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“rasne in the ferglivensss of nature = hoy constant
bensdiction. Fields traspled with battle, saturated with bloed,
torn with the ruls of cannon, grow grocs agnin with grase, and
carpage iz forgotten. Sirecis abondoned by traffic bescome grass

ral lanes and are obliterated; ferests deecay,
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harvests porish, flowsrs vanish, but grass ie immortal. Beleagoered

by the sullen hoste of winlter, it withdraws inte the impregpeble foriress
of its subterrenesn vitaliiy and ecmerges upon selicitation of spring.

Zown by the winds, by wendering birds, propezated by the subile
hBoriiculture of the elementis, whiech are its ministers and servants,

it moltens the rude ouiline of the werlid. It invedesn the solituds

of deseris, clismbe the inaccesseible slopes and forbidding pinsascles of

mountaine, modifies climates snd determines the histery, character and

dohn J. Iongallse
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ke spriculiural re: v must on occasion adopt a

broad view of e ng parely as the apepent of plonts and aninals

se world food

be used in farsing practies, o it

prd

production, in order ¢o meet the chmllenge of & growing world

dz to consider the blolepienl efficioney of the

fovolved in food production: in =ueh

itving vroeonsbs and systeonms

the same woy a8 & bosinsssnae o Yovser pust goneider the business

efficioncy of hies focltery or fomw %g%&&%é&gwf

Food productiocn may be

W”é e g

land ender cultiveiion or by
existine eross of culitivaiion, thereby increansing production per

acres Yatson (1058} described the probles as fundamentally onos

i

of inereasing the tolal annual §§§§$gg%£%§/ is per unii area of

5

exropy for it is the pel proeduct of ?%%@%@g@%&Vﬁﬁﬁ which the farmer
barvests. Photosynthesis requires light, moisture and pulrients,
end oo Iight is the only one of these foclers «hich con not be
readily supplied artificially, Donald and %Eﬁﬁ%,{§§§§3 have

rented that the ultismate moasure of %g%ﬁa&i%ﬁgﬁz efficiensy could

well be expressed in terms of the proporiion of 1ight energy

wtilised by the erops or pastures. The sisze and aciiviiy of

the photosynibetic syston then bocomes one of the determinants

of erop ylelds The petentdial rate of photosyntheiiec activity is




=

goptrellied by the genellic mabe-up of the planit. The sawe i trus
to a certain degree of the size of the phetesynthetic system, but
the fornwy foo, threugh verdens cultursl and manscswent methods,
exeris congiderable contvrel over the sive of the syveton.
Papticalerly is this the case in srassland farsing shen pericdic
hardesting of the herbage whether by machine er the grazing animal

is responsible for sudden changes in the size of the photosynthetic

system = the pasture canopy. Enowledge of the eptinmus ecanopy for

re zrowih on different types of pasiures is nocosenry.

&

wmiion regeyding potential visld lossss eulfered andeyr

varicus frequencies and intensitios of defolintion, and on the

bod of prasing oo plant growth foow

Past studies on the influence of variosus

sausncies and inltensities of defalisntion on the vield of

i

sened spells between

b4y Bicherdson

‘agner 1952},

These studies have layesly sesgured

herbage yislde and botanicvel changes.

8
o
i
g
&
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g
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m the other hond contydilied onvwivenpeni

Lher with siher
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undertaken by several workers. {(Breougbas 1855, Black 1958},

Plant growth has been studied in swards where competition

for the individual fggé@y% which defermine proeih iz present.

The prosence of competition beiween plants for water and nutrients,
is probably of lesser significonce than £% is for light, for

information on plant reguirements can be chtained from individusl

plant studies. These stédics of Brougham and Black have helped to

The work anderisken for ihis thesis has
been 5 investigetion into the vesction of pasture vield and
composition, as well as pasture canopy and tiller population
to two different grazing treatments. Heassurements have also

baen taken during part of the experimental perisd on seoil

meistores stetus a8t predetermined dep

The exporiment wse corried sut uwnder copditiens simiier &o

o

those prevailing on & normal establishing perennial ryegrass/

e

O

white clover shesy pasiure. The investigatien tends fe be bhread

b

in npature rather than tackling & specific preblem and consequently

-4

many further guestiosns bave baon possd.
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CHAPTER M

aviow of Literabwre .

n feur parts as

e

Thisz review will be presented

Fu Light and pasture grovibe

of

3i. Poslure goppositien snd 1131
studies.

r poypuistion

i1z, Beoil woisture snd plant g

iv. Pasture rood provih = rool distribution.



P

and Pasture Urowth.

s i the tent. The term plent prowth

and the ascowsuletion of plant dry matiey

pasture production the latéer is of privmery

jmportance, but the need to consider growth habit and the partitioning
of material between "roots™ and "shoots™ must not be overlsoked.

Plant growth {(dry weight increase) may be

i

2 a

measured in terms of relative growth rate which is defined

#increase in plant weipght in {1b.), per gm. {Ib,) total weight,

per day {week9", Blackman, (1919). This may be divided into twe
components:
gy nst ssgsimilatien rate, defined as the

fperease in plant welight per unit leaf aves, and

bty

be lezaf sres vatio, which is the ratic of leas

by

srea to total piant wei

The following sbbrevisiions haove boen vsed in the fexni:

Hallule = ralative growth raits.
Beholla - pet assimilation rafe.
Lehella - leaf aves raties

Lohels o Isaf arves index,



9%&9

B, Bize and Sfctivity of the Photogynithetiec Sveten,

Fatzon (1958) stated that although total dry matter
production by a crop may vary either through a change in size of the
photosynthetic system or in its activity, the photosynthetic capacity
of crops expressed in terms of leaf sres iz such more variahle in

agricultural environmments than the photlesynthetic efficioncy as

measured by the N.4.H. It cannot be assumed thet leaf area is a
perfect measure of the size of the photesynthetic system (¥atson, 1958)
as other parits of the plant are cepable ef photosynthesis, ¥With
pot experiments using several barley varieties, ¥atsor et al.(19358),
diseovered thalt up to 26% of the dry matter of grain at harvest
origimmted frem photogynibesis in the ears and 19 from photosyothesis
in parts of the shesibh %&l&@‘%&%Vﬁiag lgaf,

The HeA.R. concept, introduced by Gregory (1817)
has considerable use in "growlh analysis"™ studies, deéspite limitations
which have been ettlined by Williams (1846), Watson (1952}, and
Mitchell {1834}, Proughem {1856}, preferred the term "leaf efficiency
index®, {(i.e. average daily herbage dry matter increment per unit
area of leaf.)

Bifferences in H.A.f. within the ryegrasses

Ls perenne) have besn

{Lolium perenne and lolive multiflorw

demonstrated, (Mitehell, 1834).. Gregory (1956} considered that there
appears to be 1ittle cpportuniity of improviag the efficieney of the
photesynthetic provess by selsciion or bresding. However, the

introduction fto sgrieulture of pow species with higher H.i.B. than
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those at present in use, should be borne in mind. %atson (1638)
gonnidered that withisn the linits set by natuwral cliimates 4o the
length of the growing season, increasing L.A.I. is the best means
af inproving yislde in existiing cropping systens.

It spyeers, thereiore, ithsi sove lwmedisnte advances
in the achisvenent of increased ulilisstion of soler energy by
sgrisulteral crops ven e shiniped by incressing the size of the
photosynthetle system per unii ares of land, rather than by
concentrating on improving the photesynthetic efficiency of erop
plantz by selection and bresdiung.

Studies have hoen zade of the relationship beliweesn
the area of pholosynthetic tissue of a crop plant and its productien
{¥atsop et ale.}, and more recently several groups ef resesrch werhers
have beceome intorssted is the relationship belween leaf ares of a

sward, light interception by the leaf caneopy, and pasture production.
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Co Influvence of Lirht on Plant Crovwth,.

i} Plant processest Steughten (1835) lists the following plant

processes shich are in seme way affected by light: photosynthesis,

aced perminalion, lsaf expansion, the grovwih of sism and shooi,

flewering and fruiting, dormency anéd bud bresk. These plant processes
may be indirectly influenced hy the effect of lizhi on hormons production.
Stem elongation is reduced approxiamntely in proporiion to the intensity
of light {Stoughton loce.cits}, whereas the accumulation of dry

matter is primarily determined by the guantity of light energy which

the plant receives. Black (1938) Milthorpe and Newton {1958},

»

(ii) Grass end eclover species: The early interest in lipght

intensity in relation to pasture scelogy, srose from the study by
Blackman (1838} of the grass/clever balance in a sward of white clover
and two Acrrostis species. He sought te explain the changesz in
botanical compositios broushi sbouit by vericus managemont éggéﬁégggg
and fertiliser aspplicstions. Io noted thet grass becowe dominent
in a renk sward and concluded that the reduced light intensity within
the sward had = direct effect on clover by suppressing its growth.
Application of nitrogenous fertilisers encouraged grass growthe
which resulied in gresier sheding of the clovers and conseqguentily
reduced ¢lover growth. Similsar vesulis hove %%%% reporied by
Brougham (195354} in & study in which he varied both the seeding
rates and defeliation %&égﬁ%@ of a short-rotation ryegrass, red clover
and white claver §§%%é?§e

In & seriesn of pupers, Plechkenan and other vorbers
have reported studies which have sought to establish mere asccurately

the response of gé@ﬁ%& to different light intensities, and much of
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this work, has formed a foundation upon which has been based:

subssguent and continging invesiigetions.

Blackman and his co-workers at Oxford found
pattern of respense of a lerge nusber of agriculteral asnd other
plants, zubjected to & range of shading treasiments. iz sgimilar, and

tekes the gzenerslised forp szbhown in fipure i

WW’Q
2
m / my)

Re (ge/2./
/6

el
s
S
&
e
& &
o
(55 BN oot
& £
s = ¥

Log. light intensity. (daylight = 100)

=

Fige 1. The effect of varying light int tensity on the growth of a

snivs,

wide ronge of plent spe

(4f¢er Black, 1857.)
?&g work of Blaek {1932) at Oxford indicated thot the

Velisle of veriain lepwinous pasture

clovers, and lucernes is ai & zeximy
full daylight. Ipvestigations with nine varieties of grasses showed

ige 2t or sbhevwe full

2

that ftheses grew mesi rapidly at lighit intensi

%

ayiight.

®

Adelaide, South Austrelia, Black {1958) found that the R.G.H. ef

subterransan clover wvas 8411l risis sugeesting that the sarliier
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eatimates of optismus light intemnily were too low. These resulis

sen oxsmined are intelerant of even slicsht

5

sugpested that the legm

es make mest rapid growih st or about full

shade, vhersas Lhe zv
dagiights

Various wvorkevrs, uvsing o reoge of pasture speciss,
have reported s decrease in dry matter of plants, and an inerease in

gten eclongaiien undey different intensitiecs of full duyliight and

varying shading treatments. Reid (1933}, Watkins (1940), Benediet (1941),
Pritehard and Belson {1951}, Ludwiz et al. (1983).

Hitebell (1954) in exemining the rate of tissue

formation of shorterolation and perennial ryegresses, at tesperature

levels of 55°F, and 70°F; and light intensities of G.65 and 0.20
daylight, found that the rate was reduced by shading. U5e alse

red that at the lover temperatures and the hipgher 1ight intensities,

the B.G.Rs of shorterotation ryegrass (L. multifiorus «x/ L. perenne}

éxceeded that of peremnial ryegrass (L. perennd. Later work with

perernisal and shori-rolation ryograss, cocksfool, paspelun, whits

and subterranean clovers, and Lotus mejor (L. ulipinosus) revealed

that shading (0.20 daylight) reduced the rate of tissue formation
te about éne third of that under 0,65 daylight., Hitchell (1955 a& b)

{1956 ).
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£34i) Effect of temperature: Light cannot be regarded as the

sole determinsnt of %%% dominant species in & grass/clover sward.
Sther fzctors are loportant aslso. Envirenmental temperature will

b2 considered in this section. In cenitrsllied snviroroent %%&éﬁ%g
Biteheoll (19568) has shown that the msaximum growth rate for clover
species securs &%@gz 75%F, whereas the sptimum temperature for growth
of the Burepoen grase siveiss vhich be studied was 63°F, The
fevourabls %%%%%?@%%gé range for g?@%g growth lay between %%é?g and
85°F, whereas the range for clover growth was 85°p. - 85%F,

In field studies of a short-rotation ryegrass/white
clover sward, Brougham {(1959) found that weekly fluctuatioss in
growih rate of total herbage and of the ryegrass component over
the winter and spring months was associated with variations in
weokly mean radiation and temperature levels. However in suwer and
eariy sutumn vhen clover was the dominant species, weekly fluctuations
in growih rale vere muinly corrolated with @%%?%?ﬁ%%?@ shanpes. Ths
absence of a significant correlation botween weekly fluctuations in

=

ming radiation ever this peried was

growth rate and the asouni of ine

attriboted by Brougham to the relative stability of the guantity of

1ight zoeccived sach vouks



- 12 -

Do lizht Ponsireaticn inte fhe ?&ﬁ%ﬁﬁ%g

Weaver and Flory (1934) showed that at half the height

=

of an upland praivie pasture in Hebrashe, light intensity wes only
25% of that above the sward, and at ground levsl, was only 3%. ¥itchell
and Calder (1838} investigated the penetration of light inte a
dominant perennial ryegrass pastwre and found a steady decline in
light intensity with increasing depth below the top of the pasture,
%%%% ef the 1izhit penetratsd to & considerable depth. However,
when there was a capopy of clever leaves present, or shere the tops
of grass leaves lay sver to form z canopys 859 or more of the incident
light was intercepted by this canopy. Black (1938) noted that in a
subterrancapr clover pasture the losf ares was concenirated in a vrelstively
shallow band st the top of the sward.

Hitehell and Celder (1958) suggested that the efficiency
of utilisation of light by an ares of pasture, as judpged by quantity

of ¢iszsue formed per wnit of light energye ie probably highest where

a large proporiion of the photosynthetic tissue iz in soderats shade,

¥

Btudies of the influence of light intensity on the

photomynthesis of individual leaves or parts of leaves indicate

that soximes pholosynthesis

/]
o
t

s effectively aitained st intensitien

af Z=3 foot-candlien, which must be compsred with
at 10=15000 f.c., Davidson and Philips (1936). Davidgon and Philips
eonsidored that as the leaf sres of 8 posiuove sppronched thet of the

individual leaf ther a lower 1ight intensily was reguired fer

maximur photosynthesis. Coanseguently in pastures of a high léaf ares

%

with a considerable sres of tissue sbaded from Pull 1ighi, the

efficioncy of wiilisetion of sumlishit tends fo be greater than that of

paatores with & lower leaf sros.
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Be Loaf dves Indies pnd Pesture (rowilhe

{43 Conceot of lesf irves Index.

Boysen-Jdensen (1843}, emphasised the important
velationshin betwesn the total l2af aves of 3 plant comsunity and

the light sup ﬁig Later, Watson (1847) stressaed the relationship of

leaf surface to soil surface and placed it on a guentitative basis.
e forsulated the measure of leaf sres por unit ares of land. This is
& measure of the whole crop, net of individusl plants, and hecause

it iz independent of plant spacing, is more suited for comparitive
studies. Yatson termed this measure the lesf area index (Lefels)

ef o panture Or Crob.

{31} Comparison of Lebele of crops and psatures.

Tavle 1 gives & comparisco of pastorve snd crop
lgaf arvea indiceas. The greater L.d.1. of the pasiture plants may be
due to the degres of sslection for leafy types of plants which has
boen upderitshen. Ceresis. on the other bend, have besn selecied nore

haen foliage produciion and

il

on the basis of grain yield

spersely tillered snd of upright babit. Pastures are mu

crops, which slise affect the resuliant L.dsi., Donald an

IARLE 1. Con itive L.bhele values of Postures and Trons.
Pagiores Behiale éﬁ?@?& . Liefiels
%@%@@?fﬁﬁﬁﬁﬁ 8.8 Davidson {1854} ”ﬁ%&% 4,2 Watson (1947
clover 6.2  Black (1957} Barley 2.4 " “
% 8,7 Bavideon & Donald] Polsices 2.5 @ =
Bhort-rotation Fe3 {1988}

yegrass and %&iﬁ% Brougham (1938} Hangelds 3.0 & 4
zlover

short-rotation e = i Eale 5.0 b {1896
2% g&g‘?ﬁ%@ﬁéf‘

Perennial rysgrass B.8 # " 4.6 # #
imothy Ge8 ® @ 4¢3 "

Thite slover .8 ® #® S0 ®

l
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{243} Bignificence of L.hele iR pasturesst

Considerable attention has been gliven in the past

to the study of the lea? arse of creps. but recent literature bas

canfirmed an incrsasing intevest in the leal ares of pastures. Donald

and Black {(1958) have enumerated reasons why the intere-relationship
of light, leaf ares, and productien is likely t¢ be of greater
@égﬁiféeaﬁg@ in pastueres thas in crops. These aret-

fe En pasture leaf production direectly geverns the value
of the sward for livestock (i.e. yield) whereas erops comm

their yield in non-lecfy paris.

2. imost all field crops make steady growth to a peak

vield, to be harvested at & certain time of the year @ pasiures
ideally give a susiained high level of leaf produeiisn throughoot
the yoar.

e

cgpan and the

greater when they are crowded info a small height than when light

& sparse 80D CEDODY.

can ¢iffuses and veilscit throus
45 Crop density is usuelly less then plant density 2o s

pasture.

e Light velstionagbips within the gwerd underge fregpent
and offten sudden change sz & result of defolistion.

6« Pastures are almost invariably compeosed of species

differing in stature and folis ibution so thet shading may

»

besone & prime facior in competition.
7. Compebition for light is operative at all times in

with annusl orops. and pastoress vhers

L]

» the ssteblishaeni stugs.

Light iz not a2 liniting fector durin

¥
@
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{4wr Belation betwoen srowih, lisht inlercevtiion snd lof.ls

Broughas {(1855) examined the nature of the zrowth curve

nos,. red and

for a ryegrass-clover pasture {short-rotation ryegr
white clovers,) following defoliation te a heipght of 1 in. 4

glgmeid grovth curve showing three grosth phases wes oblainsd., Fer

approximately three weoks following defelistion the growth rate

noreased. for o further Live weoke 11 remsined copstant ot 2 mezimes

M!

rate, and thereafter it declined. The duration of the Tirst growih
phase was apparently related to leaf srea and light interception, and
esntineed until there wos sufficient leaf ares fo intercept all the
éﬁ%i%@%i iight after which growth preocseded alt the maxisys rete for

a period. Brougham (1956) tested this assumption by determining

the eoffect of vericus defolistion heiphis on subssuvent grovih raie
and light intercepting sbility of the sward. The sward was defeliated
0 1 inss B dne, and 5 in. beipzhi and the ?@@%%gyg growth apd lead

ares observed wvntil 1light intercention was

Under these conditions complete light 2%%@?€$%§é%ﬁ by ithe pasture

canopy occcurred at L.fd.I. 5y after which maxismum growth rate was

maintained, The time taken to reach this Lehele increased with
the severity of the cutting.

el
[
b
L
o

Bubsoguently & ezt the L.bel. a8t which Light

interception was complete will be refervred to as the optimum L.A.I.

It pppoars thel & pasture does pet atitain its o
growth rate until the leaf development is sufficient teo intercept all
the incident solsy light, this rate being maintained for & peviod,

after which it decliines at 2 bhigher Lelel.
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L)

Tependance of recovery growth

The resulis of the experiment cenducted by

Brouzhas (18848)

indicated that recevery growth

following defolistion

iz prestest when L.b.l. remsining after defelistion approsches the

{%@%«éﬁ% fishale

of severity of cuiting on cocksfest and perenniasl ryegrass plant

and Langer {19

fezcue swards, concluded that grov

grestest when the swount of lea? remaining

grestesi.

{vi} Pasture establisheent.

th rate Followin

Edmond (1949} who conducted experiments on the effect

o
§:§§

58} from 2 study of the growith of timethy and meadow

=

: eunbting was

zfter defoliiction was

- Black {18957} studied seed size as & factor in the

growth of subterranean clover (Bacchusz m

piant end gward conditionss

piant ézgﬁwngﬁé was proportional to ssed weight.

experiment, Black (1958) using variocus

Tmived® gward of diflferesnt seed sizes,

fied and the numbsr of large-secded plante rewms

fawson and Hossiter (1938) designed an

&
W

large and snall seeds, wh

per unit-aree basis,

Prigr io the

2t saual sesd

pave vise Lo swards viih ldeniisal

sarsh strain) under spaced
attaimment of L.bals 4¢
In & later

oz

seed gizes found thaet in 2
enily plants from smell sseds

ined unchong

m%

gzperizment to deteornisn

ing rates

= P

grovth paiteris.

