
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



A S TUDY O F  C OMPE T I T I VE RELAT I ONSH IPS BETWEEN 

S ELECTED G RA S S E S  DURING THE E S TABLISHMENT PHAS E 

A THESIS 

PRE SENTED IN P ARTIAL FULFIL MENT OF THE REQUIREMENT S 

FOR THE DE GREE 

OF 

DOCTOR OF PHILOSOPHY 

AT 

M A S SEY UNIVER SITY 

UPATIS SA RA VINDRANATH S ANGAKKARA 

19 8 3  



AB STRACT 

Comp e t i t i on has been iden t i f ied as a maj or phenomenon a f f e c t ing 

the grow t h  of p a s t ure sp ecies in  mixtures . Thus a s tudy comp r i s ing o f  

field , gla sshous e and c lima te lab ora tory experiments was conduc ted  t o  

iden t i f y  the oc cur rence and t he nature o f  comp e t i t ive relat ionships 

during es t ab l i shmen t and early growth o f  t hree common gra ss spec ies 

used in the p as t or al industry o f  New Zeal and . S imp l e  mod els  of  

compe t i t ive s i tuations we re c reated by the use of  the de  Wi t rep lace­

ment series  p r i ncip l e ,  in order t o  carry out the se s tudies . 

The re su l t s  of  a l l  experiments demonstrated tha t t he s e le c t e d  

species , name ly p er ennial ryeg ra s s  (Loli um perenne L . )  "Grass lands 

Nui " ; pra i r i e  grass (Bromus ca tha r ti cus Vah l) "Grass lands Ma tua" 

and c o cksfoo t  (Dactyl i s  glomera ta L . ) "Grass lands Apanui "  comp e t e  

f o r  the  same env ironmen tal r e sources . The compe t i t ive abil i t ies  o f  

t h e  three spec ies  were in t h e  order o f  prairie  grass  > ryegra s s  > 

co cks foo t .  The superior per formance of  the more comp e t i t ive spec ies  

when compared w i th i t s  monocul ture was associated wi th a co rresponding 

prop o r t ional de crease in the perf ormance o f  t he weaker species in a 

mixtur e .  These relat ionships we re observed wi thin 3-4 weeks a f ter 

p lan t ing and d i d  no t a l t e r  under the adop t ed experimen t a l  cond i t ions . 

In addi t i o n ,  t he f i eld exp e r imen t  i ll us t ra ted tha t t hese re lat ionships  

were p e r s i s t an t  in the  se cond year , under an in f requent cut t ing 

reg ime , a l t hough seasona l growth pat terns of the three spec ies  we re 

i den t i f i e d . 

Ini tia l and sub s equent p lant s i ze had a de t ermin i s t i c  e f fe c t  

o n  t he resp e c t ive compe t i t ive ab i l i t i es o f  the selec ted gra s s e s . 

Thi s  was as s i s ted  by their growt h  pat terns and earli er germina t i on 

o f  t h e  more c omp e t i t ive spec ies . Seed cha rac ters a lso showed a 

pos i t ive relat ionship wi t h  the p lant s iz e  and c ompe t i t ive ab i l i t ie s  

o f  t he s e le c ted  gra sses . 

Y i e lds o f  t he mixtur e s  lay be tween those o f  t he respe c t ive 

monocultures in a l l  exp er iment s , irrespe c t ive of s easonal growth 

pa t t er r�o f the species . S imulated spring and autumn t emp e ra tures 
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within the c limate lab o rator ies d i d  no t change the pat tern o f  y ield 

or  t he c omp e t i t ive ab i l i t ies and relat ionsh ips of  these three species . 

Evaluat ion o f  the e f fe c t s  o f  compe t i t ion on the growth of  

ind ividual p l ants of  t hese spec ie s when grown in mix tures revealed 

that  both t i ller appearance rate and to a greater ex tent the rate of 

l e a f  appearance on the main s tem in all spec ies were affec t ed b y  

c omp e t i t ion during early growth . These e f fe c t s  were as sociated with 

t he d ry mat t e r  accumulation p att er�s o f  t he selected  spec ie s  in 

mixtures . 

Roo t  compet i t ion b e gan earlier and had a grea t e r  impac t on the 

overall comp e t i t ive relat ionsh ips b etween the selec ted species t han 

shoot  compe t i t ion . Thi s  was a t t r ibuted to the ear l i er and greater 

i n terminglin g  of the root systems than shoot systems . Evaluat ion 

of the root growth o f  spec ie s  both as s ingle p lant s  and in mix tures 

supported  this conclus ion . However , the me chanisms of  root comp e t i t ion 

were not eluc idated . 

In order t o  ident i fy the pas ture es tab l i shment prac t i ces o f  

f a rmers and thereby relate the resul t s  o f  these s tudies t o  the 

p r a c t ical s i tuation , a survey was carr ied out among farmers in 

c en t ral New Zealand . The results h igh l igh ted that farmers use s eed 

mixtures cont aining 2-4 gras ses to estab l ish their pas tures . The 

grasses selec ted for th i s  s t udy were shown to be those mo s t  commonly 

used by farmers . 

The result s  of  the exper imen t s  o f  this s tudy are di scussed 

in relat ion to the pas tora l  industry o f  New Zealand . 
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CHAPTER 1. INTRODUCTION AND OBJECTIVES 

1 . 1  INTRODUCTION 

The pastoral industry o f  New Zealand i s  b ased on approximately 

9 . 3 million hectares o f  sown grasslands and 5 million hectares o f  

tus so c k  grasslands (Daly , 1 9 73; N . Z .  Dept o f  Stats , 1 982 ) ,  accounting 

f or over a third of the total land area of the country . Surveys 

c onducted on pasture  development show that approximately 300 , 000 

hect�es are sown into new p astures annually (N . Z .  Dept . Stats Year­

b ooks 1 9 78- 1 982 ) . When expressed in f inancial terms , thi s  represents 

an annual multi-mill ion dollar commitment by New Zealand f armers . 

The process o f  pasture establishment cons i sts of many stages , 

ranging from land development , seed bed p reparation , selection o f  

pasture species , method of establishment to early management o f  the 

establishing sward (Brougham , 1 9 69) . Although succes s ful pasture 

establishment requires prec ise and spec i f i c  conditions and more skill 

than most other f arm c rops (Greenwood , 1 95 0; White , 1 9 7 3 ) ; the s e  

conditions are s eldom met in agri cultural p ractice (Brougham , 1 9 6 9 ) . 

However ,  due to the importance o f  success ful e stablishment to the li f e  

and productivity o f  the sward , care needs t o  b e  taken at the time o f  

s ow ing pastures . 

One o f  the mo st important factors in pasture establishment i s  

the s election o f  pasture species . Its impo rtance i s  further enhanced 

as seed costs account for approximately 20% of all establishment 

costs (Anon , 1 980 ) . Thus it becomes impe rative to select the species 

or s p e c ies comb ination best adapted to the climatic and edaph ic 

cond itions of the land and to the intended uti l i zation o f  the estab ­

lished sward- (Wh ite , 1 9 73) . 

In the early stages o f  grass land farming , it was a common 

p r acti ce to include up to 20 species in seed mixtures (Davies , 1 9 5 2; 

Levy , 1 9 70) , whi ch included b oth improved and unimproved species 

available at the t ime . However , with the development o f  new and 

b etter cultivars ,  wh i ch were more suited to g iven climatic , soil and 

sup e r ior management c onditions , seed mixtures have become more s imple . 

A s urvey o f  seed mixtures sown in the North Island o f  New Zealand in 

1 9 68 showed that all seed mixtures surveyed c onsisted o f  an average 
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of 3 . 9  species , and the compos ition was predominantly two grasses and 

two legumes (Harr i s , 1 9 68) . Thi s  suggests that as knowledge of species  

and the i r  p roductivity in  re lation to the environment and management 

became mo re ava ilab le , seed mixture s were s imp l i f ied with the intro­

duction of these new improved cultivars . Furthermore , thi s  sh i ft f rom 

comp lex to s imple mixtures has also been attr ibuted to the availab il ity 

of new genetic material  in pasture species for e ither trad itional or  

novel systems o f  pastoral agr i culture , o f f e r ing a further d imension to 

the agr icultural s cene (Lancashire , 1 9 7 7 ) . 

Research conducted on mixtures o f  gras ses  has shown that when two 

species o f  grasses are grown in a mixture , the yield does not exceed 

that o f  the higher y i e ld ing monoculture (van den Bergh , 1 9 68) . Thi s  

find ing has also b een repo rted by Donald ( 1 9 6 3 )  and by England ( 1 9 6 8 )  

i n  a detailed study o f  comb inations o f  Lol i um perenne L .  and Dac t yl i s  

glomera ta L .  Trenbath ( 1 9 74a) reviewing earl ier l iterature also 

reported that yields o f  grass mixtures lie  between tho se o f  the respect­

ive monocultures , although exceptions to the rule have also been report­

ed (e . g .  Whittington and O ' Br ien , 1 9 6 8 ; T renb ath and Harper , 1 9 7 3 ) . 

Thus the general c onclus ion from observations under exper imental 

conditions where a l l  environmental factors  and management cond itions 

are kept at optimum l evels , i s  that there is  no advantage to the f armer 

in sowing a mixtur e  o f  grass s p e c ies , i f  h i s  a im i s  to maximiz e  dry 

matter p roduction , under ideal and constant c onditions , p rovided he is  

aware of the s pe c ie s  that will yield the most under the g iven cond it­

ions (Harper , 1 9 7 7 ; Remison and Snaydon , 1 9 80) . 

Research on env ironmental conditions in p asture swards i l lustrates 

that c limatic and s o i l  cond itions are p articularly prone to changes 

(e . g .  Gupta et al . 1 9 7 5 ) , which a f fect the p roductivity and comp o s ition 

of the sward . Under f arming c onditions , changes to the p asture envir­

onment c an be e.f fe cted b y  graz ing animals ( e . g . MacDiarmid and Watkin , 

1 9 7 1 , 1 972; Watkin and Clements , 1 9 7 8 )  which can bring about changes 

in species produc t ivity . Thus , due to the variat ions that occur w ithin 

a sward environment in a f arming s ituation , a species ideally s u ited 

to a g iven set of c ondi t ions may not perform up to expe ctations over 

t ime . As the e f f e c t s  o f  c l imat i c  changes and management on a g iven 

species cannot be accurately predicted in advance , especially under 

farming cond i t ion s , f armer s  still tend to u s e  a mixture cons i sting o f  
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a number o f  species or  cultivars whi ch have d i f ferent environmental 

c onditions for  optimum g rowth . Thi s  is prob ably done as an insurance 

against the ill def ined , unknown and ever-chang ing environmental 

conditions o f  pastures . Seed mixtures are als o used to overcome 

f a ilure o f  e s t ablishment o f  one species (Blaser et al . 1 9 5 6 ) , t o  

c omb ine the d i f ferent peaks o f  seasonal produc t ion o f  the constituent 

species or cult ivars and the reby extend the graz ing season (Donald , 

1 9 6 3 ) . Farmers also grow s eed mixt ures containing fas t growing 

species  in o rder to ob t a in early feed for lives tock and s uppress 

weeds (Whi t e , 1 9 7 3) . Thus , although pas ture seed mixt ures used in 

New Z ealand are relat ively s imple and dominated by ryegrass and white 

clover ( Tri fol i um repens L . )  due to the ir complementary growth (Daly 

1 9 7 3 ; Lange r , 1 9 7 3 ) , f a rmers still incorporate 2 - 3  species o r  

cult ivars o f  grasses w i t h  1 or 2 pas ture legume s in the seed mixtures , 

as seen in the survey conducted by Harris ( 1 9 6 8 ) . 

In add i t ion to climate , edaph ic and management prac t i ce s , 

compe t i t ion b etween plan t s  has long been iden t i f ied (Stapledon and 

Davies 1 9 2 7 , 1 9 28 ; Ch ippendale , 1 9 3 2 )  as a maj or contr ibuting factor  

to changes in  populat ions and y ields o f  mixed pasture swards . Due 

to i t s  importance , resear ch has cont inued in abundance up to the 

present t ime ( e . g .  de W i t , 1 960 ; Donald , 1 9 6 3 ; Rhodes , 1 9 70 ; 

Trenb ath, 1 9 74a ; Braakhekke , 1 9 80 ) . More recently , with the 

deve lopment o f  computer technology , the t rend t owards a more comp re­

hens ive , mathemat ical approach to the under s tanding o f  these complex 

interac t ive forces o f  c omp e t ition (e . g .  Thomas 1 9 7 0 ;  Machin and 

Sanderson, 1 9 7 7 ; Trenbath , 1 9 7 8 )  has provided added s t imulus to 

s c ientists in this f ield . 

elements , Weaver and Hans on ( 1 9 29 )  stated " It would seem correct 

to assume that i f  c ompetition does take place , it is most likely to 

occur , or at least have its greatest s everity , b e f ore the plants are 

mature ,  s ince it is  during thes e  stages of development that the great­

est d emands are be ing made upon the e s sential factors o f  the envi ron-

ment . "  In pasture species  f requent r e ference has been made to the 

occurrence and s igni f i c ance  of interplant competition in the estab l i sh­

ment phase ( e . g .  Charles , 1 96 1 ; Rhode s , 1 968a , 1 970 ;  Cocks , 1 9 6 9 ) . 

Studies on this phase have become important as the pasture plant i s  

subjected to varying degrees and forces o f  competitive stres s  i n  both 
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natural ly and artifi c i al ly created gras s land communitie s  f rom the time 

o f  germinat ion . Thus a g reater unders tanding o f  the competitive para­

meters in the estab l i s hment phas e  with reference to the growth and 

development of the herbage plant b ecomes imp or tant to a scertain the 

response o f  an individual w ithin a p lant association . The value of  

studies  on the early growth phase i s  further enhanced a s  competitive 

hierarchies e s tabl i shed in this phase tend to p ersi st at later stage s , 

even when conditions have b ecome f avourab le to initially sup pressed 

species  ( Harkess , 1 9 70; Harris , 1 9 7 3; Engel and Trout , 1 9 7 7 ) . 

1 . 2  OBJECTIV E S  

In view o f  the importanc e o f  pasture e stab l i shment in the New 

Zealand grassland economy and the signif icanc e of plant competition 

between and within s imp l e  mixtures of pasture species and cultivars ,  it 

was considered o f  value and relevance to examine the nature of the 

c ompetitive relationshi p s  that develop in the early growth phase in 

mixtures o f  pasture grass e s . Emphas i s  was p laced on some recently 

released cultivars of species commonly used in New Zealand . It was also  

consi dered useful to ascertain the agronomy of  thi s concept more c losely 

s ince such comp etitive relationships estab l i shed in the early growth 

phase have a determini sti c  effect on subsequent performance of the 

sward . 

The spec i f i c  obj ectives o f  thi s  study were therefore - to inve st-

i gate 

( i )  The performanc e o f  species components in b i nary mixtures of 

grasses when c ompared w ith the ir monocultures in the early growth phas e , 

and to determine the c omp etitive relationships  that develop duri ng thi s  

phase . 

( i i )  The e f f ect o f  comp etitive relationship s  that develop in the early 

growth phase on subs equent productiv ity of gra s s  mixtures .  

( i i i )  The development pattern o f  competitive relationships b etween the 

selected species when sown as seeds and the response of i ndividual 

species to competitive stres s  in terms o f  agronomical ly signif icant 

asp ects o f  the i r  growth and development dur ing the estab l ishment phase , 

in  a def ined situation . 

( iv )  Morphological and growth characters associate d with the competitive 

abi lities of  grass spec ies during early growth . 
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(v) Seed establishment practices of New Zealand f armers and evalute 

the research f indings in relation to agri cultural practices  adopted in 

the pastoral f arming s c ene of New Zealand . 

Many grass spec i es are used in grassland farming in New Zealand 

(Lambrechts en , 1 9 7 5 )  but one or more ryegrass cultivars play a domin­

ant role in the pastoral scene (Levy , 1 9 7 0 ; Mitchell , 1 9 7 0 ;  Langer 

1 9 7 3 ) . " Grasslands Ruanui" p erennial ryegra s s  has been identif ied 

as the s tandard cultivar o f  ryegrass grown in New Zealand ( Scott 1 9 7 5 ) , 

and Har r i s  ( 1 968)  i denti f ied it as the maj or component o f  pasture seed 

mixtures . However , " Gras slands Nui" ryegrass , a cultivar accepted in 

1 9 7 2 has been repo rted to outyield "Gras slands Ruanui " ,  and i s  con s i d­

ered to b e  broadly adapted to a wide range o f  apparently d iverse env i r­

onments , with a great potential a s  a late spr ing and autumn producer 

(Rumball 1 9 6 9 ;  Baar s  et al. 1 9 7 6; Sheath et al., 1 9 7 6 ,  1 9 8 2; Armstrong , 

19 7 7; Har r i s  et a l., 1 9 7 7; Lancashire e t  al . ,  1 9 78) . 

Cocksf oot ( Da c t ylis glomerata L . )  was seen in 54% o f  the seed 

mixtures surveyed by Har r is ( 1 96 8 )  and has b een consi dered a valuable 

pasture spec ies in the dr ier r eg ions of New Zealand for  a long time 

( Corkill , 1 9 54 ; Dougla s , 1 9 66 , 1 9 74 ; Langer , 1 9 7 3 ;  Musgrave , 1 98 1 ) . 

Prairie gras s  ( B romus ca tharticus Vahl) i s  recognized as a 

valuable species for  dairy pastures in warm and f ertile areas o f  the 

country ( Burges s ,  1 9 5 1 ;  Jordan 1 9 5 7 ; Pantall , 1 9 6 1 ; Mos s ,  1 9 6 2 ; 

Langer , 1 9 73) . Whi le its main value lies in its cool season activity , 

rap id germination and e stabli shment and appar ent resi stance to insect 

pests (Langer , 1 9 7 3 ;  Rumball , 1 9 74 ; Lancashire , 1 9 8 2 ; Lancashire and 

Brock , 1 9 8 3) , researc h  als o  highlights p ra i r i e  grass as a summer p roducer 

(Lancashire , 1 9 7 8 ; S ithamparanathan , 1 9 7 9 ) . 

Due to the impo rtanc e  o f  these three pasture spec i e s  to New 

Zealand's grassland a gr iculture ,  a programme of research was develop ed 

using the most recently accepted cultivars o f  the 3 specie s , at that 

time , namely "Gras slands Nui" perennial ryegra s s , "Gras slands Matua" 

p rairi e  grass and "Gra s s lands Apanu i "  c ocks f oot . Thes e  were grown i n  

b inary mixture s  and a s  pure swards a ccording t o  the replacement series 

p rinciple o f  de Wit ( 19 60 ) , i n  order to i dent i fy comp etitive r elation-
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ships that oc cur betwee n  grass spec ies with d i f f er ent growth hab its 

and climati c  requirements , parti cularly in thei r  early growth phase . 

The p rogramme of  research d evelop ed included 7 experiments and a 

survey to i nvestigate the s tated ob j ectives . 

b. 



CHAPTER 2. LITERATURE REVIEW 

2 . 1  INTRODUCTION 

Comp e t i t ion b e tween p lant s , s tress  by environmental f a c t ors and 

the e f f e c t s  of  dis t urb ance on p l an t  growth have been sugges t ed as three 

maj or de t e rminants of vege tat ion ( Gr ime , 19 7 3 , 1 9 7 4 ) . A revi ew b y  

Grubb ( 1 9 7 7 )  a l s o  h i gh l i ghted factors c aus ing species r ichne s s  in p lant 

commun i t ie s , where s p e c ial emphas is  was placed on the theory of niche 

regenerat ion as a causal factor . 

Plant e co logi s t s  cons ider comp e t i t ion to be the maj or fac tor 

determining species r i chne ss in p lant communi t ies ( Z imdhal 1 9 8 0) . 

Thus , much s c ient i f ic wo rk has been conduc t ed on this phenomenon in 

terms of p lan t produc t ivity and performance in mixtures . Comp rehensh ive 

reviews s ince  that pre sented by elemen t s  et al . ( 1 9 2 9 )  inc lude Aiyer 

( 1 9 4 9 ) ; S immonds ( 19 6 2 ) ; Baldy ( 1 9 6 3 ) ; Donald ( 19 6 3 ) ; Trenb a th ( 1 9 7 4 a , 

1 9 7 6 ) ; Fo t i  ( 1 9 7 5 ) ; Harper ( 1 9 7 7 ) ; Snaydon and Harris  ( 1 9 7 9 )  and 

Braakhekke ( 1 9 8 0) . 

Comp e t i t ive re l a t ionships be twe en p lants oc cur due to  "neighbour 

e f fects"  c aused by o t her p lants in the same environmen t  (Jacquard , 

1 9 6 5 ; Harp e r , 1 9 7 7 ) . These e f fe c t s  c an deve lop due t o  the pres ence 

of the ·same species ( in traspec i f i c  comp e t i t ion) or ano ther species  

( Interspe c i f i c  comp e t i t ion) . A maj or par t of  intraspec i f ic comp e t i t ive 

e f fects  encomp ases y i eld-dens i ty relat ionships within a species  popul­

at ion , whi ch have been highl igh t ed by the wo rk of Japanes e  s c ienti c  s t s  

(Kira et al . ,  1 9 5 3 ; Koyama and Kira , 1 9 5 6 ; Yoda et al . ,  1 9 5 7 , 1 9 6 3 )  

and b y  Harper and ass ociates in Wales (Harper , 1 9 7 7 ) . 

Interspec i f i c  c omp e t i t ion b e tween plants can be  c l as s i f ied into 

two major categor i es : -

(A) Comp e t i t ion be tween species o f  d i f f e rent 

f amilies - This is  well i l lust rated in intercropp ing research b ased on 

cereal/legume assoc iat ions , grass/legume associations and in weed/crop 

interac ti ons . Resear ch on intercropp ing has been reviewed by many 
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s c ientists including Aiyer ( 1 949) ; Dalrymp le ( 1 9 7 1 - c it . Me ad and 

R i ley , 1 9 8 1 ) ; Crooksten ( 1 9 76) ; Trenbath ( 1 9 7 6 )  and hli l ley (l9 79  a , b) . 

Assoc iations between gras se s  and l egumes have also been studied and reviewed 

by many sc ienti sts , e s p e c i ally in tempe rate regions (N icho l ,  1 9 3 5 ; Wilson , 

1 9 40 ; de Wit et al . ,  1 9 66 ; Bakhuis and Klete r , 1965 ; Val lis , 1 9 7 8 ; 

Haynes , 1 9 80 ; Snaydon and Baines , 1 9 8 1 ) , wh i le reviews o f  weed-crop 

competition and its me chan isms have been pres ented by Z imdhal ( 1 9 80) ; 

Glauninger and Holzner ( 1 9 82) ,and Sp itters and van den Bergh ( 1 9 8 2 ) . 

( B )  Competition between species o f  the s ame 

family - Th i s  is most c ommonly assoc iated with re lationsh ips between 

pasture gras ses or legumes ,  cerea l / grass associations and, le s s  frequently , 

with weeds and crop s o f  the same fami ly . Much attention has been focused 

on grass assoc iations , as evidenced by wo rk s uch as that of de Wit 

and van den Bergh ( 1 9 6 5 ) ; England ( 1 965 , 1 9 6 8 ) ; van den Bergh ( 1 9 68) ; 

Rhodes ( 1 9 6 7 , 1 9 70) ; Co cks ( 1 9 6 9 ) ; Risser  ( 1 9 6 9 )  and Brf�khekke ( 1 9 80) . 

Re search on intersp ec i f ic comp et ition in cereals; with spec ial emphas i s  

on bree d ing i s  presented b y  Sp itters ( 1 9 7 9 ) . Stud ies o n  comp etition 

between cereals , and between cereals and gras ses have been publ ished 

by many inc luding van Dobben ( 1 9 5 5 ) ; de Wit ( 1 960) ; Santh irasegaram 

( 1 962) ; Black ( 1 9 6 6 ) ; B lij enburg and Sneep ( 1 9 7 5) ; Ap p leby e t  al. ( 1 9 7 6 ) , 

Rerkasem e t  al . ( 1 980 a , b , c) and Watkinson ( 1 9 8 1 ) . 

A considerable volume o f  l iterature i s  ava i lable on all  aspects o f  

c ompetition between p l ants i n  various agr icu ltural s ituations . Howeve r , 

this revi ew will be l arge ly re str i cted to competitive re lationsh ips 

between herbage gras s e s . 

2 . 2  DEFINITION OF PLANT COMP ETITION 

elements et a l . ( 1 9 29 )  f irst postulated a def inition of p lant 

c omp et ition in thei r  monograph entitled "Plant Competition " . S ince 

then many definitions of comp et ition between plants have been p roposed 

(Will iamson , 1 9 5 7 ) . 

A l iteral translati on o f  the latin term "Competere" means "to 

coi�c ide" (Williamson , 1 95 7 ) , while the Oxford English D iction ary def ines 

compet it ion as "the action of endeavouri ng to gain what another endeavours 

to gain at the s ame t ime , the striving of two or morefor the s ame object 
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r ivalry" . However precise  th i s  def inition i s , the exact meaning 

in terms of p lant asso c i ations i s  confused in the literature . Mi lne 

( 1 9 6 1 ) , an animal ecolo gist , has proposed reasons for the development 

o f  th is confus ion in the def initions and has reviewed proposals developed 

by Birch ( 1 9 5 5 ) ; As p inall and Mi lthorpe ( 1 9 5 9 ) ; Bleasdale ( 1 9 60)  

and Mathe r  ( 1 9 6 1 ) . 

The mo st accepted def inition for the term competition among b io log­

i cal organisms was developed by Donald ( 1 9 6 3 ) . He def ined comp etition 

as "a phenomenon wh i ch oc curs when two or more organisms s eek the measure 

they require of any parti cular facto r or thing , and when the immediate 

supply of the particul ar factor or thing is be low the comb ined demand 

of the organisms " .  Th i s  i s  now widely accepted (Hill and Sh imamoto , 

1 9 7 3 )  and was developed on the bas i s  o f  Clements e t  al's ( 1 9 2 9 )  

def inition o f  p lant c ompetition and Mi lne's ( 1 96 1 )  def inition o f  animal 

competition . However ,  many researchers inc lud ing Troughton ( 1 9 5 7 ) ; 

Asp inal l and Miltho rpe ( 1 959) ; Odum ( 1 9 5 9 ) ; Black ( 1 9 60a) ; Bunting 

( 1 960) ; Mi lthorpe ( 1 9 6 1 ) ; Gre i g-Smith ( 1 9 6 4 )  and Ste rn ( 1 9 6 5 )  have 

used the term competition to describe var ious relationships betwe en 

p lants , and not unexpected ly th is has lead to much discussion and deb ate 

in the l iterature . ( B irch , 1 9 5 7 ; Harper , 1 9 6 1 ,  1 9 7 7 ; Mille r ,  1 9 6 7; 

Tinnin , 1 9 7 2 ; Renn i e , 1 9 7 4 ; Gr ime , 1 9 7 7 ,  1 9 7 8 ;  Hall , 1 9 7 8 ) . 

Due·to the many def initions adopted for the term competition , 

Harper ( 1 9 6 1 )  introduced the term " Interference" as a b lanket word to 

describe "those hardships caused by proximity of neighbouring p lants " .  

However ,  due to th e b road field o f  plant assoc iations that fall under 

the scope of the term " interference" , Hal l  ( 1 9 7 4a) der ived methods o f  

d i f ferenti ating competitive and non comp etitive inte ractions between 

plants . Mo re recently , Braakhekke ( 1 9 80) described d i f ferent categories  

o f  p lant assoc iations that can be grouped under the b road concept o f  

"inte r f e r ence " , based o n  de f in it ions o f  each aspect b y  T innin ( 1 9 7 2 )  

( Fig 2 . 1 ) . 
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INTERACTION 

�� 
Inter ference (Negat ive e f fects)  Bene f i c ial e f fe c t s  

I 
Compe t i t ion S t imu l a t i on P r o t e c t i on 

Exp loitat i on o f  

resources  

resources 

Allelopa thy 

Figure 2 . 1  Re lat ionsh ips between var i ous concep t s  of p l an t  

int erre la t ionships based o n  T innin ( 1 9 7 2 ) ; Braakhekke ( 1 980) . 
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2 . 3  INTERACTIVE RELATIONSHIPS IN GRASSLANDS 

Interactions b etween p lants in grassland assoc iat ions play an import­

ant role in unde rstanding spec ies r ichness , stab ility , botanical compos­

ition and y i e lds of swards , along w ith the performance of ind ividual 

spec ies ( Braakhekke , 1 9 80) . Thus it is of interest to identi fy b r i e f ly 

the types o f  inte raction that c an occur in grasslands . 

F igure 2 . 1  indicated two maj o r  aspects o f  plant interactions -

name ly inte rference and bene f i c ial effects . 

Bene f i c ial e f fects encompass re lationsh ips such as mutual ism ,  

crrnpensation and prote ct ion , which can o ccur rec iprocally or  to one spec ies . 

The we l l  known and commerc ially exp lo ited examp le o f  b enef icial e f fects 

is the grass- legume association in pastures . Even in natural vegetation , 

bene f ic ial e f fects can be ident i f ied , where pl ants tend to protect each 

other from the harshness o f  the environment . Interesting possib ilities 

of such inte ract ions have been suggested by Trenbath (19 7 6 ) . However ,  

mathematical evaluations o f  plant interaction models suggest that in 

nature , mutual ism is less common than inte rference between plants (Goh , 

1 9 7 9 ) . As stated by Braakhekke ( 1 980) , "This holds true in nature as 

bene f i c ial e f fects will promote co-existance only i f  they compensate 

for the �egative e f fects of the ' b ene factor spec ies' on the ' b ene f i c iary 

spe c i es ' , and the bene f ic iary is not ab le to exc lude the b ene factor " .  

The word " interference"  is generally pre ferred to indicate negat ive 

interactions between p lants . Harper ( 1 9 6 1 )  defined it as "those hard­

sh ips which are c aused by the proximity of ne ighbours" . These inter­

actions wh ich impart detrimental e f fects to its ne ighb our ing plants in 

e ither a d i rect or ind irect manner can o ccur in two maj or ways - i . e .  

- Competition 

- Allelopathy . 

2 . 3 . 1 PLANT COMPETITION 

Plant comp etition is an active p rocess within p lant assoc i ations 

which a f f e cts the util ization o f  growth requirements by p lants f rom 

the e nv i ronment . Competitive r elationships can o ccur both b e low and 

above ground , and the outcome i s  dependent on the relative abi l ities  

o f  component spec ies to  capture and uti lize  the avai lable resources 
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( Black , 1 9 5 8 ; Donald , 1 9 5 8 ; Grime , 1 9 7 4) . The s e  resources needed f o r  

plant growth have been ident i f ied a s  ligh t , nut r ients , water , and to  a 

lesser extent carbon d ioxide and oxygen (Donald , 1 9 6 3 ) . Comp e t i t ion 

for space for growth has also been ci ted in root crops (Donald , 1 9 6 3 )  

and i n  t e rms of  s ui t ab le germinat ion s i tes  for grasses (Harper , 1 9 6 1 ; 

Ross and Harper , 1 9 7 2 ) . All these environmen tal fact ors used by p lan t s  

have been termed " B iologi cal space" by d e  Wit  ( 1 960) , wh ich is  de f ined 

as a composite  of  all growth f ac t ors and resource s .  

In a pract ical way , man has long been familiar wi th interspec i f i c  

compe t i t ion , in the form of adve rse e f fects  of  weeds o n  crop plants . 

Man ' s  awareness o f  intraspec i f i c  compet i t ion , al though only in empe r i cal 

terms , by observing the performance o f  p lants under d i f fe rent seed 

rates was ind ica ted by Donald ( 1 9 63) . In more recent t ime s , compet i t ion 

has been s tud ied by plan t ecologists  due to  its considerab le s ignif icance 

in determ ining the p a t t e rn of ecologi cal success in natural populat ions . 

Th is has been der ived f rom the ob servat ions that plant species in a 

given area modify each o ther's environment in such a way that they e i ther 

impart harmful e f fe c t s  to  neighbouring spec ies or  rep lace one ano ther 

unt il an equilibr ium or climax i s  reached ( Harper , 1 9 6 4) .  

Fo r many years , pas ture seed mixtures containing two o r  more species  

or  cul t ivars have b e en s own in  grassland farming (Donald , 1 9 6 3 ) . 

Th is u s e  of  mixtures develops ar t i f icial commun i t ies o f  plan t s , wi thin 

which plant rela t ionsh ips ob s erved in natural communit ies deve lop . 

However ,  emphas i s  o n  s t udying th ese relat ionsh ips in art i f ic ially 

es tablished plant c ommun ities was delayed as early plant ecolog i s t s  

regarde d  such communit ies a s  o f  lit tle intere s t  (Donald , 1 9 6 3 ) . 

Many forms o f  c omp e t i t ive rela t ionship develop within grassland 

communities and have been reported extens ively in lit erature . The s e  

competitive relat ionships are listed along w i t h  important r e ference s . 

(A) Compet i t ive r elationships within a specie s  - i . e .yield-dens i ty-rela t ion­

ships ( e . g .  Donald , 1 9 5 1 ;  Kira et a l . ,  1 9 5 3 ; Koyama and Kira , 1 9 5 6 ; 

Yoda e t  al . ,  1 9 57 ; Stern , 1 9 6 5 ; Ros s  and Harper , 1 972 ; Kays and 

Harper , 1 9 7 4 ; Harp e r , 1977) . 

(B) Competition between herbage spec ies and weeds ( e . g .  Asp inall and 

Milthorp e ,  1 9 59 ; R is se r , 1 9 6 9 ; Drawe et al . ,  1 977 ; Zimdhal , 1 9 80) . 
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(C)  Competition between grasses and legume s  ( e . g!- Stapledon and 

Dav i e s , 1 9 2 8 ; Robe rts et al . ,  1 9 4 2 ; Alberg et al . ,  1 9 4 3 ; Williams , 

1 9 4 7 ; Brougham , 1 9 54a ; Cullen , 1 9 64 ; Bakhuis and Kleter ,  1 9 6 5 ; 

Charle s ,  1 965 ; de Wit et al . ,  1 9 6 6 ; Enn ik ,  1 9 70 ; Harr i s , 1 9 7 2 ; 

Har r i s  and Thomas , 1 9 7 3 ; Harris and Hoglund , 1 9 7 7 ; Pineiro and 

Har r i s , 1 9 78a ; Rhodes and Harris , 1 9 79 and Haynes , 1980) . 

(D) Competition b e tween two legumes ( e . g .  Black , 1 9 5 8 , 1960a , b ; 

1 9 6 1 a , b ,  1 963 ; Black et al. , 1 9 6 3 ; Snaydon , 1 9 6 2 , 1 9 7 1 ;  Snaydon 

and Bradshaw ,  1 9 6 2 a , 1 9 69 ; Ross iter , 1 9 7 4 ; Ross iter and Palmer , 

1 9 8 1 ; Brock and Charlton , 1 9 7 7 ;  Scott and Lowther ,  1 9 8 0 ) . 

(E)  Competition between gras s  specie s  (e . g .  Stapledon and Davies , 

1 9 2 7 ; Donald , 1 9 6 3 ; England , 1 9 65 , 1 9 6 8 ; Rhodes , 1 9 6 7 , 1 9 7 0 ; 

Remison and Snaydon , 1 9 7 8 , 1 9 80 ; Harr is et a l ., 1 9 8 1 a) . 

All these repo rts highlight d i f ferent aspects and also the 

importance of competitive relationsh ips in determining overall p rod­

uctivity of  pastures and also per plant p e r f o rmance when species mixtures 

are sown . 

Thi s  the s i s  evaluates c ompetitive relat ionships between selected 

grass spec ies during establishment . Thus , the subsequent sections o f  

thi s  rev iew o f  literature will be restri cted to competitive relation­

ships b etween herb age grasses and methods o f  evaluating the se r elation­

ship s . 

2 . 3 . 1 . 1  Competition between herbage grasses 

Seed mixtures used f or establishment o f  pastures generally contain 

s everal gras s spec ies or  cultivars (Harri s , 1968 ; Levy , 1 9 70) . Thi s  

p ractice is common to most p astures in the world . Thus research has 

b een and is being c onducted to identify the occurrence of c omp et ition 

b etween gras s es , its causal factors and its importance in maintaining 

p asture product ivity . 

Competition b etween grasses in pastures can be identif ied i n  two 

c ategories - namely 
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2 . 3 . 1 . 1 . 1  Compe t i t ive assoc iat i on be tween grasses in the seed l ing phase . 

When a mixture of pasture s p e c ies i s  sown onto a bare s o i l , a 

" s t ruggle for survival"  deve lops immediately after the seeds germinate . 

At this  s t age , the mixture o f  p lants becomes a dynamic c ommuni t y  

be cause o f  d i f f e rential  reac t i ons and respons es among s p e c ies t o  var ious 

environmental growth fac tors ( Blaser et al . ,  1 9 5 2  a , b ) . 

Fre quent re f erence has been made to the oc currence and s igni f ic­

ance o f  interp lant c ompe t i t ion during this phase o f  pas t ure growth 

( e . g .  Clemen ts et al . ,  1 9 2 9 ; Lee , 1 9 6 0; Rhodes , 19 68a , 1 9 7 0 ; Co cks , 

1 9 6 9 ) . Th i s  compe t i t ive relat i onship can arise be tween d i f f erent 

s pe c ies of gras ses or cult ivars of a g iven grass spec i e s . 

Extens ive research has been conduc ted on the compet i t ive ab i l i ty 

o f  ryegrasses , during this early growth phase . Early re search work 

rep o r ted by F ind lay ( 1 9 1 3 ) ; Co ckayne ( 1 9 1 9) ; Levy ( 1 9 2 2 ) ; S t ap ledon 

and Davies ( 1 9 2 7 ) ; Davies ( 1 9 2 8 , 1 9 5 2 ) ; Davies and Thomas ( 1 9 2 8) ; 

Thomas ( 1 945 ) and Jones ( 1 9 5 7 )  were some o f  the more importan t  inves t i g­

a t i ons on compe t i t ive relat ionsh ips b e tween seed l ings of ryegrass and 

o ther grasses , espec ially meadow fes cue (Fes t uca pra tensi s) . The se 

s tudies  were con cerned w i th p rob lems in ob tainLng s a t i s f ac tory e s t ab ­

l i shment from s own seed mixture s , and they showed t h e  ab i l i t y  o f  perenn i a l  

ryegrass to suppress th e growth o f  assoc iated species even a t  the early 

e s t ab l i shment s t ages . S t ap ledon and Davies ( 1 9 2 8 )  also repor ted the 

aggress ive nature o f  ryegrass when compared with cocks f oot . S t ud ies 

by S t ap ledon and Davies ( 1 9 2 8 ) and Ch ippendale ( 1 9 3 2 )  have shown the 

depress ion of s eed l ing growth of Phl eum pra tense and Poa tri vial i s  

whe n  comb ined w i th ryegrasses . More recen t ly , Cracker and Mar t i n  ( 1 9 6 4 )  

s tudied mo re c r i t ically the c omp e t i t ive relat ionship b e tween perenn ial 

rye grass  and meadow fes cue unde r  f ie l d  c ond i t ions and c onc lus ive l y  

demonst rated t he depres s ive e f f e c t  o f  ryegrass o n  t h e  o ther s pe c ie s  

under norma l  f arming cond i t ions . Recent s tudies on comp e t i t ive r e lat­

ionsh i p s  be tween ryegrasses and o ther grass species in  the es t ab li shment 

phase , inc lude those reported b y  Greenaway and Budden ( 1 960) ; Arens 

( 1 9 6 2 ) ; Cul len ( 1 9 6 4 ) ; Rhodes ( 1 9 6 8a) ; Cocks ( 1 9 6 9 , 1 9 7 4 ) ; Harkess  

( 1 9 70 ) ; Enge l and Trout ( 1 9 7 1 ) . These researchers compared the growth 

and deve lopmen t of other pas ture grass e s  w i th that o f  ryegrass under 

compe t i t ive s i tua tions and e s t abli shed the occurrence and nature o f  
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the s e  interact ions . S imilar studies have also b een reported by 

van den Bergh ( 1 9 6 8 )  which involved ryegrass and other specie s . Harris  

and Thomas ( 1 9 7 2 )  reported the competitive ab i lity of cultivars o f  rye­

gras s in suppress ing Agrostis  tenuis during early growth, espec ially 

under  infrequent defoliation . Haggar ( 1 9 7 9 )  stud ied the e f fect o f  

Poa trivi a l i s  seedl ings on the estab l ishment and growth o f  perennial 

ryegrass and showed the competitive e f f ect o f  the forme r species  on 

ryegrass during very early stages o f  growth . However, thi s  trend was 

reve rsed after four weeks, when ryegrass showed competitive dominance .  

Stud ies on c ompetitive e f f e cts during the estab lishment phase o f  

grass mixture s i s  not limited to ryegras s e s . Frame and Hunt ( 1 9 6 4 )  

have shown the s uppress ion o f  Fes t uca arundi nacea by Phl eum pra tense , 

Dac t yl i s  gl omera ta and Lol i um perenne . Cashmore ( 1 934)  and Came ron 

( 1 9 6 3 )  have reported the extreme sus ceptib i l ity o f  Pha l a ri s  t uberosa 

to competition from other gras s species during estab lishment . Superior­

ity in te rms o f  c omp e t itive ab ility o f  Bromus species when compared 

with Agropyron and other grass spec ies has b een reported by Tisdale 

( 1 9 4 7 ) ; Stewart and Hu ll ( 1 949) ; Hulb ert ( 1 9 55 ) ; Evans ( 1 9 6 1 ) ; 

Harris  ( 1 967) ; and Harr i s  and Wilson ( 1 9 70 ) . A review by Risser  

( 1 9 6 9 )  il lustrate s the superior comp etitive ab i l ity of Bromus species  

when grown \.,rith other pasture species . Stud ies on other grass s p e c ies 

inc lude that o f  Erdmann and Harrison ( 1 9 4 7 )  who reported the aggres s ive­

ne s s  o f  red top (Agrostis alba )  s eedlings in re lation to Kentucky 

b lue grass (Poa pra tensi s) and chewings fescue (Fes tuca rubra ) . 

Smo l iak and Johnston ( 1 9 7 5 )  eva luated compet itive relationsh ips b etween 

Agropyron spec i e s  and other native gras ses  o f  Canada . 

Competitive re lationsh ips also o ccur b e tween cultivars o f  the 

same species (Gardne r and Hunt 1 9 6 3 ) . The o ccurrence o f  such inter­

var i etal or intercultivar competitive r e lationships has been descr ibed 

by Jones ( 1 9 5 8 )  and Char les ( 1 9 6 1 , 1 9 6 4 ) . Charles ( 1 9 6 1 )  made a c ompre­

hens ive study of d i f fe rential survival of cultivars of Lol i um ,  Dactyl i s  

and Phleum species , when mixtures were made u p  o f  cultivars o f  the 

s ame species. He evaluated the comp etitive relationships in order 

to identify eha�acters assoc iated cwith superior competitive ab i l ity in 

the early growth phase . S imilar stud i e s  on d i fferent cultivars o f  

Dact yl is glomerata under d i f ferent env ironmental cond itions , and the 

phys iological b as i s  of such responses have b een reported by Eagles ( 1 9 6 7 ) , 

and Eagles and Wi l l iams ( 1 969 , 1 9 7 1 ) . Competitive r elationships in the 
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estab l ishment phase o f  mixtures o f  Dactylis cultivars have also been 

reported by Ros s  and Harpe r ( 1 9 7 2 )  and indicated the importance o f  

d i f ferent character istics o f  seeds and seedl ings i n  determining the 

dominance hierarchy of Dactyl i s  populations . Intervar ietal competitive 

e f f ects and ab ility of ryegras s cultivars have been reported by 

Thomson ( 1 9 7 0 ) ;  Hill ( 1 9 7 2 , 1 9 7 3 , 1 9 74)  and Hill and Sh imamoto ( 1 9 7 3 ) . 

Studies by Hill ( 1 9 7 2 , 1 9 7 3 , 1 9 7 4 )  were conducted on f ive genotype s  o f  

perennial ryegras s ( Lol i um perenne )  in ten b i nary comb inations , and 

results indicate that nine out of the ten comb inations exh ib ited comp­

etitive e� fects . S�b sequent work by Harris ( 1 9 7 3 ) and Harr is  and 

Thomas ( 1 9 70) using two ryegras s  cultivars shows the existe nce o f  

competitive re lationships i n  the early growth phase and its e f fect (and 

that of managemenq in determining the perf ormance of mixed swards . 

2 . 3 . 1 . 1 . 2 Competition between estab l ished swards and estab l i shing 

seedl ings 

Mi lthorpe ( 1 9 6 1 )  emphasized that success in the estab lishment o f  

introduced species w i l l  depend o n  the seed reach ing a favourab le s ite , 

its germination and sub s equent growth rates , and the proximity and 

growth rates of surround ing p lants . It is reas onably certain that the 

succe s s ful estab li shment o f  p lants from seed in vegetation occurs only 

in bare areas ar is ing f rom the death of p revious occupants or  from 

incomp lete coverage (Mi lthorp e , 1 96 1 ) . 

Knapp ( 1 959)  in an investi gation o f  microfacies found that grasses  

in such associations h ad an inhib itory in fluence on the deve lopment o f  

seedl ings of other s p e c ie s . Robe rtson and Pearce ( 1 9 4 5 )  a l s o  reported 

the inab ility to e stab l i sh seed l ings of grass species when s own into 

a closed community o f  grasses which exhib ited full coverage o f  the 

h ab itat . Rhodes ( 1 9 6 8a) showed the competitive relationships b etween 

e stab l i shed swards and e stab l i shing seed l ings of grass species and 

indicated severe competitive str e s s  on the young plants . King ( 1 9 7 1 )  

also indi cated s imi lar e f fects i n  Lol i um perenne and Fest uca rubra . 

S imilar stud ies conducted by Snaydon and Bradshaw ( 19 6 2b ) , Harper ( 1 9 6 7 ) , 

Cavers and Harper ( 1 9 6 7 ) , Davies and Snaydon ( 1 9 76)  show that only a 

f ew p lants survive when introduced into an established sward e ithe r  as 

seeds or small plants . However , P ineiro and Harris ( 1 9 7 8b )  have 

suggested the importance o f  natural reseed ing o f  prairie grass (Bromus 

catharticus) in regenerat ing e s t ablished swards of thi s  specie s . 
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2 . 3 . 1 . 1 . 3  Competition between grasses in estab lished swards 

Compet i tion between grasses in estab lished swards and the e f f ects 

o f  environmental cond itions and management on the se re lationsh ips is 

well documented in the literature ( e . g .  England , 1 9 68 ; HcKell  e t  al . ,  

1 9 69 ; van den Be rgh and Elberse , 1 9 70 ; Rhodes , 1 9 70 ;  Evans and Young , 

1 9 7 2 ; Peterson , 1 9 7 6 ) . These stud ie s h ighlight the supe r ior competitive 

ab i l ity of a g iven spec ies under spec i f ic climatic and /or management 

cond itions , in estab l i shed sward s . 

The competitive ab i l ity of p lants changes with age , stage o f  

development and env ir onment ( Charles , 1 9 6 1 , 1 9 64 , 19 66 ; Rhodes , 1 9 6 8a ; 

Harr is et al . ,  1 9 8 1 b ; Eagles e t  a l . ,  1 9 8 2 ) , and all the se variations 

h ave a bear ing upon the performance of c omp onent spec ies of estab l i shed 

swards . The plant responses to changes in environment also result in 

change s in p roduct ivity patterns of the swards (Anslow and Green , 

1 9 6 7 ) . 

Management of a sward has a d i rect bear ing on competitive re lation­

ships and botanical compo s ition of swards . Th is is we ll illu strated 

by early work of Jone s ( 1 9 3 3) and also in rep orts such as Arens ( 1 9 62) ; 

Harr i s  and Brougham ( 1 9 68 ) ; Harr i s  and Thomas ( 1 970 , 1 9 7 2 )  and Harris 

( 1 9 7 8 ) . 

Recently competition in swards o f  euplo id and ane uplo id ryegras ses 

� has been identif ied (Norr ington Dav ies et a l . ,  1 9 8 1 )  and th i s  has been 

attributed to d i f fe rences in chromo some numbers . 

2 . 3 . 2  ALLELOPATHY 

In c ontrast to competitive assoc iations , allelopathy i s  not caused 

by the consumption of environmental resources needed for plant growth , 

but due to the exudation of harmful chemic als to the environment , whi ch 

have inhib itory e f fects on the growth o f  the s ame species ( auto-toxic ity) 

or neighb our ing plants o f  other spec ies . Tukey ( 1 9 6 9 )  and Rice ( 1 9 7 4 , 

1 9 7 9 )  h ave reviewed the role o f  allelopathy in agriculture , and its 

role in grasslands has been h ighlighted by Risser ( 1 9 6 9 ) ; Newman and 

Rovira ( 1 9 7 5 )  and Rice ( 19 80 ) . 

Studies on allelopathy in gras sland species  have shown b oth self 

inh ib itory processes  and e f fects on other spec ies . Autotoxic e f fects 
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have b een iden t i f ied during the growth of many pas ture species , 

inc lud ing Bromus spe c i es ( Bened i c t , 1 9 41 ) , Lol i um perenne (Newman and 

Rov ira , 1 9 7 5 ) wheat gra s s  (Agropyron smi thi i )  and blue grama (Bou teloua 

gra ci l i s )  (Bokhari , 1 9 7 8 ) . Allelopathic e f fec t s  on ne i ghbouring p lan ts 

o f  other spec ies is also repor ted . Re s ident tuss ock grass land s and 

r e s idual roots of gras ses  have been shown to cause harmful e f f e c t s  on 

t he growth of oversown grasses ( S co t t , 1 9 7 4 ,  1 9 7 5 ; �ewbe rry ( 1 9 7 9 ) . 

Germina t ion o f  d iplo id var iet ies o f  Lol i um perenne has been inhib i t ed 

o r  de layed in the pres ence of t e t rap loid varie t ie s  �ar ries and Norr­

ington-Davies , 1 9 7 7 ; Norr ington-Davies and Harr i es , 1 9 7 7 ) . Remison 

and Snaydon ( 1 9 7 8) have sugges ted the pos s ib i l i t y  of the existence o f  

al lelopath ic interac t i ons i n  evaluat ing comp e t i t ive relat ionsh i p s  

b e tween gras ses . Newman and Mi ller ( 1 9 7 7 )  have repo rted the det r imental 

e f fects  o f  roo t exuda tes on phosphorous up take b y  pas ture plan t s . 

Grant and Sa llens ( 1 9 6 4) reported grea ter harmful e f fects  o f  roo t 

extract ions than shoo t ext rac t ions on the growth of fo rage species . 

Re search on Lol i um mu l ti fl orum has shown that i t  suppresses the germ­

inat ion and growth of many pas ture species in i t s  vic inity (Naqv i , 

1 9 7 2 )  and subs equen t ly Naqvi and Mu ller ( 1 9 7 5 )  found that leacha tes o f  

p lant tops , de compos ing res idues and s o il prev iously occupied b y  I t al ian 

ryegrass was toxic t o  many pas ture species . Thus i t  is evident that 

a l le lopathic effects  exis t with in and between pas ture species . 

2 . 3 . 3  GENERAL COMMENTS 

As s t ated earl ier , Gr ime ( 1 9 7 4) sugge s t s  that compe t i t i on , env i ron­

mental s t ress  and de f o liat ion are the three main de t e rminants  of spec ies 

r ichne ss and compos i t ion in herbaceous vege t a t i on . Wh ile defol iat ion 

and s t ress  are caused by external factors , comp e t i t ive relat ionships 

that occur be tween pas ture species can be  cons idered an internal force 

within p l ant associat ions , wh ich is  mod i f ied b y  stress  and defoliat ion 

(Gulmon , 1 9 7 9 ) . Thus c ompe t i t ion b e tween herbage spec ies and cult ivars 

has a s i gnif icant ro le in the e s tab l i shmen t ,  growth and yield o f  

s own pas ture mixture s .  

Comp e t i t ion and alle lopathy have b een iden t i fied as the causal 

f ac tors o f  harmful interact ions be tween herb age plan t s . Current under­

s tand ing o f  populat i on b alance in grass lands and performance of herbage 

mixtures sugge s t s  that c ompe t i t ion is  the maj o r  factor among p lant 

interac t ions , espec i al ly among grass spe c ie s . The exis tance of allel-
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opath i c  e f f e c ts , whi ch are mor e  d i f f icult to  study and p r ove than 

comp e t i t ive relat ionships is reported in spe c i f ic c i rcumstances , and 

these p lay an important role in explaining spec i f i c  relat ionsh ips 

be tween herbage grasses . 

The perf ormance o f  a sown grass seed mixture is generally de f ined 

in te rms of i ts yielding ab i l i ty . Mixtures of  grasses generally yield 

in be tween the y ields o f  the monocul tures o f  the component spe c i es 

(England , 1 9 6 8 ; van den Bergh , 1 968 ; Trenb ath , 1 9 7 4a) al though 

excep t ions have b een reported  (Alcock and Morgan , 1 9 6 2 ; Wh i t t ington 

and O'B r i en , 1 9 6 8 ; Norringt on-Davies and Crowley , 1 9 6 9 ; Remison and 

Snaydon , 1 9 80 ; Beb awi and Nay lor , 1 9 8 1 ) . Greater yields c an be ob t ained 

by sow ing the h i ghest yield ing spec ies under given situa t i ons rather 

than by sowing mixt ures (Harper , 1 9 7 7 ) . Howeve r due to uncert aint ies 

of the envi ronmen t ,  farmers generally use seed mixtures to  obt ain a 

b e t t e r  and more consist ent y ie ld . Thus compe t i t ive relat ionships 

b e tween t he spec ies need to  be  g iven due conside rat ion in estab lish ing 

seed rates , t imes o f  sowing and subsequent management ,  espec i al ly during 

the early growth st ages in order to obtain opt imum yie lds f rom a sown 

grass mixture . 

2 . 4  CHARACTERS AS SOCIATED WITH COMPETITIVE AB ILITY IN HERBAGE SPEC I ES 

The compe t i t ive ab i l i ty o f  a plant in relation to i ts ne i ghbours has 

been a t t r ibuted to both gene t i c  charac ters and causal e f fects o f  the 

env i ronment . Trad i t ional ly , p lant b i ologists have considered many 

character ist ics such as l i fe f o rm ,  food rese rves , rate and amount o f  

seed germinat i on , earl iness o f  start ing growth , e f f ic ient uptake o f  

nu t r i ents and water , dens i t y  and dep th o f  root systems to have a deter­

ministic  effect  on the compe t i t ive ab il ity o f  a p lant ( Clements e t  al . ,  

1 9 2 9 ; Donald , 1 9 6 1 , 1 9 6 3 ; Daub enmire , 1 9 68 ) . Yamada and Horiuchi 

( 1 9 6 0 )  reported that compe t i t ive ab i l i ty is det ermined by quan t i ta t ive 

d i f f e ren ces in respect to  charac ters governing the physiological 

processes involved in the int ake of  wa t er , nu trients and light . These 

the o r ies are gene rally accep ted and are emphasized in p ub l ished research 

and reviews . However , Sakai ( 1 9 6 1 )  sta ted that compe t i t ive ab i l i ty o f  

p lants was not necessar i ly asso c iated with physiological and morphol­

ogical charac ters wh ich are advant ageous in compe t i t i on for l i ght , 

nut r ients and wa te r . Sakai ( 1 9 6 1 )  b e l i eved that comp e t i t ive ab i l i t y  

should b e  accep ted as a gene t ic charac ter and illust rated t h i s  w i t h  

research o n  cereals . I t  was shown that compe t i t ive ab i l i ty has a 
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geneti c  base  as shown b y  h i ghly s i gn i f icant spec i f i c  and general comb­

ining ab i l it i es . Research also ind i cated low heritab i l ity values for 

competitive ab i l ity . Competitive ab i l i ty was also subj ected to the 

inf luence o f  environmental f actors  ( Saka i , 1 96 1 ) . Othe r  theories  that 

have been developed to explain competitive ab i lity have inc luded a 

b iochemical b a s i s  (Black et al . ,  1 9 6 9 )  who b e l i eved that the rate o f  

carbon d ioxide f ixati on and thus the growth rate i s  the maj or determin­

ant of p lant c ompetition . The c3 and c4 carbon f ixation pathways have 

also been re lated to c ompetitive ab i l ity o f  p lants ( Baskin and Baskin , 

1 9 78) . 

The superior competitive ab i l ity o f  a species with in a gra s s  ass oc­

i ation can be re lated to many f actors , wh i ch are genetically controlled 

characte rs of the spec ies . The superior development of these characte rs 

in a spe c i e s ai ds in the capture o f  l imited resources from the env iron­

ment to ensure success ful growth . However , these characteristics  can 

be  mod i f ied with var i ations in the env i ronment . In addition , super ior 

performance o f  a spec i e s  in terms o f  h i gh y ield in a mono culture c annot 

always be re lated to its succe s s  and c ompetitive superior ity in mixtures , 

and thi s  apparent advantage of h igh y i e lds can o ften be a drawback in 

making up mixtures , due to the inab i l ity o f  the spec ies  to overcome 

compet itive stress imposed by other species  (Saka i , 1 9 5 5 ; van den Bergh , 

1 9 6 8 ) . Such d i sadvantages have been re cently reported by Norr ington­

Davies et al . ,  ( 1 98 1 )  on mixtures with hyperploid ryegras s genotypes . 

The ab i l ity o f  a lowe r yield ing s p e c i e s  to become the dominant species  

in a mixture by suppress ing a h i gher y ield ing spec ies in a monoculture 

has been termed "the Montgomery e f fect" (Gusta f sson ,  1 9 5 1 ;  van den Be rgh , 

1 9 6 8) . Th i s  super ior competitive ab i l ity o f  the lower y i e l d ing spec ies 

when grown in a monoculture can b e  attributed to a geneti c  characte r , 

wh ich inev itab ly become s important in herbage mixtures , although env iron­

mental cond iti ons will  play a maj or role in the exhib ition of these 

superior competitive characters . 

Agr icu lturally , the f i rst f ew months in the life  o f  a herb age 

plant is important , as during germination and estab l i shment , it exhib its 

characte rs wh i ch g ive it an advantage ove r other spe c i e s  in mixtures . 

In add ition , the young seedl ings are very sens itive to exte rnal f actors 

of the env i ronment , and thus comp etit ive ab i l ity and growth rate exert 

the i r  greate st inf luence on the b otan ical compo s ition , productivity and 

density o f  p lant populations i n  the sward (Troughton , 1 9 5 6 ) . Thus 



the deve lopment o f  c ompe t i t ive relat ionships b e tween grass spe c ies and 

c ult ivars in this estab l ishment phase has a d ir e c t  bearing upon compe t ­

i t ive relat ionsh ips and spec ies perf ormance w i th in swards at late r  

stages ( e . g .  Char les , 19 61;  Rhod es, 19 68a ; Harkess, 19 70; Har r is , 

1 9 7 3 ; Enge l and Trou t , 19 7 7 ) . Genetic changes resulting f rom dif fer­

ential p lan t mor t al i t y  during pasture estab l ishment and dur ing seed 

mu ltip l i cat ion in estab lished swards have also been highl i ghted by 

Snaydon (19 7 8) . I t  is seen that geno types wh ich estab lish rap id ly 

and / o r  seed prolifically have an advant age over other spe c ies, in t e rms 

of ob tain ing growth re quirements from the environment . Thus plant 

cha rac ters which confer a comp e t it ive advan tage on pasture species, 
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more spe cifica lly gr asses, during early est ab lishment need to be iden t­

ified because of their inf luence on comp e t i t ive relationships that deve lop 

among the componen ts o f  a past ure sward . 

2 . 4 . 1  SEED CHARACTERISTICS 

2 . 4 . 1 . 1 Seed size and we igh t 

Seed size and weigh t are ext reme ly impor tant charac teristics 

asso ciated with seed ling vigour . Davies ( 19 2 7 )  summar i zed results 

of experiments carried out with common B r i t ish grasses and stated 

th at under normal f ield condi t ions , the s i z e  of the endosp erm is an 

important factor in determining the poten t ial ab i l i ty of a spe c i e s  to 

est ab l ish itself . 

One o f  the ear l i est  papers pub l ished on the e f f e c t  o f  seed size 

on subsequent seed l ing growth o f  ce reals is by Zavitz (19 08) . Subseq­

uently many pub l ished reports have emphas i zed the impor t ance of a 

greater vo lume of endosperm food reserve in relat ion to seedl ing s i z e  

and rate o f  growth (McKell , 19 7 2 ) . Kau fmann and Gu itard (19 6 7 )  r e p o r t  

the importance o f  seed s i z e  on the initial l e a f  p roduct ion o f  barley 

(Hordeum vul gare) and Austenson and Walton ( 1 9 70) state that the s iz e  

o f  sp r ing wheat ( Tri ticum s p . )  seeds p lanted accounted f o r  2 . 5  - 4 . 5% 

o f  the observed var iab i l ity in yield and other mature p lant characte r s . 

The e f fect o f  s eed size on sub sequent growth o f  pasture p lants i s  

f re quently repor t ed . Black ( 1 956 , 1 9 5 7a , b , 1 9 5 8 )  clearly showed the 

importance of seed s i ze and weight of c lovers in determining sub se quent 

performance in swards , and l ater c omp rehens ively reviewed the impo rtanc e  

o f  s e ed s ize i n  h erb age legumes ( Black , 1 9 5 9 ) . Bever idge and Wilsie  

( 1 9 5 9 )  reported s imilar results for  alfal f a .  The e f f ect o f  seed s i z e  



in grasses has also rece ived the attenti on o f  many s c ient i sts . Early 

research included reports by Kidd and West ( 1 9 1 9 ) , Davies ( 1 9 2 7 ) ; 

Stapledon and Davies ( 1 9 28) ; Ch ippendale ( 1 9 3 2 )  �nd Plummer ( 1 9 4 3 ) . 

Stapledon and Dav ies ( 1 9 28) presented the e f fect o f  seed s i ze on sub­

sequent growth as -

( i )  seeds with low " energies of germination" had 

low powers of e stablishment . 

( i i )  smaller seeds had lower powers o f  establishment 

than larger s eeds 

( i i i )  seeds with low "energies of germinat ion" 

were prone to remain dormant in the s o il and to establi sh plants mo re 

slowly 

( iv) the quick growing ryegras s species  had higher 

p owers o f  establi shment than other species . 

Subs equent r esearch by Blaser e t  a l . ( 1 9 5 2  a , b ) ; Rogler ( 1 9 5 4 ) ; 

Kneebone and Cremer ( 1 9 5 5 ) ; Herriot ( 1 9 5 8) and Kalton e t  a l . ( 1 9 5 9 )  

confirm the e f f ect of seed s ize o n  growth and vigour in the early phase 

of a plant ' s  l i f e . 

Most published research on the e f fect o f  seed size on subsequent 

growth is centered around seeds o f  the s ame species . Re search reports 

by Kittock and Patterson ( 1 962)  on Agropyron seeds , Hove and Kl inen­

dorst ( 1 9 5 7 ) ; Harke s s  ( 1 9 6 5 ) ; Thomas ( 1 9 6 6 ) ; Arnott ( 1 9 6 9 ) ; Evans 

( 1 9 70) ; Sh ibuya et a l . ( 1 9 7 9 )  and Naylor ( 1 9 80)  on d i f f erent types o f  

rye gras ses illustrate th e ef fe ct o f  s e e d  s i ze o n  subs equent growth o f  

plants with in a given spec ies . 

A review by Wright ( 1 9 7 1 )  states that wh ile there i s  a pos itive 

correlation b etween seed weight classes  and seedling v i gour w ithin a 

spec ies , there  i s  very little e f f e ct o f  seed s i ze when comparing d i f fer­

ent spe c i es . However ,  many reports do emphas ize the importance o f  seed 

s i ze in determining early growth and competitive advantage of species . 

Asher and Oz anne ( 1 9 6 6 )  stud ied root growth in seedlings o f  annual 

pasture spe c i es and ind icated that root penetration rate was closely 

correlated w i th seed we ight until the roots reached a depth of about 

20 centimetre s . Asp inall and Milthorpe ( 1 9 5 9 )  found that b arley , 

with its larger seed and embryo s i ze was a b etter comp etitor than white 
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pers icar ia (Pol ygonum l apa thi fol i um) although the two species  has 

s imi lar growth rates . Asp inall ( 1 9 60)  att r ibuted the superior perform­

ance of barley dur ing early growth to  its l arger s eed s i ze , which gave 

the spec ies  an initial advantage . Cocks ( 1 9 6 9 )  and Cocks and Donald 

( 1 9 7 3a) also  reported the l ikely gain ing of an early competitive 

advantage by Hordeum l eporinum due to its larger seeds when compared 

with Lol i um ri gidum , e s pec ially in te rms of shading by larger leaves 

d eveloped by the l arger seedl ing in natural reseed ings of annual pas ture s . 

Stud ies o f  Evans ( 1 9 7 3 )  on the e f fect o f  s eed s i ze on shoot and root 

growth of seve ral grasses and legumes also demonstrate the importance 

of larger seeds in plant growth . Gulmon ( 1 9 7 9 )  concludes that Avena 

fa tua can ma intain dominance in grass land vegetation by virtue o f  

its larger gra ins and consequently larger seed l ings . Brock ( 1 9 7 3 ) 

also repo rted the b e t t er growth and seedl ing vigour of larger seeded 

tall fescue when comp ared with ryegras s ,  but did not att r ibute th i s  to 

the seed s i ze fac tor . 

2 . 4 . 1 . 2  Endosperm-emb ryo re lationships o f  s eeds 

Bremner et al . ( 1 9 63)  s tud ied the e f fects of emb ryo and endosperm 

s izes on subsequent s eed ling growth i n  wheat . Wh i le there was l ittle or  

no e f fect f rom var iat ions in emb ryo s ize , var iat ion in endosperm s izes  

had a c on s iderable e f fe c t  on seed ling growth . Thi s  increased v igour 

of seedl ings was at t r ibuted to  a l arger endosperm : emb ryo ratio , whi ch 

ind icates a greater res ervo ir o f  energy with in seeds o f  faster and better 

growing species . In  contrast  Donald ( 1 9 5 8 )  reported the greater 

compet itive ab il ity of Lol i um perenne , wh ich is a spec ies possess ing 

a larger emb ryo ove r Phalaris tuberosa , and Asp inall and Milthorpe 

( 1 9 5 9 )  a ttr ibuted grea ter compet itive ab i l i ty of barley to its larger 

embryo , wh ich gave larger p lan ts than wh ite pers icaria . Cocks and 

Donald ( 1 9 7 3a) reported larger emb ryos and endosperms in Hordeum 

l eporinum when compared with Lol i um ri gidum and a t t r ibuted the occurrance 

o f  larger s eedlings o f  the former species  to this relat ionship , wh i ch 

gave i t  a compet it ive advantage unde r  h i gh p lant dens i t ie s . Thus a 

species w i th a greater  endosperm : emb ryo rat io c an be exp e ct ed t o  show 

a greater  compet i t ive ab i l i t y  t han a species  with smaller ratios due t o  

i t s  ab i l i ty to p roduce a larger and mo re vigorous seed l ing soon a f t e r  

emergence . Such a seed ling has a greater potent ial for cap turing 

environmental resources and e s t ab li shing i ts e l f  within the p lant 

commun i t y . 
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2 . 4 . 1 . 3  Seed Age 

Seed age c an be a negative f actor in s eed l ing vigour unless sto r ed 

und er cond itior• s that prev ent or retard embryo and endosperm d eter ior­

ation . Older seed s  hav e  been shown to germinate more slowl y (Cracker , 

1 9 4 8 ; Kitto c k  and Law 1 9 68 ) , and m�y produce mal f ormed , slower 

growing seed l ing s ,  giving them a d i sadvantage in competitive situations . 

2 . 4 . 2  G ERMINATION 

Rap id seed germinat ion is another p l ant character istic that con­

tr i but es to a v igo rous and successful seedling , which has the abi l ity 

to gain a competitive advantag e within a herbage asso c iation.  The 

impo rtance o f  earl y germination as a facto r  determining surv ival in 

competition between diff er ent spe c i e s  of erasses has been clearly 

id entif ied by Stap ledon and Dav i es ( 1 9 2 8 )  and Clements et al . ( 1 9 29 ) . 
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The rate o f  germi nat ion c an have an important bear i ng o n  seedl ing 

competition , a s  the earl i e r  establi shed plant would have a d e f inite 

advantage over later emerg ing plants (Bla ser et al . 1 9 5 2b ) . S imilar 

stud i e s  by P avlyc henko and Har ringto n ( 1 9 34 ) , Rummel ( 1 9 4 6 ) , and Chipp­

endale ( 1 9 4 9 )  also ind i cate the importance of early and uniform germ­

i nation in d etermining the success  of a spec ies in a competitive s it­

uation.  In add ition , it was stated that early germination gave the p l ants 

an opportunity to occupy the environment more rapidly and comp letely 

before other species with lower and slower rates of germination appeared 

on the ground sur fac e .  S imilarly , Mi ltho rpe ( 1 9 6 1 )  emphas i zed that the 

d egree of suc cess  of any sp ec ies depended largely on its time scale of 

emerg enc e relative to that of other spec i e s .  Blaser e t  a l . ( 1 9 5 6 )  a l so 

attr ibuted aggre s s iveness dur ing e stablishment to early seedli ng emerg­

ence and s urvival . 

Mor e  rec ently , many stud ies o n  the e f f ec t  o f  rap id germination o n  

seedling v igour and growth of gras ses  have been r eported . Hhalley e t  a l . 

( 1 96 6 )  examined several g rass spec i e s  f o r  their seedling v igour and its 

r elation to g rowth o f  the young emerg ing seedl ing , before the onset of 

autotrop i c  g rowth . It was seen that extreme rap idity of g ermination 

largely accounted for high seedling v igour o f  Schismus a rabicu s .  

Harr i s  ( 1 9 68 )  i nd i cated that the earlines s  of germination also contrib­

uted to the comp etitive advantage o f  'Manawa ' ryegrass when grown w ith 



' Ruanu i ' ryegra s s .  The ab i l i t y  o f  ryegrass  to germinate rapid l y  even 

under cond i t ions o f  mo i s ture s tress has b een cons idered as  one o f  the 

f ac to r s  determining i ts suc cess  in  f i el d  estab l i shment (HdJi l l iam and 

Dowling , 1 9 7 0 ; Hci-Jil l i am et al . ,  1 9 7 0 ) . Harr i s  ( 1 96 7 ) ;  NcCown and 

Wi l l iams ( 1 968 ) ; King ( 1 9 7 1 ) ; Ro s s  and Ha rper ( 1 9 7 2 )  and Co cks and 

Donald ( 1 97 3b )  a l so h ig h l ighted the impor tance of ear l y  germina t ion 

and emergenc e in d e termining compe t i t iv e  ab i l i t ies of gras s e s .  S imilar 

s tud i es on grasses hav e also been repor t ed by Wr ight et al . ( 1 9 7 8 )  and 

Elberse and d e  Kruyf ( 1 9 7 9 )  and Haggar ( 1 9 7 9 )  no ted the impo r tance o f  

early germina tion  on the comp e t i t ive ef f ec t s  be tween barley and Chen­

opodi um spec ies . The oc currence o f  a small d e lay at the t ime o f  es tab­

l i shment due to s lower rates o f  germina t ion o f  a spec ies is shown to 

s trongly reduce i t s  comp e t i tive ab i l i ty ( S p i t t ers ,  1 9 7 9 ) . Har r i s  et a l . 

( 1 9 8 l b )  also related the init ial dominance o f  ryegra s s  over paspalum to 

the more rap id germina t ion and es tab l i s hmen t o f  the former spec ies . 

2 . 4 . 3  SEEDL ING GROWTH 

The estab l i shmen t o f  a grass seedl ing begins with the emergence 

o f  the coleor h i z a  and coleo p t i l e .  Ra t e  of growth of the seedl ing 

af ter emerg ence is partly dependent upon s tored food reserve s  in the seed 

and partly  on gene t ic f ac tors ( Bl a s er et a l . ,  1 9 5 2b ) . Comp e t i t iv e  

suc c ess a t  es tab l i shment i s  achiev ed only when the plant h a s  d eveloped 

an ad equa t e  ro o t  system to obtain water and nu tr ient s a t  a rate  equal 

to o r  grea ter than o ther competing seedl ing s .  In a s imilar manner , 

top growth mu st  be in  propo r t io n  t o  roo t growth and greater than compet­

ing seed l ings (McKel l ,  1 9 7 2 ) . 

Ra t e  o f  seedling growt h i s  o f ten r egarded as ev id enc e o f  seedl ing 

vigour . P a s ture spec ies  have b een c l a s s i f i ed by S t apledon and Dav i e s  

( 1 9 2 7 )  and Blaser et al . ( 1 9 5 6 )  accord i ng to their aggres s iveness . 

The se worker s have r a t ed p erennial  r eygrass a s  being mor e  aggres s iv e  than 

cocksfoo t ,  us ing the c r i t er ion of r el a t ive weights of seed l ings at s ome 

t ime af t er sowing , under h igh f er t i l i t y  l ev e l s .  

Rap id s ho o t  and roo t growth i s  cons i d er ed a d is t inct  advant age 

in seedling e s tabl i shment of p a s ture grasses . Early s tudies of S taple­

don and Dav i e s  ( 1 9 2 7 ) and Dav i e s  and Thomas ( 1 9 2 8 )  repo r t  the impor tance 

o f  ear ly and rapid sho o t  growth o f  r yegr a s s  i n  gaining c omp e t i t iv e  

advan tage over o ther grasses . Arens ( 1 9 6 2 )  also s hows s imilar e f f e c t s  
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o f  p erennial ryegrass a s  an aggr e s s ive spec i e s  espec ial l y  in t he early 

growth phase . Dalrympl e  and Dwyer ( 1 9 6 7 ) evaluated f ive grass spec ies  

in America and ind ic a t ed that seedl ing emergenc e ,  ear l y  growth and 

v igour were impo rt ant character i s t i c s  of grasses to be used in reseed ing 

pastures . Re search by Cocks and Donald ( 1 9 7 3b) also repo r t s  the 

impor tanc e o f  faster s eedl ing growth rates  o f  Lol i um in suppress ing 

larger Hordeum seedl ings with t ime . 

Wh ile rapid seed l i ng growth i s  id ent i f ied as a charac ter  f avour ing 

comp e t i t ive advantage and aggre s s iveness  o f  a spec ies , it  seems logical 

to evalua t e  the components of seed l ing growth - name ly roo t and shoo t 

development in the early  growth phase . The growth of both shoo ts  and 

roo ts  det ermines the competi tive advantage o f  a plant when compared to 

ano ther , as these plant component s a r e  respons ible fo r obtain ing growth 

requirement s f r om the env ir onment . 

2 . 4 . 3 . 1 Growth and developmen t o f  the roo t sys tem . 

The rap id develo pment of a roo t system suf fic ient to obtain wa t er 

and nu t r ient s f or the young seedl ing i s  perhap s a higher p r io r i ty than 

ear l y  top growth , espec ially if endo sp erm reserves in large s eed s are 

s t i l l  avai lable (McKe l l , 1 9 7 2 ) . Roo t s  can also be consid e red impor tant 

as nu trient uptake ha s been iden t i f i ed in pas ture grasses  even before  

the  comp l e t e  exhau s t ion o f  endogenous food res erves (McWi l l iam et a l . ,  

1 9 7 0 ) . Thus only p l ants  with heal t hy and strong root systems are seen 

to produce luxuridnt growth . In add i t i on ,  the impor tanc e o f  root comp­

e t i t ion dur ing seed l ing growth and i t s  occur rence before sho o t  comp e t ­

i t ion has been repor ted b y  many workers e . g . Rhodes ( 1 9 7 0 ) . 

Many r e search wo rkers ind icate that p a t t erns o f  roo t development 

play an important ro l e  in plant comp e t i t io n . Clement s et a l . ( 1 9 2 9 )  

stated that all plant parts were important i n  determining competitive 

abil ity , but empha s i z ed the importance o f  root systems . S tudies by 

Pavlychenko and Harr ington ( 1 9 3 4 )  and Pavlychenko ( 1 9 3 7 )  on entire 

root systems showed the importance o f  the r ate of roo t  d evelopment in 

determining competit ive abil ity o f  c ertain annual plants . Cashme r e  

( 1 934)  i nvestigated some aggre s s ive characteristics o f  Lol i um perenne 

in compari son with Phalaris t uberosa under high f erti l ity cond i t io ns . 

Us ing both s i ngle p l ants and mixtures , it was concluded that the super­

ior growth and agg r e s s iveness of Lol i um in the seed l ing year was due 
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to its d enser roots in the upper so i l  layers toge ther with gr eater 

top growth . Mi l thorpe (19 6 1 )  also asso ciated the higher competitive 

abi l ity of ryegrass over tall f escue with faster root growth of the 

fo rmer , along with more rap id t i l l er ing .  The close associat ion between 

ra te and exten t of nodal root produc t ion with seedl ing comp e t i t ive 

abi l i ty in ryegrass was repor t ed by Rhodes ( 196 8b) . Re cent studies on 

plant charact ers af fect ing six pe rennial ryegrass clones have shown that 

the most comp e t i t ive clone had the largest root sys tem , and the least 

comp e t i t ive c lone , the smal l est root sys tem (Hof fmann and Ennik,  19 80) . 

Stud ies on the relat ionship be twe en comp e t i t ive abi l i t y  and early 

roo t growth of  o t her grass sp ec i es include tha t of Car ter  et a l . ( 19 5 7 )  

who r eported that the downward growth o f  roo ts in cheat grass (Bromus 

seca l i n u s )  was inhibi ted whe n grown in mixtures wi th red whea t .  The 

impor tance of early pene trat ion o f  roots in det ermining comp e t i tive 

relat ionships was also shown by Harris ( 1 967 ) and HcCown and Will iams 

( 1 9 68 ) . llarris ( 1 9 7 6 )  stud i ed the roo t pheno logy of  three grasses as a 
. 

facto r  o f  comp e t i tion amo ng seedl ings . These studies showed that init ial 

root  growth and rap id ex t ension of roo t -so il contact were very impor tant 

character istics of the mo re aggr essive species,  along w i th germination 

rates, and death rate of roo t s .  

Donald (19 5 8 )  and Asp inall ( 1 9 6 0 )  suggested that slower growth o f  

the l ess su ccessful of two asso c iated species was due to restric t ed 

nut r i ent uptake which was always asso ciated w ith smaller root systems . 

Asp i na l l  ( 1 9 6 0 )  also stated  " that as the roo ts expand , the only space 

ava i l able is t ha t  already o ccup ied by the roo ts o f  the mo re aggr essive 

spec i es or that space f rom which nutr ients had already been used up by 

the dominant spec ies" . This t heory is l ikely to  ho ld true in all  

agr icultural situa tions as roots can f ind nutr i ents only by grea ter and 

extensive root growth and the mor e  rap idly growing roots o f  the aggress­

ive species gain access before those of the slower growing spec i es .  

Research by other sci entists a lso indicates the importance o f  root 

volume in uti lizing so i l  nutri ents . Lee ( 1 960)  reported the comp etitive 

supe r io r ity o f  a bar ley cultivar and ascribed this character to a 

rap idly  develop ing , larger root vo lume when compared with the other 

barley cultivar . This c haracter was assoc iated with the abi l i t y  to gather 

nutr i e nts e f f i c iently f rom a l imited so i l  volume which was explo ited by 
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both cu ltivars . Thi s  placed the cult ivar with a smal l root volume 

und er severe str e s s  when both we re dependent upon the same so il mass 

for nutr ients . And rews and Ne•vrnan ( 1 9 7 0 )  and Bar ley ( 1 9 7 0 )  a lso showed 

the importance o f  a higher proportion of active ly growing roots of a 

herbage spec ies i n  d etermining its comp etitive super ior ity , e spec ially 
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i n  terms o f  nutri ent uptake . Newman and Andrews ( 19 7 3 )  corre lated root 

den s i ty with pota s s ium uptake of  winter wheat , under competitive s it­

uat ions for potassium .  Evans (19 7 7 )  studied the comparative root mo rph­

ology of  pasture grasses and legumes and s howed the p resence of greate r 

numbers of  longer root ha irs in gra sse s ,  which gave these roots a 

greate r sur f ac e ar ea . Th i s  dif f erence in s ur f ace ar ea of  roots was 

cons i dered advantageous to grasses in competition with c love rs in te rms 

of nutri ent and water uptake , espec ially with less mob i le e lements l ike 

pho sphorus . C omp etitive advantage of  Hordeum l epori num over Lol i um ri gi dum 

unde r conditions o f  low n itrogen was also expres sed in terms of  faster 

root growth o f  Hordeum whi ch enabled it  to uti l i z e the ava i lab le soil  

nitrogen mo re e f f i c ientl y (Cocks , 19 7 4 ) . 

