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Abstract 

The ef:fect of an increasin.g wat er def'ici t du r ing 

summ e r, achieved by means of an automatic Rain-Out 

Shelter, on the production and persistence of a perennial 

ryegrass (Loli um lJerenne L. "Gras .slands Nui 11
) was compared 

to that und e r irrigation. In addition, the effect a nd 

interaction with water deficit, of 2 different cutting 

intensiti es (i.e. h eights of 2.5 and 7.5 ems ) during 

spring were also investigated. 

The responses of perennial ryegrass to an imposed 

drought, c ompared to those under irrigation, were 

related to measurements of soil and plant water status; 

where the soil and plant water status were measured by 

soil water d e ficit and leaf water potential respectively. 

It was found that the growth of the components of pasture 

production (particularly till e r and leaf dynamics) was 

reduced when the soil water deficit exce eded a critical 

point of 104-111 mm, which could be pre dicted f'or the 

Tokomaru silt loam soil type, according to the soil water 

balance of Scatter , Clothier and Turner (1979). At this 

point the soil water potential was approximately equal to 

-0.1 MPa and h a d not reached the permanent wilting point 

(-1.5 MPa). This critical point was characterised by a 

sharp 0.6 MPa decrease in dawn leaf water potential which 

con trasted with a more gradual decline in mid-afternoon 

leaf water potential. Such a change in leaf water 

potential (parti cularly at dawn) was found to be a very 

sen~itive indicator showing that this change in water 

status h ad occurred. At deficits excesding the critical 

point reductions in pasture yield were attributable to a 

reduction in the rat e of tiller appearance , an increase 

in the rate of tiller death, and a reduction in the rate 

of leaf production (i. e. extension and appearance). 

Furthermore it was found that spring managements to 

increase tiller density will result in a greater tiller 



density at the end oI' drought, but will. not give an 

advantage in dry matter yield during the drought. Any 

benefit ~iich mi~1t result I'rom a management system to 

prepare a sward for drought is unlikely to be in summer 

production but may be in the potential for faster 

recovery after drought. 

Keywords perennial ryegrass, water stress, leaf water 

potential, cutting tntensity, tiller dynamics, leaf 

dynamics, Rain-Out shelter . 
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CHAPTER I 

I NTHODUCTION 

New Zealand h as a humid c limai.e i deally s ui ted to 

pastoral agrlculture , h owever a l thou gh annual rain:falJ in 

most areas exceeds 1000 mm ( N.Z. Official Year~ook 1982 ) 

varinbility b etwee n years i s h igh , with 19.9°/o of years 

being c ons i dered "wet " and 15 .1 % of' years being 

considered " dry" ( Salinger 1979 ). The increased 

prevalence of drought since 1968 ( 58 year average 1920/2 1-

77/78 ) ( Salinger 1979 ) combined with the ~neven 

geographical distribution o f rainfal l , tending to be 

d r i er in the cast t h a n the west ( N . Z . Official Yearbook 

1982 ), has prompted res earchers to consider the effects 

of' water stress on Agricul t u ral and more specifically 

p astoral production in New Zeal and . 

In some areas of' New Zealand relief from summer 

droughts can b e ach ieved by irri ga tion , however large 

areas of the country must cont inue to rely on a system of 

dry l and f'armine . In these areas , opti mum management 

sysLe ms need to be developed from an understanding of' 

the responses of the individua l pastu re s p ecies to summer 

water stress and their recovery from that stress . 

There i s considerabl e evidence that different 

cuttj_ng and grazin g t reatments will influence s ubsequent 

p asture composition and productivity in the summer 

(Droughatn 1959 , 1960 , 1970 ; Hunt a n d Brou gham 1967 ). 

Dif'ferences in the relative effect of a particular 

trea t ment from one season to the next, suggest there i s 

a def'inite interaction between the management of' a 

p asture and its summer drought tolerance . This led 

Brougham (1 959 ) to state that "the differences between 

t h e seasonal growth pat terns produ ced by the different 

t reatments were d etermined by s p ecies to l erance to the 

grazing systems and i.:he modified action of weathc;.: 

factors on growth because of differen ces in h erbage cover 

J 



and botanj c a l compos :i Lion 11 • As yet, there has not been 

a detailed study of Ll1is interaction nor of the 

po ssibility o:r using sprjng c-razing to prepare a 

pasture for drought . 

At the jnternational level , research into water 

stress has b een wide s pread , however mo st o f the 

d e tailed research investigati n g the mechanisms involved 

h as b een restricted to glasshou se and growth- room 

studies . In general, the water stress was imposed with 

unnatural rapidity which frequently did not give the 

same resu lt as experiments p e rformed in the fie l d ( Baker 

and Jung 196 8 , Ritchie 1974, Johns 1978 , Turner and Begg 

1978 , J ones , Leare and Stiles 198o ( a ) ). 

This experiment therefore had the specific objectives 

of : 

1 . Measuring the response of pere nnial ryeljrass to an 

imposed drough't ( compared to irrigation ) and 

relating this to measurements of soil and plant 

water status u nder field conditj.ons 

2 . Studying the effect of spring cutting manage ments 

on the patte rns of tiller and leaf growth on a 

sward of perennial ryegrass durin{5 s wmne r under 

two contras ting moistu re regimes 



CHAPTER II 

REVIEW OF LITEH.ATURE 

2. 1 Introduction 

The literature cont a ins a wealth of information 

describing the vast range of effects of water stress on 

plant growth. This information has accumulated because 

of the complexity of the responses of the plant to water 

stress and the multiplicity of approaches to the study 

of these responses. The response of plants will vary 

depending on other factors such as : (a) the plant 

species/variety, (~) the int e nsity and duration of the 

water stress impo se d and (c) many environmental factors 

such as temperature, light intensity and de:foliation 

managements . 

This review will consider asp e cts of the literature 

which are relevant to the experi ment outlined in the 

following chapters . It will begin therefore with a 

discussion of water stress and how it is measured. This 

will be followed by a more general discussion of the 

effects of water stress on plant growth . The bulk of 

this review will comprise a specific consideration of the 

effects of water stress on pasture production , making 

special reference where possible to ryegrass dominant 

pastures, and highlighting areas of agreement in the 

literature, rather than the many areas of disagreement. 

Pasture production will be assessed in terms of dry 

matter yield , and mention will be made of the various 

c omponents of that yie ld . This review will conclud e 

with a consideration of the ways in which spring 

defoliations of pasture might modify the effects of water 

stress during summer. 

The terminology and definitions of Thomas (1 980 ) 

have be en adopted in this thesis. 

5 



2.2 Wai.or strc:_.; s and its me asurement 

2.2 . 1 Water stress and wa t er deficit 

Wa l er stress ( usually implyj.n g water d efic i t stress ) 

has been deI'ined by Levitt (1 972 ) to be any level of 

water def'icit at which a n impairment in some pla nt 

function h as occurred. In other words a state of wa ter 

stress is said to exj.st ~~en the dcficjency of water 

( whether in t h e soil or the plant ) i s d etrimen tal to the 

plant . 

An importan t feature of this definition is the 

djstinction between a water deficit and a water stress . 

This is often no t acknowl edged by many researchers , who 

appear to u se water stres s and water deficit 

synonomou s ly . The implication of the above d efiniti on 

j s that there are some l evel s of water def' i cit -which do 

not impair plant function and therefore are n ot water 

stresses . There are two exampl es where plant water 

deficits can be demonstrated to exi st , but whi ch can not 

be regard ed as a wate r stress. 

The firs t is that maximum rates of leaf grov.-th 

( indica.tin g optimum plant function) h ave been observ ed 

at small water defici.ts ( -0 .1 5 to -0. 25 MPa ) e v e n ~vhen 

plants are growing in well watered soils. Boyer · a nd 

McPherson ( 1975 ) consider this "curious " phenomenon as 

being n ecessary t o ma intain a gradien t of' water potenti a l 

to supply water fo r plant growth. This level of wate r 

d eficit is not stress . Turner and Begg (1 98 1) state 

that "water deficit s occur in the tissues of all 

transpiring plants as an inevitabl e conseque nc e o~ the 

f'low of water a long a pathway in which frictiona l 

resistances and gravitationa l potent i al have to be 

overcome ". In light of the fac t that these d e ficits are 

a norma J p art of pl a nt functioning they can n ot be 

r egarded as a stress . 

Th e second example can be seen in the diurnal 

G 



cycling of pJ ant water. sta. Lus , \vhere again , \>R.Ler 

deI'icits occnr buL are noL necessarily causing a water 

stress . ln the simplest case, a water deficit develops 

in plants as a consequence of stomata opening in the 

morning and disappears with the closing of stomata in 

the evening. The effect o~ diurnal movements of plant 

water status on planL function has been examined (Leafe, 

J ones and Stiles , 1977 ) where it was found for rye~rass 

in the field, that diurnal movements down to -1. 0 MPa 

did not affect l eaf extension rate (1 mm/hr ). It was 

no t until the minimum daily l eaf water potential fell 

below - 1.5 MPa that leaf extension rate was reduced (to 

0.25 mm/hr). This more severe level of deficit may 

h ave resulted in the midday closure of stomata , preventing 

co2 up take ( Zelitch 1969) and thus b ecome a water s tre ss . 

Similarly, the dramatic yield responses to most 

irrigation, preventing conditions of high atmospheric 

demand (cited by Howell, Hiler and van Bavel ,1 971 ), are 

evidence of stress occurrinrr as a result of the more 

extreme diurnal movements of plant water status . It is 

uncertain a~ t o the extent that diurnal movements of 

water d eficit impair plant function however , it is 

certain that in some circumstances a water deficit (in 

the above case, as l ow as - 1 .0 MPa) does not constitute a 

wa ter stress . Further experimental work clariI'ying the 

point at which the diurnal movements of water status 

become a stress is necessary. 

2.2.2 The measurement of water stress 

Water stress research is complicated by the number 

of methods for measuri n g water stress. Some authors 

discuss water stress in the very simplest of' terms as 

either being present (usually severe) or absent . This 

is misJeading and inaccurate since the inrluence of water 

stress on plants will vary with the intensity and 

duration of stress , the rate and pattern with which it 

develops (Turner n.ncf Begg 1978 ) and the stage of plant 

growth ( Slatyer , 1969) . Water stress can be described in 

qua litative terms such as severe or mild but these are 
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subjective and imprecise, especially when describing 

extreme environme nts. This problem of describing wa ter 

stress was encountere d by Gardner and Nieman (1 96h) when 

they endeavoured to d e scribe the lower limit of soil 

water availability to pl a nts i.e. the maximum water stress 

a plant c a n survive. They came to the conclusion "that 

although defining the permanent wilting point as - 15 

bars may be u s eful for ma ny practical purposes, it does 

not represent the absolute lowe r limit of available water. 

Indeed, no sing le limit for all. plant processes can be 

defined in any precise way" . 

Quantification of water stress is achieved by 

measuring the water status ( deficit ) of the soil or 

plant at which a particular response of the plant is 

observed . A more severe stress occurring whe n the 

measured wa ter deficit is greater. Salter and Goode 

(1 967 ) concluded that a comparison of the effects of 

water stress on different plants in differe nt environments 

ca~ be made by measurj.ng the deficit in terms of plant 

water potential . 

Water potential ( f ) is a measure of the free 

energy of wa ter ( Stocker 1960 ) . All water movements c an 

be thought of as following gradients of decreasing free 

energy . In the path from the soil to the atmosphere 

( whether through the plant o r not ) water will move down 

o n energy gradient , and henc e the concept of the soi l ­

plant- atmosphere continuum of Philip ( 1966 ). 

Water potential c an be defined as the p artial 

molal Gibbs free energy of water ( or the chemical 

potential of water ) compared to a reference point of pure 

water , divided by the molal volume of water , at a defined 

pressure and temperature ( usually STP ) ( Stocker 1960 ). 
The dimensions are energy/ volume = pressure ( Dainty 

1976 ) and is uaually measured in MPa ( equivalent to 

10 bars, 0.0987 a t m , 10 7 ergs / cm 3 ) . Since the re~erence 
point of pure water is arbitrarily defined as zero, and 



water moves down on energy gradient , water potenti al will 

generally be n egative . It is probably only positjve 

during the process of euttation and i s unlikely to exceed 

0 .1 to 0.2 MPa. Minimum values of plant water potential 

vary wjth plant species. Te mperate Grasses have 111lnimu111 

value s of -2 . 5 to -J.O MPa wl1ercas some tropical and 

zone plants have minimum values of -8 to -12 MPa (Ludlow 

et al . 1983) . 

Cu rre ntly the water potential is given as the sum 

of f'our major components , as in equation ( 1) ( Rose 196G) . 

where 

= total water potential 

f g = gravitational p otential 

This is typically the smallest component of the 

total water potential . In pasture species 

gradients in gravitational potential are of t he 

order of 0.0 1 MPa m- 1 and are ignored ( Turner 

and Begg 1978 ) 
~ = so l ute ( o s motic ) potential 

s 
This is the l owering o:f the water potential due 

to soluble ions and thus has a concentraLion 

d e pend a nc e (Wa rren- Wi l son , 1967) 
fm = matrix potent ial 

( 1 ) 

This resu lts fro m forces of attraction of water 

to the matrix ( structural ) fraction of the plant 

cell ( Warren-Wi l son , 1967) 
~p = pressure ( turgor ) potential 

This is a measure of the hydrostatic pressure 

within a plant cell , giving rise to turgor . 

Pressure potential is generally positive in 

plant cells ; reductions in potential to values 

approaching zero will resul t i n a reduction or 

inhjbition of cel l growth and divi s ion 

(Weatherl y 1 970 ) 
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Salter and Goode (1967) concluded their extensive 

review o:f the crop responses to water at different stages 

of growth wi~1 a list o~ problems meriting consideration 

in future. research programmes , the first p oin t of which 

called for ''a reliable bu t simple and rapid :field method 

for measurjng plant water potential . " Various methods 

existed :for the measurement of plant water potential , 

J1owever these were neither simple , reliable nor rapid -

:for example the measurement of water potential in apple 

leaves by methods involving immersion in sucrose , 

polyethylene g lyc ol ( PEG) or mannitol were complicated 

by metaboli sm or these compounds ( Goode and Hegarty 1965), 

a nd t he psychrometrjc methods described by Boyer (196 9) 

involve complex apparatus and long equilibration times . 

Almost as i~ in response to the cal l of Salter and Goode , 

Doyer (1 967) described t h e use of a modified pressure 

chamber ( Scholandcr ct a l. 1964 , 1965a , 1965b) ~or 

measuring leaf water potentials . Since that time, many 

workers e . g. Boyer (1969 ), DeRoo (1969) , Sivakumar and 

Virrnani (1 979 ) have found that the rapidity and ease with 

which measu rements can be made in the fie l d , make the 

pres s ure chamber suitable :for quick measurements of' l eaf 

wate r po tential . 

Despite many advantages in measuring water status 

in the p lant to quantify water stress, and thereby taking 

accou nt of the effects of root d ensity and distribution , 

soil wat e r release characteristics , transpiration rate 

and other factors which determine the overall water 

economy of the plnnt (Jackson 1974a ) the assessment of 

water stress in the field h as largely been conI'ined to 

·the measureme nt of so il water status. "The preference 

for soil water mee.surements has probably arisen from the 

rel ative ease witll which ~hey can be made" (Jackson 197L1a ), 

that is, before the deve l opment of the pressure chamber . 

Althoueh the measurement o:f soil water status can be 

made in terms o:f soi l water potential ( MPa), gravimetric 

( g water/g soil) or volumetric (cmJ water/cm3 soil) water 

10 



content, perhaps the most widely used method to describe 

soil water status in field water stress studj_es is the 

soil water deficit (usually in mm). While each of 

these methods are related to each other and to plant 
• 

water status in various ways, the nature of th£se 

relations hips is specific to individual soil types; a 

point which complicates comparisons of experimental 

results. 

The soil water deficit is ,calculated as the 

depletion of total soil water storage below field 

capacity, where the total soil water storage is 

calculated as the integration of volumetric water content 

over a number of readings from a specified depth. It 

can therefore be defined as the amount of irrigation 

water ( or rainfall) which must be added to restore the 

soil to field capacity (-0.001 MPa). As well as its 

relative ease of measurement the soil water deficit can 

also be relatively e asily predicted from measurements of 

rainfall and evapotranspira tion ( e.g. Scatter, Clothier 

and Turner 1979 ) , and there fore be incorporated into 

irrigation schedules and soil water balance models. In 

addition, the effects of modification of the climatic 

variables rainfall (irrigation) and evapotranspiration 

on the soil water balance can be predicted. Perhaps 

the major factors limiting a more widespread application 

1 1 

of soil water deficit measurements to water stress research 

are ( a ) the variable effects of soil texture ·and 

structure ( Gradwell 1 97~) , ( b ) inconsistency in the soil 

depth which is investigated, and ( c ) the non-suitability 

of this type of measurement to glasshouse / growth room 

pot trials. 

2.J The effects of water stress on plant growth 

Hsiao (1973) listed a number of physiological 

responses to water stress in order of sensitivity to 

stress. Cell growth was placed at the top of these, 

being the most sensitive plant process observed (and 

where cell growth is a fundamental component of plant 



growth ). Hsiao we nt on Lo state t.h a t 11 t h e firs t chane;e 

r esul t ing f'rom t h e onset o:f water stress is a s lowjnrr 

tlown of' shoot and l eaf grow'LJ1 brou c;h L a bout by reduced 

pre s sure po t e n ti a l ( t/Jp). This i s p robably f o ll owed 

closely by a reduction in c e ll wall and protejn synthesis 

in ti ssue with a h igh growing potentia l. As tissue 

wa te r p otential de creases further , cel l divi s ion and 

l evels of some enzymes , s u ch as nitrate reductas e, start 

to decline . Stomata may b eein to close , with a 

consequent r e duction i n tran spiration and co2 assimilat i on , 

a nd abscissic acid probably b egins to ac cumulate . Further 

increases in the l eve l of stress l ead to impairment of' 

~ajor plant processes s uch as pho tosynthesis , 

translocation and ion upta k e , resulting in plant 

" sen escenc e a nd ultimate l y in pl a nt d eath. 

The e x treme express i on of' a pl a nt' s response to 

water stress i s for i t to di e , a nd the r efore every 

physiolog ical process in t h e plant wjll be affected 

(wheth e r directly o"r indirectly ) b y wa ter stress . Hsiao 

a nd Ac evedo (1 97l~) considered the p robl e m or the 

extremel y large number of pl.ant r esponses to water stress 

record ed in the lj_ teratu re and that there was li tt l e u se 

in cataloguing all tho metabolic a nd physiologica l 

changes observed under water stress . They conclu ded that 

more pro:fit would be obtained b y differentiatin g various 

processes in terms of their sensi tivity to water stress 

and determining t h e sequence of events set in motion by 

th e onset of water stress . The earl y cha n c-es would b e 

a s soc i ated more c l osely with the prima ry e ffects of 

water stress tha n l ater changes , wh ich are frequent l y 

the indire ct re s ul t or t h e more direct errects . Growth 

( th e combined process of cell expans ion a nd division ) 

is generally considered to b e the most sensitive plant 

process to wa t e r stress . 

There are various approach es to a consideration or 
plant growth. Pla n t g rowth can b e considere d in t erms 

of component p a rt s of t h e pl~nt . In mo st f orage plants 
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(e s p ecially vege tative erasses ) l eaves are n major 

component of.' b:i.omass . TI1e eI'fects of water stres s on 

the total plant can be interpre ted in terms of' the ef f ects 

of wate r s tress o n indivjdual leaves. In a similar way 

th e eff ects of w~ter stress on a lea f can b e interp rete d 

in terms o f t.he effects o f wat.er stress on c e ll grow th, 

where cell growth is the product of c e l l expans i o n a nd 

c ell divis ion. 

It is equivocal as to wh ich of the compone nts of 

c ell growth i.e. expansion or divi sion , i s the mo st 

s ensitive to water stress . Ce ll expansion is gen erally 

considere d to b e th e process most sen s itive t o water 

stress ( Hsiao 1973 ). In c on trast however , other workers 

h ave found cell expan sion and division were a lmost 

equa lly a ff ec ted by water stress , with a recalcul ation 

of the results o f Jones , L eaf e a nd S ti l es ( 1980 (b ) ) 
showing that a 5 1 ~ d e c rease in rycgras s l eaf leng th was 

accompanied b y a 20~ decrease on ep jdermal cell length 

and a 26~ d e creas e in t he numbe r of epidermal c e ll s per 

l eaf . At. th e opposite ex treme , other workers ( e . g . 

Hu ssaj n a nd As pinal ( 1970 ) a nd Kirkha m et a l . (1 972 ) 
give evjdenc e that celJ d i vision i s more sen s itive to 

water stress than cell . e longa tion . 

The compo n ent o f wa ter potenti a l universally accepted 

as b e ing the ma j o r f a ct.or governing cell expansi o n ( cell 

wall exten s ion ) is the force applied to the c e l l wal l 

i . e . t u rgor pressure ( Cl eland 1971 ). Thi s can b e given 

as equation ( 2 ) where growth r ate is proportiona l to the 

turgor pressure in excess of a cri t ica l turgor pressure 

( Hsiao a nd Ac evedo 1974 ). 

whe r e 

G = Eg ( '11 - 'it tl ) p p ' , 1 
( 2 ) 

G = growth r a te 

Eg = gross extensibil.ity of t he cell ( related 

t o th e e l as tic coeffj cient a nd the abjli t y 

to s ynthesise c e ll wnll ) 



~p = turgor pressure 

~p' th 
= t hrcshhold ( c1.·i ti cal) tur eor 

Experimental evidence in support of such a 

relatjonship came .from K:irklw.111 et a l. (197~) \vhcre cell 

growth ( estimated as t h e product o:f DNA concentration and 

cel l length ) showed an approximate linear clep cndance on 

turgor pressure . Above a threshold turgor o:f about 

O.J MPa. Similarly Lawlor (1 969 ) found the rate of l eaf 

extension in ryegrass, r elative to c on tro l s , was linearly 

related to turgor pressure above a critical turgor which 

was a bou t h a l:f that o:f control pl ant s . 

In experiments u s ing external pressure (Meyer a nd 

Doyer 1972 ) it was round that e l ongation is not dependent 

on the magnitude of the total turgor pressure on cell 

contents but rather is determined by differences between 

hydrosta tic pressures inside and outside the growing 

cell s . 

