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INTRODUCTION

ears there has been increasing interest in the use of lucerne
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in the farming systems in localities other than those which have "traditionally"
grown lucerne. Much of the North Island, including the Manawatu is involved
with this developing interest. To contribute to the information needed to supp~-
ort thais, a field experiment studying the effects of different frequencies of
ing iucerne was ¢stablished in 1965 at Massey University. Pure sowings of

es were used. These were New Zealand certified Chanticleer and New
Zealand certified Wairau,with treatments ranging from continuous grazing

through to hay stage defoliation. This experiment is discussed in more detail

By the soring of 1969 at the commencement of the suthor's study, treat=
e

srences were apparent. The author's study continued selected treat-
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ured their differences of spring growth. The initisl interest was
in tie treatment yield differences, volunteer species ingress, lucerne persist-
o

ence and the associated interaction, if any, between the defoliation treat-

ments and the spring clim=tic parameters.
Purther more detailed work considered the lucerne plesnts' response to

these trestments; the differences of their size, growth form, growth efficiency
and orgaznic reserve contents During the last half-decade, seversl intensive
studies have been made of the nature of lucerne regrowth (Le=ch, 1968a, 19692
Xeozhan, 1970) and the physiology of lucerne regrowth (Hodgkinson, 1967

[e=]

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

w

onment, at the same time using this informsztion 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 aspects of lu=-
cerne and the luce;né sward's productive response to defoliation frequency,
there is little informastion on the nature of the individual lucerne plamt's
response in the sward environment. The recently increased knowledge of the . -
nature and physiology of the lucerne plant's regrowth is increasingly 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.
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As well as considering lucerne defoliation this thesis

rne Variety comparision and measurements in a late
eriod. To satisfy these latter aspects, this
ders the origin and the morphological variation
en lucerne varieties and the seasonal growth of lucerne. The bulk
of th= review dconsiders the respcnse of lucerne to different de-

the physiological,
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morphological and some selected environmentzl factors involved in

lucerne growth efter defoliation. . Concluding the review is a consid-
eraction of the wvariatal influence on the response of lucerne to de-
foliation.

Several Teviews associated with this thesis topic have been
recently ccmpiled and were available as theses., Defoliation of pure
lucerne (Xeoghan, 1967), lucerne growth after defoliation (Xeoghan,
19?0},t;e physiolcgy of lucerne regeneration (Hodgkinson,1957) and

e o)

fey o
others of an older and more general nature (Willard, 49
j |

VVaere pertinant, reference will be made to studies on s

~ -~ e - | g g ity Tr e | - -~ xr - ot - F
2.%, The Tvoes end lioyphological Varisation of Lucerne.

A T

Iversen and Meijer (1967) reviewed the known types of lucerae
identifying two main species; 1.Medicago sat

(S

Vva., native of a temperate

climate; 2.0{. falcata. originating in the colder climate of Siberia.
Hybridisation between M. falcata and M. sativa species has resulted
in the M. media species of rather variable type. Brief descriptions
of each group have been compiled from their observations and those

of Bolton (1962).

V., sativa is a plant native to an arid mainly low land environ-

ment, where it has developed an erect growth habit, few thick stems,
large long leaves and a deep almost unbranched tap root. It is highly
productive , with early growth,rapid post defoliation recovery and a
variavle degree of winter hardiness based on dormancy. Diseases. are
Tfew so that little resistance has developed. Flowers are purple.



M, falcata is a plant of colder, more humid upland environments
s been subjected to much more competition and diseases with

s
habit, fine branched stems, small darker leaves, a much branched root
systen and a deep set crown giving good cold resistance. Productivity

leaves small and numerous, and a high proportion
of fasiculated roots; considerable resistance to disease and frost;
Tflcuers are & mixture of veariegated, purple, green, white and yellow,

=]

n the western world, M. sativa and M. media are the only species

T
-

to be cultivated, while strains of Jl.~falcata are used in Siberia and

China. M. redla varieties show considerable variation in growth form,
ts development probably being an interaction of natural selection
and varying smounts of introgression with M. falecata (Palmer,1967).

-

Iversen and Meijer (1967, p.79), suggested a classification of lucernme
varicties based on the dominance of M. falcata genes as indicated

by agrononic and botenical characteristics. They considered this to
cecmplete than several previocus classificationse.
dies of varietal growth form differences have supported the

[dP]
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classification of Iversen and Meijer (1967).

5

Larson and Smith (1963) compared ten lucerne varieties and

showeld a strong correlation between incressing M. falcata content

and cecreasing autumn growth measured as height,increasingly prostrate
growth habit, and & lack of 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 growth variability

can be quite extensive. They further noted the positive correlation
between recovery growth rate and more erect growth.

Leach (19695) using Totana, Hunter River and Rhizoma lucernes
(erect,semi-erect and semi-prostrate respectively), demonstrated the
differcnces of shoot numbers. After twenty-eight days regrowth from
a 5cm stubble length, these varieties had 23, 34, and Ll stems respec-



y per plant, while indiv
t

idual shoot sizes and growth rates
he reverse seguence. Such

ifTerences of stem density persist
Palmer, 1967). Leaf/stem ratios
1960b; Rogers 1961),

L 2
'h Zaleski and Dent (1960) found the reverse. Sheridan et al.

LN S T sy - 7] S = = B |
with high plant population densiti
t (

althoug

(1968) observed that lucerne varieties expressing increasing amounts

of ll. sstive content were signilicantly associated with fewer but longer
internodes. ..ciween shoot types Keoghan (1970) observed with Wairau

lucerne, that stubble shoots had greater leaf/stem ratios than basal
shoots, the difference Leing due € ifferences of internode length
rather than differences of lealf length. There does not appear to have

stuly to determine whether the relative importance of each
shoot type differs between varieties. '

' Y | e ~ et
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rrom the study of the crown development of eight lucerne varieties,
Szith {1955) demonsirated the positive correlation between the M. falcata
convent with 1.dry weight of rhizomes; 2. their average number;
3. average crown width. Associated shoot number differences (Leach,
166%a) are duc in part, at least, to the increase of potential stem
sites on the crowm and/or stubble, Major varietal differences of
crown positions relative to the soll surface are indicated in Iversen
and lieijer's (1967) classification.

Lucerne rnizomes grow as short horizontal extensions of the
crown below ground level, In some instances this growth property
has been intensified by breeding to provide more persistent varieties
under grazing (Heinrichs, 1963).

‘3. Root Growth,
“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
ecrown expansion,

b. Branched rooted system - characteristic of M. media lucernes,




b

aving more than one primary root from the crown, with or without
& tap root and able to develop adventitious shoots from the roots.

T = = -
aaceral

(4]}

pread is by more extensive crown expansion.
¢ .Riizomatous systen — as deseribed (section 2.1.2.).

d.Creening rooted system - cheracterised by the horizontal

crowth of lateral roots four to eight inches below the soil surface.

Varieties nhave been lsolated by breeding to provide persisteénce

zing in dry land conditions (Heinrichs, 1963; Kilcher

66; Daday, 1968).

th (1951) demonstrated a large variation in root dbranching
e rieties studied, this being in accordance with

ficetion. He postulated that these differences were

y £ €
1868), related heaving resistence to greater root branching.

er aspects do not appear to have been investigated in detail.
Carlson (41925) observed that soil structural differences could cause
ucerne to adopt considerable variation in root form.

2.%1..Correlation of Growth Characteristics.

t apoears that some of the associations of morphological and

growen characteristics in lucerne which have been observed in the past,
based more on natural selection thaet genetic origin

(Palmer, 1987). t.upporting this statement are the demonstrations that

the creeping rooted character can be combined with the earlier,

uicker growing and higher yielding M. sativa varieties (Daday,

1962; Heinrichs, 1963). Similarly, Busbice and Wilsie (41969) and

Davis and Baker (1966) have shown that it should be possible to

combine these M. 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 ccmbining some of the growth characteristics

which until recently were thought to be genetically opposed.



2.2, The Seasonal CGrowth Pattern of Lucerne:

ucerne is grown under a wide range of environments. These

range Ifrom no winter growth due to excessively low temperatures in

the higher latitudes through to continuous winter growth in the warmer
atitudes, although this pattern may be modifiled by altitude.,
Sunmer temperatures are not "normally" excessively growth restrictive
except for some regions where they are high - greater than 25 C

lassengale, 1965), lack of moisture usually being more

growth restrictive (Leach 1970)). The seasonal growth patterns are
considerably controlled by the local envirorment. (Leach, 1968z).

2.2,1. Plant Growth

seasonal pattern of lucerne growih has been described for
s by Sonneveld (1962) in the Netherlands
mith (41968a,b) in Wisconsin,U.S.A. In the Autumn,
shoot growth rate steadily declines as T a
decrease; till the winter nmonths during which there is little or no
herbage growth., They and Grandfield (1943), and Feltner and Massengale
(1985) found that ercwn buds eﬁla,gcd and numbers increased in the
ate autumn and overwintered to provide the shoots for spring growth,
which reached a nmaximun growth rate in late spring. In environments
with milder winlers, growth of lucerne continues through the winter
(Stannill, 1962; Leach, 19?00). Lower summer growth rates associated
with linited moisture availability are often observed where irrigation
is not used (Nelson and Smith, 1968b; Leach, 1970c). The latter author
found summer growth was more restricted than winter growth in Adelaide,
Australia
The seasonzal growth of lucerne underground organs has recieved
limited attention. In a pot experiment (all roots) (Heipko, 1959),
and Tfield 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:
Taster 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.



dry weight was relatively constant throughout the season. These ob-
servations were made in cool temperate enviromments. The responses
onmentvs have not been specifically reported.
n and develcpment cccurs throughout much of
for the appearance of floral primordia
has been shown to be negatively reiated to the mean air temperature
prevailing (Dobrenz et al. 1965; Dermine et al. 1967; Smith, 1969a),
positively with shoot node number (Dobrenz et al. 1965),all leading
o lower yields et maturity with higher temperatures (Smith, 1969a).
e effect of moisture and/or its interaction with temperature on the
tize to Tloral appearance does not appear to have been investigated
for lucerne.,
The major cnvironmental factor(s) controlling seasonzl growth
season and region considered. Lucerne growth has an

(o]

e
avoroxinate temperature optinum of 15 C for established plants,

Steinke, 1953; Feltner and Massengale, 1965; Robison,1966; Smith, 1969a)

l‘\

- ==

vhile scedlings have a higher temperature optinmum of 15 - 20 C
(Gist and lMott, 1957). MUitchell (1955, 1956) observed the same op-
timal tempsrature occurance for the grcwth of temperate and subtropical

grass and clover species., Temperature is likely to be the major

the winter and early spring when
1

scil moisture is usually adequate. Feltner and Massengale (1965)

ccerved reduced lucerne top growth and root dry weights during very

-

\.

3 0

er temperatures (greater than 25C) while using irrigated

.
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lucerne in Arizona., Soil temperatures also strongly influence
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né root growth (Neilson et al. 1960; Levesque et al. 1963;
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nrichs, 1966). Early spring growth may thus be more limited by soil
temperatures which tend to be slower rising than by air temperatures.l
The light intensity at the canopy surface of a lucerne sward
required for maximum photosynthesis was calculated by Thomas and Hill
(1949) to be about 3,500 foot candles. Both Matches et al. (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 weight. Lower light levels tend to be associated with lower
seasonal temperatures and so may not have an important effect on growth
er se, while light temperature interactions may well be of greater



21
Cowett and S?“& gue (:v62) showed the benificial effect on lucerne
growth of increasing day length from 10 to 16 hours.

Soll moisture with dryland lucerne is generally a limiting
factor for summer/autumn growth (Kilcher et al. 1966; Lobb,1967;
Leach,1970¢) . This effect may be direct), or indirect due to lack
of root growth and hence induced nutrient deficiency (Mitchell 1957).

These several environmental factors, individually or in combination
are some major determinents of lucerne production during different
seasons, those operaiing at any one season being dependant on the
locality under consideration.

2.2.2, Chemical Composition of Roots
1 changes and the chemical composition of lucerne roots -
mainly of interest during the autumn, winter and earliy . -

Sy i i A oy i il o i U S, Ry e iy . SR e ATl B L = a 4
Soring . At other times of the year, management,; especially defoliation,

®odill Ls naberal trends., Hedgkinson (1967) has reviewed the subject.
e caroonydrate.reserves of plants reprecsent the reserve energy

glers@ Lo e Vegetative organs of plents, The total of these carbo-

hpireie Zeserves nave been termed Total evailable carbohydrates
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a
with the reasoning of Smith (1959b) the tern

Several studies have shown that the percentage and/or weight of
% 1

totel non-structural carbohydrates (T“C), starch,and the weight of total
nitrogen (TN) steadily increase in the aubtumn and early winter if growth

is undisturved (Graber et 21./1927; Grendfield, 1943; Bula and Smith,
1954 ; Jung and Smith, 1961); the combined effect is presumed to result
from the hydrolysis of starch to sugars and the latters use as respira-
tory substrates. Except for any small early winter peak, reducing sugars
represent only a minor component of the TNC over the Autumn /winter/early
spring period (Bula and Smith, 1954; Jung and Smith, 1961). The concen-
tration of the various fractions varies considerably between reports,
this being determined by different extraction methods used and
the growth conditions pertaining.

The above authors do not offer physiological explanation for the
autunn increase of organic reserves., Sonneveld (1962) suggests that the



reducing the growth processes, either directly on such functions

r» indirectly on functions such as ion uptake, while
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the photosyntheitic process is less restricted. Brown and Blaser (1965,
19 ng evidence with grasses,demonstrating an in-
crease of carbonydralte compounds under conditions of positive energy
balance . Murata et al. (1965) showed that with lucerne, apparant photo-
synthesis was still relatively high between 0-10 C.With temperature de-
crease, respiration rate night be expected to decrecase and contribute
to the carbohydrate accunulation. In practise this may be of limited
arata et al. (1965) found little change in lucerane res—
piration rate over this lower temperature range. Dey and Dart (1969)
enorted that the nitrogenase activity of lucerne root nodules was still
stbstantial at temperatures of 3 and 5 C. This suggests that the autumn/
ter increzse of TN concentration could result from a similar

s
Dericd (Jung and Smith, 1961). The slow fall of TAC weight indicates a
< D

£ MY

f
iration while the comnstancy of TN weight

Hh

indicates little or no such use for nitrogenous compounds, These ob~-

servations egpply in circumstances of v ttle or no winter growth.
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are more likely to resem-

th the rise of spring temperatures,and associated increase or
comnenceuert of shoot growth, the concentration of TNC and its compon-—
ent Practicns show a rapid decline (Graber, 1927; Willard, 1951; Bula
end Smith, 1954; Jung and Smith, 1961; Smith,1962; Nelson and Smith,
1968b), 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 assimilatles
exceeds the growth and respiratory demands., It has been generally ass-
umed that these spring concentration reductions result from the trans-
location of organic compounds from the roots and crown to the apices

of newly growing shoots (Jung and Smith,41961; 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. Studies -
such as those of Hodkinson (1967), Smith and Silva (1969), Silva(1968),
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and Smith end Marten (1970) who considered this same provlem following
defoliation,are needed to elucidate the situation during early spring
grcvwihe.

Changes in the organic chemical composition of lucerne underground
organs during the active growing season are generally dominated by
those effects resulting from defoliation. Smith (1962) demonstrated
a general increasing trend for TNC concentration in uncut lucerne during
this period.

This may not be so apparent in regions where lucerne grows actively
in the winter. Excessive summer temperatures (greater than 25 C) with
associated high respiratory use of TNC can result in a decrease in their
concentration (Feltner and Massengale, 1965). Small TNC decreases may
be associated with floral and seed development (Dobrenz and Massengale,
1966). loisture stress may cause TNC levels to increase (Brown and Blaser,
1970) .

ons have beea conducted with lucerne growing in cool

S

vinter/spring sea:

cinson (1967) notes, all studies associated with the autumn/
S

il poa sl s A & % Tl .t - S - T = e peaabe B ~ - oot o +. 2
Lemperate reglons having milder winter c¢linates. Further consideration

oy o A e o e | 1 o + i ] - 1 - w3 2.7
erganlce reserves will be made during the review of the

]

2.3, The Effects of Defolistion Freguency on Lucerne.

T owing aspects are considered.
1o The effects of defoliation frequency on lucerne yield both
on an areca and plant basis.

2,The effects on botanical composition and persistence,

5.The growth form response and associated growth rates under diff-
erent defoliation freguencies. '

L. Vhere pertinent, the effects of defoliation height and its
interaction with defoliation frequency.

2+3.1. The Effects of Defoliation Frqueﬁcy on the Yield and

Chemical Composition of Lucerne,

2:s3s1e1s The Yield of Shoots.

Keoghan (1967) reviewed this subject fully and was freely
referred to during the composition of this review. In "general terms",
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from the earliest workers through to those of today, defoliation fre-
quency has been shown to be an important determanent of lucerne yield,
this increasing with decreased freguzncy. The end result is dependant

Do QS P A

e T . N B e .
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c actugl frequency in terms of tinme
and/or staze of growth,associated climatic conditions and previous man-
egement ., Keoghan (1967) has ewed the early work, mostly in North
Anerica, which demonstrated the yield advantage of infrequent defoliation.
Nelson (1925) Tound marked yield differences when defoliating lucerne
loo early bud and a succulent growth stage. These were 3.8,
nd 0.7 tons per year respectively — the average of three varieties
and two years growih. Graber al. (41927) at Wisconsin, observed an init-
1 advantage in shootl yield with frequent defoliation, which in time

was surpassed by the infrequent defoliation treatments. Dennis et al.

L]

(1959) and Tsuma (1968) observed a similar effect.

Kecghan (1967) observed that lucerne managements trials,many
including the effects of defoliation frequency, have been conducted
ange of climatic and edaphic conditions.
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nto humid and dry regions, Although the effect
similar in each region, the cuantative response
€ nsiderably between them. VWeir et al. (1960) using irrigated
Californian Common lucerne in the warm temperature,high light inten-
sity and long growing seascn conditions of California, found shoot yield
to increase from 1L,700 1b/ac to 23,551 1b/ac bvetween the extremes of
frequent prs-bud through to infrequent half-bloom defoliation. In the
fourtn year, defoliation of all previous treatments at one tenth bloom
showed no significant yield differences between them. In a similar envir-
onment, Jackobs (1950) and Jackobs and Oldmeyer (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). In these cir-
cunstances it is probable that inefficient light utilisation with fre-
guent defoliation is a major 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 cuts/year increasing to 4.29 tons/ac from 3 cuts/year. Also at Wis-



12

consin, Smith and Nelson (1967) had similar results. The growing season
in this region is considerabiy shorter and without the same extended

ities. Under English conditions, the results of Davies
(1960p) using Du Puits and Grimm lucernes,indicated that while in most
in particularly wet and cloudy

years, tais fregusncy will be €es This is more apparent in the
following years growih, which is restricted by low plant vigour and
possibly death. Whitear (1959) made similar observations.

7~

In the milder conditions of South Australia,using an irrigated
three year stand of Hunter River lucerne, Judd and Radcliffe (1970)
,890, 12,030, and 14,750 1b. D.M. for 3, 4, 5, and

9
on f
967) discusses the reasons for the interactions of envir-
cnmental conditions with defoliation frequency. The recorded yields

erne plant whieh in turn has been
raber et al., 1927; Hildebrand and

-

T wasn s s = WA S e " Le Was o~ E7e YWas Z0Ne
Harrison, 1939; Weinmen, 1948; Neilsen et al., 19573 Weir et al., 1960;

N ey ~ R - K
NSLEOIl an Dl

onneveld, 1962; Feltner and lassengale, 1965;
D

(Dotzenko and Ahlgren, 1

ig

hen those growing in drier regions. Keoghan (1967) reasonably argues
het the greater plant vigour in the drier climates is associated with
the mzintenance of a higher root reserve level and with time, a sustai-
ned root weight and growth., In these conditions, the evidence of Brown
Blaser (41965, 1970) would indicate the positive energy balance existing,
esulting 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 a2 greater soil moisture content than lighter
soil, there is more competition from other species. These take advan-

tage of this soil moisture benefit to the weakened lucerne plants dis-
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advantage. This defoliation freguency/soil moisture interaction is

is grown
wany other workers from similar and intermediary clinmatic regions
have demonsirated the advantage of defoliating infrequently. Some of
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uma, 1968), while many others have done so at

different steges of growth (Burlison et al., 1930; Dent, 1955; Dexter,
1G8L; Feltner and lassengale, 1965; Langille et al., 1965; Keoghan,
1966; Lobb, 1967; Robison et al., 1968). Keoghan (1967) lists others

8
in each group. Generally, with Trecuent defoliation, the reduction of
plant vigour is cumulative over sequential years.

An important aspect of defoliation freguency is the cutiting cri-

tericn selected. Those used have veen, either set time intervals or dates
end for stages of growtn, height of shoots, presence of basal dbuds or
- W

shoots, presence of Iflower buds and stage of

gsal
flowering. Keoghan (1957) points out that cutting according to stage

of growila is superior,although practicelly 2 nore difficult operation

m

ty of estimation. Growth rates vary with envir-
onmentzl ¢ et time intervals can result in variable
yield quality &s well as risking plant vigour and stand persistance by
éefoliation at too immature growth stages. Also, consistent hay quality
recuires harvesting +To be at a relatively consistent stage of growth
((eyer and Jones, 1962). Crowder et al, (1960) obtained greatest yields
and best quality when defoliating with 2" high crown 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 frequencies between different varieties.
Crown shoot appearance can commence both before and during flowering
(Willerd, 1951; Keoghan, 1967), indicating their lack of correlation
as defoliation criteria, Recently, Nelson and Smith.(1968a) and Leach,
(196%a) have suggested that this criterion takes advantage of the lucerne

plants physiological readiness for defoliation (section 2lie2ele)e
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In practise, especially with mechaniczl harvesting, management and
quelity considerations may necessitate a combination of criteria be
used .

In contraest to the effect of frequent defoliation, too infre-
cuent defoliation can also result in reduced annuel yields (Nelson,
1925; Willard, 1951; Crowder et al., 19603 Kust and Smith, 1961; Smith,
1962, 4965; Q0'Connor,1967), or in little further yields increase
(Davies, 41960a). Such results infer reduced growth rates at mature

i
stages of growth. In favourable conditions however, lucerne crop growth
reves may be susteined at maximum or near maxinum levels for some time
(KXeozhan, 1966), as the luce
producing florael and vegetative growth simultaneously. On the other hand
plant growtn is definatel
iation. More u-ually crop growth rates will decrease, or; as Willard

-~

e
even pecome negative a
1

2
deatnh ard loss of lower leaves, small branches and the attacks of for-
age Teeding insecis. Other factors such as lodging of heavy crops, and

he associzted death and decomposition of mature stems and also new basal
Keoghan,1966) . Attacks by fungzl diseases

can cause serious leaf drop in mature lucerne (Xeoghan, 1967) .Fuess and

Tesar (1968) studied the reasons for Kust and Smith (1968) and Smith
196 ning grecter yields from 3 (one~tenth bloom) compared to

gate
) defoliations each year in Wisconsin. Over 2 years, two-
thirds of a2 17% yield advantage for the 3 defoliations was due to net
e rencinder 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 conclusion. _

The ultimate yield requirements for lucerne are in most cases a
combination of dry weight yield and quality. The digestibility optimum

for lucerne ocecurs at an earlier stage of growth than the maximum dry
weight yield (Coop, 1967), while Griffith and Ramsay (1932) found little
change in nutritive quality up to bud stage. Bailey et al. (1970)

found a relatively steady decrease in feed quality during regrowth to
early flower. Generally, some guality must be sacrificed with more in-
frequent defoliafion so as to maintain sward productivity, vigour and
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purity, except maybe, in drier regions using irrigation (Meyer and
1962) . In Ontario, Canada, Winch et al. (1970) found that de-
n at the 50% visible bud stage of growth gave the best combin-
ation of all these requirements.

There is evidence to suggest thalt in many situations a single
immavure defoliation will not have particularly harmful residual effectse.
Yields will probably be reduced in the year of cutting,but the-
istribution of yield may have advantages for management (Keoghan,
967). A very ecarly spring defol
if any adverse residual effect (Jackobs,
950; Jackobs and Oldemeyer, 1955; Dent, 1955; Langille et al., 1965).

r

In a high.light, low rainfall region, Jackobs (1950) defoliated with
first spring growth at 4", 7", 12" and no defoliation, finding little
."_6:..- ;il..e; Jice a.* 41 Gult:. (= “ LUITLL U €ECl e i e Il
a differenc ! o residual treatment effect. In a less favourable
climete, yield reduction was apparent (Langille et al.,1965). The
c

al,especially in cooler
3 ems, The last defoliation must
be early encuzh belore growith ceases To allow for the accumulation of
sufficient organic reserves needed foir the establishment of winter

4 e I R T I T o
IS INesSs 8l o Beew Tlle rfegullefcnivs O

early spring growth (Smith,

196L). In milder winter growing regions, the autumn accumulation of

orgaric reserves is not likely to be of great concern, other than to
i n

maintain reserve levels in asccordance with

2.%:1.2. Root Grovth,.

There are three aspects involved: root dry weight differen-
ces between treatments, immedizte post—-defoliation root dry weight
changes and new root growth. In most circumstances, under sward condi-
tions, the cummlative effect of more frequent defoliation on the lucerne
tap root is to reduce its dry weight (Graber et al.s1927; Dotzenko and
Anlgren, 1950; Baker gnd Garwood, 1959; Dennis et al.,1959; Langille
et al.,1965; Bryant and Blaser, 1965; Smith and Nelson, 1967). This
is in keeping with the loss of plant vigour generally observed with fre-
quent defoliation. With pot experiments sampling the whole root systenm
(Hildebrand and Harrison, 1939; Lenger and Steinke, 1965; Leach, 1968a)



observed sinilar results at the end of their experiments,
Changes of root axy weight (mostly the top 6-8" of tap root
o 5
) the post-defoliation regrowth

Nielsen et al., 1957
e here is a substan-

~portion of the observed weight

s in organic reserve levels (section

veon relatively infrequently defoliation, recent fine root growth

S e e

cEn pexe tal root dry weight at the

ot tip extension) is markedly

tively close defoliation; to start re-—

r, Investigations show that this
th, 1970), to 10 days

%

3 I
and 7 days (Smith and Silva, 1969). Hodgkinson (1967)

~

ate
= 2 o | h
oni, 19073 Ueno and Sm

caserved that partial defoliation resulted in less restriction of root
srovtn. Nitchell and Denne (1967

) presents results which show a 50% loss
e

H

B
m
)

oliation to 1 inech. Zykov (1969)

] D T fine lueerne roots may die after each
defoliatiocn, being mineralised within 2530 deys. Purther evidence is
Peauired verify fine root deesth of such proportions. Mitchell and

-

sed that the imporitance of this fine root growth re-

U’

es
th) was in the associated reduction of the active nutri-
ent absorbing capacity of the root system,
Decreasing defoliation frequencies of reasonable intensities _
will eneble an increase of the rate and amount of fine root recovery
1

etween harvests. Vith more frequent defoliations the significance of

this fine root loss is the probability of induced nutrient deficiency
and the resultant loss of plant vigour (section 2.4.1.2). Although re-

moving the supply of carbohydrates by defoliation is expected to limit
the growth of lateral roots, Hodgkinson (1967) concluded from his own
experimental results and the reports from others, that primarily ".....
the growth of lateral roots following herbage removal is limited by
supply of essential growth substances which are synthesised by the

leaves",

ck
Byt
a
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The de;_ession of root dry weights following defoliation has been
other species; grasses.( Jacgues and Edmonds, 1952;
clover (Tesar and Ahlgren, 1950; Butler et al.,1959;
the reduction or cessation of root growth; grasses
al., 1959; Davidson and Hilthorpe, 1966b).
in a oo1 winter region, Rather and Dorrance (1938) observed the

a!
H
O

D in lucerne root dry weight after defoliating too late during the

autumn growth period,

2:3:1 5. Chemical Composition.

Compared to root grcwth, more attention has been given to
the concentration changes of organic reserves following defoliation.
Tctal non-structural carbohydrate (TNC) reserve changes are closely
correlated with root dry weight changes, decreasing to 2 minimum at
about 3 weeks and then incressing to a meximum at full bloom (Nielsen

6 62 for others; Smith,1962; Reynolds and Smith,
63; Smith and Silva, 1969; and others).

s
stareh in particular and sugars, change in a similar pattern
f

i
200t dry weight dry weight, partial defoliation reduces the fluctuations
lsen et al., (1956) found the percentage
elluloses T ots also declined af'ter defolistion, while
Hodgxinson (41967) observed that the levels of some polysaccharides

L

ete defoliation. With cocksfoot, (Milthorpe
and Davidson, 1956b) observed that

non=-carvohydrate compounds declined

atter defoliation in circumstances of low initial reserve levels, With

lucerne, it is possible that more complex cdmnoﬁnds will be broken dowmn
and used for respiration and/or new growth following severe defoliation
and/or with plants of low organic reserve levels.,

Many repolts show that increasing defoliation fregquency results
in reductions of the amount and often the concentrations of TNC reserves
at the end of the experimental period (Nelson,1925; Graber et - 5 AT
1927; Willard, 1930; Hildebrand and Harrison, 1939; Weinmann, 1948;
Nielsen et al., 1256; Weir et al., 1960; Smith, 1962; Feltner and
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Massengale, 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

gefolisc.u.. Lrzouency a8 are TXC Teserves, except that immediately

following defoliation a small concentration increase has sometimes been
S idered to be due to the greater relative drop of
nsen, 1929; Graver et al., 1927; Grandfield,
lva, 1969). The levels of TN
.

tuations are considerably

K
=
(]
H3
(0
0
o
3
=

m

s3 than those for
The T

NC reserve fluctuations are in response to the net effect

of new grovwih, respiration demends and assimilate supply (section 2.4.1.),
vhich may be acdified by the effect of environmental conditions on the
net energy bdalance within the plant (Brown and Blaser, 1965, 1970).

a
Lucerne is lergely dependant on rhizoblal activity in root nodules for
z e

its nitrogen supOPliye.

foliation and reduction of
light intensitiy has been demonstrated to depress root ncdule zetivity

¢ numbers (Thornton ané Niecol, 193L). Both treatments reduced photo-
synthetic activity and provide evidence suggesting that continued nodule

activity is cdependant on an adequate carbohydrate supply (Pritchett and

Nelsocn, 4951). Butler et al. (41959) demonstrated similar responses
with Trifolivm and Lotus species. These studies demonstrazied the need

or rezrowth following more severe defoliation and
t crovn dry weight was consid- -
(1961) showed

rves and less seasonal fluct-

€ Jung and Smith
lower concentrations of carbohydrate reser
uetion for crowns. Ueno and Smith (1970) provide supporting evidence
or tne relative importance of roots, but showed further, that tap root
wood stored more total non-structural carbohydrate (TNC) reserves than
the tap root bark (separated by the cambium layer). TNC concentration
and amount were both distributed in proportions of 25% (crown),55%
(tap root wood) and 20% (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 growth
eguirements.

br ]
i)
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Comparing changes in the level of TNC during regrowth between

ge sized plants, Ueno and Smith (1.c.) showed
minimel TIWC weights per pot and TNCH on days 7, 14 and 14-21 respec—
proportional to initial

C
ective utilisation efficiencies were 1,50, 0.75

s ES & A M el e - 234~ F T A - + 5

gnd 0.58 g of TNC used to produce 1g of shoot dry nmatter; it was not
/P e o il = O T e T s MmN * 3
Xnown way larger plants were more efficient. TN was not considered

c
Lukezic et al. (1969) using gnotobiotic greenhouse conditions

7ed that the carbohydrate reserve decrease with Ifrequent defoliation
ig a true plant recsponse and not influenced by micro-organisms,.

The effects of defeoliatlion on the levels of minersl reserves

in lucerne has not veen investigated, but from the effect on fine root
growen, especizally with more freguent defoliation, it would appear

me imporitance (Mitchell and Denne,

O
D114 % 22D
c

=

¢ of these reserves during regrowth

deight of defoliation when infreguent tends to be unimpor-

tant, especielly in practical circumsiances, the wastage from residual
stuonie often being greater than new shoot growth gains., Higher cutt-

ing £ importance with frequent defoliation when
ne » duzl T area may give a significant coantribution to the

a

supply. This interaction has been demonstrated Dbj
oge AR
1)

Kust , Langar and Steinke (1965), and Smith and Nelson
1987,), and is likely to be most apparent in a low energy environment

!
(
(Lanzar and Steinke, 1.¢)o -

2e%e1050. Defoliation by Cutting and Grazing.

There are several distinct differences between these
two processes., Cutting is simple and direct. In comparision, graz-
ing can be gzglective 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
tio

,'
¥
o
e

2 animal excreta Dboostis growth, having greater effect
one of adeguate soil moisture and generally, giving non-
ereased competitive growth advantage due to an enhanced
availability (Watkin, 41954; Cuykendall and Marten, 1968). The
tion of an optimum grazing frecuency is dependant on yield,
aquality and persistency consideracions, and further, on the growth stage
ated utilisation efficiency. Resid-

effect on palstibility and Tthe associ S
ual mature stems are basically wasteful (Dann, 1968). In general, al-
thouzh ebsolute yilelds vary between cutting and grazing,relative yields

re sinilar and Labches (1958) considers the latter parameter more

a
= = = - 5 - ey e aT T = -
irportant for evaluating swards,
- T e £ T e ] 2 = = B | - - T o >
2.%2,2. Effeets of Defoliation Freaquency on Iucerne Persistence,

iazticn can he cdue to

The reduction of yields with Treguent defo
reduced plauﬁ vigour or size

[C I - L (N B IR M7 SO
TreCaces DLarrye TUmDErs \.Dbaqi requeciion)
e

7
ol : [ 2 5 T Sp b o
rs per plant. This latter is not

“oss of percistence per se. pbul rather an expression of it. Gross et al.,

(1958, onserved that freguently cut lucerne plants were considerably
smeller, vut their numbers had not been decrease Willard (1931) obser-
ved a2 sinilar situation in that e found a low correlation between shoot

effect for severzsl trealments, There have been many reports however,
ease i th freguent defoliation., For in-
stance Nelson (1925) found 2, 3 and L cuts per year reduced plant numbers
T cuare foot over 2 years., Representing a milder

-

to 12, 3 and 0 plan s
environment, Judd and Radcliffe (1970) observed L.1, 5.5, and 6.4 crovms
per square foot after 3 years deloliating at 3, L4, 5 and 6 weekly inter-
vals. Similar relationships between defoliation freguency and 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 fregquency and seasonal
timing of defoliation (sections 2.3.1.14+; 2.3.1.2.3 2.3.1.3.). Further,
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reduced plant vigour is often aggravated by a concomitant increase of

weeds and grasses which providé direct environmental competition (Nelson

19253 Peterasn et 8le, 19533 Nielsen et als,; 1954: Dennis et al.,

§60; Iverzen 9673 Judd and Radecliffe, 1970;

Lecach, 1970c). With moderate defoliation frequencies, it has been

at an initial reduction of plant numbers will decrease

plant competition, enagbling remaining plants to grow larger and thus
(Grandfield, 4934; Kust and Smith, 1961). It is possible

thet after the initial defolliations, a more infreguent treatment may be

S

&
aspects depressing lucerne persistence have

- — 3 _—

&
boor demonstrated. In cool winter regions, considereble winter death

o nlants can result from en ill-timed autumn defoliation (Smith, 1965).
in Erier regions or seasons, lucerne is more persistent with more Ifre-—
cuent defoliation if not irrigsted. Ward et al, (1966) demonstrated
this with & lucerne cocksfoot sward; the deeper lucerne root system
giving it a competitive advantage for soil moisture, in spite of re-

="

With infrequent defoliation, the lucerne

uch that it cen succesfully ccmpete with grasses
rrigation, Van Riper and Owen (1964), Iversen

1so noted better dry land persistence,

1965) found that the reduction of lucerne stands

7 ggravated by excessively high summer

texperatures of C. It has been observed that lucerne

is more persistent in co ns of high fertility, especially for

potassium (Graber and Spfggue, 1938; Markus, 1966; Smith, 1969a).

Lobb (1957) found that on the soils used, selective withholding

of phosphorous fertilisation gave lucerne a competitive advantage over

grasses and weeds which have a greater phosphorus requirement , and

hence, for lucerne, improved persistence, 1t should be noted, that this

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

phosphate deficient soils (Stephen, 1970). Differences in lucerne

persistence associated with varietal growth form differences have been

denonstrated by Xehr et al., (1962) Leach (1969b). Smith and Graber,

(41cL1) suggested that management techniques detrimental to lucerne

production and survival, may also increase susceptibility to diseases
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and emplify differences in disease tolerance between varieties., Thus,
lucerne persistence is very dependant on the defoliation frequency

5 -

used, w.o may well be further modified by any of the other cornsiicre

2 B« OVaes.  lamardsT i) ier Ol = [ i S T g & sy
Z:2a.2s t0E GROWTN XOorn Rzsrnongs of Lucerne - to Different
™ X, - - o
-_1»"'”:"-' - s TeT e,

The effect of increased defolistion fregquency reducing plant
size, as evidenced by smaller roots has often been demonstrated (sec=-
ion 2.3.1.2). This has been shown to be associsted with the death or
izs reducticn of crowvn stems (Nielsen et al. ﬂ95'; Gross et al.,
and stems per plant
Pumbaubh, 1663;

s c 5
"1927; Peltier and Tysdele, 1535; Grand®ield, 19L
o
\ =
Leach, 1558a, 1970c) are also reduced. This would be expected with the

A
J
s Lk =7 " P x E . - 5 404
rd Tysdale, 1.c.; Cowett and Sprague,1562;
P A

4
B R r A e P | 7 ey iy 5 E5,) S el Y - ey
iCWer CcIOWLL and stuosbie sites present on the smaller plants. The con-
B = ThaT «e il
OiNeQ eIrect O

e
these Tactors is expressed in the lower yields obtained.
3 esults of Leach, (19682, 1969a)
ual shoot length at harvest depends on when
tage of mat-
5

-

t numbers, but both cbser-
ed commencement of ki
on (L.c.) suggests that shoot numbers will only

be reduced with prolonged immature defoliation when the crown size is

educed, This 1s supported by another of his observations that lucerme
has "a tremendous reserve of buds for future regrowth". Thus with more
frequent defoliation aversge shoot length is likely to be less, (e.g.
Tsuma, 1968) and more immature at a given harvest time. Comparing his
results with those of Leach (l.c.), Keoghan (1l.c.) suggests that inter-
plant competition within his simulated sward compared to Leach's (l.c.)

H
o
}Q

spaced plants, may well explain their differences of shoot numbers.
The later stage of growth at defoliation, the higher the stem/

leaf ratio is likely to be. This is because of increasing lower leaf

loss (Fuess and Tesar, 1968) and increasing dry matter accumulation in
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lleyer and Jdones, 1662,. The residual growth results of

|5
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), showed a lower siem/leaf ratio for previously more
a correlates with the slower
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clisted lucerne. Hodgkinson (419567) found that population densi
h E

DR e e =IO Y o - - T L e, (e o e = il e
aiéd nes aifect the Suﬁfﬁ_/aea; CTYy Welght 2310 Or Si00Ls at

StEZe of grovwithe

Soth Leach (1968a,; 1970 2,b). and Keoghan (4970) consider the
relative importance of stubble and basal shoots as components of yield.
Xeognan's {(l.c.) classificstion defined stubble shoots as arising on
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iation when some stubble shooils were present as well
(rore snoots). Hodgkinson (4967) demonstrated a sinilar result in an
exper.nent in which shoot numbers were experimentally controlled
(seetion 9k Le 2+ 3e)a

£5 the height of defoliation is raised, with immature stubble,

a greater residual leaf area is leit, However, there is negligable
residual leaf area with mature stubble regardless of defoliation

€
height, although this latter can be increased by a significant leaf
area coatrivbution of newly elongating basal shoots (Zeoghan, 1967).
Such leafl area is capable of significantly contributing to the lucerne
plant’s initial post defoliation carbohydrate assimilation, particu-
lerly with immature stubble (Hodgkinson, 1967; Keoghan, 1970; section
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2.%3.h, The Bffect of Defoliation Freguency on Lucerne
Growth Rztes.,
The lower yields with more Irequent defoliation represents an

overall lower crop growth rate (CGR). For given growth periods,com=-
parisions of lucerne growth rates between treatments of different de-
iy cies, appear to have been confined to.studies at Lin-
oln, Canterbury (Steinke 1963; Langer and Steinke, 1965; Keoghan,
1966, 1970). The majority of studies have considered only total ann—
teinke (1963) showed that frequent derfoliation, reducing

piant weight, was associated with lower relative growth rates (RGR),
in@icating less efficient growth from the smaller plants. He also

e

obtained initially negative root RGR for closely defoliated plants.
14 also apply to whole plant growth, when this
the rag

&
below—-ground weight e of new growth.

t
(7
Implicit in the lower yields at each harvest of more frequently defol-
erne are lower CGR's.

o
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the work con. lucerie growth analysis has bee
e GR or rate of photosynthesis
x (LAI) (Steinke, 1963; Keoghan, 1966, 1970;

e
67; Wifong Brown and Blaser, 1967). This work, as

Q

conecerned with the relationship between
and leaf area ind
Xing and Evansg, 1
in cther crops (Watson, 1958; Ludwig et al., 1965 = cotton; Shibles

and Weber, 1965 - soy beans; Williams et al., 1965 - maize; and others)

-t

vas aimed at determining whether an optimum LAT would be attained and
if so, the nature of it; i.e. narrow, broad; or plateau. Keoghan
(1970) considers the subject and its explanations fully. Steinke
(1963), with a lucerne field experimant, demonstrated a narrow LAT
cptimum, thought to be due to soil moisture limiting the more mature
growth. King and Evans (1967), Wilfong et al., (1967) and Keoghan
(1970) cviuined broad optimum LAI, while in 1966 and in other exper—
iments in 1970, Keoghan obtained plateau LAT relationships. These
varied results indicate the complexity of factors controlling this
relationship. Among these factors are the efficiency of light inter-
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ception related to changes of the light extinction coefficient
(Keoghan, 1970); differences of leaf photosysthetic capacity between
species (Brown, Blaser and Duntun, 1966) and possibly varieties
(Dornnhoff and Shibles,1970); reduced leaf respiration rate of older
and more shaded leaves in the canopy, probably explained by an assoc-
iat case of specific leaf area (Wilfonz et al., 1957; Williams
et al., 1965; Shibles and Weber, 1965); and the effects of other en-
1 variables, especially moisture (Keoghan, 4970).
The influence of different defoliation frequencies has not been
reported, With more prolonged treatments resulting in differences of
sward morphology (e.g. stem density), light interception will be varied
waich nay well influence the form of the CGR/LAI relationship. Postu-
es he nore physiological factors are less cobvious,
althouszh Keoghan (1970) found a denser lucerns sward had a greater
a n a

less dense sward,

2., Facters Controlling the Yield and Regrowth Rate of Lucerne.

These factors are grouped as & physiological, morphological
and envirornmental clazssification, and are cciasidered as they contrib-
ute to the explanation of the various aspects of yield and regrowth

discussed in the previous sections., Of necessity, the contreoll of
11 tend to precede the situation in respect to

=,

different defoliation frequencies.

2. .1, Phyvsiological Facton:

(.u

2.,1.1. The Role of Reserves.

There are three types of reserves 1o consider: non-structural
carpohydrates, nitrogen and mineral reserves., The effect of different
defoliation frequencies on subsequent shoot growth and root weight,
organic reserves and plant vigour has been discussed. The carbohydrate
reserves have recieved far more attention in the pagt, in particular,

for their contribution to new shoot growth. A relatively consistent
line of thought has developed over the last forty-five years in res-

pect to this role of carbohydrate reserves, but in the last decade its
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validity has been gquestioned, and during the last few years the cues-
tion has been elucidated considerably.

In 1927, Graber et al., postulated that “..... New top growths
especially in the earlier stages, are initiated and developed largely
expense of previously accumulated organic reserves." This

over subsesquent years, supporied

By repes correlations between plant yield
and/or vigour with carbohydrate reserve levels (Harrison, 1939;
Sprasue and CGraver, 1938; Weinman, 19L8; VWeir et al., 1960; Feltner
and ¥assengale,1965; Langille et al., 1965; Smith and Nelson, 1967;
and others) and that growth after defoliation is generally associated
ith a decrease in the level of carbohydrate reserves (Graber et al.,
4927; Grandfield, 1935; Browa and Hunsell, 19L42; Reynolds and Smith,
1662; Smith, 1962; Nelson and Smith, 1968b) which follows the general

ection 2.%.1.3.). Doubt as to the sound-—
on was expressed notably Irom two sources,

) sgested that the post-defoliation use of
rves for respiration could be of greater importance.

=

lay (1960) questioned the acceptance of the hypothesis

= S | ) sy TR, E o SR s 1 . = - - -
of accumulated carbonydrated reserves having & specific role in init-
SETIinT TerroYth since " 3
B T R

eeses he paucity of knowledge of mobilising
iorzones, mechanisms of translocation and utilisation of carbohydrate
reserves at meristems preciuded a ceriticel evaluation of the part
Smith (1 2) still con-

In response to these reconsiderations, much work has been done
to elucidate this aspect of regrowth, this being particularly succ-
essful with lucerne (Hodgkinson, 1967, 1968, 1969; Silva, 1968; Smith
and Silva, 1969; Smith and Marten, 1970), and other species (Davidson
and Milthorpe, 1965, 1966a, 1966b; Carlson, 1966a 1966b; Alberda,

; 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

4 .
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spiration anéd new growth (Davidson and Milthorpe, 1966a;
&). Marshall and Sagar (1965), using X tracer, showed
er-tiller photosynthate interdependance following partial
while Zhara et al. (1967), using Paspalum notatum

e tissue used in part at least, e 1avellea
conpounds Trom the stubble and roots. With severe defoliation and low
al reserve levels, NDavidson and Milthorpe (1966b) and Alberda

6) found that substances other than non-structural carbohydrates
wers used to suppliment their reserve supply. Nitrcgenous compounds

=

5
wonstrated that new leaf

rerc suggested,bus also p ficed to provide a

la a P
source of substance for regrowth and/or respiration (Alberda, 5906),

and Hodgkinson (1968) stated that even structural compounds could be
broken down and retransloccated.
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in resolving the role

of organic reserves in lucerne regrowih by studying their re-distri-
bution after being s 12meiled. By this method, Hodgkinson (1967),
Silva (1968) and Smith and Marten (41970) have all conelusively demon-—
strated that organic reserves are used in part, for the formation of
new lucerns shoot growth. In more intensive studies, Hodgkinson (l.c.)

foilcwed this redistribution over 30 days regrowth, while Smith and
r

vesting et 5 regrowth stages = 15 and 30cm
neizht, bud, first bloon and 50% bloom. Their results showed several

=
-
o 1L

greater proportion of T-lezbelled compounds

rates, although during the esrly regrowth
piratory and new shoo 2 growth use was approximately equal.

€ ent of C-legbelled compounds in the total
rowth was initially high, decreasing with time as current
synthate inereasingly contributed. Thus the intensity of shoot
lzbelling was inversely proportional to the length of the post-defol-
e

In marked contrast, Smith and Silva (j969) in a quantative study
and Silva (1968) using 1u0-labelling, found at 21 and 26 days respec-
tivelys 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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Iin agreement however, was the high initial use of organic compounds
stored in the roots and crowns for new shoot growth, followed by the

asing contribution from current photosynthate. Both
ups observed the continued use of la

Z2ro ] labelled organic compounds
throughout the vezatative growth stage. All except Hodgkinson (1967),

found that +ﬁey had a high utilisation of labelled compounds
(o)

(70-803%) . Hodgkinson (l.c.) observed a 50% utilisation by 20 days
regrowsh, after which there was litile change.

