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ABSTRACT 

Verano s tylo ( Stylos anthes hamata ( L • ) Taub . ) i s  a n  

impor tant p ioneer legume in the trop ics and its potent i a l  as  

a pas ture .l egume under graz ing appears to be promi s ing in  

Thai l and . 

Thi s  the s i s  was carried out i n  two parts - the fir s t  

part wa s conducted in the Controll ed Cl imate Rooms a t  the 

P lant Phy s i o logy Divi s ion , DSIR , Palmerston North , New 

Zeal and . The a im o f  the se  stud i e s  wa s to obta in ba s ic 

i n formation on growth patterns and the response o f  Verano 

stylo to cutting at di fferent inte n s ities , frequenc i e s  and 

stages o f  growth and at two l eve l s  of water stress in  terms 

of quantity and qua li ty of herbage produced . The second part 

wa s a gra z i ng trial  conducted at Muaklek , Thai land , to te s t  

the gra z ing management hypothe s i s  der ived from the Control l ed 

C limate Room studies . 

The r e s u l t s  from the Contr o ll ed Cl imate Room stud i e s  

showed that t h e  growth and deve lopment of intact Verano stylo 

wa s slow at  the pre- flowering stage and increased rapidly 

a fter the onset o f  flowering . Maximum growth rate o f  2 . 0 4 

grams /plant/day wa s recorded between 7 0  and 8 0  days and 

maximum dry we ight of 1 0 5 grams/plant was achieved 

approximately 1 0 8 days a fter seed ling eme rgence . Dur ing thi s  

po s t - flowe r i ng stage , p lant growth in  terms of p l ant dry 

we ight , branch deve lopment , l e a f  number and l ea f  area 

i ncrea sed rapid ly . 

Flowe r i ng commenced 3 5  days a fter
. 

seedling emergence and 

c ontinued throughout the exper imental period . Stem was the 

ma j or plant component , followed by the inflorescence and lea f  

fractions . 

I n  terms of the response to var i ous cutting regimes , the 

results  s howed that the more s evere the cutting the more 

de leterious wa s the e ffect on regrowth . Cutting the pr imary 

branches had a greater e ffect on pl ant regrowth i n  terms o f  
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plant dry we ight , branch number ,  l e a f  number and l e a f  area 

than de f o l i ating the main s tem . Severe cutting o f  pr imary 

branches ( i . e .  to node 0 )  plus hard cutting of  the mai n  stem 

( i . e .  to node 3 )  resulted in  the death of the plant a f t e r  two 

cuts . When de f o l i ation was delayed to the l ater s tage o f  

growth ( near maximum growth r ate ) , severe cutting of  the 

primary branches ( i . e .  to node 0 )  caused extens ive pl ant 

death f o l lowing only a s i ngl e  cut . Al l growth parameters 

recorded were markedly reduced when the interva l between 

cutti ng wa s decreased . I t  i s  sugge s ted that the response of  

Verano s tylo to de fol iation i s  dependent upon the number and 

espec i a l l y  the s i z e  of the pr imary branches , the number of 

growi ng points , the amount of s tubble reserve s and the 

res idu a l  leaf area immediately after cutting . 

The d i fferences in yields  were l argely due to changes in  

the stem and to  a lesser  extent the inflores cence and leaf  

fractions .  

Growth of the pl ant in terms of  plant dry we ight , branch 
"' . . 

number ,  l eaf number and l e a f  area were reduced to a greater 

extent under s evere than under mi ld water s tre s s . The 

di fferences in p l ant dry we i ght between the two l eve l s  of  

stre s s  were largely due to  the s i z e  of the stem f r action . 

After rewater ing there wa s a rapid increase in growth by both 

the previous ly mi l d  and s evere water stre s s ed p l ants , 

resul t i ng in a marked increa s e  of a l l  the variab l e s  recorded . 

However ,  growth of  p l ants previous l y  under s evere water 

stres s wa s l e s s  than tho s e  previously under mi ld water 

stres s .  The increa se  in  tot a l  plant dry we ight was due to an 

inc r e a s e  in a l l  plan� components ,  espe�ia l ly l e a f  and 

inf lore s c ence fractions . Sever ity of  cutting had l e s s  e f fect 

on plant var iab l e s  than water stre s s . The e f fect o f  cutting 

was more apparent under mi l d  water stress than under s evere 

water stress in terms o f  plant dry weight , branch number and 

leaf  area , and continued to show thi s e f fect on rewater ing 

with respect to leaf number and leaf area . 
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Verano stylo herbage qual ity , as  mea s ured by c rude 

prot e in concentration , was re l atively high even in the uncut 

control p l ants . Defoliat i o n  i nc reased the prote i n  concentra­

t i on , but within the cutting treatments there was l ittle 

e f fe c t  of  cutting intens i t ies and frequencies on the c rude 

protein concentrat ions of all p lant components , except the 

s tern fr act ion which was s l i g ht ly superior unde r  f requent than 

i n f requent cutting . The prot e i n  �entration was higher in 

the le af and in f l orescence and lower in the s tem at a l l  

cutti n g  intensitie s and f r e quenc i e s . 

Severe mo isture s tr e s s  i ncreased the crude protein 

content in the leaves , stems and inflores cence s  compared with 

mild moi s ture stre s s  and co nt inued to show t h i s  e f f ect on 

rewa t er i ng with re spect to the l ea f  and stubbl e  f ractions . 

Ha rd cutting in the  drought per iod a l s o  increased 

protein concentrat ions in the leaves , s terns and 

i n f lore s cences compared wit h l ax cutting and continued to 

show this e f f ect on rewat ering with re spect to the stubble 

and ste rn f ractions . 

Al though the crude protein concentrations in  di f ferent 

plant parts and for di ff e rent cutting intens ities , 

f requenci e s  and s tages o f  cutting and for d i f f erent water 

regimes were rel at ive ly s mal l , the amounts per plant were 

l arge due to the substan t i al and s ignificant d i f ferences 

obta ine d  in  dry weight be t we en treatments .  The increase in  

c rude p rotein was l arge ly due to the inflores cence fraction , 

especia l ly unde r l a x  cutt i n g. Crude protein y i e l d s  were a l s o  

serious l y  reduced under frequent and hard cutting of the 

primar y branches . 

Pr eviously stre s s ed pl ants at either mi ld or s evere 

l eve ls  greatly i ncreased the i r  crude prot e i n  y i e ld a f ter  

rewate r ing , and th i s  was l arge l y  due to the c rude prote in 

y i e l d  of the leaf and inf l ore s cence componen t s . 
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In terms of carbohydrate reserve s , the r e s u l t s  o f  thi s 

s tudy clearly showed that the concentration o f  the s e  reserves 

i n  the res idual top and roots o f  Verano stylo wer e  low (< 3 %  

o f  dry weight ) ,  were comp r i sed mainly of s ugar and wer e  

independent o f  the s tage , intens i ty and frequency o f  cutting . 

However , carbohydrate concentrations were s ubstan t i al l y  

increased by severe and espec i a l l y  mi ld water stres s .  Starch 

wa s the ma j or component and accumul ated in a l l  p l ant part s  

e s pe c ial ly the stubble , stem and tap root fract i ons . The 

e f f e cts of cutting dur ing the drought period were on l y  

eviden t in  the stubble , i n f l ores cence and tap root fractions 

- the leve l s  dec l i ning with increa s ing intens i ty o f  d e f o l i a ­

t i o n , particularly o f  the starch fraction . However , the s e  

car bohydrates , espe c i a l ly the starch f raction in  t h e  stubbl e ,  

s tem and tap root , a lmo st tota l l y  d i sappeared dur ing the 

rapid recovery pha s e , sugge sting it was used for regrowth . 

In terms of the amounts of carbohydrates ,  the results 

showed that the di f f erences between cutting inte n s i ty were 

l argely due to  the di f ferences in the  res idual dry weights 

e s pe c i a l l y  in  the s tubble . Gener a l l y  the mor e  s evere the 

cutt ing , the lower the amount of carbohydrates in the 

stubble . However ,  cutting frequency had no s ign i f icant 

e f f ect on carbohydrate accumu l at ion . Severe wat e r  s t re s s ed 

p l a nts a ccumul ated only hal f the res erves of the mild water 

s t r e s sed pl ants dur ing the drought per iod . Under both mild 

and seve re water stre s s , the stem was the ma j o r  accumulator 

of the se  re serves , particu larly o f  the starch f raction . On 

r ewater ing , there was a marked increase in the a ccumulation 

o f  sugar akin to the increase in dry matter yields . However ,  

s ta rch yields in the stem and tap root showed a s ubs tanti a l  

d r o p  dur i ng th i s  per iod . 

Dur i ng the drought per iod , hard cutti ng s igni f i cantly 

depre s s ed the accumu lation of sugar and s tarch e s pecia l l y  

under mi ld water stre s s . I n  the roots only the starch 

f r a ction was a f f ected . On rewater ing , previous hard cutt ing 

continued to depr e s s  carbohydrate yield but o n l y  of the 

s tarch f raction of thos e  pl ants under previous s evere wate r  

s t res s . 
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The re s ults f rom the f i e l d  experiment conf i rmed the 

importance o f  res idua l l e a f  and branch numb e r s  on plant 

regrowth i n  terms o f  dry matter produc t i on , branch 

devel opment , leaf number and leaf area and thei r  per s i s tence . 

Under c l imate room condition s , 6 weekly cutting produced 

s i gn i f icantly higher yields  of a l l  growth components than did 

3 weekly cutting . However ,  under f ie ld gra z ing condit ions 

frequent g r a z ing ( every 4 weeks ) produced s ig n i f icantly 

highe r y i e lds than inf requent graz ing ( ever y  8 weeks ) .  

Frequent gr �z ing a l s o ma intained a higher dens ity of  Verano 

stylo  plants and a lower weed content . 

The results are d i s cus sed in  relation to the pos s ib l e  

gra z i ng management of  Verano s t y l o  in Thai land . 
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CHAPTER 1 

I NTRODUCTION AND OBJECTIVES 

Mor e  than 5 0 %  of the world ' s  ruminant animal population 

i s  in  the tropics and subtropics ( 3 0 °S to 3 0°N )  ( Whitema n , 

1 9 8 0 ) . The s e  anima l s  are mostly r a i s ed on poor natura l  

gra s s l and ( Whitema n , 1 9 8 0 ) and less  than 5 %  of  the se pastures 

have been improved ( Mannet j e ,  1 9 7 8 ) . The yields of thes e  

natural gra s s l and s are gener a l l y  low and o f  poor qual ity due 

·to rapid matur ity produc ing feed of low protein content a nd 

resulting in low animal intake of digestible nutrients ( Shaw 

and B i s s e t , 1 9 5 5 ; Norman , 1 9 6 2 ) . Even with cultivated gra s s  

species , the qua l i ty i s  s t i l l  relative l y  low when compared 

with the temperate species ( Minson and McLeod , 1 9 7 0 ) and i s  

a l so highly var i able betwee n  genera and species  ( Reid e t  a l , 

1 9 7 3 ) . Hence , productivity i s  poor compared with that o f  

temperate regions ( Wh iteman , 1 9 8 0 ) . 

To overcome the nutritional l imitation s  of natura l  and 

cult ivated tropical  gras s l and , the use of  supplementary 

f eeding , of  nitrogen in con j unction with other fert i l i se r s  

and of  nodulated legume s , has been proposed b y  seve r a l  

worker s  ( Jones , 1 9 7 2 ; Humphreys , 1 9 7 8a ; Whi teman , 1 9 8 0 ; 

Murray , 1 9 8 3 ) . Of the s e  a lternatives , the f irst two 

approaches are rather expens ive and in the case of nitrogen 

fert i l i s ers , are too dependent and var i able accord ing to the 

f luctuati ng environments ( Jones , 1 9 7 2 ; Whi teman , 1 9 8 0 ) .  The 

mos t  feas ible and economic a l  approach on a l arge scale ba s i s  

i s  through the u s e  o f  suitable legume s . 

The role o f  l egumes in temperate pas tures to increase 

the productivity through symbiot i c  n itrogen f i xation a nd 

increa sed feed qua l ity , i s  we l l  known . Much res earch over 

the years ha s centred on an e f fort to f ind suitable l egumes 

for the tropics ( Mannet j e  1 9 7 8 ; Whi tema n , 1 9 7 8 ) . Austra l ian 

s c i ent i s t s  have p layed a ma j or role i n  thi s area of research 

and deve lopment with the succes s ful introduction of  

Townsv i l le style ( Stylosanthes humi l i s  kunth . )  in th� e a r l y  

1 9 0 0 ' s  ( Humphreys ,  1 9 6 7 ) to improve the natural gra s s land in  
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the northern part of Australia . 

Improvement of  the se natural gra s s l ands encouraged 

scientists to col lect and introduce new spe c i e s  from many 

parts of the trop i c s  and subtropics for breeding and s e l ec ­

tion and subsequently the relea s e , as commer c i a l  species , of  

a number of  important legume species  s uch a s  Si ratro 

( Macropt i l ium atropurpureum ( DC )  Urb . ) ,  Stylo , De smodium , 

etc . ( Burt et al , 1 9 7 1 ; Edye et a l , 1 9 7 4 ; Hutton and Beal , 

1 9 7 7 ; Whi teman , 1 9 7 8 ; Imr ie et a l  1 9 8 3 ; Edye and Grof , 1 9 8 3 ) . 

However , the search for spec ies suitab l e  for particular 

areas is d i f f i cult s ince a wide range of  c l imat i c  and edaphi c  

condi tions i n  the tropics and subtropics i s  encountered . 

Thes e  inc lude low rainfa l l , high variabi l ity of  prec ipitation 

( Skerman , 1 9 7 7 ; Wh iteman , 1 9 8 0 ) , low soil fert i l i ty and in 

some area s very low soil pH ( Edye and Grof , 1 9 8 3 ) . A short 

rainy season and a long dry spe l l  is  the common occurrence in  

the monsoonal countr ies  such as  Northern Austra l i a , Tha i l and , 

Burma , Laos and I ndia , whereas in parts of Lat i n  America and 

Indone s i a , heavy rain f a l l  occurs throughout the year ( Crowder 

and Chheda , 1 9 8 2 ; Edye and Grof , 1 9 8 3 ) . Spec i e s  that have a 

high genetic var iation tend to adapt wel l  i n  the former 

condi tions ( S tapl e s , 1 9 8 1 ) and are i l l ustrated by the annual 

pas ture legume , Townsvi l l e  stylo , 

in  the northern part of  Austral ia 

1 967 ; Whi teman , 1 9 7 8 ) .  

which has been recogni s ed 

s i nce 1 9 0 0  ( Humphrey s , 

Townsvi l le s tylo has proven succe s s f u l  for many yea r s  

and i n  many tropical  countr ies such as  Tha i l and ( Humphrey s , 

1 9 7 8 a , 1 9 8 4 ) . Howeve r , it i s  a poor competitor in a s s oc i a ­

tion with the vigorous native gra s s e s  ( Ritson et  a l , . 1 9 7 1 ; 

Tors sel l , 1 9 7 3 ) and i s  eas i l y  attacked by the fungus d i s e a s e  

Anthracnose ( Co l l etotri chum gloeospor ioides ) ,  re sul ting in  a 

marked decl ine i n  yield and seed production ( Robertson , 

1 9 7 8 ; Humphreys , 1 9 8 4 ) .  However , with the introduction and 

testing of a large number of  li nes of Stylosanthes spe c i e s  

into Aus tra l i a  in  1 965 ( Burt e t  al , 1 9 7 1 , 1 9 7 4 ; Edye et a l , 

1 9 7 4 , 1 9 7 5 a , 1 9 7 5 b ,  1 9 76 ) improved cul tiva r s  have been 

sel ected and relea sed , such as Stylosanthes hamata ( L . ) Taub . 
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cv Verano , S .  scabra Vog . cv S eca  and cv Fitz roys in  1 9 7 3  

( Edye e t  al , 1 9 7 5 b ,  1 9 76 ; Edye and Grof , 1 9 8 3 ) . 

The s e  three perenni a l  cult ivars  appear to be more 

produc tive than the annual Townsvi l l e  stylo because o f  the i r  

abi l i ty t o  produce herbage more quickly fol lowing the opening 

of the ra iny season . Th i s  appl ies in pa�ticular to S .  hamata 

cv Verano ( Gi l lard et a l , 1 9 8 0 ) . They are a l so able to 

respond to unseasonal rain s . With the ir l onger growing 

sea son and greater height and yield , the se  perennial l egume s 

ma inta in a higher content in the past-ure and a greater 

botan i c a l  stabi l ity ( Gi l lard et al ' 1 9 8 0 ) .  In  addition , s. --

hamata is more res i stant to  Anthracnose ( Humphreys , 1 9 7 8 b ; 

Whiteman , 1 9 7 8 ; Vini j sanond and Topa rk-Ngarm , 1 9 7 8 ) . Thi s 

pattern of deve lopment i s  idea l for regions with a h ighly 

var iable cl imate such as  Australia  and Tha i l and , and it 

appe a r s  to be adapted to a wider range of soil type s , and 

e s ta b l i shes better under lower rainfa l l  than Townsvi l l e  s tylo 

( Burt et al 1 9 7 4 ; Edye et a l , 1 9 7 Sa ,  1 9 76 ; Gil lard et al , 

1 9 8 0 ) .  The better adaptab i l i ty of S .  hamata to low soil  

fert i l i ty and rainf a l l  conditions , has  led to  a rapid and 

growing interest in S .  hamata as a tropical pas ture 

par t i cu l arly throughout the dry tropics ( Humphreys , 

Lenne and Sonoda , 1 9 7 9 ; Whi teman , 1 9 8 0 ) . 

l egume 

1 9 7 8 a ;  

Over the pa st decade , there has been cons iderable 

research on the behaviour of S .  hamata cv Verano under 

varying cultural and manager ial conditions ( Gil lard et  al , 

1 9 8 0 ; Gardener , 1 9 8 1 ) .  These studies have revealed that in 

spite of its  promi s e  i t  sti l l  has s imi l a r  problems of 

var ia b l e  establ ishment and per s i stence in a mixed , grazed 

sward ( Gil lard et a l , 1 9 8 0 ; Gardener , 1 9 8 1 ) a s  doe s  

Town svi lle  s tylo , r e f l e c t ing the common dependence of  dry 

matter product ion on seedl i ng regeneration from seed reserves 

in the soi l ( Gardener , 1 9 8 1 ) .  In a long term s tudy over 9 

yea r s  at Landsdown , Austral ia , Gardener ( 1 9 8 1 ) found that the 

ma j or i ty of � hamata plants died in  the ir seedl ing years and 

only 0 . 0 3 %  survived to the end of the third year . In  mos t  

year s , S .  hamata had to re-estab l i sh almo s t  entirely from 

seed . There fore , low l egume yields were expected when seed-
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l i ngs of  S .  hamata competed poorly with the annual gra s se s . 

A high r ate of shoot replacement i s  nece s sary f or 

ma intenance of  growth under repeated defol iation and 

numerous axi l l a ry buds c l o s e  to the crown of a plant 

the 

the 

wi l l  

enhan c e  i t s  abi l ity to regrow under these  conditions . Thi s  

ha s been noted in S .  guianens i s  ( Aubl . )  Sw . ( Grof e t  a l , 

1 9 7 0 ) , De smodium intortum C . P . I .  2 3 1 8 9 ( Imr ie , 1 9 7 1 ) and 

Psora l ea eri antha ( Gutter idge and Wh iteman , 1 9 7 5 ) . Mos t  of 

the r e search carr ied out on S .  hamata has empha s i z ed the 

e f f ec t s  of gra z ing or cutt ing on s eed product ion ( Wi l a i pon 

and Humphreys , 1 9 7 6 ,  1 9 8 1 ; Wilaipon et a l , 1 9 7 9  and 

Wa i kakul , 1 9 8 3 ) . Litt l e  i n format ion i s  avai lable on the 

fac tor s which a f f ect the regrowth of th is legume . It s e ems 

that the criteria to ut i l i z e  thi s l egume must be de f i ned in  

order to achi eve maximum per s i stence and/or produc t i on . 

The r e f ore , an understanding of the morpho logical and phy s io­

log i c a l  deve lopment of  thi s l egume i s  needed to devel op 

better cutting or gra z i ng pract i c e s . With thi s in mind , a 

s e r i e s  of  expe riments wa s des i gned to determine the e f f ects 

of defol i ation on S .  hamata cv Verano . 

The ob j e ct ive s of this work were : -

1 .  To s tudy the growth pattern of  S .  hamata under 

control l ed conditions . 

2 .  To  define the morpholog i cal and phys iological 

character i stics of S .  hamata i n  terms of l e a f , s tem , 

i n f lores cence and branch growth in response to di f f e r ent 

defoliation regimes . 

3 .  To  s tudy the effect of defo l i ation and water stre s s  on 

growth character i st i c s  of S .  hamata . 

4 .  To s tudy the effects of  gra z i ng management on S .  hamata 

production and surviva l .  
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CHAPTER 2 

LI TERATURE REVIEW 

2 . 1  STYLOSANTHES HAMATA CV VERANO 

2 . 1 . 1  Origin , Taxonomy, D i s t r i bution and Ecology 

The genus was establi shed in  1 7 8 8  by 0. Swart z  

( Moh lenbrock , 1 9 5 8 ) and most of the detailed systema t i c  work 

on  the genus wa s done in  the 1 8th a nd 1 9 th c e ntur i e s . I n  

recent year s , Mohl enbrock ( 1 9 5 8 ) has  descr ibed 3 0  s pec ies  of  

Styl o s anthes including Styl o s anthes hamata ( L . ) Taub . whi l e  

Burt et a l  ( 1 9 7 1 ) and Edye e t  a l  ( 1 9 7 3 , 1 9 7 4 ) have de scr ibed 

a number of mor phological and agronomic characters ba s ed on 

nume r i c a l  c l a s s i f i cation . The mos t  recent review of  th i s  

genus i s  that o f  Mannet j e  ( 1 9 8 4 ) . 

Styl o s anthes  spec i e s  occur typically on  s avannahs a nd 

s imi l a r  areas in Central Ame r ica , South Amer ica , Southern 

Af r i c a , Southeast Asia , India and in  the e a s t  of the Uni ted 

State s  ( Mohl enbrock , 1 9 5 8 ) . The di stribut i on of species 

inc l uding hamat a  was closely related to the c l imate in  whi ch 

the species originated . Burt and Reid ( 1 9 7 6 ) have divided 

Stylo santhes i nto six c l imati c  types within nine phyto­

geograph i c  regions of the tropical parts of Central and South 

Ame r i c a . Stylosanthes belongs to the tribe Aeschynomeneae 

and compr i s e s  2 5  spec ies ( Ma nnet j e , 1 9 8 4 ) .  Of  the s e , f ive 

wer e  cons idered by Whi teman ( 1 9 8 0 ) to be o f  agr icultur a l  

importance , namely the annua l :  S .  humi l i s  and t h e  perennia l s : 

� guianens i s  ( syn . �graci l i s ) , S .  hamata , S .  s c abra and S .  

sub s e r i cea . 

The popularity of the genus a s  a tropical  forage legume 

has  increa s ed markedly in the pas t  2 0  years , partly due to 

i t s  r emarkab l e  hardines s  and the adaptabi l ity of s ome of i t s  

s pe c i e s  t o  various c l imat i c  and s o i l  conditions ( Burt et a l , 

1 9 8 3 ; Edye and Grof , 1 9 8 3 ) . Australia  was the f i r s t  country 

to r ecogn i s e  the value of  Stylosanthes speci e s  for improving 

trop i c a l  gra s s l and part i cu l a rl y� humil i s  ( Humphrey s , 1 9 6 7 ) .  

Bec ause  of  the l imitations o f  the natu r a l  pastures i n  
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n o r thern- Aus t ra l i a , most pasture improvement has been based 

on introduced pa sture specie s . Among these , a large number 

of Stylos anthes species wer e  i ntroduced from tropical 

Ame r i ca . Burt et a l  ( 1 9 7 1 ) and Edye et  a l  ( 1 9 7 4 ) descr ibed 

and di scus sed a great number of  these introduced Styl o santhes 

s pe c i e s  by us ing agronomic a l  and mor phological character­

i s t i c s  ( M-A group ) . As  a resu l t , Stylosanthe s hamata cv 

Verano ( Verano stylo ) emerged a s  an out standing acce s s ion and 

the most promi s ing for a wide range of dry envi ronments among 

the groups studied ( Burt et a l , 1 9 7 1 ; Edye et al 1 9 7 5b ,  

1 9 7 6 ) . Thus , it wa s recogni s ed a s  a valuable forage l egume 

i n  1 9 7 3  ( Mackay , 1 9 7 5 ) and comme r c i a l  seed production began 

in 1 9 7 4  ( McKeague et a l , 1 9 7 8 ) . Thi s  cultivar ( Verano ) has  

been tes ted throughout a number o f  countries in the tropi c s  

a nd subtrop i c s  including Tha i l and ( Humphreys ,  1 9 7 8 a ) , 

Malaysia  ( Humphreys , 1 9 8 4 ) and USA ( Le nne and Sonoda , 1 9 7 9 ) .  

During the last decade , the ecology of Verano style in  

pa s ture s y s tems ha s been reported by several worke r s  ( e . g .  

Tor s s ell  et a l , 1 9 76 ; Gil lard et  a l , 1 9 8 0 ; Gardener , 1 9 8 1 ) .  

The results of thes e  studies indi cated that the main factors 

a f f ecting the balance of spe c i e s  i n  the mixed pas ture are : 

i )  the gra z ing pres sure 

i i ) the soil fertility and ferti l i zer appl i cation 

i i i ) the ni trogen supply f rom the l egume 

iv ) the other species in the pas ture 

v )  the time of ·opening r a i n . 

Gardener ( 1 9 8 1 ) studied popu l a t i on dynamics and stabi l i ty of  

Ver ano stylo in gra z ed pasture s . He found that the ma j o r i ty 

o f  plants died in the seed l i ng year , and in mos t  year s Verano 

s ty l o  had to re-establ i sh a lmos t entirely from s eed . 

Therefor e , a large carry over o f  seed from season to sea s on 

w a s  e s senti a l  to maintain the s o i l  s eed reserve f or the l ong 

t e rm per s i stence of Verano style in the pasture sys tem . I n  

add ition to these  f indings , he  developed a conceptual mode l  

o f  the p l ant ecological proces se s  i n  the grazed pas ture . 

Ba s i c proc e s s e s  in the sys tem , s uch as : the amount o f  s e ed 

i n  the diet , the intake of  feed , the percentage of  intact 

s e ed pas s ing through the digesti ve tract , the amount and rate 

o f  hard - se ed breakdown and the s urvival of seedl ing s , wer e  
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cons idered . He a l so showed that stocking rate had l i ttle 

e f fect on seed input . A seed reserve , suf f i c ient to s upply 

the 30  - 1 0 0 seed l i ngs/rn2 , was  needed each year  for the 

maximum product ion of the l egume . Thi s  gave Verano style the 

potent i a l  to coloni z e  any s i te  in the community l e f t  vacant 

by previous deaths . Whether thi s  potenti a l  is r e a l i z ed 

depends on the timing and re la tive growth of  the other 

species competing for the s i te . Gardener ( 1 9 8 1 ) con c l uded 

tha t germination , es tabl i s hment , growth , competition and seed 

product i on were important for seedl ing survival as previously 

reported in  Styl os anthes hurni lis  ( Tor ssel l ,  1 9 7 3 , 1 9 7 6 ; 

Tor s s e l l  a nd Mckeon , 1 9 7 6 ) .  Drought avoidance mechani sms 

such as faster rate of root growth , rapid seed germi nation 

and rad i c l e  el ongat ion , are important f actor s for s urvival 

dur ing the germi nation/establ i shment phase . However , heavy 

g r a z ing a f ter s eed germination favoured the s urviva l of  

Verano s tylo . G i l l ard et  a l , ( 1 9 8 0 ) a l so reported that the 

s tabi l ity of a pasture mixture with Verano stylo is greatly 

l imited initia l l y  by increa s ing pres sure from the companion 

gra s s e s  following incre a s ed soil  fert i l ity . Tor s se l l  et  a l  

( 1 9 7 6 ) s tudied the competition and dynamic s  of  the popula -

tions  of  three mixtures i n  l egume-bas ed pasture s . Mixture s  

studied were S .  humi l i s  a n d  D igitaria c i l iari s ;  S .  hamata a nd 

D .  c i l i a r i s ;  S .  hamata and Urochloa mosarnbicensi s .  They 

reported that S .  hamata y i e l ded more than the other spec i e s  

and i t s  competit ion with D .  c i l iaris  was stronger than that 

of S .  humil i s . The change s in species c ompos it i on were 

stud i ed u s ing the conceptual model of  Tor s s e l l ( 1 9 7 3 ) .  They 

reported that the legume proportion was alway s  higher in the 

mixture S .  hama ta and D .  c i l iaris than in any of the other 

mixture s  s tudied . 

2 . 1 . 2 Morphological and Growth Habit 

Burt et al ( 1 9 7 1 ) c l a s s i f i ed Verano s tyle as a 

herbaceous semi -erect or pros trate non-determinate plant with 

pro f u s e  branchi ng and s lender sterns and smal l  l eaves . The 

average number of  primary branches up to 5 cm on the mai n  

axi s i s  5 . 8 - 6 . 2 .  Ver a no s tylo i s  a syrnpodi a l  branch i ng 

type and f lower ing occurs at an early s tage of  growth 

( Cameron and Mannet j e , 1 9 7 7 ) .  However , growth is continued 
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by branches deve loped from axi l l ary bud s ari s i ng below the 

f loral  apex . These branches  soon cea se growth as a result 

of  conve r s ion of  the vegetative apex to the reproduct ive 

s tate . The axi l lary bud below the f l oral apex again produces 

a new branch and deve lop s  in a s imi lar manner . As a resu lt , 

canopy growth of  Verano stylo i s  of a non-determinate , 

branchi ng habit with a number of  pr imary branches whi ch are 

l imi ted and vary according to the environment ( Carneron and 

Mannet j e , 1 9 7 7 ) .  The plant may grow up to one metre in  

height in  good conditions , but more typical l y  0 . 60 metre 

( Cl ernents , 1 9 8 0 ) .  Many growing buds have been reported c l ose 

to the ground and a crown may deve lop under gra z i ng or 

cutting conditi ons ( Hurnphreys , 1 9 7 8 b ; Burt et a l  1 9 8 3 ) .  The 

stems have short whi te ha i r s  down one s ide ( Edye et a l , 

1 9 7 4 ) .  Leaves are tr i foliate , l e a f l ets lanceolate , acute 

gl abrous with 4 - 6 pa i r s  of  ve ins  and l ength-breadth ratio 

of 4 . 5  - 5 . 3 ,  rachis  4 - 5 mm long and the bidentate s t i pu l e s  

adnate to the b a s e  o f  the petiole with ha i r s  o n  the sheath 

and teeth . The inflorescence i s  an oblong spike with 8 - 1 4  

f lower s  on a l ong stern . The l oment has two articulations 

whi ch are usua l ly both fert i l e . The upper one i s  usua l ly 

hairy and has a moderately thick , coiled beak which i s  f rom 

mor e  than hal f  to equal length to that of the pod ( Edye et 

a l , 1 9 7 4 ) . 

Verano stylo has a tap root system , with rapid root 

dev e lopment at the seedl ing stage ( Gardener , 1 9 7 8 ) . Root s of 

Verano s tylo can penetrate into the soil up to 75 - 80 cm . 

The s e  roots are very fine at such depth , and at  a depth of  5 0  

- 6 0  cm roots begin to divide progres sive ly i nto sma l l  roots 

of approximately the same s i z e  ( Gutter idge , 1 9 8 2 ) . 

2 . 1 . 3 Fertil i ze r , Nodul ation and Yield 

Verano stylo i s  adapted to a wide range o f  soi l types 

but prefers sand and s andy loam ( Hurnphreys ,  1 9 7 8 b ,  1 9 8 0a ;  

Har e , 1 9 8 5 ) . I t  exhibits super ior adaptation to acid and 

i n f e r t i l e  soi l s  compared with other tropical l egumes ( Bogdan , 

1 9 7 7 ; Hurnphrey s , 1 9 8 0 a ;  Edye and Grof , 1 9 8 3 ) .  Andrew and 

Nor r i s  ( 1 96 1 ) attributed t hat feature of adaptation to the 

high abi l ity of Stylosanthes spe c i e s  to extract calcium from 
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s o i l . Furthermore , Verano stylo exhibi ted greater tole rance 

to high a l umin i um concentrat i on than other Stylosanthes 

species ( �  gui anens i s  cv Cook , S .  humi l i s  c v  Paterson , � 

s c abra cv F i t z roy and S .  vi scosa ( Ca rvalho et  a l , 1 9 8 1 ) .  

Wila ipon et  a l  ( 1 9 7 8 ) reported that Verano sty l e  and S i r atro 

were more salt-tol erant than Pueraria pha s eoloides and 

C a l opogoni um mucunoide s .  Carva lho et a l  ( 1 9 8 0 ) a l s o  reported 

a remarkabl y  e f f i c i ent symbiotic as sociation with Rhi z obium 

at  thei r  highest a l uminium concentration . 

Simi l a r  to other spec i e s  in the genus Stylos anthes , 

Verano style has a very low pho s phorus requirement for growth 

c ompared with S i ratro and Centrosema , and ha s a high abi l i ty 

to extract nut r ients from soi l s  compared with the se  l egume s 

( Robinson , 1 9 8 3 ) .  Jehne ( 1 9 8 4 ) suggested that the pre s ence 

of  endotrophic mycorrhi z a  f ound on the roots of Verano s tyle 

could account f or its apparent low requirement for soil 

phosphorus . He also noted that mycorrhi z a  may a i d  the 

tolerance of the species to environmental and s o i l  stres s . 

Although s ome reports show the adaptation of thi s  spec i e s  to 

l ow phosphorus f er t i l i z e r , other r eports have a l s o  shown 

s trong r e s pons e s  to phosphoru s  fert i l i zer ( Topark-Ngarm et 

a l , 1 9 7 9 ; Hal l , 1 9 7 9 ; Shel ton et  a l , 1 9 7 9 ) . 

Verano stylo nodulate s f reely and can be e f f ec t ively 

nodulated with a broad spectrum of  c owpea inocu l ant ( Bogdan , 

1 9 7 7 ) .  Nodulation begi ns  within 8 days after  germination 

( Date et a l , 1 9 8 0 ) .  

-
Verano sty l o  grows wel l  under an annual r a i n f a l l  between 

5 0 0  and 1 2 7 0  mm and with a pronounced dry sea s on ( Burt et a l  

1 9 7 4 ; Edye et a l , 1 9 7 5 b ; G i l lard et  al , 1 9 8 0 ; Gilbert and 

Shaw , 1 9 8 0 ) .  I t  has been r eported to be drought tolerant 

( Burt and Mil l e r , 1 9 7 5 ) but has no tolerance to water - l ogging 

( Humphrey s , 1 9 8 0b ) . Verano stylo f lowe r s  earl y  a nd 

vegetative growth continues whil e  condition s are f avourabl e  

( Cameron a nd Mannet j e , 1 9 7 7 ;  Edye and Grof , 1 9 8 3 ) . The 

potenti a l  yields , there fore , are c l osely as sociated with the 

length of  growing season as demonstrated by Edye et a l  

( 1 9 7 7 ) .  They showed that t h e  growth of  one a c c e s s ion of  s .  
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s e a s onal , and 

1 0  

acce s s ions of S .  guianens i s  were h ighly 

that the yield d i f f e rences among acce s s ions 

were greate s t  at  the beginning and end of  the growing season . 

P l ants  capabl e  of  producing f eed under h i ghly var iable 

c l imates could d imi n i sh the prob l em of forage ava i l abi l ity 

whi ch i s  cons idered to be a ma j or l imiting factor in animal 

production . Topark-Ngarm and Akkas aang ( 1 9 7 8 ) reported 

yields  of 4 . 3  to 5 . 8  ton/ha/year under 4 and 6 week cutting 

in  Thai l and . Edye et al ( 1 9 7 5 b ) reported from the dry 

trop i c s  of  Au s t r a l i a  that in a three -year tr i a l , S .  hamata 

CPI 3 8 8 4 2  ( cv Ver ano ) was superior in  dry matter- yield to the 

other acce s s i ons  at a number of di f f erent sites . Bishop et 

al ( 1 9 8 0 ) a l s o  demonstrated its  outstanding perf ormance in  

terms of dry matter yield , per s i stence and seedl ing regenera­

t i on under the high rain fal l condi t i ons of  the Central 

Queensl and wet coa s t . A mixture of  Guinea grass ( Pani cum 

maximum ) and Verano s tylo was a l s o  shown to produce the total 

y i e l d  of 8 . 5  ton/ha in Tha i land ( Wi l a ipon and Humphreys , 

1 9 8 3 ) .  I n  thi s trial , Verano stylo yield and dens i ty in  the 

second year was super ior to that of Siratro under gra z ing 

conditions . 

2 . 2  Effect o f  Defol i ation on Tropi c a l  Legume 

Defol i a t i on i s  def ined as the proce s s  of parti a l  removal 

of the a bove-ground parts of plants by gra z i ng animal s  or 

cutting machines  ( Hodgson , 1 9 7 9 ) .  De foli ation by hand or 

machine c ut t i ng often involve s more complete and sudden 

r emoval of p l ant tis sues than occurs under gra z ing 

( Humphreys , 1 9 7 8b ,  1 9 8 1 ) .  However ,  grazing by anima l s  i s  

character i sed b y  a spatial heterogene i ty of remova l in  both 

the vertical and hor i zonta l dimen s i on . Gra z i ng a l so involve s 

animal treading , s e l ecting and the return of  nutrients to 

pa s ture a s  dung a nd urine ( Watk i n  a nd element s , 1 9 7 8 ) . 

Def o l iation h a s  often been cons idered in  terms of  frequency , 

intensity and t iming ( Harr i s , 1 9 7 8 ; Humphreys ,  1 9 7 8b ) . 

The e f f ec t s  o f  defol iation on pastures  have been 

reviewed by many worker s ( e . g .  J ames on , 1 9 6 3 ; Humphreys , 

1 966a ; Harr i s , 1 9 7 8 ; Watkin and C lements , 1 9 7 8 ) . The s e  
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authors pointed out that d e f o l i at ion either by gra z i ng 

a n imal s  or by cutting can i n f l uence morphology , regrowth 

a b i l i ty , dry matter yield , root systems and herbage qua l i ty 

o f  the pl ant . Thus , the e f fects  of defol iat ion on tropical  

l eg ume s wi l l  be  d i s cus sed i n  rel ation to the e f f ects on these 

p a r amete r s . 

2 . 2 . 1 Morphology and Growth Habit 

Gra z i ng or cutting mod i f i e s  the growth form of  many 

t r opical legume species , and through phenotypic adaptation 

h i gh rate s of herbage production or per sis tence may s t i l l  

o c c ur under these condition s . Hare ( 1 9 8 6 ) obse rved that when 

Townsvi l l e  stylo wa s gra z ed heav i l y  from the start of the  wet 

s e a son , i t  deve loped a pros trate habit with many f ine 

b r a nche s growing close to the ground . In areas res erved for 

s eed product ion wh ich were uncut throughout the wet s ea son , 

i t  grew ta l l  and erect wi th onl y  a f ew branches close to the 

ground . Jones , R . M .  ( 1 9 7 3 a ) f ound that after three yea r s  o f  

continuou s gra z ing o f  Siratro ( Macropti l ium atropurpureum ) , 

the  s i z e  of  crown of Siratro wa s greatly affected . At the 

l ighte s t  stocking rate , most  crowns were l arge ( > 1 . 0  cm 

d i ameter ) with appreciable rhi z ome development , whereas at 

the heav i e s t  s tocking rate there was negl igible rhi zome 

development and most crowns were small  ( <  0 . 5  cm i n  

d iameter ) .  

Jone s ( 1 9 7 4 ) a l so s howed that in Siratro repeated 

d e f ol ia t i on to remove a l l  l eave s wi l l  result i n  reduced 

s t o len development , reduced vigour and even death of plant s . 

Thi s  e f f ect could be even greater when the legume i s  growing 

in compet i t ion with gra s s . He f ound a close correl at i on 

b etween dry matter yield and s tolen devel opment . 

The death of plants weakened by exces s ive def o l i a t i on 

ha s a l s o  been reported , part i c ul a r l y  under late cutti ng wi th 

species s uc h  as Townsvil l e  stylo ( Fi sher , 1 9 7 3 ) , Crotal a r i a  

juncea ( Ke s s ler and Shel ton , 1 9 8 0 ) and Psoralea e r i a ntha 

( Gutte r i dge and Whiteman , 1 9 7 5 ) . Treading by graz ing anima l s  

may a l s o  a f fect growth and survival o f  plants ( Watk i n  and 

e lement s , 1 9 7 8 ) . 
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2 . 2 . 2  Regrowth Fol l owi ng Cutting 

According to Hurnphreys ( 1 9 8 1 ) ,  succes sful pasture pl ants 

mus t  be able to tolerate defol iation by cutting or gra z ing , 

by  making adequate regrowth a fter de foliation and by 

s urviving long enough to reproduce . Initial ly , regrowth i s  

determined by the number o f  growing points ( Mannet j e  e t  a l , 

1 9 8 0 ) .  The rate of r egrowth i s  determined by the leaf  area 

r ema ining on the plant , the energy re serves and the water and 

n u t r ient uptake by root s ( Ward and Blaser , 1 9 6 1 ; Hurnphrey s , 

1 9 6 6 a ,  1 9 6 6b ;  Hurnphreys and Robi nson , 1 9 6 6 ; Grof et a l , 1 9 7 0 ; 

Jone s , 1 9 7 4 ; Yarnada , 1 9 7 5 ; Harr i s , 1 9 7 8 ; Lud low and Cha r l e s ­

Edwards , 1 9 8 0 ; Mannet j e  et a l , 1 9 8 0 ; Hodgkinson and Wi l l i arns , 

1 9 8 3 ) .  

2 . 2 . 2 . 1  Locat ion and number of growing points 

The location and number of  growing points are determined 

by the pl ant habit and growth form of the spec i e s , the stage 

of plant deve lopment and the previous pasture management . 

Tropical l egumes are more variable i n  growth habit and 

l o c ation of growing points than gra s s e s  ( Hodgkinson and 

Wi l l iarns , 1 9 8 3 ) . The growing points of s tolon i f erous , 

p r ostrate l egume s such a s  Lotonon i s , Townsvi l l e  styl o , 

De srnodi urn tri folurn and D .  heterocarpon are located close to 

the ground and are wel l-protected by sma l l  l eaves ( Whiternan , 

1 9 6 9 ; Manne t j e  et a l , 1 9 8 0 ; Hurnphreys , 1 9 8 1 ) .  Th i s  i s  in  

contras t  to c l imbing or trail ing or  to an  erect growing 

l eg ume s uch as S i ratro ( Whiternan , 1 9 6 9 ; Jone s , 1 9 7 4 ) and 

De srnodi urn ( Jones , 1 97 3 ) with the growing points located a long 
-

the tra i l ing stern or higher above the ground such as  in  one 

a c c e s s i on of  Psoralea eri antha ( Gutter idge and Whi ternan , 

1 9 7 5 ) .  As such , c l o s e  defoliation of  these latter l egume s 

r emove s the ma j or p roportion of the young active buds , 

leading to  a reduced rate of regrowth and abi l i ty to compete 

with companion gra s s e s . For example , Grof et al ( 1 9 7 0 ) f ound 

poor s u rvival and regrowth owi ng to poor basal branching and 

de f ic i ency of bas a l  bud sites  in an erect genotype o f  

S tylosanthes guianen s i s . A s imi lar e f f ect was found i n  a n  

e r e c t  l ine of P s oral ea e r iantha ( Gutter idge a nd Whi terna n , 

1 9 7 5 ) , Desrnodi um and Siratro ( Whiterna n , 1 9 6 9 ; Jone s , 1 9 6 7 , 
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1 9 7 3 , 1 9 7 4 ) .  

Imr i e  ( 1 9 7 1 ) sub j ected five l ines of D .  intortum to 

d e f ol i at i on 1 0  or 3 0  cm from the crown , at 4-week interva l s . 

The s evere 1 0  cm trea tment substantially reduced yield i n  

f ou r  l ines , but not i n  CPI 2 3 1 8 9 .  The superior per f ormance 

of thi s  legume under severe cutting was due to de fol iation 

s t imulating growth from the axi l l ary bud close to the crown 

o f  the pl ant . The other l ine initi ated growth only from one 

or two buds immedi ate ly bel ow the point of stern cutting . 

These  f indings i l l u s trated the importance of growing points 

on  regrowth . 

Dur i ng the vegetative s tage , it i s  unl ikely in  mos t  

c ommon tropical l egume s f or the growing point to b e  damaged 

by graz ing or cutt ing . The positi on of the growing point 

a bove the cutting height late i n  the growing sea son , or with 

long cutting interva l s , was r eported to be the main f ac tor 

contr i but ing to l ow yield a nd morta l ity of Townsvi l l e  stylo 

( Robertson et al , 1 9 7 6 ) . In  some l egumes , l eaf senescence 

plus twining habit caused mos t  of the growing points to be 

r emoved ( Whi ternan , 1 969 ; Jone s , 1 967 ,  1 9 7 3 , 1 9 7 4 ;  Gutter idge 

and Whiternan , 1 9 7 5 ) .  

2 . 2 . 2 . 2 . Le a f  area remaining 

Under conditions of adequate water and nutrient suppl y ,  

p a s ture growth depend s on l e a f  area and l ight interception 

( Watson , 1 9 5 2 ;  Donald and B l ack , 1 9 5 8 ; Brown and B l a s e r , 

1 968 ) . Brougharn ( 1 9 6 0 ) found that productivity wa s a l s o  
-

c l osely  rel ated to the amount of  chlorophyll in leaf and non-

l e a f  components . Although stern , petiol e , l eaf sheath a nd 

i n f lorescence intercepted l ight and participated to vary i ng 

degrees in photosynthes i s , the ma j or contr ibution came f r om 

the l e a f  and hence l ead B rougham ( 1 960 ) to determine and u s e  

l ea f  a r e a  as a mea sure o f  productivity ( leaf area be ing 

c ommonl y  expressed a s  l e a f  area index ( LAI ) , i . e .  the ratio 

of leaf area to ground area ( Watson , 1 9 4 7 ) . 

The s igni f i cance of l eaf area in  pasture growth has been 

reviewed by several wor ke r s  ( e . g .  Donald and Black , 1 9 5 8 ; 
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Brown and B l a s er , 1 968 ) . In  a young s tand or in defoli ated 

pas ture , the quant i ty of l ight avai lable is greater than can 

be intercepted and uti li sed by the plants and hence much of 

it is  " l ost " to the ground . As the plant grows and new 

l eaves are  produced , more and more of the inc ident l ight i s  

i ntercepted by t h e  leaf  canopy unt il  intercept i on i s  

c omplete . Compet i t ion for l ight then deve l op s  among the 

p la nts and among the l eaves on the plant . As the den s i ty of 

the leaf canopy increases , older leaves rece ive insuf f i c ient 

l i ght and may become para s i t i c  on the plant - a l though some 

author s ( Vi ckery , 1 9 8 1 ) que stion this par a s i t i c  s tate . 

F i n a l ly , lower leaves beg in to die and , in time , the rate of 

death of  older l eaves is equal to the rate of appearance of 

new leave s . A maximum or c e i l ing herbage growth rate ha s now 

been reached . Lea f  area index at this point was c l a s s i f ied 

a s  the opt imum or cr itical leaf  area index ( Br ougham , 1 9 5 8 ) . 

The critical and optimum LAI value varies among species 

because of  the d i f f e rence i n  the i r  growth habit ( Black , 1 9 5 7 ; 

B rougham , 1 9 5 8 ; Humphreys , 1 966b ) . As LAI increa ses  above 

the optimum , l e a f  loss  and shedding cause the growth rate to 

drop ( Dona ld and B l ack , 1 9 5 8 ) . 

The re lationship between LAI and pa sture growth r ate 

explains the general response of  pa sture to defoliation . 

Reduction i n  growth rate under low LAI i s  exp l a ined on the 

ba s i s  of inadequate l i ght interception , whi l e  that occurr ing 

under a high LAI value i s  a result of accelerated senes cence 

and increased r e s piratory l oad of leaves nea r  or below the i r  

l i ght compen sat ion point ( Dona ld and Black , 1 9 5 8 ) . In terms 

of pasture pract i c e , Harr i s  ( 1 9 7 8 ) suggested that : 

1 )  de foliation f requency should be s uch that the 

regrowth interval is extended unt il  pa sture growth rate 

begins to decline from i t s  maximum 

2 )  inten s i ty of defol iat i on should be to the l evel that 

l e aves the amount of bioma s s  at whi ch maximum growth rate i s  

f irst attained . 

However , there a r e  many f actors  a f fecting the app l i cation of  

the LAI concept to defo l i at i on practice . Thi s  i s  because the 

critical  LAI val ue appe a r s  to vary with the e nvironment 

( Brougham , 1 9 5 8 ; David s on and Donald ,  1 9 5 8 ;  B lack , 1 963 ) ,  
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with the angle of sun elevation ( Brougharn , 1 9 5 8 ) with li ght 

inten s i ty ( S tern and Dona ld , 1 9 6 2 ; Bl ack , 1 9 6 3 ) and with the 

qua l i ty of the res idual leaves ( Hurnphreys , 1 9 7 8 b ) . 

The s i g n i f i cance of LAI on subsequent regrowth has been 

demons trated in both tropi cal and temperate pas ture specie s .  

With a tropical l egume , Jones ( 1 9 7 4 ) found tha t the regrowth 

yield of Si ratro was linearly rel ated to res idua l LAI on the 

stubble at the start of growth up to 7 0  days . Thi s  is i n  

contra s t  to l ucerne which showed t h e  bene f i c i a l  e f fect of  

res idual l eaf area for  only a short period of regrowth 

( Leach , 1 9 6 7 ) . Lud low and Charles -Edwards ( 1 9 8 0 ) reported 

tha t r e s idual leaf area index is a ma j or determinant of  

Setaria/Desmod i urn sward regrowth . Grof et al ( 1 9 7 0 ) reported 

tha t poor regrowth of S . guiane n s i s  was associated wi th l ow 

l ea f number and area rema i n i ng at low cut t i ng frequency . 

Because o f  low leaf areas in the lower part of the p l ant , 

cutting a t  the late stage or late in the growing sea son 

resul ted in poor regrowth ( Fi s her , 1 9 7 3 ; Kes s l er and Shel ton , 

1 9 8 0 ) .  

2 . 2 . 2 . 3  Reserves 

The s i g n i f icance of energy reserves including carbo­

hydrate s ,  protein and other l abi le plant f ractions for 

regrowth , have been reviewed by several researchers ( e . g .  

May , 1 9 6 0 ; Humphreys , 1 9 6 6 a ;  Mc l l roy , 1 9 6 7 ; Smith , 1 9 7 3 ; 

Yamada ,  1 9 7 5 ; Harri s ,  1 9 7 8 ) .  The s e  author s concluded that 

such energy r e serve s are uti l i z ed as  a substrate for respira­

tion and for new shoot and root growth when photosynthe s i s  is 

in s u f f i c i ent to meet the demand . The ma in r e serve organs are 

the b a s a l  s t ern ( crown ) , stolen or rhi zome and tap r oot 

( Yarnada , 1 9 7 5 ; Harr i s , 1 9 7 8 ) .  Subs equent regrowth i s  

dependent o n  leaf  area and photosynthes i s , and the rate of 

nut r i en t  uptake by the roots . The main e nergy reserves 

i nvolved are non-structur a l  carbohydrates ,  namely g lucose , 

f ructosan , dextr in and starch ( Mc l l roy , 1 9 6 7 ) .  

The a cc umulation of  these reserve s a ppear s to be 

char a cte r i s t i c  of the species  and is inf luenced by c l imat i c  

condi tions a n d  cutting management . The s e  aspects a r e  
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di scussed in Sect ion 2 . 2 . 4 .  Immediately fol lowing intens e  

cutt ing o r  gra z ing , root growth may cease for s everal days 

( Troughton , 1 9 5 7 ) .  Substrates for the respi ration proce s s  

are drawn from carbohydrate reserve s including nitrogenous 

c ompounds ( Davidson and Mi lthorpe , 1 966 ) , and to provide 

energy for initiation of new root and shoot growth . Respi ra­

t i on requirements and structural compounds of thi s  new growth 

are supported by expor t of reserves from root and s tubb l e  

unt i l  photosynthes i s  i s  suf f ic ient t o  meet the demand f o r  

re spiration and growth requ irements of the pl ant ( Davidson 

and Mi l thorpe , 1 966 ) . Recent work has shown that the 

reduction in carbohydrate of both root and stubbl e  f o l l owi ng 

defol iation wa s l arge ly accounted for , by respirat ion , 

pa rti cul a r l y  of roots . The direct contr ibution of reserves 

to new growth t i s sue was sma l l  and transi tory ( Davidson and 

Mi l thorpe , 1 966 ) . For example , in Dactyl i s  gl omerata whi ch 

wa s severe ly de fol iated , the carbohydrate reserves  

contributed on l y  5 0  mg compared with 700  mg from photo­

synthe s i s  during the eight days fol lowing def o l i ation . 

Regrowth rate of  this gra s s  depended on carbohydrate reserves 

for only the f i r s t  2 - 4 day s . Ueno and Smith ( 1 9 7 0 ) a l s o  

reported that in  a l f a l f a  only one third o f  the initial tot a l  

non -structural carbohydr ate in roots wa s uti l i z ed dur ing the 

per i od from cutting to the time of  greate st reduction of 

total non-s tructural carbohydrate ( 1  - 3 weeks a f ter 

cutt i ng ) .  The se  demonstrated that not a l l  re serve s were 

uti l i z ed for regrowth . However , the l ength of t ime to become 

independent i s  greater after more s evere cutt ing . 

Whi l e  numerous exper iments have been carried out w i th 

t emperate pa s ture speci e s , l imited information i s  avai l ab l e  

f or tropical pa sture speci e s , particularly l egumes . Adegbol a  

( 1 9 66 )  r eported a pos itive correlation between the actual 

c arbohydrate content o f  the stolons and rhi z omes of  g i ant 

star  grass and the regrowth potential . Dovrat and Cohen 

( 1 9 7 0 ) working with Rhode s  gras s  � Chlor i s  gayana kunth . )  

f ound that the amount of s hoot weight produced was pos i t ivel y  

corre l ated with the percentage of total solub l e  carbohydrate 

i n  the root . 
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The a c c umulat ion of carbohydrates i n  tropical l egume s i s  

d i s cus sed i n  Section 2 . 2 . 4 .  but the r o l e  o f  reserves in  

r e c overy o f  tropical legume s after defol iation i s  not 

cons idered s igni f i cant . Thi s  was i l l u strated by Jones ( 1 9 7 4 ) 

with Siratro . He found a pos itive r e lationship between 

regrowth a nd l e a f  area rather than with the carbohydrate 

l eve l . The poor per s i stence of thi s  l egume was due to the 

l ow number of  active growing points  c l o s e  to the crown . No 

f ur ther i n formation is ava i l ab l e  for other tropical l egumes . 

Thu s , the r ole of carbohydrate in tropical l egumes demands 

mor e  attent i on . 

2 . 2 . 2 . 4  Water and Nutr ient Uptake . 

The rate of regrowth of pa s ture species i s  also mar kedly 

dependent on water movement to a nd within the pl ant and f rom 

the plant to the surrounding atmo s phere .  Restriction of  

water movement wi l l  inf luence nutrient uptake and distr ibu­

t i on with i n  the plant . 

Def o l i ation can inf luence nutr i ent and water u ptake 

through the ces sation or reduct i on of root growth . Reduced 

root growth prevents the exte n s ion of root into regions not 

a l ready depleted of  soil moi sture ( Ja cques  and Edmond , 1 9 5 2 ; 

Oswal t  e t  a l , 1 9 5 9 ; Davidson , 1 9 7 8 ) . Thi s  i s  important . 

par t i cu l a r l y  i n  dry soil a s  demons trated by Jantt i  a nd 

Kramer ( 1 9 5 7 ) .  Lack of water may prevent the resumpti on of  

growth by many buds which would qui ckly resume growth in  

plants suppl ied with adequate water . 

Def o l i ation can also infl uence nutrient and water uptake 

through the r eduction in  water absorption by r educi ng 

transpiration ( Jantti and Kramer , 1 9 5 6 ) . Res tr ic tion of  

water movement l eads to  l imitation o f  the  f l ow o f  

photosynthate o r  reserves from top t o  root f o r  respiratory 

substrate ( Hatr ick and Bowl ing , 1 9 7 3 ) . Thi s  wi l l  a l s o  l imit 

active ion uptake ( Milthorpe and Davidson , 1 9 6 6 ) . 

I n  s ummary i t  

r e s i dual leaf  area 

appears 

of the 

that c arbohydrate r e s erve s , 

stubb l e , the ava i l abil ity of  

growing points and the extent of  water and mineral uptake by 
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root s , a l l  inf luence the rate o f  regrowth of pasture a f ter 

cutting or graz ing . The r e l ative importance of  these 

parameters on regrowth wi l l  vary between s pecie s , with 

envi ronments and with gra z ing or cutt ing management . 

Al though the quant ity of  carbohydrate reserves requ ired 

may be sma l l , it can be highly important under severe cutting 

whe n  l e a f  area i s  severe l y  l imited and when the abi l i ty of 

the root to take up water and nutr ients i s  restri c ted . 

E f f ects of  defoliation on these  parameters may be mod i f ied by 

pl ant morphology and genet i c  make-up and de f o l i ation 

management . 

2 . 2 . 3  Dry Matter Yield 

The e f fects of defol i a t ion on total dry matter 

production of · tropical l egume s can be interpreted as an 

e f f ect der ived from the in f l uence of  defol iation on the 

component s  of that yield . Among the se  are the rate of  branch 

or stolon and leaf development . 

Jones ( 1 9 7 4 ) reported that total stolon production 

( number/plant ) of Siratro increased with increasing l e a f  

number rema ining af ter cutt ing ( 2 3 . 2 - 67 . 3  I plant ) .  

indicates that under seve r e  and f r equent cutting which 

to l ow numbers of leave s rema ining , a low dry matter 

r e s u l t s . Thi s  wa s a l s o  demonstrated by Whiteman 

Thi s  

l eads 

y i e l d  

( 1 9 69 ) . 

Gutter idge and Whiteman ( 1 9 7 5 )  reported that in  P sora l ea 

eri antha mean shoot number wa s markedly reduced with thre e  

week cutting intervals . Henc e , l ow dry matter was obta i ned 

in thi s  treatment . Loch and Humphreys ( 1 9 7 0 ) reported that 

cutt ing at floral initiation increased the rate of branching , 

whi ch l ead to an increase in  dry matter yield of  Townsvi l l e  

styl o . The increase in  branch number when cut at an ear l y  

stage may explain the increa s ed accumulated y i e l d  o f  

Townsvi l l e  stylo i n  Fisher ' s  ( 1 9 7 3 ) experiment . 

The number of expanding l eaves and the rate o f  l e a f  

appea rance has been reported to increase at a l l  stages of 

cutting , particularly early  cutting ( Loch and Humphreys , 

1 9 7 0 ) . Although there was no report direct ly on rate of l e a f  
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appearance , a high rate of net as s imi lat ion may be re f lected 

i n  the high rate of lea f appearance following cutt i ng , as 

shown in Townsvi lle  s tylo ( Fi sher , 1 9 7 3 ) . As a resu l t , leaf 

dry weight was not sensit ive to cutting when compar ed wi th 

s t em dry we ight The latter fraction increased substanti a l ly 

f o l l owing l ong cutting interval s  ( Mufandaedza , 1 9 76 ) . 

Delayed f lowering due to cutting has been f requently 

r e ported ( Loch and Humphreys , 1 9 7 0 ; Kes sler  and Shel ton , 

1 9 8 0 ; Humphreys , 1 9 8 1 ) and intense and frequent cut t i ng can 

l ead to low f l ower i ng f ractions , in contrast to long cutting 

interva l s  ( Muf andaedza , 1 9 76 ) . 

2 . 2 . 4  Underground Plant Organs 

There i s  litt l e  information on the effect of de f o l i a t ion 

on underground pl ant organs of tropical legume s . Agronomic 

e xperiment s seldom include root data and gra z ing exper iments 

s e ldom include a measure of roots ( Davidson , 1 9 7 8 ) .  

In terms of the information ava ilable , var ious studies 

have shown that root growth is r etarded by part ial defolia­

t i o n . The lower the height of cutting , or  the more f requent 

the de foliation , the greater wi l l  be the retardation of  root 

growth such as in Crotalaria juncia ( Kessler and She l ton , 

1 9 8 0 ) and Centrosema pube scens ( Bowen , 1 9 5 9 ) . Root s y s tem 

reduction in Centro sema pube scens i s  usual ly evident both in 

we i ght and length and de fol iation a l so reduces the number of 

roots initiated ( Bowen , 1 9 5 9 ) . Thus , the de f o l i ated pl ant 

wi l l  produce a sha l low and spar s e  root sys tem . 

Kes s l e r  and Shel ton ( 1 9 8 0 ) have shown that a s ingle 

cutting of  Crotalaria juncea above node 4 or 1 0  at  6 ,  8 or 1 0  

weeks after planting , signif icantly reduced root growth . In  

the severely def o l i ated treatment ,  root weight was  reduced in  

the  immedi ate pos t -defol i at ion per i od , fol lowed by recovery 

except a f ter late defoliation at node 4 ,  when plants died . 

Lat e  defol iation was more damaging than ear l y  de f o l i a t ion , 

and the d i f ference s  i n  root weight between node 4 and node 1 0  

treatments increased with t ime . Cr ider ( 1 9 5 5 ) has a l s o  shown 

that r emoval in a s ingl e  cutting of 4 0 %  or mor e  o f  the top 
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growth o f  seve ral  specie s � _ stopped root e longation . The 

larger the percentage removed , the l onger the per iod of root 

growth stoppage . Mufandaed za ( 1 9 76 ) reported that the dry 

mat t e r  yield of the roots of Stylosanthes gui anen s i s  

dec reased under more frequent cutt ing a t  4 cm cutting height , 

but not at 1 0  cm cutting height . 

Defoliation a l s o  reduces the growth of rhi zome s and the 

number of rhi z omes initi ated · in Si ratro under graz ing 

conditions ( Jone s , R . M . , 1 9 7 3a ) . 

Los ses o f  root and root nodu l e s  have been reported in 

many tropical l egumes . Bowen ( 1 9 5 9 ) reported that cut ting to 

s imu late heavy gra zi ng res ul ted in a los s of two th i rds of 

the Centrosema pubescens roots by we ight , and inact ivat ion 

and. s loughing of a ma j or proportion of  the nodul e s . Whiteman 

( 1 9 7 0 ) and Whiteman and Lulham ( 1 9 7 0 )  have shown that the 

popu lation of nodules of Siratro , Greenleaf de smodi um and 

S i lverleaf desmodium , decreased fol l owing defoliation . In 

D e s modium , the reduct ion in nodu l e  population was greater 

with more severe defol iati on and greater when young active 

leaves were removed , than when older , l e s s  active leaves were 

removed . Thi s  indicate s that a heavy de foliation or gra z ing 

can lead to poor nitrogen fixation . Los s  of roots and 

nodules after s ever e  defoliat ion has also  been reported in  

t emperate legume s ( Butl er et al , 1 9 5 9 ) .  

These  e f fects of defoliation on the root sys tem may be 

mod i f i ed by the growth habit of the species . Shaw ( 1 96 1 ) ,  

Robertson et a l  ( 1 9 76 ) and Fi sher ( 1 9 7 3 ) reported that 

Townsvi lle  stylo devel oped a pros trate habit when it had been 

gra z ed . Thi s  a l s o  occurred with Verano style ( Wi l a i pon and 

Humphreys , 1 9 76 ) and Lotononi s  baine s i i  ( Whiteman 1 969 ) .  

The s e  legumes devel op a substantial amount of the r e s idual 

l e a f  c lose to the crown . Thus , the ef fect of de f o l i at ion on 

root growth should be les s than in  the c l imbing legumes such 

as S i ratro , De smodium and Glycine ( Jones , 1 967 , 1 9 7 3 , 1 9 7 4  

and Whiteman , 1 969 ) .  A s imi lar  reaction has  a l s o  been 

reported in s ome gra s s  species . For example , Weinmann and 

Goldsmith ( 1 9 4 8 ) demons trated that the root growth of bermuda 
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g r a s s  was not r e s t r i cted by repeated cutting due to i t s  dense 

pr ostrate growth habit preventing severe de fol i at i on . It  

s e ems likely , the r e f ore , that a prostrate l egume wi l l  have 

better regrowth than a twining type under heavy gra z i ng . 

The 

r e growth 

( Harr i s , 

s ign i f icance of  carbohydrate 

has been we l l  recogn i s ed 

1 9 7 8 ) and in some tropical 

re serves i n  l egume 

i n  temperate s pe c i e s  

grasses  ( Humphreys , 

1 9 6 6 b ;  Humphreys and Robinson , 1 9 6 6 ) .  By compari son , f ew 

s tudi e s  have c e ntred on tropical l egume s . 

Hunter et a l  ( 1 9 7 0 )  reported that at the vegetat ive 

s tage , Glyc ine wigh t i i  ( leaf ) ,  Greenlea f desmodi um ( le a f ) and 

S i lverleaf desmodi um ( stem ) conta ined negl igible quant i t i e s  

o f  starch , whi l e  t h e  more mature pl ants ( at f lower ing ) 

c onta ined 1 - 2 %  s tarch in dry matter . Noble and Lowe ( 1 9 7 4 ) 

r eported a h i gh a l cohol-solubl e carbohydrate content in 

autumn for Desmodi um intortum and Glycine wight i i . 

There i s  l i t t l e  information avai l able on the e f f e c t  o f  

d e f ol i ation on the carbohydrate content in the root of 

t r opical l eg ume s . Jone s ( 1 9 7 4 ) found that increas ing 

i nterva l s  between cutting did not increase root s i z e and 

c oncentrat ion of soluble carbohydrates . Thi s  was un l i ke the 

r e s ponse obtained with lucerne , where increa s ing the interval 

between cutting i ncreased the s i z e  of the root s y s tem and 

g reatly i ncrea sed the avai lable carbohydrates ( Graber et  al , 

1 9 2 7 ) .  Mufandaed z a  ( 1 9 7 6 ) a l s o  reported that cutting 

i ntens ity and f requency had no s igni f i cant e f f ect on total 

non-structural c arbohydrates in the roots and s tubb l e  of  S .  

gui anens i s . It  s e ems that the e f f e ct of de f o l iation on the 

l evel of the avai l able carbohydrate s in tropical  l egumes 

warrants more atte nt ion . 