The relations h ip betwc~en leaf growth and plant 

water potential h as been stu died for a range or species ; 

maize ( Watts 1974 , Hs iao and Aceve d o 1974 ; Boye r and 

McPherson 1975 ); soybean (Meyer and Boyer , 1972 ); 
sudax ( Chu and Kerr , 1977 ); sun:flower (Boyer , 1968 ) 
a nd ryegrass (Leafe et al . 1977 , Chu 1979 ). In general 

maximum growth rates were observed at the highest (l east 

negative) J eaf water p otential measured i . e . about 

-0. 2 MPa . The leaf water potential at which growth rates 

reduced to ze ro, varied between species but were within 

the range of - 0 . 4 to -1 . 0 MPa. This trend conflicts 

with a l ack of a response between l eaf water potential 

a nd lea:f exten sion rates observed b y Leafe et al. ( 197'7) 
and the entirely opposite response observed by Watts (1 974 ) 
and Chu (1 979 ) where maximum rates of leaf exten sion were 

observed at the maximum l eaf' water potentials of - 0 . 8 MPa 

and -0. 5 to - 0 . 8 MPa.respectively , '~en the temperatures 

were optimal for g rowth . 
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These ob8ervat:ions highliG"h L the con1plex:i t;y of the 

plant c-rowL"h response to water stress . It is the r ei'ore 

releva nt to note t b at the three l at.er resuJt s were 

obtajned i'rom followjng the diu rnal movements of e r owth 

r ate and leaf' water potential , a nd also that tt1e results 

of L eRi'e et al. (1977 ) nnd Watts (1974) were obtained 

i'rom fi eJ_d expe:rimen ts , whereas a ll the other results 

were f'rom growth room experiments. Tur n e:r and Begg 

(1 978 ) e l aborated on the response difi'erences be tween 

controlled environment and field grown plants and 

concluded that much of' the da.ta on responses to water 

stress obtained in controlled environme n ts cannot be 

applied directly to the field situation, particularly 

when t he slress is imposed with unnatural rapidity as 

occurs with small soil volumes ( Jones , Leafe and Stiles 

1980 ( a ) ) • 

The plant responses to water stress h ave been shown. 

to ·vary in response to many f'actors which i'requ ently 

differ between fie ld and growth room studies , for exampl e 

wi th drought hardening and osmotic adjustme n t ( Meyer and 

Boyer , 1972 ), with matric or osmotically reduced stress 

( Sepaskhah and Boersma , 1979 ), light intensity ( Husain 

and Aspin a l, 1970 ) , temperature ( Chu , 1979) , plant age 

( Boyer and McPherson, 1975) with compensatory growth 

( Barlow et al . 1976 ) and with the pattern of the depletion 

of' soil water (Turner and Begg 1978 ). These dif'i'erences 

which exist emphasise the need for accurate descriptions 

of' water stress studies and the caution which is necessary 

in comparing results i'rom dif'ferent water stress 

experiments ( Baker and Jung 1968 ) . 

2 . l~ The cf'f'ec ts o:f wa tcr stress on pas tu re prodncti on 

The detrimental ef'fects of wa ter stress on pasture 

production and crop yiel d in general are universally 

acknowledged. The c.ff'ects of water deficit on the 

vegetative yield of' pastu re rrrasscs h as been reviewed by 
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Chu ( ·1979) ancl reductions j n Lhe h erbacso yields oJ' 

establ jshed p3stures clue to water stress , and responses 

to irrigat ion h ave b een o b served i n ma ny overseas studi es 

( Sti l es a nd Williams ( 1965 ), Sal Ler and Goode, ( 1967), 

Baker and Jun~ (1 968 ), Brown and Dlaser ( 1970 ), Co l e man 

a nd Lazenby (1 975 ), Lea.re et a l. (1977), Norri s (1 982 ) ) . 

This sect ion "1:i11 however conceni,ratc mainly on Lll e 

e :ffects of water st r ess on p asture production for New 

Zealand so jls a n d envjronmen ts , where considerable research 

h as b een directed in p ast years. 

Rickard (1 960 ) studied the e:ffect of soil moisture 

a nd irrigation on bo t h pasture a nd lucerne production in 

Cante rbury and found t h at rnoi stn re was the major clima tic 

limitation to pasture p roduction during the summer. 

Simil a rly, in a wider study jncorporating 19 non-irrigated 

s ites throughout N. Z . (Radclif:fe 1979), summer and annua l 

r a infa ll were major determinants of s ummer , autumn a nd 

total yield. Annual dry matter production for luc<=rne 

and pasture s h owe d ~ strong , n ceatjve and linear 

re l ationship with the number of agricultura l drough t d a y s 

p er growing season (R
2 = 0 . 82 and o.BJ respectively ) 

(Ri cka1:d 1960 ) where Agricul tural drought was defined to 

exist 11 \Vhen soil moisture in the root zone was at or 

b e low the permanent wil t ing percentage . Th e condition 

continues to exi st until rain :fa l ls in excess of daj l y 

evap otran s piration". The p ermanent wilting p e r centage 

was de termined to occur ( for the ir Lis more s tony s ilt 

l oam) when the soi l water d e:ficlt in the top JOO mm 

reache d 51 mm. In a n oth er r egress ion the calculated R2 

was O.J4, and it was s ugeested that the ef:fect of 

previous seasons ( particul a rly if dry ) would in:fluence 

the p astu re produc t ion. 

Evidence s upporting thi s c a me from an experiment 

(Rickard and F'i tzgeraJ d 1970 ) where the n2 was increased 

from O. 67 too. 84 by includin g days o:f Agricultural Drou ght 

in the pr0cedlnc,- season, into the regress ion. No attempt 

was made to weight th e i mportp.nce of' water stress 
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o ccurrinc; at d:i ffer eu t times of' a seas on, al th.ough i (; 

could b e eavisaged that stresses occurring earlier in the 

growing season could have a greater effect on total 

productiono 

Baars a nd Coulter ( 197~) studied so il moisture and 

its influence on pasture production in the Waikato. They 

considered some of' the assumptions in Rickard's concept 

of Agricultural drought were invalid and considered water 

stress in terms of "deficit days" . A day being called 

a deficit day " when the available soil moisture as 

calculated ( plus any rainfall ) insufficient to meet that 

d a y ' s water need " - a point of 75 mm deficit was 

arbitrarily chosen fo be th e limit of plant available 

water. A significant ne g ative correlation was obta i ned 

between the number of deficit days and pasture 

production R
2

=0.8J . Twenty d e ficit days gave a 2 196 yield 

reduction compared to that expected with no de f icit days. 

Scatter~ Clothi er and Corker (1 979 ) studied the soil 

water balance i n a fragiaqualf (Tokomaru silt lo a m) and 

Scatter , Cl othier and Turner (1 979 ), its effect on 

pasture growth at Palmerston North . They prepared a 

water balance model for pasture, which took into account 

the effects of soil water deficits on evapotranspj.rat i on 

and found that it comp a red well with measured soi l water 

balance over a J year period. Th i s model used the 

weather i nputs of pan. evaporation and rainfal l to 

c a l cul ate mm water deficit . Thi s was u sed to assess 

whether growth would occur on a given day ( in an all or 

nothing response ) and therefore to predict t h e total 

growth over the summer period . The predictions were 

found to agree closely with measured yie l ds , for both 

irrigated and non-irrigated pastu res. 

A c omparison of the resu l ts o f Rickard (1 960 ), 

Baars and Coulter (1 974 ), and Scatter et al. {1 979a , b ) 

is complicated by the fact that each experiment was 

c onducted on a difI'ere nt soil type~ in a different 
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env.L1·01imcnL, usln[{ a djffercnL concep t i'or evalunLinG soi.J 

we:1ter stress and did not; record the level of water stress 

in terms of the pl a nt. To this extent, the comment of 

Chu (1 979) is relevant i.e . " j_n plant wat er i·elat-Lons 

studj es jt is important to relRte final yield perfonnance 

to basic phys iolo~jcal princjples so that info r mntion 

obtained can b e interpreted and extrapolated to other 

conditions ". In each model, a l evel oI' soil water 

deficit is chosen for various reasons (-51 mm in the top 

JOO mm , - 75 mm in the top 760 mm, - 120 mm in the total 

profi l e in the case of the Rickard , Baars and Coulter , 

and Scatter et al . models respectively ). Each model 

assumes the plant is unaffected below this point and is 

affected ( to varying extent s ) above t hi s p oint , although 

the relationship between soil water deficit and pasture 

production was not specifica lly considered. In fact , 

the yie .l d respons e to irrigation observed by R:ickard and 

Fitzgera ld (1970) for a season with no days of 
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Agricul tural Drouelit is evidence against such an assumption. 

Al though each of the p revious models gives a good 

estimate of observed yield with predicted yield on an 

annual basis, little consideratj.on ( unti l recently ) had 

been given to the shorter term responses of plants to 

water stress . McAneney , Judd and Weeda (1 982 ) 

presented details of a simple model requiring monthly 

estimates of maximum weather dependant evapotranspiration 

( ET) and daily rain to predjct t h e reduction in monthly 

dryl a nd p as ture growth relative to irrigated production. 

F oll owing u p the work of P enman (1 962 ) and Tanner and 

Ritchi e (1 974 ) t hey assumed t hat the ratjo of actual to 

p otential dry matter production is p roportional to t h e 

ratio of actual to t h e maximum weather dependant ET , and 

t h at the actual was assumed equ al to the potential 

( pasture p roduction or ET) when the soi l water d eficit 

was l ess than 0 .65 times the total available water* 

*This jrnplics pasture production was reduced bef'ore the 

permanenL wilting poin t was reach e d, in contrast to the 

model cf' RickaJ·d ( ·1960 ). 



( to ta.l avail ab.Le Hater co1d;0nt s fo r tl1 e two so:Ll type s 

u se d h avjng be e n determined by Gradwell (19 '7 1) as being 

87 a nd 102 111111). The results s howed a s-ood :fit (r = 0.862 ) 

between actu a l and prcd:i cted n on-j rri e,-ated yielcl which 

wns not signjricantly difI'erent than the 1 :1 line ; with 

the conclusion to their work b eine- , that "eiven a 

measnremen t of' po ten tiG!-1 production , monthl·y predictions 

of dryl and yieJds u s ing this mode l se e m adequate to 

ch aracterise the i nfluence of water stress on pasture 

trials ". 

In an examlnation of' the relationship between ET 

and pasture growth, asswned by McAneney , Judd and 

Weeda (1 982) , McAneney a nd Judd ( pers . comm.) found the 

ratio of non-irrigated to irrigated pasture production was 

initially constant at O. 83 but decreased linearJ_y as 

t h e soil water deficit increased above J8 mm , and 

extrapolation of the regression line showed the ratio 

reached ze ro when the soil water deficit equalled 102 mm . 

Al though this relat.:Lonship differed from tliat for ET 

(with pasture yields being redu ced b efore water consumption 

and also decreasing at a slower rate) McAneney and Judd 

( pers . comm.) were cautious a bout drawing firm 

concl usion s , but considered that the assumption of 

McAneney , Judd a nd Weeda ( 1982) wns val id , 11 as a f 'irs t 

approximation for planning purposes and for the analysis 

of trial results . 11 Cl early howeve r , further 

exp e rimental data to support this relationship is 

necessary . 

In a · different direc t ion of research , Kor te and Chu 

(1 983 ) investieated the ef1ects o1 wat e r 5tress on the 

seasonal pattern of pasture growth and drew conclusions 

as to h ow this mi ght be modified by grazing manaeement . 

They measured rye g ra s s production during anu af'ter a 

d roueht , f' i ndine; that growth rates o f non-irrigated plots 

(where the soil wat e r d efi cit in the top JO cm reached 

86 mm) were only JO~ o~ that for irrigated p l ots ( Hhcre 

the soi l '"ater deficit j n the. top JO cm did not e xceed 



JO mm). Upon 1·e lcase of Lho stress , they :found tha L 

the erowth rate o:f previouh ly stressed plots was 56~ 

gr-eater than :for j rrigatcd plots, and went on to propose 

that spring management s hould be u sed to prepare a 

pas turc for drought by encouragj ng a hlgh tiller dens:i ty, 

where this will be reflecte d in a higher density after 

drought and presumably a 1~aster recovery of the pasture. 

More research is needed into the mechanisms of the 

response in terms of the plant water status , and how 

these might be modifjed prior, during , and after the 

stress period . 

2.5 The effects of uater stress on the compone nts of 

pasture production. 

Any e:f:fect or water stress o n total yield can be 

interpreted as an effect derived from the influence of 

water stress on the component of' that yield. In the 

case o:f pastures water stress errects on yield can be 

seen in morphological components such as tiller density 

and tiller size . The component of tiller size can be 

divid ed :further into smaller components s uch as leaf 

number, l eaf' size , l eaf wei ght etc ., the grass leaf 

therefore being the smallest morphological component of 

pasture productivity. In his review, Silsbury (1 970 ) 

stated that " the study o:f Jea:f growth during the 

vegetative phase js regarded as a step towards 

u nderstanding the basis :for productivity of' grass swards ", 

but includes very little discussion on water stress. 

Various authors have considere d the yield in terms 

of leaf components. Luxmoore and Mlllington (1 97 1) 

considered total leaf' area in terms or the components -

lea£ number per tiller , leaf size and tiller number . 

Turner and Begg (1 98 1) relate yi eld to be a function o:f 

l eaf expansion, l eaf senescence , rate of photosynthesis 

and the distribution of' assimilate within the plant . 

Leaf et al . (1 977 ) :founrl that the reductio n in tiller 

wei~1t during moj sture stress i s due to a reduction in 
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the rate of leaf expansion, slower rate of' leaf' 

appearance and accelerated rate of leaf' senescence. 

2. 5. 1 Tiller density and tiller size 

Evidence suggests that both the rate nnd amount of 

tillering decrease with increasing water stress. 

Luxmoore and Millington (1971) found that variation in 

total ryegrass dry weight was related to water stress 

ef'fects on both tiller number and tiller weight. 

Variation in tiller number was the major morphological 

response of perennial ryegrass associated with variation 

in dry weight and leaf area index. For spaced plants 

grown in controlled environments the number of tillers per 

plant was increased from 40 to 60, and mean dry weight 

per tiller was increased from 56.8 mg to 67.8 mg for 

plants grown at an average soil water content of 5~-% and 

12% respectively. 

Horst and Nelson ( 1979) found that summer yield of 

tall fescue was increased by irrigation due to both 

increased yield per tiller and increased number of tillers. 

For plants growing under stressed conditions the mean 

tiller weight ranged from 40 to 100 mg/ tiller with an 

average density of 1700 tillers / m2 compared to plants 

growing under irrigated conditions where the mean tiller 

weight ranged from 100 to 200 mg/tiller with an average 

density of 1950 tillers / m
2

• It was interesting to note 

that the subsequent spring yield was lower on the 

irrigated plots. This was attributed to the possibility 

that irrigation may have caused a high proportion of 

tillers that were normally dormant, to break dormancy 

during summer and begin growth. Consequently a lower 

proportion of tillers would have overwintered - to 

continue production in the following season. 

Hunt and Brough.am (1967 ) recorded a decline in the 

tiller density of a sward during the summer and 

attributed this to the failure of young tillers to 

establish rather than the mortality of older tillers. 



Simi.larly Ko rLc and Chu (1 98J ) made a deLailcd study of' 

the tiller dynamics er a perennj al rycgrnss sward du1·inrr 

a nd ar Le r a period or induced water stress . During 

drougb L herlJage production was reduced initially through 

a rocluctjon in Lill e r weight, and s nbsequently Lhrough 

a reduction in tiller dens ity . Dy the end of a t hree 

month stress period, tiller densities were 11, 000 a nd 

4,000 t i llers/m2 in irrigated a nd s ti·essed plo ts 

r espective ly. The rates of' t:i. J.l er d eath ror tillers 

marked a t t h e start or the experiment or three weeks late r 

we r e compared dur i ng ihe period or stress. Tillers 

present at the start of the experiment di e d at the same 

rate in irrigate d and stressed plots , h owever , in stressed 

p l ots , young tillers app earing in the first three weeks 

of the stress p eri od di ed at a fast e r rate than the older 

tillers . In addition they fo und that t h e r educti on in 

tiller density was a lso due to a r eduction in the rate at 

'"hich n e-w tillers appenred . Chu (1 979 ) a l so f ound tha t 

r eductions in till ~r numbers resul ted from t h e suspension 

of ti l ler p roduc t ion rath er t h a n the accelerated d ea th or 
exist j n g tillers . I t was suggested theref'ore t h a t 

tillers may s urvive d essicati on by r ema ining dormant . 

Tiie detrimental e f'fect or drought on tjller d e nsity 

may , in severe case s , continue into the f'ollowing seas on . 

Rickard and Fitzgerald (1 970) r e lated pastu re yield to 

Agricultural drought in one year ( R
2 =0. 67 ) and found 

t h at the corre l ation .could b e improved ( R2 =~84 ) by 

including the number o f' days of' Agricultu ral drought in 

the preceeding season . On this basis they proposed thaL 

a particul arly dry year can affect production in the 

following season , an ei'fect also observed by Radcliff'e 

(1 979 ) . Rickar d and Fitzgera ld were unable to test their 

suggestion directly s:i.nce the y were re - ana lys ing data 

collecte d a lmost twenty years earlier ,. howeve r it is 

p ossibl e Lhat the eff ect on subsequent years may h a ve 

result e d I'rom a reduced tiller d ens i ty conti nuing into a 

second y ear . 
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2.5.2 LeaI' 11umber and leaf length 

The components o:f leaf' number and leaf lene;th can 

both be considered in terms of' two processes i.e. the 

rate or production and the rate o:f death where ( a ) 

changes in leaf length are the result of a difference in 

the rate of leaf extension , expansion or elongation and 

the rate of leaf senescence (progressive necrosis from 

the tip; (b) changes in leaf number are the result of a 

difference between the rate of leaf appearance and the 

rate of leaf death. These four processes are 

differentially af:fected by water stress, a point not 

always considered in the literature. Furthermore, the 

grass leaf comprises a sheath and a lamina. Research 

into the effects of water stress on grass leaves is almost 

entirely focused on the lamina, with very little 

consideration of the effects of' water stress on the sheath. 

The principle effect of water stress on perennia.l 

ryegrass is the reduction of' leaf extension (and thus 

c:levelopment of leaf area). The effect of this on dry 

matter yield occurs 2 ways 1) the reduced incorporation 

of carbon into the plant cell walls; 2) the reduced area 

for photosynthetic incorporation of co2. 

Leafe et a l. (1977) found that the leaf extension 

rate (mm/day ) was reduced by water stress. The most 

severe stress (116 mm soil water deficit) reduced leaf 

extension rate to 25~ of the rate in irrigated controls. 

Considerably smaller stresses still resulted in a decrease 

of leaf extension rate to 85~ of that in irrigated 

controls. In addition to reducing the rate of leaf 

extension water stress also resulted in a decrease in 

final leaf length i.e. from 2lt0 to 205 mm in one case, 

and from 216 to 1L~3 mm in a more severe case. 

Chu (1979) examined the sensitivity of leaf extension 

to water deficit in two ryegrass cultivars (Nui and 

Ruanui) under 2 dif'ferent controlled temperature regimes 

(27.5/12.5 and 17.5/12.5°c day/night). In general it 
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was found tba t Lhe 1 ear ex tension rate oi' bo th cul L.l vars 

at both tcmperaLures was sensi ti..ve t o water def.Lcits . 

Differences in the l cn f ex t e nsion rate between control 

a nd stres sed pJ ants b ecame apparen t once marke d 

d:ii'fercnces j.n the l eaf' water potential had b ec ome 

a pparenL . At t h e hig l1 er d ay temp Nui h ad a 1. J t o 1.6 

times hj1~1 er l eaf extension rate than Rua nui, whi ch was 

:found to con tinue during the development of water stress . 

The rate o:f l eaf' a pp earanc e i s sensitive to water 

s tress . Kumai et a l. (ci ted by Anslow 1966) :found t h at 

cocks:foo t leaves a pp eared l ess frequently during a 

p eri o d of low h erbage production in mids umme r . Changes 

in the pattern of l eaf appearanc e were closely r e l ated to 

the seas onal growth of plants . Leaf e et al. ( 1977) 

round that water stress resulted in a decline in the 

rate of l ea! appearanc e . Th e leaf appearan ce interval 

( reciprocal of l eaf appearance rate ) was 8 .1 2 days/lca:f 

and 9 . 76 days /l eaf in irrigated and stressed plots 

respectively . As ·t h e stress b ecame more s e v ere l eaf 

a ppearance in tervals of 7. 08 a nd 12 . 92 d ays /l eaf' fo r 

irrigated a nd stressed plot s respectively were obs e rve d . 

Leaf s e n escenc e and l eaf d eath are closely r e l ated 

since death i s simply the final result of prog r ess ive 

senescence . There is very littl e li tern ture consicl.erin g 

the effects of' water stress on either of' these processes . 

This is possibly be cause the majo rity of' work considers 

n et expansion rather than the t wo separate processes of 

actual expan sion and sen escence . Korte and Chu (1 982) 

stated that the reduction jn tiller weight in response to 

water stress is due to various :factors including 

accelerated l ea£ senescence , but did not measure this 

directly . Similarly Lea£e et al. (1 977 ) wi t hout 

measuring leaf senescenc e directly, obs e rved that total 

leaf area declined during a period of water stress . 

This could only occu r i:f. the rate of' leaf senescence and 

deaLh increas e d relative t o the r ate of leaf' extension 

and a ppearance . 



2.6 Modj ('icaUon of' i.be W<.lter stress er.reels on pasL1n·e 

proclnction hy sprjng pasture 1110.nagement. 

Thero are various reports in the ljteraLure which 

invesLjc;ate Ll1e management of' pastures during drought, 

h owever Lhere is little work speci:fically us ing spring 

ma nagement s to modif'y d etrimental ef'fects of summer 

drouc-h t . 

An invesUgation of the interaction between 

defoliation and moisture in summer (Jantti and Kramer 

1956 , Jantti and Heinonen 1957) found that severe 

def'oliatjon of' a pasture in summer severely inhibi ted 

its regrowth compared to pastures which were l ess 

severely defoliated . In relating pasture dry matter 

p roduction and drought Rickard (1 960 ) found that 

product~on records are comparable (wi th respect to l evel 

of' drought ) only within a particular f'ield experiment , 

since mowing frequ e ncy, topdressing and grazing 

management all h ave. a marked eff'ect on the measured 

production. Brougham ( 1960 ) stated that difI'e rences 

between seasonal growth patterns produc ed by the ( grazing ) 

treatments were determined by species tolerance to the 

different intensiLies of grazing and the modif'icd action 

of weather f'actors on growth f'ollowing changes in herbage 

cover and in botanical composition. Brougbam ( 1970) 

considered that the subsequent carryover ef'f'ects of' 

grazing could be attributed to " interactions between 

grazing pressure , soil moisture l evel s as inf'luenced by 

herbage cover , the proportion of tillers of grass plants 

in the pasture community with growing points al>ove 

defoliation h eight , and the p ersiste nce of species in t he 

community. " 

In the l iterature there are various f'actors which 

have been recorded to be modified by defoliation 

treatments which could modify the response of' ryegrass 

to p eriods of water deficit durine the s ummer. 



1 • Tiller density. Hard frequent defoliations during 

spring can be used to create higher tiller densities 

than would l ax frequent defoliations (Korte 1981). 

Since there is a relationship between tiller density and 

total yields, higher yields might be observed during 

summer. Korte and Chu (1983) hypothesised that
11
to 

prepare a pasture f'or summer drought, spring management 

should encourage root growth and a high tiller density." 

They found that drought had relatively little ef'fect on 

tillers established be:fore the onset of drought but had 

a severe eff'ect on tillers emerging during drought. A 

denser sward in early summer would therefore ensure that 

more tillers would survive summer drought. 

2. The ratio of vegetative to reproductive tillers in 

the sward; particularly as it relates to the age of 

vegetative tillers at the onset of drought (Branson 

195 J). Earlier f'lowering tillers would be expected to 

initiate new tillers sooner (i.e. once f'lowering is 

completed or prevented) and that new tillers would be 

more mature and more likely to survive a drought. 

J. Soi] water content. This has been f'ound to vary 

with the defoliation treatment. Manae-ements where the 

herbage cover is maintained have up to 25% higher soil 

water contents (particularly in the top 7.5 cm) compared 

to those which are tightly grazed (Brougham 1959, 1960). 
Since soil water content will decrease with increasing 

summer moisture stress, soils with a higher water content 

at the onset of' drought would be expected to yield more 

pasture during summer. 