Smith and Merten (1970) found that much of the initially lab-
uctural carbohydrates laver located in new shoot growth
occurrced as translocated non-structural carbcohydrates; that incorpor-
tructural tissue being relatively low, fluctuating
itigl reserve level., Hodgkinson (1967) did

this nma )
cuoted Whistler and Young (1960), and Porter (1962) as providing
evidence suggesting that hemicellulose and cellulose are stable end
products of metabollism. Nitrogenous compounds located in storage

or new shoot growth,but if nec-
+s (1958) have shown,they can be utilised

T T e i e o g M. 2 ek - o i P
as resjiratory substrates. This evidence supports other reports

thet other non-structursl carbohydrete reserves can be utilised
during pasture regrowth, as respiratory substrates at least (David-
son and Milthorpe, 1965, 1966b, Albverda, 1966; Humphreys and Robinson,

1G66), rarticularly if defoliation is reasonably severe and reserve
levels are low. llore detailed investigation to determine the relative
importance and use of these compounds during regrowth, and under
what conditions are required.

This has been done to some extent with quantative studies of
the importance of nitrogenous compounds in plant regrowth. Such
studies are few, even though Graber et al., (1967) included organic
nitrogen compounds in his definitions of reserves. Using grass species,
Bommer (1966) obtained considerably greater yields from plots reciev-
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ing heavier eapplications of nitrogen fertiliser, with an associated
greater reduction of carbohydrate reserves, suggesting greater use
the latter. lore directly, both Dilz (1966) and Sheard (1968b,
1970) found a high correlation between plant nitrogen content at de-
foliatiocn ana weignc of regrowth, while that between regrowth and

e
o
turf carvohydrate content was low, (Dilz, 1966) and negative with
r.
[

b
fructose concentration in the tertiary shoot of timothy (Sheard,
1568h, 1970 ), the vegetative organ most influencing the spring growth
of timothy (Sheard, 1968a). Dilz (1966) demonstrated a considerably
graser shoot yield per a unit weight of protein compared to a unit
weight of carbchydrate. This efficiency of proteinaceous compounds

*tant for herbage regrowth
1968b, 1970) found that a
pply of organic N for new
go) wough, it may well be growth limiting,
even though the carbohydrate Ieserve level is adeguate to meet the
energy demands of growth and respiration from these non-nitrogenous
rates. He concludes ssseessed b8lance of carbohydrate for energy
lable scurce of protein for the synthesis of new
prcioplasn within the plant is superior to a high carbohydrate-low

“This work with grasses has noc been extended to legumes and in
varticular, to lucerne., The effect of severe defoliation restricting
gen fixation (section 2.3.1.3.) and restrict-
ing root growth (section 2.3.1.2.), means that initially, protein
r r new shoot growth, must largely be provided
from reserve sources, Using the nodulated legume, Pisum sativum

.

during vegetacvive growth, Pate (1956) showed the direct export of
fixed nitrogen from the root nodules to the shoots as amides (observed
in other symbiotic associations; see Pate et al,, 1965). Sugars trans—
located from the leaves provide essential carbon skeletons for amide
synthesis 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

that some of the 1“0 labelled organic compounds in the lucerne roots
in the experiments 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 growth was most probably
these 1uC-labe11ed nitrogenous compounds. With a number of species

it has been shown that these translocated amides and amino acids are
transaminated in the leaves to form different amino acids and proteins
(Pate, 1966; Joy, 1967).

Hodgkinson (1967) found that1uC-activity was located through-
out the shoot after 20 days regrowth, although more intense in the
earlier formed tissue. This indicates a continued acropetal movement
of 1uc—labelled material into the shoot during this period. At the
same time he found new shoots started to export assimilates to the
roots by the 6th day after complete defoliation. Although a bi-direct-
ional movement of carbohydrate has been questioned (Hodgkinson, 1967),
a continued acropetal movement of 1uC—labelled amides and amino acids
to be incorporated in the growing leaves and apical region tissue of
the shoot could well explain the continued labelling of the shoot over
this period. Normally, this process would be expected to last until
such time as root nodule activity and/or soil nitrogen absorption
return to a level satisfying shoot growth requirements. Pate and
Wallace (1964) showed that the field pea shoot receives much nitrogen
in organic form through the Xylem, as well as 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). More probable is a bidirectional movement
of photosynthate basipetally and nitrogenous compounds acropetally.
The directional distribution of these 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 is suggested that the role of nitrogenous reserves in lu-
cerne and other species regrowth probably warrants study of a similar
nature to that already performed with carbohydrate reserves. Their



31

importance in shoot regrowth may well be relative to the level of car-
bonydrate reserves, as concluded by She:rd (1968b). The greater role of
lucerne organic reserves 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

M feeeees it still remains to be shown that the availability and qual=-
ity of these compouhds (nitrogenous and carbohydrate) regulate the
rate of shoot regeneration." Environmental factors aside, it may be
that the relative levels of nitrogenous and carbohydrate from residual
leaf area and/or new shoot leaf will soon confound the relationship.

The influence of defoliaion frequency 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 awailable nitrogencus 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 down. 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) regrew 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
defoliation, they may be growth limiting (see s=ction S list 24 ks

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

may be useful.

2.01.1.2. The Role of Lateral Roots,

Finer lateral root growth slows considerably or even ceases
after defoliation, dependant on its severity (section 2.3.1.2.). 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
absorption 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
Davidson and Milthorpe (1966b) have demonstrated a marked reduction
of 32P upteke 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
(1967) found that 'C-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
rootsythis 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 important 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
within the plant, from older, and especially senescing organs to
active growing regions (Hopkinson, 1964; Leopold, 196L4). With other
ncn-nodulated species, a resultant induced nitrogen shortage may be
be significant at an earlier regrowth stage. With lucerne, reduced
nodule activity may create a similar nitrogen effect.

In the longer term, a continuation of frequent defoliation will
aggravate the situation in that nutrient and nitrogen levels in the
roots 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
factors may be the major determanents of the yield reductions gener-
ally recorded. They emphasise that where there is a decrease of the
effective nutrient absorbing surface and nodule activity, the decreased
root efficiency will probably be considerably greater than a reduction
in the weight of the total root system would indicate. Ueno and Tsu-
chiya (1968) observed this with lucerne, top growth,having a greater
dependance on lateral root growth, compared with tap root growth.

A further root factor limiting shoot growth, may be a reduced
root production of growth substances. Waring et al., (1968) performed
experiments which suggested that root-synthesised cytokinins may be
needed for protein synthesis in shoots. These are likely to be pro-
duced in the lateral root tips, and consequently production would
e curtailed in association with reduced root activity following de-
foliation. 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 contrast, Hodgkinson (1967) concluded from his own
results, and the work of others, that following defoliation, shoot
produced growth substances (auxins-Torrey (1950) and Pilet (1965);
vitamin B compounds-Robins (1951)) are more restrictive than the supply
of carbohydrates to the growth of lateral roots., The most important
conclusion from this, is that growth substances are probably an impor-
tant controlling factor during the regrowth of shoots and associated
root growth.
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2.1.1.3. The Role of Residual Leaves.,
In the past, the area of residual leaf following defol-

iation has largely been considered as it dis affected by the defolia-
tion height. At a given height, though, the stage of maturity at
efoliation (freguency) can also influence the area and efficiency
of residuzl leaf. Thus the inter-relation of its photosynthetic von-
tribution with organic reserve levels in promoting shoot regrowth
must be considered. Further, the several reports showing that a leafy
stubble can alleviate the advceirse effects of frequent defoliation on
yield (section 2.3.1.4.) are directly pertinent.

Both Hodgkinson (1967) and Keoghan (1970) studied the physiol-
ogy of the subject.

The primary requirement is that any yield advantage must out
weigh the disadvantage 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-
blem in field conditions is the high rate of stubble death observed by
Ridgman (1960), and Keoghan (1966, 1970), especially if the stubble
is relatively mature.

Keoghan (19706), 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-
iation.

3. The longevity of these leaves during regrowth.

The basal leaf 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. O.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
leaf 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 swardss
new basal shoot leaf area can be significant, providing defoliation
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is high enocugh to retain these shoots. Keoghan (1966) measured a basal
shoot LAI of 0O.41. In the only reported case, Keoghan (1970) found a
1Ccm leafy stubble to have a considerable light interception capacity.
Several workers have demonstrated that the photosynthetic efficiency
of lucernc leaves decreases with age (Pearce et al., 1965; Brown et al.,
41966a,b; Hodgkinson, 1967; Fuess and Tesar, 1968; Keoghan, 1970; and others
with other species). From this evidence Brown et al. (1966b) thought
stubble residual leaves, the older leaves, were probably not very eff-
ient. However Hodgkinson (l.c.) found that the apparent photosynthetic
tes of residual leaves increased considerably following defoliation,irr-
espective of age. Keoghan (l.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 leafy stubble could
provide a significant assimilate contribution, reducing the stress of fre-
quent defoliation on the root system. There is some uncertainity as to how
comparable the residual leaf improved photosysthetic rate and that of newly
produced leaves are., Hodgkinson (l.c.) found little difference at 10 days
in a glasshouse study. In contrast Keoghan (l.c.) found new leaves appeared
to be more active in an out-door experiment, which is possibly the more
likely situation in the field in view of the greater leaf senescence rate.
observed in field conditions (Keoghan, l.c.). In turn though, there must
leaf age limit to this adaption. Any improvements of basal leaf photo-
hetic efficiency will be more beneficial following immature defoliation,
as Brown et al. (1966b) showed that younger residual leaves survived longer.
Both Hodgkinson (1967) and Keoghan (1970) demonstrated the beneficial
effects on shoot growth of residual leaves, using 15cm and 10cm high stubble
respectively. Total plant weight decreaszd to a minimum for the first 7-10
days with no residual leaf, but showed no decrease with residwnal leaf area.
After this minimum weight point, Keogham (l.c.) observed that the whole
plant and shoot growth rates were very similar, The yield results of Hod-
gkinson's (l.c.) experiment show a similar effect. The commencement growth
stages of this common growth rate, appears to correlate with the stage of
a critical leaf 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 for (presumably) carbohydrate
supply, this coming from 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 resunption of shoot growth, the efrect being independant of stage
of maturity at defoliation. Davidson and Milthorpe (1966a) after exam—
ining the results of Ward and Blaser (1961) demonstrated that they had
obtained the same effect with cocksfoot. This correlates with the con-
1sions of Leach(1969a) for each of three lucerne varieties, that
egrowth yield depends on the number of shoots and particularly, the
time when each shoot resumes growth. Keoghan (1970), also found that
tne shoots elongating earliest contributed most to the final yield.

Q
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2.h.1,4L, The Inter-relationship of the

Phyvsiological Factors.

The evidence 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 lesser extent as carbon skeletons for the formation of amides and
amino acids in the roots, and for translocation as carbohydrates into
he new shoots. This latter occurs for each shoot until the attainment

ct

of a critical leaf area enabling the new shoot growth to be relatively
1T sufficient for respiratory and growth carbohydrate requirements.
Continued root to shoot organic translocation occurs (Hodgkinson, 1967)

probably largely as nitrogenous compounds needed for leaf and apical
growth in particular. The pattern of translocation and the importance
of nitrogenous conmpounds in regrowth and respiration requires further
udy. 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 W1th improved nitrogen
levels, and probably enhanced top growth,
Residual leaf area makes an important positive contribution of
essimialte in regrowth conditions of low carbohydrate reserves. This
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is directed to new growth and for respiration, but also in an indirect
manner 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 defoliation is high enough and at
n early enough growth stage to ensure there is sufficient residual
gaf area obtained. The benefit from residual leaf area is particularly
arent in these latter circumstances, in view of the increased photo-
synthetic activity of residual leaves after defoliation (section 2.4.1.3.)
nd that these conditions are typical of frequent defoliation. 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 defoliation.

These regrowth aspects, largely related to the plant's carbohydrate
balance, tend 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-

-

was not significant till the 15th day. 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 restricting this root growth. However, Hodgkinson (l.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, whiech would result

in nutrient reserves (probably including nitrogen) staying relatively
depleted, in turn resulting in more restricted shoot growth, so fur-
Vior restricting the supply of carbohydrates and possibly necessary
growih substances for root growth. The plant would become progress~
ively weaker, with root death and overall reduction in weight and size
as nas been frequently demonstrated. These various growth restrictive
fectors will be more marked in plants of low vigour and probably more
50 if 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 of the subsequent regrowth, or even the first regrowth.

2.4.2. Morohological Factors.

2.4.2.1. Basal shoot status in mature lucerne.

It has been established that greatest annual yields are
of'ten obtained if the presence of new basal shoots is used as a defol-
iation criterion (section 2.3.1.1.). Mitchell and Denne (1967) suggested
that defoliation before either flowering or the start of new basal shoot
growth would mean the lucerne plant has to re-establish active meri-
stcms from the crown at a time when the plant is not physiologically
ready for this. This re-establishment period will involve an initial
growth delay, even in conditions of large residual leaf area as can
be the case with immature defoliation. Nelson and Smith (1963a)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 left 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).
It is not known if these leaves photosynthetically adapt to the hig-
her light intensities following defoliation, as observed for mature
esidual leaves (Hodgkinson, 1967; Keoghan, 1970). If they do not
adapt, growth delay may occur while the shoots develop their first

U]

sun leaves. Keoghan (l.c.), presents evidence suggesting that even
if these leaves do adapt, they are less photosynthetically active
than newly produced leaves.

2.L.2.2, Senescence.,

Keoghan (1970) stated; "....The extent to which a meas-
ure of viable plant material underestimates productivity depends

on the rate of loss of dry matter produced during regrowth." Fuess
and Tesar (1968) demonstrated the large loss of leaf and hence

yield if lucerne is allowed to become fully mature. With time, this
loss is progressive from the bottom of the shoot following the leaf
age gradient. From the studies on leaf longevity in outdoor grown
lucerne, Keoghan (l.c.) found little leaf loss up to 30 days regrowth,
but progressive older leaf death after this. Pearce et al. (1968)
found significantly less leaf senescence in thinned plots. It is pro-
bable that improved light conditions in the thinned sward largely
contributed to this extra longevity. This has been demonstrated for
other species (Brougham 1962, Hopkinson 1966)., It is probable that

as lower lucerne leaves become excessively shaded, photosynthesis of
these leaves will be very low and senescence initiated or acceler-
ated, resulting in the lifting of the leaf canopy as shoot growth
approaches maturity. Leaf canopy depth and leaf area may be increased
during growth because of a decrease of the mean light extinection co-
efficient due to changes of leaf arrangement, permitting better light
penetration (Keoghan 1970) The rate of lower leaf senescence would
probably be reduced,

Defoliation frequencies may affect leaf senescence by the rate
of leaf area production and hence the time before basal leaves are in
excessive shade and thus encouraged to senesce, Differences in stem
density under different defoliations frequencies (section 2.343.) 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—
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esced and died; this probably being more applicable for the last shoots
elongeting as they would be subjected to strong light competition from
the earlier elongating and hence larger shoots,

Trhese losses from senescence have been discussed in the produc-
ive agronomic sense. It should be remembered that the physiological
1 is smaller as a large proportion of the nutrient content (includ-
ng nitrogen) of the senescent organs are retranslocated to actively
growing organs. This is important in helping to maintain growth when
the source of these nutrients may be limited (Benson et al., 1961;
Leopold, 196L; Greenway et al., 1968). :

Other environmental factors influence leaf longevity; moisture
stress and high temperatures generally accelerate the onset and rate of
senescence (Leopold, 196L). Disease attacks can also reduce leaf life
(Keoghan, 1966).

A further recuirement is the maintenance of adequate root growth
to provide new centres for cytokinin synthesis, adequate levels of which
are required for the normal leaf longevity in the conditions prevailing.
(Leopold, 1964; Waring, et al., 1968).

2...2.,%3., Shoot Numbers and Plant Intershoot Competition,

Leach (1968a, 1969a) concluded that regrowth yield is
dependant 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
crown and stubble morphology and modified by varietal differences.

Leach (1969a) obtained significantly greater shoot numbers and a resultant
yield from a lenient defoliation compared to a severe defoliation, but
with varietal 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 reduceé
stem number and size due to interplant competition. As Keoghan (1970)
concluded, and Leach (1968a) recognised, extrapolation from spaced plants
to sward conditions may lead to variences such as this,

The evidence for, or suggestion of , plant intershoot competition
has been presented severally (Hodgkinson, 1967; Leach,1968a, 1970a;
Keoghan, 1970). Leach (1970a) noted a competative advantage for shoots
elongating earliest which Keoghan (1970) confirmed from his experiments.
Keoghan (l.c.) considered from his observations that this arose from the
very heterogeneaus nature of the lucerne shoot population which varied
widely in time of elongation and thus size and stage of maturity. The
competitive effect was such in one experiment, that some complete shoots
senesced,

Hodgkinson (1967) using single plants on which only 4,8 or 12
shoots were permitted to grow, observedan extreme plasticity of shoot
growth. Weight per shoot changed inversely with shoot numbers per plant,
thus retaining a relatively constant yield. He suggested the evidence in-
dicated, that providing the environment was non-limiting for growth it
was not the number of shoots per plant that limited regrowth yield, but
the rate of supply of organic and inorganic compounds from the roots to

ew shoots. Leach (1968a) also observed evidence for inter-shoot
competition; shoot size and number present showing an inverse relation-

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 lucerne has a tremendous reserve 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. Environmental Factors.

2s4e3e1e Light tramsmission and interception in the lucerne

C2NopYy.
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 good light interception properties of its canopy.

The amount of light intercepted is dependant on the stage of
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owth and stem density as major variables. Cowett and Sprague (1963)
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resulted in an increase of the proportion of light intercepted dur-

ing the season with an associated yield increase. This is expected

with lucerne, where the induction of a more prostrate growth form due

to frequent defoliation is not generally apparent as compared to such

induction for some other species (Brougham, 1959). Normally a more

prostate growth form has a greater residual 1light interception capacity.
For several species,a range of light transmission: patterns

have been recorded; from an abrupt light decrease for white clover

((iitchell and Calder, 1958;Stern and Donald, 1962), Less so for red

clover (Mitchell and Calder, l.c. L to a relatively uniform decrease for

grasses and grass/clover mixtures (Mitchel and Calder, l.c., Stern >

and Donald, l.c.). Of the several studies for lucerne (Steinke, 1963;

Warren Wilson, 1965; Keoghan, 1966, 1970; Tsuma, 1968) it has been

hown that the percentage light decrease is relatively sharp in the

]

op third of the canopy, below which there is a more gradual decrease.
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he transmission curves tend to be similar to that of red clover. Keo-
ghan(}96o, 1970) observed that previous management (different defolia-
tion heights) can modify the transmission pattern, presumably result—
ing from changes of sward structure. He also demonstrated differences
between establishing and established stands, these differing in the
pattern of stem arrangemeht and stem density. Tsuma (1968) used pre-—
vious defoliation fregencies of 2,3,4 and 6 weeks, and found, a little
unexpectedly, that there was little difference between the transmiss-
ion patterns in the uprer canopy layers of the first common residual
regrovwth. Heights of regrowth were significantly different. Stem den-
sities were different, especially between the 6 weeks treatment 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

differences. Further, LAT was significantly different between all

treatments. His results imply that the sward's leaf arrangement and

resentation adapted in each case to give a relatively similar

ight extinction coefficient in the in theleaf layers of the canopye.
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
"r-.

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 growthyresults
in the leafl canopy lifting off the ground in the later stages of growth.
he same time, there is an increasing stem weight distribution with

4
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depth in the canopy . This basic similarity occured both for spaced
plants (Steink, 1963) and swards (Xeoghan, 1966, 1970). Keoghan (1970
bserved that the canopy light transmission pattern was not closely
related to the leaf distribution pattern. This was in part due to the
lizght extinetion coefficient values differing between canopy levels

and in turn not correlating well with the associated leaf area values,
This indicated differences of leaf orientation and distribution with
canopy height, which may also change with maturity. Warren Wilson (1965)
‘ané Scott and Wells (1969) have both shown changes of leaf angle with
canopy height,.

Lucerne light interception varies with stage of growth, between
canopy layers and between different canopies resulting from different
agronomic management treatments, and probably between varieties. This
varience largely originates from &ssociated 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 quite plastic. Possibly, this has an important in-
direct compensatory role in maintaining good light interception.

A main effect of frequent defoliation is the greater post-defoliation
light wastage, hence the need for management to provide for rapid re-
covery growth to reduce this. A further requirement is to keep the can-
cpy at maximal light interception as long as possible, consistent with
continued near maximal crop growth rates, plant quality requirements
and other pertinent management considerations, i
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2.1.%3.2., The effect of temnerature on lucerne growth,

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-
ature increase above the apparent optimum, yields of both tops and roots
decrease, as also do the levels of carbohydrate reserves (Smith, 1969s;
Nelson and Smith, 1969). Also noted was an advanced maturity,first flower-
ing occuring considerably sooner in warmer temperatures. Temperaﬁures
used were warm (32/24C day/night) and cool (48/10C). Nelson and Smith
(L.c.) found that the advantage of the cocol regime was partly due to the
longer growth period to maturity, development of a larger leaf area,
and a higher net assimilation rate. With somewhat higher summer temper-
atures of 37.5 to L2.5C, Feltner and liassengale (1965) and Robison (1966)
glso showed yield decreases, but more particularly, large decreases of
carbohydrate reserves. ‘

The root yield decrease at higher temperatures also applies to
higher night temperatures alone, particularly if associated with lower
light conditions (Steinke, 1963). These results are consistent with an
increasing depletion of available substrates for night respiration. Supp-
ort comes from lurata et al. (1965), who showed that lucerne had a broad
ootimum temperature range for photosynthesis (10-25C), while respiration
rate increased steadily with temperature increase, particularly beyond 30C.

Iversen and Meijer (1967) clearly demonstrated shoot growth increase
over the lower temperature range to an optimum of 65/50 F (an approx-
imate mean of 15C). At the lower temperatures, root growth (probably
weight increase more than root extension) and carbohydrate reserve lev-
els appear to benefit, as evidenced by their increase in the autumn and
their importance for overwintering in cool winter environments (Smith,
196l ). Murata et al. (1965) also showed that lucerne photosynthesis was

t

shoot growth limitations at these lower temperatures does not appear to
have been investigated.

Langer (1967) reviewed the strong interaction between light and
temperature levels which can occur with lucerne. The adverse affects
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cf higher temperatures on growth are particularly evident with low

lig conditions e.g. 1000 f.c. Strong light can reduce and in some
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cases reverse the effect of higher temperatures (Gist and Mott,

1957; Steinke, 1963; Garza et al., 1965), since the assimilation rate
increases while respiration rate is little changed (Murata et al.,
41665; Nelson and Smith, 1969). Seedlings are likely to be more respon-

sive with their higher optimum growth temperature. Further, longer
hotoperiods will tend to compensate for lower light intensities (Rhy-

v g

Xerd et al., 1960).

A defoliation interaction exists with temperature, lucerne gro-
with having a higher temperature optimum when 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
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

et al. (1968) found a significantly higher correlation between lateral
root growth 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,

this range. In support, Neilsen et al. (1960), Levesque et al. (1963)
and Heinrich et 2l., (1966) found that shoot nitrogen and phosphorus
content increased with temperature increase and the same in the roots
Cﬂeilsen et al., l.c.). The nitrogen increase indicates 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 activity of other organs whichfsupply compounds
required else where in the plant. A notable example,uis not only temp-
erature reducing root growth directly, but also indirectly, through
a reduced supply of growth factors from the shoots.

The adverse effect of freezing or near freezing temperatures
during the winter on lucerne overwintering is important in the relav-
ant regions, having dependance on adequate energy reserves, with var-
ietal differences involved (Smith 196l ; Langer, 1967). A problem of
persistence also exists in climates of very high summer temperatures
(Feltner and Massengale, 1965).

Although temperature aas definite influences on lucerne growth,
between temperature extremes, in field conditions, it's effect is lik-
€ly to be dominated by its interaction with light intensities. Its main
influence on lucerne yield during seasons of active~growth may be in
modifying the time to flowering, although in good growth conditions
this may be countered to some extent by the non-determinant nature of
lucerne growth (Xeoghan, 1967).

2.5, Lucerne Varietal Comparisions for defoliation and Growth,

Early reports concluded that different cutting schedules resul-
ted in little difference between adapted varieties (Willard, 1951).
On the other hand, the large morphological variation that exists bet-
ween lucerne varieties (section 2.1.), suggests that varietal response
differences to defoliation are likely to exist, probably in inter-
action with various other management and environmental factors. Keo-
ghan (1967) concluded similarly.

With relatively infrequent defoliations thelM.sativa type lu-
cernes are more productive than the M. falcata types. Davies (1970)
compared eight varieties of differing falcata content,using 2,3 and 4

- defoliations per year. Early varieties (sativa type) yielded well over
this defoliation range, while late varieties (falcata type)only
yielded well with infrequent defoligtion. It was thought this result
was assoclated with a slower growth rate and later spring growth
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for the falcata types. Using three reasonably genetically diverse var-
ieties as spaced plants, Leach (196%9a) observed this growth rate advan-
tage for the sativa variety (Totana), but also its earlier maturity,
exoressed by an earlier commencement of active shoot elongation follow-
foliation. For optimum yields, this maturity difference may mean
that sativa 1types can be defoliated more frequently by comparision

th fzlicata types, within an overall system of relatively infrequent
defoliation. With L4 varieties, Tysdal. and Kiesselbach (193%9) found a sim=-
ilar growth maturity response related to falcata content. With a large
of varieties, Kehr et al., (1963) confirmed the greater produc-

+

firmed this. With frequent defoliation of 5 varieties, Gross et al,,
(1958) found the yield of all varieties was depressed, but found that of
sative type lucernes, was more severely affected. Both Feltner and Mass-
engale (1965) in warm temperature summer conditions and Iversen (1967)
observed the same effect with frequent defoliation.

The effect of frequent defoliation between varieties, is also ex-
pressed in differences of persistence, With frequent defoliation it is

ccepted that sativa type lucernes are less persistent than

been demonstrated severally (Iversen, 1967;

Daday, 1968; Bray, 1967; Leach 1970c.), Daday's (1968) study included
¢ T eeping lucernes, these being the most persistent,
/ith the same varieties, Leach (1969b) found the order of persistence
1o be reversed. He concluded that the creeping habit alone, does not
necessarily confer better persistence under grazing. This possibly has
to be conbined with active growth (Leach l.c.) and lighter textured
soils permitting the development of the creeping habit (Heinrich, 1963;
Rogers 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,
there seems td be little difference between the response. 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 anearlier 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 persistence will tend
to be dominant. Kehr et al.(1963), confirmed this to some extent,
finding that broad crowned varieties (falcsta type) had greater per-
sistence than narrow crowned varieties (sativa type) over a wide

o

f menagement conditions.

The reasons for better falcatza persistence and production with

Ireguent defoliation are not clear. With relatively infrequent de-
the field, residual leaf area is,probably of limited im-

for lucerne regrowth (section 2.4.1.3.). This may not be so

with frecquent defoliation or continuous grazing. With this management

L3

Talcata persistence has been associated with their more prostrate

m (Keoghan, 41967) which later may be intensified by the eff-
e qaent defoliation (Brougham, 1952). Leach (1970c) observed
the extreme of some slow growing very prostrate Spanish varieties hav-
llent persistence under continuous gr321ng. It is generally
that this response is associated with a greater residual leaf
area, With lucerne, this situation has yet to be verified,

ct relates to some earlier work indicating that rap-

'ing sativa varieties reduced their root reserves at a greater
to lower levels following immature defoliation and were con-
v more harmed (Xeoghan, 1967). Leach (1969a) demonstrated this,
as indicated by root weight changes, between Totana, Hunter River and
Rhizoma lucernes, these having increasing falcata content respectively.
Whether the growth and activity of fine lateral roots are similarly
affected between types is not knowm. In turn, the influence of the ass-
ociated differences of root form is another unknown, although it may
be that the more fasiculated root system of the falcata types (Iver-
sen and Meijer 1967, section 2.1.3.) provides them with a more last-
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 growth substance contribution of the residual leaf

area (section 2.3.1.2.), providing this is significant.



L9

The nature of lucerne shoot growth shows considerable varia-—
tion between varieties of different types (Leach, 1969a; section
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equality of plant leaf area and yield; actual values for

each variety being dependant to a considerable extent on how soon shoots
ommence elongating after defoliation (Leach, l.c.). A similar canopy

o

In sward conditions competition influences modify plant morph-
section 2.4.2.3.), althoughtthe extent to which varietal differ-
es are maintained with different plant densities and management treat-
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ment is again largely unknown, Palmer (1967) did observe that stem den-
sities typicel of eaeh lucerne type tended to persist over a range of
plsnt densities, The comp

plexity of the situation is indicated by the ob-
), that due to interplant competitiveness,

tae reiative yields of the same varieties differed when grown as spaced
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Se. One shoot growth factor which eppears to be comm-
onn to most varieties is the dominance of basal shoots in contributing
to y

importance, albeit still smaller, with the more falcata type varieties.
€

2ld, altnough with higher defloliation stubble shoots may be of ‘more

[N

rsen and leijer (1967) studied the response of a genetically
representative range of lucerne varieties to photoperiod and temperature.
With 8 and 12 hour photoperiods, African (sativa type) was more pro-
ductive, while with 16 nours both sativa and falcata hyprids 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 found a sativa type to
be more responsive at lower temperatures of 60/L0 F, enhancing the early
spring photoperiod advantage. Schonhurst et al. (1975) also obtained

a significant divergence of response to photoperiocd and temperature be-
tween 10 varieties, the varietal response was similar.

Over the range of lucerne types being used, there are some signif-
icantly different 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
shoot growth study of Leach (1969a) has been a start. In practise, the
choice of variety for a given environment is obviously important for

4

best yield and persistence under the subsequent anticipated management.
For the future, it may be that this choice can be significantly aided
by the avallability of improved varieties bred for each region. This
ding potential appears to be available (Heinrich, 1963; Davis and
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; "..... genetic recombination may be necess-—

ary to produce plants with large numbers of rapidly growing shoots,"



CHAPTER 3.

The Experiment and Basic Metheds.

»

— == . ~ ) 3
fele The Aims and Trestments:

discussed in appendix 1A4. The basic aim of the thesis experiment was to
provide some explanation of the factors contributing to the treatment
Gifferences already observed in the original experiment which had been
tablished 4 years earlier., To do so, the main defolisntion treatments
were continued, These were defoliating at 3", 9and 15" mean shoot height
and av a hay stage of one-tenth bloom during the spring of 1969 (i.e. from
the 7th of August through to the 12th of November). This period ensured

a greater likelihood of reasonable soil moisture levels as well as

the Zurther interest of an early spring growth study. In previou

ct

recatments were spelled with two hay stage defoliations during

the spring. Two additionzl defoliation treatments were applied. A portion
of each original 3" and hay stage plot was cut at the hay stage and 3"
height growth stage respectively (i.e. reversed treatments). This was

intended to provide an indication of their reapective recovery capacity and

vigour decline; this being determined from a short three week regrowth
study afver the termination of the main part of the experiment. With all
treatnments, two lucerne varieties were used. These were New Zerland Certified

Chanticleer lucerne (having a growth form tending to the sativas type) and

N.Z. Certified Wairau (by comparison, having a growth form tending more

toward the falcata type). The varietal descriptions »nd differences are
discussed fully in section 10.2 . All treatments are summarised in table 3.1.

3,2, Experimental Layout:

The original experiment had a completely randomised factorial
design with three replications. The selections of eight plets (large plots)
rer replication represented the combination of the four basic treatments

continued with the two varieties. Within each large plot an approximately



Fig. %.1. The experimental layout of the original experiment

with the thesis experiment plots superimposed as indicated

and described in the text.
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rter corner (small plot) was randomly identified along the access

o]

u

m

M-
L

ide of tThe large 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 small plots (36" x 24') were in turn divided into 54 permanent
sub-vlots of approximately 8' x 2', separated into three rows by four
egually spaced tapes strung the length of the small plots. The sub-plots
were located by markers spaced at 2 ft intervals along the tapes, enabling
their identification. Individual sub-plots were selected for each sampling
from a randomised table of the 5% subplots, thus enabling the identification
of deostructively sampled arcas so that they could be avoided for future

sampling.

Table %.1. Treatments Used and Their Identification

Main Exveriment.

; r
; DEFOLIATION VARIETY g PREVIOUS
; TREATMENT c* i W= TREATMENT
[ 3" Mean shoot height 3C 3 Same
I 9\1 " " " gc 9'_.'; n
% rl 5:; " " " 4] 50 .-15::'! 1]
| Hay, one tenth bloon HC H “
{ = *
i 3" Mean shoot height 3RC 3RW Hay stage
[}
i Hay, one tenth bloom HRC HRW 3" height
Reversal Exveriment.
[}
i 3¢, BC, 3RC, ERC. Regrown for two weeks after the
| 3W, HW, 3RW, HRW. completion of the main experiment.
* C, Chanticleer. W, Wairau. ** R, a reversal treatment.

3. %. The Exverimental Site:

The site of 5 acrés 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
ﬁrees on the western and north-western boundaries. To minimise any related
adverse effects, the closest small plots were located away from the tress

in their large plots (Fig. 3.1l.).
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In a previous experiment, Tsuma (1968) described the soil type of
the site after Pollok (1967). "The soil is an Ashhurst shallow silt loam,
forned on the Intermediate Terrace. The top soil is a 3" to 5" deep free
Graining silt loan. The sub~-soil is a gravelly loam extending to a depth
of about 16", below which occurs ferruginous loamy coarse gravel to a
depth of 60" or more. The drainage of the last group is slightly im-
perfect due to compaction in this zone." There was some soil variability,
mostly in respect to the depth of top soil. Any influence this may have

had on the experiment was assumed to have been accounted for by the

M

3.4, Measurements arnd Methods:

nese are introduced at this stage as a summary; individually
they receive full consideration in the subsequent relevant chapters.

l. Measurement of sward production, composition and persistence

Hiy

or each trecatment using quadrat sampling, botanical analysis, point

0

2lysis and plant number counts.
v I

ix

Ul
=

2. The =2mount and composition of the first regrowth on an
individuszl plant basis, obtained from the disection of randomly dug plents
sampled at cach of the relevant cardinal growth stages., Growth anslysis
of the shoot growth. The numbers 2nd length growth of individually

identified shoots measured weekly in the field.

%+ The rates =znd amounts of whole shoot =zZ¢nescence on the dissection
and Tield identified plants. The leaf canopy dimensions during growth
and associated leaf senescence rates. Measurements of sward physiognomy
from stratified leaf zrea estimations were compared with the associsted
light transmission profiles.

L., The organic reserves of total non-structural carbohydrates snd
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 association with some secondary studies.

5. Short interval temperature recordings (4 hr) made during the
first 6 weeks were related to the associated shost growth.

6. The reversal experiment shoot growth was measured with three
weekly quadrat samplings and associated with measurements of the lucerne
shoot growth composition and organic reserve levels.

7. A combined discussion of the relevant varietal differences
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and similarities.

%+ 5. Statistical Analysis:

Conventional analyses of variance (ANOVA) and regression were
calculated as reguired using a computor progr»m m=~de available by
Professor R.E. Munford using Massey University's IBM 1620 computor
facilities. For the ANOVA, a fixed effects model was used (3F.1.),

¢plication (a) interactions being incorporated into the error
tern (Snedecor and Cochran, 1968).

(3F.1,)

Xe sy, 0= 3¢ # bj + Ci
With some data, sguare root or logarithmic transformations were
used to normalise it bzfore ANOVA. An indication of which to use was
ained from frequency distributions of the data in each form, determined
by using a program written for this purpose (appendix S54. 4.). Percentage
ata was transformed to the arcsin form.

Missing observations were determined using the least squares
rethod (Snedecor and Cochran, l.c.)e.

When the ANOVA was significant at the 5% lower level, the treatment
means were compared using the method of Least Significant Difference (LSD)

(Snedecor and Cochrane, l.c.), with the formula 3F.2.

2 (EMS

T, g = B e

LSD= = .(t0.05 or t0.01) (5F.2+)
where:

EMS = ANOVA error mean square

n = number of observations contributing to each compsred mean

t = studentised t-value at the 5% or 1% level.

Significant data means are presented with the level of ANOVA
significance, the LSD values at 5% and 1% levels, and with significant
LSD differences between means being indicated by different letters. The
variability of each ANOVA is indicated by its within group standard
error (SE) (i.e. for the replication values), and the associsted ANOVA
coefficient of variation, CV% (3F.3).



within group SE

CV% =
General Mean (3F.3)

For certain relationships, Multiple Regression analyses
were performed to describe them. The individual plant growth data
was analysed by comparing sets of such fitted curves (section 1 I e
which were fitted using a modified Multiple Linear Regression analysis

program provided by the Massey University computor unit (appendix 5A. 2.).

pLVS -

3.6, Climatic conditions During the Exveriment:

The daily mean temperatures (max + min/2) were obtmained from the
Grasslands Division Meteorological Station, D.S.I.R., located approximately
one mile awaye. Daily rainfall records were taken from the Massey
niversity Meterological Station located =bout 400 yards from the site.

of incident solsr radistion were obtzined from the records
of the plant Physiology Division, D.S.I.R., slso located svproximately
one mile away These records are ilTustrated in Fig. 3.2, the data
being tabulated in appendix 2A.

Temperatures during the period were characterised by a slow

i

il
7]

cre

r3

o iyl : : G - o
e within the fluctuating range of 10 - }13Cuntil a significant

rise to 15 = l?OC in early November. There was a notable cold period

(]

in the last week of August (mean of 8°C).

Rainfall tended to be sparce throughout the experiment with no
heavy falls being recorded. Drier spells occurred between the 17/9 and the
6/10 (29 days with 17 points) =2nd 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 2% times

that for August.
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CHAPTER &

CROP PRODUCTION, COMPOSITION AND PERSISTENCE,

The spring shoot producticn of the selected treatments was measured for

a three monih pericd Irom August through to early November in 1969,

Ve

e

¢ pre-trimmed to a common height of

9]
>

[T {5 £ A en = =77 | -
On the Yth. of Augusi all plot

bebenm "inuznded" to provide a common ba for growth comparison (section 5.2.1.).
A Gravely reciprocating mower was used for this purpose and all subs quent

liations. Zach plot was cut twice, the second cut 0pposing that

o
of the Ifirst to give a more uniform stubble. The plots were cleared of cut mat-

cn small plot were tsken from three quadrats,
each 2'x7' individually located on a randomly selected sub-plot. Production
was measured as the top growth cut to ground level at time (2) less that cut

5

1); the latter cut immediately followed the pre-trimm-

~

i

Loe threc samples for each of the residual or production cuts werc grouped,
dried in a forced draught oven at 80 C for 24 hours,

ing a representaiive sample for botanical analysis. This analysis

involved separating the sub-sample into lucerne, other species, dead matter

ot
=3
4]
<
o
H
*J
(o]
'
[}
lad
2
3]
o
ct
}l‘
O
31
o

ve. Total dry weights of

i
The production cut times for each treatment were as outlirned in table &4.1.
Some difficulty was experienced in estimating when a treatment was at the
desired growth height for sampling 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 variation of individual stem heights in
each plot also noted by Keoghan (1970), an arbitrary height criterion was
used, viz, when approximately 50% of the stems in front of a 20" wide stand

¢ the prescribed height were judged to be equal to or higher than this height

(plate 4.1.). At each time of measurement six readings were taken on each

sr.ll plot, the replication estimates being the average of the six readings



thod and stand used for estimating the mean shoot

height of the lucerne crop. The lower cross piece was

moved vertically to provide the required height.







Table 4.1. Production Cut Schedule.
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Chanticleer Wairau
| 3 3R 9 15 H HR 3 3R 9 15 H HR
i Pre-trimmed 7/8 Pre-trimmed 7/8
| 21/8* 2/9
L (1%) (26)
| +/9 8/9
L (28) (32)
14/9 20/9
(38) (&4)
20/9 2/10 2/10
(12) (2%) (16)
24/9 5/10
(20) (59)
29/9 20/10
(53) (18)
5/10 | 23/10
(15) | (21)
17/10 29/10
(23) (39)
20/10 5/11
(183 | (16)
23/10 ; 7/11
(39) i (92)
 29/10 { 10/11
; {12) (18)
~ 29/10 11/11  11/11 11/11
(9) (96) k13) (357)
5/11
(90) ?
10/11 10/11 10/11 |
(12) (95) (12) |
11/11 11/11
i (19) (43)
| 5 1 2% 2 1 7 | 4 1 24+ 2 1 5

*21/8 - the date of harvest.
(14%) - the days of growth.

** The number of harvests.

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 were 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 experiment.
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The botanical composition results were supplemented by a point analysis
study of the initial stubble on the 11th. of August, taking 60 points per
plot, Hits of lucerne, bare ground, weeds, clover and grass were recorded,
ree point vertically orientated instrument was used.

On the 8th. of August, plant population counts were made for each
treatment. To do this, it was necessary to dig the plants up until their tap
roots were visible as their crowns were often unidentifiably intermingled. Six
1'x1' guadrats were sampled for each replication. On the 14th. of November the
counts were repeated for the 3", 3R, HR and H treatments.

it should be noted that up until the first 3" treatment cuts were made
for the 3 and HR treatments, the 3 and 3R and the H and HR treatments were
respectively identical.

The analysis of yields was confined to the cumulative production of
each treatment for the length of the experiment. Individual harvest yields
and crop growth rates (CGR)* within treatments were used where pertinant to
help explain the cumulative results. Statistical analysis of this, peoint
analysis and plant population data was by standard ANOVA (section 3.5.).

Point analysis data was analysed using the raw figures, as all plots had the
same total of 60 points measured. The more usual use of Relative Frequency,
was in this case considered to provide little further advantage.

4,2. Res

Feiw

ct

-
LGS

o]

~

u
te2ale Cumulative production.

different defoliation frequencies had little effect on the

3
o

T}
cumulative total production. Treatment differences were not significant
(table 4.2., fige. 4%.1.). As varietal differences were not significant, treat-
ment effects are considered as the combined varietal response.**

In contrast, the cumulative production of both the lucerne and other
species resulted in significant treatment differences (P = 0.01), but again
with no significant difference between varieties (tables 4.3., 4,4.). The
yields of lucerne and other species showed a strong reciprocal relationship

within each treatment and less completely between treatments, as can be

¥ CGR = ;1 W> and W4 are the growth at times t, and t, respectively.

** Where applicable, this approach has been followed in other analyses.
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readily seen from figs. 4.2. and 4.3,

Table 4.2. Cumulative Total Production. (gm/6 sq ft)
|

I C o+ W Statistics
3 280.53 Varieties NS
3R 254,96 Treatments NS
L9 | 267.72
15 325.58 SE. 6k.22
H 225.35 cvy 24,00
HR 250.71
Appendices: Data 3A.4.2. Statistics 4A.4.1.,

Table 4.3, Cumulative Other Species Production. (gm/6 sq ft)

] i C + W tatistics
% | 211,78 a* Varieties NS
3R 197.7% a | Treatments 1%
g | 112.3% b
15 75.04 be SE. 55.24
K 37.17 ¢ cv% 44,70
HR 107.14 b

LSD for ireatmen%s 60.25 (5%) and 81.88 (1%).
* Means are compared 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. Within the reciprocating relationship, the
expected significant treatment groupings arose (tables 4.3., 4.4.; section
2.5.7.1.). 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 H treatment, while ‘the other species

yield was in the same treatment sequence.



Treatment comparisons of cumulative yields with varieties combined.

Figure 4.1, Total yield. (top left)
Fizure 4,2, Other species yield. top right)
Figure 4.3, Lucerne yield. (botton laft)

Figure 4.4, Percentage of lucerne. (bottom right)
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Table 4.4, Cumulative Lucerne Production.(gm/6 sq ft)

l C o+ W Statistics
3 68.75 a* Varieties NS
3R 57.22 a Treatments 1%
9 155.37 D
15 250.53 ¢ SE. 47,18
H 188.18 v 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 34.4.2. Statistics 4A.4.2,

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. L.4.).

Table 4.5. Cumulative Lucerne Percentage.

C W C + W Statistics
3 0.446'(19.463' 0.571 (29.80) 0.510 A*(24,.50) Varieties NS
3R 0.384 (16.40) 0.593 (30.380) 0.488 A (22.45) Treatments 1%
9 | 0.943 (65.75) | 0.805 (51.30) 0.874% B (58,10)
15 0.970 (74.00) 1.108 (78.20) 1.039 BC(77.00) SE. 0.165
H 1.305 (90.60) 1.08% (77.00) 1.194 ¢ (83.60) CV% 20.00

HR 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. *** Natural.
Appendices: Data 3A.4.2. Statistics 4A.4.2.

The results of the reversal treatments, 3R and HR, are considered and

discussed in chapter 9 where this aspect is considered in full.
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4,2.2. Botanical compesition.

The general reciprocal relationship between the yield of lucerne
and that of the other species has been shown in section 4.2.1. This relation-
ship is supported by the significant (P = 0.01) point analysis results record-
e€d in the first week of the thesis experiment (tables 4.,6., 4.7., fig. 4.5.).

atter results indicate the residual effect of the pre-experiment
treatments and also support the production responses of these continued

treatments during the thesis experiment.

Table 4.6. Point Analysis Record of Lucerne.

5 ] cC + W Statistics
3 6.33 7.00 6.66 ahA* Varieties 1%
9 GeD2 13.00 11.16 bAB Treatments 1%
15 11433 20.66 16,00 ¢BC
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 Speciesh*

C + W Statistics
3 . 42,50 a* Varieties NS
9 34,66 b Treatments 1%
15 32.16 b SE.  3.910
18.83 ¢ CV% 12.20

LSD for treatments 7.56 (5%) and 10.50 (1%).
* Means are compared at the 5% level.
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. @.5,).

Table 4.8. Point Analysis Record of Bare Ground.

E C W C+ W Statistics
3 1135 9.66 10,50 a* Varieties 1%
9 15.66 12,33 14,00 a Treatments 1%
15 13.33 10.00 11.66 a
H 2833 15:35 21.83 b SE. 3.86
Av. 17.16 m 1183 n CV% 26.60

1LSD 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.

Appendices: Data 3A.k4.3. Statistics 4A.4.3.

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.).
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Table 4.9, Point Analysis Record of Grass.

f 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 ¢ 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 NS
9 4,00 ab Treatments 5%
15 3,00 ab SE. 3477
H 0.16 b CV% 110,00

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.L.

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. 64,60
H 17.83 CV% 40,70
Appendices: Data 3A.k4. 3, Statistics 4A.4.4,

4L,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



6L,

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;
the 3W and 9% and the 3C treatments being at the high and low extremes respect-
ively 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 Statistics
3 7.02 a* 14,19 ¢ 10,61 Varieties 1%
9 9.81 ab 13.59 be 11470 Treatments NS
15 9.12 ab 10,53 b 9.82 Var x Treat 1%
H 10.05 ab 8.45 ab 9.52 SE. 1.50
Av. 9.00 M 11.70 N CV% 14,50

LSD for varieties 1.62 (5%) and 2.25 (1%).
LSD for var x treat 3.24% (5%) and 4.51 (1%).
* Means are compared at the (a) 5% and (A) 1% levels.

Appendices: Data 3A.4.3. Statistics 4A.4.5.

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 between 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.
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Table 4.13. Initial Root + Crown Weight. (gm/plant)

C+ W Statistics
= 2,99 A* Varieties NS
9 3.29 A Treatments 1%
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 at the 1% level.
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 -6 14,19 9.93 As* Counts 1%
1 H 10.05 8.45 Varieties NS
2 3 6.00 7.55 _— Treatments NS
2 H 8.33 7.10 Var x Treat 1%
SE. 2.034
i 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% level.

Appendices: Data 3A.4.3. Statistics 4A.4.6.
R .9.5,
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4.3, Discussion.

l*‘o 3- 1s 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
effects:

l. the results represent the residual response to the previous

reatments (appendix 1A.).

2. the results are representative of responses to the treatments
applied during the thesis experiment.

Naturally these two aspects are closely related.

