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ABSTRACT 

Tropic a l  pastur e le gume seed production in the Nor th - e a s t  

o f  Thai land f i r s t  began in the e a r ly 1 9 7 0 ' s .  Sty Zosanthes hama ta 

cv . Verano and Macropti Ziwn a tropurp ur ewn cv . S i�atro were two 

o f  the forage l egumes proposed to f i l l  the requ i rement for 

improved p a s tures in thi s  region of Thai l and . Thi s  s tudy 

was initiated to provide in forma t i on on the e f fects o f  water 

s tre s s, s tage of plant deve l opment at the t ime of cutt i ng 

an d cutt ing i n tens i ty on seed production of the s e  two 

tropica l  forage legume s , in the f i e ld at Khon Kaen , Tha i land . 

A second and mor e  intens ive s tudy on the react i on o f  

Verano s ty l o  to water s tres s , and s tage and inten s i ty o f  

cut ting wa s carried out t o  provide a better und e r s tand i n g  o f  

po s s ib l e  p l ant adaptation and th e contribution o f  p lant 

components to s eed y i eld o f  th i s  s pecie s  under control led 

environment conditions at the D.S . I.R . , Pa lmer s ton North , 

New Z ea land . 

I n i t ia l ly , fie ld experime n t s  were carried out i n  two 

d i f ferent s easons , ( dry s ea s on and we t s eason ) . The dry 

s e a s on experiment s tud i ed the e f f ects o f  irriga t i on , non­

i r rigation , and cut ting on s eed y i e l d . In the wet s eason 

f i e ld expe r iment only the e f f ect o f  cutting was s tud ied ip 

b oth Verano s ty lo and S iratro . The results from the dry 

s e ason s tudy showed that spec i e s  a re re spons ive to i rr i gat ion . 

I r r i gated p l ants produced about 2 5 %  more seed y i e ld than non­

i rrigated plants in Verano styl o  but only about 1 0 %  mor e  i n  

S i ratro . T h e  r e spons e  o f  the plan t s  t o  cutting w a s  variab l e  

depending on the s tage and i ntens i ty o f  cu tting . L ight 

cutting a t  e i ther the vegetative or f l oral i n i t i a ti on s tages 

g ave high e r  s e ed y i e lds than uncut p l ants i n  Verano s ty lo ,  

whi l e  in S i ratro a l l  cut pl ant s gave h i gher seed y i e l d s  than 

uncut plants . Plant ing Verano s ty lo or Siratro i n  the wet 

s ea s on res u l ted in plants tak i n g  l onger to reach the repro­

ductive s tage than in the dry s ea s on . Th i s  protracted 

vegetative s tage r e s ulted in b i g g e r  p lants and more s i te s  

f o r  s eedheads . I n  s ty l o  both cut and uncut p l a n t s  gave 

h igher s eed yi elds th an thos e  obtained in the dry s e a s on 
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p l anting , whi le i n  S i ra tro p l an t s  heavily cut a t  the 

v egetat ive s tage g ave the h i ghe s t  seed y ield . S i ratro p lants 

grown in the wet s eason tended to produce s trong vegetative 

growth and good inf lore scence deve lopment . Howeve r , seed 

y ie l d was l ower because o f  poor pod deve lopmen t  and low 

n umbers o f  s eeds per pod . 

The s econd exper iment on Verano s tylo was car r i ed out 

under contro l l ed environmen t  cond i t i ons des i gned to s imulate 

as clo s e l y  a s  pos s ib l e  the d i f f e r ent growing s e a s on s  

previous ly u s ed in the f i e l d . The r e sults con f i rmed that 

water p l a y s  an important rol e in increas ing s eed y i e ld in 

bo th cu t and uncut p lants , and e s peci a l ly in cut p l an t s  

provided th ey received h i g h  w a t e r  leve l s  throughout the 

growing per iod . Water s tr e s s  appeared to change p l a n t  

s tructur e , both veget ative a n d  reproductive growth b e ing 

g reatly reduced dur ing th e s tr e s s  per iod . Wa ter a l s o  had 

a n  e f fect on the number o f  s i te s  for seedhead formation and 

the contribution to s eed y i e l d . In p l ants wh ich we r e  water 

s tre s s ed f rom abou t 30 days a fter sowing ( vegetative s tage ) 

both cut and uncut p lants rema ined sma l l  re s u l t i ng i n  low 

b ranch numbe r s , shorter branch e s  and fewer s it e s  for s eed­

h e ad devel opment . Water s tr e s s  app li ed fol low i n g  peak 

f lowering ( 5 5  days a fter s ow i n g )  a l s o  reduced s e ed y i e ld , 

compared w i th the y i e ld from plants r eceiving wa ter throughout 

the peri od of seed deve lopme n t . The maximum y i e l d  obtained 

vari ed f rom 1 . 2 - 9 . 3  grams per p l ant between the three water 

treatment s . 

Stud i e s  on th e contribu t i on t o  seed y i e ld from e ach 

b ranch order and s eedhead pos i t ion ind icated th a t  i n  both 

cut and uncut plan ts mo s t  of the s eed yield came from 

s econdary branch e s  ( 6 0- 7 5 % )  . The con tribut ion t o  s eed 

y ield , however ,  was d i f ferent b e tween water treatment s . 

I n  ear ly s tres sed plants s eed y i e ld was appor t i oned a lmo s t  

equa l ly b e tween pr imary and s econdary branch e s . H owever in 

p l ants wh ich had been placed under water s tre s s  a t  peak 

f lowering , the seed y ie ld ob tained from pr imary branche s 

w a s  only h a l f  tha t produced from secondary branch e s . In 

n on- stres sed plants 7 0 %  of total seed y ield came from 
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s eedheads produced o n  s e condary branches and o n l y  2 0 %  from 

pr imary b r anches . The pos i tion o f  s eedhead format i on on 

e ach  b ranch was a l s o  important . The results s howed that 

about 7 5-9 0 %  o f  tota l  s eed y i e l d  came from s eedheads formed 

a t  nod a l  s i tes . The number o f  s eedheads formed a t  termi nal 

s it e s  wa s low . I n  l a ter s tr e s s e d  p l ants and i n  wel l  wa tered 

pl ants the contribution of nod a l  s i tes to s eed y i e ld was 

h igher than in e a r ly s tre s s ed p l an t s . 

The r e sults o f  the f i e l d  s tudy on Verano s ty l o  and 

S i ratro , and the s e cond experime nt on s tylo grown under 

c on tro l l e d  environment cond i t i ons were incorpor ated into 

practic a l  recommendation s  wh ich l e ad to conc l u s ions on the 

mos t  economi c a l l y , soc ial ly and agricultur a l ly a c c eptab l e  

managemen t  system for th e seed production o f  Verano s ty l e  

and S iratro by Tha i  farmers . 
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INTRODUCT I ON 

Although about ha l f  of the wor ld ' s  graz ing anima l s  

occur i n  the tropics the output o f  an imal products from 

these areas i s  very much less than from other parts o f  the 

wor ld . Tropical pastures general ly h ave a lower nutr i t ive 

val ue than temperate pastures . The n eed to corre c t  protein 

d e f i c iency i s  ther e fore seen as a ma j or challenge for 

sc ienti s ts s ince i nadequate pro te i n  s upply during pa r t  o f  

the y ear i s  o ften a ma j or l imi tation t o  l ives tock p rodu c tion . 

An ima l protein ne eds may be met by feedi ng animals on 

pa s tures wi th a h i gh protein con tent , an improved pas ture 

legume component there fore being a l ogical beginning i n  

attempts to o f f s e t  grass prote in d e f i c ienc y .  For th i s  

reason pas ture improvement in the tropics i s  very important. 

The choice of methods o f  e s tab l i sh i n g  tropica l  pastures is 

l ikely to be i n f l uenced by a number of factors includ ing 

the selec tion o f  species and mixtures for high l eve l s  o f  

pa sture produc tion. In improv ing pasture , there is a l s o  

o ften a need for cul tivars wh ich have a ver sati l ity o f  use 

and wide environmental adapta tion. Idea lly , suitab l e  

species should g ive a dense sward s truc ture and provide 

a larger intake per bite than loose and tra i l ing s pe c i e s .  

They should a l s o  have the abi l i ty to regenerate and cove r 

b are areas. Al though the seeds o f  s uch cul tivars h ave 

a·wider marke t ,  prob lems of produc tion may be a l imitation 

to adequa te supp l i e s  of h igh qua l i ty seed . For examp l e , 

some improved l egume cul tivar s produce flowers over a long 

p eriod . As a result the crop r ipens unevenly and the pods 

shatter , so tha t  l i ttle s eed is ava i l able for harves t  a t  

any one time . Th is leads to shortages of seed supp ly , and 

inevi tably h ighe r prices ( Humphreys , 1 9 7 8 ) . Among the 

tropical forage legumes MacPopti liwn atPopUI'purewn cv. S iratro 

spreads quickly by vege ta tive means and has good res eed i ng 

characte r i s tic s , wh ile , Sty losanthes hamata i s  also an 

extremely free seeder ( Humphreys ,  1 9 7 9 ) . 
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Th e northeas t regi on o f  Tha i land has about 5 7 %  o f  

Tha i l and ' s  cattle and 4 5 %  o f  the country ' s  buf fa loes . The 

area has there fore a great potential for pas ture improvement 

to service th i s  demand . The region is a s l ight ly e l evated 

p l a teau of 17 mi l l ion hectares approximate ly 1 0 0 - 3 0 0  me tres 

above sea level . I t  l ie s  between 1 4°- 1 9°N latitude and 

exper iences a tropical s avannah c l imate w i th a pronounced 

seasonal d i s tribution of rainfa l l . Khon Kaen , where the 

f i e ld exper iment was conducted , receives more than 8 5% o f  

i t s  annual total of 1 , 2 5 5  mm rai n f a l l  i n  s i x  months from mid 

Apri l  to mid October due to the i n fl uence of the south-wes t 

monsoon . S uch a c limate makes th i s  area particularly suitab l e  

for the growth and see d  p roduc tion of s e l ected tropical 

pas ture legumes ( Shelton , 19 7 7 ) . 

Tropical pas ture and legume seed produc tion i n  Nor thea s t  

Thai l and f i r s t  began i n  the early 1 9 7 0 ' s .  Over the pas t 

decade tropical seed production has received greater attention 

through the demand for more seed by farmers . Through 

continued research and trial work at Khon Kaen Unive rs i ty , 

Borabu Land Development Centre and the Depar tment o f  Live s tock 

Developmen t  Pro j ec t , a long wi th the inputs by the North-eas t 

L ives tock Deve lopmen t  Pro j ec t  at Tha Pra , Khon Kaen has been 

respons ible for the rapi d  expans ion o f  pasture seed produc t­

ion through the introduction of a vil l age s eed production 

p rogramme ( Hare and Waranyuwat ,  1 9 8 0 ) . I n  1 9 8 0  over 1 0 0  

tonne s  o f  h igh qual i ty s eed o f  nearly 1 5  d i f ferent pas ture 

gras s and l egume spe c i e s  was produced in the North�eas t o f  

Thai l and . Aid from the New Zea l and Government and the Wor l d  

Bank has made trop i c a l  pasture s eed production ( espe c i a l ly 

Sty losanthes spec ies ) poss ible in the region and has accomp l i sh ­

e d  s avings o f  up t o  7 0 %  by overcoming the need t o  buy the 

s ame amount of seed from Aus tral i a  (Waranyuwat ,  1 9 8 0 ) . 

Gra z ing or cutting pas ture seed crops provides an 

additional income source for farmers and may even increase 

seed yie l d  ( Humphreys ,  1 9 7 8 ) .  Mos t  seed growers want to g e t  

the maximum value from the ir seed fie lds b y  also gra z ing 

them or by conserving the res idue as hay . Defol iation i s  
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also cons i dered to be one method tha t  can lead to increased 

s ee d  yield s  by removing apical dominance and thereby increas­

ing branching and providing more s i tes for inflores c ence 

deve lopment . Thi s  treatment , to be s uccessful , appears to 

depend upon c utting or gra zing b e i n g  carried out a t  a s tage 

of plant growth which wi l l  perm i t full  recovery of the 

vegetative f ramework , be fore f l ower initiation begins ( Loch 

and Humphrey s , 1 9 7 0 } . However ,  further and more pre c i s e  

definition o f  th i s  de foliation p rocess i s  required to 

explain and exploit thi s  poten t i a l  in the field . 

Many pas ture seed production enterprises have fai led 

because of an uns ui tab l e  c l imate or unfortunate choice of 

loc ati on i n  the d i s trict selec ted . Irri gation i s  potenti a l ly 

one of the mos t  impor tant means o f  rais ing crop p roduc tion 

and improving the r e l i abi l i ty o f  s eed produc tion . I n  the 

case of tropical legumes , for examp l e , var iation in p l anting 

time comb in ed w i th i rrigation could be a very impor tant 

management aspe c t  for increas ing seed produc tion . 

Because of lack o f  information concerning the e f fects 

o f  de fol i ation and water on seed production in many tropical 

forage l egumes , a s tudy of the e f fect o f  these two fac tors 

on seed p roduc tion in Stylosanthes hamata cv . Verano and 

Macroptiliwn a tropurpurewn cv . S ir a tro was carried out i n  

a fie ld tri a l  at Khon Kaen Univers ity ,  Khon Kaen , Tha i l and 

beginning in Augus t ,  1 9 7 9  and was followed by a contro l led 

environme n t  s tudy on Verano S ty l o  carried out a t  P a lme r s ton 

North , New Zea l and commencing i n  September , 1 9 8 1 . 

The main obj ec t ives o f  these s tudies were : 

1 .  To examine the e f fects o f  a dry season p lanting (wi th 

and w i thout i rrigation ) and a we t season p l a n ting on 

the vege tative and reproductive deve lopment and seed 

y i e l d  of Verano S ty lo and S i ra tro under field 

condi tions i n  Thailand . 



2 .  To determine the e f f e c ts o f  cutting a t  d i f ferent 

s tages o f  growth and at d i f ferent intens i ties on 

the vegetative and reproductive deve lopmen t  and 

s eed y i e ld of Verano S ty lo and S iratro under 

f i e ld condi tions in Tha i l and . 

3 .  To s tudy the inf luence of water s tress appl ied a t  

d i fferent s tages o f  p lant growth o n  the s ites of 

inflorescence and s e ed formation on d i f ferent 

b ranch orders and their contribution to total 

seed y ie ld in Verano Stylo under contro l l ed 

e nvironment cond i ti ons . 

4 .  To inves tigate the plant morphological changes 

wh ich occur as a result o f  cutting Verano S tylo 

p lants to dif ferent heights and at  dif ferent 

s tage s of growth und er water s tress conditions 

i n  a con trolled envi ronment . 

4 
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l a . BACKGROUND INFORMATION OF STYLOSANTHES HAMATA CV . VERANO 

AND MACROPTILIUM A TROPURPUREUM CV . S I RATRO 

S tylos anthes , wh i le i t  i s  only a small  genus compri s ing 

about 30 s pec ie s ,  provides more pa s ture cul tivars than any 

other trop i c a l  genus and is a l s o  useful over a much wider 

range of tropi cal condi tions than many other genera. 

S ty losanthes contains two markedly d i f fe rent plant forms , 

annual s  and perenn i a l s  ( Burt e t  a l., 19 8 0) . 

The main cen tre of dis tribution o f  S tylosanthes i s  

from 3 0°N t o  3 0 °S in the tropi c s  and subtropics o f  South 

and Cen tra l  America . With in this area species are found 

in a very wide range of c l imates and geograph ic locations . 

A number o f  we ll adapted cul t ivar s have been s e l ec ted from 

this col lect ion inc luding S. hamata, S.  scabra and s. humi lis for 

drier hotter regions , and S .  guianensis for wetter and more 

subtropi c a l  conditions ( Burt et a l . � 1 9 8 0 ) . 

StyZosanthes hamata cv . Verano 

Verano s tyle , sometimes known as Carr ibbean S tyl� 

origina ted i n  the i s lands o f  the Wes t  Indies and the 

ad j acent coas tal regions of the North and South Amer ican 

continents . The original collec t ion was made in Vene zue l a  

by Mr Tom Atkins on of the NSW Department of Agr icul ture . 

Verano s tyle i s  a herbaceous , i ndeterminate perenni a l  

with a s emi-erect hab i t  and a branching pattern which i s  

of ten d i chotomous , with leaves trifo l i ate . The i n f l ores cence 

is an ob long spike with 8 -1 4  f lorets on a long s tem . The 
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s eeds are medium to dark brown in colour and 2 . 0 - 2 . 5  mm 

l on g . I t  also has a superior competitive abi l i ty wi th 

native grasses and weeds and grows we l l  wi th companion 

grasses ( Skerman , 19 7 7 ) . Burt e t  a Z .  ( 19 8 0 )  men tioned tha t  

the growth hab i t  o f  S ty losanthes i s  markedly di f feren t  from 

tropical pas ture l egumes in oth er genera . The growing 

points o f  Sty Zosanthes spp . are o f ten c lo s e  to the ground , 

this ch arac ter i s t i c  tending to confer tolerance to gra z i ng . 

S. hama ta can be d i s tinguished from other access ions of 

th i s  species by i t s  more pro fuse branch ing , s l ender s tems 

and sma l ler leave s . I t  has a l so been s hown to persis t i n  

o ther tropical reg ions wh ich have a pronounced dry season , 

such a s  the nor th -e a s t  of Tha i l and . It has a high seed 

production capa c i ty for a perenn ial l egume, but may behave 

as an annual plant in very dry areas (Humphreys , 19 7 4 ) . 

Wi laipon and Humphreys ( 19 8 1) found that i n  Tha i l an d  

S .  hamata cv . Verano produced h igh s e ed y ields even unde r  

grazing . Torsse l l  e t  aZ . ( 19 6 8 ) have mentioned that the 

abi l i ty of Town svi l l e  lucerne - a s imi lar but annual species  

o f  Sty Zosanthes - to continue exp loring a greater d ep th of  

soil enables  i t  to  grow and comp lete i ts l i f e  cyc le even 

i f  the wet sea s on i s  vir tua lly over . However , the importance 

of drought res i s tance through root pene tration below 1 5 0  cm 

soi l depth and so i l  water ava i l ab i l i ty at that depth requires 

further s tudy . 

The introduc tion of Sty Zosanthes species from South 

Amer ica into Aus tra l i a i l lus trated the importance of p l a n t  

introduction i n  improving pasture and beef produc tion . 

It i s  sugges ted tha t  bee f produc t i on in Thai l and woul d  a ls o  

bene fit from a s imi lar introduc t ion programme ( Topark -

Ngarm , 19 7 6 ) . 

Macrop tiZiwn atropurpurewn cv . S iratro 

Th e speci es i s  native to many countr ies o f  Central and 

Sou th Amer ica and has proved to be one of the mos t produc tive 
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and adaptable tropical l egumes in many other countries such 

as South-ea s t  As ia and the Paci fic I s l ands . The cul tivar 

S i ratro was bred by Or E . M .  Hutton , by crossing two Mexican 

introductions o f  M. atropurpurewn Vl2 . CPIS 1 6 8 7 7  and 16 9 7 9  

and was released i n  1 9 6 0 . S iratro i s  a deep-rooting 

peren n i a l  with trail ing , s l i gh tly hairy s terns wh ich root 

readi l y  at the nodes . Leaves are tri fo l iate , dark green 

and s l ightly ha iry on the uppe r sur face and s i lvery and 

very hairy on the lower surface . Flowering s talks 1 0 - 2 5  cm 

in l e ngth carry c l u s ters o f  6 - 1 2 , o f ten paired , f l owers 

which are deep purple or almos t bl ack in colour . Pods are 

narrow , cy lindrical , sharp pointed about 7-9 cm long and 

contain 1 2 - 1 3  ovoid but f l a ttened, brown to bl ack seeds . 

Pods shatter readily when ripe but h i gh seed y i e ld can be 

ob tai n ed . Sira tro is sui ted to sub tropical and tropica l 

cl imates with an annua l rainfall  o f  7 5 0 - 1 7 5 0  cm and wi l l  

wi th s tand high summer temperatures . I t  also has a high leve l 

of drought re s i s tance even under s teady gra z ing pressure . 

Siratro can be grown on an extreme ly wide range of soi l s  

from l igh t textured sandy s o i l s  t o  h eavy clays . Seed 

germina tion i s  usually above 7 0 %  with a percen tage of hard 

seeds wh ich can remain viable in the soil for f ive years 

or more . S ira tro seed should be s own wi th companion grasses 

and can also be sod-seeded into native pas tures ( Skerrnan , 

1 9 7 7 ) . I ts vigorous seed l ings nodu late freely and e s tab l i sh 

read i ly even i n  gra zed s i tua tions . The twining s terns o f  

S i ra tro enable it to compete wi th associ ated grasses and 

weeds under leniently gra zed management sys t ems . Unde r  

s u c h  si tuations cons iderab l e  vegetat ive spread b y  both 

s to l ons and rhi z omes can occur . However S i ra tro cannot 

withs tand repeated heavy d e fol iations ( Jones and Jone s , 1 9 7 8 } .  

Hopkinson ( 1 9 7 7 )  men tioned that many Aus tra l i an farmers 

found S i ratro to be a poor pasture legume but a vigorous 

s eed crop . The success of Sira tro s eed production depends 

on where best to grow the seed crop and how best to harves t  
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it ( Hopkinson , 1 9 7 7 ) . Cl imate has been a cri tical probl em 

for s eed product ion . Imr ie ( 197 3 )  and Whi teman ( 1 9 7 4 )  

found tha t  p l ants failed to flower i n  a 1 6  hour photope riod 

but that photope riods below 12 hours has tened flower i ng . 

For seed produc tion o f  both Verano s tylo and S i ra tro , 

Hare and Waranyuwa t ( 1 9 8 0 ) found tha t in Thai land , S ty lo 

per forms wel l  on the free drai ning upl and sandy loam soi l s  

that retain the ir mois ture we l l  i nto the dry season . 

s. hamata has only a moderate to lerance to salinity and 

generally , s a l i ne so i l  should be avoided . S i ratro on the 

other hand e s tabl i shes we l l  on a wide range of soi l s  and 

can a l s o  to lera te moderately sal ine cond i t ions but does 

not tolerate f l ooding or water logging . He avy soi ls wi l l  

cause S i ratro t o  produce too much vegetative growth rather 

th an reproduc tive growth . 

lb . BACKGROUND INFORMAT ION ON F I ELD EXPERIMENTAL S ITE 

North-eas tern Tha i l and , d e s i gna ted as the Korat Pia teau , 

i s  described as a gently undulating , saucer-shaped p l a teau , 

t i l ted to the south-east and l imi ted on the north and the 

east  by the Mekong River . Four main leve ls of sedimen tation 

are recognised i n  the area . The s e  l eve ls are the a l l uvia l  

plains o f  the rivers and creeks , and three ma in s tream 

terraces ( low terrac e , middle terrace and h igh terrace ) .  

The experimen ts were s i ted on the h igh terrace . The s ur face 

area o f  th is h igh terrace forma tion is mos tly compos ed of 

loamy sand ; while deeper down the soil is more c l ayey , and 

generally regarded as a sandy c lay loam . Soils  o f  the s e  

s ed iments a r e  red y e l low la tos o l s  ( Moorman e t  a l ., 1 9 6 4 )  . 

The f i e l d  exper iments were conduc ted a t  Khon Kaen 

University in the NE region of Tha i land in Khon Kaen 

province , s i tuated on a free draining upland sandy loam 

soil of the Yasothon series . The topsoil (A . hor i zon ) 
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con s i s ts o f  approximate ly 1 2  cm o f  dark redd i s h-brown loamy 

sand . I t  has a weak coarse crumb s tructure wi th a s o f t  

con s i s tency . The topso i l  provides a sandy mulch l ayer 

which reduces the rate of moi s ture loss during the dry 

seaso n . The s ubsoi l  can re tain moi s ture eve n  in the dry 

season wi th very l i ttle runo f f . Thi s  subsoil , which is up 

to 1 2 0  cm i n  depth , is very uni form and oftens contains 

many pore s . I t  provides a l arge s torage capac i ty o f  s o i l  

mois ture . F i e l d  capaci ty i s  reached throughout the pro f i le 

in the wet season al lowing soil  mois ture level s  h igher than 

wou l d  be expected in the dry season ( Ey les , Personal 

communication . Based on Soil  Survey Reports o f  Land 

Deve l opment i n  Thailand No . 5 1 , 1 9 6 6 ) . 

Mongko l s awat and Kat awet in, (1979) � s tudied 

moisture dis tribution i n  the Yasotho n soil series under 

rain fed cond i ti ons at d i f ferent depths and recorded the 

leve l s  of moi s ture content tha t contribute to the y i e ld of 

crops pl anted during the dry per iod . They found tha t  p l ants 

tha t  s urvived during thi s  per iod of planting had to be those 

with deep root sys tems or which exh ibi ted drough t to lerance . 

They a l s o  found that s o i l  moi s ture dis tribut ion in the 

2 5 -6 0 cm zone was gen er a l ly higher and les s var iab l e  than 

i n  the upper soi l  layer . The period in whi ch the moi s ture 

was avai l ab l e  in thi s  l ower zone was from Apr i l  to l a te 

Octobe r . On ly plants w i th deep root sys tems could util i s e  

moi s ture in the se zones . 

Khan Kaen i s  a tropi c a l  savanah with a marked seasona l 

d i s tribution o f  rainfal l .  More than 8 5 %  o f  the rain f a l ls 

i n  the six mon ths from mid-Apr i l  to mid-October . There are 

four d i s tinct seasons controlled by the north- south movemen t  

o f  the inte r tropical Conve rgence Zone . The we t season occurs 

from May to September . Heavy rains which occur from July 

to Augu st subsequently decrease . The mean maximum temperature 

is 3 2°C wh i l e  the mean minimum temperature is 2 3 °C .  Re l ative 

humidi ty i s  general ly h i gh at about 7 5 - 8 0 % .  The second 

season is during October which is the transitional period 

o f  the we t season to the dry season resul t i ng in a decreased 

rainfal l ,  wi th a mean maximum temperature of 3 1°C ,  a minimum 
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o f  2 1°C and a RH o f  about 7 5 % . The thi rd season i s  the 

cool s eason s tarting f rom November to February with a mean 

maximum temperature o f  2 9°C and mean minimum of 1 6°C ,  RH 

about 7 5 % . The four th s e ason is the hot season occurring 

during March and Apri l  wi th a mean maximum temperature of 

3 5°C .  The lowe s t  relative humidi ty of the year is in March 

at 6 5 %  (Van den Ee larrt ,  1 9 7 3 } . 

At Khon Kaen during January to June sunshine duration 

range s  from 7� to 8� hour s per day . C loudy weather during 

July to September reduces sunshi ne hour s to about 4 �- 5 . 

From October to December sunshine duration increases again 

to about 6 - 8  hours per day (Vorasoot and Ti enroj , 1 9 79 } . 

Pan evaporation rate varies according to the sunshine 

hours in each season or each month wi th an average o f  

4 - 4 . 5  mm/day during the months from August t o  January . 

Evapotranspiration rate i s  about 3 mm per day in the dry 

s eason (Vorasoot and T{enroj , 1979 ) 

2 .  DEFOLIATI ON 

De fo l i at ion means r emoval o f  p l an t  shoots and l eaves 

by gra zing or cutting and has o f ten been cons idered in terms 

of frequ ency , inten s i ty and timing . Gra zing or cutting 

pas ture seed crops prior to closing for seed , can provide 

an additional source of feed for � tock and i ncome for 

farmers , and with s ome crops may even i ncrease seed y i e ld . 

However to dec ide the best gra z ing management for each seed 

crop , a very care f u l  s tudy o f  individua l crop deve l opment i s  

needed ( Humphreys , 1 9 7 8 } . I t  has also been shown ( Humphrey s , 

1 9 7 9 )  that bo th gra z ing and cutting can cause adverse or 

favourab le e f fects on s eed production according to their 

inf luence on the dens i ty of inflores cences , ass imi l a te 

supply to inf lores cence s ,  time of f l owering and the extent 

of control of competing species . De fol iation de l ays f lower­

ing in some species depending upon the environmental 

conditions occurring during the de layed flowering and 

matura tion period . Late gra z ing wh i ch removes the f l ower ing 

parts i s  usua l ly h armfu l ,  but early gra zing may s t imulate 
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branching and the generation o f  more s i tes for f l ower 

production ( Humphr eys , 1 9 7 8 ) . Kre ts chmer ( 1 9 6 8 )  found i n  

S .  humi l.is that the quantity o f  seed produced depends upon 

plan t  v igour prior to f lowe r ing and the quant i ty of vege­

tative material  present at f lowering . I f  plants are a l lowed 

to grow for a l ong period wi thout gra z ing and then ove r ­

gra zed seed production wi l l  b e  very low . I f  gra z ing begins 

when plants are sma l l  the p lant has the abi l i ty to a s s ume 

pros tate-growth wh ich may produce abundant seeds even under 

intens e  gra z ing ( Krets chme r , 1 9 6 8 ) . 

The structure o f  the p l ant can also inf luence the degree 

of removal dur ing defo l i ation . A f l owering p lant which has 

more e l evated l eave s by vir tue of internodal extens ion i s  

likely t o  suf fer more f rom removal than a non- f l ower ing 

plant where the g rowing poi n t  i s  closer to ground l eve l . 

The pos ition o f  th e growing point i s  quite crucial i n  

dete rmining susceptib i l i ty t o  damage from de f o liation . 

P l ants wh ich have elevated apices are mos t susceptible to 

gra zing damage . Spec ies wh ich h ave bur ied buds or buds 

very c l o se to ground l eve l are genera lly ab le to maintain 

thes e  buds without damage by the g r a z ing anima l . Many 

l egumes inc luding Sty tosanthes spp . , have few b as a l  branches 

and are cons equen t ly mor e  s usceptible to defol iation damage . 

Mos t  l egume s ' l eave s are wholly avai lable for r emova l 

( Humphr eys , 19 7 5 ) . 

Humphreys ( 19 7 9 )  s tated tha t  de foliation can be used to 

manipulate the compe titive relationship in favour o f  the 

sown crop spec i es . S .  humi Zis y i e ld is increased by graz ing 

or cutting practices which prevent taller companion species 

from shading them . In S .  guyanensis cutting may be used to 

produce a lower and mor e  uni form f ramework o f  branches which 

the n  g ives less vo lume of plant material to be cut and 

thr eshed . 

Humphreys ( 1 9 7 5 )  men tioned tha t  the e f fects o f  

de fo l i ation o n  the phys ical  environment wi l l  a l te r  the 

e nvironment in wh ich the sward grows . Moi s ture in f i l tration 

i n to soil i s  pos itively r e l a ted to the amount of cove r . 
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Many plants mod ify the ir hab i t  a ccording to defo l i ation 

frequency and wi l l  be more pros trate i f  gra z ing i s  heavy . 

Obvious ly , d e fo l i ation w i l l  increase ligh t  intens i ty i n  the 

l ower l evel s  o f  the sward , wh ich may otherwi se have contained 

deeply shaded leaves . However exposure o f  bare soi l 

increases evapor ation losses from the soil surface . Trans­

piration is pos i t ive ly related to leaf area , in the l ower 

l ea f  area range s , and mois ture loss from plants may be 

reduced i f  the l eaf c anopy is dimini shed . Hopkinson { 1 9 7t )  

also found s im i l ar results in h i s  s tudie s wi th Medicago sativa 

cv . Hunter River . 

Many exper iments have been conduc ted on the e f fects  of 

defo l iation frequency , intens i ty and timing . Ros s i ter { 1 9 6 1 )  

found in Subterranean C lover tha t  s eed produc tion o f  pure 

s tands is increased by cutting or gra zing at or be fore the 

f lowering s tage . Th is e f fect is mainly due to increased 

branching and i n florescence den s i ty . Kretschmer { 1 9 6 8 )  also 

found in  Sty Zosanthes hwni Zis tha t gra zing when p lants are sma ll 

will result i n  the produc tion of abundant seeds . Loch and 

Humphreys { 19 7 0 )  conduc ted an exper iment on S .  hwni Us by 

applying d i fferent - ,  defoliation tre a tments a t  

d i f feren t s tages o f  plant growth . They found tha t d e f o l iation 

at floral i n i t i ation , flower appearance , or advanced f l ower­

ing sharply reduced seed production becaus e defol ia tion 

reduced the ferti l i ty of bud s i te s . Th ere were only minor 

e f fects on total plant growth . They also found tha t  the 

ma in defo l i ation e f fect was to reduce the proportion o f  

f lore ts s e tting seed . More immature seeds were found on 

de fol i ated p lants than on unde fo l iated plants . 

Fisher { 1 9 7 3 )  found tha t  de f o l i a tion o f  Sty Zosanthes 

humi Zis may a l s o  be used to increase seed yield . He found 

that a sward of S. hwni Us wh ich commenced f l owering in the 

middle of March (Au s tral ian autumn ) i f  cu t to 1 3  cm h eight 

on February 26 and March 2 0 , or March 2 0  a lone gave s eed 

yi elds of 9 0 9  and 7 2 2  kg/ha respective ly , rel ative to 

an undefo l i ated sward yield of 6 2 0  kg/ha . Jone s ( 1 9 7 3 )  

found s imi l ar resu lts with Desmodium intoY'twn and s ta ted that 

there is an interact ion be tween cutting interval and cutting 
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height on seed y i e ld . In 1 9 7 6  Loch e t  a l .  studied the 

cons equence of de fol iation on S. guyanensis . They observed 

that de fol iated plots never grew to the maximum he ight 

reached by contro l p lots . The resul ts showed tha t plants 

defo l iated during the vegetative growth stage showed no 

s ign i f i cant reduction in the popula tion of growing po ints 

and f loral spike s during the reproductive phase . However , 

i f  p l an ts were d e f o l iated at the later s tages o f  growth , 

this management del ayed the s tart and re tarded reproduc t ive 

deve lopment .  At the time of harve s t  many f lorets were s t i l l  

immature . Thi s  cau sed a dis tinct f a l l  i n  the percentage o f  

success ful seed production and reduced seed y i e ld . 

Wi laipon and H umphreys ( 1 9 7 6 ) found in the ir s tudies on 

S. hamata that s evere gra zing and mowing a t  an early s tage 

resulted in a s eed yield o f  3 5 5  kg/ha , compared to a s eed 

yie l d  from unde f o l i ated plants of only 2 2 1  kg/ha . Wi l aipon 

e t  a l .  ( 1 9 7 9 ) , in their furthe r s tudies with S .  hamata cv . 

Verano on the e f fec ts o f  removing r  api ces , l aminae , and 

shoots on seed production and growth , observed that by 

de foliating p lants at dif ferent s tages dur ing early or 

advanced f loral i n i tiation there were s igni ficant e f fe c ts 

on seed yie l d . De foliation both delayed f lowering and the 

time of seed ma turation . From the s e  s tudies they con c l uded 

tha t  the re are three pos sible exp l anations for the e f fe c ts 

of de fo l iation on s eed production o f  S .  hama ta cv . Verano i . e .  

movement of s tored assimi lates from s tem and o lder l eaves 

to inf lorescences may have been s t imulated by the removal 

o f  competing young leaves ; reduce d  competi tion from young 

leaves may have increased the proportion of buds forming 

i n flor escences wh i ch grew and formed seeds ; or remova l  of 

the upper leaf canopy in the se we l lgrown swards may have 

increased l ight pene tration and i l lumination to the green 

in f lorescences . 

Humphreys ( 1 9 7 9 )  found , in e xtreme ly we l lgrown swards 

of S. Mmata wh ich had formed a c losed canopy , tha t  r emova l 

of 6 0 %  of the lamina at the advanced flower ing s tage 

increased final s eed y i e ld from 1 4 1  gm/m2 in the unde f o l i a ted 
2 

contro l  to 1 7 0  gm/m . This increase was as soc iated w i th the 
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greater d i f ferentiation o f  l a te- formed i n f lorescences on the 

lower secondary bran che s and better deve lopment of the hook­

l es s  lower articulated pods . This e f fe c t  was also s hown i n  

a s imilar expe riment with S. hamata b y  Girig ( 1 9 7 7 ) . 

Hopkinson and Loch ( 1 9 7 7 ) recommended that S. guyanensis 

shoul d  be defoliated not later than four weeks before f loral 

initi ation and not more than about 4 0 %  of top growth should 

be removed to allow a maximum shoot den s i ty to be developed 

by the f loral initiati on stage . 

Humphreys ( 1 9 8 1 )  s ugges ted tha t  defolia ted plants show 

an increased capacity to compensate for the produc tion o f  

i n f l orescence den s i ty o n  the pr imary branch through increased 

s econdary and terti ary branch ing and tota l inflorescence i n  

defoliated swards . Recovery from gra zing was more rapid i n  

treatments whe re axi l lary buds were l e f t  intac t .  F o r  example , 

S .  hwni lis deve lops a low branching hab i t  under repeated 

de fol iation wh ich s t i l l  enables inflorescences to form under 

repeated gra zing or cutting . I n  1 9 8 0  Wi laipon and Humphreys 

carried out another experiment i n  Thai l and on the i n f luence 

o f  grazing on the s eed production of S. hama ta cv . Verano . 

They reported that gra zing i n  the period two to three months 

a f ter the opening rains ( July-Augu s t )  may not a f fe c t  seed 

production , but gra z ing later i s  l ike ly to reduce s eed y i e l d . 

Humphreys ( 1 9 8 1 )  a l s o  found th a t  de fo l i a tion can reduce 

f l oret d i f ferentiation and caus e poorer seed set and decreased 

seed s i ze of S. hama ta . The severity of these e f fe c ts depends 

upon the timing of defoliation . S. hwni lis and S .  hama ta are 

a l s o  abl e  to compensate seed y i e ld in some ci rcums tances 

where reproductive material is removed . Humphreys ( 1 9 8 1 )  

has stated that d e fo l ia tion , by improving the l ight environ­

ment to green inflorescences and associ ated l eave s , may 

increase s eed y i e l d . 

Wi th many pas ture l egumes frequent cutting or gra zing 

can also l ead to an overal l reduction i n  dry matter yield 

( Humphreys , 1 9 8 1 ) . Topark Ngarm ( 1 9 7 7 )  found that i n  S .  hamata 

under a four week c u tting reg ime dry matter y i e ld was 

s ignifi cantly lower than under a six week cutting frequency . 
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Whether this e f f ec t  was due to depl e t ion of carbohydrate 

reserve s or to a reduction i n  res idual leaf area i s  not 

known but i t  is  s ugges ted that s. 'hamata i s  more re l iant for 

regrowth on the l ea f  area rema ining a f ter de fo l iation r a ther 

than on its carbohydrate status . Regrowth a f ter de fol iation 

may be inf luenced by reserve substrate l eve l s  i n  the 

residual tis sue , the res i dual leaf area , or the number o f  

sites from wh ich growth can take place ( Shaw and Bryan . 

1 9 7 6 ) . Compared with the reasonab l e  vo lume of research work 

on the e f fects of de fo l i ation or cutting on seed produc tion 

in Sty losanthes s pp . little work s eems to have been carried 

out on S i ratro . Light cond itions w i thin the sward are 

s trong ly inf luenced by the spati a l  arrangement o f  l eaves . 

Some d i s tinction between old and young leaves may be nece s s ary 

s ince o l d  leaves are l e s s  photosynthetica l ly active than 

young leaves ( Humphreys , 1 9 7 5 ) . Hopk i nson ( 1 9 7 ' )  found in 

an experiment with lucerne that par t i a l  de fol i ation a lways 

induced re j uvenation o f  photosyn thetic rate in the rema i n ing 

l eave s . Humphreys ( 1 9 7 5 )  mentioned tha t  the accumul ation o f  

non-s truc tura l carbohydrate was a l s o  a ffected by d e f o liation . 

However , i f  a sward i s  defol iated o f ten enough and s everely 

enough , death wi l l  resul t . A certain minimum level o f  

res idual energy and s u f f ic ient l evel s  o f  l ab i l e  carbohydrate 

mus t be ava i l able a f ter de fo liation to ensure surviva l . 

After defoliation there i s  a fa l l  in the TAC level in the 

roo t  and s tem bases . 

Robertson ( 19 7 5 )  reported th a t  i n  Tha i l and Si ratro i s  

a promi s ing pas ture l egume for marg inal fore s t  areas where 

gra z ing is  not heavy . Stobbs ( 1 9 7 7 )  a lso found that l ight to 

moderate gra z i ng dur ing establ i shme n t  can be quite bene f i c ia l  

to the growth and competi tive abi l i ty of S i ratro . S im i l arly 

in terms of s eed yield Tothill  and Jone s ( 1 9 7 f) showed tha t  

heavy grazing w i l l  reduce s eed y i e ld i n  a dr ier environment .  

Jones and Jones ( 1 9 7 8 )  found tha t  increas ing the frequency 

o f  cutting of Siratro con s i s tently reduces seed y i e l d . 

They also found that the rate of regrowth a f ter cutting 

ref l ects the amoun t of e f fec tive res i dual photosynth e t i c  

material and the number of buds l e ft behind o n  the indeterm­

inate trai ling s tems . Repeated s evere de fo l i a tion reduces 
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Humphreys ( 1 9 7 5 )  and Humphreys and Robinson ( 1 9 6 6 ) 

sugges ted that root growth i s  mos t  s en s i t ive to heavy 

d e fol i a tion , fo l l owed by s tem and i n f lorescenc e  growth . 

Leaf growth is  the l east a f fe c ted . From his l iterature 

review he found that with de fol iation o f  M. atropurpurewn 

subs tantially i n creased the dis tribution of n i trogen to 

s hoot ma terial and reduced the proport i on in the roo ts . 

Humphreys ( 1 9 7 9 )  mentioned that tropica l twining l egumes 

l ike S i ratro produce an exc e s s ive amount of l ea fy materia l 

which i s  di fficul t to hand le in the harvester and shades 

devel op ing pod s . Such a s i tuation can be avoi ded by e ar l i e r  

graz i ng . He sugg e s ted that in Macrop ti liwn a tropurpurewn cv . 

S iratro , which has  an indeterminate hab i t  o f  growth , better 

synchroni s ation of f lowering may be pos s ible when fur ther 

research has shown how the manipulation of defolia tion , 

water i ng and f e r t i l iser practice may l e ad to a more uni form 

shoot popu lation wh i ch produces f l owers at the same t ime . 

Bes i de s  the e f fects of defoliation on growth and seed 

produc tion , ther e  were a l so some exper iments carried out to 

s tudy the e f fe c t  o f  gra z ing and cu tting on legume nodula tion . 

Whi t eman and Lu lham ( 1 9 7 0 )  and Wh i teman ( 1 9 7 0 )  found that 

gra z i ng and cut ting cause a great reduc tion in nodu le weight 

and y i e ld in Phaseo lus a tropurpureus and Desmodiwn uncinatwn • The 

evidence showed tha t changes in nodule weight i nduced by 

def o l i at ion were related to a los s of parts of the original 

nodule population and init iation o f  new nodules . Thi s  

ind icates tha t  defoliation-induced changes i n  nodul at i on i n  

tropical legumes caus e s  a reduction i n  legume N- f ixation . 

Gut ter idge ( 1 9 8 2 )  has found i n  Verano s ty lo tha t  i f  

gra z ing occur s once mo i s ture s tr e s s  becomes l imiting 

res toration o f  f loral s i tes i s  reduced and s eed y i e l d  

dec l ines . In his  s tud ies in Tha i l and , h e  found that i f  the 

we t season was pro trac ted , f lowering could proceed a f ter 

gra zi ng had cea sed . In such cases s eed y i e lds were s a t i s ­

fac tory . Si ratro o n  the other hand produced higher floral 
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dens ities i n  dr ier years compared to wet ter years . However ,  

even in dry years S i ra tro appeared better ab le to u t i l i s e  

the period a f ter gra zing ceased for flowering and seed 

formation because of i ts greater tolerance to moi s ture 

s tress . 

Shel ton ( 1 9 7 6 )  found that the shor tage o f  dry season 

feed con s t i tu tes one of the ma j or prob l ems for improved beef 

production in North-eas t Tha i l and . Several spec ies of the 

genus S tylosan thes have been found to be we l l  adapted in thi s  

region . Wh i l e  production from pastures in the wet season 

is good , dry season growth i s  negligible and cattle rapidly 

los e we i gh t  during the latter part of the dry season . I t  

i s  un l ikely that farmer s can be educa ted to spec i f ical ly 

reserve areas for dry s eason feeding . 

Shelton and Wi l a ipon ( 1 9 7 7 )  discus sed way s o f  improving 

a nimal feed supply during the dry season in Nor th-eas t 

Tha i l and , when cattle and buffalo are largely dependen t  on 

n u trit iona lly poor rice s tubb l e , by sowing a legume forage 

following the paddy rice harves t .  Such a sys tem would a l s o  

be bene fic ial due t o  the accumula tion o f  ni trogen wh ich 

would be ava ilab le for uti l i s ation . Gutteridge ( 1 9 7 8 )  

sugges ted a method o f  improving the nutritive value of r i c e  

s tubb l e  as a dry s eason feed by growing a forage legume o n  

the paddy wa lls during the r i c e  growing season and al lowing 

i t  to be grazed i n  con j unc tion with the rice s tubble once 

the rice is harves ted . S ince gra zing is res tric ted in paddy 

areas from the time o f  transplanting unti l the rice i s  

harve s ted th is period allows the legume time t o  e s tabl i sh 

a nd make substantial growth be fore i t  i s  first grazed . He 

s ugges ted. ( Gutter idge , 1 9 7 9 ) , in an evaluation o f  forage 

l egume s sui table f or use on paddy wa l l s , that Verano s ty lo 

appears to be o f  par ticul ar value as i ts y i e ld i s  high , a l l  

p lant material c a n  b e  eaten by l ives tock and it sets s eed 

before gra zing and there fore regenerates eas i ly in the 

following wet season . A s imilar f ind ing has been noted by 

Wi laipon ( 1 9 7 8 )  . 
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One o f  the mos t l imiting factors for crop produc tion 

is water ( Hasiao et a l.. , 1 9 7 6 ) . I t  i s  an e s sential component 

of p l ant l i fe , and comprises approx imately 8 5  to 9 0 %  of 

total fresh weight in phys iologic a l ly active herbaceous 

p lants . When the water content in mos t spec ies f a l l s  much 

below th is l evel many physio logical activities are impaired 

( Turner and Kramer , 1 9 8 0 ) . S latyer ( 1 9 6 7 )  has pointed out 

that water is a cons t i tuent of protoplasm , participates in 

many chemic a l  reactions , maintains ce l l  turg idity and 

provides a medium for the movement of d i s so lved subs tances 

i n  the xy l em and ph loem . In mos t  reg i ons o f  the world , 

water is  u s ual ly the de termining factor in maintaining h ig h  

productiv i ty o f  crop p l ants throughout the growing season . 

The natural rainf a l l  dis tribut ion l imits the amount o f  

growth o r  number o f  c rops that can b e  grown in a year 

( S impson , 1 9 8 1 )  and the e f f ic i ent and e conomic use of water 

in agr icultura l practice is  becoming a maj or fac tor in 

agricultural management . When available s o i l  mois ture 

dec l ines interna l water deficits  develop in the p lant and 

phys iological processes decl ine . At the o ther extreme , 

surplus water or f l ooding c an c au se various degrees of 

anoxia in the roo t environment ( Humphreys , 1 9 8 1 ) . In mos t  

crops , e spec ia l ly forage crops , f looding damage to plants 

is  pos it ive ly related to the duration o f  f l ood and the 

depth of submergence . Flooding res tricts oxygen avai lab i l i ty 

to the roots which reduces root respiration and the ava i l ­

abi l i ty o f  energy for norma l plant proc esses such a s  

nutrien t uptake . Sty Losan thes spp . have a h igh drought 

to l eranc e  but low tolerance to f lood or water logging ( Hare , 

1 9 8 0 ; Humphreys , 1 9 8 1 ) . 

Mos t  of the world pas tures depend largely on ra i n f a l l  

for the ir source o f  water . There fore , where r a i n f a l l  is  

irregular wa ter de f i cits deve lop which can severely l imit 

produc tivity and per s i s tence ( Turner and Begg , 1 9 7 8 ) . Water 

s tress is  the s tate wh ere the water supply is inadequate 
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and i nh i b i ts p lan t growth ( Crafts , 1 9 6 8 ) . Whe n  p lants are 

sub j ected to s tress survival mechanisms are ac tivated . I n  

s ome p lants water stres s may induce a state o f  dormancy or 

accele rate reproductive processes ( Dougherty , 1 9 7 3 ) . 

As ava i l ab l e  soil moi s ture dec l ines internal water 

def i c i ts develop in the p lant l eading to los s of turgor . 

This continues until  the p lan t reaches a s tate of permanent 

wilting when s u f f ic ient mo is ture can no longer be extracted 

from the soi l to main tai n  turgor . In the field , water 

de f ic i ts usua lly bui ld up more s lowly , and roots exploit 

a greater volume of water , and photosynthes i s  continues at 

i ts ful l potential up to water d e f i c i ts as low as -19 bars 

compared with a figure i n  contro l led env i ronment rooms o f  

only - 1 2  bars . Further l ea f  appearance and expans ion ceases 

and w i th cont inued water de f ic i ts l eave s begi n  to die ( Ludlow , 

1 9 7 6 ) . Water stre ss reduces crop growth rate , the length of 

the growing season and total yie ld (Dougherty , 1 9 7 3 ) . 

Al though plants that s urvive throughout water de f i c i ts are 

o ften c a lled drought r e s i s tant plants they may in fact be 

exhibit ing two other character i s tic s , drought to lerance or 

drought avoidance ( Levitt , 1 9 8 0 ) . 

Drought to lerance def ines the abi l i ty o f  plant c e l l s  to 

s urvive per iods of water de ficit . This abi l i ty i s  best 

deve loped in young mer i s tematic ti s sues . Surviva l of meri­

s tema t i c  tis sues can be re l ated to the redis tr ibution of 

water and nutrients to ma intain turgor in the mer i s tem 

( Gwynne , 1 9 6 0 ) . Many p lants have deve loped mechani sms to 

reduce or avoid water los s  during dry period s . Avoidance o f  

water s tres s  can al so be ach ieved b y  plants completing the i r  

l i f e  cycle be fore a serious plant water de f i c i t  deve lops 

( Ludlow , 1 9 7 6 ) . Jones et a l .  ( 1 9 8 1 )  found that some plants 

have th e abi l ity to endure period s  o f  rain fal l d e f i c i t  whi l e  

mainta ining a high interna l plant water status . The se 

mechanisms do not avo id drought but avoid tis sue dehydration . 

In order to do th is plants mus t e i ther restrict their wa ter 

loss or ma intain their water supp ly . For mainta i ning the 

water supply , Fi scher and Turner ( 1 9 7 8 )  mentioned that roots 

mus t  go deeper when low root dens ities prevai l ,  or root 
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dens i ty mus t  be i ncreas ed . The s i te o f  water loss i s  also 

the s ite o f  carbon uptake by the plant so that a reduction 

i n  water loss resu l t s  in a reduction in assimi l ation . In 

maintaining the interna l water b alance o f  the p lant the 

s tomata mus t  close firmly and water loss through the cut i c l e  

mus t  b e  low ( Turner a n d  Jones , 1 9 8 0 ) . 

3 b . MORPHOLOGICAL EFFECTS OF WATER DEF I CITS 

The growth and deve lopment of a plant depends on 

continuing divis i on , d i f ferent ia tion and en lar gement of ce l l s  

( Sl a tyer , 1 9 63 ) . C e l l  divis ion is gener a l ly regarded as l e s s  

s ensit ive t o  water d e f ic i ts than c e l l  enl argement ( Salte r  and 

Geode , 1 9 6 7 ; Slatyer , 1 9 6 7 ) . Perry and Larson ( 1 9 7 4 ) s howed 

in Medicago sativa th at the reduction o f  soi l water to 5 0 %  o f  

f ie ld c apac i ty reduced both the number o f  pr imary shoots and 

the regrowth of shoots after de fo l iation . Turner and Begg 

( 1 9 7 8 )  found that in pasture plants morphological responses 

are more sensi tive to water de f i c i t  than phys iological 

proce s s e s . Dougherty ( 1 9 7 3 )  men tioned that water s tress 

general ly reduces the s i ze of individual plant organs . The 

actual reduction in s i ze depends on the inten s i ty and durat i on 

o f  the s tress a s  we l l  as the developmental s tage of the p lant 

at the time of s tress . Water cannot a f fect the s i ze o f  organs 

which h ave already reached their final s i ze except by 

s enes cence and death . 

3 c . EFFECT OF WATER ON DIFFERENT STAGES OF GROWTH 

S a l ter and Geode ( 1 9 6 7 )  mentioned the three s tages o f  

growth that might b e  af fected by water ; the period from 

s owing until the s tart of f lowering , the per iod during 

flowering and the per iod during seed developmen t  unti l 

harve s t . They c i ted work by Froh l ich and Henke l on peas 

which showed that a plent i ful supply o f  water dur ing the 

early period of growth produced h igh vegetative y ield but 

not h igh pod y i e ld , and also found by Salter ( 1 9 6 2 ) . 

Humphreys ( 1 9 7 9 )  mentioned that S i ratro produced high s e ed 

yields under a l terna te wet and dry conditions . Fisher and 

Campbe l l  ( 1 9 7  7 )  found i n  Sty Z.osanthes hwni lis tha t s tres s  

during the vegeta tive s tage reduced growth . 
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Shaw and Laing ( 1 9 6 6 ) have shown i n  soybean that s tress 

during the f l owering period resu l ts i n  a s igni ficant 

reduc tion i n  the number of pods . Thi s  e f fect o n  pod number 

is due to flower abortion during the mai n  f lowering per iod 

and pod abor tion during the per iod of pod growth a f ter 

flower i ng . Wa ter s tres s also i n terferes with the pod f i l l i ng 

proces s .  

Water s tress has two primary e f fects on reproduc t ive 

development . It genera l ly advances the rate of convers ion 

from the vegetative to the reproductive s tate and it r educes 

the s i ze and number of reproduc tive organs on each plant 

(Dougherty , 1 9 7 3 ) . There i s  evidenc e  tha t  the time of f loral 

i n i t i a tion is very sens i tive to wa ter de f i c i t  but that fruit 

and s eed deve lopment are l ess markedly a f fec ted ( Begg and 

Turner , 1 9 7 6 ) . They a l so found that peas are sensi tive to 

s tress at f l owering , but that pod developmen t  is more 

s ens i t ive than vegetative growth . Water de f i c i ts can a l so 

i n fluence the length o f  the reproduc tive growth and develop­

men t period in indetermina te crops . 

There are numerous reports which show tha t  wa ter defici ts 

l imi t yield and irrigat ion increases yield . The degree of 

y i e ld reduc t ion by a water de f i c i t  depends on the degree , 

duration and timing o f  the de f i c i t  and on the proportion o f  

total yield tha t compri s e s  the economic y i e l d  of the crop 

( Begg and Turner , 1 9 7 6 ) . Anderson and \�i te ( 1 9 7 4 ) found 

tha t i n  green peas , lack o f  i rrigation reduced total y i e ld by 

4 7 %  but the yie ld of seed peas by only 3 6 % . These results 

show that water de f i c i ts occurring at critical s tages o f  

p lant deve lopment o f  a determinate crop wi l l  reduce the 

economic y i e ld less than to tal above-ground dry matter yiel d . 

The importance o f  a water deficit  on y i e ld also depends 

on whe ther the economic y i eld is based on the fresh or dry 

weight component of yield . In fru i t  and vegetables  which are 

sold on the bas is of fresh weight or s i ze ,  a water de f i c i t  

wi l l  have a grea ter e f f e c t  s i nce the s i ze and we ight a t  thi s  

s tage depends mor e on th e plant water potential than on 

photosynthesis ( Davenpor t et a l . , 1 9 7 7 ) . 
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Water defic i ts inf luence no t only economi c y i e ld but 

also qua l i ty such as decreas e s  i n  the quality of mal t i ng 

bar ley and s unflower o i l  ( Begg and Turner , 1 9 7 6 ) . 

Ket t an and F l emming (19 5 f>)_ found in s nap beans that 

irrigation during f lowering res u l ted in h igher y ie ld s  and 

larger pods , whi l e  Andrew et a l . ( 1 9 7 7 ) found that if water 

s tress occurred throughout the flowering per iod seed yie lds 

were reduced by 8 0 %  in sub terranean c l over . 

F i sher and Campb e l l  ( 1 9 7 7 )  found in the ir drought 

treatmen ts on Sty losanthes hwni lis that wa ter s tress during 

flowering s igni f icantly reduced seed yield . A s imi lar e f fec t 

was found i n  S i ratro (Macr>op ti liwn atr>opur>pur>eum) by Hopkinson 

( 1 9 7 7 ) . H umphreys ( 1 9 7 9 )  a l so comments t h a t  short periods 

o f  drough t s tress early i n  the f lowering period , fol lowed 

by good mois tur e avai l ab i l i ty during l a te floweri ng , gives 

more f l owers . Th i s  sys tem works we l l  for S i r a tro and S tyle 

becau s e  seed i s  eas i er to harvest if irrigation i s  withheld 

during s eed ma turation . 

3d . PLANT ADAPTATION TO WATER STRESS 

P l an ts require adaptation in s truc ture a nd func tion to 

survive water s tress . Such an adaptation can be described 

as her itable mod i ficati ons in s tructure or func tion tha t  

inc rease the probab i l i ty of an organism surviving and 

reprod ucing in a particular environment . The abi l i ty of 

a crop variety or spec ies to grow satis fac tor i ly in areas 

sub j e c ted to periodic wa ter defi c i ts has been termed drought 

res i stance ( Kramer , 1 9 8 0 ) . Plants have deve loped both 

morphological and phy s i o l ogical mechanisms to enab le them to 

withs tand and adapt to water de f i c i ts ( Dougherty , 1 9 7 3 ) . 

Leaves and roots are cons idered to be the mos t morpho­

logica l ly adaptab le p lant organs in their reaction to water 

s tress ( Levi tt , 1 9 8 0 ) . 

Accordi ng to Begg and Turner ( 1 9 7 6 ) , s ince ce l l  

expans ion and cel l divis ion are sensi tive to water s tress 

both wi l l  have a marked e f fect on l ea f  area . S ince the rate 



2 3  

of evapotranspiration i s  de termined by leaf area , any 

reduc tion o f  leaf expansion can provide a mechani sm for 

reduc ing water loss from the soi l and de laying deve l opment 

o f  more severe s tress . Lea f sheddi ng or accelerated l e a f  

death i s  also a n  adaptive mechanism for reduc ing wa ter use . 

Mechani sms o f  greater bene f i t  to forage species are 

the movemen t  of leaves resul ting i n  their orientation 

paral l e l  to the incident radiation . The flagging or rol l ing 

of l eave s whe n  wi l ted are addi tional adaptive mechanisms . 

I n  grasses , l ea f  ro ll ing i s  a common response to moi s ture 

s tress . Sty losanthes hwni lis exhibi ts both diapho tonas ti c  and 

parahel ionas tic movemen t  depending on th e degree of water 

s tress ( Begg and Tors se l l , 19 7 4 , 1 9 7 8 ) . Lea f movemen t  has 

also been identi fied i n  s tres sed bean ( Dube t z , 1 9 6 9 ) . 

Turner and Begg ( 1 9 7 8 )  also found o ther mechani sms tha t  

reduce the radia tion load such a s  i ncreased leaf hairiness 

and wax b loom . They also mentioned tha t in pas ture p lants 

morpho logical re spon ses are more sensi tive to water d e f i c i ts 

than physio logical proces ses . 

Adaptation to drought has deve loped in roots as i n  

l eaves and s tems . S ince water i s  the ma jor l imi ting fac tor 

for plan t  growth in arid areas i t  can be expected tha t  root 

sys tems develop in a way tha t  ens ureS optimum water absorption 

( Kummerow , 1 9  8 0 ) . 

Fischer and Turner ( 1 9 7 8 )  found that under water s tres s  

condi tions plant roo ts mus t g o  deeper t o  mainta i n  water 

uptake . A deep root sys tem would seem bes t  in a c l imatic 

region in wh ich the soil is recharged with water to 

cons i derab le depths during the win ter and rains during the 

growing season are i nfrequent ( Wi eb , 1 9 8 0 ) . Jordan and 

Mi l ler ( 1 9 8 0 )  a lso mentioned that a crop p l anted near the 

end of the we t period mu s t  be capable of achieving f ina l 

produc tion on s tored soi l mois ture only . Torssel!l e t  a L .  ( 1 9 6 8 )  

found in Townsvi lle lucerne tha t  the plant has the abi l i ty 

to continue exploring a greater depth of soil enab l i ng i t  

to grow and comple te i ts l i fe cyc le even i f  the we t s eason 

i s  finis hed . Hurd ( 1 9 6 8 ,  1 9 7 6 ) , also found tha t  deeper 
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rooting vari eties y i e lded better under drought s tres s . 

Andrew and Jones ( 1 9 7 8 )  c i ted work by McCown who found tha t  

S ty losanthe s species (/3 .  hama ta, S .  scabr>a and S .  viscosa ) growing 

on s andy red earth soi l s  in the Nor thern Territory o f  

Aus tral ia can extrac t water from a soi l depth o f  a t  l e a s t  

3 0 0  c m  by the end o f  the dry s eason . Henzell ( 1 9 ,,) found 

that l egume s show a number of adaptive features that e nabl e  

them to survive water def ic i t s  caused by lack o f  rainfal l 

and are i n ten s i fied by compe ti tion . Many legumes are 

capable of drawing wa ter from cons iderable depths . He found 

the M. sa tiva for example can ob tain water from a s o i l  depth 

of 6 metre s . Taylor ( 1 9 8 0 )  a l s o  found that the roots o f  

co tton and s oybean cul tivar s c a n  extend a s  deep a s  the soi l 

pro f i l e  is we t ted . 

Pass ioura ( 1 9 7 4 )  s tated tha t  one ma j or effec t o f  water 

defic its is in the increased deve l opment of the root sys tem 

wh ich enab les the p lant to explore a greater soi l  vo lume for 

wa ter . By comparison shoot growth i s  greatly r e s t r i c ted 

under s imi l ar cond i t ions . 

t' Manne t j e  e t  a l .  ( 1 9 8 0 )  and Bur t e t  a l .  ( 1 9 8 0 )  found tha t  

the perennial legume s such a s  Medicago sativa, Sty 'losanthes scabra 

and Macr>opti Uwn. atr-opur>purewn are drought res is tant p lants 

which adapt by deve loping a deep root sys tem wh ich enab l e s  

them to ob tain wa ter from lower down in the soi l prof i le . 

3 e . PHYS IOLOGICAL ADAPTAT ION TO WATER STRESS 

The ma in phys io logica l e f fe c ts of a water d e f i c i t  o n  

crop p l a n t  growth a n d  developmen t  a r e  in s tomatal behaviour , 

pho tosynthe s i s , respi ration , transloc ation and the partit ion­

ing of as s imi lates . Recent d i s c overies have found tha t  

endogenous l eve ls o f  absc i s i c  acid and pro l ine increase 

severa l- fold when pl ants are s ub j ec ted to s tress a nd tha t  

� sc is s ic a c i d  closes s toma ta and reduces transpiration 

( Begg and Turner , 1 9 7 t ) .  

As s o i l  moi s ture dec l ines and interna l water s tress 

develops , the s toma ta begin to c lose and transpiration 
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decreases . S tomata respond direc tly to humidi ty i n  a feed­

forward manner , loca l  water de f i c i ts devel op in the s tomatal 

apparatus inducing s toma tal c losure before de f i c i ts occur 

in the remainder of the l eaf . For the adaptation of the 

s toma ta to water stre s s , the s toma tal responses are modified 

to suit th e new s i tua tion of water s tre s s  wh ich is adj us ted 

to humidi ty , and leaf  water po tential . These adj us tments are 

variable among spe c ie s . The c apac i ty for s tomatal adj u s tmen t  

s eems to b e  assoc i a ted more with the environmen t  to whi ch 

p l ants have adapted than with any taxonomic or morphological 

characters ( Ludlow , 1 9 8 0 } . Turner and Jones ( 1 9 8 0 }  also 

found tha t s toma ta l c l osure in response to s tres s is  a power­

ful mechan i sm for regu la ting wa ter los s and reducing the 

deve lopment of furthe r s tres s . Levi tt ( 1 9 7 2 )  found tha t  

s tomata open during day l ight only for a s h o r t  time in the 

early morning and they are abl e  to close very rapid ly in 

orde r to conserve their interna l water s upp ly . Turner ( 1 9 7 4 )  

found tha t  s toma ta l  closure can also be very dif ferent in 

grow th cabinets compared wi th fie l d  s tudies . I n  particular , 

di f ferences in irradiance and the unres tric ted soil  volume 

in the f i e ld into wh ich the roots may grow can be impor tan t . 

