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CBAPTER 1. 

INT RODUCTION 

In recer.t y ea rs there ha s been increasing interest in the use of lucerne 

in the farmi ng s ys tems in loc a lities other thAn those which h.,:ive "tr,:iditionally" 

gr o~ n lucerne~ ~uc h of the North Island, including the Mana watu is involved 

wit h ttis developing interest. To contribute to the information needed to supp­

ort this, a field experiment studying the effects of different frequencies of 

g r a zi ng lucerne was e 3ta b l i shed in 1965 a t Massey University. Pure sewings of 

t ·:10 v a rieties were used. These were New Zealand certified Chanticleer and New 

Ze a l a nd certified \'Jairau, with treatments ranging from continuous grazing 

t h roil gh to h a y stage defoliation. This experiment is discussed in more detail 

in a ppendix 1A. 

By the s pring of 1969 at the commencement of the author's study, treAt~ 

rnen ~ d iffere ~ces were appArant. The a~thor's study continued selected treat ­

ments And fte a sured their differences of spring growth. The initi~l interest was 

i:: L :0 -cre fl t rr: e:'lt yield differences, volunteer species ingress, lucerne persist-

e::c e and t~e a ssociated interaction, if any, between the defoliation treat­

me nts ahd the spring climAtic parameters. 

?~rth e r more det a iled work considered the lucerne plPnts' response to 

t hes e t reAt ments; the differences of their size, growth form, growth efficiency 

a nci organic r e serve content , During the last h a lf-decade, sever~l intensive 

studi es have b e en m,:id e of the nature of lucerne re growth (Le~ch, 1968a, 1969a; 

Keo 3han, 1970) e nd th e physiology of lucerne reg rowth (Hodgkinson, 1967 

Smi t h a ~ d Silva , 1969; Keoghan, l.c.; Smith and Xarten, 1970) after defolia­

tion . Verification of some of these results was attempted in the field envir ­

onme nt, a t the same time using this informa tion to explain other observations 

made. 

Along with all these aspects, the responses of the two varieties were com~ 

pared . 

While there is considerable information on the agronomic aspec ts of lu­

cer n e and the lucerne sward's productive response to defoliation frequency, 

there is little information on the natu~e of the individual lucern e plant's 

response in the sward environment. The r ecently increased knowledge of the. 

natu~e and physiology of the lucerne pl~nt's regrowth is incre~singly in need 

of verification in the more rigorous and competative sward environment. This 

information needs to be further extended to circumstances of continued treat­

ment application. This study considers some aspects of these requirements. 



CI-IAPrER 2 

RE1};IEV'T OF LITER'U'URE 

As 1vell as considering lucer:i.1e def'oliation this thesis 

i:1c_-c:..:.es a luce:. .... :..--.:.e variety co::i:par·ision and measurements i_r1 a l ate 

win'ce:.y' s:pri~~ groi:r'ch :period" '.i'o satisfy these latter aspects 1 this 

revie1 initially considers the orig in and the morphological variation 

-::,et-:.reen 1-c:.cerne varieties and the seasonal growth of' lucerne. The bulk 

of tJ.1.-~ revier, dc onsid.ers the res1)onse of lucerne to dif'f'erent de­

fo:~a ~~Oti fre ~uencies 1 SU?PO~ted by a review of the physiological, 

illOY]~ol ogical and s oille selected environmental factors involved in 

luce::-T..e g rowth ar."'ter def'oliation " Concluding the 1"eview is a consid-

eratior1 of' the variatal i:n:fluence on the response o:f lucerne to de-

:'ol:.at.:.on. 

Seve::-al ::>evie',7s associated. vvi t h this thesis topic have been 

rece~1.t :..y c crn:r.:,iled an:i 17ere availa-cle as theses., Defoliation of :pure 

ll:.e:e:>ne (Keoghan, 1967), lucerne growtb after defoliation (Keoghan, 

1970),tbe ?::.ysiolc6y of lucerne regene~ation (Hodgk~nso~,1967) and 

ot~'1e:."s of' an older and :rr:.ore general nature (V!illard, 1951; hlay ,1960). 

\Tc..e=:e pertinar..t, reference will "be made to studies on s:pecies other 

thar.: lucerne. 

2 o ~ , S:·>e T•roe s and I.'io:i..--nholog i cal Va::...,iat ion of Lucerne., 

I ve rse::'.l and 1.:e ijer ( 1967) revie\7ed tile lmovm types of' luc er.1.1.e 

id.e:nti:fying two nain species; 1.,Medicago sativa,, native of' a teml)erate 

cl inate; 2 .. l,1. falcat~ originating in the colder climate of' Siberia. 

Hybrid isation betv1een 1:1. falce.ta and M. sati va species has resulted 

in the }.~ .. media species of' rather variable type. Brief' descriptions 

of' each g roup have been compiled f'rom their observations and those 

of' Bolton (1962). 

rt. . sativa is a plant native to an arid mainly low land environ­

ment, where it has developed an erect growth habit, f'ew thick stems, 

.large long leaves and a deep almost unbranched tap root. It is highly 

productive, with early growth,ra:pid post def'oliation recovery and a 

variable degree of' winter hardiness based on dormancy., Diseases.are 

'f:ew so that little resistance has developed. Flowers are :purple. 
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M .. :falcata is a :plant o:f colder, more hllillid upland environJnents 

where it has been subjected to much more competition and diseases with 

resultant disease resistance., It has developed a :prostrate growth 

habit :fine branched stems, small darker leaves, a much branched root 

system and a deep set crown giving good cold resistanceo Productivity 

:i..s l0"\7 v1i t:~ late spring grozrch and slovv recovery. Flowers are yellow. 
E. D.::clia - Cultivated varieties tend to have stems which are :fine 

r...u.iilerolis and orunched~ leaves small and numerous, and a high proportion 

of fas~culated roots; considerable resistance to disease and :frost; 
:flc-;,ers are a mixtlli..,e of' variegated, purple, green, white and yellow. 

Ir... the vrestern uorld, I.I. sativa and Mo media are the only species 
to be cultivated, while strains of' H'o -Salcata are used in Siberia and 
Chir...a .. ?,f. ::-r.ed.ia varieties shov1 considerable variation in growth form, 

:ts developme~t probably being an interaction or natural selection 

and. varying amounts o:f' introgression vii th 1L f'alcata (Palmer, 1967). 
Ive:r·sen and. :•,Ieijer (1967, Po79), sugge sted a classi:fication o:f lucerne 
va:.:ieties based on the dominance o:f rL :falcata genes as indicated 

by agronon~c and bote.nical chara cteristicso They considered this to 
De more com~lete than several previous classi:ficationso 

Studies o:f varietal growth :form dif:ferences have supported the 
c_e.ssi:fication of' Iversen and Me ijer (1967) .. 

2 , 1 .1 a Shoot Gr•onth. 

Larson and Smith (1963) compared ten lucerne varieties and 

sho.--re.:.. a st:::-·0:1.g correlation between increasing H .. :falcata content 

and c.ecreasing auturn11 groir1th measured as height, incr·easingly prostrate 

gro71th habit, and a lack o:f winter injury .. The prostrate growth was 

largely associated with the basal portions of' the shoot stems. Using 
individual plants of' Ranger lucerne, Kehr and Gardner (1960) showed 

that even within a single variety, such shoot gYowth variability 

can be ~uite extensive. They :further noted the positive correlation 
between recovery growth rate and more erect grov,th. 

Leach (1969a) using Totana, Hunter River and Rhizoma lucernes 

(erect, semi- erect and semi-prostrate respectively), demonstrated the 
di:ff'erences of' shoot numbers. After twenty-eight days regrowth f'rom 

a 5cm stubble length, these varieties had 23, 34, and 44 stems respec-
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tively per plant, rlhile individual shoot sizes and growth rates 

sb.O'.'/ed the reverse sequence. Such di:f:ferences of' stem density _persist 

\'ti tb b.igb. :;;;lant population densi"~ies (Palmer, 1967) .. Lea:f/ stem ratios 

in;:;:·ease vrith r.;. :falcata content (Davies, ~9600; Rogers 1961), 
&l0ho~gb Zalesk~ and Dent (1960) found the reverse. Sheridan et alo 

( 'i 968) o-ose:c•ved th2,t luce1"ne varieties ex:pressing increasing amounts 

oI"' =·= ~ ss tive content r,ere signif'icantly associated with :fewer but longer 

ir..-ce:i:'r..odes Q ,_, ,:,-.:;r:een shoot t;y:pes Keoghan ( 1970) observed with Vlairau 

lucer:ie, that stubble shoots had greate:c- leaf/stem ratios than basal 

s:,.oot s, the di:'f'ereJ1ce "Leing due to dif'f'erencos- o:f internode length 

rather than differences of' lea:' lengtho There does not appear to have 

·oeer.. a.j._y st-..ic..y to determine 11hether the relative importance of each 

shoot type d:_f'fer·s between varieties .. 

?ro:.i the study of' the crorm develop:wen-c of eight lucerne varietiest 

S:::::..t11 ( 1955) demonstrated tt.e positive correlation betrreen tt.e M. :falca.ta 

con-c en:. r,ith 1 .dry weight of' rhizomes; 2. their average number; 

3 .. average crorm 17idth . Associated shoot nunbe::?:' di:fferences (Leach, 

1969a) are du8 in part, at least 3 to the increase of' potential stem 

si t3s o::i tr.e cro-;m and/ or stubble .. Maj or varietal di:ff'erences of' 

c-::·o-:rr1 :;>o::;itions relative to the soil sur:face are indicated in Iversen 

a:c.d. :;.:eijer' s (1967) classif'ication. 

L1:.cer:-~e ~·hizo;::ies grow as short horizontal extensions of' the 

cr·own below ground level. In some instances this growth property 

has been intensified by breeding to provide more persistent varieties 

under graz ing (Heinrichs, 1963). 

2~~- 3. Root Growtho 

~ our root systems :for lucerne are described, (Bolton,1962 ; 

Heinrichs, 1963). 

a.Tap root system - characteristic of' M. sativa lucernes, having 

a vertical tap root with side laterals. Lateral spread is by limited 

crown expansion. 

b, Branched rooted system - characteristic of' M. media lucernes, 
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having more than one primary root f'rom the crown, with or without 

a tap root and able to develop adventitious shoots from the roots. 

Lateral spread is by more extensive crmvn expansion. 

c mili1jzomatous svstem - as described (section 2o1.2.). 

d 0Cre2n :i~,9, rooted systE:m - characterised by the horizontal 

gronth or ... lateral roots four to eight inches below the soil surface. 

Vs.::·ie-i::.:.es i:ave been i solated by breeding to provide persistence 

w:.de~ grazing in dry l and conditions (Heinrichs, 1963; Kilcher 

et al. 1966; Daday, 1968). 
S~ith (1951) demonstrated a large variation in root branching 

a~ong the range of varieties studied, this being in accordance with 
the above classificationo He postulated that these differences were 

likely to af~ect the adaptability and capacity of lucerne to survive 

6.:."ol ... ght ~ resist winter heaving and to absorb nutrients. Busch et 

al. (1 968)~ related heaving resistence to greater root bra.Dc~ing. 

The other aspe cts do not appear to have been investigated in detail. 

Ca~lson ( 1925) observed that soil structural differences could cause 
lucerne to adopt considerable variation in root form. 

2n1. ~"Correlation of Gro~th Characteristics. 
It appea rs that some of the associations of' morphological and 

f§ro7.'tn character·istic s in lucerne whi ch have been observed in the :past, 

a~e probably basec no~e on natural selection that genetic origin 

(?al:ner, -,967) g ::. ..... :;;port iD...g this stat enent are the d emonstrations that 
t~e creeping rooted character can be combined with the earlier, 

QUicker ·growing and higher yielding M. sat i va varieties (Daday, 

1962; Heinrichs, 1963). Similarly, Busbice and Wilsie (1969) and 
Davis and Bake r (1966) have shown tha t it should be possible to 
comb ine t hese Me sativa growth characteristics with winter hardiness 

as their genetic linkage with poor winter hardiness is not strong. 
Although the types and morphological variations of lucerne varieties 

are quite extensive~ very few studies have been made of the relationship 

of these growth form:. differences to yield. Further, growth form com­

:parisions can only be made satisfactorily when similar management 
conditions exist. Recent work suggests good breeding :potential exists 
for yield increase by combining some of the growth characteristics 
which until recently were thought to b~ genetically opposed. 



2 .20 The Seasonal Growth Pattern of Lucerne: 

Lucer·:.1.e is grorm under a wide range of environment s. These 

1..,ange fr-om r..o v1inter growth due to excessively low temperatures in 
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tl·~e higher latitudes through to continuous r1inter growth in the warmer 

lo':,-.::r· .le.titc:.des, although this pattern may "be modified. by altitude. 

SD..Lr,e:.." te:-1:pera·;:;u..:·es are not "normally'! excessively grmvth restrictive 

exce?t for sowe regions where they are high - greater than 25 C 
(?e1·.:.:r1er-· a:1d :.Iassengale, 1965), lack of' moisture usually being more 

grouth restrictive (Leach 1970)) .. The seasonal growth :patterns are 

considerably cojtrolled by the local enviro~.ment~ (Leach~ 1968a). 

2 ~ 2. i ~ ?12:1.t Gro'.7th 

The seasonal :patter·n of' lucerne growth has been described for 

cool terr..perate environments by Sonneveld (1962) in the Netherlands 

ar...6. ·oy Xe ... son. and Smith (1968a,b) in V'lisconsin,u.s.A. In the Autumn, 

sl'".oo".:. srowth r·ate steadily declines as ten:peratures and day length 

d.ec:-·e as8;;; ti~l the uinter months dur·ing which there is little or no 

h e::-::ia0 e ::;ror,thQ They and Grandfield ( 1943), and Feltner a:r1d Massengale 

( -, 9S5) fo-..:nc. t:--iat crorm buds enlarged and numbers increased in the 

l ate a-c:i.tu:.,u.'l and. overrlintered to provide the shoots for spring grovrth, 

r/:1ic:11 :::-e ached a r.taxir.n.o growth rate i n late spring o In enviroP...ments 

\'li t:1. :::i2.d.er winters, groi7th of lucerne continues through the winter 

( Star~~ill, ~962 ; Le&ch, 197Oc)o Lo~er summer growth rates associated 

w:.·~:-_ 2.i r:1i ted r:10isture availaoili ty are of'ten observed v1here irrigation 

i s :2ot -;.:,sed ( Nelson a."1d Smith, 1968b; Leach, 197Oc). The latter author 

found summer growth was more restricted than winter growth in Adelaide, 

Australia. 

The seasonal growth of lucerne underground organs has recieved 

limited attention. In a :pot experiment (all root s) (Heipko, 1959), 

and f'ield experiments sampling the top 9'~ of tap root (Baker and 

Garward,1959) and the top 6" (Smith 1962; Nelson and Smith,1968a), 

root dry weight showed a slow steady decline over the winter, becoming 

r a ster at the start of spring reaching an early spring weight minimum. 

Nelson and Smith (1968a) found root dry weight to have an increasing 

trend from this spring minimum through to relatively high values the 

following autumn if associated with an infrequent defoliation system. 
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They al s o observed that \7hile root dry weight changed thus, crown 

dry '.7eight was relatively constant throughout tte season. These ob­

se:c·vations we-::·e made in cool temperate environments o The responses 

in 11ar::ner 1:1inter environments have not been specifically reportedo 

?lo:r•2..l initiation a..---id develop:ruent occurs throughout much of 

t:::-ie [;;I'o~:;ing season., The time fo:. .... the appearance of floral primordia 

i:.s.s :.,een shc':1:::1 to be negatively related to the mean air temperature 

prevailing (Dobrenz et alo 1965; Dermine et al~ 1967; Smith, 1969a), 

positively vlit};l sb.oot node nllillber (Dobrenz et al. 1965) ,all leading 

to 10-::"cr y:;_elds at i::latur·ity with higher temperatures (Smith, 1969a). 

T~e e:f:i:'ect of moisture and/or its interaction with temperature on the 

ti::.e -co i'loral a:ppeara.---ice does not appear to have -been investigated 

for luc erne., 

The major 0nvironmental factor(s) controlling seasonal growth 

de1--:,e:1ds on U1e season and region considered .. Lucerne growth has an 

a,?roxi~ate ~emperature optimm:J or 15 C for established plants 1 

(S-;:,~:.;-_ke 9 1963; Feltner and Massengale, 1965; Robison,1966; Smith, 1969a) 

while seedling~ have a higher temperature optinum of 15 - 20 C 

(Gis-: 2:..1.d ·.:c·~t, 1957) o ?,:itchell (1955)) 1956) ooserved the same op-

t::_:-;:al te;tpe:..."'ature occurance f'or the gro1.7th of' temperate and subtropical 

gras3 a~d clover specieso Temperatm."'e is likely to be the major 

g::-o-.T~:l controlli:n.g rac-tor during the v1in-cer and early s:p:r·ing v1hen 

sc:.l r.:oistu:."e is usually adeq_uate. Feltner a.-rid Massengale ( 1965) 

o-e:served red-.:ced lucerne top gr·owth and Poot dry weights during very 

hig:C.:. surrJI1er te::ipe::::>atures (g:c•eater than 25C) while using irrigated 

,oapa lucerne in Arizonao Soil temperatures also strongly influence 

top and root growth (Neilson et al o 1960; Levesg_ue et al. 1963; 

Heinrichs, 1966). Early spring growth may thus be more limited by soil 

temperatures which tend to be slower rising than by air temperatures. 

The light intensity at the canopy surface of a lucerne sward 

reg_uired for maximum photosynthesis was calculated by Thomas and Hill 

(1949) to be about 3,500 foot candles. Both Matches et alo (1962) 

and Cowett and Sprague (1962) found that a reduction from full sun­

light to an approximately similar level had no measureable effect on 

top dry weighto Lower light levels tend to be associated with lower 

seasonal . temperatures and so may not have an important effect on growt h 

per se, while light temperature interactions may well be of greater 



i mpor-t ance, especially :for higher temperatures (Langar, 1967) .. 

Cowe t t a nd Sprague ( 1962) showed the benific•ial ef'f'ect on lucerne 

grouth of' i ncrea sing day length f'rom 10 to 16 hours., 

So i l moi s tur>e v1i th dryland lucerne is generally a limi tine 

:fac t o::." :for sum;ne 2.yautu.;11n g1"'owth (Kilcher et alo 1966; Lobb,1967; 

Leech, 1970c) .. This effect may be direct :, -Tor indirect due to lack 
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of root growt h and hence induced nutrient deficiency (Mitchell 1957). 

These several environmental :factors, individually or in combination 

are some ms. jor determinents of' lucerne :production during dif':ferent 

seasons , those oper~ting at any one season being dependant on the 

locality under consideration. 

2 o'.:2,.2o Chemica1 Cor:mosition of' Roots 

Seas ona1 changes a11d the chemic al co;nposition of' lucerne roots -

and. c::·o-·:::"ls a:::·e r.:e.inly o:f' inter est during the autumn, winte r a"'1d early 

s;::-::..::s o -'"-·c o-c:ier t i:::ie s of' t:-1e ye2..r, rr1s.I2agement j espec ially defoliat ion, 
::-.o~:.. ::·:... : :::.c...::....:.:.."a.:. tre:"lc.s,, Hcc:.gl{i:r.:.3on ( ~ 967) has :t•eYievred the subject .. 

~-~:-_c: c2.:::•;:ioh::,rd.:.....,c:.te. ·res8:i.''Ves of' plants represent the reserve energy 

(TI'TC) .. In a ccordance 
r:i ·c:-_ ·c:-_e rc;&sonir:g of' S:wi th ( ~ 9690 ) t he te rm (TNC) will be used_· 

Several studi e s have sh0\7n that t he :percentage and/or '\'!e i ght of' 

t.otal n on- s t ructural carbohyd r a t e s (TNC) , s t arch,and the weight of' total 
n itI'ogen (TN) steadily i ncrease in the autumn and early ~ inte r if' growth 

is u:--~c.i sturoed (Graber et a l .. ,1 927 ; Grandf'ield, 1943; Bu1a and Smith , 
1954 ; J ung and Smith, 1961 ) ; the combined effect is presumed t o result 

from the hydrolysis of starch to suga~s and the latters use as respira­
tor y suos trates. Except f'or any small early winter :peak, reducing sugars 

r epresent only a minor component of' the TNC over the Autumn /winter/early 

_spring period (Bu1a and Smith, 1954; Jung and Smith, 1961). The concen­

trat i on of' t he various f'ractions varies considerably between reports, 

this being determined by different extraction methods used and 

the growth conditions :pertaining. 
The above authors do not of'f'er physiological explanation f'or the 

autumn i ncrease of' organic reserves. Sonneveld (1962) suggests that the 
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carbohydrate increase may result from the decreasing autumn tempera­

tu.z....:::s reducing the growth :processes., either directly on such functions 

as c el-1-. d i vision or indirectly on :runctions such as ion uptake, while 

-r,:-~e ::9hotos:rnthet:::.~~ process is less restricted o Brovm and Blaser ( 1965, 

~ 970) rn·o•1:.de supp orting evidence ·with grasses 9 demonstrating an in­

c::.:-·ec.sc of' ca:i:>co!zyd:r·ate comp ounds under con.di tions of' :positive energ-J 
ba_ance ,. 11:urata et al .. (1965) showed that with luce:c•ne, a:p:parant photo-

synthesis rTas still relatively high between 0-10 C .. \=Ji th temperature de ­

c res.se, ::·espiration rate night be expected to decrease and contribute 

to ·che ca::."'bohydrate accumulation .. In :practise this may be of' limited 

i:',1:;;,v:..""tance , as :·.rarata et al .. (1965) :found little change in lucer~1e res­

pirc.".:.io:~ rate over this lower te:m:p erature range. Day and Dart (1969) 

:;:-•e:;:ior-·.:.ed tlla t the :ai tro6enase activity of' lucerne root nodules was still 

s\:osta::--.. :;::.al at temperatures of' 3 and 5 C. This suggests that the autumn/ 

ear::.y r.' inte: . .> increase of TN concentration could result from a similar 

excess c~ supply over dem.ando 

u:::li:ke 'l'2'JC ,TI-J r1eight is relat ively constant through the ·winter 

:_.;)c::·::. oc:. ~J'Uj,1.g a:1d Smith, 1961)., The slovr fall of TAC r1eight indicates a 

s:.o-:: -_:.se f'oz: :.naintenance respiration 1:1hile the constancy of TN weight 

indic2tes l ittle or r..o such use for nitrogenous comp ounds. These ob­

se:c""va.tior..s ap::.:,ly i n circumstances of very little or no winte r gror1th. 

In winter grovir.g reJions ~hese fluctuations are more likely to resem-

'ble those o'i.""' a nornal gro'.7t"h period .. 
1Jith t:-... e i-•ise of' spring temperatures ,8.Y'..d associated increase or 

coc~enceaeLt of shoot grovthi the concentration of TNC and its compon­

er-.t :f'ractic::-~s sho\7 a rapid decline ( Graber, 1927; Willard, 1951; Bula 

and Smith, 1954; Jung ans Smith, 1961; Smith,1962; Nelson and Smith, 

19680), as does the TN concentration (Bula and Smith,1954) and TN weight 

(Jung and Smith, 1961). As growth increases, organic reserves reach 

minimum levels and then start to increase as the supply of assimilates 

exceeds the growth and respiratory demands. It has been generally ass­

umed that these spring concentration reductions result from the trans ­

location of' organic comp ounds from the roots and crown to the apices 

of newly growing shoots (Jung and Smith,1961; Sonneveld, 1962). This 

is true in part, but of equal consideration is the use of these com­

pounds in respiration and in new root growth during this period 0 Studies 

such as those of' Hodkins on (1967),Smith and Silva (1969), Silva{1968), 
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and Snith and ?,1arten (1970) who considered this same :problem i'ollowing 

dei'oliation,are needed to elucidate the situation during early spring 
grc-:,-rth. 

Changes in the organic chemical com:posi tion of' lucerne un-::!e::.--cround 

organs during the active gror1ing season are generally dominated by 

those ef'i'ects resulting from def'oliationo Smith (1962) demonstrated 

a general increasing trend for TNC concentration in uncut lucerne during 
this :period o 

This may not be so apparent in regions vrhere lucerne grows actively 

in the uinter. Excessive summer temperatures (greater than 25 C) with 

associated high respiratory use of' TNC can result in a decrease in their 

concentration (Feltner and I.iassengo.le, 1965) . Small TNC decreases may 

be associated with i'loral and seed development (Dobrenz and Massengale, 

1966). :~oisture stress may cause TNC levels to increase (BroYm and Blaser, 

1970) .. 
-- .) ~od~~insoL (1967) notes, all studies associated witn the autumn/ 

wir~·ce::/s2):. ... i::-.. 5 sec.sor.s have bee::1 conducted 1;7ith lu.cerne g rortiE6 i!l cool 

t e::.je-: ... a te r·e.::; ::.o::1s having riildej,_ ... ~-rinte:- cli:ca tes o F·u.rthe1" consideration 

o:.:· ·c:-_e .::.·..:."':)j cc·,:, .::,-;: o:,:,.::;::.nic !'C sc:r·ve s '::ill be ~ad.e dur::.ne the r evi ev, of' the 

2 ~3 , The -;:,:ffects o:f De:folie.ti on Freouency on Lucerne. 

Tr_e fol2.owiri..e aspects are consideredo 

~o ~he e:ffects of' def'oliation :f'requency on lucerne yield both 

on an a~ea and plant basiso 

2.The effects on botanical composition and persistence o 

3.The growth form response and associated growth rates under dif'f'­

erent de:f'oliation :frequencies o 

4o Vihere :pertinent, the effects of' def'oliation height and its 

interaction with defoliation f'requency. 

2.3.1 . The E:ffects of Defoliation Frequency on the Yield and 

Chemical Composition of Lucerne. 

2.3 .1.1. The Yi~ld of' Shoots. 

Keoghan (-1967) reviewed this subject :fully and was freely . 
ref'erred to during the composition of' this review. In "general t ·erms", 

., 
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f'ro~ the earliest workers through to those of' today, defoliation f're ­

q_uency has been sho':m to be an important determanent of' lucerne yield, 

this incree.si=ig v1ith decreased f':."e cr::.::: :'1.cy. The end result is dependant 
on s. ;_-..,_:_:::,1;,..:· c-L' factors such as ti:le actual f·req_uency in terms of' time 

and/or sta2e of' gro·ath,associated climatic conditions and previous man­
age::e~1.:,,, Keog:Ian ( 1967) has reviewed. the early 'i7oPk, mostly in North 
/ ,_-::erica,, v:b.ich demonstrated the yield advantage of' in:freq_uent defoliation. 

l,el3on ( 1925) found. marked yield differences z1hen defoliating lucerne 

at :full blooZ::, early bud and a succulent growth stage., These were 3.8, 
2e1, and 0.,7 tons per year respectively - the average of' t hree varieties 

and tr10 yeaz--s gro'.7th., Graber et al .. ( ~ 927) at Wisconsin, observed an ini t ­
ial advantage in shoot yield r1ith :frequent defoliation, which in time 

v1as s1..:.:>passed by the in:freq_uent defoliation treatments. Dennis et al. 

(1959) and Tsuma (1968) observed a similar effect. 
Keoghan (~967) obser~ed that lucerne management s trials,man~/ 

including the effects of' defoliation :frequency~ have been conducted 

thr'..::mg_hout the rrnrld in a Vlide range of' climatic and eda:phic conditions .. 

Ee divides these climates into hllillid and dry regions. Although the effect 
of de~oliation :frequency is similar in each region, the quantative response 

varies considerably betTieen them. ~eir et alo (1960) using irrigated 
Californian Common lucer·ne in the warm temperature ,high light inten-

sity and long groriing season conditions 0 1.., California, f ound shoot yield 

to i~crease from 14,700 1b/ac to 23,551 1b/ac between the extremes of' 

:freQuent pre-bud through t o infrequent half-bloom defoliation . In the 
:fourth year 9 defoliation of all previous treatments at one tenth bloom 

srwz,ed no significant yield c:iff·erences between theme In a similar envir­

onment, Jackobs (1950) and Jackobs and Oldmeye r (1955) demonstrated 
a similar yield response with defoliation frequencies ranging between 

25 and 41 days. In each case, little reduction in plant vigour occurred 

with :frequent defoliation under these conditions. Others have also 

shown similar results (see Willard , 1951; Keoghan, 1967) 0 In these cir­
cumstances it is :probable that inefficient light utilisation with fre­

quent defoliation is a maj or determanent of the lower yields. 

In the more rigirous conditions of' Wisconsin, Kust and Smith 

(1961), using Vernal lucerne, obtained a yield of' 1.14 tons/ac :from 

6 cut s/year increasing to 4.29 tons/ac from 3 cuts/year. Also at Wis-
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consin, Smith a:~d Nelson (1967) had similar results. The growing season 

in this region is considerably shorter and without the same extended 

: - ~~ light intensitieso Under English conditions, the results of Davies 

(1960b) using Du Puits and Grimm l ucernes,indicated that while in most 
yes.::>s t:-_ree c1:ts r,ill give best yields, in particularly wet and cloudy 

ye2rs, t~is f~eq_uency rr:11 be too severeo This is more apparent in the 
:follo·,:i:.ng year·s grov,th, which is restricted by low :plant vigour and 

:possibly death., \7hitear (i959) made similar obser·vati ons .. 
In the milder conditions of South Aust ralia , using an irrigated 

t~ree year stand of Hunter Rive~ lucerne, Judd and Radcliffe (1970) 

i-•ecorciec'L 4,830, 9,890, 12,030, and 14.?750 lb . D. IL for 3, 4, 5, and 
6 rtee}:: defoliation freq_uenc:ies o 

~eoghan (1967) discusses the reasons for t he interactions of envir­

o:n..---:,.e;:ita l conditions v"fi th defoliati on :freq_uency .. The recorded y i elds 

are dependa~t on the vigour o~ tLe lucerne plant which in turn has been 
co:."related -,-ri th root reserve levels ( Graber et al ., 9 1927; Hildebrand and 

Barriso:--i, 1939; ·,~leirm1an , 1948; Ne ilsen et alo, i957; 1!leir et al.'i 1960; 

Kt.:.st and Smith,i961; Sonneveld, 1962; Fel tner and Mas sengale, 1965; 

:N"e:u0:-i and Soi th, 1967; and others), and proportional to root weight 

(Dotze:n}rn an.d .P.J1lgren, 1950; Nielse:1 et al., 1956; We ir e"'e ' al., 1960; 

Langille et al . 7 1965; Langer and Steinke 9 1955; Sillith and Nelson,1967; 
Caulsey, 1968; Ueno and. Smith, ✓ 970) ~ \'lillard. (1951) i ndi cates that it 

is ':;el1- l-:ri.rnT.o. that :glants in hu..---;iid regions have higher shoot/root ratios 
t:ts.::_ t::-i.ose gro',-.r:.ng in d.:..-•ier regions., I(eoghan ( 1967) reasonably argues 

th&t the greater plant vigour in the drier climates is associated ~ith 

the =aintenance of a higher root res erve level and with time, a sustai ­
ned root weight and growtho In these conditions, the evidenc e of' Brovm 

Blaser (1965, 1970) vrould indicate the positive energy balance existing, 
resulting in the higher organic reserve levels observed. 

Iversen (1967) demonstrated the influence of' edaphic factors. 
Using :four lucerne varieties, he showed that lenient grazing was more 

productive per se, and more so on a heavier soil type, while severe 
grazing was more productive on a lighter soil. With severe grazing on 

the heavier soil, having a greater soil moisture content than lighter 

soil, there is more competition from other species. These take advan­

tage of this soil moisture benef'it t o the weakened lucerne plants dis -

r 
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advantage. This defoliation frequency/soil moisture interaction is 

likely t o be found between the range of soil types on which lucerne 

is grorm , 

... s. __ y o:.he r v1or-l::ers from s..:.r:-.:.2.a:.· ar...d intermediary clir.1atic regions 

he.Ve dc:,:;-.:onstrated the advantage of defoliating infreq_uently. Some of 

tl":ese c.efol :.ated at fixed tine int:.ervals or number of cuts per year 

(nL:.de::iranc.. and Har'ri son, 1939; Nielsen et al.~ 1954; Davies and Davies, 

~956; De!'.Lis e t al. 9 i959; Steinke, 1963; Bryant and Blaser, 1965; 

Le.n:::;er and SteirLu;:e, 1965; Smith ,1 965; i:.I onson, 1966; Smith and Nelson, 

i967; O'Co::nor.?1967; Tsuma, 1968), z1hile many others have done so at 

6.:Lf":\s· r-ent stages of growth (Bur_ison et alo~ 1930 ; Dent;i 1955; Dexter, 

~96!. ... ; :.7 ... ltner and Easser.,gale, 1965; Langille et al .. , 1965; Keoghan, 

1966; Lobb, "'967; Robism1 et alo, 1968). Keoghan (1967) lists others 

in eac~ groupo Generally, with frequent defoliation, the reduction of 

:p:..c:nt vigo:ir is cuJr.ulative oveP seq_ue:-i.tial years o 

.An i:::i:.r;iortant aspect of defoliation freg_uency is the cutting cri­

t erio~ selectedQ Those used have been, either set time intervals or dates 

ar:.d for stages of gro·,7t:'l, heigL-it of shoots, presence of basal buds o r 

sr:.oots 7 height of basal shoots, presence of :Elo1:rer buds and stage of 

flo·,7erir:.; . Keog:1s'l e· 967) :poiY:ts out t hat cutting accord::.:-:.g to stage 

o:: gI•o·1-:t:1 is superio:,,:,,althoug:1. :practically a r.iore dif'ficclt operation 

beca·..ize of the dif•ficulty of' estir.1atior~0 GY-01':"th rates vary \7i th envir­

onnental cond~tions , so that set time intervals can result in variable 

yie:2.d g_uali 7-y as well as ris1':ing plant vigour and stand :persistance by 

cefo~iation a~ too ir.1e.ature g~o~th stagesa Also , consistent hay q_uality 

reg_u~res harvesting to be at a relat~vely consistent stage of grouth 

(:.:eye:." and j-one s, 1962)" Crowder et al. ( 1960) obtained greatest yields 

a nd bes·c q_uali ty ·when defoliating with 2" high crovm shoots present, 

compared with a wide range of fixed time intervals. Tysdal and 

Kiesselbach (1939) observed the apparent benefits of such a criterion 

when comparing defoliation freq_uencies between different varieties. 

Crown shoot appearance can commence both before and during flowering 

(Willard, 1951; Keoghan, 1967), indicating their lack of correlation 

as defoliation criteria. Recently , Nelson and Smith .(1 968a) and Leach, 

(1969a) have suggested that this criterion takes advantage of the lucerne 

plants physiological readiness for defoliation (section 2.4.2.1.)
0 
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In practise, especially with mechanical harvesting? management and 

quality co:risiderations may necessitate a combination of criteria be 

used .. 
In contrast to the eI:t'ect of frequent defoliation, too infre­

q_-c:.e ~:t c.efo2.ia·cion can also result in reduced a:r.inual yields (Nelson:, 

1925; '.7illa:.."d., 1951; Cr•owder et al .. , ~960; Kust and Smith, 1961; Smith, 

1962, 1965; O?Connor,1967), or ir. little further yields increase 
(Ds.vi8s.? i960a) o Such results infer reduced grovrth rates at mature 

s·::,s.ges of' gro·sthQ In f'avoura1::>le conditions ho·,vever, lucerne crop growth 
rates Day be sustained at maximum or near maximum levels for some time 
( V "' O,...h~·.-­l\.v 6 • c..s) 

:pr•od.ucing 

1966), as the lucerne shoot is not determa..~ent in growth, 

fl o:r•al a:'1d veg.eta ti ve growth simultaneously. On the other hand 
l)l&~'1t g:r·m·;·e,h .:. s def'inately reduced with excessively infreg_uent defol­
iation., ;.:or·e ;,:;, ::.1.ally cro? grov1th rates vrill decrease? or•, as Willard 

(195i; concluded, eve::1 -oecome negative at mature gro1.•;th stages due to 

deatr~ a:r...d. loss of lower• leaves, small branches and the attacks of' for­

a::;e feeding insects" Other :facto:z·s such as lodging of' heavy crops, and 

the associa0ed death and decomposition of' mature stems and also new basal 
shoots r1i l2. :::.~eax:.c e yields (Keoghan, 1966) ., Attaclrn "by fungal diseases 

c&~ cause se~ious leaf dro:p in mature lucerne (Keoghan, 1967)oFuess and 

Tesar (1968) studied the reasons for Kust and Smith (1968) and Smith 
I 

( ~ 965) oot2i1""ing g:.. .... eater yields from 3 ( one-tenth bloom) com:par·ed to 
2 (f'ull bloo:::n) defoliations each year in Wisconsin., OYer 2 years, tv,o­

thL:-·ds cf a ~7$"S y5.eld advantaze f'or the 3 defoliations was due to net 
lea~ :oss, the renainder appearing to be due to higher net photosyn­

thetic rates of the physiologically younger plants defoliated 3 times. 

The results of Brown et al.(1966a)and Pearce et al. (1968) demonstrating 

reduced lucerne leaf photosynthetic efficiency with age lends support 

to this latter conclusione 
The ultimate yield requirements for lucerne are in most cases a 

combinat ion of dry weight yield and g_uality. The digestibility optimum 

for ~ucerne oc urs at an earlier stage of' growth than the maximum dry 

1eight yield (Coop, 1967), while Griffith and Ramsay (1932) round little 

change in nutritive quality up to bud stagea Bailey et alo (1970) 
found a relatively steady decrease in f'eed g_uality during regrowth to 

early flower. Generally, some quality must be sacrificed with more in­

f'reg_uent defoliabion so as to maintain sward productivitY,vigou.r and 
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:purity, except :naybe , in drier regions using irrigation (Meyer and 

Jones, 1962)g In Ontario, Canada, Winch et alo (1970) found that de­

fo_iation at tne 50% visible bud stage of growth gave the best combin­
ation of all these req_uiremer..tso 

There is evidence to suggest that in many situations a single 

iruIJ.a:.ure def'oliation v1ill not have :particularly harmful residual effects. 
Yields uill pro"!)ably be r·educed i:n the year of' cuttingg, but the · 

distribution of yield may have advantages for management (Keoghan, 

1967)0 A very early spring defoliation generally results in decreased 

armu.al yield, but with little if' any adverse residual effect (Jeckobs, 

1950; Jackobs and Oldemeyer, 1955; Dent, 1955; Langille et alo, 1965). 

In a high .light, low· rainfall region, Jackobs ( 1950) defoliated with 

first spr•ing g:r-owth at 411
, 7u, 12tr arid no defoliation, finding little 

yie:d difference and no residual treatme~t effect~ In a les s favourable 

cli:::s.te, yield reduction rms a:p:parent (Langille et al .. , 1965) .. The 

ticing of e.r.:y late autw,m defoliation is critical,es:pecially in cooler 

ter.:.:;:,e:ra·c.e r2.:;;ions ni th overwin~ering :problems. The last defoliation must 

be ea::-ly encugh before gr1ov1th ceases to allow· for the accumulation of 

su:f'f'icie:1t orgar.:.ic reserves needed fo:t- "the establishment of winter 

hs.rd.:::.:::J.ess and to 2eet the reg_uire::nents of' early spring growth (Smith, 

i 96~J. In milder ninter gr011i:'lg regior~s, the autu:nn acc1.unulation of 

orga~ic reserves is not likely to be of great concern, other than to 

ma~ntain reserve levels in accordance with normally recommended defol­

iatio~ practises~ 

2 ,, -:S ., 1 .. 2,.. Root Gro·;1t~ ,. 

T~ere are three aspects involved: root dry weight differen­

ce s between treatments, immediate :post-defoliation root dry weight 
cha;::;.ges and new root grrn-rth o In most circumstances, under sward condi ­
tions, the cummlative effect of more frequent defoliation on the lucerne 
ta:p root is to reduce its dry weight (Graber et al.~1927; Dotzenko and 
Ahlgren, 1950; Baker ru~d Ga~nood, 1959 ; Dennis et alo 9 1959; Langille 
et al.,1965 ; Bryant an.d Blaser, 1965; Smit11 and Nelson, 1967). This 
is in keeping •with the loss of :plant vigour generally observed with :fre­

quent defoliati on. With :pot experiments sampling the whole root system 

(Hildebrand and Harrison, 1939; Langer and Steinke, 1965; Leach, 1968a) 
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observed similar results at the end of their experiments. 

Chang es of' root d!"Y weight (mostly the top 6-8 11 of' tap root 

2.1-~i o::.__, -~e;n. including the crown) during the post-de:foliation regrov,th 

she.-.' in.::. ".:.ial decrea se to a mini:nuI:1 at 2-4 \7eeks and then increase 

-~:.--. ::.-.o'\.:z:-... to s :ioot gro1·1th rr:atu:,...i ty ( Gra-be r et al o,1927; Willard., 1951; 
Xic l se:..-i et al,., 1957; Son..rieveld, 1962; Smith and Silva, 1969). This 

c. 0 ,.; ::•ec.se; i s ex:pec ·ted to be considerably less when there is a substan­

t i e.l .::."esic.ual leaf area left .. A large·.1)ortion of the observed weight 

c h2.:::.:; es are du.e to similar· changes in organic reserve levels (section 

2 7. ., ~) .;> 61 j. ) . 4) 

·:::... t2" ... relat.:..vely infreq_uently defoliation, recent fine root grov:th 

c s.~: r::s. a-;:e a significant contribution to -:otal root dry weight at the 

ti f.le o:'"' defoliationo Fine root g:.."ov1th (root tip extension) is markedly 

r ed~ced or stops soon after relative ly close defoliation; to start re ­

g:::,01:ri n g significa ntly so::ne tiL1e later. Investigations show that this 

v s.:-ies fro::i. 15 days (I-Iodgldnso::--., 1967; Veno and Smith, 1970), to 10 days 

(Gi~zourg, 1958) and 7 d2ys (Smith and Si~va, 1969). Hodgkinson (1967) 

o~served that partial defoliation resulted in less restriction of root 

gro0:1 t- h v :,!.i ".:. chell and Der.ne ( i 967) :presents results which show a 50% loss 

0::· f::.. r~e f eec.in g r·oots 6 days after defoliation to 1 inch. Zykov (1969) 

re:9 0::·ted. t hat l:.? to 55-60f£ o:f fine lucer·.:-ie roots may die after each 

de:fol iatio~ , being minera lised within 25-30 dayso Further evidence is 

rec::_1.:ired to v e ri'f.:y fine root dee..th of such :proportions. Mitchell and 

De r....."1. e (1967) stressed tha t the i mportance of this fine root grov,th re­

duct i o.:1(and death) was in the associated reduction o:f the active nutri ­

ent absorbing capacity of the root system. 

Decreasing defoliation f'req_uencies of reasonable intensities 

will e.:1able an increase o:f the rate and amount of fine root recovery 

b e tween harvests., V'!ith more freq_uent defoliations the significance of 

this fine root loss is .the probability of induced nutrient deficiency 

and the resultant loss of plant vig our (section 2.4.1.2J. Although re­

moving the supply of carbohydrates by defoliation is expected to limit 

the growth of lateral roots, Hodgkinson (1967) concluded f'rom his own 

experimental results and the reports from others, that primarily "••••• 

the grov,th of lateral roots following herbage removal is limited by 

the supply of essential growth substances whi ch are synthesised by the 

leaves". 
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T:-ie c.epression of' root dry weights following defoliation has been 

oo3e:r·1C;C. vr:::.-~h other species; grasses.( Jacq_ues and Edmonds, 1952; 

P-l~e~~a, -;957), clover (Tesar a~..d. Ahlgren, 1950; Butler et al ., 1959; 

Cb.::..;, ~ 971); s.:id. the ::eec:u.ction or cessation of root grov,th ; g rasses 
( ,~.~ .. ,,.., - ·- e-'- ·01 "19~9· T'-:::,r;dso,.., d , · ·1th O 19r6- ) .... u .. c.;._.., ., ....,_., .-/ , :..;...,._, .,_ - • an ... 1. orp,.,, . o b • 

::i a cool ·."f:.nter-· region, Rather and Do:.."rance ( 1938) observed the 

d.:•o:? :::.n 1-uce:.."ne root dry ,·,eight after defoliating too late during the 

Co:n:pared to root grc~Tth, :::ore attentioa has been given to 

·c:;.e co::cen~ro.t ::..0:1 changes of' orga:aic reser-..res f'ollo-:1ins. defoliation . 

Tc~2l ~o~- st~uctural ca~bohydrate (TNC) reserve changes are closely 

cc.:-:.."e:.s..-cec. ·;ri t:i root d-:,y ,:eigl:t cha:iges, dec:.."'easin6 to a minimu:n at 

c.co::..-: 3 ·.7e(;;::.:CS c.nd the:-i inc:;:-,easing to a maxiwun at full bloom (Nielsen 

e·:::. c:.l.J -;9~6; So::u-:evelc., -;962 ::'oY- ot:1ers; Sr.iith,1962; Reynolds ana S:::nith, 

-;962; Coo?~:.." a~d '-.'/e.tso:"l, ~963; S:nith a:-id Silva, 1969; and others). 

:..cve:.s o-f: s·~a :.."ch i::1 pai"'t:.cu.2.ar and sugccrs} cha:.rige in a sioilar pattern 

-;:; o :.:-:v ':')TC c:ia~e s a:f'ter def'oliation (Nelson -and S:mi th, 1968) . As for 

:;:--00·.:; c..-:-y ,·.-c::.s:it d:...,,J r:ei6 h-;:;, :partial dei'o:.::atio::1. rec..uces the f'luctuations 

or "~ese ~eserve levelsG Nielsen et alo>(1956) found the :percentage 
o:: :.c:.:.ce.:!.:.ulose.s ::..r. ta:::i ~octs also decli:-:ed a:.."ter- c..e:'oliatio:1., while 

~cG~~::~son (~967) obse~ved that the levels of' sooe polysaccharides 
c:.ecl:.:.·.e~ r"'o:.:. o,.'i:.:--e co.:-.:il.ete def'olia ti on .. ;_·.r:. t:n. cocks:foo:., (I.:il thorpe 

c:~:c. ::::-s:v:.d.son, ~ 9660) o·oser11red that non-carbohydrate com:pounds declined 

af'_,e:.." c..ef'ol :..ation in circu.:nstances of' lorr initial reserve levels . With 

11...ce::.•::3, it is possible that r2ore complex compot!IIlds will be broken doYm 

and used f'or respiration and/ or ne·.: growth f'ollowing severe def'oliation 
and/ or with :plar1ts of' low organic reser·ve levels. 

~any reports show that increasing def'oliation frequency results 

in reductions of' the amount and often the concentrations of' TNC reserves 

at the end of' the experimental period (Nel s on,1925; Grabe r et al., 

1927; Willard , 1930; Hildebrand and Harrison, 1939; Weinmann, 1948; 

Nielsen et al ., ·1J56 ; Weir et al., 1960; Smith, 1962; Feltner and 
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~.~assengale, 1965; Langille et al., 1965; Smith and Nelson, 1967). 

Concentrations and amounts of organic nitrogen reserves, usually 

recorded as total nitrogen (TN), are affected in a similar manner by 

follm·1:i.ns; defoliation a s!TI.all concentration increase has sometimes been 

o-.Jse:.."ved .. This is considered to be due to the greater relative drop of 

t~-:.e '.:'XC concent:-·ation (Jansen 9 1929; Graoer et al .. , 1927; Grandfield, 

1935; Nielsen e,e, al., 1956; Snith an.d Silva, 1969) . The levels of TN 

conccr..~~ations~amounts and associated fluctuattons are considerably 

less than those f'or Tl\TC reserves o 

The TXC reserve fluctuations are in response to the net effect 

of neu gror:'.:.h 9 respiration demands and assiBilate supply (section 2o4.1.), 
whicb. Jlay be ::iodified by the e:f±'ect of enviro::1.mental conditions on the 

:.::et ene~gy -.Ja::.2.n-::2 ·r:::..thin the :plar.t (3rown and Blaserii 1965, 1970). 

L~cerne is largely depend&nt on rhi zo· ial activity ::..n root nodules for 

its r..::..troge:ri s~:;rply .. :i:n S'.7ard. conditions 9 defoliation and reduction of 

lig:-_:, ir..°:.ens::..·~y has been de::;ionstr2.ted. to de?ress root nodule activity 

Both treatments reduced photo­

sy:.rit:-_et:..c act::.vity an.d :provide evidence suggesting that continued nodule 

activity is cependant on a;,! adequate carbohydrate supply (Pritchett and 
'J\Y / ~ .,.., ' I 9 ~ ~ \ ~\e~.::,Q __ , , :) I)~ 3utle:: e:. a _~ (4959) de~o~strated si~ilar responses 

n::. -c;:t. ·~::ei:r'o:_:i.F::1. and Lotus species" These studies demonstrated the need 

i'o:: :.;i:.2.n-~ r..:.'croJen f·or re~i-.o·:ith f'ollorring mo:ee severe def'oliation and 

heLce ~1::e o~served TN fluctuationso 

:::-e:ison and S::.ii t:i.1 ( 1968a) sho•.ved tr.at crovm dry weight v1as consid­

e:.--ao::._y less than the top 6 11 of' root !I ·al:ile Ju...n.g and Smith ( 1961) shovred 

lower cor..ce::_t::ations of carbohydrate I'eserves and les s seasonal fluct­

uati on. r'"'or c:-owns .. Ueno and Smith (1970) :provide supporting evidence 

for -c11e relative importance of' roots, but sho71ed further, that tap root 

wood s~ored more total non-structural c~rbohydrate (TNC) reserves than 

the tap root bark (separated by the cambium layer). TNC concentration 

and amount rere both distributed in proportions of 25% (crovm.),55% 

( tap :i."oot wood) and 20;"6 ( tap root bark). Following defoliation, the 

depletion and replenishment of TNC was in the same :proportions, suggest­

ing equal availability to storage sites for respiration and growtij 

requirements. 
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Comparing changes in the leve l of TNC during regrowth between 

small ✓ medium and large sized plants, Ueno and Smith (1 oce) sh owed 
r-.- -
_J..,V · .. ,,:;ights :9er pot and 'I·::c;".i on days 7 9 14 a.11.d ~ L,L-2': ::·-:!c;iec­

t otal a::.1:0-..r.'1.t o:f ~:i.~C utilised. was :pro:port ional to initial 

:,2.2-..vi.-:::. size" The respective utilisat ion ef'f'iciencies v1e re 1. 50, 0.75 

a~~ Oo53 g o:f TXC used to produce 1g of shoot dry matte r ; it was not 
'"1r,- ,.. ·--, .. u..-.V,,.1.- '::~.~/ la:>ger p2.ants vrer·e more ef'ficie:-,;.t .. TN was not considered 

1ukezic et a.lo (1969) using gnot obiot i c greenhouse conditions 
:::ho·.7cd. that the caroohyd.rate reserve decrease vri th fre g_uent defoliation 

is a t~~e plant response and not i nfluenced by micro-organisms. 

~~e effects of defoliati on on the leve~s of mineral reserves 

~n lucerae has not ceen investigated, but fron the effect on fine root 

gro,:rth, especially rri th :-nore frequent defoliation, it would appear 
J ' . • 1 b ..C> • .,_ (". • h 1~ d D c.c.s. -:; m:.nera rese:r.r:.res nay e oi sor.ie 1m:9oruance l\'.i.l "tc e 1. an enne 1 

1967; ~odgkir-son~ 1967; sections 2e4o1o1o, 2.4o1~2.) 
':'l":e c.ctual role a~d signi:ficance o:f tb.ese reserves during regrowth 

is aiscussed later (sect~cn 2o4o1o1.) 

Height of defoliation nb.en i:'lfreq_uent tends to be u....11.i m:;? or­

tar:.t :1 ~spec :.al_y in :pr•2.ct ical c ircUDstances, the rms t age fro:r.-1 residual 
s"~1;.-::,".):.e o~te.._-r: be:'.:.ng greater than nev, shoot groY1th gains o Higher cutt­

ir..6 is only likely to be of importan.ce vri th :f:z,eq_uent defoliation when 

t~e ~esid1.:al leaf srea ~ay give a significant contribut ion t o the 

plan~s assimilate supplye This i nte r a ction has been demonstrated by 

Kust and Smith, (1961), Langar and Steinke (1965), and Smith and Nelson 

(1967~, and is likely to be most apparent in a low energy env ironment 
(La~gar and Steinke, 1oc)o 

2 . 3.1050 Defoliation by Cutting and Grazingo 

There are several distinct differences between these 

t v,o ::processes. Cutting is simple and direct. In comparision, graz­

ing can be selective both for lucerne leaf (Arnold, 1960) and new 

shoots (Peart ~ 1968). Even when moderate, such grazing will depress 

lucerne's ability to compete with grasses and weeds (Iversen (1967). 
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Animal treading reduces pasture yields (Edmonds,1966), while nutrient 

recirculation via animal excreta boosts gror1th, having greater ef':fect 

unde~ conditions or adeQuate soil ffioisture ai.~d generally, giving non­

legu:~es an increased competitive g~o~th advantage due to an enhanced 

ni t:r-o,;en ave.ilability (1.7e.tl-:inj 1954; Cuykendall and Marten, 1968)., The 

cete~sinatioj of 2,. optim::u::i grazing fre~uency is de~endant on yield 1 

q_u2.lity and :per·sist2r.:.8y cc,:n.sic.erat:.ons, and :'ur·ther, on the growth stage 

effect on :pa:.&-L,ibili ty 2:.1.d the associated utilisation eff'iciency. Resid­

ual r.:atu:ee ste::is G..l"e basically wasteful (Dann!i 1968). In general, al­

·tr.o·~-:..:;:1. aosol:.:te yields va?:'y between cutting a:nd grazing 9 relative yields 

a:c-e si:::1ilar a::.1.G. ;.r.a~ches ( 1968) considers the latter· parameter more 

irr.:port2..nt -.:or evalu.a~ing S':;ards o 

2 ~2 ~ E~f ect s o~ Def'oli2tio~ ?reguency on Lucerne Persistence. 

':'h2 red1:.ction of yields Y.rith f::·eq_uer..t de:f'oliation can be due to 

r·eC::.:.:: 2.::.. :p2.2.r::. nu:fuers ( st&nd reduction), reduced plant vigour or size 

a1;.d assc8iated r·eduction of shoot r..u..··nbers per plant o This latter is not 

:..oss of pcr2, istence -oer se .. out rather an expression of it. Gross et al .. , 

( ~ 953) o-ose:c·ved tb.at fi•eg_uently cut lucer:r~e :;;il2._-r1t s rrere co:isider2.bly 

s:22.2-:e::-, cut thei:e. nu.--nbers had not been deer-eased. Y/illard ( ~ 931) o'bser­

ved. s. s::.::-.:..lar situation .:.n that 1"1e four.d a low cor-relation 'between shoot 

yield a:::d stand density. Feltner and ?.1assengale (1965) observed the same 

eff'ect for- sever-·al treatments. 'i'here have been many reports however, 

shc'.7:..ng a d.ecr·ease in plar.t m.:r:ibers '\'li th f:.."'eq_uent defoliationo For in­

stance Tfolson ( 1925) found 2, 3 an.d 4 cuts per year reduced plant numbers 

to J2, 3 and. 0 plants per square foot over 2 yearso Representing a milder 

environment, Judd and Radclif'fe (1970) observed 4e1, 5.5, and 6.4 crovms 

per sg_uare foot a:fter 3 years de::..·oliating at 3, 4, 5 and 6 weekly inter­

vals o Similar relationships between defoliation frequency an~ plant 

numbers were obtained by Jackobs and Oldmeyer (1955), Davies (1957), 

Dennis et al. (1959), Rixhon (1966), Cullen (1967), Smith and Nelson 

(1967), Peart(1968), Leach (1970). 
Reduced plant vigour, virtually a basic component of' reduced per­

sistence, results largely :from the effects of' environmental conditions 

and the individual or the combined effect of f requency and seasonal 

timing of' defoliation (sections 2.3o1.1.; 2.3.1.2.; 2 .3.1.3.). Further, 
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rec.u.ced. pla:1t vigour is often aggravated by a concomitant increase of 

weeds a::-id grasses -r1hich :provide direct environmental competition (Nelson 

1925 .: ? c, ·cc:2.., :;::: et 2.l", 1953; I'Y::.e~s2·1 et alo, 1954; Dennis et al .. , 

Judd ar.d Radcliff'e, 1970; 

Leac::, ~ 970c)" Y!i th mode:r·ate defoliation freq_uencies, it has been 

su~_zested. that ar-.1. ini t.:.al reduction of plant numbers vlill decrease 

:ple:-:t co:-::pe-::.i tion, enabling remairling plants to gror;r larger and thus 

~2i~t2~~ yield (Grandfield, ~934; Kust and S~ith, 1961)0 It is possible 

t~at after the initial defoliationsi a more infrequent treatment may be 

ncec.ed ·:o estc.olish this effect .. 

Scoe sore specific aspects depressing lucerne persistence have 

"u.::..:::.. d.c::.ons·cy,ated.. In cool r:inter regions 9 considerable winter death 

o~ :::_:i2.2.::~·~3 can resu.l t from an ill-timed autUI:1.n defoliation (Smith, 1965). 

I:'l c.:.:·iej,_'"' re6 ions or seasons :1 lucerne is nore persistent with more f're­

q_uer.·::. d e :'oli&tion if' not irrigatedo Viard et al., (1966) demonstrated 

this ,.-,- ::. ·ch a lucerne cocksfoot sv.rard; the deeper lucerne root system 

giv::.n0 it a ccspetitive adve.ntage ror soil moisture 9 in spite of re­

d-c:..:::ec. vogoure 1.7i t~ in:freq_uent defoliation, t21e lucerne 

plan-~1s vigour is such that it -can succesfully co:.:n:pete with grasses 

a:J.d ~,eeds, even. m1.cler irrit;ationo Va:...r1 2:{i:per· a:n.d Owen ( 1964) ') Iver·sen . 

(1967), and Lobo (1967) also noted better dry land persistence. 

F c:;l t:..1.e:.." ar~d. :.'lasse:-igale ( '1965) f'o~-r-id t.ha-::. the reduction of lucerne stands 

u.:.'1d.ej,_'"' f'r•eg_1.:ent def'oliation nas aggravated by excessively high summer 

te:r:.·oe r·atures of g::ees.ter· than 25 Co It has been observed that lucerne 

:.s rr:o:::-e persistent i::-:i eond.i-tions of high fertility, especially for 

?Otassillill (Graber and Sprague, i938; iliarlrus, 1966; Smith, 1969a). 

Lobb '1967) found t~at on the soils used, selective withholding 

of' phosphorous fertilisation gave lucerne a competitive advantage over 

grasses and ,-,eeds ·rrhich have a greater phosphorus requirement , and 

hence, for lucerne, improved persistence. It should be noted, that this 

management may be at the expense of maximum potential lucerne yields on 

phosphate deficient so·1s (Stephen, 1970). Differences in lucerne 

persistence associated with varietal growth form differences have been 

demonstrated oy Kehr et al., (1962) Leach (1969b). Smith and Graber, 

(~941 ) suggested that management techniques detrimental to lucerne 

procuction and survival, may also increase susceptibility to diseases 
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and m:-1:plify di:r:::-·erences in disease tolerance between varieties. Thus, 

luce~ne ~ersister.ce is very depende.~t o~ the de~o~iation frequency 
uscc.. 

as:pec·.:.2. 

'=1:::.c e:~ec"i::. of' L1creascd def'oliation f'1 ... equency reducing plant 

s1ze; ~& evidenced by s~aller ~cots has often been demonstrated (sec-

2.3.1.,2) o ':::'~1is :.zs '.Jeen sho·:1:1 to be associ2.ted \7ith the death or 

s:.z2 :--2c.uct.ic:: of: c: ... c·.;n stems (::ielsen et a: .. 5 ~954; G:-oss et al o, 
· 192-:7; Pelt:.er c.:-_d. '.::ysc.c..2.e, ~935.i Grs.:n.d.:':.eld, 19.'.. .. ~~ and stems per plant 

/ 7Je-·'···e ..... ar:.,; ·1',rs -=·--lc. ~ C • c~,.,,, ... t ar.d 
\ - - L., - ~ -U - c.J '-"-.CA..._ - ? - o o , V •• \::; V ... 

'.:'his 1,70·..::'..d "be 

Rur:ibaugh, 1963; 

e).-:pected with the 

b:.:.--_ec. e:.:"::·ec\::. of' -.:.::ese ::'ac,.:.ors ::.s ex:p:r,essed in the lower yields obtained. 

L-.:. t:_e sin:;le s::oot :!.eve.:;_, ".:.r_e recults of Leach,(1966a, 1969a) 

:..::c.:.cs.tc::. tr.at -'.:,b.e ir:c.::.v:..c.1..:2.l st.oot lenr;th at her-vest depe:.tls on when 

t:r·:. ty s. t def'c.:.iatio:-;, o:i. .... 'the i::17-ensi ty of' c..::.tt:.n.g. 1:✓i th def'oliation 

Le.e.c:i (1968a) observe<:. fe1:1e:- shoots, v1b.ile 
Keo.:::2:-: ~ 1970) :·o::z..:-:d :.i ttle d:'...:t::'e::,;;;nce in shoot i.'lUIJ.bers, ·out both obser­

\¥ec. :.."eC:."J.cec. i:r:~t::.al s::oot g~•or:th due to the delayed coill!:tenc er::ent of' 

s:-_e,c,~ c::.or.5~~::..0:1" ::00.;:-~e:~ (:..~c ... ) s::..:;_zests tr..z..t s:1oot ::-iurr:.-!:iers will only 

be :.:·cd:uced '.tith :prolo::~ed ~ru:1atu~e defoliation 1r;hen the crown size is 

reducec.. TL::..s is supported by another of' his obser~ations that lucer-ne 

has 11a -crer:.endous :c•eserve of buds for :future regrov,th" . Thus with more 

fre~uent defoliation average shoot length is likely to be less, (e.g . 

Tsu.To~, i968) and more immature at a given harvest time. Comparing his 

resdts with those of Leach (1.c.), Keoghan (l.c.) suggests that inter ­

plant conpetition within his simulated sward compared to Leach's (1.c.) 

spacec. plants~ may well explain their differences of shoot numbers . 

The l ater stag·e of growth at defoliation, the higher the stem/ 

leaf ratio is likely to beo This is b ecause of increasing lower leaf 

loss (Fuess and Tesar, 1968) and increasing dry matter accumulation in 
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t!le stems (?.J:eyer and Jo::1.es, 1962;0 Th e residual groY7th results of' 

T su:-.:.2. ( 1963), sho.7ed a lo·::er s~err/leaf ratio :f'or :previously more 

i':."eq__uently d.cfoliated t:r·e2.t:o.e:1."CS0 This cor.!:'elates ·.-,,ith the slovre r 

i n::.t:.e..l shcot growth 211d lo::.ger time to :maturity of' more :f'r·eq_uently 

de::·0:..:.2.ted. lucerneo Hcc.glcinson (1967) f'ou:nd that :po:pulati on densi~cy 

ciic. ::-~c-~ s.f'::".'ect the ste:::/leaf' dr-y neight :."a tio of' shoots at the s ame 

as components of' yield. 

shoots as aJ•is:.ng on 

u:p:2e::-· stu·oo:e nodes vrit::. inte::- node le!lgth g::::•ea:.er than O 06 - O o 7 cJ:1, 

wr~ile b2.sa:. shooJcs arise f'ror::. t!le cro·,'n-1 2-vi..d. lo-::e r :io::.es n.ot exceeding 

Oo5 c~ i:::. le=3:,h. ?or discuss:.on, Leach 1 s (197Oa)class::.f'i ca~ion for 

shco·cs 2.:::·i s:.n2 o:::. the 0-2 cru 8.Yld 2-10 c::1 stub"ble segwe~1.ts are si:::i...:.laro 

r:-.uc:: ::o::. ... e · i::,:po::·tant at all stages of defoliation., This was re:presen.ted 

ir: te::.-.-.:.-.s of r..'u.:::be:r·s a:r:d. es.rl::.er- e:-c·c.ension g::·o~Ttho Stu·o'.:)le shoots :probably 

o::.=.;_,, ;;..=._;::_):. .... oa.cb. im:;:iort&r.'..·c p::·o:9or·c.ions \'1::.. tr .. hig:1 level, very ir::rr12.t ·o.1::-·e 

c.e: ... o :.:.at:.on (Xeoghan,loco)o Under f'ield co:r:.ditio:ris, Keoghan ( l .. c,.) 

no~ed. evan ~~eater basal s~oot ~o~ina:'.lce ~i~h all stages of defolia-

-c:. c::-_., 3c::.h e..utho:."s a 2. so obse::-ved. :.ndicatim-is o-';. .. ir..tershoot cor:1:peti tion. 

rfiti"~ -:,-,:;::•y i ::-... ·cer ... s :.ve d..::;i'oliation r0sul'cir:g i:'.l sr.:alle::-· shoot nUL1bers(all 

b2.sa2. 3}~00 ·..:;3):; ir.6.ividual s hoot size ~.-,as slightly larger· than with less 

i::-.:.·c2~:s::. 'le d2::--oliat::.o::: uhen sowe st"t:..".Jole shoots v1ere :9resent as \7ell 

(1967) de:::ionstr:s.ted a si:r:ilar r·esult in an 

e1-."I)er:_:-::e!" .. t i:i t,hich si. oot m.1L1be1 .. s ·were expei-·imentally controlled 

(sect~o~ 2. 4o 2. 3 .. ). 
~c the height of defoliation is raised, with immature stubble, 

a gr6ater residual leaf area is lef'tio·However, there is neglig able 

residual leaf area with mature stubble regardless of defoliation 

height, a lthough this latter can be increased by a significant leaf' 

area co::itri-:Jution or newly elongating basal shoots (::eoghan, 1967). 
Such leaf area is capable of significantly contributing to the lucerne 

plant's initial post de f oliation carbohydrate assimilation, particu­

larly vri th immature stubble (Hodgkinson, 1967 ; Keogr..an, 1970; section 
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2 o 4 .. 1 . 3 o ) .The interaction of' def'ol i ation frequency with def'ol -

iation heigLt is iDJlicito 

2, '5 !..· n The Effect of' Defolie.JcioE Frequenc'.lr on Lucf"~r..e 

':'::.e lor:er yields ni th more :frequent def'oliation re:;:;iresents an 

over&ll lov,er cro:9 grozrth rate (CG:::t). For given growth periods,co:n­

:pa::isions of' lucerne gro•,7th rates betvreen treatments of' different de­

foliation f'requenciesj a:9pear to ~ave been confined to - studies at Lin­

co~~, Canterbury (Steir0~e i963; La.!ger and Steinke, 1965; Keoghan, 

1956, 1970) . The Qajority of st~dies have considered only total ann­

:2al yields. Stein:.ce ( 1963) shorred tr..e.t f'rec;_uent defoliation, reducii1g 

:p:a:nt ·_,rcigr~t, rras associated r1::..th lower relative growth rates (RGR), 

:.:-:.c.:.c~:~iT.J less e::'ficie:::t grm:rth =-'::>o:i the zr:c:.ller pla:'.lts .. He also 
oo~&:.~ed initially :n3gative root rtG~ for closely defoliated plants. 

:.:::1 .so~e cases this could also 2.3;:r?lY -co '.7hole :9:.a.nt gror:th, \7hen this 

oclow- grour.:.d v1ei6ht loss is r2ster thc..n the rate of new growth .. 

:!;:.:;,lic i•c in the lov,er yields at each harvest o:f mo:"e :frequently defol ­

ia:.ec. :.ucerne £..re lower CGEt'so 

~lost o:: the r,or:-:: or.. lucer::e growth analysis has bee 

c0:-:cerr:ed. ·.-ri•z;h tb.e ::elations:i1ip -be-:.rrE:en CG1 or r2.te of :photosynthesis 

a~d lea~ area indeA (LAI) (SteirL~ej 1963; Keoghan, 1966, 1970; 
!Un~ ar_d 2vm:s, 1957; \7ifor.g Brov!r. and Blaser, 1967) . This rrork, as 

i:.'1 othe::· crops (Vfatson, 1958; Ludw~g et al o 9 1965 - cotton; Shibles 

a:.:d. \'/ebe1 ... , 1965 - soy beans; Will iams et al .. , 1965 - maize ; and others ) 

vas aimed at deter mining whether an optimum LAI would be attained and 

~:f so, the nature of i t; ioe . narrow, broad, or p l ateau. Keoghan 

(1970) considers the subject and its explanations full y . Steinke 

(1963), with a lucerne :fiel d experi mant, demonstrated a nar row LA.I 

optimum, thought to be due to s oil moisture l imit ing the more mature 

grov,th . King and Evans (1967), Wilf'ong et a lo , (1967 ) and Keoghan 

(1970) o"".J _::-_ed broad opti mum LAI, while in 1966 and i n other expe r ­

iments in 1970, Keoghan obtained plateau LAI rel ationships o These 

varied results i ndicate the compl exity of f'actor s controlli ng this 

relatl onship . Among these :factors are the effic i ency of light inter -
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ce~tion related to cha~ges of the light eztinction coefficient 

':(eoghan, 1970); differences of leaf' photosysthetic ca:,acity betv,een 

s:;>ecies (3!"o,·m, !3laser c.r..d Dunt-..in, 1966) and possibly varieties 

'~ornhof'f &nd Shibles,~970); reduced leaf respiration rate of older 

a~c ~ore shaded leaves in the canopy, probably explained by an assoc­

iated in~rec1se o::' s:pecific lea:' area (Wilfong et alo, 1967; Vlilliams 
.._ 1 ., 9,,.,.. c.•· • - -, - •• , - "9,,..,..) d +h ~ .._ ""' th e.., a ., 1 o::>; ..,...-;.:!.o_es anu .,eoer, 1 O.J ; an 1., e e.u. ec1.,S 0.1. o er en-

vironrr.en·val variables, especially moisture (Keoghan, '.1970) . 

~~e influe~ce of di:f':fe~e~t defoliation frequencies has not been 

:."eJorted.. \ii th ::::ore prolo~ged ·creat~e!!ts ~esul ting in dif'f'erences of' 

s':,'ard ::orpholocy (e.,g. ste2 de:1sity), light interception will be vari ed 

·:.-:1::..c:1 :12..y ,.rell ir~.::'li.::.enc-:; the :!'or:n of' the CG?/LJ..: relationship . Postu­

lated. chanses ror the Bore ?hysiological f2ctors are less obvious, 

a:.~l:01.:.:::;:i ::~o,tr.;an (~S70) f'ou.r..d. a c.er-se:."' lucerne sv,ard had a greater 

&ve:-2.:;e s:;iecif'ic leaf' a:-ea tha:'l a less dense sward . 

2 ... L. F2.c t.c::>s Ccn-c·""ol2.i nr; t~.e Yielc. anc. Re,i;::ro'::t:1 ?.ate o: .... Lucerne .. 
r,·r,:.,:,::, ·"'ac'·or-s a.;;e ~-,-.o·•·')-Q- ~-- r n·,.,y,.1·01 0-~ca1 .,.,orpholo~i·ca1 
... •·'-'.., ~ - ..., - - u - '-'.:. c;; c...:, ~ ]:"-~ ' .:, - t, .!.. , - , ,., - • • 6 .J.. 

~~- e~v-~or.:!lent&l cl~ssification, and are cc-~D~dered as they contrib­

u-~e to tr.e ex:;,le.:::iatio:1 of t:~e var·ious as:;,ects of yield and regrovrth 

d~scus3cd ~:n t2e p~ev~ous sec~ions. O::' necessity, the controll o~ 
·rri ~ ., ··----- tend to :;,recede the sit~atio~ in respect to 

ci~fe~~~~ de::'oliatio~ fre~uencieso 

·2::vsiologic2l ?ac .. .:-.ors. 

2~h .. 1.1. ':'he Role of ?.eserv·es. 

~here are three types of reserves to consider : non- structural 

carbohy~rates, nitroge~ and ~ineral reserveso The effect of different 

def'oliation frequencies o~ subsequent shoot grov,th and root weight, 

organic reserves and p l ant vigour has been discussedo The carbohydrate 

reser--,;es have recieved far more attention in the papt, in particular, 

::'or their contribution to new shoot growth. A relatively consistent 
:ine o~ thought has developed over the last f'orty- five year s in res-

pect to this role of' carbohydrate reserves, but i n the l ast decade its 
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v~lidity has been Questioned 1 and during the last :few years the ques ­

tion has been elucidated considerablyo 

In i 927, Graber et al" postulated that ". o ••• New top g_ .. owths 

es~ec~a~ly i~ the earlier s~ages, are initiated and developed largely 

2~ tne expense or :9reviously accur:mlated organic reserves. 11 This 

:9cst-.:;.lation r;as generally 2.ccepted over subseq_uent years, supported 

~Y repeate~ demo~strations of g ood correlations between plant yield 

s.r.:.c/ or vigour 'ai th carbohydrate reserve levels (Harrison, i 939; 

S~rague and G:'a-oe:.", ~ 938; \'/ein .. '"!lan, 1948; 1:Jeir et al o 9 1960; ?el tner 

2.r:.d. ~-.:assengale,1965; La.rigille et alo, 1965; Sw.ith and Nelson, 1967; 

a:.::d others) and that grov,th after· defoliat io:1. is generally associated 

-..,::..t:'1 a decrease in the level of' ca:c·bohyd.rate reserves (Graber et al., 

~927; Grandf'ield, 1935; Bro·.7n and :.:unsell, 1942; Reynolds and Smith, 

4962; Sr2ith;, '1962; Nelsen ar..c. S:-:iith, 19680) v1:iich :follows the general 

cyc~ic patter~ tescribed (section 2o3e1.3.). Doubt as to the sound­

:: .::., 3s o:i:'' this po3t11.l2.tion \7as ex.Qressed notably from tr10 sources. 

~ay and Davidson (1958) ~uggested that t~e post-defoliation use of' 

car·-oc:r_y6..P2.te reserves f'or respirat i on cou.Ld be o:f greater importance. 

Soon s.:f:.er, :.Iay ( i 960) g_uestio:-ied the acceptance of' the hy;:iothesis 

of accuraulated caroo~ydrated reserves havi~g a specific role in init-

-~he pa·..:c i ty of knorrledge of' mobilising 

-~or:-2ones, mec~anisms of translocation B..L~d utilisation of carbohydrate 

reserves at ne~iste~s prec _uded a criLical evaluation of the part 

:.92.2.yed -cy :."eserves in determini~g regrowth. 11 Smith (1962) still con­

Le~de6 that carbo~ydrate reserves in part contribute to new foliar 

regrowth of lucerne after defoliation, and recent worlr has supported 

this vie-r,. 

In response to these reconsiderations, much work has been done 

to elucidate this aspect of regrowth, this being particularly succ­

essful with lucerne (Hodgldnson, 1967, 1968, 1969; Silva, 1968; Smith 

and Silva, 1969; Smith and Marten, 1970), and other species (Davids on 

and Milthorpe, 1965, 1966a, 1966b; Carlson, ·1966a 1966b; Alberda, 

1966; Mitchell and Denne, 1967). Earlier work was done with grasses 

showing grass shoot stubble to be the main source of carbohydrate 

reserve, rather than the roots, and that these reserves were used 

L 
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for both respiration and new gro\'/th (Davidson and Milthorpe,1966a; 

Aroe::::da, ~966). Marshall and Sagar (1965), using 11.ic tracer 9 shmved 

a grass inter-tiller photosynthate interdependance :following partial 

c.efolia t ion, v1hile 3hara et al o . ( 1967), using Pasna.lum n otatum 

c.e:::::ons::ra.ted t h2.t new leaf' tissue used in :gart a~ least, 1~ labelled 

co::qow'lds :frow. the stu::>ble and roots. i'/i th severe defol iat ion and low 

initial reserve levels, Dav::.dson and !lilthorpe ( 1966b) and Alberda 

(1966) :found that suostances other than non- structural carbohydrates 

\'jere used to sl.::p:pliment the::_r reserve su:p:ply. Ni trcgenous compounds 

'.7ere suggested, but also plant parts may be sacrificed to provide a 

so-o.rce of substance :fo~ regro·::th ar1a/or respirati on (.Alberda, 1966), 

ai'":.d Hodg~:inson ( 1968) stated that even structural compounds could be 

broken dm·m a~:.d ::."etr3.nsloca ted. 

Pa~ticularly good progress has been ~ade in resolving the role 

of crganic reserves in lucerne regro-,,1::,h by studying their re~distri ­

oution after being 14c la;Jelledo By this method, Hodgkins on , 967), 

Si:..va (1960) anc. S:.,ith and :.Iarte:J. (1970) have all conclusively demon­

str2ted that organic r·ese r ves are used in :part, :for the • :formation. of' 

-:-_e-;1 lucerne shoo~ growt!'. a In more ::.nt ens ive studies, Eodgkinson (1.c e) 

:co:.lc;;1ec. this redistribution over 30 days regrrn7th, v1hile Smith and 

:.= s.::·ten (l.,c.,) did so -by harvesting at 5 r·egrorrth stages - 15 and 30cm 

::.ei,z:;.-~, ou.d, :first bloon and 50% bloo!!!Q Their results showed several 

s::...:::.:::.lari tiea. Notably, the greater proportion of' 14c-label led comp ounds 

-. :c..:, :;.sec. as res:_;>iratory substrates, altho1;.gh during t he early regrowth 

:9eri0d , respiratory and nev, shoot growth use was a pproximately eq_ual. 
1h 

Also, t'_e percentage content of 'C-labe::i.:.ed comp ounds in the t otal 

new shoot growth was initially high, de c reasing with time as current 

phot osynthate increasingly contributed. Thus the intensity of' shoot 
l~bell ing was inversely proportional to the lengt h of' the post-defol­

iation period. 

I n marked contrast, Smi th and Silva (1969) in a q_uantative study 

and Silva (1968) using 14c-labelling, :found. at 21 and 26 days respec ­

~ively; that much greater proportions of' the origionally stored organic 

.compounds in the roots and crowns were used in new shoot and root 

growth; that used as a respiratory substrate being relatively small. 
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In agreeruent however, was the high initial use of' organic compounds 

stored in t~e roots and cro~ns f'or new shoot growth, :f'olloWed by the 

ra~idly increasing contribution :f'rom current photosynthateQ Both 

2roups obser1led the continued use of' labelled organic compounds 

t1.1r0i2gl:out t2:e vcgatative gror:th stage., All exc ept Hodgkinson ( 1967), 
f'ourJ.d that they h2d a high utilisation of' l abelled compounds 

(70 - o'0;b) Q Ecd.5kinso:.1 (1 oC .. ) obser·ved a 50% utilisation by 20 days 
:::·egr,:)',-,.::;:-1~ af'te:.., i::21ich tr·_ere 1-:ras little change o 

Srr.i t~ ... ar..d. 1.12.::<.:;E:n ''i 970) :fou..-1.d that much of' the initially lab­

e::cd non-str~ctural carbohydrates later located in new shoot growth 

o~curred as tra.nslocated non-structural carbohydrates; that incorpor­

ated in shcot structu::.·e.2. tissue bei!lg relatively low, fluctuating 
·bc.,···,een 4 ~nu.1 o:1- o·f' -;.-1,.,e 

I,..., V~ • -- ~- J/V - VJ.- iI'-itial reserve levelo Hodgkins on (1967) did 
no~ dis~inguish between these :f'ract:onso 

Eore co1:i.plex o:c·zanic compounds nay be depleted during regrovrth 
I ., • 2 ~ ., 7 ) 71T • l ' 1 , SeC ClOYl • .) o i o:J o ., .!.~le sen e0 a o ( 1956) 

::e:;,orted. he::ii -cellulcse :T..obilisation during lucerne r egrowth. 

?a~gkinson (1967) had evide~ce suggesti::n.i this may occur, but also 

~--:oted Fhistler and Young ( 1960) 1 a..."ld Porter ( 1962) as :providing 

cvic.cnce s-u.zccctinz that hemicellulosc and cellulose are stable end 

::;;::...,cduc ts of rr:.eto.ooJ.ismo Nitroc;enous cor:-:pouncls located in storage 

o:::r;2";.s a::>e ::_ecessarily transloca·ced for new shoot growth, but if' nec­

cssary :i es Stena:·::. et a:!. .. , (1958) :nave shown,they can be utilised 

as r·es~::..:-·2.tory su:Jst::::'ates" This evidence su:r;:ip orts othe11 reports 

·c/ .. 2.t o--:-::er non-st:r-uctuI'al carbohydr2.te r2serves can be utilised 

c.-u.:..,..::.ne :9ast·c1.::-e :.."'egro;;1th, as respiratory substrates at least (David­
son and !•.Iilt1wr:pe 7 1965, 1966b, .A.lbe1"'da, 1966; Humphreys and Robins on, 

1966), particularly if defoliation is reasonably severe and reserve 

levels are lm7 o l\~ ore detailed investigation to determine the relative 

im~ortance and use of' these compounds during regrowth, and under 

what conditions are re~uiredo 
This has been done to some extent with quantative studies or 

the importance or nitrogenous compounds in plant regrowth . Such 

studies are few, even t hough Graber et al., (1967) included organic 

nitrogen compounds in his derinitions or reserves. Using grass species, 

Bommer (1966) obtained considerably greater yields rrom :plots reciev-
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iJg heavie~ applications of nitrogen fertiliser, with an associated 

J:.'.'eate:' :reduction of' carbohydr2.te reserves, suggesting greater use 

of' the 2.atter .. 1:0:-ae directly, both Dilz (i966) and Sheard. (1968b, 
~ 970) :fm:.--ic. a 1:i.:;h correlation betr:een plant nitrogen content at de­

::""'o:.:..at:..c:r: a?ic. rre :'..g:_-'~ o:"' :,eg:>o'.TCh, 1.,hile t.hat between regrov,th and 

:.-:.::::·::· cc.:r::,ol:yc:::>s.te co:1.te!lt r:as low, (Dilz, ✓. 966) and negative with 

~':::-··u.ctose co!!..c0ntratio:.1. :.n the tertiary shoot of timothy (Sheard, 

·,36.::,·o, ~970)~ t:le vege:.E..tive o:.,gan most influencing the s:prir..g growth 

o: ... t:.:not:';_y ( S:ieard., 1968a) • Dilz ( 1966) de:::ionstrated a c onsidera·oly 

f:~•s.-~er st.cot y ield pex• a unit weight of' protein compared to a unit 

·.-:e:::..:;;:-.t o:::' c2:.:-·bohyd:;.:2te o ':.:his e::Yic ier-cy of :proteinaceous co• pounds 

s~Ggested that they \7ere at least as important for herbage regrowth 

~~ non- structural c&~oo~ydrates o Sheard (1968b, 1970) found that a 

:-_i221 inte::,nal N s:.1.:9:ply :9~ov-ided a ready sup:ply of organic N for new 

s:-_00t 6 :::or:".:,r_,, If' i:r_ lo·:i s1.::p1ly, though.., i:. may \7ell be growth limiting, 

even t ~OTISh t~e carbohydr~te ~ese~ve level is adequate to meet the 

e-.:.e:c·gy c.e;;:anC.s o-::: g::·c-:-,th ar-c. res:pi!'ation f:>0:-1 these non- ni trogeno-:is 

;:,1.:"".)strates. =~e coY1cl1.:c.es 11 
o o o ...... ., .. a balance of' carbo~ydr·ate f'or energy 

c~d a ~~~dily cvailable source o~ protein f'or the sy::~~esis of' new 

:._:>rc:.cplas:-:. \'Ii thi:r~ the p:..2.r-j_t is supe:-ior to a 11igh ca::--":)ohydrate-low 

I •. ~::\;•..- wr---a-'-~onl"'t,..... ~I"\ u ];) 0 ..,c; .... __ - C.J.. '-'- - i:>---:! o 

· '.:::1::.s •;:o:::-•:c ·;1:. th gi .. :-::sses 1:as ::10t been exte1~ded. to legllr.les and in 

~artic~: 2~, to lucerne., The e::: ... ect o~ severe deroliation restricting 

.::..--..::.ce~:r;.::; root ncclule r:itro6 en :f'i:;.:atio:-~ (section 2.3.1.3 .. ) a_-rid restrict ­

:..:-_.:; root g:c·ovr'.:,h (sec-:.ion 2 .. 3o1o2 .. ), nee.r..s thz.t i2.1itially, protein 

:p::ecurso:r·s reg_uirec. fo!' ner1 shoot gro'.7th, must largely be :provided 

f'roo reserve sources. Using the nodulated legume, Pisu.m sativu.~ 

du1 ... ing vee;eta.:,ive growth, Pate (1956 ) showed the direct export of' 

fixed nitrogen from the root nodules to the shoots as amides (observed 

i~ other symbiotic associations; see Pate et al., 1965). Sugars trans ­

located ~rom the leaves provi de essential carbon skeletons f'or amide 

syr..thesis in the roots (Pate et al., l.c.). It is reasonable to expect 

a similar occurrence in lucerne, and as such, it is most probable 

tLat some of' the 14c l abelled organic compounds in t he lucerne roots 

in the experime~ts of' Hodgkinson (1967) and Smith and Marten (1970) 
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were amides or other nitrogenous compounds. In lucerne this is yet 

to be experimentally verified. In turn, a proportion of the trans­
located material used in new lucerne shoot g rowth was most probably 
these 14c-labelled nitrogenous compounds . With a number of species 
it has been shown that these trans located amides and amino acids are 
transaminated in the leaves to f orm different amino acids and proteins 
(Pate , 1966; Joy, 1967). 

Hodgkinson (1967) f ound t hat14c-activity was located through- j 

out the shoot after 20 days regrowth, although more intense in the 
earlie r formed tissue. This indicates a continued acropetal movement 
of 14c-labelled material int o the shoot during this period . At the 
same time he f ound new shoots started t o export assimilates to the 
roots by the 6th day aft e r complete defoliation . Although a bi-direct­
ional movement of carbohydrate has been questioned (Hodgkinson, 1967), 
a continued ac ropetal movement of 14c-labelled amides and amino acids 
to be incorporated in the growmng leaves and apica l r egion tissue of 
the shoot could well expl a in the continued labelling of the shoot over 
t~is period . Normally, this process would be expected to l ast until 
such time as root nodule ac tivity ana/or soil nitrogen absorption 
r eturn to a l evel satisfying shoot growth r equirements . Pate and 
Wallace ( 1964) shov:ed that the field pea shoot receives much nitrogen 
in organic form through t he xylem, a s well a s some in the phloem. 
Lucerne,may have a similar method of acropetal nitrogen distribution. 
Recent work suggests the possibility of bidirectional movement in 
the phloem should not be ruled out (Crafts, 1967; Trip and Gorham, 
1968 ; Ho and Peel, 1969). Mor e probable is a bidirectional movement 
of photosynthate basipetally and nitrogenous compounds acropetally. 
The di r ectional distribution of t hese compounds is probably largely 
controlled by the influence of the various plant parts as sites of 
demand (sinks), their relative importance varying in relation to 
their individual intensities of demand for each compound. Wardlaw 
(1965) demonstrated this principal with wheat, and Hale and Weaver 
(1962) with Vicia , 

It 1s suggested that the role or nitrogenous reserves in lu­
cerne and other species regrowth probably warrants study of a similar 
nature to that already performed With carbohydrate reserves. Their 
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importance in shoot regrowth may well be relative to the level of' car­
-oohydrate reserves, as concluded by She;_.._rd ( 1968b) . The greater role of' 
lucerne organic r eserves as respiratory substrates has been reasonably 
established , although at the same time as Hodgkinson (1970) conclu­
ded, the hypothesis of' Graber et al ., (1927) has been confirmed, but 
11 
•••••• it still remains to be shown that the availability and qual­

ity of these compo~ds (nitrogenous and carbohydrate) regulate the 

rate of' shoot regeneration. " Environmental factors aside, it may be 
that the rela tive levels of nitrogenous and carbohydrate from residual 
leaf' area and/or new shoot leaf will soon confound the relationship. 

The inf'luence of defoliaion f'requency on the role of organic 
reserves is through its control over the levels and amounts of re­
serves available in the storage organs at defoliation; possibly the 
relative levels of available nitrogenc~3 and carbohydrate reserves; 
its influence on root nodule activity; the extent of residual leaf' 
area left, and its activity; and whether or not more complex compounds 
are broken dovm. Further work, is needed to elucidate the relationship 
of these aspects with different frequencies of defoliation. 

The role of mineral reserves does not appear to have been inves­
tigated , except that Hodgkinson (1967) r egrew lucerne in both phos­
phorous containing and phosphorous-free media , and obtained no yield 
differences for the single regrowth period studied . This indicated a 
high level of surplus phosphorous within the root and crown, and that 
with reasonable nutrient availability mineral reserves may not be a 
problem in the short term. In the longer term, with repeated frequent 
defoliat ion, they may be growth limiting (see section 2 .4.1.2.). 

In the preceding discussions and some of those to follow, the 
use of work on grasses to provide support or indicators for the same 
situation in lucerne, should be considered with some reservation. 
Being monocotyledons and dicotyledons respectively,their leaf mor­
phology and development is very different . Davidson and Milthorpe 
(1966a) concluded from their studies with Dactylis glomerata, that 
photosynthate export from the leaves did not occur until they were 
close to full expansion. In contrast Hodgkinson (1967) observed 
export from new lucerne shoots on the 6th day of growth, and with 
the field pea, individual leaves commence significant assimilate 
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export when only one quarter their final area (Pate, 1968). These 
differences result from their differences of leaf anatomical develop­

ment (Esau, 1960; Fahn, 1967). The other major consideration is their 
different modes of nitrogen nutrition. However, providing these diff­
erences are recognised and kept in mind, hypothetical extrapolations 

may be useful. 

2.he1,2. The Role of Lateral Roots. 

Finer lateral root growth slows considerably or even ceases 
afte r defoliation, dependant on its severity (section 2.301.2.). Evid­
ence from grasses (Mitchell and Denne, 1967), indicates that this re­
duction of root (tip) growth, if prolonged, may soon be followed by root 
hair death, and hence a reduction of the active nutrient absorbing 
area . This will recover only by renewed root tip growth as Hodgkinson 
(1967) observed with lucerne lateral roots, which became brown along 
their length, and suberised in the exodermal cells. There is little 
abs orption of ions through the walls of suberised roots (Kramer, 1956), 
and ion uptake is an active process (Brouwer, 1965) requiring a supply 
of assimilates. Thus severe defoliation will sharply or completely 
reduce the assimilate supply to the lateral roots, reduce root growth, 
and also reduce ion uptake. With grasses Oswalt et al.,(1959), and 

( 

Davids on and Milthorpe (1966b) have demonstrated a marked reduction 
of 32P uptake following defoliation. It is probable that the same 
occurs with lucerne, for a time period largely dependant on the poten­
tial energy supply -of the plant. In this latter context Hodgkinson 
(J967) found that 14c-labelled assimilates were translocated equally 
into the tap root and lateral roots for the first 20 days' regrowth 
but there-after a higher proportion was translocated into the lateral 
roots,this being coincident with the renewed lateral root growth and 
activity after 15 days, these providing a stronger sink. 

In the short term, with plants of reasonable vigour, this root 
growth reduction may not be excessively import_ant in restricting the 
plants' nutrient supply as shown by Hodgkinson (1967; section 
2.4.1.1.). With less vigourous plants, lower internal available nut­
rient levels may exist, resulting in the root growth reduction being 
more significant. This potential deficiency will be countered in part 
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by the nutrient remobilisation (including nitrogen) that occurs 

wi thin the plant, from older, and especially senescing organs to 

a c t ive growing reg ions (Hopkinson, 1964; Leopold, 1964). With other 

non- n odula ted species, a resultant induced nitrogen shortage may be 

be significant at an earlier regrowth stage. With lucerne, reduced 

n odUle activity may create a similar nitrogen effect. 

I n the longer term, a continuation of frequent defoliation will 

aggr avat e the situation in that nutrient and nitrogen levels in the 
) 

r oots will not be adequately replenished, because of the limited root 

growth. These deficiencies will certainly start to limit shoot growth. 

In these circumstances, Mitchell and Denne (1967) suggested that these 

fa c t ors ma y be the major determanents of the yield reductions gener­

a lly recorded. They emphasise that where there is a decrease of the 

e ffe ctive nutrient absorbing surface and nodule activity, the decreased 
r oot efficiency will probably be considerably greater than a reduction 
in the we i ght of the tota l root system would indicate. Ueno and Tsu­

chiya (1 968 ) observed this with lucerne, top growth,having a greater 

dependanc e on lateral root growth, compared with tap root grovrth. 
A fur t h er root factor limiting shoot growth, may be a reduced 

root p roduction of growth substances. Waring et al., ( 1965) performed 

eA~eri ment s which suggested tha t r oot-synthesised cytokinins may be 
needed f or prote in synthesis in shoots. These are likely to be pro­

duced in the later a l root tips, and consequently production would 
be curtai led i n associat~on with reduced root activity following de­

foliat ion. Although initial root supplies may result in a temporary 
excess above demand following defoliation (section 2.4.1.3.),they may 

be limiting to shoot growth a few days later, when defoliation is sev­

ere . In complete contra st, Hodgkinson (1967) concluded from his own 

resul ts, and t he work of others, that following defoliation, shoot 
produc ed growth substances (auxins-Torrey (1950) and Pilet (1965); 

vitamin B compounds-R?b ins (1951)) are more restrictive than the supply 

of ca rbohydrates to the growth of lateral roots. The most important 
conclusion f'rom this, is that growth substance_s are _probably an impor­
tant cont rolling.factorduring the regrowth of . shoots and associated 

root growth. 
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2.4.1.3. The Role of Residual Leaves. 

In the past , the area of residual leaf following defol­

iation has largely been considered as it ,is affected by the defolia­

tion he ight. At a given height, though, the stage of maturity at 
cefoliation (frequency) can also influence the area and efficiency 
of residual leaf. Thus the inter-relation of its photosynthetic von­
tribution with organic reserve levels in promoting shoot regrowth 

m~st be considered . Further, the several reports showing that a leafy 
stubble can alleviate the advo~se effects of frequent defoliation on 

yield (section 2.3.1.4.) are directly pertinent . 
Both Hodglcinson (1967) and Keoghan (1970) studied the physiol­

ogy of the subject . 
The primary requirement is that any yield advantage must out 

weigh the disadv~ntage of incomplete herbage utilisation. Further, 

more mature defoliation is usually associated with a low residual 
leaf area giving little if any regrowth benefit (Ridgman, 1960; Van 

Riper and Owen, 1964; Keoghan, 1966; Hodgkinson, 1967). A further pro­
blen in field conditions is the high r ate of stubble death observed by 

Ridgman (1960), and Keoghan (1966, 1970), especially if the stubble 

is relatively mature . 
Keoghan (1970) , lists several factors that will determine the 

effectivness of residual leaves: 
1. The area of leaves on the stubble and their light intercept­

ing properties. 
2. The photosynthetic efficiency of these leaves including 

their adaption to the marked change in environment caused by defol­

i ation . 
3 . The longevity of these leaves during regrowth. 
The basal l eaf area of reasonably dense lucerne swards decreases 

as shoot growth ages (Keoghan, 1966; Fuess and Tesar, 1968), to very 
low levels with maturity; e.g. 0.14 LAI for 34 days growth (Keoghan, 
l .c.). Pearce et al . (1968) and Keoghan (1970) showed that this 

residual basal leaf life is of limited duration relative to natural 
l eaf longevity. This is still shorter in the field. This suggests 
that a leafy stubble can be attained only by relatively immature 
defoliation . There is the exception, in that with mature swards, 
new basal shoot leaf area can be significant, providing defoliation 
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is high enough to retain these shoots. Keoghan (1966) measured a basal 
shoot LAI of' 0.41. In the only reported case, Keoghan (1970) f'ound a 

10cm l eafy stubble to have a considerable light interception capacity. 
Sever~l workers have demonstrated that the photosynthetic efficiency 

o~ luceru~ le&ves decreases with age (Pearce et al., 1965; Brown et al., 

~966a,b ; Hodgkinson, 1967; Fuess and Tesar, 1968; Keoghan, 1970; and others 
r:i th other species) . From this evidence Brovm et al. ( 1966b) thought 
that stubble residual leaves, the older leaves, were probably not very ef'f'­
icient. However Hodgkinson (1.c.) f'ound that the apparent photosynthetic 
r~tes of' residual leaves increased considerably following def'oliation,irr­
espective of' age . Keoghan (1.c.) showed a similar response, this adaption 
to the increased light environment being complete within 24 hours, caus­
ing him to conclude that in good light conditions a leaf'y stubble could 
provide a significant assimilate contribution, reducing the stress of' fre­

quent def'oliation on the root system. There is some uncertainity as to how 

comparable the r esidual leaf' improved photosysthetic rate and that of' newly 
produced leaves are . Hodgkinson (1.c.) round little dif'f'erence at 10 days 
in a gl asshouse study. In contrast Keoghan (1.c.) f'ound new leaves appeared 

to be more active in an out-door experiment, which is possibly the more 

likely s ituation in the f'ield in view or the greater lear senescence rate. 
observed in field conditions (Keoghan, l.c.). In turn though, there must 
be a leaf' age limit to this adaption • .Any i mprovements of basal leaf photo­
synthetic efficiency \7ill be more beneficial f'ollowing immature def'oliation 9 

as Bro.'m et al . (1966b) showed that younger residual leaves survived longer. 

Both Hodgki nson (1967) and Keoghan (1970) demonstrated the beneficial 
ef'f'ects on shoot grouth of' residu~l leaves, using 15cm and 10cm high stubble 
r espectively. Total plant weight decreased to a minimum f'or the f'irst 7-10 
days v,i th no r es i dual leaf', but showed no decrease with resid11al leaf' area. 
Af'ter this minimum we ight point, Keogham (1.c.) observed that the whole 
plant and shoot growth rates were very similar. The yield result~ of' Hod­
gkinson 's (1.c.) experiment show a similar ef'f'ect. The commencement growth 
stages of' this common growth rate, appears to correlate with the stage of' 
a critical lear area observed by Silva (1968). He considered that the att­
ainment of' this growth stage during regrowth is associated with 
shoot growth becoming largely independant f'or (presumably) carbohydrate 

supply, this coming f'rom photosynthesis. Yields of' shoots were greater, 
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the sooner this point was attained. Leach (1970a) also observed that 

retaining residual leaf area increased total yield by enabling the ear­

lier resumption of shoot growth, the effect being independant of stage 

of maturity at defoliation. Davidson and Milthorpe (1966a) after exam­

i ning t he results of Vlard and Blaser (1961) demonstrated that they had 

obtained the same effect with cocksfoot. This correlates with the con­

clusions of Leach(1969a) for each of three lucerne varieties, that 

regrowth yield depends on the number of shoots and particularly, the 

time when each shoot reswnes growth. Keoghan (1970), also found that 

t he shoots elongating earliest contributed most to the final yield. 

2,4,1,4, The Inter-relationship of the 

Physiological Factors. 
The evinence indicates that carbohydrate re­

serves largely influence lucerne regrowth indirectly. They are used to 
a greater extent as a respiratory substrate in the roots and crowns; 

to a l es ser extent as carbon skeletons for the formation of amides and 

amino acids in the roots, and for translocation as'carbohydrates i~to 
the ne~ shoots. This latter occurs for each shoot until the attainment 

of a critical leaf area enabling the new shoot growth to be relatively 

self sufficient for respiratmry and growth carbohydrate requirements. 
Continued root to shoot organic +,ranslocation occurs (Hodgkinson, 1967) 

probably largely as nitrogenous compounds needed for leaf and apical 
grov,th in particular. The pattern of translocation and the importance 

of nitrogenous compounds in regrowth and respiration requires further 

study . It is feasible that an organic reserve combination of low 

nitrogen and high carbohydrate levels may limit growth, although this 

may be more likely in non-leguminous species which generally have a low­
er nitrogen content. For lucerne to attain a high carbohydrate reserve 
level, the growth conditions will be such that nitrogen fixation act­

ivity is likely to increase giving a higher nitrogen reserve level 

unless there are specific factors limiting fixation. In most instances, 

high carbohydrate reserves will be associated with improved nitrogen 
levels, and probably enhanced top growth. 

Residual leaf area makes an important positive contribution of 

~ssimialte in regrowth conditions or low carbohydrate reserves. This 
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is directed to new growth and for respiration, but also in an indirect 

manne r by easing the withdrawal on root and crown carbohydrate reserves 
by the shoots, leaving more for root respiration and potentially for 

root growth; this, providing that def'oliation is high enough and at 

an early enough growth stage to ensure there is sufficient residual 

leaf area obtained. The benefit from residual leaf area is particularly 
apparent in these latter circumstances, in view of the increased photo­

synthetic activity of residual leaves after defoliation (section 2.4.1.3.) 

and that these conditions are typical of frequent defoliationo In prac­

tise, in the field, residual leaf area is probably of limited impor­

tance, as the density of a reasonable stand coupled with the more usual 

defoliation at later stages of growth, will result in considerable 

senescence of basal leaf (section 2.4.2.2.). Hence very little residual 
leaf Will be .left even with higher defoliationo 

These regrowth aspects, largely related to the plant's carbohydrate 

balance, t end to be of more importance in the short term after each de­
foliation. 

With prolonged sequential frequent defoliation, it is suggested 

that depletion of nutrient and nitrogen levels in the plant may be more 

influential in causing the reduced plant vigor and size so often observed. 