Within the confines of each aspect, two other factors provide some
limitation to the interpretation of the measured cumulative 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 height of lucerne growth at cutting ranged
from 15-20 cm for the H treatments through to 4-8 e¢m 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 15" 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 agreement 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 general 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, lucerne and other species yields was very similar
to the results for the first harvest of the previous year tasken from the
same treatments (appendix 1lA., tables 1A. 1., 1A 2., 1A. 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" treatments. Both had lower
C.G.R.'s and reasonably 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 (table 4.,15.).

Table 4.15. The 15" Treatments' Crop Growth Rates and Yield Composition

C ]
Crop Growth Rates**
HARVEST 1 1.333 2+353
i 2 3.345 3.990

. HARVEST 1

Percentage of

Other Species

4L8.7

35.0

L 2 5.6 2.6

** gm/6 sq ft/day

The much higher C.G.R.'s of the second harvest suggest a greater
growth response to the warmer late 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-
November levels of solar radiation (section 6.3.). The high growth rates
of the 15" treatments second harvest explains their 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 15" treatments.

also partly due to senescence losses during more advanced growth stages.

The slower oversll H treatment growth rates were
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Defoliating earlier, using the appearance of new bas=2l 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.).
Although direct comparison 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 periocds, were compared

(table 4.16.). The CGR of the H treatment was significantly (P = 0.01)

3-4 times greater.

L

Table 4.16. Lucerne Crop Growth Rates of the 3R and H Treatments

C + W Statistics

3R 0.598 A* | Treatments 1%
H 2.069 B SE. 0.854
CV% 64.00

LSD for treatments 0.811 (5%) and 1.229 (1%).
* Means are compared at the 1% level. ** (gm/6 sq ft/day)
Appendices; Data 3A.4.1. Statistics L4A.L4.5.

If the thesis experiment had been continued for the full growing
season it is expected thet the equality of yield between treatments would
f have changed to the usually reported situation of total yieldé increasing
with decreasing defoliation frequency. With later harvests, warmer temp-
eratures pemit faster overall and immediate post-defoliation growth rates
as evidenced by the faster 15" second harvest crop growth rates. The
resultant improved competitive ability of lucerne against other species
results in the latters production being increasingly curtailed with decr-
eases of defoliation frequency. The second crop of the previous year,
also with a common growth period for all treatments, showed just this
effect (tables 1A.4., 1A.5., 1A.6.). If drier conditions developed, this
would, so long as not extreme, further favour the lucerne's summer
dominance (section 2.2.). With sown grass species in association with
lucerne the same seasonal response has generally recorded (0'Connor 1967).
It is concluded that the similarity of tofal production over a
range of defoliation frequencies is a normal first spring growth response
for well established lucerne stands growing in environments similar to

that of Palmerston Norht.
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L,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 table 4,12, were
largely annual weeds, with a large compliment of winter growing species.
Although having no significant treatment effect, these showed a slight
interaction with the grass and clover results (tables 4.9., 4.10., 4.11.),
indicating some inter-species competition and explaining the similarity of
the other species results for the 9" and 15" treatments (table 4.7.). A
combined effect of seasonal growth limitation and lucerne dominance of these
cther weeds in later harvests is probably an important reason for the
reduced total growth of the other species growth recorded in these later
harvests, Some replacement probably occurred with summer growingannuals,
although these species changes were not confirmed experimentally.

The significantly 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 48
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 experiment conducted during the summer months.

It is interesting that these results sugpgests the different grass
populations 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 tgtuesesPecies organization in lucerne
stands established for some time, in thispl4 years, and is supported by similar
results from a spring point analysis study of the same treatments the previous
year (appendix 1A.; table 1lA. 7.). =
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4,3.3, Lucerne Persistence.

It will have been observed that the measurements of lucerne
residual persistence varied depending on what measurements were made
(secticn 4.2.3.). Logically, measurements of plant size, in this case as
weight, and plant numbers are most meaningful.

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 situstion
(section 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 weaker plants. Many of the above reports showed much larger population
gradients over the defoliation frequencies used. In contrast, the response
of the Wairau 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 defolisted treatments were
not permitted to flower the previous season.

A general equality of plant numbers between treatments of different
defoliation 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 distrib-
utiocn of the Wairau treatments is completely unusuazl. This varietal
difference is expanded upon in chapter 10, The combiration 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 lucerne'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 that for the G"
and 15" treatments root and crown weights decreased proportionately greater
than crown size (spread). This suggestion is supporfed by the low
significance of the regression between these two variasbles, P = 0.25, r = 0.33
(table 4A. 4.). At the same time though, compsrison of the point analysis
results of the thesis experiment (table 4.6.) with similar results of the
previous spring (table 1.A. 7.), demonstrates that crown area and hence.

persistence was reduced in the more frequently defoliated‘treatments.
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In previous yesrs, 2ll treatments were spelled with two hay harvests
being taken in the spring and early summer. This has probably been
important in helping to maintain the reasonably high populations of
lucerne plants present for all treatments at the start of the thesis
experinent. This was an approximate average of 10 plants/sq. ft. compared
for example to 4-6/sq. ft. on irrigated 3 year lucerne (Judd and Radcliffe,
1970), and 5.4 to 7.7 plants per a foot of row alternately spsaced with
cocksfoot on 7" spaced rows (Cullen, 1967.). The decrease of plant numbers
during the thesis experiment, especially for the 3" treatments (table 4.15.)
supports the probable benefits of spelling frequently defolisted lucerne
in the spring.

. It appears as though the similarity of plant populations recorded
resulted from the effects of different processes; these originating
from higher first established populations. Inter-lucerne plent competition probsbly
dominated in the H treatments, evidenced by the presence of some very small
plants in these plots (section 5.2.2.). In the 3" treatments, the weakening
effects of frequent defoliation and associated increasing other species
competition, were probably most influentisl. The results of the 9" and 15"

treatments are expected to represent 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 first 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.

5.7. 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 referred 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 experiment. 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 plént 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



Table 5.1. The Schedule of Plant Sampling.

43

CGrowth Treatments
Stage 3RC 9C 15C HC 3RW HW
| ®D 8/8* o 88 o 88 o 8/8 o 88 0 8/8 o0
| L L/g 27 31/8 23 26/8 18 21/8 13 8/9 31 2/9 25
9" 1 22/9 45 14/9 37 11/9 3k 9/9 32 25/9 48 15/9 38
15" 9/10 61 - 28/9 51 25/9 48 15/10 67 28/9 51
15/H - - - 15/10 67 - 15/10 67
H 10/11 93 - - 5/11 88  11/11 94 7/11 90

* The date of sampling.

** The days of growth.

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 the roots 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, 19638a, b; Smith and Silva, 1969; Ueno and Smith, 1970; Smith and
Marten, 1970). The validity of the procedure has been discussed (section

o, s O ()

Each plant was dissected into the root, crowns, stubble and complete
shoots 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
individual 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 an ~
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 make 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 5.7.). 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,
were 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. Bach 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 detérmined 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

total number recorded for each treatment/replication combination).



Plate 5.1. Field crown growths located with plastic coated wire rings.
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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 3.5.), as the number of harvests varied
between treatments. This was alsoc 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 -

Y = a‘l + azt +* 33t2 oocoooooo-o-.o---aiti-ll

- were fitted, with in some cases the dependent variable, Y, having a
square root or logarithmic transformation. The curve fitting was performed
by standard Multiple Regression methods using modified Massey University
Computer 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 initial 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,
‘te relative size of the standard error (SE) of estimate and the size of the
cefficient of multiple determination.
The SE of estimate for the selected curve aas calculated in the

program thus -

5o = Jsy2 (1 = ROMN/(N - 1) (5F.1.)
where:

5, = SE of estimate.

Sy = Standard deviation of the dependent var;able mean.

R2 = Coefficient of multiple determination.

N = Number of obsevations used to estimate the regression.

M = Number of variables including the dependent variable.
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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
values 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).

§p = se‘/q + 1/N + ciixia - cjjsz + ckkxkz + 2cijxixj

(5F.2.)
+ 2C KX X, + chkxjxk
where:
s, = SE of the estimated value for the dependent variable.
¢ = Gauss Multipliers from the inverse matrix of the regression
calculations.
X, = Xi = X (dees Xi the selected independent value - X the mean of the

observed independent values).

S, and N as in 5F.1.

The calculated values and their SE's were calculated using a further
modification of the standard Multiple Regression program (section 5A.2.).

The calculated dependent variable values on each curve for a given
selected independent variable value were compared for the significance of
their differences.

To do this, a pooled variance from the SE's of these calculated values

was determined as follows for each selected independent variable value.

2 2 2
(Np = Mq)sp @+ (Np = Mplep © wevnenne + Ny = Mydsy,

8,° = _ (5F.3.)
(Nqg #+ Noweowoo + N3j) = (Mg + My covee + My)
where:
spz = Pooled variance.
Sp1 N and M are as in 5F.1. and 5F.2.

The comparison of the difference between pairs of 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) =
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LSD = t(0.01)+5p (1/Ng + 1/Np) 3 (5F.4.)
(0.05)
where:
t = Students two tailed t-test value at the required level of significance.
sp2 and N; as in 5F.1. and 5F.3.
with degrees of freedom -

DF.. = Ny = M

t t

where:

N¢

Mt=M1 +M2 R R ) +Mi

N1 + N2 sessieess + Ni

]

A more conservative estimate of the significance of these comparisons
was made using the Scheffe test which uses an F-test thus -
fy ~ Tod®
F= (5F.5.)
2
Sp (1/N1 + 1/N2)(Mt - 1)

with degrees of freedom -
DE, = Mt i Nt - Mt
where:

Yi = A calculated dependent variable value.

spz, Ng and My 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 ANOVA 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-
ating the average shoot height (section 4.1.). This is discussed in section
5.3.6. In the first instance, ignoring this limitation and the harvest time
differences between treatments, ANOVA analyses were made at each harvest and
over 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
Variable RD 3z gn 15% H
Leaf”™ 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 (24.3) | 1.0 (14.0) | 2.5 (27.2) | 1.0 (24.6) 1.0 (18.5)
‘Plant” %40; £12.4) 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 " 1,0 (13.3) | 1.0 (10.6) | 10,0 (14.8) | NS (16.3) | 2.0 (14.6)
RT + CR 1.0 (12.8) 1.0 (10.1) | 10.0 (14.8) NS (15.2) 2.0 (13.4)
Shoot No. | 1.0 (12.8) | 1.0 (17.0) | 1.0 (13.7) | 2.0 (15.0) | 1.0 ( 9.7)
ks 6 5 4

* Percentage significance, * Analysis with logarithmic

** Coefficient of variation. values.

+4 :
*** The number of treatments compared. Analysis with square
Data 3A.5.2.

Statistics 4A.5.1.

Appendices: root values.

Treatment differences were significant over most harvests for each
variable, but with a tendency to be less significant 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 treatment means (geometri@) are presented in the detrans-
formed form. As it was found that the Scheffé 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 RZ
ranging between 0.746 and 0.864 (fig. 5.1.).

Table 5.3. Comparison of the Leaf Weight Estimated Values. (gm/plant)

! Day O Day 14 Day 28 Day 42 Day 56 Day 70 Day 84
3RC | 0.,103*A**| 0,194 AB | 0,324 AB | 0.476 A | 0.616 A | 0,704 A | 0.708 A
3RV | 0.126 A 0.751 A 0.260 A 0.495 A 0.811 AB | 0.889 A 0.505 A
9C % 0,172 AB | 0.280 BC | 0.478 BC | 0,855 C - - -
15¢ | 0.118 A | 0.300 BC | 0,597 C | 0,931 C | 1,137 BC 5 iy
HC {o.221 B 0.428 C 0.7%0 C 1,096 CD | 1.452 C 1.694 B 1.742 B
HW | 0.368 c‘ 0.671 D 1,655 D 1.434 D 1.684 C 1.708 B 1.496 B
| 0.173 0.154 0,149 0.15k 0.159 0,154 0.153

* The detransformed values of the estimates calculatéd from the
logarithmic curves of leaf weight.

** Within each day, values are compared at the 1% level.

*** Pooled SE. '

Appendix: Statistics 4A.5.2.

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,
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The curves of leaf 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 de-

transformed form.

3RC Log Y = 0,012

ac

15C

HC

3RW

Log
F = 18.27

Log

F = 19.31

Log Y = 0.345

38.79

Log Y = 0.101

F = 23.32
Log
F = 20.24

Y = 0.235

Y = 0,074

Y = 0.566

+ 0,217t - 0.014t2

R = 0.746

SE. of

+ 0,144t + o.oost2

2

R = 00858

SE. of

R% = 0,811

SE. of

+ 0,224t - 0.014t2

R2 = On837

SE. of

- 0,025t + 0.06?t2 -

R® = 0.864

SE. of

+ 0,209t = 0,016t2

RZ = 0.729

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+743. Plant shoot growth.

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 R®
and 0,601,

ranging between 0,684

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 | 0.884% AB | 1,162 A 1.526 A 2,004 A 2.631 A
3RW | 0.638 AB | 0,505 B 0,764 B 1.320 A 2.200 A 2.738 A 1.968 A
9c | 0.521 A 0.829 AB | 1.318 AC | 2,098 B - = -
15C | 0.554 AB | 0.918 A 1.519 CD | 2.514 B L,161 B = -
HC | 0.878 B 1.396 C 2.120 D 3.075 B L,257 B 5.628 B 7.104 B
HW ; 1.568 C 2.419 D 3,471 E 4,636 C 5.761 B 6.661 B 7.166 B
[ 0.160 | 04150 0,145 0.147 0.152 0.150 0.152

* 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.
Statistics 4A.5.3.

Appendix:

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 1loss of shoot dry weight. Of this loss 0.6 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 1loss, 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.

b

Se

6.

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 statistiecs are in the
transformed form while the curves are presented in the detrans-

formed form.

3RC Log Y = 0,710 + 0,084t

F = 28,23 R2 = 0,684 SE. of estimate 0.193 DF = 13
9C Log Y = 0.717 + 0.144t

F = 64,21 RZ2 = 0,901 SE. of estimate 0.079 DF = 7
15C Log Y = 0.744 + 0.156%

F = 29,85 RZ = 0.749 SE. of estimate 0,183 DF = 10
HC Log Y = 0.943 + 0,151t - 0.005t2

F = 57.66 R° = 0,884  SE. of estimate 0,127 DF = 15
3RW Log Y = 0.805 - 0,146t + 0,081t% - 0,007¢3

F = 12.90 R® = 0.779  SE. of estimate 0.139 .DF = 15
HW Log ¥ = 1.195 + 0,146t - 0. 008>

F = 22.16 R® = 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
K 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
2.3V 805

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. ..

9.2.1.5. 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, R2 ranged
between 0.316 and 0,703,



Figure 5.3,

1.

2.

3

Se

6.

The curves of root plus crown weight changes per plant during

growth were fitted to data in the natural form. Statistical

comparisons were not made because of the poor curve fits.

It was not possible to fit a curve to the GC treatment data

because of its variability.

3RC

aC

15C

HC

3RW

= 32,568 - 3,103t + 0,500t2
= 2,713 R% = 0.311 SE. of estimate 11.902

1 I
nou

No fitted curve

Y = 30,144 + 7.084t - 0,724t°
F = 1.421 R% = 0,240  SE. of estimate 13.311

Y = 58.078 - 8.237t + 1.298t%

F = 5,701 R = 0.431  SE. of estimate 17.946

Y = 29.37 - 7.065t + 2.201t% - 0,163t>

F = 1.143 R2 = 0,237 SE. of estimate 6.133
Y = 75.204 + 7.624t - 9.691t2 + 2.158t2 - 0.1291:4
= 2,607 R® = 0.445 SE. of estimate 12.573

o |
|

Appendix: Data 3A.5.2.
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Table 5.5. Comparison of the Plant Weight Estimated Values. (gm/plant)

Day O 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 L,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
o.13§** 0.13%6 0.135 0.134 0.136 0.135 0.136

* The detransformed values of the estimates calculated from the

logarithmic curves of plant weight.

growth and
influenced

treatments

** Within each day, values are compared at the 1% level.
*** Pooled SE.
Statistics 4A.5.4.

Appendix:

These curves represent the combined influence of the reliable shoot

the less reliable root plus crown weight changes. The latter mostly
the plant weight changes in the early growth stages when some

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¢24)0

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, R® ranging between 0.619 and 0.915.




Figure S.4.

3.

5-

The curves of total plant weight changes per plant were fitted

to data for which the dependent wvariable 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.

3RC Log
F =
9C Log
F =
15C Log
F =
HC Log
F =
3RW Log
F =
HW Log
F =

Appendix:

¥ = 1,535 + 0,032t
6.019 R2 = 0.316 SE. of

Y = 1,622 + 0,035t

1.800 R2 = 0.205 SE. of

Y = 1.596 + 0,065t

9.67 R = 0.491 SE. of
Y = 1.880 - 0.094%t + 0.029t2 -
11.08 RZ = 0,703 SE. of
Y = 1.586 - 0.144t + 0.053t2 -
4,79 R% = 0.565  SE. of
Y = 2,005 - 0.057t + 0.022t2 -
4,38 R® = 0.484  SE. of

Data 3A. 5.2,

estimate

estimate

estimate

0.002¢3

estimate

0.004t3

estimate

0.002t3
estimate

0,157

0.114

0.134

0.114

0.091

0. 097

DF

DF

DF

DF

DF

DF

n

L]

13

10

1%

11

14
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Table 5.6. Comparison of the Shoot Number Estimated Values. (No./plant)

]

Day O Day 14 Day 28 Day 42 Day 56 Day 70 Day 84
3RC 15.0?‘Aﬁ‘ 11.07 A 8.12 A 5.98 A 4,48 A 3.50 A 2.98 A
3RW | 18,58 A 12,89 AB 9.54 AB 7.45 A 5.94 A 4,57 A 3.08 A
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 AR
HW | 44,92 C Lo,66 C 31.82 D 22.00 C 13.87 B 8.6% B 6.37 B
" | 15.18"° 9.05 5,52 k4o 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.
Statistics 4A.5.5.

Appendix:

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

ﬁhe HC treatment. The 3RC and 3RW treatments which were alike in shoot

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¢) e



Figure 5.5.

1o

2.

3-

Se

6.

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.

-

3RC /Y = 12.276 - 1.342t + 0.063t2

F = 21,38 R® = 0.780 SE. of estimate 1,423

SC No fitted curve

15¢ /T = 10,047 + 4,142t - 1.814t2 + 0,182t>

F = 4,346 R%. = 0,619  SE. of estimate 1.545

HC /T = 12.259 + 1.023t - 0.527t2 + 0,039t

F = 37.76 R® = 0,890  SE. of estimate O.901

3RW /Y = 13.629 - 1.926t + 0.235t2 - 0,014t3

F = 39.79 R = 0.915 SE. of estimate 1.025

B /T = 21.19% - 0.122t - 0,490t2 + 0.037t>

F = 26.63 R% = 0,850 SE. of estimate 2,214

Appendix: Data 3A.5.2.
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Table 5.7. Comparison of the Shoot Growth Average Crop.

Growth Rate Regressions. (gm/week)

DF Regressiog SE Correl} Statistics
3RC 7 Qu25%* 0.06 0.82 | Av. regression 1%
9¢ | 7| 0.34*+ 0.07 0.88 |
s¢c | 7| o.u2e 0.13 0.76 | Between individual
HC | 7 Qe 5284 0.11 0.86 | group regressions
3RW | 7 0.26** 0.07 0.80 10%
HW | 7 0.65* 0.21 0.75
{Av. | 47| 0.37** 0.05 0,74
!
| 3RC | 10! O0.24* 0.08 0.67 | Av. regression 1%
15¢ | 10| 0.60** 0.16 0.76
HC | 10| 0.54*=* 0711 0.83 | Between individual
3RW | 10| 0.30** 0.05 0.88 | group regressions
HW | 10| 0.67** 0.16 0.79 5%
Av, | 54| 0.43** 0.05 0:73
3RC | 10| O©.24* 0.08 0.67 | Av. regression 1%
HC | 13| 0.75** 0.12 0.87
3RW | 10| 0,29** 0.50 0.88 | Between individual
W | 13| 0.84** Ok 0.85 | group regressions
Av, 49 0.56%* 0.07 0.77 1%

Regression coefficient significance; *P = 0,05, **P = 0,01

Appendices:

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

Data 3A.5.2.
Statistics 4A.5.6.

84

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.

observed (table 5.8.).

The same treatment differences were not
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Table 5.8. Comparison of the Shoot Growth Average Relative

Growth Rate Regressions. (gm/gm/week)

DF Regressioé SE Correl. Statistics
3RC 7| 0450%* 0.12 0.86 | Av, regression 1%
9C 71 0.67%* 0.10 0.93 2
15C Pl O 7T 0.21 0.82 | Between individual
HC 7] 0.80%* 0.16 0.88 | group regressions
3RW g O.4g** | Gt D 0.82 NS
HW 71 Q% 0.22 0.78
Ave | 47| 0,63** 0.06 0.82
3RC 10 O hli** 0.13 0.74 Av. regression 1%
15C 10 0.85%* 0.16 0.85
HC | 10| 0.74** 0.12 0.88 | Between individual
3BW | 10| .51 0.08 0.89 | group regressions
HW | 10| 0.69** 0415 0.82 NS
Av, | 54| 0.61** 0.06 0.82
3RC | 10 | O.bh== 0,13 0.74 | Av. regression 1%
HC | 13| 0.80** 0.09 0.92
ZRW | 10| 0.,51** 0.08 0.89 | Between individual
BY | 13 Q=:71** 0.10 0.88 | group regressions
Av. | 49| 0.,63** 0.05 0,86 10%

Regression coefficient significance; *P = 0.05, **P = 0.01
Appendices: Data3A.5.2.
Statistics 4A.5.7.

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 treatments, with

positive faster average CGR's in the latter half of the 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 Matter 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 2438 2.31 A* | Varieties 1%
H 233 2.78 2.55 B Treatments 1%
Av. 2.28 M 2.58 N Var x Treat 1%
Harvests 1%
SE. 0.076 CV% 3.12 Treat x Har 1%

LSD for treatmentsa?dvarieties 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,

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 observed 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
fatios. The 9C and 15C ratios showed somewhat different patterns and were

considered reservedly; they were not included in any analysis. v

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
rlus 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.

Fipgure 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 and 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
view of the 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 O
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 HC 3RV Hy
Std. Dev. 1.83 2.79 2.18 2.97 1.67 4,78
Gen. Mean 3.02 3.80 L,12 5630 2.83 6.68
CV% 60,60 73450 53400 56.00 59.00 71450

* The within replication variability.
Appendices: Data 3A.5.2.
Statistics 4A.5.9.

To illustrate the plant size distribution within and between treatments

over the RD to 15" or 15/H harvests (* footnote next page), frequency



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-
meants were similar. The 9C, 15C and HC treatments were each about two-thirds
greater and the LV treatment more than twice the 3R treatment range. Within
these ranges all treatments showed some more isolated large root weights
relative 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 3RV 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 8.0 gm) extending
to 12.0 gm with lower freguencies.

A limited number of measurements were available for the 9W and 15W
treatments. Their means and distribution patterns were rather similar to those
of 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 o f the
HW treatment,

5¢2+%. The Nature of Lucerne Shoot Growth. .
This was largely determined from the field growth measurements.

Within 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 34.5.1.),



Figure 5.13, The distribution of plant sizes as indicated by the root

Plus crown weights per plant.
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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
procduction,

L4, a relative measure of overall production of each shoot group. This
was cglculated as the product of the relative shoot numbers (RNS) - see
section 5.1.7. - 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 NS
22/8 1 30.3 0.573 C Group 1%
29/8 9.0 0.298 B

5/9 2541 0.487 C SE. 0.146
12/9 | 10.0 0.299 B CV% 39.00
19/9 0.6 0.063 A

LSD for groups 0.122 (5%) and 0.164 (1%).

* Arcsin transformation.

** Means are compared at the 1% level.

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 latter observation is supported by a
concomittagt decrease in the number of shoots and buds less than 5 cm long

arising on each crown growth (table 5.12.).



a0
Table 5.12. Shoot Number Less than 5 cm Length Arising on the
Field Identified Crown Growths.

Treatment yeoxn
22/8 29/8 5/9 12/9 19/9  26/9
3RC 3.29 2.30 1.90 1,10 0.37 0.00
9C’ L,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

These results in table 5.12. are as the absclute values and are not
analysed.* They do indicate a similar decreaslihg 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 group
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 tabujated in

tables 5.13., 5¢74. and 5.15. for the 3RC, 15C and HC treatments respectively.

Table 5.13. Comparison of the 3RC Shoot Height Group Regressions on Time.

Group | DF hegression SE Correl Statistics
15/8 | 13 | 6.,714** 0.348 0.983 | Av. regression 1%
22/8 | 13 | 6.423** | 0.464 0.967
29/8 | 13| 6.980** 0.547 0.962 | Between individual
549 | 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 = 0.0
Appendices: Data 3A.5.4.
Statistics 4A.5.10,

* The delimited crownarﬁas{vere approximations of single planta.
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Table 5.14. Comparison of the 15C Shoot Height Group Regressions on Time.

Group { DF ﬁegression 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 1 10 | 9.400 | 2.006 | 0.828 | Between individual
5/9 E1O 9.085** 0.774 0,965 | group regressions.
12/9 | & | 3.595°° | 2.202 | 0.632 10%

Appendices: Data 3A.5.4.
Statistics 4A.5.10.

Table 5.15, Comparison of the HC Shoot Height Group Regressions on Time.

Group | DF hegression SE Correl Statistics
15/8 { 15 | 9.009"" 0.615 0.970 | Av. regression 1%
22/8 | 15 | 8.514** | 1.507 0.842
29/8 | 15 6.000 3,248 0.455 | Between individual
5/9 | 15 | 4.114" 1.698 0.557 | group regressions
ns
12/9 {12 | 1.038 2.017 0.160 10%

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 treatment. 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. The 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 (tables 5.,16., 5.17.; fige 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-



92

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 Statistics
3RC 10,54 A* 15/8 19.07 A Treatments 1%
9C 13,46 B 22/8 16.05 B Group 1%
15C 14.02 B 29/8 14.05 B Treat x Grp NS
EC 13.93 B 5/9 9.64 C SE. 2.14
12/9 6,12 B CV% 16.50

LSD for treatments 1.60 (5%) and 2.17 (1%).

LSD for groups 1.80 (5%) and 2.44 (1%).

* 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.

_ Treatment Shoot Group Statistics
3RC  18.41 A* 15/8 29.62 A Treatments 5%
15C 24,65 B 22/8 25,55 AB | Groups 1%

HC 22,18 AB 29/8 24,02 AB
5/9 19.04 B SE. 5.88
12/9 10.48 C CV®% 27.00

LSD for treatments 4.56 (5%) and 6.28 (1%).

LSD for groups 5.89 (5%) and 8.11 (1%).
* Means are compared at the 1% level within each column.
‘-*A.5.12.

Appendices:

Data 3A.5.4.




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 Statistics
15/8 0:517* Treatments NS
22/8 0.569 Groups 1%
29/8 0,302

5/9 0.487 SE, 0,159
12/9 0.299 CV% 36,60

LSD for groups
* Arcsin transformed values.
** Means are compared at the level.

Appendices: Data 3A.5.L4. Statistics 4A.5.11.

Table 5,19. Relative Shoot Numbers Measured 26/9.

Shoot Group Statistics
15/8 0.,459*AB** | Treatments NS
22/8 0.520 A Groups 1%
29/8 0.261 B

5/9 0.388 B SE. 0.165
12/9 0.278 B CV% 43,30

LSD for groups 0,164 (5%) and 0.221 (1%).

* Arcsin transformed values.

** Means are compared at the 1% level.

Appendices: Data 3A.5..4, Btatistics 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 were 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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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 4s58.25 A Groups 1%
29/8 133,00 B
S/9 251483 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.

Table 5.21. Relative Shoot Production Measured 26/9,

Statistics 4A.5.11.

Statistics

Shoot Group
15/8 632.11 A*
22/8 623.66 A
29/8 209,66 B

5/9 325.77 AB
12/9 119.66 B

Treatments NS

Groups 1%

SE. 296.80
CV%  77.80

LSD for groups 300.5 (5%) and 405.5 (1%).
* Means are compared at the 1% level.
Appendices: Data 3A.S.4.

Statistics 4A.5.12,

oL

As a measure of production, the relative shoot production on the same

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 HC 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 intoc 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
H 26.90 B cv% 4,87

LSD for treatments 2.64% (5%) and 4.38 (1%).
* Means are compared at the 1% level
Appendices: Data 3A.5..4. Statistics 4A.S5.14.

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 5.1.7.) were found on
the dissected plants of the 3R and H treatments of the 15" 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 3RV 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




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 5.2.3.).
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The ANOVA's for shoot dry weights and shoot numbers were calculated

using square root transformed data in accordance with frequency distributions

préviously prepared (section 3.5.). While varietal differences were not

significant for either variable, the H treatment was greater for each (tables

5.2%., 5.25.), although LSD differences were not quite significant (P

The results are illustrated in fig. 5.18.

Table 5,24, Basal Shoot Growth. (gm/plant)

Natural Transformed* Statistics
3R 0.255 11.03%2 Varieties NS
H 0.885 15:5%2 Treatments 1%
SE. 2.260 Cv% 18,40

LSD for treatments 2.60 (5%) ard 3.48 (1%).

* Square root transformation

Appendices: Data 3A.5.3. Statistics 4A.5.16.
Table 5.25., Basal Shoot Number. (No./plant)
1§
I Natural ‘ 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%).
Data 3A.5.3.

Appendices:

Statistics 4A.5.16.

0.05).



Figure 5.18. The components of the new basal shoot yield of the mature
growth at the hay hgrvest of the 3R and H treatments of

both varieties.

The number of basal shoots (including buds) greater than

1 cm long.

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 5%
H 4,71 3.30 L,02 b Treatments 2%
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.. Statistics 4A.5.16,

On the field growth plants, basal 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 GQOwth of Mature Lucerne as Measured

on the Field Growth Plants.

Basal Bud Numbers.

3/10 11/10 18/10 25/10 31/10
3Rc = 501"0 5030 5050 5080
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 0,40 1,40 2,30
HC| 0.20 0,40 =~ 1450 5,10 - 5,20
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The results, although not analysed are described. The basal buds were
high at the start of messurement 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.

The lucerne top growth hagﬁggalysed 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 50% 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 6f 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 Ra greater than 0.684, while the maximum
R2 for any root (root plus crown, RTCR) curve was 0.445 and for total plant
weight 0.703. The scatter of observed mean values about each curve suggests
support (figs. 5.1., 5.2., S5¢3¢, S.&.)

The comparison and fitting of th curves was only practically feasible
because of the availability of computer facilities. Moré 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 Scheffé
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 Scheffé test, as earlier indicated (section
5.2.1.1.), most of the significance interpretation was based on the LSD
results. To improve the performance of the LSD methed, t-values with P = 0.01
were used and the results interpreted in accordance with the more obvious
and general treatment differences and trends indicatedj this interpretation
approach was also used to reduce the disadvantages arising from the ﬁompar-
ison of all possible pairs of means (Steele and Torrie, l.c.; Snedecor and
Cochran, l.c.).

Although the leaf and shoot growth curves showed the expected treatment
trend of increasing growth with reduced defoliation frequency (section
2.3.7.1.3 figs. 5.1., 5.2.), within the Chanticleer variety the general lack
of significance between the G, 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 measurements 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.)
over this period. Between varieties, the earlier maxima of leaf production
for the Wairau 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 mature 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.)

LIBERARY
MASSEY UNIVERSITY
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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, indicates 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
between 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 were available to verify these factors. The regul-
arity of the differences of stem/leaf ratio between varieties is difficult
to explain other tnan to 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 levels. 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 values for all treat-

ments were used for the regression calculation.

Y = -0.090 + 0.433t = 0.019t2

F

1406.83 R? = 0.975  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 small;were 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 to 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 growth 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 sastisfied
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 relationship 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 = 0,82 for Wairau**

r = 0.57 for Chanticleer.(table 44.5,

Table 5.30. Shoot Number/Plant Size Relationship on Day 0.*

] 3RC 9C 15¢C HC
| Shoot No. (No./plant) | 14,30  12.20 11,00 15.40
Root Weight (gm/plant)| 3.09 3.61 3,12 5.92
3RW oW 15W HW
Shoot No. 18.10 21.50 27.90 45,20
| Root Weight 2.89 2.99 k.15 7.61

* Observed data was used.
** Root plus crown (RTCR) weight.

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 smallymedium and 1argé 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 Weights.(gm)

Days 0 14 28 L2 56 70 84
3RC | 0.034% 0,067 0,709 0.195 0.340 0,570 0.880
9c |0.043 0,050 0,090 0.190 - - -
15¢ | 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 0,640
HW | 0.035 0.059 0.109 0.210 0.415 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 treatment on the other hand probably
had less inter-shoot competition due to their smaller numbers and so were
able to grow larger. The 15C treatment's shoot weights were similar. In
contrast to the 9C, 15C and HC treatment's shoot number similarity, the
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-

jation frequency was in agrecement 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
5e361.)

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 than from treatment effects.
With the same root measurement as here, Nelson and Smith (1968a) obtained
R/S ratios of 0.7, 2.0 and 4.0 for spring, summer and autumn yields respect-
ively. It is interesting to note that at all growth stages with all treat-
ments, 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 the four extreme treatments, the ratios of peak shoot weight to initial
crown plus stubble weight (on day O) were calculated and compared (table 5.32.).
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Table 5.3%2. Shoot/Crown + Stubble Ratios

i 3RC 3RW HC W |
Peak Shoot Weight * | 2.63 2.74 7.10 2.17
Crown + Stubble** 137 127 2.52 3,67

s/C 1.92 2.16 2.80 1.95

* Estimated values from the growth curves (gm/plant).
** Initial (day O) 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 fhe 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
recently 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 combined initial
weight of the tap root 10cm, crown and 5Scm stubble. Vernal lucerne, a more fal-
cata type, has a type classification similar to Wairau (Iversen and Meijer,
1967) and the above 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 O (table 5.33.) 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 significance of these ratios is restricted in
that only part of the total root weight is involved.
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Table 5.33. Shoot/Root plus Crown Ratios.

3RC 3RW HC HW

Peak Shoot Weight® | 2.63 2.74 7.10 7.17
Root + Crown** 3,09 2.90 5.90 7.60
S/R 0.85 0.94 1.20 0.94

* Estimated values from growth curves. (gm/plant)
** Tnitial (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
larger 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 werée 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 hawe 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 indicated arelative 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 different 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 numder, their
combined 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 spring grown
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 resultslwere 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 pertaining 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 two treatment differences suggest that in the one
environment with Chanticleer lucerne, increasing 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.%.,5. The Basal Shoot Growth of Mature Lucerne.

This represented quite a substantial component 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 (tadle 5.4.),

With the Chanticleer variety, a further factor was the earlier develop-
ment of more basal shoots in the H treatment of the field growth study indic-
ating earlier maturity (table 5.28.). It would have been interesting to know
if the ©C 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.), 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.).

The productive value of the basal shoot growth ver 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).

Yith delayed hay defoliation as in the thesis experiment, the period of
lower mature shoot growth rates (fig. 5.2.)also represented a period of reduced
growth efficiency. The very rapid mean crop growth rates of the 15" 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., 1960). In
practical terms though, it may be difficult in some instances to coordinate

cutting 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.). In 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 5.2.3.) 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
available. 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 the expected values. From the subsequent 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.

Table 5.34. The Accuracy of Shoot Height Estimations. (cm)

AL gm 15"
4., Days Obs Obs-Exp |Days Obs Obs-Exp |[Days Obs Obs-Exp
T I3RC | 27 9.1 =1.1 | 45 21.3 - 1.5 | 61 28.2 - 9.9
¢ | 23 7.3 -1.9 |37 17.2 - 5.6 [( - 29.7 - 8.4)
15¢ | 18 6.4 = 3.8 | 3% 13.2 -9.6 | 51 32.8 - 5.3
HC 13 6.4 - 3.8 | 32 11.2 =11.6 | 48 25.3 -12.8
3RW 31 8.5 -1.7 | 48 22.4 - 0.% |67 34,5 - 3,6
HW 25 8.4 -1.8 | 38 14,7 -8.1 |51 27.3 -10.8
Exp = 10.2 cm Exp = 22.8 cnm Exp = 38,1 cm
X2 = 31,41 DF = 9 P = 0.005
Treatment Totals. Growth Stage Totals.
Da Exp Obs Obs-Exp 12 Exp Obs Obs-Exp
6 | 3RC | 23.7 19.87 =3.83 3RC | 10.2 7.68 =2.52
9C | 23.7 18.06 =5.64 ol 21,8 16.66 =5.13
15C | 23.7 17.46 =6.24 15" | 38.1 29.63 -8.47
HC | 23.7 14.30 -9.40
3RW | 23.7 21.80 -1.90 X2 = 3,70 DF = 2
HW | 23.7 16.80 -6.90 0.25_>P >0.10

X2 = 10,84 DF = 5
0.10 >P >0,05

* 9C observed value estimated with the 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 5.3%a.) 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 céefoliation 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 (also Cowett and
Sprague, 1962; Leach, 1968a; Keoghan, 1970), it is very difficult to select
a randonm 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 reasonable physioclogical 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 Wairau 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 contributed to by the associated cooler temp-
eratures (section 3.6.) extending the vegetative growth period (Dermine et al.,
1967; Smith, 196%9a). For the seaon and conditions of the thesis exéeriment, 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.%.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, ver§
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 Light Transmission.

These interrelated subjects are considered together. The senescence
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. Exverimental.

Using the identified field growth shoots of the Chanticleer ‘
variety only (section 5.1.1.), the leaf canopy's total height was represented

by total shoot height. The base height of the leaf canopy was represented

by the lowest leaf of each shoot in sequential 10 cm. 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 major
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 shoot's stem that had
been at ground level, or such 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
calculated (table 3A. 6.2.).

The light profiles were measured in the sward canopies just prior
to sampling the above plants. A light meter was developed and built
for 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 taken immediately afterwards,



Plate 6.1. The stand and probe used to measure the light intensity at

4 cm intervals 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, 15W, 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 amouznt of other species growth was a
confounding factor. As the leaf area distributions aund light profiles were
to be compared, there was only a limited flexibility in the choice of light
conditions, although very patchy cloud and windyconditions 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 changing 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 changes (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 canopy ground clearance .

and also from the total leaf growth per plant study (section 5.2.1.2.).

6.1.2. Data preparation and Statistical Annlysis:

The leaf canopy depth and base height data was analysed using
traditional ANOVA analysis from and including day 28 onwards for the 3RC
and HC treatments. There were insufficient 9C and 15C measurements to
warranﬁ their inclusion.

The leaf area height distribution and the respective height measurements
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 treatﬁents
did not hinder comparisons being made.

Multiple regression curves of the form -

1

2 i-
Y = a,i + azt + a3t s e s e e v e v ait

- were fitted to the RHT x RLA and RHT x RLI data using the
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methods previously described (section 5.1.2.). Treatments were
compared directly from these curves. The RHT x RLA histograms were

prepsred 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 5.2.1.6.3; Fig 5.5.).
These measurements involved all shoots (buds included) greater than

1l cm length. Consequently these measurements were not representative

of established shoot senescence, but are important 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 apparent 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 28 a2nd 64 respectively.
There was also the indication of shoot senescence having started sooner
in the 15" and H treatments. 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 that 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.). TUsing this measure as an approximate estimate 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 l.1 and 1.7 canopy depths for the 3R

and H treatments respectively.



The relative shoot numbers 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) oC
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. ANOVA of Leaf Canopy Depth and Base Height (cm)

Variation Depth Base Ht.
Replication 10%* 1%*
Time (Ti) NS 1%
Treatment (Tr) NS 1%
i x Tr 10% 1%

SE 1.6 1.69
CV% 8.63 1117

* ANOVA significances
Appendices: Data 34.6.1. Statistics 4A.6.1,

Table 6.2. Leaf Longevity Estimates (days)

Day* 3RC HC
Lo 34 (approx) 22
56 32 21
63 28 26
70 33 30
e 38 30

*Selected days for 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 measuremenfs, 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 ChanticIleer

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 aC
Bottom pight © 15C

Bottom left - HC



* Canopy top
e Canopy base

Lo
///

% -+ O .
&
+
*\ ‘\
\ 5 \
\ \
A )
\ \
\ \
\ \
Y oA YA
1 i i i L i 1 L i
o o o o O o O o o
= L) o Lo N = LAY N A\

(W9) SIHDIZH dASVL ANV dOL AJONVO JVIT

80

-
.-—'-'-.-.—-.--.
DAYS OF GROWTH
///

3RC
2

4
Lo

HC

rd

-
20

i i L L 1 i

(@] o o o (@] o
oJ - mn = LY oJ

Lo |
30 ¢

(Wo) SIHODIFIH ISVE OGNV dOL XJONVD JVIT

116a

Lo 60

20

80

DAYS OF GROWTH

Lo 60

20



17

For both leaf senescence and canopy height and depth measurements, the 6C and
15C {reatments had too few measurements to enable adequate comparisons. The
leaf canopy base height replication significance was due to a lower value for
replication one.

Fig. 6.5. illustrates the cumulative RLA height distributions per plant
for the main treatments, as determined by the fitted curves. All curves had
very significant fits (see fig. 6.5.). The cumulative RLA at any given RHT
other than the very top layers was noticeably grezter for the HC and 15C
treatments compared with the 3R treatments. The results of the 9C treatment
were betveen., 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
distribution.

Except for the 3R treatments, the RLA height distribution of each treat-
ment (as histograms, fig. 6.6.) are described with their associated RLI
transmission patterns which they complimented. The 3R treatments had a regular
RLA height distribution confined to the top two-thirds of their canopy (fig.
6.6e). There was quite a high leaf area density in the top-most layers. Both
varieties were similar., For the other treatments, the 15C treatment (fig. 6.6b.)
had a regular decrease of light intensity with canopy depth increase in
association with a relatively even basipetal RLA increase to a broad maximum
at 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
area concentration here. At lower RHT levels the 15C and HC treatments had
rather 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 intensity 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 of coincidence of 2all
the curves at the 100/100 coordinate as theoretically required, is an



Figure 6.5. A comparison of treatment maltiple 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 + 10,242 - 0.517t>

F = 201.40 R® = 0.979 SE of estimate 7.064 DF =
Max. shoot height 36 cm.

9C Y = 8.080 - 12.877t + 5.045t2 - 0.282t>
F = 327.49 R® = 0.979 SE of estimate 5.686 DF =

Max., shoot height 40 cm.

15¢ Y = =-16.332 + 8.080t + 1.898t2 - 0,155t3
F=111.75 R® = 0,943 SE of estimate 8.425 DF =
Max. shoot height 36 cm.

HC Y = 6.296 = 7.390t + 4.599t2 - 0.293t>

464,84 R° = 0.987 SE of estimate 4,055 DF =
Max. shoot height 36 cm.

e}
n

L]

3RW Y = 69.648 - 50.997t + 10.626t2 - 0.520t>
F =271.66 R° = 0.977 SE of estimate 6.443 DF =
Max. shoot height 36 cm.

HW Y = -38.372 + 36,454t - 10.105t2 + 1.486t> - 0.070tY

F = 627.91 R2 = 0.991 SE of estimate 3.344 DF =
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
treatments,their relative leaf area height distributions are

compared with their relative light intensity transmission

patterns.
e HC b. 15C

Ce 9C de HW

e. 3RC, 3RW
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Figure 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
9 Y
F
15¢ Y
F
HC Y
F
15W Y
F
HW Y
F

for each treatment.

15.771
111.97

-1.253
377.98

27,801
96, 44

32.106
324.93

L74k.60

19,029t + 6.786t° - 0.426%>
R% = 0,959

SE of estimate 8.657

2,944t + 2.522t° - 0.181t>
R% = 0.981

SE of estimate 4.960

17,040t + 5.772t% - 0,334t3
R2 = 0,941

38,494t + 14,085t2 - 1.344t> + 0.030t

R2 = 0.984

8.817t - 4.294t2 + 1.138t° - 0.069t™

R

2

= 0,990

SE of estimate 8.597

SE of estimate 5.L461

SE of estimate 4.250
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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 gradient
comparison, 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 geradient 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 relative to the other
treatments was similar.

The height of 5% RLA varied considerably between treatments, 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 relative 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
(tavle 3A.6.2.)y and hence was not important in the determination of the

fitted curve,

6.3%. Discussion:

It is obviously apparent that the considerable 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 Wairau treatments, for
which this result suggests considerable inter-shoot competition. Even
though this is to be expected with small shoots (less than 5 e¢m) 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 elongating shoots. It was
observed that some of the earliest elongating shoots attained a height
of about 10 c¢m and longer in a few cases, and then senesced. These could
have been grown in isolated low light intensity pockets shaded by older
ad jacent shoots. The very close proximity of the roots of some plants
almost certainly meant that some inter-plant edaphic competition was occurring
and gimilarly for shoot growth aerial competition. Other internal plant
factors have also been implicated in inter-shoot competition (Hodgkinson,
1967).



Figure 6.8, Tae light transmission patterns of the 9C, 15C and HW treatments
and the 15C and HC treatments were plotted as two grcoups so as
to approximately co-ordinate their 100% relative light intensity

values on the graph(see text). 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 in the 3R treatment the competitive effect of the
numerous other species was evident.

The above results are supported by Nelson and Smith (1968a) who
with a two-year-old lucerne sward demonstrated a spring growth shcot
(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 days 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 1érgely 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 different experimental
conditions on the amount of stubble senescence, this being much greater 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 two weeks of
‘the experiment. The reasons for this seasonal difference are not certain.

t could be that the drier and hotter conditions in November resulted in
quicker death and loss of the mature stubbles left after defoliation.

N 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 leaf canopy depth of the
3RC and HC treatménts, 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 that 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 position to the largely light determined senescence level at the
leaf canopy base. In turn, the canopy depth snd 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 estimstes 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 growth was possibly due to improved light 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
penetration 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 trestments can indirectly
affect the rate of leaf senescence of residusl growth through treatment
induced factors affecting the leaf canopy depth. More detmiled evidence
is needed to verify the above suggestions made. The different light
interception patterns between varieties (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 that 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
compared with others (Warren Wilson, 1965; Keogh~n,1966, 1970 etc.) measuring
leaf height distributions at later growth stages finding a predominance of
leaf area or weight in the upper canopy layers. The leaf arez distributions
obtained are partly determined by the distribution of the varying individual
shoot heights, and the fact that 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
3RC 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 growth period (table 5.1.). This probably

;induced 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 uvver canopy layers (Fig. 6.6d.) probably for the same
reasonyviz, relative 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%) canopy height

levels was probably associated witﬁpgombination 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 2.4.3.1l.) 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 depth measured were more
typical of grass light transmission patterns (Stern and Donald, 1962).



age

These were related to the more even RLA distribution patterns measured.
The RLA measurements did not include an estimate of the sem 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 Figs 6.6a,b,c,d. suggest good relationships for the associated

reatments 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 patterns.

Comparing all the light transmission curves (Fig. 6.7.) the more
abrupt light extinction in the HW canopy is most noticeable and probably
being related to the greater shoot density. The overall similerity between
the other &§reatments 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 have become
more apparent.

For a more detailed study of the light relstions in these lucerne
.canopies 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 defoliation have been well documented from a number of descriptive studies
(sections 2.4.17.1.; 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
nitrogen 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 sampled.
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 removed 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 C in a 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 material 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 ih
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-
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hydrate extract obtained being determined with the Auto-Analyser using an an-
throne reagent. The TN was extracted by the standard 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 sampling for each treatment/variety
combination taken at the end of the first growth of the 9", 15" and H treat-
ments and at the commencement of the residual study for the 3" treatment. The
sampling time schedule for both studies is summarised in table 7.7. The third
study looked at the reversal treatment effect (section 3.1.) and is considered

in chapter 9.