Ludlaw and Ng ( 1 9 7 6 }  have shown that s tomatal closure causing 

ne t photosynthesis to cease occurs at leaf water potentia l s  

o f  - 1 2  bars i n  contro l led environments . In the field however 

where water de fic i ts usually bu i ld up more s lowly , and where 

roots exp loit a grea ter soil volume for wa ter , pho tosynth e s i s  

con tinues at the po tentia l rate at l e a s t  to a leaf water 

po tential below - 1 9  bars . Humphreys ( 1 9 8 1 )  found tha t  

S i ratro i s  a success ful drought-avoiding plant in wh ich l e a f  

water potential rarely decreases to - 2 0  bars . Thi s  ' feedback ' 

mechani sm o f  Sira tro i s  a superior too l  to the usual mech­

anism of s toma tal c l osure in response to decreas ing leaf  water 

po tenti a l . S toma tal closure is  a primary cause of depres se d  

photosynthe s is under water limiting condi tions . Begg and 

Turner ( 1 9 7 6 ) found tha t  the initial reduc tion in photo­

synthes is due to an increase in moi s ture s tress in both s o i l  

and p l ant is cau sed through the c los ure of the s toma ta a nd 

reduc ed co 2 content in the plant . Wh i teman ( 1 9 74 )  also found 

that mois ture s tress reduces growth by reducing photosynth e s i s  

rate and a l s o  reduces the rate of leaf area deve lopment .  
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Much evidence sugges ts that in pas ture p lants the 

morphological responses such as leaf  area development , 

t i l lering and root growth are more sens i t ive to water 

d e f ic i ts than physiological processes ( Turner and Begg , 

1 9 7 8 ) . Some of th e l eguminous forage crops h ave very deep 

root sys tems . Many legumes can recover quick ly a f te r  

drought because they have a n  indeterminate branch ing pattern 

and the meris tem can survive longer . Thi s  i ndeterminate 

branching pattern together wi th the protected apex , provides 

a u s e ful s trategy for plant s urvival in c l imates with 

unce r tain rainfal l . I f  a plant i s  rewetted a f ter a period 

o f  drough t the termina l meris tem can s t a r t  to grow again 

forming new l eaves and flower s  and eventua l ly more s eeds 

( El s ton and Bunting , 1 9 7 9 ) . Tors se l l  ( 1 9 7 6 ) found that in 

S .  hwni lis the plant i s  capab l e  of avoiding and to lerating 

s hort term . s tress dur i ng the growing season . I t  germinates 

rapidly , grows quickly , and both f l ower s  and seeds before 

the water supply i s  exhaus ted . Lud low ( 1 9 8 0 ) has found that 

S i ra tro has a low water s tress tol erance and that the p lant 

depends mainly on water s tress avoidance for surviva l . 

S iratro s hows various mechan isms o f  water s tress avo idance 

by i ncreased root i ng capacity , deep root ing wh ich a l l ows the 

extract ion of water to a greater d epth , sens i t ive s toma tal 

contro l , leaf movement and l eaf area reduc tion . Gutteridge 

( 1 9 8 2 )  found from h i s  studies at Khon Kaen in Thai land tha t  

under f i e ld conditions S iratro roots appear to penetrate to 

great depths which h e  traced to 1 8 0 , 2 0 0  and 2 1 0  cm by the 

end o f  the dry season . However he found i t  d i f f icul t to 

trace Verano s tyle roots because o f  the i r  more f ibrous 

character , but he d id detect Verano roots at a depth greater 

than 7 5  cm . Hopkinson ( 1 9 7 7 )  found tha t  in S ira tro moi s ture 

s tress may suppress vegetative growth but favour the 

subsequent expans i on of floral buds and the dis tribution o f  

ass imila tes to deve loping inf lores cences .  The p lants show 

dominan tly vegeta tive buds in the summer wet season and 

predominantly floral buds in the dry s eason . F i sher and 

Campbel l  ( 1 9 7 7 )  found tha t in S .  hwni lis swards f l ower 
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appearanc e  deve lops as a result o f  moi s ture s tres s .  

Humphreys ( 1 9 8 1 )  found tha t  s tres sed legumes reac t by 

exh ib i t i ng prema ture s enescence , shedd ing and de l ayed 

i n i tiat ion of nodules . Peake et al . ( 1 9 7 5 )  also found that 

S iratro re sponds to water s tress by premature s enescence o f  

mos t o f  i t s  l eaves . F i sher and Ludlow ( 1 9 7 6 ) found tha t 

S i ratro grown unde r  water s tress has sma l ler , thicker and 

more rigid l eaves than the normal leaves of pl ants growing 

under non - s tressed condi tions . 

Drought tol erance in tropical pas ture plants has 

a t tracted l i ttle research intere s t  ( Humphreys , 1 9 8 1 ) . 

Levitt ( 1 9 7 2 )  showed that the ma intenance o f  Relative Water 

Content ( RWC ) at low Leaf Wa ter Potent i a l  ( LWP ) indicates 

drought to lerance . In Siratro rapid los s  in RWC as LWP 

decreases to - 1 0  bars ind icates poor drought to lerance . 

Subsequen tly however there may be a s lowly increas ing 

resis tance to los s of water , wh ich sugge sts a progres s ive 

adaptation of surviving leaves to water s tres s . Turner and 

Begg ( 1 9 7 8 )  conc l ude tha t  at the cel l ul ar leve l an 

explanation of the se types of relationships between LWP and 

RWC in tropi cal species is not yet ava i l able . They a l so 

sugge s t  tha t  acc l imatisation to water s tress by trop i c a l  

pa s ture pl ants occurs to s ome exten t . For exampl e  the re 

may be an incre a s ed a l location of c arbon to root growth to 

help maintain wa ter uptake . Ludlow ( 1 9 8 0 )  sugges ted that 

plants may acc l imatis e to water s tress by improving turgor 

and hence metabol ic activity for expans ion growth . 

4 .  SEED CROP DEVELOPHENT 

S eed production is the f ina l s tage of a sequence o f  

plant processes , some of which can b e  more e as i ly contro l l ed 

by the grower than others . The potent i a l  y i e ld of the crop 

is l imited by the density of f lowers produced . Thi s  depends 

on the degree of plant branching to form shoots wh i ch i s  

very sensitive t o  mois ture and nutr ient supp ly . Subsequently 

the propor tion of the surviving shoo ts which are ferti l e , 

and the extent o f  inf lore scence d i f ferentiation to form 

flowers are ma j o r  determinants o f  s eed yield ( Humphreys ,  1 9 7 8 ) . 
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Pas ture development i n  tropical regions i s  dependen t  

upon adequate supplies o f  r e l iable seed . Many tropical 

forage spec ies are relati vely wild plants . Too o f ten p l an t  

breeders and agronomi s ts have concentrated o n  improving 

vegetative growth and forage nutr i tive value and have g iven 

compara tively l i ttle attention to the ease of s e ed produc tion . 

Seed recovery o f  many tropical pas ture seed crops i s  also 

very l ow ,  s ince f lowering proceeds over a long period . I n  

addition , s eeds of many crops fall  t o  the ground soon a f ter 

they r ipen . Thus only a sma l l  proportion of the s eed 

produced may be recoverab l e  by harve s t  at any one time 

( Humphreys , 1 9 7 9 ) . 

Many o f  the prob l ems o f  s eed produc tion from tropical 

pasture specie s are due to inherent character i s ti c s  o f  the 

spec i e s  that c reate d i f ficul ties in harve s ting w i th resul tant 

low y i e ld of harves ted seed ( Jones and Roe , 1 9 7 6 } . Hopki nson 

and Loch ( 1 9 7 3 )  found tha t  some perennial tropi c a l  legumes 

are de terminate i n  hab i t  and f lower produc tion i s  relatively 

concentrated e . g .  Desmodiwn sandwicense� D .  in tortwn and Glycine 

wigh tii . Conver se ly Macropti liwn atropurpurewn cv . S iratro 

flowers th roughout much o f  the year in the s ubtropics . I ts 

indeterminate growth hab i t  results i n  a succ e s s ion of f l ower 

heads a long the s to lons wh ich ripen s equential ly or shed 

the ir f lowers under the shade of d en s e  new vegetative growth . 

Seed p roduction is prolonged and therefore l i ttle seed i s  

ripe a t  any one time ( Hopk inson and Loch , 1 9 7 3 ) . 

Thi s  e f fe c t  has also been described by Humphreys ( 1 9 7 8 )  

who found that many tropical pas ture seed crops have poor 

synchronisation of matur i ty and that inflorescences may be 

produced almos t continuous ly duri ng the grow i ng s eason i n  

swards .  o f  Macroptiliwn a tropurpurewn cv . S iratro a nd Lotononis 

bainesii . 

The low numbers o f  s eed heads produced i s  a lso one of 

the ma in problems . The variable of inflore scence den s i ty of 

tropical legumes is also the ma in prob lem which varies wide ly 

from 3 6 /m2 ( Edey and By th , 1 9 7 0 )  to 3 0 0/m2 ( Hopk inson and 

Loch , 1 9 7 3 )  for S iratro , and 2 0 - 6 5/m2 ( Nicho 1 l s  et a l . , 1 9 7 3 )  
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to 1 0 2 1 /m2 ( Gibson and Humphreys , 1 9 7  3 )  for Desmodiwn uncinatum 

cv . S i lverleaf . 

Tropi cal forage l egumes are a l so very susceptib l e  to 

weather conditions during s eed set . Flower opening in many 

plants require s sunshine , low seed s e t  occurring as a result 

of dul l  wea ther ( Humphreys ,  1 9 7 8 ) . 

The weather the crop receives is  a primary de terminant 

of y i e l d  and unl ike the nutr i ent and moi s ture supply , may 

only be margina l ly modi f ie d  by the grower . H umphreys ( 1 9 7 8 )  

men t i oned th at the ideal seed production c l ima te mus t have 

suitab l e  radiation , temperature and rainfa l l  for vegetative 

growth o f  the particular crop , a favourab l e  photoper iod for 

flor a l  induction , and dry , r e l atively s t i l l  weather during 

seed ma turation . Many tropical  forage p l ants e . g .  Macroptilium 

atropu.rpurewn are in a c l imatically inductive f l owering 

cond i t ion for mo s t  of the year . 

The e f fect o f  temper a ture on the growth o f  tropical 

pas ture species  may be ana lysed in re lation to e f fects on the 

rate of increase in dry ma t ter , leaf  area , t i l ler deve lopment , 

shoot development , and the rate o f  appearance o f  new leaves 

( Whiteman , 1 9 7 4) . 

H igh temperatures i n  the range 3 8 °- 4 5°C can be expec ted 

to reduce the growth rate of legumes , al though S. hwni lis and 

S. Mma ta have been shown to be better adapted to these 

cond i tions than mos t  other sown spec ies (Whiteman , 1 9 7 �) . 

Lud l ow and Wi lson ( 1 9 7 0 ) found that rate o f  leaf area 

deve l opment in both gra s s e s  and legumes is markedly a f fe c ted 

by temperature . Temperature condi tions may a f fect vegetative 

growth of the crop , f loral initiation , growth and d i f ferent­

iation o f  the inf lorescenc e , blooming , pol len germination , 

seed setting and seed ma tura tion ( Humphreys , 1 9 7 8 ) . Cameron 

( 1 9 6 78 s ugges ted th at a night temperature of 2 8°C was adverse 

in Sty losanthes humi l is, the e f fect be ing greater at a critical 

day length . 
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A reg ime of 3 5°/ 3 0 °C day/night temperature prevents 

flowering in Sty losanthes guyanensis and S. hamata ( t  ' Manne t j e 

1 9 6 5 ) . Downes e t  a l .  ( 1 9 6 7 )  a l s o  found s imilar resul ts in 

six s trains o f  S. hwni lis . Skerman and Humphreys ( 1 9 7 3 )  found 

that both the number of inf lores cences and the n umbe r  o f  

florets d i f ferentiated on ind ividual inf lorescences in 

S. hwni lis cv . Greenva le was pos i t ively related to temperature . 

The speed o f  inf lorescence devel opmen t  is incre a s ed by warm 

days and in one f ield exper iment the duration o f  the period 

from f loral initia tion to f l ower appearance was shortened 

by 3 .  3 days in S. guyanensis for e ach 1 °C rise in maximum day 

temperature ( Bryant and Humphreys , 1 9 7 6 ) . McWi l l i am ( 1 9 7 8 )  

men tioned that tropical legume s have a s l i g h tly l ower opt imum 

temperature than tropical grasse s . 'I'h e opt imum temperature 

for the i nduc tion of f lowering i n  pas ture plants varie s 

depending on the photoperiod respons e .  However once 

induction has occurred , increased temperature has tens the 

onse t  of f l owering in both shor t- and long-day p l ants e . g .  

Macropti Uum a tropurpurewn . He a l so found in S iratro that 

increas ing day/night temperatures from 2 4 °C/ 19 °C to 3 0°C/ 

2 5°C advanced the onset of f l owering by 17 days . 

Floret numbers per i n f lorescence reach a maximum a t  

2 7 °C/2 0°C i n  Sty losanthes hama ta cv . Verano . The percentage of 

florets forming s eeds is reduced as 

Coo l temperatures also res tr ict the 

layers in s eeds o f  Sty losanthes hama ta . 

temperature decreases . 

formation o f  impermeable 

One month a f ter 

harve s t  percent hardseededness of hooked seeds was 9 9 , 9 9 ,  9 7  

and 3 0  i n  plants flowering i n  temperatures o f  3 5°C/ 2 8°C ,  
0 0 0 0 0 0 ' 3 1  C/2 4  C ,  2 7  C/2 0  C and 2 0  C/1 6  C respect1vely ( Argel and 

Humphrey s , 1 9 7 7 ) . This sugge s t s  tha t  high temperatures and 

pos s ib l e  speed of dehydration are ma j or determinants of the 

level of hardseededness in this spec ies . 

Wh i teman ( 1 9 74 )  found tha t when tempera ture was r educed 

from 3 2°/ 2 4 °C to 2 6°/ 1 5°C growth was reduced about 3 5 %  in 

M. atropurpureum� G .  wigh tii, S.  humi lis and S. guyanensis . 

I n  a wide range of pas ture plants the change from 

vegetative growth to reproduct ive deve lopment is i nduced by 
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changes in day length . Thi s  re spons e i s  perceived in the 

l eaves of the p lants , which transmi t a f l oral s t imulus to 

the vegeta tive mer i s tem to cause a change to reproducti ve 

deve lopment ( Wh i teman , 1 9 74 ) . Garner and All ard ( 1 9 2 3 }  

d ivided plants into three groups , short-day , long-day and 

day-neutral . For the tropical forage l egume t ' Manne t j e 

( 1 9 6 5 )  also grouped the genus Stylos anthes into three : 

S. hwni lis, and S .  guyanensis responded as short-day p l ants w i th 

S. hamata and S. montividensis as long-day p lants . The response 

o f  plan ts to pho toper iod o ften determines whe ther they wi l l  

f lower a t  a given l a titude and at wha t t ime o f  the year . 

A knowl edge o f  thi s  r esponse is  there fore of great importance 

for seed production ( Whi teman , 1 9 74) . Cameron ( 1 9 6 7 a )  found 

that S. hwni l.is cv . Gordon is  a qual itative short-day p l an t . 

By planting in the growth c abinet us ing d i f ferent day length s  

a l l  s e le c tions o f  S. hwni Zis flowered a t  a s imi lar node number 

i rrespec tive o f  photoperiod . In h i s  subsequent experiment 

he found that thi s  f l ower ing respon s e  seemed to be c l o s e ly 

rela ted to changes i n  day length but bore l i ttle relat i on to 

temperature changes ( Cameron , 1 9 6 7b ) . Bryan t and Humphreys 

( 1 9 7 6 ) found tha t a number of s e lec tions of S. guyanensis 

showed a short-day f l ower ing respons e ,  which was not r e l a ted 

to latitude or a l t i tude of selection origin . 

Imr ie ( 1 9 7 3  ) found that S iratro reac ts as a shor t-day 

plant with a c r i t i c a l  max imum day l ength above 1 2  hour s . 

Low temperature , although i t  tends to d elay f l owering , does 

not a l ter the basic short-day respon s e . 

Wh iteman ( 1 9 7 4·) found that S i ra tro plants , i f  given 

a night- l ight break treatment , remained vegetative up to 

1 8 0  days , sugges ti n g  tha t  i t  i s  a quantitative short-day 

spec ies . For many cul tivars day l ength dec ides whe ther 

flowe r ing wi l l  occur or not and a l s o  de termines the s trength 

of the flower ing response ( Humphreys ,  1 9 7 8 ) . The mai n  e f fect 

of day length i s  on flower ing . S ince Humphreys ( 1 9 7 8 )  

conc luded that many tropical forage pl ants are in cl imati c a l ly 

inductive flower ing cond itions for mos t  of the year , c l ima tic 

var ia tion may i nhibit quan titative f l owering but plants wi l l  

produc e flowers whenever shoots are l arge and o l d  enough . 
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There i s  indirect evidence of var i ation in j uveni l i ty 

i n  Sty losanthes spp . which suggests that S. hwni lis may flower 

a t  the s ix nod e s tage or ear l i er ( Skerman and Humphreys , 

1 9 7 5 ) . S. hama ta however does not seem to show a j uven i l e  

s tage a n d  h a s  been shown to f lower within 1 month o f  sowing 

( Cameron and t ' Manne tj e ,  1 9 7 7 ) . The rate of i n f lorescence 

appearance seems to be limi ted by the number o f  bud sites 

availab l e  for i n f l ores cenc e occupation and is not wel l  

correla ted with temperature ( Skerman , 1 9 7 3 ) . This s ugg e s t s  

that t h e  agronomic val ue o f  a l egume depe nds s trongly o n  

i t s  growth , mos t  o f  wh ich i s  made before the p lant is f u l ly 

commi t ted to its reproduc tive cycle ( Cameron and t ' Mann e t j e ,  

1 9 7 7 ) . 

5 .  CROP HUS BANDRY FOR SEED PRODUCT I ON 

The area chosen for seed produc tion would ideal ly be 

i n  c l imatic zones where a dry s eason coincides with seed 

r ipening . Mos t  tropical forage l egume species are apomic t i c  

or s e l f-pol l ina ting and there fore do n o t  require isolation 

( Jone s and Roe ,  1 9 7 6 ) . Thorough s eed bed prepara tion to 

k i l l  exi s ting vegeta tion is es senti a l . The area wi l l  

require harrowing a n d  pos s ib ly ro l l ing to prepare a fine , 

f irm s eed bed be fore plant ing . Some l eve l l i ng o f  the s i te 

may be neces sary , e spec i a l ly i f  suction harves ti ng is 

contempl ated or th e crop needs to be irrigated (J�ne s and �oe 

1 9 7 6 ; Hurnphreys , 1 9 7 9 ;  Hare , 1 9 8 0 ) . Humphreys ( 1 9 7 9 )  found 

that i f  ground s eed recovery is to be employed ,  such as i s  

used in harve s ting S .  hwni lis or M. atropurpureum , leve l l and i s  

an advan tage . Mos t  pasture seed crops are h i gh value crops , 

which ben efit from being grown on good agricul tural s o i l . 

The f er t i l i ser practice whi ch gives good vegetative grow th 

of tropi cal pa s tures wi l l  usua l ly g ive high s eed yie ld s . 

Al though the norma l ferti l i ser requ irement is for phosphorus , 

potas sium and sulphur , Humphreys ( 1 9 7 9 ) ha s sugges ted tha t  

spec i a l  attention may need t o  b e  g iven to boron and copper 

l eve l s ,  becaus e he believes th ese nutri ents have a rol e i n  

promoting seed production . 
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There have been many experiments to s tudy the e f fect o f  

nutrients o n  the growth and y i e l d  o f  tropica l forage l egume s . 

Moore ( 1 9 6 5 )  s tud i ed the inf luence of ferti l i sation and 

cutting on tropical gras s - legume pastures . The experimen t  

invo lved NPK ferti l i sa t i on , and he igh t  and frequency o f  

cutting . He found that nitrogen ferti l i ser app li cation to 

s own pas tures is unl ike ly to be an economic practice . Yield 

response resul t ing from superphosphate app l i cation was about 

3 0 % , al though the re was no re spons e to potass ium . Shaw 

e t  a l . ( 1 9 6 6 ) and Jones ( 1 9 6 8 )  s tud ied the e f fect o f  super­

phos phate and pota s s ium ferti l is er on the growth o f  

Sty losanthes hwni lis . The results showed that s uperphosphate 

increased dry matter yie ld . Andrew and Rob ins ( 1 9 6 9 ) 

s tudied the e f fects o f  potass ium on the growth of s ome 

tropical l egumes . The results showed that the optimum level 

o f  potass ium chloride added for mos t specie s wi l l  increase 

yield and maximum growth . They also found in a s ubsequent 

experiment that phosphorus also a f fec ted growth of Phaseo lus 

atropurpureus and Sty losanthes humi lis . Wood and Dance ( 1 9  7 0 )  

a l s o  showed that Townsv i l l e  s tylo responded to app l i ed 

s uperphosphate bu t not to ni trogen . Shelton and Humphrey s  

( 1 9 7 1 )  h ave sugges ted s imilar e f fects and shown i n  seed 

production s tudies with Sty losanthes hwni lis that phosphate 

increased yie lds of plant top by 5 4 %  and s eed yie ld by 2 0 % . 

Rob inson and Jones (1 9 7  2 )  found that phosphorus and s ulphur 

deficie ncy caused about 3 weeks delay in f l owering o f  

Townsvi l le stylo and Wh ite ( 1 9 7 2 )  recorded a similar r esponse 

in Sty losanthes hwni lis� Phaseo lus a tr>opurpureus and Desmodiwn 

intortwn. 

Weed- free s i tes should be chosen for seed produc ti on . 

Weeds which compete wi th the growing c rop reduce i ts s eed 

yield , the wor s t  weeds being those wh i ch produce s eed that 

cannot be eas i ly s epar a ted from harves ted crop seed 

( Humph reys , 1 9 7 9 ; Hare , 1 9 8 0 ) . Hand removal is  a recommended 

weed control me thod for tropical legumes s ince it may be 

more e f fective and sel ec tive than chemi cal measures in 

countri es where rural labour is  abundant ( Humphreys , 1 9 7 9 ) . 

Ro tary cutting be fore the weeds flower may also be a good 
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method o f  reduc ing th eir compe t i t ive pos i tion . I f  chemical 

con trol is needed pre-pl an t  herbi cides should be app l i ed . 

F isher and Ive ( 19 7 0 )  used dalapon , chlorthal and tri f lura l in 

app l ied to Sty losanthes hwni lis be fore or a f ter pl anti ng irri­

gation . S. hwni lis emergenc e was unaf fe c ted by herbicide 

appl i ed 1 4  days be fore irri gation and growth was improved . 

Humphreys ( 1 9 7 9 )  conc luded that the recommendations for 

weed control in es tab l i shed crops can be formulated more 

precisely than pre-plant recommendations . Care should be 

taken by the seed production agronomi s t  and weed s c ie n t i s t  

t o  determine the tol erances o f  tropical cultivars . 

In genera l , l egumes are more prone to insec t and d i s ease 

prob lems than gra s s e s . Insects attack i ng t h e  leaves , f l ower 

and pods can comp l etely des troy legume seed crops ( Jones 

and Roe ,  1 9 7 6 ) . I n  addition some crops , such as S i ratro , 

can be badly a f fected by Rhizoc tonia so lani in the very humid 

tropics . In  contro l l ing pests and d i s e ases gene t ic res i s t ­

ance t o  o r  tolerance o f  d i s e a s e  and pes t attack i s  ide a l ly 

the f i r s t  factor s ough t . In practice however , there are 

advantages in sowing d i sease- free and insect - f ree seed . 

Chemical treatmen t  o f  the growing crop should take into 

account the ro le o f  bene f i cial insects such as bees for 

pol l ination . To prevent reduc tion in bene f i c i a l  insect 

populations ins e c t i c i des may be appl i ed at n ight or i n  the 

l a te a f ternoon when bee activity is minimal ( Humphreys , 

1 9 7 9 ) . 

Particularly in dry season plan t i ngs irr igation may 

make production poss ible . Norma l irrigation practices 

d uring es tabl is hmen t and during the per iod o f  vegetative 

growth terminat i ng at floral initi ation seem particular ly 

benefi c i al . Macropti liwn a tropurrpurewn cv . Siratro however has 

been shown to produce more seed under a res tr i c ted inter­

mittent watering regime sugges ting that wh ile irr igation is 

bene fic i a l , excess ive and frequent wa tering may be detrimental 

to seed produc t i on . Wa ter s tress in fact has been found to 

favour flower development o f  S iratro ( Humphrey s ,  1 9 7 9 ) . 
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Hopk inson ( 1 9 7 7 )  noted that i f  the water regime of 

S iratro p lants was mai ntained near f i e l d  capacity , the 

pr imary axi l lary bud s may remain e i ther vege tative or be 

only minima l ly reproduc tive . 

Harves ted seed y i e lds o f  tropical pasture spec i es are 

generally low . Mos t  tropical legumes h ave a progress ive 

deve lopment of vegetative growth along with reproductive 

growth so s eeds wi l l  not all  r ipen at the s ame t ime . This 

i nherent characteri st i c  o f  the spec ies c reates d i f f icul ties 

i n  h arves t i ng with resu l tant low yields of harves ted seed 

( Jones and Roe ,  1 9 7 6 ; Humphreys , 1 9 7 8 ) . 

I t  is  very important to harvest a crop at the corre c t  

t ime in order to obtain maximum yields o f  h i gh qua l i ty s eed 

and to minimi s e  seed losses th rough shedding . Humphreys 

( 19 7 9 )  s tated that j udg ing the correct harves ting t ime for 

tropical pas ture s e ed crops is very d i f fi cu l t . Even 

es timating the time when maximum yield of viable seed occurs 

is not entire ly satis factory . Gr i f f i th s  e t  a l .  ( 1 9 6 7 ) 

cons idered cr i ter i a  based on s eed s i z e , moi s ture content ,  

endosperm cons is tency , viab i l i ty ,  biochemical changes and 

abs c iss ion , for j udging the correct time for harves t  o f  

t emperate : � pas ture species . Humphreys ( 1 9 7 9 )  men tioned 

tha t the des irab l e  harvest time for Macropti liwn a tropurpurewn 

occurs when the upper surface of the maj or i ty o f  the pods 

show some brown co louration . The mos t obvious b i ochemical 

changes during ma tu r i ty occur in the p i gmen ts of the seed 

coat or testa and i t s  outer coverings . Schwass ( 1 9 7 3 )  

s tated tha t the opt imum time to harves t  a crop i s  largely 

a ma tter o f  experien ce . The t iming o f  harve s t  i s  l ike ly to 

be mos t accurate ly d etermined by mea surement of changes in 

s eed mois ture conten t . However ,  informa tiqn about the 

correc t t ime of harves ting tropical forage legumes is s t i l l  

comparativel y  l imi ted . 

The use o f  succe s s ive hand harve s ting methods wh ich 

i nvo lve p icking the ripe or nearly r ipe pods o f  l egume s 

tends to overcome both th e problems of spread o f  f lower i ng 

and shedd ing . Such a technique has the added advantage o f  
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producing h igh qua l i ty seed that requires a minimum o f  pos t­

harvest h andl ing and also g ives a more accurate seed y i e ld 

o f  the particular cultivar ( de Boer e t  a l . , 1 9 7 6 ) . 

Combina tion forage harves ter and rotating cy l inder harve s ters 

can also be used suc c es s fu l ly . Th is process yie lds bes t  

results when a s  many seeds a s  pos sible remain i n  the s eed 

head . Harvest ing by th i s  me thod there fore needs to be 

carried out as soon as the seeds are mature but before they 

begin to drop ( Humphreys , 1 9 7 9 ) . 

In  Siratro and S tylo crops , suction harves ting can be 

u sed with cons iderab le succe s s  because la rge amoun ts o f  

f a l len seed can accumula te o n  the soi l s ur f ace . Hopkinson 

and Loch ( 1 9 7 3 )  s tud i ed the improvemen t  of s eed recovery 

and yie ld in S iratro us ing a suction h arves ting sys tem . 

They found tha t  the method was succe s s fu l  s imply because 

greater quantities o f  s eed are l ikely to be found on the 

ground than in the s tanding crop for mos t of the l i fe t ime 

o f  a s tand of S iratro . Comb ine harves ting of S i ratro has 

s erved as the s tandard method o f  seed harves ting . However ,  

resu l ts indicate tha t  a t  bes t , the operation recovers only 

about 2 0 %  of the ava i l able s eed . Resul ts a l so show 

a reduc t i on of hardseedednes s  in crops harves ted by comb ine . 

Hopkinson and Vicary ( 1 9 7 4 )  found that suct ion harves t i ng 

increased yield sub s tantia l ly , but that there is a high 

recovery cost in us ing such a method because of the need 

for extens ive c lean i ng o f  the seed a f ter harves t .  Loch e t  

a l .  ( 1 9 7 6 )  s tudi ed the e f fect of preharve s t  des iccant spray ­

i n g  o n  s e e d  harves t i ng of S .  guyanensis . They found that pre­

harve s t  desiccation made comb ine harves ting easier . Wickham 

( pers . cornrn . ) s tudied the e f fec tiveness of harvesting 

pa s ture s eed crops in Tha i l and using two types of seed 

harve s t ing and c leaning me thods in S. humi l is and S .  hama ta 

i . e .  hand harves ting compared with comb i ne harve s ter and 

rotating cyl inder . She found that hand harves ted seed had 

a pur i ty of up to 9 9 % . However , the combination forage 

harves ter and rota ting cy l i nder method y ielded best results 

when harvesting was timed to coinc ide with the point when 

as many s eeds as pos sible rema ined in the seed head . By 



3 7  

comparing hand and machine harves ti ng seed y i eld obtained 

from hand harves ting was 6 0 0  kg/ha and vacuum harves ting 

was 2 8 0  kg/ha ( Hare and Waranyuwa t ,  1 9 8 0 ) . 

The important th ing in us ing machinery for harves t ing 

seeds of trop i c a l  pas ture spe c i e s  i s  the high degree o f  

operator sk i l l  required to ach i eve the h ighe s t  pos s ib l e  

s eed recovery . Mach ines often need modi fication because 

they have no t been designed spec i f i c a l ly for use w i th 

tropical spec ie s . 



CHAPTER 2 

F I ELD TRIALS 

EFF ECTS OF IRRIGAT ION AND CUTTING ON 

S EED PRODUCT ION OF STYLOSANTHES HAMA TA CV VERANO 

AND MA CROPTILIUM A TROPURPUREUM CV S I RATRO 

MATERIALS AND METHODS 

3 8  

Two tropi c a l  forage legumes , name ly Sty losan thes hama ta 

cv Verano and MacY'op ti lium a tY'opuY'puY'eum cv Siratro were u s ed in 

thi s  exper iment . A s upply o f  certi f i ed seed o f  th e s e  two 

spec i e s  and a quantity o f  cowpea- type rh i zob i um inoculum 

wer e ob tai ned from Austra l i a . Field pl a n t i ng s  were made in 

the dry s eason (Augus t ,  1 9 7 9 )  and in the we t s eason (May , 

19 8 0 ) . 

A . EXPERIMENTAL S ITE AND LAND PREPARATION 

Th i s  experiment was conduc ted a t  the Khon Kaen Univers i ty 

Expe r imen tal Farm , in the Nor th -ea s t  reg ion o f  Th ai land . The 

s i te was a free-draining up l and sandy loam s o i l  o f  the 

Yas o thon seri e s . One hec tare ( 7  rai ) o f  land was thorough ly 

cul tiva ted , and a good s eed bed prepared ( P la te 1 ) . 

B .  PLOTS S I Z E AND EXPER IMENTAL DES IGN 

The area o f  th e plots sown w i th each spe c i es was di f ferent , 

depending on the spac ing between p l ants . For Verano i t  was 

1 . 5  m x 1 1 . 5  m plots wi th 2 5  cm x 2 5  cm spa c i ng between plants , 

compared with 3 . 0 m x 2 3 . 0  m plots wi th 50  cm x 5 0  cm spacing 

be tween p l ants for S iratro . The layout of the experiment 

incl ud e d  2 irriga tion trea tments as  spl i t  blocks w i th 

5 cutti ng trea tments al located at random wi th i n  b locks and 

3 b lock rep l i c a tes . The spacing between plots was 2 m wi th 

a 1 5  m space b e tween irrigated and non- irrigated blocks in 

th e dry s eason plan ting . Th ere was no app l i ed water trea tment 

in the we t season planting ( F igure 1 ) . 
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P l ate 1 W e l l  prepared seed bed . 



S l = Verano s ty lo 

5 2  = S i ratro 

Ho Go = Co ; H l Gl = �VG ; 

H 1 G 2 = �FI ; H 2 G2 = !:iF I 
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C .  S EE D  P RE PA RAT I ON 

4 1  

Both forage l eg umes c o n ta i n  h a r d  s e eds s o  s c a r i f i c a t i on 

o f s ee d  was n ec e s s a ry . Verano s e e d s  were s c a r i f i e d  by 

rubbi n g  them on N o . 2 s a ndpaper and th en soa k i ng in h o t  w a te r  

a t 8 0 °C for 1 0  m i n u te s  b e f o r e  s ow i n g . S i ratro s ee d s  w e r e  

a l s o  s c ar i f i e d  b y  u s i ng No . 2 s a nd p a p e r unti l s ome o f  th e 

s e e d  coa t was r ubb e d  o f f .  The s ee ds o f  bo th spe c i e s  w e r e  

th en i nocu la ted u s i n g  cowp e a - ty p e  r h i zobium b e fore s ow i ng . 

D . FERT I L I SER 

Doub l e  s up e rph o s ph a te and gyp s um at the r a te of 1 1 0 kg/ha 

and pota s s i um c h l o r i de a t  the r a te of 50  k g /ha were u s e d  a t  

e a c h  p l a n t i n g  o f  b o th Verano and S i r a tro . The f e r t i l i s e r s  

w e r e  even ly b r o ad c a s t  over e a ch p l o t  a nd s ub s equen t ly 

h a r r owed i n  to e n s ure a n  adequate m i x  o f  fer t i l i s e r  and s o i l . 

E .  SOWI NG 

F o r  th e d ry s eason p l a n t ing o n  2 0  Augus t ,  1 9 7 9 , V e r a n o  

s e e d s  w e r e  s ow n  by hand a t  a s p a c i ng o f  2 5  cm x 2 5  cm u s i ng 

3 - 5  s ee d s /ho l e . Seeds were sow n  a b o u t  2 cm deep . S i r a tr o  

s e e d s  w e r e  s own a t  a s pa c in g  o f  5 0  cm x 5 0  cm u s i n g  3 - 5  s ee d s /  

h o l e . Depth o f  s owing w a s  abou t 3 cm . 

For the w e t  s e ason p l an t i n g  i n  May , 1 9 8 0  S i r a tr o  s ee d s  

w e r e  a g a i n  s ow n  a s  s ta te d  above . W i th Ver a n o , i n  o r d e r  t o  

ob t a i n  a mor e  e v e n  a n d  u n i f orm s ta n d , s eeds w e r e  s ow n  i n  

4 cm d i ameter p l a s ti c  bags and t r a n s f err ed t o  the p l o ts a s  

3 week - o l d  s ee d l i n g s  a t  a s p a c i n g  o f  2 5  cm x 2 5  cm ( P l a te 2 )  . 

F .  S EEDL ING EME RGENC E 

Mos t S i r a tr o  s ee d l i ng s  eme r g e d  about 4 - 5  d ay s  a f te r  s ow i ng . 

Whe n  the s e e d l i n g s  were about 1 0  cm above g round l e v e l  w i th 

2 - 3  true l e a v e s  they were t h i n n e d  to one p l a n t  per h o l e . 

V e rano s eed l i n g s  emerged abou t 3 weeks a f t e r  s ow i n g . Wh e n  

th e s e e d l i n g s  w e r e  about 5 c m  above ground l eve l w i th 2 - 3  

true l eaves they were a l s o  th i n n e d  t o  one p l a n t  p e r  h o l e . 
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P late 2 S ow i n g  the seeds . 



G .  WEED ING 

4 3  

Weeds were removed from the s i te dur ing the growing 

s eason by hand-weeding within th e p l o ts , and by a tractor­

mou nted ro tary hoe be tween p l ots . 

H .  I N S ECT CONTROL 

The p l ots were s praye d at approx ima tely 7 day interva l s  

during the growing s e a son to con tro l insects . I f  there wa s 

any s ign o f  ins e c t s  appe aring in th e p l ots the insectic ide 

was a pp l i ed more o f ten at  about 3 - 4  day interva l s . Azodr i n  

wa s u sed t o  contro l Aphis  spp . and B l i s ter bee t l e  ( Mi loidae 
spp . ) in both s pe c i e s . Ripcord was us ed t o  c o n t ro l Pod 

Borer (B�uchus s pp . ) which attacks th e pod f r om f l ower ing to 

s eed maturity . 

I . CUTT ING TREATMENTS 

There were 5 cutting treatments according to s tage o f  

grow th and cutting height , vi z .  

S tage of  Growth 1 .  Vege ta tive c u t  - when Ve rano had 5 - 6  

primary branches 

( approx imately 55 days 

a f ter sowing) 

- when S i ratro had 5 - 6  

true leave s ( approx­

imately 4 5  day s a f ter 

sowing ) 

2 .  F loral Ini tia tion cut - wh en 3 0 - 5 0 % o f  

Verano p l ants showed 

f lora l bud formation 

( approximate l y  6 7  day s 

a f ter sowi ng ) 

- when 3 0 - 5 0 %  o f  Siratro 

p l ants showed f l oral 

bud format ion ( approx­

imate ly 56 days a f ter 

sowi ng ) 



Cutting H e i g h t  1 .  

2 .  

Con tro l 

Both Verano and 

cut to r emove %i 
c anopy he i gh t  

Bo t h  Ver a n o  and 

c u t  to r emove � 

c a nopy h e i gh t  

U n c u t  ( C o )  

S i ratro p l an ts 

o f  the p l ants ' 

S i ratro p l a n t s  

o f  the p la n t s ' 

Th e 5 c u t ti ng tre a tme n t s  app l i e d  to e ach s pe c i e s  

c a n  th e r e f o r e  be l i s te d  a s  f o l l ows : 

1 .  Con tro l u n c u t  ( Co )  P l a t e s  3 a , b ,  and 4 a , b .  

4 4  

w e r e  

w e r e  

2 .  P l an t s  c u t  a t  vegeta tive growth s ta g e  to remove %i o f  

p l a n t s ' c a n opy h e ight ( �VG ) P l a te s  3 a , 4 a . 

3 .  P l an t s  c u t  a t  veg e t a t i ve g rowth s ta g e to r emove � o f  

p l a n t s ' c a nopy h e i g h t  ( �V G )  P l a te s  3 a , 4 a . 

4 .  P l an ts c u t  a t  f lora l i n i t i a ti o n  grow th s tage to r emove 

%i o f  p l a n t s ' canopy h e i g h t  ( �F I )  P l a te s  3 b ,  4 b . 

5 .  P l an t s  c u t  a t  f lora l i n i t i a tion growth s tage to r emove 

� o f p l an ts ' c a nopy h e i g h t  ( �F I )  P l a te s  3 b , 4 b . 

S c i s s o r s  were u s ed to c u t  the p l ants f o l l ow i ng l i f t i ng 

o f  the e n t i r e  p l ant c anopy . A f t e r  c ut ti ng , p l a n ts i n  a l l  

p l o ts were a l l owed to s e e d  and w e r e  harves ted a t  d i f f e re n t  

harves t ing times . 

J .  I RRIGAT I ON 

Immed i a te l y  a f te r  s ow i ng 3 0  two-g a l lon tins w e r e  bur i ed 

to g ro und l e ve l a t  d i f f e rent s i t e s  i n  the experime n t a l  f i e l d , 

e a ch w i th a r u l e r  g lued to the i n s ide o f  the t i n  to a l l ow 

mea s u reme n t  o f  w a t e r  l eve l . Th e t i n s  were then f i l l e d  w i th 

water to the top o f  the r u l e r . Th e w a ter l eve l w a s  r e a d  

d a i ly t o  d e termine the n e e d  f or i r r i g a t ion t re a tme n ts . Whe n  

the water l ev e l  had d e c r e a s ed to the approp r i a te l e ve l , equal 

to 1 1  mm of s tandard p a n  evapor a t i o n , i r r i g a tion wa t e r  was 

app l ied to th e i r r i gate d  p l o t s  u s i ng overh ead s pr i nk l e r s  and 

th er eby r e f i l l ing th e tins and r e turning the s o i l to the 

c a l cu l a te d  f ie l d c a pa c i ty . Th i s  l evel o f  1 1  mm evapo r a t i on 



P l ate 3 Cut t i n g  treatments 

a .  Cut t i ng treatment at vegetative growth 

s tage ( Co ,  \VG , �VG ) . 

b .  C u t t i n g  treatmen t at f l o r a l  init iation 

growth s tage . 

b . l  Uncut ( C o )  and � canopy remov ed ( \F I )  

b . 2  Uncut ( Co )  and � c anopy removed ( �F I ) 



UN C UT CONTRO L Y .. PLANT'5 CANOP't h P L A NT 'S C f\N O P't 
HEIGHl REMOVED HElGH1 REMOVED 

45  

a 



P l ate 4 a  

P l a te 4 b  

46 

Cutting treatment at vegetat ive growth s tage 

of Siratro ( i =uncut , i i=�VG , ii i=�VG ) . 

Cutting treatments at f loral initiation 

s tage of  S i ra tro ( i=uncut ,  i i=�FI , i i i=�F I ) . 
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was c a l cu la te d  i n  an a tt emp t to ma i n ta i n  adequa te s o i l  

mo i s tur e f o r  g r ow th i . e .  to e n s u r e  that p l a n t s  d i d  n o t  

s u f f e r  f rom s o i l  mo i s ture s tr e s s . H owever , both n o n ­

i r r i g a ted and i r r i g a ted p lo ts r e c e ived wate r  u n t i l  t h e  

p l a n ts were we l l  e s tab l i s h ed , abo u t  3 0  d ay s  a f te r  s ow i ng , 

be fore s ta r t i ng the i rr i g a ti on o r  non- i r r i g a t i o n  t r e a tme n ts . 

I n  the i r r i g a ted trea tmen t s  th e dura tion o f  i r r i g a t i on 

depended upon th e time taken fur water f rom the s p r i n k l e r s  

t o  r e f i l l  th e t i n s . Th i s  u s ua l ly took 3 - 4  hour s e v e r y  

4 days - u n t i l 1 4  day s a f te r  p e ak f l ower ing wh e n  i r r i g a tion 

c e a s ed . Non- i r r i ga ted p l an ts r e c e ived no natur a l  r a in f a l l  

o r  i rr i g a t ion wa ter f rom approx ima te ly 3 0  days f r om s ow i ng 

unti l approxima t e ly 5 4  days a f te r  peak f l ow e r i n g  ( i . e .  9 0  

day s for Verano s ty l o  and 1 0 5  day s f o r  S i r a t r o )  , whe n  r a i n­

f a l l  occurred . 

K .  HARVES T I NG 

S ix p l an t s  f r om each p l o t  w e r e  r emoved a t  e a c h  h a r ve s t .  

The r e  were e i gh t h arve s t s  tak e n  a s  f o l l ows : 

H arve s t  1 - a t  veg e ta t ive s ta g e  cut 

Harve s t  2 - a t  f l ora l i n i t i a ti on s tage c u t  

Harve s t  3 - a t  peak f l owe r i ng s tage 

H a rve s t  4 - a t  7 d ay s  a f te r  p e ak f l owe r i ng 

Harve s t  5 - a t  1 4  days a f te r  p eak f lowe r i ng 

H arve s t  6 - a t  2 6  days a f te r  peak f l ower i ng 

H arve s t  7 - a t  4 0  day s a f te r  p eak f lowe r i ng 

Harve s t  8 - a t  5 4  days a f te r  p eak f l owe r i ng 

( f or S i r a tro o n l y )  

One p la n t  f rom e a ch p l o t  w a s  u s ed for photogr aph s and 

the o ther f iv e  p l a n t s  were u s ed to s tudy p l a n t  a nd s e e d  

y ie l d  compo n e n t s , l ea f  a r ea a n d  p l a n t  dry w e i gh t . 
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A t  e a c h  h arve s t ,  p l an ts were d i s s e c ted i nto l e a f  l am i n a  

and s tem f o r  l e a f  a r e a  a nd d r y  we i g h t  me a s ureme n t s . O th e r  

v a r i ab l e s  m e a s u red w e r e : 

Number o f  branches 

Number of  i n f l o re s c e n c e s  and s e e dhe a d s  

Numb er o f  p o d s  per 'p l a n t  

Numbe r  o f  s e ed s  p e r  s eedhead o r  p e r  p od 

Dry w e igh t a nd l e a f  a r e a  

The p l ants w e r e  d i v ided i n to l e a f  a nd non - l e a f  p o r t i o n s . 

App ro x ima te ly 5 0  l e aves were r a ndomly s amp l ed to de termine 

th e l ea f  a r e a  and the l eaves were s u b s e q u e n t l y  oven d r i e d  

a t  appr ox imate ly 9 0 °C ove r n i g h t  and dry we i gh t  taken . The 

r ema i n i ng l ea f  and non- l ea f  p o r t i o n s  w e r e  oven d r i e d  f o r  

s ub s equent d r y  w e i g h t a nd l e a f  a r e a  de term i n a t i o n s  o n  

a who le p l an t  b a s i s . 

M .  LABORATORY S TUD I ES 

Th e s e e d s  ob t a i ne d  f rom e a c h  tre a tment a t  e a c h  h arve s t  

a f te r  peak f l ower i ng were u s e d  to de term i n e  l O O  s e e d  w e i g h t ,  

mo i s ture c o n tent p e r c e n tage a nd for g ermi n a t i o n  tes t i n g . 

Mo i s ture t e s ts 

Each l ot of 2 - 3 gm of s e eds was we ighed b e fore b e i n g  

p l a c e d  i n  meta l c a n s  a nd d r i ed i n  an a i r  oven a t  1 0 3 °C f o r  

1 7  hour s . Th e d r i ed s amp l e s  we r e  p l aced i n  a d e s s i c a to r  a nd 

r ew e i gh e d  when they were c o o l . Th e mois tur e c o n te n t  o f  th e 

s amp l e  w a s  c a l c u l a ted from the f o rmu l a : 

Mo i s ture c on t e nt ( % ) = We t w e i gh t  - Dry w e i gh t x l O O  
We t we i gh t  

Th e r e  were 2 r e p l i c a t i ons f or e a ch l o t  o f  s ee d  f r om 

e ach tre a tmen t , the amount o f  s ee d s  u s ed d e p e nd ing on the 

a moun t of s eed ob tai n ed f r om each h arve s t ( 2 - 3  gm) . 
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G e rm i n a t i on t e s t s  
fr e shly harve s t 

Whe n  the number o fA s eeds obta ined f r om each h a rv e s t  w a s  

s u f f i c i e n t  for a f u l l  g e rmina t io n  te s t , 4 l o t s  o f  2 5  s e e d s  

w e r e  g e rminated o n  b l o tt i n g  paper a t  2 5 ° C f or S i r atro s ee d s  

a n d  a t  3 5 °C ( day ) a n d  l 5 °C ( n i gh t ) f o r  V e r ano s e e d s . 

S e ed l i n g s  were counted a f ter 3 ,  7 and 1 0  days . The p e r c ent­

ag e o f  norma l and abnorma l s ee d l ing s , h a rd s e e d s , f r e s h  

ungermin a t ed s eeds a n d  dead s ee d s  wer e a l so recorded . 

Seed w e i g h t  

T h e  s e e d s  obta ined f rom e ach t r ea tment a t  e a c h  harve s t  

a f te r  peak f lowe r i ng w e r e  c ou n ted i n  3 l ots o f  1 0 0  s e e d s . 

Thes e  s ee d s  were we ighed to ob t a i n  me a n  1 0 0  s e e d  weight . 

The s e e d s  were a l so dr i ed i n  a n  a i r  oven a t  1 0 3 °C for 1 7  

hour s t o  d e termine l O O  seed dry we igh t . 

N .  STAT I S T I CAL ANALY S I S  

A c ompu te r  p r o g ramme u s i ng sp l i t  p l o t  a n a ly s i s  w i th two 

m a i n  p lo t s  ( i r r i g a t i o n ) and f iv e  c u t t i ng s  a s  the s ubp lo t  

wi th three r ep l i ca t i o n s  was emp loy e d  t o  ana l y s e  th e dry 

s e a s on p l an t ing d a ta and randomi z e  c omp l ete b lo c k  d e s ig n  for 

the w e t  s e ason p l an t ing . The l e a s t  s ig n i f i c a n t  d i f f e r e n c e  

a t  5 %  leve l was u s e d  t o  id e n t i fy s t a t i s t ic a l  d i f f e r e nc e s  

among t h e  res u l t s . 

RES ULTS 

T h e  r e s u l t s  o f  t h e s e  f i e l d  s tud i e s  a r e  p r e s e nted i n  two 

p a r t s  A and B r e f l e c ting the two s e a s on s  o f  p l a n t i ng ( dry 

s e a s o n  and we t s e a s o n )  . Each part i s  d ivided i nto two 

s e c t i on s  accord i n g  to the two l eg ume spec i e s  (Verano s ty l o  

a n d  S i r a t ro ) . Each s e c t i on o f  p a r t  A ,  wh i c h  i s  the dry 

s e a s o n  p l anting , is divi ded i n to 3 s ub s e c t i o n s  a c c o r d i n g  

t o  the e f f e c t s  o f  water ( i r r i g a t i on ) , cutting a n d  t h e  i n t e r ­

a c t i on b e tween wa t e r  and cu t t ing . P a r t  B ,  w h i c h  i s  t h e  w e t  

s e a s on p l a nt i n g , d e a l s  o n l y  w i th the e f f e c t s  o f  c u t t i ng . 

Th i s  i s  then f o l l owed by the ma j o r  t r e a tmen t  e f f e c t s  o n  

s e e d  qua l i ty c h ar a c te r i s t i cs f o r  b o th spec i e s , i n c l ud i n g  

mo i s ture con t e n t ,  g ermina t ion and h a r d s e ededne s s . 

T ime o f  s owing , c u t t ing and i r r i gation s c h edu l e s , f lo r a l  

i n i t i a t ion t ime , peak f l ower ing t ime and h a rve s t ing s ch e du l e s  

a r e  p r e s e nted i n  F ig u r e  2 .  
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PART A .  D RY S EASON P LANTING 
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The dry s e a s o n  p l an t s  were s own i n  l a te Augu s t ,  1 9 7 9 . 

A l l p l an t s  were i r r i g a ted dur ing the p e r i o d  of p l a n t  

e s tab l i s hment ( 0 - 3 0  days a f te r  s ow i ng ) . S ubsequen t l y  h a l f  

o f  the p l ants o f  e a c h  s pe c i e s  r e c e i ve d  n o  furth e r  water in g , 

e i th e r  by i rr i ga t i on o r  r a in f a l l  unti l the end o f  the 

exper imen t .  Th i s  t r e a tmen t  was .des i g n a t e d  Wl i n  e a ch 

s p e c i e s .  The r ema i n i ng p la n t s  c on t i n u e d  to r e c e ive 

i rr i g a t ion a s  r eq u i re d  f o r  a f u rth e r  6 4  days unti l 1 4  day s 

a ft e r  p eak f lowe r i n g  i n  both Ve rano s ty lo and S i r a tro 

r e s pe c t ive ly . I rr i ga t ion w a s  then d i s c o n t i nued . P l a n t s  

then r e c e ived n o  wa t e r  during t h e  n e x t  4 0  day s o f  s e e d  

deve l opment unti l t h e  end o f  the e x p e r i me n t  i n  January , 1 9 8 0 . 

Th i s  t r e a tment w a s  d e s ignated W2 i n  e a ch s pe c i e s . The d r y  

s e a s on exper imen t  the r e f o re l a s ted f o r  a per i od o f  approx­

ima te l y  1 2 0  day s fo r Verano s ty lo and 1 3 4  day s f o r  S i ra t ro . 

SECT I ON l EFFECT OF I RRI GAT I ON AND CUTTING ON VEGETAT I V E  

AND REPRO DUCT IVE DEVELOPMENT IN ST.YLOSANTHES 
HAMATA CV VERANO 

1 . 1  EFFECT OF I RR I GAT I ON ON GROWTH AND YI ELD 

1 . 1 . 1  P l an t G rowth and Y i e l d  

D r y  Matter Y i e ld 

There w a s  a h i ghly s i g n i f i c a n t  d i f ference i n  p la n t  dry 

we i g h t  between p la n ts g rown i n  non - i r r igated p lo t s  ( W l ) and 

i r r i g a ted p l a n t s  ( W2 )  ( Tab l e  A . l ) . H oweve r the d i f f e r e nc e  

i n  p lant dry mat t e r  y i e ld w a s  n o t  very great , the i r r i ga te d  

p l an t s  produc i n g  o n l y  1 0 - 1 5 %  h i g h e r  d ry mat t e r  y ie l d  than 

non- i r r igated p l a n ts . Th i s  poor r e sponse i n  p l a n t  dry w e i g h t  

to i rr i g a t i o n  dur ing t h e  d r y  s e a s on i s  somewh a t  s u rp r i s i ng .  

P l an t s  i n  i r r i g a t e d  p l o t s  r e c e i v e d  i r rigation w a t e r  e v e ry 

3 - 4  day s f o r  6 4  days long e r  than the non- i r r i g a te d  p l a n t s  

wh i c h  rece ived water o n l y  d u r i n g  e s tabli s hment f o r  t h e  f i r s t  

3 0  day s a f te r  s ow i ng . 
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Tab l e  A . l DRY MAT T E R  Y I ELD P E R  P LANT F ROM N ON - I RRIGATE D  ( W l ) 

AND I RR I GATED ( W2 ) P LANTS AT S U CCESS IVE HARV E S T S  

I N  VERANO S TYLO I N  T H E  D RY S EASON PLAN TI NG ( g/ p l ) 

H a rve s t i ng T ime s 

I rr i g a t i on 
VG P I  P F  7 DAP F 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Treatment 

Wl 0 . 2 9 1 . 2 9 6 . 5 3 8 . 2 3  1 4 . 3 1 1 6 . 2 9 1 5 . 0 5  

W 2  0 . 3 1 1 . 4 6 6 . 9 5 9 . 4 0 1 5 . 9 1 1 7 . 5 7 1 6 . 3 1 

L S D 5 % 0 . 1 0 0 . 1 7 0 . 2 2 0 . 3 3 0 . 0 5 1 .  5 3  

Appa r e n t l y  the period o f  i rr i g a t ion w a s  i n s u f f i c i en t  f o r  

S ty lo s anthes p l a n t s  t o  show a ny g r e a t  r e spons e  i n  p l a n t  d r y  

ma t t e r y i e ld o ve r  t h e  s o- c a l l ed n on - i r r igated p l ants . 

Howev e r ,  the d i f f e rence b e tween i r r i g a ted and non- i r r i ga t e d  

p l a n t s  wa s b o t h  not i cab l e  a n d  s i g n i f i c ant . 

Bran ch N umb e r  

Wa ter h ad o n l y  a m i nor e f f e c t  o n  tota l b ranch n umb e r s  

p e r  p l ant i n  i rr i g a ted a n d  non- i r r i g a ted p l ants g rown d u r i ng 

th e dry s e a s o n . Certa i n l y  a ny s t imu l a t i ng o f  branch i n g  due 

to i r r i g a t io n  was not apparent u n t i l a f te r  peak f lowe r i n g . 

Sub s equent ly , a t  2 6  and 4 0  days a f t e r  peak f lower i n g , 

i r r i g ated p l a n t s , showed a s ig n i f i c ant inc r e a s e  i n  b ra n ch 

numb e r s  ( Tab l e  A . 2 ) . Howeve r ,  a t  t h e s e  l a t t e r  two harve s ts 

the s t imu l a ti o n  i n  tot a l  b r anche s d u e  to i r r i g a t io n  w a s  o n l y  

5 . 7 %  a n d  9 . 4 %  r e s pect ive ly . The s e  r e s u l ts s how that under 

dry s e ason c o nd i t ions b r a n c h i n g  was r e l a t i v e l y  i n s e n s i t ive 

t o  i r r i g a t ion i n  c v  Verano . 



5 3  

Tab l e  A . 2 T OTAL B RANCH NUMB ERS P E R  P LANT F ROM NON- I RR I GATED 

(Hl } AND I RRIGATED ( W 2 ) P LANT S  AT SUCCESS IVE 

HARV E S T S  I N  VERANO S TY LO IN THE DRY SEAS ON P LAN T ING 

Harve s t i n g  T ime s 

I r r i g a tion 
VG F I  PF 7 DAPF l 4 DAPF 2 6 DAPF 4 0 DAPF 

Trea tment 

W l  6 2 0 . 3  3 3 . 3  4 2 . 5  5 5 . 8  5 5 . 8  5 5 . 9  

W2 6 2 0 . 2  3 4 . 4  4 5 . 1  5 5 . 3  5 9 . 2  6 1 . 7  

L SD 5 % N S  NS NS 0 . 4 9  N S  0 . 8 6 2 . 0  

Lea f  N umber 

I rr i g a t ion h ad a marked e f f e c t  i n  s t imu l a t ing l e a f  

prod u c t ion i n  dry s e a s on p l an ts ( Tabl e A . 3 ) . Th i s  e f f e c t  

w a s  s igni f i c a n t  a s  e a r ly a s  f lo r a l i n i t i ation and c o n t i nued 

to increase u n t i l a t  l e a s t  1 4  day s a f te r  peak f lower i ng . 

At th i s  l at t e r  s tage p l ants r e c e iving i r r i g a t ion h a d  a 2 5 %  

g r e a t e r  numb e r  o f  leav e s  pe r p l a n t  than non- i r r ig a te d  p l a n ts . 

T ab l e  A . 3 T OTAL LEAF NUMB ERS P E R  P LANT FROM NON- I RR I GATED 

( W l ) AN D I RR I GATED ( W 2 } P LANTS AT S U C C ES S IVE 

HARVESTS IN VERANO S TYLO IN THE D RY S EA S ON P LANT I NG 

H a r v e s t ing Times 

I rr i g a t ion 
F I  P F  7 DAPF l 4 DAPF 

T r ea tment 

W l  7 3 . 7  2 5 2 . 5  3 6 8 . 4  5 2 0 . 3  

W 2  8 2 . 5  2 8 4 . 7  4 9 2 . 9  6 5 4 . 7  

L S D 5 % 1 . 7  2 6 . 7  3 4 . 5  9 . 4  



5 4  

L e a f  Area 

The r e s p on s e  to w a t e r  in s t imu l ating l e a f  n umb e r s  was 

r e f l ec ted i n  d i f f er e n c e s  i n  to t a l  l e a f  a r e a  per p l a n t  in 

non- i r r i g a te d  ( W l )  a nd i rr i g a t e d  ( W 2 ) p l an t s  at s uc c e s s ive 

harve s ts . The r e s u l ts i n  Tab l e  A . 4 s how tha t  l e a f a r e a  
2 

( cm ) i nc r e a s e d  s ig n i f i cant ly a s  a re spon s e  to i r r i g a t i on 

a f te r  f lo r a l  i n i t i a t i o n . Th i s  e f fe c t  cont i nued u n t i l  a t  

l e a s t  2 6  d ay s  a f ter p e a k  f lowe r i ng w i th i r r i gated p l an t s  

e xh i b i t i n g  a n  a pproximate l/ 3 i n c r e a s e  i n  l e a f  a r e a  c ompa r ed 

t o  non- i r r i g a ted p l ant s . 

Tab l e  A . 4 T OT AL LEAF AREA P E R  P LANT F ROM NON- I RRI GATED ( W l ) 

AND I RR I GATED (W2 ) P LANTS AT S U CC E S S I V E  HARVESTS 

IN VERANO S TY LO I N  TH E D R Y  S EASON P LANT I NG ( cm2
/ p l )  

H a r v e s t i n g  T imes 

I r r i g a t i o n  F I  P F  7 DAPF l 4 DAPF 
T reatme n t  

W l  1 0 6 . 9  2 5 3 . 7  3 6 1 . 5  5 1 9 . 7  

W 2  1 1 4 . 6  2 6 1 . 0  3 8 7 . 2  6 9 4 . 9  

LS D5 % N S  6 . 5  2 0 . 6  1 0 . 8  

1 . 1 . 2  Reproduct ive G r owth and S e ed Y i e l d  

2 6 DAPF 

6 8 6 . 3  

9 2 4 . 7  

0 .  7 

P l a n t s  i n  both i rr ig a ted and non- irr i g a t e d  p lo ts s ta r t e d  

t o  f l ow e r  6 7  days a f ter s ow i n g  a n d  r e a ched p e ak f lowe r i ng 

8 0  d ay s  a f ter s ow i ng ( F i gu r e  3 ) . 

The indetermi nate g r ow t h  hab i t  o f  losanthes hamata 
p l a n t s  make s the c a tegor i s at i on o f  r eprodu c t ive d ev e lopment 

d i f f i cu l t . On a ny one p l a n t  dur i n g  the reproduct ive phas e  

i t  i s  norma l t o  f i nd f u l l y  f o rmed i n f lo r e s c en c e s  i n  wh i ch 

f lo r e t s  have not y e t  undergo n e  a n th e s i s  o r  f lower ing , 

in f lo r e s c enc e s  c onta i n i ng f lo r e t s  w i th a n th e r s  e x s e r te d , and 

i n f l o r e s cenc e s  conta i n i ng f l o rets wh ich have d eve l oped pods . 

I n  o r d e r  to d i s t i ngu i s h  b e tween the s e  s i t u a t i o n s  th r e e 

d i f f er e n t  te rms are u s e d  i n  the s tudy a s  f o l l ows : 
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P LAN T I NG 

8 3  



5 6  

1 .  Non- f l ow e r ed i n f l o r e s c enc e = i n f l o r e s c e n c e  

2 .  I n f lore s c ence at a n th e s i s  

3 .  I n f lore s cence showing pod 

deve l opment 

Seedhead N umber 

= f lowe r head 

= s e e d  head 

I rr i g a tion had a s i g n i f i c ant e f f e c t  i n  i n c r e a s ing t o t a l  

seedh e a d  numb e r s  per p la n t  a t  s uc c e s s ive h arve s t s  c a r r i e d  

o u t  f rom 7 to 4 0  d ay s  a f t e r  p e ak f l owe r i ng ( Tab l e  A . 5 ) . I n  

both i r r i g a ted and non- i r r i g a ted p l an t s  however , s eedhead 

numb e r s  incre a s e d  dur ing the f i rs t 14 d ay s  a f t e r  peak 

f lowe r in g  before dec l i n i n g  d u r ing th e l a te r  s t a g e s  of s e e d  

dev e lo pme n t . 

Tab l e  A . 5 TOTAL S EEDHEAD NUMBERS P E R  PLANT F ROM NON­

I RR I GATED ( W l ) AN D I RR I GATED ( W2 ) P LANT S  

A T  S U C C E S S I V E  H ARVESTS I N  VERANO S TYLO I N  

T H E  D RY S EASON P LANT I NG 

Harve s t ing T ime s 

I r r i g a t i o n  
7 DAP F l 4 DAPF 2 6 DAPF 4 0 DAPT 

T r e atment 

Wl 9 6 . 3  1 3 2 . 7  9 3 . 5  1 0 1 . 6  

W2 1 1 0 . 1  1 5 5 . 3  1 1 9 . 3  1 2 8 . 9  

L S D 5 %  2 .  2 0 . 8  2 . 7  2 . 8  

Th i s  i s  p r e s umab ly a s  a r e s u l t  o f  los s o f  s eedheads i n  

V e r a no s ty l o  d u e  t o  s h a t t e r i n g . Never the l e s s  th e  d i f fe r e n c e  

i n  to ta l s ee dheads p e r  p l ant b e tw e en i r r i g ated a n d  non­

i r r ig ated p lants was f a i r ly c o n s tant at approxima te l y  1 0 - 2 5 % . 
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S e e d  Y i e l d  

S e e d  y i e ld d i f f e rence s  b e tw e en i r r i g a ted a n d  non­

i r r i ga te d  p l ants r e f l e c te d  the s t imu l a tion to s ee d h e ad 

numb e r s  p e r  p l ant f rom wate r i ng and w e r e  s i gni f ic an t ly 

d i f fe r e n t a t  succ e s s iv e  h arve s t s  ( Tab l e  A . 6 ) . T h e  r e s u l t s  

show tha t  max imum s eed y i e ld i n  both treatment s  o c c urred 

a t  th e h arve s t  2 6  days a f t e r  peak f lowe r ing . T h i s  was 

12  day s a f te r  the point at wh i ch maximum numb e r s  o f  s eed­

heads per p l ant h ad been p re v i o u s ly r e corded . P re s umab l y  

th i s  t i me i nte rv a l  was s u f f i c i e n t  to a l l ow the p roduc t i on 

o f  max imum numb e r s  o f  s e e d s  p er s eedhead . The s ub s equent 

dec l i n e  i n  s eed y i e l d a t  4 0  d a y s  a f t e r  pe ak f l owe r i n g  i s  

a d i r e c t  r e f l ec t i on o f  los s o f  seed th r o  s h a t t e r ing . 