In this context, there is the importance of the reduced lateral 

root growth and the associated reduction of nutrient uptake. For Hod­

gkins on (1967) this probably lasted for 15-20 days, as new root growth 

was not significant till the 15th dayo During the latter stages of this 

period of reduced root activity, a nutrient shortage may develop, even 

though shoots are probably relatively independant for assimilates. The 

availability of carbohydrates at the root tips is possibly an important 
factor re stricting this root growth. However, Hodgkinson (1.c.) presen­

ted evidence which indicated that a supply of essential growth sub­
stances which are synthesised in the leaves may be the primary restrict~· 

ing factor (section 2.4.1.2.). With lucerne, many of these aspects of 

root growth, activity, and their control are likely to be equally app­

licable to the reduced root nodule activity and hence nitrogen availa~ 

bility, following defoliation. 
From these responses, it may be postulated that with continued 

close and frequent defoliation, the short regrowth interval will initially 

result in the depletion of carbohydrate,nitrogen and nutrient root reser- • 
ves with only a limited replenishment by the next harvest. Root growth is 
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restricted for longer periods than shoot growth, which would result 

in nutrient reserves (probably including nitrogen) staying relatively 
depleted, in turn resulting in more restricted shoot growth, so f'ur-

tL:-:- :2ec:._.-•::.cting the supply of carbohydrates and possibly necessary 
gro'.11-t.h substances :for root growth . The plant v,ould become progress~ 
ively weaker, with root death and overall reduction in weight and size 
as has been frequently demonstrated. These various growth restrictive 
f a ctors will be more marked in plants of low vigour and probably more 
so i:f small. Also , competition with larger lucerne plants and/or other 
species will be increasingly evident accentuating the defoliation effect . 
Needless to say, the above discussion assumes that the various envir­
onmental factors necessary for growth are not limiting. 

If appears as though shoot regrowth may basically be restricted 

firstly, by the time taken to attain a leaf area permitting the shoots 

to be self-sufficient :for carbohydrate, and secondly, through a limited 
availability of nitrogenous compounds and nutrients restricting the 

rate o:f the subse~uent regrowth , or even the first regrowth. 

2.4.2. Mornhological Factors. 

2.4.2.1. Basal shoot status in mature lucerne. 
It has been established that greatest annual yields are 

often obtained if the presence of new basal shoots i~ used as a defol­
iation criterion (section 2.3.1,.1.). Mitchell and Denne (1967) suggested 

t hat defoliation before either flowering or the start of new basal shoot 
grov1th \7ould mean the lucerne plant has to re- establish active meri­
st1..-.:-.s fro:ra the crown at a time when the plant is not physiologically 
ready for this. This re- establishment period will involve an initial 
grovrth delay, even in conditions of large· residual leaf area as can 
be the case with immature defoliation . Nelson and Smith (1968a)con­
cluded similarly from their studies of lucerne morphological develop­
ment . 

The advantage of the basal shoot presence criterion, presupposes 
that defoliation height is such as to leave any developed basal shoots 
intact. If cut, Meyer and Jones (1962) :found that there was a time 

delay while new shoots developed. Keoghan (1970) demonstrated a sig­
nificant yield advantage when these shoots are lef't intact. The photo-
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synthetic capacity of basal shoot leaves has not been investigated . 

It is probable that they have lower light saturating intensities 

typical of leaves that have developed in the shade (Leopold , 1964) . 
:tis Y1ot known if' these leaves photosynthetically adapt to the h ig­

r~er li6ht ir,tensi ties following defoliat ion, as observed for mature 

:::-·csidual leaves (Hodgkinson, 1967; Keoghan, 1970) . If they do not 

adapt , gr·owth delay may occur while the shoots develop their first 

sur. leaves . Keoghan (1.c . ) , presents evidence suggesting that even 

if these leaves do adapt , they are less photosynthetically active 

than newly produced leaves . 

2.~.2.2. Senescence. 

Keoghan ( 1970) stated ; " • • •• The extent to which a meas-
ure of viable plant material underestimates product ivity depends 

on the rate of l oss of dry matter produced during regrov,th . " Fuess 

and Tesar (1968) demonstrated the l arge loss of leaf and hence 

yield if lucerne is allov,ed to become fully mature . With time, this 

loss is progressive from the bottom of the shoot fol lowing the leaf 

a6e bradient . Fron the studies on leaf longevity in outdoor g r ovm 
lucerne , Keoghan (1 .c . ) found little leaf loss up to 30 days r egrowth, 

but ~regressive older leaf death after this . Pearce et al . (1968) 
::'o,md significantly less leaf senescence in thinned plots . It is pro­

bable that improved light conditions in the thinned sward l argel y 

co~tributed to this eztra longevity . This has been demonstrated for 

other species (Broucham 1962, Hopkinson 1966) . It is probabl e that 
as lov,er lucerr.e l eaves become excessively shaded , photosynthesis of 
these leaves vtill be very lov, and senescence initiated or accele r ­

ated , resulting in the lifting of the leaf canopy as shoot growth 

approaches maturity . Leaf canopy depth and l eaf area may be increased 
during growth be cause of a decrease of the mean light extinction c-o­

efficient due to changes of leaf arrangement, permitting better light 

penetration (Keoghan 1970) The rate of lower leaf senescence would 

probably be reduced. 

Defoliation f r equencies may affect leaf senescence by the rate 

of leaf a r ea production and hence the time before basal leaves are in 
excessive shade and tvus encouraged to senesce . Differences in stem 

density under different defoliations frequencies (section 2. 3 .3. ) may 

alter the light environment of the sward although changes of leaf 
angle and arrangement may also influence this result . 

On a larger scale , Keoghan (1970) observed that whole shoots sen-



40 

esced and died; this probably being more applicable for the last shoots 

elongating as they would be subjected to strong light competition from 
the earlier elongating and hence larger shoots. 

TLes e losses from senescence have been discussed in the produc­

ive ag ronomic sense. It should be remembered that the physiological 

loss i s s maller as a large proportion of the nutrient content (includ­
i ng nitrogen) of the senescent organs are retranslocated to actively 

gP0 Vii:1.g organs. This is important in helping to maintain growth when 

t he source of these nutrients may be limited (Benson et al., 1961; 

Leopold, 1964; Greenway et ale, 1968). 

Other environmental factors influence leaf longevity; moisture 

stress and high temperatures generally accelerate the onset and rate of 

s enesc e~ce (Leopold, 1964). Disease attacks can also reduce leaf life 

(Keoghan, 1966) • 
A further requirement is the maintenance of adequate root growth 

to :provide new centres for cytokinin synthesis, adequate levels of which 

are r e Quired for the normal leaf longevity in the conditions prevailing. 

(Leopold, 1964; Waring, et al., 1968). 

2.4.2 .3 . Shoot Numbers and Plant Intershoot Competition. 

Leach (1968a, 1969a) concluded that regrowth yield is 
d ependant primarily on the number of shoots and time each starts 

elongating. This latter factor is largely controlled by the physiolog­

ical factors discussed. The number of shoots are partly controlled by 
crov:n and stubble morphology and modified by varietal differences. 

Lea ch (1969a) obtained significantly greater shoot numbers and a resultant 

y i eld from a lenient defoliation compared to a severe defoliation, but 
with va rietal differences evident only with the lenient defoliation. 

These results "tended" to reflect differences in the number of potential 

shoot sites, although some of the varietal influence was obviously gen­
etic. Keoghan (1970) did not find this yield advantage of greater shoot 

numbers, considering this was explained by intra-plant competition, but 

was also likely to be in part due to inter-plant aerial competition as 

he used potted plants arranged in a simulated sward. Leach (1968a, 1969a) 
used spaced plants as did Cowett and Sprague (1962) who obtained a sim­

ilar yield advantage for shoot numbers per plant. Rumbaugh (1963) demon-
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strated that ·increased lucerne plant density reduced 

stem number and size due to interplant competition. As Keoghan (1970) 

concluded, and Leach (1968a) recognised, extrapolation from spaced plants 

to sward condi tions may lead to variences such as this. 

The evidence f'or, or suggestion of', plant intershoot competition 

has been presented severally (Hodgkinson, 1967; Leach,1968a, 1970a; 

Keoghan , 1970). Lea ch (1 970a ) noted a competative advantage f'or shoots 
I 

elongating earliest whi ch Ke oghan (1970) confirmed from his experiments. 

Keoghan (1.c.) considered from his observations that this arose from the 

very heterogene:aus nature of the lucerne shoot population which varied 

widely in time of elongation and thus size and stage of maturity. The 

co~petitive effect was such in one experiment, that some complete shoots 

senesced . 
Hodgkinson (1967) using single plants on which only 4,8 or 12 

shoots we re permitted to grow, observed an extreme plasticity of shoot 

growth . Weight per shoot changed inversely with shoot numbers per plant, 

thus retaining a r elatively constant yield. He sugge sted the evidence in­

dicated, that providing the environ.~ent was non-limiting for growth it 

vms not the numbe r of shoots per plant that limited re_growth yield, but 

the rate of supply of organic and inorganic compounds from the roots to 

the new shoots . Leach (1968a) also observed evidence for inter-shoot 
c oupet ition; shoot s ize and number present showing an inverse relation­

ship . 
This would suggest that the time of shoot elongation is more im­

portant as a determinant of yield, than the number of shoots • Further 

Keoghan (1970) noted that luc erne has a tremendous r e serve of buds for 

future regrowth, of which only a small proprrtion elongate after each 
defoliation. These buds are largely located on the crowns and stem bases. 

This is in accordance with the greater relative importance of basal 

shoots compared to stubble shoots (Cowett and Sprague 1962; Hodgkin­

son, 1967; Leach, 1970a; Keoghan, 1970). This dominance of basal shoots 

is accentuated in the field (Keoghan, l.c.). 

2 . 4.3 . Envi ronmental Factors. 

2.4.3.1. Light tramsmission and interception in tne lucerne 
canopy . 

This is considered in association with the lucerne's ·physiol-
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ogy. Langer (1967) and more recently Keoghan (1970) reviewed this sub­

ject. Lucerne is a potentially high yielding species, this being partly 

due to the g ood light interception properties of' its canopy. 

The amount of' light intercepted is dependant on the stage of' 

gror.rth and stem density as major variables. Cowett and Sprague (1963) 
denonstrated a decrease in the amount of light intercepted as plant 
density was decreased, this ef'f'ect possibly being initially countered 

in sward conditions by increases of' stem numbers per plant due to the ' 

reduced interplant competition (Smith, 1962). Stanhill (1962) demon­

strated that a decrease of' def'oliation freq_uency from 31 to 48 days 

resulted in an increase of' the proportion of light intercepted dur-
ing the season with an associated yield increase. This is expected 
wi-ch lucerne, where the induction of a more prostrate grovrth f'orm due 

to freq_uent defoliation is not generally apparent as compared to such 

incuction for some other species (Brougham, 1959). Normally a more 

prostate growth fol"'m has a greater residual light interception capacity. 
For several species,a range of' light transnission: patterns 

have been recorded; from an abrupt light decrease f'or white clover 

(:·btchell and Calder, 1958;Stern and Donald, 1962), Less so f'or red 

clover (Mitchell and Calder, l.c.)t to a relatively unif'orm decrease f'or 

grasses and grass/clover mixtures (Mitchel and Calder, l.c., Stern 

and Donald, l.c.). Of the several studies f'or lucerne (Steinke, 1963; 

'."lar-::-en Wilson, 1965; Keoghan, 1966, 1970; Tsuma , 1968) it has been ' 

shown thc:;t the percentage light decrease is relatively sharp in the 

top third. of' the canopy , below which there is a more gradual decrease. 

The transmission curves tend to be similar to that of red clover. Keo­

ghan (1966, 1970) observed that previous manager.i.ent ( dif'f'erent def'olia­
tion he ights) can modify the transmission pattern, presumably resul~­
ing from changes of' swa rd structure. He also demonstrated dif'f'erences 

between establishing and established stands, these diff'ering in the 

pattern of' stem arrangemeht and stem density. Tsuma (1968) used pre­

vious defoliation f'req_encies .of' 2,3,4 and 6 weelrn, and :round, a little 

unexpectedly, that there was little diff'erence between the transmiss­
ion patterns in the upper canopy layers of' the :first common residual 

regrowth. Heights of' regrmvth were signif'icantly different. Stem den­

sities were dif'ferent, especially between the 6 weeks treatmen~ and 

,/ 
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and each of the other treatments collectively, thus implying that 

leaf arrangement must vary to account for the lack of transmission 

differenc e s. Further, LAI was significantly different between all 

treatments. His results imply that the sward's leaf arrangement and 

pr esentation adapted in each case to give a relatively similar 

light extinction coefficient in the in the leaf layers of the canopy. 

Stratified leaf sampling has been performed with lucerne (Steinke, 

1963; Keoghan, 1966, 1970) and with point quadrat (Warren Wilson, 

1965) for comparision with light transmission values. These reports 

have shown a larger proportion of leaf in the top 20-30 cm of the can­

opy. The combination of basal leaf senescence and stem growth,results 

i n t he lea f canopy lifting off the ground in the later stages of growth. 

At the same time, there is an increasing stem weight distribution with 

depth in the canopy. This basic similarity occured both for spaced 

:;il ant s (Steink, 1963) and swards (Keoghan, 1966, 1970). Keoghan (1970 . 
observed that the canopy light transmission pattern was not closely 

r el a t ed to the leaf distribution pattern. This was in part due to the 

l ight extinction coefficient values differing between canopy levels 
and in turn not correla ting well with the associated leaf area values. 

Th i s i ndic a ted diffe rences of leaf orientation and distribution with 

cs.nopy height, which may also change with maturity. Warren Wilson (1965) 
·and Scott and Vvells ( 1969) have both shown changes of leaf angle with 

canopy height. 
Luc e r ne light interception varies with stage of growth, between 

canopy layers and between different canopies resulting from different 

a gronomic management treatments, and probably between varieties. This 

va rience largely originates from associated differences of canopy struc­
ture, evidenced by the variation of the light extinction coefficient 

(Keoghan, 1970). It seems to be increasingly evident, that lucerne 

canopy srructure is ~uite plastic. Possibly, this has an important in­

direct compensatory role in maintaining good light interception. 

A main effect of frequent deroliation is the greater post-defoliation 

light wastage, hence the need ror management to provide ror rapid re­

covery growth to reduce this. A further requirement is to keep the can­

opy at maximal light interception as long as possible, consistent with 

continued near maximal crop growth rates, plant quality requirements 

and other pertinent management considerations. 
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2 . 4.3.2. The ef'fect of temperature on lucerne growtho 

In general, the work reported for air temperatures indicates that 

15C is an approximate optimum for the shoot growth of established lucerne 

(Steinke, 1963; Langer, 1967; Iversen and Meijer, 1967; Smith, 1969a; 

Nelson and Smith, 1969; Stock, 1969). Seedlings favour higher temperatures 

(Gist and Mott, 1957; Garza et al., 1965; Trevine, 1966). With temper­
a ture increase above the apparent optimum, yields of' both tops and roots 
d ecrease, as also do the levels of carbohydrate reserves (Smith, 1969a; 

Ne lson and Smith, 1969). Also noted was an advanced maturity,first flower­
ing occuring considerably sooner in warmer temperatures. Temperatures 

u sed v,ere warm (32/24C day/night) and cool (18/10C). Nelson and Smith 

(1.c.) f ound that the advantage of the cool regime was partly due to the 
longer growth p eriod to maturity, development of a larger leaf area, 
and a higher net assimilation rate. With somewhat higher summer temper­

a t ur e s of 37.5 to 42.5C, Feltner and Massengale (1965) and Robison (1966) 
a l s o s howed yield decreases, but more particularly, large decreases of' 

car-oohydrate re serves. 

The root yield decrease at higher temperatures also applies to 

highe r night t emperatures alone, particularly if' associated with lower 

light conditions (Steinke, 1963). These re sults are consistent with an 

i nc r ea sing d epletion of available substrates for night respiration. Supp­

ort come s fro:n liurat a et al. (1965), who showed that lucerne had a broad 

02t imum temperature range for photosynthesis (10-25C), while respiration 
r ate i ncrea sed steadily with temperature increase, particularly beyond 30C. 

Iversen and Meijer (1967) clearly demonstrated shoot growth increase 

over t he lowe r temperature range to an optimum of 65/50 F (an approx-
i!T'.a te mean of' 15C) • At the lower temperatures, root growth (probably 

·weight i ncrea se more than root extension) and ca rbohydrate reserve lev­
el s appear to benefit, as evidenced by their increase in the autumn and 

t he ir i mportance ~or overwintering in cool winter environments (Smith, 
1964). Murata et al. (1965) also showed that lucerne ::photosynthesis was 
ma i ntained at .q_ui te high levels with temperatures approaching OC. Actual 

shoot growth limitations at these lower temperatures does not appear to 

have b een investigated. 
Langer (1967) reviewed the strong interaction between light and 

t emperature levels which can occur with lucerne. The adverse affects 
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of higher temperatures on growth are particularly evident with low 

light conditions e.g. 1000 f.c. Strong light can reduce and in some 

cases reverse the eff'ect of higher temperatures ( Gist and Mott, 

1957; SteirJ{e, 1963 ; Garza et al., 1965), since the assimilation rate 

increases while respiration rate is little changed (Murata et al., 

1965; Ne l son and Smith, 1969). Seedlings are likely to be more respon­

sive with their higher optimum growth temperature. Further, longer 

photoperiods will tend to compensate for lov1er light intensities (Rhy­

kerd et al., 1960). 
A defoliation interaction exists with temperature, lucerne gro­

wt:i. having a highe r temperature optimum v,hen not cut (Steinke, 1963). 
This probably results from higher temperatures causing greater respir­
atory use of organic reserves in defoliated plants, so aggravating an 

already depleted reserve level (section 2.3.1.3.). This would suggest 

that the lucerne growth temperature optimum may tend to decrease with 
r 

more frequent defoliation. 
There is much less information on the effect of soil temperatures 

on lucerne growth, and what there is has been confined to seedlings 

and very young plants. Lucerne root growth has an optimum soil temp­

erature but with reports ranging from 12C (Heinrich et al., 1966) to 

19 . L;.C (Neilsen et al ., 1960), while shoot growth showed a linear re­
·sponse up t o the highest reported soil temperature of 26C (Levesque 

et al., 1963). Further work is needed to clarify the situation. Ueno 
et al. (1968) found a significantly higher correlation between lateral 

root grmvth and shoot growth, than that with tap root growth, over a 

soil temperature rangs of 10-25 c. This is logical, since both active 

root tip growth, and nutrient uptake - an active process (Brouwer, 

1965), probably resp ond positiv ,ly to soil temperature increase over 

this range. In support, Neilsen et al. (1960), Levesque et al. (1963) 
and Heinrich et al. (1966) found that shoot nitrogen and phosphorus 
content increased with temperature increase and the same in the roots 

(Neilsen et al., l.c.). The nitrogen increase tndicates the active re­

sponse of the root nodules, although this is probably in part an indirect 

benefit due to an enhanced carbohydrate supply to the nodule systems, 

as lucerne nodule nitrogenase activity is still substantial at 3 and 5C . · 
(Day and Dart, 1970). 
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In the whole plant, these temperature effects will be operat ­

ing on any one organ in two ways . Firstly, the direct effect of temp­

erature on the growth of' that organ, and secondly, an indirect effect 

of temperature on the ac t ivity of other organs which supply comp ounds 
,; 

re~uired else whe r e in the pl ant . A notable example, is not only t emp-
era-r,ure reducing root growth directly, but also ind irectly, through 

a reduced supply of grmvth factors f'rom the shoots . 

T~e adverse effect of freezing or near freezing temperatures 

during the rtinter on lucerne overv,intering is important in the relav­
ar..~ regions, having ciependance on adequate energy r ese rves, with var­

ietal differences involved (Smith 1964; Langer, 1967). A probl em of 

persistence also exists in climates of very high summer temperatures 
(::s1el tner and Massengal e, 1965) . 

Although temperature ~as definite inf'luences on lucerne growth, 

betrreen te:;::iperature extremes, in field conditions , it's effect is lik­

ely to be domi nated by its interaction with light intensities . Its ma in 
influence on lucerne yield duri ng seasons of a ct ive~growth may be in 

mociifyir..g the tiir.e to flowering, although in good grovrth condit ions 

this may be countered to some extent by the non-determinant nature of 
lucerne growth (Keoghan , 1967 ) . 

2. 5. Lucerne Varietal Comnarisions for def'oliat ion and Growth , 
Early reports concluded that differ ent cutting schedules resul­

ted in little difference between adapted varieties (Willard, 1951) . 

On the other hand, the l arge morphological variation that exists bet­

~een luc erne varieties (section 2 . 1.), suggests that varietal re sponse 
differences to defoliation are likely to exist, probabl y in inter­

action with various othe r management and environmental factors. Keo­
ghan (1967) concluded similarl y . 

With relatively infreg_uent defoliations theM.sativa type lu­

cernes are more productive than the M. falcata types . Davies (1970) 
compared e i ght varieties of diffe ring fal cata content,using 2 , 3 and 4 
defoliations per year. Early va rieties (sativa tyPe) yielded well over 
this defoliation range , while l ate va rieties (falcata type)only 

yielded well with infreg_uent defoliqtion. It was thought this result 

was assoc i ated with a slower growth rate and l ater spring growth 
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for the falcata types. Using three reasonably genetically diverse var­

ieties as spaced :plants, Leach (1969a) observed this growth rate advan­

t age for the sativa variety (Totana), but also its earlier maturity, 

ex:;;ressed by an ea rlier· commencement of active shoot elongation follow­

ing defoliation . For opti~UJu yields, this maturity difference may mean 

t:1at s2.tiva types can b e defoliated r.iore freq_uently by comparision 
1:1it:i r'"'5lcata types, rlithin an overall system of relatively infrequent 

de foliation . V'/i th 4 va rieties, Tysdal : and Kiesselbach ( 1939) found a sim­

ila r growth maturity response related to falcata content. With a large 

r ange of varieties, Kehr et al., (1963) confirmed the greater produc­

tivity of sat iva luc ernes with de foliation at one tenth bloom, while in 

a milder climate using the same defoliation frequency, Leach (1970b) con­

firrr.ed thi s. Vlith frequent defoliation of 5 varieties, Gross et al., 

(1958) found the yield of all varieti es was depressed, but found that of 

sativa type lucernes, was more severely affected. Both Feltner and Mass­

engal e (1965) in warm t emperature summer conditions and Iversen (1967) 

obs erved the same effect with fre q_uent defoliation. 

The effect of frequent defoliation between varieties, is also ex­

:p~essed in differences of persistence. With frequent defoliation it is 

gene r ally accepted that s a t iva type lucernes are less persistent than 

falcata types. This has be en demons trated s everally (Iversen, 1967; 

Daday , 1968 ; 3ray, 1967; Leach 1970c .), Daday's (1968) study included 

a c o:n:pari sicn vii th creeping luc ernes, these being the most persistent. 

\"/ith the same varieties, Leach (1969b) found the order of :persistence 

to be reversed . He concluded that the creeping habit alone, does not 

nec essarily confer b etter persistence under grazing . This possibly has 

to be conbined with active growth (Leach l.c.) and lighter textured 

s oils permitting the development of the creeping habit (Heinrich, 1963; 

Rog e rs 1967; Leach, l.c.). The effect of regional climatic conditions 

on lucerne persistence has been stressed (section 3.2.). With the more 

extreme environmental conditions and a common defoliation treatment, 
t here seems to be little difference between the r e sponse . of the sativa 

and falcata lucernes. Jackobs and Oldmeyer (1955) in a dry high light 
climate , with 4 genetically varied varieties, found no loss of persis-
tence with 4 to 7 week defoliation frequency treatments. In contrast, 

in a humid, very low light year in Ireland, Farragher (1968), found all 

of 8 varieties had a high mortality rate with early bud defoliation, 

although an earlier than recommended stage of defoliation for this climate 
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(Dent, 1955). In more intermediary climatic conditions, the varietal 

interaction between defoliation frequency and pe rsistenc e will tend 

to be dominant. Kehr et al .(1963) , confirmed this to some extent, 

finding that broad crowned varieties (falcata type) had greater per­

sis-':-ence than narrow crovmed varieties (sativa type) over a wide 

range of ma~aeement conditions. 

The reasons for better falcata persistence and production with 

r·req_uent defol iation are not clear . Vi i th relatively infrequent de­

foliat ion in the field, residual leaf area is,:probably of limited im­

~ortance for luc erne regrowth (section 2.4.1.3.). This may not be so 

with frequent defoliation or cont inuous g razing. With this management 

falca:a persistence has been associated with their more prostrate 

g rowth forw (Keoghan, 1967) which later may be intensified by the eff­

ect of frequent defoliation (Brougham , 1959). Leach (1970c) observed 

the extreme of some slow growing very prostrate Spanish varieties hav­

ing excellent persistence under continuous grazing. It is gene r ally 

t hought that this response is associated with a greater residual leaf 

area . 1.'lith luc e rne , this situation has yet to be verified. 

Anothe r &spect relates to so;::i.e earlier work indicating that rap­

idly growing sativa varieties reduc ed their root reserves at a greater 

rate and to lov:er levels following i mmature defoliation and were con ­

seq_uent ly more harmed (Keoghan, 1967 ). Leach ( 1969a) demonstrated this, 

as indicated by root 1veight changes, between Totana, Hunte r River and 

illlizowa lucernes, these having increasing fa lcata content respectively. 

Whether the growth and activity of fine lateral roots are similarly 

affected between types is not knovm. In turn, the influence of the ass­

ociated difference s of root form is another unknown, although it may 

be t hat the more fasiculated root system of the falcata types (Iver­

sen and Meijer 1967, section 2.1.3.) provides them with a more l a st­

ing potentially active root absorption system. With these lucerne types 

under frequent defoliation, this may in part be achieved by the assim­

ilate and possibly gro1nh substance contribution of the residual lear 

area (section 2.3.1.2.), providing this is significant. 
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The nature of lucerne shoot growth shows considerable varia­

t i on betv1een varieties of different types (Leach, 1969a; section 
2.1. 1 .), but with this variation there are compensatory morphological 

diffe r enc e s operating. Differences of shoot numbers being countered by 

r ec ip rocal leaf size and shoot weight differences, leading to a 
11 relat ive" eq_uality of plant leaf area and yield; actual values f'or 

each vari e ty being dependant to a considerable extent on how soon shoots 

commence elongating after defoliation (Leach, l.c.). A similar canopy 
compensatory ef'fect was suggested in respect to light transmission 

(secti;n,2.4.3.1.). The observations of Leach (1.c.) were with spaced 

plants. In sward conditions competition influences modify plant morph­

ol ogy ( section 2.4.2.3.), althoughtthe extent to which varietal differ­
enc es a r e ma intained with different plant densities and management treat­

::-.er..t is agai~ l a r ge l y u.,,'1.k:.'1.ov:n . Pa l me r ( 1967) did observe that stem den­

si ti-:: :c -;-:,y::;,i ca l o::' each luc e r ne t ype tended t o persist over a range of 

:9l2::1t densit i es .. The c o:ra:p l exi ty of the s i t uat ion is indicat ed by the ob­

se::.:-·•.rs.:;im:s o::' Chisci ('1968 ) , tnat due t o intel":pl ant compet itivene s s, 

·:::.e :"els.tive y ields of t h e same var i e ti e s dif fered vrhen grown as spac ed 

:;i::.o.:.·.1.ts and in s·:1ar ds . One shoot g r oi.7th fa c t or which appea r s t o be comm­

on to most va ri e ties is t he domi nance of basal shoots in contributing 

t o yi eld, although with higher defoliation stubble shoots may be of ·m9re 

i m:g ortance , albeit still smaller, v, i th the more f a lc ata type varieties. 

Ive rsen and Ueijer (1967) studied the response of a genetically 

r ep resen t a tive range of lucerne varieties to photoperiod and temperature. 
V!i t h 8 and 12 hour photoperiods, African ( s a ti va type) was more pro­

ductive, while \Vit..'1 16 nours both sa tiva and f·alca t a hyorids had simi ­
lar production. With 20 hours all had reduced production. A common temp­
erature of 65/50 F (day/night) was used. They suggested, that in regions 

with milder winters and earlier springs temperature rises, sativa types 
may be more productive. Using a 12 hour day they f'ound a sativa type to 
be more responsive at lower temperatures of' 60/40 F, enhancing the early 

spring phot operiod advantage. Schonhurst et al. (1975) also obtained 

a signif'icant divergence of response to photoperiod and temperature be­

tween 10 varieties, the varietal response was similar. 

Over the range of lucerne types being used, there are some signif­

icantly dif'ferent responses to defoliation and environment. There is 
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also a considerable paucity and future need for information to explain 

these varietal differences, particularly defoliation responses. The 

s:ioot grmvth study of Leach (1969a) has been a start. In practise, the 

choi~e of variety f or a g iven environment is obviously important for 

bes ~ yield and persistence under the subse~uent anticipated management. 

For the fu~ure, it may be that this choice can be significantly aided 

by tl1e availabil ity of i m}? roved varieties bred for each region. This 

breeding potential ap9ears to be available (Heinrich, 1963; Davis and 

Balrnr, 1963; section 2.1.4.). Further, Leach (1970a) noted the inverse 

relationship between shoot number and shoot size in the range of cult­

ivars he used and suggested; 11 
••••• genetic recombination may be necess­

ary to produce plants 1;1i th large numbers of rap idly growing shoots." 



CHAPTER 3. 

The ~xnerimer.t and Basic Methods . 

3.l. ~~ ~ A~~s ~nd Tre;:,t~ents : 

7:-ic: tl:cs::..s cxpcrin0r.t ·,;a;s conducted or. selected portions of the 

le:.·:::;-: .• establ:.shcd experirr.cnt previously ir.troduced (chP.pter 1.) ::ind 

d:.sc~zsed in R~pecdix lA . 7he basic aim of the thesis experiment was to 

provide some explanation of the factors contributing to the t~eatment 

diffcre~ces already observed in the original experiment which hAd been 

0stablisLed 4 years earlier. To do so, the main defoli-"'tion treatments 

wc:·e continued. These were dcfolia ting at 3", 911 and 1511 mean shoot height 

and a~ a hay stage of one - tenth bloom during the spring of 1969 (i . e . from 

the 7~h of August through to the 12th of November) . This period ensured 

a J~cater likelihood of reasonable soil moisture levels as well as 

providini the :urthe~ interest of an ear ly spring growth study . In previous 

years, all treatments were spelled with two hay stage defoliRtions during 

"'Che .,:jpring. T~o additional defoliati on treatments were applied . A portion 

of cact origin<'.11 3 11 anc. hay stage plot was cut at the hay stage and 3 11 

l:eig::t g ro·.,..t:-. stage r espectively (i.e . reversed treatments) . This was 

i~tenced to provide an indication of their re~pective recovery capa city and 

vicour dcc!ine; this being determined from a short three week regrowth 

st~dy after the ter~i~ation of the main part of the experiment. \'/i.t h all 

t~~at~ents, two luce~nc varieties were used . These were Neg ZePland Certified 

Cha~t:.cleer luccrne (h~ving a growth form tendin~ to the s::itiva type) and 

N. Z. Certified Wairau (by comparison, hPving a growth form tending more 

toward the fRlcatA type) . The varietal descriptions Pnd differences a re 

discussed fully in section 10.2 . All treatments a r e summarised i n table 3 .1. 

3.2. Ex~erimental Layout : 

The original experiment had a completely randomised factorial 

design with three replications . The selec tions of eight plots (lerge plots) 

per ~eplic ation represented the combination of the four basic treatments 

continued with the t wo varieties . Withi n eac h large plot an approximately 
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quarter corner (small plot) was randomly identified along the access 

~ide of ~he l arge plot. 

Where a reversal treatment was involved there were two small plots 

identified within each large plot. The overall layout is illustrated 

in Fig. 3. 1. 

The snall plots (36 1 x 24 1 ) were in turn divided into 54 permanent 

su~-?lots cf approximately 8 1 x 2', sepRrated i nt o t hree rows by four 

equally s~aced t ape s strung the length of the small plots. The sub-plots 

v cre located by markers spaced at 2 ft intervals along the tapes, enabling 

their identification. Individua l sub-plots were selected for each sampling 

from a rando~ised table of the 54 subplots, t hus en abling the identification 

of d struc tively sampled areas so tha t they could be avoided for future 

sampling . 

Table 3.1 . Treatments Used and Their Identification 

r-:a in E~:neriment. 

! 

i DE?OLI ATION 
I 

TREATMEl':'T I 
I 

311 Mean s hoot heigh t 
J 

! 911 II II II 

i 
I 15" II II II 

I 

I Hay, one tenth bloom 
I 
i 3" Mean shoot height 
I 

Hay, o ne tenth bloom 

Reve_sal Exueriment. 

3C, HC, 3RC, HRC. 

3W, HW , 3RW, HRW . 

• C, Chanticleer. W, Wairau . 

3.3. The Experimental Site: 

VAR IETY PREVIOUS 

c• l w• ! TREATMENT 

3c 3'.1/ Sam e 

9c 9:J " 
15c 15\V II 

HC H'.'I II 

•• 
3RC 3 RW Hay stage 

HRC HRV/ 3" height 

Regr own for two weeks after the 

completion of the main experiment . 

•• R, a reversal treatment. 

The site of 5 acres at Massey University, Palmerston North, was very 

slightly terraced with good northerly aspect, except for a portion of 

replication 1. This was partly shaded in the late afternoon by a row of 

trees on the western and north-western boundaries. To minimise any rel~ted 

adverse effects, the closest small plots were located away from the trees 

int eir large plots (Fig. 3, 1.). 
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In a previ ous experiment, Tsuma (1968) described the soil type of 

the site after Pollok (1967). "The soil is an Ashhurst sha llow silt loam, 

formed on the Intermediate Terrace. The top soil is a 3" to 5" deep free 

c_aining silt loan. The sub -soil is a gravelly lo?m extending to a depth 

of about 1611
, below which occurs ferruginous loamy coarse gravel to a 

d2p'.:h of 60 11 or more. 'l'he drainage o f the last group is slightly im-

perf2ct due to compaction in this zone." There was some soil variability, 

:-::ostly in respect to the depth of top soil. Any influence this may have 

hnc. o:..-l the experime nt was assumed to have been ac counted for by the 

replications . 

3.4. 1-:ensurer.ients ar:d Methods : 

Tiese are introduced at this stage as a summary; individually 
'-

they receive full consideration in the subsequent relevant chapters . 

1 . Measurement of award production, composition and persistence 

for each tr eatmen t using quadrat sampling, botanical a nalysis, point 

analysis and plant number counts. 

2 . The ~mount And composition of the first regrowth on an 

individu~l pl0nt basis , obtained from the disecti on of r~ndomly dug plAnts 

sampled at each of the relevant cardinal growth stages . Growth an::i lysis 

of the shoot growth . The numbers and length growth of individually 

identified shoots measured ~eekly in the field~ 

3 . The rates and amounts of whole shoot :oonesc ence on the dissection 

ar.d field identified pl~nts . The leaf canopy dimensions during growth 

and associated leaf senescence rates. Measurements of sward physiognomy 

from stratified leAf area estimations were compared with the associPted 

light transmission profiles. 

4. The organic reserves of total non-structural carbohydrates and 

total nitrogen were measured in the crowns and top 15 cm. of the tap root. 

This was done at weekly intervals for selected treatments during the first 

spring growth, and in associa tion with some secondary studies. 

5. Short interval temperature recordings Ct hr) made during the 

first 6 weeks were related to the associated sho:ot growth. 

6. The reversal experiment s hoot growth was measured with three 

weekly quadrat samplings and associated with measurements of the lucerne 

shoot growth composition and organic reserve levels. 

7. A co mbined discussion of the relevant varietal differences 



and similarities . 

3. 5. StatisticRl Ana lysis : 

Conventiona l Bnalyses of variRnce (A NOVA) and regression were 

6a lcu~ated as required using a computer progr~m m~de ava ilable by 

Professor R.E. Munf ord using Massey University's IBM 1620 computer 

faci _ities . For the ANOVA , a fixed effects model was used (3F.1.), 

the r eplication ( a ) intera ctions being incorporated into the error 

t erc (Snedecor and Cochran, 196 8) . 

+ b . + ck + (be ) "k + e. "k J J - J.J 
(3F.1.) 

With s o me data, s quar e root or logarithmic transformations were 

use~ to normalise it b~fore ANOVA . An indication of whic h to use was 
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ootair.cd fro m frequency distributions of the d a ta in ea ch form, determined 

by using a progr Am written for this purpose ( appendix 5A, 4- . ). Percentage 

data was t r ansf ormed to the a rcsin f orm. 

Mis sing observat ions were determined using the le as t squa res 

rr.ethod (Snedecor a nd Cochr ;:i n, l.c. ) . 

When the ANOVA was signific ant at the 5% lower level, the trea tment 

means ~ere c ompa r ed using the meth od of Least Significant Difference (LSD) 

(S nedecor and Coc hr ane , l.c. ), with the formula 3F.2. 

where : 

L S D = /2 ( E~S ) (3F . 2.) 

Err,s = ANOVA error mean squa re 

n = numbe r of observa tions contributing to e a ch compared mean 

t = studentised t -va lue at the 5% or 1% level. 

Significant data means are presented with the level of ANOVA 

significance, the LSD values at 5% a nd 1% levels, ~nd with si gnificant 

LSD diffe rences between means being indicated by different let ters . The 

variability of each ANOVA is indicated by its within group standard 

error (SE) (i.e. for the replication values), and the ass oc iated ANOVA 

coefficient of variation, CV% (3F.3). 



CV% = 
within group SE 

General Mean 
(3F. 3) 

For certain relationships, Multiple Regression analyses 

were p erformad to describe them. The individual plant growth data 
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was analysed by compa ring sets of such fitted curves (section 5. 1.2.), 

which were fitted using a modified Multiple Linear Regression analysis 

prosram provided by the Massey University computer unit (appendix 5A. 2 . ) . 

3.6. Climatic conditions During the Exueriment : 

The daily :nean temperatures ( mr1x + min/2) were obt:;i ined from the 

Grasslands Division Mete orologi c al Station, D.S.I.R., located approximr1tely 

o,.e r.,ile away . Daily rainfall records were taken from the Massey 

University ~eterologic a l St;::ition loc;::ited P.b out 4 00 yards from the site. 

Daily levels of incident solr1r rRdiation were obtained from the records 

o: the plant Physiol ogy Division, D. S .I.R., r1ls o loc at ed auproximately 

one mile away These records are illustrated in Fig . 3.2, the data 

oein~ t&oulated in appendix 2A. 

~emperatures during the period were chara cterised by a slow 

increase within the fluctuating r ange of 10 - l3~until a significant 

;ise to 15 - 17°c in early November . There was a notable cold period 

in the last week of August ( mean of 8°c). 
~ainfall tended to be sparce throughout the experiment with no 

heavy falls being recorded. Drier spells occurred between the 17/9 and the 

6/1 0 (29 days with 17 points) P.nd after three weeks with 144 points, between 

the 27/10 and the 22/11 (26 days with 05 points). 

There was a trend of increasing daily solar radiation levels 

throughout the experimental period . The mean November level was 21 times 

thA t for August. 
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CHAPTER 4 

CJ0? ?R0DUCTI0N • Cm'.P0S:'.:T:;:0:1 AND PERSIST:SNCZ . 

~~es~~~~~ choot ?reduction of ~~e selected treat~en~s was measured for 
. ' !)Cr:::..ca fror., August through to early ~ove~ber in 1969. 

0 · 1 7 . -:... ·c : ~ 1::-•• oi ~~gus~ &11 plots were pre - trimmed to & common heigh t of 

-.- - 6c ... 11 ::..r.·,._:.ded" to provide a ce,r:;r.;on ba3is for growth co.;:parison (section 5.2.1.) . 

A G~av~:y =eciprocating mowe r was used for this purpose and all subsequent 

~~~at~~~t <l~folintioras . Each plot ~as cut twice, the second cut opposing that 

of :~e firvt to give a more uniform stubble . The plots were cleared of cut mat -

~ria l ~y raki:-.g . 

?reduction sa~ples for each sma:1 plot we~e taken from three quadrats, 

cac~ 2 1
;:~

1 i~cividually located on a r andomly selected sub - plot . P~oductio~ 

w&s ~~&sur ed as the top gro~th cut to ground level at time (2) less that cut 

~"' "'-·0-.:c. :.ev~:. at ti:::e ( 1); the lat te r cut ir.,r.iediately follo·.ved the pre - tri::-.!".i ­

~~~ 0~ :a~c= ~~c~t~c~t productio~ cuts . To obtain these samples , elect~ic sheep 