2 . 2 . 5  Herbage Qua l i ty 

Nutritive v a l ue of herbage may be expr e s sed i n  terms of  

chemical compo s i ti on and dige s t ibi l i ty . Prot e i n  content i s  

a common and mea s urable parameter of  the nutr i tive value o f  

the plant . Decrease i n  the percentage o f  c rude prot e i n  i n  

f or age plants with advancing maturi ty i s  wel l  documented 
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1 9 6 9 , 

higher 

( 1 9 7 6 ) 

reported that n i t r ogen concentration of  s evera l stra ins of  S .  

gu ianens i s  increased with more f requent cutt ing . S imi l a r  

r e su l t s  were reported for S .  humi l i s  ( Robert son e t  al , 1 9 7 6 ; 

Bendy , 1 9 7 1 ; Ive , 1 9 7 4 ) ,  Pigeon pea ( Akinola and Whi t ema n , 

1 9 7 5 ) Crotalaria juncea ( Ke s s ler and Shelton , 1 9 8 0 ) and 

De smodium ( Jone s , 1 9 6 7 ) . Under g r a z ing and cutt i ng 

cond itions , Whiteman ( 1 9 6 9 ) reported s imi l ar leve ls  between 

the two types of defoliation and both were higher than in  the 

control plants . 

For phosphorus concentration , W i l a i pon et al ( 1 9 8 1 ) 

r eported that cutt ing Verano stylo every three weeks produced 

h igher phosphorus in the apex compared with uncut plant s . 

However , Robe r t s on et al ( 1 9 7 6 ) and F i sher ( 1 9 7 3 ) reported 

that in Townsvi l l e  stylo phosphorus concentrat ion in the apex 

was una f f ected by cutt ing interva l . 

Dry matter digestibil ity i s  genera l l y  h igher under 

f requent cutting , with long cut t i ng interva l s  markedly 

reduc ing dry matter digestibil ity because of the high s t em 

fraction ( Mufandaedza , 1 9 7 6 ) .  

2 . 3  EFFECT OF DEFOL IATION ON STYLOSANTHES HAMATA CV VERANO 

2 . 3 . 1 Morph o l ogy  and growth habit 

Verano sty l o  acts as  an annual if  it  i s  l e f t  ungra zed or 

uncut for too l ong . The pl ant wi l l  grow ta l l  and erect a nd 

may drop i t s  l e aves and die ( McKeague et al , 1 9 7 8 ) . At 

Landsdown , Aus t ra l i a , Gardener ( 1 9 8 1 ) observed that f lower i ng 

and vegetative growth occurred together i n  the wet s e a s on . 

He then recorded heavy f l owering and s eed s e t  in  Apr i l /May 

and subsequent death of all  above-ground parts  and many 

plants despite the pre sence of adequate soil  water . L i t t l e  

new growth a r o s e  from t h e  crown of t h e  surviving p l a n t s  i n  

r e s ponse to w inter rains . P l a n t s  occas ion a l ly s urvived 

through the dry season , onl y  to d i e  immediately after the 
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open ing " ra i n s . No explanat ions have been offered by the se  

worker s . However , p lant death may be  due to  the absence of  

new growing points or bud s when plants are  allowed to reach 

such an advanced s tage of matur ity . Thi s  i s  s upported by 

Wi l a ipon and Humphreys ( 1 9 8 1 ) who found that re j uvenation of 

the plant by graz ing late in the wet s eason increa s ed the 

number of perennat ing plants . G i l l ard et al  ( 1 9 8 0 ) a l s o  

reported a rapid regrowth of a s tand of Verano sty l o  when 

heavily gra z ed at the onset of rains ( early stage ) ;  it made 

mor e  growth than a stand re-estab l i shed from reserve s of s eed 

in the s o i l . They sugge sted that the rapid regrowth abi l i ty 

o f  this s pe c i e s s eems to be one of  the ma in advantages 

c ompared with the annual Stylosanthes humi l i s . 

Wi la i pon and Humphreys ( 1 9 7 6 ) a l s o  observed that the 

n umber of  branches of Verano stylo increased fol l owing a 

s ingle heavy graz ing at the ear ly stage of growth , resul t i ng 

i n  incre a s ed s eed production . Many workers have pointed out 

that ear ly gra zing encourages the plants to become prostrate 

or creeping as wel l  as check ing the companion gra s se s  and 

improving l ight penetration . 

2 . 3 . 2  Dry matter yield 

Dry matter yield of tropical  l egumes cut at the early  

and late  s tage appears to  be  correlated pos i t ive ly with the 

number of buds or growing poin t s  l e f t , and per s i s tence i s  

a l so r e l a ted to the severity of  de f o l iation . However , f ew 

experiments have recorded the number of growing points at 

d i f ferent growth stages . 

Wi l a i pon and Humphreys ( 1 9 7 6 ) found that a s i ngl e  

graz ing or mowing a t  a n  ear ly s tage ( f irst f l ower ) produced 

s uperior dry matter yield to i ntermittent gra z ing at l a t er 

s tages . Dry matter yield was a l s o  reduced by graz ing at  the 

late stage due to  the increase i n  voluntary gras ses . Thi s  

indicates that d i f ferences i n  the timing o f  defol iation 

appeared to  alter the competit ive balance between the legume 

and the g ra s s ,  with gra s s  dominance being accentuated by l at e  

def o l i a t i on ( Wi l ai pon and Humphreys , 1 9 7 6 ) . 
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- - As with many other tropical  l egumes , a s  previously 

reviewed , f requent cutting or gra z i ng genera l ly leads to an 

ove r a l l  reduct ion in  dry matter y i e ld . Topark-Ngarm a nd 

Akk a s aeng ( 1 9 7 8 ) reported that under a four -week cut ting 

frequency , Verano style yields were s ignif icantly lower than 

a s i x week cutting frequency . The yield reduction was more 

pronounced i n  the es tabli shment year than in the s econd 

year . 

2 . 3 . 3  Underground pl ant organs 

There are no data ava i l able  for the e f fect of  

de f o l iat ion on the root s i z e , root nodule and the energy 

r e s e rves in the roots of Verano styl e . However , in genera l , 

s imi lar e f f e c t s  may apply to Verano style as those which have 

been discus sed in the previous section . 

2 . 3 . 4  Herbage qua l i ty 

Both ni trogen and phosphorus concentration have been 

reported to increase under frequent cutting ( Wilaipon et  a l , 

1 9 8 1 ) .  

The above review clearly shows that the respon s e  of 

Ver ano style to defol iation in terms of  growth , yield  and 

chemical compos ition warrant more attention . 

2 . 4  EFFECT OF WATER STRES S ON TROPI CAL LEGUMES 

The previous section has c ons idered the e f f e ct of  

de f o l i ation on plant growth and y i e ld of tropical l egume s . 

Thi s section cons iders the ef f e ct of water str e s s  on p l ant 

growth a nd development of trop i c a l  forage l egume specie s ,  

wher e  data are avai l able . Wher e  data are not ava i labl e ,  

other trop i c a l  s pecies  are used to i l l u s trate the point . 
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2 . 4 . 1  Germination , E s tabl i s hment and Survival 

According to Pearen and Koeghan ( 1 9 8 2 ) ,  the deve l opment 

of  pa sture seedl ings may be divided into three d i s t i nct 

pha s e s : 

1 )  Germination 

2 )  Establ i shment 

3 )  Growth . 

The success or f a i lure of  seed l i ng e stabl i shment wi l l  in  

large measure depend on  the extent to  which favourable 

conditions 

Germination 

prov i s ion 

Winkworth 

for promot ion of the s e  pha ses can be met . 

requirements include a permeable seed coat , and 

of adequate air and moi s ture ( Humphreys , 1 9 7 8 b ) . 

( 1 9 6 9 ) showed that seeds of Townsvi l l e  s ty l o  

( S tyl osanthes humi l i s ) r equ i red a moi s t soil above - 0 . 1  MPa 

( - 1  bar ) for f ield germi nation to occur . Simi lar r e s u l t s  

have a l s o  been reported f o r  Styl os anthes hamata , S .  s cabra 

and S .  vi scosa ( Mott et a l  1 9 7 6 ) . I t  ha s been shown that at 

an o smot i c  stre s s  of - 9 bar s ( - 0 . 9  MPa ) , the germi na t i on of 

S .  guianens i s ,  � scabra and S .  vi scosa decl ined rapid l y  but 

ther e  was much l e s s  e f f ec t  on S .  hamata , S .  humi l i s  and S .  

sub s e r icea ( Mcivor , 1 9 7 6 ) ,  indica t i ng a difference i n  the 

rate of  water uptake by seeds of di f f erent speci es . 

Under hot arid cl imates where the soil dr ies  out rapidly 

a f ter  rainfa l l , the presence of vegetat ive cover or a l ayer 

of l i tter that reduces  the evaporative load on the s e e d l ing 

i s  advantageous ( Murtagh , 1 9 6 3 ; Mi l le r  and Perry , 1 9 6 8 ; Keya 

et a l , 1 9 7 2 ) . 

-
Once the germinat ion proce s s  i s  underway , the rate of  

seedl ing root deve lopment and seedl ing vigour are  often very 

important in  condi tions of rapid soil drying . The s e  a r e  

r e l ated t o  seed s i z e  ( Tuds r i  and Whi t eman , 1 9 7 7 b ;  Gardene r , 

1 9 7 8 ) and d i f fer between spec i e s  ( Gardener , 1 9 7 8 ) . For 

examp l e , S .  hamata and S .  humi l i s  exhibit rapid rates  of 

germination and root e l ongation compared with S .  s cabra , S .  

vi s cosa  and S .  frut i c a  ( Mc lvor , 1 9 7 6 ; Mott et a l , 1 9 7 6 ; 

Gardener , 1 9 7 8 ) . Thi s  a l lows the former to survive under 

rapid soil drying condit i on s . 
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I n  most pa s ture r egimes of the world , a period o f  s o i l  

moi sture stre ss , e i ther short term o r  long term ( drought ) i s  

common dur ing the growing s eason ( Whi teman , 1 9 8 0 ) . Thus , 

during the estab l i shment and growth pha ses , plants may 

expe r i ence water s t r e s s . In order to adapt and survive , 

pl ants have to deve lop both morphologi c a l  and phys iol og i c a l  

me chani sms t o  e n a b l e  them t o  withstand and adapt to such 

water stress . Thi s  aspect ha s been recently reviewed by 

Mannet j e  et al ( ·1 9 8 0 ) ;  Ludlow ( 1 9 8 0 a ) and Fi sher and Ludlow 

( 1 9 8 4 ) .  These author s sugge sted that the adaptat ion of  the se  

p l ants could take three forms : es cape f rom dr ought , 

avoidance of low lea f water potential , and tolerance o f  l ow 

l e a f  water potent i a l . 

The fi rst morpholog i cal adaptation is a reduction in 

transpi ration by the presence of a cuticle capa b l e  of 

protecting the plant aga i n s t  excess  moi s ture loss ( Wh i tema n , 

1 9 8 0 ) . 

Another 

abi l i ty to 

drought -avoidance and survival mechani sm 1 s  the 

shed l eave s at relatively high leaf  water 

potent i a ls . For e xamp l e , S iratro leaves are s hed at l e a f  

water potentia l s  o f  - 1  MPa but some plants retain sma l l , 

thick , turg id l eaves  near the apex . I f  stre s s  con t i nue s , 

whol e  branches d i e  unt i l  only the crown rema i n s , mos t  of 

whi ch is under the soil surface ( Peake et al , 1 9 7 5 ; F i sher , 

1 9 8 3 ) . Thi s phenomenon has a l s o  been observed in  Town sv i l l e  

s ty l e  ( Stylosanth e s  humil i s ) ,  which appears t o  be a n  avoider 

of  drought by dropping its  leave s ear ly and surviving via 

s eed ( Fisher , 1 9 6 9 ; Gil l ard and Fi sher , 1 9 7 8 ) �  

Many tropical  l egume species  a l s o  avoid water stre s s  by 

a reduction in the expos ed lea f area dur ing drought . For 

exampl e  L .  l .eucocepha l a  folds its  l eaves 
·

dur ing d r ought 

( Na t i onal Academy of  S c ience , 1 9 7 7 ) .  In Townsvi l l e  styl e , 

leaves are orientated parallel  towards the sun ( para­

hel i onasty ) ( Begg and Tor s se l l ,  1 9 7 4 ; Fi sher and Campbe l l , 

1 9 7 7 ) .  Thi s  phenomenon has a l s o  been observed in S i ratro , 

whi ch also forms sma l l er l eaves when water- stre s s ed than when 

wat e r  i s  wel l - suppl ied ( Fi sher , 1 9 8 3 ;  Jantakool , 1 9 8 3 ) . 



2 7  

Reduction in the s i z e  of new l eaves caused a reduction in 

leaf temperature and wa ter loss ( Fi sher and Ludlow , 

Fisher , 1 9 8 3 ) . 

1 9 8 2 ; 

Several plants have a l s o  adapted to drought survival by 

deve loping deep and extens ive root sys tems to f u l l y  exploit 

the ava i l able  soil moi sture , such as Siratro ( Macropt i l ium 

atropurpureum ) ( Peake et a l , 1 9 7 5 ; Manne t j e  et  al , 1 9 8 0 ; 

She r i f f  and Lud low , 1 9 8 4 ) .  A rapid development of a deep tap 

root wa s a l s o  reported in Town svi l l e  stylo ( To r s s e l l  et a l , 

1 9 6 8 ) wh ich a l s o  showed rapid root development as a seed l i ng 

grow i ng under l imited soil moi sture conditions , viz  5 0  - 6 0  

cm o f  root growth being recorded a fter only 3 8  mm of rain . 

An annual pasture species avoids the drought per iod by 

growing and setting seed over the wet season , and by pas s ing 

through the dry season as s e ed , e . g .  Townsvi l l e  stylo . Seeds 

are a l s o  protected by embryo dormancy and impermeable s eed 

coat ( Mott et a l , 1 9 8 1 ) .  The s e  seeds are able to survive 

water potentials  in equ i l ibrium with air o f  2 0  to 5 0 %  

r e l a t ive humidity , which i s  equivalent to water potenti a l s  of 

approximate l y  - 95 to - 2 2 0  MPa ( Ga f f , 1 9 8 0 ) . Thus , the 

seeds  wi l l  not germi nate a f ter light out- of- season rain ( Mott 

et a l , 1 9 8 1 ) .  

C losure of the stomata during drought i s  an important 

phy s i ol ogi c a l  mechan i sm t o  reduce water loss  and ma intain a 

high l evel of  water potential . This ha s been wel l  demon­

s t r a ted in Si ratro ( Macropt i l i um atropurpureum ) . I n  this  

l eg ume , stomata close at h igh leaf  water potenti a l s  ( - 1 . 2 to 

1 . 5 MPa ) and respond to f a l l i ng atmospheric  humidity indepen­

dent of  water potential  ( Ludl ow and Ibaraki , 1 9 7 9 ) .  Thi s 

contra s ts with Desmodi um uncinatum cv Si lver l e a f , whi ch l acks 

s t omatal control mechan i sms that respond to humidity ( Sher i f f  

a n d  Kaye , 1 9 7 7 ) and t o  leaf  water potential  ( Ludlow a nd 

I b araki , 1 9 7 9 ) .  

Many d i f ferences i n  the leaf  water potenti a l  for 

s t omatal c l osure can be a ccounted for by d i f f erences in  the 

o smot i c  potential or osmo t i c  ad j ustment of the plant ( Turner , 
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1 9 7 4 ; Begg and Turner , 1 9 7 6 ; Lud low , 1 9 8 0 a ) . Osmoti c  

ad j ustment i s  the ma in mechani sm o f  stomatal ad ju stment whi ch 

a l l ows s tomata to rema in partia l l y  open at progr e s s ive ly 

l ower water potentia ls  as  water str e s s  increa s e s . Si ratro 

has sma l l  osmot i c  and stomatal ad justments and therefore the 

survival of th i s  legume depends ma inly on avoidance 

mechani sms ( Ludl ow , 1 9 8 0 a , 1 9 8 0b ; Fi sher and Ludlow , 1 9 8 4 ) .  

Stylosanthes spec ies , however ,  exh ibit both osmot i c  and 

s tomata l  ad j ustment ( Ludlow 1 9 8 0 a ;  F i sher and Ludlow , 1 9 8 4 ) 

but the variation in osmot ic ad j ustment between them i s  sma l l  

( 0 . 8  - 1 . 1  MPa ) . Fi sher and Ludlow ( 1 9 8 4 ) suggested that 

o smot ic ad justment 

i n f luenc ing growth 

may not be an 

and survival 

important character i s t i c  

i n  di f f erent moi s ture 

environments in these spec i e s . However , the d i f ferences in 

sens itivity to de s i ccation among Stylosanthes species  are 

considerab l e , and appear to be corre lated we l l  with the 

moi sture ava i l abi l ity in  the areas to wh ich they are adapted 

( Fi sher a nd Lud low , 1 9 8 4 ) . Thi s  suggests that the high 

tolerance to drought of  the se  species may be due to the 

insensitivity to desiccation - des i ccation sensitivity being 

the leaf  water potential at whi ch the last vi s ible  leaf dies  

( Fi sher and Lud l ow ,  1 9 8 4 ) .  

2 . 4 . 2  Morphologi cal E f f e c t s  

Ce l l  en largement depends on turgor ( Hs iao , 1 9 7 3 ) .  As a 

cons equenc e , r e s tri ction in water supply i s  l ikely to a f f ect 

leaf expansion . Ludlow and Ng ( 1 9 7 6 ) showed an 8 0 %  reduction 

in l e a f  elongat i on rate of Pani cum maximum var . trichogl ume , 

when the leaf  water potential f e l l  from - 4 to - 7 bars ( -

0 . 4  to - 0 . 7  MPa ) , and e l ongation cea sed at - 1 MPa . With 

tropic al  legume s , Wi l l i ams and Gardener ( 1 9 8 4 ) demonstrated 

that leaves of  the annua l tropical legume , s. humi l i s , wi l l  

l o s e  a l l  turgor and d i e  a t  the leaf water potential  o f  - 1 . 3 

MPa . Death of  S .  hamata doe s not take place unti l  - 3 . 0  MPa , 

whi l s t  S .  s cabra leaves a r e  able to reduce the i r  leaf water 

potential to l e s s  than - 4 . 0  MPa and survive through the 

drought with l iving t i s sue . 

Low l e a f  potenti a l s  a l s o  inf luence l e a f  production 

through the i r  e f fects on l ea f  initiation in  mer i stems and 
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s ubsequent rate o f  ce ll div i s i on ( H s i ao , 1 9 7 3 ; Sl atyer , 

1 9 7 3 ) .  The rate of leaf initiation may become s l ower or even 

c e a s e  as s t r e s s  continues . The de s i c cation sensi tivity of 

Stylosanthe s species varies between - 6 and - 1 2  MPa ( Fi sher 

and Ludlow , 1 9 8 4 ) ,  which i s  in  contrast to S i ratro ( - 2 . 3  

MPa ) ( Wi l son et al , 1 9 8 0 ) . 

Although l ow l eaf water pot enti a l  has a large effect on 

the rate of  production of new l eave s , it a l so causes a 

reduction in  the exis ting leave s . For example , Fi sher ( 1 9 8 3 ) 

found tha t S i ratro lost old l eaves f r om the base to the top 

as the water stress  continued , as did Townsvi l le stylo 

( Fi sher , 1 9 6 9 ; Fi sher and Campbe l l , 1 9 7 7 ) . 

One of  the most important con sequences of  the sensi­

tivity o f  cel l enlargement to  a sma l l  water def i�it i s  a 

marked reduction in leaf area . Lea f area may be reduced 

through an increase  in rate of leaf  senescence , which has 

been d i s c u s s ed ear l i er . A reduction in  leaf area wi l l  reduce 

crop growth rate parti cularly during the early stage s of 

growth when there is incomplete li ght intercept ion . 

2 . 4 . 3  Phys i o l ogical E f f e c t s  

As ava ilable  soil moi s ture dec l i nes , an internal water 

d e f i c i t  develops in  the pl ant , l eading to l o s s  of turgor , 

unt i l  the plant reache s a state of wi lt ing when suf f ic ient 

moi s ture can no l onger be extracted from the soil to ma intain 

turgor . As p l ant turgor decli ne s , progre s s ive stomata l 

cl osure causes reduct ion in the rate of co 2 uptake ( Begg a nd 

Turner ,  1 9 7 6 ) . As a consequence , r e s t r i ction in  water supp l y  

i s  l ik e l y  t o  a f f ect the rate of  the photosynthet ic proce s s . 

Thi s  a s pect was reviewed by H s i ao ( 1 9 7 3 ) ,  Begg and Turner 

( 1 9 7 6 ) ,  and Turner and Begg ( 1 9 7 8 ) .  Mostly these reviews 

concentrate on crops and temperate pasture specie s . 

The r e fore , empha s i s  in thi s review wi l l  be placed on stomata l  

behaviour a nd photosynthe s i s . 

Since s tomata have an important role i n  regulating the 

pathway for gaseous exchange betwee n  the plant and atmosphere 

( Turner and B egg , 1 9 7 8 ) , the behavi our of stomata in respons e  
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to envi ronmental influences i s  o f  considerable phys iological  

importance . In  terms of tropical  pa sture speci e s , Lud l ow 

( 1 9 8 0 a ,  1 9 8 0  b )  and Wi lson et a l , ( 1 9 8 0 ) have been notably 

active in thi s  field of research . Stomata l opening depends on 

turgor ( Hs i a o , 1 9 7 3 ) ,  and the ma in mechan i sm of turgor 

ma i ntenance is osmotic ad justment ( Lud low , 1 9 8 0 a , 1 9 8 0 b ) . As 

such , many of the difference s in  l eaf water potent i a l  f or 

stomatal c l o sure can be accounted f or by differences in  the 

o smot i c  ad j u s tment ( Turner and Begg , 1 9 7 8 ; Ludlow , 1 9 8 0 a , 

1 9 8 0 b ; Fi sher and Ludlow , 1 9 8 4 ) .  The s e  have been d i s c u s s ed in  

S ection 2 . 4 . 1 .  

Reduc t i on in net photosynthe s i s , resulting from c l o s u r e  

o f  stomata , was demonstrated b y  Lud low and Ng ( 1 9 7 6 ) w i t h  the 

t ropical gra s s , Pan icum maximum var . trichogl ume . They showed 

that stomatal  cl osure caus ing net photosynthe s i s  to c e a s e  

o ccur s a t  leaf  water potential s of - 1 2  bars ( - 1 . 2 MPa ) in  

control led e nvi ronments . However ,  in the field where water 

d e f icits u sual ly build up more s l owly , and root s exploit a 

greater depth for moisture , photosynthe sis  wi l l  cease at  

1 . 9 MPa ( Ludlow and Ng , 1 9 7 6 ) .  For  tropi cal l egumes , no such 

data could be found rel ated to photosynthesis . 

2 . 4 . 4  Dry Matter Yield 

Shortage of soil mois ture , result ing from var i ation in 

rainfal l , is closely correl ated with d i f ferences in herbage 

y i e l d  from year to year according to McCown et al ( 1 9 7 4 ) .  

They demon strated that cumulat ive yields of native s pear 

gra s s  plus � humi l i s , or bu f f e l  grass ( Cenchrus c i l iar i s ) 

plus  S .  h umi l i s  var ied widely over 5 years , but yield was 

c l osely r e l ated to evapo-transpiration . They used a s impl e  

water ana l y s i s  t o  predict the e f f ect of soil water storage on 

pasture y i e l d  at Townsvi l l e , Austra l i a . 

Wi l l i ams and Gardener ( 1 9 8 4 ) us ing rain fal l ,  evaporation 

and temper a ture in a weekly balanced analys i s , calculated a 

multiplicative growth index f or each of the interval s  over 

which s tem e longation was measured on Verano s ty l o . They 

f ound that extension growth was substanti a l l y  reduced when 

the growth i ndex fell below 0 . 5 .  They concluded that for 
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conditions in wh ich water and temperature a r e  the only 

f a ctors l imiting dry matter yield of Verano sty lo , it i s  

p o s s ible to estimate dry matter yield a t  a given s i te from 

r a i n f a l l , evaporation and temperature . 

The e f fects of wate r  stre s s  on total yield can be inter­

preted as  an e f f ect der ived from the inf luence of  wa ter 

s t r e s s  on the components of tha t yield . 

rate of branch and l ea f  deve l opment . 

Among the se  are the 

Evidence suggests that both rate and number of branches 

decrease with increa s i ng stre s s . Waikakul ( 1 9 8 3 ) reported 

that the number of branches and rate of branching in Verano 

s tylo when under s tre s s  wer e  di rectly related to the water 

supply . At the end of  th i s  exper iment , the pl ant that had 

been stres sed at the vegeta tive phase  produced only 3 5 %  of 

the control . Simi l ar results  have been reported in  Si ratro 

( Peak et a l , 1 9 7 5  and Juntakool , 1 9 8 3 ) .  The e f fects of water 

s tress were not only to decrease the branch number but a l so 

to reduce stern e l ongat ion of  the se branches . For exampl e ,  

Wi l l iarns and Gardener ( 1 9 8 4 ) reported that when the rel ative 

l e a f  water content at 1 5 . 0 0 hr f e l l  below approximately 7 5 % , 

the stern elongat ion rate of  Verano stylo was sma l l  - usua l ly 

l e s s  than 2 mm/day .  As a result , total dry matter yield wa s 

r educed through a reduction in  stern elongation . 

Water stre s s  can i n f luence tota l yield through the 

reduction in l e a f  a r ea by restr i cting the rate of  l e a f  

expans ion and b y  accelerated senescence of  o l d e r  leaves 

( Fi sher , 1 9 6 9 , 1 9 8 3 ; Fi s her and Carnpbe l l , 1 9 7 7 ; Carva lho , 

1 9 7 8 ; Waikakul , 1 9 8 3 ; Juntakool , 1 9 8 3 ) .  Reduction in  l e a f  

area l eads t o  reduced photosynthe s i s  and yield ( Hs iao , 1 9 7 3 ) . 

Leaf number and lea f s i z e  were a l s o  reduced by water 

de f ic i t . Fi sher ( 1 9 8 3 ) r eported that in Si ratro the new 

l eaves that were produced during stres s  wer e  sma l l  in s i z e  

a nd f ewer i n  number ( Juntakool , 1 9 8 3 ) . A s  a result  o f  

reduct ion i n  leaf number and leaf  s i ze , leaf dry weight was 

a l so reduced ( Fi sher , 1 9 6 9 ; Carva l ho , 1 9 7 8 ) . 
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The stage i n  plant growth a t  whi ch the stre s s  occurs i s  

another important e f f ect of water stre s s  o n  plant per form­

ance . Fisher and Campbe l l  ( 1 9 7 7 ) reported that the yield of 

Townsvi l l e  stylo wa s low i f  stre s s  occurred at the vegetative 

s tage , whereas water stre s s  during and after f l ower i ng had 

l i ttle ef fect on herbage yield . Th i s  response seemed to be 

rel ated to the fact that growth rate decrea ses with matura­

t i on . They noted that water stre s s  during vegetative growth 

has tened f l ower ing by two week s . Pod dry matter yields were 

a l s o reduced when water stre s s  wa s appl ied late in the 

f l owering per iod . Similar results were also repor ted in 

Verano stylo and S i ratro ( Waikakul , 1 9 8 3  and Juntakool , 

1 9 8 3 ) .  Carva lho ( 1 9 7 8 ) a l so reported a delay in  flowering of 

about 8 days in the water stres sed S .  hamata plants when 

compared with the control . Yields were also reduced in both 

� guianens i s  and S .  hamata . 

2 . 4 . 5 .  Herbage Quality 

It mus t  be emph a s i z ed that water stress i n f luence s  not 

only dry matter y i e ld but a l s o  forage qua l i ty . Pasture 

qua l i ty genera l l y  refers to the nutr itive value and 

inf luences forage consumpt ion . The former i s  character i z ed 

by chemical composi tion , digestibi l ity and the nature of the 

digested product whereas the l atter i s  the rate of forage 

intake by anima l s . Chemi cal composition is a s sociated with 

only the pl ant and its envi ronment s whi l e  the latter two are 

a s sociated with both plant and anima l . The e f fect of water 

stres s ,  therefore , wi l l  be di scus sed in terms of chemi cal 

compos i t i on and diges tibi l ity . 

Wi l son and Ng ( 1 9 7 5 ) demon strated that l ignin content in  

green 

dif fer 

age . 

l eave s of  Panicum maximum var . trichoglume did not 

between s tres sed and non- stres sed plants at any plant 

With trop i ca l  legume s , Carvalho ( 1 9 7 8 ) showed that 

Styl o s anthes hamata cv Verano and S .  guianen s i s  expos ed t o  a 

cyc l e  of  water stre s s  a lways had l ow cel l  wal l  percentages in  

both s tem and l eaves . Thi s  contra sted with Macroptil i um 

atropurpureum cv Siratro in which the sma l l , stress  adapted 

l eaves were h i gher in l ignin and cel lulose content . But 

hemi ce l l ulose was markedly l ower than that in  non-stressed 
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plants  ( Wil s on , 1 9 8 3 ) .  

The accumulation of  some soluble carbohydrates such a s  

inos itol in stres sed l eaves of Vigna species  and Siratro , wa s 

reported by Ford ( 1 9 8 2 ) and Ford and Wi l s on ( 1 9 8 1 ) .  However , 

g l ucose and sucrose did not accumulate in s tre s sed leaves of 

S i ratro whereas sucrose increa s ed substant i a l l y  in tropical  

gra s ses  ( green pani c , bu f f e l  and spear gra s s ) ( Ford and 

Wi l s on , 1 9 8 1 ) .  

Water stress decreases the phosphoru s concentration in  

many tropi cal pa sture and grain legumes . Fi sher ( 1 9 8 0 ) 

showed that phosphorus concentration in the plant top ( above 

g r ound ) of Stylos anthe s hurni l i s  was s ign i f icantly reduced by 

water str e s s  ( 0 . 0 8 vs 0 . 2 3 %  phosphorus ) .  Thi s  ef fect wa s 

mos t  marked when the stre s s  occurred at an early stage of  

g r owth . S imi lar r e s u l t s  have been reported f or Sec a and s .  
vi s cosa CPI  3 4 9 0 4  ( Pr ober t , 1 9 8 4 ) and the tropical grain 

l eg umes ( Glycine rnax CV Buchanan and Durack , Lab l ab 

a t r opurpureus cv H ighworth , Cajanus cajan cv Royes , Vigna 

ungu iculata cv Red Cal oona , � rnungo cv Regur and V .  rad iata 

cv Berken ( Wi l son and Muchow , 1 9 8 3 ) .  Water stress had only 

sma l l  e f f ects on ni t rogen concentration . In f act , an 

i n creasing nitrogen concentrat ion in the pl ant top was 

f r e quently reported under water stre s s  ( Carvalho , 1 9 7 8 ; 

F i s her , 1 9 8 0 ; Wi l son and Muchow , 1 9 8 3 ) I n  gra s s  spec ies , the 

increase in nitr ogen concentrat ion arose l argely from the 

d e l ayed deve l opment of the stern fraction under stress ( Gate , 

1 9 6 8 ;  Wi l son and Ng , 1 9 7 5 ) . 

Water stre s s  f r equently increa ses  the dry matter dige st­

i b i lity of  tropical  pasture species ( Wi l son and Ng , 1 9 7 5 ; 

Carva lho , 1 9 7 8 ; Wi l son , 1 9 8 1 ; Wi l son and Munchow , 1 9 8 3 ) .  I n  

terms of the limited information o n  tropical  legumes , Carval ­

h o  ( 1 9 7 8 ) showed that water stress  cycl e s  increased i n  vitro 

organi c  matter d ig e s tib i l i ty in stern and i n  l eaves of  S .  

h amata and S .  guianens i s . Wi l son and Muchow ( 1 9 8 3 ) a l s o  

r e ported an · increas e  in  dry matter digestibi l ity of  l e a f , 

s t ern and whole tops o f  several tropical  grain legumes . For 

the whol e  tops , s uch increases  ranged from 2 to 3 . 7 % unit s . 
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2 . 5 MANAGEMENT OF TROPI CAL FORAGE LEGUMES 

For some year s ,  tropical pasture l egume s have been used 

to improve production from tropi cal pa sture as we l l  as soil 

f e r t i l i ty ( Skerman , 1 9 7 7 ) .  The success  of  the se  legume s has 

depended on the cl imatic cond i tions and agronomic techn ique s 

o f  pa s ture estab l i s hment such as  adequate l and preparation , 

c o r r ecting any nutri ent de f i c i ency , the sel ection of the 

r i ght spe c i e s  and proper seed treatment , the appropr iate 

depth and method of sowi ng and the correct ear ly management 

of the establ ish ing sward . 

A particular problem in many subtropical and tropi cal 

p a s ture reg i ons is that of  moi s ture stre s s  which can be very 

severe for part of the year . Under such cond itions , legume 

g r owth can be a f f ected , particularly when grown with- gras ses . 

For examp l e , Jones et al ( 1 9 6 7 ) showed that the growth of  

S i ratro ( Macropt i l i um atropurpureum ) in  a mixture with 

Pa spalum pl icatulum wa s linearly rel ated to the ef fective 

r a i n f a l l  over the growing season ( r  = 0 . 9 8 7 ) . Variation 

between legume s in thi s  regard ha s a l so shown that Townsv i l l e  

s ty l o , for  exampl e ,  was unable to per s i s t  under 8 0 0  mm of  

annual ra inf a l l , whereas Verano sty l o , Seca and Fitz roy , 

p e r formed quite we l l  under these  condition s  ( Burt et a l , 

1 9 7 4 ; Edye et a l , 1 9 7 5 b ,  1 9 7 6 ; Gil l ard et al , 1 9 8 0 ) . As a 

r e s u l t  o f  many year s of evaluation and in some cases  

cons iderable breeding , select ion a nd test ing , a range of  

f o r age l egume spe c i e s  a nd cultivars has been released to  the 

f a rmer as be ing h ighly suitable under parti cular conditions  

o f  improved tropical  gra s s l and production . The agronomic 

practices  favourable to these spec ies  have been presented by 

O ' Reil l y , ( 1 9 7 5 ) ;  Bogdan , ( 1 9 7 7 ) ; Skerman , ( 1 9 7 7 ) ; Humphrey s , 

( 1 9 8 0 a ) ; Whiteman , ( 1 9 8 0 ) .  

The techniques o f  pa sture estab l i s hment vary f rom place 

to place and depend on the area of l and to be improved . I n  a 

den se  forest , c l e a ri ng the whol e  area needs to be done before 

seed preparation . However , in the open gra s s land or savannah 

woodl and , there a r e  s ever a l  pos s ibili ties  ava i l able instead 

of the compl ete land preparation . The cheapes t  and pos s ib l y  
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the most economi cal method i s  to sow the l egume seed into the 

e x i s t i ng native pasture directly ( Jones , 1 9 7 2 ; Humphreys , 

1 9 7 8 a , 1 9 7 8 b ,  1 9 82 ; Whiteman , 1 9 8 0 ; Murray , 1 9 8 3 ) .  However , 

i n  most cases  the use  of s e lected strategies inc l uding 

bur n i ng , spraying with herbi cide , heavy gra z ing or cutt i ng to 

reduce the competi tion f rom the exi sting grasses or weeds , 

have been employed succes s ful ly throughout the tropics . 

In  Northern Austra l ia ,  burning in the early wet sea son 

h a s  been recommended for the estab l i s hment of Townsvi l l e  

s ty l o  i n  the spear gra s s  country ( Norman , 1 9 6 5 ; Mi l l er and 

P e r r y , 1 9 6 8 ) . In Kenya , burning in the dry season and 

p l a nt i ng in  the ear ly wet sea son have been recommended for 

ove r s owing S i lverleaf de smodi um into Hyparrhenia rufa pasture 

( Ke y a  et al , 1 9 7 2 ) . In the highland areas of Tha i l and , 

F a l vey et al , ( 1 9 8 5 ) s ucce s s fully introduced ��crotyloma 

a x i l l are and Greenleaf desmodi um into a bl ady grass pas ture 

a ft e r  burning late in the dry season . Doughlas ( 1 9 6 5 ) a l s o  

• s u c c e s s fu l l y  establ i shed Siratro and Stylosanthes guianens i s  

b y  oversowing after bur n i ng bl ady gras s  ( Imperata cyl indr i c a ) 

but the e stabl i shment of  Lotonon i s , S i lver leaf desmodium and 

G lyc ine wa s less  succ e s s ful under thes e  conditions . 

The success  of legume es tabli shment fol lowing burning , 

p a r ticularly for Townsv i l le stylo , appears more dependent on 

t h e  rain f a l l  and soi l moi s ture than on the pre-treatment 

( Mi l ler , 1 9 6 7 ) and in s ome c a s e s  the reduction of gra s s  cover 

gave poorer establ i shment due to l e s s  favourabl e sur f a ce 

moi s ture cond i tions ( Mi l ler and Perry , 1 9 6 8 ) . In fact , pre-
-

t r e a tment may not be nece s sary if  the competition from the 

e x i s t i ng gras ses or natural gra s s e s  is not exce s s ive . 

Robertson ( 1 9 7 8 ) reported a good estab l i s hment of Town svi l l e  

s tyl o , Si ratro , and Stylosanthes into native bamboo gra s s  and 

the communal l and a r eas which c on s i s ted of Arundinaria  

pus i l la , Dactylocti n i um a egyptium and Brachiaria r eptans 

p as ture i n  Northeastern Tha i land . 

Chemical spraying to reduce competition has been 

s ugge s ted in both tropical and temperate regions ( McLeod , 

1 9 6 2 ;  Murtagh , 1 9 6 3 ; Evans ,  1 9 6 4 ; Campbe l l , 1 9 6 9 ; Whi t e , 
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1 9 7 2 a } . The advantages c l a imed for us ing herbi cide are that 

it ensures rapid f i l l i ng of the exi s ting pa sture and 

improving soi l f e r t i l i ty , reduces weed c ompetition , prevents  

s o i l  eros i on , and spraying can be  carried out in areas  whe r e  

n o rma l cultivation cannot b e  done ( e . g .  steep areas } .  In  

areas  where the r a i n f a l l  is  low , the  dead mate r i al rema i n i ng 

can reduce soil  moi sture loss and minimise the adver s e  

e f fects of  cold weather o n  plant growth ( Dowl ing et a l , 

1 9 7 1 } .  Keya et  al ( 1 9 7 2 }  reported that the dens ity of  

S i lver l e a f  desmodium wa s much higher under sprayed plot than 

burn ing or cutting prior to sowing . However , in relat ively 

dens e  vegetat ion , Tudsri  and Whiteman ( 1 9 7 7 a } found l e s s  

advantage with chemi cal s praying than with burning or cutting 

before oversowing Siratro . Th i s  was because much o f  the 

S i ratro seed oversown on the sprayed plot failed to reach 

ground l eve l and hence es tab l i shment wa s - poor . 

Re-estab l i s hment of  legume s i nto depleted sward of  

cul t ivated tropical grasses has generally been l e s s  

suc c e s s ful  than oversowing o f  l egumes into natural g ra s se s , 

as previou s l y  r eviewed . Under f avourable conditions o f  s o i l  

moi sture and ferti l ity , competition from the a l r eady 

e s t a b l i shed grasses  is a ma jor f actor a f fecting succe s s fu l  

establi shment .  Tudsri and Whiteman ( 1 9 7 7 a ) demonstrated that 

pretreatments of cutting , burning or spraying with " Pa raquat " 

of  a Setaria anceps sward did not s u f f i c iently reduce t i l l e r  

dens i ty t o  a l l ow oversown Siratro t o  establ i sh . Light c u l t i ­

vati on was a l so unsucce s s ful  ( Middleton , 1 9 7 3 ) . Only 

r igorous cult i vation of the Setar i a  s tand a l l owed succ e s s ful  

e s ta b l i shment of  S iratro ( Tuds r i  and Whiteman , 1 9 7 7 a } . 

However ,  Lotononi s  baine s i i  was succes s ful by merel y  over­

s ow i ng into Setaria  anceps ( Tuds r i  a nd Whiteman , 1 9 7 7 b ) . 

With f u l l or comp l ete cultivation , there i s  gener a l l y  no 

probl em with e s t abl i s hment and growth . Thi s  i s  probably due 

to the comp lete removal of  compet i tion and the provi s i o� of 

s u itable s o i l  conditions for germination ( Tudsr i  and 

Whi teman , 1 9 7 7 a ; Wi l a i pon and Pangsku l , 1 9 8 3 ; Cook , 1 9 8 4 ) . 

Furthermore , with tropical l egumes that are s l ow to nodu l ate 

( e . g .  Glyc ine wighti i ) , cultivat i on can increase the rate o f  
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minera l i z ation whi ch can a s s i s t the legume to establish a� _ an 

e a r l y  stage of growth ( Henz e l l , 1 9 7 7 ) . The prob l em with ful l 

c u l t ivation i s  one of cost and topography . 

Pastures are usua l l y  grown on lower fertil ity s oi l s  

which are not we l l  suited t o  cropping ( Wi l l iams and Andrew , 

1 9 7 0 ) .  Thus , soil fert i l i ty prob l ems are found in  mos t  

tropical pasture si tuation s . The ma j or l imiting nutr ients 

for growth on most soi l in the trop i c s  and subtrop i c s  are 

nitrogen and phosphoru s .  In some areas  many are a l so 

de f i c i ent in pota s s ium and sul phur and notably some of  the 

trace el ements . 

Tropical pas ture l egumes have the abi l ity to f ix 

nitrogen through nitrogen - f ixing bacteria living in the root 

nodu l e s . Thi s  a l lows them to grow and reproduce in s o i l  

whi ch i s  low in nitrogen ( Humphreys , 1 9 7 8 b ) . There fore , in  

general  terms , the appl i cation of  l arge amounts of  nitrogen 

fert i l i zer is not common practice with such mixed pa s ture s .  

The disadvantage of applying ni trogen fertili zer at a high 

rate i s  the stimul ation of gra s s  growth and subsequent 

increased competi tion f or l ight and nutr ient s , leadi ng to 

reduct ion in  the legume content . Furthermore , n i t r ogen 

f e rt i l i zer wi l l  inhibit nodulat ion and reduce the rate o f  

n i t r ogen f i xation ( Whi teman , 1 9 8 0 ) .  Small  amount s  of  

n i t r ogen , however , are sugge s ted for 

( e . g .  Glycine wighti i ) to a s s i s t  

( Skerman , 1 9 7 7 ) . 

some tropical l egume s 

their estab l i s hment 

Phosphorus plays a very important role in tropical 

forage legume growth . Numerous s tudie s  have shown that the 

a pp l ication of  phosphorus fert i l i ze r  at the time of s owing 

s t imu lates l egume seedl ing growth ( Blunt and Humphreys , 1 9 7 0 ;  

Keya et a l , 1 9 7 1 ; Ol s en and Moe , 1 9 7 1 ; Tudsri and Whi tema n , 

1 9 7 7 b ) and results in good l egume establishment . I n  add i ­

t i on , Gate ( 1 9 7 4 ) showed that phosphorus ferti l i z er enhanced 

e a r l y  nodul e  formation and nitrogen f ixation . The nodul e  dry 

wei ght , number and dens ity increased with increas ing l eve l of 

pho sphorus up to at least 25 kg phosphorus I hectare . 
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The bene f i cial e f fects of phosphorus on- · l egume 

e s ta b l i s hment and nitrogen fixation , as mentioned above , and 

the response in terms of dry matter yields , have been 

reported by many workers ( Keya et  al , 1 9 7 1 ; O l s en and Moe , 

1 9 7 1 ; Tud s r i  and Wh itema n , 1 9 7 7 b ) . There are d i f f erences in  

pho s phorus responses between and with in legume specie s .  

Styl os anthes humi l i s  and Lotononis  baine s i i  were the least 

r e s pons ive when compared with other legume s ( Andrew and 

Robin s , 1 9 6 9 ) .  The abi l i ty o f  S .  humi l i s  to absorb greater 

quantities of phosphorus from a soil with l ow avai l able  

phos phoru s wa s shown by Andrew ( 1 9 6 6 ) .  White ( 1 9 7 2 b ) 

suggested that the better growth of S .  humi l i s  in  a 

phos phorus de fi cient s i tuation may be related to the tran s ­

l ocat ion of phosphorus from older to younger t i s s ues . Th i s  

r e s u l t s  in  better growth of  thi s  legume under poor s o i l  

f e r t i lity , as reported b y  Robinson ( 1 9 8 3 ) and Robertson et a l  

( 1 9 7 6 ) .  Jones , R . K .  ( 1 9 7 4 ) described d i f f erences in  phos ­

phorus requ irement of a range o f  Stylosanthe s s pecie s .  In 

general , the ba s a l  l evel of phosphorus app l i cation var i e s  

f r om place to place . In  Queensland , Austr a l i a , a basal  

d r e s s ing of 250  - 5 0 0  kg/ha of  single Mo superphosphate plus  

1 2 5 kg/ha superphos phate f or maintenance is  recommended 

( Jones and Jones , 1 9 7 1 ) .  I n  Thai land , a ba s a l  dres s ing of 

2 0 0  - 2 5 0  kg/ha of  superphosphate is recommended ( Tud s r i , 

1 9 8 0 ) . 

In  terms of pota s s ium ,  Andrew and Pieter ( 1 9 7 0 ) showed 

that Si lver leaf desmodium ( Desmodium uncinatum ) , Perennial 

stylo ( Stylosanthe s guianens i s ) and Townsvi l l e  stylo ( Stylo­

s anthes humi l i s ) were s e n s itive to pota s s ium d e f i ci ency . 

H a l l  ( 1 9 7 1 ) a l s o  demonstr ated that the dry matter y i e l d  o f  

S i lver l ea f  desmodium was s ignificantly depres sed when a l l owed 

to compete with Setaria in  the ni l pota ssium treatment . By 

contra s t , either the addi ti on of potas s ium ferti l i zer or the 

s eparation of the roots of  the two species , resulted in  good 

l eg ume growth comparable to that of the companion setaria 

( Setar i a  anceps ) .  This indicated that the gra s s  spe c i e s  was 

s t r onger in competition for avai l able pot a s s ium than the 

l egume . Thus , the botan i c a l  competition of the mixed pasture 

can vary under high and l ow pota s s ium supply . Jones ( 1 9 6 5 a ) 
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reported that the dry matter yield of Siratro wa s only 1 3 % of 

total  dry matter yield in a mixed sward under no pota s s ium 

f e r t i l i zer . Th i s  i s  in contra s t  to the plot that rece ived 

pota s s ium ferti l i z er at a rate of 1 9 0 kg/ha , which produced a 

S i ratro dry matter yield of 2 9 %  of tota l dry matter y i e l d . 

H a l l  ( 1 9 7 1 ) pointed out that pota s s i um was the key fert i l i zer 

f o r  the estab l i s hment of Siratro when mixed with green pani c  

g ra s s  on poor soil . I n  thi s exper iment , the appli cation o f  

pota s s i um a l one increased Si ratro y i e l d  substant i a l ly . 

A c cordingly the use of pota s s ium ferti l i zers  i s  now generally  

r e c ommended - a ccord ing to  Jones and Jones ( 1 9 7 1 ) i t  should 

be 6 6 2  - 2 5 0  kg/ha KCl annua l l y , whi l e  Tei t z e l  ( 1 9 7 5 )  

con s iders that 5 0  - 2 0 0  kg/ha KCl annu a l ly i s  adequate in 

high rainf a l l  areas . 

It should be noted however that the appl i cation of KCl 

at  rates of 1 0 0 - 2 0 0  kg/ha can cause the death of s e edl ings 

of Desmodi um i ntortum ( Jones , R . M . , 1 9 7 3 b ) . Eyl e s  et al 

( 1 9 7 3 )  also reported KCl toxicity with Townsvi l l e  style and 

Centrosema under higher rates of appl ication a nd recommended 

the alternative use of potas s ium sulphate . 

Many of the tropical legumes such as  S i ra tro , Glycine , 

a nd Calopogo are readily nodulated by Rhi zobi um s tra in CB 7 5 6  

( cowpea group ) whi ch occur s natura l l y in tropica l s o i l s . 

Therefore , �hi zobium inoculation for these l egume s i s  not 

requi red ( Humphrey s , 1 9 7 8b ,  1 9 8 0 a ) . However , some genera 

have s pe c i f i c  Rhi z obium requ i rements ,  whi ch may d i f fer 

between species and even between cultivars within s pe c ies . 

For examp l e , within Stylosanthes guianens i s , cult ivars  such 

as Scho f i e ld , Cook and Endeavour are nodulated by the general 

cowpea inocul ant CB 7 5 6 . However ,  the cultivar ' Oxley ' was 

shown to have a speci f i c  Rhi z obium requirement ( Whiteman , 

1 9 7 8 ; 1 9 8 0 ) . Lotononis , Leucaena , Centrosema and Kenya whi te 

cl over a l so had s pec i f i c  Rhi zobium requi rements ( Humphrey s , 

1 9 8 0 a ) . Manne t j e  ( 1 9 6 9 ) a l so demonstrated that Stylosanthes 

c ontains s pec i e s  and forms within the s pecie s , which have 

s pec i f i c  Rhi zobi um requirements .  

Breaking s eed dormancy or overcoming hard-seededn e s s  
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p r i o r  to sowing i s  recommended for . -Siratro , Lotononis , 

Styl osanthes species , Centrosema and Leucaena . The common 

method i s  the hot water treatment at 8 0 °C for ten minutes 

( Ske rman , 1 9 7 7 ; Whiteman , 1 9 8 0 ) . 

Many tropical pa s ture legume seeds are sma l l  and have 

l imi ted stored res erves . Therefore , depth of sowing is a 

c r i t i cal factor in promoting succe ss ful establ i s hment . Seeds 

tha t are left uncovered are sub j ect to rapid change s in soil 

mo i s ture cond it ions and are readily ki l l ed by drought 

f o l l owing li ght showers that promote germination ( e . g .  

Stylosanthe s humi l i s ) .  Seeds that are placed too deep may 

f a i l  to emerge due to insuf fi cient energy reserves . Al so 

f o l l owing germination , a crus ted soil s urface may prevent 

eme rgence , espec i a l l y  on f i ne -textured soi l s . Therefore , for 

sma l l  seeded legume s such as  Lotonon i s , Stylosanthes and 

Kenya white c l over , only l ight cover at sowing i s  recom­

mended . However , with large seeds such as Siratro and 

Lab lab , a depth of 0 . 5  to 1 . 5 cm is pre f e rred ( Smith , 1 9 6 7 ; 

S tonard , 1 9 6 9 ) .  

I nsect pe s t s  and diseases  are a l s o  very important in  

l egume establ i s hment . One of the  mos t  noticeable - the 

f ungal di sease Anthracnose - was found on Townsvi l l e  stylo in 

Au stra l i a  in 1 9 7 3  and was subsequently reported in  Tha i l and 

in 1 9 7 6  ( Humphreys , 1 9 7 8 a ) . Thi s  s igni f icantly reduced the 

potential of thi s  s pec ies for improving natural gra s s l and . 

Rhi zoctonia solani was also recorded in  Siratro in the high 

r a i n f a l l  tropi c s , making this species  l ess productive . The 

l egume " l ittle l e a f  virus " caused by mycopl a sma , was a l s o  

f ound i n  Lotonon i s  ( Bryan , 1 9 6 9 ;  Hutton , 1 9 7 0 ) ,  and a long 

with the Arnnemus weevi l ,  a l so attacks Si lver leaf  de smodium 

( Skerman , 1 9  7 7 ) . 

Ants can cause substantial losses  of s e ed through their 

" food-gathering " habit and often require control by dieldr i n  

spraying . S i ratro i s  a l s o  readi ly attacked b y  bean f l y  

( Me l anagromyza pha s eo l i ) during seedl i ng s tages ( 3  - 4 weeks ) 

( Sk erman , 1 9 7 7 ) ,  but thi s  can be prevented by seed treatment 

wit h  dieldr i n , aldrin or endr in at 2 - 4 g . a . i . /kg of seed 
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( Jone s , 1 9 6 5b ) . Leptopius weevi l . - ( Leptopius spp . ) was found 

to damage Greenlea f de smodium ( Clements et a l , 1 9 8 3 ) and in 

the northern part of Queen s l and , many tropical legume s have 

been de s troyed by caterpi l l ars , Hel iothis and Lamprosema 

species  ( Skerman , 1 9 7 7 ) .  

It  i s  there fore obvious that this per i od of estab l i sh­

ment is a critical stage in the l i fe of  a pa sture if one i s  

t o  achieve a high yie lding sward free of  weeds and capabl e  of 

high stocking capac i ty . 

In  a mixed sward , after the legume germinates , it soon 

starts to compete with gra sses or weeds for water , nutr i e nts 

and l i ght . The correct early management at thi s  stage can 

have a very mar ked ef fect on the l egume content . and on tota l 

legume yield and survival . However , tropical l egumes appear 

to respond in  d i f f erent ways to the s ame management treat­

ments . For i n s tance , in the case of  Townsvi l l e  stylo , heavy 

gra z ing or cutting at an early s tage of growth can enhance 

legume surviva l and encourage branch i ng . Thi s  i s  attr ibuted 

to the reduct i on in  competi tion from gra s ses  a l l owing more 

l ight to the legume ( Shaw , 1 9 6 1 ; Norman and Phi l l ips , 1 9 7 0 ; 

F i s he r , 1 9 7 3 ; Torssell  et al , 1 9 7 6 ; Tor s s e l l  and McKeon , 

1 9 7 6 ;  Skerma n , 1 9 7 7 ) . Gra zing or cutting at a late s tage of 

growth or late i n  the growing sea son , can be di sadvantageous 

in terms of l egume yi e l d  and surviva l . However , in the ca se 

of twining legume s , such as Siratro , compet ition for l ight i s  

l e s s  i ntens e  owi ng t o  its twin i ng habit ( Wh iteman 1 9 6 9 ) .  

Therefore , gra z i ng should be carried out at an advanced stage 

of  growth or f o l l owing twining and a l lowing the l egume to set 

seed ( Skerma n , 1 9 7 7 ) . Siratro pr e f e r s  l ight gra z ing , as  

frequent and hard graz ing can lead to rapid reduction in 

y i e l d  ( Jone s , 1 9 6 7 ; Whiteman , 1 9 6 9 ) .  S imi l a r  re sponses were 

found in Desmodi um i ntortum ( Jones , 1 9 7 3 ) and Glycine wigh t i i  

( Wh iteman , 1 9 6 9 ) .  
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2 . 6  MANAGEMENT FOR STYLOSANTHES HAMATA CV VERANO ( VERANO STYLO ) 

Although Verano stylo has been rel eased for comme r c i a l  

u s e  for the l a s t  decade , deta i l ed information o n  the 

behaviour of  the plant under varying c u l tural and manager i a l  

c onditions i s  lacking . However ,  its  resembl ance t o  Townsvi l l e  

s ty l o  ha s caused several worker s  to  be l i eve that the s ame 

type of general management can be appl ied to both ( McKeague 

et a l , 1 9 7 8 ;  Humphreys , 1 9 8 0 a ) . 

Un l i ke most of the tropical  l egumes , Verano stylo i s  

be t ter s u ited to areas o f  erratic rainfall  because i t  can 

f l ower a t  any time and vegetative growth conti nues after the 

on set of  f l oweri ng ( Cameron and Mannet j e , 1 9 7 7 ; G i l l ard e t  

a l , 1 9 8 0 ) .  It  a l so per s i sts  in areas receiving an annua l 

ra infal l as  low as  6 0 0  mm and usua l l y  produces more f orage 

yield than Townsville  stylo under such conditions ( Burt e t  

a l , 1 9 7 4 ; Edye e t  al , 1 9 7 5 b ;  G i l l ard e t  a l , 1 9 8 0 ) . 

Verano stylo can be sown i n  exactly the same way a s  

Townsvi l l e stylo or other tropical l egume s that have been 

previou s l y  reviewed . It  i s  we l l  adapted to a wide range o f  

s o i l  types and cl imatic conditions and shows a greater 

r e s i stance to anthracnose d i s e a s e  than Townsvi l l e  s ty l o  

( Vi n i j ts anond a n d  Topark-Ngarm , 1 9 78 ) .  U s e  of t h i s  l egume t o  

improve natural and cultivated gra s ses  is  commonly employed 

in many parts of  the tropi c s , such as  Thail and ( Humphreys , 

1 9 7 8 a ; Gutter idge , 1 9 8 2 ) and Malaysia  ( Whiteman , 1 9 7 8 ) .  

Seed -bed preparation may 

or weeds are 

not be 

short 

e s s ential 

( Robertson , 

i f  the 

1 9 7 8 ; exi s t i ng gra s s e s  

Humphreys , 1 9 8 2 , 1 9 8 4 ; McKeague and Holmes , 1 9 7 9 ) . However , 

cul ti vation of  the land prior to s owing general ly resul t s  i n  

better germination , establi shment and dry matter y i e l d  

( Wi l a i pon , 1 9 8 0 ; Wil a i pon and Pongsku l , 1 9 8 3 ) . 

Verano s tylo can nodulate freely with native soi l 

Rh i z ob i um .  Work in Tha i l and i nd icates that Verano stylo can 

produce high yields on contrasting soil types ( Korat and Nam­

Pong Series ) .  Nitrogen f i xa tion a l s o  a ppear s  to be 
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ef f i c i ent , as no d i f f er ence was recorded in terms of both dry 

matter and nit rogen yields in the pre sence or absence of 

added ni trogen ferti li zer in the field , conducted by 

Ruay soongnern ( 1 9 7 8 ) .  

Although Verano stylo i s  easily  e stab l i shed , poor s eed 

germination can be a probl em reducing e f f ective estab l i s hment 

( Gardener , 1 9 7 5 ) .  Unl e s s  Verano s tylo seed is treated to 

reduce hard-seedednes s ,  only about 1 0 % f ield germi nation can 

be expected in the estab l i shment year ( Mott et al , 1 9 8 1 ) .  

The refore , seed treated with hot water at 8 0 °C for 5 - 1 0  

minutes i s  recommended ( Whi teman , 1 9 8 0 ; Crowder and Chheda , 

1 9 8 2 ) .  Howeve r ,  to cope more e f fectively with l arge 

quantities of seed , Mott ( 1 9 7 9 ) deve loped a rotating drum in 

wh i ch to treat such seed for 1 5  - 2 0  seconds at 1 5 5°C .  The 

r e s u l t  showed that such a heat treatment i ncreased Verano 

s ty lo germi na t i on 1 0 - fold compared with the control at 

Katherine , Austral ia . Legume yields f rom the r e s u l t i ng 

pa s ture were 1 6  times those  of the control ( Mott , 1 9 7 9 ) . 

I n  common with the other tropical legumes previou s ly 

reviewed , planting date had a marked e f fect on the e s tabl i s h ­

m e n t  of Verano s tylo , with ear l y  sowing being s t rongly 

recommended i n  Tha i land ( Wi l a i pon and Pong skul , 1 9 8 3 ;  

Humphreys , 1 9 8 4 ) .  I n  Austra l i a , it  is recommended 

Verano stylo be sown just  before the wet sea son , into 

or short gra s s . Aircra f t  or ground equipment can be 

but marke r s  are needed for accurate aircraft sowing 

s t a nding timber ( McKeague et a l , 1 9 7 8 ) . 

that 

burnt 

u sed , 

into 

Basal ferti l i zers  are a l so recommended prior to sowing . 

The add i t i on of phosphorus fert i l i z e r  increased dry matter 

y i e lds and percentage Verano stylo i n  a number of exper iments 

( Ha l l , 1 9 7 9 ) . Ha l l  { 1 9 7 9 ) also reported that the basal  

superphosphate of  3 0 0  kg/ha on a deep sandy y e l l ow e a r th 

inc reased the dry matter yield o f  Verano stylo f rom 1 ton to 

2 . 5  ton/ha . However , in Tha i l and ,  the respons e  of  Verano 

stylo to phosphorus and s u l phur ferti l i zers  has been 

var iabl e , and in some cases  non-ex i s tent { Gutter idge , 1 9 7 8 ; 

Wil aipon and Pongskul , 1 9 8 3 ) .  The s e  authors suggested that 
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the native level s o f  soi l phosphorus and s u l phur were o f t e n  

adequate for Verano s t y l e  growth . Nitrogen ferti l i z e r  

however wa s not recommended in a mixed pasture , but in  a pure 

s tand of  Verano sty l e , Brolman and Sonoda ( 1 9 8 1 ) reported a 

better dry matter yield when nitrogen , at the equiva lent of  

1 8 0 kg  N/ha , was added . 

Verano style 

cul t ivated tropical 

is not 

gra s ses  

only sown 

but a l s o  

with natural and 

wi th upland crops . 

The s e  include r i ce , c a s s ava and kena f . Work at Khan Kaen 

Univer s i ty , Tha i l and , has shown that Verano style can be 

e s t a b l i shed in s tands of cas sava and kena f without s e r i o u s l y  

a f f ecting the yield o f  t h e  compani on c rop . However , t h e  t ime 

of s owing is important . Wi l a i pon e t  a l  ( 1 9 8 1 ) found that 

whe n  Verano sty l e  and cas sava were pl anted at the same t ime , 

there was a s i gn i f icant reduction i n  ca s s ava yield c ompared 

wi t h  the cass ava alone treatment ( 7 . 6  vs 2 6 . 8  ton/ha ) .  But 

whe n  Verano style was sown six weeks after the cas sava , there 

wa s a very sma l l  and i n s igni f i cant reduction i n  c a s sava 

y i e l ds ( 2 4 . 5  vs 2 6 . 8  ton/ha ) .  Pong skul et al ( 1 9 8 2 ) f ound 

that kena f yields  when pl anted a lone were 1 2 . 1 ton/ha . When 

sown in combination with Verano style , yields were r educed to 

8 . 9  ton/ha . However , Verano s tyle yields were reduced f ive­

f o l d  by delayi ng the sowing in  the kena f . Al though there 

wer e  no bene f i c i a l  e f f ects from sowing Verano style in  the s e  

c r o p s  in terms of  yield s , i t  provided a substantial amount o f  

addi t i onal forage f o r  l ivestock . Th is forage c a n  b e  ut i l i z ed 

b e f ore harve sting kenaf  or ca s sava . 

Newly sown Verano style needs early graz ing to check 

gra s s  growth and to e ncourage the legume to branch . I t  i s  

de s i rable t o  encourage the plant t o  a c t  a s  a perenn i a l  and 

j ud i c i ous gra z i ng may be inf luent i a l . If  Verano style grows 

and f lower s  unchecked for too long , it may drop its  l eaves 

and die . Regrowth f rom seed is usua l l y  rel iable  but weeds 

a r e  more l ikel y  to i nvade when the l egume is a l l owed to  a c t  

a s  an  annual . However , t h e  l ong term pers i s tence o f  the 

l eg ume in heav i ly gra z ed situation s  is neverthel e s s  dependent 

on  the a ppropriate form of g r a z ing management to  e n s ure 

adequate s e ed ing and seedl ing regeneration in subsequent 
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I n  communal l and 

a r e a s  where the Verano styl e wa s l ightly s tocked in the wet 

s e a s on and only moderately stocked during the dry season , the 

l eg ume content at the end of the second wet season i ncreased 

f r om 3 4 %  i n  1 9 7 8  to 5 6 %  in 1 9 7 9 . Th i s  i s  in contrast to the 

treatment that wa s heav i l y  grazed whi ch decl ined in l egume 

c on tent f rom 3 1 %  in 1 9 7 8  to 1 9 % in 1 9 7 9 . In Austra l i a , 

McKeague et al ( 1 9 7 8 ) have suggested that leaving a 1 0  cm 

s t ubble in July and August makes the best use of wet and dry 

s e a son growth . I n  Thai l and , early heavy gra z i ng in the wet 

s e a son and deferment in the late wet sea s on is recommended to 

a l l ow seed sett ing ( Wi l a ipon and Humphrey s ,  1 9 8 1 ; Humphreys , 

1 9 8 2 ) . 



CHAPTER 3 

EXPERIMENT I :  GROWTH PATTERN OF STYLOSANTHES HAMATA 

CV VERANO UNDER CONTROLLED ENVIRONMENT CONDITIONS 

I .  INTRODUCTION 

4 6  

There are few publications on the growth and deve lopment 

of  Verano sty lo ( Styl osanthes hamata cv Verano ) .  Gardener 

( 1 9 7 8 ) measured the rela tive growth rate and dry weight 

i nc r ements  of a number of Styl osanthes spec ies  including 

Verano stylo over a period of six weeks a f ter sowing . He 

f ound that re lative growth rate and dry weight increments in 

Verano stylo were higher than those of perenni al stylo 

s pe c i es l ike Styl osanthes scabra but s imi lar to that of S .  

hurni l i s . However ,  the relat ive growth rate duri ng th i s  

per i od was s t i l l  low compared with that of C4 grasses ( e . g .  

P a n i curn maximum ) ( Ludlow and Wi l son , 1 9 7 0 ) . Thi s  could be a 

problem when Verano s tylo i s  grown wi th such vigorous 

c ompanion gras ses . Gardener et al ( 1 9 8 2 ) stud i ed the changes 

in total dry we ight and its components from a pure stand of 

Verano stylo over two growing seasons . Tota l dry we ight 

production reached a peak at about 1 2 8 days a f ter sowi ng . 

The contr ibution of  the leaf fraction to dry matter yields 

wa s high dur i ng the ear ly stages of growth , be fore decl i n i ng 

throughout the wet season , with the subsequent ma j or 

contr ibut ion coming f r om stern tis sue . 

Thi s introductory exper iment reports the uninterrupted 

growth and deve l opment of Verano stylo under conditions of 

adequate soil moi s ture and nutr ients over a period of 1 3 1 

days i n  the control l ed environment of  a growth room and 

hence provides a de s i rable background and understanding of 

the s pecies i n  ques tion . It includes var ious aspects of 

p l ant morphological  deve lopment , includ i ng branch number s  and 

pl ant height , and des cribes the increa s e  and d i stribution of 

dry matter yield and leaf  area deve lopment . 
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I I . MATER IAL AND METHODS 

A .  ENVIRONMENTAL CONDIT IONS AND PLANTING PROCEDURES . 