Never th e l e s s  th e r e s u l ts s h ow that i r r i g a ted p l an t s  s own 

in the dry s e a s o n  produc e d  2 0 - 3 0 %  more s eed than p l an t s  

f rom non- i rr ig a te d  p l o t s . 

Tab l e  A . 6 TOTAL SEED Y I ELD P E R  P LANT F ROM N ON - I R R IGATED ( W l )  

AND I RR I GATED ( W 2 ) P LANTS AT SUCC E S S IV E  HARVESTS 

I N  VERANO S TYLO IN THE D RY S EASON P LANT I NG ( g/p l )  

Harve s t in g  T imes 

I r r i g a t ion 
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

T r e a tmen t  

W l  2 . 1 9 3 . 2 7 4 . 2 1 2 . 8 3  

W 2  3 . 2 0 4 . 0 6 5 . 8 2 3 . 7 8 

L S D 5 % 0 . 0 7 0 . 0 8  0 . 1 2 0 . 0 9  

I t  was ob s e rved that a t  4 0  d ay s a f t e r  p e ak f lower in g  

h a rv e s t  mos t  o f  th e s e e d  y i e ld c ame f rom t h e  l ower a r t i c u l ar 

or unhooked s e e d  wh i c h  deve l oped a f te r  the upper hooked 

s e e d s  w i th i n  the s eedhe a d . Hooked s e eds w e r e  the f i r s t  to 

be l o s t  due to s h atte r i ng . 
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1 . 2  EFFECT OF CUTT I NG ON G ROWTH AND Y I E LD 

D e f o l i a t ion o f  losanthes hama ta c v  Verano, whether by 

cutting or g r a z i ng is cons i d e r e d  to be o f  value in d r y  

s e as on p l an ti n g s  t o  r e d u c e  the f o rma t i o n  o f  immature s e e ds 

and empty immature p o ds ( H a r e  and Waranyuvmt , 1 9 8 0 )  . The 

cutting t r e a tment s  u s e d  i n  the p r e s e n t  s tudy were chosen to 

a s s e s s  the e f fe c ts of cutt i n g  a t  d i f f e re n t  s t a g e s  o f  p l a n t  

g r owth a n d  a t  d i f f e rent i n t e n s i t i e s  o n  vegetat ive and 

reprodu c t iv e  deve l opmen t .  F iv e  c u t t i n g  t reatme n t s  w e r e  

c a r r i ed out , a s  ment i oned e a r l i e r : 

C o  Uncut contr o l  

�VG Remova l  o f  � o f  c a nopy 

throu gh the vege ta t i ve 

�VG Remova l of � o f  c anopy 

thr ough the v e g e t a tive 

1.;F I Remova l o f  1.; o f  c anopy 

he i g h t  
pha s e  

h e i ght 

phas e  

h e ight 

ons e t  o f  f l o r a l  i n i t i a t i o n  

h a l fway 

ha l fway 

a t  the 

�F I Remova l  o f  � o f  c a nopy h e ight a t  the 

o n s e t  of f lo r a l i ni t i a t ion 

1 . 2 . 1  P l a n t  Grow th and Y i e l d  

Matter Y i e l d  

C u t t ing a ppe ared t o  h av e  o n ly a smal l e f fe c t  o n  p l ant 

dry ma t t e r  y i e ld i rr e s pe c t iv e  o f  t iming or i n t e n s i ty . The 

res u l ts p re s e n te d  i n  Tab l e  A . 7 show that c u t t i n g  S t y l o  

g e ne ra l ly reduced dry m a t t e r  y ie l d  a l thoug h , p a r t i c u l a r ly 

dur i n g  s e e d  d ev e l opmen t , p l ants c u t ear ly and l i gh t ly 

( �VG ) s h owed s im i l a r  y i e l d  t o  uncut p lan t s . P l an t s  w h i c h  

w e r e  cut a t  f lo r a l  i n i t i a ti o n  showed the mo s t  s ev e r e  

depr e s s ion i n  d ry mat t e r  y i e ld i r r e spective o f  cut t i n g  

in te n s i ty .  
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Tab le A . 7 P LAN T DRY HATTER Y I E L D  I N  CUT AND UNCUT P LANT S  AT 

S U C C E S S IVE H ARV E S T S  I N  VERANO STYLO I N  T H E  D RY 

S EASON P LANT ING ( g/p l )  

H a rv e s t i ng T imes 

Cut t i ng 
VG F I PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Treatmen t  

eo . 3 5 1 .  8 0  7 . 1 7 8 . 6 8 1 5 . 7 8 1 8 . 0  1 6 . 8 7 

�VG . 3 0 1 .  7 0  7 . 4 2 8 . 0 8 1 6 . 0 3 1 7 . 4 8 1 5 . 9 8 

�VG . 3 0 1 .  4 3  7 . 3 7 8 . 7 7 1 4 . 6 5 1 7 . 0 5 1 5 . 6 8 

�F I l .  2 5  5 . 5 7 8 . 8 8 1 3 . 1 7 1 6 . 3 7  1 4 . 7 3 

� F I  1 .  0 0  5 . 2 0 8 . 6 5 1 2 . 9 2 1 5 . 7 3 1 5 . 0 3 

L SD 5 %  0 . 0 4 0 . 2 1 0 . 3 4 0 . 3 8 0 . 8 8 0 . 8 6 

Branch N umb e r  

C u t t i n g  h a d  an inte r e s t i ng e f f e c t  o n  b r anch n umb e r s  p e r  

p l ant . T h e  r e s u l t s  i n  Tab l e  A . 8 show that e a r l y  c u t t i ng 

dur i n g  the v eg e t a t i ve s ta g e  h a d  no imme d i a t e  e f f e c t  on br anch 

number s . H oweve r ,  l i gh t  c u t t i ng ( �VG a nd �F I )  g e ne r a l ly 

s t imu l a te d  branch i n g  a t  the t ime o f  f lo r a l  i n i t i a t i on , 

a l though by peak f lowe r i ng f lo r a l  i n i t i a t io n  c u t  p l an t s  

produced s ig n i f i c a n t ly f ewe r b r a n c h e s  than u n c u t  p lants o r  

p l a n t s  c u t  dur i n g  t h e  veg e t a t i ve s ta g e . 
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Tab l e  A . 8 TOTAL BRANCH NUMBERS P E R  P LANT IN CUT AND UNCUT 

P LANTS AT SUCCES S IV E  H ARVESTS I N  VERANO S TYLO 

IN THE DRY S EASON P LANT I NG 

Harve s t i ng T imes 

Cutting 
VG PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Trea tmen t  

Co 6 1 8 . 8 3 6 . 7  4 0 . 2  6 2 . 5  6 9 . 7  6 8 . 3  

�VG 6 2 2 . 0  3 8 . 0  4 9 . 2  5 9 . 8  5 6 . 0  5 4 . 2  

�VG 6 1 9 . 5 4 2 . 2  5 5 . 2  5 5 . 2  5 6 . 5  5 4 . 8 

�F I 2 3 . 0  2 9 . 7  4 7 . 2  4 7 . 2  5 4 . 8  5 8 . 8  

�FI  1 7 . 8  2 7 . 8 5 8 . 2  5 8 . 2  5 5 . 5 5 7 . 8  

LS DS % 1 . 5  1 . 0  1 . 4  0 . 8  1 . 2  1 . 2  

Dur in g  the e a r ly s ta g e s  o f  s eed deve lopme nt s t rong 

s t imu l at i o n  o f  b r anch numb e r s  on a l l  c u t  p la n t s  wa s eviden t . 

Th i s  e f fe c t  however was tran s i t o ry and the t r e nd w a s  

sub s eq u e n t ly rev e r s ed d u r i n g  th e l a t e r  s tage s o f  s e e d  

dev e lopment . By 2 6  and 4 0  d a y s  a f t e r  peak f lowe r i ng a l l  

c u t  p l an t s  h ad s i gn i f i cantly f ew e r  b r anche s than u n c u t  p l an t s . 

Such a c h a n g e  i n  r e l ative b r an ch produ c t ion b e tw e e n  c u t  a nd 

uncu t  p l a n t s  was s u rpr i s i n g . However i t  pos s ib ly r e f l e c t s  

the i n f l u e n c e  o f  mo i s tu r e  s tr e s s  dur i ng the d r y  s e as o n  i n  

p r even t i ng p l an t s  from f o rm i ng n ew branche s . Th i s  e f f ect 

is s hown by the r e l a t i ve l y  c o n s tant n umber o f  b r a n c he s on 

a l l  c u t  or uncut p l ants dur i n g  the l a te r  s t a g e s  o f  s eed 

deve l opme n t . 

Lea f  Numbe r  

C u t t i ng reduced l ea f  n umb e r s  a t  the time e a c h  c u t t i n g  

treatment w a s  app l i ed ( Tab l e  A . 9 ) . However , a t  the s t a g e  

7 day s a f te r  p e a k  f l ower i n g , p l ants wh ich h a d  r e c e i v ed 

a l i gh t  c u t  at the vege t a t i v e  s tage had s im i l a r  l e a f  numb e r s 

to uncut p l ants . Th e reduc t i o n  in l e a f  numb e r s c a u s ed by 
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c u tting w a s  n o t  c on s i s tent . Howev e r , overa l l , u n c u t  p l a n t s  

s e emed to h av e  gene ra l ly h i gh e r  l ea f  numbers than c u t  p la n t s . 

Tab l e  A . 9 TOTAL LEAF NUMBERS P E R  P LANT IN CUT AND UNCUT 

P LANTS AT SUCCE S S IVE HARVESTS I N  VERANO STYLO 

I N  THE D RY SEASON P LANT I NG 

H a r v e s t i n g  T im e s  

Cut t i n g  
F I  P F  7 DAPF 1 4 DAPF T r e a tmen t  

C o  9 3 . 3  2 6 0 . 5  4 6 6 . 5  6 4 1 . 7  

l;rVG 8 9 . 1  2 5 9 . 2  4 5 7 . 2  5 6 2 . 7  

�VG 7 7 . 1  2 8 0 . 3  4 4 2 . 0  5 8 0 . 0  

�F I 7 2 . 8  2 8 6 . 5  4 0 0 . 5  5 2 3 . 2  

� F I  5 8 . 2  2 5 6 . 5  3 8 7 . 2  5 3 0 . 2  

LS D S %  2 . 7  1 0 . 1  1 1 . 2  1 7 . 4  

L e a f  Ar e a  

C u t t i ng reduced p l ant l e a f  a r ea . This e f f e c t  o c c u r r ed 

i r r e s pe c t iv e  o f  t h e  s tage o f  p la n t  g rowth a t  wh i ch p l an t s  

were c u t  o r  c u t t i n g  i n tens i ty . Howev e r , s ev e r e l y  c u t  o r  

l a te c u t  p la n t s  s e emed t o  b e  mo s t  s e v e r e l y  a f f e c ted 

( Tab l e  A . l O ) . The s e  r e s u l t s  f o l low the s ame t r e n d  as tha t 

prev i ou s l y  shown f o r  l ea f  numb e r . 
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Tab l e  A . l O  TOTAL L EAF AREA I N  CUT AND UNCUT P LANTS AT 

SU CCES S IVE HARVES T S  I N  VERANO S TYLO I N  THE 

DRY SEASON P LAN T I NG ( cm
2

/p l )  

Harv e s t ing T imes 

Cut t i n g  
VG F I  P F  7 DAPF 1 4 DAPF 2 6 DAPF 

T r e a tment 

Co 4 7 . 1  1 3 2 . 2  3 0 9 . 3  3 7 3 . 7  7 0 8 . 3  8 7 0 . 2  

�VG 4 1 . 5  1 2 5 . 0  2 5 3 . 7  3 7 1 . 7  6 3 5 . 2  7 8 8 . 8  

\?VG 4 3 . 9  1 0 8 . 0  2 8 3 . 0  3 8 2 . 5  6 1 5 . 7  7 5 0 . 3  

� F I 1 0 3 . 5  2 7 8 . 2  3 9 5 . 0  5 5 5 . 3  7 7 9 . 2  

\?F I 8 4 . 2  1 6 2 . 7  3 4 9 . 9  5 2 2 . 0  6 3 9 . 0  

LS D 5 % 3 . 6  6 . 6  1 0 . 8  7 .  3 1 6 . 0  

1 . 2 . 2  Reproduc t ive Growth and S eed Y ie l d  

B o th c ut a n d  uncut p l a n t s  s tarted to f lowe r  a t  the s ame 

t ime and r e a c h ed p e ak f l owe r i ng a t  8 0  days a f t e r  s owing . 

Th i s  s ug g e s t s  th a t  cutt ing w a s  n o t  e f f e c tive i n  p r o long i ng 

or shor t e n ing the vegetat ive dura t ion o f  p l a n t  g rowth i n  

the d ry s e a s on . 

S e edhead N umb e r  

The s e edhead n umb e r s  f o rmed o n  both c u t  and u n c u t  p l an t s  

var i ed d e p e nd i ng on th e  abi l i ty o f  th e p l a n t s  to r e c over 

from cutting ( Tab l e  A . l l ) . 
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Tab l e  A . l l  TOTAL SEEDHEAD NUMB E R S  P E R  P LANT I N  C U T  AND 

U N CU T P LANTS AT S U C C E S S I V E  HARVES T S  IN V E RANO 

S TY L O  IN THE D RY S EA S ON 

H a r ve s t ing T imes 

C u t ti n g  
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Treatme n t  

Co 9 4 . 7  1 4 8 . 6  9 9 . 2  1 0 8 . 7  

�VG 9 6 . 2  1 4 3 . 7  1 1 6 . 5  8 3 . 5  

�VG 1 2 1 . 2  1 3 1 . 7  1 1 4 . 7  1 1 3 . 8  

�F I 1 0 1 . 3 1 0 2 . 3  1 0 9 . 8  1 3 5 . 5  

� F I  8 2 . 7  1 0 3 . 3  9 2 . 0  1 3 2 . 7  

LSDS % 2 . 2  2 . 6 2 . 2  1 . 6  

Max imum n umber s o f  s eedh e a d s  w e r e  formed a t  d i f f er e n t  

t imes i n  d i f f e r en t  c u t t i n g  t r e a tmen t s  a n d  tended t o  r e f l ec t  

bo th the t ime o f  c u t t i n g  and c u t t i n g  s eve r i ty . H i gh e s t  

s e edhead n umb e r s i n  uncut p l an t s  and i n  p l a n t s  c u t  a t  the 

vege ta t i v e  s ta g e  were r ecorded 1 4  d ay s  a f ter peak f l ow e r i n g . 

Howeve r ,  wh en c u t t i ng w a s  de l ay e d  u n t i l  f lo r a l  i n i t i a t i on 

h i gh e s t  numb e r s  o f  s eedheads w e r e  not reached un t i l 4 0  d ay s  

a f t e r  peak f lowe r i n g . A l l the c u t t ing tre a tmen t s  p r oduced 

max imum n umb e r s  of s eedheads w h i c h  we r e  s i g n i f i c an t ly l owe r 

than the max i mum s e edh ead numb e r s  produced o n  uncu t  p l ants . 

On l y  p l an ts wh i ch were l i g h t l y  c u t  dur i n g  the vege t a t i v e  

s tage ( �VG ) w e r e  apparen tly ab l e  t o  r ec ove r s u f f i c i e n t ly t o  

u l t imate l y  produce n e a r l y  t h e  s am e  t o t a l  s e edh e ad n umbe r s  

f o rmed on unc u t  p l an t s . A l l o th e r  c u t t ing trea tmen t s  

produced approxima t e l y  1 0 %  f ew e r  maximum numb e r s  o f  s e edhe ad s . 

Seed Y i e ld 

S e e d  y i e ld depends on t h e  number o f  s e edh e a d s  and the 

number o f  s ee d s  f o rmed . I n  the s cv Ve rano 

howeve r ,  c u t t i ng had no e f f e c t  o n  the numb e r o f  s ee d s  per 
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s e edhead , a r ema rkab ly c o n s tant mean v a l ue o f  s e e d s  p e r  head 

occur r in g  i n  a l l  cutting tre atme n t s  ( 1 5 - 1 6  s e e d s / s e e dh e a d ) 

( App e n d i x  l ) . The tota l s eed y i e ld per p l ant , pr e s ented i n  

Ta b l e  A . l 2 , i s  there f o re d i f f e r e n t  m a i n ly as a r e s u l t  o f  the 

e f fe c t  o f  c u t ti ng o n  the numb e r  o f  s eedheads produc e d  p e r  

p l a n t . I n  a l l  treatme n t s  maximum s ee d  y i e ld w a s  obt a i ne d  

2 6  days a f t e r  peak f l ower i ng . A t  th i s  maximum s e e d  y i e ld 

s tage p l a n t s  l i ghtly cut a t  the , v e g e t at ive s tage ( �VG ) o r  

a t  f l or a l  i n i t i at i o n  ( �F I )  h a d  a s ig n i f i c an t l y  h ig h e r s ee d  

y i e ld than u n c u t  p la n t s  a n d  p l a n t s  f rom o ther c u t t i n g  t r e a t­

men t s . P l a n t s  cut l a te a nd s ev e r e l y  ( lF I ) gave the lowe s t  

s e ed y i e l d  ( Tab l e  A . l 2 ) . 

Tab l e  A . l 2  TOTAL S EE D  Y I ELD P E R  PLANT I N  CUT AND UNCUT 

P LANTS AT SUCCES S IV E  HARVESTS IN V E RANO STYLO 

IN THE D RY S EASON ( g /p l )  

C u tting 
T r e a tme n t  

C o  

�VG 

)zVG 

� F I  

!z F I  

LSD 5 %  

7 DAPF 

3 . 1 1 

2 . 8 9 

3 . 8 5 

2 . 0 2 

l .  6 3  

0 . 0 8 

Harve s t ing T ime s 

l 4 DAPF 2 6 DAPF 4 0 DAPF 

4 . 5 2 5 . 0 7 3 . 2 1 

4 . 6 1 5 . 6 6 2 . 8 1 

3 . 1 5 4 . 8 9 2 . 9 1 

2 . 9 7 5 . 3 1 4 . 2 2 

3 . 0 7 4 . 1 3 3 . 3 8 

0 . 0 8 0 . 0 4 0 . 1 0 

Max . S e e d  
Y i e ld kg/ha 

1 2 6 7 . 5  

1 4 1 5 . 0  

1 2 2 2 . 5  

1 3 2 7 . 5  

1 0 3 2 . 5  

I n  a l l  t r e a tme n t s  a dec l i ne i n  s eed y i e ld w a s  evident 

at the h a r ve s t  4 0  d ay s  after p e ak f lower i ng . Th i s  re f l e c te d  

s e ed s h a t t e r i ng l o s s e s . A r e du c t i on i n  s ee d  y i e ld o f  u p  t o  

5 0 %  occurred i n  the 1 4  d ay s  a f te r  max imum s ee d  y i e ld 2 6  day s 

a f ter peak f lowe r i n g . Conve r s i o n  o f  max i mum s eed y i e ld p e r  

p l ant to max imum s ee d  y ie l d  p e r  h e c ta r e  b y  u s e  o f  a c onve r s ion 

v a l ue o f  2 5 0 , 0 0 0  p l an ts per h e c ta r e  a l lowed c omp a r a t iv e  

max imum y i e l d va l u e s  to b e  p r e s e n ted i n  Tab l e  A . l 2 .  The s e  
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s e e d  y i e ld f i g u r e s  c l e a r ly show t h e  h igher y i e ld i n  l i ght l y  

c u t  t r e a tmen t s  ( �VG , �F I )  a n d  t h e  s evere depr e s s ion i n  s eed 

y i e l d  due to l a te and s ev e r e  c u t t i ng ( \F I ) comp a r ed w i th the 

seed y i e ld ob t a i ned i n  the uncut control trea tmen t . 

1 . 3  EFFECTS OF THE I NTERACT I ON BETWEEN 

I RRI GAT I ON AND CUTT ING ON G ROWT H  AND Y I E LD 

I n  add i t i on to the i r  i nd i vi du a l  e f f ec t s  there w a s  

a s t rong i n t e r a c t ion b e tween i r r i g a t ion and c u t t ing o n  both 

v eg e ta t ive and r eprodu c t iv e  growth in Sty losanthes hamata cv 

Verano . 

1 . 3 . 1  P l an t  Grow th and Y i e l d 

Dry Ma tter Y i e ld 

Th e r e s u l ts in Tab l e  A . l 3  s h ow that s i gn i f i ca n t  i n te r ­

a c t ions o c c u r  b e tween i rr i g a t io n  a n d  cutt ing o n  p l a n t  dry 

w e i g h t  i n  b o th cut and uncut p l an t s . I rr i g a t i o n  o f  d ry 

s e a s on p l a n t s  s t imu l a te d  p l ant dry w e i gh t . However there 

was a s ig n i f i c a n t  depr e s s i on of th i s  water e f f e c t  in treat­

men t s  whe r e  p l a n t s  h ad b e e n  c u t , p ar t icu l ar l y  if  c u t t ing w a s  

d e l ayed u n t i l f l ora l i n i t i a t i o n . I n  f ac t ,  l a t e  c u t t i ng 

v i r tu a l ly c a nc e l led out the i rr i g a t ion respon s e  by the t ime 

p la n ts had r e ached the p o i n t  o f  max imum seed y i e l d  2 6  days 

a f te r  peak f l owe ring . Dry s e a s o n  p l ants wh i c h  had n o t  

r e c e ived i r r i g a t ion ( W l ) showe d  no s igni f i c an t  i n t e ra c t ion 

due to c u t t i n g  at 2 6  days a f t e r  peak f l owe r i n g  a l though , 

ag a i n , t h e r e  w a s  the s ugg e s t i o n  th a t  l a te and s ev e r e  c u t t i ng 

( �F I )  depr e s s ed p l a n t  g row th . The i nterac t i o n  b e tw e e n  w a t e r  

a n d  l ate c u t t ing was p r e s umab l y  due t o  the w a t e r  d emand o f  

the p l an t s  t o  r enew a nd r e p l a c e  d ry ma tter f o l lowing c u t t i n g . 

Th i s  e f f e c t  w a s  mo s t  obvious d u r i n g  the e a r l y  s ta g e s  o f  

s ee d  deve lopmen t  and wa s s e e n  mos t  c l e a r ly a t  harve s t s  

c a r r ied o u t  7 a nd 1 4  days a f t e r  p e a k  f l ower ing . 

Branch Numb e r  

N o  e f f e c t  o f  i r r i ga t ion a n d  c u tting o n  tot a l  b r anch 

numb e r s  per p l ant we re ob s e rved u n t i l peak f l owe r i ng 

( Tab l e  A . l 4 ) . S ubs equen t ly , a nd p a r t i c u l ar ly dur i n g  the 

e a r ly s ta g e s  o f  s eed deve l opment , a pronounced s t imu l a t ion 
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Tab l e  A . l 3  

Cutting 
Treatment 

eo 

�VG 

�VG 

�F I 

�F I 

I NTERACTION BETWEEN I RRI GAT ION AND CUTTING ON DRY MATTER Y I ELD PER PLANT 

AT SUCCES S I VE HARVESTS I N  VERANO STYLO IN THE DRY SEASON PLANTING ( g/p l ) 

Harve s ting T imes 

F I  PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Wl W2  Wl W2 Wl W2  Wl W2 Wl . �\1'2 Wl W2 

1 . 3 3 l .  6 7  6 . 7 0  7 . 6 3 7 . 7 7  9 . 6 0 1 4 . 3  1 7 . 3  1 6 . 7  1 9 . 3  1 5 . 7  1 8 . 0  

l .  5 3  1 . 8 7 7 . 3 3 7 . 5 0 7 . 7 0 9 . 4 7 1 5 .6 1 6 . 4  1 6 . 3  1 8 . 6  1 4 . 9  1 5 . 9  

1 . 3 0 1 . 5 7 8 . 2 7 8 . 4 7 8 . 2 0 9 . 4 0 1 7 . 3  1 8 . 0  1 6 . 4  1 7 . 7  1 4 . 7  1 6 . 0  

1 . 3 0 l .  3 0  5 . 3 7 5 . 7 7 8 . 6 0 9 . 4 7 1 2 . 7  1 3 . 6  1 6 . 4  1 6 . 3  1 4 . 5  1 4 . 9  

1 . 0 0 1 . 0 0 5 . 0 0 5 . 4 0 7 . 4 3 9 . 8 7 1 1 . 7  1 4 . 2  1 5 . 5  1 5 . 9  1 5 . 2  1 6 . 2  

S i gn i f icance * *  * *  * *  * *  * *  

LSD A . 1 1 . 3 0 . 4 7 . 5 6 1 . 3  NS  

5 %  B . 0 6 . 2 9 . 4 8 . 5 4 1 . 2  

A = LSD for d i f ferences between s ubp l o t  tr eatments for d i f ferent ma i n  p l o t  treatmen t s . 

B = LSD for d i f ferences between s ubplot treatments for the s ame main plot treatment . 



(' 
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Tab l e  A . l 4  INTERACTION BETWEEN I RRIGAT ION AND CUTT ING ON TOTAL BRANCH NUMBERS PER 

PLANT AT SUCCES S IVE HARVE STS I N  VERANO STYLO I N  THE DRY SEASON PLANTING 

Harves t ing Times 

Cutting 
F I  PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Treatment Wl W2 Wl W2 Wl W2 Wl W2 Wl W2 Wl W2 

Co 1 8 . 7  1 9 . 0  3 4 . 3  3 9 . 0  3 8 . 0  4 2 . 3  6 1 . 6  6 3 . 3  6 5 . 7  7 3 . 7  6 3 . 0  7 3 . 7  

\VG 2 2 . 0  2 2 . 0  3 8 . 0  3 8 . 0  4 7 . 0  5 1 . 3  4 7 . 3  5 2 . 3  5 2 . 3  5 9 . 7  5 1 . 3  5 7 . 0  

�VG 2 0 . 7  2 0 . 8  4 1 . 7  4 2 . 7  4 2 . 7  5 2 . 3  5 2 . 3  5 8 . 0  5 1 . 3  5 1 . 7  5 2 . 7  5 7 . 0  

\F I 2 2 . 0  2 4 . 0  2 8 . 0  3 1 . 3  4 2 . 7  4 1 . 3  4 4 . 0  5 0 . 3  5 4 . 3  5 5 . 3  5 6 . 7  6 1 . 0  

�F I 1 8 . 0  1 8 . 0  2 7 . 0  2 8 . 6  4 1 . 3  4 1 . 3  5 6 . 3  6 0 . 0  5 5 . 3  5 5 . 7  5 6 . 0  5 9 . 7  

S i gn i f i cance * *  * *  * *  * *  * *  

LSD A NS 2 . 2 9 l .  7 9  3 . 5  1 . 7  2 . 4  

5 %  B 1 . 5 4 l .  9 4  1 . 1 3 1 . 7  1 . 7  

A =  LSD for d i fferences between subp l o t  treatments for d i f ferent mai n  plot treatments . 

B = LSD for d i f ferenc e s  between s ubplot treatments for the s ame mai n  p l o t  treatment . 
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o f  b r anch ing w a s  s een i n  i r r i g a t e d  p l ants wh ich had b e e n  

c u t  e a r l y  i n  the i r  dev e lopme n t . Howev e r , thi s e f f e c t  w a s  

trans i tory . The b ranc h i ng c apac i ty o f  uncut p l ants w a s  

h i g h e r  than i n  c u t  p l a n t s , th i s  a b i l i ty b e ing s i g n i f i c a n t ly 

enha n c ed in p l a n t s  f rom the i rr i g a te d  treatmen t  ( W 2 ) d ur i ng 

the l ater s ta g e s  o f  s ee d  deve lopment . I t  was obv i o u s  t h a t  

n e w  branch f o rma t i on cont inued thr ough unt i l  the po i n t  o f  

maximum seed y i e ld 2 6  d ay s a f t� r  p e a k  f lower ing i n  uncut 

p l an ts wh i ch h ad been i rr i g a ted . By contra s t  p l an t s  wh i c h  

had not been i r r i g a te d  ( Wl )  reached a n  a pparent maximum 

b r a n ch dev e lopmen t  abo u t  1 4  day s a f t e r  peak f lowe r i n g . 

By the end o f  the experiment 4 0  day s a f ter p e a k  f l ower­

ing th ere w a s  a n  approx ima te 1 5 %  i n c r e a s (:: i n  the numbe r  o f  

b r a nc h e s  o n  u n c u t  p l a n t s  i n  the i r r i g a t e d  t r e a tme n t . I n  c u t  

p l a n t s  howev e r , th i s  s t imu l a t i o n  o f  branch i ng b y  i r r ig a t io n  

w a s  much sma l l e r . C u t t i ng c e r t a i n l y  reduced t h e  imp a c t  o f  

water o n  b r a nch i ng , a n  approximate 2 0 %  redu c t ion i n  b ranch 

numb e r s  occurring i n  c u t  plants wh i ch h ad been i r r i ga t e d  

c ompa r ed w i th t h e  numbe r  o f  b r a n ch e s  on uncu t  p la n t s . Th i s  

i n ab i l i ty o f  c u t  p l an t s  t o  r ep l ac e  l o s t  branch e s  even i n  the 

i r r i g ated t r e a tment s u g ge s t s  that i n  the d ry s e a s on the 

app l i c a t i on o f  water w a s  i n s uf f i c i e n t  to s uppo r t  f u l l g r owth 

recovery . Th i s  was po s s i b ly d u e  t o  the poor water h o l d i ng 

capa c i ty o f  th e s o i l and a l s o  t o  t h e f a c t  that i r r i g a t i o n  w a s  

d i s c on t i nued even i n  t h e  i r r i g a t io n  treatment ( W 2 ) 1 4  d ay s  

a f te r  peak f lowe r i n g . 

Lea f  Number 

Th e r e  wa s a s ig n i f i c ant i n c r e a s e  i n  l e a f  numb e r s  due 

to i rr i g a t ion i n  b o th cut and u n c u t  p l an t s  ( Tab l e  A . l 5 } . 

Th i s  e f f e c t  b e c ame i n c r ea s i ng l y  a pparent a t  h ar v e s ts c a r r i e d  

o u t  7 and 1 4  day s a f te r  p e a k  f lowe r i n g . Lea f numb e r s  w e r e  

mos t  seve r e ly r e d u c e d  i n  p l a n t s  c u t  l a t e  ( f l ora l i n i t i a t ion ) 

irrespec t i ve o f  s ev e r i ty . Th i s  e f f e c t  was a l so o bv i ou s  

dur i ng th e ear ly s ta g e s  o f  s e ed d eve lopment .  
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Tab l e  A . l 5  I N T E RACT I ON BETWEEN I RR I GAT I ON AND CUTT I NG ON 

TOTAL L EAF NUMBE RS P E R  P LANT AT S U C CE S S IV E  

HARVESTS I N  VERANO STYLO I N  T H E  DRY SEASON 

H a rve s t i ng T ime s 

C u t t i n g  
F I  PF 7 DAPF l 4 DAPF 

Tr e a tment Wl W2 Wl W2 W l  W 2  W l  W 2  
' 

eo 8 1 . 0  1 0 5 . 7  2 4 7 . 0  2 7 4 . 0  3 7 3 . 0  5 6 0 . 0  5 2 2 . 7  7 6 0 . 7  

�VG 8 6 . 0  9 2 . 3  2 3 9 . 7  2 7 8 . 7  3 8 2 . 3  5 3 2 . 0  4 9 6 . 7  6 2 8 . 7  

�VG 7 5 . 3 7 9 . 0  2 7 3 . 0  2 8 7 . 7  3 8 6 . 3  4 9 7 . 7  4 7 6 . 7  7 2 3 . 3  

� F I 6 9 . 3  7 6 . 3  2 7 3 . 3  2 9 9 . 7  3 5 6 . 7  4 4 4 . 3  4 6 3 . 3  5 8 3 . 0  

� F I 5 7 . 0  5 9 . 3  2 2 9 . 3  2 8 3 . 7  3 4 3 . 7  4 3 0 . 7  4 8 2 . 3  5 7 8 . 0  

Sign i f i c ance * *  * *  * *  * *  

L S D  A 3 . 8  2 8 . 1 2  2 6 . 5 6 2 4 . 8 7 

5 % B 3 . 9  1 4 . 3 1 1 5 . 8 5 2 4 . 6 9 

A = LSD for d i f f e re n c e s  b e tween s ub p l o t  t r e a tment s  f o r  d i f f e r e n t  

ma i n  p l o t  t r e a tmen t s . 

B = LSD for d i f f e rence s  b e tween s ubp l o t  tre a tment s  f o r  the 

s ame ma i n  p l o t  t r e a tme n t . 

Le a f  Ar ea 

The e f f e c t s  of i r r i g a t ion and c u t t i ng o n  branch and l e a f  

n umbe r s  were r e f lec ted i n  d i f f e r e n c e s  i n  l e a f  area b e tw e e n  

t r e a tmen t s . The r e s u l t s  i n  Tab l e  A . l 6  show the marked 

s ti mu l a t io n  in leaf a r e a  c aused by i r r i g a t i o n  i n  both c u t  

a n d  uncut p l a n t s  par t i c u l a r ly a t  h arve s t s  c arr i ed o u t  dur i ng 

s e e d  devel opmen t .  However ,  cut t i ng gene r a l l y  reduc e d  l e a f  

a r e a  i n  both i r r ig ated and non- i r r ig a te d  p l a n t s , tho s e  p l a n t s  

whe r e  cut t i n g  w a s  d e l ay e d  unt i l f lo ra l  i n i t i a t ion b e i ng mo s t  

s ev er e ly a f f e c ted . 
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T ab l e  A . l 6  INTERAC T I ON BETWEEN I RR I GAT I ON AND C UTT I NG O N  

TOTAL LEAF AREA PER P LANT A T  SUCCES S IVE H ARVES T S  

I N  V E RANO STYLO I N  THE D RY S EASON ( cm
2

/p l )  

H a rve s t ing T ime s 

C u t t i n g  
F I  PF 7 DAPF 1 4 DAPF 

T r e a tmen t  W l  W 2  W l  yJ2 Wl W2 Wl W2 

Co 1 1 6 . 3  1 5 0 . 0  2 9 8 . 0  3 2 0 . 7  3 6 7 . 3  3 8 0 . 0  5 3 9 . 7  8 7 7 . 0  

l.;jVG 1 2 3 . 0  1 2 7 . 0  2 4 5 . 0  2 6 2 . 3 3 6 0 . 3  3 8 3 . 0  5 4 6 . 0  7 2 4 . 3  

�VG 1 0 9 . 0  1 0 9 . 0  2 7 6 . 7  2 8 9 . 3  3 7 9 . 0  3 8 6 . 0  5 4 5 . 3  6 8 6 . 0  

l.;jF I 1 0 2 . 7  1 0 4 . 3  2 8 9 . 7  2 9 G . 7 3 7 7 . 3  4 1 2 . 7  4 9 8 . 7  6 1 2 . 0  

�F I 8 3 . 7  8 4 . 7  1 5 9 . 3 1 6 6 . 0  3 2 3 . 7  3 7 4 . 3  4 6 9 . 0  5 7 5 . 0  

Sig n i f i c a n c e  * *  * *  * *  * *  

L S D  A 1 0 . 8  1 0 . 2  2 3 . 2  1 3 . 4  

5 %  B 5 . 2  9 . 4  1 5 . 3  1 0 . 3  

A = L S D  for d i f f er ences b e tween s ub p lo t  tre a tmen t s  f o r  d i f f erent 

main p lo t  tr e a tmen t s . 

B = D i f f erenc e s  b e tween s ubp l ot t r e a tments for the s ame ma i n  

p lo t  treatme n t . 

1 . 3 . 2  Reproductive Growth and S eed Y i e ld 

Seedh e a d  Numb e r  

Th e r e s u l t s  i n  Tab l e  A . l7  c le a r ly s how t h e  i n te r a c t i o n  

be tween i r r ig a t i on a n d  c u t t ing o n  s ee dhead numbe r s . A l l 

p l an t s  exc ept tho s e  c u t  l i g h t l y  a t  f l oral i n i t i a t io n  ( �F I )  

and measured a t  the h a rve s t  7 d a y s  a f ter peak f lowe r i n g  h a d  

h ig h e s t  s e ed h e ad n umb e r s  i n  t h e  p r e s e nc e  o f  i r r i g a t i o n  

water ( W 2 ) . Maximum s e edhead numb e r s  i n  uncut p l a n t s  a n d  

p l an t s  l i ght ly c u t  a t  t h e  v eg e t a t i ve s tage w e r e  r e a c h e d  

1 4  day s a f t e r  p e a k  f l owe r ing . L a t e  c u t  p l a n t s  ( F I ) r e ac hed 

max imum seedhead numb e r s  4 0  d a y s a f te r  peak f l owe r i ng w i th 

or w i thout i r r i g a ti on . However , a l t hough c u t t ing r ed u c e d  
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the numb e r  o f  s eedhe a d s  except the e a r l y  c ut p l an t s  (VG ) i n  

s ome c a s e s  ( 7  and 4 0  d ay s  a f t e r  peak f l owering ) . I t  was 

apparent tha t  th i s  d e pr e s s i on could b e  p a r tly o r  c omp l e te l y  

over c ome prov ided p l a n t s  r ec e i ved enough water ( W 2 ) to a l l ow 

the r ep l ac ement o f  the s tr u c tura l f r amewor k  r emove d  by c u t t i ng 

i n  t ime t o  provide s i te s  f o r  f l ower h e a d  d eve l opme n t . 

Tab l e  A . l 7  INTERAC T I ON BETWEEN " I RR IG AT I ON AND C U T T I NG ON 

TOTAL S EE D HEAD NUMBE RS PER P LANT AT S U C CE SS I V E  

HARVES T S  I N  VERANO S TYLO I N  THE D RY S EASON 

H a r v e s t i n g  T ime s 

C u t t i n g  
7 DAPF 1 4 DAPF 2 6 D A P F  4 0 DAPF 

T r e a tmen t  W l  W 2  W l  W 2  W l  W 2  W l  W 2  

e o  6 6 . 3 1 2 3 . 0  1 6 3 . 7  1 6 8 . 0  9 1 . 3  1 0 9 . 0  9 6 . 7  1 2 0 . 7  

J:iVG 9 3 . 0  9 9 . 3  1 2 6 . 3  1 6 1 . 0  1 0 4 . 3  1 2 8 . 7  7 9 . 0  8 8 . 0  

�VG 1 2 9 . 3  1 3 3 . 0  1 2 3 . 0 1 4 0 . 3  8 6 . 0  1 4 3 . 3  8 3 . 3  1 4 4 . 3  

J:iF I 1 0 9 . 3  9 9 . 3  1 0 7 . 7  1 2 7 . 0  9 6 . 7 1 2 3 . 0  1 2 9 . 7  1 4 5 . 3  

� F I  7 9 . 3  8 6 . 0  1 0 2 . 6  1 2 4 . 0  8 9 . 3  9 4 . 7  1 1 9 . 3  1 4 6 . 0  

S i g n i f i c a n c e  * *  * *  * *  * *  

L S D  A 3 . 4 3 . 4  3 . 7  3 . 2  

5 %  B 3 . 2  3 . 8  3 . 2  2 . 2  

A = LS D  f o r  d i f f e r e n c e s  b e tween s ubp l o t  t r e a tme n t s  f o r  d i f f e rent 

ma i n  p lo t  t r e a tmen t s . 

B = L S D  for d i f f e r e n ces b e tween s ubp l o t  trea tme n t s  f o r  t h e  s ame 

t r e a tment . 
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S e e d  Y i e l d  

The r e s u l t s  ( Ta b l e  A . l 8 )  s how tha t  p rovided p l a n t s  

r e c e ived i r r igation ( W 2 ) they a r e  gene r a l ly c apab l e  o f  

a tt a i n i n g  h igh s e e d  y i e ld . Th i s  p r e s umab l y  r e f l e c t s  a n e e d  

f o r  p l an t s  to r e spond to w a t e r i n g  b y  r e ach i ng max imum v e g e ­

t a t ive s i z e a nd r ep l ac i ng t h e  mater i a l r emoved b y  c u t t i n g  i n  

t ime to produce l ar g e  numb e r s  o f  s e e dh e ad s . Th i s  e f f e c t  was 

not app a r e n t  e a r ly ( 7  d ay s  a f ter peak f l ower ing ) b u t  w a s  v e ry 

evident a t  the p o i n t  o f  ma x imum s e e d  y i e ld 2 6  d ay s  a f t e r  p e a k  

f lowe r i ng . P r e s umab ly the r e l a t iv e ly low va l u e s  a t  the p o i nt 

o f  max imum s eed y i e ld 2 6  d a y s  a f ter p e ak f lowe r i n g  i n  s ev e r e ly 

c u t  tr e a tme nts �VG and �F I w i tho u t  i r r i g a t io n  and � F I  w i th 

i r r i g a t ion a r e  d u e  to a n  i n ab i l i ty o f  p l a n t s  t o  mee t the above 

c r i t er i a  f o r  h i gh s ee d ing po t e n t i a l . 

T ab l e  A . l 8  INTERAC T I ON BETWEEN I RR I G AT I ON AND CUTT I NG ON 

TO'rAL S E E D  Y I E L D  P E R  P LANT AT SU C C E S S IVE H ARVE S T S  

IN V E RANO STYLO I N  T H E  D RY S EAS ON ( g /p 1 )  

Harve s t i n g  T imes 

Cu t t i n g  
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 

Tr e a tme n t  W l  W 2  W l  \'17 2 W l  W 2  W l  

C o  1 .  5 8  4 . 6 3 4 . 9 3 5 . 1 0 4 . 5 1 5 . 6 1 2 . 8 1 

�VG 2 . 3 8 3 . 4 0 4 . 0 4 5 . 1 7 4 . 8 2 6 . 4 9 2 . 6 8  

�VG 3 . 8 7 3 . 8 3 2 . 7 6 3 . 5 3 3 . 5 8 6 . 2 0 2 . 1 4 

�F I 2 . 5 6 2 . 4 8 2 . 8 6 3 . 0 9 4 .  5 4  6 . 0 8  3 . 7 2  

� F I 1 .  6 0  l .  6 5  2 . 7 6 3 . 3 9 3 . 5 6 4 . 7 0  2 . 8 2 

Sign i f i c ance * *  * *  * *  * *  

LS D  A . 1 3 . 1 3 . 1 2 . 1 6 

5 %  B . 1 2 . 1 2 . 0 6 . 1 5 

A = L S D  f o r  d i f f e r e nc e s  b e tw e e n  s ubp l o t  t r e a tme n t s  f o r  

d i f f er e n t  ma i n  p l o t  t r e a tme n t s . 

B = L S D  f o r  d i f f e r e n c e s  b e tw e e n  s ub p l o t  t r e a tmen t s  f o r  

the s ame m a i n  p l o t  t r e a tme n t . 

vn 

3 . 6 0 

2 . 9 4 

3 . 6 7 

4 . 7 2  

3 . 9 4  
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Over a l l ,  the max imum y i e l d  o f  c u t  p l a n t s  r e c e i v i n g  

i r r ig a t ion ( except p l a n t s  wh i c h  we r e  c u t  t o o  l a t e  a n d  too 

s e ve r e ly t o  r e spon d )  was h igher than unc u t  p l ants . Th i s  w a s  

s urpr i s i n g  c o n s i d e r i n g  t h e  e f f ec t  o f  c u t t i ng on b r a n c h i n g  a n d  

o n  s e edhe ad produ c t i on . The seed y i e l d  f rom cut p l a n t s  i n  

t r e a tm e n t s  %VG , �VG a nd %F I w a s  approximate ly 1 5 %  h i g h e r  

than f rom uncut p l a n t s p rovided p l a nts w er e  i r r i ga te d . 

W i thout i rr i ga t ion n o  y i e ld impr oveme n t  o c curred due to 

c u t t i n g  exc ept p l a n t  w i th the l ig h t  c u t  ( %VG , � F I ) . The 

e f fe c t  o f  i r r i g a t io n  w a s  mor e  pronounc e d , r e s u l t i n g  i n  a s ee d  

y i e l d  i n c r e a s e  o f  about 2 0 - 3 0 %  c ompared to no i r r i g a t io n . 

S E C T I ON 2 EFF ECT OF I RR I GAT I ON AN D CUTT I NC ON VEGETAT IVE AND 

REP RODUCT IVE DEVELOPMENT I N  M!l r . 'll i WJ'TLIUM A TROPURPUREUM 
CV S I RATRO 

2 . 1  EFFECT OF I RRI G AT I ON ON GROWTH AND Y I ELD 

2 . 1 . 1  P l a n t  G r ow t h  Y ie l d  

D r y  Ma tter Y i e l d  

There w a s  a s i g n i f i c a n t  d i f f e r e nc e  i n  p l a n t  y i e ld d r y  

we i ght b e tw e e n  i r r i g a t e d  ( W 2 ) and non - i r r iga ted p l a n t s  ( W l ) 

g r own i n  th e dry s e a s o n  ( Tab l e  A . l 9 ) . 

Tab l e  A . l 9  DRY MATTER Y I ELD PER P LANT AT S U C C E S S IVE HARV E S T S  

I N  S I RAT RO F ROM NON- I RR I GATE D  ( W l ) AND I RR I GATED 

( W 2 ) P LO T S  I N  THE DRY S EASON P LANT ING ( g /p l ) 

I r r i g a t io n  
T r e a tment 

W l  

W 2  

L S D 5 % 

VG 

0 • 9 

l .  6 3  

F I  PF 

3 . 3 6 1 4 . 2 1 

3 . 3 1 1 6 . 2 4 

NS 0 • 8 7 

Harve s t i n g  T imes 

7 DAPF 1 4 DAPF 

1 9 . 6 5 3 0 . 8 3 

2 5 . 6 6 3 6 . 9 3 

0 .  9 9  J • 1 3  

2 6 DAPF 

4 2 . 3 9 

4 8 . 3 2 

0 • 6 2  

4 0 DAPF 5 4 Dl\PF 

4 7 . 8 2 5 6 . 5 4 

5 2 . 3 9 5 8 . 6 3  

0 • 9 8  0 . 5 7  
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Wa te r  s igni f i c a n t l y  i nc r e a s ed dry matter y i e ld f rom 

the p e a k  f l ower ing s ta g e , a l though the d i f f erence in y i e ld 

b e tween i r r i g a ted and non- i r r i ga ted p l a n t s  was sma l l . Dur i n g  

the e a r ly s ta g e s  o f  s e e d  d eve l opme n t  ( 7 - 1 4  day s a f t e r  p e a k  

f l ow e r i ng ) th i s  d i f f er e n c e  reached max imum l ev e l s  ( up to 2 0 % ) . 

Howeve r th i s  d i f f e r e n c e w a s  prog re s s iv e l y  reduced s ub s equent ly . 

P l an t s  wh i c h  rece ived n o  i r r i g a t ion r eached a max imum a t  the 

f i n a l  h arve s t  ( 5 4 DAP F ) o f  5 6  gm �er p l ant whi l e  i r r i g a ted 

p l an t s  r e a c h ed a ma x imum o f  o n ly 5 8  gm at the s ame s ta g e . 

Th i s  d i f fe r e n c e , a l though s t a t i s t i ca l ly s i gn i f i c an t , w a s  

d i s ap po i n t i n g  i n  te rm s  o f  an ove r a l l  i r r i ga tion r e spon s e . 

B r a nch Numb e r  

\"Ja t e r  h a d  a s imi l a r  e f f e c t o n  t o ta l b r a nch numb er s . 

T h e r e  was a s ig n i f i c a n t  s t imu l a t ion o f  tota l branch numb e r s  

b e tween i r r i g ated ( W 2 ) a nd non - i rr i ga t e d  ( W l ) p l an t s  ( Ta b l e  

A . 2 0 ) . P l ants wh i ch r ec e ived n o  i r r i g a t ion water had 

a ma x imum b r anch numb e r  of 2 0  wh i le p l a n t s  wh i c h  r e c e ived 

i r r i g a t i on reached a max imum o f  2 3  branches per p l a n t . 

Ag a i n  t h i s  d i f f e r e n c e  w a s  s i g n i f i cant b u t  d i s appo i nt i n g l y  s ma l l  

i n  terms o f  an i r r i g a t io n  r e spo n s e . 

Tab l e  A . 2 0  TOTAL B RANCH NUHB E RS P E R  P LANT AT S U C C E S S IVE 

HARV E S T S  IN S I RATRO F ROM NON- I RRI GATED ( W l ) AND 

I RR I GATE D  ( W2 )  P LOTS IN THE DRY S EASON P LANT ING 

H a rve s t i ng T ime s 

I rr i g a t ion 
F I  P F  7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF 

T r e a tmen t  

W l  7 . 9 9 . 3 1 3 . 3  1 5 . 9  1 7 . 8  1 9 . 5  2 0 . 1  

W2 8 . 7 1 1 . 3  1 5 . 3  1 8 . 5  2 0 . 8  2 2 . 6  2 2 . 9  

L SD S %  0 .  4 1 . 7  1 . 5  1 . 4  1 . 4 2 . 0  2 . 1  

-------· 
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L e a f  N umbe r  and Lea f Are a  

Wa ter a l s o  s i gni f i c an t ly i n c r e a s ed l e a f  n umber p e r  p l a nt 

( Ta b l e  A . 2 1 )  a s  w e l l  a s  l e a f  a r e a  ( Tab l e  A . 2 2 ) . The h ig h l y  

s ig n i f i c ant i n c r e a s e  i n  l e a f  numb e r s  and l e a f  a r e a  a s  

a r e sponse to i r r i g a t i o n  w a s  f i r s t  d e te c t e d  a t  the p e ak 

f lowe r i ng s ta g e . P l a n t s  wh i ch h ad r e c e ived i r r i ga t i o n  

deve l oped about 1 5 %  h i gh e r  lea � a r e a  than non- i r r i g ated 

p la n ts . Th i s  i n c r e a s e  in l e a f area was d i re c tly r e f l e c ted 

in an i nc r e a s e  of up to 5 0 %  i n  l e a f  numb e r s  i n  i rr i ga ted 

p l an t s . 

T ab l e  A .  2 1  TO'I'AL LEAF NUMBERS P E R  P LANT AT SUCC E S S IVE 

HARVESTS IN S I RATRO F ROM N O N - I R R I GATE D  ( W l ) AND 

I RR I GATE D  ( W 2 ) P LOTS IN THE D RY S EASON P LANT I NG 

H a r ve s t i n g  Time s 

I r r i g a t ion 
F I  P F  7 DAPF 1 4 DAPF 

Tre a tmen t 

W 1  6 1 . 6  1 6 2 . 5  1 7 7 . 3  1 9 8 . 6  

W 2  6 7 . 1  1 9 7 . 8  2 1 2 . 2  3 0 4 . 1  

L S D 5 %  N S  1 5 . 9  5 . 0  0 .  7 7  

Tab l e  A . 2 2  TOTAL LEAF AREA P E R  P LANT AT SUCCE S S IVE HARV E S T S  

I N  S I RAT RO F ROM NON - I RRI GATED ( W l )  AND I RRI GAT E D  

( W 2 ) P LOTS I N  THE D RY S EASON P LANT I NG ( cm
2

/ p l ) 

H a r ve s t ing T ime s 

I r r i g a t i on 
F I  P F  7 DAPF 1 4 DAPF 

Tr e a tmen t  

W l  3 9 2 . 9  1 7 2 2 . 7  1 8 6 2 . 7  2 0 9 2 . 0  

W 2  4 0 2 . 0  2 0 2 4 . 9  2 2 1 3 . 1  2 2 7 5 . 1  

LS D 5 %  N S  4 4 . 5  4 2 . 1  5 1 . 1  



2 . 1 . 2 Reproduct i on G r owth and S eed Y ie ld 

P od N umber 

7 6  

There was no s i gn i f i ca n t  d i f f er en c e  i n  the f lo r a l  

i n i t i a t i on d a t e  between non - i r r i g a t e d  a n d  i r r i ga te d  p la n t s . 

Bo th i r r i g a ted and non- i r r i ga te d  p l ants s own i n  the d ry 

s e a s o n  s t a r t e d  to f lowe r 5 6  day s a f te r  s owing and r e a ched 

p e a k  f lowe r in g  appro x imate ly 7 � day s a f te r  s ow i ng ( F igure 4 ) . 

Howe ve r , a l though i r r i ga t ion had n o  e f f e c t  o n  the dur a t i on 

o f  the veg e t a t ive and reproduc t i ve g r owth ph a s e s  i t  d i d  

a f f e c t  the number o f  p o d s  formed p e r  p l ant ( Tab l e  A . 2 3 ) . 

Tab l e  A . 2 3  TOTAL P OD NUMBERS P E R  P LANT AT S UC C E S S IVE 

HARVES T S  IN S I RA'l1 RO F ROM NON- I RRI GAT E D  ( W l ) AND 

I RRIGAT E D  ( W2 )  P LOTS I N  THE D RY S EASON P LANT I N G  

H a rve s t i n g  Times 

I r r i g a t ion 
1 4 DAPF 2 6 DAP F 4 0 DAPF 5 4 DAPF 

T r e a tmen t  

W l  3 0 . 2  3 2 . 4  3 6 . 5  4 4 . 1  

W2 3 3 . 8  3 6 . 8  4 1 . 3  5 9 . 5  

L S D S % 1 . 4 0 . 8 1 . 2  3 . 7  

P l an t s  r e c e i v i n g  i r r i ga ti on had h i gh e r  numbe r s  o f  pod s 

p e r  p l ant than non- i rr i g a ted p l a n t s . Th i s  e f f e c t  w as l a r g e l y  

d u e  t o  the h igher i n f l o r e s c e n c e  numbe r s  p r e s ent a t  p e ak 

f lower i n g  ( W l= l 8 , W 2 = 2 9 ) .  The d i f f e rence i n  pod numb e r s  

b e tween t h e  two w a t e r  t r e atme n t s  w a s  r e l a t i ve l y  h i gh ( ov e r  

2 5 %  b y  t h e  e n d  o f  the e xper imen t )  sug g e s t i n g  that pod numb e r s  

a r e  re l a t i v e l y  s e n s i t i ve a n d  r e spons ive to added wa te r . 
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3 0  

1--l (j) ..Q 2 0  � :;:l s:: 
(j) u 
,::::; 
(j) u Ul (j) 1--l 0 r1 4-l s:: 1 0  H 

5 5  6 0  6 5  7 0  7 5 8 0  
D a y s  a f t e r  s ow i n g  

F i g u re 4 F LOWE R I N G C U RV E S  O F  S I HA T RO F HOM NON- I R R I G AT E D  ( W l ) 

AND I R R I GATE D  ( W 2 } P LAN T S  I N  T H E  D RY S EA S ON P LANT I NG 
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Seed Y i e ld 

There was a l s o  a s ig n i f i c ant d i f f er ence i n  the s e e d  

y i e l d  o b t a ined b e tween i r r i g a t ed a n d  non - i rr i g a te d  p la n t s  

( Tab le A . 2 4 ) . P l a n t s  wh i c h  h ad r e c e i ve d  i rr i g a t ion r e ac he d  

max imum y i e ld a pproxima te l y  2 wee k s  a f ter p l an t s  wi thout 

irr i g a t ion . 

Tab l e  A . 2 4  TOTAL SEED Y I E LD PER P LANT AT S U C C E S S IVE HARVESTS 

I N  S I RATRO F ROM NON- I RRI GATED ( W l )  AND I RR IGATED 

( W2 ) P LOTS I N  THE D RY S EASON P LAN T I NG ( g/p 1 } 

Ha rve s t i n g Times 

I rr i g a t io n  
l 4 DAPF 

Max . Se ed 

T r e a tment 
2 6 DAP F 4 0 DAP F 5 4 DAP F  Y i e ld K g/h a  

W l  2 . 6 1  4 . 2 7 1 3 . 8 7 1 3 . 8 0 1 2 4 8 . 3  

W 2  2 . 3 5 7 . 9 4  1 3 . 6 1  1 4 . 6 4 1 3 1 7 . 6  

LS D S %  0 . 0 9 0 . 1 8 0 . 0 5 0 . 3 0 

Th e s e  max imum y i e ld s  when c onve r ted to kg/ha ( at 9 0 , 0 0 0  

p l a n t s  per hec tare ) s howed f i gure s o f  1 2 4 8 . 3  kg/ha i n  non­

irr i g a ted p l o t s  ( W l ) and 1 3 1 7 . 6  kg/ha in i r r i g a ted p l ot s . 

Th i s  d i f f e ren c e  o f  o n ly 6 9 . 3  kg/ha ( approximat e ly 5 . 5 % )  was 

a d i s appoint i n g  r e s pon s e  to i rr i g a t i on and s ug g e s ts that 

e i th e r  S i r a tro p l ants we r e  unab l e  t o  respond f u l ly to w a t e r ­

ing o r  t h a t  the i rr i g at i o n  f r e q u e n c y  o r  dura t i on w a s  i nadequa te 

to a l l ow max imum r e spon s e  to be expre s s ed . 

2 . 2  EFFECT OF CUTT I NG ON G ROWTH AN D Y I ELD 

2 . 2 . 1  P la n t  Growth and Y i e ld 

Matter Y i e l d  

T ab l e  A . 2 5  pre s e n t s  p l ant dry ma tter y i e ld s  a t  s uc c e s s i ve 

h a r ve s ts and shows th a t  th ere was a s ig ni f i c a n t  d i f f e rence 

i n  v e g et a t i ve dry ma t t e r  y i e l d s  due to cu t t i ng t r e a tment s .  

Up to the p e ak f l owe r i ng s t age unc u t  p l an t s  h ad s i g n i f i c an t ly 

h i gher veg e t a t iv e  y i e ld th an c u t  p l an t s . However subs equen t ly 

the r e  was a s t imu l a t i on t o  p l an t  dry mat t e r  y ie ld a s  a r e spon s e  

t o  c ut t i ng . 



T ab l e  A . 2 5  DRY MATTER Y I ELD P E R  P LANT ON CUT AND UNCUT 

P LANTS AT SUCCE S S I VE HARVESTS IN S I RATRO I N  

THE D RY S EASON ( g/p l }  

H arve s t in g  T ime s 

Cut t i n g  
F I  PF 7 DAPF 1 4 DAP F 2 6 DAPF 4 0 DAPF 

Trea tmen t  

---

C o  3 . 6 0  1 8 . 0 7 2 0 . 9  3 6 . 6 5 3 9 . 1 3  4 4 . 4 0 

�VG 3 . 2 7 1 6 . 0 3 2 2 . 1 7 4 1 . 1 5 4 4 . 4 5 4 6 . 8 8 

�VG 2 . 9 7 1 4 . 7 5  2 5 . 3 3 3 0 . 6 8 4 6 . 6 7 4 4 . 4 5 

� F I 3 . 2 3 1 3 . 5 0 2 5 . 5 5 3 5 . 5 2 4 6 . 9 8  5 7 . 9 2 

� F I 2 . 6 2 1 3 . 7 8 1 9 . 3 3 2 5 . 4 0 4 9 . 5 5 5 6 . 5 8  

L S D 5 %  0 . 2 8 0 . 7 3  0 . 5 6 0 . 6 2 0 . 7 4 0 . 7 6  

7 9  

5 4 DAPF 

4 9 . 4 5 

5 5 . 1 2 

6 1 . 8 3 

6 2 . 4 0 

5 8 . 6 3 

0 . 6 8  

At the f i n a l  harve s t  p l an t s  s ever e ly c u t  dur ing the 

vege t a t iv e  s t a g e  ( �VG ) a nd p l ants l i g h t l y  c u t  at f lo r a l  

i n i t i a t i o n  ( �F I )  g ave t h e  h i gh e s t  y i e ld of 6 1 . 8  gm and 

6 2 . 4  gm/p lant respe c t i ve l y . P la n t s  s evere l y  cut at f lo r a l 

i n i t i a t i o n  ( �F I )  and p l an t s  cut l i gh t ly at t h e  vege t a t i ve 

s ta g e  ( �VG ) gave y i e lds o f  5 8 . 6  and 5 5 . 1  gm/ p l a n t  r e s pe c tive l y . 

However a t  h arve s ts c a r r i ed out a t  2 6 ,  4 0  and 5 4  day s a f te r  

peak f lowe r i ng a l l  cut p l a n t s  had h i gher d r y  matter y i e l d s  

than uncut p l an ts . 

Branch Number 

The r e  w a s  a s ig n i f i c a n t  d i f f e r e n c e  i n  b r a n ch numb e r s  

b e tween c u t  and unc u t  p l an t s  beg i nn i ng a t  t h e  peak f lowe r i n g  

s ta g e  ( Ta b l e  A . 2 6 ) . The r e s u l t s  s how tha t  c u t  p l an t s  h a d  

s ig n i f i c ant l y  h igher b r a n ch numb e r s  than u n c u t  p l an t s , p l a n t s  

l ig h t l y  c u t  a t  the veg e t a t i ve s ta g e  appear i n g  to p r o d u c e  t h e  

h i g h e s t  b r a n ch numbe r s . Th i s  s t imu l a tion t o  b r anch ing by 

c u t t i ng was con s i s tent a t  s ucce s s ive harve s t s a f ter p e a k  

f l ower i ng . 
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Tab l e  A . 2 6  T OTAL B RANCH NUMBERS P E R  P LANT ON C U T  AND UNCUT 

P LANT S AT SUCC E S S IVE HARVESTS IN S I RATRO IN T H E  

DRY S EASON 

H a rv e s t ing T imes 

Cut t i n g  
F I  P F  7 DAPF 1 4 DAP F  2 6 DAPF 4 0 DAPF 5 4 DAPF 

Treatme n t  

eo 8 . 0 9 . 5  1 1 . 7  1 5 . 3  1 5 . 5  1 8 . 0  

l:lVG 8 . 8  1 2 . 8  1 6 . 8  1 9 . 8  2 2 . 8  2 3 . 8  

�VG 8 . 7  1 0 . 0  1 4 . 0  1 6 . 7  1 9 . 0  2 1 . 5  

l:lF I 8 . 3  9 . 3  1 3 . 7  1 7 . 2  ] 9 . 0  2 0 . 2  

�F I 7 . 8  9 . 7  1 5 . 2  1 7 . 2  2 0 . 2  2 1 . 8 

LSD 5 %  NS 0 . 5 0 .  9 1 . 0  l . l  0 . 9 

Le a f  N umbe r  and Lea f  Are a  

A s  wou l d  b e  e xpected c u t t i ng i n i t i a l ly r ed u c e d  l e a f  

numb e r s  p e r  p l a n t , the e f f e c t  b e i n g  more app a r e n t  i n  the 

1 8 . 7  

2 4 . 2  

2 2 . 2  

2 0 . 7  

2 2 . 0  

1 . 3 

l a t e r  c u t  ( F I )  t r ea tme n ts . However a l l  de f o l i a t i o n  t r e a tmen t s  

showed a r e a s o n ab l e  recover y  i n  l e a f numbers p e r  p l ant b y  

1 4  d ay s  a f ter p e ak f lowe r i n g , w i th o n ly th e s ev e r e ly a n d  l a te 

cut p l an t s  ( �F I ) s t i l l  show i n g  s i g n s  o f  depre s s e d  l e a f  numbe r s . 
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Tab l e  A . 2 7  TOTAL LEAF NUMB E R  P E R  P LANT ON CUT AND UNCUT 

P LANT S  AT SUCCES S IVE HARVESTS IN S I RATRO I N  

T H E  D RY SEAS ON 

C u t t ing 
T r e a tmen t  

C o  

l:iVG 

�VG 

l:i F I  

�F I 

L S D 5 % 

F I  

6 9 . 8  

7 5 . 5  

6 2 . 0  

6 7 . 8  

4 6 . 5  

1 . 6  

H a rve s ting Times 

P F  7 DAPF 1 4 D AP F  

1 9 7 . 2  2 0 8 . 3  2 5 9 . 7  

1 9 2 . 7  2 1 1 . 7  2 4 8 . 3  

1 8 5 . 3  1 8 8 . 3  2 5 0 . 8  

1 6 8 . 3  1 8 9 . 3  2 5 7 . 5 

1 5 7 . 2  1 7 5 . 5  2 4 0 . 3  

6 . 1  4 .  3 8 . 5  

Cut t i ng had a s imi l a r  e f f e c t  on l e a f  ar e a , uncut p l an t s  

produ c i n g  h i ghe s t  l e a f  a r e a s  a t  a l l  h a rves t s  a f te r  f lo r a l  

i n i t i a t i on . Th e r e s u l ts i n  Tab l e  A . 2 8 r e f l e c t  t h e  i n f luence 

o f  cutting on l e a f  numbers p r e v i ous l y  d e s cribed . App a r e n t l y  

sever e ly a n d  l a t e  c u t  p la n t s  ( �F I )  i n  p a r t i c u l a r ,  were unab l e  

t o  r ep l a c e  l e a f  s u f f i c ie n t l y  a f ter c u t t ing a n d  produced th e 

l owe s t  l e a f  are a a s  a re s u l t . 