~:::;;:...-_·~ ·. -..-_~ __ t:.se::., er . .:::.'uling rapid g rour.d level defoliation. 

~~~ ~~~ec s&~,:c~ fo~ eact of the residu&l or production cuts wer-.. ~roupe d, 

.n~ ~0~&1 sa~?la boir.G dried in a forced drauzht oven at 80 C for 24 hours, 

.:::.i~a~ ~&kir.g a representative sa~,1e fo r jotanica! analysis . This analysis 

~~v~lvot 3Cpara~in; the sub- s&~?le into luce~ne, ot~er species, dead matter 

a:::~ s~il 9 ~~d t~a~ dryi~g as above . Total dry weights of the various fractior.s 

~--~-- 3U~~e~~--~tly calculated. Jor~ pressure sc~eti=es r equi~cd t~~t thes-.. bot -

-~io~: 3~b - c~~plcs be held in a reirigerator for up to· 7 days; ~c noticeable 

The production cut times for each treatwent were as outli~ed in table 4. 1 . 

So~e difficulty was experienced in e~timating ghen a treatment was a~ tte 

cosi:ea growth height for sa~pling or making production cuts (section 5~3 . 6 . ) . 

Because of the time involved with regular measurements of a random sample of 

stems, and also because of a great variatiot of individual stem heights in 

each plot also noted by Keoghan (1970), an arbitrary height criterion cras 

:....s.::d 9 viz , ~vhen approximately 50% of the stems in front of a 20" wide s t and 

c: the prescribed height were judged to be equal to or higher than this height 

( plate 4.1.). At each time of measure~ent six readings were taken on each 

s __ ll plot, the replication estimates being the average of the six readings 



Plate 4 .1. T~e ~ eth od and stand used for estimating the mean shoot 

hei ght of the lucerne crop. The lo~er cross piece was 

moved vertically to provide the required height . 
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Table 4.1. Production Cut Schedule. 

Chanticleer 

3 3R 9 15 H 

Pre-trimmed 7/8 

4/ 9 
(28 ) 

24/9 
(20) 

17/10 
(23) 

29/10 
(12) 

'! 0/11 10/11 
(12) (95) 

5* * 1 

14/ 9 
(38) 

23/10 
(39) 

29/9 
(53) 

11 /11 11/1 1 
(19) (43) 

2; 2 

5/11 
(90) 

1 

•21/8 - t he date o f harvest. 

(14) - t he days of growth. 

** The number of harvests. 

HR 

21/8* 
( 14) 

20/9 
(12) 

5/10 
(15) 

20/10 
( 15) 

29/10 
( 9) 

10/11 
( 12) 

7 

3 

8/ 9 
(32) 

2/10 
(24) 

23/10 
(21) 

10/11 
( 18) 

j 4 

Wairau 

3R 9 15 H 

Pre-trimmed 7/8 

11/11 
~96) 

1 

20/9 
(44) 

29/10 
(39) 

5/10 
(59) 

11/11 \ 1/11 
(13) (37) 

2-t 2 

7/11 
(92) 

1 

57 

HR 

2/9 
(26) 

2/10 
( 16) 

20/10 
( 18) 

5/11 
( 16) 

5 

per small plot, which were in turn averaged over the three replications. 

Because of the lateness of flowering in the hay crops, the H treat­

ments were cut at first flower instead of one-tenth flower. As the 3R treat­

ments we re later flowering, it was decided to cut these four days after the 

H treatments. Final production cuts were made at the same time for all the 

other treatments so as to complete this part of the expE:_,riment. 
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The botanical cooposition r esults were supplemented by a point analys i s 

study of the i nitial stubble on the 11th . of Au gust , t aking 60 points per 

~:ot . gits of lucerne, bare ground , weeds, clover and g r ass were recorded . 

A ~hree point vertically orientated instrument was used . 

On the 8 t h . of August~ plant population counts were made for each 

tre a t ~ent . 7o do thi s , it was necessary to dig the plants up until their tap 

roo:s ~ere visible as the i r crowns were ofte n unidentifi ably interming led . S ix 

1'x1' quadrats were sampled for each replication. On the 14th . of Nove~ber the 

counts were re~eated for the 3", 3R, HR and H treatments. 

~t should be noted that up until the fi r st 3'' t rea tment cuts were made 

:or the 3 anQ HR treatments, the 3 and 3R and the Hand HR treatments were 

res pec ~ively identical . 

~he &ualysis of yields was confi ned to the cumulative production of 

eact treatment for t he length of the experiment . Individual harvest yields 

a~d crop g rowth rates (CGR) • within treatments were used where pertinant to 

r.c lp e x?lai n the cumulative results . Stati stical analysis of this, point 

a ~a lys~~ ar.d plant population data was by standard ANOVA (sec t ion 3 . 5 . ) . 

Point a~a lysis data was analysed using the raw fi~ures , as all p lots had the 

s a ce t o tal of 60 point s Qeasured. The mor e usual use of Relative Frequency, 

was in this case considered to provide little further advantage . 

4. 2. ~ esu l ts . 

4.2.1. Cu~u lativc n r o duction. 

The d i fferent defoliation frequencies h a d l it tle effect on the 

cuc~:ative total production. Treatment differences were not s i gnificant 

(table 4 .2. , fig . 4 . 1 . ). As varietal differences were not significa nt, t r eat ­

ment effects a r e considered as the combined varietal r esponse . •• 

In contrast, the cumulative production of both the lucerne and othe r 

species resu lted in significant treatment differences (P = 0 . 01), b ut again 

with no s i gnificant difference between varieties (tables 4.3 . , 4.4.) . The 

yields o f lucerne and other species showed a strong reciprocal relat i onship 

within eac h treatment and less completely between treatments, as can be 

• CGR = 
w2 - w1 
t 2 - t, 

w2 and w1 are the growth at times t 2 and t 1 respec tivel y . 

• • Where applicable, this approach has been . fo l lowed in other analyses . 
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readily seen from figs. 4.2. and 4.3. 

Table 4.2. Cumulat ive Total Production. (gm/6 sq ft) 

C + W Statistics l 
I 

3 280.53 Varieties NS 

3R 254.96 Treatments NS 

9 267.72 

15 325.58 SE. 64.22 

H 225.35 CV% 24.oo 

HR 250. 71 

Appendices : Data 3A.4.2. Statistics 4A.4.1. 

Tab le 4.3. Cumulative Other Species Production.(gm/6 sq ft) 

C + N S tat istics 

3 211.78 a• Varieties NS 

3R 197.73 a Treatments 1% 

9 112.34 b 

15 75.04 be SE. 55.24 

H 37 • 17 C CV% 44.70 

HR 107 .14 b 

LSD for treatments 60.25 (5%) a nd 81.88 (1%). 

• Vieans are cor.ipa red at the 5% level. 

Appendices: Data 3A.4.2. Statistics 4A.4.1. 

This relationship is largely responsible for the similarity of the 

total yields between treatments. Wi thin the reciprocating relationship, the 

expe cted significant treatment groupings arose (tables 4.3., 4.4.; section 

2.3.1.1.). Generally, the more frequent the pre-experiment and current 

defoliation, the lower the lucerne yield and inversely the greater the yield 

of the other species. The exception to this was the significantly greater 

lucerne yield of the 15" compared to the~ treatment, while ·~he- other species 

yield was i n the same treatment sequence. 



Treatment comparisons of cumulative yields with varieties combined . 

Fi7ure 4 .1. Total yield . (top left) 

Fi~ure 4 . 2 . Other species yield. (top right) 

Figur e 4. 3. Lucerne yie ld . (bot t .: ... left) 

Figu r e 4 . 4 . Percent ~0e of lucerne . (bottom right) 
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Table 4.4. Cumulative Lucerne Production.(gm/6 sq ft) 

C + W Statistics 

3 68.75 a• Varieties 

3R 57.22 a Treatments 

9 155.37 b 

15 250.53 C SE. 47.18 

H 188.18 b CV% 32.80 

HR 143.12 b 

LSD for treatments 52.07 (5%) and 70.77 (1 %) . 

• Means are compared at the 5% level. 

Appendices: Data 3A.4.2. Statistics 4A.4.2. 

NS 

1% 

On a relative basis though, the percentage of lucerne in the cumulative 

totals followed a regular and significant pattern between treatments, increas­

ing with decreasing defoliation frequency (table 4.5., fig. 4.4.). 

3 

3R 

9 

15 

H 

HR 

Table 4.5. Cumulative Luce rne Perc entage . 

C w C + w 
• • •• • 

o.449 (19.40) o. 571 (29.80) 0.510 A*(24.50) 

0.384 (16.40) 0.593 (30.80) 0.488 A (22.45) 

0.943 (65.75) 0.805 (51.30) 0.874 B (58.10) 

0.970 (74.oo) 1.108 (78.20) 1.039 BC(77.oo) 

1.305 (90.60) 1.084 (77.00) 1 .194 C (83.60) 

0.752 (47.00) 0.947 (65.50) 0.849 B (57.20) 

LSD for treatments 0.189 (5%) and 0.257 (1%). 

• Means are compared at the 1% level. 

••Arcsin transformed. 

Appendices: Data 3A.4.2. 

• • • Natural. 

Statistics 4A.4.2. 

Statistics 

Varieties NS 

Treatments 1% 

SE. 0.165 

CV% 20.00 

The results of the reversal treatments, 3R and HR, are con_sidered and 

discussed in chapter 9 where this aspect is considered in full. 
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4.2.2. Botanic al c o~po3itio~. 

Th e general reciprocal relationship between the yield of lucerne 

and that o f the other species has been shown in section 4.2.1. This relation­

ship i s supported by the significant (P = 0.01) point analysis results record­

ed in the first week o f the thesis experiment (tables 4.6., 4.7., fig. 4.5.). 

~hese latter results indicate the residual effect of the pre-experiment 

treatment s and also support the production responses of these continued 

treatments during the thesis experiment. 

I 

i 

Ta ble 4.6. Poi nt Analysis Re cord of Lucerne. 

C w C + W Statistics 

3 6.33 7.00 6.66 aA* Varieties 1% 

9 9.33 13.00 11.16 bAB Treatments 1% 

15 11.33 20.66 16.00 cBC 

H 16 .00 22.66 19.33 cC SE. 1.338 

Av. 10.75 M 15.83 N CV% 10.05 

LSD for varieties 3.05 (5%) and 4.24 (1 %). 

LSD for treatments 4.32 (5%) and 5.99 (1 %) . 

• Means are compared at the (a) 5% and (A) 1% levels. 

Appendices: Data 3A.4.3. Statistics 4A.4.3. 

Table 4.7. Point Analysis Record of Other Species~• 

C + W Statistics 

3 . 42. 50 a• Varieties 

9 34.66 b Treatments 

15 32.16 b SE. 3.910 

H 18.83 C CV% 12.20 

LSD for treatments 7.56 (5%) and 10.50 (1%). 

• Means are compared at the 5% level. 

NS 

1% 

Appendices: Data 3A.4.3. Statistics 4A.4.3. 

•• The point analysis record of other species ·is the added records 

of the grasses,clovers and other weeds. 



Figure 4.5. A treatment comparison of the point analysis record for 

lucerne, other species and bare ground. Varieties were combined. 

Figure 4.6. The interaction of varieties with treatments for the plant counts 

made at the commencement of the experiment. 
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Apart from the H treatment, the amount of bare ground recorded was 

similar for all treatments; the H treatment being significantly greater 

(P = 0.05) (table 4.8.), particularly for the Chanticleer variety. This had 

a significantly greater (P = 0.05) value. The greater H treatment value arose 

from a lower other species record associated with little lucerne increase 

(fig. 4.5.). 

Table 4.8. Point Analysis Record of Bare Ground. 

C w C + W 

3 11.33 9.66 10.50 a* 

9 15.66 12.33 14.oo a 

15 13.33 10.00 11.66 a 

H 28.33 15.33 21.83 b 

Av. 17.16 m 11.83 n 

LSD for varieties 3.64 (5%) and 5.06 (1%). 

LSD for treatments 5.16 (5%) and 7.16 (1 %). 

• Means are compared at the 5% level. 

Statistics 

Varieties 

Treatments 

SE. 3.86 

CV% 26.60 

Appendices: Data 3A.4.3. Statistics 4A.4.3. 

1% 

1% 

Between the other species, the grass records (table 4.9.) were signif­

icantly different between treatments (P = 0.01), this being the main 

factor responsible for the other species response (table 4.7.). Clover 

records showed a similar trend, having significant differences (P = 0.05) 

between treatments (table 4~10.), while in contrast, the other weeds had no 

significant treatment differences (table 4.11.). 



Table 4.9. Point Analysis Record of Grass. 

C + W Statistics 

3 21.00 a• Varieties NS 

9 16.16 ab Treatments 1% 

15 10.83 b SE. 5.844 

H 0.83 C CV% 47.80 

LSD for treatments 7.27 (5%) and 10.09 (1%). 

• Means are compared at the 5% level. 

Appendices: Data 3A.4.3. Statistics 4A.4.4. 

Table 4.10. Point Analysis Record of Clovers. 

C + W Statistics 

3 6.50 a• Varieties 

9 4.oo ab Treatments 

15 3.00 ab SE. 3.77 

H 0.16 b CV% 11 o. 00 

LSD for treatments 4.34 (5%) and 6.03 (1%). 

• Means are compared at the 5% level. 

Appendices: Data 3A.4.3. Statistics 4A.4.4. 

NS 

5% 

Table 4.11. Point Analysis Record of Other Weeds. 

C + W Statistics 

3 15.00 Varieties NS 

9 14.50 Treatments NS 

15 18.33 SE. 6.60 

H 17.83 CV% 40.70 

Appendices: Data 3A.4.3. Statistics 4A.4.4. 

4.2.3. Lucerne Persistence. 

The point analysis records for lucerne as a measure of persistence 

represent a combined measure of plant size (as indicated by crown size) and 

plant numbers. The results (P = 0.01) showed that at the start of the thesis 
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experiment more lucerne was present in those plots less frequently defol­

iated (table 4.8., fig . 4.5.). 

Lucerne plant population counts taken at the beginning of the experiment 

showed no treatment effect for the combined varieties, but did show a very 

significant variety x treatment interaction (table 4.12.) which is illustrated 

in fig . 4.6. With a significance of 5% there were three treatment groupings; 

t he 3~ and 9w and the 3C treatments being at the high and low extremes respect­

i vely with the balance of the treatments being grouped between. In association, 

the varietal differences and the variety x treatment interaction were highly 

significant (P = 0.01). 

Table 4.12. First Plant Number Count. (No./1 sq ft) 

C w C + W 

3 7.02 a• 14.19 C 10.61 

9 9.81 ab 13.59 be 11.70 

15 9.12 ab 10.53 b 9.82 

H 10.05 ab 8.45 ab 9.52 

Av. 9.00 M 11.70 N 

LSD for varieties 1.62 (5%) and 2.25 (1%). 

LSD for var x treat 3.24 (5%) and 4.51 (1%). 

Statistics 

Varieties 

Treatments 

Var x Treat 

SE. 1.50 

CV% 14.50 

• Means are compared at the (a) 5% and (A) 1% levels. 

Appendices : Data 3A.4.3. Statistics 4A.4.5. 

1% 

NS 

1% 

In contrast, lucerne plant weights (root and crown) measured at the 

start of the thesis experiment (table 4.13.) were greater with decreasing 

defoliation frequency. This was significant at the 2% level, largely due to 

the greater H treatment weights . 

Small reductions of plant numbers for the 3C, HC and HW treatments and a 

large (45%) reduction for the 3W treatment were revealed in the final counts. 

The overall difference betwee~ plant population counts was highly significant 

(P = 0.01) (table 4.14.) . The significant variety x treatment interaction 

originated mostly from the 3W treatment decrease. 



Table 4.13. Initial Root+ Crown Weight. (gm/plant) 

C + W Statistic s 

3 2.99 A* Variet i es 

9 3 . 29 A Treatments 

15 3.63 A SE . 1 . 30 

H 6 . 76 B CV% 31 . 20 

LSD for treatments 1.85 (5%) and 2 . 80 (1%) . 

• Means are compared a t the 1% l evel . 

NS 

1% 

Appendices: Data 3A.5 . 2 . Statistics 4A . 4 . 5 . 

Table 4.14. Comparison of theFirst and Second Plant Population 

Counts. (no. /1 sq. ft . ) 

C w C + W Statistics 
1•3 7 . 02 14 . 19 Counts 

9 . 93 A** 
1 H 10.05 8.45 Varieties 

2 3 6 . oo 7. 55 
7 . 24 B 

Tr eatments 

2 H 8. 33 7 . 10 Var x Treat 

SE . 2 . 034 

CV% 23 . 00 

LSD for counts 1 . 61 (5%) and 2 . 24 (1 %) . 

• 1 and 2 are the first and second plant counts respectively . 

•• Means are compared at the 1% l eve l. 

Appendices : Data 3A.4 .3 . Statistics 4A . 4 . 6 . 
3A . 9 . 3 . 

1% 

NS 

NS 

1% 

65 
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4. 3. Discussion. 

4.3.1. Production. 

In the interpretation of many of the results of this chapter and 

some of those of later chapters, account must be taken of the two following 

effect ..-; : 

1. the results represent the residual response to the previous 

treatments (appendix lA.). 

2 . the r esults are representative of responses to the treatments 

applied during the thesis experiment. 

Naturally these two aspects a re closely related . 

Within the confines of each aspect, two other factors provide some 

limitation to the interpretation of the measured cumulRtive production. 

Firstly, the pre-treatment defoliation was the cause of a direct loss from 

the removal of what winter growth there had been up to the 7th of August, 

and indirectly from the growing time lost during the re-establishment of 

active re-growth. The maximum hei ght of lucerne growth at cutting r anged 

from 15-20 cm for the H treatments through to 4-8 cm for the 3" treatments. 

Although it would have been preferable to have measured and included this 

growth in the total lucerne production, it is probable that its omission 

was not statistically important, as it would have extended the established 

significant yield differences between treatments, except for that between 

the 1511 and H treatments, which may have been slightly reduced (fig. 4.3. ). 

The second factor is that the changing climatic parameters during the thesis 

experiment (section 3.6.) probably had a differential effect on the growth 

rates of the different species, dependent on the times of defoliation. 

The increase of cumulative lucerne production with decreasing 

defoliation frequency, is completely in ai~ooment with many other reports 

(section 2.3.1.1.) as also is the reciprocal decrease of other species growth 

(section 2.3.2.). In contrast, the gener a l equality of the total cumulative 

production between treatments as diverse as those used, is unusual, and 

particularly in this case where the other species are all volunteer ones. 

This combination of total, lucenne and other species yields was very similRr 

to the results for the first harvest of the previous year taken from the 

same treatments (appendix lA., tables lA. 1., lA 2;, lA. 3.), as common growth 

period silage crops. These results may largely be explained by the growth 

of lucerne being restricted in the early spring by lower temperatures (see 

section 3.6.), associated with the more _responsive growth of the grasses 
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and other volunteer species over this same period, giving them an initial 

competitive growth advantage (O'Connor 1967). This temperature restriction 

of lucerne growth was probably relatively proportional between treatments. 

In terms of total yield it would have been more so with decreasing defoliation 

frequencies because of the correlated ·increasing lucerne content. With the 

more frequently defoliated treatments and particularly the 3" and 3R 

treatments, the large other species content would have been expressing its 

competitive advantage. 

The initially greater restriction of lucerne growth is exemplified by 

the individual harvest results of the 15" trea tments. Both had lower 

C.G.R. 's and reason~bly high percentages of other species in the first 

harvest, compared with much higher C.G.R. 's ~nd a very low other species 

percentages in the second harvest (t~ble 4.15.). 

Table 4.15. The 15" Treatments' Crop Growth Rates ~nd Yield Composition 

C w 
Crop Growth Rates•• 

HARVEST 1 1.333 2.353 
II 2 3.345 3 . 990 

Percentage of Other Species 

. HARVEST 1 48.7 35. 0 
II 2 5.6 2 . 6 

,.,. gm/6 sq ft/d ay 

The much higher C.G.R. 's of the second harvest suggest a greAter 

growth response to the WArmer l ate spring temperatures (section 3 . 6.) with 

an associated strong competitive growth advantage over the other species. 

This effect would h~ve been considerably enhanced by the higher October­

Novamber levels of solar radiation (section 6. 3 . ). The high growth rates 

of the 15" treatments' second harvest explains th ei r significantly greater 

cumulative lucerne yield over that of the H treatments (table 4.3., fig 4.3.); . 

the C.G .R. of the latter treatment for the length of the experiment (one 

harvest), (table 4.16.) was of a similar order to that of the first harvest 

of the 1511 treatments. The slower overall H tre~tment growth r~tes were 

also partly due to senescence losses during more advanced growth stages. 
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DefoliAting earlier , using the appearance of new bas~l shoots as the defol ­

iation criterion, would have limited these losses and led to closer equality 

of lucerne yield between the 15" and H treatments (section 5 . 3 . 6 ., 6 . 2 . ) . 

riltto~~~ Girec t co~,arison of residual growth between all treatments 

could not be made because of the treatment design, that between the extreme 

treatments of 3R and H, having similar growth periods, were compared 

(table 4.16 . ) . The CGR of the H treatment was significantly (P = 0.01) 

3 - 4 times great er. 

** 
Table 4.16 . Lucern e Crop Growth Rates of the 3R and H Treatments 

C + W Statistic s 

3R 0 . 598 A* Treatments 1% 

H 2 . 069 B SE . 0.854 

CV% 64 . oo 

LSD for treatments 0 . 811 (5%) and 1. 229 (1%). 

• Means are compared a t the 1% level. ** ( gm/6 sq ft/day) 

Appendic es; Data 3A. 4 . 1 . St a tistics 4A . 4 . 5 . 

If the thesis experiment had been continued for the full growing 

season it is expected thet the equality of yield between treatments would 

have changed to t he usually reported situation of total yields increasing 

with dec r easing defoliation frequency . With l a ter harvests, warmer temp­

eratur es pemit faster overall and immediate post - defoliation growth r a tes 

as evidenced by t he faster 15" second harvest crop growth r ates . The 

r esultant i mproved competitive ability of lucerne against other species 

r esul ts in the latters production being increasing ly curtailed with dec r ­

eases of defoliation frequency . The second crop of the previous year, 

als o with a c ommon growth per iod for all trea tments, showed just this 

effect (tables 1A. 4 ., 1A. 5 ., 1A. 6.) . If drier conditions developed , this 

would , so long as not ext r eme , further favour the luc erne's summer 

d ominance (section 2 . 2 . ) . With sown gr ass specie~ in association wi th 

lucerne the same seasonal r esponse has generally rec or ded (O ' Connor 1967) . 

It is concluded t hat the similar ity of t otal production over a 

r ange of defoliation freq u enc ies is a normal first spring growth r esponse 

for well established lucerne stands growing in enviro nment s similar to 

that o f Palmerston Norht. 
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4.3.2. Botanical Composition. 

The restricting influence of decreasing defoliation frequency on 

the establishment of other species is clearly shown with the point analysis 

results (tables 4.7.-4.11., fig 4.5.): these being a record of the responses 

to the treatments of the previous year. The treatment gradient of the more 

permanent members of the other species,the grasses and clovers 

(tables 4.10., and 4.11 . ), probably largely resulted from their competition 

with lucerne for light. This would be initiated in the immediate post-

defoliation period when the more frequently defoliated less vigorous lucerne 

plants have slower growth rates (Silva, 1968; Leach, 1968a; 1969a; Keoghan 

1970; section 9.2.2. ). 

The balance of other species, the other weeds of teble 4.12. were 

largely annual weeds, with a large compliment of winter growing species. 

Althou gh having no significant treatment effect, these showed a slight 

int eraction with the grass and clover results (tables 4.9., 4.10., 4.11.), 

i ndicat ing some inter-species competition and explaining the similarity of 

the other species results for the 911 and 15" treatments (table 4. 7. ). A 

combined effect of seasonal growth limitation a nd lucerne dominance of these 

other weeds in later harvests is probably an important reason for the 

reduc ed total growth of the other species growth recorded in these later 

harvests. Some replacement probably occurred with summer growingannuals, 

althou gh these species changes were not confirmed experimentally. 

The significa~tly greater competitiveness of the H treatment lucerne 

was expressed in the - negligeable grass and clover content, and the resultant 

greater amount of bare ground (tables 4.10., 4.11., 4.9.). It is 

likely that later in the growing season a trend of increasing amounts of 

bare ground with decreasing defoliation frequency would develop as the 

other weeds were reduced as suggested above. Tsuma (1968) observed this end 

result in his expe riment conducted during the summer months. 

It is interesting that these results suggests the different grass 

popula tions between treatments (table 4.9.) probably represent the basic 

and most permanent other species response to the treatments used. This 

is probably being augmented in the warmer summer months by the clovers 

(table 4.10.), while the bare ground and other weeds probably tend to vary 

reciprocally. This may be typical of the species organization in lucerne 
c-ase 

stands established for some time• in thisA4 years, and is supported by similar 

results from a spring point analysis study of the same treatments the previous 

year (appendix lA.; table lA. 7. ). 



70 
4.3.3. Lucerne Persistence. 

It will have been observed that the measurements of lucerne 

residual persistence varied depending on what measurements were made 

(secti o n 4.2.3. ). Logically, measurements of plant size, in this case as 

weight , and plant numbers are most mea.ning ful. 

The trend of increasing plant weight (root and crown) with less 

frequent defoliation is in full agreement with many other reports 

( section 2.3.1.2.). Plant populations varied differently between treat-

ments for each variety. The Chanticleer treatments responded in a manner 

suggesting decreasing ability to compete with other species with increasing 

defoliation frequency. This is the more usually reported situPtion 

(s ection 2.3.2; e.g. Dennis et al.; 1959; Cullen, 1967; Judd and 

Radcliffe, 1970) resulting in loss of vigour and the ultimate death of 

the weake r plants. Many of the above reports showed much larger population 

gradients over the defoliation frequencies used. In contrast, the response 

of the Wa irau treatments additionally suggest inter-lucerne plant competition 

at low defoliation frequencies, and a greater ability to persist as small 

plants in the face of other species competition. The possibility of natural 

autumn seeding is unlikely, as the more frequently defoliated treatments were 

not permitted to flower the previous season. 

A general equality of plant numbers between treatments of different 

d efoliation frequencies was recorded by Gross et al., (1958), supported 

by reports of lack of correlation between shoot yield and stand density 

( Willard, 1931; Feltner and Massengale, 1965). The plant number dis~rib­

ution of the Wairau treatments is completely unusual. This varietal 

d ifference is expanded upon in chapter 10. The combination of plant 

sizes and numbers in the Wairau treatments, as compared to the Chanticleer 

treatments, indicates how in these circumstances point analysis measuring the 

amount of lucerne cover present, does not give reliable information on the 

"nature" of the lucerBe 's persistence. Plant numbers aside, comparison 

of the lucerne point analysis (table 4.6.) with the crown and root weights 

(table 4.14.) suggests some treatment interaction, in tha t for the 9" 

and 15" treatments root and crown weights decreased proportionately greater 

than crown size (spread). This suggestion is supported by the low 

significance of the regression between these two vari~bles, P = 0.25, r = 0.33 

(table 4A. 4.). At the same time though, comp~rison of the point analysis 

resul ts of the thesis experiment (table 4.6.) with simil~r results of the 

previous spring (table l.A. 7.), demonstrates that crown area and hence 

persistence was reduced in the more frequently defoliated treatments. 
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In previous yePrs, all treatments were spelled with two hay harvests 

being taken in the spring and e~rly summer. This has probably been 

~mportant in helping to maintain the reasonably high populations of 

lucern e pl a nt s present for all treatments at the start of the thesis 

experi~c ~t . This was a n approximRte average of 10 plants/sq . ft. com~ared 

fo r e xample to 4 - 6/sq . ft . on irrigated 3 yea r lucerne (Judd and Rndcliffe, 

1 970) , a nd 5.4 to 7.7 plants per a foot of row alternately spaced with 

cock sfoot on 7" spaced rows (Cullen, 1967. ). The decrease of plant numbers 

during the thes i s experiment, especially for the 3" treatments (table 4 .15. ) 

supports the probable benefits of spelling frequently defoli8ted lucerne 

in the spring. 

It appears as though the similarity of pl~nt populations recorded 

resulted from the effects of different processes; these originat i ng 

from higher first established populations. Inter-lucerne pl~nt compet ition prooob]y 

domina ted in the H treatments, evidenced by the presence of some very small 

plants in these plots (section 5.2.2. ) . In the 3" tre,qtments, the weakening 

effects of frequent defoliation and associ~ted increasing other species 

compet ition, were probab l y most influentia l. The results of the 9" ,qnd 15" 

treatments are expected to represen t a combination of these effects. 



CHAPTER 5 

THE EFFECT OF DEFOLIATION FREQUENCY ON THE AMOUNT AND NATURE OF 

LUCERNE PLANT GROWTH 

Individual lucerne plants were sampled at intervals during the growth of 

the f irs t harvest of each treatment. These plants were dissected according to 

their macro morphology, to enable a study of the growth of these components, 

their growth rates, the whole plant's growth form and its development . These 

results were supplemented by in situ measurements of identified shoot growth 

in the field. 

5.1. Methods. 

5.1 . 1. Experimental. 

Within each treatment, plants were sampled at intervals concurrent 

with the average growth of the treatment (for the determination of see section 

4.1.) attaining each of the cardinal treatment heights , the last sampling coin­

ciding with the production harvest cut of the particular treatment . Since the 

sampling times were based on the physiological criterion of shoot height, 

common sampling growth stages between treatments and varieties did not coincide 

in time, and this presented statistical problems (section 5 . 1.2 . ) . It was found 

necessary to discontinue the 9W and 15W treatments early in the study so as to 

ease the work load to manageable proportions . Some early measurements made 

before discontinuing these treatments have been r e ferred to. This procedure 

resulted in further statistical complications (section 5 . 1.2.). It should be 

noted that the 3" sampling of the 3R and H treatments were fully represent­

ative of the 3" and HR treatments respectively, as the respective plots had 

identical treatments prior to the thesis exper.iment. The sampling schedule of 

the treatments used are summarised in table 5.1. 

The sampling procedure on each occasion involved taking six plants from 

each small plot of each replication. Within each of these small plots two 

plants were taken from each of three sub-plots (section 4.1.). Individual 

plants were identified prior to digging as that plant nearest the end of a 

2 ft long batten dropped at random at each end of each sub-plot. Plants were 

dug with a drainage spade (10 cm wide blade) so as to take at least 15 cm of 

root below the cotyledonary node. This procedure, in association with the 
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Table 5.1. The Schedule of Plant Sampling. 

Growth 

St age 3RC 9c .. . 
RD 8/8• 0 8/8 0 

411 4/9 27 31/8 23 

9" 22/9 45 14/9 37 

15" 9/10 61 -
15/H - -

H 10/11 93 -

• The date of sampling. 

•• The days of growth. 

Treatments 

15c HC 3RW 

8/8 0 8/8 0 8/8 0 

26/8 18 21/8 · 13 8/9 31 

11/9 34 9/9 32 25/9 48 

28/9 51 25/9 48 15/10 67 

- 15/10 67 -
- 5/11 88 11/11 94 
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HW 

8/8 0 

2/9 25 

15/9 38 

28/9 ,?1 

15/10 67 

7/11 90 

stony nature of the soil resulted in only the tap root and main lateral 

roots being obtained intact. The plants were removed from the 

field and all the soil washed from t he roo t s which were trimmed to 15 cm 

length below the cotyledonary node. They were then stored in plastic bags in 

a refridgerator until dissected. It was assumed that between plants the tap 

root was proportionately representative of the total root weight (Nelson and 

Smith, 1968a, b; Smith and Silva, 1969; Ueno and Smith, 1970; Smith and 

Marten, 1970). The validity of the procedure has been discussed (section 

2. 4 .1.1.). 

Each plant was dissected into the root, crowns, stubble and complete 

s hoots greater than 1 cm long.• The root and crowns were divided at the cotyl­

edonary node, and the crowns and stubble at the soil level when-ever their 

i ndividual identification was difficult. The seperation of the shoots into 

stubble and basal shoots (Leach, 1968a; Keoghan, 1970) was unsuccessfully 

attempted (see discussion 5.3.1.) and hence only the total shoot growth is 

considered. New basal shoots• arising in mature growth were separated out 

and counted. A sub-sample of each of the main shoots and new basal shoots, 

when present, was sub-divided into leaf and stem, the latter including the 

petioles; the length of these shoots was measured and the total leaf and stem 

were then calculated from this basic data. All plant parts were dried on ~ 

trays in a forced draught oven at 80 C for 24 hours. At times, whole plants 

were held in the refrigerator for up to 7 days due to the pressure of work. 

Deterioration was not noticeable, although some respiratory losses may have 

· •These were not separated into buds and shoots (Nelson and Smith 1968a). 
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occurred. It is likely though, that these were of small significance when the 

large plant size variability in all treatments is considered (section 5.2.2.) 

To rr. uke the in situ field growth measurements which were confined to 

the Chanticleer 3R, 9", 15" and H treatments, crown growths were randomly 

located within three sub-plots, one at each end giving six locations for 

each small plot. These were marked out by permanently placed white plastic 

coated wire rings of 10 cm diameter, placed immediately after the pre-treat­

ment defoliation (plate 5.1.). To permit observation in the frequently defol­

iated 3R treatment,it was necessary to remove a small amount of other species 

growth in the immediate vicinity of the crowns identified. It is considered 

that any competitive advantage to these.plants was small in view of the slow 

lucerne growth rates that were measured in the first two to three weeks . 

Commencing on the 15th. of August and thereafter at weekly intervals 

for the duration of the experiment, all new shoots arising within the ringed 

areas and being greater or equal to 5 cm length, measured to the shoot apex, 

we ~e identified by placing split soft plastic rings about their bases (plate 

5.2.). It was considered that shoots less than 5 cm long would probably be 

damaged if labelling was attempted. One in every five of the new shoots 

identified each week was labelled with a coloured ring in accordance with a 

colour code allotted to each week. The other shoots were identified with white 

rings. Each week the following measurements and records were taken: the total 

number of new shoots 5 cm or greater in length; the length of all colour ident­

ified shoots according to identification; the death of any of these latter 

shoots; the number of buds and shoots (not separated) less than 5 cm; the 

number of new basal buds and shoots in the more mature growth, but this time 

separately, the shoots in this case being identified as having at least one 

expanded leaf. As the marking wire rings were not randomly placed within the 

plots and further as the number of plants contributing to the encircled crowns 

could not be determined without disturbing the surrounding top layers of soil, 

shoot numbers could not be considered on an area basis and only as approx­

imations on a single plant basis. Consequently they are considered within 

plant and between treatments as relative shoot numbers, viz, relative to the 

totai number recorded for each treatment/replication combination). 



Plate 5.1. Field crown growths located with plastic coated wire rings . 





Plate 5.2. The identification of individual shoots using split soft 

plastic rings. 
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5.1.2. Statistical Analysis. 

For each growth stage harvest, a separate analysis of variance 

(ANOVA) was calculated (section ,.5.), as the number of harvests varied 

between treatments. This was also without a direct variety comparison because 

of the uneven number of variety/treatment combinations (table 5.1.). Further, 

the computer programs available could not handle unequal sub-class numbers. 

This analysis did not take into consideration the treatment differences of 

varying growth periods for each sampled growth stage (table 5.1.). 

To enable direct statistical comparison between treatments while incorp­

orating this growth time factor, response curves were fitted for each treat­

ment and each variable considered using replication means. In each case curves 

of the form -
2 ti-1 Y = a1 + a2t + a 3 t •••••••••••••••··ai 

- were fitted, with in some cases the dependent variable, Y, having a 

square r oot or logarithmic transformation. The curve fitting was performed 

by standard Multiple Regression methods using modified Massey University 

Compute r Unit library programs· (section 5A.1.). The modifications enabled the 

sequential removal of the previous highest power of the independent variable 

after selecting up to a sixth power for the ini~ial fitting. This range satis­

fied the fit of all curves tried. From this range, that of best fit was selec­

ted to represent each treatment's response on the basis of a standard F-test, 

1e relative size of the standard error (SE) of estimate and the size of the 

oefficient of multiple determination. 

The SE of estimate for the selected curve aas calculated in the 

program thus -

where : 

Se= SE of estimate. 

sy = Standard deviation of the dependent variable mean. 

R2 = Coefficient of multiple determination. 

N = Number of obsevations used to estimate the regression. 

M = Number of variables including the dependent variable. 

(5F.1.) 
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A number of values were selected at 14 day intervals for the independent 

variable. For each of these values the corresponding dependent variable 

va lues were calculated, this being done for all the fitted curves to be com­

pared. 

The SE's of these calculated values was obtained using the following 

formula (Snedecor and Cochran, 1968, pg. 392). 

where: 

s = SE of the estimated value for the dependent variable. 
r 

(5F.2.) 

c = Gauss Multipliers from the inverse matrix of the regression 

calculations. 

x. = X. - X (i.e. X. the selected independent value - X the mean of the 
l. J. l. 

observed independent values). 

se, and N as in 5F.1. 

The calculated values and their SE's were calculated using a further 

modi f ic a tion of the standard Multiple Regression program (section 5A.2.). 

The calculated dependent variable values on each curve for a given 

s elected independent variable value were compared for the significance of 

their differenc es. 

To do this, a pooled variance from the SE's of these calculated values 

was determined as follows for each selected independent variable value. 

where: 

s 2 = Pooled variance. p 
sr, N and Mare as in 5F.1. and 5F.2. 

+(N--M-)s 2 
- J. J. ri 

(5F.3.) 

The comparison of the di-fference between pairs o f calculated values was 

made with the method of the Least Significant Difference (LSD) using the pooled 

variance as the error term according to the formula (Steele and Torrie, 1960) -



wher e : 

LSD= t(0.01)•sp
2

(1/N1 + 1/N2 ) 
(0 .05) 
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(5F.4.) 

t = Students t wo tailed t-test value at the required level of significance. 

sp2 and Ni as in 5F.1. and 5F.3. 

with degrees of freedom -

DF. = Nt - Mt 

where: 

Nt = N1 + Nz ........ + Ni 

Mt = M1 + M2 ........ + Mi 

A more conservative estimate of the significance of these comparisons 

was made using the Scheff{ test which uses an F-test thus -

F = 
2 

sp (1/N1 + 1/N2 )(Mt - 1) 

with degrees of freedom -

where: 

DF . = Mt - 1, Nt - Mt 

Y. = A calculated dependent variable value. 
l. 

2 
sp , Nt and Mt are as in 5F.3. and 5F.4. 

Since there were different numbers of observations used to estimate 

each curve, the calculated values could only be compared in pairs. With 

several curves, all possible paired comparisons were made for each independent 

variable value selected (section 5.3.1.). A program aas written to make these 

comparisons and the estimation of the pooled standard error (section 5A.3.). 

For other sections of this chapter, standard AN0VA and regression 

analyses were calculated (section 3.5.). 
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5.2. Results. 

5.2.1. The Growth Yield of the Lucerne Plant. 

5.2.1.1. Analysis by stage of growth comparison. 

Reference was previously made to the difficulty of estim­

a t i ng the average shoot height (section 4.1.). This is discussed in section 

5.3.6. In the first instance, ignoring th±s limitation and the harvest time 

differences between treatments, ANOVA analyses were made at each harvest and 

ove r all treatments for the various plant variables. The results are summar­

ised in table 5.2. Frequency distributions which were calculated indicated 

the use of logarithmic transformations for the plant growth variables, while 

a square root transformation was used for shoot numbers. 

Table 5.2. The Stage of Growth ANOVA Significances. 

Plant Stage of Growth 

Va riable RD 3" 9" 15" H 
+ ., . 

Le a f 2.5•(23.9) 1.0 (26.6) 5.0 (21.0) 10.0 (21. 6) 5.0 (32. 4) 

Shoot + 1.0 (24.8) 1.0 (15.7) 5.0 (18.0) 5.0 (17.8) 2.5 (21.0) 

Stubble + 1. 0 (z4.3) 1.0 (14.0) 2.5 (27. 2) 1.0 (24. 6) 1.0 (18.5) 
. + 
Plant 1. 0 (12.1) 1.0 ( 6.0) 5.0 (12.5) 5.0 (12.5) 1. 0 (12.0) 

Crown + 1. 0 (21.6) 2.5 (16.9) 10.0 (23. 4) 10.0 (23.5) 2.0 (23. 2) 

Root + 1 .o (13.3) 1.0 ( 1 o. 6) 10.0 (14.8) NS (16.3) 2.0 (14.6) 
RT+ CR+ 1.0 (12.8) 1.0 ( 1 o. 1) 10.0 (14.8) NS ( 15. 2) 2.0 (13.4) 

++ 
(12.8) Shoot No. 1. 0 1.0 (17.0) 1. 0 ( 13. 7) 2.0 (15.0) 1.0 ( 9. 1 ) 

6••· 6 6 5 4 

• Percentage significance. + Analysis with logarithmic 

•• Coefficient of variation. values. 
++ 

••• The number of treatments compared. Analysis with square 

Appendices : Data 3A.5.2. root values. 

Statistics 4A.5. 1. 

Treatment differences were significant over most harvests for each 

variable, but with a tendency to be less sli:gnificant for the 9" and 15" 

harvests . All variables responded similarly. The significance of these results 

using the basic ANOVA supports the results to follow obtained from the less 

orthodox methods of analysis used (section 5.1.2.). 

( 
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The following results are presented separately for each variable 

considered. It was found that a square root transformation of the shoot 

number data gave the best curve fit, untransformed for root (tap root plus 

crowns) weight and logarithmic transformation for the remaining variables. 

The curves, the pooled SE's for the selected time values and the observed 

dependent value trea tment means (geometrii) are presented in the detrans­

formed form . As it was found that the Scheff/ F-test did not greatly improve 

the significance of the results, the interpretations are confined to the LSD 

method at the 1% significance level. 

5.2.1.2. Plant leaf growth. 

The treatment curves are presented in fig. 5.1. and the 

statistical results and calculated values in table 5.3. The six curves all 

fitted their data significantly with significant F values (P = 0.01) and R2 

ranging between 0 .746 and o.864 (fig. 5 .1. ). 

Table 5.3. Comparison of the Lea f Weight Estimated Values. (gm/plant) 

I Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 
I 

3RC i o.103•A•• 0.194 AB 0 . 324 AB o . 476 A 0.616 A 0.704 A 

3RW 0.126 A 0.151 A 0.260 A o . 495 A 0.811 AB 0.889 A 

9c 0.172 AB 0.280 BC o.478 BC 0.855 C - -
15c 0.118 A 0.300 BC 0.597 C 0.931 C 1.137 BC -

HC 0.221 B o . 428 C 0.730 C 1.096 CD 1.452 C 1.694 B 

HW 0.368 C 0 . 671 D 1.055 D 1.434 D 1.684 C 1.708 B 
• •• 

0.173 0 .154 0.149 0 . 154 0.159 0.154 

• The detransformed values of the estimates calculated from the 

logarithmic curves of leaf weight. 

•• Within each day, values are compared at the 1% level. 

••• Pooled SE. 

Appendix: Statistics 4A.5.2. 

0 .708 A 

0.505 A 

-
-

1. 742 B 

1.496 B 

0.153 

The most obvious observation between treatments is the significant 

difference (P = 0.01) between the 3R and H treatments at all stages of growth, 

while the 9" and 15" treatments were intermediary and in particular after 

day 28. The four full term treatments demonstrated typical sigmoidal shaped 

+ For logarithmic transformed means. 



Figure 5.1. The curves of leaf growth per pla nt were fitted to data for 

which the dependent variable had been transformed to logarithms. 
The curve formulae .and the associated statistics are in the 
transformed form while the curves are presented in the de-
transformed form. 

1. 3RC Log Y = 0.012 + 0.217t - o.014t2 

F = 17.66 R2 = 0.746 SE. of estimate 0.192 DF.,, 12 

2. 9C Log Y = 0.235 + o.144t + o.005t2 

18.27 2 
6 F = R : 0.858 SE. of estimate 0.120 DF : 

3. 15C Log Y = 0.074 + o.326t - 0.027t2 

F = 19.31 R2 = O. 811 SE. of estimate 0.197 DF = 9 

4. HC Log Y = 0.345 + 0 .224t - o.014t2 

F = 38.79 R2 = 0.837 SE. of estimate 0.154 DF = 15 

5. 3RW Log Y = 0.101 - o.025t + o.067t 2 - o.oo6t3 

F = 23.32 R2 = 0.864 SE. of estimate 0.138 DF = 11 

6. HW Log Y = 0.566 + o.209t - o.016t2 

F = 20.24 R2 = 0.729 SE. of estimate 0.146 DF = 15 

Appendix: Data 3A.5.2. 
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curves attaining maximal leaf dry weight production, with this being 

achieved earlier for the Wairau treatments which followed these maximal 

levels with a greater nett loss of leaf. 

5.2.1.3. Plant shoot growth. 

80 

The treatment curves are presented in fig. 5.2. and the 

statistical results and calculated values in table 5.4. The six curves all 

fitted their data significantly (P = 0.01) with R2 ranging between o.684 

and 0.901. 

Table 5.4. Comparison of the Shoot Weight Estimated Values. (gm/plant) 

Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

3RC 0.513*A** 0.673 AB o.884 AB 1.162 A 1.526 A 2.004 A 

3RW 0.638 AB 0.505 B 0.764 B 1.320 A 2.200 A 2.738 A 

9c 0.521 A 0.829 AB 1.318 AC 2.098 B - -
15c I 0.554 AB 0.918 A 1. 519 CD 2.514 B 4.161 B -

HC I 0.878 B 1.396 C 2.120 D 3.075 B 4.257 B 5.628 B 

HW I 1.568 C 2.419 D 3.471 E 4.636 C 5. 761 B 6.661 B 
••• . 

0.160 0.150 0.145 0.147 0.152 0.150 j 

• The detransformed values of the estimates calculated from the 

logarithmic curves of shoot weight. 

•• Within each day, values are compared at the 1% level. 

••• Pooled SE. 

Appendix: Statistics 4A.5.3. 

2.631 A 

1.968 A 

-
-

7.104 B 

7.166 B 

0.152 

Basically the same treatment distributions and significances as shown 

with leaf growth, also occurred for shoot growth, the treatments being arranged 

in their defoliation frequency sequence. 

As compared to leaf growth, only the 3RW treatment had a maximal growth 

level followed by a net loss of shoot dry weight. Of this loss o.6 gm/plant 

was leaf and 0.9 gm/plant was non-leaf dry weight •. Shoot growth of the HW 

treatment did not show any net loss, although levelling off in the latter 

growth stages to a near maximal level, . highly significantly different from 

the 3RW maximum. IN contrast, both the Chanticleer 3R and H treatments, 



Figure 5.2. The curves of shoot growth per plant were fitted to data for 

which the dependent variable had been transformed to logarithms. 

The curve formulae and the associated statistics are in the 

transformed form while the curves are presented in the detrans-

formed form. 

1. 3RC Log Y = 0.710 + o.o84t 

28.23 
2 

F = R = o.684 SE. of estimate 0.193 DF = 13 

2. 9C Log Y = 0.717 + o.144t 

F = 64.21 R2 = 0.901 SE. of estimate 0.079 DF = 7 

3. 15c Log Y = 0.744 + o.156t 

F = 29.85 R2 = 0.749 SE. of estima te 0.183 DF = 10 

4. HC Log Y = 0.943 + o.151t - 0.005t2 

F = 57.66 R2 = O. 884 SE. of esti mat e 0.127 DF = 15 

5. 3RW Log Y = 0.805 - o.146t + o.081 t 2 - o. 007t3 

F = 12.90 2 SE. of estimate 0.1 39 . DF 15 R = 0.779 = 

6. HW Log Y = 1.1 95 + o.146t - o.oo8t2 

F = 22.16 R2 = 0.747 SE. of estimate 0.139 DF = 15 

Appendix: Data 3A.5.2. 
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although together being significantly different, showed no tendancy to level 

off and attain a maximum production level. The associated cessation of net 

leaf dry weight gain resulted in a considerable degree of maintained non-leaf 

growth and hence an increasing stem/leaf ratio as illustrated in fig. 5.10. 

This continued growth of both treatments was shown to still occur after allow­

ance had been made for the amount of new basal growth present in the final 

harvest (fig. 5.2.). Allowing for this in the HW treatment showed if anything, 

a decrease of mature shoot dry weight in the final harvest. 

5.2.1.4. Plant root and crown growth. 

All curves attempted for this data were poor fits. Those 

of best fit using the natural data are presented in fig. 5.3., but without 

associated statistical analysis. Transforming the data did not improve the 

fits. 

Although not analysed, the shapes and relative positions of the pre­

sented curves are noteworthy because of: 

1. The loss in weight of the roots and crowns for the first 20 days for 

the 3R treatments and 30-40 days and to considerably greater extents for the 

H treatments, this being followed by weight gains which continued longer for 

the Chanticleer treatments. 

2. Again, the large overall difference between the 3R and H treatments. 

3. The unexpected shapes of the 9c and more so the 15C curves, as 

compared to the more expected response of the other treatments (section 

2.3.1.2.). 

Freehand graphs of root and crown weight changes individually (fig. 5.9., 

5.8.), indicate that a greater proportion of these weight changes were due 

to changes of root weights •. · . . · 

5.2.1.5. Total plant growth. 

The treatment curves are presented in fig. 5.4. and the 

statisical results and calculated values in table 5.5. The fit ·Of this set of 

curves was variable, although all but the 9C treatment fitted with a signif­

icance of P = 0.05 or better, 9c having P = 0.20. ·Apart from 9C, R
2 

ranged 

between 0.316 ahd 0.703. 

J 



Figure 5.3. The curves of root plus crown weight changes per plant during 

growth were fitted to data in the na tural form. Statistical 

comparisons were not made because of the poor curve fits. 

It was not possible to fit a curve to the 9C treatment data 

because of its variability. 

1. 3RC y = 32.568 - 3.103t + o.5oot 2 

F = 2.713 R2 = 0.311 SE. of estimate 11.902 DF = 

2. 9C No fitted curve 

3. 15C y = 30.144 + 7.084t - o.724t2 

F = 1.421 R2 = 0.240 SE. of estimate 13.311 DF = 

4. HC y = 58.078 - 8.237t + 1.298t2 

5.701 
2 17.946 F = R • 0.431 SE. of estimate DF = 

5. 3RW y = 29.37 - 7.065t + 2.201t2 - o.163t3 

F = 1. 143 R2 = 0.237 SE. of estimate 6.133 DF = 

6. HW y = 75.204 + 7.624t - 9.691t2 + 2.158t3 - 0.129t
4 

F = 2.607 R2 = 0.445 SE. of estimate 12. 573 DF = 

Appendix: Data 3A.5.2. 
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Table 5.5. Comparison of the Plant Weight Estimated Values. (gm/plant) 

Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

3RC 3.429•A** 3.798 AB 4.206 AB 4.658 AB 5.159 A 5.713 A 6.327 A 

3RW 3.857 A 3.008 A 3.251 A 4.167 A 5.422 A 6.131 A 5.155 A 

9c 4.196 A 4.693 BC 5.249 BC 5.871 BC - - -
15c 3.947 A 4.872 C 6.013 C 7.421 C 9.159 B - -

HC 7.594 B 6.346 C 6.523 C 7.745 C 9.968 B 13.058 B 16.343 B 

HW 10.127 C 9.236 D 9.731 D 11.180 D 13.222 C 15.194 B 16.015 B 
••• 

0.138 0.136 0.135 0 .134 0.136 0.135 

• The detransformed values of the estimates calculated from the 

logarithmic curves of plant weight. 

•• Within each day, values are compared at the 1% level. 

••• Pooled SE. 

Appendix: Statistics 4A.5.4. 

0.136 

These curves represent the combined influence of the reliable shoot 

growth and the less reliable root plus crown weight changes. The latter mostly 

influenced the plant weight changes in the early growth stages when some 

treatments and particularly the H treatments had initially negative growth 

rates (figs. 5.3., 5.4.). During later growth stages the increasing amount 
,. 

of shoot growth dominated the plant weight changes. The overall treatment 

groupings were significant (table 5.5.) and followed those already described 

for shoot growth. 

Curves were not fitted to the shoot stubble, but consideration of the 

stubble weights for each treatment (fig. 5.7.) indicates that there were no 

important weight changes during regrowth. As with the other plant parts there 

were distinct differences between the 3R and H treatments with the HW treat­

ment having the largest stubble weights. The significance of these differences 

is supported by the significant ANOVA's calculated on the basic data (table 

5.2.). 

5.2.1.6. Plant shoot number. 

The treatment curves are presented in fig. 5.5. and the 

statistical results and calculated values in table 5.6. A curve was not 

successfully fitted to the 9C treatment. For all the other treatments, curves 

of significant fit were obtained, R2 ranging between 0.619 and 0.915. · 



Figure 5.4. The curves of total plant weight changes per plant were fitted 

to data for which the dependent variab~e had been transformed 

to logarithms. The curve formulae and the associated statistics 

are in the transformed form while the curves are presented in 

the detransformed form. 

1. 3RC Log Y = 1.535 + o.032t 

F = 6.019 R2 = 0.316 SE. of estimate o.~57 DF = 13 

2. 9C Log Y = 1.622 + o.035t 

F = 1.800 R2 = 0.205 SE. of estimate 0.114 DF = 7 

3. 150 Log Y = 1.596 + o.065t 

F = 9.67 R2 = 0.491 SE. of estimate 0.134 DF = 10 

4. HC Log Y ~ 1.880 - o.094t + o.029t2 - o.002t3 

F = 11.08 R2 = 0.703 SE. of estimate 0.114 DF = 14 

5. 3RW Logy= 1.586 - o.144t + o.053t2 - o.oo4t3 

F = 4.79 R2 = 0.565 SE. of estimate 0.091 DF = 11 

6. HW Log Y = 2.005 - o.057t + o.022t2 - o.002t3 

F = 4.38 R2 = o.484 SE. of estimate 0.097 DF = 14 

Appendix: Data 3A. 5.2. 
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Table 5.6. Comparison of the Shoot Number Estimated Values. (No./plant) 

Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 ... 
3RC 15.07"'AB 11.07 A 8.12 A 5.98 A 4.48 A 3.50 A 2.98 

3RW 18.58 A 12.89 AB 9.54 AB 7.45 A 5.94 A 4.57 A 3.08 

15c 10.09 B 16.36 B 13.04 BC 7.98 AB 6.93 A - -
HC 15.03 A 16.29 B 14.06 C 10.35 B 6.99 A 5.01 A 4.84 

HW 44.92 C 40.66 C 31.82 D 22.00 C 13.87 B 8.63 B 6.37 
, *** 15. 14 9.05 5.52 4.40 6.86 7.69 9.88 

• The detransformed values of the estimates calculated from the square 

root curves of shoot number. 

** Within each day, values are compared at the 1% level. 

••• Pooled SE. 

Appendix: Statistics 4A.5.5. 

The very noticeable feature was the very significantly different HW 

shoot number (greater than 1 cm). At the first recording there was a high 

level of 45 shoots per plant, this decreasing steadily throughout regrowth. 

In contrast, the HC treatment shoot number was much lower (18 shoots per 

plant maximum) and also showed a decrease during growth after a small initial 

increase. The 15C and 9c shoot number followed the same pattern as that of 

the HC treatment. The 3RC and 3RW treatments which were alike in shoot 

A 

A 

AI 

B 

number also showed a decline throughout the growth period. There was a signif­

icant difference between the latter two and the other treatments between days 

14 to 42 . In the latter part of the growth period only the HW treatment had 

significantly greater shoot number, although only marginally so for the last 

harvest. The final shoot number similarity between treatments, especially 

between the 3RC and HC treatments is unexpected. The freehand 9c curve sugg­

ests a shoot number response similar to that of the 15C and HC treatments. 

These shoot number patterns are in part supported by the field growth 

measurements (section 5.2.3.). 

5.2.1.7. Plant growth rates. 

As a general measure of average crop growth rates (CGR), 

linear regressions were .fitted to the observed natural shoot growth data of 

each treatment. Between treatments there were significant differences (table 

5.7.). 



Figure 5.5. The curves of shoot number per plant during growth were fitted 

to data for which the square root of the dependent variable was 

used. The curve formulae and the associated statistics are in 

the transformed form while the curves are presented in the detran-

sformed form. 

1. 3RC fi = 12.276 - 1.342t + o.063t2 

F = 21.38 R2 = 0.780 SE. of estimate 1.423 DF = 12 

2. 9C No fitted curve 

3. 15c fi = 10.047 + 4.142t - 1.814t2 + o.182t3 

F = 4.346 R2 -= 0.619 SE. of estimate 1. 545 DF = 8 

4. HC fi = 12.259 + 1.023t - o.527t2 + o.039t3 

F = 37.76 2 of estimate 0.901 DF 14 R = 0.890 SE. = 

5. 3RW fi = 13. 629 - 1.926t + o.235t2 - o.014t3 

F = 39.79 R2 = 0.915 SE. of estimate 1. 025 DF = 11 

6. HW fi = 21.194 o.122t - o.49ot2 + o.037t3 

F = 26.63 R2 = _O. 850 SE. of estimate 2.214 DF = 14 

Appendix: Data ;;A.5.2. 

. : . 
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Table 5.7. Comparison of the Shoot Growth Average Crop 

Growth Rate Regressions. (gm/week) 

DF R . I egression SE Correl Statistics 

3RC 7 0.23•• 0.06 0.82 Av. regression 1% 

9c 7 0.34 .. 0.07 o.88 

15c 7 o.42• 0.13 0.76 Between individual 

HC 7 0.52•• 0.11 o.86 group regressions 

3RW 7 o.26..., 0.07 0.80 10% 
, 

HW 7 0.65• 0.21 0.75 

Av. 47 0.37•• 0.05 0.74 

3RC 10 0.24• 0.08 0.67 Av. regression 1% 

15c 10 0.60•• 0.16 0.76 

HC 10 0.54•• 0.11 0.83 Between individual 

3RW 10 0.30•• 0.05 o.88 group regressions 

HW 10 o.67** 0.16 0.79 5% 

Av. 51f o.43** 0.05 0.73 

3RC 10 0.24• 0.08 0.67 Av. regression 1% 

HC 13 0.75•• 0.12 0.87 

3RW 10 0.29•• 0.50 o.88 Between individual 

HW 13 o.84•• 0.14 0.85 group regressions 

Av. 49 0.56•* 0.07 0.77 1% 

Regression coefficient significance; *P - 0.05, **P = 0.01 

Appendices: Data 3A.5.2. 

Statistics 4A.5.6. 
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Comparing all treatments in each combination of regressions it is seen 

that the average CGR increased as defoliation frequency decreased, the treat­

ment differences becoming greater and more significantly so, the longer the 

growth period. Also the Wairau treatments had a higher average CGR for most 

of the experiment. 

Average relative growth rates (RGR) were compared by fitting linear 

regressions to the logarithmically transformed observed data in the same 

treatment combinations as above. The same treatment differences were not 

observed (table 5.8.). 



Table 5.8. Comparison of the Shoot Growth Average Relative 

Growth Rate Regres sions. (gm/gm/week) 

DF R . I e ;z:ression SE Correl. Statistics 

3RC 7 0.50•• 0.12 o.86 Av. regression 1% 

9c 7 o. 67** 0.10 0.93 -
15c 7 o. 77** 0.21 0.82 Between individual 

HC 7 0.80•• 0.16 o.88 group regressions 

3RW 7 o.49•• 0.13 0.82 NS 

HW 7 0.74• 0.22 0.78 

Av. 47 o. 63** 0.06 0.82 

3RC 10 o.44•• 0.13 0.74 Av. regression 1% 

15c 10 0.85•• 0.16 0.85 

HC 10 0.74•• 0.12 o.88 Between individual 

3RW 10 0.51•• 0.08 0.8"9 group regressions 

HW 10 0.69•• 0.15 0.82 NS 

Av. 54 0.61•• 0.06 0.82 

3RC 10 o. 44•• 0. 13 0.74 Av. regression 1% 

HC 13 0.80•• 0.09 0.92 

3RW 10 0.51•• 0.08 0.89 Between individual 

HW 13 0.71 • • 0.10 o.88 group regressions 

Av. 49 o. 63** 0.05 o.86 10% 

Regre s sion coefficient significance; •p = 0.05, ••p = 0.01 

Appendices: Data3A.5.2. 

Statistics 4A.5.7. 
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Only with the 3R and H treatment combination were there significant 

regression differences, the H treatment having a greater average RGR. 

Observation of the 9C, 15C and HC regression coeficients shows them to have 

had very similar average RGR's, although with the 9C regression being slight­

ly less. 

The shapes of the plant weight curves (fig 5.4.) were not suitable for 

fitting linear regressions to. It is clearly apparent though, that initial 

negative whole plant crop growth rates occurred in the H tre·atments, with 

positive faster average CGR's in the latter half of t he growth period as both 
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shoots and roots gained weight together. This latter applied to both the 3R 

and H treatments, but particularly so to the H treatments. 

5.2.2. Within Plant Dry Matte~ Distribution and Plant Size Variability. 

The dry matter distribution patterns of the major plant components, 

taken from the fitted curves are illustrated within treatments in fig 5.6. 

The between treatment stubble, crown and true root weights, using the observed 

data, are illustrated in figs. 5.7., 5.8. and 5.9. 

To aid the interpretation of these various patterns several ratios were 

established. 

For shoot growth, stem/leaf ratios were calculated from the preceding 

leaf and shoot growth estimates (sections 5.2.1.2., 5.2.1.3.), the results 

being presented in table 5.9. and illustrated in fig. 5.10. 

Table 5.9. Stem/Leaf Ratios. 

C w C + W Statistics 

3R 2.23 2.38 2.31 A* Varieties 

H 2.33 2.78 2.55 B Treatments 

Av. 2.28 M 2.58 N Var x Treat 

Harvests 

SE. 0.076 CV% 3.12 Treat x Har 

LSD for treatmentsaJdvarieties 0.07 (5%) and 0.16 (1%). 

• Means are compared at the 1% level. 

Appendices: Data Tables 5.3. Statistics 4A.5.8. 
5.4. 

1% 

1% 

1% 

1% 

1% 

The H treatment was significantly greater (P = 0.01) while between 

varieties, Wairau had a significantly greater (P = 0.01) ratio. The signif­

icant variety x treatment interaction was due to the high HW ratio. The diff­

erences between harvests are readily observ ed from fig. 5.10., all treatments 

showing a mid-growth period minimal ratio, this being achieved slightly 

earlier for :the H treatments. The treatment x harvest interaction was due to 

an interchange of the relative values of the 3R and H treatments in the first 

28 days (fig. 5.10.), the 3R ratios decreasing from above to below the H 

ratios. The 9c and 15C ratios showed somewhat different patterns and were 

considered reservedly; they were not included in any analysis. 

Root (root plus crown)/shoot ratios (R/S) were calculated from the 



Figure 5.6. The dry weight distribution patterns of leaf, shoot and root 

plus crowns within the plant during growth are illustrated 

along with the total plant weight during growth for the six 

indicated treatments. 

The curves are -

1. Leaf weight. 

2. Shoot weight. 

3. Root plus crown weight. 

4. Plant weight. 
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Figure 5.7. Stubble weight changes during growth for the two extreme 

treatments of both varieties. Points plotted are the measured 

values. 

Figure 5.8. Crown weight changes during growth for the indicated treatments. 

Points plotted are the measured values. 

Figure 5.9. Root weight changes during growth for the indicated treatments. 

Points plotted are the measured values. 

, 
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preceding data (sections 5.2.1.3., 5.2.1.4.). They are illustrated for the 

3R a nd H treatments in combination with both varieties in fig. 5.11. and for 

Chanticleer with all treatments in fig. 5.12. The ratios were not analysed 

as the source root curves were not significant (section 5.2.1.4.), but in 

vi ew of th e general significance of the growth stage ANOVA results (section 

5.2.1.1.), the illustrated trends are presented. All treatment/variety 

combinations showed the same basic responses, decreasing rapidly after defol­

iation under the influence of shoot growth associated with little change or 

a decrease of root weight; the mid - growth decrease being slower and leveling 

out in the later growth stages in response to increased root growth. All 

Chanticleer treatments had higher initial R/S ratios, although the 3RW day 0 

ratio may have been an anomaly. Also, both H treatments had steeper R/S 

ratio decreases over the first 4-6 weeks regrowth, consistent with their 

considerable root weight decreases over this period. The responses of the 

9c and 15C treatments are again considered reservedly, although showing a 

more representative response in this instance (fig. 5.12.). 

Plant sizes were compared within and between treatments using the root 

(root plus crown) size as the most representative measure. Size variability 

was determined as the within treatment coefficient of variation obtained from 

within treatment ANOVA 's over harvests (table 5.10.). The variation was high 

for all treatments. The higher HW variation would appear to be explained by 

the associated broader size distribution (fig. 5.13.). The high 9C variation 

is not explained other than to consider the smaller sample size to be respon­

sible. 

Table 5.10. Plant Size Variability• for the Root plus Crown Weight. (gm/plant) 

3RC 9C 15c 

Std. Dev. 1.83 2.79 2.18 

Gen. Mean 3.02 3.80 4.12 

CV% 60.60 73.50 53 .00 

• The within replication variability. 

Appendices: Data 3A.5.2. 

Statistics 4A.5.9. 

HC 3RW HW 

2.97 1.67 4.78 

5.30 2.83 6.68 

56.00 59.00 71.50 

To illustrate the plant size distribution within and between treatments 

over the RD to 15" or 15/H harvests(• footnote next page), frequency 
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Figure 5.11. The changes of the root/shoot ratios during growth and the 

comparison of these between the extreme treatments of both 

varieties. 

Figure 5.12. A comparison between the four Chanticleer treatments of the 

changes of the root/shoot ratios during growth. 
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distribution histograms were developed using the computer program previouly 

described (section 3.5.). Beforehand though, to eliminate the growth differ­

ences between harvests, the individual root weights were adjusted. Within 

each treatment, determinations were made of the differences between the 

general mean over all harvests and the mean for each harvest. The root 

weights within each harvest were then adjusted by the appropriate difference 

with reference to its sign. This calculation is illustrated in appendix 8A. 

Fig. 5. 13 . illustrates these distributions. 

Distinct treatment effects were demonstrated. The mean root weight 

increased regularly as the defoliation frequency decreased. The root size 

range was more complex, there being three treatment groupings. The 3R treat­

ments were similar. The 9C, 15C and HC treatments were each about two-thirds 

greater and the HW treatment more than twice the 3R treatment range. Within 

these ranges all treatments showed some more isolated large root weights 

relat ive to the treatment means, although there tended to be less of these in 

the15C and the other more frequently defoliated treatments. In contrast, both 

H treatments had quite extended low frequency tails extending out to the 

largest plants. 

The 9c, 15C, HC and 3RW treatments were or tended to be normally dist­

ributed, while the 3RC treatment had a negatively skewed distribution, this 

latter contrasting with that of the 3RW treatment. In further contrast, the 

HW treatment had a very broad high frequency range (3.0 to 8.o gm) extending 

to 12.0 gm with lower frequencies. 

A limited number of measurements were available for the 9W and 15W 

treatments . Their means and distribution patterns were rather similar to those 

o f the 9c and 15C treatments, although the wide range of the 15W treatment 

(up to 15.0 gm) suggests an approach to a distribution similar to that of the 

HW treatment. 

5.2.3. The Nature of Lucerne Shoot Growth. 

This was largely determined from the field growth measurements. 

Wi thin the limitations of the measurements made (section 5.1.1.), the nature 

of the shoot growth was considered as being determined by: 

1. the number of shoots produced, 

• The H harvests were not included because of the large root weights of 

the 3RC and HC treatments (table - 3A.5.1.)~ 



Fie;:ure 5.13. The distribution of plant sizes as indicated by the root 

plus crown weights per plant. 

3RC. N = 72 Range = - 9.01 Class interval = o.450 

9c. N ,-= 54 Range = 15.70 Class , interval - 0.785 

15C. N = 72 Range = 13.32 Class interval = o.666 

RC. N = 90 Range= 15.41 Class interval = 0.770 

3RW. N = 72 Range = 8. 51 Class interval = o.425 

2!!..:. N = 32 Range = 10.90 Class interval - 0.600 

15w. N = 28 Range= 16.00 Class interval = 0.800 

HW. N = 90 Range : 24.23 Class int~rval = 1.212 
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2. when each shoot first started elongating, 

3. at any one time the heights attained as measures of each shoot's 

production, 

4. a relative measure of overall production of each shoot group. This 

was calculated as the product of the relative shoot numbers (RNS) - see 

section 5.1.1. - and the associated heights. This gave the relative shoot 

production (RSP). 

For clarity, measurements made each week are identified by the date 

alone while shoot groups measured over consecutive weeks were termed groups. 

A new shoot group was formed on each of the first six weeks, the first being 

measured on the 15/8. 

The relative number of shoots first measured for each group were anal­

ysed but showed no significant treatment differences. Group differences were 

highly significant (P = 0.01) (table 5.11.). 

Table 5.11. Relative Shoot Number First Identified each Week. 

Group Natural Transformed Statistics 

Means Means• 

15/8 26.6 0.529 c•• Treatments 

22/8 30.3 0.573 C Group 

29/8 9.0 0.298 B 

5/9 23.1 o.487 C SE. 

12/9 10.0 0.299 B CV% 

1w9 o.6 0.063 A 

LSD for groups 0.122 (5%) and 0.164 (1%). 
• Arcsin transformation. 

•• Means are compared at the 1% level. 

0.146 

39.00 

NS 

1% 

Appendices: Data 3A.5.4. Statistics 4A.5.13. 

The first, second and fourth groups had similarly high RSN's. The 

lower value of the third group was probably a seasonal temperature effect 

(sections 3.6., 8.2.). The fifth and sixth groups showed an expected decrease 

in the number of shoots arising. This lat ter observation is supported by a 

concomittant decrease in the number of shoots and buds less than 5 cm long 
1 

arising on each crown ,,growth (table 5.12.). 



Table 5.12. Shoot Number Less than 5 cm Length Arising on the 

Field Identified Crown Growths. 

Treatment 
\'/eeks 

22/8 29/8 5/9 12/9 19/9 26/9 

3RC 3.29 2.30 1.90 1.10 0.37 o.oo 
9c · 4.60 4.70 4.50 3.20 - -

15c 5.50 5.60 5.30 2.50 0.90 0.05 

HC · 7.20 7.30 4.40 3.20 0.60 0.01 

90 

These results in table 5.12. are as the absolute values and are not 

analysed .• They do indicate a similar decreasing . trend with time for all 

treatments, except that this was sooner for the 3RC treatment. The increasing 

trend of numbers between treatments on the 22/8 is suggestive of a greater 

shoot number producing capacity of plants less frequently defoliated. 

The weekly measurements of identified shoot heights within each groµp 

gave a measure of the shoot growth between groups. Within the 3RC and HC 

treatments, linear regressions of shoot height against time representing 

shoot height crop growth rates, were fitted for each of the first five 

groups over the period of relatively linear growth between the 5/9 and 3/10 

and similarly for the 15C treatment between the 5/9 and 26/9. The 9c treat­

ment growth was of too short a duration. The regressions are tabuiat ed in 

tables 5.13., 5.14. and 5.15. for the 3RC, 15C and HC treatments respectively. 

Table 5.13. Comparison of the 3RC Shoot Height Group Regressions on Time. 
1 I 

Group DF Regression SE Correl Statistics 

15/8 13 6.714 .. 0.348 0.983 Av. regression 1% 

22/8 13 6.423•• · o.464 0.967 

29/8 13 6.980 .. 0.547 0.962 Between individual 

5/9 13 4. 985• • 0.319 0.974 group regressions. 

12/9 10 5.390•• 1.026 0.856 5% 

Regression coefficient significances: * P = 0.05, •• P = 0.01 

Appendices: Data 3A.5.4. 

Statistics 4A.5.10. 

areas 
• The delimited crown / were approximations of single plants. 
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Table 5.14. Comparison of the 15C Shoot Height Group Regressions on Time. 

' Group DF Regression SE Correl Statistics 

15/8 10 9.333 .. 0.708 0.972 Av. regression 1% 

22/8 10 7.500•• 0.896 0.935 
•• 

29/8 10 9.400 2.006 0.828 Betwe en individual 

5/9 10 9.085•• 0.774 0.965 group regressions. 

12/9 4 3.595ns 2.202 0.632 10'/4 

Appendices : Data 3A.5.4. 

Statistics 4A.5.10. 

Table 5.15. Comparison of the HC Shoot Height Group Regressions on Time. 

' Group DF Regression SE Correl Statistics 

15/8 15 9 .009• • 0.615 0.970 Av. regression 1% 

22/8 15 8.514•• 1.507 o. 842 

29/8 
ns 

3.248 15 6.000 o.455 Between individual 

5/9 15 4 .114* 1.698 0.557 group regressions 
ns 

10% 12/9 12 1.038 2.017 0.160 

Regression coefficient significances: • P = 0.05, •• P = 0.01 

Appendices: Data 3A.5.4. 

Statistics 4A.5.10. 

The important feature is the similar growth rates of the first groups 

within each trea~ment. These were the first 3, 4 and 2 groups of the 3RC 

treatment (table 5.13.), 15c treatment (table 5.14.) and the HC treatment 

(table 5.15~) respectively. 'Ihe balance of the groups had lower growth rates 

for each treatment. 

ANOVA's over the first five groups of all treatments (3Rc,9c,15c and HC) 

on the 12/9 and for the 3RC, 15C and HC treatments on the 26/9, in both 

cases revealed significant shoot height differences between both treatments 

and groups (tab l~ s 5.1 6., 5.17.; fig. 5.14.). 

On both dates (two weeks apart), averaged over all treatments, the 

shoot height order remained the same between groups, group differences being 

significant. Likewise, the increasing divergence of the fourth and fifth 

groups with time supports their lower growth rates. On both dates the signif-
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icant shoot height differences between treatments was due to the shorter 3RC 

treatment shoots compared to the other treatments which in each case had 

similar heights. This treatment effect is supported by a later more accurate 

between treatment analysis of shoot heights adjusted fo the respective rel­

ative shoot number. 

Table 5.16. Shoot Growth Heights Measured 12/9. 

Treatment Shoot Group 

3RC 10.54 A* 15/8 19.07 A 

9c 13.46 B 22/8 16.05 B 

15c 14.02 B 29/8 14·. 05 B 

HC 13.93 B 5/9 9.64 C 

12/9 6.12 D 

LSD for treatments 1.60 (5%) and 2.17 (1 %). 

LSD for groups 1.80 (5%) and 2.44 (1 %). 

Statistics 

Treatments 1% 

Group 1% 

Treat x Grp NS 

SE. 2.14 

CV% 16.50 

• Means are compared at the 1% level within each column . 

Appendices: Data 3A.5.4. Statistics 4A.5.11. 

Table 5.17 . Shoot Growth Heights Measured 26/9. 

I Treatment Sh oot Group j 

3RC 18.41 A* 15/8 29.62 A 

15c 24.65 B 22/8 25.55 AB 

HC 22.18 AB 29/8 24.02 AB 

5/9 19.04 B 

12/9 10.48 C 

LSD for treatments 4.56 (5%) and 6.28 (1%). 

LSD for groups 5.89 (5%) and 8.11 (1%). 

Statistics 

Treatments 5% 

Groups 1% 

SE. 5.88 

CV% 27.00 

• Means are compared at the 1% level within each column. 

Appendices: Data 3A.5.4. 4A.5.12. 

..! 



The average shoot heights measured on the 15th. of August through 

to the 25th. of October. These were averaged for each group. 

Figure 5.14. 

a. (top left) 3RC 

b. (top right) 9C 

c. (bottom right) 15c 

d. (bottom left) HC 
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Relative shoot numbers were still the same as the initial values 

(table 5.11.) on the 12/9 (table 5.18.) while two weeks later on the 26/9 

(table 5.19.) there had been a little shoot death, but still with the same 

significant group ranking with no significant treatment differences (fig. 5.15.). 

Table 5.18. Relative Shoot Numbers Measured 12/9. 

Shoot Group i Stat istics 

15/8 0.517* Treatments NS 

22/8 0.569 Groups 1% 

29/8 0.302 

5/9 o.487 SE. 0.159 

12/9 0.299 CV% 36.60 

LSD for groups 

level. 

* Arcsin transformed values. 

•• Means are compared at the 

Appendices: Data 3A.5.4. Statistics 4A.5.11. 

Table 5.19. Relative Shoot Numbers Measured 26/9. 

Shoot Group Statistics 

15/8 0.459*AB** Treatments 

22/8 0.520 A Groups 

29/8 0.261 B 

5/9 0.388 B SE. 

12/9 0.278 B CV% 

LSD for groups 0.164 (5%) and 0.221 (1%). 

• Arcsin transformed values. 

•• Means are compared at the 1% level. 

0.165 

43.30 

NS 

1% 

Appendices: Data 3A.5.4. Statistics 4A.5. 12 



The relative shoot numbers 5 cm or greater in length measured on the 

15th. of August through to the 25th. of October. These wet·e averaged for 

each 'group'. 

Figure 5. 15. 

a. (top left) 3RC 

b . (top right) 9c 

c. (bottom right) 15C 

d. (bottom left) HC 
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As a measure of production, the relative shoot production on the same 

dates was similarly analysed (tables 5.20., 5.21.; fig. 5.16.). 

Table 5.20. Relative Shoot Production Measured 12/9. 

Shoot Group Statistics 

15/8 478.75 A* Treatments NS 

22/8 458.25 A Groups 1% 

29/8 133.00 B 

5/9 231.83 B SE. 172.93 

12/9 62.33 B CV% 63.30 

LSD for groups 143.2 (5%) and 189.2 (1%). 

• Means are compared at the 1% level. 

Appendices: Data 3A.5.4. Statistics 4A.5.11. 

Table 5.21. Relative Shoot Production Measured 26/9. 

Shoot Group Statistics 

15/8 632.11 A* Treatments NS 

22/8 623.66 A Groups 1% 

29/8 209.66 B 

5/9 325.77 AB SE. 296. 80 

12/9 119.66 B CV% 77.80 

LSD for groups 300.5 (5%) and 405.5 (1%). 

• Means are compared at the 1% level. 

Appendices: Data 3A.5.4. Statistics 4A.5.12. 

Being a relative measure, treatment differences were negligable, but 

group differences were highly significant on both dates. The salient features 

are the much greater values of the first ·two groups compared with later groups. 

The productive effect of the high relative shoot number of the fourth group 

(table 5.11.) was halved by their much shorter length (tables 5.16., 5.17.). 

This latter effect was particularly apparent in the Hd treatment where on the 

12/9 the fourth group's RSN was greatest . (fig 5.15d.) and yet its RSP was 

only ranked third (fig. 5.16d.). However, the third and later groups increas­

ingly contributed to the total RSP as the treatment defoliation frequency 

decreased. 



The relative production of the -field growth shoots (relative numbers 

x average shoot height) calculated for the 15th. of August through to the 

25th. of October. These were averaged for each group. 

Figure 5. 16. 

a. (top left) 3RC 

b. (top right) 9c 

c. (bottom right) 15C 

d. (bottom left) HC 
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As a more accurate growth comparison between treatments an adjusted 

average shoot height (over all groups) was calculated for each treatment and 

for each week of measurement. The total RSN was divided into the total RSP 

thus making allowance for the RSN difference between groups. The 9C, 15C and 

HC treatments had very similar adjusted heights while the 3RC treatment was 

consistently shorter (fig. 5.17.). These differences were supported by the 

associated ANOVA (table 5.22.) calculated for the adjusted shoot heights on 

the 26/9. It was also readily apparent that shoot height growth rates were 

similarly grouped. 

Table 5.22. Adjusted Average Shoot Heights Measured 26/9.(cm) 

Statistics 

3R 19.36 A* Treatments 1% 

15 25.50 B SE. 1.18 

I 
H 26.90 B CV% 4.87 

I 

LSD for treatments 2.64 (5%) and 4.38 (1%). 

• Means are compared at the 1% level 

Appendices: Data 3A.5.4. Statistics 4A.5.14. 

In all treatments, any shoots arising in the sixth week were of no produ­

ctive consequence, senescing within the next week or two. 

5.2.4. The Basal Shoot Growth of Mature Lucerne. 

No new basal shoots (one leaf expanded, section 5.1.1.) were found on 

the dissected plants of the 3R and H treatments of the 15 11 and 15/H samples 

respectively, dug approximately four weeks before the H harvests. During 

the latter period new basal shoot growth occurred in all treatments. As a 

percentage of the H harvest total shoot growth, this was 11-12% for the H 

treatments and 5% and 23% for the 3RC and 3RW treatments respectively 

(table 5.23.). On a shoot weight basis this treatment pattern was different. 

Table 5.23. Basal Shoot Growth as a Percentage of the Total Hay Harvest. 

C w 
3R 5.38 22.80 

H 11.10 12.23 

,. . '~'·.' . .. ..,. 
~ ~ 

p 



Figure 5.17. The adjusted average shoot height for the four Chanticleer 

treatments. For each day of measurement the average shoot 

height of each treatment was adjusted according to the relat­

ive shoot number as explained in the text (section 5.~.3.). 

. I 
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The AN0VA's for shoot dry weights and shoot numbers were calculated 

using square root transformed data in accordance with frequency distributions 

previously prepared (section 3.5.). While varietal differences were not 

significant for either variable, the H treatment was greater for each (tables 

5.24., 5.25.), although LSD differences were not quite significant (P = 0.05). 

The results are illustrated in fig. 5.18. 

Table 5.24. Basal Shoot Growth. (gm/plant) 

Natural Transformed• Statistics 

3R 0.255 11 ;032 Varieties NS 

H 0.885 13.512 Treatments 1% 

SE. 2.260 CV% 18.40 

LSD for treatments 2.60 (5%) and 3.48 (1%) . 

• Square root transformation 

Appendices: Data 3A.5.3. Statistics 4A.5.16, 

Table 5.25. Basal Shoot Number. (No./plant) 

Na tural Transformed• Statistics 

3R 9.55 30.56 Varieties NS 

H 19.83 43.33 Treatments 1% 

SE. 13.37 CV% 36.95 

LSD for treatments 15.4 (5%) and 20.5 (1%). 

Appendices: Data 3A.5.3. Statistics 4A.5.16. 

I 
I 
I 



Figure 5.18. The components of the new basal shoot yield of the mature 

growth at the hay hArvest of the 3R and H treatments of 

both varieties. 

The number of basal shoots (including buds) greater than 

1 cm lo_ng. 

The total shoot yield 

The yield of stems. 

The leaf yield. 
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The shoot stem/leaf ratio ANOVA showed both varieties and treatments 

to be significant, but with only the treatments having LSD significance 

(table 5.27.). The 3R treatment had the greater ratio. The greater Chanti­

cleer variety ratio approached LSD significant :difference (P = 0.05) over 

Wairau . 

Table 5.27. Basal Shoot Stem/Leaf Ratio. 

C w C + w Statistics 

3R 10.03 5.90 7.96 a* Varieties 

H 4. 71 3.30 4.02 b Treatments 

Av . 7.38 4.60 SE. 1.72 

CV% 28.60 

LSD for varieties and treaments 2.96 (5%) and 4.48 (1 %). 

• Means are compared at the 5% level. 

Appendices: Data 3A.5.5. Statistics 4A.5. 16. 

5% 

2% 

On the field growth plants, basaf shoots and bud numbers were counted 

from the 3/10 and the 11/10 respectively, through to the 31/10 for the 3RC 

and H treatments (table 5.28~). Only the Chanticleer variety was measured. 

Table 5.28. Basal Shoot Growth of Mature Lucerne as Measured 

on the Field Growth Plants. 

Basal Bud Numbers. 
-, 

3/10 11/10 18/10 25/10 31/1 o I 
3RC - 5.40 5.30 5.50 5.80 

HC - 7.20 7.90 4.90 2.70 

Basal Shoot Numbers. 

3/10 11/10 18/10 25/10 31/10 

3RC 0.10 .0.30 o.4o 1 .40 2.30 

HC 0.20 o.4o 1.50 5.10 5.20 
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The results, although not analysed are described. The basal buds were 

high at the start of measurement in both treatments, but then started to de­

crease for the H treatment while staying costant for the 3RC treatment. In 

contrast, starting from near nothing, the HC basal shoot numbers levelled at 

a maximum in the last two weeks, while the 3RC shoot numbers still increased 

throughout the measurement period. 

5.3. Discussion. 

5.3.1. Lucerne Plant Growth. 
been 

The lucerne top growth has;analysed without reference to shoot 

types. During the experiment an attempt was made to differentiate between 

stubble and basal shoots. This was not successful as it was later realised 

that an inappropriate classification had been used. Shoots arising from the 

base of stubble stems were erroneously classified as stubble shoots (section 

2.3.3.). These as is to be expected (Leach, 1970a; Keoghan, 1970), repres­

ented up to 500/4 of the total shoot number especially in the early growth. 

The overall significance of the ANOVA results in table 5.2. provides 

strong support for the curve comparisons made . In similar support was the 

generally lower significance of the root and crown dry weight comparisons. 

The relative accuracies of the curve fits supported these conditions. The 

leaf and shoot weight curves all had R
2 

greater than 0.684, while the maximum 

R2 for any root (root plus crown, RTCR) curve was o.445 and for total plant 

weight 0.703. The scatter of observed mean values about each curve suggests 

support (figs. 5.1., 5.2., 5.3., 5.4.) 

The comparison and fitting of th curves was only practically feasible 

because of the availability of computer facilities. More frequent observations 

in time, if available, would have given more representative and accurate fits. 

Apart from this, the experimental design limitations meant that this method 

of analysis was the only satisfactory one available. Aspects of improved exper­

imental design are discussed in chapter 10. Within the analysis used, the 

major point of criticism is the use of the Least Significant Difference (LSD) 

method used for the comparison of means. This is recognised as the least 

powerfull of the available methods (Steele and Torrie, 1960; Snedecor and 

Cochran, 1967; Roscoe, 1969). As there were differences in the number of 

observations used to fit individual curves, the range of methods available 
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was restricted to the LSD method (Steele and Torrie, l.c.) and the Scheffe 

test (Roscoe, 1969). The validity of these methods for these circumstances 

has been verified (Steele and Torrie, 1960). In view of the low increase of 

significance obtained with the Scheffe test, as earlie r indicated (section 

5.2.1.1.), most of the significance interpretation was based on the LSD 

results. To improve the performance of the LSD method, t-values with P = 0.01 

were used and the results interpreted in accordance with the more obvious 

and general treatment differences and trends indicated; this interpretation 

approach was also used to reduce the disadvantages arising from _the compar­

ison of all possible pairs of means (Steele and Torrie, l.c.; Snedecor and 

Cochran, 1. c.). 

Although the leaf and shoot growth curves showed the expected treatment 

trend of increasing growth with reduced defoliation frequency (section 

2.3.1.1.; figs. 5.1., 5.2.), within the Chanticleer variety the general lack 

of significance between the 9", 15" abd H treatments compared to the signif­

icantly lower leaf and shoot growth of thw 3R treatments was unexpected. 

Similar significant observations of the field growth measurements support 

this (section 5.2.3.). Further mea surements of the 9C and 15C treatments 

would have been needed to establish the continuation of these treatment 

groupings through to mature growth. 

For the 3RC, HC and HW treatments it was apparent from a comparison 

near maturity (i.e. day 70 onwards) of their shoot and leaf weight changes 

that considerable stem weight increase occurred. This is supported by the 

relatively uniform but steep increase of the stem/leaf ratios (fig. 5.11.) 

ov er this period. Between varieties, the earlier maxima of leaf production 

for the Wa irau variety is at variance with the similarity of the patterns 

of stem/leaf ratio change between the two varieties. This indicates a 

lower rate of stem growth for the Wairau treatments during these mature 

stages in association with the leaf loss. Because of the lateness of flower­

ing in both varieties it is . difficult to interpret this as a difference of 

the time of maturity. Normally the sativa type Chanticleer would have been 

expected to mature first {section 2.1.1.). 

These mait·ure shoot growth responses were supported by an associated 

decrease of the rate of shoot height growth as measured in the field for the 

3RC and HC treatments (fig. 5.16a,d) as also observed by Keoghan (1970). In ,· 

the 3R and H treatments the initiation of .new basal shoots (section 5.2.4.) 

• 
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indicated a change of the plants physiological state which may have led to a 

reduction of mature shoot elongation. Recent work by Bailey et al. (1970) 

indicates that the apparent stem weight increase would have been largely 

due to an increase of the structural carbohydrates, cellulose and lignin. 

A comparison of the leaf and shoot growth curves for each treatment 

(figs. 5.1., 5.2.) over the first 60 days growth, i ndicates the close rela­

tionships between these growth variables. A highly significant slightly 

curving regression grouping all treatments verified this (fig. 5.21.).Smith, 

Mott and Bula (1964) demonstrated a close lucerne LAI/ top growth relation­

ship, while Steinke (1963) showed these same variables to have a highly 

correlated linear relationship, as also did Brougham (1956) with a grass 

sward . Although the dependence of the top growth on leaf growth is indicated, 

it is only the basic aspect of what is in fact a very complex relationship 

evidenced by the recent investigations of the LAI/CGR relationships and the 

many associated influencing factors (section 2.3.4.). 

The higher relative rate of leaf production for the first 30-40 days 

for all treatments, observed from the stem/leaf ratios (fig. 5.11.), was 

also observed by Keoghan (1966), after which the maturity effects discussed 

earlier started to be effective. The significant stem/leaf ratio differences 

be tween the 3R and H treatments could have been due to a complex of several 

factors such as the relative differences of stem thickness, average leaf 

size and number per stem associated with internode length differences. No 

appropriate measurements w.·ere available to verify these factors. The regul­

arity of the differences of stem/leaf ratio between varieties is difficult 

to explain other tnan t o suggest a genetically based varietal difference 

which would have to be verified. An unanswered problem is the explanation 

for the 9C and 15C treatment responses, especially the 9C response. 

The below ground parts, root and crown were combimed (RTCR). This is 

considered valid as the dry weight of both had a similar cyclic response to 

defoliation (figs. 5.9., 5.10.) and both are organic reserve storage organs 

(section 2.2.2.). The lower RTCR weights of the more frequently defoliated 

3R treatment compared to the H treatment was typical of previous reports 

(section 2.3.1.2.), -as also was the H treatment's initial decrease with 

time to minimal RTCR weight lev·els. For the H treatments, the period of this 

RTCR weight decrease lasted 5-6 weeks compared to the more often reported 

2-4 weeks (section 2.3.1.2.). This was probably associated with the slower 



Figure 5.21. The relationship between the weight of shoot growth and the 

associated weight of leaf growth was calculated from the leaf 

and shoot weight values determined from the leaf and shoot 

growth curves (figs. 5.1., 5.2.). The va lues for all treat­

ments were used for the regression calculation. 

Y = -0.090 + o.433t - o.019t2 

F = 1406.83 SE. of estimate 0.091 DF = 72 
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spring growth and an associated slower rate of organic reserve depletion. For 

the 3R treatments, the variability of the results indicates that the RTCR 

weight changes which were smalliwere also largely insignificant, this latter 

also applying to the 3RW treatment's H harvest decrease (fig. 5.3.). The 

measured RTCR responses for the 9C and 15C treatments is not physiologically 

explainable and to some extent at least, is probably explained by sampling 

errors. At the same time though, the consistency of the trends between samp­

ling dates indicates that there were possibly other factors involved. It must 

be remembered that these weight changes refer tQ the bulky storage organs; no 

consideration was given to the weight changes of the smaller roots which 

collectively represent a large proportion of the total root weight . Physiologic­

ally, this unmeasured portion of the root system may be of equal importance 

for its nutrient suppling capacity (sections 2.4.1.2., 2.4.1.4.). 

The total plant growth responses (fig. 5.4.) as a collective result of 

the RTCR and shoot growth emphasised the significant differences between the 

3R and H treatments and the greater HW plant size relative to the other 

treatments. The 9C and 15C results were suspect, largely because of the 

measured response of their RTCR components. 

The decrease of shoot numbers observed over the whole experimental per­

iod for all treatments and the extent of these decreases was a significant 

aspect of total shoot production. This shoot senescence was directly verified 

from the field growt~ measurements (sections 5.2.3., 6.2.) and as such repres­

ents a considerable direct loss as actual dry weight ( from shoot death) and 

indirectly as lost potential production (from shoot growth not completed). 

The RD harvest shoot numbers for the 9W and 15W treatments were avail­

able with these being intermediate between the 3RW and HW treatments. This 

provides supporting evidence for the large initial HW shoot numbers. This 

Wairau response is in keeping with what is generally expected from such a 

range of defoliation frequencies (section 2.3.3.) and is in sharp contrast 

to the unexpected similarity of the shoot numbers recorded for the equival­

ent Chanticleer treatments. Only the lower 3RC treatment number satisfied 

the expected relative treatment response. The reasons for this Chanticleer 

response are not known, but it is partly supported when the replication mean 

number of shoots counted on the respective field growth crowns are compared.* 

• For such a comparison it is a reasonable approximation to consider the 

crowns identified as being single plants (section 5.1.1.). 
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The treatment means of the 3RC, 9C, 15C and HC treatments were 31.3, 47.3, 

57.3 and 51.7 shoots respectively. This similarity of the 9C, 15C and HC 

treatments was also observed for their individual shoot rates of elongation 

(section 5.2.3.). 

The initial Wairau shoot numbers were proportional to the initial plant 

size (table 5.30), an obsevation similarly made by Ueno and Smith (1970). 

This rela tionship was less satisfactory for the Chanticleer variety as might 

be expected from the lack of shoot number significance between the defolia­

tion treatments. These relationships are further indicated by the shoot num­

ber/plant size correlations using the single plant data. These were 

r = o.82 for Wairau•• 

r = 0.57 for Chanticleer.(table 4A.5. 

Tabl e 5.30. Shoot Number/Plant Size Rel ationship on D~y o.• 

Shoot No. (No./plant) 
••• Root Weight (gm/plant) 

Shoot No. 

Root Weight 

• Observed data was used. 

3RC 

14.30 

3.09 

3RW 

18.10 

2.89 

•• Root plus crown (RTCR) weight. 

9C 

12.20 

3. 61 

9W 

21.50 

2.99 

15c HC 

11.00 15.40 

3.12 5.92 

15w HW 

27.90 45.20 

4.15 7.61 

Average single shoot weights were determined (table 5.31.) from the 

calculated shoot growth and number values (tables 5.2., 5.5.). Within the 

Wairau variety, there was little difference between the 3R and H treatments 

for all the sampled days, except for day 84 when the H treatment's average 

shoot weight had increased sharply. Ueno and Smith (1970) observed a simil­

ar average shoot weight similarity between small,medium and large plants in 

pots using Vernal lucerne; a falcata type (Iversen and Meijer, 1967). 

•• Both correlation coefficients were highly significant (P = 0.001). 
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However, the Chanticleer 3R and H treatments had different average shoot 

weights, the latter being considerably larger at all stages, while the 3RC 

results closely resembled those of the Wairau treatments. 

Table 5.31. Average Shoot We i ghts.(gm) 

Days 0 14 28 42 56 70 84 

3RC 0.034 0.061 0.109 0.195 0.340 0.570 0.880 

9C 0.043 0.050 0.090 0.190 - - -
15c 0.055 0.056 0.116 0.315 0.600 - -

HC 0.058 0.086 0.151 0.297 0.610 1.120 1.460 

3RW 0.034 0.039 0.080 0.177 0.370 0.600 o.64o 

HW 0.035 0.059 0.109 0.210 o.415 0.772 1.120 

There is evidence that the lower shoot weights of the 3R treatments 

were associated with growth limitations (secteon 5.3.4.), while the low HW 

shoot weights were probably due to inter-shoot competition up until day 70 

when the lower shoot number (fig. 5.5.) may have permitted quicker, more 

competitive growth. The shoots of the HC trea t ment on the other hand probably 

had less inter-shoot competition du e to t heir small er numbers and so were 

able to grow larger. The 15c trea tment's shoot weights were similar. In 

contrast t o t he 9C, 15C and HC treatme nt's shoot number similarity, t he 

9C treatment's average shoot weight was similar to that of the 3RC treatment. 

Evidence for these competitive situations and shoot size plasticity has been 

presented severally (section 2.4.2.3.). 

5. 3.2. Lucerne Growth Rates. 

The general increase of the average CGR's with decreasing defol­

iation frequency was in aGre ement with the shoot growth curves (fig. 5.2.). 

Between the extreme 3R and H treatments there were distinct differences. 

Within the Chanticleer variety the average RGR's were very similar for 

the 9, 15 and H treatments. It would have been interesting to know if this 

was also the case for Wairau with the larger shoot number differences between 

it's treatments (fig. 5.6.). The average RGR comparisons indicated that the 

3R treatments grew less efficiently than the less frequently _defoliated 
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treatments. This suggests that the plants of this treatment were the only 

ones ih which the efficiency of the actual growth processes had been reduced. 

This suggestion is further discussed in section 5.3.4. The lower growth effic­

iency of the 3R treatments confirms similar defoliation effects observed by 

Steinke (1963) in a glass house experiment. 

5.3.3. Lucerne Plant Morphology and Size. 

The aspect of stem/leaf ratio has been fully discussed (section 

5.3.1.) 
The root/shoot (R/S) ratio responses for all treatments were in line 

with the expected post-defoliation responses, but in this case, the high 

initial R/S ratio was largely due to the lack of winter/early spring growth . 

The main treatment difference was the greater shoot growth associated with a 

greater RTCR weight loss of the H treatment in the first ·weeks of growth, 

causing the R/S ratio to decrease quicker and further than the more gradual 

3R treatment changes. Although the RTCR values used did not include the finer 

lateral root system, the growth of these latter roots was probably initially 

restricted by low soil temperatures (Leopold 1964); thus,if the whole root 

system had been available the root weight defoliation responses would prob­

ably still have been similar. 

Although the 3R treatments appeared to have slightly higher R/S ratios 

'with the more mature growth suggesting less efficient shoot productivity 

per plant, all treatments tended to reach a stable level giving a R/S ratio 

between 1 and 2. There appears to be more probability of fluctuations being 

associated with seasonal and growth conditions tha n from treatment effects. 

With the same root measu ement as here, Nelson and Smith (1968a) obtained 

R/S ratios of 0.7, 2.0 and 4.o for spring, summer and autumn yields respect­

ively. It is interesting to note that at all growth stages with all treat­

men~s, the RTCR weight was greater than the associated maximum shoot growth, 

and this being markedly so if the whole root system is considered. 

Consideration was given to whether the total shoot productivity relat­

ive to plant size was affected by the treatments. To obtain an indication 

from ~he four extreme treatments, the ratios of peak shoot weight to initial 

crown plus stubble weight (on day 0) were calculated and compared (table 5.32.). 
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Table 5.32. Shoot/Crown+ Stubble Ratios 

3RC 3RW HC HW 

Peak Shoot Weight• 2.63 2.74 7.10 7.17 

Crown+ Stubble•• 1.37 1.27 2.52 3.67 

s/c 1.92 2.16 2.80 1.95 

• Estimated values from the growth curves (gm/plant). 

•• Initial (day 0) values from the observed data (gm/plant). 

From these it is apparent that within the Wairau treatments, the rel­

ative crown plus stubble productivity was similar. For the Chanticleer var­

iety there was a marked decrease from the H to me 3R treatments, the latter 

being comparable to the Wairau treatments. The greater HC relative crown prod­

uctivity was associated with the smaller crown size as the shoot growth between 

the H treatments was identical. 

The large plant size variability of all treatments and both varieties 

(table 5. 12.) limited the accuracy of the single plant measurments. Most other 

workers have avoided this problem by using area based measurements or for more . 

controlled studies,spaced or potted plants of common clonal origin. It was only 

r ecently that Ueno and Smith (1970) considered plant size growth differences. 

Using three year old transplanted Vernal lucerne plants, they formed three plant 

size groups of 1.80, 5.20 and 15.80 gm per plant based on the comb ined initial 

weight of the tap root 10cm, crown and 5cm stubble. Vernal lucerne, a more fal­

cata type, has a type classification similar to Wairau (Iversen and Meijer, 

1967) and the abov e weights suggest a range not unlike the HW treatment weights 

(fig.5.15.). The only other known plant size study was made by Silva((1968). 

In their respective studies, both related total shoot yields to plant size at 

the start of growth. It was not possible to establish this relationship in 

the thesis experiment, but the relative constancy of the Wairau ratios of peak 

shoot growth to the tap root plus crown weights on day 0 (table 5.3}.) suggests 

these treatments were in agreement. The Chanticleer treatments did not comply. 

The HC treatment with the higher ratio showed greater productiviyy on this basis. 

It must be remembered that the signi ficance of these ratios is restricted in 

that only part of the total root weight is involved. 



106 

Table 5.33. Shoot/Root plus Crown Ratios. 

3RC 3~ RC HW 

Peak Shoot Weight* 2.63 2.74 7.10 7.17 

Root + Crown*• 3.09 2.90 5.90 7.60 

s~ 0.85 0.94 1.20 0.94 

* Estimated values from growth curves. (gm/plant) 

•• Initial (day O) values from the observed data. (gm/plant) 

The similarity of plant size for varieties contrasts with the varietal 

differences observed between treatments for other plant variables. The relat­

ively regular increase of mean RTCR weight as defoliation frequency decreased 

was in line with the expected results (sections 2.3.1.2., 2.3.2.). The tendency 

for the range of size to increase similarly has not been reported before. The 

l a rger range of the H treatments, especially for Wairau, may have been related 

to the greater stem densities and long periods with a closed canopy, resulting 

in greater inter-plant competition with some resultant smaller plants. This 

could have been associated with extended root and crown growth of the larger 

plants during the longer periods of more mature growth (section 2.3.1.2., fig. 

5.3.). Even so, within all treatments of both varieties some very small plants 

were present, indicating a high degree of persistence for these plants in the 

less frequently defoliated treatments in particular. 

The single lucerne plant is in most cases a discrete plant unit and as 

such is,generally more amenable to single plant level growth studies in com­

parison with other species, although this is likely to be fraught with a very 

large plant size variability, particularly with field studies. 

5.3.4. The Nature of Lucerne Shoot Growth. 

The techniques used in this study can be criticised on two counts. 

The first is the use of a shoot height/weight relationship. This normally 

decreases, particularly during more mature growth stages (Keoghan, 1970), but 

such decreases are unlikely to have been great up until the 3/10 when the 

measurements pertinant to this chapter were completed. Secondly, some degree 

of manual shoot and maybe growth hinderance probably resulted from the handling 

involved with the weekly measurement of each shoot. This was not visually appar­

ent and is assumed to have been similar for all treatments. 
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All treatments had an extended period of active new shoot extension last­

ing for 4 to 5 weeks . This is likely to be shorter and at a faster rate later 

in the season with warmer growing conditions. Compared to the other treatments, 

the 3RC treatment showed a tendency, although not significant, to have a lower 

rate of new shoot extension after the first two weeks. The different patterns 

of plant shoot number changes with time between treatments (fig. 5.17.) indic­

ates this . It is suggested that this 3RC treatment limitation may have been of 

physiological origin such as an insufficient supply of organic and/or mineral 

substrates necessary for growth and possibly a growth hormonal limitation. 

This probably being related to the weakened plant condition (section 2.4.1.4.). 

Within each treatment, the similar shoot height growth rates between the 

first groups (fig. 5.16.) strongly indicat ed a relative self-sufficiency in 

growth for each shoot once it reached a minimal size, or more likely, a minimal 

leaf area as reported by Silva (1968)(section 2.4.1.3.). At any given time 

during regrowth it is thus apparent, that the earliest elongating shoots gener ­

ally contribute most to the total yield. The relative production results (tables 

5.21, 5.22,fig. 5.18.) clearly showed that this size advantage of the earliest 

elongating shoots was much enhanced when there was a large number of these. 

Thus, in the "first instance", high levels of total shoot production have a 

basic dependence on the number of shoots present, and secondly, are strongly 

influenced by the time when each starts to elongate. These conclusions are the 

same as those of Leach (1969a, 1970b) and Keoghan (1970). Total shoot yield 

differences between treatments of d ifferent defoliation frequency are expected 

to be largely expressed in terms of these two factors. 

Later elongating shoots are presumably in competition for light resulting 

in slower growth rates and hence size, and, being of smaller nu~ber, their 

~ombined production contribution is small. The associated cessation of new 

shoot initiation during the same period (table 5.14.) is likely to be in part 

at least a hormonal based inhibition comparable to apical dominance (Leopold, 

1964), although internal competition for growth substrates may be implicated. 

The above aspects are initially the important yield components of total 

shoot growth •. With later growth in the thesis experiment, whole shoot senescence 

became apparent in all treatments of long enough duration. This was at about 

the time new shoot development ceased. Whole shoot senescence became a major 

. determinant of total shoot yield. This may be typical of other spr•ing growl'.l 

field experiments although ·similar reports do not appear to exist. This aspect 

of senescence is expanded upon later (chapter 6). 
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The above general results were equally applicable to all treatments. The 

important treatment difference was the significantly slower 3RC treatment's 

shoot height growth rates, which applied to all the 3RC shoots irrespective 

of when they started elongating. This condition, and the associated reasons, 

are probably related to the similar condition pert aining to the limited init­

iation and extension of new 3RC treatment shoots as previously discussed. Of · 

equal importance between treatments was the similar shoot height growth rates 

of the 9C*, 15C and HC treatments, indicating that the above requirements of 

shoot numbers and when each starts elongating were major determinants of their 

yield differences. These t wo treatment differences suggest that in the one 

environment with Chanticleer lucerne, increa sing defoliation frequency does not 

affect individual shoot growth per se, until a critical defoliation frequency 

is attained. More work is needed to verify this conclusion. Further, varietal 

differences are likely to be existent because of the very different shoot 

number patterns between treatments already observed (section 5.2.1.5.). 

5.3.5. The Basal Shoot Growth of Mature Luc erne . 

This represented quite a substantial compdnent of the final yield, 

for the H treatment in particular. In absolute terms the significantly greater 

basal shoot weight of the H treatments is expected, if only because of the 

larger plant size. The very high 3RW percentage of total shoot growth was part­

ly due to the low amount of mature shoot growth measured (table 5.4.) 9 

With the Chanticleer variety, a further factor was the earlier develop­

ment of more basal shoots in the H trea tment of the field growth study indic­

ating earlier maturity (table 5.28.). It would have been interesting to know 

if the 9c and 15C treatments had intermediate maturity times or not, by this 

criterion. These results should not be extrapolated to the Wairau variety 

regardlessly. The measured but non-significant basal shoot yield advantage 

for the Wairau 3R and H treatments (fig. 5.18.\coupled with the earlier attain­

ment of maximum whole plant leaf and shoot weights (figs. 5.1., 5.2.)9 implies 

that the Wairau treatments matured earlier. This is not the expected varietal 

order of response as the more sativa type lucernes are generally acknowledged 

as maturing earlier (Iversen and Meijer, 1967). It could be that this is only 

applicable to the spring growth. 

Among the other variables measured, the greater basal shoot number for 

the H treatments is as expected and similarly for their lower stem/leaf ratios 

indicating measurement at a later and hence leafier stage of development. This 
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is further supported by their greater average shoot weights. The greater stem/ 

leaf ratio of Chanticleer was expected, as sativa type shoots of the same age 

are less leafy (section 2.1.1.). 

Tme productive value of the basal shoot growth ner se is questionable. When 

cutting the H harvest, a significant number of new basal shoots were removed. 

A regrowth delay may have been induced by the time taken for further new replace­

ment shoots to establish and reach a photosynthetically self-sufficient stage 

of growth . It is considered that defoliation as new basal shoots are just start­

ing to appear is more efficient. The plant is then considered to be physiologic­

ally prepared for regrowth (Mitchell and Denne, 1967); what shoots are present 

would probably be retained with apices intact even with quite close defoliation; 

in these conditions the resumption of active shoot regrowth would normally be 

rapid. The advantages of these aspects have been recognised by Nelson and Smith 

(1968a) and Leach (1969a). 

With delayed hay defoliation as in the thesis experiment, the period of 

lo~er mature shoot growth rates (fig. 5.2.)also represented a period of reduced 

growth efficiency. The very rapid mean crop growth rates of the 1~1 treatments' 

second harvest growth for both varieties (table 4.15.), strongly indicated 

that for the H treatment at least, significant growth advantages would have 

been obtained by defoliating at about the time of the 15/H sampling. At this time 

field growth observations indicated new basal shoots were starting to arise 

(table 5.28.). This relationship and associated yield benefits have been observ­

ed in other studies (Tysdal and Kiesselbach, 1939; Crowder et al. 9 1960). In 

practical terms though, it may be difficult in some instances to coordinate 

cutt ing times with the commencement of new basal shoot extension. 

5.3.6. Defoliation Criteria. 

The use of shoot height as a defoliation criterion is physiologically 

sound as it incorporates the influence that the complex of physiological, envir­

onmental and management factors have on lucerne growth. With suitable experi­

mental design these can be incorporated into treatment growth comparisons. The 

aspect of experimental design is discussed later (section 10.1.). I n practical 

terms, this criterion is generally less efficient . 

This last statement was applicable in the thesis experiment, in which the 

mean shoot height estimates were mostly erroneous. The equality of the adjusted 

average shoot heights between the 9C, 15C and HC treatments for the field 

growth measurements (section 5.¢.3.) indicated that for each growth stage these 

,. 
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treatments should have been sampled at about the same time. This, in contrast 

to the considerable sampling time differences that occurred (table 5.1.). From 

the sampled growth study plants (section 5.2.1.) the lengths of the shoots were 

availa ble. The mean shoot length for each treatment at the 3", 9" and 15" 

sampled growth stages were calculated and compared with the expected values in 

a Chi-square analysis (table 5.34a.). The observed values were very signific­

antly different from t h e expected values. From t he subs equent Chi-square analyses 

of treatment totals and sampled growth stage totals (tables 5.34b,c.) it was 

shown that the judgement error increased with stage of growth, but more notic ­

ably for the less frequently defoliated treatments. 

a. 

b. 

6 

Table 5.34. The Accuracy of Shoot Hei ght Estima t i ons . (cm) 

411 

Days Obs Obs-Exp 

3RC I 
27 9.1 - 1.1 

9C 23 7.3 - 1. 9 

15C . 18 6.4 - 3.8 

HC 13 6.4 - 3.8 

3RW 31 8.5 - 1. 7 

HW 25 8.4 - 1.8 

Exp = 10.2 cm 

x2 = 31.41 DF = 9 

Trent ment Tot a ls . 

Exp Obs 

3RC 23.7 19.87 

9c 23.7 18.06 

15C 23.7 17.46 

HC 23.7 14.30 

3RW 23.7 21.80 

HW 23.7 16.80 

X2 = 10.84 DF = 5 

0.10 ..>P .)i-0.05 

Obs-Exp 

-3.83 

-5.64 

-6.24 

-9.40 

-1.90 

-6.90 

9" 15" 

Days Obs Obs-Exp Da ys Obs Obs-Exp 

45 21.3 - 1. 5 61 ·28.2 - 9.9 
• 

37 17.2 - 5.6 ( - 29.7 - 8.4) 

34 13.2 - 9.6 51 32.8 - 5.3 

32 11.2 -11.6 48 25.3 -12.8 

48 22. 4 - o.4 67 34.5 - 3.6 

38 14.7 - 8.1 51 27.3 -10.8 

Exp= 22.8 cm Exp= 38.1 cm 

P = 0.005 

c. 

Growth Stage Totals . 

Exp Obs 

3RC 10.2 7.68 

9n 21.8 16.66 

15" 38.1 29.63 

X2 = 3.70 DF = 2 

0.25 _). P > 0.10 

Obs-Exp 

-2.52 

-5.13 

-8.47 

• 9C observed value estimated with t he method of section 3.5. 
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Only the 3R treatments showed any consistent judgement accuracy. This 

was probably associated with the longer growth periods of these treatments 

(table 5.34a.) and maybe partly due to the larger proportion of the shoots 

of these treatments tending to arise in the first two weeks of growth (section 

5.2.3.) and thus resulting in a more uniform shoot length distribution. 

In contrast, the 9C, 15C and HC treatments were sampled after shorter growth 

periods, these decreasing in this treatment sequence and further they had a 

more diverse distribution of shoot height and ages (figs. 5.16a,b,c,d., 

5,17a,b,c,d.). These factors, when considered in association with the relative 

similarity between treatments of the adjusted average shoot heights of the field 

growth plants, collectively support and provide the basic reasons for the erron­

eous nature of the shoot height estimations made. Probably, this judgement 

error, largely originated from an expectation of faster growth and hence height, 

as defoliation frequency decreased. The resultant psycological bias would have 

influenced the visual estimates made . This was certainly the case for Chanticleer, 

but also appears to have been similar for Wairau, although the larger initial 

shoot numbers (fig. 5.5.) may result in a more uniform shoot length and hence 

more accurate shoot height estimation. 

A further problem is how to estimate the mean shoot height. With there 

being such a diversity of shoot heights in the lucerne canopy ( a lso Cowett and 

Sprague, 1962; Leach, 1968a; Keoghan, 1970), it is very difficult to select 

a random sample of shoots which give a good estimate of the mean shoot height. 

Further, as here, this is impractical if frequent measurements are needed for 

determining the attainment of a specific mean shoot height. 

Statistically, it is preferable that all samples to be compared should 

be taken at the same time. From the above considerations, it would appear that 

this would have given a reaso nable physiological comparison for all but the 

3R treatments. From table 5.34a, the 3R and H data suggests that the psycholog­

ical bias may have also been operating between varieties, for the Wairau variety 

tended to have a greater mean shoot height at each growth stage. For a given 

growth period, the falcata type Waira~ was expected to have shorter shoots than 

the more sativa type Chanticleer (Iversen and Meijer, 1967). A direct variety 

comparison of shoot height growth over equal time intervals was not obtained. 

The determination of the hay stage of growth also presented some diffic­

ulty. For flowering,lucerne is a long day species (Thomas, 1967). This accoun­

ted to some extent for the long _time taken for flowering to occur during this 
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spring growth. This was possibly contribut ed to by the associated cooler temp­

eratures (section 3. 6.) extending the veg.etative growth period (Dermine et al., 

1967; Smith, 1969a). For the seaon and conditions of the thesis experiment, the 

presence of new basal shoots would have been the preferable hay stage defoliation 

criterion (section 5.3.5.). 
To reiterate, the probable physiological readiness for defoliation assoc­

iated with the commencment of new basal shoot extension, has been acknowledged 

by several workers in recent years (section 2.4.2.1.) supporting the suggestion 

made many years earlier by Wing (1909), that cutting be done when "new shoots" 

appeared on the crowns. 

In conclusion, for immature lucerne, mean shoot height is not a satisfact­

ory defoliation criterion for experimental treatment comparisons for which time 

intervals are probably the most satisfactory, especially for growth studies. 

With more mature lucerne, early new basal .shoot presence is probably the prefer­

able criterion, especially in the spring. For general practical purposes, very 

general shoot height estimations are probably useful defoliation criteria provid­

ing to a limited degree, estimations of the stage of growth and the relative 

amount of growth present within a given lucerne sward. 



CHAPTER 6. 

Senescence, Sward Physiognomy and Li~ht Tra ns mission. 

These interrelated subjects are considered together. The senesc ence 

measurements were drawn from several previous studies, while a limited study 

was mAde of several aspects of the lucerne plant's leaf CAnopy, their changes 

with time, varietal influences, and the effects of some selected treatments. 

Leaf area height distribution was related to the associated relative light 

intensity profiles within the canopies . 

6. 1. Method: 

6.1.1. Experimental . 

Using the identified field growth shoots of the Chant icleer 

variety only (section 5. 1.1 . ), the leaf canopy 's totAl height was represented 

by total shoot height. The bas·e height of the leaf canopy was represented 

by the lowest leaf of each shoot in sequential 10 c m. height intervals 

above ground level. These measurements were averaged over all shoots 

measured and are presented as replication means in (table 3A. 6. ). Shoot 

numbers measured per replication ranged between 23 and 7 depending on the 

treatment and stage of growth. 

The leaf area height distribution was measured for the 6 majo r 

treatment/variety combinations (3RC, 9C, 15C, HC, 3RW, and HW) on the single 

plants dug for the plant growth studies (section 5.1.1. ) . As each shoot 

was removed it was placed against a board on which was drawn a grid of 

parallel lines 4 cm . apart, so that the position of the shoat's stem that had 

been at ground level, or suc h extrapolated position for shoots arising on 

the stubble, coincided with the zero grid line. The leaf area for each 4 cm . 

portion - of shoot was measured using photographic standards developed by 

Williams et . al. (1964 ) , and recorded accordingly . From these records 

the mean leaf area per replication for each 4 cm . height interval was 

c al culated ( table 3A. 6.ZJ, 
The light profiles were measured in the sward canopies just prior 

to sampling the above plants . A light meter was developed and built 

f or this purpose (Appendix 6A) . Within each treatment, six light readings 

were taken for each replication at 4 cm. height intervals within the total 

lucerne canopy using a stand prepared for this purpose (plate 6.1). Each 

reading was coupled with a reference probe reading ta.ken immediately afterwards, 



Pla te 6.1. The stand and probe used to measure the light intensity at 

4 cm ~ntervals in the lucerne canopies. 
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to enable each canopy reading to be calculated as the percentage of incident 

sunlight at that time. Readings were made in the 15C, 1 5W, HC, HW ;,nd 9C 

treatments. The 3R treatments were not measured as the openness of their 

swards did not permit representative canopy transmission patterns to be 

obtained . Further, the large amou2tt of other species gro\'lth was a 

confounding factor. As the leaf area distributions a nd light profiles were 

to be compared, there was only a limited flexibility in the choice of light 

conditions, although very patchy cloud and windy conditions were avoided. 

The continual use of the reference probe enabled the smaller changes in the 

incident light intensities to be accounted for to a large extent . Readings 

were only made between 1000 hours and 1400 hours to minimise the effects of 

the chang ing angle of incidence of the sun. 

Two forms of senescence are considered, viz., whole shoot and leaf 

senescence. The whole shoot measurements were extracted from both the 

single plant studies of shoot number chRnges (section 5.2.1 . 6.)and the 

field growth study of shoot number (section 5 .2.3. ). Leaf senescence was 

studied indirectly from the measurements of leaf c8nopy ground clearance 

and also from the totai leaf growth per plAnt study (section 5 . 2.1 . 2. ). 

6.1.2. Data prepa r ation and Statistical An ~lysis: 

The leaf canopy depth and bas e height data was analysed using 

traditional AN0VA analysis from and including day 28 onw~rds for the 3RC 

and HC treatments. There were insufficient 9C and 15C measurements to 

warrant their inclusion. 

The leaf area height distribution and the respective height measur ements 

were all calculated to give replication mean values And these were then 

converted to percentage cumulative values of their respective totals. These 

measurements were termed the Relative Leaf Area (RLA), Relative Height (RHT), 

and the light profile values as Relative Light Intensity (RLI). In this 

form, differences of canopy height between replications and treatments 

did not hinder comparisons being made. 

Multiple regression curves of the form 

2 
a

3 
t .••..•. . .•. i - 1 a.t 

l. 

- were fitted to the RHT x RLA and RHT x RLI data using the 



methods previously described (section 5.1.2. ). Treatments were 

compared directly from these curves. The RHT x RLA histograms were 

prepared using RLA values determined from the RHT x RLA fitted curves. 

6.2 . Results: 

The occurrence of considerable whole shoot senescence was 

demonstrated with the single plant studies (section 5.2.1.6.; Fig 5. 5. ). 

These measurements involved all shoots (buds included) greater than 

1 cm length. Consequently these measurements were not representative 
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of established shoot senescence, but are i mportant here in providing the 

only variety comparison of senescence. Within these limitations the 

notable features are the large amount of shoot (and bud) senescence, this 

being much greater for theWairau variety . 

The field growth study of individual shoot life gave more 

accurate results. Only shoots greater than or equal to 5 cm length 

were measured. These results were representative of the senescence of 

established shoots. The relative shoot numbers (RSN) of each shoot 

group \Section 5.2.1.) for each Chanticleer treatment are illustrated 

in Fig . 6.1. It is readily ap~arent that considerably more shoots 

senesced in the H treatment than the 3R treatment, the only treatments 

grown to the hay stage. On day 77 they had RSN's of 2 8 and 64 respectively. 

There was also the indication of shoot senescence havin g started sooner 

in the 15" and H tre~tments. No shoot senescence had occurred in the 9" 

treatments at the completion of this treatment's measurement. Between 

shoot groups there were no Apparent senescence differences other than 

for the much faster senescence rate of group 4 of the H treatment, with 

its large shoot numbers (Fig. 6.1.). 

The plant leaf data (section 5.2.1.2, Fig. 5.1.) showed th Pt nett 

weight loss did not occur until after approximately 65 and 80 days growth 

for the Wairau and Chanticleer treatments respectively. The canopy base 

height measurements showed thAt leaf senescence started much earlier at 

approximately 28 days and continued for the duration of the measured growth 

(Fig. 6.2. ). Using this measure as an approximate es t imate of senescence, 

the H treatment, compared to the 3R treatment, had a significantly higher 

level of leaf senescence after day 42 (Fig. 6. 2. , table 6. 1.). In terms 

of mean full canopy depth (18.7 and 18.5 cm for 3R and. H treatment) the 

day 77 amount of leaf senescence was 1.1 and 1.7 canopy depths for the 3R 

and H treatments respectively. 

·, 

,, t<. 
.,, ,. 



The relative shoot number s 5 cm or greater in length measured in the 

field growth study on the 15th. of August through to the 25th. of October 

as a measure of whole shoot senescence. 

Figure 6.1. 

a. (top left) 3RC 

b. (top right) 9C 

c • . (bottom right) 15c 

d. (bottom left) HC 
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Figure 6.2. The vertical movement of the leaf canopy base during growth 

for each Chanticleer treatment. The canopy base height was the 

average height of the lowest leaves. 

Figure 6.3. The changes of leaf canopy depth during growth for the 3RC and 

HC treatments. These measurements were taken from fig. 6.4. 
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Table 6.1. AN0VA of Leaf Canopy Depth and Base Height (cm) 

Variation 

Replication 

Time (Ti) 

Treatment (Tr) 

Ti x Tr 

SE 

CV% 

* AN0VA significances 

Appendices: Data 3A.6.1. 

Depth Base Ht . 

10%* 1%* 

NS 1% 

NS 1% 

10% 1% 

1. 61 1 . 69 

8.63 11 . 17 

Statistics 4A . 6. 1. 

Table 6.2 . Leaf Longevity Estima tes (days) 

Day• 3RC HC 

49 34(approx) 22 

56 32 21 

63 28 26 

70 33 30 

77 38 30 

116 

*Selected days fo~ comparison were determined from the leaf canopy base 
curve. 

An estimate of leaf longevity was determined from the graphs of 

Fig. 6.4 as a series of time intervals between the top and base lines of 

the leaf canopy, the estimates being tabulated in table 6.2. Leaf 

longevity was greatest for the 3RC treatment over all measured days, but 

with different time patterns. The H treatment showing increased leaf 

longevity with later measurements, while the 3RC treatment had a minimal 

value on day 63, the mid-date. The longevity of the first leaves formed 

was not determined. 

There was no significant treatment difference for leaf canopy 

depth, but there was a weak interaction (P:0.10) for time x treatment 

(table 6.1.), with the 3RC treatment initially having the shallowest and 

later the thickest leaf canopy, as compared with the HC treatment (Fig. 6.3. ). 



Figure 6.4. The vertical movement of the leaf canopy for each Chantic]eer 

treatment during growth. The canopy top height was the average 

shoot height measurement. The canopy base height was the 

average height of the lowest leaves. 

Top left 3RC 

Top right 9c 

Bottom l"ig_ht 15c 

Bottom left · RC 
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For both leaf senescence and canopy height and depth measurements, the 9c and 

15C treatments had too few measurements to enable adequate comparisons. The 

lea f ca nopy ba se height replication significance was due to a lower value for 

replica tion one. 

Fig . 6.5. illustrates the cumulative RLA height distributions per plant 

for t he main treatments, as determined by the fitted curves. All curves had 

very s i gnificant fits (see fig. · 6.5. ). The cumulative RLA at any given RHT 

other tha n the very top layers was noticeably greater for the HC and 15C 

treatments compared with the 3R treatments. The results of the 9C treatment 

were bet ~een. These differences were in response to their different cumulative 

RLA height gradients which were relatively regular for these treatments. The 

HW treatment was less regular with a consequently more complex RLA height 

distributi.on. 

Except for the 3R treatments, the RLA height distribution of each treat­

me nt ( a s histograms, fig. 6.6.) are described with their associated RLI 

tra nsmission patterns which they complimented. The 3R treatments had a regular 

RLA height distribution confined to the top t wo-thirds of t heir canopy (fig . 

6.6e). There was quite a high leaf area density in the top-most layers. Both 

varieties were similar. For the other trea t ments, the 15C treatment (fig. 6.6b.) 

had a regular decrease of light intensity with canopy depth i nc rea se in 

association with a relatively even basipetal RLA increase to a broad maximum 

a t 45% RHT . The HC treatment (fig . 6.6a.) had a slightly more abrupt RLI 

decrease in the top canopy layers associated with a slightly greater leaf 

ar ea co ncentration here. At lower RRT levels the 15C and HC trea t ments had 

r a t her similar light profiles. Of all treatments, the HW treatment (fig. 6.6d.) 

had the most abrupt decrease of light in the top canopy layers in association 

with a greater RLA concentration in these layers. At the lower RHT's the 

decreasing RLA's permitted a more gradual decrease of light intensity. Again, 

the 9C treatment (fig. 6.6c.) had intermediary RLI and RLA characteristics. 

The 15W treatment light measurements were available. This treatment had a 

light profile very similar to that of the 9C treatment. 

The RLI curves are compared on the one graph (fig. 6.7.). There were 

not any large light intensi ty differences at selected RHT values between the 

9C, 15C, HC and 15W treatments. Only the HW treatment had distinctly lower 

light intensities over the mid RHT values. The lack o·f coincidence of all 

the curves at the 100/100 coordinate as theoretically required, is an 



Figure 6.5. A comparison of treatment multiple regression curves of the 

cumulative relative leaf area per plant with the associated 

relative heights. Measurements were made at the estimated 

9" growth stage height for each treatment (ie. 22.86 cm) . 

3RC Y = 64.273 - 47.027t + 10.24t2 - o.517t3 
2 F = 201.40 R • = 0.979 SE of estimate 7.064 DF = 18 

Max. shoot height 36 cm. 

9C Y = 8.080 - 12.877t + 5.045t2 - o.282t3 

F = 327.49 R2 = 0.979 SE of estimate 5.686 DF = 21 

Max. shoot height 40 cm. 

15C Y = -16.332 + 8.o8ot + 1. 898t 2 - o.155t3 

F = 111.75 R2 = 0.943 SE of estimate 8. 425 DF = 20 

Max. shoot height 36 cm. 

HC Y = 6 .• 296 - 7.39ot + 4.599t2 - 0.293t3 

2 F = 464 . 84 R = 0.987 SE of estimate 4.055 DF = 18 

Max. shoot height 36 cm. 

3RW Y = 69.648 - 50.997t + 10.626t2 - o.52ot3 

F = 271.66 R2 = 0.977 SE of estimate 6.443 DF = 19 

Max. shoot height 36 cm. 

HW Y = - 38. 372 + 36.454t - 10.105t2 + 1.486t3 - 0,070t4 

F = 627.91 R
2 

= 0.991 SE of estimate 3.344 DF = 21 

Max. shoot height 40 cm. 
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Figure 6.6. The height distribution of relative leaf area for sequential 

intervals of shoot height is presented as a histogram for each 

treatment. The values were calculated from the relative leaf 

area shoot height profile curves. For the 9C, 15C, HC and HW 

treatmenta>their relative leaf area height distributions are 

compared with their relative light i ntensity transmission 

patterns. 

a. HC ~- 15c -
£• 9c d . HW 

e. 3RC, 3RW 
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Fis;ure 6. 7. A treatment compsrison of multiple regression curves 

representing light intensity height profiles in the lucerne 

canopies. Measurements were made at the 9" growth stage 

height for each treatment. 

2 3 9C y = 15.771 - 17.029t + 6.786t - o.426t 

F 111.97 2 SE of estimate 8.657 DF !: 14 = R = 0.959 

15C y = -1.253 + 2.944t + 2.522t2 - o.181t3 

377.98 2 4.960 21 F = R = 0.981 SE of estimate DF = 

27.801 2 
- o.334t3 HC y = - 17.049t + 5.772t 

F = 96.44 R2 = 0.941 SE of estimate 8.597 DF = 18 

15W y = 32 .106 - 38.494t + 14.085t2 - 1.344t3 + o.039t4 

F = 324.93 R2 = 0.984 SE of estimate 5.461 DF = 21 

HW y = -5.096 + 8.817t - 4.294t2 + 8 3 4 1. 13 t - o. 069t 

F 474.60 2 SE of estimate 4.250 DF 18 = R = 0.990 = 
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artifact attributed to the curve fitting process associated with differences 

of data distribution (table 3A. 6.) at these high RHT levels. To eliminate 

most of this factor so as to give an improved light attenuation grad ient 

compa rison, the curves were plotted using a double ordinate scale as 

illustrated in Fig. 6.8. Comparing the respective pairs of RLA and RLI 

curves for the 9C, 15C and HC treatments, there is a marked similarity 

of position, shape and g~adient of curves and order between treatments 

(refer to the Fig. 6. 8. overlay). The HW treatment curves did not compare 

so well, _although in each case, their position relat ive to the other 

treatments was similar. 

The height of 5% RLA varied considerably between trea tments, but 

when compared to the leaf base canopy heights (Fig . 6. 4.) on the dates of 

measurement (table 5.1. - the 9" plant samplings) the r elat ive base heights 

were reasonably comparable . The 3R treatments had some leaf area down to 

a RHT of 22% but with this being quite small relative to the 44% RHT value 

( table 3A. 6. Z.), and hence was not important in the determination of the 

fitted curve. 

6. 3. Discussion: 

It is obviously apparent that the consider able extent of whole 

shoot senescence represented a large reduction of the potential shoot 

production on a shoot number basis. This applied to all treatments but 

was greater with the less frequently defoliated Wair au treatments, for 

which t his result suggests considerable inter-shoot competition. Even 

thou gh this is to be expected with small shoots (less than 5 cm) and 

particularly if they arose later, the field growth measurements demonstrated 

considerable established shoot senescence. This occurred for shoots of 

all ages after the fourth week of growth. Light competition was probably 

a major factor, and particularly for the later elor.gating shoots. It was 

observed that some of the earliest elongating shoots attained a height 

of about 10 cm and longer in a few cases, and then senesced. These could 

have been grown in isolated low light intensity pockets shaded by older 

adjacent shoots. The very close proximity of the roots of some plants 

almost certainly meant that some inter-plant edaphic competition was occurring 

and oimilarly for shoot growth aerial competition. Other internal plant 

factors have also been implicated in inter-shoot competition (Hodgkinson, 

1967). 



Figure 6. 8. T~e light transmission patterns of the 9C, 15C and HW treatments 

and the 15C and HC treatments were plotted as two groups s o as 

to approximately co-ordinate t hei r 100% relative light intensit y 

values on the graph(see t ext). This gave a better comparison of 

the treatment transmission patterns. 
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Further, it is possible that the regular disturbance of the field growth 

shoots may have contributed to the senescence of a few shoots, even though 

care was taken to minimise this eventuality. With the lower shoot 

densities of the frequently defoliated canopies, such_ factors were probably 

less active, although i~ the 3R treatment the competitive effect of the 

numerous other species was evident. 

The above results are supported by Nelson and Smith (1968 a ) wh o 

with a two-year-old lucerne sward demonstrated a spring growth shoot 

(one open leaf at least) number loss at the hay harvest, of 70% of the 

maximum number attained . In a growth cabinet experiment Keoghan (1970) 

observed some first and later shoot senescence over 56 d ays regrowth, but 

considerably less than that observed in sward conditions. It is probable that 

the rigors of climate and general environmental variability in the sward 

are largely responsible for these differences. A similar situation exists 

for inter and intraplant competition within swards compared to pot or singly 

grown plants. 

Keoghan (1970) demonstrated the effect of differ ent exp erimental 

conditions on the amount of stubble senescence, this being much grea ter in 

sward conditions. From the single plant samplings, there were no important 

changes of stubble weight (Fig. 5.8.) but in the later reversal study 

(section 9.2.1 .) stubble weight decreased noticeably over the t wo weeks of 

, the experiment. The reasons for this seasonal difference ar e not c ertain. 

It could be that the drier and hotter conditions in November result ed in 

quicker death and loss of the mature stubbles left after defoliation. 

~ Lucerne leaf senescence has been clearly demonstrated in the more 

mature lucerne, noteably by Fuess and Tesar (1968), and also shown here 

(section 5.2.1.2.). Using the leaf canopy base height it was shown that 

basal leaf senescence occurred for much of the hay crop's growth period, 

in this case starting approximately at 28 days and probably earlier for each 

treatment. This is earlier than Keoghan's (1970) 30 day period in a growth 

cabinet. The latter conditions probably contributed to enhanced leaf 

longevity compared to sward conditions. 

In general terms, the similarity of the lea f canopy depth of the 

3RC and HC treatments, considered in association with the steeper rate of 

canopy base height increase (basal leaf senescence) (Fig. 6.4.) and shorter 

leaf longevity (table 6.2.) for the H treatment and the converse for the 

3R treatment, indicates th~t lucerne basal leaf senescence is correlated 

with the leaf canopy depth. A major controlling factor of leaf senescence 
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and hence canopy depth is the light environment of basal leaves 

(Pearce et.al., 1968). With an assumed constant CAnopy depth determined 

by leaf senescence, the faster the mean shoot height growth rate, the 

shorter the mean leaf longevity - i.e. the time for a leAf to pass from 

an apical por.ition to the largely light determined senescence level at the 

leaf canopy base. In turn, the canopy depth and hence leaf longevity may 

be altered if the light interception properties of the canopy change due 

to foliage rearrangement, i.e. if the mean extinction coefficient changes. 

The treatment leaf longevity estim~tes are- discussed in view of these factors. 

The shorter leaf longevity of the HC treatments was associated with a greater 

shoot height growth rate (Fig. 6.4.; section 5.2.3. ). The greater leaf 

longevity of later gr owth was possibly due to improved li ght penetration 

resulting from fewer shoots. The 3RC treatment showed a more complex response. 

The over~all greater leaf longevity being associated with the slower growth 

rates while the high initial values may have resulted from better light 

penetrati on around the fewer lucerne stems. On day 63 it was observed thAt 

the leaf canopy base was close to the height of the adjacent other species 

growth, indicating that with the sparcer lucerne shoot population of this 

treatment, the then basal leaves probably commenced to enjoy an improved 

light regime and hence reduced leaf senescence rate. A slight shoot height 

growth rate decrease may have assisted (Fig. 6.4. ). 
These results suggest that defoliation tr e8 tments can indirectly 

affect the rate of leaf senescence of residual growth through treAtment 

induced factors affecting the leaf canopy depth. More det~iled evidence 

is needed to verify the above suggestions made. The different lig ht 

interception patterns between varietie$ ·(fig. 6.6., 6.8.) would suggest that 

there may have been varietal differences for leaf senescence patterns. 

The changes of leaf canopy dimensions and position as indicators of 

leaf senescence have no bearing on the amounts of dry matter involved, as 

within these dimensions the canopy is composed of the major variables 

of stem number, stem height, leaf number/unit length of stem, and leaf 

size and weight. 

In all cases shoot and leaf senescence together represented a large 

loss of potential shoot production, with both aspects apparently being 

aggravated by field conditions. In terms of actual production at later 

growth stages the energy converted to plant tissue was considerably greater 

than that harvested 

~ :' 

,,. 
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At the same time though, some senescence, especially of leaf is a 

necessary sacrifice for the attainment of high production levels due to the 

growth form and physiognomy of the lucerne canopy. 

The RLA and RLI were based on per plant and area measurements 

respectively. To compare treatments required th~t they have similar 

plant populations. This was so for the treatments compared, their pop-

ulation counts having no different significance at the LSD level of 

P = 0.01 (section 4.2.3.). The RLA measurements were made between the 

32nd and 48th days growth coinciding with the start of basal leaf senescence. 

This resulted in the relatively even height distribution of leaf area, as 

compa red with others (Warren Wilson, 1965; Keogh"'n, 1~66 , 1970 etc.) measuring 

leaf hoight distributions at later growth stages finding a predomin~nce of 

leaf area or weight in the upper canopy lRyers. The le af area distributions 

obtained are partly determined by the distribution of the varying individual 

shoot heights, and the fact thRt internodes are closer and hence leaf area 

and/or weight is more concentrated near the top of shoots. 

The greater concentration of leaf area in the upper layers of the 

3 RC and 3RW canopies may have_ been related to the 3R treatments tending to 

extend more of their shoots in the first two weeks growth (section 5.2.3.) 

and hence having a greater proportion of shoot tops in these layers. At 

the same time there was heavy other species growth in the lower portion of the 

canopy, resulting from the long grow th period (table 5.1.). This probably 

1induced greater lower leaf senescence by shading, evidenced by the 

negligeable RLA values in the lower 40% of the canopy. The HW treatment 

with its high initial shoot numbers (section 5.2.1.5.) had a high leaf 

concentration in the up per canopy layers (Fig. 6.6d.) probably for the same 

reason,viz, r ela tive evenness of shoot height. In contrast, the more even 

RLA height distribution of the HC and 15C treatments was associated with a 

shoot population of more diverse age and hence height (section 5.2.3. ). The 

extention of this RLA height distribution to the lower (20%) c~nopy height 

levels was probably associated witt)8ombination of lower amounts of other species 

growth (section 4.2.1.), and shorter growth periods. 

The measured light transmission patterns for all treatments were not 

typical of those previously reported (section 2.4.3.1.) where a greater 

proportion of the incident light was intercepted in the top third of the 

canopy, typifying a red clover pattern (Mitchell and Calder, 1958). The 

relatively even attenuation patterns with canopy dept h measured were more 

typical of grass light. transmission patterns (Stern and Donald, 1962). 

\ 
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These were related to the more even RLA distribution patterns measured. 

The RLA measurements did not include an estimate of the Etem light 

interception capacity as Keoghan (1970) did. To this extent the results 

are probably understimated, especially in the lower canopy layers where 

stem tissue predominates (Warren Wilson, 1965). · 

In contrast to the conclusions of Keoghan (1970) that the light 

transmission pattern was not closely related to the pattern of leaf 

distribution Fig~ 6. 6a,b,c,d . sugges t good relationships for the associated 

treatments as described before (section 6.2.). Admittedly these canopies 

were still relatively short, with the transmission patterns largely relAting 

to leaf canopies which basically were also the total canopy in those cases 

measured. More mature swards with raised leaf canopies, would probably more 

closely resemble the more often reported light transmission pat terns. 

Comparing all the light transmission curves (Fig . 6.7.) the more 

abrupt light extinction in the HW canopy is most noticer.1.bl e and probably 

being related to the greater shoot density. The overall similPrity between 

the other treatments was surprising. Keoghan (1966, 1970) observed 

that previous management can modify the light transmission patterns . If 

measured at later stages of growth treatment differences may hRve become 

more apparent. 

For a more detailed study of the light relations in these lucerne 

1canopies a more intensive light measuring and plAnt sampling routine would 

have been required . 



CHAPTER 7 

ORGANIC RESERVES 

The role of the organic reserves in the regrowth of lucerne and the 

effects of defoliation frequencies on their concentrations and amounts have 

been the subjects of numerous investigations. Recent work has done much to 

help elucidate the role of organic reserves, while their changes in response 

to defoli ation have been well documented from a number of descriptive studies 

(sections 2.4.1.1.; 2.3.1.3.). In view of this, it was pertinent to investi­

gate the changes of organic reserve levels in the various treatments and their 

associated relevance to the growth responses obtained. Both carbohydrate and 

nitrog~n organic reserves were considered. The study of these changes was des­

criptive, rather than providing imformation on the role of these reserves in 

regrowth. 

7.1. Methods. 

The plant samples for the following analyses were obtained by digging 

6 plants , 2 per a sub-plot, from each replication of each treatment s ampled . 

This was done in the morning between 8- 00 and 9- 00 am . to miminise diurnal var­

iation of soluable carbohydrate concentration. As soon as all plants were dug, 

they were r emoved from the field, washed free of dirt , the roots cut to 10cm 

from the cotydonary node, and the plants then divided into roots, crowns and 

the stubble plus shoot growth. The crowns and stubble were divided by cutting 

at the ground level mark. The roots and crowns of each group of six plants 

were then dried for one hour at 100 Cina forced draught oven to obtain a 

rapid kill of tissue, followed by 23 hours at 80 C. The dry weight of each plant 

part group was recorded, the material then being stored in paper bags. 

At a later date each sample of dry plant material was ground in a hammer 

mill to pass through a 1mm sieve. The ground mat erial was collected in screw 

top glass bottles, redried for 12 hours at 80 C and then sealed and stored 

to await analysis. 

Both total non-structural carbohydrates (TNC) and total nitrogen 

(TN) determinations were made. In both cases the ground sample was placed in 

an oven at 80 C the night before sampling to ensure uniform dryness. A full 

account of the extraction and determination methods, a discussion of these 

and the problems encountered are presented in appendix 7A. Briefly, the TNC 

was extracted by refluxing the sample with 0.5% ammonium oxalate, the carbo-

N 
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hydrate extract obtained being determined with the Auto-Analyse r using an an­

throne reagent. The TN was extracted by the sta nda rd micro-Kjeldahl method 

and determined with the Auto- Analyser using the Berthelot method. 

The results were expressed as the TNC% and TN%, for the roots and crowns 

separately. The weights of TNC and TN per replication and the C/N ratios were 

calculated for each plant component and for the combination of root plus crown 

(RTCR). Standard ANOVA was performed on all data. 

There were three separate studies. The Main study followed the organic 

reserve levels in the 3RC, HC,3RW and HW treatments for the first 56 days of the 

thesis experiment at weekly intervals. As a subsidary aspect, one sampling was 

made during the winter on the 7/7/69, one month before the start of the thesis 

experiment. The second study was a comparision of the 4 basic treatments for 

both varieties. This consisted of a single s ampl i ng for each treatment/variety 

combinat ion taken at the end of the first growth of the 9", 15" and H treat­

ment s and at t h e comme ncement of the residual study for the 3" treatment . The 

sampling time schedule for both studies is summarised in table 7.1. The third 

study looke d at the reversal treatment effect (section 3.1.) and is considered 

in chapter 9 . 

Tab le 7 . 1. Organi c Reserve Samplin~ Times 

1. Organic reserve changes with time. 
.,. 

I 
Treatments sampled: 3RC, HC, 3RW and HW. l 
Sampling dates : Pre-experiment, 6/8 , 13/8, 

I I 20/8, 27/8, 3/9, 10/9, 20/9, 30/9. 

2. Treatmen t comparis on. 

3" 9" 15" 

Chanticleer 

Wairau 

10/11 13/9 29/9 

11/11 16/9 5/10 

H 

5/11 

7/11 

A secondary rese rve study for comparison with t he chemi cal analysis 

method involved measuring the quantity of dark regrowth obtained. This was 

done with the 3RC, HC, ~RW and HW treatments . To provide the dark environ ­

ment, two boxes 32" x 22" x 811 and 28 11 x 1611 x 6 11
, the smaller inside the 

larger, were placed with three sets per a small plot , one on each of three 

sub-plots. This was done immediately after the pre--tr~atnient ·.defoliation. 

The outer box was painted white for insulation with vents cut in the sides. 

The inner box provided the dark gro~th environment. Both boxes were made 
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from heavy weight cardboard. The etiolated lucerne growth was finally harvest­

ed on the 23rd of September. It was necessary to take intermediate partial 

harvests,as older etiolated shoots tended to start decaying. At the final 

harvest, two plants per box set were dug for chemical analysis as above, 

with the difference that the roots and crown were combined. 

7.2. Results. 

7.2.1. Organic Reserve Cha nge s over Time Following Different 

Previous De f oliation Frequencies. 

These results are considered over the days stipulated. The day 90 

values are plotted on the appropriate graphs (figs. 7.1., 7.2.) for comparat­

ive observation while being considered in detail later in the reversal experi­

ment (chapter 9) with which the day 90 values were directly implicated. 

7.2.1.1. Root and crown dry we i ghts. 

These results are summarised in table 7.2. The sampling 

variability was such that there was no significance between harvests for any 

variable. Between varieties, only the crown dry weights approached signific­

ance (P = 0.10) with Wairau being greater in accordance with previous obser­

vations (fig. 5.9.). Between treatments the H treatmen t was significantly 

greater (P = 0.01) than the 3R treatment for all va riables while between 

va riables the root dry weight was significantly greater (P = 0.01) than the 

crown dry weight. This latter significance, in practise, is greater still, 

as the measured root weight was only partially representative of the total 

root weight. 

7.2.1.2. The percentages of total non-structural carbohyd-

rates. 

The root and crown TNC percentages are the analysis values, 

while the RTCR TNC percentages were calculated from the RTCR dry weight and 

the root and crown TNC weight values. 

Between harvests for each variable, there were significant differences, 

each variable's response over time being typically cyclic (section 2.2.2., 

2.3.1.3., fig. 7.1a,b.). The interaction between roots and crowns over harv­

ests was very significant (P = 0.01). The roots showed a large drop of TNC 



Table 7.2. Root and Crown Dry Weights ( gm/6 pl ants) 

Root Crown 

Harvests 

AN0VA NS NS 

Varieties 

C 18. 10 11.69 

w 17. 86 13.51 

ANOVA NS 10% 

Treatments 

3R 12 . 00 A* 7.00 A 

H 23.97 B 18. 22 B 

AN0VA 1% 1% 

LSD** (2 . 21) 2 . 94 (2 . 01) 2.67 

SE. 4 . 76 3 . 34 

CV% 26 . 48 26 . 50 

Root vs Crown 

MEAN 17. 98 A 12 . 60 B 

AN0VA 1% 

LSD (3 . 10) 4 . 10 

SE . 9. 16 

CV% 30.00 

• Means a r e c ompar ed a t the 1% l evel . 

•• (P = 0 . 05), P = 0. 01 

Appendices : Dat a 3A. 7 . 2 . 

St a tistics 4A.7. 1a , g. 

RTCR 

NS 

29. 79 

31 . 37 

NS 

19. 00 A 

42 . 19 B 

1% 

(3 . 94) 5 . 24 

8. 80 

28 . 78 
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Figure 7.1a. The changes of the Total Non-structural Carbohydratel percentages 

during the spring in the roots and crowns of the 3R and H treat ­

ments. The varieties were combined . 

- 30 was the mid-winter sampling. 

Day 90 TNC percentages were those at the respective hay 

harvests. 
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Figure 7.1b. The changes of the Total Non-structural Carbohydrate percentages 

during the spring in the RTCR for the 3R and H treatments in 

combination with the two varieties . 

- 30 was the mid-winter sampling. 

Day 90 TNC percentages were those at the respective hay 

harvests . 
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Table 7.3. Percentage of Total Non-structural Carbohydrates 

Root Crown RTCR 

Harvests 

RANGE o.475 - 0.384 0.360 - 0.31 8 o.437 - 0.360 
(21.0 - 14.o)• (12.5 - 9. 8) (18.0 - 12.2 ) 

ANOVA 1% 1% 1% 
LSD••• 

( 

(0.025), 0.034 ( o. 015), 0.020 (0.019), 0.026 

INTERACT 1% 
LSD (0.021), 0.028 

Varieties 

C 
.. 

0. 438 (18 . 23) A 0.337 (11.03) a 0.404 (15.62) A 
w o. 418 (16.65) B 0.329 (10.54) b 0.382 (14.03) B 

ANOVA 1% 5% 1% 
LSD (0.013), 0 . 017 (0.007), 0.010 (0.009), 0.013 

Treatments 

3R o. 432 ( 17. 74) 0.338 (11.09) a o.4oo (15.35) A 
H o.425 (17 . 14) 0.329 (10.48) b 0.382 (14.30) B 

ANOVA NS 5% 1% 
LSD - (0.007), 0.010 (0. 009), 0.013 

! 

Harvests x Treatments 

ANOVA 5% 1% I 1% 

Varieties x Treatments 

3R H 3R H 3R H 

C o.454 A o.423 B 0.343 0.331 o.419 A 0.389 B 
(19.43) ( 17 .02) ( 11 . 44) (10.63) (16.70) ( 14 . 54) 

w 0.410 B o. 427 B 0.333 0.326 0.382 B 0.383 B 
( 16.04) (17 . 27) (10 . 74) (10.33) ( 14 .01 ) (14 . 05) 

ANOVA 1% NS 1% 
LSD (0.018), 0.024 - (0. 014), 0.018 

INTERACT 1% 
LSD (0.015), 0 .01 9 

SE. 0.028 0.013 0. 015 
CV% 6.69 3.85 3. 87 

Root vs ;rown 

MEAN o.429 ( 17 . 44) A 0.334 (10.79) B 
ANOVA 1% 

LSD (0.007), 0. 009 

SE. 0.026 
CV% 6.89 

4 

• The untransformed percentage values ••• (P = 0.05), P = 0.01 

• • .Means are compared at the (A) 1% and the (a) 5% l~vels . 

Appendices : Data 3A.7.2. Statistics 4A . 7. 1b,g. 
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percentage (6%) with this reaching a minimum at about 28 days, while the 

crowns showed a smaller drop (2%), only over the first 14 days. Both gave 

similar responses over the last 20 days. Between the roots and crowns, the 

roots had significantly greater (P = 0.01) TNC percentages, but also a greater 

variability - CV%1 s of 6.69 and 3.85 respectively (table 7.3.). 

These relative variabilities are expressed in the treatment interactions. 

The root treatment differences were non-significant, although with a mildly sig­

nificant harvest interaction (P=0.05). Fig 7.1a illustrates that this interaction 

was largrly due to the marked increase of the 3R treatment's TNC percentage over 

the last 20 days of measurement. Crown treatment differences were si gnificant 
• (P=0.05), The more consistent treatment significances of the RTCR support these 

results. The treatment x variety interactions (table 7.3) showed that this last 

20 day dominance of the 3R treatments was mostly due to the large TNC percentage 

increase of the 3RC treatment as compared to a similar but lower 3RW treatment 

increase (fig 7.1 a,b).This 3RC response was largely re sponsible for the sig­

nificant variety differences which were smaller for the crowns (P=0.05)o 

7.2.1.3. We ight of total non-structural carbohydrates: 

These results were dominated by the considerable influence 

of the very significant dryweight treatment differences (table 7.2), and to a 

lesser extent, by the significant TNC percentages between harvests (table 7.3). 

Between harvests the crown TNC weight did not vary -~~gnificantly, the 

roots did (P=0.01), and RTCR was intermediate (P=0.05). This difference between 

roots and crowns was supported by the interaction (P=0.05) of roots and crowns 

over harvests. Further, the roots TNC weight was very. significantly greater 

than that of the crowns. For all variables, the treat~ent differences were 

very significant, the H treatments having the greatest TNC weight, while the 

variety differences were non-significant (table 7.4. ). 

• while the interaction was basically the same as for the roots, but 

highly significant (P = 0 . 01). 
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Table 7.4. Weight of Total Non- structural Carbohydrates ( gm/6 plants) 

Root Crown RTCR 

Harvests 

RANGE 4.38 - 2.39 1.48 - 1.16 5.75 - 3.56 
AN0VA 1% NS 5% 

LSD (0.75), 1.00 - (1.20), 1.59 
INTERACT 5% 

LSD (0.73), 0.97 

Varieties 

AN0VA NS NS i NS 
I 

Treatments 

3R 2.12 A* 0.76 A 2.88 A 

H 4.11 B 1.89 B 6.01 B 

AN0VA 1% 1% 1% 

LSD (0.37), 0.50 (0.22) , 0.29 (0.60), 0.80 
I' 

1% INTRRACT 

LSD (0.36) , o.48 

SE. o.68 0.31 o.68 

CV% 22.10 23.13 15.20 

Root vs Crown 

MEAN 3.12 A 1.33 
AN0VA 1% 

LSD (0.26) , 0.34 

SE. 0.91 

CV% 40.77 

• Means are compared at the 1% level. 

•• (P = 0.05), P = 0.01 

Appendices: Data 3A.7. 2. 

Statistics 4A.7.1c,h. 
\ 

B 



130 

7.2 . 1.4. The percentages of total-n itrogen . 

These were determined in the s ame way as the TNC percentages 

(section 7.2 . 1 . 2 . ). TN percentage harvest differences were very significant 

(P=0.01) for all v a riables,and in each case showed a relatively steady decline 
(table 7 . 5 . 

over the full period of measurement/ fig 7 . 2 . a,b . ). Treatment differences 

we r e also very significant, t he H treatment consist ently having the greate r 

values . This i s well illus trated in figs 7.2a,b, and less clearly for the sig­

nificant treatment x harvest inte r a ctions o f each v a riab le. The 3R treatmen~s 

TN% decreased at a slig~t ly gr eater rate. This treatment range was greater for 

the roots compared to the crowns. Comparing the roots and crowns, the crowns 

had significantly greater (P=0.01) TN percentages, while the root/crown x treat­

ment interaction (fig 7 . 2a) was mostly due to the low 3R treatment values . 

Variety differences were not great , with only the roots showing Chanti­

cleer to have a slightly higher TN percentage . The variety x treatment inter­

action showed that for roots and RTCR, Wairau showed less differenc e between 

trea tments with its values being within the Chanticleer's range (tabl e 7.5, fig 

7.2b). There was no intera ction for the crowns . 

7 . 2 .1. 5 . The weight of total nitrogen. 

Only the root TN weight t a rves t diffe r ences were §ig-

nifica nt while variety differ ences were non - significant (table 7.6).In con­

trast, trea t ment differences wer e highly significant (P=0.01) for a ll variab les, 

the H trea tment being g r eatest , due to the combined ir.fluence of both treatment 

dry weight and TN% differences. Root TN weights were signific antly greater 

than crown values because of the greater root dry we i ghts even though roo t TN 

percentages were lower. 



Table 7.5. Percentage of Total Nitrogen 

I Root · Crown - R.TCR . 
Harves ts 

RANGE 0.155 - 0.130 0.163 - 0.140 0 ., 158 - 0.134 
(2.41 - 1. 71) * (2.67 - 1.97) (2.50 - 1.81) 

ANOVA 1% 1% 1% 
LSD** (0.005), 0.007 (0.003) , 0.005 (0 .. 004) , 0.005 

Vari eti es 
* * * C 0.142 (2.04) A 0.150 (2.26) 0 .. 145 (2.11) 

w 0.138 ( 1. 91) B 0.151 (2.28) 0.143 (2.07) 
ANOVA 1% NS NS 

LSD (0.003), 0.004 - -
I NTERACT 1% 

LSD (0.003), 0.004 

Treatments 

3R 0.127 (1.62) A 0.1 45 (2.10) A 0 .1 34 (1.79) A 
H 0.153 (2.34) B 0.157 (2.45) B 0.155 (2.39( B 

ANOVA 1% 1% 1% 
LSD (0.003(, 0.004 (0.002), 0.003 (0.002), 0.003 

INTERACT 1% 
LSD (0.003), 0.004 

Harvests x Treatments 

ANOVA 5% 1% 5% 

Varie t i es x Treatments -
3R H 3R H 

C 0.127 A 0.157 B 0.1 44 0.157 
( 1. 62) (2.46) (2.07) (2.45) 

w 0.127 A 0.149 C 0.146 0.157 
( 1. 62) (2.22) (2.13) (2.45) 

ANOVA 1% NS 
LSD (0.004), 0.005 -
SE. 0.0038 0.0025 
CV% 2.70 1.70 

Root vs 

MEAN 0.140 ( 1. 97) A 0.151 
ANOVA 1% 

LSD (0.002), 0.003 

SE. 0.0058 
CV% 4.01 ,., 

• The untransformed percentage values 

•• (P = 0.05), P = 0.01 

3R H 

0. 133 A 0. 157 B 
(1.78) (2.46) 

0.1 35 A 0. 153 C 
( 1. 81 ) (2.32) 

1% 
(0.003), 0.004 

0.0029 
2.05 

Cr own 

(2.27) B 

••• Means are compared at the 1% level. 

Appendices: Data 3A.7.2. Stat i stics 4A.7.1d,9. 
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Figure 7.2a. The changes of the Total Nitrogen percentages during the 

spring in the roots and crowns of the 3R and H treatments. 

The varieties were combined. 

-30 was the mid-winter sampling. 

Day 90 TN -percentages were those at the respective hay 

harvests. 
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Figure 7.2b. The changes of the Total Nitrogen percentages during the spring 

in the RTCR for the 3R and H treatments in comb_ination with the 

two varieties. 

-30 was the mid-winter sampling. 

Day 90 TN percentages were those at the respective hay harvests . 
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Table 7.6. Weight of Total Nitrogen (gm/6 plants) 

Root .- Crown RTCR 

Harves t s 

RANGE 0.515 - 0.331 0.320 - 0.263 0.836 - 0.607 

AN0VA 1% NS NS 

LSD (0.098),0.131 - -
Varie t i es 

C 0.395 A• 0.272 C o.66 8 

w 0.359 AB 0.319 BC 0.679 

AN0VA NS NS NS 

INTERACT 5% 

LSD (0.051), 0.067 

Tr eatments 

3R 0.194 A 0.1 45 A 0. 340 A 

H 0.560 B 0. 446 B 1 . 007 B 

AN0VA 1% 1% 1% 

LSD (0.049)0.065 (0.051) , 0.067 (0.093)90. 123 

SE. 0.113 0.090 0.129 

CV% 30.00 30.52 19.25 

Roo t v s Crown 

MEAN 0.377 A 0.2 96 

AN0VA 1% 

LSD (0.036) , 0.047 

SE. 0.127 

CV% 37.96 

• Means are compared at the 1% level. 

Appendices: Data 3A.7.2. 
Statistics 4A.7. 1e,9. 

B 
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7.2.1.6. Total non-structural carbohydrate/total nitrogen 

(C/N) weight ratios: 

For each variable, harvest AN0VA'S were significant. The 

patterns of change are best explained by the significant (P=0.01) harvest x 

treatment interactions. (table 7.7, figs 7.3 a,b.). 

With the roots and RTCR, the 3R treatment C/N ratio was significantly 

(P=0.01) greater than the H treatment over all harvests. The crown C/N ratio 

was also significantly different, but only after day 28. The harvest x treat­

ment interactions were due largely to the rapid increase of the 3R treatments 

C/N ratio after day 28. This was much more marked with the roots which also 

showed an initial decrease compared to the crowns, the latter initially hav­

ing a stable C/N ratio. Evidence of a root/crown differenc e is supported by 

the significance (P=0.01) of the root/crown x treatment inter,,c tion. Compar ­

ed with the 3R treatments, the H treatments showed relatively little change 

over time for both roots and crowns. These results are illustrated in figs 

7.3.a,b. 

Varietal C/N ratio differences were more significant (P=0.01) for the 

RTCR, roots and crowns being less so (P=O.05). In all cases Chanticleer had 
interact~on 

the greater mean value. The variety x treatment/ was significant (P=0.01) for 

the roots and RTCR; in each case the differences between treatment means were 

greater for Chanticleer compared with Wairau - e g . the roots had C/N ratio 

ranges of 5.76 and 2.36 respectively. These interactions were largely due to 

th e higher 3RC treatment values during the initial 14 days, but more partic­

ularly after day 28. These treatment's responses were also the major cause of 

the treatment x harvest interactions. In contrast , the crowns showed no sig­

nificant variety x treatment interaction. The . significant root/crown x var­

iety x treatment interaction supported this root/crown difference (table 7.7). 

Between the roots and crowns, the roots had significantly greater 

(P=0.01) mean values. 



The ratios of the weights of Total Non-structural Carbohydrates to 

Total Nitrogen. 

-30 was the mid-winter sampling. 

Figure 7.3. 

a. For roots and crowns@with varieties combined. 

b. For RTCR (roots plus crowns). 
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Table 7.7. Total Non-structural Carbohydrate/Total Nitrogen Weight Ratio 

Root Crown RTCR 

Harvests 

RANGE 7. 52 - 11. 50 3.96 - 6.53 5.98 - 9.45 
ANOVA 1% 1% 1% 

LSD** ( 1. 42) , 1. 89 (0. 55), 0.73 (0.96), 1.28 

INTERACT 1% 
LSD (1.056), 1.390 

Varieties 

C 9.79 a• 5.04 a 7. 89 A 
w 9.01 b 4.74 b 6.99 B 

ANOVA 5% 5% 1% 
LSD co.71), o.84 (0.27), 0.36 (o.48), o.64 

Treatment 

3R 11.43 A - 5.48 A 8. 90 A 
H 7.37 B 4.29 B 5.98 B 

ANOVA 1% 1% 1% 
LSD (0.71), 0.94 (0.27) , 0.36 (o.48), o.64 

INTERACT 1% 
LSD ( o. 52) , o. 6 9 

Harvests x Treatments 

ANOVA 1% I 1% I 1% 

Varieties x Treatments 

3R H 3R H 3R H 

C 12.67 A 6.91 C 5.74 4. 34 9.89 a 5.89 C 
w 10.19 B 7.83 C 5.22 4.25 7.91 b 6.07bc 

ANOVA 1% NS 1% 
LSD (1.00), 1. 34 - ( 1. 92) , 2. 55 

INTERACT 1% 
LSD (0.74), 0.98 

SE. 0.869 0.300 o.479 
CV% 9.24 . 6.15 6.44 

Root vs Crown 

MEAN 9.40 A 4.89 B 
ANOVA 1% 

LSD co.37), o.49 

SE. 1.267 
CV% 17.70 

• Means are compared at the (A) 1% and the (a) 5% levels. 

•• (P = 0.05), P = 0.01 

Appendices: Data 3A.7.2. Statistics 4A.7.1f',h. 
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7.2.1.7. Winter organic reserve changes: 

Interesting changes occurred over the month of measurement. 

The TNC percentage of the roots, crowns and RTCR all decreased significantly 

(P=0 . 01) over this period. In contrast, the RTCR TN percentages increased for 

each treatment, but more so for the H treatments, giving rise to a signifi­

cant harvest x treatm e nt interaction (fig 7.2b). From a comparision of the 

root and crown changes, it is seen that the above interaction was due almost 

entirely to the 3R treatment's roots showing no change (fig 7.2a). The crown 

treatment responses were very similar and .comparable to the H treatment root 

response.Varieties responded similarly. (table 7.8, fig 7.2.b.). 

The C/ N ratio decreased significantly (P=0.01) for all variables with 

as before, the 3R treatment having the greater ratio (table 7.8). There was 

a significant (P=0.05) treatment x time interaction for the roots (fig 7.3.a.) 

resulting from the similar TN% interaction (fig 7.2.a.) 

7.2.2. Treatment Comparision: 

For the TNC and TN percentages but not the C/N ratios, there were 

very significant treatment differences (table 7.9). These are further illus­

trated for the TNC and TN percentages and C/N ratios in figures 7.4a,b,c. 

There was a regular increase of root TNC percentage as defoliation fre­

quency decreased. All means were close to being significantly different 

ttable 7 . 9.). In contrast, for the crown TNC percentages only the H treat­

ment was significantlt greater. As in the previous stu dy, the roots had con­

sistently greater TNC percehtaged. (fig 7.4a). 

Apart from a close similarity of TN% between the 3 11 and 9" treatment , 

the other treatment's TN% significantly increased as defoliation frequency 

decreased. Again as before , the crowns had the higher TN% over all treatments 

(table 7 . 9, fig 7 . 4b) . 

Comparing the C/N ratios, they were notable for their almost lack of 

significance, only the 3RC root C/N ratio being significantly lower (P=0.5) 

(table 7.9, fig 7 . 4c) . 

For all variables there were no significant trends between varieties. 
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Table 7. 8. The Wint er Organic Rese.rve Cha.nges 

Root Crown RTCR 

Total Non-structural Carbohydrate Percentages 

Harvests 
• •• 

JULY 0.508 (23. 70) A 0.395 (14.83) A 0. 4 7 8 (21 • 2 0 ) A 
AUGUST o.475 (21. 00) B 0.355 (12.08) B 0.438 (18.01) B 

ANOVA 1% 1% 1% 
LSV-•• ( o. 024 ), 0.032 (0.017) , o. 02 4 ( 0. 021 ) , 0. 02 9 

SE. 0.027 o. 020 
CV% 5.55 5.42 

Total Ni trogen Percentages 

Harvests 

JULY 0~148 ( 2.19) a o. 139 ( 1. 43 ) A O. 146 ( 2. 12 ) A 
AUGUST 0.155 ( 2.41) b o. 164 ( 2. 1 ) B O. 158 ( 2. 51 ) B 

ANOVA 5% 1% 1% 
LSD (0.006), 0.008 (0.006 ), 0.008 (0.005, 0.006 

Treatments 

3R O. 144 ( 2. 06) A 0.146 ( 2.14) A 0.145 ( 2.09) A 
H O. 160 ( 2. 54 ) B 0.157 ( 2.46) B O. 159 ( 2. 54 ) B 

ANOVA 1 1% 1% 
LSD (0.006), 0.008 (0.006), 0.008 (0.005), 0.006 

Harvests x Treatments 

ANOVA 5% NS 5% 

SE. 0.007 0.007 
CV% 4.86 4.80 

Total Non-structural Carbohydtate/Total Nitrogen Weight Ratios 

Harvests 

JULY 10.88 A 7.69 A 10. 02 A 
AUGUST 8.89 B 4.56 B 7.31 B 

ANOVA 1% 1% 1% 
LSD (0.85), 1.17 (0.56), 0.77 (0.65) , 0.90 

Treatments 

3R 10.57 A 6.44 a 9.21 A 
H 9.19 B 5. 82 b ' 8.12 B 

ANOVA 1% 5% 1% 
LSD (0.85), 1.17 (0.56), 0.77 (0.65) , 0.90 

SE. 0.98 o.64 0.76 
CV% 9.90 10.50 8.75 

• Untransformed percentages • • • ( P = Q • 05) , P = o. 01 
•• Means are compared at the (A) 1% and the (a) 5% levels. 
Appendices: Data 3A. 7.1 • Statistics 4A. 7. 2. 

/ 



137 

Table 7.9. Organic Reserve Treatment. Comparisons 

Root Crown RTCR 

Total Non-structural Carbohydrate Percentages 

Treatments .. -- . 
3" 0.358 A (12.33) 0.295 A ( 8.50) 0.334 A (10.82) 
9" 0.438 B (18.06) 0.312 A ( 9.48) 0.390 B (14.52) 
15" 0.491 BC(23.33) 0.319 A ( 9 • 92) 0.430 B (17.45) 
H 0.542 C (26.66) 0.381 B (13.92) 0.481 C (21.47) 

ANOVA 1% 1% 1% 
Lsn••• (0.039), 0.055 ( o. 024), o. 033 (0.033), 0.046 

SE. 0.027 0.020 0.022 
CV% 5.93 6.23 5.52 

Total Nitrogen Percentages 

Treatments 

3" O. ,124 A ( 1. 54) 0.138 A (1.92) 0.130 A (1.69) 
9" 0.129 A (1.66) O. 146 B ( 2. 11 ) 0.136 A (1.85) 
15" 0.146 B (2.14) 0.153 C (2.33) 0.149 B (2.21) 
H 0. 1 5 9 C ( 2 • 52 ) 0.170 D (2.88) 0.164 C (2.67) 

ANOVA 1% 1% 1% 
LSD (0.008), 0.012 (0.004), 0.006 (0.006), 0.008 

SE. 0.007 0.004 0.005 
CV°/o 4. 86 2.66 3.45 

Total Non-structural Carbohydrate/Total Nitrogen Vleight Ratio 

Treatments 

3" 8.04 A 4.45 6.42 
9" 10. 77 B 4.48 7.83 
15" 10.67 B 4.25 7.98 
H 10.60 B 4.86 8.06 

ANOVA 5% NS NS 
LSD (2.08), 0.71 - -
SE. 1. 42 0.61 1. 00 
CV°/o 14.23 13.50 13.26 

• The untransformed values ••• (P = 0.05), P = 0.01 

•• Means are compared at the 1% level. 

Appendices: Data 3A.7.3. Statistics 4A.7.3. 



Figure 7.4. A comparison of the organic reserve composition of the roots 

and crowns of the plants from the four treatments sampled at 

the end of the first growth of the 9"• 15" and H treatments 

and at the end of the experiment for the 3'.' treatment. 

~!.• The Total Non-structural Carbohydrates (TNC) percentages. 

b. The Total Nitrogen (TN) percentages. 

£,• The Total Non-structural Carbohydrate/Total Nitrogen 

(TNC/TN) ratios. 
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7.2.3. The Dark Growth of Lucerne: 

The shoot growth obtained was not analysed as the treatment diff­

erences were obvious. The H treatments grew four t'imes more shoot dry weight 

There were no major varietal differences (table 7.10). 

Table 7.10. Lucerne Growth from Beneath the Da rk Covers.* 

C w C + W 
** 

3R 4.16 4.33 4.24 ( 1 8. 79) 

H 15.06 17.11 16.09 (45.79) 

Av 9.61 10.72 

* (gm/3 sq ft) 

•• Bracketed values are the initial (day 0) mean root plus crown 

weights (gm/6 plants) 

Appendix~) Data 3A.7.4. 

The TNC percentages were similar to the lowest TNC% of the same treat­

ments in the major study (fig. 7.1bJ. Both treatment and variety differences 

were non-significant (table 7.11a.). 

a. TNC% 

Table 7.11. Residual Organic Reserve s of Plants from 

Beneath the Da rk Covers 

C 

3R 11.50 

H 12.50 

AV 12.00 

C 

3R 2.12 

H 2.70 

AV 2.41 

w 
10.80 

10.30 

10.55 

w 
2.15 

2.78 

2.47 

C + \'I 

11.15 

11.30 

C + W 

2.14 

2.74 

Appendices: 

Data 3A.7.4. 

Statistics 4A.7.4. 

In sharp contrast to the TNC% decrease there was no similar reduction of the 

the TN percentages. For the respective treatments, these were equal to the 

highest values of the major study (fig. 7.2b.). Also in keeping with these 

previous results, the H treatments had the greatest values (P = 0.01). 

Varieties were similar (table 7.11b.). Root weights were too variable to 

permit similar comparisons of any meaning. 



7. 3. Discussion. 

7.3.1. The Changes of Orga nic Reserves over Time and their 

Relative Significances. 

139 

The marked variability of the plant dry weight values was partly 

due to a large plant size variability (section 5.2.2.) and partly due to samp­

ling errors. To counter this problem, more emphasis is placed on the TNC and 

TN percentages and the C/N values. As plant weight differences between 

treatments were consistently large (table 7.2) it was possible to make 

satisfactory treatment comparisons of the TNC and TN weights. The 

significantly larger roots and crowns of the frequently defoliated H 

treatment were expected (section 2.3.1.2, 5.2.1.3. ). 

For the TNC reserves, the time study only contained a residual 

treatment effect in the form of root and crown dry weight differences. 

On day O, the treatment TNC percentages were basically the same. Apparently 

there was sufficient uninterrupted previous autumn growth to enable the 

accumulation of this high level of TNC reserves to be attained in the 3R 

treatments (table 7.2~), as compared to their expected lower levels from 

this high frequency defoliation treatment (section 2.3.1.3. ). Consequently, 

this TNC study was more one of pla nt size thAn of defoliation effect per s e. 

On a root plus crown (RTCR) weight basis, the plant cla ssifica tion 

of Ueno and Smith (1970) (section 2. 4.1.1.), into sma ll, medium and l ,3 rge 

plants was directly comparable to the small a nd large pla nts of the 3R 

and H treatments respectively. In both studies, similar results were 

obtained, in thP.t smaller plants had a qu i cker TNC% recovery. Why this 
• • I latter occurs is uncertain. Also, the TNC% similarity between the two 

treatments, although unexpected, is acceptable in view of their similar 

periods of autumn/winter uninterrupted growth and hence energy availability 

relative to plant size. 

The cyclic response patterns for TNC% were typical of the early 

spring responses reported by others (section 2.2.2. ). The pre-experiment 

trimming defoliation may have had some influence on the decrease of TNC, 

but this is not readily apparent from the results. Both treatments and 

varieties had similar patterns of TNC% decrease until day' 28 after which the 

3R treatments increased more rapidly than the H treatments, with the 3RC 

treatment giving rise to the greatest difference and hence having the major 

• It is noted that storage capacity increases by the cube while photo­

synthate production ·(leaf area) increases by the square. 
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influence on the observed interactions (table 7.3. ). Over the full growth 

period of the experiment, all treatments and varieties accumulated high 

TNC% by day 90 (Fig. 7.2b). It is apparent that the TNC increase for the 

H treatments would have been very rapid over the last weeks of mature growth; 

this also being observed by Ueno and Smith (1970). 

In general terms, both the roots and crowns displayed similar responses 

to those discussed for the RTCR. More particularly9 the roots showed gre~ter 

extents of TNC depletion and re-accumulation, the crowns only showing 

measureable dep le tion in the first week followed by a relRtively constant 

TNC% until the 3R treR.tment started to increase after day 28. The greater 

TNC capacity of the roots compRred with the crowns is exemplified by their 

much greater TNC% increase by day 90 above their previous minimal levels. 

This was 100% and 50% for the roots and crowns respectively, averaged over 

both treatments. Similarly, there was a greater TNC depletion in the roots. 

Hence the roots had a greater proportionate use and storage of carb ohydrate, 

this being at varience with the proportionate (on a weight basis) equality 

of use and storage between different storage tissues reported by Ueno 

and Smith (1970). Other than the greater 3R treatment reaccumulation, 

there ware no obvious varietal or plant size interactions with these storage 

tissue differences. 

It is not known why this difference of TNC capacity exists between 

the crowns and roots. Ueno and Smith (1970) showed that the crowns (wood 

plus bark) consistently had lower TNC% than either the bark or wood of the 

roots thus implying that the difference is not likely to be related to the 

proportions of tissue types. It is more likely to have a physiological basis. 

The TN results were in cont--rast to those of the TNC. The steady 

decline of TN°/4 in all cases over the 55 day measurement period indicates 

that TN was depleted to some extent, presumably mostly for growth . Of 

equal importance in explaining this TN'/4 decrease was the over-riding 

influence of the TNC% changes, there being an overall average of 6.6 times 

more TNC than TN by weight. This influence is more satisfactorily described 

from the C/N ratios. 

The TN'/4 results show the 3R treatments consistently had lower 

concentrations of total nitrogen. This appears to have been a genuine 

residual defoliation treatment effect. The possible reasons are discussed 

in the next section. In absolute terms of TN weight, the residual treatment 

. I 

.·, 
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effect was quite clear, the H treatment having approximately three times 

more TN weight due to the combined effects of greater TN"/4 and RTCR weight. 

The higher TN'/4 of the crowns, is in further contrast with the TNC% 

distribution between different storage tissues. These greater crown TN% 

values were more apparent with the smaller 3R treatment plants. These 

observations lead to the suggestion that the crowns being relatively active 

sites of new shoot growth initiation and development, would be expected to 

have higher TN concentrations resulting from the high nitrogen involvement in 

these processes and the associated tissues. This, as compAred to the tap 

root and larger lateral roots in which such new growth activity is normally con­

siderably less. In consequence, with higher TN concentrations, the 

percentage of non-structural nitrogen and hence more readily available, 

is likely to be greater in the roots. 

In terms of TN weights, the measured difference between the roots and 

crowns was much less (4:3 ratio) compared to that for TNC weight (3.1 ratio). 

But as discussed, this TN weight proportioning does not necessarily 

represent the relP.tive importance of roots and crowns as stora g e sites 

of available nitrogen reserves. 

While the C/N ratios indicated the relAtive chRnges of TNC and 

TN weights, they did not indicate how each or both factors contributed to 

these changes. NormAlly, this information is shown by the trends of 

TNC and TN weight changes. In this case, it was considered that these 

could not be relied upon because of the large variability of the root and 

crown weights sampled (section 7.2.1.1. ). Within these limitations, the 

steady decrease of the RTCR C/N ratio over the first three weeks (Fig. 7.3b) 

indicated a proportionate TN weight increase, but as both the TNC% and 

TN% decreased, this proportionate weight change was logically an actual 

TN weight decrease, but proportionately less so than the TNC weight 

decrease. Between the roots and crowns (Fig. 7.3a), it is concluded that 

most of the above decrease resulted from similar changes in the roots, the 

crown weight changes being minor by comparison. Within the above 

limitations this is supported by the crown and root dry weight changes 

(table 3A.7.2.). The later C/N ratio changes are less easy to interpret 

iif- that the increases observed, being most marked for the 3R treatments, 

were in part caused by a TNC increase, but could equally well have been 
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modified by either a TN weight decrease, little change or actual increase. 

Any of these are possible even though the TN% decreased over this period. 

Smith and Silva (1969) reported a simile.r prolonged TN% decrease to the 

25th day of lucerne regrowth, while the TN weight minimum was 14 days 

earlier on the 28th day. 

A preferable study of the relAtive importance of concommitant 

changes of TN and TNC reserve levels during lucerne growth involves 

having not only satisfactory p.ercentage v alues but also accurate weight 

change values over time. 

in this experiment. 

These requirements were not met to satisfaction 

7.3.2. The Influence of Different DefoliAtion Frequencies on 

Organic Reserves at HArvest: 

The associated results (section 7,2.2.) of this study represent the 

true defoliation treatment effects. It must be remembered that in this 

study the 3" treatment hAd been defoliated frequently through the spring. 

The decreasing TNC% of the roots with defoliation frequency increase 

agrees with previous reports (section 2.3.1.3.), in . this case, a regulRr 

decrease over the wide treatment range used. The lower crown TNC% vuues 

are consistent with the previous study although these were little affected 

by the different defoliation frequencies. 

Comparing these results with those of the time study it is 

considered that prolonged frequent defoliation has a dual action on the 

TNC reserves. In a general manner it results in the lucerne crowns and 

roots becoming considerably reduced in size and hence they store less 

weight of TNC reserves. More specifically, the TNC concentration is 

reduced only so long as the frequent defoliation regime is retained. 

The range of TNC% betweentreatments as r.ere , resulted from the TM:; 

accumulation being curtailed at lAter stages of growth with decreasing 

defoliation frequency. Return to an infrequent defoliation regime 

enables a rapid TM:; concentration build-up, apparently irrespective of 

the previous defoliation frequency. Further, the greater proportion of 

these fluctuations occurs in the roots as compared to the crowns. 

The reported adverse effects of defoliation on root nodule numbers 

and activity (section 2.3.1.3.) is supported by the TN% responses obtained 

here. Of these factors, root nodul e numbers and/or weight per unit root 
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weight would have presumably decreased in association with root weight 

decreas es arising from more frequent defolia tion. The reports of these 

effects of defoliation on lucerne and other species appear to have been 

exclusively concerned with the immediate post-defoliation response as 

compared to the effect of a prolonged defoliation treatment as here . The 

lowe r TN% of the 3R treatment implies that there was a rel atively permanent 

decrease in the level of one or more of these factors. Chu (1971) 

observed that following defoliat ion of Trifolium repens, the nodule 

weight decreased proportionately more tha n root weight decre~se whi le 

nodule number decreased proportionately. Alternatively a mineral 

limitation, especially Mo and Co, may have arisen from the reduced root 

size, growth and absorpitive capacity (sections 2.3.1.2., 2.4.1.2. ), and 

have reduced nodule activity. While making these suggesti ons, it is fully 

realised that considerable care must be exercised when extrapola ting 

between species and between short and long term effects. No such long 

term effects are known to have been reported for luc erne or other legume 

species. 

The l a ck of T N% recovery for both roots and crowns in the 3R 

treatments by day 90 compa red with the H treatments contrasts with their 

similAr TN::% at this time. In this i nstance, the supply o f energy substrate 

was obviously not limiting nodule activity. This is a complex problem 

requiring more detailed work to elucidate the various aspects. The simil ­

a 'rity of the 9" and 3" TN% of both t h e roots and crown individually, is 

suggest ive of a threshold level of TN concentration being approa ched 

i.e. the stage when much of the nitrogen present is incorporat ed in structural 

tissue and is thus relatively non-labile. It is interesting to note that 

the greater TN concentration of the crowns persisted over the full range 

of treatments, in agreement with the results of the main study (section 7.3.1.). 

The similarity of the C/N ratios (weight based) between all four 

treatments for roots, crowns and RTCR indicates thRt with consistent 

defolia tion trea tments, even though these may be diverse, the plAnt 

maintains a balance of TNC end TN in its tissues. In terms of the 

previous discussions, this may come about by a direct treatment effect on 

the T~/4 and the trea tment associated growth period length limiting the TNC% 

proportionately. From the time study it is apparent that the -C/N ratio 

will change with the stage of growth. Further, a change of defoliation 

frequency will probably result in the C/N ratio being different a; the first 

few harvests, largely from the influence of the more readily varied TNC 

concentration. 



To establish if there were any significant varietal differences 

would have required more intensive and accurate investi gation. These 

studies have not contributed further information as to the roles of 

lucerne carbohydrate and nitrogen reserves during re growth. Ra ther 
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they contribute to the descriptive knowledge of the changes and levels of 

these reserves under several defoliation frequencies, and particulRrly with 

the extreme 3" and H treatments. Most previous studies hPve only 

considered the one growth condition. 

7.3.3. Winter Changes of Organic Reserves: 

Two periods are of interest, namely the co ncentrations attained during 

the autumn/early winter period, and the changes of these during the 

winter month prior to the commencement of the experiment. 

The autumn increase of TNC% in lucerne if not defoliated ha s been 

well documented (section 2.2.2. ). During the autumn prior t o the 

commencement of the thesis experiment, all trea tments were spelled for 

approximately six weeks. This management is reflected in the similar high 

mid-winter TNC% of the extreme 3R and H treatments (Figs. 7.1a,b) 9 but 

particularly the 3R treatment's high cone ent ration when compared to its 

lower day 90 value (Fig. 7.4.). 

Reasonably high mid-winter TN concentrations were att a ined in 

accordance with other reports (section 2.2.2. ). For the 3R treatment, the 

combined TNC% and Tl\'% increase indicates that a nett accumulation of 

nitrogen occurred. This was not so obvious with the H trea tments. The 

treatment TN concentration difference was basically maint a ined. 

During the winter months the T1~% decrease of both treRtments 

is assumed to hRve largely been due to its use for root and crown 

respiration (sections 2.2.2, 2.4.1.1.). At the same time, these TNC% 

decreases were probably largely responsible for the TN% increases recorded, 

as TN weight changes if any, were probably minor. These TN% increases 

were greatest in the crowns of both treatments. The smaller TN% increase of 

the H treatment roots and the lack of TN'/4 change in the 3R treatment roots 

(for both varieties• table 3.A.7.) is not readily explained, but appears 

to be a definite trend. 

Throughout this period, the small amount of shoot growth that did 

occur would have drawn on the supply of root and crown TN reserves reducing 



the potential TN% increase. This would have been accentuated by the 

high TN concentration of this shoot growth relPtive to thPt of other 

seasons (Bailey et. al., 1970). Between treatments and for both 

v a rieties it was observed although not measured, thAt the H treAtments 

had longer shoots at the pre-experiment defoliation (7th August) 

145 

compAred to the 3" treatments. The TNC% was simil"'r for both treRtments . 

The greater TN'/4 of the H treatment may hP-ve contributed to its g reater 

growth . It is probable tha t other factors related to pl8nt size and 

probably reduced plant vigour were implicated. A further aspect is 

whether the reported substantial nitrogenase activity of lucerne root 

nodules at temperatures of 3 and 5 C (Day and Dent, 1970) could hAve 

led to small increases of TN so complicatin g the ab ove changes . 

more detailed work is needed to confirm and explain these ch::>nges . 

7.3.4. The Use of DArk Growth to Estim,,,te the CArbohydrAte 

Reserve Sbitus: 

Again, 

This method has been used by several workers in the pAst, using 

two a ~proaches. Firstly, plAnts hAve been dug, defoliated, replAnted 

in pots and then regrown in the dark, roots being periodically ,:,nd/or 

finally sa mpled and analysed for TNC content (Graber et. al ., 1927; 

Smith and Silva, 1969. ). Secondly, light proof covers have been pl,:,ced on 

areas of defoliated lucerne, with the sho ot growth obtained being a 

~elative measure of the initial TNC reserve levels between treatments 

(Tsum~ , 1968; Causley, 1968). The latter method was that used here, 

with the residual TNC% being determined chemically. 

The experiment was successful in that the dark growth obtained 

demonstrated the greater reserve ca pacity of the H treatments. Comparison 

with the initial (d ay 0) RTCR weights (table 7.10) supports the 

observation of Causley (1968) that such dark growth was correlated 

with root weight, and thus demonstrates these defoliation treatment 

effects . With less diverse treatments , the ability of the method to 

enable the identification of treatment differences would be more difficult. 

The correlation of dark growth with the initial TNC weights 

was good (tables 7.10, 7.4.), although this mostly arose from the RTCR 

dry weight differences. It is obvious that the TNC% has no meaning in such 

a study (Fig. 7.11.b.), unless the root weight is very similar between 



c omparisons . Fr om the maintained residual TN% treAtment difference 

(table ? . llb . ) and the similarity with the day O TN% (Fig. 7 . 2b . ), 

it is appar ent that the TN reserves were not significantly involved in, 

or determinants of , the amount of d-'lrk shoot growth obtained. The 

residual TNC%1 s were not p~rticularly low as seen by comparison with 
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the minim~l levels measured in the other studies (table ? . 11~, Fig . 7.1 . b . ) . 

Some continued shoot growth was observed indicating th3t minimal TNC 

levels had not been r eached . Also, S~ith and Silva (1969) obtained a 

minimal TNC% of 2 . 1 in a dark growth pot experiment . 

' Technically, the field method suffers from the cost and handling 

problems of the covers . Those used were satisfactory except that they 

could have been hi~her to c ontain the etiolated growth . Agronomically, 

the etiolated r egrowth tended to start decaying in these experimental 

conditions and henc e the need for intermediate harvests . This may be a 

greater problem i n w~rmer weather; an observation m~de by Causley (1968) . 

These results plus those of the reversal treatment~ (chapter 9) 
have confirmed . many of the reported observations pertaining to organic 

reserves . At the same time the major effects of the different 

defoliation treatments have been demonstrated, showing that the root and 

crown nitrogen c ontent was also strongly influenced by these treatments. 

The importance and actual role of these nitrog en levels in respect to new 

growth (both sho ot and root) has still to be positively established 

c~mpar ed to the r e c ent advances with carbohydrate reserve studies (section 

2 . 4 . 1 . 1 . ) . 



CHAPTER 8 . 

.c·.;e ~ _ ly Su:!'ing Ter:.neratm.~ 2/ Sh;:; ot G!'o·.:th Co:z-relation . 

The ~nfluence of the e~rly sp~ing temperature fluctuatior.s on 

the growth c: ..Lucerne was investisatcd in association ~ith various -~thods 

of tc~~eratur~ ~easurem en t . 

Te~?e~~ture recordin;s ~er~ t~~en at the expe~i~cntal site 
( . . . - . 
\ 3l.(.' _,,_, :_:; . :J•_L I• 

f ... ~ •• -- •••• + ,...,.;,-.: ..... ..,., /2) 1 \..u .. c.i.. -h,.:... .......... w ..... ..a...1.J._._ .. .1,,L..u, ;) nc... 

t . e D • .S • :;: • R • rec o rd s (DSIR hV, se ticn 3.o.). ~he data is tab~lnt ed 

appen ix 3A..8.l. 

These te ,perBture results were correlated with the Chanticleer field 

growth data (section 5.2 .3.) of weekly increments of shoot length growth 

and the numbe so~ shoots arising du ing each of the first four weeks . 

Linea.c and m ltip e regression analyses were used. 

6. 2. Resu..Lts : 

~~e shoo ength growth i ncrements had the most significant corre a~ ion 

w~th the (FIELD AV) values. The fi ted curve is illustrated in fig. 8.1. ~ 
t e da B in appendix 3A.8.2. Between 9°c and 12°n there was a steadi y 



?igure 8.1. The multiple regression of the spring 'field average temp-

erature' for each week with the associated weekly shoot 

height growth increme nt measured on the field growth plants . 

Y = 109.643 + 9.724t + o. 471t2 + o.007t3 
2 F = 53.64 R = 0.721 SE. of estimate 1.531 DF = 62 
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increasing temperature response •. 

rapidly. 

0 
Below 9 C shoot growth decreased quite 

For shoot numbers, the best correlation was obt a ined with 

(FIELD SUM) r = 0.30, the regression coefficient being significant 

~ the 5% level (table 8.1). For FIELD AV r = 0.11 and DSIR AV r = 0.26. 

~abl2 8.1 Re g ession of FIELD SUE Temperature x Shoot Numbers . 

D? 

43 

REGRESSION 

1. 0116• 

Appendixes: Data 3A.8.1 . 

8. 3. )isct:ssion : 

S . E. 

o.4901 

CORRELATION 

0 .300 

Tie shoot length correlation indicates that early spring 

te~pc~a ~u~e is an im portant dcte~minant of shoot growth at this immature 

growt':1 stage . 

me&su:..-err.ent. 

With older growth, shoot wei ght would be a preferable 

. . . t s01. ..... ~:~OlS t.:.:re 

In these conditions of relative~y low light levels and adequate 

(section 3. 6~ fig. 3.2.), temperature was possibly the main 

g row~i Ceterminant supported by the relatively linear growth response 

~easu~ed above 9°c suggests that 8 - 9°c may be an approxi~ate temperature 

thres~old level for lucerne shoot growth . 

been reported . 

No such value is known to have 

Low significance of the shoot number re ;ression was probably in 

part due to the nature of the data. There was a very poor spread of 

associated temperature values hindering the estimation of a significant 

regression (table 3A. 8.1. ). It would appear that new shoot initiation was 

influenced by these s~ring temperatures. 

It is suggest ed f rom these results that the early spring temperatures 

had at _east two difect controlling influences on shoot growth. It is 

suspected th~t this would be more direct for new shoot initiation ~nd initial 

elongation as these factors would be less likely to be confounded by other 

· envirou~ental and pl~nt fActors. As Wairau shoot growth was not mea sured, 

it is not known if there were any var iet~l temperBture response differences . 

As to hy each shoot variable should correlate best with different 

temperature . parameters is not known. 



CHAPTER 9 

A REVERSAL STUDY OF THE EXTREME DEFOLIATION TREATMENTS 

The t wo extreme treatments, 3" and H, were com.pared with their respective 

re iprocal treatments of 3R (3" grown to haystage) and HR (H cut with 311 growth) 

to observe their respective rates of vigour recovery and depletion. Thie is 

considered in association with the nature of these changes. 

9.1. ?fotnod.. 

~fter taking the final harvest of the previous studies in Novenber 1969, 

a s:i.o:~t two week study was made of the residua l vigour of the Y', 3R, HR and li 

~~ca~ments for both varieties. This was in respect to their top growth, root 

and crown weight and organic reserve composition. Sarapling was performed on the 

:..~esid-:.ial growth immediately after the last production cut ( section 4.1.) and 

-C\iice more at weekly intervals. These last production cuts were taken at diff­

erent times between treatments over a six day period sim·larly affecting the 