The exper iment wa s carried out i n  the Contro l l ed Cl imate 

Rooms at the Plant Phy s i o l ogy Divi s i on , DSIR , Palme r s ton 

Nor th , New Zea l and ( Plate 1 . 1 ) .  P l a s t i c  pot s  of 1 6  cm 

d i ameter and 1 6  cm depth , wi th dra inage holes  at the b a s e  

w e r e  f i l l ed with 5 . 5  k g  o f  a mixture of peat , vermi c u l i t e  and 

gravel ( 1 5 : 1 5  7 0 ) .  Stylos anthes hamata cult ivar Verano 

( Verano styl o )  seeds col l ec ted from North-Ea stern Tha i l and 

were s e l ected for s imi lar s i z e  and sca r i f i ed with 

concentr ated s u l phur i c  acid for 30  mi nutes , then wa shed 

thorough ly and dried . Seeds were incubated l n  a germi nator 

for 4 8  hour s at 2 0  - 3 0 °C before plant i ng . Ten germi nated 

seeds were sown in each pot , covered wi th a thin layer of 

so i l , and watered . Pots were p l a ced di rectly i n  the 

contr o l l ed envi ronment room . Env i r onmental  

impos ed ( detai led in Appendix 1 )  were : 

1 2  hours 

cond i t i o n s  

Photoperiod 

L i ght intens i ty 

Temperature 

Humidity 

1 6 0 Wm- 2  ( 4 0 0  - 7 0 0  nm ) 

3 0 °C day and 2 4 °C night 

70 day and 90 night 

Ca rbon dioxide leve l - 2 9 0  - 3 4 0  ppm 

The se environmental condition s  we re chosen , fol l owi ng 

ref e rence to cl i mat i c  records for the Central Plain  region of 

Tha i l and , to s imu l ate as close ly as pos sible  the c l imate 

preva i l ing dur i ng the growing sea son . 

A complete nutrient solut i on ( NCSU - Append ix 2 )  was 

app l i ed twi ce da i l y  for the f i r s t  three weeks of pl a n t i ng . 

Wat e r ing frequency wa s then increased to four t imes per day 

unt i l  the end of  the exper iment .  After three weeks of 

growth , some ' ti p  burn ' was observed . To minimi s e  t h i s 

con d i t i on , pot s were f lushed through with de i oni zed water 

every week to remove nutrients accumulating i n  the pot . 

Rh i z obial  bacteria ( in agar form ) were appl i ed to the s o i l 

s u r f ace one week after sowing . S e edl ings were thinned to 

three p l ants per pot , af ter two weeks and f i n a l l y  to  one 

p l a n t  per pot . 
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P l 3 t e  1 . 1 :  Gene r a l  v j ew o f  the Contro l l ed C l j ma t e  Room . 
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B .  HARVEST ING SCHEDULE 

Harve s t s  of the entire plant were made on days 7 ,  1 4 ,  

2 1 , 2 8 , 3 9 , 6 0 , 6 7 , 8 1 , 8 8 , 1 1 7 and 1 3 1 days af ter seed l i ng 

eme rgence . 

occa s i on . 

Four plants were removed for d i s s ect ion on each 

C .  PLANT MEASUREMENTS 

At each harvest , plants were separated into leaf , stern 

and i n f lorescence . The samples we re dried in a vacuum a i r  

oven for 4 8  - 7 2  hour s and we ighed . The number o f  l eave s , 

bra nches and i n f l ores cence s wer e re corded . Leaf area wa s 

a l s o measured u s ing an el ectron i c  Lea f Area Meter ( Mode l  3 1 0 0 

Area Meter ) .  S o i l  wa s wa shed f rom the root sy stem and the 

tap root ( i nclud i ng large woody root ) and f i brou s root s were 

separated and we ighed after dry ing . 

I l l  RESULTS AND DI SCUSS ION 

Be fore pre s ent ing the data on the growth and devel opment 

of Verano style , it i s  helpful to describe and exp l a i n  i t s  

ma j or morpho l og i cal feature s . The fol lowing s ect ion 

de s c r i bes the gr owth and deve l opment of intact plants  of 

Ve rano stylo , 

1 3 1  days . 

from s eed l i ng emerg ence to full  flowe r i ng at 

A .  MORPHOLOG ICAL FEATURES 

A . 1 Stage of Growth 

Baldos and Javier ( 1 9 7 6 ) recogni s ed three sharply 

de f i ned deve l opment pha ses in the growth of Townsvi l l e  s ty l o  

( Stylosanthes hurnil i s ) : juven i l e , vegetat ive and r epro­

ducti ve . In contrast , Verano s ty l e , a quan t i tat ive s hort-day 

plant , had n o  sharp destinction between the vegeta t i ve and 

reproducti ve pha s e  of deve lopment , as shown by Carneron and 

Mannet j e  ( 1 9 7 7 ) .  The commencement of f i r s t  f l owe r i ng was 

a l s o  ear l y  compared with that of  other tropical  legume s l i ke 

S .  guianens i s  ( Loch et al , 1 9 7 6 ) and S .  hurni l i s  ( Ba ldos and 

Jav i er , 1 9 7 6 ) .  Simi lar resu l t s  we re observed i n  the present 
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work and a l s o  showed that the j uveni le and vegetative stages 

were d i f f icult to d i s t ingu i s h . Thus , on morphological 

grounds , growth in thi s  study was divi ded into two stages , 

v i z pre- f l owe ring and f l owe ri ng . Pre-f lowering cove red both 

the so-ca l l ed juven i l e  and vegetative stages wh i l e  the 

f l owering stage covered the period after the onset of 

f l owe ri ng . In thi s study , the pre - f l ower i ng s tage extended 

over the f i rst 3 5  days of  growth , whi ch is shorter than tha t 

r ecorded under field conditions in Queen s l and ( Skerman , 1 9 7 7 ; 

Wi l a i pon and Humphreys , 1 9 7 6 ) . These authors reported the 

p re - f lower ing per iod to be about 6 0  - 67 days . However ,  

under f i eld cond i tions in Tha i l and Wi l a i pon and Humphreys 

( 1 9 8 1 ) found that Verano style had a somewhat shorter pre­

f l owering pe ri od of approximately 40 days from seedl ing 

eme rgence . Such vari ation may in part be expla ined by the 

d i f f erence s in photoperiod . Under· fiel d condition s , day­

l ength varied from month to month whi l e  in the control l ed 

room a constant 1 2  hrs day l ength was employed . Cameron and 

Mannet j e  ( 1 9 7 7 ) found that under control l ed cond i t i on s , 

Verano s tyle f l owered at a l l  photoperiods tested , but it  

occurred much earl ier in  the  shorter photoperiods of 1 0  and 

1 1 . 5 hr s . In the ir  exper iment , Verano style f l owered 3 2  days 

a f ter sowing at 1 1 . 5 hrs photoperiod and 3 2°/ 2 4 °C ( day/night ) 

- this  i s  s imilar to the present exper iment . 

Plants at the pre - f l ower i ng stage had a s l ower rate of 

growth and produced fewer branches and leaves , accompan ied by 

only sma l l  i ncrements in plant height compared with the 

f l ower i ng stage . However seed germination wa s rapid and the 

product i on of the f i rst t r i f o l iate leaf wa s observed wi thin 7 

days ( Pl ate 1 . 2A ) .  

The ma jor portion of dry we ight accumu lation dur i ng the 

l i fe of the plant occurred after the onset of  f l ower i ng and 

i n c luded vegetative and reproductive growth . Thi s  was a l so 

observed by Cameron and Manne t j e  ( 1 9 7 7 ) and Wilaipon et a l  

( 1 9 7 9 ) . I n  this study , the f lower ing s tage commenced 

approximately 3 5  days after seedl ing emergence and conti nued 

throughout the experimental per iod . 



P l a te 1 . 2 :  Growth and dev e l opmen t  o f  Verano sty l o  a f te r  seed l i ng eme rgence up to f i r s t f l O\•!e r i ng appearance . 

A = 1 we e k ;  B = 2 weeks ; C = 3 wee k s ; D = 4 week s ; E = 5 week s .  
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A . 2 BRANCH NUMBER 

Branching o f  the mai n  s tem commenced in the axi l s  o f  the 

cotyl edons a pproximatel y  2 1  days a fter emergence ( Pl a t e  

1 . 2C ) . Over a subs equent 2 - 3 wee k  peri od , branch numb e r s  

increa s ed o n l y  s l owly at about 3 branches p e r  wee k . At the 

onse t  of f lower ing , whe n  s econdary branch forma t i on 

commenced , the rate of  branch produc tion ros e  sharply ( Ta b l e  

1 . 1 ) .  B r anc h i ng progre s s ed up t h e  ma in s t em and i n  thi s 

s tudy , the terminal growing point deve loped an i n f l o r e sc e n c e  

a f ter t h e  format i on of  1 1  node s . T h i s  was s lar to the 

f igure g i ven by Cameron and Manne t j e  ( 1 9 7 7 ) .  

Branch numb e r s  rap i d l y  incre a s e d  a s  pr imary , s e condary 

and h i gh e r  order branches appeared . As a resu l t , the rate o f  

branch a ppearance was h i ghe s t  between day 6 0  a n d  6 7  at 3 2  

branc h e s  per day . Tota l branches per p l an t  reache d  a max imum 

of 1 8 2 3  a t  day 1 1 7 .  The dec l ine in the number of branche s a t  

a l a t e r  s ta g e  ( da y  1 3 1 ) was due to s hedd i n g  o f  t h e  s ma l l  and 

older reprodu c t ive branche s . 

T h e  res u l t s  demonstrate that a high rate o f  branch 

d i f f e r e n ti a t i on continues  during f l owering in Verano s t y l o . 

It  a l so s hows that thi s  c u l tivar i s  capab l e  o f  produc i ng 

large number s  o f  branche s  and g r e a ter , than s ome other 

trop i c a l  l egume s . For examp l e , with Townsvi l le s t y l o , B a l d o s  

and Jav i er ( 1 9 7 6 ) reported 8 4 5  /plant 1 6 8 day s a f te r  

sowi n g , w i t h  a rate o f  b r anch appearance o f  1 6  

branches per d a y  between day 1 1 2 a n d  1 4 0 .  Loch and Humphreys  

( 1 9 7 0 ) ,  working with l l e s ty l o , a l s o  reported a 

maximum rate o f  branch appearance o f  approximat e ly 1 . 1 

branches per d a y  between day s 8 9  and 1 0 4 .  For Verano s t y l o , 

Wi l a i pon et a l  ( 1 9 7 9 )  reported that maximum tot a l  branch 

den s i ty was�9 8 0  branches /m
2 

at 9 6  days  after s owin g , under 

g l a s s hous e  condi t ions . The high number o f  branches produced 

ind i cate s that Verano s t y l o  has a h i gh poten t i a l  for bud 

produc t i on for subsequent growth . A c l o s e  r e l at io n s h i p  ( R  = 

0 . 9 5 2  * * ) b e twee n  branch numb e r s and p l an t  dry wei ght , 

sugg e s t s  that g r a z ing or cutting manageme n t  should a a t  

encourag i ng branch devel opment . 
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Tabl e  1 . 1  Numb e r  o f  branch e s per p l a n t  

D a y s  a f t e r  Number of branch e s  

s e ed l i ng per  ant 

eme r g e n c e  

7 0 

1 4  0 

2 1  2 + 0 -
2 8  6 + 0 . 5  -
3 9

1 
4 6  + 1 2 . 6 -

6 0  3 1 7  + 1 3  0 .  1 -
6 7  5 9 6  + 1 4 8 .  5 -
8 1  1 0 4 0  + 1 9 0 . 6  -
8 8  1 1 4 7  + 2 0 6 . 8  -

1 1 7 1 8 2 3  + 6 6 6 . 7  -
1 3 1 1 5 0 5  + 3 4 8 . 0  -

1 
5 0 %  of  t h e  pl ant popu l a t i on f l ower i ng . 
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A . 3 LENGTH OF PRIMARY BRANCH 

The f i r s t  pr imary bran c h e s  i n  the axi l s  o f  t h e  c o t y l edon 

were o b s e rved three weeks a f te r  s e ed l ing emerge n c e . B y  the 

fourth wee k , another thre e  b r a n c h e s  ( 1 . 8 0 ,  3 . 9 0 and 1 . 8 3  cm 

i n  l en g t h  r e s pectively ) had a r i s e n  f rom the a x i l  o f  the 

f i r s t , s ec o nd and third true l e aves . Al l primar y  branches  

incr ea s ed in  l ength w i th the mo s t  mar ked increa s e s  o c c u r r ing 

i n  the l ow e r  pr imary branch e s  ( Fi g u r e  1 . 1 ) .  

A . 4  PLANT H E I GHT 

The s l ow increase in p l ant h e i g h t  dur i ng the pre-

f l ower i n g  s tage is  shown i n  Tabl e  1 . 2 .  Howeve r , there wa s a 

s teep inc r e a s e  i n  plant he ight j u s t  b e f o r e  the p l a n t  f l owered 

and a max i mum height of 1 . 2 m was mea s ured on day 1 3 1 . Thi s 

wa s s im i l a r  t o  f ie l d  va l u e s  o b t a ined for  Verano s ty l o  i n  

Queens l an d  b y  e lements ( 1 9 8 0 ) u nd e r  g ood growing cond i t i on s . 

The i n i t i a l  s l ow increa s e  o f  p l a n t  h e i ght i n  Ver a n o  s t y l o  

compared w i t h  t h e  mor e  rapid i n c re a s e  in ight o f  a s s oc i ated 

trop i c a l  g r a s s e s  a t  the s ame s ta g e  of growth c o n f e r s  

s ome th i ng o f  a compet i t ive d i sa dvantag e  on Verano s ty l o  und e r  

mixed p a st ure cond i t ions . ( Gardene r , 1 9 7 8  a n d  Udcha chon , 

1 9 8 5 ) . 

B .  GROWTH AND DEVELOPMENT 

B . 1 G r owth Analys i s  

The r e l a t i o n s h i p  between tota l p l ant dry we and t 

was t e s t e d  u s ing both the l og i s t i c  and the c p o l ynom i a l  

mode l ( Evans , 1 9 7 2 ) . The r e s u l t s  s u gg e s t  that n e i ther mode l  

des c r i b e s  the e n t i r e  growth p a t t e r n  o f  the accurate l y . 

The l o g i s t i c  g r owth mod e l  over- e s t  tota l ant d r y  

wei g h t  d u r i ng t h e  early s tage s o f  g r owth ( Append i x  3 A ) wh i l e  

a t  t h e  l at e  stage ( days 1 1 7 - 1 3 1 ) the mode l icted a n  

inc r e as e  i n  p l a n t  dry we ight w i t h  t ime . T h i s  c o n t r a s t s  wi th 

actua l p l ant g r owth data ( Fi gure 1 . 2 A )  whe r e  tot a l  plant 

we ight d r o pped sharply at that t i me . Thu s , maximum y i e ld wa s 

una b l e  t o  be obt a i ned f rom the l o gi s t i c  curve . H oweve r , with 
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s a f t e r  s e ed l i n g  emergenc e  P l ant h e i ght ( cm )  

7 2 . 6  + 0 . 3 9 -
1 4  3 . 4  + 0 . 8 5 -
2 1  4 . 7  + 0 . 2 9 -
2 8  1 6 . 4 + 0 . 5 4 -
3 9

1 
2 8 . 9  + 0 . 8 3 -

6 0  6 4 . 2  + 0 . 7 9 -
6 7  7 2 . 7  + 2 . 3 2 -
8 1  9 0 . 5  + 6 . 8 1  -
8 8  9 2 . 6  + 4 .  1 0 -

1 1  7 1 1  2 .  2 + 4 . 7 8 -
1 3 1 1 1 4 . 9  + 3 . 4 0 -

1 
5 0 %  o f  t h e  p l a n t  popu l a t i o n  f lowe r i ng 
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the pol ynomia l  mode l ( Appendi x  3 B ) ,  the g r owth o f  the p l a n t  

was unde r - e s t imated d u r i n g  the ear l y  s ta g e s  of g rowth ( 0  - 2 8  

days ) .  The s e  l e d  to the conc l u s i o n  that the e n t i r e  g rowth 

pattern of  t hi s  s pe c i e s  i n  the pre s en t  exper iment coul d  not 

be d e s c r ibed u s i n g  onl y  one mode l .  Hun t  and P ar s on s  ( 1 9 7 7 } 

sugge sted that a l engthy and compl ex s er i e s  of d a t a  s h ou l d  b e  

approached b y  t h e  s egmentation o f  t h e  g rowth curve . 

The re l a t i on s h i p  between p l an t  d r y  weight and t ime wa s 

the r e fore d e s c r i bed u s ing two equat ions . The f i r s t  s e c t i o n  

of  the data , u p  t o  5 0 %  f l ower i n g  ( 0 - 3 9  d a y s ) ,  wa s be s t  

f i tted with a l i near equation ( F i g u r e  1 . 2 B )  whi le t h e  rema i nd e r  

gave the be s t  f i t with a cub i c  pol ynomia l ( F igure 1 . 2 B ) . 

Th i s  l a t t e r  equat i on wa s a b l e  to d e s c r i b e  the r a p i d  

growth pha s e  a s  we l l  a s  t h e  l a t e r  d e c l ine i n  tota l p l an t  d r y  

we i g h t . 

To obt a i n  more i n f orma t i on on the growth p a t t e r n  o f  

Verano stylo , a b s ol ut e  g rowth r a t e  w a s  c a l cu l ated a t  1 0  day 

interva l s  u s in g  the a bove equa t i on s . The pa t t e r n  of  g r ow t h  

r a t e  at the p r e - f l ower ing s ta g e  wa s s low a n d  r a p id l y  

increa s ed a f t e r  the ons e t  of  f l ower i n g . The h i g h e s t  a b s o l ut e  

growth rate occurred between 7 0  and 8 0  days  a f t e r  s e ed l i ng 

emer gence a t  2 . 0 4  g per day ( Fi g u r e  1 . 3 ) . Max imum t o t a l  

a n t  dry we i g h t  of  1 0 5 g per p l a nt wa s obta ined 1 0 8 d a y s  

a f t e r  s e ed l i n g  emergence ( Fi g u r e  1 . 2 B )  u s ing t h e  pred i c t e d  

growth curve . Abs olute growth r a t e  d e c r e a s ed rap i d l y  to z e r o  

between 1 1 0 and 1 2 0 days . The r e l a t i ve g r owth r a t e  c a l c u l  

u s ing the two equa t i on s , i s  s hown i n  F 1 . 4 .  I n  c ommo n  

w i t h  the obs ervat i on for  mos t  p l an t  s pe c i e s , r e l a t ive 

rate d e c l i ned a s  the aged . s i s  r e l a ted to the 

decrea s ing proport i on o f  active l y  g r owing t i s s ue s . 
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B . 2  DRY MATTER Y IELD 

The g r owth and deve l opment of p lant c omponent s are 

pres ented in Figure 1 . 5 .  L e a f  and s tem frac t i on s  i nc r e a s ed 

s lowl y  d u r i n g  the pre-f l owe r i n g  s ta g e  ( 0 - 3 9  d a y s ) .  Then 

a l l  c omponent s , includ i n g  i n f l or e s cences , s ig n i f i ca n t l y  

increa s ed w i t h  t h e  ons et o f  f loweri ng , de s pi t e  ma j or 

d i f f erence s  in the rate o f  g r o wth f o r  each c ompo n e n t . For 

examp l e ,  d u r ing the f i r s t  four wee k s  f o l lowing the o n s e t  o f  

f l owe r i ng ( i . e .  to day 6 3  approxima te ly ) , a l l  c ompone n t s  

increa s ed s ubs tant i a l l y  w i th the maximum r a t e  o f  i n c r e a s e  

occurr i ng in the stem frac t i on , wh i c h  continued t o  i n c r e a s e  

s igni f ic a n t l y .  T h e  leaf f r a c t i on i ncrea sed a t  a much s l ower 

rate d u r i ng the 4 weeks f r om f lower i ng , as d i d  the root 

fract i on . After th i s  time , both the leaf  and root f r a c t i o n s  

rema i ned r e l at iv e l y  constant u n t i l  the e n d  o f  the e xper iment . 

A l l  components reached a max imu m  dry weight by d a y  1 1 7 ,  and 

then e i th e r  rema i ned cons tant o r  d e c l ined to the end of the 

exper iment .  Figure 1 . 5 c l e a r l y  shows that s t em i s  the ma i n  

plant component , f o l l owed b y  t h e  i n f lo r e s cence f r a c t i o n . The 

two con t r i buted more than 5 0 %  o f  tota l pl ant dry wei gh t . 

Although Verano stylo had a h i g h  rate o f  l ea f  and b ranch 

d i f ferent i a t ion a f ter the onset of the f lower ing , tota l l e a f  

dry we i g ht ( Figure 1 . 5 )  d i d  not show the same t r e nd a s  l e a f  

number ( Ta b l e  1 . 3 )  and branch numbe r  ( Table 1 . 1 )  beyond day 

6 7 . Th i s  could be expl a i ned b y  reduced dry per l e a f  

f rom d a y  3 9 , b y  reduced spec i f ic l e a f  area f rom 8 8  and 

through a n  obs erved se in lea f s enescence ( l e a f  numbe r )  

near the of the exper 1 per i od ( e 1 . 3 . 

Branch number was a l so f o und to be c l o s e l y  car r e l  

with i n f l or e s cence dry we i g ht ( R  = 0 . 9 7 8 * * ) , t h  s tem 

we ight ( R  = 0 . 9 3 9 * * ) and with tot a l  leaf dry w e i ght ( R  = 

0 . 8 8 7 * * ) .  

The i n f l or e s cence f r a c t ion dry we ight w a s s trong l y  

re lated t o  i n f l o r e s cence numb e r  ( R  = 0 . 9 6 2 * * ) r a t h e r  t o  

the s i z e  o f  t h e  ind ividua l i n f lore s c ence ( R  = 0 . 4 5 3 * ) e 

1 . 4 ) . The d ec l i n e  in inf lo r e s c ence dry we ight o v e r  the f i n a l  
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Leaf number , leaf size , ---- weight .rer leaf 

specific leaf area . 

after Number LE:af size LE:af S.recific leaf 

of 
2 dry 2 ( mt /leaf } area an /g ) 

1 (m:j/leaf ) emergence .rer plant 

7 0 . 66 5 . 0  

1 4  3 0 . 86 5 1 84 . 3  

2 1  5 1 . 28 7 205 . 8  

2 8  1 8  1 .  7 1  9 1 97 . 5  

3 9
2 

1 07 3 . 1 5  1 5  2 1 0 . 1  

6 0  5 3 8  2 . 78 1 2  227 . 6  

6 7  984  2 . 39 1 1  227 . 0  

8 1  1 42 0  2 .  1 8  9 24 1 . 0  

8 8  1 42 4  2 . 1 0  8 254 . 3  

1 1 7 1 94 6  1 . 58  7 224 . 4  

1 3 1  1 63 4  1 . 32  7 202 . 2  

1 
A trifoliate leaf . 

2 
50%  of the plant population flowering . 
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Ta b l e  1 . 4 I n f l or e s ce n c e  numb e r  and dry  we i g h t  

D a y s a f t e r  I n f l or e s c e n ce Dry we i g ht ( mg )  

s e e d l i n g  n umber per i n f l o r e s cence 

eme r g en c e  p e r  p l a n t  

3 9  2 1  0 . 2  

6 0  1 9 0 1 9 . 7 

6 7  4 6 5  2 2 . 7  

8 1  9 1 4  2 1  • 9 

8 8  9 9 0  2 2 . 4 

1 1  7 1 7 7 7  1 5 .  2 

1 3 1 1 4 9 9  1 4 . 4  
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1 6  days i s  exp l a i n e d  by the reduction i n  inf l or e s c e n c e  number 

over thi s  per i od ( Ta b l e  1 . 4 ) . I n  add i t i on , s heddi n g  o f  o l d e r  

i nf lo r e scences coul d  a l s o  b e  important , a s  d emo n s t r a te d  b y  

Gardener e t  a l  ( 1 9 8 2 ) . 

I n  the p re s en t  stud y , the dry mat t e r  y i e l d  o f  a l l  t h e  

c omponents ment i o n e d  above a r o s e  mai n l y  f r om the l ower 

p r imary branche s ( branch e s  1 - 6 )  on the mai n  s t em ( Fi g u r e  

1 . 6 ) . O n l y  3 0 %  o f  t o t a l  dry matter y i e l d  came f r om t h e  upp e r  

primar y  branches  ( br anches 7 - 1 2 )  whi c h  o r i g inated f r om t h e  

s ixth to e l eventh node s on t h e  mai n  stem . O n c e  a g a i n , d r y  

matter y i e l d  cons i s t e d  mai n l y  of  s tem t i s sue , part ic u l ar l y  

the l ower prima r y  branches ( Fi gure 1 . 6 ) ,  with a n  i n c r ea s i n g  

mas s  up t o  d a y  1 1 7 .  Beyond day 1 1 7 a l l  componen t s  dec l i ne d  

i n  wei ght , on b o t h  upper and lower r  b r a nc he s , a l though t h e  

p ropo r t ion of  s tem c ont i nued t o  r i s e . 

Un l ik e  the s ituation des c r ibed b y  Tor s s e l l  e t  a l  ( 1 9 6 8 ) 

who s howed that tota l  l e a f  dry we ight o f  the l ow e r  b r an c h e s  

dec l ined a s  s tand h e i ght i ncreased , t o t a l  l ea f  d r y  wei gh t  o f  

the l ower branc h e s  i n  t h i s  exper iment a c tua l ly i n c r e as e d  w i t h  

p l a n t  h e i ght u p  t o  day 1 1 7 a n d  on l y  dec l ined over the l a s t  1 4  

day s . 

I n  the pre s e n t  study the propo r t i o n  o f  l e a f  and s tem wa s 

s imi l a r  i n  both the upper a nd l ower branches a nd sugge s t s  

that h i gher r a t e s  o f  l ea f  d i f f e re n t i ation on the l ower 

branche s may comp e n sate for  l o s s  o f  

when the plant i s  g rown under pos s  

s through a g e i n g , 

ideal condi t i on s . 

Growth o f  r o o t s  duri ng the s e ed l i ng s tage ( 0  - 2 8  d a y s ) 

was ma i n l y  due to e l onga t i on of tap root , but w i t h  f ew b r a n c h  

root s . A mor e  r a p i d  g rowth r a t e  f o l l owed immedi a t e l y  a f te r  

the onset o f  f l ow e ring ( day 3 5 ) a n d  s i gn i f i cant l y  i n c r ea s ed 

unt i l  day 6 7 . Therea f t e r , root d r y  weight changed l it t l e  

throughout t h e  e xp e r imen t  ( Figure 1 . 5 ) . A s  a r e s u l t ,  the 

shoot to root r a t i o  i n c r e a s ed f r om 3 o n  day 7 t o  2 2  o n  day 

1 1 7 • 
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B . 3 L EAF AREA ( CM 2/PLANT ) ,  NUMBE R  OF LEAVES AND S PEC I F I C  

L EAF AREA { CM 2/G ) 

Lea f  characte r i s t i c s  o f  Verano s ty l o  p l an t s  

5 5  

a r e  

pre s e nted i n  Table 1 . 3 and F i gu r e  1 . 7 .  T h e  numb e r  o f  l e a v e s  

and total l e a f  a r e a  d i d  not incr e a s e  s i gn i f i ca n tl y  d u r i n g  the 

pre - f l ower ing s tage o f  g r owth . However ,  f r om the ons e t  of  

f l ower i n g , the number o f  l ea v e s  incr ea s ed rap i d l y  f r om day 2 8  

up to day 1 1 7 .  Leaf a r e a  a l s o  i ncrea s ed rapid f r om day 2 8  

but reached a maximum o n  d a y  8 1  - showi ng that a t t a i nment o f  

max imum leaf a r e a  doe s n o t  nece s s a r i l y  depend on l e a f  number ,  

a s  l e a f  s i z e  and spe c i f ic l e a f  area are a l s o  important i n  

determi n ing l eaf a r e a  production . The redu c t i o n  i n  l e a f  

numbe r  f rom d a y  1 1 7 ,  d u e  p r e s umab l y  t o  l e a f  s e ne s c e nce , w a s  

probabl y the ma in con t r i b utor t o  t h e  reduc t i on l ea f  a r e a  

at t h a t  stage . 

Al though l e a f  a r e a  i ndex c o u l d  not be c a l c u l a ted , the 

max imum l e a f  area of 3 0 9 7  cm/plant was noted on day 8 1 . 

However , the maximum r a t e  o f  l e a f  appearance o f  6 3 . 2  l e ave s 

per p l ant per day wa s obta i ned between day 6 0  a nd day 6 7 . 

The r e s u l t s  o f  th i s  s tudy demo n s trate that Vera n o  s ty l o  had a 

high rate of  l ea f  di f f e r en t i a t i on f o l l owing the o n s e t  o f  t h e  

f l owe r i ng . Wi l a i pon e t  a l  ( 1 9 7 9 ) a l s o  showed t h a t  a l e a f  
. -2 -den s 1 ty of  3 5 5 0 0  pe r m o ccurred 9 6  days a f t e r  s owing 

g l a s s house cond i t i on s . Howeve r ,  the s e  re s u l t s  wer e  not s hown 

on a per plant bas i s . 
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CHAPTER 4 

THE EFFECT OF DEFOLIAT I ON ON THE GROWTH AND R E GROWTH 

CHARACTERI ST I C S  OF S TYLOSANTHES HAMATA CV V ERANO . 

EXPERIMENT 2 :  STAGE O F  GROWTH AND INTEN S I TY 

! . INTRODUCTION 

A n ec e s s ary s te p  in  the devel o pment o f  man agement 

s trate gi e s  f or the long t e rm p er s i s tence o f  l e g um es in g r a z e d  

and c u t  pastures invo l v e s  r es e a r c h  i nto t h e  e f fe c t  o f  

d e f o l i a t i o n  at c r i t i c a l  per iods i n  the plant ' s  d e v e l o pmen t . 

With Ver ano stylo under f i e ld c ondi t ions , evide n c e  

that de f o l i ation at an e a r l y  s tage o f  growth ( f i r s t  

does not a f f ect the r egrowt h  a b i l i t y  o f  the p l a n t . 

s ug ge s t s  

f lower ) 

Howeve r , 

gra z i n g  o r  cutt i ng l a t e  i n  the g rowing s e a s on depre s s e s  

y i e l d s  ( Wi laipon and Humph r e y s , 1 9 7 6 , 1 9 8 1 ) .  I n  thes e  

experime n t s , Verano sty l o  was grown with vol u n t e e r  g ra s s e s . 

I n  add i t i on ,  the e f f e c t s  o f  l a t e  c u t t i ng wer e  c o n founded w i t h  

t h e  unfavourable cond i t i o n s  a t  the end o f  t h e  g r o w i n g  s e as o n . 

Thus , the e f fect o f  cutt i n g  per s e  could not b e  q u a nt i f i e d . 

Expe r iment 1 was des i gned to s tudy the g r ow t h  pattern o f  

Verano s ty lo under contro l l e d  c l i ma t i c  cond i t i o n s  s imul a t i n g  

tho s e  f ound in Tha i l and . The re s u l t s  c a t e d  a wor thwh i l e  

l d  potent i a l  o f  th i s  re s u l t ing f rom a 

branch and l e a f  d i f f er e n t i at i o n  over 1 3 1 

r a t e  o f  

o f  the 

ex per t .  The next was to examine the g r owth r e s p o n s e  

pattern o f  the var i ou s  p l a n t  c ompone n t s  whe n  the p l an t  w a s  

sub j ec t e d  to d i f ferent i t i e s  of i a t i on a t  

d i f f e re n t  s tages o f  growth a n d  devel opment . 
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I I . MATERI AL AND METHODS 

A .  ENVIRONMEN TAL CONDI T IONS AND PLANT ING PROCEDURES 

Envi r onmen t a l  condit ions  and pla nt i ng procedu r e s  w e r e  

s imi l a r  t o  t h e  previous exper iment ( Exper iment 1 ) .  A f t e r  

t h i nn i ng t o  one p l ant p e r  pot , a l l  p l a n t s  wer e  b lo c k e d  i n t o  

four r ep l i ca t i o n s  ba s ed on the i r  uni f o rmity o f  e s t a b l i s hment . 

A f t e r  t r eatme n t s  wer e  impo s e d , p o t s  o f  s imi l a r  t r e a tmen t s  

were located together so that between t r e a tmen t  i n te r f e r e n c e  

was min imi s ed during regrowth . 

B .  TREATMENTS 

The r e  wer e  two cutting i n t e n s i t i e s  and two s ta g e s  o f  

growth i n  t h i s  exper iment , a s  f o l l ow s : -

S t ag e  of g rowth : 

Cutt ing i nt e n s i ty : 

Control : 

1 . Early s ta g e  - when 5 0 %  o f  t h e  p l a n t s  

commenced f lowe r i ng ( approxima t e l y  3 9  

days a f t e r  s e ed l i n g  emergence ) .  

2 .  Late s ta g e  - a t  a pproxima t e l y  8 8  d a y s  

a f ter s e ed l i n g  emergenc e  ( cl o s e  t o  

maximum g r owth r a te ) . 

1 .  Cut the ma i n  s t em above node 5 

( be tween nod e s  5 and 6 )  and p r  ry 

above node 4 ( be twee n  nod e s  4 and 

5 a l ong the b r anch ) .  

2 .  Cut the ma i n  s tem above 5 
( be tween nod e s  5 and 6 }  and p r  
branch imme d i a t e  be l ow node 1 

( a l ong the b r a n c h ) .  

Uncu t . 
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The r e fo r e  the f ive treatment s  ( Fi gure 2 . 1 ) can b e  l i s ted a s  

fo l l ow s : 

1 .  Control : 

2 .  E - 5 - 4 : 

3 .  E - 5 - 0 : 

4 .  L - 5 - 4 : 

5 .  L - 5 - 0 : 

Uncut . 

Cut the ma in s tem above node 5 ( be tween n od e s  

5 and 6 )  a n d  pr imary branch above node 4 

( be tween nod e s  4 and 5 a l ong the branch ) when 

5 0 %  of the p l a n t s  c ommenced f l ow e r i n g . 

Cut the ma i n  s t em above node 5 ( be tween nod e s  

5 and 6 )  a n d  pr ima ry branch imme d i a t e l y  be l ow 

node 1 ( al ong the branch ) when 5 0 %  o f  the 

p l an t s  commenced f lowe r i n g . 

Cut the ma i n  s tem above node 5 ( be tween nod e s  

5 and 6 )  a n d  p r imary branch above node 4 

( betwee n  nodes 4 and 5 a long the branch ) a t  8 8  

days a fter  s e e d l i ng emergence .  

Cut the ma i n  s t em above node 5 ( be tween nod e s  

5 and 6 )  a n d  pr imary branch immed i a te l y  b e l ow 

node 1 ( al o ng the branc h ) at 8 8  d a y s  a f te r  

s eed l i ng emergence .  

The f i r s t  cutt ing wa s a c c o rd i ng to the s ta g e  o f  g r owth 

and the s e cond cut was sed a f t e r  a regrowth pe r i od of 4 2  

days . A f in a l  cut was a f t e r  a further r e g r owth per i od 

of 2 8  days , except the uncut control whi ch w a s  l l y 

s amp l ed a t  1 3 1  days a f ter s e e d l ing eme r g ence . 

C .  HARVEST I NG 

The h a r ve s t ing s chedule  i s  g i ven i n  F i g u r e  2 . 2 .  
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A :  EARLY STAGE OF GROWTH ( EARLY ) 

MAIN STEM 
L EAF 

PRIMARY BRANCH 

TREATMENT E- 5- 4 I TREATMENT : E-5-0 

8 :  L AT E  STAG E 

O F  GROWTH 

( L AT E  ) 

TREATMENT : L-5- 4 

PRIMARY BRANCH 
SECONDARY BRANCH 
MAIN STEM 

NODE 5 

NODE 3 

NODE I ON MAIN STEM 

TREATMENT : L-5-0 

--'-----.;__c·-=-1 : ::J i  a q r a rc1a t J  c i l l u s t r a t i on o f  the a ppe a r a nce o f  t h e  p l a n t s  

a f t e r  d i f f e r e n t  i n t e n s i t i e s o f  de f o l i a t i on .  
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TREATMENT:  

CONTROL I H I 
E - 5 - 4  

E - 5 - 0  

L - 5 - 4  I 

L - 5 - 0 l 

lo 

H2 H3 H4 I H5 IH6 �r iHe IH9 I H IO 
r D2 r t, IH 2 H I H 4  

01 

r r fH I IH2 H3 H4 

01  02 
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H I  
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DAYS AFTER S E E DL I N G  E M E R G EN C E  

KEY : H • HARVEST 
D • DEFOLIAT I ON 

F i gu r e  2 . 2 :  H a r ve st i ng schedu l e s  o v e r  the expe r i me n t a l 

pe r iod 
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D .  P LANT MEASUREMENTS 

D . 1 D ry Mat t e r  Y i e ld 

P l a n t  dry mat t e r  yiel d s  wer e  mea su r ed by random s ampl in g  

o f  t h e  pl ant popul a t i on s  on w e e k  0 ,  4 ,  6 and 1 0  a f t e r  the 

f i r s t  cut . On each harve s t  occa s i on s , 4 plants per treatment 

were taken and separ ated into l e a f , s t em and i n f l o r e sc e n c e  on 

each p r imary branch . S o i l  wa s wa shed f rom the root system 

and the tap ( in c l uding l a r g e  woody r oot ) and f i br o u s  roots 

s eparated . D r y  matter y i e l d s  wer e  obt a i ned by d r y i ng a l l  

s amp l e s  i n  a vac u um oven f o r  7 2  hour s . 

D . 2  Lea f  Area and Lea f Number 

Lea f area and numbe r  wer e  mea s u red at the s ame t ime a s  

plant d r y  weight mea s ur eme n t . Lea f  area was determined us ing 

the E l e ct r o n i c  L e a f  Area Metre { Mo d e l  3 1 0 0 Area M e t e r ) .  

D . 3 B ranch Numbe r  

B r anch number was r e c o r d ed o n  weeks 0 ,  1 ,  2 ,  3 ,  4 ,  6 ,  7 ,  

8 ,  9 and 1 0  a fter the f i r s t  c u t . The numb er s  o n  cont r o l  

plant s w e r e  d e t e rmined o n  days  3 9 , 6 7 ,  8 1 , 8 8 , 1 1 7 and 1 3 1  

a f t e r  s e e d l i n g  emergence .  A branch i s  def ined i n  t h i s  s 

as  a shoot with at lea s t  one l l y  expanded tr i f o l i at e  l ea f . 

D . 4  

The n umb e r  o f  v i s i b l e  growing s a r i s i n g  f r om the 

stub b l e  o f  the n s tem and pr imary branches  was determi 

1 0  days a f t e r  each cutt ing . A " gr owin g  " i s  de f i  

this  s tudy a s  a bud f r om wh i c h  a young l ea f  h a s  s tarted t o  

eme r ge .  



E .  CHEMI CAL MEASUREMENT S  

E . l Crude Protein 

Nitrogen concentrat i o n s  i n  each component w e r e  

mined a f ter semi -micro K j e ldahl d i g e s tion , u s i n g  a 

Aut o  1 0 3 0  Ana l ys e r . Total  n i t rogen ( incl u d i ng 

6 0  

d e t e r ­

K j el t i c  

n i t r a t e  

n i t rogen ) was determined according t o  K j e l t i c  Aut o  1 0 3 0  

Analyse r  Manu a l  and c rude prot e i n  va l ues c a l cu l a t e d  ( N x 6 .  2 5 ) .  

E . 2  Tota l Non - s t r uc tural C a r bo hydrate ( TNC ) 

The ana ly t i c a l  procedure u s ed for determ i n i n g  s o l u b l e  

suga r s  and s ta rc h  was that de s cr i bed b y  H a s lemo r e  a n d  Roug h a n  

( 1 9 7 6 ) . The l eve l s  o f  the s e  t w o  con s t i tuents wer e  s ummed to 

g ive total non - st ruct u r a l car bohydr ates  ( TNC ) . 

E . 3 P l a n t  Mater i a l  

P l ant mat e r i a l  ana l ys e d  i s  s hown i n  Table 2 . 1 .  

F .  STAT I ST I CAL ANALYS I S  

Data wer e  ana l y s ed accord i n g  t o  the commo n  p r o c ed u r e  o f  

a randorni z ed compl e t e  b lo c k  d e s ig n  for a l l  p l an t  c h a r a c t e r s  

( Li t t l e  and H i l l s , 1 9 7 5 ) . T h e  ana l y s i s  was done by G e n s t a t  

prograllh'tte ( Alvey e t  a l  1 9 7 7 ) .  lea s t  s i gn i f i c a n t  

d i f f erence a t  the 5 %  l eve l wa s u s ed t o  ident i f y  s ta t i s t i c a l  

d i f fe rence s . The s ymbol s  u s ed t o  des ignate s ta t i s t i c a l  

s ig n i f icance are * ( P  = 0 . 0 5 ) ,  * *  ( P  = 0 . 0 1 ) a nd n s  ( no t  s ig ­

n i f icant ) . 
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T a b l e  2 . 1 P l a n t  compone n t s  a n a l y s ed 

T ime C h em i ca l s  

-- - - - - - ---

P l a n t  compone n t s  

S t u bb l e  L e a v e s  S t em I n f l o r . R o o t  
----------------- -----

1 • A t  1 s t c u t  P r ot e i n  + + 

TNC + + 

2 .  4 w k s  a f t e r  P r ot e i n  + + + + + 

1 s t c u t  TNC 

3 . 6 wk s a f t e r  P r o t e i n  + + + + + 

1 s t c u t  TNC + + 

4 . At 2 n d c u t  P r o t e i n  + + + + + 

TNC + + 

5 . 4 wk s a f t e r  P r ot e i n  + + + + + 

2 n d  c u t  TNC + + 

( F i n a l  h a r ve s t ) 

-------- --- ---



U l d  

P l ate 2 . 1 :  Uncut 
contro l treatment 
a t  ear l y  s tage 
( 3 9 da ys a f ter s e e d ­
l i ng eme r g e nce ) .  

P l ate 2 . 2 :  Imme d i a te l  
a f ter l a x  defo l i a t i o n 
of the pr i ma r y  
branches ( E - 5 - 4 ) a t  

e a r l y  s t a g e  ( 3 9 d a y s  
a f ter s e ed l i ng 
eme rgence ) 

P l a te 2 . 3 :  Imme d i a t e l y  
a f ter h a r d  d e f o l i a t i on 
of the pr ima r y  branches 
( E - 5 - 0 ) a t  e a r l y  stage 
( 3 9 days a f t e r  s e e d ­
l i ng emergence ) 



P l ate 2 . 4 :  I mmed i a t e l y  a f te r  l a x  de f o l i a t i on o f  the pr i ma r y  
branches ( L- 5 - 4 ) a t  l a t e  s t a g e  o f  g rowth ( 88 da y s  
a f te r  s eed l i ng emergence ) .  Not e : L - 5 - 4  ( f orwa rd )  

a nd uncut control ( ba c kwa rd s ) 

P l a t e 2 . 5 :  I mmed i a te l y  a f t e r  hard cutt i ng o f  t h e  pr i ma r y  
branche s  ( L - 5 - 0 ) a t  l at e  s t age of g rowth ( 88 da y s  
a f ter s eedl i ng emergence ) .  

6 1  
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I I I  RESULTS 

A.  PHENOLOGICAL OBSERVAT I ONS 

The p l a n t s  g rew ver y  s l ow l y  d u r i ng the e st ab l i s hmen t  

phas e  ( 0 - 4 wee k s ) ,  a s  observed b y  many other worker s  ( e . g .  

Wi l a i pon and Humphreys , 1 9 8 3 ) .  Dur in g  that per i od the p l an t s  

deve l oped not i c e a b l e  " le a f  t i p  burn " e spec i a l l y  o n  the l ower 

l eave s , but by 5 to 6 weeks they had f u l ly recovered and 

the r e a f t e r  deve l oped h e a l thy and r a p i d  growth . 

The s tage o f  " f i r s t  f l owe r " o c c urred 3 5  day s f rom 

s e e d l ing emergence wh i c h  was c on s i d e r a b l y  ear l i er than the 

f ie l d  ( Wi l a ipon and Humphreys ,  1 9 7 6 ; Skerman , 1 9 7 7 ) . W i t h  

s evere de f o l i at i o n  ( L- 5 - 0 ) a t  t h e  l a t e  s tage o f  g rowth , 8 5 %  

o f  t h e  p l a n t s  d i e d , whereas  w i th e a r ly and l a x  d e f o l i a t i o n  

the r e  wa s no l et h a l e f fect o n  p l an t s . 

B .  PLANT REGROWTH 

B . 1 Tota l  P l ant Dry Weight 

Tota l dry we i gh t  per p l a n t  { cu t  to ground l eve l ) i s  

p r e s ented i n  F i g u r e  2 . 3  and Appendi x  4 .  The e a r l y , l ax 

cut t i ng t r e a tmen t  ( E- 5 - 4 ) a c h i eved a lmos t  a s  h a p r od uc ­

t i o n  l eve l a s  t he uncut cont r o l  over the f i r s t  4 wee k s  o f  

regrowth . H owever , the ef f e c t  o f  the ear l y  de f o l i at io n  

became in the sub s equent 2 weeks r e s u l t i ng i n  a 

s i g n i f i cant reducti o n  i n  dry mat t e r  y i e l d  over 6 weeks 

r e g r owth comp ar e d  t h  the uncu t  c o n t ro l . 

A g r e a t e r  det r  1 e f f e c t  r e s u l t  f rom 

severe c ut t i ng ( E- 5 - 0 ) of the p r imary branche s w a s  

eviden t  by the 4th week a f t e r  d e fo l i a t ion a n d  t h e  

c o n t inued t o  the end o f  t h e  6 weeks  o f  

e ar l y ,  

c l e a r l y  

e f  

Howeve r ,  

there was a r e l at ive improvemen t  i n  thes e  seve re l y  f o l  

branches i n  the 4 t o  6 week per i o d  ( Figure 2 . 3 ) . 

Regrowth o f  the l a te and l a x  c u t  treatment ( L- 5 - 4 ) w a s  

r e l a t ive l y  s lo w  a t  f i r s t  i n  s p i t e  o f  t h e  greater amo u n t  o f  
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r e s idual s tu bb l e  ( F i gure 2 . 4 ) , b u t  s h owed rema rkabl y  r a p i d  

growth i n  t h e  la s t  2 weeks ( 4  - 6 weeks ) and reac he d  a y i e l d  

l i t t l e  d i f f er ent f r om t h e  cont r o l  t r e a tments a nd s ig n i f i ­

cantl y  h i g he r  than the e a r l y  c u t  treatments ( Ap p e n d i x  4 ) .  

The l at e  a nd har d  c u t  treatme n t  was l ethal t o  mos t  o f  the 

p l an t s  s o  d e f o l iated . 

The d i f f erent t r eatment e f fe c t s  on regrowth f o l l ow i ng 

the s e c ond c ut s i x  week s  l a t e r , were s imi l a r  t o  

f o l l owing the f i r s t  cut . I nt e n s e  and early c ut t i n g  o f  

t h o s e  

the 

primary branches had a ma j o r  d e pr e s s i n g  e f f e c t  on p r od u c t ion 

whi l e  inte n s e  late cutt ing c a u s e d  further plant mor t a l i ty . 

I n  t e rms of the var i o u s  p l an t  c omponent r e s po n s e s  - o f  

s t em , l ea f  and i n f l ores cence - t o  t r e a tment s , t h e y  g e ne ra l ly 

showed t r en d s  very s imi l a r  t o  t o t a l  y i e l d . The ma j or 

exception wa s the root f r ac t i on whi ch s h owed a n  e a r l y  

depr e s s i o n  i n  re s po n s e  to h a r d  c u t t i ng but a f t e r  6 w e e k s  t h i s  

e f fe c t  was bar e l y  evident . 

Regrowth i n  a b s o l ut e  t e rms { g/day ) i s  p r e s en t e d  i n  

Figure 2 . 5  f o r  the two suc c e s s i v e  g rowth per i od s . Dur in g  the 

f i r s t  four wee k s  a f te r  the f i r s t  c u t , p l a n t s  in the e a r l y , 

lax cut t r eatment were supe r i o r  to those in the o t h e r  two 

cut t ing t r e a tmen t s  and not s i gn i f i cant d i f f e re n t  the 

uncut contr o l . However , dur i ng the subsequent 2 wee k s  ( 4  - 6 

weeks ) ,  p l ants  i n  t h i s  e a r l y , l a x  c ut treatmen t  s howed the 

s l owe s t  g r owth r a t e , l e  t h o s e  i n  the l a t e , l a x  c u t  

treatment o f  t h e  s ame n s i t y  had the f a s t e s t  rate . 

Four 

expos e d  

weeks a f te r  t h e  s econd c u t  ( F igure 2 . 5  ) ,  

t o  an ear l y  hard cut o f  pr ry branche s 

p l an t s  

the 

l owe s t  g r owth r a t e , whi l e  t ho s e  i n  the othe r two t r e a tment s  

were s l a r  in r e s pons e . 

The d a ta o n  the g rowth and devel opmen t  o f  t h e  

plants ( co nt r o l ) i n  t h i s exper iment have a l r e a d y  

presented i n  Exper iment 1 .  Thus , the r e l a t i ve 

which w a s  obta ined by u s i ng the pred i cted g rowth 

( Expe r iment 1 )  is  p r e s e n t e d  here to c ompar e  w i t h  

uncut 

been 

rate 

mod e l  

the 
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d e f o l i ated treatmen t s  a t  the s ame t ime ( Fi gu r e  2 . 6 ) . P l a n t s  

i n  d e f o l i a t ed t reatment s  genera l ly had h i gh e r  r e l a t iv e  g r ow t h  

r a t e s  t h a n  contro l  p l a n t s , part i c u l a r l y  with e a r l y , hard 

c u t t i ng . I n i t i a l l y , d e f o l i a t i on reduced r e l a tive g r owth 

r a t e s  in the early cut t reatme n t s  comp a r e d  with the contro l , 

but a f t e r  5 0  days they genera l l y  decl ined l e s s  r a p i d l y  than 

t h e  contr o l , parti c u l a r l y  the ear l y  hard cut t r e a tment , ( E- 5 -

0 )  through t o  the s e c ond cut ( F igure 2 . 6A ) . I n  c o n t r a s t ,  the 

l ate l a x  cut treatment ( L- 5 - 4 ) s howed a ma rked i n c re a s e  i n  

r e l a t ive growth rate  over the s i x  wee k s  o f  r e g r owth f o l l owing 

the f ir s t  d e f o l i a t i o n  ( F igure 2 . 6 B l � 

Fo l lowing the s econd cut , the e a r l y  l a x  and e a r l y  hard 

cut treatment p roduced a s ub s tant i a l  incre a s e  r e l a t i ve 

growth rate  ( Figure 2 . 6A ) . I n  contra s t , p l an t s  i n  the l a t e  

and lax 

g rowth 

s imi la r  

expected 

2 . 6 8 ) . 

cut treatment showed a s l i gh t  dec l i ne i n  r e l a t i v e  

r a te a f ter t h e  second cut , a l t h ough t h e  l ev e l  wa s 

t o  that i n  the ear l y , l a x  cut t r e a tm e n t  and a s  

much higher than that o f  the uncut contr o l  ( Fi g u r e  

N e t  regrowth y i e l d s  over t h e  exper imenta l p e r iod a r e  

p r e s ented i n  Figure 2 . 7 .  The r e  w a s  n o  s ign i f i c a n t  d i f f er e n c e  

n e t  r e g r owth o f  l e a f , s t em or l o r e s ce n c e  f o r  the two 

s tages of �efol i a t i o n  at the s ame i n t e n s ity ( E- 5 - 4 - vs L - 5 -

4 ) . Howeve r , both i nten s e  cutting t reatment s s i f icant l y  

s s ed the yi e l d  o f  al l componen t s . 

B . 2  Branch Number 

The marked e f f e ct s  of  the  s ta g e s  and i nt e n s i t i e s  o f  

c u tt i ng on 

2 . 2 .  Lax 

the branch numbe r  pe r t a r e  s h own 

and e s pe c i a l l y  hard de f o l i a t ion c a u s e d  

i n  

a 

s igni f i cant dep re s s  branch number .  Howeve r , the r a p  

e 

l y  

bu i ld u p  i n  number o f  branch e s , f o l l ow i  e a r l y  l ax 

cutting , over the f i r s t  4 weeks  and e s p ec i a l l y  

lax c u t t i ng ove r the 4 - 6 wee k s  per i od , was very 

l owing l a t e  

T h e  more rapid inc r ea s e  in branch numb e r  i n  e a r l y  

l ax c u t  treatment during t h e  f i r s t  four wee k s  o f  regrowth , 



6 4 a  

1 00 

- 80 
t-
z 
<t 
..J Q.. 
.... 

& 60 
0 

-

0 ..J 
w 40 >-

:r t-
� 0 Q: (!) 20 w 
Q: 
t-w z 

v 
0 v 

I I l 

10 10 10 
I & I 

w w ..J 
a 

A B A 

0 
I 

10 
I ..J 

:::r 
t-<t 
w 0 

t-z 
<t ..J 
Q.. 

K E Y : 
IN FLO RESCE N C E  

VZJ LEAF 

D sTEM 

Fi gure 2 .  7 :  E f fe c t  o f  s t a g e  a n d  i n tens ity of de f o l i a t i on on 

tota l net r e g r owth y i e l d  over ten we e k s  wi th two 

s ucce s s i ve de f o l i at i on s  ( g / p l a n t ) 



6 4  b 

Table 2 . 2  Effect of stage and intensity of defol iation on 

branch number per plant . 

Days after cutting 

Treatment 0 7 1 4  2 1  28 42 

After first cut 

Early Control-E 46b
1 

NR
2 NR NR 595b 1 040ab 

( Day 39 ) 

E-5-4 1 7c
3 

6 9a 1 76a 423a 550b 670bc 

E-5-0 3d 1 0b 29b 76b 1 66c 420c 

Late Control-L 1 1 47a NR NR NR 1 8 1 0a 1 535a 

( Day 88 ) 

L-5-4 2d 24a 48b 85b 2 4 2c 1 080b 

L-5-0 2d 

Sig . * *  * *  * *  * *  * *  * *  

After second cut 

Early E-5-4 8a 3 5a 1 02a 234a 5 1 8a 

E-5-0 2a 6b 23b SOb 1 29b 

Late L-5-4 1 1 a 4 7a 85a 1 6 5a 539a 

L-5-0 

Sig . ns * *  * *  * *  * *  

1 
Values in the sarre vertical colurrm not follo.ved by the sarre 

letter differ at p = 0 . 05 
2 

Not recorded 
3 

l . Ana YSlS b.ased on log ( x + 1 ) 
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may i n  part b e  exp l a i ned by the h igher number o f  " ac t ive " 

r e s i d u a l  branches and the h igher r a t e  o f  branch appearance 

( Fi g u r e  2 . 8 )  i n  th i s  trea tmen t . This  is  in  c o nt r a s t  t o  

cut t i ng a t  a l ater s t a g e  o f  g r owth ( L- 5 - 4 ) whe n  mos t  o f  the 

l ower active b r a nches had f lowered o r  died due to s ha d i ng . 

As  a resul t , t h e  rate o f  branch appea rance was i n i t ia l ly s l ow 

i n  t hi s  treatmen t . Howeve r , with add i t i on a l  t ime , ( Ta b l e  

2 . 2 ) , p l an t s  i n  the l ate , l ax cut treatment ( L- 5 - 4 ) 

s ub s equent l y  ( at 4 - 6 wee k s ) produced a r e a l  " f l u s h " o f  

branche s , a pproaching 5 8  branches  p e r  day , dur i n g  t h i s  l a t e r  

per i od of r e g r owth . B y  c omp a r i so n  the s imi l a r  and e a r l i e r  

" f l u s h " o f  branches recorded i n  the ear ly l a x  c u t  t r e a tmen t , 

had , by the 4 th week s , started to ta i l  o f f . 

The d i f f er ent treatmen t  e f f e c t s  on branch deve l o pment 

f o l l owing the s econd cut s h owed a s imi l a r  r e s po n s e  unde r l ax 

c u t t i ng but a ma j o r  depr e s s i on unde r  hard cut t i n g  { Ta b l e  

2 .  2 ) . 

B . 3 Leaf  Area and Lea f Number 

As expected the greate s t  leaf  area per  plant rema i n ing 

a f te r  cut t i ng was f rom p l a n t s  i n  the early l ax cut t r e a tment 

( Ta b l e  2 . 3 ) . This  prob a b l y  accounted for the r a p i d  and 

s u b s tant i a l  leaf area dev e l opment r ecorded four wee k s  l a ter 

in the s e  p l a n t s . I n  cont ra s t , the leaf area rema i ng a f te r  

l a te cutt ing , even when l a x , wa s neg l i g i b l e  a n d  h e n c e  wa s 

re f l ected i n  s lower l e a f  r ec overy . However by s i x  a f te r  

cutt ing , a l l  defol i ated treatments ( except t he L - 5 - 0  
o/ 

treatment ) p roduced non- s i g n i f i c a n t  d i f ferences i n  l e a f  area . 

Fol low i ng the second cut , the res idua l l e a f  a rea o f  

p l an t s  i n  a l l  t reatments wer e  s imi l ar l y  low . 

4 weeks r e growth the e a r l y  and late lax 

Howeve r , a 

cut a n t s  had 

deve l oped a s igni f i cant l y  g r e a t e r l ea f  area 

p l an t s  r e c e i v i ng e a r l y  hard cutt i n g . 

t h os e  o f  

The numb e r  o f  leaves per p l ants i n  t he f nt 

treatment s  s h owed s im i l a r  trends to the leaf a r e a  d a t a  except 

that numb e r s  recorded s i x  weeks a f ter the f i r s t  c u t  o f  the 



6 5 a  

60 

4 0  

20 

Of z 

w 
� 
0:: 
lj - 20 
z 
<{ 
0:: 
<{ 
w a.. 
a.. 
<{ 
I 40 u z 
<{ 
0:: ID 

20 

AFTER F IRST CUT 

0 - 28 DAYS 29 - 42 DAYS 

AFTER SECOND CUT ( 0 - 28 DAYS ) 

NOTE : 

0 
.;, 
...J 

.,. I LS� 5 %  

* DAY AFTER SEEDLI N G  E MERGENCE 

.;, i> w .:_, 

0 
.;, 
� 

F i a u r e  2 . 8 :  E f f ect o f  sta g e  and i n ten s i t y  of de f o l i a t i on on 

r a t e  of br a n c h i n g  ( n o / da y )  



6 5b 

Ta E f f e c t  o f  s t ag e  and i n t en s i ty d e f o l i a t i on on 

l e a f  a r e a  ( cm
2

) ( LA )  and l e a f  n umb e r  ( LNO ) per p l a n t . 

T r e a tme n t  

E a r l y  Con t r o l - E  

( Da y  3 9 ) 

E - 5 - 4  

E- 5 - 0  

L a t e  C o n t r o l - L  

( Da y  8 8 ) 

L - 5 - 4 

L - 5 - 0  

S i g . 

E a r l y  E- 5 - 4 

E - 5 - 0  

L a t e  L- 5 - 4 

L- 5 - 0  

S i g . 

Immed i a t e l y  

a f t e r  1 s t c u t  

LNO LA 

1 0 7 b
1 

3 3 7 b 

6 4 b  

7 c  

1 8 6 c  

2 4 d 

1 4 2 4 a  2 9 9 6 a 

6 c  

4 c  

* *  

5 d  

Sd 

* *  

Immed i at e l y  

a f t e r  2 nd c u t  

LNO 

3 a  

S a  

1 2 a 

n s  

LA 

3 a  

8 a  

2 9 a 

n s  

4 we e k s  6 wee k s  

a f t e r  1 s t c u t  a f ter 1 s t c u t  

LNO LA 

9 8 4 b  2 3 6 1 b  

8 4 8 b 2 0 4 1 b  

3 2 9 c 8 6 2 c  

1 9 2 3 a 3 0 7 7 a  

5 0 2 c 1 1 9 2 c  

* *  * *  

4 weeks 

a f te r  2 nd c u t  

LNO LA 

9 0 7 a  1 9 7 5 a 

2 8 1 b  7 4 9 b 

9 3 2 a  2 0 2 6 a  

* *  * *  

LNO LA 

1 4 2 0 ab 3 0 9 4 a  

9 6 5 b c  2 2 2  a 

7 7 5 c  2 1 2 3 a 

1 6 4 2 a  2 1 2 7 a 

1 3 7 1 ab 3 4 9 7 a 

* *  n s  

1 va l u e s  i n  the s am e  v e r t i ca l  c o l um n  n o t  f o l l owed by the s ame 

l et t e r  d i f f e r  at P = 0 . 0 5 
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early , h a r d  cut p l ants rema i ned s igni f icant l y  d e pr e s s ed 

compared w i t h  mos t  treatmen t s  ( Ta b l e  2 . 3 ) . 

B . 4  Number o f  Growing P o i n ts 

The number o f  growing p o i n t s  on the s tubbl e  a r e  s hown i n  

Table  2 . 4 .  Mos t  o f  t h e  grow i n g  p o i n t s  were l oc at e d  o n  the 

pr imary branch . 

e i ther a t  e a r l y  

Thu s , h a r d  cut t ing o f  t h e  p r ima r y  branche s , 

o r  l a t e  s ta g e s  o f  growt h , g r e a t l y  and 

s i gni f i c a n t l y  reduced grow ing p o int number s . 

C .  CHEM ICAL COMPOS ITION 

C . 1  Crude Protein 

Crude p rot e i n  concent r a t i o n s  a r e  pre s ented i n  Tabl e 2 . 5 .  

All  cutt i ng t r e a tments  c a u s e d  a greater incr e a s e  i n  crude 

protein than the uncut c o n t r o l  for mos t o f  t h e  p l a n t  

component s . I n  contra s t , among the cutting t r e a tment s , t h e  

d i f f e r e n c e s  i n  c rude p r ot e i n  wer e  sma l l ,  exce p t  i n  the 

residua l s tubb l e  and r oo t s  f o l l owing the f i r s t  d e f o l i a t ion . 

However , t h e r e  wer e  l a r g e  d i f ferences  in t h e  c r u d e  p rote i n  

l eve l s  b etween p l ant par t s . Crude prote in conce nt r a t i on wa s 

h ighe s t  i n  the l ea f , a l s o  h i g h  in i n f l or e s c e nc e s ,  but muc h  

l ower i n  t h e  s tem and part icu l ar l y  t h e  tap root . Apar t  f rom 

the exce p t i on menti oned above , c rude prote i n  c o n c e n t r a t i o n s  

in t h e  s l e  ( ma in l y  s tem ) were cons i s tent l y  l ow .  

Whe n  conv e r t e d  to a p r o t e in y i e l d  bas i s , t h e  f f erenc e s  

betwee n  t r eatme n t s  we re h l y  s i f i cant and f o l l owed very 

much the plant we r e s po n s e s  pres ented e a r l i e r , i . e .  

prote i n  y ie l d s  wer e  most s ed whe n  both t h e  ma s t em 

and t h e  prima r y  branch e s  wer e  d e f o l iated ( Fi g u r e  2 . 9 ) .  The 

e f f e c t s  of  s ta g e  o f  c u t t i ng were s hown onl y  a f t e r 4 

regrowth f o l l ow i ng the f i r s t  d e f o l i at i on . 

T h e  crude protein l d s  o f  the plant 

simi l a r l y  a f f ected by the d i f f e r e n t  intens i t i e s  

we re 

d e fo l i a -

tion a n d  s ta g e  o f  growth a s  for component dry we i g h t s  ( F igure 

2 . 9 ) . H oweve r ,  it is  n o t eworthy that the y i e l d  o f  crude 
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Ta b l e  2 . 4  f e e t  o f  stage and i n te n s i ty of def i a t  

n umb e r  o f  " g r owing p o i nt s " o n  the stubbl e  1 0  

a f te r  c u t t i ng ( no/pl a n t ) 

on 

Tre a tmen t  E - 5 - 4 E- 5 - 0  L - 5 - 4 L- 5 - 0  S i g . 

F i r s t  c u t  

Ma i n  s tem 6 . 3 a 
1 

6 . 0 a 6 . 3 a 
2 

n s  

P r imary b r a n c h  2 7 . 5 a 1 4 . 5b * 

T o t a l  3 3 . 8 a 6 . 0 c 2 0 . 8b * *  

c u t  

M a i n  s tem 6 . 0 a 5 . 7 a 5 . 7 a n s  

P r imary b r a n c h  1 6 . 3 a 2 0 . 0 a n s  

Tota l 2 2 . 3 a 5 . 7 b 2 5 . 7 a * *  

Va l u e s  i n  t h e  s ame hor i z on t a l  l i ne not f o l l owed by the s ame 

l et t e r  d i f f e r  at p = 0 .  0 5 .  
2 P l a n t  d e a t h  
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�a b l e  2 . S  E f f ect o f  s t a g e  a n d  i n t e n s i t y o f  d e f o l i a t i on on 

cr ude prote i n  concen t r a t i on I %  of d r y  ma t te r ) in l e a f  
L , s tem ( S ) ,  i n f l o r escence ( 1 )  a n d  root ( t a p  ( T l  a nd 

f i brous ( F ) ) compone n t s  a n d  i n  the r e s i d ua l s t u b b l e  ( R ) . 

Trea tme n t s  

Con t r o l - E  E- 5 - 4 E - 5 - 0  Con t r o l - L  L- 5 - 4  L- 5 - 0  

{ 3 9 d a y s ) ( 8 8 d a y s ) 
---- - --

R 5 . 3 b 5 . 6 b 

T + F' 2 1 . 4 a  2 1 .  S a  1 0 . 1 b 8 . 9b 

R 6 . 5 a 7 .  l a  6 .  l a  

L 2 9 . 4 a 2 9 . 4 a 3 0 . 7 a 2 5 .  1 b  2 9 . 9 a 

s 1 2  .. 8c 1 5 . 9 b 1 6 . 5 b 1 1 .  Se 1 8 . 2 a 

1 2 3 .  2 5 . 7 a 2 5 . 8 a 2 2 . 5 b 2 5 . 2 a 

T 8 . 0a B . O a 7 . 3 a 6 . 7a B .  1 a  

F 1 4 . 0 a 1 4 . 6 a  1 4 . 8 a 1 2 . 0 a 1 4 . 8 a 

R 6 . l a 6 . 8a 6 . 2 a 

L 2 6 . 2 b 2 7 . B a 2 8 . 6 a 2 6 . 2b 2 8 . 6a 

s 9 . 5 c 1 1 . 4 b 1 3 . 8a 7 . 5d 1 3 . 8 a 

I 2 2 . 7 b 2 3 . 4 b 2 5 . 2a 2 5 . 3 a 2 2 . 5b 

T 7 . 6 a 9 . 0 a 7 . 2a 8 . 3 a 6 .  9 a  

F 1 4 . 8  1 4 . 7  1 6 . 6 1 3 . 7  1 5 . 6 

B .  Second c u t  

Trea t ments 

E - 5 - 4  E - 5 - 0  L- 5 - 4 L- 5 - 0 S i g . 