Tab l e  A . 2 8 TOTAL LEAF AREA P E R  P LANT ON CUT AND UNCUT 

P LANT S  AT S U C C E S S IVE HARVE S T S  IN S I RAT RO I N  

THE D RY S EASON ( crn
2

/p l )  

C u t t ing 
T r e a tmen t  

C o  

l:iVG 

�VG 

l:i F I  

� F I 

L S D S %  

F I  

4 6 4 . 3  

4 8 7 . 0  

3 7 9 . 0  

3 9 8 . 7  

2 5 8 . 3 

1 7 . 5  

H arve s t i n g  Times 

P F  7 DAPF 1 4 DAPF 

2 1 2 0 . 0  2 2 1 8 . 5  2 3 1 7 . 2  

1 9 7 3 . 0  2 2 1 1 . 0  2 1 9 1 . 5  

1 9 2 0 . 7  1 9 6 8 . 2  2 1 3 4 . 3  

1 7 2 5 . 5  1 9 5 2 . 2  2 2 4 0 . 8  

1 6 3 0 . 0  1 8 3 9 . 5  2 0 3 3 . 8  

4 4 . 4  4 3 . 8  3 4 . 8  
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2 . 2 . 2  Reprod u c t i ve G r ow th and S e e d  Y i e ld 

Cutt i n g  h ad no e f f e c t  on t h e  t ime f rom f l o r a l  i n i t i a t i on 

to peak f l owe r i n g . B o th cut a n d  uncut p l ants reached peak 

f lowe r i n g  abou t 20 d ay s  a f t e r  f l o r a l  i n i t i at i on w a s  f i r s t  

obs e rved . 

P od Numbe r 

The r e s u l ts i n  Tab l e  A . 2 9 �h ow that cutting g e ne r a l ly 

s t imu l a t e d  pod produc t i on i n  S i ra t r o . Th i s  e f fe c t  w a s  

par t i c u l a r ly t h e  c a s e  i n  p l an t s  cut l ig h t ly dur i n g  the vege­

tat ive s ta g e  and at a l a t e r  s t ag e  i n  p l an ts c u t  at f l o r a l  

i n i t i ation . P r e s umab ly p l ant r e c overy f o l l ow i n g  c u t t ing 

r e s u l te d  in the prod uc t i on o f  mo r e  s i te s  for pod deve lopme n t . 

I t  appe ar s howev e r , th at mo r e  s ev e re c u t t i ng a t  t h e  veg e ­

t a t ive s ta g e  ( �VG ) c au s e d  a d e p r e s s i on i n  p o d  numb e r s  

part i c u l a r ly in r e l a t i on t o  p l an t s  f rom o th e r  c u t ti n g  

treatme n ts but a l s o  c ompared wi th u n c u t  p l ant s . T h i s  e f fe c t  

was pa r t i c u l ar ly obv i ous a t  the f in a l  h arve s t  5 4  day s a f te r  

p e ak f lowe r i n g . 

Tab l e  A . 2 9  T OTAL POD NUMB E RS P E R  P LANT ON CUT AND UNCUT 

P LANT S  AT S U CC E S S IVE HARVE S T S  IN S I RAT RO IN 

THE D RY S EASON 

Harve s t i ng T ime s 

C u t t i ng 
7 4 DAP F 2 6 DAPF 4 0 DAP F 5 4 DAPF T r e a tme n t  

C o  3 3 . 5  3 0 . 7  3 3 . 7  4 8 . 8  

l:iVG 4 3 . 3  4 5 . 7  4 1 . 8  6 1 . 2  

�VG 2 8 . 3  3 3 . 3  3 2 . 2  4 0 . 8  

!:i F  I 2 7 . 0  3 1 . 8  4 3 . 5  5 0 . 2  

�F I 2 7 . 3  3 1 . 5  4 3 .  3 5 8 . 0  

L S D 5 %  0 . 8 1 . 3  1 . 5  1 . 4  
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S e e d  Y i e l d  

S e ed y i e l d  i s  a d i r e c t  re f l e c t ion o f  pod numb e r s , s e e d  

number s  p e r  pod and s ee d  w e i gh t . O f  the s e  th ree y i e ld 

c omponen t s  o n l y  pod numb e r s  we r e  a f f e c te d  by cutt i ng . Both 

s e ed numb e r s  p e r  pod and s ee d  w e ight were unre spons ive to 

cutting , ave r a g i n g  1 6  s eeds per pod and . 1 9 mg of s e ed w e i gh t  

r e s p e c tive ly a c ros s a l l  cutting t r e a tmen t s  ( Append i x  2 ) . The 

re s u l t s  in T ab l e  A . 3 0  show that both cut and uncut S i r at r o  

p l an t s  reached maximum s e e d  y i e l d  5 4  d ay s  a f te r  p e ak f lowe r i ng 

except i n  t r e a tme n t  �F I wh ere y i e ld maximum was r e c orded 

14 days e a r l i e r . H i ghe s t  y i e l d s  per p l ant and per h e c tare 

wer e  ob t a i n e d  f r om tho s e  cu t t i ng t r e atme n t s  wh ich had been 

previous l y  s h own to produce h i ghe s t  numb e r s  o f  pods ( �VG , 

�F I and � F I ) and ranged f r om 1 4 0 0 - 1 4 4 5  / h a  c omp a r e d  w i t h  

a max imum y i e ld f rom uncut p l an t s  o f  o n ly 1 1 6 0  k g /h a . The 

s uppr e s s i o n  i n  pod numb e r s  in p l a n ts cut s evere l y  d u r i n g  the 

vege tative s tage ( �VG ) , a s  d e s c r i bed e a r l i er , was r e f l e c ted 

i n  the l owe s t  s e ed y i e l d  of o n l y  1 0 9 6  k g/ha f rom p l an t s  in 

th i s  tre a tme n t .  

T ab l e  A . 3 0  T OTAL S E E D  Y I E LD P E R  P LANT ON CUT AND UNCUT 

P LANTS AT SUCCE S S IVE HARVESTS IN S I RAT RO IN 

THE DRY S EASON ( g/ p l ) 

H a r ve s t i ng T ime s 

Cutt i n g  
l 4 DAPF 2 6 DAP F 4 0 D AP F  5 4 DAP F 

M a x . S e e d  
Treatment Y i e l d  Kg/h a 

Co 3 . 5 0 6 . 0 9 1 1 . 4 5 1 2 . 8 9 1 1 6 0 . 1  

�VG 3 . 1 1 8 . 9 3 1 5 . 2 1 1 6 . 0 6 1 4 4 5 . 4  

�VG 1 .  8 5  4 . 4 4 1 2 , 1 8 1 2 . 0 3 1 0 9 6 . 2  

� F I  2 . 3 4 4 . 7 9 1 5 . 9 3 1 4 . 5 6  1 4 3 3 . 7  

� F I  1 .  5 9  6 . 3 1 1 3 . 9 3 1 5 . 5 7 1 4 0 1 . 3  

LS D 5 % o . 0 9 0 . 1 5 0 . 3 1  0 . 2 1 



2 . 3  EFFECT OF T H E  I NT E RAC T I ON BETWEEN I RRI GAT I ON 

AND CUT T I NG ON G ROWT H  AND Y I ELD 

2 . 3 . 1  P l an t Growth and Y i e ld 

Dry Mat t e r  Y i e ld 

8 4  

There w a s  a s i gni f i c a n t  i n t e r a c t ion b e tween i r r i g a t ion 

and cutting ( Tab l e  A . 3 1 )  wh i ch r e f l e c te d  the vary i n g  r e s pon s e s  

t o  d i f f e re n t  c u t t ing t r e a tments b y  p l an t s  r e c e i v i n g  o r  not 

r e c e iving i r r i g a t ion . F or examp l e , p l ants c u t  mor e  s ev e r e l y  

o r  l at e r  g e n er a l ly bene f i tted t o  a g re ater e xtent f rom 

i r r i ga tion th an tho s e  uncut or cut l igh t ly and e ar ly ( �VG ) . 

Thi s  was very evident i n  the �VG and � F I  t r e a tme n t s . 

B r anch Numb e r  

T h e  s ig n i f i cant i n t e r ac t i on s  b e tween i r r i g a t i on a n d  

c u t t i n g  p r e s e nt e d  i n  Tab l e  A . 3 2 , g e n er a l ly h i gh l i gh t e d  the 

g r e a t e r  s t i mu lu s  to branching by i r r i g a t i on o f  tho s e  p l ants 

c u t  more s ev e r e ly or l a ter . Th i s  was probab l y  mos t c l e a r l y  

d emon s trated a t  the f i n a l  h a rve s t s  ( 5 4 day s a f te r  p e a k  

f l owe r i ng ) . 

Le a f  Numb e r  

Once a g a i n  the s ig n i f i c a n t  i n te r a c t i o n s  be twee n  

i r r i g ation and cutting ( Tab l e  A . 3 3 )  re f l e c te d  th e i mpor tance 

o f  i rr i g a t ion , i n  thi s c a s e  i n  t e rms of l e a f  numb e r , t o  

tho s e  p l an t s  s ub j e c te d  t o  l a t e  a n d  s e ve re c u t t i n g . I n  

s eve r a l  c a s e s  ( harve s t s ) irr i g a t ion e nab l e d  comp l e te 

re covery f rom s evere and late c u t t ing - whi ch w a s  n o t  a lways 

a s  evide n t  i n  the non - i r r ig a t e d  cutting t r e a tmen t s . 
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Tab le A . 3 l  INTERACT I ON BETWEEN I RRIGAT ION AND CUTTING ON DRY MATTER Y I ELD 

PER PLANT AT SUCCES S IVE HARVESTS IN S I RATRO ( g/p l )  

Harve s ting Times 

Cutting F I  PF 7 DAPF 1 4 DAPF 2 6 DAPF 

Treatmen t  Wl W2  Wl W2  W 1  W 2  W1 W2 W1 W2 

Co 3 . 5 7 3 . 6 3 1 6 . 1  2 0 . 0  1 9 � 4 2 2 . 4  3 6 . 9  3 6 . 4  3 3 . 9  4 4 . 4  

�VG 4 . 6 3 4 . 9 0 1 5 . 5  1 6 . 6  2 0 . 1  2 4 . 3  3 7 . 8  4 4 . 5  4 4 . 2  4 4 . 7  

�VG 2 . 8 3 3 . 1 0 1 4 . 1  1 5 . 4  1 9 . 2  3 1 . 4  2 5 . 2  3 6 . 2  4 4 . 8  4 8 . 5  

�F I 3 . 2 3 3 . 2 3 1 2 . 7  1 4 . 3  2 2 . 2  2 8 . 9  3 3 . 2  3 7 . 8  4 4 . 4  4 9 . 6  

�F I 2 . 5 3 2 . 7 0 1 2 . 7  1 4 . 9  1 7 . 4  2 1 . 3  2 0 . 9  2 9 . 8  4 4 . 7  5 4 . 4  

Signi f i cance * *  * *  * *  * *  * *  

LSD A 0 . 5 3 1 . 2 1 1 . 1 0 1 . 3 0 l .  3 8  

5 %  B 0 . 3 9 1 . 0 4 0 . 8 0 0 . 8 8 l .  0 5  

4 0 DAPF 5 4 DAPF 

W1 W2 W 1  W2 

4 3 . 3  4 5 . 5  4 9 . 3  5 0 . 6  

4 6 . 4  4 7 . 4  55 . 1  5 5 . 1  

3 8 . 4  5 1 . 1  6 0 . 4  6 3 . 2  

5 5 . 2  6 0 . 7  6 0 . 5  6 4 . 3  

5 5 . 9  5 7 . 3  5 7 . 4  5 9 . 8  

* *  * *  

l .  3 0  0 . 9 9 

l .  3 0  0 . 9 6 

A =  LSD for d i f ference s  between subp lot treatments for d i f ferent main plot � tre a tmen t s . 

B = LSD for d i f ferences between s ubp lot treatmen t s  for the s ame main p lot treatment . 
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Tab l e  A . 3 2  I NTERACTION BETWEEN I RRIGAT I ON AND CUTTING O N  TOTAL BRANCH 

NUMBERS PER PLANT AT SUCCES S IVE HARVES T S  I N  S I RATRO 

Harve s ti ng T imes 

Cutting 
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF 

Treatment Wl W2 Wl W2  Wl W2  Wl W2 Wl 

Co 1 0 . 3  1 3 . 0  1 4 . 7  1 6 . 0  1 4 . 7  1 6 . 3  1 6 . 7  1 9 . 3  1 8 . 0  

l:IVG 1 6 . 0  1 7 . 7  1 8 . 0  2 1 . 7  2 1 . 3  2 4 . 3  2 3 . 3  2 4 . 3  2 3 . 7  

�VG 1 3 . 0  1 5 . 0  1 5 . 7  1 7 . 7  1 8 . 3  1 9 . 7  2 0 . 7  2 2 . 3  2 1 . 3  

l:iFI 1 4 . 0  1 4 . 3  1 6 . 0  1 8 . 3  1 7 . 7  2 0 . 3  1 8 . 3  2 2 . 0  1 9 . 0  

�F I 1 3 . 0  1 7 . 3  1 5 . 3  1 9 . 0  1 7 . 0  2 3 . 3  1 8 . 7  2 5 . 0  1 8 . 7  

Signi f i cance * *  * *  * *  * *  * *  

LSD A 1 . 7  1 . 8  1 . 9  1 . 6  2 . 5  

5 %  B 1 . 2  1 . 3  1 . 5  1 . 2  

A = LSD for d i f ferences between subp lo t treatments for d i f ferent 

ma in plot treatment s . 

B = LSD for d i f ferences between subp l o t  treatments for the same 

mai n  plot treatment . 

1 . 8  

W2 

1 9 . 3  

2 4 . 7  

2 3 . 8  

2 2 . 3  

2 5 . 3  



8 7  

Table A . 3 3  INTERACT I ON BETWEEN I RRI GAT I ON AND CUTTING ON 

TOTAL LEAF NUMBERS PER PLANT AT SUCCES S IVE 

HARVES T S  IN S I RATRO 

Harve s ting Times 

Cutting 
FI PF 7 DAPF 1 4 DAPF 

Treatment W1 W2 Wl W2 W l  W2 Wl W2 

Co 6 6 . 3  7 3 . 3  1 9 4 . 3  2 0 0 . 0  1 9 4 . 0  2 2 2 . 7  2 0 4 . 0  3 1 5 . 3  

�VG 7 6 . 0  7 5 . 0  1 7 8 . 3  2 0 7 . 0  2 0 4 . 7  2 1 8 . 7  2 0 3 . 0  2 9 3 . 7  

�VG 5 6 . 7  6 7 . 3  1 5 5 . 7  2 1 5 . 3  1 6 4 . 7  2 1 3 . 0  1 9 6 . 3  3 0 5 . 3  

�F I 6 9 . 0  6 9 . 7  1 4 4 . 0  1 9 2 . 7  1 6 9 . 3  2 0 9 . 3  1 9 5 . 7  3 1 9 . 1  

�F I 4 0 . 0  5 3 . 0  1 4 0 . 3  1 7 4 . 0  1 5 3 . 7  1 9 7 . 3  1 9 4 . 0  2 8 6 . 7  

Sign i f i c an ce * *  * *  * *  * *  

LSD A 6 . 2  1 6 . 7  7 . 0  1 0 . 7  

5 %  B 3 . 1  8 . 6  6 . 1 6 1 2 . 0 2 

A = LSD for d i f ferences between subp lot trea tments for d i f f e rent 

ma in plot tre a tments . 

B = LSD for di f ferences between subp l o t  treatments for the s ame 

ma in plot tre a tment . 

Lea f  Area 

The s i g n i f i cant interaction be tween irrig a t i on and 

cutting ( Table A . 3 4 )  demons trated again the importance o f  

ir riga tion in res toring leaf area per p l ant f o l lowing cutting . 

I n  fa ct  dur ing s ome o f  the e a r l ier h arve s t s  cutting p l u s  

i rrigation re s u l ted in a s i gn i f icant and pos i t i ve response 

i n  l e a f  area over the uncut contro l whi le cutting wi thout 

i rr i gation subs tanti a l ly reduced l e a f  area per p l an t . 
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Tab le A . 3 4  I NTERACT I ON BETWEEN I RRI GAT ION AND CUTTING ON TOTAL LEAF AREA 

PER PLANT AT SUCCESS IVE HARVESTS IN S I RATRO ( cm2/pl )  

Harves ting Times 

Cutting 
F I  PF 7 DAPF 1 4 DAPF 

Tre atment Wl W2 Wl W2 Wl W2 Wl W2 

eo 4 6 4 . 7  4 6 4 . 0  2 0 4 6 . 3  2 0 9 3 . 7  2 0 6 0 . 7  2 3 7 6 . 3  2 1 7 2 . 0  2 4 6 2 . 3  

J..iVG 4 3 6 . 3  5 3 7 . 7  1 8 4 0 . 3  2 1 5 0 . 7  2 1 1 6 . 7  2 3 0 5 . 3  2 1 8 9 . 7  2 1 9 3 . 3  

�VG 3 2 8 . 3  4 2 9 . 7  1 6 6 4 . 3  2 1 7 7 . 0  1 8 1 3 . 0  2 1 2 3 . 2  1 9 9 8 . 0  2 2 7 0 . 7  

!:iF I 3 9 8 . 0  3 9 9 . 3  1 5 1 2 . 0  1 9 3 9 . 0  1 7 2 8 . 0  2 1 7 6 . 0  2 0 7 6 . 7  2 4 0 5 . 0  

J.:lFI 2 3 6 . 0  2 8 0 . 7  1 4 5 0 . 7  1 8 0 9 . 3  1 9 5 4 . 7  2 0 8 4 . 3  2 0 2 3 . 7  2 0 4 4 . 0  

Signi f i cance * *  * * . * *  * * · 

LSD A 2 3 . 6  5 2 . 5  6 6 . 7  6 3 . 6  

5 %  B 2 4 . 8  6 2 . 8  6 1 . 9 8 

A ·= LSD for d i f f erences between subplot treatments for d i f ferent 

main p lot treatments . 

B = LSD for di f ferences between subplot treatments f or the s ame 

main p l o t  treatment . 

4 9 . 3  
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2 . 3 . 2  Reproductive Growth and Seed Y i e ld 

Pod Number 

The s i gnif icant interac tion recorded betwee n  irrigation . 

and c u tti ng , in terms o f  pod numbers per p lant ( Tab le A . 3 5 ) , 

shows that , even at the e ar l ies t h arve s t  date ( 1 4 day s  a f te r  

peak f loweri ng)  , where the depre s s ing ef fects o f  severe 

cutting and/or l ate cutting we re c l early eviden t ,  the more 

seve r e , late cutting treatment· ( �F I )  showed be t ter s igns of 

recovery than the les s s evere , l ate cutting treatment ( �F I ) 

in the presence o f  irri gation . The cutting treatmen t  s u f fer­

ing the gre ate s t  dep res s ion in pod numbers was �VG . P l ants 

in thi s tre atme n t  gener a l l y  fai led to recover a s  we l l  as 

other cutting treatme n t s  re lative to the uncut contro l . 

Thi s  trend occ urred in s ome c a s e s  in the abs ence o f  i rrigation 

and i n  other c a s e s  even in the pres ence o f  i rrigation . 

Tab l e  A . 3 5  I NTERACT I ON BETWEEN I RRIGAT I ON AND · CUT T I NG ON 

T OTAL POD NUMBERS PER P LANT AT SUCCE S S IVE 

HARVESTS IN S I RATRO 

· Harve s ting T ime s 

Cutting 1 4 DAPF 2. 6 DAPF 4 0 DAPF 5 4 DAPF 

Treatment Wl W2 Wl W2 W1 W2 Wl W2 

Co 3 0 . 0  3 7 . 0  2 8 . 0  3 3 . 0  3 3 . 0  3 4 . 3  3 8 . 3  5 9 . 3  

�VG 4 5 . 7  4 1 . 0  4 5 . 0  4 6 . 0  3 7 . 3  4 6 . 3  4 8 . 0  7 4 . 3  

�VG 2 5 . 3  2 2 . 3  2 9 . 0  3 7 . 7 2 9 . 7  3 4 . 7  3 6 . 0  4 5 . 7  

� F I  2 5 . 7  2 8 . 3  3 0 . 0  3 3 . 7  4 1 . 3  4 5 . 7  4 5 . 0  5 5 . 3  

� F I 2 4 . 3  3 0 . 3  2 9 . 7  3 3 . 3  4 1 . 3 4 5 . 3  5 3 . 0  6 3 . 0  

Si gn i f icance * *  * *  * *  * *  

LSD A 1 . 6  1 . 8  2 . 1  3 . 9  

5 %  B 1 . 0 8 l . 8  2 . 0 5 1 . 8  

A = LSD for di f ferences be twe en s ubp l o t  treatmen ts for d i f f e rent 

main plot trea tme n t s . 

B = LS D for di ffere n c e s  between s ubp l ot tre atme n t s  for the s ame 

main p lot trea tme n t .  



Seed Yie ld 

Tab le A . 3 6  shows a s i gn i f i c an t  interaction between 

i rr igation and cutting on seed y i e ld per p l ant . I n  the 

9 0  

e a r ly h arve s ts ( 1 4 and 2 6  days after peak f lowe r i n g )  s eed 

y i e ld p e r  p l ant was gener a l ly depres s e d  by mos t  o f  the 

cutting tre atmen ts . However c ompared to the uncut treatmen t  

in the 2 6  day s  a f te r  peak f lowe ring harve s t  th i s  depre s s ion 

was reduced in the s evere l ate cutting ( �F I )  treatmen t .  Th i s  

e f fe c t  was mo s t  obvi ous i n  i r r i gated treatment . By the 4 0  

day s  a f ter peak f l owe r ing h arve s t  thi s  e xtreme - cutting 

treatment h ad recove red and even achi eved signi fi c antly 

greater seed y i e ld s  than uncut p lants in the pres ence but 

not i n  the ab sence o f  irri gation . By the f ina l harve s t  

5 4  day s after peak f l owe r ing even non- irrigated and severe ly 

and late cut p l an t s  s igni f i c an t ly outy i e lded the uncut 

con tr o l . I n  con t r a s t  p l ants in the severely and e ar ly cut 

treatment ( �VG ) generally appe ared to s u f fer to a much 

greater exten t in terms of s e ed y i e ld both wi thout and 

part i c u l ar ly wi th i r r i gation . Looki n g  more broadly a t  the 

resu l t s  it doe s app e ar tha t a l ight cutting part i c u l a r l y  a t  

the vegetative s tage wi thout i rr i g a t ion and even a later 

s tage with i rr i g a t ion can r e s u l t  i n  a s igni f i cant inc r e a s e  

in s e e d  y i e ld compared w i th an uncut treatment .  
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Tab l e  A . 3 6  INTERACT I ON BETWEEN IRRI GAT I ON AND CUTT ING ON 

TOTAL SEED Y I ELD P ER PLANT AT SUCCE S S IVE HARVESTS 

IN S I RATRO I N  THE DRY SEASON PLANT ING ( g/p l )  

Harve s ting Time s 

Cutting 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF 

Trea tment Wl W2 Wl - W2 W l  . W2 Wl W2 

eo 3 . 2 4 3 . 7 8 3 . 4 0 8 . 7 4 1 2 . 5 5 1 0 . 3 6 1 1 . 7 4 1 4 . 0 4 

�VG 3 . 0 3 3 . 1 9 6 . 8 2 • 1 1 . 0 4 1 6 . 1 6 1 4 . 2 6 1 5 . 1 3 1 6 . 9 9 

�VG 1 .  9 5  1 . 9 5 3 . 5 2 5 . 3 5 1 3 . 1 4 1 1 . 2 1 1 2 . 7 5 1 1 . 3 2 

� F I  2 . 6 5 2 . 0 3 3 . 4 0 6 . 1 9 1 5 . 4 3 1 6 . 3 8 1 3 . 2 0 1 5 . 9 2 

�F I 1 . 1 8 2 . 0 0 4 . 2 2 . 8 . 4 0 1 2 . 4 0 1 5 . 8 3 1 6 . 1 8 1 4 . 9 5 

Signi f i cance * *  * *  * *  * *  

LSD A . 1 4 . 2 5 . 3 9 . 3 8 

5 %  B . 12 . 2 1 . 4 4 . 3 0 

A = LSD for d i f ferenc e s  between subp l o t  treatments for d i f f e rent 

mai n  plot treatments . 

B = LS D for d i f ferences between subp l o t  treatments for the s ame 

mai n p lot tre a tment . 
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D I S CU S S ION 

This d ry s eason f ie l d  exper iment c l e ar ly ind i c a ted tha t  

Sty Zosanthes hamata c v  Verano and Macropti Ziwn atropurpurewn cv 

S ir a t r o are respons ive to irrigat ion and to cutting . 

I n  Ve rano s ty l o  the r e  was only a sma l l  response in p lant 

dr y  we ight , leaf numb e r , leaf area and b r anch numb e r  to 

i r r i g a tion during the dry season . Never the l e s s  the re spon s e  

wa s s i gni f i cant . I rr i gation a l s o  incre a s ed s e ed y i e ld , wi th 

i r r i g a ted p l ants produ c i n g  about 2 5 %  more seed y i e ld than 

non - i rr iga ted plants ( W l = l 0 5 2  kg/ha and W2=1 4 5 5  k g/ha ) . Cut 

p l an t s  also responded to irrigation d i ff erent ly . Verano 

s ty lo , if i rrigated every 4 days up to 2 week s  a f t e r  peak 

f l ower ing 9 4  days a f t e r  sowing ) , actua l ly bene f itted in terms 

of s e ed y i e ld from l i ght or heavy cutting dur ing the ve ge­

tativ e  growth s tage and also l ight cutting a t  f loral 

i n i t i ation compared to uncut p lants ( Co= l 4 3 0 kg/h a , �VG= l 6 2 3  

kg/ha , �VG= l S S O  kg/h a , a nd �F I = l 5 2 0  kg/h a ) . This was due to 

the h igh number of s e e dh eads produced i n  th e pre s ence of 

i r r i g ation water . However , i f  Verano s ty lo was grown wi thout 

i r r i g at ion , plants could only be l ight ly cut from the vege­

tative s tage up to f loral initi ation wi thout reduc ing seed 

y i e l d ( Co= l l 2 8  kg/h a , �VG= l 2 0 5  k g/ha and �F I= l l 3 6  k g/ha ) . 

S imi lar r e sults were a l s o found by 1\Ti l aipon e t  a l .  ( 1979)  in 
Ve r a no s ty l o . Gutter idge ( 1 9 8 2 ) found that the dry season 

i n te rrupted f lower and s eed forma tion and r e s u l ted in 

decreased s eed y i e l d  in Ve rano s ty l o  a t  Khon Kae n , Thai l and . 

He a l so found tha t  f lowering and s eed y i e ld in Verano s ty lo 

wer e  inf lue nced p r i n c i p a l ly by g r a z ing and moi s ture s tres s .  

I f  gra z i ng occurred a fter moi s ture b e c ame l im{t i ng , 

r e s toration of f lo r a l  s ites d e c l ined and reduced s eed y ie ld . 

I t  has been shown i n  this s tudy that h eavi ly cut p lants 

wi thout irr igation g av e  lower seed y i e l ds than uncut and 

l i gh tly cut p lants . 

Si ratro plant dry we i gh t  respons e  to i r r i g a t ion during 

the dry season was be tter than in Verano s ty l o  even though 

the respon se was agai n not very h i gh . Irr i gated p l ants gave 

a maximum of only about 1 0 %  h i gher s e ed y i e ld than non-



9 3  

i r r i gated p l ants . At s ome s tages non- irr i g ated and irrigated 

p l a n t s  g ave s im i l ar s e ed y i e l ds . P lant dry matter y i e ld , 

l e a f  number , l ea f  area and branch number were a l l  increased 

by water a t  a l l  harve s ting times . I rri ga t ion a l s o  d e l ayed 

opt i mum harves ting time by about two week s in s ome cutt ing 

tre a tments . The resul �s s how that S i ratro was s u s c eptib le 

to b o th irr i ga t ion and dry cond i tions in th i s  s tudy and was 

capab l e  of producing h i g h  seed y i e lds in both cut and uncut 

p l an t s . Humphrey s ( 1 9 7 9 )  s howed that mo i s ture supp ly to the 

s e e d c rop c an be manipu l ated to inf luenc e the maximum number 

of i n f lore s c ence s i te s . He a l s o  found tha t S i ratro produced 

more s eed under a res tr i cted and i n termi ttent watering 

mana gement than when p lants were maint a i ned near f i e ld 

capaci ty . Gutteridge ( 1 9 8 2 )  found in h i s  s tudy with S iratro 

in a dry y ear at Khon Kaen , that dry condi tions appeared to 

trigger f l ower ing w i th r e s ultant h igher f loral dens i ty 

compared to a wet y e a r . The r e s u l t s  from th i s  s tudy a l s o  

s h ow that c u t  p l ants , whether irrigated or not , gave h ighe r  

s e e d  y ie ld s  than uncut p l ants . The h i gher s e ed y i e ld ob ta i ned 

fo l lowing cutting was due to the p roduct ion of h i gh numbers 

o f  branc h e s  and pods . Th i s  h i gh s eed y ie ld 

was a l s o  thought to b e  due to ob s e rved increas es in the 

l ength of the primary b ranche s  l e f t  after cutting . Th i s  

branch elongation was thought t o  produce more s i tes for 

i n f l o re s c ence and pod formation . Certain l y , a s imi lar 

conc lusion was made by Gu tte ridge ( 1 9 8 2 )  who showed that 

even in a dry year S i ratro appeared to be we l l  s u i ted to 

uti l i z i n g  the per iod a f ter g r a z ing for f l owering and s eed 

f ormation because o f  i ts to lerance to moi s ture s tre s s . 



PART B :  WET S EASON PLANTING 

9 4  

The we t s ea son p l anting of Verano s ty lo and S i ratro 

began i n  May , 1 9 8 0 . I n  order to obt a i n  a more even and 

uni form s tand S ty lo s e e d s  were s own in 4 cm d i ameter p l a s tic 

bags dur ing the las t week o f  May and then transp lanted i n to 

the f i e ld 3 weeks late r . S iratro s eeds were s own direc t ly 

into the f i e l d  i n  mid May . 

Verano s ty l o  p l an t s  reached the i r  vegetat ive cutting 

s tage o f  growth 45 days after trans p lanting ( 6 5  day s a f te r  

sowing ) . S i ratro plants reached the vegetative cutting s tage 

50 day s a fter s owing . P l an t s  grown in the wet s ea s on took 

longe r  to reach the f lora l initiation s tage than p l ants grown 

in th e dry s e a son . S i ratro reached the f lora l i n i t i ation 

s tage 7 5  day s a f ter s owing compared to 6 0  day s a f ter trans­

planting ( 8 0  day s after s owing ) for Verano s ty lo . Both 

Verano s ty lo and S iratro took a long time to reach a - f l ower­

ing peak , i . e .  about 1 5 5  days a f ter s owing for Verano s ty lo 

and 1 7 0  days for S i ratro . By that s tage the p l ants in both 

spec i e s  were very l arge ( P l ates 5 and 6 ) . The f in a l  

s eed h arve s t  w a s  c arried o u t  4 0  day s a fter peak f lowering 

( 1 9 5  day s af ter s owing ) i n  Verano s ty lo and 54  day s  after 

peak f lowering ( 2 2 4  days a f ter s owing ) in S iratro . 

SECTI ON 1 EFFECT OF CUTTING ON VEGETATIVE AND REPRODUCTIVE 

DEVELOPHENT IN STYLOSANTHES HAMATA CV VERANO 

1 . 1  PLANT GROWTH AND YIELD 

Dry Matter Yi e ld 

There was a s ig n i f ic ant dif ference in p l an t  dry w e i gh t  

between c u t  and uncut p l an t s  recorded at succe s s ive harve s t s  

( Tab l e  B . l ) . A t  th e ear ly harve s ting times uncut p l an t s  had . 

a s ig n i f i cantly hi gher y i eld than c u t  plants . Howeve r , from 

the peak f lowering s tage onwards cut p l ants g enera l ly produc ed 

s i gn i f i cantly hi gher d ry matter y i e lds than uncut p l a n t s . 

Maximum dry weight wa s obtained 7 days after peak f l owering . 

At th i s  s tage plants l i ghtly cut a t  the vegetative s tage ( �VG ) 



P l ate 5 

P la t e  6 

We l l  grown Verano s ty l o  p l ants in the wet 

sea son . 

95 

We l l  grown S i ratro pl ants i n  the wet sea son . 
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h ad the h i ghe s t  vegetative y i e ld f o l l owed by p l an t s  cut a t  

f loral i n i t i a t i on ( \F I  o r  �F I )  ( Table B . l ) . The reduct i on 

in p l ant d ry ma tter y i e ld whi ch occurred progre s s ively from 

the maximum a t  7 day s a f ter peak f lowering pres umab ly 

r e f lected p l ant sene s c ence , i n c luding leaf fal l .  

T ab le B . 1  PLANT DRY MATTER Y I ELD ON CUT AND UNCUT PLANTS AT 

SUCCESS IVE HARVE S T S  OF VERANO STYLO IN THE WE'l' 

SEASON ( g/plant ) . 

Harve s ting Time s 

C u tt i ng 
VG F I  PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF T rea tment 

Co 1 . 4 6 3 . 4 2 5 8 . 1 3 6 0 . 7 7 5 7 . 0 3  5 2 . 8 3 5 2 . 4 3  

\VG 1 . 10 2 . 8 0 6 4 . 6 0 6 6 . 1 0 5 9 . 2 3 5 5 . 1 7 5 4 . 3 0 

�VG 1 . 0 0 3 . 0 5 6 3 . 1 0 6 3 . 1 7 5 3 . 7 3 5 4 . 1 0 5 4 . 7 7 

\FI 2 . 9 1 6 0 . 6 0 6 5 . 2 0 5 4 . 2 3 5 6 . 0 3 5 4 . 4 7 

�F I 2 . 3 4 5 8 . 8 0 6 5 . 4 7 5 9 . 5 7 5 5 . 5 0 5 4 . 9 3 

LSD 5 %  0 .  2 2  1 .  2 3  1 . 3 7 0 . 6 5  1 . 0 3 1 .  6 6  

Branch Number 

The f luctua t i ons in numbers of branches i n  the d i f ferent 

cutting tre a tmen t s  r e l a tive t o  the uncut control are d i f f ic u l t  

to interpre t .  However i t  i s  i nteres t i ng t h a t  branch ing 

continued to occur in all but the uncu t  and mos t l i ghtly cut 

treatme n t s  r ight up to th e f in a l  harve s t .  
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Tab le B . 2  TOTAL BRANCH NUMBE RS PER PLANT ON CUT AND UNCUT 

PLANTS AT SUCCESS IVE HARVESTS OF VER�NO STYLO 

IN THE WET S EASON 

Harve s ting Times 

Cutting FI  PF 7 DAPF 1 4 DAPF 26 DAPF 4 0 DAPF Treatmen t  

C o  2 7 . 0 0 5 4 . 0  7 4 . 6 7 8 4 . 3 3 9 5 . 0 0 9 2 . 6 7 

�VG 2 5 . 0 0 4 8 . 0  6 5 . 6 7 8 3 . 6 7 8 1 . 0 0  8 0 . 6 7 

�VG 2 2 . 3 3 5 2 . 6 7 6 6 . 0 0 6 7 . 3 3  7 7 . 0 0 8 5 . 3 3 

�F I 2 6 . 6 7 4 3 . 6 7 5 9 . 3 3 5 8 . 6 7 7 2 . 0 0 8 0 . 0 0 

� G I  2 3 . 3 3 5 0 . 3 3 6 4 . 0 0 7 2 . 0 0 7 9 . 0 0 8 6 . 6 7 

L SD 5 %  . 1 4 2 . 1 5 2 . 3 0 l .  8 7  2 . 6 9 2 . 3 4 

Le a f Number 

In the wet s e a s on p l anting l e a f  numb e r s  were r ec orded 

o n ly 4 times ( vegetative , f lo ra l  i n i t i a ti o n , peak f l owering 

a nd 2 6  days a fter peak f lowe r i ng ) . The r e s u l ts a r e  presented 

i n  Tab l e  B . 3 .  

T ab l e  B . 3 TOTAL LEAF NUMBERS P E R  PLANT ON CUT AND UNCUT 

PLANTS AT SUCCE S S I VE HARVESTS OF VERANO S TYLO 

I N  THE WET SEASON 

Cutting 
Trea tment 

eo 

�VG 

�VG 

�F I 

�F I 

LSD 5 % 

VG · 

3 3  

3 6  

2 9  

Harves t ing Time s 

F I  PF 

1 2 0 . 7  1 0 4 3 . 0  

9 1 . 0  1 0 2 7 . 0  

8 1 . 0  1 0 4 6 . 7  

7 2 . 7  

5 9 . 3  

9 . 0 

9 7 0 . 0  

9 3 8 . 3  

4 4 . 0  

2 6 DAPF 

3 1 3 1 . 0  

16 2 8 . 3  

1 5 2 1 . 0  

2 2 1 2 . 0  

1 9 3 5 . 3  

2 7 . 2  
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The r e s u l t s  show that cutting reduced l eaf numbers per 

plant . Thi s  e f f ect wa s evident as  ear ly as  hal fway through 

the vegeta tive s tage and cont i nued through to f lor a l  

i n i t i ation . Al though the di f f erences between treatments 

were l e s s  evident a t  peak f lowe r i n g  they were mos t s tr ik i ng 

by the f i n a l  h arve s t s , 26 day s  later , par t i cular ly when 

d e f o l iation was ear ly and/or s evere . 

Lea f  Area 

Leaf area per p l ant showed a s imi lar trend t o  that 

previous ly d e s cribed for leaf numb ers per p l ant . At mo s t  

harve s ts uncut p l an t s  had a s i g n i f icant ly h i gher l e a f  area 

than cut p l an t s  ( Tab l e  B . 4 ) . Only at peak f lowe r i n g  did 

p l ants cut at the vegetative growth s tage ( �VG or �VG ) 

produce a s imi lar l e a f  area a s  uncut p l ants . 

Tab le B . 4 TOTAL LEAF AREA P E R  PLANT ON CUT AND UNCUT PLANTS 

AT SUCCESS IVE HARVESTS OF VERANO STYLO IN THE 

WET SEASON ( cm2/p l )  

Harve s ting T imes 

Cut ting VG F I  PF 2 6 DAPF 
Treatment 

C o  4 6 . 9  1 4 9 . 9  1 4 3 1 . 3  4 3 5 1 . 0  

�VG 4 2 . 8  1 2 9 . 1  1 4 6 2 . 7  2 3 2 0 . 7  

�VG 3 1 . 7  1 1 5 . 4  1 4 9 3 . 9  2 1 3 6 . 7  

� F I  1 0 2 . 3  1 3 6 1 . 3  3 0 8 8 . 3  

� F I  8 6 . 7  1 3 2 8 . 3  2 7 0 8 . 0  

LSDS % 1 3 . 6  3 2 . 4  2 9 . 0  

The l arge increase in l e a f  area from f lora l ini t i a t i 6 n  

t o  peak f lowering was due to t h e  longer t ime ( approiimate ly 

2 month s ) that p l an t s  took to re ach peak f lower ing . Thi s  

a l l owed p lants t o  produce l ar ge numbers o f  l e aves . 
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1 . 2  EFFECT ON REPRODUCTIVE G ROWTH AND S EED Y I ELD 

Both cut and uncut Sty l o  p l ants s tarted to f lower 

8 0  days a f ter sowing and reached peak f l ower i n g  at about 

1 5 5  days a f te r  sow i ng . Un l ik e  th e dry s eason p l an t s  there 

were two ma i n  f lowe r i ng periods in this wet s e a s on p lanting , 

the firs t occurring 1 1 5  day s a f ter s owing ( about the end of 

Augus t i n  Tha i l and ) coincident wi th the first break in the 

wet season . Wh en the rain s tarted again the numb e r  o f  

i n f lore s c ence s  pre s e n t  a l s o  b e g a n  to i ncrease r e a ch i ng 

a more ex tens ive peak f lowe r i n g  i n  the middle o f  Oc tober 

( about 1 5 5  days after sowing ( F i gure 5 )  ( Plate 7 ) . 

Seedhead Number 

There was a s igni f i cant d i f f erence in s e edhe ad numbers 

on cut and uncut p l ants at s uc ce s s ive harve s t s  from 7 days 

a f ter peak f lower ing to 40  days a f t e r  peak f lower i ng . 

Tab le B . 5 TOTAL S EEDHEAD NUMBERS PER PLANT ON CUT AND UNCUT 

P LANTS AT SUCCES S IVE HARVESTS OF VERANO S TYLO 

IN THE WET SEASON 

H arve s ti n g  Times 

Cut t i ng 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 
Treatme n t  

C o  9 7 . 3  2 0 2 . 7  2 4 2 . 3  1 6 0 . 3  

�VG 1 12 . 7  2 4 6 . 3  2 0 9 . 9  1 5 0 . 3  

�VG 8 3 . 3  1 8 0 . 7  1 6 3 . 3  1 7 1 . 0  

�FI  8 5 . 0  1 4 1 . 7  1 6 8 . 3  1 2 4 . 0  

�F I 9 7 . 7  1 8 9 . 0  1"9 2 .  0 1 6 3 . 0  

LSD 5 %  3 . 7  3 . 4  4 . 4  3 . 9  

At harve s ts 7 and 1 4  day s  a f ter peak f l ower i ng plants 

which had rece ived l i ght c u t t i ng at the vegetat ive s tage ( �VG ) 

h ad s i gni f icantly h i gher s e edhead numbers than uncut p lants 

and plants from other cutting treatments . However at 

MASSEY U NIVERSITY 
LIBRARY 
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s ub s equent h arve s t s  a l l  cut plants showed a s i gni f i cant 

depr e s s i on i n  seedhead numbers c ompared w i th uncut p l an t s , 

exce pt a t  4 0  days af ter peak f lowering when heavi ly cut 

p l a n t s  at the vege tative s tage ( �VG ) had s i gn i f icantly h i gher 

s eedhead numb e r s  than unc ut and the other cut p lants . The 

di f ferences in s eedhead numbers in the var ious cutting 

tre a tmen t s  are di f f i cu l t  to exp l ai n , a s  they show no 

con s i s tent trends acro s s  s u c c e s s ive harve s t s . 

S e e d  Y i e ld 

Maximum seed y i e ld dep ends s trong ly on the format ion o f  

large number s o f  i n f l or e s cen ces or s e edheads and the 

produc t i on of max imum numbers o f  ferti le florets . I n  th i s  

s tudy i t  was intere s t ing that there was n o  cutting treatmen t  

e f f e c ts on the number o f  s eeds produced p e r  s eedhead ( 1 5 - 1 6  

s ee d s  per s eedhead ) o r  on l O O  s eed weight ( 0 . 2 9 - 0 . 3 0 g )  

( Append i x  3 ) . Th i s  s ugge s ts that the maximum s eed y i e l d  

ob t a ined a t  2 6  days a f te r  peak f l owering wa s mainly determined 

by the numb e r  of  i n f l o re s cenc e  produced . 

T ab l e  B . 6  TOTAL SEED Y I ELD PER PLANT ON CUT AND UNCUT PLANTS 

AT SUCCES S IVE HARVESTS OF VERANO S TYLO IN THE WET 

S EASON ( g/p l )  

Harve s ti ng Time s 

Cutting 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF Max . Seed 
Trea tmen t  Y i e ld kg/ha 

Co 3 . 0 8 5 . 8 5 1 0 . 9 0 4 . 9 4 2 7 2 5  

�VG 3 . 5 0 7 . 8 1 9 . 6 6 5 . 3 0 2 4 1 5 

�VG 2 . 5 0 5 . 7 7 7 . 9 3 . 4 .  4 0  1 9 8 3  

�F I 1 . 7 7 3 . 5 7 7 . 7 2 3 . 5 5 1 9 3 0  

�FI 2 . 6 4  4 . 8 6 7 . 8 8 4 . 2 6 1 9 7 0  

L S D 5 %  o . 3 7 0 . 1 7 0 . 1 2 o . l 3 
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I n  Tab le B . 6  the r e s u l t s  show that cutting Verano s ty l o  

p l a n t s  i n  the w e t  s eason general ly depre s s ed s e ed y i e ld . 

The extent o f  t h i s  depr e s s ion genera l ly r e f l e c ted the s tage 

of g rowth at the time of cutt ing and cutting s ever i ty . In 

part i cu l ar , late cutting ( f l oral i n i t i at i on ) and s evere 

cut t i ng (� canopy remova l )  were p a r t i cular ly damag i n g . 

Ear ly and l i gh t ly cut p l ants ( \VG ) were l e a s t  a f fec ted . 

In f a c t  a t  7 ,  1 4  and 4 0  day s a f ter peak f lowe ring there was 

an apparent s t imu la t ion of s eed y i e ld in plants l i g h t ly cut 

dur i n g  the vegetative s tage ( \VG ) . However , maximum s eed 

y i e l d occurred in a l l  treatments 2 6  days a f t e r  peak f l oweri ng . 

By 4 0  day s a f ter peak f lowering s e e d  y i e ld reduction due to 

shedd i ng became s evere . Mu l t ip l i c a t ion of maximum per plant 

y i e l d by a p l an t  den s i ty o f  2 5 0 , 0 0 0  plants/hec tare a l lowed 

a c onve r s�on to maximum s eed y i e ld in kg/ha . Thi s  convers ion 

appe a r s in the right hand c o lumn o f  Tab l e  B . 6 .  The mo s t  

e x t r eme seed y i eld reduc t i o n  ( approximately 2 5 % )  oc curred 

b e tween uncut p lants ( 2 7 2 5  kg/ha ) and p l ants cut at f loral 

in i t i a t ion ( \F I - 1 9 3 0  k g/ha and �F I = l 9 7 0  kg/ha ) . 

S E C T I ON 2 EFFECT OF CUTT ING ON VEGETAT IVE AND 

REP RODUCTIVE DEVELOPMENT IN S I RATRO 

2 . 1  PLANT GROWTH AND Y I E LD 

Dry Ma t ter Y i e ld 

There was a s igni f i c ant d i f ference in p l ant dry matter 

y i e ld b e tween cut and uncut S i ra tro p lants at suc c e s s ive 

h a rve s ts dur i ng the w e t  s e ason . 

The r e s u l t s  in Tab l e  B . 7  show that p lants l i g h t ly cut 

at the veg e t a t ive s tage ( \VG ) gener a l ly produced a 

s i gn i f icant ly h i gher p l ant dry we i gh t  than uncut p l an t s  

par t i c u larly a t  later h arve s t s . Even p l a n t s  cut s evere ly 

a t  the vegetative s tage ( �VG ) were able to re ach a f i n a l  dry 

w e i gh t  greater than uncut plants . However p l ants which were 

c u t  l a te , e i ther heavi ly or l ig h t ly , showed a s ig n i f i c ant 

d e pr e s s ion in dry mat ter y i e l d . 
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Tab le B . 7  DRY MATTER Y I ELD PER PLANTS AT SUCCESS IVE HARVESTS ON 

CUT AND UNCUT PLANTS OF S I RATRO IN THE WET SEASON ( g/p l )  

Harve s ting Times 

Cutting . 
VG FI PF 7 DAP F 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF Treatment 

Co 3 . 7 7 4 5 . 6 3 4 6 5 . 5  5 8 8 . 6  5 2 0 . 2  5 6 6 . 6  5 8 4 . 9  5 5 6 . 7  

l:;VG 2 . 7 3  6 1 . 3 7  4 4 5 . 0  5 6 0 . 0  5 5 6 . 9  6 0 3 . 0  6 5 2 . 7  6 5 0 . 2  

�VG 2 . 4 3 5 2 . 6 0 4 5 4 . 1  5 8 5 . 0  5 4 3 . 8  5 7 7 . 4  6 5 4 . 4  6 4 7 . 0  

l:;F I 4 6 . 3 7 4 0 6 . 0  4 5 1 . 5  4 8 4 . 0  4 8 5 . 7  5 1 0 . 2  5 1 3 . 3  

�F I 4 1 . 7  4 2 2 . 5  4 4 1 . 2  4 5 3 . 2  4 6 7 . 5  4 8 3 . 0  4 8 7 . 3  

LSD 5 %  1 . 6 3  2 5. 7 7 2 5 . 2 6 2 4 . 0 1 2 0 . 4 5 2 6 . 0 6 2 2 . 0 7 
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Branch Number 

Cut p lants s e emed to produce s ig n i f i can t ly h i gher branch 

numb e r s  than uncut plants ( Table B . 8 ) . Thi s  s t imu l ation to 

branching by cutting was con s i s tent at succe s s iv e  harve s ts . 

Alt hough the e f fe c t  o f  c u t t i ng on branching wa s not evident 

unt i l the peak f loweri ng s tage , p l ants which were cut l a te 

( f l o r a l  i n i t i a ti on ) e i ther l i gh t ly or heavily produced 

s i g n i ficantly h i gher branch numbers than uncut p lants and 

othe r  cu t p l ants . Th i s  increase i n  branching due to cutting 

re s u l ted in p l ants with up to approximate ly 5 0 %  more branch e s  

at 2 6  days a f ter peak f lower ing compared with uncut p l ants . 

Tab l e  B . 8 TOTAL BRANCH NUMBERS PER PLANT AT SUCCES S IVE 

HARVESTS ON CUT AND UNCUT PLANTS OF S I RATRO 

I N  THE WET S EASON 

Harves t ing Time s 

Cutting 
VG FI PF 7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4DAPF 

Trea tme nt 

C o  6 9 . 0  9 � 0  1 3 . 7  1 5 . 7  1 8 . 0  1 9 . 7  2 1 . 3  

�VG 5 9 . 0  1 3 . 7  1 8 . 3  1 8 . 3  2 3 . 3  2 4 . 3  2 5 . 0  

�VG 5 9 . 0  1 0 . 7  1 7 . 7  1 9 . 7  2 2 . 7  2 5 . 0  2 6 . 0  

� F I  9 . 0  1 2 . 3  1 9 . 0  2 1 . 0  2 8 . 0  2 8 . 7  2 8 . 7  

� F I  9 . 0  1 4 . 0  2 0 . 0  2 2 . 7  2 8 . 3  2 7 . 7  2 8 . 7  

LSD 5 %  NS 1 . 8  1 . 9  2 . 0  1 . 9  1 . 6  1 . 6  

Le a f  Number 

In th i s  wet s eason p l an ting l e a f  numbers were on ly 

r e c orded at 3 h arve s t s . The r e s u l t s  are pre s e nted in Tab l e  

B . 9  a n d  show that cutting s i gni f i c an t ly reduced l e a f  numbers 

c ompared w i th uncut p l ants , except that at the peak f l owering 

s tage p lants cut at an ear ly stage ( �VG or �VG ) had s imi lar 

l e a f  numbers to uncut p l ants . 



Tab l e  B . 9  TOTAL LEAF NUMBERS PER PLANT AT S UCCESS IVE 

HARVESTS ON CUT AND UNCUT PLANTS OF S I RATRO 

IN THE WET SEASON 

Harve s t ing Time s 

Cutting VG F I  PF .Tr .e a tmen t  

C o  9 3  2 4 6 . 0  5 0 9 . 0  

!;jVG 6 6  1 6 1 . 3  5 0 8 . 0  

�VG 6 0  1 4 5 . 3  5 1 2 . 3  

!;jF I 1 3 8 . 0  3 8 8 . 3  

�F I 1 0 7 . 3  4 3 5 . 3  

.LS D 5 %  1 4 . 1  2 1 . 5  

Lea f  Area 

1 0 6  

The r e s u l t s  pre s en ted i n  Tab l e  B . l O show that a t  the 

veg e t ative and f loral i n i t i ation s tages uncut p l ants · had 

a s i g n i f ican t ly h igher l e a f  area than cut p l ant s . However , 

when c u t  plants reached the peak f l owering s tage , p lants cut 

ear ly ( !;jVG or �VG ) had a s ignif i c a n t ly h i gher l e a f  area than 

unc u t  p l ants . By compar i s on l a te cut p lants were unab l e  to 

f u l l y  recover l e a f  area by the peak f lower i ng s tage . 

Tab l e  B . l O TOTAL LEAF AREA PER PLANT AT SUCCES S IVE HARVESTS 

CUT AND UNCUT PLANTS OF S I RATRO I N  THE WET SEASON 

( cm2 /pl )  

Harve s ting T imes 
Cutting VG F I  PF 

Treatment 

C o 4 5 5 . 3  1 8 9 7  5 3 9 2  

!;jVG 3 3 2 . 3  1 2 9 6  5 5 5 1  

�VG 2 9 2 . 3  9 8 2  5 4 8 6 

!;jF I 9 4 8  4 2 1 5  

�F I 7 4 7  4 5 7 9  

LSD 5 %  9 7  7 5  

ON 
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2 . 2  EFFECT ON REPRODUCTIVE G ROWTH AND SEED Y IE LD 

There was no s i gn i f i c a n t  d i f ference in the f lower i ng 

da tes b e tween cut and uncu t  p l ants . S i ratro p l a n t s  s tar ted 

to f lower about 7 5  days a f te r  s owing and reached peak f lower­

ing at 1 7 0  days a f ter sow in g . I t  appears that S ira tro , l ike 

S tylo , h a s  the capac i ty to exh ib i t  two ma in f lower ing per iods 

in a wet s e a son sowing . The f i rs t  oc curs a t ' the commencement 

of th e mid-break o f  the rai ny s eason abou t 1 1 5  days a f ter 

s owing and the s e c ond fol l ows the end of the r a i ny s eason , 

a t  the ons e t  of the dry s ea s on , to reach peak f lower ing 

abou t 1 7 0  days a f ter sowing ( F igure 6 )  ( P late 8 ) . Th i s  

capac i ty for the production o f  two f l ower ing per iods in wet 

season s own plants was not evident i n  the dry s e a s on sowing 

even when S iratro p l ants r e c e i ved irr i gation . 

Pod Number 

The r e su l t s  in Tab l e  B . l l show that at the harve s t s  2 6  

to 5 4  days after peak f lower i n g  cut p l ants s e emed to have 

h i gher or s imi l a r  pod numbers per p l ant to uncu t  p lants . 

Thi s  e f fec t however , was not a s  obvious dur ing the ear l ier 

s tages o f  s eed deve lopme n t  14 days a f ter peak f lowering . 

By the f in a l  harve s t , p l an t s  which were heav i l y  cut a t  the 

vege ta t ive s tage ( �VG ) h ad produced s ignif i c a n t ly more pod s 

per p l ant than uncut plants or other cut p la n t s  ( Tab l e  B . l l ) . 

Tab l e  B . l l TOTAL POD NUMBE RS PER PLANT ON CUT AN D UNCUT 

PLANTS AT SUCCES S IVE HARVESTS OF S I RATRO I N  

THE WET SEASON 

Harve s t in g  Time s  

Cutting 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF 
Trea tment 

Co 3 8 . 0  3 7 . 3  4 9 . 0  7 5 . 3  

�VG 3 5 . 7  4 7 . 3  5 7 . 3  7 3 . 7  

�VG 3 0 . 0  4 9 . 3  5 3 . 3  8 7 . 0  

�F I 2 3 . 3  4l . 0 5 4 . 7  7 3 . 0  

�F I 2 7 . 3  4 4 . 3  4 9 . 3  7 7 . 0  

LSDS % 2 . 6 9 2 . 8  2 . 9  3 . 5  
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C l o s ed up view o f  S ira tro plants at peak 

f lowering s tage in the wet sea son . 
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S e e d  Yi e ld 

Seed y i e ld in S i ra tro depends o n  th e number o f  

i n f lorescence s , number o f  pods and number o f  s e eds per pod . 

Cut and uncut p l ants re ached maximum seed y i e l d a t  

d i f ferent times . The r e s u l t s  in Tab l e  B . l 2 show tha t  S i ratro 

plants wh i ch had b een heav i ly cut a t  the vegetat ive s tage had 

the h i gh e s t  y i e ld of 1 2 . 7 7 g/p l a t  5 4  days a f ter peak f l ower­

ing . Uncut p l an t s , and tho se �lants heavi ly cut a t  f lo r a l  

i n i tiation ( �F I ) a l s o  had the i r  maximum s eed y i e ld at th i s  

s tage ( 1 0 . 2 9 g and 1 0 . 1 9 g per p l a n t  r e s pective ly ) .  I t  

appears tha t  heav i ly c ut p lants deve lop reproduc t ive growth 

be tter and s omewha t  l a ter than lightly cut p l ants in th e 

wet seas on . Al s o, pod number was the ma j or de terminan t  o f  

s eed y i e ld s ince cutti ng had n o  e f f e c t  on number o f  s ee d s  

pe r pod ( 1 5 - 1 6 ) o r  1 0 0  se ed weight ( 1 . 8 - 1 . 9  g )  ( Appendi x  4 ) . 

Certa inly a maximum s eed y i e ld of  1 2 . 7 7 g/p l  wh ich i s  

equ iva lent to a y i e l d  o f  1 1 4 9  kg/ha a t  a plant dens i ty o f  

9 0 , 0 0 0  plants per hec tare i s  con s i dered to b e  good by 

commerc i a l  s tandard s . Th i s  s timu l a t ion of pod produc t i on by 

s evere cutting c a r r i e d  out . dur ing the vegeta tive s tage , 

s u gg e s t s  tha t u s e f u l  forage can be obtained from S iratro 

s e ed crops w i thout any reduc t ion , a nd o f ten an increa s e , in  

s eed y i e ld . 

Tab l e  B . l 2 TOTAL SEED YI ELD PER PLANT AT SUCCE S S IVE 

HARVES T S  ON CU'I' AND UNCUT PLANTS OF S I RATRO 

IN THE WET SEASON ( g/p l )  

Harve s ti ng T imes 

Cutting 
1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF J.1ax . S e ed 

Treatment Y i e ld kg/ha 

Co . 9 6 3 . 7 5 6 . 5 4 1 0 . 2 9 9 2 6 . 1  

�VG 2 . 3 7 4 . 5 0 9 . 2 2 9 . 7 6 8 7 8 . 4  

�VG 1 .  2 3  5 . 0 0 7 . 3 6 l 2 . 7 7 1 1 4 9 . 3  

�FI . 8 9 3 . 0 2 8 . 6 4 7 . 3 5 7 7 7 . 6  

�F I 1 .  3 0  3 . 2 5 6 . 1 4 1 0 . 1 9 9 1 7 . 1  

LS D 5 %  0 .  0 8  0 . 1 1 0 . 2 1  0 . 2 4  
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PART C SEED QUAL I TY 

The r e s u l t s  from the fie l d  e xp e r iments s how tha t there 

was o n ly a s l ight d i f f erence in the qua l i ty o f  s e e d  o f  Verano 

s ty l o  and S i r atro ob t a ined at suc c e s s ive harve s t s  f o l l owing 

dry s e a son (with and w i th out i r r i g a t ion ) and wet s ea s on 

p l antings . At each h arve s t  s e e d  s amp l e s  were tes ted for 

germi nation , mo i s ture c o n tent and hard s ee d  c on ten t . I n  

e a ch spec i e s  four h arve s t s  were made w i th seed b e ing remove d  

f rom p l an t s  7 ,  1 4 , 2 6  and 4 0  day s a f t e r  p e ak f l ower ing i n  

Verano s ty l o and 1 4 , 2 6 ,  4 0  a nd 5 4  d a y s  a fter peak f lowe r i n g  

i n  S i r a tr o . 

C · 1 STYLOSANTHES HAMATA CV . VERANO 

Seed Mo i s ture Conte n t  

Th e s ee d  moi s ture c ontent value s  obtained a t  d i f f er en t  

harve s t ing t ime s in e a ch o f  the dry s ea s o n  treatmen t s  ( W l , W2 ) 

and during th e wet s e a s on (W 3 ) , were no t a f f ec ted by water 

( Tab l e  C . l ) or by cutting ( T ab l e  C . 2 ) .  Seed mo i s ture 

conte nt w a s  found to b e  init i a l ly h i gh ( 5 9 - 6 1 % )  at the s ta g e  

7 d ay s a f ter p eak f l ower i ng ( Tab l e  C . l  ) . I t  then de c l ined 

gr adua l ly un ti l f i na l ly i t  re ached 3 6 - 3 8 %  at the s tage o f  

maximum s ee d  dry we i gh t  2 6  days a fter p e ak f l owering . 

Sub s equen t d ehydra tion c onti nue d unti l s e ed reached moi s tur e 

c ontent o f  1 6 - 1 7 % 4 0  day s a f te r  peak f lower i ng . At the s ta g e  

2 6  d ay s  a f ter peak f l ower ing s e e d  s ta r ted t o  shatte r , 

s h a t tered s eeds having a mo i s ture content o f  app roximate ly 

6 - 7 % . 



1 1 2  

Tab l e  C . 1  SEED MOISTURE C ONTENT PERCENTAGE AT SUCCES S IVE 

HARVESTS I N  DRY SEASON NON- I RRIGAT ED ( Wl ) , 

I RRIGATED (W2 ) AND WET SEASON ( W 3 ) PLANTING 

OF VE RANO S TYLO 

Harves t ing Time s 

I r r i gation 
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF Trea tmen t  

Non- I rr i g a ted 5 9 . 6  5 3 . 3  3 8 . 0  1 6 . 5  
( lVl ) 

I rr igated 
6 0 . 8  5 4 . 0  3 6 . 7  1 6 . 0  ( W2 ) 

We t Season 6 1 . 0  5 2 . 6  3 7 . 6  1 7 . 0  
(W3 ) 

LSD5 % N S  N S  NS NS 

The rate and extent of change in s eed moi s ture con tent 

was a l s o not i n f luenced by cutting a s  s hown in Tab l e  C . 2  

In bo th cut and uncut p l an t s  the d i fferences in s eed moi s ture 

content at each harve s t  b e tween dry s e ason ( non- i r r i gated 

and i r r igated ) and wet s ea s on grown p l ants were very sma l l . 

Th i s  was surp r i s ing cons ider ing the extreme contr a s t s  in the 

env i ronment b e tween the two growing s e a s ons and sugge s t s  

th a t the changes i n  s e ed mo i s ture c ontent and the speed of 

dehydr at ion dur ing r ipen ing in par t i cular , a r e  l argely 

gene t i c a l ly c ontro l led . 
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TABLE C .  2 S EED MOI STURE CON TENT PERCENTAGE AT SUCCESS IVE 

HARVESTS ON CUT AND UNCUT PLANTS OF VERANO S TYLO 

Harves t i n g  Times 

Cutting 
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF Tre a tment 

C o  5 8 . 0  5 3 . 3  3 8 . 0  1 7 . 0  

�VG 6 1 . 0  5 4 . 0  3 6 . 8  1 6 . 5  

�VG 6 1 . 0  5 4 . 5  3 7 . 5  1 6 . 5  

�F I 6 1 . 5  5 4 . 9  3 8 . 5  1 7 . 0  

�F I 6 0 . 5  5 3 . 5  3 6 . 5  1 6 . 0  

LSD 5 %  NS N S  NS N S  

Hard Seed Content 

The t e s ting of Verano s ty l o  se eds for g e rmination was 

carried out wi thout applying any hard s e ed b r e ak i ng treatme n t . 

I t  was there fore not surpr i s ing that the pe r c e n tage of ' s o f t ' 

seeds wh i ch produced normal s eedlings was very low ( 0 - 2 % )  . 

Al l rema ining seeds were e i th e r  ' hard ' or ' de ad ' . The 

r e s u l t s  pre sented in Tab l e  C . 3 show that water , wh ether 

appl ied as  irrigat ion or r a i n fa l l , had a s l i g h t  e f fec t on 

h ard s e ed c ontent dur ing the early s tages of seed deve lopme n t  

but 2 6  day s and 4 0  days a f ter peak f l owering there was no 

s igni fi c ant ef f ec t . Hard s e ed wa s found on S ty l e p l ants a s  

early a s  7 days af ter peak f lowering when the mean s eed 

mo i s ture content was s t i l l  very high ( 6 0 - 6 2 % )  • 



Tab le C . 3  
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HARD SEED CONTENT P E RC ENTAGE AT SUCC E S S IVE 

HARVES T S  I N  D RY S EASON NON- I RRIGATED ( W l ) , 

I RRIGATED (W2 ) AND WET S EASON (W3 ) PLANTI NG S  

O F  VERANO STYLO 

H arve s ting T imes 

Irrigation 
7 DAPF 1 4 DAPF 2 6 DAPF 4 0 DAPF Treatment 

Non- Irr i gated 
2 4 . 6  4 9 . 0  6 8 . 3 7 5 . 7  (Wl ) 

I rrigated 
2 5 . 2  5 1 . 8 6 8 . 1 7 6 . 6  (W2 ) 

Wet Season 
2 7 . 4  5 2 . 2  6 8 . 8  7 6 . 0  (W3 ) 

LSDS % 1 . 6 1 . 9  NS NS 

The percentage of h ards eededne s s ,  however , i ncreased a s  

th e s e e d  entered the r ipening s tage , over 6 8 %  h a r d s eededne s s  

being obtai ned when s eeds reached maximum dry weight 2 6  day s 

a f ter peak f lower ing . At the f i n a l  harvest 4 0  day s a f ter 

peak f lowering whe n  mo s t  of the hooked s eeds had dropped 

from the s e edh eads the l evel o f  h ardseededne s s  w a s  over 7 5 % .  