Other characters of  root growth conf erring competitive advantage 

include the root dens ity and greater actively ab sorb ing root l ength . 

The importanc e o f  root dens ity of  a spe c i es in determining its super ior 

competitive ab i l ity was i l lustrated b y  Andrews and Newman ( 1 9 7 0 ) . Thi s  

becomes espec ially important in seedl ings a s  all  roots a t  this s tage 

o f  growth are g enerally active and are ab le to take up nutr i e nts . 

Harris  ( 1 96 7 ) , and Olsen and Kemp er ( 1 9 6 8 )  reported the importanc e o f  the 

ratio of actively growing root length to root we ight , whi l e  the s igni f­

icance o f  the length o f  root ha irs i n  d etermining comp etitiv e  success 

for nutri ents and water was reported by D rew and Nye ( 1 9 6 9 )  and Barley 

( 1 9 7 0 ) . 

Studies on the importance o f  root g rowth in terms o f  water uptake 

to determine succ essfu l  estab lishment have also been reporte d . Plummer 

( 1 94 3 )  attributed the suc cess or f a i lure of establ ishment of twelve 

range grasses to total root development prior to onset o f  severe d rought . 

McWi l liam and Dowling ( 1 9 7 0) and McWi lliam et al . ( l 9 7 0 )  found that there were 

signif icant d if f erences between d i f f ere nt spec ies of grasses and l egumes 

in the ir rates o f  root elongation . The time requir ed to obtai n  a 



par ticular roo t length d i f f er ed considerably due t o  d if f er enc es in 

rates o f  g erminat ion and growth . Signi f icant dif ferences were also 

observed b e tween sp ec ies in their ability t o  germinat e  and o b tain 

ac t ive roo t  p enetrat ion und er mo isture stress . I t  has been suggested 

that  these d i f f erences may be impor t an t  under field cond i t ions where 

roo t development is crit ical f or good establishment ,  and this can also 

have a bear ing upon comp e t i t io n  und er such cond i t ions . 

2 . 4 . 3 . 2 Growth and Developmen t  o f  t h e  Sho o t  System 

Rap i d  and more ext ensive shoo t  growth during establishment is 

commonl y associated w i th comp e t i t ive abili ty of herbage grasses (Rhodes , 

1 9 7 0 ) . Plan t height is consid ered a charac t er associated with  seedling 

vigour , whi ch conf ers a comp e t i t iv e  advantage on the taller species in 

ga ining a greater share of the light inc ident on the plan t canopy . 

In grasses,  plant he ight is asso c i a t ed with leaf angle  and orientation . 

The success of a p lant wi thin an associa t io n  may result from the 

capac i ty of seedl ings to  avoid shade , wh ich d epends on height and 

inclina t ion of the f irst leaves produced by the seedling . The impor t­

ance of p l ant he ight in the comp e t i t ive superiori ty o f  ' Manawa ' ryegrass 

and ' Ruanu i ' ryegrass is repor t ed by llarris ( 1 9 68 ) and Eagles and 

Wi ll iams ( 1 9 7 1 )  showed the importance of p lant he ight and shoot growth 

form in the success of Da ctyl i s  cult iva rs growing in mixtur es.  

Leaf  area has also been assoc i ated with comp e t i t ive ab il ity  of 

grass spec ies, especially in the early growth phase . Leaf area , along 

with p lan t he ight p l ays an impor t ant role in shad ing shorter plants with 

smal l er l ea f  areas . The ro l e  of l eaf ar ea in pastur e growth has been 

reviewed by Br own and Blaser ( 1 9 6 8 ) , and t hey illustrate i t s  value in 

d e t ermining the performance o f  sp ec i es in mixtur es. Hill ( 1 9 7 2 )  studied 

f�e geno t yp es of ryegrass and reported the super ior comp e t i t ive a b i l i t y  

of long leaved geno t ypes . S tud i es on wheat by Smoliak and Johnst on 

( 1 9 7 5 )  also pr esent the superior comp e t i t ive nature of the spec i es with 

the gr ea t est seedl ing l eaf ar ea and weight when grown i n  monocultures . 

The suc cess o f  this species was r e la ted t o  i ts abi l i t y  t o  comp e t e  

successfully for l ight when asso c i a t ed wi th o ther species . 

The most widely a t t r ibuted and repor t ed charac t er ist i c  o f  seedl ings 

in terms of comp e t i t ive ab i l i t y  is the ra t e  of t i lle ring . The rate o f  
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tille r i ng of grasses was assoc iated with aggres s ivity of species by 

Stap l edon et al . ( 1 9 2 7 ) , and Dav ies ( 1 9 2 8 )  stated that dur ing the 

s eedli ng year , a spec ies was aggress ive in proportion to its rate o f  

tiller ing dur ing the early growth per iod . Miltharpe ( 1 96 1 )  reviewing 

pub l i s hed l iterature reported the s imilar embryo weights and re lative 

growth rates o f  Lol i um perenne and Fes tuca pra tensi s . However , under 

high densities , Lol i um tended to suppress  Fes t uca during the period o f  

active growth and th i s  was assoc iate d with the more rapid tille r ing rate 

of the former spec i e s .  Fes t uca with f ewer larger t i llers was noted 

to suc ceed under hay cond itions . Donald ( 1 9 5 8 )  also conclud ed that 

faster tiller ing rates of Lol i um perenne was a characte r wh ich gave it 

a competitive advantage over Pha l a ri s  tuberosa . Tiller ing and its 

importance in herbage gra sses has been stud i ed and reviewed by many 

( e . g .  Mitche ll and G lenday , 1 9 5 8 ;  Lange r ,  1 9 6 3 ; Evans et a l . ,  1 9 64 ; 

Jewi s s ,  1 9 7 2 ) . The s e  reports identify the importanc e of ti ller ing in 

determin ing the productiv ity o f  a species  as ti llers ar e cons idered to 

be the v egetative growth units o f  herbage grasses . Thus rap id til l er­

ing dur ing ear ly growth enab les a spec ies to secure itse l f  in a mixed 

stand , thereby develop ing a comp etitive advantage over its assoc iates 

within that plant commun ity . 

2 . 4 . 4 .  GENERAL CON S ID ERATIONS 

30 . 

V e ry little information i s  available on the character i sti c s  o f  

herbage plants , which are associated with competitive ab il ity und er the 

pos s ib ly mod ifying e f f ects of cutti ng and graz ing ,  variations in the 

edaphic env ironment and in relation to p l ant development (Rhode s , 1 9 6 7 ) . 

It i s  c ons idered that competitive ability i s  associate d w ith quantitative 

d i f f e rences in characte rs gove rning the intake of essential growth 

factors  at late r stages of growth o f  the plant . A study by Norman 

( 1 9 6 0 )  ind i cated the importanc e of shading f rom surround ing plants in 

caus ing a spec ies to adopt a more e rect hab i t  and thus lose a higher 

pro port ion of foliage when def oliated . Rates o f  recovery o f  species i n  

relation to surrounding herb age and the e f f ect of s elective or prefer­

ent i al graz ing has also been s tudi ed by Norman ( 1 96 0 ) . Thus as most 

reports ind icate , characte r s  governing c ompetitive advantage in the 

seedling phase b ecome important in determining subs equent p er formance 

of species in mixed swards .  This  i s  due to the ir ab ility to establish 

an early dominance in a competitive s ituatio n ,  which r emains for a long 



period unless modi fied by some external f ac t o r . 

The principle o f  o b taining competitive advan t�ge in a seedl ing 

association is based on the f act that the larger or ear l i er germinating 

seedling will be able to occupy and uti l i ze the environment bet ter and / 

or earl i er . However ,  i t  w ill be able to mod i fy the env ironment to 

3 1 . 

the det riment of the sma ller or the later emerg ing spec ies only if  its 

gr eater s i ze or ear l ine s s  g ives it a mec hani sm by which it  can compete . 

Thus seed s i ze will not g ive an advantage to a species unle s s  it gives 

super ior root gr owth or p lant he ight . It  i s  generally ac cepted that 

comp etit ive effects are mo s t  intensive when ind ividual s of the same spec i e s  

or  plants of simi lar growth hab it such a s  grasses are grown together, due 

to s imilar needs of all spec ies (Cocks, 1969 ; Haynes, 1 9 80) . Thus a 

super ior growth characte r i stic o f  one species will begin a series of 

advant ages to secure re sources f rom the envi ronment, thereby a f f ecting 

the weaker spec ies . This s ugge s t s  that wh i le comp etitive advantage may 

be due to one factor , t he e f f ect o f  all growth characte r i stics must be 

eva luated in determining the success  o f  the agg re s s ive spec i e s . In 

add itio n ,  the ava ilab i l ity o f  resources for plant growth within the 

env ironmen t and external factors not used f or plant g rowth have an 

impo rtant role in de termini ng the sup er ior performanc e o f  a spec ies in 

a c ompetitive situat ion . Thus such factors need to b e  taken into 

considerat ion when s tudying the comp e t itive super ior i ty o f  a herbage 

grass spec i es . 

2 .  5 ENV IRONMENTAL FACTORS AFFECT ING COMPETITIVE ASSOCIATIONS IN HERBAG E 

PLANTS .  

The em�rging plan t ,  develop ing from the seed ob ta ins i t s  requir emen t s  

f rom the seed through phy s i c al links ma intained for a l imited time . 

After  a per iod of t ime , the young plant e ither exhausts the f ood reserves 

or  become s independ en t  and therea f ter depend s on its own ab ili ty to  

obtai n  g rowth requiremen t s  from the environment . 

All envi ronment s  do no t con t a in abundant re source s  for plant g rowth ,  

and thereby cause rest r i c t i ons o n  the normal growth o f  plan t s . Fur ther-

mor e , the presence of neighbouri ng plants can enhance the d eple t io n  o f  

limi t ed r esources o f  the environment b y  their o wn  consump t ion . Thus 

comp e t i t io n  for these l imi t ed r e sourc e s  arises  w ithin plant communi t ie s  

even a t  early s tages o f  g rowth,  which thereafter become s a phenomenon 



that r ema ins throughout the l i fe cycle o f  the developing p lant community . 

Harp er ( 1 9 7 7 )  cons i dered the consumab le re sources of the environment 

needed for plant growth as " Supply factors" . I n  addition , other factors 

o f  the pl ant env i ronment such as temperature , defoliation , p resence of 

g raz ing animals on pastures and s o i l  mic rob i o logi cal e f fe cts also have a 

great impact on the competitive ab i l ity o f  plants . These factors , which 

mod i f y  the p lant' s envi ronment , but are not directly uti l i z e d  b y  p lants 

have been te rmed " Qual ity or Cond iti oning facto rs" (Harp er , 1 9 7 7 ) . 

This c las s i f ication (Harp er , 1 9 7 7 )  will  b e  used in thi s  section to 

identify facto rs af fecting competitive interactions between herb age 

plants , with emphasis  on past ure gras ses . 

2 . 5 . 1 "SUPPLY FACTORS "  AFFECTING COMP ET ITION BETWEEN HERBAGE PLANTS 

While  an ima l eco logi sts have highlighted competition for space in 

terms of e ither movement or hab itati on within animal communities , 

s imi lar research in plant eco logy i s  rare . Dona ld ( 1 9 6 3 )  repo rted 

competition for physical space in root c rops as a factor a f fecting the 

g rowth and development of roots . Ross and Ha rper ( 1 9 7 2 )  i l lustrated 

comp etition f o r  space in terms of suitab le germination s ites for 
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Da c t y l i s  gl omera ta seeds . While  such s i tuations do arise  i n  grass land 

communitie s  and have an e f f ect on sub sequent g rowth of spec ies , plant 

populations are generally regulated by comp etition for resources needed 

for growth , whic h , as stated ear lier  have been ident i f i ed a s  l i ght , carbon 

dioxide , oxygen , water and nutr i ents (Donald , 1 9 6 3 ) . Among st the s e  

r esour ces , l ight and carbon dioxide a r e  absorbed by leaves wh i l e  the 

uptake of nutr ients and water is generally l imited to roots . Plants 

take up oxygen through both root and shoot sy stems . 

General ly , one or  mo re of the se growth resources become l imiting 

w ithi n  a g iv en environment , whi ch has a beari ng on the growth o f  the 

entire plant community . Comp etiti o n  d evelop s  among the spec i e s  for  

the l imiting factors , and the succ e s s  o r  failure of a spec i e s  within a 

community d epend s  on its ab i l ity to obta in suf f icient resourc e s  for  

its growth (Trenb ath , 1 9 7 6 ) . However , it is  dif f icult to  i solate 

comp etitive e f fects in f ield s ituations into individual components 

(Donald,  1 9 58 ; 1 96 3 )  as observed comp etitive ef f ects are a consequence 

o f  interactive processes . Thus de Wit ( 1 96 0 )  g rouped the s e  resourc e s  

as " Biologi cal space" and identif i ed comp etition between grasses , cereals 

and other crop comb i nations for " B i o logical s pace" within the ir p lant 



communit i e s .  

2 . 5 . 1 . 1  Environment a l  re sources u t i l i zed by plant sho o t s  

2 . 5 . 1 . 1 . 1  L igh t : - Harper ( 1 9 7 7 )  s ta t e s  ' 'The supply of l ight to an 

area of land i s  the mo s t  reliable of t he environmen tal resources for  

pl ant growth . It ' s  r e l iab i l i t y  l i es in the regulari ty of  di urnal and 

annual cycles of  l ight intens i ty" . 
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L ight occurs a s  a s t ream o f  quan t a ,  wh ich i f  to b e  used in p lant 

growth mus t  be trap p ed by a pho to synthe tic  st ruc ture and conve rted 

immed ia tely to chemicall y bound energy . Thus compet it ion for li ght 

becomes d i f f erent from compe t i t ion for o ther resou rces wh ich have 

reservo i r s  f rom which compet itors  could ob tain the ir requirements and wh ich 

could a l s o  be s tored and trans loca ted wi thin a plant (Dona ld ,  1 9 6 3 ) . 

Light energy i s  ins tantaneous ly ava ilable  and thus need s to b e  

int ercep t ed b y  leaves immed iately o r  i t  i s  lo s t  as  a source o f  ene rgy 

for pho to synthes i s . Donald ( 1 9 6 3 )  thus empha s i zed that the v i t a l  relat­

ionship i n  compe t i t io n  for l ight was one of  phys ical pos i t i on of  leaves 

in a plan t growing in an assotiat ion of plants . The suc cessful  p lant 

in a comp e t i t ive s i tuat ion is not ne cessarily tha t with more fol iage , 

but the p lant which ha s i t s leaves in an advantageous pos i t ion r e l a t ive 

to the f o l i ag e of i t s  compe t i tors  for light . S t ern ( 1 9 6 2 )  h ighl ighted 

the impor tance o f  canopy s t ru c ture and o t her parame ters assoc ia ted w i th 

l ight i n terception and absorp t ion . Much o f  the research and progr ess  

in the f i eld of  light  energy and  p ene trat ion , energy trans f e r  and 

light intercep tion and ab sorp t ion by c rop canop ies ha s been r ecently 

reviewed b y  Anderso n  ( 1 9 7 5 ) . 

Donald ( 1 9 5 1 )  and Blackman and Black ( 1 9 5 9 )  have sugges t ed tha t  

there a r e  many s i tuat ions wher e  l ight may b e  the only factor  f o r  which 

there i s  comp e t i t io n  b e tween p lants . This o ccurs when adequate nut r i en t s  

and wat e r  are suppl i ed t o  crops and pas tures . Thi s  s i tuat io n  a r i se s  i n  

pas tur e s  a s  light intensity c f t en falls  t o  level s  well b e low 

comp ensat ion point b enea th dense swards . Thus s pec ies  o f  sho r t  s t ature 

suffer due  to shading eff ec t s  o f  t a l l er spec ies . Even in s i tua t ions 

where compe t i t ion occurs for wat e r  and nut r i ent s ,  light s t i l l  r emains 

a fac t o r  o f  maj o r  impor tance ,  a s  demons t rated by Donald ( 1 9 5 8 )  in gras s  

associat ions growing under low nitrogen l evels . 



Many researchers  have demonstrated c ompe t i t ion f o r  l ight i n  pas tur e s . 

Weav e r  and F lory ( 1 9 34 )  f ound that on an upland prairie , l ight inten s i t y  

at  hal f the he ight of  vege t a t ion was about 25%  and a t  ground l eve l , t h i s  

dropped t o  5%  o f  tha t  above the sward , and repo r t ed t he detrimen t a l  

e f f e c t  o f  thi s reduc t ion on sho r ter spec i e s . Subsequent research and 

rev i ews includ i ng tho se o f  B lackman ( 1 9 3 8 ) ; Donald ( 1 9 5 1 , 1 9 6 1 , 1 9 6 3 ) ; 

Mon s i  a nd Saeki ( 1 9 5 3 ) ; Bro ugham ( 1 9 54a , 1 9 58) ; Wil son and P eake ( 1 9 5 6 ) ; 

B lack ( 1 9 5 7c) ; Norman ( 1 9 6 0 ) ; S t ern and Donald ( 1 9 6 2 ) ; Edwards and 

Allard ( 1 96 3 ) ; Ha rper and C latwor thy ( 1 9 6 3 ) ; Wi lki nson and Gross ( 1 964 ) ; 

Ans low ( 1 9 6 6 ) ; Alberda and S imba ( 1 9 68 ) ; Harr i s  ( 1 9 7 2 )  and P ineiro and 

Har r i s  ( 1 978a) have demons trated the impor tance o f  l ight and i t s  u t i l i �  

at ion i n  comp e t i t ive si tua t ions . More recently , Lud low ( 1 9 7 8 )  and Rhode s 

and S t er n  ( 1 9 7 8 )  have compr ehensively reviewed the l ight relat ions and 

comp e t i t ive e f f e c t s  for l ight in pas tures and i llus t ra ted the impor tanc e 

o f  l ight and comp e t i t ion f o r  this  res ource in pas ture s .  

Compe t i t ion for light b e tween assoc iat ions of  herb age gras ses  has 

also b e en demonstrated by many worker s ,  which inc lude among others , 

Dona l d  ( 1 95e ) ; Cra cker and ��r t in ( 1 9 64 ) ; Harri s  ( 1 9 6 7 ) ; Rhodes ( 1 968b , 

1 9 7 0 ,  1 9 7 3 ) ; Eagles and Wi l liams ( 1 96 9 ) ; Ri s ser ( 1 9 6 9 ) ; Har r i s  ( 1 9 7 0a ) ; 

and van den Bergh and Elberse ( 1 9 7 0 ) . Many o thers a l so have ind icated 

t he impor tance of l ight in s t udying o the r processes o f  interac t ion 

b e tween gras ses . Mo s t  studies show the impor tanc e o f  p lant height and 

leaf o r i entat ion as maj or factors 

s h i p s  b e tween grasses for  l ight . 

in determining comp e t i t ive r elat ion 

Rhodes ( 1 968b ) showed the ab i l ity  o f  

seedl ing s o f  Lol i um ri gi dum p lanted a t  high dens i t ies t o  shade Pha l a ri s  

coerulescens seedlings . S imilar s tu d ies b y  Cocks ( 1 9 6 9 )  show the 

ab i l i ty o f  seedl ings o f  Hordeum lepori n um p lant ed at h igh dens i t i es to  

shade s eedl ing s  o f  Loli um rigi dum . Thus , p lan t he ight becomes an 
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important  character in comp e t i t ive relat i onships b e tween grasses , especially 

as success o f  e s tab l ishment may resu l t  from the capac i ty o f  seed l i ng s  

to  avo i d  shade , whi c h  may b e  dependent o n  the t ime o f  emergence ,  p lan t 

he ight and d egree o f  inc l i na t io n  o f  the f ir s t  l eaves p roduced by the 

p lan t .  (Ri s se r ,  1 9 69 ) . In  add i t io n ,  smal l dif f erenc e s  in p lant he ight 

b e tween spec ies in grass c ommuni t ies a re associa t ed w i th large changes 

i n  l ig h t  intens i t y ,  dir ec t ion a nd qual i t y , which can have great ecolog ical 

s ignif i cance t o  t he comp e t i t ive relat ionships b etween the species and 

also on pasture produc t ion (Donald , 1 96 1 ;  Grime 1 9 6 6 ) . The importance 

of l igh t as a r esource for p lant growth is not l imi t ed to herbage prod­

uc t i on a lone , and i t s  imp o r t ance as a resource for  seed prodLct ion of grass 

s p e c i e s  has o een shown b y  Lamb e r t  ( 1 963) . 
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The p a t tern of  l i gh t  intercept ion and u t i l i zat ion b y  p lant cano p i e s  

h a s  a l s o  b een exp lained b y  models (e . g .  de Wi t ,  1965 ; Duncan e t  al . ,  

1 9 6 7 ;  Baeumer and d e  Wi t ,  1 9 6 8 ) . The se models  show the impor tance of  

heigh t ,  l eaf ar ea , s truc ture and orientatio n  o f  l eav es w i thin p lant 

c anop ies to u t i l i z e  the inc ident l ight . Whi l e  mo s t  mod e l s  have been 

developed for monocu l t u res , (Rhodes and St ern , 1 9 7 8 ) , the model  d eveloped 

by Baeumer and de Wi t ( 1 9 6 8 )  incorpora tes me thods of evalua t ing compet it­

ive  rela t ionships for l ight in mixed cul tures . 

2 . 5 . 1 . 1 . 2  Carbon dioxide (C02l: - S t udies conduc ted on co 2 f lux wi thin 

crop canop ies  show tha t  the concent ra tion o f  co 2 in the a tmo sphere away 

f rom a pho t o synthe t ic surface is about 300 ppm ;  which does no t al ter 

greatly f rom p lace to p l ace . Studies  on Zea mai ze show tha t  co 2 c oncen­

trat ions wi thin crop c anopies can be dep le t ed greatly at  t ime s o f  maximum 

pho tosynt he s i s  (Wright and Lemon , 1 9 6 6 ) . However , the s e  sc ient i s t s  

at tributed this  to a population e f f e c t  a s  there i s  no evidence t o  show 

tha t  co2 levels  around a single i so lated plan t  would depart s igni f i cantly 

from tha t  of the sur round ing air . Thus if co 2 levels are dep l e t ed wi thin 

crop canop ies , it may be a t t ribu ted to the crop itse l f ,  poor a i r  c i rculat­

ion wi thin the canopy and the pho tosynthe t i c  system of the crop (Harper , 

1 9 7 7 ) . 

Studie s  on plan t s  havi ng e i t her c 3 or C 4 pa thways o f  pho to synthe s i s  

have no t shown a dep l e t ion o f  C02 leve l s  below that o f  a minimum required 

for photosynthesis , unl e s s  enclosed i n  chamb ers (Harper , 1 9 7 7 ) . Thus 

although compet i t ion for co 2 be tween p l ant s is theore t i cally po s s ib le , 

turbulance wi thin p l ant canopies i s  usua l ly suf f i c ient to  ensure adequate 

co2 (Kanema su et al . ,  1 964 ) . Thus , comp e t i t ion for co 2 within p lant 

assoc iat ions , both crop and herbage spec ies can be cons idered negl igible 

(de Wi t ,  1 9 6 5 ; Trenba t h ,  1 9 7 6 ) . 

2 . 5 . 1 . 2  Envi ronmental resource s u t i l i zed by plant roo t s  

2 . 5 . 1 . 2 . 1  Oxygen (02l: - Generally , t he mutal  demands for o xygen by 

shoo ts  of p l an t s  do no t develop comp e t i t ive s i tuati ons , as the o
2 

concen­

t rat ion is  h i gh and i t s mob ility in the gaseous phase is also very high 

(Harper , 1 9 7 7 ) . In contras t ,  theoret i cally i t  can b e come l imi t ing wi thin 

a so il syst em .  This arises a s  the d i f fusion rate o f  o2 i n  water i s  much 

s lower than in a ir , and thus the p r esence of waterf i lms and hazardous 



d i f fus ion pathways can h inder o
2 

movement .  However ,  due to the h igh 

a f f inity  of terminal oxidase systems for o 2 , the rate o f  aerob i c  respir­

at ion in  roo t s  i s  unl ikely t o  b e  hinde red unless o
2 

concentrat i ons near 

roots  approach z e ro . Thus although o2 is  a resource consumed in large 

q uant i t ies by roots  of growing p lants (Lemon and Wiegand , 1 9 6 2 )  no 

inve s t igat ion clearly imp l icates the p resence o f  comp e t i t ion for o2 

among p lants , as d i f fus ion o f  mo lecu lar o
2 

seems to be  s u f f ic ient to  mee t  

resp i ratory needs o f  roo t s , excep t  i n  very wet so ils (Greenwood ,  1 9 69 ; 

Harpe r , 1 9 7 7 ) . 

2 . 5 . 1 . 2 . 2 .  Mine rals : - Plant s ob t ain the i r  mineral requi remen t s  from 

reservo irs within the sub s trate which have local charac teris t i c  forces 

of s upply and re tent ion . Mo st  soil minerals are ret ained by phys ical 

and /or  chemical l inkages w ith ins olub le soil cons t i tuents and are made 

availab le to plan t growth as ions through the s o i l  solut ion . Thus , 

nu t r ient reservo irs are ma intained wi thin the s o i l  sys tem f rom wh i ch 

p lan t s  can draw their requirements . Due t o  the uptake o f  nu trients  f rom 

these reservo irs by p lant s for e i ther growth or s torage within p lant 

t i ssues , comp e t i t ion can develop between p lants for one or mo re nu t r ients 

needed for p lant grow th . 

Compet i t ion b e tween p lant s  for nut r ients  has been s t ud ied by many 

researchers . Pub l i c a t ions on th i s  s ubj e c t  include comp e t i t ion for 

nut r ients  in crop-weed assoc iat ions ( Z imdhal , 1 9 80) and in crop p ing and 

p as ture s i tuat ions ( e . g .  Aberg et al . ,  1 9 4 3 ; Donald , 1 9 6 3 ; Risse r , 

1 9 69 ; Trenb a th , 1 9 7 6 ; Harper , 1 9 7 7 ) . 

Three maj o r  aspe c t s  o f  comp e t i t ive re lationship for nut rients  have 

been repor ted b y  Donald ( 1 9 6 3 ) , based on earlier exper imental evidence 

of Drapala e t  a l . ( 1 96 1 ) . 

( i) In  a s i tuat ion where there i s  a finite supply o f  read i ly 
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available nut r i en t s , the c ompe t i t ive suc c e s s  o f  any p lant can b e  governed 

b y  the numbe r  o f  ind ividuals d rawing on the supp ly and b y  the relat ive 

rates  at which it is be ing used . 

( i i )  When nut rien t s  are present in d i f ferent forms , b oth chemically 

and phys ically , the c omp e t i t ive ab ility o f  dif f erent species may b e  

determined b y  t he ir capaci t y  t o  make use o f  each o f  these forms . 



( i i i )  The succe s sful growt� exhib i t e d  by one spec ies  due to  t he 

intake o f  nutr i en t s  can bring about a dominant ef fec t to enab le further 

suc c e s sful u t i l i z a t ion of ava i lab le nu tr i ent s ,  whi ch can affect other 

plant s  in terms of the ir r equ irement for the same nu trient and /or other 

growth fac tors . 

Research on compet i t ive interact ions for nut rien ts  i n  pas tures has 

b een extens ively conducted and mo s t  repo r t s  have been concerned wi th 

grass-legume associations . The se inc lude reports by B lackman ( 1 9 3 8 ) ; 

Blaser  and Brady ( 1 9 5 0 ) ; Gray e t  al . ( 1 9 5 3 ) ; Wa lke r et a 1 . ( 1 9 5 4 ) ; 

Moua t and Walker ( 1 9 5 9 ) ; Snaydon ( 1 96 2 ,  1 9 7 1 ) ; Snaydon and Bradshaw 

( 1 9 6 2a ) ; Ja ckman and Moua t ( 1 9 7 2a , b ) ; Hal l  ( 1 9 74a , b ) ; Har ris and 

Hog lund ( 1 9 7 7 )  and And rews and Johansen ( 1 9 7 8 ) . Al l these pub l icat ions 

highlight compet i t i.ve int era c t i on s  b e tween grasses and legumes f o r 

di f ferent nu trien ts in many e nvironmen t  and under d i f ferent 
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management condi t i ons . Recen t ly Haynes ( 1 9 80 )  rev iewed a l l  aspects  o f  

c ompe t i t ive relat ionships in gra s s - legume associat ions a n d  highl ighted the 

imp o r t ance of compe t i t ion for  nu t rient s be twe en these spec ies . 

C omp e t i tion b e tween grass species  and cult ivar s has also receiv ed 

the a t t ent ion o f  many scient i s t s . Juska e t  a l . ( 1 9 5 5 )  reported the 

presence of comp e t i t ion for nu t r i ents  b e tween Merion b lue grass and 

creep ing r ed f es cue . Troughton ( 1 9 5 6 }  found competi t ion between Lol i um 

perenne and Phl eum pra tense for  n i trogen in pot  tria l s . Dona l d  ( 1 9 5 8 )  

al s o  r epor ted nut rient compe t i t io n , espec ial ly for n i t rogen b e tween 

gras s  spec ies . Evans ( 1 9 6 0 )  showed tha t  comp e t i t ion for ni trogen is a 

pr inc i p l e  factor d e termining intrasp ec i f ic comp e t i t io n  b e tween gras s e s . 

Simi lar s tudies on comp e t i t ion for nut rients in mixtu res of g rasses have 

also b e en reported by Welbank ( 1 9 6 1 ,  1 9 6 2 , 1 9 64 ) ; van den Bergh and 

Elb e r s e  ( 1 9 6 2 )  wh ile Bradshaw e t  a l . ( 1 9 5 8 ,  1 960a , b , 1 9 64 ) showed the 

response of d i f ferent gra s se s  t o  d i f f e rent nut ri ent s and report e d  that 

ni t ro gen is a maj or nu trient af f e ct ing t he performan ce of pas ture spec i e s . 

Compr ehensive s tudies and r ev i ews by van den Bergh ( 1 9 68 , 1 9 7 9 )  also 

present t he impor tance of nut r ient comp e t i t ion in de te rmining comp e t i t ive 

relat ionships b etween gra s s  spec i e s  in sho r t  and long t e rm s tud ies . 

Comp e t i t ion for nutr ients was c on s i de red a dominant f ac to r  d e termining 

the success of e s tabli shing new grass p lant s  wi thin establi shed swards 

(King , 1 9 7 1 ) . Research repo r t s  by Risser ( 1 9 6 9 ) ; Eagle s ( 19 7 2 ) ; Evans 



and Young ( 1 9 7 2 ) ; Harris ( 1 9 7 3 ) ; Cocks ( 1 9 7 4 ) ; Fi t t e r  ( 1 9 7 6 ) ; Mahmoud 

and Gr ime ( 1 9 7 6 ) ; Remison and Snaydon ( 1 9 7 8 ,  1 9 80) and Gulmon ( 1 9 7 9 )  

al so hi ghl i ght the impor tance o f  comp e t i t ive relationships for  nu t r i ents  

as a maj or fac t or determining the perf ormance of  grass spec ies and cult­

ivars in mixture s  under d if f erent environments and exper iment a l  c ond i t ­

ions . 

Donald ( 1 9 6 3 )  emphasi zed that comp e t i tion for ni trogen was the mo s t  

widesp read form o f  nut r ient comp e t i t i on a f fect ing gra ss lands o f  t h e  wor ld . 

While the o ccu rrence o f  comp e t i t ion for n i trogen can b e  at t ributed to i t s  

r ela t ive mob i l i t y  within soil  systems , re s earch also highligh t s  the 

importance of comp e t i t ion for e ther nu t r ients in de termining the success  

o f  a grass growing in  associa t i on w i th o t her spec ies or cul t ivars (e . g .  

de Wi t e t  a l . ,  1 9 6 3 ;  Ba l dwin , 1 9 7 6 ) . 

Mo s t  o f  the r ecent studies invest igat ing interference be tween 

species have c oncluded tha t  "compe t i t ion for nu tr ients is of greater  

impo rtance than compe t i t ion for l igh t" (e . g . King , 1 9 7 1 ; Snaydon , 1 9 7 1 ;  

Eagles , 1 9 7 2 ) . Thus comp e t i t ion f or nu tr ients can be cons idered a maj or 

factor determining comp e t i t ive rel a t i onsh ips b e tween grass seed l ings . 

38 . 

2 . 5 . 1 . 2 . 3  Wa t e r : - The supply o f  water to a given area of  land is  o f t en 

the least reliab l e  of  all resources needed for plant g rowth (lla rper , 1 9 7 7 ) . 

Thus water def ic iency ha s been iden t i f i ed as a very common factor  de ter­

mining geographic l imits  of  c rop p roduc t i o n .  

Donald ( 1 9 6 3 )  st ated tha t "Compe t i t io n  f o r  water occurs toge the r  

w i t h  o ther fo rms o f  comp e t it i on , espec ial ly for  ni trogen and for  l i ght , 

but i t  i s  by no means of  parallel intensi ty wi th the se ot her fo rms" . 

However ,  much wo rk has b een done on water def ic i enc ies in economically 

impor tant c rop s and p a s t u res and has been reviewed by Ri sser ( 1 9 6 9 ) ; 

Trenbath ( 1 9 7 6 ) ; Turner and Begg ( 19 7 8 )  and Z imdhal ( 1 980) . 

Rummel ( 1 9 4 6 )  measured the comp e t i t ive e f fect  o f  cheat grass on 

the e s tab li shment and growth of two cul t ivars of  wheat grass at  two 

mo i s ture r eg ime s and c on c luded that cheat grass was a f fe c t e d  by lower 

mois ture avai lab i li ty .  Welbank ( 1 9 6 1 )  s t udied the e f f e c t  of n i t rogen 

and water in comp e t i t ive s i tua t i on s  i n  Agropyron repens population s . 
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Although comp e t i t io n  was ob served for both  factors , i t  was sugges t e d  

tha t compet i t io n  f o r  wat e r  had a greater e f fect i n  l imi t ing t h e  p roduc t ­

iv i ty o f  the species . Harris  ( 1 9 6 7 )  showed the d i f f e rent root develop­

ment pat terns o f  Bromus species and Agropyron species under d ry cond i t ­

ions in e f fo r t s  to overcome wat er s t re s s . Expe r iment s  o f  Ha rris  and 

Lazenby ( 1 9 7 4 )  highl ight the ab i l i ty of ryegrass to per form well and main­

tain competi t ive v igour when compared wi th paspalum under warm cond i t ions 

with t he prov i s ion o f  i rrigat ion . This t rend i s  reversed under d ry cond­

i t i ons and paspalum become s superior in the ryegras s-pasp alum mixt ures . 

Responses of o ther grass and pas ture species to comp e t i t ive s t re s s  for 

wa t e r  have also been reported by Ha rris  and Sedcole ( 1 9 7 4 )  and Turne r 

and Beg g ( 1 9 7 8 ) . 

Re cently , Hayne s ( 1 9 80 )  in a review on competit ion between pas ture 

spec ies l i sted four impor tan t fac tors that determine the suc cess o f  a 

plan t in a comp e t i t ive s itua t ion for wa t e r . 

(i ) The ab i l i t y ,  ra t e  and comple t ene ss wi th wh ich plan t s  can make 

use of the so i l  wa ter supply . 

( i i )  The rat e  and exten t o f  exp lo i ta t i on o f  the soil space . 

( i i i )  The e f f i ci ent use of wate r  whi ch is related t o  the p lant ' s  

ab i l i ty to  regulate  water loss . 

(iv)  The a b i li ty to  explo i t  di f f e rent par t s  of the soil sys tem not 

used by roo t s  of o t he r  sp e c i es . 

However , due to the close relat i onship be tween compet i t ion for 

wate r  and nu t r i en t s  (Donald , 1 9 6 3 ;  Turner and Begg , 1 9 7 8 )  t he s e  charac t­

er i s t ic s  can also be cons i dered impor tant in t e rms of c omp e t i t ion for 

nut r ients . 

2 . 5 . 2  " CONDITION ING FACTORS" AFFECTING COMPET ITION BETWEEN HERBAGE PLANTS 

Competit i on , s t ress  and dis turb ance are suggested by G r ime ( 1 9 7 4 )  

to  b e  t he maj o r  d e terminant s o f  vege t a t i on . Whi le comp e t it ive relat ion-

s hi p s  develop b e tween herbage species and cul t ivar s for envi ronmental 

resources , s t re s s  and distur bance are caused by cond i t ioning factors 

whi c h  have an e f f e c t  on the normal growth and c ompet it ive relat ionships  



wi thin a herbage associ ation . Their  e f fe c t s  on comp e t i t ive re l a t ion-

ships o ccur due to the ab i li ty of condi tioning factors to alter the 

chara c t er i stics governing the up take of growth requirements  by p lant s .  

Many c ondi tioning factors of the envi ronment , which a f f ec t  comp e t i t io n  

within herbage associat ions have been iden t i f ied . 

2 . 5 . 2 . 1 Dens i ty E f fec t s  

One o f  the mo s t  importan t  concerns o f  the pas ture rese arche r i s  

the y i e ld produced per un i t area by a sown swa rd (Dona ld , 19 5 1 ) . 

Ther efore , the ef f ec t  o f  dens i ty on the performance o f  pas ture spec i e s  

becomes an impor tant parame ter which has a de termini s t i c  e f f ect  on 

yield . As the den s i ty o f  a p lant popula t ion i s  increased , i ndivi dua l 

p lan ts  are brought into close proximi ty which mod i f i e s  the ir grow th 

pat terns . Thus Harper ( l 9 65 b )  s tated that "The dis tance be t\veen two 

plant s at which the two individual p lants w i l l  show the result o f  such 

an interference is considered a func t ion of the size o f  the plants  and 

the i r  age" . 

Intraspeci fic  rela t i onships be twe en p lant ing dens i ty and yield  in 

terms of dry ma t t e r  and seed yield have b e en well es tablished for a 

wide range of c rop and pas ture p lants by many s cient i s t s . Th is  t op i c  
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is  comprehens ive ly reviewed by Ho l l i day ( 1 9 6 0 )  and Harper ( 1 9 7 7 ) . 

Intraspecific  re l a t ionship s in t e rms o f  dens i ty and yield of pas tures 

have a l so been r epor t ed by many workers inc lud ing Donald ( 1 9 5 1 ,  1 9 54 , 

1 9 6 3 ) ; Harper ( 1 9 6 1 ) ; England ( 1 9 6 5 , 1 9 6 8 ) ; Ross and Ha rpe r ( 1 9 7 2 ) . 

S tudie s  by Donald ( 1 9 5 1 )  i l lus t rated a linear re lationship be tween yield 

and density in annua l pas tures . C ompe t i t i on was evident at  very early 

stages in the denser p opula t ions , while  s imilar relat ionship s be came 

operat ive in popula t ions w i th lower dens i t ies  at lat er s tages of growth . 

S tudies condu c t e d  on b inary mixtures o f  g rasses and o the r herbage 

spec i e s  and cul t ivars comb i ned in equal propor t ions show that the overal l 

densi ty o f  the popula t ion has very l i t t le e f fe c t  on the f inal re l a t ion­

shi p b etween t he two c omponent species . However , increased dens i ty 

can i nduce the earlier  onse t o f  and enhance comp e t i t ive e f fe c t s  

be tween t he two species  (Davies , 1 9 36 ; England , 1 96 5 ,  1 9 6 8 ;  Fow le r , 

1 9 82 ) . Thi s  e f f ec t b etween grasses is  highl i gh ted b y  reports o f  Eng land 

( 1 9 6 5 , 1 9 6 8 )  using cul tivars of Loli um pe renne and Da ctyl i s  glomera ta 

and b y  Fowl er ( 1 982 ) us ing several grass s p e c ies . The se resu l t s  also 

agree with those  o f  S andf ae r  ( 1 9 5 4 )  and Sakai ( 1 955 , 1 9 6 1 )  who repo r t ed 



that increas ing dens i ty tends t o  increase t he magnitude o f  comp e t i t ive 

e f fec t s , but does not alter the relat ive performance o f  the con s t i t uents 

o f  mix t ure s . S tudies on legumes by Black ( 1 960a) and S t e rn ( 1 9 60)  also 

show that irrespect ive of dens i t ies , c omp e t i t ive relat ionsh i p s  deve lop 

within popula t ions o f  s imilar p lant t y pe s . 

2 . 5 . 2 . 2  Temperature 

Temperature i s  a maj or factor con t r o l l ing the d i s t r ib u t ion and 

d ive r s i ty of p l an t s . The role o f  temp erature assume s increas ing impo rt­

ance w i t h in p lant communit ies as i t  deviates  above or b elow the general 

b iolo gical norm (McWi ll iam 1 9 7 8 ) . Temperature a f fect s the morpho logy 

of the p l ant and inf luences i t s  ab ility  to  adap t to  al tered t emperature 

cond i t ions or surv ive in c ompe t i t ion w i th o ther members of the p lant 

commun i t y . The dominant or  aggre ss ive nature of p lant s  at  h i gh temper­

atures develops due t o  the ab i l i ty to  re s i s t  heat stre s s . In  t urn , the 

ab i l i t y  t o  res i s t  heat stre s s  relates to  water re tent ion wi thin the 
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p lant and the ab ility  to ab sorb water f rom the environment ,  wh i ch enhance s  

compe t i t ive ab i l ity . On t he other hand , res is tance t o  c o l d  t emperatures 

by morpho logical and phys iological changes facili tates the s urvival of 

plan t s  and their successful up take of growth requirement s  under cold 

cond i t ions . Th i s  creates a dominant e f fect  especially w i th in p lant 

communi t ies in the temperate regions . 

Temperature is  cons idered an important determinant o f  the b o tanical 

compos i t ion o f  pas tures ( F i t zpatr ick and N ix , 1 9 7 0 ) , due t o  d i f ferential  

responses of spec ies . S ince the work o f  Mi tchell ( 1 9 5 6a , 1 9 5 6 b )  fur ther 

repo r t s  on the response of pas ture species to tempe rat ure have been 

presented (McWi l l iam ,  1 9 7 8 ) . E f fects o f  temperature on gras ses and 

other pasture spec ies and i t s  e f fects  on c ompetit ive interact ions in 

mix tures have b een reported b y  van den Bergh and de Wi t ( 1 9 60) ; Ennik 

( 1 9 60) ; Rhodes ( 1 9 6 7 ) ; Eagles and Williams ( 1 969 , 1 9 7 1 ) ; Eagles and 

Ost gard ( 1 9 7 1 ) ; Harr is  ( 1 9 7 2 )  and mo re recen t ly by Harr i s  e t  a l . ( 1 9 8 1 a , b ) . 

These s tudies show that temperature and changes in temperature have an 

e f f e c t  on the growth and p roduct ivity o f  p astures , and on comp e t i t ive 

relat ionships in pas ture mixtures . In add i t ion , the e f fe c t  o f  t emperature 

on germinat ion and early growth of pas tures has b een repor ted by Sprague 

( 1 9 4 3 ) , while d i f ferential growth of several pas ture swards in d i f ferent 

seasons has b een at t r ibuted to t he d i f f erential response of component 

spec i es to temp e rature changes ( Baars , 1 9 8 2 ) . Harris and L azenby ( 1 9 7 4 )  



also showed the ef fec t s  of tempera ture and water s t re s s  on comp e t i t ive 

r elat ionships in mixtures of temperate and trop i cal grasses . 

2 . 5 . 2 . 3  Def o l ia t ion 

4 2 . 

A maj o r  parameter tha t  acts as a dis turb ance to plan t growth i s  

defoliat i on ,  e i t her by mechanical devic e s ,  graz ing animals , cul t ivat ion , 

f i re , treading , foul ing of herbage or by ext reme environment a l  condi t i ons 

o f  frost , drought or w i nd (Harri s ,  1 9 7 8 ) . However ,  in pasture research , 

emphasis has b een placed on defo l iat ion of swards by cut t ing or  by gra z ing 

animals .  Th i s  aspec t has re ce ived much at tent i on (e . g .  Brougham , 1 9 54 b ; 

1 9 59 ; Mitche ll and G lenday , 1 9 58 ; Brougham and Ha rris , 1 9 6 7 ;  Harris 

and Brougham , 1 9 68 ; Pine i ro and Ha rri s ,  1 9 7 8a , b ) , and these reports  

highl ight change s  in sward compo s i t i on due to  effects  of de fo liat ion . 

S tudies have also been conducted on changes in the mo rpho logy and prod­

uc t ivi ty of grass spec i es due to d i f fer ent defoliation t rea tments (e . g . 

Ans low, 1 9 6 7 ; Evans , 1 9 7 3 ) . Mo re recently , a comprehens ive rev iew on 

defolia t i on by Harris ( 1 9 7 8) highl ight s its  impor tance a s  a de terminant 

of growt h ,  p e r s i s tanc y and composi t ion of pa stures . 

The per f o rmance of  a pa s ture p lant in terms of dry ma t t er produ c t ivi ty , 

and i ts comp e t i t ive superior i ty as related to  shoot growth i s  dependant 

upon the development o f  i ts growing points . This can be inhibi ted by 

poor l ight p ene t ra t i on into the p lant c anopy ,  in add i t ion to limi t a t i ons 

imposed by nu t r ient and water supply . Thus defoliat ion becomes an 

impor tant f a c t o r  in de t ermin ing l ight relat ionships within the plant 

canopy . The intens i t y  and frequency o f  de foliat ion also has a direct  

bearing on these l i ght re lat ionships w i thin the canopy and thus af fec t s  

the performance o f  p lants wi thin a sward (Harris , 1 9 7 8 ) . 

Change s  in comp e t i t ive relat ionships i n  mixtures o f  grasses and 

legumes due to defol i a t ion have been repor ted by many workers ( e . g .  

Harr i s ,  1 9 7 4 ; Harris and Thomas , 1 9 7 3 ) . S imilar s tudies on herbage 

grass mixtures have been repor ted by van den Be rgh ( 1 9 68 ) ; Scari s b r i ck 

and Ivins ( 19 7 0 ) ; Harris  ( 1 9 7 0b ,  1 9 7 3 ) ; Ha rris and Thomas ( 1 9 7 0 ,  1 9 7 2 ) ; 

Harris et a l . ( 1 9 8 1 b ) ; Remis on and Snaydon ( 1980) and many others . 

These repor t s  i llus t rate the change s i n  plant per formance and comp e t i t ive 

abi l i ty of g rasses as a response to d i f ferent defoliat ion t reatmen t s , 

along wi th many other variables that a f f ec t  c ompet i t i on w i thin pas ture 

swards . 



2 . 5 . 2 . 6  Animal Fact ors 

The produc t iv i t y ,  botanical composi t i on and interplant relat ionships 

in a pas ture can be rap idly and s ub s t an t ially altered b y  grazi ng animals . 

Thi s  occurs as p as ture spec i e s  and cult ivars d i f f e r  in the i r  response to  

defo l i a t i on ,  excre t ion , tread ing and seed d i sper sal processes b y  grazing 

anima l s  ( Sears , 1 9 5 6 ) . 

The primary effect  of the g razing animal on a pas ture sward i s  that 
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of de f o l i ation . In addi t i on t o  periodic removal o f  foliage , s e lec t ive 

graz ing c an change the comp e t i t ive balance exi s t ing b e tween species . 

Se lec t ive grazing patterns are dependent upon the palatab i l i ty , access­

ibi l i ty and t he ava ilab i l i t y  o f  the d e s i red spec ie s . Thi s  aspect  has been 

highlighted in research by many , inc lud i ng Lange r ( 1 9 7 3 ) ; Pineiro and 

Har r i s  ( 1 9 7 8b ) and Sangs ter ( 1 9 8 1 ) .  The se studies i l lustrate t he reduct­

ion o f  p l ant vigour and produc tivity o f  pra irie grass  under f requent 

gra z ing , due to i t s high pala tab i l i ty , he ight and low t i ller ing hab i t .  

Thu s cont inuous grazing e i t he r  e l imina t e s  i t  or reduces i t s vi gour and thus 

comp e t i t ive abi l i ty .  Thi s  creat es d i f f i culties  in maintaining more pala t ­

able and pref erred species wi thin a cont inuously grazed sward (Pine i r o  

and Ha r ri s ,  1 9 7 8b ;  Hayne s ,  1 9 80) . In con t rast , some spe cies  such as 

Pha lari s arundi nacea are avoided by graz ing animals  (Marten and Jordan , 

1 9 7 4 )  wh i ch al lows them to grow und i s turbed and thereby ga in compe t i t ive 

sup e r io r i ty w i thin a sward . 

In addi t i on to grazing , t read ing and excret ion by animals  can 

al so a f f e c t p roduct ivi ty , sp e c i e s  balances and compet i t ive r elat ionsh ips 

wi thin a swa rd ( Brou gham , 1 9 6 6 ; Edmond , 1 9 7 0 ) . Gras s species such as 

Lol i um and Poa are resistant to t reading ( Edmond , 1 9 6 6 ;  Wa tkin and 

Clement s ,  1 9 7 8 ) , which enhanc e s  their  perfo rmance in a gra z ing s i tuat ion . 

Excr e t ion , espec ially urine o f  animal s can depress the g rowt h  o f  pasture 

sp ec ies , espec ially clove r s  and b roadleaved componen t s , thus decreas ing 

the i r  comp e t i t ive ab i li ty . Howeve r ,  i t  has a s t imu lat ing e f f e c t  on the 

growth o f  grasse s ,  which gives them an advantage ove r o ther species  in 

a sward . 

Spec ies and numb ers o f  grazing animals also affect  p l ant performanc e 

due to d i f fer ent fe ed ing hab i t s . Al l these effec t s  build up to give 

certain species a compe t i t ive advantage in pa stures . A comp r ehensive 

review on the e f f ec t s  of the gra z ing anima l on pas ture produc t ivi ty , and 

composi t i on has b een presen ted by Wa tkin and C lements  ( 1 9 7 8 ) , who h igh­

light the impac t  of animal s on pasture p roduc t ion . 



In addi t i on to  the domes t i c  grazing animal , insect pe s t s  o f  grass­

lan d  species can have a bearing on plant performanc e and thus on c omp e t ­

i t ive r ela t io nships b e tween pasture spe cies . In New Ze aland , these 

inc lude grass g rub (Cos te l y tra zeal andi c a )  Porina (Wi sea na Spp . ) ,  

Army worms , Argen t ine s tem weevil (Hyperdores bonariensi s )  (Po t t inger , 

1 9 7 3 ) . The se p e s t s  tend to show pre ference for certain grasses , which 

can af fect  comp e t i t ive r e la t ionship s .  Although there i s  an ex t ens ive 

l i t era ture on the e f fec t s  of p e s t s  on gra s s  specie s , (e . g .  Ha rris  and 

Brock , 1 9 7 2 ) , i t  wi ll not be reviewed as i t  is not re levant to the 

s tudies repor t ed in this the s i s . 

2 . 5 . 2 . 5  Microb io logi cal E f f e c t s  

4 4 . 

So ils under pas ture cont ain some o f  the highest concen t ra t i ons o f  

roo t s  o f  any agr i cul tural sys tem , w i th ext ens ive mi crob iological a c t ivi ty 

( Ba rley 1 9 7 0 ) . Thus the rhi zosphere o f  a pas t ure sward and i t s  microb iol­

ogical proper t i e s  have a maj or e f fe c t  on the growth and success of 

species in a pa s ture sward (Rov i ra ,  1 9 7 8 ) . 

Mi croorganisms wh ich are external to  the root can inf luence p lan t 

growth by af f e c t ing the growth and longev i t y  o f  roo t hairs , re leas� o f  

growth promot i ng o r  inh ib i t i ng sub s tances , the inhib i t i on of  � t r i f i c a t i on ,  

and i n  certain trop i cal grasses , b y  f ixing nitrogen . O the r organi sms 

f o rm invas ive associat i ons and are i nvolved in s ymb i o t i c  nit rogen f ixa t i on 

and mo re e f f i cient ext ra c t i on of  nu trient s , espec ially phospho ru s , b y  

forming endo t rophic myco rrhi zae (Barley , 1 9 70 ;  Rovi ra , 1 9 7 8 ) . In the 

p ro cess of comp e t i tion be tween grasses , mi c rob ial e f fe c t s  are ma inly 

seen in terms o f  nut r i ent u t i li z a t i on and to a lesser extent as harmfu l  

interact ions . I n f lu ences o f  mycorrhizal  i nfe c t i on on c ompe t i t ion f o r  

phosp horus b y  Lol i um perenne and Holcu s  l a n a t u s  have been shown b y  

F i t te r  ( 1 9 7 9 )  and t he general concept  o f  mic robial e f f e c t s  o n  p a s t u re 

plants has been pres ented b y  Rov i ra ( 1 9 7 8 ) . 

2 . 5 . 3  GENERAL CONSIDERATIONS 

Of the many factors of the envi ronment ,  light , nut rients and water 

are considered the mo s t  impor tant resources  for  plant g rowth . However , 

i t  b e comes very d i f f icult i n  p ract i ce t o  locate mechani sms of  i n t e r fe r­

ence in plan t  mixtur e s . The exi s t ance o f  one l imiting factor may well 

enhance the u t i l i za t i on o f  another fac tor to i nc rease g rowth of  a compon­

ent species , which c an conceal the ac tual p roces s  of interf e rence ( Dona ld ,  

1 9 6 3 ) . Ext e rnal factors  othe r  than g rowth requirement s  also a f fe c t  



comp e t i t i on b e tween pas ture p lan t s ,  which makes i t  mor e  d i f f icult  to  

e s t ab l ish the actual me chanisms of  c omp e t i t ive interact i on . 

Most exper iment s  de s igned to  d i s cove r causes of comp e t i t i on in 

pasture species and cult ivars have been conduc ted wi th b inary mixtures . 

Evi dence f rom these experiment s  ha s emphasi zed the interac t ive e f fe c t s  

be tween supp l ies o f  d i f f e rent growth resources . The deve lopment and 

use of p ar t i t ioning t echnique s i n  competi t ion s tudies ( e . g .  Dona ld , 

1 9 58 ; Asp inall , 1 9 6 0 ;  Rhodes , 1 9 6 7 ; Cocks , 1 9 69 ; and Snaydon , 1 9 7 9 )  

and the use o f  iso topes (Hall , 1 9 7 4a , b )  g ive an insight into the impor t ­

ance o f  competi tion be tween roo t s  and shoots of spec ies mixtures i n  

de t e rmining t he overall comp e t i t ive relat ionship . The se s tudie s ,  espec­

ially the technique of Snaydon ( 1 9 7 9 )  have s t reng thened the me thods for 

isola t ing fac tors and the na ture o f  competi t ive relat ionships in he rbage 

mixtures . However , cau t ion s t i l l needs to b e  taken in emphasiz ing the 

ef fec t of a s ingle factor or resou rce in de t e rmining comp e t i t ive r e lat­

ionships in he rbage mixtures , as interac t ive processes may s t i l l mask the 

actual mechani sms o f  inte rference b e tween specie s . 

2 . 6  NATURE OF COMPET ITION WITHIN HERBAGE ASSOCIATIONS 

Comp e t i t ive intera c t i ons for a s i ng le growth requi reme n t  may occur 
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in a speci fic s i tuat i on , but  genera l ly compe t i t ion b e tween p lant s deve lops 

for many g rowth fa ctors due t o  inte ractive e f fe c t s  (Donald , 1 9 6 3 ) . Wi t h  

the development o f  young seedl ings in a species mixture , the roo t s  int e r­

mingle . Thi s ini t iates  compet i t ive i nterac t i ons within the p lant assoc­

iation b e f o re the leaves of the seedl ings shade each o the r to  deve lop 

compe t i t ion for ligh t . Thus in an e s tab lishing herbage communi t y , root 

compet i t ion for e i ther nut rien t s , water or both commences b e fore c ompet­

i t ion for ligh t  b egins (Weave r ,  1 9 2 6 ; Troughton,  1 9 5 7 ; Dona ld , 1 9 5 8 ;  

Asp inal l ,  1 9 6 0 ;  Rhodes , 1 9 68b , 1 9 7 0 ;  Cocks , 1 9 69) . Sub sequen t ly , with 

the g rowt h  o f  the leaf c anopy l i ght b ecomes a factor o f  comp e t i t i on 

(Mi l thorpe ,  1 9 6 1 ) . 

I t  i s  reasonab le t o  exp e c t  that ne ighbouring plan t s  in an e s tabli shed 

sward may shade one anot he r  and thus deve lop a mutual or more generally 

a one- s ided suppress ion o f  growth due to depriva t ion of l igh t . The se 

effec t s  h ave b een illust rated b y  many scient i s t s , and more recently 

reviewed b y  Rhode s and S t e rn  ( 1 9 7 8 ) . Simi la r ly ,  the roots of c omp e t ing 



p lant s  may draw on l imi t ed resources o f  nut r ient s and/or  wat e r  f rom the 

s o i l  and thereby affect  the growth of e ach o t hers  roo t sys tem (Ha rp e r ,  

1 9 7 7 ) . Thi s development o f  competi t ive interac t ions b e tween e i the r the 

root systems , o r  shoot  sys t ems or both can b e  identif ied as aspe c t s  o f  

comp e t i t i on b etween he rbage spec ies .  The o ccur rence o f  such comp e t i t ­

ive e f f ec t s  wi thin herbage mixtures has b een demonst rated by many workers  

us ing p ar t i t ioning t echni ques to  separa te shoot and root  comp e t i t ive 

ef f e c t s  (e . g .  Donald , 1 9 58 ; Schreiber , 1 9 6 7 ; Lamber t , 1 9 68 ; Rhodes , 

1 9 6 8b ; Cocks , 1 9 69 ; King , 1 9 7 1 ;  Snaydon , 1 9 7 1 ;  Eag les , 1 9 7 2 ; Barre t  

and Campbe ll , 1 9 73 ; Remi s on ,  1 9 7 8 ;  Remi son and Snaydon , 1 9 8 0 ) . 

2 . 6 . 1  COMP ET IT ION BETWEEN SHOOT SY STEMS OF HERBAG E MIXTURES 

Competi t i on b e tween shoot sys tems pr imar ily occu rs for l i ght , as 

ca rbon dioxide is generally present in suff i c ient quan t i t i es for photo­

synthe tic  processes  wi thin the plant c anopy ( Dona ld , 1 9 6 3 ;  Ha rp e r , 1 9 7 7 ) . 

The r educ t ion i n  photo syn the t i c  capac i ty due to  competi tion f o r  light 

can impair  the growth and development o f  p lants when compar ed w i t �  p lant s  

growing und er adequate l ight . The extent of damage caused by compet­

i t i on for light will  depend on  the s t age o f  p lant grow th and the degree 

o f  shading , as over lapp ing of p lant canop ies  does not shade p lan t s  

uni f ormly (Rhodes and S te rn ,  1 9 7 8) . 

C ompet i t ive relat ionships for light i n  he rb age g rasses have e f f ec t s  

o n  b o th shoots  and roo t s  o f  species in mix tures . The e f f e c t  o f  compet­

i t i on for light  on the deve lopment o f  roo t s  ha s been shown by  Asher 

and Oz anne ( 1 9 6 6 ) . In t e rms o f  shoot growth , l igh t and i t s  intens i ty 

has an e f fe c t  on t i lle r p roduc t i on ,  as reported by many , includ i ng 

Mi t che l l  ( 1 9 5 3a , b ,  1 95 4 , 1 9 5 5 ) ; Dona ld ( 1 9 5 8 ) ; Pa tel and C oope r  ( 1 9 6 1 ) ; 

Langer ( 1 9 6 3 ) ; Lange r e t  al . ( 1 9 6 4 ) ; Thomas and Davies ( 1 9 7 8 ) ; 

King e t  a1 ! 1 9 7 9 )  and Alb e rda and S imba ( 1 9 8 2 ) . The e f f e c t  o f  c omp e t i t i on 

and mutual shading on t il ler ing in herb age gras ses has also been high­

l ighted ( e . g .  Dona ld,  1 9 5 8 ; Rhodes ,  1 9 6 8b ;  Kays and Harper , 1 9 7 4 ; 

Ong ,  1 9 7 8 ;  Ong e t  a1 . , 1 9 7 8 ) . The rate of leaf appearance i n  grasses 

is  also a f f e c te d  by the reduc t ion in ligh t i ntens i ty wi thin a grass 

c anopy (Mi tchel l ,  1 9 5 3  a , b ;  Patel and Coope r , 19 6 1 ; Ans low , 1 9 6 6 ) . 

Rhodes ( 1 968a ) found that all componen t s  of seedling shoo t deve lopment ,  

were affected t o  d i f ferent degrees b y  comp e t i t i on .  I t  was also seen that 

t he rate o f  leaf appearance per t iller was less affected by comp e t i t i on 
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for l ight (Rhodes and S t er n ,  1 9 7 8 ) . 

Trenbath ( 1 9 7 6 )  rev i e\·Jing pub l i shed r epo r t s l is ted charac ters  that 

conf er comp e t i t iv e  advantage for l igh t .  These were - rapid expans io n  

of a t a l l  canopy , large l eave s  t o  minimize p enumbra e f f ec ts , l eave s  

ho r i zontal und er ov ercast  cond i t ions and p l ag iot ropic und er sunny 

cond i t ions , l eav e s  wi th c4 p ho to synthe tic pa thway , a low transmiss­

iv it y ,  l eaves f orming a mo saic l eaf arrang ement , a c l imb ing hab i t ,  

a high al loca t io n  o f  dry ma t t er to build ing a tal l s t em and rap id 

s t em ext ens ion in respons e to shad ing . These will hold true und er 

general cir cums tanc e s , but in spec if ic pl ant comb inat ions , such as 

populations of s imilar species or  cul t ivars , more sub t l e  d i f f er enc es in 

shoo t morphology may conf er a compe t i t ive advantage (Rhodes and S t ern , 

1 9 7 8 ) . Wh ile many publicat ions are availab l e  on compet i t ion be twe en 

pas t ure spec ies f o r  l ight (Ri sser , 1 9 6 9 ) , much less prec ise inf orma t i on 

is  ava ilable on comp e t i t ive re lat ionships for  l ight in gras s a s soc iat­

ions . Compet i t ive succ e s s  o f  grass species in pas ture popula t ions have 

gene ral ly been a t t r ibu ted to  tal l and erec t grow th hab i t s , a s  seen in 

r eports by Lodge ( 1 9 6 4 ) ; Gr ime ( 1 9 6 6 ) ; McCown and Wi l l iams ( 1 9 68 ) ; 

Eag l es and Wi l l iams ( 1 969 ) and van den Bergh and El berse ( 1 9 7 0 ) . 

In mo s t  s i tu a t ions , l ight alone do es no t give a s ignif ican t  comp ­

e t i t iv e  advan tage to a spec i e s , due to the pre sence of comp e t i t iv e  s t r e s s  

b e tween roo t sys t ems . This i s  of ten more impor tant i n  t h e  e s t ab l i shment 

phase  (Rhodes , 1 9 7 0 ) . Thus caution need s to be taken in the int erpre t -

a t i o n  o f  the resu l t s  o f  comp e t i t ion exp eriments where emphasis  is  plac ed 

on comp e t i t io n  f or l ight , a s  mo s t  experiments  wi th grass species d i f f er­

ent iat ing sho o t  and roo t comp e t i t ion h ighl ight the mo re impor tant e f f e c t s  

o f  roo t in terac t ions i n  determining comp e t i t ive relat ionships in mixtures 

(e . g .  Donald, 1 9 58 ; Rhodes , 1 9 68b , 1 9 7 0 ; C ocks , 1 9 6 9 ; Eagles , 1 9 7 2 ; 

Remiso n  and Snaydon ,  1 9 8 0 ) . 

2 . 6 . 2 COMPETIT ION BETWEEN ROOT SYSTEMS OF HERBAGE SPEC I ES 

When the seed l ing s  of sown pas tures a r e  f i r s t  emerging , their roo ts  

wil l  b e  far apar t and the u p take of r e sourc e s  by one roo t sys t em will 

no t interf ere with supp l ies of growth r equirements o f  its  nea re s t  neigh­

bour . Wi thin a s ho r t  period of t ime , the root sys tems interming l e  and 

as the soil becomes crowded , comp e t i t i on f o r  suppl ies b eg ins , b ef o re 



shoot sy s t ems interac t (Tr enba th , 1 9 7 6 ) . Thi s  compe t i t iv e  effect  

be tween roots is f ur ther magnif i ed as roo t surface areas may be over a 

hund red t imes grea ter than that of  the shoot sys tems ( D i t tmer , 1 9 3 7 ) , 

which inev itab ly lead s to crowd i ng of roo t s  i n  the soil . In experiments 

conduc t ed in cont ainer s ,  this crowd ing eff ec t can be exp ected to be 

magnif i ed .  

Ear ly l i terature a t tributes  the ef f ec t s of compe t i t ion on plant 

growth to both shoo t and roo t int e rac t ions ( e . g .  Blackman and Temp l e ton , 

1938 ) , but wi thout any quan t i ta t ive data to conf i rm the c laim .  Donald 

( 1 9 58 )  p ioneered inves tigations of the rela t ive rol es of ro o t  and shoo t 

sys tems in comp e t i t ive s i tua t ions . Thus , on the bas i s  of  evid enc e so 

far ava i lable , roo t comp e t i t ion is cons id e red to be mo re impor tant than 

shoo t comp e t i t ion (Donald , 1 9 5 8 ; Asp inal l ,  1 9 6 0 ;  Rhodes , 19 68b ; Cocks , 

1 9 69 ; Snaydo n ,  1 9 7 1 ;  Remi son , 1 9 7 8 ; Remi son and Snaydo n ,  1 980 ; Sco t t  

and Lowther , 1 980) . 

2 . 6 . 2 . 1 So il and P lant Factors Affecting Roo t Compe t i t ion 

The reac t ion of plants to mineral elements  is a maj or de terminant 

of their  natural hab i t at and ab i l i ty to survive and grow in eco systems 

mod if i ed by man . P lan ts  obtain the ir mineral and wa ter r eq u i rements  

f rom the sub s t ra t e  which retains these  re sour ces and has local charac t er­

i st ic s  of  r e t ention and supply . Mo s t  so i l  minerals are held by some 

physical or chemical l inkag e to inso lub le s o i l  cons t i tuents and are 

in a rap id dynamic equil ibrium with ions in the so il  solut ion . The 

up take of a nu trien t  by a roo t surface es tab lj shes a lowe r concent ration 

wi thin the v icinity of the roo t ,  which in turn develops a d i f fus ion or 

concentrat ion grad ient toward s the root by which the concentration i s  

re-es tab l i shed (Nye , 1 966 ; Dunham and Nye , 1 9 7 4 ) . The r a t e  of f low o f  

nu trient s through d i f fusfun or mas s  f low in water to t h e  vic inity o f  

the roo t and the up t ake of these nut r ien t s  b y  roo ts  var i e s  w i t h  d i f f er­

ent nut r i en t  ions . The mor e  mob i l e  ions ( e . g .  Nitrate)  ( Bray , 1 9 54 )  

are taken u p  a t  f as t er rates ( Brews t er and Tinker , 1 9 7 0 )  than the 

r elatively immobile pho sphorus and potass ium ions which ar e held in t he 

soil co llo idal system ( Barley , 1 9 7 0 ) . Po tass ium i s  buf fered as i t  is  

held w i t h in the soi l  co lloid s and local dep l e t ion by roo t ab sorp t ion 

is  mad e  u p  by the r elease of this bound potassium (Nye , 1 9 6 8 ) . Thus 
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the zones of depl e t io n  around ac t ive roo t s  for mob i l e  nu tr i ents  

enlarge faster and over lap mor e  rapidly ( Bray , 1 9 54 ; Andrews and 

Newman , 1 9 70) . Thi s  over lapp ing of dep l e t ion zones around root s y s t ems 

o f  d i f f erent spec ies causes comp e t i t ion for nu tr ients wi th in that 

p lan t as�ociat ion . 

D ep l e t ion zones o f  mob i l e  nu trients such as ni trates ar e v er y  large , 

as the se ions are carr ied pas s ively in soil water and are rap idly t aken 

up (Barley , 1 9 7 0 ) . Nutrients such as pho sphorus , ammonium,  calc ium and 

potass ium are s t rongly absorbed onto surfaces of soil par t icles  and are 

in low concent rat ions in soil wa ter , and only move by dif fusion (O l s en 

and Kemper , 1 9 68 ; Br ews ter and Ti nker , 1 9 7 0 ) . Studies  on dep l e t ion 

zones o f  nu trients sl�w this aspect c learly . Bhat and Nye ( 1 9 7 3 )  

r epor t ed that phospha t e  dep l e t ion zones may extend only 0 . 7 cm f rom the 

roo t s urface af ter one week , whi le wa ter ha s been obs erved to s ta r t  

f lowing towards root sys tems f rom 1 2  ems away m l e s s  than 6 days in a 

we t so i l  (Dunham and Nye , 1 9 7 3 ) . 

Over lapp ing o f  deplet ion zones causes compe t i tive e f f e c t s  for 

soil  r esources in a p lant commun i ty by the in t er f erence of  one spec i e s  

in ano ther ' s  absorp t io n  zone . This e f f ec t  ha s r ecen t ly been s tud i ed 

u s ing elec t rical analogues (Nye and Tinker , 1 9 69 ; Sanders et al . ,  1 9 7 0 ;  

Baldwin e t  al . ,  1 9 7 2 ,  1 9 7 3 ) . These s tud i e s  show that comp e t i t ive ef f ec ts 

be tween p lant s are dependent u pon rat es of  nu tr i ent d if f us ion , nu tr i ent 

absor bing power of  roo t s  and root  vo lume and dens i ty .  S tud ies by 

Cornf o r th ( 1 968 ) ; Andrews and Newman ( 1 9 7 0 )  and Newman and Andrews ( 1 9 7 3 )  

o n  n i t rogen and pho spho rus up take by whea t p lant s with d i f f erent roo t 

dens i t ies  exemp l ify these theor ies . 

I f  the narrowness of t he dep l e t io n  zones for nonmo b i l e  nu trients  

t end s to  prevent interf erence between ind iv idual roo t s  except  a t  very 

high d ens i t ies , comp e t it ion for these nu tr i en t s  i s  also preven t ed 

( Baldwin et a1 . , 1 9 7 2 ) . And rews and Newman ( 1 9 7 0 )  highl ight this aspect  

in t erms of  comp e t i t io n  f o r  pho sphorus b e tween wheat plant s .  However , 

c omp e t it ion for pho sphorus in pastures whi c h  g enerally have high roo t 

dens i t i e s  has been r eported by Donald ( 1 9 6 3 )  and Snaydon ( 1 9 7 1 ) . As 

the p r inciples tha t apply t o  comp e t i t ion be tween ind ividual roo t s  o f  a 

plant c an be related t o  comp e t i t ion between plan t s , the d i st r ibut ion o f  

roo t s  i n  the so i l  and the r ela t ive vo lume o f  a c t ive roo t s  o f  a plan t o r  
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spec i e s  ha s a grea t inf luenc e on the int ens i ty and outcome of comp e t i t ­

ive ef f ec t s  between p lants . I f  t he component spec ies o f  a p lant assoc­

iation hav e s imilar character is t i c s  as in a grass or cereal mixture , the 

mob i l e  nu t r i ents in the soil where the roo t s  over lap are shared in 

propor t ion to the ac t ive roo t l eng t h  of the components present in t ha t  

volume o f  so il  (Andrews and Newman ,  1 9 7 0 ;  Baldwin e t  al . ,  1 9 7 2 ) . In 

addi t ion , as the d egree of over lap be tween roo t sys t ems det ermines the 

int ens i ty o f  comp e t i t ive ef f ec t s  (Cab le , 1 9 69 ; Trenbath,  1 9 7 5 ) , a know­

ledg e of the d i str ibu t ion chara c t e r i s t i c s  and dens i t y  patt e rns of roo t s  

of component spec i e s  i n  pl ant a s so c iat ions becomes a n  impor tant f actor 

in study ing root c omp e t i t ion in mixtur e s .  Th is is further emphasi zed 

by the good correlat ion of ten observed be tween root ab undance and up take 

ac t iv i t y  for nu tr ient s wi thin a spec ies (Nye and Fo st e r ,  1 9 6 1 ; Ba rley , 

1 9 7 0 ) . 

Al though the soil sy stem r e ta ins nu tr ients requ ired for  plant 

grow th in bo th soluble and insolub l e  forms , all nu tr ients are no t 

ava i lab l e  for plant u t i liza t i on . S t ud ies by We ir sum ( 1 9 6 1 ) show that 

both pas ture and crop plants do not u t i l i z e  the avai lable soil  volume 

and thu s  all nu t r i ents in the s o i l  s y s t em are no t made avai lab le for 

plan t growt h .  Subs equent work by Hall ( 1 9 7 4a )  on the u t i l i za t ion of  

labelled nitrogen by mixtur e s  o f  f o rage s p ec ies in pot cul tur es , shows 

that  whi l e  i t  is a s sumed that s o i l  ni trogen will po tentially b e  available 

for both spec ie s ,  the up take of  a g iven spec ies will depend on i t s  

relat ive uptake ab i l ity, rate o f  root  e longa t ion and the numbe r ,  
s i z e  and ef f i ciency o f  root s .  In add i t i on , a part  o f  the t o tal soil  

nit rogen i s  no t ava ilable to p la, ,ts  (Hall , 1 9 74a ) . Thus even under 

apparen t ly adequat e  nut r i t ional cond i t ions , the quan t i ty of nu trients 

avai lab le to plan t s  may become l imi ted . Thus comp e t i t ion will inevitably 

develop for this r e source be tween species w i th d i f f erent nut r i ent uptake md 

ut i l i zat ion capac i t ie s  and a c t ive root vo lumes , even a t  an early s tage 

of grow t h . Thi s  e f f e c t  can be  fur ther accentuated in so i l s  o r  roo ti ng 

media with low nut r ient ho lding capac i t i e s  and in pot cultures where 

the r e s t ri c ted volume of soil  l imi t s  the nu trient ava i lab i l i ty . 

A process s imilar to luxury consump t ion o f  soil r e sources i s  also 

pos s i b l e  in plant associations . Excessive quantities  o f  nu trients  ove r  

immed iate  need s may be absorbed b y  a p lant in i t s  growing s tage and b e  

red i s t r i bu ted within t h e  plan t . Wi lliams ( 1 9 5 5 )  has shown tha t 9 0 %  o f  

t o t a l  n i t rogen and phosphorus con tent s of mature plan t s  of  c e reals are 



t aken up before the p lant has reached 2 5 %  o f  i t s  f inal dry we ight . In 

addit ion to luxury consump t ion , the suc cess  o f  a sp ecies in comp e t i t ion 

for a so i l  factor usually lead s to the enhanc ed con sump t ion of  o ther 

factors (Litav and S e l igman , 1 9 7 0 ;  Hal l ,  1 9 7 4b ) . If  the avai lab i l i ty 

o f  these requi red factors  i s  low w i thin the soil , comp e t i t ive e f f ec t s  are 

enhanc ed . Thi s  is o f t en encountered in mixed pas tur es , as shown by 

Blaser and Brady ( 1 9 5 0 ) ; Halker and Adams ( 1 9 58 ) ; Stern and Donald 

( 1 9 6 2 ) ; Trenbath ( 1 9 7 6 ) . 

One of the mo s t  impor tant factors de t e rmining roo t comp e t i t ion 

among p lants i s  the soil vo lume explo ited by the roo t sys tem .  S t ud i es 

conducted on the e f f ec t  o f  so il  volume on plant growth show that b o t h  shoot  

and roo t grow th are af f ec t ed by  reduct ions in soil  vo lume ( S tevenson , 1 9 6 7 ) . 

Thi s reduc t ion in growth i s  at tributed to crowd 1ng e f f e c t s  deve lop ing 

between ro ots  and ther eby cau s ing interf erenc e to  the up take mechani sms 

of resour ces for plant growth . The concept  o f  "effect ive so il  vo lume" 

( S tevenson ,  1967 ) shows that in mo st  si tuat ions and es pec ially in po t 

cul ture s ,  the ef fe c t ive soi l vo lume needed for unhinde red plant growth 

is no t r eached . Th i s  l eads to sub -op t imal plant growth which magn i f ies  

compet i t ive ef f ec t s . Mo s t  of these s tud ies  have been repor t ed on 

wat er up take , but due to  the i nt imate rela t ionshi p tha t  exi s t s  b e tween 

water and nutrient uptake , s imilar theories can b e  deve loped for nu t r i en t  

uptake ( St evenson , 1 96 7 ) . In add i t ion , w i thin a res t r ic ted soi l volume , 

f aster g rowing roo t s  occupy a greater so i l  vo lume , which re tards the 

growth and resource ab sorp t ion by s lower growing spec ies . Theo ries  

and subsequent exper iment ation on root comp e t i t i on reported by Berendse 

( 1 9 79 , 1 9 8 1 ,  1 9 82)  s how that intens ive comp e t i t ion occurs wi thin a g iv en 

roo t ing zone for grow th requirements by pasture plant s .  The faster 

growing sp ec ies i s  s e en to  explo i t  the env i ronment to  its  b ene f i t , and 

gain at the expense o f  s lower growing spec ies , even at apparently adequa t e  

nut r ient  l evel s .  When root i ng d ep ths d if f er , root compet i t ion i s  seen 
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to  have l i t t le e f f e c t  in determfning the performance o f  spec ies in mixt ur e s , 

as roo t s  obtain the i r  resources f rom dif ferent s oil  dep ths (Trenba th , 

1 9 7 6 ;  Berendse ,  1 9 8 1 ) .  

Ear ly research rev i ewed b y  Troughton ( 1 9 5 7 )  illu s t rates  that while 

cons i derab le var i a t io n  exi s t s  due to  environmental cond i t ions , root 

g rowt h  o f  herbage gras ses is  generally r e s t r i c t ed to the sur face layers 

o f  the s o i l .  Similar results have also b een reported b y  Bur ton ( 1 94 3 ) and 

G i s t  and Smi th ( 1 94 8 )  in the Uni t ed States of America and at Hurley , 



Eng land b y  Garwood ( 1 96 6 ) . Garwood ( 1 9 6 6 )  s tated that whi le t he exac t 

quant i t y  of roots depended upon the supply o f  ni trogen and water , the 

propor tion o f  ro o t s  i n  the top two i nche s of a 30 inch sample was b e tween 

60-80% of the t o ta l  quant i ty .  50- 6 0 %  o f  the roo t quan t i ty was found i n  

the top inch o f  a 6 inch samp l e . 4 0-50% o f  the roo t s  of a pas ture sward 

6 months a f t er sowing was also found in the top inch of a 6 inch samp l e . 

Techniques to s tudy the spatial  d i s tr ib u t ion u s i ng i so topes (e . g .  L i tav 

and Harp er , 1 9 6 7 ; Ellern et al . ,  1 9 7 0 ; Baldwin and Tinker , 1 9 7 2 )  have 

demons trated extens ive int ermingl ing of roo t systems in mix tures wi thin 

the upper soi l layer s .  Ba ldwin and Tinke r ( 1 9 7 2 )  also repo r t  the red-

u c t ion of roo t s  �n one s p e c ies due to the presence of o the rs . Thus in 

grass mixtur es , compe t i t ion wi thin the roo t z one be comes intense due to  

the s imi lar root ing p a t t er ns , root ing zones and s imi lar requirement s 

f o r  growt h resource s f rom the soil . 

2 . 6 . 2 . 2  Impor tance of Roo t Compe t i t ion in Herbage Associat ions 
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Comp e t i t ion between g rass spec ies in t erms of roo t  interac t ions ha s 

been studied b y  many s c ientist s .  Milthorpe ( 1 9 6 1 )  s ugge s ted tha t  the 

s up er ior comp e t i t ive ab i l i ty o f  Lol i um spp when compared with Fes tuca 

pra tensis was associated w i th faster root growth of the former spec ies , i n  

mix tures o f  the two s p ec i e s .  In s tudie s of O ' Brien e t  a l . ( 1 9 6 7 ) , t he 

advan t age o f  a hybri d o f  tall  fesc ue x ryegrass in comp e t i tion wi t h  

e ither par ent was p a r t l y  due to i t s  ab i l i t y  to exp lo i t  water and 

nu trients f rom deeper regions of the soil . de Wit e t  a l . ( 1 9 6 3 )  

repor ted theo ries o f  r o o t  c ompe t i t ion for nu tr ient s .  S t udies  o f  L i tav 

and Wolovitch ( 1 9 7 1 )  s how root comp e t i t ion to be  the maj or factor govern­

i ng the success of Avena s teri l i s  when grown wi th Oryzopsi s holci formi s ,  

and res earch o f  Eagles ( 1 9 7 2 )  shows that  roo t compet i t ion was the more 

important factor de t e rmining the perfo rmance o f  cocksfoot  cul t ivar s when 

grown in mixtures . Roo t  interact ions in t e rms o f  pho sphorus up take by 

Loli um perenne and Agrosti s tenui s have b een repor ted to  a f f e c t  t he i r  

p e r formance i n  mixtur e s  (Fi t ter , 1 9 7 6 ) . Kuj ira and Kanda ( 1 9 7 7 )  also 

s tudied comp e t it ion in Loli um perenne f rom a viewpo in t o f  roo t b ehaviour 

a nd r epor t ed that  roo t  comp e t i t ion in t erms o f  phys io logical ac t iv i ty of 

t he roo t sys t em has a d e t e rmini s t i c  e f fect on the per formance of two 

c u l t ivar s in mixtures .  Recently , Remison and Snaydon ( 1 9 7 8 , 1 9 80)  h igh­

l ighted the impor tance  of root interac t ions in determining plant per­

f ormance i n  grass mixtures and i llus t rated seas ona l  changes i n  root  

comp et i t iv e  abi l i ty i n  b i nary mixture s  of grass spec i e s . The resul t s  

o f  Newbery and Newman ( 1 9 7 8) show that root interact ions p romo t e  

c o- exi stance o f  sp ec i e s , e s pec ially i n  nut r ient poor s o i ls . 