They concluded that seed zize has ne effect on the growth rate of &

sublierransss ol

In fie2ld esmpevimoenis

(1534} with four grass varicties and a

¢liovers itbhe resulisz obilained

and othar workers,

frow lerge-seoded than fren swalli-sseded grass species and

over mward, providsed that sowing

thet ganerally better esteblisheent ¢

rate eonstant.

eopducted by Heddle sud Vorrist

common speding rate of white

er findings of Davies (13527)
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o
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B
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Ho attempt has been made by these workers to explain
differences in establishment in terms of differences in the
initial area of assimilating tissue at the time of seedling

%,

Observations by Black (1853, 1956) suggest that
3 s g

gowing depth 434 not affect the initial cotyviedon arsz of sssinmilet

tissue of @ﬁééayfw?%z clover plonts, but the de

to increased sewing depth ( 2 in, c.fe %) could exa

> inter-gpecilie competition in the developing sward.

Bowerops iovestipetions | grass

gesds in relatisn o optismus molsiture and nulvissnt levels in the

soil have been reportedin the literature (Herriot, 1958}, and the

importance of shallew sowings in pasture establisheont has leng

-

been recognised {?&ygagégﬁg 1683). However, there does not appesr to
have been any work on grass species similsr to the studies of clover
made by Black op the effect of sowing depth on the aves of smersing
agsainilating tissue.

Batisfactory pasture sstablisbment invalves the

{Lefos1e) as guickly as possible

seeuring of an spiious

in order to achieve conditions for maxivees rate of grovih and dise

gualified the

=

doevelopment of lssf sanopy to attalin ths
Lo spoourage the cisver

a mized swerd and thereby roduce

bhave €o be ac

inter-gpecific competition. This

the expsnse of pasture preduciien during Lhe eslablisbrent perisd.
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{vii) lehel. walues asssocianted ®

- has meossurved verious swards and obisined

a series of optimus L.AeX. values for different s

nas-ghite clever pasivore, Lthe oplionm Lebul.

short-rotation rys

was constant at 4.5 and was wndffected by & cha in the grassfclover

ratio from 75:25 in the sprine (1936) to 30:50 in Januvary {(1957).

Barked differencesn were ¢blaived in optimm L.f.ls values vhen theas

in pure sitends. Veloes obis

speciss vere

were: shorterstation ryegrass = 7.1, shite-clover =« 3.3,

= Tsly timothy = 8:0. 7The differences io 1ight fnp

capacity way be explained in terms of the growth form, orientation

and shape of leaves.
Hisek (1857] toohk spoeessize mepsurements of
the optimes L.dels %g s subterrenean clover swerd and found that ithe

iod which

walue increased with sward height over a two month p
compenced approx tely sipghl secks alfter sowing.

%ﬁﬁ%g%&%'iigge cits.} found that mawimum pasiure
grovih rate wos associated with optisun L.A.X. Davidsen and Donald
{1855) reported that maximum growth rete wos attained in a

subterransen clover %%&?g with 8 Lefiels of 4 - B, Hiciperovie

rogoneva {(1859) regarded 30 = 40,000sqomyerha, {(f.0. Ladele 3 =

pment of annual planis for maximom rate of

grovwihe
(wisi} Ceiling L.A.I1. values.

Eventually an sguilibriuve value must be reached
leal §$¥§£§?%%§§§ ne ths L.f.l. cantingses Lo increasss sbove the
optisuy wvalue. AL this peint the des

-

initintion a@é sxpansion giving rise

L
S




velne for curvent ﬁ%@ﬁ@%ﬁ%@%%&i conditions, Davidson and Donald {(1838)
found thizs valus 4o b 8.7 for suiterranesss clover in Hovembewr

§§%§@£§% {1288) i&@ﬁf the following maximun L.A.l.

vaiges for varisus §§@ﬁ§%%; short-rotaiion ryograsa-i,8;3
perennial ryegrass-8.83; timothy-10.8; white clover-5.5; mixed
stand=7.3.

Broughes (1957} has shown that the rate of growth
af pastures over the winlter monitbs resched o ceiling yield at which

=

there was only sufficient growth to offset herba

re losses dus to

decomposition. Iater investigations by Brougham {1958) at Crasslands

Yivision, have shown 2 distinet peasonsl trend in yield cellingse of

o

a shori-rotaiion ?§%g?g@&f%%§§@ clover pasture in that locelity. The
lowest ceiling yields were obtained in the winter and the highest in
the spring. They yisld é%iiéﬁ§$4&ﬁ§ the time interval required io
reach this celling decreased ever the summer and autumn monthe.
BDonald (1958) has quoted the exasple on the
aosuthern fteblelands of H.8.%. where the mexisws sttainable yield of
an ungrazed sward of the Mi. Barker sirain of subterranean clover is

ahout 70 cwt. D.M. per acre.



Ae Introduclion,

Exsmination of the pasture unit
been underisken primarily as ¢ msons of charecterdsing the pasturs
by its botanical composition. However, present ressarch mokes use
of the pasturs uniit in pasture g?é%%% spuniyeis, as well as in boltenmicsl
sompoaition studies,

Hethods of sssessing ihe botanicsl compesition
of pastures and changes induced by man, per @@ﬁaay of snimals,
fertilisers or irrigstion, have been widely discusszed in the literature.
particular attention has been paid to the unit of messurement, and

the eriteris to be sdopled, which will charscterise the nastuve

under consideration. Donald {(1946) has classified methods iv use
aceprding to vhich of the Islliowing eriteriz is adapted nawely:

density {(number of plants or units present in a given area), foliag

-

cover or basal ares {erem of plants), and yield {weight of planisj,

’&

Hitchell and Glenday (19058} have pointed out that the pasturse

szneszment can be dirvectly influvemesd by such factors as saapli

heighl and smount and fregusncy of grazisng. Conseoupentliy. wethods
based on yield, foliage covers and bamal arves, %&g be hissed by these

factors. The use of plant densily wetihods, preferred by the sbove

|

=

workerse, redoces thess scurces of errer but introduces anciber problem:
that of defining & pasiure unit.

. Peaiure Unit - the Tiller.

Fecent studies of the zrowth vate snd movphology
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considered as the fundamental unit in a grass sward. The growth of
each tiller is governed by the guantity of light which it receives,
the availability of mineral nuirients and water, the physical erewding
by other tillers, the position of the tiller base at eor above the

soil surfaece, the position and wigowr of its rools and by the
temperature ef its microenviromment. Mitchell (1953) studied the
vegeiative growth of ryegrass planis and found that shading

6

sure to high tempersiure and paprtizl defoliation of

treatments, ex
the plant, reduced lateral tiller formution. 4 reduciion in general

tillering of (short-rotation ?§% grass has been reported by Hitechell

i

and Coles (1833} as a result of applying treatments involving the
repeated defolintion, base and genersishading, of the plants.

A sesiure may be vegarded se o populstion of
tillere and hoence subject to the constant changes of any normal
popuiation, (Mitchell and Glenday, 1958, Langer 1958}, The
considereation of o vesture as & dynenic population of individeasl
tillers has divectied recent research work to s study of this

sopulationy in @yg@? te gollect infor

thar selely asz g meswns of deseribing the proportion of variseo
present in ths pasiure.

Langer (1956} working with timothy plants in pots
shgerved & continusl ?%gzggﬁxgﬁ% %? oid tillere by new onse threughout
the seasson, end aise noled ssssonsl fluctustiospns in the death rete
and rate of initistion of now $illers. He found that any one
generation of tillers did not survive more than one year - the longest
survival period being that of the main stewm tillers with a mean 1ife

a6f 324 days,
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i

In the Zisld the length of 1ife of ithe tillers i

depemient on climatic foneliors and aals sent prociicess

€, Sesponal Trends in Tiller Populationg.

Schwass (1935}, in New Zealand, found that with plants

of perennisl ryegrass maximus tiller numbers per plant were recorded

=

svsy fthe sutumpespring peried, and subssousnily drom

values in the sumser. ILanger (1056}, at Hurley, used timethy plants

to stody the seasensl wveristion in the rate of tiller fermsiion and
shserved that the rate was slowvest during winter, inecrssszed fo &
peak in spring, declined immediately and then reose 4o & summer peak,
after which it fell away during winter.
Later observations by Langer (1858} on S 215 meadoWgegene
and § 48 timothy swerdse indicsted that grase tiller numbers vesched
2 maximuem in early spring and deeclined in the late swamer and auvtumn.
Counts taken by Mitchell and Glenday {1858} on a short-

rotation ryegrass/white clover dairy pasture indicated the

of an overall ssascosl trend in the gross tillsr compone
as an alteratien in the balance of pasture spscies.

1956,

punber of white clover nodes was recorded ip suimen
ten months alfter sowing, but ithe mumber fell during winter and incrsased

gver the spring-gummer perisd io reach peak {(March, 1857},

Groags tillers reschad

&
o
L
41
W
i
&
"
,&w
[*8
n
i
o
3
s
o
L

Hindlmue values atisined in the tve successive sutosns solinclided with

the mavizos mupber of elover nodes, [Duri

monthe saxisen grass tiller counts were rogerded 1

B, Infivence of Defoilistion on Tiller Husbhbars,

Beveral vorkers hove demonsirst

6f defolistion duse plter the size of & tiller sopulation.

Langer (1938} found %%f% both timothy and meadow fescue
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maintained 5 grester population of tillers in responss

cutting than under & hay and aftermath sysies

2

white clover sward ehich

f

antly lewer Lhan those

- pasivres. The

Tiller Povulation of Four Pastures,

el

i

Pasture Type. Species Present Tillers/ft.

t. Sheey Byegrass/white clover. 1814

; Ryegrass/browntop/Yorkshire fog/Poa sm 3203
white clever.
Hew dairy | Byegrasses/little white clever. 83
01d dairy | Ryegrasses. Poz spp. white clever Bor

The greater tiller demsity & the sheepn pasture was

atiributed to the clesmer . apnd mere continusus (f.o.

more f{recuent)

Vg e P 2B P
There ars three conp

=

show distinci ssason~l fluctuatiomsviz.

root numbers. The sesasenaliiy of grass production has been outlined
by wvarisus worksrs. The general trend for H.2. conditions iz towards

antumn and

& spring-sunmer maxisus followed by poorer late summer

.

The length of the winter prowing perviod is largely

% %,

dependent on seil and alyr tempersiures of the sres under consideration,

Mitehell (1836} . Seasonal trends in tiller ponuliation sizme have

i

“

bean discussed shove. High tiller nusbers were recorded over the



G

s The population

P

af roosts alsoc showed & pattern of seasensl growlh with 2 spring

maxizun after which nusbers fell off in the suwwmer, and inersased
again in late gutumn and through the winter. Stuckey {1841},
Jdacgues and Bdmond (1532).

The intepgration of the information obiained from
these seasonality studies is diffienlt. Jacques and ZLdmond (locs cit.)
suggested that saximue herbage preduction colucided with periods of
poor root initistion. A npegative cerrelation, based on chaervations
oyver 14 months, belusen ﬁ%ﬁg,ﬁiégﬁg numbers §ﬁ§’§§§ weight of lanf,
per plant, was found by Schwass ii%%éf in sipdies on pereanial
ryegrass and other specios. Therefore leaf yisld per tilley inersassd
to o susmsey smaxizmus ss the téizgf popuiation decreased. SHohwass

and Jacques (1836) found that root numbers per tiller were high in

April during sutvms growibh and sgain vhen spring grovih commenced

sptomber. They attributed the high numbers in April fo tiller
mortality rather then & specisculsr productiocs of new roects and

those in Bevptesbsr, to szcsss of reol produciien ever root desay.
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PauET 11

S0il Veisture and Plant Grouth,

Yater may influence plant growih direcily throusgh
planis?® nuirition, or indirectly through regulation of the seil
tenperature. Changes i soil tsmwerstere will in turs affsct ke

jsms and the rate of the soil processss. Soil meisture

so0il in which the plant is growing.

be Imfinitios of Terns.

There are various methods in uwess fo define the
ef moisture in the seil. The unit of ¥ iz used is this revisw.
The gencept was introduced by Schofield (18335). The pF walue is
defined as the logarithm of the tension (as expressed in em. of

ofield has shown

?C’

water) under which water is held in the soil,
that this tension is egual %o the decrease in the ifree  enersy of
the woter in the soil, referved to a fyes waler surfasce at the sase
tomporature. - It is therefore saual io the work thad sust be dops to

remove one gron of water from the soils

»

2 4t or shove fz&%@ capacity: Fileld cevacity is the smount of

water retained in zell which has draived for aboul twe daye while
covered to prevent transpirstior and svaporation losses., Wadleigh,
{1985). This point is constent between soil iypes if messuved in
terms of wmoisture tension (approx. pFf 2.7); but varies between soils

iz %%é%%?%é/éﬁ terss of moisture percsntage {(e.p. moisture percentage

of clay soils excesds thet of ssndy soils a8t field enus
932} Edmond (185%) found that herbapge yields of a perennial

ryegrass/white clover pasture were reduced by siock treading. Later

Pe Boil Volmture Degime wiithin o Posture. {4Tfter Mitebell and Butler,1008
Spil ture B within a Pastu {ifter Hitcholl and Butler,1056)
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hai pyegrass growih was reduced oo

%M

investigation {1838 b) showe

practice when wet pastures (p!

and increassd €O, - tensione. This vroduecss mstabeiis
E= 3

theveby reducing rootl pgrowth and nuirient uptake. Shaw

Hitchell and Butler (loc. c¢it.), Gingrich and Hussel (185

the growth of cors roois, found that under conditions of low seil

moisture tensise ihe vnveen conceniveliion of the rool pinsaphers

g
fbw
oo
O
Liow
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atmosphere overnicht, Marshell (1858}, Barlier workers considered

iz econiroiled, not by the

ef the plant concerned. This iz in direct contrast to the sariy

to peasure it. Nitchell and Butler {(1856) point out that the siress

ry: Lontrary fo the

5 the plani does net

{Veihmeyer and

sppears that plant grovth responds to

g
L
o




greatest yvield iz geperally associsted with the wettest moil,
Stenhill, (1057}, Hilthorpe, (1838},

Marshall (1958} advanced two reoasons supporting
the thesis thet the availsbilitly of water to the plant slters botussn
field capmcity apnd wilting point. They arsie-

{1} As the soil dries and the suction inereases, an
increasing amount of work has to be done in renoving a given amount

of water frowm it. {S6il meisture teossion increases from 0.1 to 15

atmospheres).
{2} The drier the scil the less permeable it is to
water, and sovement towards ithe root haoivs will be more resizictsd.

=

In & field exporiment in which pldts were irri

when & pf of 3.3 and 4.0 was veasched, low and frnits {1939) found

=

that heavier yields on grass-clover pleis were cobiained when the
soil moistore deficit was emsll. This result also tends o refuls the

thoory of "egual availebility of water.”

{3v) Availability of water for transpirsiien, rhotosynthesis and
vopniration, :

%

Upchurch et al. (1233) found mo reduction in the
FEBNRCE

rate of photosyntbesisz of Ladine clover until the planis were

distinctly wilted. There was a slight increase in the resp

6f visnt shoolis as w

]

e

Close (1858) reported that actual transpirstion

until soill dries out to & valpe

nding to approe o Jed. The selesl ftranspiratiion then

decreased linsarly with incressing pF. Observal s on widoey

beans {Phaseoclus wvulgaris . agreszent.

%i:§ g (1956} observations on sorghas and peaputs in Northern

(1958} work on grassland,

sustraliia, and ¥abkbkink and ven
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indiented a decline in ftranspivetion rates ag scoil soistue tonsion

. N s e,
increased.

Lo Yemetotive Cover and Boll Moisture Btatus.

4t the presesnt time there is enly limited information

v on Lhe melsturs

available on the effect that pasture cover can hs

3
W

tatus of the soil.

b

Geiger (19350} quoted Bartels who made compardtive
measurements of evaporation from 2 sod surfece and a assndy surfsce

and found that ihe average yeusrly svaporsiion was grester from the

turf. This refutes the general chesrvation that the waier content

baneath soll covered with vegetaiion iz above that of bave ground.

Goods (1658) found that close and freguent

and from greatey dapths

- s L s
mmer. In spring

fronm the soll under shert passbure during the su

position was reversed whes wssll melsiure wnder shorti pasture wsas

8 in. of moill, but




Biffect of Defeliation on the Aveilebility of

photosynthetic tissue of the ﬁi%&%% and therofore the
photoaynthesis. Consequently freguent defolist

to deplete the carbohydrate reserves of the
fowever, Jantti and Eramer {18356} have su
anly & partizl explanation éf %&a'§%§§£§é pasture production sa 2

result of fregvent defolistion.

diffusion pressure deficit exints from the seil fte the roota. The
magnitode of ithe gredient depends on the soil meisiure tension and

the diffesion pressure deficit in the plant., Janitti aand
Eramer have shown that defolisted rooil systens cannol sbeorbk wailer
held in the seil at tensione sbove 1 - 2 atsos., shersaes intsct

plants can absord water held st fensions of 18 sinos. or nors,

#

{i.0. approx. the permanent wilting point of many soils). They

have staied that a diffusion pressure deficit of 10220 ptoos. develops
in the Isaves of a tresspivivg plent which ensbles the plant to
absord soil water beld st tensions op to 18 atmos. The active
absorption mechanism of the roots alene seldom exceeds a pull of

1 = 2 atwmospheres. Therefore the defolisted plant has such less
water available for its use than bas the undsfolisied cne.

Jantti and Beinonen (1857) have reported field

experisents whick tigationg
by Pohjlakellio and Antila (198 we ghown that the removel of shoots

reduced the drought resistance of red clover and timothy., Jantii and

Heinonen have found that defeliation alone reduced pasture yields,



w B
indevendent of the soell moistures stelus. Howsver, wiith pasiures

311 a8t or nesr permanent wilting point they neted 2

0

%

]

growing in
¥ield reduction dus to the intarsction between defolistion and
moisture level. On nmelist %éii% they found that the reduced yields
were primarily due to defoliation aslons, since the defoliated %2&%%
was able to withdraw water frem the soil. This result confirmed
earlier chservations by Jantii (1853) that fregquent severe defoiiation

gives greater reduction of pasture growth in semi-arid than in

homid regionss



- 3% =
PART iy

Preture oot Grewih - Toot %i%%?i%@%é&@a

The srbitrary division of a grass plant into roets

%

and shoots is permiseiblie provided that either component is not

considered as a separate entity. The work done for this thesis

was primarily concerned with shoot growth, but it was considered
desirable at ¢Be copclivelion of the experiment to evalusie the
trectuent effect, if any, on root growih, more particulsrly on the
roct distribution throughout the 12 in. prefile. The litersture

concerning grass roots has been exiensively reviewed by Troughton {1957).

be Hoot Distrilwmiion.

The concentration of roots within the oy fovw inches

sbon (1851}

of the soil has been reperied by verious workers. Tro

who exsmined a mixed pasture (L. persnne, T. repens, Poc $rivialis,

Phleun pratense, Agrostis spp., Holous lanstus), found that 93.7%

and Daker and Garwood {1858)..

?ﬁ

g

riey (1833) desonstrated the use of this

capecity, to e greaier depth than 2 ft., for clover-rye or clovere

cockelont pasturesy and 2.3 L. for clover pospaluen or clover-

phalaris swerds, as very few roots of the pastures examined

penetrated beyond these depihs = therefore further w
be lost by percoclation.

gdmond (1949) found that soil meisture played an
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important part is root initiatioen.

B, The Effpect of Tafslistion on Boot Bistribution,

The literature pressnts conflicting
the effzct of deiciistion on root distribution in the

Torstenson {(1938) fellowing observations on Festuecs pratensis,

Pos pratensis, and Phleus pratense; and Spracue {(1833)

. protensis and Asrostis albas both repo

gt lower depths usder lsnient or po defellistion. o the ot
Elapp (1943) found that defoliation tended to concenirate

the upper soil layers. This chservation is supported by Baker (185

&

who found that L. perenne plants subjected to his most severe

defoliistion treatment tended to have a pgrest

roost weizht in the surfoce horisgen than 4id undefolisted ol
Subsequently, Beker and Garwood (1959} found ne significant
eptting treatwent on the verticsl distributieon of roots under

ryegrass/white clover pasture. These latier results are in

agreement with the findings of Weaver (1850}

%%E?

any changes ip the percentage root distributien

avers {(0-8 in. and 6212 in.)} assoéiated with graszing

@

bt

the prairie gross pasturss exdsmined.