4. The plant carbohydrate reserves would be expected 

to be reduced with hard and frequent defoliations 

(Bommer 1966). Recently osmotic adjustments have been 

observed as an adaptive response to water stress by some 

species (Turner and Begg 1981, Jones, Turner and Osmond 

1981). It has not yet been determined whether ryegrass 

shows this response, however should it occur, the 
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1 O\-'e d nu of plan L caruohyclra te status b y de.fol:i a i.ion 

woulcl be expectoc..1 to reduce t l1e extent to wll:Lcll osnw Lie 

adj us t men t could Lake pla cc . 

5 . Plant rootinc cl opth has h een shown to be inf'luenced 

by grazing manage n1 cnts where hard frequent grazing::; 

well rectuce the plant rootlng d e pth ( Weinmann 19L18) . 
However since d rou e;ht initially resul ts in a lower 

availability of water near the so il surface t h an at 

greater depths ( Gates 1979 ) dee per rootjng plants wou l d 

be better able to survive . Davidson (1 978 ) and Korte 

and Chu (1 983) point o u t the conflicting management 

decisions which must be made betwee n optimising top and 

root growth . Despite the p otential f'or grazing 

managemen t to modify the efrects of water stress on 

pasture production it is still unc ertain as to 1·:hat 

me chanisms mieht be involved, espcciaLLy since the 

r e l ative importanc e of tllese mechanisms is likely to vary 

in different circu111stances . It is apparent that t h e 

effects of water stress on pasture production can be 

reduced by h ard f'requent grazings when considering the 

increased tiller density and the increased ratio of 

vegetative t illers j.n t h e sward , but this c an b e offset 

by the d epletion of' pla nt carbohydra te; reserves , the 

d ecrease in plant rooting depth and the decreRse in soil 

water cont e n t. Cl early research into this area is 

n e c essary. 



CJJAPTER III 

MJ\'J'EJU /\.LS J\ND METHODS 

The mR Lerial s and methods are pr0sented in s.ix 

111a:i n sect .i ons. Tb cs e are: 

J.1 Experime nta l site 

J.2 Establishment of the experiment 

J . J Experimental pre-treatments a nd treatments 

J.~ Managem ent during the pre-treatment and 

treatment periods 

J.5 Measurements 

J.6 Statistical analysis 
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3.1 ExperimentRl Site 

The experiment was conducted f'rom 16 ApriJ 1981 to 

14 Aprll 1982 on the Pasture and Crop Research and 

Development Unjt oI' Massey University, Palmerston North , 

New Zealand, at grid reference NZMS 1, N149/099308. 

This was a relatively exposed, nearly flat s:i.te (sloping 

slightly to the North East) , located on the top terrace 

o:f the Manawatu River. 

The average annual rain:fall for Palmers ton North 

(1 941 - 70) , measured 2 km from the site , was 1002 mm 

( N.Z. Official Yearbook 1982). 

The previous history of' the site was that it had 

been in p e rmanent p as ture f'or five years prior to the 

start of the experiment, during whjch time it was u sed 

predominantly ror sheep grazing and short term 

experiments. 

The soil type is a Tokomaru silt loam (Cowie, Kear, 

Orbell 1982) . lt is classified as an Aerie Fragiagualf 

( gleyed yell~w-grey earth ) ( Cowie , 1978 ; Scatter , 

Clothier , Corker 1979), and has been characterised in 

detail by Poll ock ( 1975) . It is characteristic of large 

areas o:f the flat to rolling hill country at the :foot 

of the western Tararua Ranges . The soil had been mole 

drained 5- 10 years prior to the commencement o~ the 

study. 

J . 2 Establishme11t of the experiment 

Cultivation of the experimental area began on 16 

April 1981 when the area was sprayed with glyphosate 

and then ploughed and harrowed . Lime (J t/ha) and a 

12- 10- 10 NPK compound :fertiliser ( 500 kg/ha) were 

incorporated into the soil by rotary cultivation. One 

we ek later , Lo] ium pe'rcnne L. "Grasslands Nui" (AJ71+ 1 

8L1% gcrmina ti on) was sown at a rate o:f JO kg/ha ( 1 , 575 

viable seeds/m2 ). Seedlines first emerged two weeks 

29 



a f ter sowing and two weeks l ater the density of' 

established seedlings was 1255 ± l JO seedlings /m 2• 
Eight weeks af'ter sowing ( 2 L1. June ) t h e pasture was 

de:foliated with 25 sheep for 2L~ h ours . Thereafter , a 

reel mower ( set to 2 .5 em s ) was u sed at approxi mate ly 

f'our we ek intervals ( i . e . 2 4 July, 17 August and 15 

September ) u ntil 5 October 198 1 wh en th e sprj.ng cutting 

h eight pretreatment s were imposed. Mower clippings 

were discarded in each case . Af'ter each d ef'oliat ion, 

urea solution was applied by watering can at rates of 

J8 , J8, JO and 25 k g N/ha a ft e r the first ( 29 July), 

second ( 28 June ), third ( 20 August) a nd fourth (1 5 

September ) defoliations respectively . 

J.J Experimental pretreatments and treatments 

J . 3. 1 In troduction 

The plot l ayout was that for a " combined experiment " 

( or poo l ed env:i ronments model , see section J . 6 . 1). There 

·were six teen "plo ts ;,, arranged i n two groups of eight; 

the firs t group b eing covered by a rain- out shelter and 

the second group being jrrigated . These groups will be 

referred to from n ow on as " e nvironme n ts " or treatments . 

Within each e n vjronment the eight plots were subdivided 

into f our p a irs o f ad j acent plots , referred to f rom n ow 

on as "blocks " . Within each block defoliation pre-

treatments were assigned to plots at random u sin g t he 

tos s of a coin. The experimental l ayou t and a 'ssignme nt 

of treatme nts to plots as illustrated in fi g u re 1. 

The pretreatme nts and treatments were separated in 

time as we ll as space . There we re t wo def'oliation pre -

JO 

treatments which continued for about three month s during 

s pring , b eginn i n g on 5 Octob e r 19 8 1 and fini shing on 28' 

De c e mber 198 1. The imposition of the moisture treatments 

b egan with the conclusion of' the s pring defoliations 

( 28 December ) and continued for a b out Ji months during 

s ummer , u nti l 14 Apri l 1982 . 

is illust r<'l t ed in :figure 2 . 

The timing of operations 
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J.J.2 Spring cut!:;inF, preLrcatrnents 

The spring defoliation pretreatments varied in 

intensity, with mowine heights of' 2. 5 cm ( u s inc- a reel 

mower) and 7.5 cm (using an Allen oscillating mower ) to 

give hard and lax defoliations respectively. These 

were first impos ed on 5 October 198 1 and were repeated 

three times at three weekly intervals ( i.e . on 2 1 

October , 16 November and 1 ~ Dec e mber ). Clippings were 

discarded in all cases. See Plate 1. 

J.J.J Summer moisture treatments 

Summer moisture treatments were imposed from 28 

December 1981 until 14 April 1982 . The two treatments 

u sed in this experiment were: 

i ) t h e stressed environment , where plots were covered 

by an automatic rajn out s he l ter 

ji) the irrigated environment , '"here wate r stress was 

minimized by irrigation 

i ) stressed environ111ent 

On 28 December 198 1 all plots were irrigated to 

field capacity to ensu re they we~e at a common and non-

1 imi ting soil. water content. The stressed plots 

therefore beean with no soil water deficit and bec.ame 

stressed as the water deficit developed during the 

course o:f the experiment. 

Rainfall was totally prevented from falling on the 

plots by automatic rainout shelters , which were a 

particular feature of this experjment . There were two 

shelters which consisted of 10 m x 5 m aluminium :frames , 

supporting a clear polythene cover . Each frame was 

mounted on rails and could b e driven by manual or 

automatic control on or off the plots by means of a 

JJ 

s mall electric motor. Automation of the rainout shelter 

was achieved by means oI' a malns driven micropro cessor 

and rain sensor whi ch detected a s i ngle raindrop , and 



activated the motors to move the covers over the wat e r 

stressed p l ots. Fif teen minut es a fter the last raindro p 

was detected the covers moved back off the plots to the 

r est area . Additional features of the microproc ess or 

controller were an " exercise " function which could be set 

t o automatically operate the cove r s at any specified 

time during the day, a nd an alternative b at tery source 

to operate the covers in the event of a power failure 

(Green 198 0). See Pla t e 2. 

In general the electronics of the control unit 

operate d reliably and effici e ntly, ho wever there were some 

problems with the covers them se lve s. The large area of 

the covers made them particularly vulnerable to ·wind , 

which reduc ed the life of the plastic covers a nd c a used 

consid e rabl e load on the moto rs. In one inst a nc e strong 

wind bl e w a cove r off its rails allowing a bout 6 mm of 

rain onto 4 plots. This was towards th e be g inning uf 

the dry down phase and did no t seriously aff e ct the 

results of the experiment. In a second instance hail 

c a us ed some d amage to the second cove r bu t did not wet 

the plots. In a third instanc e , a mechanical problem in 

one of the pulleys p revented a cover from shelte ri n g two 

of the plots. Sufficient rain (> 10 mm) fell on the 

plots to allow r e covery of the plants. Observations on 

these two plots were excluded from subs e quent statistical 

analyses. 

ii) irrigate d environment 

Plo ts were irri gated using an oscillating sp rinkler, 

with applications scheduled according to the mod e l of 

Scatter, Clo t hier and Turner (1979). This model 

predicted the total water storage in the top 100 cm on 

the basis of rainf'all and class A pan evaporation, which 

were obtaine d from the Massey University Meteorological 

Station situated about 500 m from the experiment. Plots 

were :i.rriga tecl t o field c apaci ty whe neve r the soil water 

deficit exceeded 60 mrn ( being half the value at which 

Scatter, Clo thier and Turne r (1 979 ) p redict e d growth of 



ryegras s wn.s stopped) . Irrieation water was added to 

plots on days O, 29, 48 and 92 of the measureme nt 

( treatment) period. 

J.4 Manaa_ement dur jng the prutreatment and treatment 

perj ods 

Durine the spring pretreatment period urea nitrogen 

was applied by watering can at rates of 25 k g N/ha , 

20 kg N/ha and 50 ke N/ha , i mmediately after mowing on 

5 October, 2 1 November and 1h December respectively. 

These amounts brought the total application of niLrogen 

to the pl ots to 226 kg N/ha , which off'set l osses of 

nitrogen in a ) removed herbage , and b) by leaching when 

plots were irrigated i n excess of' f'ield capacity. 

In addition to the added nitrogen, a dressing of JO% 

potassic superphosphate was made ( 2 1 November 1981 ) 

towards the end of the spring pretreatments . The 

fertjliser was bulked wi th an inert pumice filler and 

appli ed by hand at a rate of 238 kg/ha (16 . 7 kg P/ha). 

No fertiliser was applied to the plots during the dry 

down period . 

During the summer treatment period all plots were cut 

to t h e common height of 2 .5 cm . 

Argentine stem weevil (IIyperodes b onad ens is) control 

was achi eved by spraying the experimen tal area with 

Lorsban 40EC at 2 - J l/ha and 1.5 1/ha on 10 February and 

19 March respectively . The control of' dicotyledonous 

weeds, particularly Penny Royal (Mentha puleaium ) was 

achieved by spraying 2 ,4-D ester at J l/ha on 19 March. 

J.5 Measurements 

J.5 .1 Soil and plant water s tatus 

J.5.1.1 Soil water status 
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Soil in the top 10 cm was sampled a nd the gravimetric 

water content ( w gH20 ) . de termj ned after dryj ng at 
g dry so jl 



105 °c i'or 72-96 ll onrs . The soil b11lk densiLy "'as 

determined ac c ord :ing t o tbe me Lhod d escri bed by Scottcr, 

Clothjer and Corker (1 979 ), a nd "'as found to h ave a 

mean and standard d eviation ( for 4 samples ) of 1 . 156 + 

0.022 x 10 3 k g /111 3 • This agree d well with the value oi' 

1 • ·12 .±. 0. 08 x 1 OJ lcg/m3 obtained by Seo t ter , Clothier 

and Co~cer (1 979 ) , and was us e d to convert gravimetri c 

water content (w) to v o lumetric water c on tent 

cm3H 0 ) P water ( e 2 u sing equation ( J ). 8 = w x P . 
1 

( J ) J soi._ 
cm dry soil 

Th e s oil wa t er status be l ow 20 e ms was measured a::> 

the vol1wotri c water content (e) c a lculated from counts 

from a Troxler Neutron Probe comprising an Am-Be 106 me 

Neutron Probe (model 1265) , a mode l s . 5A shi e ld and 

standard , and a G-200 Rateme ter modii'i ed to g ive a 

digital r eadout (Long , French 1967 ) . Measurements were 

t a ken from each pJ ot at approximately 7-1 0 d ay interval s . 

Twe nty second coun"Ls were taken in du plicate at 10 cm 

intervals start j n g at a d epth o f' 20 cm and :finishing at 

a depth of 120 cm. The mean of the two counts was 

conv9rtcd t o a volumetric water content reading (e ) using 

equation ( ~ ); d e t ermin e d ~or a Manawatu silt l oam 

( Clothier 1977 ) but whi ch was sui tabl e f'o r t h e 

Tokomaru si l t loam soil typ e us e d in this experiment . 

e = (0.386 x count rat i o ) - 0 . 025 

where count ratio = 
counts jn 20 sec in soil 
c ounts in 20 sec in shield 

The mean of values c a lculated u s ing this formula was n ot 

significantly different from the mean of v alues of 

volumetric determinations from the same soil ( a ppendix 1). 

The volumetric water conte nt s for each plot , 

d etermjned from gravimetric samplina and from n e u t r o n 

p robe counts were c ombi n e d and integrated ove r the top 

100 cm ( using 1..he T rapezium Rul e ) to g ive a total water 

storage ( mm ) i'or that plot for that day . These 

measure me nts o~ Lotal sojJ wate r storage were c onverted 
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to mm of water deficit by subtraction from t h e total soil 

water stora~e at fi eld capacj_ty; where the total soil 

water storage at field capacity for both environments was 

determined at the start of the summer period. 

J.5.1.2 Pl ant water status 

Plan t water status was measured as l eaf water 

potential ( fJ (MPa) using a pressure chamber ( Scholander 

et al. , 1965, Boyer 1967 ). The chamber dimensions were 

4.0 cm by 27.5 cm and had a maximum capacity of4.0 MPa. 

The pressure source was industrial grade dry comp ressed 

air , which was humidified by moist blotter at the bottom 

of the chamber. Rat es of increase in pressure were O.OJ 

to 0.05 MPa / sec and were slowed to 0.01 MPa/sec near the 

end point. Readings were made on the youngest fully 

emerged ( mature ) lamina of a tiller . Laminae ( not less 

than li . 0 cm) were excised within 1 cm from t h e legule 

and were transferred to the slotted , screw lid of the 

pressure chamber for immediate (< JO sec ) measurement . 

L eaf water potential me as urements were made twice 

weekly throu@1out the summer period. Readings were made 

at dawn (0500-0700 hours ), and mid-afternoon (1300-1600 

hours) to estimate the maximum and minimum i/;
1 

of the 

diurnal cycle. See Plate 4. 

J.5.2 Stati c sward characteristics 

J.5.2.1 Dry matter yield 

a} Measurements. 

The first measurement of dry matter yield was made 

before the imposition of any treatments on 15 September 

1981 and was used to test the uniformity of the 

experimental area . No significant differences were 

detected between any plots ( appendix 2 ). Subsequent to 

this , dry matter yield determinations were made 

routinely at approximately 5 week intervals during the 

summer period. The first harvest was taken on 28 

December 1981, which was designated day 0 of the 
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rn ca~rnrcment p e riod, wh.Lle successiv e h a rve s ts were taken 

on 1 February , 8 Ma rch a n d 14 Ap r il beinc; days J2, 70 and 

107 or the measurement perio d, respective ly. 

'l'uo h a rvesting me thods wer"! used : 

i ) Mower yi e lds - which wa s the total h e rba g e 

harvest e d :from a J.2 m x 0.5 m strip alone the 

l ength o:f the plot, by a reel mower se t at a 

cutting h e i ght o:f 2 . 5 crn . 

ij_) Ground l e v e l cuts - which we re taken using 

electric sh e ars, harvesting at ground level 

:from wjthin a 625 cm2 quadrat. This was done 

be:fore and after mowing :for harve s t s 2, J and 

4 only. 

Samples were we i ghed ( subsampled if' nece s sary ) before 

being dried in ventilated ovens at 8o0 c :for J6-72 hours. 

b) predictjvc models 

In a ddition to the d e s t n1ctive me asure me n t s , dry 

rnai, Ler yields ''e re predicte d at each h a rve st using the 

thre e followj_n.g methods to incorporate various yield 

compone nts into an equa tion to return the dry ma"ttcr 

yield per p l o"L . 

i) where the :following components , made b e fore and 

a:fter mowing , were combine d according to equation 

(5) which accounted for th e total herbage mas s 

o:f the sward . 

= _b) 
x = ~ x e ~ :f ) 4 2 

DMY ( kg DM/ha) x 10 m [ha . x 6 x c 10 kg/mg 
(5) 

whe re a ) = :fraction o:f ryegra ss in the dry matter yield 

b) = rye grass tiller den sity ( til l ers /rn
2

) 

c) = fraction Ol lamina weight to total weight in 

the rye g-r as s til l er 

d) = average number o:f l a mina per rye grass til l er 

e) = ave rag e l e n g Lh o-f ryegrass lamina (cm ) 
:f) = mas s per t<nit .l ength of ryegrass lamina (mg/cm) 



The returned pre dictions were correlated with the 

results f'rom ~round level cutting. Simple and partinl 

correlations o~ each component with the dry matter yield 

f'rom ground leve l cuLs were also d e termin e d . 

ii) where s t epwi se multiple regi~essi on (using SPSS 

( Nie et al. , 1975) ) was u sed to incorporate the 

above six compone nts " in order of importance ", 

bef'orc and after mowing f' or each har'\Test , into 

equation (6). 
The most " i mportant " variable at each step was determined 

as being that variable which gave the g r eates t 

contribution to the regressjon sum of squares . 

DMY ( ground lev e l cutting) = ~o + ~ 1 x 1 + ~ 2X2 + 

~JxJ + ~4x4 + ~5x5 + ~6x6 (6) 

iii) where multiple r egression, again usjng SPSS ( Nie 

et~., 1975 ) and also Minitab (Ryan et al . 198 1) 
was u sed to incorporate the three c omponents d) , 

e ) and r ) in~o equation (7), and to return the 

four ~ values 

DMY ( ground level cutting) = ~ 0 + ~ 1 x 1 + ~ 2X2 + 

~JXJ ( 7 ) 

This equation was used to predict total herbage mass ( or 

DMY) between the pre-weekl y harvests u sing weekly 

measurements of the J yield components . 

3.5 . 2.2 Components of' dry matter yield 

Six components of dry matter yield were measured 

during the course of the exp eriment . These were : 

i) botanical composition ( and proportion of ryegrass 

in t h e dry matter yield ) 

ii) tiller density ( tillers/m2 ) 

iii) l amina dry we ight as a fraction of' total tiller 

dry weight 

iv) lamina numbe r p~r til J e r 

v) lamina leng th (cm/leaf) 

vi) mas s per unj t l a mina length (rng/cm ) 
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i) Bot a nical composition 

The botanical composition at each harvest was 

determined from the dissection of subsamples from the 

ground level cuts taken before and af"ter mowing. The 

fractions oI' dead and green herbage were expressed as 

a percent a ge of the total herbage, while the species 

fractions (ie ryegrass, other grass and other species) 

were expressed as a percentage of the green herbage. 

The percentage of ryegrass in the total herbage was 

also calculated, to be used in equation 5. 

ii) Ryegrass tiller density 

Ryegrass tiller density was estimated using the 

method of Korte (19 81 ) which measured ryegrass tiller 

density in conjunction with a ryegrass tiller dynamics 

study. Three ( and in some cases four) 83.32 cm
2 

PVC 

rings were fixed using wire clips in permanent positions 

along the c e ntre line of each plot. Ryegrass tiller 

density was calculated from a count of the number of new 

tillers formed and old tillers left alive since the last 

observation. Observations were made within several days 

of mowing at approximately 3-5 week intervals, beginning 

16 November 198 1 (during the spring treatment period) and 

continui n g until the end of the experiment ( 1 Li- April 

1982). No measurement of the tiller density o1 other 

grass species was made. See Plate 3. 

In addition, the ryegrass tiller density was also 

estimated by two other techniquess as a comparison with 

the results of the technique described above. 

(a) The first method involved making counts 

tillers inside 25 randomly placed 22.06 

of ryegrass 
2 . cm rings. 

This was done for each plot within several days of 

mowing for each harvest during the su~ner period. 

This method was the best approximation to the 

tiller core method (Mitchell and Glen.day 1958 ) 
without invol v:i_ng the destructive removal of cores. 
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( b) The second rnethod was done jn conjunction with 

iii ) 

the ground leve.1 cuts made be.fore und after mowing 

on days 32 , 70 a nd 107. S11bsamples :from 625 cm2 

quadrats were dissected to give a separate fraction 

of ryegras s tillers . A count o f these was 

divided b y the :fraction of the subsample dryweie;ht 

to total sampJ e dry weieh t to estimate tbe total 

number o:f ryegrass tillers in the h arvested a r ea . 

Till e r density estimated this way a ll owed a 

comparison of densities b e:fore and after mowing . 

l a mina dry weight as a :fraction of total tiller 

dry wei gh t . 

The ryegrass lamina fraction was c alcul ated on a 

weekly basis :from a sampl e of tillers , totalling 

a pproximatel y 100 leaves, which was taken from random 

posi tions around each plot . Th e l eaves were stored 

in plastic b ags at 4°c until t h ey could b e anal ysed 

in the l ab . The anal yses consisted of separating 

l aminae from p seudo-stem , measuring the total l amin a 

l eneth , oven drying at 8o 0 c b e f ore :finally being 

weigh ed . The f ollowing calculation was used : 

Ryegrass lamina fraction = l a mina dry weight 
l amina dry weight + 

sheath dry weight 

This component was only calculated for the second and 

third regrowth p eriods i.e . :from day J2 until the end of 

the experiment . 

iv) average number of laminae p er ryegrass tiller 

This component was calculated f rom the data 

c oll ected f rom marked t ille rs as described for compone nt 

v ). It only included l eav es where a ll or part of the 

l a mina was present a nd did not include d ead l eaves . 

v ) average l ength of ryegrass l a mina 

The average l ength of r yograss lami n a was d ete r mjned 

:from measurement s of l aminae from marked tillers in the 

field ( Hunt p ers . comm.). Twenty tillers were marked 

with split plasti c rings at 5 c m interval s along a 
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transect across ench plot. Twice each week 

measurements of th e c-reen nnd tota l ( green a nd d ead ) 

l amina l ength for the parent and any daughter tillers 

were mad e . The pre senc e of stem weevil or s lug damage , 

and the idenLification or the leaf axjl s i n which 

tillers h ad a ppeared were also record e d. 

Recordings were made during the t h ree reerowth 

periods, beginning within 2 d a y s of mowing and continuina 

until the markers were removed just p r i or to mowing for 

the foll owin g h arvest . 

at each period . 