Immed i a t e ly a f te r  second cut 

R 6 .  1 a  6 . 8 a 6 . 2 a n s  

T 9 . 0a 7 . 2 a 6 . 9 a n s  

F 1 4 .  7 a  1 6 . 6 a 1 5 . 6 a n s  

R 6 . 8a 6 . 6 a 7 . 5 a n s  

L 3 1  . 4a 3 0 . 6 a 3 1 . l a  n s  

s 1 5 . 9b 1 7 . 2 a 1 5 . 5b * 

I 2 4 . 0 a 2 3 . 5a 2 3 . 7 a n s  

T 7 . 2a 7 . 8 a S . Oa n s  

F 1 4 . 5a 1 6 . 4a 1 6 . 7 a n s  

Va l u e s  i n  the same hor i zonta l l i ne n o t  f o l l owed by the 

same letter d i f f er at P = 0 . 0 5 

S i g .  

,. .  
* *  

n s  

* *  

* *  

* *  

n s  

n s  

n s  
* *  

* *  

* 

n s  

n s  
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Figure 2 .  9 :  

DAYS AFTER DEFOLIATION 

E f f e c t  o f  s t a g e  and i n t e n s i t y  of de f o l i a t i on on crude prote i n  y i e l d  i n  l e a f ,  

s t em u n c l udi n g  s t ubb l e ) ,  i n f l o r e s ce n c e  and roots compo n e n t s  ( g / p l a n t ) .  

I 

()'\ ()'\ () 
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p r o t e i n  f r om the l e a f p lu s  i n f lores cence frac t i o n  r e p r e s e n t e d  

a s i gn i f i cant amount e s p e c i a l l y  i n  thos e  t r eatme n t s  a n d  

p la n t s  receiving l a x  pr ima r y  branch d e f o l i a t i on a t  b o t h  e a r l y  

and l at e  s tages o f  devel opmen t . I n  contra s t , o n l y  s ma l l  

quant i t i e s  o f  crude prote i n  were found i n  the root s . 

C . 2  Non- structu r a l  Carbohydrate Concent r a t i on and Y i e l d  

P la n t  r e s idua l s above and be low g round immed ly a f te r  

the f i r s t  and s econd d e f o l i a t ion and a f t e r  4 weeks o f  

regrowth i n  the second cut , wer e ana l y s ed for non - s t r uc t u r a l  

ca r bohyd r a t e  ( s ugar a n d  s ta r c h ) .  

As p r e s ented i n  Figure 2 . 1 0 ,  s ug a r  concen t r a t i o n s  i n  

both tops  and roo t s  were l ow i n  a l l  s ampl e s  and s howed non­

s ig n i f i ca n t  d i f f e r e n c e s  between l a x  and hard d e f o l i a t i on . 

O n l y  at the f i r s t  d e f o l i a t ion d id l a t e  cutting s i g n i f i ca n t l y  

d e p re s s  s uga r conte n t  c omp a r e d  with e a r l y  cutt ing , 

no s ig n i f i cant d i f f e renc e s  were recorded . I t  i s  

notewo r thy that d e l a yi n g  c ut t i n g  unt i l  the l at e  

otherwi s e  

t he r e f or e  

s ta g e  o f  

deve lopmen t  d i d  not improve s ugar concentrat ion i n  e i t h e r  t o p  

o r  root s . S ugar concentr a t i on s  wer e  gene r a l l y  much h i gh e r  i n  

the t a p  root than i n  the f i brous roots , but n o t  g r ea t l y  

d i f ferent be tween tap root and tops . 

I n  terms of  s u g a r  y i e l d s , the d i f f e renc e s  r e corded tend 

to re f l e c t  the d i f f e r e nt r e s idual cutt ing treatme n t s  

T h a t  i s , p l ants expo s ed to l a x  cutt i ng , a t  e i th e r  

o r  the l a t e  stage o f  g rowt h , had s i gn i f i c ant l y  h 

than t h o s e  expo s ed to h a r d  cutt i n g  o f  the p r  

( Fi gu r e  2 . 1 1 ) .  

e ar l y  

l e ve l s  

r y  b r a n c h  

S ta r ch l eve l s  a r e  a l s o  p r e s ented i n  F i g u r e  2 .  0 and s how 

that concentrat i on s  were extreme l y  l ow i n  a l l  r e s  l p a rt s  

and i n  a l l  treatme n t s . Starch y i e l d s  are t h e r e  n o t  

sented . 
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DAY 28 

F igure 2 . 1 0 :  E f f e c t  o f  s t a g e  and i n t e n s i t y  o f  d e f o l i a tion on 

sugar a n d  s ta r c h  concentrati on in the r e s idual 

top ( stubbl e )  and bel ow ground ( %  o f  dry matter ) 
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TOP ( ST U B B L E  } 

SECOND C U T  
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F I R S T  CUT ( 00 ) SECOND CUT ( Do )  W E E KS ( D 2 8 )  
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a b a 
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Roots ( TAP PLUS F I BROUS a ROOTS ) 

F i gu r 2 2 . 1 1 :  E f f ect of s t a ge a nd i ntensity o f  de f o l i a t i on on 

s uga r y i e l d  i n  t h e  r e s idual top ( st u bb l e )  a nd 

be l ow ground ( mg /p l a n t ) 



D .  RELAT I ON SH I P  BETWEEN REGROWTH AND RES IDUAL ( STUBBLE ) 

PLANT VARI ABLES 

6 8  

The r e l a t ions h i p  between r e growth y i e l d  and r e s i d u a l  

p l ant var i ab l e s  i s  pres ented l n  Tabl e  2 . 6 .  S ig n i f i c an t  

pos i t ive c o r r e la t i o n  was found f o r  both cutting t r e a tmen t s . 

Fol l owing t h e  f ir s t  cut , the r e l at i o n s h i p s  o f  r e g r owth y i e l d  

t o  r e s i d u a l  var i a b l e  o f  branch number ,  l e a f  a re a , l e a f  

number , s t ub bl e  t o  r oot rat i o , t he number o f  g r ow i ng po i n t s  

and the amount o f  TNC i n  s tu b b l e , wer e  p os i t i ve and 

s ign i f icant during the f i r s t  four  wee k s  of r e g r owt h . Whe n  

exami ned f o r  t he t o t a l  6 week r e g r owth p e r i od , h oweve r , n o  

s igni f i c a n t  r e l a t i o n s h i p s  for a n y  o f  the var i ab l e s  w i t h  y i e ld 

wer e  recorded . 

Fol l ow i ng the s econd c u t t i n g , t h e  rel a t i on s h i p s  between 

regrowth y i e l d  and the r e s idual  var i ab l e s  of s tu b b l e  dry 

weight , t h e  numb e r  o f  growing p o i n t s , s tubb l e  t o  root r a t i o , 

and the amou n t  o f  non- s tr u c t u r a l  carbohydrate we r e  p os it i ve 

and s ign i f i c a n t . 

E .  RELAT I ON S H I P  BETWEEN TOTAL PLANT DRY WEIGHT AND GROWTH 

PARAMETERS ( BRANCH NUMBER , LEAF NUMBER AND LEAF AREA 

PER P LANT . 

H i gh l y  s igni f i c ant and pos i t i ve c or r e l a t i on s  wer e  f 

between t o t a l  plant dry weight a n d  the ma g rowth parame t e r s  

{ br anch number , l ea f  number a n d  l e a f  a rea ) when c ompared a t  

t h e  4 and 6 week samp l ing t i me s , s ug ge s t ing that the s e  par a ­

mete r s  a r e  important i n  determi n i ng f in a l  y l d  ( Ta b l e  2 . 7 ) . 

The s e  r e s u l t s  a r e  in c on tr a s t  t o  the l a ck o f  c o r r e l a t i on 

between t h e s e  p a r amete r s  mea s u re d  immed i a t e l y  a ft e r  the 

s econd cut and the s ub sequent y i e ld , a s  s hown e 2 . 6 .  

I t  appe a r s  tha t repeated cutt i ng tends t o  s i z e  the 

importance o f  other parame t e r s , s uc h  as the numb e r of g rowing 

po ts  r e ma i  n g  a f ter cut t i ng , the  s tubb l e  to r o o t  r a t i o , 

the r e s idua l dry weight and par t i c u l a r l y  the r e s idual  amount 

o f  carbohydrate i n  s t imu l a t i n g  ear l y  recovery - and hence 

enable the deve l o pment of t h e s e  ma j or c o n t r ibuto r s  t o  

s ub s eq u e n t  y i eld , l e a f  area and b r a n c h  numb e r . 
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. 6  C o r r e l a t i o n s  o f  r e s i d u a l  p l ant var i ab l e s  w i t h  n e t  ...;._c....;._c....;._c._.;:;.._;__ 

r e g r owth y i e l d . 

R e s i d u a l  p l a n t  4 w k s  a f t e r  6 wk s af ter 4 wk s a f ter 

v a r i ab l e s  1 s t c u t  1 s t c u t  2 nd c u t  

B r a n c h  numbe r  0 . 8 5 2 * *  - 0 . 0 5 5 n s  0 . 4 1 0 n s  

L e a f 
2 

0 . 8 8 1 * *  - 0 . 0 6 7 n s  0 . 2 4 7 ns a r e a  ( cm / p l a n t ) 

L e a f  n umb e r  ( no / p l a n t ) 0 . 8 3 4 * *  0 . 0 3 3 n s  0 . 2 6 2 n s  

G r ow i n g  po i n t  ( n o/p l a nt ) 
1 

0 . 8 9 5 * *  0 . 3 5 0 n s  0 . 9 1 1 * *  

S t u bb l e  to r oo t  r a t i o  0 . 9 0 0 * *  0 . 0 5 6 n s  0 . 7 6 3 * 

S t u b b l e  d r y  w e i gh t  

( g /pl an t ) 0 . 0 5 4 ns 0 . 6 6 3 n s  0 . 8 0 6 * *  

Root d r y  w e i g h t  - 0 . 3 0 4 n s  0 . 5 4 1 n s 0 . 6 0 9 n s  

% TNC i n  e 0 . 5 4 1 n s - 0 . 4 1 7 n s  0 . 4 5 3 n s  

% TNC i n  r o o t s  0 . 5 2 7 n s - 0 . 1 0 0 n s  - 0 . 1 8 6 n s  

TNC y i e l d  s tu b bl e  

( mg/p l a n t ) 0 . 9 1 2 * *  - 0 . 1 4 2 n s  0 . 9 3 5 * *  

TN C y i e l d  r o o t s  

( mg/pl a n t ) - 0 . 3 8 n s  0 . 1 4 6 n s  0 . 8 2 0 * *  

1 
De t e rmi n e d  1 0  d a y s  a f t e r  c u t t i n g  
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e 2 . 7 near c o rr e l a t i on c oe f f i c i ents between p l a nt dry 

we i ght ( DM )  and main g r owth paramet e r s  ( br anch 

( B ) , leaf number ( LNO ) and leaf area ( LA ) ) 

4 wee k s  a f te r  f i r s t  cut 

6 wee k s  a f te r  f i r s t  cut 

4 wee k s  a f t e r  s econd cut 

Parameter s  o f  growth 

B 

0 . 9 6 0 * *  

0 . 8 4 7 * *  

0 . 9 4 6 * *  

LNO 

0 . 9 8 0 * *  

0 . 9 0 7 * *  

0 . 9 9 3 * *  

LA 

0 . 9 3 6 * *  

0 . 6 8 8 * *  

0 . 9 7 6 * *  
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I V  D I SCUS S I ON 

S ig n i f i c a n t  p lant mor t a l i t y  a f ter l at e  a n d  i n t e n s e  

cut t i ng h a s  b e e n  reported in many t r o p i c a l  l e g um e s  s u c h  a s  

Sty l o santhes h um i l i s  ( Fi sher , 1 9 7 3 ) ,  Crota l a r ia j un ci a  

( Ke s s l e r  and S h e l ton , 1 9 8 0 ) . Thi s  a l s o  occ ur r ed i n  t h e  

pre sent expe r i me n t  ( L- 5 - 0 ) .  H oweve r , intens e  d e f o l i a t i o n  

provided i t  i s  done a t  an ear l y  s ta g e  o f  growth ( E- 5 - 0 ) i s  

not l e th a l  b u t  doe s r e s u l t  i n  a s i gn i f i ca n t  de l ay i n  

regr owth . S imi l a r ly late de f o l i at io n , provided i t  i s  l a x  ( L-

5 - 4 ) ,  wi l l  n o t - ki l l  p l a n t s  but wi l l  cause an appr e c i ab l e  

d e l ay i n  recov e r y . In  con t r a s t  ear l y  lax defo l i a t i on r e s u l t s  

i n  rapid recov e r y  al though a s ig n i f i c ant reduct i on i n  y i e l d  

sti l l  occur s compared with n o  de f o l i a t ion . Factor s  whi c h  a r e  

known to a f f e c t  the rate o f  i n i ti a l  regrowth a f t e r  

de f o l i a t i on a r e  u s ua l l y  r e l ated to : 

1 )  The c a rb o h ydrate r e s erve s above and be l ow ground . 

2 )  The n umbe r  of bran che s capa b l e o f  r eg r owt h . 

3 )  The s i z e  o f  r e s idual l e a f  a r e a . 

4 )  The numb e r  o f  g r owing poi nt s . 

The impor t a n c e  o f  c a rbohyd r a te r e s e rve s t o  r eg rowth h a s  

been recog n i s ed b y  many wor ke r s  ( e . g .  Yama d a , 1 9 7 5 ; 

Hurnphreys , 1 9 7 8 b ) . The s e  autho r s  sugge s ted t h a t  r e s e rve 

organ i c  

regrowth 

compound s are uti l i z ed dur i ng the e a r l y  

and t h a t  l a t e r  regrowth i s  dependent o n  

s ta g e s o f  

l e a f  a r e a  

and photosynthe s i s . The rn a  r e s e rves  p l a y i ng t h i s r o l e  a r e  

sugg e s ted to b e  s ug a r s  and s t a r c h  wh i c h  are s to r e d  m a  i n  

the s tern b a s e  and roo t s  ( Yamada , 1 9 7 5 ) . I n  t h i s exper iment , 

the TNC ( suga r s  and s tarch ) concent rations  were r e l a t  

low i n  both s tubb l e  and r o o t s  i n  a l l  t r e a tment s ,  and 

showed no d i f f er ence between c u t t i n g  treatme n t s  at a s l a r  

stage o f  growt h . Howeve r , de s p i te t he l ow conc e n t r a t  o f  

TNC , t h e  amoun t s  ( ma i n l y  s ugar ) were  higher unde r l a x  cutt i ng 

than under s ev e r e  cutt i ng o f  the p r ima ry b r a n ch e s  ( F i g u r e  

2 . 1 1 )  s umab l y  r e f l ec t ing the g r eater s tubb l e  y i e l d  i n  

former t r e a tment . 
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A s igni f ic a n t  p o s i t ive corre l a t i o n  w a s  a l so f o u n d  

b etween regrowth y i e l d  and the amount o f  TNC i n  t h e  s tu b b le ,  

s ug g e s t i ng that t h e  ini t i a l  r egrowth a ft e r  cut t i ng w a s  

d ep endent upon t h e  amount o f  thes e  r e s e rv e s  i n  t h e  s tubbl e  

( Ta b l e  2 . 6 ) . Thi s  h i gh l i gh t s  the need t o  r e t a i n  a g r e a t e r  

s i z e  o f  primary branch a f t e r  def o l i a ti o n  and t h e r eb y  p r ov i de 

a larger s uppl y  o f  TNC f o r  regrowth - and h e n c e  compen s a te 

f o r  the l ow TNC c o n c e nt r a t i on in the s tubb l e  and root s . Th i s  

a l s o  may explain why Verano s ty l o  was abl e t o  r ecover u n d e r  

l a t e  l ax cutting d e s p i te l ack o f  r e s idua l photosynt h e t i c  

t i s sue . Low amount s o f  r e s idual TNC und e r  severe c u t t i n g  o f  

t h e  pr ima ry branc h , and l ow res idual l e a f  area due t o  n a t u r a l  

f a l l ing o f  the l owe r l eave s , may have accounted f o r  t h e  

morta l it y  of the s e  p l a n t s  s oon a f t e r  the f i r s t  cut . 

The number o f  b r a nches  capable o f  regrowth a f t e r  c u t t i n g  

was a l s o  found t o  b e  pos i tively rel ated to regr owth i n  s ome 

t r op i c a l  l egumes ( Ke s s l e r  and She l ton , 1 9 8 0 ) . The r e s u l t s  o f  

th i s  s tudy support th i s  f i nd i ng . I n  the ea r l y  cut t r e a tmen t  

( E- 5 - 4 ) ,  many b r a n c h e s  c a pab l e  o f  r egrowth h ad a l re a d y  

e longated on the p r imary branche s ,  whi l e  i n  the l a t e r  c u t  

t re atmen t , t h e  b r a n c h e s  c apabl e  o f  regrowth were l ow i n  

numbe r immed iate l y  a fter c utting ( Ta b l e  2 . 2 ) . Ther e f o r e , 

s l ow i n i t i a l  r e growth was o b s e rved in the s e  l a t e  c u t  

t r eatments  due to s l ow bu i l d  u p  in br anch produc t ion . 

The importance o f  r e s idua l l e a f  area and t h e  numb e r  o f  

g r owing poi n t s  a r e  s upported r e s u l t s  obt a  w i t h  o t h e r  

t r o p i c a l  legume s a s  i nd icated by g h  corre l a t ion betwee n  

regrowth y i e l d  and the s e  parame t e r s  ( Gr o f  e t  a l , 1 9 7 0 ; J o n e s , 

1 9 7 4 ; Kes s l e r  and S h e l ton , 1 9 8 0 ; ow and Char s - Edwar ds ,  

1 9 8 0 ) . I t  i s  a l s o  r e l evant that plants  wh i ch wer e  c u t  a t  

l a te r  s tages o f  g rowth had l o s t  a l l  t h e i r  l ower l ea v e s 

t hrough natu r a l  l e a f  f a l l  and wer e  ther e f o r e  l a c k i n g  i n  

phot o s ynthetic t i s s u e . The number o f  g r owing poi nt s  wa s a l s o  

s igni f i cantly r under the s e  treatmen t s  ( E- 5 - 0  and L - 5 -

0 ) .  W i th the ma r k e d  reduction i n  TNC amount s ,  a s  d i s c u s s  

e a r l i e r , plants h a d  s low r egrowth and many s oo n  d i ed , 

r e s u l t i ng from the photos y nthate be ing ins u f f i c i en t  t o  mee t  

the d emand s f o r  r e s p i ra t i o n  and growth ( Yamada , 1 9 7 5 ) . T h u s  
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t h e  h i g h  c or r e l a t i on obta i ned b e tween r eg r ow t h  y i e ld and 

s tu b bl e  to roots rati o  wa s not s urpr i s i n g  s in c e  de f o l i a t i o n  

i s  k nown to a f f e c t  r o o t  g r owth ( Ke s s le r  and S h e l ton , 1 9 8 0 ) 

and d e a t h  o f  r o o t  has f r equent l y  been reported ( Bowe n , 1 9 5 9 ; 

Whi tema n , 1 9 7 0 ; Whi t eman a nd Lulham , 1 9 7 0 ) . Furthermo r e , 

r e s t r i ct ed 

death may 

p l a nt s . 

s upp l i e s  o f  water and nut r i ents  b e c a u s e  o f  

a l s o  account f o r  s l ow regrowth and death o f  

root 

t h e  

F r o m  the above r es u l ts , i t  appea r s  that regrowth o f  

Verano s t y l o  fo l lowing d e f ol i a t ion i s  d e pende n t  on t h e  s i z e  

o f  p r imary b ranche s a s s o c iated with s ev e r a l  r e s i d u a l  p l an t  

characte r i s t i c s  v i z . l eve l o f  c arbohyd r a t e  r e s e r v e s  

the s tubbl e a n d  root s , t h e  res idual numbe r  o f  branche s ,  t h e  

r e s i dua l numb e r  o f  growing poi n t s  a n d  the re s id u a l  l e a f  a r e a . 

The carbohyd rate res e r v e s  a l though l ow ,  appea re d  to b e  o f  

s ome importance i n  thi s  r espect a s  d i d  the numb e r  o f  g r owing 

p o i nt s , whi l e  r e s i du a l  l ea f  and branch n umb e r  were o n l y  

imp o r t a nt a f t e r  t h e  f i r s t  cutting . I n  c o n t r a s t  t h e  t o t a l  

non - s tructural  carbohyd r a t e  conta ined i n  the r o o t s  wa s o n l y  

o f  v a l u e  when the p l an t s  were o l d e r  and b i g ge r . 

The r e s po n s e  t o  c u t t i ng i n  t e rms o f  tota l p l an t  dry 

we i g h t  wa s a l s o  r e l at e d  t o  the above factors  as  d i s c u s s ed 

e a r l  r .  P l ant dry we i g h t  was not reduced under 1 t 

cut t i ng . Th i s  res  e was ma l y  through i n c r e a s e  l n  s tem , 

i n f l or e s cence , and t o  a l es s e r  extent , incre a s e  i n  l e a f  d r y  

we i gh t  ( F ig u r e  2 . 4 ) . T h e  r e s u l t  o f  th i s  d emon­

s tr a t e d  t ha t  a l l  comp o n e n t s  of dry mat t e r  y i e l d  can 

a f f e c t e d  by d e f o l i a t i on , t h e  s tage a t  wh ich the p l an t  is  cut , 

and t h e  seve r i ty of cutt i n g . 

The s e  r e s u l t s  a r e  c ontrary to the r e s u l t s  o f  l a  

and H ump h r e y s  ( 1 9 7 6 , 1 9 8 1 ) who reported t h a t  Verano s l o  

y i e ld s  were reduced whe n  gra z ing o r  cutt ing wa s d e l ayed t o  

l a t e  i n  the g r owing s ea s o n . Howeve r , t h e  r e d uc t i on y i e l d s  

i n  s u ch a n  exper ime n t  a ppea r ed t o  b e  r e l a t e d  t o  c l  i c  

condi t ions a s  we l l  a s  t o  cutt i ng . S the c u t t i n g  t wa s 

n e a r  the end o f  the g r ow i ng s e a s on , tempe r a t u r e  and moi s tu r e  

may have been r e s t r i c t i ng regrowth . I t  s e ems t h a t  l a x  
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cutting o r  gra z in g  a t  l at e r  s ta g e s  o f  g r owth , a l though 

caus ing s low i n i t i a l  r ecovery , w i l l  not r e d u c e  r e g r owth 

a b i l i t y  under f avourab l e  c ondi t i on s . 

P l a n t  dry w e i ght was a l s o  r e l ated to the r e s po n s e  o f  

branch number t o  d e f o l i a t i o n  a s  i nd ic ated by the s ig n i f i ca n t  

corre l a t i on between branch number and tota l d r y  we i gh t . 

Branch p r od uc t i on was mar ke d l y  reduced whe n  t h e  p r imar y  

branch e s  wer e  c u t  hard , par t i c u l ar ly when cut t i ng o cc u r r ed a t  

the l a t e  s tage o f  deve l o pment . Thi s redu c t i on 1 n  b r a n c h  

numbe r c o r r e s po nd ed t o  a reduc t i o n  in d r y  ma t t e r  y i el d . 

However ,  l a x  c u t t ing o f  t h e  p r imary branch e s  a t  an ear l y  

s tage o f  g rowth rapidly i n c r e a s ed b r anch product i o n  and hence 

the poten t i a l  to a c hieve a h i g h e r  p l ant dry we i g h t  than hard 

cutting of the pr imary branch e s . S im i l a r  e f fe c t s  wer e  a l s o  

f ound i n  another tropical  l e gume , T ownsv i l l e  s t y l o ( F i sh e r , 

1 9 7 3 ) and in the temperate l egume T r i fol i um s ubterraneum 

( Ro s s i t e r , 1 9 6 1 ) .  An inc r e a s e  in b ranch numbe r  wa s due to an 

incre a s e  i n  branch ing rate u nd e r  lax cutt ing . 

The pre s e nt exper iment a l so s h owed that l a x  c u t t i n g  a t  

the l a t e  stage o f  growth s t imul ated branch product i on over 

the six weeks o f  r egrowth . T h e  i n i t ia l  s l ow d ev e l opment o f  

bran c h e s  over the f i r s t  four weeks was more than c ompen s a t ed 

for by t h e  exp l o s ive deve l opmen t  f r om the fourth to s i xth 

A l though not stat i s t ic a l l y  s igni f icant , l e a f  numb e r  

and l e a f  a rea s h owed s l a r  Th i s  i s  

inte r e s t i ng f i nd s i n c e  i t  h a s  a l so been s 

a mo s t  

that 

incre a s ed branch deve can r e s u l t  in i nc re a s ed s eed 

produc t i on ( Ro s s i te r , 1 9 6 1 ; s h e r , 1 9 7 3 ;  W i l a  and 

Humphre y s , 1 9 7 6 ) .  Th i s  may expl a i n  in par t  why Verano s t y l o  

can produce a s imi lar dry mat t e r  y i e l d  t o  t h e  c on t r o l  even 

under l a t e  d e f o l iat i on . I t  s u gg e s t s  that  whe n  ng  i s  

nec e s s a r i l y  l a te , a per iod o f  a t  l e a s t  6 wee k s  s ho u l d  b e  l e f t  

t o  a l l ow the p l a n t  t o  prod u c e  new branches t o  c ompen s a te . 

The numb e r  o f  l eaves and l e a f  area wer e  a l s o  b y  

defo l i a t i o n . The c ompl e te r emo v a l  o f  the p r i ma ry s 

e s p e c i a l l y  a t  t h e  later s ta g e  o f  g r owth caus ed t h e  s l ow l d  

u p  in both numb er and a r e a  o f  l e a v e s  and h e n c e  a reduction i n  
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growth rate , y i e l d  and a l s o  death o f  p l a nt s . I n  c o n t ra s t , l a x  

cutt i ng of t h e  p r imar y  b ranch e s  e sp ec ia l l y  at t h e  e ar l y  s ta g e  

o f  growth e na b l ed a r a p i d  r e covery o f  both numb e r  and a r e a  o f  

l eaves dur i ng t h e  f i r s t  f o u r  w e e k s  - thi s  recover y  o c c u r r i ng 

4 weeks l a t e r  ( du r i ng the 4 th t o  6 th week ) i n  t h e  l a t e  l ax 

cut  t reatme n t . 

The r e s u l t s  o f  t h i s  s tudy demo n s trate that Ver a n o  s ty l o  

h a s  a high qua l i t y  i n  term s  o f  nut r i t iv e  v a l u e  f o r  an ima l 

feeding . T h e r e  was no s igni f icant e f f e c t  of s ta g e  o f  g r owth 

and inten s i t y  of c u t t i ng on the crude protein con t e n t  i n  the 

regrowth componen t s . The s e  l ev e l s  of pro t e i n  w e r e  h ig h e r  

than t h e  c r i t i c a l  l eve l s u gg e s te d  by Mi l ford a nd M i n s on 

{ 1 9 6 6 ) a t  a l l  s tage s o f  g rowth . Norman and P h i l l i p  ( 1 9 7 0 ) 

have shown t h a t  anima l  prod u c t i o n  i s  propo r t i o n a l  t o  the 

n i trogen c o n t e n t  o f  the p a s t u r e . Thu s , anima l p r o du c t i on 

f r om pas t u r e  cont a i n i ng th i s  l e g ume s h ould b e  c a pa b l e  o f  

achi eving a r e l a t i ve l y  h i g h  l eve l o f  p e r forma n c e  ( G i l l a rd e t  

a l , 1 9 8 0 i G i l l a rd ,  1 9 8 3 ) .  

As expe c t e d , l e a f  and i n f l or e s cence we re h i g h e r  i n  c rude 

protein c o n t e n t  than the s tem f ra c t i on at a l l  s ta g es of 

g rowth . The s e  crude prot e i n  l eve l s  decrea s ed w i t h  p r o longed 

regrowth cond i t i on s , but t h e  decr ea s e  wa s l e s s  r a p i d  i n  

l e a f  and i n f l o re s ce n c e  f ra c t i ons than i n  the s t em f ra c t i on . 

Th i s  

1 9 6 9 ) ,  

( Lee 

1 9 8 2 } . 

h a s  been f ound in Townsvi l l e s t y lo ( F i s h e r , 

S ty l o s anthe s ( Mu f andaed z a , 1 9 7 6 ) ,  L u c erne 

and th , Verano s ty l o  ( e t  a l , 

Although the c rude p r o t e i n  content was n o t  g re a t l y  

a f f ected b y  c u t t i ng , t h e r e  was a marked d i f f e re n c e  

protein y i e l d  between t r e a tmen t s . Hard c u t t  

pr imary b r an c h e s  p r oduced t h e  l owes t  crude p r  

r e f l ected t h e  l ow d r y  matt e r  y i e l d s  recorded . 

o f  the 

y i e  and 

Th i s  i s  of  

s ome impor t a nce i n  t e rms of  p a s ture managemen t  a s  t h e  l 

o f  anima l s  i s  gover n ed t o  a l ar g e  extent by t h e  amo u n t  o f  

herbage pr e s ent ( S tobb , 1 9 7 4 ) . 
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Total crude p r o t e i n  y i e ld i n  l ea f  p l u s  i n f l or e s ce n c e  i n  

the l ax cutting , f o r  both stages  o f  g rowth , w a s  h i gh when 

compared with s ev e r e  cutt i n g  ( E- 5 - 0 ) .  Obs erva t i on s  in t h e  

f ie l d  i nd icate that the i n f l o r e s cence a s  wel l  a s  the l e a f  i s  

read i l y  a cceptabl e  t o  the anima l , even when the p l a n t s  a r e  

mature ( Ga rdener ,  1 9 8 0 ) , and there f o re a n  import a n t  s o u r c e  o f  

prote i n . 

The leve l s  o f  non - s tructural  carbohyd r a t e s  ( s uga r  and 

s ta r c h ) were low and d i d  not i n c r e a s e  a s  the t ime o f  c u t t i ng 
• 

was · d e l ayed . Th i s  i s  unl i k e  the r e s ponse obta i ned w i th 

l uc e r n e , whe re advanc i ng s t a g e  o f  g rowth great l y  i nc r ea s ed 

the ava i l ab l e  c arbohyd r a t e  l eve l ( Ne l s on and Smith , 1 9 6 8 ; 

1 9 6 9 ) .  With tropi ca l  legume s , Hunter et a l  { 1 9 7 0 ) r ep o r t ed 

tha t G lyc ine wight i i  ( le a f ) , Green l e a f  desrnod i um { le a f ) and 

S i lver l ea f  de srnod i um ( s tern ) conta ined negl i g i b l e  quant i t i e s  

o f  s tarch a t  a n  e a r l y  s tage o f  deve l opment , but the mor e  

mat u r e  plants  { at f lowe r ing ) contained 1 - 2 %  s t a rch i n  the 

dry matter . Jones ( 1 9 7 4 ) reported that l ong c u t t ing 

interva l s  ( 1 6 weeks ) did  not increase the carbohydr a t e  in  t h e  

roo t s  o f  S i r a t r o . Howeve r , thes e  l eve l s  o f  c arbohyd r a t e s  

repor ted wer e  much h i gher than t h o s e  in the p r e s e n t  e xpe r i ­

ment . Unfor tunate l y  there a r e  n o  s pe c i f i c  data ava i l ab l e  o n  

the concentra t i on o f  carbohyd r a t e s  i n  Verano s t y l o  w i t h  wh i c h  

to c ompare t h e  pre s en t  r e s u l t s . However , t h e  p r e s e n t  d a t a  d o  

indi cate tha t mos t  o f  the photo s s we re u t i l i z  f o r  

g rowth and n o t  accumu l a t e d  i n  t h e  root and c r own o f  t h e  

pl a n t . Ne l s on and th ( 1 9 6 8 ) a l so showed that in B i r d s f o o t  

t r e fo i l , a temperate l egume , the t o t a l  non- s t r u c tura l c a r b o ­

ate wa s l ow d u r i  the growi s eason , and that mos t  o f  

the photosynthate was u s ed f o r  t o p  g r owth . 
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EXPERIMENT 3 :  I NTEN S I TY O F  DEFOLIAT I ON 

I .  I NTRODUCTI ON 

o n  

I nt e n s ity 

y i e l d  and 

o f  cutt i ng o r  gra z in g  can have a ma j or e f f e c t  

s u r v i v a l  o f  the l eg ume component o f  t h e  

pas tur e , e s pecial l y  when c a r bohydrate r e s erve s a r e  l ow f r om 

f r equent cutting o r  o ther c a u se s . Lax cutt i ng can l eave a 

g r e a t e r  photosynth e t i c  sur f ac e  and p r ov i d e  energy for i n i t i a l  

r e g r owth a f te r  c u t t i ng , b y  c ompa r i s on with c l o s e  c ut t i ng 

( Smi th and Ne l son , 1 9 6 7 ; Jones , 1 9 7 4 ; Kes s l e r  and S h e l to n , 

1 9 8 0 ;  G r o f  e t  a l , 1 9 7 0 ) . Experiment 2 c l ea r l y  showed that 

s ev e r e  c u t t i ng o f  t h e  pr imary branche s , par t i c u l a r l y  a t  a 

l a t e  s t a g e  o f  g rowth , grea t l y  redu c e d  y i e ld and even c au s ed 

s ig n i f i c a n t  mor ta l i ty of Verano s t yl o . Howeve r , l a x  c ut t i ng 

o f  the p r imary branc h e s , a t  e i th e r  e a r l y  o r  l a t e  s ta g e s o f  

g r owth , wa s adva n t a g eous  i n  terms o f  d ry mat t e r  y i e l d  a n d  

p l ant s urviva l . C a r bohydrate ana l y s i s  ind i c a t e d  that th i s  

s p ec i e s  contai ned v e r y  l ow l eve l s  i n  the re s id u a l  

both a b ove and b e l ow g round . H owev e r , w i t h  

compone n t s  

the l a rg e r  

r e s i du a l  f r om l a x  c u t ting , the great e r  amount o f  carbohydr a t e  

the r e f o r e  ava i l a b l e  was c o n s ider e d  t o  b e  i mp ortant f o r  

i n i t i a l  r e growth , p a rt i cu l a r l y  fol l ow i n g  late  d e  l ia t i o n . I n  

Exper iment 2 ,  o n l y  two c u t t i ng cyc l e s  were s t ud and 

the long term e f f ec t s  of s evere and lax cutti 

d ned . 

wer e  n o t  

T h e  p r e s e n t  e xper w a s  conduc ted to i n  f ur th e r  

i n f o rmat i o n  o n  t h e  r e s p o n s e  of Ver a n o  s l o  t o  d i f f e r e nt 

c u t t i n g  i nt en s i e s  in t e rm s  o f  r e growth a b i l ity and eh c a l  

compos i t i on over 4 r egrowth cycle s . 
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E nvi r o nmental c o nd i t i o n s  and p l anting p r o c edur e s  wer e  

the s ame a s  reported f o r  Chapter 3 .  Afte r  t h i n n i ng t o  one 

plant per pot , a l l p l a n t s  wer e  b l o cked i nto thre e  rep l i c a t e s  

b a s ed on p l a n t  uni f ormi ty . A f t e r  cutt i ng , pot s conta i n i n g  

p l a n t s  undergoing simi l a r t r e a tmen t s  wer e  l o c a t e d  together s o  

that inte r f e rence betwe e n  t r e a tment s  wa s m i n imi s ed dur i ng 

r e g r owth . 

B .  TREATMENTS 

The r e  wer e  f ive cutt i ng i nten s i t i e s  as f o l l ow s : 

Treatment Deta i le d  

1 .  E - 7 - 4 :  C u t  t h e  ma in s tem a bove node 7 ( be tween n od e s 

7 and 8 )  and p r imary branches above n od e  4 

( betwe e n  n odes  4 and 5 a l ong the branche s ) 

2 .  E - 7 - 0 : Cut the main s t em above node 7 ( be twee n  nodes 

7 and 8 )  a nd p r ima r y  branches imme d i a te l y  

b e l ow node 1 ( a l ong the branch ) 

3 .  E- 3 - 4 : C u t  the s tem above node 3 ( 

3 and 4 }  and pr branche s 

tween nod e s  

node 4 

( be twee n  nod e s  4 and 5 a long the b r anch ) 

4 .  E- 3 -0 : Cut ma i n  s t em above node 3 ( be tween nod e s  

3 and 4 )  a nd p r  r y  branch e s  

b e l ow node 1 ( a long t h e  branch ) 

5 .  Contro l : Non- de f o l i ated p l a n t  

a t e l y  
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C .  NUMBER O F  CUTTING OCCA S I ON S  

The f i r s t  cut t i n g  occurred w h e n  5 0 %  o f  t h e  p la n t  p o pu l a ­

tion comm e n c ed f l oweri n g  and wa s repeated a f te r  s ix weeks ' 

reg rowth . Cutting was repeated 4 t ime s over a pp r o x i ma t e l y  

2 0 0  days g i v i ng f o u r  regrowth cyc l e s  ( Figure 3 . 1 ) .  

D .  HARVES T I NG SCHEDULE 

Nine h arve s t  occa s io n s  we r e  taken a s  s h own i n  F i gure 

3 .  1 .  

E .  PLANT MEASUREMENTS 

E . 1 P la n t  D ry We ight 

Meas ur ements o f  dry matter y i e l d s  and other p h en o l o g i c a l  

obs erva t i o n s  wer e  obt a i ned f rom 3 p l a n t s  p e r  t r e a tment . 

Times o f  harve s t s  are s h own i n  F i gure 3 . 1 .  P l an t s  were 

separated for mea s ureme n t s  as d e s c r i bed in Exper 1 .  Dry 

matter y i e l d s  were obta ine d  by drying a l l  s amp l e s  in a vacuum 

oven for 7 2  hour s . 

E . 2 L e a f  Area and Lea f  Number 

Leaf a r ea ( cm 2 per pl a nt ) and l e a f  number we r e  recorded 

at the s ame as dry ma tter y i e l d  was d e t e rm i n e d . Leaf 

area wa s mea s ured u s i ng E tron i c  Lea f Area �et e r  ( Mode l  

3 1 0 0 Area Meter ) .  

E . 3  B r a nc h  

Branc h  number i n  e a c h  r e g rowth cyc l e  was r ecorded a t  

wee k l y  i n terva l s  u p  to 4 week s  o f  regrowth and a t  6 week s 

i a t e l y  be f o r e  c u t t i ng w a s  repea ted . 

E . 4  Number o f  Growing Po i n t s  

numbe r  o f  v i s i b l e  growing point s ar i s i ng from 

stubble o f  the ma in s tem and pr imary branc h e s w as recorded 

af ter ten days of regr owth i n  e ac h  c yc l e . 
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F .  CHEMICAL MEASUREMENTS 

7 8  

Crude prot e i n  and t o t a l  non - s tructur a l  c a r bohydrate 

( sugar and s ta rc h ) concentrations  we r e  d e te rmined a s  

d e s c r i bed i n  Exper iment 2 .  

s hown i n  Tab l e  3 . 1 .  

P l an t  f r a c t i o n s  a n a l y s ed a r e  

G .  STAT I S T I CAL ANAL Y S I S  

D a t a  were a n a l y s e d  a cc o r d i ng t o  t h e  common p r o c e d u r e  o f  

a random i z ed comp l e t e  b l o ck d e s i g n  f o r  a l l  p l a n t  c h a r a c t e r s  

t t l e  a nd H i l l s , 1 9 7 5 ) . A f a c t o r i a l  de s i g n  w a s a l s o u s ed 

to a n a l y s e  the ma i n  e f f ec t  o f  c u tt i ng the ma i n  s t em a nd 

pr ima r y  b r anche s o n  t o t a l n e t  r e g r owth y i e l d s  ove r  t h e  f ou r  

r e g rowth cycl e s . T h e  an a l ys i s  w a s  d o n e  by G en s t a t  p r og r amme 

( Alvey e t  a l , 1 9 7 7 ) . The l e a s t  s ig n i f i c a nt d i f f e re n c e  at t h e  

5 %  l ev e l wa s u s ed to ide n t i f y s ta t i s t i c a l  d i f f e r e n c e  a mo n g  

t h e  r e s u l t s . T h e  s ymb o l s  t h a t  w e r e  u s ed t o  d e s i g n a t e  

s t a t i s ti c a l  s i gn i f i c a nc e  we r e * ( P  = 0 . 0 5 ) ,  * *  ( P  = 0 . 0 1 ) a nd 

n s  ( no t  s ign i f i cant ) .  

I I I . RESULTS 

A .  PHENOLOG I CAL OBS ERVAT I ON 

P l a n t s  g r e w  very s l ow l y  d ur i ng t h e  e s ta b l i s hm e n t  s e  

{ 0 - 2 8  d a y s ) .  The r e  wa s the s ame temp or a r y  l e a f ' t i p  b u r n ' 

a s  ob s erved i n  Exper 2 .  A f t er the e s t ab l i s hm e n t  p h a s e , 

the p l a n t s  g r ew r a p  l y  a n d  r e ac h e d  t h e  s o f  5 0 %  

f l owe r i ng on d a y  3 5 .  

T h e  f i r s t  p l an t  d e a th s  w e r e  i n  t h e  E - 3 - 0  

t re a t m e n t  f o l l ow i n g  the s ec o nd c u t  ( 2 nd c y c l e ) .  P l a n t  

mo r t a l i t y  a t  t h i s  s ta g e  wa s 1 8 . 8 % a n d  i n c r e a s ed a t  l a te r  

c ut t i ng s . 

a t h e  

A l l p l a n t s  i n  E- 3 - 0  t r e a tm e n t  d i ed w i t h  

f o u r t h  c u t  { 4 t h  c y c l e  o f  r e gr owth } .  

d ea t h s  we r e  r e c o r d e d  t h e  o t h e r  t r e a tmen t s . 

o n e  w ee k  

N o  p l a n t  
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T a b l e 3 . 1  P l a n t  compo n e n t s  a n a l y s  

P l a n t  c ompon e n t s  

c a l s S t ubbl e Lea f S t em I n f l o r . Roo t s  

f i r s t  c u t  

0 P r ot e i n  + + 

TNC + + 

2 8  P r o t e i n  + + + + + 

TNC 

4 2  P r o t e i n  + + + + + 

TNC 

f o u r t h  c u t  

0 P r o t e i n  + + 

TNC + + 

1 4  P r o te i n  + + + + + 

TNC 

2 8  P r ot e i n  + + + + + 

TNC 

5 2  P r o t e i n  + + + + + 

TNC + + 



P l a t e  3 . 3 :  The cut tj ng t reatments i mmed i a t e l y  a ft e r  the 

t h i rd cut ( for the s ymbol s e e  P l ate 3 . 1 ) ,  showj ng 

that on l y  a sma l l  n umbe r  of l e aves and bra nch e s  

rema j n under a l l  t r e a tments b u t  t h e  s j ze o f  t h e  

r e s idua l stubb l e  d i f f e r s  grea t l y  betwe e n  t h e  

E - 3 - 0  ( LH )  a nd t h e  E - 7 - 4 ( HL )  trea tment . 

P l a t e  3 . 4 :  The cuttj ng treatments j mmed j a t e l y a f ter the 

f ourth cut ( for the s ymbol s see P l a t e 3 . 1 ) ,  
show j ng t h e  neg l j g i b l e  number o f  l ea v e s  or 

a ct i v e bra nche s a l ong the pr i ma r y  bra nch e s .  

7 9  



7 9 a  

P l a te 3 . 1 : The cut t i ng trea tments i mmed i a t e l y  a f ter the 

f i r s t  cut ( LH = E- 3 - 0 ;  LL = E- 3 - 4 ;  HH = E - 7 -0 ;  

H L  = E- 7 - 4 a nd C = uncut contro l ) .  

P l a t e  3 . 2 :  The cutt ing t r e a tmen t s  i mmed i a te l y  a f t e r  the 

second cut ( f o r  the s ymbo l s  see Plate 3 . 1 ) ,  

showing a greater n umbe r o f  l eaves on p l a nt 

HL ( l ighte s t  c ut t i ng trea tment : E - 7 - 4 ) .  
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B .  PLANT REGROWTH 

B . 1 P l ant Dry Weight 

The tota l net regrowth for each treatment ove r  the full  

experiment a l  period i s  presented in Table 3 . 2 .  There was a 

marked e f fect of  cutt ing on regrowth and the magni tude of  

this  e f f ect was dependent on  the intens i ty of  defol iation . 

That i s , the more severe the i ntens ity of defol i a tion , the 

poorer the regrowth . 

D e f o l iating the primary branches a l so depre s s ed regrowth 

more than defol iating the ma i n  s tem ( F igure 3 . 2 ) ,  with 

inten s e  defoliation of both the ma in s tern a nd pr imary 

branches l eading to s igni f i cant plant morta l i ty a fter only 

two cuts . 

The regrowth patterns fol l owing each defol i a t ion within 

the tota l exper imental period are pres ented in F igure 3 . 3  

( and Appendix 5 ) . Once again it  was the lax de f o l iation o f  
I 

pr imary branche s , irre spect ive of the severity o f  defol iation 

of the ma i n  s tern , that was promi nent i n  e n s ur ing good 

regrowth at every cyc l e . Thi s  ef fect , as might be expected , 

was more apparent when 

de fol iated . I t  i s  a l so 

the ma in stern was a l s o  laxly 

s ignif icant that the  d i f ferent 

regrowth r esponses  to d i f ferent defol iation inte n s i t i e s  were 

simi l a r  a f ter each cut e . g .  the regrowth yield achieved in 

approximately 6 weeks a f ter the 4th cut was equa l  to that 

achieved 6 weeks after the 1 s t cut , except in the most  seve re 

cutting treatment ( E- 3 - 0 ) whe r e  plant death occur red . 

Early regrowth in absolute terms ( mg/day ) a l so appeared 

to be i n f l uenced by the cutting treatments impo s e d , with the 

higher rate of  regrowth being related to the l a xe r  defolia­

tion , parti cul arly of the primary branches and hence higher 

res idual dry weight . However ,  thi s  ef fect was not evident in 

terms of  relative growth rat e s  ( mg/mg/day ) ( Figure 3 . 4 ) .  

Al l the regrowth components , of inf lores cence , lea f , 

stem and root , were s imi l a r l y  and signi fi cantly depre s sed by 
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Table 3 . 2  Effect of defoliation intensity on net regrawth yield 

over the experirrental period ( g/plant ) . 

Treatrrent Cycle 1 Cycle 2 Cycle 3 · Cycle 4 Cycle 1 -4 

Control 
1 

63 . 54 75 . 95 70 . 40 

E-7-4 54 . 1 0a 
2 

5 1 . 40a 36 . 50a 7 0 . 54a 2 1 7 . 00a 

E-7-0 2 3 . 50bc 22 . 1  Ob 22 . 40b 3 1 . 20b 1 00 . 40c 

E-3-4 32 . 40ab 56 . 80a 24 . 90b 6 1 . 40a 1 72 . 50b 

E-3-0 1 3 . 60c 20 . 4 0b 1 5 . 60c 48 . 20d 

Significance * *  * *  * *  * *  * *  

1 
Not included in statistical analysis . 

2 
Values in the same vertical column not followed by the sa:rre 

letter differ at P = 0 . 05 .  
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y i e l d  over the four regrowth cyc l e s  



� CUT I 
e� eo ...J 

Cl. 7
01 CYCLE t 

!_ ( 42 DAYS ) 

...J 
� 
� 

0 14 28 

CUT 2 

42 

CYCLE 2 J CYCL E 3 _:f CYCLE 4 f-( 42 DAYS ) ( 42 DAYS ) ( 52 DAYS ) 

I 

56 70 98 1 12  126 140 
DAYS AFTER FI RST C UT 

Figure 3 . 3 :  E f fe c t  o f  de f o l i a t i on i ntens i ty on tota l pl a nt dry we i ght a t  va r i ou s  c u t t i n g  c yc l e s  

( g/pl ant ) 

182 

(l) 0 () 



CYCLE 1 
30001 

O - 28 DAYS 

A: 
2500r- , :  E-7- 4 

.... 2000 2: E-7- 0  

� 0 

l 
0 1 5001-
E 

1 000� 
a:: ci I <i. 

500!'" 
-
� 0 0 
� 
0 1 25 E 
� X. 100 
0 
E 75 � 
a: 
ci 5 0  
a: 

25 

I 
0 

3: E-3-4 

4 : E-3- 0 

I 2 3 4 
r.-

I I r 

I 

8:  
1 2 3 4  

,nr-

la la la la 

28 - 42 DAYS 

r--

f-

0 10 10 10 

,.., ,... 

,..., I-

0 10 10 10 

CYCLE 2 
0 - 28 DAYS 

r--

r. 

a lc1b c 

n-l1l 
a la la la l 

28 - 42 DAYS 

r-

H 1-

I I I I I I 

I 
I Ca la la l 

I 

CYCLE 4 
0 - 14 DAYS 114 - 28 DAYS 128-52 DAYS 

• PLANT 
DEATH 

• 

r-

r-

r-- 1-
r-

·1-r 1. 1 J·J·r�. 

r-

,., 1 rf1 1  1 n � I et .• '• I 1" 1" 1" 1• I I" 1° 1°1<1> 

Figure 3 . 4 :  E f f ect o f  de f o l i a t i on i n t e n s i t y  on abso l ut e  { A )  and r e l a t i ve { B )  growth rate a t  variou s  regrowth 

c yc l e s . 

(X) 0 0.. 



8 1  

cutting , as shown in Figure 3 . 5  and 3 . 6 .  The more depre s s ing 

ef fect of pr imary branch r emoval compared with ma in s tem 

remova l  on a l l  components inc lud i ng roots ; the i n i t i a l  s l ow 

rate of regrowth of a l l  the s e  components over the f irst 2 to 

4 weeks fol l owed by rapid regrowth ; a nd the increa s ing 

proportion of  stem developi ng over the exper iment a l  period , 

are a l l  worthy of note . 

B . 2  Branch Number 

The e f fects  of  defo l i ation on branch numb e r  per plant 

are presented in Figure 3 . 7 .  In the regrowth per iod of  6 

weeks fol lowing the 1 s t cut , lax de foliation of  both the ma in 

stem and pr imary branches ( E- 7 - 4 ) did not a f f ect branch 

deve l opment ( number of  bra nche s ) compared with the uncut 

control . However , more intense de foliation , particularly of 

the pr imary branches , s igni f icantly depre s sed branch numbers . 

Of particular note was the relatively s l ow recovery , 

par t icularly of those plants suf fer ing severe pr imary branch 

removal ( E- 7 - 0  and E- 3 - 0 ) dur ing the f i r s t  28 days fol lowed 

by a general and substantial increase in branch number s 

dur i ng the f o l lowing 1 4  days ( 2 8 - 4 2  days ) - and evident in  

a l l  regrowth cycles . 

B . 3  Lea f  Area and Number 

Leaf area and leaf number per plant betwee n  treatments 

fol lowed very s imi l ar patterns of devel opment a f ter each 

de f o l i ation , with l ax defoli ation o f  the ma i n  stem and 

espe c i a l l y  the pr imary branches encouraging s igni fi cantly 

more leaf area and leaf number s  than intense defol iation 

( Fi gure 3 . 8 ) . 

Although the res idua l leaf areas following the 1 s t ,  2 nd 

and 3 rd cut were s igni f i cantly d i f ferent , r e f l ecting the 

de f o l i ation intens i t i e s , these d i f f erences wer e  sma l l  in 

actual area and number ( Table 3 . 3 ) . Never theles s , the 

regrowth achieved over the 1 s t ,  2 nd and 3 rd regrowth cycl e s  

d i d  tend to ref lect the res idua l l e a f  area p e r  treatment and 

t h i s  may have contr ibuted to such dif ference s . However ,  in 
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F igure 3 . 7 :  
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Table 3 . 3  Effect of defoliation intensity on residual leaf 

area ( LA )  ( an2 
) and leaf number ( LNO) per plant 

remaining immediately after each cut . 

Treatrrent Cycle 1 Cycle 2 Cycle 3 Cycle 4 

LA LNO LA LOO LA LNO LA LNO 

E-7-4 1 97a
1 

68a 53a 3 7a 1 9a 34a 

E-7-0 24c 1 1 c 1 3b 1 0c Oc Ob 

E-3-4 1 4 3b 54b 25b 24b 6b 1 0b 

E-3-0 1 3c 1 0c 4b 6c 1 c  4b 

Sig . * *  * *  * *  * *  * *  ** 

Values in the same vertical column not followed by the same 

letter differ at P = 0 . 05 .  
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the 4 th cycle , s imi l ar and s igni f i cant treatment d i f f erences  

in regrowth occurred ( Table 3 . 2 )  but purely from s t em 

res idual s  ( Tabl e  3 . 3 )  

B . 4  Number of  Growi ng Points 

As shown in Table 3 . 4 1 for a l l  regrowth c y c le s , there 

wa s a marked e f f ect of  cutting on the numbe r o f  grow i ng 

poi nt s . Defol i ation of  the pr ima ry branche s caused a much 

greater reduction in growi ng poi nts  than de fol i a t ion of  the 

main stern . I n  fact , once the s i z e of  the pr imary branches 

had been severe ly reduced ( i . e .  f rom 4 to 0 node s ) ,  the more 

inten s e  defol iat ion of the mai n  s tern ( i . e .  from 7 to 3 node s ) 

made no further impact on the number of growing points  

present . However , the most  severe defol iation treatmen t  ( E-

3 - 0 ) did lead to tota l plant death by the 4th regrowth c y c l e . 

It was cl ear ly evident f rom the results  that the ma j or i t y  o f  

growing points were o n  the pr imary branches a n d  hence 

signi f i cantly a f f ected by defo l i ation . 

C .  CHEMICAL COMPOSITION 

C . 1 Crude Prote i n  

A s  shown i n  Table 3 . 5 ,  for the two cyc les analysed ( 1 s t 

and 4th ) , there was no signi f i cant e f f ect of i nten s i ty o f  

defol iation o n  the crude protein concentrat ion o f  any o f  the 

plant components mea sured and di f f erences wer e  gener a l l y  

sma l l . There were large d i f ference s , however , in the crude 

prote i n  leve l s  between the plant components . C rude prote i n  

concentration was h ighes t  in the leaf , a l so h i g h  i n  the 

i n f l orescence s ,  but much lower i n  the stem and very low i n  

the tap root and stubble . 

When converted to a prote i n  y i e l d  bas i s , the d i f f erences  

between treatments were highly s ign i f icant and f o l l owed very 

muc h  the p l a nt we ight respon s e s  presented e a r l i e r  i . e .  

protein yields  were depre s s ed more by primary branch r emova l 

than by mai n  stern removal and mos t  by de fol iation o f  both 

pr imary branches and the main stem ( F igure 3 . 9 ) . 



82a 

Tab l e  3 . 4  E f f e c t  of i nten s i ty of defol i at i o n  on n umber of 

" g r ow i n g  po i nt s " on the stubb l e  1 0  days a f ter c u t t i ng . 

Regrowth cyc l e s  

Trea tment 2 3 4 

E - 7 - 4  4 3 a 
1 

3 9 a  3 0 a 2 9 a  

E - 7 - 0 8 c  8 c  9 b  1 S b 

E - 3 - 4  2 7 b  2 3 b 2 8 a  3 1 a  

E - 3 - 0 S e  S e  7 b  

S i g n i f i cance * *  * *  * *  * *  

1 
V a l u e s  i n  the ver t i c a l  column s ame 

not f o l l owed by the s ame letter d i f f e r  

a t  p = 0 .  o s . 
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Tab l e  3 . 5  E f f ect o f  d e f o l i a t i on inten s i t y  on crude prot e i n  

concen t r a t i on ( \  of d r y  ma tter ) i n  l e a f  ( L ) ' stem ( S ) , 
i n f l o r e s cence ( I ) '  root ( tap ( T )  and f i brous ( F ) ) 
c0111pon e n t s  and in the r e s i dual s t ubble ( R ) . 

Treatme n t s  Control
2 E- 7 - 4  E- 7 - 0 E - 3 - 4  E - 3 - 0 S i g . 

C:tc l e  1 

� 
R 2 4 . 0 3 a 

1 
1 9 . 8 2 b  2 3 . 9 9a 2 2 . 2 8 a  * 

T + F 2 3 . 7 3 2 1 . 9 8 2 1 . 9 8 2 1 . 6 8 2 1 . 6 8  ns 

Dai' 2 8  

R 7 . 1 6  7 . 4 7 6 . 3 8 5 . 5 8 ns 

L 2 6 . 7 2 2 7 . 3 2 2 8 . 3 5 2 7 . 5 1  3 1  . 0 4  ns 

s 1 2 . 9 8 1 3 . 4 3  1 6 . 4 1  1 2 . 9 5 1 5 . 8 8 n s  

I 2 3 . 4 1  2 2 . 6 2 2 5 . 0 0 2 4 . 3 6 2 2 . 8 6 n s  

T 7 . 8 5 7 . 2 4 9 . 1 5  7 . 0 8 7 . 8 0  ns 

F 1 5 . 86 1 6 . 9 9 1 7 . 5 7 1 4 . 3 8 1 6 . 0 8 n s  

Dai' 4 2  

R 6 . 9 6 5 . 9 8 7 .  1 9  7 . 2 4 ns 

L 2 6 . 9 2  2 8 . 6 7 2 6 . 6 2 2 8 . 8 0 ns 

s 1 2 . 6 5 1 3 . 7 9 1 1 . 8 6 1 4 . 4 4 ns 

I 2 2 . 8 7 2 3 .  1 7  2 4 . 7 2 2 4 . 9 5 ns 

T 6 . 2 8 6 . 4 9 5 . 8 3 6 . 0 0 n s  

F 1 4 . 6 9 1 5 . 9 9 1 4 . 3 6 1 8 . 0 1  n s  

Ci'c l e  4 

� 
R 5 . 5 5 5 . 3 0 5 .  1 9  6 . 1 6 n s  

T 7 . 6 0 5 . 8 1  6 . 6 8 6 . 6 6 7 . 1 0 n s  

F 1 3 . 3 5 1 5 . 9 1  1 3 . 6 6 1 5 . 6 6 1 5 . 3 7 n s  

Dai' 1 4  

R 5 . 2 7 4 . 7 4  5 . 3 6 n s  

L 3 2 . 4 4  3 1 . 5 1  3 2 . 4 6 n s  

s 1 8 . 1 0 1 9 . 2 2 2 1 . 0 1  n s  

I na na na 

T 5 . 5 4 5 . 8 5 6 .  1 5  n s  

F 1 2 . 4 7 1 3 . 3 8 1 1 . 7 7 n s  

Dai' 2 8  

R 5 . 2 9 5 . 5 9 5 . 4 6 n s  

L 3 0 . 4 0  2 9 . 3 1  3 0 .  1 2  n s  

s 1 6 . 5 7 1 7 . 6 1  1 6 . 6 0 n s  

I 2 2 . 4 7  2 2 . 0 3 n s  

T 7 . 2 1  7 . 1 4 6 . 7 9 n s  

F 1 4 . 2 5 1 6 . 0 3 1 4 .  3 1  n s  

Dai' 4 2  

R 4 . 5 9 5 . 5 4 5 . 9 7 n s  

L 2 0 . 4 0 2 6 . 3 8 3 0 . 1 8  2 6 . 4 2  n s  

s 8 . 3 7 1 2 . 9 0 1 4 . 8 5  1 3 . 2 8 n s  

I 2 0 . 5 6 2 3 . 4 4 2 3 . 7 8 2 2 . 6 1  n s  

T 6 . 4 1  7 . 3 9  6 . 1 6  7 . 6 5  n s  

F 1 1 . 7 4 1 3 . 5 3 1 1  • 6 9  1 2 . 7 1  n s  

Va l ue s  i n  the same hori zonta l l i ne not fol l owed by the same 

l e t t e r  d i f f e r  at p = 0 . 0 5 .  
2 Not incl uded in s t a t i s t i cal ana l y s i s . 
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The crude protein yields o f  the plant components were 

· s imilarly a f f ected by the d i f ferent inte n s ities  of 

de fol iat ion as  were c omponent dry weights ( Figure 3 . 1 0 ) . 

However , it i s  important to note that the y i e l d  of  crude 

prote in from the leaf plus i n f l orescence fraction represented 

a s igni f i cant amount , espe c i a l l y  in those treatments and 

plants rece iving lax primary branch defoliation only . .  In 

contrast , only sma l l  quant i t i e s  of crude prote i n  were found 

in  the root s . 

C . 2  Non structura l Carbohydrate Concentration and Y i e l d  

Leve l s  of non-s tructura l  carbohydrates ( sugar s  and 

starch ) were measured in the res idual pl ants ( above and be l ow 

ground ) immed iate ly a f ter the 1 st and 2nd defo l ia tion and 

a f te r  52 days ' regrowth in the 4th cyc l e . 

As pres ented in Table 3 . 6 ,  sugar concentrations in both 

the tops and roots were very low in a l l  samp l e s  and showed 

non - s igni f i cant di f f erences between defoli ation treatments . 

Sugar concentrations were genera l ly much higher in the tap 

root than in the fibrous roots , but not grea t l y  d i f f e rent 

between tap root and tops ( above ground ) .  

In  terms of sugar yie lds ( Figure 3 . 1 1 ) ,  the d i f ferences 

recorded tended to reflect the dif ferent r e s idua l cutting 

treatments imposed . The exception , however , was the E- 3 - 4  

treatment at the end o f  the 4 th cycle , suggesting that the 

sugar in the res idua l pr ima ry branches and even roots of 

those  o lder plants , was s ignif icant in amount and greater 

than that in the res idual ma in stern . 

Starch leve l s  a r e  pres ented in Table 3 . 7  and show that 

concentrations were extremel y  low in all res idual part s  a nd 

in a l l  treatments . 
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Tab l e  3 . 6  E f f e ct of  de f o l i a t i on intens ity on sugar 

concentr ation ( %  of  dry rnatter ) i n the res idua l 

above gr ound ( s tubbl e ) and be low ground ( roots ) 

Treatments Cyc l e  1 Cyc l e  2 Cyc l e  4 

( day 0 ) ( day 0 )  ( day  5 2 ) 

A .  Above ground r e s idual - s tubble 

E- 7 - 4  1 • 1 4 0 . 8 4  0 . -7 0  

E- 7 - 0  1 .  1 0  0 . 9 2 0 . 8 2 

E- 3 - 4  1 .  0 0  0 . 5 9 1 .  1 5  

E- 3 - 0  1 .  6 8  0 . 8 0 

Sign i f i ca n c e  n s  ns  n s  

B .  B e l ow ground r e s idual - roots 

Tap+ F ibrous Tap Fibrous Tap F ibrous 

E-7 - 4  0 . 7 3 0 . 7 2 0 . 0 4 1 .  3 2  0 . 0 4 

E-7 - 0  0 . 7 3 0 . 6 0 0 . 0 3 0 . 7 1  0 . 0 4 

E - 3 - 4  0 . 7 9 0 . 4 4 0 . 0 3 1 .  4 1  0 . 0 4 

E- 3 - 0  0 . 7 9 0 . 5 9 0 . 0 4 

Sign i f i cance ns ns ns ns ns  
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i n  the r e s i dua l top ( stubble )  and below ground 

( root s ) ( mg/pl a n t ) 
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· Tab l e  3 . 7  Ef f e c t  o f  defoli ation intens i ty on star ch 

concentrat ion ( %  of dry matter ) in the res idual 

above ground ( stubbl e )  and below ground ( root s ) 

Treatment s Cycl e  1 Cyc l e  2 Cyc l e  4 

( day 0 )  ( day 0 )  ( day 5 2 ) 

A .  Above ground Residual - stubbl e  

E - 7 - 4  0 . 0 6 0 . 0 2 0 .  1 1  

E - 7 - 0  0 . 0 3  0 . 0 4 0 .  1 0 

E - 3 - 4  0 . 0 2 0 . 0 3 0 .  1 4  

E - 3 - 0  0 . 0 1 0 . 0 2 

S igni f i cance ns  ns  ns 

B .  Below ground r e s idual - roots 

Tap+ Fibrous Tap F ibrous Tap Fibrou s 

E - 7 - 4  0 . 0 5 0 . 0 6 1 0 . 0 9 neg . neg . 

E - 7 - 0  0 . 0 5 0 . 0 4 neg . 0 . 0 5  neg . 

E - 3 - 4  0 . 0 2 0 . 0 4 neg . 0 . 1 1  neg . 

E- 3 - 0  0 . 0 2 0 . 0 5 neg . 

S igni f i cance ns ns  ns 

1 Neg . negl igibl e .  = 



D .  RELATION BETWEEN REGROWTH YIELD AND RES IDUAL 

PLANT VARIABLES 

The rela t i onships between regrowth yield and 

residual plant variabl e s  are pres ented in Tabl e  

Sign i f icant a n d  positive corre l ations were found for 

8 4  

the 

3 • 8 • 

a l l  

cuttings . Branch number ,  leaf area , l ea f  number , the number 

of  growing poi nt s , res idual top dry we ight ( s tubble ) and 

shoot to root ratio were a l l  signi f i cantly and pos itive ly 

correlated with regrowth yield for mos t  regrowth cyc l e s . 

There was no s i gni f icant corre lation between regrowth y i e ld 

and the concentration of  TNC in s tubbl e  and roots for the 

regrowth cyc l e s  examined , except for a negative correlat ion 

for the 6 week period in cyc le 1 .  However , the r e l ation s h i p s  

between regrowth y i e l d  and the amount of  TNC , parti cul a r l y  i n  

the s tubble , wa s s igni f i c ant and pos i t ive . 

E .  RELAT IONSH I P  BETWEEN TOTAL PLANT DRY WEIGHT AND THE MAI N  

GROWTH PARAMETERS ( BRANCH NUMBER , LEAF NUMBER AND 

LEAF AREA ) 

Highly 

( Table 3 . 9 )  

s i gn i f i cant and pos i tive correlations were found 

between plant dry weight and the ma in growth 

parameters ( branch number , leaf number and leaf area ) for  

almo s t  all  regrowth cyc l e s ,  sugge s t i ng that the se parameters  

a r e  important i n  determining yield , a s  found in  Experiment 2 .  
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Table 3 . 8  Cor r e l � t i un o f  rf•s i d u a l  (' J a nt va r i ft b J t s w i t h  net 

regrowth y i e l d . 