- mropartion of their

intensity o




CHAPTER IIX

HATERIALS AND  HETHODS,

This sectieon will be presented in thres parias:
Sl
I. The Experiment.
1. & deseriptieon of ths avesn ussd, layeount and

5t
eptablishwent of plots, and the application
of tresizenis.

111, 4 geseriviion of the methoeds spling and

gxperimeniel ftechnioves used.



PALRT 1

Ae The Bmveriment,

The obiset of this experiment was to atudy the

Mu

influence of tes grasisg ifrestsents on ¥ileld, L.deley and $iller
numbers of a newly sown perennial ryegrassf/white clover sward., The

E

treateents shosen invelved defolisting the posture 8t 3 in. and

& in. heighis respsctively,. losving & stubble beight of 1 in.

s

Suhsequently in this text the twe troaisentis will be referred to
as the 39 treastsment and the €% fressiment.

I terme of the sigeoid sssture prosth curve

s g

ebfained by Brougham {1355) it was considered that under the &%

treainent the posture would guperience & lons rigd of phaas 2

growth than would the 3% freatment. It could not ¥
sither treatsent would expovience grovih under phass

Translated into farming vracilice thess tresisesnis seuld
approximate to 2 comparison of two freguencies of rotational grasing
gsing pasture helight, in conlirast to as srbitrary ftime interval bhetweon
grazings, as the determinent of grazing tiss. In this szperisment the
fraguency of defolistion was altered, but the intensity of defeliation

remained unchonged excapt in z¢ far as the

encouraged & mnore prostrate pgrowvih form and therefore after
defsliation o grealter ares of pholosynthetic tissue vewmained than
when defeliation was less frsgueni.

The experiment mey be divided into thwes pericds:

ent (May-iug.).

2. Intermediate (Sept.-Dec.} Trestments applied using
sheep to defolinle the pastures.

3¢ Fipal (Jan.-Mareh).
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ratoscyibe to defeliate the pastuve. Hore deitpiled
gnnlveis of pasture prowth wae sade during this peried.

Beasons for the change fros grezing te cutiing the postures pre
disrussed below.
Three variables of ftop grovih were messured:
te Tield = in terme of dry maiter.
2+ Lsnf area.

2e Tiller numbers.

Baily sessurssente of soil soisture at feur depths

sre recorded during the final periad.

E e

the root waiy
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PAan®T Iz

Bzperisenial area, Lavout and EBsiablisl
of Plota, and Application of Treai=
mentse

Le The Tmmevrimeantal fres.

The experiment was laid down on pari of the

Crop Desonsiretics Ares, Massey Agrisuliural Cell This sarticuler

area had previously been in pasture in 1935-56, It hag

“
fby
b

for Chou Meellier spacing and weed conirel frials

The soil type is sisiler to L1hat deseribad

ok
ﬁ"”’”“%

r the S6il Burean bulledin He. 8 (1884} as an Ghebes loms. It

‘orped on &n %%i%gﬁﬁﬂ?ﬁié tarrooe cevrved by {he Tirites Birsssm

W&
L
foty

N

wer a0il of shich iz a2

asut of an old Terrace - il
{Tokomaru silt loam). The scil profile on the intermediate terrace

comprises a fairly heavy silt loam (0.8 in.}

mottied rusty broen silty clay losm %o clay loasm subse

irvonstons nodules present, snd sxtending to s

grey and rusty brewn claying gravel

Thig iz wnderisin by

3 é%?%i&ﬁ {%2 %sw»g w»aw}&

The plots are bounded

o

T
o

v an open dvein. pors
togand approximately nine fest from the norihern
srxperisental ares. The Crop © |

in 1848 at intervals of

drain az the outleis

tmeven grovih of the vrevisus eran

af the swxpevizentsl aves, csuld ve

pastures for a distasce of 40 fi. from the base of the free.



e Burerizmental lavent,

4 simple randomised bleck layout was used
in this exyperiment. The syperimentsl design had o consider any

5,

effect on growith which » g%% be intreduced throuvgh the proxmimity of
the gpen drain or the row of treess, oz well as possible fertility
gradients indroduced as & result of the previous crops.

Initially it wos plamned to apply tresiments

per medius of the gresing sninmel., Therefore ihe plots were nads

large encugh to allow several shwep to grasze freely over the plot

s

area. 7 acre: was chosen as a suitable plot size. The limited area
svailablie for the syperisend placed an spper 1init on the number of

ropiications sossible,

Figures available at Crasslands Division,

z

Paimeraton Forth, g&gg%%% that the best estimate of coefficient of

2

would be 10=180. Therefore with 2 cosfficient of varistion of

of 20-26% would be significant. {(Glenday 1938}, If the number of

vired to obtain significance. Broughan's (1954) ek

Lhe

would be s

x«fﬁ

on the inflvence of grazing belpght over the establis
pastere vield, indicates that four replications would prebably
produce differences of the reguired significancs.

Hence considering the need for replications
depanded by the sististiesnl snslysis of the resslis, ithe expecisd
order of ifresiment differences, and the srse of lend asvaileble, four

replicates were chosen for this sxverisment

four replications, an experimentally found difference
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The experimental blocke (I ,I¥,Y11,IV) each comprising a
3 ine and 8 § fm. treateent wers plated perallel to the dxills
of the previeus crops. {see fig. 2}« The plot treatzents are
shown in figure 2.

Bligore 3b shows the experisentisl srea in Herch, 1858,
when all pists were approximately al their respective treatment
cuitting beighis. The position of ithe switchboards uvsed in the

z2ail molsture sossurements g shown on the boundery fences.
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Lo Establishment of the Zwerd,.

The field wos volary-hoed after the romoval of
provisus crop regidues in Hareh, 1838, Hormal cultivation Tfollowed
with the meparation of a firm seed-bed. The area was sown with a
reller-drill on Appril 1%Lk, 19058, a2l 2 soviog rate of 30 1b, ssed
per acre, (mieasure contained 30 1b. KeZ. Cort., another perennial
ryegrass and 3 1b. HeZ. Cert. mother white clover) with g fertiliser
application of 3 ewil. supershospheie per scre. Thisz sesding rate is
widely uasd in the Henswelu disirict,

The use of the reller drill isn pasture ssteblisbuent
work, is reported by Bears et al. (1953}, with particular reference
to the pusice countrys. The implesent (see figs Saé was designed to

sow sead at a depth of about 2 in. in compacted drills 3 in apart,

most of the fertiliser clcese to the seed., Seed distribution depends

on the rolease of peed frap the zeod-boz mounited o

rolier, on to a scatier board vwhich

The sesd faig& mainiy to the boties

covered with soil by light %&@%2&@%

tely v

‘had been distribeied into the rows lusedis
the seed-box, and only small quantities hod been directed into the

rows by the geatier boeard. This wes atiribulsd o the

e
el
P
B
ot
i
Lol
]
g

2 5

ipcorrect positionis board on the pachine vsed. It

was decided itherefere, to vesow the plois.

On Yoy Znd, the plets were rotery-hosd to a 4o
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FIGURE 3a.

the plots using the roller-drill.
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FIGURE 3b.
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gf 2 ine and ithen harresed fo produce o fire ssesd-bed. The pasture

wae resoen with & proves reller-drill on ¥ay 3rd and 4¢h vaing the

%

pame peed miziture and gowing rele as previously but with a further
- 2 ewi. per acre. The second sowing

was successful in giving an even seedling distribution as jndged by

To belp sstabli the pasbtare was grassed
by wethers while ifhe ground was reasonably dry on July 8rd, Zor
boyrs. The arsz eaz fonced inte plots durisng

%

for the firsi mels grasing on 2nd Sopi.
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D, Apnliieption af Trentmenis,

The kabit of plant growth produced under cutting

differs from thet of 2 grased sward. As the treatmeniswere chosen
to simulate grazing donditions, the oxperiment was commenced using

the grazing anisel as the defalisting agent.

Two-tooth Romney weithers were used te grase the

plots. OGrasing vas bosed on & twenty~I: howr cyele apd the

shesp weres grasged on a pasture of similar growih and botanieanl

P

ossibley befors placdng on the plota. This eyele
wae adepted in an atiempt to minimise the transfer of dung and urine
batwoen the expevimental ares and the oulside prazing aress due to
variations in the sheep¥s diurnal rhythes of dunp and urine exeretion.
Sheen mmwbers pey plsot were adjusted sccerding te the sstimalted
growth on the plots,; and normally the plots were grazed w=ithin

48 hours. £ Iight trismding out with the mewer slichtly shove the
gverage prazing belipghi, fseedislely folloving grazing, helped ts

maintain the sward vaiformity. The qguaatity of clipp

and therefors were lafl on ithe prsbturs fo decompoess.
did not interfere with sobseguent saupliing.
Plots were graszed when soil conditions were reasonably

af the

urine patebes had resulied iv considepsble loss of nnifersity. It
was therefore decided Lo sut the plots using & Hayvier-roloscyibe and

remove the clippin This metheod of defolistion was adopted in

T

bility of the grass,

[
ol
[
&

danvary. Hust izcidence, which reduced the nslats

&

alse made graging 4ifficult,
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Panrw Iiz

Bapnlins ¥Metheoeds and Uxverisental
Technioues. 1

fbe Bothod of samplins each plote

The plois wers aow
x S0 ft, grid design based on iwe foot squares. The

of sach plol remained unsusmpled as the excessive itres

i 4

stech return of dumg and urine produced differont pasis
this styrip fros that on the remainder of the plet.
The tiller plug samples were taken at the
interssetione of the grid, whersas the leaf ares, vield and root
weight sssplesn were itabken from within randomly sited sausres. The

=

methed eliminated the possibiliity of obinining

count due to selecting plug samples from sites |

> & typiesal tiller

L

yvield or leaf areay and conseguently not s
population. Two methods of marking sampling areas to aveid double-
sanpling were used:

i. position of each sample was worked with & pég.

Ze 8 rosoord was teken of sseh ssapiing slite in
relzstion to the closest plug ssuple.
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to aveid inclusiocn of 4irt in the

m

te vt sufficiently

CE

The paterizl was placed in g plastic bag and

laboratory where the green weight was obia

tripie beam balance, {weighed to 0.1 gma.)
in a Mlee Electric oven for 24 hours at 105%°C. and then removed
to a deaicecator. Subsesusnily, dry welighis of the samples wers
sbiainsd and ithe dry pelier percenitapes caloulsted. The advantsages

ey weighi of herbage in preference to weil weight 28 &

apure of pasture yield have been diseussed by Greenhill (183%).



£o Iesft Aren Voammrernenis.

Bifferent methods of messuring the ares of plant

leaves have been employed by various workers. Black (1838) in messuring

the leaf ares of subterranean clover leaves usaed the relationship

2

between the midrib-length of the leaf and its area. Langer (19356)

wasd & method of determining the aves of graes leaves hased on

w

=

ents of the 1

fwidusl

In investigpstions wiith

leaves he meassured the Jenpth of the leasf and the bresdth

The sethsd wsed for lead aves sossuvesenisis

material was plased in plestic bage and brought inte the laboratery
and separsted inio ryegrass and clover, and then into leaf and stém.

Only the laminse were classed as lsaf. Petiecles and leaf sheath

Twsnty-Tive ryesgrass lesves were taken at randos

from oz

of sach lsaf. The widih at the wmiddle of the section wos delsrningd

remainder of the ryegrase leal obtal #t was also
sven dried and weighed, and the ares of ryegrasse leal ver souare

rer lent was
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thup avolding blas dus o wpevern sueplling of the fields

The plups wers placed in bozes and resoved te the
iaboratory for anslysis. It was found iﬁ 2t plugs could be stored

ut aporeciahie

¢ of

several deys after collection in 2 cool s

e were anslysed

Cownle were wade of the prase and clover tillers

species presents The invasion of the pes 1L ryegrass/

i

white clever gward by otbhsr grose speciss wes peplivible and
therefore no divisien of the gress tillers into species was

wndertiskeon.
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{e} Field installation of the gvnsys bhleocke:

The resistonce blocks sere Ioonted 28 the

o
W
%
v
£t
&‘g‘
i
&
St
&?’:
@%f%
&
8
’%é;
g
%8
%
o
fiste
i}
@
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&
Eiiﬁ
o
e
W

at Grossiands, wos szclvded,

=

stock graze the plo

sach plots. It was therefors pomaibls Lo wniform swsy
above the bigehs zad o aveid L & 1 crawth sasples from the

wren, FPoor

igs=3bh; at

e

The groun of

¥

diagonally towards the centre of each plot.

bhorizoen segupied

ausur bole.




S
e

The wires fresm each block sere relayed boneath the surfece.

S = 2

to an underground Junction box vhere theoy were Joined to wirse fros

placed in » woodsn

The bleocks were installed on Oct. 9th,
installation the sxzisting swerd ip the immedisis vicinity of the

he swerd scovering the blochs

[
it
iy
b
B
e
j
L
[
L
£
%
g
]
[
W
et
e
O
o
e
Yo
o
e
i

was nol representative of U2 s A p ~ w piot. In arder to

take moaasurenm

of the plot. This waz not achioved until Decembor.

fomben

been exeluded from the resnlis. Investigstions nt the sencingion of th

ik
@

gork indissied thet 4w onder

2.

the switebhboenrd had beon insdverltenily ant.



FIGURE 4.

Switchboard, D.P,I. Resistance Meter, and Record Sheet.
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Fo Estimetes of RHumber of ZBsmpies Hequireda.
In order toc cbtain an esti £ yield
and leaf ares somples per plot, reguired te give

nict

ez gopsisted of an 18 i, smouare for yisld

s and 2 12 in. sousre for leaf sres. The cosfficients of

)//»a» e 2
s 25

varistion were caloulsted in

i;%%% é@
W,

Bo. x~wé%§f
§3§$

@5 %ﬁ?@@ ion

2%

11,

meagure

ais;

the swibey of

Thepefore too sawples per plot were taly

e soltimnte of the o

necess:ry 4o give a detectable freat

made on the Tirsi and gecond sampling dates. On these dates 80
plugs per plot were collected and analysed and the coefficients of

P
garistien

eptinntiaons woy

Cur
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Hitcholl and Glenday (1938B) tested the accursey with which the nmshe

of giﬁgg necensary . conld be detersined fron the ceefficient of
‘pariation calculatod on the assumption that the daia was normally
distributed. They found that this sssumption did not lead fo large
srrorn. Thervefors subsegacnt caloulstions are based on this
spteption,

Table 4, ‘

Expected detectable differences at the 5% level using
varions pumbers of pluze per {resinenis

Coaffiviont af

Yoristion 4.0

G0 {28, 838} Guly L 1342 % 8.8 % 22.0 %

7 {(1D.11.58} T 7% 15,4 % 28.6 ¢ 31.5 %
Table 4 shows $the difisrence which could he detocted

uwaing varicus numbers of pluss. The aprreg. coefificients of g@fﬁ%%ﬁ&%

at both the Aug. and Hov. ssmpliors ave given, The

esefficients are bosed on ryegrass tiller cowmnits as thepe were v

ver tillers prosent at the Lirst sempling date. 100 plugs

per tresimont were sufficient {o detect a differeonce of 18.8 «19.6

which was significant at the B level. Therefore 100 pluse were taken

per trosiment at subseguent ssmpling dates and forther plugs vevre
loeted when 1% seemed Flbaly thaet s fvecivent effeet could be

éﬁ%ﬁ?%g%g% £ more fnforsebion won collectads



By Foot Topsuronenis,

Becent astuvdies by Troughlion, Bebor and sthers, confirs

7 L

four inches of

that zest of the rout tissue of pas

=

soile Troughton (1851) sampled Ireckfield at Aberystwith and found

i

of root tissue, by weight, cccurred in the top 12 ins. of

hat

@

the soil. Therefore only the upper 12 in. of the seil profile wes

ssmpled in thiz work. The method employed ianvelved the use of the

2 _ .
20.15 en” )} designed by Robinson {1933},

being teken por plot. The twe 6 in. .

corgs from each site sore toben inte the laboratory where the upper

Dol ine, 3-8 in, and =12 in

The method of sens i, used in

. were assked

water apd following ihis with agitetion of the sisve in the waler, ibs

ad without the lose of

and o ceviain smount

and pvern dried for 24 houwrs at 108

ol P oy e S S N P Ty |
G After drying ithey wers placed
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CEHAPTEER v

%&%%}?:%t

The results of this experiment will be presented in seven

ssetisnss

T
Eie

Iii.

Ve

Viii.

An analysis of herbare production besed on dry malier yislds.

An exaninstion of the leaf srss seopurensnils recorded.

The rolationshis belwsen berboge yield and les? arss.

An analysis of the effecis of treatment and seaseon on the size
and type of grass and clover tiller populsticns.

in monlysis of the seil pF vessursmenis made under eanch sward
over the pericd 6th Jan.-24th Harche.

& desmeription of the distribution of roots within the 12 in.
soil profile.

Estimatien of seil moisture deficit from climatological records.
The folloving receordings and observations are slse prosented:
Yeokly weather dats prepared from records of the Grassiands

= &

Bivision moteprelogical station.

)

Comments on pasture posts and disesses, notebly Orown rust

on perennisi ryegress, and the Lucerpe flez on vhidts clover.

{For abbrevistions used in text, see appendix 1.}
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L

FPART I

Horbape Production Us

saed on Dy Hotter Tialda,.

fe o Mmbter Vielda,

The yield daip

tabie 5, togother with the resulis of

experimental peried.

variasnce, is glven in &y

the herbage produced by the pasture

the herbape con

grazing by steck,
pubiraciing

helfos

immedintely

of the szporisentsl peried

the net of culting and remwwi
The production figures have been caleulated
the yisld resgprded

the folloving mras

is preaented in sumserised form in

7’%‘"

=

the ansliyees of variance for soch

FParther detail, ilopether with the snalyses of
S and 5. The recerded yield meassures
between defoliations, as or ed te

AT

g clivpings, ov

by
measured

afteyr w Trom that

ad

The ressons for subdivision

nve besn presontsd in an csriisr spotisn.

‘

Table 5. Dry Matter ¥Yields, (1b, per acre.)
%&%@%Eé%%@aﬁ% Intorswdinte Final Tetal
1% wosks 17 weehs 48 weaks
3 in. 1337 5420 1952
& in, 1341 grez 2760
Besults of Analysis| HsSe HeBo g
Ff variance o
e ite

SBinee the tre

exteblishoent period was

poeriod weres excluded from an

.
signif

rooorded over the ressinder of the auxp

{Appendix 3.1.)

3 the

comploted, the yisld data for this pre-treaiment
snalynis of veriasnce on tetal yieids. o

ieant trestoment effect conld be detects

ed on the total visid

erimental pericd.
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{i} Establishment period. This peried embraces the time from sowing

on Srd ¥ay until the pasture was first grazed at & height of 3~4 in.
an 2@% fopt. Honsured yields from each {rssisent group of plots in
Sept. wers similar. {Appendix 3.2.) UNo account has been taken of the
herbage removed during the 1ight grazing given the srea inm July. This
procedure would only slightly under-estimate the tetal dry-satier
production of the plots.