Table 7.7. Orzanic Reserve Sampling Times

1. Organic reserve changes with time.

" | Treatments sampled: 3RC, HC, 3RW and HW.
Sampling dates: Pre-experiment, 6/8, 13/8,
 20/8, 27/8, 3/9, 10/9, 20/9, 30/9.

>

2. Treatment comparison.

] s of 5y &
Chanticleer r 10/11 13/9 29/9 5/17—
Wairau 11/11 16/9 5/10 7/11

A secondary reserve study for comparison with the chemical analysis
method involved measuring the quantity of dark regrowth obtained. This was
done with the 3RC, HC, BRW and HW treatments. To provide the dark environ-
ment, two boxes 32" x 22" x 8" and 28" x 16" x 6", 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 preatréatﬁéﬁt.defoliation.
The outer box was painted white for insulation with vents cut in the sides.

The inner box provided the dark grosth 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 Changes over Time Following Different

Previous Defoliation Freguencies,

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 weights.

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 treatment was significantly
greater (P = 0,01) than the 3R treatment for all variables while between
variables 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 plants)

Root Crown RTCR
Harvests
ANOVA NS NS NS
Varieties
¢ 18.10 11.69 29.79
W 17.86 13.51 51437
ANOVA NS 10% NS
Treatments
2R 12.00 A* 2,00 A 19.00 A
H 23,97 B 18.22 B L2,19 B
ANOVA 1% 1% 1%
LSD** | (2.21) 2.9% | (2.01) 2.67 | (3.94) 5.24
SE- 4076 3.3h‘ 8'80
cV% 26,48 26.50 28,78
Root Crown
MEAN 17.98 A 12.60 B
ANOVA
LSD (3.10) 4,10
SE. 9.16
CV% 20,00

* Means are compared at the 1% level.
*% (P = 0:05), P = 0.0%

Appendices:

Data 3A.7.2.

Statistics 4A.7.1a,g.
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Figure 7.7a. The changes of the Total Non-structural Carbohydrate 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 0.475 - 0.384 0.360 - 0.318 | 0,437 - 0,360
(21.0 - 14.,0)* (12,5 - 9.8) (18.0 - 12.2)
ANOV A 1% 1% 1%
Lsp***| (0.025), 0.034 (0.015), 0.020 (0.,019), 0.026
INTERACT 1%
LSD (0,021), 0,028
Varieties
L)
C 0.438 (18.23) A 0.337 (11.03) a 0,404 (15.62) A
W 0,418 (16.65) B 0.329 (10.54) b 0.382 (14,03) B
ANOVA 1% 5% 1%
LSD (Ds013), 0,017 (0.007), 0,010 (0.,009), 0,013
Treatments
3R 0.432 (17.74) 0,338 (11,09) a 0,400 (15.35) A
H 0.425 (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% j 1%
Varieties x Treatments
3R H 3R H 3R H
G 0.454 A 0.42% B 0,343 0,331 0.419 A 0.389 B
(19.43)  (17.02) (11.44)  (10.63) | (16.70)  (14.54)
W 0.410 B 0.427 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), 0,019
SE, 0.028 0.013 0.015
CV% 6.69 3.85 3.87
Root vs _ srown
MEAN 0.429 (17.44) A 0334 (10.79) B
ANOVA 1%
LSD (0.007), 0.009
SE, 0.026
CV% 6.89

* The untransformed percentage values

«** (P = 0,05), P =

0,01

** Means are compared at the (A) 1% and the (a) 5% levels.
Statistics 4A,7.1b,9.

Appendices:

Data 3A.7.2.
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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%'s of 6.69 and 3.85 respectively (table 7.3.).

These relative variabilities are expressed in the treatment interactions.

The root treaément differences were non-significant, although with a mildly sig-
nificant harvest interaction (P=0.05). Fig 7.7a 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 significant
(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 responsible for the sig-

nificant variety differences which were smaller for the crowns (P=0.05),

7e2.1.3., Weight 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 .significantly, 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 treatwment 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).



Root Crown RTCR
Harvests
RANGE |4.38 = 2.39 [1.48 = 1.16 [5.75 - 3.56
ANOVA 1% NS 5%
LSD (0.75), 1.00 - (1.20), 1.59
INTERACT 5%
LSD (0.,73), 0.97
Varieties
ANOVA NS NS NS
Treatments
3R 2.12 A* 0.76 A 2.88 A
H 4,11 B 1.839 B 6.01 B
ANOVA 1% 1% 1%
LSD (0.37), 0.50 | (0.22), 0.29 | (0.60), 0.80
INTRRACT 1% |
LSD (0.36), 0,48
SE. 0.68 0.31 0.68
CV% 22.10 23,13 15.20
Root vs Crown
MEAN 3,12 A 1.33 B
ANOV A 1%
LSD (0.26), 0,34
SE, 0.91
CV% Lo,77

* Means are compared at the 1% level.
*+ (P = 0.,05), P = 0.0

Appendices:

Data 3A.

?o 2.

Statistics 4A.7.1c,h.
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Table 7.4, Weight of Total Non-structural Carbohydrates (gm/6 plants)
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7.2.17.4. The percentages of total-nitrogen.

These were determined in the same way as the TNC percentages
(section 7.2.1.2.)s TN percentage harvest differences were very significant
(P=0,01) for all variables,and incigigec%?%-showed a relatively steady decline
over the full period of measurement / fig 7.é.a,b.). Treatment differences
were also very significant, the H treatment consistently having the greater
values. This is well illustrated in figs 7.2a,b, and less clearly for the sig-
nificant treatment x harvest interactions of each variable., The 3R treatment's
TN% decreased at a slighily greater 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 difference between
treatments with its values being within the Chanticleer's range (table 7.5, fig

7.2b). There was no interaction for the crowns.

7.26¢1.5. The weight of total nitrogen.

Only the root TN weight harvest differences were gig-
nificant while variety differences were non-significant (table 7.6).In con-
trast, treatment differences were highly significant (P=0.01) for all variables,
the H treatment being greatest, due to the combined influence of both treatment
dry weight and TN% differences. Root TN weights were significantly greater

than crown values because of the greater root dry weights even though root TN

percentages were lower,



Table 7.5, Percentage of Total Nitrogen
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Root Crown - RTCR
Harvests
RANGE 0.155 = 0,130 0.163 - 0,140 0,158 - 0,134
(2:81 = 1719 (2:67 « 1.9%7) (2.50 - 1.81)
ANOV A 1% 1% 1%
LSD** (0.005), 0.007 (0.003), 0.005 (0,004), 0.005
Varieties
G 0.142 (2.04)'ﬁ* 0.150 (2.26) 0.145 (2.11)
] 0.138 (1.91) B 0.151 (2.28) 0.143 (2.07)
ANOVA 1% NS NS
LSD (0.003), 0.00k - -
INTERACT 1%
LSD (0.,003), 0,004
Treatments
3R 0,127 (1.62) A 0.145 (2.10) A 0.134 (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 l
Harvests x Treatments
ANOVA 5% 1% 5%
Varieties x Treatments
3R H 3R H 3R H
‘3] 0.127 A 0.157 B 0.144 0.157 0.133 A 0.157 B
(1.62) (2.46) (2.07) (2.45) (1.78) (2.46)
W 0.127 A 0.149 C 0.146 0.157 0.135 A  0.153 C
(1.62) (2.22) (2.13) (2.45) (1.81) (2.32)
ANOVA 1% NS 1%
LSD (0.004), 0,005 - (0.003), 0,004
SE, 0.,0038 0.0025 0.0029
CV% 2.70 1.70 2.05
Root vs Crown
MEAN 0.140 (1.97) A 0.151 (2.27) B
ANOVA 1%
LSD (0.,002), 0,003
SE, 0.0058
CV% 4101

* The untransformed percentage values
e (P = 0.05)' P = 0.01

*** Means are compared at the 1% level.

Appendices:

Data 33.7.20

Statistics l"A. 7. 1d19¢



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 combination 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
Harvests
RANGE |0.515 = 0.331] 0,320 = 0,263 0.836 - 0.607
ANOVA 1% NS NS
LSD (0.098),0.131 - -
Varieties
C 0.395 A* 0.272 € 0.668
w 0.359 AB 0.319 BC 0.679
ANOVA NS NS NS
INTERACT 5%
LSD (0.051), 0,067
Treatments
3R 0.19% A 0.145 A 0,340 A J
H 0.560 B 0.446 B 1.007 B ;
ANOVA 1% 1% 1% '
LSD (0.049)0,065 | (0,051),0.067| (0.093) ,0.123
SE. 0.113 0.090 0,129
Root vs Crown |
MEAN 0.377 A 0.296 B l
ANOVA 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 hA.7.7e.4.
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7.2.1.6. Total non-structural carbohydrate/total nitrogen
(C/N) weight ratios:

For each variable, harvest ANOVA'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 difference is supported by
the significance (P=0.01) of the root/crown x treatment inter..ction. 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
7e3.a,b.

Varietal C/N ratio differences were more significant (P=0.01) for the
RTCR, roots and crowns being less so (P:O.QSE. In &ll cases Chanticleer had
the greater mean value. The variety x trea%gggi?gééogignificant (P=0,01) for
the roots and RTCR; in each case the differences between treatment means were
greater for Chanticleer compared with Wairau - eg. the roots had C/N ratio
ranges of 5.76 and 2.36 respectively. These interactions were largely due to
t;he 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-
jety 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.

2. For roots and crownsgwith 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 5.8 - 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'?9 E.‘ 5.04 a 7089 A
‘l.: 9.01 b 4.74 b 6‘99 B
ANOVA 5% 5% 1%
LSD (0.71), 0.84 (0.27), 0.36 (0.48), 0.64
Treatment
2R 11.43 A 7 5.48 A 8.90 A
H 7.37 B L,29 B 5.98 B
ANOVA 1% 1% 1%
LSD (0.71), 0.94 (0:27) ; 0:s36 (0.48), 0.64
INTERACT 1%
LSD (0.52), 0.69
Harvests x Treatments
ANOVA 1% 1% 1%
Varieties x Treztments
3R H 3R H 3R H
c 12,67 & 6.91 C | 5.74 4,34 | 9,89 a 5,89 ¢ |
w 10.19 B 7.83 C 5,22 L,25 | 7.91 b 6.07be
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 0.479
cV% 9,24 . 6.15 6.44
Root vs Crown
MEAN 9.40 A 4,89 B
ANOVA 1%
LSD (0.37), 0.49
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.7.1f4 h.
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?;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 treatment 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.ka,b,c.

There was a regular increase of root TNC percentage as defoliation fre=-
quency decreased. All means were close to being significantly different
(table 7.9.). In contrast, for the crown TNC percentages only the H treat-
ment was significantlt greater. As in the previous study, the roots had con-
sistently greater TNC percehtaged. (fig 7.ka). .

Apart from a close similarity of TN% between the 3" 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.k4c).

For all variables there were no significant trends between varieties.



Table 7.8. The Winter Organic Reservé Changes

Root

Crown

RTCR

Total Non-structural Carbohydrate Percentages

Harvests

0.508 (23.70) A

JULY 0.395 (14.83) A 0.478 (21.20) 4
AUGUST 0.475 (21.00) B 0.355 (12.08) B 0.438 (18.01) B
ANOVA 1% 1% 1%
LSD*** (0.024), 0,032 (0.017), 0.02% (0.021), 0.029
SE. 0,027 0.020
CV% 5.55 5.42
Total Nitrogen Percentages
Harvests
JULY 0.148 ( 2.19) a 0.139 ( 1,93) A 0.146 (2.12) A
AUGUST 0.155 ( 2.41) b 0,164 ( 2.41) B 0.158 ( 2.51) B
ANOVA 5% 1% 1%
LSD (0.006), 0,008 (0,006), 0,008 (0.005 , 0,006
Treatments
3R 0,144 ( 2,06) A 0,146 ( 2.74) A 0.145 ( 2.09) A
H 0,160 ( 2.54) B 0.157 ( 2.46) B 0.159 ( 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
Ccv% 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 0.64 0.76
CV% 9.90 10.50 8.75

* Untransformed percentages

ol (P 50.-05), P = 0-01

** Means are compared at the (A) 1% and the (a) 5% levels.
Appendices: Data 3A.7.1.

Statisties 44.7.2.
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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)
gn 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 ¢ (26.66) 0.381 B (13.92) 0.481 Cc (21.47)
ANOVA 1% 1% 1%
LsD*** | (0.039), 0.055 (0.024), 0.033 (0.033), 0.046
SE. 0.027 0.020 0.022
CV% 5.93 6.23 5.52
Total Nitrogen Percentages
Treatments

3"
9"
15m
H
ANOVA

LSD

0.224 A (1.54)

0.129 A (1.66)

0.146 B (2.14)

0.159 ¢ (2.52)
1%

(0.008), 0,012

0,138 A (1.92)

0.146 B (2.11)

0,153 C (2.33)

0.170 D (2.88)
1%

(0.00%), 0,006

0.130 A (1.69)

0,136 A (1.85)

0.149 B (2.21)

0.164 C (2.67)
1%

(0.006), 0,008

SE.
CV%

0,007
4,86

0,004
2.66

0.005
3.45

Total Non-structural Carbohydrate/Total Nitrogen Weight Ratio

Treatments
3n 8.04 A 4,45 6.L2
gn 10,77 B L, 48 7.83
15" 10,67 B 4,25 7.98
H 10,60 B 4,86 8.06
ANOVA 5% NS S
LSD (2,08), 0.71 - -
SE. 1.42 0,61 1.00
CV% 14,23 13.50 13,26

* The untransformed values

Appendides:

Data 3A.7.3.

**» (P = 0,05), P = 0,01
** Means are compared at the 1% level.

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.

ma. The Total Non-structural Carbohydrates (TNC) percentages.

b. The Total Nitrogen (TN) percentages.

c. 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 times more shoot dry weight

There were no major varietal differences (table 7.10).

Table 7.10. Lucerne Growth from Beneath the Dark Covers.*

c W C+W

3R | 4.16 4,33 4,24 (18.79)
H 15.06 1711 16,09 (45.79)
Av 9.61 10,72

* (gn/3 sq ft)

** Bracketed values are the initial (day O) mean root plus crown
weights (gm/6 plants)

Appendix:. Data 3A.7.L4.

The TNC percentages were similar to the lowest TNC% of the same treat-
ments in the major study (fig. 7.1bJd. Both treatment and variety differences

were non-significant (table 7.11a.).

Table 7.71. Residual Organic Resserves of Plants from

Beneath the Dark Covers

a. 1INC% c W C+ W |
3R {11.50 10.80 11.15
H 12.50 10.30 11.30
AV |12.00 10.55 Appendices:
Data 3A.7.4.
b. INZ c W C+W Statistics 4A.7.L4.
3R 2.12 2.15 2.14
H 2.70 2.78 2,74
AV 2.41 2.47

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.
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7.3, Discussion.

7.%.7. The Changes of Organic Reserves over Time and their

Relative Significances.

The marked variability of the plant dry weight vaiues 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 7.2b), as compared to their expected lower levels from
this high frequency defdliation treatment (section 2.3.1.3.). Consequently,
this TNC study was more one of plant size than of defolistion effect per se.

On a root plus crown (RTCR) weight basis, the plant classification
of Ueno and Smith (1970) (section 2.4.1.1.), into small, medium and large
plants was directly comparable to the small a2nd large plants of the 3R
and H treatments respectively. In both studies, similar results were
obfained, in that smaller plants had a quicker TNC% recovery. Why this
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 defolistion 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 particularly, the roots showed grester
extents of TNC depletion and re-accumulation, the crowns only showing
measureable depletion in the first week followed by a relatively constant
TNC% until the 3R treatment started to increase after day 28. The greater
TNC capacity of the roots compared 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 carbohydrate,
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 erowns 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 conte-rast to those of the TNC. The steady
decline of TN% 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% 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¥% 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
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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% and RTCR weight.

The higher TN% of the crowns, is in further contrast with the TNC%
distribution between different storage tissues. These greazter 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 compsred 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 likély 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) compsred to that for TNC weight (3.1 ratio).
But as discussed, this TN weight proportioning does not necessarily
represent the relnative importance of roots snd crowns as storage sites
of available nitrogen reserves.

While the C/N ratios indicated the relative changes of TNC a»mnd
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
in 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 similer 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 percentage vaslues but also accurate weight
change values over time. These requirements were not met to satisfaction

in this experiment.

7.3%.2. The Influence of Different Defolistion 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 regulsr
decrease over the wide treatment range used. The lower crown TNC% wlues
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 here, resulted from the TNC
accumulation being curtailed at leoter stages of growth with decreasing
defoliation frequency. Return to an infrequent defoliation regime
enables a rapid TNC concentration bui;d-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 nodule numbers and/or weight per unit root
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weight would have presumably decreased in association with root weight
decreases arising from more frequent defoliation. 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 defoliztion treatment as here. The
lower TN% of the 3R treatment implies that there was a relatively permanent
decrease in the level of one or more of these factors. Chu (1971)

observed that following defolistion of Trifolium repens, the nodule

weight decreased proportionately more than root weight decre=zse while
nodule number decreased proportionately. Alternztively & 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 suggestions, it is fully
realised that considerable care must be exercised when extrapolating
between species and between short and long term effects. No such long
term effects are known to have been reported for lucerne or other legume
species.

The lack of TN% recovery for both roots and crowns in the 3R
treatments by day 90 compared with the H treatments contrasts with their
similar TNC% at this time. In this instance, the supply of energy substrate
was obviously not limiting nodule activity. This is a complex problem
requiring more detailed work to elucidate the various aspects. The simil-
arity of the 9" and 3" TN% of both the roots and crown individually, is
suggestive of a threshold level of TN concentration being approached
i.e., the stage when much of the nitrogen present is incorporated 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 5 P R

The similarity of the C/N ratios (weight based) between all four
treatments for roots; crowns and RTCR indicates that with consistent
defoliation treatments, even though these may be diverse, the plant
maintains a balance of TNC and TN in its tissues. In terms of the
previous discussions, this may come about by a direct treatment effect on
the TN% and the treatment 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 & the first
few harvests, largely from the influence of the more readily varied TNC

concentration.
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To establish if there were any significant varietal differences
would have required more intensive and accurate investigation. These
studies have not contributed further information as to the roles of
lucerne carbohydrate and nitrogen reserves during regrowth. Rether
they contribute to the descriptive knowledge of the changes and levels of
these reserves under several defoliation frequencies, and particularly with
the extreme 3" and H treatments. Most previous studies hsve only

considered the one growth condition.

7.3.3. Winter Changes of Organic Reserves:

Two periods are of interest, namely the concentrations 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 has been
well documented (section 2.2.2.). During the autumn prior te the
commencement of the thesis experiment, all treatments 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. 7.1la,b), but
particularly the 3R treatment's high concentration when compared to its
lower day 90 value (Fig. 7.4.).

Reasonably high mid-winter TN concentrations were attained in
accordance with other reports (section 2.2.2.). For the 3R tresatment, the
combined TNC% and TNY increase indicates that a nett accumulation of
nitrogen occurred. This was not so obvious with the H treatments. The
treatment TN concentration difference was basically maintained.

During the winter months the TNC% decrease of both treatments
is assumed to hsve 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¥ 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
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the potential TN% increase. This would have been accentuated by the
high TN concentration of this shoot growth relestive to that of other
seasons (Bailey et. al., 1970). Between treatments and for both
varieties it was observed although not measured, that the H trestments
had longer shoots at the pre-experiment defoliation (7th August)
compared to the 3" treatments. The TNC% was similar for both treatments.
The greater TN% of the H treatment may have contributed to its greater
growth. It is probable that other factors related to plant 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 complicating the above changes. Again,

more detailed work is needed to confirm and explain these changes.

7.3.4, The Use of Dark Growth to Estim=te the Carbohydrate

Reserve Status:

This method has been used by several workers in the psst, using
two avproaches. Firstly, plants have been dug, defoliated, replanted
in pots and then regrown in the dark, roots being periodically =nd/or
finally sampled and analysed for TNC content (Graber et. al., 1927;

Smith and Silva, 1969.). Secondly, light proof covers have been placed on
areas of defoliated lucerne, with the shoot growth obtained being a
relative measure of the initial TNC reserve levels between treatments
(Tsuma, 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 capacity of the H treatments. Comparison
with the initial (day O) 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 RICR
dry weight differences. It is obvious that the TNC% has no meaning in such

a study (Fig. 7.1l.b.), unless the root weight is very similar between
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comparisons. From the maintained residual TN% trestment difference
(table 7.11b.) and the similarity with the day 0 TN% (Fig. 7.2b.),
it is apparent that the TN reserves were not significantly involved in,
or determinants of, the amount of dark shoot growth obtained. The
residual TNC%'s were not p=rticularly low as seen by comparison with
the minimal levels measured in the other studies (table 7,11a, Fig. 7.1.b.).
Some continued shoot growth was observed indicating that minimal TNC
levels had not been reached. Also, Smith 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 higher to contain the etiolated growth. Agronomically,
the etiolated regrowth tended to start decaying in these experimental
conditions and hence the need for intermediate harvests. This may be a
greater problem in warmer weather; an observation made by Causley (1968).

These results plus those of the reversal treatments (chapter 9)
have confirmed many of the reported observations pertaining to orgsnic
reserves. At the same time the major effects of the different
defoliation treatments have been demonstrated, showing that the root and
crown nitrogen content was also strongly influenced by these treatments.
The importance and actusl role of these nitrogen levels in respect to new
growth (both shoot and root) has still to be positively established
compared to the recent advances with carbohydrate reserve studies (section
2eke1414)0



CHAPTER 8.

T:rly Spring Temperaturc/Shoot Growth Correlation.
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The influence of the early spring temperature fluctuations on
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appendix 34.8.1.

These temperature results were correlated with the Chanticleer field
growth data (section 5.2.3.) of weekly increments of shoot length growth
and the numters of shoots arising during each of the first four weeks.

Linear and multiple regression analyses were used.

8.2. Results:

The shoot length growth increments had the most significant correlation
with the (FIELD AV) values. The fitted curve is illustrated in fig. 8.1.¢
the dats in appendix 3A.8.2. Between 900 and 12°D there was a steadily



Tigure 8.1,

The multiple regression of the spring 'field average temp-
erature' for each week with the associated weekly shoot

height growth increment measured on the field growth plants.
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increasing temperature response.,. Below 9°C shoot growth decressed quite

For shoot numbers, the best correlation was obtained with
(FIELD SUM) r = 0.30, the regression coefficient being significant
at the 5% level (table 8.1). For FIELD AV » = 0.1l and DSIR AV r = 0.26.

Table 2.1 Recression of FIELD SUM Temperazture % Shoot Numbers.

B

DF REGRESSION S.E. CORRELATION
43 1,0116* 0. 4501 0.300
¥ 2= 0,09

Avpendixes: Data 34.8.1.

Tae shoot length correlation indicates that early spring

tenperature is an important determinant of shoot growth at this immature

crowth stages With older growth, shoot weight would be a preferable

v
1 zoisture (section 3.6, fig. 3.2.), temperature was possibly the main
growcn cetermirant supported by the relatively linear growth response
measured above 9°C suggests that 8 - 900 may oe an approximate t

hresnold level for lucerne shoot growth. No such value is xnown to have

o ot

een revorted.

Low significance of the shoot number regression 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 2 significant
regression (table 3A. 8.1.). It would appear that new shoot initiation was
influenced by these svpring temperatures.

It is suggested from these results that the early spring temperatures
had at least two direct controlling influences on shoot growth. It is
suspected that this would be more direct for new shoot initiation and initial °
elongation as these factors would be less likely to be confounded by other
environmental and plant factors. As Wsirau shoot growth was not meszsured,
it is not known if there were any varietal tempersture response differences.
As to why each shoot variable should correlate best with different

temperature parameters is not known.



CHAPTER 9

A REVERSAL STUDY OF THE EXTREME DEFOLIATION TREATMENTS

The two extreme treatments, 3" and H, were compared with their respective

reciprocal treatments of 3R (3" grown to haystage) and HR (H cut with 3"
to observe their respective rates of vigour recovery and depletion. This
considered in association with the nature of these changes.

o P
| o ‘.\-L.‘u&'—..:

&

After taking the final harvest of the previous studies in November
wee

treacnents for both varieties. This was in respect to their top growth,

and crown weight and organic reserve composition. Sampling was performed
residual growth immediately after the last production cut (section 4.1.)
twice more at weekly intervals. These last production cuts were taken at
erent times between treatments over a six day period similarly affecting

recsurements of this study (table 9.1.).

Table 9.1. Reversal Sampling Schedulc,

i Chanticleer [ Wairau

| Harvest | 1 2 3 K 8 >
" 10* 17 24 11 18 25

i 3R 110 17 24 1 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

week of the study.

k study was made of the residual vigour of the 3", 3R, HR an

growth)

is

first

Top growth = three 2'x1' quadrats were cut at ground level with electric
LOpP _growtn q

sheep shears from each small plot (section 3.2.) on each sampling day, the

quadrats 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. The samples from the three quadrats were grouped, the total sample
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being dried in a forced draught oven at 80 C for 24 hoiurs after taking a rep-
resentative sub-sample for botanical analysis and lucerne growth composition.
For the botanical analysis, lucerne, 'other species', dead matter and soil
were separated. For the lucerne growth composition, the lucerne was divided
into its component fractions of stubble and new shoots, with a sub-sample of
the latter being divided into stem and leaf, All lucerne shoots greater than

1 em in the botanical analysis sample were counted. All components were dried

c. Total dry weights of the various fractions were subsequently calcul-

p\
o
o
(&
o]
<
©

henpical analysis - at the time of the last production cut of each treat-

Q

ment, six plants were dug from each small plot for chemical analysis of the
roocts and crowns. The preparation and analysis was as described in section 7.1.

Eoth total non-structural carbohydrates (TNC) and total nitrogen (TN) were

Statistical analysis was by conventional analysis of variance (section

3¢5

9.2. Results,
9.2.1, Plant Numbers.

The plant numbers present at the time of this study and their

ANOVA results are presented in table 9.2, Treatment and variety differences

were not significant.

Table 9.2. Plant Number Measurements. (No./1 sq ft)

1
| c W cC + W Statistics |

L 6.00 755 6.77 Varieties NS
3R S.49 8.55 7.02 Treatments NS
HR 6.71 727 6.99 Var x Treat 5%
H 8.33 7.11 7.72 SE. 1.27
Av. 7.62"° 7.62 Cv% 17.80

Appendices: Data 34.9. 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.

Table 9.3. Crop Production.(gm/6 sq ft)

i i Lucerne Other Species Total
E Varieties
| c f 125,21 (25.87)A%" 120.71* 146,72a%
| 143,28 (33.22)B 125,39 158,48
ANOVA i 1% NS 1%
o opep* (7.28), 9.73 - (9.86), 13.18
Treatments
3n 89.69 ( 7.53)A 141 ,71A 149,244
3R 138.38 (26.69)B 142,144 169.02B
HR 133.44 (22.63)B 121.62B 144, 06A
H 175.47 (61.34)C 86.75C 148,094
ANOVA 1% 1% 1%
LD | (10.37), 13.77 (15.61), 20.87 (13.95), 18.64
i I Harvests
. 125.45 (22.32)A a 120, 40ABa 143,054 a
1 2 133,07 (27.95)ABa 137.10B b 165.06B b
|3 | 144,22 (38.37)B b 111,664 a 149.70ABa
| ANOVA 1% 1% 1%
! 1D | ( 8.92), 11.92 (13.52), 18.07 (12.08), 16.14
! Treatment x Harvest
| ANOVA NS NS 1%
{
SE. 15.577 14,925 11.240
CcV% 11.60 12.13 7.36

* Natural values.

»##¢ (P = 0,05), P = 0,01

Appendices: Data 3A.9.1.
Statistics I'FAQ 9. 2 .

= Log transformed means.
** Means are compared at (A) the 1% and (a) the 5% levels.
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With each variable, there were significant treatment differences (ﬁ = 0.01)
but with each having a different treatment response pattern. The 3R and HR
treatment lucerne yields were similar while at either extreme the 3" and H
treatment yields were significantly different (P = 0.01). The 3" and 3R treat-
ments of 3" origin had similar 'other species' yields. These were significantly
higher than the HER and still lower H treatments. The total yields were similar
between treatments 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 harvests, but only signif-
icantly so for the third harvest (P = 0.05). For both the 'other species' and
total yields the second harvest was significantly greater (P = 0.05) than the
first and third harvests. These latter results were influenced by an apparent
nett decrease of other species production in the second week., The significant
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 results and ANOVA of the lucerne growth components are tabulated in
table 9.4, All three variables had significant (P = 0.01) treatment differences
with each expressing the same basic response pattern of 3“<:(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 had significant
treatment x harvest intractions due to an increase of treatment 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 ®vnly for varied reasons.(fig. 9.2.). For both variables, these
interactions resulted from a greater disparity between the H and HER treatments
of the Chanticleer variety.

The shoot growth compnents of leaf and stem dry weight hed the same
treatment significances as the total shoot growth (tables 4A.9.2.)
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Table 9.4, The Major Components of the Lucerne Growth.(gm/6 sqg ft)

f Shoot Stubble Shoot Number
! Varieties
! 95.58 (15.68)A** 90.79*(10.09)A 227.36*(277.16)A

= Q

109.65 (17.66)B

110.07 (15.55)B

255.57 (438.50)B

! ANOVA 1% 1% 1%
é LSD (7.12), 9.52 (8.19), 10.95 (8.43), 11.27
Treatments
| 3 64.85 ( 3.83)A 63.36 ( 3.70)A 207.90 (143.16)Aa
| 3R 1100.87 (13.45)B 104.73 (13.06)B 235.20 (269.44)Bb
5 HR r106.07 (13.02)B 96.638 ( 9.60)B 249.90 (398.84)Bc
| H 138.66 (36.41)C 136.95 (24.93)C 272.87 (619.77)cd
| ANOVA 1% 1% 1%
LD | (10.07), 13.47 (11.58), 15.48 (11.92), 15.93
E Harvests
1 67.24 ( 4.34)A 113.54% (17.83)Aa 228.16 (238.58)Aa
2 106,37 (14.99)B 104,26 (12.96)Aa 2k2,85 (387.83)Bb
3 134.22 (30.69)C 83.49 ( 7.68)Bb 253,40 (447.08)Bc
| ANOVA 1% 1% 1%
. LSD (8.73), 11.66 (10,03), 13.41 (10.32), 13.79
Varieties x treatments !
ANOVA 1% NS 1%
i Treatments x Harvests
{ -
| ANOVA 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.

ErEE (P = 0-05)‘ P = O.o1

Appendices: Data 3A.9.1.

Statistics 4A.9.2.



Tigure 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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Figure 9.2, Comparison of selected lucerne growth parameters for the two

varieties with the four reversal experiment treatments.

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

9.5.4 9.64)0

Table 9.5. Crop Growth Rate Comparisons.

DF  Regress SE Correl Statistics

3 16  0.196* 0.089 0.479 Av. regression 5%

3R {16 1.633** 0.217 0. 884

HR {16 1.049** 0.244 0.731 Between individual
H 16 L4,6L6** 0.414 0.942 group regressions

Av. { 67 1.882** 0.243 0.687 1%

o~

* P = 0,05, ** P = 0,01
Appendices: Data 34.9.1.
Statistics L4A.9. 3.

Table 9.6, Relative Growth Rate Comparisons.

DF Regress SE Correl Statistics

3n 6 1.682* 0.732 0.498 Av. regression 5%

3R | 16 6,237** 0.818 0.885

HR |16 3.825** 0.870 0.739 Between individual
H 16 7.393** 0.697 0.935 group regressions

Av, | 67  4,784** 0.468 0.781 1%

¥ P = 0-05’ s P = 0'01
Appendices: Data 3A.9.1.
Statistics 4A.9.L.

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 measureéments 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 Crown RTCR
Varieties
¢ 17.85 9.86A* 27.70
w 17.76 14,698 32,46
ANOVA NS 1% NS
LSD - (3.08), 4.27 -
Treatments
3 8.674 a 5.694 14,364 a
3R 18.99BCDH 8. 454 - 27.44B b
HR 17.23B b 16,228 33,45BCH
H 26.33C ¢ 18,738 45,06C ¢
ANOVA 1% 1% 1%
-LSD (5.69), 7.89| (4.35), 6.04| (9.48), 13.17
INTER-
ACTION L NS NS
SE. 3,72 3,27 6.41
CV% 20,89 26,62 21.35

£ ]

* Means are compared at (A) the 1% and (a) the 5% levels.
Data 3A. 9-2 .

Appendices:

Statisties 4A.9. Ha,

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 RICR 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 treaiment 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 having significantly greater (P = 0.01)
values thar 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 results were the same

for each plant variable.

Table 9.8. Total Non-structural Carbohydrate Percentages.

L_ Root Crown ] RTCR
g;?i; NS NS NS
Treatments
3n 0.358 (12.3§)A'* 0.295 ( 8.50)4 0.334 (10,82)A
3R 0.582 (30.33)B 0.430 (17.50)B 0.538 (26.47)B
HR 0.326 (10.33)A 0.276 ( 7.50)A 0.303 ( 8.96)A
H 0.542 (26.66)B 0.382 (13.92)C 0.481 (21.47)B
ANOVA 1% 1% 1%
Lsp***|{ (0.037), 0.051 (0.029), 0.040 (0.035), 0.048
g 5% 5% 5%
SE. 0.038 0.027 0.036
CV% 8.45 7.87 8.65

* Natural means.

** Means are compared at the 1% level.
b P = 0305' P = 0,01

Appendices:

Data 3A.9.2.

Statistics 4A.9.5b.
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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 RICR
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 RTCR
Varieties
C 4,23 1.19A* 5.43
W 3.66 1.67B 5¢34
| ANOVA NS 1% NS
| Lsp** " (0.34), 0.48 .
Treatments
" 1.03A 0. 474 1.51A
3R 5.88B 1.44B 7.33B
HR 1.814 1.22B 3,034
H 7.06B 2.59C 9.66B
ANOVA 1% 1% 1%
LSD (1.83), 2.55| (0.49), 0.68| (2.20), 3.06
iggfg; NS NS NS
SE. 0.98 0.26 1.05
CV% 24,98 17.96 19.38

* Means are compared at the 1% level.
**(P = 0,05), P = 0.01
Appendices: Data 3A.9.2.

Statistics 4A.9.5C.



Figure 9.3. The organic reserve composition of the roots and crowns of the

plants of the reversal experiment treatments.

2. The Total Non-structural Carbohydrate percentages of the roots
(1eft 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%'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 sequence
of 3", 2R, HR and H treatments. Except for the similarity of the 3R and HR treat-
ments the crown TN)4's were in the 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 (P = 0.01) and less so
(P = 0.05) for RTCR. These significant interactions were due to the Wairau

varietyts greater response to the changed defoliation treatments (fig. 9.4b.).

Table 9.10, Total Nitrogen Percentages.

Root Crown RTCR
VARI=-
e NS NS NS
Treatments
w
L3 | 0.12k (1.54)A*x 0.139 (1.92)A 0,130 (1.69)A
| 3R 0.135 (1.81)B 0.151 (2.27)B 0.140 (1.96)B
ER 0. 147 (2.46)C 0.150 (2.24)B 0.148 (2.19)C
H 0.159 (2.52)D 0.170 (2.88)cC 0.164 (2.68)D
ANOVA 1% 1% 1%
Lsp {(0.006), 0.009 (0.005), 0.007 (0.005), 0.007
| INTER=-
| ACTION s i 5%
§ SE. 0.0059 0.0051 0.0048
i CV% k,21 3.33 3,31

* Natural means.
** Means are compared at the 1% level.
*** (P = 0,05), P = 0.01

Appendices: Data 3A.9.2.
Statistics l"Ao 90 5d .
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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 treatmeént response patterns and
significances being similar. Again, between varieties, the Wairau crown TN wéight

.was greater due to the crown's greater weight (table 9.7.).

Table 9.11. Total Nitrogen Weight. (gm/6 plants)

Root Crown RTCR
Varieties
c 0.38 0.2LA* 0.63
W 0.36 0.35B 0.72
ANOVA NS 1% NS
LSD** - (0.07), 0.10 -
Treatments
3u 0.13A 0.11A 0.24A
3R 0.35B 0. 19A 0.54B
HR 0.37B 0.35B 0.72B
H 0,66C 0. 54C 1.20C
ANOVA 1% 1% 1%
LSD (0.11), 0.15| (0.10), 0.14| (0.21), 0.29
igﬁ%ﬁa NS NS NS
SE. 0,088 0.085 0.166
CV% 23651 28.39 25.31

* Means are compared at the 1% level.
s+ (P = 0,05), P = 0,01
Appendices: Data 3A.9. 2.

Statistics 44.9.5¢.
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The C/N ratios reflect the greater respomse c. - >euisnred 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-

of TNC wei t relative to the
0.01)
variety x treatment interactions were all due to the smaller Wairau response range

(fig. 9.4c.).

ted their greater respective increase and decrease

associated smaller TN weight changes (table 9.12). The very significant (P =

Table 9.12., TCN/TN Weight Ratios.

Root Crown RTCR
VARI=-
ETTES NS NS NS
Treatments
3n 8.04A* 4 ,454ABa 6.42Aa
3R 16.73B 7.80C b 13.59Cb
HR e 3,37A ¢ 4,15B¢
H 10.60D L,86B a 8.06Ad
ANOVA 1% 1% 1%
LSD (1.48), 2.05| (0.91), 1.26| (1.35), 1.87
INTER-
ACTTION 1% 1% 1%
SE. 1.31 0.82 1.29
CcV% 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.9.5f.
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9.%, Discussion:

It was previously shown that the continued 3" and H treatments
in the main experiment resulted in some reduction of plant 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 particularly evident for the 3RW treatment. It
is probable that this reduction of what were intially small plants on
averageywas due to the competition from the other species growth. The
frequently defoliated HRC treatment, had 2 small further reduction
of plant numbers beyond that of the HC treatment, while the HRW plant
numbers were not further reduced.

Because of the short duration of the study, it is only indic=tive
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 rxpected responses.

As with the previous production study (section 4.2.1.) lucerne and
other species growth tended to compensate for each other giving similar 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 greaster 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 had a significant recovery
of regrowth vigor, while the reversed HR treatment had 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 treatments,
indicating greater individual shoot growth capacity. The second ﬁeek shoot
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number incresse of the infrequently defoliated 3R and H treatments
compared to littl2 change for the frequently defoliated 3" and HR
treatments (Fig, 9.1.) would have diminished rather than increased the
former treatments average shoot weight advantage. This supports the

observation of their more efficient growth.

Table 9.13. Average Individual Shoot Weight (gm)

c W C + W
3 L 2.46 2.80
3R T 4,00 5.54
HR 4,63 2.86 3.74
H 5.86 5.90 5.87

* A x 102; calculated from the shoot weight and shoot number replic-

ation mean values (table 3A.9.1.)

Table 9,14, Shoot Stem/Leaf Ratios

c W C + W
3 0.90 0.87 - 0. 88
3R 1.36 Yol 1.29
HR 0.87 0.90 0. 89
H 1.20 105 1.13

Appendix: Data 3A.9.1.
The greater stem content of the 3R and H treatments indicates either
more efficient leaf photosythesis or a greater available supply of reserve
growth substrates. The associated higher TNC content 2nd concentration
(tables 9.8, 9.9) strongly supports the latter hypothesis in light of the
established immediate post-defoliation role of carbohydrate reserves in new
shoot growth (section 2.4.1.1.) (Hodgkinson, 1967; Smith and Marten, 1970).

The residual 7 and 14 day leaf weights per shoot are tabulated in table (9.15).

It is obvious that the 3R and H treatments did not have any initial
treatment growth advantage because of their lower residual leaf area per
shoot . It is equally evident that the following rapid rate of new leaf
production and the associated commencement of photosynthate export soon after
(Hodgkinson, 1967) would have soon confounded the contributing role of TNC

reserves to new shoot growth.
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Table 9.15. Leaf Weight per Shoot (gm/x 107)

Day
0 7 14
kL 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 k1,50

Appendix: Data 34.9.1.

The greater residual leaf areas per shoot of the 3" and HR trestments
in association with the low TNC levels, suggests this residusl leaf area
may have been of greater importance for their =slower shoot growth. 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 treastments, new leaf growth per shoot was gquite substanti»1 over
the period of measurement (table 9.15).

The high TNC levels of the 3R azd H treatments almost certainly
means that the TN reserves, which were probably adequate in each case, would
not hsve limited growth. In contrast it is suggested that the low similar
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 (1/3rd
greater than the 3" treatment) supplementing the low TNC levels by being used
as respiratory substrates and for as a source of carbon skeletons for growth.
For the 3" treatments, this advantage 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 varietal differences. Shoot CGR differences between
treatments were largely determined by the respective shoot numbers in association
with the individual shoot growth efficiencies. The greater 3R treatment
growth compared to the 3" treatment, arose from the former's greater shoot
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growth efficiency in association with an increase of shoot numbers.

Between varieties, Wairau shoot numbers were twice those of Chanicleer

for both treatments,although with a lower individual shoot growth

(table 9.13) resulting in the small Wairau shoot growth advantage (Fig. 9.2.).
The lower average shoot weights for Wairau suggests that inter-shoot
cempetition for available growth substrates occurred. The same form of
varietal difference was measured for the HR treatment, while there was

none for the E treatment. These differences of the HR treatment were that
the reversed frequent defoliation resulted in no chenge of shoot numbers for
Wairau, but with a large decrease for Chanticleer. For Chanticleer, the

low growth efficiency of this trestment restricted any benifits from reduced com-
petition that may have resulted from the lower shoot numbers.

That the large number of shoots for the HC treatment were similar
to the number for the HW treatment (Fig. 9.2.) was unexpected, particularly
in light of the similar plant numbers of the main experiment (Fig. 5.6).

It is difficult to provide an explanation, other than that the HC treatment
may have been defoliated st a stage of high basal bud activity. Keoghan
(1970) also observed that Wsirau lucerne plants had large reserves of such
buds. This was observed here for both varieties in the H treatments.

The greater total lucerne top growth for Wairau (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 largely senesced previously
residual stubble weight. With 2 relatively well defined plent such as
lucerne it is reasonably easy and rapid to separate the shoot growth from
the stubble and so obtain an accurate estimate of the actu=sl growth obtained.
With this procedure, only a single ground level cut at harvest would be
required. It would not permit a suitably accurate estimate of {he 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 all treatments.

The organic reserve treatment and variety responses were in general
agreement with the preceding studies (chapter 7.).

Although treatment differences of individual shoot growth efficiency
were strongly indicated, to determine the actual differences would have
needed a more detailed study similar to the field growth study (section 5.2.3.).
in this way the confounding influences of the different shoot numbers and

when each shoot commenced elongating could be partly accounted for.



CHAPTER 10,

DISCUSSION

10.1 Exverimental.

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 period of the latter would have benefited from being longer and
with all treatments synchronised in time.

The plant growth study of chapter 5 and associzted 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 treatments (table 5.1.).
This, associated with the growth stage (shoot height) s=2mpling 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 maske 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 have 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,

s 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 fieldya portion of the plot
could readily have been set aside for this growth to maturity study,
leaving the balance for the basic treatment defolistions (chapter L4.).

topping 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
greater than 5 cm. long. The stony nature of the soil made digging
plants for study or counting a difficult 2nd often time consuming operation.
Needless to say, a stone free soil would hsave been preferable. In the
frequently defoliated 3" plots, the high incidence of other species
growth made sampling and field measurements difficult, but at the sazme time,
gave a more realistic treatment response. In 8ll treatments the
predominance of winter annual weeds and grasses in the more frequently
defoliated treatments tended to confound low level light intensity
me asurements, For a detailed light transmission comparison between
treatments, control of the other species growth with herbicides at or
prior to the last previous d efoliation 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 wvalue
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in explaining the effects of the pre-thesis treaiments.

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 conditions where they are not
necessarily entirely representative of field responses. This particularly
applies if the non-field studies are done with single plants (iesch, 196%a;
Chisci, 1968). The results from these more controlled studies do provide
important lines of investigation 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 Chanticleer. Wairau
was described as being high producing with good persistence when used for
either hay or grazing. In comparison, Chanticleer was described as prod-
ucing well throughout the spring, summer and autumn. It has substantially
higher production in April and May than Wairau and commences growth some-
what earlier in the spring,although this advantage is short lived. From
unpublished data,Palmer (l.c.) suggested that Chanticleer stands may not
remain productive for as long as those of Wairau, particularly under very
severe grazing.

Apart from the autumn growth which was not considered, these
observations tended to be supported in this thesis study. There was
also general support for the growth form differences which other workers
have observed between the sativa (Chanticleer) and falcate (Wairsu)
lucerne types (section 2.1, 2.5.).

While there were no significant total shoot production or plant
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 negligable
with fregquent 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

rore significant day O shoot number x RTCR correlation (table 5.30)

and more uniform shoot/crown plus stubble (table 5.32) and shoot/RTCR
(table 5.32) ratios.

These observations suggest that the number of shoots produced per
plant has a greater dependence on crown size for Wairau than Chanticleer.
Leach (1969a) showed a similar result in respect to the amount of stubble
left after defoliation. With 2 given defoliation height the amount of
stubble will be partly depenedent on the size of crown. The ecuality of the
H treatment's shoot number between varieties in the reverssl experiment
(Fig. 9.2.) indicates that these varietal differences can vary in some
situations. Using Wairau, Keoghan (1970 observed a high reserve
potential of dormant buds on the crowns. A similar situstion was observed,
although not measured, on the crowns of the Chznticleer H treatment plants.
It appears that in particular growth circumstances with vigorous plants,

a greater proportion than usual of these basal buds may become active
following defoliation.

Mean individual shoot weights interacted between defoliation
frequency and varieties in a manner similar to shoot numbers, except, that
the varietal order was reversed; Chanticleer had grester weight (table 5.30.).
The complexity of this relationship is discussed in section 10.3.

These varietal differences of crown size, shoot numbers per
plant and individual shoot weight agree with previous reports (sections
ey ZeFel —

It was suggested that the Chanticleer varietysmore 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.) sand
the reversal experiment®s infrequently defolisted 3R and H treztment
shoot growth (table 9.1L4.). In contrast, Wairasu had the greater ratio
for the duration of the main experiment (Fig. 5.10.). Again in this
latter and the reversal experiment, these differences were only existent
or greater for the infrequently defoliated treatments. Zaleski and

Dent (1960) measured a full years lucerne growth and found the stem/leaf

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 intercéption of light (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
similar 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. N
so, genetic varietal differences would only be comparable if the varieties
were grown with similar growth conditions. This would have tended to
be the situation for the basal shoot growth (table 5.27.) and the reversal
experiment's 3R and H treatments shoot growth (table 9.14.). The age
difference between the shoots of these treatments and the older shoot
growth of the main experiment suggests reason for some caution in respect
to the above sem/leaf ratio discussion.

In the literature, it has generally been agreed that 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 (fable 9.2.), the first plant count showed
Wairau to have significantly (P = 0.0l) 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



172
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
reach the stage of carbohydrate independence (Hodgkinson, 1967) or
critical leaf area (Silva, 1968) soonmer than similar Chanticleer shoots.
In respect to persistence, this suggests that the initial shoot growth
of Wairau will be less dependent on orgenic reserves and hence the concentration
of these would fluctuate less during regrowth. This has been observed
by other workers (section 2.5.). It was also shown here between the
treatments of the reversal experiment; the greater fluctuations of the
TNC%'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 Wairau TN¥'s fluctuated more than those for Chanticleer, particularly
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 have been slightly more persistent than Chanticleer by way
of its earlier leaf development.

The later commencement 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 compensated for its slightly,
although non-significantly 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 Wairau
treatments.

As discussed, there were several significant varietal differences
established in these studies., Possibly the most notable feature was
the frequently observed variety interaction with defoliation frequency.
In most cases, infrequent defoliation was necessary to enable these
varietal differences to be expressed. With frequent defoliation, both
varieties tended to be suppressed to similar 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 2nd Growth.

The various aspects of lucerne growth h=ve been individually
considered in the preceding chapters. It is intended here to briefly dis-
cuss the way in which these aspects collectively contribute to lucerne
yield and nature of growth as observed during these spring growth experimental
conditions.