~~~surements of this study (table 9.1.). 

Table 9.1. Reversnl Sa~pling Schedule. 

,1 Chanticle 0:.' i Wairau 
I 

I Harvest 1 2 3 
I 

1 2 3 

I 311 10• 17 24 11 18 25 
3R 10 17 24 11 18 25 I 
HR 10 17 24 8 15 22 

H 5 12 19 5 12 19 

• The day of November, 1969. 

Plant numbers - these were sampled as before (section 4.1.), in the first 

week of the study. 

Top growth - three 2'x1' quadrats were cut at ground level with electric 

sheep shears from each small plot (section 3.2.) on each sampling day, the 

qua ats being located as described in section 4.1. Care was taken to avoid 

double cuts with the handpiece so as to keep the lucerne growth as intact as 

possible. T' e samples from the three quadrats were grouped, the total sample 
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being dried in a forced d~aught oven at 80 C for 24 hours after taking a rep­

resentative sub - sample for botanical analysis and lucerne growth compo~ition. 

For the botanical analysis, lucerne, 'other species', dead matter and soil 

were separated. For the lucerne growth composition, the lucerne was divided 

int o its component fractions of stubble and new shoots, with a sub-sample of 

t. e latter being divided into stem and leaf. Al l lucerne shoots greater than 

1 c~ in the botanical analysis sample were counted . All compotents wer e dried 

as above . Total dry weights of the various fractions were subsequently calcul ­

at ed . 

C._ e~ical analysiG - at the time of the last production cut of each treat ­

rnen~, six plants were dug from each small plot for chemical analysis of the 

roots and crowns . The preparation a:id analysis was as described in section 7.1. 

3o·vil t otal non-structural carbohydrates (T NC ) and total nitrogen (T ) were 

analysed. 

Statistical analysis was by conventional analysis of variance (section 

9. 2. Results . 

9.2.1. Plant Numbers. 

The plant numbers present at the time of this study and their 

ANOVA results ar e presented in table 9 . 2. Treatment and variety differences 

wer~ not significant . 

Table 9.2. Plant Number Measurements. (No . /1 sq ft) 

C w C + VJ Statistics 

3" 6 . oo 7 . 55 6.77 Varieties NS 

3R 5 . 49 8.55 7 . 02 Treatments NS 

HR 6 . 71 7.27 6 . 99 Var x Treat 5% 

H 8. 33 7. 11 7.72 SE . 1.27 

Av . 7. 62 ' 7 . 62 CV% 17.80 

Appendic es : Data 3A.9. 3 . Statistics 4A. 9 . 1 . 
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9. 2.2. Top Growth Yield and Composition. 

The results and ANOVA of the lucerne, 'other species' and total 

yields are presented in table 9.3. 

I 
' I 
I 

l 
I 

i 
' 
i 
i 
' 
i 
l 
I 
I 

i 
I 

I 
I 

! 

' I 
I 
I 

I 
i 
I 
l 

Table 9.3. Crop Production.(gm/6 sq ft ) 

Lucerne Other Species Total 

Varieties 
a. * C 125.21 (25.87)A** 120.71• 146.72a• 

w I 143.28 (33.22)B 125.39 158.48b i 

AXOVA 1% NS 1% 
"' .. (7.28), 9.73 - (9.86), 13.18 LSD 

Treatments 

3" 89 .69 ( 7.53 )A 141,71A 149.24A 

3R 138.38 (26.69)B 142.14A 169.02B 

HR 133.44 (22.63)B 121.62B 144.06A 

H 175.47 (61.34)C 86.75c 148.09A 

:..ROVA 
I 

1% 1% 1% 

(10.37), (15.61), 20.87 ( 13. 9 5) , 18. 64 LSD I 13.77 
I 

Harvests 

1 125.45 (22.32)A a 120. 40ABa 143.05A a 

2 133.07 (27.95) ABa 137.10B b 165.06B b 
I 

3 144.22 (38.37)B b 111 .66A a 149.70ABa 

A:·011A 1% 1% 1% 

LSD ( 8. 92 ) , 11 • 92 ( 13 • 52 ) , 1 8. 07 ( 12. 08) , 16. 14 

Treatment x Harvest 

ANOVA NS NS 1% 

SE. 15.577 14. 925 11.240 

CV% 11.60 12.13 7.36 

ct • Natural values. Log transformed means. 

•• Means are compared at (A) the 1% and (a) the 5% l~vels. 

~••• (P = 0.05), P = 0.01 

Appendices: Data 3A.9.1. 

Statistics 4A.9.2. 
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With each variable, there were significant treatment differences (P = 0.01) 

but with each having a different treatment response pattern. The 3R and HR 

trca tr:,ent lucerne yields were similar while at either extreme the 311 and H 

treatment yields were significantly different (P = O. 01). The 311 and 3R treat­

ments of 3" origin had similar 'other species• yields. These were significantly 

higher than the HR and still lower H treatments. The total yields were similar 

bet~een trea tments except for the significantly greater (P = 0.01) 3R treatment. 

This was due to the combined influence of both higher lucerne and 'other species' 

yields. 

The lucerne yield increased slowly with later harve;:,ts, but only signif­

icantly so f or the third harvest (P = 0.05). For both the 'other species' and 

to-cal yields the second harvest was significantly greater (P = 0.05) th.J.n the 

fi~~t and third harvests. These latter results were influenced by an appa rent 

ne t t decrease of other species production in the second week. The signific~nt 

total production's treatment/harvest interaction largely resulted from the 

variable 'other species' growth between treatments . 

Between varieties, Wairau had a significantly greater (P = 0.01) lucerne 

yield, a small non-significant 'other species' advantage and a significantly 

greater (P = 0.05) total yield. 

The r esults and ANOVA of the lucerne growth components are tabulated in 

table 9.4. All three variables had significant (P = 0.01) treatment diff erences 

with each expressing the same basic response pattern of 311 < (3R and HR)< H. 

Significant harvest differences were also measured but with different response 

patterns between variables. Significant increases between adjacent harvests 

were measured for shoot growth (P = 0.01) and shoot numbers (P = 0.05). Stubble 

response was the reverse, although with no significant differences between 

harvests 1 and 2. Both shoot growth and shoot numbers bad significant 

treatment x harvest intractions due to an increase of tr~atment. differences 

with time (fig. 9.1.). The stubble showed no such interaction. Between variet­

ies, Wairau was significantly (P = 0.01) greater for each variable. The variety 

x treatment interactions were significant (P = 0.01) for shoot growth and 

shoot numbers mnly for varied reasons.(fig. 9.2.). For both variables, these 

interactions resulted from a greater disparity between the Hand HR treatments 

of the Chanticleer variety. 

The shoot growth compnents of leaf and stem dry weight had the same 

treatment significances as the total shoot growth (tables 4A.9.2.) 
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Tabl e 9.4. The Major Components of the Lucerne Growth.(gm/6 sq ft) 

l Shoot Stubble Shoot Number 
I 

Varie t i es 
• -

C 95.58 (15.6 9 )A•• 90.79•(10.09)A 227.36•(277.16)A 

I w 109.65 (17.66)B 110.07 (15.55)B 255.57 (43 8.50)B 
· ANOVA 1% 10' 1% I ••• /0 

I LSD ( 7. 12 ) , 9. 52 I ( 8.19), 10.95 (8.43) , 11.27 i 
Trea t ment s 

311 64. 85 ( 3.83)A 63.36 ( 3.70)A 207.90 (143.16)Aa 

3R 100.87 (13.45)B 104.73 (13.06)B 235.20 (269.44)Bb 

! ER 106.07 (13.02)B 96.68 ( 9.60)B 249.90 (398. 84)Bc 

' H 138. 66 (36. 41 )C 136.95 (24.93)c 272.87 (619.77)Cd I ; 
I ANOVA 1% 1 % 1% 

LSD ( 1 0. 07) , 13. 4 7 ( 11. 58) , 15. 48 ( 11. 92) , 15.93 
I 

' I 
I Harves t s 
I 1 67.24 ( 4.34)A ; 113.54 ( 17. 83 )Aa 228.16 (23 8.58 )Aa 
j 2 106 .37 (14.99)B 104.26 (12.96)Aa 242.85 (387.83)Bb 
l 

134.22 (30. 69)C 83.49 ( 7.68 )Bb 253.40 (447.08)Bc l 3 
' 
j AKOVA 1% 1% 1% 

I LSD (8.73), 11.66 (10.03), 13.41 ( 1 o. 32), 13.79 

/ 

l Varieties x treat ments 
A.TOVA 1% NS 1% 

I 

l 
j Trea tments x Harvests 

! AKOVA 1% NS 5% 

SE. 6.927 8.392 6.846 

CV% 6.75 8.36 2.84 

FORM LOGS LOGS LOGS 

• Natural values are bracketed. 

•• Means are compared at (A) the 1% and (a) the 5% level. 

•••• (P = 0.05), P = 0.01 

Appendices: Data 3A.9. 1. 

Statistics 4A.9.2. 



Figure 9.1. Comparison of the lucerne growth parameters of the four reversal 

experiment treatments over the two week growth period. 

True shoot growth (ie. without stubble) - top left, 

Shoot number greater than 1 cm long - top right. 

Stubble weight - bottom. 
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Figur e 9 . 2 . Comparison of sel ected lucerne growth parameters for the t wo 

varieties with t he four reversal experiment treatment s. 

Shoot numbers greater than 1 cm long. 

True lucerne shoot growth (ie. without stubble) 
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9.2.3. Growth Rates. 

Treatment CGR's and RGR's were respectively compared by natural and 

logarithmic linear regressions. Significant differences occurred (P = 0.01) with 

both comparisons. For each,all regression coefficients were significant (tables 

9.5., 9.6.). 

Table 9.5. Crop Growth Rate Comparisons. 

DF Regress SE 

3" 16 0.196• 0.089 

3R 16 1.638•• 0.217 

HR 16 1.049•• 0.244 

H 16 4.646·• o.414 

Av. 67 , • 882• • 0.243 

• P = 0.05, •• P = 0.01 

Appendices: Data 3A.9.1, 

Statistics 4A.9. 3 . 

Correl Statistics 

o.479 Av. regression 5% 

o. 884 

0.731 Between individual 

0. 942 group regressions 

0.687 1% 

Table 9.6. Relative Growth Rate Comparisons. 

DF Regress 

3" 16 1. 682 • 

3R 16 6.237•• 

HR 16 3. 825• • 

H 16 7.393•• 

Av • 67 4.784 .. 

• p = 0.05, •• p 2 0.01 

Appendices: Data 3A.9.1. 

SE 

0.732 

0.818 

0.870 

0.697 

o.468 

Statistics 4A.9.4. 

Correl Statistics 

o.498 Av. regression 5% 

0.885 

0.739 Between individual 

o. 935 group regressions 

0.781 1% 

As expected, CGR's were of a similar treatment order as shoot growth dry 

weights (table 9.5.). RGR's, as measures of growth efficiency (table 9.6.) 
were more interesting. The infrequently defoliated 3R and H treatments had 

high similar RGR's, the 3" treatment less and the HR treatment intermediate. 



Figure 9.3. Comparison of the shoot growth rate regressions between treatments 

for the two week growth period of the reversal experiment. 

Crop growth rate regressions. 

Relative growth rate regressions~ 
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9.2.4. Root and Crown Weights. 

These measurements were taken from the plants sampled for chemical 

analysis. The results and ANOVA are presented in table 9.7. 

Table 9.7. Root and Crown Weights. (gm/6 plants) 

Root 
j 

Crown RTCR I 
Varieties 

C 17.85 I 9.86A• 27.70 

w 17.76 
I 

14.69B 32.46 

ANOVA NS 1% NS 

LSD - (3. 08), 4.27 -
Treatments 

3" 8. 67A a 5. 69A 14.36A a 

3R 18. 99BCb 8.45A ·· 27.44B b 

HR 17.23B b 16.22B 33.45BCb 

H 26.33C C 18. 73B 45. 06C c 

ANOVA 1% 1% 1% 

LSD (5.69), 7.89 (4.35), 6.04 (9.48), 13.17 

INTER- NS NS NS ACTION 

SE. 3.72 3.27 6.41 

CV% 20. 89 26.62 21.33 

• Means are compared at (A) the 1% and (a) the 5% levels. 

Appendices: Data 3A.9.2. 

S~atistics 4A. 9. 5a . 

In view of the equality of plant numbers (table 9.2. ), these results 

which were on a per plant basis, are also representative of area measurements . 

The 3R and HR treatments had similar root and RTCR weights. They were signific­

antly (P = 0.01) different from the extreme values of the 3" and H treatments . 

Contrastingly, the crown weights were not sgnificantly affected by the reversal 

treatments. Those treatments of H treatment origin were significantly greater 

(P = 0.01)(table 9.7.). Between varieties, the Wairau crown weights were signif­

icantly greater (P = 0.01) with no treatment interaction. 
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9.2.5. Organic Reserve Levels• 

The TNC% ' s directly reflected the defoliation frequencies; the 

infrequently defoliated 3R and H treatments havi ng significantly greater (P = 0. 01) 

values than the frequently defoliated 3" and HR treatments (table 9. 8.) . While 

varietal differences were non- significant , a significant (P = 0.05) variety x 

treatment interaction was due to the response range between treatments being 

greater for the Chanticleer variety (fig. 9 . 4a) . These r esults were the same 

f or each plant var iabl e. 

Table 9.8. Total Non- structural Carbohydrate Percentages. 

Root Crown 

VARI - NS NS ETIES 

I Treatments 
• 

3" 0. 358 ( 12. 33)A •• 0. 295 ( 8. 50)A 

3R 0. 582 (30. 33 )B , o. 430 (17. 5o)B 

HR 0.326 ( 10. 33)A 0. 276 ( 7 . 50)A 

H 0. 542 (26. 66)B 0. 382 (13. 92)c 
ANOVA 1% 1% 
1sn• •• ( o . 037) , o. 051 (0.029), 0. 040 

INTER-
1 ACTION 5% 5% 

SE. 0. 038 0. 027 

CV% 8 . 45 7 . 87 

• Natural means . 

••. Means are compared at t he 1% level • 

•• • P = 0. 05, P = 0.01 

Appendices : Dat a 3A. 9 . 2. 
St ati stics 4A. 9 . 5b . 

RTCR 

NS 

1 
0. 334 ( 10. 82 )A 

0. 538 (26. 47:)B 

0 . 303 ( 8. 96)A 

o. 481 (21.47)B 

1% 

( 0 . 035), 0.048 

5% 

0 . 036 

8 . 65 
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Between treatments, the TNC weights reflected the relative dominance of 

of the plant part weights and the associated TNC%'s. With the roots and RTCR 

these factors operated in unison while for the crowns, the 3R and HR treatments 

interacted within the 3" and H treatment range (table 9.9.). These results are 

more easily discerned from a combined cosideration of tables 9.7., 9.8. and 

9.9. Between varieties, the greater Wairau crown weight resulted in a similarly 

significantly greater TNC weight (table 9.9.). 

Table 9.9. Total Non-structural Carbohydrate Weight . (gm/6 plants) 

Root Crown 

Varieties 

C 4.23 1.19A• 

w 3.66 1. 67B 

ANOVA NS 1% 

Lsn•• - (0.34), o.48 

Treatments 

3" 1 .03A 0.47A 

3R 5.88B 1.44B 

HR 1. 81A 1.22B 

H 7 .• 06B 2. 59c 

ANOVA 1% 1% 

LSD (1.83), 2.55 (0.49), o.68 

INTER- NS NS ACTION 
-

SE. 0.98 0.26 

CV% 24.98 17.96 

• Means are compared at the 1% level. 

••(p = 0.05), P = 0.01 

Appendices: Data 3A.9.2. 

Statistics 4A.9.5c. 

RTCR 

5.43 

5.34 

NS 

-

1. 51A 

7.33B 

3.03A 

9.66B 

1% 

(2.20), 3.06 

NS 

1. 05 

19.38 



Figure 9.3. The organic reserve composition of the roots and crowns of the 

plants of the reversal experiment treatments. 

~• The Total Non-structural Carbohydrate percentages of the roots 

(left graph) and crowns (right graph). 

b. The Total Nitrogen percentages of the roots and crowns. 

c. The TNC/TN ratios of the roots and crowns. 
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The TN% 1 s are presented in table 9.10. The root and RTCR values were signif­

icantly different (P = 0.01) between all treatments in the increasing s equence 

of 3 11
, 3R, HR and H treatments. Except for the similarity of the 3R and HR treat­

ments t he crown TN'/4's were in ~he same significant (P = 0.01) sequence. Varietal 

analyses were non-significant as also was the root variety x treatment inter­

action. This interaction was significant for the crowns(~= 0.01) and less so 

(P = 0.05) for RTCR. These significant interactions were due to the Wairau 

variety.~s great~r response to the changed defoliation treatments (fig. 9.4b.). 

I 

i 

Table 9.10. Total Nitrogen Percentages. 

Root Crown 

VARI- NS NS ETIES 

Treatments . 
3" 0. 124 ( 1. 54 )A .. 0.139 (1.92)A 

3R 0.135 (1.81)B 0.151 (2.27)B 

HR 0.147 (2.16)C 0.150 (2.24)B 

H 0.159 (2.52)D 0.170 (2.88)c 

ANOVA 1% 1% 
••• 

LSD (0.006), 0.009 (0.005), 0.007 

H ·ITER- NS 1% ACTION 

SE. 0. 0059 0.0051 

C V"/4 4.21 3.33 

• Natural means. 

•• Means are compared at the 1% level. 

••• (P = 0.05), P = 0.01 

Appendices: Data 3A.9.2. 

Statistics 4A.9.5d. 

RTCR 

NS 

0.130 (1.69)A 

0.140 (1.96)B 

0.148 (2.19)c 

0.164 (2.68)D 

1% 

(0.005), 0.007 

5% 

0 .0048 

3.31 
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The TN weights (table 9.11.) were mostly influenced by the plant part 

weights (table 9.7.). This was shown by their treatment response patterns and 

significances being similar. Again, between varieties, the Wairau crown TN weight 

was greater due to the crown's greater weight (table 9.7.). 

Table 9.11. Total Nitrogen Weight. (gm/6 p~ants) 

Root Crown 

Varieties 

C 0.38 0.24A• 

w 0.36 0.35B 

ANOVA NS 1% 

LSD•• - (0.07), 0.10 

Treatments 

3" 0.13A 0.11A 

3R 0.35B 0.19A 

HR 0.37B 0.35B 

H 0.66C 0.54c 

ANOVA 1% 1% 

LSD (0.11), 0.15 (0.10), 0.14 

INrER- NS NS ACTION 

SE. 0.088 0.085 

CV% 23.51 28.39 
I 

• Means are compared at the 1% level. 

•• (P = 0.05), P = 0.01 

Appendices: Data 3A.9.2. 

Statistics 4A.9.5e. 

RTCR 

0.63 

0.72 

NS 

-

0.24A 

0.54B 

0.72B 

1.2cc 

1% 

(0.21), 0.29 

NS 

0.166 

25.31 
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The C/N ratios reflect the greater response . ; v:;, -.- ·ed to the TN 

to the treatment changes imposed. For all plant variables, the 3" and H treat­

ments were similar or close to being so, while the 3R and HR treatments reflec­

ted their greater respective increase and decrease of TNC wei t relative to the 

associated smaller TN weight changes (table 9.12). The very significant (P = 0.01) 

variety x treatment interactions were all due to the smaller Wairau response range 

(fig. 9.4c.). 

Table 9.12. TCN/T N \'!eight Ratios. 

Root Crown RTCR 

VARI- NS NS NS ETIES 

Treatment s 

3" 8.04A• 4.45ABa 6.42Aa 

3R 16.73B 7.8oc b 13.59Gb 

HR C 3.37A c 4.15Bc 

H 10. 60D 4.86B a 8.06Ad 

ANOVA 1% 1% 1% 

LSD (1.48), 2.05 (0.91), 1. 26 (1.35), 1. 87 
, 

I:t\"TER- 1% 1% 1% ACTION 

SE. 1. 31 o. 82 1. 29 

CV°/4 12.99 16.07 15.99 

• Means are compared at the (A) 1% and the (a) 5% levels. 

•• (P = 0.05), P = 0.01 

Appendices: Data 3A.9.2. 

Statistics 4A.9.5r. 
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9.3. Discussion: 

It was previously shown thl'l.t the continued 3" and H treatments 

in the main experiment resulted in some reduction of pla.nt numbers for 

both treatments with both varieties (table 4.14). The infrequently 

defoli~ted 3R treatment, surprisingly also showed reductions of pl~nt 

numbers. This was particulRrly evident for the 3RW treatment. It 

is probable thRt this reduction of what were intially smRll plants on 

Rverage1 was due to the competition from the other species growth. The 

frequently defoliRted HRC trea t ment, had a small further reduction 

of plant numbers beyond that of the HC t~ea tment, while the HRW pli:int 

numbers were not further reduced. 

Because of the short duration of the study, it is only indicRtive 

of the longer term production potential of each treatment. Other 

restrictive variables were the dry conditions leading up to and including 

the first half of the study were observed to limit lucerne growth to 

some extent (section 3.6. ); the dates of growth variation between 

treatments (table 9.1) may have interacted with the climatic factors. 

Although the results should be considered within these limitations, they do 

agree with the r xpected responses. 

As with the previous production study (section 4.2.1.) lucerne and 

other species growth tended to compensate for each other giving similRr total 

yields between treatments. It is probable that the H treatment, and to 

a lesser extent the 3R and HR treatments, would have had greater total 

mature yields due to their greater lucerne content combined with its faster 

growth during this season. 

All the lucerne growth parameters showed the same treatment 

influences. The infrequent reversed 3R treatment hRd a significant recovery 

of regrowth vigor, while the reversed HR treatment h?d a significant 

decrease of vigor. These vigor changes are best represented by the 

associated shoot RGR's (table 9.5) and are further exemplified by the growth 

parameters of the average shoot weight (table 9.13) and shoot stem/leaf 

ratio (table 9.14). 

These were both noticeably greater for the lenient 3R and H trea tments, 

indicating greater individual shoot growth capacity. The second week shoot 



number increase of the infrequently defolia ted 3R and H trea tment s 

c ompared to lit t 1 ~ cha nge for t he f requen tl y defo lia t ed 3" and HR 

tr eatments ( Fi g. , 9.1.) would have diminished r ather tha n increa s ed the 

former treatments average s hoot weight advant age. 

observation of t heir more efficie nt growt h . 

Th i s support c the 

Table 9. 13 . Average Individual Shoot Weight (gm) 

C VI C + W 

3 3 . 15• 2 . 46 2. 80 

3R 7. 17 4 . 00 5 . 54 

HR 4. 63 2. 86 3 . 74 

H 5 . 86 5. 90 5. 87 
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• Ax 102 ; calcul a t ed from the shoot weigh t and shoot number r eplic­

ation mean va l ues ( t able 3A . 9. 1 . ) 

Taole 9 . 14 . Shoot Stem/Leaf Ratios 

C w C + VI 

3 0 . 90 0 . 87 o . 88 

3R 1. 36 1. 23 1. 29 

HR 0 ~87 0 . 90 0 . 89 

H 1.20 1. 05 1 . 13 

Appendix: Data 3A. 9.1. 

The g r eater stem conten t of the 3R and H treatments ind icates eithe r 

more eff ic ient lea f photosythesis or a greater ava ila ble supply of res erve 

gr owth s ubstra tes. The associa ted hi gher TNC content ~nd concentration 

(tables 9 . 8 , 9.9) strongly supports t he latter hypot hesis in l ight of t he 

es t abl ished i mmediate pos t-defolia tion role of carbohydrate reserves in new 

s hoot growth (section 2.4.1.1.) (Hodgkinson, 1967; Smith and M~rten, 1970). 

The residual 7 and 14 day leaf weights per shoot are tabul~ted in table (9.15). 

It is obvious tha t the 3R a nd H trea tments did not ha.ve any initial 

trea tment growth advantage because of their lower residual lea f area per 

shoot. It is equally evident th~t the following rapid rate of new leaf 

production and the associa ted commencement of photosynthate export soon after 

(Hodgkinson, 1967) would have soon confoun:led the contributing role of TNC 

reserves to new shoot growth. 
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Table 9.15. Leaf Weight per Shoot (gm/x 103) 

Day 

0 7 14 

3" 5.80 10.66 21.44 

3R 3.30 17.20 37.00 

HR 7.95 14.40 25.80 

H 5.35 20.08 41.50 

Appendix : Data 3A.9.1. 

The greater residual leAf areas per shoot of the 3" and HR treRtments 

in association with the low TNC levels, suggests this res id u;:,l 1 eaf area 

may have been of greater importance for their sl ower shoot ~rowth. In 

this respect, the complex of residual leaf origin, age and photosynthetic 

efficiency should be kept in mind (section 2.4.1.3; Keoghan, 1970). Even 

for these treatments, new leaf growth per shoot was quite substanti;:,l over 

the period of measurement (table 9.15). 

The high TNC levels of the 3R a~d H treatments almost certainly 

means that the TN reserves, which were probably adequate in each case, would 

not have limited growth. In contrast it is suggested that the low simil;:,r 

TNC levels of the 3" and HR treatments may have meant that the TN reserves 

were of greater importance for these treatments. The HR treatments average 

RGR was greater . This may have been aided by the higher TN levels (I/3rd 

greater than the 3" tre::.tment) supplementing the low TNC levels by being used 

as respiratory substrates and/or as a source of carbon skeletons for growth. 

For the 3" treat men ts, this ad vantage was possibly lacking, contributed to 

their lower RGR's (section 2.4.1.1.). The individual shoot weights (table 9.13) 

support these observations. For the 3" treatment, a restricted root system 

and possibly low internal plant levels of mineral nutrients (sections 2.4.1.2, 

2.4.1.4) may have contributed to the growth restrictions. 

The nature of the shoot growth obtained is considered along with 

some interesting vari etal differences. Shoot CGR differences between 

treatments were largely determined by the respective shoot numbers in association 

with the individual shoot growth efficiencies. The greRter 3R treatment 

growth compared to the -3" treatment, arose from the former' s greater shoot 



growth efficiency in associP.tion with an increase of ,~~ot numbers . 

Between varieties, Wairau shoot numbers were twice those of Chanicleer 

for both treatments,although with a lower individual shoot growth 
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(table 9.13) r esulting in the small Wairau shoot growth advantage (Fig. 9.2. ). 

The lower average shoot weights for Wairau suggests th~t inter-shoot 

competit ion for available growth substrates occurred. The same form of 

varietal difference was measured for the HR treatment, while there was 

none for t he H treatment. These differences of the HR treP.tment were thRt 

the reversedfr~quent defoliation resulted in no chPnge of shoot numbers for 

Wairau, but with a large decrease for ChRnticleer. For Chanticleer, the 

low growth efficiency of this treatment restricted any benifits from reduced com­

petition thP.t may have resulted from the lower shoot · number s . 

That the large number of shoots for the HC trePtment were simil~r 

to the number for the HW treatment (Fig. 9. 2.) was unexpected, particula rly 

in light of the similar plant numbers of the main experiment (Fig. 5.6). 
It is difficult to provide an explanation, other t han th~t the HC treatment 

may have been defoliated at a stage of high basal bud activity. Keoghan 

(1970) also observed that Wairau lucerne plAnts h~d large reserves of such 

buds . This was observed here for both varieties in the H treatments. 

The greater total lucerne top growth for Wair au (table 9,3) was largely 

due to it having significantly more stubble, this being similar for all 

treatments (Fig. 9.2). Of particular note was the relatively quick 

decrease of stubble weight over the growth period for all treatments (Fig. 9.1 ) 

of both varieties. 

This loss may be as: 1 . a natural senescence loss (section 6.2 . ) 

2. a further calculated productive loss if 

the productive yield is corrected for a l argely senesced previously 

residual stubble weight. With a relatively well defined plPnt such as 

lucerne it i s reasonably easy and rapid to separate the shoot growth from 

the stubble and so obtain an accurate estimate of the actual growth obtained. 

With this procedure, only a single ground level cut at harvest would be 
I 

required. It would not permit a suitably accurate estima te of the other 

species growth if this was required. 

Below ground level, the roots showed much more response to the reversal 

treatments than did the crowns · ( table 9. 7). The respective TNC differences 
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would have been major contributors, plus probably, some growth changes. 

The larger Wairau crown weight is an expected response (section 2.2.1., 2.5.) 

which was maintained over ~11 treatments. 

The organic reserve treatment and variety responses were in gener al 

agree~ent with the preceding studies (chapter 7.) . 
~lthough treatment ~ifferences of individual shoot gr~th efficiency 

were strongly indicated,to determine the actual differences would have 

needed a more detailed study simil~r to the field growth study (section 5 .2. 3 . ) . 

i n this way the confounding influences of the different shoot numbers and 

when each shoot commenced elongating could be partly accounted for. 



CHAPI'ER 10. 

DISCUSSION 

10.1 Exuerimental. 

Looking in retrospect at the main experiment, it is apparent 

that the design of parts of the study could have been improved. The 

production study of chapters 4 and 9 were satisfactory, although the 

appraisal peri9d of the latter would have benefited from being longer and 

with all treatments synchronised in time. 

The plant growth study of chapter 5 and associated chapters was the 

more unsatisfactory part of the thesis in respect to design. Although 

this was approached as a residual study, this was limited by the growth 

time to the first production harvest of the respective treRtments (table 5.1. ). 

This, associ8ted with the growth stage (shoot height) s~mpling system•, 

were responsible for the two main criticisms of experimental design: 

1. Because of the shorter growth periods of the 9" and 15" 

treatments, this meant that they were of limited value for growth and 

growth rate comparisons with the 3R and H treatments. 

2. The inability to make satisfactory direct comparisons between 

treatments because of the growth stage time differentials (table 5.1.). 

Some of the statistical methods used to overcome the latter problem 

were involved and probably not as satisfactory as an orthogenal comparison 

between treatments over time. A preferred design using this suggestion, 

would have been a full residual study in which all treatments were grown 

through to maturity with plant sampling being at regular and probably shorter 

time intervals. Similar further benefits would h~ve been obtained if the 

permanent field identified plants of all treatments had been measured through 

to maturity . With this design, the statistical aspects of treatment 

comparison would have been simpler and more conventional. 

With this approach, the periodic nature of sampling can result in 

work load difficulties. It is probable, that if this approach had been 

used, some reduction of the number of measurements made would have been 

necessary. In particular, the measurements of all shoots as one type, 

• The limiting nature of this method of growth stage estimation 

was discussed in section 5.3.6. 
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instead of dividing them into stubble and basal shoots as was unsuccess­

fully attempted (section 5.3.1.). In the field,a portion of the plot 

could readily have been set aside for this growth to maturity study, 

leaving the balance for the basic treatment defoliations (chapter 4. ). 

Stopping the measurements of the 9" and 15" Wairau treatments 

was not the best method for easing the work load. It would have been 

preferable to reduce the number of measurements made for these two 

treatments for both varieties. This would have retained some statistical 

orthogonality and provided bridging measurements between the extreme 3" 

and H treatments for variety comparisons. This would have been particularly 

pertinent for the shoot number per plant (section 5.2.1.5.) and individual 

shoot height growth rates (section 5.2.3. ). 

Several other aspects were limiting to this study. Between the 

dug plants and the field growth studies, more uniformity for shoot 

numbers and associated patterns of change may have been achieved if the 

shoots and buds had been separately identified, viz, shoots having at 

least one expanded leaf (Nelson and Smith, 1968a). For the dug plants 

there was a significant number of buds greater than 1 cm. but less than 

5 cm. long counted, compared to the field study where all counted shoots were 

greRter than 5 cm. long. The stony nature of the soil m~de digging 

plants for study or count ing a difficult and often time consuming operation. 

Needless to say~ a stone free soil would h~ve been preferable. In the 

frequently defoliated 3 11 plots, the high incidence of other species 

growth made sampling and field measurements difficult, but at the same time, 

gave a more realistic treatment response. In all treatments the 

predominance of winter annual weeds and grasses in the more frequently 

defoliated treatments tended to confound low level light intensity 

measurements . For a detailed light transmission comparison between 

treatments, control of the other species growth with herbicides at or 

prior to the last previous defoliation would probably be necessary. This 

is particularly applicable in the early spring with the associated slower 

rates of lucerne growth. 

Although these deficiencies of design and other problems were very 

real, and it would undoubtably_have been benificial to improve them where 

possible, the results obtained have proven to be of interest and value 
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in explaining the effects of the pre-thesis treat ~en ts. 

Studies of the nature of plant growth are normally performed in at 

least partly controlled small plot conditions and in some cases, in 

glass -houses or growth cabinets (e.g. Steinke, 1963; Keoghan, 1966, 1970; 

Leach, 1968a, 1969a, 1970a). The results obtained from these studies 

have still to be extrapolated to field conditi ons where they are not 

necessarily entirely representative of field responses. This particularly 

applies if the non-field studies are done with single plants (Leach, 196Ra; 

Chisci, 1968 ). The results from these more controlled studies d o provide 

important lines of fnvestigation to be verified or otherwise in the field 

studies which in turn consider the more natural treatment response. 

To some extent, this extension into the field has been successfully 

achieved in this thesis. 

10. 2. Varieties . 

Palmer (1967) described the origins and the observed relAtive 

advantages between the two varieties used, Wairau and Cha nticleer. Wairau 

wa s described as being high producing with good persistence when used for 

either hay or grazing . In co mpa rison, Chanticleer was described as prod­

ucing well throughout the spring , summer and autumn. It has substantia lly 

hig her production in April and May than Wairau and commences growth some­

wta t earlier in the sprin~although this advantage is short lived. From 

unpublished data,Palmer (l.c.) suggested that Chanticleer stands may not 

rema in productive for as long as those of Wairau , particularly under very 

severe grazing. 

Apart from the a utumn growth which was not cons idered, these 

observations tended to be supported in this thesis study. There was 

als o general support for the growth form differences which other workers 

have observed between the sativa (Chanticleer) and f ~lcat e ( Wair au ) 

lucerne types (section 2.1, 2.5. ). 

Whil e there were no significant total shoot production or plent 

size differences between varieties, there were significant differences for 

some of the component factors of this growth. 

The most notable morphological factors were the greater shoot 

number (Fig. 5.6.) and crown size (Fig . 5.9.) of Wairau. The resultant 
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greater ground coverage was initially indicated by Wairau's significantly 

greater (P = 0.01) point analysis record, associated with a significantly 

lower (P = 0.05) bare ground record (tables 4.7., 4.9.). The defoliation 

frequency treatments showed that this variety difference was negligab le 

with frequent defoliation but that it became increasingly apparent as 

defoliation frequency decreased. The closer relationship between shoot 

number and crown size for Wairau has been indicated by this variety's 

more significant day O shoot number x RTCR correlation (table 5.30) 

and more uniform shoot/crown pl us stubble ( table 5. 32) and shoot/RTCR 

(table 5.32) ratios. 

These observations su ggest that the number of shoots produced per 

plant has a g reater depend ence on crown size for Wairau than ChAnticleer. 

Leach (1969a ) showed a simila r result in respect to the amount of stubble 

left after defoliation. With a given defoliation height the amount of 

stubbl e will be partly depenedent on the size of crown. The e qua lity of t h e 

H treatment 's shoot number between va rieties in the reversal experiment 

(Fig. 9 .2.) indicates that these v a rietal differences can v a ry in some 

situations. Using Wa irau, Keoghan (1970 observed a high reserve 

potential of dormant buds on the crowns. A similAr situat ion was observed, 

although not measured, on the crowns of the Cha nticleer H treatment plants. 

It appears that in particular growth circumstances with vig orous plants, 

a gre a ter proportion tha n usual of these basal buds may become active 

following defoliation. 

Mean individual shoot weights interacted between defoliation 

frequency and va rieties in a manner similar to shoot numbers, except, that 

the varietal order was reversed; Chanticleer had greater weight (table 5.30. ). 

The complexity of this relationship is discussed in section 10.3. 

These varietal differences of crown size, shoot numbers per 

pla nt and individual shoot weight agree with previous reports (sections 

2. 1. , 2. 5.). wa s 
It was suggested that the Chanticleer varietyAmore heterogenous in 

respect to shoot age and hence height (sections 5.3.6., 6.3.). The 

greater leaf area density in the top most layers of the 9" growth stage 

for the HW treatment suggested support for Wairau having a more even shoot 

height and possibly age. 
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The stem/leaf ratio varietal differences varied between different 

parts of the experiment. The most usually reported observation is for 

this ratio to be greater for the sAtiva varieties (section 2.1.1.). 

This was observed here for the new basal shoot growth (table 5.27.) a~ 

the reversal experiment 1 s infrequently defoliated 3R and H treatment 

shoot growth (table 9.14.). In contrast, Wairau had the greater ratio 

for the duration of the main expe riment (Fig . 5.10. ). Again in this 

latter and the reversal experiment, these differences were only existent 

o~ greate r for the infrequently defoliated treatments. Zaleski and 

Dent (1960) mea sured a full years lucerne growth and found the stem/lea f 

ratio to be greater for the falcata type varieties. They did not comment 

on this as being a difference from the more usually reported results. In 

the main experiment, the higher Wairau stem density resulted in a more 

abrupt interception of lig ht (Fig. 6.8.) and hence greater light competition 

between shoots . This may have induced a greater proportionate shoot stem 

elongation compared with the Chanticleer shoots, without having a 

simi l a r proportionate increase of leaf growth . This implies that 

different stem densities, or more explicitly, different resultant canopy light 

environments, may lead to stem/leaf ratio changes within a variety. If 

so, gene tic va rietal differences would only be comparable if the varieties 

were grown with similar growth conditions. Th~ would have tended to 

be the situa tion for the basal shoot growth (table 5.27.) And the reversal 

experiment's 3R and H trea tments shoot growth (table 9.14. ). The ag e 

difference between the shoots of these treRtmenti and the older shoot 

growth of the ma in experiment suggests reason for some caution in respect 

to the above stem/leaf ratio discussion. 

In the literature, it has generally been agreed tha t the sativa 

type varieties are less persistent (section 2.5.). This tended to occur 

in this study with most of the reported aspects being indicated. Although 

at the end of the experiment there were no significant plant number 

differences between varieties (table 9.2.), the first plant count showed 

Wairau to have significantly (P = 0.01) more plants (table 4.12.). This 

was associated with a highly significant variety x treatment interaction 

which was discussed in section 4.3.3. 
The reported reasons for such persistence differences between 

varieties were discussed in section 2.5. The lower stem/leaf ratios of the 
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Wairau basal shoots and the shoots of the reversal experiment's 3R 

and H treatments indicates that this variety has a proportionately faster 

rate of new leaf growth . If so, these Wairau shoots are expected to 

rea c h t he stage of carbohydrate independence (Hodgkinson, 1967) or 

critical leaf area (Silva, 1968 ) sooner tha n similar Chanticleer shoots. 

In r espect to persistence, this suggests thAt the initial shoot growth 

of Wai r a u will be less dependent on organic reserves end hence the concentra tion 

of these would fluctuate less during regrowth. This has been observed 

by other worke rs (section 2.5.). It was also shown here between the 

treatments of the reversal experiment; the greater fluctuations of the 

TKC% 1 s for Chanticleer was observed for both the roots and crowns 

(Fig. 9.3a.) (P = 0.05 each, table 9.8. ). Interestingly, in contrast, 

the Waira u TN'/4's fluctuated more than those for Chrlnticleer, partio:ularly 

in the crowns. The relevance and reasons for this are not known. It 

would appear that although decreasing defoliation frequencies are more 

detrimental to lucerne persistence than varietal differences, the Wairau 

variety may ha ve been slightly more persistent than Cha nticleer by way 

of its earlier leaf development. 

The later co mmencement of active spring growth for Wairau was not 

apparent in this study on a crop growth basis (tables 5.2., 5.7. ). The 

larger Wairau shoot number apparently co mpensated for its slightly, 

although non-signific antly lower RGR during this early spring period 

( table 5. 8. ). This aspect would have been more certainly established 

if shoot height growth rates had also been available for the Wa ira u 

treatments. 

As discussed, there were several signi ficant varietal differences 

established in these studies. Possibly the most notable feature wa s 

the frequently observed variety interaction with defoliation frequency. 

In most cas es, infrequent defoliation was necessa ry to enable these 

varietal differences to be expressed . With frequent defoliation, both 

varieties tended to be suppressed to simil~r levels. These results 

indicate the need for more work to further investigate and verify these 

varietal differences and establish their relevance in terms of growth 

and lucerne management. 
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10.3 Lucerne Yield and Growth. 

The various aspects of lucerne growth h;:,ve been individuAlly 

considered in the preceding chapters. It is intended here to briefly dis-

cuss t h e way in which these aspects collectively contribute to lucerne 

y ield and nature of growth as observed during these spring growth experimental 

conditions. 

The unexpected equality of total prod..cution over the ran g e of 

defoliation frequencies used was probably in response to the cooler spring 

temperatures, in which conditions the volunteer species are generally more 

competitive. It was suggested (section 4.3.2.) that later in the warmer 

seasons of the year the winter annuals die out, the lucerne grows 

considerably faster and is hence more compet itive, in its turn. In these 

circumstances it is more likely th~t the more often reported tot a l yield 

incre2se with decreasing defoliAtion frequency (section 2.3.1.1.) would be 

realised . This situation when considered with the fast lucerne g rowth 

r c.";es 2nd low other species composition of the 15" tre;:,tment 's second growth 

(s~ction 4. 3.1 . ), suggest s that spring defol i ~ti on before full m;:,turity of 

p:::-eviously le ss frequent l y def oliRted lucerne may result in g re;:,ter ;:,nnu;:,l 

:p:::-oiuct ion. 7~is would h~ve to be c onsistent with a reasonRb le r e~lcnish -

~ent of or ganic reserves 2nd hi~her seasonal tempe r Atures and r adia tion 

levels (section 3. 6.) a t the ti me of this spring defoliation. The f a ster 

lucerne g rowth is expected to compensa te for the reduced other species 

composition. Va rtha (1967) remonstrated th i s, showing th;:it the time of 

the first spring defoliRtion can be used to control grass competition. To 

do this, the lucerne plants need to be vigorous and large enough to respond 

with the required degree of competitiveness. Other workers with single 

early spring defoliations at an immature sta g e of growth, have found reduced 

annual yields (Dent, 1950; Jackobs et al., 1955; Langille et al., 1965). 

The response of the volunteer species was interesting. The increase 

of the grass and clovers (relatively permanent sward components) associated 

with the decrease of the lucerne sward content as defoliation frequency 

increased, clearly showed that lucerne is more vulnerable to frequent 

defoliation. The erect shoot growth of lucerne is very vulnerable to 

apice removal by d efoli;:i tion. For much of the year the grasses and 

clovers (white clover in this case) have basally located apices and are 

consequently less vulnerable. They may also adapt to a more prostrate 
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growth form. Depending on the v a riety and species this can result 

in a greater residual photosynthetic areR after defoliation with an 

a ssociAted slower loss of vigour ( Wolf et al., 1962; P~ulsen et al., 1968). 

It seems that the 'other weeds' (fiot the grasses P. nd clovers) tend to be 

tra nsistory sward components. These fluctuate seasonAlly, l~rgely At the 

dict a tes of their inherent seasonal growth, the climatic conditions ~nd 

th e luc e rne, grass a nd clover respective sea.sonal growth r a tes and densities. 

During the spring season it ha s been indicated that the climAtic 

c o nd itions a re import a nt determinants of the lucerne growth obtained. This 

is ~a inly due to the influence of the rising spring temperatures And increasing 

sola r radiation levels, on the lucerne growth rates. It is also indirectly 

du e to the differential growth responses of lucerne and the volunteer 

s peci es. Soil moisture levels may interact with the above f a ctors, although 

i n most years this is not a major determinant of spring growth in the 

Pa lmerston North environment. 

It has been shown that the range of defoliation treatments were 

ab le to alter the top growth yields of the lucerne plants in three basic 

wa ys: 

1. By altering the number of plants per a unit area. 

2. By a ltering the plant size with an associAted ch2-n g e of the 

numb er of shoots per a plAnt. 

3. To a lesser extent, by altering the efficiency of individual 

s h oot growth. 

Wit h 1. and 2. there were important varietal interactions. 

The pla nt popul a tions were s hown to be a dyna mic entities, although 

in a declining sense over the period of the experiment (section 4. 2. 3, ). 

Thi s preclud ed any adequate conversion of t h e pla n t study results to an 

area ba sis,. Although the initial plant number VP,ried considerably between 

trea tments and varieties, the large consistent pl ant size difference 

between treAtments was a greater determinAnt of the totP,l lucerne shoot 

yield obtained . This was particularly so in view of the rel?tive 

equality of plant numbers between the extreme treatments at the end of the 

experiment. Suggestions have been made as to how these initial and final 

shoot numbers came about (section 4,3,3.), They are interesting because 

of their divergence fpom the more often reported cases of plant number 
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decreases with increasing defoliation frequency (sec tion 2 . 3 . 2 . ) . 

The conclusion of Leach (1968a, 1969a) " • ••• that the yield of 

regrowth within lucerne cultivars depends primarily on the number of 

shoots and the time when each resumes growth", was supported by the field 

growth study results using the Chanticleer (section 5.2.3. ) . Although 

this wa s not directly verified for Wair au, the same situation is expected 

tn hBve applied as Leach (1969a) made his observations from a study of the 

t hree varieties, Totana, Hunter River Bnd Rhizoma . These ranged from 

a s trong sativa t y pe through to a strong f a lcata type . Within the H 

trea t ment for each variety of the thesis experiment, there is some 

sugf,es t ion t h Rt for this spring growth there may ha ve b e en vari~tions in the 

form of t his response. The hi r g e initial \'/;i irRu shoot numbers comp;i red with 

those of ChR nticleer, indic a ted a grea ter i ntensity o f inter- shoot co~petit i on 

i n the form er variety supported by the large amount of whole s h oot senescence 

( Fig . 5. 5. ) . In these conditions it is probable th;it relatively few l a ter 

arisi n g shoots would hBve been important contributors to the tot~l shoot 

yiel d . By c omp~ris on for Cha nticl e er, wit h f ewer shoots , e;:i c h shoot ~rising 

I ~ I I,, • 
. ' 

I l j ~ , • ' t 1 " 
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mean shoot size differences (see above). It wou ld appear thPt for 

plants of similar vigour and size, growing in similar spring conditions, 

that differences of shoot numbers between varieties could result in shoot 

yields be ing similar. Again by comp~rison, in active growth conditi o~s 

varietal shoot number and size differenc es may lead to total shoot yield 

differences. Leach (1969a) demonstrated this with Totana which compared 

with Rambler had fewer but larger mean shoot weights associated with a 

resultant greater tot~l shdot yield. 

Within a given variety there is evidence that any inverse shoot 

number/shoot size relationship between plants of similar size and vigour 

will only be expressed by very low shoot numbers (1 to 4) per a plant 

growing in conditions conducive to high growth rates (Leach, 1971). This 

contrasts with such an inverse relationship be~g demonstrated by 

Hodgkinson (1967). Leach (l.c.) considered that the lack of this inverse 

relationship, whic h is less likely to occur in the more rigorous growth 

conditions in the field, was due to competition between shoots for growth 

substrates . Between plants of different sizes any compensatory shoot number/ 

size relationship would be further limited in respect to total shoot yield by 

their differing root and crown sizes, potential shoot numbers and shoot 

g rowth efficie ncy . 

The third basic effect of defoliPtion, shoot growth efficiency 

changes , is additional to the plant size differences. Leach(l9hRa, 1969a) 

obse rv ed that the growth of individual shoots wa i i ndepend ent of the defoliat ­

ion treatment applied . This was only partly upheld he re. The inefficient 

gr owth of the 3R treatment accentuated the growth restricting effect of 

this treatment's lower shoot number. With less frequent defoliation 

(9C, 15C and HC treatments) of Chanticleer, the above observation was 

confirmed, -although with less certainty for the 9C trea tment. These treat­

ments were of lo~ger duration and for the frequently defoliated ones, more 

severe than those of Leach (l.c. ). 

It was not possible to ascertain the reasons for ~his 3R treatment's 

lower growth efficiency. TNC reserves were not limiting and although TN 

levels were lower, they were almost equally low for the 9C treatment. Other 

reasons· have been suggested and discussed (sections 2.4.1.4., 5.3.4. ). 
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The reversal experiment (chapter 9) successfully demonstrated the 

beneficial direct arn indirect effects of high TNC concentrations at defol­

iation initially promoting rapid shoot growth . This is in keeping with 

current knowledge (section 2.4.1.1. ). TN may have been growth limiting 

for the 3" treatment, but did not appear to be so for the other reversal 

treatments. 

It has been shovrn t h8- t the main determinants of 1 uc erne crop top 

growth, are plant numbers, shoot numbers per plant, when each shoot commences 

to elonga te and individual s h oot growth efficiency. A further important 

factor in this study was the high incidence of whole shoot senescence. 

Compared with other work, this WRS a major determinAnt of shoot yield in 

the later growth stages of the longer term treatments of the main experiment. 

For both variet ies, this appea red to be the ma in determinAnt of the final 

shoot yields of the 3R and H treatments. Two reasons are suggested for the 

hi~ h incidence of shoot senescence in this experiment. As discussed (sectio __ n 

6.3. ), this is more likely for sward growth with the associated greater climAtic 

and co mpet itive growth limitations. It may a lso be more prevelent i~ 

circums tances of slower growth over long periods, as here in the spring, when 

some shoots may have died from a basic aging process. The g rowth period 

through to the hay stage was 12 weeks co mpa red to the 4 to 6 weeks in the 

summer. In t r.is latter case with vigorous plants, the oldest shoot age 

would be considerably less a t crop maturity with probably much less whole 

shoot senescence. Thus there may be an inverse rela tionship between the 

incidence of whole shoot senescence and crop growth rate. This senescence 

loss is a p roductive loss, but far less so physiologically becPuse of the 

established fact of nutrient re-mobilisation from senescing to growing 

tissues (section 2 . 4 .2. 2. ). In crop conditions, some of the importance of 

a great er proportion of early elongating shoots may be in providing ligh t 

competition inhibiting - the growth and establishment of the other species 

after defolia tion. 

Leaf senescence was extensive and also an important source of dry 

matter loss after the first 4 to 5 weeks of spring growth, elthough for 

lucerne crops this is an inherent unavoidable component of high top growth 

yields. 

The aspect of organic reserves was discussed fully in chapter 7. The 

nature of the experiment did not enable these results to be used to describe 

the roles of orga nic reserves in regrowth. The recorded spring, post­

defoliation and treatment responses largely agreed with previous reports 

( s e c ti o ns 2 • 2 • 2 • , 2 • 3 • 1 • 3 . ) • 



CHAPTER 11. 

SUMMARY AND CONCLUSIONS 

The production, botanical composition and per sistence of two 

va rieties of lucerne which were and h~d been previously defoliated a t 

different defoliation frequencies were studied in the field . These 

were defoliating at shoot g rowth heights of 311
, 911 and 1511 and at a 

hay stag e of growth . They 1··ere comb i ned with measur ements of the 

r esponses of single lucerne plants in the swar d for which the 311 treatment 

was g rown to the hay stage of g rowt h . These were plant size , growth 

form, g ro~th efficiency , and their organic reserv e comp osition . Further, 

the nature of the l~cerne plants regrowth in these sward cond itions, the 

amount and n a ture of senescence and the lucerne c a nopies physiognomy 

and the r elated manner of light interception , were studied both 

ir<lividua lly and as they were affected by the defol iation treAtments 

us ed . Varietal differ enc es or similP- ri ties were com pared at all levels. 

The effect of spelling pA.rt of the 3" defoliation height treatments 
e a ch 

and frequently defoliating part of the hay stage treatments was/considered as 

it affected their respective recovery and loss of vig our. 



Chapter 4. 

1. Lucerne production decreased with increasing defoliAtion 

frequency, with a concommittant increase of volunteer species. 

2. Early spring high levels of volunteer species caused total 

:production to be similAr between treatments 
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3. There was evidence thi'lt an earlier first sprinr, defoliAtion 

(15" growth stage) may give greater lucerne yields find volunteer s pe cies 

cont rol, providing seasonal temperatures and solar radiation levels h;ive 

increased sufficiently. 

4. Lucerne persistence decreased with increasing defoliation 

frec;.uency in terms of reduced plant size, but with little difference for 

plant numbers. 

Chapter 5. 

1 . Limitations of the effectiveness of the study resulted from 

the selection of treatments and the timing of sampling used. 

2. Shoot growth and root plus crown and total weight, per plant 

were significantly greater for the H treatments, compared to the 3R 
treatments . 

3. SimilRr shoot nu~ber (greater than 1 cm.) per plant differences 

were measured, but with a highly significant varietal interaction. 

Wai r a u had a wide r ange ; Chanticleer had a narrow range. 

4. The distribution of dry matter between plant parts was 

proportionately simil~r for all treatments . i3etween varieties, Wa irau 

tended to ha ve l;irger crown and stubble dry weights. 

5. Wairau peak shoot growth and shoot numbers per plent were 
/ ' 

related to the initial root plus crown size; Ch 0 nticleer had a poor 

shoot number relationship, and a proportion~tely greater shoot 

productivity as plant size increased (equivalent to decreasing defoliation 

frequency). 

6. As defoliation frequency decreased, average shoot size was 

similar for Wairau, but increased for Chanticleer. 

7. Mean plant size (root plus crown dry weight) and size range 

(variability) increased considerably with decreasing defoliation frequency. 

Wairau H treatment had the greatest values. 
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8. The previously frequently defoliated 3R treatments had a lower 

relative growth rate than the H treatments. The Chanticleer 9C and 15C 

treatments tended to be similar to the HC treatment. 

9. Over all treatments there was a close relationship between 

tot al leaf arn total shoot growth. 

10. For Chanticleer, the importance of the numb er of shoots and 

when each starts elongating as determinants of total yield was confirmed. 

Shoots starting to elongate in the first 3-4 weeks (early spring) had 

similar shoot height growth rates. 

11. Significant new basal shoot growth occurred in all mature 

treatments before flowering. 

12. Shoot height estimation was not a good practical or physiological 

criterion of stage of growth. 

13. For this spring growth, new basal shoot appearance was a 

preferable criterion for efficient hay stage defoli~tion. 

Chanter 6. 

1. Considerable leaf senescence occurred in treatments grown 

to maturity. 

2. The evidence indicated that the rate of leaf s enescence was 

increased and leaf longevity reduced with faster shoot height growth 

r ates due to quicker shading by higher growth. 

3. Whole shoot senescence was a major determinant of lucerne 

yield, and tended to be greater with h~e;her shoot densities. 

4. There were treatment differences of relative leaf area 

h~ight di siribution associated with varietal differences, crop age and 

other species content. 

5. Light transmission patterns showed a relatively even decrease 

of light with canopy dept h in the immature growth measured. Light r­

transmission patterns and leaf area distribution tended to be related in 

Chanticleer, but less so for Wairau. 

Chapter 7, 

1. Total non-structural carbohydrates(TNC) and tot al nitrogen (TN) 

perc entages decreased with increasing defoliation. A constancy of TNC/TN 

ratios between treatments suggested that both factors were proportionately 

equally affected. 
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2. With similar growth conditions, previously frequently 

defoliated plants (3R) appeared to maintain lower TN% levels during growth 

compared to the previously infrequently defoliAted pl8nts. 

3. Roots had greater TNC% and concentration fluctuations than 

crowns during growth . In contrast, cro·Nns had greater TN% than roots, 

with this difference being greater for the 3R ~reatment plants. 

4. During the spring growth, TNC% followed the typical cyclic 

pattern . TI~% decreased steadily, only increasing during mature growth . 

5. :;)uring the winter, T NC% decreased while TN% increased. 

6. TNC% a t defoliati on appeared to be l a rgely determined by the 

l ength of t h e g rowth period and hence energy availability rather than 

the previous defoliation treatment. TN'/4 's were less readily changed by 

c hanges of defoliation frequency. 

7. Between treatments, root a nd crown dry-weights, were greater 

determinants of the respective treatment TNC ar,d TN v1eights, than the TNC 

and TN concentrations. 

8. Dark grown shoot growth was an ind ication of the carbohydrate 

reserve weights and regrowth potential on an area basis. 

wer e discussed. 

Some limitations 

Cha pt er 8. 

1. Shoot height growth rates of imma ture lucerne were correlated 

with spring temperatures. 

Cha pt er 9. 

The plants of the 3R treatment showed good recovery of g rowth 

vigour, but were productively restricted by their still small size 
I 

and limited shoot numbers. TNC% were very high, while TN% ha d started ~ 

to recover. 

The plants of the HR treatment had reduced growth vigour, but 

less reduction of shoot numbers. TNC%' s were low ( same as the 3" 

treatment) while TN'/4, alth ough reduced were still reasonably high. 

Hence, growth efficiency, ~lant size and plant morphology were 

modified. Differences of organic reserve levels were important 

aspects, particularly TNC concentrations. 
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Chauter 10 . 

1. Between varieties, Wairau had larger crown dry weights, 

greater shoot numbers and a greater plant size variability f'or the 

less freQuently def'oliated treatments. There were indications that 
Wairau was more :pe rsistent than Chanticleer.although plant number 

dif'ferences were variable. 
2. The development of these varietal d i~fe rences required an 

infrequent def'oliation management . 

3. The spring growth of' Wairau had t he greater stenvleaf' ratios, 
contrary to most other reports f'or this lucerne type (more f'a lcata ) 

4 . In conclusion, reduced lucerne yield frolli increasing defol­

iation f'requency was evidenced by reduced plant size, shoot numbers 

and with higher defoliation frequencees, reduced shoot growth ef'fic­

iency. Plant numbers were less affected, while whole shoot senescence 
wa s an important shoo·::. yield determinant during later growth. 
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APPZNuIX lA 

A Su:-::-.. -.~Y O? TEE ORIGI NkL ~X?ERn1ENT 

7tis ~xpe ricent was sown do~n in November , 1965. Details of 

~3t~blish~e~t we ::- e provi~ e~ by Tsu~a ( 1 968) . Other desc r ipt ive a spects 

::.=.ve ·Jee :-, presc:1t eC: ·.-:ith the expe rim e nt . N:.i rr.ely; the experimenta l 

s ::.-::e (section 3. 3. ) 9 the ex perimental layou'; (Fig . 3.1. ) (Section 3 . 2 . ) , 

a~~ four o: ~he tre3tments (table 3 .1. ) (sect i on 3 .1. ) . 7he r ema ining 

~hree t r eat~ents were (1) contin&ous g r a z ing 

(2) only the f irs t sumx er tay cut and then l eft 

uncu·: , ::>nd 

(3) a treat~ent of no cutting . 

In t~e spring of each year All treAtments were spelled while two 

c::- ops wer e taken , after whic h t he respective treatments were ~pplied 

thro~g~ to the ~a te a utumn. 

l a te Decer.iOer, 

The treatment period u suPlly commenced in 

I n the Spring of 1968 (th e year prec eding the thesis experiment) , 

the ~hen res idual e f fects o f the Appli ed t r eatmentc we r e measured . Two 

sin;;le c ut p::-od.uction harvests we -:-e :r.?-de on the 9th o f Nov e ::::b er and the 

~1th of Dec ember, the ciry weight being deterzined . :rom a sub - s a~ple 

::,otanic a l analysis, the productive c r y \'ieight of luc erne and. other 

s?ecies wer e deter mi ned . ~hes e ~easurements and sone lat er point analysis 

r esults o·otai ned i.::i l at e November , e re presented for the four treatments of 

t~e ~hes is experi~e~t . Statistical ana l ysi s is not included . 

T!le r::. · --~~vest had a rela tively s i mil a r total y i eld fo r al l 

t r o;;;a-;.;oe nts , 'o~i; w:.t h luc erne yield. increasing with decreasing d efoliation 

f r e q~enc y . Other s pe c ie s yield showed fue reverse treatment order . 

(~ables lA.l, l A.2 1 lA.3 ) . 

In t he second harvest, there was a more de f inite trend of increa.sin g 

tot a: yield with decreasing defolia tion freque ncy. ANOVA of t h e s e and the 

othe r three treatments revealed significant differences (P = 0 . 01) while 

no s::_gnificanc e was obtained in the first harvest (Robinson , 1969 ). The 

lucer~e and other species showed the s ame treatment responses as in the 

::ir.s ·; harv est, except tha t for All treAtments there was ~pproximately 

a te~- f old i ncrease in the proportion of lucerne . 

varieta l differences (tables lA. 4 , l A.5, l A. 6) . 