A new set of t i llers was marked 

Analyses of th~ data obtain ed from this technique 

was simplified u sing a computer programme to obtain the 

n e cessary data s ummaries . Thi s stored the summaries 

in a n easily read tabul a r format , as well as in a form 

suitable for analysis with commonl y u sed statistical 

p ack ages . Till ers wh ere d eath was attributable to 

inI'ecti on with stem weevils were not included i n the 

analysis . 

In addition to average l a mina l ength this technique 

a l so a ll owe d estimates of t h e f oll owing component s and 

l a mina dyna mic s to b e made : 

i) l eaf exten s i on rate and l a mina senescence r a te 

( die - back from tip) 

ii) 

iii) 

average numbe r of laminae p er ryegrass t iller 

l eaf app earance and death r a t es 

An addit ional, but l ess fr equ ent , estimate of 

l am jna l ength was a l so determined from the l ami n a sample s 

collected for the determination of c omp onent iii ) a b ove . 

Average lamina leng th was calcul ated by dividing the 

total length measu red by the numbe r of l aminae . The 

laminae jnclutled in t h is sampl e we re only tho se which 

were g r een f o r more than 75'}(, o.f thei r l e n gth, a nd the 

n ecroLic portion fre que ntly fo und at t h e e nds of l eaves 

was include d in the measuremen t . 



vj) mass per unit J enc;t1i o.r rye[;rnss lamina 

This component "Was calculated :from th e so.me sample 

used in tli e calculation or component i) above. Th e 

total l amina dry weight was divided by the total lamina 

lengtl1 to give th e mass per unit length of ryegrass 

l amina :in uni ts of mg/ cm. 

3.5 . 3 Dynamic sward characteristics 

Dynamic s ward characteristics ( i . e. rates or change ) 

were calculated as the difference between sward 

characteristics expressed as a fraction of the time 

interval over which the difference was observed . 

3 . 5.3 . 1 Pasture ~rowth rates 

Pasture growth rates we re calculated from the 

predicted dry matter y i elds , and were therefore 

calculated on a weekly basis within each r egrowth perjod . 

J. 5. J. 2 Dynamics o,1 the compo1~ents of' yieJ d 

The d y namic s of the following components were 

studjed: 

i) 
ii) 

iii ) 

i ) 

ryegrass tiller density 

average number of l a minae per ryegrass i.iller 

average l ength of ryegrass laminae 

Ryegrass til l er density 

Changes in ryegrass tiller density were studied in 

greater detail as being the result of two opposing 

processes : 

a ) the rate at which new tillers appeared (TAR ) 

b) the rate at which existlng tillers died ( TDR ) 

The relative s izes of these two processes determined the 

changes in ryegrass tiller density. 

Tiller dynamics \vere measu red u s ing the method of 

Korte (1 981 ), whe re all the ryegrass tillers i n a fixe d 

83 . 32 cm2 ring were mRrked with coloured , split pl as tic 

rings. At each observation t h e n e w ryegrass tillers 

which h a d appeared were marke·d with a new colour and the 



markers .f rom old dead tillers were removed. In addition 

to allowing t h e c a lculation of tiller appearance and 

tiller d eath rates, thjs technique also allowed the 

d etermination o:f the ae-c structure of' the remaining live 

tillers and the age o:f tillers whi ch had dj ed . Se c Plate J . 

ii) Average number of' l a minae per ryec-ru::;s tiller 

This dynamic compone nt is also considered to be 

the result of two pro cesses 

1 • u~e rate of' leaf a ppearance 

2 . the rate of l eaf death 

(l eaves/ 100 tillers/ 
day) (LAR ) 

(l eaves/ 100 tillcrs/day)(LDR) 

These were both d e t ermined from the marked tillers 

described for component ii) b. 

LAR was determin ed from the total number of' new 

l eaves on twenty ma rked tillers and the ir d a u ghters, 

which were not present at the l ast observation, · divided 

by the number o:f days since the last observation and the 

number of tillers . 

LDH was determine d as the number of leaves which 

were still alive at the last observati on but not the 

current obse rvation , divided by the number of' d ays since 

the l a st observa t ion and the number o:f tillers . Th e 

dif:ferenc e b etween l eaf death and J eaf senescence wa s 

important sjnce l eaf se n es cence was the progress ive. 

chlorosis or necrosis o:f the lamina (typically from the 

tip) and death not occurring with the entire lamina was 

chlorotic or necrotic. 

iii) The chang e in average l ength of ryegrass laminae . 

The ave r age J ength of' ryegra ss laminae we re also 

the result of the two opposing processes of l eaf 

extension and leaf senescence. The change in averaLe 

lamina l eneth is there fore the resul t of a difference in 

the relative rate s or these two processes . In general 

these processe s occur in separate leaves i . e. leaf 

extension occurring in younger immature l a minae with leaf 

senescence occurring in older mature leave s , however some 



ex:'lmples were observed wiLh both p rocesse::-; occu rring in a 

s ine-le leaf. 

Th e gree n and total ( green and dead) l a mina lenc-ths 

were recorded on every l eaf f'or twenty marked tillers per 

plo t ( as well as on daughter tillers ) twice each ,.,,eek . 

Frotn this data t h e lea! extension rate was calculated (in 

units of n11n/leaf/day ) as the tota l increase in green 

leng th s ince t he l ast observation ( 1or a ll t h e measure d 

l eaves in the sward ), divided b y t h e number of green 

leaves which were measured and the number of d ays s inc e 

the last observation. L ea! sene scenc e rat e was calculate d 

as the total increase in necrotic and chlorotic l e ngth 

divided by t b e total· number o1 l enves and t he number of 

days since the l ast observation. These v a lue s are 

averaged across al l leav es and are therefore l ess than 

the actu a l rates o1 extensi on a nd senescence individual 

lamina . 

J.6 . Statistica l anal vses 

In a ll c ases , unle ss otJ1erwise stated, significan ce 

a nd non sienificance re1ers to the 5~ l evel . 

The symbols u sed t h rough o u t this the s i s are NS = n o t 

s i gnificant P)0.05; * = s i gnificant P~0.05 ; 

**=significant P~0 . 0 1; ***=significant P~0.001. 

J . 6 . 1 Ana lys i s o1 variance 

The pooled " e nvironments " model ( Le Clerg ,Leonard 

and Clark 1962 , Gordon et al . 1972 , Gordon 1979 ) wa s 

us e d for ANOVA wh e re pretreatments were arranged i n a 

randomised block desien wi t hin the two e n vironments t o 

which the molsture regimes were assigned. Thi s model 

a llowed the separate a n a lysi s of pretrea tme nt e ffects , 

treatment effects and the pretrea tment x treatment 

interact ion. The subprogrammc MANOVA in SPSS ( Ni e ~ .2.1• 
1975 ) was u sed, where pretreatments (" treatme nt s ") were 

crossed '"ith blocks , within treatments (" e nvironments "). 

This n ecessitated t h e manu al calcul ation o1 t h e complex 
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li' stn L:i st i.c (F ) and Lhe asso clatecl degrees o:f :freedom 

(f ' nurnera.tor and f' denoininaLor) for the treatment 

("environment") effect as :folJows (Le Clerg , Leonard 

and Clark 1962 ). 

' MSE + MS error 
F ·- --·---

MSB(E) + MSI 

(MSE 
2 

+ MS error) 
f ' numerator = 

MSE 
2 MS 2 

+ error 

f 
E 

f error 

(MSil {E} 
2 

+ MS
1

) 
f ' denominato r = 2 2 

MSB(E} + MSI 

:fB(E) fr 

where : MS = mean squ are and f = degrees o:f :freedom for 

the I'ollowing sources of variation: 

environments ( E) 

blocks wi tll.i.n environments (D( E) ) 

pretreatment x environment interaction ( I) 

r esidual error (error ) 

F statistics for the pretreatment effect and for the 

pretreaLment x environment interaction were calcul ated as 

the reJcvant mean square divided by the mean square :for 

the preatreatment x environment interaction mean square 

and residual error mean square respectively . TI1e 

degrees of freedom were those appropriate to t~e particular 

mean squares used. 

J.6.2 T- tests 

Wh en the analysis of the pretreatmen t x treatment. 

interaction was not requjred pretreatment and treatment 

ef:fects were compared stab stically b y simple T - test . 

Pretreatments and treatments were poo l ed to test the 

treatment and pretreatment effects respec tively, the 

replication there fore being increased :from L~ to 8 . In 

mos t cases there were unequal variances and the effective 

degree s of freed om were cRlculated according to t h e 



following e quation (St eele and Torrie 1980). 

eff'ective df = 

J. 6 . 3 Mul_!i£le regre ss ion 

i) Linear multiple regression (using MINITAB ( Ryan, 

Joiner and Ryan (1 981) was used to regress several 

independant X variates with a dependant Y variate. 

T-tests were used to test the significance of the 

returned ~ values . Stepwis e multiple regression 

(using SPSS ( Ni .e ..£.! al. 1975 ) ) was used to obtain 

incremental R2 values and standardised ~ values 

ii) Multiple regression with dummy variables was used 

to fit two simple regression equations to a set of 

data in one opera tion , and returning a single R2 

v alue ( Dra per and Smith 198 1). In both cases 

where thi s procedure was u sed the R2 obtained 1·ms 

greater than if a single , simpl e regression equation 

had been us ed . 
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Plate 1. The cutting height pretreatments. Aluminium 
tins at the centre of each plot cover neutron probe 
access tubes . 

Plate 2. The eight plots of the stressed environment at 
the end of the pretreatment period and the beginning 
of the treatment period , immediately after the 
uniform mowing across all plots . The Rain- Out -
Shel ters are in the resting position with the control 
box at the extreme right . 
From left : the author , Dr A.C . P . Chu , Dr C . J . Korte _ 
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Plate J . The ryegrass tiller marking te2hnique . All 
rye&rass tillers within Lhe 8J . J2 cm ring were 
marked with co l oured split plastic rings . At 
successive intervals during Lhe experiment new 
tillers were marked with a different colour and 
rings fro m dead tillers were removed . 

Plate 4. The pressure chamber apparatus . 
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Plate 5. The stressed sward at the conclusion of the 
experiment (14 . 4 . 82) being day 107 of the measurement 
period. 

Plate 6 . The irrigated sward at the conclusion of the 
experiment . Bare patches are the areas from where 
ground leve l samples had

2
been taken ; wires show 

the location of 8J . J2 cm rings illustra ted in 
Plate J ; and aluminium tins at t he centre of each 
plo t cover neutron access t ubes . 
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ClIJ\PT1m IV 

RL:SUJ_,TS 

Th e r esul ts are presented in :four ma in sections . 

These are : 

4.1 Water status measurements 

4 . 2 Static and Dynamic sward charac teristjcs 

Li. 3 Th e pre die ti.on of dry matter yield :from its components 

li..4 The relationships b et.ween dyna mic sward 

characteri stics and water status measurements 



l1. 1 Water status n1easu rem e n f.s 

I+. 1 • 1 Soil wnter status 

The J'esults of soil waLer deficit (mm) for the 

duration of the measurement period are given in fi~1re J • . 

Both stressed and irrigated plots were irriga ted in 

excess of field c a p a city on day o , and the soil water 

contenl; on day 2 (mean for all plot s = 1~28 mm) was 

desi gnated as being 0 mm deficit . The diff'crcnce s 

between h a rd and l ax def'oliation pretreatments were not 

significant and so the results presented only compare 

differences between stressed and irrigated trea t ments . 

The maximum deficjt on irrigated plots was 76 mm , 

compared to 182 mm on stressed plots . The di:Cference 

b e tween the water d e ficit of stressed and irrigated 

plots was first d ete c ted as being significant on day 16 

( a fter 2 1 mm of rain on day 10) . 

Rainfall, c l a ss A pan evapora tion , and potenti a l and 

actual evapotran s piration (PET a nd AET) (caJcul ated 

according to Scatter , Cl othie r and Turner (1 979 ) )are 

elven in appendi x J . In general AET equalled PET 

except when the soil water deficit exceeded 107 mm , in 

which case AET was less than PET. 

Figure 3 a l so includes the soil water deficit 

predictions calculated u sing t h e model of Scatter , Clothier 

and Tu rner (1 979 ). In general the predicted deficits 

followed the same pattern as measured deficits , however 

there were significant diffe rences between predicted 

and measured val ues in many cases . The relationship 

b e tween predicted and measured deficits was investi gated , 

u sing multiple regression with dummy variables to obtain 

the folJowing 2 equations ( 8a a n d 8b ). 

y = - 83. 17 + 1. 73 x (x > 107 mm) ( Sa ) 

y = 1. 0J + 0.758 x ( x ::; 107 mm) ( 8b) 

where : y = pre dict e d soil water deficit 
x = measured soil water de.f.L cit 
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The s lop e for the :firs t e qua tion (i. e . 1.7J ) wns 

s j gnl:ficnn Lly grea Ler than :fo r Lh e second equn [. j on 

( i. o. 0. 758 ). '.i'he inul Liple regression tcctrnl quc 

increased the coe:ffi c i ent o:f determination (R2 ) :from 

95. 1% ( for s jmple linear regression) t o 98 . 656. 

The p ro i'iles of' vo Jumetric water c ontent (G) :for Lhe 

top 100 cm of soi l are illustrate d in :figures ~a and b 

for stres8ed a nd irrigated plo ls re speclively . Also 

s h own f or comparison in figu re 4a are the prof'il es at 

soil water potenti a l s of - 1. 5 a nd ·-0 . 1 MP a d etermined 

by Scatter, Clo t hier a nd Turner (1 979 ) :for the same soil 

type. In a ddition to the p attern of soil water 

d epletion ( fig 4a) a nd r e covery after irrigation ( I'ig ~b) 

both figure s s h owe d a differe nce in the volumetric wa ter 

content at 100 cm b etween wet and dry soils . Thi s is 

evide nc e t h a t water was l ost from t he p rof'i l e b elow 

100 cm . On the basjs of' Scott.er , Clothier and Tur n er 

( 1979 ) v:ho ob served water was los t fro m up to 1. 7 m 

depth , it was calculated :for this study t h at up to 25 mm 

of water ma y h a ve b een removed :from bel ow 100 cm, a nd 

therefore been unacc ounted for in t h e measu reme n ts of soil 

water d efi cit . 

The differenc e between water p rofiles on d ays O, J5 
and 51 in fj g 4b s h ow that the irrigations on day$ 29 

a nd 48 did not completely return the p rofiles to :field 

c apacity . 

~ .1. 2 Pla nt water status 

Figure 5 shows the changes in maximum l eaf wate r 

potenti al ( ~~l) ( measured u t d a wn 0500- 0700 hours ) d u rin g 

the measureme nt period . No dif'ferenc es were de tec ted 

between l/;
1 

of plant s from the two defoliation pre­

treatments , therefore only the comparison between stressed 

a nd irri ga t e d environme nt s i s pre sent e d . There were no 

significant diff' erenccs between moisture regimes until 

after day J 1 of the measu rement p eriod; wh e n , t h e if;
1 

o f the i rrigated plots rema ined at levels of -0.1 to 
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Jan F~b Mor 

Th e patte rn of chant;e of leaf water potential 
( f 1 ) during the measure ment period for : 
a) dawn re a dings from irrigated plots ( G) 

and stressed plot s ( O) 
b ) afternoon readings from irri gated 

plots (A) and stressed plots (A) 



-0.3 MPa whereas those of the stressed plots dropped to 

-0.78 MPa and thereaI'ter progressively declined to levels 

of -1.0 MPa. 

Figure 5 al so shows the changes in minimum if1 
(m easured at mid-afternoon ( 1300-1700 hours) ) • This 

pattern of change in f 1 during the experiment was 

different to that for dawn values, since the 0.68 MPa 

drop in f 1 between days 28 and 31 did not occur. In 

this case the i/;1 for irrigated plants was relatively 

constant, fluctuating around a value of -1.5 MPa. For 

stressed plants, f 1 decreased from -1.4 MPa to -2.4 MPa 

as the water deficit. increased and multiple regression 

with dummy variables was used to fit 2 regression lines 

to show the pattern of this decrease. (This technique 

increased the coefficient of determination (R
2

) from 

0.86, for simple linear regression, to 0.92). The rate 

of decrease of i/;1 on stressed plots was initially quite 

high (0.0175 MPa/day) but slowed to 0.0067 MPa/day 

during the second half of the measurement period. This 

rate of decrease of mid-afternoon i/;1 in this second 

half of the measurement period was not significantly 

different than the rate of decrease in dawn i/;1 (0.0030 

MPa/day) over the same period. 

The i/;1 of leaves which were wet with surface 

moisture (eg dew, rain or irrigation) were significantly 

greater than would have been expected if the i"eaves had 

been "dry"; where dawn readings from stressed plots 

after day 31 were up to o.6 MPa greater and mid-afternoon 

readings from stressed or irrigated plots were up to 

1.5 MPa greater. This effect was observed to be 

temporary, in general lasting only as long as the leaves 

remained wet. These measurements from wet leaves were 

not included in figure 5. 

4.1.J The relationship between leaf water potential and 

soil water deficit. 

The relationship between leaf water potential ( f 1 ) 



Four and soil wnter <.leficit is presen t ed in fic-nre 6 . 

regression lines h ave been fitted to the dutn and 

rep re sen L the two times of measurement of l. eaf water 

p o ten ti al ( ie dawn and mid- a:ft ernoon ) for the two 

moisture treatments ; with the exception that dawn 

readings from stressed plots berore the soil water 

deficit exceed 105 mm have b een included in t h e 

reg-ression of' dawn readings frorn irrigated plots. 

For the irrigated p l ots (and stressed plots at l ow 

l evels of soil water deficit ) leaf water potential was 

uncorre l ated with the soil water deficit , with 
2 2 

correlation coeff'icients beinc- R. = 0. 00 1 and R = 0.06 

f'or dawn and mid-afternoon data respectively . 

F or the stressed plots , fi g ure 6 shows t h e 0.68 MPa 

drop in dawn leaf water potential between days 28 - 3 1 

to be occurring between 105 and 11 0 mm defjcit. For 

mjd-afternoon data and dawn data i n excess of 105 mm 

def i cit, , leaf water potential was significantly related 

to so il water d eficit , with the s lop es -0 . 088 a nd 

59 

-0. 0299 MPa/ 10 mm deficit r espective l y being significantly 

l ower than O. The mid-afternoon d ata was found to be 

more strongly correlated with soil water deficit than 

dawn data , with R2 values b e ing 0 . 91 and 0 .40 

respect i vely . 

4 . 2 Static and dynamic s ward characteristics 

4.2 .1 Dry matter yie ld 

Results of total h erbage mass , measured b y cutting 

to ground level before mowing for harvests 2 , J and l~ , 

are given in Table l a . For the c u tting h e i ght 

pre treatment o.t each of the t hree h arvests , the low cut 

plots had yields greater than for the hit;h cut treatments , 

h owever this e~fecL was onl y significant at h arvest 2 . 

Similarly , the i rricate d treatments had yields 

greater than f'or the stressed treatments in h arvests 3 
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and h, hut the dif:f'erence fai l e d to reach siGn:i :Li. cance . 

There were no significant interaction s . 

Da ta i'or tho residual h erbage cover remainine; a:f'ter 

mowing , a J.so measu red by gro u nd l evel cutting , are given 

in Table l b . Initially , at harvest 2 , for the cutting 

h eie;ht pretreatments , the l ow cu t plo ts had . a 

signi:ficantly greater yield t h an the hjgh cut plots . 

This e ffect was a l so present at the final h arvest , where 

low cut plots had residual yields l+O?~ greater than hi gh 

cut plo ts . Moisture treatment and interaction effects 

were not sign ificant throu~iout t h e measurement period . 

The dry matter·yield of h erb age removed by mowing 

(mass of' clipp ings retained in t he catcher) is presented 

i n Tabl e 2 . At harvest 1, under the cutting h eigh t 

pretreatments yields were greater for t h e hi gh cut 

pretreatment, ref'lecting t h e change in cu tLing height , 

however dii'ference s i'or subsequent h arvests were a ll 

noJ1:-signif'icant. TI1is result contrasts with that ror 

the moisture treatments which showed no significant 

dii':ferences at harvests 1 a nd 2 , a n d s:i gnifi c a n t 

differences -(P<0.0 1) at harvests J a nd 4. At the end 

of' the experiment the mower yields on stressed p lots were 

only 8% of' t h ose on irrigated plots . The in teract ion 

b etween moisture treatments and cutting h e i eh t pre treat-­

ments was :found t o b e n on-si gnificant at all harvests . 

One deficiency of this mower yield data was t h at at 

each harvest a significant Bartletts x2 statistic was 

obtained , i nvalidating the assumption of 

homogen eity of vari ance made in Analysis of Variance 

( Eis enhart 1947 ). Transforming data hy y'X was found 

to validate the assumption in mos t c ases , but did not 

alter the levels o:f significan ce . 

G1 

Mower yields ~ere poorly correlated (R2 =0. J 1) with 

the dry matter yie l d of h erbage r e moved by mowing , 

calcul ated as t h e dif~erence between grou nd l evel cutting 

before ( Table 1a ) a nd a fter (Table l b ) mowjng . 



TABLE 1a . Total herbage mas s b ef'ore mowing (kg DM/hR) 

- measure d by ground leve l cutting. 

Ha rves t 2 3 4 
Day of' 

Treatme nt 32 70 107 

Cutting Height Hi gh 2857 1789 1785 

Low 367L~ 3388 2013 

* NS NS 

Moisture Regime Irrigated 3267 2994 2083 

Stresse d 3264 2183 1715 

NS NS NS 
---

Inte r action [_ NS NS NS 1 
Coef'ficients of variation range d from 7~ to 34~ 



TABLE 1b. Residunl herl>agc mass af'ter mowing (ke DM/ha) 

measured by eround level cutting 

HaJ'Ves t 2 3 
Day of' 

experi me n t 
TrcatmenL 32 70 107 

Cu ttin(; Height High 2050 1382 1256 

L o w 2795 1667 176 1 

* NS * 

Moisture Regime Irrigated 2L~ 38 1 311 1 1li8lj. 

S t r essed 2 li 06 1709 1533 . 
NS NS NS 

I nteraction NS NS NS 



TABLE 2. Mower yields ( kc; D:M/ha ) ( c l ippings retained 

i n t h e catcher , mowinG to 2 . 5 cm ) 

~t 1 
of 

'Pt• 0 
. 

Cuttj ng Height Jl l c-h J590 

Low 83 1 

* 

!Moisture Regime 
Irrigated 2 173 

Stressed 2248 

NS 

2 

32 

1056 

1247 

NS 

1263 

1040 

NS 

3 

70 

567 

608 

NS 

1067 

109 

** 

L~ 

107 

264 

240 

NS 

467 

37 

** 

I 

~lr_n_t_e_r~a._c_t_i_o_n __ ~----~----~-N_s ____ ~ ____ N __ s~----~-N-S~--~~ 

Coeffi c i ents o f variati on range from 6~ - 67% 



li. 2. 2 Components o-C cJry matter yj c ld 

Results for the following components of dry matter 

yield arc presented in this section. 

i) botanical composition 

ii) tiller densjty (tillers/m2 ) 

iii) l amina dry weight as a fraction of total 

tiller dry weight 

iv) l a mi na number per tiller 

v) l a mina l e n c;th (cm/lamina) 

vi) mass per uni t lamina l ength ( mg/cm) 

In addition , the dynamics i . e. rates of appear a nce 

and death for the components of tiller density, leaf 

number per tiller and lamina length are also pre sente d. 

i ) Botanical Composition 

Botanical c omposition perce ntages for the 

comparison b e tween the cutting height pretreatments are 

eiven in Table Ja and for the comparison between the 

moisture regimes are given in Table Jb. In both tables 

the fractions of green and dead herbage are given as a 

percentage of the total dry matter. The green h e rbage 

fraction -was further dissected into fractions .of' ryegrass, 

oLher grass and other species , which were expressed as a 

percentage of the green material . The component of 

other grass was almo s t entirely Poa spp . and the 

component of other species was a mixture comprising : 

broad leaved dock (Rumex obtusifolius L.), penny royal 

(Mentha pulegium L.) catsear (Hypochoerjs radicata L.) 
and dandelion (Taraxa cum officinale Weber) . lfl1ite clover 

( Trjfoljum repens L.) not having been sown with the 

ryegrass was a rare component of the sward . 