The unexpected equality of total prodcution over the rance 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 competitive, in its turn. In these
circumstances it is more likely th-=t the more often reported totsl yield
incresse with decreasing defoliation freguency (section 2.3.1.1.) would be

realised. This situstion when considered with the fast lucerne growth
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w other species composition of the 15" tre~tment's second growth
(section 4.3.1.), suggests that spring defoli-tion before full msturity of
previously less frequently defoliated lucerne may result in gresater ennurl
. This would h-ve to be consistent with a2 reasonable replenish-
nt of organic reserves and higher seasonal temperstures and rsdiation
levels (section 3.6.) at the time of this spring defoliation. The faster
lucerne growth is expected to compensate for the reduced other species
composition, Vartha (1967) cemonstrated this, showing that the time of |
the first spring defoliation 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 stage 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 defolistion 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 defoliation. 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



174

growth form, Depending on the variety and species this can result
in a greater residual photosynthetic area after defoliation with an
associated slower loss of vigour (Wolf et al., 1962; Peulsen et al., 1968).
It seems that the 'other weeds' (fiot the grasses »nd clovers) tend to be
transistory sward components. These fluctuaste season=21ly, largely at the
dictates of their inherent seasonal growth, the climatic conditions »nd
the lucerne, grass and clover respective seasonal growth rates snd densities.

During the spring season it has been indicated that the climatic
conditions are important determinants of the lucerne growth obtained. This
is mainly due to the influence of the rising spring temperatures and increasing
solar radiation levels, on the lucerne growth rates. It is also indirectly
due to the differential growth responses of lucerne and the volunteer
species. Soil moisture levels may interact with the above factors, although
in most years this is not a major determinant of spring growth in the
Palmerston North environment.

It has been shown that the range of defoliation treatments were
able to alter the top growth yields of the lucerne plants in three basic
ways:

1. By altering the number of plants per a unit ares.

2. By altering the plant size with an associated change of the
numoer of shoots per a plant.

3. To a lesser extent, by altering the efficiency of individual
shoot growth.

With 1. and 2. there were important varietal interactions.

The plant populations were shown to be a dynamic entities, although
in a declining sense over the period of the experiment (section 4.2.3.).
This precluded any adequate conversion of the plant study results to an
area basis. Although the initial plant number veried considerably between
treatments and varieties, the large consistent plant size difference
between treatments was a greater determinant of the total lucerne shoot
yield obtained. This was particularly so in view of the relative
equality of plant numbers between the extreme treatments at the end of the
experiment. Suggestions have been made as to how these initial 2nd final
shoot numbers came about (section 4.3.3.). They are interesting because

of their divergence from the more often reported cases of plant number
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decreases with increasing defoliation frequency (section 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 was not directly verified for Wairau, the same situation is expected

to have applied as Leach (1969a) made his observations from a study of the

three varieties, Totana, Hunter River »nd Rhizoma. These ranged from
a strong sativa type through to a strong falcata type. Within the H

treatment for each variety of the thesis experiment, there is some

suggestion that for this spring growth there may have been varistions in the
form of this response. The large initial Wsirau shoot numbers compared with
those of Chanticleer, indicated a greater intensity of inter-shoot competition
in the former variety supported by the large amount of whole shoot senescence
(Fig. 5.5.). In these conditions it is probasble that relatively few later
arising shoots would have been important contributors to the totsl shoot
yield. By comparison for Chanticleer, with fewer shoots, each shoot a2rising

{ b Lo CR AU IR I & i
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mean shoot size differences (see above). It would appear th=at for
plants of similar vigour and size, growing in simil=r spring conditions,
that differences of shoot numbers between varieties could result in shoot
yields being similar. Again by comparison, in active growth conditionrs
varietal shoot number and size differences may lead to total shoot yield
dif ferences. Leach (1969a) demonstrated this with Totana which compared
with Rambler had fewer but larger mean shoot weights associated with a
resultant greater total shoot 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 being demonstrated by
Hodgkinson (1967). Leach (l.c.) considered that the lack of this inverse
relationship, which 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 amd crown sizes, potential shoot numbers and shoot
growth efficiency.

The third basic effect of defolirtion, shoot growth efficiency
changes, is additional to the plant size differences. Leach (196R~, 1969»)
observed that the growth of individual shoots was independent of the defoliat-
ion treatment applied. This was only partly upheld here. The inefficient
growth 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 treatment. These treat-
ments were of longer duration and for the frequently defolisted ones, more
severe than those of Leach (l.c.).

It was not possible to ascertain the reasons for this 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.).



177

The reversal experiment (chapter 9) successfully demonstrated the
beneficial direct and 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 shown that the main determinants of lucerne crop top
growth, are plant numbers, shoot numbers per plant, when each shoot commences
to elongate and individual shoot growth efficiency. A further important
factor in this study was the high incidence of whole shoot senescence.
Compared with other work, this was a major determinant of shoot yield in
the later growth stages of the longer term treatments of the main experiment.
For both varieties, this appeared to be the msin determinant of the final
shoot yields of the 3R and H treatments. Two reasons are suggested for the
hirh incidence of shoot senescence in this experiment. As discussed (section
6.3.), this is more likely for sward growth with the associated greater climatic
and competitive growth limitations. It may also be more prevelent in
circumstances of slower growth over long periods, as here in the spring, when
some shoots may have died from a basic aging process. The growth period
through to the hay stage was 12 weeks compared to the 4 to 6 weeks in the
summers, In this latter case with vigorous plants, the oldest shoot age
would be considerably less at crop maturity with probably much less whole
shoot senescence. Thus there may be an inverse relationship between the
incidence of whole shoot senescence and crop growth rate. This senescence
loss is a productive loss, but far less so physiologically becruse 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 greater proportion of early elongating shoots may be in providing light
competition inhibiting the growth and establishment of the other species
after defoliation.

Leaf senescence was extensive and also an important source of dry
matter loss after the first 4 to 5 weeks of spring growth, slthough fo?
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 organic reserves in regrowth. The recorded spring, post-
defoliation and treatment responses largely agreed with previous reports
(sections 2.2.2.4 2¢3¢1¢3: )0

,



CHAPTER 11.

SUMMARY AND CONCLUSIONS

The production, botanical composition and persistence of two
varieties of lucerne which were and had been previously defoliated at
different defoliation frequencies were studied in the field. These
were defoliating at shoot growth heights of 3", 9" and 15" and at a
hay stage of growth. They were combined with measurements of the
responses of single lucerne plants in the sward for which the 3" treatment
was grown to the hay stage of growth. These were plant size, growth
form, growth efficiency, and their organic reserve composition. Further,
the nature of the lucerne plants regrowth in these sward conditions, the
amount and nature of senescence and the lucerne canopies physiognomy
and the related manner of light interception, were studied both
ind ividually and as they were affected by the defoliation treatments
used. Varietal differences or similarities were compared at all levels.

The effect of spelling part of the 3" defoliation heighteggﬁatments
and frequently defoliating part of the hay stage treatments was/considered as

it affected their respective recovery and loss of vigour.
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Chapter 4,

1. Lucerne production decreased with increasing defoliation
frequency, with s concommittant increase of volunteer species.

2. Early spring high levels of volunteer species caused total
production to be similar between treatments

3. There was evidence that an earlier first spring defoliation
(15" growth stage) may give greater lucerne yields and volunteer species
control, providing seasonal temperatures and solar radiation levels have
increased sufficiently.

L4, Lucerne persistence decreassed with increasing defoliation
frequency in terms of reduced plant size, but with little difference for

plant numbers.
Chapter S.

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. Similar shoot number (greater than 1 cm.) per plant differences
were measured, but with a highly significant varietal interaction.

Wairau had a wide range; Chanticleer had a narrow range.

L, The distribution of dry matter between plant parts was
proportionately simil-r for all treatments. Between varieties, Wairau
tended to have larger crown and stubble dry weights.

5. Wairau peak shoot growth and shoot numbers per plent were
related to the initial root plus crown size; Chsnticleer had a poor
shoot number relstionship, and a proportionately grester shoot
productivity as plant size incressed (equivalent to decreasing defoliation
frequency).

6. As defolistion 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 defolisated 3R treatments had a lower

relative growth rate than the H treatments. The Chanticleer 9C and 15C
treatments tended to be similar fo the HC treatment.
9. Over all treatments there was a close relationship between
total leaf and total shoot growth.
10. For Chanticleer, the importance of the number of shoots and

when each starts elongating as determinants of total yield was confirmed.

n
e

hoots starting to elongate in the first 3-4 weeks (early spring) had

imilar s} t heigl vth ra .
mil shoot height growth tes
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11. Significant new basal shoot growth occurred in all mature
treatnents before flowering.

12. Shoot height estimation was not a good practical or physiological
criterion of stage of growth.

13. TFor this spring growth, new basal shoot appearance was a

preferable criterion for efficient hay stage defolistion.

1. Considerable leaf senescence occurred in treatments grown
to maturity.

2. The evidence indicated that the rate of leaf senescence was
increased and leaf longevity reduced with faster shoot height growth
rates due to quicker shading by higher growth.

3. Whole shoot senescence was a major determinant of lucerne
rield, and tended to be greater with higher shoot densities.

4, There were treatment differences of relative leaf area
height distibution associated with varietal differences, crop age and
other species content.

5. Light transmission patterns showed a relatively even decrease
of light with canopy depth in the immature growth measured. Light ~
transmission patterns and leaf area distribution tended to be related in

Chanticleer, but less so for Wairau.
Chapter 7.

1. Total non-structural carbohydrates (INC) a2nd tot=2l nitrogen (TN)
percentages 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
conpared to the previously infrequently defoliated plants.

3. Roots had greater TNC% and concentration fluctuations than
crowns during growth, In contrast, crowns had grester TN/ than roots,
with this difference being greater for the 3R treatment plants.

4, During the spring growth,TNC% followed the typical cyclic

vattern. TN% decreased steadily, only increasing during mature growth.
5. During the winter, TNC% decreased while TN% increased.
6. TNC% at defoliation appeared to be largely determined by the

length of the growth period and hence energy availability rather than
the previous defoliation treatment. TN%'s were less readily changed by
changes of defoliation frequency.

7. DBetween treatments, root and crown dryleights, were greater
determinants of the respective treatment TNC and TN weights, than the TNC
and TN concentrations.

8. Dark grown shoot growth was an indication of the ecarbohydrate
reserve weights and regrowth potential on an area basis. Sonme limitations

were discussed.
Chapter 8.

1. Shoot height growth rates of immature lucerne were correlated

with spring temperatures.
Chapteéer 9.

The plants of the 3R treatment showed good recovery of growth
vigour, but were productively restricted by their still smzll size
and limited shoot numbers. TNC% were very high, while TN% had 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%, although reduced were still reasonably high.,

Hence, growth efficiency, plant size and plant morphology weré
modified. Differences of organic reserve levels were important

aspects, particularly TNC concentrations.
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Chapter 10.

1. Between varietlies, Wairau had larger crown dry weights,
greater shoot numbers and a greater plant size variability for the
less freguently defoliated treatments., There were indications that

irau was more persistent than Chanticleer.although plant number
differences were variable.

2. The development of these varietal dilfferences required an
inTrequent defoliation management,

3. The spring growth of Wairau had the greater stem/leaf ratiocs,
contrary to most other reports for this lucerne type (more falcata)

L. In conclusion, reduced lucerne yield from increasing defol-
iation frequency was evidenced by reduced plant size, shoot numbers
and with higher defoliation frequencees, reduced shoot growth effic-
iency. Plant numbers were less affected, while whole shoot senescence
was an important shoct yield determinant during later growth.



12 BIBLIOGRAPHY

Alverda, T., 1957. The effects of cutting, light intensity and night
temperature on growth and soluble carbohydrate content of
Lolium perenne L. Pl. Soil, 8, 199-230.

, 1966. The influence of reserve substances on dry matter

Arnold, G.W., 1960. Selective grazing by sheep of two forage species
s of growth. Aust. J. agric. Res., 11, 1026-1033,
7ocd, E.Ae« 1959, Studies on the root development
of herbag lants. 1V. Seasonal changes in the root and stubble
weights of various lays. J. Brit. Grassld. Soc., 1L, 94-104.
Bailey, R.W., Allison, R.M.and O'Connor, K.F., 1970. Protein carbohy-
drate composition of lucerne grown in Canterbury. Proc. KN.Z.
Grassld. Ass., 32, (in press).
1970a. Pers.Comm, Grasslé. Dive. D.S.1.Re NoZo
Benson, N.R., Degman, E.S. and Chmelir, I.C.196%1. Translocation and
re-use of boron in broccoli. Plant Physiol., 386, 295-301.
Bolton, J.L., 1962. In " Alfalfa " by J.L.Bolton, Ed. N. Polunin.
Vlorld Crops Series. Leonard Hill (Books) Limited, London.
Interscience Publishers Inc., New York,
Bommer, D.F.R., 1966. Influence of cutting frequency and nitrogen
level on the carbohydrate reserves of three grass species.
Proc. X intern. Grassld. Cong., 156.
Bray, R.A., 1967. The effect of creeping rootedness on survival in
lucerne. Aust. Inst.agric. Sci., 33, L6-47.
Brougham, R.W., 1956. Effect of intensity of defoliation on regrowth
of pasture., Aust. J. Agric. Res., 7, 377-387.
» 1959, Effects of frequency and intensity of grazing on the
productivity of a pasture of short rotation rye grass and red
and white clover. N.Z2, J. agric. Res., 2, 1232-1248.
»1962. The leaf growth of Trifolium repens as influenced by
seasonal changes in the light environment. J. Ecol., 50, L4S-459.
Brouwer, R., 1965. Ion absorption and transport in plants. Ann. Rev.
Plant Physiol., 16, 241-266.




184

Brown, B.A., and Munsell, R.I., 1942. The effect of cutting systems
on alfalfa, Conn., Univ. Storrs. agric. Exp. Stn. Bull. 242,

Brown, R.H., and Blaser, R.E., 1965, Relationships between reserve
carbohydrate accunulation and growth rate in orchard grass
and tall fescue., Crop Sci., 5, 577-582.

s 1970. Soil moisture and temperature effects on growth and
soluable carbohydrates of orchard grass (Dactylis glomerata.).

" , Dunton, H.L., 1966a,., Leaf area index and apparent
photosynthesis under various microclimates for different

re species. Proc. X intern. Gressld. Cong. 108-113.

Bryant, H.T., and Blaser, R.B., 1963. Effect on defoliation of four
as and one birdsfoot trefoll variety on yield of tops
and roots, Bull, 548 Va,., agric. Exp. Stn.

_— -

Bula, R.d., and Smith, Dale, 1954. Cold resistence and chemical com-
position in overwintering alfalfa, red clover and sweet clover.
.&"’I‘On. J., _‘!:é, 397"“07.

urlison, W.L., Sears, O.H., and Hacklemen, J.Ce, 1930, Growing Alfalfa

te

in Illinois. Bull. 349. 111, agric. Exp. Stn.
Burt, J.R., 1964 . Automated analysis of sugar phosphates. Anal. Biochem.,
9, 293-302.

Busbice, Thad H., and Hanson, C.H., 1969. Selection for improving creep-
ing-rooted characteristics in alfalfa. Crop Sci., 9, 2u44-246.

Busch, R.H., and Davis, R.L., 1969. Correlations among root. and aerial
characteristics of crosses between creeping rooted’'and non-creeping
Medicago sativa L. Crop Sci., 9, 376-377.

Butler, G.W., Greenwood, R.W. and Soper, K., 1959. Effects of shading
and defoliation on the turnover of root and nodule tissue of
plants of Trifolium repens, Trifolium pratense and Lotus ulig-
jnosus. N.Z. J. agric. Res., 2, 415-426,




185

Carlson, F.A., 1925, The effect of soil structure on the character
of alfalfa root-systems. J. Am., Soc. Agron., 17, 336-345.

Carlson, G.E., 1966a.Growth of clover leaves after complete or par-
tial leaf removel, Crop Sci., 6, 419-L23,

, 1666b. Growth of white clover leaves after leaf removal, Proc.
X inter. Grassld. Conf., 134-136.

Causley, D.C., 1968, Technique to determine lucerne's potential for re-
growth, Aust. Grassld. Conf., 1, section ta., 22-23,

Chisci, G.Cs, 1568, Differential behaviour of individual characters of
? 3
lucerne varieties cultivated as spaced plants and broadcast sward.

i
Acta, Agric. Scand. 1966. Suppl. 16, 267-274. (Seen in Herb. Abstr.,
Chu, A.C.P., 1971. Effects of shading and defoliation on the nodulation

and nitrogen fixation of white clover (Trifolium repens L.).

Sce. Thesis, Massey University, N.Z.

Clezents,R.J., 1970, Pers. Comm, lassey University. N.Z.

Coop, I.B., 1967. The value of lucerne after conservation. In The Lucer-
ne Crop.Bd.R.H.ll.Zanger, Pub. Reed. Wellington. 283-289.

Cooper, C.S., and Watson, C.A., 1968. Total available carbohydrates in

oots of sanfoin (Onobrychis vicize folia Scop.)and alfalfa

zgo sativa L.)when grown under several management regimes.
T ] § 83—8

e
Ui

ic
rop Sc¢

Q

-

Cowett, Z.R. and Sprague, M.A. 1962. Factors affecting tillering in
alfalfa. Agron. J., 54, 294-297.

5 , 1963, Effect of stand density and light intensity on
the microenvironment: and stem production of alfalfa. Agron, Jd.,
ii s 14-32-'}-{-35 .

Crafts, A.S., 1967. Bidirectional movement of labelled traces in Soy-
bean seedlings. Hilgardia, 37, 625-638.,

Crowder, L.V. Vanegas, J. and Silva, J., 1960. The influence of cutt-
ing interval on alfalfa production in the high Andes, Agron. J.,
52, 128-130.



186

Cullen, N.A., 1967. Establishment and management of lucerne grass.
In The Lucerne Crop., Ed. R.H.M.Langer., Pub. Reed. Wellington.

Daday, H.2 1962, Breeding for creeping root in lucerne (Medicago
). Aust. J. agric. Res., 13, 813-821.

, 1968, Heritability and Genotypic and environmental correlations
of creeping root and persistency in Medicago sativa L. Aust. dJd.

(=]

Agl"iC. RGS., ﬁ, 27—3‘1—1-0

Dann, P.R., 1968. The effect of mowing of defoliated stems on regrowth
of a first year lucerne lucerne stand. Aust. Inst. agric. Sci.,

_72&, 39"'}4-0 e

Davidson, J.L. and Milthorpe, F.L. 1965 Carbohydrate reserves in the

3
regrowth of cocksfoot (Dactvlis glomerata L.). J. Br. Grassld.
SOCQ, _2_Q, 15“{(8.

. ,1966a, Leaf growth in Dactylis glomerta following de-
foliation., Ann. Bot, Lord. N.S., 30, 173-184.

) , 1966b. The effect of defoliation on the carbon balance
in Dactylis glomerata. Ann. Bot., Lond. N.S., 30, 185-198.

Davies, W.E. 1957. Herbage legume research at Aberystwyth. World crops,
9, 103-106.
, 1960, The relative effect of frequency and time..of cutting
lucerne. J. Br. Grassld. Soc., 15, 262,

, and Davies, R.O., 1956, The yields and composition of lucerne,
grass and clover under systems of managements. J. Br. Grassld.
SOC., 1'1, 12?_139'

, , and Harvard, A., 1960, The yield and competition of
lucerne, grass and. clover under systems of management. 3. The
effect of nitrogen and frequency of cutting. J. Br. Grassld. Soc.,

15, 106,
Davis, R.L. and Buker, R.J.., 1966. Relationships among seedling height,



187

greenhouse regrowth, fall height and spring height in Med-
icago sativa L. Crop. Sci., 6, 201-204.

fixation. Roth. Exp. Stn. Rep., part 1, 10L-105.

~

Dennis, R.E., Herrison, C.M. and Erickson, A.E., 1959, Growth resp-
onsgs of Alfalfa and Sudan grass in relation to cutting prac-
tices and soil moisture. Agron. J., 51, 617-621.

Dent, J.W., 1955, Seasonal yield and composition of lucerne in relat-
to spring cutting. J.Brit. Grassld. Soc., 10, 330-340.

Deriaz, R.E., 1961. Routine analysis of carbohydrates and lignin in
herbage. J. Sci. Food Agric., 12, 152-160.

Dermine, P., Hidiroglou, M., and Hamilton, H.A., 1967. Effects of temp=-
erature on yields and hydrolyzable carbohydrate content of
alfalfa and timothy seedlings. Can, J. Pl. Sci., 47, 523-531.

Dexter, S.T., 196L. Alternate three-cutting systems for alfalfa.
Agron. J., 56, 386-388.

Dilz, X.,1966. The effects of nitrogen nutrition and clipping frequency
on regrowtn of pereniiial ryegrass., Proc. X intern. Grassld,
CONiBey

Dobrens, A.K., Massengale, M.A., and Phillips, W.S., 1965. Floral init-
iation in alfalfa (Medicago sativa I.). Crop. Sci., 5, 572-575.

s sy 19066, Season of year and sugar content iafluence on
alfalfa seed production. Progve. agric. Ariz., 18, 18-19.
Dornhoff, G.M. and Shibles, R.M., 1970. Varietal differences in net
photosynthesis of soybean leaves., Crop. Sci., 10, L2-45,
Dotzenko, A. and Aklgren, G.H., 1950. Response of alfalfa in an alfalfa
bromegrass mixture to various cutting treatments. Agron. J., 24

5 s 1951. Effect of cutting treatments on the yield, botan-
ical composition and chemical constituents of an alfalfa-bro-
megrass mixture, Agron. J., 43, 15-17.

Edmonds, D.B., 1966. The influence of animal treading on pasture growth.
Proc, X intern. Grassld. Cong., 453-458.



188

Ehara, K., Maeno, N. and Yamanda, Y., 1966. Pyysiological and Ecol-
ogical studies on the regrowth of herbage plants. 4. The ev-
idence of utilisation of food reserves during the early sta-
ges of regrowth bahiagrass (Paspalum notatum Flugge) with

1hn

U02. J-. Jap. SOC. GP&SSld. SCi., l_g_, 1"13.

K., 1960. Anatomy of seed plants. Wiley, New York.

! 4
W
fu
£
A
p_
L
L

b

ahn, A., 1967. Plant Anatomy. Oxford Pergaman press.

b

arragher, M.A., 1968, Lucerne investigations. 1. The agronomic behav-
icur of South African and other varieties of lucerne from the
southern hemisphere under Irish conditions. Ir.J.agric. Res.,

Ls 73=79.

Peltner, K and Massengale, M.A., 1965, Influence of temperature and
narvest menegement on growth level of carbohydrates in the
roots and survival of alfalfa (lledicago sativa L). Crop. Sci.,
5, 585-538.

Puess, F.W., and Tesar, ¥.B., 1968, Photosynthetic efficiency, yields
and leaf loss in alfalfa. Crop Sci., 8, 159-163.

Carza, T.R., Barnes, R.F., lott, G.0. and Rhykerd, C.L., 1965, Influ-
ence of light intensity, temperature and growing period on
the growth, chemical compositiom and digestibility of Culver
and Tanverde alfalfa seedlings. Agron. d., 57, 417-420.

Ginzourg, B.Z., 1958. The correlation between root and shoot growth
of lucerne. 1. The time relationship of root and shoot growth.
Bull. Res. Conn., Israel D.Bot., 63, 125-134. (Seen H.A., 29,
491).

Gist, G.R., and Mott, G.0., 1957. Some effects of light intensity, tem-
perature and soil moisture on the growth of alfalfa, red clo-
ver and birdsfoot trefoil seedlings. Agron. J., 49, 33-36.

Graber, L.F., Nelson, N.T., Luekel, W.A.,and Alberbt, W.B., 1927.
Organic food reserves in relation to the growth of alfalfa
and other perennial herbaceous plants. Bull. 80 Univ, Wisc.
agric, Exp. Stn,



189

Jraber, L.F. and Sprague, V.G., 1938. The productivity of alfalfa as
related to management. J. Am. Soc. Agron., 30, 38-54.

Grandfield, C.0., 1934. The effect of the time of cutting and of winter
protection on the reduction of stands in Xansas Common, Grimm
and Turkestan Alfalfas. J. Am. Soc. Agron., 26, 179-188.

resérves in alfalfa roots,
Se Jo ugric. RGS., io_, 69?_7090

s 1935, The trend of organi

[H
o
by
O
(o}

w

as affected by cutiing practic

ood reserves and their translocation to the crown
-
el

and drought resistence in alfalfa,

965. Potassium retranslocation in
gare, Aust, J. Biol. Sci., 18, 235-247.

Griffith, Z. and Ramsay, A.A., 1932. Lucerne cut at various stages of
growth. Agric. Gaz. N.S.W., L3, 657-667.

Gross, D.He, Wilsie, C.P. and Pesek, J., 1958. Some responses of

Agron. J., 50,

—

Grotelueschen, R.D. and Smith, D., 1967. Determination and identif-
£ £ non-structural carbohydrates removed from grass
and legume tissue by various sulphuric acid concentrations,

takadiastase and water., J. Agric. Food Chem., 15, 1048-1051.

fale, C.,R. and Weaver, R.J., 1962, The effect of developmental stage on
direction of translocation of photosynthate in Vitis vinifera.
Higardia, 33, 89-131.

Harrison, C.dl., 1939. Greenhouse studies of the effect of clipping
the tops of alfalfa at various heights on the production of
roots, reserve carbohydrates and topgrowth., Pl. Physiol.
Lancaster, 1L, 505-516.

Heinrichs, D.H., 1963. Creeping alfalfas (lucernes). Adv. Agron.,
15’ 317—338 .

-r

, and Nielsen, K.F., 1966. Growth responses of alfalfa varieties
of diverse genetic origin to different root zone temperatures.
Can. Jt Plant SCi., LLé’ 291_’2980




190

Heipko, G.,1959. An investigation of the metabolism of reserve subst-
ances of perennial fodder plants cut several times per year.
Z. Acker u PfL Bau., 108, 339-36L4, English Summary.

Hildebrand, S.C.,and Harrison, C.M., 1939. The effect of height and
frequency of cutting lafalfa upon consequent top growth and

Ho, L.C., and Peel, A.Z., 1969. Investigation of bidirectional move-
ment of tracers in sieve tubes of Salix Viminalis L. Amn, Bot.,
33, 833-8LL.

Hodgkinson, K.C., 1567. Studies on the pyysiology of regeneration of
lucerne (lledicago sativa L.) Ph. D. thesis Univ. of New Eng-
land. N-chjo

, 1968. Studies of the regeneration of lucerne (Medicago sativa L.)

Review of Ph. D. thesis Univ. of New England. N.S.V. 1967.
J & Austs inste Agrice. Sei. 34, 221.

, 1969, The utilisation of organic compounds during the regener-
ation of lueerne. Aust. J. biocl., Seci., 22, 1113-1115.

, 1970. Physioclogical Aspecis of the regeneration of lucerne.
Proc. XI. Intern. Grassld. Cong. 559

Hopkinson, J.M., 1964, Studies on the expansion of the leaf surface.
J. Exp.; 15, 125-137.

—, 1966, Studies on the leaf expansion of the leaf surface. Vi.
Senescence and usefullness of old leaves. J. exp. Bot., 17,
726-770.

Humphreys, L.R. and Robinson, A.R., 1966. Sub-tropical grass growth.
1. Relationship between carbohydrate accumulation and leaf
area in growth. Qd. J. agric. anim. Seci. 23, 211-259.

Iversen, C.F., 1967. Grazing management of lucerne. In the Lucerne
Crop. 2d., R.H.M.Langar, Pub. Reed. Wellington. 129-133.



191

Iversen, C.F., and leijer, G., 1967. Types and Varieties of lucerne,
In The Lucerne Crop. Ed. R.H.M.Langer, Pub. Reed. Wellington.
7L~8l.

Jackobs, J.A., 1950. The influence of spring clipping, interval between
cuttings and date of last cutting on alfalfa yields in the Yak-
ima Valley. Agron, J., 42, 594-597,

, and Oldmeyer, D.L., 1555. The response of four varieties of alfal-
fa to spring clipping, intervals between clippings, and fall
clipping in the Yakima Valley. Agron. J. L7, 169-170.

nsen, G., 1925. The relationship of organic root reserves and other fac-

¢y
W

tors to the permanency of alfalfa stands. J. Am., Soc. Agron.,
21, 895-911.

Jacques, W.A. and Edmond, D.B., 1952, Root development in some common
New Zealand pasture plants. 5. The effect of defoliation and
root pruning on cocksfoot (Dactylis glomerata) and perennial
ryegrass (Lolium verenne), N.Z.J.Sci. Technol. 3L, Sec. A, 231-248,.

Joy, K.W., 1667. Carbon and nitrogen sources for protein synthesis and
growth of sugar-beet leaves. J. exp. Bot., 18, 140-150.

™

Jung, G.A. and Smith, D., 1961. Trends of cold resistence and chemical
changes over winter in the roots and crowns of alfalfa and med-
ium red clover, 1. Changes in certain nitrogen and carbohydrate

ractions. Agron. J. 53, 359-36L.

-

P, and Radeliffe, J.0., 1970. The influence of cutting frequency

Cq

b

(@]
-

on the yield, composition and persistence of irrigated lucerne,
A‘J.St. Ja EXPQ A.gr‘ic. Anim- Hqu-’ iQ_, ‘]—I-8-52-

XKehr, W.R. and Gardner, C.0., 1960. Genetic variability in Ranger alfalfa.
AgI‘Oh. J., _5_2’ )-L1—}-;-Ll--

» Conrad, E.C., Alexander, M.A. and Owen, F.G., 1963. Performance
of alfalfas under five management systems. Res. Bull., 211,
Univ. Nebr. Agric. Exp. Stn., Lincoln, Nebraska.

Keoghan, J.M., 1966, The effect of defoliation on the regrowth and leaf
' area index of lucerne. M. Agr. Sc. thesis, Lincoln Coll. Univ.
Canterbury, Ne Zealand.



192

Keoghan, J.M., 1967. Effects on cutting frequency and height on top
growth of pure lucerne stands. In the Lucerne Crop. Ed. R.H.M.
Langer. Pub. Reed. Wellington. 117-128.

sy 1970. The growth of lucerne following defoliation., Ph. D. thesis,
Lincoln Coll., Univ. Canterbury, N.Z,

Kilcher, M.R. and Heinrich, D.H., 1966.Persistence of alfalfas in the
ture with grasses in a semi-arid region. Can., J. P1. Sci.,

L6, 163-167.

Kin R.W. and Lvans, L.l., 190}. Photosynthesis in artificizal commun-
9
ities of ‘a’f’:‘.‘-\,‘—‘at, lucerne and subterranean clover plan'ts. Austo,

J. biOl. SCi., 2_9’ 623_6350

Kramer, P.J., 1956. Rocts as absorbing organs. Encyclopedia of Plant
- Physiology., 111, 188-214.

Kust, G.A. and Smith, D., 1961. Influence of harvest management on level
of carbohydrate reserves, longevity of stands and yields of hay
and protein from Vernal alfaelfa. Crop. Sci., 1, 267-269.

Langer, R.H.M., 1967. Responses of lucerne to temperature and light. In
the Lucerne Crop. Ed, R.H.M.Langer, Pub., Reed. Wellington.
117-128.

ns Steinke, T.D., 1965. Growth of lucerne in response to height

il

b
and frequency of defoliation. J. agric. Sci. Camb., 64, 291-295.
Langille, J.E., MacLeod, L.B. and Warren, ¥.S5., 1965. Influence of har-
vesting management on yield, carbohydrate reserves, etiolated
regrowth, and potassium utilisation of alfalfa. Can.J. Pl. Sci.,
45, 383-388.

Larson, X.L. and Smith, D., 1963. Association of various nonphoogical
characteristics and seed germination with the winterhardiness
of alfalfa, Crop Sei., 3, 234-237.

Leach, G.J., 1968. The growth of the lucerne plant after cutting: the
effects of cutting at different stages of maturity eand at 4diff-
erent intensities. Aust. J. agric. Res.,, 19, 517-530.

, 1969a. Shoot numbers, shoot size and yields of regrowth in three
lucerne cultivars. Aust. J. agric. Res,, 20, L25-434.



193

Leach, G.J., 1969b. The survaval in South Australia of Hunter River,
African and creeping lucernes after extended periods of severe
grazing. Aust. J. e€xp. Agric. Anim. Husb., 9, 517-520.

s 1970a. Shoot growth on lucerne plants cut at different heights.
Aust. J. Agric. Res., 21_, 583-591. !

Leach, G.J.; 1970b. Growth of the lucerne plant after defoliation.
Proc. XIth, intern. Grassld. Conf. 562-566.

, 1670¢. The effects of cutting frequency on yield of the Hunter
River lucerne grown at wide and close spacing in the Mediter-
annean climate of South Australia. Aust. J. exp. Agric. Anin,
Husb., 10, 582-587.

s 1971. The relation between lucerne shoot growth and temperature.
Aust. J. agric. Res., 22, L9-59.

Leopold, C.A. 1964, Plant growth and Development.Mc Graw-Hill.

Levesque, M. and Kitcheson, J.W., 1963. The influence of variety, soil
temperature and phosphorous fertiliser on yield and phosphor-
ous uptake by alfalfa. Can. J. Pl. Sci., L3, 355-360.

Lobb, W.R., 1967. Irrigation, management and fertiliser interactions.
In The Lucerne Crop. BEd. R.H.M.Langer., Pub. Reed. Wellington.
150-158.

Ludwig, L.J., Saeiki, T., and Evans, L.T., 1965. Photosynthesis in art- ~
ificial communities of cotton plants in relation to leaf areza.
1. Experiments with progressive defoliation of mature plants.
Aust, J, Biol. Sei., 18, 103-118.

Lukezie, F.L., Bloom, J.R., and Levine, R.G. 1969.Influence of top removal on
the carbohydrate levels of alfalfa c¢rowvns and roots grown in
a gnotobiotics environment., Can. J. Pl1. Sci., 49, 189-195.

Markus, D.K. and Battle, W.R., 1966. Soil and plant responses to long
term fertilisation of alfalfa (Medicago sativa L.). Agron.
J., 57, 613-616.

Marshall, C. and Sagar, G.R., 1965. The influence of defoliation on
the disrribution of assimilates in Lolium multiflorum . L.
Ann, Bot. Lond.N.S. 29, 365-370.




194
lMarshall, C. and Sagar, G.R., 1968, Performance of four pasture mixtures
defoliated by mowing or grazing with cattle or sheep. Agron.
J., 60, 281-285, '

A.G., Mott, G.0. and Bula, J., 1962, Vegetative development of
alfalfa seedlings under varying levels of shading and pottasium
fertilisation. Agron. J., 54, 541-543.

May, L.H., 1960. The utilisation of carbohydrate reserves in pasture
plants after del ollatlo“. Review Article. Herb. Abstr., 30,
259-245.

and Davidson, J.L., 1958. The role of carbohydrate reserves in
regeneration of plants. 1. Carbohydrate changes in subbterr-
znean clover following defoliation. Aust. J. agric. Rese., Jde.

767-777 .

Meyer, J.H. and Jones, L.G., 1962. Controlling alfalfa quality. Bull.
78l Cal, agric. exp..Stn.

Mitehell, K.J. 1955. Growth of pasture species. 2. Perennial ryegrass
(Lolium perenne), cocksfoot (Dactylis glomerata) and paspalum
(Paspalum dilatum), N.Z.J.Sci. Technol., 37, 8-26.

r———y

1. Growth at various levels of constant temperature. N.Z.J.
Sei.Technol., 38, 203-215.

~

6. Growtnh of pasture species under controlled environment.

U

, 1957. The influence of nitrogen and moisture supply on the

growth of pastures during summer, Emp. uq/dgrlc., 25, 69-78.

—————, 2and Calder, D.M., 1958. The light reginc within pastures.
N.Z. J. agric.Res., 1, 6168,

————, and Denne, M.P., 1967. Defoliation and root development of
lucerne. In The Lucerne Crop. Ed. R.H.M.Langer. Pub. Reed.
Wellington. 22-27.

Monson, W.G., 1968. Effects of subsequential defoliation, frequency
of harvest and stubble height on alfalfa (Medicago sativa, L).
Agron. J. 58, 635.

Murata, Y. and Iyama, J., 1963. Studies on the photosynthesis of for-
age crops. 2. Influence of air temperature upon the photo-
synthesis of some forage and grain crops. Proc. Crop Sci.

Soc. Japan., 31, 311-322.




Nelson, C.J. and Smith, D., 1969. Growth of birdsfoot trefoil and alfalfa. IV.
Carbohydrate reserve levels and growth analysis under two temperature
regimes. Crop Sci., 9, 589-591.



Nelson, N.T., 1925. The effects of freguency of cutting on the prod-
uction of root reserves and behaviour of glfalfa, J. Am,
Soc. Agron.y 17, 100=113.

BT b = 9 A ORI 70, PN EE A 0 e 2 wrpd= £ J y = A
Nelson, C.Jd. and Sunith, D,, 1566za. Crowth of birdsfoot trefoil &nd
T L T T - 3 T AT ST 3 A -y A 2 AT ot s
alfeifa.ll. lorphological dewvelopment and dry matter disuri-

’ s, 1968b, Growth of birdsfoot trefoil and alfalfa.lIiI,
Changes in carboaydrate reserves and growth analysis under
field conditions. Crop Seci., 8, 25-28,

=
w
¢
=
m
g
o
0
ct
>3
&
I
m
-
0
\n
i-—-;

The influence of cutti
orgenic root reserves and dry matter production in

-

= e ¢ L = e e P { SR < S
Azrsk. XK. VetHojsk., 109-137. (seen in Zerd

-

BES e oo ol 1.5 P N g 2 oD 4 oaa T T e T e AR .
NAQLESERy Tulls &G LSgaar] | g SO0 RCLS ISR OSTNIeEn IpCT &l
p— - i — =, - - - iy .y A - o oy - -
B R o L e = P B0 JIWRUBEIVED Li. JECCINNE o SaalinoitlN
TR S Sy ey Sy
- - v o -u_.-_u__,J__uu.,,.__. (R - oW
3o ~ r o R | e LR e o s RS S et YT oL A e -
— e s o S, N == L uu--;-._.) e S L sl LSS LS AL oL L i _.v.....‘_..u..-..u (SRS ek
. B = mm A e e S e ) AR L 2 T - Ty o iy
Sanloll .l SEELCAL CQEDOESLV1igolL O Luegine, I2CC. Col
= e PN i e A | ~ - v r‘-’""’? )""-‘j
S o P, e Jelor S s Yol
Rt s o el (5P u_‘»..-...:l..;_-.'\..... U“'"u' 7 i | af.J_q
~t . - 7 e o | A 7 T an - -~ —~ = - & m e T R NN e ¥
U wONNOI, Ll e, I907. LucerfNe—-grass assoclacions wae? aiiie¢lc. sov-—-

g2 N e - 4p -

Oswalt, D.l., Betrand, A.R. and Teel, M.R., 1859, Influence of nitrog-
en fertilisation and ciipping on grass roots. Proc. Soil

SCio SOC. Amer., _2__5, 228"'230‘

Palmer, T.P., 1967. Lucerne breeding in New Zealand. In The Lucerne
Crop., Ed, R.H.M. Langer. Pub., Reed. Wellington. 85-93,

Pate, J.S., 1958, Nodulation studies in legumes.I. The synchronisation
of host and symbiotic development in the Tield pea, Pisum
arvense L, Aust. J. Biol. Sci., 11, 366-381.

, 1966, Photosynthesising leaves and nodulated roots as donors
of carbon to protein of the shoot and root of the field
pea (Pisum arvense L.). Ann, Bot. N.S., 30, 93-109.




Pate, J.8., 1968, Physiological aspects of inorganic and intermed-—
iate nitrogen metabolism (with special reference to the
legume, Pisum arvense L.) In Recent aspects of nitrogen

B and Cutting, C.V.

R s " P - 1y T ol = P B N
3 (= 3 W ) uele v X . i _...,l"O_;\,ﬂ COnNG J.a..'.:.f.c, con

II., The significant

o
.es and anino acids released from the rocts. Ann. Bot.

964, Petiole bleeding sap in
a

A
19
tion of nitrogenous subst-

Zeart, G.R., 1968, A compar_son of rotational grazing and stock-
ing of dryland lucerne. Proc. Aust Soc. Anim, Prod., 7,

I
m

rdiness stidies with two-

Peliler, G.L. ard Tysdal, H.M., 1931, !
3

2
d alfalra plants. J. agric. Res., L3, 931-955,

Petersen, M.L. and Hagan, R.M., 1953, Prcduction and quality of
irrigated pasture mixtures as influenced by clipping
frequency. Agron. J., L5, 283-287.

Pilet, P.E., 1965, Polar transport of radioactivity from TQC—labelled
B-indolylacetic acid in stems of Lens cubinaris. Physiol.
Plant., 18, 687-702.

Porter, H.K., 1962. Synthesis of polysaccharides of higher plants.
Ann, Rev, Pl, Physiol., 13, 303-308.

Pritchett, W.L. and Nelson, L.B., 1951. The effect of light inten-
sity on the growth characteristics of alfalfa and bromegrass.
AgI‘OIl. J., i—k}, 172'—1?7.

'U

her, H.C. and Dorrance, A.B., 1938. A study of the time of past-
uring alfalfa., J. Amer, Soc. Agron., 30, 130-13L.



197

Reynolds, J.H. and Smith, D., 1962. Trend of carbohydrate reserves
in alfalfa, smooth bromegrass and timothy grown under
various cutting schedules. Crop Sei., 2, 333-336.

Rhykerd, C.L., Langston, R. and Mott, G.0., 1960. Effect of intensity
and amount of 131

2t on the growth of alfalfa, red clover

gh
and birdsfool trefoil. Agron. Jd., B2, 115149,

Ridgman, W.J., 1960, The effect of height of cutting on the subsequ-

th and yie.ld of lucerne. J+ Br. Grassld. Soc.,

Rixhon, L. and Crchain, A., 1956. Lucerne cultivation on Hesbaye

c
1t loam. 2. Bull. Inst. agron. Stns. Rech. Gembloux,
1964, 32, 514-566. (Seen in Herb. Abstr., 36, 1108.).

ements for the
3-4?6. In Plant Growth
Substances (Skoog). Univ, Winsconsin Press.

Rovins, W.J., 1951. Vitamin and amino ac

o
¢
o)
p’
"3

growth of higher plants. pp. L

P ol . R

Robison, G.D., 1966. Some effects of temperature and leaf area index

on the vegetative growth and carbohydrate reserves of alf-
alfa plants. Diss, Absir., 27, No, 4, 10158,

8t management
rbohydrates,

i T oot ca
plant density and leaf area relationships in alfalfa.
CI‘O_'_O SCi., §_, 'Il.r —‘151¢
Rogers, V.E., 1961, Lucerne variety trials at Deniliquin, N.S.V.

Aust, J. Exp. Agr. Anim. Eusb., 7} 60-66.

» 1967. Adaptability of lucerne to soil and climate. In

The Lucerne Crop. Ed. R.H.M., Langer. Pub. Reed. Wellington.

Roscoe, J.I., 1969. Fundamental Research Statistiecs. Holt, Rinehart
and Winston , Inec,

Rumbaugh, M.D., 1963, Effects of population density on some compon-
ents of yield of alfalfa. Crop Sci., 3, 423-424,

Schonhorst, M.H., Davis, R.L. and Carter, A.S., 1957, Response of
alfalfa varieties to temperatures and day lengths. Agron,
Jde, 49, 142-143,

Scott, D. and Wells, J.S5., 1969. Leaf orientation in barley, lupin
and lucerne stands, N.Z. J, Bot., Z, 372-388,



Sheridan, K.P. and McKee, G.W., 1968. Varietal differences in internode number
and length in ten varieties of alfalfa. Crop Sci., §, 289-290.



198

Sheard, R.W.,1968a. Influence of defoliation and nitrogen on the
development and the fructan composition of the vegetative

reproductive system of timothy (Phleum pratense L.).
CPOP SCiap _‘Ei’ 55-600

, 1968b, Relationship of carvohydrate and nitrogen com-
pounds in the haplocorn to the growih ¢ timothy (Fhleum
pratense L.)., Crop Sci., 8, 658-650,

e 1970, Characterisation of food reserves as a basis for

timing nitrogen applications for timothy (Phleum vratense

L.). Proc. 11th intern. Grassld. Cong., 570-574

Shivles, R.,M. and Veber, C.R., 1965. Leaf area, solar radiation
interception and dry matter production by soybeans,

Crop 8¢iss 55 575-5171«

ey

ations of leaf area and carbohydrate root

determinants of the regrowth potential of
s.Abstr., 29, 1906B,

mith, D., 1951. Root branching of &lfalfa sirains and varieties,
IemS— 1955, Underground development of alfalfa crowns. Agron.

;, 19562, Carbohydrate root reserves in alfalfa, red clover
and birdsfoot trefoil under several management schedules.
Crop 8Seci., =, 75-78.

, 1964, Winter injury and the survival of forage plants.
Review Article, Herb. Abstr., 34, 203-209.

965. Forage production of red clover and alfaslfa under
differential cutting. Agron. J., 57, L63-L66.

2

——— , 19692, Influence of temperature on the yield and chemical
composition of Vernal alfalfa at first flower. Agron, J.,
J—L?O—LL?Q .

, 1969b, Removing and analysing total non-structural carb-
ohydrates from plant tissue. Res Rep. 41, Res, Div, Univ.
Wiscon,




199

eppraisal o s of alfelfe, J. Amer. Soc. Agron.,
=z & (o U 1 =
33, 1h2-152,
= i T 2 3 A T mA o ==

and Nelson, C.d., 1967. Growth of birdsTfoot trefoil and
=T s T - & Wae neg= + et oht arnd Pyvaopiiancs o —4--11'1'-,-
el Ll =~ STO nses To PRI SR VI S RGN __Ct_-_-LsUa..CJ CI Uoitl oo

Sxnith, J.G., Mott, G.0. and Bula, R.J., 196L. Ecological parameters
of an alfaelfa community under field conditions. Crop
SCi @3 _-'I_m."g 577"580-

2
ising Lo-1avelled carbohydrates stored in roois. Cro
~

N oy A 2 A =N
Mol e g e n T v e
T i o g iid et hmmiden f7s T 1 4059 Qdmde 2t o2 A 3 e} = m3
Snedecor, G.V. eand Cochran, W.G., 1968. Statistical MNethods. The

o~y Qe TT-~ = S -
Icwe State Univerzity

o RS g £ 200D g LCIEWRI UL, SR Ay = = W N TR IR . - O -
uG-.-.-;dVG.L.C.'.y ey :C' 2o LASULIDUTIONR a5 e—-gisuibucion o G.I'y nacser

i
in perrenial fodder crons. Neth. J. agric. Seci., 10, L27-

D i e T e = Ta T.. 3 3 - o= T ey A -
Sonregue, V.G. and Graber, L.F., 1958, The utilisation of water by
- Fandd -
alfalfa (lledicago sativa) and .y bluegrass (Poa praternsis)
z = ;w0 £
in relation/managerial treatments. J. Am., Soc. Agron.,

Stannill, G., 1962, The effect of environmental factors on the
growth of alfalfa in the field. Neth. J. agric. Sci.,

Steele, R.G.D. and Torrie, J.H., 1560. Principles and Procedures of
Statisties. MeGraw-Hill Book Company, Inc.

Steinke, T.D., 1963. A study of growth in lucerne in response to
defoliation. Ph.D. Thesis, Lincoln Coll. Univ. Canterbury,
N.Z.



200

by lucerne and associated volan-

ot
(@]
i

1161 47]

b3 w
- W
(=N
()]
fu
ty
1]
]
ct
=
-t
e
&)
]
w
l..l-
=1
=
(@]

3

ct
Ho g
Q
o
3
[
@]
]
o'
o
g
®

Stern, W.X. &nd Doxnald,; C.K., 1962. Light relzticnships in grass-—
clover swards., Aust. d. agric. Res., 13, 599-614.