{ii) Intermediate perisd, E%@§£§%§a§g} The treaiments were applied

et the comee

neement of this peried following the initial graszing of the
swards at & helight of 3-4 ins. Dmring this peried there wvers eizght
grazings of the 3 in. treatment plots and four of the € in. treatment.
&n apalysis of veriance of the yield date collecied showed that there
was no significant treatment effect. {(Appendix 3.3.) It is estimated
from the figures in fable 5 that the averege weskly productiion szceedsd
200 1bs Belle per acros

§{iii) Fipal perisd. {Jan.-March.) The same defoliating heights were

employed over this period as previcusly, but the plots were cut with a
rotoscythe and the elippings removed, instend of being grazed by sheep.
It was conslidered that the romovel of herbage from the plots, without
the addition of fertilissrs to replace the loss of nulrients would,
over a zhort periods bews only & lisited effect on subssousnt ?ﬁ%iﬁ%@
growih. This view was sitrengthesed by the fazi ihet there were oo
vigual syepioms of nitrogen deficiepcy cshassrved., The 3 in. trsaiment

was out three times and the € in. treaiment twice Jurisg this peried,

ir amaslysis of veriavce of the yisld date shoved 5 significent

difference (p = 0.01) between treatments in faveour of the 6 in. cutting

i

eight. {Appendix 3.3.) Average weoekly production as ealeulated from
the figures in table B was 185 1b. D.H. por acre under the 2 in.

treatment and 276 1lb. D.Me. per scre undey the € in. treatment.
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Hensuressnte were faken at P-day ifntervais ufler sach

cutting, to detersive the weekly dry maltter ingroment within savh
production peried, and the relationship betwsen dry matier yield

and the tise sinee eut %3%x§ The provib curves obhisined for esch

*

production peried are shown in e 5% For convenience of reference

i

he curves of the 3 in. troatment will be referved te as I, I% an

ment as Is. and Iis. The standovd

Iii, end those of the § in., tres
error for each weekly mean has been plotted on the curves.
Significent dry matter inereasses between sespling dates may be
determined by using the follewing simplified "™ test:
éﬁs% > 8 Belle
The trend towards a linear relations

1 dvy mattey

- under both fYreatsents is $llustrated in flge. 5s The use
of the simple "¢" teal procedure outlined above, on the dais shiained,
sugzested that there wonld be no consistent departure from this

Iinear relationship at any point on a hypothetical curve embracing all

particnlar tresisment. Therelove siatisticel

meagurements under one
tests of the depaviove of this relationship fros linsarity were nst

applied. Four isclated weekly pericds were noted on individual

curves when ne sigoificent incresse in growih was recoerdad.
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2. Urowth Dates,

Changes in dry weight betwscen adjscent grazin

%

c¢utiings, and posaible differences between freantmenis in the rate

W

s

of these changes, csn be déseribed in fterms of growth rates.
Estimates of the R.G.H. under ecach treatment hove beon made for
each betwsenw-grazing {(eutting) period and are shown in tahle 8.

BallnBe values were saleulisted the foronis

isz e %2 = fore

where %i

t, = %

i o
and %@ and are dry weipghis recorded st times @%

data from which the values wers caleulated are giv:

& assume that the rate of

1% should bhe noled that the estimstes

pasture growth fellows the Exponentiall{or Logarithmic) law, i.e. that

the ralts of z th is proportional to the weight at any given instont.

3}y altho it appears

il
flutbe

‘his agrees with the findinge of Brougham {18
te sontradict the resulis of this szperisment wh ted a2 lineer

&

between yield and time {days after defoliation). However,

relationsh

Therefore the slistion did folliow
the Bmponentisl law, would sppeer to be wvailid.

Inspeciion of the B.0.%. values in fable & shows

ter under the 3 in. treatment (0.13 ~ Q.43
1b./lb./week) than under the 6 in. treatment (0.19 = 0.37 1b./1b./week).
It is not possible froem the data available to determine any seasonal
trends in growih rates beilscen grezipgs. The estissles zhow that the
grovth rote seldom é?sgﬁe% below 20% inerease per unit of dry matter

s rate wse slpost doubled.

per week, and on several occasions Ui
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Estimates of Helative Growth Bates. {1b./1b./week.)

%g%%iiﬁg period Troeciuents Spelliing Peried
3 dne & ine
‘Znd. Bept. - 16th Sept. 0.21 2nd Septe = 4 th Oct.
16th Sept. =~ 4th Cet.
4th Oct., = 17th Oct. 0.43 0.33 4th Oet, = 24th Oct.
17th Oct. = 24th Oct. 0ul3
24tk Oct. = 7th Nov. 0.16 0.19 24th Oct. - 24th Nov.
TEh Hove = Z4th Hov. .33
24th Nov. = 25th Dec. 032 0.21 24th Fov. - 7th Jan.
288k Beoe. - {3tk Jan. .24
13th Jan. = 3rd Feb. O.14 0.24 7th Jan. = 12th Feb.
3rd Feb. = 24th Feb. 0.27
24th Feb. = 26th Mar. 0.27 0.37 12th Feb. - 10th Mar.

Teble € shows thet ths averspge of the gstinates of Hal.H.
sbhitained during the intermedisie pericod was greater under the & in.
treatuent than snder the 8 in. treaiment, iz similar yvields were
recorded pidier both irenitmenits, it is sugrested thet the hisher H.0.H.
estimates of the 3 in. trzatment were offset by the lonper peried of
gﬁéﬁ%@??ﬁ?%&% growth chitained %ﬁﬁ%?4%%% & in., tresiment. However,
during the final pericd the order of H.G.%. valuss was veversad and it
is probable that the combination of a higher growth rate and longer
pveriod of mminiterrupied growih accounted for the significant yield isnersas

under the 6 in. treastoent.
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Cs Dry Hatter Percentagss,

bry metier poresuptage sstimeiss vere sade on the
herbage sasples cut for yield determinstions. The date obiained ave

sampling dates have been excluded from the

oresented in fig. &@ Tws
results because of surface molisture on the leaves at the time eof
&,%séi?} s

Fige. 6 illustrates that herbapge saemples cut prier te

graging contained a higher soisture coplent than those taken of ths

%

stubble remaining after graszing. This ¢

be ativibulsd to the higher
§§%§§?%ﬁ@%’%§ stem and peticles in the latter samples. The dry metier
pereentaze of the sten snd peticlies is hisher then thel of Lhe leavesn,

Beth treaivents showed an oversll deciine in the

dry matier perceniape of the pre-prazing s gé@% during the cowvrse of
the expsriment. This can be best be explsined by the inersase in the

elover component of the sward, since HSears (19353) found that the dry
matter percestage of a grass-clovey agsocistion woe below that of
cloveriess plois.

The intermedisnte dry-nmaiter detorsinsiions made %%>
7-day intervals i@iéaﬁiﬁg cutting are shown in fig. & These

deterpinations ilinstrate ithe decline in dry matier vercenisnge which

seours as lesf developsment of the gward proceeds,
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PaART iz

Ine? lres Vesguresenlise.

by Lsheis Voluse Uhtalnod.

Initial L.2.%. mossuremsnis were made on
2nd Sept. when the pasture height of 21l plots was Jed inss 4 LobeXe

of 2.58 was recorded with a grassf/clover leaf ares ratioc of BS:12,

The plots were grazed to a height of 1 in. immediately after sempling.
The plots were sampled a pecond time (4€h Gets)
at the respective {reaiment grazing heights. This was after 32 days?
regrowth during which €ime the 3§ in. t{reatment had been grazed once.
LeAels values of 2.02 1 0.079 and 3.85 F 0,303 were recorded under the

3 in. and € in. treatpents respectively. The differcnce beiveen

treatments is significant at the 5% level. iég §§};é%§%§¥§g
& . PR e

average grass/clover ratic wes Bi3i6, indieating §§§§<@f%%%§%%fw

pling.

increase in percentege cliover leaf, fellowing the Sepi. £

ponenis

spt woans of the grass and clover oo

Differences beiween treains
of the total L.A.I. woere significant sccording to ithe sgimplified

2% test, {see Table 7). The leaf ares ¢f each component under the

€ im. trestment eas approximately double that of the & in. trostoent,
fsal ares moasurements were not ftaken over ths
next 12 weeks. During this time the pasture was subjected toc the twe
grazing treatmenits.
%@?iﬁg the final 10 weeks, intermediste weekly
L.bo.le moasurements were teoken as well as pre- and post-cutiing

patimates. The dats oblained are tebulaied in dppendices G.1 and 6.2,



B, Beocression ng Lobele on Time,

During the finsl I0 weeks the

% in. treaitment plots completed three growing perieds {(grosing
period = interval between one graszing snd the next) each of three
woshs® duration. The third eyele, however, was vontinesd for a

fourth wenk. The lsa? aves growih curves ebiainsd wnder the 5 ine

treatment are showvn in fig. 7 apd the 8 in. ircatment curves in fig. 8

24

Bignificant linear regressions of
Lebhels on time {days after cutting) were obiained for both sets of

data. The regression coefficients obtained were 0,158 + 0.0123
and 0.142 3 ©.0105 for ihe J in. and 6 in. treatments respectively.

Thege vzlues are interpreted as meaning an averaps weekly increass of

1e1f Leiele units under the 3 ine cutting and 1.00 L.4,1. units
under the 6 in. cutting.{Appendices 7.1 and 7.2}.
Inspection of the individual leaf area

P

curves under the 6 in, treatment {(fig.7 ) indicates that there were

ges in L.bele over ithe 4%h aznd 5ih wesk of curve
Ig, and 35ibh week of curve Ila. Alitbhough the dala wers not sipnificuntly

rests thaet the moazivon rate of foinl leaf

ares ineresse may have been reached sbout LeAeIs 3.7

Lisfale 480 in curve 1in. 2l been reached there was

s oF clover ¢

o significant change in the Ledeis of either
with the szeepiicn of an increase in the L.dl. of the grass component

in the finmal woal of curve Ila.
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Co Snotisl Deneity of the Zugrd,

The spatial density of a swerd refers to

the guaniity of plant matlerizl withip a giver helight covering a

definite ares. In this case the leal ares of the plant is the

guantity considered, and spatial density csn be weasured by the
fofofe within 2 givern helphi.

Table 7 shows 1he soxisuy Leh.Jl. wvalues
at the respeciive tresiment cutiting belghts on 4th Uet., and at the
coppletion of sach of the five groving pericds yecorded durisng the finsl
ton weeks. To snable belesen treatment obesresiions to be made, the
figures recorded afier three weeks'growth, {(pasture was then

approximately 3 in. tall) under the € in, treatment are alss givens.

The leaf srea indices of the grass and clover components have been tabled,

YBowimunm L.i.1: values atisined under sach tresinment.

Trestement . 4th Get. I Srd Teb. Iy 24%n ?§ § I3z %§§§%
{rass 1.71 + 0.088 197 + G154 1.56 + 0.148 1.88 3+ 0.082
inte Cloveyr %s%é 2; G048 1.85 ‘s‘r G101 104 z G200 1.7 i; 8,004
%‘%%iﬁi Zig:};% iz {};{}’?é ZL.50 ;"; G.182 g}gég} at 0,18 %u%a% i: @&%Mﬁ
.29t Jdan. Tis. B4 oy
in. Grass 1.79 + 0.039 1,16 # 0ol
after & . - o e y .
rooke? Clover i.88 i; DS Z.08 £ Ga 17
Fotal 275 i; G000 322 ; L8 £
(me 1288 Fu = i :
4th Gcts In.12%h Peb | iy %g%g%
6 in.  Grass 3,30 4 0,318 | 2.04 + 0.314 2424 + 0.2
2 é; fﬂ § £ o S 4
Aer,?  Clover | 0.65 1 0,071 | 2.46 1 0.147 2.93 + 0.12
srowth Total 395 + £.50 + 0.280 | B.16 + 0.21

valves recorded en Gol. 4th and Hereh 17th, under the 3 in. trestoeni,

showed that the March value was significently (p = 6.63) greater than
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%

the Getober value. (see Appendix 8,1}, Thiz can be attributed to a

significant increase in clever lsal over this perisd. vhercas the

8

area of grass leaf recorded was virtuslly the same st each sanpling..

in spniveis of verisoce of Lebele valuss rogorded
ander the 6 in. treatment on 4th Oct. and 18%h MHarch, failed {o detect
any significant change between these dates. {Appendix 8.2). Analyses

rass and clover components showed & significant helwesn-date

difference in clover leaf area (p = 0.01) but no difference was

detected in the area of grass leaf. {(Appendices 8.3 and B.4}. The

Ao Increzss in the sward spatisl density was

stected vnder the 3 ine culiting treasitment beliusen 4th Got. and 1ITHh

[
L

Barch, On the other hand., 2 gimiler inerease eould noet be deiscied
t 4

teken gt o height of 2 in. ore plven ip Table 9. It i= not pessibls fto

but shservetion

make g statisticel comparissn betwsen
suggests that at this stage the tetasl and component leaf area indices

af the Ltws swavds weve sinilov.
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s ﬁra@gyﬁ}@%%% Habioe

The grass/clover leaf ares ratios have been
caleulated and tabulated in Appendix 6. Dominance of either grass or
clover species was detersined by the species percesntage conlribution
to the total leaf ares of the sward. Sept. and October leaf area sasmples
showed a marked grass dominance. Ubservstions showed that this was
mainteined into Hovesber when clever growih inecressed.

In most instances, over the final periocd, a

gragafelover reitioc renging beltwveen 45385 and 55:45 was schieved within

R

7 days of defoliation. From January te Harch there were only two
periods when either species showed s marked dominance in the sward, viz.t-

ie puring eycle Iia, the clover beceme dominant and a 35:68 ratio was

achisved. 4 return to a balanced ratic was evident after 13tk
Ze Buring cyele 11X, grass dominance devsloped after 17¢h March, when

plots wers alloved Lo grew beyond the I in. cultiing heighie.

The leaf/stem ratioc for the totul swerd and clover

ling date. The raties

were estimsted from the leaf sves dalis.
than ates growth in the total sward. Figs.7: and 8 fndicete that thers

are enly small veriations in the clover leaf/sies ratie whereas the grass

ot

ratio varied frem 0.5:1 following defolistion to 11.0:31 prior to

graging under the § in. %?%&%&@ﬁ% and G.5:1 to G6.0:1 under the 3 in.




PART IiI

Folationahis Beteoen Herbere Yialds and lsef fves Indew.

The regressiocn lines for herbage yield on leaf area

@

are shown in Fig. 9 for ths tws treatments. The dats ussed are those
obtained over the months of January, Fobruoary, and Harch, The
regression analyses are shown in Appendices 9.1 and 9.2. The regression
Lines have besn fitted to ithe dats for cach itreatmeni sepsrately, but

%

seither lines are sigpificentily curvilineayr

4

ror of dilfering slsoes.

their sitandard errovs

The repvession ceefficients an
wore 184 + 34 for the 3 ipn. treatwment and 199 7 49 for the & in.
treatmont, i.e. an increase in L 84s £t of leaf aree was accompanied

by an increase in herbage yield of 184 1b. De¥es per acre under the

£ ine %géﬁﬁﬁéﬁi and 189 1be Bels por acre under the € in. itrsaioeni.
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Filler Poeoulations.

Be Intreduetion,

Lrpoivent gunyie vere Dude

Fifth entinnte

sl trestmand,

dantes are presented in Table B. The

w4
o
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@
&

snaiysin and gpeneral

gmeinstion of Treatuent Eifest on Tiller Pepulsntion,

tillers per sguers foof was recovrded st this sampling.

the sunrd Lo the oxiest €hat enly 123-~13 clowver

ants were found per sguare foot of pasture. At this stage tillering

9

Tover nede s Ln ailsed

& ssall plent.



- 0 -

TABLE 8.
Besults of "% testis on tiller nusbers within seupling
daten, and percentage of plugs centaiving varisus spociss.

—

&

, . -
Epecies %%%% 25 é%i» 19 Xov 6 Jan 31 Mar. 2 June.

Treatneant

Bo, G Bas ;é’i Hee 1 Hoe %1 Ho %?

&

by
¢

4

212 97, 183 92| 108 6% | 133 91
168 96| 140 86| 71 86 | 93 76
'+ 50 t 64 32 51

o

P . 0.12|  0.16 0.03 0u10

o
B
L
W
{ha
4

@

et
i

3 ine 12 58 72 e2] 61 1] 84 99 60 89
6 in. 13 67| 5t 80| 48 .93 78 9o 79 98
Clover §% o5 28 ig 28

p 0.08| 0.19

- 3 in. 6 38| 1 7 1t 1y o o 1 1t
Feeds 6 in. 5 35| 1 6 o ol 1 & 1 2

3 in. 258 284 244 182 202

8 ims 258 220 a8 150 1¥2

Tetal é%,%% &4 s | 52 =5
2 B.05 G2 .08 %;iﬁ@

The sxpevinenisl ftreaipenis wers staried in
midwfept. ss that pricr to the Novenmber ssmpling the 3 in. tveatsent
pioits had been grosed six times, conpered with three gresinzse of the

in. plots. Totsl tillsr pumbers st ithe Hovember ssmpling dals wers

gignificantly greater (5% level) on the more frequently graszed plois.

énslyeis of the grase and clover components revesled thet differences

sotment pesns vers and 8% lovels,

tively. This sugresis thet the sversell treaitment 2lfsel on

2

tiller numbers could not be atiributed to one species rather than the

The Japuery counis followed twe furibeyr grazings
of the 3 in. plots and one grazing of the 6 in. plots. In this case the

differonce in totsl €illey munbers beivwesn trostments was gisnificant

4 greater density of tillers sccurred under the
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2 in. grazing. The probability values obizipned from the analysis

ranent species {see Table

%

It was the f&?g concluded, that %?%%%%ﬁ@% effects on
pumbers could not be &%%?i%ﬁé%é solely to sither aspecies.

The Harch sampling was preceded by three cuttings
of the 3 in. plots and twe cutiings of the 6 in. plots. The difference

between treatment wmeans of total tiller numbers was significont at the

The presence gf this difference is lapsely dus Lo the

gifect of the trestment on the press tiller popuistisns, as the

differonce betiweeon gross tiller means was sigsilicant at the level,

tment efifect s the numbor of

{Table 8}, There was no sign

Visusl shservaltion of the plets 86-8 wvesks after

that the gress tiller population

the experiment concluded,
of the 3 in. plots vos prester then thet of the € in. plote. 4 $ilier

de on Juns Dth to test this chaervetion.

count

z P 5% : s 2
in Pable B. SBince

resuits from thies count ave si

difference beltwesn grase tiller nusbsrs was dotscted

but no significant difference in clover node numbers was found, the
larger tiller population of the 3 in. plots was attributed mainly to the

= o E

hotesen treatment difference in sizme of 1he grasse tiller populaiions.

o

Thin confiresed the visusl shesesrvations.

e Sessgonsl Trends of Tiller Populatione.

Besnlits of the paired "% tesis deternining the

oy

significance levels of the differences between adjacent saupling dates,

under the two treatments are given in Tables 3 and 4. The scasonsl

trends of the tetal €iller populations and of its srass snd cloveyr

component populstions, are illustraied in ?zgﬁie»
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TABLE S

Results of "£% {estis on differences in %tiller pepulastions
batwesn szupling dates.

i |
Species 25%h Aug=-10 Bovel® Nov-6 Jan. B Jdan -~ 31 Maw. 31 Har-29 &
Z ine & in. & in. § in. 3 ins € imd 3 im.e 8 L
sctual |- 35 - 73 20 =20 ~74 -89 4 24 + 23
rass diff,
Reguired |t 78 I 45 > 66 +48 | +48 r 32 |+ 38 & 47
diff,
P KB, G.01 BeSs 0,12 | $.01 0,062 |0.18 H.5.
Actoal + 68 + 38 = 11 w 3 + 23 + 31 = 18 L
lover diff.
Required |+ 23 + 8 £ 26 417 + 22 20 |+ 24 28
giff. )
2 G001 G0 HoBo Belha $.04
| Actual 4+ 25 - 35 w43 =32 =81 =38 4+ 38 =2
totay | Giffe
- Required| 103 56 71 39 54 56 44
aiff,
§ g%gu%%e %;3% gig‘éi §»§§§ %‘%? %g?,ﬁ zé«@o ?ﬁgiﬁi’a

The totsl €iller popuistien decresssd wnitil late
Bearch after which thers was 2 slizht though nop-zignificant increase.
Fige 10 indicatés that the rate of decline of tiller population size under

the & in. treatment was approximately constent from August until Harcehs

O the other hand the tillesr population under the 2§ ln. irsatmenl showed
a tendency to increase during the sprisg before it decreased to a

miniswss in Varehi

The gress tiller populations gﬁ%?%&%%é gwar the
peried of the experiment until %%% ¥areh ssmpling, afisr which ther: was
& tenmdeney for tiller pumbers %ﬁ inerease. Fig. 10 shows that the
Gevreate in grass éizigﬁ %@@é&yg was accelerated under the 6 in.
treatment, Under the 6 in. treatment a significant decline (1% level)

i tiller numbers soourred %&%@égg the August and Hovesbsr sampling dates,
and a2 difference between January and March ssuplings was detecicd at the

. level., By contrast, no significant changes in tiller numbers, between

adjacent sampling dates, was detected under the § in. treatwent, until



the Jan. = Hareh period.