The effect of low (compared to high ) cutting at 

the b egin.ni n e of the measurement period was to decrease 



Table Ja . 

pre-

Botanical composition before mowing - fo r the 
cutting height pretreatme nts . 

Fi g ure s in parenthesis are the botanical 
composition af'ter mowing, where they differ 
significantJ.y from the value before mowing . 
Botanic a l compositions after rnowing for 
h arvest 1 were not measured. 

% of total % of green herbage 

G6 

Harvest treat -
dry matter 

ment dead green Other Otber 
herbage herbage Ryegrass grasses Species 

Hi 31 69 45 53 2 

1 Lo 28 72 27 65 8 

NS NS ** * ** 

Hi 2J ( L~7 ) 77 (5 3 ) 67(37 ) JO ( 5 I+) 3 ( 9) 

2 Lo 25(L~1 ) 75 ( 59 ) 3 1 ( 20 ) 50 ( 61 ) 19 

NS NS NS NS "*"** ** *** NS *** 

Hi 53 L17 6 1 ( 37 ) 25 14 

3 Lo 50 50 15 33 53 

NS NS -);-~-* NS -X-** 

Hi 60 40 59 31 10 

4 L o 51.i. 46 40 J4 26 

NS NS * NS NS 



Table 3b. Botanical compositi o n before mowing - for the 
moisture treatments. 

tHarvest 

-
1 

2 

3 

4 

Figures in parenthesis are the botanical 
compositions after mowing where they differ 
significantly from the values before mowing. 
Botanical compositions after mowing for 
harvest 1 were not measured . 

% of total °/o o f green h erbage ~ dry matter 
Treat- dead green Uther UTI-ier 

ment [herbage herbage Rye grass grasses Species 
I 

Stressec 28 7 2 38 5 7 5 

Irrig . 3 1 69 34 61 5 

NS NS NS NS NS 
-

Stressec 23(50 ) 77 ( 50 ) 50 ( 29 ) 40 10 

Irrig. 25(38) 75 ( 62 ) l~8 ( 27 ) 4 1( 62 ) 1 1 

NS ** NS ** NS NS NS NS 

Stressec 7 1 29 4 1 23 36 

Irri g . 32 68 35 ( 17 ) 3 4 31 

*** *** NS * NS__j 

Stressec 77 23 51 2 1 28 

I rrig . 37 ( 49 63 ( 5 1) l~8 ( 26 ) 44 8 

*-l<·* *** NS ** * 
~--' 



the percentage of ryegrass, increase the percentage of 

other grass and other species and to make no diff e rence 

to the levels of dead material. At the end of the 

experiment the only significant difference between . 

cutting hei~ht pretreatments was for low cut plots to 

still have a lower ryegrass percentage. 

There were no differences in botanical composition 

between the moi sture regimes at the beginning of the 

experiment. In contrast however , the water stress 

effects were the greatest at the end of the experiment 

( harvest L~), when the fraction of green herbage was 

reduced from 6J% to _23% of the total dry matter. 

68 

Significant differences in botanical composition 

before and after mowing occurred for all of the components 

measured , where an increase in the dead herbage fra ction 

with mowing was accompanied by a decrease in the green 

herbage fraction, and a decrease in the ryegrass fraction 

was. accompanied by increases in both other grass and 

other species . There was an interaction of mowing with 

wat e r stress, where for harvests J and 4 (when the water 

deficit was relatively severe) differences in botanical 

composition before and after mowing only occurred on 

irrigated plots (Table Jb ). 

ii) Ryegrass tiller density 

The differences in tiller density between the 

cutting height pretreatments are shown in fig. 7a and 

between the moisture regimes are shown in fig. 7b 

The tiller densities on high and low cut plots were 

almost identical at the beginning of the measurement 

period, however by the beginning of the second regrowth 

period (da y 37) the maximum difference bet~een 

pretreatments was obtained, with the tiller density of 

low cut plots being only 57% of that on high cut plots. 
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At the end of the measu rement p eriod the difference 

betwe e n pretreatments was still p resent, but smaller , 

with the tiJler d e nsity of low cut plots being 6J% of 

that on high cut plots. 

The diffe rences in tiller density between irrigated 

and stressed plots were non~significant at the be gi nning 

of the measurement period but b e came progressively 

greater, so t h at by the end of the measure ment period 

significance (P<0.01) was attained, with the tiller 

density of stressed plots being about half that of 

irrigated plots. 

The number of tillers removed by mowing was 

c alculated as the difference in tiller density 

70 

(measured by ground l eve l cutting) b efore and af ter mowing. 

On average mowing reduc ed the tiller density by 581 

tillers/m
2

• 

No statistically significant interactions between 

cut ting height and moisture regime on tiller density were 

detected. 

The measurements of tiller density (pres ented in 

figures 7a and b) were well correlated with other 

measurements of tiller density which were also made. 



The coefficients of determination (R2 ) with count s 

inside 25 randomly placed ri n gs and count s from ground 

l eve l cuts before and after mowing were 0.73, 0.82 and 

0.77 respectively. 

The cha n ges in till er d cnsi ty (Fig 7a and b ) (net 

till er appearance /death ) are the result of differences 

in the absolute tiller appearance and d eath rates 

( tillers / m
2

/ day ) the data for ~~ich are p resented in 

table 4 a nd 5; • Proportional tiller appearance and death 

rat es (till ers /1 000 tillers / day ) are given in t a bl e s 6 and i 
and show the physiologica l activity of tillers with 

respect to till e ring. 

By and l arge the variation of values was hi gh and 

discriminating powe r of the sta t istical analyses was low 

resulting in few si gnificant differences and interactions 

being declared, despite the fact that differenc es were as 

hi g h as 4oo<(o . 

(a) · Absolu te tiller appearance rates (ta ble h ) 

The absolute till e r appearance rates of high cut 

plots were greater than for low cut plots throughout the 

entire measurement period by 452%, 264% and 168% for 

the 1s t , 2nd and Jrd regrowth pe ri ods respectively . 

Similarly, absolute tiller appearance rates on irrigated 

plots were greater than for stressed plots by 149%, 440% 

and 158% for the same periods. 

In al l c ases the rates of tiller appearance 

decreased from the first to the second regrowth period 

and increased from the second to the third regrowth 

period, with the average rate of tiller appearance for 

the second and third regrowth periods being 29% and 42% 

of the rate in the first regrowth period. 

(b) Absolu te tiller death rat e s (Table 5) 

The absolute tiller death rates for both the cutting 

height pret reatments and moisture trea t ments did not 



show as consistent trends during the measure me nt period 

as did absolute tiller appearance rate. During the 

first regrowth period the tiller d ea th rates on low cut 

and stressed plots were 158% and 17L1% of' the rate on high 

cut and irrigated plots, whereas durj_ng the second 

regrowth period the situation was completely reversed 

with death rates on low cut and stressed plots being l~1% 

and 97% of the rate on hi g h cut and irrigated plots. 

In the third regrowth period tiller death rates were 

higher on high cut and stressed plots. 

The absolute tiller death rate was uncorrelated 

with absolute tiller appearance rate ( R
2 = O.OJ) in the 
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? 
same re g rowth period but was highly correlated (R~ = 0.71 ) 

with the absolute tiller appearance rate in the previous 

regrowth period, conseque ntly the hi ghest mean absolute 

tiller death rate occurred for the second regrowth 

period , following the highest mean absolute tiller 

appearanc e rate occurring in the first regrowth period, 

and the lowest mean absolute tiller death rate occurred 

for the third regrowth period , following the lowest mean 

absolute tiller appearance rate occurring in the second 

regrowth period. 

( c ) Proportional tiller appearance rates. ( Table 6). 

The difference in proportional tiller appearance 

rates between the high and low cutting treatments were 

the greatest during the first regrowth period with 

high cut plots having rates 254% greater than low cut 

plots and subsequently were smaller with rates on high 

cut plots being 175% and 98% of low cut plots f'or the 

second and third regrowth periods respectively. 

Similarly, the proportional tiller appearance rates on 

irrigated plots were 126%, 272% and 110% of those on 

stressed plots for the J regrowth periods. In both 

instances these differences were smaller than for the 

absolute till e r app e~rance rates sj_nce effects resulting 

from differences in tiller density had been removed. 



Tlie prop or f:,:i.onal tiJ ler appearance r ate s liowed a 

similar pa L Lern of clitrnge between rcrrrowth periods as 

di d absolute til l er appearance rat e , witl1 the aver\"ige 

proportional tiller appearanc e beginning I'rom 7.8 

till ers / 1000 tillers/day, I'alling to J . 32 tillers/1000 

tillel's/day and then increasing to 5 . 6 tlllers/ 1000 

tille rs /day. 

( ct) Proportionnl tiller death rate . (Table 7 ). 

During the measure111ent p eriod proportional till er 

death rates ( tjllers/1000 tillers/day ) from l ow cut plots 

were on average 54~ greater than for high cut plots . 

The only exception to this trend occurred during the 

second reerowth period when the proportional til l er death 

rate from hi~1 cut plots e xceeded that for low cut plots , 

following a rapid ra te oI' (proportional and absolute) 

tilJ er appearance on high cut plots during tJ-1e f'ir s t 

regrowth period. 

The diffe rence ' b etween the proportional tiller death 

rates on stressed and irrigated plots increased during 

the measurem ent period with r ates on stressed plot s being 

1 08~ , 7 3~ and 490~ greater t h a n on i r rigated plots for 

the 1st , 2nd and Jrd r egrowth periods . 

'? J 

The average p roportional tiller death rate during the 

first regrowth p e riod increased fro m 9 . J tillers /1 000 

til l ers /day to 1J .8 tillers/ 1000 tillers/day for hoth the 

second and third regrowth periods . 

Unlike t h e correlated between absolute til l er 

app earan ce and death rates , t h e p roportion a l tiller death 

rates were poorly correlated with proportional tiller 

a ppearance rates from eithe r the same or the previous 

regrowth period ( R2 = 0.26 and 0.05 respectively ) since 

the common factor o~ population s ize had been removed in 

the calculation of proportional tiller dynamics . 



Table 4-. Absolute tiller appearance rates (tillers/m2/ 
day ) :for the three rerrrowth periods during 
the measurement period . 

Rec;rowth period 

1 2 3 

f:;uttjng Height High 6? . 8 17 . 7 2 1. 9 

Low 15 . 0 6 . 7 13 . 0 

NS NS NS 

·-
~oisi:ure Rec;ime Stressed JJ.2 4 . 5 1J . 5 

I rrle;ated 49 . 6 20 . 0 2 1. h 

NS NS NS 

Significance NS NS NS 



Tabl e 5. Absolute t.L l lcr death rates (tillers/m
2
/ctay ) 

1or Lhe three regrowLh periods d u ring Ll1e 
measurement p eriod . 

·-
Rec;rowth pe r lod 

1 2 3 

Cuttjng h eigh t High 28 . 5 59 . 6 27 . 3 
Low 45 . 1 24 . 4 23 . 9 

NS NS NS 

Moisture regime Stressed 46 . 7 Li 1. 4 J4 . 2 
I rrigated 26 . 8 42. 6 17 . 0 

NS NS NS 

lrn t e ra ct i o n _ __ _.__s_j_g_,·n_i_1_i_c_n_n_ c_c--1.. __ N_s __ -'-_ _ N_rs ___ 1_ _ _ *_-' 
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Table 6 . 

Cutting 

Moisture 

Proportional tiller appearance rates ( tillers / 
1000 till ers / day ) for the three regrowth 
periods during the measurem ent period. 

Regrowth period 

1 2 3 

height High 1 1 • 2 4 . 2 6 . 1 

Low 4 .4 2 . Lt 6 . 2 

* NS NS 

regime Stressed 6 . 9 1. 8 Lt .• 8 

Irrigated 8.7 4 . 9 5 .3 

** NS NS 

lrn ierac ti on Signifi c ance NS NS NS 
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Teible 7. Proportional Liller dea Lh rate ( tjllers/1000 
tiJ le r s / day) :for the three regrowth periods 
durinc; the measu rement p eriod . 

HerrrowtJ1 period 

1 2 J 

Cut t:ing height Hi e-h 5 . 0 15.8 8 . J 

Low 1J.7 11 • 8 19 . J 

NS NS NS 

Moisture regime S tressed 12 . 6 17. 5 23 .6 
Irrigated 6 . 05 10 . 1 /.j. 0 

:t\S NS NS 

I Intera_c_t_i_o_n~~---'--s __ i_g_n_i_·:r __ i _c_a_n_c __ e__.~N-TS ______ i..-___ N_s ____ __. _____ N_s__, 

'77 



iii) La mina d ry weight as a fraction of' total t i ller 

clry weight 

The p ercentage of' lamina weic;h t to t h e total t ill er 

we i gh t i s present e d in figure 8a and 8b for cutting 

height pretreatment and moi sture treatmenLs respectively . 

The only signif'lcant difference obtained b etwe e n the 

two c u tti n g height pretreatments was a t the e nd of the 

first regrowth p eriod , just b efore the plots were mown. 

Other di f'fere nc es may h ave occurred in thi s first p e r iod 

whe n the greatest cut tin g h eight eff'ects would have b een 

expected, however me asu rements were n ot taken during t his 

period. 

Significant difference s between irrigated and 

stressed plots were observed on days 50 , 57 , 70 a nd 92 

whe n v a lues from irrigated plots exceeded tho se f'or 

s t ress ed pJots. In only one case (on d ay 78) which was 

soon after mowing for the thi r d h arvest , did the 

p ercentage of l amina we i ght to total tiller wei ght on 

stressed p J ots exceed t h at from irri gated plots . The 

response of t he p erc entage of l a mina weight in t he 

tiller to water stress was inconsiste nt , s ince in t he 

third r egrowth p eriod when the water deficit was the 

g r eatest the dif'ferences between stressed and irrigated 

plots were gen erall y n ot significant. 

iv ) Lamina number p e r tiller 

Fig ures 9 a and 9b s how the a v erage lamina numbe r 

per tiller f or cut. tine height pre t rea t me nts a nd moisture 

treatme n ts r es p ective ly. Cha nges in the numbe r of 

l a minae p e r till e r resulted from a differe nc e in the 



Jen 

- 1·0 

"" 3Do 

... 
0 
= O·S 
~ 

0 -0 O·G I-

...... - 0-4 0 
Ji 

0 
standard c I E 0·2 error 

0 
.J 

0 
0 20 

Figure Sa. 

Jon 

1·0 -0 
JS 
... 
Q 

0·8 -t= 
0 - 0 ·6 0 ... 
...... 

- 0·4 0 
Jl 

0 I standard 
c error ·e 0·2 
0 _. 

0 ---!...... 

0 20 

Figure Sb. 

79 

... -.. , 
FClb Mar 

,--
Apr 

* 
01 na ns 03 na 

01 Oil ns ns ns na 

t 
40 60 80 100 

Days of lreatment 

Tl1e fraction of lamina dry weight to total tiller 
dry 1rnight during the measurement period for 
high cut (A) and low cut (fl) pretreatments . 
Arrows indicate the time of harvests. 

f &b Mar Apr 

ns 
ns *ff * ns ** 

ns • ns * ns ns 

-
40 60 80 100 

Doy s of Troatm ent 

The fraction o:f lamina dry weight to total 
tiller dry we i ght during the me asurement 
period for irri g ated ( e ) and stressed ( 0 ) 

tre a tments. 



3-0 

r- 2·0 

... 
0 
a. 

-0 
0 _, 

l·O 

0 

3·0 

... 2 ·0 
... 
0 
Q. 

... 
0 

.1:11 
E 
:J 

2: 1·0 

-0 
CD 
..J 

80 

r---.----~~~-------,~---~~-~--.-~~-~~~· 

Jan Fob Mer 
·--r------.... 

rwr 

0 

Figure 9a. 

Jon 

ns n11 ns 

20 

I standard 
Grror 

t 
40 

of 

ns 

60 

Treatm ~nt 

ns n s il-

t 
80 

Number or l a minae per tiller during the 
measurement period for hiGh cut ( A ) and 
low cut (fl) pretreatments. 

Feb Mor 

nr, ns ns ns ns m. re; nc ns ~ 

I 1tondord 
error 

100 

Apr 

o o.__ _____ _..._ _______________ . 
20 ~ GO 80 100 

Fig·ure 9b. 

Oayt: 

Number of' lnmjnae per tiller durinG Lhe 
111 eas11cemen t p erlod rur j rr.Lc-ated ( e) and 
c.;:frt=locc ~""'lt~ ( ()) 1 rn~ t· 111on~·c 



relative rates of leaf appearance and death, the dala for 

which are pres ented in fic;ures 10 aud 11 respectively 

(:f.'j e;ures 10a and 11 a showing the cutting h e ight pre­

treatment effects and figures, 10b and 11 b showing the 

moi sture treatment effects ). 
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There were no sig?if'icant ef'fects of the pretreattnents 

on l eaf number per tiller during the measurement period, 

except during the first 29 days and on day 85 , when the 

numbe r on previously low cut plots was greater than for 

previously high cut plots. The greatest difference 

between high and low cut plots occurred on day 2 , wben low 

cut plots had almost J times as many l amina as high cut 

plots. 

Diff'erences between irrigated and stressed plots did 

not occur until af'ter the f'irst regrowth period. The 

trends for the second and third regrowth periods were 

similar, where, initially counts on irrigated plots were 

lower than for stressed plots, but jncreased relative to 

stressed plots so that by the end of the two regrowth 

periods irrigated plots had 16% more laminae per tiller . 

( a) Leaf appearance rates (l eaves /100 tillers /day ) (LAR) 

Figure 10a shows the l eaf appearance rates per 

tiller (LAR) for the two cutting height pretreatments. 

In general t h ere were no differences b etween high and low 

cutting hejghts ex c ept in the two periods i) between 

days 43 and Lt 6 and ii) between days 78 and 81 when 

significantly more leaves per tiller appeared on high cut 

than low cut plots. 

Fi gu re 10b shows the leaf appearance rates for the 

two moi sture regimes. Statistica lly significant 

difI'erences between stressed and irrigated treatments 

occurred in the se cond and third regro·wth periods when 

l eaf appearance rates on irrigated plots were on average 

2.4 times greater than on stressed plots. 
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(h) Lear death rate 

In general there were few dif'f'erences in the death 

rates (LDR) of leaves between either of the imposed 

prei.reatments ( f':Lg 11 a ) or treatments (1ig 11b). The 

only dif'f'erences observed, were between hi gh and low 

cutting within the first 38 days of' the mea s urement 

period, wh en low cut pretreatments h ad higher rates of' 

leaf death than hi gh cut pretreatments. 

Despite the fact t h at no dif'ferenc es were found 

between moisture regimes , the relative s ize of the leaf' 

death rate compar ed to the appearance rate was quite 

different between stressed and irrigated plots . On 

average f'or the first , second and third regrowth periods , 

the rates of l eaf death on i rrigated plots were J8~ , 57~ 

and 6 1 ~ of' the rates of' l eaf appearance , which compares 

to 44~ , 1 02~ and 11 2~ f'or the same periods in stressed 

plots . 

A sharp increase in the rate of leaf death on day BJ 

coincided with the spraying of plots with 2 , 4- D on day 8 1. 

v) lamina length 

The resul ts of' lamina l ength presented in fig 12a 

and b s h ow the mean length of gree n l amina ( i . e . n ot 

including the n ecrotic l eaf tip ) on marke d tillers in the 

fie J d , for the cutting height pretreatments and mois t u re 

treatments respectively . The dynamics of l amina length 

i.e . l eaf extension rates and l eaf senes cence rates are 

presented in figu res 13 and 14 respectively ( figures 1Ja 

and 1l+a s h owing the cuttine height pretreatment effects 

and figures 1Jb and 14b s howing t he moisture treatment 

effects ). 

The only significant cli:fferences between the high 
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and low cut plots (I'ig 12a ) occurred between days 5 and 

15 durjng the first r egrowLh p erjod , wh ere laminae from 

the high cut plots were longer tha n for the low cut plots . 

In the comparison between stressed and irr.L gated 

plots (figure 12b) for the first regrowth period , lamina 

l eneths from both moisture regimes were initially similar , 

but between days 15 and 29 l aminae from stressed plots 

were 1 8~b longer. The second and third regrowth periods 

showed a differen t response , with laminae from stressed 

plots being initially longer but were elongating more 

slowly , so that by day 50 in the second regrowth p eriod 

and day 85 in the third regrowth period laminae from 

i rrigated plo ts h ad b ecome longer . By the end of the 

experiment l aminae from stressed plots were only h alf the 

length of l aminae from irrigated plots . 

Lamina lengths were well co rre l ated with results 

from a second method involving the measu rement of a 

sample of leaves in the lab ; 

being : 

y = 1. 33 x - o . 450 

the r egre ssion equation 

R
2 

:0. 92 *** 

where y = total lamina l ength (lab ) 

x = green l amina l ength ( field) 

1. JJ is significantly greater than 1 ( P( . 001 ) 

- 0 . 45 is not significantly different than zero 

When total lamina length measured jn the lab ( y 

above ) was regressed against total l amina length 

measured on marked tillers in the field (i. e . x above 

with the _l ength of necrotic leaf t i ps also included) 

the strength of the correlation was not increased and 

the slope of the regres sion (1. 28 ) was still significantl y 

greater than 1 and not significantl y les s than 1 . JJ. 

On average , the length oI' necrotic l eaf t ips was 2 . 5 mm 

for irrigated plots and 4 . 2 mm for stressed plots . 
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( a ) Leaf cxtem;ion rates (111111/J eaf'/clay) 

Leaf c~ tension r ates (LER) calculaterl from fi gures 

12a a nd 12b as an average for a Jl the live l eaves i n the 

s ward are presented in f'i g ure s 1 Ja a nd 1Jb. 

The only significa n t differences i n leaf extens ion 

rates b e tveen h igh and l ow cutting occurred between days 

2 and 18 , when higb cut plo ts had approximately twice 

the rate of l eaf extension (figure 1Ja ). During this 

time , hi gh cut plots had s i gn ificantly fewer leaves per 

tiller than l ow cut plots (fig u re 9a ) and · consequently 

a hi gher p rop ortion of the l eaves were e l o n gating . 

Significant differences b etween stressed and 

irriga ted plo ts were observed during the e n t ire second 

a nd third r egrowth p eriods ( fig 1Jb), durlng which times 

the rate of leaf extension on stressed p l ots averaged 

J8% and 28% of t he rate on irriga t ed plots , compared to 

10 9% for th e first regrowth period . 

(b) Leaf senes c e nc e r ates (mm/l eaf/day ) 

Leaf senescenc e rates (LSR) ( i . e . rates o f di eback 

from the leaf tip) calculated as a n ave r age of all l eav es 

in the sward are presented in figu res 14a and 14b. In 

gen eral r ates o f leaf sen es c ence were l ess t h a n 1 mm/l eaf/ 

day and were a l so less t h a n r ates of l eaf extension. 