Again ther e  were no s i gni ficant d i f ferences i n  h ard s eed 

content b e tw e e n  cut and unc u t  p l ants a t  any of the four 

h arve s t s  ( Table C . 4 - ) . Th i s  sugg e s ts that wh i l e c u tting 

af f e c ted s ee d i ng poten t i a l  i t  h ad l i t t l e  e ff e c t  on the ons e t , 

s equence or e xtent o f  hard s ee d  d eve lopment . Aga i n  the 

leve l s  of hard s eed c ontent were r emarkably c on s i s tent 

between treatments d e s p i te w i d e ly d i f fer ing growth cond i t io n s  

between d r y  s e a s on a n d  wet s e a s on p lants . Thi s  s u g g e s t s  

that the deve l opment of thi s  p arameter i s  a l s o  generally 

under gen e t i c  con tro l .  
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Tab l e  C .  4 HARD SEED CONTENT P ERCENTAGE AT SU CCE S S IVE 

HARVEST S ON CUT AND UNCUT P LANTS OF VERANO S TYLO 

H arves ting T imes 

Cutting 7 DAPF 1 4DAPF Treatment 

Co 2 5 . 0  4 9 . 9  

�VG 2 4 . 6  5 0 . 5  

!.:lVG 2 3 . 0  5 1 . 2 

� F I  2 4 . 3  5 2 . 0  

!.:lF I 2 3 . 0  5 1 . 0  

LSD 5 % N S  NS 

C .  2 MA CROPTILIUM ATROPURPUREUM CV S I RATRO 

S e e d  Mo i s ture Content 

2 6 DAPF 

6 8 . 0  

6 8 . 5  

6 7 . 5  

6 7 . 5  

6 8 . 0  

NS 

4 0 DAPF 

7 6 . 6  

7 5 . 5  

7 6 . 5  

7 5 . 0  

7 5 . 0  

N S  

I n  b o th d r y  s e a s on ( w i th and w i thout i r r igat i on )  and w e t  

s e a s on p l antings S i ra t r o  s e e d s  showed n o  s i gni f icant d i f f er ence 

i n  mo i s tu r e  content a t  h arve s t s  c ar r i ed out 1 4 , 2 6 , 40  and 5 4  

days a f t e r  peak f lower in g  ( Tab l e  C . 5  ) . I n i t ia l ly , s eed 

moi s tu r e  was hi gh a t  about 6 3 % .  Sub s equently moi s ture content 

f e l l  progre s s ively unti l at the f in a l  h arve s t , it was 1 8 - 1 9 % .  

D e s pite the l arge d i f ferenc e s  b e tween the d ry s ea s on and w e t  

s e a s on environment s  the r a t e  o f  s ee d  dry ing dur ing r ipening 

was remarkab ly con s i s te n t . 
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Tab l e  C . 5  S EED MOI STURE C ONTENT PERCENTAGE AT SUCCESS IVE 

HARVESTS IN DRY SEASON NON- I RRIGATED (Wl ) , 

I RRI GATED ( W 2 ) AND WET S EASON ( W 3 ) PLANTING 

OF S IRA'l'RO 

Harves ting Times 

I r r igation 
1 4 DAPF 2 6 DA.PF 4 0 DAPF 5 4 DAPF Treatment 

Non- I r r i ga ted 
6 3 . 4  5 3 . 1  2 8 . 6  1 9 . 2  (Wl ) 

I r r i gated 
6 3 . 5  5 3 . 4  2 7 . 3  1 9 . 7  (W2 ) 

We t Season 6 3 . 7  5 3 . 5  2 7 . 9  1 8 . 3  

L S D 5 % N S  N S  NS N S  

Cutting w a s  a l s o  shown to have no apprec i ab l e  e f f e c t  o n  

mo i s ture content at d i f f erent s tages of  s e ed development 

( Tab l e  C . 6  ) . 

Tab l e  C . 6  

Cutting 

SEED MO I S TURE C ONTENT PERCENTAGE AT SUCCESS IVE 

HARVESTS ON CUT AND UNCUT PLANTS OF S I RATRO 

Harve s ting Times 

Tre atmen t  
l 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF 

Co 6 3 . 5  5 3 . 0  2 7 . 3  1 9 . 0  

l>.iVG 6 3 . 0  5 3 . 4  2 8 . 4  1 9 . 3  

�VG 6 3 . 0  5 3 . 2  2 7 . 9  1 9 . 7  

l>.iF I 6 3 . 7  5 3 . 2  2 7 . 3  1 9 . 3  

!:2FI 6 3 . 4  5 3 . 4  2 7 . 5  1 8 . 5  

LSD 5 %  N S  NS NS NS 
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Germination Perc entage 

As p r eviou s ly de s c r ibed for Verano s ty l o , the germination 

testing o f  S ir a tr o  s eeds was a l so c a r r ied ou t w i thout app ly ing 

any h a r d s eed breaking treatment . U n l ike Verano s ty lo however , 

S iratro s h owed very l i t t l e  h a r d s eededne s s  ( 0 - 5 % ) . I n  S i ratro 

the great maj o r i ty o f  seeds e i ther s h owed normal s eed l ing 

deve l opmen t  or were dead . D u ring the period f rom 1 4  to 2 6  

days a ft e r  peak f lowering water h ad a g ener a l ly promo t ive 

e f fe c t on s eed g e rminati on p e r c entage . Howeve r  by 4 0  and 5 4  

days a fter peak f lower in g  the r e  we r e  no sign i f ic a n t  d i f fe r ences 

in g e rmination percentage ( Tab le C . 7 ) . 

Tabl e  C . 7 GERMINAT I ON P E RCENTAGE AT SUCCES S IVE HARVESTS 

IN DRY S EASON NON- IRRIGATED (Wl ) , I RRIGATED (W2 ) 

AND WET SEASON (W 3 )  PLAN TINGS OF S I RATRO 

Harve s ting Times 

I r r i ga tion 
1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF T r e a tment 

Non- I r r igated 
8 4 . 6  8 9 . 8  8 3 . 0  8 2 . 5  ( W l )  

Non- I r r igated 
8 8 . 4  8 9 . 7  8 3 . 2  8 1 . 0  ( W2 ) 

Wet S eason 
8 9 . 6  9 3 .  0 8 2 . 8  8 2 . 4  ( W 3 ) 

LS D S % 3 . 3  2 . 7  NS NS 

S ome var i a tion in g e rmination percentage was obse rved i n  

s eed f rom e a c h  cutting treatment ( Table C . 8 ) . Howeve r the 

d i f f e ren c e s  were genera l ly qu i te sma l Y  and had d i s appeared 

i n  mos t  treatments fo l l owing s ee d  matu r i ty . There was 

a s u g g e s t i on , h owever , that s ee d s  f r om p l a n t s  l i gh t ly cut 

dur ing the vegetative s tage had a s l ightly h i g h e r  germination 

per c entage a t  the f i na l  h arves t  than s eed s f r om other c u tt ing 

treatments . Th e s e  var iab l e  e f f e c t s  were po s s ib ly due to 

di f f e r e n c e s  in the propo rtions of green and b r own pods 

pre s e n t  on p lants at each h arve s ting t ime i n  d i f ferent 

c u t ting treatment s . 
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Tab l e  C . 8  GERMI NATI ON PERCENTAGE AT SUCCES S IVE HARVES T S  

ON C U T  AND UNCUT PLANTS O F  S I RATRO 

Harve s ti ng Times 

Cutting 1 4 DAPF 2 6 DAPF 4 0 DAPF 5 4 DAPF Treatmen t  

Co 8 4 . 6  8 4 . 8  8 0 . 0  8 2 . 0  

�VG 8 5 . 0  8 3 . 0  8 1 . 5  8 4 . 5  

�VG 8 5 . 5  8 3 . 5  8 2 . 5  8 2 . 5  

�FI  8 4 . 5  8 3 . 0  8 2 . 5  8 2 . 0  

�F I 8 3 . 0  8 3 . 0  8 1 . 0  8 2 . 5  

LSD5 % NS NS NS NS 

DI SCUS S I ON 

Thi s  experiment was carried out in the f i e ld in the we t 

season and c lear ly indicated that b o th Verano s ty lo and 

S i ra tro grow we l l  under trop i c a l  we t sea son cond i tions . 

Both spec i e s  whe n  sown a t  the beginning of the wet s e a s on 

had a r e l a t i ve ly long vege tat ive growth per iod b e fore 

reach i ng the reproductive s tage ( 8 0  days for Ve rano s ty lo 

and 7 5  days for S i ratro ) . They a l s o  had a r e l a t ive ly l ong 

period from the onset of f lo r a l  i n i tia tion unt i l  p lants 

reached peak f lowering ( 7 5  days for Verano s ty l o  and 9 5  day s 

for S i ratro ) . The pattern o f  f lowe r i ng in both spec i e s  

showed two d i s t i n c t  periods o f  inten s e  f lower produc tion . 

The s e c ond period of f lowe r i n g  wa s more pronounced . 

- -� 
· - - - · ) · .,. Verano s ty l o  requi red 

water for the production of maximum numbers of s i tes for 

f l ower formation be fore the end of the wet s eason . Th i s  

r e s u l ted i n  large plants w i th high p l ant dry matter y i e ld , 

branch number s ,  leaf numbers and l eaf area a s  we l l  as  h igh 

seedhead number s and seed y i e ld ( P l ant DM= 5 0 - 6 0  g/plant , 

seed y ie ld range 1 9 3 0 - 2 7 2 5  k g/ha ) . Cut plants genera l ly had 

a lower dry matter y i eld than uncut pla nts . B e s ides reduc ing 

dry ma tter yie l d , cutting a l s o  reduced lea f numbers and l e a f  
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area and caus ed a subs equent depres s ion i n  both s eedhead 

numbers and s e ed y i e ld . Late and s evere cutting was partic­

ul a r ly damag ing . The mo s t  extreme s eed yield reduc t ion 

( 2 5 % )  occurred between uncut p l an t s  and plants wh ere cutting.  

wa s de layed un t i l  f loral ini t i a t ion . Cutting had no e f fec t 

on s eed numb e r s  per s eedhead ( 1 5 - 1 6 ) or on 1 0 0  s e ed weight 

( 0 . 2 9 - 0 . 3 0 g ) . We t s eason grown Verano s ty l o  plants gave 

h i gher seed y i e lds than comparab l e  plants s own in the dry 

s e a son . Gutter idge ( 1 9 8 2 )  a l s o  found th at Verano s ty l o  was 

abl e  to produce high s e ed yie lds provided f lowering proceeded 

w i thout p l a n t s  being s ub j ected to moi s ture s tres s a fter 

gra z ing had c e a sed . 

By comp a r i son S i ratro sown a t  the beginning o f  the wet 

s e as on tended to produd e too much vegetat ive gro�th ( 5 0 0 -

6 5 0  g/plant ) , h i gh inf lorescence numbers ( 3 0 - 3 5  per p l ant ) , 

and pod numb e r s  ( 7 5 - 8 7  per p l ant ) but di sappo inting ly low 

numbers o f  s eeds per pod ( 1 0 - 1 2 )  . S imi l ar f·indings have 

been reported by Hopk inson ( 1 9 7 7 ) , Wickham ( 1 9 7 7 )  and 

Gutteridge ( 19 8 2 ) . Cu tt ing S i ratro in the wet s ea s on 

increased p l ant dry matter y i e ld provided cutting was 

c arried out early . Later c u t t ing ( f lora l initia t i o n )  

r e s ul ted i n  a si gn i f i cant depr e s s ion in dry matter y i e ld . 

Cutting a l s o  increased branch numbers , espe c i a l ly i n  late 

cut plants wh i ch produc ed mor e  branches than unc u t  p l ants . 

Only plants wh ich were s evere ly cut at the veget a tive or 

f loral i n i t i a t ion s tages ( �VG and �F I )  gave h i gh e r  or 

s imj l ar s e e d  y i elds to uncut ( Co )  p l ants ( Co=9 2 6  kg/h a , 

�VG= l l 4 9  kg/ha and �F I= 9 17  kg/h a ) . Al l other c u t t ing treat­

ment s  reduced seed y i e ld . Cutt ing had no e f f ec t  o n  the 

number of seeds per pod ( 1 0 - 1 2 )  o r  l O O  s eed weight ( 1 . 8 - 1 . 9  

grams per p l a n t ) . A s t imu l a t i on o f  pod production i n  p lants 

subj ec ted to s evere cutting s ug g e s t s  tha t heavy cutting 

particu l a r l y  dur ing the vegetat ive s tage can a l l ow u s eful 

quan t iti es o f  forage to be obtained from S iratro s eed crops 

without a reduc tion ( and o f te n  an increase ) in s eed y ie l d . 

S imilar r e s u l t s h ave a l s o  been reported by Jones ( 1 9 7 4 )  who 

showed tha t  S i ratro can tolerate s evere cutting and s t i l l 

g ive high s eed yi e lds provided a suf f iciently l ong recovery 

interva l i s  a l lowed prior to the p l ants becomi ng reproduc tive . 
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S tud i es o n  the qua l i ty o f  the seed produced b y  both 

Verano s ty l o  and S i ratro s howed that dry sea s on ( w i th or 

without i rr i gation ) or we t s ea s on cond i tions had l i t t l e  or 

no e f f e c t  on seed mo is ture content , hard seed con tent or 

s eed germin a tion . Verano s ty l o  however showed a very h igh 

hard s e ed content compared w i th Si ra tro ( 7 5 %  in Verano s ty l o  

and 0 - 5 %  i n  S i ratro ) . Cutt i n g  a l so had n o  e f f e c t  o n  the s e  

parame ters o f  seed qua l i ty . 



CHAPTER 3 

EFFECT OF WATE R  AND CUTT I NG ON STYLOSANTHES HAMA TA 

CV VERANO UNDER CONTROLLED ENVI RONMENT CONDI T IONS 

I NTRODUCT I ON 
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The r e s u l ts ob tained from the f i e ld stud i e s  a t  Khon 

Kaen in Thai land revealed s ome i n teres ting d i f ferences 

b e tween the legume s concerned i n  the ir respon s e  to rain fa l l  

and i rr i g at i on , t o  water s tr e s s  and t o  defo l i a t i on . Any o f  

thes e  d i f f erences were wor thy o f  further s tudy t o  exp l a i n  

t h e  mechanism invo lved . Of particular interes t ,  h oweve r ,  

was the apparently amaz ing _ ab i l i ty of  Verano s ty l o  to n o t  

o n ly pers i s t  under 9 0  days o f  s evere drought cond i tions but 

also to s ub s equent ly p�oduce a seed y i e ld wh ich �as on ly 

2 5 %  l e s s  than tha t  produced by p lants in the ful ly i rrigated 

treatment .  Furthe rmore , th ere was s trong evidence to 

i ndicate th at not only was Verano s ty l o  to lerant to l i ght 

a nd  time ly cutting but w as even s t imu la ted by s uch d e f o l i a tion 

i n  terms of s eed y i e ld . 

I t  was there fore dec i de d  to inve s tigate the s e  e f f e c t s  

o f  water s tress a n d  cutting on Verano s tylo i n  g r e a ter 

detail i n  the con tro l l ed envi ronment rooms a t  P lant Phy s i o logy 

Divis ion , DS I R ,  P a lmers ton North , wh ere it  was pos s ib l e  to 

s imu late the c l imate preva i l i n g  i n  Th ai land and a l s o  to 

examine p l ant response mo re c lo s e ly . A furthe r  f a c tor in 

th i s  dec i s ion was the r e la t ive ease of hand l in g  the more­

erect legume Verano s tylo c omp ared w i th the mo re d i f f ic u l t  

tra i l in g h ab i t  o f  S i ra tro . I t  was a l s o  f e l t  that con tro l l ed 

environmen t  condi ti ons could be pro f i tably used to ident i fy 

the s i te s  o f  format ion , longevi ty and fate o f  buds and 

i n f lore s c e nces on individu a l  branch orders and the i r  rela tive 

con tribut i o n  to seed y i e ld . 

The e f fects o f  both cutting and s imu lated drough t 

conditions were s tud ied in th i s  experiment , the ob j e c t ive o f  

th i s  s tudy being : 

/ 



1 .  To s tudy the plants' reac tion t o  s imu lated d rough t 

cond i t i on s  app l i ed a t  d i f fe r e n t  s tages o f  grow th . 
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2 .  To d e t e rmine th o s e  p l an t  morpholog i c a l  chang e s  wh i ch 

occur a f t e r  cutting plants to di fferent l eve l s  a t  

d i f f e r e n t  s tages o f  grow th . 

3 .  To s tudy the s i tes of i n f l o r e s cence and s e ed 

forma tion on di f ferent branch orde rs and the i r  

contribution t o  total s ee d  y i e ld .  

MATERIALS AND METHODS 

Seeds of Sty losanthes hamata cv . Verano ob ta ined from the 

f i n a l  harve s t  o f  the f i e ld exper iment in Tha i l and were used 

i n  thi s s tudy . 

A .  POT P RE PARATI ON 

North C a r o l ina Mixture ( Co ar s e  Gravel : Pe a t : Vermi c u l i te 

7 0 : 1 5 : 1 5 v/v )  was p l aced i n  1 ga l l on pots a t  6 k g  per pot , 

wi th 1 5  p o t s  per tro l l ey . The pots were fu l ly watered and 

a l lowed to d r a i n  bef ore s owing . S eeds were s car i f i e d  us ing 

ho t water t r e a tment a t  8 0 °C for 1 0  mi nutes before b e ing sown 

at about 5 - 8  s e eds per pot . The pots were p laced on tro l l eys 

and moved i n t o  the control led env i ronment room . 1 2 0  pots 

wer e  s own i n i t i a l ly , thi s  numb e r  b eing reduc ed to the mo s t  

un i form 1 0 5  p l ants ( 7  trol ley s per room ) for u s e  i n  the 

exper iment .  

B .  SEEDL ING EMERGENCE AND THINNI NG 

Mos t  s ee d l ings eme rged 3 days after s ow i ng and were 

s ubs equently thinned to 1 p lant per pot approx imate ly 10 days 

a f te r  s ow i ng ( Pl ate 3 . 1 ) . 

C .  CONTROLLED ENVI RONMENT ROOM CONDITIONS 

The l eve l s  of environment imp o s ed on p l ants during 

the i r  grow th i n  the contro l l e d  envi ronment a r e  d e s c r ibed 

i n  Appendi x  3 . 1 . B r i e f ly , t h e s e  i nvo lved an a l ternat ing 

day/nigh t  temperature o f  3 0 °C/ 2 0 °C ,  1 2  hours d ay length and 

day/n ight r e l ative humid i ty of 7 0 % /9 0 % . The r e  were no 



P l ate 3 . 1 S t y l o s a n t h e s  hama t a  cv Verano seed l i ng s 

1 0  days a f ter sowing . 
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s ign i fi c a n t  departures from the required c ond i t ions of  

temperature , humi d i ty o r  l i gh t  l eve l s  dur ing the experi­

men ta l per iod of 5 mon ths . 

D .  TREATMENTS 

The r e  were 5 cutting t r e a tments u s e d  in th i s  experime n t . 

The s e  were s imilar t o  tho s e  used in the f i e ld e xp e r iment i n  

Tha i l and , i . e .  

S tage o f  Growth 1 .  Veget a t ive cut - when Verano s ty lo had 

5 - 6 pr imary branches 

( 3 0 day s a f ter s ow i n g ) 

Cutting He igh t  

Contro l 

2 .  F lora l i n i tiation cut - when 3 0 - 5 0 %  o f  

Ve rano s ty lo p l an t s  

showed f lo r a l  bud 

formation ( 4 0  day s 

a f ter s owin g )  

1 .  Verano s ty lo p l an t s  were c u t  t o  remove 

� of p l ants ' canopy heigh t . 

2 • Ver ano s ty lo p l ants were c u t  to remove 

� of p l ants ' c a nopy he i gh t . 

Uncut 

The f i ve c u t t i ng treatments can be l i s ted as f o l l ows : 

1 .  Control uncut ( Co )  P l ate 3 . 2  a , b , c  

2 .  P lants cut a t  vege tat ive grow th s tage to r emove � 

o f  p l ants ' c anopy h e i gh t  ( �VG ) P l ate 3 . 2 a 

3 .  P l an ts cut a t  vege tative growth s tage to r emove � 

o f  p lants l canopy h e i g h t  ( �VG ) P l ate 3 . 2 a 

4 .  P l ants c u t  at fl ora l i n i ti a t i on s tage to remove � 

o f  p l ants ' c anopy h e i gh t  ( �F I )  P late 3 . 2  b , c  

5 .  P lants cut a t  floral i n i t i a t ion s tage to remove � 

o f  p lants ' canopy height ( �F I )  P l ate 3 . 2  b , d  



P l ate 3 . 2 a 

P late 3 . 2b 
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U N C UT C ONTRO l �� PLMlT'5 CANOP't 
HE1GKT P..�MOVED 

Uncut ( Co )  and cut p l ants a t  vegetative 

growth s tage ( �VG and �VG ) 3 0  days a f ter 

s owing . 

Uncut ( Co )  and cut p l ants a t  f loral 

initiat ion growth s tage ( �F I  and �FI ) 

o f  W2 and W3 treatments 4 0  days a f te r  

sowing . 



P l ate 3 . 2 c 

P l ate 3 . 2 d 

F LORA L 1 N l11ATION 

FLORA l INITIAliON  C UT 

�!. I'LANT'S CANOr'Y 
HEIGHT REMOVED 

1 2 6 

Uncut ( Co )  and � of plant canopy removed 

at f loral i n i t i a tion growth s tage ( �F I ) 

o f  Wl treatmen t .  

F lORAL  1Nl11ATION 

h PL�NT 'S CANO PY 
HElGHl IUMOVEt> 

Uncut ( Co) and � o f  plant canopy removed 

at f lora l in i t i a t ion growth s tage ( �F I ) 

o f  Wl treatment . 



2 .  Water Tre atments 
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The chosen water tre a tme n t s  invo l ved ' h i gh ' and ' l ow ' 

s o i l  wa ter l eve l s . The ' h i gh ' s o i l  water leve l was ma in­

tained as ne ar a s  pos s ib l e  to a f i e l d  capac i ty l eve l of  

2 5 %  s o i l moi s ture c ontent . The ' l ow ' s oi l  water l eve l was 

ma intained a t  2- 7 %  s o i l  mo i s ture content (pF 2 . 6 - 2 . 8 5 ) . 

The 3 d i f f erent water tre atme n t s  used in th i s  e xper iment 

were a s  fo l l ows ( Table A . 3 . l )  

Tab le A . 3 . l  WATERING SCHEDULE 

S owing 

Ve g e tative Cut 
( 3 0  days a f te r  s owing ) 

F l or a l I n i t i a tion 
( 4 0  days a f ter s owing ) 

P e ak F lowe r ing 
( 4 9 - 5 5  day s a f ter s owing ) 

1 5 DAPF 

2 0 DAPF 

2 5 DAPF 

3 0 DAPF 

VEGETAT IVE 
( W l ) 

+ 

PEAK FLOWERING 
(W2 ) 

+ 

+ 

+ 

+ 

CONTROL WATER 
(W3 ) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ ' h igh ' water l eve l ,  w i th p l a n t s  being watered 4 t imes d a i ly 

- ' l ow ' water l eve l : 

- W l  3 0 0  ml/2 days by hand 

- W2 3 0 0  ml/day by h and 

In the midd l e  of  each pot a gyps um b l oc k  was embedded 

for measur ing the s o i l  mo i s ture tens ion . A Whe a t s tone Bridge 

was connec ted to the gyps um b lock for read ing the pF value . 

The pF value was kep t in th e range o f  2 . 6 - 2 . 8 5 wh ich had 

been e s tab l i shed as being equal to a s o i l  mo i s ture content 

of 2 - 7 % .  At th i s  s o i l moi s ture c on tent and pF value the 
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r e l a tive water content ( RWC ) o f  t h e  leaf was a l s o  me a s ured 

and ma intained at about (pF 2 . 8 5 )  7 0 %  to make s ur e  that p lants 

were under moi s ture s tre s s . 

a .  Treatme nt W l  

Thi s  treatment i nvolved a ' h i gh ' l eve l wat e r i n g  from 

s owing to ha l fway through the vege tative s tage ( 3 0 day s 

a f te r  sow i n g ) , fol l owed by the mai ntenance o f  a ' low ' s o i l  

water leve l f rom the vege tative cut s tage to 3 0  day s  a f te r  

pe ak f l owering . The pots were automa t i ca l ly watered u s i ng 

nutr ient NCSU s olution (Appendix 3 . 2 ) appl ied th rough the 

watering t ubes 4 times dai ly a t  6 hour ly interva l s  un t i l  the 

5 th or 6 th p r i mary branch appeared ( 3 0 days a f te r  s owing ) . 

The automa t i c  watering tubes were th en removed and watering 

continued by h and . Fo l l owing the ces s at ion of  water i ng the 

RWC and s o i l  mois ture co ntent fe l l  to the point where pF 

value was 2 . 8 5 and RWC w as 7 0 %  when the p l ants wi l ted . 

Thi s  occurred approximat e ly 8 days a f ter watering was s topped . 

I n  th i s  treatment p l ants wer e  me r e l y  ma intained at a ' Surviva l ' 

leve l by 3 0 0  m l  o f  NCSU nut r ient s o l u t ion b e ing added every 

two day s  f o r the r ema inder o f  the e xperiments . 

b .  Tre a tment W2 

Thi s  t r e atment involved a ' h igh ' leve l water i ng from 

s owing t o  peak f l ower ing ( 5 5  days a f ter sowing ) , f o l l owed 

by the maintenanc e o f  a ' low ' wa ter l evel from peak f l ower i ng 

( 5 5 day s a f te r  s ow ing ) to 3 0  day s  a f ter peak f l ower ing . The 

pots we r e  watered u s ing NCSU s o l ut ion through the water tub e s  

automa t i ca l ly 4 t imes d a i ly a t  6 hour ly interva l s  unti l peak 

f l owerin g . At th i s  stage the automa t i c  watering tubes were 

removed and wate r ing was continued by hand to the s pe c i f i c 

low s o i l  moi s ture content . I n  thi s  treatmen t  ( W 2 ) v i s i b l e  

wi l ting o c c urred 6 8  hours a f ter th e c e s sat ion o f  wate r i ng a t  

a s o i l p F  va lue o f  2 . 8 5 a n d  l e a f RWC of 7 0 % .  S ince p l ants 

a t thi s  s t age were b igger and c on s umed more water than p l ants 

i n  W l  treatment , 3 0 0  ml  o f  NCSU wa s applied every 24  hour s . 

During the s tre s s  per i od the l e aves a l s o  became v i s i b ly 

c losed du� i ng mo s t  of  the photope r i od . Four to s i x hours 
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a f te r  app l y i n g · water the l eave s r e cove red from s tre s s  and 

c l o s ed again b e f o re the next rewa te r i ng when the s o i l pF 

neared 2 . 8 5 and RWC wa s 7 0 - 8 0 % . 

c .  Treatment W3 Control 

Thi s  tre a tmen t  involved the maintenance of a ' h i gh ' 

s o i l water leve l from s owing to 3 0  day s after peak f l ower­

ing ( 8 5  day s after s owing ) . The p o t s  were automa t i c a l ly 

watered us ing NCSU s o lution 4 t imes d a i ly at 6 h our ly 

interva ls thr oughout the experiment .  

E .  HARVES T I N G  S CHEDULE 

Seven h arve s ts were carried out dur ing the exper iment . 

The s e  a l l owed a compar i s on of  water and cutting e f f e c ts on 

vegetative deve l opment and s ubs eque n t ly on s eed y i e ld 

components . Three p l ants from each treatmen t  were u s ed at 

each harve s t  time . 

Harves t  Day s a fter s owing Time of Harve s t  

l 3 0  Vegetative s tage cut 

2 4 0 F l oral i n i t i a t ion s tage cut 

3 4 9 - 5 5  P e ak f lowe r ing 

4 7 0  1 5  days a f ter peak f l owering 

5 7 5  2 0  day s  after peak f l owering 

6 8 0  2 5  day s a fter peak f l ower ing 

7 8 5  3 0  day s  after p e ak f l owering 

F .  PLANT MEASUREMENTS 

At each h arve s t ,  p l ants were d i s s e cted into l e a f  lamina , 

s tem , i n f lo re s c ence , and compone n t s  of  seed y i e ld on e ach 

branch order . Dry weight meas ureme nts were obta i ned by 

dry ing the s amp l es in an air oven at 8 0 °C overn ight . Deta i l s  

o f  plant mea s ur emen ts were a s  f o l l ows : 

0 . 0 0 No . o f  primary ( 1 ) ,  s ec ondary ( 2  ) ,  terti ary ( 3  ) 

and quaternary ( 4 ° )  branc h e s  on ea ch p l ant . 



0 0 0 0 Leaf  number , l e a f  area , on 1 , 2 , 3 and 4 branche s . 

I n f lorescence c ount s  were carri e d  out every a l terna te 

day to determine peak f l ower i n g  date . 

Number o f  s e edheads pre s ent a t  nod a l  or terminal s i te s 

on each pr imary branch and on 2 ° , 3°  and 4 °  branc he s .  

Number of s ee d s  s e t  per s eedhead a t  each b ranch s i te . 

Number o f  s ee d s  obt a i ned from e ach 1° b ranch , 2°  and 

3° branches .  

1 0 0  s eed dry weight . 

Seed moi s ture content . 

. G .  S TAT ISTICAL ANALYS I S  
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A computer programme u s ing a r andomi zed d e s i gn f a ctor i a l  

arrangement o f  three water and f ive cutting treatme n t s  w a s  

used to analy s e  the data . The le a s t  s igni f i c ant d i f fer enc e 

at 5 %  level wa s u se d  to ident i fy s ta t i s tical d i f f erence s 

among the resu l t s . 

RESULTS 

The r e s u l t s  from th i s  control l ed envi ronment s tudy show 

the e f fe c t  o f  water and cutting on the vegetat ive y i e ld and 

ske l e t a l  framework of Verano s ty l e  p l ants . Both factor s were 

impor tant in a f fec ting plant s i ze and the number o f  s i t e s  

ava i l ab l e  for s eed produc t ion . The r e s ul t s  are d ivided i n to 

thr e e  parts , each part wi l l  dea l w i th the e f fe c t  of water , 

cut t i ng and the combined e f fect o f  water and cutting on p lan t 

growth and seed y i e ld . 



PART A THE EFFECTS OF WATER AND CUTT ING ON VEGETAT IVE 

AND REPRODUCT IVE GROWTH AND Y I ELD PER P LANT 

A . l EFFECTS OF WATER ON GROWTH AND Y I ELD OF VERANO 

S TYLO UNDER CONTROLLED ENVI RONMENT COND I T I ON S  

A . l . l  P lant Grow th and Y i e ld 

Dry Matter Y i e ld 

1 3 1  

The results p r e s ented i n  �ab le A . 3 . 2  show the e f f e c t  o f  

water o n  p l ant dry we i gh t  a t  s u c ce s s ive harve s ts from the 

vegetative th rough to 30 day s  a f ter peak flowe r in g . The 

e f fe c t  o f  water s tr e s s  on p l an t  s i z e was very s igni f i cant 

causing a no t i c e ab l e  redu c t i o n  in the rate of  growth s oon 

a f ter the s tr e s s  was app l i ed a t  each s tage . I n  treatme nt Wl , 

where water s tre s s  w a s  impos e d  approxima tely 3 0  day s  a f ter 

sowing , wh i le plants were s t i l l  veg e t a t i ve , a s ig n i f icant 

reduc tion in veg e t a t i ve yield was obtained at peak f lowe r i ng 

on ly 1 0  day s later ( P l ate 3 . 3 a ) . A s imi l ar and rapid 

reduc t i on in the grow th o f  p l ants i n  the W2 treatment was 

recorded fol lowing peak f l ow e r i ng ( P late 3 . 3b ) . P l ants 

r e ce i ving ' h igh ' water leve l s  throughout the exper iment ( W 3 ) 

( P late 3 . 3 c )  showed a subs tanti a l ly h i gher y ie ld by the po i n t  

of  s e e d  matu ra t ion 2 5  day s a f te r  p e a k  f l owering . 

Table A . 3 . 2  EFFECT OF WATER ON PLANT DRY MATTER Y I ELD AT 

SUCC E S S IVE HARVESTS OF VERANO STYLO UNDER 

CONTROLLED ENVI RONMENT CONDITIONS ( g/p l ) 

H arves t i ng Times 

Wa ter VG F I  PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Tre a tment 

Wl  2 . 0 4 4 . 0 4 7 . 5 1 9 . 1  9 . 4  1 0 . 5  1 1 . 3  

W2 2 . 9 2 6 . 7 1 1 7 . 1 3 2 4 . 8  3 4 . 1  4 4 . 2  4 9 . 6  

W3 2 . 9 2 6 . 7 l 1 7 . 1 3 3 4 . 6  4 3 . 0  5 9 . 3  6 8 . 4  

LSD 5 %  2 ·. 7 1  0 . 9 3 0 . 8 7 . 9 6 0 . 9 5 



P l ate 3 . 3 Al l  photo ' s  taken at 1 5  days after peak 

f l ower ing . 

a .  P l ants receiving ' Low ' water ing at 

vegetative growth s tage (Wl ) . 

b .  P l ants receiving ' Low ' wa ter ing at 

peak f lower ing s tage (W2 ) . 

c .  P l ant s receiving ' H igh ' water ing 

throughout the growing period (W3 ) . 
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Branch Number 

It was apparent tha t  water s tr e s s  markedly changed 

pl a n t s truc ture , the number of branche s  formed on p lants i n  

the d i f ferent s tr e s s  treatments b e i n g  d i rectly r e l a ted to 

the water s upply . 

Tab l e  A . 3 . 3  EFFECT OF WATER ON TOTAL BRANCH NUMBERS P E R  

PLANT A T  S UCCESS IVE HARVESTS O F  VE RANO S TYLO 

UNDER C ONTROLLED ENVI RONMENT CONDI T I ONS 

Harve s t ing Times 

Water 
VG F I  PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Tre a tment 

Wl 6 1 5 . 8  3 1 . 0  3 6 . 8  4 3 . 9  5 1 . 0  4 9 . 4  

W2 6 3 8 . 8  8 5 . 4  8 0 . 6  9 7 . 0  9 8 . 7  1 0 2 . 2  

W3  6 3 8 . 8  8 5 . 4  1 3 1 . 2  1 3 7 . 5  . 1 6 8 .  7 1 3 9 . 9  

LSD S %  5 . 9  6 . 9  6 . 5  6 . 8  

The res u l t s  in Tab le A . 3 . 3  show the total number o f  

branch e s  p e r  p l an t  at e a c h  harve s t from 

s ta g e  to 3 0  day s af ter peak f lowe r i n g . 

p l a n ts wh i ch had been s tres s ed from the 

the vegetative 

At peak f l ower ing , 

vege t a tive s tage ( Wl )  

had a s i gni f i c an t ly lower number o f  branche s compared w i th 

p l a n ts wh ich were n o t  water- s tr e s s e d  unti l peak f lowe r i ng 

(W2 ) . I n  a l l  treatmen t s  however ma j or branch produc t i o n  

oc c urred dur ing t h e  per iod from f l o r a l  initiat i on to peak 

f l owering . During seed deve lopmen t  branch numbers did n o t  

change greatly . Th is s ugge s ts tha t  wa ter app l i ca t ion dur ing 

the vegetative s tage and dur ing the reprodu c t ive ph a s e  to 

pe ak f lowering is a ma j or de termi nant of final p l a n t  branch 

numbers . 
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Lea f  Number 

Water stre s s  had a s imilar e f f e c t  on leaf numbers to 

tha t  previous ly d e s c r ibed for p l ant dry we ight ( Tab le A . 3 . 4 ) . 

Lowe s t  leaf numb e r s  occurred v7hen water s tre s s  was app l ied 

ear ly in the growth of  the plant ( W l ) and to a l e s s er extent 

whe n  water s tre s s  was app l i ed at peak f l ower ing ( W2 ) . I n  

the forme r treatme n t  however , l e a f  numbers cont i nued t o  

inc rease a t  a r e l a t iv e ly low rate under stre s s ed cond i tions 

unt i l  15  day s a f te r  peak f l owering and therea f ter showed 

l i t t l e  change . P l ants in the W2 trea tment continued to 

increase the ir l e a f  numhP. r s  s l owly under s tres s ,  w i th only 
af ter 

l i t t l e  ch ange o c c urr ing 2 0  day s a f ter p e ak f lowe r ing . 
" 

Under fu l l  wa ter i ng (W3 ) leaf numb e r s  i ncrea sed s tead i ly 

through to 2 5  days a f ter peak f lowe r i ng and then showed 

a s l i gh t  dec l i ne in rate o f  deve lopmen t  to a maximum number 

o f  l eaves 30 days a fter peak f l ower ing . 

Tab l e  A . 3 . 4  EFFECT OF WATER ON TOTAL LEAF NUMBERS PER PLANT 

AT SUCCESS IVE HARVES T S  O F  VERANO S TYLO UNDER 

CONTROLLED ENVI RONMENT CONDITIONS 

H arve s t ing Times 

Wa ter VG · - F I  PF 1 5DAPF 2 0 DAPF 2 5DAPF 3 0DAPF 
Trea tment 

Wl 3 0 . 3  6 9 . 6  1 3 6 . 2  2 9 3 . 4  2 9 8 . 4  3 2 3 . 0  3 2 1 . 2  

W2 3 8 . 2  1 4 2 . 2  5 7 1 . 8  7 3 2 . 4  9 4 7 . 4  9 6 6 . 3  1 0 4 4 . 4  

W3 3 8 . 2  1 4 2 . 2  5 7 1 . 8  9 4 6 . 8  1 6 5 2 . 2  2 6 9 4 . 1  2 8 8 3 . 0  

LSD5 % 1 0 5 . 3  1 1 8 . 2  1 1 5 . 3  1 3 6 . 3  
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Lea f  Area 

The results i n  Tab le A . 3 . 5  show the tota l l e a f  area per 

p lant a t  s ucce s s ive h arves ts from the vege tative s tage unti l 

3 0  days a f ter peak f l owe ring . Water had a s i gn i f icant e ff e c t  

on tot a l  p lant l e a f  area . I n  parti c u l ar , plants wh ich were 

water s tr e s s ed ear ly (Wl ) h ad a con s i s tently l ower leaf area 

than p l ants wh i ch were not water s tre s s ed unti l peak f lowe ring 

( W2 ) and p lants whi ch continued to r e ce ive amp le wa ter unti l 

the end o f  the e xper imen t ( W3 ) . The l e a f  area o f  p l an t s  i n  

tre a tmen t  W l  dec l ined after peak f lowe r i n g ,  presumab ly a s  

a r e s u l t  o f  lea f l o s s  through shedding . Plants i n  the o th e r  

two treatmen ts con tinued to increas e l e a f  a r e a  at leas t unti l 

maximum s eed y i e ld was reached 2 5  day s a f ter peak f lowe r in g . 

Wate r a l s o  a f f e c ted l e a f  s i z e . Obs e rvat ion showed th a t  p l ants 

rec e iv ing h i gh water lev e l s  formed l arger leaves than p l ants 

unde r  water s tre s s . 

Tab l e  A . 3 . 5  EFFECT OF WATER ON TOTAL LEAF AREA PER PLANT AT 

SUCCESS IVE HARVE STS OF VERANO S TYLO UNDER 

CONTROLLED ENVIRONMENT CONDITIONS ( cm2 /p l )  

Water 
Treatment 

Wl 

W2 

W3  

LSD S %  

Harves t i n g  Times 

VG F I  PF 

6 8 . 5  2 8 1 . 4 4 9 5 � 5  

8 2 . 9  5 0 1 . 9  1 2 4 3 . 8  

. 8 2 . 9  5 0 1 . 9  12 4 3 . 8  

- - - - · - - · - ---- - - - ·  

1 5 DAPF 2 0 DAPF 2 5 DAPF 

4 7 3 . 1  4 4 6 . 0  3 6 9 . 5  

1 4 8 5 . 4  1 9 2 6 . 2  2 0 1 6 . 3  

2 0 2 4 . 1  3 0 4 2 . 3  4 10 3 . 4  

1 8 7 . 3  2 3 3 . 4  1 9 3 . 2  

-- · · - - --- -··-· --. - - - ----- -

A . l . 2  E f fe c t  on Reproduc tive Growth and Seed Y i e l d  

3 0 DAPF 

3 6 1 . 8  

2 2 7 9 . 7  

4 1 4 7 . 2  

2 6 0 . 7  

Despite· the f a c t  th a t  S ty los anthes p lants rece ived quite 

d i f ferent wa tering regime s in each tre atment , the e f fe c t  of 

water in regu l a t i n g  the duration o f  vege ta tive p l a n t  deve lop­

ment from s owing to f loral i n i t i a t i on was sma l l . S imi lar ly , 

d i f ferences in the time i nterva l required for plants i n  

d i f fererit ' water treatmen ts t o  comp l ete f lowering and s eed 
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deve l opme n t  to the point of maximum s eed y ield were a l s o  

smal l ,  a tota l d i f ference o f  only 6 days occurring between 

the mo s t  e xtreme water treatme n t  (Wl ) and the other two 

treatments in time from sowing to maximum seed y ie ld ( Tab l e  

A . 3 . 6 ) . 

Tab l e  A . 3 . 6  SUMMARY OF DURATI ON OF EACH STAGE OF PLANT 

DEVELOPMENT IN VERANO S TYLO PLANTS F ROM EACH 

WATE R  TREATMENT UNDER C ONTROLLED ENV I RONMENT 

CON D I T I ONS 

Days Requi red for Comple t i on of each S tage Total 

Vegeta tive Reproductive 
Days 

Water Required 
Treatment Sowing to Sowing to F I  t o  PF PF to Max . 

VG C ut VG Cut S e ed Y i e ld 

Wl  3 0  4 0  9 2 5  7 4  

W2 3 0  4 2  1 3  2 5  8 0  

W 3  3 0  4 2  1 3  2 5  8 0  

The mos t a f f e c ted part o f  the p lant deve l opment s equence 

was the t ime from f irst f lower appe arance to peak f l owe r ing . 

Thi s  t ime interv a l  was reduced by 4 days in e a r ly water 

s tr e s s ed ( Wl ) p l ants compared w i th p lants in l a ter- s tr e s s e d  

(W2 ) or uns tre s s ed (W3 ) tre a tment s . 

S e edhead Number 

The re s u l ts i n  Tab l e  A . 3 . 7  show that water s tr e s s  

s uppre ssed the total s e edhead numb e r s  produ ced per p lant i n  

e a c h  h arves t  from 15  to 3 0  day s a f t e r  peak f l owe r i ng . P l ants 

to wh i c h  s tres s was appl i ed ear ly ( Wl )  or l ater a t  peak 

f l ower ing ( W2 )  both formed s ig n i f i cantly fewer seedheads 

tha n  p l ants rece iving conti nuous water ( W3 ) . 
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Tab l e  A . 3 . 7  EFFECT OF WATE R  ON TOTAL SEEDHEAD NUMBERS PER 

PLANT AT SUCCE S S IVE HARVESTS OF VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT COND I T I ONS 

Harve s t i n g  Times 

Water 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 
Treatment 

Wl 4 0 . 8  4 1 . 0  5 9 . 2  6 5 . 6  

W 2  7 3 . 4  1 0 8 . 0  1 3 9 . 6  1 6 7 . 2  

W 3  1 9 7 . 2  1 8 4 . 4  2 5 6 . 4  2 4 3 . 8  

LSD5 % 5 . 8  5 . 4  7 . 4  6 . 8  

S eedhead numbers continued to i ncrease i n  a l l  treatments 

a t  l e a st until the point o f  maximum s eed yield 25  days a f ter 

peak f lowering . At this s tage seedhe ad numbers i n  trea tmen t  

W 2  were approximately doub le that i n  Wl . Sim i l a r ly s e edhead 

numbe rs in tre a tment W3 were approx imate ly doub l e  that in W2 . 

Seed Y i e ld 

The results i n  Tab le  A . 3 . 8  show that maximum seed y i e ld 

was obtained 2 5  day s a f ter peak f lowe r i ng in a l l  wa ter treat­

men t s . P l ants s tres sed during the ear ly veg e t a tive s tage (Wl ) 

h ad a s i gni f i c a n t ly lower seed y i e l d  than plants s tres s ed a t  

peak f l owe ring ( W2 ) and non- s tres s ed p lants ( W3 ) . Wa ter h ad 

i ts ma i n  e f f ect i n  promoting seed y i e ld with p lants i n  the 

W3 treatment re aching a maximum y i e ld value of approximate ly 

9 0 %  greater than s eed y i e ld obta i n ed from early - s tre s s ed 

p l a n t s  (Wl ) . P l ants from treatme n t  W2 we re intermedi a t e  in 

the i r  respons e  to water wh i c h  produced . seed y i e ld o f  about 

3 0 %  of W3 treatment . 
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Tab l e  A . 3 . 8  EFFECT OF WATER ON TOTAL S EED YIELD PER PLANT 

AT SUCC E S S IVE HARVESTS OF VERANO STYLO UNDER 

CONTROLLED ENVI RONME NT CON D I T I ONS ( g/pl ) 

Harves t i ng T imes 

water 
1 5 DAPF 2 0 DAPF 2 5 DAPF 

Treatment 

Wl 0 . 5 8 ·O . 9 4  1 . 19 

W2 1 .  8 6  2 . 6 4 3 . 8 1 

W3  3 . 7 1 4 . 9 9 1 0 . 5 1 

LS D5 % 0 . 3 4 0 . 4 8 0 . 6 7  

A . 2 EFFECT OF CUTTING ON GROWTH AND Y IELD 

A . 2 . 1  P lant Growth and Yield 

Dry Ma tter Y i e ld 

3 0 DAPF 

1 .  0 7  

3 . 8 6 

8 . 1 5 

0 . 7 4 

Table A . 3 . 9  s hows the e f fect o f  cut ting on p l ant dry 

we i g h t  at succ e s s i ve harves ts and c l early i l lus trates the 

s i gni f ican t  reduc tion in y i e ld whi c h  occurs in all cutting 

trea tments . P l a n t s  which were mor e  heavi ly cut , par t i c ul ar ly 

a t  the vegetative growth s tage ( �VG ) , appeared to be mos t  

s everely a f fe c ted . 
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Tab l e  A . 3 . 9  PLANT D RY MATTER Y I ELD ON CUT AND UNCUT PLANTS 

AT SUCCES S IVE HARVESTS OF VERANO STYLO UNDER 

CONTROLLED ENVI RONMENT COND IT IONS ( g/plant ) 

Harve s ting T imes 

Cutting VG F I  PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Trea tment 

Co 2 . 8  5 . 6  1 6 . 5  25 . 6  3 4 . 4  4 0 . 9  4 7 . 9  

�VG 2 . 2  5 . 6  1 3 . 1  2 3 . 6  3 1 . 4  3 8 . 6  4 1 . 1  

�VG 1 . 5  4 . 6  1 3 . 5  2 1 . 7  2 3 . 1  3 4 . 9  3 9 . 4  

�F I 5 . 0  12 . 5  2 2 . 6  2 6 . 6  3 8 . 5  4 4 . 2  

�FI 5 . 1  12 . 3  2 0 . 6  2 8 . 7  3 7 . 0  4 2 . 8  

LSD5 % 0 .1 0. 1 . 0 . 3 0 . 6 0 . 7 0 . 8  0 .8 

Br anch Number 

Cutting had a variab le e f f ect on total branch numbers 

formed per p lant . The res u l t s  in Tab l e  A . 3 . 1 0 show that the 

tota l bran ch numbers per p l a n t  at s u c c e s sive harve s ts was 

r e l a t ive ly una f f e c te d  by cut ting up to peak f lowe r i ng . Th i s  

s ugges ts that early formed branche s  ( p r imary and secondary 

branch es ) were l e s s  s en s i tive to the e f fec t s  of cutting than 

branches formed on p lants a t  a later s tage . Certainly dur i ng 

the s e e d  deve lopmen t  s tage commenci ng 1 5  days a f ter peak 

f lower ing muc h more var i ab l e  respo n s e s  were mea sured . 
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Tab l e  A . 3 . 1 0 TOTAL BRANCH NUMBERS PER P LANT ON CUT AND 

UNCUT PLANTS AT SUCCESS IVE HARVESTS OF VERANO 

STYLO UNDER CONTROLLED ENVI RONMENT COND I T I ONS 

Harv e s ti ng Time s 

Cutting 
VG F I  PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Treatment 

Co  6 2 9  7 4  - 9 8  1 0 3  9 6  1 2 3  

l:iVG 6 3 2  7 3  9 8  1 1 5  1 3 6  1 1 3  

�VG 6 3 8  7 8  8 9  9 6  1 1 9  1 0 7  

l:iF I 2 7  7 6  1 1 9  9 9  1 0 6  9 6  

.�F I 2 8  7 6  1 0 3  9 7  1 2 1  9 4  

LSD 5 % 5 5 5 6 .  

At the harv e s t  taken 2 5  days a f ter peak f lowering , whi c h  

coinc i ded w i th the point of max imum s eed y i e ld , c u t t i n g  was 

shown to have a s t imu lat ing e f f e c t  on branch numbers . However 

at the h arves t s  5 day s ea r l i e r  ( H 5 ) and 5 days l a ter ( H 7 ) 

a gene r a l  depres s ion in b�anch numbers wa s recorded i n  c u t  

plant s , pa r t i c u l ar ly in p lants cut s everely dur i n g  t h e  

veg e t a t ive s tage o r  at f lo r a l  i n i t i ation . 

Lea f Number. 

T otal l e a f  numbers were s igni f i c antly reduced at a l l  

s tages and i n tens i t i e s  o f  c u tting . Uncut p l a n t s  genera l ly 

had s ig n i f icantly h igher leaf numbers than c u t  p lants 

( Tab l e  A . 3 . 1 1 ) . Pr ior t o peak f l ower ing the depr e s s ing 

e f f e c ts of c ut t i ng were not s igni f i cant . At peak f lowering 

plants i n  the uncut c ont rol ( Co )  had a s ig n i f i c an t ly greater 

number of leaves than those in th e cut trea tme n t s , w i th the 

various c utting treatme n ts s tarting to show d i f f ering trends . 

By 1 5  days a f ter peak f l ower ing and subsequ e n t ly , the 

re l ative ly harsh e f f e c t  o f  s evere cutting at the veg e t a t ive 

s ta g e  became c l ear ly eviden t . I n  c ontra s t  the mos t  s evere , 

l a te cutt ing tre atment ( �F I )  s howed amaz i ng recovery through 

the f i n a l  h arve s t  30 d ay s  a f ter peak flowe ri ng . 
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T ab l e  A . 3 . 1 1 TOTAL LEAF NUMBERS PER PLANT ON CUT AND UNCUT 

P LANTS AT SUCCESS IVE HARVESTS OF VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT COND I TI ONS 

Harve s ting Times 

Cutting 
VG F I  P F  1 5 DAPF 2 0 DAPF 2 5DAPF 3 0 DAPF Treatmen t 

Co 3 6 . 1  1 5 0 . 7  7 0 1 . 6  1 0 0 6 . 8  1 3 1 7 . 6  1 5 0 7 . 4  2 2 4 4 . 6  

�VG 2 6 . 7  1 4 0 . 4  4 7 7 . 8  7 4 4 . 3  1 0 5 9 . 7  1 3 9 6 . 0  1 3 8 5 . 0  

�VG 2 1 . 8  1 1 2 . 7  4 5 6 . 7  7 1 4 . 3  7 9 6 . 0  1 1 1 3 . 6  1 2 6 9 . 0  

J..iF I  3 6 . 1  1 1 6 . 7  3 7 1 . 0  8 1 4 . 7  9 9 5 . 3  1 3 0 5 . 5  1 2 8 3 . 3  

�F I 3 6 . 1  1 1 1 . 0  3 7 3 . 7  6 4 5 . 3  9 9 7 . 0  1 3 1 4 . 7  1 4  8 1 .  7 

LSD 5 % 1 1 5 . 3  8 9 . 3  9 6 . 0  9 7 . 3  

Le a f  Are a  

Cu t t i ng h ad a var i ab l e  e f f e c t  on l eaf a r e a  ( Tab le A . 3 . 1 2 ) . 

The resu l t s  show that cutti n g  reduced tota l  l e a f  area per 

plant in a l l  tre a tments . However , i n  each cutting treatmen t  

Verano s ty l o  plan t s  s howed a r e a l  capa c i ty t o  r e p l a c e  l e a f  

area fo l l owing canopy remova l a l though tota l l e a f  a r e a  wa s 

a lways b e l ow tha t o f  uncut p l ants . There wa s a sugges tion 

tha t  h eavy cutting during the vegetative s tage ( �VG ) was mo re 

damag ing to  f inal leaf area than l e s s  s evere c u t t i n g  at th i s  

s tage ( �VG ) . 
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Tabl e  A . 3 . 1 2 TOTAL LEAF AREA PER P LANT ON CUT AND UNCUT 

P LANTS AT SUCCESS IVE HARVE STS OF VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT CONDI T I ON S  ( cm 2/p l )  

Harves t i ng Time s 

Cutt ing VG F I  PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 
Treatmen t  

C o  1 0 9 . 6  5 0 4 . 9  1 1 1 9 . 1  1 5 8 8  2 0 2 6  2 4 0 6  2 6 7 8  

�VG 7 5 . 2  4 6 5 . 1  9 6 9 . 3  1 2 8 4  1 6 1 7  2 3 0 3  2 2 2 6  

�VG 4 9 . 7  3 6 4 . 7  1 0 2 1 . 8  1 3 9 3  1 6 0 5  1 9 2 0  2 0 5 9  

�FI 3 8 0 . 7  8 7 6 . 4  1 2 5 1  1 9 6 6  2 1 5 4  2 0 9 4  

� F I 3 9 1 . 9  8 8 9 . 0  1 1 5 7  1 8 1 0  2 0 3 3  2 2 5 8  

LSD5 % 3 9  1 2 3  1 3 8  1 4 9  1 6 0  1 5 4  

A . 2 . 2  E f fe c t  o n  Reproduc t ive G rowth and S eed . Yi e l d  

The inde t e rmina te growth h ab i t  o f  Sty losanthes hamata make s  

t h e  categor i s a t i on o f  rep roductive deve lopme n t  d i f f i cu l t . O n  

any one p l ant during the reproduc t i ve phase i t  i s  norma l t o  

f i nd fu lly - f ormed inf lorescences i n  wh ich f loret s  h a v e  not 

yet undergone a n the s i s  or f l ower i ng ; i n f lorescen c e s  contain ing 

f lorets w i th a n thers exs erted , and i nf l ores cenc e s  containing 

f lorets which  h ave deve l oped pods . In  order to d i s t inguish 

thes e  th ree s i tuations three d i f ferent terms are us ed i n  the 

s tudy : 

1 .  Non f l owered inf lore s c ence 

2 .  I n f l o r e s cence a t  anthes i s 

3 .  I n f l or e s cence s how i n g  p od 
deve l opment 

= 

= 

= 

i n f lore scence 

f lower head 

s eed head 
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Seedh e ad Numbe r 

Cutting gene ra l ly h ad a depre s s i ng e f fe c t  on s eedhead 

numb e r s  formed per p l ant ( Tab le A . 3 . 1 3 ) . Th i s  e f fe c t  was 

more apparent in p l ants cut heavi ly during the vege t a t i ve 

s tage and where cutting was de layed unti l f l o r a l  i n i t i a t i on . 

There was however ,  a sugge s t ion tha t  l i ght cutting during 

the vegetative s tage ( �VG ) s timulated s eedhead f orma t ion . 

Cert a i n ly in th i s  treatment , a s i g n i f i cantly greater numb e r  

o f  s e e dheads w e r e  p r e s ent at the p o i n t  o f  maximum seed y i e ld 

2 5  d ay s  a f ter peak f lowe r i ng than i n  e i ther uncut p l ant s , or 

p lants from othe r  cutting treatmen t s . The e f f e c t  was however 

not s o  evident at the final h arve s t  30 days a f ter peak f l ower­

i ng . Neverthe l e s s  p lant s from th i s  �VG tre atment cons i s tently 

produced more s eedheads than p l ants f rom oth er cutting 

trea tments . 

Tab l e  A . 3 . 1 3 SEEDHEAD NUMBERS PER P LANT ON CUT AND UNCUT 

PLANTS AT SUCCESS IVE HARVESTS OF VERANO S TYLO 

UNDER CONTROLLED ENVI RONMENT CONDIT I ON S  

H arve s ti n g  Time s 

Cutting . 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Treatment 

eo 1 0 9  1 2 9  16 1 1 7 4  

�VG 1 3 0  1 2 7  1 8 0  1 6 3 

�VG 10 4 1 1 4  1 4 3  1 5 4  

�FI 1 1 3  9 2  1 3 0  1 5 6  

�FI 8 4  1 1 1  1 4 5  1 5 8  

LSD S %  7 8 6 6 
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S e e d  Y i e l d  

T h e  r e s u l t s  in Tab l e  A . 3 . 1 4 show the e f fe c t  o f  cutti n g  

on s eed y i e l d  p e r  p l an t  at s u c c e ss ive ha rves ts . In  a l l  

t re a tment maximum s e e d  y i eld w a s  recorded 2 5  days a f ter 

peak f lowe r i n g . Th i s  result compares we l l  with the attain­

men t o f  maximum seed y i e ld in the fie l d  e xper iment previous ly 

d e s c r ibed . Severe cutting during the vegetative s tage or 

de laying cutting unt i l  f lora l i n i t iation certain ly depre s s e d  

s e ed yie l d  per plan t . Howeve r ·, i t  s e ems that the s t imu lation 

i n  s eedhead numbers f o l l owing l ight cutting at the vege t a t i ve 

s tage previous ly re corded ( Tab le A . 3 . 1 3 )  was ref le cted in 

h i gher s eed y i e l d i n  p l ants from thi s  t reatment at the point 

o f  maximum s eed y i e ld 25  days a fter peak f lowe r i n g  ( Tab le 

A . 3 . 1 4 ) . In a l l  t r eatments s ome los s o f  seed y i e ld oc curred 

i n  the 5 days after p eak yie l d  was obse rved as  a r e s u l t  o f  

s e e d  shedding . Th i s  loss o f  seed was mos t  severe i n  the 

h ighest y i e lding t r e a tmen ts ( Co and �VG ) . The s e  res ul t s  

s ug ge s t  that ligh t , e a r ly cutt ing o f  Sty losanthes hamata c an b e  

ca r r i ed out without any depr e s s i on i n  s e e d  y i e l d  and may even 

r e s u l t  in s ome i n c r e a s e  in seed y i e ld per p lant . 

TABLE A . 3 . 1 4 SEED Y IELD PER PLANT ON CUT AND UNCUT PLANTS 

AT S UCCESS IVE HARVESTS OF VERANO STYLO UNDER 

CONTROLLED ENVI RONMENT CONDITIONS ( g/p l )  

Harves t ing Time s 

Cut t i n g  1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 
Treatment 

eo 2 . 1 4 3 . 1 5 5 . 6 7  4 . 7 0 

�VG 2 . 3 1 3 . 2 1 6 . 0 9  4 . 5 1 

�VG 2 . 0 1  3 . 0 6 4 . 9 6 3 . 8 9 

�FI 2 . 2 5 2 . 4 9 4 . 4 2 4 . 3 4 

�FI 1 . 6 0 2 . 3 8 4 . 6 9 4 . 4 7 

LS D5 % 0 . 2 3 0 . 3 2 0 . 5 3 0 . 3 4 



A . 3 EFFECT OF WATE R  AND CUTT ING ON GROWTH AND Y IELD 

P lan t  Growth and Y i e l d  

1 4 5  

Al l the mea s ured paramete r s  s howed s i gn i f icant i n te r ­

a c t i o n s  between water i ng a n d  cutting a t  a l l  h a rve s t s . Howeve r ,  

the re spons e s  and tren d s  wh ich oc curred between harve s ts we re 

o f ten i ncons i s tent . Th i s  was pos s ibly due to the i n f luence 

of cutt ing s ever i ty and t iming on the change from a p i c a l  

dominance t o  l a teral b r anc h deve lopment and t h e  e f fe c t  o f  

wa t e r  i n  inf luenc ing p l an t  recovery rate . 

The mos t  s igni fi cant interactions tended to oc cur in the 

harve s t s  from 15 days a f ter peak f lowering onward s ,  mainly 

as a r e s u l t  of the i n f l uence o f  water s tr e s s  creating di ffer­

ence s  between the W2 and W3  treatmen t s . However , s ome gene ral 

statements concerning the i nte raction between wate r and 

cut t i ng on d i f ferent p l an t  parameters should be made . 

Dry Matter Y i e ld 

The re s u l ts pre s e nted in Tab le A . 3 . 1 5 show that e a r l y  

wat e r  s tres s  (Wl ) did not prevent plants which were c u t  

severe l y  and late from replac ing removed dry matter . Howeve r ,  

thi s  e a rly s tr e s s  did prevent p l ants from continuing sub s equent 

dry matter accumulation . Th i s  resul ted in a fair ly con s tant 

dry matter y ie ld for a l l  the Wl cutting combinations . Adequate 

wat e r ing through to peak f l owering ( W2 )  s timu l ated p lant 

growth . However , in  c er t a i n  cutting treatments ( �VG and to 

a l e s ser extent �F I )  t h i s  y i e l d  was depre s s ed to be low the 

unc u t  treatment . Th i s  e f fect wa s mo s t  obvi ous in the harve s ts 

for the W2 treatment 1 5  and 2 0  days after peak f l owering . 

Where watering w a s  continued throughout the who le e xpe r i ­

men t  ( W3 )  only a �VG treatme nt depr e s s ion in dry matter y ie l d  
r 

was ob s erved . The �F I treatment c l e ar l y  demonstrated the 

promotive i nteraction of water and cutting i n  s t imulating dry 

ma tter yie l d . Th i s  e f fe c t  became more obvious from 20 day s 

a ft e r peak f l owering , pre sumab ly becaus e  plants had the 

nec e s s ary t ime to r e s pond . Surpr i s i ngly , l a te cut p lants 

ul timately produced d ry matter y i e ld s  s imi lar to uncut p lants 

i n  t he  W3  treatmen t .  
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Tab l e  A . 3 . 1 5 EFFECT OF WATER AND CUTT ING ON DRY MATTER YIELD PER PLANT AT SUCCESS IVE 

HARVESTS OF VERANO STYLO UNDER CONTROLLED ENV I RONMENT COND I T IONS ( g/p l )  

PF 1 5 DAPF 2 0 DAPF 2 5 DAPF 
Cutting 

Treatment Wl \'12 W3 \\11 W2 W3 Wl W2 W3 W1 W2 W3 Wl 

to 8 . 4  2 0 . 9  1 9 . 9  9 . 7  2 5 . 6  4 1 . 6  9 . 9  4 3 . 2  4 9 . 9  1 2 . 8  4 5 . 9  6 4 . 1  1 1 . 5  

\VG 7 . 6 1 7 . 5  1 4 . 1  8 . 8  2 7 . 2  3 4 . 8  9 . 8  4 1 . 1  4 3 . 3  1 0 . 3  4 5 . 2  6 0 . 1  1 1 . 7  

�VG 6 . 9  1 7 . 9  1 5 . 7  8 . 7  2 1 . 6  3 4 . 9  9 . 2  2 7 . 3  3 2 . 9  1 0 . 0  4 5 . 2 4 9 . 3  1 2 . 0  

�F I 7 . 5  1 4 . 1  1 5 . 8  8 . 8  2 9 . 2  2 9 . 8  8 . 9  2 8 . 8  4 1 . 9 1 0 . 0  4 4 . 5  6 "0 . 9  1 0 . 9  

�F I 7 . 1  1 5 . 2  1 4 . 6  9 . 6 2 0 . 4  3 1 . 9  9 . 1  3 0 . 1  4 9 . 6  9 . 1  3 9 . 9  6 2 . 0  1 0 . 2  

LSD 5 %  3 . 0  2 . 2  2 . 6  2 . 3  

3 0 DAPF 

�V2 W3  

5 6 . 8  7 5 . 5  

4 9 . 9  6 1 . 8  

4 8 . 6  5 7 . 4  

4 8 . 9  7 2 . 8  

4 4 . 0  7 4 . 3  

2 . 7  
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The i n teractio ns (Tab l e  A .  3 . 1 5 )  show that wa ter did not 

g ive early and seve r e ly cut p lants th e capac i ty to re spond 

to cuttin g . However , water was extre�e l y  importan t in 

a l l owing a complete c ompen s a ti on in dry matter y ie ld in late 

cut p lants ( f loral i n i t ia tion ) during the per i od from 2 0  day s 

after p eak f l owering onwa rds c ompared to uncut p l ants . 