There r:ere no obvious 
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~he p oint analysis results showed n o rea l treAt ment or VPriety 

~iffcreLces, c~~ simil~rly for the amount of b~ r e ground . The Am ou nt of 

~o~al other species increased marked ly with increasing defoli~ti o n 

frequency . This was distributed evenly ~etween g r ass, clov ers ~nd ot he r 

Varietal differenc-- we r e not apparent . 
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First Production Cut - 9th Novcmbe~ 

~~~le 1Ao 1 . ~ot a _ Yi e~d (lb/8 s ~ ft) 

1I·RZ) .. T. C 11; C + •,'! I ,1 

Y' 00983 1. 036 1. 009 

9" 1.068 1. 032 1. 050 

15" 1. 100 , • 082 1. 092 

H 1. 120 1.11.,.8 1. 134 

AV 1.080 1. 064 

T.s.ble i .A,.2o L1.:. c 2:~r. c Yield (lb/ 8 sq ft) 

TRE'";•J: . C VJ (' + 1,'J I .., 
t 

' 3" 0.759 o. 711 0.735 1 
~/1 0v915 0.754 Oo 334 I 

! 5n O.S83 o.s62 0.972 ! I 
I 

-- ~.CY?S --: r, 062 1. 0~-6 ! -· ,· ! 
-·· ~.r C., S::J 

i C,., 273 ' 

r·. - 1.'.. • .3' Q·.., ~-!0!'" s-~00=:_r:s '!iclC: (:i.b/8 -· \ - :_..<.U_\;. sq = -c i 

,-1-;::)1;' '1 t"f'1 
- -l-.Ji.1. ..._. C 'if C + \'J i 

3" 0. 174 0.320 0.247 

9" 0.153 0.278 0. 216 

15 0.117 0.120 o.~ 19 · 

H 0.035 0.132 0. 083 

AV 0.117 0.185 



Second Production Cut - 11th December 

~able 1A.4. Total Yield (lb/78 sq ft) 

I TRE.'I.T . 

I 311 

I 911 
! 1511 

i 
! H 

l AV 

Tab2.e 1A. 5. Lucerne 

'=1:2EAT. 

311 

9n 

1511 

L 

:,v 

C 

15.05 I 

I 16.98 

16.14 

18.50 

16.73 

Yield (lb/78 

C 

14.67 

16. 82 

15.9.:.: 

~2"'55 
~I 6 • 56 

s q 

\'' , ! 

14 . 82 

15. 77 

15. 94 

17 .70 

16. 02 

ft) 

','! 

14 .26 

15. 52 

--:5.c-: 
~7o58 
15. 66 

~abl2 1A.6. Other Suecie ~ Yield (lb/78 sq ft) 

~R~AT . C w 
y1 0.37 ! 0.57 

911 o. 16 0.26 

15" 0.19 0.28 

H 0.03 0.12 

I AV 0.21 0.15 

I 
I 

C w I + .. I 
14.94j 

16.381 

16 . 041 

18.09 ; 

I 

C + 
.. , 
" 

14 . 46 

~" 17 · IO• I 

15.so; 
1 ,.., o- I 

0. .) ! 
l 
I 
I 

I 

C + -.;; j 

o. 47 1 
o. 2, I 
0.24 

o. 07 1 

209 
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Table 1A.7. Point Analysis RecoTd** 

a . Lucer ne b . Other Species 

TRE:.T ! C i,t C + ~·J~ d 
l 

311 ! 34 39 36.5 
9n i 34 44 3~ . 0 1 l 

1511 I 41 r-, 
:) I .,o. O: 

I TREAT I C V! 
! 

C + \'I 

I Y' I 19 17 18.0 
I I 
I 911 I 5 10 I 7. 5 
i 1511 9 6 I 7. 5 

I 

H 47 36 41 . 5 
; 
I H 0 2 1. 0 
I 

AV 39.0 42.5 I ;,.v I 8. 2 8.7 I 

c . Bare Gro:rnd d. Other 1.'Jeeds* 

TR:2AT ! C \'J C + '1; 
,I TR:SA':'..' C \'! C + ·• r 

311 I 91 88 89 .5 I 
311 5 2 3.5 

911 105 90 97.5 9n 0 2 1. 0 
1511 94 87 90.5 
H 97 106 101 . 5 , 
AV I 96.7 92. 7 I 

1511 
: 

I 
1 1 I 1. 0 

rl 

I 
0 

1: 5 1 

0.5 
AV 1. 5 

e • Grass f. Clover 

:'RE.'.'2 C 1·; C + ;11 I 
"I 

C l ':'..'R~AT I C 
.,, l C + w l I, 

Y' 7 7 7.0 I I 311 I I'" 8 7.0 0 

' ' 911 1 5 3.0 I 911 4 2 3. 0 

1511 i I;. 2 3. 0 
H I 0 1 0.5 

I 
I 

AV ! 3.0 3.7 

I 1511 4 3 3. 5 I H 0 0 o.o I 
I AV 1. 5 1. 5 l 

* Othe S~ecies less tha grass and clovers. 

~¥The values are the number of hits obtained in each category out of 

a total of 144 ? Oi nts measured per plot. The other species values 

are the su~ of grass, clover and other we eds . 



Date 
7 _L\_ug. 

' 
8 

i 9 
' ~ () : ~ 
' .,1 .I 
I ! I 

: 12 
i ..A 7 
! I .) 

., :1 ,~-
' - . 

' ___, 
r -

' --, , - i' 
i • • 
t ~ C 
I iU 

\ 19 
! 20 
! 21 
: 22 

23 
24 
25 

l ,,-
2o 
27 
28 
29 
30 
3'' 

APPEtl)IX 2A 

Da t a of the Climatic Paramet ers Dur~ng the 
Experimental Period 

Date - daily values . 
Rad - radiation ceasured each day (Langleys/day) . 
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Temp - mean temperature for each day (
0
c) - (max+ min/2) . 

Rain - rainfall for each day (points) . 
T - trace of rain. 

' Rad Temp !~ain I Date Rad Temp Rain i 
I 

1 "14 9 .6 
I 

58 I 16 289 13.6 10 Sept. 
106 8 .7 08 ~7 l 368 l 11o4 T 

' ! I 
92 10.8 47 I 18 367 I 100 8 -

I' 
I I ! l 8 ~ 8 . 8 04 19 I 337 9 .6 -

I ! I 
253 6.9 - 20 I 373 i 9.8 04 I ' ~33 9 "8 05 23i 4 -'i . 8 r, I 2'1 r 

1 I ' I 
-

I 1,~.8 11 .6 CL-i-. •') ? ii --t '1 1 1 • 9 ! <--- ' I • -
178 ! -12 . 2 ·c s 23 L~6? .., .,, 7 l -: I • / 

--~ I -:? I .., .,, r ,,. ,.... 7 - . :: .., ,.. r " " I ; ~ 
' I o 

- C 
__,1_;u I'-- W -

129 i 13. 0 r, ! I ? ;::; 257 
I 

i3 ~6 03 .i. I ! I 
! 

_ ___, 
I ,: G1 I 11 • 0 -- .., 26 2 ;3 1 i-r. 0 !..,. -...I l . I I -

I I I 2i..;.9 1 ..,, • 5 369 12 a8 - 27 I -I 

i 244 10.5 - 28 390 I 11 • 0 -
198 10 . 7 - 29 337 11 • 5 -

97 8 . 8 06 30 276 11 • 5 -
205 5 . 8 01 1 Oct . 477 12.9 -
225 7 .. 8 - 2 200 10.9 01 
24 1 8.4 - 3 388 9.8 -
284 7.6 - 4 514 8 .9 -

6 . 9 228 - 5 277 10.4 01 
66 9 . 1 45 6 278 11 • 5 -. 198 8.8 - 7 416 10.8 18 

Jo ' ~ } ub 

359 7.7 - 88 I 258 10.5 08 
231 10.4 04 9 380 13.7 03 
148 9 . 8 09 10 305 8 .1 -

1 Sept . 191 12 . 1 T 11 375 5.2 -
2 265 11 • 2 - 12 402 7.4 -
3 187 10 . 2 - 13 527 10 . 1 -
4 168 12 .4 01 14 526 11 • 5 T 
5 218 12 .4 01 15 243 12 . 9 02 
6 363 13 . 3 - 16 285 12.4 19 
7 339 13 . 1 - 17 114 12.4 45 
8 345 12.9 - 18 I 41 7 12.6 -
9 295 13.3 - 19 541 11 .4 -

10 95 15 . 1 32 20 456 12.2 -
11 125 15 .5 10 21 451 12.2 01 
12 419 13 . 8 - 22 228 13.6 -
13 125 12 . 8 53 23 441 12 . 4 06 
1 Li. 397 10 . 7 01 I 24 a16 14. 6 -
15 265 9 . 9 06 I I 25 12 1 . 1 -I I ! 



f I ::)ate 
0::.. 0 .L. 
"-'--' C '-' • 1 

i 27 
28 j 

I 29 ! 
I ' 30 I 

1 31 I 
I ,', ~ I l 2 -ov • 1 

3 
4 

I g 
7 
8 
9 

iO 
11 
i2 I 

I 

329 
163 
502 
445 
L:-16 
393 
392 
543 
595 
298 
597 
514 
439 
544 
608 
399 
545 
522 

Tes:p 

13 . 3 
12 .4 

8 e 1 
i 2 e 2 
11 • 9 
11 8 0 
11 8 I 

8 .9 
13 e9 
10. 8 
13 . 8 
15.8 
13.8 
16 .7 
18 . 2 
16 . 8 

Rain 

I ,. r 
JO 

: 26 
T 

03 

16 e3 1· 16.3 02 

l Date 
I 

: i 3 NO'l . 

! '~t 
1

1,· 16 
~7 
18 

i 19 
20 
21 

I 22 
·; 23 
' 24 

25 
25 
27 

I 2s 
I 29 
i, 30 
I I 
! : 

2ad 

510 
494 
484 
638 
517 I 

606 
338 
607 
6~5 
157 
322 
514 
468 
223 I 

3C7 
398 

r 

.::--.-J 
4L~3 

Temp 

17.8 
16 .6 
16.3 
17 .. ~ 
15. 1 
17. ~ 
17.8 
14.3 
19.2 
15.5 
13. ? 
11 . 6 
13.8 
15 . 0 
17.5 
15.5 
~7 .6 

Rainl 
- I 

54 i ., ~ 
' .J 

07 
31 
22 

05 , 
i 

212 
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i,:os:. de.ta was ccd.ed :'or identi:;::"ics.tio::1 usi:r;._:; ,the :follo·,·;ing symbols. 

V Variety ., 
' ' CLanticleer 

2; Wa :..rau 

T Treo.tr::ents Id.en~i~ie~ uith the table heading. 

:a :2eplication 

P ?lar:t n--cr.:oer identi:::'ic2..-~ ion 
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Te.::,le -, fl 4 1 ~....... . .. Crop :production and its comp osition for each harvest. 

Lucerne crop gr:?owt h r a-t.es . (gm/6 sq_ :ft and r•~/6 61 .. '- SC~ "'" t / day ) 

V T H R LUCERNE OTHER TOTAL PE R. CE NT CGR V Variety · 1 Chant -. ' 
SPECIES LUC 2R f'J E iclee r· 2, Wairau 

l 1 1 1 12.20 59. 29 7 1 . 49 1 7. 06 .43 T T re a trr,ent J.. 

l 1 1 2 17 .90 50. 8 7 63 . 77 26. 02 .63 1 311 2, HR , 
1 1 3 36 .54 52.32 88 . 86 41. 12 1.30 . ' .I. 

3, 9" 4, 15 II 

1 1 2 1 ·11.36 28 . 24 3 9. 60 2 8 . 68 • 5 6 5, 3R 6, H 
1 1 2 2 16 .. 55 115.41 1 3" .9 6 12. 5 4 . • 8 2 
1 l 2 3 30.26 8 3.6 3 113.89 26.5 6 l. 51 -:::; · Harve st H 

R Replicati on , 
1 3 l 2.42 46. 59 4 9.01 4o93 • l 0 .!, 

! l 3 2 9.7 8 57 . 8 3 67.6 1 14 . 46 . 4 2 1 ' 2 1 3. 
l ? 3 l6. 13 58 .. 22 7 4 .3 5 2 1.69 ~ 70 - ...I 

4 l 2 . 6 3 8. 37 ~:.oo 2 3 .90 • 21 
·, L 2 0.00 - 1 3 . 6 2 18 0 6 2 o ~no o.oo 

3 I ,-- .- 7 6 . 5 7 8 1 . l 2 5o60 .3 7 -.- -t • '.) '.) 

• 0 2 ,') o. oo , ,.. I" iCO. CG 0 3 5 - .:. :.> L f- 0 ~ .} 

- l '.) 2 o. oo 12. 80 1 2 . 3 tJ 0 . 0 0 o. oo 
l - 5 3 2 . 30 2 3.0 2 2 5 ~ 32 9 . 0 8 1 q . - , 

- 2 l 1 32.17 1.22 3 3 . 39 96 • 3 L,. 2.29 
, 

2 1 2 16 . 2 3 2. 34 18 . 5 7 87. 39 1.1 5 l. 

1 2 1 3 31.94 o.oo 31.94 100.00 2 .2 8 

1 2 -2 1 20.59 14. 64 35 .23 5 8 . 4 4 1 .1 4 
1 2 2 2 o.oo 32.35 32.35 0 .o 0 o.oo 
1 2 2 3 17 .95 o.oo 1 7 .95 100.00 .99 

l 2 3 l 11.17 58. 7 3 69.90 1 5. 97 .93 
1 2 3 2 4.20 47. 21 51.41 8.16 .35 
1 2 3 3 39. 12 47. 55 86 .67 45.13 3 .2 6 

1 2 4 1 8.38 24. 7 5 33.13 2 5. 29 .55 
l 2 4 2 17. 15 2 .9 5 20.10 85.32 1.14 
1 2 4 3 32 .4 7 o.oo 32 . 47 100.00 2 .16 

1 2 5 1 7.87 26.77 34. 64 2 2. 71 .52 
1 2 5 2 19 . 8 2 17 .8 5 37.6 7 52. 61 1.32 
1 2 5 3 2.5 8 37. 74 4 0. 32 6.39 • l 7 

1 2 6 1 3 .94 15.79 19. 73 19. 96 .43 
1 2 6 2 1. 8 1 9. 59 11.40 15.87 .20 
l 2 6 3 16 .93 2.10 19.03 88 .96 1.88 

/ 3A .4 . 1. 
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cont. 

V T H R LUCERNE OTHER .TOTAL PEKC ENT CGR 
SPECI ES LUC ER NE 

1 2 7 ' 11.60 7.30 18 .9 0 6 1.37 .96 
l 2 7 2 15.97 o.oo 15.97 100.00 1.33 
1 2 7 3 5.68 8.42 14.10 40. 28 .47 

1 3 1 1 89 . 31 58. 24 147.55 60. 52 2.35 
1 3 1 2 110.75 34.8 4 14 5. 59 76.06 2.91 
l 3 1 3 32.39 16 . 9 5 49.34 65 . 64 .85 

1 3 2 1 91. 26 20 .9 5 112.21 8 1 .32 2.34 
1 3 2 2 38. 15 45.12 83.27 4 5. 81 .97 
1 3 2 3 64 .6 4 33.97 98.61 65.55 1.65 

1 3 3 1 22.75 24. 39 47.14 4 8 .26 1.19 
1 3 3 2 26.99 13. 17 40.16 6 7. 2 0 1.42 
1 3 3 3 19. 77 11. 51 31. 2 8 63. 2 0 1.04 

l 4 l 
. 6 7.·22 59. 44 126. 66 53. 0 7 1.2 6 -

1 4 2 5 7 . 3 8 76 0 39 133 . 77 42.89 1.03 ..L -
1 4 ; 3 8 7.42 66 0 10 153. 52 5 6 . 94 l .0"-i-

i l ,- 2 1 159 . 02 25. 62 18 <.'., . 6L, 86 .. 12 3.69 
, 

2 2 175 . 42 o.oo 175. 42 100.00 4.08 - ~. 

- l, 2 3 97 . 38 c . oo S7.:::, 3 ::.GO. 0 Cl 2.26 

i '.) 
, 90 . 4 7 19 l. 29 281.76 3 2 . 1 0 c ·· 

~ L • :J '.) 

l '.) l 2 . 94 365.49 3 6 6 . 4 3 . 2 5 . 01 
1 5 l 3 58.23 194.76 252.99 23.01 .. 61 

6 l 1 2 2.57 16. 7 8 139. 3 5 87. 9 5 1.36 
l 6 l 2 2 6 9.31 o.oo 26 9. 3 1 100.00 2.99 
, 6 1 3 197.62 44.46 2 42 .o 8 81 .63 2.19 

2 1 1 
, 17.58 78.30 9 5. 8 8 18. 33 .54 J.. 

2 1 1 2 18 . 95 68 .6 6 8 7 . 61 21. 62 .. 59 
2 1 1 3 46.77 42.99 89.76 52. 1 0 1.46 

2 1 2 
, 

15. 35 81.36 9 6. 71 15. 8 7 .64 .I. 

2 1 2 2 17 .49 81.35 98 .8 4 17.69 .72 
2 

, 
2 3 42. 32 53.87 9 6. 19 43. 99 1.76 L 

2 1 3 l 16. 32 22.09 38.41 42. 4 8 .77 
2 1 3 2 20.33 o.oo 20.33 10 o.o 0 .96 
2 1 3 3 4. 24 6 7. 32 71.56 5.92 .20 

2 1 4 1 6 .43 24. 70 31.13 20. 65 .35 
2 l 4 2 23.05 37 .04 60.09 3 8. 35 1.28 
2 1 4 3 16.86 21.19 38 .o 5 4 4 .31 .93 

/3A.4.1. 
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cont. 
V T rl R LUCER NE OTHER TOTAL PERCE NT CGR 

SPEC I ES LUC ER NE 

2 2 
. 

1 24. 5 8 12 . 47 37 .o 5 66.34 • 9 L, 
2 2 1 2 80 .00 3 5. 12 115.1 2 690L1-9 3. 0 7 
2 2 1 3 64. 19 21.4 1 8 5. 60 74 .. 98 2 . 46 

2 2 2 1 33. 09 5.90 38.99 84 .86 2.36 
2 2 2 2 41. 11 o.oo 41. 11 10 o.o 0 2.93 
2 2 2 3 49.53 a. co 49 . 5 3 100.00 3 . 53 

2 2 3 1 13.55 17 .91 31 . 46 43007 .84 
2 2 3 2 33.59 36.28 ,:,9 . 8 7 48.0 7 2.09 
2 2 3 3 40 .79 18 .61 59.40 68.67 2.54 

2 2 L.,, 1 26.22 10 .. 04 36. 26 72.31 1.45 
2 2 4 2 35.07 43.24 7 8 .3 1 44 .7 8 1.94 
2 2 4 3 24. 10 12.54 36.64 65077 L33 

- 2 :'..6 0 7 4 2 L;. o 13 , " ;.-; 7 L,.Q o 9 5 • 5:_ - ~ ' ... 
- '.:, ::i 

') 34 ~1.· _. 33.06 , - S :i. , c 3 1.,05 - ~ .. , ' V - ~ 

2 - 5 - 2'-.- 0 :i.6 :i.4 .. 87 ~9 QC3 6~ 090 .73 ~ ~ 

-;- J ' ;:,0.21 73.09 , r---;, - I'"\ 52" 32 L 3 2 - ..... :> ....I " ::., \ 

') 2 ?.• 9 C ~~ ) 92 0 5 7 : :::,7 .. 97 2 s" 55 ., 3 g ·- .., .. 
- - 3 93 . 33 :_ 9 . cs i ~ 2 0::, ,, S3 .. o.;. 2.12 - :., ~ 

2 - 2 l 5 10 0 4 14.6 6 6 5 . 7C T! .6::; l., ~--0 .., 

2 3 2 2 66 . 49 95 . 34 16 1. 8 3 L;- l 00 8 1. 7 0 
? 3 2 3 5 8 .33 99.22 157.55 37.02 1.49 '-

2 3 3 1 3 .. 25 14. 2 5 17.5 0 18 .57 .25 
') 3 

.., 
2 i9.69 • 7 3 2 0 • Li-2 96 . 42 1. 51 t.. ::> 

2 3 3 3 24.52 o.oo 24.52 100 .. o 0 1.88 

2 4 1 l 174.93 56. 34 2 31 .27 75.63 2.96 
2 4 1 2 1 26. 10 50. 0d 176.18 71.57 2.13 
2 4 1 3 115.46 10 4.47 219.93 52 .49 1 . 95 

' 2 4 2 1 160 . 59 o.oo 160.59 100 .o 0 4.34 
2 4 2 2 145 . 86 o. oo 145 . 86 100 .. 00 3.94 
2 4 2 3 136 . 4 5 11.83 148 . 2 8 92 . 02 3. 68 

2 5 l l 22.66 2 16 . 42 239.08 9.47 .23 
2 5 1 2 106.22 147.47 2 5 3. 69 41.86 1.10 
2 5 1 3 64 . a 4 71.00 135.84 47.73 .67 

2 6 1 1 154 .23 33.44 187.67 82 .1 8 1.67 
2 6 1 2 166 .50 40. 40 20 6. 90 80.47 1.81 
2 6 1 3 218.86 87 .9 6 306.82 71.33 2.37 • 
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Ta";:)le 3A .. L ~ ·:::>. Crop pro.'.iuction a:rid i ts c o::1.? osi tion surnmated over harvests 

f'or each t rea trr:ent/variety comb ination. (gJ11/6 sq_ :ft) 
Abreviations as :for t able 3.A.2.,.. 1. 

V ' R LUCER NE OTHER TOT AL PERCENT 
SP ECIES LUCER NE 

1 1 1 3 2. 8 1 1 42 . 49 175.30 18. 70 
1 1 2 44 . 23 2 55. 5 3 299.76 14.75 
1 1 3 89 .78 29 3. 7 6 38 3. 54 23.40 

1 2 l 95. 7 2 149.20 2 44. 9 2 39. 05 
l 2 2 75 . 18 112.29 187.47 40.70 
1 2 3 146 .6 7 95.81 2 42. 48 60. 45 

1 3 l 203.32 10 3. 58 306.90 66.20 
l 3 2 17 5. 89 93.13 269.02 65.40 
l 3 3 16 .80 6 2. 43 179.23 65.05 

- l_. l. 2 .'.26.24 85. 06 31.1 . 30 72. 85 

- -,. 2 232.30 76. 39 309. 19 75 .o 5 
i. 3 : 8 4. 8 0 66 0 10 2 50. 90 55.50 

' '.J i 90 .. L.-7 1c~ -; c-- : ~:o? ~) 32 Q l G - -j .i.. • L ., 

- _, 2 () , 
\) ~ '-.- 3 65 . 1.,.c, -~ . . "") 

"2 5 ::· ;. :, ;) -.~::;, 

l. 5 3 5 3 . 23 194.76 2 ;2 . 99 23.Gl. 

C 
) i22 . 57 16 . 7 ii , ""'I.- -:.i • 3 7. 95 - ~ .!. :)'-j • .) '.) 

- b 2 269.3::. o. oo 269 . 3l 100 . 00 
]. 6 3 19 7 .62 44.46 2 42. 0 8 8 1. 63 

2 
, 

l 55.68 20 6 .45 262. 1 3 2 1 .2 0 -
2 2 79.,8 2 1 8 7. 05 266. 87 29. 90 
2 1 3 110 .19 18 5. 37 295.56 3 7. 35 

2 2 1 114 . 18 70. 45 184. 63 62 . 00 
2 2 2 2 24 . 23 147. 70 37 1. 9 3 60 .04 
2 2 3 202.77 6 7. 43 270.20 75.00 

2 3 l 134.50 102.00 2 3 6. 50 56.90 
2 3 2 125.58 194.64 320. 22 39. 10 
2 3 3 176.18 118.27 294.45 59. 2,0 

2 4 1 3 35. 5 2 56.34 391.86 85.70 
2 4 2 271.96 50.08 322.04 84.50 
2 4 3 25 1. 91 116. 30 3 68. 21 68.45 

2 5 1 22.66 216. 42 2 39. 0 8 9. 47 
2 5 2 106. 22 147. 47 2 53. 69 41.86 
2 5 3 64.84 7 1 .oo 135. 8 4 4 7. 73 

2 6 1 154. 23 33. 44 187.67 82.18 
2 6 2 166. 5 0 40. 40 20 6 .90 80.47 
2 6 3 218.86 87.96 306.82 71.29 
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TaOl e 3A_o4 .. 3. Point analys is data r e co::::>:1s, :perc.ent lucerne and :plant 
nuinber counts (No./ 1 s q_ :foot) 

V T R LUCER NE BARE WEED CLOVER GRASS OT HER PE RC ENT PL AN T1t 
GRO UNO SPECIES LUCERNE rHJMBE~ 

l l 1 7 10 13 6 2 3 42 11. 6 6 3. 16 
1 1 2 3 15 8 6 2 8 4 2 5. 0 0 10 .60 
1 1 3 9 9 21 16 5 42 15 . 00 7.30 

1 2 1 8 20 15 4 13 32 13.33 10.60 
l 2 2 10 12 9 1 2 8 38 16067 10 .8 3 
1 2 3 10 15 29 0 6 35 16.67 8.00 

1 3 1 8 14 1 3 10 15 3 8 13.33 9. 15 
1 3 2 16 1 2 24 2 5 31 26.67 8 .60 
1 3 3 10 14 25 1 10 36 1 6067 9.60 

l 4 1 15 2 9 13 1 2 16 250 00 11. 16 
l. 

, 
2 19 21 20 0 0 20 3 lo67 10 .00 

- :., H · 35 11 0 0 11 23.33 9 . 00 

'1 7 12 • ? , 22 L~O 11 . 66 '..2o83 L- C, 

2 j 12 19 2 24 L... ,- 5 .. 00 13.16 - - ''.) 

2 ' 3 l : 5 17 3 "L,. 44 18.33 :6.60 - ,:_, 

2 2 1 9 1 5 18 2 15 35 l 5 .. 00 12 0 15 
2 2 2 11 8 9 11 21 41 18 . 33 13~33 
2 2 3 19 14 7 6 14 27 31.67 15.30 

2 3 1 15 17 12 3 1 3 2 8 2 5 . 00 1 c . oo 
2 '2 2 26 7 12 0 15 27 43.33 9. 60 ..I 

2 3 3 21 6 24 2 7 33 · 35.00 12.00 

2 4 1 21 15 24 0 1 25 35.00 8 .16 
2 4 2 23 17 20 0 0 20 38 .33 7 . 6 0 
2 4 3 24 14 19 0 2 21 40.00 9.60 

II The mean o:f six samples plot. per 



V T H R p 

1 1 1 1 1 
l 1 1 l 2 
1 1 1 1 3 
l 1 l 1 4 
1 1 1 1 5 
1 1 1 1 6 

l 1 1 2 1 
1 1 1 2 2 
1 1 1 2 3 
1 1 1 2 4 
1 1 1 2 5 
1 1 1 2 6 

219 

The dry weight of plant part~ (gw/plant) and shoot 

numbers per plant for eac~ plant sampled at selected 

growth stages. 

V Variety; 1 ' e:nanticleer 2, Wairau 
T Treatment; 1 ' 3R 2, 91t 

3, 15" 4, H 

H Harvests; i ' RD 2 , -i:t l 3, 9" __, 

4, 15 11 5 , H 6, 15/H 
~ Re::;:, l ic2.ticns 1 , 2 , 3. 
p Plant ~ u...rn !:> e r 1 to 6 
--:)C""1 r,•:) 
..r..\.- Vl\. Root :-911.:.2 c ~·er.~·:,,: 

LEAF SHOOT STUBBLE PLA NT CRO WN ROOT RTC R SHOOT NO 

.07 .23 .23 5.70 1. 61 3. 63 5.24 10.00 

.10 • 30 .35 2.10 • 39 1.06 1.45 8 . 00 

.21 .65 .30 6.2 8 2.01 3.32 5.33 17.00 

.34 1. 41 • 53 4.74 • 69 2.10 2.79 4 6 .40 
• 15 • 79 .17 3.15 .53 1.66 2.19 17.00 
.08 .25 • 11 1.65 • 35 .94 1.29 8 .00 

• 10 • 49 .07 4.74 1. 13 3.05 4.18 12.00 
.01 .06 .01 . 88 • 2 6 • 55 . 81 3.00 
.03 • 12 .13 3.60 1. 99 1.36 3.35 3.00 
.05 . 3 2 . 08 3. 95 1. 51 2.04 3. 55 17.00 
.20 1.24 .83 7.00 2. 4 7 2.45 4.92 46.80 
• 10 .40 .24 6.33 2.38 3.30 5.68 13.50 

/3A.5.1. 
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n .:: -..._1 ~ 
..... , .... ._,~ . ., - ' r- ✓ 

2~~ ~ °2 • l • C o::-it ~ 

V T H R p LE AF SHOOT STUBBLE PLANT C R0 1tJN ROOT RTCR SHOOT NO 

.L 1 1 3 1 • 11 • 32 • 31 6.69 2. 22 3.84 6.06 13.00 
i i 1 3 2 • 18 • 73 .24 2.73 .5 4 1. 21 1. 75 18.20 
1 1 1 3 3 • 0 l .03 .06 1. 00 • 44 .47 .91 2. 00 
1 1 1 3 4 • 07 .19 .10 2.59 .. 64 1.66 2.30 4.00 
1 1 1 3 5 .04 • 18 • 13 1. 72 • 15 1.26 1.41 6.00 
1 1 1 3 6 .13 • 58 .28 3.39 • 7 9 1.74 2.53 12.00 

1 1 2 1 1 • 22 • 58 . 14 - 0 8 9. • 34 . 8 3 1.17 5. 00 
1 - 2 1 2 • 41 1. 12 .24 5o83 1. 59 2 .. 88 4.L'r 7 6.00 

2 1 3 ., 42 1. 21 .32 4 • . L28 1.63 2.91 7.00 
·, 2 1 4 .66 1. 57 .. 78 6 0 ~-~ 1.20 2. 88 4.08 27. 00 .L 

- 2 l 5 0 27 .78 ~ 1 7 3. 51 ~84 l. 72 2.56 6 . 00 C. 

- - 2 1 6 .08 .,2:::, o.oo l. 2 l • 36 ., 62 .9 8 2.00 

? 2 l • 5 7 2.16 ... 69 9.2 2 2.59 3.84 6.43 33.30 - -
' 2 2 ?. 0 28 --, I , ? 5 5. 0 3 l o L:- 5 2o49 3 . 94 8 .00 - • b --r 
·, 2 3 'C l 

, , 
c; ':,9 6. 3 5 l. 2 8 3.21 !. li,O 15.50 - -- . ' -}~ ; ,_· ~. r ~ ' ,, 

2 2 4 • 2f:i 0 .. , • 
r, 7 

4' \.. } I 1. 5 2 .2 9 • ~- d .77 7.0J 
-, 2 5 .03 o ~u • ~ 2 1. ?, 4 • 39 .73 :;_. l 2 2. CO - - ,:. 

- - 2 2 6 • 05 • l 5 . c 7 • 99 0 2 9 . 48 .77 2.co 

') 3 l .55 1. 66 • 75 7~04 1 • 86 2.77 4.63 1 4 .00 ,_ 

- l 2 :, 2 .29 . 82 • 1 7 5. 09 1.45 2.65 4.10 9.00 
l ' 2 3 3 .61 1. 8 3 0 14 4.09 . 61 1 ~ :;__ 2.12 16.00 ... 
•. 1 2 3 4 • 17 .77 .27 5. 16 l . 45 2.67 4. 12 12.00 .l 

1 1 2 3 5 • 21 .6 7 . 18 6.75 2.50 3.40 5.90 5.00 
1 i. 2 3 6 . 34 1.23 • 30 4 . 27 • 75 1.99 2.74 8.00 

' 1 3 1 1 .13 • 29 .02 1. 15 0 2.,. . 60 .84 1.00 J.. 

- 1 3 1 2 • 28 • 74 . 07 2.32 .52 .99 1.51 3.00 
' 1 3 1 3 1.00 2.60 . 13 4.43 • 57 1. 13 1.70 8 .00 
1 1 3 1 4 • 35 • 8 7 .05 2. 88 .73 1.23 1.96 3.00 
1 1 3 1 5 .14 • 33 • 20 2.99 1. 24 1.22 2.46 2.00 
1 1 3 1 6 • 30 • 8 3 .0 8 2.25 .3 9 .95 1. 3 4 3.00 

1 1 3 2 1 2.50 6.76 .55 16.60 3 .3 4 5.95 9.29 13.80 
1 , 3 2 2 .07 • 21 .02 1. 40 .20 .97 1.17 1.00 .1. 

1 l 3 2 3 1. 19 3.22 .35 9.56 2.31 3.68 5.99 6.00 
1' 1 3 2 4 .45 1. 13 .09 2.77 • 56 .99 1.55 4.00 
1 l 3 2 5 • 40 1. 06 .11 3.03 .64 1.22 1. 86 5.00 
l 1 3 2 6 • 10 • 28 o.oo 1.75 • 41 1. 06 1.47 1.00 

1 1 3 3 1 .23 • 54 • 12 2.60 • 59 1.35 1.94 1.00 
l 3 3 2 1.63 3 .84 .33 10 .4 7 2.12 4.1 8 6.30 10.00 
1 1 3 3 3 • 79 2.22 .12 5.16 • 94 1. 88 2.82 10.00 
1 1 3 3 4 • 26 .87 .31 3.73 .86 1.69 2.55 4.00 
1 1 3 3 5 .41 1. 20 .03 3.60 • 41 1. 96 2.37 5.00 
1 1 3 3 6 • 18 . 50 .08 1. 92 .3 5 .99 1.34 3.00 

/3A.5.1. 
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V T H R p LEAF SHOOT STUBBLE PLA NT CROWN ROOT RTC R SHOOT NO 

1 1 4 1 1 • 28 .71 • 15 2.64 .65 1.13 1.78 2.00 
i l Li- 1 2 .09 .23 o.oo 1.54 • 23 1.08 1.31 1.00 
i 

, 4 1 3 .5 8 1. 72 o.oo 4.13 • 6 8 1.73 2.41 3.00 ~ 

1 .!. 4 1 4 • 5 0 1. 28 .17 4.97 • 85 2.67 3.52 2.00 
1 l 4 1 5 .25 . 64 . 0 9 1. 64 .22 .69 .91 2.00 .1. -
l l 4 l 6 .07 • 19 .05 1. 60 • 57 .79 1. 36 1.00 

1 1 4 2 1 .43 1. 28 • 18 5. 04 1. 32 2.26 3.58 7.00 
1 1 4 ·2 2 • 26 .71 .16 Lh, 7 9 1.44 2 .. 48 3.92 4.00 
1 l 4 2 3 .56 1. 36 .. 04 2. 11 • 19 .52 .71 3.00 
1 1 4 2 4 .93 2.55 .23 6. 41 .75 2.88 3.63 4.00 
1 1 4 2 5 .90 2. 11 .. 20 6.65 1. 22 3.12 4.34 3.00 
1 1 4 2 6 .41 1 .33 • 42 3.13 .49 .89 1.38 3.00 ... 

1 l 4 3 1 .86 2.54 .32 8 .60 2.04 3.70 5.74 8 . 00 
l - 4 3 2 2.66 6. 8 9 • 12 13. 52 l. 46 5.05 6.51 12.00 J. 

1 1 4 3 3 .76 1.9 8 . 0 8 4 .2 6 • 5 6 1.64 2.20 2.00 
i .!. t.,_. 3 4 1.94 5. 9 3 .. 19 ll .. 80 2 .. ~-4 3.24 5.6 8 11 . oo , - 4 3 5 ~2 1 ., 88 .. 09 3. 12 .66 1 • Li- 9 2. 15 3.00 - .!. 

1 J. 4 "" c.. . 5 9 i.,98 • 09 6.97 L. 64 3 .. 2 6 4. 90 5 .. 00 ::; V 

·. :.:, 1 l . 55 L95 .,L- E~j3 L 95 t., •• 02 ::; 07 2 . 0 0 - - - ~ (ii .I I 

::j 2 L20 t, 0 7 2 r"" -, ( .'.., 2 .. 5 2 3 • :!. 5 2 . 0 J - - Cl I...)_-:, I Q .I , ~Uj 

1 5 l 3 fl I. 7 :!. • 2 5 0 2 5 L. - ,-, • 2, 9 L 99 2.38 2.00 L - ; 0 _j 0 

5 1 I . 70 2.63 r I 7 . 50 1 • "r 3 3. 3 5 l · -, ;; 3.00 - ;_ e d -; .- Q ' , ..J 

- ' :5 1 5 . 47 l. 87 o. oo 5 . 60 c;, S l 2 . 90 3 • 3 ~ :::, • 00 
.i. - ::., 1 6 .45 : .. 9 0 .07 5. 0 2 .50 2 .55 3. 05 2 . 0 0 

, 
1 5 2 1 1.29 3. 8 5 .20 7.49 .65 2.79 3. 44 3.00 -

l 
, 5 2 2 .2 5 1.06 .17 4. 08 • 83 2 .02 2.85 3 .. oo .J.. 

l .:. 5 2 3 • 29 4. 0 7 1.03 11. 56 2.14 4.32 6.46 5.00 
l - 5 2 4 .26 l. 29 • 42 5. 6 5 1. 02 2.92 3 .. 94 2.00 .L 

' 1 5 2 5 .14 .41 .12 2.27 .6 7 1.07 1.74 1. 00 
1 .:. 5 2 6 .06 • 31 .04 1. 73 • 42 .94 1.36 1. 00 

1 , 5 3 1 2.71 13.05 .24 22.24 1. 98 6.97 8.95 6.40 .L 
, 1 5 3 2 1.33 6. 59 . .46 19. 78 4 . 13 8. 6 0 12.73 5.00 l. 

l 1 5 3 3 1. 48 6.76 • 42 14.96 1. 43 6.35 7 .. 7 8 5.00 
l l 5 3 4 1.21 7.03 .30 15. 22 2.44 5. 55 7.99 4.00 
l l 5 3 5 .5 6 1. 49 .07 5.37 • 55 3.25 3.80 2.00 
l 1 5 3 6 • 43 1.24 .11 3.82 .71 1.76 2.47 1.00 

1 2 l 1 1 .05 • 33 1.16 6.63 1.22 3.92 5.14 10.00 
l 2 1 l 2 .42 .99 .93 8.46 2.40 4. 14 6.54 19.00 
1 2 l 1 3 .05 .14 .09 4.14 1.49 2.42 3.91 4.00 
1 2 l 1 4 • 15 • 47 .20 2.55 • 58 1.30 1.88 12.00 
l 2 1 1 5 . 14 .55 .18 5. 11 1 .16 3.22 4.38 13.00 
1 2 l l 6 .24 • 44 1.20 9. 72 2 ~ 77 5.31 8.08 14.20 

l 2 l 2 l • 15 • 52 .35 4.14 1. 28 1.99 3.27 11.00 
1 2 l 2 2 • 22 .65 .16 3.25 • 70 1.74 2.44 8.00 
l 2 l 2 3 .06 • 34 .34 3.58 • 96 1.94 2.90 6.00 
1 2 1 2 4 .09 • 59 .17 3.14 .75 l. 63 2.38 12.00 
l 2 l 2 5 • 18 • 50 • 12 1.82 • 36 .84 1.20 5.00 
l 2 1 2 6 .os .31 .05 1.37 .2 9 .72 1.01 6.00 

/3A.5.1. 



~ &Cle 3A.5,.1 . cont . 22"1 
V T H R p LE AF SHOOT STUBBLE PL AN T C ROvJN KOOT RTCR SHOOT NO 

:;_ 2 l 3 1 • 18 • 54 • 41 4.56 1. 19 2. 42 3.61 12.20 
l 2 1 3 2 . 09 . 29 .46 3.94 . 72 2 .. 4 7 3.19 7 . 00 
1 2 1 3 3 . 20 • 51 .96 , 0 ~ 9 2. 84 3.86 6.70 20 .70 

2 1 3 4 • 39 1.15 .21 3.55 • 6 8 1 • 51 2. 19 21.00 
1 2 l 3 5 . 43 .94 .36 5.92 1. 59 3.03 4.62 21.00 
1 2 1 3 6 • 19 • 57 . 13 2.31 . 49 1 • 12 1.61 18.00 

1 2 2 1 1 1 . 44 4.41 • 50 10. 5 7 2.89 2.76 5.65 31. 70 
1 2 2 1 2 • 39 1 . 08 • 10 4.16 • 43 2.55 2.9 8 7 . 00 
1 2 2 1 3 1.24 3 . 48 1.23 16 . 2 5 4.85 6.68 11. 53 48.50 
1 2 2 1 4 .43 1. 11 • 38 4.93 1. 13 2. 31 3.44 16 . 00 
1 2 2 1 5 1. 86 5.08 .61 11.30 1. 3 4 4.26 5.60 48.40 
1 2 2 1 6 • 5 8 1. 65 .21 3.67 • 72 1.09 1.81 13.00 

1 2 2 2 1 • 43 1. 67 • 72 9.59 2. 89 4.30 7.19 17 . 40 
1 2 2 2 2 • 26 .7 4 .16 4.65 .83 2.91 3. 74 6 . 60 
l 2 2 2 3 ,. 77 2. 42 • R9 8 . 21 1. 24 3 0 65 4.89 37.10 
~ 2 2 2 4 • 20 .63 .20 3.14 • 7 8 1.53 2.31 6.00 -

- 2 2 2 5 .05 • 15 . 06 1. 29 • 36 .72 1.08 2 .. 00 
J.. 2 2 2 0 0 06 • 19 .25 3.02 . 86 1.72 2.58 6.00 

' 2 3 • Lf2 1 .. 27 .16 2.99 .4 8 1. 07 1.55 12 .7 0 - -,. ~ 3 2 • l 9 • :')6 • l 0 l.96 .. 25 LOS 1.30 8 .. oo c:. 
-; / 3 ~ 'J \? - . 1 0 • ?_ 7 5Q62 • C, 8 2.27 :>vl5 ~ 5 u l 0 - - "" ,J \,.) C • .- ✓ 

-. L·_ ~6 3 - I? 7.19 L 52 2~55 4. CJ 7 .... ,... - ,... 
- , 

- ~ - • -+ ~.J .- V ,.., J c.. ,) 0 ::;. -..J 
: 2 :) :, ?-:> • 0 5 0 2. ' 5 . 52 . 47 Li-. l 3 !., • 60 6 . 00 - - • I . • . J 

·, 2 2 3 6 . 27 • 7 5 • 20 3 . 68 • 73 2. 00 2.73 9 .00 -
-. 3 1 ' .,46 1. 26 . 83 9.10 2. 08 4.93 7. 0 1 6 .. 00 ,:_ 1.. 

... 2 3 l 2 • 37 • 9 2 . 13 2. 84 • 51 1.28 1. 79 8 .00 
1 2 3 1 3 • 37 1 . 01 .16 3.85 • 57 2. ll 2.6 8 6 .00 
l 2 3 1 4 1.23 3.02 • 73 7.07 1.33 1 • 99 3. 32 16.60 
l 2 3 1 5 • 40 1. 18 .24 3.60 • 64 1.54 2.1 8 10.00 
1 2 3 1 6 • 38 1.02 .22 2.33 .2 8 .81 1.09 4.00 

1 2 3 2 1 2.97 8 . 00 1.96 2 6. 30 7.91 8.43 16.34 68.50 
1 2 3 2 2 .77 1.90 • 39 7.43 2. i 3 3.01 5.14 10.00 
1 2 3 2 3 . 62 1.79 .10 3.41 .3 9 1.13 1.52 6.00 
1 2 3 2 4 .34 1. 00 . 08 3.38 • 52 1 . 78 2.30 4.00 
1 2 3 2 5 • 27 • 69 • 18 4.19 1 . 03 2 .2 9 3. 32 5. 00 
1 2 3 2 6 • 3 5 .7 8 .3 5 4.28 1. 36 1.79 3.15 9 .00 

1 2 3 3 1 • 21 • 53 .07 1.24 • 1 7 .47 .64 2.00 
l 2 3 3 2 2. 09 5. 1 5 1.0 7 14.67 3.41 5.03 8. 44 22.00 
l 2 3 3 3 • 8 1 2. 09 • 28 5.90 1. 06 2. 47 3.53 10 .00 
1 2 3 3 4 • 31 • 79 . 19 2.44 . 48 .9 8 1.46 9 . 00 
1 2 3 3 5 .14 • 34 .06 2.62 • 24 1. 98 2.22 2.00 
1 2 3 ..., 6 . 61 1. 40 . 10 5.18 . 75 2.93 3.68 4 .00 :> 

1 3 1 1 1 • 11 • 38 .10 2.5 1 . 52 1.51 2.03 4 .00 
1 3 1 1 2 • 10 • 46 .2 1 4.46 • 86 2.93 3.79 11. 00 
1 3 1 1 3 • 10 .46 .26 4.3 3 1.50 2.11 3.61 17.00 
1 3 1 1 4 . 02 • 09 • 20 1. 74 • 37 1.08 1.45 4.00 
1 3 1 1 5 .08 .35 o. oo 2.20 .48 1.37 1.85 9.00 
1 3 1 1 6 .02 • 18 .08 1.45 • 36 . 83 1 . 19 5.00 

/3A.5 . 1. 



~ 2.J le --Z,./.o 2 • 'ie COD"t:.s. 222 

V T H R p LE AF SHOOT STUB BLE PLANT C ROviN ROOT RTCR SHOOT NO 

- 3 l 2 1 .33 l. 17 • 70 9 .. 46 2. 09 5o5O 7.59 24.00 
l 3 l 2 2 • 17 • 43 .35 3. 2 0 077 1.65 2.42 8.00 
' 3 l 2 3 • 15 • 69 .. 16 4o73 • 87 3.01 3.8 8 5.00 
l ~ 1 2 4 • 29 1. 7 2 • 34 3.91 . 55 1.30 1.85 8.00 
1 3 1 2 5 .32 1.03 • 10 4 . 89 1.30 2.46 3.76 20. 10 -
l 3 1 2 6 • 17 .64 • 74 7.51 1.76 4.37 6.13 13.00 

1 3 
, 3 1 • 22 • 7 4 • 11 2.81 • 7 6 1.20 1.96 17.00 J.. 

1 3 l 3 2 . 04 • 12 • 10 3 .. 50 • 84 2.44 3.2 8 3.00 
l 3 1 3 3 • 11 .45 .18 3 .. 76 .92 2.21 3.13 15. 00 
1 3 l 3 4 .14 • 58 . ll 5.55 • 85 4.01 4. 8 6 17.00 
1 3 l 3 5 .02 .13 .11 1.32 0 3 9 .69 1.08 3.00 
1 3 1 3 6 .14 • 62 .25 3.31 • 76 1.68 2.44 15.00 

l 3 2 1 1 • 19 • 52 0 21 3. 52 • 68 2. 11 2. 79 9.00 
l :') 2 l 2 1.06 3.46 • 77 10. 62 2.75 3 0 63 6.38 21.60 
l 3 2 1 3 • 15 • 54 .16 2o54 0 66 1. 18 ::. • 84 5.00 
- _, 2 l .:..:- 0 61 lo6l .30 4.18 . 82 1.45 2o27 26000 
.L .) 2 l :) 023 . 8 5 • 59 6 021 L. 65 3 0 12 L, • 77 8.00 
.... :; 2 1 0 • 20 .73 0 33 3 o 69 • 7 8 l. 85 2 .. 63 13.00 

~ 2 2 • 47 1..41 0 76 B.O7 2 0 02 3 0 C, 8 5o90 2 3~ 50 - / 2 2 . 20 • 53 • 20 4. :+ 7 9L, 2 ei EC - . 7 1 5 oOO . ' ..:, " I ""7 

- 2 5 • 30 "9 2 . 23 ?, ., 7 8 ,: J l • 7 5 ?. ,_ 6 3 9.00 [,_ " vu 
2 Li.- L,23 3~ 39 ~56 10. 09 L 66 4 L. l 

' . ' u 
. - L 
b .. ~ .· 37.40 

- _-, ~ 2 _., • 26 .. 69 fol 40 4o4 l l .. 2 2 2 .. : 0 3 , 32 7 .. 00 
l 3 2 2 6 • 49 1 . 39 • 43 6 .17 1. 35 3.00 4 . 35 16 . 40 

1 3 2 3 1 .35 1. 14 • 54 5o65 1. 81 2.16 3.97 16.00 
' 3 2 3 2 • 32 1.16 • 42 5.23 2.33 1.32 3. 65 :!.4.00 
.... 3 2 3 3 • 42 l. 56 • 76 9. 00 2. 73 3.95 6.68 33.20 
' 3 2 3 4 • 46 1. 7 7 .13 5.35 1.22 2 .. 2 3 3.45 19.00 
l 3 2 3 5 .34 1. 18 • 41 5.62 1. 76 2.26 4.02 1 7. 50 
l 3 2 3 6 • 19 .46 .17 2.81 .56 1.62 2.1 8 10.00 

1 3 3 1 1 .85 2. 11 .28 6.18 1.53 2.26 3 .. 79 11.00 
l 3 3 1 2 .6 6 l .. 89 • 85 5.99 1. 02 2.23 3.25 11.00 
1 3 3 1 3 .98 2.12 .25 5.66 .9 8 2.31 3.29 14:00 
1 3 3 1 4 2.67 7.96 • 40 15.45 1. 23 5.86 7.09 30.10 
1 3 3 1 5 • 74 1.79 .78 12.70 2.43 7.69 10. 1 2 14.90 
1 3 3 1 6 .91 2 . 32 .35 6.13 • 98 2.48 3. 4- 6 8.10 

1 3 3 2 1 .11 • 28 .23 7.28 1. 71 5.06 6.77 3.00 
1 3 3 2 2 • 46 1.36 .08 3.04 .55 1.05 1.60 9.00 
l 3 3 2 3 . 86 2.23 • 33 5. 43 • 52 2.35 2.87 10.00 
l 3 3 2 4 .75 1.84 .3 3 5.22 1.05 2.00 3. 05 6.00 
1 3 :> 2 5 .31 .76 • 10 2.17 • 23 1.08 1.31 6.00 
l 3 3 2 6 .59 1.44 .44 4. 9 1 .97 2.06 3.03 13.00 

1 3 3 3 1 .55 1.60 • 19 7.29 1. 24 4. 26 5.50 9.00 
1 3 3 3 2 .97 2. 68 • 64 11. 87 2. 75 5.80 8 .55 8.00 
1 3 3 3 3 .09 .20 o.oo 1.67 .2 7 1. 2 0 1.47 1.00 
1 3 3 3 4 .22 • 48 • 71 8. 72 2. 91 4.62 7.53 11.00 
1 3 3 3 5 .99 2. 52 .46 10. 28 2.36 4.94 7.30 20.00 
l 3 3 3 6 • 41 1. 46 . • 62 7. 09 1. 43 3.58 5.01 10.00 

/3A.5.1. 



~2."ble 3A.5.1. cont . 223 
V T H R p LE AF SHOOT STUBBLE PLANT CRO WN ROOT RTCR SHOOT NO 

l 3 4 1 1 1.06 3.03 .07 6.78 • 74 2.94 3.68 3.00 
l 3 4 , 2 3. 27 8.61 .. 32 17.91 3 .. 19 5.78 8.97 13.90 l. 

l 3 L,- 1 3 1. 40 4.28 .23 9.15 1. 40 3.24 4.64 16.00 
l. 3 4 1 4 • 42 1.73 .05 3.41 .42 1 0 21 1.63 5.00 
1 '.l 4 i 5 • 15 • 52 .04 1.27 • 19 .52 .71 2.00 __, 

. 3 4 l 6 • 12 .36 .10 2.08 .47 1 • 15 1.62 2.00 

1 3 4 2 1 .21 .67 .17 3.49 1.02 1.63 2.65 2.00 
l 3 4 2 2 • 8 1 2.26 • 22 6.32 1. 57 2.27 3.84 3.00 
i 3 4 2 3 .24 .9 4 • 50 4.68 1 .. 08 2.16 3.24 3.00 
l 3 4 2 4 l. 45 4.39 • 29 7.82 • 99 2.15 3.14 8 . 00 
1 3 4 2 5 .67 2.10 • 22 5.83 1 .2 5 2.26 3.51 3.00 
l 3 4 2 6 .60 1. 77 • 40 6.18 • 96 3.05 4.01 2.00 

1 :) 4 3 1 .6 3 2.26 • 44 16.73 3. 42 10.61 14.03 9.00 
1 3 4 3 2 4.88 13.06 .71 21.52 3.04 4.71 7.75 13. 30 
1 3 4 3 3 0 5 P, 1. 44 • 26 5.67 • 50 3.47 3.97 1.00 , 

3 4 3 4 2.34 8 . 68 o 6L~ 16 .62 1 .70 5. 60 7.30 2 3. 10 J. 

l 3 4 3 5 2.36 6 .89 0 49 13.99 1.92 4.69 6.61 9.00 
: :, 3 6 l. 12 3 0 28 .27 6.92 "8 9 2. 4 i3 3.37 6 .00 

.. 1 "21 • 9 2 L,_-, 6.33 1 .. 7 9 3. 2 0 4 . 99 2l.OO - 0 ' L. 
, 

' I 2 .. 2 cl l • Oc1 L 5i l~o55 :i O 63 4.27 9 .. 9 5 3:l ,.,60 - -
l :; '"' tJ l . 07 (,/ 11 3.no lo:=.. 2 2.L.-7 3.79 4.00 

- L,- - - . 06 • 41 o 9b 8. ( .3 3" ~ 8 ~.78 1.00 lJ.GO 
' :) . 03 .09 .26 I ,- "l .. 8 l ? _. C 

6.. 16 : • 00 - l J. 4. ::> l. ..) . ., :) 

- J. - 6 2 C, • u 1. 3 5 • 59 9.22 2.30 L.-. 91; 7.28 24.00 

1 4 - 2 1 • 0 2 .07 . 01 3.60 • 44 3.08 3.52 3.00 
l 4 1 2 2 .60 1.36 • 50 9.77 3.15 4.75 7.90 22.20 

4 1 2 3 .08 .21 1.00 9.45 2. 93 5.31 8.24 5.00 
1 4 1 2 4 • 07 • 38 .06 2.67 0 3 9 1.84 2" 23 6.00 , 

4 2 5 .09 • 30 .09 1.40 • 20 .81 1.01 9.00 l. -
l 4 1 2 6 .54 3.15 2.60 20. 88 2.68 12.44 15.12 35. 30 

1 4 1 3 1 • 45 1.97 • 65 8 .47 1.99 3.86 5.85 9.00 
1 4 l 3 2 .24 • 61 .06 4.43 1. 04 2.72 3.76 7.00 
1 4 l 3 3 • 42 1.22 .90 7.31 2.85 2. 34 5.19 16.00 
l 4 1 3 4 .96 3.63 1.03 15. 13 3. 05 7.41 10.46 50.50 
1 4 1 3 5 .04 .25 .02 4.78 .40 4. 11 4.51 6.00 
1 4 1 3 6 .33 .79 .35 2.84 • 42 1.28 1.70 10.00 

1 4 2 1 1 .30 1. 10 .31 4.62 1. 75 1.46 3.21 15.00 
1 4 2 1 2 • 16 .44 .32 3.05 .60 1.69 2.29 11.00 
1 4 2 1 3 .54 1.96 • 68 14.86 5. 93 6.29 12.22 32 . 10 
~ 4 2 1 4 • 19 . 69 • 34 3.55 .67 1.85 2.52 5. 00 
1 4 2 1 5 • 40 1. 52 .37 7.45 2. 48 3.08 5.56 15.00 
l 4 2 1 6 • 36 1.23 • 43 6.67 2.14 2.87 5.01 16.00 

1 4 2 2 l • 37 1.28 .45 6.55 1.77 3.05 4.82 16.20 
1 4 2 2 2 . 37 1. 28 .45 6.55 1. 77 3.05 4.82 16.20 
1 4 2 2 3 • 37 1.28 .45 6.55 1.77 3.05 4.82 16.20 
1 4 2 2 4 .37 1.28 .45 6.55 1. 77 3.05 4.82 16. 20 
1 4 2 2 5 • 37 1.28 .45 6.55 1.77 3.05 4.82 16.20 
l 4 2 2 6 .37 1.28 .45 6.55 1. 77 3.05 4.82 16.20 

/3A.5.1 ~ 



,..., ,.... ,,_, :"I 

-- .:;. • -- t.: ~1L '5 .1 • C 011t • 224 

V T H R p LEAF SHOOT STUBBLE PLA NT CRO WN ROOT RTCR SrlOOT NO 

~ "-· 2 3 1 .92 2. 88 • 45 5.30 .15 1.82 1.97 22.00 
i 4 2 3 2 . 10 • 40 • 09 4. 02 1. 18 2.35 3.53 5.00 
l 4 2 3 3 .51 1. 75 .74 9 .. 71 2 .. 60 4.62 7.22 25. 00 
k 4 2 3 4 .26 1.00 • 22 5.57 1. 22 3.13 4 . 35 11 .00 
i 4 2 3 5 . 60 1. 76 • 84 9.69 2.35 4.74 7.09 25. 00 
1 4 2 3 6 . 09 • 55 • 48 4 . 86 1. 11 2.72 3.83 9.00 

l 4 3 1 l 2 .. 90 7. 16 . 67 16. 71 3. 46 5. 42 8 . 88 29.20 
i 4 3 1 2 1.50 4.1 8 • 51 12.52 3.67 4.15 7.82 15. 00 J._ 

1 4 3 1 3 1. 7 1 4.90 • 60 9.61 1. 6 7 2.44 4. 11 13.00 
1 4 3 1 4 • 19 .45 .23 3.92 . 8 0 2.44 3.24 5. 00 
1 4 3 1 5 • 16 • 38 .05 1 .54 • 3 7 .74 1. 11 4.00 
1 4 3 1 6 .23 . 56 .02 1. 43 .22 .63 . 8 5 2.00 

1 4 3 2 1 • 7 3 1. 7 6 • 30 5.78 1.57 2.15 3.72 11.00 
' L.- 3 2 2 . 88 2. 32 • 12 4.62 • 58 1. 60 2.1 8 14.00 ' 
' L:.- 3 2 3 1. 14 2 . 8 5 1 .. 03 8 .84 L45 3. 51 4 .96 14.00 l. 

1 4 3 2 4 • 35 .93 .34 3 .96 • 84 1. 8 5 2.69 6.00 -
3 2 5 • 8 l 2. 0 3 , --, 3o87 • 4- 7 1.,24 1. 71 17.00 .:. • .!_ ::> 

l. I 3 2 6 0 48 1. 17 . 08 2.96 • 4L-, 1.27 lo 71 13.00 - ,-

!;- 3 3 l 1. 7 n 3. 34 • 40 l 1J o32 2. 1 7 3.90 6.07 23 0 L.-0 
, 

3 2 1. 04 2.4 6 .38 6 . 75 1~3 0 2vGl. ? • 9: 15 . 50 - .., 

3 :, .65 2 . 15 ... 34 5, 5 8 1. 2 7 :.22 :) 0 \..)'-;' l.9.00 

- 3 . 65 1.95 . 29 6. 3 6 • 7 0 3 .. 42 ~<al? ~o.oo 
--, 

3 5 • 9 3 2. 30 .. 47 3 . 50 2 . 27 3 . ·'.:-6 5.73 l4 . GO - ..) , 
4 3 3 6 2. 39 4.5 0 • 73 12.53 1.97 5.33 7.3 0 19. 00 ... 

l. 4 4 l 1 2. 62 7. 98 • 72 14. 98 3. 09 3.19 6.2 8 1 4 . 10 
l 4 4 l 2 . 84 1. 37 .06 3.32 • 58 1.31 l. 89 2.00 

4 4 1 3 1.64 4.48 .38 8 . 06 1.36 1. 84 3.20 10.00 - ... 
k 4 4 1 4 • 7 1 1. 8 3 • 34 5.54 1. 22 2. 15 3.37 5.00 
1 4 4 1 5 • 42 1.37 • l 5 4.16 • 7 9 1 • 8 5 2.64 5.00 
1 4 4 1 6 • 71 1. 8 3 • 34 5.54 1. 22 2. 15 3.37 7.00 

1 4 4 2 1 • 5 2 1.99 • 43 5.65 1. 11 2. 12 3.23 15.00 
1 4 4 2 2 • 8 1 2.40 .27 6. 11 1.35 2.09 3.44 6 .00 
1 4 4 2 3 .6 7 1.97 • 45 5.65 1. 08 2.15 3.23 6.00 
1 4 4 2 4 1.6 8 5.27 .2 8 9. 86 .98 3.33 4.31 9.00 
1 4 4 2 5 .29 .98 .16 2.98 • 43 1.41 1.84 4.00 
1 4 4 2 6 • 33 .9 0 .09 2.22 • 3 9 .84 1.23 2.00 

1 4 4 3 1 1. 46 4.04 • 53 17.06 5.37 7.12 12.49 7.00 
1 4 4 3 2 2. 48 7. 31 1. 31 24.10 7. 18 8.3 0 15.4 8 21.00 
l 4 4 3 3 2. 45 7.34 .67 17.05 2.86 6.17 9.03 12.50 
1 4 4 3 4 1.22 3.58 .45 8 .77 1. 31 3.43 4.74 5.00 
1 4 4 3 5 1. 40 3.97 • 61 9. 29 1 .91 2. 8 0 4.71 14.00 
1 4 4 3 6 1.08 3.27 • 87 9.33 1. 51 3.68 5.19 11.60 

1 4 5 1 1 1. 18 8.93 1.01 28.62 6.14 12.54 18.68 8.00 
l 4 5 1 2 3.91 11.42 1.39 2 9. 6 7 .42 3.91 4.33 5. 40 
1 4 5 1 3 .43 3.90 • 58 10.36 2.14 3.74 5.88 10.00 
1 4 5 1 4 1. 15 4.9 6 • 43 16.09 .94 9.76 10.70 1.00 
1 4 5 1 5 • 46 1. 59 .05 2.67 • 29 .74 1.03 1.00 
1 4 5 1 6 .03 . 62 .14 4.55 . 83 2.96 3.79 1. 00 

/3A.5.1. 



r:-21J:.e - ,. - J 

):o. • ,2 o I • cont. 225 
V T H R p LE AF SHOOT STUBBLE PLANT CRm./N ROOT RTS R SHOOT NO 

4 :) 2 
, 1.88 6.91 .. 08 16.03 1.60 7.44 9.04 5.00 ... l. 

1 4- 5 2 2 3. 41 14. 56 1. 0 7 28.64 5.64 7.35 12.99 8.30 
l 4 5 2 3 .90 L.- • 7 2 .17 10. 10 2 .2 4 3.07 5.31 4 . 00 
l 4 5 2 4 4.23 12 . 7 5, • 69 34.43 1 o. 99 9 .. 99 20.98 6.70 
1 4 5 2 5 3.21 10.25 .55 19.65 2 . 4 8 6.37 8.85 4.00 
l. 4 5 2 6 3.54 12. 58 1. 31 26. 78 4.46 8 . 43 12.89 8 . 00 

1 L, 5 3 1 1.87 14. 38 1. 04 28 . 81 4.85 8 . 53 13. 3d 14.40 
l 4 5 3 2 1.70 S • 31 .06 ii) . 01 1.07 2.57 3.64 3.00 
l 4 5 3 3 3.90 11.83 .37 22.76 3. 01 7.55 10.56 4.00 
i 4 5 :, 4 . 92 6. 71 . 6 7 13.24 2.08 3.78 5.86 8 .00 
1 4 5 3 5 • 7 l 5. 19 • 59 10. 06 1. 73 2. 55 4.28 3.00 
1 4 5 3 6 o.oo .2 6 . 15 1.84 .2 9 1.14 1. 43 2.00 

1 4 6 !. 1. 41 4.72 0 52 10. 31 1.42 3.65 5.07 6.00 
l L. 6 l 2 .26 :i.. 11 .28 5. 00 1. 12 2.49 3 0 6 1 2.00 . 4 6 1 3 L 17 5 .07 • 62 10. 3 7 L4-4 3.74 5.18 6.00 -
- 4 6 1 4 1 .. 21 5.27 .66 11.. 76 1.47 4 .. 36 5.83 4.00 
~ 

!.. 6 1 5 2. 28 6. 41 g35 13.14 2.37 4.01 6.38 3.00 
(. 6 1 6 ., 39 l. 8 5 • 22 c:: ,:- 1. 21 2~ 2 5 3.46 3.00 ... ... .., 0 -

' 2 ' 
- r, Q 
:) 0 . ) '-. ) 1 1 0 57 lo 59 27.C."... ::; • Ql, 9o7l :!.. Lt- • 7 5 7.00 

2 - 1.32 - , - l. !...Li. :9.7C, 2 ~5 L:- l •;. 26 12.8•1 7.00 -' 
,' :) • ";-0 -

<. 2 j 3 0 -~ 2 9 . d) ::_. 2 7 :.8.6:3 ?,. 96 -- ,, (\ ! ;:. .~ 5 . C;O ::, "ov • ~ _, •j 

' 2 !. ~23 ,? 0 s ~ • ?, 7 o. C,O lo C, 3 3. 2 Cl :5. o.::i 2.00 
·~ '2 '..) , 9 () 3 ~ ~·2 • :-, 0 2, . 28 l. G9 3 0 27 I - , 

..,, • _:) 0 3 . vO 
.I.. .'._. 0 2 6 1.95 S.56 1.cn 16-50 2.90 6.01 o . 9 1 L . 1~ 0 

, , 3 , 5 .52 20. 59 1. 3 5 3 s. 51 5.22 a.35 13 0 57 8 .00 - ~ (} .I.. 

1 4 6 3 2 2.04 7. 48 • 56 12. 53 1. 37 3 . 12 4.49 9.00 
l 4 6 3 3 1. 92 -,, • 38 .47 11.86 .92 3.09 4.01 3.00 
l 4 6 3 4 .85 2 .91 • 61 8 .99 1. 46 4.01 5.47 15. 00 
l I 6 3 5 1.48 6 . 36 • 70 12.91 l. 7 9 4.06 5.85 6.00 .1. ~r 

l 
, 6 3 6 . 6 7 2.52 .. 28 5.96 • 4 7 2.69 3.16 2. 00 -r 

2 i. 1 1 1 • 16 • 48 • 10 3. 43 • 71 2. 14 2.85 9.00 
2 l 1 1 2 .06 .21 .. 10 2. 83 .83 1. 69 2.52 6.00 
2 i l 1 3 .03 • 16 .05 1.27 • 25 . 81 1.06 10.00 
2 1 1 1 4 .14 .47 . 10 2.58 .63 1.38 2.01 9.00 
2 1 l 1 5 • 11 • 49 .06 1. 53 .24 .74 .9 8 16. 00 
2 1 1 1 6 .24 1. 54 .77 7.54 2.00 3.23 5.23 42. 10 

2 1 1 2 1 • 12 .67 .44 3.57 1.20 1.26 2.46 17.00 .I.. 

2 1 l 2 2 .13 • 52 .23 3.28 • 73 1.80 2.53 15.00 
2 1 1 2 3 • 18 1.09 .45 5.54 1.46 2.53 3.99 34.40 
2 1 1 2 4 • 18 1. 71 .43 6.05 1. 55 2.36 3.91 4S.60 
2 1 1 2 5 .03 .21 .12 3.31 1.03 1.9 5 2.9 8 5.00 
2 l 1 2 6 .08 .36 .15 2.40 • 56 1.33 1. 89 6.00 

2 1 l 3 1 • 10 • 48 .17 2.75 • 72 1.3 8 2 .10 14.00 
2 1 1 3 2 .06 • 52 . 83 5.04 1.42 2.27 3.69 16.00 
2 1 1 3 3 .26 .78 • 19 4.48 • 83 2.68 3.51 23.80 
2 1 1 3 4 • 26 1.13 .38 5.26 ,. 1.26 2.49 3.75 3 8 .20 
2 1 1 3 5 .09 .29 • 11 3.35 1.05 l. 90 2.95 8 .00 
2 1 l 3 6 .05 .28 .24 4.15 1.03 2.60 3.6 3 10.00 

/3.A.5.1. 



,..i: :~ :~ 1. e :, ' .'5.10 cont. 226 

V T H R p LEAF SHOOT STUB BLE PLA NT C ROl✓ N ROOT RT:: R SHOOT NO 

2 1 2 1 1 • 36 • 8 1 .12 3.01 .94 1.14 2.08 8 .00 
2 1 2 1 2 • 4 3 1. 33 • 19 3. 8 3 • 81 1. 5 0 2.31 11.00 
2 1 --, l 3 • 10 .25 • 1 5 1.99 .62 .97 1.59 3.00 L 

2 1 2 1 4 • 14 • 36 . 09 1.34 • 33 .5 6 . 8 9 5. 00 
2 1 2 l 5 .0 3 ,-a .26 2 . 56 .66 l .. 55 2. 21 2. 00 ....... ,,, 

2 l 2 1 6 • 19 • 58 • 15 1. 6 2 • 33 . 56 . 8 9 9~00 

2 1 2 2 1 .7 8 2.21 .24 6. 99 1.54 2.99 4. 53 16.60 l. 

2 1 2 2 2 • 4 2 1. 0 0 .27 4.01 1.07 1. 6 7 2.74 8.00 
2 l 2 2 3 .32 • 7 9 • 41 6.57 L 79 3.5 8 5.37 11. 00 
2 1 2 2 4 • 19 • 48 .29 2.43 .72 .94 1.66 11.00 
2 l 2 2 5 .05 • 12 .06 1. 05 • 29 .5 8 .87 2.00 
2 1 2 2 6 .17 • 52 . o 3 1. 42 • 2 4 .63 .87 7.00 

2 1 2 3 l .14 . 34 .1 6 1 . 68 .. 3 2 • 8 6 L 18 4.00 
2 1 2 3 2 00 8 • 20 . 06 2. 73 1. C2 1. 45 2 . 47 4.00 
2 l 2 3 .., . 2 3 063 . 13 . 31 .. 59 . 90 7.00 ::, 

2 - 2 3 L,- .5 5 :!. • 60 • 33 L,- • 1 :;_ .. 96 1 . 17 2 . 13 25.4 0 
:-, l 2 3 5 • 70 1. 98 .36 6.35 1.04 2. C,6 4 . 00 18 .00 
2 .:.'. ::, 6 ._ ~. !. .90 .35 u.. 72 l ? L, 2. i.3 324 7 14 .60 - - "..., ' 

.. 
l L 72 L:- • .:iO • 22 12.35 2. '-:-2 C: r- .- 7.53 1 L 10 _, - ..J • l , :_) 

- (" ~ "2 }_ /~ ~ j_ :) ' •" 2. 1 9 2.SCJ t,. 00 - ~ l. L .. ~) •·;- • ., ~.J • G v . • 6 i1 l.96 u25 8 ~ CL( 3. ':, 2 2.5C 5. ;3 2 4 . 50 ' ::, 

- . 
' 0 31 • -.. 7 • Q !.:- ,':. _'):) I " 

, . ? :.. • 5 2 2.00 - - • -.- v 1. ~ - -

2 i ::, l 5 • 5 2 i . 51 • :.. 4 3 e 5L.- • 59 l o3 0 l . 29 6.00 .._ 

2 ::, 
, 

C, • 16 • 59 . 15 l . 69 .. ? . 63 • 95 3 . 00 - .._ . ., ~ 
2 :;_ 3 2 1 1.49 4.51 I. , 

o "-;" l 1 2 . 5 7 2 .3 4 5 . 3 l 7 . 65 1 1 . 40 
2 1 3 2 2 .77 2 .. 47 . 25 5 . 60 • 61 2 . 2 7 2. 88 7 . 6 0 
2 .._ 3 2 3 . 88 2. 51 . .25 7 . 0 2 1 .13 3. 13 4 .26 4 .00 
2 1 3 2 4 :.. • 11 3.33 • 30 7.23 1. 54 2 . 0 6 3.60 9 .00 
2 l 3 2 5 • 11 • 3 6 • 11 1 . L, l • 2 9 . 6 5 .94 3.00 
2 .._ 3 2 6 .32 . 8 1 .06 2. 13 • 32 .94 1.26 3.00 

2 1 3 3 l .96 2. 88 • 39 5.50 • 25 1. 98 2.23 18 .00 
2 1 3 3 2 .50 1.5 5 • 50 6. 11 1. 71 2.34 4.05 6.00 
2 1 3 3 3 .24 .73 • 12 2.37 • 38 1.14 1.52 2.00 
2 1 3 3 4 l. 51 4.47 .56 10. 09 1. 91 3.14 5.05 14.70 l. 

2 l 3 3 5 .. 40 1. 16 .08 2.34 • 32 .78 1.10 8 .00 
2 1 3 3 6 .24 .73 .04 1.35 .2 0 .38 .5 8 4.00 

2 l 4 1 l • 36 .99 .16 3.48 .57 1.7 6 2.33 4.00 
2 1 4 1 2 .8 2 2. 32 • 15 5.50 • 84 2.19 3.03 6.00 
2 l 4 1 3 .94 2.67 .18 4.43 .46 1 • 1 2 1.5 8 4.00 
2 1 4 1 4 1.85 5.55 • 10 9. 00 • 76 2.59 3.35 6.00 
2 l 4 1 5 • 47 1. 49 • 11 4. 11 .4 7 2.04 2.51 4.00 
2 1 4 1 6 .28 .79 .11 2. 00 • 35 .75 1.10 1.00 

2 1 4 2 1 .21 • 55 .07 3.23 • 89 1.72 2.61 1.00 
2 l 4 2 2 1.55 4.23 .39 8.14 1.30 2. 2 2 3.52 5.00 
2 1 4 2 3 • 70 1.81 .13 4.23 • 93 1.36 2.29 9.00 
2 1 4 2 4 • 38 1.03 .30 3.81 .99 1.49 2.48 3.00 
2 1 4 2 5 1.24 3.80 • 50 7. 94 1. 07 2.57 3.64 3.00 
2 1 4 2 6 .54 1.53 .11 2.90 .46 .so 1.26 3.00 

/3A.5.1. 
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V T H R p LEAF SHOOT STUB BLE PLANT CROWN ROOT RTC R SHOOT NO 

2 - 4 3 1 1. 16 3 0 52 . 89 13 .. 47 3 .. 41 5.65 9.06 8 .00 -
2 1 L~ 3 2 1. 60 4.08 • 51 10.24 2 .. 22 3.43 5.65 10.00 
2 1 4 3 3 1..78 4. 71 .26 8 .. 05 .. 92 2.16 3 .. Oil 8.00 
2 - 4- 3 4 .54 1 . 58 .07 4.29 • 94 1.70 2 .. 64 s.oo 
2 - 4 3 5 1.07 3.15 .54 6 . 18 1.01 1 • 4-8 2.49 5.00 -
2 l 4 3 6 • 43 1. 19 .14 3.99 • 51 2. 15 2.66 3.00 

2 1 5 1 1 .26 .99 • 16 4.19 • 85 2.19 3.04 3.00 
2 5 1 2 . 03 • 29 .10 1 .96 • ..'t J 1.17 1.57 2.00 
2 1 5 1 3 . 28 1. 0 -1 . 35 5.91 1 .. 65 2. 84 4.49 2.00 
2 - 5 1 4 .24 1.39 • 2?. 5.36 1. 3 5 2.40 3. 75 3.00 
2 1 5 1 5 .22 • 68 .os 2.38 • 37 1.28 1.65 1.00 
2 1 5 1 6 o. oo .02 .09 1 .. 02 .22 .69 .91 o.oo 

2 1 5 2 1 2.7 0 10. 40 .. 11 17.59 1 .13 5.95 7. 08 5.00 
2 l 5 2 2 .17 .72 o.oo 2.19 • 36 1. ll 1.47 2.00 
2 1 5 2 3 .08 • 58 .04 2.20 .. 2 8 1. 3 0 1 .5 8 2 . 00 
2 

, 
5 2 4 .31 1.80 • 30 4.54 • 61 1.83 2 • L;-4 4.00 -

2 5 2 ✓ .. 11 • 42 .. 09 2. 7 S . ? 1064 2 .. 26 1.00 -
? :::, 2 6 • 09 • 35 .07 1.27 -, . .64 0 35 2.00 - ... .:..1.. 

::, .? }. .26 l. 30 .14 L,o 0: o b2 1.87 2.56 2 .. 30 
-; - 3 2 o L;-2 2~C2 . 33 5o~O I • 2. l 0 2.75 f. .• 00 :... .o, 

-, -. ~ ~ ; "J , 2) , ,_ - i.::....., - ~ C,j ' ,: -, G ., 00 - _, _ ., o V ,:-:'.: . - - - 0 r"; "-,,"' G ..,, , _ .... ., _.I J 

- j :; " • /+9 2. c4 .. : 7 !) • 9:5 1 • 3 ;) ~ 0 ':~ --~ !.,- 0 ~ ~ t,. ~;0 
-, ' ::., 3 ::: G.0() • 56 2 . ,;2 a 5C• ·, ,,_ C, 1 0C LOJ - J. . ' - ,i,).,. .., - • -;; ✓ 

2 5 3 6 • 11 • 55 • J.. ') 2 .. 73 .. 5 8 - I ,- 2 .. 03 3.00 ... l. .... ,. ::, 

2 4 ·. l 1 1.00 4. 28 2.60 21. 42 6 . 38 8 . _ 6 14.54 l:!.2.30 -
2 4 - 1 2 0 30 1. 2 5 • 30 5.79 1. 39 2. 8 1+ L;. .. 23 30.70 
2 4 l - 3 • 26 1.43 .85 11. 09 3~63 5.17 8 .. 80 57.30 
2 L, l l L;- .o 2 • 06 • 33 5 .. 06 1. 16 3. 51 4.67 5.00 
2 4 1 1 5 • 8 1 3.72 .33 10. 2 0 2.3 1 3.84 6.15 39.40 
2 L, l 1 6 .57 2.70 1.13 11. 14 2. 99 4.31 7. 30 71.00 

2 4 l 2 1 .35 1.04 .45 4.79 1. 01 2.29 3.30 17.00 
2 4 1 2 2 .60 2.27 .77 14. 24 4.2 1 6.99 11. 20 70.90 
2 4 1 2 3 • 16 • 50 • 1 5 3.79 • 87 2.27 3.14 15.00 
2 !:- 1 2 4 • 38 1. 11 1 .04 13.06 3 .2 5 7.65 10.90 45. 80 
2 L., 1 2 5 .20 .89 .13 3.19 • 57 1.60 2.17 16.00 
2 4 l 2 6 • 37 1. 28 .48 7.80 1.87 4.16 6.03 32.20 

2 4 1 3 1 .07 .23 .05 7.97 .16 7.53 7.69 5.00 
2 4 1 3 2 • 5 1 2.04 • 63 13.90 5.5 6 5.67 11. 23 100.20 
2 4 1 3 3 • 17 • 59 • 3 7 4.78 1. 7 9 2.03 3. 82 18.00 
2 4 1 3 4 .5 0 4. 41 1. 52 26.23 1 o. 76 9.53 2 0. 29 125 .60 
2 4 1 3 5 • 12 • 49 .11 3.46 • 77 2.09 2. 86 10.00 
2 4 1 3 6 • 7 2 2. 12 1.83 12.56 4.84 3.77 8.61 41.30 

2 4 2 1 1 2.15 8. 59 1.21 24.92 6. 85 8 .26 15 .11 55 .60 
2 4 2 1 2 .ll • 38 .13 2.13 .32 1.30 1.62 11.00 
2 4 2 1 3 .38 1. 47 • 11 3.80 • 88 1.34 2.22 16.60 
2 4 2 1 4 .08 • 42 .23 5.75 .89 4. 21 5.10 10.00 
2 4 2 1 5 .13 • 47 • 22 4. 61 1. 86 2.05 3.91 15.90 
2 4 2 1 6 • 22 • 8 5 .20 7. 30 2.82 3.43 6.25 13 .00 

/3A.5.1. 
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V T H R p LcAF SHOOT STUBBLE PLANT CROWN ROOT RTC R SHOOT NO I 

2 4 2 2 1 .99 2.54 .24 6.36 . 91 2. 6 7 3.58 19.20 
2 4 2 2 2 2.54 7.01 • 89 16. 00 2. 76 5.3L-, 8.10 42.20 
2 4 2 2 3 l . Lt9 3 .8 6 1. 40 24.11 6 .2 6 12.59 18 . 85 58.50 
2 4 2 2 4 2.91 10.01 1.22 18.96 2.87 4.85 7.72 94 .. 60 
2 4 2 2 5 1.20 3 .. 59 • 60 9 .. 24 1.50 3 .. 55 5.05 30.00 
2 4 2 2 6 • 7 1 2. z'7 .17 3.95 • 53 .97 1.50 33.70 

2 4 2 3 l 1.09 3. 60 • 55 10. 20 2.19 3. 85 6.04 34.70 
2 4 2 3 2 .2. 8 3 9.63 .98 20 .. 22 4.59 5.01 9 . 60 79.00 
2 4 2 3 3 • 46 1. 63 • 69 4 .. 88 • 5 7 1 . 99 2.56 14.00 
2 4 2 3 4 1.38 5.26 .56 10. 8 5 2.02 3.01 5.03 50.50 
2 4 2 3 5 • 48 1 .7 8 • 33 5.28 • 99 2. 18 3.17 30.80 
2 4 2 3 6 .. 47 1.50 .19 4 .. 95 .51 2.74 3 .. 25 15. 00 

2 4 :i. 1 ; • 7 2 1. 68 .44 4.75 1.03 1.60 2.63 12.00 .J -
2 "-· 3 1 2 1. 7 2 6 .. 65 .23 1 :5. 77 3.16 5~72 8.88 55.40 
2 4 3 1 3 l. 17 3.04 0 50 6 .72 1 .. 48 1.70 3 .. 18 9.00 
2 L.;. 3 l .... 1.17 3 .. 22 0 59 10 . 2'.:, 2 .. 88 3.54 6 o Lr2 21.60 
2 L;. :::i l 5 • 5 l 1.7 0 . 23 6.82 L78 3o 11 4., 8 9 13. 8 0 
2 4 3 1 0 .54 1 .. 7 3 0 26 t..-.19 • 57 L63 2.20 13.00 

2 -·- 3 2 2. 5 C 7. 99 l Q 9 6 "".._7e 2: 2 .. 66 4 . 64 7. 30 6l eL~C) 
2 -, 2 • 7 L,. 

, ~. 3.01 27.17 9.19 Q - ~ 17.39 66 .30 .J 'J.i() V W .!. U 
. 

2 1. 3 i 5 0 4:!_ :C. 33 i3. 03 2.61 3 0 -:/3 6 Q 3.:~ 20 .:::; 0 ·- ::, :, 

·- .!.; .J 2 L.- . 63 1. 74 ~39 4. 2 6 1.08 l • C :5 2 . : 3 i.5. 00 
-. ,. :, 2 ::, • 9 3 ? i:: ~ 

:io 3d ::i . 72 1 .. 3S l L.. , 2QS4 ::5 . 00 ·- . .. ....)\) ... ~ . 0 

2 4 3 2 6 • 9 l 3 .3 6 .. 36 7.50 1.20 2 o 6/T 3.84 14.00 

2 4 
. ., 3 l 1.57 4.62 1. 6 3 13 .72 3 .40 L~. 0 6 7.46 36.10 

2 Lt ::, 3 2 1.94 6. 67 • 82 13. 6 1 2. 51 3. 61 6 .1 2 33.90 
2 4 3 3 3 1 .. 55 5.37 1.51 16. 41 4 .. 2 9 5.23 9.52 46.90 
2 L,. ? 3 4 2.05 5.79 • 87 15.69 4.27 4.76 9.03 21.30 .J 

2 4 3 3 5 .65 1.60 .26 4.43 .97 1.59 2.56 15 . 20 
2 4 3 3 6 1.07 2.93 • 40 8 . 74 2. 01 3.39 5.40 20.30 

2 4 4 1 1 2.31 7.52 2.05 19.18 4. 71 4.9 0 9.61 18 . 80 
2 4 4 1 2 1. ll 3. 49 • 71 9.74 2.54 3.00 5.54 9.00 
2 4 4 1 3 .99 3.03 .25 5.68 .60 1.80 2.40 7.00 
2 4 4 1 4 2. 43 7.94 1. 16 17.06 3 .40 4.56 7.96 16.00 
2 4 4 1 5 .24 .95 I .08 2.82 • 40 1.39 1.79 4.00 
2 4 4 1 6 .66 1.64 .2 8 7. 13 1.74 3.47 5.21 5.00 

2 4 4 2 1 . 63 ~-12 • 62 7.99 (. 77 3.48 5.25 6.00 
2 4 4 2 2 2 . 6 2 10. 17 2. 02 25.84 6.20 7.45 13.65 13.20 
2 "4 4 2 3 1.82 6 .40 .94 13.40 2.79 ' 3.27 6. 06 14.00 
2 4 4 2 4 1. 9 2 5.79 .44 11. 00 1. 82 2.94 4.76 10 .40 
2 4 4 2 5 2. 35 8.07 • 42 13. 2 0 1.45 3.25 4.70 23.00 
2 4 4 2 6 2.12 7.96 .83 16.07 - 2.48 4.79 7.27 46 .80 

2 4 4 3 l .26 1.03 .21 4.25 • 74 2.27 3.01 6.00 
2 4 4 3 2 3.08 10.42 1.72 22.86 4.95 5.77 10.72 29.30 
2 4 4 3 3 2.58 9.00 .63 15.31 2. 11 3.56 5.67 17. 20 
2 4 4 3 4 1.7 0 6 .. oo .78 11.49 1. 43 3.28 4.71 1-7. 00 
2 L~ 4 3 5 • 15 • 50 • 11 2.09 • 40 1.08 1.48 4.00 
2 4 4 3 6 • 27 . 84 .18 2. 73 .72 .99 1.71 3 .00 

/3A.5.1. 
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V - H R p LEAF SHOOT I ST UBBLE PL ANT C RmiN ROOT RTCR SHOOT NO 

?. 4 5 1 1 1.69 7.29 • 60 l 9 o 72 3.76 8 0 12 lL 88. 5. 00 
2 4 5 1 2 1. 71 7. 61 • 19 13. 83 2o24 3o79 6 .03 5.00 
2 I 5 1 3 1. 39 -'J • 7 4 .74 13.30 1.85 3.97 5. 82 8 .00 ..,. 
~ L;- 5 1 4 .14 2.95 • 10 7.22 1. 35 2. 82 4. 17 4.00 
2 L.- i::- 1 5 • 48 2.64 .56 7.96 2.03 2.73 4.76 3 . 00 .,) 

2 5 1 6 .2 8 1. 8 4 0 49 6. 06 0 99 2.74 3 .73 3 .00 

?. I 5 2 1 5. 46 25. 87 1. 49 39 . 33 2 . 93 9 . 03 11.96 18 .30 ..,. 
2 4 5 2 2 2.53 14.18 .90 26.97 5.07 6.81 11. 88 6.40 
2 4 5 2 3 . 88 4.46 • 78 12. 03 2. 60 4 .. 18 6.78 6 .1 0 
2 4 5 2 4 2. 7 3 12.20 .48 18. 1+2 1.14 4.60 5.74 10 .. 00 
2 4 5 2 5 • 54 2.91 • 41 7.66 1.34 3.00 4.34 3.00 
2 4 5 2 6 1 . 91 10 .94 . 8 1 19.99 2.61 5.52 8 .13 9.20 

2 I 5 3 l 2.33 1 5. 08 1. 36 42.79 12.80 13.54 26.34 13.60 '-r 

2 L.r 5 3 2 . 64 4.41 • 513 10.14 1. 43 3.72 5.15 7 . 00 
2 4 5 3 3 1. 07 7. 86 .76 1 ' !(8 2.86 7o00 9.86 5.00 
2 4 5 3 4 0 98 4-. 33 • L,6 . ., r0 

1 .i.. 0 uu 1. 62 4 .59 6.21 5.00 
2 4 5 3 5 .. 63 2. S ~; ol9 7 .. 44- 1. 19 3 .. 1 7 4.36 2.00 
? !..;- 5 :., 6 o.co .05 • 29 3.3S • 79 2.26 3.05 o. oo '-

6 i t . ' 15~.S3 i.. 33 2 i3 . 96 4. '-; -_. 6.97 l ;_. 95 12 . 00 .. '-7;:., '-;--;-

; :, 2 y 2~) (' -~ - I ~ r 2.06 7.C9 ~· ~ 15 14. 00 J - _. 0 .. ... _./( _ - u .. .., _; 

i:;. • :5 4 L·•7 
. -, ,, 

'~ ?.~ ... ..:.,0 ~-. ()3 5 ¥ ;~ 9 9.00 ~ ; _, _,.:I ,") -
~ ~ ) ,1 • 'J 2 ~ ::.~?.9 

.. , 
:::, • 19 . - 7 

Vo OJ --- ;:J ~ . /: :) 0,# L+- ;::; . - '.) . 
-, l :5 ' .. 2 . 30 .56 6 .. 94- •• 65 2 0 6:., -: • 2 S 3 .. 00 L. -- 0 • G ~J 

, 4 6 l 6 L_ ._{.. . '_, 2. 9 5 .. 56 9,, Le 7 2 • 3 9 3 .. 57 5 . 96 6 .00 

2 L~ 6 7- 1 6. 47 23.28 2.36 42 . 73 2 .97 4 .6 6 7 0 62 10.50 
2 4 6 2 2 1.95 7. 70 .92 16.25 1 o . 83 15.38 26.21 21. so 
2 4 6 2 3 2.22 9. 52 .96 1 8 .. 65 2.6 8 5.49 8 0 1 7 6.00 
2 4 6 2 4 1.32 7.04 .71 13. 01 2. 14 3. 12 5.26 15.00 
2 4 6 2 5 • 57 2. 1+1 .22 4.68 . 85 1. 20 2.05 3.00 
2 4 6 2 6 .1 3 . 96 • 29 3.2 3 • 62 1.36 1.98 5.00 

2 L, 6 3 1 2.58 10. 36 • 89 21.. 4 5 4. 74 5.46 10.20 7.00 
~ 4 6 3 2 1. 13 '> • 13 .5 8 10 . 38 1.46 2.21 3.67 14.00 
2 4 6 3 3 5. 48 22.03 3.18 43. 71 6. 41 12. 0 8 18.49 20.30 
2 4 6 3 4 2.20 8.80 .9 6 21.01 5.14 6.17 11. 31 14.00 
2 4 6 3 5 1. 48 6. 39 I l. 04 13 . 01 2. 94 2.64 5.58 19.00 
2 4 6 3 6 .14 • 46. .14 2.06 1.11 .95 2.06 4 . 00 
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'T'eh:~e 3 (i_. 2 0 2 . Replication means of t h e dry wei ght of :plant :par ts 
(gm/pl a nt) and shoot nurr:b ers :per pl ant at selected 
growt h stages . Abrevi ations as f'or table 3A. 5 . 1 • 

V T H R LEAF SHOOT STUBB LE PLA NT CRO WN ROOT Rrc R SHT NO 

1 1 1 1 • 15 . 60 • 2 8 3 . 93 . 93 2 . l 1 3 . 04 17.73 
1 1 1 2 . 0 8 • 43 • 22 4 . 4 1 1. 6 2 2 . 12 3 . 74 15 . 88 
1 1 1 3 . 09 . 33 • 1 8 3 . 02 . 79 1. 69 2 . 49 9 . 2 0 

1 1 2 1 . 34 • 91 . 27 3. 8 8 . 93 1 . 7 6 2 . 69 8 . 8 3 
1 1 2 2 • 27 . 8 9 . 26 4 . 0 8 1. 04 1 . 8 7 2 . 92 11 . 30 
1 1 2 3 • 36 1 . 16 . 30 5 . 40 1. 43 2 .4 9 3 . 9 3 10 . 66 

1 1 3 ' .36 . 94 . 09 2 . 6 7 . 6 1 1.02 1 . 6 3 3 . 33 
l ' .!. 3 2 • 7 8 2 . 11 • 1 8 5 . 8 5 1. 24 2 . 3 1 3 .55 5 . 13 
l 1 3 3 . 58 1 . 52 .16 4 . 58 . 87 2 . 00 2 . 88 5 . 5 0 

·, 4 - • 29 • 79 . o 7 2 . 7 5 . 53 1. 34 1 . 88 1. 8 3 - - -
' 4- 2 . 58 1. 55 • 20 4 . 66 . 90 2 . 02 2 . 9 2 4 . 00 

- ' 4 3 i. 1 7 3 . 3 6 .1 4 8 . 0 4 i • ~.-6 3 . 06 4- . 5 3 6 . a 3 

j 3 • 6 4 2 . °?9 . l? u~46 ::. • 05 2" sa 3.94 2 . 33 - -
' :, 2 • :, s ... . ~·) ::; • 33 S. -, 6 • 9 ::> 2 . 3.:.- 3 • 2 9 2 . 50 J. -
- - 5 ::, 2. . 2s 6 . 02 . 26 13. 56 i. 37 5 '· , . -; ..;_ 7 ~ 2 8 3 . 90 

l 2 1 l • 17 • 48 . 6 2 6 .1 0 1.6 0 3 .3 8 4 . 98 12 . 0 3 
i 2 1 2 . 13 • 48 • 19 2 . 8 8 . 72 1. 4 7 2 . 2 0 8 . 00 
1 2 1 3 . 24 . 6 6 . 4 2 4 . 74 1.25 2 . 40 3 . 65 16 .6 5 

l 2 2 . 47 1 . 24 . 50 4 . 4 6 1.8 9 3 . 2 7 5 .1 6 27 . 43 
< 2 2 2 • 2S • 9 6 • 3 8 4 . 98 1. 1 6 2 . 4 7 3 . 63 1 2 . 5 1 
1 2 2 3 . 43 1. 14 . 44 4 . 49 . 72 2 . 1 7 2 . 90 11 . 8 8 

1 2 3 1 . 5 3 1. 40 • 3 8 4 . 79 . 9 0 2 . 1 1 3 . 0 1 8 .43 
1 2 3 2 . 88 2 . 36 • 51 8 . 16 2 . 2 2 3 . 07 5 . 29 17 . 08 
1 2 3 3 . 69 1.71 . 29 5 . 34 1.0 1 2. 3 1 3. 3 2 8 . 16 

1 3 1 1 . 07 • 32 . 14 2 . 7 8 . 6 8 1 . 6 3 2 . 3 2 8 . 33 
1 3 1 2 . 23 . 94 • 39 5 . 6 1 1.2 2 3 . 04 4.27 13 . 01 
1 3 1 3 . 11 . 44 . 14 3 . 3 7 . 75 2 . 03 2 . 79 11 . 66 

1 3 2 1 . 40 1 . 28 . 39 5 . 12 1.22 2 . 22 3 . 44 13 . 76 
1 3 2 2 . 49 1. 38 • 43 6 . 16 1 . 3 4 3 . 00 4 . 3 4 16 . 38 
1 3 2 3 . 3 4 1.21 . 40 5 . 6 1 1 . 7 3 2 . 2 5 3 . 99 18 . 2 8 

! 3 3 1 1. 13 3 . 03 . 48 8 . 6 8 ]. • 3 6 3 . 8 0 5 . 1 6 14 . ~ 5 
1 3 3 2 • 51 1. 31 . 25 4 . 67 . 8 3 2 . 26 3 . 10 7 . 83 
1 3 3 3 • 5 3 1. 49 . 43 7 . 8 2 1 . 82 4 . 06 5 . 8 9 9 . 83 

1 3 4 1 1. 0 7 3 . 08 . 13 6 . 76 1 . 06 2 . 47 3 . 54 6 . 98 
1 3 4 2 . 66 2 . 0 2 • 30 5 . 72 1 . 14 2 . 2 5 3 . 39 3 . 50 
1 3 4 3 1 .98 5 . 93 .46 13 . 5 7 1 . 9 1 5 . 2 6 7 .17 10 . 23 

/ 3A. 5 . 2 . 



·_· 2 o __ e -, .. ~ ~ ~ ,. 2 9 eon:,. 27 ~ 
.,/ . 

I T H R LEAF SHOOT ST UBB LE PLA NT C ROWi'i ROO T Rr c R SHT NO 

1 4 1 1 . 1 4 • 6 5 . 62 6 .. 8 4 2 ., 53 3 .. 6 7 6 . 20 16 . 4 3 
l I 1 2 . 23 • 9 1 T l 7 . 9 6 1 • 63 '-:-. 7 0 6 . 3 3 13 . 41 -;- . -
i 4 

, 
3 . 4 0 1 .41 . 50 7 . 16 L62 3. 6 2 5 . 2 4 16 . 41 J.. 

1 4 2 1 • 3 2 1. 1 5 . 4 0 6 . 70 2.2 6 2 . 87 5 . l 3 15 . 68 
1 4 2 2 • 37 1.2 8 • 45 6 . 55 i.77 3 . 0 5 4. 8 2 16 .. 20 
l 4 2 3 . 41 1.39 . 4 7 6 . 52 1 . 43 3 . 2 3 4 . 6 6 16 . - 6 

- 4 3 l . 11 2. 9 3 • 3 4 7 . 6 2 1 . 6 9 2 . 63 4. 3 3 ... 1 .. 36 -'- .i. 

l 4 3 2 • 7 3 1.8 4 • 33 5 . 0 0 . 8 9 1 . 9 3 2 . 8 2 12 . 50 
1 4 3 3 1 . 22 2. 8 6 . 43 8 . 34 1. 6 1 3.42 5.0 3 16 . 8 1 

1 L, 4 l 1. i 5 3 . 14 . 33 6 . 9 3 1. 37 2 . 08 3 . t;. 5 7. 1 8 
l 4 4 2 • 7 1 2 . 2 5 . 2 8 5.4 1 . 8 9 l . 9 9 2. 88 7 . 00 
l 4 4 3 l. 6 8 4.91 .74 14 . 2 6 3 . 35 5 . 2 5 8 . 60 1 1. 8 5 

l 4 :::: 
..) :... 1. 19 5 . 23 . 6 6 15 . 32 1 0 79 5 . 60 7 • '-, 0 4. 40 

' 4 5 2 2. 8 6 10 . 29 • 64 22. 60 4 . S 6 -r. l 0 1 :;_ • 6 7 6 .. 00 J.. 

' 4 ::, 3 1 . 5 l 7. 44 . 4 8 14.45 2 .1 7 4 . 35 6.52 5 . 7 3 l. 

0 L :2 4 . 07 Q66 9 . l:-3 1 ::: ''"' 3 ~ ~:.- l ~- 0 s, 2 L, • 0 0 -· l... Q ...) ,J 

, 
6 ? 1.9 3 Ov5:> :ii 4t.7 l6 . :5 0 ·, 

,';,/\.) :; , C: O .. , !..,- ~ 30 ~ V .,/ -

- 2 • . Ja f e 8 7 - "~ l l:-v 62 ~ ~ o 7 4 , 2 2 ..I .J C-0 - 1 - , 

J ..) 1.-,U ..:, I ~ _ 0 

G l 2 .. 5::5 0 ~ \, ::, " ::. s 77 2.,) . - -
·-· - - - . ' ' .:.. Q. C, ,_-; . ' - ·:; ... .:.. :) 

2 • 1 2 7· -. ~ 4 . C 2 ~ v ~,:j - _; -, ..... .'.'"':... -· - • . a 9 :; .} - o ~.J I L .., Ju ,:_, t,) 00 

?. ' ::, • 1 3 c:: ;) . 3 2 4.17 i O 0 5 2.22 3 v 2 7 - 0 .../U .... ;:, .. :) ~ 

2 ' 2 1 . 2 0 • 57 . 16 2.39 . 61 1. 04 6 . 33 J.. - _ e OG 

2 ;_ 2 2 . 3 2 • as • 2 1 3 .74 . 94 l. 7 3 2 . 67 ,) • 26 
2 l 2 3 . 35 . 94 • 2 4 3.54 . 8 3 .52 2 .. 3 5 1 2 .16 

2 1 3 l . 62 1 . 7 3 . 1 6 5 . 3 5 l. 31 2 . 13 3.45 5 . 10 ... 
2 1 3 2 .7 8 2 . 33 . 2 3 5 . 99 1. 03 2.39 3 . 4 3 6 . 33 
2 1 3 3 • 6 4 l . 9 2 • 2 8 4 . 6 2 .7 9 1. 62 2.42 8 . 7 8 

2 1 4 l . 7 8 2. 30 . 13 4 . 75 . 5 7 1 .7 4 2 . 31 4 . 1 6 
2 l 4 2 .77 2. 1 5 . 25 5 . 04 . 94 1 . 6 9 2 . 6 3 4. 00 
2 1 4 3 1.09 3 . 03 . 40 7. 7 0 1. 5 0 2.76 4 .. 26 6 . 5 0 

2 1 5 ' • 17 • 7 4 . 1 6 3 . 4- 7 . so 1 . 76 2. 56 1.83 .L 

2 1 5 2 . 5 7 2 . 37 • 10 5 . 09 .53 2. 0 7 2. 6 1 2 . 66 
2 1 5 3 . 21 1 . 19 • 1 7 3. 88 . 70 1 . 8 0 2. 50 2 . 3 8 

2 4 l 1 .49 2. 24 . 9 2 10 . 7 8 2.97 4 .6 3 7. 61 5 2 . 61 
2 4 1 2 . 3 4 l. 18 • 50 7. 8 1 1 .96 4 . 16 6 . 12 32 . 8 1 
2 4 1 3 . 3 4 1 . 64 .75 11. 48 3 .98 5. 1 0 9 .0 8 50.01 

/ 3A.5 .2. 
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·-:.•~"':,=._ c; 3;_ • .5 • 2 0 

V T H R LE AF SHOO T ST URB L E PLAN T C RO~·,N ROCT R r C K Sri T ;\;O 

2 4 2 l • 5 1 2 . 03 . 35 s . os 2. 27 3 . 4 3 5 . 7" 20 . 3 5 
2 I 2 2 l. 6 L,. ~ - i3 8 • 75 13 . 10 2 .. 47 4 . 99 7 . 46 L,-(:, • 36 -.. 
2 4 2 3 l . 11 3 . 90 . 55 9 . 39 l v 81 3 . l 3 4 . 94 37 . 33 

2 .!.~. 3 l . 97 3.0G • 3 7 8 . 0 8 1 • 8::. 2 . 83 4 . 7 0 20 . 60 
2 4 3 2 1. 59 L, • ') 2 l. 23 12 . 50 3 . 02 3 . 62 6 ,. 64 32 . 03 
2 L, 3 3 l .4 7 4 . L-;9 . 9 : 12 . l 0 2 . 90 3 .77 6 . 68 28 . 9 5 

2 4 4 
, 

1. 29 t.- . 09 . 75 10 . 26 2 . 23 3.18 5. 41 9 . 96 -
2 4 4 2 1. 91 6 . 7 5 . 87 1 4 . 58 2 • "7 j 4 .19 6 . 9.;. 18 . 90 
2 4- 4 3 1 . 3 4 4 . 63 . 60 9 . 78 1 . 72 2 . a2 4 . 5 5 l 2 . 7 5 

2 L-: 5 , 
.I. • 9 4 4 . 84 . 44 11. 34 2.03 4 . 02 6 . 06 4 . 66 

2 4 5 2 2. 3 4 11 . 76 • 8 l 20 .73 2. 61 5 . 52 8 .. 13 8 . 83 
2 'T 5 3 . 94 5 .77 . 60 15 . 54 3 ~44 5 . 7 l 9 . 16 5 . 4 3 

2 4 6 l 1 . 5 6 5. 59 . 71 13 . 61 2 . 73 4 .. 56 7 . 30 8 .. 33 
2 4 6 2 2. 11 8 . 48 • 9 :. l 6 . L.-2 3 . 34 5.20 8 . 54 : 0 . 21 
2 4 6 3 2 . 16 9 . 02 : . 13 18 . 61 3 . 63 4. 9 1 8 . 55 13. 0 5 

~ 2 
, 
.I. 3 . 09 . 34 . 17 .. 44 . 66 Ll 7 l. S 3 ::.2. . as 

2 2 l 3 • ~ 9 . I-; 4 Q 5 ~ • 84 .. C Q 
- • \. u 2.77 L;- • 65 3.:::, . 13 

2 2 l :, . 13 . . ,o . 22 . 51 . o3 l . 65 2 . 48 :. 4 . 00 

2 3 - ::., • l. 9 • 57 .32 .77 . o7 l.86 2 . 53 ::.7 . 30 
2 3 l 3 . 4 1 1 .26 • 68 1. 67 2 . 20 3 . 54 5 . 32 35 .40 
2 3 1 ~ . 36 • 9 5 . 9 4 1. 3 1 1 . 40 2. 6 7 4. 08 3 1. 13 
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':--.-::le }i:.. • .::.. 3, m· d.ry , ... ,e ::.~:'"lt .;ro·:.1th of' bc.u \.-.: .J.J.. ... i:'1 tr.e :::& t. lU' e ... _-ie ne':1 .... -- vv 

1·11ce:. - c r ops at the H :1arvc::: st. ':'rcat;;ients \':ere -p 
) ~- e:-:d. H. 

ot:--.. 4'r abrevi atio::is as in t.able 3P. $ 5 . 1 • 

V ' R. ? LEA f= STcM SHOOT SHOOT f'JO . 
1 1 o.oo . o 2 .o 2 7.CO 

i - 1 2 - . 03 • 53 . 56 1 7 . 00 
l 1 l 3 . O l • il . 12 3 . 00 
1 l 1 4 .02 . 05 • 07 8 . 00 
l l 1 5 o.oo . 04 . 04 4 . 00 
l l 1 6 . 02 . 12 • 14 s . oo 

l l 2 l o.oo . 02 ":)2 4 . 00 
l 1 2 2 G. 00 . o 2 .o 2 3.00 
.l .!. 2 3 o. oo . 05 .. 05 5.00 
- l 2 4 o.oo . 16 .. 16 7.00 -

2 5 o.oo .07 o-, 
• I 8oGO 

l l 2 0 o.oo • 0 lT .O'-r 4.00 

- - 3 - .... -
0 ,..., :;; • ?,0 :, ., :;_ 2. co 

0. (;tj • 4:,: , ·- . ... .... "' - ~ ., . r:;, -L. "':,, 0 \..IV 

C - , - , ~ ,., 
~ . - ' - , ' ,_ . c- t.1 V 

, "\ .- - ,., -
-' \., '"' · '-; ' - J "' u ..... 

c- r 
:.:., u :; . .. V ~; u 

~) v 
,~ r 

V ,# .J ~ > -\, _,, u;.; 2"CJ 

i - ,... 2. ,._,- ~ u ~., 
L: _. ,.. 

• :,.i \,; ' . ) 

4 l 2 . 05 • 7 7 • u2 26.0G 
- 4 1 3 . 04 , " 

• '-TO • 52 28.JO 
, 

4 l ~ . 30 1. 2 l 1 . 5: 7.00 ~ 

- l.~ l 5 o. oo o .. oo o.oo 0 0 Ci V 

~ 4 1 6 .o 3 .. oa 1. l l 7 .. oo 
, 

L;- 2 j_ .24 . 8 5 1.09 25.00 -
-

, .... 2 2 o. oo • 47 • 47 12 . 00 
1 4 2 3 .16 . 59 . 75 25 . 00 
1 4 2 4 . 09 • 19 . 28 12.00 
l 4 2 5 . 13 1. 19 1 . 32 26 . 00 
l 4 2 6 . 11 • 32 • 43 13 . 00 

1 4 3 l • 20 . 8 1 1. 01 26 . 00 
l 4 3 2 . 23 • 68 • 91 11.00 
l 4 3 3 • 31 1. 45 1. 76 2 5 . 00 
1 4 3 4 . 0 6 .2 5 . 31 16 . 00 
1 4 3 5 • 06 .37 • 4 3 1 2 .. 00 
1 4 3 6 o.oo .o 3 .03 3.0 0 

/3A . 5 . 3 . 
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r, ~ - - (; 7 :;_ ~-~- C ()~ ~ "' 

V T K p LE AF ST EM SHOOT SHOOT NO 

2 l 1 l. o. oo o. oo o.oc 0 .oo 
2 

, 
1 2 o.oo . 04 • 04 9 . 00 . 

2 ' 3 o. oo . 06 .o 6 9., :JO - -
2 1 l 4 o. oo • 20 • 20 24 . 00 ... 
2 l 1 5 o. oo • 0 1 • 0 1 2 g (,1) 

2 1 l 6 o. oo . oz • 02 5.00 

2 i 2 1. 0 7 2 . 55 3 . 62 19 . 00 
2 1 2 2 . 04 . o 7 • 11 9.00 
2 l 2 3 . 04 . 06 • 10 9 . 00 
2 ' 2 4 . 03 . 25 . 2 8 211-. co .I. 

2 1 2 5 . 08 • 1 5 • 23 13. 00 
2 l 2 6 . 03 . J 5 .o 3 3o00 

-; - 3 ' . o 2 • l 7 .19 , . ~a - - - - 0 '..) 

- 3 2 ~04 • 3'.J • 3~:- 2:.., 00 
·, - 3 3 • 0?. • :.. 0 .12 5 .. C-0 
~ - ~G3 - ~ ~ . -~ -.. -- .. ~::; t. ~D L. :;, ..,, \., -
·,• - - (1 r v:3 .13 o °' c ... ; - ::, _; l) " .; J 
-, 

:., :., c, ... . :, ~ G • JO C. Cnj f)'. - J - -

• f :" l '"~..: .. _:•':IV J 

~ - ?. Q -,: : oJ 7 ".:> ~., c~ --;; 
~ 

~ - :., . ) :J :_ • 32 L. :. S 29J';O 
-; I 

~ . 07 . 32 .39 2701..,-,; - -.- -
2 ..,. ... :5 • i. i • 4 11 • 59 24 . 00 
2 4 i 6 . 04 . 09 • : 3 8.00 

2 ' 2 l . 28 1. 0 6 1 .. 34 31 . 00 -r 

2 4 2 2 • 40 • 7 '+ 1 . 14 25 . 00 
2 4 2 3 . 2 7 • 7 3 1.00 14.00 
2 .;. 2 .c• • 1 1 . 90 1. 01 32 .00 
2 4 2 5 . 0 8 • 31 .39 17. 00 
2 4 2 6 o. oo o. oo o. oo O. OJ 

2 4 ::, 
, 

. 14 . 84 • 98 31.00 -
2 4 3 2 • 1 5 • 7 3 . 8 8 43 . 00 
2 4 3 3 • 34 1. 08 1. 42 3.;. . 00 
2 4 3 L• . 07 .28 • 3 5 1 9 . 00 
2 4 3 5 . 0 2 . 09 • 11 7. 00 
2 4 3 6 o. oo . o 5 .o 5 3.00 
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'? ab l e 3 ;,_ • 5 . 4-. Fi e 1 d Gr o wt h i) a t a • 

1 • ::. e a s u :r e d. s l: o o t h e i g h t , r e l -, -;; i v c s .• o o t 
~~~ oer , calculated r e l at ive nroduc ti o& and 
~i =e o f ~ro ~ th (days). 

I. Measured initia~ r elative 
stoot n~~ber for ea ch g r ou p 
(G)(i to 6) , and the adjusted 
stoot he i eht on each date (D) 
( 1 , 15/8 ~o 9 , 11/10) , aver ag e d 
o ver all g r oups . 

n i, 3 1C ; 2 , 9r. ; 3, 15C ; 4 , EC . 
G c ro~p - first r.ieasure<! , 1 ,1 5/ 8 ; 2 ,22/a ; 

3, 29 / 8 ; 4 , 5 /9 ; 5, 1 2 / 9 ; 6 , 19 /9 . 
) c.&tcs of r.-.eas-..i r e::ient, weekl y . 1,12/9; .. .. ·;:; 0 . 0 is a no n - exi s t en t 

v a l~e i r. a l l c &ses . :t :::.:- e ? ::. i c at i o il s . 

T G D R SHOOT REL ATIVE RELATI VE 

1 1 l ! 
l • 1 2 

l 1 ! 3 
l 1 2 1 

l '.'. 2 2 
l 2 3 

! 3 1 

- - - 2 
.. 3 ~ 

L;. -

L. 

- :.... ~ 

:j ...:., 

- 2. ... -
l 2 l 2 

2 • 3 
l 2 2 1 

l 2 2 2 
2 2 3 
2 .:, 1 

. 2 3 2 

1 2 3 3 

l 2 4 l 

1 2 4 2 
l 2 4 3 
l 2 5 l 

1 2 5 2 
l 2 5 3 
1 3 l 1 

l 3 l 2 
1 3 l 3 
l 3 2 
l 3 2 2 

l 3 2 3 
l 3 3 1 
1 3 3 2 
l 3 3 3 

l 3 4 l 
1 3 4 2 

l 3 4 3 

~ IGHT 

8 . 5:) 
8 . so 
9 . 80 

14 . 8 ,) 

1 3 . o 0 
1 5 • 3) 
1 8 . 6 0 

16 ., 7J 
19 . ·'.) J 
23,. l'.) 

: C) Q 7 ') 

2!" Q 3) 

2 .. ": \,,SJ 

2 0 • 7J 
7 .. 1) 

8 . 60 · 

8 . 10 
1 2 . 4 0 
15.3:> 
11. 40 
1 7. 3) 

19.60 
14 . so 
23. 30 

23.4J 
l 8. 30 
26.50 

27 .oo 
24. 80 
6.50 
6 .oo 
6 .80 

10. 50 
10 • 30 
12. 70 

' l fl- .00 
16 . 80 
1 7 .oo 
18 . oo 
21. 30 
24 .oo 

N"uMBER 

0 .o 0 
0 . O'.) 
0 .oo 

60 . :: ) 

10,. 5 0 
12. 9') 

0 oO 0 
0 .,0'.) 