Btewexd, F.C., Bidwell, R.C.8. and Yeman, B, W,, 1558, Nitrogen
netobolisn, respirstion ard growth of cultured plant

STocky; d.0., 1908. Testing the phenometriec procedure ifor record-—

ing c 8 a
clover and slfelfa yields., Albrecht-Thaer- Arch,, 12,
69~772. (Seen in Herb. Dbstr. 1969. 39, 1575).

Tesar, .3 and Ahlgren, H.L., 1950, Effect of height and frecuency
of ecutiing on the productivity and survivel of ladino clover.
(Trifiolium reni -z L). Agron, Jd. L2, 230-235.

Thonas, M.D. and Eill, G.R.; 1937. The continuous nmeasurenent of
vhotosyathesis, respiration and transpiraticn of alfalfa
ghd viegt groving undepy field eonditiocns. Plent Physiocl:,
.l.g 2 255"307 .

Thomes, R.8., 18657. Plovering and reproduction development in lucerne.
I Ths Lucerne Crop. Za, R.H.M.Langer. Pub. Reed, Welling-
toxn., 195=20L.,

5 g

LroTton,

P ol Y Hotrdl - o A s e =
H.6. and ¥ieol, H.y, 1934. Soue effects of ¢

tiva L)

tops upon the root development of lucerne (Medica
Jo Egl"ico SCi. C&fﬁb., c_?__hg 532-5390
«G., 1950. The induction of lateral roots by indolacatic acid

end root decapitation. Amer, J. Bot., 37, 257-26L.,

R.G.,1965. The influence of light intensity, temperature and
growing neriocd on the growth,chemical composition and
digestibility of Culver and Tanverde alfalfa seedlings.
Diss, Abstr., 26, 125L-1255.

and Gorham, P.R., 1968. Bidirectional translocation of sug-

s in sieve tubes of squash plants. Pl, Physiol. Lancaster,

, 877-882.

0

a

]

i
¥

|



201

r
968, A study of the effect of the freguency of spring

ITY & sy T A
J.SM.IT.E_ :.‘oj i
b . ¢ o . o .
cutiting on the regrowth and resulting yield of lucerne
£ Crn s e T a7 A = " = X i o S
(iledicaro sativa L), ¥. Ags Sc. Thesis, Massey University,
w7
=\ @ g
[, COPORRRY . e Y - e W v o ey (o SRy, m i P =z b = Lo -y s
Lystal, Z.i. ena Kiesselbaeh, Tefey 1939. The differentisl response
St = T b= Ba = P T, P e o B e P o IR 1 3 A - i -
ox eLlellia varieties to time of cutiing. J, 4m. Soc. Agron;,
E 543 aE40
ity 213=015«
T e S i A FCTORTL. . o TESTL O 1 . ~ @l - b A 3 S R = S5 = =
JENoy X, and Smitay D.y 1970, CGrowth and Carbohydrete changes in the
T g P G e I T e 2 paR A NEsTE . eyl 2
rcot wood and bark cof different sized alfalfa plants during
Ao v T - T ] 4 e
regrowtn after culting., Crop. Sei., 10, 396-399,

TFoon kit -~ ¢ o I Hoe X o g % - T ~ers N e A Sl S <~
vere, i, and Isucaniya, Sy 1900. Morpholcgical study of the root of
Ve ] LD P = I = o T ] S el = = e 4+ = i =2 Ty
aifalfa. Effects of defoliation on the root growth. J.Jap.
-, e = - ] i) ~rr
Soc. Grasesld, Seci., 34, 266-270.

Fies i9a Y i e e armdA Ovrar w 4 ], = :
Yai Jiper, G.B.,a2nd Oven, P.G., 19064. = 3
- P R v e ~ s smaT et AR - 3 =

felfa and twwo grasses as related to production, P

&
vy Al e o TR e e ped aodbens s N w = 2 SO £
end avallabile soil moisture. Agron. J., 56, 291-295,

| 57 < ~r o2 T ST S ~ b= v = T, - b W B~

andy e, JONBSE, d.00., L1X1avd, J.5., Koodyy J.2., Brown, A.H,., ani
e o o = Pl e A P 5 & s r & S r .
Slaser, R.Z., 1966. Effects of irrigation and cutting man-
a8y e el 1 wield and botanical 7 a5+ an clected
dIChicllv 0l yieLl & potanical con,0os1itlicrni of selected

» e o - | s - ipsas o1 £ 3 T - )
———, &.Q Blaser, R.i., 1951, Carbohydrate focd reserves and leaf
SrEa s 4 == = = =i & BiC o N - =yl &
area .n regrowth of orchard grass. Crop Seci. 1, 366-370.
T mome ¥ - Aas = (o] = iy -~ o oL o . A R I —
REDCLAZT, L., 15905. The veloecity end pattern of assinmilate translo=
s 3 Ve e &= -] g Py - S A 4 A=
cation in wheat plants during grain development. Aust. Je.

-

ifa, M.M. and Treharne, K.J., 1968, Rate-limiting
processes in photosynthesis at saturating light intensities.
Nature, 220, 453-458.

Werner, M.,H. and Benton Jones, J., 1967, Determination of total nit-
rogen in plant tissue using a Technicon Xjeldahl nitrogen
apparatus. In Automation in analytical chenistry. New York,
Mediad, 1967., 1, 145-148.

Vlerren Wilson, J., 1965, Stand structure and light penetrstion. 1. Anal-
ysis by point quadrats. J. appl. Ecol., 2, 383-390,



202

Vlatkin, B.R., 1954, The animal factors and levgls of nitrogen. J. Brit.
5

T assinmilation rate on leaf

Velnmann JHe; 19486, Underground development and reserves of gresses.
J. BP. Grassld, 86C., 3, 1T15=1L0
o L - e ¥ 7z T £ ez
ieir, R.C,, Jones, L.G,, and ideyer, J.Hs»s 1960. Effeet of cutting
interval and stage ol maturity on the digestibility and yield

«nistler, R.L., and Young, J.R., 1960. Role of hemicelluloses in the
cat plant, Arch., Biochem. Biopays., 89, 1-5. (after Hodgkinson,
1967) .

Whitear, J.D., Hanley, F. and Ridgmen, «93 19 o+ Studies on lucerne
e

iuecerne-grass leys., Vie Puz

Y ] —— -4 ~
inig menagement on the persistence

Wed
ner studies on the effect of graz-
of

a lucerne-cocksfoot ley.

LG Feniiast Qa
e S0 00

S e O (T, ™ =
li...-‘..L\Jh—\Jsi -a.n..a-n) -~

tween leaf
Somds Soma T )
ELIVE Tie )
27=3C.
villard, C.Jd.; 1930. Root reserves of elfelfa with special reference
to Ttime of cutting and yield. J.Amer. Soec. Agron., 22, 595-5602.
o " ’

Williams, W.A., Looamis, R.S., and Lopley, C.R., 1965. Vegetative growth
of corn as arfected by population density. II. Components of
growth, net assimilation rate and leaf area index. Crop Sci.,

5, 215-219,

Wineh, J.E., Sheard, R.W. and Mowat, D.N., 1970, Determining cutting
schedules for maximum yield and quality of brome grass, timothy,
lucerne and lucerne/grass mixtures., J. Br. Grassld, Soces 25,

u+-52 ©



203

Sanders Pub. Co,.,

1968a) .

N R W
clli o}

ana

ition and

cal compos

faenmica

2

b W wa

Ty

Ldl

-~

kel
S P

a

A
~

12
|

o

alLfd

[
/
4

Ranl

oM

SO

as

=3

g e I

¥
[

T

velopnent

1))
'

of leaf

1_‘233 .

o
L ey

L l
e

WL 12IES ,

s
£33

7

]



YEITER 13,

ACE RCGNT, SDGEVENDS
wk ol DA L ST 2Lt e N LD

o
e Aaw i s - - (PR A LY A, Tx -
....... aSeiipts 2180, thanks zre due to Professor E.R. Wat

in who deputised

¥r. G.E. Robinson as supervisor while the latter was awsy on Sabba‘f'lca‘

G. Th

due to the Cremistry dej.rtment through Dr. R.M. Greenway for making
Luto=Analyser available, and for the loan of considerable glassware
in- the extracilons, In this lgttexr content,; the Soil Science

ful, The co-operation of the Food Technology
artment in providing access to laboratory space was much appreciated.
ral thanXs are extended to the various other pecople and departments
vrovided procedural advice, assistance znd sundry items of egquipment.
I wisn to express my thanks to Dr. B.Weir of the Mathematics depart-
for his advice and assistance given with the statistical analysis.
omzs, Mathematics division D.S.I.R. was slso helpful to this end.
assistance and co-operation of the Computer Unit was much apprecisted.
1 thanks are due to Mesdames M. Lane, H. C2mpbell and H. Leyland

at different times were industrious typists.



%S Pl e
-4 l8 HESLE
- oy e [ W gy
& STulyY awara
Wzs &4850 Pro
T
SVUCY .

7]

assi

rate study was carried out while the author was on
Financial
uthor he

asslands Division of D.S.I.R,
John Court Scholarship which the

b=

ta
d

205

B
o

4 7]
=
H o



=== =
= Z:i = ﬂg?§¥a -f
£ ERNE é?‘ﬁﬁeﬁiiégv S=%
= i eas Taa =




Aanw ]
S p—— o
e o S 3 e et —
-,
e w

(RN

xo?

-—
18]

M

D £ o e - L N, Ly B o T
Ohe Szmple of root weight adjustument calculat



206

APPENDIX 14

A SUM/.FY OF THE ORIGINAL EXPERIMENT

This experiment was sown down in November, 1965. Details of
zstablishment were provided by Tsuma (1968). Cther descriptive aspects

the experimental
3.1.) [Seetien 5.2.3,
wLle Jo

The remaining

continuous grazing

(32
(2) only the first summer hay cut and then left
uneut, =2nd

(3) a treatment of no cutting.

In the spring of each year 211 tremtments were spelled wnile two
crops were taken, after which the respective treatments were aspplied
h to the late autumn. The treatment period usurlly commenced in
late December.

n the Spring of 1968 (the year preceding the thesis experiment),

the then residual effects of the =2pplied treatments were measured. Two
single cut production harvests were made on the 9th of November and th
ilth of December, the dry weight being determined. From a sub-sample

bYotanical analysis, the productive dry weight of lucerne and other
species were determined. These measurements and some later point aznalysis
results obtained in late November, are presented for the four treatments of

-

the thesis experiment, Statistical snalysis is not included.

atively similsr total yield for all

}_l

The fi .arvest had a re
treatments, but with lucerne yield increasing with decreasing defoliation
frequency. Other species yield showed the reverse treatment order.

(tebles 1h:1, 182, 1A.3).
the second harvest, there was a more definite trend of increasing
total yield with decreasing defoliation frequency. ANOVA of these and the

the

m

r three treatments revealed significant differences (P = 0.01) while

0

significance was obtained in the first harvest (Robinson, 1969). The

o

lucerne and other species showed the same treatment responses as in the

fir

hi

¢ harvest, except that for all trestments there was a2pproximately
a ten-fold increase in the proportion of lucerne. There were no obvious
rietal differences (tables 1lA.4, 1A.5, 1A.5).
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ne point anslysis results showed no real trestment or veriety
differences, #ni similarly for the amount of bare ground. The amount of
total other species incressed markedly with incressing defolistion
was distributed eévenly between grass, clovers =nd octher

S
weeds. Varietel differenccc were not apparent,



irst Production Cut - 9th November

Pable 14,7, otal Yieid (1bv/8 s¢ Ft)
1 1
! PREAT., ! © : E C + W
Bt | 0.983 1,036 10009
gi 1.06 1.032 1.050

15" | 1.700 1.082 1.092 |
i | 4,420 1,148 1.134
| AV 1.080 1. 064

Yield (1b/8 sq f£t)

Me¥T9 s 24 T -
Table 1A.2. Lucerne

{ |
| TREAT. C W | c o+ VW
R i & ] {
SH 0.759 ! 0s 711 H 0,735 |
i | |
&15 -~ = A Ol |
9 0.915 0.75k C. 834 |
|
-1 -~ = -~ ~ -~ -
e Q. S0 | 0.8¢c2 ! 0,972 |
| |
- o - Pl
1.07% | 1. 062 | ﬁ.OMo;
o | ;
= AT = .
. 7 A Na S
- P o~ ~ e = £ - o P
Tavie 1i+3. Other Boseies Yield (iv/fo sg i)
| - | | |
| 2REAT. c ; C + V|

EL | o.47% | 0.320 |  0.247
0.216
0.119 |
0.083




1L, 4%,

Total Yield (1b/78 s

Second Production Cut

- 11th December

£t)

TREAT,

C

SI'I
| 91!
"‘5"

ad
ik

| av

15,05
16.98
16. 1%
1845
16.73

14,82
15.77
15.94
17.70
16,02

14,94 |
16.38;
1 .04’

Lucerne Yield (1b/78 sq ft)

- 1 { fal v ¢
| TREAT. | C | y | ¢ .+
]

i - | ' -~ | I = H )~
| Zu b, 67 | 14%.20 | 14,46
| | i 1 |
{ i
' - -~ T - #
-1 | 16,32 | 15.5 |  36.17%7
| R o
1 5T | = } | 5. £ . Ol e Y
19! i 15.9+ ; 1De &2 1De €O |
" | . -

Ty - 1 B ) Ay e e ) e

o o 20 { Ve D0 Qe W

— - -~ - P
| v | 116,56 i 15.56

ki3
ot
~

0. 47|
0,21
0.24
0.07 |
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Table 1A.7. Point Analysis Record **

8. Lucerne b. Other Species

MDA m ¢ (o | 4 LT I omomam | o1 ¢ il 1'-.'!
: +RJ.4&-_L; L I ‘ I C + u‘ ! eatsitsa || C ; " oo
i3l o3k 1 39 | 36.5) | 3 : 19 17 18,0
@ i L | 39.0i | 9| 5 10 Fa
0 O I Té.oi Ioastl 9 6| 2.8
i E | 49 ! 36 | b41.5] E H ! 0 2 1.0

A I‘- l !, r * H - ]

| AV | 3%.0 | k2.5 } | | AV | 82 | &7 [

Co Bare Ground ds Other Weeds*
| TREAT| C W |c+w] |mTREA®{ ¢ | ® | C +¥
[ 3" | 9 88 89.5| | 3 3.

0
=J
-
\n
= 9
o = O W

AV 1.5 1.5l

oo
~
.
0
O
-
v
A
v

S
o
O
-
ul
trd

"

(284
-3

&, Grzss £, Clover
REZT C | W |C+w| |[TREAT| ¢ | ¥ | G + W]
R s B B B
o1 | s sl | o | & 2 | s
| s & g | 3 ] 15 & |3 | 3.5
| o, | H o | o | 0.0
s

v |15 | s

* Othe Species less the grass and clovers,
**¥The values are the number of hits obtained in each category out of
2 total of 144 points measured per plot. The other species values

are the sum of grass, clover and other weeds.
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ilost data was cocded.for identification using the following symbols.

v Variety iy Chanticleer
2; Wairau
T Treatment Identified with the table heading.

p o g “—‘-V - - -
X2 Degrvest munoe?
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ek
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Plant number identiiication
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Lucerne crop growth rates. (gm/6 sq ft and zn/6 sq Ti/d:c

R LUCERNE OTHER TOTAL PERCENT . CGR V Variety 41, Chant
SPECIES LUC SR NE fadapy
1 1220 59,29 71.49 17.06 o43 T Treatment
2 17.90 50 .87 5B TT 26,02 63 4, 3n 5
3 3654 52.32 88.86 41.12 1.30 b %
3, 9" L,
1 1136 2B 2% 39,60 28.68 .56
2 16.55 115.41 131.96 12.54 L82 D9 R 6,
3 30.26 83.63 113.89 26456 1.5 H  Harvest
1 2.42  46.59  49.01 4,93 .10 R Replication
2 9,78 57 .83 6761 14446 42 Ty 25 5
3 16,13 58,22 74,35 21.69 .70
263 8437 Y100 2%.90 21
2 4 Me\s 13.62 18,62 0.00 0.00
5 ira?? 7(...5? .'_i__ ;a:,id eB-?
3 « 20 0.00 %20 10000 W35
2 G.00 1Z.80 7 12.80 0.00 0., 0¢
3 > .30 23,02 25.32 9,08 16
1 32.17 1422 33,39 96.3% 2.29
2 16.23 234 18.57 87.39 lsl5
31.9"‘ OIOO 3]. 094 100000 2028
1 20459 14.6% 35423 584 44 l.l4
2 0.00 32.35 32.35 0.00 0.00
3 17.95 0.00 17.95 100.00 .99
1 11:17 58.73 69.90 15.97 .93
2 4,20 47 .21 5141 8.16 .35
3 39,12 47,55 86467 45,13 3.26
1 8.38 24,75 33,13 25.29 «55
2 17515 2.95 20.10 85.32 1.14
3 3247 0.00 32.47 100.00 2415
1 ' 7.87 26,77 34, 64 22.71 52
2 19.82 17 .85 37.67 52.61 1.32
3 2.58 37.74 40,32 6439 17
1 3.94 15.79 19.73 19.96 W43
2 1.81 9.59 11.40 15.87 .20
3 16 .93 2.10 19.03 88.96 1.88

VTS T U
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OTHER
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L.2. Crop production and its coxpos
nt/variety combinstion. (gn/6 sq ft)
as for table 3A.L.1

TOTAL PERCENT

Table 3A.L.
for each treatm
Abreviations
V T R LUCERNE OTHER
SPECIES

1. 1.1 32.81 142.49 175,30
1. 1 2 L& o 23 255,53 299.76
1 1 38 89.78 293.76 383.54%
i 2% 95,72 149.20 244.92
I 2 2 75418 112.29 187 .47
1.2 3 146 .67 95.81 242.48
1 31 203.32 103.58 306.90
13 2 115,89 93413 269.02
i 33 116 .80 62.43 179.23
-_ “,.‘ l ﬁ?O\th‘ 85006 31.11-'}3
L e 2 232:80 76 .39 309.1S
o5 B 184 4,80 66410 250.50
05 1 Q047 191425 4L IS

o 2 o 24 355 o &5 A G Oe s
1. 'S B s e g 194,75 252.99

& 1 12257 1678 135.35
L & 2 26931 0.C0 269 .31
L & 3 1897.62 44,46 242,08
2.1 1 55.68 206.45 262.13
2§ 2 19,82 137.05 266.87
2i ¥ & 110.19 185.37 295.56
2 2 4 114 .18 T0.45 184463
2 2 2 224.23 147.70 371.93
22 3 202.77 6743 270,20
23 1 134.50 102.00 236.50
Z 8 2 12558 194.64 320.22
23 3 176.18 118.27 294,45
2 4 1 335452 5634 391.86
2 & 2 271.96 50.08 322.04
2 43 251,91 11l6.30 368.21
2.5 X 22,66 216.42 239.08
2 5 2 106.22 147.47 253,69
2 5 3 64 .84 71.00 135.84%
2. & 3 154 .23 33.44 187.67
2 6 2 166.50 40.40 206.90
2 63 218.86 87 .96 306.82

LUCERNE

18.70
14,75
23. (I'O

39.05
40.70
60.+45

66620
65.40
65.05

o |
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o ®
(&8
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= AR
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3T QF
O -". i JEY,

100 .00
8le.63

21,20
29.90
37435

62.00
60.04
75,00

56+ 90
39.10
59. 50

85.70
84.50
68445

ST

41486
47473

82.18
80.47
71.29

ition summa
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ted over harvest
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Teble 3A.4.3. Point analysis data recoris, percent lucerne and plant
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(RS RS LY

number counts (No./1 sq foot)

T R LUCERNE BARE WEED CLOVER GRASS
GROUND
11 T 10 13 6 23
12 3 15 8 6 28
I 3 S 9 21 16 5
& 1 8 20 15 4 13
2 2 10 12 9 1 28
2 3 10 15 29 0 6
F 1 8 14 3 10 15
3 2 16 12 24 2 5
33 10 14 25 I 10
4 1 15 29 13 1 2
&L 2 19 21 20 0 0
L B 14 25 11 G ¢
: 7 12 12 6 22
1, 2 3 12 19 2 24
13 1L 5 4 3 24
A 9 15 18 2 15
2 .2 11 8 9 11 21
23 19 14 i 6 14
3 X 1.5 17 12 3 13
B 2 26 [ 12 0 1o
& 3 21 6 24 2 T
4 1 21 15 24 0 i/
4 2 23 17 20 ¢ 0
4 3 24 14 19 0] 2

The mean of six samples per plot.

OTHER PERCENT
SPECIES LUCERNE
42 11.66
42 5.00
42 15.00
32 18433
38 16 .67
35 16.67
38 13.33
31 26.67
36 16.67
16 25,00
20 31,67
11 23.33
40 11.66
&5 5.00
44 16433
35 15,00
41 18433
27 31467
28 25.00
27 43,33
33 35.00
25 35.00
20 38.33
21 40.00

PLANT®
NUMBER

3.16
10.60
7.30

10.60
10.83
8. 00

9415
8.60
9.60

11.16
10,00
9.00

Q0

[l el 2
o W
£t * =
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e e

W L) o=
OWw U
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o
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O
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O
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12.00

8.16
T.60
9.60
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Teble 3L.5.1¢ The dry weight of plant paris (gm/plant) and shoot

numbers per plant for each plant sampled at selected
growth stages.

V  Variety; 1, Ghanticleer 2, Wairau
T Treatment; 1s 3R 2, 9"
%y 15" L, H
E Harvests; 15 RD 2 3 % 9"
by 15" 5y H 6, 15/H

R Replicaticns e 2y 3B

P Plant number 1 to 6

RTCE Root pivs criovwn
VvV THRP LEAF SHOOT STUBBLE PLANT CROWN ROOT TCR SHOOT NGO
j Es L T i 8 .07 «Z23 «23 Be 7.0 l.61 3.63 5.24 10.00
t % 3 2 «10 « 30 +35 210 « 39 1.06 1.45 8.00
I 2 £ X 3 « 21 «65 «30 6.28 2.01 3432 5«33 17.00
1 111 ¢4 e 34 l.41 «53 Lo T4 « 69 2.10 279 46 440
1.1 41 T 5 i o719 o 3.15 «53 la66 219 17.00
b S [ Y - .08 .25 «11 1.65 « 35 « 94 1s29 3.00
I 1% 2 % «10 49 .07 Lo T4 le13 3.05 4,18 12.00
L3 X 2 2 .01 .06 .01 88 «26 «DH .81 3.00
I 13 2 2 .03 12 «13 3.60 1,99 w50 335 3.00
1 1%L 2% +05 .32 +08 3+95 1l+51 2.04 3.55 17.00
P £ 1L 2 5 «20 1.24 «83 7. 00 247 245 4,92 46,80
1 11 26 10 « 40 e 24 6.33 2.38 3.30 5.68 13.50

Vs 1 i
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.10
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1.63
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'26
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.18

SHOOT STUBBLE

«32
«73
.03
.19
.18
.58

«58
112
1.21
1.57

-0
e |

(%)
5

M

4
2. 16
au
e~k
A #
S
o lis
T
e LU

1.66
.82
1.83
«TT
.6?
l.23

‘29
74
2. 60
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33
«83

6.76
21
3.22
1.13
1.06
« 28

. 54
3.84%
2422

87
1.20

.SO

.31
<24
.06
.10
.13
.28

«1l4%
« 24

« 32

.02
«07
«13
.05
« 20
«08

«55
.02
«35
.09
.1].
0.00

12
«33
I12
«31
.03
.08

PLANT

6.69
273
1.00
2.59
1.72
3539

" e

B

15 1 &5

F= S O s O
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7. 04
5.09
4. 09
5.16
6e75
4e2T

1515
2032
4e 43
Z2.88
2.99
2.25

16.60
1.40
9.56
277
3. 03
Ls: {5

2.60
10 .47
5.16
3.73
3.60
l. 92

<
o o
WO

N
1. 24
«39

334
.20
2.31
« 56
64
« 4l

«59
2wl 2
« 9%
« 41
035

219
ROOT RTCR SHOOT NO
3.84 6.06 13.00
le2) Yo' D 18.20
o 4T +91 2.00
la66 2.30 4,00
1.26 l.41 5.00
1.74 2«53 12.00
«83 1417 5.00
2.88 Lo 4T 6.00
1.63 2.91 7.00
2.88 4,08 27.00
1 a2 2.56 6£.00
«62 «98 2.+:00
3.84 6443 33..20
2.49 3.94 §.00
3.21 L G 15350
48 0o 1. 00
s 13 1.12 2e 00
« %8 ST 2.GC0
2.77 4,63 14.00
2.65 4,10 9.00
R 212 16.00
2.67 4£o12 12.00
3.40 5.90 5.00
1.99 2. 7% 8.00
«60 .84 1.00
.99 1.51 3.00
1.13 1«70 8.00
1.23 1.96 3. 00
1.22 2.46 2.00
«95 l.34% 3.00
5.95 9229 132.80
97 1.%7 1.00
3.68 5.99 6.00
«» 99 155 4,00
l1.22 1.86 5.00
1.06 147 1.00
1.35 1.94% 1.00
4,18 6.30 10.00
1.88 2.82 10.00
1.69 255 4,00
1.96 2437 5.00
+99 1.34 3. 00



<zble ZA. 5,1, econt
¥ T B RP LEAF
P14 11 .28
I T &% &2 .09
11413 «58
1 L 4 1 4 «20
1 14 1.6 «25
1 1416 0T
11421 o 43
1 1 4 "2 2 « 26
1 14 23 56
114 24 «93
1 1 4& 25 «90
L 1L 4 26 o 41
11433 «86
1 143 2 2.66
I 14 3 3 o 76
1 143 4 1.94
L L% 35 21
L 3243 6 59
= 5 L 3 +55

L 3 3 Z 1420
y & 2t B ol
L L3 1 & a0
L, I 51 & o 4T
L& ) 6 « 45
¥ 1.§5 2 1 L .29
3 &5 2 & P
1 15 2 3 29
1 15 2 & 26
1. L8 2 5 o« 14
1. L5 2 6 .06
: 35 3 1 2.71
1 15 3 2 133
1 153 3 1.48
11534 1ls2l
1. 1.8 3 & <56
L. 1.8 3 & .43
2T E A .05
12 1 ¥ 2 e 42
.21 1 3 .05
1.2 1 1 4 15
1 21165 .14
L2 %1 L & o 24
L2 L 21 «15
I 2122 «22
1.2 31 23 .06
L2 31 2% « 09
L2 &k 25 .18
12 1 26 .08

SHOOT STUBBLE

71l
-2%
1.72
1.28

£ 2y

e LT

« 19

1.28
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1-36
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.44
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« 59
« 50
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0.00
0.00
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.05

.18
.16
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23
«20
.42

«32
«12
<08
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.09
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<07
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.09
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«16
34
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«05
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1.82
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8.5.,2, Replication means of the dry weight of plant parts
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SHOOT
HZ IGHT

11,30
22.35
18620
0 <02
28,20
6«52
5.00
8409
Se30
5402
12430
10 00
0 .00
15430
i3 <50
0«03
15,70
C 03
2

<00

RELATINVE

NUMBER

Se. 10
39.6)
6420
« 12
33.590
3e32
2,00
10 .9
0 .00
0 .02

RELATIVE
PRGOUCT

586630
884,00
112432

0 .00
95) &30

21,00

1,50

88.00

Y &2D
0 .00
J <20
33.00
7 .20
1868.00

TIME

56,00
56.00
&:3i5 00
863.00
63.00
424,00
424,00
42,00
49,00
49,00
+9 4,00
56,00
56 00
56.00
63,00
&63.00
63,00
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v PR S/L Al y b
T 4 1 g o 0.0202
1 4 2 10,0 0.0146
1 % 3 8.0 0.0267
i 2 1 540 0.0590
12 2 540 00,0384
123 lis 2, 0.04L80
2 1 1 5.9 0.0068
212 2.4 0.0575
2 9.Lh 0.0173
2 21 149 6.6562
2 22 e C.0LCo
225 L2 0,0276
Yate STox, the lsai zznopy fivernsions,
i zZy G Beasurys i gexly
g GEY 3B 2y BEY 42 i pgeemeeny s
Eof b T i e 25 43
CANOPY BASE CLTOPY S pe
DEPTH  HEIGHT D TR DEPTH  HEIGHT
18.5 0 .0 4 2 1 18,2 2) .6
1846 0.0 4 2o 1B 22.0
153 2.9 4 2 3 19.5 21.6
19.1 I=7 2 1 3 19,3 15.7
19,4 il 5 1 2 18,6 16.56
19.1 35 5 1 3 g S 2 22.7
20 6 23 5 2 1 16,6 23.4%
1T .5 sl 5 2 2 16.7 25.6
1T b 4.7 5 8 3 18.3 J 21.6
2345 6e0 6 1 1 299 177
18,2 8.2 & 1 2 17 5 19.4
22.4 7ol 61 3 20 99 22.2
23 D 7.6 6 2. 31 178 25456
171 9,0 6 2 2 18.8 262
1642 8.8 & 23 18.5 27.7
19.0 14,5 b £ T 18.5 19,2
173 15.4 7 12 22 0 22 .0
1642 15.5 71 3 21+2 23.8
21,5 10 .0 T 21 20 .0 27.5
21,0 10 .0 T2 2 157 30 .0
17.1 14,3 T 2.3 16.7 3666
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relative light intensity

4 cm height intervals.,
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Treata s 1 2 3 4 5 6 N, the
RLA 3RC 9cC 15 H 3RV i580) val
RLI - 9C 15 AC 15W HY
¥
TR N RLA RLI TR N RLA RLE 49
Fa
p S T | » 90 0 .00 4 1 1 9.50 1730 v
1 1 2 4,70 0 .02 4 1 2 23,60 33.90
1. 1 3 21,00 0 .00 4 1 3 40,60 55 .20
11 4 35.80 0 .00 4 1 4 62,80 69.50
1. £ 5 70 « 80 0 .00 4 1 5 T2+60 7310
i1 6 94 00 0 .00 4 1 & 83 .50 88,30
1 I Z 100 400 0 .00 4 1 7 S5 .50 97 .90
1.2 3 1.02 0 00 4 1 8 100,00 100,00
1 & & 4 4E0 0 00 4 2 1 13.60 11,70
1 2 3 13.9 0 .02 4a 2 2 33.20 24,60
12 4 28 .80 7 400 & 23 45,20 36.40
12 o 59,53 0«02 4 2 & &7 40 52.?0
1 2 & 80 &30 G20 4 2 5 92 .70 80,60
1 & 7 123 409 0 .03 & 2 6 9% .40 93.10
: 5 3 S s fD 0 .00 & Z2 7 102,00 10C .00
1 3 2 s Ay ) 0«03 4 I 1 G20 13,60
1 3 3 19.50 G .00 & 3 & 24 .20 1820
13 4 30 « 50 0«09 & 33 S8+80 S2e 20
1 35 &4 70 0 .00 L& S 4 70410 &3 .30
1 3 6 564,00 0 .02 4 3 5 884,70 @l .3
T & 7 96 . 20 0 400 4 3 6 95,00 SS9 .40
1 3 & 102 00 5,00 & 3 7 100,00 100,00
2 1 1 0 00 3.90 5 ¥ X o &0 1s40C
2 3 2 160 8ed)d & 1 2 1.80 3620
9 O 0 6.30 17 .50 5 1 3 8,10 12,50
2 1 &4 15.29 27 « 42 5 1 & 25,20 22,90
2 1 5 29.10 37«40 5 1 5 51,80 52,60
2. Y & 5709 76 470 5 1 6 84,30 T8.80
2 1 7 83.60 88 .60 & 1 7 100,00 89.9
2.1 8 96 4D 99,20 8 1 8 0.00 98.80
21 9 100 00 100 00 5 19 0,00 100,00
-l | 0 .02 4430 5 2 1 0,00 5.80
2 2 2 4,50, Qe 70 S 2 2 «20 6.20
22 3 11,50 15,70 5 2 3 230 18.30
z2 2 4 24 480 45,70 S 2 &4 10,00 46,00
2.2 5 373D 71e4D 5 25 26.10 61.50
22 6 54,20 92.00 5 2 6 46,00 84 .60
2.2 7 75402 95 .90 & .2 T T72.40 94,90
2. 2 8 77«50 S7 o 40 5 2 8 97 .00 98,60
2 2 9 97409 102 .00 S 2 9 100,00 100,00
2 20 100 .00 0 .00 5 i3 1 0,00 3+50
23 1 54,40 0 .00 5 3 2 1,00 Te70
2 3_2 13.70 0 .00 g5 3 3 2,80 18,40
2.3 3 24 42D 0,00 5 3 4 8.80 43,60
2 3 4 42,90 0 .00 53 5 27 .80 84 .40
e 3 b 68,80 0 .00 53 6 54,30 94 .40

7 344642
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—‘Y.‘J-in 7)" n7~)1 - The ‘Hi:..d_.br
T Treatments, 3R and
H V¥V T R ROOT TNC CROMWN TNC ROOCT TN
PERCENT PERCENT PERCENT
) G T 24 .50 b B 198
1 &8 ¥ 2 22450 1.5 B0 207
1 T I 3 2150 15 50 2,08
1 2 % 25.00 13.50 P2uB2
1 1 2 2 26 .00 16400 2e 35
1 ¥ 2 3 24 .00 16.50 a2l
L2 1 1 22.00 12450 1.92
1 2 L 2 2200 16450 2620
L. & 1 3 25 .00 16.50 Zaelb
L 2130 4208 2ol T
i 2 2 2 2180 16.00 Ze 33
1, 3 & 5 23 .00 LA 01 2.08
I S | 12.40 21 .43 192
1 3 & 2 18a317 2048 1 2400
I t E 3 20 41 19 .10 1497
1 1 2 1 Lle o 46 22429 2+ 55
1l 3 2 2 40.83 23.14% 2e35
i1 1 2 3 2B .64 22.19 el
1 2 L % 17.02 18.70 1. 88
12 1 2 17.29 20437 2l
i 21 3 13.89 2274 2. 07
1 2 2 % 22.06 E8atld 1.98
1 & 2 2 4£1.90 24,09 o ]
12 2 3 58.10 20.82 210
CROVN TN ROOT TN RTCR TN
WEIGHT WEIGHT WEIGHT
13 1 «28 w0 e« 36
. 3 1 2 i 0 <06 »23
1 3 1 2 29 «10 « 40
i .k 2 1 « 68 27 . 96
1 1 2 2 «95 el T 1413
11 2 3 «48 » 16 . 64

0 @
Ui W

bt
°© o e
(S

—

[ et gt

Wada, \Tasl
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vinter organic reserve data. (One harvest only)
-+

CROWN
WEIGHT

3.80
Ge3 7
6410

10.46
11.68
6.90

CROWN C/N ROOT C/N RTCR C/N

RATIO

10.86
12 .37
10.33

11.06
8.86
10.81

\TIO

8a.61
8.01
7 o i

6.72
Te9%
7.05

E i Wy o g

RATIO

10.38
11«11
9.65

9.81
8.72
9.86



1

TPable 3A .71 cont,
1L 2 1 % e 26 «09 e 36
i212 21 » 10 32
i 213 «22 06 «28
1 2 2 4 68 o 24 . 92
1 & £ 2 « 32 » 11 e43
122 3 87 34 1422
Tzble 34.7.2. Organic reserve data from
the spring.
Treatments 3R and H
HV T R ROOT TNC CROWN.TNC ROOT TN
PERCENT PERCENT PERCENT
2 2 :'. :. 2505‘:’ 13000 2022
= T S 20,00 11.00 Ok 3
2 11 3 23«30 12,00 1.9¢4
i 22200 120 2e9%
2 2w 26 1300 2. &%
= 7 2500 1320 295
2 & i 1 21.00 1150 2s3b
zZ 21 2 15,00 10,00 ;P G
22 153 21.00 12.00 2:086
2 2 2 % 18.50 1.Y:50 2.68
zZ 2 2 2 22.00 12.00 2.27
2 2 23 21400 12.00 3.02
3 11 X 20.50 $.80 1.71
3 11 2 19.50 9 .80 180
g 1L 1 3 20,50 9.80 1.57
3 1 2 1 18.00 10.90 2.82
3122 25.00 10.90 2.62
3123 20.00 10.90 2.58
3 2 1 1 18.00 9.80 1.76
3 21 2 11 +50 9.80 1. 62
2 2 3 3 17«50 9.80 1.96
3. 2 21 22,50 10.50 2.34%
3 22 2 23.50 10.50 2.58
3 2 Z 3 22.00 10.50 262
4 11 1 17.00 8.50 1.82
4 11 2 16.50 8.50 1. 37
4 1 1 3 20.00 10.00 1.90

weekly harvests during

Harvests

CROWN TN
PERCENT

(RSN ]
€ ©
SIS

o N

°
o

2«45
245
2445

2,71
Auld
Zatd

2 .49
2.49
2 .49

2.70
2,70
2,70

2ehZ
2.16
2.26

859
683
8.91
8a.24
ba T4
6.94

1 to 9
ROOT

WEIGHT

o L

3NN

(’ 1]
°
I
v

N
T QO

I T =

O -~
<
& I )

ot
]

©

C
(= Y B

-~

3
«
f

%
o~
L)

s

N W
W O
= S
Owm W

8e1l5
8.00
16.00

19.40
22.10
25.60

10+25
9.60
1535

19.40
22.10
25.60

12.50

13.20
11.05

£ 3B 7%

oLl

9.6

9.90
10,94

10.88
Q.42
9.90

CROWN
WE IGHT

w O U
[
[ =

=
(

€ L3 .
o
6 I o 1 0 )

il

k-

o
.

B oW

(ol B &

(e8]
.
r

28.15
31.10
13.60

4,05
4,10
T+ 13

11.00
11.25
16435

7.80
4,55
10,20

24.20
23.00
19,10

7.40
6.25
6475
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SV S

ROOT TNC CROVN TNC

PERCINT

12.00

17.00

18«50
15.00
17.00

19.50
14 .00
17.50

g

}

12
2

e
J
_.‘.)

17 #
T
S
L P
£ 42 2]
L L
- -
B
- i
/ =
15pg SN
19,00
14 .00

10.50
13.50
14.00

13.50
13.00
14 .00

15.00
16.00
15.50

19.50
16.00
24 .00

PERCENT

10.00
10.50
11.00

10 .00
10450
10.00

9.50
9,00
10.50

2

[
w
.

U1 U1 WU
50

9450
11.00
9.50

12.50
10.00
14.00

ROOT TN
PERCENT

=
L
(o0 % IS

1.78
1.60
1«85
2. 30
2e34
2- 6£:-

CROWN TN
PEZRCENT

ey

NN N
L]
oM P

.
-

MDY N
®
O

i

DN O
L]

1}

Lo R

[ ol el 5
[ ]
'8}
@]

(RS RS I
L]
0y
ma

WEIGHT

245

RCOT CROWN

(').25

13.560
10.00

1230
& =
2-3:"'—'
LS et D
A B e
L120e L

"

i i
L33 e tr i
T P
LG el
llu.j‘

wiuio

= e
W W s
-

=~

W N pa
4 )
.

i L
O D

WEIGHT

18.75
l.).n‘.
31 .45

I -
i b
A

.
L\..t L

12420

T+45
13.R0
11.70

T el
7.30
6.70



E
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e

2L6

-1

st
5 pet

3

MNP

|

N e N
et i
PN et

jeN)

™o N
NN N
LS

bt 1

e = et
W P

NPy TN

Ny i

(RS ALS RS
(&%)

W

P ped
PR
[SE S

= e
N NN
N

W

[

O O O
[ASEIS IS
W N

-

[Na JENe JNs ]
(NS AN]
N NN
W po o

ROOT TNC CROWN TNC  ROOT TN CROWN TN ROOT CROWN
PERCENT PERCENT PERCENT  PERCENT  WEIGHT WEIGHT
13.00 8.50 2.36 2 .36 13.65 10.1
19.00 9 .50 2.58 238 30.70 274!
19.00 $.50 2460 2 BT 24,10 14.90
16 .50 11.50 1453 . «80 5490 5.6
12.00 8450 1.30 I B85 12,15 7.7
16.00 9.00 1.59 205 12.50 9.5

15000 8.00 2.50 . 2.[*'0 ].7.75 15-65
13.00 3.00 - Zs 10 2«06 26.90 28 ik 5
17 .00 9.50 190 2 w28 22.14 13.44

23.00 15.00 Lo 8 182 990 3. 10
232.00 11 .80 1+.20 LaTh 3.50 6.0
23.00 15.00 1,48 1.72 11.70 6.00
13.00 10.320 2:02 2.+ 30 19.90 12«25
16450 7.50 2,40 2.02 22,00 17.15
15 .50 1500 Re53 B8 2690 16.00
-~ =~ ~ Ao 4 —- ~ o , -~
& s D LWl L eI Lidhe A2 Dall
LT <1 L1 50 1 e L5906 be853
17«20 i bow 2 & Lo (% 1200 S 00
il g 1Dh=0E 2.00 Z.ed 24 .40 1 & L6
._':D‘A-C' & -"-'\' 2.‘.‘.'4‘ :‘-)c"/‘?' 32-"7 35 . D
16 .50 9:.50 1498 2 a0 19,50 17¥.. 30
22+50 12+58 1.70 1.82 1275 6.90
23.00 16.00 1w 1B 1. 50 12.20 §:20
25 550 16.50 136 1 .85 13,00 Te00

17.50 11.00 2406 2524 16.60 7460
16.50 9.00 l. 9% 2412 30.65 19.90
18.00 10550 2.36 2 e32 31.+30 244,50

13.20 75,50
15.10 10,05
11.10 6.40

L]

19450 16.50 1.40
15.00 150 1.28
18.00 14.00 le4d

=
.

o I EEN
w My B

16.20 14‘.4‘5
40,20 2900
26445 15+55

730,72

N
]
(@]

15.00 12.50 5.34
14 .50 10.00 1.83
18.50 ° 9.50 1.78

[NV AN
® ®
O O N
~N o



Tavle 35:7.2. cont,
WEIGHT

5112 18.55
2 ¥ 2 1 25715
51 2 2 43,25
221 2 21.00
2221 58,60
2 2273 36.70

* 4§ 124 20
—: 1 ‘_‘_ ':_ 4,2-’.:'.’_)
'-‘. i 1 5 ?3«?3
3 % 2 ¥ 3040
32 12 14415
5 5 33 44,70
% 3 % 3 19.90
i1 ] 2 19.45
72 U (i 43435
4 1 2 2 35405
4123 65.55
% T b2 15.25
4 23 9455
4 2 2 2 37.50

TOTAL TNC
PERCENT

21.64
17.04
19.05

18.9¢4
18.86
20,27

17.79
13.50
17.87

15. 13
18439
17.66

16:95
1621
17,01

TOTAL TN
PERCENT

LAS AN RS 8
¢ o @

QO = N
o W

2.96
2. 86
2.81

2.4%46
1.91
2.21

2.93
2,43

™
o]
w

[

> B
W .o
N o

H
L ©
~d

W L oo

[RGB L%
e e

L]
oy o

ma
®
—

1. 89
A I

2:53
24 6%
2.71

2.04
le 62
2.03

2.54
2.22
2.68

2.14
2.04
§ B

230
1. 86
2031

1.95
1.80
1.92

2,7

ROOT TNC CROWN TNC TOTAL TNC

WE IGHT

o N o

L] T & L]
w.r O
Moo @

w

L
B
=

p
®

O
=

WE IGHT WEIGHT
.70 3,78
B g
.68 .51

1413 4,87
Lob - 8,15
.85 4,90
.50 %o 0D
.63 2.83
1.00 by o B0
3423 8.87
3.73 15.86
1.63 648
<39 2.06
W40 1.96
75 4,03
lo-lc':’ ‘{J'gé‘)
10D 675
:%; é:ié
<99 3.68
2 .54 6490
5o 51 7.60
2.00 T .63
B 2.75
«53 2.70
" 2.88
1.87 4 82
1.57 5.38
3 .45 9425
W62 2.29
A 1.39
}.22 4,21
.70 Lall
F:a % 4456
1.22 4, 66
.68 2,52
73 1.98
61 2.89

/3A.7 .2,
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Table 3A,7.2. cont,
BT R RTCR TOTAL TNC TOTAL TN RCOT TNC CROWN TNC TOTAL TNC
WEIGHT PER CENT PERCENT WE IGHT WEIGHT WEIGHT

5 1. 2 1 50.158 13.45 2031 Lo4G 2.25 ba.T4
T 40.90 12.33 2633 3433 1.70 5.04
5 L 2 3 36415 13.59 2+ 51 346 1.45 4.91
5 2 1 % 24 480 1243 le 67 2s11 « 97 3.08
b 2 1L 2 17«90 l3.76 1.87 1,82 065 2+%6
5 2 13 18.50 9.50 2026 1.20 D5 175
5 2 Z 0k 32.50 12.27 2439 237 le61 398
5 & & & 27 .30 15.92 2451 3.05 1.28 4o324
g 2 2.3 26 .70 12413 2+40 l.75 1.49 5624
(=5 A A 21.40 13.44 1.89 2.10 o1 287
& 1 1 2 23.15 11.67 le74 1.85 o B4 2wl 0
& L1 3 20440 13.90 1.68 2.03 & 79 2.83
] X - L 52@8\‘} Q.ler 2931 2.5"'::' 2.90 5‘2‘{1’
G 12 36 .d0 13,50 2e33 el 1,84 4,96
G L 2 58.25 12 .98 Ze508 LJ78 2435 Ta3l
2 .1 20..03 Il 8 12 1e54 ) 7235

z 2120 11430 2089 L o53 e« &3 2es?