--- - - - - - - - - - - -- -· - - - - - - - - - - - - - - - - -- - - - ----
Res i d u a l  p l a n t  

va r i a b l e s  

immed i a t e l y  

a f t e r  cutt i ng 

Weeks a f te r  

f i r s t  c u t  

6 

--------- - - - - -- ---� - - -- - - --- - - - - - - -- - -
Branch number 0 . 8 5 2 * *  0 . 7 3 5 * *  

Lea f number 0 . 7 8 8 * *  0 . 6 8 0 * *  

Lea f area 0 . 7 8 0 * *  0 . 7 1 5 * *  

( cm
2

/plant ) 

Growinq poi n t s  0 . 8 9 8 * *  o . 8 o o • •  

( no . /pl a nt l 
1 

Stubb l e : root rat i o  0 . 7 8 5 * *  0 . 8 5 2 * *  

Res i dual stubble 0 . 7 7 4 * *  0 . 7 6 9 * *  

d r y  wt . ( g/plant ) 

Root d r y  we i g h t  - 0 . 0 3 8  - 0 . 1 8 0 

' TNC i n  stubb l e  0 0 3 0 8  0 . 5 8 6  

' TNC i n  roo t s  - 0 . 6 7 9  - 0 . 9 0 8 * *  

TNC y i e l d i n  0 . 8 4 1 * *  0 0 7 7 3 * 

stubble ( mg/pl a n t ) 

TNC y i e l d  i n  0 . 0 9 6  - 0  0 4 4 7  

roots ( mg/p l a n t ) 

1 
Determined 1 0  d a y s  a f ter cutt i ng 

Weeks a f ter 

second cut 

4 6 

0 . 9 1 4 * *  0 . 7 1 8 * *  

0 . 8 9 0 * *  0 . 7 0 2 * *  

0 . 8 8 1 * *  0 . 5 6 7  

0 . 9 7 9 * *  0 . 8 1 4 * *  

0 . 9 2 6 * *  0 . 6 2 0 * 

0 . 9 2 6 * *  0 . 6 2 0 * 

o . 8 n • •  o .  4 3 8 

-0 0 1 1 8  - 0  0 4 4 2  

0 . 2 1 4  - 0 . 1 4 6  

0 . 9 0 7 * *  0 . 4 2 9  

0 . 7 8 5 * 0 .  2 4 1 

Weeks after 

t h i rd cut 

6 

Weeks a f ter fourth cut 

2 6 

------------------ ---------- ----
0 . 6 1 5 * 0 . 9 0 9 * *  o .  7 9 8  0 . 8 6 1 * *  

0 . 7 2 9 * *  

0 . 8 5 2 * *  

0 . 7 7 6 * *  0 .  7 8 2  0 . 9 2 5 * *  0 . 8 2 0 * * 

0 . 7 6 4 * *  0 . 8 8 2 * *  0 . 7 9 5  0 0 7 7 3 * 

0 . 8 2 8 * *  0 . 8 8 8 * 0 0 4 8 5  0 . 8 3 0 * *  

0 . 7 4 7 * *  0 0 58 1 - 0 . 0 1 0  0 . 6 0 5  
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Table 3 . 9  Linear cor relat ion coe f f i c ients between plant dry 
we i ght ( DM )  and ma in growth parameter s ( branch 

numb e r  ( B ) , l ea f  number ( LNO ) and leaf area ( LA ) ) 

Parameters of growth 

B LNO LA 

Cyc l e  1 

4 wee k s  0 . 9 7 3 * *  0 . 9 8 6 * *  0 . 9 7 3 * *  

6 week s  0 . 9 8 7 * *  0 . 9 0 1 * *  0 . 8 2 2 * *  

Cyc l e  2 

4 weeks 0 . 9 9 4 * *  0 . 9 9 8 * *  0 . 9 2 8 * *  

6 week s  0 . 9 1 6 * *  0 . 9 5 2 * *  0 . 8 5 8 * *  

Cyc l e  3 

6 wee k s  0 . 9 6 9 * *  0 . 7 4 4 * *  0 . 6 3 5 * *  

Cyc l e  4 

2 wee k s  0 . 7 5 4n s  0 . 8 8 4 * *  0 . 8 9 3 * *  

4 weeks  0 . 8 9 7 * *  0 . 8 7 6 * *  0 . 8 8 0 * *  

6 weeks  0 . 8 2 9 * *  0 . 8 5 4 * *  0 . 9 4 2 * *  
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I V  DI SCUSS I ON 

Res u l t s  of  thi s  experiment showed that s evere and 

repeated cutting of Verano sty l e  was extreme ly del eter ious to 

the plant as reflected in the death of 1 9 % of the p lants 

following the second cutt i ng in treatment E- 3 - 0 . Yields from 

thi s  treatment were greatly r educed and no regrowth occurred 

during the 4th cyc le of regrowth ( Table 3 . 2 ) . Even when 

defoliation of the main s tern was lax ( E- 7 - 0 ) ,  the complete 

remova l of  the pr imary branch s ti l l  had a domi nant and 

detrimenta l ef fect on yield . Thi s  is  in contr a s t  to the 

e f fect of  l ax cutt ing of the primary branches ( E- 7 - 4 and E- 3 -

4 )  whi ch was much less harmful t o  yield even whe n  the ma in 

stern was  cut hard ( Table 3 . 2 ) . These results demons trated 

that lax de foliat ion of  the primary branches i s  of  ma j o r  

importance i n  maintaining h i gh forage product ion even i f  the 

ma in stern is severely de f o l i at ed . 

The bene f i c i a l  ef fects of lax cutting of the primary 

branches were related to the greater s i z e  and l eve l s  o f  

res idua l pl ant var iables fol l owing cutting , such as  res idual 

leaf area ( Table 3 . 3 ) , the number of branches c apab le of 

regrowth ( Table 3 . 1 0 ) , the number of growing po ints  ( Ta b l e  

3 . 4 )  and the amount o f  s tubbl e  reserves ( Figure 3 . 1 1 ) .  The s e  

parameters were a l l  clos e l y  r elated to regrowth y ields  ( Table -

3 . 8 )  a s  a l so shown in Exper iment 2 .  

The importance of res i dual leaf area in reg rowth of  

Verano s tyle i s  s imi l a r  t o  results  obtained with othe r 

tropi c a l  l egume s ( Grof et al , 1 9 7 0 ; Jones , 1 9 7 4 ; Akinola and 

Whiterna n , 1 9 7 5 ; Ludlow and Cha r l e s -Edwards , 1 9 8 0 ) . Jones 

( 1 9 6 7 ) , Whiternan ( 1 9 6 9 ) and Jones ( 1 9 7 4 ) found that frequent 

cutting reduced yield and per s i s tence of S i ratro and thi s  

e f fect was attr ibuted t o  a low leaf  area rema in ing on the 

stubbl e .  In  another exper iment with individual plants , when 

0 ,  5 or 1 0  l eave s were l e f t  on the stubbl e  a f ter cutting 

every four weeks , Jones ( 1 9 7 4 ) found that dry weight of  

regrowth and stolen deve lopment were greate s t  when most 

leave s were l e f t . There were no plant deaths whe n  5 or 1 0  

leaves were l e f t  but two thirds of the plants d i ed under 
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Tab l e  3 . 1 0 Ef f e ct o f  defol iation inten sity on number of 

r e s idual branches per plant 

Treatment Cyc l e  1 Cyc l e  2 Cyc l e  3 Cyc l e  4 

( day 0 )  ( day 0 )  ( day 0 )  ( day 0 )  

E- 7 - 4  2 1 a  1 1 4 a 1 1  a 1 1 a 

E- 7 - 0  4 c  4 b  3 b  O c  

E - 3 - 4  1 7 b 7 b  6 b  S b  

E- 3 - 0  4 c  3 b  2 b  

S igni f i cance * *  * *  * * *  

Values in the s ame hori zontal l i ne not followed 

by the same l etter d i f fer at P = 0 . 0 5 . 
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compl ete de f o l i ation . A s imilar e f f ect occurred i n  this  

exper iment with Verano styl o , particularly under s evere 

cutting when very l i tt l e  l e a f  was left after cutting and 

s tubble and root res erves were low in both concentration and 

amount . 

In thi s exper iment , res idu a l  leaf  areas wer e  much 

greater under lax cutting than under severe cutt ing of  the 

pr imary branches , when cutting wa s repeated at s ix weekly 

interva l s  ( Tab le 3 . 3 ) . Thus , under severe cutt ing of  the 

pr imary branche s , energy for init i a l  regrowth mus t  have come 

from the l imi ted res erve s in the main stem and root s , and 

hence lead to slow init ial regrowth and , in the extreme 

treatment ( E- 3 - 0 ) , even to death o f  the pl ant under repeated 

cutting . 

Although TNC concentrations were genera l ly l ow the 

actual amount s of res erve carbohydrates in the s tubbl e  and 

root s var ied con s iderably accord ing 

particul a r l y  of  the primary branches 

plant dry we ight . The severe cutting 

markedly r educed the plant ' s  abi l i ty 

to 

and 

of 

to 

cutting intens ity , 

hence to res idual 

the pr imary branches 

rebuild i t s  reserves 

of  carbohydrates between cuts and when a l so s ub j ected to 

severe cutting of  the ma in s tem lead to " carbohydrate 

exhaustion " and eventua l death . 

There ha s been cons iderable controversy concerni ng the 

relative importance of res erve carbohydrates a nd res idual 

leaf areas in determining the rate of regrowth in pas ture 

species . Ward and Blaser ( 1 9 6 1 ) measured the regrowth rate 

of cocks foot gra s s  t i l le r s  previously subj ected to s hort- term 

shading and to varying inten s i t i e s  o f  defol i a t i on . They 

concluded that the regrowth of the apex blades was inf luenced 

by both carbohydrate reserves and res idual L . A . I .  The former 

predomi nated unt i l  day 25 and the l atter was mor e  i n f luential 

therea f ter . In thei r  study i t  a l so appeared that the 

re sponse to higher res idual L . A . I .  va lue s in terms of dry 

matte r product ion by apex blade , new tiller s , and increa s e  in 

apex blade l ength , was greater in  the higher c a r bohydrate 

res erve treatment s .  Thi s may a l so apply to the p r e sent work 
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a s  indicated by the higher growth rate under lax cutting ( E-

7 - 4  and E-3 - 4 ) during the f i r s t  4 weeks of the f i r s t  two 

regrowth cyc les examined ( Figure 3 . 4 ) . In contr a s t , i n  the 

l ast cycle in whi ch initial  regrowth was probab l y  mor e  

dependent upon the reserve energy , due to a n  absence o f  

res idual leaves , regrowth was very s low dur ing the f i r s t  two 

weeks but increa s ed stead i l y  whe n  the plants produced more 

leave s . This may suggest that in  the  situation whe r e  the re 

are  no leave s rema ining on the plant a fter cutt i ng , c a rbo­

hydrate reserves do play a n  important role in ear l y  regrowth . 

The number of branches capable of regrowth was h igh 

under l ax cutting of the primary branches even whe n  the ma in 

stem was severely def o l i ated ( Tabl e 3 . 1 0 ) . The c l os e  

assoc i ation of the numbe r  o f  branch e s  with regrowth y i e l d  

con f i rmed the importance of  thi s  parameter i n  

regrowth abi l ity . Thi s  h a s  a l s o  been reported in  

spe c i e s  ( Kess l e r  and Shel ton , 1 9 8 0 ) . 

determin ing 

many legume 

The advantage of lax cutting of pr imary branches wa s 

a l s o  rel ated to the number of growing points rema i n i ng for 

regrowth . Regrowth o f  Verano s ty l o  after cutt ing a r o s e  

mai n l y  from axi l l ary buds located on the res idua l p r imary 

branches , with only a sma l l  number o f  growing points located 

on the ma in stem - as a l s o  reported in Experiment 2 .  Thus , 

intense cutt ing of  the pr imary branches removed a lmos t  a l l  of  

the growing points for  regrowth , l eading to s low i n i t i a l  

regrowth in  the s e  treatments . The importance of  growing 

points  for regrowth ha s a l so been demonstrated in  S i r atro 

( Whi teman , 1 9 6 9 ) , Stylos anthes guiane n s i s  ( Grof et  a l , 1 9 7 0 ) , 

De smodium intortum ( Imri e ,  

( Ke s s ler and She l ton , 1 B 8 0 ) . 

1 9 7 1 )  and Crota r l a r i a  junc ia 

From the above di scus s ion , i t  appears that the r e s ponse 

of Verano stylo to de f o l iation i s  dependent on the numb e r  and 

especially the s i z e  o f  primary branches , the numb e r  o f  

growing po ints and the amount of  stubble reserves immed i at e l y  

a f te r  de fol iat ion . Although it w a s  not pos s ible to determine 

the i r  rel ative importance , i t  does appear that the s e  

parameter s a s s ume dif fering leve l s  o f  importance dependi ng on 

the s tate and condition of  the plant . 



8 8  

The response of total plant dry we ight to l a x  cutting of  

the p rimary branches ( i . e .  to node 4 )  was mai n l y  through a n  

incr e a s e  i n  the s tem , and t o  a l e s ser e xtent , the 

inf l or e s cence and leaf components  ( Figure 3 . 5  and 3 . 6 ) .  

The oth e r  main growth parameters such as branch 

leaf number and leaf area wer e  a l so a f fected by 

Intense cutting of the p r imary branches ( i . e .  to  

number , 

cutting . 

node 0 )  

espec i a l l y  i n  con j unction with the severe cutti ng of the ma in 

stem markedl y  depressed or del ayed deve lopment of the s e  

parameter s .  This resulted in  slow recovery , reduced vigour 

and even death of the plants . In  contra s t ,  l a x  cutting of  

the pr imary branches ( i . e .  to node 4 )  enabl ed a rapid 

recovery of  branch number , leaf number and l e a f  area and 

hence high dry matter production , as  reflec ted by a strong 

relat i on s h i p  between plant dry weight and these ma in growth 

parameter s  ( Table 3 . 9 ) . 

Although one must be cautious in  extrapolating the 

results  of growth room s tudi e s  into f i eld s i tuations , the 

data on c rude protein concentrations from thi s exper iment do , 

however , indicate the rel ative ly high nutr i t ive value of thi s  

s pe c i e s . The crude protein leve l s  recorded were s l ightly 

h igher than those reported by Gardener ( 1 9 8 0 ) for Verano 

stylo and other tropi c a l  legume s by Hendy ( 1 9 7 1 ) ,  Ive ( 1 9 7 4 ) ,  

Mu fandaed z a  ( 1 9 7 6 ) and Robertson et a l  ( 1 9 7 6 ) and we l l  above - -
the leve l that would be expected to impa ir animal production 

- s ince M i l ford and Minson ( 1 9 6 6 ) showed that intake is only 

reduced if crude prote in of  the forage i s  l e s s  than 8 % . As 

shown for other tropica l pa s ture spec ies  ( Fi sher , 1 9 6 9 ,  1 9 7 0 ; 

Robinson and Jones ,  1 9 7 2 ;  Mc ivor , 1 9 7 9 ; Gardener et al , 1 9 8 2 ) 

leaves conta ined higher concentrations of crude protein than 

stem , and inflores cence genera l l y  had l eve l s  s imi l a r  to 

leave s . By compar i s on concentrations in the s tubble and tap 

root wer e  con s i s tently low . Cutting treatments did not 

a f fect the crude prote in concentrations in any components , a s  

a l so obs erved by Mufandaed z a  ( 1 9 7 6 ) in � gui anens i s  and by 

Olsen ( 1 9 7 3 ) in  De smodium intortum . However ,  a contra s t i ng 

result  was noted for S .  humi l i s  ( Fi sher , 1 9 7 3 ) . 
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Although the cutting intens ity did not a f f ec t  the c rude 

protein l evel s , the total c rude protein y i e l d  d i f f ered 

markedly between treatments ( Figure 3 . 1 0 ) . This was due to 

the d i f ference in total plant dry weight . Crude protei n  

yields under s evere cutting of  the primary branches was 

s igni f icantly lower than under lax cutting . Thi s  s hows that 

such cutti ng i ntens ity not only depres se s  net regrowth 

avai l ab le for anima l  intake , but a l s o  depres s e s  total prote i n  

avai l able t o  t h e  graz ing animal . The high crude protei n  

yield p e r  plant recorded unde r  l a x  cutting of  both primary 

branches a nd main stem resulted f rom an increase  in  crude 

prote in yield in  the inf lorescence f raction and to a l es ser 

extent i n  the s tem and leaf ( F igure 3 . 1 0 ) . This i s  of  some 

importance in terms of its  f e eding value s ince the 

inf lores cence f raction is acceptabl e  to stock even whe n  the 

plants are mature and hence can be uti l i z ed l ate i n  the 

season ( Ga rdener , 1 9 8 0 ) . 

Exper iment 2 showed that tot a l  non- s tructur a l  carbo­

hydrat e s  ( sugar and starch ) in  the res idua l top and roots of 

Verano s tylo were low ( < 2 %  of dry weight ) a nd compri sed 

mainly o f  sugar . The pre sent work conf irmed thi s  f i nding 

and a l s o  showed that carbohydrate l evels  were independent of  

cutting i nten s i ty ( tota l  non- structural carbohydrate pres ent , 

< 2 % ) . Unfortunately no r eports  could be found in the 

literature on the effects of de f o l iation on the carbohydrate 

status of Verano stylo for comparat ive purposes . However , 

the results of  the pres ent exper iment were s imilar  to those 

obta i ned with another tropica l legume S .  guianen s i s  

( Muf andaed z a , 1 9 7 6 ) where cutting intensity and f requency had 

no s ig n i f i cant e f fect on total non-structural  carbohydrates 

in the roots and stubble . In addition , he noted that the 

roots had a con s i stentl y  h i gher total non-structural  

carbohydrate content than s tubble ,  which was  not the c a s e  in  

thi s  s tudy . 
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EXPERIMENT 4 :  FREQUENCY OF DEFOLIATION 

I .  INTRODUCT ION 

Numerous studies with other perenn ial l egumes and 

grasses have shown that . both intens ity and frequency of 

cutting inf luence the yield and qua l i ty of forage product ion , 

root growth a nd survival of spe c i e s  ( Jones , 1 9 7 3 ,  1 9 7 4 ; 

Murphy et a l , 1 9 7 7 ; Jones and Carabaly , 1 9 8 1  ) .  The s e  e f fects 

were also observed in Verano stylo in Exper iment 3 .  In that 

experiment , the compl ete remova l of  the primary branches 

( i . e .  to node 0 )  caused a s igni f i cant reduction in yield and 

this ef fect was more accentuated when the main stem was a l so 

severely defol iated , and even lead to plant morta l i ty . An 

exami nation o f  some of  the f actor s a f f ecting regrowth 

indicated the importance of photos ynthetic areas , c arbo­

hydrate res erves , the number and s i z e  of pr imary branches and 

the number of growing points rema in ing a fter cutting 

( Experiment 3 ) .  Whi l e  the e f fects of dif ferent cutting 

intensities  were examined in Exper iment 3 ,  no a s ses sment was 

made of the e f fects of cutt i ng frequenc ies on  plant 

productivi ty and surviva l . Under f i eld condi t ions in 

Thailand , Topark-Ngarm and Akkas aeng ( 1 9 7 8 ) found that the 

yie ld of Verano stylo under a four week cutting interva l was 

signi f i cantly lowe r than under a s i x  week cutting frequency . 

However ,  no asses sment wa s made of the po s s ible pheno logical 

re sponses , such a s  lea f area , carbohydrate leve l s  etc . 

The present experiment , the refore , was conducted to gain 

further inf ormation on the response of Verano stylo to 3 and 

6 weekly cutting at three inten s i t i e s  of cutting of th€ ma in 

stern , in terms of regrowth and chemic a l  composit ion . 



9 1  

I I . MATERIAL AND METHODS 

A. ENVIRONMENTAL CONDITIONS AND PLANTI NG PROCEDURES 

Envi ronmental condi t ions and planting procedures were 

the same as  reported for Chapter 3 ( Experiment 1 ) .  After 

treatments were imposed , pots of  s imi l a r  treatments were 

located together to minimi se the inte r f erence e f f ects dur ing 

regrowth . 

B .  TREATMENTS 

Treatments repli cated four time s in a randomi sed b l ock 

des i gn were as fol lows : 

Treatment Detailed 

1 .  E- 7 - 4 - 3 : Cut the main stem above node 7 ( between nodes 

7 and 8 ) and primary branches above node 4 

( between nodes 4 and 5 along the branch ) every 

3 weeks . 

2 0 E- 5 - 4 - 3 : Cut the ma in stem above node 5 ( between nodes 

5 and 6 ) and pr ima ry branche s above node 4 

( between nodes 4 and 5 along the branch ) every 

3 weeks . 

3 .  E- 3 - 4 - 3 : Cut the ma in stem above node 3 ( between nodes 

3 and 4 ) and pr imary branches above node 4 

( between nodes 4 and 5 a l ong the branch ) ever y  

3 weeks . 

4 .  E- 5 - 4 - 6 : Cut the ma in stem above node 5 ( between nod e s  

5 and 6 )  and pr imary branches  above node 4 

( between nodes 4 and 5 al ong the branch ) every 

6 weeks . 
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The first defoliation was carried out when 5 0 %  of the 

plant population had commenced f l owering and was r epeated 

after three weeks ' regrowth except in treatment E - 5 - 4 - 6 . 

Cutting was repeated 8 times with 8 regrowth c y c l e s  over 

approximately 2 0 0  days under 3 -weekly defoliation and 4 times 

with 4 regrowth cyc les under 6 -weekly defoliation ( F igure 

4 .  1 ) • 

Nine harve sts were taken in a l l  treatments  except 

treatment E- 5 - 4 - 6  where only five harve sts occurred . 

C .  PLANT MEASUREMENTS 

C . 1 Plant Dry We ight 

Mea surements of plant dry we ights and other phenol og ical 

obse rvat ions were obta ined from 4 plants per treatment . 

Plants were sampled at the end o f  each regrowth cycle  ( F igure 

4 . 1 )  and separated for mea surement as  descr ibed in Exper iment 

1 .  At each sampl ing , roots were a l so washed and separated 

into tap and f ibrous roots . 

C . 2  Leaf  Area ( cm 2/pl ant ) and Leaf  Number 

Leaf area and leaf number were recorded at the same time 

as pl ant dry weight s wer e  determi ned . Leaf areas were 

mea s ured us ing the Electronic Leaf  Area Meter ( Mode l 3 1 0 0 

Area Meter ) . 

C . 3  Branch Number per Pl ant 

Branch number per pl ant was recorded immediately a f ter 

each regrowth cycle and be fore cutt ing wa s repeated , as  

de s c r i bed in Experiment 2 .  

C . 4  Number of Growing Points 

The number of vi s ib l e  growing points was recorded a f ter  

1 0  days  of regrowth , as  descr ibed in Expe riment 2 .  



TREATMENT 

E -7-4 -3 

E- 5- 4-3 

E- 3-4- 3 

E- 5-4-6 

ESTABLISHMENT PERIODS : UP TO 50 % FLOWERING 

DEFOLIATION 

REGROWTH PE RIODS ( DAYS ) 

Figure 4 . 1 :  P lanning of Experiment 4 

1..0 1\.l Ill 
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D .  CHEMICAL MEASUREMENTS 

Crude protein and tota l non-s tructural c arbohydrate 

( sugar and starch ) concentrations were determined as 

descr ibed i n  Experiment 2 .  The plant fractions analysed are 

shown in Table 4 . 1 .  

E .  STATISTICAL ANALYS IS 

Data were ana lysed according to the common procedure of 

a randorni z ed complete block des ign for all  plant characters 

( Little a nd Hi l l s , 1 9 7 5 ) .  The analysis  wa s done by Genstat 

programme ( Alvey et a l , 1 9 7 7 ) . The l e a s t  s ig n i f icant 

d i f f erence at the 5 %  l evel wa s used to identi f y  statistical  

d i f f erence s . The symbol s  used to  designate stati stical  

s igni f icance were * ( P  = 0 . 0 5 ) , * *  ( P  = 0 . 0 1 ) and ns  ( not 

s igni f i cant ) .  

I I I . RESULTS 

A .  PHENOLOGICAL OBSERVATION 

Growth and deve l opment dur·ing the estab l i shment pha s e  

were the same a s  those reported i n  Experiment 1 .  The cutt ing 

treatments were f i r s t  imposed when 5 0 %  of the pl ant 

popu lation had commenced f l ower ing and repeated at  three -week 

interva l s  for treatment E- 7 - 4 - 3 , E- 5 - 4 - 3  and E- 3 - 4 - 3 , and at 

s ix weeks for treatment E- 5 - 4 - 6 . 

Under three weekly cutting , a l l  treatment s produced a 

dense mat of sma l l  new branches on the lower pa rt o f  the ma in 

stern f o l l owing the f i fth cut . Flower ing time wa s a l so 

del ayed by at least 2 weeks in these  treatments . 
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P l a t e  4 . 1 :  Compa r i son of Cut t i ng Intens i t i e s  and Freque n cy 
t a ken i mmed i a te l y  prior to the t h i rd 3 weekl y  
c u t t i ng and s econd 6 wee k l y  cut t i ng . 
( Note : Greater production under 6 week l y  
v e r s us 3 weekl y c u t t i ng ; greater produc t i on 
unde r lax ver s us s evere cut t i ng o f  the ma i n  
s tem ) .  
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Tabl e  4 . 1 P l ant components analysed . 

Time and Trea tment Chemical 

Stubb l e  

A .  E- 7 - 4 - 3 ,  E - 5 - 4 - 3  

and E - 3 - 3 - 4 . 

1 .  Immed i a t e l y  a fter Protein + 

F i r s t  Cut TNC + 

2 .  Immediate l y  a f ter Protein + 

Thi rd Cut TNC + 

3 • 3 Weeks a f te r  Protein + 

Eighth Cut TNC + 

B .  E- 5 - 4 - 6  

1 .  Immedi ate l y  a fter Protein + 

F i r s t  Cut TNC + 

2 .  Immediate l y  a fter Prot e i n  + 

S econd Cut TNC + 

3 .  6 Weeks  a f ter  Prot e i n  + 

Fourth Cut TNC + 

Plant Components 

Leave s Stem I n f lor . Root 

+ 

+ 

""'"" 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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B .  PLANT REGROWTH 

B . 1 Plant Dry We ight 

The total net regrowth for each treatment over the ful l  

exper imental per iod i s  presented i n  F igure 4 . 2 .  There was a 

marked e f fect o f  cutting intens i ty and frequency on  the tot a l  

n e t  regrowth . With a cutting interval of three weeks , n e t  

regr owth y i e l d s  obta ined under t h e  heavy ( E- 3 - 4 - 3 ) and 

moder ate ( E- 5 - 4 - 3 ) cutting treatments were simi l a r , but both 

lower in  yield than that ach ieved under lax cutting ( E- 7 - 4 - 3 ) 

Total net regrowth yield under 6 weekly cutting wa s 

doubl e  that obtained under 3 wee k l y  cutting at the mode rate 

inten s i ty of  cutting ( E- 5 - 4 - 6 ) .  I t  was also c l ear that 

cutt ing frequency had a relative l y  greater e f f e c t  on plant 

growth than cutting intens ity . 

The regrowth patterns fol lowing each defol i ation are 

pres ented in Figure 4 . 3 .  Al l treatments under 3 wee k l y  

cutt ing showed a dec l ine in yield at  the 3rd and 4th cutti ng 

par t i cularly under hard ( E- 3 - 4 - 3 ) and moderate ( E- 5 - 4 - 3 ) 

intens ities o f  def o l i ation . Thereafter , the e f fects  o f  

de f o l iat ion intens ity remained r e l a t ively constant throughout 

subs equent cuttings . The regrowth pattern of the p lant� 
de f o l iated eve ry 6 weeks showed a s imi lar dec line in y i e l d  to 

the 4th cut . 

Al l regrowth components , o f  i n f lorescence , l e a f , s tem 

and root were simi larly and in most cases s igni f i cantly 

dep r e s s ed by cutting intens ity and frequency as shown in  

Figure 4 . 4 .  However the depr e s s ion resulting f rom the mos t  

intense de fol i ation ( E- 3 - 4 - 3 ) was n o t  s igni f i cantl y  d i f f erent 

from that re sulting f rom moderate defo l i ation ( E- 5 - 4 - 3 ) .  As 

might be expected , the more f requent cutting treatment ( 3  

weekl y ) markedly depres sed inf lores cence developmen t  compared 

with less frequent cutting ( 6  wee k l y ) .  

The absolute growth rate s ( mg/day ) were a l s o  depr e s sed 

by cutting intens ity but not always s ignif icant l y  and to a 

muc h  lesser  degree than by cutt i ng frequency ( Ta b l e  4 . 2 ) . 
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B . 2  Branch Number 

The e f f ects of defoliati on on branch number per plant 

are pres ented in Figure 4 . 5 .  Moderate and hard cutting 

s ignif icantly decreased branch numbers compared with lax 

cutt ing , whi l e  the d i f f erence between moderate and hard 

cutting wa s not sign i f i cant . 

Cutting more frequently ( 3  weekly ) depres sed branch 

number s s i gnif icantly compa red with cutting l e s s  frequently 

( 6  weekly ) .  

B . 3  Lea f  Area and Number 

Leaf a r ea ( F igure 4 . 6 )  and l ea f  number ( Figure 4 . 7 )  per 

plant f o l l owed very simi lar patterns of devel opment a f ter 

each cut , with the most lax or i n f requent cutt ing genera l l y  

encourag ing s igni f icantly more l e a f  area and leaf  number than 

intense and frequent cutt ing . 

Although there was no s igni f i cant ef fect of  the res idual 

leaf area on leaf deve lopment f o l l owing the f i r st cutting , 

leaf area and leaf number of p l ants undergoing d i f fer ent 

cutting i ntensities increas ed in proportion to the leaf  area 

and number remaining in the subs equent regrowth cyc l e s  ( Table 

4 . 3  and 4 . 4 ) . Delaying cutting to six  weeks in  the moderate 

inten s i ty treatment ( E- 5 - 4 - 6 ) had a nil  or depr e s s i ng e f fect 

on res idua l leaf area . Neverthe l e s s , the regrowth achi eved 

over 4 regrowth cyc les in thi s  treatment was s ignif icantly 

greater than in the frequent cutt ing treatment . 

B . 4  Number of Growing Points 

The number of growing po ints wa s sign i f i cantly reduced 

by cutting intens i ty but only dur ing the f i r s t  four cyc l e s  of 

regrowth . Again , there was no s ignif icant d i f f e rence in thi s  

respect between moderate and hard defoli ation . However ,  a l l  

cutting treatments showed a n  increase i n  the number o f  

growing points wi th time , parti cularly under moderate and 

severe c utt ing , leading to a s im i l a r  number between trea t -
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ment s i n  subsequent cycl e s  ( Table 4 . 5 ) . The reason for this  

lack of response to lax de fol iation over the later cuttings 

is d i f f icult to explain , but observations i ndicated an 

increas ing concentr ation of new shoots a r i s i ng f r om the lower 

primary branches on the main stem with repeated cutting . 

Delaying cutting to six weeks s igni f i cantly depr e s s ed 

the number of  growing points , whi le frequent cutting led to a 

substant ial increase as  the exper iment progres s ed . 

C .  CHEMICAL COMPOSITION 

C . 1 Crude P rote in 

As shown in  Table 4 . 6  for the four cyc l e s  ( 1 s t ,  2 nd , 7 th 

and 8th ) ana l y s ed , there wa s virtua l ly no s igni f i cant e f f ect 

of inten s i ty and frequency of de f o l iation on the c rude 

prote in concentration of any of the plant components mea sured 

and d i f ferences were generally smal l . However , there we re 

large d i f ferences between the plant component s . Crude 

prote in conce ntration was highe st in the lea f , a l so high in 

the inf lores c ence s , but lower in the stem a nd very low in the 

roots , espec i a l l y  the tap root ( Table 4 . 6 ) . 

Tota l yields of crude protein were markedly a f fec ted by 

cutting frequency { F igure 4 . 8 )  and to a l e s s e r  extent by 

cutt ing intens ity and tended to ref lect the same trends as  

shown in regrowth yields . 

I t  i s  interesting to note that leave s tended to be the 

ma j or contr ibutor to total prote in yield par t i c u l ar ly under 

frequent cutting . 
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C . 2  Non- s tructural Carbohydrate Concentration and Yield 

As presented in Table 4 . 7 ,  sugar concentrat ions in both 

the stubble and root s were very low in a l l  samples and showed 

non-s ignif i cant d i f f erences between def o l i ation treatments . 

Sugar concentrations wer e  genera l ly much higher in  the 

stubble than in  the tap root and virtua l l y  absent in  the 

f i brous root s . 

Starch l evel s  are presented in Tabl e  4 . 8  and show that 

concentrations  were extremely low in a l l  res idua l parts . 

In terms of TNC yields in the stubble ( Figure 4 . 9 )  the 

treatment d i f ferences tended to refl ect the d i f fe rent cutting 

treatments imposed . For example , sugar in the residual of 

laxly defol iated plants was sign i f i cantly greater than that 

of severely de f o l i ated plants . Th i s  wa s very evident by the 

end of  the 8th cycl e  ( day 2 1 ) ( Figure 4 . 9 ) . Frequency of 

cutting had no sign i f i cant ef fect on either sugar or s tarch 

yields . .  

The amount of starch present in the s tubbl e  of  a l l  

treatments and o n  eac h  measurement occas ion wa s consi s tent l y  

low and much l e s s  tha n  sugar yields . 

D .  RELAT IONSH I P  BETWEEN PLANT DRY WE IGHT AND THE MAIN GROWTH 

PARAMETERS ( BRANCH NUMBER , LEAF NUMBER AND LEAF AREA ) 

High l y  s igni f icant , positive corr e l a t ions we re found 

between pl ant dry we ight and the main growth parameters for 

almost a l l  regrowth cyc l e s  ( Table 4 . 9 ) , suggesting that the se  

parameters are important � n  determining yield , as  found in 

Exper iments 2 and 3 .  
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IV . D I SCUSSION 

Thi s  exper iment showed that moderate ( E- 5 - 4 - 3 ) and 

severe ( E- 3 - 4 - 3 ) defoliation of the main stem reduced y i e ld by 

approximately 2 8 %  compared with lax defol i ation over a period 

of  approximately 2 8  weeks and involving 8 cuts . Thi s 

d i f f erence occurred within the f i r s t  2 cuts and ther ea f ter 

r ema ined relat ively cons tant . Severe defol iation however was 

no more detrimental to r egrowth than moderate defoli a t ion . 

It i s  sugges ted that the superior regrowth abi l i ty of  

the  lax de fol iation ( E- 7 - 4 - 3 ) t reatment was related to the 

greater amount of stubble ( F igure 4 . 4 )  and hence the 

amount of TNC avai lable for regrowth ( F igure 4 . 9 )  

greater 

and the 

greater residual lea f area . The response in terms of  total 

plant dry we ight was ma inly through an increase in the stem 

and to a l e s ser extent in the l e a f  fractions ( F igure 4 . 2 ) . 

Tot a l  net regrowth yield f rom 6 weekly cutt ing was twi ce 

that achi eved f rom 3 weekly cutting at the moderate inten s i ty 

of defol i ation impo sed . The increase in dry matter yield 

recorded under less frequent cutting wa s a l s o  r eported with 

the s ame species by Topark-Ngarm and Akkasaeng ( 1 9 7 8 ) i n  

the i r  f i e ld expe riment and with other pa sture l egume s such as  

S i ratro ( Jones , 1 9 6 7 ) , Desmod ium ( Jones , 1 9 7 3 ; Ludlow and 

Cha r l e s - Edward , 1 9 8 0 ) and Psoralea eriantha ( Gutter idge and 

Wh itema n , 1 9 7 5 ) .  Much of th i s  increase in yield was due to a 

substantial deve l opment of the stem fraction and to a l e s s e r  

extent the inflorescence a n d  leaf  components . 

The other ma in growth parameters such a s  branch number , 

l e a f  number a nd leaf  area were also a f fected by cutt ing 

intens ity and f requency . The severe and moderate removal of 

the main stem s ign i f icantly depressed or del ayed deve l opment 

o f  these parameter s and hence lead to lower dry matter 

production . These growth parameters were a l so ma rked ly 

dep r e s sed under frequent cutt ing in spite of  a greater number 

o f  growing points pre s ent . Th is resu lted in low dry matt e r  

y i e l d  a s  ref lected b y  a s t rong relationship between tota l d r y  

matter and the se ma in growth parameters ( Table 4 . 9 ) .  Further -
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more , f requent cutting may reduce yield due to the inab i l i ty 

of the legume to build up thes e  growth paramete r s  over such 

short interva l s  between cutting when compared with l onger 

cutting interva l s . 

From a practical point of view , it i s  important to gra z e  

o r  cut Verano stylo laxly when under f requent d e f o l i ation . 

I f  de fol iation i s  severe then stubble i s  reduced and regrowth 

severely impai red , espe c i a l l y  i f  the removal of the primary 

branches is a l so severe as  demons trated in Experiment 3 .  

Furthermore ,  if  the legume i s  in  a s s oc iation with a gras s ,  as  

is norma l l y  the case , then the deleter ious competi tive e f fect 

can lead to further restr iction on l egume regrowth and hence 

low y i e l d . 

The percentage of crude prote i n  in Verano stylo did not 

change markedly as a result of vary ing the cutti ng intens ity . 

Simi l a r l y  there was l i ttle e f fect on crude protein concentra­

tion f r om cutting frequently or inf requently , a l though ther e  

was some evidence o f  depr e s s ion in  the stern f raction under 

infrequent cutting . Dif fer ences in crude prote in yields wer e  

larg e l y  a ref lection of the change s i n  dry matter yield . 

With the severe ( E- 3 - 4 - 3 ) and the moderate ( E- 5 - 4 - 3 ) remova l  

of t h e  ma in stern , the crude protein y i e l d  r e s ponse wa s 

s imi l a r  but dif fered s igni f icantly from lax cutt i ng ( E- 7 - 4 - 3 ) 

of  the ma in stern ( F igure 4 . 8 ) . The ma jor contributor to th i s  

r e s ponse was the crude prote in yield ln  the stem and t o  a 

l e s s e r  extent in the leaf components . Delayed cutting to 6 

weeks greatly increased the crude protein yield o f  the stem 

and to a lesser extent the l e a f  and inf lore s cence fractions . 

There i s  l i ttle information in the l iterature on the 

e f f ect of  cutting frequency on carbohydrate r e s erve s in  

Verano stylo . Howeve r , in Stylosanthes guianen s i s , Al f e r e z 

( 1 9 7 4 ) found that under infrequent cutt ing ( 9 0 day interva l ) 

there was greater accumulat ion of tota l non- s tructural carbo-

hydrates in the roots than under 

interva l . In  addit i on , tota l root 

by f requent cutting . In  contrast , 

ni trogen and soluble carbohydrate s 

};fASSEY UN :VERSI'['l 
LIBRARY, 

a 3 0  or 6 0  day cutting 

dry we ights wer e  reduced 

Jones ( 1 9 7 4 )  found that 

in the roots o f  S i ratro 
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( Macroptil i um atropurpureum ) were reduced under infrequent 

cutting ( 1 6 weeks ) compared with frequent cutt ing ( 4  and 8 

weeks ) .  Young a nd Robinson ( 1 9 6 3 ) a l s o  found that under 

l ight de f o l i a t ion ( 2 0 %  of top growth removed every two weeks ) 

and heavy d e foli ation ( 6 0 %  of top growth removed every two 

weeks ) there wa s a large increase in the percentage of  

carbohydrates in Siratro compared with the unde foli ated 

control . I n  the present study , cutting frequency had no 

s igni f i cant e f fect on either concentrations or amounts .  

However ,  the l evel of tota l non-structural carbohydrate in  

the roots and stubble under both frequent and inf requent 

cutt ing wer e  lower than that recorded in Si ratro ( Jones , 

1 9 7 4 ) . The s pec i f i c  growth conditions such as  opt imum 

temperature for growth ( Ludlow and Wil son , 1 9 7 0 ) , and the 

unlimited water and nutrient supply , are cons idered to be 

large l y  responsible . On the other hand , cutti ng intens ity 

did a f fect c arbohydrate yie lds , ref lecting dry matter 

respon s e s , with lax de foli ation providing a s ignif icantly 

greater res idua l of reserve s in the stubble  than moderate or 

sever e  defol i ati on . 



CHAPTER 5 

EXPER IMENT 5 :  EFFECT OF WATER STRESS AT DIFFERENT 

DEFOLIATION LEVELS ON REGROWTH CHARACTERISTICS OF 

STYLOSANTHES HAMATA ( VERANO ) 

I .  INTRODUCTION 
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The performance and yield of a pasture spec i e s  i s  the 

genotypi c  expre s s ion as modulated by the conti nuous 

interactions with the envi ronment . Among the envi ronmenta l 

factor s , one o f  the most wide l y  l imi ting for pasture growth 

i s  water . With in tropica l area s , a period of drought , e i ther 

short term or long term , common ly occurs during the growing 

season . Th i s  i s  the ma j or determinant of pa s ture yield . 

Although there is an increas ing u nderstanding o f  drought 

response in many crop plants , few attempts have been made to 

mea sure the s e  responses in pasture plants , spec i f i c i a l l y  in 

tropic a l  legume s . Much e f fort has been expended in  order to 

maintain a gra s s - l egume as sociation wi thout knowi ng the water 

requi rement s and relationships . The plants ' respon s e  to thi s 

sort of ha zard should be inve st igated in order to unders tand 

the dynami c s  of the assoc i a ted plants in sown pastures . 
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II . MATERIALS AND METHODS 

A .  ENVIRONMENTAL COND ITIONS AND PLANTING PROCEDURES 

The exper iment was carried out in the Climate Control l ed 

Rooms of the Plant Phys iology Depar tment , DSIR , Palme r s ton 

North , New Z e a l and . Verano stylo wa s grown in  p l a s t i c  pots 

( 1 5 cm diameter by 40 cm deep ) f i l led with 7 kg of  " Opiki 

loam " and s a nd mixture ( 7 0 : 30  v/v ) . Appropr i ate ferti­

l i zers wer e  a l so added . Sowing procedures were s imi l a r  to 

the previous experiment . The conditions in the contro l l ed 

environment room were : 

tempe rature 

humidity 

photoperiod 

- 3 0 °/ 2 4 °C ( day/night ) ,  

- 7 0 / 9 0  RH ( day/night ) 

- 1 2  hours  

co2 leve l wa s monitored during the exper iment and i t  ranged 

from 2 9 0  - 3 5 0  ppm dur ing day conditions , and from 3 2 0  - 3 9 0  

dur ing night condit ions . 

A comp lete nutrient solut ion ( NCSU - Append ix 1 )  wa s 

applied four times dai ly unt i l  5 0 %  of the plant population 

commenced f lowering . The solut ion wa s added to each pot to 

compl etely saturate the soil . At lea st 2 0 0  ml o f  the 

solution added drained out of  the bottom of each pot over ­

night and the pot wa s weighed a t  the start o f  the l i ght 

period . This wa s recorded as the f i eld capac i ty . Pots were 

le ft unt i l  the water reached stress  1 and 2 ,  ( see be low ) whe n  

the cutting treatments were then imposed . 

s o i l  

to 

day 

and 

syringe were used to repl a c e  the water ( deioni z ed ) that wa s 

lost through transpiration . Correction for p l ant we ight wa s 

made every time plants were harve sted and water ing ad j u s ted 

to ma intain the two l eve l s  of  water stre s s  ach ieved , as s hown 

in Table s . t After 8 4  days of water stres s ,  a l l  plants then 

rece ived f ul l  watering over the recovery per iod of three weeks 

to the end of the exper iment . 

At the start of the water stres s  period , the 

surface in  the pot wa s cove red with plastic and gravel 

reduce water los s . Pot s were we ighted at random every 

be fore the beginning of the l ight per iod . Plastic  tube 



B .  TREATMENT 

The two l eve l s  o f  water s t re s s  impo sed wer e : 

S t r e s s  1 ( Mi ld Stre s s - W 1 ) :  Leaves on the ma i n  s tem become 

y e l l ow and p l a n t  s l i g h t l y  

wi l ted ( 1 1  d a y s  a f t e r  wa ter 

w i t hdrawn - P l a t e  5 . 1 ) .  

S t r e s s  2 ( Severe Str e s s - W2 ) :  Leaves on the ma i n  s tem 
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s ta r t  to f a l l o f f , l ower l eave s 

become ye l l ow and ant 

s everel y  w i l t ed ( 1 8  days  a f te r  

water wi thdraw n - P l ate 5 . 2 ) . 

A s  s ee n  i n  Tab l e  5 . 1  the two leve l s  o f  water s tr e s s 

p r o p os e d  were s a t i s factor i l y a c h i eved and ma i n t a i ned . When 

the p lant s reached S t r e s s  and 2 - 1 1  a n d  1 8  day s , 

r e s pe c t i ve l y  a f ter c e s s a t i on o f  water i ng - d e f o l i a t i on wa s 

imp o s ed a s  f o l l ows : -

1 .  C u t  the ma i n  stem above node 7 ( be tween nod e s  7 and 8 )  and 

p r ima ry branches above node 4 ( be tween node s 4 and 5 

a l ong the branch ) ( C 1 ) 

2 .  C u t  the ma i n  s tem above node 5 ( be tween node s 5 and 6 )  and 

p r imary branche s above node 4 ( between n od e s  4 and 5 

a l ong branch C 2 ) 

3 .  C u t  the main s tem node 3 ( n ode s 3 and 4 )  and 

p r imary branches above node 4 ( be tween node s 4 and 5 

a l ong the branch ) ( C 3 ) 
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P l a t e 5 . 1 : P l ant under mi l d  wa t e r  s t re s s  compa red with non ­
s tres sed pl a nt immed i a te l y  be f ore the cut t i n g  
treatment wa s impo s e d  ( No t e : P l a nt i s  s l i gh t l y  
wi l ted under mi l d  wa ter s t re s s ) . 

P l a t e  5 . 2 :  P l a nt unde r s ev e r e  w a t e r  s t r e s s  compa red w i t h  non­
s tre ssed p l ant i mme d i a te l y  be f ore the cutt i ng .  
( Note : Death a n d  s i g n i f i ca n t  wi l t i n g  o f  l eaves on 
the ma i n  s tem under s evere water stre s s ) .  
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The experiment ther e f or e  comp ri sed two l e ve l s  o f  water 

s t re s s , with three inte n s i t ie s  o f  def o l i at i on and can be 

l i s te d  as f o l l ows : -

W 1 C 1 : Cut the mai n  s tem above node 7 ( be tween nod e s  7 and 8 )  

and pr imary br a nches above node 4 ( between node s 

4 and 5 a long the branch ) a t  mi l d  s tre s s  l eve l . 

W 1 C 2 :  Cut the ma in s t em above node 5 ( be twe e n  nod e s  5 and 6 )  

and pr imary branche s above node 4 ( be twee n  node s 

4 and 5 a l ong the branch ) a t  mi l d  stre s s  l eve l . 

W 1 C 3 : Cut the ma in s t em above node 3 ( betwe e n  nod e s  3 and 4 )  

and pr imary branche s above node 4 ( be tween node s 

4 and 5 a l ong the branch ) a t  m i l d  stre s s  l eve l . 

W2C 1 : Cut the main s tem above node 7 ( be twee n  nod e s  7 and 8 )  

and pr imary branche s above node 4 ( be tween node s 

4 and 5 a long the branch ) a t  s evere stre s s  l e ve l . 

W 2 C 2 : Cut the mai n  s t em above node 5 ( be twe e n  nod e s  5 and 6 )  

and pr imary branche s above node 4 ( be twee n  node s  

4 and 5 a l ong the branch ) a t  s evere s t r e s s  l e ve l . 

W2 C 3 : Cut the ma s tem above node 3 ( be twee n  node s ·  3 and 4 )  

a nd primary branches above node 4 ( twe e n  node s  

4 and 5 a l ong the branch ) at s ever e  s t r e s s  l eve l . 

C .  MEAS UREMENTS 

C . 1 Wat e r  Status 

C . 1 . 1 . Soi l  wat e r  s tatus 

S o i l  moi s ture content was mea sured a t  the day o f  

h a rv e s ting . A s  previou s l y  s ta ted , the two leve l s  o f  water 

s t r e s s  propos e d  wer e  s at i s facto r i l y  a c h ieved and mai n t a i ne d  

( Ta b l e  5 . 1 ) .  
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C . 1 . 2 .  P l a n t  water s ta t u s  

Dur ing t h e  water s t re s s  per i od a n d  a ft e r  r e-wat e r i ng , 

l e a f  r e l at ive water content ( %RWC ) was determ i n e d  o n  d a y  0 ,  

1 4 ,  2 8 , 4 2 , 6 3 ,  7 0 , 8 4  and 1 0 5 a fter cut t i ng . On each 

o c ca s i on ,  f ive n ewly expanded l eaves wer e  taken i n  order t o  

p r o v i d e  l eaves o f  a s imi l ar phys io l og i c a l  a g e . T h e  l e a f  

samp l e s  were then weighted t o  determine f r es h  we i ght and 

f lo a ted i n  d i s t i l l ed wat e r  for three hours unt i l  they became 

f u l l y  turgid . Turg i d  we i ght was determined and d r y  we i g h t  

w a s  r ecorded a fter vacuum a i r  oven drying f o r  6 h o u r s . 

Re l a t ive water content o f  l e a f  was c a l culated a s  f o l l ow s : -

% RWC = F r e s h  we ight dry we ight x 1 0 0 

t urgid weight - dry weight 

A s  seen in Figure 5 . 1 ,  the  two l eve l s  of  water s tr e s s  

propos ed were genera l l y  a c hi eved and maintained . 

C . 2  P l an t  Mea sureme n t s  

C . 2 . 1 .  P l a n t  d ry mat t e r  y i e l d  

Measurements of dry we i ght a n d  pheno l o g i c a l  o b s e r v a t i o n s  

wer e  obtai ned f rom a t o t a l  o f  3 p l a n t s  p e r  treatme n t . P l a n t s  

were s eparated for mea sureme n t s  a s  de s c ribed i n  Exper iment 1 .  

D r y  matter y ie ld s  wer e  o b t a i ned by drying a l l  s s i n  a 

v ac u um oven for  7 2  s .  

C . 2 . 1 .  Lea f area and 
2 

Leaf  area ( cm / p l ant ) wer e  mea 

day 0 ,  4 2 , 6 3 ,  8 4  and 1 0 5 a r cutting . The a r e a  o f  

was determined i n  the s am e  man n e r  a s  reported 

exper i ment ( Expe r iment 1 ) . 

a 

on 

f 

us 

C . 2 . 3 .  Branch number ( no/plant ) 

Branch number s wer e  r ecorded on day 0 ,  

8 4 , 9 1  and 1 0 5  a f te r  cutt i ng . 

1 4 , 2 8 , 4 2 , 6 3 ,  



P l ate 5 . 5 : P l an t s  under m i l d  wa t e r  s t r e s s  ni ne weeks a f t e r  

cutt i ng . 

Pl ate 5 . 6 :  P l ants under severe wa t e r  s t r e s s  n j ne wee k s  

a f t e r  cut t j ng .  ( Note : Maj ntenance o f  f r esh 

green l eaves and s t ems under mj ld wa t e r  s t re s s  

compa red wj th gr e y - g r e e n l e a ves and redd j s h ­

purp l e  stems unde r s e v e r e  wa ter s t r e s s ) .  

1 0 6  



P l a t e  5 . 3 : A genera l v i ew of the p l a nt s  under the m i l d  wa ter 

s t r e s s  s i x  weeks a f t e r  c ut t i ng . ( Note : 

s i g n i f i cant reta i n  o f  l eaves ) 

P l a t e  5 . 4 :  A genera l v iew o f  the p l a n t s  under severe wa t e r  

s t r e s s  s i x  week s  a f t e r  cutt ing . ( Note : Large 

number of leaves s e n e s cenced and f a l l of f ) . 



P l a t e  5 . 9 :  The cutt ing t r e a tme nt s o f  p l ants under previ ous 

mi l d  water stress three weeks a f ter r e - wa t e r i ng 

( No te : S i gn i f i cant i nc r e a s e  in p l a n t  s i ze and 

i n  n umber of bra nche s a nd l eaves ) .  

( E - 6 - 4  = WlCl , E - 4 - 4  = WlC2 and E - 2 - 4  = WlC3 ) .  

P l a te 5 . 1 0 : The cutting t r e a tmen t s  o f  pl a nts under previous 

s e vere wa ter s t re s s  three weeks a f t e r  r e -wa t e r i ng 

( Note : S i gn i f i cant i n c r e a se in p l a n t  s i z e and 

i n  number of branch e s  a nd l eaves ) .  

( E - 6 - 4  = W2Cl , E- 4 - 4  = W2C2 a nd E- 2 - 4  = W2C3 ) .  
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P l a t e  5 . 7 : The cutt i ng t r e a tme nt s o f  pl ants under mi l d  wa t e r  

s t re s s  twe lve wee k s  a f ter cutting . ( Note : 

C l usters of sma l l  branches a long the prima ry 

branches ) .  ( E - 6 - 4  = W l C l , E- 4 - 4  = W l C 2  and 

E - 2 - 4  = W l C 3 ) . 

P l a t e  s . a :  The cutt i ng t r e a tments o f  plants under severe wa ter 

stre s s  twe lve weeks a f ter cutt ing . ( Note : Fewer 

c l usters of branches a l ong the primary branches 

compa red with p l a n t s  under mi ld wa ter s t re s s ,  

P l ate 5 . 7 ) . ( E - 6 - 4  = W2Cl , E - 4 - 4  = W 2 C 2  and 

E - 2 - 4  = W 2 C 3 ) .  
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C . 3  Chemical Compo s itions 

The c hemical compo s i tions ( crude prote i n  and TNC ) wer e  

determined in  the same manner as  reported i n  Exper iment 2 .  

Plant par t s  and time of  harve sting are shown in  Table 5 . 2 .  

D .  STATISTICAL ANALYS I S  

Data were analysed according to the procedure of  a 

f a c torial  des ign ( Little and H i l l s , 1 9 7 5 ) . The analys i s  was 

done by Genstat programme ( Alvey et  a l , 1 9 7 7 ) . The least  

s ig n i f i cant dif ference at the 5 %  l evel was used to ident i f y  

statis tical  dif ferences . The symbol s  used to des i gnate 

stati stical  s i gn i f ic ance were * ( P  = 0 . 0 5 ) , * *  ( P  = 0 . 0 1 ) and 

ns  ( not s igni f icant ) .  

I l l  RESULTS 

A .  PHENOLOGICAL OBSERVATI ONS 

After a relatively s low estab l i shment phas e  of 28 days , 

the plants grew rapidly and 5 0 %  of the plant popul at ion were 

f l owering by day 3 5 . 

During the drought per iod , plants under mild s t r e s s  

ma intained green l eaves and stem surface s ( Pl ate 5 . 5 ) , 

whereas  under severe s t re s s  the plant s tems deve loped a 

redd i s h  purp l e  colour ( Plate 5 . 6 ) . Al l plants in  a l l  treat­

ments  shed the ir leaves , particularly thos e  under s evere 

stre s s , and the new l eaves produced were sma l l e r , thicker and 

a darker green colour . - New branches were a l so sma l l e r  and 

had very s hort internodes and tended to display a c luster of  

branches ( Pl ate 5 . 7  and 5 . 8 ) . 

During the recovery period , plants previous l y  under both 

mi l d  and severe stre s s  displayed leaf turgor withi n  24 hour s . 

New leaves were not i ceably bigger in  s i z e  and the plants grew 

very rapi d l y  during the recovery period . New branches a l s o  

h a d  longer internodes ( Plate 5 . 9  and 5 . 1 0 ) . 
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Table 5 . 2  P l ant components analys ed . 

Weeks Chemi ca l s  P lant components 

a fter 

cutting Stubble Leaves Stem Inf lor . 

0 Protein + + + + 

TNC + + + + 

6 Protein + + + + 

TNC + + + + 

1 2  Protein + + + + 

TNC + + + + 

1 5  Protein + + + + 

TNC + + + + 

Roots 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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B .  PLANT REGROWTH 

B . 1 .  Plant Dry We ight 

The resul t s  presented i n  Table 5 . 3  show the mai n  ef f ects 

of water stres s  and cutt i ng on p l ant dry weight dur ing the 

drought and recovery periods . Under severe water stre s s  

total pl ant dry weight wa s signif icantly lower than under 

mi l d  water stress throughout the drought per iod . Al so hard 

cutting of the main s tem s ign i f i cantly depr e s sed yield 

compared with the moderate a nd light cutting ( Ta b l e  5 . 3 ) . 

The response of Verano style to cutting unde r both mi ld 

and severe water stre s s  showed s imilar trends ( F igure 5 . 2 ) . 

Under both l eve l s  of water stre s s , hard cutting general ly 

depres sed plant dry wei ght compared with lax a nd moderate 

cutt ing , thi s  e f fect being more apparent under mi ld water 

stres s .  Whi le plants under mi ld water stre s s  showed a steady 

increase  in dry weight from the commencement o f  regrowth , 

plants under s evere water s tress  showed l i tt l e  i ncrease for 

the f i r s t  42 days and then only a sma l l  increase  i n  weight to 

the end of  the drought per i od . 

Dur ing the recovery per iod ( 1 2 - 1 5  wee k s ) ,  in a l l  

cutting treatments under previou s mi ld and seve r e  stre s s , the 

growth of plants increa sed s ubstantia l ly . As a r e s u l t , at the 

end of  the recovery per iod , a l l  cutting treatments , now at 

the s ame mo is ture reg ime , showed no signi f i ca nt d i f f erences 

in total plant dry weight ( F igure 5 . 2 ) . However ,  mean tota l 

pl ant dry weight ( over a l l  cutt ings ) in the s evere water 

stre s s  treatment rema i ned sign i f icantly lower than that i n  

the mi ld water stress treatment ( Table 5 . } ) . Although the 

abs ol ute growth rates were s imilar betwee n  cutt ing 

treatments , p l ants under s evere water str e s s  were l ower in  

absolute growth rate dur ing both drought and recovery per iods  

( Tabl e 5 . 4 ) . 
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Table 5 . 3  Ma in e f f ect of water stre s s  and de f o l i ation on 

total plant dry weight dur ing drought and recovery 

per iods ( g/plant ) .  

Duri ng drought per iod Recovery 

Treatments from drought 

Days a f ter cutting 

0 4 2  6 3  8 4  2 1  days 

Water str e s s  

W 1  4 . 0 7 7 . 5 7 9 . 2 6 1 2 . 4 0 4 3 . 3 0 

W2 4 . 0 9 4 . 4 8 5 . 4 9 5 . 7 9 3 0 . 2 0 

S igni f icance ns * *  * *  * *  * *  

Defol i a t i on 

C 1  4 . 8 4 a  1 7 . 0 0 a  8 . 4 0 a 9 . 7 4 a  3 6 . 6 0 

C 2  4 .. 2 7 a  6 . 4 4b 7 . 9 5 a 9 . 8 0 a  3 9 . 6 0 

C 3  3 . 1 2b 4 . 6 3c 5 . 7 7b  7 . 7 4 b  3 4 . 2 0 

S i gni f icance * *  * *  * *  * *  n s  

I nteraction ns * *  n s  n s  ns  

(W  X C )  

1 Values in the vertical  column not f o l l owed by the same s ame 

l etter di f f e r  at  p = 0 . 0 5 
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The greater reduction in growth rate with s evere cutting 

under mi l d  water stres s  compar ed with severe water stre s s  

caused a s igni f i cant interaction between water a n d  cutting 

dur ing 0 - 4 2  days after cutting ( Table 5 . 4 ) . 

Rel a t ive growth rate ( Table 5 . 4 )  was a l s o  l ower under 

severe water str e s s  but such plants were s uperior in  relative 

growth rate during the recovery period . There wa s no e f fect 

of cutt ing on relative growth rate and no interact ion between 

water and cutting dur ing both drought and recovery per iods . 

Dur ing the drought per iod , a l l  the regrowth components ,  

of inflore s ce nce , l eaf , stem and root , were a f f ected by water 

stress ( F igure 5 . 3 ) . Under mi ld water s tre s s , the stem 

fraction inc rea s ed in dry weight throughout the drought 

per iod whereas leaf  increa s ed only s l ightly . I n  contrast , 

inflorescence dry weight dec l i ned . Unde r s evere water 

stress , the stem was the only component that i nc r e a s ed in 

we ight throughout the total drought period . 

Cutt i ng was a l so shown to have a sign i f icant e f fect on 

pl ant components ( Figure 5 . 3 ) . Hard cutting of  the mai n  stem 

s ignif icantly depressed the i n f l ores cence and particularly 

the stem fraction compared with moderate and l ight cutting . 

Leaf and root fractions were not s igni f icantly a f fe cted by 

cutting dur ing the drought per i od . 

There wa s a s igni ficant interaction between water and 

cutting due to the greater depr e s s ive eff ect of hard cutting 

under mi ld water stress on the component dry we ights of  l ea f , 

stem and i n f lorescence compared with tho s e  under severe 

moi s ture l imitation ( F igure 5 . 4 ) . For lea f , thi s  e f fect was 

only apparent dur ing the f i r s t  4 2  days , but con t i nued up to 

6 3  days for stem and up to 8 4  days for inflorescence . 

On re -watering , a l l  components of l ea f , s tem and 

i n f l orescence marked ly increased . However , the mea n  overa l l  

e f f ect o f  water stress showed that the l e a f  and stem 

f ract ions under previous mi l d  water stre s s  were s ig n i f icantly 

greater i n  dry we ight than under previous severe water stre s s  

( Figure 5 . 3 ) . 



l l Oa 

Tabl e S . 4  E f f e c t s  of water stre s s  and defol iat ion on 

a b s o l ute growth rate ( A )  and rel ative growth 

r a t e  ( B )  dur ing drought and recovery per i od 

During drought period 

Treatments 

Days after cutting 

Recovery 

from drought 

0 - 4 2  4 2  - 6 3  6 3  - 9 6  0 - 2 1  days 

A .  Absolute growth rate ( mg/day ) . 

W 1 C 1  1 0 S a 1 B O a 1 1 3 a 

W 1 C 2 

W 1 C 3 

W2C 1 

W2C2  

W2C3  

S i gni f i cance 

I ntera c t i on 

( W  X C )  

8 6 ab 

S 9 b  

- 3 c  

1 7 c 

1 3 c 

* *  

* 

8 8 a  

7 3 a  

S 3 a 

S 6 a  

3 S a 

n s  

ns  

1 S 9 a  

1 7 6 a  

1 Sb 

1 7b 

1 1  b 

* *  

n s  

B .  Re lative growth rate ( mg/mg/day ) .  

W 1 C 1  

W 1 C2 

W 1 C 3 

W2C 1 

W 2 C 2  

W 2 C 3  

S i gn i f i cance 

Interaction 

( W  X C )  

1 7 a 

1 4 a 

1 4 a 

Ob  

4 b  

4 b  

* 

ns  

4a  

Sa  

6a  

S a  

S a  

4 a  

n s  

n s  

S a  

7 a  

1 0a 

1 b  

2b 

1 b  

* 

ns  

1 4 4 3 a 

1 6 0 4 a  

1 3 7 2 a  

1 1 1 2 a 

1 2 2 9a 

1 1 4 9a  

ns  

ns  

S 7b 

6 0b 

6 1 b  

7 2 a  

7 8a 

8 6a 

* 

ns 

1 Values i n  the same vertical  column not followed by the s ame 

letter at P = O . O S 
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B . 2  Branch Number 

Dur ing the f i r s t  1 4  days after cutting , p l ants under 

mi ld and severe water stress  showed s imi l ar branch numbers . 

Therea fter , the increase in branch number was more rapid i n  

the mi ld water stre s s  treatment ( Figure 5 . 5 )  

There was no s ignifi cant difference due to cutt ing under 

severe water stres s ( Figure 5 . 5 ) . Howeve r ,  unde r mild water 

stres s , the W 1 C 1  and W 1 C 2 treatments ma intai ned s igni f icantly 

higher branch numbers than the W 1 C 3  treatment up to day 6 3 . 

The greater depr e s s ive e f fect of hard cutting on br anch 

number in the mi ld water stress treatment compared with that 

in the severe water stress  caused the sign i f i cant interaction 

recorded between water stress and cutt ing at this  stage . 

However ,  this e f fect had dis appeared by the end of the 

drought per iod on day 8 4 ,  by wh ich time the number o f  

branche s in the hard defol iation treatment ( W 1 C 3 )  had rapidl y 

increased and attained a leve l that was not s igni f icantly 

d i f ferent from the other two treatments . 

Dur ing the recovery per iod , branch i ng was stimu lated in  

a l l  cutt ing treatments under previous mi ld and s evere water 

stres s conditions ( Figure 5 . 5 ) . Howeve r ,  the  mai n  e f fect of 

the earl ier water stre s s  was sti l l  appar ent at the end of the 

recovery per iod of 2 1  days i . e .  p lants previou s l y  unde r 

severe water stre s s  were s ignif icant ly lower in branch number 

than those previous l y  unde r mi ld water stres s .  In  contra s t , 

the e f fect of previous cutting was apparent only dur ing the 

first  7 days of the recovery in the mi ld water-stres sed 

treatment as  shown by a lower branch number under the hard 

cutting compared with the moderate and l ight cutting . Thi s  

e f f ect f a i l ed to reach s ignif icance dur ing the l a s t  1 4  days 

of recovery as shown by the non-s ignif icant d i f f erence in 

branch number between cutting treatments at the f inal  har­

ves t .  I n  the severe water- stre s sed treatments there wer e  no 

s igni f i cant e f fects due to cutting i nten s i ty ( Figure 5 . 5 ) . 

In  terms of branching rates , the main e f fect of  cutting 

had no s ignif icant inf luence during the drought per i od ( Table 
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F igure 5 .  5 :  E f fect of wa t e r  stre s s  and de fol i a t i on on total 

branch number pe r pl ant dur ing drought and r ecovery 

per i od 
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In contras t ,  the main e f f e c t  of water stress  wa s most  

evident . P l ants under severe water stres s  had a s igni f i ­

cant ly lower branching rate than those under m i l d  water 

stre s s  throughout the entire drought period . However ,  in the 

mi ld water stre s s  treatment , a l l  cutt ing treatments produced 

new branche s with the plants under hard cutti ng ( W 1 C 3 ) 

branching at r e l ative ly low rat e s  for the f i r s t  4 weeks . 