Root comp e t i t io n  i s  al so seen to  b e  impor tant in seed produc tion 

of grasses , due to i t s  ef f e c t s  on p lant weight (Lamber t ,  1 96 8 ) . 

King ( 1 9 7 1 )  has demons t ra t ed roo t comp e t i t ion b e tween es tab l i shed and 

e s tabli shing gras ses . Har r i s  ( 1 9 6 7 )  and Har r i s  and Wilson ( 1 9 7 0 )  

reported c omp e t i t ive e f f ec t s  between roo t s  f or water among grass seed­

l ings , where Bromus species penetra t ed the soil before Agropyron spec ies 

to  u t i l i z e  the ava ilable so i l  mo i s ture under low mo i s ture reg imes . 

Mo s t  reviews and exp er iments on he rbage comp e t i t ion empha s i z e  the 

impor tanc e of roo t int erac t ions . The se rela t i onshi p s  have b een exp la ined 

in many way s , such a s  d i f f e ren t ial nu t rient up take , u t i l i zat ion of 

s im ilar roo ting zone s , e f f e c t ive so i l  vo lumes and a l le lopathic e f f e c t s . 

In addit i on ,  compe t i t ion be tween roo t s  has been repo r ted to b egin 

ear l ier than shoot c omp e t i t ion due to  the more rap id development of the 

r oo t  sys t em .  While mo st  s tudi e s  have b een a s sociated wi th nutrient 

r e lat i onshi ps , due to  the c lose a f f inity be tween nutrient and wa ter 

up take , s imilar s i tuat ions w i l l  d evelop in comp e t i t ive relat ionsh ips for 

wa ter (S t evenson , 1 9 6 7 ; Trenbath , 1 9 7 6 ; Harper , 1 9 7 7 ) . Thus it can 

be cons idered that root comp e t i t ion be tween s imi lar spec ies such as 

gra s ses growing in mixt ures determines the outcome of compet i t ive relat­

ionships to  a large ext en t . Thi s  e f f e c t  wi l l  b e  mo st  p rominent in the 

e arly s tages o f  plant g rowth , when shoo t sy s t ems do not ove r lap . 

In  e s tabl i shed swards ,  f requent grazing allows l igh t pene trat ion , 

thus minimiz ing compet i t ion for l ight . However , due to interming l ing of 

roo t sys t ems , root  compet i t ion can have an e f fect  on t he regrowth of 

the shoot system.  Under cond i t ions whe re pas ture is conserved in si t u  

and comp e t i t ion for l ight o ccurs over long p eriod s ,  t h e  ef f ec t  of 

s hoo t compet i t ion may overr i de the ef f e c t  o f  roo t comp e t i t ion . 

2 . 6 . 3 INTERACTIONS BETWEEN SHOOT AND ROOT COMPET ITION 

It has long been pos t ulated t ha t  comp e t i tion for each of two factors 

will develop int erac t ive process e s , so tha t  the aggress ive spe c i e s  

w i l l  gain compet i t ive advant ages exceeding the sum o f  e f f ec t s  which o ccur 

when each factor oper a t es a lone (Clement s  et a l . 1 9 29 ) . Chippendal e  

( 19 4 3)  and more recent ly Trenbath and Harper ( 1 9 7 3 )  highl ighted this  

e f f ec t . Trenbath ( 1 9 7 6 )  c i tes  many s i t ua t i on s  where interact ions occur 

i n  c ompe t it ive s i tuat ions b e tween s p ecies , due to sma l le r  and less 

e f f i c ient root s  having an e f f e c t  on shoot g rowth or s�ower shoo t devel­

o pment a f f e c t ing roo t growth . Asher and O zanne ( 1 96G ) also  indicate 
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e f f e c t s  of leaf shading on roo t  development i n  grass e s . 

I t  i s  ext remely d i f f i cu l t  to s t udy compe t i t ive interac t ions i nvo lv­

i ng two or more fac tors under normal f ield cond i t ions (Donald , 1 9 6 3 ) . 

Exp er iments can b e  des igned to  show t he interac t ion o f  nut rients and 
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wa ter  o n  gras s growth . However , s uch s tudies take no ac count o f  the 

influence of these fac tors on the comp e t i t ive relationshi p  f or l ight , 

whi c h  may be o f  p r ime impor tance in d e termining the out c ome of comp e t i t io n  

b e tween root systems . D u e  to these d i f f i cul ties , Dona ld ( 1 9 5 8) u sed 

par t i t ions in hi s exper iment s ,  and this  technique ha s sub sequently b een 

d eveloped by Snaydon ( 1 9 7 9 ) . The se exper iments highl ight the relat ive 

impor t ance of roo t and shoo t comp e t i t i on and t he i r  overa l l  e f fect  on the 

out c ome of compet i t ion b e tween past ure species . 

The occur rence of comp e t i tive interact ions for one growth factor 

b etween spec ies  in a mix t ure can deve lop a ser ies  of i n t eract ions 

b e tween the component spec ies . Th i s  can po tentia lly a f fe c t  mo s t  o f  the 

growt h  ac t ivi t ies of the spe c i es and c an deve lop into ve ry comp lex s i t ­

ua t i ons whi ch become d i f f i c u l t  to ident i f y . Donal d  ( 1 9 5 8 )  presented 

these interac t ions c learly (Table 2 . 1 ) ,  and as seen , these i nte rac t i ons 

d e t e rmine the f inal out come of compet i t ion between grass spec ies i n  

mixtures . 



Tab le 2 . 1 The interact ive process o f  comp e t i t i on be tween root and shoo t sys tems o f  he rbage plan t s  

Effec t s  

Dire c t  

Ind ire c t  

Int era c t i ons 

From Donald ( 1 9 5 8 )  

C omp e t i t i on for 

Light only 

(a ) Intrus ion of A into 

light envi ronmen t o f  B 

Reduced l i gh t  suppl y 

for B 

(b) As a result o f  

reduced l i ght supply 

B has reduced capaci ty  

t o  expl oi t i ts own 

nu t ri en t  suppl y 

Interac t i on s  o f  (a ) 

and (b) 

C ompet i t i on for  

Nut rients only 

(b) Intrusion of  A into 

nutrient supply o f  B 

Reduced nu t ri en t  suppl y 

for B 

(d) As a re sul t o f  

reduced nu trient supply 

B has reduced capaci t y  

t o  expl oi t i ts own 

l i gh t  suppl y 

Interac t i on of (c) 

and (d) 

C omp e t i t ion f or 

b o th Light and Nutrients 

B suffers : 

(a ) Reduced l i gh t  suppl y 

(c) Reduced n u t ri en t  suppl y 

(b) Reduced capaci ty to 

expl oi t the nu t ri en t  s uppl y 

( d) Reduced capa ci ty to 

expl oi t the li ght s uppl y .  

In t e rac t i ons a b ,  a c ,  a d ,  be , bd 

and cd p lus any higher order 

interac t i ons 

Vl 
Vl 



2 . 7  MEASUREMENT OF PLANT COMP ETITION 

Many dif ferent types of  comp e t i t ive int eractions b e tween p lants 

have b een iden t i f ied (Harp er , 19 7 7 )  and thu s many methods o f  exp er iment­

a t i on and analy s � s  have been deve loped to  s tudy comp e t i t ive rela t i onships 

b e tween p lan ts . The comp lexi ty o f  the t e chnique adop ted to s tudy comp­

e t i t i on depends on the comp lexi ty of the interac t i ons seen in a partic­

ular s i tuat ion . Thus in general  e cological s t udies of natural vege tat­

i on ,  c omp lex models are  used , whi le more s imp le techniques a re adop te d  

to evalua t e  comb inat ions o f  crop s , pas tures and wee d-c rop intera c t i ons 

( S p i t t e rs , 1 9 79 ) . 

Exper iments des i gne d to evaluate comp e t i t ive rela t i onships  measure 

p lant pe r f o rmance in a given s i tua t i on .  Thus , the se experimen ts i dent i fy 

the out come of  a comp e t i tive relat ionship in terms o f  a plan t ' s  react i on 

to  a given s i tua t i on . 

I n  cult ivated c rops , yie ld-dens i ty re lationshi ps wi thin a species  

or cult iva r are well iden t i f i e d  and documented (Harp e r , 1 9 7 7 ) . In 

mixed crop p ing , des ign of  exp e riment s to i de n t i fy comp e t i t ion and 

te chniques of ana lysis  has been c omprehensive ly re viewed by Mead ( 1 9 79 ) ; 

Mead and S tern ( 1 9 80 ) ; Mead and Ri ley ( 1 9 8 1 )  and Spit ters ( 1 9 80 ) . 

Sp i t t e rs and van den Bergh ( 1 9 8 2 )  have rev i ewed the me tho ds of  s t udy i ng 

weed-crop c ompe t i t i on . 

Me thods of  s tudying compe t i t i on in pas tures , and the de s i gn of  

such exper iments fol low s imilar p a t terns to  those of crop and weed- c rop 

comb i na t i on s . These des igns have gene ral ly b een deve loped to  inc lude 

two species  or cult ivars . 

2 . 7 . 1 EXPERIMENTAL DES IGNS FOR S TUDY ING PLANT COMPETITION 

Two maj o r  types of  comp e t i t i on exp e r iments  have been developed t o  

s tu dy inte rspec i f i c  comp e t i t ion
. 

(Harpe r ,  1 9 7 7 ;  Spi t ters and van den 

Be rgh , 1 9 8 2 ) . Many modifica t i on s  of the ini t ial des igns are current ly 

used b o th in ecologi cal and agronomic research to  s t udy comp e t i t ion 

in c rop s and pas tures . 

2 . 7 . 1 . 1  Addi t ive Expe riments 

In addi t ive expe riments ,  two species a re grown together , and the 

densi ty of one is  maintained cons tant while tha t  of  the o ther is varied . 

The species  o f  which the densi ty i s  he ld c on s tan t i s  regarded as the 
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indica t o r . Thus , there is a lways a change i n  dens i ty of  the ove rall 

p lant populat ion in the se exp e rimen t s . 

5 7 . 

Add i t ive exp e r iments are common ly used to s tudy the re lat ive agg re ss­

ivenes s  o f  one or more spec i es t o  a given i ndi cator specie s . In  the 

s imp lest  f orm , addi t ive exp e r iments  become phytome ter  exper iment s  in 

which a s ing le indi cator p lant is p laced in a s tand of a second species 

( Harp e r ,  1 9 7 7 ) . 

Add i t ive experiments are gene ra lly used to s tudy e f fe c t s  o f  weeds on 

c rops , whe re a weed popula t ion i s  added t o  a given s tand of c rop p lan t s  

( Sp i t t e rs and van den Be rgh , 1 9 8 2 ) . S tudies o f  this natu re have b een 

r epo rted by Trenbath and Harper ( 1 9 7 3 ) ; Trenbath ( 1 9 7 4b ,  1 9 7 5 ) . 

Harper ( 1 9 7 7 )  reviewing such s tudies s tates  "Many examples o f  care fully 

des igned addi tive expe riments show that the orde r of  aggre s s ivene ss of  a 

group o f  spe c i es is  independen t of  the test  species ; b u t  i t  i s  p rob ab ly 

dange rous to assume this as a gene ral rule without fur the r experiments" . 

The impor tance o f  the addi t ive design lies in i ts ab i l i ty t o  answer 

more dire c t ly the ag ri cultural q ue s t i on "to what extent is the y i e ld o f  

a c rop reduce d  by the presence of  weeds ? " However , t h e  dis advan t age of  

this me thod i s  the ab sence o f  ade q uate mathemat ical models t o  quan t i f y  

comp e t i t ion e f fects  and t o  make pred i c t ions on various comp e t i tive 

s i tua t i ons ( Sp i t t e rs and van den Be rgh , 1 9 8 2 ) . In add i t ion , the 

analysis  of addi t ive expe riment s  become s d i f f i cult as the p r op o r t i onal 

compo s i t i on and t he dens i ty of  the mixture changes w i th the int roduc t i on 

of a spe c ie s . Thes e  changes tend t o  comp l e tely conf ound the comp e t i t ive 

e f fe c t s  ( Harp e r ,  1 9 7 7 ) . 

Recent ly ,  Mart i n  ( 19 7 3) , Veeve rs and Bof fey ( 1 9 75 ) ; Bof fey and 

Veevers ( 1 9 7 7 ) ; Veeve rs ( 19 7 8 )  and Veevers and Zafar-Yaab ( 1 980)  have 

p resen t e d  b alanced designs f o r  s tudyi ng two component comp e t i t i on 

experime n t s . In the se experimental des igns , p lants o f  the two sp ecies 

are arranged in a hexagonal grid , s o  tha t  for p lants of  one specie s , the 

neighbouring p lan ts of  the se cond species vary b e tween z ero and s i x . 

These desi gns are cons i de re d  suitab le for many types o f  e.xp e r iment s  

- e . g .  ' de Wit ' rep lacement s e rie s , mixed c ropp ing tria ls , two compon­

ent p lant b reeding t rials and dens i ty and/ o r  spacing exp e riment s , where 

compe t i t ive interactions have an e f fe c t  on the performance of species  
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( Veeve rs and Zafa r-Yaab , 1 9 80) . 

2 . 7 . 1 . 2  Subs t i tute ( Rep lacement )  Expe riments 

In mo st  fie lds o f  compet i t i on res ea rch , the sub s t i tut ive or  

rep la cement series experimental des i gn i s  used . The mai n  charac te r­

i s t i c  of this de s ign is tha t the prop o r t i on s  of  the two species A and B 

in a mixture are va ried whi l e  the overa ll den s i ty (A+B ) i s  ma intained 

cons tant . Thus a range of  mixtures is gene ra ted,  beg inning wi th the 

mono cul t ure of species  A ,  p rogress ive ly rep lacing p lan ts  of species A 

by tho se of  species B unt i l  a monocul ture o f  species B is ob tained . 

Thi s  expe rimental des i gn was int roduced by de Wi t ( 1 9 6 0 )  to  s tudy 

comp e t i tion in cereal mixtures and now has been extended wide ly to  

accomrr,o date cereal ,  cereal-l egume , pas ture and crop-weed mixtures . 

The replacemen t  series exp e riment s  deve loped by de Wi t ( 19 &1 )  

ident i fy compe t i t i on between two sp ecies f o r  "b iological space " .  

The term "space" emb races al l growth requi rements for which p lan t 

species compete . However ,  due to  the inte rac t i ve nature o f  the p roce s s  

of  compe t i t i on f o r  these fact ors , i t  b e come s dif ficult to  separate the 

componen ts of  comp e t i tion by the me tho d of the rep lacement series 

firs t sugges ted by de Wi t ( 1 9 6 0 ) . 

Comp e t i t ive inte rac t i ons occur both ab ove and b e low ground , and 

the f inal out come of compe t i t i on between the two species is a re sult o f  

both shoot and roo t compet i t i on .  I t  i s  o f  va lue there fore , to s epar­

ate roo t and shoot e f fects  and experimental de signs capab le o f  achieving 

thi s have been developed . 

Donald ( 1 9 5 8 )  f i rs t  deve loped a t e chni q ue , whe re pots  were 

part i t ioned both ab ove and below ground . Thi s  allowed roo t sys tems 

of two species to exp loi t the s ame soi l  vo lume while their c anopies  

were p revented f rom intermingl ing and shading each o ther or  c onver s e ly 

the canopies to  intermingle f reely but the roo t sys tems were separated .  

Asp ina l l  ( 1960)  extended Dona l d ' s  techniq ue , but  b o th these techniques 

were b ased on the addi t ive experimental des ign used for comp e t i t i on 

s tudie s , which i s  characterized b y  the addi t i on of one species t o  a 

p opula t i on of anothe r .  A s imilar technique was als o used b y  Wi lkinson 

and Gross ( 19 6 4 ) . 
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The mo st widely used exper imental t e chnique t o  s tudy intersp e ci f i c  

comp e t i t ion between two spec ies i s  that  o f  d e  Wi t ( 1 960) , based o n  the 

rep l ac ement series principle . Thus Donald ' s  technique was mod i f i ed to 

allow e i the r add i t i on or sub s t i tu t i on of component species ( Schre iber , 

1 9 6 7 ; Snaydon , 1 9 7 1 ) . Fur the rmore , i t s mo di f i ca t i ons and improvements 

allowed a constant e f f e c t ive density  ac ross t reatments and the collect­

ion o f  mo re info rma t ion on the nature o f  comp e t i t ive interac t ions . 

S i nce the development o f  the improved technique s by Schreib er 

( 1 9 6 7 )  and Snaydon ( 1 9 7 1 ) , many s t udies have been c onduc ted using this 

de sign to  eva luate the relat ive impo r tance o f  root and shoot  comp e t i t ion 

in pasture mixtur es , and to de te rmine the na ture of interspecific  

comp e t i t ion for  part icular g row th requi rements between pas ture gra s s e s  

(Lamb er t , 1 9 6 8 ; Rho de s ,  1968b ; C ocks , 1 9 6 9 ; Barret and Campbell , 1 9 73 ; 

King , 1 9 7 1 ;  Li tav and Wolovi tch , 1 9 7 1 ;  Eag le s , 1 9 7 2 ;  Remi son,  1 9 7 8 ;  

Remi son and Snaydon , 1 9 7 8 ,  1 9 80) . S imilar s t udies have been carried 

out with legumes (e . g .  Scott and Lowther , 1 9 8 0 ) . The maj or par t o f  

these compe t i ti on s tudies  was conducted w i th mic roswards e s tab li shed 

e i ther in boxes or p o t s . 

The use of populat ions p lanted in rows to  s tudy the response o f  

p lant s t o  comp e t i t ive s i t uations w i thin c ommun i t i es was a s igni f icant 

deve lopment , as the s t udy of comp e t i t ion essen t ia lly invo lves the 

i ndivi dua l  plant and i t s  response t o  mod i f icat ions of the envi ronment 

by other p lants ( B la ck , 1 9 66 ) . Thus , Snaydon ( 1 9 7 9 )  in troduced a 

mo re e f f ec t ive me thod o f  par t i t i oning to s tudy the comp e t i t ive re lat i on­

ship be tween plant s .  The mo s t  impo r tant advantage o f  this t e chnique was 

the ab i l i ty to vary the re lat ive dens i t ies of int eract ing species , 

ye t separat ing shoot and root interact ions . I n  addi t ion,  the p re se nce 

o f  par t i t i ons in a ll t reatment s  gave a uni f o rm environment t o  b o th 

mixtures and monocul tur e s . Thi s  allowed the de Wit ( 1 9 6 0 )  concep t o f  

comp e t i t i on for space t o  b e  separated into roo t and shoot component s . 

Thus Snaydon ' s  ( 1 9 7 9 )  t echnique unif ied the c omp limentary experimental 

des i gns and analyses of  Donald  ( 1 9 58 )  and de Wi t ( 1 9 6 0 ) . 

Part i tions , especially above ground were repor ted to have a maj o r  

e f f e c t  on t h e  mic ro environment (Warren and L i l l , 1 9 75 ) , by shading 

and affec t ing p lant growth (Renn i e , 1 9 7 4 ) . This e f f e c t  above g round 
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has b een s ucces s fully reduced by t he u se o f  parti t ions with  ref lect i ve 

s ur face s . The succe s s ful use of ' s i s a lkraf t '  for this purp o s e  ha s 

been repo r ted by Remison ( 1 9 7 8 )  and Remison and Snaydon ( 1 9 7 8 ,  1 9 8 0 ) . 

Although o ther limi t a t i ons o f  this par t i t i oning technique have b een 

cited  by Snaydon ( 1 9 7 9 ) , i t  can b e  cons i de red the b e s t  curren t ly 

ava i lab le me tho d for par t i t ioning p lan t comp e t i t i on into ro o t  and 

shoo t component s .  

2 . 7 . 2  METHODS OF ANALYS ING PLANT COMPETIT ION 

The l i te ra ture on plant comp e t i t i on shows that on ly a limi ted 

range o f  exp e r imental des igns have b een used in the s tudy of p lan t 

interact i ons and comp e t i tion . Howeve r ,  many methods of  ana lys is 

and interp re t ation are observed (Trenb a th , 1 9 78) . 

2 . 7 . 2 . 1 Qua l i t a t ive Evalua t ion 

The ear l i e s t  s tudies of  comp e t i t i on b e tween p lants we re qualltat ive 

and the da ta was presented in tab les wi thout further ana lys i s , or a 

grap h was used to  present the da ta . Thi s  i s  i llus t ra te d  by the s tudies 

of  Sakai ( 1 9 5 5 ) . Sub sequent ly the me thods of  p resent ing data i n  a 

graphical fo rm were developed to evalua t e  p lant grow th in s p ec ies 

mix tures , and to  assess  intercropping methods and comp e t i t ive rela t i on­

ships  (Pearce and G i llive r ,  1 9 7 9 ) . 

2 . 7 . 2 . 2  Analyt i cal Models 

In add i t i on to fac to rial des igns and models which have b een used 

by agricult ural scien t i s ts from very early t imes , compe t i t i on exper­

iments are also analysed wi th ei the r "addi t ive " or "propo r t i onal" models 

(Trenbath , 1 9 7 8 ;  S p i t t e rs ,  1 9 79 ) . 

2 . 7 . 2 . 2 . 1 Factorial Models : - The t echnique o f  analysis o f  var iance 

i s  u sed in c omp e t i t ion experiment s  to e va luat e  the performance of a 

spec ies in a mixture rela t ive to i t s  monocul ture . In  part i tion 

experiments i t  is used to evaluat e  the e f fe c t s  and impor tance o f  shoot 

and roo t  comp e t i t ion . This  technique p rovides a me thod of d i f f er­

ent ia t ing b e tween t reatment s ,  inc luding expe r imental erro r .  I t  

also b ecomes impor tant i n  es tab l i shing t he s igni fic ance o f  i n t e ract­

ions between each o f  the t reatmen t s , a s  seen i n  s tudies rep o r t e d  by 

Wi lliams ( 1 9 6 2 )  and Langer ( 1 9 7 3 ) . The general use o f  this  t e chnique 

for  experimental data analysis  i s  w e l l  described by Coch ran and Cox 



( 1 9 5 7 ) , Snedecor and Cochran ( 1 9 6 7 ) and S teel and Torrie ( 1 9 8 1 ) ,  

and these p rinc iples can be used for compe t i t ion exper imen t s . 

Mo re spe c i f ically , analys i s  o f  va riance has also been used b y  

McGi lchris t and Trenbath ( 1 9 7 1 )  and G leeson and McG i lchri s t  ( 1 9 7 8 )  t o  

eva luate comp e t i t ive indices . 

2 . 7 . 2 . 2 . 2  Add i t ive Mode ls : - Trenb ath ( 1 9 7 8 )  described the add i t ive 

model thus - " I t  is based on the expe c tation that the gain o f  per-p lant 

yield by the aggresso r (e . g .  geno type i )  in the mixture ij over that in 

its monocul ture is  equal to a corresponding loss by the sub o rdina t e  

(genotype j )  in the mixture compared wi th i t s  monocu l t ure" . Ma them­

a t i cally , this can be expressed as 

Yi j - Yi i = - (Yji - Yj j )  

whe re Yi j is the yield per 

plant o f  i in mixture w i th j and Yi i and Yjj the yield per plant of i 

and j in monoc ul ture . 

Sp i t ters  ( 1 9 7 9 )  grouped the d iverse addi tive mod els into three 

classes according to the exp erimental design . 

(A ) Fitness experiment s - The t e rm " f i tnes s "  i s  gene ral ly d e f i ned a s  

the abi l i ty to p roduce f e r t i l e  " de s cendents " .  These mode l s  are bas ic-

ally devised to  s tudy natural se lec t ion , and thus are cons idere d  not 

ap propria te t o  describe competi t ion e f f e c t s  ( Sp it te rs , 1 9 7 9 ) . 

(B)  Rep lacement series experiments - These are sub s t i tu t i on se ries 

of two component s ,  whi ch are represen t e d  by two monocul tures and a 

numb er o f  intermed iate mixtures , a l l  at  equal densi ty . I n  the s e  

exp e riments , the re sponse of a given s p e c i e s  to  dif fe ren t numb ers o f  

the associate s p ecies i s  cons idered t o  b e  addi t ive ( S p i t t e rs , 1 9 79 ) , 

and generally the performance per p lant i s  regressed agains t the number 

o f  p lants  o f  t he o the r c omponent in the mixture (Saka i , 1 9 5 5 , 1 9 5 7 ) . 

In such reg ressions , a posi tive s lope p resents the superior performance 

of the component evalua t ed . Thi s  performance is enhanced by inc reasing 

numb ers o f  t he a s sociate specie s , and hence this spe cies can b e  regarded 

as a s t rong c omp e t i tor . A negat ive s lope indicates weak c omp e t i tive 
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ab i l i ty and a deviat i on of  the regress ion f r om linea r i t y  shows a 

depar ture f rom add i t iv i ty ( Sp i t ters , 1 9 7 9 ) . 
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(C)  C omp e t i t i on d i a l l e ls : - Thi s  te chniq ue i s  gene ra l ly used to  

explore -the manne r  in wh ich p lan ts  intera c t . Thus se t s  of geno t yp es 

a re grown i n  a l l  p o s s i b le pair c omb inat ions , t oge ther w i th monocu l t ­

ures (Trenb a th , 1 9 7 4a ) . I n  addi t ion , comp e t i tion dia l l e ls are c ons id­

e red t he mo s t  appropriate des igns t o  es timate and to  tes t the addi t i ve 

e f fe c t s  and e f fe c t s  indicat ing deviat i on f rom s imp l e  add i t ivi ty ( Sp i t t­

e rs ,  1 9 79 ) . To a ch i eve these ob j e c t ives , a uni f o rm p lant dens i ty i s  

adop t ed i n  a l l  treatments and the p rop or t i ons o f  the geno types in 

mixtu res i s  in the ra t i c  of 1 : 1 .  

Y ie ld data f rom mixture dial lels p rovide informa t i on on aggre s s ive­

ne ss and p ro duc t ivi ty of  p lan t s  of each genotype s tudied . Es t ima tes  o f  

ave rage aggre ss iveness a re used t o  te s t  hyp o theses conce rning f i tne s s  

and t o  iden t i fy mo rpho log ical o r  phys iolog i c a l  c omponents o f  c omp e t i t ive 

advantage and pred i c t  like ly shi f t s in component s  of s own pasture 

swards (Trenbath , 1 9 7 8 ) . Comp e t i t ion dia l le ls are also used to evaluate 

"gene ral and spec i f i c  comb ining ab i l i t ies" of mixture component s  

(T renbath , 1 9 7 8 ;  S p i t t e r s , 19 7 9 ) . 

Many me thods o f  ana lys i s  have b een deve loped for comp e t i t ion 

dialle l s , and the "gene a logy" o f  the deve lopment of te chniques has 

b een p resen ted by T renbath ( 1 9 7 8 ) . The te chniques used by researchers 

inc lude add i t ive models in comb ina t i on wi th ana lyses of  va riance to  

tes t the s igni f i cance o f  c omp e t i t ive e f fe c t s  and departures f rom 

add i tiv i ty , as in s tudies by Wi l l iams ( 1 9 6 2 ) . Anot he r  me thod o f  comp­

e t i t i on dia l l e l  ana ly s i s  i n  t e rms o f  gene t i c  parame t er s ,  i s  the regre s s ­

i o n  o f  array covariance o n  array variance , which i s  u s e d  b y  Durrant 

( 19 6 5 ) ; Eng land ( 1 9 65 ) ; Harper ( 19 6 5 ) ; Norring t on-Davies ( 19 6 7 , 

1 9 6 8 ,  1 9 7 2 ) ; Hi l l  and Shimamo to ( 19 7 3 )  and Wright ( 1 9 7 5 ) . Ana lys e s  

b a s e d  o n  a l inear regressi on of  y i e ld o f  each genotype o n  a n  envi ron­

mental index i s  seen in s tudies of Wright ( 19 7 1 ) ; Breese and Hi l l  ( 19 7 3 )  

and Hill ( 1 9 7 3 ) . S imilar s tudies have also been reported by Har r i s  

( 19 7 7 )  and Harris  and S e dc o le ( 1 9 7 4 ) . More recen t ly , Gleeson and 

McG i lchri s t ( 19 78 ,  1 9 8 0 )  developed a technique to analyse p lant c omp e t ­

i ti on data f rom incomp l e t e  mixture d iallels and mixture diallel exper-



imen t s  with unequal propo r t ions o f  geno typ e s . The te chn ique o f  dial le l 

ana ly s is in c omp e t i t i on s tudies is  comp rehensive ly reviewed by Hi l l  

and Shimamo to ( 1 9 7 3) ; Trenb a th ( 1 9 7 8 )  and Spi tters ( 1 9 79 ) . 

2 . 7 . 2 . 2 . 3  Proportional Model s : - Trenb a th ( 19 7 8 )  def ined prop o r t iona l 

model s  thus - "The propor t i onal model is  b ased on the expe c ta t i on tha t 

the p ropo rt ional gain of per p lant mix ture y ie ld in the aggre ssor i s  
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e q ua l  to a corresponding proport i onal decrease in the sub ordina te , comp­

ared in each case with per  p lant y i e lds in the genotype s '  own monocul ture" . 

I t  i s  expressed mathema tica l ly as 

Yi j - Yi i 

Yi i 

where 

-Y . .  - Y . .  F JJ 
Y . .  
]] 

Yi j i s  the yield per plant of  i in 

mixture with j and Yi i the yield per p lant of  i in monocul ture . This  

mode l  is  seen to be  approp r i a t e  for a wide range of  compe t i t ion 

exper iment s ( S p i t te rs ,  1 9 7 9 ) . 

The f i r s t  use of  a p roport iona l model to determine comp e t i t ive 

ab i l i ty is  considered to be tha t of Stadler 1 9 2 1 ( c i te d  by S p i t te rs , 

1 9 7 9 ) . Howeve r ,  the mo s t  comprehensive p ropor t ional model developed 

is  t hat by de Wi t ( 1 960) . Thi s  model is considered ap propria te to 

a divers i ty o f  comp e t i t i on exp e riments such as b inary mixtures and 

mul t i- component b lends of s pe c ie s , and the rep lacement series where 

the relative f requency o f  species compos i t i on vari e s  ( S p i t t e rs , 1 9 79 ) . 

The t heory of  de Wi t ' s  mode l was subsequent ly extended t o  accommo da t e  

the concep t  o f  Re la t ive Y i e l d  Total ( RYT) by d e  Wi t and van d e n  Bergh 

( 1 9 6 5 ) . Dynamic s imula t ion of  the p rocess of competi tion w i th t ime 

was also p resented by Baeumer and de Wi t ( 19 6 8 )  and de Wi t ( 1 9 7 0 ) . 

Many typ e s  of  models , b o th add i tive and p roport i onal have b een 

deve loped to ana lyse p lant comp e t i t i on .  The dif fere n t  types o f  models 

repor ted in the l i t e rature i nc lude tho11e of H i l l  ( 19 7 3 ) ; Lean and 

Tumpson ( 19 7 5 ) ; Baldwin ( 1 9 76 ) ; Torss e l  and Nichols ( 1 9 76 ) ; Jaganna th 

( 19 78 ) ; Smi th e t  a l . ( 19 8 1 )  in addi t ion to those ci ted earli e r . 

Thomas and S tepp ler ( 1 9 70 )  also reported a me thod of  presen ting p lant 

comp e t i t ion as p opulation pressure upon a p lant . Theore t i c a l  mode l s  

t o  s imulate p lant comp e t i t ion have also been deve lope d  ( e . g .  T renb a t h ,  

1 9 7 4c ) . 



Trenb a t h  ( 1 9 7 8 )  and S p i t te rs ( 1 9 7 9 )  extens ively reviewed many 

typ es of c omp e t i t ion models . These revi ews show that b o th add i t ive 

and propor t i ona l models be come essen t i a l ly the same for 1 : 1  b inary 

mixture s ,  when monocul tures do not  di f f e r  in y ield . The incorpor-

at ion o f  the r elat ive yield concept  i n  t he p roport ional model  removes 

any errors in the interp re ta t ion of results  that are due to  d i f fe r­

ences in y i e ld o f  the two species grown in a mixtur e .  Thus i t  i s  

conc luded t ha t  a s t r i c t ly propo r t i onal model is adeq uate in the 

analysis of c omp e t i t ion between geno type s  belonging to  the s ame o r  

related spec ies  (Trenbath , 1 9 7 8 ;  S p i t t e rs ,  1 9 79 ) . 

2 . 7 . 3  THE D E  WIT MOD EL 
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De Wi t ( 1 9 6 0 )  deve loped this mode l to ob tain a quan t i t a t ive de s cr i p t ­

ion and assessment of compe t i tion , b ased o n  experiment s  w i th o a t s  and 

b ar ley sown i n  mixtu re s . Sub sequen t ly t he mode l was extended to  analyse 

comp e t i tion in g rasses ( de Wi t ,  1960 ; d e  Wi t and van den Be rgh , 1 9 6 5 ) . 

Van den Be rgh ( 1 9 68) ; Spi t t e rs ( 1 9 7 9 )  and Brakhekke ( 19 80 )  have 

s ubsequently reviewed this mo del extens ive ly . Trenb ath ( 1 9 7 8 ) sugge s t s  

that for e co log i cal wo rk , s ta t is t i ca l  ana lyses should be b as e d  o n  the 

ra tional mo del of de Wi t ( 1 960) . Both exper imenta l and s imulated  data 

show the imp o r tance of the de Wi t model  in p roviding a s ound b a s i s  

f or analy s i ng rep lacemen t se ries exp e riments . The va lue o f  u s i ng the 

de Wi t model  to  analys e  comp e t i t i on exp e r iments is also highlighted 

by Spi t t e rs ( 1 9 7 9 ) . 

The model  developed by de Wi t ( 1 9 6 0 )  i s  b ased on the as sump t ion 

t hat in  a mixture of two geno type s ,  the ' b iological space ' occup i e d  

b y  t he spe cies  i s  re lated t o  the i r  seed f requency and comp e t i t ive 

ab i l i ty . The re sults  o f  such sub s t i t u t ive experimen ts w i th two specie s , 

where the ove rall den s i ty is kep t cons tan t is  best  i llus t ra t e d  b y  a 

replacement d iagram .  Both ab solute and relative yie lds can b e  p lo t ted 

i n  rep lacement d iagrams , against the re lat ive seed f requency o r  p lant 

comp o s i t i on i n  the mixture . Rep lacemen t  d iagrams based on y ie ld s  o f  

the s p e c ie s  can take one o f  four forms (Figures 2 . 2  A-D )  and c an b e  

i l lu s t rated i n  te rms o f  per p lant yie ld s  ( Fi gure 2 . 2 E) . 

The Figu re 2 . 2 A represents a s i tua t i on ,  whe re the grow t h  o f  two 

species in a mixture results in each con tr ib u t i ng to the t o t a l  y i e ld i n  

di re c t  ra t i o  t o  i ts p roport ion in t h e  sward . Thus the two s p e c i e s  d o  



not interfere wi th the g rowth o f  each other , or have s imilar int ra and 

interspec ific compet i t ive e f fec t s . The s i t uat ion presented by Fig  2 . 2  B 

( i  and i i )  is one where one species has a suppress ing e f f e c t  on the 

o ther , and b o th spec i e s  utilize  the same environmental resources . Thus 

intersp e c i f i c  compe t i t ion is seen in this s i tuat ion . The Figure 2 . 2C 

p resen t s  a s ituat ion where the s pecies inhib i t  each o ther ' s  growth due 

to mutual antagoni sm ,  thereby ne ither spe c ie s  contribut ing i t s  expected 

share t o  the yield o f  the mixture . In cont ras t , the ab ility  o f  b o th 

s pecies to  comp lement e ach o ther ' s  growth and escape s ome measure o f  

interspec i f ic compe t i t ion i s  seen i n  Figure 2 . 2  D .  The rep lacemen t 

d iagram where the per  p lan t yield is plot ted aga ins t the relat ive 

f requency of the plan t s  o f  the o ther geno type is ind icated in F i gure 

2 . 2  E .  The more aggre s s ive p lant ( I )  is seen to yield b e t ter w i th 

increasing numbers o f  the other genot ype . 

The impor tance o f  re placement d iagrams in h igh light ing compe t i t ive 

e f fects  has b een repo r t e d  by many workers (e . g .  de Wi t , 1 9 60 ; van den 

Be rgh , 1 9 68 ; Hall , 1 9 7 4  a , b ; Trenbath , 1 9 7 8 ; Spit ters , 1 9 7 9 ) . Wildin 

and Ha ll ( 1 9 80)  have extended the use of replacement d iagrams to  h igh­

l igh t trends in treatment re s pons es , thereby allowing s ome compar i s on 

o f  responses b e tween p lan t frequencies . 

In comp e t i t ion e xp e r iments , the performance of a species  in a 

mixture i s  related to  i t s  compet i t ive ab i l i ty . De Wit assumed the 

ratio o f  the y ields of the spe cies  to be proport iona l t o  the rat i o  o f  

the ini t ial p lant frequencies and the rat io o f  the mono cul ture y ields . 

The proport ional ity  coe f f i c ient K was termed the Re lat ive Crowd ing 

C o e f f i c ient . Thus , a s  suggested by de  Wit ( 1 9 60)  this relat ionsh ip 

c an b e  expre ssed as : -

Oab/Oba (Za/Zb) . (Ma/Mb) Kab 

Where Ma and Mb are the monoculture yield s  o f  spec ie s  

A and B ;  Oab the y i e ld o f  species A i n  a mixture with B and Oba 

the yield o f  species B in a mixture with species A ;  t h e  relat ive freq­

uencies o f  the species b e ing Za and Zb res p e c t ively . Kab is  the relat ive 

crowding coe f f i c ient o f  s pecies A in relat ion t o  spec ies B .  
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The relat ionship b etween y i e ld o f  a s p e c ie s  in a mixture and a 

monoculture , t he propo r t ions o f  b o th s pecie s in a mixture and the relat ive 

c�pwd ing c oe f f ic ient are b es t  expres sed by the following equa t ion . 



Oab 

Ob a 

-1 Ka b  Za (Kab Za + Zb) Ma 

us ing the same symbols as above . 

for  species A 

for species B .  

However ,  i f  i t  i s  assumed tha t 

Kab . Kba = 1 (de Wit  1 9 60) , where spec ies compete  for the same 

environmental resources , then 

The relat ive crowd ing coe f f ic ient has also b een termed ' compe t i t ive 

powe r '  of a spec ies (Bakhui s  and Kle ter , 1 9 6 5 ) . I f  the product o f  
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the re lat ive crowd ing coe f f ic ients o f  two s p e c ies exceeds un ity , i t  ind ic­

ates  a s i tuat ion whe re the species do no t c ompete for the same space 

( i . e .  - occupy d i f f erent niche s )  or  compet i t ion has very l i t t le e f f e c t  

o n  t h e  ou tcome o f  the y ie ld o f  the mixture . A value less than uni t y  

ind icates a mutual ant agon ism b e tween the two species . 

The relat ive crowd ing coe f f icient determines the curves of  the 

rep l acement d iagrams . The k values depend on the experimental cond i t ­

ions and if  the spe c ies have d i f f erent growth rhy thms , o n  t h e  t o t a l  

p lant dens ity (de Wit , 1960) . 

Relat ive crowd ing coe f f ic ient is  used in mos t  compe t i t ion s tudie s , 

to ind icate the compe t i t ive ab i l i t y  o f  a s p e c ie s . Due t o  i t s  wide 

app l ic ab ility , Thomas ( 1 9 7 0 )  developed a mode l us ing lea s t  squares 

e s t imates to calculate the rela t ive crowd ing coe f f icients o f  two 

interact ing species . This  model has b een widely used ( e . g .  Harr i s , 

1 9 7 3 ,  1 9 7 4 ; Harr is  and Thomas , 1 9 7 0 , 1 9 7 2 , 1 9 7 3 ; Har ris e t  al . ,  1 9 8 1b ; 

and Ivens and Mlowe , 1 9 80) . More recen t ly , Machin and Sanderson ( 1 9 7 7 )  

deve loped a d i f ferent model t o  calculate the relat ive c•owd ing coe f f ­

icient b y  the theory o f  maximum l ikelihood e s t imates , and t h i s  has 

also b een used in comp e t i t ion s tudies ( e . g .  Ros s i t er and Palmer , 1 9 8 1 ; 

Burdon et al . ,  1 9 8 1 ) . 



The conc ep t o f  rela t ive yield introduce d  by de Wi t and van den 

Bergh ( 1 9 6 5 )  indicates t he produc t iv i ty of a species i n  a mixt ure in 

re la t i on to i ts monocult ure a t  s imilar dens i t ies . Thus in a mixture , 
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the re l a t ive yie ld o f  a spe cies p re s ents  a va lue for i t s re lat ive per­

formance when comp ared w i th the o ther spec i e s , thereby ind i ca t ing the 

ab i l i ty of the spec i es to ga ther resource s f rom the envi ronment for i t s  

growth .  Thus the rela t i ve y i e l d  becomes analogous t o  the re la t ive 

crowding coe f fi c ien t .  The sum o f  re lative y ie lds of two species i s  t e rmed 

the Re la t ive Yield Total ( de Wi t and van den Bergh , 1 9 6 5 ) , wh i ch is  

simi lar to the p roduct  o f  the relat ive crowding coe f f i c ien t s . The 

conce p t  of re la t ive yie ld total  is  we ll desc rib ed by van den Be rgh and 

Braakhekke ( 1 9 78) . 

The int e rpre ta t ion of re lat ive yie ld t o t al is s imilar t o  that of the 

p roduct of re la tive crowding coe f f i c ients of species g rowing in a 

mix ture . A RYT equa l  to  unity indicates e i ther overlapp ing eco logical 

niches , compe t i t ion for the s ame envi ronmental resources o r  ab sence 

of comp e t i tion . In such a si tuat i on where c ompetition is  s een , the 

reduc t i on in the re lative yie ld o f  one spe cies is comp l emen ted by the 

increase in relat i ve yield  of the o ther . A RYT less than unity p resents 

a s i tua t i on o f  inhibi tory e f f e c t s  where the resources o f  the envi ronment 

are used less e f f ic i en t ly ,  and the re duc t ion in the relat ive yie ld of 

one spe cies is not comp ensated by the increase of the o the r .  A RYT 

greater than one i s  indi cative of the oppo s i te si tua t i on where the 

species t oge the r exp loi t the envi ronment mor e ef ficiently than e i ther 

o f  the monoculture s . 

The re lative p e r formance of species in mixtures and the concep t 

o f  re la t ive y ie ld t o t a l  in di f ferent comp e t i tive s i tuat i ons can b e s t  

be  i llus tra t e d  b y  replacement diagrams , a s  p resented i n  Figu re 2 .1 . . 
Van den Bergh and Braakhekke ( 1 9 7 8 )  and B raakhekke ( 19 80 )  high light 

the importance o f  s tudying comp e t i t ion by these techniques due to  the i r  

ab ili ty t o  i llus t ra t e  d i f fe ren t c omp e t i t i ve s i tuations . 

The c alcula t i o n  o f  relat ive yie ld to tal  by de Wi t and van den 

Bergh ( 1 9 6 5 )  was b ased on the yie ld of monocultures ( Yi i  and Yj j)  

and the yie ld comp onent s  of the two species in the mixture ( Yi j  and Yji ) , 

thus 
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Rela ti ve Yi el d T�tal (RYT) Yi j + Yji 
Yii Yjj 
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The concep t o f  us ing y ields to de t e rmine re lat i ve yield total was 

later mod i fied b y  McG i l chr i s t  and Trenb ath ( 19 7 1 ) to include per p lant 

performance da t a  s uch as dry ma t ter produc t ion and t i llering as a b as i c  

measure o f  mixture produc t ivi ty . Thus t he c a lcula t i on o f  re lat ive y ie ld 

t ot a l  b ased on McG i l chri s t  and Trenbath ( 1 9 7 1 ) was 

Rela t i ve Yi e l d  To tal � i Yi j 
Yi i 

+ Yji I Yjj 

where Yi i and Yjj 

are p e r  plant p roduc t ivi ty of t he two species  in mono cultures and Yi j 

and Yji the per p lant p roduc t ivity o f  eac h  species when grown wi th 

the other . 

McGi lchris t and T renb ath ( 19 7 1 )  also deve loped a measure to  indicate 

the aggress iv i t y  of a species re la t ive t o  another when bo th are grown 

in a mix ture . Thi s aggress ivi ty index i s  als o based on re la t ive p e rf o rm­

ance o f  a p lant in re lat i on to i t s  monocul ture , whi ch removes any b ias 

due t o  differences in mono cul ture performance of the two species . 

Thus us ing the same not a t i ons of re lat i ve y i e l d , McGi lchr. i s t  and 

Trenbath ( 1 9 7 1 )  p roposed the aggre s s ivi t y  index as 

Aggressi vi t y  � ! Yi j 
Yi i �;�I 

Thus the re lative aggre s sivi ty o f  one species in re lati on t o  the 

othe r  can be cons ide red to be hal f  t he . di f fe rence be tween t he relative 

p e r  plant p er f o rmance o f  the bvo species  when grown in a mix tu re . 

Relati ve c rowding coe f f ic ient , re l at ive yield to tal and aggress ivi ty 

are all indices which are der ived f rom measurement s  at a given t ime . 

However ,  de Wi t ( 19 6 0 )  also developed indices to  measure changes in 

compe t i t ive ab i li ty w i th time .  Thes e  include the relative rep lacement 

ra te (de Wi t ,  1 9 60 ; van den Bergh , 1 9 6 8 ) , rat io diagrams (de Wi t ,  

1 9 6 0 )  and re lative rep roduc tive rat e s  ( de Wi t ,  1 9 60 ; de Wi t and van 

den Bergh , 1 9 6 5 ) . 



The rela t ive replacement rate o f  a species at a g iven time i s  

evaluated w ith reference t o  an index harvest . I f  the yield o f  species 

I in the p re s ence o f  equal numbers  of itself i s  i i  and i ts y ield i n  

the p resence o f  equal numbers o f  spe cies J i s  i j ,  the relative yield 

of I i n  mixture i s  i j  Thus ove r a time inte rval m-n , the change 
i i ' 

in the two spe cie s  i n  a mixture c an be exp ressed as 

nm f . .  
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th th 
A g a i n  by species I in the time interval b etween the m and n 

harvest i s  expressed by the relative replacement rate s ( f) being 

greate r than one . 

De Wit ( 1 9 6 0 )  and van den Be rgh ( 1 9 6 8 )  c i te two impo rtant 

con s i de rati ons in te rms of changes in dens ity and c ompos ition o f  

spe c i e s  ove r the t ime p er iod o f  study . Harp er ( 19 7 7 )  also reviews 
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thes e  cons i derations and indi cates cau tion in us i ng relative replacement 

rate s in that the yield of a mixture should have re ached a cei li ng 

yield and that relative yield total should equal unity . Neve rtheles s  

the re lative replacement rate has been used success fully to demonstrate 

comp e t i tive e f f e cts and change s ( de Wit , 1 9 6 0 , de Wit et a l . ,  1 9 6 6  and 

van den B e rgh ,  1 9 6 8 ) . 

The use o f  ratio diagrams and relative rep roductive rates have 

b ee n  h i ghlighted in lite rature ( e . g .  de Wit and van den Be rgh , 1 9 6 5 ; 

van den Bergh , 1 9 6 8 ;  Braakhekke , 1 9 8 0 )  but a re not used as f requently 

as the othe r indice s .  

De Wit ' s  model , ini tially developed for cereal mixtures has been 

w id ely used in pasture research to determine c·omp e t i t i on between 

spec ies . The wide applic ab i li t y  o f  the original model and i ts 

sub s equent mod i f ic a t ions encomp ass compe t itive s i tuations in s t ands 

of s ingle species , rela ted species and also between species of d i f f e r­

ent f amilies .  Amongst the many indices develop ed b y  the model,  

rela t ive crowd ing coe f f i c ient and  relative y ield to tal have b een 

widely used in competition s tudies in pastu re s . Aggress ivi ty has 

als o been used to determine comp e t i t ive ab ili ty (e . g .  Remison , 1 9 7 8 ; 

Remison and Snaydo n ,  1 9 7 8 ,  1 9 8 0 ) . 



One o f  the b a s i c  assump t ions of  the de Wi t ( 19 6 0 )  model i s  that 

p lan t s  compete for the same "b iological space" , which i s  indicated by 
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the p ro du c t  of re lat ive crowd ing coe f f i cients and the relat i ve y ie ld 

total  b e ing equal to uni ty . Mos t  comp e t i t ion s tudies be tween cu l t iva rs 

of the s ame spe c ie s  or cul t ivars of re la ted species shm.,r tha t in 

mixtures the component species gene ra l ly compe te for the same environ­

men tal resource s .  S tudies on cereals by Sand fae r, ( 1 9 70- l uo te d  by 

Sp i t te rs ,  1 9 79 ) , Blij enburg and S neep ( 1 9 7 5 )  and S p i t te rs ( 1 9 7 9 )  indicate 

no s ignif icant depa�ture of  re la t ive y i e ld total f rom uni ty . Trenb ath 

( 19 7 4a , 1 9 7 8 )  reviewing l i t era t ure fo und that the mean rela t ive yie ld 

to t a l  for  biomass p roduc tion of 5 7 2  gramina ceous mixtures was 

1 . 0 2 7 ± . 006 , and conc luded tha t unde r the condi tions use d ,  compe tit ion 

occurs for the s ame envi ronmental resource s .  Th is  concep t was also 

highli ghted by a simu la ted d i a l l e l  model  (Trenb a t h ,  1 9 7 8 ) . 

, 

Due to the wide app licab i li ty o f  the de Wit  mode l , it i s  cons ide red 

to  b e  the be s t  sui ted to  s tudy c om?e t i t ion e f fe c t s  b e tween s irni l2 r 

s p e c i e s  such 2s grasses . I t s importance and u s e f u ln e s s  i s  h i gh l i gh t ed by 

i t s  wide use as a techn i que to s t u d y  i n t e rp lant comp e t i t ion . 

2 . 8  CONCLU S ION 

C omp e t i t i ve e f fects  b e tween he rbage spe cies are seen to have a 

s igni f i cant inf luence during the e s t ab lishment and ea r ly growth phase 

of the sward . The out come o f  such e f fe c t s  in the early growth phase 

is carried over into la ter s tages of  growth , as comp e t i t ive hierarchies 

i n  ge ne ral t end t o  be pers is tent (Harpe r ,  1 9 7 7 ) , unle s s  changed by 

maj o r  inf luences o f  envi ronmental  and/ or exte rna l fac t ors . Thus a 

knowledge of  such comp e t i t ive re la t i onships b e tween species growing in 

mixtures in the early growth s t age s wi l l  be o f  a s s i s tance i n  ob taining 

succe s s fu l  e s t ab l ishment and performance o f  pas ture s . A knowledge 

o f  t hese re la t ionships would further enab le the use of  correct p roport­

i on s  of seeds o f  the des i re d  species for pas ture e s tab l i shment , and the 

a dop t ion of  re levan t management p ract ices during early g rowth to ob tain 

the required compos i t i on and balance in the e s tab l i shed pas ture . 

To ob tain an ins igh t into comp e t i t ive re la t ionships  b e tween 

g ra s s e s , the component species  mus t  be grown in d i f ferent comb ina t i ons . 

The rea fter caus al factors and the na ture of  comp e t i t ion tha t he lp 

e s t ab lish s uch re la t i onships need to be as ce rt aine d . Th i s  is done by 



s tudying individual p lant s  under comp e t i t ive s i t u a t i ons , and for thi s  

p urp ose s uch mixt ures are grown i n  s impli fied env i ronmen ts . Thus the 

inve s t i ga t i on s  p resented in this the s is were deve loped to  i dent i fy 

s u ch comp e t i t ive relati onship s ,  the caus al fact o rs and the nature o f  

comp e t i t i on in b inary mix tures o f  three grass species  commonly used 

i n  New Zealand pas toral agri cu lture . Emphas i s  was p la ced on the early 

g rowth p hase of the species  due t o  i t s  importance in de termining 

s ub s equent produc t ion ,  and the de Wit model was used to identi fy 

c omp e t i t ive re lat ionships b e tween the selec ted s p e c i e s  and to de termine 

their comp e t i t ive ab i li tie s . 
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COHPETITIVE EFFECT S ON PLANT GRO"TTH AND THE 

YIELD O F  GRAS S MIXTURE S DURING THE E STABLISH ­

MENT PHA S E . 

3 . 1  GENERAL INTRODUCT ION 

Compe t i t ion b e tween grass spec ies has b een iden t i f i ed in both 

e s tab l ishing and es tab l i shed pas ture swards (Donald , 1 9 6 3 ; Rhodes , 

1 9 70) . Many worker s  c i t e  the importance o f  the comp e t i t ive ab i l i ty 

o f  spe c i es in the early e s t ab l ishment phase ( Rhodes , 1 9 6 7 , 1 9 70 ;  

Cocks , 1 9 69) , wh ich has a det ermini s t ic e f fect  on the per formance o f  

the mixed swards at  later s t ages of  growth ( see Chap ter 2 ) . 

Comp e t i t ive ab i l i ty o f  spec ies dur ing early growth is a t t r ibuted 

t o  many fac tors inc luding seed s i ze , germination rates and growth 

rates of both roo t s  and s hoo t s . The super ior compet i t ive ab ility o f  

one species ove r ano ther i s  a comb inat ion o f  one o r  more o f  these 

inherent characters , wh ich can be expressed d i f f e ren t ly unde r d i f fer­

ent env ironmen ts and management cond i t ions . The ab i l i ty to survive 

changes in env ironmen tal cond i t ions also b e come s very impor tant , as 

inherent compet it ive advan tages can b e masked by external factors o f  

t h e  env i ronment . 

Revi ews on comp e t i t ion b etween grass species growing in mixtures 

indicate that such species comb inat ions comp e t e  for the s ame environ­

mental resources ( Trenbath , 1 9 74 a , 1 9 7 8) , which can be a t t r ibuted to 

s imilar growth charac ter i s t i cs and demands of these species . 

Success ful e s t ab l i shment and performance o f  newly sown pas tures 

become s an impor tant fac t o r  in maintaining a pro f i tab le l ives tock 

indus t ry .  Seed mixtures used for e s t ab l ish ing pas tures generally 

contain s everal grass spec ies and cult ivars (Harri s , 1 9 68 ; Levy , 

1 9 70 ; Whi te ,  1 9 7 3 ) , c omb ined in different proport ions . These 

mixtures are used in an endeavour to ob t a in greater and sustained 

y i e lds o f  pasture under changing environmental and management cond i t ions . 

Thus comp e t i t i t ion b e tween species becomes an importan t  criter ion in 

de t ermining the success fu l  performance of the s own specie s . 



Th is chapter p resents t hree exper iments conducted to ident ify  

the comp e t i t ive relat ionships and e f f ec t s  b e tween three gras ses 

commonly used in New Zea land ' s  pas toral indus try ( S e c t ion 1 . 2 ) .  

Emphas i s  was p laced on the es tab l i shment and early growth phas e 

due to  i t s  effects on b o th grow th and produc t ivity  o f  the species 

and swards . 

/ 

7 4 . 
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3 . 2  EXPERIMENT 1 . * A FIELD S TUDY ON THE EFFECTS OF COMPETITION ON 

PLANT PERFORMANCE AND THE Y IELD OF B INARY MIXTURES 

OF GRAS S SPECIES DURING THE ESTABLI SHMENT PHAS E 

FROM SEED , AND SUBSEQUENT GROWTH OF THE ESTAB­

LI SHED SWARDS . 

3 . 2 . 1  INTRODUCTION 

Pas tures in New Zealand generally cons i s t  of a comp lex mixture 

of improved and unimproved gras s  and legume species (Palmer , 1 9 70 ; 

Brougham , 1 9 7 3 ; Lancash i re and Harr i s , 1 9 7 7 ) , with a greater number 

o f  grass species than legumes . Due to  the frequent dominance and 

c omplexity of the grass component in these swards and incorporat ion 

of more grass species and cult ivars in pas ture seed mixtures , emphas is  

was placed in this s tudy on the compe t i t ive ef fects  b e tween selected 

grass spec ies . 

Much research i s  reported on compe t i t ive e f fe c t s  b e tween pas ture 

gras ses , and a maj or proport ion of these exper imen t s  have been conducted 

e i ther in b oxes or po t s , under fully o r  part ially cont rolled envi ron­

mental cond i t ions . Thus a f ield s tudy was unde r t aken to  evalua te 

t he inhe ren t  comp e t i t ive ab i l i t ies  and relat ionships of the grass 

s p ecies when grown as mixtures , under uniform defoliat ion treatments . 

In  general , the eas ier environment s o f  New Zealand o f fer a 

greater f lexib il ity o f  t ime o f  sowing , wh ile the colder and drier 

c l imates re s trict  t imes o f  s owing to ei ther spring o r  au tumn 

( Brougham , 1 9 69 ; Whi te , 1 9 7 3 ) . Th is s tudy was conducted with a 

s p r ing sown pas t ure . While i t  evalua ted the comp e t i t ive relat ion­

ship during the estab l ishment phas e , dry mat ter y ields were moni tored 

during the second year to  observe e f fe c t s  o f  comp e t i t ion dur ing early 

growth on subsequent p e r f ormance o f  species . 

* Part of this exp e r iment was p ub l i shed as " Comp e t i t ion b e tween 

' Nu i ' ryegras s ,  ' Matua ' pra i r ie grass and ' Ap anu i ' cocks foot dur ing 

e s t ab l i shment and early growth" in Proceedings of the New Zeal and 

Grasslands Associ a t ion 4 3 : 1 3 3- 1 38 ; 1 9 8 2 . 



PLATE 1 .  A general view o f  the f ield t r ial ( Experiment 1) . 



3 . 2 . 2  EXPERIMENTAL PROC EDURE 

3 . 2 . 2 . 1 The s i te 

The s tudy was condu c t e d  on the Pas ture and C rop Research and 

Deve lopment Uni t ,  ��ssey Univers i ty ,  s i tuated 1 . 0 km f rom t he Campus 

( P l a t e  1 ) . The soil  type o f  the exp erimental s i te was Tokomaru s i l t  

loam ( an Ae ric f ragiaqual f )  o f  medium f er t i li ty (Pol lok , 1 9 75 ;  

S c o t t e r  e t  a l . 1 9 79a) , wel l  drained a nd regular ly t opdre s s ed . 

S o i l  mo i s ture tens i on determina t ions o f  the top 20  cm of  the 
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s o i l  were made , us ing r e p l i c a ted gyp sum b locks a t  5 ,  1 0  and 20 cm below 

the s o i l  surf ace . The gyp sum blocks were s i ted randomly i n  all  rep l ic a t e s . 

3 . 2 . 2 . 2  Pas ture Mixture s  

The pas ture grasses  u s e d  f o r  the s tudy were "Gras s lands Nui" 

perennial ryegrass ( Loli um pe renne L . )  ( Re f  No NZ 3996A) ; "Grass lands 

Ma t ua" prair ie grass ( Bromus ca tha rticus Vahl )  ( Re f  No . NZ 0 5 0 7A) and 

"Grass lands Apanu i" cocks foo t ( Da.c t yl i s  glome ra ta L . )  ( Re f  No . 6048A) . 

These spec ies were comb ined in binary mixtur es according to  the replace­

men t series principle of de  Wit ( 1 960) , in the proport ions o f  1 . 0 : 0 . 0 ;  

0 . 7 5 : 0 . 25 ;  0 . 5 0 : 0 . 50 ;  0 . 2 5 : 0 . 7 5 and 0 . 0 : 1 . 0 .  Thus nine mixtures and 

t hree monocu l tur es were sown - namely 

1 00% R;  7 5R : 25P ; 5 0R : 50P ; 2 5 R : 7 5P 

1 00% P ;  7 5P : 25 C ; 5 0P : 5 0C ; 2 5P : 75C 

100% C ;  75C : 25R ; 50C : 50R ;  2 5 C : 75R  

These abbreviat ions ( R  = ryegras s ,  P = prairie grass  and  C = 

cocksfoot)  are used as  convenient notations throughout this the s i s . 

3 . 2 . 2 . 3  Pas ture Es t ab li s hment 

Fol lowing p lough ing , cul t ivat i on and top dress ing w i th a b asal 

f e r t i l i zer ( 1 2 : 1 0 : 1 0 : 8 - N : P : K : S )  at  the rate of 400 kg/ha , the d i f f e rent 

s eed mix tures  were broadcas t on the 6 th November 1 9 79 , behind a V ring 

ro l ler and then ligh t ly harrowed . Seeds were graded f o r  uni form wei gh t  

p r i o r  to making the s eed mixtures  a n d  t h e  1 00 0  s e e d  we ights o f  the 

graded seeds were : 2 . 07 g ,  9 . 73g and 0 . 89g for ryegrass , prairie gras s  and 

cocksf oo t  respec t ive ly . Seed rates were calculated to ob tain approximate­

ly 400 p l ants per square me tre , whi ch i s  cons i de re d  to be s imi lar to 

norma l pastoral condi t i ons (Hi l l  and Shimamoto , 1 9 7 3 ) . 



3 . 2 . 2 . 4  Exper imental Des ign 

A randomi zed comp l e t e  block design with  3 rep lica t e s  was used 

f or this s t udy . Indivi dua l p lo t  s i ze was 3 . 5  x 1 3 . 5  me tres . 

3 . 2 . 2 . 5  Management o f  the Pastures 
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Broad leaved weed s and legume s , esp e c i a l ly whi te clover ( Tri fol i um 

repens L . )  were contro l led dur ing the exp erimental per iod of November 1 9 7 9  

- March 1 9 8 0 ,  b y  three spray ings o f  M . C . P . B .  and D i camba at 1 . 5  kg a c t ive 

i ngred ient  p er hec tare a t  regular j ntervals . Hand weed ing was also 

adop t ed r egularly to remove broad leaved weeds . Fe rt i l i zers were app l ied 

a t  a ra te of  300 kg of  1 2 : 1 0 : 1 0 : 8 N . P . K . S  per hec tare a f ter each ha rve s t  

over the p eriod Novembe r  1 9 7 9 - November 1 9 8 1 ,  to ove rc ome any nu trient 

de f i cienc ies . 

3 . 2 . 2 . 6  Measurements 

(A) Estab l i shment pha s e  

Seedling emergence r a t e s  o f  each species i n  a l l  

t rea tment s were measured by making seedling counts da i ly u p  to 2 1  days 

a f te r  sowing on two randomly s i ted quadrats (0 . 1m2 ) per p lot . Seedl ing 

e s tabli shmen t  and surv iva l was assessed four weeks after sowing on the same 

quadra t s .  

Vege tative growth o f  the species was de t e rmined b y  removing two 

0 . 1m2 quad rats from each p lot in the 5 t h ,  6 th ,  7 th and 8th  weeks a f t e r  

p lanting . The roo t s were washed and p lant he ight , roo t dep th and 

t i l ler numbers per p la n t we re dete rmined for each spec ies . The shoo t s  

and roo t s  o f  the p lan t s  we re separa tely dried a t  8 0
°

C f o r  2 4  hours t o  

determine dry ma t te r  accumul a t i on o f  t he s p e c i e s  over thi s p e r iod . 

The super f icial  cove r o f  t he different sward types was de termined 

at weekly interval s  dur i ng this p eriod and p r ior to every harves t  i n  the 

f i rs t  season ,  by anal y s i ng 100 p o i n t s  a long a f ixe d t rans ect  as descr ibeG 

by Levy and Madden ( 1 9 33 ) . 

Dry mat ter yields o f  the swards were o b t a ined by mowing a central 

s t rip of 1 . 5 m in each p lo t  to a heigh t  o f  2 . 5  cm above g round level . 

Prior to e ach harves t  two randomly sele cted q ua dra ts were cut t o  the s ame 

height to obt a in data on t he b otanical compos i t io n  o f  the sward types and 

d ry weights per p lant . If  the quadrats  fell  w ithin the cent ra l  s t r i p , 



the data was adj u s t e d  t o  take this  e f fe c t  i nt o  c onsidera t i on . All  

p lots w e re harve s te d  on three occas i ons , a t  9 ,  13  and 1 7  weeks a f t e r  

p lant ing . 

( B )  Se cond Year 

During autumn and winter 1 9 8 0 , the trial was grazed on 

two o cc a s i ons , in  J une and September , approximately 4-5 days a f t e r  the 

average l i ght intercep t i on measured across a l l  t reatments around s o la r  

noon was 9 5 % .  A "Li-Cor" light me ter , w i t h  a quan tum sensor (Lambda 

Inst rument Carp ; Neb ra s ka , USA) was used for these measur emen ts . Thi s  

technique was adop ted t o  al low the spe cies t o  c ompete f o r  light and t o  

measure the yielding ab i lity of  the mixtures and the produc tivi ty o f  

each species a t  the t ime of  maximum photosynthe tic  act ivity and hence 

maximum rates of growth ( B rougham, 1 9 5 6 ) . In  a ddi tion , this light 

inte rcep tion techni q ue , whi ch i s  b ased on morpho logical characters of  

the species  was adop ted ra ther than a regular t ime in terva l during the 

second year , as it a l l ows for c hange s in the envi ronment such as per iods 

o f  d ry weather and h i gh and low temperatures ( S heard and Winch , 1 9 6 6 ) . 

Pasture produ c t iv i ty was measured during the period November 1 9 80 -

Novemb e r  1 9 8 1 , by mowing the swards to 2 . 5 cm above ground leve l , on 6 

occa s i on s , namely Novemb er 1 980 , January , Ap ri l ,  June , Sep tember and 

Novemb e r  1 98 1 . A l l  harve s t s  were taken at app roximately 9 5 %  light 

interce p t i on . Prior  to harves t ing , two randomly s i ted quadra ts were cut 

to the same leve l to determine the botan i c a l  c ompo s i t i on of the sward . 

Thi s ana ly s i s  was done to asse s s  the comp e t i t ive relationship b e tween 
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the species over this  period and to re late the compe t i t ive e f fe c t s  o f  the 

e s t ab l i s hment phase to those ob tained in these later harve s t s . 

3 . 2 . 2 . 7  S tatis t i c a l  T reatmen t  

Analyses o f  vari ance we re done by u s i n g  t h e  statist ical c omputer 

programme "Genstat"  (Alvey et a l ,  1977  - Rothams tead Exper imental 

Station ) , available on the Mas s ey Univer s i ty Burroughs 6 7 00 compu t er . 

The p er formance of  each spec i e s  in various mixture s was compared wi th 

that of i ts monocultur e , and i n  all analyses , unless o therw is e  s tate d ,  

the f o llowing symb o l s  used : -

N S  Non s ignif icance a t  5 %  level o f  probab i l i ty 

* P. < 0 . 05 

** = p < 0 . 0 1 
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x ± y where " ±y "  represents the s tandard e rror o f  mean "x" . 
Where t he term " s ta t i s t i cal s i gnif icance" or " s igni f i cance" i s  used , 

i t  re f ers unless o t he rw i se s ta ted , t o  the 5 %  leve l  or  p rob ab i l i t y . 

C ompe t i t ive inte rac t ions and the nature o f  comp e t i t ion b e tween 

spec ies  were analysed us ing three indices - namely Re lat ive Yield T o t a l  

( RYT) ( de Wi t and van den Be rgh , 1 9 6 5 ) ; Aggre s s ivi ty (McG i lchri s t , 1 9 6 5 ; 

McG i l christ and Trenb a t h ,  1 9 7 1 ) , and Re la tive C rowding C oe f f i c ient ( d e  

Wi t ,  1 9 60) . 

Re lative y i e l d  t o t als were calcula ted based on the b o t anical 

compo s i t ion of  species in mixtures , by the model  of de Wi t and van den 

Bergh ( 1 96 5 ) , based on the formula 

RYT 
y . . _3:_2 
y . . 

� �  

+ y . .  __)_}:_ y . . 
] ]  

whe re Y . .  and Y . .  are the y i e l d s  
� �  ] ]  

o f  the monocultures and Y . . be ing the yield s  of the ith species 
� ]  

grown in combina t i o n  w i t h  the j th spec ies  and Y . .  b e ing vice ver s a . 
p 

The relat ive y ield  to tals based on p lant characteri s t i c s  such 

as t i ller numb ers and p lant we i ght  were calcula ted us ing the mode l  o f  

McG i lchr i s t  and Trenb ath ( 1 9 7 1 )  p resented a s  

RYT 
[
yi j  
y . .  � �  

+ 
1 yji j 

y . .  
] ]  

where Y . .  is the p erformance per � ] 
plant o f  species i grown i n  comb ination w i t h  species j ,  Y . .  b e i ng 

] �  
vice versa and Y . .  � �  
spec i es i and j i n  

a n d  Y . .  indicating t h e  p e r f o rmance p e r  p lant o f  
] ]  

mono cul ture s . 

S ubsequen t ly , these RYT values were t e s te d  for depar ture f rom 

uni ty at the 5% s i gn i f i cance level . 

The analy s i s  o f  "Aggressivity" (McG i lchri s t  and Trenbath , 1 9 7 1 ) , 

which  measure s propo r t i onal changes i n  p lant p erformance rather than 



ar i thme t i c  changes was a lso used to measure t he relat ive comp e t i t ive 

ab i l i ty o f  species g rowing i n  d i f ferent c omb inat ions . 

the i th spec ies i s  e xpressed as  

A . . � ] 
yji] 
y . .  ]] 

Aggre s s ivity o f  

using t he same no tat i ons as 

RYT based on per p lant p e r formance . 

The comp e t i t ive ab i li ty o f  each spec ies  in  re lat ion to the other 

spe c i e s  was analysed by the comp e t i t ien model of de Wi t ( 1 960) , using 

the c on cep t of relat ive c rowding coe f f i c ient s .  

coe f f i cients (K . .  and K . . ) we re calculated a s  

The se re lat ive crow ding 

� ] ]� 

K . � j  

K . .  ]� 

Y .  z .  � j  J 
(M . - Y .  .) � � ] 

y . . • z .  ]� � 

Z .  � 

(M . - Y . . ) Z .  
J J l J 

where M .  and M .  are the mono-� J 
culture y i elds o f  s p e c i e s  i and j ,  Y . . and Y . .  the yields of species  � ] ]� 
i and j grown in c omb ination,  z .  and z .  the relat ive p lant f requen c i e s . � J 

Two computer model s based on the comp e t i t ion mode l  o f  de Wi t ( 1 9 6 0 )  

have b een developed using the leas t squa res e s t imate me thod ( Thoma s , 

1 9 7 0 )  and by comp u t i ng the maximum l ike l ihoo d e s t imat e s  (Machin and 

Sanderson , 19 7 7 ) . The Thomas ( 1 9 7 0 )  model has been more wide ly used 

i n  c ompe t i tion s tu d ie s  ( e . g .  Harri s ,  1 9 7 3 ;  Harris and Thomas , 1 9 7 0 ,  

1 9 7 2 ;  Ivens and Mlowe, 1 9 80 ; Harris  et a l . 1 9 8 1 b )  and a s  the 

programme t or thi s model was available on the PDP 1 1 / 45 computer a t  

the D . S . I . R. , Palmerston North , i t  was used i n  the present s tudy 

(Ap pendix 1 ) . In a dd i t ion , t he res idual values ob t a ined f rom this  

modelwere checke d  for normality by  plot ting p robabili ty curves 

( Bha t t ac ha rya and J ohnson , 1 9 7 7 )  using the c ompu ter programme "Minitab" 

(Rya n , 1 9 8 1 )  on the P r ime 7 5 0  comp uter at Massey . The signi ficance 

levels o f  the correlation coe f f i c ients o f  the residual values o f  spe cies 

growing in combinations were also tes t e d  using the above programme . 

80 . 



As these tes t s  indicated  that the residual v a lues were norma l ly 

distr ibuted and in general were no t corre lated s igni fi c an t ly , i t  was 

assumed that both models  ( Thomas 1 9 7 0 ,  and Machin and Sanderson , 1 9 7 7 )  

wou l d  g ive s imilar values f or the relat ive c rowding coe f f i cients (Arnold , 

Nicho l ls , pers . comm) . Thi s  further sub s t an t i a ted the use o f  t he rea d i ly 

avai lab le programme f o r  the Thomas ( 1 9 7 0 )  mo de l for thi s  s tudy . 

3 . 2 . 1  RESULTS 

3 . 2 . 3 . 1 Climate and S o i l  Mo i s ture 

Be f ore present in g  the results in  de tai l ,  i t  i s  pert inent t o  

app rec iate  the c lima t i c  condi t i ons during t h e  exp e rimental ( e s t ab l i shmen t  

and early growth) p er iod . 

TABLE 3 . 1 .  Met e o r o logical  measurements , D . S . I . R .  - Palmerston Nor t h  

(App roxima tely 1 . 5 km f rom t h e  experiment al s i te ) 
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O c t ' 79 Nov Dec Jan ' 80 Feb Ma rch Ap r i l  

Rain f a l l  (mm) 96  1 0 5  1 1 4  6 1  36  1 3 7  9 7  

1 9 2 8- 1 9 80 mean (mm) 88 78 94 79 6 7  69  8 1  
0 

Mean t empera ture ( C )  1 2 . 7  1 3 . 3  1 5 . 9  1 7 . 7  1 7 . 8  1 5 . 5  1 3 . 3  
0 

1 9 2 8- 1 9 80 mean ( C )  1 2 . 4  1 4 . 2  1 6 . 1  1 7 . 3  1 7 . 6  1 6 . 4  1 3 . 9  

As shown i n  the t ab le , the exp erimental period was generally wet te r  

a n d  cooler than average , thereby ensuring adequate moi s ture f or p a s t ure 

grow t h . 

Regu la r  de t e rminations of  s o i l moi s t u re potent i a l  a ls o  indicated  

an  adequate sup p ly o f  moi s t u re for pas ture growth excep t for very 

l im i ted dry periods a s  re f le cted in the top  5 cm of  the s o i l  (Ap p endix 

2A) . I n  add i tion soi l moi s ture leve ls monit ored by rainfal l  and pan 

evaporat i on ( S ca t t e r  e t  al . 1 9 7 9  a , b )  i nd i c at e d  similar result s  exc e p t  

for  a s harp drop in s o i l  moi sture level s  i n  February a n d  e arly March , 

whi c h  may have inhib i ted pas ture growth ( Sc a t te r ,  p e r s . c omm . ) (Appe nd -

ix 2 B ) . However ,  s o i l  moi s ture was gene ra l l y  cons i de red adequat e  f or 

p a s t ure growth ove r  t he estab l i shment and early growth period ( Tabl e  3 . 1 ) . 
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3 . 2 . 3 . 2  Seedl ing Emergenc e and Establishment 

Ryegras s  and prair ie grass achieved 7 5 % emergence wi thin 7 and 9 

days respec t ively , wh i l e  cocksfoo t seedl ing s  emerg ed in 1 4 - 1 5  days 

(Tab le 3 . 2 ) .  

TABLE 3 . 2  T ime of  emergenc e o f  spec ies (Days ) 

S pec ies Time to 7 5 %  emergence (days ) 

Ryegrass 7 . 4  

Pra i r i e  grass 8 . 9  

Cocks foo t 1 4 . 4  

Sx 0 . 2 1  

CV% 6 . 0% 

P lant count s of  t he sown spec ies t aken a t  four week s f rom sowing 

d id no t deviate s ign i f ic ant ly from t he required po pula t ions (per 0 . 1  m2 ) 

in  the respec t iv e  m ixtures (Table 3 . 3 ) . 

TABLE 3 . 3  Plant counts o f  s pec ies t aken 28 days af ter sowing (No . p lan t s  

per 0 . 1 m2 ) .  

Proportion of  s p ec ies Expected no . 
in mixture o f  p lant s 

1 00% 40  

75%  30  

50% 2 0  

2 5 %  1 0  

3 . 2 . 3 . 3 Vege t a t ive Char a c t ers 

3 . 2 . 3 . 3 . 1 Sho o t  Character s : ­

(A) Plant he i ght 

Ryegrass Pra irie g ra s s  Cocksfoot 

3 8 . 6 ± 1 . 2  39 . 0± 1 .  2 3 6 . 7 ± 1 . 8 

2 8 . 2 ± 1 . 2  28 . 3±0 . 7  2 8 . 0±0 . 9  

1 9 . 5± 1 . 4  1 9 . 0±0 . 6  1 8 . 2 ±0 . 8  

9 . 2 ±0 . 9  9 . 7 ±0 . 3 8 . 7± 0 . 6  

The plant heigh t s  o f  all thr e e  species  of  grass e s  i n  mixtures 

d id not d i f f er s igni f i c an t ly f rom t ha t  o f  their respect ive monocul tures 

unt i l  a f ter the f ir s t  t o t a l  def o l i a t i on 9 weeks a f t e r  p lant ing (Appendix 

3 ) .  However , sub sequent mea surement s  indicated that a l l  three spec ies , 

when sown i n  mixtur e s  with 2 5 %  o f  the companion spec i e s , were taller 

than p lants in t heir r es pect ive monocul tures . In a d d i t ion , prair i e  grass 

plant s growing in comb ination with the o ther species , were t a ller than 
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p lant s  in i ts monoculture . 

The canopy cover o f  the swards ob t a ined f rom 100 points t aken 

a long a fixed trans e c t  showed that both p ra i r i e  gras s  and ryegrass 

occupi e d  a re la t ive ly g reater surface cover t han i t s  p rop o rt i ons in 

the mixture , when grown with cocks foo t  ( f i gu re 3 . 1 ) .  Cocks f o o t  occup ied  

a grea ter  surface cove r than the  propo r t ion of  co cks foo t seed in the 

mixture only in i t s  7 5 % comb ina t i on w i t h  ryegras s . In  the rye grass­

prairie grass mixture s , rye grass  occup ied  a grea ter  surface cove r only 

in the 7 5 R  25P mixtur e . Genera l ly ,  prai ri e grass was the tal les t 

spe c ies and thus dominated the sur face cove r of  the canopy , which 

re f l e c t e d  its  p o t ent i a l  to inte rcep t mo re i n c i dent light ene rgy 

and s hade the other species in the mi xtures . 

( B )  T i l ler Numb ers 

An evaluat i on of ti l le r numb ers p e r  p lant during early g row th is 

presented in t ab le 3 . 4 .  Rye grass had the h ighes t  and cocks foo t the low­

e s t  numb er of t i llers per p lant th roughou t the experimental period . 

The e f f e c t s  o f  the p re sence of  one s pecies  on the growth o f  the 

o ther i s  high l i gh t e d  by the t i l le r  numb ers per p lan t .  Gene rally , 

a l l  species when comb ined w i t h  25% of  another species had a g rea ter 

number of  t i llers p e r  p lant t han the i r  monocu l t ures , thus re f le c t i ng 

a g re a te r  intrasp e c i f i c  t han i nte rspe c i f i c  comp e t i t ive e f fe c t  a t  this  

p lant i ng den s i ty . Thi s  e f f e c t  was mos t  p rominent i n  ryegrass and 

p rai rie gras s . 

More s p ec i f ic ally , t he t i l le r  numb ers o f  cocks foot were g rea t ly 

depressed i n  i t s  2 5 %  and 50% comb inat i on s  w i t h  ryegrass and prairie 

g ras s , a t  all  harves t s . I n  add i t i on ,  p rairie  grass reduced the 

t i l le r numbers  of cocks f o o t  t o  a greater  extent than ryegras s . The 

t i ller numbers o f  ryegrass  were s imila r ly a f f e c te d  by 7 5 %  and 5 0 %  p rairie 

gra s s  and to  a lesser extent by 75% cocksfoo t .  The t i l ler numb ers o f  

prairie gra s s  were markedly depre s s ed in i t s  comb ination w i th 7 5 %  

ryegras s . 