The i n f l uence o f  wa ter and cutting on p l an t  s i z e i s  

clearly s ee n  i n  P l a tes 3 . 4 - 3 . 6 .  Each s e r i es o f  p l a te s show 

the s i z e  o f  p lants from the s ame water tre atment w i th 

a compa r i son between p l ants cut at the vegeta t i ve s tage ( �VG ) 

and an  uncut plant ( Co )  a t  the f ina l h arve st 3 0  day s after 

peak f l ower ing . Obvious l y  the ear ly s tr e s sed p l an t s  (Wl ) in 

Plate 3 . 4  we re unab l e  to r e s pond to cutting , unl ike plants 

whi ch were not water s tr e s s ed un t i l  peak f lowe ring ( l.V2 ) in 

Plates 3 . 5  a , b .  The s i ze o f  p l ants wh ich we r e  adequately 

watered th roughout the exper iment ( W3 ) is  very much gre ater 

than plants from other treatments ( P l ates 3 . 6  a , b ) . Th i s  

e ffe ct  o n  p lant s i z e  i s  a l s o  r e f lected i n  oth e r  cutting 

treatment s  wh ich are shown i n  P lates 3 . 9  in Append i x  3 . 1 0 .  

Branch number 

A l though the intera c t i ons i n  Tab l e  A . 3 . 1 6 do not s e em to 

b e  very con s i s tent there is  a s ugge s t ion tha t  tota l branch 

numb e r s  are relative ly i n s en s i t ive to cutting and depend more 

on th e dur a t ion o f  watering and time to al low an expre s s i on 

of th i s  e f f ect . This is not s urpri s i ng becau s e  of the 

previous ly demon s trated c ompens atory e f fect of d i f ferent 

branch order s . Th i s  e f f e ct is c learly s een i n  the early 

stre s s  treatment ( Wl )  where p lants appear to reach a p l ateau 

in b ranch numbers 2 0 - 2 5  d ay s  a f ter peak flower ing irre spect ive 

of whe ther plants were cut or not . 

The ma j or interac t i on appears to be a s timu l a tion in 

tota l branch numb e r s  in the l a te cut treatme n t s , par t i c u l a r ly 

�F I . Th is  s t imu l a ti on i s  mos t pronounced in the W2 tre atment . 

Any s ug ge s t ion tha t th i s  e f f e c t  oc curred in the W3  treatment 

had d i s appeared by the f in a l  h arve s t . In the fu l ly watered 

treatment ( W3 )  the vege tative cut ( particular ly �VG ) reduced 
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Tab le A . 3 . 1 6 EFFECT OF WATER AND CUTT ING ON TOTAL BRANCH NUMBERS PER PLANT AT SUCCESS IVE 

HARVESTS OF VERANO STYLO UNDER CONTROLLED ENVI RONMENT COND IT I ONS 

PF 1 5DAPF 2 0 DAPF 2 5DAPF 3 0DAPF 
Cutting 

Treatment Wl W2 W3 Wl W2 W3 Wl W2 W3 Wl W2 W3 Wl W2 W3 

Co 2 7  5 1  6 1  3 9  7 6  1 3 6  4 2  8 3  1 5 1  5 1  9 7  1 2 6  4 5  9 4  1 3 9  

�VG 3 0  4 9  5 3  3 7  4 7  1 3 8  4 0  8 6  1 4 5  4 9  8 4  1 6 7  4 5  9 5  1 4 9 

�VG 3 2  6 1  6 4  3 7  6 4  1 1 8 4 5  9 0  1 2 1  5 2  7 7  1 6 1  5 7  8 4  1 4 9 

�FI 3 4  6 7  7 8  3 7  1 1 3  1 3 5  4 2  9 2  1 5 0  5 3  8 1  1 4 8  4 8  8 6  1 3 1  

�FI 3 2  7 9  9 3  3 4  7 3  1 4 0  4 6  1 1 1  1 1 9  4 9  1 1 8  1 7 2  5 2  1 3 0  1 3 7  

LS D 5 %  6 7 4 4 .  4 -



P l ate 3 . 4  

149 

Uncut and early l ight c u t  pl ants of 

Verano sty l o  wh ich had been s t r e s sed 

ear ly in the ir vegetat ive growth (Wl ) . 

Photo taken at final harve s t  3 0  days 

af ter peak f lower ing . 
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a 

b 

P l ate 3 . 5  a , b .  Unc u t  ( a )  and ear ly l ight c u t  { b )  

p l a n t s  o f  Verano stylo which had 

been s tr e s sed from peak f l owe r i ng 

( W2 ) . Photo taken a t final harve st  

30  d a y s  a f ter peak f lower ing . 



P l ate 3 . 6  a , b .  

1 5 1  

a 

b 

Uncut ( a )  and early l ight cut ( b )  

plants o f  Verano stylo which had 

rece ived adequate water throughout 

the experiment (W3 ) . Photo taken 

at final harvest 30 day s a f ter peak 

f lowering . 
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tota l branch numb e r s  in the harve s ts 1 5  and 2 0  days a ft e r  

peak flowe r ing . However , g i ven w a te r and time , t h e  v e g e ­

ta t i v e ly cut p l a n t s  u l t ima tely bor e more branc h e s  t h a n  

corre sponding unc u t  plants . 

Lea f  Number and Lea f Area 

The re s u l t s  on leaf number ( Tab le A . 3 . 1 7 )  and l e a f  a rea 

( Tab l e  A . 3 . 1 8 )  sugge s t  th a t  the interac ti ons b e tween water 

and cutt ing for both parameters are very s imi l a r . I n  both 

cas e s  water s tr e s s  treatmen t s  ( Wl and W2 ) show l i t t l e  if  any 

capac i ty to s t imu l a te l e a f  number or l eaf area over and above 

the uncut p l an ts . In the fu l ly watered treatment ( W 3 ) c utting 

gen e r a l l y  reduced both l e a f  number and leaf area b e l ow the 

leve l of  uncut p l a nts . Th i s  e f fe c t  oc curred from peak 

flowe r ing onward s .  

Seedhead Number and Seed Y i e ld 

The trends in the interactions betwe en water and c ut ting 

on b o th seedhead numbe rs ( Table A . 3 . 1 9 )  and seed y i e l d  

( Ta b l e  A . 3 . 2 0 )  we re very s imi lar . In  the early water s tr e s s  

tre a tmen t  (Wl ) s eedhead numbers were initia l ly depr e s s e d  by 

l a t e  cut ting . Th i s  trend continued t hrough to 2 5  days a f ter 

peak f lower ing but had d i s appeared by the end o f  the expe r i ­

men t .  Al though th ere w a s  a sugge s t ion of a s im i l a r  e f fe c t  on 

see d  y i e ld , r e s u l t s  were l e s s  conc lus ive . 

The grea t e s t  d i f ferenc e s  in s eedhead numbers and s eed 

y i e ld were seen a t  the point of  maximum seed y i e l d  25 days 

after peak f l owe r ing . Thi s  was pa r t i cularly evident i n  the 

W2 and W3 treatments . Th is harve s t  w i l l  be used to h ig h l ight 

the ma j or interac t ive trends . Both the watered t re a tments 

(W2 and W3 ) general ly showed a depre s s ion in s eedhead numbers 

and s eed y i e ld in th e �VG and F I  t r e a tments . A s im i l a r  

interac tion oc curred in t h e  s timu l a tion o r  non-depr e s s ion 

of s eedhead numbers and seed y ie ld in the �VG t r e a tment . 

La t e  cut t i n g  ( f loral i n i t ia tion ) d e l ayed the t ime o f  max imum 

seed y i e l d  in c a s e s  wh ere plants were water s tr e s s ed from 

pe ak f lower ing ( W2 ) . On ly the � vegetat ive cut : W2 t r e a tmen t  

combination produced more seed p e r  p lant than the unc u t  

con trol . 
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Tabl e  A . 3 . 1 7 EFFECT OF WATER AND CUTT I NG ON TOTAL LEAF NUMBERS PER PLANT AT SUCCESS IVE 

HARVE STS OF VERANO STYLO UNDER CONTROLLED ENVI RONMENT COND ITIONS 

PF 1 5 DAPF 2 0 DAPF 2 5DAPF 3 0 DAPF 
Cutting 

Treatment Wl W2 vB Wl W2 W3 W1 W2 W3 W1 W2 W3 W1 1i'J2 

eo 1 7 3 . 3  6 4 7 . 4  6 6 0 . 4  2 9 5  7 5 9  1 2 6 6  3 1 9  9 8 5  1 6 4 2  3 4 2  1 0 2 1  3 1 6 0  2 9 2  1 1 3 8  

�VG 1 6 4 . 3  6 8 7 . 4  6 4 2 . 3  2 9 9  7 4 8  1 1 8 6  2 7 7  9 9 0  1 1 3 0  3 2 6  1 0 2 4  2 8 4 2  3 1 2  1 0 9 3  

�VG 1 9 5 . 6  5 8 2 . 1  6 8 8 . 4  2 8 8  6 4 4  1 2 1 1  2 6 7  9 5 5  1 1 6 6  3 4 2  9 6 2  2 0 3 6  3 6 5  9 8 0  

�F I  1 6 9 . 0  4 4 6 . 3  4 9 7 . 3  3 0 5  9 2 7  1 2 1 2  3 0 1  8 3 0  1 8 5 5  3 2 3  8 2 2  2 7 7 0  3 2 6  9 9 0  

�F I 1 5 5 . 3  4 9 7 . 3  4 6 9 . 1  2 8 0  5 8 4  1 0 7 2  3 2 8  9 7 7  1 6 8 6  2 8 1  9 3 9  2 6 6 1  3 1 1  1 0 2 1  

LSD 5 % 6 0 . 8  9 6 . 0  8 7 . 8  6 7 . 2  6 9 . 3  

W3 

3 3 5 6  

2 7 5 0  

2 4 6 1  

2 5 3 3  

3 1 1 3  
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Tabl e  A . 3 . 1 8 EFFECT OF WATER AND CUTTING ON TOTAL LEAF AREA PER PLANT AT SUCCES S IVE 

HARVESTS OF VERANO STYLO UNDER CONTROLLED ENVIRONMENT COND IT ION$ ( cm2 /p l )  

PF 1 5DAPF 2 0 DAPF 2 5DAPF 3 0 DAPF 
Cutting 

Treatmen t  Wl W2 W3 Wl W2 W3 Wl W2 W3 Wl W2 W3 W1 W2 

Co 5 1 7  1 3 8 7  1 4 5 3  5 0 9  1 7 3 9  2 5 1 7  4 8 9  2 1 2 1  3 4 6 9  4 1 4 2 1 3 8  4 6 6 7  3 6 0  2 7 6 0  

�VG 4 9 9  1 0 11 9 9 7  4 4 4  1 6 3 2  1 7 7 8  4 5 4  1 9 1 2  2 4 8 4  3 7 2  2 0 5 1 4 4 8 4 3 3 7  2 2 5 9  

�VG 4 4 3  1 0 2 0  1 0 0 7  4 6 3  1 3 8 8  1 7 2 7  4 4 2  1 9 2 7  2 4 4 7  3 9 6  2 1 9 9  3 1 6 4 3 7 6  2 2 0 7  

� F I  5 3 4  9 5 6 1 0 3 9  4 6 8  1 4 3 0  1 7 4 7  4 0 7 1 8 5 1  3 6 3 9 3 6 3  1 9 3 8  4 1 6 3 3 8 5  2 2 0 8  

�F I 4 8 4  1 1 4 4  1 0 3 4  4 8 2  1 2 3 8  1 7 5 0  4 3 8  1 8 2 0  3 1 7 2  3 0 3  1 7 5 7  4 0 3 9  3 5 1  1 9 6 4 

LSD5 % 9 9  1 1 2 , . 8 7 ' 9 4  9 3  

W3 

4 9 1 3  

4 0 8 0  

3 5 9 5  

3 6 8 9  

4 4 5 9  
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Tabl e  A . 3 . 1 9 EFFECT OF WATER AND CUTT ING ON SEEDHEAD NUMBERS PER PLANT AT SUCCESS IVE 

HARVESTS OF VERANO STYLO UNDER CONTROLLED ENV IRONMENT COND IT IONS 

Cutting 
Treatment 

Co 

�VG 

�VG 

�FI 

�FI 

LSD 5 %  

W1 

4 9 . 3  

4 5 . 0  

4 3 . 3  

3 5 . 6  

2 9 . 9  

1 5 DAPF 

W2 

9 3 . 7  

8 0 . 4  

6 7 . 4  

8 4 . 3  

4 3 . 7  

5 . 9  

2 0 DAPF 

v73 W1 W2 

1 7 5 . 7  4 9 . 3  1 1 5 . 3  

2 2 7 . 0  5 4 . 7  1 1 9 . 9  

2 0 9 . 7  3 7 . 0  1 2 5 . 3  

1 9 2 . 2  3 9 . 7  8 6 . 5  

1 8 6 . 3  3 8 . 6  8 9 . 6  

8 . 7  

2 5 DAPF 3 0 DAPF 

W2 W1 W2 W3 W1 W2 

18 4 . 6  5 7 . 4  1 5 5 . 7  2 5 7 . 6  6 4 . 3  2 0 3 . 9  

2 0 6 . 6  6 4 . 9  1 7 7 . 7  3 0 5 . 0  6 3 . 0  1 6 0 . 0  

2 3 3 . 0 6 5 . 5  1 1 5 . 6  2 4 7 . 5  7 1 . 7  1 2 6 . 3  

1 4 9 . 8  5 9 . 3  1 0 3 . 3  2 2 7 . 1  5 7 . 0  1 8 0 . 4  

1 3 6 . 7  3 9 . 3  1 5 3 . 0  2 4 4 . 3  6 4 . 6  1 6 4 . 6  

11 . 5  9 . 4  

W3 

2 5 0 . 7  

2 4 4 . 4  

2 2 8 . 3  

2 2 4 . 6  

2 4 6 . 9  
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Table A . 3 . 2 0 EFFECT OF WATER AND CUTT I NG ON SEED Y I ELD PER PLANT AT SUCC E S S IVE 

HARVES T S  OF VERANO STYLO UNDER CONTROLLED ENV I RONMENT COND I T IONS ( g/pl )  

1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 
Cutting 

Treatmen t  Wl W2 W3 tVl W2 W3 Wl W2 W3 Wl W2 W3 

Co . 7 1 2 . 2 4 3 . 3 9 1 .  0 4  2 . 7 9 5 . 3 8 1 .  2 8  4 . 0 9 1 1 . 7 4 1 .  0 1  4 . 6 1 8 . 5 1 

J.a"VG . 6 1 2 . 1 4 4 . 1 7 1 . 1 1 2 . 9 0 5 . 5 4 1 .  2 3  5 . 7 8 1 1 . 2 4 . 9 7 3 . 8 7 8 . 6 9 

�VG . 6 3 1 .  9 8  4 . 0 8 . 8 4 2 . 9 2 5 . 9 4 1 .  4 2  3 . 3 1 1 0 . 1 2 1 .  2 6  2 . 9 3 7 . 5 0 

�FI  . 5 3 2 . 0 7  3 . 2 9 . 8 9 2 . 1 6 4 . 4 2 1 . 1 9 2 . 4 3 9 . 6 5 1 .  0 2  4 . 2 2 7 . 7 9 

�F I . 4 3 0 . 9 6 3 . 4 1 . 8 0 2 . 5 5 3 . 8 3 . 8 4 3 . 4 2 9 . 8 1 1 . 1 0 3 . 7 0 8 . 3 0 

LSD 5 %  . 5 5 . 8 3 . 8 9 . 7 3  



PART B EFFECT OF WATER AND CUTTING ON THE DEVELOPMENT AND 

SEED YI ELD CONTRI BUT ION OF D I FFERENT B RANCH O RDERS 

The var i ab l e  and o f ten incons i s tent re s u l t s  ob tained i n  

some o f  the who l e  p l ant parame ter s meas ured in the p revi ous 

sec t ion sugge s te d  that more intens ive s tudy of s ome a s pe c t s  

of  th e seed components o f  Sty losanthes hamata cv Verano wou l d  

b e  worthwh i l e . In par t i cular the r e l a tive i n f luence o f  

wat e r  and cut t i n g  on the formation o f  the p l a n t  branchi n g  

framework and f lora l deve l opment s i te s we re cons i de r ed 

impo r tant . I t  was there fore decided to cons ider branch and 

seedhead numb e r s  in  particular in more deta i l . Thi s  was 

thought to be n e c e s sary to try to e xplain mor e  c le a r l y  the 

inf l uence of water and cutting on s uch aspe c t s  as new br anch 

formation , branch recovery and rep l acement f o l l owing c u t t i ng 

and a l s o  the contr ibut ion d i f ferent br anch order s and f l oral 

deve l opment s i t e s  migh t make to f i na l se ed y i e ld . 

B . l  EFFECT OF WATER ON CONTRIBUTI ON OF GROWTH AND Y I ELD 

B . l . l  E f fe c t  on Branching 

The deve l opment of the primary branch s truc ture o f  

S t y Zosanthes hama ta c v  Verano occurred early i n  p l ant deve lop­

men t  and reached a cons tant value a t  floral i n i t i at i on . The 

r e s u l t s  in Tab le B . 3 . 1  s how that generally each p l a n t  

produced about 7 primary branches i r r espe c t ive of  water 

t r e a tmen t .  However , both the t ime o f  onse t  and the extent 
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o f  formation o f  h igher order branches was s trongly i n f luenced 

by water . Succe s s ive br anch order produc t ion oc curred in 

' wave s ' ,  th e s t imulation o f  hi gher or der branching tend ing 

t o  be  delayed unt i l  the number o f  branche s o f  the previous 

o rder had r e a ched a maximum . 

There we re s igni f ic an t  d i f ferences in the numb e r  o f  

s e condary , te r t i ary and quaternary branch e s  produced o n  plan t s  

f rom d i f ferent water treatment s  ( Tab le B . 3 . l ) . P la n t s  wh i ch 

re c e i ved . low water l eve l s  from the early vegetative s tage ( W l ) 

produced an aver age o f  only 5 1 . 2  b ranche s per plant n e a r ly 

7 0 %  o f  whi c h  we re se cond ary b ranche s . By compa r i s o n  p l ants 

wh i c h  were n o t  water s tr e s sed unt i l  peak f l owe r i n g  produced 
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Tab le B .  3 . 1  EFFECT O F  �'VATER ON THE NUMBER OF P RIMARY , 

SECONDARY , TERT I ARY AND QUATERNARY BRANCHE S 

PER PLANT AT SUCCE SS IVE HARVESTS OF VERANO 

STYLO UNDER CONTROLLED ENVI RONMENT COND I T I ONS 

Harve s ting Time s 

l-Jat e r  VG F I  PF 1 5 DAP F 2 0 DAPF 2 5 DAPF 3 0 DAPF Trea tment 

No 10 Br 

W l  6 7 . 4  7 . 4  7 . 4  7 . 2  7 . 4  7 . 2  

W2 6 7 . 4  7 . 6  7 . 6  7 . 8  7 . 8  7 .  8 

W3 6 7 . 4  7 . 6  7 . 6  7 . 6  8 . 0  7 . 8  

LSD 5 %  NS NS NS NS NS NS NS 

No 20 Br 

Wl  0 8 . 4  2 3 . 6  2 9 . 4  3 2 . 3  3 5 . 3  3 3 . 7  

W2 0 2 4 . 0  3 7 . 8  3 8 . 0  4 0 . 1  4 0 . 7  3 8 . 2  

W 3  0 3 1 . 4  3 2 . 2  5 2 . 0  5 1 . 7  5 2 . 6  4 9 . 3  

LSD 5 % 2 . 0 8  3 . 3  3 . 5  3 . 2  3 . 4  3 . 2  

No 3 0 Br 

W l  0 0 0 0 4 . 4  8 . 5 8 . 5  

W2 0 0 3 7 . 4  3 5 . 0  4 2 . 3  3 8 . 5  4 3 . 2  

W3  0 0 4 5 . 6  7 1 . 6  6 2 . 5  7 9 . 2  6 7 . 3  

LSD 5 %  2 . 7  4 . 4  5 . 8  6 . 2  6 . 1  

No 40 Br 

W l  0 0 0 0 0 0 0 

W2 0 0 0 0 6 . 8  1 1 . 7  1 3 . 0  

vn 0 0 0 0 1 5 . 5  2 9 . 1  1 5 . 5  

LSD 5 % 2 . 2  2 . 4  2 . 3  
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�wi c e  a s  many branches ( mean 1 0 4 . 7 )  per p lant 8 0 %  o f  wh ich 

were a lmos t equa l ly d ivided b e tween s econdary and ter ti ary 

branche s .  In the continuous water treatment ( W 3 ) branch i ng 

continued throughout the s tudy reach i ng a mean to t a l  of 1 8 1 . 9  

branch es p e r  p l ant . In the s e  p lants near ly 6 0 %  o f  the tot a l  

branches w e r e  produced o n  terti ary or quaternary s i tes . The 

r e s ul ts c l ear ly show that wa te r s tre s s  s igni f i can t ly de l ayed 

the rate and extent of h i gher o rder branch forma t i on . As 

an examp l e  p l ants in the l ater s tres s ed (W2 ) and continuous 

water (W3 ) treatmen ts produced terti ary branches at peak 

f lowe ring ( Ha rve s t  3 ) , whi l e  ear ly s tres sed p l an t s  (Wl ) 

de l ayed the p roduction of  t e r t i ary branches unti l  harve s t  5 

( 2 0  day s l a te r ) . The impos i tion o f  a water s tre s s  early in 

the p l ants ' deve lopment ( tre atment W l )  severe ly r e s t r i c ted 

the produc t i on of tertiary branches and comp l e te ly preve n ted 

the format i on of any quate rnary branch e s . 

B . l . 2  E f f e c t  on Reproductive Growth and S e e d  Yie ld 

Water h ad a ma j or e f f e c t  on the contr ibution of s eed 

y i e l d  f rom e ach branch order . 

Seedhead Number 

The r e s u l ts in Tab le B . 3 . 2 c le ar ly show the ma j or 

contr ibution se condary b ranch e s  make to to tal s eedhead numb er 

and the drama t i c  e f fect o f  water in s timul a t i ng s e edhead 

produc t ion . Th e other i n teres ting a spect is the d i f fe rence 

in the numb er of s eedheads formed on pr imary branches f rom 

p lants in d i f ferent water t r e a tments desp ite the fact that 

wate r had no s i gni f i can t e f f e c t  on the numbe r  of pr imary 

branche s  f ormed on the s e  p l ants . At 30 day s a f t e r  peak 

flowe r ing , for e xamp le , the 7 . 2  primary branc h e s  fo rme d  on 

ear ly water s tr e s s ed p l ants ( W l )  produced only 2 5  seedheads . 

In contras t ,  approximate ly the s ame number o f  primary branches 

on l a t e r  water s tres sed ( W2 ) and continuous ly watered plants 

(W3 ) produced 5 1  and 54 s eedheads respective l y . 
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Tab le B . 3 . 2  EFFECT OF WATER ON THE SEEDHEAD NUMBE RS FORMED 

ON P RIMARY , SECONDARY AND TERTIARY BRANCHE S AT 

SUCCESS IVE HARVESTS OF VERANO STYLO UNDER 

CONTROLLED ENVI RONMENT COND ITIONS 

N��er of Seedheads a t  
each Harve s t  S tage 

Branch Wa ter 1 5DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Orde r  Treatmen t 

Pr imary Wl 1 7 . 4  1 7 . 9  2 3 . 0  2 5 . 1  

W2 2 4 . 0  3 7 . 6  3 9 . 4  5 1 . 0  

W 3  3 4 . 6  3 1 . 7  4 9 . 8  5 3 . 8  

LSD5 % 6 . 2  3 . 8  5 . 9  4 . 4  

Secondary �vl 2 3 . 3  2 6 . 0  3 6 . 3  4 0 . 2  

W2 4 7 . 4  6 8 . 3  8 3 . 4  1 0 2 . 0  

W3  1 3 3 . 7  1 2 1 . 2  1 5 8 . 9  1 5 8 . 0  

LSD5 % 2 1 . 3  1 1 . 5  10 . 8  1 8 . 4  

Ter t i ary Wl 0 0 0 0 

W2 5 . 1  16 . 0  1 6 . 3  3 3 . 3  

W3  3 3 . 7  2 9 . 5  4 7 . 9  4 1 . 7  

LSD 5 %  

The inf luence o f  water on s eedhead fo rma t i o n  i s  a l so 

dramati c a l ly shown on secondary br anches where the three 

water tre a tmen ts ( W l , W2 , W 3 ) produced 4 0 , 1 0 2  and 1 5 8  

seedheads respec t ive ly a t  3 0  days a f ter peak f lower ing . 

Thi s  d i f ference was a ma j or response to water i n f luenc i ng · 

seedhead formation s ince only a comparat ive ly minor water 

s timulus to secondary branch numbers had been previ ous ly 

recorded ( Tab le B . 3 . 1 ) . Put into perspe ctive the s e  f i gure s 

repre s e n t  1 . 1 ,  2 . 5  and 3 . 0  s e edheads per secondary branch 

i n  the Wl , W2 and W3 water treatments respe c t ive ly . 
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Ear ly water s tres s (Wl ) comp le t e ly preven ted the 

formation of s e edhead s on terti ary branches . However , 

later water s tr e s s  (W2 ) and con t i nuous water ing (W3 ) d i d  

a l l ow re lative ly sma l l  numbers o f  s eedheads t o  b e  produced 

on tertiary branches . 

Des p i te the formation of s ome quaternary branche s in 

W2  and W3 treatment p lants none o f  these branches produced 

s e e dheads during the s tudy . 

Seed Yi eld 

Whi l e  the r e s u l ts in Tab le B . 3 . 2  have shown tha t  the 

number o f  s eedheads formed on each branch order is d i f ferent , 

the r e s u l ts in Tab le B . 3 . 3  show tha t  the number of s e e d s  

formed i n  e a c h  s eedh ead is remarkab ly constant between water 

treatments wi th i n  any one branch order . Certainly the 

maximum numb e r s  of s eeds per s e edhead formed on pr imary and 

s e c ondary bran ch es was very s imi l ar ( 1 0 . 3 - 1 0 . 5 ) . The maximum 

number of s eed s per s eedhead on ter ti ary branches however 

was approximate ly ha l f  ( 5 . 0 ) th at recorded on lower order 

branches . I n  each branch order ma ximum seeds per s e edhead 

were recorded at the harve s t  c o i n c i ding with peak s e ed y i e ld 

2 5  days after peak f l owering . 

I t  i s  pos s ible that ear l i e r  h arve s ts were l e s s  ferti le 

i n  terms o f  s eed numb e r s , wh i le s eedheads me asured 3 0  days 

a f te r peak f l owering h ad alre ady l o s t  seed through s hatter ing . 
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Tab le B . 3 . 3  EFFECT OF WATER ON THE NUMBER OF SEEDS PER 

SEEDHEAD FORMED ON PRIMARY , SECONDARY AND 

TERT IARY BRANCHES AT SUCCESS IVE HARVESTS 

Branch 
Order 

Primary 

Secondary 

Ter t iary 

OF VERANO STYLO UNDER CONTROLLED ENVI RONHENT 

COND I T I ONS 

Number o f  s eed/seedhead 
Water 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Treatment 

Wl 7 . 2  9 . 0  1 0 . 3  8 . 6  

W2 7 . 4  9 . 0 1 0 . 3  8 . 8  

W 3  7 . 4  9 . 0  1 0 . 3  8 . 8  

L SD 5 %  NS 

Wl 8 . 4  8 . 2  1 0 . 4  8 . 2  

W2 8 . 4  8 . 2  1 0 . 5  8 . 2  

W 3  8 . 5  8 . 2  1 0 . 5  8 . 2  

LS D 5 % NS 

Wl 2 . 1  4 . 0  5 . 0  4 . 5  

W2 3 . 0  4 . 1  5 . 0  4 . 3  

W3  3 . 1  4 . 1  5 . 0  4 . 5  

LSD 5 %  NS 

These res u l ts demons trate th a t  s e ed numbers per s e e dhead 

is r e l ative ly unre spons ive to di f f e rent water treatments . 

P l ants s tr e s s e d  dur ing the e a r ly ve geta tive s tage had 

a s i gn i f i c antly lower s eed y i e ld than plants s tr e s s e d  at 

peak f l owering (W2 ) and nonstre s s ed p lants ( W 3 ) ( Table B . 3 . 4 ) . 

Whi l e  it  has been p revious ly shown that seed y i e l d  d epends 

on the number of the seedheads on e a ch branch order , the 

res u l ts in Tab l e  B . 3 . 4  again re f l e c t  the fact tha t  s eedheads 

formed on s e condary branches contr ibute mos t  of the y ie ld . 

Water had a s imi l ar e f fe c t  on seed y ield on each branch order . 
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For examp l e , p l ants i n  the e ar ly water s tres s ed treatmen t  ( W l )  

produced a maximum s e e d  y i e ld o f  1 . 1 9 gm per p lant d i s tr ibuted 

a lmo s t  equa l ly ( 4 5 % , 5 5 % )  between primary and se condary 

branche s . These pl ants formed tertiary branches wh i ch d i d  

n o t  produce any seed . However , p l an ts wh ich were n o t  water 

s tr e s s ed unti l a fter pe ak f l ower ing ( W2 )  produced a maximum 

o f  3 . 9 6 gm per p lant w i th primary , secondary and terti ary 

branches re spective l y  contributing 3 1 % , 6 3 %  and 6 % . P l an t s  

receiving continuous w a t e r  (W3 ) produced a maximum s eed y i e ld 

o f  1 0 . 4 8 gm per plant wi th percentage contrib uti ons o f  2 3 % , 

6 9 %  and 8 %  f rom primary , secondary ,  and tert iary branche s  

respective ly . 

Tab le B . 3 . 4  EFFEC T  OF WATER ON SEED Y IELD PER PLANT FOR�ED 

Branch 
Orde r  

Primary 

Secondary 

Tertiary 

ON P R IMARY , SECONDARY AND TERT IARY B RANCHES 

AT SUCCES S IVE HARVE STS OF VERANO STYLO UNDER 

CONTROLLED CONDI T IONS ( g/p l ) 

Seed Y i e ld per P l ant 
at each S tage 

Water 1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 
Trea tme n t  

W l  . 2 8 . 4 5 . 5 4 . 4 2 

W 2  . 6 7 . 7 5 1 . 2 4 1 .  0 3  

W 3  . 6 5 1 .  0 8  2 . 4 6 1 .  7 7  

LSD 5 %  . 19 . 1 6 . 3 8 . 1 8 

W 1  . 2 9 . 4 9 . 6 5 . 6 4 

W 2  1 . 1 9 1 . 7 7 2 . 3 2 2 . 4 8 

W 3  2 . 6 1 3 . 5 4 7 . 2 3 4 . 5 7 

LSD 5 %  . 4 2 . 3 9 . 5 4 . 7 3 

W 1  0 0 0 0 

W2 . 0 2 . 0 8 . 2 4 . 2 0 

W 3  . 4 0 . 3 7 . 7 9 . 5 3 

LSD 5 %  
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I n  a l l  treatmen t s  s eed y i e ld per p l a nt increased to 

a maximum 2 5  days a f ter peak f l owering . Thi s  was gene r a l l y  

fo l lowed b y  a y i e l d  reduc t ion a s  s ee d  shatter i ng became 

evident .  

B . 2  EFFECT OF CUTTING ON CONTRIBUT I ON OF GROWTH AND Y I ELD 

B . 2 . 1  E f f e c t  on Branch Number 

The e f fect o f  d i f ferent c ut ting treatments on the 

number of branches formed on d i fferent branch orders a t  

succ e s s ive harves ts i s  shown i n  Tab l e  B . 3 . 5 .  Genera l ly ,  

cutting reduced the number o f  pr imary and secondary branches 

but increased the number o f  terti ary and qua ternary b r anche s 

on Sty losanthes p l an t s . 

The great e s t  reduction i n  primary branch numb e r s  oc cur red 

i n  p lants cut during the vegetative s tage . Thes e  p lants  

h owever responded by produc i ng s i gni f i c antly h i gher numbers 

of  quaternary branches . P l ants cut a t  f lora l  i n i t ia t ion 

showed only a sma l l  reduct i on in pr imary branche s  but a more 

s i gn i f icant reduction in s econdary b r anch number s . Th i s  

overa l l  depre s s ion was par t ly compens a ted for by s ome increase 

in tertiary br anch f ormati on . 

Total  branch numbers per plant were h i ghe s t  i n  tre a tments 

invo lving ligh t  cutting during the vegetative s tage ( �VG� l 4 1. 5 )  

pr a t  f loral i n i t i ation ( �F I = l 3 8 . 2 ) . Other cutting treatment s  

produced maximum t o t a l  branch numb e r s  simi lar t o  uncut 

plants ( 1 2 5 . 2 ) . 
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Tab le B . 3 . 5  EFFECT OF CUTTING ON THE NUMBER OF PRIMARY , 

SECONDARY , TERT IARY AND QUATERNARY BRANCHES 

PER PLANT AT SUCCESS IVE HARVESTS OF VE RANO 

STYLO UNDER CONTROLLED ENVI RONMENT COND IT IONS 

Harves ting Times 

Cutting 
VG F I  P F  1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Treatmen t 

No 1° Br 

Co 6 9 1 0  1 0  1 0  1 0  1 0  

�VG 6 6 6 6 6 6 6 

�VG 6 6 6 6 6 6 6 

�F I 8 8 8 8 8 8 

�F I 8 8 8 8 8 8 

No 2 ° Br 

Co 0 2 0 . 0  3 7 . 0  4 5 . 7  4 8 . 0  4 8 . 8  4 6 . 7  

�VG 0 2 5 . 7  3 8 . 0  4 1 . 3 4 4 . 4  4 6 . 3  4 3 . 6  

�VG 0 2 1 . 7  3 1 . 7  3 9 . 0  4 0 . 1  4 1 . 7  4 2 . 6  

� F I  0 1 9 . 3  2 2 . 1  3 9 . 0  3 7 . 1  3 9 . 9  3 8 . 4  

�FI  0 1 9 . 7  2 1 . 1  3 4 . 0  3 6 . 9  3 7 . 7  3 0 . 8  

LSD 5 %  3 . 6 6  5 . 8 6 5 . 1 4 2 . 5 9 2 . 8 5 3 . 7 4 

No 3 ° Br 

Co 0 0 2 7 . 5  4 2 . 5  2 8 . 7  3 0 . 0  5 2 . 1  

�VG 0 0 2 7 . 7  5 0 . 5  5 4 . 5  4 9 . 4  4 0 . 0  

�VG 0 0 4 0 . 0  4 2 . 0  3 4 . 2  3 8 . 7  4 2 . 4  

� F I  0 0 2 7 . 0  7 2 . 0  4 1 . 9  4 0 . 0  3 7 . 7  

�FI 0 0 4 6 . 5  6 0 . 5  3 9 . 4  5 2 . 1  4 2 . 4  

LSD5 % 4 . 8 6 7 . 7 5  4 . 2 2 5 . 2 4 6 . 6  

No 4 ° Br 

eo 1 6 . 0  7 . 0  1 4 . 3  

\VG 1 0 . 0  3 4 . 7  2 3 . 0  

�VG 1 6 . 0  3 2 . 3  1 5 . 7  

�F I 1 1 . 7  1 8 . 3  1 1 . 7  

�FI 1 2 . 8  2 3 . 7  1 3 . 0  

L SD 5 %  2 . 3 6 2 . 4  2 . 4  



B . 2 . 2  E f fect on Reproductive Growth and S e ed Y i e l d  

Seedhead Number 
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The results showing the e f fects o f  cutting on the number 

of s eedheads formed on each b ranch order at s uc c e s s ive 

harve s ts are pres ented i n  Tab le B . 3 . 6 .  Ear ly cutting ( �VG ) 

s timu l a te d  to tal seedhead numbers ma inly a s  a r e s u l t  o f  

greater numbers o f  seedheads formed on secondary branch e s . 

In a l l  other cut ting treatments tota l seedhead numbers were 

lower than in uncut plants . Late and severe cutting was 

par t i c u l a r ly damaging to the number of seedheads formed on 

primary b ranche s . Heav i ly a nd late cut plants compens a ted 

for a reduction in primary branch seedhead s by a st imu l a tion 

in the number o f  seedheads formed on tertiary br anche s .  No 

plant s , whether they had been cut or not , produced any s eed­

heads on quaternary branche s . 

Seed Y i e l d  

The re s u l t s  in Tab l e  B . 3 . 7  s how the s e ed yield p e r  

branch o rder produced on cut and unc ut plants at succe s s ive 

h arve s ts . Seed y i e ld per p l ant fo l l owed a s im i l a r  pattern 

to that previous ly de s c r ibed for seedhead numb e r . Cutting 

plants l i ghtly dur ing the vegetative s tage ( �VG ) s timu l a ted 

seed y i e ld from pr imary b ranche s . 

Al l other cut ting treatments reduced seed yield c ompared 

wi t h  uncut p l ants wi th l a te and s evere cutting being partic­

u l a r ly damaging . By c ompar i son cutting had l i ttle e f fect on 

s e condary branch s eed y i e ld s . Cut p l ants a l s o  showed s ome 

s t imul a t ion o f  seed y i e ld from terti ary branches but t h i s  

was i n s u f f ic ient t o  comp l et e ly compens ate for the los s o f  

s e e d  y i e ld o n  pr ima ry branches fo l l owing c ut t ing . Maximum 

s ee d  y i e ld per p l ant was obta ined in early vegetative cut 

p l an t s  25 days a fter peak f lowering ( 6 . 0 0 gm/pl ) .  Lowe s t  

s ee d  y i e lds were produced o n  pl ants cut a t  f loral ini t i a tion 

( 4 . 4 0 gm and 4 . 6 7 gm i n  �F I and �FI treatments respec t ively ) .  

Uncut p lants reached a maximum s eed yield o f  5 . 6 7 gm . 
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Table B . 3 . 6  EFFECT OF CUTT ING ON THE SEEDHEAD NUMBERS 

FORMED ON PRIMARY , SECONDARY AND TERT IARY 

BRANCHES AT S UCCES S IVE HARVESTS OF VERANO 

STYLO UNDER CONTROLLED ENVIRONMENT CONDITIONS . 

S eedhead Numbers per P lant 
a t  D i f ferent Harve s t s  

Branch Cutting 
1 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 

Order Trea tmen t  

Primary Co 4 2 . 6 4 6 . 9  6 2 . 7  6 8 . 0  
Branch 

�VG 2 8 . 0  3 1 . 8  4 7 . 6  4 5 . 1  

�VG 2 9 . 3  3 0 . 2  3 6 . 1  4 5 . 0  

�F I 1 3 . 6  1 4 . 7  2 6 . 9  3 0 . 8  

�F I 1 2 . 1  8 . 4  1 3 . 7  2 0 . 7  

LS D 5 % 8 . 3  5 . 2  7 . 3  4 . 5  

Secondary Co 5 6 . 1  7 5 . 1 8 7 . 7  9 3 . 2  
Branch 

�VG 8 9 . 5  8 5 . 8  1 0 6 . 1  9 8 . 0  

�VG 6 5 . 5  5 8 . 9  8 9 . 6  9 2 . 0  

�F I 8 1 . 5  6 6 . 4  8 5 . 6  1 0 3 . 9  

�F I 5 7 . 8  6 8 . 4  9 4 . 9  1 1 2 . 6  

LSD 5 %  1 5 . 3  1 0 . 3  9 . 3  1 6 . 5  

Terti ary Co 6 . 4  6 . 9  1 0 . 6  1 3 . 1  
Branch 

�VG 1 2 . 6  9 . 4  2 5 . 9  1 9 . 5  

�VG 9 . 5 2 5 . 2  1 7 . 3  1 7 . 2  

�F I 1 7 . 9  1 0 . 5  1 7 . 2  2 1 . 3  

�F I 1 4 . 3  1 1 . 5  3 6 . 8  2 4 . 8  

LSD5 % NS 5 . 4  6 . 4  5 . 1  
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Tab le B . 3 . 7  EFFECT OF CUTTI NG ON S EED YIELD PER P LANT 

FORMED ON PRIMARY , S ECONDARY AND TERTIARY 

BRANCHES AT SUCCESS IVE HARVESTS OF VERANO 

S TYLO UNDER CONTROLLED ENVIRONMENT COND I T I ONS 

( g/pl )  

S eed Yield per P lant 
a t  D i f f erent Harve s t  S t ages 

Branch Cutting 
l S DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF Order Treatment 

Pr imary Co . 9 4 l .  3 3  2 . 3 0 1 . 9 3  
Branch 

�VG . 6 6 . 9 2 l .  7 4  l .  3 1  

�VG . 6 5 . 8 7 1 . 2 7 . 9 7 

�F I . 2 8 . 4 4  . 9 5 . 9 7 

�F I . 2 5 . 2 4 . 6 2 . 6 7 

LSDS % . 1 8 . 1 5 . 3 4 . 16 

Secondary Co 1 . 1 1 l .  7 3 3 . 2 4 2 . 6 1 
Branch 

�VG l .  5 1  2 . 1 6 3 . 8 5  2 . 9 2 

�VG l .  2 5  l .  9 0  3 . 3 8 2 . 7 0 

� F I  1 . 7 8 l .  9 4  3 . 1 8 3 . 0 3 

�F I 1 . 1 9 l .  9 6  3 . 4 3 3 . 3 3 

LSD S %  . 3 9 . 3 3 . 4 6 . 6 3 

Tertiary Co . 0 9 . 0 9 . 1 3 . 1 6 
Branch 

�VG . 14 . 1 3  . 4 2 . 2 8 

�VG . 1 1 . 2 9 . 3 1 . 2 2 

J:iF I . 1 9 . 1 1 . 2 7 . 3 4 

�F I . 1 6 . 1 8 . 6 2 . 4 7 

LSDS % NS . 0 7 . 2 1 . 2 0 



B . 3  EFFECTS OF WATER AND CUTT ING ON THE 

CONTRI BUT I ON OF GROWTH AND Y IELD 
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Al though a number o f  y i e l d  c omponents showed a 

s igni f icant i n terac t ion between water and cutting treatment s , 

only tho s e  components receiving par t i c u lar a ttention i n  thi s  

sec t ion , v i z . branching and s eedhead numbers are presented 

and d i s cus sed ( Raw data for all var i ab l e  numb e r s  i s  p r e s ented 

in Appendix 3 . 3 , 3 . 4 , 3 . 5 )  . 

B . 3 . 1  E f f e c t  o f  Water and Cut t i ng on Branch Numbe r  

There was n o  s igni f i cant interac t ion between wat e r  and 

cutting on pr imary branch numbers ( Appendix 3 . 3 ) . The r e s ul t s  

presented i n  F i gure 3 . 1 s how t h a t  there wer e  s ome interactions 

between these var i ab l es on h i ghe r order branch number s . In 

plants rece iving continuous water ( W 3 ) or where wate r i ng 

was continued to peak f lower ing (W2 ) de layed cutting and 

increa s ed cutting s ever i ty genera l ly r educed s econdary 

branch number s . By compar i s on s econdary branch numb e r s  on 

plants water s tres sed ear ly in the i r  g rowth (Wl ) were 

re l atively unaf fe c ted by cutting . I n  cutting tre atments  

where secondary branch numbers were reduced , the re wa s 

a tendency for ter tiary branch numb e r s  to be increased . 

Thi s  was par t i cu l a r ly the c a s e  i n  treatment W2 where c u t t ing 

was de layed unt i l  f loral ini t i a t ion or in tre a tment W3 i n  

a l l  cutting t r e a tments . Tertia ry b ranches wer e  only f o rmed 

on p lants rece iving continuous water ( W3 )  and on p l an t s  

which were cut heavi ly and 
_
l ate ( �F I )  b u t  which h a d  a l s o  

rece ived water unti l peak f lowe r i n g  ( W2 )  ( F igure 3 . 1 ) .  

B . 3 . 2  E f f e c t  on Reproductive Growth and Seed Y i e ld 

Seedhead Numbe r  

A s  shown i n  Figure 3 . 2 w a t e r  h ad a drama t i c  e f fe c t  i n  

s timul ating s e edhead number , pa r t i c u larly on s econdary and 

ter t iary branches . Ear ly water s tr e s sed plants ( W l ) 

obvious ly produced relatively few p r imary and secondary 

branch seedheads and no ter tiary b ranch s eedhead s . By 

compari son the inf luence of water in stimula ting p a r t i cu l a r ly 

s econdary branch seedheads but a l s o  tert i a ry branch s e edheads 
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was very marked . The interac tion w i th cutting was a l s o  

impo r tant . The res u l t s  i n  Figure 3 . 2 show tha t s e edhead 

numb e r s  on pr imary branches  of plants watered to peak 

f l ower ing (W2 ) were reduced to a greater extent under late 

c u t t i ng than under ear ly cutt ing . The s e  reac t ions were 
-

reve r s ed in terms o f  s ee dh ead numbers on s ec ondary branche s . 

Seedhead numbers on tert iary branche s  o f  conti nuous ly 

watered plants ( W3 ) appeared to su ffer to a much greater 

extent under l igh t but l a te cutting . However ,  tho s e  p l ants 

cut l ate and severe ly ( �F I ) showed a greater c apac i ty to 

increase s eedhead numb e r s  on terti ary branches than p l ants 

f r om o ther cutting treatments . Th i s  wa s p ar t i cu l a r ly apparent 

in the W2 and W3 treatments  a t  the point of maximum s eed 

y i e l d  2 5  days a f ter p eak f lowering . 

I t  i s  a l s o  inte r e s t ing that l ate and s evere cutting 

comp l e tely prevented the deve lopment of s e edhead s  o n  the 

p rimary branche s of p l an t s  watered to peak f l ower ing ( W2 ) . 

Provided p lants were we l l  watered a t  least unti l peak f lower­

ing (W2  and W3 ) , cut p l an ts genera l ly compen s a ted for reduced 

primary branch s eedhead numbers by a s timu l a tion of sJdhead A 

numb e r s  on secondary and ter t i ary branches . Thi s  c ompensa tory 

e f f e c t  d i d  not occur i f  water ing was inadequate ( Wl ) . 

Seed Y i e l d  

Seed yie lds f ormed on e a c h  branch order ( F igure 3 . 3 )  

c l ear ly r e f lec t  the pattern o f  s e edhead numbers previous ly 

d e s c r ibed . Certa i n ly the e f fect of water in s timula t ing 

s eed y i e ld was very apparent ,  par ticularly on s econdary and 

terti ary branche s .  oy c ompari son the e f f e c t  of cutting was 

sma l l , a l l  cut plants s howing a very s imi lar pattern of 

s eed y i e ld deve lopment i n  each water treatment . However 

there was a noti ceab le i nteraction between water and 

cutting , with seed y i e ld from pr imary branche s  be ing 

depr e s s e d  to a greater extent under late cutting than early 

cutting o r  uncut trea tments , par ticu larly when water ing wa s 

terminated at peak f lower ing ( W2 ) . Aga i n  s eed y i e l d  from 

s ec ondary branche s under thi s  W2 treatmen t  tended to 

c ompensate for the above dec reas e  by showing a noti ceable 

increase at l ater h arve s ts . The r e s u l ts a l s o  c lear ly s how 
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the dominant contribut ion o f  s econdary , and to a l e s s e r  

extent , pr imary branch s ee dheads to to tal s e e d  y i e ld and 

the r e l ative ly ins i gn i f i cant contribut i on made by s eed­

heads formed on ter t i ary branche s i n  r espon s e  to adequate 

watering . 

PART C EFFECT OF WATER AND C UTTI NG ON THE CONTRIBUT ION 

1 7 4  

TO SEED YIELD MADE BY THE POS I T ION OF THE SEEDH EAD 

The previous s ec tion has c lear ly shown the contrib ution 

made to total s eed yie ld by d i f ferent branch orde rs . I n  

add i t i on , i t  has explored the inf luence o f  both water and 

cutting on branch and seedhead numbers and on s eed y ie ld .  

The resu l t s  howeve r , have a l s o  high l ighted the var i a t i on in 

reproduct ive c apac i ty obtained between dif ferent branch order s . 

Thi s  s ugge s t s  there are quite l arge d i fferences in the repro­

duc t i ve poten t i a l  of d i f ferent s i tes  w i thin the plant . The 

resu l t s  pres en ted in th i s  section attempt to c l a r i fy the 

contr ibut ion to seed yield made by s eedheads formed at 

termina l s i te s  on d i f ferent branch orders and to d e termine 

the inf luence o f  water and cutting in modi fying s eeding s i te 

respon s e s . 

C . l  INFLUENCE OF D IFFERENT SEEDHEAD POS IT I ON ON SEED NUMBERS 

The r e s u l t s  presented in Tabl e  C . 3 . l  show the number o f  

seeds formed per s eedhe ad a t  nod a l  o r  terminal s i te s  o n  

d i f ferent branch orders at d i fferent h arve s t s  from 1 5 - 3 0  day s 

after peak f lowering . The r e s u l t s  show tha t a t  each h arve s t  

the h ighe s t  number o f  s eed occurs in s eedhead s formed a t  

noda l  pos i tion o n  pr imary and s econd ary branches w i th 

a s evere reduction occurring in the n umber o f  s eeds pre s ent 

per seedhead on tertia ry branche s .  Thi s  was visua l ly 

sug g e s ted by the d i f ferent s i z e  o f  the inflores cenc e s  on 

nod a l  and termina l s i te s  ( P l ate 3 . 7 ) . Seed numbers i n  seed­

head s forme d  at te rmina l s i tes we re l e s s  markedly a f fe c ted 

by branch order but s ti l l  s howed s uperior s eed numbers  on 

pr imary and s econdary branche s .  On t ertiary branches the 

s ee d  number s  formed in s eedheads at nodal and termi na l s i te s  

was s imilar mainly as . a r e s u l t  o f  depres s ion in s ee d  numbe r s  

in noda l  s eedhead s . A s  s ee d  ma tured s eed numbers o n  a l l  
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Table C . 3 . 1  NUMBER OF SEEDS PER SEEDHEAD AT NODAL AND TERMINAL POS ITIONS 

FORMED ON PRIMARY , SECONDARY AND TERTIARY BRANCHES AT 

SUCCESS IVE HARVESTS IN VERANO STYLO UNDER CONTROLLED 

ENV I RONMENT CONDIT IONS 

Harve s ting Time s  

� Branch 
1 5 DAPF 2 0DAPF 2 5DAPF 3 0DAPF 

Order Node Termina l Node Terminal Node Termi na l Node Terminal 

Primary 1 0 . 7  4 . 0  1 2 . 0  5 . 0  1 5 . 3  5 . 3  1 0 . 0  5 . 7  

Secondary 1 0 . 7  4 . 7  1 2 . 0  4 . 3  1 5 . 7  5 . 3  1 0 . 6  5 . 7 

Tertiary 3 . 7  2 . 5  5 . 0  3 . 3  5 . 7  4 . 3  5 . 0  4 . 0  

LSD 5 %  1 . 9  . 9  1 . 1 . 9 1 . 6  1 . 1  1 . 7  • 9 



P late 3 . 7  a , b  

1 7 6 

a 

b 

Showing the r e l a t ive s i z e  o f  inf lorescenc e s  

at nod a l  ( a )  a nd t ermina l ( b )  po s i tions in 

Verano s ty l o . 
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seedheads inc reased to a max1mum 2 5  days a fter peak f l owe ring . 

Seed numbers  per seedhead then decreased due to seed s ha tter­

ing . Thi s  was particularly due to the dropping o f  hooked 

s e e d s  whi le the unhooked s eeds gene r a l ly stick to the seed­

head and shed at a later s tage . 

C . 2  EFFECT OF WATER ON SEEDHEAD NUMBER AND SEED Y I EL D  

Seedhead Numb e r  

I t  i s  apparent from the r e s u l t s  presen ted i n  Tab le C . 3 . 2  

tha t water had a drama tic e f fe c t  on the number o f  s e edheads 

formed at nodal and termina l s i te s  on d i f fe rent branch orders . 

The resu l t s  at s ucce s s ive harve s t s  show tha t  water s tr e s s  

app l i ed a t  the early s tage o f  growth (Wl ) s i gni f i c antly 

reduced seedhe ad numbers formed a t  noda l  s i te s  in every 

branch order . However , the number o f  s eedhead s formed at 

terminal s i tes in the treatmen t  was not as severely a f fected . 

No terti ary branch seedhe ad s were formed in th i s  treatment . 

I n  p l ant s  wh ich rece ived amp l e  water throughout the e xpe r i ­

ment (W3 ) h igh nurobe r s  o f  nod a l  s i te seedheads were formed 

pre sumably as a r e s u l t  o f  the e f fect o f  wa ter in e x tend ing 

b ranch l e ngth and th ere fore increas ing nodal s i te s  for 

s e edhead formation . Termin a l  s i tes  were a l s o  i ncreased 1n 

t h i s  treatment , al though the e f fect was not as great . 

Secondary and ter tiary branch termina l seedhead numbers  

were more s trong ly s t imul a ted by water than pr imary branch 

terminal s i te s . P l an t s  to wh ich water s tre s s  was no t 

impos ed unti l peak flowering ( W2 ) showed an i ntermediate 

r e spons e . 

Seed Yie l d  

P lants stre s sed dur ing the early vege tative s tage had 

a s igni f ican tly lower s eed y i e l d  than p lants s tr e s s ed at 

p eak f l owering ( W2 ) and non - s tr e s sed pl ants ( W 3 ) ( Tab l e  C . 3 . 3 ) .  

The r e s u l t s  c learly show that s eed yield depends on the 

s i te o f  the seedhead on each branch order . 

Tab l e  C . 3 . 3  shows tha t in every wa ter trea tment by f a r  

the greate s t  proport�on o f  tot a l  s eed y i e l d  c ame from seed-
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Tabl e  C . 3 . 2  

Branch 
Order 

P r imary 

Secondary 

Tertiary 

EFFECT OF WATER ON SEEDHEAD NUMBERS AT NODAL AND TERM INAL POS I T I ONS FORMED 

ON PRIMARY , S ECONDARY AND TERTIARY BRANCHES AT SUCCESS IVE HARVESTS IN 

VERANO STYLO UNDER CONTROLLED ENVI RONMENT COND ITIONS 

Water 1 5DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 

Treatment Node Terminal Node Terminal Node Terminal Node Terminal 

Wl 1 1 . 3  6 . 1  1 3 . 7  4 . 2  1 6 . 2  6 . 8  1 8 . 0  7 . 1  

W2 2 1 . 1  2 . 9  2 9 . 7  7 . 9  3 3 . 9  5 . 5  3 8 . 7  1 2 . 3  

W3 2 7 . 0  7 . 6  3 0 . 7  1 . 0  4 4 . 7  5 . 1  5 0 . 4  3 . 4  

L SD 5 %  8 . 6  4 . 2  5 . 1  2 . 2  8 . 9  NS 5 . 4  3 . 5  

Wl 6 . 3  1 7 . 0  1 1 . 1  1 4 . 9  1 5 . 8  2 0 . 5 2 0 . 9  1 9 . 3  

W2 3 4 . 9  1 2 . 5  5 3 . 0  1 5 . 3  6 2 . 5  2 0 . 9  7 4 . 3  2 7 . 7  

W3 8 7 . 0  4 6 . 7  9 2 . 1  2 9 . 1  1 2 3 . 2  3 5 . 7  1 2 5 . 9  3 2 . 1  

LSD 5 %  1 8 . 2  2 1 . 9  1 2 . 9  1 0 . 0  11 . 3  1 0 . 2  2 0 . 5  1 3 . 4  

Wl 0 0 0 0 0 0 0 

W2 5 . 1  7 . 0  9 . 0  4 . 0  1 2 . 3  1 5 . 0  1 8 . 3  

W3 1 0 . 9  2 2 . 8  1 5 . 0  1 4 . 5  2 2 . 8  2 5 . 1  1 2 . 2  2 9 . 5  
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Table C . 3 . 3  EFFECT OF WATER ON SEED Y IELD AT NODAL AND TERMI NAL POS IT IONS ON PRIMARY , 

SECONDARY AND TERTIARY BRANCHES AT SUCCESS IVE HARVESTS IN VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT COND ITIONS ( g/p l )  

Branch Wa ter l 5 DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 

Order Treatment Node Terminal Node Terminal Node Terminal Node Terminal 

Pr imary Wl . 2 2 . 0 5 . 4 1  . 0 4 . 4 7 . 0 7 0 . 3 5 . 0 7 

W2 . 6 3 . 0 4 . 6 9 . 0 6 1 . 1 8 . 0 6 0 . 9 3 . 1 0 

W3 . 6 4 . 0 1 1 .  0 7  . 0 1 2 . 3 6 . 1 0 1 .  7 2  . 0 5 

LSD 5 %  . 2 1 . 0 2 . 1 7 . 0 2 . 3 8 . 0 7 . 1 9 . 0 5 

S econdary Wl . 1 4 . 1 5 . 3 1 . 1 8 . 4 4 . 2 1 . 4 2 . 2 2 

W2 1 . 0 7 . 1 2 1 .  6 1  . 1 6 2 . 0 8 . 2 4 2 . 1 6 . 3 2 

W3 2 . 1 4 . 4 7 3 . 1 6 . 3 8 6 . 5 2 . 7 1 3 . 9 3  . 6 4 

LSD5 % . 4 6 . 2 2 . 3 9 . 1 1 . 5 2 . 1 8 . 8 1 . 2 5 

Tertiary Wl 

W2 . 0 2 . 0 8 . 1 0 . 1 4 . 2 0 

W3  . 1 8 . 2 2 . 2 1 . 1 6 . 4 5  . 3 4 . 1 3 . 4 0 
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heads formed a t  nodal pos i t i ons and that water had a ma j or 

e f fe c t  on the seed y i e l d  obtained f rom these pos i t i on s . 

Seedheads formed o n  termina l pos i t ions on each branch 

contributed minimal ly to total seed y i e ld per plant . 

The re s u l t s  a l so s how tha t  wa ter a f fec ts the s e ed y i eld 

obtai ned on d i f ferent branch orde r s  and pos i tions . Water 

had i ts mai n  e f fect i n  promoting the seed y i e ld f rom seed­

h ead s formed a t  the node s o f  s econdary branche s .  P lants 

wh i c h  rece ived less water early i n  the ir growth ( Wl ) produced 

r e l atively l ow y i elds from pr imary and seco ndary b ranches 

i r re spective of s i te and formed no s eed at e i ther s i te on 

ter t i a ry branch e s . Conver s e ly p l ants whi ch rece ive d  a h igh 

l evel of water throughout the growing period (W3 ) r eacted 

f avourab l e  to water by expre s s in g  the highe s t  s e ed y i e ld . 

Seed y i e ld from treatment W2 was intermediate i n  i ts r e sponse 

to water and to pr imary and s ec ondary branch nodal s i te 

s t imu lation o f  y i e l d . 

By compar ing the seed y i e ld ob tained from each water 

treatment a t  maximum s eed y i e ld it can be s een that the 

o vera l l  s eed y ie ld per p lant from treatment Wl was only 

about one third ( 1 . 2  g )  o f  that obtained from p l ants 

i n  t reatment W2 ( 3 . 8  g )  and was nearly 9 t ime s l ower than 

s eed y i e l d  from plants in treatmen t  W3 ( 1 0 . 5  g )  ( Table C . 3 . 3 ) . 

The r e s u l ts i n  Tab l e  C . 3 . 4  a l s o  show that i n  Wl treatment 

a t  max imum s eed y i e ld ( 2 5DAPF ) 7 6 %  o f  the yield c ame from 

nodal s i te seedheads and 2 4 %  from termina l s i te s . I n  both 

o f  the o ther wate r treatment s  ( W2 and W3 ) almo s t  9 0 %  o f  

total s eed yi eld c ame f rom noda l  s i tes and on ly 1 0 % from 

terminal  s it e s . The se re s u l t s  s ugge s t  th at the e f fect o f  

water i n  determini ng s eed y i e ld ac cording to s i te i s  dec ided 

before peak flowe r ing . Th i s  is s upported by the fact that 

the r e l a t ive apportioning of total seed y ield per pl ant 

between noda l  and termina l pos i t ions on branches  was not 

changed by continuing to water p lants a fter th i s  s tage o f  

growth . The results a l s o  show that reduced seed y i e ld 

( presumab ly a reflect ion o f  reduced seeds per s e edhead and 



...-! 
00 
...-! 

Tab le C . 3 . 4  EFFECT OF WATER ON SEED Y I ELD FORMED AT NODAL AND TERM INAL 

POS I TIONS AT SUCCE S S IVE HARVESTS IN VERANO STYLO UNDER 

CONTROLLED ENVIRONMENT COND ITIONS ( g/p l ) 

Water 

Seed y i e ld per plant ( gm)  from node and 
terminal pos i tions at d i f ferent harve s t  s tages 

1 5DAPF 2 0 DAPF 2 5 DAPF 3 0 DAPF 

Treatmen t  Node Termina l Node Terminal Node Terminal Node Terminal 

Wl . 3 6 . 2 1 . 7 2 . 2 2 . 9 1 . 2 8 . 7 8 . 3 0 

W2 1 . 7 1 . 1 7 2 . 3 3  . 3 0 3 . 3 8 . 4 3 3 . 2 5 . 6 2 

W3 2 . 9 4 . 7 6 4 . 4 8 . 5 3 9 . 3 2 1 . 1 5 7 . 0 7 1 . 0 9 

LSD 5 %  . 2 8 . 2 1  • 3 0 . 1 3  . 3 0 . 1 5  . 4 0 • 1 8  



1 8 2  

seedhead numb e r s ) a t  nodal and termin a l  s i tes occurs a s  

a re s u l t  o f  ear ly water s tr e s s  ( Wl ) . I n  this case however , 

the reduc tion in s eed y i e l d  a t  nod a l  s ites was partly 

compen s a ted for by a proport iona l ly greater increase i n  

seed y i e ld from terminal s i te s eedhead s . 

C . 3  EFFECT OF CUTTING ON S EEDHEAD AND SEED Y I ELD 

Seedhead Number 

The d i f ferent s tages of plant growth and seve r i ty o f  

cutting u sed in th i s  experiment had a marked e f fect on the 

number o f  s e edhe ad s forme d at each pos ition ( noda l or 

termi na l )  on each branch order . 

The r e s u l t s  in Tab le C . 3 . 5  s how tha t a l l  cut p l an t s  

prod uced fewer s eedheads at both noda l  and terminal s i te s  

o n  pr imary branche s .  Thi s  wa s due t o  the lower number o f  

pr imary branches o n  cu t p l ant s . P l ants wh ich were cut at 

f l or a l  ini t i a tion were mos t  a f fe c ted , par t i cularly i f  

c u t ting was s evere . 

A d i f ferent p i c ture emerged in the c as e  o f  s econdary 

b ranches . I n  mo s t  c as e s  the re was genera l l y  no great 

d i f ference in the number o f  s eedheads formed at terminal 

pos i t ions on secondary branch e s  be tween cut and uncut p l an t s . 

However , the re was s ome compens ation for reduced primary 

branch nodal s eedheads in cut p lants by a general s timu l a t ion 

in s econdary branch nodal p o s i tion seedhe ad s . Thi s  c ompen s ­

atory e f fe c t  was pa rticu lar ly apparent in plant s cut l ightly 

dur ing the vegetative s tage ( �VG ) and plants at f loral 

ini tiation ( �F I , �F I ) . The general s timu l a ti on of s e edhead 

numbers at both nodal and termina l pos i t i ons by cutt ing was 

very apparent on terti ary branche s .  