Dur i ng the f o l l owing two weeks the rate of  branching 

increased rapidly and then ma inta ined this relative ly high 

and similar rate to the end of the drought per iod ( Table 

5 . 5 ) . In the severe water s t r e s s  treatments , cutt ing 

intensity had li ttle e f f ect on branching rate . 

On re -water ing , the branching rate wa s increased 

substantial ly . P lants previously under severe water s tress 

branched at relative ly low rates for the first 7 days ( Table 

5 . 5 )  but therea fter , increased rapidly to reach a s im i l ar 

rate to plants previously under mi l d  water stre s s . Cutting 

intensity a l s o  had an e f fect dur ing the ear l y  s tage of 

recovery ( 0  - 7 days ) but disappeared dur ing the last 1 4  days 

of recovery . Once again , in the previous mi ld water stress  

treatment , the pl ant under previ ous severe cutt ing branched 

at relative ly low rates for the f i r s t  7 days , but the r e a f ter 

increased rapidly ( Table 5 . 5 ) .  I n  the previous seve r e  water 

stre s s  treatments , previous cutti ng - intens ity had no e f fect 

on branching rate s , but the branching rate in  the se 

trea tments was s t i l l  s igni f i cantly depres sed by the previous 

drought for the f i rst 7 days . Howeve r by day 2 1  a l l  

treatments increa sed the ir rate of  branching t o  a s im i l ar 

leve l . 
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Tabl e  5 . 5  Ma in e f f ects of water str e s s  and de foliation on 

r a te of branching duri ng drought and recovery 

per iod ( no/plant/day ) .  

Dur ing drought per i od Recovery f rom 

Treatments drough:t 

Days after de f o l i a t i on ( days ) 

0 - 1 4  1 4 - 2 8  2 8 - 4 2  4 2 - 6 3  6 3 - 8 4  0 - 7  7 - 2 1 

Wa ter stre s s  

W 1  0 .  1 5 1 . 0 0  3 . 7 1 2 . 7 8 4 . 5 3 2 6 . 0 0 2 1 . 6 0 

W 2  - 0 . 0 8 0 . 4 0 0 .  7 1  1 .  5 9  1 .  7 9  8 . 6 0 2 2 . 1 0 

S i g . n s  * *  * *  * * *  * *  n s  

De f o l i at i on 

C 1  0 .  1 9 0 . 8 0 2 . 0 0 2 . 2 8 2 . 6 0 2 3 . 3 0a 1 2 0 . 4 0 

C 2  - 0 . 0 4 0 . 8 1  2 . 7 0 2 . 2 3 2 . 7 9  1 8 . 6 0a 2 4 . 0 0 

C 3  - 0 . 0 5 0 . 4 6 1 .  9 6  1 .  9 4  4 .  1 0 1 0 . 1 0b 2 1 . 3 0 

S i g . n s  n s  ns  n s  n s  * *  n s  

I nteract ion ( W  X C )  

W 1 C 1  0 . 3 8 1 .  2 6  3 . 7 4 3 . 0 6 3 . 0 0  3 4 . 7 0 1 8 . 3 0 

W 1 C 2 - 0 . 0 7 1 .  3 3  4 . 1 0  2 . 8 9 4 .  1 7  2 9 . 1 0  2 4 . 6 0 

W 1 C 3 0 . 1 4  0 . 4 0 3 . 3 1 2 . 3 8 6 . 4 3  1 4 . 3 0 2 2 . 0 0 

W 2 C 1 0 . 0 0 0 . 3 1  0 . 2 6 1 . 4 9  2 . 2 1 1 2 . 0 0 2 2 . 4 0 

W 2 C 2  0 . 0 0 0 . 2 9 1 .  2 6  1 .  7 8  1 .  4 0  8 . 0 0 2 3 . 3 0 

W 2 C 3  - 0 . 2 4 0 . 5 2 0 . 6 2 1 . 4 9  1 .  7 6  5 . 9 0 2 0 . 7 0 

S i g . n s  n s  ns  n s  ns  ns  n s  

1 Val u e s  in  the  s ame vertical  column not f o l l owed by the s ame 

letter di f f er  a t  P = 0 . 0 5 .  
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B . 3  Leaf Are a  and Number 

The effects of water stress  and cutting on l e a f  area per 

plant ( cm2 ) are presented in  Figure 5 . 6 .  It c learly shows 

that cutting had less e f fect on leaf  area than water stre s s . 

Severe moi s ture limitation restricted the leaf  area deve lop­

ment compared with mi ld water stre s s  throughout the drought 

per iod . 

P l ants in all  cutt ing treatment s under both mild and 

sever e  water stress  showed a dec rease in leaf area during the 

first  4 2  days of drought ( F igure 5 . 6A ) , with a substant i a l  

decrease  under light and moderate defol iation a t  both stress  

leve l s .  Over the subsequent 4 2  days of drought , l e a f  area  i n  

all  cutting treatment s under severe water stre s s  continued to 

ma intain a relative ly low l eve l to the end of the drought 

per iod ( day 8 4 ) and showed no s igni f i cant d i f ference betwee n  

cutt ing intens ities . In contrast the leaf area o f  plants i n  

all  cutt ing treatments under mi ld water s tres s ,  showed a 

sma l l  but steady increase over thi s  later period , with hard 

cutt i ng result ing in a s ignificantly higher lea f area than 

light and moderate cutt ing by the end of the drought ( day 

8 4 ) . The greater increase in  leaf  area through hard cutting 

under mi ld water stress conditions compared with that under 

severe water stress condi t ions ( F igure 5 .  6A ) · caused a 

s igni f i cant interaction between water stress  and cutting . 

Dur i ng the recovery per iod ( 2 1  days ) ,  a l l  plants wer e  

grea t l y  stimul ated by the appl ication of  adequate water 

( F igure 5 . 6 A ) . As a resu l t , by the end of the recovery 

per iod , all pl ants produced a l arge area of  lea f . However , 

. the ma in e f fect of water and cutt ing were s t i l l  apparent 

during this recovery per iod . Plants previous l y  under mi l d  

water s t r e s s  produced s ign i f icantly greater l e a f  area than 

those previou s l y  under severe water stress . Previous l ight 

( W 1 C 1 ) and moderate ( W 1 C2 ) d e f o l i at ion produced greater l e a f  

area than hard defo liation ( W 1 C3 ) i n  tho s e  treatments 

previous l y  under mild wate r  stre s s . However ,  p lants under 

previous seve re water stre s s  continued to show no s igni f i cant 

ef fect of previous cutt ing i nten s i ty on lea f area production . 
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Hence the greater depress ive ef fect o f  previous hard cutting 

on leaf area in the previous mi ld water stre s s  treatment 

compared with that in the severe water stres s  again caused a 

signif icant interaction between water stre s s  and cutting . 

Leaf numbe r  per plant did not fol low the l e a f  area 

pattern . The mai n  ef fect of water was evident throughout the 

experimental period ( Figure 5 . 6  ) with pl ants in the mi ld 

water stress treatment showing greatly increased leaf number , 

an e f fect which occurred within 2 0  days of  de f o l i ation and 

continued throughout the experimental period . In contra st , 

plants under severe water stress showed little e f f ect on l e a f  

numbe r  for the f i r s t  4 2  days , b u t  therea fter , increa sed 

steadi ly unt i l  the end of the drought per iod . 

There was no s igni f icant di f f e rence due to cutting under 

both mi ld and severe water stre s s  throughout the drought 

per iod ( except immediately a f ter de fol iation ) ( Fi gure 5 . 6  ) .  

On re-watering , leaf number i n  both the previou s l y  mild 

and s evere water stre s s  treatments ( Figure 5 . 6  ) was greatly 

stimul ated , with the previous mi ld water stres sed p l ants 

attai ning higher leaf number than the previous s evere l y  water 

str e s s ed plants . However , the more notable response wa s the 

much greater increase in leaf number recorded in the l atter 

treatment dur ing the recovery per iod . 

The e f f ect of previous cutting was also apparent dur ing 

thi s  per iod , with previous light ( W 1 C 1 ) and moderate ( W 1 C 2 ) 

de fol i ation produc ing s igni f icant ly more leaves than hard 

de f o l i ation under previous mild water stre s s  ( Figure 5 . 6  ) . 

In the severe wa ter stres sed . treatments ther e  were no 

sig n i f icant ef fects due to cutting intens ity ( Figure 5 . 6  ) .  

Leaf appearance rate was lower under severe water s t r e s s  

compared wi th mi ld water stress  through t o  the end o f  the 

drought but both treatments showed a s imilar , s te ady increase 

over thi s per i od ( Table 5 . 6 ) .  By compar i son , cutting 

intens i ty had no s igni fi cant e f f ec t  on lea f appea r ance rate 

at ei ther water stress  leve l . 
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Table 5 . 6  E f f ect of  water stre s s  and de foliation on l ea f  
appearance rate ( no/plant/day ) 

Dur ing drought per i od 
Treatment s 

Days after defo l i ation 

Recovery 
from drought 

0 - 4 2  4 2  - 6 3  6 3  - 8 4  0 - 2 1 days Mai n  e f fect 

W 1 C 1  
W 1 C 2 
W 1 C 3 

W2 C 1  
W2C2 
W2C3  

1 2 . 1 1 a 
2 . 5 1 a  
2 . 6 8 a  

- 1  . 3 5 b  
0 . 1 0 b 
0 .  1 1  b 

I ntera,ction * 
( W  X C )  

8 . 7 1  
8 . 0 6 
7 .  1 3  

2 . 8 7 
2 . 8 7 
2 . 3 0 

ns 

1 3 . 4 4 
1 3 . 2 2 
1 4 . 3 8 

6 . 4 4 
5 . 7 6 
6 . 0 6 

ns  

4 8 . 1 0 ab 
5 1 . 3 0 a  
2 8 . 3 0d 

4 0 . 1 0bc 
3 9 . 3 0 bc 
3 1 . 2 0 cd 

* *  

4 2 . 6 0 

3 6 . 9 0 

ns 

Values in  the same vertical  col umn not having the s ame 
l etter di f f e r  at P = 0 . 0 5 

Table 5 . 7  E f f2ct of  water stre s s  and defoliat ion on l e a f  s i z e  
( cm /leaf ) 

Dur ing drought per iod Recovery 
Treatments from drought 

Day s after de foli ation 
0 4 2  6 3  8 4  2 1  days 

W 1 C 1  2 . 2 8a 1 0 . 8 0 b  0 . 4 0 a 0 . 2 7 b  1 .  7 3  
W 1 C2 2 . 2 3 a  0 . 6 5 c 0 . 3 5 a  0 . 2 8b 1 .  8 6  
W 1 C 3 1 .  8 5b 0 . 6 1 c  0 . 4 1 a  0 . 3 4 a  1 .  7 6  

W2 C 1  1 • 4 1  c 1 . 0 8 a  0 . 6 8 a 0 . 2 0 c  1 .  4 8  
W2C2 1 .  5 0 c  0 . 7 7 b 0 . 3 9 a  0 . 2 1 c  1 .  8 7  
W 2 C 3  1 . 4 2 c 1 . 0 1  a 0 . 3 3a 0 . 2 1 c  2 . 0 2 

I nteraction * *  * *  * * n s  
( W  X C )  

1 Va lues i n  the same vertical  column not having the s ame 
l etter d i f f e r  at P = 0 . 0 5 
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On re-watering , l e a f  appearance rates were greatly 

increased i n  all treatments but fai l ed to show any s igni f i ­

cant mai n  e f fect due t o  previous water stre s s . However , hard 

cutting under both mi ld and s evere water s tre s s  depr es s ed 

leaf appearance rate compared with the moder a t e  and 

de f o l i at ion , thi s  e f fect reaching s igni f i cance under 

water stres s . 

lax  

mild 

The s i ze o f  the i ndividua l leaves in the var ious 

treatments var ied greatly and somewhat errati ca l l y  through 

the exper imental per iod but became increas i ngly sma l l e r  wi th 

time . However on rewate r i ng there was a marked increase  to a 

simi lar s i z e  in a l l  treatments ( Table 5 . 7 ) . 

Spec i f i c  leaf  area was a l s o  a f f ected by drought on mo s t  

occas ions ( Table 5 . 8 ) .  Both mild and severe water stressed 

plants reduced the ir s pec i f i c  l eaf area wi th time , resul ting 

from an increase in  their  thi cknes s as  the stre s s  progr e s sed . 

Dur ing the recovery per iod the re was a substant i a l  increase 

but the p l ants previou s l y  under severe water s t r e s s  had a 

greater spe c i f i c  leaf area than those previous l y  under mi ld 

water stre s s . 

The intens ity of  cutting had a sign i f icant e f fe c t  on 

spec i f i c leaf area by the end o f  the drought and during the 

recovery per iod ( Table 5 . 8 ) .  By day 8 4  hard cutt i ng ( C 3 ) had 

signi f i cantl y increased spec i f ic leaf area compared wi th 

light cutting ( C 1 ) but during the recovery per iod those 

plants previously under l ight cutt ing showed a s ubstanti a l  

and greater increase in spec i f i c  l e a f  area than tho s e  p l ants 

previou s l y  cut hard . 

There was a l s o  a .  s igni f i cant interaction i n  terms of  

spec i f i c l e a f  area between water str e s s  and cut t i ng due to a 

greater decrease in  such parameters under hard cutting i n  the 

severe water stres s  condit ions compared with that under mi ld 

water stres s conditions on day 6 3 .  Dur ing the recovery 

per iod , previous hard cutting under previous mi ld water 

stre s s  s igni f icantly depre s s ed spec i f ic leaf area whi l e  th i s  

e f fect w a s  not observed i n  the severe water stre s s  

resulting i n  a s ignif i cant i nteraction between water s tress  

and cutt i ng by the  end of  the  recovery per iod . 
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Table 5 . 8  Mai n  e f f ect of  water stress  and defol iat i on on 

s pe c i f i c  l e a f  area ( cm2/g ) 

During drought per i od Recovery f rom 

Treatments drought 

Days after  cutting 

0 4 2  6 3  8 4  2 1  day s 

Wa ter str e s s  

W 1  1 6 1 9 3  7 3  5 6  1 8 9 

W 2  1 0 9 1 0 4 7 9  4 8  2 1 8  

S i g . * *  * *  ns * *  * *  

De f o l i at i on 

C 1  1 3 2 9 6  8 2  4 9  2 2 3  

C 2  1 3 3 9 5  7 0  5 2  2 0 5  

C 3  1 3 9 1 0 3 7 5  5 6  1 8 3 

S i g . n s  ns ns * * 

I nteract ion ( W  X C )  

W 1 C 1  1 5 7 9 4  7 1 bc 1 5 1  1 9 2bc 

W 1 C 2 1 6 1 9 0  6 6 c  5 4  2 1 0b 

W 1 C 3 1 6 5 9 3  8 0 ba 6 2  1 6 5 c  

W2C 1 1 0 8 9 9  9 3 a 4 6  2 5 3 a 

W2C2  1 0 4 9 9  7 4bc 4 9  1 9 9 b  

W 2 C 3  1 1 4 1 1  3 6 9bc 5 0  2 0 1 b  

S i g . n s  ns * ns * 

1 Values in the ver t i c a l  column not fol lowed b y  the s ame s ame 

l etter d i f f e r  at  P = 0 . 0 5 
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C .  CHEMICAL COMPOS I TION 

C . 1 Crude Prote in 

As shown in Tabl e  5 . 9 ,  dur i ng the drought p e ri od there 

wer e  sign i f icant e f fects f rom water stress and cutting on the 

crude prote in concentrat ion for a l l  of  the regrowth 

components ,  with roots ( i nc luding tap and f ibrous roots ) 

havi ng the highe s t  concentration and stubble the lowe s t . 

Dif ferences were generally sma l l  between water s t r e s s  leve l s  

and cutting treatment s ,  but there was a tendency for the 

above ground parts ( l eaf , stem and inf lore s cenc e ) to have 

higher prote in concentrations under severe water stress  and 

hard defol iation . The ef fects of  water s t r e s s  and 

defol iat ion leve l s  on the prote in concentrat i ons  in  the 

stubble and roots were even more var iable and showed no c l ea r  

or cons i stent responses . 

Dur i ng the recover y  per iod , a l l  pl ant components except 

the stubble and root , increased in crude prote i n  concentra­

tions , particular ly in the leaf and inf lorescen c e . Howeve r ,  

the main ef fect of  previous water stress  leve l s  on prote in 

concentrat ion wa s sti l l  apparent but only in  the  s tubb l e , 

leaf  and f ibrous root . The concentration of  crude prote i n  in  

the stubbl e  and leaf  of previously mi ld water stres s ed pl ants 

was si gni f icantly lowe r than that of  previously s evere water 

stres sed plants . Thi s  contras ted with the c r ude prote i n  

concentrat ion i n  the fibrous root which was h igher under 

previous mi ld than seve re water stres s .  

An ef fect o f  previous cutt ing on crude prot e i n  

concentrat ion during t h e  recovery per iod w a s  a l s o  recorded in  

the stubble , stem and fibrous root f ractions . L a x  cutting 

tended to result in  a l ower concentration in  the stubb l e  and 

s tem but a higher conc entration in the f ibrous root fract i on . 

c rude 

only 

The r e  was a l s o  a signif icant interaction in terms 

protein concentration between water and cutting 

dur ing the f i r s t  ha l f  of the drought per iod . 

of  

but 

This  

interactive e f fect was  recorded only in the s tubble ,  lea f and 
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Table 5 . 9  Main ef f ects o f  water atreaa and defol1ation on 
crude protein concentrat i on in the lea f , atea, 
inflorescence , atubble and tap and f ibroua root 
coeponenta ' ' of dry .. tter ) .  

Durin9 drou9ht per iod Recovery 
Trea�nta froe drou9ht 

Day a after cuttin9 
0 4 2  6 3  . .  2 1  day a 

-- - - - -

A . Stubble 
W 1 1 6 . 1 4  8 . 7 6 1 2 . 4 4 6 . 5 1 
W2 1 6 . 3 8 1 . 7 6 1 0 . 7 7 1 . 2 7  

S•CJn i f i cance na . .  . .  
C l  1 6 .  22a 

1 
1 . 7 5  1 1 . 70 6 . 5 4 b  

C 2  1 4 .  l 5b 9 . 0 9 1 2 . 1 6 1 . 1 8a 
C l  1 5 . 2 1 ab 1 . 4 5  -: 1 0 . 9 5 7 . Uab 

S l CJ n i f i cance na •• 

Interaction ( WaC J n& na na 
- - --------

a . Lea f  ---.. 1 1 6 . 7 1 1 5 . 70 2 5 . 8 8 
W2 1 7 . 8 1  1 8 . 37 2 8 . 08 

Si9ni f icance • •  • •  . .  
C l  1 6 . l 7b 1 7 . 0 1  2 6 . 7 4 
C2 1 7  . 4 9a 1 6 . 5 1 2 6 . 9 9 
C l  1 7 . 4 3a 1 7 . 59 2 1 . 2 2 

Signi f icance • •  na na 

Interaction ( W..C l - • •  ns ns 

C . Stem 
---.., 1  1 2 . 8 1 1 2 . 00 1 6 . 2 2 

W2 1 4 . 9 8 1 l . 1 1  1 6 . 2 7 

Signi f i cance ns 

Cl 1 1 . 90 1 1 . 00 1 4 .  8 4 c  
C2 1 1 . 7 5  1 2 . 1 7 1 6 . 5 lb 
C l  1 4 . 0 5 1 2 . 50 1 7 . l8a 

S i gn i f i cance na na . .  
Interaction ( WaC ) - na na ns 

D . l n f loreacence 
W 1  1 7 . 1 2 1 5 . 76 2 2 . 7 8 
W2 1 9 . 4 9  1 5 . 3 7 2 2 . 98 

Signif icance • •  na na 

C l  1 7 . 5 2b 1 l . 8 1 c  22 . 5 9 
C2 1 1 . 4 5 a  1 5 . 98b 2 2 . 8 5 
C l  1 9 . 2 5a 1 6 . 9 1 a  2 1 . 1 5  

Signi f icance •• •• na 

Interaction ( WaC ) - na na na 

ll . Roota 
---z:T."Ta(:! root 

W 1  9 . 76 1 5 . 7 0 1 9 . 1 8  1 3 . 7 2  
W 2  1 0 . 04 1 3 . 3 8 1 8 . 58 1 1 . 6 0 

Signi f i cance na • •  na na 

C l  1 0 . 2 7 1 4 . 5 1 1 8 . 7 1  1 1 . 56 
C2 1 0 . 1 6  1 5 . 2 8 1 9 . 00 1 1 . 9 4 
Cl 9 . 28 1 3 . 80 1 8 . 90 1 3 . 5 1 

Significance ns na na 118 

Interaction ( WaC ) na na n• n• 

B .�. Pibroua root a 
W 1  13. 1 5  1 9 . 3 7 1 9 . 0 1  1 7 . 3 7 
W2 1 1 . 5 6  1 7 . 36 20 . 1 9 1 5 . 78 

Signi f i cance na •• na • •  

C l  1 2 . 9 1 1 1 . 3Gb 1 9 . 9 1  1 1 . 2 6• 

C2 1 3 . 8 3  1 9 . 77 a  1 1 . 17 1 6 . 35b 

C l  1 3 . 26 1 7 . 03c 20 . 03 1 5 . 1 1 c 
- - -- -----

Sign i f i canc<- nli . .  na • •  

Interaction ( WxC )  n• • •  na na 

Valuea in the aa.e vertical coluan not followed by the aa.e 
l etter d i f fer at P • 0 . 0 5 
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f ibrous root fractions ( Figure 5 . 7 ) . I n  the s tubb l e  and 

e s p e c i a lly the fibrous roots , thi s  was due to the greater 

depr e s s ive e f fect of hard cutt ing under mi ld water stress  

compared with that under sever e  water l imitat i o n . I n  the 

l e a f , lax cutting decreased protein concentration under mi ld 

wat e r  stre s s  but not under severe water l imitat i on . 

When converted to a protein yield ba s i s , the d i f f erences 

between treatments were highly s ignif i cant a nd f o l lowed the 

plant dry weight trends ( Table 5 . 1 0 )  i . e .  prote i n  yields were 

depr e s s ed more by severe water- stre s s  and inte n s e  cutting . 

Re-watering i ncreased prote in yield cons ide r a b l y  in  a l l  

treatments , with the e f f ect of  previous severe water stre s s  

s ti l l  being apparent , but with no carry-over e f f e c t  from the 

previ ous cutting treatment s . 

The crude protein yields of  the pl ant components were 

a l s o  depre s s ed by water stress ( Figure 5 . 8 ) . Dur ing the dry 

per iod , stem plus root f ractions repre sented a s ignif i cant 

amount of crude protein for a l l  treatments .  However , by the 

end of  the recovery period s , l e a f  and inflorescence showed a 

remarkable i ncrease in crude protein particul a r l y  of thos e  

plants previously under mi ld water stre s s , whi l e  the previous 

cutt i ng treatments f a i led to have any s igni f ic a n t  i n f l uence 

on crude protein yields dur ing th i s  recovery p e r iod . 

There wa s a s igni f icant interaction in terms of total 

crude protein  yield ( l eaf  + s tem + inf lore s cence + stubbl e ) 

between water stress  and cutting intens i ty dur ing the drought 

per iod at day 4 2  but not dur ing the recovery p e r i od ( F igure 

5 . 8 ) . Thi s  was due to the greater ef fect of  h a r d  cutting 

unde r  mild water stres s  compared with that unde r s evere water 

stre s s  and was as soci ated ma inly with the s tem fraction 

( F i gure 5 . 8 ) . 
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( % o f  dry ma tter ) .  Note : 1 = W 1 C 1 , 2 = W 1 C 2 , 

3 = W 1 C 3 ,  4 = W2C 1 , 5 = W2C2 and 6 = W2C 3 . 
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Table 5 . 1 0 Main e f f e cts  of  water stre s s  and def o l i a t i on on 

total  crude prote i n  y i e l d  ( l eaves + s tern + stubble + 

i n f lorescence ) during drought and recovery per i od 

( rng/pl ant ) . 

Treatments 

Wat e r  stre s s  

W 1  

W 2  

S i gn i f i cance 

De f o l i ation 

C 1  

C 2  

C 3  

S i gn i f i cance 

I nteraction 

( W  X C )  

Dur ing drought per iod 

4 2  days a fter 8 4  days a f ter 

cutting 

9 5 5  

5 7 2  

* *  

8 4 2 a 1 

8 3 0 a  

6 1 8b 

* *  

* 

cutting 

1 6 8 4  

7 5 9  

* *  

1 2 7 0a 

1 3 2 7 a  

1 0 6 8b 

* *  

n s  

Rec overy from 

drought 

2 1  days 

8 3 1 8  

6 0 4 7  

* *  

6 6 5 6  

7 8 5 9  

7 0 3 2  

ns 

n s  

1 Val u e s  i n  t h e  same ver t i c a l  c o l umn n o t  followed b y  the 

s ame letter di f f e r  at P = 0 . 0 5 
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C . 2  Non-structural Carbohydrate Concentration and Yield 

Both the sugar and starch , and hence the TNC concentra­

tions of the plant component s marked l y  increased dur ing the 

drought per iod . However , there was no sign i f i cant e f f ec t  of 

leve l of water stress on the sugar and starch concentrat ion 

of the stem and stubble ( except immediate ly after cutt ing ) 

throughout the entire drought per iod ( Figure 5 . 9 ) .  This  

contrasted with the sugar and starch concentrations i n  the 

inf lore scence where severe water stre s s  s ign i f i cantly 

depres sed sugar and starch concentration relative to  mi ld 

water stress  by the end of the drought period . In the leaf , 

thi s  e f fect was recorded only in the s tarch fract ion . 

The main ef fects of  cutt i ng intensity on 

starch of the pl ant components wer e  obse rved 

drought period but were only appar e n t  in the 

s ugar 

during 

s tubbl e  

and 

the 

and 

inf lores cence fractions ( F igure 5 . 9 ) . Severe and moderate 

de f o l i ation ( C 2 and C3 ) depres sed s ugar concentrat ions i n  the 

stubb l e  s igni f i cantly compared with l ight defol i a t ion ( C 1 ) 

and conti nued through to the end of  the drought ( day 8 4 ) .  At 

thi s stage ( day 8 4 ) the starch f r a c t ion in the s tubb l e  was 

also depres sed viz . the more sever e  the cutting intens i ty the 

lower the starch concentration . In the inf lores cence , both 

starch and sugar , - and hence TNC were also depres sed by the 

severe and moderate cutting ( C 1 and C 2 ) .  

During the recovery period , a l l  regrowth components 

showed a con s iderable decrease i n  both s ugar and s ta rch . 

The re was no ef fect of previous wate r  stress on s ugar and 

starch in a l l  pl ant component s ,  except the s tubbl e  where 

sugar concentration showed a greater increase in previous ly 

severely stres sed plants compared with mi l d l y  s tr e s sed 

plants . Cutting intensity had no e f f ect on s ugar and s tarch 

in a l l  plant components ( Figure 5 . 9 ) ,  except the s tubble 

whe re starch concentrat ion was depre s sed by the seve r e  and 

moderate cutting under previous l y  severe water stress  

( Appendix 6 )  



o/o 

1 1 8a 
A :  WATER STRESS 20�--�==========�--------�----------------� 

* I'll * ns na na na na ** I'll * *  

0 
10 

5 
0 

20 

1 0  

SUGAR STARCH TNC SUGAR STARCH TNC SUGAR TNC SUGAR STAR<>i 1NC 

ns ns ns ns * *  •• I'll I'll na 
B: LEAF 

n a  na na na na I'll na na ns 

C: ST E M  

ns ns ns * *  * *  * *  na na ns 

D : INFLORESENC 

1 ... DROU G H T  P E RIOD 

A: S T U B BLE 
B:CUTT/NG INTENSITY 

L S D  ::11: I na ns - na % 
s x  

na na na na na ns na na 

B: L E AF 

% 
na na na nt na ns 

C :  ST�M 

D: INFLORESCENC 
1 0 

ns n s  nt 

na ril na na 

5 
oL-----�----�--���----L---����--���2�1�L-� 

DAYS DAYS AFT E R  
R ECO V E RY 

F .  5 9 u a ; n e f f ect of wa ter str e s s  ( A )  and de foliation on �gure • : l"'l .... 

c a r bohydrates concentrat ions i n  the pl ant 

c omponents ( %  o f  dry mat ter ) 



1 1 9 

I n  terms of the carbohydrate concentration in  the root 

fraction , sugar was found i n  both the tap and f ibrous roots 

but was not signif icantly af f ected by cutting or water stress  

throughout the entire drought period . Neverthe l e s s  the sugar 

concentration was much higher in  the tap root than in  the 

fibrous roots during the f irst  ha l f  of the drought ( Figure 

5 . 1 0 ) . Thereafter , both tap and fibrou� roots had simi l a r  

sugar l evel s . I n  contra s t , starch was predominant in the tap 

root but neg l igible in  the f i brous roots . Thus , the 

di f f erence between treatments in  TNC l eve ls  was due mainly to 

the s tarch fraction . There wa s no e f fect of cutt ing on TNC 

concentration in the f ibrous roots . In contra s t , s evere 

cutting depre s s ed TNC , and particularly starch , in the tap 

root s igni f i cantly . The ef fect of water stres s  wa s a l s o  

apparent throughout the ent ire drought period but only i n  the 

tap root where severe moi sture l imitation increased TNC 

conc entrat ion signi f i cantly over mi ld water stres s .  However , 

on re-water ing , TNC leve l s  decreased s igni f i cantl y , 

par ticu lar ly the starch fraction , and were negl igible in the 

tap and f ibrous roots . Sugar wa s a l s o  negl igible in the 

f ibrous roots and at only low l eve l s  in the tap root . 

When converted to TNC yields , the d i f f erences between 

treatments dur ing the drought per iod were highly s igni f icant 

and followed the p l ant weight responses presented earl ier , 

i . e .  TNC yields  were lower under severe than unde r mi ld water 

s t r e s s  and were increas ingly depre s s ed wi th increas ing l eve l s  

o f  cutting ( F igure 5 . 1 1 ) .  These responses  were s imi l ar i n  

both the sugar and starch fract ions ( Figure 5 . 1 2  and 5 . 1 3 ) . 

Also in terms of  the plant components both the sugar and 

s�arch , and hence the total TNC yields of  a l l  plant 

components , were s imi larly depre s sed by water stress . I n  

contrast , the mai n  e f f ect of  cutting on TNC yields  in  the 

l eave s and inc lud ing both sugar and starch fraction were not 

a f fected . However , TNC yields in the stem and includ i ng both 

s ugar and s tarch were increa s i ngly depre s s ed with increa s i ng 

l eve l s  of  cutting intens i ty . The main ef fect of  cutting 

intens ity on TNC , sugar and s tarch yields in  the 

i n f lor��cence was evident only during the f i r s t  4 2  days of 
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regrowth . Thi s  e f fect was dependent on the s ever i t y  o f  

cutt i ng , i . e .  the more s evere the cutting the lower the TNC , 

sugar and starch yields in the inf lorescence . 

The greater e f fect of hard cutting on total  starch and 

TNC yield of the s tem and inf lorescence component s under mild 

water stress  compared with that under severe water s t r e s s  

caused a sign i f i cant interaction between water a n d  cutting 

but only on day 4 2 . Thi s  effect had di sappeared by the end 

of the drought ( day 8 4 ) by which time the total s tarch and 

TNC yield under both mi ld and severe water s t r e s s  were 

s imi larly depre s s ed by  hard cutting relative to the  moderate 

and lax cutting ( Figure 5 . 1 1  and 5 . 1 3 ) .  This interaction wa s 

not apparent in terms of  sugar yields . 

During the recovery period , a l though the concentrations 

of TNC were low , there wa s a substantial increa s e  in sugar 

yields in all treatments ( F igure 5 . 1 2 ) .  Thi s  wa s greater in 

thos e  plants previous ly under mild water stre s s  ( W 1 ) than 

under severe water stress ( W2 ) , and particularly in the leaf  

and inflores cence components . By contrast , starch y i elds 

dec l ined appreciably ove r thi s period and continued to s how 

the depress ing ef fect of  cutt i ng but only und e r  previous 

severe water stress  ( Figure 5 . 1 3 ) . 

In  terms of  the yields of TNC , sugar and s tarch in the 

root fraction of the various treatments they were r e l a tively 

low in the first hal f  of the drought period but increa sed 

noticeably by the end of the per iod ( Figure 5 . 1 4 ) . By thi s 

time yields of both sugar and starch were genera l l y  higher 

under mild water str e s s  than under severe water s t r e s s  and in 

terms of starch sign i f icantly depr e s sed under hard cutt ing . 

Dur ing the recovery per iod , TNC leve l s  dropped 

appreciably with the complete abs ence of starch , only hal f  

the previous quantity of sugar and with no dif ference between 

previous treatments ( Figure 5 . 1 4 ) . 
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D .  RELAT IONSHIP BETWEEN TOTAL PLANT DRY WE IGHT AND THE MAIN 

GROWTH PARAMETERS ( BRANCH NUMBER , LEAF NUMBER AND 

LEAF AREA 

1 2 1 

High l y  s igni f i cant and pos it ive correlations were found 

between plant dry we ight and the main growth parameters 

( branch number , leaf number and leaf  area ) for a l l  harves t s  

( Tabl e  5 . 1 1 )  sugge sting that thes e  parameters are important 

for determining yield , as  found in the non-water stre s s  

exper iments ( Experiments 2 ,  3 and 4 ) . 

IV D I SCUSS ION 

Soi l moi s ture is the most  frequent and ma j or l imitation 

to p l ant growth ( Whiteman , 1 9 8 0 ) and can reduce dry matter 

accumu l ation and the expans ion of  plant parts s igni f i cantly 

( Wa ikaku l , 1 9 8 3 ) . However ,  the severity of  thi s  e f fect is 

dependent upon the degree o f  thi s  l imitation as shown in the 

pres ent exper iment . Severe soil moi s ture l imi tation resul ted 

in a cons iderable reduction i n  pl ant s i z e  and plant dry 

weight compared with mi ld water stres s  ( Table 5 . 3 ) . Th is wa s 

a l s o  r e f lected in the lower absol ute and r e l a t ive growth rate 

recorded ( Table 5 . 4 ) . As a resul t ,  the accumu l a tion of total 

plant dry we ight showed little increa se under severe water 

stre s s  throughout the drought per iod . The e f fects of water 

stre s s  on plant dry we ight were experes sed mainly through the 

stem fraction and to a l e s ser  extent the leaf and 

inf lore scence components ( Figure 5 . 3 ) . 

The s ame response wa s r e f lected in the number o f  

branche s  ( Fi gure 5 . 5 ) , number of  leaves and l e a f  area ( Figure 

5 . 6 )  and the highly s ignif icant and pos i t ive correlation s  

between the s e  parameters and plant dry we ight ( Table 5 . 1 1 ) .  

Thus , it i s  not surpr i s i ng that the poorer response of the s e  

parameter s recorded under s evere water s t r e s s  resul ted i n  

lower dry matter y i e l d  compared with tho s e  plants under mi l d  

mo i s ture l imitat ion . 
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Table  5 . 1 1  Linear corre l at i on coe f f i c i ents between plant dry 

weight ( DM )  and ma in growth parameters ( branch 

number ( B ) , l e a f  number ( LNO ) and leaf area ( LA ) ) 

Parameters of growth 

Weeks from defol i at i on B LNO LA 

6 ( during drought per i od ) 0 . 9 1 3 * *  0 . 7 5 4 * *  0 . 8 6 3 * *  

9 ( during drought period ) 0 . 9 0 9 * *  0 . 8 4 6 * *  0 . 8 4 3 * *  

1 2  ( dur ing drought period ) 0 . 8 6 3 * *  0 . 9 3 9 * *  0 . 8 8 8 * *  

1 5  ( dur ing recovery per iod ) 0 . 9 4 5 * *  0 . 8 8 5 * *  0 . 8 0 3 * *  
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Al l growth parameters mentioned above ( pl ant dry weight , 

branch number , l ea f  number and leaf  area ) were increa sed 

s ubstant i a l l y  dur ing the recovery period in both the 

previously severe and mild water str e s s  treatments but the 

e f fect of the previous intens ity of water l imi tation was 

s t i l l  evident i . e .  plants previously under severe moi s ture 

l imitation produc ed s igni f i cantly lower yields than those 

previously under mi ld water stres s ( Table 5 . 3 ) . One of the 

more intere s t i ng res ponses on re-watering was the remarkable 

recovery i n  al l growth parameters , especia l ly in lea f number 

and leaf area , of those plants previou sly under severe water 

stress ( Figure 5 . 6 ) . S latyer ( 1 9 7 3 ) s tated that developing 

tis sues appear to enter a r e j uvenating pha s e , and when the 

water stre s s  is e l iminated , the relat ive growth rate s of such 

plants may be more rapid than in the control ( non- stres sed ) 

plants . F i sher and Campbe l l  ( 1 9 7 7 )  showed that only at early 

vegetat ive 

growth rate 

growth 

of 

stages did the water stre s s  reduce the 

Townsv i l l e  stylo but when the s t res s wa s 

el iminated , a period of rapid growth ensued whi ch compensated 

for the l o s s . Thus , the rapid increase in the growth of a l l  

pl ant parameter s c a n  pos s ibly be attr ibuted t o  t h e  younger 

phys iolog i cal s tate of the p reviou sly severely stres sed 

pl ants compared wi th those under previous mi l d  moi s ture 

l imitation . Ludlow and Ng ( 1 9 7 7 ) a l s o  found rapid exten s ion 

growth on re-water ing after drought in Panicum maximum and 

they concluded that the stimulated rates resulted from the 

rapid expan s ion of ce l l s  accumulated dur ing the stre s s  

per iod , a s  ce l l  divi s ion i s  l e s s  sensi tive t o  water stre s s  

than cel l  expans ion . 

I t  i s  a l s o  of interest to note that in the one parameter 

that- was increased dur ing the recovery per iod ( at 7 day s ) 

vi z .  number of  branches , there was an immedi at e  rapid 

increa s e  i n  the previous mi l d  water stress treatment but a 

delay i n  the previous seve r e  s tress  treatment ( Figure 5 . 5 ) . 

However , once over this i n i t i a l  delay , by the end of  the 

f irst  week , branch number on the previous l y  s everely water 

stres sed plants increa sed a t  a s imi lar rate to that of  the 

previous l y  mi ldly water stre s sed plants . Presumably the 

early advantage shown by the previously mi ldly water stres sed 
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plants wa s due to the ir greater reserve of  carbohydrates 

( Figure 5 . 1 1 ) ,  greater leaf  area and leaf number ( Figure 5 . 6 )  

and poss ibly even greater root weight for better nutr i ent 

uptake ( F igure 5 . 3 ) . 

During the drought per iod crude prote in concentrations  

in the  leaf , stem and inf lorescence were higher under severe 

than under mi ld water stress ( Table 5 . 9 ) , as  a l s o  reported by 

Carva lho ( 1 9 7 8 ) . However , thi s increase in crude protein 

concentration wa s not suff ic ient to compen s a te for the 

reduction in the amount of protein when converted to a yield 

bas i s . Mi ldly water stres sed pl ants still  produced a 

s igni f icantly higher crude prote in y ield than did s everely 

water stres sed plants ( Table 5 . 1 0 )  - reflecting the greater 

dry we ight of  the mi ldly stres sed plants , as d i s cus sed 

ear l ier . The ma jor contributor to this response was the 

crude protein yield in  the stem and to a lesser extent in  the 

l e a f  and i n f l ore scence components ( Figure 5 . 8 ) . S imi lar 

results have been recorded by Bennett et al ( 1 9 6 4 ) for sudan 

gra s s , mi l l et and sorghum . 

On re-water ing , the crude protein concentrations  

markedly increa sed in the stem and e specia l l y  in  the  l e a f  and 

inf lore scence component s due pos s i bly to the tran s l ocation of 

crude protein from the stubble and root s under both previous 

mi l d  and severe water stres s .  The d i f f erences in 

concentrat ions between treatments were genera l l y  sma l l  but 

d i f f ered markedly in the crude protein yields a nd f o l lowed 

the pl ant dry weight response - lower under prev iou s  s evere 

than unde r mi ld water stress . 

In  turn i ng now to the carbohydrate leve l s , there are 

several reports  which state that water stre s s  increa s e s  the 

carbohydrate concentration in forage e . g .  of cocks foot a nd 

t a l l  fes cue by Brown and B l a s e r  ( 1 9 7 0 ) , of rye g r a s s  by 

Norr i s  and Thomas ( 1 9 8 2 a ,  1 9 8 2b ) , o f  green pani c , buf fe l  and 

s pear gra s s  by Ford and Wi lson ( 1 9 8 1 ) but , in  contra s t , this 

trend was not observed in Si ratro by Ford and Wi l s on ( 1 9 8 1 ) .  

The result of  the pre sent work indicated that a mi ld 

intens ity of water s tress  a l so increa sed c arbohydrate 
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l e a f  and inf lores cence ( F igure 5 . 9 ) . 
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but only i n  the 

However , s evere 

moi s ture l imitation depres s ed the carbohydrate l evel in the 

l e a f  and inf lores cence s igni f i cantly but continued to 

i ncrease i t  in the tap root . Of  the total carbohydrate 

f r a ction , starch mainta ined a much higher concentrat ion than 

s ugar in a l l  treatments throughout the drought per i od , 

particula r l y  in the stem and stubbl e  ( Figure 5 . 9 ) . 

In te rms of the amounts of  carbohydrate reserves , there 

were large differences  due to water stress  with the s evere ly 

water stressed plants a ccumulating on ly hal f  the reserves of 

the mi ldly water stres s ed plants dur ing the drought per iod . 

Thi s  reduct ion was particularly noticeable in the l e a f  and 

i n f l ores cence components ,  rel ative to the stem ( Figure 5 . 1 1 )  

and roots ( F igure 5 . 1 4 ) . Under both mi ld and s evere water 

stress the stem was the ma j o r  accumulator of the s e  res erve s , 

particul a r ly the starch fract ion ( Figure 5 . 1 2  and 5 . 1 3 ) . 

Duri ng the recovery period , although carbohydrate yields  

were high due to  high dry matter product ion , concentrations 

were low , part icularly of  starch , and probabl y  r e f lected 

the i r  use in the production of new leaf and new branches 

( Al berda , 1 9 57 ; May , 1 9 6 0 ; Davidson and Mi lthorpe , 1 9 6 6 ; 

Nor ris and Thomas , 1 9 8 2 a ,  1 9 8 2b ) . I t  is  inter e s t ing to note 

the dif f erences between sugar and starch in terms of both 

concentrations and amounts immed iately prior to the r e ­

watering per iod and a f ter 3 weeks of adequat e  water ing . 

Starch concentration and y i e ld , part icul a r l y  in the stem and 

stubble , showed a substantial drop in the " recovery " per iod , 

presumab ly be ing used for early regrowth , whi l e  the s ugar 

f r action showed much l e s s  change . Howeve r ,  owing to the  lack 

of intens ive measurements dur ing the re-water ing per i od , i t  

i s  not possible  to detect the dynamics o f  the s e  res erve s , 

particularly of the s ugar fraction . 

Turning now to the e f fects of  cutting , the r e s u l t s  

c l early showed that tota l  plant dry weight dur ing the wate r  

stre s s  per iod was reduced under hard de f o l i ation , espec i a l l y  

when plants were s ub j ected t o  mild moi sture l imi t a t i on 
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( Figure 5 . 2 ) . Thi s  ef f ect was evident throughout the drought 

per i od . The ma j or contr ibutors in thi s  regard were the stern 

and to a l e s s er extent the leaf  fracti ons . 

B r anch production was a l s o  depressed by cutting , but 

agai n  only under mi ld moi s ture l imitation , as indi cated by 

the s igni f icant interacti on between water stre s s  and cutting . 

When under severe moi sture stre s s  - which in i t s e l f  depr e s s ed 

plant weight and branch number s ignif icantly - pl ants showed 

no f u r ther depre s s ion from l ight , moderate or hard cutting . 

Thes e  results tend to con f l ict wi th the statement of  Jant i i  

and Hei nonen ( 1 9 5 7 ) who recommended l ight o r  moderate 

de f o l i ation when plant s  are under s evere moi s ture stres s . 

Perhaps the d i f ference between the i r  work and the current 

study is due to the rel at ive l eve ls  of  water stre s s  impos ed 

i . e .  the current findings could support the ir recommendation 

i f  the i r  eo-cal l ed severe water stress  equated with our mi ld 

water stres s . 

Cutting had no s igni f i cant ef fect on l ea f  number 

throughout the drought per iod , except immedi ately a f ter  

cutt i ng , but did depress  l e a f  area . However ,  thi s depres s ion 

only occur red dur ing the f i rst  6 weeks when cut t i ng was hard 

and under mi ld water stre s s  ( Figure 5 . 6 ) . Therea f ter , thi s  

treatment showed a s ubs tant i a l  increase r e s u l ting in a 

s igni f i cantly higher l e a f  area than l ight a nd moderate 

cutt ing by the end of the drought per iod ( da y  8 4 ) .  In  

contra s t ,  there was no  e f fect due to  cutt ing under severe 

moi s ture l imi tation , except immediately after cutt ing , 

throughout the drought per iod . 

On re-water ing , -the e f f ects  o f  previous cutt i ng on a l l  

growth parameters tended t o  b e  relatively minor c ompared with 

the e f fects of  previous water stress  and d i f fe rences were 

o f ten non - s igni f icant . The exception was the previous hard 

de f o l i ation treatment under mi l d  water stre s s  whi ch showed a 

sma l l  but s ignif icant increa s e  in leaf area and l e a f  numbe r  

( Figure 5 . 6 ) . However ,  one of the more interesting respon s e s  

o n  r e -water ing was the remarkable recovery in l e a f  a r e a  and 

e s pe c i a l l y  leaf  number in a l l  the cutt ing treatments particu-
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larly under previous severe water stres s  - a s  a l s o  mentioned 

ear l ier f o l l owing water stres s . Apparently even hard 

de foliation f o l lowed by an extended period of water s tre s s  

did not prevent the plant from responding dramat i c a l l y  to  the 

application of  adequate wate r , particu l arly in terms of  leaf  

area and leaf  number , over the subsequent three weeks . 

In t e rms of the crude protein concentration in the 

various p l ant components ,  the e f f ects of  cutting were 

generally sma l l  al though somet ime s s igni f icant . Hard cutting 

tended to i ncrea s e  crude prote in concentration under both 

mi ld and s evere water stre s s  particularly in the l e a f  and 

inf lorescence ( Figure 5 . 7 ) . However , thi s incre a s e  in crude 

prote in conc entrations wa s not suf f i c ient to compensate for 

the reduct i on i n  the amount o f  protein when conve rted to a 

yield bas i s . The greater the sever ity of cutting e spec i a l ly 

under mi l d  water stres s ,  the lower the total crude protein 

yields . 

Crude protein concentrat ions and amounts in the l ea f , 

stem and i n f lorescence were a l l  markedly increased dur ing the 

recovery per iod , particularly in the leaf and i n f l or e s c ence 

fractions . 

In  terms of carbohydrate l eve l s  in the plant components , 

the e f f e c t s  of cutt ing dur ing the drought period were only 

ev ident i n  the stubble , inf lore scence and tap root fractions 

- the l evels dec l ining with increasing intensity of 

de fol iation , particularly of  the starch f raction ( F igure 

5 . 9 ) . However , the concentrat ion of  TNC ( sugar p l us s tarch ) 

was much higher than that found in Exper iments 3 and 4 which 

were conducted with adequate water suppl y .  Thi s  s ugge s t s  

that under condi tions where soil  moisture i s  l imit ing and 

growth rate reduced , carbohydrates may be able to accumulate 

to a greater extent than under conditions of  rapid cont inuous 

growth , as a l s o  reported by Brown and B l a s e r  ( 1 9 7 0 ) , 

particu l a r l y  in the stem , s tubb le and tap root . 

Although tota l TNC concentrat ion in the leaf  wa s not a s  

high a s  i n  the apparent storage components o f  stubble , stem 
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and tap root , i t  did , neverthe l e s s , contai n  a h igher 

propor tion of  s ugar relative to starch - whereas starch was 

by far the ma j o r  f r action in the former components . It was 

thi s  starch fracti on in the stubbl e ,  stern and espec i a l l y  in 

the tap root that a lmost tot a l l y  d i sappeared dur i ng the rapid 

recovery pha se  f o l lowing re-watering - pre sumably used in 

regowth - as  d i s cu s sed earl i er . Thi s supports the f indings 

of F i sher and Ludlow ( 1 9 8 4 ) who s howed that the s ugar 

concentrations in the leaves of Verano stylo tend to i ncrease 

under water s t r e s s  - and presumabl y  enab l ed , in this 

exper iment ,  the appreciable bu i l d -up of starch in the 

stubble , stern and tap root dur i ng the water stress  period 

which was subs equently used dur ing the recovery pha s e . 

Returning to the ef fect of cutt ing on carbohydrates , it  

wa s apparent that dur ing the drought per iod hard cutting 

sign i f icant l y  depres s ed the concentrat ion and accumulation of  

sugar and starch mainly in  the stubbl e  and in terms of  yield , 

espe c i a l ly under mi ld water stre s s . In the roo t s  only the 

starch fraction wa s so af fected . Simi l arly dur ing the 

recovery per i od , previous hard cutt ing again depr e s s ed both 

carbohydrate concentrat ion and y i e l d , part icul a r l y  in tho s e  

plants under previous severe water stres s  - but o n l y  i n  terms 

of the starch fraction . 



CHAPTER 6 

EXPERIMENT 6 :  EFFECT OF GRAZ I NG MANAGEMENT ON 

STYLOSANTHES HAMATA PRODUCTION AND SURVIVAL 

I .  INTRODUCTION 

1 2 8 

Although the number of  dairy cattle in  Tha i l and has 

subs tanti a l l y  inc r e a s ed over the pa s t  ten year s , the main 

feeding sys tems for these  cattle have shown l it t l e  change . 

Large amounts of money are s t i l l  be i ng spent on concentrate 

feeding dur ing the dry season and even dur i ng the rainy 

sea son for mi lk product ion . ( Thai  Dairy Promotion and 

Organi z ation , 1 9 8 4 ) . The recogni s ed a l ternative of us ing 

cult ivated gras s e s  with selected legumes , such a s  S iratro 

( Ma cropt i l ium atropurpureum ) ,  Centrosema ( Centrosema 

pubescens ) and S ty l o  ( Stylosanthes guianens i s ) a s  a means of  

reduc ing thi s  dependency on  concentrates s t i l l  lacks 

acceptance and adopt ion due to inadequate i n forma t ion on good 

graz ing or cutting man agement practi ce s . 

The succes s ful  establi shment and per s i s tence of  Verano 

stylo ( Stylosanthes hamata cv Verano ) under g r a z ing has been 

reported from the northeastern part of  Tha i l and ( Wi l a ipon and 

Humphreys , 1 9 8 1 ; Wi l a ipon , 1 9 8 5 ) .  As such the potent i a l  for 

using thi s  legume to improve feeding qua l i ty of improved 

pas tures for d a i ry product ion is of real practical 

s igni f i cance . 

Under intens ive s tudies in the Control led Cl imate Rooms 

at the Plant Phy s i ol ogy Divi sion , D S I R , Palme r s to n  North , New 

Zealand , it has been c l early shown that Verano stylo has a­

real potential to produce acceptable yield and qua l ity unde r 

an appropriate d e f ol iation sys tem . Ear l y  c utt ing , for 

examp l e , when 5 0 %  of the plant populat ion reaches the 

f lowe r i ng stage , re sults  in rapid r ecovery a lthough 

subs equent yield is depr e s s ed , wh i l e  late cutting r e s u l t s  in 

slow recovery of growth and may lead to a reduct i on in yield . 

The extent of  th i s  reduction depends on the s ever ity of  

cutting and in par t i cular the number and s i z e  of the  res idual 
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p r imar y  branche s  l e f t  a f t e r  cutting . I n  the s ub sequent s tudy 

c ompar in g  frequen c y  and intens i ty o f  c ut t i ng , i t  w as a l s o  

shown that gra z in g  management should a im a t  a l l ow i n g  t h e  

p l ant s t o  retain a t  l e a s t  7 nod e s  o n  t h e  mai n  s tern ( ap p r ox i ­

mate l y  7 - 8 pr imar y  branches )  and at l e a s t  4 nod e s  a l ong t h e  

primary branches  a fter d e f o l i at i on to achieve h i g h  y i e l d  a nd 

s urviva l . However ,  the s e  experime n t s  wer e  cond u cted u nd e r  

arti f ic i al g rowth room a n d  cutting condi ti o n s  a n d  t h e r e f o r e  

i t  w a s  con s idered e s s ent i al t o  te s t  t h i s  hypothe s i s  u n d e r  

r ea l i s t i c  f ie ld cond i t i on s . Hence a f i e l d  expe r iment wa s 

c onducted in Tha i l a nd under g r a z ing condi t i on s , t o  s t ud y  the 

e f f ect o f  s e l ec t e d  g ra z i ng manageme n t  pract i c e s  o n  t h e  

product i vity a n d  p er s i s te n c e  o f  a Verano s t y l o  sward . 

I I  MATERIAL AND METHODS 

A .  ENVI RONMENTAL C ON D I T I ON S  AND PLANT ING PRODUCURES 

The exper iment was conducted a t  the Tha i  Dai r y  Promo t i on 

and Organ i sa t i o n  o f  Tha i l and , located at Muak l e k , 1 8 0 Km 

Northea s t  o f  Bangkok . I n  the area s e l ected , G u i ne a  g r a s s  

( Pani c um maximum ) and oth e r  native gra s s e s  wer e  i n i t i a l l y  
G IYPho�ate , 

s prayed witn f  Roundup ,and l e f t  for  7 days to ach a good 

k i l l , and then p l oughed , c u l t ivated and subs  

h amata cv Verano ( Verano s tylo ) at 

y s own to 

2 0  kg/ha . A 

b a s a l  f e r t i l i z e r  o f  super s ( 2 5 0  kg/ha ) 

s h  ( 1 2 5 kg/ha was l i ed 

and mur 1ate 

s owi ng ; 

n i troge n fert i l i z e r  wa s added . The s o i l  was de s c r  

o f  

no 

by the Land Deve ( 1 9 7 9 ) as a f i n e  

textured s i l t y  c l ay l oa m  with poor s tr ucture i n  

B hori zons  a n d  wi th a p H  o f  6 . 5 .  

C l ima t i c  c o nd i t i o n s  at t h e  experimenta l s 

A 

a r e  

monsoonal  with t h e  r a iny s ea son ext e nd i ng f rom 

with p e ak prec i p i t a t io n  in S eptember and 

to October 

1 , 0 1 2  mm 

annua l l y . From November to Apr i l  the wea ther i s  r e l a t  l y  

dry w i t h  l i ttle r a i n  occur r i ng i n  t h i s  p e r i o d . Mea n  

and min imum temp eratur e s  a r e  3 4 . 1 8 and 1 8 . 7 °C r e s  

with a r e l a t i ve humid i t y  ave r a g i n g  7 7 % . Deta i l s  o f  

I 

t h e  
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P l a t e  6 . 1 :  A genera l v i ew o f  the expe r imenta l s i te ,  showing 

the we l l  prepa r e d  s e ed -bed be fore s owing . 

P l ate 6 . 2 :  The area was i r r i ga ted a f ter sowing to e n s ur e  

good germ i na t io n . 
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c l imat i c  c o nd i ti on s  f or the p a s t  ten years  a r e  g i ve n  i n  

F i g u r e  6 . 1 .  Howeve r , duri n g  t h e  exper imenta l p e r i o d , s o i l  

moi s ture a t  s ow i n g , on 2 9 th Apr i l  1 9 8 3 , was l ow . A s  t h e r e  

wa s l i tt l e  r a i n  fol l owing s owin g , i rr i gation wa s appl i e d  t o  

e n s ur e  good s e ed germination and e s t a b l i s hment . O n l y  l ig h t  

s ho we r s  c o n t i nued throughout M a y  a n d  much of  June a n d  i t  w a s  

n o t  unt i l  l a t e  June t h a t  good heavy r a i n s  occurre d , w i t h  s ome 

minor f l oodi ng in August . Good r a i n f a l l  continued t hr ou g h  

S e pt ember , O c t ob e r  and i n t o  e a r l y  November w h e n  p a s ture 

growth began t o  be r e s tricted by l ower tempera t u re s . r e  

wa s a l so s ome s l ight evi dence o f  a n  Anthracno s e  i n f e c t i on 

eh mi ght a l s o  have a f f ec ted g r owth towa r d s  t h e  end o f  the 

g r ow i ng s e a s o n . 

Plant e s ta b l i s hment wa s e xc e l l en t  and the r e l a t ive l y  few 

wee d s  appear i ng wer e  removed by hand . 

B .  TREATMENTS 

The pa s tu r e  was f i r s t  gra z ed at an e a r l y  s ta g e  of g r owth 

v i z . when 5 0 %  of p l ants began f l ow e r i ng . T h e r e a f t e r , two 

g r a z ing man a gement tr eatme n t s  wer e  impos ed vi z .  at f i r s t  

f l ower ( approximat e l y  4 wee k l y  i nterva l s )  a n d  a t  f u l l  

f lowe r ing ( appro ximate ly 8 weekl y  i nterva l s ) ( F i gu r e  6 . 2 ) . 

The pasture wa s gra z ed down to t h e  6 t h  - 7 th node ( f rom t h e  

g r ound ) on t h e  m a  s tem for  both treatmen t s  wh i c h  wa s 

e qu i va l ent t o  

unde r  t h e  prev 

ng above node 7 of  the ma i n  s te m  ( E- 7 - 4 ) 

contro l l ed room exper D ry c ows wer e  

u s e d  f o r  g r a z i n g  wh ich extended ove r  a 4 8  - 7 2  h o u r  p e r  

n umb e r  o f  l s  us  was on amount of 

pre s e nt . Mowi ng with a n  Auto s cythe was c a r r i  out 

a f t e r  each g r a z in g  to ach a f orm r e s i d u a l  a n t  l 

{ 6 th - 7th node ) ,  approxima t e l y  1 2 c m  above ground l eve l . 

The d e s i gn o f  thi s exper iment was a randomi s ed e t e  

b l o c k  w i t h  4 r e p l ication s . i s  tota l l ed 8 p a d d o c k s  wi th 

e a c h  paddo c k  b e i n g  2 0  x 20  m and separate l y . 
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C .  MEASUREMENTS 

S e ed l i ng e st ab l i shment and surviva l  o f  the s own p l a n t s  

( Verano s t y l o ) was r e corded on 1 2 th June , 1 s t July , 1 4 t h  Jul y , 

3 rd Augu s t , 1 4 t h  Augu s t , 1 9 th September ,  2 0 th October , 9 th 

November and 2 3 rd November 1 9 8 3 , approximate l y  0 ,  2 ,  4 ,  6 ,  8 ,  

1 2 ,  1 6 ,  1 8  and 2 0  wee k s  a f ter f i r s t  g r a z ing , b y  t a k i ng twel ve 

quadrat s ( 5 0 x 5 0  cm ) per p l ot on e a c h  o c ca s i on . 

Dry matter y i e l d s  were mea sured immediate l y  b e f o r e  a nd 

a f ter each gra z i n g  and on s ome o c c a s ions dur i ng the regrowth 

per iod ( approxima t e l y  2 ,  4 ,  6 ,  8 ,  1 2 ,  1 6 ,  1 8  and 2 0  week s  

a f ter f i r s t  gra z i ng ) .  Ten quadrats { 5 0 x 5 0  cm were t a k e n  

at random i n  each paddock and cut to ground l evel , c a r e  

be ing taken t o  avoi d  s amp l ing the s ame quadrat a r e a  twi c e . 

The cut samp l e s  were then bulked , weighed and s u b s ampl ed t o  

d etermin e  d ry ma tter percentage . D r y i n g  wa s f o r  7 2  hours a t  

9 0
°

C .  A further subsampl e ,  c ompr i s in g  at l ea s t  1 0  p l a n t s , 

was a l s o  taken f o r  deta i l ed mea s u r emen t s  o f  p l a n t  c omponent s 

( s tem , l e a f  and i n f l o r e s c ence ) ,  l e a f  area and bran c h  numbe r . 

Add i t i onal mea s urements o f  branch numb e r s  we re made 

b e tween dry matter yield determi n a t i on s , t o  g ive wee k l y  

count s , f rom norma l l y  2 0  random p l a n t s  per p l o t . 
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I I I  RESULTS 

A .  SEEDLING ESTAB L I S HMENT 

S e ed germination and seedl i ng e s t ab l i s hmen t , a l though 

s l ow i n i t i a l ly , wa s e xc e l l en t  and by 1 2t h  June a c o u n t  of  1 7 8 

p l a n t s /m
2 

was r e corde d . F i r s t  f l ower s  a ppear ed 3 2  days a f t e r  

s owing and the f i r s t  gra z ing c ommenced o n  1 2 th June 1 9 8 3  ( 4 2 

days a f te r  sowi ng ) .  As  s h own i n  F i g u r e  6 . 3 ,  p l a n t  den s i t y  

f or b oth treatmen t s  d e c l ined with t ime but t o  a muc h  grea t e r  

e xtent under i n f requent g r a z i ng . O n l y  1 2 % o f  t h e  p l a n t s  

s urvived under i n f requent gra z i ng compared with 3 9 %  und e r  

f reque n t  

r e f l e cted 

gra z ing ( Tabl e 6 . 1 ) .  The s e  d i f ferenc e s wer e  a l s o  

i n  t h e  dry mat t e r  y i e l d s  ( kg/ha ) p r e s e nted i n  

F i gu r e  6 . 4 .  

Phenologi c a l  observa t i on a l s o  s howed that p la n t s  i n  t h e  

i n f requently gra z ed plo t s  grew t a l l er i n  h e i ght , were  l e s s  

branched and had a l ea f  canopy concent r ated on t h e  upper 4 0  

cm o f  the sward . T h i s  wa s apparent by the end o f  the f i r s t  

e i gh t  weeks f o l l owing the f i r s t  g r a z in g . Many p l an t s  d i ed 

a f t e r  the s e co nd g r a z i ng and t h e  s u rvivors r eg r ew 

s lowl y . On the o t h e r  h and , f ew e r  plants d i e d  i n  

o n l y  

t h e  

f requently gra z ed p l o t  and thos e  r ema i n ing regrew v i g o r o u s l y . 

P l ant s i n  the f requent l y  g r a z e d  p l o t  a l so produ c e d  many f i ne 

b ra n c h e s near B round l e ve l , 

p ro s t r a t e  s tems and l eave s . 

ng a dens e mat o f  r e l a t  l y  

B .  PLANT 

B . 1 P l ant Dry We ight and Produ c t i o n  

T o t a l  n e t  regrowth y l d s  f o r  b o t h  treatme n t s  over 

f u l l e xperime n t a l  periods a r e  p r e s ented i n  Figure 6 . 4  o n  an 

area bas i s ( Kg/ha ) .  There wa s a ma rked d i f fe r e n c e  b e tween 

treatmen t s  with the f requen t l y  g ra z ed treatment p r od u c i ng a 

s i gni f ic antly h i gh e r  d ry ma t t e r  y i e l d  ( P  = 0 . 0 1 ) than t h e  

f requently g r a z ed t r ea tme n t . I n  terms o f  d r y  mat t e r  

prod u c t ion dur i n g  t h e  e xper ime n t a l p e r i od , the 

the f re quent l y  gra z ed treatmen t  wa s c l ea r l y  

i o r i ty o f  

( Figure 
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Tab l e  6 . 1  a n t  den s i ty o n  the day b e f ore f i r s t  gra z i ng and 

Trea tme n t s  

Frequent 

I n f requ e n t  

a t  the e n d  o f  t h e  ( pl a nt s /m
2

) 

At end o f  

At f i r s t  g r a z i ng exper imen t  % 

( 1 2 /6 /8 3 )  ( 2 3 / 1 1 / 8 3 ) 

1 5 9 6 2  

1 7 4 2 0  

S i g n i f i c a n c e  n s  * *  

survival 

3 8 . 9 9 

1 1 • 4 9 
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6 . 5 ) . The i nfreque n t l y  g r a z ed treatment showed a marked peak 

in  product i on to the f i r st e ight-week def o l i at i on i n  mid­

Augus t  but thereafter s howed poor r ec overy and r e gr owth . I n  

c on t r a s t  the frequen t l y  g r a z ed treatme n t  ma inta i n e d  

r e l a t ively h igh produc t i o n  u p  to the 4 th de f o l i a t i o n  a n d  t h e n  

dec l ined s omewhat over t h e  rema i n i ng two r e g r owth per i od s . 

T h i s dec l i n e  may we l l  have been a r e f l ection o f  the drop i n  

p l a n t  numb e r s  over thi s per iod , a s  s hown i n  F i gure 6 . 3 , 

together w i t h  the ons e t  o f  the dry and c oo l e r  s ea s on . 

The r egrowth patt e r n  on a per p l ant b a s i s  { g/p l ant ) 

unde r  the two gra z in g  man ageme n t s  i s  shown i n  F i gure 6 . 6 . A 

c ha n g i ng pattern o f  pl ant regr owth i n  the i n f requ e n t l y  g r a z e d  

t r e a tment wa s aga i n  mos t  evident , w i th a mar ke d  peak i n  p l a n t  

d r y  w e i g h t  o n  the 1 5 th o f  Augu s t , a f ter whi c h  t h e  y ie l d  

dec l i ne d  s h a r pl y . I n  contra s t , p lant dry we i gh t  a c h ieved i n  

the f reque n t l y  gra z e d  trea tment was r e l at ive l y  c o n s tant over 

the experimental per i od . 

The c omponents o f  p l ant dry wei ght are s hown i n  F ig u r e  

6 . 4  and 6 . 7  o n  a t o t a l  un i t  a r e a  b a s i s , a n d  on a p e r  p l an t  

b a s i s , r e s pective l y . S t em w a s  t h e  ma j or c omponent i n  b o t h  

t r e a tments b u t  with a c o n s iderabl y  h i gher proport i o n  and 

amount o f  l ea f  per p l a nt b e i ng produced und e r  f r equent 

gra z i n g  than under in f requent g ra z in g . 