Fig,10 shows, that the grass tiller population curve
of the 3 in. trestment followed that of the 6 in. %?%%i&ﬁﬁﬁ/ﬁﬁéygkég
the order of the treatment difference, which had developed by Fovember,

repained prasiicslily unchanged throughenl the ressinder of the

expoeriment.
The seasonal change in the number of clover nodes was
inversaly related to the change in grass tiller nusbers over the same
period, Between the Jugust and Hovember samplings the clever node

population inereased. This change was primerily due to an inerease

tion and node developseni sf existiing plonts rather than

»

the estabilisheent of now clover planis. The ipcressse in nede
population was accelersied under the 3 in, treatoent during the spring,

bt after Hovenber thw rate ol ches af node nupbers wes sisilsy under

both trostmentss

The clover sode populeations seyes relatively constant

W«P

between Novembor and Jopuary ssupling detss bul inereassed to the Mare

= moe chonge recovded.

ﬁ

spiing after which there s

It is possible from the dats sveiloble fo obiain

information on the disteibution of tillers withis ssch smwsrd and chonges

- guewrred during the course of the sxperiment. -
The disitribution of ithe gyagg ami elover tiller
aumbers ?%z plug for scach treaiment, and all sasmpling dates are presonted

that of Hitehell and %E@%%@g

w‘vx

2 % o
2B Fig

: @f presepiatisn =

£1558) which has the effect of remeving the shevness of the distributions

=

&

and sllows data which were originally log-normelly distribuied to
appeny norpel. The wethod uvsed wves to condense counis inte the

felliowing classeay
%»g %”‘23 j.%‘”%@ ?‘”%‘%g i%“"g@g g%a’%gg ”%fﬁ'f‘g
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(i} Crass tillosre.

Busmivstion of the distribution disgrame ohiained
at the first and last sawpling dates (Fig. 11), suggested that during
the course of the experiment there was a departure from the log-
normal model of the Tirst seepling, At the Tirst ssepliing the seen
tilier count por viur was high with few small or very large counts,
indicpiing that tillers were gpresd relalively svenly tlwoughout the
pasture with no propounced aggregsiion.

The distributions shown for the June sampling
date {Fig. 41} particularly thet of the € in. trszatment, covered a

wide wange of classes in relietisn fo the » with 2 congiderable nmumbeor

af mell counlis.

The presence of a real chsmge in distribution of

tillers betesen ssmpling detes was exemipsd by usisng &8 €hi - gg o test.
Hoenliz of the 084 soneres fsst belusen fup.

and June samplings showed that significant changes (p = 0.001) had

taken place in the disiribution &f the grass tiller populastions @gﬁ%@

beth the 3 in. and & in. treatoents, belween the infdisl and finsl sanpe

lings {(Appendices 11.1, 1i. 2). Inspection of the grass tilier

stribution disgrass in Fig. 1l indicetes the mature of this change.

There was an incrsase in the percentape of pluge in the © apd i=-2

classes with fewer plugs recorded in the 15«30 and 3 a%% clpasss at

the June sempling,. 7The wide distribution of plugs %ﬁ the Juns
gampling {éef. August sampling) indicates an increase in the degree of

i

tiller slupning. The seriss of tillsr disiributie

illastrates the progressive departure from the log-

Traatwent offect on the degree of clumping

nizee at the Jonusry, Vareh, and Juse ssmplings was




w FE e
2 &

exsnined weing Chi-sguare tosis. The resulis are prosentsd in

=ffpet s detovied st

Adppendices 13,1, 12.2, 12.%5. BFe irs:

mpling. Significant treatment effecis vers shisived at

the Herch {(p = G.01}) and June {p = 0.03) sasplings. The greatest
depree eof clumping as doeterningd by the devistisn fros the lop-normal
SZistribuition enisied uader the € in. trootments

{ii} Clover tillers.

P

Inspacticn of the clover node distribution disprms

indisntes thet the mpan count per uiug incoresssed during the course of

the experiment to o Hareh maxinmus and thereafter was relatively

&

constant, The distribotion diagrems for the initial and fisal sewpling
dates were significently different for both trestments. {(Appebdices
1%2.2 snd 15.83}. However, the narrow vangs of counis in relation to the

sy esch tresinent, indicates that the

B gt both sasniing

z

clover nodes were vandomly distributed ibroughout the ssard. On the

other hand, the elder vrange of counta with o relatively hizh number

of plugs recoprded in beth Lthe © and V=14 ¢le showed & deparivre

frem this rendom distri

3 3.0y 1804y 13,54 1364 13.7s
Bipnificant differonces Letusen %?%&%%%%% distriboticn curves were
shtained at the November {p = 0.08}, Jenuery (p = 0.001) and Juns
{r = 0.05) samplings.

A%t the Hovember sasapling date & lsrger percentage
of slups were recovded in the € and 1=3 clssses undeay the 6 in.

trestment then under the 3 in. treatsment. This agrees with the results

above indicating & more rapid colénisation by the clover of the 3 in.

trestoent sward. The difference betwesn the distribution diagroms may
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be interpreted as a less random distribution of nodes under the 6 in.
treatment.

The differsnce between distributions observed at
the Jansery menpling can be attribuied mainly te the grester nimber of

plugs recorded in the 3-8 class and fewer in the 7-14 elass under

the € in. treasisent. Fiz.ll shows a tendency for the range of counts

& with the Hovenber distribution, withent aoy

Y LB CoanaTe

significant change in the gize of mean between the iwe Jates.
The presence of a large percentage of pluge withis
two 33%%%@% at the Yoreh and June ssupling. sugcests that the clover

The trend tewords

nodes vwere randemly distributed within cach sward
& deciine in elover node popuiation between Joreh znd Juns under the
3 ine treatment is revealed by the inereased percentage of plugs
recorded in the 3-6 class (c«fs 7=-14 class) thereby preducing a

%égﬁifiea%% Chi-spuare tests belvsen freninesnis.

e

B. _ Clumping Indices.

wouid bhe

i
-~

Some measure of the degree of clumping
convenient for compariscn between @é@gﬁﬁg and treastmenis. Hitehell
| and Glenday {1858) state "that the usual indices use the Poisson
distribution (pestuleting randem cccurrence of individual tillers or
nodes) as a criterion and test departures fropm this."™ Hesever, the use

of an index (X) based on a Poissen distribution suggested by David and

Hoore (1954) L | ~’ij

‘om the grass tiller dats in this experiment proved unsatisfacteory, thus

confirming the finding of Mitehell and Glenday (1858) that the Poissen
distribution was ipadegumte es a test criterioen. %@gﬁagﬁggﬁéy the
Chi-square tesi has been used to examine changes in the distribution
ef tiller nusmbers between dates or treaimenis.

Bowevers the sae of David and Voore®s inder on the




claver node dafs proved sailsfsciory and the resulis are presented in
Table 10,

TABlE 10,
Indicsa of clusping for clover nodes.

ate - o = . , _ N N
; ene & Hove e 31 Ma e

rreatment 25 August | 19 Hov € Jan i Hareh & June
3 in. 0.23 3476 2.15 | 0.22 0,26
% iﬁ@ g}*g% gé?i 14&?3‘ %af}& i}.%’?

Ehen 120 the presenee of cluspineg is indiesited. The indices show

the nepliigible clusmping reocorded at the Mug., Horeh, and Jupe saaplings,
apd the definite existence of clueping in Hovesnber and Janpsry. Thess
results confirm the information already sbtained from the distributiss
disgress in Flg. 34,

Fe THeeds.

Throughout the experiment very é%@‘%@%é% ware prosent,
%géagé é% the first saspliing date vhen approxinsisly ope-third of the
plugs analysed contained weeds. After that date the weed-plant
densities never exceaded i per sguare foot and the % presence remained

below ifﬁi’éé {%%E% %}sf
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FART V

Zgil Yoisture.

™ 7 Coenernle

The soil meisture dats opllscted betwsen 6th Jan.
and 24th March, are presented in Appendices 15.1, 15.2 and 15.3. The
treatmont pf means for each saspling date and depth ave given. The

pase data are alse shown in Pigs. 12 and 13, together with the daily

rainfall figures from the Grassland®s Division records.

fn indication of the prossnee of significant 4iffevences
batwesn freaiment means, bolh beiwesn and within saspling dotes, was
sbtained by the use of the fellowing simple "EY¥ test: §%¢%§>-§ 8.8,
The average S.E. of the pF treatment means was 4 0.03. This valuve
was determined from a sauple of 56 means. {Appendix 15.2)., If the

value of * .00 is substituted in the simplified "i" test above then

90,05 7 0.09,

In some instances vwhere an syssinatien of the resulis
suzrested that & significant diffprence between treatment means, depth
mesns, oF date means, was iiggzﬁ‘zg exist, & wore complatie %ﬁ&%?ﬁéﬁ was
goed.

e Fiald Campeitv,

Pield capevity. under these esperismental conditions was

ged from Figs. 12 and 13 fo lis betwsen pF 2.70 - 2.80.

@mz

&n approximete field determinaiion of {ield capscity
was made at the end of the experiment. Two inches of water was applied
te the sell lmwedistely zbove a groun of gypsum bBlocks, 2t & time wvhen
the soil was judeesd to be pesyr Tisld capseityv. Thersfore the soil had

to lose wmolisture to regals field ecapscity. 1If the ssard was coversd,
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water loss through transpiration or evaporation would largely be
prevented and therefore woisture logs from the soil would primarily
be achieved throusgh graviitational movement of the sater downwerds.

Once the gravitationsl movesent csased, the soil would bave resached

field capascity. The sward was covered with a tarpesulin ismediately
after applying the water. JNoisture readings were taken fouwr days
ifater, by which time the soil should have attained field capacity.
{Fadleipgh, 1955} An average pF value of 2.735 was recorded. The
Bvsrage %%ﬁ bBosed on two readisgs from ssch of fﬁﬁ? dentha, This
confirmed the previous estimate of field capacity.

The recorded soil moisture itension remained below

pF 3,30 (Pig. 121, except for several measurements at the 2 in. depth.

Apart from poseibly five days in January (24ih « 28th), soil woisture
would be unlikely to limit plant growth during the ten weeks over which
recerdings were tahen.

Five dryisge=cyolics were ghgorved during ths ten

wpska. Foch was ferminated by ap inch or more of rain.

Lw Infiuence of Donth on Beil Moisture Statun,

§i} 2 in, depth. - Hecorded pF wvalues at this depth shewed wide

fluctustions, ranging from pF 2.60 to pFf 3.40. (Fig. 12).

€ii} 4 in., depths As with the 2 in. depth, the recorded pFf values

at the 4 in. level were sublect to wide Tluctustions, but it wae
obasrved that there was & delay of 2-4 days in the remeval of moisture

&

from the soil, as compavred with the lesser depth.

wag pF 2.84 = 3,054,

e
[
ol
i

(33i) B in, depth. The pF tremds 2t this depih were intermediate

between the 4 in. and 16 ian. depths. The upward trend of the pFf cuwrve

at this depih, which commenced sheul plf 2.75, lagred 2-4 days behind

the 4 in. depith. Ths length of the drying peried detersived ithe nazipes



o BH ". £ » 3 - 5 & 5 % £ z ,/,3" i i
¥ sohieved 2t the € in. WRETRaE

relatively

E

Thae differentisl role of deeline in aveileble poil

meistore with soil depth is illustrsted in Fig. 14 for the period

th Feb. = 15th Harchy %Within 24-48 bours of an inch or mere of rain

falling, nil Jdeplbs returned i spprovisslely souivalent seil moistuwre

status, sround field capacity.

Ve Hoivtvre lozs fvon the 80l

{i}  Exeminatien of the 2 in. - pF corve in Fig.13! shows a steady

reduction in availeble s0il walsy sbove field caopselity until 8F 3.30 -
3+40 was reached. On Jan. 24ths this pFf was achieved after 10 rain-free
days, during which time there had been a steady and significant less of
moistore fros the seil. However, over the subseguent five days there
wes no significant change in soil meisture sitatus. This observation

iz discussed below in terms of the plents® ability to remeve water
retained in the szoil at greater tensions.

{ii} It was possible, because considershle differences in LefeTe
Botugen the Ywe tresivesits celmcided with §é§§%£@ ef seil solisiurse

loss, to shegerve the effect of pasture cover on the rate of moisturs

iloss from the seil. The widest fluctuations in pf gccowrred at the 2 in.

depth. Therefore it was likely that this depth would be most sensitive

to any trestment effecis. The initial snd final pF values at the 2 in,

and final
extrapolation of the L.A.I, curves in Figs. 7 and 8 are also given

in Table 11,
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TARIE 1%, ,
¥ and Le.4¢l. values for the first and last daye of fouwr
pericds of isereasing pf values.
%ﬁ 53??} 3? i%g ) : % é&e
fe 4 C Lsfele ¥ | PO P

1820 Jane | 280 = 3,37 142 = 2,8 | 2,78 = 3,39 1.5 = 3.8
S £ ] g%%?a 2:?%?% B 3%3% %eg - g%? 2;%% - g@ﬁ? L4080 = %g‘g
1318 Febs | 2478 = 3413 2.0 = 2,5 | 2,76 ~ 2,86 0.2 = 0.8

Feb, ‘ , - ,
26-11 Mar, | 2,75 « 3,16 Oud = 2.3 | 2472 = 3,23 1.8 - 4.4

Comparisomnsof the average treatment L.d.X.

fnitial LeAuTe -+ 21 Lod. s e s 3 :
(Juitial LeA.I. ' final LeAsly ... by obtained by in specting Table 11,

The trestment Lefel. wore similer for the pericd 18301k Jon. but for
the remaining three perieds a difference of the order of 2 Ledols
vnits existed.

The simple %47 fest showed that there vas ne

>

gignificant 4ifference %%%?5@% freatments in Saily oF wvelves fer thres
out of four pericds.
4 fuller analysis was undertaken for the remaining

peried 13-184ih Feb. The snalysis of wveriasnce on the pF date recorded

en iBth Feb. iz presenited in Table 12,

TABLE 12, Anaslysis of variance of pfF dats for 18th Feb,
Seurce , ’ §8s [defs| M.8e |F value |F reguired| Hesult
iiocks L0880 | LEP oy 175 16,10 Habo
Treatment S 002563 | 1 |0.2563| 13.56| (3218 | *
’%@ggg {8 x %?} G$.,0666 | 3 | 0.0189

Bepths | o.9746 | 3 |0.3248| 4s.25| SpdSgey | **
Pepth x Tr. . 0,1862 | 3 |0.0621| 9.41| 3,16 o

B = } . &é%&}

mﬂg gsﬁg} { 2= %z T § {}3 1igs ’ig g}e i , &

Blocks within depths | 0.1646 |28 |0.0057
within plots.

Total. 1.85332 | 60

SsEe = % 0,03,



Bz

Further,

treastement interaction indicates that

altered with depth.

the highly
the dififerens

Significance levels of pF differences. (18th Feb.)

Depth 2 in, 4 in. & in. 16 in.
Srontuent ‘
z 2 3 ¥ - L sk )
3 in. Z.12 *kk o 04 * 2,81 ** 5.85
£ 4 4 N.S.
6 ine 2.88 K.8. 2,79 * 2,70 HeSe 2,68

theas

43

fieronces

%,

had disappeared by

Depth

4 ime

& in.

2.F7F

2.78

2,74

270

19th Feb
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denth within sach plot. 1%t wasz docided %o test the incvesse in

efficiency vhich could be obtained by increassing the number of blacks

&
oty

per depth. Data vsed were obiained from the snalveis of verisnce for

pF values recorded on 18%h Fab., {Table 12},

In this avalysis %g iz an estimate of the variance of

# 4 F ke % &= e 4 {} Lt 2 5
biecks within depths within plets {%%EQ snd, B, is an estinmate of the

%% iz the verisnce heivwesn plodis 2% any &

8
g
Judbe
&
4
(¢}
W
@
Dy
i,
e
o

-»i-w
b
g
"
B

§

el
2
o
W
e

i

ot bo e be

= % we B = @&%% = 0087 = G.0005,

[
o
St

o

b
4
“
o
if%*
o
8
5
[
N
o
[

goined by isersasing the

mumber of gypsum-hlocke per plot rathsr than the number of plots

where r = susber of replieatis

andy b = ausber of blocks
2

e
§‘§%~&%%§

o

L

&
i

Palis
I? 2 blocks used,
BuBe = 1 \/&%@ + 0.0010 = 3 0.03

4% &

If 4 blocks used, ;
Bela = i Q0007 4 L 0000 ?’“?;3'%*@2

The warginel incresse in efficisoey to by

from ineressing the nusmber of gypsum blocks per site, would have

been insufficieont under these expeimental conditions, to justify
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PART V¥i

Estimation of Boil Moisture Deficit.

Certain interest has é@?@i%?%%,f%ié%%é%g'%%% work of
Penman and Thornthwaite, in estimating seil moisturs deficits and
gubssnuently irrigation needs §§$§ melsorolioegical data. Caleulated
daily soil moisture deficit figures derived from Thornthwaiteh

forsuls for potential evapotranspivetion, based on the metsorslosicel

records from Grasslands, vere avaeilebls for the pericd 6th Jon. 4o
24%h Harch. These figures topether with the daily potential
evapciranspivatison firvresd are presented ip Appendix 18,

The method of obtaining these figures is deseribed by

T I

Schwass {1852}: “The soil meisture deficit cuwrve is derived froMecescessce
sevsescsastesrsanesss s H0En the %@ﬁ%i%?@ sunply is restricied.”
The relationship between the caleulsied zoil melistuve daficit and the
measured oF values Tor sach day wee exsminsed. Tos pericds ssch of

BT P55

twelve days were chorgen for the analysis, viz. 17281k Jan., and

%"%‘“ﬁ

éﬁ%% Fabe = 10th March. The daily pF values used were obtained by
averaging the twe treatment means for the 2 in. and 4 in. depths. This
vould define the wvailable seoil moigture in the O = § in. profile where
concentration of gggigyé roots is grostest.

Gignificant linssy regressions were obinined Tor seasuvsd
p¥ on g%%&aé%%%é soil poisture deficits The regression lines are shown
in Pig, 15 and the results of %%é anglyses in Appendices 20,1 and 20.2.
Gther points, obtained over the period Gth 5&% « 24th March, but not

inciuded in the rogression snalysis, have slso beon plotied on Flig. 15

-

There is & close relationship between measure pF and caleslate:

cunlculnted soil

&%

Beil moisture deficit., Under thsss conditisns &b

I

meisturs deficit apresre fo have overestinmeied the asctual defiel



i
i}%
§

ok
®The soil moistore deficit curve iz derived fropm the

reduction to a daily besis of the formulze for potential

evapoiranspiration (Chornthwaite, 1848}, medified to

conditions by Gabites {1856}, 4 similar method applied to

irrigation problems in mid-Canterbury has been reporied by Hickard,{(1857).

The methed invelves the vse of segimyes and wipisus air

=

and 2.5 inches when wilting peint bas been reached. The daily deficit

iz reduced as fthe comulaiive toital sueseds one inch fo make & purely

arbitrery sliowvance for ihe effect of Ll o1
plant growth (for emsuuple, see Closs, 1856). Ko allowsnce is made
for the ssil becoping welter than {ield cepacity throurh hsawy rein.

Pany assumptions are made in the o
temperstures wmeasyred In the stendard Stevenson stveen are not those

at ground level, while the Z24-howmrly temperaiure marceh between maxizus

and miniowm will parely be netrical. Other meteorolegient

siepents such as
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present. This error is due in part te the asswmpiion thet the

5

soil ;gégfﬁg to field capacity fellowing suffiecient rain to replenish
the accusuiasted moisture defieit, whereas in practice, the soil may
become weiter than field capacity. 2An overall regression based

on all points recorded duwring the experisent wounld bave ssphasised this

decided to obitain an indicetion

o

&

souree of evror, and therefove, 1t wa

e
o

i

&
oy
b
o

relationship over tws drying periods onlye
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PART VIIX

Heteorelopgical Data.

The motecrologiesl data have besn prepared, from

the records of the Grasgslands Division Meieorclogical Station,

for weekly intervals over the ezperimental peried. The station is
sitvated approximately Balf a mile Irem the site of this experiment.

" An analysis of the minimum grass temperature, maximum

and minimen air temperature and soil temperature measured at 4 in.
depth has been made and is presented in Fig. 15. ¥%eekly totals for
sunehine hours, rainfall, evaporation from 2 free walter surface are

7%. These resulis have alse besen presented in

presented in Fig. -
Appendix 18,

The monthly reinfell data for the peried of the sxperiment,
tezether with the sverszze figures taken frem Grasslands?® Divisisn
records over the period Merch, 1028 - Hay, 1955, have been tabulsted
in Table 16.

TARIE 18,
Honthly rainfalil for 1958-59 and 192853, {(ins.)