0 oOO 

60 .,0 ) 

: :2 0 C)) 

0 . o ~ 
0 . J 0 
0 .O J 

20 .oo 
31. 61 
6 1 • 30 

0 . oo 
0 .oo 
0 . oo 

20 .oo 
31 • 6') 
52. 50 
20 .00 
31. 60 
35.0) 

0 .oo 
0 .o 0 
0 .oo 
4.00 

7.90 
12.90 

0 . oo 
0 .oo 
0 .o 0 
4 . O) 

s. 20 
12 .90 

PRODUCT 

) . ) 0 

0 . oo 
0 .) O 

8 88 .,0 0 
l 3 ..• ) J 

1 97 wV0 
J . ) 0 

0 .o 0 
'.) ~) 0 

: 386~00 
2) 7 o .J ) 

:: : 3.00 
1 L.;.7 ) C () 

37) ,. ) :, 

::, . o::, 
) ., ) 0 

0 ., 00 
248 . )0 

484.00 
699 .,) 0 

0 . oo 
) . ) 0 

0 . oo 
466.)0 

7 4-'.) . oo 
96 l . '.) 0 
53) .oo 
853.)0 
868 .. 00 

,) • ) 0 

0 .oo 
) .JO 

42 . 00 

81 .J O 

1 64 .00 
) .) 0 

0 .oo 
) .) 0 

72.00 
111 .) 0 

310 .oo 

TIME 

35.00 
35.00 
35 . 00 
42.0 0 
42 . 00 
42 . 00 
49 . 00 

4.9 . 00 
4 9 . 00 
s-s. . 0 0 
56 . ( , ., 
5 5 _, J O 

6:::i ., 0 0 

c:~ :, c 
63 ., .)CJ 

35 . 0'.) 
35 .00 
35 . 00 
4.2 .. 00 
42 . 00 
42 .00 
49 . 00 
49.00 

49 . 00 
56.00 
56.00 
56 . 00 
63.00 
63.00 
63.00 
35.00 
35.00 
35.00 
42.00 
42 . 00 
42 . 00 
49. 00 
49.00 
49.00 
56 .00 
56.00 
56.00 

i O ~ H ~I TI AL ADJ .. SST 

G 

110 1 
11 0 Z 
110 3 
41 0 1 
410 2 
41 0 3 

l 1 1 
1 1 2 
1 1 3 
11 1 :i. 

SH T NO H EI G HT 

2 
: i 1 3 

2 : 1 

2 : ":. 

2 l 3 

3 l 
3 ! 2 
3 1 3 
4 1 1 

4 1 2 
4 i 3 
41 l 1 

411 2 
41 l 3 
1 2 l 
1 2 2 
1 2 3 
2 2 1 

2 2 2 
2 2 3 
3 2 1 

3 2 2 
3 2 3 
4 2 l 
4 2 2 

4 2 .:, 

1 3 l 
l 3 2 

1 3 3 
2 3 1 
2 3 2 
2 3 3 

/3A.5.4. 

Oov 
o.o 
o .o 
o.o 
o. o 
o .. o 

60 . 0 
~o . 5 
1 2 . 9 

o .. 0 
o . c 
o . o 

2~"~ 
t.. C • ~; 

20.0 
22 . 8 
30.-+ 
1 l • 9 
40 . 0 
3 0 . 6 
1 5 . 2 
o .o 
o. o 
o . o 

20 . 0 
31. 6 
61 . 3 
40. 0 

2 8 . 8 
28 . 9 

15 .8 

32. 1 
40.7 
15.0 
38.8 
10.9 

4.0 
7.9 

12. 9 
4 . 4 

9 . 6 
6 .7 

31. 0 
2 9 .. l 
4 0 . 0 
37.7 

35.2 
3 5 . 8 

5 . -
5 .. 0 
5 ., 0 

3 t.. . 5 

29 .7 
43 .2 

6 .6 

5. i 
6 . 0 
0,: ' • "T 

5 . 5 
6 .. 3 
6 . 6 
6 .0 
7. 0 

40.0 

37 • 0 
47 . 8 

5 .8 
4 .9 
5.2 
6 .1 
5.5 
6 .7 
6 . 5 
6 .2 
5 .7 
7 . 0 
5.9 
7.8 
6.0 
5 .6 
5 .5 
6.8 
6.3 
7.7 



Te~le ~A. ~.h . cen t. 
T G D R 

1 3 5 l 
3 5 2 
3 5 3 

1 4 1 1 

1 4 1 2 

l 4 1 3 

1 4 2 1 
1 4 2 2 
l 4 2 3 

l 4 3 l 
1 4 3 2 

1 4 3 3 
l 4 4 l 

l 4 4 2 

1 4 4 3 
1 4 5 l 
l 4 5 2 
.. 4 :.:, 3 

5 2 
l S 2 ' 

- ..... .:.) ... 

.:, 3 

:.5 4 2 
5 4 3 

i 5 5 l 
1 5 ::> 2 

l 5 5 3 
2 ! l 1 
2 1 1 2 
~ • 1 3 

2 2 l 1 

2 2 1 2 
2 2 l 3 
2 3 l 1 
2 3 l 2 

2 3 1 3 

2 4 1 1 
2 4 1 2 

2 4 1 3 
2 5 l 1 
2 5 1 2 

2 5 1 3 

3 1 1 i 

3 1 1 2 
3 1 l 3 
3 1 2 1 

3 l 2 2 
3 1 2 3 

3 1 3 1 

SHOOT RELATIVE RELATIVE 

HEIGHT NUMBER PRODUCT 

22 . 0J 
26 . o.o 
29 . 70 
4.,50 
4 . 5 ) 

4 . so 
7 . O J 

9 . 20 
9 .oo 

1) .oo 
1 2 . 10 
12 • 30 
15 . 0') 
14 • 20 
16 • 3) 
2'.J o JO 

1 6 .o 0 

2) 0) 0 

5o0J 
5 ~ 7 C 

C .... :-.. 
1.,,.,. - .., 

c: • ...;) 
i.-:. o O) 

1 2 . 3) 

9 . O'.) 
2) . '.)0 

20 . SJ 
1 1 .. o 0 
20 . 8 ) 
16 . 90 
24 . 9'.) 
16 . 70 
15 . BJ 
2.J . so 
17 • 3::l 

9 . 6 0 
11. 7J 
10 . so 

7 . 90 
1 1 . oo 
7. 2) 
5 .oo 
5 . so 

1 2 . 90 
13 . 3') 
1 1.40 
18 . 50 

2 1.40 
20 • 8) 
25.50 

4 . 0) 
5 . 20 

1 2 . 9) 

0 .o 0 

0 . 00 
0 .o 0 
4 . O) 

2 6 • 3 0 
9 . 7:J 
0 . oo 
0 . 00 
0 .o 0 
4 . 0J 

2 6 . 30 
9. 7 J 
4 . oo 

2 6 . 3) 

9. 70 
4.J) 

2:::;. 7 0 
3. 2] 
G \,) :; J 

0 c. O·') 

0 .:"; 0 
L;. Ge ') 

2 3 . 70 
3. 2) 
4 .o 0 

26 . 3) 

3 . 20 
24 . 4) 
40 . 40 
20 .o) 
40 . oo 
2 8 . 8'.) 
28 . 90 

4 • 40 
1 3 . 20 

6 . 7) 

26 . 80 
l 7. 3J 

2 8 . 90 
4 .4J 
3. 8 0 

1 5 . 6'.) 
0 . oo 
0 .oo 
0 . oo 

2 2 • 80 

30 . 40 
8 . 9J 
0 .o o 

88 .00 
135. ) 0 
3 8 3.00 

) ., ) 0 

0 .. oo 
0 • ) 0 

28 . 00 
242. )0 

87 . oo 
0 . ) 0 
0 .oo 
) . ) ') 

6'.) . oo 
374 . )0 
15 8 . 00 

8 ) "J 0 
t;.21 000 

1 9 40-JJ 
2 ) .. 0 0 

? '- ,.., I'\ 
c...:. ... v.., 

) . ) ) 

56 ~00 
292 . ) J 

29 . 00 
8) • ) 0 

421. 00 
35 • ) ·J 

50 8. 00 
683 . ) 0 
49 8 . 00 
668 • ) 0 

455.00 
60 l.) ·J 

76.00 
127.)0 

7 8 . 00 
28 1. J 0 
137 . 00 
31 8 . )0 

32 . 00 
19 . ) 0 

90 . oo 
J . ) J 

.0 . oo 
') . ) 0 

' 422.00 
6 51 .J O 
1 85 . 00 

0 .JO 

TI ME 

63. 0 0 
63. 0 0 
63.00 
35 . 00 
35 . 00 
3 5 . 0 0 
42 . 00 
42 . 00 
42 . 00 
49 . 00 
49 . 00 
49. CJ 
56 . 00 
56.00 
51; • CJ 
6 ~ • 0 0 
6 3 . 00 
63.0 0 
42.00 
42.00 
.',2 . 00 
40 . 00 
~9 8 () 1) 

.:,.9 . 00 
56 . CO 
5 6 . 0 0 
56 . 00 
63 .00 
63 . 00 
63 . 00 
42 .. 00 
42 . 00 
4 2.0 0 
42 . 00 
42.00 
4 2 . 00 
t'~2 . oo 
42 . 00 
42 . 0 0 
42 . 00 
42 . 00 
4 2. 0 0 
4 2 . 0 0 
4 2. 00 
42 . 00 
35 . 00 
35 . 00 
35 . 00 
42 . 0 0 
4 2 . 00 
4 2 . 00 
49.00 
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T D R r ;nTI AL ADJ S:IT 
SHT NO HEIGHT 

3 3 1 
3 3 2 
3 3 3 

4 3 1 
4 3 2 

4 3 3 
1 4 1 
l 4 2 

1 4 3 

2 4 1 
2 4 2 
2 4 3 
3 4 1 
3 4 2 

3 4 3 
4 4 1 
lJ.c 4 2 

4 4 3 

l 5 1 
:!. 5 2 
_ 5 3 
2 5 1 

2 5 2: 
2 5 3 
3 5 
~ 5 c:. 

3 5 3 
4 5 1 

4 5 2 
4 5 3 
l 6 l 
1 6 2 

1 6 3 

2 6 1 
2 6 2 
2 6 3 
3 6 1 
3 6 2 

3 6 3 
4 6 1 

4 6 2 
4 6 3 
1 7 1 
1 7 2 
1 7 3 

3 7 1 
3 7 2 
3 7 3 
4 7 1 
4 7 2 
4 7 3 

l 8 1 

/ 3A. 5 .4 . 

15. 8 
8.9 

1 0 a2 
15 . 0 

6 . 2 
6 . 5 
4 . 0 

26. 3 
9 . 7 

26 . 3 
17 . 3 
2 8 . 9 
21 • 1 
16 . 1 
25.4 
25.0 
20 . 4 
56.5 

4 . 0 

4- " .:. .. 

i5. 6 
2 4 . 6 
12. 5 
1 1 • 9 

3 . 3 
2 . 0 

1 0 . 9 
4. 0 

• 1 
• 1 
• 1 
• 1 

• l 
• 1 
• 1 
• 1 

1 . 7 
2 . 0 

• 1 
o.o 
o.o 
o. o 
o . o 
o. o 
o . o 
o. o 
o . o 
o. o 
o. o 

7 . 2 
6 . 8 
6 . 2 
7 . 3 
6 . 3 
8 . l 
7 . 9 
6 . 9 
7. 8 
8 . 9 
8 . 9 
8 .8 
9 . 4 
9 . 8 
8 . 9 
8 . 9 
8 . 2 
7 .7 

13. 3 
10.s 
1 l • 7 
i5 . 6 
~ L;. o 0 

15 . 9 
1 4 . l 

15 . 4 
13.0 
15 . 0 
l 3. 9 

14 . 6 
16 . 9 
14 . 4 
1 s . 2 

o . o 
o. o 
o . o 

1 8 . 0 
19 .2 
17 . 6 
21 . 3 
1 9 • 1 
20 . 2 
20 . 9 
1 7.7 

19 . 5 
28 . 0 
2 5 . 4 
23 . 1 
28 . 2 
2 6 . 4 
2 6 .1 
26.2 
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T 

,.. 
:) ~ SHOOT RE L ATIVE RELATIVE T IM!:: T D R I:iI'.:.'I.t_L A!JJ SHT \.J 

h=IGHT NUMBER PRODvCT C: T.J r') 
..J,J .r.. ,; 0 1::::::1 GHT 

3 . 3 2 26 .6'.) 0 .'.) 0 ) • ) J 49. QO 1 8 2 o.o 22.5 
3 . 3 3 24 . O) 0 . O'.) 0 .oo 49 . 00 1 8 3 o.o 2 5 . 1 
3 - 4 ! 33.J() 13. 70 452.) J 56 . 00 4 8 1 o.o 31.7 
3 ! 4 2 35. m 25. 3) D 88.00 56.00 4 8 2 o.o 31 • 6 
..j i 4 3 29 . '.)::) 8.90 258. )'.) 56.00 4 8 3 o.o 31 . 0 
3 2 1 ! 9 . 4) 0 . o 1 '.) .oo 35 . 00 1 9 1 . o . o 29 . 2 
3 2 1 2 8 . :>J 0 . o 0 ) . ) '.) 35 . 00 1 9 2 o . o 26 . 9 
3 2 1 3 10 • 7) 0 .o ') '.) .oo 35 . 00 1 9 3 o.o 33 . 0 
-:, 2 2 l 15 • lJ 15 . 90 238 . )0 42.00 4 9 l o . o 37 . l ..., 
3 2 2 2 13 . I') 3 2 . D 421 . 00 42 . 00 4 9 2 o . o 34 . 8 
3 2 2 3 16 .o '.) 4 0 • 70 65 l • J '.) 42. 00 4 9 3 o . o 33 .1 
3 2 3 l 21 . 6'.) 0 . O'.) '.) . oo 49.00 
3 2 3 2 15 . 5'.) 0 . oo ) • ) ,J 49.00 
3 2 3 3 20 .6'.) 0 .O) 0 . oo 49 . 00 
3 2 4 : 29 • 40 l 1 • 30 332.)J 56.00 
3 2 4 2 21 . 8'.) 27 • 5) 70 '.) . oo 56.00 
-:, ..., 2 :: . 3 25.4) 40. 70 l) 34-.)) 56.00 

-✓ - lJ • 3) ·.) .o) ) .oo 35.00 
-✓ ,:;.:,o 0 • ) 0 ' ' ~ 35.00 - - - J M ~ J 

- 6 -15J 0 oO} ) .oo 3:5.00 - __, . -✓ 

~ ~ ·- .. 2 1 .,J ':- 15" 3.J 332. )'.) 42.0C 
_::, 2 , . " · 8. 9J _ 6) .o G l.2. 00 - ~ • 0 •'-' J 

-✓ -~ •:, 
-✓ : 2 .. : :· : ) • 2'.) : 23.,)) l .. 2 • CO 

.:., ~~ ( 7J ) ... .J:, J .oo 49~00 
3 

-. 
3 ') 2 3" c,0 0 .o 0 j • ) ) 49 . 00 -- - 3 - . : :3. 0:, V .C) J .oo 49 . vC ..., .:, ...., 

..;, ~ 4 33 050 10 • 50 4'.) 4 •) ) 56. 00 
3 3 4 2 29 .o ') 8 .9) 258.00 S -• . 00 
3 3 4 ::. 19. 4'.) a .. 20 159 •) .) 56 . 00 
3 4 1 ! 5. 1) 0 .0) 0 . oo 35.00 
3 L:,. 1 2 6 . 2'.) 0 .o 0 ) .) J 35. 00 
3 4 1 3 4 . 9'.) 0 .o ') 0 .oo 35.CO 
3 4 2 . 11. 9'.) 2 ~. 10 251.) J 42.00 
3 4 2 2 14. 11) 16 . 1} 227 . 00 42.00 
3 4 2 3 9 . 60 25 . 40 2 4 4 .) '.) 42 • 00 
3 4 3 16 • 4) 0 . 01 J . o 0 49.00 
3 4 3 2 18 . so 0 . oo J • ) '.) 49 . 00 
3 4 3 3 16 . o '1 0 .01 0 . oo 49 . 00 
3 4 4 . 28 . 80 1 6 . 90 48 7.) '.) 56 . 00 . 
3 4 4 2 23 . 8') 1 6 . 10 3 83 . 00 56 . 00 
3 4 4 3 2 2 . oo 1 9 . o 0 4 1 8 . )0 56 . 00 
3 5 2 1 6 • 70 2 4 . 6) 165.00 42 . 00 
3 5 2 2 6 . 7 0 1 2 . 50 84 . ) '.) 42 . 00 
3 5 2 3 5 . 3) 11 . 91 63.00 42 . 00 
3 5 4 1 1 7. 30 1 9 .70 '3 4 1 • ):) 56 . 00 
3 5 4 2 9 . oo 1 2 . 5) 1 13. 00 56.00 
3 5 4 3 7.50 6 . 00 45 . )0 56 . 00 
4 1 l l 12. 2'.) 0 . O'.) :) . o 0 35 . 00 
4 1 l 2 10 • 10 0 . o 0 '.) . ) '.) 35 • 00 
4 1 1 3 14 • 5 ') 0 . 0') J . oo 3 5. 00 
4 1 2 1 19 . 90 40 . oo 80) . ) J 42. 00 
4 1 2 2 20 . 80 21 • 8'.) 454 . 00 4 2:. 00 

/3A . 5 .4. 
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G D r< SHOOT RELATIVE RELATIVE TIME 
HEIGHT NUivl BER PRODU CT 

4 l 2 3 21 .. 8) 15. 2J 32 2 .. 00 "• 2. 0 0 
~- 1 3 l 27. 3) 0 .o 0 "\ o) 0 4-9 .. 00 .J 

i..~ . 3 2 27. 2) 0 .. o '.) 0 .,00 40.00 
4- l 3 3 2 5 • 20 0 . o 0 ) . ) '.) 49 • 00 
4 . 4 32 • I.) 35.0 0 1132.00 56.00 J. -l. 

4 - 4 2 3 7. 30 1 3. 10 488 oJ '.) 56 .00 
4 i 4 3 32.0 ') 11. i;:) 3 65 ,0 0 56.00 
4 5 l 3 4 . 60 35.0 0 l 21) Q.) J 63.,00 
4 ' 5 2 40. T) 13.l') 534.00 63.00 J. 

4 . 5 3 3 6 .so 7. 60 27 8 .) .) 63.00 
4 2 1 1 9. 10 0 .oo 0 .,00 35. 00 
4 2 l 2 8 .. 20 0 .o 0 ') 0 ') ·) 35.00 
, 

2 ' 3 13. 5'.) 0 .o) 0 .. oo 35.00 ~, J. 

4 2 2 , 16 .so 1 5 .o 0 248 .J '.) 42 .00 . 
L~ 2 2 2 15. 1) 34. 5) s:::-:::, .. oo 42 . oo 
4 2 2 3 24 .40 10 • 90 2 00., J) 42.,00 

2 3 . 23 .. 6'.) 0 .,0) :) .. oo 49.00 
•') 
c.. 3 2 2) cJ.) 0 .c,.) ) 0) J 49~00 
..:: 3 3 321. 2) 0 . O '.) '.) .. c.) i;.9 . 00 

- L~ - 25 c,JJ ~ 2 0 50 313,)) 5-::.00 
-;:, ,, 2 23 ~ 2: _5 ~ [,) 6 ~-JC ss.oo •T 

I, - 3S o 2) :. ) 0 -~;) L ' ' 56c.GG . , - ...,. 
' - . -- ., 

;:-"J 33 Cle :: " - 3(-J .;,0'.) 63.00 - v OV v 

,, ") 5 2 2S o 2) 2s ,3v 693.}.) 03QOV ., 

~~ 5 3 L.r.:..:. 4, 2') 10 • 0) !;. 02o0G 63.CO 
4 3 1 l 6 .40 0 .J 0 ) .. ) '.) 35 .0 0 

4 3 - 2 8 . O'.) 0 .. oo •) .. oo 35.00 
4 J l 3 9. 20 0 .,0 0 ) . ) ) 35.00 ...J 

4 3 2 1 14 • 4) 15 .o -'.) 216.00 42.00 
4 3 2 2 l'} .)0 6. 10 61 0 )-) 42.00 
4 3 2 3 21 .o ') 6. 5:) 136 .. 00 .::.2 • 00 
4 3 3 1 24 .oo 0 .o 0 ) .. ) 0 49.00 
4 3 3 2 1 1 .O ·) 0 .. o ') 0 .oo 49000 
4 3 3 3 28,.80 0 .o 0 ') "):) 49 . 00 
4 3 4 1 30 .O) . 11.3') 339.0 0 56.00 

4 3 4 2 0 .o Q . 10 0 ,.) -:) 56.00 
4 3 4 3 36.00 6 • 5) 234,.00 56.00 
4 3 5 1 35 .}:) 11 • 30 395.)0 63.00 
4 3 5 2 0 .O -') • l') 0 .oo 63.00 
4 3 5 3 41. 30 6.50 268.) 0 63 .. 00 
4 4 1 1 4 .9} 0 .oo 0 .oo 35.00 
4 4 1 2 5., 20 0 .oo .) .Jo 35.00 
4 4 l 3 5 .60 0 .oo 0 .oo 35 .. 00 
4 4 2 1 7 .40 25.0 0 185.)Q 42.00 
4 4 2 2 6 .so 20 . 4) 132.00 42.00 
4 4 2 3 11. 60 56.50 65 ) .) 0 42.00 
4 4 3 l 10 • 3) 0 .. oo 0 .. oo 49.00 
4 4 3 2 8 .so 0 .oo ') .') 0 49 • 00 
4 4 3 3 16 .4) 0 .O ·') 0 .oo 49.00 
4 4 4 1 18.·')0 6. 20 11 2 .') 0 56.00 

/3A. 5.4. 
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T G D R SHOOT RELATIVE RELATIVE TI ME 

H::: IGHT NUMSER PRO.)UCT 

.:,.. L.~ 4 2 11 ~:) :) 5. 10 56 .)0 56 .. 00 
,, ~, -+ 4 3 22 ~ 3) 39 • 6') 884 000 56 .. 00 

4 '-, 5 . 18 ., ') 0 6. 20 1 1 2 .. )) 6 3. 00 J. 

L, i., 5 2 0 .o) .,l') 0 .oo 63. 00 
L,. 4 5 3 2 8 .'.)) 33. 90 9 5) .) ) 63 .. 00 
4 5 2 1 6 . 5'.) 3 • 3) 21 .oo 42.00 
4 5 2 2 5 . OJ 2.00 1 >• . rO 4 2 • 00 
4 5 2 3 8 .o 0 10 • 9'.) 8 8. 00 42.,00 

4 5 3 ~ 9. 3'.) 0 .oo ) . ) '.) 49. 00 
,. 

5 3 2 5.0') o .o:> 0 .oo 49.00 .,. 
4 5 3 3 12. 3'.j 0 .o 0 '.) . ) :) ..:;. 9 ., 00 

4 5 4 1 10.,')'.) 3 • 3) 33,. 00 56.00 
4 5 4 2 0 .oo • 10 ) .,) 0 56 "00 
4 5 4 3 15 0 3') 10 0 9 ') 68 .. 00 5 6.0 0 

4 5 5 l 1; .so 3. 30 3 5.):) 63 • 00 
,, 

5 5 2 0 .o ; .. 1) 0 .,00 63.0 0 • ,-
,, 5 3 :s "T) 10 .. 90 18 3 *) 0 63., OJ •r ~ 

'J 0 0 0 0 _,0} 0 oO') J Qoo 0 .. 00 
:, ) 0 :, ') goo 0 .,,'.) 0 ) o) '.) o.oo 
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T2.ble 3A .5. 5. New basal shoots ster:i/leaf' ratio and average shoot weight 

(grr/ shoot) • 

V T R S/L AV . \-/T . 

1 1 1 11 .. 1 0.0202 
1 i 2 ,o.o 0 .. 0116 
i i 3 9QO 000267 
1 2 i s.o 0.059 0 
1 2 2 5,.0 0.0384 
1 2 3 4.2 . 0.0480 
2 1 1 5.9 000068 
2 1 2 2. 4 0. 0575 
2 1 3 9.4 0.0173 
2 2 1 1 • 9 6 . 6562 
2 2 2 3. 8 0. OL~06 
2 2 3 4.2 O .0276 

'_' _ ... L ': ~ ~: C :: : S 7 -:) ~ . 
I J _,) . ,. J J 

? -; r'1 
.__ ' _ ._ V • 

CA NOP Y BASE c.:.:;c>?Y 3ASE 
D T R DEPTH HEIGHT D T R D :;' :) rr,-T 

.u ...... J1 ~EI G:: •r 

1 - 1 18.5 0 .0 4 2 1 l 8 .. 2 2'). 6 

l - 2 18.6 0 .o 4 2 2 18 .,'.) 22 .. 0 

l ! 3 :5.3 2 .. 9 4 2 3 19.5 2 1 . 6 

1 2 1 l 9 • l 1 • 7 5 l 1 19 .3 15 .. 7 

1 2 2 19.4 2 .. 4 5 ! 2 18.6 16<, 6 

l 2 3 19.l 3.5 5 1 3 17.3 22.7 

2 1 l 20 .. 6 2.3 5 2 1 16,.6 23.4 

2 1 2 17.6 5,. 1 5 2 2 16. 7 25.6 

2 1 3 1 7 .. 6 4.7 5 2 3 18.3 21. 6 

2 2 23.5 6.0 6 1 l 20 .'.) 1 7. 7 

2 2 2 18.2 8.2 6 1 2 1 7 .. 5 19.4 

2 2 3 22,.4 7 • 1 6 1 3 20 .) 22,.2 

3 1 1 2J .'.) 7,.6 6 2 1 17.8 25.6 

3 2 l 7 • 1 9.,0 6 2 2 18.8 26.2 

3 1 3 16 • 2 8.8 6 2 3 18,.5 27.7 

3 2 1 19 .o 14.5 7 1 1 18.5 19.2 

3 2 2 17.3 15.4 7 1 2 20 .o 2'.) • 0 

3 2 3 16.2 15.5 7 l 3 21.2 23.8 

4 l l 21.5 10 .o 7 2 l 20 .o 27.5 

4 1 2 21 .o 10 .o 7 2 2 15. 7 . 30 .. o 
4 l 3 17.1 14.3 7 2 3 16.7 36.6 
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T2.':Jle 3A .6.2 . Relative leaf area ar. a. relative light • .L. •. in~ensi-c,y data for 

4 C rn height intervals. 

Trea t mer1t s: 1 .j> 3 4 5 6 N, +' "n e heie;ht int er -
P..LA 3RC 9C 15C :a: c 3RW -:.11,· 

.L- ., val nuLlber 
RLI gc 1 5C RC 15W HW 

·X-·:<-
·X· ·* 0.0 is a 

T R N RLA R LI T R N RLA RL I non - e:;:i st value 
for tha t 

1 1 l .90 0 .oo 4 1 1 9.50 17.30 varia':Jle . 
i 1 2 4. 70 0 .o ') 4 l 2 23.60 33.90 
1 l 3 21 .oo 0 .oo 4 1 3 40. 60 55.20 
1 1 4 35 . 80 0 .oo 4 1 4 62.80 69.50 

l 1 5 70 .BO 0 .oo 4 1 5 72.60 73.10 
s 1 6 94 .O') 0 .OJ 4 1 6 83.80 88.30 . 
1 1 7 100 .oo 0 .. 00 4 ! 7 96.50 97.90 

l 2 ' 1 .o) o .o ,J 4 1 8 100.00 100.00 i 

l 2 2 4 .so 0 .oo L;. 2 1 13.60 11 .70 
1 2 3 13 • 9:) 0 .. o ) 4 2 2 33.20 2l,., 6 0 

1 2 
, 

28 . 80 () .. oo l;. 2 3 45.,20 36 . 40 
. 2 5 59 .5) 0 .o) 4 2 4 67 .4 0 52 .. 70 

1 2 6 80 • 3'.) 0 ~,) 0 4 2 5 9:::.,. 70 80.,60 

- 2 7 1J) .. o) 0 .. o) 4 2 6 93 • .'.;. 0 93., 10 

' .:, ~ 3. 70 0 .,0 0 ,, 
2 7 10 0~00 lGCwC·O -

::; 2 7. 7) 0 .JJ .:'.j. 3 1 9~20 l -, - -.J,.,00 

1 3 .::, .9o50 C .o 0 -+ 2 24-. 20 .. r- ? ... \ _, J. 0..: ... _ U 

1 
~ -+ 36 .. s::; 0 . o) .'.,. ~ .:, 30020 32 • 1 0 

1 .:, 5 64. 70 0 .. oo l • r 3 4 70.:0 63s30 

~ 3 6 86 .O) 0 .o) 4 3 5 88 .7 0 91.30 

l 3 7 96 .30 o .o·o 4 3 6 95 • 00 99.,40 

1 3 3 D) .O) 0 .OJ 4 3 7 100.00 100.00 
2 ! ' 0 .oo 3.90 5 1 .40 1 .,40 .. 
2 1 2 1 • 60 8 • 4) 5 1 2 1 • 8 0 3,.90 

I) 0 0 6 .30 17050 5 l 3 8 • 10 12.50 

2 1 4 l 5 • 2') 27 • 40 5 l 4 25.20 22.90 
2 1 5 29. 10 37 . 40 5 1 5 51.80 52.60 

2 1 6 5 7 .O) 76. 70 5 1 6 84.30 78. 80 

2 1 7 83 .60 88 .60 5 1 7 100.00 89.90 
2 1 8 96. 4 ) 99.20 5 1 8 o.oo 98.80 

2 1 9 100 .oo 100 .o 0 5 1 9 o.oo 100.00 

2 2 1 0 .o:) 4. 30 5 2 1 o.oo 5.80 
2 2 2 4.50, 9 • 70 5 2 2 .20 6,.20 

2 2 3 1 1 • 50 15 .. 70 5 2 3 2.30 18.30 

2 2 4 24 .so 45. 70 5 2 4 10.00 46.00 
2 2 5 37 • 3') 71 • 4') 5 2 5 26.10 61 .. 50 
2 2 6 54.20 92.00 5 2 6 46.00 84 .60 

2 2 7 75 .o .) 95. 90 5 2 7 72 .4 0 94.90 
2 2 8 77.50 97 .40 5 2 8 97.00 98.60 
2 2 9 97.0') ' 10).0') 5 2 9 100.00 100.00 
2 2 0 100 .oo 0 .oo · 5 3 1 o.oo 3.40 
2 3 l 5 .40 0 .oo 5 3 2 1 • 00 7. 7 0 
2 3 2 13. 70 0 .oo 5 3 3 2.80 18.40 
2 3 3 24 • 2,) 0 . OJ 5 3 4 8 .80 43.60 
2 3 4 42.90 0 .oo 5 3 5 27.80 84 .40 
2 3 5 68.80 0 .oo 5 3 6 54.30 94.40 

/3A .. 6.2. 



24 2 
r ·, ""'I- .. 1 ':) 
- < .., - V 3 ; .. 6.2. c o :::-l; . 

,-: , » - ~-~! .., 
:{ -- :?.I.. P. -; · -- .. -1.. .J r .. ~ 

2 3 6 6 3 ., 70 0 .oo 5 3 7 52.70 9 8 . 20 
2 3 7 9 3 . 9') 0 . c '.) 5 3 8 9 7 . 00 100 .. 0 0 
2 .:, 8 i.00 .oo 0 .'.)0 5 3 9 lOC . 00 o .. oo 
.:, ·) . 0 ) 3. 6 '.) 6 1 1 o . oo 1 . 50 

2 9 .oo 7. 7J 6 1 2 4 . 70 1 0 .60 
3 - 3 21 . 6) 28 . 2) 6 3 10 . 30 20 .. 00 

3 1 4 34- . oo 44 . 30 6 l 4 20 . 20 37 . 60 

3 l 5 53 . 5,) 55 . 3) 0 0 0 35 . 10 53 . 10 
3 - 6 75 .. oo 73 . 3 0 6 ! 6 4-4 • 1 0 86 . 3C 

3 l 7 85 • 4'.) 7 9 . 9'.) 6 ! 7 62 . 30 9 7 . 90 
3 1 8 94 . 20 91 . 80 6 1 8 79.20 100. 0 0 
3 1 9 10) . 0) lO ') ,. 0'.) 6 - 9 8 8 . 8 0 o .. oo 
3 2 ~ 0 .oo s . ao 6 1 0 1 00 . 00 o . oo 
3 2 2 6 .. 3 ) 16 . 2) 6 2 l o .oo 1 . 60 
3 2 -:, 1 8 . 6 0 24 .. :-) 6 2 2 5.50 5 . 70 _, 

3 2 4 3 8 . 21 46 . !O 0 0 0 6.60 14.50 
:, 2 5 52 .. 70 62 .3C 6 2 4 25. 5J 3 8 .,3 0 
- 2 6 66 . 6'.) 79 ~ .:;.') 6 2 5 36 . 50 7 C ., 6C -- -, 7 9 ~·-: C)'.) .. ~0 6 .. 

.,) - C: ~ 9 .S ~ i;, O ' - ..,. :) .. - u 
S v.., -,:, s ~/ '" 6 -1 - ::$7~ : ov ~J: - - , ., 

'-

3 ·- ' J "' ..,J . ) 

. ,... 2 s - ,.., C • GO - v v -~· , .... .J .._, .,) ..,. ._, cOV 

~ ,, -~ i - ; ljj .... : J ,_, ' ) 9 9 -i . -, c. C . 0 :-.. 

- .::, 2 .:.. .. :; e:;2 0 3 :, .s 2 ~ : ou . :v O , CO 
.. 

J J ,:j ~ - ,, ,..,; .;;, ~., 6 -- - 0 - :;, J Q :2 C 

_:, -- .,. _,""'r ,.> '° _, .,. ... , . .., ..:, -- ? .,. ..,.o ? ~ 
- Ii,, ~ ,J 

- .:, 5 • r • ' ... \.. 2 .; 7J 0 
. , : 6 . .. ~G 9 u :0 -- u .... ~.I ..., --

-- .::, 0 ·= J .._ :;;:;i <; -i _, j 6 .:, .. - . -- - ~ v " ....,, ,, 

~ 3 7 95 . '.)') 1: ~J .., .: ) 6 3 :5 .:, J liP - ,J 53 . 3 0 
. 

3 8 9 8 . 00 c . co 6 3 6 5 3. 0 0 8 7 .. 70 ;; 

) 3 9 100 . 00 0 . 0 0 6 3 7 'i'o . l 0 9 6 . 20 
6 3 8 89 . 40 l 00 .. 00 

6 3 9 1 00 . 0 0 90 . 0C 



2!..;.3 
~s-"b l e ~ t_,. 7 . 1& The nid- -...·tinter organic reserve da ta . (One har·vest only) 

T Treat:r.ents, 3R anc. ::i 

rl V T R ROOT T.'-: C CR.O\-i:\J T i\C ROOT 1;\J C RG . . : TN :<.OOT C R.O\•::\J 
PERCE 1 T PERCE NT P ERC ;:;;--:T ? c ;:..: .: .\ T \.-IE I G HT vJ E IGHT 

l l l i. 24.50 1 1., . 5 0 1.98 L 8 1 8 .. 6 0 3.80 
l l l 2 22 . 50 i 5. 50 2.07 :_ . 80 13 .. &0 4 . 37 
1 i ... 3 21 . 50 i 3 .. 50 2 .. 08 ::. .. 74 14 .. 31 6 . 10 

l l 2 1 25 . 0 0 13.50 :-: .. E, 2 L70 34 .. 00 10 . 46 
1 1 2 2 26 .. oo 16 . 00 2 ? i;: • ..J .J 2. 38 29 .. 20 1 1 . 6 8 
1 l 2 3 24 . 00 16 . 50 2 .. 22 2 .. 34 21 .. 74 6 . 90 

:.. 2 l l 22 . 00 12 .. 50 1 .. 92 1 .. 83 :. . ~ 12 5.90 
l 2 l 2 22.00 16. 50 2 .. 20 1 .. 92 12 .. 19 5 . 10 
l 2 , 3 25 .. 00 16 . 5 0 2 .. 16 1 .. 85 10" 21 3 . 68 ... 

2 ? l 2lcSO 12 .. 00 2u07 1 7" ... 0 15 0 60 6 ., L.6 
.!. 2 ? 2 27 .. 50 1 6 .. 00 2. 33 l. ,:- 2 9 .50 12 .. 1.:-0 
- 2 2 ::, 23 .. 00 :.:5. 00 2 ~O 8 ::-: . :.s .:.-2 0 3:) 15. 80 

--r,- ~--- --- . - r-. - - "' ~·c.:1~-=- c~c--.. :~ r - .... ,,., - -----, n---,.... :-cc:;~ r_:i:.c _-:__· \.., .:: - v ... -~.-..: - _,v - -· . - ,,_, ."".1 .. A, _ - _,....., 

·.·..-:::: C-~·:' -.)-: :,"'-,---;, -::;-.--=- ~-.... --- ,: . . . ,,.--;-, ·,·.~ : C ::-=:.· ·.-.~ i. = c.- : =-- - - --v-- • • - _ ._ • ..,1--..,J_-._ ··-···- .... :· __ _ 

- l ! - 12 . 40 21 .. 43 ::. • 92 2 . 10 .. 55 2 . 65 , 
L 

, 
1 2 18 . i 7 20 .. 8 1 2.00 3 _10 .. 67 3 . 7 8 

l l 1 3 20 . 41 19 . 10 l. 97 3 . 07 .. 8 2 3 .. 90 

' - 2 ! 44 . 46 22 . 29 2 . 55 8 .50 104 :_ 9.91 
1 l 2 2 40 . 83 23.14 2 . 3 5 7 . 59 1. 8 6 9.46 
' 1 2 3 28 . 64 2 2. 19 2 . 24 5 . 21 l. 13 6 . 35 ... 

l 2 l 1 17 . 0 2 18 .70 1. 88 2.44 ,. 7 3 3.1 8 
l 2 1 2 17. 29 20 . 3 7 2 . 11 2 .. 68 . 84 3 . 52 
i 2 i 3 13 . 89 22. 7 4 2. 0 7 2 .5 5 .60 3. 15 

1 2 2 1 2 2 . 06 18 . 71 1. 98 3 . 35 .77 4 .1 2 
1 2 2 2 4 1 . 90 2 4 . 09 2.21 8 . ll 1. 9 8 10 . 09 
1 2 2 3 58 .10 20.8 2 2.1 0 9.72 2 .37 12 . 09 

CROWN TN ROOT TN RTCR TN CROVlN C/N ROOT C/N RTCR C/N 
WEI Gh"'I' WEIGHI' V'o/EIGh"'T RATI O RATIO Ri\TIO 

1 1 1 l ; 23 .07 • 36 1 0 . 86 8 . 61 10.38 
l l 1 2 • 17 . o 6 . 23 12 .37 · 8 . 01 1i . 11 
1 1 l 3 • 29 • 10 • 40 10 . 3 3 7.75 9. 65 

1 1 2 l . 6 8 . 27 • 96 11 . 06 6 .7 2 9. 81 
1 1 2 2 . 95 .17 1.1 3 8 . 86 7.94 8 . 72 
1 1 2 3 • 48 . 16 • 64 10. 8 1 7. 05 9 . 86 

/ 3A. 7 .1 • 



1" t)Oi e V- ~:z o 1 • C O:Jt • 

~ 2 1 l • 26 .09 • 36 10.00 8 . 59 -
l 2 1 2 . 21 • 10 .3 2 11 . 45 6. 8 3 . 

2 1 3 .. 22 . 06 . 2 8 i1 . 57 8 . 91 -

- 2 2 1 . 68 .24 • 92 11 . 80 8 a2 4 -
.J. 2 2 2 .32 • 11 . 43 10 . 33 6 .,74 
1 2 2 3 . 87 . 34 1. 22 11.05 6.94 

T a-ole 31\. , 7 t2. Organic r eserve data f'ro:n weekly ha rvests durine 

t:ie spring . 

H V T R 

2 • 1 : 
~ 1 2 
",) - - ::, 

·,,1 - ,'2 .!. 

..., ') 

. 
.,.,_ -' 

i. 
2 2 i ?.. 
2 2 1 3 

- "' 
._ .... -

2 2 2 .1. 

2 2 2 2 
2 2 2 3 

3 l 1 l 
:, • l 2 
3 1 1 3 

3 l 2 1 
3 l 2 2 
3 l 2 3 

3 2 l 1 
3 2 1 2 
:-, 2 1 3 

3 2 2 1 
3 2 2 2 
3 2 2 3 

4 1 1 1 
4 1 1 2 
4 1 1 3 

'I' rec. t rr.ent s 3R and 'J 
.L . ~arve sts 

ROOT TNC CRO \,JN T f\lC 
PE RCE . 1 T 

?..5 .. 5 -:) 
20 o GO 
2 l .. 50 

, . -- ,-. '\ 
L •- "- \J 1...., 

'), - ,,. 
L _;_ ~ '.) •..,J 

21 ~ 00 
15 . 00 
21.00 

18. 5 0 
22.00 
21 . 00 

20 .5 0 
19.50 
20 . 50 

18 . oo 
25 . 00 
20 . 00 

18 . 00 
17 . 50 
17 . 50 

22.50 
23.50 
22 . 00 

17. 00 
16 . 50 
20 . 00 

PE~ CE NT 

13.00 
11 . 00 
13 . 00 

, . . ,..~ '"' .:.. :, .,) \,/\.) 

., '"'\ ,.. -
- ~ g \)' 

l L :SO 
10 . 00 
1 2 . 00 

11.50 
12. 00 
12 . 00 

9 . 8 0 
9.80 
9 . 8 0 

10 . 90 
10 . 90 
10 . 90 

9 . 8 0 
9 . 80 
9 . 8 0 

10. 50 
10. 50 
10 . 50 

8 . 50 
8 . 50 

10 . 00 

ROOT TN C Rm-JN T N 
PERCENT PE ~CE NT 

1. 97 
: ,. 9 L_. 

') u L - . , 

2. 3 6 
1 . 77 
2 . 06 

2 . 68 
2 . 21 
3.02 

1 . 7 1 
1. so 
1 . 57 

2 . 82 
2 . 62 
2.5 8 

1 . 76 
1 . 62 
1 . 96 

2. 34 
2 . 5 8 
2 . 72 

1. 82 
1. 37 
1 . 90 

2. ',-8 
2 o L_-6 

~J,, 0 2 
9? 

.z ,. 6 -r 
1 .2 6 
2 .50 

3.22 
2 . 7 4 
2 . 92 

2.45 
2 .45 
2.45 

2.71 
2 . 71 
2 .71 

2.49 
2 . 49 
2 . 49 

2 . 70 
2.10 
2 . 10 

2 . 42 
2.16 
2 . 26 

1 to 9 

ROOT 
;, EIGHT 

12.10 
12.4- 5 
13.~ 5 

~ 7.., co 
29 . 55 

S ~ 65 
~: • 10 
1 5 . 8 0 

30.4:5 
55.15 
23.10 

8 . 15 
8 . 00 

1 6 . 00 

19 . 40 
22.10 
25 . 60 

10.25 
9 . 60 

15 .35 

19.40 
22.1 0 
25 . 60 

12.50 
13 . 2 0 
11 . 05 

/3A. 7 , ~. 

2L)..;. 

9.62 
9 . 90 

10.94 

10.88 
9 .. 42 
9 . 90 

cRmm 
~✓ EIGHT 

5 .. 40 
6 .. ~o 
5 .. ::,o 

,·. 7 ;;; 
V ~ I ..,,, 

6 _, 60 

, I ~ 

... :. Q --:- u 

6 w30 
2 • L,. Q 

28 . 15 
31 . iO 
13 . 60 

11. 00 
11. 25 
16 . 35 

7 . 8 0 
4 . 55 

10 .20 

24.20 
23 . 00 
19.10 

7.40 
6 .25 
6.75 
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1 ,~.o e . 

H V T R ROOT TNC CR OI//N T NC ROOT TN CRO WN TN ROOT C ROWN 
PER C2:NT PER CEN T PERCE NT PERCENT \'JEIGHT WEIGHT 

1 2 l 12 . 0() 10 . 00 2 . 60 2 o L, 7 2 1+. 60 18 . 75 .l. 

~ 2 2 19 . ()i 1() . 50 2 . 22 2 . 24 20 . 05 15 . 00 -
Lt l 2 3 17 . 00 11 . 00 2 . 72 2 . 64 3 4 . 10 31 . 4 5 .l. 

') l l 18 . 50 Hl . nn l • 94 2 . 45 9 . 05 6 . ? () r'.. 

1, 2 l 2 15 . 00 10 . 5() 1. 8 5 2 . 32 6 • 2 5 L:'" • L~ Q 

4 2 .!. 3 17. 00 10 . no L 78 2 . 2 6 17. 6 0 12 . 20 

, 2 2 1 19 . 5 0 9 . 50 2 . 02 2 . 3 8 2 . 10 7 . 4 5 "r 
Lr 2 2 2 14 . 00 q. oo 1. 77 2 . 04 23 . 7 0 13 . RO 
Le 2 2 3 17 . 50 10 . 50 2 . 30 2 . 35 19 . 65 1 1. 70 

5 l l l 12 . 00 9 . 0() 1. 77 2 • 2 d 13 . 6 0 7. 65 
:, 1 l 2 12. so 10 . on 1 - (' 

- • :) !) 2 • l.2 10 . 00 7. 30 
, 

1 --, 18 . 5 0 9 • 2 5 , 6 7 2 . 38 12 . 3 0 6 .70 '.) - :, .!. • 

., l 2 j_ 17. (,() 9 . 50 2 . 1 ;.), 2 . L.-6 26 • ..'1-~~ 23 . 70 
- - ? ? ~ ~ :- 0 [) ,"'; 1n . nn ::?. 0 2; 2 ,) L~ . .) 23 . ~·' 5 1 7 . '.;5 -

2 
- ,, r, -. lO o.,")1 2 . ~ I-. 2 • t,:) 21 0 :S 5 l -'c . 5 0 - _, J.D • '.) •) . ,v 

l..', , ,., 
ina{)() l c,·.,. l 5 " l :_\ ~; . 7 n . i ,JI. I J.. 0 '.) ~ "' ,,. L_ 

) ,, "l - - - } l C; . :.S tJ - 2 0 ~ L:. 1. ~ .. 7 ;·~, -~ . ? j~ ~- ') 0:) .!._ Ill : ~ f ' 

: .~ - I""\ ~ • :5 ..... , 2 ~ lh .~ . , ..: . .. :. i.7-.7 CJ .. .·• ._ l - ·-.: • :_--. ' J ~ 0 
,, 

-,, 2 14 . :')I' 1. :1 . o r 1 2 . ?. 2 2 • 5 (~ ~ ,-; o L:- C i /, 
.!. I J o l r-, 

;2 2 2 19. n n 1l . 50 2 • L!. L, 2 • 62 16 . 10 ~ l • /_•.; 

~) 2 2 3 11, • 00 10 . 5,1 1 . 97 2 • 7 'ci l? . 5 0 l L~. 2 0 

l 1 15 . on 1 o . 5n 
. 

1. 78 2 . 12 i<'.c. 00 7 • 1+ 0 ;:) .i. 

.'-i l l 2 l~ . '30 9 . 00 L 60 1. 96 1 3 . 75 9 . L-.() 

6 1 l. 3 15 . 5 0 11. (; () 1. 55 i • 9 Lr 13 . 15 7 . 25 

':) l 2 l 10 . 50 9 . sn 2 . 30 2 • :; 2 2 3 . 3 0 29 . 50 
6 l 2 2 13 . 5 0 13 . 50 2 . 3 .'.1. 2 . 32 23 . 1 0 13.70 
6 1 2 3 14 . 00 10 . 50 2 . 64 2 • 5 0 34 .1 5 2 Lr . l 0 

6 2 l l 13 . 50 9 . 50 1 . 57 l. 94 ii . <',5 8 . 6 0 
A 2 1 ? 13 . 00 9 . ()() 1.26 2 . 28 12 . 60 9 . 30 
6 2 

, 3 14 . 00 9 . 50 l. 4 0 2 . 0 2 9 . 55 6 . 50 .l. 

6 2 2 l 15 . 0() g . 50 2 . 13 2 . 44 24 . 50 18 . 7 5 
6 2 2 2 16. 00 1 1. 00 2. 0 6 2 • 51+ 32 . 40 29 .7 5 
6 2 2 3 15 . 5 0 9 • 5() 2. 16 2 . 22 22 . 90 19 . 00 

7 1 1 l 19 . 50 12 . 50 1 . 64 1. 92 11 . 00 6 . 30 
7 1 1 2 16. 00 10 . 00 1. 25 l . 32 10 . 55 7. 50 
7 1 1 3 24 . 00 1 4 . 00 L 3 8 1. 72 13. 2 0 7.75 

/ 3A. 7 .'1.. 



Table ~A.7.~. con~ . 

H V T R 

7 : 2 ... 
7 .:. 2 :~ 
7 J. 2 :i 

7 2 1 
7 -~ i 2 
7 '2 1 3 

7 2 2 1 
7 2 2 2 
7 2 2 3 

() 1 1 1 
.=3 l l 2 
1 l 1 :i 

2 l 
? ·;. 

-, 

') '; 

0 J. 1 1 
9 l l 2 
9 _ 1 3 

9 l 2 1 
9 i 2 2 
9 1 2 3 

9 2 1 1 
9 2 1 2 
9 2 1 3 

9 ~ 2 1 
9 2 2 2 
9 2 2 3 

R OOT TNC 
PC::RC~N T 

13 . 00 
19 . t)() 
19 . 8() 

16 . 50 
u . oo 
16 . 00 

15 . on 
13 . 0() 
i7 . ·::JO 

2 ::, • ()() 
23 . 0() 
23 . 00 

13 . t'") () 

11,. o 5 r:, 
~ 5 . 5 ,i 

- ,_ • 3,... 

. . . i 
-- ' . • ? . 

l 7 C ,~ '"'1 

.. ""' .......... - ,, . \ ') 

16 . :5'."'i 

23 . 50 
z-:~ . on 
23 . 50 

17 . 50 
16 . 50 
18 . 00 

19 . 50 
15 . 00 
18 . 00 

15 . 00 
14 . 5 0 
18 . 50 

CR0 11J N T NC 

PE~CEN T 

8 . 5() 
9 . 50 
9 . 50 

11 . 50 
8 • 50 
9 . 0 Cl 

8 . 00 
3 . oo 
9 . 50 

15 . 00 
il . 00 
15 . 00 

10 . 50 

~ ~· . ': r-, 

~ ~ ., '"'i I 

l l . 3 ~ 

11 .. n - l 

J.? . C~ 
(, . 50 

12 . 50 
16 . 00 
16 . 50 

11. 00 
9 • ()() 

10 . 50 

16. 50 
1 2 . 50 
14 . 00 

12 . 50 
10 . 0() 

9 . 5 0 

ROOT TN 

PERCEN T 

2 . 36 
? • 58 
2 . 60 

l. 5 5 
1. 30 
l. 59 

2 . 50 
2 . 10 
1.90 

l . L~ 8 
l. 20 
l. 4i3 

2 0 0 ? 
2 0 .'. :) 

-; .. :. 
.:.. . ... ....I 

: • 2 !. 

/. • ~ G 
: • 9 8 

1 . 70 
1. i 8 
1. 36 

?. • 0 6 
1 . 9l:-

2 . 36 

1.40 
i . 2 8 
1 . 4 5 

2 . 3 ,, 
1. 83 
1.7 8 

C ROWN TN 
,:.) i::RCEN T 

2 • 36 
2 . 30 
2 . 3 7 

. 80 
J. . 8 5 
2 • 0:5 

2 . 40 
2 . 06 
2 . 2 8 

1 • 8 2 
_ • 7 6 
1 . 72 

?. • 3 0 
?. • 0 2 

l . :>:, 
~ • ~ 2 
~ . -:· :......_. 

2 . ,, 7 
2 • -, 0 

l.H2 
1. 60 
1. 8 :.5 

2 . 24 
?. • 12 
2 . 32 

1 . 74 
1. 7 2 
1 . 98 

2 . 28 
2 . 00 
2 . 02 

ROOT 
WEIGHT 

13 . 65 
3 o. 7 0 
2 4 . l G 

6 . 90 
12 . 7 5 
12 . 50 

17 . 75 
2 6 . 90 
22 . 14 

9 . 00 
13. 5 0 
11 . 70 

19 . C1() 
2? . r:O 
26 . 90 

l .: " .... 
4 - ........... 

.:. •.) .. ..., 1..; 

1 2 9 r. '; 

2 ,, • !. 0 
32 . 1- :·1 

1 9 . 50 

12 . 7:5 
12 . ? 0 
i3 . 00 

16 . 60 
30 . 65 
31 . 30 

13 . 20 
15 . 10 
11.10 

16 . 20 
40 . 2 0 
26 • L~5 

246 

CROWN 
WEIGHT 

l O. 10 
27 0 L :5 
14 . 90 

5 . 60 
7 . 75 
9 . 55 

15 . 65 
2 8 . l. 5 
13 . 44 

3 . 10 
6 . 7 0 
6 . 00 

l? . 2 5 
1 7 • )_ :5 
.. , ,...,,... 
_!,_ Q .. l,JV 

":, . ti .., 

c., . 0(, 

1 ' . " 
... , 0 - ' • 

36 . ''.,) 
17 . 3D 

6 . 90 
6 . ;, 0 
7 . 00 

7 . 60 
19 . 90 
24 . 50 

7 . 50 
10 . 05 

6 . 40 

14 . L,5 
29 . 00 
15 . 55 

/3A. 7 .1. 
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H V T R RT CR TOTAL TNC TOTAL T N ROOT T NC C RO\'/N TNC TOT AL TNC 
WEIGHT PERCENT PER CE NT vJ E I GHT WE I GHT 11/ E IGHT 

2 l l l 17 o5 0 21.6Lf 2. 28 3. 0 8 .70 3 o7 8 
2 I l 2 18. 55 17.04 2ol3 2 .49 .67 3ol6 
2 1 1 3 18 . 45 19 .o 5 2 .. 08 2. 82 . 68 3.51 

2 l 2 l 25.75 18 .9 4 2.96 3 .. 74 L13 L~ • 87 
2 l 2 2 43.25 18.86 2. 86 6.41 1.74 8015 
2 l 2 3 24 .. 20 20. 2 7 2. 81 4 .04 .85 4.90 

2 2 1 1 13.05 17. 7 9 2.46 l .. 81 .50 2.32 
2 2 l 2 2lo00 13. 50 1. 91 2. 2 0 .63 2.83 
2 2 1 3 24 0 20 17 . 8 7 2.21 3.31 1.00 4. 32 

2 2 2 1 58.60 1 5. 13 2o93 5 .63 3.23 8.87 
2 2 2 2 86.25 18. 39 2. 43 12 .1 3 3.73 15.86 
? 2 2 3 36 .. 70 17. 66 2.98 4-. 85 1 .. 63 6.48 '-

- ' l 1 2 ., 2 0 16 .. 9 5 lo 96 1.67 ,. 39 2 .. 06 
- , 

2 l ?. " l 0 l 6 .. 21 2 C 02 lo56 .4 0 L96 .., - .!. 

_'.) ~ l _j 2 3., 7 3 1700 1 L85 3 .. 2 8 ., 75 4.03 

? ' 30.L:-() 15., 43 2.78 -~ LC- lol9 4 .. 69 :., - ...,, >J '., 

2 2 - ..., 20.24 2o65 5c52 1.22 c, . 7 5 _, - :) ::; :; 

2 - 1.,.: C, ~·::, ~6~Lr~ 2. 6::, 5 .::. 2 
. -, .- 6 ~ 9() - ...,, - a f .::.;, 

-, ; ~~; o0:5 1 L. /. r.: 2 Jj7 ".jl - . 2 Q ,) :, -, ._ - - - I Q , .,.J .!. lo/ 1,,., ·r •. 0 

3 ? J. 2 14 . 15 15.02 1. 89 1.68 04 4 ? l :-, - ~ ...... ·-
3 2 l 3 25 . 55 14 .. 42 2.17 2.68 .99 3.6 8 

3 2 2 l. 43.60 l 50 8 3 2.53 i,. . 36 2.54 6.90 
3 ? 2 2 45. 10 16.87 2 .. 64 5.19 2.41 7. 6 0 
3 2 2 

..., 
44.70 17.08 2.71 5 .63 2.00 7.63 :> 

4 1 1 1 19 .90 13 0 8 3 2 .04 2.12 • 62 2 . 75 i. 

L.- l 1 2 19.45 13.92 1 . 62 2 . 1 7 .53 2.70 
4 l l 3 17 . 8 0 16.20 2 .. 03 2.21 .6 7 2. 88 

4 l 2 1 43. 35 11 .13 2.54 2. 95 1.87 4.82 
L,_ l 2 2 35.05 15.36 2. 22 3.80 1.57 5.38 
4 1 2 3 65.55 14.12 2.68 5.79 3.45 9.25 

4 2 1 1 15. 25 15.0 4 2.14 1.67 .62 2.29 
4 2 1 2 10.65 13.14 2.04 .93 .46 1.39 
4 2 1 3 29 .8 0 14.13 1.97 2.99 1.22 4 .. 21 

4 2 2 1 9.55 11.69 2.30 . 4 0 . 70 1. 11 
4 2 2 2 37 .5 0 12.16 1. 86 3.31 1. 2 4 4 .56 
L, 2 2 3 31. 35 14. 8 8 2.31 3 .. 43 1.22 4.66 

5 1 1 1 21. 25 10 .9 2 1 . 9 5 1. 63 . 68 2.32 
5 1 1 2 17. 30 11. 44 1. 80 1.25 .73 1.98 
5 1 1 3 19.00 15. 2 3 1. 9 2 2.27 .61 2.89 

/3A. 7 .. 1. 
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con t , 

H V T R RTCR TOTAL T N C TOT AL T N ROOT T NC C RO WN TNC TOT AL TNC 
v✓E IGHT PER CENT PER CENT 'I/EI GHT WE I GHT WEIGHT 

5 i 2 l 50.15 13.45 2. 31 4 .. 49 2 .. 2 5 6. 74 
5 l 2 2 L~Q .90 12 .. 33 2. 33 3.33 1.70 5.04 
5 1 2 3 36. 15 13. 59 2. 51 3.46 1. 45 4.91 .,_ 

5 2 1 1 24. 80 12. 43 1 .. 67 Zo ll . 97 3 . 08 
5 2 l ? 17 . 90 13 .. 7 6 1.87 1. 8:.. .. 65 2 . 46 c... 

5 2 1 3 18 .50 9. 50 2.26 1. 2 0 .55 1. 7 5 

5 2 2 l 32 .. so 12 0 27 2.39 2.37 1.61 3.98 
5 2 2 2 27. 30 15. 9 2 2 .. 5 1 3 .05 1.2 8 4.34 
5 2 2 3 26. 70 12.13 2.40 1.75 1.49 3.24 

6 l 1 l 21. 40 13 0 44 1.89 2 .. 10 .77 2.8 7 
6 1 1 2 23.15 11. 6 7 1 . 74 1 . 85 • 8 4 2.70 
6 l l 3 20.40 13.90 1.68 2 0 03 079 2.83 

6 - 2 5 2 .,30 9.,9 4 2. 31 2 .. 44 2 .60 5. 2 4 .!. l 
, 

2 ') 3 6~ 2 0 1~ >50 2o33 ':l 1 11) 2 L.- !.:; w 96 0 - J " - -
~ 5R ~2S :.. 2. • 33 2.5 0 Le .. 7 8 2 - - 7 ~3: ' ) - ~ :,y "::; :.J 

-, ;:_c • . ::s l 1- '- 7 8 :. ~ 7 ?. i. <, :.: --;-
f• -. 

:.:. G ~ j 'J ;,, LI ,.. 

-, }. :: 21~-JO l~.3tJ :.. u 6 0 : . .;, 6 3 ;_A - , -, - ·- 0 ',J ..J ,!._ w - , I 

" 2 - :., :.. o O 05 12.17 l. ~ 6 5 - 0 :).J ~6l i 1. S· 5 

6 2 2 43 .2 5 12 . 61 2 . 26 3.67 lo 7 ~ 5 o L.- 5 
6 2 2 2 6 2. 15 ::. 3 . 60 2. 2 8 5 .1 8 3 . 2 7 c.45 
6 2 2 3 41.90 12 . 7 7 2.1 8 :, 5 54 1. 8 0 5 0 3 5 

7 1 1 l 17. 30 16 .. 9 5 L 7".- 2 .14 .7 8 2 . 9 3 
7 l l 2 18.05 1 : • 50 1. 2 7 1.68 .75 2.43 
7 l 1 3 20.95 20. 30 1. 50 3 .. 16 1. 08 4.25 

7 , 2 1 2 3. 75 11.08 2. 36 1.77 ., 8 5 2.63 l. 

7 l 2 2 5 8 .15 14.51 2.L,,8 5. 83 2 .. 60 8 . 44 
7 l 2 3 39.00 15.37 2. 51 4 .57 1. 41 5.99 

7 2 1 l 12 .5 0 14.26 1. 66 1.13 .64 1. 7 8 
7 2 l 2 20.50 10. 6 7 1.50 1.53 .65 2. : 3 
7 2 1 3 22.05 12 .9 6 1. 78 2.00 . 85 2. 8 5 

7 2 2 1 33.40 11. 7 2 2.45 2.66 1.25 3. 91 
7 2 2 2 5 5 .0 5 10.44 2 .o 7 3.49 2.25 5.74 
7 2 2 3 35 .. 58 14.16 2.04 3.76 1.27 5.04 

8 1 1 1 12.10 20 .95 1. 56 2.01 .46 2.53 
8 1 1 2 20.20 19 .o 1 1.38 3. 10 .73 3.84 
8 1 1 3 17. 70 20. 28 1. 56 2. 69 .90 3. 5 9 

8 1 2 1 32.15 12.04 2.12 2.58 1. 2 8 3.87 
8 1 2 2 39. 15 11.43 2. 2 3 3 .19 1.28 4.47 
8 1 2 3 42.90 14.56 2.34 4.16 2.08 6.24 

/3A . 7 .1. 
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r., ,-,,-_ , p ~-\. ~ 7 "'.I con:.. ·- X . ,< " A -• 

H V T R RTCR TOTAL TNC TOTAL TN ROOT TNC CRO WN TNC TOTAL TNC 

'1J'E. I GHT PER CENT PER C ENT WEIGHT WE I GHT WEIGHT 

8 2 ' 1 16 0 50 16. 7 7 i. 2 7 2 .04 .72 2 .. 76 .I. 

8 2 1 2 17 . 75 14.68 1 .. 46 l.. 85 .75 2.60 
8 2 , 3 21.00 1 1 .50 1 .. 45 1.38 1.03 2.41 ... 

8 2 2 .L 42.50 14. 7 3 2 .o 2 4.27 lo99 6.,26 
8 2 2 2 69.20 12. 46 2.24 4.21 4.41 8 .62 
8 2 2 3 36 .8 0 13 .. 20 2.17 3.21 1.64 4.86 

9 l 1 1 l 9. 65 19. 63 l. 74 2. 99 . 86 3 .. 85 
9 1 l 2 18. 40 20. 64 1. 32 2.80 .99 3.79 
9 1 1 3 20.00 21. 0 5 1.53 3 .05 1.15 4.21 

9 1 2 1 24.20 15 .. 45 2. 11 2.90 .83 3.74 
9 - 2 2 50 .. 55 13 • 5Lr 2.01 5.05 1.79 6 .. 84 -
9 ' 2 3 55 .. 3 0 14. 7 0 2 .. 34 5. 63 2 -7 . '.) ' 8 .20 

'.I c'.'. 
, 20;;17( l8 :a L:- l L52 2,., 57 lo23 3. 81 

... -, ') - . - :;J,, co -: I. "° 2 .,2 6 L25 3.52 'I ~ - .:.. :J ... - :J .I.~ -.-:.> 

9 - -- 1--, - "' 16 ... 53 l 0 6i:- l • 99 .. 89 2 .. ss, ~:: .!. - .,_ I .., ::> \J 

'} 
, 

?:lvJ5 i_ :, .. 8 2 ') -::·, 2 ~43 loEO L ?'.: '.'.. ~ - (_·>...,.-.. ' C> .._ ...J 

I ' l ?. ~ .:, ~ - C""" 5., :..,2 2u9~ 0 7 / . - v - 0 ✓ \.) . -- ·;, Lr"~ ., lJ 2J 15.., 16 :.~u6 4 ., 89 ~ o Lr 7 6 .. 37 '-; ·- ~ .J 

H V T R ROOT TN CROWN TN TOTAL TN ROOT C/N CRO \'/N C/N TOTAL C/ N 
vi=. I GHT WEIG H T I/IE I GHT RATIO RATIO RATIO 

2 1 1 
, 

.24 • l 5 .39 10 .. 15 4.43 7. 97 .!. 

2 1 1 2 • 26 • 13 • 39 11 .4 8 5.37 9 .4 8 
2 1 1 3 .25 .13 • 38 11. 08 5.28 9.12 

2 1 2 1 .84 .39 1. 2 3 7.57 4.45 6.58 
2 1 2 2 • 49 .26 • 76 7.48 4.30 6.38 
2 l 2 3 • 5 1 .16 .68 7.79 5.32 7.21 

2 2 1 1 .26 .14 .40 8.47 4.42 7.04 
2 2 1 2 • 20 • 11 • 32 8.89 4. 30 7 .. 22 
2 2 1 3 .32 .2 1 .53 10.19 4.80 8. 07 

2 2 2 1 1.25 .8 5 2.10 9.69 4.37 7 • 5Lr 
2 2 2 2 .81 .90 1. 72 6.90 3.57 5 .14 
2 2 2 3 .69 .39 1 .09 6. 95 4.10 5.92 

3 
, 

1 1 .13 • 10 .z 3 11 .95 4.00 8.66 
3 1 1 2 • 17 .09 .27 18.98 4.00 13.53 
3 1 1 3 . 25 • 18 .44 13 .05 4.00 9.16 

/3A. 7 .'-.. 



'I'aole 3A. 7 o'.2.. 
250 

H V T R ROOT TN CR O'.'! N TN TOTAL TN ROOT C/N CR Oi•/N C/ N TOT Al.. C/ N 
~Ve I G HT \'/ EIG HT ':iE I GHT RATIO RATIO . RATIO 

3 J.. 2 · l .57 • 30 0 88 9o54 4oO2 7 ,. 6 3 
3 l 2 2 .54 .29 . 84 6.38 4 0 02 5. 55 
~ l 2 3 .66 • 44 1 0 7 0 75 4 .. 02 6.25 ..., J.. • 

-. 2 l 
, 

• 15 .11 0 26 10.80 3.93 7.90 .!. 

3 2 l 2 • 18 . 19 . 37 l O. 22 3.93 6.96 
3 2 1 3 • 30 .25 0 55 8.92 3.93 6.64 

3 2 2 l .57 • 62 1. 19 9 .1 0 3.88 6.38 
3 2 2 2 .45 .65 1.. ::.o 9 061 3.88 6.23 
3 2 2 3 . 69 • 51 10 21 8 .. 08 3. 88 6 .. 30 

4 l 1 1 0 1.8 .13 • 31 12.04 3 .. 93 8. 5 7 
4 1 l 2 .. 22 • 1 7 .40 9o3L:- 3 0 51 6.77 
4 :i. i 3 0 20 .15 036 10 .. 52 4.42 7.95 

-~j- ' 2 l .. 44 0 33 • 1n 8055 4 .. 63 6 .. 89 ~ 

- ? 2 c6 3 v L;. 6 1 ...... , 
- . - \.. 

.:._ ~ S l 4 ~ GI, (.,37 
! ? G -, ,--, --

( ::,; J o2 5 I • 
:: 0 2 6 - ..., 

jl., ·'- .. o:) - " '--r O .... 0 

'' 2 V :_ 0 l:- ~ 5 2 ' ! ~ 
C -• .._ .:, .... ·. ~ e ...:: ... C, OL.,. L 

l -, 
" .:. :) 

- ., 9 .. 5 3 Lr " 83 7. C'JO ~ - .. . - / ;t ~..: 

r - , -; 7 ., :) G S"'55 i._."" I.. ? -, ~ h 
.c. - .:, ~:).:. ~ •·· . , ~ - _I 

- ~ C. ~2 7~ -, r, ,,..,,. , ! ' , r ~ 

~ .. ,J - :--_ • , V ' .. ·-,,, :,_; ---;- . '--.· - \) -, :J l j 

I 2 2 2 . C4 • l 7 "2 J. S o65 3 " S0 ~o OS 
L,,_ 2 2 3 • 45 027 • 72 7 .6 0 4.46 6 .. 4 2 

- l ' 
. 

• l5 ., 15 .. 31 7 ,.9l. 4 .. 71 6.33 :., ~ .l. 

5 ' l 2 .24- • l 7 .41 6.77 3 .. 94 5.58 .i. 

5 
, 

1 3 • 20 .15 • 36 11 • V 7 3.88 7o93 J.. 

5 1 
.:. 2 i • 5 3 • 42 .. 95 6 .. 2 7 4. o::, 5.28 

i:: 1 2 2 -7 .58 lol5 7.79 3.86 5.81 .., . '.) ' 

5 1 2 3 .55 .35 • 90 6 .2 5 4o08 5 .40 

5 2 1 r • 19 .13 • 33 9.22 4.68 7. 34 
5 2 1 2 .22 • 18 • L;-1 9.21 5.20 7.41 
5 2 1 3 • 27 .14 • 41 4.3 9 3.83 4.20 

5 2 2 l • 39 • 29 • 68 7.78 4.38 6.33 
5 2 2 2 • 36 .41 .77 6.53 3o87 5.11 
5 2 2 3 .24 • 39 • 64 7 .1 0 3.,77 5.05 

6 1 1 1 ., 22 • 18 • 40 8 .43 4.59 6 .6 8 
6 l 1 2 .24 • 15 .40 8 .L~2 4.95 7.08 
6 1 1 3 • 20 .14 .34 10.00 5.67 8.23 

6 1 2 l .54 ., 31 • 85 5.76 5.81 5. 7 8 
6 1 2 2 .• 5 3 . 68 1.22 4.56 4 .. 09 4.30 
6 1 2 3 .90 • 60 1. 50 5 .3 0 4.20 4.86 

/3A. 7 .'2. 
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H V T R ROOT TN CR O\>J N TN TOTAL TN ROOT C/N CRm'l'N C/N TOTAL C/N 
~I=. ! GHT VJ EIGHT \'/EI GHT RATIO RATIO RATIO 

6 2 l • 15 • 21 .37 10 .. 31 3.94 6.67 
6 - i 2 • 17 , , 

• 3L;- E .59 4 .. 89 6 . 81 .. • .LO 

6 2 l 3 .13 .13 .2 6 10 .00 4.70 7.37 

6 2 2 1 . 6 6 • 7 5 1.42 7.,76 L,r.,33 5.94 
6 2 2 2 .52 • 45 • 97 7.04 3. 8 9 5.57 
6 2 2 3 .49 .42 • 91 7.17 4.27 5.84 

7 l 1 1 .13 .09 ., - 12. 80 7.57 10 .. 55 .. L- _, 

7 1 1 ? • 18 • 12 .. :,o 11 .. 89 6.51 9. 73 
7 1 1 3 • 18 • 13 . 31 17.39 8.13 13.48 

7 1 2 1 • 79 . 65 1 0 L;-4 7 .. 36 3 .. 99 5. 8 3 
7 1 2 2 • 32 .23 • 56 5 .. 5 0 3 .. 60 4.69 
7 l 2 3 .. 62 . • 3 5 .9 7 7 .,3 0 4 .. 00 6 . 11 

7 ? ' 
, ' .14 .. 30 9.23 4 .. 59 7 0 ()8 - "1 0 

, -;, "::.o • iO . 20 l O .. 6L,. 6.,3S 8 .. 58 - . 

7 2 i • 19 • c-, _. 39 .. ,' ~06 t.,. ... 3 9 7.24 ~ . - / 

- -, -;, . 
w 5-:. 0 5 7 : o l t.:- -~ ":~ 9 ':l. Q 5.02 .. - ~ "' J ., 

-, ',' ·- 7 - r;o ') -::i ~ ~. 7 7 "' -~--- ~ • .J ' _.J ..., _J J 

') '.., ,,., 11 
0 IL .:; ~ :._ 0 6 0 ~ 13 - ·- -✓ 0 '-; .:'.,. '"' ., ..... ~· > 

. ) i 
.. 

' 
..,7 ~00:~ 6 • :~ '.) ~ 3 o 72 - .:. .. ....... .1 • - .L .. C. ' 

s l l 2 , ? 
~ l. _.,, . 05 , " • .:. 0 i5~ 54 & .. 24 13.36 

8 
, 

1 3 • 17 • 10 • 2 7 15.54 8 .7 2 12.99 ~ 

8 i 2 ' • 5 2 .L .34 . 8 7 6.04 3.71 5. 11 
s 1 2 2 • 40 • 28 • 68 6.43 4.56 5. 66 
8 l 2 3 .6 2 • 3 7 1.00 6 .65 5.50 6.22 

3 2 1 l .13 .12 • 2 5 13.70 6.04 10 . 0 3 
8 2 1 2 .11 . 09 • 21 17.25 7. 84 13.1 5 
8 2 l 3 .1 4 .15 .30 9.27 6 .. 60 7.90 

8 2 2 1 .6 8 . 8 7 1 .. 55 6 .19 5.06 5.55 
8 2 2 2 • 48 .37 • 86 8 .75 5.3 3 7.27 
8 2 2 3 • 38 .41 .so 8 .33 3.95 6.06 

9 1 1 - .14 .09 .24 19.49 10.00 15.61 
9 1 1 2 .2 1 • 12 • 34 13 .. 82 6.86 11.27 
9 3 .17 .12 .30 17.27 8.91 13.74 

9 1 2 1 .5 9 .42 1.01 8 .50 4.24 6.73 
9 1 2 2 • 3t., .17 • 51 8 .49 4.91 7.30 
9 1 2 3 • 7 3 .56 1.30 7 .62 4.52 6.27 

9 2 l 1 • 19 • 1 7 .36 11. 71 7.26 9 • 6 1 
9 2 1 2 • 18 .13 • 31 13.92 9.48 12.08 
9 2 l 3 • 16 .12 .2 8 12.41 7.07 10.06 
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':'s.-:::..e 5-:':_6 7 .,3 ., The treatment c on::parison organic r eserve data . 

H V T R 

0 1 1 1 
0 1 l 2 
0 l l 3 

C' 

-
. I - - ..J 

-·, .'.. .... 
--

0 - !~ :) 

; - :.\ l 
- 3 2 v .:. 

0 l 3 3 

H V T ~ 

0 2 1 1 1 
0 2 2. l 2 
02 1 1 3 

02 1 2 l 
021 2 2 
02 1 2 3 

0 2 1 4 1 
021 4 2 
02 1 4 3 

02 1 ·3 1 
0 2 1 3 2 
02 1 3 3 

Treatmen ts 

1 ' 
3, 

2 , 
l, '-+' 

3 ti and H treatr;ient s a r e :part of' t able 3/t . 7 . 4 . 

ROOT TNC CRO\✓ N T NC ROO T T N C RO\✓ N TN ROOT :: ROv/N 
PERCE NT PERCE NT PERCE NT PE RC ENT vJE I GHT WEIGHT 

16 . 00 8 . oo l . 6L, 2 .. oo 7 .. 60 4.60 
16 . 00 9.00 1 .54 2 008 23 .. 2 5 14. 20 
22v 00 9. 50 l. 80 2. 1 6 10 .5 5 4 .6 0 

: .:.- • 00 10 " 00 2. 00 2. 3 2 19"70 1 3 .00 
~ Lr ., 5 0 9o5 0 j_ . 9 5 2 .30 15 090 7.60 
:. 7 .. 5J 8. 00 z • i j 

.l. - 2 ., 2 6 3 0 ., 60 15 . 8 0 

i. ~j ~ =- :; l C. it;. - ' - :_4 9 .. :, 5 9 . 38 - J O·':) 

~:;: .,.13 1 .n 
- .J .. 

; I 
1 "-f- _ o c,:; .., - -+ 9 . ;1 5 9 w 3("; 

~8 .., l::. lOo ~. 4 ; 66 ' L~ 9 ... 85 9 . 33 ,. V 

Z-0 ,00 11. 50 l. 99 2 ~2 7 1 2 .. 90 9 0 5 0 
2 t) . C0 9 .50 2. 77 2 .42 1 606 5 :. 2. 90 
21.00 11 . 00 2. 02 2 .. 42 17. 55 14.15 

R TCR TOTAL T NC T OTAL TN ROOT T NC C RO i-JN TN C TOTAL TNC 
WEI GHT P ffi CE NT PERC ENT 1,._/ EIGHT WEIGH T Wc I GHT 

12 . 2 0 1 2. 98 1 .77 1 . 21 .36 1. 5 8 
37. 4 5 13. 34 1 . 74 3.72 1.27 4. 9 9 
15. 15 18 .20 1 . 9 0 2 .32 .43 2. 7 5 

32.70 18. 4 3 2. 1 2 4. 72 1.30 6. 0 2 
23.50 19. 64 2. 0 6 3. 8 9 .72 4. 6 1 
46.40 14. 2 6 2. 1 6 5 .35 1.26 6.61 

19 . 2 3 14.20 1 . 90 1 .7 8 .95 2 . 73 
19. 23 14.20 1. 90 l . 7 8 .95 2 .73 
19.23 14.20 1.90 1. 7 8 .95 2.7 3 

22.40 20.42 2. 10 3 . 4 8 1.09 4.57 
29. 55 15. 41 2. 6 1 3 .. 3 3 l. 22 4. 5 5 
31. 70 16 . 5 3 2.19 3 . 68 1.55 5.24 

/3A.7.3. 
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:"---= ~ e -z.•_~7. . CO!:-:• 

:--: V T R ~DOT Ti\J CROt!;\l T N TOTAL TN R.CCT C/N C RO',-/:'-.! C /i'li TOf t,.l C/N 
WEIGhT \·JE IG .. T \.!EIGHT R-1IO RAT IO RAT IO 

;12 : l i • 35 .. 29 • 65 10 . 38 4 . 32 
,· 2 1 j_ 2 . i2 . 09 . 21 9 . 7 5 4. 00 
021 1 3 • !.8 .. 09 . 23 12 . 22 4 . 39 

02::. 2 , 
.I.. • 3 l. . 17 0 48 12 . 56 4 . 13 

02 l 2 2 • 39 .. 30 .69 12 . oo .t,. . 31 
02 _ 2 3 . 6 4 . 35 1 . 00 8 . 29 3 . 53 

~ ' 
'j - !. 3 1 • 46 • 31 • 77 7.22 3.92 
02 - 3 2 . -25 • 2 l .47 13.56 5.06 
G2 : :;; 3 .35 . 34 .. 69 10 J39 4.54 

... ·"'\ .. 
\ ~ .!. ' 1 "l6 . ~\_} .36 10~75 4-. 73 
--._ .~ - 2 1 , 

0 .... o " 2 (} 0 .., " :o .. 75 L.,. 7?, 
r - . !._. v~ - :., V lb ~ 2J .. 36 l O. 75 4 .. 73 

-~-_,_c 3.t __ 7 .L~.'~he oy,-:mic reserve data o:f the plants s&Yripl ed i'!'o::: 

ber..c_ ::-:--. tr.e c.a~:-<: cove rs . 

T ::-ea trr. er.ts 1 ' 3R 
2, H 

V ·1 :<. -,NC T ;,1 0 LA ,'1T 

l 1 . 10 . 00 ? • / 2 15 . "'>0 
1 1 2 13 . 00 ?. • ?.O 18 . 40 
l i 3 1:.. . :5 0 1.94 16 . 25 

- 2 l 9 . 50 ? . 82 !'.6 . 20 
l 2 2 16 . 00 2 . 7 '+ 30 . '.20 
i 2 

..., 

.'.) 12 . 00 2 . 5L,. 23 . 60 

?. l 1 10 . 00 2 . no 11 . 20 
'.2 l 2 10 . 50 2 . ?0 20 . 55 
2 ' 3 12 . 00 2 . 2 6 26 . 75 -'-

? 2 1 7 . 50 ?. • 2 6 2t.. . 65 
2 2 2 12 . 00 2 . 78 32 . 10 
2 2 3 11. 50 2 . 96 49 . 90 

7 . 6t~ 
7. 31 
9 . 53 

9 ·. 5 2 
8 . 66 
6 . 6 0 

5.89 
9 . 68 
7.52 

7o50 
7.50 
7 0 5 0 
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Table 3A . 8 . 1 . Da ta used for the g rowth/te mperature rel a ti o n s hip . 

Sho o t h ei ght growth i n cr e~ent per week fo r t h e 15/8 Gro up 

on th e we ek ly dat e s (;,r) , 2, 22/8 ; 3 , 2 9 /8 ; •.... 7,26/9. 

Initial rel a tive s h o o t num be r for groups Un , 1 , 15/8 ; 

2 , 2 2 / 8 ; 3, 29 / 8 ; 4 , 5 /9 . 

Te • peratures as in text with weekly mean values re peated 

for e a cn replic a ti on . 
Treatm ents , 1, 3RC ; 2 , 9C ; 3, 15C; 4, HC . 

T \ ,,; S'·iOC T HT s~;orn •\I n rI~L D s u:.-1 Fir:Lu AV OSI •{ l\\f 

i ·, l () . no 
l l 2 " 1 ,, . ()() 
1 j_ :, C 0 (",() 

l l ~- • C. ( ) 

=- ~ r; . , 
. ~ 

~ . fl 

, . .. , 
_, J 0, 

I ., --::; r, 

< t ; 

. , ' 
-; ... ...... 

e , ' 

:-: 7 ? -;~ 
0 1 ' I 

,. : ·.;, . .... :) 
) 2 ' 2n - . 
. , .. ' ·, . -::,o 

, 
3 . 3() 

i ,; :) '.) • 5 0 
:, (..., ?, • 7r, 

i 3 7 :; • ?, 0 

T 1<_ ,' 
• I 

7 l. 1 o. nn 
~ l ~ 0 . 00 
:< 1 'J ., o . oo 
2 1 L-. 1.n0 
?. 1 5 . RO 
?. 2 1 3 . '5() 

2 2 2 R . 90 
:? 2 3 1. 30 
?. 2 4 . 7n 
2 2 5 3 . 50 
, ?. 3 1 6 . 3 0 
2 3 2 2 . 10 
2 3 3 1. 9 0 

?. 3 Lt 5 . 7 0 
2 3 5 9 . ()() 

1 '5 . nn 
4 . JO 
,_ . 1 0 
:) . ,) n 

' . ·,n , \, 
j r ~ . i ~ I 

( ., ·,..... 1"1 
,., ., 

' 
., ~ 

it . 
? • ' ' .' 

~, -! . 

·' -, n , , . 
n • 00 

19 . rin 

4 .(\() 

-::, . ();) 
n . () ,") 

r,, . 0:) 

() . no 

11 . nn -
?1 . nn 

q . 01) 

18 . 0() 
2 . Cl O 

l?. . 00 
1. no 

l. 5 . ()Q 

5. no 
9 . 00 
n. on 

1 ::i. . 00 
?, . no 

1 3 . 00 
o. oo 

l e~ • 7 ') 
l L • ·1 ;) 
l ;.i . 7 ) 
lr . • L: .1 

.~ ?, n f#, J 
J. ,.:: • ~_; ' · 

~~ l . "J • .• 

l . ~~ ..... , 
- -.- (. , . 

(. ... 
•, - ' t:._ ... I c, • ' , 

~ l. . ·;i,.---, 

1 8 . 4() 
l't . 9() 

23 . ~l-1 
l 9 . 9 n 
?. L 3 ·1 

lo . 1 0 
i c . 1 0 
::. n. ::. n 
10 .1 d 
l::> . ;.;o 
?. i. )(; 
?S .7 •:1 

-: .-, .. :.. ' 

. -, ' 
/ ,,.J o I 

..... . , . 
/ l• '-~ ,; 

2 2 . ()0 
l o . l 0 

21 . -:, () 
?.S . 7 0 
21 . 4 0 
22 . 9() 

~ iELD S Ll~ FIELD AV 

1 8 . 7 0 
·1 P. . 7 0 
l R. 7n 
1 8 • L,:) 

14 . 90 
19 . 51) 
?.3 . 8 0 
UL40 
14 . 9() 
19 . 50 
2 3 . H n 
18 . 40 
1 L, • 9 () 
19 . 50 
2 3·. 8 0 

ld . 1 0 
1 B . 1 n 
l d . l 0 
1 8 . 10 
l. 5 . 110 
2 1 . 6 0 
25 . 7 0 
1 d . 10 
15 . ,10 
21 . 60 
25 . 7 0 
l B. 10 
15 . ~ 0 
2 1 . 60 
25 . 70 

? O . ':,0 
?. ,) • S 0 
? 0 . 5,; 
?() . L;.') 

l<:, . 10 

-;7 . 7 :-, 
? 1 o ') r. 

/4 0 ~ :-: 

?\ . ... 

/ -,. Ci - , 

/2 o n ~. 
/ I..:- . 5 ,) 
.(0 . 1-:- 0 
i 6 . l 0 
? 2 - '<) 
?7 . 7 C 
?_2 . b t) 

?.4 . ~ 0 

OS I :, AV 

2 0 . ()i) 

? 0 . '50 
? l) • ~ 0 
?.O . L,0 
16 . 10 
? 2, . 'f 0 
?_7 . 70 
7 0 . 40 
16 . 10 
?_2 . 4 0 
? 7. 7 0 
? 0 . 4 0 
16 . 10 
72 . 40 
27 .7 0 

/3A.8.1 . 
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Table 3A . 8 . 1 . c ont . 

T ·; S,-llJ,J T hT s :--iCJ G T :\J:l :=r ,:: i_ D SU H F i i:L J AV i) s I.-{ !.:..V ·, 

3 - l 0 . nn 1 1 . 00 1 8 . 7 0 l d • 1 Cl ? 0 . 50 
') :.. 2 () . ;)() 17 • no 1 ;1. 7 () l d • l r, ? Ci . 50 
:S l 3 () . nn "( . 00 1 b • 7 1) L ') . 10 ? 0 . 50 
-, 1 4 l . L () q • ()(; l H. 4!1 l o . 1 0 7 0 • 4 ( ) 

? :5 J . • r1 n Q . no 1 4 . 9 (; 15 . i.1() 1 6 • 10 . , ·-::, l '.") 3 . 50 l 7 . no 19 . '5 () 21 . s 0 22 . 40 
3 1 "( 

~ '.) 
, n 

• t"> • ,1 . on ?. 3 . 8 0 ?.5 . 7 0 ?7 7 (' 
• t . ) ,, 2 -, 7 . no n. no 1 9 . 9() 21 • L, 0 ?2 . 60 

., 
2 ?. ," • 5 0 n . nn '") 1 • 3() ?. 2 . 90 2li- . 50 ... n t'. l. 

? 2 3 2 . 5 0 JR • no 1 8 . 40 lo • l 0 2 0 • Lr 0 
3 2 !;- . 0 0 5 . no 14 . SO ;_ j . 8 ;) 1 6 . l C . 
3 2 ~) 4 . 1-tO q. on 19 . 5() 21 . 6 0 22 . 40 
3 2 h fl . 10 n . oo 2 3 . s () 2:5 . 7 0 ?.7 . 7 0 
::\ 2 7 3 . 2 0 n. oo i9 . 90 21 . 4 () 72 . AO 
?, 3 s . ? O r) . no 2 1 . 30 22 . 90 ~Lr . ,.\Q 

~ ·;_ 
:...: l • ,". :1 ;::u,,. . ()(") l B. -'+ n lo • 1 lJ ? () • 4 () ., 

") : (., 7 1.; ,) , ..... ·" ~ ~ ~ 9r) l S o -~ C) l .~ . ~ c, ., <• 1, I 

" -::. ·r ? ,.., \: r: 1 5 . n!] 1 (: :::; n ?. l • 6 J ??. 0 ~t- 0 . 
__ , . _, ; ,1 

0 
1''1 ;'} .. ~ -:) . ~- i') 2 :; u - / C) ? 7 . 7 Cl 

- / i ,·),j i ,_, ~' : ) -~ l. 0 -~;- \', ::,2 
• I•.> \ I C . 0 ~) ~ ) 

• ' ;, 
"'( ' ("°'I O·-;:; .n . _-:" l; .2 L o (_i ;_) 2 ~-" l:. (j C 

-
~ 1\; S·I J,i -, HT SHOn T ;\) CJ FI :: :_u SU -1 FI ~LL) AV ;) SI,< i\ \/ 

4 ' 
' o. nn ?. L, • n ,1 l il . 7 0 ld . l Cl 2 Ci . 50 l. 

4 l ' ; 
{. n. on 15 . ClO l fi . 7 0 l d . l 0 2 0 . '5 tJ 

4 ]_ "3 n . nn 7 . GO l t; . 7 r1 1 d . 10 ?. 0 . 50 
I.,. i 4 1. 30 9 . 00 1 8 . L, () l d . i 0 20 . 40 
4 i ? 1. no 9 . 00 14 . 9() 15 . 80 1 6 . 1 0 ~ 

4 l 6 3 . "3 0 15 . 00 i 9 . 5-0 2 1 . 6 0 7 2 • 1+0 
4 1 7 7 . 7 0 0 . 0 0 23 . 8() 25 . 7 0 ?.. 7 . 7 0 
Lr 2 l 7 . L,0 n . oo 19 . 9 0 n . 4o 22 . 60 
L, 2 2 5 . l 0 o . no 21 . 3 0 22 . 9 0 2';- . 50 
4 2 :~ 1. 3 0 19 . 00 1 R. 4 0 l d . 10 ? 0 . 4 0 
!+ 2 L~ . 50 1. 00 14 . 90 l '> . ao 16 . 10 
4 2 '.) ?.'. . 30 10 . 00 19 . 5 n 21 . 60 22 . 40 
4 2 6 10 . 7 0 o. oo 2 3 . BO 2 5 . 7 0 2 7 . 7 0 
Li- 2 7 6 . 40 n . oo 19 . 9 0 2 1 . 4 0 7 2 . 60 
4 3 )_ 10 . l 0 5 . 00 21 . 30 22 . 90 ?4 . 50 
4 3 2 2 . 20 3 . 00 1 8 . 4 0 18 . 1 0 20 . 40 
4 3 3 1. no 26 . 00 14 . 90 l ::i . 80 1 6 . 10 
4 3 4 4 . 30 · 0 . 00 19 . 5 0 21 . 60 22 . L,O 
Li- 3 :-; 7 . 30 o. oo 23 . 80 2 5 . 7 0 27 . 7 0 _, 
l, 3 6 3 . 40 o. oo 19 . 9 0 21 . 40 22 . 60 
4 3 7 6 . RO o. oo 2 1 . 3 0 2 2 . 90 2Lr • 5 0 
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'=: c.-c-l e 3-0-. 9 0 1 • 'I'he :.:e 1le r sal ex:pe riment c:::-·op yield and lucern e growth e.nd 
c o:npos ::. t ion dat a . 
':1reat!"~er:J~s ~ 3 ti 2 , 3R -;;: HR 4 , H ' 

4' 
./' 

V T H R LUC ERNE 0 TH ER TOT AL SHOOT STU BB LE SHOOT srE M LEAF 
SPEC I ES NUMSE r<. 

. ' i l 4 . 4 0 1 3 2 0 5 8 136 .. 9 8 l o 5 6 2o 8 4 1 1 9 .. 00 1. 01 .55 - -, 
l 1 2 5. 8 1 i 9 5.1O 2 0 0 . 9 1 1.62 4. i 9 95.00 .95 .6 7 -, 
1 1 3 5.62 151.74 157.36 1.76 3. c3 6 72. 0 0 i. 24 .52 J. 

l 1 2 1 2 0 7 2 148 . 30 15 1 002 LO3 1.69 27.OO .67 • 36 
1 1 2 2 2.92 168 .63 171.55 1.97 .95 58.00 • 7 3 1. 2 4 
1 1 2 3 8 .. 00 i 36. 9 6 . 144.96 4 .. 8 2 3.18 118.00 2. 41 2. 41 

1 l 3 1 7 .. 44 92 .. 7 5 10 0 .19 4.90 2.54 121000 L 7 8 3. 12 
1 l 3 2 3 .. 40 127. 43 1 30 . a 3 2.50 .90 50.00 1 .. 05 1.4 5 
1 1 3 

..., 
6 0 25 115 .2 0 121. 45 4 .. 6 2 1.63 12 5. 00 1.90 2. 72 :) 

. 
? 

, 
:;_ 5. 7 0 170.:.>6 176.06 1. 13 ~~44 75 ~ 00 ., 94 • 19 - -

~. , ') :~o27 l29c;7~ l L,9 ~ 5 8 2.25 7 .. 37 12.'.2 .. 00 1 . 2d 0 97 L -
.c:. 

. -. - "I ,, l 3Z~ o 3? ~ 58 o ~ l 2., 24 9 . 00 153 .. GO :.. "'75 .49 - :.. .:... 11~.:::::j...t-

. ·- - 2.! .. " l 0 2_70054 ~ 9 ~/ ,> 6~.- 6~92 l7.13 139 .. GO !.:,.(143 2 . 49 
::; l 3 ._ S '-:- ".. T? r · , 

~ 0 ~ ... 0 :.. 6 .. 35 7o59 :._.::,doO0 -;;, i:;:; 2 0 ,3 2 - 0 \ _,, " _, ....,• 

') --,, ·.:, (; -,. 1 -.;. .::. z._- G ,. "" , ~ :> ., 6S 1O.i.3 2 62 0 co '~ ? -, 5 L? -- . ., :_ __,;, \...J' - _;-...) • -~ -J ~ ·J ·~., ~ -._. ~-) V .JL- I .. -
- 30 ~ 7 /.r 2. :i. 2. 0 2 :._ .Cc2 o 7 6 2 .::,. 05 3.79 179.80 1 !. __ "3 .,, __ 12,;, 6:. ·- J 

j '- 23 . 90 1 30 . L,-3 154. 3 3 20. t,3 3 .L:-7 232.00 10.,, L;-2 10 .. 01 
.l.. 2 3 3 45 .. 8 6 110 .0 5 15 6 . 52 3 5 .. 9 2 9o 9 4 2 81 0 00 2 i . 7 3 14 0 19 

' 25.0 0 1 2 3 .90 1 L~8 ., 9 0 2. 4 6 22. 54 1 1 2. 0 0 lo l 2 1 .. 3 4 -'- :) ~ -
.:. ~ 1 2 15. 0 6 1 14.93 12 9 . 9 8 . 3.5 1 11 .55 1 64.0 0 2. 98 .53 
.L 3 l 3 6 .. 5 8 137. 09 143.67 2.24 4 .34 102. 00 1.09 l. 15 

1 
..., 

2 1 ::.1 . 39 140.10 151. 49 6.2 8 5 . 1 1 100 . 0 0 3 .06 3. 22 :, 

l 
..., 
:, 2 2 1 2. 6 5 1 36. 18 148 .8 3 6036 6.29 152.00 3.1 8 3.18 

l 3 2 3 10.97 147.87 158.84 5.92 5.05 140.00 2.69 3.23 

1 3 3 1 15.59 106. 43 122. 0 2 13. 32 2 .2 7 2 54. 00 5. 8 4 7.48 
1 3 3 2 16. 15 11 5 . 26 131.40 12.72 3.43 289.00 5.20 7. 5 2 
1 3 3 3 29.66 11 4 . 7 0 141.14 22.35 7.31 311.00 9. 8 7 12.48 

l 4 1 1 4 3.71 6 5.96 109.67 6.63 37.08 3 07. 0 0 4.3 5 2. 28 
1 4 1 2 17. 81 61. 38 79.19 3.97 13. 8 4 156.00 3. 30 .6 7 
1 4 1 3 39.02 69.46 108 . 48 6.01 33.01 434. 00 5.32 .69 

1 4 2 1 71.03 8 9.24 160.28 49.O 8 21.95 904. 00 28 .3 8 20.70 
1 4 2 2 64. 3 8 95. 17 159 0 55 34-.99 29.39 658.00 19. 7 3 15.26 
1 4 2 3 41. 37 92.00 133.37 22.97 18 .40 472.00 12.88 10. 09 

1 4 3 l 8 6.43 64. 73 151.16 76. 87 9 o5 6 8 74. 00 36.78 40.09 
1 4 3 2 75.92 58. 97 134.89 65.61 10.31 648.00 33.81 31. 8 0 
1 4 3 3 111. 08 67.32 1 78. 40 82.93 28 .1 5 15 00. 00 45.90 37.03 

/3A.9.1. 
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i"f' 2Dle 3_)._09.1 _. c ont. 

V - R LUCE"NE OTHER TOTAL SHOOT STU BBLE SHOOT STEM LEAF I n 

SP:::CIES f\JU,\BER 

2 1 .L ' 6 C 22 153. 3 6 159. 5 8 l. 79 4.,-,3 l OL:-. 00 l. 04- 0 7 5 -'-

2 1 
, 

2 8 . 5 2 133 . 22 146Q74 3 .. o 7 5.45 1 8 0.00 2.02 l .. 05 l. 

2 1 l 3 16.91 i 50., 0 L~ 166.95 5. 3 0 11 .61 391.00 ::i .. 28 2 .. 02 

2 1 2 1 8 .99 1 5:- .55 162.53 3.10 5.89 12 8 .00 1. 5 2. 1. 5 8 
2 1 2 2 7 0 37 155.22 162. 59 4.3 0 2.99 i 55. 00 2. 0 :'.. 2. 37 
2 1 2 . 3 1 3 .. 5 3 154. 84 168. 3 7 6.92 6.61 238.00 2.89 4 .. 03 

2 1 3 1 4.79 133 .. 62 138 0 41 2 .. 8 4 L.95 95.00 10 21 1.63 
2 1 3 2 13.69 93.28 10 6. 9 8 10.l:-8 3.21 3 21. 00 4.17 6. 31 
2 1 3 3 8.92 150.02 158y94 6.23 2.69 180.00 2.40 3. 8 3 

2 2 1 l 12 .. 35 221.32 23306 8 .52 11 ., 8 3 46.,00 .. 46 .06 
2 2 1 2 34 .91 113.64 l L,-8 ., 5 5 4 .31 3 0 . 60 2 53 0 00 3.57 .74 
2 2 l 3 61 .. 32 111.46 l 72 78 8 .55 52~ 77 573.00 7"' 2 8 1 .. 2 7 

2 2 1.: .. 0 s 0 lS '-r..., t :-~ 1 ';') 0 2 i. 6 . 28 8 ~ 52 2 08 .. 00 
..., r..., 2.40 ·- - :; .;) 0 0 

2 ') ' ) 2 20 C> 3 ~ :!.. 46 0 2 3 i 7Lro 54 1 l. _ 7 17 vl 4- 310,00 6 ,., 9 6 4. 21 
, 2 2 3 Lr3 o 80 '"Ir\ I .-,9 

.... U "-r~~.:i !_ 40 CO 3 22 0 1 2 2 : • 7L, S2 7. JG :... : ~ 7 '.. :'..O. 41 

, '· .? 
- ,..., ""\ -
:),J ~ :.; :'> ~.33~2::. ~ ::,-; ~ 5 3 22.ss -, ' " . ~ -.-v - -, ,.... r· .-... 

;:jf\..:"UJ :. '~ ~ !._. J "\ '" - -.:. 1.., '-':) '.) 

2 2 ;'.'.'. 20 . CJ~ :._74u lC ~0•~w(jS, 2 2. 2 ir !.r G, 6 8 ~-::,\)..,JC, .. #I ;: "'; lC~4 : J - - o--' L 

~ 36 o SO 1: 2Q00 iL.-6"' - ? 23 . GG 8 o4~ L-91- .. GO 
~ . , ..... . , , 

- l. J .:._ - • CL l .) ., '- '.- o 

2 l , 16. 5 l 11 9 . 5 1 l3 6 . 08 8 . 7 2 - . 7 -.5 4 C:... . 00 5 . S 0 3 ~ .'.,-9 :.> -
2 :, 1 2 24.95 8 9.2 9 114 .. 24 5.42 19 .. 53 35 8 ,. 00 3. 90 1 .52 
2 

..., 
1 3 24.45 99.60 124.01 13.38 11.07 5 8 5.00 7.72 5.66 :) 

2 3 2 1 40.52 10 5. 8 8 146.40 21.46 19.06 75L, ,.Q0 10.73 1 0 .73 
2 3 2 2 28 .99 134.63 16 3. 62 14.84 14.15 8 09. 00 7.42 7 0 42 
2 3 2 3 33 .63 111.93 145.56 20 .02 13. 6 1 720.00 9.29 10.73 

2 3 3 l 25. 8 8 _Lr3.00 168. 8 8 21.34 4.54 5 8 0.00 8.17 13. 1 7 
2 3 3 2 33.82 134.31 168 ., 13 26.58 7.24 6 41.00 11. 8 3 14.75 
2 3 3 3 35.47 114 . 53 150.00 27.49 7.98 7 09.00 ll.23 16.26 

2 4 1 1 45.78 53.73 99.51 8.81 3 6 . S7 39 0 .00 5.48 3 .. 33 
2 4 1 2 31.02 78. 44 109.46 2.88 2 8 .14 2 02. 00 2 0 16 .72 
2 4 

, 
3 60 .82 69.98 130 . 8 0 6. 2 0 54.62 319.00 4.16 2.04 .L 

2 4 2 1 27.99 149. 8 6 1 77. 8 5 11. 44 . 16.55 397.00 6.44 5.00 
2 4 2 2 62. 7 2 131.41 194. 13 3 8. 71 24.01 969.00 20.03 18.68 
2 4 2 3 7 2.86 138 . 92 211 . 78 38.90 33.96 895.00 19.45 19 . 4 5 

2 4 3 1 67.22 64. 25 131.47 54.05 13.17 532.00 27. 6 3 26.42 
2 4 3 2 108.33 67. 42 175.74 7 8. 68 29.65 874.00 3 8 .23 40.45 
2 4 3 3 76 . 70 143.22 219.92 66.64 10.06 617.00 33.32 33.32 
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~~2: ,J.e ~ ~ 9. 2 . The reversa l ex:;--.; _,.. i !Jlent o-r> o--:.n ·: c 
-c.., ~ - reserve d2ta. 