As  s h own in Fi gure 6 . 8 ,  rapid branch deve ( no 

/ p l a n t ) wa s recorded i n  t h e  f r equent gra z ing trea tment a ft e r  

ever y  gra z i ng . I n  contra s t ,  branch deve 

i n f r equent g ra z ing was mar k ed l y  depre s s ed f o l l ow i n g  the f t 

e i g h t  week d e fol i at i o n  i n  mid Augu s t . However ,  branch pro­

d uc t i o n  wa s encouraged d ur i ng the last four of  the 

exper iment in both treatme n t s . Thi s  wa s pos s  y due to an 

i n c r e a s e  in reprodu c t ive branche s as the plant r e s  

l ower temperature and shorter d ay - l ength . 

t o  
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B . 3  Lea f Are a  and Lea f  Numbe r  

As shown i n  F i gure 6 . 9 ,  l e a f  a r e a  ( cm
2

/ p lant ) w a s  

encouraged by f requent gra z in g  managemen t  f o l l ow i n g  the f i r s t  

three gra z ings  but there a f te r  l e a f  a r ea devel opme n t  wa s 

substan t i a l l y  reduced . Under i n frequent g ra z i n g  l e a f  area 

d e ve l opment tended t o  be s lower f o l l ow i ng gra z in g  and with 

l i t tle  i n c r e a s e  a f te r  the f i r s t  four week s  of  regrowth . 

s l ower rate o f  r e c o very was probabl y  a re f l ec t i o n  o f  

negl i g i b l e  l e a f  a r e a  r ema ining a f te r  gra z in g , whi c h  

particul arly not i c e ab l e  a f ter t h e  s ec ond gra z i ng . 

Th i s  

t h e  

wa s 

L e a f  numb e r s  f o l l owed a s im i l a r  t rend to l e a f  a r e a  

produc t i on , w i t h  a nota b l y  cons tant and rap i d  r a t e  o f  

i ncreas e  f o l l ow i ng the f i r s t  three g r a z ings und e r  frequent 

graz ing . 

C .  WEED CONTENT 

During the e s ta b l i s hment pha s e , weeds wer e  removed f rom 

the p l o t  and wer e  negl i g i b l e  i n  amount at the f i r s t  g ra z i n g  

( Figure 6 . 1 0 ) . H owever , the percentage o f  wee ds i n c r e a s ed 

with t ime in both trea tmen t s  but r eached s ig n i f i ca n t l y  

greater propo r t i o n s  und e r  infrequent compared w i t h  f requent 

graz i ng . The wee d s  were ma i n  i c um max imum a n d  

A�aranthus � ) .  
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P l a t e  6 . 5 :  Dry c ows on Verano s t y l o  a t  f i rst gra zing . 

( Note : Ready a c c e pt a nce by grazing a n ima l s ) . 

P l a t e  6 . 6 :  Imme d i a t e l y  a f ter f i r s t  gra z ing - p l a nt h e i ght 

a pproximate l y  1 2 - 1 5  ems . 

1 3 5  
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P l at e 6 . 3 :  A genera l v i ew showing good Verano stylo 
esta b l i shment . 

P l a te 6 . 4 :  Immediate l y  be fore f i rst graz ing when 
approximate l y  50% of pl ants beg i n  to f l owe r 
- a pproximate l y  30 - 3 5  ems i n  height . 
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P l a te 6 . 9 :  Dur i ng s e cond g r a z i n g  a t  e i g h t  we e k l y  i n t e r v a l 

a nd th i rd g r a z i n g  a t  f our wee k l y  i nt e r va l . 

( No t e : Ea s e  of preh e n s i on of f o u r  we e k l y  

g ra z i n g a nd s e v e r e  wa s t a g e  o f  e i g h t  we e k l y  

g r a z i n g ) . 
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P l a t e  6 . 7 :  Immed i a te l y  be fore t h i rd g ra z i ng of four we e k l y  
i n te rva l s . ( Note : Large numbe r o f  green 
l e a v e s  and bra nch e s  c l ose to ground ) .  

P l a t e  6 . 8 :  I mmediate l y  be fore second gra zing a t  e i gh t  we e k l y 
i n terva l s . ( Note : Neg l i g i bl e  number of g r e e n  
l eaves a nd b r a nches c l os e  t o  t h e  ground ) . 
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IV D I SCUSSION 

The reduction in plant den s ity for both treatments f rom 

the beginning of the wet s eason to the end of the growing 

sea son , agre e s  with the f indings of  Gil lard e t  a l  ( 1 9 8 0 } and 

Wi l aipon and Humphreys ( 1 9 8 1 } .  However , mortal i ty was much 

greater under the longer spe l l ing interval . The ma j or ity of 

plant death s  a l so occurred much earl ier under inf requent 

gra z ing , leading to a ma j or drop in production . Obvious l y  

plant competition was more i ntense under the long e r  spell ing 

interval l eading to greater death of  plants , compared with 

the shorter spe l l  between gra z ings . 

The importance of re s idual leaf  area rema i ning a f ter 

gra z ing was a l so evident in achieving rapid r ec overy of  

leaves and branches for r egrowth . Under the contro l l ed 

climat e  room studies , it  wa s shown that Verano s ty l o  had low 

level s  o f  carbohydrate reserve s even under adequate water 

supp l y , so that the pr imary branches were needed to 

compensate for the lack of the res idual l e a f  areas and 

thereby to  provide the f lu s h  of new buds . In t h e  present 

exper iment ,  the plants wer e  gra z ed and mown to a s imi l a r  

intens i ty to treatment E- 7 - 4  i n  Experiment 2 ( Chapter 4 } . 

However ,  under the contro l l ed c l imate room cond i t ions , the 

plant was better able to withstand cutting s ever a l  time s , 

probably due to the greater numb e r  of growing po ints  rema in­

ing below cutt i ng height . I n  the f ield condit ions , under 

long s pe l l ing interva l s , the e l evati on of growing points 

above the graz i ng and cutting he ight was proba b l y  a factor 

contr ibut i ng to subsequent pl ant mortal ity . S imi l a r  e f fects 

have been reported in Townsvi l l e  stylo ( Stylosanthes humi l i s } 

( Rober ts on et a l , 1 9 7 6 ) , whe r e  they recorded a 5 3 %  mortal ity 

of Townsvi l l e  s tylo plants under an 8 week cut t i ng interva l 

compared with 2 %  under a 2 week cutting regime . Thi s  they 

cons idered to be due , mainly , to the e l evat ion of the growing 

points above cutting height . Trampl ing by catt l e  may a l s o  

have been a factor i n  causing plant mortality i n  the present 

study , a s  discus sed by Watki n and C l ements ( 1 9 7 8 } . 

I n  contrast ,  under the s horter spe l l ing inte rva l , Verano 

stylo develop a more prostrate habit with many branches and 
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P l ate 6 . 1 0 :  Four wee k l y  g ra z ing t r e a tment a t  e nd o f  
exper imenta l per iod . ( Note : Ma i ntenance of 
r e l a t i ve l y  dense and c l ea n  s tand o f  Ve r a no 
s t y l e ) .  

P l ate 6 . 1 1 :  E i ght week ly g r a z ing t r e a tment a t  end of 
e xper imen t a l  per iod . ( Note : R e l ative l y  l ow 
den s i t y  of Verano style and subsequent 
i n gra s s  o f  weeds ) .  
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leaves growing close to the ground and hence l e s s suscepti­

bi l i ty to prehension and removal by animal o r  mac hine . 

With other tropical l egume s , Fi sher ( 1 9 7 3 ) a l s o  noticed the 

di f fe rence in plant and sward mor phology under f requent and 

infrequent cutt i ng in � humi l i s . 

The death of plants under f requent gra z ing occurred 

mai n l y  a fter the fourth gra z ing . It i s  di f f i c u lt to exp l a i n  

whether thi s was due to the limited longevity o f  t h e  plant or 

to the treatments imposed . Verano stylo is a s hort- l ived 

perenni a l  plant ( Humphrey s ,  1 9 8 0a )  and under gra z ing 

condi t i ons , Gardener ( 1 9 8 1 ) found that the ma j or i ty of Verano 

stylo p l ants died in thei r  seeding year . He r e corded only 

0 . 0 3 %  s urviva l to the end o f  the third year . W i l a i pon and 

Humphreys ( 1 9 8 1 ) a l so reported a s imi lar result under graz ing 

condi tions in Tha i l and . They a l s o  noticed that graz ing l ate 

in the wet seas on increa s ed the number of perenn a t i ng plants . 

Although thi s  dec line in  plant numbers did o ccur in the 

pres en t  experiment , it is e ncouraging to note the relatively 

high numbe r  and percentage o f  plants pres e n t  in the 

frequently gra z ed treatment , at the end of the s e as on . 

The longer spe l l ing interval a l so reduced p l a nt s i z e  and 

branch r ecovery , particularly a f ter  the second g r a z ing . The 

inf requently de fol iated plants took a longer time to bui l d  up 

the i r  branch numbers compared wi th the mor e  frequently 

de fol iated plants . Weeds , mai n l y  Guinea gra s s  ( Panicum 

maximum ) ,  were therefore able to invade and increas ed f rom 

2 0 %  to 8 0 %  by the second and third gra z ing respe c t i ve ly . 

The resul t s  of th i s  f ield exper iment , a l t hough only 

cover i ng one year ' s  product i on , c learly support and substan­

tiate the results  obtained f rom the contro l l ed c l imate room 

stud i e s . Although the c arbohydrate res erves were not 

determined in  thi s  f i e ld wor k , the slower recovery of the 

infrequently gra z ed plants was cons idered to be due to the 

lack of res idual leaf area , growing points a nd branches 

capa b l e  of regrowth , as demonstrated in  the control l ed room 

studi e s . Pr imary branches on the main stem are a l so e s sen­

tial to  achieve high yield and survival as  stated earl ier . 
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CHAPTER 7 

GENERAL D I SCUSS ION 

A .  GROWTH AND DEVELOPMENT 

Verano style has become increa singly important in recent 

yea r s  because it has shown a potent ial for high yields of  

good qua l i ty feed ( Gardener , 1 9 8 0 ; Wi l a i pon , 1 9 8 5 ) in  

con j unction with rapid o r  moderate ly rapid r e c overy a fter 

cut t i ng or graz ing throughout a wide range o f  cond i t ions 

( Edye et al , 1 9 7 5 a ; Bishop et a l , 1 9 8 0 ; Gi l l ard et a l , 1 9 8 0 ; 

Gardener , 1 9 8 1 ) .  I t  ha s a reputation for be i ng a drought 

res i s tant forage legume ( Wi l l i am and Gardener ,  1 9 8 4 ; F i sher 

and Ludlow , 1 9 8 4 ) which , al though highly productive under 

high rainf a l l  ( Bishop et a l , 1 9 8 0 ) ,  is  a l s o  wel l  suited to 

areas of  low ( 5 0 0  mm ) or erratic rainfa l l  ( Edye et a l , 

1 9 7 5b ) . The s e  characte r i s t ics have been clea r l y  d emons trated 

in  the control led environment studies ( Exper imen t s  - 5 )  

under a wide range of de f o l iation and water stre s s  regime s . 

Growth and deve lopmen t  of Verano style in  the contro l l ed 

envi ronment c learly showed the h ighl y  product ive capacity o f  

the species over the exper imental period o f  1 3 1 days . 

However , ear ly growth i n  terms of dry matter y i eld , leaf  

area , plant he ight and number of  branches , was relat ive l y  

s low u p  t o  the onset of f loweri ng . Thi s  trend was a l s o  

obs erved under field condi t ions in Tha i l and ( Exper iment 6 ) . 

Neve r the le s s , growth of the p�ant increa sed rapi d l y  after the 

on s e t  of  f lowering ( F igure 1 . 2 )  and reached a maximum 

abs o l ute growth rate around day 8 0  which clos e l y  approximated 

the a ttainment of maximum leaf area . Maximum dry matter 

production of 1 0 5g/p l ant b a s ed on the predi cted growth mode l ,  

occurred on day 1 0 8 a f te r  s eedl ing emergence .  Thi s  increase  

in  p l ant dry we ight wa s mai nly through the stem and inf l or e s ­

cence f ractions and t o  a l es se r  extent the l eave s - as a l s o  

ref l e cted in an increa s e  in  t h e  number o f  b r anches a nd 

l eave s � Beyond the 1 0 8 day per iod production noti ceably 

dec l ined due to age ing proces ses  with 

rema i ning the domi nant c omponent , as  

Gardener et a l  ( 1 9 8 2 ) . 

the s tem f raction , 

a l s o  reported by 
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B .  DEFOLIATI ON AND PLANT GROWTH 

H igh yields of good qua l i ty f eed in con j un c tion with the 

adaptabi l i ty to low soil  ferti l i ty ha s lead to a rapid and 

growing use of Verano stylo throughout the tropi c s . However , 

the widespread adoption of this legume in f a rm practice has 

been constra ined by its f a i lure to per s i s t . Thi s  i s  in part 

due to a l ack of understanding not only of the management 

whi ch must be appl ied to ensure the per s i s tence of the l egume 

but a l so of the appropriate method of uti l i z a t i on to a chieve 

s a t i s f actory legume growth a s  we ll as maintain p lant vigour 

and s tand longevity , and of the appropr iate pathway of plant 

replacement . Work in the control l ed envi ronmen t  study has 

c l e a r l y  shown the pos s ibil ity of achieving a t  l e a s t  some of 

the s e  goa l s  through correct cutting and gra z ing management , 

as  i l l ustrated in Exper iment 2 - 6 .  

As one might expe c t , the results from the control led 

envi ronment studi es clearly showed that the g r eater the 

intens ity of defol iation the greater the depress ion of  

regrowth ( Experiment 4 ) . However , this  e f f ec t  was very 

d i f f er ent depending on whe ther it was defol i a t i o n  of the main 

stem or the pr imary branches ( Exper iment 3 ) . Reduc ing the 

s i z e  of the pr imary branches had a greater detr imental impact 

on p l ant regrowth than def o l i ating the ma i n  stem and hence 

reduc i ng the number of primary branche s .  For examp l e , a 

reduct ion in the number of pr imary branche s f rom node 7 to 

node 3 on the ma in stem ( i . e .  f rom 8 branches to  4 branches ) 

reduced total  yield by approximately  3 0 %  whi l e  a r educt ion in 

the s i z e  of pr imary branches f rom node 4 to node 0 ( along the 

branch ) reduced y i e ld by over 6 0 %  ( Figure 3 . 2 ) . The most  

severe cutting treatment o f  both the ma i n  s tem and the 

pr imary branches ( E- 3 - 0 ) resulted in the maximum reduct ion in 

y i e l d  and on several occas ions resul ted in s ig n i f i cant plant 

death . Thi s  highl ights the importance of cont r o l led graz ing 

to en sure a res idua l of an adequate number and particularly 

s i z e  of primary branches and hope fully a greater res idua l 

l e a f  area for regrowth . In view of  the strong r e l at ionship 

between number of branche s and p l ant we ight it i s  perhaps not 

surpr i s ing that de foliat ion practices which lead to a marked 
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depres s i on or delay in new branch development r e s u l t s  i n  s l ow 

recovery and often low dry matter production . 

The e f fect of reducing the s i z e  of the pr imar y  branches  

was even more apparent when d e fo l i ation was de l ay e d  to  the 

later s t age of  growth ( Expe r iment 2 ) . I n  thi s  s i tuat ion , 

virtua l ly complete removal of  the pr imary branch e s  ( i . e .  to 

node 0 )  resul ted in extensive plant death a fter o n l y  a s ingl e  

cut whereas retaining some l ength of primary branches ( up to 

node 4 )  a s s i s ted plants to s urvive and regrow at a s l ow but 

steady rate and subsequently achieve a total dry matter y i e ld 

not too d i s s imilar from that of the uncut contr o l  s i x  weeks 

after de foliation ( Figure 2 . 3 ) . Thi s  indi cates that s evere 

gra z ing of Verano stylo at thi s  late stage may l ead to a 

severe reduction in subsequent yield through an insuf f i c iency 

of s i tes for regrowth as  we l l  as  through p lant morta l i ty . 

Such e f fects on plant mor t a l ity after both late and intense 

cut t i ng has also been repo rted in  other tropical  l egume s such 

as  S tylosanthes humi l i s  ( Fi sher , 1 9 7 3 ) and Crot a l a r i a  juncea 

( Ke s s ler and She lton , 1 9 8 0 ) .  

When total dry matter yield wa s examined i n  terms o f  i t s  

components ,  i t  was found that the d i f ference s  i n  y i e l d  wer e  

largely due to changes i n  the stem , and to a l e s ser  extent 

the inflorescence and lea f fractions . The importance of  the 

stem as a ma j or component of  yield was a l s o  apparent unde r 

i n f r equent gra z ing - as the increa se in yield f rom s i x  wee k l y  

ve rsus three weekl y  cutt ing was l arge ly through an i nc r eas e  

i n  the stem and t o  a l esser  extent the i n f lores cence 

components . 

The bene ficial  e f fect of  retaining an adequate number 

and especially size of  the pr imary branches a f te r  de fol i a t i on 

i s  obviously associated with the greater number o f  s it e s  i n  

terms o f  active " growing points " ( potent i a l  new branche s ) and 

branches , the amount o f  carbohydrate reserves and the 

res idual leaf area rema ining for initial  regrowth a fter 

cutting , as revealed in the high and sign i f icant correl a t i on 

of these  parameters with subsequent regrowth . Remova l of  the 

primary branche s ( i . e .  to node 0 )  greatly reduced a l l  t h e s e  
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parameter s . Thus , growth of the s e  plants in terms of  dry 

matte r , the number of branches , leaf number and leaf area was 

slow to recover as  reflected in  the s l ow rate of growth 

( Figure 3 . 4 ) , resulting in low dry matter production . I n  

contrast , the presence of  primary branches resulted i n  a 

rapid i ncrease in a l l  the se  parameters espe c i a l l y  in  tho s e  

plants having the greate st res idua l a fter de f o l i ation even 

under repeated cutting . 

I t  wa s also interesting to note that when cutting was 

delayed to the later stage of growth and then sub j ected to 

only a lax intens i ty - hence more res idual s it e s  for  new 

branch deve lopment ( Table 2 . 4 )  - initial  plant recovery was 

slow due to lack of  res idual l e a f  area but subs equently 

produced a real  " f lush"  of branches  and leaves dur ing the 

later per iod of growth . Thi s  slow initial  recovery growth 

particularly under hard cutt ing warrants emphas i s  as  it  wa s a 

common reaction in a l l  the exper iments and reflected the time 

requi red for adequate leaf and e s pe c i a l l y  branch devel opment 

to occur - often a per iod of 3 to 4 weeks . However ,  once 

achieved then subsequent growth was general ly rapid over the 

f o l l owing 2 to 3 week s . 

Root weights were a l so s ign i f i cantly depr e s s ed by the 

removal of the pr imary branches e s pe c i a l ly when the ma i n  stem 

wa s a l so severely de foli ated ( Figure 3 . 6 ) . Such an e f fect 

must a l so l imit the plants ' abi l i ty to obtain soi l nut r ients 

and moi s ture for regr owth . 

Humphreys ( 1 9 8 1 ) a l s o  highl ighted the importance of  new 

shoot deve lopment by stating that a high rate of  shoot 

rep l a c ement after  cutting or gra z i ng is nece ssary to ensure 

high yield and pers i s tence under gra z i ng or cutt ing . Gra z i ng 

management that leads to compl ete loss  of the p r imary 

branches may not only reduce growth in  terms of dry matter , 

green leaf  numbe r  and number of  branche s but a l s o  in  terms of  

the l egume longevity . 

The frequency 

determining yield . 

of  cutting was a l s o  important 

In f act frequency of de fol i a t ion had 

in 

a 
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much greater impact on yield than i nten s i ty of  def o l i a t ion . 

Many workers have c l ea r l y  demonstrated the advantage o f  

cutting i n frequently rather than f r equently ( e . g .  Topark­

Ngarm and Akkasaeng , 1 9 7 8 ) . Exper iment 4 showed that growth 

in terms of  dry matter , number of branches , leaf  number a nd 

leaf area was s igni f i cantly depres s ed under frequent cutting 

in spite of  a greater number of growing points pre sent . 

Presumabl y  the 3 -weekly cutting was too short an interval to 

permit the full  exploi tat ion and development of leaf f rom the 

greater number of  s ite s . Brown and Blaser ( 1 9 6 8 ) have shown 

the importance of high level s  of canopy light i nterception 

for maximum growth rate . Thus , the growth rate of  plants 

under i n f r equent cutting was greater than under f r equent 

cutt ing ( Tabl e 4 . 2 ) , resulting in  higher dry matter 

producti on . However , the results from the field exper iment 

in Thai l and were quite di f ferent from the growth room s tudy -

thi s  wi l l  be discus sed later . 

C .  WATER STRESS AND PLANT GROWTH 

The resu l t s  from the control l ed e nvi ronment s tudy 

con f i rmed that Verano s tylo is a dehydration tolerator 

( Fi s her and Ludlow , 1 9 8 4 ) and showed that the p l a n t  i s  a b l e  

t o  survive a prolonged moi s ture l imitation wi thout seriou s ly 

impai r ing its abil ity to recover . Th i s  dehydration tolerance 

is a s sociated with a reduction in leaf area through l e a f  

sene s cence and a reduction in leaf  expansion . A n  i n c r e a s e  in  

spe c i f i c  leaf weight due to  leaf  th i ckening , and an increase  

in chlorophy l l  concentration as observed in the dark green 

colour of  the  leaves dur ing the s tr e s s  per iod , were a l s o  

noted ( P late 5 . 7  and 5 . 8 ) . These  phenomen a  are cons idered a s  

morphological mechani sms o f  adaptation which a s s i s t  p l ant 

surviva l ( Peak et  a l , 1 9 7 5 ; F i s he r , 1 9 8 3 ; Wai kaku l , 1 9 8 3 ; 

Fisher and Ludlow , 1 9 8 4 ) . In  addit i on , an increase in  the 

carbohydrate concentrat ions in the leaves i s  al s o  regarded a s  

a phy s iological  mechanism of the p l ant ( Wi l son e t  a l , 1 9 8 0 ) . 

Thi s  mechani sm is known as osmotic ad j u s tment , which i s  the 

proce s s  by which leaf osmotic potential  decrea s e s  and o f f s e t s  

the lowered water potenti a l , and hence ful ly o r  part i a l l y  
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maintains turgor . Maintenance of turgor is nec e s s a ry f o r  

shoot and root growth , stomatal opening , and many metabol i c  

proc e s se s  ( Ludlow , 1 9 8 0 a , 1 9 8 0 b ;  F i sher and Lud l ow ,  1 9 8 4 ) . 

The s e  phenomena are f ound in many s pe c i e s  of Stylos anthe s and 

Centrosema but not in Macropt i l ium atropurpureum cv . S iratro 

( Ludlow et a l , 1 9 8 3 ; Fisher and Ludlow , 1 9 8 4 ) . 

Under f ie ld conditions , it was a l s o  found that Verano 

stylo di splays deep-rootedness  ( Gutteridge , 1 9 8 2 ) 

parahel iotropic l e a f  movements wh ich reduce absorption 

and 

of 

solar 

( F i s her 

adapted 

radiation , and hence leaf  temperature and water lo s s  

and Ludlow , 1 9 8 4 ) . Verano s tylo i s  therefore we l l  

t o  a dry monsoonal environment where drought dur i ng 

growth i s  a common occurrence . 

The results f rom the control l ed environment 

( Exper iment 5 )  indicated that mild a nd severe water 

resulted in a red uction in plant growth in  terms 

study 

de f i c it 

o f  dry 

matter , 

compared 

number of  green l eaves and number of  branches 

with we l l  watered plants ( Exper iment 3 ) . 

when 

The 

seve r i ty of thi s  e f fect wa s related to the degree of water 

de f ic i t  i . e .  the more severe the water def i c i t  the greater 

the reduction in the se plant s tructures .  For examp l e , at  the 

end of the drought ( day 8 4 ) ,  total dry matter y i e ld , green 

leaf number and branch number under s evere water stre s s  were 

only 4 4 % , 4 5 % , and 4 0 %  of the se  respective parameters under 

mi l d  water stres s . However ,  enhanced growth and y i e l d  were 

obta ined fol lowing re-watering in both previous ly mi l d  and 

severe water stres sed treatments - e s pecia l l y  in  the former 

treatment . Although it was not pos s i ble to estab l i sh whether 

there was any compensatory growth f o l l owing rewatering of  the 

previous ly s tres s e d  plants , they neverth e l e s s  d i s pl ayed a 

remarkable abi l ity to recover from a sign i f icant per iod o f  

water stre s s  - thi s  i s  o f  cons iderab l e  practical  importance . 

The mos t  str iking ef fect of wate r  de f icit was on tota l 

l e a f  area ( Fi gure 5 . 6 ) .  For any c rop , the l e a f  area i s  

determined b y  the number o f  leave s produced and the s i z e  and 

rate of deve lopment of these  new l eave s . In thi s s tudy 

( Exper iment 5 )  the tota l number of leave s per plant ( Figure 
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5 . 6 )  and the rate of  new leaf appearance ( Table 5 . 6 )  were  

the ma j or contr ibutors to  the dif ferences in  tot a l  leaf  area 

recorded and showed marked reduct ions under s evere water 

s tre s s . By compari son individua l leaf s i z e  appeared l e s s  

sen s it ive to stre s s  and in  fact showed both a pos itive a nd 

negat ive respons e  on occas ions ( Table 5 . 7 ) . The paramount 

impo rtance of l e a f  area on the productivity of plants has 

been repeatedly empha s i z ed ( Watson , 1 94 7 ) .  Dur ing the 

recovery per iod , total leaf area was marked l y  increased 

through a rapid increase in leaf number and at a s imi l a r  rate 

in both the previous ly mild and s evere stre s s  treatments 

although the total leaf area achi eved over the three weeks of 

re-watering wa s greater in the former treatment ( Figure 5 . 6 ) . 

In this  respect , i t  is  important to note that mi ld stres sed 

plants had higher amounts of total TNC at the end of the 

drought than did the severely stres s ed plants ( F igure 5 . 1 1 ) .  

It i s  sugges ted that the se higher res erve s of carbohydrate 

may wel l  have a s s i s ted the early recovery growth o f  the 

previou s l y  mild stressed plants ( Davidson and Mi lthorpe , 

1 9 6 6 ) l eading to thei r  greater production o f  leaf  area 

( Figure 5 . 6 )  and dry matter ( Table 5 . 3 ) . 

Dry matter y ields throughout the drought and recovery 

per iods were greater in the mi ld stres s  treatment than in  the 

severe stre s s  treatment largely due to an incr e a s e  in the 

stem fraction and to a lesser extent in  the l e a f  and 

inf lores cence f ract ions ( Figure 5 . 3 ) . Th i s  s e n s it ivity o f  

stem elongation to water stres s h a s  a l so been reported by 

Wi l l i ams and Gardener ( 1 9 8 4 ) .  

As in the previous exper iment s ,  the number of  branches 

per plant. wa s strongly correlated to plant dry weight , with 

the severely s tres sed plant producing s igni f i c antly f ewer 

branches than mildly stre s s ed plants . This d i f ference i n  

branch number and hence plant dry weight estab l i shed during 

the drought per iod was maintained through into the r ecovery 

period in  s p i te of a greater increase in the rate of  

branching of  those  pl ants previou s l y  under s evere water 

stre s s  ( Table 5 . 5 ) . 



1 4 6 

As cell  divi s ion i s  reported to be l e s s  s e n s i tive to 

wate r  stress than cel l expans ion ( Hsiao , 1 9 7 3 ) , i t  i s  

pos s ible that under mi ld stre s s  cel l  divi s ion and hence 

branch initiation occurred but cel l  expansion was restricted . 

With the removal of  water s tres s  there was a rapid e xpans ion 

of these cel l s  resulting in  ma ss ive branch deve l opment - as 

recorded during the f i r s t  7 days following re-wate r i ng . In 

contras t ,  those  p l ants that were previous ly under s evere 

wate r  stress showed slower branch deve lopment sugg e s t i ng that 

both cell  divi s ion and c e l l  expansion . wer e  s ever e l y  

restr i cted dur i ng the drought period and hence s lower in  

recovery fol lowing re-wate r i ng ( Table 5 . 7 ) . As  d i scus s ed in 

the experimental section ( page 1 2 1 ) ,  thi s res pon s e  i s  

probably close l y  l inked to the di f ferences in  carbohydrate 

re s e rves , leaf a r ea , leaf number and root we i ghts of  the 

respective treatments . 

Defol iation s hortly a f ter  the onset of drought stre s s  

caus ed a s igni f icant depress ion i n  subsequent y i e l d  

par t i cularly when severe and i f  the plant w a s  under mi ld 

water stress . Thi s  ef fect was evident throughout the drought 

per iod but was not s ign i f icant f o l l owing re-wate r i ng . It 

suggests therefore that hard graz ing during the dry s eason 

shoul d  be avo ided and preference g iven to merely " taking the 

top " of f the l egume and thereby ensur ing an adequate number 

and size of res idual pr imary branches .  Al though there were 

no s igni f icant d i f ferences in root 

treatments made at the onset of the 

neverthe less  suggested that l ax 

de f o l iation prior to the dry season 

weights between 

drought per iod , 

rather than 

( Experiment 3 ) 

cutting 

i t  i s  

severe 

may be 

important in encouraging deeper root deve lopment as an a i d  to 

plant surviva l through the drought . 

D .  HERBAGE QUAL ITY 

Al though the results from the cutting exper iment have 

l imi ted app l i cat ion to gra z ed pa s ture where de f o l i ation i s  

usua l ly incomplete and may b e  of  higher frequency , i t  can 

s t i l l  be used a s  a guide for qua l i ty predi ction . 
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As shown in Tables 2 . 5 ,  3 . 5 ,  4 . 6 and 5 . 9 ,  Verano stylo 

gener a l ly contained suff i c ient c rude p rotein to meet animal 

requ i r ements . The s e  data a l s o  show that the content o f  crude 

prote in in these studies var ied ( 1 )  with stage of growth , ( 2 )  

with cutting management ( 3 )  i n  d i f ferent organs and ( 4 )  with 

the watering reg ime . 

Regarding the f irst aspect the results of a number of  

stud i e s  ( Fisher , 1 9 6 9 , 1 9 7 0 ; Winter et  al , 1 9 7 7 ; Gardener et 

al , 1 9 8 2 ) have shown that the c rude protein i s  h ighe s t  in 

young tissue a t  the early part of  the growing sea son , and 

dec l i nes  with advancing plant maturi ty . These changes were 

a l s o  observed with Verano stylo in  the uncut control treat-

ment ( Tables 2 . 5  and 3 . 5 ) . However the rate of  decl ine with 

matur ity var ie s  between pl ant parts wi th the l e a f  and 

infl orescence having a higher c rude protein concentration 

than the stem at  a l l  stages of matur ity . The change s in  l e a f  

and s tem val u e s  with time may be a s sociated wi th tran s loca­

tion of  nitrogen to the seeds a s  demon strated by Robinson and 

Jon e s  ( 1 9 7 2 ) with Townsvi l l e  styl o . 

The crude prote in concentration in al l plant parts wa s 

increased by defol i ation espe c i a l l y  in the stem f r ac tion 

( Ta b l e s  2 . 5 ,  3 . 5  and 4 . 6 ) a s  a l s o  r eported in Townsvi l l e  

sty l e  ( Hendy , 1 9 7 1 ; Ive , 1 9 7 4 ) .  However , the di f ferences 

between the treatments as a result o f  varying the cutting 

intens ity and frequency were gener a l l y  smal l .  

wa s a l so s l ightly higher in the s tem of the 

plants ( every three weeks ) compared with 

Crude protein 

fre quent l y  cut 

the stem of 

i n f r equently cut p l ants ( every six weeks ) .  S imi l ar e f f ects 

wer e  reported by Muf andaed z a  ( 1 9 7 6 ) who found that the c rude 

prot e i n  leve l in s everal stra ins  of � guianens i s  increa sed 

with more f requent cutting . Robertson et a l  ( 1 9 7 6 ) working 

in  Thai l and , a l so reported an increase in c rude protein 

l eve l s  of S .  humi l i s  under more f r equent cutting . 

Leaf and inf lorescence conta ined higher concentrat ions 

of  crude prote in than stem at a l l  cutting inte n s i t i e s  and 

f requenc ies ( Tables 2 . 5 ,  3 . 5  and 4 . 6 ) .  In contr a s t , s tubbl e  

had the lowe s t  crude prote in l eve l i n  a l l  cutting treatment s .  
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The concentrations of  these plant componen t s  mentioned 

above respond d i f ferently under water stres s . Lea f  a nd 

inflore s cence wer e  depres sed in crude protein level r e l a t ive 

to we l l  watered plants in Exper iments 2 ,  3 a nd 4 ,  a nd 

appeared to be due to the redistri bution of ni trogen f rom 

leaves and inf lores cence to the root f raction . Thi s  i n  part 

supports the results obtained by F i sher ( 1 9 8 0 ) working with 

s .  hurni l i s , who found that the p lant red i s t r ibuted i t s  

nitrogen and phosphorus t o  the roots primarily i n  re sponse t o  

wate r  stress rather than matur ity . Th is trans f e r  of  n i trogen 

appeared to be l e s s  apparent under s evere than unde r mi l d  

water stress ( Tabl e 5 . 9 ) .  

Although the c rude protein percentage in di f f erent plant 

parts a nd for d i f ferent cutting intens ity and f requency and 

for d i f f erent water ing regimes  wa s smal l , the amounts per 

plant ( Figure s  2 . 9 ,  3 .9 ,  4 . 8  and 5 . 8 )  were large l y  due to the 

large and s igni f icant di f ference obtained in dry weights 

between the di f f erent treatments . 

The e f f ec t  of de f o l iating the main stern on c rude protein 

yields fol lowed a simi lar pattern to that of plant dry we ight 

vi z .  defol iating to node 5 or node 3 s ignif icantl y depre s s ed 

yield compared with defol iating to node 7 ,  with l i ttle 

di f f erence between med ium ( to node 5 )  and severe ( to nod� 3 )  

de f o l iation ( Figure 4 . 8 ) .  However ,  reduction in  the s i z e of  

the  primary branche s agai n  had a greater impac t on c rude 

protein yield than reduction in the number of pr imary 

branches - with the greatest depr e s s ion resul ting from the 

de f o l i ation of  both the ma in s tern and the pr imar y  branches . 

The importance of  s i z e  of pr imary branches on c r ude protein 

yield was a l s o  apparent even . whe n  cutting wa s del ayed to the 

later stage of  growth . Increas ing the frequency of cutting 

from 6 to 3 weekly interva l s  decreased the c rude protein 

y i e lds  of a l l  above ground components in spite of the s l ight 

increase in  ni trogen concentration in  the stern und e r  f requent 

cutting . 

The e f f ec t  of water stres s  on crude protein yield again 

r e f lected the dry matter respon s e s .  At 42  days a fter  cutting 
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the depress ion f rom severe cutting was only sign i f icant under 

mi ld water stre s s , but by day 8 4  the e f fect of severe cutting 

re s u l ted in  a reduction in  crude protein yield under both 

mi l d  and sever e  stres s . Of perhaps greater sign i f i cance was 

the f act that cutting , eve n  whe n  s evere , had l e s s  e f f e c t  on 

crude prote i n  yields than water def i c i ency ( Figure 5 . 8 ) , and 

wa s reflected in a l l  plant component s . Also , mi l d l y  s t r e s sed 

plants produced substantia l ly greater crude prot e i n  y i elds 

than severe l y  stressed plants . 

The results  of these exper imen t s  c learly show that the 

compl ete remova l of the pr imary branches e s pe c i a l l y  in 

con j unction with the hard cutt ing of the mai n  s tem i s  

detr imental to both quantity and qual ity of  product ion . 

Whi l e  l ax cutting of the primary branches may not be too 

damaging to dry matter yield and qual i ty under adequate soil  

moi s ture , t h i s  may not apply during periods of  s o i l  moi s ture 

l imi tation . F igure 5 . 8  clearly  s hows that even under mi ld 

water stre s s  crude prote in yields were greatly reduced but 

wer e  never the l e s s  capabl e  o f  rapid recovery f o l l owing 

adequate r a i n f al l . 

It i s  interesting to note in  Exper iment 3 that a l though 

the stern was the ma jor contr ibutor to total dry matter under 

lax cutting , the crude protei n  y i e l d  arose l arge l y  f rom the 

i n f l orescence . In f act the crude protein yield of l e a f  plus 

i n f l orescence repres ented more than 5 0 %  of the total and 

ind i cates the h igh qua l i ty of  this spec ies  even under 

infrequent cutt i ng . Thi s  was a l so i l l ustrated i n  the uncut 

control treatment of Experiment 2 ( Figure 2 . 9 )  and s ugge sts 

that cutt i ng for hay at a later s tage of growth c a n  achieve 

high dry matter of high qua l ity . . However , in Exper iment 5 ,  

whe r e  plants were sub j ected to water stres s ,  resul t s  s howed 

that the increase in crude protei n  in mildly stres sed plants 

arose ma i n l y  from the stem and t o  a les ser extent the lea f , 

whi l e  the i n f l orescence which wa s severely reduced in  

development contributed only a sma l l  amount to  the total 

crude prote i n  yield . However ,  on re-watering the crude 

protein y i e l d  of the leaf and the inf lorescence showed a 

marked incr e a s e  dur ing the recovery per iod . 
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E .  MANAGEMENT RECOMMENDATIONS 

The f i nd i ng s  from this study s ugge s t  that Verano style 

i s  capable of  producing acceptabl e  dry matter y i e lds  of  high 

qua l ity under cutting or graz ing in tropica l mon s oona l  

cl imates such a s  that o f  Thai land , p rovided that an adequate 

numb e r  and s i z e  of primary branches is retained . The r e s u l t s  

a l s o  indicate a h igh tolerance t o  water s tre s s  a n d  an abi l i ty 

to r ecover f rom drought . 

I n  order to achieve good establ i shment of the l egume i t  

i s  important to ensure good seedbed preparation , appropriate 

fer t i l i zer appl ication , weed and insect control and correct 

inoculum . S i nc e  Verano style has a r e l a t ively h igh 

percentage of hard seed , sca r i f ication using s a nd paper or 

soaking in hot water at 80 °C for 1 0  minutes is nec e s sary and 

e f f ective . 

Verano s ty l o  should also be sown early in  the wet season 

whe n  soil moi s ture is adequate for germination and emergence . 

Although i t  was not a con s ideration in thi s study , Verano 

style is normal l y  sown in a mixture with appropr i ate tropical 

gra s s e s  and subsequently cut for feeding directly or for 

storage as hay or gra zed in s itu . 

E . 1 Cutt i ng 

I n  a " cut and carry " sys tem , Verano style can achieve 

relative ly h igh production of high qua l i ty provided it is cut 

laxly at approximately 6 week ly interval s .  From the current 

exper iment s , it i s  pos s ible to recommend a cutt ing intens ity 

down to the 7 th node on the ma in s tem to achieve thi s  l evel 

of  produc t i on . However ,  in the f ield und e r  practical 

conditions , such a requirement is somewhat a cademic .  Never­

the l e s s  in  v i ew of the evenness  o f  the stand , a s  found in the 

f ield exper iment at Muaklek ( Plate 6 . 3  and 6 . 4 ) , i t  may wel l  

be pos s ible  for  the farmer t o  c u t  within an acceptab l e  range 

of the opt imum - between the 6 th and the 8th node - a nd s t i l l  

a chieve high y i elds . 
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Results a l s o  highl ighted the importance o f  retaini ng 

primary branches of  adequate s i z e  for regrowth . From a 

practical s tand point the recommendat ion of cutting to a mea n  

leve l approxima t i ng the 7 th node on the main stem s hould a l so 

ensure thi s res idual of  adequate branch s i ze . These p r imary 

branches pro j ect ing into the upper regions of the canopy at  

later cutt i ng wi l l  certainly be d e f oliated but s hould a l s o  

reta in the r e s idua l s i z e  recommendation { i . e .  a t  l e a s t  4 

nod e s  rema i n i ng ) .  

Under a cut and carry system i t  also appear s  pos s ible  to 

achi eve even higher dry matter production under r e l a tive l y  

l a x  cutting whe n  the plant i s  defol iated at a much l ater 

stage of  growth - approximating maximum yield . Al though 

qual ity { crude protein ) is s t i l l  relatively high the extra 

is l a rge l y  due to greater stem production which 

p a latable to  stock . The ma j or l imitat ion to s uch 

production 

may be l e s s  

late  and a l so 

- of  recovery 

cutt ing is 

yields and 

to infrequent cutt i ng i s  the 

3 to 4 weeks . Nevertheless 

s l ow i n i t i a l  

p rovided the 

l ax and adequate time is allowed for r ecovery high 

qua l i ty can be achieved . 

I n  marked contra s t  to the plant responses recorded under 

adequate s o i l  moi sture , the reaction of plants to s imi l a r  

de f o l i ation under soil  moi sture stress  was a lmost n i l . Th i s  

suggests that under such c l imatic conditions , the farmer i s  

abl e  to adopt a much more f l exible cutting pract i c e  without 

a f f ecting production - a f l ex i b i lity that he can even 

mai ntain up to 3 weeks of recovery growth e . g .  the f i r s t  cut , 

fol lowing good rains . 

E . 2  Gra z ing 

Pos s i b l y  the mos t  important f ind ing in  thi s  s e r i e s  of  

exper iment s is  the  comple�e l y  oppos ite plant res ponse 

obtained depending on the method of  de f o l i a t i on . Under 

cutting , 6 weekly defo l i ation produced sign i f i cantly higher 

y i e lds than 3 weekly defol iation , whereas under g r a z ing , 4 

weekly def ol iation was markedl y  s uperior in yield to 8 weekly 

d e f o l i ation . 
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I t  i s  wel l  known that gra z ing is a very di f ferent form 

of  defol iation from cutting - a s  i t  can be high l y  s e lective 

between pl ants and plant part s , it includes the animal 

impacts of  treading and excreting and it is more di f f icult to 

impose prec i s e  intens ities and f r equencies of de f o l i at ion 

compared with cutting . 

A further f actor associated with graz ing i s  the abi l i ty 

o f  the p l ant to modi fy its growth form in re spons e  to animal 

prehension . Thi s  react ion was s trikingly evident i n  the 

f i e ld study , where the more frequently grazed swa rd ( approxi­

mately 4 week l y ) deve loped a more prostrate hab i t  of  growth 

whi l e  the i n f r equently gra zed sward ( approxima t e l y  8 weekly ) 

ma intained a n  erect and semi -erect habit . With mor e  f requent 

removal of the ma in s tem under 4 weekly gra z i ng , the primary 

branches became more abundant and productive as they grew at 

a more acute angle closer to the ground and hence better able 

to avoid tota l  prehension by the graz ing anima l . In contrast 

the more erect growth under 8 weekly grazing s u f f ered more 

complete de f o l i at i on at gra z ing l eaving a rather " nude " main 

stem with f ewer res idual branches  and buds for regrowth . 

A further f actor contributing to the r e l a t ively poor 

productivity o f  the inf requently gra z ed sward was the much 

greater dec l ine in Verano stylo plant den s i ty with time . 

From an i n i t i a l  and very s imi lar plant den s i ty o f  approxi ­

mate ly 1 7 0 p l ants /m2 at the f i rst gra z ing , the f requently 

grazed sward ended the season 2 0  weeks l at e r  with 6 2  

p l ants/m2 wh i l e  the inf requently gra z ed ended with only 2 0  

p l ants/m2 ( Table 6 . 1 ) .  I t  i s  s ugges ted that the var ious 

f actors of p l ant compet ition wer e  more damaging to pl ant 

dens ity under infrequent gra z in9 than under f requent _ gra z ing . 

Th i s  " opening up " of  the sward , particularly under i n frequent 

g r a z ing , obvious l y  accounted for the sign i f i cant i ngre s s  of 

weeds recorded in  the treatment by the end of  the s eason 

approxima t e l y  8 0 %  compared with approxima t e l y  4 0 %  under 

f r equent gra z i ng ( Figure 6 . 1 0 ) . 

In terms of  the practical recommendati on to f a rmer s , it 

i s  c lear that frequent rather than infrequent g r a z i ng should 

be encouraged on the grounds of both quantity and qua l i ty of 
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dry matter a nd the probable improvement in forage accepta­

b i l ity and intake due to the greater amount of  leaf produced . 

Again , the di f f icul ty and very practical  que s tion o f  

gra z i ng intens ity mus t  b e  faced - and it i s  recommended that 

gra z i ng inten s ity should be ad j u s ted to l eave approxima t e l y  7 

r e s idual nodes on the main stern a fter graz ing . As s tated 

ear l ier , th i s  may wel l  be feasible in view of  the r e l at ive 

evenne s s  of sward that can be estab l i shed - a nd i f  nece s s a ry , 

maintained by mechanical trimming . Obviously f a rme r s  mus t  

not a l low the sward t o  become rank a s  i t  wi l l  lead t o  l ower 

production and more rapid sward deterioration through l egume 

death and ingr e s s  of weeds . 

In terms of the recommendations relating to the gra z i ng 

management o f  Verano stylo at the early stage o f  the drought 

peri od , it appear s that f arme r s  may be abl e to gra z e  the s e  

stands t o  a lower level ( e . g .  down to the 5th node rather 

than the 7 th node ) without caus i ng a s ignificant reduction in 

regrowth dur ing the remainder of  the drought and without 

restr icting recovery f o l l owing the onset of the e a r l y  wet 

season rains . On the other hand s evere gra z ing ( down to the 

3 rd node ) during the early drought per iod wi l l  depr e s s  

regrowth s ig n i f icantly dur ing the remaining drought per iod 

at a time when even sma l l  additions of  qua l i ty feed may be 

highly important . However ,  such a practice doe s  not appear 

to e f fect recovery growth detrimental ly with the subsequent 

onset of rains . 

This s eries  of exper iments did not attempt to add r e s s  

the question of management of  mixed l egume/gras s  pastures 

genera lly found in practice . Hence caution mus t  be s hown in  

attempting to  extrapolate the s e  current findings from pure 

Verano swards to Verano/gras s  pas tures . Neverthe l e s s  it is 

argued tha t  in  view of  the paramount importance of l egumes in  

tropical pa s tures , the productivity and per s i s tency o f  the 

l egume component should be favoured . Such an emphas i s  could 

we l l  lead to tropical Verano/gra s s  pa stures o f  high a n imal 

p e r formance through the production and maintenance of  feed of  

high qua l i ty , high acceptabi l i ty and high dige s tibi l i ty , even 

though thi s  may be at the expense of some dry matter 

production . 
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Appendix 1 Control l ed environment conditions . 

Temperatur e : 

Humi d i ty : 

Light ing : 

day/night 

7 0 / 9 0  + 5 %  RH 

1 3 / 2  mb VPD 

day/night 

1 2  hour photop e r i od 

W m- 2 PAR * pre 1 5 9 

pos t  1 3 5 

mean 1 4 7 

- 2 - 1  uE . m  . se c  7 4 2  

6 4 0  

6 9 1 

* 4 0 0  - 7 0 0  nm photosynthet i c a l l y  a ctive radiat ion . 
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Appendix 2 Climate laboratory - N . C . S . U .  Phytotron nutrient 

2 ml A + 2 ml B/ litre water 

r-blecular 
weight ( g )  

Stock solution A 
Ammonium nitrate 

NH4oofr 
Calcium ni ate 

Ca ( 00�2 X 4 H20 
Sequestr e 330 

1 0% DTPA Na Fe 

Stock solution B 
Potassium phosphate 

KH2P04 Potassium phosphate 
K2HP04 Potass1um nitrate 
KNO 

.Magnesi� sulphate 
MgS04 X 7H20 

Sodium sulphate 
NafS04 Zinc su phate 

Znso4 x 7H 0 ' 

Manganese chforide 
MnCl 

Copper s�phate 
�so4 � 5H2o 

Bor1c ac1d 
H3BOf 

Sodium rro ybdate 
NaMc04 .

x 2H2o 

Nutrient 

N 

p 
K 
s 
ea 
Fe 
Mg 

PPM 

1 1 1 . 55 

7 . 65 
6 1 . 54 
24 . 06 
54 . 06 

5 . 96 
6 . 08 

80 . 2  

236 . 1 5  

468 . 20 

1 36 . 08 

1 74 .  1 7  

1 0 1 . 1 1  

246 . 50 

1 42 . 05 

287 . 55 

1 97 . 92 

249 . 68 

6 1 . 82 

24 1 . 93 

urn 

NH4 2200 
003 6 1 30 
P04 6 . 8  

80 
804 750 

1 280 
1 25 
250 

pH of final solution = 6 . 5  - 7 . 5  

grams/litre 
Cone . 

80 . 05 

1 59 . 25 

29 . 8  

1 2 . 5  

5 . 5  

63 . 9  

30 . 8 1 

35 . 5  

0 . 025 

0 . 26 

0 .  0 1  

0 . 35 

0 . 0027 

Nutrient 

B 

Mn 
Cu 
Zn 
r-b 
Cl 
Na 

Final PPM 
soln . 

• 1 60 1  N 
ea 

. 3 1 85 N 
Fe 

. 0596 Na 

K 
. 025 p 

K 
• 0 1 1 p 

K 
• 1 278 N 

Mg 
. 06 1 62 s 

Na 
. 071 s 

Zn 
. 00005 s 

Mn 
. 00052 Cl 

Cu 
. 00002 s 

. 0007 B 
Na 

. 0000054 r-b 

PPM urn 

0 . 1 23 803 

0 . 1 44 
0 . 005 
0 . 0 1 1 
0 . 002  
0 . 1 86 

25 . 9 1 1 

56 . 05 
54 . 06 
37 . 79 

5 . 96 
2 . 93 

7 . 1 8  
5 . 69 
4 . 94 
1 . 96 

49 . 42 
1 7 . 7 1  

6 . 08 
8 . 02 

22 . 98 
1 6 . 03 
0 . 0 1 1 
0 . 006  
0 . 1 44 
0 . 1 86 
0 . 005 
0 . 003  

0 . 1 23 
0 . 00 1  
0 . 002 

1 1 . 39 

2 . 55 
0 . 08 
0 . 1 7  
0 . 02 
5 . 36 

1 1 25 
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Appendi x  3 :  Change s i n  tota l dry we i ght with t ime . 

A .  F i tted with Log i s t i c  growth mode l 
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• 
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• 

120 

B .  F i t ted with Pol ynomi a l  growth mode l ( 0 - 1 3 1  days a fter seedl i ng 
eme rgence ) 
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Appendix 4 E f f e cts of de f o l i a t i on on total dry we ight 

( g/plant ) .  

Weeks a f ter cutting 

Treatment 0 4 6 

After f i r s t  cut 

Ear l y  Control-E 2 . 8 1 b  4 5 . 7 7 b  7 9 .  1 O a  

E - 5 - 4  1 . 5 9 c  3 7 . 6 4 b  4 5 . 5 6 bc 

E - 5 - 0  0 . 2 9 d 1 1 . 3 3c  3 1 . 5 7 c  

Late Con trol -L 8 4 . 2 0 1 9 4 . 1 7 a 7 3 . 8 0 a  

L - 5 - 4  3 . 6 5 a  1 9 . 5 8c  6 4 . 5 0 ab 

L- 5 - 0  0 . 9 6 d  

Sig . * *  * *  * *  

After s econd cut 

Early E- 5 - 4  3 . 3 2 3 8 . 5 2 a  

E- 5 - 0  0 . 6 9 1 0 . 7 0 b  

Late L- 5 - 4  6 . 0 5 3 9 . 3 4 a  

L- 5 - 0  

Sig . * *  * 

1 Not incl uded i n  stat i s t i c a l  analys i s . 
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Appendix 5 E f f ect of  de f o l i a t i on on total plant dry 

we ight ( g/plant ) .  

Treatment 

Cyc l e  1 

Contro l  

E - 7 - 4 

E- 7 - 0  

E - 3 - 4  

E - 3 - 0  

S i gni f i cance 

Cyc l e  2 

Control 

E- 7 - 4  

E- 7 - 0  

E- 3 - 4  

E- 3 - 0  

S i gni f i cance 

Cyc l e  3 

Contr o l  

E - 7 - 4  

E - 7 - 0  

E - 3 - 4  

E - 3 - 0  

S igni f i ca nce 

Cyc l e  4 

Contr o l  

E - 7 - 4  

E - 7 - 0  

E - 3 - 4  

E - 3 - 0  

S ig n i f i c ance 

0 

2 . 7 3 a 1 

1 . 7 6 b  

0 . 3 8d 

1 . 1 7  c 

0 . 2 8d 
* *  

4 . 9 3 a  

1 .  0 2 c 

2 . 2 2b 

0 . 4 0d 
* *  

7 . 7 5 a  

1 . 4 2 c  

3 . 8 8b 

0 . 9 2 c 
* *  

7 . 6 4 a  

2 . 5 7 c 

3 . 5 9 b  

1 . 5 0d 
* *  

Weeks a f ter cutting 

2 4 

1 1  • 5 8  

3 . 4 3 

5 . 9 9 

n s  

2 7 . 4 0 ab 

3 1 . 4 0 a  

1 0 . 4 0 c  

2 0 . 4 0 b  

6 . 7 0 c  
* *  

9 2 . 6 4 a  

3 4 . 5 0 b 

6 . 2 5 c  

1 6 . 4 7 c  

3 . 8 0 c 
* *  

2 4 . 1 0 

9 . 2 0 

2 0 . 8 0 

ns  

6 

6 3 . 5 4 a 

5 5 . 9 0 a 

2 3 . 9 0 bc 

3 3 . 6 0 b 

1 3 . 9 0 c  
* *  

5 6 . 4 0a 

2 3 . 1 0b 

5 8 . 9 0 a 

2 0 . 7 0b 
* *  

7 5 . 9 5a 

4 4 . 2 7 b  

2 5 . 8 6 c  

2 8 . 7 9 c  

1 6 . 4 8d 
* *  

7 0 . 4 0 a  

7 8 . 2 0a 

3 4 . 1 0 b 

6 5 . 0 0 a  

* *  
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1 Va l u e s  in  the same ver t i c a l  column not f o l l owed by the 

s ame l e tter d i f f e r  at  P = 0 . 0 5 
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Appendix 6 :  E f f e c t  o f  wa ter stre s s  a nd d e f o l i a tion on tota l non­

structur a l  ca rbohydrate concentrat ion o f  the plant 

components ( % o f  dry matter ) .  



1 6 0 

R E F E RENC E S  

Adegbola ,  A .  ( 1 9 6 6 ) . Prel iminary observations o n  the reserve 

carbohydrate and regrowth potential of tropical gra s se s . 

Proc . Xth Int . Gras s ld . Congr . ,  Hels inki , Finland : p .  9 3 . 

Akinola , J . O .  and Whiteman , P . C .  ( 1 9 7 5 ) .  Agronomic studies 

on pigeon pea ( Cajanus c ajan ( L . ) Mi ll op ) .  

I I I . Responses to defo l iation . Aust . J .  Agr ic . Res . 

2 6 : 6 7 .  

Alberda , T .  ( 1 9 5 7 ) . The e f f ects of cutt ing , light intensity 

and n ight temperature on growth and soluble carbohydrate 

content of Lolium perenne L .  Plant and Soil 8 :  1 9 9 .  

Al fere z , A . C .  ( 1 9 7 4 ) .  Ef fect of temperature and cutting 

treatments on dry matter yields and carbohydrate 

accumulation in stylo ( Stylosanthes grac i l i s  H . B . K . ) .  

Ci ted in Herb . Abstr .  4 4 : 4 5 8 . 

Alvey , N . G .  et a l  ( 1 9 7 7 ) . Genstat : a genera l  stati stical 

programme . Rothams tead Experimental Station . 

Andrew , C . S .  ( 1 9 6 6 ) .  A kinetic study of phosphate absorption 

by excised roots of  Styl osanthes humi l i s , Phaseolus 

l athyroides ,  Desmodium uncinatum ,  Medicago sativa and 

Hordeum vulgare . Aus t . J .  Agric . Res . 1 7 :  6 1 1 .  

Andrew , C . S .  and Norris , D . O .  ( 1 9 6 1 ) .  Comparative responses 

to calcium of five trop i cal and four temperate pasture 

l egume species . Aus t . J .  Agric . Res . 1£: 4 0 . 

Andrew , C . S .  and Pieters , W . H . J .  ( 1 9 7 0 ) .  Ef f ect of pota s s ium 

on the growth and chemi cal compos i t ion of some pa sture 

l egumes . I I I . De f i c i ency symptoms of 1 0  tropical 

pas ture legumes . C . S . I . R . O .  Aust . Div . , Trop . Past . 

Tech . Paper No . 5 .  



1 6 1  

Andrew , C . S .  and Robins , M . F .  ( 1 9 6 9 ) .  The e f fect of  

phosphorus on  the growth and chemical composit ion of 

s ome tropical pasture legume s . I .  Growth and critical 

percentage of phosphorus . Aust . J .  Agr i c . Res . � :  6 6 5 . 

Baldos , D . P .  and Javier , E . Q .  ( 1 9 7 6 ) . The growth and 

deve lopment of Townsvi l l e  style ( Stylosa nthes humi l i s  

H . B . K . ) .  Phil ipp . J .  Crop Sci . 1 :  2 0 9 . 

Begg , J . E .  and Torssel l ,  B . W . R .  ( 1 9 7 4 ) . Diaphotonastic and 

parahel iona stic leaf  movements in Stylos anthes humi l i s  

H . B . K .  ( Townsvi l l e  s tyle ) .  In  Mechanisms of Regulat ion 

of P l ant Growth . Eds . R . L .  Bielesk i , A . R .  Ferguson and 

M . M .  Greswell . Bul l . 1 2 .  R .  Soc . N . Z . , Wel l ington : 

pp . 2 7 7 . 

Begg , J . E .  and Turner , W . C .  ( 1 9 7 6 ) .  Crop water de f icit s . 

Adv . Agron . � :  1 6 1 . 

Bennet t , O . L . , Dos s , B . O . , Ashley , D . A . , Ki lmer , V . J .  and 

Richardson , E . C .  ( 1 9 6 4 ) . Effects of soil  moi s ture 

r egime on yield , nut r ient content , and evapotranspiration 

for three annual forage species . Agron . J .  5 6 : 1 9 5 .  

Bishop , H . G . , Mc ivor , J . G .  and Rutherford , M . T .  ( 1 9 8 0 ) . · 

Yield and per s i stence of perennial Stylosanthes spec ies  

on the Mackay wes t  coast . Trop . Gras sld . 1 4 :  5 7  - 6 2 . 

Black , J . N .  ( 1 9 5 7 ) .  The influence of varying light intens i ty 

on the growth of he rbage plant s . Herb . Abstr . 2 7 : 8 9 . 

Black , J . N .  ( 1 9 6 3 ) .  The inter relat ionship of  solar radiation 

and leaf area index in  determining the rate of  dry 

matter production of swards of subterranean c lover 

( Trifol ium subterraneum L . ) .  Aust . J .  Agric . Res . 

1 4 :  2 0 . 

Blunt , C . G .  and Humphreys , L . R .  ( 1 9 7 0 ) .  Phos phate respon s e  

o f  mixed swards at Mt . Cotton , south-ea s tern Queens l and . 

Aust . J .  Exp . Anim . Husb . lQ :  4 3 1 . 



Bogdan , A . V .  ( 1 9 7 7 ) . Tropic a l  Pastures and Fodder P l ants . 

Longman , London . 

Bowe n , G . D .  ( 1 9 5 9 ) . Field studie s  on nodulation and growth 

of Centrosema pubescens Benth . Qld . J .  Agr i c . Sci . 

1 6 :  2 5 3 . 

Bro lmann , J . B .  and Sonoda , R . M .  ( 1 9 8 1 ) .  Note on response 

1 6 2 

o f  var ious Stylosanthe s  hamata acces sions t o  two l eve l s  

o f  nitrogen . Trop . Agr ic . � :  1 3 3 .  

Brougham , R . W .  { 1 9 5 8 ) . Interception of light by the fol i age 

of pur e  and mixed stands of  pas ture plants . Aust . J .  

Agric . Res . i =  3 9 . 

Brougham, R . W .  { 1 9 6 0 ) . The r e l ationship between critical  

l eaf area , total chlorophyl l  content and maximum growth 

rate of  some pasture and crop p l ants . Ann . Bot . ( N . S . ) 

2 4 : 4 6 3 . 

Brown , R . H .  and Blaser , R . E .  { 1 9 6 8 ) . Leaf area i ndex in  

pasture growth . Herb . Abs tr . 3 8 : 1 .  

Brown , R . H .  and Blaser , R . E .  ( 1 9 7 0 ) .  Soil moi sture and 

temperature ef fects on growth and soluble carbohydrates 

o f  orchardgras s  ( Dactyl i s  glomerata ) .  Crop S c i . lQ :  

2 1 3 .  

Bryan , W . W .  ( 1 9 6 9 ) . Lotononis  baine s i i  Baker - a l egume for 

s ubtropical pastures . Aus t . J .  Exp . Agric . Anim . Husb . 

1 : 4 .  

Bur t , R . L .  and Mi l l er , C . P .  ( 1 9 7 5 ) . Stylosanthes - a source 

of pa s ture legume s . Trop . Gra s s l . 9 :  1 1 7 .  

Burt , R . L .  a nd Reid , R .  ( 1 9 7 6 ) .  Exp l oration for , and 

uti l i z ation of , collections of tropical pasture legume s . 

I I I . The distr ibution of var ious Stylosanth e s  spe c i e s  

with re spect t o  cl imate a n d  phytogeographic region . 

Agro- Ecosystems 2 2 :  3 1 9 .  



1 6 3 

Burt , R . L . , Cameron , D . G . , Cameron , D . F . , Mannet j e ,  L . ' t  and 

Lenne , J .  ( 1 9 8 3 ) . Stylosanth e s . In : The Rol e  of 

Centrosema , Desmodium and Stylosanthes in improving 

Tropical  Pastures .  Eds . R . L .  Burt , P . P .  Rota r , J . L .  

Walker and M . W .  Si lvey . Wes tv i ew Tropical Agriculture 

S er i e s , No . 6 :  pp . 1 4 1  - 1 8 1 . 

Burt , R . L . , Edye , L . A . , Wi l l i am ,  W . T . , Grof , B .  and 

Nicho l son , C . H . L .  ( 1 9 7 1 ) .  Numerical  ana lys i s  of  

var i at ion patterns in  the genus  Stylosanthe s as  an aid 

to plant introduction and as s e s sment . Aus t . J .  Agric . 

Res . 2 2 : 7 3 7 . 

Burt , R . L . , Edye , L . A . , Wi l l i ams , W . T . , Gil lard , P . , Grof , 

B . , Page , M . , Shaw , N . H . , Wi l l i ams , R . J .  and Wi l son , 

G . P . M .  ( 1 9 7 4 ) . Sma l l - sward tes t ing of Stylosanthes in 

northern Austra l i a : pre l iminary cons iderations .  

Aust . J .  Agric . Res . 2 5 : 5 5 9 . 

But l e r , G . W . , Greenwood , R . M .  and Soper , K .  ( 1 9 5 9 ) .  Ef fects 

of  shading and defol iat ion on the turnover o r  root and 

nodul e  tis sue of pl ants of Tri fol ium repens , Trifol ium 

pratense and Lotus utiginosus . N . Z .  J .  Agr i c . Res . � :  

4 1 5 .  

Cameron , D . F .  and Mannet j e , L . ' t .  ( 1 9 7 7 ) .  Ef fects of 

photoper iod and temperature on f lowering of twe lve 

Stylos anthes specie s . Aust . J .  Exp . Agric . Anim . Husb . 

1 7 : 4 1 7 • 

Campbe l l , M . H .  ( 1 � 6 9 ) . Aeri a l  sow i ng of pas ture s on the 

centra l  tabl e l ands of N . S . W .  Agr i c . Ga z . N . S . W .  � :  

6 4 4 . 



Carvalho , L . J . C . B .  ( 1 9 7 8 ) .  The e f f ect of water s tre s s  on 

growth and herbage qual ity of Stylosanthes hamata cv 

Verano and Stylosanthes guyanen s i s  c v  Scho f i e l d . M . S .  

Thes i s , Univers ity of F lorida , Gainsvi l l e , F l . U . S . A .  

1 6 4 

Carva lho , M . M . de ,  Edwards ,  D . G . , Andrew , C . S .  and Asher , C . J .  

( 1 9 8 1 ) .  Aluminium toxicity , nodul ation and growth of  

Stylosamthes specie s . Agron . J .  }l :  2 6 1 .  

Carva lho , M . M . de ,  Andrew , C . S . , Edwards ,  D . G .  and Asher , C . J .  

( 1 9 8 0 ) . Comparative performance of  six  Stylos anthes 

spec ies  in  three acid soi l s . Aust . J .  Agr i c . Res . }l :  

6 1 . 

Clements , R . J .  ( 1 9 8 0 ) . Personal communication . 

C l ements , R . J . , Wi l l i ams , R . J . , Grof , B .  and Hacke r , B .  

( 1 9 8 3 ) .  Centrosema . In : The Rol e  of Centrosema , 

Desmodium and S tylosanthes in improving Tropical 

Pastures . Eds . R . L .  Burt , P . P .  Rotar , J . L .  Wal ker and 

M . M .  Si lvey . Wes tview Tropi cal  Agr iculture Series , No . 

6 :  pp 6 9  - 9 6 . 

Cook , S . J .  ( 1 9 8 4 ) .  Establishment of  four pa s ture gra s s e s  and 

Siratro from seed over sown into dense and open spea r ­

gra s s  pa s tures . Aust . J .  Exp . Agric . Anim . Husb . � :  

3 6 0 . 

Cride r , R . J .  ( 1 9 5 5 ) .  Root growth s toppage result ing from 

de fol iation of gras s . U . S .  Dep . Agric . Tech . Bul l . 

1 1  0 2 .  

Crowder , L . V .  and Chheda , H . R . C .  ( 1 9 8 2 ) .  Tropic a l  Gra s s l and 

Husbandry .  Tropica l Agr iculture Serie s . Longman , 

London and New York . 

Date , R . A . , Chandl er , M .  and Roughley , R . J .  ( 1 9 8 0 ) . Herb . 

Abstr . 5 0 : 4 5 8 . 



1 6 5 

Davidson , J . L .  ( 1 9 7 8 ) .  Root systems - the forgotten 

component o f  pastures . In : P lant Rel at ions i n  Pasture s . 

Ed . J . R .  Wi l s on , C . S . I . R . O . , Mel bourne : pp . 8 6 - 9 4 . 

Davidson , J . L .  and Donald , C . M .  ( 1 9 5 8 ) .  The growth of 

subterranean clover with part icular reference to l e a f  

area . Aus t .  J .  Agric . Res . 9 :  5 3 .  

Davidson , J . L .  and Mi lthorpe , F . L .  ( 1 9 6 6 ) .  The e f f ect of  

defoliation on the carbon ba l ance in Dactyl i s  glomerata . 

Ann . Bot . , N . S . , 3 0 : 1 8 5 .  

Department of Land Deve lopment ( 1 9 7 9 ) . Land Development 

Report . Land Devel opment , Soi l Survey Divi s ion , Bangkok , 

Thailand . No . 2 4 5  ( in Thai ) .  