5 o 16,065 1Z2alT 14 865 i35 s&1 1«95

& 2 2 1] "-25 ;2-01 202»“) 3.6? 10?; :)..-'5
&: 2 & 2 62,15 13.60 2628 5418 327 Ea43
62 2 3 41.90 12.77 2.18 S04 1.80 5.35
T3 X 3 17430 16.95 1. 74 2.14 ] 293
7 B E 2 18.05 1750 127 1.68 s 15 2+43
T 10 3 20,95 2030 1.50 3.16 1.08 4,25
¥ 3 Z 1 23.75 11.08 2.36 1wt b + 85 2.63
T L2 2 58,15 14,51 2.48 5.83 2.60 Beb 4
T°F 2 3 39.00 15.37 2% 51 4,57 lo41 5.99
T 2 1 1 12.50 14.26 l. 66 1.13 64 1.78
T2 1 2 20.50 10.67 1.50 1453 +65 2418
T2 15 3 22.05 12.96 1.78 2.00 + 85 2.85
t 2 2 1 33.40 11.72 2e¢4%5 2.66 1425 3.91
T2 2 2 55.05 10. 44 2.07 3.49 2425 S5.74
T2 2 3 35.58 14,16 2.04 3.76 P 5.04
8 X & 1 12,10 20.95 1. 56 2.07 &6 2.53
8 1 1% 2 20,20 19.01 1.38 3,10 e 73 3.84
8 11 3 17.70 204,28 1.56 2469 «90 3.59
8121 32.15 12.04 2612 2+58 1,28 3.87
8 31 2 2 39.15 11.43 2,23 3.19 1.28 4 4T
B 1 2 3 42.90 14.56 2034 4,16 2.08 6.24
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:' 2 l :. 01.5 e AL L e 20 1U.80 3.93 7.90
o2 L 2 .18 «19 «37 10.22 3.93 6e96
32 % 3 +» 20 23 +:25 8.92 2493 664
3B 2 4 «57 .« 62 LS 9.10 3.88 6.38
32 & 2 « &5 «65 1.10 9.61 3.88 623
32 2 3 69 +51 1.21 8.08 3.88 6430
4 11 1 « 18 «13 « 31 12.04 3%93 8.57
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5 2 23 2% « 39 o 64 7410 BT 5.05
6 11 1 022 «18 « 40 8443 4459 6.68
5 1 L} 2 24 «15 e 40 . 8 42 4,95 T7.08
6 1 1.3 « 20 <14 «34 10.00 P 8.23
& 42 I e 5% «31 « 85 5.76 5.81 5.78
6 1 2 2 #D3 <68 1.22 4456 4609 4430
6§ 1 23 +90 « 60 1.50 5.30 4,20 4,86
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e 34
«26
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ROOT C/N CROWN C/N TOTAL C/N

RATIOC

10.31
& 059
10.00

3

- e
LdelS

1554

6 .04
6643
6 .65

13.70
17.25
927

6.19
875
8.33

19.49
13.82
1T 27

8.50
849
T.62

11.71
1392
12.41

RATIO

3494
4.89
4470

%e33
3.89
27

RATIOQO

13.15
T7.90

5.55
Te27
6.06

15.61
1} o200
13.74

6.73
7.30
6.27

9.61
12.08
10.06



______ 22,73+ The treatment comparison o
Treatments
1s 3,
3, by
3" and E treatments
HV TR ROOT TNC CROWN TNC ROOT TN
PERCENT PERC ENT PERC ENT
& &1 & & 16 .00 8 .00 le 64
6 L 1 2 16 .00 9.C0 le54
0 113 22.00 9 .50 80
" 24 .00 10.00 Z. 00
3 ’.."-"05(} C.-}a'::\’.] :._.C}:_j
= 2 B b 3F L (6 8«00 2 1)
4 3 18,13 10.14 o 5%
3 13 1 27 .00 13450 1,99
O 3 2 2 o« 3 Ge5 2e 70
g 1.3 3 21.00 11.00 2.02
H VT R RTCR TOTAL TNC TOTAL TN
WE IGHT PERCENT PERCENT

021 1 1 12.20 12.98 Yuil A
021 1 2 37 e 45 13.34 le T4
021 % 3 15.15 18.20 1.90
021 2 1 32«70 18.43 . Pl
g21 2 2 23.50 19 .64 2.06
P23 2 3 46 .40 14.26 2.16
621 4 1 19,23 14,20 1.90
621 & 2 19.23 14,20 1. 90
021 4 3 19.23 14.20 1.90
021 3 1 22 .40 20,42 2.10
021 3 2 29 .55 15.41 2.61
021 3 3 31.70 16.53 2.19
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WE IGHT

T.60
23425
16.55

CROWN TNC
WE IGHT

«36
1.27
«43

1.30
e 72
1.26

«95
«95
«95

1.09
l.22
1455

CROWN
WEIGHT

4460
14.20
4,60

12.00

TOTAL TNC
WEIGHT

1.58
4,99
2.75

6.02
.61
6,61

2.73
2+73
2.73

4457
4.55
5.24
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Pable ZL,7.%, cont.
BT R ROOT TN CROWN TN TOTAL TN
WEIGHT WEIGHT WEIGHT
OZ-. l 1 t35 .29 c65
G2t 1 2 ol2 «09 Sy i
21 1 3 ¢ 18 09 w28
g2l 2 I 3 | =W o &8
OZE 2 2 39 o 20 68
021 2 3 + 64 35 1.00
021 3 1 e &5 ) T
21 3 2 25 i &7
02l 3 3 PN 5.5 o3& » 69
G2y % 1 P e 20 s 36
ol & 2 15 .20 30
0zi 4 3 s 16 « 20 30
Taple 3£,7.4.The orcanic reserve data of
benezth the dark covers.
Treatments g 3R
2 H

y 2 TNG TN

¥ Ll 10.00 b 1 -,

L 1 2 3.00 2l

1 13 13«50 le924

i 2 i 9.50 782

i 16 .00 -

I 2 3 12 « 00 2454

2 1 1 10.00 2«00

2 1 2 10 <50 2520

i, S 12 00 AR

2 2 1 T 50 2wlb

2 2 2 12.00 2w 18

2 2 3 1 50 2.96

N
n
N

ROOT C/N CROWN C/N TOTAL C/N
RAT 10

RATIO

10.38
9 .75
12.22

12.56
12 .00
8.29

Te22

ok

PLAMT

15530
18.40

16.25

26420
3020
23.60

11.20
2084 55
26.75

24465
32.10
49.90

RATIG

4a32
4,00
439

he plants sampled from
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able 3A.8.1. Data used for the growth/temperature relaticnsaip.
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Shoot height growth increment per week for the 15/8 Group
‘on the weekly dates (H), 2, 22/8; 3, 29/8;.....7,26/9.
Initial relative shoot number for groups (), 1, 15/8;

2, 22/8; 3, 29/8; 4, 5/9.

Temperatures as in text with weekly mean values repeated

for each replication.
Treatments, 1+ SRE: 2, 9C; I, 156 4, HC,

SHBUT HT SHOOT NOD FIELD SuUAd PBIELET AY DSIR AV
0.« 00 5.0 18471 la«10 20450
e:30) 4,00 18 (0 1¢ el D 20,550
00 s 0 1870 18«10 A0 58

+ 90 SO0 18.40 =30 20 40
o HD o M) 14.50 15.50 16610
Al 1o 08 19 456 Z1 350 22 40
= 2. 2akdl 25T 2Talid
Siw & 15 o5 (@ 21 w 22 o
) Yo ) 21 . 30 22 S e
[Ne P 185 . b Zi
" Wi L& &

o A‘uﬁ “5 - 0 ! )—T
w20 ol A 23y B 5
B 00 w (36) 15 2% 21 & Pl e
3 W 00 0 .06 21.30 22 G0 Tl HD
--2r 1q‘nﬂ. J_':’_ﬁ-"lflp\ lOc 0 /\)g{"‘)
a 30 4,00 14.90 1980 1610
3s 30 T 1% ¢ 58 21«50 22 %0
5 50 0 .00 2380 25 . 16 27 30
D 140 50 g 90 21640 22 a6l
5 « 30 0.00 21« A0 2290 24450

SHOOT HT  SHONT ™ FIELD SUM FIELD AV CSIR AV
0.00 11,00 15,78 1310 20 .00
000 21.00 ‘18, T0 18.10 20,50
0.00 Q.00 1R.70 1d.10 20.50
1.00 18.00 18440 18410 2040

«80 2.00 T 14,90 1530 16 .10
3,50 12,00 ' 19,50 21460 2240
8.90 N 00 23.80 25,78 T 70
1.30 15,00 18,40 1&:18 20.40

« 70 5,00 . 14.90 15.30 1610
3.50 2.00 19.50 2160 2240
6430 0,00 23.80 25.70 27,76
s 12.00 18.40 18.10 20,40
1490 %, 00 14.90 . 15.80 16.10
5« 10 13.00 19.50 21.60 22.40
9,00 0.00 23.80 25470 PTTH

FE8. 8%,
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Table ZA.8.1. cont.
SHOO T BET SHO8T )
L 000 13.00
2 Oa N0 17.00
3 000 T .00
£ 1e&D Q. NG
o) 1eH0 G .00
5 Re.50 12.00
e 2 .60 D00
1 T.00 0400
P 8.50 0,00
3 2.50 18,00
4 0 5.« 00
B L 040 q.00
3 A410 0,00
7 54 20 0,00
] Ge20 N 00
1o G0 Zé 00
JT0 SO0
. 15960

ll'-'. .'\ul
SHTC HT SHOOT ND
i} 0,00 24,00
e (e 0O 15,00
% 0 .00 T 6
£ 1.30 S.00
5 1.00 Q.00
& 330 15,080
T T«T0 N.00
1 T &0 N.00
2 5.10 0.00
3 130 19.00
L «50 1.00
5 2430 10,00
5 10,70 0.00
T 640 0,00
il 10,10 5.00
2 2220 3. 00
3 1.00 25,00
4 4,30 0.00
5 T30 000
& 340 0.00
i 6.80 0.00

FIZLD SuH

—

i

1870
L& D)
15,70
18.40
14,90
1950
23810
19,90
71430
18,40
14,90
19.80

(s 5
= Y

J

D SuH

138.70
18.. 710
18,70
18.40
14.90
19.50
23.80
19.890
21«30
18.40
14490
1950
23.80
19,90
21.30
18.40
14.90
16.50
23.80
19.90
21430

Fls

I
—t

il

Lo AV

16.10
lu.ll’)
16..19
15480
21.60
25470
21 .40
22.90
16410
19.80
21 .00
25470
2140
22«90

Lb AV

18.10
18.10
1s.10
1410
15.80
21.60
25.70
2140
22.90
18.10
15.80
21.50
25.70
21«40
22.90
18.10
15,80
21.60
25470
2140
22490

20550
721450
70.50
20 .40
16.10
22 <40
2770
22 .60
24450
20 40
16+ 16
22 40
2T-T0
72«60
24 40

DSIR AV

20«50
20.50
20.50
20 .40
16.10
22 « 40
Z2Te70
2260
24450
20 40
16.10
22 « 40
2T «7T0
22«60
?24.50
20 40
16.10
22 <40
2770
22 .60
24,50
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OTHER TOTAL
SPECIES
132.58 136498
19510 200.91
1514 T5Tw36
148,30 151.02
168463 171.55
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115,20 121..%5
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110658 156452
123.90 148,90
114,93 129.98
137.09 143.67
140,10 151.49
136.18 148.83
147.87 158.84
106.43 122.02
115.26 131.40
114.70 141l.14
65.96 109,67
61.38 79.19
69.46 108 .48
89.24 160.28
95, TT 15955
92.00 133437
644,73 151.16
58.97 134.89
6Te32 178.40
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3, HR
SHOOT
NUMBER
2.84 116,00
G199 95.00
306 72,00
1.69 27 .00
«55 58.00
3.18 118.00
2.54 121.00
«90 50.C0
1.63 125,00
Dok 75 .00
137 122,00
9,00 158,00
1718 139.60
T..9% 168,00
1013 Z624C0
279 179400
Se%1 232,00
9.94 281.00
22.54 112.00
11.55 164.00
4,34 102.00
5.11 100.00
6,29 152.00
5.05 140,00
2627 254,00
3.43 289,00
7«31 311.00
37.08 3207.00
13.84 156,00
33.01 434,00
21.95 904,00
29.39 658,00
18.40 472.00
“:'.56 8?4.00
10.31 648,00

28.15 1500.00
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2.98
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3.06
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5.84
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19.73
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33.81
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be2?2 153.36 159.58 1.79 4Le43 104.00

8.52 138.22 146.74 3.07 5.45 180.00

16.91 150.04 1566.95 5.30 11.61 391.00
899 153455 162453 310 5.89 - 128400

T«37 155422 162.59 44358 2.99 155,00

13,53 154.84 16B.37 6.92 6.61 238.00
479 133,62 138.41 2684 1.95 95.00

13.69 03.28 106.98 10.48 3.21 321.00
892 150.02 158.94% 623 2.69 180,00

1235 221432 233.68 52 11 .83 46.00
3491 113,64 148.55 4,31 30.60 253,00
61.32 11l.46 172.73 B.55 52.17 573.00
14,80 164,41 179,21 5. 28 &s52 208,00
23 s31 146.23 1T74.54 1is 17 17,14 310,00
43,0606 104.89 145:33 27 512 21 4714 52700
333 133,727 L5353 22495 740 270,00
26491 LT4.,10 I198.39 22024 4,868 433,00
36&5\) l:.?.;:'):: IR e 2;0:1{.1 ab-.l./_ LG1 .00
1651 119451 136.08 Ba.7T2 Telo 401,00
24 .95 89.29 1l4.24 .42 19453 358400
24 .45 98 .60 124.01 13.38 11.07 585,00

40.52 105488 146440 2146 12.06 754.00
2899 134.63 163.62 14,84 l4.15 809.00
3363 111.93 145.56 20.02 13,61 720,00

25.88 143,00 168.38 21l.34% 4,54 580.00
33.82 134.31 168.13 26.58 T.24& 641.00
3547 114.53 150.00 27.49 7.98 709.00

45,78 53.73 99.51 8.81 36.%7 398.00
31.02 T8.44 109.46 2.88 28.14 202.00
60.82 69.98 130.280 620 54.62 319.00

27 .99 149.86 177.85 1le44 " 16,55 397,00
62.72 13l.41 194.13 38.71 24,01 969,00
T72.86 138,92 211.78 38.90 33.96 895.00

6T.22 64425 131.47 54.05 1317 532,00
108.33 67.42 175.74 78.68 29.65 874,00
T6.70 143.22 219.92 66+ 64 10,06 617,00



Tabhle 34 .9,.2, The v
Treat
H VT R ROOT TNC
PERCENT
g 2 1 F 1000
g i 1 2 13.00
g 1 1 3 11.00
g 12 1 36.00
0 31 22 28 .00
g b2 3 36.00
g 1.3 1 g.00
g 13 2 Q.00
O 143 3 8«50
R
i4 3 2100
5 %% 12,50
62 31 22450
O 2 2 Z 25‘05\)
g2 2 3 20.00
g2 3 1 T Ea &
W] 2 3 2 J.B-iu
02 3 3 11,00
0O 2 & 1 25 .5
0 2 4 2 25.50
C 2 4 3 25.50

eversal exper

&

ments Ly
2

CROWN TNC
PERCENT

k 2, 3R
HR L, =
ROGT TN CROWN TN
PERCENT PERCENT
le&5 1.86
L. 71 2.04
1,62 1.95
1.78 2. widel
172 #12
Lusq' a.-q.z
2+33 2429
2.7 246
2.49 2 o4
2,79 13
2029 w (3
2:638 2«68
1.5¢% 1w B
ia 86 221
1+ 598 Z .44
2.02 2 2%
2,10 2HET
1. 74 2.10
2.12 1.68
2.47 2.98
20 44 271
2.50 3412

iment organic reserve dsta.
¥

ROOT
WEIGKHT

9.70
4,90
13.50

23.45
12.70
22.90

1l.45
15.55
15.00
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H W T R RTCR
WEIGHT
(7 51107 S0 N 1595
gL Y 2 T«90
011 1 3 22405
oLl 2 1 3045
arl 2 2 18.40
OLL 2 3 30. 40
0L1 3 1 22«25
Gir 1.3 2 25 .80
artl 3 32 25T 5
:._ :. 2 5 i 36:20
H.1. % 2 49,10
P2 4 1655
g2 2 1 2T+83
LE 2 2 17595
Grz 2 3 39.60
912 3 1 57455
L2 3 2 34450
0i2 3 3 39.90
0L2 &4 1 32455
0Lz & 2 54.10
0L2 4 3 50.20

AL TNC

TOTAL TN
PERCENT

l. 61
1.83

1. 74

1. 86
1.84
1.90
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ROOT TNC CROWN TNC TOTAL TNC

WE IGHT

« 9T
«63
lo48

8.b4
3.55
8.24

1,03
1.39
1027

WEIGHT WEIGHT
.53 1.50
21 84
64 Zal?

1.40 Q.84
« 96 4452
1.65 9.89
lg? 2.00
66 2.06
«69 1.97
TuSlt TulZ
2.26 11.80
2.37 10.89
58 l1.14
32 Le&E
5% a (8
l a:"':.’ Sh.J ’3
“93 ‘53950
2428 9«87
2.06 4,81
1.39 383
1.51 3.52
2047 6.95
3.30 10.36

3.15
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L3

ROGT

WEIGKT

N

3£.9.3. Reversal experiment plant

CROWN TN

W EIGHT

«06
w13

“13

(No./1 sq ft)

LI 1 1 .08
gLE L 2 e 14
L1 1 3 e I
QLR 2 1 o2l
QLY 2 2 e il
Qe T 2 3 o &2
gLl 3 1 G
@LL 3 2 o 2D
0Ll 3 3 o BT
] - Yy
LT & 5
A 13
giz 1 Ea D
GL2 2 2 w2l
812 2 3 e 1
@ig 3 1 #3.1
Giz 3 2 aDZ
i1z 3 3 3B
012 & 1 a0l
:J'..?. "f‘ 2 .43
0l2 4 3 «69
Table
&
I

PESUSE P U )
[V SJ N ISR

W = =
WO o] OvOhvn
L] L] L L] [ L3

= \NWN O o ->
OOW OO

N RN MNMN N
I PO B =S bt

TOTAL TN

WEIGHT

NN =S N =

(3
L o

[ ] L]
Ul gy W
oW

[¢3]

L
O n 1
W =

© L]

+65
.12
«81

139
« 88

1.29

L33
10.33
8.00
7.50
6-50
7.30

ROCT C/N CROWN C/N T

RATIO

7 .60
6.89
649

16.27
20.22
19.56
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5500 K=
=gy £

RATIO

-4~

Ww W,
L L L
=F & &
fod)

AN
R

population coun
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OTAL C/N
RATIO

5.84
5.84
B,

13.33
17.28
17.04
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389
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P S CENRRY [ N b LA IO, | b asd ot ~ R A o +
Tao_e 4A,.5:.2. Muliiple statistigal comparicson of

Hy

dry weizht (gm/plant)

lea

)

between trestments for selected times of growth,

GHT LOG. DAY O

DE T4, POOLED S.Ee = .238 DE = T4e 5 12
l 1SD ,

} COMPARISON MADE | Y PIFF | ? = 0.05 P = 0.01 S1G| S-HEFFE F SIG
| - | - —n/ -~
| 322 LEA — 9C LEA ' T .201 .267 5% 1.864% 5%
| 32C LEA - 15C LEA | L0861 | « 184 245 N 119 NS
| 332 LEA = HC LEA | +332 .166 L221 1% 2.851 1%
| 3RC LEA = 3RW LE i 089 | 174 .231 NS +223 NS
3RC LEA = Hu EA 1 .553% 166 . 221 1% 7.910 1%
! 97 LEA — 15C LZA . ~.161 | «210 279 NS 1.070 N
9C LEA - HC LEA : <108 | .19& . 258 NS L4421 NS
9C LEA = 3RW LEA : -.133 .201 267 NS | 671 NS
| §C LEA = HY L=A ' .330 <194 . 258 1% | 3.850 1%
| 150 LEA = HE LEA | 270 e LT 236 1%t 2.153 5%
b 130 LEA = 32RMW LE ' 027 .184% . 245 NS | s 022 NS
| 13% = L= | -t « LT 236 1% 74105 1%
| 5 GBS = gy % P43 W15 . 221 A%t 1.527 e
5 L - = - 15 - 1%, 1o 14R XS
A - - : o : « 22 4 9 157

LEAZ WEIGHT LUGs DAY 114
DF T4 POOLED SeFs = .189 DFE = T&e 5 12
LSD
= 0,05 P = 0.01 SIG, SSHEFFE F SIG

| 1

] COMPARISON MADE j Y DIFF | P
i
|

| 33C LEA - - 9C A «158 <160 .22 NS 1.483 NS

| 3RC LEA = 15C LEA .189 . 146 .195 5% |  1.786 5%

| 33C LEA - HC A 342 | ;132 - « 176 1% |  4.780 1%

| 3RC LEA = 3RW LEA -.108 .133 .184 NS 522 NS
N

537 . 138 <176 1% 11.7756 1%
.030 L167 <229 NS . 061 NS
<184 .154 . 206 5 1.887 %
-.266 <160 «212 1% 4e214 1%
<379 .154 . 206 1% 7.997 1%

i

i
VAT T e o

15C
HC
-  3ZRW

> =
I

(]

3D W W DI

—"

O
VIO A D AR A

-

> =
|
T

I \
15C L = [HE % .53 « 141 .188 5% 1.090 NS

-.297 146 . 195 1% 444 1%
348 o 14T .188 1% 5.626 1%
- . 451 132 . 176 1% B8.286 1%
«165 «126 .168 1% 1.409 NS
. 646 132 .176 1% 17.006 1%

15C LEA = 3RW
15C LEA = HMW
HE EA = SRW
HC LEA = HYW
3RW LEA - HW

ST T, B i o L o L L Tl
M mm Oym al mamam a1am
PPl

—
T m
= >

—
i
=

JUA 5424
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a8le LA.5.2. conk,
EAF WEIGHT LOG. DAY 28
DF  Tée PODLED S.8. = 176 DF = T4, LA
; , LSD ,
s COMPARISON MADE | Y DIEF ! P = 0.09 = 0,01 SI6 | SIHEFFE SIG
{ . i ¥ }
| 3RC L&A - 9C LEA \ .168 | .148 + 197 5% | 1.958 5%
| 3RC LEA = 15C LEA | e265 | «136 <1 B 1% I 4,098 1%
| 33C LEA = HC LEA : +352 | «123 . 163 1% 54881 1%
| 33C LEA - 3RW LEA =095 | <128 LETO NS | ATB NS
| 332 LEA - HW LEA | 512 | .123 . 163 1% ) 12.441 1%
| 9C LEA - 15C LEA f 096 | 155 .206 NS | . 707 NS
| 92 LEA - HC LEA % .183 | e 143 & 197 5% | 2.1R0 5%
9C LEA -~ 35W LEA L —a2064 <143 <197 1% | 4.815 1%
9c LEA = Hid LEA : B T2 $143 . 191 1% | 7.638 1%
| L5C LEA -— HC LEA | 036 . 131 174 NS | <405 NS
| 13T LEA = ZARW LEA | =,381 | .181 % L 7,568 1%
56 LER = HE (LEA i 247 | 174 1% | 3 o 283 1%
24 = 3RY LE2 -, 445 L1563 1% #511 1%
ZE = H . 160 « LIT 1% | 1o104 NS
56, = L& « 553 . i3 4% | 17.52° 1%
FAF  WEIGHT LOG. DAY 42
DF 74, POOLED Se«Be = +187 DF = 7& 12
: LSD
COMPARISON MADE Y DIFF | P = 0.05 = 0.0l SIG | SIHEFFE 5IG
342 LEA - 9C LEA «254 | « 158 «210 1% 3.904 1%
3RC LEA - 15C L=A .291 | . 145 .193 1% 44322 1%
3RC LEA = HC LEFA } «362 +131 174 1% 5.450 1%
3RC LEA - 3RW LEA g <016 <137 .182 NS +OLE NS
32C LEA — HW LEA <479 <131 174 1% 9.525 1%
9C LEA - 15C LEA 037 | « 165 <220 NS <090 NS
9C LEA = HC LEA .108 .153 . 204 NS «651 NS
SC LEA = 3RW LEA =237 5 1SR .210 1% 34403 1%
SC LEA - HW LEA4 $224 +153 . 204 1% 2.858 1%
15C LEA = HC LEA 071 <140 <186 NS .238 NS
15C LEA - 3RW LEA - 274 .145 .193 1% 3.836 1%
15C LEA - HW LEA .187 + 140 .186 1% 1.662 5%
MC LEA - 3RW LEA -.345 «151 <174 1% 4,954 1%
HC LEA = HW LEA .116 <125 <166 NS 513 NS
33W LEA - HW LEA P 462 +131 o 174 1% B.865 1%
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=hwTa = A
L e -../‘.2. CO”J...
= I T LOG DAY 56
DF E)?o P\;-‘_):... E‘) De s = ﬁL‘.‘tJZ Dn': = {379 L 10-
T LSD
s = , - | - " . o 5 Bl R ales - -
& PARISON MADEZ | ¥ BDIFF 4 P = 005 P = 8001 SIG {b,H:rﬂr F SIG
| | |
. - & - - =i, ' - ] - - - 3 -~ = ’
238 LEA = 135& LEK ‘ w265 i . 150 - 208 1% 2 .594 %
= - - - L~ o = = A E T oo s | = by
38 LEA = B LEA o B % e L&1 « 4803 % 44136 1%
SREG Le& = 2RW LEA | w0l 12 i o L47 » 166 NS 455 N
BRE LBA — HH LEA ! e 436 | e 141 «1 838 1% 5.6%9% 1%
o - W ) ' - - - - w
150 LEA = HC LEA | .106 .150 . 200 NS | .382 NS
3 ooy |y Gdk % ; =z o N[ i X
150 LEA = 3ZRW LEA f e LG « 156 208 ngo o 1B NS
=~ —- ~ ! - = -~ I ~n |
5L LEA = i LiER | 1 TH ok 20 w200 5% | « 987 NS
7 = I o = f P ! = = o
e LEA = 3RW LcA ! =y e5d | w L1 «1 88 1% | 1.906 1%
HC LEA = Hj LEA ‘ 064 e 134 gl 15 NS ( + 1L 2 NS
3RW LEA — HW LEA ! «317 | . 141 .18 % [ 3.004 1%
{ f
i |
= - ~ - —~ s = s -
- |<._ T e = .
= 7 = 1 2 £ — .= in
i~ ™ £ = o B i 8L ST = = . o
i y LES ‘=2 QuiE = OaUl SIG | SCHEFFE B S1G
- s~ ~ ~ P a | “ - i o -y = .t \ - ~ A 7
S S S (" LT A | - HedL [ o LAZ ok 2 Toa | 3.985 1%
e LB = ZRE LEA i -101 «138 « 183 NS ¢ « 308 NS
FAL LEA = HW LEA | « 385 -« L3232 « LTH 1% | Ge G5 1 1%
S 2 5 i s7g 1 25 e B o
= oA C=3 o : L_'r;L | _.."(; I a]..Jr} .lu) 1‘,-'-1 | e 1‘?‘{‘- T/J
~ ~ L1 o= A 1 i 1 = 1 - ~ oS -
He ILEA = HW ILEA [ «GC3 | 125 s 167 %S i 0009 NS
- = = [l p=a - | - - = of - - o/
33 LzA = HW LEA L i T # 132 =175 1% i 2199 1%
i

il
i
n
51
bt
(]
L
=
-
o
W
°
(=,
o]
=
o
K.,

DF 57. POOLEDR Se.Ee = .184 DF = 5B7. 3 8

LSD

o)
<
©
=

RISON MADE ¥ BIFF ' P = D05 P = 0,01 3SIG | SCHEFFE F SIG
|

335 LEA - HC LEA .390 .129 J171 1% 4.369 %
38C LEA = BRW LEA =, 146 138 .179 NS 669 NS
W LEA — HH LEA 324 | .129 . L171 1% 3.018 2%
iC LEA = 3RW LEA | =.537 | .129 171 % 8.256 1%
iC LEA - HWw LEA -.066 .123 . 163 NS 113 NS
3RW LEA

= HW LEA o471 « 129 «171 1% 6.353 1%
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Tazble bA,5.3, Multinle statistical comparison of shoot dry weight (esm/vlant)

between treatments at selected times of growth.

SHOOT WEIGHT LOG. DAY O

BE 7. PODLED SsEs = . 204 DF = 77« s 9.
[ LSD i
COMPARISOM MADE i YDIFF | P = 0.056 P = D.OL SIG | SCHEFFE £ 516
| i
3RC SHO = 9C SHO .N06 «172 e 22 NS | . 001 NS
33C SHd = 15E& $HO «033 +158 +210 NS | .036 NS
3’C SHO = HC SHO +7233 f .143 .190 1% | l.431 NS
33C S§HO - 3RW SHO NS5 . 149 .158 NS | .259 NS
3RC SHO — HW SHO <485 | .143 .190 1% | 6.186 1%
9C  SHO - 15C SHO 026 | .180 . 240 NS | .030 NS
9C BHO « HE SHO | 286 | «167 2222 1% f 1,838 ‘
9z SHO - 3’W SHO 088 | .172 229 NS .297 . NS
9C SHO ~ HW SHO | 478 | L1687 +222 1% | 8.199 1%
15C SHOD - HC SHO «199 + 152 s 202 56 |  1.189 NS
15C SHO = 3RY SHO f 061 . 155 +210 N5 | .120 NS
G SHE = & SHO 45 « 152 . 202 1% 6 033 1%
C  SHO = 3RW 3HG Sy 45 s L&3 « 190 NS «502 NS
= . . = - Ao
= SHD — FH G s 25T % i 18 1 { i B 1A Ns
3Ry B~ S .23 | w147 18 1% -G5S 1%
SHOOT WEIGHT LDG. DAY 14
DE T, POOLED Sef. = v 1¥7 DF = 77. 5 9.
! i i LSD | l
COMPARI SON MADE | ¥ DIFF P = 0.05 P =0.01 SIG |SCHEFFE F SIG

SHO = 9C SHO .090 . 149 199 NS 411
SHO = 15C SHO <134 | .137 . 182 NS g
SHO = HC SHO <316 w12¢ . 165 1% 3.492 1

SHO = 3RW SHO -.N87 .1 29 w 12 N . 291 NS
SHO — HW SHO 555 <124 « 165 1% 10.740 1%
SHN - 15C SHO . 044 <156 . 208 NS .108 NS
SHO - HC SHD .226 - 145 .192 1% 2.437 %
SHO —= 3RW SHD | -, 177 | . 149 . 199 % 1.599 NS
SHO = HW SHO « 465 o145 . w192 1% 10.277 1%
15C SHO = HC SHO # 182 P o « 176 1% 14315 NS
15C SHO — 3RW SHO -.221 w137 +183 1% 25105 5%
15C SHO - HW SHD 420 .132 .176 1% Ta01& 1%
HC  SHO = 3RW SHO -. 404 124 .165 1% 5.692 1%
HC  SHO = HW  SHO «238 .118 . 157 1% 1.803 107
3RW SHO = HW SHO . 642 .124 .165 1% 14.395 1%

WL W LW
TR D
> = 2
|l

oo ab

O D O
L R Oy

O
<
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vle 44.5,3. cont.
00T WEIGHT L0G. DAY 28
JE TTe POCLED SeFe = o164 DE = T7.
: : LSD
COMPARISO 1A NE I ¥ DIFF | P = 0.05 P = 0,01 §16 ! CHEFEE B &1
3RC. S48 = 9C SHG 1 <173 .138 184 2 1.781  10%
IRE. 8HE = I5C SHO ! e 224 I ZT « 169 1% 2.4 T56 1%
3RC SHO = HLC SHO « 379 o114 ol 52 1% 5487k 1%
3RC SHD = 3RYW SHO ~. 063 « 120 s 159 NS + 180 N3
3XC SHO = HW SHD «593 o114 +152 1% 14,365 19
9, SHO - 15C SHD 061 o 144 . 192 NS 244 NS
8 SHO = HC SHO .206 134 178 1% 24365 5%
G2 SHD - 3RW SHO -.7237 133 . 2B 1% 2.329 1%
§C SHOD = HY  SHI 420 « 134 o1 1% 9,81¢ 1%
150 8§HO - HC SHO 144 122 . 142 5% 972 NS
15C S0 ~ 23M SHO | =.298 | .127 169 1% | ¢.453 1%
S Snb = SHT 359 w122 . 162 1% | 5.967 %
2 3 = 2RY SHO “o443 | “ ok B2 %% | 8.009 1%
2 o= - SHIO 71 | 109 . 14 1% | 145697 16%
7 = oy 2557 | il o152 1% | LTHLO 1%
SO0T WEISKHT LOG. DAY 42
DF T7. SO0LED SeFe = 167 BE & ‘T2 .
| i i LSD
| COXMPARISCN HMADE | YDIFF | P= 0.05 P = 0.01 SIG|SCHEFFE F SIG
3RC SHO - 9C SHS 256 141 187 1% 3,752 1%
337 SHO = 15C SHO «335 e 129 w102 1% 5416 1%
3RC SHO = HC SHO 422 w BET w155 1% T.017 1%
33 SHO - 3RW SHO ‘ .05 I, 05 162 NS .132 NS
3RC SHD — HW SHO «501 s LY +155 1% 14,185 1%
9C SHO - 15C SHO 078 14T . 196 NS .3886 NS
g2 SHO - HC SHO .166 . 136 181 % 1.477 NS
9C SHO - 3RW SHO 1 -.201 o141 187 % 2.307 %
97  SHO - HW  SHO e 3Lk «1356 181 1% 6.351 1%
15C SHO - HC SHO LOBT <124 . 165 NS . 341 NS
15C SHD - 3RW SHO -.279 129 172 1% B TET 1%
15C SHO - HW SHO s 265 s124 w165 1% 3,152 1%
HC SHO = 3RW SHO -.367 s 11T .155 1% 5.291 1%
HZ SHO - HW SHO .178 W IEY o148 1% 1.135 NS
3RW SHO - HW SHO . 545 117 +155 1% 11.680 1%

/Uh.5.3,
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DF 49, PONLED S+5es = <18 DE & &9 5 B
i T L3D 7
COMPARISON MADE ; Y DIEF i P= 0,05 P = 0.0l SIG [S-HEFFE ¢ SI6
SHO = I5C SHO | 435 | .1e2 .189 1% 6,721 1%
SHO = HC  SHD ' . 445 P « 128 3T 1% 5.729 1%
SHO = 3RW SHO ‘ »1589 | .134 e 178 5% <796 NS
SHO — HK  SHD ? SB5TT ! <128 w171 1% 9.604 1%
SHO - HC SHO ' « 005 <137 o182 NS | L0032 NS
5C SHO = 3RW SHO ‘ -.276 L .142 .189 1% { 2.708 1%
5C SHO = H#d SHD . - 141 | 137 .182 5% 654 NS
C SHG 3R SHO - 285 ' .128 L1171 1% 2.368 1%
S SHO - HW SHD I s 131 s 122 163 5% 452 NS
R SHO = HW SHO | «417 | «128 171 % | 5.037 1%
|
E Waich 7
z o = 1 T = = = : T
: " & il = ’.J = . 1 ._- __I." 1 ‘1 "'r
Sz - o S o Sl ! o 124 o= 65 “ez 54455 1%
SHO - 2RY SHD «138 f +129 172 5% | A e
$HO = HY  SHO [ «521 I 124 .165 1% | T.381 1%
SHZ - 3RW SHD | =+ 312 f e 124 «165 1% | 24655 1%
SHO = HW SHO , L073 .118 157 Ns | c1 32 NS
SHO = MW SHO | 1385 | .124 w165 1% 4,042 4%
7 : T

T WEIGHT LOG. DAY 84

DF 58. DGULED SuEa -

ne e

COMPARISON MADE ¥ DIFF P = 0.05 001 SIG | SSHEFFE F S§16

SHQ — HC SHD 431 128 SN 1% 4,688 1%
HO - 3RW SHO -«126 « 134 .178 NS 437 NS
SHO = HW SHO «+ 435 «128 w171 1% 4,771 1%
SHC - 3RW SHO =D T <128 o171 1% T«830 1%
SHO = HW SHO 003 <122 +» 163 NS 0.000 N3
SHO - HW SHO «561 «128 ol TL 1% «938 1%
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eble LA.5.4%, Multivle statistical compsrison of plant dry weisht (em/vlant)
between trecatments at selected times of growth,
PLANT WEIGHT LOG. DAY O
DF  75. POOLED SeEs = <140 OF = 75, 11s
i 1.8D
1 CO4PARISGN MADE Y DIFEF P = 0.05 P = 0,01l SIG| SCHEFFE F SIG
3RC PLA - 9C ©LA 087 118 .157 NS | . 760 NS
3RC PLA = 15C PLA L0861 | +108 s 144 NS «311 NS
3RC PLA — HC PLA . 345 +) 98 .130 4 8.108 1%
3RC PLA = 3RW PLA .050 «102 136 NS o193 NS
3RC PLA - HuW PLA 470 | .0 98 .130 1% 15.043 1%
8C PLA = 15C PLA : -.026 | .123 . 164 NS 076 NS
9C PLA —= HC PLA ! 257 | 114 .152 1% 6,156 1%
9 PLA = 33 PLA i -.0386 | « 118 s K8 «133 NS
9C PLA - HW PLA | $382 | .1ll4 S152 1% | 13.579 1%
13C 2_h = HC 2L | - 7 .10% .139 1% | 6244 1%
| 15¢ PLA = 33¢ PLA | =.010 | .l07 . 144 NS | . 008 NS
| 130 PLA = HY PLA « £09 ol (¥ . 139 % | 12.943 1%
boHED BLA = 2 SLA -.29¢ o % .1 30 1% | 5.892 15%
b B3 PLA = HE DLA 124 e K 4%, .966 NS
PLANT WEIGHT LOG. DAY 14
DF 75, PCILED SeE. = .134 DF = 75. L
: , : 1.SD
; COMPARISONM MANE | Y DIFF | % P05 P & 0.01 SIS| SCHEEFE £ S16
' ! ! |
3R PLA = 9C PLA i JO9F 3T .150 NS | .917 us
30 PLA = 15C PLA ‘ .108 | o 1173 . 138 N5 1.070 NS
33C PLA = HC PLA 1 222 | .093 124 1% 3.708 19
33C PLA - 3RW PLA -.101 | .093 «120 5% .835 NS
3RC PLA = HW PLA .385 | 093 124 1% 11116 1%
9C PLA - 15C PLA i 016 .118 .157 NS 031 NS
9C PLA - HC PLA i +131 | .109 «145 5% 1.746 10%
9z PLA - 3RW PLA -.193 +313 .150 1% 4,053 1%
9C PLA - Hw PLA $ 294 .109 <145 1% 8.797 1%
152 PLA = HC PLA oLl . 100 133 % 14117 NS
15C PLA = 3RW PLA -.209 <103 +1.58 1% 4,017 1%
15C PLA — HW PLA 277 .100 «133 1% 6545 1%
HC PLA = 3RW PLA — 324 | 093 124 1% 7.846 1%
HC PLA — “HW PLA .163 .089 .118 1% 1.802 %
3RW PLA = HW PLA LUBT .093 124 1% 17.719 1%

-

«Je

L.
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DF 75 POOLED S<E. = . 131 DF = 75+ 4 1l.
_ _ LSD .
OMPARISGI MADE | Y DIFF | P =0.05 P = 0.01 SIG |SCHEFFE F SIG
1 1 T
| 350 PLA — S PLA i 096 | <111 o147 85 | 1.043 N3
| 33C PLA - 15C PLA 155 | .10l .135 1% | 2.292 %
3RC PLA - HC PLA | .190 | 2092 . 1% | 2.816 1%
330 PLA = 3RW PLA =yill | 096 o127 % | 1.059 NS
3RC PLA = HW PLA 1 364 | 092 122 1% | 10.290 1%
gC PLA - 15C PLA 1 053 | Cil6 .154 e | 429 NS
9C PLA - HC PLA 094 | . 107 o142 NS . 942 Iis
9T  PLA - 3RY PLA -.208 | 2111 s 147 1% L, B84 1%
9 PLA = HW PLA 1 265 | < 107 147 1% 74599 1%
i5C PLA = HE PLA | 035 | +095 -120 RS o110 NS
| ¥5C 2LA = JRW PLA | =287 . 101 «135 % | 6739 1%
‘ S BLA - HW  PLA t 209 | LO9R <130 1% 3.852 1%
2L 4 - 3RM PLA | =.362 | 592 122 1% 7 085 1%
SO L 173 J357 o li ™ 2.12 5%
LA = ik ¥ g2 « i ¥2 q 1T«523 a0/
LANT WEIGHT L0DG. DAY 42
DF 75 POOLED Sef. = . 129 DF = 75. » 1ll.
T S |
OMPARI SON MADE ' Y DIFF P = 0,05 7 = 0.01 SIG |SCHEFFE F SIG
3RC PLA - 9C PLA .100 109 o145 NS | 1e169 NS
33C PLA - 15C PLA «202 .100 .133 19% 4,000 125
3RC PLA = HC PLA .220 <090 <120 1% 3.884 1%
33C PLA = 3RW PLA -.048 094 126 NS « 203 NS
3RC PLA = HiW PLA .380 090 .120 1% 11.520 1%
9C PLA - 15C PLA «101 C114 .152 NS 1.313 NS
9C PLA = HC PLA «120 <106 o141 5% 1.573 NS
9  PLA - 3RYW PLA -.148 .109 <145 1% 2.568 1%
9% PLA = HW PLA <279 .106 141 1% 8.505 1%
15C PLA = HC PLA 00 l:! .096 .128 NS .031 NS
15C PLA - 3RW PLA -.250 .100 .133 1% 6144 19
15C PLA = HW PLA Svi <096 .128 1% 2.868 1%
HC  PLA — 3RW PLA -.269 090 .120 1% 5.773 1%
HZ PLA - HW PLA .159 .086 115 1% 1.841 5%
3Ry PLA = HW PLA . 428 .090 .120 1% 14,640 1%
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ble 44,5,5, Muliivle &t stical comparison of shoot sber (No./plant
between treatments &% s2lecteld times of growth.
(00T XDe. SORTE DAY O
DF 64, POOLED S.E. = 2.180 DF = %4, 5 13,
T LSD i
COMPARISON WADE | Y NIEF | P = 0.05 P = 0.01 SiG | SCHEFFE F SIG
|
SHO = 158C SHO =2.230 | 1.688 2 U5 w9 | 2,061 5%
- iy = ™ | - - 4 e -
S#0 = HC SHO | -.N18 | 1524 2. 027 NS ! 0.060 NS
SHO - 3RW SHO | 1.351 | 1.592 2,117 N3 666 -
SHO = KW SHO | B.915 | 1,524 2,027 1% 264575 e
SHO - HC SHO | 2,211 | 1l.624 2.161 1% 1.85R 10%
i SHO = 3’W SHO | 3.532 | 1.588 2.245 19 5.264 1%
| SHO = HW SHO | 11.146 | 1,624 24151 % 47,198 1%
5 SHO = o 1.370 | 1.524 2,027 NS | 627 NS
[ SHO - ; 3,934 | 1.433 1.933 195 | 24,259 1%
| §=T - g 1.52¢ 2.027 “% 19.1258 1%
© 25 1, = @ s = et 2D = Ly e
SOMPRRTSH = 0 Y GIEE | P o= 0.0 P o= 0.6 SI6 | SIHEFFE £ 516
| - - ~ ] -~
340 SH0 = 13C SHO 2.765 | 1.515 2.015 W% 1 2624 A
330 SA0 - KC  SHOD 2.245 1,367 1.819 1%, 2.092 5%
53C §Hg < W SHO | L3323 1.428 1.900 xe 314 X
| A0 HD - W SHO Gebb% Le3G 1 1+819 1% 38 . 609 14
I ISZ SHE = HE SHB —.02% | l.458 1.939 NS 0.000 rs
| 15C SHO = 3RW 340 —-1.436 1.515 2.015 NS 1.051 NS
\ 13C SHO - HW SHO T B7% 1,450 1,939 1% 25,651 1%
HC SHO = 3RW SHO ~1s411 | 14367 1.819 5% «827 NS
| 4° sSHO - HW SH 7399 143 04 1.734 2% | 20.558 1%
] 3RY SHO - HW SHO 8.810 1.367 1.819 1% 32.224 1%
i

JUd 8.5,
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HCOT NG. SQRTF DAY 28
oF : ! S 1o DF = 64 1 13

o
I~
o
o
(oo
O
=
r
o
C
°
T
o
I
™~

COMPARISON MADE ¥ oIFF } P = 0,05 P = 0,001 SIG| SCHEFFE F SIG
3¢ SHO - 15C S=O i 2+ 408 ! 16349 1.795 % | 3.726 ﬁ;l
33C SHC - ®C SHO 5 2.842 1 1:718 1. 620 A 4,229 1%
“RC SHO = 3RW SHG . « 754 | 1,272 1,692 1S .324% NS
3RC SHO - HW SHO l 8.826 | 1.218 1,620 1% | 40.772 1%
15C SHO - HC SHO o434 | 1.293 T b2 NS w112 NS
15C SHO -~ 3RW SHO ~-1e5654 | 14349 1s 795 5% YaTS5T 10%
15C SHO = HW SHO ! 6417 | 1.298 L sWET 1% 244496 1% |
HC S50 - 3R4W SHO | =2.,088 | L1.218 1.620 1% 2,282 1%
HC SHO - HW SHO i 5.983 | 1,161 1544 1% 17.034 1%
3R’W S=E0 - HW SHO ! 8071 | 1.218 1.620 1% 34,100 1%

1 |
SHOCT XO. SQRTF DAY 42

i POCL ES 1e543 DF = &4 ¥ 13

lkj -, s s e _ ' = :ﬂj"?ﬂ,.p l;ﬁ_i £ N STHEZFEREET R SIG ,

!

B o R o 1 = s |

SET = 15C SH 1183 273 leHG2 5 1.00 NS |

$HO = HC SHD 2.420 | Llel4%9 1.528 1% | 3 445 185 1
SHO = 2RW SHD 878 i 1.200 1.596 NS | IRA-TA ¥3
25 SHO - HU HO 7.084 | 1l.149 1.528 194 | 29.509 1%
5 §50 = HC SH 1.238 | 1l.225 1.429 5% | 1.025 NS
5C SHC - 3R8W SHO =303 | 1.273 1693 NS | . 066 NS
LEC SHT HW SHO 5902 | 1.225 1.629 1% | 23.278 1%
sC SHO - 3RW SHO -1.542 | 1.149 1.528 1% | 1.399 NS
HC SHO = HW SHO 4.663 | 1.095 1.457 1% | 11+625 1%
3RW SHO = HW SHO 6.205 i 164149 i..528 1% l 22.646 1%

/LA.5.5.
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L 58 -
- ' - - .
SHOGT NO. SQRT DAY 56
rl: 5':‘5'- DDGLED SoE. - 1.036 DF = 64‘6 13-
- LSD ,
COMPARISON MADE { Y DIFF | P = 0.05 P = 0.01 SIG| SCHEFFE F SIG
| i I
! 3RC. SHO = ISC SHO 1.586 | 1.422 14692 % | 1ed54 NS
: SRE.SHE = WG SHO 1.626 | 1.284 1,707 5% | 1.245 Ng
| 3RC SHO = 3RW SHO | «968 | 1341 1.783 NS <481 NS
| IRC SHO - HW SHO 5,040 | 1.28% 1707 1% 11.966 %
I i50 SHO = HC SHO « 039 ! 1368 1.820 NS | 0.C00 NS
{ 15C .40 = 3RW SHO —.5618 | l.422 1,892 NS «220 NS
H i o= - - opom - )
I 15C §H8 = HW SH@8 ‘ 34453 | 1268 1.820 19 6+385 1%
| WS SHO - 2R’4W SHO ' -.657 | 1.284 1. 707 NS .203 NS
| HC $H0 = HW SHO ; 3.413 1.224 1.628 1% | 4.991 12
| 3’4 SHO =~ HW SHO &, 1s284 1707 19 7.810 1%
- = " xJ =i b S s = 5 E:a ._.; = Sju .:.G'.
B <180 = Y DIFEF = 0o05 P = 0.6l 8i6| SHEFFE F SIG |
23T &80 = HEL. SHO ! 1,105 | 1318 le 15% %5 <419 xg |
- ~ 'y -0 e | o | L e - - av o
3RC SHO -~ 3RW SHO | .787 1377 1.831 NS | <239 NS |
E:\C 51'13 e Hw SHO ! Sedlb laf)'la ..I.-‘-'-.J:'/':' 1;; | :’JQT?S ']i; {
=5 SHO =  3RW SHO l -e317 | 1.318 1,754 NS | «034% s |
HC SHD - HW SHO 2.210 | 1.257 1e 672 1% | 1.526 XS
ZR4W SHO - HW SHO 2.528 1.318 1.754% 1% | 2.196 19

&

« SQRTF

DF

DAY 84

55 . POO

-~
caMp

ARTI SON

MADE

Y. BIEER

10.

SiLG

S1

SHO
SHO
SHO
SHO
SHO
SHO

- HC
- 3RW
- HY
- 3RW
- HW

HW

1.505
0 100
2.535
-1.405
1.029
2.434%4

SHO
SHO
SHO
SHO
SHO
SKO

%
NS
1% la
5%
NS
1% 1.