On ave r age f or the first , second and third regrowth 

p eriods , the rates of l eaf senescence on irrigated plots 

were 17 . 5 %, 2J . 4% a nd 13.5% of t h e r a t es of l eaf 

extension, which compares to 2 1%, 55% a nd 74% for t he 

same peri ods in stressed plots . 

There were signifi cant d i ff e r e nces in the rates of 

leaf sen escenc e between hi gh and low cutting pretreatment s 

a nd b etween s t ressed ~nd j.rriga ted treatments , howeve r 

t hey were very s mal l compared to differences in l eaf 

ex tensi on rates . 

A sharp increase in l eaf sen escence on day 8J 



c oincided wi t h the spraying of' p lo ts with 2 , 4-D on day 81. 

( vi ) Lamina mas s per unit length 

Re s ults of' l a mina mass per u nit l ength (me-/cm) are 

presented , in figure 15a for the cuttin~ h e ight pre­

trea tments a nd in i'i g ure 15b f'or the moisture treatm e nt s . 

In general values f rom th e low cut pretrea tments 

90 

were 9% heavier tha n those from the high cut pretreatments , 

h owever t h ese dif'ferences were only significant on days 

1, 8 and 85. In the case of the moisture treatments , 

although th e values fo r stressed plots b egan to increas e 

relative to irrigated plots on day 22 , they did not 

become significantl y g reater until day 4J. On average , 

values from stressed plots were abo11t 20% greater t h an 

irrigated plots f'or the remainder of the experiment . 

4.J The prediction of dry _matter yieJd f'rorn its 

components 

The simple and p a rtial correlations of the six yield 

components with dry matter yield (DMY ) are given in 

table 8. Lamina length was the component most strongly 

corre lated with DMY , however in general , individual 

components we re poorly correlated with DMY . 

When the six components were multiplied according to 

equation (5) ( section J .5.2.1b) their combined 

correlaLion with DMY was increased to r = 0 . 730 

( R2 = 53.3%). This prediction of' DMY was a poor estimate 

of' me asured DMY since for the regression of measured 

values ( y ) with predictions ( x) the intercept (11 22) was 

significantly greater tha n 0 and the slope ( o . 459 ) was 

sig nif'icantly l es s than 1. When this regre ssion was 

repeated for specific h arvests or treatments , co e fficients 

of determina tion were (jn ge n e ral ) greater, and in cases 
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Table 8 . Simple a11d partial correlations of the yie l d 
componen Ls with dry matter yield measured by 
ground l evel cutting 

Yield component Simple Partial 
Correl at i on Corr elation 

fraction of ryegrass in DMY -. 027 NS o.li'-18-l<-* 

tiller d e n sity 0 . 260 ** O. J02** 

fractio n OJ lamina in tiller - 0 . 120 NS o . 28Q-l<··)(-

leaf' no . p er till e r 0.262 ** 0 . 287** 

l a mina l ength 0.583*·* 0.6 29-r.·-lE-

l amina mass p er unit length O.J7li-** O. J08** 
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wi l:h a hj glt herbac-e mass e. G. be:Core mo,ving or wj th 

irrirration , regression slopes were n earer (but stjll 

signi.ficantly less tha n) 1 and intercepts were in some 

cases nearer (but still s ignificantly greater than) O. 
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When the six components were included into a six 

factor regression equ ation ( equation ( 6 ) ) usjn g stepwise 

mul tiple reeression the coef'f'icient of determination ( R2 ) 

was increased to 62.J%, and aeain , when repeated f'or 
2 speclf'ic h arvests or treatments the R was either similar 

or greater . The regression constant (~o) was not 

significantly different than 0 in all cases tested . 

Lamina length was almost always the most important 

component determining DMY (the exception being wh en the 

grass was short, as occurred arter mowing ) and lamina 

numbe r per tiller was eeneralJy the least important 

component determi.ning DMY . 

Whe n the J components lear mass per unit length ( x
1

) , 

l amina l cng Lh ( cm) .(x2 ) and l eaf number p er tiller ( x
3

) 

were included into a J factor multiple regression eq11ation 

the coeff'icient of' d etermination (R2 ) was reduced to 

Althou~1 this varied :Cor spec i fic harvests or 

treatments , the overall equation ( equation (9 ) ) was us e d 

to predict herbage mass on a weekly basis from component 

measurements f'or all treatments and pretreatments 

throug hout the measurement period. 

DMY (kg DM/ha ) = 1124 x 1 + 158 x 2 + J21 xJ - 222 ( 9 ) 

where x
1 

- x
3 

are def'inecl above. 

The weekly predictions of DMY· are presented in f'ig 

16a and 16b for the cutting height pretreatments and 

moisture regimes respectively . 

The pattern of herbage accumulation under l ow and 

h igh cutting pretreatments ( fig 16a ) were similar , 

although in the first regrowth period the high cut 

pretreatments had mo re accumulated herbage ( i . e . 1756 kg 

D.M/ha c.t: 1276 kg DM/ha). There were significant 
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diff'erences in the total herbage cover between the two 

pretreatments, where, at the beginning of the me as ureme nt 

period (day 1) low cut pretreatments had 76% more dry 

matter than high cut pretreatments. This advantage was 

reduced to 7.5% by day 35 and was not significant. 

The patterns of' h erbage accumulation under the two 

moisture regimes (fi g 16b) were also similar in the first 

regrowth period, but were different in the second and 

third regrowth periods. In both the second and third 

periods, total herbage cover was initially greater in 

stressed plots, however by the end of' these periods the 

total h erbage cover was greater in irrigated plots. The 

net herbage accumulation (total growth) under irrigation 

in the f'irst, second and third regrowth periods 

(calculated as the increase in total herbage mass from 

the start to the end of the period) was 1371, 1014 and 

1250 kg DM/ha respectively, which compares to 1663, 

610 and 225 kg DM/ha grown on stressed plots. These 

data for each harvest were moderately well correlated 

with mower yields at each harvest (R
2 = 65.5%) and the 

regression of mower yield (y) with total growth (x) had 

a slope (0.813) and intercept (-168) which 
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were no t significantly different than 1 and 0 respectively. 

Pasture growth (kg DM/ha/day) rates calculated from 

the slopes in fi gures 16a and 16b are given in tables 9a 

and 9b respectively. 

The growth rate of high cut plots was significantly 

greater than low cut plots on days 1-8 and 8-15, and the 

growth rate of irrigated plots was significantly greater 

than stressed plots on days 72-79, 79-85 and 92-99. In 

general, coefficients of variation for these data were 

large and ranged from 18% - 770%. 



Table 9a. Pasture growth rates (kg DM/ha/day ) during the measurement period for the cutting 
height pretreatments. 

Days of measurement period 

1cutting height 
1-8 8-15 15-22 22- 29 35-43 43-50 50-57 57- 64 i 72-79 79- 85 I 85 - 92 I 

jpretreatment 92- 99j 
I 

l 
jHigh ( 7. 5 ems) 163 94 13 8 48 12 7 29 47 4 6 24 

b:,ow ( 2 . 5 ems) 106 52 20 -14 47 12 -5 16 63 17 - 6 32 

Signifi cance *** * NS NS NS NS NS NS NS NS NS NS 
: 

\0 
0\ 



Tabl e 9b. 

Mo isture 
regime 

!str essed 

Irri ga ted 

Signifi c a nce 

Pasture growth r at es ( kg DM/ ha / d a y )" d u ring the me asurement p e r iod for the 
mois t ure t r ea t ment s . 

Days of measurement period 
I 

i 
1- 8 8-1 5 15-22 22- 29 J5-43 4 3- 50 I 50- 57 57- 6L~ 172- 79 79 - 85 85- 92 

I 

135 84 12 9 48 3 - 5 . 12 37 - 24 - 5 
l 

134 63 22 -1 5 L~ 7 
I 

21 7 32 73 45 4 

NS NS NS NS l NS NS NS NS * '*"** NS 

' 

92- 991 
; 

I 
I 

6 I 
50 

*•* 

\[) 

---J. 
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Lt.Lt The relation_s_hip between ct.znamic sward cbaracteristic s 

and water status measu re ments 

Figure 17 shows the relationship between the ratio of 

irrigated l eaf extension rate : stressed LER and soil 

water d eficit , and ~igure 18 s hows the rel ationship 

between the rat io of irrigated l eaf appearance rat e (LAR): 

stressed LAR and soil water deficit. Both t hese 

figures show simil a r trends, where the ratio is 

uncorrelated with the soil water deficit until the soil 

wat e r d eficit exceeds 100 mm. In both figures the r at io 

first deviat es from the ( a pprox.) 1.0 line a t 104 mm 

deficit, after which. point there is an approximately 

linear increase in the ratio until the end of the 

experiment when t h e maximum soil wa ter deficit was 180 mm. 

Figures 19 and 20 s h ow the r e lationship of l ea f 

extension r ate (LER) and l ea f appearance rate (LAR) 

resp e ctively with d awn leaf water potential (for which 

the · curves have be e n fitted by eye). The leaf extens ion 

rates were calculat e d as the total leaf extension for all 

the live leaves in the sward and so this relationship 

(fi g 19) shows the relationship averaged over many leaves 

and a range of environmental conditions (particularly 

temperature). High rates of leaf extension are dependent 

on a high dawn leaf water pot ential, and rapidly :fall 

to a minimum value of 1 mm/leaf/da y as dawn leaf water 

potential is lowered to -0.7 to -0.8 MPa. 

Leaf appearance rate showed a similar relationship 

with d awn leaf water potential (fi g 20) as did leaf 

extension rate , however, was more sensitive initially to 

a decreasing dawn leaf water potential, with leaf 

appearance rate declining more rapidly and reaching a 

minimum at a hi gher water potential of -0.5 MPa, than 

did leaf extension rate. 

The l eaf appearance rate slowed to a minimum of 

approximately 4.5 l eaves /100 tillers /day as dawn leaf 



water potential wus lowered , which was 31 % or t h e 

maximum rates of J0af appearanc e obse rved at higli l ea f' 

water potential s . 

l eaf extens ion of 

Thi s compares to minimum rate s of' 

mm/l ea.r/ ctay whi ch were 15% of' the 

rnaximum rates of leaf' extens ion observed at h igh leaf 

wate r p otenti a ls. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

The discussion an.cl conclusions are presented in tbe 

following sections: 

5.1 The cuttine- height pretreatment effect 

5.2 The interaction of spring management and summer 

moisture stress 

5.3 The moisture regime effect 

5. 3. 1 

5.3.2 
5.3.3 

5.3.4 

soil water status 

plant water status 

the relationship between plant and soil 
water status 

the response of dry matter yield and its 
c omponents to water stress 

5 . 4 Conclusions 
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5. 1 ~cuLtin(': h eic-ht preLrcatnic:'nL ef.fect 

The first objective o:f this experiment was to u se 

two spri n g d e:fol j ation p retreatment s to establi s h 

dl:ffcren.L swarcis , prior to the surnmer dryjng down phase. 

Tlie main dj f':fe1'ences establj_sh ed l>et1..ieeu s warus wel'e 

b otanical compoi-;j tion and the distribution .of dry matte r 

betwe e n levels within the canopy ( sward structure ). 

Effects oI' root ing d e pth on so il moistu re extruct jon 

pattern s were no t detected . Differences in a ll other 

parameters (particularl y specific l eaI' length , leaf 

number per tiJl er and till er density) could b e 

interpreted in terms of either the b otanical compositjon 

10J 

or s ward stru cture . The e:f:fe cts of' t h e pretreatments on 

all the measured parameters were greatest at the 

b eginning o:f the summer dry do1m phase and d ecl i n e d 

thereafter . Th e only di:ff'erenc e at the e nd o:f the 

experiment whi ch could be attribu ted to the cuttin g h e ight 

pretreatm ents was that the ryegrass tiller density of' 

l axly cut p l ots was g r eater than for hard cut plo ts . 

Throughou t t h e measurement period plant a nd soil 

water s tatus were not signifi can t l y i nfluenced by the 

cutti n g height pretreatments . Thi s is in contrast with 

Brou g ham (1 959) who f ound that l ax graz ing increased the 

soi l water content i n t h e top JO cm , and with Evans 

(1 976 ) who :found the reverse effect , where the continued 

growth of a ryegrass white clover swar d under lax 

defoliat i on d epl eted soil water in the top 10 cm to a 

l evel b e l ow that :for land defolia tions . The absence of 

a response in this study can b e attributed to the 

irriga t ion of plo ts to field capacity at the beginning 

of' the measu rement period , which would have obscured any 

differences in soil water c ontent which may have existed . 

At the b ecinning of the dry down p eriod, 

di:fI'erences in botanical composition were apparent unde r 

the differen t Cli tting h e :i g hL pretreatments . Laxly cut 

plots h ad a hi ffbcr percentAGe of ryegrass ( 31 ~ cv . 19~ ) 



which was encouraged at the expense of _poa and other 

weed species ( table J a ). A similar re s ult was reported 

by Appadurai and Holmes ( 196L1) who observed that 

perennial ryeg rass - white clover swards cu t to 2.5 cm 

bad a higher percentage of other grass species 

(e specially Poa) than when cut to 7 cm. In the case of 

this experiment under ll a rd cutting it is likely that the 

newly established ryegrass tillers were insufficiently 

dense to compete with other grass and weed species. 

Pe rcentages of dead mate rial were similar for both 

pretreatments. 

The effect of hard cutting was to encourage more 

prostrate plants than for lax cutting , with more 

h erbage in the base of the sward, similar to the effect 

found by Jackson (1974(b) ), where clo se cu tting (J cm 

cf 12 cm) in ryegrass ( var S2J) swards 

a. reduced the hei ght of ins e rtion of the lowe st 

green leaf blade 

b. reduced the mean level of the apex above ground, and 

c. reduced the number of subsidiary (aerial) tillers 

arising above ground 

Consequently, when all plots were cut to a common height 

of 2.5 cm there was considerably more green material 

remaining on the previously hard cut plots (plat e 2). 

There were about three times as many leaves per tiller 

on hard cut plots, again in agreement with Jackson 

(1974(b) ), although the average leaf lengths for both 

pretreatments were similar. The mass per unit length 

of lamina on the lax cut plots was only 70% of that on 

hard cut plots (fig 15 a ) which may be due to leaves in 

the base of the sward being etiolated. Furthermore 

it was found that, at day 1, leaves from the lax cut 

plots were only 80% of the width of leaves from the 

hard cut plots (1.J1 mm cv 1.62 mm). Since not all of 

the reduction in lamina mass per unit length could be 

explained by a reduction in leaf width, leaves from the 
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lax cut plots were also likely to b e thinner a nd l ess 

dense. Sil s bury (1 970 ) summarized the effects of low 

light intensity as causing l eaves to be longer , n arrower 

and thinner , pos si bly as a result of the reduced photo­

oxidation of auxin. 

Ins tead of the increased ryegrass tiller density 

expected with closer mowing during the pretreatment 

p eriod (Lange r 1963 , Appadurai a nd Holmes 1964), the 

ryegrass tiller d ensit i es unde r both cut ti n g hei g h ts at 

the start of the dry down period (day 0) were quite 

similar. However, the greater r ye grass p ercentage under 

the hi g h (l ax ) cut pretreatment suggested that these 

tillers were larger in s ize and more may h a ve been 

r eproduc tive . Fur t h ermore , with the imposition of the 

common cut ting h eight of 2.5 cm on the different sward 

structures at this time, a number of f act ors such as: 

a. the increase d penetration of li ght to the base of 

the l axl y cut s ward (Lange r 1963) 

b. the r e l ease of apical dominance by the r e moval of 

reproduct ive tillers (Jewis s 1972) 
c. the relative l ack of competition between other 

speci es and ryegrass in the residua l h e rbage of 

lax plots, 

contributed to a marke dly different response by tillers 

from the two cutting height pretreatments. Under the 

hi g h (lax) cu t pretreatment in the first regrowth period 

(day 1-35) t h e rate of tiller appearance (67.8 tillers/ 

m
2

/ctay ) was four times greater, and the rate of tiller 

d eath (28.5 t illers /m
2

/ctay ) was about half that for low 

(hard ) cut pre treatments (tables 4 and 5). By day 37 
tiller d ensities on previously lax cut plots were 75% 
greater than those of the previously hard cut plots 

(ie 5900 tille rs/m
2 

and 3400 tillers /m2 respectively). 

This difference '~as ;:>til l appare n t , a l though slightly 

reduced (50% ) at the end of t h e experiment (day 109), 

and confirms the suggestion by Korte and Chu (1 983 ) 



that higher tiller densities at the beginning of a 

drought could result in a dens er s ward after drought. 

5. 2 The int e r a ction of sprj n g rnanae;c:me nt and summer 

wat e r s tress 

This study did not show any signif'icant spring 

management-summer water stress interactions on Dry 

Ma tter yield or tiller density. That is, the response 

of the swards to water stress was either a) not 

inf'luenced by spring grazing management, or b) where a 

response was observe d it was the same as that observed 

in irrigated plots. · The reason for this is likely to 

be that the maximum effect of different spring cu tting 

heights was observed at the beginning or early phase of 

the measurement period and did not overlap with the 

maximum levels of water deficit occurring at the end of' 

the experiment . This is further reinforced by the 

result of J antti and Heinonen (1 957 ) who found that 

"compl ete defoliation while the soil moisture was at or 

near PWP ••• arrested growth almost c ompletely , but the 

growth rat~ - of plants with assimilating parts left was 

70-90% of' the corresponding rate on moist soil." 
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A further reason for the lack of· any significant 

interactions may be that the cutting height treatments 

were not sufficiently different. Jantti and Heinonen 

(1957), working with Festuca pratensis and Dactyli~ 

~merata swards , concluded that there was no interaction 

of soil moisture and defoliation in both 4 and 12 cm 

cutting height treatments, and that it was only after 

clo se mowing (< cm) that regrowth declined steeply 

with decreasing soil moisture. 

It could be concluded therefore , that spring 

managements to increase tiller density will result j_n a 

greater tiller density at the end of the drought but 

will not give any advantage in terms of dry matter yield 

during moisture stress. Any benefit which might resu1t 



:from a manage ment system to prepare a sward for drought 

i s unlik_ely to be in summer production, but may be in 

the pot enti a l for faster recovery a ft e r the drought . 

5.3 The moisture r ec;:ime e:ffect 

Witltl1ol ding water from pastures will result in a 

reduction of the soil and plant water status. Both of 

these parameters were measured in this experiment. It 

was found that the soil water status of stressed plots 

(p rotected by an automatic rain out shelter ) decreased 

to levels typical for a Tokomaru silt loam in an 

"average" Manawatu summer (Scatter , Clothier and Turner 

1979 ) and plant water status decreased to a level 

similar to that of ryegrass at a mod~rate level of 

water stress (Korte and Chu 1983 ). 

5. J. 1 Soil water status 

Reduc e d soil water status has been found to be a 

major factor limiting pasture production in many areas 

of New Zeal a nd e.g. Canterbury (Rickard and Fitzgerald 

1970), Manawatu (Scatter , Clothier and Turner 1979), 
Waikato (Baars and Coulter 1974 ). However in each of 

these cases, soil water status was expressed using a 

different approach. Rickard and Fitzgerald (1 970 ) 
expressed soil water status in terms of Agricultural 

drought, Baars and Coulter (1974) expressed soil water 

status in terms of (soil water) deficit days and Scatter, 

Clothier and Turner (1979) expressed soil water status 

in terms of mm deficit. 

The approach of Scatter, Clothier and Turner (1979) 
was used in this study to describe soil water status. 

It had the advantages that : 

1. it rel ate d to the identical soil type 

2. it overcame any problems of trying to determine 

the permanent wilting point, necessary for the 

other two methods 
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J. measured soil water deficits h ad been reJ a ted Lo a 

simple wn tcr balance model usine rainrall and 

evapoLranspiration 

In stressed plots the measured soil water status 

began at f'iel<l capacity ( def'icit = 0 mm) and decreased 

to a maximum soil waler deficit of' 182 mm ( f' j C' 3). 
This compared with the ma ximum predicted soil water 

d efi cit of' 238 mm. This discrepancy was larger than 

that obtained by Scotter , Clothier and Turner (1 979 ) 

who f'ound tbat the predicted and measured data sets were 

in quite close agreement , however in some cases their 

measured p rofil es were as much as 38 mm wetter than the 

computed values . For this study the relationship 

between predic ted a nd measured values (inco rporatjng 

data from both stressed and irrigated treatments) was 

b est exp l ained by two rcGression lines for a) measured 

deficits~ 107 mm and b) measured deficjts ) 107 mm . 

For the f'irst.equation ( y = 1. 03 + 0 .758 x , 

x ( 107 mm) , p redicted deficits (y) were significantly 

s maller t h an measured deficits (x). In this ran g e of 

soil water deficit actual evapotranspiration ( AET) was 

calculated as being 0 . 75 x class A pan evaporation 

( Scotter , Clothier and Tu rner 1979 ), a procedure which 

apparently underest imated evapotranspi rat ion, and could 

h ave justi:fied t h e u se of a lareer mul tiplier . The 

value O. 86 was f'ound to inc rease the slope of' t h e 

regression of' predicted and meas u red soil water deficit 

so tha t it was not signif icantly dif'ferent than 1 . 

Similarl y , Scotter , Clothier and Turner (1979 ) f'ound 

0.82 was a better factor rel at ing AET to class A pan 

evaporation , for pans l o c ated in more sheltered sites . 

In the c ase o f thi s study the ev aporation pan was in 

the l ee of a s h e l ter b e l t , which was le ss exposed than 

the experimental s i te. 

For the second equation ( y = -8J .1 7 + 1.73 x , 

x) 107 mm), predicted deficits ( y ) in c-enera l 
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significantly ove re s tima ted t he me asured d e ficits. 

Whil e part of the discre pancy wa s likely attributed to 

the f a ilure in measuring water loss below 100 cm d e pth 

( e s tima ted to be about 25 mm), the measured deficits (x) 

thus underestimating actual soil water deficit, it is 

also likely that the linear equation to calculate soil 

controlled evapotranspira tion ( fr6m Scott e r, Clothi e r 

and Turner 1979) overestimated the evapotranspiration 

which was actually occurring . The equation of Scatter, 

Clothier and Turner ( ·1979 ) was determined in the summer 

of 1977-78 , which was one of the driest on records and 

higher levels of vapour pressure deficit may have 

overestimated evapotranspiration for the same level of 

soil water deficit as in this experiment (summer 

1981-82 ). 
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Typical maximum wa ter d e ficits in a Tokoma ru silt 

loam have been measured to be 170 mm and 160 mm for the 

summers of' 1975-76 and 1976-77 respectively (Scatter, 

Clothier and Turner 1979 ). The summer of 1977-78 was 

one of' the driest on record and had a deficit of 230 mm, 

while the largest deficit recorded on this soil type was 

240 mm (Jackson cited by Scotter, Clothier and Turner 

1979 ). The level of soil water deficit measured in 

this experiment was the ref'ore , almost identical to the 

ave r age summer deficit from 1975-78 . I t did however 

differ from the natural situation in two ways: 

1. due to the total exclusion of rain by the rain-out 

shelter, the water deficit developed from field 

capacity to 182 mm in only 100 days, compared to 

4-6 months ·as would normally occur, 

2. the deficit resulted from a continuous drying down 

· phase which differed from a normal situation where 

cycl es of rewetting from s~oradic rainfall would 

be expected during the period. 