The general conc lus ion i s  th at max imum s eedhead numbe r s  

were produced on s e c ondary branches irrespect ive o f  whe ther 

p lants were cut or not . However any management s y s tem wh ich 

s t imu lated s econdary branch forma tion appeared to be 

bene f i c i a l  in promot ing greater number s  of s eedheads per 

p l ant . 
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Tab le C . 3 . 5  EFFECT OF CUTT ING ON SEEDHEAD NUMBERS AT NODAL AND TERMINAL POS IT IONS ON 
r-1 PRI�ffiRY , SECONDARY AND TERTIARY BRANCHES AT SUCCESS IVE HARVESTS IN VERANO 

STYLO UNDER CONTROLLED ENVIRONMENT COND ITIONS 

Branch Cutting 
1 5 DAPF 2 0DAPF 2 5 DAPF 3 0 DAPF 

Order Treatm�nt Node Terminal Node Termina l . Node Termi nal Node Terminal 

Primary Co 3 4 . 3  8 . 3  4 0 . 0  6 . 9 5 2 . 7  1 0 . 0  5 5 . 0  1 3 . 0  

l.,rVG 2 3 . 8  4 . 2 2 6 . 4  5 . 4  3 9 . 8  7 . 8 3 6 . 4  8 . 7  

!2VG 2 1 . 3  8 . 0  2 6 . 4  3 . 8  2 9 . 9  6 . 2  4 0 . 8  4 . 2  

l..rF I  9 . 7 3 . 9  1 3 . 2  1 . 5  2 3 . 3  3 . 6  2 6 . 9  3 . 9  

� F I  9 .  9 2 . 2  7 . 2  1 . 2  1 2 . 3  1 . 4  1 8 . 8  1 . 9  

LSD 5 %  7 . 2  2 . 5  4 . 3  1 . 8  7 . 4  3 . 5  4 . 5  2 . 9  

Secondary Co 3 6 . 1  2 0 . 0  6 1 . 8  1 3 . 3  6 1 . 6  2 6 . 1  6 1 . 5 3 1 . 7  

l.,rVG 5 6 . 9  3 2 . 6  5 2 . 1  3 3 . 7  7 4 . 1  3 2 . 0  7 2 . 4  2 5 . 6  

�VG 3 6 . 6  2 8 . 9  3 2 . 2  2 6 . 7  6 5 . 2  2 4 . 4  6 7 . 1  2 4 . 9  

l.,rF I 5 7 . 7  2 3 . 8  5 3 . 6  1 2 . 8  6 2 . 3  2 3 . 3  7 6 . 0  2 7 . 9  

�F I 3 8 . 5  1 9 . 3  5 6 . 0  1 2 . 4  7 2 . 3  2 2 . 6  9 1 . 5  2 1 . 1  

LSD5 % 1 5 . 1  N S  1 0 . 7  8 . 3  9 . 4 NS 1 7 . 0  NS 

Ter t i a ry Co 2 . 2  4 . 2 5 . 0  1 . 9  1 . 0  9 . 6  0 1 3 . 1  

l.,rVG 4 . 7  7 . 9  3 . 2  6 . 2  1 2 . 4  1 3 . 5  5 . 7  1 3 . 8  

�VG 2 . 2  7 . 3  7 . 7  7 . 5  8 . 8  8 . 5  0 1 7 . 2  

l.,rF I 4 . 2 1 3 . 7  1 . 9  8 . 6  6 . 5  1 0 . 7  5 . 6  1 5 . 7  

l._zF I 3 . 8  1 0 . 5  9 . 6 1 . 9  1 6 . 1  2 0 . 7  5 . 0  1 9 . 8  

LSD 5 %  N S  NS 5 . 8  4 . 4  6 . 2  6 . 4  NS 5 . 1  
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Seed Y i e ld 

The results  i n  Tab le C . 3 . 6  show that seed y ie ld on 

d i f ferent b ranch orders r e f l e cted the rela tive c ontribution 

o f  nod a l  and termina l pos i tion seedhead number s  previous ly 

recorded . At the t ime of maximum seed y i e ld 2 5  days a f te r  

peak f lowering f o r  examp l e , uncut plants produc ed a total 

seed yield of 5 . 6 7 gm/plant composed of 5 . 1 1 gm from nodal 

s eedheads and 0 . 5 6 gm from termina l p o s i t ion s eedhead s . 

These f i gures can be compared with the lowe s t  y ie lding 

cutting treatme n t  ( �F I )  which produced a total s eed y i e l d  o f  

only 4 . 4 0  gm/pl ant made u p  o f  3 . 9 3  gm from nodal s i te s  and 

0 . 4 7 gm from termina l seedhead s . The previous ly des cribed 

s timu lat ion o f  secondary branch s e edheads and to a l e s s e r  

extent ter tiary seedheads b y  cutting i s  also r e f l e cted i n  

the s eed y i e l d  resu l ts in Tab le C . 3 . 6 .  

C . 4  EFFECT OF WATER AND CUTT ING ON 

SEEDHEAD NUMBERS AND SEED YIELD 

Seedhead Number 

A d iagramma tic pres entation o f  the dis tributi on of noda l  

and terminal s eedheads on Verano s ty lo plants in t h e  d i f ferent 

water and cutting treatments i s  shown in P l ate 3 . 8 .  Th i s  

rather d i f ferent form o f  pre senta t i on was con f ined to the 

harve s t  2 5  days a f ter peak flowering when max imum seed y i e l d 

wer e  general ly recorded . More d e � a i led and comprehe ns ive 

data are pre s ented in Appendix 3 . 8 . 

( i )  Primary branch nodal pos i tion seedhead s : Cutting 

reduced seedhead numbers in a l l  water treatments . 

Uncut pl an ts wh ich rece ived adequa te watering 

unti l  at least peak flowering (W2 ) produced 

4 5- 6 5  s eedheads a t  nod a l  s i te s  on pr imary branche s 

compared with 0 - 5 5  s eedheads on cut p l ant s , ma j or 

d i f ferences occurring wi th increased cutting 

sever i ty and l ater cutting . 
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Tab le C . 3 . 6  EFFECT OF CUTTING ON SEED Y IELD AT NODAL AND TERMINAL POS ITIONS ON PRIMARY , 

SECONDARY AND TERT IARY BRANCHES AT SUCCES S IVE HARVESTS IN VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT CONDITIONS ( g/pl ) 

Branch Cut t i ng 1 5 DAPF 2 0DAPF 2 5DAPF 3 0 DAPF 

Order Treatment Node Termina l Node Terminal Node Terminal Node Terminal 

Pr imary Co . 8 6 . 0 8 l .  2 6  . 0 7 2 . 2 3 . 0 7 l .  8 0  . 1 3 

l:iVG . 6 2 . 0 4 . 8 7 . 0 5 1 . 6 9 . 0 5 1 . 1 9 . 1 2 

�VG . 5 7 . 0 8 . 8 3 . 0 4  l .  2 3  . 0 4 . 9 2 . 0 5 

l:iF I . 2 3  . 0 5 . 4 3 . 0 1 . 9 4  . 0 1 . 9 3 . 0 4 

�FI . 2 3 .� . 0 2 . 2 3 . 0 1  . 6 1 . 0 1 0 . 6 5 . 0 2 

LSD 5 %  . 1 7  . 0 3 . 14 . 0 1 . 3 3 . 0 6  . 1 6 . 0 4 

Secondary Co . 9 2 . 1 9 1 . 5 8 . 1 5 2 . 8 6 . 3 8 2 . 1 3 . 4 8 

l:iVG 1 . 1 9 . 3 2 1 . 7 3 . 4 3 3 . 3 5 . 5 0 2 . 5 4 . 3 8 

�VG . 9 7 . 2 8 1 . 5 8 . 3 2 2 . 9 6 . 3 8 2 . 3 0 . 4 0 

l:iF I 1 . 5 4 . 2 4 1 . 7 9 . 1 5 2 . 8 5 . 3 3 2 . 6 3 . 4 0 

�FI 0 . 9 7  . 2 2 1 . 8 0 . 1 6 3 . 1 0 . 3 3 3 . 0 1 . 3 2 

LSD 5 %  . 3 8 . 1 8 . 3 2 . 0 9 . 4 4 . 1 5 . 6 8 N S  

Tertiary eo . 0 5 . 0 4 . 0 7 . 0 2 . 0 2 . 1 1 0 . 1 6 

l:iVG . 0 8 . 0 6 . 0 6 . 0 7 . 2 5 . 1 7 . 1 1 . 1 7 

�VG . 0 4 . 0 7 . 1 1 . 1 8 . 1 9 . 1 2 0 . 2 2 

l:iF I . 0 6 . 1 3 . 0 3 . 0 8 . 1 4 . 1 3 . 1 5 . 1 9 

�FI  . 0 6 . 1 0 . 1 3 . 0 5 . 3 5 . 2 7 . 2 2 . 2 5 

LSD5 % NS NS . 0 7 . 0 7 . 1 9 . 1 3 . 2 0 N S  



P l ate 3 . 8 D i agrams s howing noda l and termin a l  

po s i tion s e edhead s on e a c h  branch order 

of Verano s ty l o  plants from a l l  water 

and cut t ing treatme n t s  25 days a f ter 

peak f lower i n g . 

• =  nod a l  pos i tio n  

O =  termina l pos i t ion 

I =  pr imary branch 

I = secondary branch 

1 = ter t iary branch 
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( i i )  Primary branch terminal pos it i on seedhead s : Cutting 

reduced termina l s i te s eedhead forma tion . Even the 

supply of amp l e  water to cut p lants was not s u f f i c ie n t  

to c ompensate f o r  the depre s s ion o f  termina l s i te 

seedhead numbers  due to cutti ng . However , i n  uncut 

plants a pos i t ive water re sponse wa s obta ined 

( i i i )  

( P l a te 3 . 8  and Appendix 3 . 8 ) . 

Secondary branch noda l pos i t i on seedhead s : There wa s 

a sugge s tion that water and late cutting in particu lar 

comb ined to s timu l a te s e condary branch nodal po s i tion 

seedhead number s . In the severe f loral i n i t i a t ion 

cut for examp l e  ( �F I )  total se condary branch noda l  

seedheads in treatment Wl , W 2  and W3 we re approx ­

imately 3 0 , l O O  and 1 4 0  compared wi th respective 

figures of 1 0 , 6 5  and 1 1 0  in uncut p lants ( Append ix 

3 .  8 )  . 

( iv )  Secondary b ranch terminal po s i tion s eedhe ad s : There 

was a d i s tinct rel ationship be tween water and 

cutting in a f fecting the number o f  s eedheads 

formed at termi nal pos i tions on secondary branche s .  

Treatment W3 for examp le produced up to 4 5  s eed ­

heads/p lant in uncut p lants compared with 2 0 - 6 0  

seedhead s i n  plants from d i f ferent cutting treatmen t s  

( Pl ate 3 . 8 ) . 

( v )  Terti ary b ranch nodal pos i t i on seedheads : Only we l l  

watered plants (W3 ) produced s eedheads o n  terti ary 

branches at nodal s i tes except tha t  plants s tres sed 

a f ter peak f l ower ing ( W 2 ) and cut a t  floral i n i t i ation 

did produce sma l l  numbers ( approx imately 2 0 ) seedheads 

a t  nodal s i t e s  ( P late 3 . 8  and Appendix 3 . 8 ) . 

( vi )  Terti ary branch terminal pos i tion : Early s tr e s sed 

p lants ( Wl ) produced no tertiary b ranch s eedheads 

in both cut and uncut p l ant s . Plants rece iving 

water unt i l  peak flower ing and beyond (W2 and W3 ) 

produced 1 0 - 4 0 s eedheads at te rmi nal pos i ti ons on 

tert iary b ranches ( P l ate 3 . 8 ) . 
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S e e d  Y i e ld 

The seed y i e ld produced a t  nodal and termina l s i te s  on 

d i f ferent branch order s  is shown graph i c a l ly i n  F igure 3 . 4  

and Append ix 3 . 9 .  D i f ferences in s eed y i e l d  s imp ly r e f l e c t  

the s e e dhead numbers d i s tr ibution from e ach pos i tion and 

branch order previous ly described ( P l ate 3 . 8 ) . S eed y i e ld 

f ro m  d i f fe rent branch orders  and s ites was s trongly i n f luenced 

by water and to a le s s er extent by cutt ing . The e f fe c t  o f  

the s e  factors o n  s e e d  y i e l d  i s  s ummar i s ed be low : 

( i )  Primary branch noda l  pos i t ion seed y i e ld : Al though 

water continued to increase s eed y i e ld in a l l  

treatments the r e  w a s  a s i gni fi cant depre s s ion i n  

y i e ld in c u t  p lants , th i s  e f fect becoming mor e  

apparent with late and severe cutting . The quanti ty 

of seed produced by early s tre s s ed plants was low 

in a l l  treatments . No seed wa s formed on p lants 

receiving water s tr e s s  a fter peak f l owering ( W2 ) 

whe n  the se p l ants were cut s everely and late ( �F I ) . 

( i i )  Pr imary branch termina l pos ition s e e d  y i e ld : There 

( i i i )  

wa s very l i t t l e  contribution to seed y i e ld from 

seeds formed on p r imary branches at the termina l 

pos i t ion irre spec t ive o f  water or c utting ( F i gure 3 . 4 ) . 

Secondary branch noda l po s i t ion seed y i e ld : The r e s u l t s  

in F igure 3 .  4 show the dramatic i n f l uence o f  conti nuous 

water ing ( W3 ) i n  s timu la ting s e ed y i e ld a t  nodal s i t e s  

o n  secondary branche s . By compari son the e f fect o f  

cutting o n  s e e d  y i e ld was smal l ,  a l though p lants 

water s tre s s ed from peak flower ing (W2 ) did show some 

increase in y i e ld due to a s t imu l a t i on o f  s eeding 

c apacity at nod a l  s i tes on secondary branches when 

plants were cut a t  f l oral initiat i on . Early s tres sed 

p lants ( Wl ) and continuous ly watered plants (W3 ) 

were l e s s  re spons ive to thi s  l ate cutting s t imulus . 



F i gure 3 . 4  

Co 
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EFFECT OF WATER AND CUTTING ON SEED Y I E LD 

FORMED ON EACH BRANCH ORDER AND P OS I T I ONS 

AT SUCCE S S I VE HARVESTS OF VERANO STYLO 

UNDER CONTROLLED ENVI RONMENT CONDI T I ON S  

( g/pl )  

� VG � VG � F I 

20 25 .30 t5 20 25 ro 15 25J 25 ::50 
Days After Peak Flowering 

� Fl 



( iv )  Secondary branch terminal pos i t ion seed yield : 
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Al though water d id s l ight ly increase s eed y i e l d  

f rom termina l s i te s  o n  secondary branches there 

was l i ttle e f fec t due to cutting . Ove ra l l  however ,  

the contribution o f  s eed produced terminal ly on 

s econdary branche s was low . 

( v ) . Terti ary branch nodal pos i tion seed y ield : Early 

s tres sed plants (Wl ) produced no seed o n  tertiary 

branche s . However p lants rece iving amp l e  water (W3 ) 

produced some s eed from nodal s i te s  on these b r anche s , 

there being a s ugge s tion that seed y i e ld wa s improved 

by cutting . P l ants water stres sed at peak f l owering 

only formed seed a t  nodal s i te s  on tert iary branches 

in s i tuati ons where p l ants were cut l a te ( F I ) . 

( vi )  Terti ary branch termina l pos i tion s eed y i eld : No 

ter tiary branch termina l s i te s eed y i e ld occurred 

on p l ants wh ich had been wa ter stre s s ed early (Wl ) . 

However watering unt i l  peak f l owering ( W2 )  or l ater 

(W3 ) did r e s u l t  in a sma l l  contribution to s eed y i e ld 

from the s e  s i t e s , a lthough there was no apparent 

e f fect due to cutting . 

Table C . 3 . 7  summar i s e s  the contr ibut ion to seed y i e ld 

made by each branch order and by seedhead p o s i tion from al l 

water and cutting treatmen ts . The r e s u l t s  presented are 

f o r  the h i ghe s t  seed y i e ld harve s t  25 day s a f ter peak 

f lowering . In all water and cutt ing treatments by far the 

greate s t  contribution to s eed yie ld came f rom seed produced 

at nodal positions on pr imary and secondary branche s .  The 

h ighe s t  contribution to s eed y i e ld by termi n a l  s i te seed­

head s came from thos e  formed on secondary branche s .  Ter t ia ry 

b r anch seedhead s , whe ther they were formed a t  nodal or 

terminal pos i tions , contr ibuted very l i t tl e , and i n  s ome 

c a s e s  zero , s eed y i e ld . 

In mos t  c a s e s  pr ima ry branch s eed y i e ld was reduced by 

de l ay in cutting and by i ncreased cutting s ever i ty . Howeve r ,  

any reduc tion by cut�ing was gene r a l ly compens ated for 
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Tab le C . 3 . 7  SU��ffiRY OF THE PERCENTAGE OF THE CONTRIBUTION OF THE SEED Y IELD 

FORMED ON EACH BRANCH ORDER AND POS IT ION AT 2 5  DAYS AFTER PEAK 

FLOWERING I N  VERANO STYLO UNDER CONTROLLED ENV.I RONMENT CONDITIONS 

Wl W2 

Co J..iVG �VG J..iF I  �FI  Co J..iVG �VG J..iF I  �FI  

Primary 5 5 . 5  4 5 . 5  3 5 . 5  3 4 . 0  2 2 . 0  4 8 . 4  3 7 . 0  3 6 . 0  2 5 . 0  0 

Nodal 
Secondary 1 9 . 5  2 8 . 5  4 4 . 0  4 2 . 0  5 9 . 0  3 8 . 0  5 9 . 0  5 5 . 0  5 6 . 0  6 7 . 0  Po si tion 

Tertiary 0 0 0 0 0 0 0 0 3 . 0  1 2 . 0  

Pr imary 9 . 4  5 . 7  6 . 0  5 . 0  1 . 0  5 . 0  0 1 . 0  1 . 0  0 

Termina l 
Secondary 1 5 . 6  2 0 . 3  1 5 . 0  1 9 . 0  1 8 . 0  6 . 6  3 . 0  7 . 0  1 0 . 0  9 . 0  Pos ition 

Tertiary 0 0 0 0 0 2 . 0  1 . 0  1 . 0  5 . 0  1 2 . 0  

W3 

eo J..iVG �VG J..iF I  �FI  

3 4 . 0  2 1 . 0  1 9 . 0  1 8 . 0  1 7 . 0  

5 8 . 0  5 6 . 0  6 4 . 0  6.9 . 0  6 7 . 0  

0 7 . 0  6 . 0  4 . 0  7 . 0  

0 2 . 0  1 . 0  0 1 . 0  

6 . 0  1 0 . 0  7 . 0  6 . 0  6 . 0 

2 . 0  4 . 0  3 . 0  3 . 0  2 . 0  
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by a proportiona l increase i n  the percentage s eed y i e ld 

contr ibution by s eedhe ads formed on s econdary b r anche s . 

I t  wa s surpr i s ing that l ate and severe ly cut plants ( �F I )  

fai l ed to prod uce any s eed y i e ld on pr imary branches in the 

W2 treatment . Th i s  might be due to the fact that the s upply 

o f  water after severe cutt ing wa s inadequate for the 

r e s tor a t i on o f  f l oral s i te s  which had been removed from 

the s e  re lative l y  large p l ant s . 

The perc entage contr ibution to total s eed y i e ld by 

d i f ferent branch orders and s i te s  was remark ably con s tant 

b e tween the water treatments . Wh i l e  p lants from a l l  water 

t r e a tment s  general ly produced over 9 0 %  of the i r  seed y i e ld 

o n  pr imary and secondary branches the main d i f ferenc e s  

oc curred i n  t h e  percentage o f  total seed y i e l d  produced a t  

nodal s i tes c ompared w i th termina l s i tes on pr imary and 

s e co ndary branches . I n  e ar ly s tr e s sed plan t s  ( Wl )  the 

proportion was approxima tely 7 5 % : 2 5 % . However in plants 

wh i ch were adequa te ly watered unti l peak f l owering ( W2 ) 

or throughout the experiment (WJ ) th i s  propo r t i on o f  total 

s eed yie ld b e tween noda l  and terminal  sites  on primary and 

s e condary branches was appr ox imate ly 9 0 % : 1 0 % . 

Although the re was an increas ing percentage o f  s eed 

y i e ld contributed by tertiary branches as  a response to 

improved water ing (W2 , W3 ) , th i s  contribution was general ly 

l ow . Early s tres sed p l an t s  ( Wl )  were unab l e  to produce any 

s ee d  on tertiary branche s . 

Th ese r e s u l t s  there fore highl ight the abi l i ty o f  

Verano s ty l e  p l ants to c ompens a te f o r  pr imary branch remova l 

due to cutting by increa s i ng the percentage o f  seed y i e ld 

on s e c ondary branche s .  They a l s o  show the ma j or contribu t i on 

to s eed y i e ld made by nod a l  s i te s e edhead s ; the inf luence 

of water in a f fecting the proportion of s ee d  y i e ld produced 

at noda l  s ites  on pr imary and secondary branches ; and the 

re latively un important contribut i on to s ee d  y i e ld by 

terminal po s i tion seedhe ad s and by s eedheads formed o n  

ter ti ary branche s . 
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DI SCUS S I ON 

The water treatment s  s e lected i n  this contro l l ed 

environment exper iment were chosen to try to s imu late a s  

c lo s e l y  a s  pos s ible the c l imatic condi tions exper ienced i n  

the previous f i e ld exper imen t s  i n  Tha i land . Wa ter marked ly 

a f fected the growth and y i e l d  o f  Sty losanthes hamata c v  Ve rano 

in the c ontro l led environme n t , and in par t i c u l a r  appeared 

to change plant s truc ture . 

Both vegetative and reproductive growth were greatly 

reduced f o l l owing water s tre s s , particularly if s tr e s s  was 

impos ed early i n  the growth cyc l e  and respo n s e  to rewater ing 

for surv ival wa s very poo r . Thi s  l ack of r e s ponse to w ater 

fol l owing stre s s  has a l so been found in l up i n  by Wi the r s  ( 1 9 7 9 ) . 

Obs e rvation showed tha t  s ty l o  plants seemed c apab l e  o f  

reac ting for l ower wa ter ava i l ab i l i ty b y  an a l teration o f  

l e a f  o r i entation , a redu c t ion in l ea f  area and b y  an 

incr e a s e  in leaf sheddi ng . The s e  e f fects h ave a l so been 

noted in a number o f  other p lants b y  Lud low ( 1 9 7 6 )  i n  

gras s e s  and by Whi teman ( 1 9 7 7 )  i n  Townsv i l l e  s ty l o . I n  the 

c a s e  of water s tres s i n i t i a ted at the vege tative s tage b o th 

c ut and uncut plants we re unab le to fully recover the i r  

growth , �nlike plant s  which did n o t  rece i ve a water s tr e s s  

unti l  the peak f lower ing s tage . Early water s tre s s  r e s u l ted 

i n  reduced growth r ate s for the r e s t  of the growth period . 

Thi s  was r e f le c ted in l ower branch number s , shorter branche s , 

f ewer leave s , reduced l e a f  area and fewer s i te s  for seed-

h e ad development . A l l  of  the s e  variables r e s u l ted in lower 

tot a l  s eed y i e ld ( 1 . 1 9 g/p l ) . In the early s tr e s s  treatment 

(Wl ) both cut and uncut plants o f  Verano s ty l o  produc ed 

ma inly secondary branch e s  with l i t t l e  ter t iary branch 

deve lopment . However when water s tress was not imposed 

unti l  l ater i n  the growth cycle , p l ants had s u f f i c ient time 

to ut i l is e  ava i lab le water to deve lop grea ter numbers o f  

h i gher order branche s ,  e spec i a l l y  in the c a s e  o f  plants 

rece iving cutting . Water s tress  dur ing f l owering a l s o  

reduc ed seed yield , compa red with the max imum s eed y i eld 

from p l an ts receiving water throughout the period o f  s eed 

deve lopment ( W2 = 3 . 2 6 g/p l , W3 = 9 . 2 5 g/pl ) . Th i s  e f fe c t  has 
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been previo u s ly des cr ibed by F i s cher and Hagan ( 1 9 6 5 ) ; 

Salter and Goode ( 1 9 6 7 )  and F i s cher and Campb e l l  ( 1 9 7 7 ) . 

Both f lora l  initiation and branch ini t i a tion were 

particu larly sens i t ive to water s tres s .  Wh i l e  water had 

an e f fe c t  on the number of s i te s  for s eedhead forma tion 

the contr ib ution to seed y i e ld was d i f ferent b e tween water 

treatments . Early water s tr e s s , app l i ed at the vegetative 

s tage , r e s u l ted in seed y i e ld be ing obtained a l mo s t  equa l ly 

from pr imary and secondary b ranches ( 4 5 % from pr imary and 

5 5 %  f rom s econdary branche s ) . Howeve r , wa ter s tr e s s  app l i ed 

later a t  peak f l ower ing r e s u l t ed in a change i n  the 

contr ibution percentages of s eed y i e ld from d i f ferent 

branch orders ( 3 2 %  from pr imary , 6 2 %  from second ary , 6 %  

from t e r t i ary ) . I n  pa r t i c u l a r  the percentage o f  s eed y i e ld 

obtained from se condary branches was increased and some 

contribution from seeds produced on tertiary b ranches became 

apparent . In pl ants receiving adequate water throughout 

the growth cyc l e , h ighe s t  y i e ld was ob ta ined from seeds 

borne on s econdary branche s ( 2 3 %  from primary branche s ,  

6 9 %  from s econdary branche s ,  8 %  from ter ti ary branche s ) . 

The pos i tion o f  seedhead formation was a l s o  important . 

In part i c u lar , s eedhead s produced a t  branch nod e s  prod uced 

h igher s e e d  numbers than s eedheads formed at the termina l 

s i te on the branch . Th i s  r e s u l ted in about 7 5 - 9 0 %  o f  

tot a l  s ee d  yie ld coming from s eedhead s formed a t  nodal 

pos it ions . The number of s ee dheads obtained at noda l 

s i t e s  in l ater s tr e s s ed p lants  and we ll watered was 

higher than in early s tr e s s e d  plants . 

Cutting on i t s  own d i d  not greatly a f fe c t  vegetative 

or reproductive yield . E a r l y  cutting howeve r ,  appeared 

to s timu l ate h igher branch orders . Thi s  e a r l y  remova l o f  

herbage by cutting a t  the vegetative s tage r e s u l ted i n  

more branche s be ing formed than occurred f o l lowing later 

cutting and in uncut p l a n t s . Thi s  e f fect w a s  ve ry worth­

whi l e  if water continued to be ava i lable . The cutting 

o f  Verano sty lo a l s o  reduced leaf numbers and l e a f  area 

and s uppo rted the s ugge s t i on tha t Sty losanthes s pp . , a long 



with mos t  trop i c a l  legumes , i s  s u s c eptible to cutting 
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I n  the pre s ent s tudy , removing 2 5 %  o f  the top o f  the 

plant canopy at the early vegeta tive s tage ( �VG ) apparently 

a l l owed time for the p lant to recover s tructur a l ly be fore 

floral ini t i a ti on commenced . Such management re s u l ted in 

h i gher branch numbers and h igher dens i ty of i n f l o r e s cences . 

I f  cutting was begun when plants were sma l l  they then had 

time to replace the growth wh i ch had been r emoved , a l lowing 

the produc tion o f  abundant s e ed s . A s imi lar e f fe c t  f o l lowing 

gr a zi ng has  been previous ly noted in s tylo by Kre t s chmer 

( 1 9 6 8 ) . I n  the present s tudy the e a r l i e r  cutting trea tmen ts 

yie lded s im i l a r  or h i qher seed y ie ld than uncut p l an t s . 

Thi s  e f fect i s  a l s o  con f i rmed by other workers ( Ro s s i te r , 

19 6 1 ;  Kret s chmer , 1 9 6 8 ; Loch and Humphreys ,  1 9 7 0 ; Wi la ipon 

e t  a l . ,  1 9 7 9  and Wi l aipon and H umph rey s ,  1 9 8 1 )  who have a l l  

shown tha t  e ar ly cutting before th e ons et o f  f lowe r i ng 

increases  seed yie ld . In a l l  e a r l y  cut treatments r e s u l tant 

seed yie ld c ame mainly from s econdary branches w i th a sma l l  

contribut ion from tertiary b ranche s . Simi lar findings h ave 

been recorded by Humphreys ( 1 9 8 1 )  who has shown the de fo l i a ted 

plants d i s p lay an increased capa c i ty to equi l i b r a te inf lor­

e s cence dens i ty through increa s ed secondary and t e r t i a ry 

branch ing i n  d e fo l i ated sward s . 

Late cu tting o f  Stu losanthes wh ich removed the f loral 

initials  h a s  been shown to b e  par ticularly harmfu l  to s eed 

yield ( Humphreys , 1 9 7 8 ) . I n  the present s tudy r emovi ng even 

2 5 %  or 5 0 %  of the top growth of the p lant at the s tage o f  

f loral i n i t i a tion decreased s eed y i e ld . Apparently the 

quantity of s eed p roduced is s trongly dependent on plant 

vigour and the quan t i ty o f  vege ta tive materia l present at 

f lowering ( Kretschme r , 1 9 6 8 ) . Th i s  late cutting e f fe c t  on 

s eed yie ld wa s c aused by a number o f  factors , inc luding 

a reduc tion in the number of f l o r a l  s i te s at termina l 

pos i t ions on primary branche s ;  the fact tha t  p l ants did not 

have enough time to recover be fore flower inq c ommenced and 

a l s o  becaus e o f  a l ack of time to al low compen s a tion by 
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produc inq ter t i ary branch e s . Thi s  general e f fe c t  h a s  a l s o  

been found by Loch and Humphreys ( 1 9 7 0 )  i n  S .  hwnUis . They 

noted in par t i c u l ar , tha t  de fol i a tion at floral i n i t i a tion 

reduced the fer t i l i ty of the bud s i te s . Wi laipon e t  a L  

( 1 9 7 9 )  a l s o  obs erved tha t  defo l i a t i on o f  Ve rano s ty le a t  

d i f ferent s tages during e a r ly o r  advanced floral i n i t i a ti on 

had a s igni f i c an t  e f fec t on seed y i e ld . The main s eed 

yie ld contribut ion ob tained fol lowing late cutting was from 

secondary branches which gene r a l l y  produced over 7 2 %  o f  

to tal seed y i e ld , whi l e  tertiary bran ches produced o n l y  

about 6 - 1 3 %  o f  seed y i e ld . 

Cut plants  have a great potent i a l  to compen s a te y i e ld 

from s econdary and terti ary branch e s  compared w i th uncut 

p l ants . Wh ether or not the plant h a s  the opportuni ty to 

e xpres s  thi s  potential fo l l owing cut tinq appears to be 

s trongly dependent on water ava i l ab i l ity during the pos t­

cutting period of plant growth , and particularly dur ing 

the interva l between cutting and f loral initia tion . The 

r e s u l ts there fore c learly demons trate the s trong i n te raction 

between wa ter and cutting in Stu Zosanthes hamata cv Verano . 
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CHAPTER 4 

GENERAL D ISCUS S I ON 

Both Sty losanthes hamata cv Verano a nd Macrop tiliwn 

a tropurpurewn cv S i ra t ro have been widely used for pasture 

improvement in many tropical countr i e s . Thes e  two forage 

legume s are cons idered impor tant due to the i r  ver s at i l i ty 

and wide envir onmenta l  adaptation . Humphreys ( 1 9 7 9 ) , 

however , has found that S .  hama ta i s  more ver s a t i le in i t s  

edaphic adaptation than S .  hwnilis and Macrop ti liwn atropurpurewn 

cv S i ratro , particu l arly the med i um r a i n fa l l  areas o f  the 

tropic s and sub-trop i c s . In an a r e a  such as  the North - e a s t  

o f  Tha i l and Topark-Ngarm and Lorwi l a i  ( 1 9 8 0 )  and Topark- Ngarm 

( 1 9 8 0 )  have found that S. hamata and M .  a tropurpureum cv S i ratro 

s how d i s tinct promi s e  for pas tur e improvement and h ave the 

potential to be widely used on communa l  gra z ing areas . 

However ,  further acc eptanc e and wider use  by farmer s  i s  

currently r e s t r i c ted by the lack o f  r e l iable supp l i e s  o f  

h igh qua l i ty seed . Despite their vege tative growth capa c i ty , 

ma j or interes t  h a s  o ccurred more recently in s eed prQduc tion 

of these two forage legume s s ince both are potent i a l ly h i gh 

v a lue c rops requi r i ng s uitable management to produce an 

adequate and econ omi c seed return . Seed product ion i s  the 

final s tage in a sequence o f  plant proces s e s , s ome of wh ich 

can b e  more read i ly contro l l ed by the growe r  than other s . 

Humphreys ( 1 9 7 8 )  mentioned tha t  the poten t i a l  y i e ld o f  

forage legume c rops i s  o ften l imi t ed b y  the character i s ti c s  

o f  the plants thems e lve s such a s  a long sequence o f  

inflores cence produ ction , uneven s eed ripening , and dropping 

or shatter ing o f  s e ed . Such char acteri sti c s  can lead t o  

s eed harve s ting ine f f ic iency , s ince o n l y  a sma l l  por tion o f  

the t o t a l  seed c r o p  i s  ava i lable f o r  recovery a t  any o n e  

time . Improved technology for trop i c a l  pas ture seed 

production i s  rela ted to an unders tand ing o f  tho s e  phy s io­

logical proce s se s  wh ich control s eed y i e ld . 

Knowledge o f  how the man ipu l a t ion of defo l i a t ion 

practices can l ead to a more un i form and synchron i s ed 
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flower ing and the refore a mor e  contracted f l owe r ing per i od , 

improved uni formi ty o f  branch ing and increased s eed y i e l d  

would a l l  a s s i s t  in overcoming s eed harvesting problems . 

The e f fect o f  de fo l ia t i on on p l ant growth and repro­

duc tion are general ly not we l l  unde r s tood . Humphreys ( 1 9 7 9 )  

ment ioned that research work in thi s  f i e ld h a s  shown that i t  

i s  not pos s ib l e  to predict p la n t  re sponse w i th conf idence 

unle s s  repeated local exper i ence is avai lab l e . 

Re s u l t s  from the f i e l d  s tudy ind i cate that a management 

sys tem invo lving remova l o f  the top part of the p lant e a r ly 

enough to a l low time for s tructural recovery and provided 

enough water is ava i lable for plant growth a fter d e f o l i a tion 

and be fore f lower ing commence s , seems to incr e a s e  s eed y i e ld . 

However ,  cutt ing wi thout any s upplemental i r r i ga t i on water 

f o l l owing a dry se ason p l ant ing r e s u l t s  in low seed yie l d .  

Cutting c arr ied out at a time wh ich r emove s reproduc tive 

apice s a l so seems to be a b ad pract i c e . The e f fect o f  

remov a l  o f  plant t i s s ue b y  cutting i s  usua l ly chara c te r i s ed 

by i t s  frequency , sever i ty , t iming in relation to plant 

deve l opmental s tage and envi ronmen ta l cond i t i on s . Th i s  can 

be bene f i c i a l  if  cutt ing is  appl ied when favour able c l ima tic 

c ondi t ions occur . Al though Gardener ( 1 9 7 7 ) s ugge s ted tha t 

Verano seed yie ld could be dramati c a l ly a f fected by the 

timing o f  de fo l i a tion , the pre sent s tudy both f i e l d  and 

c ontro l led environment cond it ions showed tha t cutting Verano 

s ty l o  in the vegetat ive s tage did not reduce s e ed y ie l d . 

A s imi l ar e f fect a l s o  occurred i f  p l ants we re cut l ightly 

up to the time o f  f loral i n i t iation in the f i e l d  cond i t ion . 

Thi s  to lerance to the timing o f  cutting i s  s upported by 

s imi lar f ie ld s tudies cond uc ted Wi l a ipon e t  a l .  ( 1 9 7 9 )  and 

Wi la i pon and Humphreys ( 1 9 8 1 ) . 

By c ompar i son the r e s ponse o f  S i ratro to time o f  p l ant ing 

and c ut ting is quite d i f ferent . The fact th a t  S i ratro favours 

an a l ternation o f  wet and dry cond i t ions for h igh s eed y i e ld 

has been shown by Humphreys ( 1 9 7 9 ) . Certa i n l y , r e s u l t s  from 

the f ield s tudy show th a t  S i ratro respond s to cutting by 

inc r e a s ing s tem den s i ty , and by inc reasing the length o f  
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pr imary branche s remaining a f ter cutting ( P l ate 4 . 1 ) . In 

such s itua tions howeve r , plants produce very few h igher 

order branche s . Ver ano s ty le on the o ther hand seems to 

h ave a grea ter capa c i ty to increase the number of h i gher 

branch ord e r s  and t o  provide more i n f l ores cences ( P late 4 . 2 ) . 

By growing S i ratro and Verano s ty l e  in the f i e l d  a t  the 

s ame time , cutting was shown to a f fect seed yield d i f ferent ly . 

In the non - i r r igated dry s e a s on planting S i ra tro could be 

cut l ightly or heavily at the vege tative s tage up to f loral 

ini ti ation without s eed yield reduc tion . By compari s on any 

treatment other th an a l ight cutting at the vege t a t ive up to 

the f loral i n i t iation s tage in Ver ano s tyle reduced s eed 

y i e ld . 

Field s tudies showed tha t  Siratro appeared to have 

f lower ing and seed formation patterns whi ch wer e  tolerant 

to graz ing and to a wide range o f  envi ronmental cond i t ion s . 

In the dry s e a son S i ratro plants wh ich rece ived i rr i gation 

c ould be cut l ight ly or heavily not on ly during the veg e ­

tative s t age a s  in t h e  non- irr igated treatmen t ,  but r i gh t  

through t o  f l oral ini tiation w i thout reducing s e e d  y i e ld . 

Thi s  high y i e ld was due to a f avourabl e  a l terna t i on o f  wet 

and dry condit ions c ombin ing to i ncrease floral dens i ty 

( Pl ate 4 . 3 ) . Si ratro c rops grown in the wet s e a s on gave 

very poor reproductive growth ( Pl ate 4 . 4 )  al though heav i ly 

c ut plants seemed to give h i gher reproduc tive growth than 

p lants cut l e s s  inten s i vely . I t  appears from th i s  s tudy 

tha t  Ver ano s tyle require s h igh amounts of wa ter to maximi s e  

both vegetative and reproduc t ive y i e l d  ( Pl ate 4 . 5 ) . Th i s  

e f fect w a s  apparent i n  both f i e ld and control led environments . 

Wi la ipon ( 1 9 7 9 )  a l s o  found that moi s ture s tre s s  i n f luenced 

f l owering and seed y i e ld in Verano s tyle . To obtain h i gh 

s e ed y i e l d s  in th i s  spe c i e s  i t  became apparent tha t cut 

pl ants in part icular need wa ter for growth to recover f rom 

c utting in order to replace the vegetative framework r emoved 

by cutting the top of the c anopy . I n  thi s  s tudy i t  appears 

that the c rop i s  c apab le o f  adapting to cutting and to 

mo is ture s tress  and exh i b i t s  the ab i l ity to c ompen s a te y i e ld 

by incre a s ing h i gher order branch numbe r s . Th i s  provides 



P late 4 . 1 

P late 4 . 2  
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S i r a tro plant showing ex treme pr imary 

branch length but compara tively few 

higher order branche s . 

Verano s tylo p l ant showing the c apac i ty 

to increase the number o f  higher order 

branche s . 



P l a te 4 . 3 

P late 4 . 4  
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S iratro sward showing pro f u s e  pod s 

production following a l terna t ing we t and 

dry cond i t ions . 

S iratro sward in the wet sea son showing 

pro f u s e  vegetative growth and r e l a t ive ly 

few seedpods . 



P l ate 4 . 5  General view o f  Verano s ty l o  in the 

wet season at peak flowering s tage . 

202 
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mor e  s i te s  for inf lore s c ence production with a r e s ul tant 

inc r e a s e  i n  seed y ie ld . The r e s u l t s  from the contro l led 

envi ronment room experiment , which was deiigned to s imulate 

an environment a s  c l o s e  a s  pos s i b l e  to tha t pertaining in 

the Tha i l and f ie l d  experiments , confirmed tha t  water markedly 

a f f e c ted the growth and yie ld o f  Verano s ty l o . The water 

e f fe c t  on the y i e ld of both cut and uncut p l ants wa s c learly 

shown when plants were grown in control led envi ronments . 

However th e seed y i e l d  ob taine d  under environment a l ly 

con t r o l led drought cond i ti ons des i gned to s imul a te a d ry 

s e a s on non - irr igated p l anting in the field was on ly about 

3 0 %  of the seed y i e ld ob ta ined in the field ( i . e .  equival ent 

to 3 2 0 kg/ha compared w i th 1 0 5 3  kg/ha ) . Th i s  s ugge s t s  that 

Verano s ty l o  has a grea ter abi l i ty to tolerate drought 

cond i tions in the fie ld than in a control led envi ronment 

room . Thi s  is c l early shown in a compari s on of f i eld grown 

p l a n t s  ( Co and �F I ) , ( P l ate 4 . 6  a . b ) and s im i l a r  p l ants 

grown under growth room cond i tions ( P late 4 . 6 c ) . A l l  

p l an t s  were photographed 1 5  days a fter peak f lowe ring and 

had been s ub j e c ted to water s tre s s  f rom approx ima te ly h a l f  

way through the vegetative pha s e . Ludlow and N g  ( 1 9 7 6 )  h ave 

pointed out tha t  in the f i e l d  water de ficits  are usual ly 

bu i l t  up more s lowly than in the controlled environment 

s i tuat ion . Th i s  is par t i cu l a r ly so in field s i tuations 

whe r e  roo t s  can exploit a greater soil vo lume for water 

than they can in l aboratory exper iments where p l ants are 

grown in pots . 

The quanti ty and qua l i ty o f  p lant growth depends on the 

r a t e s  of various phys iologi c a l  proce s s es , wh i ch are c lo s e ly 

re l ated to the internal water b a l ance and tur g i d i ty o f  the 

p lant . The plant� · interna l water balance is control led 

by the r e l ative rates o f  water ab s orption and water los s ,  

and the r e fore a l l  s oi l ,  plant and c l imatic f ac tors 

in f l uenc ing the s e  proc e s s e s  are l ikely to a f fe c t  p l ant 

growth and modi fy the p l ant response to s o i l  mo i s ture 

c ond itions . S a l ter and Goode ( 1 9 6 7 ) ment i oned that factors 

i n f luenc ing the water r e l a t i ons of plants and their y i e ld 

may be g rouped into s o i l  fac tors , pl ant facto r s  and weather 



P l ate 4 . 6  a .  

b .  

c .  

F i e ld grown uncut plant with no 

i r r igation in the dry season a t  1 5  

days after peak f l ower ing . 

F i e ld grown c u t  pl ant ( �F I ) w i th no 

irr igat ion i n  the dry season a t  1 5  

days a f t e r  p e a k  f lower ing . 

P l ants grown i n  the contro l l ed 

environment cond i t ions at 15 days 

a f ter peak f l ower ing . 
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f a c to r s . As far a s  s o i l  factors are concerned l egume s vary 

i n  the i r abi l i ty to grow a t  d i f ferent leve l s  o f  s o i l  a c idity , 

a lk a l i n ity and soil  textur e . Yie l ds o f  forage and seed and 

p l an t  p er s i s tenc e are a l l  respons ive to the i nteraction o f  

c l imatic and s o i l  factors (Ho l lowe l l , 1 9 5 7 ) . Humphreys ( 1 9 7 8 )  

found tha t  pas ture s eed , wh i l e  i t  i s  a poten t i a l ly h i gh 

v al ue crop , requires s u i table s o i l  types before i t  i s  

pos s ib l e  to obtain adequ a te return s . For s e e d  produc tion 

S .  hmata must be grown on free draining , upl and s andy loam 

s o i l s  ( Hare and Waranyuwat ,  1 9 8 0 ) . Khon Kaen Uni ver s i ty ,  

where the field part o :  this  s tudy was conduc ted , i s  

s i tuated o n  s uch a s o i l  u f  the Yasothon s e r ie s . Th i s  type 

o f  s o i l  c an retain mo i s ture even in the dry s e as on with 

very l i ttle runo f f . I n  the wet s e a s on f i e ld capac i ty i s  

r eached throughout the profi le . However , th i s  s o i l  a l so 

h a s  a s andy top soi l wh ich acts a s  an e f fect i ve mu lch a l low­

i ng s o i l  mo i s ture to be k ept for p lant growth throughout 

the dry s ea son . Th i s  type of s o i l  is very s u i tab l e  for 

g rowi ng Verano sty l o  for seed production s ince it is a crop 

wh ich benefits  from being grown on good agricu ltural s oi l . 

S o i l  fer t i l i ty is a l so a n  impor tant facto r , s ugges ting tha t  

t h e  app l i c ation o f  h i gh leve ls o f  fert i l i s e r  i s  pro f i tab l e  

f o r  pasture legume s eed crops . In add ition , adequate soi l 

depth i s  e s s ential to ensure good root devel opment and 

thereby provide an adequate supply of e s s en t i a l  nutrients 

and water for the p l ant ( Ey l es , pers . cornrn . ) .  

Verano stylo i s  a p lant that can grow very wel l in 

trop ical regions w i th a pronounced dry s e a s on ( Skerman , 1 9 7 7 ) . 

W i l a ipon and Humphreys ( 19 8 1 )  found that at Khon Kaen in 

Tha i l and , sty lo can produc e h i gh seed y i e l d s  even under 

grazing . Sty lo i s  a l so a hi ghly drought r e s i s tant spec i e s  

wh i c h  has  the capac i ty to extend roots up t o  1 5 0  ern into 

the soi l in search o f  s o i l  moi s ture ( Hurnphreys ,  1 9 8 1 ) . 

Andrew and Jones ( 1 9 7 8 )  refer to work by McCown who found 

that S. Mma w growing on s andy red e arth s o i l s  in Aus tra l i a  

can extract water from soi l depths o f  at l e a s t  3 0 0  cm by 

the end o f  the dry s e a s on . S imi larly , Wi l a ipon ( pers . c ornm . ) 

i n  Tha i l and , found th a t  Verano s tylo plants continue to 

explore a gre ater depth o f  s o i l  to enab l e  them to grow a nd 
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comp lete the i r  l i fe cyc l e  even when the wet season i s  over . 

Gutter idge ( 1 9 8 2 )  found s imilar r e s u l t s  at Khon Kaen and 

s ugges ted it was like ly that Verano s tylo extended i t s  f iner 

roo t s  to depths grea ter than 7 5  cm , but under f i e l d  cond it ions 

they were d i f ficult to trace . However , he a l s o  found that 

S ir a tro extended its roots to a depth o f  up to 2 1 0  cm by the 

end of the dry s eason . Th is adaptation of the root s y s tem 

h a s  been noted in a numb e r  of plants , both gra s s  and l egume s 

( Hurd , 19 6 8 , 1 9 7 5 ;  Tor s s e l l  e t  a Z .  1 9 6 8 ; Pas s ioura 1 9 7 4 ; 

Lud l ow , 1 9 7 5 ;  Wh iteman , 1 9 7 7 ; Fi sher and Turner , 1 9 7 8 ; 

Kummerow , 1 9 8 0 ; Levi t t , 1 9 8 0 ; Tay lor , 1 9 8 0 and Weib , 1 9 8 0 ) . 

B e s i de s  the ab i l i ty to adapt by deep rooting under dry 

cond i t ions s tylo plants a l so react to moi s ture shortage by 

reduc ing the s i z e  of the l ea f , by reducing leaf  numbe r s , by 

l e a f  s hedding ( P late 4 . 7 ) and a l s o  by u t i l i s ing leaf  movement 

for the restriction of transpiration ( P late 4 . 8 ) . The s e  

e f fe c t s  were a l s o  found b y  Tudsri  ( unpub l i shed data ) working 

w i th Verano s tylo und er wate r s tres s cond i t i ons . Lud low 

( 1 9 7 5 )  found that many plants have developed mechani sms to 

reduce water los s dur ing the dry per iod by folding or 

ro l l ing the i r  leave s , s hedding l eaves or by deve loping 

a thick leaf cutic le or den s e  hair cove ring for drought 

avo idance . Begg and Tor s se l l  ( 1 9 7 4 )  found that S .  humi Zis 

ac tua l ly moves i t s  l e aves paral l e l  to the i nc ident radiation 

a s  p l ant water d e f i c i t s  increas e .  Dubetz ( 1 9 6 9 )  found 

s imi l ar l ea f  movement character i s t i c s  in s t re s sed bean s . 

Begg and Turner ( 19 7 6 )  a l so mentioned leaf  shedding or 

accelerated lea f death a s  adaptive mechani sms for reducing 

water use and the advantages or reduced leaf area i n  s lowing 

down evapotranspirat ion . 

Cl imatic factors s uch a s  ne t rad iation , temperature , 

humid ity and w ind a l s o  gre a t ly i n f l uence the wa ter b a l ance 

of plants by a f fe c t ing the ir rate of trans pira tion . I t  

appe ars th at plants i n  the pre s en t  s tudy had longer ' s unsh ine ' 

hou r s  in the contro l l ed envi ronment room than in the f i e ld . 

In the former case a constant 1 2  hour s dayl ength was employed . 

However , Vora soot and Tienroj ( 1 9 7 7 ) have recorded that 

sunshine hours at Khon Kaen where the f i e l d  s i te was located 

vary from month to month . During the dry s e a s on the duration 
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Plate 4 . 8 

Verano stylo plant in the f ie ld in 

the dry season showing severe leaf 

shedd ing . 

� PLANT 'S CANO PY 
HEIGHT REMOVED 
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Verano s tylo plants under severe wa ter 

s t r e s s  showing more ve rtical or ientation 

o f  leave s ( leaf-closing ) . 
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of sunsh ine hour s i s  about 6 - 8  hour s per day . The amount o f  

ne t rad i a tion that plants r e c e ive seems to a f fe c t  the i r  

transpi ration rate . Thi s  e f fe c t  is l ik e ly t o  be greater 

when water d e f ic i ts exi s t . For the s e  reasons i t  appears 

tha t  s ty l e  p l ants grown in the c ontrolled envi ronmen t  room 

were in f a c t  subj ected to more ' s tre s s ' than p lant s grown 

in the f i e l d . Thi s  i s  impor tant , particularly s ince i t  

g ives p l a n t s  grown i n  the f i e ld a greater chance for 

adaptation becau se the e f f e c t s  of s tr e s s  occur more s lowly . 

Such an e f fect has a l s o  been men tioned by Kr amer ( 1 9 6 9 )  and 

Shaw ( 1 9 6 2 ) . 

The r es u lts from the f i e l d  tr i a l  show tha t both Verano 

s ty lo and S i ratro s urvived a per iod of over 9 0  days in the 

dry s e a s on without rain fal l ( P l ate 4 . 9  and 4 . 1 0 ) . De s p i te 

thi s  Verano s ty l o  s t i l l  produced a s eed yield o f  1 0 5 3  kg/h a 

wh ich i s  about 7 5 %  o f  the 1 4 5 5  kg/ha o f  seed y i e ld obta ined 

from plants that rece ived i r r i gation water in the d ry s e a s on 

wh i le S i ra tro a lso produced s im i lar seed y i e l d s  o f  12 4 8  kg/ha 

wh ich i s  about 9 5 %  of the 1 3 1 7 . 6  kg/ha seed y i e ld obtained 

from p lants that received i r r igation wa ter . 

Thi s  s ugge s t s  the pos s ib i l ity tha t  a l though Verano 

s tylo p l an t s  can adapt to drought condi tion s , they may a l s o  

obta in water from other s ource s . Chaney ( 1 9 8 1 )  l i s ted 

a number of sources o f  p l ant water inc luding a tmo spher ic 

moi s ture ( fog , dew and water vapour ) , soi l water and internal 

water r e se rvoir s . Dew i s  cons idered to be one main s ource 

o f  water observed in th i s  s tudy . Monteith ( 1 9 5 7 )  stated 

that the optimum cond i tions for dew f a l l  invo lve c lear s k i e s  

for rapid coo l ing , a leve l o f  relative humid i ty a t  s un s e t  
- 1  

of a t  l ea s t  7 5 %  and a w i n d  spe ed o f  n o t  more than 1 - 3  m sec 

throughout the night . C l ima tic data recorded dur ing th i s  

dry period i n  the field experiment f a l l s  into thi s  ca tegory 

and h eavy dew was cons i s tent l y  ob served in the f i e ld . Dew 

was a l s o  observed to l a s t  in the fie ld unt i l  a t  leas t mid 

morning . Th i s  s i tuation pre s umab ly created coo ler cond i t ions 

around p lants wh ich he lped in reduc ing tran s p i ra t ion rate . 

Slatyer ( 1 9 6 0 )  found �ha t  i n  countr i e s  where l i tt le r a i n f a l l  

occur s dur ing the growing s e a son , dew may contr ibute s igni f-
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209  

General view o f  dry season planting 

o f  Verano s tylo , showing the e f fect o f  

9 0  days without rainfall or irrigation . 

P l ate 4 . 1 0  General view of the dry sea son pl anting 

o f  S iratro , showing the abi l i ty o f  S ir a tro 

in to lerating the dryness o f  9 0  days 

wi thout rainfall or irrigation . 
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icantly t o  the p lant water e conomy . The evapor a tion o f  dew 

from l e ave s may reduce tran s p iration in the morning and a l so 

reduce water d e f i c i ts . Dew- f a l l  norma l ly evapora te s  w i th i n  

a f e w  hour s of s unris e  a n d  p l ants wi th inadequate soi l 

moi s ture r e s e rve s endure s evere water s tre s s  from the hotte s t  

part o f  the day . Thi s  s i tua t ion may help t o  e xp lain the 

survival of p lants dur ing the dry s e ason in Tha i l and . Many 

experiment s  had been carr i ed out wh ich attempt to determine 

the contr ibution of dew t o  the p l ant water e conomy . Kramer 

{ 1 9 5 9 )  sugges ted that dew and a�mo s pheric mo i s ture may 

increa s e  growth far beyond the same amount o f  water added to 

the s o i l . Thi s  e ffect was a l so found to occur with tomato 

and corn p lants in work by Breazeale and McGeorge { 1 9 5 3 )  and 

Tul l e r  and Chi l ton { 1 9 7 1 ) , and by Duvdevani { 1 9 5 7 )  i n  cucumber .  

Removal o f  the terminal parts  o f  s ty lo p l an t s  seemed 

to promote vegetative expan s i on of a x i l lary buds , whi ch 

resulted i n  increased branc h i ng and bud den s i ty .  Thi s  

inc r e a s ed the number o f  s i t e s  ava i l ab le for greater in flor­

e scence dens ity { Humphrey s ,  1 9 7 9 ) . I n  th i s  s tudy the results  

s howed tha t  cutting S. Mmata cv Verano a t  d i f f erent 

inten s i t i e s  and s tages o f  growth caused favour able or un­

f avourab l e  responses to seed produc t ion . The r e s u l t s  from 

both f i e ld and control led environment s tud i e s  show tha t  early 

and l ight cutting d id not decreas e s eed y i e l d  but in s ome 

c a s e s  increased s eed yie ld compared w i th unc u t  p lants . I n  

t h e  f i e ld where plants w e r e  a b l e  to recover from cutting and 

moi s ture s tr e s s  better tha n  in the control l e d  environment 

room cutting as l ate as  f lo r a l ini tiation , provided it was 

not s ever e  could be carried out without gre a t l y  reduc ing 

seed y i e l d . The early r emova l o f  herbage r e s u l ted in an 

increas ing number o f  higher order branches . Th i s  abi l i ty of 

s ty l o  p lants to increas e  the i r  branch ing c apac i ty resul ted 

in a h igher dens i ty o f  i n f lorescence s ites . 

The maximum contribution to seed yield obta ined f rom 

s ty lo p l a n t s  came from s ec ondary branches . However , the 

resu l ts a l so s howed the capa c i ty o f  de fol i ated s ty lo p l an ts 

to s timul ate i n flore� cence dens i ty through the produc t i on o f  

incre a s ed numbers  o f  s e c ond ary and tertiary b ranche s . P l a n t  
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recovery fol lowing de fol ia t i o n  wa s more raoid i f  cutting 
. Humphrey s 

l e f t  a x 1 l l ary buds intact . Robertson and , ( 19 7 6 )  a ls o  

found t h a t  gra z ed plants o f  S. hwni lis h ad t h e  abi l i ty t o  

deve lop a low b ranching h ab i t  whi ch enab led i n f lores cences 

to form under repea ted graz ing or cutting . A s imilar r e s u l t  

has a l so been ment ioned b y  H umphrey s ( 1 9 8 1 ) . 

Cut p l ants need water for growth to recover from 

c ut t i ng , parti c u l arly if cutting i s  intense and is app l ied 

a t  later s tage s o f  growth up to floral ini t i a tion . Late 

heavy cutting i nvolving r emova l  of � o f  the top of the plant 

s e r i ou s ly decre a s ed seed y i e ld i f  sub s equent condi tions were 

unsuitable for p l an t  recovery but if plants were fu l l y  

watered s eed y i e l d  was not s er ious ly decreas ed . Thi s  e f fe c t  

w a s  d u e  to the removal o f  i n f l orescence s i t e s  i n  the termi na l 

pos i t i on on each branch and the reduced capa c i ty o f  thos e  

axi l lary b ud s  that remained on pr imary branc h e s  a fter c ut t ing 

to produce s econdary branche s .  Thi s  e ffect w a s  particularly 

s evere i f  there was a shortage o f  water . Late cutting o f  

p l a n t s  wh i ch r e s ulted in r emova l  o f  the f lo r a l  p a r t s  was 

u s ua l ly harmful to s eed y ie ld as  a l so mentioned by H umphreys 

( 1 9 7 8 ) . I n  add it ion to the phy s i c a l  remova l o f  floral  s i te s  

the a s s imi late supply to t h e  deve loping i n f l o r e s cences i s  

reduced b y  severe defol iation o r  cutting . Thi s  r e s u l t s  i n  

reduced f loret d i f ferentia tion and decreased s eed s e t . The 

e f fect s  a r e  general ly more s evere if climat i c  cond i tions are 

not f avourable ; e speci a l l y  s o i l  mois ture , w e a ther cond ition s  

and nutr i ent s upply dur ing t h e  reproductive period ( H umphreys , 

1 9 7 8 ) . Thi s  was confi rmed in the pre sent s tudy w i th Sty Zosanthes 

� ta that cut p lants respond we l l  to water a s  shown by r e s u l t s  

f rom t h e  ' fu l l  watering ' treatment ( W3 ) in the control l ed 

envi ronment exper iment and the wet s e a son pl anted trea tments 

in the f i e l d  exper iment .  I n  both cases both c u t  and uncut 

p l ants gave high s ee d  yields and h eavy cutting d i d  not cause 

a ny s e r ious s eed yield reduc t i on . S imilar r e s u l ts have a l so 

been found by F i sher ( 1 9 7 3 )  in S. hwni lis ; Loch e t  a Z .  ( 1 9 7 6 )  in 

S. guianensi s  cv . Cook ; and Wi l a ipon e t  a Z .  ( 1 9 7 9 )  i n S .  hama ta . 

Graz ing or cu tting forage legume seed c rops (Verano 

s tyle and S iratro ) provides an add i tional s ource of income 
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for farme r s  a nd increases seed y i e ld . The present s tudy has 

c le arly shown tha t  c utting ( bo th Verano style and S i ra tro ) 

c an have adverse or favourabl e  e f fects depend ing o n  its 

frequency , its i n tens i ty , and how much o f  the c anopy remains 

a fter c ut ting . The time o f  cutting and the s tage o f  p lant 

growth a r e  a lso impor tant . I f  c utting begins when p l ants are 

sma l l  they w i l l  have the abi l i ty to replace the removed growth 

and produce abundant seeds . However i f  cutting i s  l ater and 

s evere , it w i l l  h ave adverse e f fects and they w i l l  have l e s s  

abi l i ty to r ep lace the f l o r a l  s i tes that were r emoved r e s u l t­

i ng in reduc i ng seed y i e ld . 

Bes ides de f o l i a ti on e f f e c ts on growth and seed produc t i on , 

there c an a l so be s ome e f fe c t  o n  legume nodu l a t i on ( Humphreys 

a nd Robinson , 1 9 6 6 ;  Wh i teman and Lulham , 1 9 7 0 ; and Humphreys , 

1 9 7 5 ) . Humphreys ( 1 9 7 5 )  a l s o  found that photosynthetic area 

i s  reduc ed and non- s tructura l  carbohydrate leve l s  de c line 

fol lowing cutting . Cutting a l s o  improves the l ight env i ron­

ment to young green i n f lorescences and assoc i ated l eave s 

wh ich can l e ad to an increa s e  i n  seed yield ( Humphreys , 1 9 8 1 ) . 

De f o l i a tion can a lso b e  used to manipulate c ompet it ive 

r e l at ionsh ips in favour of the s own c rop spe c i e s  in s i tu a t i ons 

where gra z in g  or cutting prac t ices prevent tal le r  c ompanion 

spe c i e s  from shading them . Th i s  s i tua tion was mentioned by 

Humphreys ( 1 9 7 9 )  in s tudies on the management o f  swards o f  

S .  humi lis . 

Cutt ing may be used to p roduce a l ower and more uni form 

framework o f  branches which give s a sma l ler vol ume o f  p lant 

material to cut and thresh . . Humphreys ( 1 9 7 9 )  s ugges ted th i s  

a s  a very worthwh i le managemen t  pract i c e  in tropi c a l  twining 

legumes l ike S iratro which produce a l arge volume o f  p lant 

materi a l  wh ich is very d i f f i cu l t  to handle in the harve s ter 

a nd which shades deve loping pods . Thi s  s i tuation can b e  

avoided b y  e a r l i e r  graz ing . S uc h  a management sys tem may 

a lso g ive a better synchroni s a tion o f  f lowering which wi l l  

help to overcome the prob lem o f  inde c i s ion in the s e lection 

of correct h arve s ting time . Th i s  s i tuation was read i ly seen 

in the r e s ponse to cutting of S iratro p l ants obse rved in the 

field exper iment . 
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The growth room s tudy h a s  a l s o  been able to e xp l a i n  

the d i s tr ibut ion o f  s eed y i e l d  wi thin the p lant . The r e s u l t s  

s how tha t  i n  S .  hamata secondary branch orders contribute 

more than 6 0 -7 5 %  o f  the s eed y i e ld produc ed by each p l an t . 

However the results  a l s o  show that nodal inflorescences or 

s eedhead s give higher numbers of s eed s per s e edhead ( 1 1- 1 6 ) 

than seedhe ad s  formed a t  terminal s i tes  on branches ( 4 - 6 ) . 

The r e s u l ts from the pre se n t  s tudy have enab l ed a number 

o f  pos s ib l e  a l ternative recommendations to be made for 

managing S .  hamata cv Verano and M. atropurpurewn cv S i ratro 

for seed production in the tropic s .  Verano s ty lo is a p l an t  

that requ ires  water for maximum vegetative growth . I t  i s  

a l so impor tant tha t  p lants b e  g iven t h e  opportuni ty to 

p roduce max imum numbers of s i t e s  for inflorescence format ion 

b e fore the dry season s tart s . Th i s  was part i c u l a r ly evident 

in the c ontro l led environme n t  room s tudy , e s pe c i a l ly w i th 

r espect to secondary branch e s  wh ich p roduced mos t  o f  the 

s eedheads and seed y i e l d  per p l an t . However th i s  was not 

so evident in the f i e ld s tudy i n  Tha i l and , pos s ib ly because fe�er 

s econdary b ranche s were produced in the field envi ronment . 

I n  fact the p lant rece iving l e a s t  water ( no i r r i ga tion ) was 

s ti l l  c apab le of produc ing 7 5 %  o f  the seed y i e ld o f  the 

f ul ly i rr i gated treatment . Obvious ly , in that location , 

p lants were able to obtain s ome ' addi t iona l ' water for 

l imited but h igh ly e f fic ient seed y i e ld deve lopme n t . 

Moi s ture - s aving mechanisms are a l s o  recogn i s ed a s  a pos s ib l e  

f ac tor i n  the proce s s . 

I t  w a s  a l so s igni f i cant to note tha t  l i gh t  cutting o f  

Verano s ty l o  during the early vegetative growth s tage through 

to f lora l i n i t iation cou ld be carried out w i thout any reduc tion 

i n  s eed y i e ld . S imi larly , i f  p lants were grown i n  the wet 

s eason or receive supp l eme n t a l  irrigation in the dry s ea son , 

heavy c utting invo lved remova l o f  hal f  o f  the c anopy height 

coul d  a l s o  be carried out from the vegetative s tage up to 

f loral i n i ti at ion wi thout any s erious reduc tion i n  s eed 

yie ld . 
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Cutting s eems to b e  one prac t i c a l  way o f  inc r e a s ing 

s ee d  y ield i n  S i ratro . The improved uni formi ty of shoot 

popu l a tion a nd s ynchroni sa tion of f lowering which occurs 

f o l l owing cutting of S i r a tro p l an t s  can be advantageous in 

mak ing it e a s ie r  to dec ide on the correct h arves ting t ime 

to obtain maximum s eed yi eld . However when S i ratro i s  

grown i n  t h e  w e t  s eason i t  tends to produce l arge amoun ts 

of vegetative g rowth but very l i t t l e  reproductive deve lopment . 

Large quant i ti e s  of vegetative mater i a l  there fore c an and 

s hould be removed to reduce h a rve s t ing prob lems and for the 

added bene f i t  of l ives tock . The wet s eason i s  not s u i tabl e  

f o r  s eed pod devel opmen t  i n  S i ra tro due to sma l ler pod s i z e  

and f ewer s e e d s  per pod . 

Having s tudied the s e  vari ous environmental e f fe c t s  on 

l egume s eed produc tion and drawn a ppropr iate conc l u s ions , i t  

i s  extreme l y  important th at s u ch f indings are then incorporated 

i n t o  prac t i c a l  recommendations and practice s that the Tha i  

f armer can comprehend and adop t . 

The v i l lage s eed produc t i on programme in the North-e a s t  

o f  Thailand ha s expanded gre a t ly over the p a s t  f i ve years . 