Year ygag dJyne July Aug. Sepi.fct. Hove Boc. Jan. Feb. Har.| Total

1058-50 5.85 2,57 2.%1 5.84 0,50 2.34 1.31 6.88 6.36 2.8BY9 3.59 40.84
1928=55) 3,20 4,31 3.00 3,50 2,81 3,68 3,18 3.46 3.25 2.96 2,38 35.97

These figures show that the months of Hay, August, Dec.,
Jan. and March were much wetler than the 27 year averasge. ©¢f the
remaining moenths June, Sepi., Uclt. and Hov. were considerably drier,

The monthly sunshine hours for the period Sept. - Harech
(inclusive) for the years 19855-58 and 1938-39% are given in Table 17,
Approzimate daily averages of selar radistion for each month
interpolated from data published by Brougham (1858) have also been

presented.
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TABLE 17
Moenthly sanshine-hours and daily splar rediation figures.

g, Sunshine hours.

Tear Bept.fct. Hov. Dec. Jdan. Feb. Hare. Total
11955-56 | 108 185 166 243 154 157 185 1188
105850 | 228 143 189 156 233 196 164 1320

Be é?%ygg% éazig @@35? ?&aimﬁigﬁ &&ié&&t@éAf%E %§%§ %@g%ﬁa

{

§
1953-56 iﬁﬁ% 400 430 500 4Y5 400 350 | e&iwféﬁegéaga

The data collected by Brougham show: that the
%ggﬁéig sunshine-hours give an indication of the aversge daily
quantity of radiation energy received., iue i§§§~§§ moenthly sunshine
hours suggest that égﬁr% would be 1itile ?@fi%?iéﬁ between months
in the &%@ygggyﬁaiig leg@éé of rediastion, Lowest values weuld bhe
~expected in Oct., 1858.

Averape daily asnemomeier readings for four
particular psrieds are given in Table 18,
TABLE 18, |

bverage daily anemcneter readisngs.
(winderun miles per 24 hours.)

Date verage daily readings,
18-28 Jan. 126
{incl.)
F=10 Fab. {11
13-18 Pab. 174
{incl.)
26 Tebs - 187
11 Mar. (incl.))

These figuwres are prebably conservetive ssilisates

due to the sheltered site of the recording insirument,.
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PART IX

Pasture Diseases and Pests.

b Crown Bust.

Crown Rust (Puceinia cercnatalwas first reported

on perennial ryegrass in New Zealand by Cunningham (1922). Cruickshank
(1857) reported that the disease was widespread throughout New Zealand
pastures and usually occurs in the late summer and early autumn of a
warm dry year. From field observations and trial werk he noted that it
may be an impoeritant facter in sffecting herbage yvield as well as

rendering the pasiure unpslatable to stock.

o

Crown rust was observed on the plets during
January. Reference to Fig. 17indicates that conditions had been
relatively dry prior te this date, sinee Sept; therefore providing
suitable environmental conditions for crown rust. The incidence

sppsered to be mere severe vhen pasture growth was mere advancsed,

o]

{i.e. on the 6 in. treatment). It is suggested that erown rust may
have been responsible for the reductien in dry matier and leaf area
growth noted in the latier 8%&@%% of curve Ia.

e Incidence of the ILucerns Flea.

Bmall demaped sreas were observed on clover leaves
taken from the pleots during Januery. Exeminstion of these leaves unider
a microscope showed thait green mesophyll tissuve had been destroyed
leaving the veins and leaf cuticle remaining., This is typical of the
injury caused to leaves of l@g@@éaﬁssaé by the lucerne fless,

(Smynthurus viridis). The presence of the lucerne flea was confirmed when

some of the insects were later caught and identified, {(Gurr, 1959).
It iz suppested that {we faciors were primerily

respensible for encouraging the infestation of these plotis by the

iveerne f{lea:
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ie Microenviroenment of the pasture fevoured the lucerne fles.

2 The absence of the grazing aniumsl asllowed numbers to build up o
proporéions beysnd these nersally found in a graszed pasture.
Dumbleton (%%3%3; sugpeated that heavy stecking vreduced the
infestation through trampling snd opening up the swerd, thereby

rendering the insect more susceptible to heat and dryness,
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BISCUSSION,

This section will be §?@§%§§gé in six parts:
The Experdment.
Prevailing Climsatic Londitions and Pasture Greowth.
Population Changes of Grasse and Clover Tilles.
isaf Adrea snd Dry Hatter Yields.
Boot Yields.

SBoil Molsture.
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PaRrRT 1

Zhe Expariment.

The experimental tresimentis used repressai teo pas
grazing systems to which & peremnial ryegrass/ehite clover pasture
mey be subjected during its first twelve wmonths of growth. The

conclusions drawn frem this work are strictly applicable only to sheep-

grazed pastures of the same boteoniesl composition, groving under

similer clisetic conditions and on g siniler seil type. Altheuph

the change from grasisg to cutting in Januvery mey have bhad an effect

on the pasture itself, it should be possible to apply certain

conclusions to grazed sheep postures.
The late sowing date reduced the sppertumity for pasiore
growith prior fo the winter months, thereby delaying establisheent.

Hormel pesiure sowing date for this district is towsyrds the end of

&%

March. {%&&%g%gﬁg 1954 ).

Shesp were used to defoliste the pleis during the

intermediste pericd. In this way the seleectivity eof g

compared with cuiting was intreduced. The tresding effect of the

grazing anismal assisted pasture establishmesnt. The natursl return of
duny snd srine avelided the pesd for alliswing clippings Yo decey on ihe
plotsy or the removal of clippinge and replecemsant of suirients lost

oy with artificisl fertilisers oy enllsated snimel ascretsa.

e

this

e

e

H

%

Bowever, sftor four sonihs the §§§fi§%§%§é% ot wsing
the grasing apimal && %@zéé plole were apparenti. Ypevesn g?&%i&gg

narticularly the aveidance of excessive growih over urine patches left

& pop-unifers sverd for 8 A ing-eut after prazing failed
to substantially reduce @ﬁ?z%§i§§%§ af pasture grovib.

oo allernsiidves wers pogsible to overcome this probles.

The first wes to incresse the number and/or sise of samples per plot,



and the sscond sliernstive waes %@ choange to cutiing, theveby
eliminating the stoch grauing ?&?ﬁ@%}@a The second aliternative was
chosen snd the plois were oul with a roltoseyibe frow Jun. to Yareh
(incl.) This reduced the variability of pasture growth on the plots.
The incidence of crown rust, which reduced the palatabil
of the grass would in any case have inereased the difficulties of using
sheep to defoliate the pasture. There was ne indication of possible
effecis on growih fors of the pasture plenis which could be attributed
to the change te ecutiing. It is probably that continued grazing
would have rsduced the incidesnce of the lucerne flea.

An: mgcursle sssessgent of pasture helpht te gouge ihe
time of mresivg was difficnlt. The height of the pasture canony varised
eongiderably over {he pleotes s grasing time was based on the averape
of several rondow readings from each of the fouwr plots. Bach resding
was based largely on the height of the clever canopy, except where
that conony was i%i*é%fiﬁ%% and the ayerage grass lsefl helpht hed to

ke taben, This must be regarded ps essentislly & sublective peibod of
B

Difficuliy was sxpsrienved in hesping the mumbeyr of

3 in. grasin in direct proporition to the number of 6 in. grasings.

Bventuelly this precedure had to be absndo

%:e,

not hesn possible to maske direct compariss

betwesn ivesiments conitinuslly

noted that the intermedinte pericd is six days longer undery
trestment. In srder fo obiaip g dirsct copparison of trsatsent vields
groy the fTinel fwe weskas, the last provith periosd under the § ins

a

traatment wes sxiended by ssvesn dayse bayond the 8 in. helghi.

Shen pasiure belight is used fc detsrmise the time of

@

cutting or grazing of each freatment, then counsidereble 4ifficuliy will
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PART JIX

Pownliation Chanpes of fress and Clover Tillers.

this experiment. The absoluite tiller demsities recordsd are low
compared with those shiaipned for an ezxiablisbed shesp pasture by

Mitchell and Glenday (1938},

Fige. 10 illusivrates the decrsanse in

eh pericd, which was accelierated under the

& in. azing trestment. This irvend was apparently reversed folloving
the March sasmpling ss 5 tendency for tillsy density to increass was
evident &t the June sassppline. By conlrast, the clover node population
rapidly inerveased freom Aug. to Hov. and thed more slowly wntil Harch,

after which numbers were siationary uniil June, 19353, This changing

‘?&%

balance of grassfelover tillers with a spring grass maximus and declining
to low sutumn figures, fepallsling an increazsing cleover tiller ‘
population from spring to apn sutusn maxiwum, is ?&gsfééﬁ by -Mitehell

and Glenday (1858} froms grggﬁég of a shorte-rotation ryegrass/white clover
pasture,

rans tiller

Teo compaiible sxplanstiens of the éé%iigigg
nonulation ecan be put forwsrd., The firet iz that the competitive -
advantage of the clovey incrasssd towards Marveh thereby sccelerating the
rate of senescence and decay of grass tillers in relstien to the rate of

tiller formation. The second explensiicn postulastes a seasonal declisne

nuependent of the presence of clover in ithe

oy

in grass tiller numbers

sward. Individusl §§§ﬁé and pure seard studies by Schwass (19

Langer (19358, 1858}, en several grass species have preduced s

Schwass (1953) considered that an %é@é&%&%i@@ in

shysioslogical terms, of changes in the number of %3%§@%& por girass plant
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appeared mest likely per wedium of the phenomenon of apical deminance,
Changes in grass tiller density in a sward may be similarly explained.
This phenomenon is defined as the limitation or complete inhibition

by a vigerous terminal bud of the development of lateral buds. Femoval

of the terminal bud persiis ene or more of the lateral buds close te

o

he top of the sten te commence development or grev with inereased

ﬁwﬁ

fmee prowing vigorously these in turs will limit the grovih

of thes lateral buds below them. Mitechell (1953) found that the
é%?él%%%%%% of lateral buds was hindered by & rise in temperature,
decline in Light guantiiy, or partisl defeliation of the plant.

Langer {1938) points out that the tiller decline
comes al a time when conditions are mest f%?%ﬁ?%%}% for active dry
matter production. %%g Bame @Q%§@¥&@§§% ie made by Schwass (1853)
and the results of this woerk alse support that geﬁgiﬁgigg,

Schwass {i853) suggests that the active growth
af the apicsl meristem dur ring the spring and sumser places heavy denmatids
on the supply of emerzy subsirate reguired for meréstimatic activity.
Consefquently latersl tiller growth is suppressed or inhibited throupgh
starvation, ﬁﬁ%@¥a§; during winter when leaf growth is greatly
reduced, the demand for metabelites by the central fillers is not so

ent of latersl tillers.

@trs&gg—%%%?éég ailewing initiation and develop

The rise in seil and air temperatures during the
periocd of the grass tiller population decrease could also he of
sigznificance for Mitchell {1833) found in contrelled ﬁ%z%&%% studies
that the development gf lateral buds of the ryegrasses was reduced by a
temperatars rise from 57°F. to 72°F. Fige 15 illusirates that a2 riss
in mean air tenperature of a similar order (15%F.) took place between
Septe. and ?%é; It is likely that the tewmperature of the actual

micreoenvironment at the plant base i.e. the region of tiller initiation;
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would be appreciably higher during summer than the air temperature as
measured in a standsyrd Btevemson %é?@%é four feet above the soil
surface. Therefore the effectiive temperature rise may have exceeded the
rise indicated by the mean air temperature. Ancther possible facter
responsible for the decrease in tiller demsity is the tendency for
tillers to grovw aore erect under warmer itemperatures and therefore
become more susceptible to defoliation. (Mitchell, 1956).

The change within the plant from a vegetative
te reproduciive state nmay gzasyggeggﬁg for lower tiller densities
in the summer and Langer (1958) has sugfested a need for further
experimentation along these lines,

&ny theory advanced in explanstion of the
decline in grass tiller numbers must slse be reconciled gith the sbserved
slower decline under the 3 in. grasing treatment. Langer (1839}, and,
Baker and Garwoed {(19358), found that grass tiller numbers declined

under a freqguent grazing system. It is probably that the longer peried

of uninterrupted growth permitied under the 6 in. treatment,

encouraged the expression of apical dominance thereby furthering the

cannot be stated with auny certainty. The obsgervations by Schwass and

5

ividual plantes suvggzests that ezch plant wonld lose a limited

Sl

Langer on in
pumber of tillers. On the other hand,the isgs of tillers through the
death éf eomplete plants within the %&ﬁ%é’eﬁﬁﬁﬁi &é ignored. Such a
theory is not entirely compatible with the view that the tiller is the
pasture unit, ,ﬁa@eggﬁ sndey ceriain conditions, the plant must be

regarded as a pasture unit compesed of & group of tillers as the

B
o

fyultimate™ or spalier units. Pariticulsrly is this the case during ithe

’
Rt

early months of pasture establisbment for, at this stage, the identity
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ef the plant is mere impertant than in later years when & geod ground
eover of tillers is obtained. The rveaction of the plant as a whsls
rathey than individusl tillers, te certein envirenmental coenditions has
already been noted by Mitchell and Coles {1935}, The presence of
clumping on the plets illustrasies that tiller cover of the sround was

far from complets and supgests that veder the existing conditions the

ot

ndividual grass plant could well be a definable unit.

There was a mavked increase in the seefficisnts
of wvaristion of grass tiller mumbers per plug asz the experiment advanced.
{Appendix 14)., Both the less of tillers from individusl plants and the
death of complete planisz would increase the variability of the estimates,
but the latter cause would probably be 2 more peltent foree in ithis
increase. This increased variability could also be atiributed to
some plants being more prone te leose tillers than others.

The ecount of clover ﬁ%é@@ taken at the end of

the establishament peried was virtuelly ene of single planis as stem

elongation had not é%%%&%ﬁ@éu‘ iow temperatures and inter-specifiec
competition for light probably delayed clever growth. The leaf ares
meagurements at the bepinning of Oct. szhowed that there had been very
Iittle further development of the clovers. Hewever, prier te ths
Hovember count there was a considerable increase in clover development
through stem elongation and rooting at the nodes. Reference to Fig., 14
shows that there was a rise in seil and air femperaiuvres baiween 2nd, Cet.
and 189th Hove.,y which resulied in the aschievement of iemperaturcs mere
favourahle for clover prowthe.

The possibility ef grass growth reducing the
levels of available - nitrogen in the soil and thereby faveuring cleover

growth in inter-specific competition must not be overloecked.

The high light requirements of the clover plants
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were emphasised im Ch, II. It is probably that during late spring
the Right recuirements of the plant wvere more lmmedistely satisfied
under the 3 in. %?%%%%@%% where the pericd of gress shading was
shorter than under the € in. fresiment. Flazging of grass leaves under

the 6 in. treaitment wouid ?&%&ﬁ% the aveilable light for clover
growth. Conssouently, a grester number of clover nedes was ceunted
under the 3 in. treatment (p = 0.08). Baker and Garwood (1859) npoted
a2 similar delay in the increase of the clover nede populatien undeyr
the $tall pasture compered with the more freguently grazed pasture.
There was no treatment effect al suhseguent samplines sugszesting that
once established the clover was able o successfully compete with the
grass in both swards.

The cleover tiller distribution disgrems in Fig. ¢
give = picture of the meibhod by which clover plants colonised the sward,
A f%ﬁﬁs% distribution of clover planta within the plots %&3 found =2t
the Auz. sampling. Evidence of a loss of randomness iz shown in ihe
diagrams for the Hov. and Jan. samplings. This probably can be
atiributed to the sitem %E%ﬁgé%iﬁﬁ and node develepment of the clover

plants during these months. Celonisstion of the sward preceeded radislly

the rendomly distributed clover plants of the Aug. ss
colonisation-phase was indicated by the presence of considerable clumping
of nodes at the Hov. and Jan, sanplings., It was judged that this shase
was complete once the random distribution of clover nodes within the
saard had been achieved is Mevech. Supporiing evidence of this ﬁ&agga

ated plants te lavge nunbers of nodes atinched to thase

“parent” plants is given by the inecrease in clover density from 12-13
plants per sg. ft. in Aug. to €5-79 plants per sqg. fi. in March.
The trend from dominant ryegrass in Aug. to dominant

clover in Harch and even extending intoc June is illustrated in Fig, ©



Iin Aug. the grass tillers were evenly spread throughout the swards but
by Mareh thisz digiribution had partielly disappesred and an even
distributien of clever nodes was obiained. This change cecurred during
Hovs. DeCsy 2nd Jan.

The use of clumping indices on the tiller distiribe
ution dats bas been discussed above. These r§%azgg gugregted that an

index which assumed that the grass tiller distributions fitted a

]

Poimson model was uvnsstisfaciory. It is sugpesied that the grass tiller

distribotion is a contagious one. (Bliss and Calhoun, 1954). On the

tely

itte

b

other band, the assumption that the clever nede distributions

the Poisson medel and the use of indices based on 8 test of the

departure Irom this nodel was satisfactory.
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PART IV

Leaf Aree and Dry Matter Yields.

Prisy to the firset grasisg in Bept. the plois bad sehieved
a LeAsls 2.56 with a grassfclover leaf aves ratio of 88112,
Comparison with the optisum L.A.J. estimates made by Broupgham (1938}
for several speeies, sugpests thel sn optissy Led.l. had noit beoan
resched at the tise of grasing. ?ﬁ%g@ figures esphesise the slownsss
of pasture establisbment and the imporiance of grass in the sward
th followi

at this stage. After one m z two grasimgs of the

& ine. treatuent plots and o ment, the swerds hed
atiained L.h.l. values of 2. %& end 3,95, respectively.

4 linesr regression of L.A.TI. on tine (days after
defoliation) ves obilained, under both trsatments, from data eclliected

éuring the final peried. Failure to obiain an exponentisl inercase

in leaf sres following defolisition may be atiribuied te lack of

experinentel preecisien. Thove wos & tendency under the € in. tres
for the rate of lesf arse incrense Lo decline once 2 Lefele of 3,75 -

gham (1958) termed this the eritieal

4480 had bsen achisved.

Lefiels and found 1% Lo very considerably with species. The critical
Lefiele for white clover was considerably helow that of the grasses. The

r torms of

trend noted under the 8 in. frssiment counld be oupl:

cumpliete light intercention by the pasture canony 8% the eriticel

Lefols, thoreby intreducing inter-and intra-spocific competition

for Lizht with a subeesusnt reduciion in the rote of leaf sres szpoosion.
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{Brougham 1958} and consequently in the case of cycle III where grass
forms a large % of the total leaf area of the sward the critical
Lefele im yazw&é¥ whereas %ﬂﬁ higher % of clover under the 6 in,
treastment i@%&?g the eritical L.l.Il.

The rate of lezf area grovth as determined frem
the r%gréggiﬁg lines was similer under both treatmenis. The sctual
Ieaf area at any one time is a funciien of both rate of growth and
l%ﬁg%%yaf the growing peried.

There was & tendsncy for L.l.l. meazsured
immediately afier defeliation to be similar under égiﬁ treatmenis.

The total leaf/stem ratiocs and those of the
éé%v@? eﬁ%gﬂﬁ@%iHlafé presented in Plgs. 7 and 8. In the grass spp.
leaf? zrowth fellowing é@f@%i%%iﬁﬁ’é& much more rapid than stem growth
which resulis in & large propveortion of Iszaf fto sten afler several
wacke? growth. On the other hand the leaf/stem ratio of clover

zing from 11l %o 33il, This low clover

remains relatively stable zv
ratio i a ?efi%@ti@ﬁ of the growth form of the plant, reguiring as 1%
does & considerable peticle to elonpgeite and sllow succesaive leaves

te open above the canopy. Brougham (1956) found that the percentage
of leaf ranged from 48.7% to 68.1% of the total herbage. In this

Yy to BOZ

Erom approx. 24

expariment, the pesrcentazs

gnder the 3 in. tresatment, and V5% under the 6 in. trestment.

Maximus velues were reoached affer 21-28 daye and thereafier decreased,
a point found alse by Brougham (19858). In this experiment the decrease

could be aiiributed fo Lhe increase in percentage welght of the clover

peticle as the pasture he increased. {Brougham 1938).