Both the s e factors may h ave had a n effect on plant g rowth 

since a prolonged expo s ure to water stress ( Turner and 

Begg, 197!1; Jones, L e afe and Stiles 1980 ( a ) ) and cycles 
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of wetting and dryinG (Brown 197~, McCree 197~) can 

modiI'y the plant response to water stress. However in 

the case of this experiment, these effects were expected 

to have been small compared to the more extreme 

treatments used in the cited studies. 

In the irrigated plots the measured water deficit 

fluctuated between field capacity and 76 mm (fig. J). 

Initially it was envisaged that the maximum soil water 

deficit should not exceed 60 mm. However, delays in 

calculating soil water and applying irrigation water 

resulted in the predicted soil water deficit temporarily 

reaching 66 mm on day 91 of the measurement period. 

Furthermore, the discrepancy between predicted and 

measured soil water status, discussed earlier, resulted 

in the maximum deficit measured on the irrigated plots 

being 76 mm. This was greater than deficits which have 

been used by other researchers. Leafe, Jones and Stiles 

(1977) found water deficits of 40-60 mm reduced dry 

matter production and leaf area expansion. In their 

case water deficits on irrigated plots were kept below 

10 mm. Korte and Chu (1983) scheduled irrigation so 

that soil water deficit did not exceed 45 mm. However, 

in the case of this experiment, it was unlikely that 

plant growth under the irrigated treatment would have 

been affected since the water potential of plants from 

stressed plots was not affected until the soil water 

deficit exceeded 104-111 mm. 

Mean soil water deficits on irrigated plots for the 

first second and third regrowth periods were 37 mm, 

21 mm and 51 mm respectively. This compared with values 

of 75 mm, 152 mm and 174 mm for the same regrowth periods 

in the stressed treatments. The comparison in this 

experiment was therefore one of a relatively low and a 

relatively high level of soil water deficit continued 

over 100 days. 



5.3.2 Pl a nt wa t e r s t a tu s 

While soil wate r status is oft e n used as an 

indicator of plant st r e ss, a more mech a nistic indicator 

of stress is the bulk le a f water potential (Leafe , Jones 

and Stiles 1977 ). Measureme nts of leaf water potential 

were made a t dawn and mid-aft e rnoon to show the upper and 

lower extre me s of the diurnal cycle. 

For irrigated plots , dawn leaf water potentials were 

-0.1 to -0. 3 MPa and d e creased to values of about 

-1.6 MPa by mid afternoon. For stressed plots, the leaf 

water potentials at the beginning of the measurement 

period were similar to those on irrigated plots, but by 

the end of the experiment predawn and mid afternoon leaf 

water potentials were -1.0 MPa and - 2 .4 MPa respectively 

( fig . 5). These values were similar to those obtained 

by Leafe, Jones and Stiles (1 977 ) who found minimum 

leaf water potentials in irri g ated plots of -0. 8 and 

-1.0 MPa and in stressed plots -1.6 to - 3 .0 MPa; and 

mid-af ternoon leaf water potentials were identical to 

the values reported by Korte and Chu (1 983 ). 

In both maximum (dawn ) and minimum ( mid - afternoon ) 

l eaf water potential data ( fie;ure 5) there were no 

significant differences between stressed and irrigated 

plots for the first 3 1 days of the measurement period. 

During this time the soil water content was sufficiently 

high for irrigated and stressed plant to recover full 

turgidity at night. Day 31 had particularly low dawn 

l eaf water potentials (-0.77 3 MPa and -0.783 MPa for 

stressed and irrigated plots respectively) which could 

be attributed to a much higher atmo s pheri c demand for 

water during that night. The relative humidity was 

63~ (vapour pressure deficit= 718 Pa ), the previous 

day's sunshine hours were 11. 2 , the wind run was 658 km 

and the raised pan evaporation was 7.6 mm; compared to 

January 1982 averag es of 73% ( vapour pressure def i cit = 

5 28 Pa), 6.1 hourss 544 km and 5.6 mm respectively (data 

from the Pasture and Crop Risearch and Development Unit 



cl:i mate s La -Lion). The stressed plants were unable to 

recover f'rom this stress , ~lercas the irricated plants 

were able to recover to tba normal pre - dawn levels . 

Beyond day 3 1 Lhe soil water content in stressed plots 

was i nsu ff'j cient to a ll o '" the plant s to recover . 

The presence or dew 011 t h e 5Urface of leaves h us 

b een :found to be a major .factor which preve nted th e 

l owe r ing of' l oaf water potential jn p aspalurn (Kerr and 

Bearclsell 1975 ) and wheat (Dougherty 1973). Simil arly 
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in this experiment, wet conditions such as occur during 

rain, irrigation or heavy dew allowed a partial recovery 

or plant water status to such a n extent that l eaf wa t e r 

p otential was significantly high er than would have been 

expected had the day b een one or " average " atmos pheric 

d emand for water . 

Examples which support this point are : 

1 . Afte r day J l, s u r.face moisture on l eaves from 

p lants in Lhe stressed plots, resultine from 

occasional d ew or misty rain, a ll owe d a partial 

( but Lemporary) recovery of l eaf water potential 

by as much as - 0. 5 MPa for that day . 

2 . Pl a n ts b eing irrigated h a d a hi g h l eaf' water 

potential , h owever within 45 minutes or the 

irrigation b ejng tu rned off , this d ecr ease d 

rapidly to a l evel which would have been expe c ted 

f'or unirrigated plants with a similar soi l water 

content ( appendix 4). 

J . The failure of the automatic rain.out shelter on 

d ay 56 al lowe d about 10 mm of r a in onto two 

plots . This resulted in a virtually immediate 

( wi t hin 1 d ay ) r ecovery of dawn leaf wate r 

potentia l to a l evel similar to that f or irrigated 

plants (-0.1 2 MPa) . 

L en.f water pote ntials were the most s ens i ti ve 

indicator which showe d that t hi s wa ter h a d allowed the 

plants to recover. 



The l owering o f leaf water potential by small 

amounts of surface water would appear to be the 

physiological basis behind the observation of Mitchell 

( comment in response to the paper of Jantii and Kramer 

1956 ) that " dew may have a much larger effect on the 

regrowth of a pasture than would be expected from the 

quantity o:f ,,,ater in a dew fall. Al so , recovery after 

grazing or defoliation may be stimulated under d ryish 

conditions by a series of very light waterings, as an 

alternative to a heavy application of water to 

thoroughly wet t he soil, as in normal irrigation 

practise ". Similarly, Kerr and Beardsell (1 975 ) state 

that "al though de1v and :fog contribute very small · amounts 

of water to the crop water budget , they may be 

significant for the growth and survival of plants", by 

reducing transpiration. The prospect of high 

frequency irrigation with low volumes , or of mist 

irrigation to increase plant productivity by preventing 
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a ~owering of leaf water potential has been considered for 

pastures (Jack sort 1974 ( a ); MoAneney and Judd pers .co mm.) and 

demonstrated for some vegetable crops (Howell , Hiler , 

van Hav e l 1971; Rawlins 1973; Rawlins and Raats 1975) 

but under New Zealand conditions is unlikely to be 

practical or economical for grassland farmers . 

It was found that the standard error of the mean 

d awn leaf water pot ential of stressed plo ts inc reased 

towards the end of the experiment . This effect was 

most likely attributed to the large variation in the 

physiological status of the youngest mature l eaves of 

these plot s , since some leaves were unable to recover 

at night and had a leaf water potential only several 

bars hi gher than the mid-afternoon value. These leaves 

were noticeably less green than other leaves, were 

shorter and generally less healthy in appearance . It 

was likely that these leaves were water stress e d to the 

point where they had lost stoma.ta! contro l and would 

soon die. The remaining leaves were able to partially 



ro~ain tu1~{;idi ty dur.i n g the nigh L, but stj J 1 hnd a lea.r 

water po tcnt:i. nl s j gnifica ntly lower than t hat of the 

irrigateci controls. 

The position of' leaves in the canopy has been shown 

to in:fluonce the measured leaf water potential r 

particularJy the mid-afternoon l eaf' water poLenLial 

( Chu a nd Ke rr, 1977). In this experiment it was found 

that leaves sampled from the top of the canopy had a 

leaf water potential 0.1 to 0 . 2 MPa lower than leaves 

:from the middle o:f the canopy. This observation can be 

attributed to the f'act that the middle o:f the canopy has 

a highe r humidity and lower windspeed than the top o:f the 

canopy (Chu and Ke rr 1977). 

In addition to the dawn measurements of leaf water 

potential, observations were also made as to the 

presence or absence of guttation droplets at the tips 

of laminae (Ke rr and Beardsell 1975 ). Guttation droplets 

were only observed on mornings when dew was also 

observed . In almost all cases this was a lso when 

measured leaf water potential was greater than - 0.2 MPa . 

Guttation was not observed in the stressed plots after 

day J 1 of the experiment, except in the case o:f the two 

pJots which had accidentally received rain. Guttation 

may therefore be a us eful observational indicator of 

plant water status . 

5. J. J The rel a U onshi p be tween plant an ct soil water 

s ta tu::; 

The relations hip between soil water deficit and 

l eaf water potential (fi gure 6) was different for 

maximum (dawn) and minimum (mid af'ternoo n ) leaf water 

po tentials . This was expected since soil water conLcnt 

was relatively constant compared to the diurnal cycling 

of leaf water potential . 

The maxirnum (dawn ) leaf wntcr potential was found 

to be uncorrelated with soil water defici ts in both 
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stressed and un s tressed pl a nts until the deficit 

reached 10L1 mm. As the soil water deficit increased 

beyond this leve l to 111 mm deficit, the leaf water 

potential dropp e d relatively quickly to a level of a~out 

-0.8 MPa, and subsequently, more graduaJ.ly to -1 . 0 MPa 

as the level of soil water deficit increased to 180 nun, 

At water deficit s beyond 111 mm there was ins ufficient 

soil water to a llow stressed plants to recover leaf water 

potential to the levels of irrigated plants at night. 

The importance of this critical water deficit in 

terms of the plant water balance was further reinforced 

by the result (using the model of Scotter , Clothier and 

Turner, 1979) that at a deficit of 107 mm actual 

evapotranspiration became soil water limited, and was 

less than the potential evapotranspiration expected if 

the soil had been wet . It was likely that these two 

observations were related by the common mechanism of 

restrict e d uptake of water from the soil ( whether by root 

shrinkage or an otherwise impaired water uptake system ) 

thus resulting in both restricted transpiration and 

an impaired plant water balance . The modification of 

stomatal control by a hydropassive feedback mechanism 

( Raschke 1975) was unlikely to be involved since if 

stomata! closure had decreased transpiration it wo u ld 

have also increased the plant water status . In support 

of this hypothesis Johns (1 978 ) found that for four 

tempera te pasture species , a redu c ed plant water u se 

under water stress conditions was not the result of 

stomata! closure , but rather was the result of soil 

moisture uptake failing to keep up with transpirational 

losses. 

Although soil water potentials ( "' soil ) were n ot 

measured in this experiment , a comparison with the 

results of Scatter, Clothier and C6rker (1 979 ) 

( interpolating to estimate the profile at a deficit of 

104-1 11 mm (fi g ure 4a) ) showed that for this range of 

soil water deficit , in the top 60 cm , f soil was 
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approximately equal to -0.1 MPa, and at no part of the 

profile had reached the permanent wilting point (-1.5 MPa). 

The minimum (mid-afternoon ) l eaf water potential was 

also found to be uncorre lated with soil water d eficit in 

the range of deficits occurring on the irrigated plots 

(R 2 - 0.06). In the stressed plots 9 the minimum l eaf 

water potential was linearly related to soil water 
') 

deficit ( R~ = 0.86). As the level of water deficit 

increased from 49 to 180 mm the minimum leaf water 

potential decreased from -1.2 MPa to - 2. J MPa. Variatio n 

around these relationships can be attributed largely to 

differences in climate ( atmospheric demand) on the day 

of me asure ment. 

The significance of this relationship between water 

deficit and leaf water potential will be discussed with 

respect to plant growth in a l ater section ( 5 . 3 .4. 4 ), 

however some implications with respect to drought and 

irri gation research are immediately apparent. Firstly, 

it is clear that the effect of increasing the soil water 

d efi cit on leaf water po tential is not linear. Any 

study of water stress or drought must therefore involve 

a consideration of plant water status as well as soil 

water status if progress in understanding the plant 

responses to drought is to be made. J ackson (1 974(a )) 

c onsidered that , " whereas in the past soil water deficit 

has largely been used to measure water stress in field 

c rops, it would seem more logical to measure water 

stress in the plant, thereby taking account of the 

effects of root density and distribution, soil water 

release charac teristi cs, transpiration rate and other 

f actors which determine the ove rall water economy of the 

plant". 

Secondly, it is important when scheduling irri gation 

on the basis of soil water status to fully understand 

the critical soil water deficits at which physiological 

responses in the plant are initiated. In the case of 
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this exp e rim e nt for ryecrass g rowing in a Tokomaru silt 

lo a m soil typ e , the "inv isible" lowe ring o :f le a f water 

pot e nti a l occur red e arli e r (10 4 mm) than did the first 

visual sympt oms of wat e r s tress obse rved by Scotter, 

Clothier and Co r k e r (19 7 9) at 125 mm. This difference 

could result in a 7 day delay in the timing of ~ rri gation. 

5.J.4 ]'he rcspon~ e o f' dry ma tt e r yield a nd its 

component s to wat e r stress. 

5.3.4.1 Introduction 

A chang e in total yield from a sward occurring 

in response to a water deficit could result from the 

individual response of' any components of that yield. In 

this study, dry matter yield and the rate at which it 

accumulated, were reduced by water stress. The mass per 

unit length of ryegrass lamina increased in response to 

the water stress ( figure 15b) howe ver this was 

ins ufficient to compensa te for the relative ly greater 

decreas es in tille~ density , leaf leng th, number of 

leaves per tiller and the percentage of ryegrass in the 

sward (figures 7b, 9b and 12b, table 3b ). The le a f to 

sheath ratio was not affect e d si g nificantly by the water 

stress ( figure 8b) . 

5.3.4.2 Dry matt e r yield 

Mower yields taken during the me a sur~ment 

period showed clearly that herbage accumulation was 

reduced by water stress with the harvested yield of 

stressed plots being only 8% of the yield of irrigated 

plots at the end of the experiment . 

The difference between stressed and irrigated plots 

was less clear for the ground leve l cuts, however, since 

statistically significant differences were not detected 

between the two moisture regimes as a consequence of 

high sample variability (cv's as high as 93%) and the 

nature of t h e exp e rimenta l. design. This was in spite 

of large differences between some results. The 



I 
I 
I 

I 
I 

118 

results were annlysecJ by AnaJ ysis of' Varj_ance me Ll1ods 

usine- the Pooled Environments Model (LeClerc; , Leonard 

an<l Clark 1962) which was appropriate Lo the 

experimental clesiEn u sed (Gordon pers. comm . ). Howeve r, 

in this experiment , because of' the nature of the complex 

I<' statistic and the number of treatments and 

environments, there was sometimes only one degree of 

f'reedom f'or the numerator and denominator us ed in the 

test , gi vine; a low discriminating JJOWer. Furthermore , 

water damage to one plot resulted in the rejection of the 

1ourth r e plica te f'rom h arvests J and h with the consequent 

loss of a degree of' freedom and discriminating power. 

The response of yield to water stress was most 

clearly demonstrated by the dry matter yield data 

pre dicted using multiple regres s ion. The weekly 

predictions show the time course of this response ( figures 

16a and b) which was not a pparent f'rom the harvests 

taken every fif'th week . 

At the beginning oI' the measurement period when 

both th e stressed and irrigated plots were at similar 

levels of water deficit , levels of dry matter and 

botanical composition were very similar , However , at 

the e nd of the first growth period (day 35) dry matter 

yields (f'rom t he predictions and also the mower yields ) 

were slightly higher on the stressed plots . This was 

the result of hi gh er growth rates in the stressed plots 

( table 9b) which may have r esulted from : 

a ) warmer temperatures of the drier environment , or 

more likely, 

b) the accumulation of de ad material in the sward , 

where decay rates of the dead material would be 

expected to be slower in the drier environments . 

Evidence in favour of this later supposition is: 

1. the negative growth rate between day 22 and 29 in 

irrigated plo ts compared to an increase in dry 
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matter in stressed plots ( table 9b ). 

2. the a ccumulation of d ead material in the b ase of 

the sward of stressed plots at day J5 ( dead mat ter 

percentages b eing 50% and JS% for the residua l 

dry matter of stressed a nd irrigate d plots 

resp e ctj.vely ( table Jb) ). 

As t he wat e r deficit inc rease d during the second and 

third r egrowth p eriods, the pattern of change of dry 

matte r yield becam e qui te different. Initially the 

trend in both these growth p e riod s wa s for the dry 

mat ter yi e ld of s tresse d plots to be greater than for 

irri ga ted plots. This was attributed to the repeated 

mowing of stressed plots encouraging the sward to b ecome 

prostrat e , and for h erbage to accumulate below the 

mowing hei ght. Subsequently however, a s the growth rate 

for irrigated plots was greater than stressed plots, the 

total h erbage cover on irrigated plots a t the end of both 

these p eriods was greater ( figure 16b). As was discussed 

earlier in the literature review (chapter 2.4 ), ·this 

d e pres sion of growth r ate is perha ps the mos t universally 

accepted e ff e ct of water stress on pasture. 

5.J.4.J fomponents of dry matter yield 

The tiller c an be considere d to be the basic 

unit of a communi t y (Langer 1977). Therefore, the total 

yield of the grass component of a pasture can be expressed 

as the product of the d e nsity of these tillers and their 

average size ( Nelson and Zarrough 198 1). Thi s experiment 

showed that water stress reduced tiller d ensity by 

p reventing till er app ea rance and increasing tiller death 

rates. Similar ly, it was also found that wa ter stress 

r educed the size of each tiller as a result of there 

b e ing fewer and smaller l eaves. This was similar to 

Jones, L eafe and StiJ.e s ( 1980 ( a ) ) who found that a 

20% reduction in dry matter production due to water 

stress , was the result of both a decline in tiller 

numbers and reduced production and expansion of leaves. 
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5.3.4.J.1 Tiller d e nsi ty 

Throughout the ex p eri me nt ryegrass tiller densities 

were 

a. 

b. 

within the range of 1000-6000 tillers/m
2

• This 

very low compare d to the densiti es ob se rved in: 

sheep grazed swards 30,000 till ers /m
2 

(Jones, 

Coll e tt and Brown 1982) and 24,000-64,000 tillers/m2 

(Bi rcham , 1981), and , 

mown swards measured under similar climatic 

conditions 12,000-14,000 tillers /m
2 

(Kor te 1981) 

and 17,000 tillers /m
2 

(Kor te and Chu 1983) but 

similar to densities not exceeding 3,000 tillers/m2 

reported by Broug ham (1959). Reasons for the 

lower ryegrass tiller densities obtained in this 

study might be: 

1. the sward was relatively newly established 

2~ the sward had not been g razed re gularly, especially 

by sheep 

3. Rye grass average d only 25% of the sward 

4. the nitro gen fertilizer level was low compared to 

the amounts lost in removed herbage and by 

leaching during irrigation in excess of field 

capacity . 

Changes in tiller density under the two moisture 

regimes were measured using three different techniques: 

counts inside 25 randomly placed 22.06cm 
2 

rings a. 

per plot 

b. counts inside J fixed 83.32 
2 

ring s plot cm per 

count s inside randomly placed 625 
2 

quadrat c. cm 

cut to ground level 

Although there were differences in the magnitude of the 

values d etermined, and the relative magnitude of tiller 

appearance and death rates implied by each method, the 

general trends we re similar . As the level of soil 

water d eficit increased during the me asurement period, 

the diffe rence between the tiller densities of stressed 

and irrj_gated plots became p~ogressively greater, so 



that by the end of the experiment the tiller density of 

stressed plots was about half that of irrigated plots 

( figure 7b). 

T'he teclrn.ique u s in{S three f'ixed 83 . 32 
2 cm rings 

per plot also allowed the determination of the rates of 

tiller appearance and tiller death. Ab so lute tiller 

appearance and death expressed on an area basis were 

confounded with different tiller densiti es (Langer 

196 J). This 1vas not so when tiller appearance and 

1 2 1 

death was expressed on a per tiller basis as proportional 

tiller appearance or death rate ( Thomas 1980 ). Thus 

the high absolute tiller death rate for the hi gh cutting 

pretreatment between day 37 and 75 ( i.e . 59.6 cf 24.4 

tiliers / m
2
/day) was a reflection of a greater tiller 

density rather than a physiological difference between 

tillers. The proportional tiller d eath rates were 

quite similar (15. 8 cf 11. 8 tillers/1000 tillers / day ). 

The gradual d ecline in tiller density on the 

water stressed plots throughout the experiment resulted 

from a cons~derably greater death rate than appearance 

rate . This decline is a common result observed by 

other workers e . g . Hunt and Brougham (1 967), Norris and 

Thomas (1 982 ). Under irrigation tiller density was 

relatively constant since the rates of tiller appearance 

and death were app roximate ly equal. On average 0.7% 

of the tiller population of irrigated plots was renewed 

each day. 

The difference in tiller density between stressed 

and irrigated plots at the end of the experiment was 

attributable to both a lower rate of tiller appearance 

and a hi gher rate of tiller death in stressed than in 

irrigated pJ_o ts. This was similar to Norris ( 1982 ) 

who, working with ryegrass and other pasture species, 

found that in general irrigated plants had significantly 

faster rates (O.OJ7 tillers/tiller/ day ) than co vere d 

plants (0.010 tillers/tiller/day); but contrast e d with 
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the resuJ t o:r Korte and Cl.tu ( 198J ) who found that " the 

reduction in tiller density was mninly due to cessation 

of tiller:i n.g under moistu re stress rather than a f aster 

rate of tiller d eath. Thi s di .ff eren ce may be because 

the maximum soil water d e:f'icit o f 86 mm obtained by Korte 

and Chu (1 98J ) was conside r abl y l ess severe than the 

ma:ximum deficit o f 180 mm obtai n e d in this study. 

5.J . ~ . J . 2 TjJler size 

Al~1ough tiller s i ze was n ot measured directly 

in this experime nt t he results implied an effect of water 

stress on tiller size by reduci n g b oth the numbe r and 

area of laminae. 'J'wo fur ther components of tiller size 

were not r educed by water stress . These were a ) the 

l eaf : s h eath ratio which was not altered by water stress 

and b ) the mass per unit l ength of l eaf which ·was 

jncreased by water stress . 

The response patterns of' lamina length (:fi e 12b ), 

l ami na number per tiller ( fie 9b ) and mass per unit 

length of l a mina ( fig 8b ) were similar in that t h ere were 

no s i g ni:ficant differenc es between stressed a n d irrigated 

p l ots in the first regrowth p eriod when the so il water 

deficit in stress e d p lots was between 0 and 11 7 mm . At 

t h e b egi nning of both t h e second a nd the third regrowth 

p eriod s l eaf l ength and leaf numbe r per t iller in 

irrigated plo ts were l ess than in stressed plots , howeve r 

at the e nd of both t h ese periods t h e s i t u at i on was 

reversed , where leaf l ength a nd leaf number per t iller jn 

irrigated plots were greater than in stressed plots . 