Pra i r i e  g rass p lants  a lso had gre a ter t iller numbers than i n  i t s  

monoculture when combined w i th 5 0 %  o f  t he o t he r  specie s . Ryegrass 

p lants i n  the 5 0C SOR mixture also had greater t i ller numb e rs t han in 

i ts monocu l t ure . 
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TABLE 3 . 4 . Mean tiller numbers per p lant o f  s p e c ies grown in mixtures and mono cul tures during early grow th 

(A) RYEGRAS S Mono culture 7 SR with  S OR w i t h  
2SP S OP 

Week 5 S . 7  S . 9  5 . 2  

Week 6 6 . 9  7 . 2  6 . 4  

Week 7 1 2 . 2  1 2 . 7  1 1 . 6  

Week 8 (H
1

) 1 8 . 3  1 8 . 6  1-6 . 8  

Week 1 3  (H2 ) 1 9 . 4  20 . 3  1 9 . 2  

Week 1 7  (H3 ) 1 7 . 7  1 7 . 9  1 7 . 6  

(B)  PRAIRIE GRASS 

Week 5 

Week 6 

Week 7 

Week 8 (H 1 ) 

Week 1 3  (H2 ) 

Week 1 8  (H3 ) 

(C)  COCKSFOOT 

Week 5 

Week 6 

Week 7 

Week 8 (H 1 ) 

Week 1 3  (H
2

) 

Week 1 7  (H'l) 

Monoculture 75P wi th S OP w i th 
2SR  S OR 

4 . 2  4 . 5  4 . 4 

S . 9  6 . 2  6 .  1 

7 . 0 7 . 7  7 . 3  

8 . 5  1 0 . 3  9 . 3  

8 . 0  8 . 3  8 . 2  
8 . 5  8 . 7  8 . 6  

Monocul ture 75C w i t h  S OC w i t h  
2 5 R  

2 . 9  3 . 0  

3 . S  3 . 6 

4 . 5  4 . S  

5 . 9  6 . 0  

6 . 9 7 . 1 

S . 9  6 . 1 
-- ---------------- - - --- --

50R 

2 . 6  

3 .  1 

4 . 1 

s . s  
6 . 7  

S . 8  

2 S R  w i th 7SR w i t h  SOR w i t h  2 S R  w i t h  S i gni f i cance 
7SP 2SC S OC 7SC 

5 . 2  6 . 3  6 . 3  s . s  * *  

6 . 4  7 . S 7 . 3  6 . 8  * 

1 1 . 2  1 3  . s  1 3 . 1  1 2 . 2  * 

1 S . S  1 9 . 7  19 . 2  1 7 . 8  * *  

1 8 . 5  20 . 4  19 . 8  1 8 .  7 * 

1 7 . 3  1 8 . 4  1 8 . 0  1 6 . 9  * *  

2SP  w i th 7SP w i th S OP with 2SP with S igni f i cnace 
7SR 2SC  SOC 7 S C  

4 . 0  4 . 7  4 . 6  4 . 2  * 

5 . 7  6 . 9  6 . 6  S . 9  * *  

6 . 8  8 . 0  7 . 7 7 . 1  ** 

7 . 9  1 0 . 3 9 . 7  8 . 6  * 

7 . 7  8 . 8  8 . 4  7 . 7  * 

8 . 3  9 . S  8 . 9  8 .  1 ** 

2SC with  7 S C  w i th SOC with  2 SC wi th S i gni f i cance 
7 S R  2SP S OP 7SP 

2 . 6 2 . 9  2 . 6  2 . 4  1< 

2 . 9  3 . S  2 . 9  2 . 8  * *  

4 . 0  4 . S  4 . 1  3 . 9  * 

S . 4 S . 9  S . 3  s . o  * 

6 . 4  6 . 7  6 . 4  6 . 2  * 

5 . S  6 . 0  s . s  S . 4  ** 

Sx 

0 .  1 7  

0 . 1 8  

0 . 36 

0 . 2 3 

0 . 3 1 

0 . 1 9  

S x  

0 . 1 3 

0 . 1 S 

0 . 1 3  

0 . 33 

0 . 3 7  

0 . 1 3  

Sx 

0.  1 1  

0 . 09 

0 . 1 0 

0 . 1 3  

0 . 1 3  

0 . 1 0  (X) 
V1 



( C )  We i ght o f  shoot s  

Prairie grass had the highe s t  and cocks foot the lowe s t  dry we ight 

per p lant at  all  harves t s . The dif ferences b e tween the species  increased 

w i th t ime ( Tab l e  3 . 5 ) . 

The effect  o f  one species on the grow t h  o f  ano the r  in grass species 

mixtures is agai n  re f lected  in the dry mat te r  accumulat i on p a t t e rns of  

the three spe c ie s . As s hown in tab le 3 . 5 ,  the increase i n  dry weight 

per p lan t o f  the maj or spec ies in the mixture ( i . e .  75%)  was genera lly 

greater than in the ir re spective monocultures and in the mixtu res when 

present as an equal or minor component ( i . e .  5 0 %  or 2 5 % ) . This again 

ref lects greater intraspeci fic comp e t i t i on wi thin a species than inter-

speci f ic comp e t i t i on a t  this  dens i ty . Th i s  e f fe c t  i s  aga in minima l  in 

the 75% comb inations o f  cocks foot w i t h  e i ther rye gras s or pra i ri e  gras s . 

The changes i n  dry we ights  o f  shoots  are s imilar to those obs e rved 

in the t i l le r  numbers . In add i t i on t o  the ir 7 5 %  comb inat ions , ryegras s  

a n d  t o  a greater extent p rairi e  grass a f f e c t  the grow t h  o f  co cks foot in  

their 50% mixtures with  cocks foo t . Whi le caus ing a decrease in the 

s hoot  weight of co cks foot  in these mixture s ,  both  ryegrass and prai rie 

grass p lants  a ccumulate greater d ry ma t t e r  than in the i r  monocul t ures . 

The growth o f  ryegrass p lants is affected  when comb ined w i th 7 5 %  and 

t o  a lesser exten t w i t h  5 0 %  p rai rie gras s , compared w i th the ryegras s 

monocultures . The dry we ight s of  ryegra s s  shoo t s  are reduced when 

grown wi th 7 5 %  cocks f oo t . 

The p resence of  ryegrass and co cks f oo t  d i d  no t gre a t ly reduce the 

shoot weights of p rai rie grass when compared with  i t s  monocul ture . 

P rairie gras s had a greater e ff e c t  on the growth of cocks f oo t  p lant s  

t han o n  ryegras s  p lant s .  

(D) Root charac ters 

Both root dep th ( length f rom base of p lant to t ip of the l onges t  

roo t )  and root weight p e r  p lant were de t ermined for t he f i rs t  four 

s amp lings by removing 0 . 1 m2 quadra t s  (Ap pendices 4 and 5 ) . I n  s p i te 

o f  the i nevi table d i f f icul ties
. 

t ha t  arose in ob taining comp l e te roo t 

sys t ems o f  individual p lants under f i e l d  condi t ions , i t  i s  interesting 

to  note that the res u l t s  show t rends s imi lar to tho s e  ob tained in 

measurement s  of tiller numb ers and shoo t weigh t s  of the three specie s . 

Prairie gras s  had the large s t  root s y s t em ( i n  t erms o f  roo t dep th and 

86 . 



TABLE 3 . 5 .  Mean weights o f  shoo t s  ( g ) per plant of  spe c ies grown in mixtures and monocultures dur ing early growth 

(A) RYEGRASS Monocul ture 7 5R w i th SOR wi th 2SR with 7SR w i t h SOR w i t h 2SR wi th S i gn i f icanc e Sx 
25P SOP 75P  2 S C  s ac 7SC  

Week 5 0 . 1 1 4 0 . 1 1 9 0 . 1 0 8  0 . 1 06 0 . 1 2 3 0 . 1 2 1  0 . 1 1 4 * 0 . 004 

Week 6 0 . 284 0 . 2 8 7  0 . 2 74 0 . 2 7 0  0 . 294 0 . 290  0 . 2 8 3  * o .  o'o s  
Week 7 0 . 5 1 0  O . S 1 3  O . S 0 3  0 . 49 4  O . S 1 8  0 .  S 1 1  O . S08  * 0 . 004 

Week 8 (H 1
) 0 . 6 7 2  0 . 692  0 . 6 0 1  O . S 4 S  0 .  7 2 9 0 . 7 1 4 0 . 64 8  * 0 . 02 3  

Week 1 3  ( H2 ) 0 . 5 6 8  0 . 6 1 0  0 . 5 76 0 . 5 3 2  0 . 6 2 1  O . S 7 2  0 . 5 4 8  * 0 . 0 1 8  

Week 1 7  (H
3

) 0 . 5 4 2  O . S 7 0  O . S 3 6  O . S 1 2 O . S 7 9  o . s so O . S 2 1  ** 0 . 0 09 

(B ) PRAIRIE GRAS S 

Monocul ture 7 SP w i th SOP wi th 2SP w i th 7 S P  wi th SOP with 2SP  w i th Signi f i fanc e Sx 
2 5 R  5 0R 75R 2 5C soc 75C 

Week S 0 . 1 4 8  0 . 1 S 3 0 . 1 5 1  0 .  1 4 S  0 . 1 64 0 .  1 60 0 . 1 4 9  * 0 . 002 

Week 6 o .  39 1 0 . 403 0 . 39 7  0 . 3�· 0 0 . 40 6  0 . 4 0 1  0 . 39 3  * 0 . 006 

Week 7 0 . 6 80 0 . 6 89 0 . 6 8 1  0 . 6 7 7  0 . 7 1 0 0 . 694  0 . 6 8 2  * 0 . 005 

Week 8 (H1
) 1 .  0 7 9  1 .  2 5 8  1 . 1 7 4 1 .  0 1 7  1 .  2 1 9 1 .  1 9 3  1 . 0 1 0  ** 0 . 04 0  

We ek 1 3  ( H2
) 1 . 06 4  1 . 1 1 4 1 . 040 0 . 984 1 . 1 1 7  1 . 1 3S 1 . 002 * 0 . 0 36 

Week 1 7  ( H
3

) 0 . 99 7  1 .  OS 1 1 .  0 1 9 0 . 9 S 1  1 .  068  1 . 0 7 8  0 . 9 7 3  * 0 . 030 

(C ) COCKSFOOT Monocul ture 7 5 C  w i th s ac w i th 2SC  w i th 7SC  wi th SOC with 25C  w i th S i gni f i cance Sx 
2SR SOR 7SR 2SP  SOP 7SP  

Week 5 0 . 09 2  0 . 09 3  0 . 08S 0 . 084 0 . 092  0 . 084 0 . 08 1  * 0 . 00 3  

Week 6 0 . 1 1 5 0 . 1 1 S 0 . 1 1 0 0 .  1 09 0 . 1 1 4 0 . 1 08 0 . 1 0 7  * 0 . 00 3  

Week 7 0 . 1 6 5  0 . 1 66 0 . 1 60 0 . 1 59 0 . 1 64 0 .  Jr56 0 . 1 5 2  * 0 . 004 

Week 8 (H 1 ) 0 . 404  0 . 4 1 1 0 . 36 3  0 .  358  0 . 4 1 2  0 . 3S 7  0 . 35 0  ** 0 . 0 1 1  

Week 1 3  (H2 ) 0 . 3 6 9  0 . 380 0 . 365  0 . 32 3  0 . 383 0 . 3 4 1  0 . 3 3 1  ** 0 . 009 

Week 1 7  (H3 ) 0 . 329  0 . 3 3 8  0 . 3 3 6  0 . 299 0 . 33 3  0 . 305 0 . 30 3  * 0 . 0 1 4  
00 
'-J . 



we ight )  and cocks f o o t  the sma ll e s t  roo t sys tem . 

3 . 2 . 3 . 4  Total Dry Ma t t e r  P roduc tion 

(A) Es t ab l i shment p hase 

8 8 . 

The results  p resented in this  sec t ion re fer  t o  t he 

pas t ure dry ma t t er y i elds o f  t he d i f f erent mono cul tures and mixtur e s , 

measured a t  nine weeks a f t e r  s ow ing and therea f ter on 2 occas i ons a t  

four weekly interva l s , during the es tab l i shment  per iod . The pure 

s tand of pr airie grass was more produc t ive t han the other monocultures 

and a l l  mixtures a t  every ha rve s t . By comparison ,  the pure s tand o f  

cock s f oo t  was the l ea s t  produc t ive and the pure ryegrass s tands were 

intermediate in y i e l d . (Table 3 . 6 ) . The yie lds o f  al l mixtures lay 

between those of the resp e c t ive mono cul tures . 

TABLE 3 . 6 .  Dry mat ter yields (g/m2 ) of  gras s  mixture s  and monocul tures 

at each harves t  dur i ng the estab l i shment phase . 

Trea tment H l ( 9  weeks H
2 

( 1 3 weeks H
3 

( 1 7 weeks 

a f t er sowing) a f ter sowing) af ter sowing) 

100R 1 1 1 . 3  1 3 7 . 6  9 3 . 9  

7 5R 2 5 P  1 2 3 . 0  1 1 4 . 5  1 06 . 8  

50R5 0P 1 3 1 . 2  1 24 . 1  1 1 7 . 3  

25R 7 5 P  1 46 . 1  1 36 . 8  1 34 . 2  

lOO P  1 5 2 . 3  1 4 3 . 8  1 4 1 . 3  

75P 2 5 C  1 40 . 2  1 34 . 2  1 2 9 . 3  

50P S OC 1 1 9 . 9  1 1 5 . 9  1 1 0 . 4  

2 5 P 7 5 C  1 04 . 0  1 00 . 5  9 4 . 5  

l OO C  8 6 . 0  86 . 5  79 . 1 

7 5 C 2 5 R  9 3 . 3  9 1 . 0  8 3 . 6  

50C5 0 R  9 8 . 5  9 6 . 5  8 6 . 4  

2 5 C 7 5 R  1 07 . 1 103 . 4  9 2 . 9  

Sign i f icance * *  * ** 

Sx 4 . 22 9 . 6 5 2 . 7 6 
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1 00R 7 5 R  50R 25R 1 00P 75P 50P 25P 1 00C 75C 50C 25C 
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F i g u re 3.2 :  C u m u l a t i ve d r y  matter y i e l d s  ( q . m-2 ) of q rass m i x t u res 
and m o n o c u l t u re s  d u r i n g  t h e  est a b l i s h m e n t  p h ase. 
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M ixtures containing prairie grass and ryegrass generally produced 

grea ter amounts of dry ma t te r  than mixture s  w i t h  cocks foot . The 

cont ribut ion of prair i e  grass to the total  y i e l d  of mixtures was 

9 0 . 

grea t er than the propo r t ion o f  seeds in the mixtures ove r this p e r i od 

( f igure 3 . 2 ) . Rye�rass also showed a s imilar e f fect  when comb ined w i th 

cocksfoo t .  The performance o f  bo th ryegrass and to a grea ter extent c o ck­

sfoo t was depressed by the pre sence o f  p ra i r i e  grass in the mixtures . 

( B )  Second year o f  growth 

All p lo t s  were harves ted on 6 occas ions ove r  

the period Novemb e r  1 9 80-November 1 9 8 1 ,  t o  measure the yields of  the 

mixtures . Prairi e gras s outyie lded a l l  o t he r  mixtures and monocul tures 

at every harvest  ( Tab l e  3 . 7 ) and over the en t i re period ( Fi gure 3 . 3 ) .  

The y i e ld of  ryegrass  was greater than that o f  cocks f oot . Although 

the t r end in the s e  y ield  relationships is uni f orm at  eve ry harves t ,  

changes in yields with c l ima tic  and seasonal va riations c an be ident i f i ed 

in the resu lts . For examp le , the yields of  c ocks foot i nc rease during 

summer and early au tumn harves t ,  whi le w in t er harves t s  show a higher 

yield �n prairie grass . 



TABLE 3 . 7  Dry mat ter yields (g /m2 ) o f  gra ss mixtures and monocul tures a t  each harve s t  du ring the second year 

Treatment H
l 

H
2 

H
3 

H
4 

H
5 

H
6 

(November 1 9 80)  ( January 1 9 8 1 )  (Ap r i l  1 9 8 1 )  (June 1 9 8 1 )  ( S e p t ember 1 9 8 1 )  (November 1 9 8 1 )  

l OOR 3 1 1 . 0  2 4 3 . 7 3 3 2 . 0  1 7 5 . 6 248 . 7  303 . 3  

75R25P 3 2 9 . 0  2 5 9 . 0  3 34 . 7  204 . 6  2 7 8 . 0  324 . 0  

SORSOP 344 . 7 2 7 6 . 3 3 7 8 . 7  2 30 . 3 304 . 0  3 38 . 3 

2 5R75P 3 68 . 7 287 . 0  394 . 7  24 6 . 3  3 2 8 . 3  356 . 3  

l OOP 3 8 1 . 0  304 . 1 406 . 3  2 68 . 3  35 0 . 3  3 7 0 . 0  . 

75P25C 3 39 . 3  2 7 7 . 7  3 6 2 . 0  2 3 1 . 6  2 88 . 3  3 1 9 . 0  

50PSOC 2 80 . 7  2 35 . 3  2 7 7 . 3  1 86 . 0  2 34 . 7  2 39 . 7  

25P75C 2 03 . 0  1 9 5 . 7  1 99 . 7  1 2 9 . 6  1 34 . 3  1 8 7 . 0  

l OOC 1 26 . 7  1 5 1 . 3 . 1 1 6 . 7  7 7 . 6  5 9 . 0  1 89 . 3  

75C25R 1 7 3 . 0  1 7 3 . 0  1 84 . 3  1 08 . 0  1 07 . 7  1 6 3 . 0  

50CSOR 2 25 . 0  1 9 3 . 3  2 36 . 7  1 4 0 . 6  1 6 4 . 0  204 . 0  

25C75R 26 1 . 0  2 2 2 . 0  302 . 7  1 5 9 . 0  2 0 7 . 3  2 5 6 . 7  

Signif icanc e  * * *  * *  * *  * *  * *  

Sx 1 9 . 7 7 1 9 . 2 1  2 2 . 6 5  8 . 28 1 6 . 70 1 8 . 89 

"' 
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The y i el ds of mixtur e s  lie b e tween the i ndivi dual monocultures a t  

every harve s t , although the d i f f e rences tend t o  b e  le ss p rominent than 

in the e s t ablishment p eriod . The contrib u t i on o f  each species to  the 

t o t al y i e ld of the mix tures also fol low a s im i lar pat tern to  that of 

the estab li shment phase ( f igure 3 . 5  A , B , C ) . 

3 . 2 . 3 . 5  C ompe t i t ion E f f e c t s  

Three  maj or parame t ers we re used to  evalua t e  comp e t i t i on e f f e c t s  

b e tween t he species an d the comp e t i t ive ab i l i t y  o f  the species . 

(A) Rep l acement diagrams and relative crowd i ng coe f f icients 

The replacement diagrams drawn f rom f i t t ings obta ined f rom the 

Thoma s ( 1 9 7 0 ) model for the yield  componen t s  of  the three spe cies  

over the  estab lishment phase and the se cond year are  p resented in 

f i gures 3 . 4  and 3 . 5  respect ive ly . 

9 3 . 

I n  mos t  ins tances , the b e tween-species  var i ance tes t ( 4  pa rame t e r  

model o f  Thomas 1 9 7 0 ) w a s  n o t  signi f icant , thus enab l ing the app l i ca t i on 

of the b e tween models  ( 3  parame ter mod e l )  t e s t  in both t ime per iods . 

In add i t i on ,  as the p roduc t s  o f  the re lat ive crowding coe f f i cients we re 

close t o  uni ty in a l l  mixtures at a l l  harve s t s , i t  was conc luded that 

these t hree species compete  for the same ' b i o logical space ' ( de Wi t 

1 9 6 0 )  under the c on d i t i ons o f  this experiment .  

The re lat ive c rowding coe f f ic ient s o f  t he three spe cies  indicate 

the superior comp e t i t ive ab i l i ty o f  p ra i rie grass ove r  the to t al 

exp e r imental period ; and cocks f oot  was the weakes t  comp e t i to r  

( f i gures 3 . 4 ,  3 . 5 ) . Whi le comp e t i t ive ab i l i t ies  of the spec i e s  do not 

change grea tly wi th suc cess ive harve s t s  during the est ab l i shmen t  phase , 

changes can be  seen i n  the d i f ferent harve s t s  during the s econd year 

( Table 3 . 8 ) . 
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TABLE 3 . 8  Re l a t ive crowding coef f i c ien t s  o f  b inary comb i nat i ons a t  eve ry harve s t  du ring the se cond year 

Harves t  date 

November 1 9 80 

January 1 9 8 1  

Apr i l  1 9 8 1  

June 1 9 8 1  

Sep temb e r  1 9 8 1 

November 1 9 8 1  

Ryegrass-Prairie  gra s s  

comb ina t i on 

Rye gra ss P ra i rie grass  

0 . 86 1 . 16 

0 . 9 8 1 .  02 

0 . 7 9 1 .  2 9  

0 . 8 1 1 .  2 3  

0 . 84 1 . 2 0 

0 . 85 1 .  1 8  

P rai ri e grass-Co cks foot 

comb i na t ion 

P rairi e grass Cocks f oot 

1 .  35  0 . 7 4 

1 .  3 1  0 . 7 6 

1 .  2 4  0 . 8 1 

1 .  3 8  0 .  7 3  

1 . 1 9 0 . 84 

1 .  20  0 . 8 4 

C ocks foo t-Ryegra ss 

comb ina t i on 

Cocks foot Rye grass 

0 . 8 8 1 .  1 4  

0 . 9 3  1 . 08 

0 . 7 5 1 .  1 3  

0 . 6 8 1 .  4 7  

0 . 7 8 1 .  29 

0 . 85 1 . 1 8 

1.0 
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A compari son of  the y i e lds of  the three species over this  period 

(Tab le 3 . 7 ) and the relative crow ding coe f f i c ients (Tab le 3 . 8 ) indicate 

s imilar changes .  The rela t ive crowding coef f ic ients tend t o  increase 

and decrease w i th the y ielding abi l i ty of the three spe c ies at  d i f f er­

ent harv es t s  in t he second year . 

(B)  Relat iv e  Y i eld Tot a ls (RYT) 
The RYT values can b e  calcula ted for 

both vege t a t ive charac ters of the spec ies and yield c omponent s  at  

every harve s t . Calculati ons based  on both typ es of growth parameters 

in all comb i na t ions revealed no s igni f icant d i f f e rence s  be tween RYTs of  

the three d i f f e rent comb inat ions of  e a ch pair  o f  spec i e s  (name ly 

0 . 7 5 : 0 . 25 ;  0 . 5 0 : 0 . 5 0 ;  0 . 25 : 0 . 7 5 ) . Thus the three RYT values were 

averaged to ob tain an overall value f o r  each spec ies combina t ion , 

and are pres ented i n  Tab les 3 . 9  and 3 . 1 0 .  / 

9 6 . 



TABLE 3 . 9  Relat ive yield totals based on vegetat ive c harac ters o f  the spec ies over the e s tabli shment phase 

Veget a t ive Spec ies 

character combina t ion Week 5 Week 6 

Ti ller number Ryegras s-Prairie gra ss 0 . 9 9 6± . 006 0 . 9 9 7 ± . 005 

P rairie gras s-Cocks foot 0 . 9 9 8± . 002 0 . 9 8 9 ± . 003  

Roo t weight 

Shoo t weight 

Cocks foo t-Ryegrass 0 . 99 5±� 007 0 . 988± . 004 

Ryegrass-Prairie  grass 0 . 9 9 2 ± . 004 0 . 990± . 002 

Prairie grass-Cocks foot 0 . 998± . 00 1  0 . 99 3± . 004 

Cocksfoot-Ryegras s  0 . 9 9 3 ± . 005 0 . 9 9 2 ± . 004 

Ryegras s-Prairie grass 0 . 9 9 3 ± . 005 0 . 9 9 5± . 003 

Prai rie gra ss-C ocks foot 0 . 99 5 ± . 008 0 . 9 9 0± . 003  

Cocksfoot-Ryegrass 0 . 9 94 ± . 004 0 . 9 9 1 ± . 004 

Time of harve s t  (weeks af ter sowing ) 

We ek 7 _ 

1 . 00 1 ± . 004 

0 . 99 2 ± . 0 05 

0 . 9 9 5 ± . 005 

0 .  99 7 ± . 002 

0 . 996± . 00 1  

0 . 99 7 ± . 00 1  

0 . 9 9 4 ± . 002 

0 . 98 7 ± . 002 

0 . 9 9 0± . 00 3  

Week 8 ( H1
) 

0 . 9 89 ± . 002 

0 . 9 9 7 ± . 006 

0 . 9 88± . 003 

0 . 9 9 8 ± . 0 0 1  

0 . 9 9 7 ± . 00 1  

1 . 00 1 ± . 00 1  

0 . 989± . 007  

0 . 9 9 1 ± . 004 

0 . 9 85 ± . 002 

Week 1 3  (H2 ) 

0 . 9 9 5± . 003  

0 . 9 8 5 ± . 002 

0 . 9 9 2 ± . 003  

0 . 9 9 6 ± . 003 

1 . 003± . 009 

0 . 996± . 004 

We ek 1 7  ( H3 ) 

0 . 9 9 9 ± . 002 

0 . 994 ± . 003 

0 . 9 9 5 ± . 004 

l .  00 3± . 002 

0 . 9 9 8± . 009 

0 . 9 9 1 ± . 004 

1.0 
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TABLE 3. 1 0  Relat ive y ie ld t o t a l s  based o n  y i e ld components  

I .  Establi shment Iear 

Species comb inat ion Harve s t  Number 
H

1 
H

2 
H

3 

Ryegrass-Prairie grass 1 .  008:t . 004  l . OO S :t . 00 2  0 . 9 9 9 ! . 004 

Prairie gras s-Cocksfoot 1 . 00 3 ! . 00 7  0 .  9 9 3 ! . 006 0 . 9 9 7 :t . 00 3  

Cocks foo t-Ryegrass 0 . 9 9 8 ! . 006  1 . 0 0 1 :t . OOJ  1 . 00 4 ± . 00 3  

I I . Second Year 

Species comb inat ion Harve s t  Numb e r  

Ryegrass-Prai r ie grass 

Prairie gras s-Cocksfoot 

Cocks foot-Ryegrass 

H
1 

1 . 0 1 2 ± . 0 1 4  

1 .  00 7 ±  . 008 

1 . 00 6 ! . 008 

H
2 

1 . 0 1 0 ± . 00 7  

1 . 0 l l :t . O l l 

1 . 0 1 4 ± . 0 1 2 

H
3 

H
4 

1 . 00 6 ± . 00 7  1 . 00 0 ± . 00 7  

1 .  00 7 :t .  006 l . OO S :t . O l 2  

1 . 00 7 ± . 006 1 . 00 8 ± . 006 

H
s 

1 . 00 5 ! . 009 

1 . 0 1 2 ± . 00 5  

1 . 00 9 ± . 004 

1 16 

1 . 00 8 ! . 008 

1 . 0 1 4 ± . 008 

1 . 006 ± . 004 

\l) CX> 



In all ins tances , the RYTs were not s igni f icant ly greater or  less 

than one . Thi s  imp l ies that these species generally competed for  the 

same environmental resource s , and occup ied the s ame b iological n i che 

during the per iod o f  thi s  experiment . Thi s  i s  also exp ressed b y  the 

p roduc t s  of t he rela t ive crowding coef f i c ie n ts . 

( C )  Aggres sivity e f fe c t s  

The measuremen t o f  agg ress iv i ty indicat e s  the 

cumulat ive ef f e c t s  o f  c omp e t i tion a t  every harves t  or s amp ling i n  terms 

o f  p lant charac t e r i s t i c s . Thus the aggre s s ivity indices based on shoot 

we ights and t i ller numbers we re calcula ted by the me thod of McGi lch r i s t  

and Trenbath ( 19 7 1 ) , at every harves t  during the e s tab lishment phase 

(Tab le 3 . 1 1 ) . 
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TABLE 3 . 1 1  Aggr.,ss i v i t y  ind ices o f  the •ore aegres s ivE' spe c i e s  based on p l an t  characters  i n  t h •· e s t ab l  i �hm<'nt phasl' . 

Time of measurement (weeks) Aggressivit y  o f  Pra i r i e  grass Aggres s i v i t y  of Pral r i P  �ras� 

when grown w i t h  Rvegrass when crown w i t h  (,1 C k S f lH> t 

75R 2 5 P  50R S U P  2 5 R  7 5 P  S i gn i f  + S . E .  7 5 P  2 5 C  501' 50C 2 5P 7 5C S i  g n i f + s .  E .  7 '>\. 2 5 R  

1 .  Shoot we ight 5 -0 . 0 3 5  0 . 0 3 1  0 . 048 * 0 . 0 1 3 1 0 . 1 1 0 0 . 08 3  0 . 004 ** 0 . 009 -0 . 004 

6 -0 . 008 0 . 0 2 4  0 . 038 * 0 . 00 7  0 . 0 5 1  0 . 04 0  0 . 00 3  N S  0 . 0 1 1 - 0 . 009 

7 -0 . 0 1 4  0 . 0 3 2  0 . 07 5  N S  0 . 0 2 7  I 0 . 08 1  0 . 06 0  - 0 . 00 5  NS 0 . 0 2 0  -0 . 004 

8 -0 . 044 0 . 09 7  0 . 1 78 ** 0 . 022 I 0 . 1 3 1  0 . 1 1 0 -0 . 04 1  * *  0 . 00 5  -0 . 0 2 6  

1 3  -0 . 068 0 . 0 1 7  0 . 05 5  * o . o29 I 0 . 1 05 0 . 0 7 1  - 0 . 04 6  * *  0 . 0 1 4  1 -0 . 03 3  

1 7  -0 . 04 9  0 . 0 1 6  0 . 05 5  * *  0 . 0 1 2  0 . 07 5  0 . 0 7 7  -0 . 0 1 8  * *  0 . 0 1 4  i -0 . 0 3 1  

2 .  T iller numbers 5 -0 . 03 7  0 . 06 7  0 . 088 •• 0 . 0 1 5  0 . 1 5 3  0 .  I l l  0 . 04 5  N S  0 . 0 2 9  - 0 . 09 1  

6 -0 . 039 0 . 05 1  0 . 062 * *  0 . 0 1 4  0 . 1 84 0 .  1 4 2  -0 . 00 7  * *  0 . 0 0 5  -0 . 0 1 6  

7 -0 . 037 0 . 04 0  0 . 0 7 6  * *  0 . 0 1 2  0 . 1 3 1  0 . 08 9  0 . 00 7  * *  0 . 0 1 2  -0 . 004 

8 -0 . 0 1 7  0 . 0 7 1  0 . 1 4 5  • •  0 . 00 3 1 0 . 1 64 0 .  1 1 8  0 . 0 1 2  * 0 . 02 0  - 0 . 02 2  

1 3  -0 . 04 7  0 . 0 1 0  0 . 03 2  • •  0 . 0 1 4  0 . 09 3  0 . 06 3  0 . 0 1 3  * *  0 . 00 5  i 0 . 0 2 9  

1 7  -0 . 0 1 4  0 . 005 0 . 0 1 9  • •  o .  004 I o . o 7 7  0 . 04 5  -0 . 0 2 5  * *  0 . 00 7  1 -0 . 04 2  

Aggre s s i v i t y  of  Ryegrass 

when grown w i t h  Cocksfoot 

50C 50R 25c 7 5 R  S i gn I f  

-0 . 00 2  0 . 085 NS 

0 . 0 1 3  0 . 04 3  N S  

0 . 0 1 6  0 . 0 2 7  * 

0 . 04 2  0 . 098 NS 

0 . 009 0 . 1 08 * *  

- 0 . 0 1 7  0 . 080 * 

0 . 1 1 6 0 . 1 1 5 * 

0 . 09 1  0 .  1 2 9 ** 

0 . 08 7  0 . 1 1 4 * *  

0 . 061> 0 . 088 ** 

0 . 0 3 1  0 . 06 5  * 

0 . 0 1 9  0 . 0 5 4  * *  

+ S . E . 
--

0 . 0 3 4  

0 . 0 1 2  

0 . 00 5  

0 . 0 3 2  

0 . 0 1 4  

0 . 0 1 5  

0 . 02 9  

0 . 0 1 2  

0 . 006 

0 . 00 7  

0 .  0 1 4  

0 . 00 7  

...... 0 0 



In g enera l , prairie grass was the mos t  aggres sive species over 

this p e r i od ,  and ryegrass was more aggres s ive than cocks foot . However 

ryegras s  was mor e  aggress ive than prairie  grass in the 75R25P mixture , 

whi l e  c o cksfoot indicated a s imi lar e f f e c t  on ryegras s  in the 7 5 C25R 
mixtu r e . The aggre s s ivity o f  cocks foot  increased ove r prairie grass 

a t  la t e r  samp lings in the 7 5 C25P mixture s .  

The aggres s ivity indi ces  change s ignif i cant ly wi th changes in 

species  proporti ons in the d i f f e rent mixtures of a given b inary comb in­

a t i on , thus imp lying great changes in the comp e t i t ive ab ility of a 

spe c i e s  w i th a 2 5 %  change i n  the spec ies p ropor t i on . 

1 0 1 . 



3 . 2 . 4  DISCUSSION 

The emergence of s eedlings f rom soi l depends on the intera c t ion o f  

many fac tors , among which s o i l  f ac tors  such a s  mo isture , c ru s t  s t rength 

and oxyge� d i f f usion rat e s  p lay a maj or role (Hanks and Thorpe , 1 9 5 6 ; 

Arnd t , 1 9 6 5 ; Barley and Greacen , 1 9 6 7 ; Brock , 1 9 7 3 ) . In addit ion , 

seed fact ors s uch as rap idi ty of germinat ion and water imb i b i t ion 

p rop e r t i es of species also  determine the rat e  and success of seed ling 

germinat ion and emer genc e (McWi ll iam and Dowling,  1 9 7 0} . Da ta 

collec ted i n  this  study ind icat e  d if f erences in emergence rates of t he 

s pec ies , espec ially cocksfoot (Tab l e  3 . 2 ) . As the seed bed was well 

p r epa red and as rainf all dur ing the f irst 7 - 1 0  days af t er sowing ensured 

adequate ava ilable mo i s t ure near the soil surface , it can be  cons idered 

t hat environmental factors  had l i t t l e  effect  on the emergence rates o f  

t he t hree species . As these  germinat ion rates were s imi lar t o  tho se 

obta ined und er laboratory cond i t ion s , the d i f f erenc es in emerg ence rates  

c an be  cons idered a species charac t er is t ic of the grasses  u sed in  thi s 

s tud y . 

Analy s i s  of compe t i t ion be tween the thr ee spec ies over the 

exper imental period ind icates that t hey comp e t e  for the same env ironmental 

re sources ( " b iological space" - de Wi t ,  1 9 6 0 ) . Thi s  is expressed by the 

RYT values and the produc t s  of t he r elative crowding coef f ic i en t  be ing 

c l o s e  to uni t y  (Tables  3 . 9 ,  3 . 1 0 ,  F ig ures 3 . 3 ,  3 . 4 )  ( de Wit , 1 9 6 0 ;  

Bakhuis & Klet er, 1 96 5 ; van den Berg h ,  1 968) . These results also conf orm 

to  t he theor y  o f  Trenbath  ( 1 9 7 4a , 1 9 7 8 )  that grass species grown in 

b inary comb inat ions ' general ly comp e t e  for the same environmental 

r esources . In addi t ion , compet i t ion for the same env ironmental resources  

b y  grass  spec ies can be  expec t ed to  occur during estab l i shment and early 

g rowt h ,  as grasses g enerally have s imilar mo rpholog ical charac t er s  and 

growth pat t erns (Barnard , 1 964 ; Jewiss , 1 9 6 6 ) . 

While  c ompe t ing for  the s ame environmental resources  within a g iven 

env ironment ,  the grasses e s tab l ish a dominance hierarchy f rom the early 

s tage s  of growth .  The r e la t ive crowding coef f i c ient s comput ed o n  yield 

c omponen t s  (Figures 3 . 3 , 3 . 4 ) and the aggres s ivity ind ices  during the 

ear l y  growth s tage (Tab l e  3 . 1 1 )  ind icate this dominan c e  hierarchy as 

b e ing prai r i e  grass > r y egrass > cocksfoo t . 

The super ior comp e t i t ive ab i l i t y  of pra irie gras s ove r  the o ther 

1 0 2 . 



species and o f  rye gras s over cocksfoot i s  well illus t rated by the 

growth charac teris t i cs  during the es tab l i shment phase ( e . g .  Tab les 

3 . 4 ,  3 . 5 , Appendices 4 , 5 ) . The magn itude of these growth character­

i s t ic s  in the more aggres s ive s p e c ies is increased when grown with 

a weaker species , espec ially in the mixture containing 25%  of the 

1 0 3 . 

weaker s pecies . As ment ioned earlier , this indicates a greater int ra-

spec i f ic compet i t ive a f f e c t  w i th in t he spe c ies at the p lant dens i ty 

used in this s tudy , where a weaker species o f fers less res is tance to  

the growth o f  a more aggress ive spec ies than p lan ts o f  i t s  own spec ies . 

Due t o  t h i s  e f fect , the more aggress ive species can u t i l i ze more o f  the 

e nvironmental resources , and thus exhibit super ior growth in comparison 

t o  i t s  monocul ture . This is highl ighted in mo s t  vege t a t ive characters  

in the 75%  and 50%  comb inat ion o f  prairie grass with o ther species 

and in s imilar comb ina t ions o f  ryegrass w i th cocksfoo t . However ,  

t h is e f f e c t  is not c learly illus t rated by p lant height (Append ix 3)  
� 

unt i l  the
r

swards are defol iated . The inab i l ity of p lant he ight t o  

expre s s  competi tive relat ionsh ips clearly can b e  related to  limited 

l ight penetrat ion patterns w i thin a sward , and thus in order to  compete  

with the  taller speci es , sho rter species ( e . g .  cocks foot in  prairie 

grass-cocksfoot swards)  grows taller . Thi s  process o f  e t iolat ion o f  

t he shor ter species wh i ch masks the compe t i t ive relat ionships i s  

removed when the p lant s are defoliated , g iving a b e t t e r  l ight d i s t r ib ­

u t ion to  the regrowing p lan ts w ithin the sward , unt i l  a good cover 

is es tab lished again by the t aller spec ie s . 

The present . s tudy shows that both ryegrass and prairie grass 

e s tab l ish mo re rap idly than cocksfoot (Tab le 3 . 1 ) ,  wh ich g ives these 

species  an init ial advantage . In  addit ion , greater and more extens ive 

d ry mat te r  produc t ion per p lan t by these species  (Tab le 3 . 5 ) will 

u t i lize  a greater shar e o f  the e nvironment a l  resources , hence l imit ing 

their availab ility for the growth of cocks foot  p lants , espec ially as 

the species  comp e t e  for t he s ame environmental resources . Thus the 

c omp et i t ive advantage a t tained by b oth ryegrass and prairie grass 

over cocks foot in this s t udy c an b e  a t t r ibuted to  b o th ear lier emerg­

ence and faster and greater growth o f  the more compet i t ive species . 

This i s  in agreement with resul t s  publ ished b y  many s c ient is ts , whi ch 

h ave h i gh ligh ted the impor tance o f  early emergence and / or faster growth 

rates as maj or determinant s  of succes s ful comp e t i t ive ab i l i ty in pas t ure 

g rasses  ( e . g .  S tapledon and Davies , 1 9 28 ; Arens , 1 9 6 2 ; Cullen , 1 9 64 ; 
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England , 1 9 6 5 ,  1 9 &8 ;  Harr i s , 1 9 6 7 ; Ris ser , 1 9 69 ; Harr i s , 1 9 7 3 ;  

Bebawi and Naylor , 1 9 8 1 ; Har ris  e t  al . 1 9 8 1 , a , b ) . Fur ther empha s i s  

can b e  p laced o n  these c ausal factors o f  comp e t i tive advant age o f  

prairie  g r a s s  and ryegra s s  over cocksfoo t as Cullen ( 1 9 6 4 )  s t a t e s  that 

such ef f e c t s  are mor e  pronounced dur ing estab l i shment due to t he 

interac t ion of ear ly emergence and faster growth . 

Ryeg rass emerges 2 - 3  days ea rlier than prairie gras s , although 

the latter  has a faster i n i t ial growth rate , as i llus trated by grea t er 

dry mat ter produc t ion (Table 3 . 5 ) . Thus the larger prair i e  grass plant 

can be expec t ed to u t i l i z e  a greater propor t ion of the l imi t ed env iron­

ment a l  resou rces due t o  i t s  larger root and shoot sys t ems (Append ices 3 

and 4 ) ; thereby affect ing the growth of ryegrass plants  in ryegrass­

p ra i r i e  gra s s  mixtures . Thus , these results highl ight the impor tance o f  

mo re extens i ve and rapid early growth ra tes rather than sp eed o f  

g erminat ion i n  det ermining the comp e t i t ive hierarchies between ryegrass 

and p rai r i e  g ras s .  The s e  compe t i t ive relationships do no t change 

over the early growth phase , as ind icated by the vegetat ive and yield ing 

c haracteri s t i c s  of the spec i e s  in mixture s .  

The e f f ec t  of comp e t it ive dominance dur ing estab l i shmen t on 

sub s e quent performanc e can b e  evaluat ed by s t udy ing the RYTs and 

relat ive c rowd ing coe f f i c i en t s  b as ed on y ield componen t s  at every 

harve s t  duri ng the second year . Nei ther the RYTs nor the produc t s  o f  

the r ela t iv e  crowding coef f ic ients depar t s ignif icant ly f rom unity ( Tab le 

3 . 1 0 ,  Figure 3 . 4 ) thus i llustrat ing compe t i t ion for the same env ironment al 

r e s ou r ce s  b y  the component spec ies . This ef f e c t  does not d i f f er f rom 

t he f ir s t  s e ason , and can b e  expec t ed as s imilar p lan t s  can generally 

b e  a s sumed t o  utilize  s imi lar b io log ical env ironment s . The comp e t i t ive 

ab i l i t ies o f  the spec i e s  based on re lative c rowding coeff ic ient s  a l so 

show t he super ior comp e t i t iv e  a b i l i t y  o f  prai r i e  grass over the o t her 

s p ec i e s  and ryegras s  over cocksf oot  dur ing the s econd year ( Tab l e  3 . 8 ) .  

Thi s  t r end appears to b e  independent o f  seasonal changes ,  and the 

r el a ti onships are simil ar to  t ho s e  o f  the estab l i shment phase  (Figure 

3 . 3 ) .  Thus it i s  clear that comp et i t ive relat ionships e s t ab l i shed in 

t he early growth phase  of grass swards are exte nded to  later s t ages o f  

g rowt h ,  e sp ecially i f  s imilar management p rac t i c e s  are ado p t ed t hrough­

o u t  the l i f espan of the sward . This observa t i on i s  in agreement with 

repor t s  o f  o t he r  workers ( e . g .  Rhode s , 1 9 6 7 ; Har ri s , 1 9 7 3 ) . 
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Maj or changes in management prac t i ces and /or envi ronment can e f f ec t  

changes in compe t i t iv e  r el a t ionships due to  d i f f ere nt ial r e sponses o f  

grass spec ies to  such t reatment s ,  a s  il lu strated b y  many researchers 

(e . g .  England , 1 96 5 ,  1 9 6 8 ; Har r i s  and Thoma s ,  1 9 7 0 ,  1 9 7 2 ;  Har r i s  e t  a l . ,  

1 9 8 1 a , b ;  Remison and Snaydon , 1 9 7 8 , 1 9 80) . The se e f f e c t s  could well 

change the compet i t ive relationships observed in this s tudy . For examp l e ,  

pr a irie  gras s , which i s  suscept ible t o  heavy and con s i s t ent gra z ing p r e s s ­

ur e (Pant all , 1 9 6 1 ; Langer 1 9 7 3 ) , may lose i t s  comp e t i t ive dominance 

und er such cond i t ions . In terms of clima t ic va riat ions , if  the season-

al change s ,  especially the warm dry period s of summer had lasted longer , 

bring ing cond i t ions o f  wa ter s t re s s , cocks f oot , wh ich has been ident i f ­

i ed and used as a high producer under warm dry climatic  cond i t i ons 

(Langer , 1 9 7 3 ) , may well have shown increased aggressivity  revers ing 

the obs erved infer ior relat ionship with ryegrass and p ra i ri e  gras s . 

The se factors need to  be  consider ed in the prac t ical farming si tuat ion , 

where both envi ronment al and management cond i t ions are subj ect to con­

s id erab le variab ility . 

"Gras slands Mat ua" prairie g rass has been iden t i f i ed as a superior 

win ter growing spec i e s  (Wi l son , 1 9 7 7 ; Vartha , 1 9 7 7 ; Rumball , 1 9 7 4 ; 

Lan cashir e , 1 98 2 ) . " G rassland s Nui" ryegrass is  cons i de red a good s p r i ng 

and aut umn producer w i t h  ab i l i t i e s  to produce even und er dry cond i t ions 

in summer (Arms t rong , 1 9 7 7 ;  Ha rris  e t  al . ,  1 9 7 7 ; Ri tchie , 1 9 7 5 ; Baars 

e t  a l . , 1 9 7 6 ; Sheat h  and G re enwood , 198 2 ) . "Gras slands Apanui" cocks­

foo t is iden t i f ied as a good summer produc ing species  (Langer , 1 9 7 3 ;  

Vartha , 1 9 7 5 ;  Shea th and Greenwood , 1 9 82) . These s easonal growt h 

c ha racter i st ic s  o f  these gras s species can b e  ident i f i ed dur ing t he 

second year (Tab le 3 . 7 ) . The se a re also illust rated in the yield comp­

onent data and the rela t ive c rowd ing coef f i c i ents  ob ta ined in the second 

year ( Fi gure 3 . 4 ,  Table  3 . 8 ) ; which was considered an average year i n  

t erms o f  clima t ic vari a t ion acro s s  seasons . Although pra irie grass 

s hows overall dominanc e , the yield s and the rela t ive c rowd ing coef f i c ­

ien t s  o f  cocksfoot increase dur ing warmer per iods , whi le that o f  p ra i r i e  

gra s s  decreases . This  e f f ec t  i s  reversed in win ter . Ryegrass exhib i t s  

a n  inc rea se i n  the relat ive crowdi ng coef f ic ient va lue s  in spring and 

aut umn. The se variat ions highli ght the relationship s  b e tween yield ing 

ab i l i ty and competi t ive ab i li ty under cond i t ions suitable for the g rowt h  

o f  t h e  t hr ee spec ie s .  They a l s o  i llustrate t he impor t ance o f  comp e t i t­

ive dominance establi shed during early growth in maintaining s imilar 

relat ionship s  a t  later s tages in pasture grass mixture s , especially 

under cond i t ions o f  uni form management . 



Van den Bergh ( 1 968 ) working on grass mixtures conc luded that 

" The prob lem o f  sowing grasslands i s  the cho i c e  o f  the h ighes t  yielding 

spec i e s  under the prevailing c ondi t ions , rather than the highe s t  

y i eld ing mix ture" . Many grass species and mixtures have been s tu d i ed 

under d i f f erent environmental cond i t ions and the yields o f  mix tures lay 

b e tween t he monocul ture y ields , and s ligh t ly exceed ed the mean yield s  

o f  the pure s tands (Donald , 1 9 6 3 ;  England 1 9 6 8 ) . S ub sequently , 

Trenbath ( 1 9 7 4 a ,  1 9 7 8 )  reviewed a large number o f  exp er iments on b o t h  

grass and cereal mixtures and c onc luded that yields of mixtures gener­

ally lie be tween the yields o f  the respec t ive monocu l tures . 

In t e rms of dry mat t e r  p rodu c t i on ,  the results o f  this s t udy 

largely suppor ts the above f i nd ing s .  The dry ma t ter produc t ion of 

mixtures do not exceed those o f  the respec t ive monocu l tures , at  any 

harve s t  (Tab les 3 . 6 ,  3 . 7 ) , and cumulative yields of t he s econd year 

(Figure 3 . 3 ) also show the s ame e f f ec t . In contras t to these f inding s , 

Wh i t t ing ton and O ' Brien ( 1 968 ) indicated increased p ro duc t ivi ty of 

gra s s  mixtur es over the higher yi eld ing monocul ture at later stages o f  

growth . Such condi t ions were reported by these authors  in the third 

year o f  growt h ,  especially under "g raz ing managemen t " . The results o f  

Whi t t ing ton and O ' Br i en ' s  trials ove r the ear ly growth phase conform 
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to the g en eral pa t t ern of intermediate yields o f  mix tur es , which i s  mor e  

prominent under "hay management" w i th infrequent harve s t s  more akin t o  

t he present exper iment and resul t s .  C loser evalua t ion. o f  t he RYTs 

(Table 3 . 1 0 ) and t he produc t s  of the r e l a t ive crowding coef f ic ients 

(Figure 3 . 4 ) in the second year show that  all o f  the fo rmer and a maj or 

propor t ion o f  the lat t e r  exceed uni ty (a l though no t s igni f icantly) . 

Thi s  sugge s t  a slightly superior performance o f  spec ies in mixtures t han 

in mono cul t ures dur ing later growth,  and they may begin to compete  for  

space  which i s  no t exa c t ly the  same (de  Wit , 1 9 6 0 ;  van den Bergh and 

de Wi t ,  1 9 6 5 ) . Thus fur ther evaluat ions of y ields and comp e t i t ion 

ind ices over longer per iods may p resent varia t i on s  f r om that observed , 

as ind i ca t ed by Whi t tington and O ' Brien ( 19 68 ) , espec i ally due to  

d i f f erent g rowth periods o f  the spec ies . 

The y ields of mixture s  lying be tween the respec t ive monocultures 

is termed "non transgre s s iv e  y i el ding" by Trenbath ( 1 9 74a)  who has 

d es cr ibed i t s  causal mechanisms . Comp e t i t ion for the same r esources 

by spec i e s  in mixtures i s  a maj or factor caus ing this "non t ransgr es s ive 

y ielding " . In the c ontext of mixtures yielding non t ransgres s ively , 
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i t  seems that there i s  no r eal advantage t o  the farmer in sowing 

a mixture of gras s  species if his  aim is to  maximi z e  dry mat ter 

produc t ion under ideal cond i t i ons . However ,  this b ecomes valid only 

if the f armer knows in advance wh ich species will y ie ld mos t  under 

the proposed managemen t system (Harper , 1 9 7 7 ) . Thus , i f  uncertainty 

prevails , mixtures are believed on average to  give higher yields 

than pure s tands ( Remison and Snaydon , 1 9 80) . 

3 . 2 . 5  CONCLUS IONS 

The results of this  t r ial ind i cate that the grasses used comp e t e  

for t h e  same envir onmental resources , and the superior growth o f  

one s p e c ies is o f f s e t  b y  the inferior perf ormance o f  t h e  companion 

specie s . Compe t i t ion o ccurs b e tween grass specie s  in the es tab l ish­

men t  phase and the s e  relat ionships and e f f e c t s  have a bear ing upon 

later p roduct ion and s p ecies rela t ionsh ips in gras s  mixtures ,  

especially under un i form management . Amongs t the grasses selected , 

prairie grass ind icates potent ial as a good produc ing species and a 

more aggre s s ive spec ies than ryegrass or cocks foo t , and ryegrass 

than cocks foot und e r  the managemen t cond i t ions of this s tudy . Th is 

overall superior p e r f ormance of species can be  related to early 

germinat ion and emergence ,  and mo re ext ens ive growth dur ing the 

seedling stage . Thi s  enab les t he faster germinat ing and ext ens ively 

growing larger spec i es to e s t ab lish and ob t ain more of the growth 

resources within t he env ironmen t ,  thereb y , inf l ict ing a de t r imental 

e f fect  on the growt h of the later emerging and /or the smaller 

spec i e s . 



P l a t e  2 .  A general v i ew o f  the b ox expe rime n t . 



3 . 3  EXPERIMENT 2 .  A STUDY ON THE EFF ECTS OF COMP�TIT ION ON PLANT 

PERFORMANC E AND THE YIELD OF BINARY MIXTURES OF 

GRASS SPEC IES DURING THE ESTABLISHMENT PHASE FROM 

SEEDL ING S OF THE SAME AG E .  

3 . 3 . 1 INTRODUCT ION 

Much res earch has been pub l i shed on the impor tance of early 

emergence a s  a fac tor which prov ides a spec ies w i th a d i s t inct advant a�e 

when sown in a mixtur e . S tudies by Stap ledon and Davies ( 1 9 2 7 ) , Rummel 

( 1 9 4 6 ) , Chippendale ( 1 94 9 ) , Blaser e t  a l . ( 1 9 5 6 ) , Harris  ( 1 9 68)  and many 

o ther s ( Se c t ion 2 . 4 ) have illus trated this in many grass species in 

d if ferent env ironment s .  

Exp er iment 1 ( Se c t ion 3 . 1 )  i l lu s t rated t he suppr e s s ive e f f ec t  of 

p rair ie gras s  and ryegrass over cocksfoot  dur ing ear ly growth s tages , 

and this e f f e c t  per s i s t s  even a t  later s tages o f  growth . As both 

pra irie gra s s  and ryegrass g ermina t e  and emerg e  earl ier than cocksfoo t ,  

this wa s consid ered a contr ibut ory fac tor to the comp e t i t ive advantage 

o f  the former spec ies . Thus an exp e r iment was des igned to iden t i f y  

the compe t i t ive ef fec t s  b e tween the selec ted grass spec ie s ,  when the 

g ermina t ion and emergenc e phase wa s exc luded f rom the comp e t i t ive 

relationsh i p s  b e tween the spec i e s , by t ransp lanting seedl ings o f  the 

same age , in b inary mixtures .  

3 . 3 . 2 EXPERIMENTAL PROCEDURE 

3 . 3 . 2 . 1  The S i t e  

The exper iment was conduc t ed a t  t h e  Seed Techno lo gy Cent r e , 

Massey Univer s i ty ,  during the p er iod January - June 1 9 8 0 . The boxes 

containing the micro swards were p lac ed outdoors on a c oncre te f loor 

and exposed to  normal c l imat ic cond i t ions . 

3 . 3 . 2 . 2 The Boxes 

The microswards were estab l i s hed in boxes (30 x 30 x 1 8cm) (Pla t e  

2 ) . The s o i l  used for the t rial w a s  a Tokomaru silt  loam ,  colle c t ed 

from the s i t e  of  the f ield trial ( Se c t ion 3 . 2 ) . The s o i l  was passed 

t hrough a 4 mm sieve t o  remove s t ones and the boxes were comp l e tely 

f illed and l ef t for one week for the soil t o  s e t t le and then topped up . 
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3 . 3 . 2 . 3  Grass Spe c i e s  and Comb inat i ons 

The s ame spec i e s  and combinat ions used in the prev ious s tudy 

were again used in t h i s  exper iment .  

3 . 3 . 2 . 4  Sward Est a b l i shment 

Samples o f  the graded seed (Sec t i on 3 . 2 ) of the three spec ies 

wer e g ermina t ed in plastic  trays f i l l ed with perlite  in a t emperature 
0 0 

controlled glas shouse ( 2 5  / 1 5  C ) . Af ter 2 1  days , the seedl ings were 

placed near the exper imental s i t e  for two days to  harden the p lant s  

pr ior t o  p lant ing . 
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A b a sal dress ing o f  25 g o f  1 2 : 1 0 : 1 0 : 8  ( N : P : K : S ) fer t i li s e r  was wa t e red 

into each box two days p r ior to  p lant ing , to prevent the develo pment 

of po ssible nu tr ient def ic ienc ies . 

The seedl ings o f  the thr e e  spec ies were transplanted according to  

the replac ement ser i e s  p r inci p l e  of de Wi t ( 1 9 60 )  (Figure 3 . 6 ) .  A 

s i ngle seedl ing was p lant ed a t  each po int a t  a di stance o f  5 cm , in 

order to ob tain an ove rall den s i t y  of 400 p lants per square met er , 

which was s imi lar to  that adop t ed in the f ie ld study . Wi thin e ach 

species , the s eedl ings were s e lec t ed for uni formi ty of size . At t he 

t ime of p lant ing , prairie grass had the large s t  seedling wi th 2-3  l eaves , 

while cocks foot had the smallest  seedling with 1 - 2  leaves . Ryegrass 

s eedl ing s had 3-4 leaves at  the t ime of p lant ing , al t hough they were 

smaller t han prair i e  grass seed ling s . 

3 . 3 . 2 . 5 Exper imental Design 

A randomi zed block design with three replicates was used for  this 

s tudy , with each box containing 30 p lants making up one t r eatment wi thin 

a repl ica t e .  

3 . 3 . 2 . 6. Management 

The p lants were wat ered dur ing d ry p e r iods in order to p rovide 

adequate water for p lant growth . There  were no problems w i t h  d iseases 

and p e s t s  during the exper iment and emerging weeds were removed manually . 

All boxes were f er t i l i zed af t er each harves t  wi th a uniform applicat ion 

of  20 g of Urea ( 4 3 %N )  per box, which was watered in . 



3 . 3 . 2 . 7  Measurement s  

P lant height ( the height from t he s o i l  leve l to  the tip  o f  the 

younge s t  lea f )  and t i ller numbers were mea sured from 4 weeks a f t e r  

es tab l ishment o f  seed lings , f o r  a further four weeks . The reaf ter , 

the sward s were cut on 4 occas ions t o  a he ight o f  2 cm above s o i l  

leve l .  At e ach harve s t , p lant heigh t ,  t i ller numb ers and leaf area p er 
0 

plant was mea sured pr ior to drying the samples at 80 C for  2 4  hour s to 

obtain dry mat t er produc t ion per plan t and to tal dry ma t t e r  produc tion 

per b ox .  

3 . 3 . 2 . 8  S t a t i s t ical ana lys is 

A s imi lar procedure to that rep o r t ed in sect ion 3 . 2 . 2 . 7  was 

adop ted for this  exper iment . 

3 . 3 . 3  RESULT S 

3 . 3 . 3 . 1 Vege t a t ive Charac ters 

The mea surement of vege tat ive characters o f  p lan t growth , namely 

tiller numbers , shoot  dry weights and leaf area are presented in 

Tables 3 . 1 2 ;  3 . 1 3  and 3 . 1 4 re spec t ively . P lan t height i s  presented in 

Appendix 6 .  The resul t s  show that the performance of all  sp ecies  i s  
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enhanced i n  c ompar ison t o  the i r  monocult ures when grown w i th 2 5 %  o f  

ano ther spec ies . Thi s  i llu s t rates  a greater intraspeci f i c  compet i t ive 

e f f ec t  wi thin monocultures than int e r s p ec i f i c  comp et i t ion between t he 

spec i e s  a t  the p lan t ing density  used in this s tudy . The enhanced g rowth 

o f  p lant s in a 7 5 %  mixture is  leas t p rominent in cocks foot , e s pecially 

when grown with  prair i e  grass . 



TABLE 3 . 1 2 Mean t i l l e r  numb er per p lant o f  the grass species  during 

early growth and p r ior to  every harves t ,  when grown in 

mixtures and monocultures 

Spe c ies mixtures 

4 

(A) RYEGRAS S 

Monocu l t ure 6 . 7  

75R  with 25P 7 . 1  

SOR with SOP 6 . 0  

25R with 75P  5 . 5  

75R  with 2 5 C  7 . 3  

SOR with SOC 7 . 0 

25R with 7 5 C  6 . 6  

S igni f i cance * *  

Sx 0 . 05 

(B)  PRAIRIE GRAS S 

Monocu l t ur e  3 . 0 

7 5P with 2 5 R  3 . 1 

SOP with SOR 2 . 9  

25P w i th 7 5 R  2 . 8  

7 5P with 25C  3 . 0  

SOP w i th SOC 2 . 9  

25P with 7 5C 2 . 7  

S igni f icance * *  

Sx 0 . 0 3  

( C )  COCKSFOOT 

Monoculture 3 . 0 

75C with 2 S R  3 . 1  

SOC with SOR 2 . 9  

25C w i t h  7 5 R  2 . 8  

7SC w i th 2SP  3 . 0  

2SC w i th SOP 2 . 9  

2SC w i t h  7 S P  2 . 7  

Sign i f icance * *  

Sx 0 . 0 3  

Mean t i l ler numb er 

T ime of measurement (wks after t ransp lant ing) 

5 6 

1 0 . 8  

1 1 . 3 

1 0 . 1  

9 . 8  

1 1 . 8 

1 1 . 3  

1 0 . 8  

** 

0 . 1 0 

5 . 9  

6 . S  

6 . 2  

5 . 6 

6 . 6  

6 . 2  

5 . 8  

** 

0 . 05 

5 . 0  

s . o 
4 . 7  

4 . 4  

s . o  
4 . 7  

4 . 3  

** 

0 . 0 7 

1 4 . 7  

1 5 . 0  

1 4 . 1  

1 3 . 9  

1 S . 3  

1 5 . 0  

1 4 . 7  

* *  

0 . 0 5 

8 . 7  

9 . 2  

8 . 9 

8 . 4  

9 . 3  

8 . 9  

8 . 6  

* *  

o . os 

6 . 9  

6 . 9  

6 . 6  

6 . 4  

6 . 9  

6 . S  

6 . 3  

* *  

0 . 0 3  

7 
(H 1 )  

1 6 . 7  

1 6 . 7  

1 6 . 1 

1 5 . 6  

1 7 . 5  

1 7 . 0  

1 6 . 6  

* *  

0 . 06 

1 2 . 2  

1 2 . 8  

1 2 . 4  

1 2 . 0  

1 2 . 9  

1 2 . 6  

1 2 .  1 

* *  

0 . 04  

9 . 3  

9 . 4  

9 . 0  

8 . 8  

9 . 4 

8 . 9  

8 . 6  

* *  

0 . 05 

1 2 (H ) 

14 . 5  

14 . 6  

1 3 . 8  

1 3 . 4  

15 . 2  

14 . 7  

14 . 5  

* *  

0 . 0 6 

1 2 . 0  

1 2 . 7  

1 2 . 4  

1 1 . 8  

1 2 . 7  

1 2 . 4  

1 2 . 0  

** 

0 . 08 

8 . 7  

8 . 6  

8 . 4  

8 . 1  

8 . 6  

8 . 2  

7 . 9  

* *  

0 . 06 

1 6  
(H3)  

1 3 . 2  

1 3 . 7  

1 2 . 5  

1 1 . 9  

1 3 . 5  

1 3 . 3  

1 2 . 9  

* *  

0 . 0 7 

1 1 . 6  

1 2 . 6  

1 2 . 3  

1 1 . 2  

1 2 . 4  

1 2 . 3  

1 1 . 7  

* *  

0 . 09 

8 . 0 

8 . 1  

7 . 9  

7 . 7  

8 . 0  

7 . 7 

7 . 6 

* *  

0 . 04  
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20
(H4) 

1 2 . 2  

1 3 . 1 

1 1 . 8 

1 1 . 3  

1 2 . 8  

1 2 . 6  

1 1 . 9  

* *  

0 . 04 

1 0 . 8  

1 1 . 6  

1 1 . 1  

1 0 . 1 

1 1 . 5 

1 1 . 2  

1 0 . 5  

* *  

0 . 05 

7 . 6 

8 . 0  

7 . 5  

7 . 4  

7 . 7  

7 . 4  

7 . 3  

* *  

0 . 04 
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TABLE 3 . 1 3  Mean shoot we ight per plant (g ) o f  t he gra,ss spec i e s  a t  

every harve s t , when grown i n  mix t ures and i n  monocu l tures 

Spec i es mixture Mean shoot we ight per p lant (g ) 
H1 

H
2 

H3 H
4 

A RYEGRAS S 

Monocu lture 0 .  7 4 3  0 . 6 88 0 . 658 0 . 649  

75R  with  25P 0 .  7 7 4 0 . 7 0 7  0 . 6 7 6  0 . 6 6 1  

S OR with S OP 0 .  7 06 0 . 666  0 . 6 5 1  0 . 644  

25R with 75P 0 . 684 0 . 6 34 0 . 64 2 0 . 6 2 5  

7 5R with 25C 0 . 82 1  0 .  7 2 0 0 . 678  0 . 6 6 6  

S OR with s oc 0 .  7 7 5  0 .  7 09 0 . 6 7 1  0 . 659  

25R with 7 5 C  0 . 734  0 . 688 0 . 6 5 5  0 . 6 3 8  

S igni f icance  * *  * *  * *  * *  

Sx 0 . 009 0 .  004 0 . 009 0 . 007 

B PRAIRIE GRAS S 

Mono cul tur e 1 . 49 6  1 .  293  0 . 998  0 . 906 

7 5P with 25R 1 . 6 34 1 . 3 7 3  1 .  0 3 1  0 . 9 2 8  

S OP with S OR 1 . 584 1 . 3 3 9  1 .  0 1 7  0 . 9 1 8  

25P with 7 5 R  1 . 4 4 4  1 . 24 7  0 . 9 8 3  0 . 90 1  

7 5P with 2 5 C  1 .  700  1 . 3 7 4  1 .  0 1 2  0 . 9 3 7  

S OP with s oc 1 . 6 29  1 . 3 36 1 .  008 0 . 9 26 

2 5P with 15C 1 . 485  1 . 29 8  0 . 9 9 9  0 . 9 07 

S igni f i canc e  * >< * *  * *  * *  

S x  0 . 0 1 2  0 . 004 0 . 007 0 . 005 

C COCKSFOOT 

Monocultu re 0 . 6 54 0 . 648 0 . 6 1 8  0 . 5 9 5  

7 5 c with 2 5R 0 . 6 57  0 . 649 0 . 6 1 7  0 . 60 1  

s oc with SOR 0 . 6 2 0  0 . 6 1 6  0 . 5 9 8  0 . 58 0  

25C with 7 5R 0 . 58 3  0 . 606 0 . 5 9 2  0 . 5 7 0  

75C with 25P 0 . 65 5  0 . 647 0 . 6 1 9  0 . 5 9 7  

soc with SOP 0 . 6 04 0 . 6 1 7 0 . 605 0 . 583  

25C  wi th 7 5 P  0 . 5 6 2  0 . 6 1 1  0 . 5 9 9  0 . 57 1  

S ignif icance * *  * *  ** ** 

Sx 0 . 008 0 . 027  0 . 0 1 2  0 . 01 7  
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TABLE 3 . 1 4 Leaf area ( cm2 ) p er p lant of the grass spe c ies at  every 

harve s t  

Spec ies comb ina t ion H 1 H2 H
3 

H
4 

(A) RYEGRASS 

Mono culture 1 4 . 94 1 1 .  3 1  1 1 . 08 9 . 9 4 

75R with 25P 1 5 . 1 1  1 1 . 2 3 1 1 . 24 1 0 . 59 

S OR with S OP 1 1 . 8 7 9 . 0 1 8 .  9 2  9 . 56 

25R with 7 5P 1 2 . 85 8 . 33 9 .  1 8  8 . 7 6 

7 5R with 2 5C 1 5 . 44 1 1 . 4 2 1 1 . 4 2 1 0 . 1 8  

5 0R with s oc 1 6 . 06 1 3 . 6 1 1 2 . 6 1 1 1 . 04 

25R with 7 5 C  1 4 . 48 1 0 . 8 1 l iJ .  8 1  9 . 6 3  

Significanc� ** '" * ** ** 

Sx 0 . 1 4 3  0 . 1 02 0 . 0 7 2  0 . 1 1 3 

( B) PRAIR I E  GRASS 

Monocu l tur e 2 7 . 07 2 1 . 4 1  20 . 5 7 1 9 . 6 6 

7 5P with 25R 2 8 . 2 2 2 3 . 5 6 2 1 . 7 2 2 0 . 4 2  

SOP with S OR 3 0 . 8 1 2 5 . 7 2  22 . 6 3 2 0 . 5 1  

25P with 7 5R 2 6 . 2 1 2 1 . 7 6 1 9 . 44 1 8 . 2 4 

75P with 2 5 C  2 8 . 74  2 3 . 06 2 1 . 8 1 2 1 .  1 2  

SOP with s oc 3 1 . 00 2 4 . 4 7 2 2 . 5 2 2 2 . 7 0  

25P with 7 5C 2 6 . 8 1 2 2 . 68 2 1 . 20 1 9 . 08 

Significance ** * *  ** * *  

Sx 0 . 1 1 8  0 . 3 4 3  0 . 0 7 1  0 . 2 2 9  

(C)  COCKSFOOT 

Monocul tur e 1 3 . 3 7 9 . 8 1 9 . 6 0 9 . 06 

7 5C with 2 5 R  1 3 . 56 9 . 67 9 . 70 9 . 24 

S OC with SOR 1 0 . 5 1  7 . 3 6 7 . 36 7 . 02 

25C with 7 5R 1 1 . 84 8 . 9 8 8 . 9 8 8 . 2 8 

75C with 25P 1 3 . 30 9 . 6 0 9 . 5 2 9 . 1 6 

SOC with S OP 1 0 . 37 7 . 59 7 . 7 6 6 . 86 

25C with 7 5P 1 0 . 92 7 . 4 1  7 . 9 3  7 . 26 

Signif icance ** * *  * *  * *  

Sx 0 . 1 1 3 0 . 0 7 8  0 . 3 6 7  0 . 85 5  



Genera l ly , a higher p ropo r t ion o f  the mor e  comp e t i t ive species 

has a grea t er suppr e s s ive ef f ec t  on t he growth of the weaker species 
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in mix tures . This i s  illustrated in the 7 5 %  and 50% mixtures o f  prairie 

grass wi th the o ther species and in s imilar comb inat ions o f  ryeg ras s  

with cocks f oo t . 

The more compe t i t ive spec ies also increa ses i t s  g rowt h in compar ison 

wi th i t s  mono cu l ture , when comb ined with  le s s  or equa l  p ropo r t ions o f  

t h e  weaker spec ies . Gene rally , t he plant s i n  7 5 %  mixtures with  2 5 %  of 

the weaker spec ies show greater growt h rat e s  than in the i r  5 0 : 5 0 mixtures . 

Thi s  i s  i llustra ted by b o th t i ller numb ers and shoo t dry we ights o f  

pra irie  gra s s  i n  comb inat ion w i t h  t h e  o t hers species and ryegrass with 

cocks foo t .  In contras t ,  the leaf area o f  prairie gras s  i s  g rea t er in its 

50% comb inat ions than in its 7 5 % comb inations with the o ther spec ies . 

A s imilar e f fe c t  is seen i n  ryegrass i n  the 5 0C : 50R mixture . 

Al though prairie grass has a suppressive e f f ect on the growth of 

the o t her spec ies and ryegrass on co cks f oot in the ir 75% and 5 0% 

mixt ures , the weaker species have an adverse e f f ect  on the growth of 

the more agg r e s s ive species in their 2 5 %  comb inat ions with 7 5 %  o f  the 

weaker specie s .  Ryegrass reduces the g rowth of prairie gras s  in t he 

7 5R : 25P mixt ur e s , when c ompared with the prairie  grass mono cu lt ur e . 

The adve rse e f fect  o f  cocksfoo t on prair ie grass in the 2 5P : 7 5 C  mixture 

is  minimal . However , cocksfoot  has a greater adverse ef f ec t  o n  ryegrass 

in the 7 5 C : 2 5R mixtures . 

All t he s e  ef f ec t s  do not chang e  over t he exper imental per iod , and 

plant height , t i ller number and s hoot we ight relat ionships are s imilar 

to those ob s e rved in the f ield exper iment during the e s tab l is hment 

per iod . 

The results also highlight the super ior growth of prairie grass 

in t erms o f  hei ght , leaf area and dry mat te r  produc t ion . Although 

ryegras s  has a g reater t iller number p er plant t han prairie g ra s s ,  in 

comp e t it ive s i t ua t ions , the growth of ryegras s  i s  affec ted and t hu s  

the t i ll er numbers are r educed b y  the presence o f  prairie gra s s  p lant s 

in e i t her equal o r  greater propor t ions (i . e .  in  25R : 7 5P and 5 0R : 5 0P 

mixtures ) . Prairie gras s  increases i t s  t i ller numbers in these mixtures 

when c ompared wi t h  i t s  monocul ture . Cocksfoo t i s  t he smallest  and the 



weakes t  of t he s e  three species and i s  affected by the presence o f  the 

o t her spec ies  in mixture s .  

The growth of c ocksfoot i s  affected  by pra irie grass mor e  than 
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by ryegras s .  This e f f e c t  i s  seen in a l l  veg e t a t ive charac t er s  and does 

not chang e with t ime . 

3 . 3 . 3 . 2 Dry Ma t t er P roduc t ion 

The resu l t s  pre sented in this s P. c t i on i ndicates the to tal yield 

accumula t ed per box a t  each harve s t . 

Swards of p rairie grass produced the highe s t  yield at every harve st  

dur ing th i s  p e r iod , and mixtures contain ing a maj or propo r t ion o f  prairie  

gra s s  outyi elded all  o ther mixtures (Tab le 3 . 1 5 ) . The y ie ld o f  cocksfoot 

wa s t he lowe s t , whi le ryegrass y i elds were in-between the o t her two 

monocul ture y i e ld s . 
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TABLE 3 . 1 S  Dry mat ter y i e lds (g/box ) *  of  mixtures and monocu ltures a t  

each harve s t  

Treatment Dry mat t e r  yield (g/ box) 

( Weeks af t e r  p lant ing ) 7 weeks 1 2  we eks 16 weeks 20 weeks 
(H

l
) (H2 ) (H3 ) (H4 ) 

l OOR 14 . 95 1 1 . 3 1  1 1 . 08 9 . 9 4 

7 SR 2SP 1 7 . 9 2 1 3 . 89 1 3 . 3 1  1 2 . S 3 

S OR S OP 2 2 . 3 4 1 7 . 36 1 6 . 7 7 1 S . 7 0  

2 SR 7 5P 24 . 7 7 1 9 . 8 2 1 8 . 6 3 1 7 . S4 

l OOP 2 7 . 07 2 1 . 4 1  20 . 5 7  1 9 . 6 S 

7 SP 2SC 2 4 . 34 1 9 . 1 9 1 8 . 3 8 1 7 . 69 

S OP soc 2 1 . 69 1 6 . 9 7 1 6 . 1 1 1 S . 7 8 

2SP 7SC  1 7 . 08 1 2 . 89 1 2 . 4 6 1 1 . 6 6 

1 00C 1 3 . 34 9 . 8 1  9 . 6 0 9 . 06 

7 SC 2SR 1 3 . 8 2 9 . 9 8 1 0 . 00 9 . 36 

s oc 5 0C 1 3 . 6 2 1 0 . 48 1 0 . 4 8 9 . S 6 

2 SC 7 SR 1 4 . S 7 1 0 . 8 3 1 0 . 8 1 9 . 7 0 

Sign i f ic<mce ** ** ** ** 

Sx 2 . 1 6 1  1 . 2 3 2  1 .  082 1 . 49 S  

* C onvers ion fac tor to  g/m2 yie ld per  box x 1 1 . 1 1 

/ 



The y i e lds o f  all  mixtures lay b e tween the monocult ure yields o f  

the componen t spec ies a t  all  harves t s . The contribut i on o f  prairie 

grass to the yields of mixt ures was grea ter than i t s  s eed p ropo rt ion 

in all mixtu re s . Ryegrass showed a s imi lar t rend in the ryegra s s -

cocks foot  mixtures (Figure 3 . 7 ) . In general , the yi eld ing pat t ern 

of the t rea tmen t s  did not change wi th t ime ,  although a decrease in 

dry mat te r  p roduc t i on was no t ed wi th suc ce s s ive harve s t s . 

3 . 3 . 3 . 3  Compe t i t ive Indices  

1 1 7 .  

Relat ive y ield totals based on veg e tat ive charac ters and y i eld 

component s d id n0 t deviat e s igni f i cant ly from l (Tab les 3 . 1 6 and 3 . 1 7 ) . 

In addi t i on ,  mo st graphs ob ta ined from the Thomas ( 1 9 7 0)  model (F igure 

3 . 7 )  did no t show a s i gn i f i cant depar ture from the be tween-models te s t , 

and the produc t s  of the relative crowd ing coe f f i c i ents were also 

c lose  to uni ty .  
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F i g u re 3. 7 Replacement diagrams based on dry matter yields (g/box) of species 

com ponents in grass mixtures and monocultu res and the total yields at each 

harvest. Symbols and notations are s imi lar to those of Figure 3.4. 



TABLE 3 . 1 6 Relat ive y ield to tals based on vege tat ive characters o f  the 3 species - Exper iment 2 

(A) Tiller numbers per plant 

Species comb inat ion Weeks 4 5 6 7 1 2  1 6  20 

Ryegrass-Prairie grass 0 . 9 9 5 ± . 00 3  0 . 998± . 006 0 . 9 9 6 ± . 00 3  0 . 9 9 2 ± . 003  0 . 9 9 5 ± . 00 2  0 . 998± . 00 2  0 . 99 9 ± . 00 3  

Prairie grass-Cocks foot 0 . 9 9 5 ± . 006 0 . 99 4 ± . 004 0 . 9 9 2 ± . 004 0 . 9 9 5 ± . 002 0 . 9 9 3 ± . 00 2  1 . 006 ± . 004 1 . 00 1 ± . 002  

Cocksfoot -Ryegrass 1 . 00 5 ± . 00 3  0 . 990± . 005 0 . 9 9 5 ± . 005 0 . 005± . 005 0 . 9 9 2 ± . 004 0 . 9 9 3± . 00 3  1 . 008± . 00 3  

(B)  Shoot we ight per plant 

Species comb inat ion Weeks 7 1 2  1 6  2 0  

Ryegras s-Prairie grass 1 . 00 5 ± . 003 0 . 9 9 6 ± . 00 2  1 . 00 5 ± . 00 2  0 . 9 9 9 ± . 00 3  

Prairie gras s-Cocks foot 1 . 00 1 ± . 002  0 . 998± . 00 3  0 . 9 9 7 ± . 002  0 . 9 9 9 ± . 00 2  

Cocks foot-Ryegras s 0 . 9 9 6 ± . 004 0 . 9 9 4 ± . 00 3  0 . 9 9 5 ± . 00 1  0 . 9 9 5 ± . 003 

TABLE 3 . 1 7 Re lat ive yield t o tals based on y i e ld c omponents at each harve s t  - Exper iment 2 

Species comb inat ion 7 1 2  1 6  20 
weeks af ter p lan t ing 

Ryegrass-Prairie gras s 1 . 00 2 ± . 002  1 . 00 3 ± . 00 3  0 . 9 9 9 ± . 009 1 . 003± . 004 

Prairie grass-Cocks foot 0 . 9 9 9 ± . 00 2  1 . 00 1 ± . 002  1 . 003± . 00 3  1 . 006± . 004 

Cocksfoot-Ryegras s 1 . 006± . 00 3  1 . 005± . 00 7  1 . 00 3 ± . 004 1 . 002± . 005 

,_. 
,_. 
� 



The relat ive comp e t i t ive abi l i t ie s  o f  the spec ies wer e  examined by 

evaluat ing the r elat ive c rowding coeff i � i ent s of each spec ies at ever� 

harves t  (Figure 3 . 7 ) . P rairie grass cons is t ent ly ma inta ined a grea t er 

rela t ive c rowd ing coef f ic ient t han t he o t her spec ie s ,  and t he value s 

were grea t er than one , which impl ied i t s  super ior compe t i t ive natur e . 

The relat ive crowding c o e f f ic ient s o f  cocksfoo t were alway s less  than 

uni t y ,  illu s t r a t ing i t s  poor compet i t ive ab i l i t y  in compar i son w i th the 

o ther spec ies . Ryegr ass exhib i t ed a super ior compe t i t ive ab il i t y  over 

c ocks foo t .  There was no change in the c ompet i t ive ab i l i t ies  of t he 

/ spec ies with t ime . 
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Anal y s i s  o f  aggr e s s ivity o f  t he three spec ies also indica t e s  t he 

s igni f icantly superior competi t ive ab i l i ty of prairie grass over the 

o t her spec ies  and ryegrass over �ocksfoot  (Tab l e  3 . 1 8 ) . Whi l e  pra irie 

gras s was g enerally mo r e  aggress ive than cocksfoot and ryegra s s  in its  

75%  and S O %  mix tures , ryegrass demonst rat ed greater aggr e s s iv i t y  than 

prairie grass in the 7 5R : 2SP mixture ( deno ted by the negat ive aggr ess iv-

ity index o f  pra ir ie gras s ) . The greater ef f ec t  o f  cocks foot  on the 

compe t i t ive ab i l i t y  of ryeg rass than on prairie g rass in i t s  7 5 %  

mixture s  w i t h  those  spec ies i s  h ighli gh t ed b y  the aggr e s s iv i t y  indices . 