E

5

Sears {1858} has discussed, from the viewpeint

o

M-

of pasture and animal menagewent, the desirability of maintaining e

satisfactory grass/clever balance in the sward, without allowing



clover to dominate. He stated that summer spelling pastures usually
results in clover deminance, Prior te January the plots, under hoth
treaiments, were grass demipant. Subsequently a 50:80 ratie was
guickly achieved following defolisiien, but a further swing te clover
dominance wes noted in the tall pasture, which could be attribunied s
the longer speliling periocsd., ‘The clover deminsnt sward of the § in.
treatment and the balanced pasture obiained under the 2 in. tresiment,
photographed on 1¥th @grﬁ% are ghown in PFig. 18, & significant
incresse in L.hel. within the & in. height helwveen Oct. and ¥Mareh
somplings was ebtaiped. This could be atiributed to an
increase in clover leaf as there was no change in the zrass L.i.ls
Although not significant the same trend was evident under the
& in, treatment. In this case there was 2 significant inecrease in
clover Le.A.l. beitwsen Uci. and Hareh but & tendesney for the prass
Lefsle te decliine. 4An aspproximsic bhelwesn-irsptmenit comparisen st
the 2 in. height showed ne effeet of tresiment on spatial density,.

The increass in spatisl density between Oct. and
Hareh could be atiributed to either the change in botanicsl composition
throusgh the inerease in glover or to the nermal development of am
establishing pasivre.

The constancy beiween datez of the grass L.h.ds
under the 3 in. trestment. despiie the declipe in tiller numbers, is
in keeping with the observations of Schwass (1955) who found a negative
correlation between leaf yield and tiller numbers of peremnial ryegrass
plants., It is probably that the € in. treatment follows the same patlern.

The increase in clover L.A.I. can be attributed largely

to the increased pepulation ef clover nedes from spring to autumn,
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FIGURE 18.

3 inch Treatment, March, 1958,

& inch Treatment, March, 1959,
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Perbage production under the two irszaltments for sach of the ifhres
experimental periods is shown in Table 5. 1340 1b. D.M. per acre was
produced during the 18 week establishment peried. HNeo affset of

grazing frequency was found on produciion during the intermediate 17
week period. During the following ten weeks the tall sward significantly

{p = 0.,05) outyielded the shorter pasture.

The lowest average weekly dry satier production

el

by
Ll

was recorded durisng the establizhment pericd and the highest during

the following 17 weeks, with the final peried intermediate. These
trends applied to both ireaitments although the differsunce belween
the intermediate and final perieds was greater under the 3 in. than
the 6 in. trestmenit. Veskly producition Tiguwres and asverasse H.G.He
were lower under the 3 in. treaiment during the final periocd as compared
with the intermediate period. The average R.G.R. values recorded
under the 6 in. treaitment from Sept. - Dec. were lower than the Jan. -
March esiimates.

Total yield for any given period is 8 functien
of B.G.B. and length of the uninterrupted grovwih peried. Therefore,
despite the lower asverage K.G.R. estimates recorded under the 6 in.

&

treatment during the intermedisie pericd, and becausse of the longer

5

spell between grazings, these plois egualled the yield of the 3 in.
The main climatic differences between the

intermediate and finsl periods lay in the higher soil apd air tewperatures

A linsar regression of dry matier production on
time (days after defoliation) was obtained. Failure to ebtain an
exponential increase in yield following defoliation is attributed teo

lack of experimental precision. Such a curve may have been obtained
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with more freguent and intensive gampling. It is sugpested that the

lengtih %€{§§%~grs%§§§ period between defoliation was imsufficient
under both treatments to %ﬁa%E? the signoid pattern of growth
described by Brougham {1953) to be cbtained.

A significsnt lipear :egre%giaa for @agéwéreatg@st
was established for De.M. yield on L.A.I. ‘¥Hatson (1947) investigating
the growth of fi2ld crops including wheat, gaﬁétaeﬁ* and sugar heét,
and Brougham {1936) who aﬁ%%%%eé?~a,si%ii§? study on short-rotation
ryegrass/red and white eisvéy pasiure, established similar
reilationships. The %?%&t%@ﬁé regression lines were similar.

{Pig. 9)s Failure of these lines to pass through the origin may

be atiributed to the considerable weight of stem and sther non~leafy

material below sampling height, which was net measured.
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PaART ¥

Boot Yields,

Boot yields within the 0-12 in., profile vwere similar
under both pastures being 3732 1b, B.M. per scre under the 3 in,
treatment and 4002 1b. D.JM. per scre under the 6 in. treatment. The
distribution of the roois among the different hoerizens within ths
C=12 in. profile follows the general patiern of pasture rost
distribution found by other workers. (Jacques, 1943),{Troughten, 1851},
{Low and Armitage,; 1958,;; Baker and Garwoed, 195¢). Approximately
7% by %%égkégysf the roots were found in the 0O-3 in. horizon and
18% dn-the B8 in. horizon and the remainder in the 6-12 in. herizon.
The assumption that root penetration belew 12 in. was not greatin
terms of dry welight of roots recevered, appesrs likely to be wvalid
in viev of the rapid decline in root material with depth. Under these
conditions the different fréggenei%5 of pasture defoliation had no
gignificant trealtment offect oo the rost weipghis recovered from each
of the three horizons measured. This agrees with the findings of
Baker and Garwood (1859), although other workers have found treatment

affocts,.
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PrgeT Y1

Suil Moisture.

Barlier in this discussion it was concluded that there
was generally adeguate water for plant prowth throughout ithe
experiment. Assuming active growth continues, then a sieddy
pF increase would be expecied as & result of walter loss through
transpiration. An spparent ceniradiction of this sssuspiicn was
shaerved at the Z in. depth, for pf wvalves remsined stationary hetwesn
pF 3,32 and pFf 3.40 for six days (24-29 Jan.) following a steady
deily pF incresse. Ho affect on 0.M. preduction was chserved hy
inspection of curves I and Is in Fige 5. It appesrsd that plants
were able to szatisfly their reqguirements {rom regions with z lower
n¥ than was feund in the 2 in. layer.

Bxanination of the pf curves in PFig. 12 and 13 illustrates
that water is remeved more rapidly from the upper than from the lewer
depths. Yater removael from the soll may oeccur through drainsge,

evaporation from the soil surface, or transpireation throusgh the plant.

fode

Gnce the soil has dried t¢ field capacity drainacze losses
wilil be virtually nil, Therefove soil moeisture lesses from soils

érier thean field capaciity will ceeur primerily through evaporation

or transpiration. However, 1f the scil surface has & compleie folispe
cover it is likely that direct evaporation lesses will %é negligible,
§§é@§ these conditicns the major channel for resmeval of water from the
soil would be through the plant., The differential rate of water loss
from the soil horizons would be assecialed with the water sbesorption
activity of the roots in each horizon., Hoot activity is greatest

under conditions of hipgh soil -« O tension and lew §§$° tension.

{Gingrich and Bussell, 1956; Mitchell and Butler, 1836). The most
& L
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favourable conditions for root activiiy, vhen molglture is smple,
prevail nesr the soil surfsce rather than at grester depths. It is
zugzested thait the guicher drying %ﬁéygg the lesser as compared with
the grester devnths, can be atiribuled Lo the gresier concentraticn of
root material and the more favourable conditions for reoot setivity
near the zoll surface. As the s0lil moisiure tension of the upper
horvisons increases with water remeoval, the roots then take up water
from 2 grester depth whers the tensiocn is less. Hesmoval of water
from the soil pores permits perceolation of s6il - U to greater depths
allowing greater activiiy of the deeper roots. This progressive
increase in water rewmoval from the seil at greater depths, as the
g0il moisture tension increases, is well illustrated in Fig. 14,

Jacques (1956) pointed out that clder grass roots
in the upper layers of the =oil lest much of their absorptive capacity
during summer ihygégé sloughing of the certex and suggested thaet most
of the summer water absorption tock place in the roots mwesent in
the deeper soll layers. Becendary reot hairs, reported by Jacgues
€§§§§§‘3§§§}§ te have developed from the corticzal epidermis at the
proximal end of the reoi, may absord guantities of water. Jacoues
(1956) mentions the development of a new vigorously absorbing rost
gy@é%@ from the crown of the plant, follovwing autwm rains. These
new roots grow guickly from dormant primordia at rates up to % in.
per day. {éae%a@g, 1858}, Therefore the secondary root hairs, and
the developing root system topether, may have been responsible for
the removal of water from the upper horizons.

Little is known of the rooting system of

clovers in relation to water absorption. Jacgues (1943) places the

distribution of clover roots in ithe upper seoll horiszons at & slightly

higher figure than the ryegrass roots.
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The g@ﬁ%?&i removal of moisture from the seil throug
the transpiration of plants bas been discussed.

The L.A.I. is a measure of the transpiring surfacs
of a pasture and therefore, neglecting evaporation losses, more rapid
removal of moisture from the seil would be expsected to ccouwr under
& high L.hl. than 2 low one. |

On three oceasicps during the fisal perisd theres were
marked differences between treaiments in the L.A.I. measured during
the time of soil moisture loss. (Table 11.)

From 18-29th Jan. there was no marked differences

botween treatments in either L.4.1. estinmates or pfecurves. On the

i

following three occasions noted in Table 11, thers were marked

o

differences between ireatments in L.4.l. estimates recorded. However,
_ﬁﬁ%? the 13-18th Feb. period *%@%éﬁ between freatment differences in
. pF - curves. (Figs. 13 and 14.) Analysis 6f these differences showed
that they were significant at the 2 in. {(p = 0.001), 4 in. (p = 0.01),
and B in. {(p = 0.05) depths, but not significant at the 16 in. depth.
It is difficult to &é%?i%ﬁ%% this apparent
inconsistency in the relationshin betwesn L.4.1. and pF to any one
facter. Estimates of the averege daily petential evapotranspiration
rates calculated according to Thornthwaite's formula were similar for
all pericds. {Appendix 18). Daily %ﬁé%%ﬁ@%%? figures from Grasslands?®
Bivision showed that the asversge daily wind-run was higher over
13-18th Feb. than during the other perieds. {Table 18.) The more
rapid removal of water vapour frem the pasture layer by wind, may have
increased the guantity %fVﬁaéar transpired by the high L.4.1. sward
in relation to that lest through tramspiratien and evaporation from
the low - L. A.I. sward.

Mitchell and Closs {19358) cbserved a similar relation=-
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ship belween pasture cover and soil molisture sitatus is the soring.
Later in the year {(Jan.- %éfé%}, they found that water loss was
greater under the shorter pasture, Goode (1956) found that water
could bhe conserved by close and freguent mowing better than under
uncut pastures, %&égﬁ.gﬁggér% the results of this experiment. Hitehell
and Closs have suggested that the temperature of the leaf surfaces
%@ﬁéﬁ be the same under the t2l]l and short pastures, under certain
conditions. Hewever, as the arsa of leaves exposed to the air iz
greater in the long pasture than in the short pasture, more water
should be lest frem {he leng pasture., High wind velecitiess would
aecelerate this difference. ‘%@g“ééffﬁa%itg of the defelinted plant
in extracting water from the moil, which was ohserved hy Jantti and
Eramer (1956) may also have been a factor in contributing to the
measurements recorded on 13-18%h Feb,

The achievement of & significant linear regression
of meassured pF on caleulsied s0il meisture deficit, secording to a

modification of Thoernthwaite's formula, for the range of date available,

demonstrated the potential of this method for caleulating irrigation
‘requirements. One of the lmmediaste difficulties, and afsdpr
responsible for considerable error in these estimates, is that no
gllowance is made for the seil being wetter than field cavpacity
through heavy rain. Another factor which will have to be considered
in future work is the effect of vegetative cover on scil moisture

sBtatus,
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CEAPTER VI

15 8

iz 4 study has beon mede of the effect of ftwo grazing Lreatments

on the yisld, leaf area index, and $iller gggazgéi%ﬁ of a perennisl
ryegrass/ehite clover pasture.

2. Considerable 4ifficalty was experienced in successfully managing
shean to defeliste the plots and during the latisr %@gg&% the pisis
were cut with s mowers

3¢ Prior to Javwary the itreatments had no effect en yield, but during
the final 10 veelks the € in. trestsent oulvislided the § in. troatmenty
fa The sverage woehly ﬁ.ma inerement wvos grestest bolwesn B %; Zrd
pecs {inciusivel.

Be The grass tiller populintion showed a pronscunced decline frem a

wmn ninimuo,.

‘spring saximuem $o an and

G The grass tiller density wes less wvnder the € in. prazing
tre nt thae under the 8 in. gresing frenisent.

Te The clover node population inereased from spring to an a

mheling.

8o The balancd of species changed from gress dominance in winisr,

spring and early summeor, Lo grass and clover as co~doninants in the

st

Ya L& limser regression of D.He production on leaf areos index wes

obtained.

10. A significant difference in the L.A.I, within tbe 3 in. treatment
npn the Oots ond ey @sg?éé | gégﬁégiﬁgﬁg

mnder the § in. treatmapt.

ile Follewing rain, soil meisture los: was greatest and most rapid at |
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caleniated

i2¢ 4 linear regression of nessured pF ve

asil molistare deflicit indiceted the potontisl of setoorological

date s a basis for eanleulsting lrrigetion rooviremantis.

13s The treatmonts had no siznificent effect on woizht of pas!

roots or thelr distribution within the soil.
ide The perommial yyegross was affscted by Croun Bust and the

white clover atiecked by lpoerns fles.
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APPENDIX 2

Tields of herbage produced betveen graszings froem
September to March. {(1b. B.M. per acre).

b
°
o
&

Intermediate period (3 in. treatment.)

1 [ @ G| ()

2 Bept if Bent | 4 Gote 18 Oot.

)
&
[

16 Sept. 4 Oct. [16. Oct.] 24 Oct.

i 324 670 &8y 224 47¢ 501 311
3 471 814 535 * Sa3 826 37
-5 318 231 580 &6 269 597 1320
K4 284 674 832 isz 218 8066 1434

1933
5747
5051
3736

% 349 522 683 193 523 | 7O 13568 1232 58

*0n this date the post-grazing ssmples exceeded the pre-grazing
peamplen, and conssouenily no yisld was recovdeds
22, Intermediate period. (6 in. trestment.)

. Grazing | (1) | (2) (s) 4)

Period . , , P
- ] 2 Bepte 4 Oct. | 24 Oete| 24 Nove
4

Lot  Oct. | 24 Oct. | 24 Nove| 7 Jan., Total.

Hoo

793 1377 | 1573 | 2810 6653
531 1045 1100 | 1932 4608
“ 974 60 | 2377 | 4868
1300 1275 1324 | avey 6703
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243, Final period. (3 in treatment.) (6 in. Treatment,)

EH

Cutting | (9) (10) | (11) | Cutting | (5) (6)

~. Periodd,. m oy | o 5 1 %
N SITEEYEN43 Jane | 3 Feb. 24 Febd Totd,. dane| 12 Feb. Total
Fiot T : ” Piot ¥ah, 10 H

s i

. . 24 Veb. 24 Hax 1
Ko ., !

1 107 544 | 1025 1976 2 1273
3 616 644 | 966 2226 4 1322
5 397 695 748 |1840) 6 1445
7 8 1399

403 682 8483 1g78
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APPENDIX 3

Sele Ansiveis of verisnce of dry matier production daving the

! int %?%@5@&%@ and final pericds.

Source 88. defes Habe Fuvalue |F required Hesult
|Brock 1941652 | 3 647217 m"g’*}{m*z:ﬁ} H.S.

Treatuent 2486087 1 4 2é08817

I

Ervor 07848 b o2 wt S048
Total 7420517 | 7

B ¥ = 1

Analysis of variance of dry satier producticn for Hay - Sept.
Soures 85e defa HoBa F value | F required Hesalt
Block 48087 16028 £1.00
. % 21 23 Liel

O e G

277121

328229

i

yariance of dry matier mpduetion for Sopt. = Jan.

F waloe F res ired Hesult

£ees / 5 % o
o 9 Bets

£ 10 15,10
£1.00 180 10

663250
234127
793259

Fat
3
s
3

el o O

2379776

wf

4603653

¥ o= gf?& %%i
3:8. Annlysis of verisnce of dry watier production for Jan. - Harch.

Source 8S.  |defs  HaS. ¥ value | F required Result
Hiock 2291 & rEY (i%%% E@ai% HaBa
Treatwent [1136778 | 1 1136778 18,84 10:1005, 409 *
Error 1810358 3 60353 R

Total izz2oi08 7

V = 10.3%



APPERDIX 4

Ury matier yields on which the calonlated relative grovih rates
are based.

{ib. D, per acres)

3 im. Trestsent & in. Troataent.
Poriad %Zfi ) & . %gi ’{3%% é&%g Pariod,
2 16 septd 721 ) 371 350 | 1437 BBC | 887 | 2 Bepte = 4 Oecte.
1% - &b 886G 330 Bl
4 %ﬁ% - 15 Ost. 2177 | 483, 882 187z T4 1188 | 4 (pt. - 24 Dot
2% %gii - - 24 {,@ﬁ A g%ﬁi g”m& : | ;:%{%, )
24 fet = T Hove 1188 0 886 | 349 | 2050 878 1132 24 Cot. = 24 Hove
7 BHovw = 24 Bov. 1202 | 458 TO3
24 Hov - 2% Bec. 1995 %%% 388 | Sind ZB08 24 lHowe = ¥ done
21 Ber - 18 Jan. Z3EE | et s

2 Jdan o 3 Fe %?% 457 004 801 1408 | 7 dan. = 12 Fobe
2 Feboow 24 BL7 | 644
24 Fab e 4 Faw 478 908 612 232 15080 12 Tobe =

X  B473

‘1 = sasples talen on fimal day of each period.
%@ = sgamples taken on fivel day of each peried

;
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Gols

6

Zs

&% Trositment

Heasurements of leaf ares index. {Trestment meane an
standerd erTurss )

APPEEDIX &

3% Treatment

Bempliing

=

W B

Tosnt asres indexm

T

=

wapaflioy
ratio

1.71 1 0.098

0,27 1 0.033
0.31 1 0,046

2.41

2202

= Q078
gi %#%};*{%

W sy
Wl
foli

0.38 & 0.086
%u%ﬁ i; ﬁg%%
1.30 ¥ 0.113
~Eu BV ;é. 8,154

1.25
1.83

o f 1

< “j De 12

4+ 0,088
+ 0,065

wE B BY

0410 3 0,050

g}t?g :I;; %Qié%
115 ¥ 0.121
1.56 1 0.142

%a%é% §& Z};i%

J.88
127
1.54

[ FREN X XN

o we B e%

10tk
17tk
24th

8,051
E 0,021
0,091

s

Ge52

0.55 + 0,056
1.20 T 0,054

8,084

1.70
2451

[N EN BN B

LI I N Y
o B R ve B o6

et
i

6w ow G
g W
Gl G0 4

o
£

0,205

2 Zept.

4 Dot

Ge181
G316

02330 10,049
0.65 10,071

L
ok
o

8th Jan.
15th Jdan,
22nd
Z9ih
“ Btk
iz2in

don
Fob.

o
LaEiks

R |

.28 ER S
G.83 + 0088

0,064
8,030
0,169
0.314

1.08

e

0,021
0.031
0.104
0.065

GeO7
28

1.56

b b LD

et

TG o 30
B1 = 48
48 = 52
46 = 34

43

Fabs
?%%%éﬁ
Fab
Sth Hars
iZth Har.

12tk
184n
Znth

19th Mar.

Gy 24 'é; g
0,69 + 0,140

1.16 ¥ 0,113
1,65 + 0.069

2,22 + 0,257

8.80

2,06

1,07

301
2.53

i+

-
2% ¢ Fi-
32 @ a1
36 @ 84
2% 1 68




APPENDIX 7

Analyeis of v
B asEres %& §%@&§§%w §§?§§§ %%% f@ﬁ&l % £
which have bsen prosented in Appendices ﬁﬁzﬁ

7els 6 in, Treatment. ¥ = Leaf area index x = time {days}
Linear Regressiong (¥ =¥) =b {x = %),

SSy-= 20,3437  S8x = 1381 SPxy = 196,480
b = 8Pxy = O.1424.
85x i

88 dus to regression of ¥ on X = bEPxy = 27,8788,
Test of sipnificance of b:

Seurce 8« - dafs Mo Fo ¥ reguired | Result
Lin. Reg. | 27.9788 1 27.9788) 184u4| 5e12( 40 oo e
AP &
Error T o . 1587
Tola 28,3437 in
# fO. 1517 7 ;
ak‘%"‘ = s
b= 1351 Gi05,

s e¥e 0.1424 x =0.088 -

Fede = dn. Troniments ¥ = lsaf ares index x = time {ﬁ ygé

@iﬁﬁ&?‘?@ﬁyﬁégigﬁi‘ {y =¥ = b {x = %)

88x = 866 Bfey = 1384808

= %3%%%

S§ due o regression of y on x = |
Test of gzgﬁzﬁ”éﬁﬁsa of bz
Bource 88 | daf, HeBe Fe F required
Lin, Rege| 21.6453 | - 1 |21.8455  |164.0 | 4496, oo **
Error 1.3128 | 10 0.1313 W |
Totzal de ;’}?E 1L

b=g /2BL o0,

¥y = 0C.1581x +.0.005



APPENDIX &,

Anpnivelis of verisves for total L.lh.d. 2t 4%8 Ocle
rehe (3 in, treosiment.)