This trend i s s imi l a r to t h at observed for dry matter 

yiel d ( fig 16b } and can b e attributed to the e f fect of 

stress on sward st ructu re - encou ragin g plants to be more 

prostrate and n ot as severely defoliated by mowing . It 

is evident therefore , that t h e efrects of water stress on 

these parameters were not so apparent i n the a b solute 

values p er se , but r~ther in their rates of chang e . 

Absolute rat.es of lenf extension , l eaf' senescen ce , 
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leaf appearance and l eaf death showed no differences 

between moisture regimes at deficits between 0 and 11 7 mm, 

however as the deficit increased, consistently significant 

differences between moisture regimes became apparent oniy 

for leaf extensJ.on rates and leaf appearance rates 

( figures 13b and 10b). It is significant that these 

differences were not observed until the soil water 

deficit had exceeded 11 7 mm because it was immediately 

befo re this point ( i . e. at 104 mm ) that predawn leaf 

water potential had shown a sudden drop from -0 . 2 MPa to 

-0.8 MPa; implying a close dependance of both l eaf 

extension and l eaf appearance on a hi gh (> - 0.3 MPa ) leaf 

water potential . · This relationship will be discussed in 

more detail in a later section (5. 3.4 .4). 

A discus sion of rat es of l eaf appearance does not 

include a consideration of the rate of production of leaf 

initials on the tiller apex , nor the growth of leaves 

before their emergence from the enclosing sheath ( Anslow 

1966 ). In view of the general ity that cell expansion 

is more sensitive than cell division to wa ter stress 

( Hsiao 1973 ) it is plausible that the reduc ed rate of 

leaf appearance is attributabl e to the restricted cell 

expansion of leaf initials rather than the inhibited 

formation of l eaf i nitials . This is an important 

distinc tion since the accumulation of l eaf primordia at 

the til l er apex give s potential for comp e n sato ry growth 

upon relief from t he water stress. The c ompensatory 

growth observed by Chu (1 979 ) and Korte and Chu (1 983 ) 

was attributed to the rapid expansion of dormant tillers , 

but could h ave also been attributed to the rapid 

expansion of dormant leaf prirnordia. 

One finaJ . observation was a sharp increase in J eaf 

senes cence and death rates on day 8 3 for both stressed 

and irrigated treatments ( figures 14b and 11 b ), as a 

result of spraying t~e plots with 2 , 4-D on day 8 1 to 

control dicotyledonous weeds . No effect on leaf 

extension rates and leaf appearanc e rates were observed. 



Goud conLrol uf the weeds wRs obtained with percentages 

of green herbage between harvests J and 4 falling :from 

J6% and 31% to 28% and 8% :for stressed and irrigated 

plo ts respectively (tabl e Jb). 

5.J.4.J.J ~eaf morpholoe~ 

Morphological responses of leaves to water stress 

have been observed by many researchers ( Stocker 1960; 

Woolley 1973; Fellows and Boyer 1978). In this 

experiment, water stress initially had no effect on leaf 

morpholo gy until the soil water defjcit exceeded 1 ~2 mm 

( day 43 ). After this point, a change in leaf morphology 

was evidenced by tho fact that the mass per unit lamina 

length for irri gated plants was significantly less than 

for stressed plants (o. 6l~ mg/cm cf 0.79 mg/ cm ). These 

were about half the values recalculated from the data 

given by Leafe , Jones and Stiles (1 977 ) for perennia l 

ryegrass leaves which in their case \vere a.bout twice as 

wide. In additjon it was also observed that the effect 

of wat e r stress was to reduce average leaf width, leaf 

area index and specific leaf area ( appendix 7). From 

this it could be deduced that water stressed leaves were 

also thicker and denser . These observa tions are in 

agreement with Leafe, Jones and Stiles (1977) and Jones, 

Leafe and Stil es (1980(b) ). Both these studies went 

on to show that water stressed perennial ryegrass leaves 

had a higher density of stomata which were smaller and 

placed at the bottom of deeper epidermal ridges , smaller 

but denser epidermal cells and a higher concentration of 

chlorophyll. 

5.3.L~.4 The _ _!'elationsbip of leaf extension and leaf 

appearance with leaf water potential 

Many authors have stressed the relationship between 

leaf extension rate and leaf water potential ( Boyer 

1968; Acevedo, Hsiao and Henderson 1971; Hsiao and 

Acevedo 1974; Chu and McPherson 1977), however few authors 

have described the relationsbip between leaf appearance 
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rate a nd leaf water poLential. Only Leafe , Jone~ and 

Sti l es (19 77) meas ure d leaf appearnnce raL es and leaf 

water po tential and found, as in this study, that water 

stresses wli_Lch l owered leaf· water potential also r e duced 

the rate of l eaf appearance. 

i . L eaf extensjon. 

I n this experiment measurements of l eaf extension 

were made on jmmature elongating leaves, whereas 

measurements of' leaf' water potential were mo s t easily made 

on mature elongated leaves. 

In view of the different positions of these l eaves in 

the canopy and their physiol ogical differences with 

respect to e longa t ion, it was decjded to investigate the 

relationshjp between the leaf wate r potentials of thes e 

two lcaI' classe s . The result s of t his comparison 

( appendix 5) showed that differe nces between mature a nd 

immature l eav es were non- s i g niI' icant . It was concluded 

therefore , that the lea f water potential measurem ents 

made on the youngesL fully mature l eaves were valid as 

estimates of the leaf water potential of the nex t 

youngest emerging l ea f'. This has generally b een assumed 

by other workers (Jackson 1971.i , L eaf'e , J ones and Stiles 

1977). 

The relationship between leaf' extension rate and 

dawn leaf wat e r potential determined in this experiment 

(fig 19 ) showed a similar decline in extension rate with 

decline in leaf water potential to that obtained by other 

workers (Doyer 1968, Hsiao and Acevedo 197/..i. , Boyer and 

McPherson 1975 , Chu and McPherson 1977) except that leaf 

extension rate l evelled out at 1 mm/day rather than 

completely stopping as in the above cases. Th_Ls result 

was also obtained by Jones, Leafe and Stiles (1 980a ) 
and was attributed to the slowe r development of water 

stress in the field allowing time for plants to adjust 

physiologically, rather than the more rapid development 

of water stress in Lhe cited sLudies. The relationship 
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determined in this experj_ment must be interpreted with 

caution since it repre sents all leaves in the sward~ 

rather than the relations hips for individual leaves 

cited by the authors me ntjoned above . 1be leaf 

extension rate (mm/l eaf/day) was calculated as the 

total increase in g reen length of a sample of all the 

leaves in a pasture , divided by the number of leaves 

sampled and the number of days over which growth 

occurred ( 2-4 ). The extensi'on rates would be expected 

to be greater in many cases for individual, extending 

leaves and on some specific days, times of the day and 
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at day or night, therefore implying many different LER vs 

'11
1 

relationships (~hu 1979). 

Boyer (1 970 ) found that growth of corn, soybean and 

sunflower was so s~nsitive to a decrease in leaf water 

potential that leaf extension only occurred at night. 

On this basis, the leaf extensions measured in this study 

might be int e rpreted to be occurring only at night when 

plant water status was the most favourable for growth , 

however this hypothesis can be discounted since between 

days 49 and 53 in this study it was found that average 

rates of l eaf extension during the day in stressed and 

irrigated plots were 0.218 and 0 .4 9 1 mm/leaf/hour 

respectively and during the ni ght were slightly s lower at 

0.198 and 0 . 408 mm/leaf/hour respectively ( appendix 6). 
Chu and Ke rr (1 977 ) observed a simi lar response in sudax 

and found that maximum rates of leaf extensiori c oincided 

with maximum aj_r temperatures rather than maximum leaf 

water potential. 

ii. Leaf appearance 

The rate of leaf appearance showed a similar decline 

with decreasing dawn leaf water potential to that 

observed for leaf' extension, except that leaf appearance 

was more sensitive, reaching its minimum (of 4 mm/100 

tillers/day) earlier than leaf extension. This result 

could be interpreted in terms of the effect of a lowered 

leaf water potential on leaf initiation (Husain and 



Aspi nal 1970 ) or pre-uppearance c;rowth o.r prirnordla 

(Hsiao 1973) and only a detailed study of' the tilJcr 
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apex coulu answer this qn estion. Furthermore, in view 

o .r t h e observation o f IIu sajn and Aspinal (1970 ) thnt the 

wu ter po ten ti al of' the apex in barley was unaf'f'ec"ted '"hen 

JeaI' relative tur~jdjty had fallen as low as 75~ 

( apµroximately -1.0 MPa to -1.5 MPa (Lawlor 1969) ) 
suagests that f'urLher work investigating the mechanism 

of the observed relationship between l eaf' appearance and 

l eaf water potential is necessary. 

5.~ Conclusions 

In consideration of' the objectives of this thesis 

( presented in chapter 1) i . e . 

1 . measuring the response of perennial ryegrass to an 

imposed drou~1 t ( compared to irrigation) and 

relaLing this to measurements of soil and plant 

water statu s under f'je ld conditions , and , 

2 . studying t h e e.ffect of spring cutting managements 

on the patterns of tiller and l eaf growth in a 

sward of perennjal ryegrass during summer under 

two contrasting moisture regimes ; 

The conclusions of this thesis are therefore : 

i ) that the growth of t h e components of pasture 
• 

production was reduced when the soil water deficit 

exceeded a critical point of 104-111 mm , which 

could be predicted , for the Tokomaru silt loam 

soil type , according to the soil water b a lanc e 

of Scatter , Clothier and Turner (1 979). At this 

point the '11 soil was approximately equal to 

- 0 .1 MPa and had not reached the permanent 

wilting point ( PWP ) -1. 5 MPa . This point was 

characterised by a sharp 0.6 MPa decrease in dawn 

'11 leaf which contrasted with the more ~radual 

d ecline in mid-afternoon '1t leaf . 

Such a change in '11 leaf' { particularl y at dawn ) 



was ~ound to Lo a very sensit i ve jndicator 

showina that this chanee J.n water status had 

occurred. At def'lcits exceedjng this critical 

point reductjons in pasture yield were 

attributed to : 

1 • a reduct.Lon in the rate of tiller appearance 

2 . an increase in the rate of tjller de a Lh, and 

J . a reduction in t11e rate of leaf production , 

with no significant ef'.fect observed on the 

rate of l eaf senescence and death , and , 
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ii ) that spring ma nagements to increase tiller density 

wil l result in a greater ti l ler density at the 

end of' drought but will not give any advantage in 

t erms of dry matter yield during moisture stress . 

Any benefit which mi ght result from a manage ment 

system to prepare a sward for drought is unlikel y 

to be in summer production but may be in the 

potential f'or . I'aste r recovery after drought . 
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~J?~dix ]_. A comparison of' voluinetric water content 

( O) calculated from a ) neutron probe data 

a.wl b) direct soil sampline-

In order to test tJ1e cal cul a t:Lon or volumetric '"n ter 

con-Lent ( 0 ) f'rom neutron probe data according to e quation 

4, soil srunples were taken at various depths from beside 

a s urplus neutron probe access tube immediately af Ler 

neutron probe counts had been taken . Tb e results 

presented in the table below showed no significant 

difference between the two methods used to calculate e ' 
which validates the use of the neutron probe method using 

equation 4. 

·-
Depth Gravimetric Bulk de n sity Direct me as - e cnlculai.ed 
( cm ) 

,__ 

20 
JO 
lW 
50 
60 
70 

water (x103kg/mJ ) urement of from 
content e neutron 

( w ) probe data 
·-

2 1. 77 1. 35 29.J9 29 . 46 
21.39 1. 4 6 J 1. 2J 3 1. 12 
19. 57 1. 57 J0 . 7J 31. 92 
18. 70 1. 60 29.92 J 1.7J 
18. 76 1. 6 1 J0 . 20 J1. 1J 
18. 16 1. 62 29 .42 Jl.41 

x + se JO . 15 + . 298 J 1. 1 J + 0 . 358 

J 1 • 1 J - JO • 15., 

t , 0 = '10 . 29s 2 +0 . 35s2 = O.li 753 NS 



Appcnd :i x 2 . Uni.formity test of dry matter yield 

(1 5.9.81) 

kg DM/lla 

x = 

Analysis of Variance 

Source Degrees of' 
freedom 

between 

west plot 
2930 
27G8 
J162 
J00 4 
2280 
292l~ 
3206 
2977 

2906 . 375 

SS 

east plot 
JJ78 
J 13J 
2649 
2969 
3578 
2799 
2866 
3168 

3067 . 50 

MS F 

plot s 1 103 , 81.+4 . 9 10J , 8hl1.9 1.1 622 
within 
plots 14 1 ' 250 ' 950 . 0 89 , 353.57 

Total 15 1, 354 , 794. 9 
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~ppendix '.}_. Rainfall and Class A pan evaporation from 

Date 

the Massey University Meteorological Station, and 

potential evapotranspiration (PET ) and actual 

evapotranspiration (AET) for the water stressed plots 

durinG the measurement period. 

Day of meas- Rainfall 
urement and 
period ~irrigation ) 

(mm) 

Class A 
p a n evap­
o transpi­
ration 

(mm) 

PET 
(mm) 

AET 
(mm) 

28. 1 2. 8 1 0 1 1 • 6 
6.8 
7.2 
1. J 
lj. 6 1 • 1 • 82 

1. 2. 82 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
JO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
L~ 1 

0. 1 
4J.J 
0. 1 
0. 1 
2.7 

4.o 
21.J 

22.8 
o.6 
J.O 

3.J (75) 
J.9 

1 • 1 
1LJ .• 0 

4.5 
6.9 
6.o 
7.7 
5.0 
5.6 
7.9 
5.3 
3.4 
5.0 
6.J 
o.o 
5.9 
6.o 
5. l~ 
7.2 
3.0 
5.3 
5.2 
7.J 
3.9 
7.3 
5.3 
5.2 
4.6 
3.7 
7.6 
7.5 
8.o 
6. 1 
7.7 
8.7 
5.0 
7.7 
8.2 
4.o 
5.3 

5.4 
0.9 
J.4 
3.3 
5. 1 
4.5 
5.7 
3.7 
4.2 
5.9 
J.9 
2.5 
3.7 
l~. 7 
o.o 
4. l~ 
4.5 
l~. 0 
5. lj. 
2.2 
3.9 
J.9 
5. L1. 

2.9 
5.4 
J.9 
3.9 
J.4 
2.7 
5.7 
5.6 
6.o 
4.5 
5.7 
6.5 
J.7 
5.7 
6. 1 
J.O 
J.9 

5.4 
0.9 
J.4 
3.3 
5. 1 
4.5 
5.7 
3.7 
4.2 
5.9 
3.9 
2.5 
3.7 
4.7 
o.o 
4.4 
L~ • 5 
4.o 
5.4 
2.2 
J.9 
3.9 
5. I+ 
2.9 
L~. 8 
3.9 
3.9 
J.4 
2.7 
lj . • 3 
4. 1 
l~. 0 
J.9 
J.8 
J.6 
J.5 
J. l~. 

J.J 
3.0 
J. 1 



1J2 

App e nd i x J ( Con t . ) 

Date Da y of' meas- Rainf all Class A PET AET 
uren1cnt ( a nd pan e v a p - (mm) (mm) 
p e riod i :rri ga tlon) otranspi-

(rnm) r a ti on 
( mm) 

l12 6.9 5 . 1 3. 0 
Li 3 7.9 5 . 9 2.9 
44 6.o 4. 5 2 . 9 
L~5 9. 5 7 . 1 2.8 
'~-6 10 . 0 7 . 5 2 . 7 
L17 7. 5 5 . 6 2.6 
48 (80) 5 . 8 4 . 3 2 . 5 
49 5 . 9 4 . L1 2. L~ 
50 7 . J 5 . 4 2.4 
5 1 4.o J . O 2.J 
52 4 . 5 0 . 1 o . o o . o 
53 9 . 0 1 • 4 1. 0 1. 0 
5li- 7. 5 5 . 6 2 . 2 
55 6. 8 5 . 0 2 . 1 
56 8 . 6 7.9 5 . 9 2 . 1 
57 12. 2 4 . 7 3. 5 2.0 
58 5 . 0 J~5 2. 6 1. 9 
59 17. 8 o . 6 o . 4 o . 4 
60 2.5 1. 6 1 • 1 1 • 1 
61 6 . 1 4 . 5 1. 8 
62 4. 6 J • L~ 1 . 8 

1. 3. 83 6J 7 . 6 1 • J 0 . 9 0.9 
64 9 . 7 6 . 7 5 . 0 1. 7 
65 Li 1 • 7 1 • 6 1 • 1 1 • 1 
66 2. 0 1. 5 1. 5 
67 6 . o 4. 5 1. 6 
68 2 . 8 2 . 1 1. 5 
69 2. 8 2 . 1 1. 5 
70 0 . 2 4. 2 3 . 1 1. 4 
71 J . 1 2.3 1. 4 
72 Li • 7 J . 5 1. 3 
73 6. J 4 . 7 1. 3 
7 Li 5 . 7 4 . 2 1. 2 
75 6. l~ 4. 7 1. 2 
76 5 . 2 J . 9 1. 2 
77 9 . 1 6 . 8 1 • 1 
78 4. o 3. 0 1 • 1 
79 J . 6 2 . 7 1. 1 
80 J . 2 2. J 1. 0 
8 1 J.i. . 1 J . O 1. 0 
82 5 . 3 3 . 9 1. 0 
83 3. 6 2.7 0 . 9 
8l1 J . 7 2. 7 0 . 9 
85 15.7 2.2 1. 6 0 . 9 
86 4. o 3. 0 o . 8 
87 0.3 2.6 1. 9 o.8 
88 4. 6 J.4 o . 8 
89 Li . 5 J.7 o . 8 



1JJ 

~pendix J ( Cont .) 

Date Day of' meas - Rain:f'all Class A PET AET 
urcment ( and p an e vap - (mm) (mm) 
period irrigation) otranspi -

(mm) r ation 
(mm) 

90 2.9 2 . 1 0 . 7 
91 2 . 8 2. 1 0 .7 
92 5. 1( 75 ) Li. 0 J.O 0 . 7 
93 5 . 6 0.7 0 . 5 0 . 5 

1.h.8J 94 O.J 1 • 6 1. 1 0 . 7 
95 0 . 2(75) 1 • 6 1. 1 o . 6 
96 1. 0 3 . Li 2. 5 o . 6 
97 1. 7 2. 9 2. 1 o . 6 
98 2 . 6 1. 9 o . 6 
99 0.9 J . 4 2. 5 0.5 

100 J .5 2. 6 0.5 
10 1 0. 9 2.9 2. 1 0.5 
102 2. 1 Li. 5 J.J 0.5 
103 0 . 9 2. 9 2 . 1 0.5 
104 1. 6 1 • 1 O . I~ 
105 2. 0 1. 5 o . 4 
106 J . 4 2. 5 o . 4 
107 4 . Li J . J o . 4 



The lowering of leaf water potential ( l/;l) 

following the completion of irrigation. 

Minutes since irrigation stopped f 1 (MPa) 

10 -0.98 
13 -1.J2 
16 -1. 4.8 
37 -1. 88 
40 -1. 66 
44 -1. 90 



App ernU x 5 . Compari s o n of lea:f water p otential ( ~ 1 ) 

measureme nt s from mature and jrnmatu re laminae o:f 

1..h e same till e r 

day-time treatment ~ l of mature ~ l Of i mmature 
laminae l am :i. n ae 

B2 dawn irriga ted - 0 . 26 ~ 4 ) - 0 . 3 1 >I+ ) 
stressed - 0 . 8 1 2 ) - 0 . 8J 

:gj 53 dawn i rrigated - 0 . 35 ) 6 ~ - 0 . 29 
77 a :fternoon i rri gat e d -1. 24 ,3 -1. J6 

stres sed -1. 91.i. )5 ) - 2 . 14 ) 5 ) 
98 afternoon irr:i.ga ted -1. J 1 ) J ) -1. 26 )4) 

i rrigated -1.44 ,3l -1. 45 :3l stressed - 2. 15 ) 3 -1. 52 l.j. 

stressed - 2. 29 3 -1. 68 '3 

x + se -1. 31 + 0 . 25 -1. 20 + 0 . 2 1 

f i gu r es in pare nth es is are t h e number of val u es mean e d 
to ·give the reading 

p aired t - test 

= 

whe r e D = di f fere n ce 

o. 106 
0 . 10 1 = 1 • 05 1 n s f'or 8 d. I . 

·135 



Appendix 6 . De t ermination of n ight a n d day leaf extension rates between days 49 and 53 . 

Ten e l on gat ing l eav es , ma rke d on separate ti l lers in each of fo u r plots from the two 

water treatmen ts , were measured at early morning and late evening for four days between 

days 49 and 53 . The rates of leaf extension (mm/leaf/hour) for the day and night were 

cal culated as the net chan ge in length divided by the period of growth , and are p r esented 

in the foll owi n g tabl e . 

LEAF EXTE~SION RATE (mm/leaf/hour) 

Treatmen t Plot day night 

irrigated 1 0. 565 0 . 536 0 . 546 0 . 580 0 . 535 0 . 523 0 . 516 0 . 527 
2 0 . 52 0 . 5 1 0 . 54 0 . 54 o . 48 0 . 33 o . 42 o . 42 
3 o . 48 1 0 . 529 o . 4 13 o . 43 1 O. J34 0 . 367 0.399 0 . 31 1 
4 o . 4 17 o . 4J3 O. J70 o . 45 1 0 . 3L~ 3 0 . 338 0 . 308 0 . 384 

-x + s e o . 491 .±. 0 . 0 16 o . 408 + 0 . 021 

stress ed 1 o . 42 0 . 35 0 . 33 0 . 39 . o . 24 0 . 22 0 . 27 0 . 27 
2 0 . 11 0 0 . 123 0 . 1 38 0 . 2 11 0 . 152 0 .1 28 0 . 238 o . 178 
3 0 . 140 0 . 126 0 . 183 0 . 212 0 .1 85 o . 115 0 . 222 0 . 241 
4 · 0 . 171 0 . 148 0. 197 0 . 241 0 .087 0. 183 o . 254 o. 179 

- 0 . 218 + 0 . 025 0 .1 98 .± 0 . 014 x + s e 
. -

w 
C\ 



Appendix 7. Leaf morphology 

day of measurement mean leaf width 
period (mm) 

. 
stressed irrigated 

1 1 . 4 1. 5 
8 1 . 6 1.4 

15 1. 4 1. 4 
22 1 • L~ 1. 5 
29 1 • 4 1. 4 

35 1. 0 1.5 
43 1. 0 - 1 • 1 
50 1. 0 1 . 2 
57 1. 0 1. 3 
6L~ 1. 0 1. 2 

I 

70 0 . 5 1 • 1 
78 0.9 1 . 2 
85 o.s 1. 3 
92 o . 8 1 • 1 
99 0 . 7 1. i 

107 0.5 1 . 0 

specific leaf area 

(cm
2 /e-) 

stressed irrigated 

262 278 
2J6 200 
188 183 
187 187 
163 183 

139 198 
118 147 
112 162 
115 199 
105 191 

86 204 
116 2 12 
115 2 19 
12 1 183 
11 0 198 

70 14J 

leaf area index 

stressed irrigated 

- -
- -
- -
- -
- -

I 

- -
- -

1. 54 2 . 85 
2.07 4 . 02 
2 . 28 4. 17 

0.90 1. 18 
1. 72 2.42 
1. 67 J . J5 
1.62 2 . 98 
1. 4 7 J. 18 

o . 49 1. 27 

I 

...... 
·~ 
-.l 
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