Treatme r ... ts -" 7- : : 2, 3R I , :) 

3, H::t ,, 
'+ 1 H 

u V T R ROOT r .-~c CRO\-J I\J T :\JC ROO T TN CR m-Ji'\J TN ROOT CRmiN ' ' 
PE RCE W1 PERCE NT PERCE NT PERCENT v/E I GHT \ff IG HT 

0 C l i 10. 00 8 .. 5 0 lo45 1 • 86 9.70 6 .. 25 -
0 ' l 2 13.00 7.00 l .. 71 2G 04 4~ 90 3 .. 0 0 
0 ~ 1 3 li.00 7.50 i.62 1.95 13 .. 50 8.55 

0 l 2 l 3 6 .. 00 20.00 :i. .. 7 8 2 .1 7 23 .. 45 7.00 
0 1 2 2 28 .00 17. 00 l. 72 - q 1 2 12 .. 70 5.70 
0 

, 
2 3 36.0 0 22.00 lo84 ·- • :.. 2 22.90 7 .. 50 

0 
, 

3 l 9_00 9 .. 0 0 2 o33 2 .. 2 9 11 .45 10.80 l. 

0 ' 3 2 9 . CO 6., 50 2. l 7 2 .. 46 1 5 .. 55 1 0 .. 25 ... 
0 ~ 3 3 8 .50 6 .50 2 .. ~ 9 2.44 1 5 .. 0 0 10 .. 75 

: -, i . 1 27u0 0 l:.. , 50 2o 7 9 - 1 ~ 23 o c\.·~ 13 .20 - V - :) 

,-. L;. 2 29 .)50 13 .. ::;0 2o29 3 2 .. 3 5 16 .. 7 5 u .. .:_ C, ~J ... 

r, , - 2? " C 2 .. h - '\ 2.63 2 . os 2 9o7C 18 .. 55 , : 
~ 

..,. :., 1.-J•~ U 

:._ 3 ~ 0 1 ~ s ._ 5 1~, :. ... ::: ~-- l. 90 5 . .. 
~ - :; ; .. 50 . 

- 2 ' . ., ,. - ,.. .~ 
"t;l, ..... ~ .!'.;--

C ~ -~ - - .'\ 
·- :. .:. • :::> ., :J ~ ::; I... :) e, ._, V 

. 
2 3 ~?. v :) {) 2 .. :S J 

, , ·, ,; ~ 5 C, 7. ,:-; 5 ., ... .... C, ... · . ;:. ,. ~ 

:) 2 2 .l. 22 .5 0 l.';-,. 0 1) : "j 6 2 • 2:.. l ·1 • 5 Ci 10 . :=:15 
0 2 2 2 29 .. 50 16 . 00 1. 96 2 f,., Lrl~ 12., 1 0 5 . 3 S 
0 2 2 3 30.00 16. 00 2 .o 2 2.54 25 .. 3 0 14 . 30 

0 2 3 ' :.i oCC 7. 50 2 .. 10 2. 17 25 .. 00 27.55 ' 
u 2 3 2 l 3e 50 8 . 50 l Q 74 2.1 0 18. 10 16 .4 0 
0 2 3 3 l:i. .. 00 7.00 2 .. 12 1 . 98 18.30 2L60 

0 2 4 l 25. 50 16.50 2.47 2 0 98 17.55 15.00 
0 2 4 2 25.50 12. 50 2 .. 44 2.71 27.70 26.40 
0 2 4 3 25 .5 0 14. 00 2.50 3.12 27.70 22.50 

/3-4. . 9 . 2. 



~s~le 3A.9.2. c ont . 

ri V T R RT CR. 

.l. -
,,... . ' 
\ ' I ' , - - l 2 
01 1 1 3 

0 ~ l 2 l 
Ol 1 2 2 
o· :. 2 3 

Ol i 3 l 
O"l. 1 3 2 
~ , 1 u _ -

'"' ' v • -

3 3 

L 2 
\,J - - ..... 

,, 

J :.. .. _ ~ -

. . '2 2 _;_ 
, _ ·- 2 2 
C~2 2 3 

- - ? 
. ) - - 3 , 

0::.2 ?. 2 
o· 2 3 3 

012 4 1 

012 4 2 
01 2 4 3 

\~!EIGHT 

15. 9 5 
7 . 90 

22. 0 5 

30.45 
18. 40 
30. 40 

22.25 
25 . 8 0 
25.75 

36.20 
49 ~ :..o 

F, .. -~ ~ 

... ,-., 
L I ,.; ~) ? 

i 7. 95 
39.60 

52.55 
3L, • 5 0 
39 .. 90 

32. 55 
54. 10 
50.20 

259 

TOTAL T.~C TO T,\L TN ROOT TNC CROWN T NC TOf AL TNC 
P~RCE NT PERCE NT WEIGHT WEI GHT WEIGHT 

9., 41 
10 . 7 2 
9. 64 

32. 32 
24. 59 
32. 54 

9 . 00 
8.00 
7. 66 

22 .. 57 

- l . 

. r 7 -
- •.) V ,j 

• 0 ';;l,_ 
l ✓ "' . J . 

2 5. 10 
24.94 

9. 16 
11. 12 

8 . 8 3 

21.35 
19. 15 
20. 34 

1. 61 

1. 74 

l. 86 
1. 8 4 
1 . 90 

2 .3 1 
2.28 
2.46 

2. 91 
2. '"; ~ 
2 • ..; 8 

.. : 3 

2. : 3 
1.9i 
2.04 

2.70 
2.57 
2. 77 

.. 9 7 

. 63 
1.48 

8.44 
3 .55 
8 .24 

l .. 03 
1.39 
~ ,,2 7 

6 .. 21 
C 
7 -

, -

-, -, 

..:.. .. - -.._J 

.:. - - 0 

3 ... 9:.> 
3 .56 
7. 59 

2.75 
2 .L~4 
2 . 01 

4 .. 47 
7.06 
7.06 

.53 
"21 
.64 

1.40 
.96 

l • 6 5 

. 97 

. 66 

.69 

l . 51 
2~26 
2 ~ F, 7 

2.06 
L39 
1 .. 51 

2 .,L,. 7 
3. 30 
3 .. 1 5 

/3A.9.2. 

. 84 
2.12 

9. 8 4 
4. 52 
9.89 

2.00 
2.06 
1.97 

7 .. 72 
1L80 
l O .. c.l9 

: ~ l L:• 
, r-

.:_"CG 

·_ ~ 7 8 

5.38 
Lr o 50 
9 . 8 7 

6 . 95 
10.36 
10.21 
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~VT~ ~COTT~ :~OWN T~ TCTAL T~ ROOT C/N CROWN C/N TOTAL C/N 
~~IGHT ~EIGHT WEI GHT RATIO RATIO RATIO 

\ i _ l 1 _ 

01 1 1 .!. 
01 l l 3 

01 i 2 1 
o:.. l 2 2 
c_:. 2 3 

0 t ::. 3 _ 
o· ' 3 2 
c::. ::. 3 :i 

" 

' - -

V - •-

G _ 2 2 2 
o: 2 2 ::., 

0 1.~ 3 
("•i .~ 3 2 
,) ::..2 3 ::, 

1 _ 2 4 2 
0 :.. 2 4 3 

.0 8 
• 14-
. 21 

• 21 
• --;- l. 

.42 

• 33 
0 26 
0 37 

-, ' . ' 

•. :> 

? -. . . ..., 

• 27 
.. 5 i 

.5 2 
- "' • ~o 

. 6 7 
• 43 
.69 

. o 6 
• 1: 
.16 

. 12 

.15 
• 15 

' ' '-r-~ 

.... , 
~ \ I 

-, 

.. 3 6 

• 3 l.-
• 59 
• 42 

• 7 1 
• 44 
• 70 

'::'a"b2.e 3A.9.3. Reversal experiment 

(No ./1 sq :ft) 

,,, ., 
i 5 ., ,,. 2 1 1 I I o I 0 

1 2 6 . 83 2 1 2 
.A 
I 1 3 6.oo 2 1 3 ,. 

2 1 7.33 2 2 1 I 

1 2 2 8 . 50 2 2 2 
1 2 3 9 . 16 2 2 3 

1 I 
V .L.. "";· 

. 25 

. 33 
• 56 
" 5 3 

.5 8 
.. 51 

') I 

u - - -

. 65 
l. i 2 

• 8 i. 

l.39 
• 88 

1.39 

7.60 
6 . 89 
6 .79 

16.27 
2 0.22 
19.56 

l.,. j l,.. .. - . 
3.86 
3 .. L.l 

J '· ' 

'I• 

. - '\ . 
- J • \, ::i 

:. .:. 0 .:.2 

7. 75 
5. 2:; 
5 .. 18 

10.45 
10.32 
10.20 

4.56 
3.84 

8 .01 
9 .. 21 

10 .. 37 

2.64 
3 .. 93 
2 . 66 

5.07 
.... ,,. ., 
..:) • :-.1 

5. 1 :. 

- :;c ') . . ) .... 
- . ,) -
V ... :) _ . 

6 . 29 

Lc.04 
3 . 45 
3.53 

4.61 
5.53 
4 .48 

plant population count. 

4.33 
10.33 
8.00 
7.50 
6 . 50 
7 .30 

5.84 
5. Fi 4 
5.51 

13 . 33 
17 . 28 
17.04 

3 . 50 
3 . 39 
3.10 

':' " -, . 

: , .. 
- - w ~' 

... -, . 
- ' "',J 
L. 29 

7 o l~4 
7.89 
7.32 

- ---- -; 
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I 

I 

?6" ~ I 

APPE1'D I Z 4A 

STATISTIC AL A~ALYSES 

Tc. b ..... e 4.:i... 1+.:. P.;-:o ·vA"' o the cu:·:.-.;. l :;.:civ e c ro-o n roduct io n cf t he total anci 

oth 2r spec i es growth ( ~~ 

·; I 
' l Tot a l 0t .er S":-)eci es 
I Va ria t i on df 
! I I I !'-':. s . F~* Sis . M. S . ~ 

I C: • 

' t . ....,ig . 

I Variety (V) 1 i :140 . 9 0. 3 r:-s ' 1733 . 1 ! 0. 7 ·s I 

Tr eatment (T) 5 , 692 8.2 1. 8 ~s 28195 . 1 j 11 • 1 1% 
' Re plication ~, 4fi39 . 9 1. 3 I ES 222 1. 6 I ~J 

NS 
I V m l,.928 . 8 1 . 3 XS L738. 7 :,rs I X 

.,I ' I 

Er ror 22 1 3752. 8 I 2531. 3 I I I 
I I I 

~~b le 4/.L. 2. Af~VA ~f the cu~ulat ive l~c erne crou ~roduct:on ( g~ 

·- -- . . . 
_-_.:.. -... __ ~ .. ; ~"'._::_.):cl 

V }: r:;:i 

Er:r .::>r 

t: - - ---- ------- ----- -----

2 'i 2 --.-3" C 
55 ;~,6. ~-

- .. ,... I , """' ;_ 
-:; : ;; i 'J'i '"') .1 ] · 

5 : 2552. 3 
22 j 1890.0 

..... . .. 
"-' - ._ ... 

... .. , 
I / J 

:: . .:: . 
C., J03~. c.--i 

.J ~ :_7 7:_:_ 
o. 0503 i 
o. 02 50 I 

C., S 
..... s ... "', 

2 . G 
' . :::-' 
' ,v J 

! 

I 
I 
I 

I 

7F~Je 4~. 4. 3. ARDV~ o_ ~~ e point a~a l ysis r ecords ~or l uc erne . othc~ 

I 

' ' Luce,.-.ne I Ot i'ler Species 3are Ground l 
Id f Variat i on 

i Si - !S i g I I I - i I Vi . s . F .. ?-1 . S . F. t·': . s . F. I S1. J . t I o 

26 . 54 
I 

I\'S I 7.04 o.4 26.00 R.;;-plicat ion 2 2.2 I NS 
Va iety ( V) 1 155.04 12 . 7 1% 0. 37 o.O NS 170 . 66 
':'reatment (T) 3 184 . 48 15. 2 1% 581 .48 37 . 4 1% 1 56 . 11 
V X T 3 21. 04 1. 7 NS 36. 70 2. 4 NS 40 . 11 
Er ro r 14 12.'16 15. 56 I 17 . 33 

I 

* AN0VA , Analysis of Varianc e 

• • Wheie F is less than 0.1 a va lue of 0.0 is e nte r ed . 

¥** Da ta transformed t o arc s in val ues b efore analysis . 

I I 1. 5 HS 
9. 8 1% I 

I ! 

9. 0 I 1 o l 
I ;::, 

2. 3 l 

I 
NS 
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: 
; 

' i 
I 
j 

I 
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~ab!e ~A. 4.4 . AKOVA of the noint ana lysis records for Erass, cl over and 

other r,eeds . 

I I I 

d fl 
G:~ass Clover I Other ',·',ie cds I 

~ia~iat io :;. I C:.: C" : 
i • I I Is · ' i >~ . s . ? =': . s . F Si g! '.f ~ F '-'-'-o I , ; . 0 . I l o I 

2. 6 NS I 44 . o4 I I 
""I .... • ' • 2 91.54 I\'S 3. 16 0. 3 'i. 1 I NS .,ep~ica -c :.. on 
itn.~- -:-. ety (V) 1 22,. 04 · o.6 NS 6. oo 0.5 NS 1 2. 66 

I 
0. 0, KS 

':'rea t:ne:1:c ( 'i') 3 448. !+ 8, ,3 .o 1% 41 . 16 3. 3 57{ 22. 72 o.6 RS 
V X 

,:i 7 5.48 0.2 i NS 28. ")51 2.3 ~s 52 . 11 

I 
1.3 NS .I. J 

E1 ... ~ or 14 34. 49 12. 31 39.04 I I 
Tc:.ble 4A.4 . 5. AX0VA of 1 . First ula.nt nuF..ber ~ou nt O ~o . /1 so ft). 

:~: ; ? ::_ :__ C , .... -~ :_ ..:, -~ 

.' ......... :· ::. 2·~~.r c-•i1 
, - \ ! . __ . ::.s, :..:.~~- ~ \ ._.) 

2 . Initial rcot + cro~~ dry ~eights (gm/ ~l a nt). 

l• 3R and E t reatme nt l ucerne CGR comnarison. 

I 
I Plan,; nt~!:·.be:c· 

C: ~ :----,---, 
' ~-:.s. ~- ls ~;-:: 

2 ' 

-
J 

1-~ ; 

:; 0 :; :::. : 0. 9 ; ~:.: 
!, 3. 5 5 i 12 • 6 ; 

6.?4i ~ 0 '7 
1r:' , 

/J ! 

? .. r r• ( r., , c, 
_ \...: , ':) , I U a '-" , /() 

:?.00·c + Cro·.·:!'l i l CGP. 1 

I .- c:. f '-----/--..,-. - ! ~-~ -~ -_ ! 
:-:~s. ! r :sig I =·~.s. 1 i ...,-- b 

; ' 
' . . y l G. 9 i 

- - --. I 

~\ ·J ' 

- ~ -:.;;:, ' '12 '7 ' • ' . ,✓ •· ' ~ f I 
'1% . 

o . . j~ o" 6 ; _,;:. 
~.7C ~. 2 I 

j 

' 
2 ! G.23~ j 'J.'7 i 

C. 004i 0,0• 
... l ,... I ,... ; 

.::, . '-:c? ~9 . c• 
C .. i1..-j· 0 ~3 
~. 32 S1 

~~.s I 
~:~- I\ 

i; ... 
-.. -. I 
. , .::i i 

i 

-, ,.,.,.~ ,., ('{ /1 c .c- t \ co .. uu. __ so.. . o . •Jo 1. _. 

I 
Varia t i on df 1 E . S . I F Sig; 

::;epl i cat io r:. 2 7.72 i 2. 3 ~s ! 
Count ( C ) 1 43 . 28 12. 7 1%! 
Varie ty (V) 1 13.06 3. 8 ~s 
Tr eatment (T ) 1 I 0. 25 0. 0 i';S 
C X V 1 10. 33 3. 0 

I 
NS 

C X T 1 7. 90 2.3 NS 
V X 

r, 1 50. 14 14. 8 1%' .J. 

C X V X T 1 13. 45 3. 9 NS 
Error 14 3.39 



I 
! 
! 

Table 4A. 5. 1. ANOVJ._ o:: L1e dry \'lei;:,::-:.ts of plant parts (gm/plant) and 

shoot n~~ber pe~ plant by stages of growth. 

Vc:.:.·iation 

nJ ::a rvest 
I 

~e::?lication I 

I T~eatment I Error i 

3" :n.e.rvest 

f ~e:plication 
I 

T:i:-eatmer..t i 

Err~~ I 
l 

~- - - ' .. 
_'\: _) _:_(:; 2... --s:....o~ 
-- . ' .. ,, '·'-'• -·· .(:;,,.. . "':.-

"7'. . .... - . ..... 
-- -- ~ V-

~ -.. I I •• • . - . . 
' ... -· ,J 

The data ~or plant pa~ts was transforffied to logarithi~s 

and for s~oot nunber to square root before analysis. 

Leaf Shoot Plant 

d ~ ! I I F ls =-g ! :-: . s. 1 
F lsi g 

1 I 

" s I ... ~1 • • 

NS y 3. 12 o.o I NS I 2 1.99 0.3 0.37 o. o 
5 1 36.42 4.9 3%~263.36 5. 8 · 1% 1689 . 60 7.5 

10 q 7.36 1
1 4r 10 I j 92. 18 h :;. 

( ,., t " ,_ 3RC 9c 1 c::c "C ~.,.,... d 'C'P') 1.rea !':J,;;;nl,s s , _,, , n , :>::1.•.1 an ,_ .. 

2 ~ 2 5. 4 3 
I 

5 :· 143.41 
10 ~ 26. 04 

,, - • i 
2 O" J'-r i 
.::: , , ..., 7'7 ! 
_,I I I V ,1 j 

..., ,..1 -.:: :::: ?l· t 
1 l,.__ _,,/_,,,, .. - .,' I 

0.9 
5.5 

. 

0 .2 3., j 

·. --:;-r. 

I 
i 

../ -.· .... : . 

NS ! 6 5. 2 9 I 1 • 7 
1%:551-51 114 .5 

NS ii 8 8. 4 3 I 3. 7 I 
1% 602.65,25.ol 

'. 38.06 : 24.08 I 

' ' ~ ~ ~--, -., 2 1 ,-~ 1, C:, - ,- I 
1 C • V C:.. I l) ~ .i\0 i _,/ I e.) :J { 

c:'' · .:?,.. -:;, -' , I :: 7 :-:i l "" c: 1 1 -:) i.J .,)- 0 ,,, c.-, J ./ ~ :J ;:.; - 1 v • _,/-- j 

06,;?1, :-: 20.67 1 

0# ~ '. 
3o l.:. • 

I 

NS i 
1at: I 

,o I 

NS 
1% 

:.,:s i 
5%1 

i 
' 

- ·-·-·-------------------- -------. ' __ ._ :.:.i ..... :_c . ...,_ -c:.. 0 ~-: 

]o:·/'. .. ica tion 

I 
'l':.:-catments 
E:!'rc:. 

3,'7 . ::.: ~,~"1 ,75: 3 . 9 j 
::> - l ~c ' 7r ",C::' -.- J. • ,J ..... V o '-_; ./, .).9 

~20.33 i 

( Trc ..... .;:::~Yl-;; s 3:RC, ~ 1'.i' . .:. .. ) 

2 :,1 66.46 I 1. 6 NS 424 .79 1. 9 
3 ;558 .09 5.4 5%~1979 . O 8.8 
6 1' f, 223. 06 ;1103. 71 

' 
·, 

Crown i Root 

5, 0 I 
3. 6 : 

NS ~ 170. 3 811 • 0 I 
3% f 92 5. 7 12 • 3 I 

:'. 157. 01 I 

Ii ,. RTCR 

= / t .., ,,:i I 5.~ : 
i 
I 

Fe: ,._, 

1c' /0 

Variation l df M.S. F 
! 

Sig r1. s. I F 's · M.S. F Sig J..g p 

RD harvest 

Replication 2 5 . 13 o.o NS 0.22 o.o NS 
. 

0.14 o.o NS 
Treatments• 5 421 . 63 5.7 1% 433.41 7.3 1% 603 . 92 7.3 1% 
Error ':0 73. 25 59.62 82 . 74 

3" harvest 

Replication 2 12. 68 0.3 NS 37. 78 j 1. 1 NS II 22.49 0.5 NS 
Treatments 5 218.27 4.9 3% 298. 241 8. 6 1% r395. 01 8. 1 1% 
Error 44 .72 34.47 11 48 . 58 

9" harvest 

Replication 2 1 20.34 0.2 NS 40.27 o.6 NS ll 43 . 73 o .4 NS 
Treatments 5 1247. 06 2. 9 10% 192 .29 2.7 10% ~92 . 65 2.7 10% 
Error 10 83.63 69.24 ~106.72 

/4-A.5.1. 
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I ..... -·-..: - - a. f - -- ..,_v __ I 
,,. ::::11 
I_/ ( .. D. :.""\test 
- - . . . 2 -·1.\.,.;3>_:...cc: -::...or. 
': : .... ~-~·er:-: e :-.. -: 4 
=~·::·.):.~ 8 

.. ha:-vest 
I ~e:plica.tion 2 

'.:.':ceatr.1er:t 3 ; 
r l ~~~o:. ... 0 

I 
j 

1fo:-:..at:..o::c 

........ -..... -- - ..... _ 
. ' ... ... ,. 
./ - ......... 

. . - ~-
• - ---- V V-V•• 

~cplic:::tion 
'.:'rcJ.t~en~ 
::::-:-or 

:::rror 

:: treat:-:-.ent 

~eplication 
Treatment 
:C:rror 

Cro·un ~oot R'.:'CR I 
I 

' ' ' l I~-=~ I l I I .. ~ ...., IC.: ~. i :i: . s • I 
...., :-: • s • ...., 

jSig' -~·~ • .::::i . I 

I 
l' 1"'-' J..._ I <V-.u J.' 

282. ~ 3. 3 . 3 , . - ~,48. 69. 5.0 5~-~ 553. 83i 4. 8 .. -,,I I .,.::. ':)7:J' 
x~ I 241.371 2.8 10?~ , 55 . 64 1 . 7 .... ::, ,,._ • I I i 'i" I ?65 7' I 2 . 3 I . ~ i 3- _,., I 

I 87. 59 i ! :;5.65, :;, . ).')1 
' ' 

79 . 1..,3 0 . 7 ::s 42 . 71 o. t,. I ::S 69 . 26 I =~s 
776 . 04 I 7. L; 2% 763 . 28 I 7. 6 i 2% ·1'0~1. CI 

o. 6 I 
9 . 2 1 201 

/0 

105.17 1 

' ~ I C. I I 

- 76 

21 22.62 
5 I 120. 09 

"iO 22 . Ro 

99.72 

I ?? ! 

'..)• -
_.,,. ') 

~. 0 
5. 3 

2! 41.13 I 2 . 5 
LJ. 

1127 . 79 I 7.8 1 

8 ~ 6. 42 

21 ,0. 88 I 1 . 1 
31149.85 114. 9 
6 1 o. 05 

l I . 117. 9? j I I I 

Sr.cot 

:--: . s. 7 Si~-

--;2.27 
J : ,... ', 

• ✓ • •• 

, · . 2.G 
2 7 .: " ~ (_. 

C • ._ ,L. 52 I 

I I 
! I 

5,/ 

xs 2 , • n s; ' o. 9 
3'7; j 30~ . 52 1 --;3 . 3 

23.,6 1 

~;s 55. 31 
1~1i i~ 8.47 

18.55 

2\'S ii 12 . 19 
1% i' 53.2) 

!) 4.21 

I 

2.9 
6. 4 

2 . 9 
j 12 . 7 
I 

~ i 

=~-S I 
'i][ I 

::s 
10/ 

7;, 

•·(' ... 
2;,; I 

NS 
1% 

264 
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( g,;; /nl :::i :it) 

betwe en treat~ents for selected ti~es of growt h . 

LE~F WEIGH T LOG . JA Y 0 

L .:: ., -._..__ 

!_t:A 
3 :::: LEA -
3 RC LC A -
'3·<. C L ~A -
9 ::; L.. EA 
9,::; 

9: 
c;.: 
1 ::r 
·'- ../ _, 

... _,' . ~ 

. - . -
L = --. I 

I r- 1' 
1- CM -

I ;:: (, 
- '- i-< 

:_ ': 1\ -

,-,1=: ! -~r-1f 

DF 74. 

9 C L~ A 
i.SC L::A 
H C LE A 
3R\✓ L::-, 
H :! L =: A 
15C L: A 
HC !_':A 
3::n,J L>: A 
~·:,' '- : A 
;.i C: Lr: ;~ 

-- : I-\ 

L GG . DA Y 

OF 74. 

-::;J :1PA~·dSuN '/<i J\ 01:: 

3 :, = l - \ L::: .;__\ - 9C Ll:A 
3RC LEA - 15C LE A 
3 ·<.C: Lf:A - r!C LEA 
3R C I_ E 1\ - 3 R\✓ LE 1\ 

3'<. C LE: £\ - H\✓ L~A 
c ~ ' ~ LEA - 15C L:: A 
9.: I i::. 

~ ,.1\ - HC LEA 
9 C LcA - 3 R\./ L;= A 
9".: LE A - 1-i';J LEA 
1 5C L cA - HC LEA 
1 ~ ~ :) \., U:/\ - 3RlrJ L ,. /\ c~ 

l 5C LEA - H\./ LE A 
HC Li::, ._A - 3R\~ LEA 
HC LEA - H1t,/ LE A 
3 Q_ \,J LE A - H\-J LEA 

? 00 LED S. E. = 

Y llI FF 

14 

y 

. 222 
• n 6 l 
.3 32 
. 089 
• 5 53 

- . l 61 
.l OY 

- .1 33 

0 2 7 :j 

• ~•27 
,) L0 2 

- .?~r:; . / ~ -
L::,:_·,. 

POOLEJ 

DIFF 

• 15a 
• 18 9 
.'3 42 

- .1 08 
.537 
. 030 
• 18 4 

- . 2 66 
.'379 
. 153 

- • 7.97 
• 3 48 

-:- • 451 
• 19 5 
• 646 

? = o. 0 5 

• 2 01 
• i. 84 
.1 66 
• l 7 <r 
. 166 
.2 10 
• i 94 
• 2 01 
.194 
.177 

.177 

•. !:1 ,: 

s. r: . = 

p = o. 05 

• 16 0 
. 146 
. 132 
. 138 
.1 ?2 
• 16 7 
.15 4 
.160 
.154 
• 141 
• i 4-6 
• 1 <t-1 
. 13 2 
. 126 
.132 

• 2 33 o= = 7 4 . , 12 • 

LSD -----;-1---------
p = 0.01 SiG I s: HcFFE: F SIG 

p 

. 267 
• 2 45 
• 22 1 
• 2 31 
• 221 
• 2 7 9 
. 258 
. 2 6 7 
. 258 
. 2 36 

• 2 36 

.. 22 l. 

. 1 o9 
LSD 
= 0 . 01 

• 212 
. 1 95 
• l 7 6 
• 1 84 
• 176 
• 2 22 
. 206 
. 212 
• 206 
• 1 88 
• 19 5 
• 1 88 
• 176 
• 16 8 
• 176 

..., .-./ 

SIG! 

:'TS 
576 
1 ol /0 

NS 
1% 
NS 
5% 
1c/ iO 

1% 
50' 70 

1% 
1% 
1% 
1% 
1% 

l. 86 <r 
• 119 

2.R51 
. 223 

7.910 
1. 0 70 

.421 
• 6 71 

3.850 
2. 153 

• 0 2 L. 

7. 1 'Fi 
~.:)? 7 

DF = 7 4. 

s:HEr FE C 
I 

1 . 483 
1. 7 R6 
4.7 80 

• 5 27. 
11. 776 

• 061 
1 . 88 7 
4 . 21'+ 
7.997 
1 . 090 
4.424 
5.626 
8 .2 86 
1 . 409 

17 . 006 

/4A.5.2. 

' 

5% 
NS 
1% 
NS 
1% 
NS 
NS 
NS 
1% 
5% 
r,~r: 
1 /6 

1 2 . 

s I G I 
I 

KS 
5c/ 10 

1% 
r:s 
1 cl /0 

NS 
501 ,o 

1% 
1% 
NS 
1 al /0 

1% 
1 e>I 
'/0 

NS 
1% 



I 
I 
I 
I 
' 

I 
I 

I 

I 

·_· ~ .. ~ ~- I.:....'-.. 4 c • .2 • C j ~._-:. • 

. :~:3.--i7 LOG . 

~ ~= 
C' : 

C, -' ., 

_ c .-\ -

._ r: ;.\ 
I ,:: ,\ - ~" 

,_ C .. \ 

L ::A 
G .- , •: a 
I ~ - - "' 

C' -
~ .. , 

- :, •' 

' - ' - .::-, 

- . ' 

9C 

~- ·., 
_, '.' 

'I 

:~ .... '·' 

LEA 
LEA 
L ~ :\ 
L ·: ,\ 
' - \ - ': ,-\ 

- : ,l~ 

' - ' L : ,-. 

- I...,, .. _ - I~ 

"" . \/ 
I);.\ 

DOCLcO S. ::. = 

Y rn;=;= P = o. os 

1 , ·.1 
• D' 

• ? f, 5 
. ~52 

- . 095 
• ::; ' 2 
~ r,9 6 
.1'33 

- • ;, r)L 
-, I I .... ,.~-~ 
- ,._ . .} '., 

- • ~ -, i . / .:._ ~-
, , - .. .;,.:.; .. ., 

• i. 4 q 
• l 1 S 
• C 2 ~ 
• l?-:, 
• ·_ 7-; 

• i 55 
• ::.41 

-. , ..... 
• 1. '-7 ") 

" - ;. ·, 
. l -~ -

· ... -..... ., ., 
. - -, 

I - -- r -. ,- ) i.., y L;-2 

Dr 7"-. 

p 

' ;'.'.) . -
LS'J 
= :1.01 

. ~S7 

. ~ 81 
. 163 
• l 70 
. 163 
• 2 06 
. ::. 91 

l . - S7 . l S l . . .:. 7:_ 
1 . .:..:-

• - -r ~c 

. ~ £, ?, 

• _ 37 
I,S) 

s IG 

5~~ 
1% 
1'0 
::s 
'; ")~ 

• ~•J 

~-~ 
,;, lV 

5% 
1% 
1 ~~ 
~7S 
~ ~' 

I I') 

; ("/ 
i ,-..; 

~ ,-• 

~ "/ 
I , 

, . , 

266 

c,.: = 74. 

s:H.:F;::i: F 

l . 958 
4 . 09,::i 
5 . 8~ 1 

• 4 73 
12 . 4.G. l 

. 707 
2 .. ::. "0 
t,.R:5 
7. 61 ~ 

• .G. 05 
-r • ::i .:, ·:i 
, • 2-S? 
- .• 1 -

II ') - _. 

l • - .1--~ 

-, 
- . ·, ( . ) 

Y nI Fi= P = 0 . 0::i P = 0 . 01 SIG 

I I 
I , . - - 9C LE: t, I • ? 5lc I - - ,.. . 210 ~% I 3 . 9OL _., ,..., - .:: ..-\ I • ~ ::, n 

3:r '_ ~ ,\ - 15C L:: A I • ?9: I • l .G.5 '0"' , -,/ 

I 4 . 322 ,~ 

I 
• ..i. J:., 1,0 

3<.': L :: /l. - HC L ~ .. I . 362 . 13: . 174 1% 5 . 450 
3 -{(: ,_ :: A - 3R. \✓ Lr: A I . 016 I • l ~ 7 . 182 XS . 012 l I 
3 .> - L ::-\ - H,: Lc L . 479 ' -:i. 1 • 174 ~ (>/ 

I 9.:525 'v I • - ..,. .t., '/.;) 

0 _: d:A - 15C L.:: A . 037 I .1 65 • 2 .'.20 ?-JS • oqo 
9'.: LcA - ,""1( LE;\ . 108 . 153 . 20L;- NS . 661 
s:: ..._ ::.A - 3t<.W L:: A -. 23 7 • : 58 . 210 1% 3 . 403 
qc; Lc: A - H\·! LE·A • ?.24 . 15'3 • 204 1"/ /0 2 . 8'iR 
1 5:: L :: A - rC LE A .071 .140 . 186 NS .238 
~5C Lt:: A - 3;~ ~-J L:: A - . ?74 • l .G. 5 • 19 3 1% 3 . p,3 6 
1 - ,. 
~:JI., LEA - Hd LE A . 187 • 140 .1 86 1% 1 . 662 
n: ~EA - 3R\✓ LE 1~ - . 345 . i31 • 17 4 1% 4 . 954 
H': LEA - HI-/ LE A • i 16 • 12 5 . 166 NS . 513 
3-~'v/ U:A - Hli-~ LEA • 462 . 131 • 174 1"/ /0 8 . 865 

/4A.5.2. 

' ::.. 2. 

SIG 

5% 
1% 
1% 
~~s 

10' /C> 

NS 
5'' ,o 

1 )~ 
1% 
NS 
1% 
1 "' ,o 

1 '~ 
:!S 
,:;.' . .., 

1% 
1-'/ 10 

j ~j 
XS 
1% 
... c 
.L,.::.> 

N'S 
1% 
1% 
XS 
1% 
501 /:) 

10' /:J 

NS 
10' ;:> 



! 

':<,::..e l_'_.c..2. co<. 

)AY 

o;= 67 . 

. :: ,\ - l 5 C '- t: /, 
) '...; - :::. , .. 

3 ~ .. 

L ::A -
- .... 

- C -·~ 

I = \ -
- ,_ •"I 

!.. ':,'.\ -

- =A -

."'.1 '..,. -
-: 

... , ' ,, 

3 ~ ·! 

- -:,\ -
I • /, - .......... 
,_ .:::.... -
'- ~M -

~ .:A -

L =: A 
i-:C L::1~ 
3R.~·! LI: A 

;-{ :. 

...... -­,_ 

L:: ,~ 
I ::: I\ ._ - ~ 

L= /, - ~ 

- . './ 

.. -,· . 

?~ :. 

L' 1.,r • l, , 

. - . :... : ,,. .. 
I -: /' - - ' 
L ~ :\ 

I_ ':[; 

L: A 
Li: A 

56 

V 

;J ', ::, !.. 

i) I -~ 
' ' 

• ? 6 :5 
. ~72 

11 ' . , 

. 436 . 1:16 
- • 146 . 17() 
- . ? ~2 

• 0("',L::, 

. "i l 7 

. :~n 
• ~ ,i j 

- . -;.,(9 
• G J 3 
• ?8-:, 

=:) ..) . - . -

? = o. 05 

. ~ _, , 

. - ' -. l..'.,-7 

. U-1 

. 150 . l :5 ':> 
- ::. r\ 

0 J. _.,I • ... 1 

. l ~-!. . 134 
' 4l . ~ 

,I - \. ·) \,1 -

• 1-;,_~ 
• l :, c, 

• l-=; < 
• 1 ::-, ::, 
• i_ 15 
• l 3 2 

LE~:= ~E!Gri T LOG . GA Y 84 

OF 57 . PuOL=: 1) S . E. = 

:: 1 -: ? A~ I SON M >~ 82 
' I 
1 

y DIFF p = o. 05 
I 

3 <tc. Li:A - HC LEA • 390 l . 129 
3~C LE/~ - S:<.\·/ Lr":A -. 146 I • l? 5 
"3 ~c -- ' - H:-1 LC:A - ~24 . 129 L ::.H 

I rl- LEA 3R!·I i_F= A -. 53 7 . 129 ~ -
·,.: L::A - i-1 :. - . I -. 066 . 123 ~-: r\ 

I 3 '<.•,J LEA - Hi~ L:A . 471 .129 

:) 

p 

267 

• ~ v2 o:= = 6 7. ' 10 . 
:,s:) 
= 0 . 01 SIG s: r::.=:=f ;: ~r~ 

:) C \.;) 

• 20 .~ 1 -{ 
/v 2 .5 94 1 ;~ 

d,:, , · I 4 . 13n ,-1 . ~ l.v 10 . ~ S 6 ~:s 4, -
• '0 ::> i·rS 

• l s,~ ,.. •I 
' /J 5 . 694 --; ;~ 

200 .. ,.C" • 3.:~ 2 l'<S . .\u 

• 2 0·'~ ::.s . 7 8 7 ;~s 
2i:JO - I _9q 7 T·:S . _/·:l . -o "•I l • 9 Of, 1 "' . C r,., I,-> ,.:J 

~-iS . l l < :,s 
. ' i":, ! 

, '1/_ 
I,.> 3 . 004 1% 

:., I ., ' ' , .... . 

- _ • \.J .. ...: : ~ .::-. .., :- : • - - :: ..: _...., I G 

- ? . -- ' ...) 

• .i. 7:5 

- , 7 • 1 b, 

• 175 

• l 84 
LSD 
= 0.01 SIG 

• l 71 1% 
• l 79 -.-~ . ,:::> 
• l 71 1% 
• l 71 1% 
• 163 XS 
. 1 71 1% 

3 . 9PD 
• ; t) ~ 

Z . l'-L 
", ~ - 'I u • ,_, . 
2.19Q 

o:= = 57 . , 

S">-iEFi=E F 

4 . 369 
. 669 

3 . o u~ 
8 . 256 

. ll3 
6 . 353 

, al 

I /J 

,. "' '/:J 

XS 
1% 

8 . 

SIG 

1% 
NS 
1 0/ ,o 

1% 
NS 
1% 



I 
I 
I 

268 

between treatments at selected ti~es o f rrovt~. 

S:...: 0 J T ;-; c I G HT L O G • 0 A Y 0 

OF 77 . POOL::D S . t: . = • 2 C-:+ o,..:: = 77 . , 9 • 

3~'.: SriO -
3~': SH,J -
3~C SHO -
"3-C, S~CJ -
~r;,.c SHJ -
q:: SHO 
~- S,i'J 

S r"J -
S .. 1 -
S :-,0 

-; ' -

9C SHO 
15 C SH1 
--l C SYQ 
3-<.t•J S1-10 
'i:J S'"':1 
15 C 5µ7 
;-;.._, S iS 
3:\ ,·.' 
n'• 
'' ~ ~ ..... 

5 .. 

J;:. 77. 

. . ~ . -cu:-::>:'< 7 s• i'-' '-'1A 1)E 

3 ,.c S--lJ - 9C s:-in 
3 "::: S•·i.J - i5C SYiJ 
3 RC s rlil - i-i C SHO 
? .> -

'I., SHO - 3-<. \·! SHO 
3~C SH'J - Hi! SHO 
o:: SHll - 15 C s-m 
9:: SH:J - HC SH(l 
o-

, 'J s,.,n - 3,H✓ SH;J 
9:: S:-.-:: - rl :! SHO 
15: SHO - HC SHO 
l 5C SHO - 3-:..1•/ SYO 
15C SriO - H ':1 S ...,1 
H: SHO - 3R\•/ SHO 
HC SHQ - H\-J SYO 
3R:✓ SHO - HI-I SHO 

I 

I 
! 

I 

• 'l O 6 
. ()33 
- ~~3 
• ()9 5 
• 4 0 5 
.026 
• ? ~ 6 
• ,1 , ... ·,., 

• 1c 7 3 
• :_ S-i 

y nr.:;:: . ' 

• ()9 0 
. 134 
• -;,, 16 

- .n~1 
• 5 55 
. 044 
• ? 2 6 

-. 177 
• '~ 6 :5 
• 18 2 

- . 221 
• L..20 

- . 404 
• 233 
. 642 

I 
I 

LSD ---------------, 
D = O. Qj P = O. Ql S!G SCHEFF~ r SJGI 

• i 72 
. 158 
• 143 
- ~49 
• l l',-3 
. 120 
. 167 
• !. 7?.. 
• l iS 7 
.1 5< 

. - :, ~ 
, -

CJ - ----;; . ,. 

" - . ·• 

. 2 29 
. 210 
. 190 

. 1 90 
. 240 
• 2 22 
• 22 9 

? ?' . ·- - ,( 

• ?..'.12 
.. -~ ~ r. 

,# ~- ~ 

• ~ 9C 

• ~ C '~ 

• 177 
LS.:) 

p = U. 05 D = 0 01 . 
.149 . 1 99 
. 1,7 1 ~ -:i .... 0 ~.I 

• 12 4 . 1 65 
• 12 9 • i 7 2 
. 124 • 165 
. 156 . 208 
• 145 . 1 92 
.149 • 199 
• lL .. 5 • 1 92 
. 132 • 176 
. 137 • _ 33 
. 132 • l 7 6 
. 124 . 1 65 
. 118 • 15 7 
. 124 . 165 

. ., 
1 ('I ;:, 

- ,.J 
, -., 

_,..., I 
, I 

, ·I 

. 001 

.o, 6 
1 . 41 l 

. 259 
6 . iS6 . o, 0 

1 . 83P. 
. 297 

8 • l n9 
l.: 8 q 

- ? () . . 
,, . , 

XS 
NS 
N'S 
:-rs 
1% 
NS 

NS 
1% 

NS 

1% 
::s 
~:3 
, •I ,,~ 

Or = 77. , 9 • 

. .. 
I 

?7S • ~ 11 NS 
NS • 77 l NS 
1% 3.492 1% 
:;;s . 291 ~:s 
1 cl /0 10 . 7 40 1% 
xc: . .., .lOH NS 
1i:~ 2 . ''-37 5"/ /0 

5% 1 . 599 NS 
1% 10 . 2TI 1% 
1% 1.315 NS 
1% 2 . :!.05 5~' ,.:, 

1% 7 . OlL 1 ol ,o 

1% 5.69?. 1% 
1% 1 • .303 10~6 
1% 14 . 395 1 "' /J 

/4A . 5 . 3 . 



I 
I 

I 

I 

S--:J.~T 1.'1 ::iG:--!T '.... OG . DAY 28 

3~C 
3!<.C 

9-: 
9.:::; 
c;:::: 

1 . -
:) V 

s:--:o -

SriO -
Si-10 -
SHO -
s-.o 
S,,J -
S:--;J 
s:-:o 
S~J -
5 -"J -

< - -

~ c 
• J' 

or ,-., 

15 C 
:..,r 
' ' '-' 

3R 1:! 
H\,J 

15 C 
HC 
3,~1_,J 
7>} 
.-: C 
3="<.1·! 

::~1,'l 

...! 

.. 

77 . 

S '-·JG 
s' ! ('1 n 1.J 

SHO 
SH'.J 
Sf-JO 
SHO 
S •-l r'I 

. ·-
SHO 
S:-JC1 
5"70 
SHCJ 
';...J -
J '_.J 

s:-· ~l 
s-:J 
\ ~] 

-r .. ,,... 
! : ! 7 , I !_ LJ \.J • 

~r= 77. 

y 

42 

::>QCLE C S.E. = 

Di FF p = o. 

l -, - 13 S . ,::, . 
. ?V.,. . ~27 
. -:i, 79 . l l lc 

-. 063 . L~O 
. 59 3 . li4 
. 061 . l 44 
. ?.O 6 0 l 3lc 

- 0 ?. 3 7 . 13 8 
. L,2 0 . 13', 
. l L,.L, . J. ~;; 

- 0 
? 0 : ; .., .. 127 

. ? S') . - ~? 
- I .' ~ 4 . L+ ,;_!" :) 

" - -
:, l ,.:.. l " -. . .''} 

~, ::i 7 ·, ·, ::_ 
u . -

0 fJ u LE D S.E. = 

. 164 0 F = 77. ' 9 • 

05 
LSD 

l ? = C. Gl s IG SCHcFFF. F s IG 
I 

1 154 yi 1 . 7 81 10% . - /0 . 16C 1 o;;'. ,a 2. 75 h 1% 
• l 52 1% 5 . 8 71'.'~ 1% . 15 9 K<:: • v . l 8 n NS 
• l 52 1% 14.3h5 1% . 192 KS .2 44 NS 
• l 7 3 1 ,:-/ 

/0 2 . 365 5% . _, .. -- 10' 3 . 329 1% /Q 

1 . - -/ 1% 9 . Rl9 1% . 1-S 2 5% .972 NS 
.1 69 1 1/ ;V L;- '" 453 1 cl 

70 

. l '~ 2 1 :,;,; 5 . 967 , .::,/ 
I 10 

:.i 2 , I s Qroc; 1 ''/ . .. I_,:; /0 

L;- 5 , ,' i t.... C: 7 10% . - i1v - ~ V., 

' :_j:::-
.,.. _,.._, -, ' . ", ·1 % ~ - '?J - . 

• 16 7 DF = 77. , 9 . 

Y GTFF P = o. os ~s~ 0 .01 s IG SC i-H:r=r=r: r= s IGI 

3 '<.C. s ..-jJ - SC SH'J i • '2 5 6 ~ 141 • : P. 7 -qi, ',v 3. 762 1 "/ 1/D ~.., ~ 
.:, ' ~ SHu - 15 C SHO .335 . 129 • 17 2 1 .:,/ 7.; 5.416 1% 
3RC SrlJ - HC ShO • L,2 2 • 11 7 • 1 55 1% 7. 017 1% 
3<.C: s~o - 3R\,J SLiO .. 055 • l 2 2 • 16 2 KS .132 K'S 
3RC SHD - H t·i SHO • 60 1 • 1.1 7 .1 55 1"/ 10 14.1 85 1% 
9~ SH iJ - 15 C SHO I . 078 .147 • 106 K'S . 386 KS 
9,: S r:O - rl C SHO I . 166 . 136 • 1 81 5% 1.477 NS 
or SHC - 3'.<.\•/ SHO ! - • ?.O 1 .141 • 13 7 1 o l 2.307 5'"' ,•~ ;O ,o 

9C S r:O - Hi-/ SH[) • 3 44 .136 • l 81 1 o / 6.351 1 ol 
70 1-:J 

15C SHO - HC SHO .08 7 . 124 • 16 5 NS .341 :r:-;s 
l 5C S HO - 3 R.1,/ SHO - . 279 • 12 9 • 1 72 1% 3.767 1% 
15C SH ,l - H1·/ SHO • 2 6 5 . 124 • 16 5 1% 3 • 1 5 2 1 c.' /0 

HC SHO - 3R 1.rJ SHO - . 367 • 11 7 .1 55 1 01 
/0 5 .2 91 1% 

H': SL.JO - HvJ SHO • 17 8 • 111 • 14 8 1 o/ 
/0 1. 135 NS 

3 R',,J SHO - H\ri SHO • 51+5 • 11 7 .1 55 1% 11.680 1"' ;'o I 



3-:ZC 
3 ~c 
3<.C 
3 ~c 
l:::, ·_, 
1 5,:: 
1 -, :) ~ 

rj' '-' 

', -~ ~ 

3 :<. l_·J 

-; -~ ,..._ 
_, '\ _, 

I 3 ;{C, 

3·~·-•1 

r, ~ 
L> r 69. 

CC< Pt\'.\ I SOi·~ M l. D:: 

SHrJ - l ·- _. 
- :) l, SH'J 

,: L.:n 
._; j • \...) 

:.....J,.... SHO ''-' 

SriO - 5?,\.-J SriiJ 
S HO - H .·.I Sf-iO 
s~o - HC Srl,J 
SHO - 3r-::_1,,J S:-lO 
Si-10 - :--; /.' s·-1J 
SHO - 3RH s:-,o 
SHO - H\-! SrlfJ 
s:-:J - H'·' s~o ,, 

- ,.. ,.._ -- ~,... 
• •• --: - -; .- • ·- ;_) ~., <a 

.s ' -
S--10 -
SnO -
c-~~ 
. .). ,U 

S ;-;:::1 -

s Hn -

t--, ('" s-'' '-' 

3:~ '.I S~J 
HI;/ SLJO 
-.:,:,,\,/ SHO 
HA SHO 
H\·! SHO 

....._ .' 'I 
!_,;;-:. i 

56 

?OrJLt:D 

y D T ~ ;= 

• 435 
• f;.Lc 5 
• l 59 
.577 
• n C'.' 

- . ?.76 
• l ic 1 

- • 2 8 '.) 
i) l 3 l 
• L" 1 7 

70 

y t) - ,- -

• l,. 4rJ 

. 135 
• ''i2 1 

- • --312 
. o 73 
• 386 

s • E: • = 

p = o. 0 S 

• 1 L:;:> 
.12 8 
. 134 
• 12 cl 
. 137 
• 142 
. 137 
.128 
.1 22 
.128 

s . . .;: 

~. 
~J:; - -

. i24 . 12 9 . 124 

. 124 

. 118 . 124 

SHOOT ~~IGH T LOG. DA Y 84 

D F 5 8 . POOLED S. E. = 

C Oi"i PAR I SOi\l MA DE y DIF F p = o. 0 5 

3~:::. SHO - H C SHO .431 .1 28 
3 RC SHO - 3R1✓ SHO - . 1. 2 6 .1 34 
3 "<-C SHO - HvJ SHO • 43 5 . 128 
HC SHO - 3R\.-/ SH O -. 557 • 12 8 
HC SHO - Hit/ SHO . 003 . 122 
3 R~J SHO - H~✓ SHO • 5 61 .1 28 

• 1 8.'.-
S;) 

p = 0.01 

. 18 9 
• 1 71 
• 1 7 B 
• 1 71 
• 18 2 
.1 89 
• 18 2 
• l 71 
• 16 3 
• 1 71 

-; -, . - ; 

·- ~-·-"\ 
, .J 

r 

= ,, 
0 

. - 6":} 
. 172 
. 1 65 . 16 5 . 1'57 . 16 5 

.1 84 
Lc:D ...., 

I 
1.) -

p = 0 . 01 

.17 1 
.1 78 
• 1 71 
.1 71 
.163 
• l 71 

i SIG ! 
1 "/ /0 
~ r,I 
, /o 

5% 
1% 
NS 
1% 
57-i 
1% 
5·;-~ 
1% 

C r• I 

" ' -, 

, cl 
1/:J 
-,•/ 
-;;;v 
-1c/ ,p 

1 o/ 
' /? 

~s 
1 cl 

/0 

SIG 

1% 
NS 
1% 
1 0/ /0 

NS 
1% 

270 

Or = 69 . ' 8 . 

S'.: HE r FE F SIG 

6 . 721 1% 
5 . 729 1% 

. 796 NS 
9 . 6 04 1 ol 10 

• 0() 3 NS 
2.708 1% 

• 6 5 L~ K.S 
2.368 1 cl /o 

.452 NS 
5.037 10/ /0 

- 7 
_, I - = ::, • 0 ' . 
SC - - I i - - - :--, \·, 

5 0 L55 A 0/ 
I ;o . ~~4 XS 

-, - ~ l 1% I . .:) () -
2 . 655 1% . i '-? 

.J - NS 
4.042 aol 

'/0 

DF = 58 . , 7. 

s:: HE FF E F SIG 

4.68 8 1% 
.43 7 NS 

4. 771 1% 
7.830 1% 
0.000 NS 
7. 938 1% 



I 
I 
I 

271 

T~~l2 4A.5.4, Eultiula ~ta tistical co~p~ r ~son of nlant dry ~ e i~ht (Rm/plAnt) 

bct~een t~catnents at selected tim es of gro~th. 

P'...;'.\:,.:T \'I E IG rlT LOG . DAY 0 

DF 7 5 . POOLEiJ S . c. = 

C J.-'. ? AQ.: ::JN i•·1ADE y DI FF p = o. 05 

3 R.C PLA 9C Pu~ • 08 7 . 118 
3r<-C PLA - 15 C P LA . 061 • 1 08 
3RC PLA - HC ?LA . 345 . ) 9.S 

3KC PLA - 3R \·J PLA . 050 . l 02 
3 R.C PLA - H\·/ 0 LA . 470 .o 9R 

9C PU-1 - 15 C PL A - .026 . 123 
9::, p ;_ A - HC PL/\ • 2 s -r . llL~ 
9_:: :J '- A 3 q·.'1 p LI\ - . 036 . 118 
C)::: ? L :~ - ~=·.1 D L .L\ .1 82 . 114 
' .. .:;. :-1 C _, ?,-, L. l CL,-. . 

'"' :i ...... ,- I I 

:::) ~ H - "' !J .._ \:. -~ - __., ~ - ' 
~ ='- -~, . ) ..:.. . 

- ~ :) ,--{1 .' ? '._t\ • L.:)9 ' CL .!.. _,· _., . 
~:_i I - -· - .\ - ~9 ~ -- - .-- /-( ::, , .. a 

:, :-" :._,.i - -, .I:. , : ~!:- . I ~ ~.:~ 
'. .. F ~ I ·, ~ 9 ) '-:,'••; - - ' - '' . . 

or= 75. PC,;LEJ S.E. = 

' ' 
c o;':PA~ I SO>] j\'j,'\ nc I y 0 I i= F ' p = 0.05 i 

I I 

! 3 K::, PLA - 9C p L,\ . 09 l I .Ll I 

3.<.c :),_A - 15'C P LA .10 3 " -:,, . -
' i 3 .{C PL 1\ - HC P LA I . ?22 .o 93 

3~C p,_A - 3K 1.-1 P LA - . 101 i . 09~ 
I 

3 RC PLA - H\-/ P LA . 185 I .o 93 i 9·::: PU1 - 15 C P LA . 016 • 118 
I 

9C PLA - HC P LA • 131 I • l 09 I 

9C: :;:;:_A - 3K \,J P L.4 - . 193 
I 

. 113 
9C PLA - HW PL A • 29 4 • 109 
1 ",.. ?l..A - H C p L,,\ • 114 • 1 00 --'~ 
1 r r-::lv PLA - 3R\.I P LA - .?. 09 • 103 
l5C P!_A - Hv/ P LA . 277 • l 00 
f-l,.. p L/\ - 3R\-! PLA - . 32 4 I .o 93 ,._, I w: Pi_A - • H\,J P LA . 163 

I 
. 089 

3 R1,/ PLA - HltJ PLA • 48 7 .o 93 

. 11.- 0 
v:: .. u J 

D = 0 . 01 

• 1 5 7 
. 144 
• l 30 . 13 6 
. 1 30 . 164 
• 1 52 

, .- 7 
I 

. - ::52 
. - - q 1 _:, . 

; L:-4 . -
.. ~ Ci . l. __,, ~· -,... 

" - jU 

- t!_ L; . 
o l ~ tJ 

• 13 4 
LSD 

.J = 0.01 

• 1 50 
• 13 2, 

. 124 
• 13 0 
.124 
• 15 7 
• 145 
• 15 0 
.. 145 
• 13 3 
. 138 
• 13 3 
• l 2 L~ 

• 11 8 
. 124 

s IG 

NS 
NS 
~ ol 
'/0 

NS 
1% 
!':S 
1 "/ ,o 

KS 
1"/ ;J 

1 c/ /J 

:~s 
~ ,I 

Ii.:., 
~ ,:I 
od 

,.,.. .--/ 
1;a 

.-, ~I ',~ 

s I G l 
I 
I 

Jl:S 
;.;s 
10' 70 

5% 
1% 
N'S I 

5% 
,, ol 

I /J 

1% 
5% 
,% 
1% 
1% 
1% 
1% 

Df = 7 5 . 

I 

I SCHEFFE F 

I . 760 
I . 311 

8 . l 0 8 
. 1 92 

15 . 043 
. 076 

6 . 1 56 
. 1"33 

13 .579 
6 . 244 

• OOM 
12.943 

5 " 89~ 
• 96'-; 

ll. <;50 

or= = 75. 

SC f-lE :=FE F 

. 917 
1.070 
3 . 703 

• ~3 5 
1 1. 116 

• 031 
1 . 7 46 
4 . 053 
8 . 7 97 
1. 11 7 
4 . 017 
6 . 545 
7 . 8Li-6 
1 . 802 

17.7 19 

' 1 1 • 

s iG 

Jl;S 
l':s 
1% 
NS 
1% 
NS 
1% 
l'TS 
1% 
1 o/ 

/ 0 

NS 
1 01 ,a 

15~ 
1',TC .,0 
..., c/ 
l /~ 

l L 

SIG 

~JS 
'NS 
1 o/ ,J 

:-JS 
1% 
KS 

1 0% 
1 ol /0 

1% 
NS 
1% 
1 ol 70 

1% 
5% 
1% 



272 

)~l ~T ~E:GH T LOG. DAY 28 

JF 75. POCLEl S.E. = .13i OF= 7S. , 11 . 
------ ------------------- LSv 

Y DIFF P = o.os P = 0.01 SIG lscHEFFE F SIG 

' 

l 
I 
I 
I 

I 
! 

-... -, ,... 
_; ,"-, 1,,..., 

3 <.C 
3 ~c 

? ~ A -
.) ,_ ,-:,, 
;:i u~ 
PI_ A -

rl L /1 -
?i_ A 
? ..__ A -

Pi_ 4 -
D L. A -
;:) I _._ -

- ·~ 
_:::,_, :::L.:,_ -

,... ::: - {; 

- - ~ 

' 

p I_ .6 
l:5C Pl_;~ 

HC PLA 
3;{ \,/ P LA 
H\·/ P LA 
15C PLA 
HC PLA. 
3R. \·/ P LA 
n~,.1 P '...A 
H C P ~/-1 
~ :' .. / ') I ,-, 
_; ''\ . '- ,..., 

3 ,~.'-t 1J' 

C,j 

! ' 
.J 

c:= 75. 

-:: o:< P A'.U Su ~l M~'\ DE 

"1 ~c ?LA - 9C P I_A 
3 , .: Pl_A - 15 C P LA 
-"\ ') r" 

:) :---v p L ,'\ - HC p L. A 

3~= D , _A - 3Rlt/ p U\ 
3 , r 

' '-' 
p A - Hv-! P LA 

9::: pr_A - 15C P LA 
9'.:: p I_ /1 - HC P LA 
s-:: '.)• .. _A - 3R!~ PU\ 
9"' ' , PLA - H\·J P LA 
, - -
.:. :) l, DI _A - HC P LA 
l 5C PLA - 3R I:,/ P LA 
l SC. P l_ 1').. - H\·J P LA 
HC PLA - 3R I P LA 
HC. ?I_A - Hit/ P LA 
3 R\t! ::>LA - HW P LA 

! y 
I 

I 

• 09 6 
. 155 
• 19 0 

- . 111 
• :i, ()4 

. 033 
• 09 4 

- • 20') 
• 2 6~ 
. <Y?,5 

l - . -, . - -
" 7 ~ 

• 111 
• 1 Ci 
• . J 92 
• 0 96 
• 0 92 
• j_ 16 
• l 07 
• 111 
0::. 07 

0 ::1':: . , , 

• ,. ; 2 

POOLED S. ~it = 

I 
n I FF I 

p = O. OS 

I 

.100 • 109 
• '20 2 • l 00 
.220 • 090 

- . 048 .894 
• 38 0 . ,J 90 
• 10 l • 114 
. 120 • l 06 

- • 148 • l 09 
• ?.. 79 • 106 
• 0 l ·"' .096 

- . 250 • 100 
.177 • 096 

- . 2 69 .o 90 
• 159 . 086 
• 428 .o 90 

, L._7 
• .:.. , I 

• 1 ~ 5 
• i 22 
• 12 7 
• l 22 

' "4 • l::, .. 

• l 42 
.147 
• 1. -'i·2 
• 13 0 
• l 35 
• 13 G 

• ~2 9 
--. 3:) 

' 
.) = 0.01 

• 14:5 
• 13 3 
.120 
• :i.2 6 
.120 
• 15 2 
• l 41 
• 14 5 
.1 41 
• 12 8 
• 1 33 
• 12 8 
.120 
• 11 5 
. 120 

.!••...J 

i,.S 
,,. :~ I 

. /J 

1 c/ 
;:J 

, ,/ 
: 

SIG 

;,is 
1% 
1c1 /Q 

NS 
1% 
~:S 

5% 
"o' I /O 

1% 
KS 
10/ 70 

1% 
1% 
1% 
1% 

I 

i 
I 

! 
i 

l.OL;-?, 
2.292 
2.816 
1 . 059 

10.290 
• 47- 9 
• 942 

4.8?,4 
7 0 5 99 

• l l 0 
b.789 
3o {) 5? 

7. 093 
) - ? . 
:..... .. - - .,_} 

:.. 7 ~ '.:);., :i, 

fJS 
5% 
1% 
NS 
1% 
NS 
ES 
1% 
1% 
KS 
1% 
1% 
1% 
5% 
., cl 
, /v 

JF - 75. , 11. 

SCh!:FFE F SIG 

l. 169 NS 
4.000 1% 
3. 8 84 1% 

• 2 ()?, NS 
11.520 1 ol /0 

1.313 NS 
1.57?, NS 
2 . 568 1% 
8 . 505 1% 

• 03 1 NS 
6 .1 ½ 1% 
2.868 1% 
5 . 773 1% 
1.841 5% 

14. 640 1% 

/ 4A .5.4. 



"JAY 5 6 

, -, 
Q I • 

y 

-. ,, ?t.. A i.5C p L /~ 
?, ~, :: :J 1\ - " ~c PLA 
:> 

_J - P~A - ·; ~ ~. I p L/-1 ,~ _, '' 

3~,:: p I• - D I ;_, - , .. -\ 

1 :)i_ .. -:; ,.._ A - hC p LA 
, 

::, \., :) ; - 3.-~ vi p LI':.. J. - ~ 
l :::> v PLA •-,,, 

I 1 /, 
p A 

1---, ~ ?I ~ - 3?'·! p LA ·~ - "' 
r.C :::)L I~ - I II 1 r . ,, p Lt. 
3 .<. ·! ? _ .\ n'.~ DLA 

. I \ : 

.--: C .) ;_ ... 
.J ._ ,_., - 3:~ 1.'! ? L . , 

-:. -· - :) 1 ,-, 
I ",0 I _ , .. 

LI',/ ;::, L,'.,. , .. 
~ ? I_/'.. - 3 ~i·J D Li\ 
.-,•~ D ,_ /~ ~\·! :) LA 
, :;z/,' ,:; :... 1\ - :--1·_,.,J p LA 

P ANT 1!!.__ I ,:; :'1 T i_ 0 G • DA Y 8 4 

OF 5 6 . 

i--- C O ,· ! P A:~ I SD N t1,4 DE y 

I 
3~C: D L ·\ - HC PLA 
3 {:::,. '.) ,, 

- '"' - 3R t,,; PU, 
3KC PLA - Hi·/ DLA 
HC D1_ A - 3RH ri _f, 

H'.: p (\ - Hl;J r LA 
3 ~'.'J D I_A - ~•,-1 P LA 

PC[lLi:J S . ::. = 

f) t := f= 

. ? L. q 

• ?.~ 6 
. n21 
• 403 
. 036 

- . ??7 
. 159 

- . ?_ f:-:J-
. u : 
• 3,'J -, 

' 

.. -·,) 

• (}?., 0 
• L.? L, 

- . ~28 
.G 65 
• 39 4 

? 

-
) 

= 0 11 

. l 03 
• ') S} 

0 .') 97 
• ') 9 3 
. o 99 
. l 03 
• ') 9S 
• 1) S? 

·"'I ::: C) . J 

0 0 93 

= 

. ) . 

.. 093 

. 1) 9? 
• I') ''i 

POULF.D S.E. = 

r• . 
'J :J 

DI FF p = 0.05 

• t, 1 2 .D 95 
-. 088 . 099 

• 40 3 . •) 95 
- • 501 0 095 
-. 008 . o 90 

• 492 .095 

• 13 i;­
LSJ 
? = O.Ol 

• i 38 

• 1 30 
• l 2 L. 

• 1 32 
• 13 8 
• l 32 
• 12 L.-

• 12 4 

... . :. j_",1 

• l? ~> 

. ~ ~ s 
• l 7- 3 
. 123 
• 118 
. 1?3 

• 13 6 
LSD 
p = 0 . 01 

.126 
• 13 2 
. l26 
• 12 6 
.120 
• 12 6 

s T ,.. 
' l, 

1 cl 
/.J 

'1 C·' 
'/V 

KS 
~ r,I 
: /0 

NS 
1':S 
j ~-~ 
17j 
1 n/ ,o 

1% 

,,., \':/ 

', .... 

"; t;/ 
'/v 

-"I r-1 
I ;::J 

r; s 
1% 

SIG 

1% 
NS 
1% 
1% 
NS 
1% 

! 

273 

Dr - A 7 • 

SCHC:=FC C 

- .. ') -'I 
:::> • J, , ..... , ~-, 

5.-:S hl 
• 0~17 

11. .... 5 1r 

. 1.04 
4. 3'.2 '3 
1 . 96? 
4 . 75 J. 

• 930 
l0 . 1 84 

= :. C" 

- .. - - --' -- - - - . ._ __., I - ' l 

7. 9 -,, 7 
. OtS?, 

l~. :Ljq 
6 . 6 74 

• ? .:'.,? 
9 . 616 

' 10 . 

SiG 

1% 
1% 
r-!S 
~ 01. 

I ,o 

NS 
NS 
5"*-,0 

1~0 
NS 
'1% 

r 

A ,, 
I /,J 

15S 
1 c/ 

/0 

NS 
1 c,f. 

,o 

, . 

OF = 56 . , 9 • 

SCHEFFF: F SIG 

10. 091 1% 
. 513 NS 

9 . 663 1 ol /0 

1 4 . 9 1 8 10,I 
/J 

• 004 NS 
14.397 1% 



s ;-~ ~) J-:- ,\ J 9 

;-: C1 ·'-i? 1~.R I 

.:: 1\:..., s r<CJ 
_)~v S:-'.J 
3 ?.C S:-.0 -
-, , - Sl·fl -~J ,1.., 

1 5C Sri• -
' - ,--,. ::>v s~o 
l 5C SH,J -
~c. s:-fl -
:--., ...... 

- _,~ 
~ ,G 

3 <-. I s :-:~J 

3 <.,::: ~ -,,J 
::;; <: S ~Cl 
') "?,,: S .--10 -

i.5'.: S~J 
1 sc s.-m 
i5C SriO -
H:: SHO -
:..; -:_ SHO -
3 R.':i S HO -

betwee~ treat~e~ ts at s2lectel ti-es of ~~owth . 

SQRT,- D.4Y 

Dr 6 /.. .. 
SGf~ f/1An:: 

15C 
~c 
3RH 
I-iv! 
HC 
3'.:(,I_.•/ 
r: :_,} 
3::Z\··I 
h ':f 
;-;.,.; 

. C. 

'.' 

, - r 
.!.. .:J .... 

L.. ,[ 
I,,\ 

HC 

SL.JO 
SHO 
SHCl 
SHO 
SHO 
SH0 
S'-W 
SHO 
S'-10 
S L';"l 'r ~ 

...... '\I 

SHr"J 
SHO 
S'-1O 

3RlJ S'-!'J 
f-'.',J SHO 
3R 1:/ SHJ 
H~-; s~o 
Hl1J SHO 

0 

J. -;-

PO:Jl_cC 

y nr c:::: 
, I 

- 2. ~ 30 
-o !/18 
l • 

.., ,- l 
") ::i -

8 • 915 
2 . 21 1 
3. 58 2 

lL 146 
l . ~70 
j O q 3~ 
7 • 5:Si.:-

'( ;j l f= F 

2 . ? e,-:; 
2 . 2 45 

• (133 
9 . 64 1+ 

-. 024 
- 1 . L73 6 

7 • 374 
- l. L.. , ' .l J. 

7 . 399 
8 . 810 

C: t: • = 2 a 
1 ., ('\ 

.a . L •) u 
- . .,... -\ 

--·) .J 
p = c. 05 ? = 0 . 01 

1. 6 8 r1 2 . ;, . .;.5 
l. • 52 4 2. 0?.. 7 
1. 592 2 • 1 17 
.i. • '.) 2 Lr 2 . 02 7 
1.624 2 • l 61 
l. bo R ') 2L,.5 C'.. 0 

; 6~4 c'. • l 6 l _;_ . 
l • 5? L 

L ' 2 . 0'2 7 
L453 1 

0 933 
l. 52 !j 2 • 02 7 

.:. oSj6 
• ~.. f 

D = r .. ::; :., :.. rJ. C ~ 

, ;:: 1 :) J. ~ ...,.,_ 2 . Ol 5 
l. 367 l " 319 
l.L,28 1. 900 
1 . 367 l . 819 
i.458 1. 939 
l . 515 2 • 01 :5 
i. 45;-, l . 939 
:i_ . 36 7 1 . 819 
i . 3 04 l. 734 
1.367 l . 819 

274 

DF = , / 13. b '---!"-. 1 

s IG SCHtf=FE ;= s IG 

I 7S 2. 0 L,-1 5"/ ;a 

XS 0 . 000 NC - .... 
NS . 66/S :-TS 
1% ) ,:.. 

- , ..J 0 5 75 -;% 
1% 1. 858 1c% 
'1% 5 . 264 1% 
i % 47. l ~; 8 1% 
NS .627 NS 
1% 2'+ ~ 259 1 ol 7o 

~% L 9 . 128 1% 

~} ,- - ( !... ., '.) . 

S:G s: i; C: ~ :- ·-: ~ SIG 

1 % 2 . G24 1 cf ,~ 
.., o/ 
1/G 2. 092 5% 
NS . 314 KS 
1% 3;:i_ 60CJ 1 cl ,o 

NS D. 000 r.s 
·y:·c: 
~•1v 1. 051 NS 
1% 25. 65 1 1% 
5% . 827 NS 
1% 20. 658 ~ ~I 

I 7o 

1% 32. 224 1% 



•• •.. • I • ::: ::: 
._ ~-• ,. /" l.,\.;,-.v • 

C - ....,,- ~ ,.... 
...,J .-.i..,.. ....J j ,\l; ,..> SQ~ Tr DAY 2::. 

OF 6 4o 

c.:::;,,? .... ,<SJ:J ;;,~DE 

: -

::. .., -
--' -~ 

:.. sc 
::. 5C 

-: . -'., ._ 
~ -, -~ 

:;, ·,v 
. -::, •J -•· ·''-' 

- .,HJ 

.?1., 

:7C 
HC 
3R.i 

S
,..,-, 
:1u 

- . . --i ~-.u -

::; ~J 
s.:o -
C: .. ,.., 
..JHU -

Shu -
~~ '.O -
::, ,J -

s:-,o -

-, 

. ' :-, ',._, 
,· -,, r,u -
ShO 
' - ..... u ..,, -
s .• .::: 
<: _. -....,. ·~ 
Si-!G -
C:' .. ....,r,u -
SHO -

-

::.5C 
:. C 
3~~-! 
H,•! 
HC 

:,-; \·/ 

h :! 

... "'"" ... 
~ '-... r, • 

- ' nJ 

:: r .... \., 

•v 

- '·! -·· " 
r-: ~-; 
'.J .,.. 
' ' 'J 

~ ~ ~-! 
,, ' 

ii., 

3R.-/ 
H'd 
1-i \·J 

-. 

s.-.~ 
SHG 
S~8 
SHC 
SY~ 
S:-,O 
Sr.C 
SHO 
SHO 

~~ 
y .:,.2 

---

~ ,-;i] 
S}-t:: 
SHO 
SHO 
Sl--:J 
s\...,•-, . ~ 
ShO 
s-10 
S--lO 
SHO 

0 0GL::u s .. E. == 

y - ,..._ p = o. , . ,- r-

2 . t,08 :.e 349 
2 ., 842 1o2::.e 

0 754 : • 2 72 
8 .. 826 ::. • 218 

o 43L.- 1.. 2 s•., 
- • ,',54 . - ' - !. • =· ....... ✓ 

, ' 1 Ve"+ .i.. 

-, 
I ::. 0 2 98 

- 2 ~ \:88 :.. • 21 n 
5 .. 933 1. " , -: 

'- 0. 

8 .071 ::. 0 218 

- - - -

.J .. . 

. ~ J -
•,. G? ~I--:.., 

2 • .'...20 1. :_.:.9 
. 873 lo 2 00 

~ .034 ' :;_49 .J.. 

. ?- -
.:._ V _j,J 

. ?- --~-t.::> 
- " 30?. ::. 0 2 73 
50902 

. 
22 5 .i. • 

- -· 542 1 .. 149 
4 .. 663 L095 
6 .205 1 .. 149 

275 

. OF J." I • ,-!'._. = 64 . 7 13. 

= .SJ 
:., :> p = o. o:.. S!G SCHEFi=E F SIG 

1 . 7 95 ., !', 
I,,:; 3. 726 : ~~j 

1 0 62 0 , cl 4.229 ""' r,I 

' J I /0 

:!. .. 6 92 • "I" 
J.,.V • 324 :

1rs 
1 .. 62 0 15.~ 4 0 .772 

,,,, 
/0 

1 .727 :;s • 112 :,S 
~ 795 , 5% l . 7 _ .. 10% 

~-727 15-~ 24 . 496 : 56 
:.. .. 62 0 

~ _, 
2.282 1c' 1/i;. /0 

l ~ 5 t:--4 I)~ l. 7. 034 I ?b 
1. 62 0 1% 3 4 .1 00 1% 

. , ' - ,... -
= n.: ::.3 . - "'~-=-_, _,,- . y 

- ... _) 

: ' - s:G - , - • I.; ~J . .:r,--

. . - -:, 
.,,., Q U"':., J ::_. G~-:' ... ..:., 

~528 , :, oL.'...5 '1 ~~ ' .J. '. ~ 
1. 596 .. :s . 494 ••r• 

!,..;, 

1 . 528 .,. t'I 
o I:, 'l9 . 5 09 ~ a/ 

'/0 

- ~ :,2 9 5" ::. • 02 5 \"S 

- _G93 :~s . 066 :(S 
1$ 629 1('/ ,., 23 . 278 1 "' 1.J 

1 o52o 1% 1.399 NS 
::.. 4::i 7 1 •/ I'-' 1 1.625 1% 
i . 528 1% 22.646 1 ('/ 

/0 

/4A.5 .5. 



! 
I 

I 
i 
I 
I 

I 
I 
l 

! 

s~ccT NO. SQRT F DAY 56 

CJ .-': P:....~I 

J o 
... - SHCJ -'-' 

:) .-, \.J S:-'.0 
3~C s ,-iJ 
-, ,..., ,.. 
:,; ,,\.., SnO -
::. 5C S hO -
1 -r '.)..., 1-: 0 -
::. 5C s :,o 
H: ShO -
~- s ,-:o -'- ~ 
5 <. :,-: sno -

_~., ' _, • .:.,. ,.._J 

.:::, .·C SrlO 
s~o -

' -
' ' J 

S.-lG -
~HO -
S.--iO -

SJN MA De 

15 C SHO 
:-i C. SHO 
3R i,,J SHO 
r{ \.I ., SHO 
HC SrlO 
3R. \✓ SHO 
rl 1t! SHC 
3~ \·J SHO 
H'·' " ShO 
H ~~ ! SHO 

....., \ \ I - , ,"'\ 

._/.-. I 1' •-• 

I-: C. s i--,,J 

3Rh' SHO 
HI-' " 

sL•,-, 
1 10 

3R~·i Sh J 
H:✓ SHO 
rr~; s~o 

SHOOT NO . SQR TF DAY 84 

OF 55 o 

COMPARISON MA DE 

3~C SHO - HC SHO 
- ,-I r 
..:..;:"\ \..., SHO - 3R \.J SHO 
:,, ,-(C SHO - H\•/ SHO 
riC SHO - 3R\•~ SHO 
HC SHO - HW SHO 
3R\.-I SHO - Hit/ S1-iO 

\I 
I 

POOLED 

D~ r e r, 

i . 586 
1. 626 

• 9 68 
5. 040 

0039 
- 0 6:'..8 
3.453 
- . 657 
3 • .'.. - 3 
L;- .._ 

1 .. ..... -
.... o _u :::> 

.737 
3 .316 
- ., 3 l 7 
2.210 
2 .. 523 

s O !:: 0 = 
p = o. Ci? 

i.. 422 
i.284 
lo34::. 
~ .. 234 
:0 368 
l.., l,2 2 
L, 363 
lo234 
!o22l, 
::. .. 284 

J = c . ., 05 

, 
8 - .. _:) .!. 

lo377 
1. 31 8 
l .. 3 !. 8 
i 257 ~ 0 

1 . 318 

POOLED S.E. = 
I 
I y DIFF I p = o .. 05 
I 

1. 505 1. 3 94 
, ""\ 

o l V~.t 1-456 
2.535 10 3 94 

-1. 405 1.394 
1 .029 1. 32 9 
2 .434 1.394 

276 

1. 83 6 OF = 64 . ' 13. 
LSD 

I 

I 
p = 0 .. 01 SiG I SC ~EFrE C SIG I 

! 

l. u 92 5% 
• I ,- L 
-e ~::>-r ):S 

1. -10 7 c: r/ 
,,/, Q l. 245 I':S 

l. 7 83 NS 0 481 NS 
L 707 1% 11.9 66 ,, cl. 

ltO 

l.820 :'S 0. 000 NS 
1 . 892 l''.S 0 2 2 0 NS 
l.. 820 .,.. :,I 

; ,.; 6. 385 10/ /0 

l. 707 NS .2 0 3 I\'S 
1.62d 1% 4.991 1% 
L 707 1 ;,~ 70810 11)/ 

/0 

. - ::, .,_ - .... \.· .._ , ,_, l.),- = 
- ~ 

? - c::. :::: I - \.., - - l.;, ' 
i 

s: .~ ~ 'i= 1= C: :: SIG I 
I 

, 7:S ~;- :,s ~ 0 0 "-;-1 9 =~s , 8 31 l\S l. ,, 0 2 32 !·IS 
-Q 

-( 54 A c l 
I / .'J 3.77R 1% 

- • 7 54 ::s • 034 '!\S , 
672 1n' .1.. / 9 1.526 XS 

l • 7 54 -1 Dl 
' / 0 2. 196 1% 

1 .. 994 OF = 55. , 10. 

LSD I 

p = 0.01 SIG SCHEFFE F SIG 

i .. 855 50/ 70 • 696 KS 
1 . 93 7 NS .003 NS 
1. 8 55 1% 1.973 51"\'I 10 
1. 85 5 501 .606 NS 70 

1.768 NS .295 NS 
1. 85 5 1% 1.820 NS 



~. ... .,... .. . 
~ ....,u,_ _ ..... ...... -.,; ,_:.:'.'':..c. ti.on 

., . 
-~- ~8 ~-:~:~~~ r e:r=~s~c~ 
:, .... -... .:_...: .. Jc:.:...u:.-:~ ~:~c:?: &'\"'.,, ... :.."'" ?2:~:cc..:;s. 

::. ~ :r: .... ___ : i:_"J.i::_•,..r::.d·.1 c. :. .:;:-ou~J re;z;y-.z:;;:3. 

:c~~-~io~s f:c~ ~~livi~ . r e~~Ds s . 

S~u~ce of v~riat icn 

:~2 to ave : ase r egres s~~~ 
=cvi ~~io~s f::.o~ av~ _aG e :e;~css . 

... .., -:. ~ .·. "·r .l.. 
L, ·_,, · •• ' : •• ...-,:- '- --

J~~ ~0 ~v0r& ; e : e;rc~~ . 
~ovia~~o~s fro~ ave:&~e r eG:ess . 

3~~~ ~~ i nd ivid. z rou? ~e ~r ess. 
Jcvia~~0~s fro~ i~divid. r e;re=s. 

(.;1;i/g~/ week) 

6 ~reat7ent co~u~rison 

I So.:::. ce of variation 

I I· tal \Ii thir:. 6::-oup 

i :Oue to average regression 
i DeviatiO c"-,3 fror.i averag e re gr ess . 

I 3etwee:: :..nd ivid . 6 rou p regress. 
Deviat.:.ons from indi vid. regress . 

I 

d..: 
, -, 
:..CV 

1.,.7 

5 I 

1,-;, 
T ~ 

df' 

55 
1 

=!:.. 
.,) ' 

I 
'-

50 

r. 

5c 

49 

3 
46 

df I 
48 l 

I : 
47 

I 

5 
42 

277 

.·.2J.:: Je:l;.~~G: 7 ~. ~1.g. 

:.727 
1 S, . 302 5x 0 l 1 ct Vo ,~ 

0_332 

0.596 
I 

~ 0;0 ,, 
9 i 

I • : 
0.301 I 

I 

'-:ean Sqt~a:::-e I 
..,., !s .:. g 

,-. 596 I • 

47 . 381.,. 63.31 ,, ~/ 
' /0 

0 . 7L 8 
' - r ' "i .?oo 2. 29 . - ' / ' ")1.J 

o. ,; 56 

-·~ i.::C:. ::-: Sc:' ... ·=- -"" ~ 
-n s.: ·-I .J.. O 

3 . ': 26 

93- ~65 73 . 67 19-; 
: • 274 
6 c-·,,. 7.66 I 1% • 7)0 I 

0.905 

Mean Square I F Sig I 
161.805 

5283. 926 1 oo. 02 1 ol /0 

52. 824 

44 . 808 0. 83 NS 
53.778 I 



J~c to &v era ge ~e~ressio~ 
Jcvi~tio~s :~o~ &ver&GC r egr ess . 

3~t~~ c~ i~~~~id~a l ~~o~? ~errcss. 
Jcvi~tio~s ~ro~ i~divid. re gress . 

Source o: variation 

~otal w~t ~i n group 

' Due ~o averoGe regress. 
~evi~ti on~ f~c~ a ver~GC ~ ~;rcs3 . 

.".:' ... ,~ ..._- r:-- '- ....,- .... _,._, .,, 

. . - , .. ,, - - ---- -- ________ '-________ ---

-; ... , . - .. -- ---- ~ .... ,, " 

. ...... _-.:_ C ·c J (V~ o.6j? .. 
2c.. t:--.1en-: (~) o. !.,.25 --

...)::,..·.;0z (D ) 
,.. 

1. 7?.8 C, 

~ " o. ~ 59 -·· I 

;_r X :i) 6 0. 014 ,.., 
::) 

,.. 
0.290 .!. :{ 0 ,. 
0.008 .w :.~or 0 

55 
1 

54 I 

4 
50 

(..~ 

50 
1 

L;.9 

3 ,. 
v 

c: C ,,. .,... -:. I 
V - ~-=-- '- I 

257.292 
94P.8. L,.18 

86 .345 

143.958 
81.736 

I I 

I I 
1109.89 i 
I I 
! I 

I 1.76 i 
I I 

I I 

!·: ca. n So_ua:.·e I ? 

319.177 I I 

~ ~ S5~ . 755 : ,41 . 72 1 
8].676 ! 

I 

2c3.622 2.76 1 
r;- _, ..,,. I - ... ,,,.,. ,-. 
'_.I,, _, _ ....,, 

., 
- • ..I •• 

~,½-. '0 ,. ·' 
i,.J 

7L;..3 1 :j 
312.7 15i 
27.8 1c.1 

10 

2.4 I\S 
50.7 1 al 

1:J 

S . G' 
~ o 

10.' 
/Q 

XS 

Sig 

.., c,I 
I /0 

1 ,-.~, 
u.a 

278 

'I'&ole hA. ::i. g. AKov;... of root + cro'1m dry we i g-tts ove r h:::rves'.:s for ea ch 

treat~ent for plant si~e vari&~ility estim~tions. 

I Variatior. I 3RC 9c I 
I :IE:pl ications I* 9., 5 5.50 
I Ha rvests 0. 89 o.46 
I 

I 4. 06 11. 69 ! P.01~., u .. •. arv • 
j LTc_• ' 3. 36 i 7.78! I i 

l 'ii i thir. ::-;~p SD. , 1. 83 2.79 1 
Ger.. mea n 3. 02 3.78i 
c.f Rep. ! 3 2 I 
df Har . ! 2 2 
df R X H 6 4 
df Error 60 I. ·- I 

"T '.) I 

15c I HC I 
! 

12.90 9. 83 
10. 34 17.99 
12.90 21. 22 
4.76 8. 82 I 
2. 181 2.97 
4.12 5. 29 

3 4 
2 2 
6 8 

60 75 

3RW 
2.42 
2.96 
2. 95 
2. 80 

1. 67 
2.82 

3 
2 
6 

60 

H'" .. 
7. 61 

22 15 
8. 81 

22 . 86 

4.78 
6. 68 

4 
2 
8 

75 

I 

* Mean 
Square 



field. ove r t i :r.e ( c m x 10/shoot/d ay). 

Sa~~ce of va ria ~ion 

To t al wi~ hin gr oup 

~~e ~o aver~ge r ebr0s s~ 
u cviat ions fr o~ ave ra ge re ~~~ ss . 

B0tr;e e n ind i vid . gro-.1? regr ess . 
Deviat i ons from i nd i vi ~ : e g~ess . 

Sourc e of vari~t ion 

~'otal ,., -i t i,,. -; : , g~"" cu p · 

:~c t c ~v e~~;e r e~~ c- a . 
~~!~~~ ~ C~E :~o~ a \ ·L~-~iC ~sz~2S S , 

. ,. ... -~, -- .. ·• ·· - . 

~u e t o ~vcra~c r esress. 
~e~i ations fro~ a ve r ag e ~egr e=s . 

B3t~e s n it~ i vid . grc~? . egr ess. 
Devi at ions frou j nd i v id . regr es s . 

d f 

67 
1 

66 
4 

62 

df 

49 

1 
L;.8, 

-~ 
·~- ~-

L. ~-

67 

1 
/" /" 
00 

4 
62 

! 

i11~ea n .Squ&r e l F 

4154 . 15 
I 

I 
2524e. 06 1 644. 16 

39 '1 . 92 
1001 . 27 2. 84 
352. 62 

He a n Squa re I F 

5797. 58 
2256 93.03 

I 
135. 51;. I 

:2 ~6 ~~;.3 ! 
' 

2?.7 L: .• A ; , 2 c O"i 
, ··.=-0~ 27 

, ... - -· r, - ·- - - . - l 
. · . t,;e,,.;.. _ - '-i 1., . 1 .... .,_ '-' _. 

9580 . ~- 2 

258989.39 44. 64 
5 8. 01 . 50 

11373 . 20 2. 09 
5442 . 03 

279 

i:j!_ g ., 

1% 

5% 

Sig. 

1Dl 
>/ J 

?,7S 

~. 
,0 :__ ;; (i 

i 
l 

~ a ' i I ;'o 

NS 

Ta ble 4.t.... 5 .1 1 . ANO'JA o f l u c e r ne fi e l d (;r o·:, th ? a r amet ers. Shoot height (cm) , 

r el a t ive p roducti o n a nd s h oo t number meas ured on the 12/ 9. 

) Shoot Height * '. Relat. Produc t ! Shoot Number** I I 
I 

I 

Sig I Va r i at ion df M. S. F I M.S. F i Sig M. S. F Sig 

Re pl i c a t i on 2 :; 2030. 6 2.9 NS 25L1-2 . 2 o.o NS 0.0003 o.o NS 
Tr ea t me nt 

( T) I 3 ~ 1+080. 8 6.o 1% 13966.9 0.5 NS 0.0034 0.2 NS 
G_ oup ( G ) 4 g31790.5 46.7 1 ol 426976.8 14.4 1% 0.1 906 8.5 1% I 939. o 

/0 

T x G 12 . 1. 4 NS 15757.5 o. 5 I NS o. 0201 0.9 NS 

Err or i 38 1 679.8 29600.0 0.0222 
'" (y X 10) 

* * Da ta was transformed to the arcsin form for analysis. 



280 

~clati•·c ~~oductio~ en& shoot nuube~ ~e&s~red o= the 26/9. 

-- . .. 
~ c.:.-:.....a -c:... o:: 

C :~ c ::.? ( G) 
( T) i 

l 
I '1: :-: G 

* (y x '10) 

d ·" I ~ I 

2 1 9ii 59. 3 I 2. 1 i 
2 11+7s1.6j 3-3I 
4 1 l,. 8 5I..;. 3. 6 1 o. 9 I 
s 1 4047. s I o. 9 , 

28 ! 41.;.61.81 

'I ~ 

•• •• ::::> 0 

:zs ! -'+ 6: 4 • 5 i 
'TC ; ~ 930" 0 1 
1.\.0 I c:. ) • I 
1~b II 500932. 5 : 
XS 23436.7 ! 

I C ~, 8,- 1 / ..:,.;. o. 

P:•c:. U C t: S:loo"C 

F s-· ,.,. i 
-o I ~-: • s O 

0. 0 I ~{3 o. 0032 j 
0.3 KS o. 0331 i 
5.2 1 o' o.113qi 7o 

0.2 ~~s 0.01191 
o. 0287 1 

~* Da~a was t~ansformed to t~e arcs in for for analysis. 

c.._ 
-~ ·----------------------------------

-- ...,.., ... -• .-... •• v-.;., 3 

--;-0 

to the 

.r'\ ..... , ........ .... 

J .• \..lv,J, 

.... -- , .... 
Va ..., , ~_.I 

-- -- -. (°'I ..J-> ,../'i ""O 

afcsin 

, I 
,,:,, 

form for analysis . 

:-Tu:-2 b e :.,, * * 

F Sig 1 

0.1 -::JS 
1. 2 NS 
3. '., 5% i 
o . 4 I KS 

! 

* ~?~V~ of t~e &djusted ~verage ~ield growth s~oot heigtts - 25/9. 

! Va:'."iatio:i : df I M.S . I F s · l 
l i 1.g , 

I 
I Replications 2 I 716.44 5.3 

I I 
i 

j NS 

l 
~- ea~ri'.. n~s 2 I 4816.44 35. 6 1% 

I 
I 

::::rror 4 135. 44 I 
* en: 



. '_. -·- ,,_ 

c..:: :]c;6:..."'CCG. i...., • J...J .. 

c? o . ~270 o. 0221 

67 o. 1066 c>loo89 

-7:,:,·,-.-i-) -nd cy-e·-/l.c,--=-..1:--'-- C..- ... u ct "-JI,, OH -"' C.. .... 

_-,:: :._ - ~;. C. ~ :_ C>:: 
•~.;.: ::.. \,,.,.:.;~ · :·v-:1 
__ ..... ; __ · ·-·---- ... ' - j 

i v- .,,_. ...:.. o n 
! 

cc _ -

. Repl:..-::a.t ior. 
Ti ne (Ti) 
r:.:rcc. tment ( Tr) 

I 

,..,. 
.LJ.. X Tr 

I Error 
l 

i 
I 

·-r o·•• ·'· r:· ,, I 5 .... l, - ' 

... ·'-✓ 

.. i , ... C ? -- i 
1· ... u .. i I 

I I I 2 7. 43 3 . 2 
/' 3. 96 1. 7 0 

I 1 o. 48 I 0. 2 I 

6 5.02 
I 

2. 1 
26 I 2.35 

' ) .ss """'l 'I.,~ 

.., --- ~c:-:- iJcsid c- -::-.r 
.:)~ - Cv:.. ... :.."'cl 

,20.3203 , 21-,.5. 1 871., 0.574 
1 

l~ .15• 22o5 i235 . 85P.o o. P-23 

s·· r -o I 
5% 
XS 
~s 
NS 

i 

.,,. ~· I ,,., 
_ ,j 

"' Sigl 

OJr i =•~S I 
5% I 
- •I 
C:..,.) 

- • r I _,,. •• ::,::--.-..::· : ~~ :~3 ) 
!.... J 3 7 : 

_ v: .... _ v_~ ' - .... _. -i •:-•. --·-- - ..,, __, ...... -....J ,, 

I I-:. S. 4' I Sig 

30 . 46 16.2 
I 

1% 
503 .1 3 246 .2 1 o/ /0 

406. 72 21 5. 7 1% 
16. 08 8.5 1% 
1. 88 1 

I 

28" 

; 

' 



I 

I 
I 

' 

i 
I 
l 

282 

~& ·le 4A.7. 1 • i~~Vl of the o~~a n:..c Reserve ~easa~exents durin~ Growth. 

~~ct. c~o~~ ~=~ root u:us c ~o~n dry ~e i ~tt s (gm/6 pl ants) 

~o:.)l::.c& ·c:..on 
::a rv est ( :: ) 
" t (V) . ci!' lc y 
7_ ea ·~m.ent ( T ) 
E X V 
" fl :;.: T 
V X T 
TT 

7. V X T -'1 

Er:.~or 

I 

2 J 
7 · 
1 I 

' 1 i 

7 ! 
7 , 

; J 
62 

Root 
• •r ~ .,, 

Sig J.' ... :.:>. " 

182. 9 I 6. 2 ! 1 % 
4 , • 5 l 1 • 4 I :'IS I 

1 i.J. I C 0 • re I ' . . ! !-....,; i 

344 3. 9 1117. A Cf . ,., 
49 . 6 l 'i. 7 NS I 
26. 5 l o. 9 vc I 

l ,;.J ' 
I 

o. o I o.o N'S 
44.8 1. 5 ::-;rs 
29. 3 1 

C:co·.·:!1 

y C 
J. •• ;..J • F Sig 

4 
, I 

9. 4 J 2 • 0 !·TS 

• /! . ;; 0 

3026.,, i124 . I 
1 8. 3 1 o. 7 j XS 
79 ° I 3 ~ 110¼ 

1% 
55 . 8 2.2 I KS 
~o. L:- . o. 4 XS 
'18 . O 0.7 NS 
45 . 4 1. 7 NS 
24 . 3 

I 

m:·c~ 
:1. s. "' S"" ~ ~ '--' 

• c'. ' • I l, 

4 Oh • 5 j 4 • 3 ! 57& 
7 8. '1 1 o. 8 1 NS 
60 ~ I O 6 i ,rs 

1 2 92?. o 
1 
13 s. I 1% 

501 20 : , .,1 2. 2 10 

59.4 0. 6 ' KS 
16 . 6 0.2 J.':S 

170. 2 1. 8 NS 
93.4 

Tot a l no~-str~ctural carbohyd r&~ e ~e-ce!1t~Res .* 

-· . . . 
\I:_••-·~•- -- -. 0...., 

- .::_~--~ ·.: ::.. ..: ... :. 

c. 

• • -. - 'I ., 

~ ·. 
' w, _,.,; I 

:?oat 

,,., .. , 
' /<.i : 

-••--'' 

; . , 
I ,d ! 

"~ I . ,.::, 

C. OC~Y72: 2.1 . 
"~a-,.-, ,-o ,, 
'v'" \,I :..✓ :J'-- I I • Cf 
C)., -~ ·~~ 35 L ... _ 

o .. ::)C2•J;. 1 

'\ ~ ,....,,....,_,,: I 
\...,. \..., \..., •..J*-j\..,1 

' -
::,., ~ I 

~ • L~ I 

:r•:~2::: r -
f . :., 

.-:; ,. C,~;.J2C ' 

0. 00034 I 

,,, .... , ...... ,,...., ,,.... ...., ,,. ,-
• ..J I..._, ~ \ ~ ' I 

... ..; I Co ~0~:','"I 

' -
"-; • ._j 

r: :-,, . ...., 

:,,s ; ~~;. cccsc 
!0.000 58i 

r 

RTCR 

,,.. ;_' 
' /V 

... .::; -,/ 

✓ ·/ :,v 

I 
I 

I Sig ! Variatior: df !--! • s ~ F Sig :~: .. s . F Sig v.s . F 

Re:plic o."G i on 2 6. 85 P. o 1 "/ 0. L:-8 2. 4 ' KS 10. 62 9. 6 1% I 
/0 

Earvest s (H ) 7 4. 99 5. 9 1 % o. 27 0. 9 NS 5. 98 2. 8 5% 
Varie·cy (V) 1 0. 96 1. 1 NS 0. 72 2.5 NS 0. 01 0. 0 NS 
Tr eatm e nts (T) 'i 95. 44 112. 1 0I 

/0 30. 79 , 106. 1% 234. 69 108 . 1% 
7- x V 7 1. 52 1. 8 NS O. 66 I 2. 3 5% 3. 82 1. 8 NS n 

!i X 'i' 7 1. 82 2.2 5% 0.23 1 0. 8 NS 2. 62 1.2 NS 
V X T 1 1. 44 1.7 NS 0.2 9 2.2 NS 3.04 1. 4 I Ji:S 

I H X T x V 7 1. 72 2.0 NS 0. 62 2. 2 5% 4. 18 1. 9 1 .. TS 
Err or 62 o. 84 0.28 2. 17 I 

• Da ta was transformed to the arcsin form for analysis . 

/4A .7 . 1. 

I 
I 



) 

I ; 
l 

l 
: 
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T&bl e 4A. 7 .1 . c o~t. 

~o~ a i ni t ~o~an perc ent ages.* 

~~'8?licat ion 
~~a ~-- ~✓ 2st s (H ) I 
u- -~" ·"' t y ( V) T;~; ;mer.t ( T) j 

.. ~- V 
"' X T 
V ..._ T 
'2' X V X T 
Er ror 

Total 

! 

Root Crown 

df ! l-i . S. j ? !Sig ! Vi . S . F Si g l 

2 '
', : I I ,.,, ,. ,.: r,/ i 

0 . 0003: : 7 -7 11% [ 0 . 00000 i 4 , '+ 1510 1, 

7 i o. 00084 ,2: . o j --; % I o. 00097 !53. 8 1% 
" o. oooL,4 ;11 . 0 1% ' 0. 00001 : o.6 :NS 
1 ! o. 01636 1409. 1% o. 00339 !188 . 1% 
7 i 0 . 00003 0. 7 NS 0 . 00001 i 0. 5 :l{S 
7 1' 0 . 00009 2 . 2 5% 0 . 00010 5. 5 1% 
1 . 0 . 00039 9. 7 1% O. 00002 1. 1 II·;S 
7 ! 0.00004 1. 0 :NS 0 . 0000~:., 2. 2 ;5% 

62 1 o. 00004 1 o. 00002 : i 

( crr-, j or 
o •h })l a::.ts) ,, 

RTCR 

M. S . F !S i g i 
o . 00023 I 9. 6 11% j 
o. 00?97 !36. 3 '1% I 
0 . 01109 ! 2 . 1 !NS 
o. 00489 1445. !1% 
o. 00073 l o. 4 !)TS 
0 . 00267 I 2.9 j5% 
0 . 00557i 7. 9 ,1% 
0 . 00060 I 1. 3 NS 
0. 00002 

R·I1CR 
I ' 

-~, ! :: - -· '. 
... J .!.....:_., I 

-~ ; e: ~ ---- t ; I ..... ~ . l·.:.(; ,':) ~ ~ ' jS ig 
- -·- - ·---- --- - ---- i 0 !- ------: 

Co 9 1:·-:.3 0 .. 1265 ! 2. L. jxs ~: ·- .. ·- . .. , :._ :., i. C :_: 
. . . ,, -- ., _2..: ._:··.~:.:,:~..:. G \. -·- j 

-_ ~:.'=~ - -~:, .. c · .. -; 
- _· ~ ~ . .', . r..: : : :. 

--· -~ ? 

. ..,._..., _ 
--'- ... V-

2 ; 

7 : 
, 
' . 

7 · 
. ' 
; i 
'I i 

62 i 
I 

,... r • ;• r: i 

v . Ov .. / ~) ; 
Co ·::,:r 50 f 

C. 0~) ~ :: 

: /. - · -I 
'-: j,,-;-- I :, ;.,) 
-· , · ; , . ... , 
) <J ' ; , ;.; 

2 ~ 2 ::.3 
3 .. 22 3 .:1 .220 ~ - .. ;:-:, 
-. .--. (-:: ;:,_ ; ':, .· c._, I' •. ·.,:.:-_ 
,) ~ \.) _, ./ -1 : ... -

0 • 02 # ~ 7 I : 1J 5 ; =~·.s 
"\ r ? --;:, ~ r .... - · ·-·· 
V o '--'-.,,JV ! l ., ·:) ) _\ 0 

o. c220 ; 1. 9 ,i;1:s 
I ,. I 

0.01 <+ol 
I 

' O. C'i'-c9 i 
o .. o ~;(J i ,-; • r_; __ 1 7-_.-·. 0 ,...... ;, J '7 ,.I h 1---.-.::-_ 

....., ., - - " '.,_! _;'-;, ; o 0 , .!. r,.., 

-· . -- --. -~'" ·-: '. _ . ..) C r, - ... , ".{ ,... 0 . .. -~ 
~ -..1 l. .:'.: V; u . j .1\..) 

~J o6?GO 2 06 . ! ": /~ 
,.. .... .,... r ..... . ....., r , .-,.. , 
1J,# :C::.. GQ; .:::o C ! ':}1:J 

r- r - ,,.. , ' r-. c I --.:c: u " .J-:;' .. j : ; 0 ~ / ; -\ ....... 

0 ,00;5 1 0 . 0 :X.S 
0. 1253 : 2. 4 15% 
o. 051 s i J 

Tota l non - s tructur a l ca rboivd ~6te /tot a l ~itro~en r 8t i os . 

P.o oi; Crown 
I 

RTCR I 
I 

Va.?i&t iou i 
df i'•: . s . i F Si g H. S. I F !Sig I ?--: • s . I F 's · I l i g I ! I 

~eplica t ion I 2 0. 638 0. 2 l·~S 0 . 060 1 0. 1 NS o. 207 o. : NS 
Ha r v ests (H) I 7 25. 893 8. 5 ,,, 01,_ 10. 163 ,22.2 1 ()/ 18. 198 12. 8 1% I 

! 10 ,-:; 

Va. :ciety(V ) 1 14 . 445 4 . 7 5% 2 . 270 4 .9 5cl 19. 613 13 . 8 1% 
( T ) i 

i'.J 

Tr e&-~::'!ent 1 395.919 130~ 1% 33. 848 74 .1 1% 204 . 984 144. 1% 
H X V 7 4. 217 1. 4 NS o. 646 1. 4 NS 1. 764 1. 2 NS 
H X T 7 16 . 412 5. 4 1% 5. 908 12.9 1 ol /0 1 o. 189 7.2 1% 
V X T 1 69 • .518 22. 83 1% 1. 144 2.5 NS 27. 872 19.7 1% 
H X V X T 7 2. 02 8 o. 6

1 
NS 0. 667 1. 4 NS 1.367 1 . 0 NS 

Error 62 3. 11+6 I o. 457 1.4141 
.. 