Although the aggressive natur e o f  prair i e  grass over t he o ther 

spec ies and of ryegrass over cocksfoot did no t change over the experimental 

p er iod , the aggr es s iv i ty ind ices  of t he mor e  compet i t ive spec ies declined 

over t ime . This e f f e c t  i s  clearly s e en in the aggr e s s ivity  i nd ices 

based o n  s hoot we ight s .  The aggress ivity indices o f  p ra i r i e  grass and 

ryegrass decrease with  suc c e s s ive harves t s  when grown with cocksfoo t and 

that o f  prairie grass when grown w i t h  ryegrass . The resul t s  also show 

that ryegrass  has a greater e f f e c t  on the growth of prair i e  grass t han 

cocks f o o t , as the aggr e s s iv i t y  ind i c es o f  prairi e  gra s s  are l e s s  when 

combined with  ryegrass than when c omb ined wi th cocksfoot  (Tabl e  3 . 1 8 ) . 



TABLE 3 . 1 8 Aggressiv l t y  ind i ces of t h e  ml..l rt.• aggress i ve s pC' C i � s  h a s £- d  on t h C'  vPgf' L i t  I Vl' c h ar a c t e r :.;  1o.l f t h l• ) s pl·c l e s  - Expl' r i me n t  2 .  

T i me o f  measurement T r e a t ment comh i na t i ons 

(A) T i l l e r  Numbers Ag�res s i v i t y  of  Pra i r i e � r a s s  i n  Aggress ivi t y  o f  P ra i r i e  g r a s M  i n  AggrPss  i v i  t y o f  R\'l'P r : 1 :-- s  i n  

combina t i on w i t h  r.ycl(rass comb i na t i on w i t h  Coc ks f o o t  comb i n a t i on \.,; j t i l C :\ ' l · k s l l>O t 

7 5 R  25P 50R SOP 2 5 R  7 5 P  S i gn i f  +SE 75P 25C SOP SOC 2 5 P 7 5 C  S i gn i f  +SE 7 5 C  2 5 R  SOC SOR � S C  7 5 R S i gn i f  

Wk 4 -0 . 050 0 . 1 05 0 .  1 7 1  * *  0 . 0 1 4 0 . 09 2  0 . 04 9  -0 . 00 5  * 0 . 0 1 6  -0 . 0�4  0 . 0 3 1  0 . 0 7 2 * 

-0 . 044 0 . 05 9  0 . 09 9  * *  0 . 0 1 � 0 .  I 34 0 . 06 3  0 . 000 * O . O I R  0 . 00'> O . Ohll  0 .  I O'l * 

6 -0 . 02 6  0 . 029 0 . 0 5 6  * *  0 . 00 7  0 . 0 7 6  0 . 0 37 -O . OO R  * *  0 . 008 0 . 000 O . (l '\ 1  0 . 06 !  * *  

-0 . 009 0 . 028 0 . 0 5 5  * *  0 . 005 0 . 060 0 . 04 1 -0 . 005 * 0 . 005 -0 . 002 0 . 0� 7  l i . O S '> * * 

1 2 -0 . 0 1 0  0 . 04 4  0 . 0 7 1  * *  0 . 009 0 . 0 7 3  0 . 04 6  O . OO il  * 0 . 0 1 0  0 . 00 2  0 . 0� '> t l . 05'1 * *  

1 6  -0 . 039 0 . 05 2  0 . 09 2  * *  0 . 0 1 2  0 . 06 3  0 . 05 4  0 . 00 4  N S  0 . 0 1 4  -0 . 0 1 4  0 . 0 1 '\ 0 . 0 34 * *  

20 -0 . 0 2 3  0 . 0 34 0 . 0 7 5  NS 0 . 0 25 0 . 0 5 4  0 . 0 3 1  - 0 . 02 1  * 0 . 0 1 2  -0 . 0 3 7  0 . 0 2 1  0 . 0 4 2  * *  

( B )  Shoo t We igh t 

\,'k -0 . 036 0 . 05 4  0 . 085 * 0 . 0 1 9  0 .  1 3 4 0 . 082 -0 . 00 5  * *  0 . 00 7  -0 . 009 0 . 04 h  0 .  1 0 5  * *  

1 2 -0 . 0 3 1  0 . 0 3 4  0 . 070 * *  0 . 006 0 . 0 59 0 . 04 1  -0 . 00 7  * *  0 . 009 - 0 . 002 0 . 03 <J 0 . 0 5 5  * *  

1 6  -0 . 02 2  0 . 0 1 5  0 . 02 8  * *  0 . 007 0 . 0 2 2  0 . 0 1 5  -0 . 00 1  * O . OOh - 0 . 00 2  0 . 02 6  0 . 0 3!> * *  

2 0  -0 . 0 1 1 0 . 0 1 1  0 . 024 * 0 . 007 0 . 03 7 0 . 0 2 1  -0 . 00� * O . OOb -0 . 0 1 3  0 . 02 1  0 . 0 3 3  ** 
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3 . 3 . 4  D ISCUSS ION 

The pr imary obj ec t ive of th i s  exper iment was to evaluat e  the 

compet i t ive relat ionships tha t  deve lop among t he selected grass species 

when e s t ab l i shed as mixtures from seedl ings of the same age . Th is  

was done t o  overcome any advant ageous e f fects  that may develop due 

to earl i er emergence by one species . 

The resul ts  o f  this s tudy are s imilar to  those o f  the f ield 

t r ial , where pasture swards were e s tab li shed from seed . The dominant 

affect  o f  p r �ar ie grass over the o ther species is  i llus trated in all  

vege t a t ive charac ters  measured , and by the relat ive crowd ing co eff­

i c ient s .  The supe rior  compe t i t ive affect  o f  ryegrass on cocksfoot 

is  also  i l lus t rated by the resul t s . Thus the absence o f  the e f fect 

o f  early emergence o f  both ryegrass and p ra i r i e  grass ove r cocks foot 

does not s eem to have made a great  impact  on the compe t i t ive hierarchies 

e s t ab l ished b e tween the species . 

A larger init ial size  and mo re rap id growth ensures the success 

of a s eed l ing by ob taining a greater share of the env i ronment in 

t erms of growth r equ i rement s .  The larger area occup ied by the 

i n i t ially larger and extens ive ly growing species g ives i t  a greater 

capac i ty to exploit  its surround ings , thereby depr iving the smaller and 

s lower growing spec ies o f  growth resources . The results  p res ent this  

s ituat ion , as  prairie grass and ryegrass s eedl ings are  b igger and 

a l s o  grow more extens ive ly than cocks foot seed lings . Thus , the 

super ior compe t i t ive ab i l i t y  of these spec ies ove r cocksfoot dur ing 

the early growth phase can be a t t r ib uted mainly to  the i r  init ially 

larger s eedl ing s izes , larger p lant forms and extens ive growth 

p a t t e rns , rather than any d i f fe rences in t ime o f  eme rgence , wh ich was 

a l s o  cons idered an impor tant f actor in the earlier exper iment . In 

add i t ion , these s tud ies are in accordance with many s tudies which 

h ave i l lustrated t he impor tance o f  a larger ini t ial s eedling and more 

rapid growth on success ful p l an t  estab l i shment and comp e t i t ive 

a dvantage ( e . g .  S t ap ledon and Davies ,  1 9 2 7 ; Blaser e t  al . ,  1 9 5 2b , 1 9 5 6 ; 

Cullen , 1 9 6 4 ; Harr i s , 1 9 6 8 ; McKell , 1 9 7 2 - see s e c t ion 2 . 4) . 

Later emerging s pecies o f ten o ff s e t  this drawback i f  they have 

a l arger seed l ing and more rapid growth rates , by b eing more e f f i c ient 

i n  absorb ing growth resources from t he environment and us ing them t o  



p roduce dry mat ter (Trenbat h  et al . ,  1 9 7 7 ) . The super ior compet i t ive 

ab i l i ty o f  prairie  grass over ryegrass can again be at tributed t o  this  

facto r ,  a s  although ryegrass emerges 2 - 3  day s earl ier ( Se c t ion 3 . 2 ) ,  

prairie gra s s  has a larger seed l ing wh ich grows faster . 

Al t hough the superior growth pa t t erns of the more aggres s ive 

spec ies decrea se with increas ing propo r tions of the weaker spec ies , 

l eaf area o f  both prairie grass and ryegras s  increases in these 5 0 : 5 0 

mix tur e s  with  the weaker spec ie s .  This e f f e c t  is  no t obs erved in 

plant dry weights and was not no t i ced in the f i eld t r ial . However , such 

a phenomenon may be pos s ible due to great er l ight inf i l trat ion into 

t he canopy leading t o  greater l eaf expans ion due to the r educ t ion in 
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the number o f  plant s of the same spec ies in this part icular mixt ur e ,  when 

compar ed w i th e i ther i t s  monoculture or the 7 5 % mixtur e s .  

A s  t he rela t ive y ield totals and produc t s  o f  the rela t ive c rowd ing 

coef f i c i en t s  are close to un ity , i t  can be conc lud ed that t he spec ies 

compet e for the same environmental resources under the cond i t ions of 

the exp er iment (de Wi t , 1 9 6 0 ;  Trenbat h ,  1 9 74a) . Thi s  c an be a t t r ibuted 

to the g rowth f orms o f  the grass species dur ing this early per iod , 

which a r e  g enerall y  s imilar (Langer , 1 9 7 2 ) . Due to comp e t i t ion for t he 

same envi ro nment al resources , the more aggressive spec ies ob t a ins a 

gr ea t er share of t he growth resources wi thin that environment due to  

i t s  larger plant f orm and mor e  rapid growth rat e ,  even in s i tuat ions 

when slower in emergenc e .  This r educ e s  t h e  availab i l i ty o f  resources 

to the weaker spec ies and thus af fects  i t s  growth . This comp e t i t ive 

ef f ec t  will be fur ther accentuat ed in this exper iment as t he p lant s are 

grown in boxes , which inev itably l imi t s  the soil environment ava ilable 

for root g rowt h .  

The y i elds o f  the mixture s  l ie between tho se o f  the respec t ive 

mono cu l tures ,  conforming to  the g eneral trend among grass s pec ies  

(Trenbath , 1 9 7 4a ) . Thus , a s  reported by Remison and Snaydon ( 1 980) , 

in the short term, there does not seem t o  b e  an advantag e  in g rowing a 

mixture o f  gras ses under ideal management cond i t ions , i f  the highes t  

y i e ld ing spec i es i n  that environment c an be identif ied . 
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The reduc t ions in yields o f  the sward s  and shoo t weigh t s  w i th 

success ive harve s t s  may have resul t ed from the limi ted s i z e  o f  the 

soil environment ava ilab le for root growth . The reduct ion in aggress­

ivity ind i ces o f  t he species , espec ially as seen in values calculated 

from shoot we igh t s  may also b e  a result of this res t r i c t ive s i z e  

o f  the s o i l  environment , a s  res tric t ions o n  root growth a f f e c t s  

shoot growth ( Davidson , 1 9 7 8 ) . 

3 . 3 . 5  CONCLUSIONS 

The compet it ive hierarchy es tab l ished be tween prairie gras s , 

ryegrass and cocksfoot is dependent to a great extent upon the 

ini t ial seedling s ize , and more extens ive and rapid init ial growth 

rates . Th is is b e s t  il lus t rated by the s uperior compet i t ive nature 

of prairie  grass over ryegras s .  However , early eme rgence can g ive 

an add i t ional advantage to a rap idly and extensively-growing spec ies 

such as ryegrass or p rairie gras s enab l ing it to success fully 

e s t ab l i sh and secure growth res ources from the environment b e f ore 

the later emergence o f  an assoc iated spec ies ( e . g .  cocks foot ) . 

The species examined generally comp e t e  for the same environ­

ment a l  r esources . The depre s s ed growth o f  the weaker species  is  

c ompensated b y  a p roport ional increase in p roduc t ivity of  the more 

aggress ive spec ies , thus ind icat ing a c ompensatory comp e t i t ive 

rtature , which resul ts  in relative yield t otals b e ing close t o  uni ty 

and mixtures y ield ing in-be tween the respett ive monocu l t ures .  
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3 . 4  EXPERIMENT 3 .  A STUDY ON THE EFFECTS OF COMPET ITION ON PLANT 

PERFORMANCE AND THE YIELD OF BINARY MIXTURES OF 

GRAS S SPEC IES DURING THE ESTABLI SHMENT PHASE FROM 

SEEDL 1NGS OF S IMILAR GROWTH STAG E ,  AND THE EFFECT OF 

TEMPERATURE ON THEIR RELAT IONSHIPS . 

3 . 4 . 1  INTRODUCTION 

The superior competitive ab i l i t ie s  of prairie grass and ryegras s  

over cocksfoo t , and o f  prairie gra s s  over ryegrass have b een a t t ribu ted 

to their relat ively larger in i t ial seedling s i z e  and mo re rapid growth 

rates . These characteris t ics are assi s t ed by rela t ively earlier emerg­

eri�e of b o t h  ryegrass and prairie grass when compared with cocksfoot . 

As g rowt h rates and forms o f  sp ec ies are inherent charac ters , i t  was 

desir ed to evalua t e  the compet itive relat ionships b etween the sele c te d  

spec i e s  when t h e  in it ial advan tage o f  a larger seedling o f  the more 

compet i t ive spec i e s  was minimi z ed .  Thus , the experimen t was des igned 

to u s e  seed l ings o f  a similar g rowth s tage to construc t the microswards . 

N ew Zealand pas tures are generally e s tab lished in s p r ing or aut umn 

(Levy , 1 9 7 0 ;  Whi t e ,  1 9 7 3 ) , and these seasons have d i f fe rent t emperature 

reg ime s . Such d i f f erences may af f e c t  the compet i t ive relat ionships 

between t he selec t ed grass spec i e s  in the estab l i shment per iod , as 

t emp era ture is r epor t ed to have a b earing upon compe t i t ive relat ionships 

between pas tur e species (e . g .  van den Bergh and de Wi t ,  1 96 0 ;  Eagles 

and Wi l l iams , 1 9 6 9·, 1 9 7 1 ;  Harris  e t  a l . 1 9 8 1 b ) ; and o n  the b o t ani cal 

compo s i t ion of pastures (Fi t zpatrick and Nix , 1 9 70) . Thus i t  was 

cons ider ed des i rable to eva lua t e  the e f f ec t  of s imulated spring and 

aut �  temperature reg imes on the comp et i t ive interact ions b etween the 

three spec ies , during the early growth s t ages , us ing control led c l imat e  

fac il i t i e s . 

3 . 4 . 2 EXPERIMENTAL PROCEDURE 

3 . 4 . 2 . 1  Env ironmental Con di t i on s  

The expe r iment was car ried out i n  the cont rolled environment rooms 

at the P lant F& ysiology Divi s io n ,  Departmen t  of Scient i f i c  and Indu s t r i al 

Res earch , Palmerston Nor t h ,  during the per iod May - Augus t  1 9 80 . The 

t emperature was contro lled at  1 4°day / 6
°

c night ± 0 . 5°C in one room and a t  
0 0 0 2 0  C day / 1 0  C night ± 0 . 5  C i n  the o ther .  The lower t emperature regime 

was c ons ider ed to  represent t he mea n  sward t emper ature of the autumn 

� mon t hs from March - May , whi l e  the higher t emperature r epr esent ed t he 

s p r ing months f rom Sep t emb er to  Novemb e r .  The t emperature regimes 
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were e s t ab l ished us ing a SO year average o f  the mean monthly maximum and 

minimum screen t emperatures of 3 2  s tat ions o f  the New Zealand me t eorolog­

ical s e rvice in the cent ral region o f  the count ry , ranging from Waikat o  to 

Cante rb ury . In us ing the monthly mean maximum and minimum t emp eratures , 

it was accep ted that these t emperatures were not sus tained over long 

periods . However ,  this effect  was as sumed to  be largely comp ensated as 

s creen maxima are generally as much as 3°C-5°C lower than canopy maxima 

and grass minima are as much as 3°C lower than screen minima . S imilar 

assump t ions have b een made by Harris  et a l . ( 1 98 1a) . 

The wa ter vapour pressure def ic i t  in b o th rooms was 1 0 / 2  mb ( day / 

nigh t )  represent ing relat ive humi d i t ies o f  3 7 . 4% RH day / 7 8 . 6% RH n ight 

± 5% RH at 1 4° / 6°C and 65 . 2 % RH day / 8 3 . 7% RH nigh t ± 5% RH at 20° / 1 0°C .  

The d iurnal tempera ture and humid i ty changeover occurred ove r 2 hours , 

the 1 2  hours pho toper iod beginning and end ing half way through the change­

ove r . The mean pho tosynthe t i c  ir rad iance at  standard tro lley he igh t in 

each room was 1 5 5 W . M . -2 p rovided by a comb inat ion of 4 x 1 kw "me t a l  

arc" h i gh pressure d ischarge lamp s and 4 x 1 kw tungs ten iodide lamps , 

f i l te red through a 3 cm water thermal barrier . 

3 . 4 . 2 . 2  Cultural 

The s eeds o f  the three species were s own into germinat ion t rays 
0 0 con t a ining s and , and placed in a heated glas shouse ( 2 5  / 1 5 C) . As 

see d l ings of t he same growth s t age were required to es t ab l ish the mic ro­

swards , cocks foot  seeds were s own 8 days prior to  the o ther species  as 

it t akes a longer t ime interval to germinate . When the seedlings o f  

the three spec ies reached the 2-leaf s t age ( i . e .  approximat e ly 1 4  days 

a f t e r  emergence) �hey were t rans p lanted into plas t ic con t a iners ( 1 8 x 1 8  x 

1 8  cm) c ontaining approximately 4 l i t re s  o f  Op iki peat loam : s and ( 7 0 : 30 

v/v) p o t t ing mixture . The seedlings were t ransplanted a t  one p e r  

each o f  the 1 6  locat ions o n  a 5 cm equally spaced matr ix ( i . e .  400 

p lant s per s q . metre , which was s imilar to  that o f  the earlier s tudies) . 

Al though all three species had reached the 2 leaf s t ag e , prairie grass 

seedlings were t al ler and larger t han ryegras s , and cocks f oo t . The p o t  

s iz e  contain ing 1 6  p lan t s  was cons idered adequate to  observe treatment 

d i f ferences b etween specie s , b ased on s t ud ies reported by Rogers and 

Lazenby ( 1 9 6 6 ) . 

The p lant s  in the containers were arranged in a replacement s e r ie s  



P l a t e  3 .  The layout  o f  the expe riment in t he c on trolled 

envir onmen t rooms . 



to ob t ain t he n ine mixture s and three mono cult ures u s ed in previous 

exp erime nt s .  

The t ransp lanted seedl ing s were kept for 7 days in the glasshouse 

prior to being p laced in the con t r o l led envi ronment rooms . Whi le the 

pots  we re in the glas shouse , l OO ml of  � s t rength modified  "Hoaglands-A" 

mineral nut r ient solut ion and l OO ml of wa ter was added to each pot 

dai ly . I n  t he con trolled env i ronment rooms a l l  p o t s  received 2 x l OO 
ml app l i cat ions of the ab ove mineral nu t r ient solu t i on da i l y ,  met e red 

through an au tomated mi crotube system .  

3 . 4 . 2 . 3  Expe r j men tal Layou t 
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Each t reatment con ta ined 3 po t s  p laced ad j acent t o  each othe r ,  g iving 

a t o t a l  of 48 p lant s per treatmen t .  The t reatments we re rep l i cated three 

t ime s and the po t s  we re p l aced on 8 t rol leys in each room . To preven t  

d i f f e rent  s p e c i e s  mixt ures shading each o ther and t o  l imi t light ente r ing 

the p lant cano p ies laterally , cardboard shie lds were placed b e tween the 

sward t ype s . As the p lant s grew, the shields we re moved upwards to 

surround the p lant canopies  t o  about 2 / 3 rds of the i r  max imum height (Plate  3 ) . 

The exper imental des ign used was a randomi sed b lock des ign . 

3 . 4 . 2 . 4  Measurement s  

In order to  overcome d i f fe ren t i al responses of s p e c i e s  to environ­

mental cond i t ions , all measurement s were made at  an average of 50% and 9 5 %  

l ight int erception across all  swards . Light inte rce p t i on was mea sured 

u s ing a "Li-Cor" quantum me t e r ,  as des cribed in the f i r s t  experiment 

( Se c t ion 3 . 2 . 2 ) . 

Plant hei ght (mea sured f rom the base of each p lant to  t ip of 

youngest  leaf ) and t i l le r  numbers  were measured at  50%  and 9 5 %  l ight 

int ercep t ion on three occas ions . 

The p lant s were harve s ted app roximately 5 days af t e r  the swards 

reached an average l ight inter cep t i on o f  9 5 % ,  thus allowing full 

intera c tive e f fe c ts t o  o c cur b e tween p lant canopi e s  in t erms of comp e t i t ­

i o n  f o r  l ight . The p lant s  were cut to a height level to  the rim o f  the 

po t ( ab ou t  2 cm above s o i l  level ) .  Three harve s t s  were made f rom e ach 



o f  the two temperature regime s . At every harve s t , the l ea f  area o f  

each p lant was measured , p rior to  dry ing a t  40°C i n  a vacuum oven f o r  

24  hour s to ob t a in dry mat t er produc t ion p e r  p lant and per  pot . 

3 . 4 . 2 . 5  Stat i s t ical Ana lys i s  

The techniques used were s imi lar to  those repor ted ear l i er 

( Se c t ion 3 . 2 . 2 . 7 ) .  

3 . 4 . 3  RESULTS 

The micro swards in the lower t emperature r egime took a longer 

t ime to  reach 95% light intercep t ion . Whi le the swards in the warmer 

t empe ra ture reg ime reached t he harve s t i ng s tage wi thin 4 weeks of moving 

the po t s  to the c l ima te rooms , those in the lowe r tempera t ure room 

r eac hed this s tage 7 - 1 0  days later . This pat tern cont inued throughout 

the exp eriment . 

Both t emperature regime s produced large succulent plant s due t o  

t h e  controlled environmental cond i t ions . However ,  the overall t rends 

o f  interac t ion d id no t change from those ob served in the f ie ld or box 

t r i a l . 

The growth of all  species  in t he high t emperature r egime was 

g re a t er in terms of all charac ters s tudi ed . There was no overall 

c hang e  in relationships b etween the spec ies with change s in t empera tur e ,  

t hus imp lying that the selected t empera tures had li t t le e f fect on the 

c omp e t i t ive relat ionships between t he species . 

3 . 4 . 3 . 1  Vegetative Chara cters 

All charac ters measured again highl ighted the overall super ior 

growth and compe t i t ive ab i l i ty o f  p rairie grass over t he o the r species 

and ryegrass  over cocksfoo t . 

P ra i r i e  grass was t he talles t  species (Appendix 7 )  whi le cocks foot  

was the sho r t es t . The height of every spec i e s  in its  75%  mixtures was 

g reater than their respect ive monocultures . The heigh t  of as sociated 

species i n  these mixtures were s igni f i cant ly reduced when compar ed with 

t he ir mono cul tures . 

P ra i r i e  gras s a f f e c t e d  t he growth o f  the other specie s and ryeg ras s  

a f f ec ted cocksfoo t  i n  their 7 5 %and 50% mixt u re s . However , cocksfoot 
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in turn had a de t r imental e f f e c t  on associated species in i t s  75%  

mixtures . This  is clear ly i l l u s t rated by t i ller numbers (Tab l e 3 . 1 9 ) , 

leaf areas (Table 3 . 20)  and p lant dry we ight s (Tab le 3 . 2 1 ) . 
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T,\BLF. J .  I <J Mean t i l l e r numbe r s  1w· r p l .m l  1 1 !  t he g r a s s  s pt.' c i c s  a t  h i Rh and l ow t cm p L' r . l t u r t· � ,  mt' , J s u r L' d . 1 t  a n  avt• r.:t�(·  l i g h t  i n t c r cC' J , t i ,, n  o f  50% and 

91� �H· r o s s  a l l  t rtl' .l t men t s  

Spec i e :-; m i x t u re 

(,\) R :· p � r a s s  

�hHlllC ll l l u rt., 

7 SR �o: i t h  2 S P  

S O R  w i t h  SOP 

2 SR w i t h  7 S P 

7 S R  " i t h 2 S C  

S O R  " i t  h SOC 

c 5 H w i t h  7 SC 

S i gn i f i c an c e  

Sx 

(B) P r a i  r i �  gr.1 s s  

�11ll1llC i l }  t \ 1  f l '  

7 '> 1'  w i t h  2 5 H  

S O P  w i t h  S O R  

2 5 P  w i t h  7 5 R  

7 5 P w i t h  � SC 

SOP w i t h SOC 

c S P  w i t h  7 S C  

S i gn j f i c a n c e  

S x  

( C )  Coc k s foot  

�lon n c u l  t u  r e  

7 S C  w i t h  2 5 R  

SOC w i t h  S O R  

2 S C  w i t h  7 S R  

7 5 C  w i t h  2 5 P  

5 0 C  "' i t h  S O P  

2 S C  w i t h 7 S P  

S i gn i f i c a n c E'  

S x  

so;. 1 . 1  

ll l' 
1 1  i gh T * L, '""'' T 

1 0 .  I 

1 1 . 0 

9 . 6  

9 . I  
1 0 . 7  

I O . S  

9 . 6  

** 

0 . 2 6 

h .  I 

0 . 4  

6 . 4  

S . 6  

h . )  

6 . S  

5 . 9  

* *  

0 . 2 1  

7 . 3  

7 . 9  

7 . 0 

6 . 8  

7 . 5  

6 . 8  

6 . 9  

** 

b . 6  

7 .  I 
6 . S 

6 . 0  

7 .  1 

6 . 8  

6 . 5  

* *  

0 .  I S  

4 . 3  
, -

� • I 

4 . 4 

3 . 9  

4 . 8  

4 . 6  

4 . 3  

** 

0. 1 2  

4 . 6  

4 . 7  

4 . 5  

4 .  2 

4 . 8  

4 . 3  

4 .  I 

• •  

0 . 2 8 0 . 1 2  

( *ll i gh T0 � H i gh t empe r a t u r e ; 

q ., I . J  ( I l l )  so:. Ll 
11 i gh r�"' LL)\..' r�� H i gh T0 Low T0 

I S . :l 

l h . b  

I S . n  

1 5 . 0  

1 7 . 0 
l b .  I 

I � . q 
* '  

O . J I 

I 0 . l 

I 0 .  7 

1 0  . .:. 

9 . h 

1 1 .  I 

1 0 . 8 

9 .  

0 . � � 

1 1  . 7 

1 2 . 6  

I I . 1 

1 0 . 6  

1 2 . �  
1 1 .  � 

I I . 0 

• •  

o . .:9 

( I  
Lo�· T 

I :. . �  

1 4 . h 

1 4 . 0  

1 3 . 7  

1 4 . 5 

1 4 . 4  

I J .  7 

* *  

0 .  :� 

i' . h  

'J .  

3 . 8 

8 . I 
'1 . 1 

8 . 8  

8 . 4  

* *  

0 .  l b  

9 . 0  

9 . � 
8 . R  

8 . 7 

9 . 2  

8 . 5  

B .  7 

• •  

9 . 8  

I O . J 

9 . 5  

9 . 0 

1 0 . 1  

9 . 6  

9 . 4  

** 

0 . 3 1 

h . O  

6 . 6  

6 . I 

5 . 4  

6 . 5  

6 . 5  

5 . 6  

* *  

0 .  20  

6 . 6  

7 .  2 

6 . 6  

6 . 0  

7 .  I 

6 . 2  

h .  I 

* *  

0 . 1 1  o . c 7  

Low t empt> r a t  u r l' )  

8 . ':1 

'I . H  

8 .  7 

8 . 2  

9 . 5  

8 . 9  

8 .  I 

• •  

0 . � ) 

4 .  I 

4 . 7  

4 . 5  

4 . 0  

4 . 6  

4 . 4  

I 0 � - -
* *  

0 .  I 5 '  

h . 2  

6 . 4  

6 .  I 

S . 8  

6 . 3 
S . 5  

5 . 7  

** 

0 . 2 7 

9 5 ''� 1 . 1  ( 1 1 . , ) 

0 H i gh T 

I J . 1. 
1 .!. . � 
I J . J  

1 2 . 8  
1 4 .  J 

I J . H  

1 � . 6  

* *  

() . c 7 

,, ,, 

1 0 . 2 

tl .  8 
fl . 9  

1 0 . 3  
'1 . 9  
9 .  I 
* *  

o . c b 

l l . ll 

1 1 . 7  

I O . h  

I ll .  0 

1 1 . 4 

1 0 . 4  

1 0 . 2  

• •  

0 . 3 4 

Low T0 

1 2 . h  

1 2 . q  

1 2 . !. 

I � .  I 

I 3 .  3 

1 1 . 0  

I � .  I 

* .. � 

0 .  1 3  

7 q 

H . 2  

8 ) 

7 . 6  
8 . 6  
8 . 4  
8 . 0  

* *  

0 . 2 0 

8 .  7 

9 .  I 

8 . 2 

8 . 1  

8 . 8  

8 . J  

7 . 8  

* *  

0 .  1 2  

', o:· LI 
H i gh T0 

H ., 

4 . 0  

8 . 0 

7 . 2  

9 . 3  

8 . 3  

7 .  I 

'" * 

0 . 1 5  

-l • • ' 

'> . R 

5 . J  

4 . h  

s .  8. 

5 . 5 

4 . 9  

* *  

0 . 2 2 

h . O  
6 . 7 

S . H  

S .  I 

h .  3 

S . 6  

5 . 2  

* *  

0 .  I h 

(l Lo�,o,· T 

R . 2  
H . 8  

7 . 9  

7 .  5 

8 . 6  

8 . 3  

7 . h  

* *  

0 . 2 1  

� .  1 
: . .  n 

� . 4  
3 . 8  

� . A  

� . 5  

!. . 0  
* *  

0 .  1 4  

5 . 4  

S . 9  

5 . 1  

5 . 0  

S . 8  

S .  I 

s . o  
* *  

0 .  I R  

9 'i "' 1 . 1  ( 11 1 )  
H i � h  T 0  Lo"' T0 

U . 8  

I J . h  

1 2 . S  

1 2 .  I 

I J .  2 

1 3 . 2  

1 2 .  3 
** 

0 . 2 4 

R . 'i  

R . 9  

8 .  7 

7 .  7 

9 .  I 

8 . 7  

7 . A  

* *  

() . 2 3  

9 . 2  
9 .  7 

8 . 8  

8 . 3  

9 . 9  

8 . 8  

8 . 6  

** 

0 . 30 

I 2 .  7 

1 2 . 8  

1 1 . 9 

1 1 . 7  

1 2 . 6  

1 2 . 3  

1 1 . 9 

* *  

0 . 2 6 

h . 9  

7 . 3  

7 . 3 

h . b  

7 . 7  

7 . 3  

6 . )  
* *  

0 .  1 8  

7 .  7 

8 . 0  

7 . 6  

7 . 3 

8 . 3  

7 . 4  

7 .  2 
* *  

0 . 2 4 ...... w 0 
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TABLE 3 .  20 Mean leaf ar ea per pl ant (cm2 ) o f  the 3 grass spec ies 

a t  every harvest  for the two temperature r eg imes 

Spec ies mix tur e H
1 

H
2 H3 

High T
o Low T0 High T

o Low T0 High T
o 

Low T0 

(A)  RYEGRASS 

Monoc u l ture 1 2 0 . 6  1 1 3 . 9 1 24 . 9  1 1 1 . 4  1 1 1 . 3 9 9 . 3  

7SR  with  2 SP 1 33 . 0  1 2 6 .  1 1 2 9 . 2  1 20 . 3 1 1 6 . 9 1 03 . 0  

SOR with  SOP 1 24 . S  1 06 . S  1 2 2 . 0 1 09 . 8  1 0 9 . 8  9 6 . 2 

2 SR wi t h  7 SP 1 1 9 . 6  9 9 . 0  1 1 8 . 6  1 0 2 .  1 1 07 . 3  9 1 . 1  

7 SR with  2 SC 1 3 0 . 7  1 2 2 . 9  1 2 7 . 6  1 1 7 . 8  1 1 7 . 6  1 0S . S 

S OR with sac 1 30 . 3  1 1 9 .  1 1 2 S . S  1 1 S . 1 1 1 3 . 8  1 0 1 . 7  

2 SR with 7 SC 1 2 2 . 3  1 0S . 4 1 1 9 . 3  1 06 . 4  1 0 6 . 1 93 . 2  

S ig n if icance ** * *  * *  "'' * * ** 

Sx 3 . 2 7 S . 38 2 . 04 2 . 9 1  3 . 9 1 2 . 1 S  

( B )  PRAIRIE GRASS 

Monocul ture 2 1 7 . 9  1 6 0 . 0 207 . S  1 7 6 .  2 20S . 1  1 2 S . 3 

7 SP wi th 2 SR 2 2 3 . 9  1 7 6 . 6 2 1 7 . 4  1 88 . 0  2 1 3 . 2  1 3 3 . 6  

S OP with  SOR 2 1 6 . 9  1 68 . 3 2 1 0 . 4  1 7 9 . 2 208 . 3  1 28 . 2 

2 S P  w i th 7 S R  206 . 6 1 4 3 . S 1 9 S . S  1 6 2 . 7 1 9 7 . 2  1 1 9 . 9  

7 S P  with 2 S C  224 . 9  1 7 1 . 7  2 1 3 . 9  1 86 . 9 2 1 0 . 4  1 3 S .  2 

S OP with  s ac 2 1 8 . 2 1 68 . 3  2 1 0 . 4  1 7 9 .  1 209 . 8 1 3 3 . 9  

2SP  wi th 7 se 209 . 8  1 6 0 . 2 201 . 0  1 7 2 . 7 1 9 3 . 9 1 2 0 . S 

Signif icanc e ** ** * ** ** * *  

Sx 2 . 89 6 . 02 S . 94 3 . 00 3 . 8 7 3 . 3 3 

(C ) C OCKSFO OT 

Monoculture 1 24 . 0  1 0S . 8  1 2 0 . 8  1 04 . 3  1 09 . 6  8 2 . 9 

7 5C w i th 25R 1 28 . 3 1 1 0 . 1 1 24 . 9  1 06 . 5 1 14 . 4 88 . 6  

s oc with S OR 1 1 8 . 2 9 9 . 6  1 1 9 . 9  98 . 9  1 06 . 5 8 1 . 1  

2 5 C  w i th 7 SR 1 1 8 . 6  9 7 . 5  1 1 7 . 8  9 0 . 5  1 0 1 . 3  7 6 . 7  

7 5 C  with 2 5P 1 28 . 3 1 07 . 8  1 2 8 . 6 1 08 . 1 1 1 3 . 9  84 . 9  

s oc with S OP 1 1 9 . 6  99 . 8  1 1 7 . 3  1 03 . 2  1 08 . 0  7 6 . 3 

2 5 C  wi th 7 5P 1 1 7 . 5  9 7 . 7  1 1 5 . 7  89 . 7  1 03 . 2 7 5 . 4  

S ignif icanc e * ** * * *  * *  * *  

Sx 3 . 74 3 . 6 2 1 . 80 2 . 7 4 3 . 1 0 1 . 7 2 



TABLE 3 . 2 1  Mean shoot weight ( g  plant -1 D . M. ) of  the g ra s s  

ev er y 

Spec i e s  mix ture 

(A ) RYEGRASS 

Monocul tur e 

7 SR with 2 5P 

S OR with  SOP 

2 S R  with  7 5P 

7 S R  with  2SC  

5 0R with 5 0C 

2 S R  with 7 se 
Signif ic anc e 

Sx (>< l o ) 

( B )  PRAIRIE GRAS S 

Monocul tur e 

·7SP w i th 2 SR 

S OP with S OR 

2SP with 7 SR 

7 SP wi th 2 S C  

S OP with  s ac 
2 SP with 7 SC 

S ig n i f icance 

Sx (x 1o ) 

( C ) COCKSFOOT 

Monoculture 

7 S C  with 2 5R 

s ac with S OR 

2 S C  with 7 SR 

7 5C w i th 25P 

5 0C with  SOP 

2 5 C  with  7 SP 

S igni f icance 

Sx (x 10) 

harve st  for the 

Harve s t  1 

High T
0 

Low T
0 

0 .  58 3 0 . 509 

0 . 607 O . S 1 9  

0 . 5 7 0  O . S05  

0 . 54 7  0 . 4 9 5  

0 . 608 0 . 5 1 7  

0 . 594 O . S 1 4  

0 .  560 0 . 4 9 S  

* *  * 

0 . 06 7  0 .  04 7 

1 . 2 38 0 . 9 7 4  

1 .  3 1 6  0 . 984 

1 .  2 5 S  0 .  9 7 7  

1 . 1 8 8  0 . 963  

1 .  3 1 4  0 . 9 8 1  

1 .  2 7 S  0 . 9 7 8  

1 .  1 9 2  0 . 9 7 3  

** * *  

0 . 02 3  0 . 01 9 

0 . 5 5 3  0 . 4 8 7  

O . S 7 S  0 . 4 9 3  

0 . 5 3 S  0 . 4 8 1  

O . S 27 0 . 4 7 9  

O . S 6 6  0 . 488 

O . S30 0 . 48 0  

O . S 1 0  0 . 4 7 8  

** ** 

0 . 04 2  0 . 02 3  

two t emperature reg imes . 

Harve st  2 

High T0 Lm.; T
o 

0 . 5 6 5  0 . 5 1 0  

0 . 5 7 2  0 . 5 1 6  

0 . 5 S 3  0 .  508 

O . S 38 O . S 0 1  

0 . 580  0 . 5 2 0  

0 . 5 7 1  0 . 5 1 3  

O . S 5 2  0 . 5 0 2  

* *  * *  

0 . 03 2  0 . 02 7  

1 .  0 3 3  0 . 9 8 1  

1 . 09 4  0 .  9 8 9  

1 . 0S 4  0 . 9 8 4  

1 . 008 0 .  9 7 1 

1 .  OS7  0 .  9 9 0  

1 . 04 1  0 . 9 8 7  

1 . 0 1 S  0 . 9 7 8  

* *  * *  

0 . 06 2  0 . 0 1 S  

O . S 2 2  0 .  4 9 7  

O . S 3 1  O . S 04 

O . S 1 S  0 . 49 0  

O . S l l  0 . 4 8 7  

0 . 5 3 0  0 . 4 9 7  

O . S 1 3  0 . 4 89 

o . sos 0 . 4 85 

* *  * *  

0 . 030 0 . 02 7  

1 3 2 . 

species at 

Ha rvest 3 

High T0 Low T0 

O . S57  0 . 4 7 9  

O . S64  0 . 4 9 3  

0 . 5 5 1  0 . 4 7 5  

0 . 54 5  0 . 4 7 4 

0 .  5 7 1 0 . 4 9 2  

O . S 6 1  0 . 4 8 4  

0 . 54 7  0 . 4 7 1  

''' * * *  

0 . 027  0 . 0 1 8  

0 . 982  0 . 8 3 3  

0 . 9 9 2  0 . 8 4 2  

0 . 9 8 S  0 . 8 3 6  

0 . 959  0 . 8 2 1  

1 . 003 0 . 8 4 9  

0 . 9 8 7  0 . 84 0  

0 .  9 7 2  0 . 8 3 2  

* *  * *  

0 . 03 3  0 . 028 

0 . 5 3 3  0 . 4 1 4 

0 .  5 4 3  0 . 4 2 2  

0 . 5 24 0 . 4 04 

O . S 1 0 0 . 3 9 6  

O . S 3 7  0 . 4 1 8 

O . S 2 2  0 . 4 0 2  

0 . 5 09 0 . 3 9 6  

* *  * *  

0 . 04 0  0 . 03 6  



The growt h and development of prairie grass and t o  a greater 

ex t e n t  ryegrass was signi f icant ly reduced when grown w i t h  7 5 % cocksfoo t ,  

in compar i son with  the ir r e spec t ive monocultures . T h i s  suppr es s ive 

e f f ec t  of  cocksfoo t i s  grea ter  than t ha t  observed in ear l ier t r i al s .  

The e f f ec t of  ryegra s s  on pra i r i e  gras s i n  the 7 5R 2 5 P  mixtures i s  

also g r eat er t han t hat obs erved ear l i er . 

Al though prairie g ra s s  p l ant s produc ed the h ighe s t  dry mat te r  

and co cksfoo t the least , t he d if f er ences between t he s pec ie s ,  especially 

be tween ryegrass and cocks foo t were less in  this trial (Table 3 . 2 1 ) . 

compared with  t he previous t r ials (Tab les 3 . 5  and 3 . 1 3 ) . 

3 . 4 . 2 . 2  Dry Ma t ter Produc t ion 

Table 3 . 2 2 presen t s  t he dry mat t er ac cumula t i on (g  per  po t )  a t  

e a c h  harve s t . 

These results follow the same trends o f  t he previous t rials . 

P ra i r i e  grass yielded t he highest  dry ma t t e r  per pot and the mixtures 

wi t h  prairie  grass outyie l ded ryegra ss-cocksfoo t mixtures . P rai rie 

g ra s s  cont r ibu ted more dry ma t ter t han its seed p rop o r t i ons in a l l  

mix ture s (Figure 3 . 8 ) .  Ryegrass outyielded cocksfoo t ,  al t hough the 

d i f f er ences were less marked t han earl ier t rials . The y i e ld s  of  a l l  

mixt u res lay be tween t he r es p e c t ive monocu l tur es , and a de c rease in sward 

pro duc t ivi ty is seen w it h  suc cessive ha rve s t s . 

3 . 4 . 3 . 3  Compe t i t ive Ef f e c t s  

Analys i s  of  relat ive yield t o t als based o n  t i ller numb ers and sho o t  

we i g h t s  (Tab le 3 . 2 3 ) , y i e ld componen t s  (Table 3 . 2 4 )  and t h e  produc t s  

o f  t h e  rela t ive crowding co e f f icients (Figure 3 . 8 ) d o  no t indicate  a 

s ignif icant depar ture f rom uni ty . 

1 3 3 . 



TABLE 3 . 2 2 Dry ma t te r  yields ( g  pot- 1 ) * of  the micro swards for  the 

two t empera tur e regimes . 

Sward type Harvest  1 Harve s t  2 Harvest  3 

1 34 .  

High Temp Low Temp High Temp Low Temp High Temp Low Temp 

1 00 R 7 . 1 6 0  

7SR 2 SP 9 . 02 S  

SOR S OP 1 0 . 88S 

2SR 7SP 1 2 . 8 1 4  

100  p 1 4 . 2 7 1  

7 SP 2SC 1 2 . S68 

SOP 50C 1 0 . 3 7 3  

25P 7 SC 8 . 1 80 

1 00 c 6 . 0 7 2  

75C  2 5 R  6 . 3 7 4  

50C 5 0R 6 . 6 4 9  

25C 7 5R 6 . 9 8 3  

Signif icance ** 

Sx 0 . 240 

6 .  7 2 1  

7 . 9 82  

9 . 4 56  

1 0 . 8 1 8  

1 1 . 84 0  

1 0 . 504 

9 . 039 

7 . 3 5 1  

5 . 8 3 3  

6 . 1 1 3  

6 . 3 1 9  

6 .  5 7 7  

* *  

0 . 064 

* Conver s ion factor to gm/m2 

6 . 401 

7 .  9 7 3  

9 . 6 0 1  

1 1 . 2 38  

1 2 . 5 30 

1 1 .  168  

9 . 344 

7 . 4 3 1  

5 . 68 5  

5 . 987  

6 . 1 46 

6 . 27 9  

* *  

0 .  1 5 3  

g / pot x 30 . 8 6  

5 . 9 7 3  

7 . 2 6 7  

8 . 7 4 7  

1 0 . 208 

1 1 .  3S3  

1 0 . 224  

8 . 6 1 1  

7 .  199  

5 . 680 

5 . 808 

5 . 8 3 1  

5 . 9 85 

* *  

0 .  1 1 2 

6 . 4 5 5  

7 . 600 

8 . 8 2 5  

1 0 . 03 9  

1 1 . 04 2  

9 . 9 1 7 

8 . 5 5 1  

6 . 9 4 0  

5 . 604 

5 . 8 5 0  

6 . 055  

6 . 304 

* * 

0 . 1 1 6  

6 . 04 7  

7 . 03 4  

8 . 038  

9 . 09 0  

9 . 889 

8 .  7 9 9  

7 . 48 7  

6 . 2 3 7  

5 . 002 

5 . 2 6 0  

5 . 54 4  

5 . 8 5 3  

* *  

0 . 098 
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TABLE 3 .  2 3  Re l a t ive y i e l d  t o t a l s  h ;J s e d  o n  Vt>Rl' LH i v v c l 1 : 1 r a c t C' r s  o f  t h t..• 3 � r a s s  s p e c i e s  a t  t he t\..'u t f'mp£> r a t u r e  r e g i m(•s 

( A )  T i l l e r  numbers 507. L l  

Spe c i e s  
H i gh T0 Low T0 Comb i na t i ons 

RyERrass-Pra i r i e - 0 . 99 3+ . 0 1 7  0 . 9 9 3+ . 00 8  
grass 

P r a i r i e  l'rass-
Coc ks foot 

Ryegrass-Cocks-
foot 

(B )  Shoot we igh t 

1 . 00 1 + . 0 1 3  0 . 9 9 9+ . 0 1 3  

0 . 9 9 9 + . 007 0 . 9 9 5 + . 0 1 1 - -

Ryegrass-Pra i r ie grass 

Pra i r i e  grass-Cock s f oot 

Ryegrass-Cock s foot 

��--- - --

9 5 ". Ll (H
1

) 50Z Ll 9 5": Ll ( !1 2 )  so:, 1 . 1  <J 5 :·· 1 . 1  ( 11
3

) 

H igh T0 

0 . 99 7 + . 008 

1 . 000+ . 00 7 

0 . 99 5 + . 00 7 

H a r \'(::-> t 

H i gh r" 

0 . 9 9 8+ . 007 

0 . 9 9 3+ . 0 1 1 

0 . 994+ . 006 

Low T0 H i �h T0 

0 . 9 9 7 + . 0 1 5  1 . 00 1 + . 00 6  

0 . 9 9 6+ . 009 1 . 00 1 + . 0 1 0  - -

0 . 99 3+ . 0 1 1  0 . 996+ . 0 1 0  - -

Low T0 H i gh r" 

0 . 998+ . 008 1 . 0 0 1 + . 0 1 1  

0 . 9 9 3:!: . 0 1 3 0 . 90 4:!: . 0 10 

0 . 994+ . 008 0 . 9 9 7+ . 004 - -

1 H a r v e s t  � 

Low T0 H i gh r" 

0 . 99 7+ . 004 0 . 9 99+ . 006 - -

0 . 9 9 6+ . 00 3  0 . 9 9 6+ . 00 5  - -

0 . 99 7+ . 004 0 . 9 9 9+ . 00 7  

Lm..- T" H l !(h r" 

0 . 9 9 8+ . 00 5  0 . 9 9 � + . 006 - -

0 . 996+ . 004 0 . 996+ . 004 - -

0 . 9 9 3+ . 005 O . Y 9 9+ . 004 

Low T�1 H i r,h T0 Lnw T0 H i gh r" Low T0 

0 . 9 9 9+ . 0 1 4  0 . 9 9 5+ . 00 9  0 . 9 9 2 + . 00 7  0 . 996+ . 006 0 . 9 9 7+ . 00 7  

0 . 9 90+ . 0 1 2  0 . 9 9 1 + . 0 1 4 0 . 9 9 3+ . 0 1 2  0 . 9 9 7+ . 006 0 . 9 9 8+ . 0 1 0  

0 . 99 0� . 0 1 0 0 . 9 9 4� . 0 1 0  0 . 9 9 4:!: .00� 0 . 99 8+ . 0 1 4  0 . 99 h+ . 009 

H a r v t:" s t  

L11'W T n 

I . 00 1 + . 00 2  

0 .  9'1 1+ . 00'> 

0 . 994+ . 001> 

...... w 0'> 



TABLE 3 . 2 4 Relat ive yield totals  based on yield components  a t  every harvest for the two tempe rature reg imes 

Harve s t  1 Harve s t  2 Harve s t  3 

Species comb ina t ions High T
0 Low T

0 
High T

0 
Low T

0 
H i gh T

0 
Low T

0 

Ryegras s-Prairie grass 1 . 009 ± . 00 6  1 . 00 1 ± . 00 3  1 . 00 5 ± . 00 7  1 .  003± . 009 1 . 00 2 ± . 004 1 . 00 7 ± . 005 

Prairie grass-Cocks foot 1 . 005 ± . 0 1 1  1 . 008± . 006 1 . 004± . 0 1 0 1 . 008± . 009 1 . 00 5 ± . 003 1 .  006± . 006 

Cocks foot -Ryegrass 1 .  006± . 006 1 . 00 7 ± . 0 1 0  1 . 00 6 ± . 0 1 1 1 . 00 3 ± . 009  1 . 005± . 0 1 1  1 . 005± . 00 7  

........ w -.....) 
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Thus it  can b e  conc luded that under these exp erimental cond i t i ons 

t he spec i e s  were compet ing for t he same env i ronmental resources ( ' b iolog­

ical space ' )  (de Wi t and van den Be r gh ,  1 9 6 5 ) . This t rend d id no t 

change w i t h  t ime .  

The re plac ement d i agrams we re d rawn and relat ive c rowd i ng coeff­

i c i ent s calculated according to the  3-parame t e r  mode l o f  Thoma s  ( 1 9 7 0 )  

(Appendix 1 ) ,  a s  t h e  be tween spec i e s  variance t e s t s  we re non s ignif ican t . 

The s e  d iagrams and the relat ive c rowding coef f ic i ent s ( F igure 3 . 8) 

i llus t ra t e  the over all super ior compet i t ive ab i l i t y o f  pra i r i e grass 

over t he o t her sp ec ies and o f  rye grass over co cks foo t .  However , t he 

relat ive crowding coe f f ic ient s o f  b o th ryeg ra s s  and cocks f o o t  in 

the i r  c omb inat ions wi th prairie  gra s s  are increased when compar ed 

with t ho s e  of the earl ier t r ia l s  (F igure s 3 . 4 ;  3 . 5  and 3 .  7 ) . This 

illu s t r a t e s  an inc rease  in their re spec t ive compe t i t ive ab i l i t ies  

in this  trial . The rela t ive crowd i ng coe f f i c ient s o f  prairie  g ra s s  are 

reduced when compa red with those o f  the earl ier trial s ,  a l t hough s t i l l  

grea t er than t hose of the o t her specie s . Similar t rends occur in the 

ryegras s-cocksfoot comb inat ions . 

The aggr e s s iv i t y  indi ces based on t i l ler numbers and shoo t we ights 

(Table 3 . 2 5 )  a l so show the mor e  aggre s s ive nature o f  prairie gras s 

over the o t her species and o f  ryegrass over co cksfoot . However , 

cocksf oo t  i s  more aggress ive t han both pra irie  grass  and ryeg r a s s  in 

its 7 5 %  mixtures with these spec i e s  ( i ndicated by the neg a t ive 

agg r e s s ivi ty ind i ces of  pra i r i e  g r ass and ryegrass ) .  Ryegra s s  i s  

more a gg r e s s ive t han pra irie  gra s s  i n  the 7 5 R : 25P mi xt ure , and the 

inc rea se in agg r e s s iv i t y  o f  the weaker spec ies are grea t e r  than that 

ob s e rv ed in ear l ier t r ials (Tab l e s  3 . 1 1  and 3 . 1 8 ) . 
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The agg r e ss ivity  ind ices aga in i l lu s t rate t he s igni f i c ant 

c hanges in comp e t i t ive ab i l i t i es  o f  spec ies  wi t h  a 25% c hange in 

species propo r t ion s .  Compe t i tive ab i l i t ie s  of  species do no t c hange 

with  t ime . Howeve r ,  t he ag gressiv i ty ind ices in the h igher t emp er­

a ture reg ime generally  t end to be g rea ter than those of th� lowe r 

t emperature , suggest ing greater compet i t ive int erac t ions be tween p lan ts 

under warme r cond i t ions , where mo r e  rapid growth is  observed . 

3 . 4 . 4  DISCU S S ION 

Th is exp er ime nt aga in illus trates  that comp et it ive int erac t ions 

between the selec ted grasses occur for the same ' b iological spac e ' ,  

a s  the relat ive yield t o t als  do not dev i a t e  s ign if icantly  f rom un i t y . 

The produc t s  o f  the rela t ive crowd ing coef f i c ients also  h ighl ight this  

rela t ionship which is in close  agreement wi th the prev ious exp er imen ts 

( Sect ions 3 . 2 ,  3 . 3 ) ,  and many pub l i shed repo r t s  on other grass  mixtur es 

r ev iewed by T renbath ( 1 9 74a) . Van den Be rgh and de Wi t ( 1 9 6 0 )  

also i llus t ra ted s imi lar relat ionships b e tween grasses  growing under 

un iform cond i t ions in cont ro l led environment rooms . 

The main obj ect ive of  this exper iment was to evalua t e  the comp­

e t i t ive r e l a t ionship be tween the t hr ee spec ies , when the ini t ia l  

advantages o f  early emer gence was r emoved and larger ini t ia l  seed l ing 

size  of  ear l y  emerg ing spec ies reduc ed . The resu l t s  highl ight that  

under the s e  cond i t ions the compet i t ive ab i l i ty of  t he weaker s pec ies is  

enhanced , which  leads  t o  a reduc t ion in the d i f ferenc e s  b e tween the 

relat ive compet i t ive ab ilit ies of the spec i e s .  Th i s  e f f e c t  i s  mo s t  

prominent i n  t he.:ryegrass -cocks f oo t comb inat ions , and i n  the 7 5 %  comb in­

at ions of r yegr ass and cocks foo t with  2 5 %  prairie gra s s , whi c h  was 

ident i f i ed as t he mo s t  aggressiv e  spec i e s  in earl ier exper imen t s .  

Pub l is hed r epor t s  ( e . g .  Blaser et . a1 . , 19 5 6 ;  Har ri s ,  1 9 6 7 ; 

Rhodes ,  1 9 68 a )  and the resul t s  o f  e ar l ier experimen t s  h i gh l i gh t  the 

impor tance of early emergence and t o  a grea t er extent the i n i t ia l  

seedl ing s iz e  i n  determining comp e t i t ive h i er archies  in g r a s s  associat­

ions . Thu s , t he increased comp e t i t iv e  ab i l i ty o f  the weaker species 

in this  experiment can b e  a t t ributed t o  the absence o f  o r  reduct i on in 

the ini t i a l  advantages normally  posses sed by the mor e  compe t i t ive 

species , when seeds o f  both spec i e s  are sown together . 



Al though the ini t ial advant age o f  e ar l i e r  emergence and / or 

the advan tage o f  a larger seedling is mi nimized , the re sul t s  con f i rm 

the ear l i er ob served overall performance and comp e t it ive relat ionships 

and ab i l i t ies of  the th ree species , wh ich lie  in the order of prairie 

grass > ryegrass > cocksfoo t .  The mo re compe t i t ive spe c ies s how 

greater dry mat t e r  ac cumulat ion and extens ive growth of the shoo t 

sys t ems in mixtures and monocultures . Due t o  the c lose relat ionship  

be tween shoot and root  growth of  grasses  ( Troughton , 1 9 5 6 , 1 9 6 0 ; 

Brouwer , 1 9 6 3 ) , the more compe t i t ive spec ies can b e  expected to  have a 

larger root sy s t em .  Thus , al though the initial advan tages o f  early 

eme rgence and larger seedling sizes  are ab sent or minimized , the overall 

gre ater comp e t i t ive ab i l i ty of  prairie gras s over the other species and 

ryegrass over cocks foot can be a t t ributed to mo re extens ive growth , 

result ing in a l arger plant in the seed ling stage , wh ich is related t o  

compe t i t ive ab i l i ty ( P lumme r , 1 9 4 3 ;  McKe l l , 1 9 7 2 ) . Thus , in mixtures , 

the mo re extens ive and rapid growth o f  the more compe t i t ive spe c ies 

enab les it to  explo i t  a greater propor t i on of  the environment , thereby 

a f f ec t ing the growth of the assoc iated weaker and smaller species  by 

l imit ing the res ources and space ava i l ab le for its growth . Th is  e f fe c t  

w i l l  be  magn i f ied i n  these mixtures as the spec ies oc cupy t h e  same 

n i che and comp e t e  for t he same growth re sources ( as RYT = 1 ) , and the 

poor �rowth of the weake r species in mixtures can be iden t i f ied in this  

s tudy . 

In terms o f  d ry mat te r  produc t ion , the yields o f  the mixtures 

show "non-tran s gressive yield ing" , and t h i s  is  in general agreemen t  

w i th mos t  s imilar s tud ies (Trenbath , 1 9 74a) . 

The e f fe c t s  o f  t empe rature on compet i t ive re lat ionships have 

b een repo rted by many sc i en t i s t s  ( e . g .  van den Bergh and de  Wit , 

1 96 0 ; McWi l l i am ,  1 9 7 8 ) . More recent ly Harri s  et al . ( 1 9 8 1  a , b )  

s howed the e f fe c t s  o f  changes i n  t emperature on compe t i t ion b e tween 

grass spe c ies w i t h  d i f f e rent t emperature requirements . However , 

this  s tudy does not i l lus trate change s  in overall compe t i t ive relat­

ionships b e tween the  spec ies a t  the t emperature regimes s e l e c ted . 

Thi s  lack o f  change in c ompe t i t ive r e l a t ionsh ips may be  related  t o  

t h e  adequate mo i s ture and uni form cond i t ions a t  each t emperature 

reg ime , as  t emperature gene rally a f f e c t s  water availab i l i ty for plant 

growth (McWil l iam , 1 9 7 8) . Thus while cocks foot is considered a 
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spec i e s  adap ted t o  warm dry cond it ions (Langer , 1 9 7 3 ; Var tha , 1 9 7 5 ; 

Shea t h  and Greenwood , 1 9 8 2 ) , suppre s s ion o f  t h i s  species  b y  prairie  

grass and ryegrass s hows that  water  may be  an important factor in 

determ ining compe t i t ive re lat ionships b e tween t hese specie s . 

McWi l l iam ( 1 9 7 8 ) repo r t s  that the opt imum temperature for  b o t h  
0 

dry mat ter accumulat ion and growth lies  in the range o f  20-30 C ,  

for mos t  temperate gras ses . Thus the d i f f erence in growth o f  t he 

spec ies  in the two c l imate rooms can be a t t r ibu ted to d i f f erences in 

the s e lec ted temperatures . 

3 . 4 . 5  CONCLUS ION 

Extens ive and rap id growth of seed l ings during early growth 

resu l t ing in a l arger p l ant has a de termin i s t i c  e f f ec t  on the over ­

all compe t i t ive ab i l i t ies and compe t i t ive re l a t ionsh ips b e tween 

the s e lec ted grass  s pec ies . Howeve r ,  the removal or reduc t ion in 

in i t i a l  advantages of the mo re compe t i t ive s p e cies a l lows b e t te r  

growth o f  the weaker s pecies and enhances i t s  compe t i tive ab i l i ty . 

The temperature e f fe c t s  c ompared in this  s tudy do not a f f e c t  

t h e  c omp e t i t ive r e l a t ionsh i p s  b e tween t h e  selec ted grass species . 
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3 . 5  CONCLUDING REMARKS 

Three experiments  were condu c t ed to examine the compe t i t ive 

relat ionsh ips between "Grass lands Nui" perennial ryegra s s , "Grass­

lands Matua" prair i e  grass and "Grass lands Apanui"  cocks f o o t  dur ing 

the es t ab li shment period . The exper imental cond i t ions were developed 

to determine the comp e t i t ive rela t ionships when the mixtures we re 

e s t ab l ished from seed , seed lings of the same age and seedl ings at 

the same s t age of  growth . In add i t ion , the e f fect  of compe t i t ion 

be tween s p e c ies during early growth on subsequent performanc e  and 

1 4 3 . 

t he e f f e c t  of  temperature on compe t it ive relat ionsh ips were evaluated . 

The salient f eatures that emerged f rom these experiments were -

Compe t i t ion be tween the selec ted specie s occurs for the same 

"bio logical space" . Thus the s pec ies occupy the same ecolog­

ical n iche dur ing the es t ab l i shment phase . 

Prairie grass was the super ior spec ies in terms o f  growth , 

y i e ld ing ab i l i ty and p lant aggre s s ivity under all  exp e r imental 

cond i t ions . Co cks foo t was a f f e c t ed by other spec ies when grown 

in mixtures and y ielded the lowe s t  dry ma t ter . Rye gra s s  was 

a f f e c ted by prairie grass but was more aggress ive and h ighe r 

y i e lding than cocks foot . 

Ini t ial seed l ing s i ze and mo re importantly extens ive a nd rapid 

s e e d l ing growth result ing in a larger p lant has a d e t e rminis t i c  

e f fe c t  o n  t he competit ive ab i l i t ies  o f  the sele c t ed grass species , 

whi ch may b e  ass is ted by earlier eme rgence of  the more comp e t i t­

ive species ( e . g .  ryegra s s  and prairie grass over cocksfoo t ) . 

Compe t i t ive re lat ionships that develop in the e s t ab l is hment 

phase are cont inued on to later s tages of  grow th , e s p e c ia l ly 

unde r  uniform management .  S p e c ie s  also compete f o r  the s ame 

env i ronmental resources at later s t ages of growth . However , 

long t e rm s tudies may show departures from th is  t rend . 

Y i e ld s  of  the mixtures o f  these species fall b e tween those o f  

the respec t ive monocu ltures , which shows that i f  the h ighe s t  

y i e ld ing spec ies i s  known f o r  ·given c ond i t ions , the r e  i s  no 

adva p t �e · n  growing mixture s . 



Temperat u re alone had l i t t le e f f e c t  on t he compet i t ive r e l a t ion­

ships between t he selec ted grasse s , when o ther env i ronmental 

cond i t ions were kep t s imilar and at  o p t imum l evels . 
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These exp er iments were conduc ted und er uni form cond i t ions and when 

provid ing appar ently  adequa t e  resources for op t imum growt h ,  in order to 

ident ify t he inherent comp e t i t ive ab i l i ty of t he spec ies and t he comp e t ­

i t ive relat ionships be tween the spec i e s . However , changes in env iron­

mental condi t i ons such as  water or nut r i en t  l imi tations and management 

cond i t ions such as delaying the addi t ion of  the more aggres s iv e  species 

t o  t he mixtures or d i f fe rent cutt ing or graz ing trea tments  may produce 

varia t ions f rom t he resul t s  ob tained in these s tud ies . 
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CHAPTER 4 AN EVALUATION OF THE COMPETITIVE EFFECTS O N  THE 

DEVELOPMENT AND EARLY GROWTH OF INDIVIDUAL G RA S S  

PLANTS GROWING IN BINARY MIXTURE S .  

4 . 1 INTRODUCT ION 
As each ind ividual in a communi ty of grass plant s germina t e s , i t  

gains access t o  re sources nec essary f o r  further growt h and development .  

The mo re compe t i t ive spec ies  which generally exhib i t s  mor e  ext ensive 

and rapid seedl ing growt h and in certain instances , earl i er emergenc e ,  

obtains a grea t er s hare of  the envi ronment al resour ces , t hus mo d i fy ing 

the e nvironment w i thin the plant commun i t y  ( B lack , 1 9 66) . These 

mod i f icat ions o f  t he environment re s t ri c t  the no rma l growth o f  the later 

emerg ing or less aggress ive spec ie s ,  which i s  manif e sted as comp e t i t ­

ive r elat ionships between species i n  t h e  mixture . Thus , t he phenomenon 

of compet i t ion opera t e s  essent ially at the plant level ( B lack , 1 9 6 6 ) , 

a f f e c t ing ind iv idual plant performance , t her eby having an ef f ec t on 

the performance o f  t he ent ire plant populat ion . 

As the outc ome o f  compe t i t ion be twe en plant spec ies i s  b e s t  

i llu s t rated a t  t he s ingle plant level , d e t ailed evaluat ions o f  compet­

i t iv e  rela tionships  n eed to  be  conduc t ed with ind ividual plant s  

(Rho des , 1 9 7 0 ) . Donald ( 1 96 3 )  s t ated that t he growth and b ehav i our 

of  ind iv idual plant s in  isolat ion may d i f fer cons i derab ly f rom that  

in a communi t y .  Subs equent ly , Harper ( 1 9 6 4 ) and B lack ( 1 9 6 6 )  s t re s s ed 

t he neces s i ty of  studies on indiv idua l s  wi thin an a s so c ia t ion . Thus 

a na tural development from exper imen t s  observing compe t i t ive r elat ion­

ships between spec i e s  is to  cons ider the e f f ec t s  of dif f erent numbers 

of  n e ighbouring p lan t s  o f  ano ther spec. ies on the growth and deve lop­

ment o f  a s ingle plant (Mead , 1 9 7 9 ) . The p lant under evalua t ion can 

be e i ther the weak or the mo re aggressive species . In add i t ion , i n  

ord er t o  ob tain a d equat e  assessment o f  t h e  respons e of  a p lant  t o  

comp e t i t ive s t r e s s  i n  mixtures ,  i t  i s  e s s en t i al t o  ob serv e  t he per form­

ance of the spec i e s  in monocul tures a t  s imil ar dens i ti e s  and compare 

the growth pat t e rn s  o f  the p lants under t he d i f ferent s i tua tions ( de 

Wi t and van den Be rgh , 1 9 6 5 ) . 

Compet i t i on b etween grass plan t s  resul t s  in r educed growt h o f  

the weaker spec i e s  (Dona ld , 196 3 ) , which i s  generally exhib i t ed a s  

reduced d r y  mat te r  accumulat ion . The e conomi c  yield o f  the g ra s s  



plant i s  a s soc iated with shoo t dry mat t er produ c t i on .  Leaf and t i ller 

development are important components o f  growth during the early veg e t ­

at ive phase , and have b een ident i f i ed as good ind icators o f  plant 

response to s t ress and env i ronmental changes ( e . g .  Langer , 1 9 6 3 ;  

Higgins e t  a l . 1 9 6 4 ;  Ans low , 1 9 6 6 ;  Friend , 1 9 6 6 ) . Thus an evalua t ion 

of leaf and t i l ler appearance and t i l l er ing pat t erns of gra s s  seedl ing s  

growing i n  mix tures wi ll highl ight t h e  e f f e c t s  o f  compet i t ion on the 

growth and development of a g iven spec ies . 

The spec i f i c  obj ec t ive of  the exper iment described in t h i s  sec t ion 

was therefor e :  

To study the performance o f  indiv idual plan t s  o f  t he three species  

g rowing in mixtures dur ing the  early growth phase , and relate  t ha t  

performance t o  the compe t i t ive relat ionships t h a t  develop between 

the spec ies . 

Sequent ial destruc t ive samp li ng was carried out to moni tor growt h 

f rom seed ing up to 95%  li ght interc e p t ion , in order to ob serv e  the 

d evelopment pattern of  comp e t i tive relat ionships be tween the spec ie s , 

along with  their growth patt erns . 

4 . 2  EXPERIMENTAL PROC EDURE 
4 . 2 . 1  CULTURAL 

Perennial ryegrass ( ' Grass lands Nui ' ) ,  prairie grass ( ' Grass land s 

Mat ua ' ) and cocksfoot ( ' G ra s s lands Apanui ' )  seed s were graded for uni form 

we ight and sown into plas t i c  containers (approximately 1 8  x 1 8  x 1 8  cm) 

contain ing approximately four l i t re s  o f  sand , which was selec t ed to 

fac i l i t a t e  easy roo t mea surements . Sixteen seed s were sown in each 

container at a dep th of appro x imat ely 1 cm, with one s eed at each of  t h e  

1 6  loca t ions on a 5 x 5 c m  equally spa ced mat rix ( i . e .  - 400 p lants m- 2 ) .  

P lant vacancies  were replanted a t  the one lea f  s t age w i t h  s eed l ings 

grown u nd er s imilar cond i t ions . 

The plant s in the cont a iners wer e  arranged as  a replacement series 

wi t h  the mixtures used in ear l ier exper iment s ( Chap ter 3 ) . The spe c ies 

wer e  d i stribu t ed to  ensure maximum interspec i f i c  separat ion . The po t s  

containing the seeds were p la c ed on tro lleys and t rans ferr ed t o  the 

1 46 . 
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cont r o l led environment r ooms soon af ter  p lant ing . 

Dur ing t he exper imental per iod , the plan t s  were wa t e red with 50  ml 

o f  � s t reng t h  "modif ied Hoaglands" mineral solu t i on and 50  ml �•a ter  per 

appl icat ion , t hrough an aut oma t ed mic ro tube sys t em ,  t\vice da i ly . 

4 .  2 .  2 ENV IRONMENTAL 

Thi s exper iment was car ried out in two cont ro lled envi ronment rooms 

o f  t he Plant Phys iology Div i s i on ,  D . S . I . R . , during the per iod Ma rch-May , 

1 9 8 1 . The t emperature was cont rolled at  1 6°C day / 8°C night ± 0 . 5°C in 

b o t h  rooms . These temper a ture reg imes were se lec ted on t he bas is  of  

1 4 7 . 

resul t s  of  the pr evious exp er imen t ( S e c t ion 3 . 4 ) .  As no d i f ference in t he 

c ompe t i t ive relat ionships between the selected spec ies was obs erved a t  

t he h i g h  and low temperature r egime s used in tha t  st udy , a n  intermed iate 

� t empera ture regime was s e l ec t ed . 

The wat e r  vapour pre ssure def i c i t  in both rooms was 9 . 1  mb (day ) / 

1 . 6  mb (night ) rep re sent ing re lat ive humidit ies of  50% RH ( day ) / 85 %  RH 

(nigh t )  ± 5 %  RH .  

The diurnal tempera tu re and humi d i ty changeovers occurred over 

2 hour s ,  t he 1 2  hour pho t operiod beg inning and end ing hal f way t hrough 

the c hangeover . The mean pho t o synthe t i c  i rradiance at pot height in b o th 

rooms was 1 5 3  Wm- 2 , provided by a comb ina t ion of  4 x 1 kw ' me talarc ' 

d i s charge lamp s and a 4 x 1 Kw halogen lamp , f i l t ered t hrough a 3-cm 

wat e r  t herma l barrier . 

4 . 2 . 3  EXP ERIMENTAL LAYOUT 

Since no s ignif icant variat ion b e tween replicates was obs erved 

in t he prev ious trial  in t he cont rolled env ironment rooms ( S e c t ion 3 . 4 ) , 

t wo r e p l ica t e s . with one iri each room, wer e  used f o r  this s t udy . Nt�e po t s  

containing 1 6  plan t s  each placed together made u p  a micro-swa r d , and t he 

1 2  m i c r o swards o f  t he spe c i e s  comb ina t ions were placed in each room. 

(Plate 4 ) . The emp t y  trol leys were progressively removed w i th redu c tions 

in pot numbers due t o  sequential harve s t i ng .  

4 . 2 . 4  MEASUREMENT S 

A l l  mix tures were examined f rom sowing to observe d i f f erences in 

emergence rates of spec ies in d i f ferent  comb ina t ions . 



P l ate  5 .  Tagging o f  t i l lers 
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The rate o f  leaf appearanc e on t he main stem of  t he grow ing 

seedl ing s was d e t ermined by regu lar inspect ion at 3 day int ervals . To 

avoi d  excessive hand ling of p lant s ,  every emerged l ea f  on t he ma in s t em 

was marked with a spo t of  o i l  paint . 

The plant s were also observed regu l arly at 4 and 5 day in terval s  

t o  d e t ermine t he rate of appearance of  pr imary , secondary and tert­

iary t i l lers . The t i llers we re c la s s i f ied ac co rding to  the me thod o f  

Langer ( 1 9 7 2 )  (Appendix 8 ) . To faci l i t at e  ease of ob serva t ion , t he 

emerg ing primary , se condary and tert i ary t i llers we re marked at each 

ob serva t i on with red , wh i t e  and b lue pla s t i c  rings respe c t ively . ( P late 

5 ) . The plast i c  rings were cut  diagona l ly to al low expans ion o f  t i l lers . 

All these measurement s were carried out unt i l  the f ina l harve s t . 

One randomly selected pot per treatment of  each rep licate was 

removed each week and the roots washed care f ully on wire grids to ob tain 

seedl ing s  wi th in tact root s y s t ems . The height of each species ( f rom 

base o f  plant to tip  of youngest  leaf ) and roo t leng th ( f rom base to t ip 

of  long e s t  roo t )  was mea sured prior to  separat ion into root and shoot  

component s .  Leaf area of each spec ies was � ls o  de termined and t he shoots  

and roots  were dr ied at 40°C for 24  hours in a vacuum oven to  ob tain dry 

ma t te r  pro duc t ion p er plant . Seven harve s t s  were carried out a t  weekly 

int erval s .  The f inal harve st  was taken approximately 4 days a f ter  each 

sward reached 9 5 %  light int ercep t i on .  The swards cont aining Qaj or 

propo r t ions of ryegrass and prai rie grass reached this s t age within 9- 1 0  

days a f ter the seventh harve s t , cocks foot and swards with 7 5 %  c o cksfoot 

reached t h i s  s t age 1 2- 1 4  days a f ter the seventh harve s t . 

4 . 2 . 5  STAT ISTICAL ANALYS I S  

T h e  data  was analysed according to t he met hods used in ear l i er 

exper iment s  (Chap t e r  3 ) . As d ry mat ter p roduc t i on o f  swards was not 

measured r eplac ement d iagrams were not drawn and re lat ive c rowding 

coe f f i c ient s  not c alculated .  

The l eaf and t il ler appearance rates  and dry mat te r  accumu la t i on 

rates o f  each sp ec ies in mixtures and monocultures were compared by 

l inear regression analys is , based on the f o rmula log y = 1 + 8x where 
e 

y and x were plant charact e r i s t i c s  and t ime in days respec t ively . The 

slope ( 8 ) ob t ained f rom each t reatment as compared w i th t hat o f  i t s  



monocul tu r e  by ' t '  t e s t s ,  as described by Gome z and Gome z ( 1 9 7 6 )  and 

S teel and Torrie ( 1 9 8 1 ) . The slopes ind i cated overall d i f ferenc es in 

g rowt h  r a t e s  of spec ies in mixtur e s  when compared with their respec t ive 

monocul tures . The t imes at which compet i t ive interac t i ons be tween 

spec ies r e sul ted in s igni f ic ant growth d i f f e r ences be tween plan t s  g rowing 

in mixtu r e s  and monoc ultures of a spec ies were identif i ed by ana lysis of  

varianc e . 

4 . 3  RESULTS 

4 . 3 . 1 EMERG ENCE 

Th ere was no s ignif icant d i f ference (P  � 0 . 05 )  in the t ime of 

emergenc e o f  each spe c i es in mo nocul tures o r  in mixtures . The mean t ime 

t aken for  7 5 %  emergen�e by ryegrass seedl ings was 7 . 2  ± 0 . 2  d ays , whi le 

prairie grass and co cks foo t t ook 9 . 6  ± 0 . 1 and 1 3 . 9  ± 0 . 4 days re spec t iv e ly . 
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�BLE 4 . 1 Mean plant height ( cm) o f  species in mixtures and monocul tures 

H 1 * H2 H3 H4 H5 

(A) RY EGRASS 

Monocu l ture 2 . 2 5 5 . 5 7 . 6  1 0 . 4  1 5 . 7  
75R  with  2 5P 2 . 4 0 5 . 7  7 . 6  1 0 . 8  1 5 . 9  
5 0R with  S OP 2 . 3S S . 9  7 . 5  1 0 . 5  1 S . 5  
2 SR with  7SP 2 . 4 0 5 . 5  7 . 6  1 0 . 2  1 S . 2  
7 5R with  25C  2 . 4 5 5 . 7  7 . 5  1 0 . 5 1 5 . 8  
SOB. wi th S OC 2 . 30 5 . 4  7 . 3 1 0 .  1 1 5 . 5  
25R  with 75C  2 . 45 5 . 5  7 . 2  1 0 . 5 1 5 . 3  
S.!_gni f icance NS NS NS NS * 
Sx 0 . 1 6  0 . 1 2  0 . 1 5  0 . 1 4  0 . 1 2  

( B )  PRAIRIE GRAS S 

Monoculture 6 . 6  8 . 2  1 2 . 4  1 7 . 9  
75P with 25R 6 . 8 8 . 4  1 2 . 8  1 8 . 5  
SOP with SOR 6 . 7  8 . 6  1 2 . 8  1 8 . 7  
2SP with  7 SR 6 . 7 8 . 8  1 2 . 4  1 8 . 1  
7 5P wi th 2 SC 6 . 7  8 . 7  1 2 . 5  1 8 . 2  
SOP with SOC 6 . 6  8 . 3 1 2 . 5 1 8 . 2 
251'  wi th 7 5 C  6 . 3 8 . 2  1 2 . 2 1 8 . 1  
S.!_gnif i cance NS NS NS NS 
Sx 0 . 1 4  0 . 08 0 . 1 4 0 . 2 8 

( C )  COCKS FOOT 

Monocul t ure 1 . 9  3 . 8  4 . 8  7 . 6  
7SC with 2SR 1 . 8  3 . 8  4 . 9 7 . 5  
SOC with S OR 1 . 6  3 . 6  4 . 7  7 . 2  
25C with  7 S R  1 . 4 3 . 6 4 . 4  6 . 8  
7SC w i th 25P 1 . 7  3 . 6  4 . S  7 . 6  
50C with  S OP 1 . 7  3 . 7  4 . 7  6 . 6  
2 5C wi th 7SP 1 . 9 3 . 8  4 . 5  5 . 2  
S_ign i f i c ance NS NS NS * *  
Sx 0 . 1 3  0 . 1 7 0 . 2 3 0 . 2 0 

1 1 6  

2 3 . 0  
2 3 . 8  
2 2 . 7  
2 2 . 4  
2 3 . 7  
2 3 . 4 
22 . 9  

* *  
0 . 1 4  

2 5 . 0  
25 . 1 
2 5 . 6  
2 5 . 0  
2 5 . 5  
25 . 1 
24 . 9  

>'< 
0 . 1 9  

1 2 . 2  
1 2 . 3 
1 1 . 8  
1 0 . 4 
1 1 . 9  
1 0 . 5  

9 . 3  
*''< 

0 . 54 

* Shoo t s  o f  p rairie  grass an d co cks foot  had no t emerged a t  t he f i r s t  harve s t . 

H 7  H 8  

2 5 . 0  2 7 .  1 
25 . 2  2 7 . 8  
24 . 7  2 5 . 6  
2 3 . 2  26 . 5  
2 5 . 5  28 . 1 
2 4 . 9  2 7 . 9  
2 4 . 8  2 7 . 4  

* * 
0 . 5 8 0 . 6 2 

2 7 . 2  30 . 0  
2 7 . 9  3 2 . 6  
2 7 . 4  3 0 . 1 
2 6 . 9  2 9 . 2  
28 . 1  3 1 . 2  
2 7 . 8  30 . 7  
2 7 . 4  3 0 . 2  

* * 
0 . 1 8  0 . 5 9 

1 5 . 2  1 7 . 8  
1 5 . 4  1 8 . 0  
1 4 . 9  1 7 . 5  
1 4 . S  1 7 .  1 
1 4 . 9  1 7 . 5  
1 3 . 9  1 6 . 5  
1 4 . 1 1 7 . 0  

* * .... 
0 . 36 0 . 2 6 \JI 0 . 