NS
NS
5%
NS
NS
NS
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Taole 4-2.5.10, ANOVA of the resressions of shoot height srowih in the
fisld over time (em x 10/shoot/day).
320 trestnent
- i o " = : -~ i
Sgurce of veriation i Aax Mean Sguare oo slg.!
i : = s e = H - : ] cl. - I i
| Total within group i 67 Bishk.15 . i
i i { )
. . . . - i | =t -~ ] ~ b 2
. Due to average regress. {1 | 252k€7.06 [64k.16 | 1%
; LI R T e ; s H £ T 07
. Deviations from average reg-css. | 66 | 361.92 i
{ Botween individ, group regress. § & | 1C01.27 2.8&1 5%
f Deviations from indivii. regress. | 62 | 352.62 I
! ! H i
20 treciment
i [ 1
\ r i 3 f 1 .
; Source of wvariztion i df i Mean Sqguare| ¥ | Big.
1 : b e | - a | |
i Total within group &g E 57S7.5¢ i
] I3
! - —_— — :‘, - i & : & s
1 | 225693.03 1185.5% ! 1% i
nam et Lo I8 i wiryia o dyer i ' !
- e e T { = R ) ! i
& SEers ol b ! 227805 2,01 8
AL TS T S = SAans Tl
s B ioien i Sguare) & SE5s
Hunalk o ' D? \ :O.“-'E .
$ | l i |
g > e 4 a1 SRalc T 1 "L ~y ol ames A
Jue to average regress. | 1 | 256859.359 | 44,048} i% |
- s ~ 1 a - = i H 3
Jeviations irom average regrezs. | 0D | 5801.50 | i i
! f i i
SRPRR SR ) i ! Pt b - -
irgivid. group regress, | B ¢ 11373.20 | 2.091 XS |
v o ~ 5 g g i Z i sl Nz : i 1
tions frowm jandivid. regress. | 02 i 5+42.03 | | {
1 H .
I 1 i i i 1
Table 44.5.11. ANOVA of lucerne field srowth varameters. Shoot height (em),

relative production and shoot

number measured on the 12/9.

Shoot Height* Relat.

Product? Shoot Number**

B 7,

NS

i

939.01 15757.5

NS 0.0201 NS

Variation ar § M.S. F | si M.S. P } Big] M.S. F | sig
Replication | 2 : 2030.6| 2.9 NS{ 2542,2| 0.0| NS | 0.0003| 0.0| NS
Treatmert (T): 3 ! 4080.8| 6.0| 1%| 12966.9| 0.5 NS 0.003L ! 0.2 ]| NS
Group (G) b 331790.5(46.7| 1%|426976.8 |1k.b | 1% | 0.1906| 8.5[ 1%

2 1.4 0.5 | 0.9

38 £79.8 20600.0

0.0222

* {y x 10)

** Data was transformed to

the arcsin form for analysis.
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* Data was transformed to the arcsin form for analysis.
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tz) o< brdoboed e

rror

2 LT &n percentages.,”
i Root Croun RTCR
riation |dafl 8. | F |sig] M.S. | F |sig| M.S. { F |sig
3 i % PR | ST | o 5 o
fcation | 21 0.00031 7.7(1% | o. OOuOCi bobl5% | 0.00023 | 9.6 1%
vests (H) | 7 | 0.0008% {21,0{%% | 0.00097 |53.8 11% | 0.00897 30.31 %
| Veriety (v) ! 11! 0.000%%111.0{1% | 0.00001 | C.6{NS : 0.01109| 2. 1 NS
! Treatment (T)! 1} 0.01636(409. [1% | 0.00339 (188, |1% | 0.00489 LL5 ;1%
| c V . 7} 0.00003, 0.7 %S | o.u0001: 0.5INS | 0.00073 I 0.4 INS
! i l 7| 0.00009 | 2.215% | 0.00010| 5.5|1% | 0.00267 | 2. 9n5¢
5 D F oA 0.00039[ 9.7 1% f 0.00002 | 1.1 |N 0.u0557* 7.9 1%
i Tx T t 70,0000k 1,0iNS i 0,0000% ! 2.2 5% | C.00060| 1.3 NS
I e ! 62 | c.cocghg | | 0.0000z . ; 0.00002 |
otal nitrozen weisht (gm/6 »lants).
| Root Crova é RTOR 1
£ s iy ; o g [ fryl T e i e 3 R {
._“-- - m- S - - - e -] - & - ‘\-"—-\_ *
B 2. 0.0823 | % e 0.9 (5 0.1265 | 2.4 INS
PR 7 :'a J‘j:. '}-» . - ':' \:: ? :v : ;I "? ,i . 6 _-":-
T . CuBth Y 2,208 $.03 %e C, 0028 0.0 X3 |
2 e A 4 = mran tame dacd e LTpe ol dant |
i DaSE I ELGe o S Ohe LD o twe UL ZWD. P
3 - NTaE = - . ] o o ) o Y i ™. £, - A B 3
. NS S Vo - e N 'I:‘ S (e e w220 e i’,‘zJ I
T 7. 0,0247 ' 1.518 0.0078 1 0.5 K8 0.050%1 0.%:%8 |
15 i 0. c:;: 1.0 55 0.073% | 0.9;¥ | 0.,0015{ 0.0{X5 |
v g 2 : 71{ 0.0280} 1.9({¥8 ;| 0,0359} 2.45% | 0.12531 2.5 5% |
Srror | 621 0.0148; | | 0.0155] | | 0.0518] ;
"gtal non-structural carbohyirste/total nitrozen ratios.
; Root ‘ Crown | RTCR
Variation | daf| M.S. | F |sig | M.8. | F |sig| M.S. F |Sig
. Replication 0.638| 0.2| x5 | 0.060{ 0.1| ™ 0.207; 0.11] NS
{ Harvests (H 25.8931 8.5| 1% | 10.163[22.2| 155! 18.198|12.8| 1%
| Variety(V) | 1b,4bs| b,7) 5% | 2.270| 4%.9| 5%| 19.613[13.8| 1%
l czent (T) | 0 1% 3 1%| 204,984 {1 1%

395.919
T

b NS
16.412

1%
1%
NS

-

NS 1. 764
1%| 10.189

NS 0,546
1% 5,908
69.518 3 1% 1. 144 NS| 27.872
2.028 NS 0.667 NS 1.367
2.146 0.457 1. 414

-
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[es)
=
fes)
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* Data was transformee to the arcsin form for analysis.
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. - -~ T gy - - - - = = b o - - - - = oy e e
“rnc crown comparisons for the several organic reserve measurenents.

BT . WO e BT -
PRC Percent™™ TK Percent™” RTICR Weignht**
- T oz L o i A s } - e
df] .8, F |Sig | M.s, | F iSig| M.s. | F [sig

i

O

LIV OO OO O FCcofF e
|

o

|
-

@]
(&}
=
o0
O

A O S MDO-3O NNV

-

®
(@ JNe]
ol
1=

7
0.00177 k2.3 | 1% 39
0.00015 3.6 | NS 30,08
0.01734 415, | 1% | 6463,52
0.00004 4.1 | NS 20.80
0. 00030 1% 51.27
0.00242 | 1% 6. 74

fo.ooséo?134.' 1% 1 138
i
|

O W oo
]
n

S oo
O &
. |

-

L]
L B Mot a M Y3 |

U 3 BL TR AR

sl

o
PR = UG TR I
=
i

ONOOOOANDADS N O
=
n

-

'l

i R Qg g

o

L T s [, S, B N, VP N S, N, . 8

0.0022 NS 0.784
. 825 0.015R | 1.707

&

.
-
L]

t
5 7.4
0. 00004 s Sl
! 0.00128 | 1, S| 0.66002f 0,6 NS| 400.72 | 3. 1%
; 0.00547 | 8. %i 0.,00017 4.2 | 1% 29,68 ol
: ! 0,00866 {12, 1% | 0,0003C 7.2 1% 8.32 | 0.3 N8
R xH xV i | 0.00068{ 1.0} S| 0.00002] 0.5 | N5 ° £,69} 0.2 | NS
R % H % T ] ' 0,00058 ] 0.9 | NS ! O c0002] 0.6 | NS | 7.28 1 0.2 NS
RC xVxT ; 0.00533 | 7. 1% | 0.000%1 2.7 Vsj 9,71} 0.3 | NS
Ex¥FxT | 7! 0.00082 | 1. NS | 0.COCCE 1,5 NS | 85,09 .81 5%
HzExVTxd 7! 0.000201 0. B L G000 0.5 N8 S5.72 | 0.2 ! NS
Feoo ;28 ¥ ©,00058 t 0.00C04 | 29.6C | {
£ s ) S THC/TH Batio
¥ Bk B3 LIRS ; LhLE N M85, Yk A8 B82 0 W 90, 651578 | i
arvists (£) 2.95% ' Bu.o 1! Q.CRED E.0 ! 5E 20,784 17.E 1 3% |
e ety (V) v ©G.00RIB.0 BEYT QOB 0.0, B 9408k 8.2 1798 |
Treatment (T) ! 1! 117,359 l1k2, 1% 5.3400 357. } 1% i 330,647 1193, | 1% |
0 x E | 71 2.273{2.8 5% 0.0%%2|C.9| NS | 6.,311| 3.7 ] 1% !
RC x V ' 1} 1.63%12,0 X¥S| 0.0828 5.2| 5%| 2.632{1.5| NS |
¢ x T 1f 8.90% 10.8 1%| 0.0520| 3.3 | NS| 99.12158.0| 1% |
T xV 71  1.914 | 2,3 5% 0.06?81 L,3 | 1% 2.699} 1.6 | ¥5 |
B % 2 2 13135 | 1.6 BS§ 0.0251 | 1.6 1 N5 19.503 '"11.4 | 1%
Vv x T i1 1.521 { 1.8 NS| 0.,0007 { 0.0 NS | &k,251[25.9 | 1%
W xExV 71 ©.272 |1 0.3 TS| 00,0026 0.,2) NS | 2,164 1.2 &8
RCxHxT 7i 0.7401 0.9 XS 0.00431 0.3{ NS 2817 1.6 8BS
B xV¥=x? 1! 0.217{ 0.3 NS| 0.0%64 | 2.3} NS| 26.410(15.5| 1%
HxVxT 7 2,092 | 2.5 59 0.0627t 3.9 | 5% 12911 11 | 5
g 0 0.3 | 0.1 0.5

&3]

H

o
]

i

mn

¥ Root and crown comparison
** (gom/6 plants

¥** Data was transformed to the arcsin form for analysis.
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Table 44.7.2. ANOVA comparison of the Winter organic

those of the first spring sampling.

otal non-structural carbohydrate percentages.

reserves

with

Root Crown RO

Vezistion fdft |7 fS;g i F |8ig ! F ESi;
Earvesta (3) | 1| 0.00649 ! 8,71 1% | 0.00964}23.3 1% | 0.00084}16.9] 1%
Variety (V) | 1] 0.00197 {2.6! NS | 0,0006%| 1.5: NS | 0,00255 Li NS
Treatment (T7) { 1| 0,00113 | 1.5} NS | 0.00016! 0.L4| NS | 0.00072 2] NS
HxV 1{ 0.00102 { 1.4 xS {0,0003%4| 0.8| NS | 0.0010% 8 NS
Ex T 1} 0.00013 { 0.2] NS 0.00016! 0.4! NS | 0,00017 3| NS,
Vx? t 1} 0.00001 | 0,0f NS | 0.00019 0.5} NS | @.0000k Ci NS
HxVx?T 11 0.00046 | 0.6{ NS |0.00020{ 0.5 NS | 0.00025 k| NS
Error 16] 0.00074 ! o.ooo&q! 0.00058

PO s —— *
Totel nitrogen percentages.
I - | c 1 —— ey
oo ; Pt D VS 5 1 St
L 1af L - F i8ig Sig
= e e il S = ~ i ¥ g e r 1": - R (T 1 o W bl B ¥ -": ~nt
A PR 4 Ve Ul DU S A e U SO, Oie | o Ve ULU™ 5t 2™ OI (W
i eyl ~ oy -~ o~ - ! ! e
1! 0.00009 1 1.7 28 j C.000C0] 0.01 X8 L 0,00003! 2,11 NS
1! 0.00153 28,0 1% | 0.00065; 11.9" 4% :0,00128{40.31 1%
97 0.0C000 {0.0: X3 10,00002' 0.5 . XS | 0.00001) 0.5 X3
~ 7~ X = = -~ w5 | ool
z 11 0,00035 (6.7 5% 1o.a:c:‘-; 0,6} ¥5 10.00023; 7.3 5%
! - - o - { - - o H -
% 8 i 1] 0.00015 1 2.8 N5 |0.0000C, 0.0 XS ]o.cooc;i 2.8 IS
t T | T T
%= ¥ x 1} 0.00C00 o.oi NS { 0.00006; 1.3{ NS | 0,000C2 O.?‘ NS
U g | |
Zrron | 16 | 0.00005 j | 0.00005 | |o.o0003] !

Toval non-structural cacbohydrate/tctal nitrogen ratios.

} Root l Crown

Variation ar | T ig F |Sig F 1Sig
Earvests (H) 1 | 23.826 4.8 1% | 58.919!1141.| 1% | 44.11876.81 1%
Variety (V) 1 0.259 | 0.3| NS 0.483| 1.2} BS 0.909| 1.6{ NS
Treatments (T)| 1 11.370 N11.8} 1% 2.3771 5.7| 5% 7.196 [12.5] 1%
Hx V 1 1.715 | 1.8] NS 0.589! 1.4} NS 2.006] 3.5 NS
Hx T 1 5.287 | 5.5| 5% 0.280| 0.7] NS 2.108| 3.7 NS
VxT 1 3.443 | 2,3] NS 0.001| 0.0| NS 1111} 1.9} NS
HxYTxD 1 0.326 |0.3| NS 0.021| 0.0] NS 0.001 |- 0.0f NS
Error 16 0.959 0.416 0.574

* Data was transformed to the arcsin form for analysis.




Table 44.7.3. ANOVA conmparison of treatuents for organic reserve

LEasurementse.
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3 1]
jafy H.8. | F |sig) ¥.S. | F Sigy M5 | F
? 27 G00080 F B.7] ¥51 L00880 1 D i 0.C0000 ¢ C.0
i crriem b ol sl a0 A 57 5 =
! ’: Oa\JC\Ju:’.‘ e o L3 u..\.-\::\:’. -J.i? L Oo CC::" u.j
5 2 b sy sy Tl o e o Bae SR Eok
Z Ha 0958 55,91 % B, 03770 095 | 141 Q.G 53 075
. - “ mm,s ~A A ~ A~ A A A Ao A CAcos Pl
AL ) s MU Ve U Liad e Uiy Uas O = Ve Uuuivo e v
v - Gl oY o1 i T o s R T Pt A F g
- g A [ L S : e Yoo
Datde SAESESTRSSEIEL carRcayisets et vetel rataogern $aties,
Rcot ! Grown
2 i P i
| Mt i P i8ig| M.S. i F 8ig| i K
i ; e - - ] =
i 0,937 | B.3] B8] 01886 | Qb i P 0,275 | 0.2 _
1 i e | ccl [ T | H |
| D209 § 0.0] B8] 1.556 L,5 | 0.277 | 0.2 i
. I = | R | - } t -0 = |
| 10,454 | 3,7 5&i 0.388 | 1.1} X8| 3.585 | 2.7/ |
= 1 | TR ! { 3 {
\ 2.C=0 i c.7 | NE ! C.231 5 I } T79% i o i i
P i H - 1 i i 3
| 2,835 | | | ©.343 | 1.326 | ~

Table &4.7.4. ANOVA of organic reserves of the plants grown under the covers.

! NC Percent* | TN Percent* |

: Variation af M.S. F |Sig M.S. F [Sig

i ] ”~ . -

| Replications 2{ 0.00348 6.9 | 5% | 0,00002; 0.3} XS

i Variety (V) 1| 0,00147 | 2.9 NS | 0.00000! 0.0 NS

| Treztment (7) 11 0.00001| 0.0 | NS | 0.00097 {16.2 | 1%

r Vx T 1} 0.000421| 0.8 NS | 0.CO000| 0.5| NS

{ E 6 0.00050 0.00006

* Data was transformed to the aresin form for analysis.
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De S SIOVE gf the revers: cxverimant crop zrowth rate regressions
lgn/& sg fto/écyls
5 - o - Vo |
af | Mean Square) z SLE |
68 259,284 | | ‘
D=y ~ i -~ i -
n 7 83%1.606 60.02 ! i‘,‘-'i|
i ; - - . ! —
; ! 3 E 2202.503 | 52.34%
é P64 42,074 1 | 1
; i .
Table LA.G. 2., ANOVA of the rveversal experinent wvelative rrowth rate
N SRR JEUR S S,
£ rESs10ns \‘.;_,‘;‘/;_',.../‘...;.J}o
: Scurce of varistioen i | Mean Sguare) F Sigtl
- - L e} | o~ - i
Toted WiLERIE FPSun 68 | 1290, 931 | i
. e -~ ! =AY s mam . E e | Py
3 2 Cigs -S283.08, i 2205 JUL 8L s
LIGRBRBRLSE G LEEDE razresss o7 S T B o
b R s . n DeIDE35. e E 3 106 5% 1
g o and poot plus crown dry weichts (zn/6 ylents).
i Crown | RTCR
| 1r 2 ) ¥ o) = ! b o) ! - { ™
1 el by Bl 6 2 T e Yiwe M.S. i LR o e Rl g BT l &
Tenlication t 2| 35.40 15.26 | 1.2| NS| 96.60| 1.6} ¥s|
- e - pa : a0 Al laa =i a0 ame ey | & %l ske |
! Variety (V) ] | 0.0k 150,16 [11.3| 1% 135.37{ 2.3| NS |
I m, g gl my i 2 g t Zla0 | - ~ aL
; e bneny (-} 3 2 319- 6L 230. 5u i Iu.é | 1% 9?9.70 le-? I,-;[
v xm | 31 30.9% 35.71 2.9| Ns| 116.26| 1.9 :~r“[
| Error { 5] 21.11 12.38 | 58.71 | L
& i1
Total non-structural cardo sercentage.”
! Rapot Crown I RTCR {
i |
1 Variation d;[ M.S. T |Sig M.S. ' F |Sig M.S. F |8ig
| = = = - v - -7
| Repliication 2I 0.00017| 0.2| NS|{ 0,00047 | 0,8| NS | 0.00000| 0.0 N
| Variety (V) 11 0.,00005| 0.0| NS{ 0,00002! 0.0{ NS | 0,00095} 1.2| NS
| Treatment (T)| 3 0.09945[110.1 1%| 0.03155 |57.4] 1% | 0.07732 [96.6 ] 1%
f VxT 3, 0,00%1% | 4.6| 5%| 0.00214 | 3.9| 5% | 0.00371| 4.6 5%
{ Error '.a:-| 0.00090 0. 00055 0. 00080
1 — |
L

nsformed to

the arcsin

form for analysis.

/Ll‘i'°9.5.
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CONPUTER PROGRANS
s Julviple Linear Regression witk seguential remgval of the highest
Vers agle,
Somgtrole used: srogran switeh (P8) 1 off, P28 3 off - 2o plet bhack:
P8 i oy, PS5 3 on — ploitback afier each regreszion analysis.
Zgéaccr cerds and dete inpui eontrols P5 2 vn, P5 4 on » reszd in
& pETaATeLeT werd#®, b, 5 Reddgy cards using C.C. 1-72 sath,
ey v-velues, 4. data - Tormas 7F10.0.
* WU ~ punber of obzervations; ¥ - nunber of vaeriables dneluding the
depencent warisable.
& PROG. NO. 021120621 MLR —=MULTIFLE LINEAR REGRESSION 1 DWT
c
C HULTIPLE L RESS IO
&
10N S p SUMX{26) s SUNXY( 28}, XBAR(26) 45X (28)
ION A Bl 26) % {26).BETA{286)
ION R 26) 4 T(28) 4 IDEL[2E)s TTV(26) o ALPHA (T8}
SUMKX U.\')\'Y,XBAQ 98){,}\., r'.q'-D'_“:Hr‘-"QSCJ,IleCLoN,N NUP‘ﬁ,ANfﬁ,A
AO,L1 s TTV s ALPHA» TITLE sLZs XR o XS
BisK o B
C ZERQ T ¢ zS
~
A 5D AU Il NI AN
3 it =
S e
o v a o °
a2 B
SRl =) e
iz X11)=0,
DC 13 I=1,MB
DD 14 J=1,MP
i AlTed)=D.
1.2 CONT INUE
KN=353:M
S
(S | i
03 1229 I=1¢KM
1229 ALPHA({I)=0.
IF {SZNSE SWITCH 2)249,229
249 IF{SENSE SWITCH 4)219,15
ZIg D 22) 15145
R=ZAD 3
223 P NT 3

GO TO 15
IF ( SENSE
READ 93, (ALPHA(J) 4J=
MA=M=1

READ 2000 o (T

SWITCH 4)16,1

THE '"FIRST PART

AND ADJUSTS THI

nO00n

MA=EM=1
KON=M

AN=NUM
IMAX=1
20 1000 MAX=1,4NUM
RZAD 2002 5 ({X(1I
IF{NTRAN) 321

321 DO 302 II=14M
302 X(II)={(LOGF(X(II))})=.4
32) RZICORD {(IMAX) (X(I),I=

DO 22 I=14M
suMxX2(I)=suMx2(116X({

5

1,KN)

TV(I },I=1,Mf‘%)

1geM}

i

)

3429448

MATRIX, CALCULATES THE. VARIABLE
ELEMENTS OF THE C

MEANS
EFF

OF THE PROGRAM GENERATES THE COEFFICIENT

AND STANDARD DEVIATIONS,
ICIENT MATRIX.
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ki R
=5 A{T,us1)
A 9
M {1HD ¢ 158H INVERSE MATRIX/L16H ==m—emm e )
i T=1 @i U
MT 182514 JYy J=F e 8
MAT {1t 487 . o0
B0 5148 TSl
FTE TRESTT Y L 18 ]
XBAR{I}=XBAR {161)
6149 SBSX(IV=SsX{I&l)
PRINT 92
PRINT 82385 4XBAR{ 1) ¢SX (1) ALPHA{ 1) ALPHA(2) JALPHA{3)
K=4
DO 7848 I=24M
IK=I-1
FRINT 4,IKXBAR({I) 4IKSA{I)sALPHA(K) s ALPHA (KE1),ALPHA(KE2)
7645 K=KE&3
LOUNT =D
DO 2040 J=13 KON
IE{IR=EL{J) i 2 5D . 204D 420 59
2050 KDUNT=KOUNT & 1
17 [KOUNT = L ) 204D ,2783 s 2)4)
2340 CONTINUE
=365 o=
G i0 69
498 CaLl. EWET
= =l T EuAT=NENESy
&z ;
7& {23 : IEFEFICIENTS 9/}
7 {51 TAY 3134 2H Fow D
TF { 74 THT COEFFIC OF MULTIPLE DETERMINATION. /)
g (5H RIHD=4F 1443, 7)
7a {4&1H THE COEFFICIENT OF MULTIPLE CORRCLATIONG.s/)
19 {3 Res 14,3471
7S {32H THE STANDARD ERROR OF ESTIMATE <y /)
3 ({15H S{i1e23eeeM)=nFlibde3s/ )
a1 {/38ATHE PARTIAL CORRELATION COEFFICIENTS )
62 {235 R{4yT1392H)I=43F22a 8)
95 Th/12H THE F—TEST.s/)
96 {3H F=43F12.447)
97 {12H THS T—TESTes/)
8000 L AT { TE A0 &0 )
11 FORMAT (1H 3164e5X3F 14 .33s5K9F14,335%XsF14,3)
71 FORMAT (12)
166 FORMAT (6HOBS . NO 915X 1HY 315X SHY=ESTy18X,41HE)
3885 FORMAT{7H YBAR _,an 6,20H SIGMA(Y) = Fl&4.6 ,4Xy,3A4)
g2 FORMAT (44H THS VARIABLE MEANS AND STANDARD DEVIATIONS../)
1044 FORMAT (1H,66HCOMPARING THE ZQUATION WITH THE PREVIOUS AND PREVIOUO

4
18 &1 EQUATIONS)

46 FOIMAT {1Hs7HF (1=-2)

48

10 =1=12.4710/<74HDF g12,2 9 '12)
1) FORMAT (1H,?HF{1_3)=yF12.£’-,l)X94—HDF '12,2H, ,12)
4 FORMAT (6H XBAR(9I332H)=9F144335Xe7H SIGMA( 3I3,2H)=43F 14,3 34X, 3A4)

ZND
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THIS CALCULATES THE
CORRZE

P~ inNT 91

DO B2 JEZ;
AR=SOFTIA{ 1) 38 L sd ) IRl Lol B dsd Y ) )
K=J-1 i
PRINT 62.Kq A

THIS PART OF THE PZOGRAM CALCULATES THE
BRINT 95

E=RHOMANMA{ATH(1.,~RHDO)

SIINT 96 4F

THIS PART OF THE PROGRAM CALCULATES THE
PARTIAL REGHRESSION COEFFICIENTS.

PRINT 97

PO 129 1=1 -M4A

T{I?=3§ i

I=b Tl g3 2 ’ 20

TG ==3 &7

PRINT 98,1 4T4E8 3

THIS SA3T £F THE PRogs/ PUNCSHES THEE D=6
S - Fa23E Ok =GRAEE O B0k g

OP\'O'-!':‘T: i

THIS BART DF THE PROGRAM GIVES THE USER
ELIMINATE ONE VARIABLE FROM THE REGRESSI

-
=
pre
0
-1
e

A e
Zr

L
! e e
Bl @ | O

=

.

118
SWITCH 1
SWITCH 3

2
n
1

MNnAO0ATy I n

He D OO VT e
—~—tt

——
=t b
® (o
‘o

- .

NS=
LAST=1

80 TO &41
CALL LINK (MLR)
DO 80 I=1,4N
DO 2 !
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=
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TOoWe=le NI =g = O

PO e ]
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y=ALPHA(I£3)
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1376210 MLR S —MULTIPL
mxal( 25:' bl SUMX { 26: 7:‘;'\);-':)(\{{ 26} ) >\an 20} 7 SX[ 20;
91"3?_5} o"i{ 26; aX{26; ?BETF‘-',?.6)
26},55(26}7T{26},IDEL{:Q},TTV{2C}0ALPF"”’“
rS"J""i:‘:, SUMXY ,K‘:A? -S}( e Ao i:)y SETA?R ,SE, ¥ TBDEL ,i\i,n. ,NUI‘-”; ,ANI“"’I’ A
KOUMNTsX s TTVLALPHA TITLE gL 73 XX, XS
(12 ,220))
i THE PROGRAM CALCULATES THE PARTI
=& UEFFICIENTS.
E
< "
AN =NU
MIN=D
69 FRINT 73
DO 36 J=2.M
& Bld=1)=—AL1l.dj B801,1)
DO 37 J=1l4MA
37 PRINT 5,J,8(J)
THIS PART GOF THE PROGRAM CALCULATES THE Y=-INTERCERT.
S J—1}=SRTI{A{1, 1) RA( I J)—Al1aJd)RAIL I} ) ACANMEA( 1310 A(LTy2)))
K=d—1
51 PRINT 61+K,8B({J=-1)
NIS PART OF THE PROGRAM CALCULATES THE STANDARD
PARTIAL REGRESSION COSFFICIENTS.
PRINT 76
DO 39 I=2.M
BETA({I=1)=8{I~1)%8X(I)/SX!{
K=I-1
39 PRINT T7T.KBETA(K)
THiIS PART OF THE PROGRAM CALCULATES THE MULTIPLE CORRELATION
COEFFICISENT,THES S5TANDARD ERROR OF ESTIMATZ yAND THE COEFFICIENT
GF MULTIPLS DETERMINATION.
ERINT 77
RHO=(A(1,1)%AM=1,)/(A(1,41)%AM)
PRINT 9,RHO
PRINT 78 .
RA=SQRT(RHOD)
FRINT 10 4RA
PRINT 79
SXX=SQRT(SX(1)%*SX(1)%*(1,=-RHO)
SXX=SXX*SQRT( AN/ANM)
PRINT 8,SXX
CGMPARING WITH PREVIOUS EQUATIONS
MIN=MINE1
IF (MIN—=1)1040 41040 41042
1242 Fi={((RHA-RHO})/{{ATE1.)= AT J)Z( ({1 ,~RHA)}/(AN=( ATE1ls)=14))

TOF=M=i4A

BOF =NUM=M-1

PRINT 1044

PRINT 1046,F1, TDF ,BDF

IF (MEN—E]IOSO,!OSJ,IOSE
1352 F2={(RHE—RHD)/{{A

295

.2 LINEAR REGRESSION 2

TE2. )=AT))/Z{({1e=RHE) /(AN=(ATZ2,)=14.))

D ‘bAJ T



22 SulX{Ij=sumMx(I}ex{l1)

DG 23 I=1.% ‘
) oo ?.'-',\ J=1 41 294
24 A{Isdi=al1
23 CONT IMNUE :
15 CONT INUZ

= S

79,
1= g8
J=1 404
25 ={ANRA{IsJ)=SUMX (I JESUMX(J) ) /AN
z5 UZ
1S
{7 MATRIKX/23H = ———— ——— e e — )
7
i 30H
{14
%
&1
s Ji=
D BB
=13 .
-
B8535 T d SIGHMAlY) = RF14.6:4%,;354)
27 IRXBA YZAN)
1) 4 ALPHALZ) sALPHA(S)
:.1 \ - ~ ” = ~ - A oy podile e -
4 = = = ol el s < e - =ik > L s B/ FHACKRSZZ
= = = >
o4 e Rl W E AT VAR LABLE WMEANS AMD STANGAISID DEVIATIONE,
£ ~OREA
& FORAAT (3339 2H)=4F142395R:7H SIGHA{ 1 I13,2H)=,F14.3,4X, 3A%4)
03 FIrRMAT
c THIS PART OF THEZ PROGRAM IMNVERTS THE MATRIX OF COEZFFICIENTS.
&
NE=
N :
1 A e
K=M
5 105 L=1ygNK
Qg i J=1aNK
166 4 i 1)

Z &

R T i T Ry N

Z A
- R

i B o
JE1i={AfIE1s1 )R {JS1)/R{1))

b
(=]
O
—ZM N0 u
COCHlw R
O i pae
10w
[

1
LD I OO OV

e oo TN €Y s
X O) =2 || Il e

-
"

133)oR(1)

~

Q.
‘\[C"‘J

| gt
MoOrO0n0N:0E—w00AOALCO

49 PRINMT
79 FORMAT (
132 L=
KOUNT=0
CALL LINK {MLRS)
END

)
wiry i lN
ONTIN
O 111 J=14NK
334 {NK 9 JI=R{JSI)/MR (1)
125 ONT INU
RINT 2
29 FORMAT{1HD y15H INVERSE MATRIX/16H ==—e—m—mec—ce——a——o)
DO 40 1 M
7
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e 20 mtliinie regreeszioan Tor & selected anunber of wvariables.
tostrel progran eWitches axrc 2 T Sh.1., PSS 1 eh; P23 F bng
P8 2 gnyg BS 4 on,
It zurithey reads Tthe SHitle of the curve, an LZ control of the nmaxinunm
selected Z#value to nlet back and gr AZ coatrol for sntilogging calcul-
gtes ¥ valunes andé §%'s when avplicable,
an 0%s back for the read X values, for selected X values
8 tne 538 of each czlculatew Y value
gndent variable; Y the decpendent wvariable.
PROG. NOa&« 0211206219 MLE =MULTI-LE LINEAR REGRESSION 1 DWT

Onnn
C
-
.
) o
-
i1
r
(=]
Z
il
pxd
A

REGRESSI ON
ISION SUMX2(26)sSUNX(258)4SUMXY(26)3XBAR({26)3SX%X(26)
ISICN Al26:26).8B(26) X(258),BETA{28)
NSIOMN R{25),SE(28),T(26)4,IDEL{26),TTV{(26) ALPHA (78)
ISION AX{8),XS(8)sTITLE(2))
N BUNMXZ2 . SUMX s SUMKY ¢ XBAR 95X, A2B+B33TA, R SB,T3IDEL ¢MsN,NUM, ANM 4 A
1 i« L1oKOUNT X TTV ALPHAZTITLE L Z (X Xy X3 AZ
SK {10 42003 )
¥ Rl Z ACCUNULATORE
BEiiis = 2 % g INTRAN
a1 ¢ d=Se
L2 it =0
o TS ITiogme
DO 14 J=1.NMP
i3 z INUE
1229 ALPHALI y
I { N WITCH 2)249,229
249 IF[SENSE SWITCH 4,219,185
2319 20 220. 1=1.5
RZAD 3
220 PRINT 3
GG 7O 15
229 IF({SENSE SWIT.IH 4£)16,15
16 RIAD 93¢ (ALPHA({J) 9 Jd=1 s KN)
15 MA=M-—1
READ 2022 4{TTVII)eI=1,MA)
READ 944, {TITLE! JlsJd=1¢5)9LZyAZ
94 FORMAT (5A4,4,212)
THT FIRST PART OF THE PRIOGRAM GENERATES THZ COEFFICIENT
FATRIX,CALCULATES THE VARIABLE MEANS AT STANDARD DEVIATIONS,
AND ADJUSTS THS ELEMENTS OF THE COEFFICIENT MATRIX, ;

OOnOo0n

KaON=M
ANZ=NUM
TMAX=1
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i
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132

]
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29 EDRM A

40 PRINT 7
79 FORMAT (

(e}

KBAR {5135 2H 1E4F1443,5Xs TH SIGMAL yI332H)=,F 14,3 ,4X,354)

) b IMARY IXTIYaI=teM) P
o I=i4M 256
S Ij=suMX2{I)eX{I)=X(I)
s Y=sumX({I)ex{1l)
] Ezl-y"‘\'
D J=T g0
A =5\(I JIEXRL T YEEE J)
CH U=
c HWJZ
& {1HG 4224 SUM OF SQUARES MATRIX/23H ==ec—rmcecce—cece—— —_——)
D I=1 4,0
= TOL AL 190 ) sadele i}
D Tzl o
o JET g ¥
- ={ ANTA{ T ¢ J)=SUMX (T )RSUMX{J)) ZAN
< i
F: ]
5 AHD 5 28H PRODUCT MOMENT MATRIRZZ3H ~——m—rmme— e e e s e -)
o :;:\y:‘.‘. *
b= T, (A{I9d) g Jd=140M)
= {S0H1 30H
) )
AM=A1EsT)
CO 20 Jd=1.40
Je=J51
D3 51 I=JdP.M
ALT 9o d¥=ALIT1)
2 ki \_,';':A':ng)
= T 92
FC {8H YBAR = F 14,64 20R SIGMA(Y) = 3F14,5:4X43A4)
s ks { 1y,
; ISRl
A &5 ml i S A " ;/ﬁi\-)
I EEBT i bog Sl HAL 2 ) s ALPHALZ)

- T T s I M J s LB Al 2 s ALPRAT KBS » A LPHAl REZ

ti5 212}

¢ FEIE o5 )

{44 THE RIABLE MEANS AND STANDARD DEVIATIONS.)

F20 28 )
< =
{ &

3;‘-‘ ‘ )
THIS PART OF THZI PROGRAM INVERTS THE MATRIX OF CCEFFICIENTS.

1
J
N
T

) o~

Lo 40

< 1
DO. 105 L=1,NK
DO 106 .J=1,NK
R(JI=A(14J)
RINKEL)=1,
DO 107 I=1,K
DG 108 J=1,NK
IF({J=NK) 109,110 4109
A{L J)=A({161,J61)={A{IE1,1)5R(JEL)/R(1))
GO TO 108
A{IJ)==A{IE6141)/R (1)}
COMNT INUE
CONT INUE
CO 111 J=1,NK
A{NK,JI=R({JE1)/RI(1)
COMT INUE
. 29

1H

9

1t

L.1=0
KOUNT=0

CALL LINK (MLRZ )
END
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51
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39
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N0

e D283 E210 MLRE —MULTIPLE LINEAR REGRESSION 2 DWT
IOMN SUMXZ{28]) SUMX{ 25 ] ,SUMXY (28]  XBAR(26) +SX(286)
10N A(PG.26),BL26)Y X208} +BETA(Z28)
ION RI1H),58{28):T{26)+IDEL{26},TTV{26) 4ALPHA({TS)
ICN XX{8)sXS(81+TITLE(2))}
SUMXZ2, SUMNISUMAY 9 XBAR . SXs A8 :8ETA Ry SB 3Ty IDEL Mg NgNUMy ANM 4 A
sl s L L RO UNTaRs TTVyALPHA T ITLEsLZ s ¥ X3 XS 3AZ
: BI8K {13 52000 ) g
331
L S3SENSE IITCHES 1 AMD 3 MUST BE ON)
ART OF THE PROGRAM CALCULATES THE PARTIAL
S10N CE=EFF ICIEMTIS.
O |
i =M=
FRIMT T3
20 35 J=24W
& J“L):”r'}. L J}/A(s,;)
J 37 &= e mA
PR INT Seded(Jd)
Tt PR OF THE PROGRA CALCUL ATES THE Y INTERCEPT
[ L
S L) o Y
2EUMEDSL I=1 I MXBAR{ I )
= i = ST - CALATES THE TAMNDARD ERRURS
< il SGRIT STILEN € Fii o

53 |
PRINT B19KeSB{J=-1)

IHIZE PART OF THE PROGRAM CALCULATES
PARTIAL RZGRESSION COEFFICIENTS:

RAM=14) /Z{A{1,1)%AM)

#{1.,—-RHO))

PQINl

8y SAA

THIS PART OF THE PROGRAM

PRINT 95 _
F=RHO®ANM/Z{AT={1
PRINT 96,4F

THE STANDARD

CALCULATES THE F RATIO

2 E 1 g d Y Y AT ANMER

MULTIPLE CORRE

PRINT 76
DO 39 1=2,M

BETA(I=1)=B(I-1}43X{1}/SX{1)

K=1-1

PRINT 7,K,BZTA(K)

THIS PART OF THE PROGRAM CALCULATES THE
COZFFICIENT,THE STANDARD ERROR OF ESTIMATE,AND THE COE
CF MULTIPLE DETERMINATION,

{13 0%KEd5203 )

L.
=

_il);.,
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THIS PART OF THE PROGRAM PUNCHES THE DEGREES OF FREEDOM FOR
TnE REGREZSSION PROBLEM,
PRINT 8111,ANM
FORMAT{/23H THE DEGREES OF FREEDOM //7H hN=M=1=,F10,0)
THIS PART OF THE PROGRAM PERMITS THe USER T3 0OBTAIN
A PLOTBACK OF THE ?TQERVHT:uﬁ NMUMBER THE VALUE OF
THE DEPSN NT VARIASLE., ESTIMATED VARIAELE4AND THE
DEVIAT 10N E
18
IF] 82
TYPZ
CALL
il S
PRIN
FORM THE DEVIATIONS FROM REGRZSSIUN .9 // +6HODBS.NOy 15Xy 1HY 41
SXe¢5 418X 3 IHC 96K 3 13HSEe OF Y=EST 315X 1 0HANTI-LOG Y, 12X43HX
2 /)
ITHAX
:..‘3 '(:- ]
VST
FETC {X{I)sI=14KON)
KT=2
D0 &
Ifi 1354 145455
G3
e S {o=113X{KT)
NEEKTE 3

% =54 ' v

= / Ve i A Lo i I |

AT IMATIN X VALUZES
PRINT 10 22.NUMgMA
5 l';:—.:"‘.(‘r 1
MEA ¥ Y=d
Wi q o
DO 16310 EXSll.l7
DIVELOGEZS S XTENDED VALUES OF XK
IF (M=2)555,555,56Y
DO 1212 J=2.MA
AX{J =X {J=1 )a=XX{ 1)
CALCULATES THZ ESTIMATE OF Y
ZS=A0
DO 1314 J=14MA
YES=YESEB(J)=XX(J)
IF (AZ)1D027,1)27,1028
BYES=YES/0 43429167
AYSS=SXPF(YES/) 43429167} /1) .
CALCULATE T4 E X VALUE FOR THE STANDARD ERROR

DO 1318J=1,MA
XS (J)=XX({J)=XBAR(JE 1)
CALCULATE THE STANDARD ERRCR OF THE Y ESTUMATE

FSUM=0 .
NI =1

DO 1018 I=2,M

NI =NIE1

DO 1018 J= NI .M

IF(I-J)1017,1019,101
FSUMSFESUME(2A(I ,J )3 XS I=-1)%XS(J=-1))
GO TO 1018

FSUM=FSUME (A(IJ)*XS(I=-1)%XS(J=-1))

CONT INUE

GO TO {777+787)sLH
SYX=SKUX*SARTF (1.5 (1. /AN)EFSUM)
IF (AZ) 1054,1054,1055

ASYX=Z XPF (SYX/) . 43429167)

CONT INUE

OUTPUT OF RESULTS



N
(03]
QO

~ o

- ™

L] -

w .

L. .l

1) @]

(@] ]

S U =

(SR <

° 7~ Z

21 (@) Ll

<}~ - =

il 4 (6)] x

b=y )] ]

4 1 k=

Ny Y. 1

0 4 0 (p)

L, ]

P H T [v4 i8]

ul = |

—~WN 0 1) .

b~ b 2 — -

= b N =

LU 7 w«

ulin 1 « D

L o Qo un =
.M I-

e <L N — (73] P i
ZEih) N oy N0
Dy ry P T Y
Do~ 0 O |-
W9 Bz
e Y= ulo b
AN QI eag
W Iod) O it el
BN I M ' < 0. o 1 S
< T
= = o
LR A e e 4 B it S 15
8 oyl L Ml N =M
W 20N =k sl
= Catall | IRCHEAS i a
N :._ .Q A “ i

EE R S B ol SN T S x
= et T e S
1 B _i=mi=y

: L e 2
o v OMIEMNINTE M
N MNP GE NG N

N o e e N

I helifeils g |
<f - 5 0L 5 R 0
" Vo 2 o
r) Yy 62
il ol
el
0 W3

vol wif

LI o TR (O S o O
SR SN R S TR Rt T3 e Vo T St Al

£ ) M@

TION.s /)

ZLA

CORR:

ULTIPLE

i

i)

et

M

i L 2}
o= YA
el

alt

4

3

D 1 .,.w e S S

N

W S

Guite e o 10 GV 0

e e e e
wl el <lal <L

o1 e
hal
1
-5 £1)
Fu Ll

UG

Viid

LIBRARY
MASSEY UNIVERSITY



Onn ¢

sleke]

[glalg]

Onn

OO0

anon

42 T

12

- o -~ - 5 4+ -~ -~ & s 2 ™ -

progran for the zmuliiple statistical comperise

e -~ & - - 1. b} aa S THGPIOR g = | Y 2
alnes for #hich thé 3tandard Eryors arc available.

AR . DENS GF ESTI!M._D ¥ O JES FROM M
ST&;);,S._{ID 2 ENUM( 1D ) o FMAL 10),TET L=
ANsLYSIS
TCH 314) 441
OF COHMPARISONS
e SHd
——\.‘ Ly o = s s Lk,
- » a3 e A = 2 |\ & b & 0% -
SA=SUE { J=FEATRY JRSE(R
SI= 506 i 7 S
FERENG
Fl=FMeF
PSE=SGR 75B)
CFR=FN=F
RAN=Fii—=1.
I54 S=NsE TCH Z:424.43

TYPE 142,0F
ACCEPT 160, IT{tlst=2s3 )
RINT 167 ,0F yPSE,DF 4R N

PRINT 20
CALCULATES LSD SIGNIFICANT DIFFERENCES

NI=1

NN=N=-1

DB 12 J=13KN

NI=NIE&1

DO 12 I=NI4N

YDIFF=YEST!1)=YEST{J)
SDIFF:PSE*SQh:r’1./FNUM(J}&1 ZENUM(I))
DO B IK=1:3

SSD(IK)=T{IK)*®SDIFF

CALCULATES SCHEFFE TEST

cs:rF YD IFF %
SCEF=QDIFF/{PST%%2)%( 1./FNUM{J)E 1, /FNUM(I) )%*RN

PRINT RESULTS
PRINT 22, (TITLE(J,K) yK=1432) s (TITLE(IK) 4K=1,2),

14 2)45CEF
PRINT 604

iR
{40

EQUATIONS
2 10) 88D {5 )y

YDIFF,(SSD(K)sK=1
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PROGRAM FOR DETERMINING DATA
1,532 )2 59(1)s547%)
Ly 80 Y EOR {20 )5 Tl
FITRm &1 45
R=ZAD DATA
READ 40&, IMeINM
FZAD 400 - (FOR[IKI4IK=1 2]
SR INT 405, IMyINg{FOR({IK]) ¢IK=
D 2 KE1e T
RZAD FOR(R({KeI}gI=1,1IN)
SETESRMINES MAX AND MIN VALUE
o e |
£ 3 :{..
- = 3t i
¥
O & Tl
IFE L1211 1%4:%4¢6
3 (K TE1}
RiRyIG1)=X
CONT INUE
SeK) =(Z%2.)72.
Rikel)=Z
1} e
i ™J
N0 25 W=1 s oM
READ 8014 {TITLI(TIJ)19=144)
CALCULATES CLASS INTERVAL
DO 34 I=1,4IN
P{RsII=R{KsI}u1l,
H{R)=A{K) %1,
S(Ki=B(K)%®1l.
RG(K )=HIK)=S(K)
TA =RG{Kj/2) .
Lio=t L&
G

A
8 TO |50 y51552) Lk
PRINTS DIMENSIONAL DATA

PRINT 610 ,({TITLE({IJ)y1d=144)
GO TO 53
PRINT 611, (TITLE(IJ)s10=144)
GO TO 53
PRINT 612, (TITLE(IJ)y1J=1,4)
GO TO-53
PRINT 604
PRINT40 2y H{K)4S(K)IRG(K)TA
PRINT 604

CALCULATEZS DISTRIBUTIGN
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D\ K
D3 4
& DK d)
oo 17
17T ENE K
J=1
2 28
a -:‘:'.51-\
GO T3J
i Cc N
5 CONTIN
FREZIPAR
Py o=({1
FriKae
oo 32
ZZ FTiKyd
DO 33
33 PP {K,J
PRINT
.:ll‘\.i
-_.-"‘. \»5,:
22 I
Gl
23 P
G TE
22 PR :
81 CONTIN
IF (L=
&7 50 £1
1 P(Ka1)
H{k)=S
S(<i=s
GO 70
5 00 4£2
42 P(Ksel)
MK ) =0
S{KY=L
GO 7O
25 CONTIN
IF (8=
30 CALL E
433 -FORVAT
<04 FORMAT
432 F i
1CLASS
23) FrORMAT
201 FORMAT
4) 4 FORMAT
&E06 FORMAT
4056 FORMAT
12 13
L) 7 FORMAT
I S
438 FORMAT
L09 FORMAT
435 FLxMAT

Py A
vy e d

wEEw2]

=g K. Jd=1 YETA

% = e e

[ah e

JI=i e

L

e e

I=1lq41IN

J=14¢20

(Kol 1=D(KyJd¥)186,164:18

JI=FNS{Ks J)IE 1,

19

WUz

e

£S AND ~IMTS DISTRIBUTION HISTOGRAM

JEFNS({Ky1l)

3
-

-2

7 J

;J'E-rl \ls{f\yJ)

[ el 1 S ™
—~C 7\"“7\'.**‘

e e =]

"
i

Ky J)=102 . ) /PN

e L S W4

QLOOl NN
OO ~d Gr=== 'H:\} Tira

s (FNS{KyJ)led=1,20)
409, (PP{R,J1sJ=1,23)
ORAMS ALL VALUES 70O SQUARE ROOTS AND TRHE

1429

r V4 1 A0 W L LN f
58 iR e
SR
{80 482481)4LL
605
;%.33
506
W
SVET s 48 425
T=1win
=SGRTF(R({KeI)*#1,)
QRTF{A(K)*1.)}
ORTFE(B{K)*1,])

40

_E?EN

OGF{R(KsI)el1a1)

FlA(K)ES1,.1)

FIBlK)I&E1,1)

XZC 00N = p
!

—~—— MO anl

}_._]_ ..:|u—1|-..||--l—|'|'||

,r13 S5,.H=43F1) «543H = 3 10HTHE RANGE
vy 10 .87/77)

(;

L7770 )
85HCLASS 1 2 &4
15 16 iv 18 1o 2))

He i H e e e e e

] 8 T

(1H,5HFREQU,22 14)
{1H,SHPERCT, 2014, /7/)
(1H 4 2F 540 910X 410 A4 )

N LOGS

IN

L&
(&

SEQUENCE

3y~ 105, 25H
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