Dona l d , C . M .  and B lack , J . N .  ( 1 9 5 8 ) . The s igni f i c a nce of  

leaf area in  pa sture growth . H e rb . Abs tr . 2 8 : 1 .  

Doug l a s , N . H .  ( 1 9 6 5 ) .  Tropical legumes on a blady gra s s  

burn . Qld . Agri c .  J .  21 :  3 6 . 

Dovrat , A .  and Cohen , Y .  ( 1 9 7 0 ) . Regrowth potent i a l  of  

Rhodes gra s s  ( Chloris gayama Kunth . )  a s  a f f ected by 

nitrogen and de fol iat ion . Proc . XIth Int . Gra s s ld . 

Congr . ,  Sur fers Paradi s e : pp . 5 5 2 . 

Dowl i ng , P . M . , C l ements , R . J .  and McWi l l i am ,  J . R .  ( 1 9 7 1 ) .  

Establi shment and survival of  pasture spec i e s  f rom s eeds 

sown on the soil surface . Aus t . J .  Agric . Res . 2 2 : 6 1 . 

Edye , L . A .  and Gro f , B .  ( 1 9 8 3 ) . .  S e l ecting cultiva r s  from 

natural ly occurring genotype s :  evaluating Styl osanthes 

species . I n : Genotypic Re sources  of Forage P l ants . 

Eds . J . G .  Mc ivor and R . A .  Bray , C . S . I . R . O . : pp . 2 1 7 .  

Edye , L . A . , F ie l d , J . B .  and Came ron , D . F .  ( 1 9 7 5 a ) . 

Compari s on of  some Stylosanthe s s pecies in the dry 

tropics of  Queens land . Aus t . J .  Exp . Agri c .  Anim . Husb . 

1 5 :  6 5 5 . 



Edye , L . A . , Burt , R . L . , Wi l l iams , W . T .  and Wi l l i am ,  R . J .  

( 1 9 7 3 ) .  A prel iminary agronomic evaluation o f  

Stylosanthes species . Aust . J .  Agric . Res . 2 4 : 5 1 1 .  

1 6 6 

Edye , L . A . , Burt , R . L . , Nichol son , C . H . L . , Wi l l iam , R . J .  and 

Wi l l i ams , W . T .  ( 1 9 7 4 ) .  C l as s i f ication of the 

Stylosanthes collection 1 9 2 8  - 1 9 6 9 . C . S . I . R . O .  D iv . 

Trop . Agron . Tech . , Paper No . 1 5 : 2 8  pp . 

Edye , L . A . , F i e l d , J . B . , Bi shop , H . G . , Hall , R . L . , P r i nsen , 

J . H .  and Wa l ker , B .  ( 1 9 7 6 ) .  Compar i son of  some 

Stylosanthe s species at three s ites in cent r a l  

Queen s l and . Aust . J .  Exp . Agr i c . Anim . Husb . � :  7 1 5 .  

Edye , L . A . , Wi l l i ams , W . T . , Burt , R . L . , Grof , B . , S t i l l man , 

S . L .  and Winter , W . H .  ( 1 9 7 7 ) . The assessmen t  o f  

seasonal  yie ld us ing some Styl o s anthes guyanen s i s  

acce s s ions in  humid tropical and sub-tropica l 

environments . Aust . J .  Agric . Anim . Husb . 1 7 :  4 2 5 . 

Edye , L . A . , Wi l l i ams , W . T . , Anning , P . , Holm , A . Mc R . , M i l ler , 

C . P . , Page , M . C . and Winter , W . H .  ( 1 9 7 5b ) . Sward tests 

of some morphological agronomi c  groups of  Stylos anthes 

acce s s ions in  dry-tropical envi ronments . Aus t . J .  

Agric . Res . � :  4 8 1 . 

Evans , G . C .  ( 1 9 7 2 ) .  The quantitat ive analys i s  of  pl ant 

growth . I .  Studies  in  ecology. Blackwe l l  S c ient . 

Publ . ,  Oxford . 

Evans , S .  ( 1 9 6 4 ) .  The herbicidal control of broad- l eaved and 

grass weeds in estab l i s hed gra s s land . J .  Br . Gra s s ld .  

1 9 :  2 0 5 . 

Eyles , G . O . , Shelton , H . M . , Buranvir iyakul , S .  and Suks r i , A .  

( 1 9 7 3 ) . Fert i l i zer  stud i e s  on forage legumes i n  

Northea s t  Tha i l a nd . Thai . J .  Agric . Sci . � :  3 5 . -



1 6 7 

Falvey , J . L . , Gibson , T . A .  and Andr ew , A . C .  { 1 9 8 4 ) .  Animal 

production f rom improved pastures in the Tha i  highlands . 

World Anima l  Reviews 4 9 : 1 3 .  

Fi sher , M . J . { 1 9 6 9 ) .  The growth and deve lopment o f  

Townsvi l l e  s tylo { Stylosanthe s humi l i s ) in ungra zed 

swards at Katherine , N . T . , Aus t ral ia . Aus t . J .  Exp . 

Agric . Anim . Husb . 9 :  1 9 6 .  

F i sher , M . J .  { 1 9 7 0 ) .  The e f fect of  super phosphat e  on the 

growth and deve lopment of Townsvil l e  lucerne 

( Stylos anthes humi l i s ) in pure ungrazed sward a t  

Katherine . Aust . J .  Exp . Agr i c . Anim . Husb . 1 0 :  7 1 6 .  

Fi sher , M . J .  { 1 9 7 3 ) .  Effect of  t ime , he ight and f requency of  ' 
de foliation on growth and deve l opment of Town s v i l l e  

stylo in  pure ungra z ed swards at  Katherine , N . T .  

Aust . J .  Exp . Agr i c . Anim . Husb . 1 3 :  3 8 9 . 

F i sher , M . J .  { 1 9 8 0 ) .  The influence of  water str e s s  on 

nitrogen and phosphorus uptake and concentrations in  

Townsvi l l e  stylo ( Stylosanthe s humi l i s ) .  Aus t .  J .  Exp . 

Agric . Anim . Husb . 2 0 : 1 7 5 .  

Fisher , M . J .  { 1 9 8 3 ) .  Responses  of  S iratro to water stre s s . 

J .  Aust . Inst . Agric . Sci . 4 9 : 1 6 1 . 

Fi sher , M . J .  and Campbe l l , N . A .  { 1 9 7 7 ) .  The inf luence of  

water stre s s  on the growth and deve lopment o f  Townsvi l l e  

style ( Stylo santhes humi l i s ) in  pure , ungra z ed sward at 

Kather ine , Northern Territory . Aus t . J .  Exp . Agr i c . 

Husb . 1 7 :  5 9 8 . 

F i sher , M . J .  a nd Ludlow ,  M . M .  { 1 9 8 2 ) . Re sponses o f  S iratro 

( Macropt i l i um atropurpureum ) to water stres s .  Proc . 

XIV Int . Grassld . Congr . 1 9 8 1 , Lexington , KY , USA . 

Westview Pre s s , Boulder , Col arado . Pp . 3 9 6  - 3 9 8 . 



Fisher , M . J .  and Ludlow , M . M .  ( 1 9 8 4 ) , Adaptation to water 

def ic i t s  in  Stylosanthe s . I n : The Biology and Agronomy 

of  Stylosanthes . Eds . H . M .  Stace and L . A .  Edye . 

Academic Pre s s ,  Austra l ia : pp . 1 6 3 - 1 7 9 .  

Ford , C . W .  ( 1 9 8 2 ) . Accumulat ion of  o-methyl -inos i tol s i n  

water- stres s ed Vigna speci e s . Phytochemistry � :  

1 1 4 9 .  

1 6 8 

Ford C . W .  and Wi l son , J . R .  ( 1 9 8 1 ) .  Changes in leve l s  o f  

solute dur ing osmot ic ad j u s tment to water s t r e s s  in  

leaves of four tropical pa s ture species . Aus t .  J .  Plant 

Phys iol . 8 :  77 . 

Gaf f , D . F .  ( 1 9 8 0 ) . Protoplasmic tolerance of extreme water 

stres s . I n : Adaptation of P l a n t s  to Water a nd High 

Temperature Stres s .  Eds .  N . C .  Turner and P . J .  Krame r . 

Wi ley- I nte r s c ience , New York : pp . 2 0 7  - 2 3 0 . 

Gardener , C . J .  ( 1 9 7 5 ) .  Mechani sms regulating germination in 

seed of Stylo santhe s .  Aus t . J .  Agric . Res . 2 6 : 2 8 1 . 

Gardener , C . J .  ( 1 9 7 8 ) . Seedling growth character i s ti c s  o f  

Stylosanthe s .  Aust . J .  Agr i c . Res . l1 =  8 0 3 .  

Gardener , C . J .  ( 1 9 8 0 ) . Diet s e l e c tion and l ivewe i ght 

performance of  steers of Styl o s a nthe s hamata - nat ive 

gra s s  pas ture s . Au st . J .  Agr i c . Re s . 3 1 : 3 7 9 .  

Gardener , C . J .  ( 1 9 8 1 ) .  Popu lat i on dynami cs and stabil ity of 

Stylosanthes hamata cv Verano i n  gra z ed pas t ur e s . Aus t . 

J .  Agr i c . Res . l£: 6 3 .  

Gardener , C . J . , Megarr ity , R . G .  and McLeod , M . N .  ( 1 9 8 2 ) . 

Seasona l changes in  proportion and qual ity o f  plant 

parts of nine Stylosanthes l in e s . Aust . J .  Exp . Agr i c . 

Anim . Husb . 2 2 : 3 9 1 . 



1 6 9 

Gate s , C . T .  ( 1 9 6 8 ) .  Water def ic i t  and growth of herbaceous 

plant s , in : Water Def ic i t  and P lant Growth , Vol I I , Ed . 

T . T .  Koz lows l i : pp . 1 3 5 - 1 9 0 .  

Gate s , C . T .  ( 1 9 7 4 ) .  Nodule and plant development i n  

Stylos anthes humi l i s  H . B . K . : symbiotic respons e s  to 

phosphorus and sulphur . Aust . J .  Bot . 2 2 : 4 5 . 

Gilbert , M . A .  and Shaw , K . A .  ( 1 9 8 0 ) .  The e f f ec t  o f  

superpho sphate app l i c ation o n  establi shment and 

per s i s tence of three - Stylosanthe s spp . in native pa s ture 

on an infertile Duplex soil near Mareeba , North 

Queens l and . Trop . Gra s s ld . 1 4 :  2 5 . 

Gi l lard , P .  ( 1 9 8 3 ) .  The dry tropics - the kangaroo story . 

in : The Role of Centrosema , Desmodium and Stylosanthes 

in  Improving Tropi c a l  pas tures . Eds . R . L .  Burt , P . P . 

Rotar , J . L .  Wal ker and M . W .  Si lvey . Wes tview Trop i c a l  

Agr icul ture Ser ies , No . 6 :  pp . 2 3  - 2 7 . 

Gi l l a rd , P .  and Fi sher , M . J . ( 1 9 7 8 ) . The ecology of  

Townsvi l l e  stylo based pas tures in Northern Aus tral i a . 

in : Plant Re lations  i n  Pas ture s , Ed . J . R .  Wi l son , 

C . S . I . R . O . , Aus tra l i a : pp . 3 4 0 - 3 5 2 .  

Gill ard , P . , Edye , L . A .  and Hal l ,  R . L .  ( 1 9 8 0 ) . Compari s on o f  

Stylos anthes humi l i s  and � hamata and S .  subsericea in 

the Quee n s land dry tropi c s : e f fects on pas ture 

compo s i t ion and cattl e  l ivewe ight gain . Aus t . J .  Agr i c . 

Res . 3 1 : 2 0 5 . 

Grabe r , L . F . , Ne l son , N . T . , Lucke l , W . A .  and Albe rt , W . B .  

( 1 9 2 7 ) . Organic food reserves in  relation to the growth 

of alfa l f a  and other perennial herbaceous plants . 

Wiscons in Agr icultural Exper iment Station , Bul l et i n  No . 

8 0 . 



Grof , P . , Harding , W . A . T .  and Woo l cock , R . F .  ( 1 9 7 0 ) .  

Ef fects of cutti ng on three ecotypes o f  Stylo santhes  

· guianen s i s . Proc . XIth Int . Gra s s ld . Congr . ,  Sur f e r s  

Paradise , Austra l i a : pp . 2 2 6  - 2 3 0 . 

Gutter idge , R . C .  ( 1 9 7 8 ) .  Ef f ect of  phosphorus and sulphur 

ferti l i ze rs on the growth of Stylosanthe s species on 

f ive soil types in northern Tha i l and . Pasture 

Improvement Pro j ect Ann . Rept . ,  Khon Kaen Univer s i ty : 

pp . 7 8  - 7 9 . 

Gutter idge , R . C .  ( 1 9 8 2 ) . The product ivity and pathways of  

per s i s tence of legume s sown in gra z ed native pa sture 

s ituations in northeast Thai l and . Ph . D .  The s i s , 

University of Queens land , Austra l ia . 

Gutter idge , R . C .  and Whitema n , P . C .  ( 1 9 7 5 ) .  E f f e c t  of 

de fol iat ion frequency on growth and surviva l of  four 

acc e s s ions of Psoralea eriantha . Aus t . J .  Exp . Agri c . 

Anim . Husb . 1 5 :  4 9 3 . 

Ha l l , R . L .  ( 1 9 7 1 ) .  The inf l uence of  pota s s i um supply on 

competition between Nandi setaria and Gree n l e a f  

desmodi um . Aust . J .  Exp . Agr i c . Anim . Husb . ll =  4 1 5 .  

Hal l , T . J .  ( 1 9 7 9 ) .  Initial eva luation of Stylosanthes spp . 

on two soi ls  of Mayvale l and sys tem , North-wes t  

Queen s land . Trop . Gras s ld . 1 3 :  9 .  

Hare , M . D .  ( 1 9 8 5 ) . Tropical Pasture Seed Product ion for 

Vi l l age Farmers in South-east As i a . DS IR , Pa lmerston 

North , New Zealand . 4 1  pp . 

Hare , M . D .  ( 1 9 8 6 ) .  Personal communication . 

Harr i s , W .  ( 1 9 7 8 ) . De fol iation as  a determi nant of  the 

growth , per s i stence and compos i tion of pa sture , in : 

Plant Re lations in Pas tures , Ed . J . R .  Wil son . CSIRO , 

Me lbourne : p .  6 7 . 

1 7 0 



1 7 1  

Has lemore , R . M .  and Rougha n , R . G .  { 1 9 7 6 } . Rap i d  chemic a l  

analy s i s  of some plant constituent s . J .  S c i . Fd . Agr i c . 

2 7 : 1 1 7 1 . 

Hatri c k , A . A .  and Bow l ing , D . J . F .  { 1 9 7 3 } . A s tudy of  the 

relationship between root and shoot metabo l i sm .  

J • Exp . Bot . 2 4 : 6 0 7 • 

Hendy , K .  { 1 9 7 1 ) .  The per formance of a pang o l a  gras s/ 

Townsvi l l e  stylo pas ture near Darwin . J .  Aust . I n s t . 

Agr ic . Sci . 11 :  6 5 . 

Hen z el l , E . F .  { 1 9 7 7 ) .  Nitrogen nutrition of  trop i c a l  

pa sture , in : Tropic a l  Forage Legume s ,  Ed . P . J .  Skerman . 

F . A . O . , Rome . Pp . 8 6  - 1 0 2 .  

Hodgkinson , K . C .  and Wil l iams , D . W .  { 1 9 7 8 ) .  Adaptat ion to 

graz ing in forage plant s . In : Genetic Resources of  

Forage P l ants , Eds . J . G .  Mc ivor and R . A .  Bray : pp . 8 5  -

1 0 0 .  

Hodgson , J .  { 1 9 7 9 ) . Nomenc l ature and def init ion i n  gra z ing 

studies . Gra ss and Forage Sc ience 3 4 : 1 1 .  

Hsiao , T . C .  {· 1 9 7 3 ) . Plant response s  to water stre s s . Ann . 

Rev . Plant Physiol . 2 4 : 5 1 9 .  

Humphreys , L . R .  ( 1 9 66 a ) . Pa sture de fol i ation practice - a 

review . J .  Aust . Inst . Agr i c . Sci . 3 2 : 9 2 . 

Humphrey s , L . R .  ( 1 9 6 6b ) . Sub-tropical gra ss growth . 2 .  

E f f ects of  variation in  leaf area index in  the f ield . 

Qld . J .  Agric . Anim . S c i . 2 3 : 3 3 7 . 

Humphreys , L . R .  { 1 9 6 7 } . Town sv i l l e  lucerne : h i s tory and 

prospect . J .  Aust . I n s t . Agric . S c i . 3 5 : 3 .  

Humphreys , L . R .  ( 1 9 7 8 a } . Pasture research in  Thai l and : an 

Aus tral i a n  role . J .  Aus t .  Inst . Agr i c . S c i . !!= 1 8 0 .  



Humphreys , L . R .  ( 1 9 7 8b ) . Tropic a l  Pasture a n d  Fodder Crops . 

Longman , London . 

Humphreys ,  L . R .  ( 1 9 8 0 a ) . A Guide to better P a s ture for  the 

Tropi c s  a nd Sub-tropi c s . 4 th edn . Wright Stephenson 

Sydney . 

Humphreys , L . R .  ( 1 9 8 0 b ) . Def i c i en c i e s  of adaptation o f  

pasture l egumes . Trop . Gras s ld . 1 4 :  1 5 3 .  

Humphreys ,  L . R .  ( 1 9 8 1  ) .  Environmental Adaptat ion o f  

Tropical Pas ture Plants , Macmi l lan , London . 

1 7 2 

Humphreys , L . R .  ( 1 9 8 2 ) . Perspectives on the adaptation o f  

pasture l egumes to tropical  f a rming sys tems . Out look o n  

Agr icul ture ll= 1 4 4 .  

Humphreys , L . R .  ( 1 9 8 4 ) .  Global ventures in Stylos anthes V .  

South-Ea s t  Asia . In : The Biology and Agronomy of  

Stylosant he s , Eds . H . M .  Stace and L . A .  Edye . Academic 

Pre s s : pp . 5 2 9  - 5 3 4 . 

Humphreys ,  L . R .  and Robinson , A . R .  ( 1 9 6 6 ) .  Subtropi c a l  gra s s  

growth . I .  Relationship between carbohydrate 

accumulat ion and leaf area in growth . Qld . J .  Agr i c . 

Anim . Sci . 2 3 : 2 1 1 .  

Hunt , R .  and Parsons , I . T .  ( 1 9 7 7 ) .  Plant growth analys i s : 

further appl i cat ions of a recent curve - f itting program . 

J .  App . Ecol . 1 4 :  9 6 5 . 

Hunter , R . A . , Mc intyre , B . L .  and Mc i l roy , R . J .  ( 1 9 7 0 ) . Water 

soluble carbohydrates of trop i c a l  pasture gra s s e s  and 

legumes . J .  Sci . Fd . Agr i c . � :  4 0 0 . 

Hutton , E . M .  ( 1 9 7 0 ) .  Tropical Pastures . Adv . Agron . � :  1 .  

Hutton , E . M .  and Beal , L . B .  ( 1 9 7 7 ) . Breeding o f  Macropt i l ium 

atropurpureum . Trop . Gras s ld . 1 1 :  1 5 .  



Imr i e , B . C .  ( 1 9 7 1 ) .  The e f f ects of  severity of  d e fo l iation 

and soil moisture stress  on Desmodium i ntortum . 

Aus t . J .  Exp . Agr i c . Anim . Husb . ll =  5 2 1 . 

Imr i e , B . C . , Jones , R . M .  and Kerridge , P . C .  ( 1 9 8 3 ) .  

1 7 3 

Desmodium . In : The Role of Centrosema , Desmodium and 

Stylosanthes in Improving Tropical Pa stures • .  Eds . R . L .  

Burt , P . P .  Rotar , J . L .  Walker and M . W .  S i lvey . We stview 

Tropical Agri culture Series , No . 6 :  pp . 9 7  - 1 4 0 .  

Ive , J . R .  ( 1 9 7 4 ) . Ef fect of  mechanical de fol iation on 

botan ical compos ition and yield of a Townsvi l l e  stylo­

sabi grass  sward . Aust . J.  Exp . Agric . Anim . Husb . l! =  

7 5 8 . 

Jacque s ,  W . A . and Edmond , D . B .  ( 1 9 5 2 ) .  Root deve l opment in 

some common New Zeal a nd pasture plants . V .  The e f fect of  

de f o l iation and root pruning on cocksfoot ( Da c tyl i s  

glome rata ) and perenni a l  ryegr a s s  ( Lo l i um per enne ) .  

N . Z .  J .  Sci . Technol . 3 4 : 2 3 1 . 

Jant i i , A .  and Heinonen , R .  ( 1 9 5 7 ) .  Ef fect of de f o l iat ion 

and soil moisture on gra s s land re-growth . J .  Brit . 

Gras s ld .  Soc . 1 2 :  5 6 . 

Jant i i , A .  and Kramer , P . J .  ( 1 9 5 7 ) .  Regrowth of p a s tures in 

relation to soil moi s ture and de foliation . Proc . VI I 

Int . Gra s s l d . Congr . ,  pp . 3 3 - 4 2 . 

Jantakool , S .  ( 1 9 8 3 ) . A s tudy of the effects of  plant 

spacing and irrigation on seed production and seed 

development in Si ratro . Ph . D .  Thes is , Mas s e y  Unive r s i ty , 

Palmerston North , New Z e a land . 

Jame s o n , D . A .  ( 1 9 6 3 ) . Res pons e  of individual p l a n t s  to 

harve st ing . Bot . Rev . 2 9 :  5 3 2 . 

Jehne , W .  ( 1 9 8 4 ) . Mycorrh i z a s  and Stylosanthes .  I n : The 

Biology and Agronomy of  Stylo santhes . Eds . H . M .  Stace 

and L . A .  Edye . Academi c Pres s ,  Austra l i a : p .  2 2 7 . 



1 7 4 

Jone s , C . A .  and Carabaly , A .  ( 1 9 8 1 ) .  Some charact er i s t i c s  of  

the regrowth of  1 2  tropi c a l  gra s ses . Trop . Agr i c . 

( Trinidad ) 5 8 :  3 7 .  

Jone s , R . J .  ( 1 9 6 5a ) . Nutr ient requ i rements of improved 

pa sture on podzo l i c  s o i l  developed in phy l l ite at North 

Deep Creek . Trop . Gra s s l d . Soc . Aust . Proc . No . 6 . :  2 3 . 

Jones , R . J .  ( 1 9 6 5 b ) . The use  of  cyc lodiene insectic ides  a s  

l iquid s eed dre s s ings t o  contr o l  bean f l y  

( Me lanagromyza phaseo l i ) in species of Phaseolus  and 

Vigna marina . Aust . J .  Exp . Agric . Anim . Hus b . 7 :  1 5 7 .  

Jones , R . J .  ( 1 9 6 7 ) . Effects of  c l o s e  cutting and ni trogen 

ferti l i z er on growth of S iratro ( Phaseolus 

atropurpureus ) pasture at Samford , southeastern 

Queen s l and . Aust .  J .  Exp . Agr i c . Anim . Husb . 7 :  1 5 7 .  

Jones , R . J .  ( 1 9 7 2 ) .  The place o f  l egume s in trop i c a l  

pasture s . ASPAC Fd . Ferti l i . Technol . Cent . Tech . Bul l . 

No . 9 .  

Jones , R . J .  ( 1 9 7 3 ) . The e f fect of  · frequency and seve r i ty o f  

cutting on yield and per s i s tence of Desmodium intortum 

cv . Greenleaf in a subtropical  environment . Aust . J .  

Exp . Agric . Anim . Husb . 1 3 :  1 7 1 . 

Jones , R . J .  ( 1 9 7 4 ) . Effect o f  previous cutting i nterval and 

of leaf area remaining a f ter cutting on regrowth of 

Macropt i l ium atropurpureus cv . Si ratro . Aus t . J .  Exp . 

Agr i c . Anim . Husb . 1 4 :  3 4 3 . 

Jones , R . J .  and Jones , R . M . ( 1 9 7 1 ) .  Agronomic factors in 

pasture and forage crops production in trop i c a l  

Austra l ia . Trop . Gra s s ld . �:  2 2 9 . 

Jones , R . J . , Gr i f f iths , D .  and Wa i te , R . B .  ( 1 9 6 7 ) . The 

contr i bution of some tropical  legumes to pas ture yields 

of dry matter and nitrogen at Samford , Southeast 

Q\ieens l and . Aust . J .  Exp . Agr i c . Anim . Hus b . 7 :  5 7 . 



Jones , R . K .  ( 1 9 7 4 ) . A study of phosphorus respons e  of a 

wide range of  acces s ions f rom the genus Stylosanthes .  

Aus t . J .  Agr i c . Res . 2 5 : 8 4 7 . 

Jone s , R . M .  ( 1 9 7 3 a ) . Dynamic s  of S i ratro . Annual Report , 

C . S . I . R . O . , Div . Trop . Agron . 1 9 7 2 - 1 9 7 3 : p .  1 4 .  

1 7 5 

Jone s , R . M .  ( 1 9 7 3 b ) . See� l i ng death of  Desmodium i ntortum i n  

the Queens land wallum with spe c i a l  reference to 

pota s s ium chlor ide ferti l i zer . Trop . Gra s s l d . 7 :  2 6 9 . 

Kes s l e r , D . J .  and She lton , H . M .  ( 1 9 8 0 ) . Dry season l egume 

forages to fol low paddy rice  in N . E .  Tha i land . I I I . 

I n f l uences of time and intens i ty of  cutt ing on 

Crota laria juncea . Expl . Agr i c . 1 6 :  2 0 7 . 

Keya , N . C . O . , O l s en , F . J .  and Hol l iday , R .  { 1 9 7 1 ) .  The role 

o f  superphos phate in the establ i s hment of over sown 

tropical legumes in natura l  gra s s lands of Wes tern Kenya . 

Trop . Gras s ld . �:  1 0 9 .  

Keya , N . C . O . , Ol sen , F . J .  and Ho l l iday , R .  ( 1 9 7 2 ) . 

Compari son of seed beds for ove r sowing of Chlor i s  gayana 

( Kunth . ) De smodium unc inatum ( Ja cq . ) mixture in 

Hyparrheni a  grass land . E .  Afri � Agr ic . For . J .  3 7 : 2 8 6 . 

Lee , C .  and Smith , D .  ( 1 9 7 2 ) . Changes in the concentration 

o f  ni trogenous fract ions in a l f a l f a  herbage with 

advancing matur ity . Agron . J .  6 4 : 3 2 6 . 

Lenne , J . M .  and Sonoda , R . M .  ( 1 9 7 9 ) . The occurrence o f  

Colletot r i chum spp . on Stylos anthes spp . in  F l orida and 

the pathogenic ity of Florida and Austr a l ian i so lates 

S tylosanthes spp . Trop . Gras s ld . 1 3 : 9 8 . 

Leach , G . J .  ( 1 9 6 7 ) . The growth of  the lucerne pl ant after  

cutting : the  e f fects of cutting a t  di f ferent s tages o f  

matur ity and at  dif ferent inte n s i ties . Aus t . J .  Agr i c . 

Res . 1 9 :  5 1 7 .  



1 7 6 

Little , T . M .  and Hill s , F . J .  ( 1 9 7 5 ) .  Statistical Methods i n  

Agr i c ultura l  Research . Unive r s i ty of  Cal i fornia : Davi s . 

P .  2 4 2 . 

Ludlow , M . M .  ( 1 9 8 0 a ) . Stre s s  phys iology of trop i c a l  pasture 

p l an t s . Trop . Gras s ld . 1! : 1 3 6 .  

Ludlow , M . M .  ( 1 9 8 0b ) . Ad.apt ive s igni f icance of s tomatal 

re sponses of water stre s s . In : Adaptation of P l ants to 

Water and High Temperature Stre s s . Eds . N . C .  Turner and 

P . J . Krame r . Wi ley-Inte r s c ience , New York : pp . 1 2 3 - 3 8 . 

Ludlow , M . M . and Charles-Edwards , D . A .  ( 1 9 8 0 ) . Analys i s  of  

the regrowth of  a tropi c a l  gras s/legume sward sub j ected 

to d i f fer ing frequenc i e s  and intens ities of de fol iation . 

Aus t . J .  Agric . Res . 3 1 : 6 7 3 . 

Ludlow , M . M .  and Ibarak i , K .  ( 1 9 7 9 ) .  Stomatal control of  

water loss  in Siratro ( Macropt i l ium atropurpureum ( DC )  

Urb ) , a tropical pasture legume . Ann . Bot . 4 3 :  6 3 9 . 

Ludlow , M . M .  and Ng , T . T .  ( 1 9 7 6 ) .  Ef fect of water de f i c i t  on 

carbon dioxide exchange and leaf elongation rate of 

Pani cum maximum var . tr i choglume . Aust . J .  Pl . Phys iol . 

3 :  4 0 1 . 

Ludlow , M . M .  and Ng , T . T .  ( 1 9 7 7 ) .  Leaf elongation rate in  

Panicum maximum var . t r i choglume following removal o f  

water stre s s . Aus t . J .  Plant Physiol . ! =  2 6 3 .  

Ludlow , M . M .  and Wil son , G . L .  ( 1 9 7 0 ) . Growth of  some 

tropical _ grasses and l egumes at two temperatures . J .  

Aus t . Inst . Sci . 3 6 : 4 3 . 

Ludlow , M . M . , Chu , A . C . P . , Clements , R . J .  and Kers lake , R . G .  

( 1 9 8 3 ) . Adaptat ion o f  spec ies of Centrosema to water 

stress . Aust . J .  P l an t  Phys iol . lQ: 1 1 9 .  



Loch , D . S .  and Humphreys , L . R .  ( 1 9 7 0 ) . E f fects o f  stage of  

def o l iation on seed production and growth of 

Stylosanthes humi lis . Aust . J .  Exp . Agric . Anim . Husb . 

1 0 :  5 7 7 . 

1 7 7 

Loch , D . S . , Hopkinson , J . M .  and Engli s h , B . H .  ( 1 9 7 6 ) . Seed 

production of Stylosanthes guyanens i s . I .  Growth and 

deve lopment . Aust . J .  Exp . Agr i c . Anim . Hus b . �: 2 1 8 .  

Mackay , J . H . E .  ( 1 9 7 5 ) . Reg ister of  Aus t ralian herbage pl ant 

cultivars . B .  Legume : 1 2 .  Stylo . J .  Aust . I n s t . Agr ic . 

Sci . 4 1 : 2 7 1 .  

Manne t j e ,  L . ' t  ( 1 9 6 9 ) . Rhi z obium a f f in i ties and phenet i c  

relationships within the genus Stylosanthes . Aus t . J .  

Bot . 1 7 :  5 5 3 . 

Manne t j e , L . ' t  ( 1 9 7 8 ) .  The role of  improved pa s tures for 

beef product ion in the tropics .  Trop . Gra s s ld . � :  1 .  

Mannet j e , L . ' t ( 1 9 8 4 ) . Considerat ions on the taxonomy of  the 

genus Stylosanthes . In : The Biology and Agronomy o f  

Stylosanthes .  Eds . H . M .  Stace and L . A .  Edye . Academic 

Press , Aus t ra l i a : pp . 1 - 2 1 . 

Mannet j e , L . ' t ,  O ' Connor , K . F .  and Burt , R . L .  ( 1 9 8 0 ) .  The 

use and adaptation of pasture and fodder l egumes . In : 

Advances i n  Legume Sc ience . Eds . R . J .  Summe r f ie ld and 

A . H .  Bunting . Royal Botanica l Garden , Kew , London : pp . 

5 3 7 - 5 5 1 . 

May , L . H .  ( 1 9 6 0 ) . The util i z ation of  carbohydrate reserves 

in pasture plants after de f o l i at ion . Herb . Abstr . 3 0 : 

2 3 9 . 

McCown , R . L . , G i l lard , P .  and Edye , L . A .  ( 1 9 7 4 ) . The annual 

variation in  yield of pastures in the sea sonal ly dry 

tropics of Queens land . Aus t .  J .  Exp . Agr i c . Anim . Husb . 

1 4 :  3 2 8 . 



Mc i lroy , R . J .  ( 1 9 6 7 ) .  Carbohydrates o f  gra s s l and herbage . 

Herb . Abstr . 3 7 : 7 9 . 

Mc ivor , J . G .  ( 1 9 7 6 ) .  Germination characte r i s t i c s  of seven 

Stylosanthes specie s .  Aust . J .  Exp . Agr i c . Anim . Hush . 

1 6 :  7 2 3 . 

Mc ivor , J . G .  ( 1 9 7 9 ) . S easona l change s  in nitrogen and 

phosphorus concentrations and in vitro diges tibi l ity of 

Stylosanthes spec ies  and Centrosema pube s cens . Trap . 

Gras s l d . 1 3 :  9 2 . 

1 7 8 

McKeague , P . J .  and Holmes , A . E .  ( 1 9 7 9 ) .  2 1  months of  gra z ing 

stylo in the dry trop ic s . Qld . Agr i c . J .  1 0 5 :  1 0 9 .  

McKeague , P . J . , H i l l e r , C . P .  and Anning , P .  ( 1 9 7 8 ) . Verano 

stylo - a new stylo for the dry tropic s .  Qld . Agr i c . J .  

1 0 4 :  3 1 . 

McLeod , C . C .  ( 1 9 6 2 ) . Pasture renovation and crop 

establi shment with aid of chemica l s . N . Z .  J .  Agr i c . 

1 0 4 :  4 7 9 . 

Middleton , C . H .  ( 1 9 7 3 ) . Oversowing legumes into g r a s s  

swards . Qld . Agr i c . J .  9 9 : 2 1 7 .  

Mi lford , R .  ( 1 9 6 7 ) . Nutr i t ive va lues and chemical compos it ion 

of seven tropica l legume s and lucerne grown i n  

subtropica l south-eas tern Queens land . Aust . J .  Exp . 

Agr i c . Anim . Hus b . 7 :  5 4 0 . 

Mil ford , R .  and Minson , D .J .  ( 1 9 6 6 ) . The f eeding va lue of 

tropical pasture s . In : Tropi cal Pastures . Eds . W .  

Davies  and C . R .  Skidmore . Faber and Faber , London : p .  

1 0 6 .  

Mi l ler , H . P .  ( 1 9 6 7 ) .  The ef fect of pre-treatment of  native 

pa sture and sowing rate on establ i shment of Townsvi l l e  

lucerne o n  Trippera clay loam at Kathe r ine , N . T .  Aus t . 

J .  Exp . Agr ic . Anim . Hush . l =  5 1 5 .  



Mi l le r , H . P .  and Perry , R . A .  ( 1 9 6 8 ) .  Prel iminary stud i e s  on 

the establ i shment of  Townsvi l l e  lucerne ( Styl o s anthes 

humi l i s ) in unc leared native pasture at Kathe r ine , N . T .  

Aus t .  J .  Exp . Agr i c . Anim . Husb . � :  2 6 . 

Mi l thorpe , F . L .  and Davidson , J . L .  ( 1 9 6 6 ) .  Phys iologic a l  

Aspects of  Regrowth in Gra s s  i n  the Growth o f  Cerea l s  

and Gras ses . Eds . F . L .  Mi l thorpe and J . D .  Ivins . 

Butterworths Scienti f i c  Publ ications , London . Pp . 3 5 7 .  

1 7 9 

Minson , D . J .  and McLeod , M . N .  ( 1 9 7 0 ) . The dige s t ibi l i ty of 

temperate and tropical gras ses . Proc . XIth Int . Gra s s l . 

Congr . ,  Sur fers  Parad i s e , Austr : p .  7 1 9 .  

Moh lenbrock , R . H .  ( 1 9 5 8 ) . A revi s ion of the genus 

Stylosanthes .  Ann . Mo . Bot . Gard . 4 4 : 2 9 9 . 

Matt , J . J .  ( 1 9 7 9 ) .  High temperature contact treatment o f  

hardseed in  Stylosanthe s .  Aus t . J .  Agr i c . Res . 3 0 : 8 4 7 . 

Matt , J . J .  McKeon , G . M .  and Moor , C . J .  ( 1 9 7 6 ) .  E f fect o f  

seedbed conditions o n  the germination o f  four 

Stylosanthes species in  the Northern Ter r i tory . 

Aust . J .  Agr ic . Res . 2 7 : 8 1 1 .  

Matt , J . J . , McKeon , G . M . , Gardene r , C . J .  and Mennet j e ,  L . ' t  

( 1 9 8 1 ) .  Geographic var i ation i n  the reduction of  hard 

seed content of Stylosanthes s e ed in the trop i c s  and 

subtropi c s  in northern Austra l i a . Aust . J .  Agr i c . Res . 

3 2 : 8 6 1 . 

Muf andaed z a , O . T .  ( 1 9 7 6 ) . Ef fects o f  frequency and he ight of 

cutti ng on some tropical  gra s s e s  and legume s . I I . 

Stylosanthes guianens i s  ( Anbl . )  S . W .  Rhod . J .  Agr ic . 

Res . 1 4 :  7 9 . 

Murphy , W . M . , Schol l ,  J . M .  and Baretto , I .  ( 1 9 7 9 ) . Ef fects 

of cutting management on e ight sub-tropical  pa sture 

mixture s .  Agron . J .  �: 6 6 2 . 



1 8 0 

Murray , R . M .  ( 1 9 8 3 ) .  P l an t-animal relationsh i p s . In : The 

Role of Centrosema , Desmodium and Stylosanthes in 

I mproving Tropi c a l  P asture s . Eds . R . L .  Burt , P . P .  Rota r , 

J . L .  Walker and M . W .  Sivey . Westview Trop i c a l  

Agri cul ture Ser ie s ,  No . 6 :  pp . 2 2 7  - 2 2 9 . 

Murtagh , G . J .  ( 1 9 6 3 ) . Herbicides as an aid to the 

e stab l i shment of  sod- sown Glyc ine javan i c a . Aust . J .  

Exp . Agr i c . Anim . Husb . l= 1 7 3 .  

Nat i onal Academy of Sc ience ( 1 9 7 7 ) . Leucaena . Promis ing 

Forage and Tree Crop for the Tropi c s . Washington D . C .  

Nel s o n , C . J .  and Smith , D .  ( 1 9 6 8 ) . Growth o f  Birds foot 

tre f o i l  and a l f a l f a . I I I . Changes in c arbohydrate 

reserves and growth ana lys i s  under f ie l d  conditions . 

Crop Sci . 8 :  2 5 1 . 

Ne l son , C . J .  and Smith , D .  ( 1 9 6 9 ) . Growth of  Birds foot 

tre foi l and a l f a l f a . I V .  Carbohydrate r e s e rve l eve l s  

and growth analy s i s  under two temperature regime s . 

Crop Sci . 9 :  5 8 9 - 5 9 1 . 

Nobl e ,  A .  and Lowe , K . F .  ( 1 9 7 4 ) .  Alcohol soluble 

carbohydrates in var ious tropical and temperate pa s ture 

species . Trop . Gra s s l d . 8 :  1 7 9 .  

Norman , M . J . T .  ( 1 9 6 2 ) . Res ponse of nat ive pasture to 

nitrogen and pho s phate fert i l i zer  at Kather ine , N . T .  

Aus t . J .  Exp . Agr i c .  Anim . Husb . � :  2 7 . 

Norman , M . J . T .  ( 1 9 6 5 ) . Pos testabl i shment graz ing management 

of  Townsvi l l e  lucerne on uncl eared land at  Kathe r i n e , 

N . T .  J .  Aust .  I ns t . Agr ic . Sci . 3 1 : 3 1 1 .  

Norman , M . J . T .  and Phi l l ip s , L . J .  ( 1 9 7 0 ) .  Wet season gra z ing 

of  Townsvi l l e  stylo pasture at Kather ine , N . T .  Aus t . J .  

Exp . Agr ic . Anim . Husb . � :  7 1 0 .  



Norr i s , I . B .  and Thomas , H .  ( 1 9 8 2a ) . Recovery of ryeg r a s s  

spe c i e s  from drought . J .  Agr i c .  Sci . ,  Camb . 9 8 :  6 2 3 . 

1 8 1 

Norr i s , I . B .  and Thomas , H .  ( 1 9 8 2b ) . The e f f ects o f  cutting 

on regrowth of perenni a l  ryegrass  selections expo sed to 

drought conditions . J .  Agr i c . Sci . , Camb . 9 9 : 5 4 7 . 

Olsen , F . J .  ( 1 9 7 3 ) . Effects of  cutting managemen t  on a 

Desmodium intortum/Set a r i a  sphacel ata mixtu r e . Agron . 

J .  6 5 : 7 1 4 .  

Olsen , F . J .  and Moe , P . G .  ( 1 9 7 1 ) .  The ef fect of phosphate 

and l ime on the estab l i s hmen t , productivity , nodulation 

and per s i stence of Desmodium intortum , Medi cago sativa 

and Stylosanthes grac i l i s . E .  Afri . Agr i c . For . J .  ll =  

2 9 . 

O ' Re i l l y , M . V .  ( 1 9 7 5 ) .  Better Pastures for the Tropi c s . 

Arthur Yates and Co . Pty . Ltd . 1 st Edi tion : pp . 6 0 . 

Oswa l t , D . L . , Bertrand , A . R .  and Tee l , M . R .  ( 1 9 5 9 ) . 

I n f luence of nitrogen f e rt i l i z at ion and c l i p pi ng on 

gras s  roots . Soil Sci . Soc . Am .  Proc . 2 3 :  2 2 8 . 

Pearen , J . R .  and Koeghan , J . M .  ( 1 9 8 2 ) .  A revi ew o f  factors 

i n f l uenc ing succe s s ful  pa s ture renovation . Trop . Agric . 

5 9 : 1 7 9 .  

Probert , M . E .  ( 1 9 8 4 ) . The miner a l  nutrition of S tylosanthe s . 

I n : The Biology and Agronomy of  Stylos anthe s .  Eds . H . M .  

Stace and L . A .  Edye . Academic Pres s . Pp . 2 0 3  - 2 2 6 . 

Peake , D . C . I . ,  Stirk , G . D .  and Hen z e l l ,  E . F .  ( 1 9 7 5 ) . Lea f  

water potenti a l s  o f  pasture plants in a semi - a r id 

env i ronment . Aust . J .  Exp . Agr i c . Anim . Husb . 1 5 :  6 4 5 . 

Pongsaku l , V . , Wil iaipon , B .  and Gutteridge , R . C .  ( 1 9 8 2 ) . 

Unde r sowing upland crops with pasture legume s . I I . 

Kena f with Stylosanthes hamata cv Verano . Tha i  J .  

Agr i c . Sci . �: 7 .  



1 8 2 

Reid , R . L . , Post , A . J . , Ol sen , F . J .  and Mugerwa , J . S .  ( 1 9 7 3 ) . 

Stud i e s  on the nutritional qual ity o f  gras se s  and 

l egume s in Uganda . I .  Appl i cation of  in vitro 

dige stibil i ty techniques to s peci e s  and s tage of  growth 

e f f ec t s . Trop . Agric . ( Trinidad ) 5 0 : 1 .  

'R itson , J . B . , Edye , L . A .  and Robinson , P . J .  ( 1 9 7 1 ) .  

Botanical and chemical compos it i on of  a Townsvi l l e  stylo 

spear gra s s  pasture in relation to conception rate of 

cows . Aus t . J .  Agric . Re s . 2 2 : 9 9 3 . 

Robertson , A . D .  ( 1 9 7 8 ) .  Terminal  Report : Northea s t  Lives tock 

Deve l opment Pro j ect , Tha Phra , Tha i l and . 

Robertson , A . D . , Humphreys , L . R .  and Edwards , D . G .  ( 1 9 7 6 ) . 

I n f l uence of cutting frequency and phos phoru s supply on 

the production of  Stylosanthe s humi l i s  and Arundinar ia  

pus i l la at Khon Kaen , Northea s t  Tha i la nd . Trop . 

Gra s s ld . 1 0 :  3 3 . 

Robinson , P . J .  ( 1 9 8 3 ) .  Comparative edaphic requ i rements . 

I n : The Role of Centrosema, Desmodium and S tylosanthes 

in  Improving Tropical Pasture s .  Ed . R . L .  Bur t , P . P .  

Rota r , J . L .  Wa lker and M . W .  S i lvey . We s tview Tropical 

Agr i cul ture Series No . 6 .  Pp . 1 8 9 - 1 9 5 .  

Robinson , D . W .  and Jones , R . J .  ( 1 9 7 2 ) . The e f fe c t  of 

phos phorus and sulphur fert i l i z ation on the g rowth and 

distr ibut i on of dry matter , nitrogen , phosphorus and 

sulphur in  Townsvi l l e  s tylo ( Stylosanthes humi l i s ) .  

Aus t . J .  Agr i c . Re s .  �: 6 3 3 . 

Ros s i ter , R . C .  ( 1 9 6 1 ) .  The influence of  de f o l i at ion on the 

components of seed yield in  swards of subter ranean 

c lover ( Tr i folium subterraneum L . ) .  Aus t .  J .  Agr i c . Res . 

1 2 :  8 2 1 . 



1 8 3 

Ruaysoongnern , S .  ( 1 9 7 8 ) . An examination of nitrogen 

f i xation by access ions of Stylosanthes hamata with 

native rhi z obium in two upland soi l s . Pas ture 

Improvement Pro j ec t  Annual Report , Khon Kaen Univer s i ty : 

pp . 8 9  - 9 3 . 

Shaw , N . H .  ( 1 9 6 1 ) .  Increased bee f  production from Townsvi l l e  

lucerne ( S tylosanthes sundiaca Taub . ) in the spear gra s s  

pas tures o f  centr a l  coastal Queens l and . Aust . J .  Exp . 

Agr i c . Anim . Husb . 1 :  7 3 . 

Shaw , N . H .  and Bi s s ett , W . J .  ( 1 9 5 5 ) .  Characteristi c s  of  a 

Bunch Spear gra s s  ( Heteropogon contortus ( L . ) B canv . ) 

pasture gra z ed by cattle in sub-tropica l Queen s l and . 

Aus t . J .  Agr i c . Res . 6 :  5 3 9 . 

Shelton , H . M . , Gutter i dge , R . C . , Wi l a ipon , N . , Wickh am , B . , 

Kra t z ing , D . C .  and War ing , S . A .  ( 1 9 7 9 ) . Nutr i ent 

s tudies  on pa sture soi l s  of  North-eastern Tha i l and . 

Tha i  J .  Agr . Sci . � :  2 3 5 . 

Sher i f f , D . W .  and Kaye , P . E .  ( 1 9 7 7 ) . Responses of d i f f u s ive 

conductance to humidity in a drought avoiding and a 

drought re s i s tant ( in terms of  s tomatal re spon s e ) 

legume . Ann . Bot . 4 1 : 6 5 3 . 

Sher i f f , D . W .  and Ludlow , M . M .  ( 1 9 8 4 ) . Phys iolog i c a l  

reactions t o  a n  imposed drought b y  Macropt i l i um 

atropurpureum and Cinchrus c i l ia r i s  in a mixed sward . 

Aust . J .  Plant Phys iol . ll =  2 3 . 

Skerman , P . J .  ( 1 9 7 7 ) . Tropical Forage Legumes .  

F . A . O . , Rome . 

Slatyer , R . O .  ( 1 9 7 3 ) . In : Plant Response to C l imatic 

Factor s . Ed . R . O .  S l atyer , UNESCO , Pari s : pp . 1 7 7 - 1 9 1 . 

Smith , C . J .  ( 1 9 6 7 ) .  Sowing dryland pas tures . 

Rhodes i a  Agr i c . J .  6 4 : 6 9 . 



1 8 4 

Smith , D .  ( 1 9 7 3 ) .  The nonstructural carbohydrate s . In : 

Chemi s try and Biochemi s try o f  Herbage . Eds . G . W .  But l er 

and R . W .  Bai ley . Academic Pres s . Vol . I .  Pp . 1 0 5 - 1 5 6 .  

Smith , D .  and Nel s on , C . J .  ( 1 9 6 7 ) . Growth of  birds foot 

tref o i l  and a l f a l fa . I .  Respon s e s  to height and 

frequency of cutting . Crop Sci . 1= 1 3 0 .  

Staples , B .  ( 1 9 8 1 ) .  The technology o f  Townsvi l l e  stylo 

( Stylo s a nthes humi lis ) :  a continuing need? 

J. Aust . Ins t . Agr ic . Sci . 4 7 :  2 0 0 . 

Stern , W . R .  a nd Donald , C . M .  ( 1 9 6 2 ) .  The in f luence of leaf 

area and radiation on the growth of clover i n  swards . 

Aust . J .  Agr i c . Res . 1 3 :  6 1 5 .  

Stobbs , T . H .  ( 1 9 7 4 ) .  Rate of  biting of  Jer s ey cows as 

inf luenced by the yield and matur ity o f  pasture swards . 

Trop . Gra s s ld . 8 :  8 1 . 

Stonard , P .  ( 1 9 6 9 ) . Effect of  sowing depth on seedl ing 

emergence of  three spec i e s  of Stylosanthe s . Qld . J .  

Agr i c . Anim . Sci . 26 : 6 5 . 

Te itzel , J . K .  ( 1 9 7 5 ) .  Maintenance fert i l i z e r  strategies for 

tropi c a l pa stures . In : Re f resher Cours e  Man agement of 

Improved Tropical Pas ture . Univ . of Qld : pp . 1 2 3 - 1 3 2 .  

Thai Da iry Production and Organ i z at ion ( 1 9 8 4 ) . Thai Da iry 

Promotion and Organ i z at i on of Tha iland . Annua l  Report , 

1 9 8 4  - 1 9 8 5 . 

Topark-Ngarm , A .  and Akka s aeng , R .  ( 1 9 7 8 ) .  Ef f e c t s  of  

s eeding rate and cutting f requency on  forage yields of 

four Stylosanthe s spec i e s . Annual Report , Khon Kaen 

Uni ve r s i ty Pasture Improvement Pro j ec t , Khon Kaen , 

Tha i l a nd : p .  1 4 .  



Topark-Ngarm , B . , Aitken , R . L . , Hughes ,  J . D .  and 

Soonthonsorn , S .  ( 1 9 7 9 ) . Annual Report , Khon Kaen 

Univers ity Pasture Improvement Pro j ect , Khan Kaen , 

Tha i l and : p .  9 9 . 

1 8 5 

Tor s sel l , B . W . R .  ( 1 9 7 3 ) . Patterns and Proce s s e s  i n  the 

Townsvi l l e  stylo-annu a l  gra s s  ecosystem . J .  Appl . Ecol . 

1 0 :  4 6 3 . 

Tor s se l l , B . W . R .  and McKeon , G . M .  ( 1 9 7 6 ) .  Germi nation 

e f f ects on pasture compos i tion in a dry mon s oonal 

c l imate . J .  App l . Ecol . 1 3 :  5 9 3 . 

Tor s s e l l , B . W . R . , Ive , J . R .  and Cunningham , R . B .  ( 1 9 7 6 ) . 

Competition and popul ation dynamic s  in  legume -gra s s  

swards with Stylosanthes hamata ( L . ) Taub . ( sens . lat . ) 

and Stylosanthes humi l i s  ( H . B . K . ) .  Aus t . J .  Agr i c . Re s . 

2 7 : 7 1 . 

Tor s s el l , B . W . R . , Begg , J . E . , Rose , C . W .  and Bryne , G . F .  

( 1 9 6 8 ) . Stand morphol ogy of Townsvi l l e  l uc e r ne 

( Stylosanthes humi l i s ) seasonal growth and root 

development . Aus t . J .  Exp . Agr i c . Anim . Hus b . �:  5 3 3 . 

Troughton , A .  ( 1 9 5 7 ) . The underground organ s  of  herbage 

gras ses . Bul l . No . 4 4 ,  C ' wealth Bur . Pastures  and Field  

Crops , Hurley , U . K .  

Tudsr i , S .  ( 1 9 8 0 ) . Principle s  of Tropi cal Pasture Sc ience . 

Aksorn s ian Publ i s hing , Bangkok . 4 5 0  pp . ( in Thai ) .  

Tuds r i , S .  and Whiteman , P . C .  ( 1 9 7 7 a ) . The ef£ect of 

cultural treatments on e s tablishment of  Mac r opt i l i um 

atropurpureum cv . S i ratro oversown in a Setar i a  anceps 

sward . Trop . Gra s s l d . 1 1 :  4 9 . 



1 8 6 

Tuds r i , S .  and Whitema n , P . C .  ( 1 9 7 7b ) . Ef fects of  i n i t i a l  

a n d  maintenance of  phosphoruss l eve l s  o n  the 

e s tabl ishment of four legumes oversown into Setaria 

anceps swards . Aus t . J .  Exp . Agr i c . Anim . Hus b . 1 7 :  6 2 9 . 

Turne r , W . C .  ( 1 9 7 4 ) . Stomatal response to l ight and water 

under f i e ld condi t ions . Royal Soc . of  N . Z .  We l . Bul . 

1 2 :  4 2 3 . 

Turne r , W . C .  and Begg , J . E .  ( 1 9 7 8 ) .  Res pons es  of pas ture 

p l ants to water de f i c its . In : P l ant Re l ations in 

Pa stures . Ed . J . R . Wi l son , C . S . I . R . O . , Me lbourne : pp . 5 0 . 

Udchachon , S .  ( 1 9 8 5 ) . M .  Agr . Sci . Thes i s , Mas s ey 

University . 

Ueno , M .  and Smi th ,  D .  ( 1 9 7 0 ) . Growth and carbohydrate 

changes in the root wood and bark of dif ferent s i zed 

a l fal fa plants during regrowth after cutting . Crop Sci . 

1 0 :  3 9 6 . 

Vicke r y , P . J .  ( 1 9 8 1 ) .  Pas ture growth under gra z ing . I n : 

Grazing Anima l s . Ed . F . H . W .  Mor l ey , E l s evier S c i e nt i f i c  

Publ i shing Co . ,  Amst e rdam-Oxford-New York : pp . 5 5  - 5 7 . 

Vin i j sanond , T .  and Topark-Ngarm , A .  ( 1 9 7 8 ) .  A s tudy of  the 

reaction of Stylosanthe s s p . to Col letotrichurn 

gloeosporioides . Annua l Report , Khon Kaen Univer s ity 

Pasture Improvement Pro j ec t , Khan Kaen , Tha i l and : p .  2 6 . 

Wa ikakul , P .  ( 1 9 8 3 ) . A s tudy of  the e f fects of water and 

c utting on seed production of  Verano s tylo ( Stylosanthe s 

hamata ) and Siratro ( Macropt i l ium atropurpureurn ) . Ph . D .  

Thes i s , Mas sey Unive r s ity , Palme r s ton North , New Z e a land . 

Ward , C . Y .  and Blaser , R . E .  ( 1 9 6 1 ) .  Carbohydrate food 

reserve s and l e a f  area in regrowth of orchardgra s s . 

Crop Sci . l=  3 6 6 . 



Watki n , B . R .  and e l ement s , R . J .  ( 1 9 7 8 ) .  The e f f e c t s  o f  

graz ing anima l s  on pasture s . I n : Pl ant Rel a tions i n  

Pastures . Ed . J . R .  Wi l son , C . S . I . R . O . , Mel bourne : pp . 

2 7 3  - 2 8 9 . 

Watson , D . J .  ( 1 9 4 7 ) .  Comparative phys iological  s tudie s  on 

the growth of field crops . I .  Var iation in net 

a s s imi lation rate and l e a f  area between spe c i es and 

varieties , and withi n  and between years . Ann . Bot . 

( Lond . ) 1 1 : 4 1 . 

1 8 7 

Watson , D . J .  ( 1 9 5 2 ) . The phys iolog i cal ba s i s  of var iat ion in 

y i e ld . Adv . Agron . !=  1 0 1 . 

Weinmann , H .  and Goldsmith , E . P .  ( 1 9 4 8 ) .  Underground 

r e serves of Cynodon dactylon . In : Better T u r f  through 

Res earch . Af rican Explos ive s and Chemi cal I nd . Ltd . 

White , J . G . H .  ( 1 9 7 2a ) . Pas ture Establ i shment i n  Pastures and 

Pa sture Plants . Ed . R . H . M .  Langer . A . H .  and A . W .  Reed 

Ltd . , Wel l ington-Sydney-London . 

Whi te , R . E .  ( 1 9 7 2b ) . Studies  on mineral ion abso rption by 

p l ants . I .  The absorpt i on and uti l i zation o f  phosphate 

· by Stylosanthes humi l i s , Pha s eolus atropurpureus and 

De smodium intortum . Pl . Soi l 3 6 : 4 2 7 . 

Whiteman , P . C .  ( 1 9 6 9 ) .  The e f fects of close graz ing and 

cutting on the yield , per s i s tence and ni trogen content 

of four tropical l egume s with Rhodes gra s s  at Samford , 

s outh-eas tern Queens l and . Aus t . J .  Exp . Agr i c . Anim . 

Husb . 9 :  2 8 7 .  

Whi teman , P . C .  ( 1 9 7 0 ) .  Seasona l changes i n  growth and 

nodu lation of perenn i a l  tropical pasture l e gume s  in the 

f ie ld . I I . Effects of control led def o l iation leve l s  on 

nodulat ion of Desmodi um intortum and Pha s e o l u s  

atropurpureus . Aus t . J .  Agr i c . Re s . 2 1 : 2 0 7 . 



Whi teman , P . C .  ( 1 9 7 8 ) . Trop i c a l  pa stur e s - Aus tra l i a ' s  

contribution to regional pasture research and 

deve lopment . ASPAC Fd . Ferti l i . Techno l . Cent . Ext . 

Bul l . No . 1 1 8 .  

Whiteman , P . C .  ( 1 9 8 0 ) . Tropi c a l  Pasture Science . Oxford 

Univers ity Press . 

1 8 8 

Whiteman , P . C .  and Lulham , A .  ( 1 9 7 0 ) . Seasonal changes in  

growth and nodulation of  perennia l  tropical  pasture 

legume s in the f ield . I .  The influence of planting date 

and gra z ing and cutting on Desmodium uncinatum and 

Phaseolus atropurpureus . Aus t . J .  Agri c .  Res . 2 1 : 1 9 5 .  

Wilaipon , B .  ( 1 9 8 0 ) . E f f ect of  f encing and cult ivation on 

the establishment and growth of f ive f orage l egume s on 

private and commerci a l  graz ing areas in north-east 

Thai l and . Annual Report , Khon Kaen Univer s ity Pas ture 

Improvement Pro j ec t , Khon Kaen , Thai land : p .  34  - 3 7 . 

Wilaipon , B .  ( 1 9 8 5 ) . Estab l i s hment , cutting and g r a z ing 

management and nutritive va lue of Stylos anthes hamata cv 

Verano . Memoirs of  the Tokyo Unive r s i ty of  Agr iculture 

2 6 : 1 3 5 .  

Wil a i pon , B .  and Humphreys , L . R .  ( 1 9 8 1 ) .  Inf luence of 

gra z ing on the seed production of  Stylosanthes  hamata cv 

Verano . Thai J .  Agr i c . S c i . l!= 6 9 . 

Wi l a i pon , B .  and Humphreys , L . R .  ( 1 9 8 3 ) . Gra z i ng e f fects on 

a mixed pasture in the year of planting . Tha i  J .  Agr i c . 

Sci . 1 6 :  27 . 

Wi l a ipon , B .  and Pongsku l , V .  ( 1 9 8 3 ) .  Pas ture estab l i s hment 

in the farming sys tems of  northea s t  Tha i land . ASPAC 

Ext . Bul l . No . 1 9 9 .  



1 8 9 

Wilaipon , B . , Gigi r , S . A .  and Humphreys , L . R .  ( 1 9 7 9 ) . Apex , 

lamin a  and shoot removal e f fects on seed production and 

growth of Stylosanthes hamata cv . Verano . Aus t . J .  

Agr i c . Res . 3 0 : 2 9 3 . 

Wi l aipon , B . , Gutter idge , R . C .  and Chutikul , K .  ( 1 9 8 1 ) .  

Under s owing upl and crops with pasture l egume s . I .  

Cas s ava with Stylos anthes hamata cv Verano . Tha i  J .  

Agr i c . Sci . 1 4 :  3 3 3 . 

Wi l aipon , N . , Aitken , R . L .  and Hughe s , J . D . ( 1 9 8 1 ) .  The use 

of apical  t i s sue analys i s  to determine the phosphorus 

status of Stylosanthes hamata cv Verano . P l a nt Soi l  5 9 : 

1 4 1 . 

Wi laipon , N . , Gutteridge , R . C . , S imps on , G . H . , Homehurn , S .  

and Rogers , B .  ( 1 9 7 8 ) . A s a l in i ty microsurvey on an 

Udon series  soil and e f fect of d i f fering soi l salt 

concentrations on growth o f  pas ture legume s . Tha i J .  

Agr i c . Sci . 1 1 :  2 9 7 . 

Wi laipon , P .  and Humphreys ,  L . R .  ( 1 9 7 6 ) . Gra z ing and mowing 

e f fects  on the seed production of  Styl o s anthes hamata cv 

Verano . Trop . Gras sld . 1 0 :  1 0 7 .  

Wi l l i am ,  C . H .  and Andrew , C . S .  ( 1 9 7 0 ) . Miner a l  nut r i t ion of 

pasture s . In : Austra l i a n  Gras s l ands . Ed . R . M .  Moore . 

Aus t . Nat . Press , Canberra : pp . 3 2 1  - 3 3 8 . 

Wi l l i ams , J .  and Gardener , C . J .  ( 1 9 8 4 ) .  Envi ronmental 

constraints to growth and s urvival of Styl o s a nthes . In : 

The Biology and Agronomy o f  Stylosanthe s .  Eds . H . M .  

Stace and L . A .  Edye . Academic Pres s , Austra l i a : pp . 1 8 1  

- 2 0 1 .  

Wi lson , J . R .  ( 1 9 8 1 ) .  Effect of  water stre s s  on herbage 

qua l ity . Proc . XIV Int . Gras s l d . Congr . Lexington , USA . 

Wes tview Pres s .  P .  4 4 7 . 



1 9 0 

Wi l son , J . R .  ( 1 9 8 3 ) . E f f e ct s  of water stres s  on i n  vitro dry 

matter digestib i l i ty and chemical compo s it ion of herbage 

of trop i c a l  pasture spe c ies . Aust . J .  Agr i c . Res . lQ :  

3 7 7 . 

Wi l son , J . R .  and Muchow , R . C .  ( 1 9 8 3 ) . Effect of  water stress  

on dry matter dige s t ibi lity and concentrat ions of 

nitrogen and phosphorus in seven tropi c a l  gra in l egumes . 

J .  Aust . Inst . Agr i c . Sci . 4 9 : 1 6 7 .  

Wi l son , J . R .  and Ng , T . T .  ( 1 9 7 5 ) .  Inf luence s  of water stress  

on parameters associated with herbage qua l ity of  Panicum 

maximum var . tr ichoglume . Aust . J .  Agr i c . Res . 2 6 : 1 2 7 .  

Wi l son , J . R . , Ludlow , M . M . , Fisher , M . J .  and Schu l z e , E . D .  

( 1 9 8 0 ) .  Adaptat ions to water stre s s  of  leaf water 

relations character i st i cs of some tropical forage 

grasses and a l egume in a semi -arid envi ronment . 

Aust . J .  Plant Phys iol . 7 :  2 0 7 . 

Winkworth , R . E .  ( 1 9 6 9 ) .  Germinat ion of Townsvi l l e  lucerne 

( Stylosanthe s humi l i s  H . B . K . ) in relat ion to weathe r  at 

Kather ine , N . T .  J .  Aust . Inst . Agr i c . Sci . 11= 2 0 1 . 

Winte r , W . H . , Edye , L . A . , Megarrity , R . G .  and Wi l l iams , W . T .  

( 1 9 7 7 ) .  Ef fect of  f e rti l i zer and stocking rate on 

pa sture and bee f  production from sown pasture s in 

northern Cape York Peninsu la . Aust . J .  Exp . Agr i c . 

Anim . Hu sb . 1 7 :  6 6 . 

Yamada , T .  ( 1 9 7 5 )  . 

fodder c rops . 

Growth phys iology of pas ture plants and 

FFTC APAC Ext . No . 4 6 . 

Young , N . D .  and Robinson , A . R .  ( 1 9 6 3 ) . De foliat ion ef fects 

on l egume growth and nitrogen uptake . Proc . I I I rd Aus t . 

Gras s ld . Con£ . ,  C . S . I . R . O . , Me lbourne , Aus tr a l i a . 


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20109
	20112
	20114
	20116
	20117
	20120
	20122
	20123
	20126
	20128
	20129
	20132
	20134
	20136
	20137
	20140
	20142
	20143
	20146
	20148
	20149
	20151
	20153
	20155
	20157
	20159
	20161
	20163
	20165
	20168
	20169
	20172
	20173
	20175
	20177
	20180
	20182
	20184
	20186
	20187
	20190
	20192
	20194
	20196
	20198
	20199
	20202
	20204
	20206
	20207
	20210
	20212
	20214
	20216
	20217
	20220
	20222
	20223
	20226
	20227
	20229
	20231
	20233
	20235
	20237
	20239
	20242
	20243
	20246
	20247
	20248
	20254
	20260
	20264
	20269
	20270
	20271
	20272
	20273
	20274
	20275
	20276
	20278
	20280
	20281
	20282
	20283
	20284
	20285
	20287
	20290
	20292
	20293
	20296
	20298
	20300
	20301
	20304
	20305
	20308
	20309
	20312
	20313
	20316
	20317
	20320
	20321
	20324
	20325
	20328
	20330
	20332
	20333
	20336
	20337
	20340
	20342
	20344
	20346
	20347
	20350
	20351
	20354
	20355
	20357
	20359
	20361
	20363
	20365
	20367
	20369
	20371
	20373
	20376
	20378
	20379
	20381
	20386
	20388
	20389
	20392
	20394
	20396
	20398
	20399
	20402
	20404
	20405
	20407
	20409
	20411
	20413
	20415
	20417
	20418
	20419
	20420
	20421
	20422
	20423
	20424
	20425
	20426
	20427
	20428
	20429
	20430
	20431
	20432
	20433
	20434
	20435
	20436
	20437
	20438
	20439
	20440
	20441
	20442
	20443
	20444
	20445
	20446
	20447
	20448
	20449
	20450
	20451
	20452
	20453
	20454
	20455
	20456
	20457
	20458
	20459
	20460
	20461
	20462
	20463
	20464
	20465
	20466
	20467
	20468
	20469
	20470