TABLE 4 . 2  Mean roo t leng th ( cm )  of spec ies in mixtures and monocul t u re s  

Trea tment H 1  H2 H3 H4 HS H6 H7 H8 

(A) RYEGRASS 

Mono cu l ture 3 . 5 5 S . 3 8 . 0  9 . 0  1 S . S  1 9 . 9  24 . 7  2 7 . 8  
7SR with 2SP 3 . 6 5 S . 4  8 . 2  9 .  l l S . S  2 0 . 3 24 . S  2 8 . 7  
SOR w i th S OP 3 . 65 S . 3 8 . 0 9 . 0  1 S . 3 1 8 . 6 2 3 . 6 26 . 9  
2SR with 7 5P 3 . 75 S . 4 8 . 0  9 . 0  1 S .  1 1 7 . 4  2 2 . S  2 S . 9  
75R w i th 2 5C 3 . 7 0 S . 4  8 .  1 9 . 2  1 S . 6  2 1 . 1  2 S . 3 28 . 4  
50R w i t h  S OC 3 . 75 s . s  8 . 1 9 .  1 1 S . S  2 0 . 3 24 . S  2 7 . 9  
2 SR w i t h  7 SC 3 . 80 S . 4  8 . 0  9 . 0  1 S . 3  1 9 . 7  2 2 . 9  2 6 . 7 
S.!_gni f icance NS NS NS  NS NS ** * *  * *  
Sx 0 . 034 0 . 04 0 . 08 0 . 09 0 . 22 0 . 2 4 0 . 3 2 0 . 9 0 

( B) PRAIR I E  GRASS 

Mono cu l ture 2 . 4 5 8 . 9  1 2 . 4  1 4 . 6  1 9 . 7  2 3 . 6  28 . 9  3 l . S  
7SP wi th 2 5 R  2 . S O 9 . 2  1 2 . S  1 4 . 7  20 . 3  2 4 .  1 29 . 6  32 . 7  
SOP w i th S OR 2 . S O 9 . 0  1 2 . 4  1 4 . 9  1 9 . 8  2 3 . 7  2 9 . 1 3 l . S  
2SP w i t h  7 SR 2 . 60 9 . 0  1 2 . 3  1 4 . 7  1 9 . S  2 1 . 6  2 7 . 3  2 8 . 7  
7SP with  2 5 C  2 . 5 0 9 .  1 1 2 . S  1 4 . 9 1 9 . 8  2 4 . 9  30 . 0  32 . 9  
SOP with S OC 2 . 5S 9 . 0  1 2 . S  1 4 . 8  20 . 2  24 . 4  2 9 . 2  3 2 . 3  
25P with 7 S C  2 . 60 9 .  1 1 2 . S  1 4 . 7  20 . 1 2 3 . 8  28 . 6  3 l . S  
S.!_gnif icance NS NS NS NS * * * *  * *  
S x  0 . 05 5  0 . 08 o . os 0 . 1 2  0 . 1 6  0 . 9 8 0 . 2 8 O . S 7 

(C ) COCKSFOOT 

Monocul ture 0 . 39 3 . 2  4 . 9  6 . 4  1 2 . 3  1 8 . 7  2 1 . 8  2 7 . 4  
75C with 25R 0 . 4 3 3 . 4  s . o  6 . 4  1 2 .  3 1 8 .  1 2 2 . 0  2 6 . 3 
SOC w i th SOR 0 . 4 2 3 . 3  s .  1 6 . 3 1 2 . 2  1 7 . 2  2 0 . 7 2 S . 1  
2SC with 7 5R 0 . 42 3 . 4  4 . 9  6 . 3  1 2 . 1  1 6 . 6  1 S .  1 2 4 . 9  
7 5C w i th 2 S P  0 . 40 3 . 3 4 . 9  6 . 4  1 2 . S  1 8 . 8  2 2 . 4  2 7 . 4  
SOC wi th SOP 0 . 4 1 3 . 3  s . o  6 . 0  1 1 . 4  1 7 . 9  2 1 . 2  2 4 . S  
2SC w i th 7SP  0 . 4 2 3 . 3  s . o  6 . 2 1 0 . 6  1 6 . 6  1 9 . 3  2 3 . 9  
S.!_gni f icance NS NS NS NS * * ** * 
Sx 0 . 02 3  0 . 08 0 . 1 6 0 . 1 1  0 . 2 2 1 .  04 O . S 1  0 . 7 S .. 

1.. 
.. 
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TABLE 4 . 3  Mean leaf area ( cm2 ) of  spec ies in mixtures and monocultures 

Treatment H4 HS H6 H 7  H8 

(A) RYEGRASS 

Monocu lture 6 . 1 8  1 0 . 8 2  3 3 . 9 9 7 1 . 9 4 1 2 2 . 5  

7SR  w i t h  2 S P  7 . 00 1 1 . 2 0 3 6 . 7 0 7 9 . 3S 1 30 . 1 

SOR w i th S OP 6 . S 3  1 1 . 2 3 3 2 . 7 9 7 0 . 8 8  12 1 . 2  

2SR  w i t h  7SP 6 . 4 8 9 . 9 S 3 2 . 7 0 6 8 . S O  1 2 8 . 5  

7SR w i t h  2 S C  6 . S 6 1 1 . 69 3 S . 43 7 9 . 2 0 1 28 . 9  

SOR w i t h  s oc 6 . 5 S 1 1 .  3 S  34 . 4 2 7 S . S 1  1 2 S . 2  

2SR w i t h  7 SC 6 . 4 0 1 0 . 4 1  3 4 . 3 1  7 2 . 8 1 1 1 6 . 8 

Sign i f icance NS * *  ** ";� * * 

Sx 0 . 2 7  0 . 2 6 0 . 6 7 1 .  9 1  S . 2 4 

( B )  PRAIRIE GRASS 

Mono cu lture 9 . 09 1 4 . 9 6 49 . 1 1  10S . S  1 7 9 . 6  

7 S P  wi t h  2 S R  9 . 1 6 1 S .  7 7  S 2 . 4 3 1 1 S . 3  1 84 . 6  

SOP w i th S OR 8 . 8S 1 S . 4 3 S0 . 4 3 1 1 0 . 9  1 7 8 . 8 

25P w i t h  7 S R  8 . 7 6 1 5 . 0 3 47 . 6 3  9 5 . 9  1 64 . 9  

7 5 P  w i t h  2 5C 9 . 4 5 1 6 . 4 3 5 2 . 9 2  1 2 2 . 9  1 8 8 . 0  

SOP w i th s oc 8 . 86 1 6 . 09 5 3 . 1 1  1 1 9 . 7  1 8 3 . 3 

25P w i th 7 5 C  9 . 0 1  1 5 . 45 50 . 0 7 1 1 5 . 5  1 7 9 . 6  

Sign i f i cance NS ** ** * *  * *  

Sx 0 . 1 9 0 . 1 5  0 .  7 7  4 . 43 2 . 7 7  

( C )  COCKSFOOT 

Monoculture 2 . 03 5 . 34 1 6 . 28 3 0 . 88 6 4 . 2  

75C  w i t h  2SR 2 .  19  S . 88 1 7 . 2 7 3 6 . 5 5 6 7 . 5  

SOC w i th SOR 2 . 1 3  S . 7 0 1 6 . 7 2  3 2 . 8 2 5 8 . 1  

2 5C w i t h  7 5 R  2 . 34 5 . 1 3  1 5 . 9 6 2 9 . 45 5 1 . 3  

7 5 C  wi t h  2 5 P  2 . 06 5 . 39 1 7 . 1 7 2 9 . 6 5 6 1 . 2  

S OC w i t h  S OP 2 . 2 3 5 . 7 8 1 5 . 63 2 7 . 1 0 5 2 . 0  

25C w i th 7 5 P  2 . 2 7  4 . 45 1 4 . 5 5 2 5 . 7 8 4 1 . 0  

Sign i f icance NS NS * *  * *  * 

Sx 0 . 1 8  0 . 5 0 0 . 43 1 . 2 8  4 . 7 0 



TABLE 4 . 4  Mean shoot we i ght  ( g )  of  species  in  mix ture s  and mono cul tures 

Tre atmen t  H 1 * H2 H3 H4 HS 

(A) RYEGRASS 

Monocul ture 0 . 00 1 6  0 . 004 2 0 . 0 1 4 7  0 . 06 7  0 . 1 4 8  
7 5 R  wi th 2 5 P  0 . 00 1 7  0 . 004 5 0 . 0 1 5 3  0 . 06 8  0 . 1 5 2  
S OR with  SOP 0 . 002 1 0 . 0044 0 . 0 1 49 0 . 06 7  0 . 1 5 6  
2 5 R  w i th 75P 0 . 00 1 8  0 . 004 3 0 . 0 1 5 0 0 . 067  0 . 149  
7 5R with  25C  0 . 00 1 9  0 . 004 4 0 . 0 1 4 9  0 . 069 0 . 1 6 0 
S OR wi th 5 0C 0 . 00 1 9  0 . 004 4 0 . 0 1 5 7  0 . 0 7 0  0 . 1 5 4  
2 5R w i th 7 5C 0 . 00 16 0 . 004 2 0 . 0 1 5 0  0 . 06 3  0 . 1 4 7  
S..!.gnif icance NS NS NS NS * 
Sx 0 . 0002 0 . 000 1 0 . 0003 0 . 002 0 . 003  

( B )  PRAIRIE GRASS 

Monoculture 0 . 005 6 0 . 0 2 7 8  0 . 09 5  0 . 2 34 
7 5P wi th 2 5R 0 . 0058 0 . 0280 0 . 1 00 0 . 2 39 
SOP w i th S OR 0 . 005 7 0 . 0282  0 . 09 9  0 . 2 3 3 
25P with  7 5R 0 . 005 7 0 . 02 80 0 . 09 6  0 . 2 39 
75P w i th 2 5 C  0 . 005 9 0 . 0 2 8 4  0 . 1 0 1  0 . 2 6 6  
S OP with  50C 0 . 0058 0 . 0282  0 . 09 7  0 . 2 5 5  
25P with 7 5 C  0 . 0056 0 . 02 8 1  0 . 09 8  0 . 242  
S_!_gn i f icance NS NS NS * 
Sx 0 . 0002 0 . 000 3 0 . 002 0 . 008 

(C ) COCKSFOOT 

Monoculture 0 .  001 1 0 . 0030 0 . 009 3 0 . 05 1  
7 5C w i th 2 5R 0 . 00 1 3  0 . 00 3 1  0 . 0095 0 .  05 2 
50C wi th 5 0R 0 . 00 1 2  0 . 0030 0 . 0095 0 . 04 9  
2 5C  w i th 75R 0 .  001 1 0 . 003 1 0 . 0094 0 . 04 6  
7 5C wi th 2 5P 0 . 00 1 1 0 . 00 3 1  0 . 009 4 0 . 05 0  
S OC w i th S OP 0 . 00 1 2  0 . 0030 0 . 0094 0 . 045 
2 5C w i th 7 5 P  0 .  001 1 0 . 00 3 1  0 . 009 3 0 . 04 3  
S_!_gni f i cance NS NS NS * 
S x  0 . 0002 0 . 0001 0 . 0008 0 . 002 

H6 

0 . 5 1 2 
0 . 5 3 9 
0 . 5 1 6  
0 . 489 
0 . 5 4 9  
0 . 5 1 7  
0 . 498  

* 
0 . 0 1 4  

0 .  9 08 
0 . 9 3 5  
0 . 9 1 5  
0 . 860 
0 . 99 2  
0 . 9 5 5  
0 . 9 1 3  

"'' * 
0 . 060 

0 . 2 0 1  
0 . 2 06 
0 . 1 99 
0 . 1 89 
0 . 2 00 
0 . 1 8 7  
0 .  1 7 8 

>� 
0 .  0 1 1 

H 7  

0 . 8 3 2  
0 . 85 2  
0 . 83 0  
0 . 7 6 8  
0 . 8 7 4  
0 . 854  
0 . 829  

** 
0 . 02 1  

0 . 99 6  
1 .  087  
1 . 00 1  
0 .  9 7 2  
1 .  082 
1 .  04 0 
0 . 9 9 6  

* *  
0 . 0 1 8  

0 . 4 2 8  
0 . 4 3 1  
0 . 4 1 5  
0 . 39 8  
0 . 4 25 
0 . 4 1 8  
0 . 39 2  

* >� 
0 . 0 1 0  

* S hoo t s  o f  p rairie grass and c o cks f oo t  had no t emerged at  t he f ir s t  harve s t . 

H8 

0 . 9 9 3  
0 . 9 8 1  
0 .  9 1 1 
0 . 8 5 8  
0 . 9 9 8  
0 . 9 7 1  
0 . 9 2 7  

** 
0 . 0 1 2  

1 .  2 2 5  
1 . 3 7 3  
1 . 2 8 6  
1 . 1 5 4  
1 . 383  
1 . 36 7  
1 .  25 3 

** 
0 . 04 9  

0 . 6 1 7  
0 . 6 3 3  
0 . 5 7 8  
0 . 5 8 0  
0 . 6 3 6  
0 . 5 5 3  
0 . 5 3 5 ,...... 

* "'' \Jl 
(..,.) 

0 . 02 5  . 



TltBLE 4 .  5 Mean roo t weight ( g )  per plant of  species  mixtur es and monocul tures 

Treatment H 1* H2 H3 H4 HS H6 ll7 H8 
-

(A) RYEGRAS S 

Monocul ture 0 . 004 3 0 . 0063 0 . 0 1 07 0 . 0 1 4 4  0 . 1 30 0 . 2 5 0  0 . 5 1 0 0 . 6 6 5  
7 SR with  25P 0 . 0044 0 . 0066 O . O l l 2  0 . 0 1 50 0 . 1 3 6  0 . 260  0 . 5 2 2  0 . 6 7 8  
S OR with  SOP 0 . 004 3 0 . 0063 0 . 0 1 1 2  0 . 0 1 S 1  0 . 1 2 7  0 . 2 39 0 . 506 0 . 644 
2 5R with 7 SP 0 . 0044 0 . 006S 0 . 0 1 08 0 . 0 1 4 1  0 . 1 2 2 0 . 2 3 0  0 . 489  0 . 64 1  
7 5R with  2SC 0 . 004 S 0 . 0068 0 . 0 1 1 1  0 . 0 1 S 6  0 . 1 3 8 0 . 2 7 S  O . S3 6  0 . 6 9 7  
S OR with  S OC 0 .  004 2 0 . 006S 0 . 0 1 1 0  0 . 0 1 S 1  0 . 1 3 S  0 . 2 6 9  O . S 2 3  0 . 6 7 9  
2 5R with  7 5C 0 . 0044 0 . 0065 0 . 0 1 0 9 0 . 0 1 4 9  0 .  1 2 7  0 . 24 S  0 . 4 9 9  0 . 6 S 6  
S.!_gnif i c anc e NS N S  N S  * * * '� * '�' * 
Sx 0 . 0002 0 . 0003 0 . 00 1 S  o . ooos 0 . 003 0 . 007 0 .  004 0 . 0 1 1 

(B)  PRAIR I E  GRASS 

Mono cul ture 0 . 004 1 0 . 005 5 0 . 0 1 7 2  0 . 0238  0 . 1 8 1  0 . 39 6  O . S87  0 .  7 68 
7 5P w i t h  2 5R 0 . 004 3 O . OOS9 0 . 0 1 7 7  0 . 0242  0 . 1 89 0 . 448  0 . 6 1 4 0 .  7 8 3  
S OP w i t h  S OR 0 .  004 2 0 . 0060 0 . 0 1 7 3  0 . 0246 0 . 1 8 2  0 . 407  0 .  592  0 .  7 7 7  
2 SP w i t h  7 SR 0 . 004 3 O . OOS 7 0 . 0 1 7 3  0 . 0239  0 . 1 7 4 0 . 389 O . S 6 9  0 . 7 4 8  
7 5P w i t h  2 SC 0 . 004 S 0 . 0062 0 . 0 1 8 7  0 . 02 7 2  0 . 1 94 0 . 44S  0 . 6 34 0 . 806  
SOP w i t h  SOC 0 . 004 4  O . OOS8 0 . 0 1 8 2  0 . 02S4 0.  1 9 1  0 . 44 3  0 . 6 1 3  0 . 7 8 8  
2 5P w i t h  7 SC 0 .  004 1 O . OOS8 0 . 0 1 7 6  0 . 024 7 0 . 1 8 2  0 .  400  O . S87  0 . 7 68 
S.!_gnif ic anc e NS NS * * * * '� * * 
Sx 0 . 0003 0 . 0002 0 . 0003 0 . 00 06 o . oos 0 . 0 1 5  0 . 008 0 . 008 

(C ) COCKSFOOT 

Monocu l tur e 0 . 00 1 2  0 . 0094 0 . 0 1 1 6  0 . 0 1 7  0 . 09 1  0 . 20 1  0 . 3 1 7  
75C  w i t h  2 5R 0 . 00 1 4  0 . 009 7 0 . 0 1 1 8 0 . 0 1 8  0 . 0 9 S  0 . 2 1 3  0 . 3 2 6  
S OC w i t h  SOR 0 .  00 1 3  0 . 009 S 0 . 0 1 1 1  0 . 0 1 7  0 . 08 S  0 .  1 9 7  0 . 303 
2SC with 7 SR 0 . 0 0 1 4  0 . 0094 0 . 0 1 07 0 . 0 1 6  0 . 0 8 3  0 . 1 89 0 . 300 
7SC with 2 SP 0 . 0 0 1 4  0 . 0094 0 . 0 1 1 7 0 . 0 1 8  0 . 090 0 . 20 1  0 . 3 1 6  
S OC with  S OP 0 . 00 1 3  0 . 009 3 0 . 0 1 1 3 0 . 0 1 6  0 . 082 0 .  1 9 1  0 . 3 0 2  
2 SC w i t h  7 5P  0 .  00 1 1  0 . 0090 0 . 0 1 0 1  0 . 0 1 6  0 . 080 0 .  1 8 7  0 . 2 9 9  
S.!_gnif i cance NS * '� * .,, ** * 
Sx 0 . 000 1 0 . 000 1 0 . 0004 0 . 00 1  0 . 004 0 . 007 0 . 009 

1-
* Roo t  weight o f  cocksfoo t  was no t measured at the f i rst  harves t due t o  the very sma l l  s i z e  o f  the d evelop ing roo t sys t ems . L 

.j: . 



4 . 3 . 2  V EGETATIVE GROWTH 

The general t rend observed in earl ier tr i al s (Chap t er 3 )  wa s again 

id ent if i ed in this  s tudy . 
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The vegetative c harac ter s  measured , namely plant he ight , roo t  leng t h , 

leaf area , shoo t and roo t  dry we igh t s  are presented i n  Tabl e s  4 . 1 ,  4 . 2 , 

4 . 3 , 4 . 4  and 4 . 5  respect ivel y .  Prair ie grass was the t a l l e s t  spec ies 

with t he longest roo t sys tem, prod uc ing grea ter quant i t ie s  of  dry ma t t e r .  

Cocksfoo t was aga in t he sma l l e s t  spec ies , while t he growth pat t erns o f  

ryegrass  lay between those o f  the o t her spec ies , exc e p t  in t erms of  

t i ller ing . Ryegrass had the highest  number o f  t i llers per p lan t .  

The plant interact ions al so presented s imil ar r esul t s  t o  t hose  

ob served earl ier . In all aspec t s ,  t he growth o f  spec ies in t he ir 7 5 %  

mixtur e s  was superior t o  that o f  the ir monocul ture s .  Thi s again high­

l ighted grea t er intra-spec i f ic compet it ive e f f e c t s  wi thin the mo nocultur e s  

a t  t h e  s elec t ed plan t ing dens i t y , t han inter spec i f ic compe t i t ion in the 

7 5 % mix tures . 

In t erms of  spec i e s  perf ormanc e ,  cocks f o o t  was a f f ec t ed to a greater 

extent b y  pra irie grass t han by ryegrass . Ryegrass was also again 

a f f e c t e d  in mixtures containing equal or grea t er pro por t ions o f  prair i e  

gras s .  The mor e  c omp e t i t ive spec ies i n  all mixtures showed super ior 

growth when compared with t he r e spec t ive monocul tur e �  which was signif­

icant  in cer tain ins tanc es . This  trend wa s observed in all veg e t a t ive 

c harac t er s .  

Mor e  impor t antly  the resul t s  show the occurance o f  signif icant 

d if f er ences (P �0 . 05 )  be tween t reatments at t he 4 th harv e s t  ( i . e .  4 weeks 

a f t er p l ant ing ) (Tables  4 . 1 - 4 . 5 ) .  More spe c i f icall y , p lant heigh t , 

s hoo t we ight s  and leaf areas o f  ryegras s  plants in d i f f er en t  mixtur e s  are 

s ign i f icantly a f f ec t ed by o t her spec ies i n  t he 5 th week , whi l e  s imilar 

e f f ec t s  ar e observed in the root weight s and l engths at 4 th and 6 t h  

harves t s  respec t ively.  

In prair ie gras s ,  t he d i f f er ences i n  t erms o f  roo t w�ght b ecame 

appar ent at the third harv es t .  A s ignif icant (P �0 . 05 )  i ncrease in t he 



root we ight o f  prairie gras s growing in mixtures (espe c i a l ly with  cocks­

f oo t )  when c ompared with its monocul t ure i s  ob served a t  this s t age . 

Th i s  high l i gh t s  t he superior compe t i t ive ab i l i ty of prairie gras s at  very 

early s t ages , wh i ch enab les it to grow at  the expense of associate  

spec ies in  mixt ures . S igni f i cant d i f ferences be tween t rea tmen t s  o f  

prairie  gras s in terms o f  o ther chara c ters were observed a t  t he 5 th and 

6 t h  harve s t s . 

The adve rse e f fe c t s  o f  companion species on the growth o f  cocks-

foot can be seen in the 5th and 6 th h arves t s  a f ter p lan t ing in t e rms of 

all vegetat ive charac ters excep t roo t we igh t . The roo t growth ( in t e rms 

of we igh t )  of cocks foo t is suppre s s ed s i gn i f ican t ly at  the 3rd harve s t . 

In a l l  ins t ances , prairie grass had a grea ter suppre s s ive e f f e c t  on 

c ocksfoot t han ryegras s .  

C loser examination o f  t he resul t s  of  vege t a t ive charac ters  of  all  

spec ies shows tha t dur ing the  f i rs t  two weeks a f ter p lant ing , the 

p lant s  in mixtures tend to show greater growth t han their respe c t ive 

mono cultures ,  al though this  e f fe c t  was no t s ta t i s t i c a l ly s i gni f ic ant 

(P 0 . 05 ) . Re lat ive y i e ld totals  c a lculated on t he bas i s  of shoo t and 

root  we i gh t s  accord ing to t he techn ique of McGi l chr i s t  and Trenbath 

( 1 9 7 1 ) showed s igni f ic an t  departure s f rom uni ty at this  s t age . However ,  

t hi s  e f fe c t  does not cont inue a f t e r  the 3rd harves t ,  when interspe c i f i c  

c ompet i t ive e f fe c t s  deve lop . 

4 . 3 . 3  LEAF AND TILLER APPEARANCE 

( i )  Leaf appearance : - Analys i s  of  leaf appearance rates shows 

t ha t  both prairie grass and cocks foo t have a h i gher leaf appearance 

rat e than ryegrass (Tab le 4 . 6 ) . 
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TABLE 4 . 6  Leaf and t i l l er appearance rat e s t  o f  species  growing in mixtures  and mono cultures dur ine early grow th # 
(Mix tur e  t r ea tment s  were compared wi th the respect ive monocul tures  
* Ind i c a t e s  s ignif icant d i f f erenc e s  ( P  � 0 . 0 5 )  of  treatmen t s  f rom mono culture s )  

S p e c i e s  Trea tmen t Leaf aEp earance T i l l e r  apEearance 

Pr imary Se condary Tert iary 

��2 r2 {�2 r L {�2 r 2 �B2 r L 

Ryegra s s  Monocul ture 0 .  1497 9 5 . 5  0 .  2 2 7 4  9 6 . 8  0 . 3 3 4 2  9 2 . 2  0 . 3 0 7 0  8 7 .  7 
7 S R  with  2 SP 0 . 1 5 7 6* 9 6 . 7 0 . 24 2 6* 9 7 .  1 0 . 348 1 9 2 . 1  0 . 3 1 6 2  8 7 . 0  
S OR w i t h  S OP 0 . 1 440 94 . 2  0 . 2 1 8 2  9 6 . 1  0 . 3 1 2 0 9 2 . 3  0 . 2 7 S 7 * 83 . 0  
2SR  wi th 7 5P 0 . 1 3 3 7 >�  9 3 . 7 0 .  2068>'< 9 4 . 7  0 .  2 7 6 6>� 9 4 . 9  0 . 2 4 3 S* 7 1 . 5  
7 SR wi th 2SC  0 . 1 S 7 8"' 96 . 3  0 . 2 5 6 3* 9 6 . 9 0 . 3 5 7 9* 9 S . 4  0 . 32 1 0* 88 . 1  
S OR w i t h  s ac 0 .  1 4 9 6  9 5 . 8  0 . 2364  9 6 . 8  0 . 3456  9 2 . 9  0 . 3 1 0 1  8 7 . 4  
2SR with  7 SC 0 .  1 4 5 2  9 5 . 6 0 . 2 2 6 9  9 6 . 6 0 . 3 24 4  9 2 . 6  0: 2 9 2 2  88 . 2  

Pra irie  grass Mono cul ture 0 . 1 5 S4 9 6 . 8  0 . 2402 9 6 . 0  0 .  26 7 7  80 . S  0 .  2 S 7 1 7 4 . 0  
7SP  with  2 5R 0 . 1 5 9 0"' 9 6 .  7 0 . 2 4 6 2  9 6 . 1 0 . 2 7 6 6  8 0 . 3 0 . 2660  7 3 . 8  
S OP wi t h  S OR 0 . 1 5 6 3  9 6 . 3 0 . 2403 9 S . S  0 . 2 6 2 8  8 0 . S 0 . 24 1 6  68 . 7  
2 5P w i t h  7 5R 0 .  14  7 3>� 9 S . 4  0 . 2 2 09 9 S . 9  0 .  2 2 58 >�  7 4 . 8  0 . 1 9 2 0* 6 7 . 3  
7 5P w i t h  2 5C 0 . 1 6 3 5* 96 . 8  0 . 2 648 * 9 6 . 2  0 . 285 1 * 80 . 0  0 . 2690  68 . 5  
S OP with  S OC 0 . 1 6 1 2 "' 9 6 . 6  0 . 2 5 3 2* 9 6 . 2  0 . 28 1 4 8 0 . 6  0 . 2 S S8 68 . 4  
2SP  wi t h  7 SC 0 . 1 5 1 8  9 6 . 0  0 . 2406 9 6 . 0  0 . 2 7 2 1  80 . 3  0 . 24 1 7 6 8 . 7  

Cocks foot  Monocul ture 0 . 1 5 96 96 . 2  0 . 2 1 7 5  8 7 . 7  0 . 2 4 7 6  7 4 . 4  0 . 1 9 86 6 6 .  1 
7 S C  wi t h  2 5R 0 . 1 5 99 9 5 . 8  0 . 2 1 9 7  8 7 . 7  0 . 2 4 7 0  7 4 . 2  0 .  2046 6 5 . 7  
S OC w i t h  S OR 0 .  1 S 3 3 9 6 . 0  0 . 1 9 7 3  85 . 4  0 . 2 1 1 1  7 2 . 6  0 . 1 6 7 7 * 64 . 9  
2 SC w i t h  7 5R 0 .  149 0>� 9 6 . 0  0 . 1 8 35 * 8 7 . 2  0 . 1 7 6 2 * 7 3 . 9  0 . 1 04 S* 6 6 . 1 
7 S C  wi th 2SP  0 .  1 6 0S 94 . 7  0 .  2080 8 7 . 9  0 . 2 2 9 5  7 2 . 2  0 . 1 9 86 6 6 . 1 
S OC w i t h  S OP 0 . 1 4 S 6 * 9 5 . 3  0 .  1 84 3  8 1 . 9  0 . 1 7 3 7 * S 7 . 9  0 . 1 39 1 * 6 6 . 7  
2SC w i t h  7 S P  0 . 14 1 1 * 9 2 . 0  0 . 1 7 06* 8 0 . 6 0 . 1 2 9 S * S 7 . 4  0 . 063S* 6 6 . 6 

-r Calcu la ted by l i near regress ion analysis  based on log y = a + B x ,  where y = growth parame ter and x = t ime in days 
e 

# From seeding up to approxima t e l y  4 days a f t e r  9 S %  light i n te rcep t i on .  

.... 
\..Jl 
-...J 



Within s p ec ies , the leaf appearanc e rat e o f  ryegra s s  i s  s ignif i c ­

ant ly ( P  � 0 . 0 5 )  increased when grown w i t h  25%  prair ie gra s s  a n d  cocks-

1 5 8 .  

foo t . However , when a s sociated wi t h  7 5 %  pra irie  gras s ,  the l eaf appear-

ance rate o f  ryegrass i s  signif ican t l y  r educ ed . 

In p ra i rie gra s s , leaf appearance rates are s ignif icantly  increased 

when grown with 25% o f  ryegrass and 2 5 %and 50% of  cocksfoo t .  In tur n , 

the leaf appearance r a t e  of  prairie grass  i s  s ignif ican t l y  reduced when 

grown w i t h  7 5 %  ryegra ss . 

Co cks foo t doe s not show a s ign i f ic ant inc r ease in lea f a ppearance 

rat es when a s so c iat ed w i t h  ei t her of the o ther spec ie s .  However , t he 

leaf appearanc e r a t e  o f  cocksfoo t i s  s igni f i cantly reduc ed when grown 

wi th 50%  pra i r i e  grass and 7 5 %  of bo t h  ryegrass  and pra i r i e  g rass . 

( i i )  T i l ler app earance : - Gene rally the t i l ler appearance rates  

of  all spe c i es inc r ea s ed (some s ign i f icantly)  when asso c ia t ed with  25%  of  

another spe c i es and decreas ed ( some s ignificantly)  when grown with 7 5 %  

o f  ano ther sp e c i es . The overal l t i l l er appearanc e rat e o f  r yegrass 

wa s grea ter than the o t her spec ies . 

More spec i f ically , t he primary , s econdary and t e r t iary t i ller 

appearanc e rates  o f  ryegrass were s ignif icant ly (P � 0 . 05 )  de creased 

when a s so c i a t e d  with 7 5 %  of  pra i r i e  grass . In add it ion tert i ary t i ller 

appearance o f  ryegra s s  was reduced s igni f i cant ly when grown with 50% 

prairie gras s .  However ,  ryegrass exh i b i ted a signif icant increase in 

t he appearance rate of all types o f  t i l lers  when assoc iated with 2 5 %  

cocksfoo t ,  a nd of  pr imary t i llers when grown w i t h  2 5 %  p r a i r i e  gras s .  

D e t r imental e f f e c t s  of  anot her s p ec ies on t il ler app earance rates  

o f  prair ie gras s  were  min ima l ,  and  t h e  only s ignif icant d e c r ease was  

observed i n  secondary and tertiary t i l lers when grown wi t h  75%  ryegra s s . 

However ,  t h e  pr imary t i ller appearanc e  ra t e  o f  prai r i e  gra s s  was inc r eased 

s ignif i cantly when grown with 25% and 50% co cks foo t ,  and t he secondary 

t i ller appearance r a t e  was also s ig n i f ican t l y  increased when grown w i t h  

2 5 %  cocksf oo t .  

Wh i le c o cksfoo t did not show a s igni f i c ant inc rease i n  t iller 

appearance rates when associated w i t h  e i t her o f  the o ther species , pr imary , 



secondary and t e r t iary t i l le r  appearance ra tes  were s i gni f i can t ly 

reduced when grown wi th 7 5 %  ryegras s and 7 5 %  and 50% prairie grass . 

I n  addi tion ,  te r t i ary t i ller ap pearance rate  of  co cks foot was s igni f­

i cant ly reduced i n  mixt ures with  50% ryegras s . 

These re s u l t s  sugge s t  tha t leaf app earance ra te on the mai n  s tem 

i s  a more sens i t ive indi ca tor of  c omp e t i t ive e f fects  t han t i l le r  appear­

ance ra te in t he s e  spe c ies . 

4 . 3 . 4  DRY MATTER ACCUrillLAT ION 

Dry ma t te r  accumul a t i on pa t te rn s  o f  the three spe ci es f rom s owing 

up to appro xima t e ly 8 weeks of growt h  are p resented in Tab le 4 . 7 .  The 

d ry ma t ter accumulat ion rate of b o t h  s ho o t s  and roo ts of  p ra i ri e  grass 

was greate r  t han the o ther spec ies . Aga i n , all spe cies  i ndi c a t e d  an 

increased dry mat ter a ccumula t i on ( a l t hough not  sign i f i cant i n  s ome 

ins tances ) when g rown w i t h  2 5 %  of ano th e r  spec ies and a de crease 

when grown wi t h  75% of  ano ther spe c ie s . 

In te rms o f  specie s performance , t he sho o t  and roo t grow t h  ra tes o f  

rye grass is s i gni fi can t ly increased when grown with 25%  c ocks foot  and 

is s i gni f i can t ly reduced when grown w i th 2 5 %  prairie gras s . The root 

growth ra te is a l so s i gni fican t ly reduce d when grown w i th 50% p ra i rie 

g rass . 
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TABLE 4 . 7  Dry mat ter a ccumu lat ion ratest o f  s ho o t s  and roo t s  of spec i e s  

grown i n  mixtures and mono cultur e s  dur ing e a r l y  growt h . ff 

(Mixture t re atments were compared w i t h  the respec t ive mono ­

cul ture s .  

* Indi cates s igni f ican t d i f ferenc e s  (P < O . OS )  of  t reatmen t s  

f rom monocu l t ures . 

Species  Treatment Dry ma t t e r  a c cumula t i on 

S hoo t s  Roo t s  

Ry egrass 

Prairie 

grass 

C ocks f o o t  

Monocultu  re 

7SR with  2SP 

S OR with  S OP 

2SR w i th 7 S P  

7 S R  w i th 2 S C  

S OR w i th S OC 

2SR with  7SC  

Hono cul ture 

75P w i th 2 S R  

S OP w i t h  S OR 

25P w i t h  7 SR 

7 SP w i t h  2 SC 

SOP w i t h  S OC 

2SP w i t h  7 SC 

Mono cul ture 

( B )  
0 .  10S7  

0 .  1 09 0  

0 . 1 04 8  

0 . 09 9 7 * 

0 . 1 1 0 7 * 

0 .  1 08 1  

0 . 1 0S 3  

0 . 1 3 09 

0 .  1 39 4 *  

0 . 1 3 3 3  

0 . 1 2 6 6  

0 . 1 4 09 * 

0 . 1 3 84* 

0 . 1 3 2 1  

0 . 06 8 1 

7SC w i th 2 S R  0 . 0692  

S OC with  S OR 0 . 06 S4 

2SC w i t h  7 S R  0 . 06 4S 

7SC w i t h  2 S P  0 . 06 8 9  

S OC w i t h  S OP 0 . 0638* 

2SC with 7 SP 0 . 06 1 S* 

8S . 5  

8S . 4  

8S . O  

86 . 3  

8S . 4  

8S . 8  

84 . 7  

86 . 8  

86 . 6  

86 . S  

8 7 . 0  

8 7 . 2  

86 . 3  

86 . 9  

7 7 . 1 

7 7 . 3  

7 7 .  1 

7 7 . 8  

7 6 . S  

7 7 . 7  

7 7 . 8  

( 8 )  
0 . 0 7 S 2  

0 . 0 7 6 5  

0 . 0 7 3 6* 

0 . 0 7 24* 

0 . 0 7 84* 

0 . 0 7 6 9  

0 . 0 7 4 1  

0 . 0 8 7 3  

0 . 0903 

0 . 08 8 1  

0 . 08S4* 

0 . 0920 * 

0 . 0902 

0 . 08 7 5  

0 . 0 3 6 7  

0 . 0379  

0 . 03S 3 

0 . 03 4 7 * 

0 . 036S  

0 . 0348*  

0 . 0344* 

t Ca lculated by l inear regress ion analyses  b a s ed on Log x 
e 

where y = growth parame ter and x - t ime in d ays . 

ff From seeding up t o  approxima t e ly 9 S %  l i ght intercep t ion . 

82 . 0  

8 3 . 2  

82 . 3  

82 . 4  

83 . 0  

83 . 9  

82 . 8  

8 7 . 2  

8 7 . 0  

8 7 . 3  

86 . 4  

8 7 . 8  

8 7 . 6  

86 . 7  

7 3 .  1 

7 3  . s  

7 3 . 6  

7 3 . 4  

7 4 . 2  

7 2 . 3  

7 2 . 0  

a + B x  
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Whi le mixtu re s w i t h  7 5 %  ryegras s  has a s i gn i f i can t  Je t rime n t a l  

e f f ec t  o n  t he roo t grow t h  o f  p ra i r i e  g r a s s , t h e  sho o t  and roo t grow t h  

i s  s ig n i f i c an t l y  enhanc ed when a s so c i a t ed w i th 2 5 %  c o c k s f oo t .  The 

sho o t  growth ra t e  is also  s i g n i f i c ant ly inc reased when p ra ir i e  g r a s s  i s  

a s s o c i a t ed w i t h  2 5 %  ryegra s s  and 5 0 %  c o c k s f oo t . 

Aga i n ,  wh i l e  c ocksfo o t  does  no t show s igni f icant inc r ease  in  dry  

mat t e r  p roduc t i on , when grown w i t h  e i t her spec i e s , the  sho o t  and root  

growt h r a t e s  a r e  grea t l y  d e p r e s sed when grown w i th 75%  ryegra s s  and 7 5 %  

and 5 0 %  pra i r i e g rass . 

4 . 3 . 5  COMP ET I T I V E  EFF ECTS 

The compe t i t ive r e l a t ionships  b e t ween t he s p e c ies were d e t e rmined 

by r e l a t ive y i e ld t o t a l s  and aggre s s iv i t y  ind i c e s  based on sho o t  and 

roo t we ight s .  (Tab le  4 . 8 ,  Tab le  4 . 9 ) . The r e l a t ive y i e l d  t o t a l s  

ind i c a t e  tha t t he s p ec i e s  comp e t e  f o r  t he same env i ronment a l  re s o u rce s 

at la t e r  s t a g e s  o f  growt h ,  as t he va lues do  no t dev i a t e  s ign i f i ca n t l y  

f rom one . Howe v e r , during t he v e r y  e a r l y  s t age s ,  t h e  r e l a t ive y i eld  

t o t a l s  are  s i gn i f i c an t l y  greater  t han one , thus imp ly ing t hat t he 

sp e c i e s  do no t c omp e t e  f o r  s imi lar env i ro nment a l  resou rc e s  a t  t h i s  

s ta g e  ( de W i t , 1 9 6 0 ;  Trenb at h ,  1 9 7 4a ) . 
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TABLE 4 . 8  Re lat ive y ield totals  of s p e c i e s  comb inat ions based on shoo t and root weights  at every harvest 

Species comb i nat ion H 1  

(A) Shoot weigh t  

Ry egra ss-Prairie grass 

Pra i r i e  grass-Cocks foot 

Cocksfoot-Ryegrass 

(B)  Root we ight 

* 
Ryegrass-Prairie grass 1 . 05 3 ± . 0 1 4  

Prairie gras s-Cocks foot  

Cocks foot-Ryegra ss 

H2  H3 H4 HS l l 6  H7 H8 

* * * * 
1 . 0 3 4± . 0008 1 . 0 1 5 ± . 00 1 0  1 . 02 2 ± . 0008 1 . 0 1 9 ± . 002 0 . 9 9 9 ± . 0 1 4  1 . 004 ± . 02 5  1 . 00 3 ± . 002 

* * * 
1 . 05 3± . 00 1 4  1 . 02 4 ± . 00 1 5  1 . 02 1 ± . 00 1 0  1 . 00 2 ± . 004 0 . 9 9 2 ± . 0 1 2  1 . 0 1 0 ± . 009 0 . 9 9 7 ± . 0 1 1  

* * * 
1 . 069± . 00 1 1  1 . 032± . 0020 1 . 02 1 ± . 00 1 4  1 . 00�± . 009 0 . 99 8 ± . 0 1 0  1 . 00 1 ± . 0 1 4  0 . 9 9 9 ± . 00 7  

,., * ;, 

1 . 0 32. ±0 1 1  1 . 0 1 8± . 002  1 . 02 2 ± . 00 1  1 . 008± . 003 1 . 002± . 0 1 0  0 . 9 9 8± . 005 0 . 9 9 9 ± . 0 1 1  

* 
1 . 068± . 00 8  1 . 0 1 1 ± . 00 7  0 . 0 1 0± . 009 0 . 9 9 7 ± . 006 1 . 99 3± . 009 1 . 00 2 ± . 004 0 . 99 7 ± . 0 1 6  

* i< 
1 . 08 3± . 0 1 2  1 . 002 ± . 003 1 . 0 0 8 ± . 0 1 5  1 . 00 3 ± . 0 0 8  1 . 0 0 3 ± . 0 1 2  0 . 9 9 8 ± . 006 0 . 9 9 9 ± . 00 7  

* Indicates va lues s i gni f i c an t ly grea t e r  ( P  � 0 . 0 5 )  than one . 
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TABLE 4 . 9  Aggre s s ivity  based on shoot  we ight and roo t we i ght p e r  p lant o f  t he mo re agg ress ive spec ies  growing in mixtures 

and monocultures 

P ra i rie gra s s-Ryegras s  comb i na t ion Prairie grass-Cocksfoot c omb i na t i on 

75R25P 5 0R5 0P 25R75P  Si g .  ± S . E 75P25C  5 0P 5 0C 2 5 P 7 5 C  S i g .  ± S . E  

(A ) Shoo t we ight 

H2 -0 . 0 1 6  

H3 - 0 . 0 1 7  

H4 0 . 00 1  

H5 0 . 001 

H6 -0 . 0 5 2  

H7 

H8 

-0 . 025  

-0 . 02 3 

(B)  Root we igh t  

H 1  

H2 

H3 

H4 

H5 

H6 

H7 

H8 

-0 . 00 1  

- 0 . 002 

-0 . 0 1 8  

-0 . 0 1 9  

-0 . 04 4  

-0 . 028 

- 0 . 026  

- 0 . 025  

-0 . 0 1 4  0 . 006 

0 . 003 - 0 . 004 

0 . 0 1 7  0 . 0 1 7  

- 0 . 029  0 . 008 

0 . 00 1  0 . 0 3 7  

0 . 02 9  

0 . 005 

0 . 00 1  

0 . 04 8  

-0 . 0 1 9  

-0 . 006 

0 . 0 1 4  

0 . 036  

0 . 009 

0 . 02 1  

0 . 09 0  

0 . 084 

0 . 007  

0 . 02 3  

0 . 0 1 1  

0 . 0 1 9  

0 . 054 

0 . 1 0 7  

0 . 04 4  

0 . 0 2 7  

N S  

N S  

NS 

NS 

NS 

0 . 008 0 . 02 7  

0 . 004 -0 . 005 

0 . 0 1 8  0 . 0 3 1  

0 . 0 1 5  0 . 1 3 7 

0 . 02 0  0 . 1 02 

,., 0 . 0 1 9  0 . 084 

0 . 1 35 ** 0 . 0 1 2  

NS 

NS 

NS 

NS 

NS 

NS 

'� 

* 

0 . 0 1 3  

0 . 0 1 4  

0 . 0 1 7  

0 . 008 

0 . 02 1  

0 . 032  

0 . 0 1 1  

0 . 009 

0 . 080 

0 . 064  

0 . 1 3 8 

0 . 07 2  

0 . 1 2 2  

0 . 0 7 7  

0 . 05 0  

-0 . 048  

-0 . 002 

0 .  0 1 1  

0 . 09 7  

0 . 06 0  

0 . 9 34 

0 . 1 0 5  

-0 . 0 1 6  

0 . 0 3 8  

0 . 04 9  

0 . 040 

0 . 09 6  

0 . 049  

0 . 034  

- 0 . 04 2 

-0 . 048 

0 . 008 

0 . 02 6  

0 . 00 7  

0 . 00 3  

0 . 0 1 2  

- 0 . 054 

0 . 0 1 3  

0 . 0 1 6  

0 . 0 1 0  

0 . 0 1 3  

0 . 002 

- 0 . 005 

NS 

NS 

NS 

NS 

NS 

0 . 032  

0 . 0 1 2  

0 . 0 1 9  

0 . 0 3 1  

0 . 02 5  

* 0 . 0 1 6  

'� * 0 . 009 

NS 

NS 

NS 

NS 

,., 

* 

* 

0 . 06 1  

0 . 03 1  

0 . 034  

0 . 059  

0 . 036  

0 . 02 5  

0 . 0 1 9  

Ryeg rass-Cocks foot  c ombinat ion 

7 5 R25C 50R50C 2 5 R 7 5 C  Sig . ± S . E .  

0 . 02 4  

0 . 0 1 0  

0 . 002 

0 . 080 

0 . 06 7  

0 . 059  

0 . 06 8  

-0 . 04 9 

0 . 02 3  

0 . 02 7  

0 . 0 54 

O . OSI L  

0 . 054 

0 . 04 7  

-0 . 04 9  

0 . 024 

0 . 0 1 4  

0 . 036  

0 . 0 1 1  

-0 . 0 1 8  NS 

-0 . 0 1 6  NS 

- 0 . 006 NS 

-0 . 02 1  NS 

- 0 . 02 4  NS 

0 . 02 7  

0 . 036  

0 . 02 3  

0 . 0 1 6  

0 . 0 1 9  

0 . 028  -0 . 005 

0 . 05 2  -0 . 0 1 6  

ic 0 .  008 

* 0 . 009 

-0 . 0 3 1  

0 . 0 1 3  

0 . 04 6  

0 . 02 8  

0 . 07 4  

0 . 022  

0 . 030 

-0 . 0 9 3  

- 0 . 00 1  

0 . 008 

-0 . 039  

-0 . 0 3 3  

-0 . 040 

-0 . 02 3  

NS 

NS 

NS 

NS 

NS 

i< 

* 

0 . 044 

0 . 0 1 3  

0 . 02 9  

0 . 025  

0 . 0 3 2  

0 . 02 4  

0 . 02 5  

..... 
0\ 
w 



The reduc t i on in the relat ive yield t o ta l s  t owards un i ty o c curs 

at di f f e rent s tages of grow t h  in the d i f f e rent species comb inat ions and 

mea surement s .  In terms of roo t  weight p er plant , the values in the 

ryegrass-pra i r i e  grass comb inat i ons equal un i ty in the 5 t h we ek , whi l e  

t ho se o f  prairie  grass-cocksfoot  comb inat ions reach un i ty i n  t h e  3rd and 

4 t h  week respe c t ively . Similar e f f e c t s  are observed in terms o f  shoot 

we igh t s ,  whe re t he rela t ive yield total values in the p ra i rie grass­

cocks foot  and ryegrass-cocksfoo t comb inat i ons reach unity  at the 5 t h  

ha rve s t  wh ile  those of  the pra i r i e  grass-ryegrass comb i na t ions reach 

uni t y  at  t he 6 t h  harves t .  Thus , comp e t i t ion for s imi lar re source s 

s eems to occur be twe en roo t s  b e f o re shoot s .  In addi t ion , such e f f e c t s  

are s een to deve l o p  be twe en t he mo s t  aggre s s ive spec ies  and the weakest  

spec i e s  b e fore s imi lar e f f e c t s  are ob served in other comb i nat ions . 

In terms of  spec ies aggress ivi ty , the resu l t s  ag ree wi th t ho s e  o f  

ear l ie r  tr ials ( Chap ter  3 ) . General l y , prairie grass i s  the mo s t  

agg r e s s ive spec i e s ,  although rye grass i s  mo re aggress ive than prairie  

gra ss in t he 7 5R 25P mi xture . Ryegra s s  i s  also mo re aggre s s ive t han 

co cks f o o t  exce p t  in comb inat ions w i th 7 5 %  c o cks foot . 

The aggre s s ivity e f f ec t s  of the s p e c i e s  are general l y  highl i ght ed at  

later harve s t s , wi th s igni f icant c hanges in t he indic es w i t h  change s  

i n  spec i es proport ions . Thus t he s e  ind ices  also show that s tab i l i za t ion 

of  comp e t i t ive relationsh i p s  occurs approximately four we eks af t e r  

plan t i ng , corre sponding t o  t h e  t ime when re lat ive y i e l d  t o ta l s  tend t o  

equal unity . 

1 6 4 . 
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4 . 4  DISCUS S ION 

S tudies on ind iv idua l growt h parame ters  of t he t hree spec ies  

highl ight t he superior growt h o f  pra i r i e  grass  over t he o ther spec ies 

and o f  ryegrass over cocksfoo t . The mo re rapid overall growth rate 

of p rairie grass in t e rms of dry mat t e r  produc t ion per p lan t i s  i l lus­

t ra ted in F i gure 4 . 1 ,  and this chara c t e r i st i c  can be again cons id ered 

a maj o r d e t e rminant of  i t s  superior compe t i t ive ab i l i t y  ove r t he o t her 

spec ies . 

Ryle ( 1 9 6 4 )  working with  monoculture s ,  re ported the mo re rapid 

l eaf appearanc e rat e of  cocksfoo t when c ompa red with ry egr ass , a phenom­

enon again se en in this t r ial (Tab le 4 . 6 ) . The leaf appea ranc e rate 

o f  pra irie grass was also grea ter t han ryegrass . The se leaf appearanc e  

r a t e s  can b e  c on s i dered spe c ies charac t e r i s t i c s . Similar s p e c i e s  

d i f f erences were a l so observed in terms o f  t i ller appearance rat e s  i n  

t h e  monoculture plan t s  o f  t he three spec ie s .  

The resu l t s  o f  both leaf and t i ller appearance ra tes of the spec ies  

in  mixtures i l l u s t rate tha t  the se paramters o f  growth are  a f f e c t ed by 

interspec i f ic c ompe t it ion , whi ch i s  in agreement with Rhodes ( l 9 6 8a , 

1 9 7 0 ) . However ,  unlike t he re sults rep orted  by Rhodes ( 1 968a , 1 9 7 0 ) 

leaf ap pearanc e rat e o f  t he s e  t hree spe c i es i s  mo re sens i t ive to c ompet­

i t ive e f f ec t s  t han t i ller appearance rat e ,  under the adop ted exp er imen tal 

cond i t ions . 

Both l ight and temperat ure have a d i r e c t  in f luenc e on leaf and 

t il ler ini t iat i on a nd appearance rates in grasses (Lange r ,  1 9 6 3 ;  Ans low , 

1 9 6 6 ;  Lud low , 1 9 7 8 ;  Mdli l l i am ,  1 9 7 8 ) . As t emperature reg ime s were 

un i form in t h i s  t r ial , redu c t ions in leaf and t i l ler appearanc e r a t e s  

o f  t he weaker spec ies  in  mixtures can be  ma inly  a t tributed t o  l ight  

relat ionships wi thin  t he microswards . D i f f e rences in p lant he ight were 

observed in all species (Tab le 4 . 1 ) ,  which has a d i rec t bearing upon the 

l ight d i s t ribu tion p a t te rns w it h in t he canopy , and on compet i t ive 

e f f e c t s  for light  ( Donald and Black , 1 9 5 8 ; Rhodes and S te rn ,  1 9 7 8 ) . 

Thus the talle r  spec ies w i l l  intercept  mor e  l ig h t  due t o  i t s  s t a ture 

and s t ruc ture , t hereby reduc ing t he inc ident l ight energy avai lable to 

the a s so c ia t ed shorte r spec ies . Thi s  a f fe c t s  t he leaf and t i ller 

ini t ia t ion pro c e s s  o f  t he shor ter spec ies , a long w i th redu c t i ons in t he 

pho to synthe t ic capac i ty ,  which f inally resul t s  in  s lower or non emer gence 

1 6 6 . 
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o f  the ini t ia t ed leaf and t i ller buds due t o  lack o f  pho t o syntha t e s . 

Th is i s  mo st evi dent i n  mixtures with equal or  grea ter propor t ions o f  

the t a l ler and mo re aggr ess ive spec ies (e . g .  prairie gras s-cocks foo t 

comb i nation ) . The relat ive d i f f erenc e .  in he ight tends to have a s i g ­

n i f i can t e f fe c t  on l e a f  and t i ller  appea rance rat es  of  t h e  weaker spec ies . 

The e f f ect  of rye gra s s  on leaf and t i ller app earanc e of  cocks foo t i s  

less t han t hat of  p rai rie grass i n  prairie gra ss-co cksfoot comb i na t ions . 

This could be due to t he sma l l er d i f fe rence in height of  ryegrass and 

cocks f oo t ,  whe n compared wi t h  prairie grass and cocks foo t . 

The reduc t ion in l eaf and t i l l er appearance rates  of the weaker 

spec ie s is f inal ly re f l e c t ed as  reduced dry ma t ter produc t i on of that  

spec ies in the mixture . The increa sed produc t ion o f  t he more aggr e s s ive 

spec ies in mix tures can also be a t t ributed to increased leaf and t i l l e r  

appearance rat es and increased phot osyn t he t ic  ac tiv i t y , due t o  reduc t ions 

in compe t i t ive e f f ec t s  for l i ght . 

Comp et i t ive relat ionships seen in pasture grasses are t he resu l tant  

e f f ect  of  many comp e t i t i ve in teract ions (Donald , 1 9 6 3 ) . Thu s in add i t ion 

to compe t i t ion for l ight , compet i t ion be tween root s y s t ems can enhance 

t hese e f f ec t s  resu l t ing i n  the overall suppression o f  t he weaker spec ies  

and increased produ c t ivi t y  o f  t he more aggr e s s iv e  spec ies . 

Analy s i s  of compe t i t ive relat ionships based on relat ive yield to t a l s  

indica t e s  t hat  dur ing very early stages , t he spec ies d o  not comp e t e  f o r  

t he same ' b iological space ' .  Th i s  is obse rved as  enhan ced growt h  i n  

mixtu res as  oppo sed to monocul tures dur ing t h i s  period . Although 

these d i f f erences in growt h  be tween p lant s in mix tures and monocul tures 

are not s ignif ican t ,  t he relat ive y ield total va lues exceed un i t y , t hus 

imp lying that the spec ies per form bet ter in mixtures t han in monocultures 

(Trenbath , 1 9 7 4a) . The se ob served d i f f erences during the very ear ly 

s t age s may have arisen due to exper imen t a l  er ror , or due to au totox i c  

or  self  inhib i tory processes o ccurring during germina t i on whi ch a f f e c t  

growth .  The ex i s te nc e  o f  such au t o t oxic e f f e c t s  cann o t  be  prec luded 

( Harris , p er s .  comm) ; 

( R i ce , 19 7 4 ;  1 980) ; 

a s  s imila r  e f f ec t s  have been repo r t ed in gra s s e s  

e s p e c ia l ly i n  ryegrasses ( Newman and Rov i ra , 1 9 7 5 ; 

Harries and Norring ton Davies , 1 9 7 7 ) . 



A s eparate s tudy c on duc ted t o  de t e rmine the s igni f i cance of  such ! 

autotox i c e f fe c t s  during germina t ion ann very early growth under 

l aborat o ry cond i t i ons (Append ix 9 )  a l so sugge s te d  grea ter roo t growth 

of  these spec ies i n  mix t ure s than in monocul tures . Howeve r ,  the 

d i f ferences were again no t s igni f i cant . Thus , further research i s  

warrant e d  t o  exp lore t he p o s s ib le exis tence of  such au t o toxic a l le l­

opa thic e f fe c t s  by us ing s eed and p lant ext rac ts , unde r c are fu lly 

con t r olled condi t i ons . 

The relat ive y i e ld t o tals become c lose to uni ty 4-5 weeks a f t e r  

planting , implying t ha t  t h e  spe c i e s  compete f o r  the same ' b iolog i ca l  

1 6 8 .  

space ' ( de Wi t and van den Be rgh , 1 9 6 5 ) . This i s  in agreement with  e arlier 

experiments (Chapter  3 )  and pub l i shed repo rts  on grasses ( Trenbath , 1 9 7 4a) . 

The re lat ive yield totals  b ased on root chara c t e rs equal uni ty earlier 

than t hose based on shoo t c hara c t e ris t i cs , imp lying that root comp e t i t -

ion b e g i n  earlier . These resul t s  a r e  s imi lar to t hose o f  other rep or t s  

o n  grass comp e t i t ion (e . g .  Weave r ,  1 9 2 6 ; Troughton , 1 9 5 7 ; Mi l throp e , 1 96 1 ;  

Rho des , 1 9 7 0 ) . Thi s  re sult  can b e  expe c te d  as grasses have s imi lar root 

syst ems (Lange r ,  1 9 7 2 )  occup ying s imilar roo t ing zones (Troughton , 1 9 5 7 ) . 

Th i s  leads to greater intermingl ing of  roo t s  leading to ove rlapp ing o f  

nutrien t  dep le tion zone s . Thus comp e t i t ive re la t i onships deve lop as  

such ef f e c t s  are gre a t ly de t e rmined by t he degree o f  overlapp ing of 

roo t ing zones (Cable , 1 9 69 ; Trenb at h , 1 9 7 5 ) . In gras ses , this e f f e c t  

can b e  fur t her emphas i z e d ,  as  t h e  root sys tems of  t h e  Grami nae (Poa cea e)  

generally have a larger sur face area t han shoo t sys t ems (Di t tmer , 1 9 3 7 ) . 

Although this exper imen t was conduc ted under apparent ly adequa te 

nut r i ent leve ls , c omp e t i tion may have developed between roo t s  for nu trient s .  

Thi s  could have o ccurred as  s and w i th a very low nut rient re tent ive 

c apac i ty ( i . e .  - T . E . C .  o f  6 . 2  m .  eq - Edge 1 9 7 7 )  wa s used , which s tored 

l i t t le nut r ien t s  for p lant use . In a dd i t ion , as a l l  nu trients re tained 

w i t hin a soil  sys t em are not  ava i lable  for p lant grow th (Ha l l , 1 9 74a)  

comp e t i tion can b e  exp e ct e d  t o  deve lop for the  ava i lab l e  nu t rient s  from 

the l imi t ed supply re t ained in the sand . The earlier onse t of c omp e t i t i on 

can also  be  e xp e c ted as seedlings t ake up nutrients  even be fore the 

d ep l e t ion of e ndogenous f ood reserves (McWi lliams e t  a l . ,  1 9 7 0) . Among 

t he range o f  nu trients u t i li ze d  b y  p lant s , comp e t i t ion may h ave o c curred 

for relat ive ly mob i le nut rients  suc h  as  n i t rogen , as the up t ake of such 

nut r ien t s  i s  p ropo r t i onal t o  t he len g th of  ac t ively growing and nutrient 
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ab sorb i ng roo t s  of  t he compet ing spec ies (Andrews and Newman , 1 9 7 0 ) . 

Fur t her research with label led nut r i e n t s  i s  thus sugg e s t ed to e luc i da t e  

t he proc ess of c ompe t i t io n  between roo t  systems . 

Comp e t i t ive effec t s  between roo t systems observed in t hi s  s t udy 

could have been further enhanced due t o  t he size of the container used , 

whi c h  c an act as  a ba rrier to normal root growth . Due to the presence 

of a large number of pl ant s wit hin a po t ,  compet i t ion for space may 

have developed , in add i t ion to compe t i t ion for nu tr ient s .  S t evenson 

( 1 9 6 7 )  highlighted compet i t ive e f f ec t s between spec ies for resour ces 

and space if t he e f f ec t ive so i l  volume needed for plant g rowth i s . no t 

ava ilab l e . Observa t ions during ro ot washing in this s t udy ind i cated 

t hat  wi thin S-6 weeks of p lant ing , the roo t sy stems were grea tly  

interming l ed and completely f i l l ed the  po t s .  Thus t he rap idly  growing 

roo t systems of t he mo re compe t i t ive s p ec ie s can be expec t ed to 

develop a c rowd ing and thereby a re s t r ic t ive e f f e c t  on the s lower 

growing spec ies , a s  both spe c i es are depend ent upon the same soil  vo l ume 

for spa ce and nut r i ent s .  Thu s in c ompe t i t ion studies conduc t ed in cont­

ainer s ,  where norma l roo t growth o f  spe c ies i s  restric ted by t he size  o f  

t he po t ,  compe t i t io n  f o r  space be tween roo t sys tems may be a very impo r t­

ant f a c t o r  determining compet i t ive relat ionships between t he spec i e s .  

The r e sul ts i llustrate t h a t  c ompet i t ive intera c t ions b etween prair i e  

gra ss and cocks foo t deve lop before s imilar e f fec t s  are observed i n  the 

o ther comb inat ions ( i . e .  RYT = 1 earlier ) . This relationship c an be 

a t t ribu t ed to the g r ea t er roo t ma s s  o f  prairie  grass ( shown by grea ter 

roo t l eng t h  and we ight ) having a suppress ive e f f e c t  on t he growth of t he 

smaller roo t sy s t em o f  cocksfoo t ,  a s  bo t h  roo t  syst ems oc cupy t he same 

root ing zones . This e f f e c t  oc curs earlier wi t h  increas ing dens i t ie s  of 

pra ir ie g ra s s .  The d elay in t he d ev elopment of s imi lar r e l a t ionships 

be tween t he o ther spec ies comb ina t ions may b e  tela ted to t he ir sma l l er 

d i f ferenc es i n  roo t s i zes when compared w i t h  that seen in the pra i r i e  

gras s-Gocksfoot  comb ina t ion . Det a i l ed s tud ies  on t he roo t d i s t ribut ion 

pat terns o f  spec ies w i thin a so i l  system may further il lumin a t e  these 

e f f ec t s .  

The r e l a t ive yield  t o tals based o n  s ho o t  we ight s approach uni t y  

later , ind icat ing t ha t  compet i t io n  between s hoo t systems occurs  a f t er 

t he onset o f  roo t comp e t i t io n .  The resu l t s  f o l low a s imilar t rend t o  



that of root comp et i t ien ef fec t s ,  where t he pra ir i e  grass-cocks f o o t  

comb ina t ions illus t r a t e  compe t i t ive in t eract ions b e f o r e  the o t her 

mixtures . This aga in can be a t t ributed to t he re lat ive l y  large 

d i f f erenc e be tween t he shoot sy s t ems of prairie  grass and c o c � Sfoo t ,  

when c ompared with the ot her mixture comb inat ions . 

1 70 .  

The d evelopment of  compe t i t ion b e tween shoot sys t ems at  l a t e r  s tage s  

of  growt h can b e  associated w i t h  t he ava i l ab i l i ty of  adequa t e  space for 

development and the ab sence of over lapping o f  shoo t systems un t i l  later  

stages  of  growt h .  Howeve r ,  the d ev e lopment o f  compet i t ive relat ionsh ips 

can be enhanced due to the ear ly ons e t  of  roo t compe t i t ion , as  the overall 

c ompe t it iv e ef f ec t s  are cau sed by intera c t ive processes of  the who l e  

plant (Dona ld , 1 9 6 3 ) . 

4 . 5  CONCLU S IONS 

Eva lua t i on of c ompet i t ive e f f ec t s  on ind iv idual pl an t compo nen t s  

ind ica t e s  tha t compet i t ion a f f ec t s  a l l  parame t ers of  growt h .  Th e 

reduc t ion in shoot dry mat ter  produ c t ion per p l ant of  the weaker s p ec ies  

and corre spond ing inc reases in  mo re agg r e s s iv e  spec ies can be r e la ted to  

c hanges in l eaf and t il l er appearanc e rat e s ,  which det ermine the pho to­

syn the t ic capac ity  o f  the plant . 

Inherent c harac t er i s t i c s  such a s  larger root and s hoot  syst ems have 

a grea t  e f f ec t on the compe t i t ive ab i l i t ie s  of t he selec t ed spec ies , und er 

t he cond i t io n s  o f  this exper imen t .  

Root comp e t i t ion beg ins 3-4 weeks a f t er s owing due t o  greater  and 

earl i er int ermingl ing of the roo t sys t ems . Roo t compet it ion beg in s  

earl ier i n  mix t ures with  great er relat ive s i z e  d i f f erences be tween the 

roo t  sy stems . However ,  the  actual pro c e s s  o f  roo t comp e t i t ion i s  n o t  

c l ear , and as  sugg e st ed ear l ier , f ur t her research using labe l l ed 

nutr ient s i s  warran t e d .  

Shoot comp e t i t ion beg ins at  la t e r  grow t h  s t ag e s  ( i . e .  5 -6 weeks a f t e r  

sowing ) . Comp e t i t ive int e ract ions b e tween sho o t  systems are obs erved 

earl ier in mixtures  with  great er relat ive s i ze  d if f erenc es b e tween t he 

s ho o t  sys t ems . Comp e t i t ion be tween sho o t s sys t ems for li ght , although 

roo t in terac t ions can have an influence on the g rowt h  of shoo t s  and t hus 

o n  the onset o f  c ompe t i t ive rela t ionshi p s  b e tween t he shoo t systems . 



C HAPTE R  5 A S TUDY ON THE RELATIVE I}1PORTANCE OF S HOOT AND 

ROOT COMP ETITION IN D ETERM I N ING THE OVERALL COMP ­

ETITIVE RELATI ONSHI P S  I N  B I NARY M I XTURE S OF GRA S S  

S P E C I E S  

5 . 1 INTRODUCT ION 

Research wo rke rs have ident i f i ed bo th roo t and shoo t compe t i t i on 

when plant s are g rowing in mixtures . Donald ( 1 9 5 8 ) , us ing a s imp l e  

1 7 1 . 

mod el o f  compet i t i on between two p l an t s  p rovided a cr i t i cal eva luat ion o f  

b o t h  root and s hoo t compet i t ion , and no t ed t he importance of  r o o t  comp e t ­

i t ion in plant mixtures . Sub sequen t l y ,  many researchers ( e . g .  Asp i nal l , 

1 9 6 0 ;  Milthorpe , 1 9 6 1 ;  I d ri s  and Mi lthorpe , 1 9 6 6 ;  Rhode s ,  1 9 68b ; Co cks , 

1 9 6 9 ; King , 1 9 7 1 ; Snaydon , 1 9 7 1 ;  Eagl e s , 1 9 7 2 ;  Remi son and Snaydo n ,  

1 9 7 8 , 1 9 80 ; Snaydon and Ha r ri s ,  1 9 7 9 ;  S co t t  and Lowther , 1 9 80 ; Ma r t in 

and Snaydon , 1 9 8 2 ) , have h i ghl ighted the impor tance of  roo t compe t i t ion 

in both  crops and pas ture species mixture s . Many of the se sc ient i s t s  have 

also shown that ro ot compe t i t ion has a g rea ter  e f f ect than shoo t comp e t ­

i t ion o n  the rela t ive pe rformance o f  spec ies  i n  mi xtures . 

Rhodes ( 1 9 7 0 ) , when rev i ewing p lant compet i t io n ,  ind i ca t ed t ha t  i n  

a n  es tabl i shing populat ion o f  p lant s , comp e t i t ion be tween roo t systems 

for nut rients and water commenc es in advance of shoo t compe t i t ion for 

l i ght . Compe t i t i o n  for l ight be come s important only at l ater s t age s .  

Th is  e f fect  was a l s o  obs erved in comb ina t i ons o f  ryeg ras s ,  pra i r i e  grass 

and cocksfoot ( Chap t e r  4) . S ign i f icant compe t i t ive e f f e c t s  be tween 

roo t systems we re i den t i f ied bef ore s imilar interact ions were seen in 

t he shoo t systems . Thus , an exper iment was desi gned to examine the  

relat ive impo r tanc e o f  roo t and  shoot  compe t i t ion in det ermini ng the 

overall compe t i t ive relationshi p s  be tween t he selec ted grass s p e c ie s , 

dur ing early growt h .  

Many techniques have been developed f rom t he ori ginal me thod o f  

Donald ( 1 9 5 8 )  t o  evaluate shoo t and roo t i nt e rac t ive e f fe c t s  be tween 

plant s .  These mod i f i c a t ions i nc lude t ho se of Asp i nall ( 1 9 6 0 ) , S chreiber 

( 1 9 6 7 )  and Snaydon ( 1 9 7 1 ) .  As  t hese t e c hn iques had many de f i c i enc i e s , 

Snaydon ( 1 9 7 9 )  dev e loped a t echnique t o  eva luate root and shoo t comp e t ­

i t ive e f f ec t s ,  b y  mod if y ing t h a t  of  Donald ( 1 9 5 8 )  t o  incorporate t he 

replacement series p r inc iple o f  d e  Wi t ( 1 9 6 0 ) . Thi s  techn ique allowed 

for i nd ependent var i a t ion of  the s i ze o f  s t and , the overall dens i t y , the 



relat ive dens i ty of  component spec ies and the relat ive dens i ty o f  

s pe c ies in s o i l  space and aer ial1 s pace separa t e ly ( S naydon , 1 9 7 9 ) . 

Thus this te chnique , wh i ch h a s  sub sequent ly been used success fully ( e . g .  

Remison and Snaydon , 1 9 7 8 , 1 9 80 ;  S c o �  and Lowther , 1 9 80 ; Mar t in and 

Snaydon , 1 9 8 2 )  was used for t h i s  s t udy . 

5 . 2  EXPERIHENTAL PROC EDURE 

This experimen t was conducted in two cont rolled environment rooms 

a t  t he Plant Phys iology Divis i on , D . S . I . R . , Pa lmer s t on North , dur ing 

the pe r iod October 1 9 8 1  - January 1 9 8 2 . 

5 . 2 . 1 CULTURAL 

Ryegrass "Grass lands Nu i " , prairie  gras s "Gras s lands Ma tua" and 

cocks foot "Grass lands Apanu i "  s eeds were graded for uni formity of 
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we ight ( see se c t ion 3 . 2 ) and sown into p l as t i c cont ainers ( approxima t e ly 
' 

1 8  x 1 8  x 1 8  cm) containing app rox ima t e ly 4 l i tres o f  s and . E i gh t 

seeds o f  each s pec ies in a b inary comb inat ion we re sown into 4 rows 

a t  an ap prox ima t e  depth o f  1 cm . ( Figure 5 . 1 ) .  

The seeds were spaced 5 cm apar t . P lant vacancies were f i lled a t  

t he s ingle leaf s t age o f  each s pecies , w i t h  seedl ings grown under 

s imilar cond i t ions . 

P r io r  t o  p l ant ing , t he pots  we re d iv ided into 4 equal comp artments  

wi th ver t ical a lumin ized " s i s a lkraf t "  p a r t i t ions , 1 8  cm h igh , wh ich 

preven ted the root sys tems of p lants  in one row intermingl ing w i th those 

of  the adj acent row .  Aer i al pa r t i t ions made of  the same mat e r i a l  and 

20 cm t a l l  were instal led at 4 we eks a f t e r  p lan t ing to separate sho o t  

sys tems o f  t h e  p l ant  rows . Thus by p lan t ing t h e  rmvs o f  component 

s p� ie s  e i ther parallel or p erpend icular to one ano ther , and s imilarly 

arranging the above and be low-ground part i t ions paral le l or perpend icular 

to one ano ther , 4 in terac t ive s i tuat ions o f  each species comb inat ion 

were ob t a ined . These were - ( a )  no interspe c i f i c  compe t i t ion ; ( b )  

roo t c omp e t i t ion only ; ( c) shoo t compe t i t ion only and ( d )  f u l l  

compe t i t ion be tween spec ies ( Figure 5 . 1 ) . Thus 1 2  t reatmen t s  wer e  

ob t a ined w i t h  the b inary comb inat i ons o f  t he three s pec ies . However , 

unl ike in p revious exper iments (Chapter 3 ,  4 )  roo t , shoo t and full  

compe t i t ion was evaluated only  in 5 0 : 50 comb inat ions . 



PLATE 6 .  Experiment 6 .  Par t i t i oning o f  s hoo t and root  c omp e t i t ion . 
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The pots were p laced i n  a heated glasshouse ( 2 5 / 1 5
°

C )  f or 2 weeks 

a f t e r  p lant ing . and then trans ferre d  to  the con t rolled envi ronment rooms . 

As the " s i s a lkra f t "  part i t i ons p revented even d i s t ribut i on o f  nut rient 

solut i on wi thin the pot if  fed through the automa tic micro tube sys tem , 

the p o t s  were hand watered twice da i ly w i th 100  ml of  � s t reng th modi f i e d  

"Hoaglands" mine r a l  solut i on . 

5 . 2 . 2  ENVI RONMENTAL 

The envi ronmen tal cond i t ions used in the contro l le d  envi ronment 

rooms were the s ame as those de scribed in t he p revi ous e xp e r iment ( S e c t i on 

4 . 2 . 2 ) . 

5 . 2 . 3  EXPERIMENTAL LAYOUT 

The experimental layout was also the same as that of the p revious 

t r i a l  in the c ont rolle d  envi ronment rooms ( S e c t i on 4 . 2 . 3 ) (P late 6 ) . 

5 . 2 . 4  MEASUREMENT S 

As comp e t i t ive intera c t ions were ob s e rved wi thin 3-4 weeks a f ter 

p lan t ing in mixtures o f  these gras ses  (Chapter  4 ) , samp l ing was ini t iated 

3 weeks a f ter p lanting . At  weekly interva ls , p lants  in one pot  per t reat­

men t  per r ep l i cate  were care fully removed and roo ts washed on a wi re grid . 

The t i ller numbers  per p l ant were counted in these plants  b e fore drying 
0 

the separa ted shoot and root sys tems at 40  C f or 24 hours i n  a vacuum 

oven to ob t a in dry mat te r  yie lds . The 6 th harve s t , corre s p onding to  

app roxima t e ly 8 weeks o f  growth was ca rried out  4- 5 days a f te r  the ave rage 

l i gh t  inte rcep t i on of a l l  swards reache d 9 5 % . Whi le one p o t  per  t reat­

ment was des t ru c t ive ly s amp led a t  this  s t age , the plants in the remaining 

two pots  were c u t  to a he i gh t  leve l w i t h  the p o t  rim ( i . e .  2 . 5  cm abo ve 

the po t t ing mix ture surface ) . The se p lants were subsequent ly cu t on two 

o c cas ions , a t  approxima t e ly 4-5  week intervals , 4-5 days a f te r  the ave rage 

l i gh t  intercep t i on of the sward type s  reached 9 5 % . These harve s t s  were 

carried out t o  monitor the e f fec t s  o f  d i f ferent comp e t i t ive intera c t i ons 

on t he regrowth o f  the species . 

5 . 2 . 5 STAT I STICAL ANALYSIS  

The  a na ly s i s  o f  dat a  was carrie d  out acc o rding t o  the me thods used 

in earlier exper iments ( Ch ap ter 3 , 4 ) . The growth of p lants unde r s i tuat­

i on s  of  fu l l ,  root and shoot comp e t i t io n  be tween species was comp ared w i th 

that of  no comp e t i t io n ,  wi thin each s p e c ie s . The na ture o f  c omp e t i tion 

b e tween the species was obs e rved b y  calculat ing the re la t ive y ie ld t otals 
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(RYT ) de Wi t and van den Be r �h ,  1 9 6 5 )  and aggres s ivity indi ces  

(McG i l christ and Trenbath , 1 9 7 1 )  based  on shoot and  roo t  dry weigh t s  

p e r  p l an t .  

5 . 3  RESULTS 

Generally , f u l l  compe t i tive s i tua t i ons , whe re both shoo t s  and roo t s  

of the assoc i a t e d  species inte ra c ted showed the greate s t  comp e t i t ive 

e f f e c t s  between the spec ies . P lants grow i ng in condi tions whe re roo t 

s y s t ems intera c ted wefe af fected to  a greater extent by comp e t i t i on 

than p lants unde r cond i t ions o f  shoo t c omp e i t ion . Th is tre nd d i d  no t 

a l t e r  w ith any cha racter measured or w i th t ime . 

5 .  3 .  1 TILLER NUHBERS 

Ryegra ss p lants had the highes t t i l l e r  numbers per p lant wh i le 

cocks foo t had the lowe s t  ( Tab le 5 . 1 ) . There was li t t le di f fe rence 

be tween the t i l le r  numbers of p ra i rie grass and cocks foot p lants . 
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Wi thin a g iven spec ies , s ignif icant changes (P � O . OS )  i n  the 

rate of t i l ler produc t ion due to d i f feren t  comp e t i t ive intera c t ions were 

observed at later stages of the exper iment . The t i ll er numb ers of b o t h  

ryeg ras s and cocksfoot  were af fec t ed by p ra i r ie grass and t hose o f  co cks­

foot  we re also a f f e c t ed by ryegras s ,  but to  a lesse r ext ent . In a l l  

s i tua t ions , where suppres s ive e f f e c t s  were o b served in the weaker spec ies , 

t he mo re aggr essive spec ies  showed a corre s p onding ly super io r  performanc e  

when compa red wi t h  the monoculture . 

5 . 3 . 2  SHOOT WEIGHT S  PER PLANT 

Prai rie g ras s yielded mo re dry ma t te r  per p lant than the o ther 

spec ie s ,  dur ing t he exper iment al period . Cocks foot again y ielded the 

least d ry ma t te r  ( Tab le 5 . 2 ) .  Signif i can t compet i t ive ef fec t s  (P � 0 . 0 5 )  

were obs erved 5 weeks after sowing i n  all  spec ies . The interac t ive 

e f f ec t s  were s imilar to those observed f o r  til ler numbers . P ra i r i e  

gra ss had a suppressive e f f ec t  o n  cocksfoot  and t o  a lesser extent on 

ryegrass . The suppress ive e f fect of ryegrass on cocks f oot  was again 

less  than that seen in pra irie grass-cocks foo t combinat ions . 

The growth o f  all  species in d i f ferent competitive s i tuat ions 

i nd i cated a s l i ght increase in produc t iv i ty a t  the very early s t ages o f  

g rowth ,  when compared w i th plant s growing i n  the absenc e of  inter spec i f i c  

c ompe t i t ion . Thi s  was s imilar t o  the ob serva t ions o f  the previo us 

exper iment ( Chap t er 4 )  and again these d i f ferences wer e  not s ignif icant . 

5 . 3 . 3  ROOT WEIGHTS P ER PLANT 

The roo t we ight s o f  species growing in d i f f erent compet i t ive 

s itua t ions are pr esent ed in Tab le 5 . 3 . The results f o l low the same trend 

seen in shoo t we ight s per plant . 

Signi f i cant int eract ions between t reat ments in b o t h  prair i e  grass 

and cocks foot wer e  apparent within 4 weeks o f  sow ing . The roo t growth o f  

p ra i r ie grass was s igni f icantly g reater than i t s  mono cu l t ur e  under cond-

i ti ons o f  f u l l  and roo t  comp e t i t ion w i t h  cocksfoot . S igni f i cant r educt-

ions were ob served in the root weight of co cks foot i n  these c omb inat ions 

w it h  prair i e  grass . 



TABLE 5 . 3  Hean root we i g h t  per p l an t  

S pec i e s Trea t me n t  

-
(A) Ryegrass 

Monoc u l t u re 

Fu l l  c ompe t i t i on 

� i t h  P r a i r i e grass I Root compe t i t i on 

S h o o t  compe t i t i on 

Fu l l  compe t l t i u n  

�i t h  Cocks foot I Root c ompe t i t i on 

Shoo t compe t i t i on 

S i gn !  f i c an c· e  

sJ< 

( B )  Pra i r i e  grass 

Monoc u l t u re 

Fu l l  compe t i t i o n  

�ith Ryegrass I Roo t comp e t i t i on 

Shoot compe t i t i on 

F u l l compe t i t i o n  

�ith Cocks foot I Root compe t i t i on 

Shoot compe t i t i on 

S i gn i f i c an c e  

S x  

( C )  Cocks foot 

Monoc u l  t u  re· 

Fu l l  compe t i t i o n  

�ith Ryegrass l Root compe t i t i on 

. Shoot c ompe t i t ion 

[ '"l l  o ome.u U o o  

With Pra i r i e  grass Root compP t i t  i on 

Shoo t compe t i t i on 

S i gn i f i c a n c e  

Sx 
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S imi lar e f fe c t s  i n  the ryegrass-pra i ri e  gras s comb ina t i ons were 

ob served i n  the f i f th week a f te r  p lant ing , whi le the ryegras s-cocks foo t 

comb inat ions i l lus t ra te d  these i n te ract ive e f fe c t s  a t  the s ixth week 

a f te r  p lanting . 

The root we i gh t s  p e r  plan t o f  prai rie g rass were the highe s t  

indica t i ng the large roo t  sy s tem o f  this s pecies . Cocks foo t p lants 

had the smallest roo t s y s tem , as shown by roo t weigh t s . 

5 . 3 . 4  COMPETITIVE EFFECTS 

The process of competi t i on be twe en species was eva lua ted on the 

bas is of re la tive y i e ld totals ( RYT) . The re was no d i fference (P� 0 . 05 )  

between the RYT values o f  d i f fe rent tre a tmen ts ( i . e . shoot comp e t i tion , 

root  comp e t i t ion and full  comp e t i tion) wi thin a given species combina t i on . 

Thus , the RYT value s  are p resented as a mean va lue o f  all treatmen ts for 

a given species comb ination a t  each ha rves t  (Table 5 . 4 ) . 

In  gene ral , the RYT value s did not deviate  s igni f ican t ly f rom uni ty 

a f ter the 3-4 th wee ks of  growth .  However , a t  the very early s tages o f  

grow th RYT va lues were sign i f icantly (P� 0 . 0 5 )  greater than one , indic­

at i ng tha t spe c i e s  do no t comp e te for the same resources a t  this  s t age . 

The relative y ield  totals  based on root weigh t s  equa lled uni ty 

prior to those based  on shoot  weigh t s . In addi t i on ,  RYT va lue s based  

on  p ra i rie gra s s - cocks foot comb ina t i ons gene rally equalled uni ty be fore 

tho s e  of the o ther comb inations . 

The comp e t i t ive ab i l i ty of  species growing under d i f ferent inter­

a c t ive s i tua t i ons was de termined by the aggress ivi ty indices (McG i lchri s t  

and Trenbath , 1 9 7 1 ) , o f  spec ies (Fi gures 5 . 2 ,  5 . 3 ) .  P ra i r ie grass was 

the mo s t  aggre s s i ve spe c ies and cocks foot the leas t aggre s s ive spec ies . 