55« deis

. 10,10 M.S.
SIM AN .07 3. 3
%&M@g %a/‘ég £ %%Q%%E%g%{}}‘ &

L
L)
o
“f
el
s G
Bl
| &
Tt
s
Joede
8

& 2. emad A
% He2il

[
&
<
¢
&
©
L)
(g@
&
&

o
S
A
@2‘&

o

Balis fzwg@ %@g%ﬁ

= B8 oy ) Ny = » )
4th Goi. and I7Ch Harch

- 3!

B,040 HaB45 S5 16,10 Hebe
BL208 Z 1,755
g*%}f‘é T ;{ %a%gﬁ
Beis Twbale 8t 8%th Tot.
sy
% F walue
i 4,042 252
E EaE
2 1828
£ -4
Foas
8.8, = + 0,40
ro e U E
-
Boda Ennlysis of veriance for cloesy L.Asds at 4 th Get. and 189tE Barch.

SGurce 58, defe H.8. F value F reguived |Hesul

0.325 3 0.108 | 1,00
Troeatment | 20,700

ol

Py e

SISy

Souples G418

0

oan

Total 22,449 | 18




i
= 515877 SSx = 11,6034 EPuy = ZL07.508
£

: - ey %a%&f«%g
yields were converted to 1b./ac.

e

& ine Trostoent. ¥ o=

29.04 | 5.2, . o
= e €§, ‘@””gg}

£ 3.z e o = 5
BRe fwia Blafa S 4

ey 2 me w g
% pe = tint 18,58 W 3 #E

y = 198.8x 4 602.



GHABE TITLERS

OLOVER TILLBRS

TOAL PILLERS
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o e e M4

©

Tiller numbers per sguare foot. {Plot figures and Trestoent
mesns with standard errors.)
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APPENDIX 11

frass tiller distyribuil
$i.1 2 x 6 Contingency Table.

S

Test of chang distribution of grass tiller numbers per plug

between Supe

"N/,\. ’ "
“Einss i .
Bate gy & il b TN i E 8y Fle82 Totnl
2av S
sur. 1888 i 1z 28 z 13z ¥ ¥ B20
Juns 1959 2 16 Zz 22 20 & pEt ¢
415 &2 48 = ig2 8z 4320

20,084 defe = 8 1 { .01

féw%
it

»

giribotion of grass tiller num

P
ne sampling. {8 in. freatment).

&
$uls
k2
Wl
iﬁ
il
£
P
el
ok
3
[
-
Gl
o
&
bt

furd
&
&9
&

3 7 32 72
24 16 17 26 16

e
Joke
&

Sl
o
&

29 23 49 92 154 “

X2 = 110,081 dufa =5 p(0.001



APPEHDIX 12

Graass Tilier Distribationg.

i
b
#

folh

2 = & Contingoney Table,

s
W
(3

. of treatment effect on distribution of grass tiller numbers por

wlug 8t the Junuvary semplisz.
Class & Tl F=f F-i4 B33 3152 Total
Troatument

&
¢
&

p = 0,01

@ R 3-8 7-14  15-30 3162 Total
Trectoent i N - o
3 in. g 10 22 23 30 & 100
6 ine 24 18 17 20 1y 4 100
33 26 8 4% 49 10 2060



APPERDIX 13

Clover fHode Distributions,

2 x 2 Continsency table,

iede
R RSTS

Test of change in disiributien of claver node numbers per plus.

£

mpiings.

supust and June s

Total

ﬁ“géé;jééggg
?&%%%&%“%x

Aug. 1958

L

2 23 Contingency table.

152
Toest of trostment affect en distributicn of slover
plug &8t the Aveust sampiing.

Class

G 1=2 =6 Total

43

s

& 2% 8 Conii

oz

25

Tent ef irestmont effect on distributioen of elover

plug at the Hovember mamp)

P
sBewE

2033

=
defs = ia

8,001

= 203.0
defs = 1

P 0,05 (Ha8.)

node numbarg pey

Cliass P=id 15,30

Total

X2 = 10.00

[

24

S18 s, = 4

=

i7

320 | p<0.05

41

638




APPENBIX 13 (contd.)

13.4 2 x 4 Contingency toblo.

Test of treatment effect on distribution of clover node numbors per plug

at the Jamuary sampling.

Class| ¢ 4.5 3.6 7-14 | Total
Troentment L2

| | X% = 16.44
ine 7 41 g8 74 260 defe = 3
ifis, i3 52 24 29 200 p < 0. 001
POTAL 32 o3 162 113 400

o

&

12,5 Z 7z 2 Continpeoney tablio.
SRR RS e
Test of trestment effect on distribution of clover node numbers per plug

at the Morch sempling.
Class | O=-2 S-f T=14, Total

reatment
5 ine 8 57 94 160 X = 0.68

6 in. ‘ 57§ 60 defe =2
TOTAL 18 124 178 | 320 P >0.05 (N.8.)

13,6 2 = 3 Contingency Table.
Test of trestoent effect on distribution of clever nede numbers per plug

zt the June ssmpling.
Clags | 1=2 3«8 T=14| Total
Treatnent ; .
| | %° = 7.20
defe =2
P B.08




APPERDIY 14

Coefficient of waristion of tiller numbers per plng, and

aunsbors of plugs collisobted per pompliing.

rentuent

Sempling
Date

ZB.8.58
Be Ve

189.11.58

Tis Ya

G.1.52
B s

313,59

Be

E@.%

rass

ine
£ in.

B8O 637
B8O  £4.7

80 7.0
BO 66,7

25 78,3
25 794

40 73.8

25 88.8

40 7.4 25 113.3

white

Clover

ing
ins

80 103.
80 $4.0

80 87.0
80 91.5

30 777
50 81,7

40 40,3

40 %?g%

25 45,0
25 44.9

¥ = eeefficisnt of wvaristion.

=

-2

mamber of plugs collested per plet

{4 plots per trea

toent. }



18.1. Z0il meisture date.
R

%
fo o meane for January.

fmte

& ine. Treatoent

& im. Tronlment

2 ine

18 in.

& dn. 18 in.

s

BRIDGE

2:4 &4 585 3:%5
e ' s £ 2
Ze78 268 Z 2475

i B.07 Z.88 || E.20 e84 287 Z2.84
i
i 2.80 282 Z.60 Z2.54 282 2,84
i
3 2L.T0 2.88 | 2.7C 2,58
2865 288 || 2,67 266
:g$¢%} {ggéﬁ} P 2,487 2,54 2:45 .
280 2,88 2,74 2,90 | .78 272

=4 29%% %ﬁ?% 'gg?% 25?%‘ gg%@ gg?g
20 1 2.892 2.78 2,75 | 2.86 2,76
21 |2.97 2,79 2474 | 3403 2.78
22 18,07 BJH BLTE L Bl 2.78
23 |3.18 LB 2.7% Sedd 285
4 1S53 .82 2:81 248 282
85 |3.34 2.82 .80 § 3.98 285
28 [ B.02 2«81 278 P v 2535
27 |3.39 2.85  2.82 | 3,32 3.30 2,06
28 | 3.37 .00 2,88 | 3,38 2 3.36 3,01
Z0 1 BLE B.07 Z.88 Se38 .08 P
=0 '
B 2,78 2.77 2.80 2,76 | 2.81 2,78 298  2.78

&

Bach figuwre is the mean of 8 readingps.
Tares gypsun blecks failed during ithe experiment.
miassing bleoeck was given the sssme value sz the remsinins wenber of the pedl

In saoh o

se the

B
H



10eis Boil molisturs doie.
g%* trentesnt means for February.s

Pebs 2 iIpn. € In. B in, 18 iz, 12 5. 4 &n. 8 im. 16 i

22,83  2.82 2,80 2,79 [2.83 2,84 2,78 2.77
3 281 2,79 2,75 2,74 [ 2.848 2,82  2.97 2,95

4 12.89 2,84 2,72 2,75 |2.85 2,88 2,80 277
>

% |2-08.02%8%2 f0lls fol62 |20l02 ;8002 36785 7.z

6 |2.94

waE E l b et
3.78 2.75 |T.02 2,88 F.82 2,98
7 2.9 2.8

2%?% gée?‘gf dg é;}% 2%% 2&%‘% aﬂg#é{%‘%

g [3.28 Z2.88 286 i F.U2  Z2.98 2,81
T0:04 0,04 10,04 £ 004 | 40.04 0§04 +0.04 +0.04

106|331 5,00 2.85 2.86 |3.27 3.05 2.96 2.04
+0.06 £0.02 £0.05 £0.02 40,06 +0.03 +£0.03 10,02

11 274 Z2eV8 277 2,72 ||2.80 2.81 2,785 2.76
12 [2.80 2,78 2.74 2,70 |2.82 2,80 2,76 2.74
I3 1278 2,78 2,71 2487 [2.76 2,80 2.74 2.71
14 [ 2.88 2,77 271 2.65 ||2.79 2.76 2,71 2.7C

16 [3.00  2.86 2,76 2,66 [2.83 2.79 2.71 2,68
+0.02 0,02 +0.080 £0.02(+0,02 +0.02 +0.02 +0.03

i7 318 9 h ] 281 2,68 Z.82 2,83 2.75 2,72
ﬁ&%g j;%a@g Lﬁ&% ;%s%;cg ﬁi{%»%ﬁ i;%e%g jj}‘%}?; ‘:&@x%%

18 | 3,12  2.84 2,81 2.65 [2.86 2.79 2.70 2.68
+0,03 10,03 10,03 +0.03] 10,03 +0.03 +0.03 +0.03

10 [ 2,76 2,77 2,74 2.64 2,75 2.76 2.70 2.69
ﬁ%% ;i’{%@%}g :i:%}s%g Q{E‘é}’g ;i%bé?g 'i.{%@%% ;{;%s{%i?; 'L%# 2

20 | 2,83 2.80 2.74 2.66

21 | 2,71 2.70 2.69 2.59 2,67 2.64
25 | 2.74 2,78 2,70 2.64 2.63 2.63
24 | 2,75  2.72  2.70 2.63 2.68  2.66
5 |2.76 2.73  2.68 2.65 2.66  2.63
26 | 2,73 2.73 2.68 2,61 2,64 2.62
27 | 2.75 2.73  2.68 2.64 2.66 2.66
28 | 2.76 2,70 2.66 2.63 2.63  2.63

Average Bella



APPREDIY

1Hee Boil moisture duts.
R

pF  Treatment means feor Harch.

bBate % ip. Trontoent & ine. Trestmeni

Horeh Z i 4 i, g in. 18 ine 2 in. 4 in,. g ipm. 18 %

2 Z.80 2.74 2,68 2461 Z.82 Z2.75 2.686 2461

3 | 2.86 2,75 2,72 2.86 2,82 2,75 2.65 2.65
2,88 2,79 2,71 3,60 2,80 2.75 2464 2.60
2,97 2.87 2.80 2,68 2,94 2,83 2,72 2,87
3,08 2,64 2,89 78 3,00 2,94 283 2,79

3.08 2.94 281 2474 .05 2488 2,80 Z.78

L R B
il

3519 289 2.88 278 de12 3.01 2.886 2.70

16 Fe34 S+34 - 297 2.80 F.23 203 2,80 2.83
ii P £ 3.14 2.99 2,81 S5 307 2.80 2.83
iz 2.82 Z.84 Z.82 (2L 7E 2.85 2,86 2.83 2.82
i3 2.78 274 Z=78 2,71 283 2.83 278 252
i4 2480 Z.78 2.79 2.75 ] 2,81 2.83 2,79 Z:81
s

ig -2.80 - 2.78 2.81 2.78 2.82 2.82 .83 88
7 2,80 2.79 281 274 Z.81 288 2.81
18 | |

i 280 2,81 2.76 270 g 278 282 274 276
20 2.97 L6753 2676 2670 2.78 e 2,70 Z.7L
21

22

23

24 2.83 Z.97 2,78 2671 2.82 Z.76 273 2.72




APPEEDIX 16

Root yields. {(Ory weight - gm./100em. soil).

2 in., Treatamsnt #iot

.

E dm. de8 ims $e12 :;,};2# B, O3 in. =12 in.

fad

471 0108 0,044 2 0.420
G.337 G066 0,042 I

571 0,083 0.082 4 0.461 8.064
0.28% 0,086 0,027 9,286 0. 050
0,281 0.076 G057 ) 0.328 G112 0.040
D238 @108 05.038 U407 0,028 G057
G376 G102 O.042 8 $.288 S,085

Z
G081 G072 U487

G007

0.048

Ge225  0.088

X | 0.372  0.081  0.054
40,025 4+ 0.011 10,003

e

%«1 s b

4+ 0.045
e




APPEEDIX 17

i¥sts fnalvais of veriance of dry weight of roois,

within 8- io. Borizon.
Source 55 gofw H.8. P value | F requivred | Hesult
Blocks |0.035136 3 | ©.011710 2,91  9.28 HeSe
g %%&@%ﬁ%@»%ﬁ%ﬁ%g i - § 214 1.00 10,10 HeBa
Plugs 3.084828 2
“% §& 8,134320 18

BeBe = ¢ 0.022

i7s20 . . , R .
1.2 tnalyeis of variance of dry wseiphit of rooits eithin 3-8 in.
borizen.
Source BB dofe Mo H, F valge F recuired [Bsesult
Rlocks Q. MM3i2 - T G.a8 BB,
Treatments 0,000046 i 1,00 10,10 Hefls
%g%%\? A8 8
$.0508068 i3 ,
BaBs = ﬁ .08
17.3. Analysis of varisnce of dry weight of roots within 6-12 in.
horizen.
Souree &8s dofs HeSe F value| ¥ required| Fesult
Blocks . 000578 3 3.000183 £.77 G.28
Treatsents] 0.000841 i $3.000841 T2 iG.10
, 3
120 3
within 0.000428 8
= i:
TOTAL 0. 002174 i3
g%%ﬁé B ;‘i i}g{?ﬁk’%



APPERDIZ 1B

snds Divielion Heteprolenics]l Bietion.

Yenther Ynta, Grossl

Feek Hean weekiy values. Yeekly Totals
eunding. .

Temperatures { Fs)

- , Bainfsll Sveporstion Bunsbhbins
Yaws Hine £2i 4 ine Urases i iBe in. Bra.

58 Sept. O [60.1 38,7 44.6 30,5 - 0,387 64.0

16 (58.4 43.1 48,6 368 8,15 Gs312 44,7
3% [61.4 46,0 157 37,1 G5 8,586 56,8
30 60,8 38,8 48,8 25.8 - 6,763 52.4
fickbs T 80,8 40,5 B55.1 et = o570 £84 1
14 B7.3 45.4 53.8 58,7 G.86 G.641 B3
21 187.7 53.1 56.5 45,1 0,54 G570 38.9

28 69,0 50.1 58,0 43,2 0.82 3

Nov. 4 [66.0 50.5 60,3 47.1 0,43

i1 0.1 48.5 6i.2 38.9 G.22
18 69.8 0Ul.2 63.7 44.5 878 3B43
25 [88.3 4Y.0 61,0 38.2 001 58.8
Bece 2 89.6 052.4 63.3 42,9 G.18 . 1.040 7.7
& 70,1 852.2 85.8 43.4 017 {0,353) 381
18 [T4.3 56.4 G064 50.1 2.71 8,858 24.9

23 [70.6 &7.2 €5.8 48.8 2.97 G.642 26.6
3G [70.5 35B.6 63.8 48.8 G838 G.8351 42,0

6 [70.2 B4.2 6748 44.8 Ge 10 1.736 657
13 78,1 B58.0 G840 51.6 Se40 1,011 50.7
20 (F7.3 58.9 88.6 83.1 = =588 58.4
27 [76.€ 56,5 68.5 Si.1 o 1.317 e

1958 |dan.

Feb. 3 [72.8B 57.5 7.3 33.4 2,87 0.973 372
10 [76.1 357.4 60,4 54,2 136 1.061 838
17 72.4 56.1 65,3 49.1 0,04 {0,970} 82,5
34 177.1 55.1. 83.7 497 1.48 1,188 15,7
Hareh & ?é}ae? %@ﬁ% gg}a? %gug §i’ i3 fe i¢s 52 .0
10 72.6 53.5 533 50.6 Geid 0,998 31,8
17 171.1 607 6448 56.8 1.8¢ 0,604 17.8
24 |69.8 B53.5 0.9 46,5 1:14 0,861 48,7

31 [B5.8 48.4 58.8 43.7 DeS1 G.880 40.8




Baily potentisl eveapoliranspiration values and

APPEEDIX 19

moisture deficits. (Defs)
Schwass (1958).

Estimates given in ins.

calenlisted soil

March, 195%.

T.118

bate danunary, 1858. February, 1950.

PoBe Bafe Fulla Def. Polle Bef.
i G.212 0115 C.534
2 G302 G. 088 G.03E
3 G422 0. 073 O.6886
4 8,126 0.548 G. 101 0.747
5 Geii2 D.880 G080 $.837
G G101 1180 0,148 O.806 G087 D854
7 0.004 1274 G143 G.848 .128 G043
g G118 1.382 G, 137 1.076 0,088 1.081
g J.131 1.324 Gui58 1.234 .12 1.183
16 B.i34 1.658 - Ga 118 0. 800 3.117 Ty
1% G.182 4,274 - 0. 1158 8. 115 Ge 107 B G77
iz 8.144 G000 G 127 D.242 2,108 .53
i3 G184 G004 - Ge.i21 0,863 G000 D558
i4 3158 g@:ﬁ%% Gaii2 %};%?g G.114 e 583
15 18,139 0.378 $.1086 G.581 G125 G508
16 0,130 0,508 0,118 2,888 0. 140 G708
i7 8,128 8,837 Te L20 G778 3,124 §,202
18 Ue 188 0,796 - 0u120 G,418 G.082 G300
i G.34% 0. 837 De104 2,463 G.082 8.082
20 - 0.149 1,086 Su 130 G.000 G082 2,174
21  |0.152 1.238 - (.127 0,127 C. 088 G288
ey B3.131 1.568 G078 3,000 £,088 0,388
2% 0.125 1484 G070 G.470 0,007 $.455
24 D137 1,631 0073 3,143 3,082 D457
25 D124 1743 - G073 G.28
28 Ge.i08 1.868 G. 102 Q318
27 0.148 1,886 0,089 G417
28 0,167 2,120 G.112 0. 526
128 0.148 G000
3¢ 00138 G000
=1 Ge118




APPENDIX 20

Analysis of regression of measured pFl on caleculated soil moisture
deficit (ins.) based on dats presented in sppendiees 15 & 19.

Ze.i. 17th - 2BEhL %&ﬁg ¥ = measured pf z = ceiculsied soil selisturs
deficit.
B8y = Q.4834 88x = 2.54690 SPxy = 1.,10211
b= 8wy = 10211 = Do 2337
B8x 254680 -
B8 due to repression of ¥ o2 2 = b EPgy = U.4788,
Test of sigpificance of b
Sonros &8 5 Hafo F F reguived fesnlt
TUTAL , :
Lin. Heg. w&%?%% i 367 .0 4454 R
Brror 65 {2.65)
TUTAL —

gw%@%
y = 0.4327 x + 2.48.

20+2. 25th Pebe. =~ 10th March. %3 = measured pF x = caleulated soil
' moisture deficit.
S8y 85x% = 1.2861 SPxy = 0.6113
B =  $e8113 = . 47583

12861 ‘ ;
B8 due to regression of ¥y ob X = b BPey = 0.2908
Tests of sippificance of b , _
Source &8 Befs HebBao & ¥ recuired fesnld
Lin. Reg 0.2808 | 1 132.2 4.84 -
BError G.0318 | 10 %‘%%%2 {8,63)
TOTAL 0.3127

8, =4 O.0022 = 4 0,0131

@&8%«%

¥ = D.4YES m 4 £.55

%2  wmeassupred of = age of the two fresitnent meons at the 2 in. end

avayr
2 3iBs ’5”?4’?’3’3%%23