With the rapid progres s being made and the wider u s e  o f  

forage l egumes to improve pas t ure qua l i ty , ther e  h a s  been 

an a s soc i ated increased demand for s e ed . The present s t udy 

s ugge s t s  that farmer s  could increa s e  returns from their l and 

through the u s e  o f  mu l t iple c ropp i ng sys tems for both seed 

and forage . There are many advant age s for farme r s  i n  the 

multiple u s e  of forage legume s . Thes e  inc lude providing 

vegetative growth from c utting a s  feed for c a t t l e  and 

b u ffaloes dur ing the dry per i od , the opportuni ty to improve 

the ferti l ity of the l and and the provis ion o f  employment in 

the dry s e a son dur ing h arve s t  time . In addi t i on forage 

legume seed production gives a h i gher financ i a l  re turn per 

rai  (1 rai  = . 1 6 ha ) for the farmer compared to comp e t i t ive 

a lt ernatives such as kenaf or c a s s ava . The l egume c rop i s  

a l so re l at ively e a s y  to manage and c a n  b e  produced a t  

a relatively low cos t . According t o  Hare ( 1 9 8 0 ) there i s  

a n  increas ing demand for pasture s eeds throughout Tha i l and 

and the i ntroduct ion o f  improved tropical gra s s e s  and legume s 
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for pas ture and s eed product i on continues t o  b e  important . 

Vil lage seed produc tion has been increas ingly adopted by 

f armers over the pas t  few years because of i ts r e l a t ive 

p ro f i tab i l i ty a nd e a s e  of mana geme n t . Howeve r , there are 

p rob lems i n  extending new ideas to farmers . Farme r s  normal ly 

do not adopt a new idea or prac t i c e  a s  soon a s  they hear about 

i t .  There are always some farmers who adopt new prac t i c e s  

f irs t ,  a n d  o t h e r s  who tend to fol low s lowly and cautious ly . 

Farmer income s in the North - ea s t  o f  Thailand are low and 

they prefer to grow those crops tha t  sell  read i ly for cash . 

Hare ( 1 9 8 0 )  cons ider s  that vi l l age forage s eed produc tion 

p rogramme s have rea l ly only been succe s s fu l  bec a u s e  v i l l agers 

are paid by the Aid pro j ect and at a better price than 

a l ternative upl and crops . F armer s  are also l ik e l y  to be 

encouraged to grow forage l egume s for seed i f  they are sure 

they wi l l  rece ive cash promptly for their h arve s ted crop . 

Th e current vi l lage seed product i o n  pro j e c t  being c arried 

out by the L ive s tock Department in the Nor th-e a s t  of Th a i l and 

receive s money to buy s eed from such aid s ource s  as New 

Zealand and the Wor ld Bank Loan Fund . I t  h a s  however been 

f ound nece s sary to have a s eed trader or merchant a s  the 

middle man to buy the seed from the farmer and export the 

seed . Accord ing to Hare ( 1 9 8 0 )  the pr ice for Ver ano s ty l o  

received by the farmer i s  about 3 0  Bah t/kg ( 1 . 5  N Z $ )  w i th 

an export pr i c e  (Ar thur Yates & eo . Ltd . , 1 9 8 0 ) o f  1 1 0  Baht/kg 

( 5 . 5  NZ $ ) . Similarly the vi l l age pur chase pri c e  for S iratro 

s eed i s  5 0  Baht compared wi th a 3 5 0  Baht e xport p r i c e . 

Informa tion about cutting or graz ing manageme n t  for 

maximis ing - seed yields is needed to produc e  a management 

package wh ich w i l l  a l l ow the growing of food for c at t l e  and 

b uffaloe s and also h igh seed y i e ld . There are two c r i t i c a l  

periods o f  animal feed shortage i n  the Nor th- e a s t region o f  

Tha i l and . The fir s t  period occurs at the end o f  t h e  wet 

season when forage on upland gra z ing areas become s s carce . 

The second period come s at the end o f  the dry s e a s on when 

rice s tubb le r esources are exhaus ted . 

There are there fore three pos s ible managemen t  recommend­

a tions wh i ch could be put to Tha i  farmer s based on the res u l t s  

of thi s  s tudy . 
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ALTERNATIVE 1 :  WET SEASON PLANT ING 

In growing spec i a l i s t  crops o f  S .  � ta cv Verano for 

seed production , farme r s  could grow the crop in the wet 

s ea s on . Thi s  would al low them to cut and carry forage during 

the vegetative s tage up to flora l i n i tiation wi thout any 

d e l e terious e f fects on s eed y i e ld . Thi s  cut and c arry me thod 

h a s  a number o f  advantages .  Becau s e  cutting height i s  

c ontrollab l e  there need b e  no reduction in seed y i eld . Such 

de fo l i ation h e ight control is gener a l ly not pos s ib le in 

g r a z ing s i tua tions . Cut ting a l s o  prevents s eed contaminati on 

occurr ing through the introduc t ion o f  undes irab l e  spe c i e s  by 

the gra zing anima l . Under a s imi l a r  sys tem S i ratro could be 

cut heavily e i ther a t  the veget a t i ve s tage or up to f l or a l  

i n i tiation w ithout reduc ing s eed y i e ld . Howeve r , i f  S i ratro 

i s  grown ent i re l y  in the wet s ea son then seed y i e l d  is not 

go ing to b e  maximi zed s ince under s uch relative ly h i gh rain­

f a l l  cond i tions pod s i z e  tends to be sma l l  wi th l ow seed 

n umbers per pod . 

ALTERNATIVE 2 :  DRY SEASON PLANT ING WITH I RRIGAT ION 

This sys tem would be suitable for growing both Verano 

s ty l o  and S i ratro . I f  the farmer s owed the seed i n  the 

m i dd le of th e we t season and was ab l e  to s upply i rr i gation 

water at l e a s t  once a week dur i ng the dry period unt i l  

1 4  days a f te r  peak f lower ing , h e  could obtain a n  increased 

s ee d  y ield in both spec i e s . Wi th the use o f  irrigation , 

l igh t herbage cuts involving remova l o f  about � o f  the plant 

c anopy height a t  the vegetative growth stage up to f loral 

i n i t iation or h ard cutting at the vegetative growth s tage 

o n ly could be c arried out wi thout a ny reduction i n  s ubsequent 

s eed yield . S eed y i e l d  o f  Verano s tylo us ing th i s  management 

is about 2 5 %  h i gher than that obtained with a non- i r r igation 

s y s tem . S i ratro produced for s eed by this management sys tem 

could also be cut l ight ly or heav i l y  from the vegetative 

s tage up to f loral i n i t i a tion w i thout reducing seed y i e ld . 

S e ed yield i s  l ikely to be about 3 0 %  h igher than that 

obtained in the wet season but on l y  approximately 7 %  h igher 

than from a s imilar dry season planting wi thout i rr i ga tion . 
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Norma l ly the cultivated land i n  the Nor th - ea s t  region 

o f  Tha i l and i s  c omposed o f  upland and lowland areas . The 

farmer is ab l e  t o  grow r i c e  a s  the main crop i n  the l owl and 

areas and cou ld grow Verano s ty l o  o r  Si ratro for s e ed 

p roduction a s  a s econd crop on the upland are a . I n  thi s  

s i tuation , the farmer could s ow Verano or S iratro s eed i n  

the f i r s t  ha l f  o f  the w e t  s e a s on ( Ju ly )  , a fter the s owing 

of the rice nur s e ry area in the l ow l and area and be fore 

the rice s e e d l ings are r eady for t r ansplanting . C e r ta i n ly , 

l abour i s  genera l ly avai lable a t  thi s  time . Sowing the s eed 

i n  July wou ld a l low farmers to cut and carry forage to 

anima l s  duri ng the norma l anima l feed shortage period in 

October . Succe s s ive l ight cuts could be taken from the 

vegetative s tage up to floral i n i t ia tion without any 

reduct ion in s e e d  y ie ld . By us ing th i s  me thod farme r s  wou ld 

a l s o  be ab le to use the s traw a ft e r  the s eed h a s  b e en threshed 

a s  a feed f or anima l s  o r  for mak i ng hay to use duri n g  the 

second mai n  p e r i od o f  animal f eed shortage a t  the end o f  

the dry s e a son . 

A minor mod i f ic ation o f  th i s  a l ternat ive could be u s ed 

in a very dry year wh en the r ai n f a l l  i s  l ow and the re i s  

n o  s tanding water i n  the paddy f i e lds . Such s i tuations occur 

frequently in the North - e a s t  of Tha i l and and are important 

because they prevent the sowing o f  the r i ce crop . Un l e s s  

r i c e  seed l ings are transplanted b y  Augus t i t  i s  n o t  pos s ib l e  

to g e t  adequate y i e l d s  from paddy . This ' minor ' mod i f ic ation 

o f  Alternat i ve 3 could there fore b e  u sed in s u ch s i tuation s  

and would invo lve s owing Verano s ty le o r  S i ratro i n  the 

midd le of the wet s e a s on (Augus t )  . No s upplement a l  i r rigation 

water would general ly be ava i lable but l i gh t  cutting could 

be c arried out at the early vegetative s tage up to the 

s tage o f  f l o r a l  initia tion . Seed yield obtained from thi s  

sys tem would there fore be s omewha t  lower than i f  i r ri gation 

was used , but cou ld s t i l l  be about 7 5 %  o f  tha t  obtained 

with irrigation in Verano s ty l e , and over 9 0 %  of tha t  obtained 

with irrigation in S ir a tro . 



2 1 8  

Accord ing t o  the socia l , economi c , climat i c  and 

tradi tional farming patterns in Nor th -east Tha i l and , 

Al ternative 3 i s  cons idered to be the r ecommendation mos t  

l ikely to be accepted by farmers i n  the region . Trad i t iona l ly 

Tha i  farmer s ,  e sp e c i a lly in the Nor th-east region , are not 

enth u s i as tic about growing a crop which is not for human 

consumpt ion even i f  the recommended crop can g i ve them 

a h igher income than the rice crop . H owever it is s o c i al ly 

and e conomical ly accepted tha t  growing forage legume s o n  

upl and areas has advantage s . . The growing o f  Verano s ty l o  

o r  S iratro i n  the d r y  s ea son wi thou t  irrigation incorporate s 

the mos t  e f f i c i en t  u se o f  the land , the better u s e  o f  spare 

labour wh i le wait ing for rice seed l ings to develop to 

a s tage ready for transp lanting , and also provides 

s upplementary income from s e l l ing seeds . An addi tiona l 

advantage i s  tha t farmer s  can u s e  the vegetative part s  o f  

the plants for feeding animal s  and the threshed s traw a s  

a conserved fodder for feeding cat t le and buffa loes during 

the normal feed shortage period in the dry s eason . 
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APPENDIX 1 .  a 

Cut ting 
Tre atment W1 

Co 10 

� VG 1 1  

� VG 1 0  

� F I  1 0  

% F I  10  

NUMBER O F  SEEDS P E R  SEED HEAD O F  CUT AND UNCUT PLANTS FROM NON- I RRIGATED (W1) , 
I RRIGATED (W2 ) I N  THE DRY S EASON AND WET S EASON (W3 ) PLANTI NG AT SUCCE S S IVE 
HARVE STS OF VERANO S TYLO . 

7 DAPF 14 DAPF 2 6 DAPF 40 DAPF 

W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 

10 10 1 0 1 1  1 1  16 1 6  1 6  1 0  1 0  1 1  

1 1  1 0  1 1  1 1  1 1  15 16 16 1 1  1 1  1 1  

1 1  1 1  1 1  1 1  1 1  1 6  1 6  1 6  1 1  1 1  1 2  

1 0  1 0  1 1  1 1  1 1  16 16  15 1 1  1 1  1 2  

1 0  1 0 11  12  1 1  16  I 16 16  . 11  1 1  1 2  



APPENDIX 1 .  b 

Cut t ing 
Trea tmen t W1 

Co 0 . 2 1 

� VG 0 . 2 2 

% VG 0 . 2 2 

� FI 0 . 2 1 

� F I  0 . 2 1 
-----

ONE HUNDRE D SEED WE I GHT OF CUT AND UNCUT PLANTS FROM NON- IRRIGATED (W1 ) , 
IRRIGATED (W2 ) IN THE DRY SEASON AND WET SEAS ON (W3 ) PLANTS AT SUCCESS IVE 
HARVE S TS OF VERANO STYLO . 

7 DAPF 14 DAPF 2 6  DAPF 40 DAPF 

W2 W3 W1 W2 W3 W1 W2 W3 Wl W2 W3 

0 . 22 0 . 2 2 0 . 25 0 . 2 6 0 . 2 5 0 . 3 1  0 . 3 1 0 . 3 1 0 . 3 0 0 . 2 9 0 . 3 0 

0 . 2 1 0 . 2 1 0 . 2 6 0 . 2 7 0 . 2 6 0 . 3 1 0 . 3 2 0 . 3 2 0 . 3 0 0 . 3 0 0 . 3 1 

0 . 2 1 0 . 2 1 0 . 2 5 0 . 2 6 0 . 25 0 . 3 1  0 . 3 2 0 . 3 2 0 .  3 1  0 . 3 1 0 . 3 1 

0 . 2 1 0 . 2 1 0 . 25 0 . 2 6 0 . 25 0 . 3 1 0 . 3 1 0 . 3 1 0 . 3 1 0 . 3 1 0 . 3 1 
I I I 

0 . 2 2 0 . 21 0 . 2 6 0 . 2 6 0 . 2 6 0 . 3 0 0 . 3 1 0 . 3 1 0 . 3 0 0 . 3 0 o . 3 0  1 I 



APPENDIX 2 . a  ��MBER OF SEEDS PER POD OF CUT AND U NCUT PLANTS FROM NON- I RRIGATED (W1) , 
IRRI GATED (W2 ) I N  THE DRY SEASO N  AND WET S EASON (1-13 ) PLANTI NG AT SUCCE S S IVE 
HARVE STS OF S IRATRO . . 

Cu tting 14 DAPF 2 6  DAPF 40 DAPF 5 4  DAPF 

Tre atment W1 W2 W3 Wl W2 W3 W1 W2 W3 W1 W2 W3 

Co 1 2  1 2  9 14 15 9 1 6  16 12 1 6  1 6 12 

� VG 12 1 2  9 15 15  10 16 15  1 1  1 6  1 5  1 1  

% VG 1 1  1 1  9 1 5  14 10 16  16  12  1 6  1 5  1 2  

� F I  11  10  9 1 4  1 5  1 0  1 6  1 6  1 2  1 6  1 6  1 2  

% F I  1 1  1 1  1 1  1 5  1 5  1 0  1 6  1 6  1 1
: 

1 6  1 6  1 2  

I 



APPEND IX 2 . b ONE HUNDRED SEED WE IGHT OF CUT AND UNCUT PLANTS FROM NON- I RRIGATED (W1 ) , 
I RRIGATED (W2 ) IN THE DRY SEAS ON AND WET SEAS ON (W3 ) PLANTI NG AT SUCCE S S IVE 

Cut ting 
Tre atmen t Wl 

Co 1 .  9 0  

� VG 1 .  9 3  

� VG 1 .  9 0  

� FI 1 .  9 2  

� FI 1 .  9 0  

HARVESTS OF S IRATRO . . 

14 DAPF 2 6  DAPF 40 DAPF 

W2 W3 W1 W2 W3 W1 W2 

1 .  8 8  1 .  8 3  1 .  9 0  1 .  9 2  1 .  8 2  1 .  9 0  1 .  9 3  

1 .  9 2  1 .  7 9  1 .  9 3  1 .  9 2  1 .  8 0  1 .  9 0  1 .  9 2  

1 .  9 1  1 .  8 2  1 .  9 5  1 .  9 4. 1 .  8 3  . 1 .  9 0  1 .  9 2  

1 .  9 3  1 .  8 3  1 : 9 6 1 . 9 8 1 .  8 0  1 .  9 5  1 .  9 3  

1 .  9 1  1 .  8 1  1 .  9 6  1 .  9 6  1 .  8 2  1 .  9 8  1 . 96 

5 4  DAPF 

W3 W1 W2 W3 

1 .  8 7  1 .  9 5  1 .  9 3  1 .  8 9  

1 .  8 3  1 .  9 6  1 .  9 5  1 .  80  

1 .  79 1 .  9 5  1 .  9 8  1 . 84 

1 .  8 1  1 .  9 6  1 .  9 0  1 .  84 

1 .  84 1 .  9 6  1 .  9 6  1 .  8 3  



APPENDIX 3 . 1  TREATMENT CONDITONS IN EACH CE ROOM 

Photosynthetic Quantum 
- 2  - 1  * 

F l ux D e n s i ty ( �E m s ec ) 

Pre expt 

P o s t  expt 

Mean 

Photo synthetic irradiance 
-2 * *  

( W  m ) 

Pre expt 

Po s t  expt 

Mea n  

Photo synthetic irrad iance 
-2  * * *  

( W  m ) 

P r e  expt 

P o s t  expt ( calculated ) 

Mean 

D a y l ength ( hour s )  

T emperature ( ±  0 . 5°C )  

D a y  

N ight 

Rel at ive H umid i ty (±  5% RH )  

Day 

N ight 

Room 2 1  

7 0 4  

6 8 8  

6 9 6  

1 4 9 

1 4 3  

1 4 6 

1 5 6  

1 5 0  

1 5 3  

1 2  

3 0 . 0  

2 0 . 0  

7 0 . 0  

9 0 . 0  

Room 2 2  

6 9 6  

6 9 4  

6 9 5  

1 4 8  

1 4 4  

1 4 6 

1 5 9  

1 5 4  

1 5 7  

1 2  

3 0 . 0  

2 0 . 0  

7 0 . 0  

9 0 . 0  

* Licor L I  1 8 5  Meter with L I  1 9 0 8 Quantum sensor 

* *  Licor L I  1 8 5  Meter with L I  l 9 0SE F l a t  Respons e  

Photo synthetic I r r a d iance s ensor 

* * *  " Swi s s teco " pyra:nometer with Schott RG 8 f i l ter s y s tem 

( o n l y  u sed for pre- exper iment mea surement s )  



APPENDIX 3 . 2  CLIMATE LAB - N . C . S . U .  PHYTOTRON NUTRIENT 

2 ml A + 2 ml B/1 water 

grams/l i tre 

Mo l ecular Cone . F inal 
Wt . ( g )  S o l n . 

S t o c k  s o lution A :  

Ammonium nitrate 
NH 4N03 8 0 . 0 2 8 0 . 0 5 . 1 6 0 1  N 

C a l c i um n i tr a t e  e a  
C a  (N03 ) 2 X 4 H 2 ) 2 3 6 . 1 5  1 5 9 . 2 5 . 3 1 8 5  N 

S e que s trene 3 3 0  Fe 
1 0 %  DTPA Na Fe 4 6 8 . 2 0 2 9 . 8  . 0 5 9 6  N a  

S t o c k  s o lution B :  

Pot a s s ium pho sphate K 
KH 2 Po4 1 3 6 . 0 8 1 2 . 5  . 0 2 5  p 

P o ta s s i um pho sphate K 
K 2HP0 4 

1 7 4 . 1 7 5 . 5  . 0 1 1  p 
P o s ta s s i um n i trate K 

KN03 
1 0 1 . 1 1 6 3 . 9  . 1 2 7 8  N 

Mag n e s ium sul fate Mg 
MgS04 X 7 H 2 0 2 4 6 . 5 0 3 0 . 8 1 . 0 6 1 6 2  s 

Sodium s u l fate Na 
N a 2

so 4 1 4 2 . 0 5 3 5 . 5  . 0 7 1  s 

Z inc s u l fate Z n  
Z nS04 X 7 H 20 2 8 7 . 5 5 0 . 0 2 5  . 0 0 0 0 5  s 

Manganes e  chloride Mn 
MnCl 2 

.1 9 7 . 9 2 0 . 2 6 . 0 0 0 5 2  C l  

Copper s u lphate Cu 
Cuso4 X 5 H 2 0 2 4 9 . 6 8 0 . 0 1 . 0 0 0 0 2  s 

Bor i c  ac id 
H

3
Bo3 

6 1 . 8 2 0 . 3 5 . 0 0 0 7  B 

Sod i um mo lybdate Na 
N a

2Moo4 
x 2 H 2o 2 4 1 . 9 3 0 . 0 0 2 7  . 0 0 0 0 0 5 4  Mo 

Nut r i ent PPM urn Nutr ient PPM 

PPM 

5 6 . 0 5 

5 4 . 0 6 
3 7 . 7 9  

5 . 9 6 
2 . 9 3 

7 . 1 8 
5 . 6 9 

4 . 9 4  
1 . 9 6 

4 9 . 4 2 
1 7 . 7 1 

6 . 0 8 
8 . 0 2 

2 2 . 9 8 
1 6 . 0 3 

0 . 0 1 1  
0 . 0 0 6  

0 . 1 4 4  
0 . 1 8 6  

0 . 0 0 5  
0 . 0 0 3  

0 . 1 2 3  

0 . 0 0 1  
0 . 0 0 2  

urn 

N 1 1 1 . 5 5 N H 4 2 2 0 0  B 0 . 1 2 3  B03 
1 1 . 3 9 

N03 6 1 3 0  

p 7 . 6 5 P04 6 . 8  Mn 0 . 1 4 4  2 . 5 5 

K 6 1 . 5 4 8 0  Cu 0 . 0 0 5  0 . 0 8 

s 2 4 . 0 6 so4 7 5 0  Z n  0 . 0 1 1  0 . 1 7 

e a  5 4 . 0 6 1 2 8 0  Mo 0 . 0 0 2  0 . 0 2 

F e  5 . 9 6 1 2 5  C l  0 . 1 8 6  5 . 3 6 

Mg 6 . 0 8 2 5 0  Na 2 5 . 9 1 1  1 1 2 5  

pH o f  f inal solution = . 6 . 5 - 7 . 5  



APPENDIX 3 .  3 

Bran ch Cu tting 

EFFE CT OF WATER AND CUTTING ON THE NUMBERS OF BRANCH ORDER PER PLANT AT 
SUCCE S S IVE HARVES TS OF VERANO S TYLO UNDER CONTROLLED CONDITI ONS . 

VG ( H 1 )  F T  (H2 ) PF (H3 ) 1 5  DAPF ( H4)  
Or der Trea tment Wl . W2 W3 W1 W2 W3 \..J1 W2 W3 W1 W2 

No . o f  C o  6 6 
Primary -\ VG 6 6 

1z VG 6 6 
-\ F I  

. ]z FI  
LSD 5% 

No . of C o . 
Secondary -\ VG 

1z VG 
-\ F I  
-\ F I  

L S D  5% 
No . o f  Co . 
Ter tiary -\ VG 

]z VG 
-\ F I  
]z F I  

LSD 5io 
No . o f  Co . 
Quaternary . -\ VG 

]z VG 
-\ F I  
� F I  

L S D  5 % 
- ------

6 9 
6 6 
6 6 

,., 
0 

8 

1 0  
10 

--- -- ----

9 9 
6 6 
6 6 
8 8 
8 8 

32 3 2  
3 8  3 8  

9 9 1 0  9 1 0  
6 6 6 6 6 
6 6 6 6 6 
8 8 8 8 8 
8 8 8 8 8 

18 5 1  5 1  3 0  45 
2 4  47 47 3 1  41 
2 6  3 5  35  3 1  3 6  
2 6  40 40 29  I 3 8  
3 4  3 4  34 2 6  3 0  

8 . 44 7 . 40 
0 3 1  44 0 2 1  
0 3 6  5 7  0 3 2  
0 2 9  5 1  0 2 2  
0 3 4  3 0 . 0 6 7  
0 47  46 0 3 5  

6 . 99 1 1 l4 

W3 

10 
6 
6 
8 
8 

6 2  
5 2  
5 0  
5 0  
4 6  

6 4  
6 9  
6 2  1 
7 7  
8 6  

I I 

I 



APPENDIX 3 .  3 con t inue d 

Bran ch Cut t ing 20 DAPF (H5 ) 
Order Tre atment 

W1 W2 W3 

No . o f  Co 10 11  1 0  
P r imary � VG 6 6 6 

� VG 6 6 6 
� F I  8 8 8 
� F I  8 8 8 

· LSD 5 %  
No . o f  Co 3 0  4 9  2 5  
S econdary � VG 3 4  45 55  

� VG 3 2  44 44 
� FI 3 0  3 1  5 1  
� F I  3 5  3 1  44 

LSD 5% 3 . 7 3 
No . o f  Co 2 2 3  6 0  
Tertiary � VG 0 3 5  7 4  I 

� VG 7 40 5 5  
� F I  5 5 0  7 1  
� F I  4 6 2  5 2  

LS D 5 %  6 . 0 8 
No . o f  Co 0 0 1 6  
Quaternary � VG 0 0 1 0  

� VG 0 0 1 6  
� FI 0 3 2 0  
� F I  0 1 0  15  

LSD 5% 2 . 8 3 
----- --- -----1..-.-. 

25 DAPF ( H 6 )  

W1 W2 W3 

10 1 1  1 1  
6 6 6 
6 6 6 
8 8 8 
8 8 8 

3 6  5 1  5 9  
3 7  4 0  6 2  
3 6  40 49 
39 3 6  I 6 5  
2 9  3 6  48 

4 . 1 1 
5 2 8  5 7  
6 3 8  104 

10 3 1  7 4  
7 3 7  7 6  

1 3 5 8  8 5  
7 . 5 5 

0 7 0 
0 0 3 5 . 
0 0 3 2  
0 0 18 
0 1 6  3 1  

2 . 88 

�ll 

10 
6 
6 
8 
8 

3 1  
3 7  
3 7  
3 2  
3 2  

4 
2 

14 
9 

1 3  

0 
0 
0 
0 

I 0 

3 0  DAPF ( H 7 )  

W2 

1 1  
6 
6 
8 
8 

5 0  
44 
4 1  
3 2  
5 3  

5 . 3 9 
33  
45 
3 7  
4 6  
5 5  

9 . 5  
0 
0 
0 
0 

1 3  
2 . 9 5 

W3 

1 1  
6 
6 
8 
8 

5 9  
5 0  
5 0  
5 2  
5 7  

7 0  
7 3  
7 7  
5 8  I I I 5 9  I 

1 4 . 3  I 
2 3  I 1 6  
1 2  ' 
1 3  I I 



APPENDIX 3 . 4 

Branch Cut t ing 
Order Tre atment 

Primary Co 
3>,: VG 

. .  � VG 
3>,: F I  
� F I  

LS D 5 %  
Secondary Co 

3>,: VG 
� VG 
-\ FI 
� F I  

LSD 5 %  
Tertiary Co . 

� VG 
� VG 
-\ F I  
� FI 

L S D  5% 
Quaternary Co 

-\ VG 
� VG 
� F I  
� FI 

LSD 5 %  

EFFE CT O F  WATER AND CUTTING O N  LEAF NUMBER P E R  PLANT ON EACH BRANCH ORDER AT 
SUCCESS IVE HARVESTS OF VERANO S TYLO UNDER CONT ROLLED CONDITIONS . 

VG (H l )  
I 

FI (H2)  P F  ( H3 )  1 5  DAPF 

Wl W2 W3 Wl W2 W3 Wl W2 W3 Wl W2 W3 

3 0 . 3  3 9  3 9  6 8 . 7  80 . 7  8 0 . 7  10 1 2 44 . 7 2 44 . 7  1 1 9 . 3  2 6 6 . 3  2 65 . 0  
3 4  23 23 47 . 7  6 6 . 3  6 6 . 3  7 5  1 7 1 . 7  1 7 1 . 7  9 5 . 3  1 64 . 3  1 8 0 . 0  
2 7 1 9  1 9  42 . 0  5 4 . 7 5 4 . 7 64 1 6 3  1 6 3  7 5  1 7 2  1 9 9  

47 5 8  5 8  6 9  8 1  8 1  102  1 6  1 1 7  
3 5  48 48 5 1  6 6  6 6  7 7  4 5  8 0  

9 . 5 19 . 8  4 3 . 0  
2 5 . 3  1 12 . 0  1 1 2 . 0  7 2  3 5 7  3 5 7  1 7 8  3 8 5  6 5 3  
2 6 . 3  1 1 9 . 3  1 19 . 3  8 9 . 3  4 1 2 . 0  4 12 . 0  2 0 3 . 3  440 . 0  6 2 1 . 0 
18 . 3  89 . 3  89 . 3  9 5 . 3  3 2 6 . 7  3 2 6 . 7  2 13 . 0 3 6 7 . 0  6 2 1 . 0  
1 7 . 3  9 4 . 3  9 4 . 3  1 0 0 . 3  2 9 6 . 3  2 9 6 . 3  2 0 3 . 3  48 4 . 3  6 7 5 . 3  
2 1 . 3  8 9 . 7  8 9 . 7  1 04 . 3 3 0 6 . 0  23 4 . 7  2 0 3 . 0  3 3 0 . 7  5 8 9 . 0  

31 . 2  6 0 . 8  9 6  
0 1 5 7 . 3  1 5 7 . 3  0 1 0 8 . 3 3 9 2 . 7  
0 1 0 3 . 7  1 0 3 . 7  0 143 . 7  3 85 . 0 
0 2 15 . 7  2 15 . 7  0 1 04 . 7 3 9 0 
0 1 2 0 . 3  1 2 0 . 3  0 4 2 6 . 7  419 . 7  
0 1 6 7 . 7  1 6 7 . 7  0 2 08 . 7  402 . 7  

4 6 . 3  8 7 . 8  

- ----

! 

' 

I 



AP PENDIX 3 .  4 con t inued 

Bran ch Cut t ing 
Order Tre atmen t W1 

Primary 

S eccndary 

Tertiary 

Quaternary 

Co 
� VG 
}z VG 
� F I  
}z F I  

LSD 5% 
Co 

� VG 
% VG 
� F I  
% F I  

L S D  5% 
Co 

� VG 
% VG 
� F I  
% F I  

LSD 5io 
Co 

� VG 
% VG 
� F I  
% F I 

LSD 5% 

1 2 6 . 3  
7 4 . 7  
6 6  
7 6  
7 8  

1 5 9  
2 0 2  
1 7 6  
2 0 5  
2 3 3  

4 
0 

2 5  
2 0  
1 7  

0 
0 
0 
0 
0 

2 0  DAPF 

W2 W3 W1 

3 0 8 . 7  2 7 6 . 3  1 3 6 . 6  
2 3 7 . 3  2 7 3 . 7  104 . 7 
2 1 4  25 0 8 0  

5 6  2 1 1  6 0  
0 1 1 7  3 6  

6 0 . 0  
5 09 8 3 6  19 1 
5 3 9  5 2 7  2 0 3  
5 2 0  6 2 3  2 2 4  
42 8 9 3 9  2 4 2  
5 1 7  8 9 9  1 9 0 

2 2 . 4  
1 6 7  45 2 1 5  
2 1 4  3 8 3  19 
2 2 1  3 2 6  3 8  
3 4 6  6 0 3  2 1  
4 2 0  5 69 5 5  
1 6 2 . 8  

0 7 8  0 
0 47 0 
0 6 7  0 
3 1 0 2  0 

10  1 0 1  0 
3 0 . 6  

2 5  DAPF 3 0  DAPF 

W2 W3 W1 W2 W3 

3 1 2 . 0  8 59 . 7  12 0 . 0  3 8 1 . 3 8 5 1 . 3 
2 7 1 . 7 4 1 6 . 0  7 9 . 0  2 2 8 . 7  4 23 . 0  
2 3 3  2 8 8  6 9  2 2 2  3 9 6  
1 2 9  3 47 7 9  1 0 2  4 8 1  

0 3 2 7 5 5  0 394 
7 2 . 0  8 0 . 0  

5 10 1 5 7 7  15 8 5 7 3 1 7 8 6  
5 3 4  1 3 0 2  2 25 5 7 6  141 1 
5 3 7  1 0 1 2  2 4 0  5 3 0  1 2 8 2  
4 6 1  1 5 0 7  2 1 2  5 6 1  1 4 7 7  
49 8 1 2 8 7  2 0 2  5 9 0  189 4 
1 0 6  2 44 . 2  
1 6 7 . 3  6 41 . 3  14 . 3  183 . 3  6 39 . 3  
2 1 8  8 8 4  8 2 8 8  7 3 2  
19 2 5 6 0  5 6  2 2 8  6 7 1  
2 3 2  7 9 0 . 3  35  3 2 7  5 16 
4LJ- 1  841  54  3 8 4  7 3 7  

6 7 . 8  . 105 . 7  
3 1  8 2  0 0 80 

0 240 0 0 1 8 5  
0 1 7 7  0 0 1 1 3  
0 1 2 6  0 0 5 9  

64 2 0 6  0 1 3  88  
2 9 . 5  3 6 . 1  

-- ---



APPENDIX 3 . 5  

Branch Cut t ing 
Order Treatment 

Primary Co 
% VG 
% VG 
% F I  
� F I  

LSD 5 % 
Secondary Co 

% VG 
% VG 
% FI 
% FT 

LSD 5 %  
Tertiary Co 

% VG 
� VG 
% F I  
% F I  

L S D  5 % 
Quaternary eo 

% VG 
% VG 
% F I  
% F I  

LSD 5% 
-· 

EFFE CT OF WATER AND CUTTING ON LEAF AREA ON EACH BRANCH ORDER AT SUCCE S S IVE 
HARVES TS OF VERANO S TYLO UNDER CONTROLLED CONDITIONS ( cm2 / p 1 ) . 

VG ( H 1 )  F I  ( H 2 )  P F  (H3 ) · 1 5  DAPF (H4) 

W1 W2 W3 W1 \.J2 W3 W1 W2 W3 W1 W2 W3 

6 6  13 1 1 3 1 2 5 9  4 1 1  4 1 1  3 6 6  6 12 6 1 2  2 7 3  6 8 3  6 5 5  
8 2  7 2  7 2  2 2 0 . 2 9 3 2 9 3  2 9 8  425  425  1 9 8 40 8 49 6 
5 7  46 46 189 244 2 44 2 3 0  . 444 444 1 7 2  428 4 2 3  

2 3 7  2 5 6  2 5 6  3 2 1  2 5 1  2 5 1 1 9 3  142 1 7 0  
1 6 7  2 2 1  2 2 1  2 3 2  2 9 5  2 9 5  1 8 1 1 1 2  15 1 

8 6 . 4  
8 3  144 2 6 9  15 1 6 9 7  6 9 3  2 3 6 8 2 1  1 2 3 0  
8 3  2 7 4  2 8 9  2 0 1  7 9 9  440 246  9 5 5  1 0 0 9  
5 4  2 5 0  18 2 2 13 7 14 6 8 4  2 9 1 7 6 9 1 18 6 
5 2  2 05 2 0 1  2 13 6 2 6 646 2 7 5 1 144 1 0 0 3  
62 2 0 6  2 2 7  2 5 1  7 03 5 2 1  3 0 1  1 3 3 3  1 0 0 6 

8 6 . 8 6 1 7 5 . 6 1 7 4 . 1 
0 7 8  3 0 1  0 2 3 5  7 3 2  
0 18 7 3 19 0 2 6 9  4 73 
0 1 6 3  3 8 0  0 1 9 1 7 19 
0 155  2 4 2  0 9 0 3  5 7 4  
0 2 79 3 18 0 3 9 3  5 9 3  



APPENDIX 3 . 5 con t-inue d 

Bran ch Cut t ing 20 DAPF (H5 ) 2 5  DAPF (H6 ) 3 0  DAPF (H 7 )  
Order Treatmen t Wl W2 W3 W l  W2 W3 Wl W2 W3 

Primary Co 2 8 1  8 0 4  8 1 3 1 9 8 7 7 5  123 6 1 8 0  9 2 3 1 2 8 0  % VG 1 8 1  5 2 6 454 1 5 2  6 2 0  6 9 4  1 2 1  5 40 6 1 8  
� VG 1 5 3  4 9 2  3 6 6  1 2 3  6 1 0  5 5 2  9 8  5 6 0 5 7 4  
% F I  1 3 8  148 4 1 0  1 0 1  343 5 1 7  1 1 0  2 3 5  7 0 0  
� F I  147 0 2 2 7  49 0 5 0 5  8 6 0 5 7 4  

L S D  5% 1 1 6 . 1  1 3 6 . 8  1 1 6 . 6 
Secondary Co 1 9 6 1 0 5 8 1 6 6 5  2 0 0  9 9 9 2 3 4 6  1 63 1 3 6 6  2 5 5 4  % VG 2 7 3  1 0 1 9  1 1 3 5  2 04 1 0 8 8  2 0 12 2 10 1 2 0 2  2 1 13 

� VG 2 6 2 1 0 3 9  1 2 49 2 3 2 1 2 1 1  1 5 5 8  2 2 2  1 2 0 1  1 8 6 7  % FI 2 5 4  1 0 1 0 1842 242 1 1 1 8  2 2 64 2 3 8  1 3 0 9  2 15 1  
� FI 2 7 5  1 0 3 1 1 7 15 2 1 1  1 0 0 2  1 9 3 0  2 1 7  1 2 2 5  2 6 7 4  

LSD 5% 2 5 8 . 3  2 1 3 . 3  3 2 7 . 5  
Tertiary Co 1 2  I 2 5 9  9 0 8  1 6  3 1 1 9 5 9  1 7  3 7 1  9 40 % VG 0 3 6 7  7 6 9 1 6 3 4 3  13 6 2  6 5 1  1 0 7 2  

� VG 27 I 3 9 6  6 6 2  3 5  3 7 9  8 7 0  5 6 446 9 7 7  % F I  1 5  6 9 3  1 1 7 3  2 0  4 7 7  1 1 8 6  3 7  6 64 7 44 
� F I  16 7 3 5  1028 43  6 7 0  1 2 5 7  4 8  6 6 2  1 0 7 2  

LSD 5% 1 9 1 . 3  9 5 . 8  1 6 7 . 0  
Quaternary Co 0 0 1 8 3  0 5 3  1 2 6 0 0 1 3 9  

% VG 0 0 1 2 6  0 0 4 1 6  0 0 2 7 8  
� VG 0 0 1 7 0  0 0 2 8 3  0 0 1 7 7  % F I  0 2 1  2 14 0 0 19 6 0 0 9 5  
� F I  0 5 6 2 0 2  0 84 347 0 7 7  1 3 9  I 

LSD 5% 48 . 9  47 . 8  45 . 0  I ' 
--- -- -- - -'--- I 



APPENDIX 3 . 6 .  

Bran ch Cut ting 
Order Treatmen t 

Primary 

S e condary 

Tertiary 

---- -- ---

Co 
� VG 
� VG 
� F I  
� F I  

L S D  5 %  

C o  
� VG 
� VG 
� FI 
� F I  

L S D  5 %  
Co 

� VG 
� VG 
� F I  
� F I  

LSD 5% 

EFFE CT OF WATER AND CUTTI NG ON SEED HEAD Nill1BERS FORMED ON EACH BRANCH ORDER AT 
SUCCESS IVE HARVES TS OF VERANO STYLO UNDER CONTROLLED ENVI RONNENT CONDITIONS . 

H arve s ting Time s 
15 DAPF 2 0  DAPF 25 DAPF 3 0  DAPF 

Wl v12 W3 Wl W2 W3 W l  W2 W3 vn W2 W3 

27 5 0  5 1  2 7  5 7  5 7  37  7 6  7 5  3 8  9 1  7 5  
19 3 0  3 6  2 0  40 3 5  26  56  6 0  25 54 5 6  
17  2 7  44 13 45 3 2  24 40 43 2 3  3 7  3 9  
1 4  3 2 4  14 8 2 1  2 0  24 37 2 1  2 2  49 
1 0  0 2 0  13  0 1 1  7 0 3 4  1 9  0 42 

9 6 1 2  6 

22  44 102 12  I 5 6  109 3 1  7 1  1 6 2  2 6  9 9  1 5 4  
2 6  49 1 5 7  3 5  I 6 8  1 5 4  3 8  105  1 7 5  3 8  9 4  1 6 2  
2 6  4 1  1 3 0  2 4  7 1  135 41 7 2  1 5 5  49 7 1  1 5 6  
2 2  7 2  15 1 25 63 1 1 1  3 9  6 6  1 5 1  42 1 1 7  15-3 
2 0  3 2  128  25  82  7 9 4  3 2  1 0 3  149 45 1 2 8  1 6 6  

1 9  13  13 22  
0 0 I 13 0 2 1 8  0 1 0  2 0  0 13  26  
0 2 3 4  0 11  17  0 7 7 1  0 1 2  4 6  
0 0 2 9  0 9 6 6  0 3 48 0 1 8  3 3  
0 9 45 0 13  19 0 1 3  3 9  0 42 2 2  
0 4 3 8  0 7 2 8  0 5 0  6 1  0 3 6  3 9  

6 8 9 8 
-----



APPENDIX 3 .  7 

Bran ch Cut t ing 
Order Tre atmen t  

P rimary C o  
3;; VG 
% VG 
3;; FI 
% FI 

LSD 5% 
Secondary Co 

� VG 
% VG 
3;; F I  
% F I  

L S D  5% 
Tertiary Co 

� VG 
% VG 
3;; FI 
% F I  

L S D  5% 

EFFE CT OF WATER AND CUTTING ON SEED YIELD FORMED ON EACH BRANCH ORDER AT SUCCE S S IVE 
HARVE STS OF VERANO S TYLO UNDER CONTROLLED ENVIRONHENT CONDI TIONS ( g / p 1 )  . 

Harves ting Time s 
15 DAPF 2 0  DAPF 

W1 W2 H3 W1 W2 W3 W 1  

0 . 44 l .  3 0  l .  09 0 . 66 l .  3 8  l .  9 6  0 . 8 3 
0 . 3 1 0 . 8 6 0 . 8 2 0 . 48 l .  0 8  1 .  2 2  0 . 6 3 
0 . 2 9 0 . 8 3 0 . 82 0 . 3 8 l .  08 1 . 1 4 0 . 5 9 
0 . 25 0 . 1 1 0 . 48 0 . 3 8 0 . 25 0 . 7 0 0 . 46 
0 . 1 7 0 . 1 9 0 . 4 1 0 . 3 6 0 0 . 3 6 0 . 19 

0 . 2 1 0 . 13 
0 . 2 5 0 .  9 4  2 . 1 4 0 . 3 9 l .  3 9  3 . 4 1  0 . 45 
0 . 3 0 l .  2 8  2 .  9 4  0 . 63 l .  7 0  4 . 0 8 0 . 6 0 
0 . 3 2 l .  09 2 . 34 0 . 45 l .  6 5  3 . 5 9 0 . 84 
0 . 2 9 l .  9 3  3 . 1 1 0 . 5 1 1 .  78 3 . 5 3 0 . 7 3 
0 . 2 6 0 . 7 5 2 . 5 5 0 . 44 2 . 3 6 3 .  09 0 . 64 

0 . 47 0 . 40 
0 0 0 . 2 9 0 0 . 0 2 0 . 2 5 0 
0 0 . 0 1 0 . 41 0 0 . 1 2 0 . 2 7 0 
0 0 0 . 3 4 0 0 . 1 0 0 . 7 7 0 
0 0 . 0 9 0 . 49 0 0 . 1 2 0 . 20 0 
0 0 . 02 0 . 29 0 0 . 1 9 0 . 3 2 0 

0 . 0 8 0 . 0 7 

2 5  DAPF 
W2 

2 . 1 7 
2 . 1 6 
2 . 24 
0 . 6 5 

0 
0 . 41 
l .  8 1  
3 . 47 
2 . 04 
1 .  6 0  
2 . 6 1 
0 . 5 4 
0 . 0 6 
0 . 0 6 
0 . 04 
0 . 1 9 
0 . 81 
0 . 19 

W3 

Lj . •  0 2  
2 . 6 6 
2 . 1 2 
l .  8 2  
l .  7 1  

7 . 45 
7 . 40 
7 . 1 3 
7 . 2 1 
7 . 05 

0 . 2 6 
1 . 1 8 
0 . 8 8 
0 . 62 
0 . 7 3 

-- -· -

3 0  DAPF 
W1 W2 W3 

0 . 6 2 2 . 20 3 . 0 0 
0 . 42 l .  40 2 . 1 2 
0 . 3 8 l .  0 0  1 . 5 4 
0 . 3 7 0 . 5 7 1 .  9 8  
0 . 3 4 0 1 .  6 8  

0 . 20 
0 . 3 9 2 . 3 0 5 . 1 6 
0 . 5 5 2 . 3 7 5 . 8 3 
0 . 89 1 .  7 2  5 . 5 1 
0 . 6 5 2 . 9 2 5 . 5 3 
0 . 7 6 3 . 1 2 6 . 10 

0 . 8 3 
0 0 . 1 2 0 . 7 0 
0 0 . 44 0 . 7 4 
0 0 . 2 1 0 . 45 
0 0 . 7 3 0 . 29 
0 0 . 5 8 0 . 42 

0 . 10 
-



APPENDIX 3 .  8 

B ranch Cut t ing 
Order Tre a t -

ment 

P rimary C o  
� VG 
� VG .  
\ F I  
� F I  

LSD 5 %  

S eccndary Co 
\ VG 
� VG 
\ FI 
� F I  

LSD 5% 

Tertiary Co 
� VG 
� VG 
� F I  
� F I  

LSD 5 %  
--· - -------

EFFE CT OF WATER AND CUTTI NG ON SEED HEAD tiDMBERS ON EACH BRANCH ORDER AND . 
POS ITIONS AT SUCCESS IVE HARVE S T  OF VERANO S TYLO UNDER THE CONTROLLED 
E NVIRONHENT CONDITIONS . 

15  Day s  after Peak Flower ing 2 0  Days after Peak F l owering 
Wl W2 W3 Wl W2 W3 

No de Terminal Node Terminal Node Tenninal Node Terminal Node Terminal No de Terminal 
1 6 . 7  10 . 0  45 . 0  5 . 3  41 . 3  9 . 7  19 . 0  8 . 3  45 . 7  1 1 . 3  5 6 . 3  1 . 0  
1 2 . 0  7 . 0  2 5 . 7  4 . 0 3 3 . 7  1 . 7  14 . 0  6 . 3  3 0 . 3  9 . 7  3 5 . 0  . 3  
1 2 . 3  5 . 0  2 4 . 7 1 . 7  2 7 . 0  17 . 3  12 . 3  1 . 3  3 5 . 0  10 . 0  3 2 . 0  0 

8 . 0  6 . 0  3 . 3  0 17 . 7  5 . 7  1 1 . 7  2 . 3  7 . 8  0 2 0 . 0  1 . 3  
7 . 3  2 . 3  6 . 7  0 . 7  15 . 7  3 . 7  1 1 . 3  2 . 3 0 0 1 0 . 3  1 . 3  

No de = 9 .  7 Te rmin a l  = 4 . 5  No de = 6 . 2  Te rmina l  = 2 .  6 

3 . 3  19 . 3  2 7 . 7  15 . 7  I 7 7 . 3  25 . 0  7 . 3  14 . 7  4 7 . 0  9 . 0 9 2 . 7  1 6 . 3  
I 

6 . 3  - 19 . 7  3 5 . 3  13 . 7  9 3 . 3  64 . 3  15 . 7  1 8 . 7  44 . 3  2 4 . 3  9 6 . 3  5 8 . 0  
8 . 3  1 7 . 7  3 1 . 7 9 . 3 69 . 7  5 9 . 7  10 . 7  1 2 . 7  5 2 . 3  18 . 7  8 6 . 0  48 . 7  
8 . 3  13 . 3  5 6 . 0  · 15 . 7  10 8 . 7  42 . 3  1 2 . 7  1 2 . 3  5 2 . 0  1 1 . 3  9 6 . 0  14 . 7  
5 . 3  15 . 0  2 4 . 0  8 . 0  8 6 . 3  42 . 0  9 . 0  1 6 . 0  6 Q . 3  13 . 3  8 9 . 7  4 . 0  

No de = 1 9 . 3  Terminal = 2 3 . 2  No de = 1 3 . 7  Termina l  = 7 .  0 7  

0 0 0 0 0 12 . 7  0 0 0 2 . 3 15 . 0  3 . 3 
0 0 0 1 . 7  14 . 0  2 0 . 3  0 0 0 1 1 . 3  9 . 7  7 . 3  
0 0 0 0 6 . 7  22 . 0  0 0 0 9 . 3 2 3 . 0  43 . 3  
0 0 0 9 . 3  1 2 . 7  3 1 . 7 0 0 0 1 3 . 0  5 . 7  1 2 . 7  
0 0 0 4 . 3  1 1 . 3  2 7 . 3  0 0 7 . 0  0 2 1 . 7 5 . 7 

No de = 6 . 6  Terminal = 1 3 . 0  Node = 8 . 4  Termin a l  = 6 . 4  
------------· ----- ------- -- ------�----------------------------

i I I I 



APPENDIX 3 . 8 con tinued 

Bran ch Cu t t ing 25 Days after P e ak F l owering 30 Days Afte r P e ak F l owering 

Order Tre a t - W l W2 W3 Wl W2 W3 
men t 

No de Te rminal No de Te rminal N o de Term inal No de Te rminal N o de Terminal Node Termin a l  

P r imary Co 24 . 7  1 2 . 3  5 8 . 7  17 . 3  7 4 . 7 0 . 3  2 6 . 0  1 1 . 7  6 4 . 0  2 7 . 3  7 5 . 0  0 
1>,: VG 1 9 . 0  7 . 3  5 5 . 3  1 . 3 45 . 0  14 . 7  1 6 . 7  8 . 0  43 . 7  1 0 . 3  48 . 7  7 . 7  
� VG 17 . 3  7 . 0  3 5 . 0  5 . 3  3 7 . 3  6 . 3  1 7 . 0  5 . 7  3 1 . 3 5 . 7  3 7 . 7  1 . 3  
-\ F 1  14 . 0  6 . 0  2 0 . 3  3 . 7  3 5 . 7  1 . 0 15 . 3  6 . 0  1 6 . 0  5 . 7  49 . 3  0 
� F I  6 . 0  1 . 3  0 0 3 1 . 0  3 . 0  15 . 0  4 . 3  0 0 41 . 3  1 . 3  

LSD 5% No de = 1 2 . 7  Termin a l = 5 . 0  No de = 6 . 5  Termin a l  = 4 . 2  

S e condary Co 1 0 . 7  1 9 . 7  45 . 7  24 . 7  128 . 3  34 . 0  10 . 3  16 . 3  6 4 . 3  3 5 . 0  1 1 0 . 0  43 . 7  
� VG 13 . 3  25 . 3  8 9 . 7  14 . 7  1 1 9 . 3  5 6 . 0  14 . 3  24 . 0  7 1 . 3 2 2 . 7  13 1 . 7  3 0 . 0  
� VG 2 1 . 0  2 0 . 3  5 3 . 3  1 8 . 7  1 2 1 . 3  34 . 3  3 0 . 0  19 . 0  4 8 . 3  2 2 . 7  1 2 3 . 0  3 3 . 0  
-\ F I  1 7 . 3  2 2 . 0  45 . 3  2 1 . 3  1 2 5 . 0  2 6 . 7  19 . 7  2 2 . 0  8 5 . 3  3 1 . 7 1 2 3 . 0  3 G . O  
� F I  1 6 . 7  15 . 3  7 8 . 3 2 5 . 3  12 2 . 0  2 7 . 3  3 0 . 3  15 . 0  1 0 2 . 3  2 6 . 3  142 . 0  24 . 0  

LSD 5% No de = 1 2 . 0  Terminal = 2 6 . 7  No de = 2 1 . 7  Te rminal = 1 4 . 2  
' 

Te rtiary Co 0 0 2 .  7 6 . 6  0 2 0 . 3  0 0 0 1 3 . 3  0 2 6 . 0  i I 
-\ VG 0 0 0 6 . 7  3 7 . 3  3 3 . 7  0 0 0 1 2 . 0  1 7 . 0  2 9 . 3  
� VG 0 0 0 3 . 3  2 6 . 3  2 2 . 0  0 0 0 1 8 . 3  0 3 3 . 3  
],: F I  0 0 1 . 7  1 1 . 0  17 . 7  2 1 . 0  0 0 1 6 . 7  2 5 . 0  0 2 2 . 3  
� FI 0 0 1 5 . 7  3 3 . 7  3 2 . 7  2 8 . 3  0 0 13 . 3  2 2 . 7  1 .  67 3 6 . 7  

LSD 5 %  N o de = 9 .  0 Te rmin a l = 9 . 3  No de = 8 . 0  Termina l = 7 . 4 
-·--



. APPENDIX 3 . 9 EFFE CT OF WATER AND CUTTING ON SEED YIELD FORMED O N  EACH BRANCH ORDER AND POS I TIONS 
AT SUCCE S S IVE HARVES TS OF VERANO S TYLO UNDER THE CONTROLLED COND ITIONS ( g /p l ) . 

-

1 5  D ays after P e ak F lowering 20 Days after Peak F lowering 
Wl . W2 W3 Wl W2 W3 

No de Termi."18.l Node Terminal Node Terminal Node Terminal Node Terminal Node Termi.ml 

Primary Co 0 . 3 5 . 0 9 1 .  2 5  . 05 1 .  0 0  . 0 9 0 . 5 7  . 09 1 .  2 7  . 1 1 1 .  9 5  . 0 1 
B r an ch >,; VG 0 . 24 . 0 7 0 . 8 2 . 04 0 . 80 . 02 0 . 42 . 06 0 . 9 8 . 1 0  1 .  2 2  . 0 0 

� VG 0 . 24 . 0 5 0 . 8 1 . 02 0 . 6 5 . 1 7 0 . 3 7 . 0 1 0 . 9 8 . 1 0 1 . 14 0 
3t F I  0 . 1 6 . 09 0 . 1 1 0 0 . 42 . 0 6 0 . 3 5 . 03 0 . 24 . 0 1 0 . 6 9 . 0 1 
� F I  0 . 1 5. . 0 2 0 . 18 . 0 1 0 . 3 7 . 04 0 . 34 . 02 0 0 0 . 3 5 . 0 1 

LSD 5% No de = . 2 2 Terminal . = . 04 No de = . 14 Terminal = . 02 

S e condary Co . 09 . 1 6 . 7 8 . 16 1 .  8 9  . 25 . 2 2 . 17 1 .  3 1  . 08 3 . 2 1 . 2 0 
Bran ch 3t VG . 13 . 1 7 1 . 1 4 . 14 2 . 3 0 . 64 . 40 . 2 3 1 . 42 . 2 8 3 . 3 6 • 7 2  I 

� VG . 1 8 . 14 1 .  0 1  . 08 1 .  7 2  . 6 1  . 3 0 . 15 1 . 44 . 2 1 3 . 0  . 5 9 
>,; F I  . 1 7 . 1 2 1 .  7 7  . 1 6 2 . 6 7 . 44 . 3 6 . 15 1 .  6 7  . 1 1 3 . 3 4 . 1 8 
� FI . 1 1 . 15 0 . 6 7 . 08 2 . 1 3 . 42 . 2 5 . 19 2 . 23 . 13 2 .  9 2  . 1 7 

LSD 5 %  . No de = . 49 Terminal = . 24 No de = . 41  Termina l = . 12 

Ter tiary Co 0 0 0 0 . 1 6 . 1 3 0 0 0 . 0 2 . 2 2 . 0 3 
Branch 3t VG 0 0 0 . 0 1 . 2 3 . 18 0 0 0 . 12 . 1 7 . 1 0 

� VG 0 0 0 0 . . 1 2  . 2 2 0 0 0 . 10 . 3 4 . 43 
3t F I  0 0 0 . 09 . 19 . 3 0 0 0 0 . 1 2 . 0 8 . 1 2 .  
� F I  0 0 0 . 02 . 1 8 . 1 1 0 0 . 13 . 06 . 2 6 . 0 6 

LSD 5% No de = . 0 8  .· Terminal = . 09 No de = . 0 7 Termina l  = . 0 7  



. APPENDIX 3 .  9 con t inue d  

2 5  Day s  a f t e r  P e ak F lowering 3 0  Day s a f t e r  P e ak F lowering 

Wl W2 \tJ3 \-Jl Vl2 W3 
N o de Terminal N o de Terminal N o de Te rmin al N o de Terminal No de Terminal No de Terminal 

P rimary C o  0 . 7 1 . 1 2 1 .  9 8  . 19 4 . 0 1 . 0 1 0 . 5 0  . 1 2 1 .  9 2  . 2 8 3 . 0 0 
Branch :l>,: VG 0 .  5 6  . . 0 7 2 . 15 . 0 1 2 . 3 7  . 29 0 . 3 4 . 0 8 1 .  2 9  . 1 1 1 .  9 5  . 17 

� VG 0 . 5 1  . 0 8 1 . 19 . o s 1 .  9 9  . 13 0 . 32 . 0 6 0 . 9 4 . 0 6 1 . 5 1 . 0 3 
� F I  0 . 40 . 0 6 0 . 6 1 . 04 1 . 8 0 . 0 2 0 . 3 1  . 0 6 0 . 5 1 . 0 6 1 1 . 9 8 0 
� F I  0 . 1 8 . 0 1 0 0 1 .  65 . 0 6 0 . 3 0 . 04 0 0 1 .  6 5 . 03 

LSD 5 %  Node = . 42 T erminal = . 08 No de = . 2 0  Termin al = . O S  

S econdary Co . 25  . 20 1 . 5 4 . 27 6 . 78 . 6 7 . 21 . 1 8 1 .  9 0  . 40 4 . 29 . 8 7 
Branch � VG . 3 5 . 25 3 . 3 0 . 1 7 6 . 3 1  1 .  0 9  . 29 . 26 2 . 0 9 . 2 8 5 . 23 . 6 0 

� VG . 62 . 22 1 .  8 2  . 2 2 6 . 44 . 69 . 6 1 . 2 8 1 .  45 . 2 7 4 . 8 5 . 6 6 
� FI  . s o . 2 3 1 .  3 6 . 24 6 . 6 8 . 5 3  . 41 . 24 2 . 5 6 . 3 6 4 . 9 2  . 6 1 
� F I  . . 49 . 15 2 . 3 1 . 3 0  6 . 5 0 . 5 5 . 6 0  . . 1 6  2 . 8 1 . 3 1 5 . 6 2 . 48 

LS D 5 % Nod e  = . 5 6  Terminal = . 1 8  No de = . 8 6 Termin al = . 2 6 

Tertiary Co 0 0 0 . 0 6 0 . 2 6 0 0 0 . 12 . 3 5 . 3 5 
Bran ch � VG 0 0 0 . 0 6 . 7 4 . 44 0 0 0 . 44 . 33 . 41 

� VG 0 0 0 . 04 . 5 6 . 3 2 0 0 0 . 2 1  0 . 45 
:l>,: FI 0 0 . 0 7 . 12 . 35 . 27 0 0 . 44 . 29 0 . 29 
� F I  0 0 . 4 1 . 40 . 64 . 0 9 0 0 . 3 2 . 2 6 . 3 3 . 09 

LSD 5 %  Node = . 19 Termin a l = . 1 3 No de = . 1 0 Terminal = . 2 0 
....._ 
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P l ate 3 . 9 a Early and heavy c u t  a t  vegeta t ive 

growth s tage ( �VG ) o f  Verano s ty lo 

a . l  E a r l y  s tr e s sed p l an t s  at vegetative 

growth s tage ( W l ) 

a . 2  S tr e s sed pl ant a t  peak f lower ing 

s tage ( W 2 ) 

a . 3  Non- s tr e s sed p l a n t  ( W3 )  



3 3  



� 
P l a t e  3 . 9b L a t e  a nd l ight cut a t  f l oral 

i n i t i a t ion growth s tage ( �FI ) of 

Ver ano s t y l o  

b . l  E ar l y  s tr e s s ed plants a t  vege ta t ive 

g rowth s tage ( W l )  

b . 2  S tr e s sed p l ant a t  peak f l ower i ng 

s tage (W2 ) 

b . 3  Non - s tr e s sed plant ( W 3 ) 



b l  

b l1 

b 3  



r l a t e  3 . 9 c Late and heavy cut a t  f l ora l 

i n i t i a t ion growth s tage ( �F I )  o f  

Verano s ty lo 

c . l  E a r l y s tr e s s ed plants a t  vegetat ive 

growth s tage (Wl ) 

c . 2  S tr e s s ed p l ant a t  peak f lowering 

s tage (W 2 ) 

c . 3  N o n - s tre s s ed plant (W3 ) 



c 1 

C 2  

C 3  



APPENDIX 3 . 1 1 EFFECT OF HATER AND CUTTING ON SEED MOI S TURE CONTEN1 PERCENTAGE AT SUCCE S S IVE 
HARVE S TS OF VERANO S TYLO UNDER THE CONl'ROLLED ENVIRONMENT CONDIT I ONS . 

Cut t ing 15 DAPF 2 0  DAPF 2 5  DAPF 3 0  DAPF 
Treatmen t W1 W2 I W3 W1 W2 W3 W1 W2 I W3 W1 W2 W3 

Co 5 5 . 9  5 2 . 6  5 4 . 4  I 4 8 . 4  4 5 . 3  45 . 3  3 7 . 3  3 5 . 4  3 5 . 2  3 2 . 4  3 1 . 9  3 4 . 3  

\ VG 1 5 5 . 2  5 3 . 1  ! 5 4 . 4  47 . 4  45 . 3  4 6 . 8  3 8 . 9  3 5 . 2  3 6 . 9  3 3 . 2 3 1 . 8  3 3 . 6  

� VG 5 4 . 5 5 2 . 5  5 5 . 2  . 49 . 1  4 7 . 1  4 8 . 9  3 8 . 9  3 5 . 3  3 7 . 0  3 3 . 3  3 2 . 1  3 2 . 1  

\ FI 5 5 . 9  5 3 . 1  5 3 . 3  47 . 3  4 5 . 5  4 8 . 7  3 7 . 8 3 5 . 4  1 3 7 . 9  3 3 . 3  3 2 . 5  3 3 . 1  

� FI 1 5 5 . 6  5 2 . 4  5 3 . 3  4 7 . 5  4 5 . 6  4 8 . 2  3 9 . 0  3 5 . 3  3 7 . 2  3 3 . 7  3 2 . 1  3 3 . 5  
I 



APPEND IX 3 . 1 2 EFFE CT OF WATER AND CUTTI NG ON l O O  SEED WE I GHT AT SUCCES S IVE HARVE S T  OF 
VERANO S TYLO UNDER THE C ONTROLLED ENVI RONHE NT CONDITION S . 

15 DAPF I 2 0  DAPF 2 5  DAPF 3 0  DAP F  Cut ting 
Tre atmen t H l  I W2 W3 Wl W2 W3 Wl W2 W3 Wl W2 

Co 0 . 2 3 0 . 2 2 0 . 2 3 0 . 2 4 0 . 2 3 0 . 2 4 0 . 2 4 0 . 2 4 0 . 2 4 0 . 2 4 0 . 2 4 

-\ VG 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 4 0 . 2 4 0 . 24 0 . 2 4 0 . 2 4 

� VG 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 4 0 . 2 3 0 . 2 4 0 . 2 4 0 � 2 4 0 . 2 4 0 . 2 4 

-\ F I  0 . 2 3 0 . 2 2 0 . 2 2 0 . 2 3 0 . 2 3 0 . 2 3 0 . 2 4 0 . 2 4 0 . 2 4 0 . 2 4 0 . 2 4 

� F I  0 . 2 3 0 . 2 2 0 . 2 2 o : 2 3 0 . 2 3 0 . 2 3 0 . 2 4 0 . 2 4 0 . 2 4 0 . 24 0 . 2 4 

W3 

0 . 24 

0 . 24 

0 . 2 4 

0 . 2 4 

0 . 2 4 



AP PENDIX 3 .  1 3  E F F E CT O F  HATER AND CUTT I NG O N  S E ED HOI S TURE C O NTENT PERCE NTAGE AT S U C CE S S IVE 
HARVE S TS OF VERANO S TYLO U �� E R  THE CONTROLLED E NV I RO NME NT C O ND I T I ON S . 

15 DAP F 2 0  DAP F I 2 5  DAP F 3 0  DAP F 
Cu t t ing 

Tre a tmen t W1 W2 1-13 W1 W2 W3 W1 W2 W3 W1 W2 W3 

Co 5 5 . 9  5 2 . 6  5 4 . 4  4 8 . 4  4 5 . 3  45 . 3  3 7 . 3  3 5 . 4  3 5 . 2  3 2 . 4  3 1 . 9  3 4 . 3  

\ VG 5 5 . 2  5 3 . 1  5 4 . 4  4 7 . 4  45 . 3  4 6 . 8  3 8 . 9  3 5 . 2  3 6 . 9  3 3 . 2  3 1 . 8  3 3 . 6  ; 
i 

� VG 5 4 . 5  5 2 . 5  5 5 . 2  4 9 . 1  4 7 . 1  4 8 . 9  3 8 . 9  3 5 . 3  3 7 . 0  3 3 . 3  3 2 . 1  3 2 . 1  I 
\ F I  5 5 . 9  5 3 . 1  I 5 3  • 3 I 4 7 . 3  4 5 . 5  4 8 . 7  3 7 . 8  3 5 . 4  3 7 . 9  3 3 . 3  3 2 . 5  3 3 . 1  

I I 
� F I  5 5 . 6  5 2 . 4 1 5 3 . 3  4 7 . 5  4 5 . 6  4 8 . 2  3 9 . 0  3 5 ·-�- � --3 7 . 2 3 3 . 7  3 2 . 1  3 3 . 5  

---
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