Whi le the aggre s s iv i ty indices change d  w i th time , the ove ra l l  c omp e t i t ­

ive ab i li ties o f  spe cies  remained i n  the order o f  p rairie  grass > rye g rass 

> cocksf oot . There was a d rop in the aggre ssivity  indices unde r a l l  

compe t i t ive s i tuat i ons a t  the s ixth harves t ,  whi ch was based on 9 5 %  

l i ght  intercep t i on .  Thi s  e f fect  was not observed at the s ub seq uen t 

two harve s t s , whi ch were also based on 9 5 %  light i nte rcep t i on 

( F igure 5 . 2 ) . 



TABLE 5 . 4  Re la t ive yield totals  based on shoot we ights an d root weights o f  spec ies 

Spe c i e s  comb ina t i on H 1  H 2  /H 3  H4 H5 H6 

(A) Shoot weight * * * 
Ryegrass-Pra i r i e  gras s 1 .  03 4 ± .  00 1 1 . 02 0 ± . 002 1 . 02 7 ± . 003 1 . 005 ± . 007  1 . 00 5 ± . 003  1 . 004 ± . 003 

* * 
Prairie  grass-Cocks foot 1 . 058± . 00 1  1 . 02 6 ± . 00 1  1 . 00 7 ± . 0 1 4  0 . 99 6 ± . 004 1 . 0 1 0 ± . 004 1 . 00 1 ± . 004 

'� * 
Cocksfoo t-Ryegra s s  1 .  0 3 9 ± . 002 1 . 023± . 002 1 . 009± . 004 1 . 00 3 ± . 0 1 2  0 . 99 9 ± . 004 1 . 00 1 ± . 003 

(B) Root we i� H 1  H2 H3 H4 H 5  H6 

* * 
Ryegra ss-Pra i r i e  grass 1 . 04 2 ± . 00 1  1 . 0 30± . 00 1  1 . 0 1 0± . 006 0 . 99 8± . 008 1 . 00 1 ± . 002 1 . 003± . 003  

* 
Prairie g ras s-Cocksfoot  1 . 028± . 002 1 .  0 1 4 ±0 1 2  1 . 00 7 ± . 00 3  1 . 006± . 00 3  0 . 9 9 6 ± . 006 0 . 9 9 7 ± . 002  

* * 
Cocksfoot-Ryegras s 1 .  04 5 ± .  002 1 . 0 1 8± . 00 1  1 . 0 1 2 ± . 007 1 . 007± . 00 5  1 . 00 1 ± . 00 5  0 . 9 9 9 ± . 00 1  

( *  i ndi cates  a s i gni f i can t departure from uni t y  - P � 0 . 0 5 )  

H 7  
( reg rowth 1 )  

1 .  005 ± . 004 

1 .  005 ± . 002 

0 . 9 9 5 ± . 002 

H8 
( regrowt h 2 )  

1 .  005 ± .  007 

1 .  00 3 ± .  0 1 1 

1 . 00 1 ± . 00 6  

..... 
CO 
0 



0 1 I I I I I 

L 0 

-0. 1 * 
H, H, H1 H H5 H. H_ H_ 

A A G G R E S S I V I T Y  OF P R A I R I E  G R A S S  WHEN G R OW N  W I T H  R Y E G R A S S  

>- 0 1  
t: 2: (/) (/) UJ a: (9 (9 

..: J_  
-0. 1 

T I I 

B A G G R ES S I V I T Y  OF P RA I R I E  G R ASS W H E N  G RO W N  W I TH C O C K S F O O T  

0 1 I I r 

l 
0 

- 0 1 * 
HT H, H1 HJ H� H6 H. HI.' 

C A G G R E S S I V I T Y  OF R YE G RASS W H E N  G R OWN W I T H  COC K S FOOT 

F1g u re 5.2 :  The compet i t i ve abil i ty of species measured a s  aggressi vit y  
( McG i lchrist and Trenbath 1 97 1 )  based on shoot wei �hts o f  p lants 
o f  Ryegrass. Prair �e Grass a n d  Cocks foot .  w h e n  grown i n  b 1 n a ry m i x t u res 
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F1gure 5.3 The compet1t1ve a b l l 1 t y  o f  species measured as aggressiv1ty based on root 

weights of plants o f  Ryegrass. Pra�rie Grass and Cocksfoot when grown 1 n  binary 

m i x t u res under conditions of ful l  compet1tion 

root compet1t 1on : and shoot competit ion ........__ ------. J.LSD (P = 0 05) • i n d 1 cates LSD (P = 0.05) start 1 n g  at zero. to compare each value 

w1th zero. 
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Ful l  c omp e t i t ive i nteract ion p roduced t he highest aggress ivi ty 

ind i ces of  the superior spec ies , when calculated in terms o f  bo th shoot 

and roo t we i ght s .  The aggress ivi t y  o f  the more agg ressive spec ies was 

also  higher under roo t  comp e t i t ion than und er shoo t comp e t i t i on at a l l  

harve st s .  The re sul t s  also  indi cated that ag gre s s ivity ind i ces of  

species under cond i t i on s  of  ful l compet i t i on and root  compe t i t i on f lu c t ­

uated to  a grea ter extent than those und er cond i t i ons o f  shoo t comp e t i t ­

ion . 

5 . 4 .  D I S CUSSION 

The pre sent st udy was condu cted to inve s t igate the relat ive e f f e c t s  

o f  roo t and shoot interact ions on the overa l l  compet it ive relat ionships 

ob served be tween the se lec ted grass spec ies , in earlier exper iment s .  

l R l . 

In all  ins tances ( i . e .  t i l ler numbers and dry ma t ter production o f  shoo t s  

and roo t s )  plant mix t u res growing under cond i t i ons o f  full compe t i t ion 

exhib i t e d  the grea t e s t  compet i ti ve e f f ec t s . Th is can be expec t ed as  

both roo t  and shoot interact ions oc curred in t h i s  s i tuat ion . 

Compari son o f  the aggre ssivity indices  i l lustrate the greater comp­

e t i t ive ab i l i t y  and e f f e c t s  o f  the more aggress i ve spec ies und er cond i t -

ions o f  root compe t i t i on . Ve getat ive chara c t e rs also i l lus t rate  that  

the weaker spec ies  in  a mixture is af fec ted mor e  und er cond i t ions of  

roo t  compe t i t ion t han under shoot compet i t i on .  Thus , it c an b e  con-

eluded t hat root c ompe t i tion i s  mo re intense a nd has a grea t er impac t 

than shoot compe t i t ion in mixt ures between the se lec t ed gras s spec i e s . 

Th is i s  in agreement w i th many publi shed repo rts  on grasses , o ther 

pas ture spec ies and c rops ( e . g .  Donal d ,  1 9 5 8 ; Asp inall , 1 9 6 0 ;  Rhodes ,  

1 968b ; Cocks , 1 9 6 9 ; Snaydon , 1 9 7 1 ; Snaydon and Harri s ,  1 9 7 9 ; S co t t  

and Lowt he r ,  1 9 8 0 ) . 

The grea t er s t ab i li t y  of  aggressivity  indices under cond i t ions o f  

shoot  comp e t i t i on can be a t t ributed t o  t h e  co nstancy of  t h e  l ight source 

within the c l imat e  labora t ory . I n  cont ras t ,  nu t r ients were app l ied 

manually . Nut ri e n t c oncent ra t i ons wi thin the soil  sys tem there fore may 

have varied suf f i c iently t o  cause changes in comp e t i t ive relationships 

and thus in the aggress ivi ty indices under root compet i t ion . The s e  

c hanges could a ls o  have occurred under cond i t ions of  f u l l  comp e t i t io n ,  

bringing about t h e  observed greater f luctuat ion of  the agg re s s i v i ty 

ind ices under f u l l  compet i t ion ( Figure s 5 . 2 ,  5 . 3 ) . 



The ear l ier ons e t  and t he grea ter inf luence o f  roo t int erac t ions 

t han shoot inte rac t i on s  i n  det ermin ing t he overa ll comp e t i t ive relat­

ionship s c an be rela t ed to the growth pat terns of  the root sy s t ems of  

the seed l ings . As d i s cussed in Chap ter 4 ,  grass root s deve lop b e fore 

s hoots  and also have a grea ter sur face area , l eading to a greater  degree 

o f  over lapp ing . In add i t i on ,  as g ras s roo ts  occupy simi lar roo t ing zones 

(T roughton , 1 9 5 7 ; Garwood , 1 9 6 6 )  ove rl app ing of  root systems w i l l  be  

greater , t hus deve lop ing great er compe t i t ive e f f e c ts , as  the degree of  

overlapping be tween root s det ermines comp e t i t ive r e lat ionsh ips  (Cab le , 

1 9 69 ; Trenbath , 1 9 7 5 ) . As a very low nu t r i ent re tent ive roo t ing 

med ium ( i . e .  sand ) was aga i n  used in this  exper iment , compe t i t ion may 

have deve loped between roo ts , as all roo t s  of gra ss seedl ings are a c t ive 

and capab le of taking up nu tr ient s (Langer , 1 9 7 2 )  and as a po s i t ive 

re lat ionship ex i s t s  b e tween the amount o f  ac t ive root s and nu tr ient 

up take ( Barle y ,  1 9 7 0 ) . The unavailab i l i ty of  a l l  nu t r ients wi thin a 

so i l  sy s t em for plant growth (Ha l l ,  1 9 7 4a )  may have aggravated th i s  

c omp e t i t ive e f f e c t  f o r  nu t r ients in t h i s  exper iment . 

Con straint i n  pot  s i ze wh ich can l imi t normal root growth may have 

d eveloped a phy s i c a l  crowd ing ef fec t on the s lowe r growing species  ( e . g  

cocks foo t ) , due to the presence o f  a large ma s s  of a c t ive ly growing root 

syst ems of the mo re c omp e t i t ive spe c i e s  (e . g .  prair i e  gras s ) .  In this  

exper iment , this  e f fe c t  could be  fur ther enhanced , due to the p resence of  

p ar t i t i ons . Thus , whi le i t  i s  very d i f f i cult  to  demonst rate  the mechan­

isms of comp e t i t ion below ground (Remi son and S naydon , 1 9 80) , further 

re search on pa t te rns of root  d i s t r ibu t i on and total root leng ths o f  the se 

spec i e s  dur ing early growt h may prov ide an insi ght into the o c currence of 

comp e t i t ion for s pace withi n  po t s ,  due to  reduc t ion i n  opt imum e f f e c t ive 

soil vo lume s needed by roo ts  for unre s t r i c ted g rowth . Evidenc e of 

comp e t i t i ion for nu trients  could also be o b t a i ned by t he use o f  l abelled 

nut r i en t s .  

I n  add i t ion to  compe t i t iv e  in tera c t ions f o r  g rowth resources  and 

space , the growt h  of one spec i e s  ( e spec i a l l y  roo t g rowt h )  can be a f f e c ted 

by a l l elopathic e f f e c t s ,  whi c h  have been i l lus trated in many g ras s 

spe c i es (e . g . : Naqvi , 1 9 7 2 ;  Ri ce , 1 9 7 4 ,  1 9 8 0 ) . The p o s s ib i l i t y  o f  

a l le lopathic int e ra c t ions caus ing d i f fe rences in roo t aggre s s iv i t y and 

thus c ompe t i t ive a b i l i t y has also been sugges t ed by Remison and Snaydon 

( 1 9 7 8 ) . Thus whi le no de f in i te measurement s  were made , t he presence o f  
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allelopathic  e f f e c t s  canno t be  prec lude9 in this exper imen t .  

Many research wo rkers have a s sociated compe t i t ive ab i l i ty with  the 

rate and extent of roo t development (e . g . Pav l y chenko , 1 9 3 7 ;  Donald , 

1 9 58 ; Lee , 1 9 6 0 ;  Rhodes , 1 9 6 8b ) . Thus , the comp e t i t ive ab i li t y  of  

t he roo t s  of t he selec ted grass spec ies in terms o f  ag gre s s iv i t y  indi ces  

c an a l so be  rela t ed to the ir roo t growth characters . Extens ive and more 

rap id ro o t  growth w i l l  give t he more compe t i t ive species a grea t er 

spread o f  roo t s  and enab le the species t o  exp lo i t  the root ing med ium be fore 

the less aggr e s s ive spec ies  with smaller roo t sy s t ems , t hus leading on to 

comp e t it ive e f f ec t s . As men t i oned ear l i er , in con tainer s ,  t h i s  effect  

wi l l  inc rease due  to  the l imit ed size  o f  the  root ing zo ne , wh i ch can 

deve lop crowd ing e f f e c t s . 

Compe t i t ion between shoot syst ems o c curs f o r  light ( Dona ld , 1 9 5 8 , 

1 9 6 3 )  an d this i s  eas i ly demons t rated by re cording the ef fec t s  of  he ight 

and s i z e  of  leaf canopies on l ight inte rcep tion ( S te rn and Dona ld , 1 9 6 2 ) . 

Al though no t measured in this  exper iment , vi sua l observat ions and 

ear l ier exper iments indica t ed that p ra i rie grass had t he largest  shoo t 

s y s t em in terms of height and leaf a rea , whi le co cks f oot  was the sma l l est  

spec ies .  As  the compe t i t ive ab i l i t i e s  of  the three species  l i e  in the 

order o f  pra irie  grass > ryeg rass > c ocks foot , this  p henomenon can be 

r e l a t ed to the growth pat terns of  the shoo t sy s t ems , due to  light inter­

cep t ion capac i t ies  and t he more ext en s ive growth rates  of  the shoo t 

s y s t ems of  t he larger and mor e  compe t i t ive spec ies . 

The s i tuat ion of f u l l  c omp e t i t ion illust ra t ed the greatest  c omp e t ­

i t ive e f f Sf t S  be tween the species . Th i s  can b e  a t t ributed  to the inf luen c e  

o f  b o t h  roo t and shoo t comp e t it ion , a s  the f inal expression of  comp et i t ion 

i s  the out come of  interac t ive pro c e s ses between sho o t  and roo t  sys t ems 

(Donald , 1 9 5 8 , 1 96 3 ) . 

5 . 5  CONCLUS IONS 

Thi s  s t udy i l lus t ra t e s  t he greater inf luenc e of roo t compe t i t ion 

than shoot  compet i t ion in d e t ermining the overall comp e t i t ive relat ion­

ship betwe en the selec ted grasses during ear ly growth . This is in 

agreemen t w ith many pub l i s hed repo r t s . As in  the previous experimen t  

( Chapter 4 )  the re sul t s  again highl ight the earl ier onse t o f  root 
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compe t i t ion . The actual mechanisms and processes o f  roo t compet i t i on 

are not  c lear , al though many poss i b i l i t ies  such as compe t i t ion for 

nu t r ient s and space exis t . Howeve r ,  a good relat ionship i s  shown be tween 

root s i ze ( in t e rms of  we ight and leng th f rom base of  plant to t ip of 

longe s t  root ) and compe t i t ive ab i l ity , wh ich l ie in t he order of prairie 

grass > ryegrass  > cocksfoo t . 

Shoot comp e t i t ive ab i l i ty c an also be related to growth p a t t e rns 

of the shoot systems , wh ich deve lop compe t i t ive relat ionships for light . 

However , shoot compe t i t ion occurs at a la ter s t age than roo t comp e t i t ion , 

and has a le s ser impac t on overall compet i t ive relat ionshi ps . 



CHAPTER 6 .  SEED AND PLANT GROWTH CHARACTERI S T I C S  OF GRAS S 

S P E C I E S  DURING THE S EEDLING PHAS E . 

6 . 1  INTRODUCT ION 

The importance o f  a l arge seed in s ecur ing a faster gro\vth rate 

during the seedl ing phase was repo rted by B lack ( 1 9 5 7 a) . In gras ses , 

the imp o r t ance o f  seed s i ze as a character  as soc iated with compe t i t ive 

ab i l i ty was ident i f ied by Dav ies ( 1 9 2 7 )  and Davies and We s t e rn ( 1 9 3 7 ) . 

Mo re r e cent ly , s imi l ar s tudies  on gras ses have been repo r t ed by Rogler 

( 1 9 5 4 ) ; Kneebone and Cramer ( 1 9 5 5 ) ; Thomas ( 1 9 6 6 ) ; Arno t t  ( 1 9 6 9 ) .and 

Cocks and Dona ld ( 1 9 7 3a) ( See Chap ter 2 ,  Sect ion 4 ) . 

Gr ime ( 1 9 7 3 ) iden t i f ied four features gene ra l ly seen in the 

seedl ing of a more compet i t ive spec ies . These were 

( i )  Ta l l  s t a ture 

( i i )  A growth rate wh i ch a l lows extens ive and intens ive 

explo itat ion of the envi ronment above and be low ground 

( i i i )  A h i gh max imum potential  re l a t ive growth ra te 

( iv )  A tendency to d epos i t  a dense layer o f  l i t ter o n  the ground 

surface . 

The inf luence o f  one or mo re of  these characters on compe t i t ive 

ab i l i ty has also b een s t ressed by other res earchers (see  S e c t ion 2 . 4 ) . 

In add i t ion , the importance o f  the early non-photosynthe t i c s t age 

of  growth ( i . e .  rap id i t y  of germinat ion and co leorh iza  deve lopment)  

in determining seed l ing v i gour of grasses has  also been reported by 

l.Jh a l ley et a l . ( 1 9 6 6 ) . 

In the presen t series  o f  experiment s ,  compe t i t ive ab i l i t ies o f  

1 8 7 . 

the s e l e c t ed grass species  was in the order of  prairie grass > ryegrass > 

c o cksfoot , during the e s t ab l ishment phas e , and this e f f e c t  was s een 

e ven a t  lat e r  s tages of grow th ( Chap ter 3 ) . Compe t i t ive ab i l i ty 

o f  the mo re aggre s s ive species  was a t t r ibuted to more rap id and 

e x t ens ive seedling growth which  enab led these species  to explo i t  

and s ecure a greater share o f  the re sources , to  large r ini t i a l  seedling 

s iz e  and to  a lesser extent early emergence . The suppress i on o f  

growth o f  the weaker and s lower growing spec ies was obs erved . I t  

was also s e en that roo t c omp e t i t ion oc curred before shoo t  compe t i t ion 

and had a greater  imp ac t  on the c omp e t i t ive relat ionsh ips b e tween 
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the s p e c ie s  (Ch ap te r s  4 and 5 ) . 

Due to  the importance o f  seedl ing growth in determining compe t i t ive 

ab i l i ty , this expe r iment was conduc ted to  s tudy the inherent seed 

chara c t e r i s t ics and subs equent growth pa t t e rns of the selected spec ies 

when grown in the ab sence of  e i ther inter or  in traspe c i f i c  c omp e t i t ion . 

Emphas i s  was placed on root growth and d i s t r ibut ion of  roo ts  wi thin 

the soil pro f i le as  this aspe c t  was d i f f i c u l t  to  evaluate in mixtures , 

and as  a knowledge o f  t he d i s t r ib u t ion and dens ity of  roots  i s  important 

in evalua t ing the comp e t i t ive ab i l i ty o f  spec ies in mixtures (Cab l e , 

1 9 6 9 ; Trenbath , 1 9 7 5 ) . 

6 . 2  EXPERIMENTAL PROCEDURE 

The expe rimen t was condu c ted dur ing the pe riod March - May 1 9 8 2 , 
0 0 

in a heated 8las shouse (25  / 1 5 C)  o f  the P lant Phys io logy Divis ion , 

D . S . I . R . , Palrners t on North . 

6 . 2 . 1 CULTURAL 

Seeds of "Gras s lands Nui" ryegrass , "Gras s land s Ma tua" prairie 

grass  and "Gras s l ands Apanui"  cock s foo t , which were previously graded 

for uni f ormity of we igh t  ( see Chap ter 3) w i thin a spec ies , were p l anted 

to a depth of  approxima tely 1 cm i n  p l as t i c  containers ( d imens ions 

18 x 1 8  x 1 8  cm) f i l led wi th 4 l i t res of s and . Two seeds of one spe c i e s  

were sown i n  each pot  and th inned to  one p lant per pot  s oon a f ter 

germinat ion ( P late 7 ) . 

During the exper imental period , 1 00 ml o f  � s t reng th mod i f ied 

"Hoagl and " mine ral solut ion was added twi c e  daily to every pot . 

6 . 2 . 2  EXPERIMENTAL LAYOUT 

A randomi zed complete b lock des ign w i th 6 rep l icates was used . 

Each rep l i cate  contained 2 8  p lant s  o f  each spec ies . 

6 . 2 . 3  MEASUREMENTS 
I 

( i )  Seed Character i s ti c s : -

1 0  s amp les , of  1 0 0  seeds o f  each 

s p e c i e s  were taken randomly from the prev iously graded seeds of ryegras s , 

prairie  grass and cocksfoo t , and dried a t  80 °C for 6 hours and we ighed 

to  ob tain the 1000 seed we i ght . 
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S ix s amp les ,  each contain ing 4 0  seeds o f  each spec ies  were 

randomly ob t ained f rom the graded s e eds of the three gras ses , and dried 

at  80°C for 6 hours  and we ighed . Their  seed coats  were removed and the  

de-husked seeds rewe ighed to  det e rmine the we ight of  the husks in  

relat ion to  the total  seed . 

Ano ther s ix samp les containing 40 s eeds of  each spec ies were 

imb ibed in dis t i l led water for 24 h ours , and the embryo d i s sec ted out 

under a b inocular d i ssect ing mi cros cope . The remaining seed frac t ions 

(endosperm and husk) were dried for 6 hours at 80°C and we ighed to 

ob tain the we ight  o f  the embryos and endos perms . 

Approximately 20 g samp les o f  each species were dried at 40°C 

for 24  hours in a vacuum oven and f ine ly ground . The soluble carbo­

hydrate con tent was de termined by the rapid chemical analysis  me thod 

des c ribed by Has lemore and Roughan ( 1 9 7 6 ) . 

( i i )  P lant Character i s t ics : -

S ix p lan ts  o f  each spec ies per 

re p l i cate  were h arve s ted on each o f  4 occas ions , at two weekly inter­

vals . At each harves t ,  the shoot sys tem o f  each plant was care fully 

removed at the base of  the plant . The p lant he ight  ( f rom the base t o  

t ip of  younges t  leaf)  was me asured and t i l ler numbers p e r  p lant coun ted . 

Th e shoo ts  were t hen separated into s tems ( s tem and leaf sheath) and 

leaf b lades . After ob t a ining the leaf area of each p lant , the samp les 

were d r i ed at 40°C for 24 hours in a vacuum oven and we ighed . 

The sand containing the roo t sys tems in four of  the s ix pots  

per spe c ie s  was removed and cut horizont ally into 3 layers , each of  

6 cm depth . The roo t sys t em in each layer was carefully washed on a 

wire grid . The roots h arves t e d  f rom each layer were cut into approx­

ima te l y  4 . 5  cm lengths and the to t a l  root length in each layer was 

measurecl u s ing a "Comair Root-S c anner" , as described by R i chards et al . 
( 1 9 7 9) . Th ese samp les were d r i ed at 40

°
C for 24 hours in a vacuum 

oven and we ighed to obtain the d r y  mat ter of root material  f rom each 

layer . 

The ent i re root sys tem o f  t h e  rema ining two pots o f  each spec ies  

was washed and the  length ( f rom b ase o f  p lant to t ip o f  longe s t  roo t )  

was meas ured . 



6 . 2 . 4  S TATISTICAL ANALYSIS  

The plant characteri s t ics  of  each spec ies were compared i n  a 

manner s imilar t o  that des cribed i n  the earl ier exper iment s . 

6 . 3  RESULTS 

6 . 3 . 1  SEED CHARACTERISTICS 

The 1 000 seed weigh ts  of t he 3 species are presented in Tab le 6 . 1 .  

Pra i r i e  grass seeds were the heav ies t and the cocks foot seeds were the 
' 

ligh tes t .  The d i f fe rences in seed s i zes and we ights b e tween ryegras s 

and co cks foot was less than t ha t  between prairie grass and the o ther 

spec ies . 

TABLE 6 . 1  1 000 seed weights  ( g ) of Ryegras s ,  Prairie grass and Cocks foot 

Rye grass 

Pra i r ie grass 

Cocks foot 

2 . 1 3 7 ±0 . 0 6 5  

9 . 8 7 3 ±0 . 1 04 

0 . 9 2 5 ±0 . 9 2 4  

The we igh t s  of ind ividual seeds , the emb ryo and endosperm ,  a long 

with  the embryo : endosperm rat io , are presented in Tab le 6 . 2 .  

TABLE 6 . 2  The weigh t s  o f  seeds and seed components o f  Ryegras s , 

Prairie grass and Cocks foo t 

Species  Ind ividua l Seed  We i ght Emb ryo Wt Endosperm '\Vt Embryo : 
endosperm 

Rye grass 2 . 1 3  mg 0 . 06 mg 1 .  5 38 mg 1 : 2 5 . 6 

Prairie  grass 9 . 8 7 mg 0 . 24 mg 7 . 6 89 mg 1 : 3 2 . 0 

Cocks foot 0 . 9 2 mg 0 . 04 mg 0 . 5 6 7  mg 1 :  1 4 .  1 

All weigh t s  and ra t ios o f  the emb ryos and endos perms o f  the 

three species fo llow the t rend of indiv idual seed weigh t s  wh ich is 

prairie  grass > ryegrass > cocksfoo t . 

The solub le carbohydrate content was 3 5 . 5% in ryegras s , 2 2 . 2% 

in prairie grass and 1 9 . 6% in c ocks foo t .  

6 . 3 . 2  PLANT CHARACTERISTICS 

The plant heigh t s  and root lengths o f  the three spec ies are 

presen ted in Figure 6 . 1 .  Thes e  were s ign if icantly d i f ferent (P � 0 . 0 5 ) . 

1 9 0 .  
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Prair ie grass was the talles t plant with the longes t  roo t system ,  and 

the c o cksfoot  plan t s  were the sma l lest . Evaluation of the leaf areas 

of  the three spe c i es ind i cated a s imilar relat ionship ( Fi gure 6 . 2 ) .  

Ryegrass had the mo st  t i l lers , and the t i l le r  numb ers o f  prairie 

grass  and cocks foot p lant s  were not  s ign i f i cantly dif ferent ( P  � 0 . 0 5 )  

(F i gure 6 . 3 ) .  

The spa t i a l  d i s t ribu t ion of  roo ts  ( in terms o f  root lengths and 

we ights in d i f ferent parts  of the pro f ile)  are presented in Tab l e s  6 . 3  

and 6 . 4 .  Pra irie grass had the greates t we ight and length o f  roo t s  

i n  a l l  layers with in the pro f ile . The roo t s  of a l l  three species we re 

mo s t  abundant in the top 6 cm of  the s o i l , and a progre s s ive d e c l ine 

in abundanc e was observed , with increasing depth . Cocks foo t had the 

sma l lest  roo t sys t em . Th ere was no evidence of dead (b rown and 

hardened ) roo t s  in any s pec ies over the experimen tal period . 
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TABLE 6 . 3  Total length o f  all roo t s  (m) and p a t t e rn o f  root leng th 

d i s t r ibut ion of ryegras s ,  prairie grass and c o cksfoot 

wi thin the root ing med ium .  

Root length (m) 

Ryegrass P ra i r ie grass Cocks foot S igni f  S E  

Week 2 0-6 cm 1 . 44 3 . 49 l .  2 4  * *  0 . 1 3 6  

6- 1 2  cm 0 . 6 7 l .  33 0 . 2 4 ** 0 . 08 8  

1 2 - 1 8  cm 0 . 34 1 . 06 0 . 00 * *  0 . 04 3  

T o t a l  length 2 . 4 5 5 . 88 l .  48 ** 0 . 2 69 

Week 4 0-6  cm 49 . 5 0 50 . 30 7 . 2 6 * *  2 . 090 

6 - 1 2  cm 1 8 . 9 0 2 1 . 80 3 . 30 * ''t 2 . 7 6 2  

1 2 - 1 8  cm 7 . 9 5 1 8 . 8 2 0 . 9 3 * *  0 . 5 1 5  

T o t a l  length 7 6 . 3 5 90 . 9 2 1 1 . 4 3 ** 3 . 3 1 6  

He ek 6 0-6 cm 1 7 7 . 0  302 . 2  109 . 0  ** 7 . 5 6 

6 - 1 2  cm 1 1 2 . 8  1 9 6 . 7  5 4 . 6  * *  4 . 80 

1 2 - 1 8  cm 5 6 . 2  7 6 . 3  29 . 5  * *  2 . 49 

Total length 3 4 6 . 0  5 7 5 . 2  1 9 3 . 1 * *  9 . 7 9 

Week 8 0-6  cm 5 6 5 . 0  7 84 . 5  4 1 4 . 8  * *  2 6 . 0 7 

6 - 1 2  cm 2 9 7 . 3  4 6 7 . 3  1 9 7 . 8  * *  1 2 . 60 

1 2 - 1 8  cm 1 6 1 . 3  306 . 3  1 2 3 . 3  * *  9 . 06 

T o t a l  leng th 1 0 2 3 . 6  1 5 5 8 . 8  7 3 5 . 9  ** 4 5 . 2 5 
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TABLE 6 . 4  Dry we ight (mg) o f  roo t s  and p a t t e rn o f  roo t we igh t d i s t r ib ­

u t ion o f  ryegrass , prairie gras s and cocks foo t w i th in the 

root ing med ium . 

Root  wt (mg) 

Ryegrass Prairie grass Co cks foo t S i gn i f  S E  

Week 2 0-6 cm 3 . 6  3 . 9  1 . 3  * *  0 .  1 3  

6 - 1 2  cm 2 . 2  2 . 6  0 . 2  * *  0 .  1 5  

1 2 - 1 8  cm 0 . 6  0 . 9  0 . 0  * *  0 . 0 8 

Total wt 6 . 4  7 . 4  1 . 5  --,'t * 0 . 2 7 

Week 4 0-6 cm 1 6 . 5  2 4 . 9  7 .  1 * *  1 .  28  

6- 1 2  cm 4 . 8  1 4 . 9  1 . 5  * *  0 . 7 6 

1 2 - 1 8  cm 1 . 9 8 . 1  0 . 5  * '� 0 . 4 3 

Total wt 2 3 . 2  4 7 . 9  9 .  1 * *  1 .  3 3  

Week 6 0-6 cm 1 86 . 2  2 6 7 . 3  68 . 9  * *  7 . 2 5 

6 - 1 2  cm 68 . 8  1 6 1 . 2  23 . 2  * *  7 . 6 6 

1 2 - 1 8  cm 2 5 . 6  6 6 . 4  8 . 8  * *  2 . 9 1  

To t a l  w t  2 70 . 6  4 9 4 . 9  100 . 9  * *  1 1 . 88 

Week 8 0-6 cm 369 . 0  6 9 4 . 0  247 . 0  * *  2 3 . 1 0 

6 - 1 2  cm 2 30 . 5  4 3 2 . 7  1 1 9 . 3  * *  1 0 . 86 

1 2- 1 8  cm 1 0 3 . 7  360 . 9  44 . 1  * *  9 . 70 

Total wt 703 . 2  1 4 8 7 . 6  4 1 0 . 4  * *  s o . 1 7  
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The dry we igh t s  o f  shoo t s  o f  the three species  are presented 

in Tab le 6 . 5 .  The superior and extens ive growth o f  p rai r ie grass and 

the s low growth o f  cocks foo t is again seen in this data . 

TABLE 6 . 5  Dry we i gh t  o f  shoots  (mg per p lant )  o f  ryegrass , prairie 

grass and cocks foot dur ing early growth . 

Specie s  Ryegrass 

Wk 2  Leaf wt 3 . 5  

Stem wt 1 . 1  

Total shoot wt 4 . 6  

Wk 4  Leaf wt 6 2 . 4  

S t em wt 8 . 6  

Total shoot wt 7 1 . 0  

Wk 6  Leaf wt 354 . 4  

S tem wt 1 5 4 . 4  

To tal shoo t wt 508 . 8  

Wk 8  Leaf wt 9 9 3 . 0  

S t em wt 3 9 3 . 9  

Total shoot wt 1 3 86 . 9  

P rairie gras s  Cocks foot S i gn i f  S E  

6 . 8  

2 . 3  

9 . 1  

6 7 . 0  

24 . 9  

9 1 . 9  

7 8 2 . 7  

1 9 3 . 0  

9 7 5 . 7  

1 6 2 3 . 0  

505 . 2  

2 1 28 . 2  

9 . 8 

0 . 2  

1 . 0  

9 . 9  

3 . 4  

1 3 . 3  

1 45 . 5  

7 0 . 5  

2 1 6 . 0 

707 . 0  

259 . 0  

966 . 0  

* *  0 . 2 2 

* *  0 .  1 1  

* *  0 . 2 9 

** 2 .  1 9  

** 0 . 5 1  

* *  2 . 2 6 

* *  1 7 . 6 0 

** 7 . 5 4 

* *  2 2 . 1 0  

** 4 1 . 9 6 

* *  1 0 . 0 2 

* *  4 1 . 9 1  

Al l seed and p l an t  characters o f  ryegrass we re intermed iate b e tween 

t hose o f  prairie grass and cocks foo t .  

An evaluat ion of  the rate of  dry mat ter accumulat ion o f  the three 

s pe c ies grown as individual plants over the exper imental per iod 

s howed no s ign i f icant d i f f erence (P � 0 . 05 )  b e tween the spec ies (Tab le 6 . 6 ) .  



TABLE 6 . 6  

(A) Shoo t s  

(B)  Roo t s  

D ry mat ter accumulat ion rates*  of  ryegrass , prairie  grass 

and cocks foot  during e ar ly growth 

Ra te of dry mat t er Re g .  Coe f f . ( r2 ) 

ac cumulat ion ( S )  

Ryegras s . 1 3 6  . 9 5 

Prairie grass . 1 3 3  . 9 6 

Cocks foot  . 1 6 5  . 9 8  

Rye grass . 1 1 7  . 9 4 

Prairie gra s s  . 1 36 . 8 1  

Cocks foot . 1 35  . 9 8 

( * Dry mat ter accumulat ion rates  we re calculated by the equat ion 

log Y = a + Sx 
e 

where Y = dry mat t e r  of  shoots  and roo t s , and x t ime ) 

1 9 8 .  
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6 . 4 DISCUS S ION 

In a l l  three seed charac ters s tud ied in this experiment , 

name l y  emb ryo and endosperm we igh t and emb ryo : endosperm rat i o , the 

spec ies aga in fall in the order of  prairie grass > ryegrass  > 

cocksfoot . Thus , i t  i s  l ikely that these seed characters h ave an 

inf luence on the growth pat terns and rates  and thereby on comp e t i t ive 

ab i l i t ies  of  t he s e  grass spec ies during early growth . Al though 

Wr igh t ( 1 9 7 1 ) s t ates  that there i s  l i t t le or no relat ionsh ip b e tween 

seed we igh t  and seed ling v i gour among species , the resu l t s  ob t a ined 

from th i s  study agree with ear l ier pub l i shed work and demons t rate  

a pos i t ive re l at ionsh ip be tween seed s i ze and seed l ing v i gour and 

c ompe t i t ive ab i l i ty (e . g . : Dav ie s ,  1 9 2 7 ; P lummer , 1 9 4 3 : Bremner 

et al . ,  1 9 6 3 ; Cocks and Donald , 1 9 7 3a) . 

Ryegras s seeds have a greater percent age o f  solub l e  c arbohydrates 

than the other spec ies . However ,  prairie grass has a larger s eed , 

provid ing a greater total source o f  carbohydrates to the growing 

emb ryo . Th i s  larger reserve of carb ohydrates can be  expec ted to 

a s s i s t  the growth of the l arger pra i r i e  grass seedl ing when c omp ared 

w i t h  ryegras s ,  al though it germina tes later than ryegras s . 

The importance of  e arly germinat ion and extens ive and rapid 

growth as characte rs associated w i th compe t i t ive ab i l i t y  has been 

p resented ( S e c t ion 2 . 4 ) . The se advantages can be enhanced by the 

e a r ly ons e t  o f  auto troph ic growth in young seedlings (McW i 1 l iam 

e t  al . ,  1 9 7 0 ) . S imilarly larger seedl ings have poten t ial comp e t i t ive 

advantages over smal ler seedl ings ( B lack , 1 9 58) , and generally , 

c ompe t i t ive success lies  wi th those plant s  hav ing a greater s iz e  

when comp e t i t ion begins . 

The resu l t s  of  this  s t udy h i ghlight  the re lat ive l y  l arge 

d i f ference s  in the seedling growth charac teris t i c s  of the three 

spec ies . Mo re impo r t antly , the s tudy i l lus t rates the root d i s t r ib ­

u t ion p a t t erns o f  the s p e c i e s  w i t h in a s o i l  pro f i le , wh ich i s  a 

charac t e r i s t i c  d i f f icult  t o  ident ify when p lant s  are grown i n  mixtures . 

Prairie grass has a grea ter  root mas s in al l layers o f  the p ro f i le , 

when c ompared with the o t her spec ies , wh ile cocks foot  has the smalles t 

root mas s  in all layers . (Tab le 6 . 3 ,  6 . 4 ) . Th i s  l arge root mas s  
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will  enable p rair ie gras s  to  exploit  the soil  environment succes s ­

fully i n  ord�r t o  ob t a in nu tr ient s and mo is ture requi red f o r  growth , 

as all  grass roo t s  are act ive at the seedl ing s t age (Langer , 1 9 7 2 ) 

and as a good correlat i on ex ists  be tween roo t  abundance and nu t r i en t  

up t ake ( Bar ley , 1 9 7 0 ) . 

Although extrap o l a t ion of  charac terist ics  o f  p lan ts  grown in 

isolat ion t o  their l i ke ly performance in the presence o f  inter and 

int raspe c i f i c  compet i t ion can be mi s leading (e . g .  Salisbury , 1 9 4 2 ; 

Harper and Cla twor thy , 1 9 6 3 ) , the growth pat terns of  these species  

in  i so l a t i on were con sistent with th o se observed earlier ( e . g .  

Chap ter 4 ) . Thus , when these spec ies are grown in mixtures , the 

larger form of pra i r i e  grass p l ants w i l l  g ive this species a 

d i s t inct advantage over the o t hers , although in the ab s ence o f  any 

form of c omp e t it ion , the ir rates of dry mat t er accumu lat ion are no t 

s igni f i cant ly d i f f erent ( Tab l e  6 . 6 ) . S imilarly , rye grass wi l l  have 

an advant age over c ocks foot . Th is compe t i t ive advan t age can be  

at tributed to  the ab il ity of  the larger shoot  and roo t s y s t ems to 

ob t a in l ight , nu tr ient s and water more e f f e c t ive ly than the sma l ler 

spe c ies . In add i t ion to the compe t i t ive advantage for nut r i en t s , 

whi ch p l aces the s maller spec ies under s t r e s s , the pos s ib i l it y  of  

the l arger root mass develop ing an ob s t ruct ing effect  on the growth 

of roo t s  the sma l ler spec ies canno t be  exc luded . Th i s  ob s t ruc t ive 

e f f e c t  may deve lop as gras ses  occupy s imi lar roo t ing zones , and 

could be magn i f i e d  when p l ant mixtures are grown in containers , 

due t o  restrict ions on total  roo t growth of  al l spec ies . 

6 . 5  CONCLUS IONS 

The re su l t s  of  this s tudy show that seed and seedl ing charac t er­

i s t ic s  when p lan ts  are grown in the ab s enceof in tra and int er­

spec i f i c  compe t it ion lie in  the order o f  pra i rie gras s > ryegrass > 

cocks foot . Thi s  i s  s im i l ar to their respec t ive compe t i t ive ab i l i t ie s  

ob s erved in earlier e�p er imen t s . I t  c an be cons idered therefore , 

that  seed characters , seed ling s i z e  and growth charac te r i s t i c s  o f  

ryegras s , prairie grass and cocks foot have an importan t  b ear ing 

on the comp e t i t ive rel a t i onsh ips that deve lop b e tween them when 



grown in b inary mixtures , especia lly during ear ly growth , wh ich 

as reported by Charles ( 1 9 6 1 )  i s  a h ighly comp et i t ive s tage in 

sward e s t ab l i shmen t .  

2 0 1 . 



CHAP TER 7 . * GRA S S SPEC I E S U S E D  AND PAS TURE E S TABL I SHMENT 

I N  C ENTRAL NEW ZEALAND 

7 . 1 INTRODUCTION 

L i t erature on grass land farming in New Zealnd does no t p rovide 

much quan t i ta t ive da ta on the pas ture spec ies  used b y  farmer s when 

renov a t ing old pas t ur e s  or e s t ab l i shing new ones . Harris ( 1 9 6 8 )  

conduc ted a survey o f  pas ture seed mixtures used in the lower regions 

of  the North Is land , and i ndi cated that seed mix ture s gene ra l ly con-

- U ! . 

tained an average o f  3 . 9  spec ies . The comp o s i t i on of mi xtures in the 

survey was predominantly two grasses and two legumes . A series of 

re commend at ions of pas ture mix tures made by White ( 1 9 7 3 )  contains 2 - 5  

gra s s  spec ies and 1 - 2  legume s . 

The series o f  expe rimen t s  reported in this s tudy eva lua ted comp­

e t i t i on between b inary mixtures of  three common pas ture grasses in 

New Zea land , dur i ng the estab l ishmen t p hase . The results indica t e d  a 

comp e t i t ive hierarchy among t he spec ies during this phase of growth , 

and t hese e f f ec t s  we re cont i nued during lat e r  s tages of grow th . Thus , 

in order to  re late  these s tudies to p ra c t i c a l  grass land farming , a 

survey was conducted in the centra l  re g i ons of  New Zea land during the 

period October-Novemb er 1 9 8 1 . The broad obj e c tives of the survey were -

To ascertain the typ es of  mixtures used by farmers in e s tab li shing 

or deve loping pasture i n  the re gi on . 

To determine the grass species used by farmers in the recent p a s t  

and to  b e  u s e d  i n  t h e  near fut ure , along wi th seeding ra tes . 

To assess di f fe rences b e tween dai ry and she ep farmers in the p rac­

tice of p a s ture es tab l i shmen t .  

The se obj e c t ive s we re extended in an endeavour to take account of  

the many facto rs tha t surround the proc edure of pas ture establi shment . 

Consequently , t he survey que s t i onna i re was de s i gned to  ob tain a 

general overv i ew of  the p rocess of pas ture e s tab l i shmen t  and deve lop­

men t .  

* Publ i shed under the same t i t le i n  New Zeal and Journal of Experimen tal  

Agri cul ture , 1 9 8 2 . 1 0 :  3 5 9 - 3 6 4 . 



7 . 2 METHODOLOGY 

7 . 2 . 1 SURVEY METHOD 

A mai l  survey was necess ary b e cause o f  the l imi t ed resources 

ava i l ab le and t ime res t ri c t ions . 

2 0 3 . 

To achieve a maximum response rate , emphas is was p laced on the 

comp rehens ib i l i ty ,  ye t s imp l ic i ty of the ques tionnai re (Ap p endix lOB) . 

A le t te r  s t a ting the obj e c t ives of the s tudy (Append ix l OA)  a ccompan­

ied  the que s t i onna i re . Ar t i c le s  were a lso published in news papers 

and farming weekly bulle t ins wi thin a week of  mail�ng the que s t i onna i re , 

in orde r t o  b r ing the s tudy to the a t tention of farmers . As a fur the r 

a i d  i n  e ncourag ing re s ponses , a gi f t  was used as a p ri z e  f o r  a ballot  

conducted  among t he re turned ques tionnaires . 

7 . 2 . 2 THE SAMPLE 

To re late the resul t s  of  this s u rvey to the farming commun ity 

o f  New Zealand , the samp le was drawn f rom p redominantly she ep and 

dai ry farms w i thin the regi ons from South Auckland to Cante rbury . 

Thi s  inc luded 7 1  coun t ies (of  a na t i onal  total  of 106 ) in  the 

s ta t i s t ical regi ons of  S outh Aucklan d- Bay of Plenty , Eas t  C oas t ,  Hawkes 

Bay , Ta ranaki , We llington , Mar lborough , Ne lson , Wes t land and Canterbury . 

Res ource limi t a t i ons le d to the exc lus i on of regions Nor t h  o f  Auck land 

an d S ou th of Cant e rbury ( F igure 7 . 1 ) .  

The selec t ion of  the popul a t i on o f  s heep and dairy farms f o r  this  

s t udy was b ased  on land area . The sheep farms selected were wi thin 

the range o f  2 5 0-350 he c t ares and da i ry farms in the range o f  6 5 - 7 6  

hec tare s , re f le c t ing the nat i o na l  ave rage farm s izes  of  sheep and dairy 

farm s  respect ively (N . Z .  S ta t i s t i cs , 1 9 8 1 ) . 

A total p opulation o f  2 0 7 2  farms cons i s t ing of  1 305 dai ry uni ts 

and 7 6 7  sheep uni ts  were i den t i fied  in the s tudy area . A random 

samp le of  5 7 0  farms was drawn ( 30 7  dai ry and 26 3 sheep f a rms ) which  

rep re sented 2 7 . 5 %  of the t o t a l  popu l a t ion . 

7 . 2 . 3  RESPONSE 

O f  the ques t ionnaires mai led ou t , 48 . 2 % we re re turned g iving a 

t o t a l  o f  269 comple ted documents . The p ercentage returned by the 



post  o f f ic e  as "Gone - No Add res s " was 1 . 2 .  On thi s b as i s , the 

response ra t e  for each s t a t i s t i c a l  reg i on is shown in T ab le 7 . 1 .  

TABLE 7 . 1 Response rates  of q ues t i onna ires f o r  each reg i on . 

Stat i s t i c a l  re g i on Total no o f  Number Resp onden ts 

farms ma iled (Percentage o f  

tota l ma i l e d )  

South Auc kland- Bay 
of P lenty 1 040 2 40 5 0 . 0  

Eas t Coa s t  45 1 3  1 5 . 4  

Hawke s Bay 1 5 6  s o  5 8 . 0  

Taranaki 335 1 0 2 4 4 . 1  

We l l ing ton 270  86  4 1 . 8  

Mar lborough 2 7  8 2 5 . 0  

Ne lson 36 1 4  42 . 8  

We s t  land 8 3 3 3 . 3  

Can te rbury 1 5 5  5 4  5 3 . 8  

2072  5 7 0 4 7 . 1 9 

The 2 6 9  respondents cons i s ted of  1 5 1  da i ry farmers and 1 1 8  s heep 

farmers , rep resent ing a 49 . 2 % and 4 4 . 8% re sp onse rate respe c t ive ly . 

2 0 4 . 

I f  i t  i s  as sumed t hat resp onden ts t o  the survey are rep resentat ive 

of  t he t o t a l  popula t ion , the response rate achieved for this s u rvey 

p rovides e s t ima tes , wi th the fol lowing p r e c i s i on at t he 9 5 %  c on f idence 

leve l (Yamane , 1 9 7 3 ) . 

To t a l  she e p  fa rms ± 7 . 6% 

Tot a l  dai ry farms ± 8 . 5 % 

All  f a rms ± 5 . 6 % 

The se p r e c i sion l evels indi cate the re l i ab i l i ty of  the resp onses . 
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7 .  3 RESlJLTS 

The results  h ave been agg regated into f arm type ( e i ther dai ry o r  

sheep ) o r  accord ing t o  the s ta t i s t ical region , in orde r to  maintain 

anonymi ty o f  the respondents . 

7 . 3 . 1  GENERAL CHARACTERISTICS OF THE POPULATION SAMPLED 

7 . 3 . 1 . 1  Size of holding 

The ave rage land area o f  the dai ry and s heep fa rms surveyed was 7 9  

and 3 2 0  h a  re spe c t ively , t he range was 3 7-43 1 ha and 200-820 ha . 

A l though the p opula t i on selec ted was a s s umed to f a l l  wi thin land 

areas of 65-75  he c t ares and 250- 3 50 he c tares f or dai ry and s heep fa rms , 

the survey p roduced much wider ranges i n  farm sizes . 

The land are a  used for g raz ing by the re spec t ive farm type was : ­

Dai ry farms 9 2 . 4 % 

Sheep farms 9 0 . 6 % .  

7 . 3 . 1 . 2  Land acce s s ib le by t rac tor 

The perc entage o f  land area acces s ib le by t ractor in each f arm 

was assessed i n  o rde r to i dent i fy the topography of the f a rm ,  as  this  

has  a dire c t  bearing upon the  pas ture es tab li shment prac t i ce s . F a rms 

w i t h  less than 2 5 %  land acce s s ib le by t ra c t o r  are i den t i f ied as h i l l  

coun t ry farms , whi le farm uni ts  eas i ly acce s s ib le by t ractor  ( i . e .  ove r  

7 5 %  o f  t he land b e ing ac c e s s ib le by tractor) , are regarded a s  f la t  lands , 

i de a l ly sui ted f o r  dai ry farming . The perc entage of  each type o f  f a rm 

f rom the total samp l e  is p re sented in Tab le 7 . 2 .  

TABLE 7 . 2  The p ercentage o f  tract orab le land in each type o f  f a rm . 

Characteris t ic o f  Land 

Les s  than 25% of land accessible by t ra c t or 

2 5 - 5 0% o f  land a c c e s s ib le by t ractor 

5 0- 7 5 % of  land a c ce s s i b l e  by t ractor 

Ove.r 75 :Yoaf land accessible by t ractor 

Pe rcentage o f  S amp l e  

1 7 . 8% 

1 3 . 8% 

1 7 . 1 %  

5 1 . 3 % 



7 . 3 . 1 . 3  Type of  pasture 

Pas ture s  on mos t  farms ( 6 1 % )  cons i s t  o f  gras ses and legumes . 

Mixtu res o f  grasses only were seen i n  30% of  f a rms , o f  whi ch mo s t  

were dairy uni t s . 

7 . 3 . 2  ESTABL ISHMENT OF PASTURES 

7 . 3 . 2 . 1 P a t tern of e s tab l i shmen t 

Some 7 9 %  or  2 1 3  farme rs had e s t abl ished new p as tures or renovated 

exi s t ing p a s tures wi thin t he last 5 years . The propor t i on o f  land 

deve loped over the last  1 2  months i n to e i the r new or renova t e d  pas tures , 

c ompa red w i t h  the t o t a l  land area o f  the farms show that on an average , 

b o th types  o f  farmers deve lop ap p ro ximately 6 %  of the i r  t o t a l  holdings 

per year . A s imi lar assessment o f  land deve loped ove r the last 5 years 

shows that both  dai ry and sheep farmers have deve loped app roximately 

2 0 %  of the i r  total fa rm area within th i s  period . 

The number of f a rmers who s tated  the ir intention o f  es t ab l ishing 

new pas t ure s or ren ovat i ng o ld pas tures wi thin the nex t two years was 

1 6 2  (60%) . Twenty one percent o f  the farmers indicated t ha t  they wi l l  

no t sow new pas ture s or  renova te exist ing pas ture s ove r this  period 

because the i r  pas tures were we l l  developed and produc t ive . S ome 

re spondents  ( 1 0%) were no t certain tha t they would es t ab lish new 

pas tures o r  deve lop exi s t i ng pastu res wi thin the nex t 2 years , and 

they we re requested to assume tha t they would sow new pas tures and 

answer the questi onnai re . 

7 . 3 . 2 . 2  L and used for pas ture es tab l i shment 

Inf o rma t ion was reque s ted on the types of land (whether exi s t i ng 

pas ture s o r  p revious ly unc u l t ivated land) used by f a rme rs to  e s ta b l i s h  

pas tures . The res u l t s  have shown tha t mos t  f a rmers ( b o th dai ry and 

s heep ) have renovated exi s t ing p a s toral land wi th or  w i thou t cult iv­

ation .  Only 1 7% o f  t he responding farmers indi cated that new land had 

been sown into pas tures . Similar t rends a re also seen i n  the futu re 

inten t i on s  o f  farmers for pas ture deve lopment and renovat i on s . Maj o r  

d i f ferences b e tween dairy and sheep farms w i th re sp e c t  to  the land 

develope d into pas tures or  land to be deve loped into p a s ture s we re not 

demon s t ra ted by this  survey . 
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7 . 3 . 2 . 2 Land used f or pas ture e s t ab l i shment 

I n f o rma t ion was requested o n  the types of  land (whe ther exi s t ing 

pastures o r  p revi ous ly uncu l t ivated land)  used by farme rs t o  e s t ab lish 

pastur e s . The results  have s hown that mo s t  farmers (both  dai ry and 

sheep)  have renova ted exi s t i ng pas tora l land with or w i t hou t cult iv­

a t ion . On ly 1 7 % of the re sponding f a rme rs indi cated that new land had 

b een sown into pas tures . S imi lar trends are also seen i n  the f uture 

intent i ons of f a rme rs for pas ture deve lopmen t and renova t i ons . Maj or 

d i f f e rences b e tween dairy and sheep f a rms with respe c t  t o  the land 

deve loped into p a s tures or land to be deve loped into  pas ture s were 

no t demonstrated by this survey . 

7 . 3 . 2 . 3  Me thod of pas ture es tab li shment 

The te chniques used t o  es tablish new o r  renovate exi s t ing past­

oral or cr op p ing land by farme r s , and t he compari son b e tween me thods 

o f  e s tab l i shment and topography of  the farm is presented in Tab le 7 . 3 .  

Farmer s  were reque s ted to deno t e  all me thods used to es tab l i s h  

pas ture s . 

TABLE 7 . 3  Techniques used and to  be  used by farmers to  e s tab lish 

pas t ures (% use of each method) 

Technique s  of  seed % Land acce s s ible by t ra c t o r  

es tab l i shment < 2 5 %  2 5 - 30% 50-7 5 %  > 7 5 %  

*A B A B A B A B 

A .  Da i r;t Farms 

( i )  B roadca s t ing 100% 3 7 %  5 0 %  6 2 %  5 4 %  7 6 %  44%  45 % 

( i i ) B roadca s t ing & 
Dri lling 0%  1 3 %  30% 1 3 % 2 3 %  0 %  3 0 %  1 3 %  

( i i i )  Dri l ling 9%  50% 2 0 %  2 5 %  2 3 %  2 4 %  2 6 %  4 2 %  

B .  Sheep F a rms 

( i )  B roadc as t ing 3 6 %  4 5 %  2 7 %  5 3% 2 5 %  3 3 %  1 9 %  1 4% 

( i i ) B roadcas t ing & 
Dri lling 20% 2 1 %  2 7% 1 6 %  1 9 %  7 %  1 7 % 1 4 %  

( i i i )  Dr i l li ng 4 4 %  3 4 %  4 6 %  3 1 %  5 6 %  6 0 %  6 4 %  7 2 %  

* A Te chniques used 

B Techni ques to be used . 
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The tab l e  shows interest ing relat ionships b e tween f arm t yp e s , 

land topogr aphy and me t hod of  pas ture e s tab l i s hmen t .  Mo s t  d a i ry 

f armers i n  a l l  c lasses of  f arms broadca s t  pas ture seed . Thi s  i s  

mo s t  prominent in the h i l l  country dairy f arms . Th is  trend i s  no t 

evi dent in s heep f arms , where d r i l l ing ha s been used to a grea t er 

extent . Future trends of select ing a parti cular me thod of seed 

estab l i s hment i s  no t c l ear among dairy f arms . However , a greater 

fu ture pref erenc e for broadca s t ing in h i l l  country farms and dr i l l ing 

in f la t  lands has been indica ted by sheep farmer s .  

Exc e p t  for h i l l  country da iry farme rs and to a lesser extent 

hi l l  coun try sheep f armers , all  o t her c a t egories have ind ic a t ed a 

grea ter use o f  ei ther broadcast ing or dri l l ing for fu ture pas ture 

establi shment , rather than the use of  b o th me thods . 

7 . 3 . 3  MIXTURES AND SPECIES OF GRASSES 

7 . 3 . 3 . 1 Mixtures 

Informa t ion ob ta ined on the type of  pastu re mixtures that have 

been sown on farms in the recent pas t ,  and those to be sown i n  the 

near f u ture are presen ted in T ab le 7 . 4 .  

TABLE 7 . 4 . Pasture mixtures sown and to be  sown (% o f  a l l  f armers 

us ing each type of mix) 

Type of mix ture Pas t u se* Future use * 

One grass spec i es 2 8 %  9 %  

Mixture o f  grass spec ies 2 8 . 2 % 2 6 . 1 % 

One g ras s species and one 
legume 1 5 .  1 %  1 4 . 7 % 

Mixture o f  grasses and 
legumes 6 0 . 3 % 6 0 . 5 %  

(*Farmers were reques ted t o  no t e  a l l  types o f  mixture s  that have 

been used and wil l  be used for pas ture es tab l i shment )  

A s  one wou ld expec t ,  f armers g eneral ly use pas ture mixtures 

containing both grasses and legumes for pas ture estab l i shment ,  and 

will  cont i nue to do s o .  However ,  i t  does appear that f ewer farmer s  

intend to  sow one grass spec ies a l one , which may re f le c t  a n  expec t ed 
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dec l ine in pas ture renova t i on where the use of  a sing l e  grass spec ies  

for over sowing or direct  d r i l l ing is c ommonl y  p ra c tice d . For examp l e , 

the 9 %  of  farmer s  who intend sowing a s ingle spec ies have indicated 

tha t i t  will  be  used in spec ial c i rcums tance s  such as ove rsowing or 

d i rec t drill ing for pas ture renovat ions . Ano ther po s s ib i l i ty i s , of  

course , a reduc t ion in the number or  area o f  sow ings f or seed 

produc tion.  

7 . 3 . 3 . 2  Grass  spec ies and c u l t ivars 

One or mor e  cul tivars of ryegrass have been incorporated in 9 8% o f  

a l l  seed mixtur e s  sown b y  f a rmer s ,  and 9 3 %  intend us i ng t h e  spe c ies 

for fu ture s owings . I t  i s  c lear that ryeg rass i s  and w i l l  cont inue 

to be the mo s t  popular grass species sown in New Zea land . 

7 . 3 . 3 . 3  Cu l t ivars of ryegrass 

' Grass land s Nui ' perennial ryegrass is the mo st  common c u l t ivar 

used by farmer s .  I t  was used by 6 5 %  o f  a l l  farmers and a s imi lar 

number intend to cont inue us ing the cul tivar . Ellet rye grass is the 

ne xt mo st  commonly used c u l t ivar and 39%  o f  farmers have used i t . 

The o ther cult ivars of  ryegras s ,  namely Ruanui , Arik i , Tama , Manawa 

and Paroa have b een used o nly in a sma l l  number of mixtures ( the 

numb er ranges f rom 5- 2 5 %) . Future t rends f o r  pas t ure seed mixtures 

do no t show an increase i n  the use o f  the se cul t ivars . Pas t ure 

mixtures gene ra l ly contain 2-3  cu l t ivars of ryegrass and this  

pat tern i s  l ike ly to con t inue int o the future . 

7 . 3 . 3 . 4  Other grass spe c ies 

A l l  o ther grass species are not  as f requen tly used as ryeg rass . 

(A) Cocks foot : - Cocks foot was used by 5 7 %  o f  the surveyed f armers 

and they intend us ing it  in future pasture seed mixtures , indicat i ng 

t ha t  cocks f o o t  i s  s t i l l  w i de ly used i n  pas ture mixtures in mo s t  

d i s t r ic t s . I t  i s  not used a s  the main spec ies  in mixtures . A lthough 

Whi t e  ( 1 9 7 3 )  ind i cated a greater use of cocks f oot by dai ry f a rmer s ,  

this  survey d i d  not demons trate maj or d i f fe rences be tween the f a rm 

typ e s  in t he use of  thi s  species . 

( B ) Timo thy : - Thi s  species was used b y  2 7 %  of the surveye d farmers 

as a component o f  the i r  pas ture seed mixture s . The same number of  



farmer s intend using i t  for future s ow ings . 

(C ) Ta l l  Fescue : - Thi s  spec ies w i l l  be  used only by two f a rmer s 

f rom South Auckland and Taranaki . No farmer in the survey has 

incorpora t ed this s pec ies in thei r  recent sowings . 

(D)  Phal a ri s : - One f a rmer in South Auckland has used i t  and none 

in tend us ing i t  in t he f uture . 

( E )  Prairie grass : - Prairie  grass  has been inc orpo rated into the 

seed mixtures by 1 7 %  o f  the farmers surveye d ,  of whom a maj or prop­

o r t ion own da iry uni t s . Some 2 7 %  of the farmers surve ye d intend 

us ing pra i rie grass i n  the f uture , and i t s  popula rity i s  proj ec ted 

to rise e specially among dairy farme rs . The survey ind ica ted that 

prairie grass i s  mos t  commonly used and wi l l  be used in S outh 

Auckland , Taranaki and Canterbury reg ions . 

( F )  Other Spec i es : - A sma l l  percentage (4%)  of  the farme rs 

surveye d have used o t her species o f  grasses , among which Brown-top 

p lays a p rominent ro l e . 

I t  i s  however p o s s ib le that many farmers are unf ami l iar with  or 

even unaware of  the mo s t  recent species and cult ivars such a s  those 

of  Ta l l  fescue and Phalaris , and the i r  place and po ten t i a l  i n  gras s­

land farming . S igni f ic an t  changes in regional p a t t e rns o f  use may 

we l l  emerge with t ime and exp erience . 

7 . 3 . 3 . 5  Number o f  grass species  and cult ivars in  mix tures 

The numb er of  gra s s  species or cul tivars that make up pas t ure 

mixtures range from 1 to 7 .  However , the maj or propor t i on o f  f a rmers 

have us e d  e i ther 3 or 4 gra s s  species or c u l t ivars in the ir pas ture 

mixtures . This  is  an increase f rom that reported by Harris ( 1 9 6 8 )  

who showed that t h e  maj or i t y  o f  s e e d  mixtures sampled h a d  2 grass 

specie s . The s tudy a l s o  s hows a dif f erence b e tween da iry farmers 

and sheep f a rmer s ,  when compar ing the number of gra s s  spec ies that 

make up the pas ture seed mixtures . A large p roport i on of dai ry f arm­

ers wi l l  s t i l l  incorporate 4 grass species or cult ivars into future 

s eed mixtures . The number of gra s s  species or  cult ivars tha t w i l l  b e  

incorpora t ed into mixture s  by mo s t  sheep f a rmers is two , thereby 
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showing a s imp l i f icat ion o f  the p asture mixtures not seen among 

dairy f armers . 

7 . 3 . 3 . 6  Major spec ies in mixture s 

One o f  the r yegrass cult iva r s  makes up the maj or component o f  

a l l  seed mixtures t h a t  conta ined t h i s  s pecies . "Nui" rye grass was 

the maj or component in 5 3% o f  a l l  mixtures sown , and was predominent 

in p a s t ure seed mixtures in a l l  d is t r ic t s  surveyed excep t  Hawke s Bay 

and East  Coas t . "Elle t" ryegrass was the maj or component in 25%  o f  

the seed mixtures , and mo re par t i cularly , in seed mixture s used by 

dairy farmers . I t  was the maj or cul t ivar in mos t  mixtures used in 

Hawke s Bay and East Coast . 

This  high l igh t s  a maj or change from the re sults o f  the survey in 

1 9 6 8  (Harris , 1 9 6 8) , where Ruanui and /or  Manawa made up the maj or 

component in 90% o f  the mixture s . Thus i t  is seen that mos t  farmers 

have changed the perennial ryegrass cult ivar in pas ture seed mixtures 

to e i ther "Nui "  or  " E l let " , wh ich  were released in the mid and late 

1 9 7 0 ' s  ( Tab le 7 . 5 ) . 

TABLE 7 . 5 Percent age of farmers us ing a part icular ryegrass cul t ivar 

as the maj or component in the seed mixture 

Type of farm Long l ived cult ivars Short l ived cult ivars No answer 

Nu i Ellet  Ruanui Ariki Tama Manawa 

Da iry f arms 5 4 . 5 % 32 . 2% 3 . 3% 5 . 0% 1 .  7%  0 . 8% 2 . 5 % 

Sheep farms 5 1 . 6% 1 7 . 2 % 1 6 . 1 %  4 . 3 % 0 . 0% 2 . 2 % 8 . 6 % 

T o t a l  5 3 . 3% 25 . 7 % 8 . 9 % 4 . 6% 0 . 9 % 1 . 4% 5 . 1 % 

7 . 3 . 4  FACTORS ASSI STING SELECTION OF GRAS S SPECIES 

Previous experience was the mos t  useful factor ass i s t ing f armers 

and the i r  experience will  p lay a great e r  role in future s e l e c t i ons of  

grass s pe c ies and mixtures . The advi c e  of  Ministry o f  Agr icul ture 

and F ishe r ies o f f icers has b een o f  mos t  value to  1 6% o f  the f armers 

surveyed , in  s e l ec t ing seed for t he i r  pasture mixtures . The a�vice 

o f  s t o ck and s t a t ion agen t s  has b een u s e fu l  to  a s imilar numbe r  o f  

farme r s . Wh ile t h e  advice o f  M . A . F .  w i l l  p l ay a s imilar r o l e  i n  fut­

ure s e l ec t ion , the role o f  s tock and s ta t ion agents  i s  proj e c t e d  t o  
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dec line i n  the future . Other f a c tors that a s s i s t  the farmers i n  

se le c t ing pas t ure seeds were s tated as advice of  gradua te members 

of  the f ami l y  and species seen a t  demons trat ion farms (Tab le 7 . 6 ) .  

TABLE 7 . 6  Factors a s s i s t i ng farmers in s e l e c t ion of pas ture species  

( %  of f armers surve yed) 

Factors assis t i ng se le c t ion 

Previou s exp erience 

Discuss i on wi th other farmers 

Advice of H . A . F .  

Advice o f  s t ock and s tat ion agents 

Read abou t  i t  

Other 

No answer 

7 . 3 . 5  SAT I S FACT ION 

Past  seed 

se l e c t i ons 

3 9 . 3 % 

1 1 . 6 %  

1 6 . 4 % 

1 6 . 3 % 

7 . 5 % 

8 . 9 %  

Future seed 

se lec t i ons 

6 2 . 6 % 

3 . 8 % 

1 5 . 2 % 

8 . 5 % 

2 . 4 % 

5 . 2 % 

3 . 3 % 

Mo s t  farmer s ( 8 3 %) who had e s t ab l i shed new pas tures or renovated  

exi s t ing pas tures indicated s a t i s f a c t ion with  the seeds  used  by them , 

whi le 8 %  showed d i s s a t i s f ac t ion . The maj or reason f o r  this  dis-

sat is f a c t i on was  stated  as poor  e s tab l ishmen t . 

7 . 3 . 6 SOURCES OF PASTURE SEED 

Over 9 5 % of  the f armers surveyed purchase the ir seed f rom seed 

merchan t s , who also  b lend the seed mixtures for them . The s urvey a lso 

shows tha t the seed merchants w i l l  p lay a predominant role in p rovi d­

ing qual i ty s eeds and making up the seed mixtures in the future . A 

smaller g roup o f  farmer s make up the i r  own seed mixtures . 

7 . 3 . 7  S EED RATES 

As e xp e c ted , the seed rates used by farmers for pas ture es t ab ­

lishment change with  the species and mixtures sown . Fa rme r s  s owing  

a single  grass spec ies use  seed  rates  ranging f rom 5 - 1 0  kg p er hec tare . 

The seed  rat e  used by f armers for s owing a s ingle gra s s  species i s  

proj ec t e d  t o  rise t o  1 0- 1 5  k g  p e r  he c tare in the future . A s  mos t  

farme rs use mixtur e s  o f  grasses and legumes , the seed ra tes  used l ie 
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wit h in t he range of  3 0- 3 5  kg per hec tare . Thi s  pattern i s  l ikely 

to continue into the future . 

The survey does not show a s ign i f i can t  variation in seed rates  

used by sheep a nd dai ry f armers , in d i f feren t regions . I t  does not  

indi cate maj or d i f fe rences in see ding ra te used f or d i f fe rent me thods 

o f  sowing pasture seed . 

7 . 3 . 8  TIME OF SOWING 

Mos t farme r s  ( 83%)  sow the i r  pas ture s eeds in autumn , whi l e  1 5 %  

sow i n  spring . The t ime o f  sowing does n o t  change wi th re gion or 

farmtype . 

7 . 4  DISCUSS ION AND CONCLUS IONS 

The resul t s  of this survey need to be consi dered in a b road 

perspec t ive , when a s ce rta ining the p as ture e s t ab l is hment prac t i c e s  

adop ted b y  farmer s .  Thi s  i s  due to the l ack o f  su f f icient resp onses 

in certain di s t ri c t s  to warrant spe c i f i c  c omments or  enab le the 

examination of feat ures re levant to  a l l  the d i f ferent dis t ri c t s . 

The ma in poin t s  aris ing f rom the ana lysis , whi ch pertain to the 

ob j e c t ives of  t h i s  s tudy were 

Sheep and da i r y  farmer s  in di f fe rent reg i ons do no t di f f e r  

s i gni f i ca n t ly i n  the i r  pas ture s e s tab l is hment prac t i ce s . 

Farmers u s e  and intend using mixture s  con t aining b o th g ra s s e s  

and legumes f o r  pas ture e s tab li shmen t .  The mixtures wi l l  

con tain 2 - 4  grass spe c ies . A s in g le grass  species has b een and 

will  be used  to renova te exi s t ing pas tures and estab l i s h  

special purpose pas tures b y  oversowing or ove rdr i l l ing , or  f o r  

seed pro duc t io n . 

Ryegrass i s  seen t o  b e  the mos t  popular grass spec ies b e i ng 
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use d .  "Grass lands Nui "  ryegras s  i s  the mo s t  wide ly use d c u l t ivar . 

Cocks foot  i s  c ommonly incorpora t e d  i n  seed  mix tures , a lthough 

not  as a maj or cons t i tuen t .  



O ther i n t e re s t ing points  that arose f rom the survey were -

A large number o f  farmers s ow pas ture seed every year and a 

maj o r i ty of  t hem renovate exi s t ing pas tures rather than deve lop 

new l and into grass lands . 

Mo s t  farmer s e i ther b road c a s t  or dri l l  the pasture seed , whi l e  

a sma l l  propor t ion u s e  both  me t hods for s e e d  es t ab l i shment . 
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Future trend s p roj e c t  a dec l ine in the use o f  both me thods 

conc urrent ly by farmer s ,  and there i s  a proj ected i n c rease in 

the future use of dri lling as a technique f o r pas ture e s t ab l i sh­

ment , especia l ly in f lat lands . 

Prev ious exp er ience has b een and will be the maj o r  fac tor 

a s s i s t ing farmers in pas ture seed se lect ions . 

Farmers tend t o  purc hase t heir seed f rom seed me rchan ts who 

genera lly make up the seed mixtures . 

Seed rates used by farmer s lie  in the range of  30- 35 kg per 

he c tare for mixtur e s . Farmers sowing s ingle species have used 

seed ra tes b e tween 5 - 1 0  kg per he c tare and this i s  proj e c t e d  

t o  rise i n  the future t o  1 0- 1 5  k g  p e r  hec t are . 

Fa rmers in New Zealand generally sow the i r  pas ture s  in autumn 

i r respec t ive o f  t he reg ion . 

The resu l t s  o f  thi s survey are s imilar t o  thos e  o f  Ha rris ( 1 9 6 8 )  

i n  terms of farmers u s i n g  s imp le seed mix tures t o  s ow the ir pas ture s . 

However � changes a re seen i n  t erms o f  the ry egrass cul t ivars presen t ly 

being u sed by farmers . There i s  a great sh i f t  t owards the use o f  

new ryegrass cul t ivars , name ly "Gras s lands Nui "  and "Ellet"  ryegrass 

f rom "Grasslands Ruanui "  and "Grass lands Manawa" , whi c h  were t he 

predominant cul t ivars i n  the 1 9 6 8  survey . 

Thi s  study was conduct e d  t o  ascertain the gra ss species used b y  

farme r s  when estab l i s hi ng new pas tures or  renovat ing exi s t ing 
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pasture s . As the pastoral s cene o f  New Zealand i nvolves b o t h  g rasses  

and l egume s , informa t ion on t he types of  legumes used  w i l l  also  be an  

impor tant factor  in determining t he pas ture es tab l i shment prac t ices  of  

farmers . 

A l though the s cope of  this  s t udy does not provide a de t a i l ed des­

crip t ion of past ure e s tab l i shmen t prac t ices of  farmers in a l l  regions 

of  New Zealand , t he results  do p rovide a quan t i t a t ive e s t ima t e  o f  

informa t i on whi c h  has no t been p revious ly ga thered . Fa rmer s s t i l l  

use s imp l e  seed mixt ures for e s tab l i s hment of  general purp o s e  pasture s ,  

and t he se lect ion o f  spec ies  and the en t i re ope ration o f  pas ture e s tab­

l i shment is guided to a l arge extent by past expe rience . I t  i s  a lso 

seen that  farme r s  are awa re of  mo st o f  the spec ies  and cult iva r s  

ava i lab l e . Thus the need for good extension work using t e chniques 

such a s  demon s t rat ion farms and p lo t s  a r i ses , to  he lp the f a rmer 

observe and appreciate the mer i t s  of  species and cult ivars ava i lab le 

for use , and the best me thods o f  e s t a b l i shment . Th is w i l l  undoub tedly 

aid the farmer in obtaining a wel l  e s t ab l ished or renova ted p a s ture 

with species  b e s t  suited to the given s i tuat ion on his farm .  



CHAPTER 8 .  GENERAL OVERVI EW AND CONCLU S IONS 

Th is thesis presen t s  the resul t s  of a series of  experiments  

conduc ted t o  evalua te the comp e t i t ive relat ionsh ips that exi s t  b e tween 

three grass species wide ly used in the pas t oral indus t ry o f  New Zealand . 

Emphas i s  was p l aced on t he e s t ab l i shment phase as comp e t i t ive h ie rarchies 

e s t ab l ished in t he e arly growth s tages t end t o  p ers i s t  a t  later  s t ages 

( Rhode s ,  1 9 6 7 ; Harr is , 1 9 7 3 ) . 

Herriot  ( 1 9 5 8 )  def ined "seedl ing e s t ab l ishment"  as the e s t ab l ish­

men t ph as e up to 4-6 weeks from sowing , wh ile , "young p lant e s t ab l i sh­

ment "  was cons idered the es t ab l i shment shown from seedl ing s t age up 

t o  the end o f  the seeding year . The " e s t ab l ishment phas e "  cons idered 

in these s t udies was s imi lar t o  the "s eed l ing es tab l i shmen t "  d e f ined 

by Herriot  ( 1 9 58) , wh ich was the f ir s t  8-9 weeks from sowing , when , 

d epending on t he s p ec ies , the swards reached approximat e ly 9 5 %  l ight 

intercept ion . 

The de Wit  ( 1 9 60)  replacemen t  series  mode l ,  being a widely a c c e p ted 

and suc c e s s fully  used te chnique for evalua t ing compet i t ive re l a t i onships 

b e tween p l an t s  (Trenbath , 1 9 7 8 ; S p i t ters , 1 9 7 9 ) , was used in the 

p re sent s t udy . A un i f orm p lan t ing dens i t y  o f  400 p l an t s  per square 

me ter , wh ich was cons ide red t o  be  s imi lar to normal pas toral cond i t ions 

(Hill and Sh imamo t o , 1 9 7 3 ) was used in a l l  t rea tments . The adopt ion 

of  this  un i f orm density  in a l l  exp e r imen t s  enab l ed the comp arison of  

spec ies performance across d i f ferent exper iments . 

The results  o f  the ind ividual exper iment s  have b een d i s cussed in 

t he i r  respe c t ive chap ters . Thus , t h i s  d iscuss ion will  be  concerned 

with the re lat ionsh ips begween d i f f erent experimen t s  and the obj e c t ives 

of  this s t udy , p re s en ted in Chap t e r  1 .  

8 . 1  COMPET I TION BETWEEN "GRASSLANDS NUl "  PERENNIAL RYEGRAS S ,  "GRAS S ­

LANDS MATUA" PRAIRIE GRAS S AND "GRAS S L.t..NDS APANUI "  COCKSFOOT . 

8 . 1 . 1  COMPETITIVE RELATIONSH IPS IN THE ESTABLI SHMENT PHASE 

8 . 1 . 1 . 1  The nature o f  c ompe t i t ion 

The resu l t s  of this  series of exper iment s  show that  t h e  s e le c ted 

grass s p e c ies comp e t e  for s imilar growth resources during the e s t ab l ish­

men t  and early growth phase , when grown in b inary mix tures . Thi s  i s  
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i l lus trated b y  the products  o f  the re lat ive crowding coe f f i c ients  

( F igures 3 . 4 ;  3 . 7 ;  3 . 8 )  ob t a ined in the  f ir s t  three exper iments  

and t he relat ive y i e ld t o tals ob t ained in a l l  exper iments ( e . g .  

Tables  3 . 9 ; 3 . 1 9 ;  3 . 2 3 ;  4 . 8 ;  and 5 . 4 ) , which  d id not  depart 

s igni f ican t l y  from un i ty . Th is i s  in agreement with most repo r t s  

on grass mixtures (e . g .  van den Be rgh , 1 9 6 8 ; Trenbath , 1 9 7 4 a , 1 9 7 8 ) . 

Th is was not surp r i s ing , as develop ing grass species have s imilar 

g rowth pat t e rns , ( Barnard , 1 9 64 ; Jewiss , 1 9 6 6 ; Langer ,  1 9 7 3 ) , 

oc cupy s imilar areas o f  the environment and require s imilar resources 

for their growth and deve lopment . 

The comp e t i t ive h i erarchy be twe en the three spe c ies wa s in the 

o rder of p ra i r ie gr as s > ryegrass > cocks foot . The low comp e t i t ive 

ab ility  of  c ocks f oot , wh ich has been previously iden t i f ied in mixtures 

under f ield and expe r imen tal cond it ions ( e . g .  S tap ledon and Dav ies , 

1 9 2 7 ; Blaser e t  a l . ,  1 9 5 6 ; O ' Br ien , 1 9 60 ; Arens , 1 9 6 2 )  was again 

i l lustrated by the re l a t ive crowd ing coef f i c ients ( F i gures 3 . 4 ;  3 . 7 ;  

3 . 8) and t he aggress ivity  ind ices ( Tab les 3 . 1 1 ;  3 . 1 8 ;  3 . 2 5 ;  4 . 9 ;  

F igures 5 . 2 ;  5 . 3 ) .  The superior compet i t ive ab i l i t y  of  prairie  

grass  over the  o ther s pec ies and of  rye grass ove r cocksfoot were  a l s o  

i l lus trated b y  these c oe f f icients  and ind ices . 

8 . 1 . 1 . 2 Growth o f  spe c i e s  i n  mixtures 

All three spec ies showed super ior growth over their respec t ive 

mono cultures ,  when assoc iated wi th 25%  of ano ther s p e c ies . Th is 

i s  we l l  i l lus tra ted by the shoot weights , espec ially o f  rye grass and 

p rairie gras s  ( e . g .  Tab les  3 . 5 ;  3 . 1 3 ;  3 . 2 1 and 4 . 7 ) . Th i s , as  

r eported e ar l ier , can be  a t t r ibuted to  greater int raspec i f ic comp e t ­

i t ion e f f e c t s  within monocu lt ures o f  the more aggre s s ive s p e c i e s  a t  

t he dens i t y  se lec ted for this  s tudy . However ,  dec reas ing numbers  o f  

the more aggress ive s pe c ies does no t l ead t o  subs tan t ial increases 
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i n  i t s  per p l an t  produc t ion . I n  contras t , interspe c i f i c  comp e t i t ion b y  

increas ing numbers o f  t h e  assoc iated s pe c ies replaces intraspe c i f i c  

comp e t i t ion , and a f f e c t s  the growth o f  the mo re aggress ive s p e c ies  ( e . g .  

Tables  3 . 5 ;  3 . 1 3 ;  3 . 2 1 ;  4 . 7 ) . Thus even the weake s t  s p e c i e s  ( e . g .  

cocksfoot in  mixtures w i th prairie grass) when dominan t in p lant numbers  

( e . g .  7 5 %) has an  e f f e c t  on  the  more aggres s ive spec ies . The inc reased 

g rowth of a spec ies in  i t s  7 5 % comb inat ion is rela t ively sma l l  when 

mixtures are e s t ab li s hed f rom seed , as s een by the p lant charac t er i s t i cs  

o f  the spec ies  in the f ield trial  ( Tab le s 3 . 4 ,  3 . 5 ) . 



The aggre s s ivity ind i c es also  i l lus trate this e f f e c t  ( e . g .  Tab les 

3 . 1 1 ;  3 . 1 8 ;  3 . 2 5 and 4 . 9 ) , whe re a 25%  change in a spec ies p rop­

ort ion changes the rel ative aggres s iv i ty o f  the spec ies in a mixture . 

Thus , the p roport ion o f  the se lec ted spec ies in a g iven mixture 

determ ines the express ion of its relat ive compet i t ive ab i l i ty . 