• -Data was t r a ns f ormee to t h e a rcsin form for analysis. 

/ 4.A. . 7 . 1 • 



: 
; 

I 

284 

T~ble 4A. 7.1. cont . 

Root ~ ~d crown co~parisons fo r t he several orga nic rese ~ve measu ~ements • 

\'a::· i a tion l 
I 
I --,r. ,.., - [ -:; n ) lli1 

..'..\ ..:. VS V .!"C , ... ~v i 

Eci::-- ve sts (H) I 
(V) Va. -..-:. c ty I 

'I1-eatr:1 ent ('I' ) 
-::)(' :;..: 

n 
_ , v .. 
5:C X V 
RC X T 
H X V 
,-_; 

X T ., 
'\_! X T I 

71" V j .. '"'\ V 2-: li X 

RC • T T X .n x: 
R'' V X m v ··- .l. 

. - ·T )- :,-: "'i/ X 
-;--,.n -- \f -""LV -- .. Y.: · '- · ! 

~· -~~- ·,, :-j c:~: \. ·~-~; ~'. 
-- . / --\ 
~. ;:, .. ::. .... ., .. • ,__ :""_; ·.; 3 \. ~-) 

··/c .. ::·::_0t~,,r c-v~) ! 

'I';.~e.:.t:~ ent (T) j 
r-r- X H I .\.v 

FiC V X I 

;\c X T I 
,O r I :.\°: ·/ .. 

I 
E T I --A 

V X T ! 
• 'Q '°' X 

CT 
X V i _,\., .n. 

RC ··- H X T 
D ,'°' 
- • V X V X T 
u X V X 1,1 ., ... 

df 

i 

7 ! 
1 ! 
~ i ' 
7 i I 1 I 
1 
7 
7 
'i I 

7 I 
7 I 

'l 

7 
; 

? 
I 

' -

1 

7 ! 
1 ' I 
1 ! I 

7 l 
I 

7 1 
I ;1 

7 ' 
1 
7 

RC X H X V X 'J 
12~ I Error 

T:.':C Pe ,,.c er: ··- *"*: 
- - - "' I 

Jv: . S . F 

o. 4 3524 !636. 
0.01180 117. 3 
0.00914 113. 4 
0.00330 4. 8 
0.00438 6. 4 
0. 00189 2. 8 
0. 0000l1- o. o 
o. 001 28 ! 17 9 0. 005L7 8.o 
0. 00866 112. 7 
0.00068 i 1. 0 
0. 00058 0.9 

j 0. 00533 7. 8 
0. 00082 t 'i . 2 I 

o.oco20 i 0.3 - ! 

;, _:,;~~:-., ~ :;-~ :~ G 5 o 

2. 9s~ J.,6 
c. oJ2 l o ., o 

117 . 3 59 1142. 
I 2. 273 2 . 8 I 

;. 62~ l 2 . 0 : 
8. 904 ;1 o. 8 
.., a~ u l 2.3 I I • -;,; I , 

I 1. 313 
,,. 

i • 0 
' 1. 8 1. 521 I 

0. 272 0. 3 
0. 740 0. 9 
0.217 0.3 
2. 092 2. 5 
o. 254 0. 3 
o. 825 

ici"' I ! ...._., O I 

j 

/ 
I 

! 

; 
I 

I 

I 
15b 

I 1% I 

1% 
5% 
17; 
NS i 
}~S l 
l'YS ! 
150 i 
1 o;.'. i . ,:; I 

I\:s f 

NS I 
I 

! 96 i 
;,;c:_ ! 
.!.'.<....,; f 

!·:·s I 
' 

, 
1, · .. ,; 

i c.' ( 
pi 

c:nl I 
_,) /CJ I 

,,~ I 
I ·;j • 

;·% i 
s% I 
NS I 
NS 
?~S I 
NS I 
NS 
5% 
NS 

" Root and crown comparison 

"' * ( gm/6 plants 

TI~ . -,,:. * ,;,l Percem; · i RTCR "/! eight"* 
1 1"1 , S ~ i 

o. 00560! 
o. 001771 
0.000,~ 
0. 01734 
0. 00001;. 
0.00030 

I 

o. 002 1+21 
0 ~ ~oc,~I 

• 00 cl 
o. 00017i 
0. 0003Cj 
o. 000021 
o. 000021 
o. 000 --; 11 
0. OOOC c! 
~.>OCJ C~ 

' 

.. () '· 

0. 0142 I 0. 0828 
0. 0520 
0. 0678 
o. 0251 
0.0007 I 

0.0026 
; 

0. 0043 
0.0364 
0.0627 
0. 0022 
0. 015R t 

I 

F Is • i i g !•-.1T c:: 
... .I. • ....., • 

i le · I F I 101.g 

i I 134. 1% 1387.93 46 . 8 1% I ! 42.3 I 1% 39. OL:. ! 1. 3 NS 
3.6 30.08 

I 
NS 1. 0 I KS 

415. 1"L ;O 6463 . 52 218 . 1% 
'1. 1 NS 20. 80 0. 7 NS 
7. 4 1% 51 .2 7 1. 7 NS 

58 . ~ I 1% 6.74 0. 2 NS 
I 

o. 6 i NS ,00 . 72 3.4 -, o,i'. 
I / 0 

4.2 1% 29.68 1 .. q i NS 
7. 2 1% 8. 32 o. ;, NS 
0.5 ~N.S 4.69 0. 2 NS 
o. 6 I KS i 7. 28 0. 2 NS 

I I 2. 7 I )'\C: 

I 
9.71 0. 3 I NS 

l 
- ~ 

1. 5 l~S 85. 09 2. 8 l r o;.'. 
-;) ,O 

I 0, 5 NS 5. : 2 0 ,2 NS i ' 
! 

29~6C 

o;, .<:, i_ .'.' _: -, le- .· ,, ' - - ~-~.-S.. ; .. .:.· .L,_-:; 

,) . 9 KS 
5.2 5% 
3. 3 NS 
l i- . 3 1;,S 
1. 6 NS 
o. o r NS 
0. 2 NC . ..., 
0. 3 NS 
2. 3 NS 
3. 9 5% 
0.1 NS 

--------

! 

I 

9?7 , 6) 7 15;2 . 
29.7!..lc, i17 . 4 
14 , 08~ I 3. 2 

330. 647 193, 
6.311 3. 7 
2. 632 1. 5 

99 . 121 58. 0 
2.699 J 1.6 

19.503 !11. 4 
4h . 251 25. 9 

2. 164 1. 2 
2. 817 1. 6 . 

26.410 15. 5 
1. 911 1. 1 
0. 784 0.5 
1. 707 

1% 
l';S 
1% 
J1JS 

1% 
1 ct 
. / 0 

NS 
KS 
1 0/ 

/ 0 

NS 
NS 

*•• Data was trans f orcied to t h e a rcsin f orm for ana l ysis. 

I 
I 

I 

' 

I 

l 

I 
! 

' 



I 
I 

; 
! 

i 
I 

j 

Table 4A.7 .2. AN0VA comparison of the Winter organic reserves with 

t hose of the first s~ring sampl i ng . 

Tot a l non- struc tural ca rbohydrate perce ntages . * 

Root i : 
Cro·::n I R'::CR l I ! I 
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Vr:. :--ic.. tic~ I d:i> i -;;, l ::ii g i I F \Sig I i F !sig 
' ' ! ' i I 

~a :::-vesta ( H ) 
Variety (V) 
Tr eatm ent (T) 
H :( if 
H Y. T 
V X T 
H X V X 

r;, ... 
Error 

To'.:,::.:_ ni trogen 

·, . , - · •- ··- ~ "'·r . . ---- ·-·~ .., _ -..,, _,_ 

---~~-.. :•" .. ...... s -:~ s ( ~:: 
'\1 .:.~•.:_2 .:c~" : .. --I 
.!.' : · - 2. .:, ::. e :. ·.:, ( -:::· ) 

:··, , _ .. -
"J ( .i .,_ -
-:.; V X 

n .,_ 
~ 

E: ... :r-o ~ 

i 1 1 c4 ! 8 · 0.000 9 : -~I ! 1 i 0.00197 2.bi 

~ I 0,0011 3 1. 5 
0.00102 1 • L~ 

I 
1 ' 0. 00013 0.2 
1 0.00001 o. o i 
1 0.00046 o.6 I 

I 16 0.00074 
i I 

! 

I 
l 

'· 

-oe:ccenta c- es." 
- 0 

o . :)Jo30 i 5 -1 7 . 
1 ' o. oocc,9 : 1 . 7 ; 
' 1 C. OJ; 53 :~i: . ~i 
~ ; 8 . OC· 2C)O ! 0 ., Oi 

i t: ; ~ 
' ! o. 000;,,::, i 0 . 7 · 

I 
2 . 81 1 0. 00015 

1 o. oocoo o. oj 
16 0. 00005 I 

1% l 0. 00964123, 3 : 
-r-,c o. 000641 1.5 ; _,..., 

NS 0.00016, o.4 
NS 0. 00034 1 o.8 
NS 0.00016 o.4 
N.S 0.00019 0.5 
NS Io. 00020 1 0.5 

i o . 00041 I 
' ! I I 

_ ,.1 : C ,..1r• -.:- ,., _,..... . ,,. r.: ,,,,. , 
:).,J :, \., IJ./ .JV I o .. ,, . l { 

:-~2 j C. COOC01 O. 0 j 
! 9~ i -- . cooS:j; 1 ~, . 9 ! 

:·-~.2 : ()" OOOG2 · 0 # 5 
_, ' 6 i 5,:; 0 . 0()005\ o. --~ -•~;:::, o. ooooc,1 0. 0 

KS 0. 000061 1. 3 
0.00005 

1% ' 0. 00984 
NS 0.00255 

· NS 0.00072 
NS 0.00104 
NS 0.00017 
};S 0. 00004 
NS 0.00025 

o.00058 j 
I 

l't, . , v I o. oc 2 ) ' 

NS 0. 00008 
NS 0 . 000C2 

0.00003 

To~al no n-s t ructural c~~b ohydrate/t c tal nitrog en ratios. 

16.9 1% 
4. 4 NS 
1. 2 NS 
1.8 NS 
0.3 NS. 
o. o· NS 
o.4 NS 

7- ) i 5;; 
2 . 8 · NS 
0.7 1 NS 

l 

I :i=<oot Crown RTCR I 
I 

i . 
l sii:r Variation d f I F S-i c- F Sig I F - o I 0 

Earvests (H) 1 23. 826 e4.8 1% 58.919 141. ~ cl. I ;o 44.11 8 76. 8 1% 
Variety (V) 1 0.259 0.3 NS o. 483 1. 2 NS 0. 909 1.6 NS 
Treatments (T) 1 11.370 n1 . 8 1% 2.377 5.7 5% 7.196 12.5 1% 
H X V 1 1. 715 1.8 NS 0.589 1. 4 NS 2.006 3.5 NS 
H x T 1 5.2 87 5.5 501 / 0 0.2 80 0.7 NS 2.108 3.7 NS 
V x T 1 3.443 2.3 NS 0.001 o.o NS 1. 111 1. 9 NS 
H X V x T 1 I 0.326 0.3 NS 0.021 o.o NS 0.001 o.o NS 
Error 16 I 0.959 o.416 0.574 

* Data was transformed to t h e arcsin form for analysis. 

i 
I 

l 



rc.east:.reme nt s . 

~ota l Lo~- struct~ral c a r ~c~yd~a tes pe~c en~ages . ~ 

1,--:a::-- :.~·Ci~:: ,. ~ I 
0. I 1 

I ! :=te:_J2.ica ·:;:.c::s 2 j 
ifr .. :..-i2 ':y (V) ('.,,j 

~ 

I I 

':'reatments 3 1 J. , , 

3 l I V X 'i' 
Error I 14 I 

! 

::: .:: ) =._ ic a ·..; :_.) :~s 
• - • • f •• - ' \· c.- :.. _ ;;·::,y \ ,, ) 

:::·::· • . c: ·: ::·.c ~. -~..: ( ::': 

Root 

;· ... .::, . ~ i~. 
l~~s' 

o . OC027 I I 
0 . 3 • ?-IS I 

I I 
0 . 00008 : o . o ! NS I 
0 . 037~7 i36 . 1 1% l 

I 0 . 00082 I o.8 HS 
0 . 00103 I I I 

:2oot 

,., ,...,....,.. .., , 
·.._,. . -. ..: v •_, v .. ·• 

C:.~o·:1 "1 

:-: . s . I ~ 

I 

' I 
0. 00033 I 0 . 9 ' I o . 00301 8. 1 
o. 0081+9 !22. 9 
o . oooc8 ! c .2 
0.00037 

..... r-,.. .... , .. , ,,, 
J#"" ·- -J,J 

I 
I 

. . . 
- V -.; -· - _·_ .._ _ _ - .:J ·.,;-_,,. •.,:~ •_:; •....,_-.L.-. _ c~~ :o~~-~~3 ~ : ; .c~~~ 

Rcc·c C : ... o;~-r. 

.. !&:. .... :_ : ... ·c:.. J !i di' I >~ -.s ~ ? S i r. j 
' u 

!'· .1. " :::, ~ F 

~c)l::..vc..·~=-.:.:·.s 2 i o . 931 ! 0.3 1 XS i O. 'i9o o.6 ! 

~V) 
I 

o . 0 ! 
j 

'i . 556 4. 5 'l . .; :.::.a':,y 1 0 . 209 I "S • J ! 5% I :-::r~a :.;:~er~t (T) 3 I 10. Lf 54 ., 7 i 0 . 388 1. 1 
! ::; . ' I 

o. 71 '.' T 3 2. 01..,.0 ! 1,;s 0.231 0.7 :.c 

I 
I 

E~:."'OT 14 2 . 835 I i 0.343 ! 

l 
lsig : 

I ! NS I 

~ ~,; i 
I .., t . . ; 
I 1 ,'.J 

I 

I 
1,s 

I 

'S i g l 
I ~c: I 

I . ·~ I 
5% i 

I NS I ! 

I NS I 

I 
I 

Rs:'C2 
·_.; C: ~ .......... 11 

C ~-4 i -. -....., -..1 V , i 0 . 1 

2
/"\ ,.. 
0 0 

I S.; -! ~ 6 

XS 
3 . 00002 ; o. o I 
0 . 02316 j32 . 2 

KS 
1 ot /0 

0 .00084 ! 1 . 2 XS 
0 . 00072 

1~-c~ 
C: :· .. "-". -n 

.i:: !5:.J 
0 , 275 0 . 2 I r 

I 
" :::> 

0. 2 77 0 . 2 ;;~ •• ::> 

3 . 585 2 . 7 ::s 
1 . 751 1 . 3 :,;-:::: . v 

1 . 326 
I 

! 

Taole 4A. 7 . 4. ANOVA of orgar1ic r eserves of the pla!'lts g rown unde::- the covers . 

I TKC Perc e;it * I T:\f Percent* 
: !sir, ! 

7 

Var i a tion df M. S. ~ ;~ . s . I F s-: ,:,-

l 
u, ~ o 

Replicat ions 2 0 . 00348 6 . 9 5% 0 . 00002 0 . 3 NS 
l 
I Vari ety (V) 1 0 . 00147 2 . 9 NS 0.00000 o. o NS 

I Tr eatment (T) 1 0 . 00001 o.o NS 0 . 00097 16 . 2 1% 
f V x T 1 o. ooo4a o . 8 NS 0 . 00000 0.5 NS 

I Error 6 0 . 00050 0 . 00006 

* Da ta ~as t r ansformed to the arc sin fo rm f or ana lysis . 
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for t he reversal e:z:peri?:1ent 

(~c./: sc; ft) . 

'i ::-.:-:;..:_ '~:.on I 

::.: ::_Jl::..c c) ·~i.:i:.: 
'l c..:ci e ty ( V) 
·r:.~ ..... v. ·C:-::c::"C ( '.;:) 
V :,,: M 

.J. 

Ei""~Ol ... 

( z=-./6 sq f t) . 

~ ... :: .. -: =-~: -'.: :l ( ... J ~ 
-:~• -• ~ c.. ~.:. .:. 2 !'_ ; < •:I ) 

( , . 
..... • J 

./ - '..J ~ :. : 

;, S,') ., '-," I 

·.· . ' ~ :' 
,,,, - . • • V 

-9. 

0. f I~i . S . F 

2 8. 968 
1 5. 860 
:.: 
./ 1 . 005 
3 4. 830 

'.4 '1 . 645 

Cther S :;:-.: c :. e: s 

? 'S~.g ------ -
3S~!?~-j 0.7 - - .:_, _, . ..,, 

r ;) , , ,, , r, j 2 "") 7 . 
' - I / .. , _, : \ £... • i 
~:-::,~ a~S 7., 5 ; _, 

' i ;.1 
,'I (' • . , ; 

.__., _,,, . - .._, 
r ~ • 

' 0 t 
~ ; 
I ., .. :- -... ) 

,,, ,, •. - --- -~ """ . ',. ..,,, .. ..,,, 
:- ~>-. • ~ . 

. - ' 
·' ' / 

-.. :, 
0 ,-. ., .. :, 

Sis 
501 7, 

NS 
XS 
XS 

7 ot::l 

S-i c:· - o 

:../ .. .: .- ·,, 2. 2 
- : : =: ,. s : 

Sr.oo·c* S·;u b '.) l e :' S~~0,:/ ; Ku;::ocr * ,----------,-- - - --- -
'! :::cia. t io!! ,.:i-- :-f . S . 1 F !sis -, s . ? ~c- ;,.,. :-1. s . ! F Is; "' _________ -_-'--.-! -----.-. ------'-;....-----+-- - -~-- ....;;b'----1-------i----+i- - --'-o _ _ 

,587. s l 7. '1 ! ~% 926. ~ ::; . , 1 :~s 2392. 0 I 7. 6 : 1% 
- ,. 8 I r:: 0 I . , ., ,. 0. - - I oL I.. -30 6 I I - 7 ; oi 

- - - . . 
:-.. c ) .... :_cc:.-~1.0;1 

( ) 
2 ' 

'l ariety V 

JI 
;,5o1 . 'i :,~ ., . .., -

.);:) ✓ 5 - - .:..:::. ., :) I 1v 'i ' 5 -r) • ; 1 /~ I 
. ,, . 

':-~ eatn er:"C ( i') . 16L,42 . 3 73.4 ; , ' ~ ,S~ · r ,; • 5 ; 5 5 • i ' 1% ,13343. 5 L_.2 . 6 1 1% 
l -

I:a:cvest (?.) I 27175. 7 121. ..., : ,, 5532. 7 19. ... ; 1% 3860.5 12 . 3 .,. c,_I 

I i ;1 I / J I I,;; 

if T 1272. --: 5. 7 -, C' 293 . 3 o. 91 NS 2703. 2 8. 6 1% i ! ::-:: 

I 
I /:J 

V X H 2 : 309.9 1 l.:. N~ i 322 . 0 1. 1 NS 516. 4 'i. 6 :•iS .. u 

' T :x: H i 6! 2007.0 2.9 1% I 97 . 3 0.3 . - 866. 5 2.7 5% ,.. \ ..:) 

V -- T H I 61 76.3 0.3 NS I 515. 4 · 1. 7 NS 151. 7 0. 5 1 NS .. X I Erro::- 46 1 223. 9 295. 9 I 313. 3 
i : I 

* Da ta was transformed to logarithims for analysi s . 
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d::: Xe2~ Squ=~ei F -- 0 , ----- ---------------- --- - ··----- --------

~ .... 1_. -~v &'.·...::"'.::.c:: :.."c.:;~e:ssion 
~~~~~~~c~~ :~c~ ave:~ge rcgress:..o~ 

:3c·c,,:.:;Gn i:-_::.:..vid. ~:"01..:.}.J ~ezress. 
Deviations :?: ... o ?:1 i~diviC:.. reg:r-ess. 

. r: 

··• · ... · ·" ~ s; o"' s ( ---,~ /r.- /~ "' 'Y 1 _- _ . - .._. ..... - -- b,... o.... \,,... c... " 

.-______ ._.__ ·:.r:. ~ ... _:_~'"- s~ ... c:.:::, 

- •• - ..... ... • .. - : .-.·~- I) ....... ..,, • .... :_: :: ... 2 ~~:."'.:.. . .:: ...... 

- -·-· .. _,., __ ,. ._, 

.... f'-........ • .. 
- ~ L ,J 

•• I •• ..... ,.., • • ·-----• - -:....,- .... ....,~., 

~1-··, "'-~ ...... , .. _ 
V- ...I•• ...... 

r.., .,,. ...... 
- - . 

I" n 
00 

; ' 

;:) 

64 

; -~ 

68 

259.2s4 

833~11606 
130.312 

2202.563 
42.074 

60. 02 ' 

52. 34 ; 
i 
i 

, r.'• ;~, ..... 
I Via ....,V 

I\ '.l"•i /C. 0••• V :·:ants). 

! 
! 
' AI C/ 

,v ! 
I 

S-i , .. ! 
- o 

' ! 
' .,. r I 1 

, ,i,J 

',,...,, 

Root C:..·ori::l Ri'C':t I 
-----,-i----~-----,-------.---- --1,--- - - , 

:-:2:_:i:::..co. ·c:..c~ 
'h .. --.:-i2ty ( V) 
r:i~2c:.t;:ie ~~ (~) ; 

T "" "' 17 
,I ... -. --

Er I" O:-

c:: ·-:. s . 1 ';' ·_s_:.._g_· ~; __ :_" _· s_. ____ :::'_• _ ._s_i_g ___ i __ :--_r ._s_· ·_~l __ :r _ _ : ..,_:::: _i _;; __ I 
2 35.4011.7 ! =~:i 15.26 1.2 1 :-3' 96.60I ~.6

1
1 =~s 

1 I 0.04 . O.O j _,..) I 140.'16 11.3 j 1% 135.37 I 2.3 ;,:S 
3 3:5.64 j14 .9 1% i 230.56 18.6 1% 979.76 ,16.7 1% 
3 30.94 1 1.5 XS' 35.74 j 2.9 :7S 116.26 '1.9 I':S 

14 1 21.1 :; 12.381 58.71 
~-------------~----

~o~~-- non-st-uctural carbohydrate uercentRne.* 

I 'q()(')J. Crol',n ' RTC:R I 

I I I I I i I '/3.::.-ia tier. I dfj :-1. s. F Sig H.S. i 
F jSig ~.s. F Sig 

i b'.<)l::i.cation ' ; I 0.00017 0.2 NS o. 00047 I o.8 i\S 0,00000 o.o NS I va_iety (V) 0Qoooo5 o.o :;s o. 00002 i o.o NS 0.00095 1. 21 -s 
T_ ... eat~ nt ( s:) 0.099L5 1 ~ o. A(}/ o. 03155 157. /.,_ 1% 0.07732 96.6 1 ol 

i -., I 10 /0 

V X T 

14 I 
0 . 00414 4.6 5% 0. 00214 1 3. 91 501.'. 0.00371 4 . 61 5% I ,o 

I Error 0.00090 0.00055 0.00080 l ; 1 

* Data was transformed to the arcsin form for analysis. 



j 
i 

' I 

l 
! 

I 

. 

l 

Tota! n o~- ~t ~uctural c a ~bohydr~te wei 2ht (gm/6 pl~~ts ). 

~0~: ~cat ~c~ 2 
' T-~-~'"' "'"y· 'V) 1., c... _ ..:.. ~ l., \. 

~reat~ent (T) 3 
V x T 3 
~rro~ 14 

::: 1~ : \ .: .. ~-Ca-~ :1.. - ~­
\ r .:.:. :..-:. e ty ( V) 
._s: ~_. - C. ·j :·;: C :-: ·"; ~ 'J: ) ; 

2 
,, 

l 

Ro ot 

' 2. 617 ! ~ • 2 I I "S 

1 • 9: 8 i 0 . 9 ! NS 
52.972 12 4 . 1 1 1% 
2. 998 I 1 • 4 j r.S 
- ~q a l , C:.. ,, I .,. ./ I I 

. . . .,,. . • - • .J . - ' \ .. ... ...:... :-... ~: --.,: . .:; ; .. - - - ~-·- -- -------· - . . ---------- ·- --

·,_r J ::: i &. ·= ::. ~ . ·- :-.: . s . i "J' ;si:;-._ .. .. i 
l 

:::~.::y~ica·:, ~(:.::. 2 r ""'.- ,--, ! 3.1 J:.:s I u. V e.:);> I ! I 
\Tc.-.:.:· ::.. e t y (V ) I 1 o. 0026 I 0.3 I v~ 

I J.~ 0 
' i I ·~"' E:C:.. ·Crt'1 €: ::1t Ir~\ 3 c.2855 j34. 8 1% \. J I ' 

l '7 
X 

,-, -z 0.0109 l 1. 3 I NS \- - .,I l 

: L:- 0.0082 ! l :S:ri-- 1~:r' I ! I i 

c~ ... c, .. :1n 

0. 3 5? ! 2 . 3 ! NS 
1. 338 ! 8. 5 I 1% 
l.;. . 623 129 . 4 I 1% 
o. 2 50 l 1 • 6 i --~ 
0.157 ! i 

C-.. ~- .. -- .._, . . :.l 

, (, 
l ; ::J 

I r-, .-.., . ,-, ,.... • . 
\.., .. ~ v · ...... v .... . . 

! 1-: . S . ! ., :si 1c ! .!' 
I I \_, 

! 0. 0096 i ., LJ. I V C' 
I I • ' 

,__, 
I 0.0795 11 1 . 5 1% I 0.21 39 31.0 1% 
i 0.0135 2. 0 !'TS 

I 0.0068 
I 

i 
i 

289 

·.\,'" C! -;- l ~ ~ '1' l 
~ .. " v• 1 - :---o I 
4 . 85!+! 1.5 1 !',:Sj 
0 . 0 52 l O. 0 J :NS ' 

85 . 16: ,26. 8 i 1% 
3 . 66..;. , 1 . 2 j RS 
3.178 j · 

RTCR 

0. 00002 1 1 • 2 : KS , 
0. 00002 i 1 . 2 ! ·rs I 

' I I "' I 
o. 0 012~ :72. 9 ~%l 
C .. C0(}J7 f 4 . 1 =-ic' ..,, 10 ! 
c. : 2Jo1 ~ 1 

I 

1·1. S . i F 'Si c i 
0.0662 I 2.3 NS I 0.0531 ,: C NS I • / 

j34.1 0.9688 1% 
o. 02 2. S, I NS j 1. 0 
0.02 03 i 

I 

I 

Total non- s ~~uctura l c a rbohydrate/tota l nitro~en ratios. 

Root I Crovm I RTCR 

Varia.,i o ~1 df M. s. F Sig I :M .S. I F !Sig M.S. F Sig 

Replication 2 0.558 o. 4 I NS 0.352 0.7 I NS 0.063 o. o 1 NS 
Variety (r ) 1 0.037 o.o NS 0.51 8 o. 9 I NS 3.1 87 2.7 NS 
Treatment (I' ) 3 150.285 105. 1% 21.471 1 ol ·97. 099 81.6 1% 39.8 70 

V x T 
I 

3 _12.142 8.5 1% 4. 443 8.2 10/ 11. 808 9.9 1% I 70 

:s_ ror 14 1. 427 0.539 1.189 

* Data was transformed t o the arcsin form for analysis. 
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:, -~- .. · . : . ·.: l ·.,; ::. ) l e Li !1 e ~ r ~ e G-:: cs s ::. 8 n \.' i t?: s e q_ u el~. -:; i a 1 r enc val o f t 11 e h i g h e s t 

8;;:1-:~c :. s usa C. : ·) · .... o ,,. •,... ~~ s1-•it,...l" ( -"> S) ~ o •-:-f :, ~ 3 o f'"'-f ·n o _,,1 0 + 
; ... ...., ... 1.. ..... • ......... \ ..... - . - ' - - - - ... .:::! -- I,,, 

?S · o~ , ? 3 3 o~ - ?lotbac~ after each r ei=cs ~icn an~ lys i s . 
~ca te r ca=~ s a~d ta~~ i ~~ut co ntrol : ?S 2 on , ? 3 4 on - re a ~ 
\.... . . :_ia :?.-- [:. ~-~e tc r c~rC.•>:• ., b . 5 ted.G.e2., c .::. :- ds ~ sir.g C. C. 1- 72 esc:2 , 
c . -..; - "'-I a l u es , C. . C: ~- t c.. - for:::~ t 7 ? 10 . 0 . 

back ; 

C 
C 
C 
C 

p ;:;.:, G v NO . 02112)621) iliL- R - :ViULT , ;.,~ :=: LINEA R REGRcS SION l 

MUL7 iPLE L iNEA~ RcG RESSION 

0: :1, ::::NSION SLJ:•'!X2(26) ., su:.;x{26) ~su :.-, XY( 2t.: ~X:3A,"<(2 6) ,SX( 26) 
•: , __ .;:: r~ S : 0 ~~ A ( 2 6 1 26 ) , :3 ( ? 6 ) , X ( ?. 6 } , 8 ~ T t . ( 2 6 ) 
:) ~ ;.;::: ;" S I :J N q .· 2::, ) , S 8 ( 2 6 j , T ( 2 6 ) , I :::., EL ( 2 6 ) r TT V ( 2 6 ) , ALP HA ( 7 8 ) 
c :;,'.; :Ii ON su:,; X 2 ~ :3 Ui.', :; ~ SU !-', X Y 1 X 8 A'.:;; , S Y. , A, G , B::. : ;, • =-'! , S 3, T, I DEL ~ ;,,1 , N , NUM , ANM, A 

: :,, , :<::J ~ , /1. G • L 1 , !<: o u:--.! T ·1 ~( , TT v , ,:,. L.. P HA , T I , L :=: , L z , x ;, , x s 
:;:;: := I i'i.:: 0 IS ,,: ( 1 ) , 2.J .) ) ) 

C z::.:~G -;-:--. .:: .. :cu:.iUL ATC~ S 
r 
'--

. . . . - . . , __: . .:., ~ 

-= -....... , 
• ' . ' - J ,. . . . . - , ... ~ 

. • - .:: \ .. ' 

. ' - -- ~· ., , ,, . . ~ ·- ,,. 
., ... • - J - •.J 0 

;-~ --:I • ~ , = ) :: ) -,;, 
S>~ ! : ; =J . 
::; ::.;{ !; = : .• 

12 X ( ! ) = ;) ~ 

C 

.) C: 1 3 I = :: , i"~ ? 
~ :; _ 14 J:=1 , ,v,? 
,'-, ( l ~J)=J o 

C C:\! ,I NUE 
i<:N = 3::,~:, 
r( f/1 = 3 ::: iv'i[... 3 
Ou 1229 I=l,KM 

1 2 2 9 ALPHA ( I ) =O o 

1:- (S~NSE S\'/I TCrl 2)2 49 , 229 
240 IF(SENSE SWITCH 4)219,15 
2 19 DO 2 2) I= l , 5 

R'::AD 3 
22) P r< i:--J T 3 

GCJ TO 15 
22 9 IF ( 5-='. NS='. S\'/ I TC H if) 16, 15 

16 R~AD 93 ,( A L PHA (J),J=l, KN} 
15 i·li1\ = M-l 

RE .i,D 2000 , { TTV ( I ) , I= 1, M A ) 

C T H:':: 'FIRST PART OF THE PROGRAM GENERA'i=S THE COEFFICIENT 
C 1-IA TRIX,CALCULATES THE. VARI ABLE MEANS ti.ND STANDARD DEVIATIONS, 
C AND AD J USTS T H~ E LE MENTS OF THE COE FF ICIENT MATRIX . 

i,; A = M-1 
K ON = M 
AN::::i\JUM 
IMAX = l 
DO 1000 MAX= l ,NUM 
R::: A D 20 ) ') , ( X ( I ) , I = 1 , M ) 
I F ( N T R AN ) 3 .) l , 3J O , 3'.l 1 

3) 1 DO 30 2 I I= l , M 
30 2 X ( I I ) = ( L O GF ( X ( I I ) ) ) ,;, • 4 3 4 2 9 4 4 8 
3)) R-='.CORD {IMAX ) (X ( I),I = l,M) 

DO 22 I=l, M 
SU tv, X 2 ( I ) =SUM X 2 ( I ) & X ( I H ' X ( I ) 

D\\'T 



.',. = '-! - i. 

;.: .\ = :-'. A- ! 
DG 5i2 J :=L,N 
D O 513 i = l, N 
/:.. ( ·: , J ) = A ( I , J::. :. ) 
C G.-;T: NU= 
PR:\. ·t 2 9 
.--= ;J~:.: .H ( !H:,, 15H I NV ERSE :,1ATR IX/16,--: --------------- i 
:,:, 3.6') != ~ . :·'-: 

:o-, P ~ !.'!T : 62,(/,( I,J l ,J= l, N ) 
: c.2 ;::c:~::, ;,.T :1 t-i, Ri= lS. :.,) 

C:·.J -=> j_L.. 9 i =L 'I .'; 
T7'V ( ! ) = TTV { I&. ) 
A 3 A~ ( I ) = X ~ A~ { i E, l } 

6 l 4 9 S >: ( I ) = S X ( I & 1 ) 
P ~ {.\;T 92 
P~ :£ ,,; T 8805 ,X B AR ( 1) , SX ( 1), AL? !-1A( 1), ALPHA( 2) ,ALPHA ( 3) 
K.=4 
D Cl ?St;. 5 ! = 2, r;. 
i ;, = I - 1 
~~ INT l; , I K , X S AR ( I ) 1 I K, SX ( I ) , ALP HA ( K) , ALP HA ( K& l } , ALPHA ( K& 2 ) 

7 645 c( =KS.3 
K ·:JUi\; T = ') 
Du 20 t;.0 J =: . :<-::JN 
1.-=(ID::L{J 1 2) 5 ) ,2)41,2)5) 

2J 50 i<:Jvi\: 7= i<G-.JN7 " • 
!i= (i<.Oi.J !,rf - L 2 )4') ,2)6), 2)4) 

2 ·) 40 C ,:;\T I ,,!:...J ::: 
2)6 ) : .J:: L (.Jj :.:) 

L.- 999 
;;c ·io 69 
c·. ·_:_ ~X ~t 

•• • ../ •• .,,, ._ : :.. ' ,._ · \ .· ••• • -1 :_..:::.... .., ~ •• - •• - . ,'. ;..: ~ 
.. · -- .. / / / / 2 -:-· -. -:- - . :;. \ ..-.. -;_._ :· ,.:, . ~ \._ ~ =.: _ ~ . · : : .. ,. , .. -~ . .. -; ~ ! 3 , / / / / ) 

.. -- /.-- - -. -,· :. .• :: _-:. ,._ -_-.. - · : t . r=: c G-=;..::::JI 1J •\: c:.·-::=Frcr:.:;<'";·s . / J 
' ,. \ ... , - -= _:.. :... ,:: ? · .. .. ,.-. J 

, ·- . . . ' . , ... 
-= ·-

, ·. . .-~--; ·: !-; _~ ::; ·,· ,,_,. _")_..._.:L:; =~·YC~S c;;:: 7 ~::::: ==<:::GK::SS I CN c: :::FS-,/ ) 
.J _ ;-· :., ·. ;. : ,·, -.- { ~,. ,: S t ~J : • : :.:. " 2 ~-{ ) = , = ?. ; Q 8 ) 

70 i-= ::i~:·-, ;:..·; ~23H 1:-:::: i3E: T.A. CO~FFI CI Ei\J 7S. 1 / ) 
7 ;= ,:::;_· .. AT (6H 2 :: TA( 1 Z3,2H ;= , F14 . 3) 
;· 7 r= J ;:;··,, ,:,T( / -+:'::;-! .~::: COc:rrICi:::NT 0:= ;,,:uLTIPLE D ET ERi,] INATI ON ., /) 
0 r 0~MAT( 5H ~~o =,F l4.3 , / ) 
7 6 F 2RM ~T (4! H THE COEFF : CIE NT Cr ~U LTIPLE CORR ~ LA TI ON .,/) 
:1 F OR~.AT{3H R= 1 F l4. 3, / ) 
70 ;:: ::-,::?:·,,AT ( 3 2ri THE S T ANDARD ERRGR Cr ES TI ;v',ATE .,/ ) 
i3 F-' ::, R Vi AT ( 1 3 H S ( j_ • 2 3 • • • ~ l ) = 9 F l L, • 3 1 / ) 

01 F~R ~ AT ( / 35ri THE P A~ TIAL CORR ELA TION COEFFICIENTS 
62 r O f.\ :, . . "i1 .:: .. -; R( ,I3,2H}=,F2).8) 
S·6 F CJR ,,;AT(3H T(,I3,2H) =,F2,) . 8 } 
9 5 r ~ ~MAT (/12H THE i= - T ES T.,/) 
96 F c·.:;:·.; ,:;i'. 3 ~ F= 1 Fl2.4 1 /} 

9 7 F C :.: ;(12H TH::'. T-T EST . ,/} 
8)80 F :-,,,.;:-._T (7F i0 .o) 

11 F CR~A~ (lH ,I4,5X,Fl4.3,5~,Fl4.3, 5X ,Fl4.3) 
7~ r OR>1AT (I2) 
199 F DRMAT{6 HOBS . N0 ,15X,1HY,15X ,~HY- EST ,1 8X,1HE) 

29': 

8885 F ORMAT(7H YBAR =,F14.6,20i-i SIGf•1A(Y) = ,F14 o 6 , 4X,3A4) 
92 F ORMAT{44H TH~ VARIAB LE M E ANS A ND STANDARD DEVIATI ON S. ,/ ) 

1044 FO~M AT (1H,66HCOMPARING Tr.E 2:QUATION WI TH THE PREV IOUS AND PREV IOUO 
1 S [, l :: OU AT I ON S i 

lO 4 6 F O ~M AT ( 1 H , 7 Hr ( 1 - 2 } = , F 1 2 • 4, 10 X , 4 HD F 
1)4 8 r OR ~AT ( lH,7HF(l - 3}=,Fl2. 4, lJX,4HDF 

4 FORM AT ( 6 H X 8 AR ( , I 3 , 2H } = , F 1 4 • 3 , 5 X , 7 H 
END 

t I 2, 2H, , I 2 ) 
,I2, 2H, ,I2) 
SIGMA(,I3 , 2H)=,F 1 4 . 3 , 4X, 3 A4} 



C 

! t):= = :-'i & 1- M A 
B .) r" == i\! 0 , .·: - { ,'-·: S. 1 } - 1 
P ~ I NT l04S , r21TDr , aDF 

·. ) 5) :'" :+ ;: =~ H .l. 
i. 0 4 0 RHA= RHO 

C T HIS ;:,.,:,~ , Cr TH=: :--.GC,Ai~ CALC ULA TES T H::: ::-AR TI AL 
C c o~~~ L ATION CO~ F r ICi~~ TS . 
C 

C 

p ... ~. :·.- 0 j_ 

U G 5 2 ..; = 2 , ::i 
P.~~ = S Q:~ T i A ( ~ 1 J ) a:, A ( 1 , J ) / ( A ( l , l ) ~' A ' J , J } } i 
,< = J - ~ 

52 P~INT 62,K, AR 

C T~ ~S PA~T OF TH E P~• GRAM CALC ULA TES THE F RA T IO 
C 

C 

??. I >, T 95 
:= = c< .--iO':' .t,;,,;;,; / ( A T ,:q '-. - ~HO ) i 
. ..):--< I N 7 96 -:F 

C T~IS P A~T 0~ TrlE P~ • GRA~ CAL CULA TES THE T VALUES F OR TH~ 
C P~~ TIAL ~EG ~~SS ION COEFFICIE NT S . 
C 

?RINT 9 7 
DO l'.:.) : = : ·-: 1\ 
7(i / = O{. ',.--,{ I) 
~ :=-= ( T { ~ ; , _ . -. ~ Z'J 

l 3 ) T ( I ; = - :. , :,: ·.- . 
! 2 J F-~ : :\ -.- s-.:: 7 - ~ -;· ( : i 

'-

292 

c -1- .. 1~s ;:;_~=-~ : ,-·-; T H:::' p:~".:G~,\.; ::1.j f\ C -:~s T :-:~ : ...: c:-:~ ·:s o:= FF<E~:JO\i :=oR 
C 7 . · . ..: : :~ .= :.; ;-, :":: S : . _ . _, . ? -< ..:.. " _ ~ · ... 

·- . ·: .j :_, • =- -.- c:= -.- .-, :: ·• -- - .. .--- ..... ~ ,:: .. . . , 
. • •• ,1 • - ., • 

·- . ·- ~ ... - . - -. _. -- _. ·, .. _. ·. -- \ . 
- . - -· ,, .., - . . •• ,"'; • •:. ', • :-: ..:. .. -: ,::, • .._ I • ...,, • ..:.. -

: -· , :',,_:: . .. .... ::. ~,.. . . ,_:,-: 3 } L;. : ., (--..,.:. 2 
-:· - : .--= : S__:: : ,; ::, ::: S :! = T C :-: 1 ) 6.:,. : , c : 6) 

C:,. !... '- L Ii', K ( /,'. L q ) 
042 r.= (S>=."-!S~ S \"!I 7Cr. 1 )18 9~ · .50 

6L;.~ C.:JN T I~UE 
C 

., _ v :.: ~ --

C T~IS PA~7 ~ F THE PR GGRAM GIV::: S THE USE R 7~::: OPPOR TUNI TY T O 
C E-I ~ i~AT~ ~NE VARIABL E FROM THE REGRESSION ANA LYS i S. 
C 

8 !52 

tl l -49 
J f:. 3 
1 3 7 
184 
1 3 5 

186 
7 79 

82 
8 3 
81 
80 

5 1 1 
51) 

633 9 

:i:F(L J\S T ) i.86,8 160 , 186 
J= l 
L = MAS. l 
I F(N - 3)815 1 7 8 152 7 8 152 
P ?< Ii'l T 8 11 7 , MA 
GO ·:o 77 9 
CON T I ,\JUE 
P~ I ~-!T 3 1 1 8 
!~ ( SENSE SW ITCH 1) 184 7 1 86 
IF(S::NS::: S V/ ITCH 3)18 6,18 5 
LA ST=l 
GO TO 64 1 
C/~LL LI NK (MLR) 
DO SO I= 1. , N 
D O 8 1 J =: 1 N 
I 1= ( J - L } h 2 , 8 1 , 8 2 
IF ( I - L)83,8 1 , S 3 
A ( I , J ) =. ( A ( I , J ) ,:, A ( L , L ) - A ( I , L ) ,:, A ( J , L ) ) / A ( L, L ) 
CONTINU:: 
CONT !NUE 
D O 510 I=L,N 
u:i 5 11 J=l, N 
A{ I ,J)= A (I&l,J) 
CON T INUE: 
L K=3,:,L- 2 
LT=3 >:,M& 3 
DO 63 3 9 I =L K.,LT 
ALP HA{I) = ALPH A( I&3) 
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C p ;:;:oG ., NO~ '.) 2113 ) 62 10 MU~S - MULTI P!_ c L it--JEAR REGRE S S I ON 2 DW T 
D r.v,2: N s: ON SU i.:x 2 ( 26 ) 'SU if1 X ( 26 I ? S U {/1 X y ( 2 6) ' X 3 ;'.., K : 2 6) ' sx ( 2 6) 
::, I ;,;, C: i'~ S : C. :'-1 /1, ( 2 6 1 2 6 ) ? ':3 ( 2 6 ) ? X { 2 6 j 9 B ET P. ( 2 6 ) 
' ': .' ·. :: >-: S I CJ:'! R ( 2 6 ) , S B ( 2 6 ) , T ( 2 6 ) 1 I DEL ( ;:, 6 ) , TT \/ ( 2 6 ) 1 ALP !-: i>. : ~, 8 ) 
CC: : .. ;.: ,:::; t'-l SU iVl X 2 , S U \1 X , SU ,,, X Y , X e AR , S X , A , [-3 , 8 E T A , R , S 8 , T , I D EL , ;,~ , N , NU ivi , ;._ N iv1 , A 

1 \: ~ :< 0 i\! , AO , L 1 1 l< 0 U~, T , X ~ TT V , /:>.LP h A , T I TL E , L 2 , X X , X S 
D:: FIN:: DIS:<. ( 1) r2) 0 )) 

C ~ ~IS PART 0 ~ 7 H ~ P ROGRAM CAL C ULA T ES THE P ART IA L 
C R EGR~SSIO N C ~~~~ICIENTS . 
C 

L;.-.S :=O 
;(G:--! =:.ti 
Ai~ = f\: U ~t, 
i'.'if..... = 1"'•1- 1 
;'- ·: I i\l =O 

6 9 ;=-::::1 Ir,, T -,-3 
DC 36 .J::: 2.M 

3 6 B( J - 2)= - A(i~J ) /A ( l~l) 

C 
C 
C 

DO 37 .J = l,.'·!;A 
3 7 PRINT 5 7 .J,G (J ) 

··: ~: I S P AR T GF 

:: . _ • :, ::: ) 0 

L:- ~; ~ ~ l ~ = ~ , /.; 

TWt::' 
1 i I ~ PRQ GRAii C ALCUL/.i..TES T HC: Y- I.~TER C E P : . 

-: :::.• St.):\; :::S L ... i,.. ::_: l I-~ l) ;:.: x S.4 ~ ( ~ 

; .:! =:< :::,,:;~ : ) - Su . 

.. 
'-

C 

-- 7 .. ) 
. _.,. -

~; :J 5 l J = 2 ~· '. •;i 
S .:~ i J - :.. ) = S .J :~ T ( ( A ( 1 7 1 ) ,:, A ( J , J ) - A ( l , J ) ,:, A -: l , J ) ) / ( A N M ,:, A ( 1 , 1 ) ,:, A ( 1 , l ) ) ) 
;<_ ::: J - ! 

5 1 P ~ I !\! ·r 6 l , K , S B ( J - 1 ) 

C T~IS 0 AR T 0 ~ THE PROGRA M C AL C ULAT ES THE STANDARD 
C PART IAL REGRESSION COEFFICI EN TS. 
C 

? ~ I :--.! T 7 6 
D O ~9 I=2 1 M 
5:: T I>. ( I - 1 ) = D ( : - 1 ) ,:, SX ( I ) / S X ( l ) 
!<. =I - 1 

3 9 PFU N T 7,K, B::, .li. (K) 
C 
C T '~l S P AR T OF TH :: PROGRA M CALCULATES THE MULT I PLE C ORR EL A T I ON 
C C O::FFIC I =NT ,T~ :: STAND ARD ERROR OF ESTI MA T c , AND T HE COEFFI C I E N T 
C CF MU L TIPL:: DETERM I NA T ION. 
C 

PR I ;,J T 7 7 
RHO = ( A ( l , 1 i ,:, A M- 1 • ) / ( A ( 1 , 1 ) ,:, AM ) 
P R i i\l T 9,RHO 
PRIN T 7 8 
RA = S ORT{R HO ) 
PR I N T D ,RA 
PRIN T 79 
SX X= SQR T(SX ( l)*SX (l ) *( l .-R HO)) 
SXX = SXX*SOR T( AN /A NM) 
PR I :-OlT 8 , SX X 

C CO MPARING ~ I T H P R EV IOUS E QUA TI ON S 
f·,i IN = M I I\J S.1 
IF ( M IN - 1)1040 , 10 40 ,10 42 

1:)4 2 F l = ( ( R:-iA - RHO )/((AT&l.)- AT ) )/((1.-RHA ) /(AN-(AT&l.) ~ l.)) 
TDF = M- MA-
BDF = NU M - M-1 
PR IN T 1044 
PR INT 104 6 ,Fl ,TDF , BDF 

. IF ( M IN -2 ) 10 5 0,105) ,10 5 2 
D 5 2 F 2 = ( ( RH:=: -RHO)/ ( (AT& 2 • ) -AT) ) / ( ( 1. -RHE) / (A N- (AT~ 2 • ) - 1 • ) ) 



22 ~ • I :- : ;.~ \ r ; == s..; 1'-': x ( : } r, x ( r ) 
CC, ;..:::, I:.:1, ..:. 
:::>-.J 2 ,, J= I , i,: 294 

2L;. 
23 
1} ) ) 

P.. : ~ I J I = ,!:, ( I ' J ) s. X ... ,:: X ( J ) 
C :_; ~ ·,- ! i,!u:: 
CC\! , I\:U::: 
?;:. : i .. iT 9 

0 .=.:~ :-..,\ , \ : H) 122H su;;. Or SOLiA~ ES j·,:f, T RIX / 2jrl ---------------------- ) 
:..:: ~-:; ==~.,.\: 

2::, ~ ... ~ I >.7 79,(A( I, J) ,J = l,:-1) 
r., o 2 5 i = 1 ., ~~ 
G Cl 2 0 J = I T f/1 

26 ~(I,J )= ( AN*A( I , J) - S UMX ( I)*SU~X( J )) / AN 
£: 5 C:)>: T:,: NU-:: 

?~ : i\ T 1 9 

5 : 

: .,, .=.J~ :-,,.i.T ( : H) ,22i-: P;:?::iDU CT ,'.10,'v1ci'n i•iATRIX/23:-i ------ ---------------- ) 
::.;J ::J I = 1 .,:.: 

3 : ~~!~T 79 ,( ~(i, J ) ,J=:, M) 
3 r G.;::.; AT ( 50 ;-i l 

1 
,~;.,=A( ~ , 1 ) 
C G :),) ..; :..: l , ::~ 

!:, 0 5 "- ;: = J ? , ;:, 
; , \ I ., J } = ;:. { .. J , : ) 
:'..; ;.'. X Y ( J } = A ( J 1 i 

•. l:\:, 92 

1..: :., 2--:' ==~ ., .. 
;:t~ :,;; \ : ) := St ., ·.i X ( : ~ / f... /\! 

30H 

S I G'-1.A(Yj = ,:=1 4 . 6 ,4X,3A4) 

~ "? S ~: { ~ : = SC.;-: 7 ( ~ S 1 ~ ~ { ~ : -- ,\ : : : : :: X 3 .t.... : · : ;'.: X 3:... ~ ( ! ) ) / AN ) 

·-

:: =-! ~ >:·:- ~.J~;:~;:3 ~~-:-.. ·. ~:~I s::\ : ;., .!.... '_-:~ .-.;,'. : ; 1 ,:-,:_ ;:.::A{ Z: ) ,A LP riA { 3 i 
. ....::. L·. 

-. - , 7 .. :._: : =?::: : .. 

- · ·; - . . -· . - . ';' .. :, .·~ . -

- .~ ..... ···. ·: ~ 

:= ,:..>·::·-:,:..·· . .:--~) ,.ij 
:= 0 r~ ·: r4. ": ~ 1.., 1 • AS 1':..r! ( f ~ 3 4i 2 [-; } = 1 F:. _:,. " 3 7 5 X "} 7 H S : G ;:,r•, { ? I 3 7 2 :1 ) = , F 1 L~ • .3, 4 X , .3 A 4 ) 

9 3 F~~~A~{6,~A4 l) 

C T~:s ?AR T OF 7 H~ PROG~A ~ ! NVE~TS Tri~ ~A T R I X OF COEFrl C I ENTS . 
C 

10 6 

iJ 9 

l l '., 
l ·) 8 
10 7 

:i: 
1:) 5 

i32 

29 

L~) 

7 9 

;\ :c:.: 
, , . ·-··· . 
,•j , , - ,~. - . 

D :; • V ::, j_ = ~ T ·,. i< 
C•O : 06 J = l , .,K 
~-: J ) = ,.\(l, J ) 
R ( ,,,~ & 1 ) = l ,. 
DO 1) 7 1= 1 , K 
DO !08 J= l , NK 
I F ( J - 1'! K ) I ) 9 , l : ') • l) 9 
A ( I , .J ) = A ( I c, 1 , J & ~ 1 - ( A ( I & 1 , 1 ) ,::R ( J& 1 ) / R ( 1 ) ) 
Gu T O D 5 
A ( :;: 1 J ) = - A ( I & 1 , 1 ) /R ( 1 ) 
C::,~ T I NU2: 
C ON T IN UE 
DO 1 11 J = l ,N K 
/, ( NK , .J ) =~ ( J& 1 ) /R ( l ) 
C '.J1'i T I NUE 
p ;~ zr,i T 29 
F ,"JRMAT ( lH) 7 15H INVERSE MATRIX/16H -------- - ------ ) 
DO 4 0 I =l, M 
P~ i !'J T 79 1 (A ( I, J ),J= l , M) 
FO~~AT(lH , BFlB . 3 ) 
Ll=) 
KOUN T=O 
Ct-L L '.-INK (M LRS) 
E ND 



1·:"'...11 -.:~ple r eg -:: es : ... io n f or~ selecte d nu.:-:oer 
: ,: :: ·::c-0 1 yro;;r n :., s"\'r.:. tches &:.:-;; c:.:::. :.~c::· 5.t.. . 1 . 

of v2ri ao les . 
PS 0 :, ' ? J ) C: ' 
P S 2 o ::1 , ? S 4 o n . 
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It :~ rther reads t ~e titl e c f the c~rv e , an LZ con t rol of the caxi • u m 
s el ~ teri X*v a lue to ~ lot ba ck a nd a~ AZ co ~ trol for &n tilo ggi ng calcul­
ate~ Y v a :u e s ~nd SE' ~ wi e n ap plic a ble . 

C 
C 

~~ e ; ~oc r ~~ ~-~ ts j a c ~ : or the r ea d X v a lu ea , fo r selected X values 
&~d det cr~ i nes t~e SE of ea ch c c lculat e~ Y value 

Y the dependent variable . 

P RO G o N O . 0211 2J 6210 MLE - ,V,ULT I ;<E LINEAR REGRESSIOf\l 1 

C i•:i UL TIP~:': L IN -=t-,R rtEGRESSI ON 
C 

'·· 
'·-
C 

C, ~ :<': :'! SI CJ!\! S U i·-1 X 2 ( 2 6 ) , SU :'-', ;' ( 2 6 ) , SU M X Y ( 2 6 ) ~ X BAR ( 2 6 ) , S X ( 26 ) 
D n ,; :: N S I CJ~ A ( 2 6 9 26 ) , 8 ( 2 6 ) , X ( 2 6 ) 9 BET A ( 2 6 ) 
0 I ,.:':::!'\! S I O ,,: ,., ( 2 6 ) 1 S f, ' 2 6 ) , T ( 2 6 ) 1 I DEL ( 2 6 ) 1 T T V ( 2 6 ) , ALP HA ( 7 8 ) 
0 ~ ;-.; '= N S I 8 ; X :< ; S i , X S ( 3 ) 9 T I TL E ( 2 ) i 
C:J .' -', ·.; rn-: .3 lJ :·-'.X 2 ? S ...J ~·: X , SU >'.X Y , X B hR , S X , A 1 8 ? 3::: T f.,. 1 r< , S 5 , T , I DEL , M , N , NU M , AN M , A 

l ; · < CN i• .~. U ? L 2. ~ . 0 Ui\! T 1 ; -: t TT V , Al_ P r.A , T IT L E, L Z , :< X , X :_; : I-. Z 
'.: 2 ;:: u--1::: D I SK { 1'.) , 20 i) J ) 

: . :: ,:t :) : ._, .-.: ·.. . , : : :, 1 :\J T~ ..::. ~,! 
1 

- '; -.. ~-- . 

. -- . 

. . . - . :. 

. .. . . , 
~ .. : .~ .. : ·: .l ~ :... _,, 
~ . . : : ) = ) ~ 
s _:, ( : ) =J V 

: .~ >~~ = / =J u 
.J ... . - = = ~ 1 ~J: ? 
D ,J : 4 .. J = : r 1\. P 

.:. .... ,: ' :· .. . , .._j ) =:i l,) 

~3 C ~. :-: T INU:: 

C, 0 ~ 2 29 ::: = 1 1 K M 
1229 ;H_ p;-; ,~, ~ I ) =) " 

I F ( S ::: N S:':: S 1:J ITCH 2) 2L:-9,229 
2 4 0 : ?= ( S':: ~; SC::: S \'! I ·1- CH 4 ; 2 l 9 , 1 5 
2 : 9 :) :J 2 20 . I = 1 , 5 

c<. :: /\ D 3 
220 ?~ Ii'l T 3 

GO TO 15 
2 29 :F(S2:: NS=: s ·,'i_ ·i'.> , l ; )l6 9 15 

16 f, .= A CJ 93 7 (ALP HA( J ) ,J= l , KN) 
15 ,'-iA = :·J: - 1 

R:: A D 2 ,))'.) 7 ( TT\/ ( I ), I = l , MA ) 
R !::AD 9Lr ,( T ITu.:: : J ) 9J=l ,5) ,LZ,AZ 

94 FO RM AT (5A4 , 2I2) 
C 
C ·: ,-: ::: FIRST PA.R T OF TH E F rtO G=.!A M GE NER ATE S --;-;-, :::: COEFFICIE N T 
~ ~.h7R IX, CAL_CUL ATE S TH 2 VARIABLE ME ANS A ~-~ S TA NDARD DEVIATIONS, 
C A N D ADJUST S TH~ ELEMENTS OF THE COEFF!C EN T MATRIX. 
C 

N: 1 = i'-'i - 1 
,' ON = M 
;..,~ = N U M 
I ivl AX = l 

DO 10')0 MAX=l,NU M 
RE AD 20 0 0 , ( X ( I ) , I= 1 , M ) 
IF ( l\l Ti=< Ai'l ) 3J 1, 3 ·'.) 0 , 30 1 

30 1 D O 30 2 I i = 1 , ivi 
3) 2 X ( I I)= (LOGF (X{ I I)) )':' .43429448 

D\\IT I 



.:;c ·J ;~.:: CC;~ 0 \ ~ ;.-; A/~ ) { X ( I ) , I = l , M ) 
CCl 22 I =::. , :-·, 
Sv :< X 2 ( :;: i = S '.j;c'. X 2 ( I ) [, X ( i )':: X ( I ) 

2 2 SU i✓, :,,: ( I ) = s t..: i.': X ( I } [, X ( I ) 
D .J 23 I = 1 ! '.'1 
;)CJ 2.c,. J=! .;.-. 

2 4 ;... ( I , J ) ::.:: .t.. ( I , J J e, X ( I i ,:: X { J ) 
2::, CG:\:T I .\:\J ~ 
:!.2' :, 0 cu:,r1 r:,u=: 

?~ i,, T 9 
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9 ;-0~ ,:, ,:: r ( : r.v ?22H ~-..:·. OF SC U AR cS r,,;A TRIX/2 3H ---------------------- ) 
C Cl 2:.; I = 1 , ::, 

2 5 

51 
-"' :::, , 

20 ? -~ ~ :,.; -- -19.,. ( ,•. : _ 9 J ) , .J= 1 , 1\.I) 
D .J 2 :5 ~ :.: : , .. : 
C D 26 J=~ 1 \: 

; : ~ ..i ) = i A ~-: ,:, h ( i: ! J , - SU /.: X ( I ) ,:: SU i✓, X ( J } ) / A N 
C:J~-:-:: .,v=. 
p;:: : ;·<T : g 

: 9 ;::: .J~.'-'. AT : : :-:J , 22 :~ .. :i .~ .JDUCT M Oi,;ENT i,'.A TR I X/23i-i ------- --------------- ) 
v '.J 3;; : ::. : , i-i 

30 ?~: :--,T 7 9 1 (A( I ,J) , J=1, :-.:) 
3 ;::o ;:;: ;.': hT (50H l 30H 

l 
:... '-: = .4 ~ : ·. : ~ 
CO 50 J= 1 , :~~ 

c.: 5 1 I=J ,.;;~ -.,l 
J..'.: , J ) = A( J . I) 
S u:.;;-: Y ( J ) =A '. J, 1 ) 
PR : ,\. -: S·2 

S865 F C~ ... ;...T (3~ YB AR = ,F l 4 . 6 1 20 H SIGMA(Y) = ,Fl~ . 6,4X,3A4 ) 
C J .< 7 ! = 1 ., ;.: 
; • ,.:, -/~ • : : = s:...,, ,• :< \ = ; / ..-\I~ 

2 -/ :~·~.: :..:~- .. , --~ ~-~ ... ,\·. :~ ;2::; - .. ;:,:~.: :~~,,;\-:, ( :;::. ~::;~:; A~ .! / Ai\:) 

-..1 - ,... ~ 

· · - •-' >J ...J 

9.2 

~: ~.'-:-,· ::_.:,;;:.,:5 ·. . :: : ::. : 1 SX (: 1 , .- \L P,~A ( l} ., ,· .. ,_;~~;,." ~ 2), r\LP~~A. ( 3 ) 

•.; -, ::. ·-.· -. -:, 
- - - ' 

,:. - ' .- ... 

. ::.: :_:. ~ .:;., ·.-: 1 ~ 7 212 / 
.:: '.],.:::.,;,.-,- : TF D ~') ) 
F~R~A7 '44h T h ~ VA~ IAB L E MEANS AND S TAND AR~ D EVI A T IONS . ) 

£, F :JR;.',,:_T(o n X :'o,'.~ ( ,I 3 ,2H) = ,Fl4 . 3,5X ,7 H S1G:,1A ( ,I3,2Hl=,Fl4 . 3 ,4 X , 3A4) 
s, ::, F OK:.: AT ( 6 ( 3 /-.· , ) ) 

C 
C -,- :-: ZS PART OF T:-S PR OGRA M I NVERTS T HE: MATR I X OF C C:': FFICIENTS . 
C 

10 6 

10 9 

11) 
10 8 
10 7 

1 :. l 
10 5 

132 

29 

L~O 
79 

Y. A =.< - ! 
:--.. ,=M 
K=i,', - 1 
DD . 105 L=l, N K 
OC: D6 J =l ,NK 
R( J ) = A(l ,J) 
R(NK&l)=l . 
D O iO 7 I= 1, K 
DG 1,) 8 J = l , NK 
I:=(J - NK)109 ,1101109 
fa. ( I , J ) = A ( I & 1 , JC:. 1 ) - ( A ( I & l , 1 ) ,:,R ( Jf, 1 ) /R ( 1 ) ) 
GO TO 10 8 
A ( I , J ) = - A { I & 1 , 1 ) /R ( l ) 
CONTINUE 
CGNTINU:: 
DO l l ! J=l , NK 
A ( NI< , J j =R ( JS. 1 ) /R ( 1 ) 
CO:'-!TINU!::: . 
PR I N T 29 
F ORM AT ( lHO , 15 H I ,\J VER SE MATR I X/ 16H ------------- -) 
DO 4-:) I= 1, M 
PRINT 7 9 ,(A(I,J),J=l, M) 
FORMAT (l H ,BF18 .3) 
L 1 ==O 
KOUNT=O 
CALL L INK (M L R~) 
:=ND 
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(: ;::, ,-:_ _ ;;,. \: O o ) 2 1~ 3 ) 62 : 0 :-iL·<:= - ,:.ULTi ;-::i:__ c Li N EAR REGRC:SSION 2 D\•/ T 
i: .. ~ . . ~ ;-.; S IO~ SU . ; ;.: 2 ; 2 0 ) a SU M X ( 2 5) , S v i-i X Y ( 2 6 ) 7 X3 A R ( 2 6) , S X ( 26) 
sr ·~=- ~ SI • N ~ (?~ , 26), B ( 2 0), X (26),aE T A(26 ) 
;:, : .'-.= :, S : Ci': K : _ ., i 7 S ::5 ( 2 S) 1 -:- ( 2 t'> ) , I De'- i 2 6 ) , TT V ( 2 6 1 , t.. L PHA ( 7 S ) 
..: : .: ::: :- :s ::: c ~~ xx.: o } 9 XS (o ) , -;-I-,c_E (2); 
C :::, :.1.:. o:, SU:Vi:< 2 , SU.',:X, S U :-!X Y 7 X oA:::: .. S X , t,,, S 7 Sc 7 A , R , SB 7 : , I DEL, M , i\ , NU ,v; , ANi11 , A 

1 ,,, . < ,:.:-. '.· Au , L 1 , KG iJ>.: 1 X ~ TT V 7 A -_ :-::i h ;'.1, , T IT:...::, L Z , XX , XS , AZ 
t, :=:.=- : :"::: Di S .< i l ),20 ·)0 ) 
TY.:.. =. ,. ) 3 : 

10 31 := c :::.. :.: J.,.-, i33:~ SE N SE S ':i :'.TCH::::S 1 AN'.) 3 [1: u :::. ·~ B E GN) 
C 
C -.-.-: : s .=- hc<T Gr THE ?RO~A,\~ CALC UL A TES T~E PARTIAL 
C ~ ~ G~:ssIC~ c o~~FICIENTS . 
C 

L ; .. ST=) 
K O0i = i,i 
t-.~·! = ~ U i-·i 
:., , '\:.= ,\i - 1 

C'-:J ?~ ~ ~:i- 73 
:::•.J 3::i J=2 ,,v: 

3 6 .::; : j - : ) = - ,\ ' : . J j / A ( l , 1 ) 
.:; :; 3 -1 ...... = : ' .. ,.--\ 

.. ,_ 

:7 ~~: ~.7 s,J , 6( Ji 

S v '. ==~, .. 
. , ... ..:., =::: ?; :.-1 
S. . . =.: . ~ J • • , ~ .. ., • : - : ~ :-': X i3 ;._ R { : . .. ,· - . 

. ~ - ..... 
•' .._,J., • I_) 

-~ ·"· ·•; = '\: U M - ;i..: 
;:c:.;: •:. - 1 

- - ,-- . . r 
:- .. ~ . . . ·. ·-· . -· . ..:. 

u - :: _ j = 2 , ,\\ 
S ::--. \ J - 1 ) = SQ r< T ( ( A ( 1 , 1 ) ,:, A ( J , J ) - A ( 1 ? J ) ,:: .. i 1 , J ) } / ( A N 1'1 '~ i-. ( 1 , 1 ) ,;, A ( 1 , 1 ) ) ) 

C ,.. 
I,, 

C 

:-<-= ~ - 1 

7~: s ~ Ar< T OFT~ ~ PRO G~ AM CAL CULA TES T H C: STAN DARD 
P ~~7:A~ REGRESS~ ON COEFFICIE NTS . 

DD 39 i=2 ,M . 
Ge:: -;- i', { i: - 1 ) :.: 8 ( I - ! ) ·, · .::-X ( I ) / S X { 1 ) 
K=I - 1 

C T :-! !S PART OF THE PRO GC~/.\M CALC ULA TES THE MULTI P LE C ORR E LATION 
C c c ~~~I C IENT ,TH~ STAND AR D ERQO~ OF ESTI MA TE,A ND THE COEFF ICIE NT 
C C~ MU LTIPL~ DETERMINATIO N . 
C 

C 

p c-< :~ T 77 
i=< r!G · A ( 1 , 1 ) ,:,A M-1 • } / ( A ( 1, 1 ) ,::A M ) 
P .7< ~>- ~ 9,RHO 
P~ I N T 78 
~ A= S Qi=<T ( RHO) 
P :~ I N T 1) ,RA 
PRI N T 7 9 
S X X = SQRT(SX(l)*SX ( 1 )*(1. - RHO)) 
SXX=SXX*SOR T( AN/ ANM) 
P R I NT 8 , SXX 

C THIS PAR T OF fHE PROGRAM CALCULATES THE F ~ATIO 
C 

PRIN T 95 
F=RH• ,:< A N,'-1/ ( AT 0.- ( l ~ - RHO )) 
PRI NT 96 ,F 



C 
C 
C 
C 

T~: S PA~ T OF THE PK• GRAM PU NCHES THE DEGREES OF FREEDOM FOR 
T HE REG~ES SION PRO BLE M. 

PR P,JT 8 l ~ l, ANM 
2,1 1 l FOR i-': AT (/23 H T HE uEG~ ::ES •:- F .:;:E:ED Q;:, / /7H ;,j- i''1 - l=, != 1 0.0) 
C 
C T:-1:s PN·'.! T o:-= THE PRGGRA /,, PER i✓: ITS Tl-le USER T O OBTAI N 
C A PLOT BA C K OF T HE OB SERVA 7 I • N NUMB ER,THE VAL UE OF 
C T~E ~E?~~~~ ~T VAR ! A2 L E , THE ESTI MA TED VARI ABLE,A ND THC: 
C DEVIATIGi', F R OM R EGRE S SION . 
C 

I ;= ( S2: i'! S:: s·,:; : TCri 3) 4:. 9 64 2 
4: IF ~ S::: i'i S= S \':I TC i7 1 }641,816 J 

0 l 5 l T Y p .:=: 8 l 1 0 
CA L t_ !_ i: !\J K ( f.·: L ~ ) 
IF ( S::::NS:::: S \•JI TCH 1 )18 9, 8 ;. 60 
P1~ I r, T 99 
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..542 
641 

99 FOR ~ AT( // 32H THE DEVIAT IONS FROM REG R~ SS! ON .,//,6 HOBS .N0 , 15X,1HY 7 1 
15X 9 5HY -::S T ,18X 7 1Hc,6X,13HS .Eo OF Y-EST,15X,10HANTI-LOG Y 7 i2X 7 3HX 

49 

2 ) 1 1 

1 L;.,S 
14~ 

- ..., -..J.., 
... , .. :., 

.::.o 

2 ' /) 
I :·H \ X = 1 
D .J L~ 8 L I = ~ 1 > ...... :"11 
':=. ST=A•,: , : , 
:= ::TCH (I /. ;..:,x) (X( I 1 ,I=l,KO:\J ) 
KT =2 
DO ,:,,5 J = 2 ,,M 
IF(I D=L ( ~i))55,14 5 , 55 
K -,- =:< TS. i 
GJ 7 0 !.l,6 

:: = X '. ~ } - .. '.' :=: 2 -; 
=-· -.... : _, - -~ ~ .. : = !. .. 
; : :3 f d } ·--= ~~ { J ,i - >~ .~~ .-,,.;: { .Ji- : ) 

(_: =• ... I :.•, ~--•• 

? !J :-~ .::: :~ ~- ~:, ::,. -; ., : :...1 i'·,, ·; :,: . .::.. 1 S X X , ~ 0 7 \ 3 ( .J j ~- J= l , ;.~ /-,.. : 
C .:::.::; , · I . .-.. ~ T::-.: c~ Y /. 1\! D i TS STA :'-l DA~u E~ ROR 1-=iJ R SELEC TED X V ALU::S 

?r; I ~J T lv 2 2 r i'J U M, MA 

C 

56) 
l } 12 

C 

C 

555 

10 14 

10 5 8 
D2 8 

D 2 7 
10 15 

666 

10 1 7 

1-J 19 
1) 18 

787 

__ J 55 
10 54 

C 

~ i--i =L... HE.. 1 
>:X ( l) =J .. 
Xi- = l .. 
D ,J :i.O 10 L X = 1 1 LZ 
D=.VEL09 ~ S EX T ~ N DED VALUES OF X 
I := ( ;,1 - 2 ) 5 5 5 15 55 t 5 6-') 

DO 1J l 2 J = 2 , ;,:A 
XX ( .J) = XX ( -.i - i ) ,:,xx ( l ) 
c ,:,~ C U'... A T :'::: s -:- h~ ES T I,\,lA T E Or y 
Y:: S= ,1\0 
DO 1) l 4 J = l , MA 
YE S=YE S& 6 ( J) ~,xx ( J ) 
IF U.Z)D 27 1 D27,l ·J23 
BYES=YES/0 .43 <, 29167 
A YE S=E XPF ( ,' =. 5 /) .. 4-3429167) / 1:) • 
C i' LCULATE : :i E X V . .!\ LUE FOR THE STA NDARD ERROR 
DO D15 J=l, MA 
XS ( J ) = XX ( J) - X BAR ( Jf, 1) 
CALC uL ATE TH.:: STA NDARD ERROR OF THE Y ESTU MATE 
FSUM =O . 
i'-! I =. 1 
DO 10 18 !=2, M 
N I = i'~ If, 1 
DO 1018 J= i'lI,M 
Ii= ( I -J) lJ 17 1 D 19, 10 1 7 
FSU M=F SUM &(2.*A( I , J )*XS(I-l)*XS(J-1)) 
GO TO 10 18 
FS UM=FSU M&(A(I,J) * XS(I-l)*XS(J-1)) 
CON TINUi:: 
GO TO {777, 7 8 7),LH 
SY X = Si( X ,:, S Q~ TF ( 1 ,, 2, ( 1 • /A N ) ~ F SU M ) 
I F (AZ) 1054,1054,1055 
ASYX =S: XPF ( SY X /0 .43429167) 
CO NTINUE 
OUTPUT OF R=SULTS 



- ~ {XL - 2a) 835 ?H 3 6,S36 
3 3:3 P l.;>, C H l 0 2) ,XX: l) 7 Y C:S 1 SYX 9 NU i•.'i 9 MA 7 S YE S 1 ( TITLE{ J ) , J= 1,5) 

3 3 7 ::-:, i~ : : ,i -i" ~ ") 2 IJ. ? XX ( ~ ) r Y E S 1 SY X , ;~ Y::: S 1 A S Y X 7 8 YE S 
XX { l ) = /~ X ( l ) f, G ;. 7 

l .. :, ~- ·:i CC i'! -: : ;-..J ;_; ~ 

s:. o; GCJ T O 1 3,__:, 
: 8 6 Ci~ !....~ L ~/-..~ :< ( ;,.,; L::: j 

.: .. ~·09 C .~·._L i=: XI 7 

FC ~~ ~7 ( 20~ - ~ VA~ ~~ BL ~S S IG NIFIC AN T) 
F C~~-~~( 3 9 H TH ~ N U~GER OF VAR I AB LES IS LE SS 7 HAN 2 ) 
F OF< i·i ;.,T{ /37 1-i TH=: P .:.., .~ -;- :i/l.L KEGKcSSiON c o:::Fi=I C Ef-..,TS ./) 

- r=:i .~ l./, A-t- (3 :-: B{ ~1 : 3 12 ;-1 i = 1 := 2 :J <.) S) 
74 f=-·.:~:-1AT( 1 7H Tf+: \' - I i'i TER CEPT . 1 / i 
6 F CR:.; J.. T ( 7 H AL ,::,H A:::: , F28.,8, / i 
75 F O~~ A7 (4 5H -;- H~ STAND ARD EKq • ~S OF THE REG~::: S SION COE FS.,/) 

61 F C K .\~ AT~ 4H .S S( .. .:.3,2l i ) = 1 F 2J g3 ) 
7 6 ~ o ~ ~AT( 23 rl THi BE T A C O~FF I CI::: ~ TS . , / ) 
7 F O:-< >iA7 -:..:. I~ 5 :::-.-_f>..( , I3 , 2 1 ~ :::,f= 2 4 • .2> } 
77 F C~~h7 ( /4 3H T~: ~C ::: FF :Cic NT OF MUL TIPLE ~~T~RMINATI • N . , / } 
9 := 0 ~ ; .. ~ / \ T { S H ~ ~: G ::: 7 . .:: : !.;. o .3 c: / ) 

~ 5 ~ • ~~A ~ ( 41H T ~~ C~~ ~ F I CIE NT OF ~ ULTI?~E CO R~LATIO N . , /) 
F= C: ~ .. ,. ,\ -; ( 3:- i '-=? == ".) F l L-;- o 3-:- / ) 

:"; := ~: ~ ::: ;::.T 32 :-; 1r-:-:: s -1-f ,1\JO ,~~ ;) c~ :=~G~ O F CSTI M~.: E. 9/ ) 
; ~- -~ 
-· ,) , ,. 

. : t. T { ! 3 :- j s ( : 0 2 3 (, 0 ... :\ 1 ~ ::: y :=-- !. .~ V 3 ? / ) 

.·. ,. ... ~- { / i 2 r-~ ; .-~~ ;= .. - T~ ::-' T v 1 / ; 

,-,~ (.::: ,I I- = ~~ i :~ Q !~ r ,/ : 
··- \ - ;-, 7 ::: i:;. ;· s I< ';' l:: : .i c., 3 -: ~~ ~< 'I F =- ~·: l"• 3 ,. 5 >~ :' ' 

i _._ ::-: ~ ) ~ .'3 ... 2 F :_=, _ : ~ 3 .~ . ..:;. , ,:;, ;,; , : r: 2 ) 
\ ·:: .. - ~ ,, .:. . C. .- ,--:. " :. :- -~ :: .: .. , ··; _·· . :~ 

-. ,- - .::,:,;, :' :::- "_ l. .- ~ :=-: ,> ~ ,~ • .'~, 
- ,,. - --

. ·1 ;, t.: ,- :::, .. 
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'-:' . _ ._ ::-: -; l C,).... :. . . . - I, ~· • :- ;~ ::- : :_; :-< ·.~ :. ~'.- ;-: ;:._'.<T I -
• I -- :: ~- _, ' 

_,) - :·.: ,,J • • •• '-' ' 

• ' --:-:-· -- =" 
.J ~~ - .. ·-· - - -

I _, .- . 

. . - .::: :, ' . .J " . ·: s j 
.:. .. · :: . . _) . , -. \ . ;J: 1· ( : :·1 7 ~/: ·: .:: ( l ·- ? ) = ~ r· : ~2 • L;. y :.. . A ·: .. \ ~-.;:'~ ~-.: 
1:.:. ... _., ,=: c, ;<;: _ _.;7 ( 1H 1 7:-::= ~ : - :::) = 1 F :2 . 41 i) )~, L~HOF 

=.: :~ :) 

LI RARY 
MASSEY U IVERSI 

J :_ , ·· • • .: ,-. · : · : ~ • • ; .s ~ = --~ 7 ~ (J ~~ ? ~ 2 ~-; i'." ;J V I :\! 

, : 2 , 2 :-: r 
, I2 , 2i-:, 

7 I 2 ) 
, I 2 ) 
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,. . 
.w eas--c 

:~c~~~~~a~t Di~~erc~ce end 3che!f e F- test are ~sed using a pooled 

C i-i0L·,- rP~E c c .: ?1".-L -~ O;-is n:= i::STI :t, /,;:;:i) Y . - ~ ,.JC:: ~ F ROM f·.',LR EQ!J AT IONS 
D: :.'. .= NSI 0~-1 Y.::STi l)) ,SE( 1)) 1 F NUM( l) ) , ;::::,A( 10) 7 TITLE(40 7 1 0) , SSD (5), 

i"i" {5) 

C 
C 
C 

C 
C 
C 

4 ? /..U Sc: 

R.::.C\;) TITL'.:: Or A>: -.L...YS IS 

·F- = Au 2 
?;=, I N .. C :~ 

(S::'.:--iS ':: S'.'/ITCH 3'4J 7 41 

.: .. ) 

-

. .) 

-.- ':' ?::: .. :~:) 
r.~c=p-;- :::J 3,N 
C>..: = ~J :'.! 2. 
: " . . = ) ~ 

.. · : ... - .::_ 

.- : ': .;::_,; ... 

., ; 

-i= u. 

• J - i · , ~ 't ' .' .:.. ~---: ~ .-~ ; 

: 4 l r=;,: =r',\·;::-, ;::-:.: ,\ \ r~ ) 
?Sc=SQr: ,F i -~ ' /SD ) 
sr = F;\ - :=-ili 
R >~ =;= ;:1 - l"' 

C G;·.1. ::> A~ i SO:---.:S 

/ ._,, __ , '- I '/ .- .. , ) .-. \ ., .. 

I F(S=N S.= SWi 7C~ 3 : ~2, 43 

C , .-=:C .:: ?TS 7 "i=ST VALU ES 
C 

42 TY?:: ~4 2 7 Dr 
;:., CCE PT 1 6CJ , ( T ( I ) , I= l , 3 

43 P?.:i'~ -.- l67 7 DF,? S E , DF , RN 
PR ! N T 20 

C 
C CALC ULATES LSD SIGN IFICANT DIFFE RENCES 
C 

C 

NI=l 
!\!N = i\! - 1 
DO 1 2 J=l, NN 
i\:I = NI& l 
DO 1 2 !=NI, N 
YD!FF=Y::'.ST ! =i -YEST(J) 
SDi i'=F=PSE>:<SGlRTF( 1./FNUM ( J)&l./FNUM( I) ) 
DO 5 !K=l,3 

5 SS D ( I K ) = T ( I i< ) *SD I ff 

C CALCUL AT:: S SCH:'.FFE TEST 
C 

QD ZFF =YD I FF ,::,::2 
SCE F=QD IFF /(PS: ,::~:2 ) ,:: ( l ./FNUM ( J }& 1. /FNUM( I) ) ,:<RN 

C 
C PRINT RESU LTS 
C 

12 PRINT 22,(TITLE (J, K ), K=l,2),(TITL E (I, K ), K=l, 2 ), 
l , 2) , SCEF 

PR I NT 604 

)'D IF F , ( S SD ( K) , K= 1 



i SENS.:: 
1 S:: :·~ S:: 

··: . \ L L = X I T 

S \·/:;: TC !-! 1 ) L,, 3 ") 
S VJ ITCH 2 ) 32, 6 

2 _::~ ~::1J, T ( :S4~'. l 
! ( . ,J F 1.J ~~.-- i;:.: ( 26~L0 .4 J ;--.~ u r-.: S E~ c ~ co ;.~p ;,~ ISO MS} 
3 :: ::; ,= :,~. -1.-. \ ( 3~ 2 ) 

~.:, ;=-:.J .~ ;.'1;:.T (r~~ 2 1 2 i=l 5 ~ 5 ,2;=5wl 1 14X~1 5A4"1X) 
:GJ r· o,:::;.· :~-, ( 3F 6o 3 ) 
l [, <':, ;=-::: ~::,\T ( ! r. •1 20X,~·) H T \/A L UES,3( i='6 . 3,5Xi 
lb4 ,· :-~'c:_ :·-'.;i.·,· , '.. i--i 1 //) 

: l;.2 F ~ .:.!,-.t ; ,: fS.- i :J F = ), I3 1 l t:.H FO~i-L•-\7 = i=l 0 ~3 ) 
22 F2 ~~AT ( l~ , 2A4 ,3~ - , 2A4, sx , ;:: 7.3, 2FlC.3, 6 X,Fl 0 .3 , 6X) 

30~ 

2.J ;::_:; ::__ ;,: ,-; , ( l:--: , / S ;: 1 1 5:- :CG '.-: 0 P .. ~IS ON :,,AD E ,1 5 H , 7h Y D!,=:= 1 22H 
l ? = ) v :)5 P ::.; j.:.) 1 1 2X , 3:-lSI G ,2X ,9r !SCr.EF:-=E F,2X,3HSIG / ) 

16 7 :=-· .::;.=<>'..",.-;- (lrl, / ~2,: . .:5;--; DF 1 F4 0 0, 8 X,ll:.:-iPOGLED S . E . == 7 FS.3 , 10X,5HDF = 
l F --~:- ::J .: ~ 2 r"i , ., :- ~- .., } 

6 0 4 F Cl~-.; . .:., ( 1:-. 7 / / / / ) 

_::: ,,JD 

I 



~ 

- --- ······-

C ? RC G~AM F~~ DE T ~~ M! NING D ATA FREQUE NC Y D I S TRIBUTIO N S 

D I,.-'. .=.:-~ S IG: ' 1.:; ( :'. 7 ~ 3 ) i - :-: ( : ) ~ S ( l ) 7 R G ( 1 ) , D ( 1 1 2 0 ) 1 F f,l S ( 1 , 2 0 ) , V ( 5 0 ) 1 

1 ,= -i ( i '.· :C. -. ) , i=' ? \ ~ r 20 ) ., ,-- 0 -~ '. 2J i 1 T I TL E ( 1 0 ) , P ( 2 , 5 3 0 ) , A ( l ) , B ( l ) 
2 3 P .l1,U S,=:: 

.i.:- ( S~ ~,3~ S VJ ITC :-; 2.; i ,i 3 
C 
C ~ :: AD D A T A 
C 

C 

1 -~ :: ;..u 40 4 ., I i-·~., ! ;,.! 
P =::A0 L~ OO ( F-"OR.(I :< ) 1 I K= ! "' :~O, 
,- .;,_ I i'-~ T 40 ::5 ., I i\·1 7 : N 7 ( P OR ( I i<. ) ~- : K = 1 ., l) 

3 D :-J 2 :< =: l. , I i·-~ 
2 R':: /l . .) r OK7( .<{K~ i }1I ~ l,Ii'!) 

C c~ :~ _;.:-. : 1 [·✓ ~::s :.::A x t....ND f·-'1 I N VA L U~S 
C 

C 
C 
,-
'--

C 
C 
C 

C 
C 

: :_ = I:· .' -- l 
'·' :<.= · . 

. ' . ' . - . 
- I : , - ~ = =-= :. ,, ~ --

- : ~ 

.--- ., ,. _ (;- _ ,1 . __ ~- : 2 

.:..:: ... : ·, :: ... • .:. (-:... : . . 

CJ ·: ~ ~ K = -~ .,. 
:·: ..:: < . K ~- : : 

~ ,? ? Z ~ ; t ;< ! ~;:, l 1 
0 X =Z 

4 

9 

34 

4'.) 

5 ) 

5 1 

52 

53 

Z = K ( Ko IS. 1 ) 
;--·_~K,,IE-l ) = X 
Cu,,., -:- rr,iuE 
s .: :'( 1 = ( z ,:, 2 e l / 2 • 
~ (:-<.9l ) = Z 
LL =8. 
D :J 2 5 :< = 1 'l ·: i' •~ 

F: E AD 60 i , { T l TL=: ( I J ) , I J = 1 , 4 ) 

C A L C U L ATES C LAS S I N TER VAL 

DO 34 I = i,IN 
P ( i< , I ) =R ( K , I ) ,:, l • 
H ( " ) = .,; ( K ) ,:, l • 
S 'i< ) = B ( K ) ,:, 1 o 

R G(K ) = H(K) - S ( K ) 
T r\ = R G { K ) / 2) • 
LL = LL &l 
G O TO (5-J ,51 , 52) rL L 

P~I NTS D I M~ ~ S IO NA L DAT A 

PR I N T 6 D , ( TITLE ( I J ), I J =l , 4 ) 
GO TO 5 3 
Pr< INT 6 11 1 ( TIT L E(I J) , I J = 1 ,4) 
GO TO 53 
P R I NT 612 , ( TIT L E(I J ) , I J=l,4 ) 
GO T0 - 53 
PRIN T 60L• 
P RIN T40 2, H( K ), S(K), R G(K),TA 
P R I N T 60 4 . 

C AL CUL.ATC:S DI S TRIBUTI ON 

302 



·-
. ·: ..::·, : '.() 

J = :i. 
~ --- \ ::: .. l j == J u 

- - "-· I = 1 , ! N 
D :.) : 3 J ::: l , 2'.) 

~ f=" { P(K 1 I) - D ( i<.,.J :•) 1 6 " 1 6~,i8 
.;:, :== i-! S : :-.: .. J) =FN S ( K,J ) 0-l 0 

GO ·;::o 19 
_ _ -:,; C ,.J '•: -~ : >1 u ==: 
~,; c .=. t< -:- ~ I u~ 

C P K E?t,r<ES AND .~ .: ~ ~- ,T S DI S:r< lBUTI ON 1-iI S TOGRA M 
C 

C 

P ~,! = ( ! r,p:, l ) / 1 
';= ·:· :< ? 1 i = i= 7 ( f( 1 l ) & i= N S ( K , 1 ) 
Du 3 2 J= 2 9 2) 

32 F ~ (K, J ) =FT ( K,J - l) &FN S( K, J ) 
!) 0 33 J = 1 , 2) 

3 3 P? i :<. t J ) = ( F T ( K 7 J ) ::: 10 '} ~ ) / P N 
? R : :--1-;- 40 6 
P R I 0:T L.-0 7 
P R : : 1 T L:.,J 8 • ( F N S ( K , .J ) ,. .J = l , 2-J 
P ~ I,'\'. ~- ,;.og; C?( Kr J ) ,J = 1 ? 2)) 

303 

C : -:A:~ s ;= o~ :-,s 1-. '...L.. VA LUES I U SQ U,.;~E ROOT S .t_ ;,: o THc l'-J LOG S IN SEOU:: NCE 
C 

. 1 ' -" .. -., ;, 

.. = ;~ 2 J. . ~ -) 

- =- :=-·1-::.::, : .. . j ; 

1•.,.-~:: ;,i':.; _ 
.:: : 'r :._ ;.: 

- ' - -- ,• • ' ' - · ..: •. _ I · • .._ ·1 

• - I · · · 'l 

.._· .,.1 ::i ·. _ . ' · : S-:. 5 , 1. "J \:: 

2 2 C '., ,-.! -:- :: '.\. U::: 
G CJ T u ( 8 ·J 1 8 2 , B 1 } , L L 

3) i=, :;: r ,\ : -,- 606 
,:=i :, : :-~ --:- 60 S 
G CJ i O :3 1 

. .-: 2 :::. r:: : 1-.J -;- ..so f., 
S ~ C Qi',rl ~ i'<UC 

I F iLL - 2)L; 7 1 4,3~25 
"-.- 7 ::::G s-1 I = l,2: :'-; 

. ,,., ,- . 
·_ •• _! • ., : - -

t;. i P ( ., t ~ ) = SQR TF 'R ( K, I ) :~ 1 • ) 
I·! ( :<) = s o,:: T F ( /1 ( I( ) :;: 1 • ) 
S {< ) = S O~TF(B l~)*l.) 
GO TO t;.O 

'. & DO 42 I = l.IN 
4 2 P ( i< , r ) =L o c; r= ( R ( K 1 I l s. 1 • 1 i 

H(i<) =L OGF { A( K) & l .1) 
S(K ) =L OGF( B(K)&l.1) 
GO TO 40 

2 5 C ON T I NUE:: 
IF ( S:::NSE S :-✓ I TCH 3}28,3J 

3J C ALL ::: XIT 
4 ) ) -rGKV,AT ( D A4) 
6 0 t ~ F OR;•,l AT ( 1 H ) 
4 )2 F OR M A T ( l H , Fl) .5 1 : H - ,Fl) .5 , 3 H = , lOHT HE RAN GE: ,;= l0.5,26H 

!CLA SS II TE R V A L = ,Fl0 . 5 /// ) 
2~ ) r ORM/-\T( 1 H 1 I 4 ~4X,47I2) 
2 1 FOR M AT ( 1H 1 I L, , 4X , 96 I l ,3{) Il ) 
4J4 ~ • R~A T ( 2 15) 
60 6 FGr: i,: AT ( l H)//// ) 
4 ) 6 F OR M A T ( 1H, B5H CL ASS 1 2 3 

1 2 13 14 15 16 17 1 8 19 2)) 
4 5 7 8 9 10 1 1 l 

4) 7 F OR M AT (l H, BS H----------------------------------------------------
1---------------------------------) 

!-1-) i3 F OR M 1~.T ( lH 1 5HF R EO U, 20 I 4) 
t,O 9 F - . ::: :'-1 /\ T ( 1 H , 5 HP:: R CT, 20 I 4 , / / ) 
4) 5 F C.,,~ ;v,A T (1 H,2F5 .o,1ox, 10A4) 



.. _. j J 

_ ..... , : .. ·-

. . J -~ : .. ', ;:. I 

,-· .J.-:>i AT 
t= c: ~:t .\1.:... T 
i=oR·< . .:..: 
-:. -· ·: . . ;-... T 
.-· . . ~ · .. ,:.T 

{:_. ,.\ ... ; 
-· 31:-: 1: .1 1-t~•;cu·r -:-~A N: ... : ;~:.1ATI Oi\l ( 1.~: 3G:-!SOUARE ~COT ·:-RA~4SFOc<i•lATION 

( l:-: , 3) '.--iLGGAR:: ·;,-:;,; IC T~A:\!SFOF<MA T ION 
( 1 ;-; ; :: 4 , 4 r! r NS , 2'.) I l, / ) 

(lr. 1 2~l.-) 
( 1 H 1 i l; ? l :,.; : _) i: : / 3 X 5 20 i: 4 / 5 X 1 2 0 i t .. / ) 
( F-: 'i :4) 
( l f7') ) 

, 4A c,.) 
1 4 A4) 
1 4 A4) 
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APPEI'-D I X 6J._. 

?~o sen~c ~s , eaci fi t teci wi th se! eniura photocells ~ere wired 

in a -~-11 ~:..e:-:ie-c c ::.· head v:it h a 1//rat·~er.. sal at ir, filter - Koda}<: (.i\.D . = 1. 0 , 

% '.::.- a. :1s:.1iss i c ,, ! O;; + 5%) ar1.c a co-:e r ,:,f :?erspex dif f1:.:: ir1.g pla stic : er 
'c. i ~:i:on<i. O?r< ::.. 040, thickness 3 , 2 :~r. . • % t r a ,1.smission 55 + 3%) . This 

~ave an a?proxi~ate reduction of 10 ,000 fc. to 55 fc . a t the ptotoc ell 

~te switch system 0as ~~~ ~d s~ t~~t e ac h sensor ha~ ~ ~o conta c ts with 

.:._ .-~ !·.:c.. ·.;. c., _ 

, ...,. · I.'. ;: 
- v ~ ~_, --t • 

i~~- ~sity ~easur cnents (canopy l istt i ntensity r elative t o i nc id eLt lisht 

Thi6 was satisfactor y ? roviding c l oud cond itio~ d nera 
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·-·-: :.::·,.-_._: -__ :-: 7.-:' -- -·-·. --- -· ---

r-·- - =-----.-,r· -.--- .. -..-..- - 8 :-: ... ·~:.v~---:.------ --, ----------------

cc::··-.. .-e,c:.:..~--3:. .. -2-... C..er ~Jef~:.t; s:.~at:..or_ ~ti2. 01-j.e '='):"C d.e-:e:c·~:.:.'12.'tio~s \?ere :r:2.de@ 

~~is ~e~~od, a de~~va tio~ ot t~a~ ~sed by ~criaz (1961) as sug~-
- .. ,. ·=,-.•-;.-:, .. i_.07,-c::\ -•·.-s , -.,,-,.:C <:;-.: 
,..,V __, .....,._ __ .._,J l _,I j V,._._/) ,, C,... l, .. ._,,c'-,,. ....-.,.J - \., 1..,he struc -

.J- .. .. - - -u u.- ..___ 
' .. - ...... ,..,. -- ---1..J ..,.. -::_,";~ __._ __ \..,- -

::. -... ~- :-~- -, --..... \..,;--- - -- ~-- -- --- .,.._; .,,... .:, ---..::......,.,;,; __ ..,, ...;,. _,.. ' ..... -.. ~ ...... ....., ___ ...... _ ~'--"-

-; ••, - ~ -
._.___ -'-,.,.• -· ._, __ 

...... _·...,_(..' _.,_,....; .. -
..._ --·- - --·- -- ... ,; 

-- ,... - . -- -
...: V ._ - - ~ - ... ..., ..,, ._, - , _ _,_· ___ ,_, __ ...., ___ ·.,._. ___ ~--·-·----~.._ .... _:-_·_:._,._J -------

.,· - : --, ' 
• J'-' ' i ... 

( ,..... ·r. ,..._ _._ _ ... - - .. - C; r: -:-.. ....... \ ...._.-_ ·vu~_ ..1.c,::_~ ... -C.:.-

- ...... .., .I ' -._,i ... _..., __ ) 

... ,-,•- ,.... 
-L v ... _~ c .. •-..::!e _,_ 

por•-~::;.:.. -oy 3~:::--t ( 1964), alt:-_ough :.his was so:::ilerrhat :r:10dified to r;.eet ".:.he 

i:r::::ec.:.&. '.:..::;d. :::-eq_uir·err.e:1.:.s., i:::· ... -: rr.ani:fo2.d is illustrated. i:c :?ig. 7A.i. 

-~--:-l O. ~1~ solut~on of ar:th:-one in 76;,! (v/v; sulphuric acid. was used. 

'2:1:e .s.c.:.:-i.::. ... on.e reagent ·ra s cooled, segmented and L~::x:ed with the sample 

~~d2 ~ cooling conditions , t~e reactio~ mixture then being reheated to 

95 C ~~~o~z~ a sinble coil of the heat.ing bath. A 625 mu filter was used 

:::'o:-· -::, :·_e e; o2.o ::. ... i:netr·ic deter·::iinati on, t.his fi 1 ter beir..g chosen a:ft er ::iak­

i:c:; 2. :T.s. ::-.u2.l deterr.1.ination of the maximun1 optical density wavelengths 

o-f: se~✓-c:::·a_ developed anthrone/gl1.:cose solutions. 11Acid flex" tubing was 

usec. for all :pur.:p end trans:nission :i..ines carrying the an-:r..roYie re2.gent. 

The sa:.:ples ·aere introduced at 30 per hour v1itil a 2 to 1, v1as:i to sa:ri:9 _ e 



F:i.f,L\j•~-- ? 1~. 1. T0:, :_ ~-r-~~ii_:..: :::-:..:.:7 l,,. : ,, , 1 c.- 3.:]_1~~-,)-,J )~·; ~--~ }lr;t;crr, i )' .'•t,j 011 J-:,·, r,·; f<1"J (i .. - _,,,_ .. -·••-·•-'"· .. -... ____ , __ ___ . . 

P1·opor l :i , · ,inc 

Cooling nnth 5 C Q -- -·1 Pur:1p 

1x I o 11,-, - ------ - --------- . -----

-~~ . [ ~i;"c/" r- •= =ao ··· -- •• . ••-c- ·C 
---+-- ·-- -- ·----- -0-··-

95 C 

Bat11 
1 CoiJ 

V/o_stc· 

l r 
I 

'01· irn e l c,1 

mrn F:I c,•,; 

Ce] l 

62:.:, r.iH J':i.l tcJ' 

------------

\'.': f:; i: (-) ( -- ------ ___ -_· 11 

( , Record c:r 

0.10 i: 1 /1,dn Se!i:plc 

?. , nj 1111 /ui 11 1\ntln·ono 
nr•r· r,e nt 

o. Po r1) /,j_n !U.J· 

2.03 r1/rn~_ 11 Pn11 Tl-nu 

Sa rnpl c -~ at j0/ 1 

2 /1 Wa :, l1 to s~rn} l.e: r~:tio 

f\. (; id fJ (• :,: t ll li:i llL, 

\.JJ 
0 
O:> 
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---. -
- ....... v_v i.; so J.. 1.,. t i o:r. s 

c,:·.::.. ·..: ... C()"'ce:r.:-'-·('a-'-" on y,r·,-,r•cs~ ··,e-r•e O CC- '1 ... o O 0 1 1 1 T'- · ~ -.l _ l, ~ l, 1. - C.-'>t:, C::, ·,. - • J / v u • ~ -- v O • .:.e.:, C r:-2re 

cs..=..::·..::.c.ted to co"'"..rer t:-... e ..... _:;;ec-ced. s&!°:.:) le J:~•;C ~e~'")cen-~&G·e r-c..r:ge" 

:. ~~.::;ior·~~r_t p:.--iact:..cal aspect is tl:2.Jv t:--ie uc.c:_ ~ f=..ex" :-:--.l1st be 

s:.. wilc..r42.y 1
' ~---.l usr;.eC:. ' 1 

- - - --. . ........ .......... _ 

___ v .. 

-,.. .... -- .- . ...... 
1,,.,1.._, u vC.:_ 

~~a f~ ~~i:::~s of 3urt (l.c.). 

::_:: ~ 1.'18. S 

r .- - - - ,. • 
-- -.;.._. •.J~-- • ., 

.J • . ... 

u V ......... -~ 

---- - · . .- ·-..,. ___ V-- •._,,, 

Ce,:_ c,·,: __ •• 

-.. -, 
v--v 

cooling. 7he 

fo:'."· 

reagent the~ re2ained tt-e expected c:..ear ye2.lov: 

' ..... ~ ~X ~as ext~ac~ed by a standard :.:~cro-K~eldahl ~rocedu~e. The 

&:::d 1CO ~~ K 0 SO ~~ 
~ ~ 

.· ~ :.;.:.. ::.. . . ed. c:. clear li;:;r.t green colol:!.r to 2 Eours) ( Cle:7,ents, ~970;. 
0 .5,:;ff, sar.,:9le \·12..s digested in 5 ::.1 o:' digestio::: mixture f'or· 1 :r.__. 

~5 ~i~. ~he ~igestate ~as d iluted t o 100 ml with dist~:led watere 50•~ 
s.:.i :~~o~ s i7e:."'e stored in seal ed :plastic c ontaine:::...,s to arrai t r:1:~/b de~e:.:>:-.:.i2;.-

=~ Auto- analyser wa s u sed, using the Be r thelot method and based 

OY'- t.he r:anif'old of' War n er a nd Benton J ones (1967). The ammoni u n con-



3~0 

extract ~as deter~i~e~ direct ly. ~he ~anifold ..:.sed. is ill-

se52e . ted solution 

~o- ~~ 2~~ ~aOE . This extended ~ixt~re ~a s furt~er ~ixed ~:. t~ ~~:: co22-
c.··--. ~ . .L.~e....,-· ... ,,.. r5 ') 
v ... v-'---- .:..,v.-· ...... uVJ. - \ 1 .J sodiw~ ~ypoc~:orit e . ~he vo:-cc.e ratio o~ t~es2 con-

;o~~~:s is i~d icated by the respective pi~e li~e capacities (fis 7~.2). 

solution ~as r ead ~ith a 625 ~u _-..:, .., + p .,... 
__.__ _....._ v-.1.. 

co:o:::. .... i~.:ete:::-·. The sa:r..:;iles were i :atroduced. a t 60 pe :'.' iwur './i -::, :1. a t·::o to 

....:sec.. to:> c &librat ion . It vras faun:: that ~he sa;t.ple size l:c:.d to ·ce :. .... e ­

~~2ed t,o decrease t~e ~v:a~r inte~3i~y o~ the develo~e~ solution and 



>< 
(\J 

-._ 

Fj r,-u :rc- 7_1;~~• . ~'(:i :ij ]:it 

2x 1x 
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