8 . 1 . 1 . 3  Characters assoc iated with the compe t i t ive ab i l i t ies of the 

selected spec ies when grown in mixtures . 

The f ield t r ial showed that prairie grass and rye gras s 

eme rged before cocksfoot ( Tab le 3 . 2 ) , and the mo re ext ens ive growth 

was also demon s t rated in t e rms of dry mat t er accumulation of both 

shoo t s  and roo ts  ( Tab le 3 . 5 ,  App end ix 4 ) . In add i t ion , b o th species  

had larger seed l ings a t  emergence , when compared with cocksfoo t .  

Thus , the supe r ior compe t i t ive ab i l i ty of  pra irie grass and ryegrass 

over cocks foo t was at t ributed to  the ir earlier emergence , larger 

init ial seedling s i ze and sub s equent growth charac t e r i s t ics , based on 

the resul ts  of  the f ield exper iment . 

Mil thorpe ( 1 9 6 1 )  and Trenbath et a l . ( 1 9 7 7 )  showed that mo re 

comp e t itive spec ies genera l ly o f fset the disadvant age of later 

eme rgence by mo re rap id growth , thereby gain ing comp e t i t ive super ior i t y  

ove r ear l ier emerging spec ies . Thus , the superior compet i t ive ab i l i t y  

o f  t h e  later eme rg ing pra i r i e  grass over ryegrass c an a l s o  be  related 

to  its  larger in i t ial  seed l ing s i ze and subsequen t overall  growth 

chara c teri s t ics . 

At temp ts to  evaluate the importance of the t ime of  seedl ing 

emergence on the compet i t ive ab i l i t ies of the three spec ies ( Exper­

iment 2) , by using seed l ings of  the same age to cons truct the swards 

f a i led to  change the compe t i t ive hierarchy b e tween the three s p e c i e s  

( F i gure 3 . 7 ) . Thus i t  was concluded that larger i n i t ial  seed l ing 

s iz e  and sub sequent growth p a t terns o f  the three s p e c ies have a 

greater impac t on their c omp e t i t ive ab i l i t ie s  than does the t ime o f  

eme r genc e . Neve r theless , earlier eme rgence can be  cons idered a 

con t r ibutory f a c t o r  t o  the a t t a inment o f  compet i t ive super i o r i t y  b y  

a grass spec ies , as i l lus trated b y  other workers ( e . g .  S t ap ledon and 

Davies , 1 9 28 ; B l aser e t  a l . ,  1 9 5 6 ; Cocks , 1969 - see Chap ter 2 ) . 

The compet i t ive hie rarchy of  the three spec ies lay in the order 

of  prairie grass > ryegrass > cocks foot , even when the swards we re 



made up of seedlings o f  s im i l ar grow th s tage ( i . e .  seedl ings a t  the 2 

leaf s tage - Experimen t  3 ) . Thi s  was i l lustrat ed by the r e la t ive 

crowd ing co e f f i c i ents ( F igur e 3 . 8 ) and aggressivity indices (Tab l e  

3 . 25 ) . Thus , t h e  grow th pa t t erns o f  the three spec ies , r e sul t i ng i n  

a larger p lant  size  o f  t h e  mo st  comp e t i t ive spec ies ( p ra i r i e  gra s s )  

can be  cons i dered the mo s t  impor tant cri terion determining the overa l l  

c omp e t i tive ab i l i ties of  t h e s e  grasses , when grown i n  mixture s .  The 

more extensively grow ing plant w i th i t s  larger roo t and s ho o t  sys tem 

wi l l  ob tain a greater share o f  the environmental resources , the reb y 

l imi t ing the avai lab i l i ty o f  resources to the smaller spec ies . 

Although the ove rall compe t i t ive hierar chy be tween the spec ies 

wa s s imilar to that observed in ear l i er exper iments , the weaker sp ec ies 

( e . g . cocksfoot  grown with pra i r i e  g rass ) had a gre a t e r  suppress ive 

e f f ec t  on the growth of  the mo re aggressive spec ies in  this  experiment 

( Experimen t 3 ) . Thi s  is i l lus trated by the lower relat ive c rowd ing 

coe f f ic ien ts  of the more aggr ess ive spec ies ( ryegras s  and prairie  gra s s )  

when compared wi th those o f  the b o x  experiment ( Exper iment 2 ) ( F igur es 

3 . 7 ,  3 . 8 ) . The lowe r aggressiv i t y indices of prairie gra s s  and ryegra s s  

in Experiment 3 ,  when assoc iated wi th 75%  cocks foo t (Tab le 3 . 2 5 )  also  

i l lus trate the increa sed compe t i t ive ab i l i ty of  cocks f oo t  in  this  exp er­

imen t , especially when incorpora ted at higher prop er t ions in mixtures . 
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Thus , a compar i son o f  exp e r iments 2 and 3 shows that a larger ini t ia l  

seedl ing s i ze has a benef i c ial e f f e c t  o n  the compe t i t ive ab i l i ty o f  a 

species , e sp ecially i f  incorpora ted as a minor component of  a grass 

mi xture . 

8 . 1 . 1 . 4  Envi ronment a l  fac tors a f f e c t ing compe t i t ive ab i l i ty 

Although changes in the environment have a d e t ermi n i s t i c  e f fec t 

on comp e t i t ion between pas ture grasses  (Chapter 2 - S e c t i o n  5 ) , this  

s tudy evaluated only the e f fec t o f  t emperature on comp e t i t ive rela t ions , 

due to i t s  impor tanc e in au tumn and spr ing sow ing s . In add i t ion , i t  

was des i re d  t o  evalua t e  the e f f e c ts o f  the seasona l growth charac ter­

i s t ics of  t hese spe c i e s  ( Chap ter 1 )  on their comp e t i t ive ab i l i t i es . 

The se lected  tempera tures however had no s i gni f ican t e f f e c t  on the 

overall comp e t i t ive ab i l i ty of  the spec ies . Cocks f o o t , which i s  

i dent i f i ed as  a summer produc er (Langer , 1 9 7 3 ) , demonstra ted superior 

grow th under the warmer t empera ture reg ime (Tab le 3 . 2 1 ) . Th i s  

resul ted in t h e  reduced aggre s s iv i t y  of  both ryegrass and pra i r i e  grass 

especially in the 7 5 %  cocks foot mi xtures in this tempera ture reg ime 
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(Tab le 3 . 35 ) . 

Temp e rature i s  generally assoc iated with wa ter avai lab i l i ty to 

p lan t s  (McWilliam ,  1 9 7 8) . Thus the regular app licat ion o f  wat e r  and 

nut r ients  in the growth room expe r iment ( S e c t ion 3 . 4 ) may have masked 

any changes in the compet i t ive ab i l ity due to temperature and wa ter 

interact ive e f f e c t s . However , the f ie ld t r ial showed the supe r i o r  

growth o f  cocks foot ove r summe r  in the second year . A s  cocks foot  i s  

cons idered a good p roducer under warm d r y  cond i t ions , dur ing l ong 

p e r iods of re lat ive ly warm tempera tures and low rain fa l l  as expe r ienced 

in many parts of New Zea land , this  species may become inc reasingly 

aggre s s ive and thus dominant in mixtures such as those used in this 

s t udy . Thus s tudies on the e f fe c t  of  tempera ture comb ined w i th 

wat e r  s t ress  ove r  long pe r iods may high l i ght the e x i s t ance o f  such 

changes in compe t i t ive ab i l i ty . 

8 . 1 . 1 . 5 Y ields o f  mixtures and monocultures 

The yields o f  mixtures i � the f ir s t  three expe r imen t s  lay be tween 

those of their respec t ive monocul tures dur ing the es tab l i shment phase 

(Tab les 3 . 6 ;  3 . 1 5 ;  3 . 2 2 ) . Th i s  agrees wi th mo s t  pub l i shed reports  

(e . g .  Donald , 1 9 6 3 ; England , 1 9 6 5 ; van den Bergh , 1 9 6 9 ; Trenb a th , 

1 9 7 4 a ; Norrington-Davies e t  al . ,  1 9 8 1 ) . Th is is due to  increased 

produ c t ion of  the mo re comp e t i t ive s pecies  being o f fs e t  by the 

reduced p roduc t ion of the weake r species , especially unde r  uni fo rm 

cond i t ions such as those adop ted in this ser ies o f  exper imen t s . Thus , 

as sugges ted by Harper ( 1 9 7 7 ) , the gene ral conclus ion i s  that there is 

no advant age to  a farmer if his a im is to maximi z e  product ion under 

un i f o rm cond i t ions . I t  i s  a lso s t ated that this conc lus ion i s  only 

valid if it  is known in advance wh ich pure s tand w i l l  y ield the mos t  

unde r  t he &iven _cond i t ions . However , i f  there is uncer t a inty  o r  change 

in the environmen t  and /or management as in prac t i c a l  f a rming s i t ua t ions , 

mixtures  wi l l  t end t o  perform b e t te r  than monocu l tures ( Remison and 

Snaydon , 1980) . Th i s  can be a t t r ibuted to the c omp l imen tary growth 

charac ters  of  the spec ies in mixt ures b e ing expressed unde r  changing 

c ond i t i ons . 

S ome research reports  have shown the super i o r  p e r f o rmance o f  

mixtures ove r monocul tures ,  especially a t  the later s t ages o f  g row th 

( e . g .  Wh i t t ington and O ' B r i en , 1 9 68) . However ,  the r e s u l t s  o f  the 
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f ie ld trial  d i d  not  show such e f fe c t s  in the second year (Tab le 3 . 7 ) 

under the cond i t ions adop ted ; wh ich provided regular f er t i l izers  

and was d e f o l iated in frequent ly as in  a ' hay ' s i tuation in normal  
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f arming cond i t ions . As sugges ted in Chap ter 3 ,  the adop t ion o f  a f requent 

cutt ing reg ime wh ich i s  more akin to  graz ing condit ions may h igh l i ght  

changes f rom those observed in th i s  s tudy , due to  d i f feren t ial  res ponse 

of spec ies to  regular de foliat ion . 

8 . 1 . 2  COMPET I TIVE RELAT IONSHIPS BETWEEN THE SELECTED SPECIES IN THE 

SECOND YEAR AFTER SOWING . 

Extens ion of the f ield exper iment into the second year ind ica ted 

that the species  compete for s imilar resources dur ing this per iod , 

under the adop ted management cond i t ions ( i . e .  infrequen t cutt ing) . 

Th is is i l lu s t ra ted by the re lat ive y i e ld totals  (Tab le 3 . 1 0)  and 

the produc t s  o f  the relat ive crowd ing coef f i c i ents ( F igure 3 . 5 ) . 

However , a maj or proport ion of  these ind ices were greater than one 

( a l though no t s igni f i cant ly) , and further eva luat ions of y i e lds  over 

another or  s everal seasons may show var iat ions from those ob served 

in this s tudy , as Wh i t t ington and O ' Brien ( 1 9 6 8 )  reported greater 

produc t iv i t y  o f  mix tures in the third year a f t e r  p l ant ing , under an 

infrequent or ' hay ' cut t ing regime . Th is may o ccur due to  s p e c ies 

oc cupying d i f f erent roo t ing zones or develop ing dif ferent ecological  

niches and  comp e t i t ion avoidance mechan i sms . 

The relat ive crowd ing coe f f ic ients o f  the three spec ies varied 

with seasonal changes ( Tab le 3 . 8 ) ,  and the rela tive compe t i t ive 

ab i l i ty o f  a spec ies increased during s easons favourab le to i t s  growth . 

Th is can b e  expected as the ou tcome o f  compe t i t ion i s  a f f e c ted by the 

t ime of the year ( Fowler , 1982) , when c ond i t ions favour the growth of 

a spec ies in  a mixt ure . The express ion of  the seasonal growth charac t ­

eris t ic s  e s p e c ially o f  the weaker spec ies however was prevent ed by 

the comp e t i t ive relat ionships be tween t he s p e c ies . Thi s  is in  aeree­

ment with s tud ies of Wi lson and Peake ( 1 9 5 6 ) . 

Al though seasonal variat ions were observed the compe t i t ive 

h ierarchy b e tween t he s pecies d i d  not a l ter dur ing the second year . 

The se resul t s  thus demonst rate that compet i t ive relat ionsh i p s  e s t ab­

l ished b e tween these spec ies during early growth pers i s t  at  later  

s t ages , agree ing with  reports on  other grasses ( e . g .  Rhodes , 1 9 6 7 ; 

Harris , 1 9 7 3 ) . In add i t ion , the c ompet i t ive re lat ionship be twe en 



t he se species d i d  not  a l t e r  unde r  cond i t ions of uni form management , 

dur ing t he second y ear . 

8 . 2  RESPONSE OF I ND IVIDUAL PLANTS TO COMPETITIVE S TRESS DURING 

ESTABLI SHMENT AND EARLY GROHTH . 

Donald ( 1 9 6 3 ) ; Ha rper ( 1 964)  and Black ( 1 9 6 6 )  h i ghl igh ted the 

need for s tudies on individual plants g rowing in mixtures , as  the i r  

growth pat terns i n  isolat ion may b e  largely irrelevan t t o  t he unde r­

s tanding of the i r  behaviour in comp e t i t ive s i tuat ions . 

In exp e r imen t 4 ,  (Chapter 4 )  detailed s tudies of  the response 

of  plants of the three species to compe t i t ive s t ress were carried 

ou t .  Individual p lant res ponses  in t e rms o f  dry we igh t s  and t i l le r  

numbers were s imilar t o  tho se observed in t he earlier exper imen t s . 

A pos i t ive relat ionship be tween dry ma t t e r  produc t i on and leaf and 

t i l ler appearance pa t t e rns was ident i f ied ( Tab les 4 . 6 ,  4 . 7 ) ,  which 
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is in agreement wi th earlier  pub lished results  (e . g .  Lazenby and 

Rogers , 1 9 6 2 ; Cracker and Mar t i n ,  1 9 6 4 ; Rhodes , 1 9 6 8a ) . Th is was 

expected as b o t h  t i ller and lea f produc t i on rates have been iden t i f i e d  

as maj or componen t s  o f  shoo t dry ma t ter p ro duc t ion ( e . g .  Cooper , 1 9 5 1 ;  

Langer , 19 6 3 ;  Anslow ,  1 9 6 6 ) . 

Tille r  pro duc t ion and t o  a greater exten t  leaf appearance on the 

main s tem of t he three sp ec ies showed a ve ry plas t i c  r e sponse t o  

comp e t i t ive s t re s s  during seed ling growth (Table 4 . 6 ) . These p ara­

me ters showed t he same di re c t ional re spons e to comp e t i t ion as  s hoo t 

dry ma t ter produc t ion ( Tab les 4 . 6 ,  4 . 7 ) .  

Light ha s been i den t i fied as an impor tant fac tor a f f ec t ing leaf 

and t i l ler produc t ion in grasse s (e . g .  Mi tche l l ,  1 9 5 3a , b ; Mi tchell  

and Coles , 1 9 5 5 ; Lange r ,  1 9 6 3 ;  Ans low , 1 9 6 6 ) . Thus the  s upp res s i on 

of  leaf and t i l l e r  appearance of  these spe c ies can be  a s s o c i a t e d  w i th 

the light relat i onships wi thin the swards . For examp l e ,  the t a l l e r  

prairie  grass p lants  c a n  shade the shor t e r  ryegras s  o r  cocks f o o t  

p lant s in mixt u re s , thus caus ing comp e t i t i ve e f fec t s  f or l ight and 

reducing the leaf and t i ller p roduc t ion p a t terns . Thi s  is f i na l ly 

reflected as  l ower dry we i ghts of t he shaded spec ies . The shading 

e f fect  on the shorter  species , which reduces i ts leaf and t i l le r  

appearance rat e s  and t hus  i t s  dry we i ght , inc reases  w i th increas ing 

dens i t y  of the mo r e  aggress ive spec ies  (Table 4 . 6 ;  4 . 7 ) .  



In add i t ion t o  comp e t i t ion for light , the reduc t ion i u  the rate 

o f  lea f  appearance o f  the weaker spec ies c an br ing ab out a decrease 

in the number of  t il lers , due t o  the reduc t ion of s i te s  for t i l ler 

deve lopment and th e lack of express ion of  exist ing s i tes . Thus the 

decrease in t i ller numbers o f  the weaker spec ies due t o  comp e t i t ion 

c an also  be  assoc iat ed with this factor . 

Al though cons idered a maj or contribu tory factor , compe t i t ion 

for l ight alone cannot  be considered the only factor d e t ermining 

leaf and t i l ler appearance rates of species in mixture s , as compet­

i t ive e f f e c t s  are a resul t o f  many in terac t ive processes  (Donald , 

1 9 63 ; B lack , 1 9 66 ) . Thus the e f fects  of comp e t i t ion be tween roo t s  

o f  these species o n  the ir l e a f  and t i l ler appearance c anno t be  p re­

cluded , as Rhodes ( 1 9 6 8b ) showed tha t comp e t i t i on for nu trien t s  was 

the ma in cause of  suppress ion of t i llers of the weake r spec ies 

growing in b inary mixtures , espe c ially , dur ing early growth . 

8 . 3  ROOT AND SHOOT COMPETITION BETWEEN THE SEL ECTED GRASS SPECIES 
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Bo th experime n t s  4 and 5 demonstrated the occurrance o f  compe t i t­

ion be tween the roo t sys tems be fore s imilar ef f e c t s  were observed 

b etween the shoot s y s t ems of the selec ted spec ies , wh i ch i s  in agree­

ment w i t h  previous s tud ies on grasses (e . g .  Troughton , 1 9 5 7 ; Donald , 

1 9 58 ; Rhodes ,  1 9 6 8b ; Cocks , 1 9 69) . Roo t  compet i t ion be tween the 

s pec ies was observed w i thin 3 -4 weeks of  sowing and s imilar relat ion­

ships ( i . e .  RYT = 1 )  be tween shoo t systems were seen 5-6 weeks 

after  p lan t ing ( Tab les 4 . 8 ;  5 . 4 ) .  In add i t ion , the resu l t s  high­

l i gh t e d  the fact that roo t c omp e t i t ion be tween the se lec ted gras s 

s pe c ie s  had a great e r  e f f ect  than shoot compe t i t ion in det ermining 

the overall compet i t ive rela t ionships in pastures ( e . g .  Donald , 1 9 5 8 ; 

Rhode s ,  1 9 6 8b ;  Cocks , 1 9 6 9 ; S naydon , 1 9 7 1 ; Remison and Snaydon , 

1 9 7 8 , 1 9 80) . 

I t  was not t he a im o f  t h i s  s tudy t o  de termine a l l  the factors 

lead ing t o  the responses observed in the exper imen t s . However ,  i t  

was p o s t ul ated tha t c ompet i t ion be tween roots may have deve loped 

for nut r ient s , as c ompet i t ion for nut r ient s  feature prominent ly in 

roo t c ompe t i t ion s tudies ( e . g .  Snaydon , 1 9 7 1 ;  Mar t in and Snaydon , 

1 9 82 ) . Growing seedl ings have also been shown t o  ab sorb nut r ients  

even b e fore the d e p l e t ion o f  endogenous food reserves  (McW i l l iam 

et a l . ,  1 9 70) . In add i t ion , a l l  nu trients wi thin a s o i l  sys tem are 
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not avai lab le t o  plant growth (Hal l , 1 9 7 4a) . Luxury consump t ion 

by gras ses  dur in g  early growth has also b een iden t i f ied (Wi l l iams , 

1 9 5 5 ) , which can have an e f fe c t  on nu t r ient availab i l i t y . Thus , 

al though nu trien t s  and wa ter were added regularly , due t o  the low 

nu t r ient retent ive pot ting med ium used , t he young seedl ings w i th a 

greater a c t ive ly growing roo t sys tem may have taken up the avai lab le 

nut r ient s ,  t he reby depriving the s lowe r growing spec ies of  i t s  nu t r ient 

requi rements . The existence o f  t h i s  e f f e c t  can be expec ted , as the 

species u t i l i z e  t he same ' b iological  space ' ,  and thus the s lowe r 

growing s pecies w i ll always be  o c cupy ing an environmen t  alre ady 

exp l o i ted by t he larger and mo re extens ive ly grow ing spec ies . 

In add i t ion to compet i t i on for  nu t r ien t s ,  the mo re ext ens ive ly 

growing root sys tem of the more aggre s s ive spec ies may have a res t r i c t ­

ive e f f e c t  on t he no rma l root growth o f  the weaker species . Th is 

e f f e c t  could be accentuated when plant mixtures are gro\vn in container s ,  

due to l imited ava ilable roo t ing vo lume . Under f ie ld cond i t ions , 

grasses occupy s imilar roo t zone s (Garwood , 1966)  and thus the poss ib­

i l i t y  of such e f fects  canno t be exc luded , al though no t reported  in t he 

l i tera ture for  grasses . Thus , these theories remain t o  be  tes ted and 

d e t a iled expe r imen ts t o  examine the me chanisms o f  roo t comp e t i t ion 

are warranted . 

Shoot comp e t i t ion , which occurs a t  later s t ages , can b e  p r imar i ly 

at t r ibuted t o  comp e t i t ion for  l ight ( Donald , 1 9 5 8 ) . I t s  relat ive ly 

sm l � e r influence on the ove r a l l  compe t i t ive relat ionsh ips dur ing es t ab­

l i s hmen t can be a t t r ibuted t o  l a t e r  ons e t  of ove r lapp ing of  shoot 

s y s t ems . Howeve r ,  shoot compe t i t ion can be tr igge red by the earlier 

ons e t  o f  roo t c ompet i t ion . At later s tages , shoot comp e t i t ion may 

inf luence roo t growth and thus a f fec t roo t compe t i t ion ( Donald , 1 9 5 8 ) . 

Dur ing the f i rs t  2-3 weeks o f  p lant ing , growth o f  species  in 

mixtures wer e  greater  than in the i r  respect ive monocultures ( e . g .  

Tab le 4 . 5 )  at  the adop ted dens i ty , although these d i f f erences were 

not s ignifican t . A s tudy under con t r o lled cond i t ions (Append ix 9 )  

f a iled t o  show s igni f i can t d i f f erences , al though s imilar t rends were 

iden t i f ied . Possib le causes f o r  t h i s  phenomenon include aut o t oxic 

al lelopathic e f fe c t s , wh ich have been ident i f ied in grasses ( e . g .  

Rice , 1 9 7 4 , 1 9 80 ; Newman and Rovira , 1 9 7 5 ; Bokhari , 1 9 7 8 ) , and 

negat ive a l l e lopathy (Tukey , 1 9 69 , 1 9 70) . These chemical e f fe c t s  



could g ive the more aggress ive spec ies an advantage in mixtures , 

in t erms of  b e t ter growth when compared to i t s  monocu l t ur e , and thus 

h ave an imp o r t ant  bear ing on int e rspec i f i c comp e t i t ion . Thus , further 

s t udies are needed t o  determine the inf luence of s uch e f f e c t s  on 

compe t i t ion b e tween g r ass species . 

8 . 4  SPEC IES CHARACTERISTICS AFFECT ING COMPETIT IVE ABILITY DURING 

ESTABLI SHMENT AND EARLY GROWTH . 

Many s c ien t i s t s  s t ate the need f o r  caut ion in extrapo lat ing p lant  

per formance in the ab sence of compet i t ion t o  the i r  l ikely growth in 

mix ture s ( e . g .  Sal isbury , 1 9 4 2 ; Harper  and C l atworthy , 1 9 6 3 ) , d ue t o  

variat ion in t he performance of spec ies under compe t i t ive s t ress . 

Howeve r as shown by O ' Br ien e t  a l . ( 1 9 6 7 )  on o ther grass es , p lant 

c harac ter i s t ic s  of  these spe c ies when grown in isolat ion we r e  s imilar 

to those ob served when grown in mixtur es ; thus these chara c t e r is t ic s  

can be cons idered good ind icators o f  t he i r  c ompe t i t ive ab i l i t y . As 

d i scussed in Chap ter 6 ,  prairie gras s had the largest  seed , w i t h  the 

heavies t emb ryo and endosperm and gre a t e s t  endos perm : emb ryo r a t io . 

In add i t ion , prairie  grass had the largest shoot sys tem ( i . e .  - a t  

8 weeks a f t e r  seeding prairie grass s hoo t s  were 1 . 5  t imes heavier 

t han ryegrass and 2 . 2  t imes heavier t han cocksfoot) , and the mos t 

extens ive and heavie s t  root sys tem ( i . e .  a t  8 weeks , 2 . 1 t ime s heav i e r  

t han ryegrass and 3 . 6  t imes heavier t han cocks foo t) . This w i l l  enab le 

i t  to successfully c ompete with the o ther spec ies due t o  i t s  ab i l i ty 

to exp l o i t  the env ironment mo re e f f e c t ively and ext ensively t han 

smaller assoc iated spec ies , the reb y depriving t he l a t t e r  of t he 

neces sary growth requi rement s .  

Anay l s i s  o f  the  rates of dry ma t ter ac cumulat ion ( i . e .  r e l a t ive 

growth rates ) howeve r  d id not h igh l i gh t  any s ignif icant d i f f erences 

b e tween the three spec ies when grown in i so la t ion .  S im i l a r  analysis  

based on  shoot we igh t s  o f  the three spec ies at  corresponding t ime 

interva l s  in exper iment 4 (Chap ter 4 )  showed a s imilar r e l a t i onsh i p  

(Tab le 8 . 1 ) .  
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TABLE 8 . 1  Dry ma t ter accumul at ion rates b ased on shoot we igh t s  

o f  ryegras s , prairie grass and cocks foo t at  2 ,  4 ,  6 and 

8 weeks after p lant ing (Adap ted frof'l E xper iment 4 ) . 

Spec ies 6 r 2 

Ryegrass . 1 3 1  . 9 2  

Prairie  grass . 1 3 1  . 9 0 

Cocks foot . 1 5 8  . 9 7 

* Dry ma tter  accumulat ion rate calcul ated on the bas is o f  logey = a 

+ Sx ,  

where y dry we ight o f  plan t s  and x t ime . 

However dry ma t t er accumulat ion ra tes  calculated from the t ime 

o f  planting based on weekly harvests  over the s ame period o f  t ime 

( i . e .  from plan t ing up to 5 6  days ) ( Tab le 4 . 7 ) shows that prairie 

grass had a greater dry ma t ter accumulation rate than cocks f o o t  

r e f le c t ing t h e  d i f f e rences be tween s p e c i e s  i n  their speed o f  germin-
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a t ion ,  seedl ing s i ze and growth within the f i rs t  two weeks . Calcul-

a t ion o f  ab solute growth ra tes based on shoot and root dry we i gh t s  

in all  experiments  wi ll  a lso ind icate the super ior growth r a t e  o f  

prairie grass over the o ther species and o f  ryegrass ove r cocks foo t . 

Thus , al though the th ree species have s imi lar po ten t ial for dry 

mat ter accumu l at ion , i t  i s  l ike ly that the ini t ial s eed and seedl ing 

s ize o f  the grasses has a determinis t i c e f fect  on the ir overall 

growth patt erns in mixture s ,  which determines t heir respect ive compet­

i t ive ab i l i t ie s . Th is advantage o f  s i ze there fore can be cons idered 

to be a s i gn i f icant fea ture det ermin ing the compe t i t ive ab i l i t ies 

during ear ly growth of  ryegras s ,  prairie grass and cocks foot when 

grown in mixture s .  

8 . 5  PRACT ICAL IMPLICAT IONS OF THE EXPER IMENTS TO PASTURE ESTABLI SH­

MENT P RACTICES OF NEW ZE ALAND FARMERS 

The gras s e s  se lec t ed for this s tudy were recen t ly released 

cult ivars o f  grasses commonly used in the pas t oral indus t ry o f  

New Zealand . In  order t o  iden t i f y  the ir role in the prac t i ca l  farm­

ing s i tuat ion , a survey ( Chap ter 7) was c arried out among d a iry and 

sheep farmers in central New Zealand . At temp t s  were also made t o  

iden t i fy t h e  s e ed estab l i shment prac t ices of New Zea land farme rs 

due t o  the ir r e levance to this s t udy . 

The survey h igh l ight ed that mo s t  farme rs ( 7 9 % )  have ei ther 
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recent p as t ; wh i l e  60% o f  the s urveyed farme rs i n t end do ing so i n  

t he next two years . The survey a l s o  demons trated tha t f a rmers incorp­

o rate many grass species  into the i r  seed mixture s . Among these , ' Nu i ' 

ryegrass  was the mo s t  popular cult ivar curren t ly be ing used by farmers . 

Cocks f o o t  was used by mo s t  farme rs as a minor componen t  in  mixtures 

and the f u ture intent ion o f  many dairy farmers to us e p ra i r ie grass 

i n  mixtures was h i gh l igh t ed . Thus as compet i t i on dur i ng early growth 

has a d e t erminis t i c  e f f ect  on subsequent performance o f  swards , these 

s tud i e s  conducted on the compe t i t ive relat ionsh ips b e tween ' Nu i ' rye­

gras s , ' Mat ua ' pra i r i e  grass and ' Apanui ' cocks f oo t  can be c ons ide red 

as be ing re levan t to the pas t o r a l  indus try of New Zea land . 

Fa rme rs gene r a l ly use 30 - 3 5  kg of seed per  he c t are , when sowing 

pas tures . Th is  seed rate is s imilar to that used in  p r a i r ie grass 

mono cul t ures in th i s  exp er imen t ,  but is  in  excess  of seed rates for  

e i ther t he mixtures or the o th e r  monocultures ( i . e .  ryeg ras s and 

cocks f oo t ) . Thus , as increased dens ity tends to enhance compe t i t ive 

relat ionsh ips (e . g .  Ho ll iday , 1 9 60 ; Fowler ,  1 9 8 2 ) , under farming 

s i tuat i ons compet i t ive e f f e c t s  will  have a maj o r  impac t on the p e r f o rm­

ance o f  spec ies in newly sown pas tures . 

Farme rs gene rally t ry t o  o b t a in op t imum cond i t ions for  the sown 

pas ture  seeds to germina te and estab l ish a good pas ture w i th the 

de s i re d  species comb ina t ions . Thus attemp ts are made to ensure good 

s o i l  cond i t ions w i th adequa te mo i s ture and f e r t i l i t y . The exper iment 

conduc t ed under such cond i t ions ( e . g .  Exper iment 1)  h i gh l i gh ted c omp-

e t i t ive relat ionsh i p s  be tween sown spec ies . Thus , the inherent 

compe t i t ive ab i l i t ies  of the spec ies have a determi n i s t i c e f f e c t  on 

the es tab l i shment and early growth o f  newly s own pastures , wh ich 

af fec t s  the performance o f  spec ies in mixture s . 

The resu l t s  o f  these expe riments show that the compe t i t ive 

h ie r a r chy between the spec ies  was in the order of p r a i r i e  grass > 

ryegrass > cocks f oo t , unde r the adopted cond i t ions . This  e f f e c t  i s  

mo s t  p ronounced when seeds are  sown togethe r , a s  would be car r i e d  

o u t  b y  f armers . Thus comp e t i t ion duri ng the early growth phase w i l l  

a f f e c t plant p e r formance when aggress ive and weak spec ies  are sown 

together . The rapidly growing and mor e  agg r e s s iv e  spec ies  wh i le 

p rov i d ing early feed w i l l  a f f ec t  the growth o f  s low growing spec i e s  

s u c h  as cocks foo t ,  and thereby ma sk the express ion o f  the i r  potent i a l ly 



valuab le agronomic f eatures in s ub sequent years (Jones and Char les , 

1 9 6 1 ; Arens , 1 9 6 2 ) . Th i s  suppress ive e f fe c t  on the s lower growing 

species  incr eases  w i th increasing dens i t y  of  the more aggre s s ive 

spe c ies . Thus , a f armer desiring co cks foot in his  pas tures w i l l  no t 

be  ab le to ob t a in the full po t en t ial o f  the spe c ies by incorporat ing 

more aggress ive spec ie s , espec ially at h igher proport ions in his 

s e ed mixtures , unless s u i t ab le management te chn iques can be adop ted 

to r educe the c ompet i t ive e f fec t s . 
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Many grass land researchers have s ugge s t ed me thods o f  over coming 

i n i t ial  dominance of a more compe t i t ive and aggress ive species  dur ing 

es t ab l ishmen t .  Fr ame and Hunt ' s  ( 1 9 6 4 )  research sugge s t s  the incorp­

orat ion of a higher propo r t ion o f  the weaker species and / or a lower 

proport ion of t he more aggre s s ive sp e c ies in t he mix ture . A redu c t ion 

in t he total populat ion may a lso be envisaged , wh ich w i l l  delay the 

onse t of compet i t ion , thereby giving the weake r and slower growing 

spec ies a chance to e s t ab l i sh before comp e t i t ive int e ra c t ions begin . 

Howeve r ,  the se me thods genera lly result  in a lower yi e ld ing pas tu re 

in the estab l i shment pha se , which is also open to grea t e r  ingre ss by 

weeds , and therefore may no t mee t the requi rements o f  the farmer . 

Variat ions in the e s t ab l ishmen t  procedure might also b e  cons idered 

and adopted to reduce these c ompe t i t ive e f fec t s . For examp le , the 

weaker spec ies could be s own ear l ie r , giving it an opportunity  to 

e s t ab l i sh , be fore the more aggre s s ive spe c ies is overd r i l led to me et  

the requ ired spec ies b alance o f  t he pas ture sward . However , the 

prac tical and economic feas ib i l i ty of es tab l ishing spec ies tw ice need 

to be  cons idered in such opera t ions . 

Pas t ure renova t i ons b y  overdr i l l ing can a lso be  c l as s i f ied as a 

me thod o f  overcoming the s uppre s s ion o f  the weaker s p e c i e s  a t  e s t ab­

l i shmen t . In order t o  fac i l i tate  the growth o f  the later  int roduced 

s p e c ies , the estab l ished weaker spec ies could be grazed t o  reduce 

hinderances t o  the e s t ab l i shing s p e c ies . Howeve r , ado p t ion of such 

t e chn iques need t o  b e  c ons idered w i th cau t ion , as the s i tuat ion 

p resent in  overdr i l l ing is that of compe t i t ion b e tween an es t ab l i shed 

pasture and estab lishing seedl ings , wh i ch was not evaluated in th is 

s t udy . For example , regu lar de f o l i a t ion of  the es t ab l i shed species 

in order t o  reduce its  dominance may also hinder the growth o f  the 

seedl ings of the l a te r  in troduced species , espe c i a l ly if i t  is suscep t ­

i b l e  t o  c o n t i nuous g r 3 z i n g , a c h a ra t e r i s t i c i d e n t i f i e d  with  p r a i r i e 



grass . 

Grass spec ies are generally sown toge ther in pasture e s t ab l i sh­

ment . Thus managemen t o f  the e s t ab l is h ing sward has a grea t impact 

on the comp e t i t ive e f fec t s  that deve lop be tween pasture species 

(Jones , 1 9 3 3 ; Donald , 1 9 6 3 ) , and t he e f f e c t s  o f  defol iat ion and 

fert i l i z a t ion are we l l  documented ( e . g .  Re ith et a l . ,  1 9 6 4 ; Rhode s ,  

1 9 6 7 ; Harris , 1 9 7 8 ) . In such s i tuat ions , the ini t ial dominance o f  
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a species c an aga in be  reduced by l i ght regular defoliat ions , thereby 

prevent ing shad ing and thus encouraging t he growth of the weaker spec ies . 

The management of t he experiments o f  this  s tudy was s imilar t o  

infrequent defol iat ion , a s  i n  mo s t  ins tances , p lan ts were d e f o l i ated  

at  9 5 %  l ight in tercept i on . Under such cond i t ions , the weaker spec ies 

(e . g .  c ocks foot)  i s  supp res sed by the more aggres sive species ( e . g .  

prairie gras s) . Howeve r ,  i f  frequent d e f o l i a t ion was carried ou t 

to ensure the success o f  cocks foo t , a d i f ferent out come may have been 

observed dur ing t he e s t ab l i shment phase , as prai rie grass is gre a t ly 

a f f e c ted by frequent defoliat ion ( Langer , 1 9 7 3 ; P ineiro and Harr is , 

1 9 78a , b ;  Lancas h i re , 1 9 8 2 ) . 

The survey a l so demons t rated that f armers generally sow pas t ures 

in aut umn , and t h i s  could be related to c l imat ic cond i t ions and o ther 

f arm pract ices such as cropp ing and pas ture renewal sequences , feed 

demand s o f  the herd or f lock or weed ingress ( Brougham , 1 9 69 ) . 

Al though the imp ortance o f  these factors was not iden t i f ied in 

these exper imen t � , a t t emp t s  to s t udy the e f f ects of s imu lated s p r ing 

and autumn temp eratures did not show any d i f ferences in the rela t ive 

c omp e t i t ive ab i l i t ies  of the spe c ies . The spring sown f ield t r ial 

a l so showed s im i l ar relat ionships be tween the selected spec ies , due 

to rainfall ensuring adequate s o i l  mo i s ture (Append ix 2A , B) dur ing 

e s t ab l i shmen t .  Thus under normal c l ima t ic condi t ions , d i f f erences 

may arise in the e s t ab l ishmen t , performance and comp e t i t ive relat ion­

s h i p s  o f  these spec ies in  mixtures , due to tempera ture and mo i s ture 

int erac t ions . 

The resul t s  show that  under the experimental  cond i t ions used , 

there i s  no advantage in sowing grass mixtures t o  ob t a in the h ighe s t  

y i e ld . Thus under farming s it ua t ions , i f  the environmen t a l  and manage­

men t  cond i t ions can be pred i c ted in advance or t he variab i l i ty minimized , 

the farme r w i l l  ob tain the h ighes t y i e ld by sowing the spe c ies that 

y i e l ds Lh c ·  mo s t  in that s i tuation . Howeve r ,  under  p rac t i cal  f a rm i n g  
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cond i t ions , there i s  great var iab i l i t y in so i l , c l imate and management 

f actors wh ich p lay an importan t  ro le in d e termining the success  of  a 

sown pas ture . Thus , in order to a l low s u f f i c ient f lexib i l i ty for t he 

var iab i lity  o f  these fac tors and ob tain feed for l ive s t ock under chang­

ing cond i t ions , f arme rs sow mixtur es of grasses , a feature iden t i f ied 

in the survey . This s uggests  the need to eva luate the performance o f  

pas ture mixtures and monocultures under prac t ical  farming cond i t ions , 

in order t o  iden t ify cons traints and bene f i t s  o f  using grass mix tures , 

and to inves t igate the possib le use o f  monocultures for spec ial purpo s e  

pas tures . 

When devis ing t he composit ion o f  pas ture seed mixtures , the 

purpose for which the p as ture is to be used mu s t  be the dec id ing 

factor . Management facto rs and the envi ronment mus t  be d e f ined f i rs t , 

and then the mo s t  sui t able spec ies s e l e c t ed . Data such as those 

presented in t h is s tudy can be an impo r t ant  tool in this s e l e c t ion 

p rocess , as compe t i t ion be tween the s p e c ies w i l l  have an impo r t ant  

bea ring on the performance of mixtures . For ins tance , prair ie 

grass wh ich has been iden t i f ied as a f a s t  growing and aggress ive 

spe c ies , capab le of p rovid ing early f eed w i l l  supp ress the o t her 

des irable but s lower growing species s uch as cocks foot . Thus in 

order to avo id the dominance of mo re aggress ive spec ies management and / 

or seed ing rates needs to be adj u s t e d  to maintain the required ba lance 

be tween the spec ies , thereby resu l t ing in the desired compos i t ion o f  

the sown pasture cons i s t ing o f  the more aggress ive and weak spec ies . 

8 . 6  CONCLUS IONS 

Thi s  ser ies o f  expe r iments was carried out to eva luate the 

compe t i t ive relat ionships be tween "Grass lands Nu i "  perennial rye­

grass "Gra s s l ands Ma tua" prairie grass and "Gras s lands Apanui"  

c ocks fo o t , dur ing t he early growth s tage s . The resu l t s  h ighlight 

the f o l lowing conclus ions . 

The s e lected grass spec ies  compete  for  the same env ironmental  

resources ( i . e .  "b iological s p ac e " )  during the  early growth 

s t ages . 

The compe t i t ive h ierarchy be tween the three species i s  in t he 

order o f  prairie grass > ryegrass > cocks f oo t . 



The proport ion o f  the se lected species in a g iven mixture 

d e termines the express ion of the ir comp e t i t ive ab i l i t i es . 

The growth p a t tern of a g iven spec ies det ermines i t s  compe t i t ive 

ab i l i t y  in a mixture , although the species  demons trated s imilar 

dry mat t er ac cumulat ion rates when evalua ted over a g iven 

period of t ime . Init ial seedl ing s i z e  wh ich give s rise  t o  a 

larger p lant , ( and to a lesser extent early eme rgenc e ) ass i s t s  

the compet i t ive ab i l i ty o f  the mo re aggress ive spe c ies . 

The selec ted tempe rature regimes , the only environmen tal 

factor s tud ied due to i t s  relat ionsh ip t o  p lant ing t imes , d id 

no t have a s ign i f icant e f fe c t  on the overal l compe t i t ive 

relat ionships b e tween the se lec ted grass spec ies . 
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Y ields o f  mixtures lay be tween those o f  the res pect ive monocul t ures 

dur ing the early growt h s t ages . 

Compe t i t ive h i e rarch ies es tab l ished dur ing the early growth 

s t ages pers i s t  at  later s t ages under s imi l ar management cond i t ­

ions . The y ie lds o f  mixtures lay b e tween those o f  the monocul t ­

ures during later s tages , under un i f orm management . Al though 

seasonal growth charac terist ics o f  the spec ies were ob s e rved , 

compe t it ive relat ionships d id not change under the adop ted exper­

imental cond i t ions . 

Til ler produc t ion p er p lant and t o  a greater extent leaf appear­

ance on the ma in s t em showed a plas t i c re sponse t o  compe t i t ive 

stres s . 

Roo t  c omp e t i t ion occurs before shoot comp e t i t ion and has a greater 

impac t on the overall  compe t i t ive re l at ionsh ips be tween the species  

dur ing e ar ly growth . 

The relat ionship be tween the seed charac ters o f  the three spec ies  

is s im i l ar t o  the i r  compet i t ive relat ionsh ips . Thus seed charact­

ers are  l ikely t o  have a det ermin i s t ic e f fe c t  on  the  compe t i t ive 

relat ionsh ips  be tween the selec ted grasses . 



Growth p at terns o f  these spec ies in isolat ion are s imilar t o  

the i r  g rowth i n  monocul ture s , and thus are good ind icators 

of  their comp et i t ive ab i l i t ies . 
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In t e rms of  the prac t ical value of this s tudy , the survey 

iden t i f ied among many features , the use of  grass mixtures for pas ture 

e s t ab l ishmen t  by New Zealand farmers . The use o f  the species selected  

for  this s t udy was also h ighl igh ted . Thus as compe t i t ion dur ing 

early grow t h  has a d e t e rmin i s t i c  e f fect  on the growth of species  

in  mixtures , this  s t udy highl igh t s  some aspe c t s  of  the  compe t i t ive 

r e l a tionships be tween three gras ses commonly used in Ne\v Zea l and 

agr icu lture . 
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APP END IX 1 

The ma t hema t i c a l  model to calculate  the Re lat ive C rowdi ng C oe f f i ci e n t s  

( de Wi t ,  1 9 6 0 )  

(Adap t e d  f rom Har r i s  and Thomas 1 9 7 0 ,  Ha rris e t  a l . ,  1 9 8 1 b ) . 

The mode l  used i s  de r ived as f o l lows 

2 spe c i e s or varie t i es s 1 and s 2  are grown i n  seed or s e e d l i ng 

pop u la t ions zl and z2 whe re zl + z2 = 1 .  

The se species  are assumed to c omp e te for  hypo the t i c a l  "space" 

which c ons i s t s  o f  t he s um o f  va r i ous l imi ted env ironmental f a c tor s , 

inc luding ac t ual ground area . I t  i s  a ssumed tha t one seed o f  sp e c i e s  

s 1 uses bl l un i t s and one seed of spec ies s 2  uses bl 2 uni t s  t he space 

nee ded by species  s l .  S imi la r l y  a seed of spe c ies  s l us es b2 1 and 

one o f  spe c ie s  s 2  uses b22 un i t s  o f  t he space needed by sp e c ies  s r  

Thus , for g i ve n  .propo r t ions z1 and z2 and total  numb er of  seeds 

N, t he t o t a l  "space" used by t he two species is ind i ca t e d  as 

The mod e l  hypo t he s i zes  t ha t  the yield  of each s p e c i e s  is p rop o r t ­

i onal to t he p ropor t i o n  o f  ' s pace ' u s e d  by tha t spec i e s . These 

p roport ions are 

These propor t ions do not depend on the actua l  values o f  b1 1 ,  b1 2 , 
b21 and b2 2 ,  but  only on the  ra t io s  

kl2 = bl l /b l 2  
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Thu s i t  can b e  wr i t ten 

Where o1 and o2 are the yields and M1 and M2 are the cons tants 

of p ropo r t iona l ity . However , p u t ting z2 0 in t he f i rs t  equa t i on 

and z1 = 0 in the s e c ond equat i on ,  shows tha t M1 and M2 a re the mono-

cul ture yields  of s p e c i e s  s 1 and s 2 . The paramt er K1 2 is ca l le d  

the Re lat i ve Crowding Coe f f i cient of S p e c i e s  s
1 

with re spe c t  t o  Spec ies 

s 2 . 

I f  t he hypothe t i ca l  space is the same for  the two sp ec i e s , 

and k1 2 

Thoma s ( 1 9 7 0 )  deve loped a procedure f o r  estima t ing paramt e r s  

M1 , M2 , k 2 , and k2 1 ,  together w i t h  a tes t o f  whe the r k1 2 = 1 / or k 21 
equiva l en t ly , whe t her k1 2 k21 d i f f e r s  s i gni fican t ly f rom 1 .  

In the compu t e r  model o f  Thomas ( 1 9 7 0 )  two mode ls are f i t te d , 

t he four parame ter model (4P)  w i th s epara te values o f  k1 2 and k 21 ; 
and t he three pa rameter mod el ( 3P)  which has the cons t ra i n t  that  k1 2k21 
equals 1 .  If  t he former prov ides a s i gni f i cant f i t , i t  i s  cons i de red 

that the species  crowd for d i f ferent ' s paces ' .  The b iological  

s i gni f icance of k1 2k2 1=1 or g rea ter or  less than 1 i s  de s c ribed by 

de Wi t ( 1 9 6 0 ) , Bakhuis and Kleter ( 1 9 6 5 ) ; van den Be rgh ( 1 9 6 8 ) . 

To apply t h i s ,  i t  is necess ary to tes t whe t her the res i dual  variances 

o f  the cu l t ivars di f fe r  sign i f i c an t ly .  I f  they do di f f e r , it is not 

va lid  to apply the t e s t  for comp e t i ti on for the s ame space , whi ch 

di s t ingui s hes b e tween c omp e t i t i on f o r  the same space o r  d i f fe rent  

spaces . Thus a s ign i f i can t re s u l t  in  the "be tween c u l t ivar va riance" 

( 4  parame ter mod e l )  i ndicates tha t the " b e tween mo dels"  t e s t  (3  
pa rame ter)  can no t be applied . 



(f) a: 
<( CD 
z 
0 
(f) 
z w 
1-
w 
a: 
:J 1-'Jl 

0 

0 2 2 
_J 

0 'J) 

A P P E N D I X  

R A I N F A L L  ( m m ) 
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APP END IX 3 .  Mean p lant height ( cm )  o f  s p e c i e s  grown in m i x t u r e s  an d in  mo n o c u ] t u r c s  d u r i ng e a r l y g row t h  

Spec ies mix t ure Week S We ek 6 Week 7 Week 8 (H 1 ) We ek 1 3  ( H2 ) Week 1 7  (H 3 ) 

( 1 ) RYEGRASS 
Mon o c ul t u r e  1 1 . 8  1 3 . 8  1 S . O  1 6 . 6  1 6 . 4  1 6 . 4  
7 SR w i t h  2 S P  1 2 . 0  1 3 . 9 1 S . l 1 6 . 7 1 6 . 6  1 6 . 6 
S OR wi t h  S OP 1 1 . 7  1 3 . 9  1 4 . 9  1 6 . 4  1 6 . 2  1 6 . 2 
2SR w i th 7 S P  1 1 . 8  1 3 . 8  1 S . O  1 6 . S 1 S . 8  1 6 .  1 
7 SR w i th 2 SC 1 1 . 9  1 3 . 8 1 S . O  1 6 . 8  1 7 .  1 1 6 . 7 
S OR \v i th sac 1 1 . 9  1 3 . 8  1 S . O 1 6 . S 1 6 .  s 1 6 . S 
2SR wi t h  7 S C  1 1 . 8  1 3 . 8 1 S . O  1 6 . S  1 6 . 3 1 6 . 3 
S�gn i f  icance NS NS NS NS ?'t ;'c io� 
Sx 0 . 1 1  0 . 09 0 . 1 S 0 . 1 2  0 . 09 0 . 09 

( 2 )  PRAI R I E  GRASS 
�1o n o c u l  tu re 1 2 . 8  1 S . 2 1 6 . 6 1 8 .  1 2 0 . 1 1 9 . 0  
7 S P  w i t h  2 S R  1 2 . 9 1 S .  1 1 6 . 6  1 8 . 3  2 0 . 8  1 9 . 1  
SOP wi th S OR 1 2 . 7  1 S . 2  1 6 . S 1 8 . 0 2 0 . S 1 9 .  1 
2SP w i t h  7 S R  1 2 . 7  1 S .  1 1 6 . S  1 8 . 0  1 9 . 9  1 8 . 6 
7 S P  wi th 2 SC 1 2 . 9  1 S . 3 1 6 . 7 1 8 . 2  2 1 . 2  1 9 . S  
SOP wi t h  SOC 1 2 . 9  1 S .  1 1 6 . 7  1 8 . 1 20 . 4  1 9 . 2  
2SP w i t h  7SC  1 2 . 8  1 S .  1 1 6 . 8  1 7 . 9  2 0 . 2 1 9 . 1  
S..:!:_gni f icance NS  NS  NS NS *'"' * *  
Sx 0 . 08 0 . 1 3 0 .  1 S  0 .  1 S  0 .  1 1  0 .  1 0  

( 3 )  COCKSFOOT 
Mono cul t u re 7 .  1 1 0 . S 1 2 . S  1 S .  1 1 S . 1 1 4 . 8  
7SC  wi t h  2SR  7 . 2  1 0 . 4  1 2 . 4  1 S . 3  1 S . 1 1 4 . 9  
SOC wi t h  SOR 7 . 2  1 0 . 4  1 2 . 4  1 S . O  1 4 . 7 1 4 . 7  
2 S C  wi th 7SR 7 . 2  1 0 . 4  1 2 . S  1 S . 1 14 . 4  1 4 . S  
7SC  wi th 2 SP 7 .  1 1 0 . 4  1 2 . S  1 S . 2  1 S . O  1 4 . 8  
S OC w i t h  S OP 7 .  1 1 0 . 4 1 2 . 4  1 S . 1 1 4 . S  1 4 . S  
2SC  wi th 7 S P  7 .  1 1 0 . 4 1 2 . 4  1 S . O  1 4 . 2  1 4 . 3  
S�gnif i cance NS NS NS  NS )'\ ;'\ * *  
Sx 0 . 1 1  0 .  1 S  0 .  1 4  0 .  1 S  0 . 09 0 . 1 0  

'" 
w 
-....J 
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APPENDIX 4 Mean dep th of  roo ts (cm) per plant grown in mix tur es and in 

monocultures dur ing early growth 

Species  mixt ures Week S Week 6 Week 7 Week 8 

( l )  RYEGRASS 

Mono culture 8 . 9  1 0 . 1 1 2 . 5 1 3 . 8  

75R with 2SP 9 .  1 1 0 . 2  1 2 . 8  1 4 . 1 

SOR with S OP 8 . 7  9 . 8  1 2 . 3  1 3 . 7  

2SR with 7 5P 8 . 6 9 . 6  1 2 .  1 1 3 . 4  

7 SR with  25C  9 . 3  1 0 . 5 1 2 . 7  1 4 .  1 

S OR with s oc 9 . 0  1 0 . 2 1 2 . 7 1 4 . 0  

2SR with 7 se 8 . 8  9 . 9  1 2 . 4  1 3 . 7  

S ignif i c anc e * *  * *  * *  * *  

S x  0 . 0 6 0 . 05 0 . 1 0 0 . 1 0  

( 2 )  PRAIR I E  G �S S  

Monocul t ure 1 1 . 3  1 3 . 3  1 4 . 4  1 5 . 2  

75P  with 2SR 1 l . S  1 3 . 7 1 4 . 6  1 5 . S 

S OP with S OR 1 1 . s 1 3 . 3 1 4 . 4  1 S . 3 

25P with 7 SR 1 1 .  J 1 3 . 0  1 4 . 1 1 S . O  

75P  with  2SC  1 1 . 7  1 3 . 7  1 4 . 9  1 S . 6  

S OP wi t h  s oc 1 l . S  1 3 . 4  1 4 . 7  1 S . 5  

2SP w i t h  7 5 C  1 1 . 2  1 3 . 2  1 4 . 4  1 S . 3  

S igni f ic anc e * *  * *  * *  * *  

Sx 0 . 1 0  0 .  1 2  0 .  1 1  0 . 06 

( 3 )  COCKS FOOT 

Monocul ture 6 . 8 8 . 2  1 0 . 2 1 2 . 8 

7SC w i t h  2SR 6 . 9 8 . 4  1 0 . 3 1 3 . 0 

soc w i t h  SOR 6 . 7 8 .  1 1 0 .  1 1 2 . 7 

2SC w i t h  7 SR 6 . 4  8 . 0  9 . 9  1 2 . 5 

7 SC w i t h  2 5P 6 . 7 8 . 2  1 0 .  1 1 2 . 8  

soc w i t h  S OP 6 . S 8 . 0  9 . 8 1 2 . 5 

2SC w i t h  7 5P 6 . 4  7 . 8  9 . 5  1 2 . 4  

Signif i c ance * *  * *  * *  * *  

Sx 0 . 0 7 0 .  1 4  0 . 1 2  0 . 08 



2 3 9 . 

APP END IX S .  Mean we ight ( g )  o f  roo t s  o f  spec ies grown in mixtures and 

in mono cul tures during ear l y  growth 

Species mixtu re We ek S Week 6 Week 7 Week 8 

( 1 )  RY EGRASS 

Monocult u re 0 . 09 6  0 . 1 7 1  0 . 3 S 6  O . S 7 8  

7 SR with 25P 0 . 096 0 . 1 7 2 0 . 3 S9 O . S 8 3  

S OR with SOP 0 . 092 0 . 1 6 S 0 . 34 9  O . S 7 S  

2 SR wi th 7SP  0 . 08 7  0 . 1 6 1  0 . 34 3  O . S 7 0  

7 S R  with 2SC 0 · 1 00 0 . 1 8 2  0 . 3 6 2  O . S89  

S OR wi th soc 0 . 1 00 0 . 1 7 6 0 . 3 5 7  O . S84 

2 5R with 7SC 0 . 092  0 . 1 7 0 0 . 3S4 O . S 7 8  

S ignif ic anc e * *  * *  * *  * 

Sx 0 . 00 1  0 . 00 3  0 . 003 0 . 002 

( 2 )  PRAIRIE  GRASS 

Monoc ul ture 0 . 1 02 0 . 2 6 7  0 . 4 51  0 . 6 6 7  

7 5 P with 25R 0 . 1 09 0 . 2 7 S o . � � tl  0 . 687  

S OP with S OR 0 . 1 03 0 .  2 7 2  0 . 457  0 . 6 7 6  

2 SP wi th 7 5R 0 . 1 00 0 . 2 6 6  0 . 450 0 .  6 64 

7 SP with 25C 0 . 1 09 0 .  2 7 7  0 .  459 0 . 682  

S OP w i th soc 0 . 1 08 0 . 2 7 0  0 . 4 58 0 .  6 7 3  

2SP with 7SC  0 . 1 0 1  0 . 268  0 . 450 0 . 6 6 S  

S ignif icanc e ** * *  * *  * 

Sx 0 . 002 0 . 009 0 . 002 0 . 002 

( 3 )  COCKS FOOT 

Mono cul ture 0 . 05 2  0 . 088  0 .  1 7 6  0 . 299  

7 5 C  w i th 2 5R O . OS4 0 . 088 0.  1 7 8  0 . 30 1  

soc with SOR 0 . 049  0 . 08 3  0 . 1 7 0  0 . 2 9 3  

25C with 75R 0 . 04 8  0 . 0 8 1  0 . 1 6 5  0 . 288 

7 5C with 2 5P O . O S 3  0 . 08 8  0 . 1 7 6  0 . 299 

s oc with S OP 0 . 049 0 . 08 1  0 . 1 70 0 . 2 9 0  

2SC w i th 7 S P  0 . 04 7  0 . 07 8  0 . 1 6 S 0 . 28 5  

Sign i f i c anc e * *  * *  * *  * 

Sx 0 . 002 0 . 002  0 . 003 0 . 002 
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APP ENDIX 6 Mean p lant he ight ( cm) of  the grass  species during ear ly 

grow th and prior to  every harves t ,  when grown in mixtures 

and i n  monoculture s .  

Spec ies Hixture 

(A ) RYEGRASS 

Monoculture 

7SR  w i th 2SP 

SOR \vi th SOP 

2SR wi th 7SP 

7SR  with 2SC 

SOR with SOC 

2SR with 7SC 

S igni f i cance 

Sx 

( B )  PRAIRI E GRASS 

Mono cul ture 

7 S P  with 2SR 

SOP with S OR 

2SP  with 7SR  

7 S P  w i th 2 S C  

SOP with S O C  

2SP w i t h  7SC  

S i gni ficance 

Sx 

( C )  COCKS FOOT 

Monoc ul-ture 

7SC with 2 S R  

SOC w i t h  SOR 

2SC wi th 7 S R  

7 S C  w i th 2 SP 

SOC w i th SOP 

2SC  w i th 7SP  

Sign i ficance 

Sx 

4 

14 . 8  

1 S . 8  

1 4 . S  

1 3 . 8  

1 S . 6  

1 S . 2 

1 4 . 7  

* *  

0 .  12  

1 9 . 8  

20 . 6  

20 . 0  

1 9 . 7  

2 0 . 0  

2 0 . 1  

20 . 0  

* 

0 . 08 

1 2 . 6  

1 2 . 8  

1 2 . 4  

1 2 . 0  

1 2 . 7  

1 1 . 9  

1 l . S  

* *  

0 . 09 

Mean plant he i gh t  ( cm) 

Time of  measu rement (wk s )  a f ter transplanting 

s 

19 . 7  

2 0 . 2 

1 9 . s 

1 9 . 2  

20 . 4  

2 0 . 1 

1 9 . 6  

* *  

0 .  1 0  

2 4 . S  

2 4 . 8  

2 4 . S  

2 4 . 2  

2 S . 4  

2 S . O  

2 S . 2  

** 

0 . 1 0 

1S . 7  

1 S . 9  

1 S . O  

1 4 . 3  

1 S . 9  

1 S . s 

1 S . 1 

'� * 

0 . 1 2  

6 

24 . 2  

24 . 7  

24 . 1 

23 . 8  

2 S . 1 

24 . 7  

24 . 2  

* *  

0 . 0 7 

29 . 1 

29 . S  

29 . 3  

28 . 9  

29 . 7  

29 . 6  

29 . 6  

NS 

0 .  1 4  

1 9 . 2  

1 9 . 6  

19 . 0  

1 8 . 2  

1 9 . S  

1 8 . 6  

1 8 . 0  

* *  

0 . 1 S 

2 7 . 8  1 8 . 8  

28 . 1  1 9 . S  

2 7 . 7  1 8 . 9  

2 7 . 4  18 . 2  

2 7 . 9  19 . 2  

2 7 . 7  1 8 . 9  

2 7 . 1  1 8 . 4  

N S  * *  

0 . 1 2 0 . 06 

3 2 . S  2S . 2  

3 2 . 9  2 S . 9  

3 2 . 6  2 S . 4  

3 2 . 4  24 . 7  

3 3 . 3  2 S . 8  

3 2 . 8  2 S . 6  

3 2 . 8  2 4 . S  

* * *  

0 . 09 o . os 

2 3 . 9  1 7 . 0  

24 . 0  1 7 . 3  

2 3 . 9  1 7 . 1  

2 3 . S  1 6 . 8  

24 . 1 1 7  . 1  

2 3 . 6  1 7 . 1 

2 3 . 1  1 6 . 8  

* *  N S  

0 . 08 0 . 0 2  

1 7 .  1 

1 7 . 6  

1 6 . 9  

1 6 . S  

1 7 . 3  

16 . 3  

1 6 . 1 

* *  

0 . 08 

2 2 . S  

2 3 . 0  

2 2 . 8  

2 1 . 9  

2 2 . 9  

2 2 . 6  

2 2 . 1  

0 . 0 8 

1 4 . 7  

1 4 . 8  

1 4 . S  

1 4 . S  

1 4 . 8  

1 4 . 6  

1 4 . S  

* 

o . os 

1 S . 7  

1 6 . 0  

1 S . 7  

1 S . 3  

1 S . 9  

1 S . 9  

1 S . 1 

* 

0 . 09 

2 0 . 3  

2 1 . 0 

2 0 . 8  

1 9 . 7  

2 0 . 7  

2 0 . 6  

1 9 . 8  

* *  

o . o s 

1 4 . 9  

1 S . 1 

1 4 . 6  

1 4 . 4  

1 S . O  

1 4 . 7  

1 4 . 8  

* *  

0 . 04 
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API' DIIl i X  �1ean p l <t n t  ht.' i gh t  ( cm )  \' i t i l t. ·  t-! r .1 s s  � p L' r i t.• s  . 1 t  h i gh and J ow t empera t u n• s , me . I s u r t•J a t  .m : t \· , · r a �,·  I i �h t  i n l t• r c c p t  i o n o t  SO.'w anJ lJ ) '" ac n)�S 
a l l  t r (· a t mt.•n t s  

S p t· c i �.· s  �tix t u r t· 

( A )  Rvegrass  

�hJOll C u l t u r e 

7 5 H  '' i t h  2 S P 

S UR �· i t h  S O P  

2 S R �· i t h  7 S P  

7 S R w i t h  2 S C  

SOR w i t h  50C 

2 S H  �· i t h 7 SC 

S i gn i f i c a n c e  

s;z 
( B )  Pra l r i "  g r a�s 

�tonncu 1 t u r e  

7 S 1' \.,d t h � ) H  
S O P  w i t h  SOR 

2 S P  w i t h  7 5 R 

7 S P  w i t h  2 5 C  

S O P  w i t h  SOC 

2 5 1' wi t it 7 5C 

S i ,�n i f i c an c e  

� ::-: 

5 0". L l  

H i gh T 0  Low T 0  

2 0 .  I 

2 0 . 5  

1 9 . 7  

1 7 . 3  

20 . 5  

2 0 . 2  

1 9 . 6  

* *  

0 . 3 9 

3 2 . 8  

3 3 . 3 

3 3 . 2  

3 2 . 3  

3 3 . 0  

3 2 . 8  

3 1 . 5 

* *  

0 . 2 7 

1 5 . 4  

1 5 . 6  

1 S . 2  

1 S  . 1  

1 5 .  7 

1 S . 5  

1 5 . 2  

* *  

0 . 0 7  

2 3 . 7  

2 3 . 8  

2 3 . 7  

2 3 . 3 

2 4 . 0  

2 3 . 8  

2 3 . 5 

* *  

0 .  1 0  

9S/ L I ( H I ) so; u 9) ". Ll ( 1 1 0 )  50 . Ll 

H i f;It T'' L0w T0 H i gh T0 Low T0 H i gh T0 Low T0 i l i Ri l  TP l .u\ool Tt.) 
---------------------- - - -- - - - - -

� rl . 9 

2 h . h  

� r) . ) 

2 5 . 5  

26 . S 
2 b . 2  

2 S . 4  

* *  

l l . I .\ 

J R .  3 

l 9 . 1 

\ H . 8 

J 7 . 7 

3 8 . 5  

38 . 1 

l 7 . 9 

* *  

0 .  1 4  

� � . 8 

2 3 . 3  

::! ::! . )  

2 2 . 2  
2 2 . 9  

2 3 . 0  

2 2 . 4  

* *  

0 . 2 8 

3 2 . 6  

1 1 . 3  

J 2 . 9  

3 2 . 3  

3 2 . 9  

3 2 . 8  

3 2 . 2  

* *  

0.  20 

I 7 . 4  

1 8 . 0  

1 7 . 0  

I 6 . 6  

1 7 . 9  

1 7 .  7 

1 7 .  1 

* *  

0 .  1 4  

2 9 .  1 

29 . 7  

2 9 . 6  

2 8 . 3  

2 9 . 9  

2 9 . 5  

2 8 . 9  

* *  

0 .  I 2 

1 6 . 5  

1 b . 8  

1 6 . 2  

1 6 . 2  

1 6 . 9  

1 6 . 6  

1 h .  1 
* *  

O . U R 

2 1 . 1  
2 'i . Y  
'2. ) . 7  
2 5 . 2  

2 5 . 8  

2 5 . 6  

2 5 . 2  

* *  

0 .  I �  

2 .\ . 5  

2 4 . 8  

2 .:. . �  
2 4 . 2  

2 � . 9  

2 4 . 6  
� � - 0  

* *  

0 . 0 9 

3R . 3 
3 8 . 8  

3 8 . 5  

3 7 . 6  

3 8 . 8  

3 8 . 11 

3 7 . h  

. .  

0 . 04 

2 1 . 2  

2 1 . 4 
2 0 . 8  

2 0 .  7 

2 1 . "  

2 1 . 4  

2 0 . 6  

* *  

0.  1 h 

30 . 9  
3 1 . l 

3 1 . (I 

3 0 . 6  

3 I . 2 

3 I . 1 
30 . S  

* *  

0 .  I 5 

I 7 .  h 

1 7 .  H 

1 7 .  1 

1 7 . 0 

1 7 . H  

1 7 .  s 

1 7 .  1 
* *  

0 . 04 

2!, . ) 
2 4 . H  
2 � . h  
2 4 . 0  

24 . 9 

2 4 . 7  

2 4 . 0  

* *  

O . Oh 

I S  . 4  

I r, . h  
I � . �  

1 � . I 

1 5 . 7  

1 5 . 6  

1 ) . 1 

* *  

0 . 0 8 

'2 ! . !. 

..: l . ·, 
� J . :.  

2 3 .  I 

2 3 . 8  

2 3 . 6  

2 3 . 2  
* *  

0 . 1 0  
-------------------------------------- - - -- - -- - -

( C )  Coc b f oo t  

�to n o c u l  t u  r e  

7 5 C w i t h  2 5R 
'iOC: w i t h  50R 

2 5C �· i t it 7 5 R  

7 5C w i t h  2 5 P  

50c "' i  r h  5or 

25C  �· i t h 7 5C 

S i �n i f i .: 3 n C <' 

s::: 

1 8 . 5  

1 9 .  1 

1 8 . 3  

1 8 .  1 

1 8 . 7  

1 8 .  1 

1 7 . 9  

* 

0 . 34 

1 4 . 3  

1 4 . 6  

1 4 . 0 

1 3 . 6  

1 4 . 5  

1 4  . I  

1 3 . 9  

* *  

0 .  1 3  

� � . l 

..' :! . )  

2 1 . 6  

2 1 . 5 
� 2 . 3  
2 I .  5 
� 2 . 1 

* 

1 1 . � 1  

1 9 . 8  

� 0 . )  

1 9 . 5  

1 9 . 1 

2 0 . 1 

1 9 . 6 

1 9 . 4  

* *  

l ' . I 1 

1 4 . 9  

I S . 2  

1 4 . 6  

I 4 . 6 

1 5 .  I 

1 4 . 5  

1 4 . 5  

* *  

0 . 06 

I 3 . 8  

1 4 .  1 

1 3 . 7 

1 3 . 6 

1 3 . 9  

1 3 . 5  

1 3 . 4  

* *  

0 . 09 

20 . I 

2 0 . '! 

I 9 . !l  

J Q . R  
20 . 5  
2 0 . 0  

1 9 . h  

* *  

0 . 1 1  

1 8 . 9  

1 4 .  l 
1 8 . 7  

1 8 .  7 

1 9 .  3 
1 8 .  7 

1 8 .  7 

* *  

0 . 1 9  

I 3 .  2 

I 3 . r) 
1 1 . 0  

1 � . 4  
1 3 .  7 

1 3 . 0  

1 2 . R  
** 

!l . ( I •J 

----- ---- - - - - - - - - - - ·  

I .\ . 3 
1 1 . 9  
1 3 . 3 

I 3 . I 

I 3 .  8 

1 J . 4  

1 3 .  I 

�s 
0 . ',0  

9 '• :  Ll ( I! ) ) 
H i gh T0 Low Tl1 

� :! .  l 

. .  ' . H  

c 1 . 7 

2 I .  3 
2 3 .  1 

'2 '2 . 7  

2 I .  5 

* *  

0 . 1  'i 

3 '> . h  

3 6 . 1 l  

3 'i . 8  

34 . 8  

36 . 0  

3 5 . 8  

3 'i . O  
* *  

0 . 08 

1 7 . 8  

1 H . 4  

1 7 . 4 
I 7 .  3 
1 8 . 2  

1 7 . 4  

1 7 . 4  

* *  

() . 1 � 

2 0 . I 

20 . 3  
1 9 . 9 

1 9 . 8  

20 . 5  
2 0 . 3  

1 9 . 9  

* *  

0 .  I I 

2 8 . 1  

� H . I:\  

2 R . 'i  

2 7 . 9  

2 8 . 0  

2 8 . 5  

2 7 . 9  

* *  

0 . 20 

I R . 2  

I S . '> 

1 8 . 0  

1 7 . 8  

I 8 . 2  

1 7 .  9 

1 7 . 9  

* 

0 . 2 1  

--
1'-J 
� 
...... 



A p pen d i x 8: C l a s s i f i c a t i o n  o f  T i l l e r s  ( L a n ger :  1 972) . 

Ma i n  s t em 

Pr imary t i l l er 

Secondary t i l ler  

Te r t iary t i l ler 

-



I 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  
PLATE 8 .  Layou t within the g e rmina t i on cab i ne t . 



APP END IX 9 SHOOT EMERG ENC E AND ROOT DEVELOPMENT OF RYEGRA S S , 

PRA IRIE GRASS AND COCKSFOOT HHEN G ERMINATED IN BINARY 

COMBINATIONS . 

A9 . 1  INTRODUCT ION 
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Some o f  t he depre s s ive e f f e c t s  of a p lant upon neighbou ring p lant s 

cann o t  be we l l  expla ined on a b a s i s  of  monopo l i za t ion o f  resourc e s  by 

one spec ies ( Ha rpe r ,  1 9 7 7 ) . Thus , an a l t ernat ive i s  that c e r t a in spec i e s  

rel ea se toxic  ma t er i a l s  tha t a f f e ct the growt h o f  neighbour ing p lan t s . 

The s e  b i ochemica l interac t ions have been termed allelopathy by Mo l i sch 

( 1 9 3 7  - c i t R i c e , 1 9 80) , and have been repor ted in pa s t ure gra s s e s  ( R i ce , 

1 9 74 ; 1 9 80) . 

An inc rease in the growth o f  pra i r ie grass , ryegrass and c o cksfoot 

seed l i ng s  when compared with the i r  re spec t ive monoc ul tu res was obs erved 

dur i ng very early growt h st ages (Se c t ion 4 . 2 ) .  Th is caused the re l at ive 

y i e l d  total values to be s ignif ican t l y  grea ter than un i t y  dur ing th i s  

ear l y  per iod (Tab le 4 . 8 ) . Hh i le these growt h e f f ec t s  were no t s i g n i f ­

i c a n t  be tween t r eatmen ts wi t h in any spec ies , the presence vf auto tox ic 

e f f e c t s  dur ing germinat ion and early gr owt h canno t be prec luded (Ha rr i s ,  

per s . comm) , as autotoxic e f fe c t s  have been observed in o t her g ra s s e s  

( e . g .  Newman and Rovi ra , 1 9 7 5 ) . Thus , a sma ll  exper imen t was conduc ted 

under  control led cond i t ions in  an at temp t to  quan t i fy t he s e  e f f e c t s  

dur i ng germinat ion and ea rly growth . 

A9 . 2  EXPER IMENTAL PROC EDURE 

A . 9 . 2 . 1 Cu ltural 

The exp er iment was conduc ted  at the Se ed Te chno logy Centre , Mas s ey 

Univer s i t y ,  du ring Sep tember , 1 9 8 1 . Seeds of  "Grasslands Nui" perenn i a l  

ryeg r a s s , "Grass lands Ma tua" prai rie grass and "Grass lands Apanui" cocks­

foo t were graded for un i form we i ght and p la c ed on s t er i le g er minat ing 

paper accord ing to the replacement series  adop ted in ear l i er experiment s 

( e . g .  Sect ion 3 . 2 ) .  A s ingle s e ed was p laced at each o f  1 6  locat ions 

on a 4 x 4 cm equally spaced mat r i x ,  on g erminat ion paper of d imens ions 

1 5  x 1 5  cm . A c loser spac ing to  tha t  of  the pot trial ( expe riment 4 )  

was used t o  i nc rease the mag n i t ude o f  any e f f ec t s  or intera c t ions . 

The germina t ion pa pers w i t h  the seeds in place were cover ed w i t h  

d i s i n f e c ted pla s t i c  caps and p l aced i n  a s t e r i l e  germinat ing c hamber , 

( P l a t e  8 )  and dampened w i t h  dis t i l led wat er to ini t ia t e  the p ro c e s s  o f  
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germina t ion . The t e mpera ture o f  t he germina t ing chamb er was s e t  a t  30
°

C 

day / 2 0
°

C night ± 0 . 5
°

C as t h i s t emp erature wa s consid ered to b e  idea l f o r  

the g erminat ion o f  t hese spec ies ( I STA Handbook 1 9 79 ) .  A 1 2  ho ur pho t o ­

per iod wa s impo sed w i t h i n  t he chamber . Care was ta ken to avo id any 

po ss ible cont amina t ion whi c h  may have af f ec t ed t he resul t s . 

A9 . 2 . 2  Exper iment a l  Design 

A randomi z ed bl ock d e s ign wi th 6 repl icat ions was used for  t he study . 

A9 . 2 . 3  Measu remen t s  

The development o f  t he f i rst semina l roo t  o f  ea ch se ed was mea sured 

\vi t h  vern ier c a l ipers 4 days a f t e r  p l ac i ng the seed mixtures in t he g erm­

ina t ing chamber , and t he r ea f t er at regular 2 day interva l s  for a per iod 

o f  1 6  days . The number of day s taken for t he eme rgenc e  of t he f ir s t  l eaf 

f rom the col eo p t i l e  in 7 5 %  of the seed l ing s of each spec ies  in t he 

d i f ferent trea tment s wa s a l so record ed . 

A9 . 2 . 4  Sta t i s t i c a l  ana lys i s  

D i f fere nc e s  b e tween t r ea tmen t s  wit hin eac h spec ies  were ana l ysed 

us ing t echniques d e s cribed earl ier ( S e c t ion 3 . 2 . 2 ) . 

A 9 . 3  RESULTS 

The t ime t aken for t he f irst  g reen leaf t o  emerge in 7 5 %  of the  

seeds in  eac h spec ies i s  pr esent ed in Tab le A9 . 1 .  There was no s ign i f ­

icant  d i f f er enc e b e tween any t reatmen t s , nor was there any d e f i n i t e  t rends 

wh ich  sugges t ed autotoxic  e f f ec t s ,  af f e c t ing shoot emergence . 

In cont ra s t  t o  lea f ap pearanc e ,  t he root length me asuremen t s  (Tab l e  

A9 . 2 )  indicat ed an inc rease in the seedl ings g rowing in mix tures  when 

c ompared w i t h  t ho se in the monocul t ur e s . This  ef f e c t decrea sed a t  

la t er stage s . The resu l t s  were s imilar t o  tho se obs erved i n  t he earl ier  

exper imen t ( S e c t ion 4 . 2 . 3 ) . However , t he se d i f fer enc es in roo t leng t h s  

w e r e  again no t s i gnif ican t , but a di s t inc t t rend wa s obs erved dur ing t he 

very ear ly s t ag e s  o f  growt h ,  in a l l  spec ies . 

Ryegra s s  developed t he f ir s t  seminal roo t ear l i er t han o t her spec ies . 

However , a t  t h e  comp l e t ion of the  exper iment , pra i r i e  grass had the mo s t  

d eveloped c o l eorhiza and t he grea t e s t  ma s s  o f  roo t s . 
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TABLE A9 . 1  Shoot emergence* o f  ryegr a s s , pra i r i e  grass and cocksfoo t 

when germina ted in b inary comb inat ions 

Spec i e s  Tre atment No of days 

(A) 

( B )  

( C )  

* 

Ryegrass Monoculture 7 .  0 

7 SR with  2SP  6 . 9  

SOR w i t h  SOP 7 . 0  

2 SR with  7SP  7 . 0  

7 SR w i t h  2 S C  6 . 9  

SOR with  s ac 6 . 9  

2 S R with  7 SC 6 . 9  

Sign i f icance NS 

Sx o . o s 

P rairie grass Monocul ture 9 . 6  

7 SP wi th 2 SR 9 . 6  

SOP w i t h  SOR 9 . 6  

2 SP with 7 SR 9 . 7  

7 SP w i t h  2 S C  9 . 7  

SOP with  s ac 9 . 7  

2SP  with  7 SC 9 . 7  

Sign i f icance  NS  

Sx 0 . 0 6 

Cocks f o o t  Monocult ure 1 S . 1 

7 SC with 2 SR 1 S . O  

sac with S OR 1 4 . 9  

2SC  with 7 SR 1 4 . 9  

7SC  with  2 S P  1 4 . 9  

s ac with  S OP 1 S . O  

2SC wi th 7 SP 1 S . O  

S i gn i f icance N S  

Sx 0 . 09 

Shoot emer gence wa s noted when 7 S % o f  seeds were seen to d evelop t he 

f ir s t  greenleaf from the coleopt ile . 



TABL E A9 . 2 Root le ng th (cm) of spec ies growing in m i x t u r e s  a n d  mon o c u l t u r e s  

Spec ies T rea tment Day s a f t e r  soak i ng 
4 6 8 1 0  

(A ) Ryegrass Mono cul ture 0 . 3 1  0 . 8 1 1 .  60 2 . 30 
7 5 R  w i th 25P  0 . 35 0 . 8 3 1 .  6 3  2 . 3 6 
SOR wi th SOP 0 . 35 0 . 8 5 1 .  6 6  2 . 3 1 
2 5 R  with  7 5 P  0 . 3 8 0 . 8 3 1 .  6 1  2 . 36 
7 5R w i t h  2 5C 0 . 35 0 . 8 3 1 .  6 3  2 . 2 5  
S OR w i th SOC 0 . 38 0 . 8 5 1 .  6 5  2 . 3 1 
2 5R wi th 7 5 C  0 . 36 0 . 9 0 1 .  6 6  2 . 30 
Slg n i f  i cance NS NS NS NS 
Sx 0 . 02 5  0 . 02 6  0 . 028 0 . 0 5 1  

( B )  Prairie  gra s s  Monocul ture 0 . 4 5 1 .  28 2 . 2 1  
7 5P w i t h  25R 0 . 4 8 1 .  5 0  2 . 2 6 
SOP wi th SOR 0 . 48 1 .  3 3  2 . 3 1 
25P w i t h  7 5R 0 . 5 0 1 .  3 2  2 . 2 3  
7 5 P  w i th 2 5C 0 . 4 6 1 .  3 3  2 . 2 5 
SOP w i t h  SOC 0 .  5 0  1 .  3 5  2 . 2 3 
2 5P w i t h 7 5C 0 . 4 6 1 .  3 1  2 . 3 6 
S2:_gni f icance NS  NS NS 
Sx 0 . 02 9  0 . 064 0 . 056 

( C )  Co cks foot Monoculture 0 . 2 3 0 . 8 6 
75C w i t h 2 5 R  0 . 2 5  0 . 86 
5 0C w i t h 50R 0 . 2 8 0 . 9 3 
2 5 C  w i th 7 5R 0 . 2 6 l .  03 
7 5C w i t h 25P  0 . 2 6 0 . 9 3 
SOC w i t h SOP 0 . 2 6 0 . 9 6 
25C  w i th 7 SP 0 . 3 0 0 . 9 3 
Si_gn i f i c a nc e N S  N S  
S x  0 . 028  0 . 049 

1 2  1 4  

2 . 9 1 3 . 5 0 
2 . 9 5 3 . 5 3  
2 . 9 8 3 . 5 1  
2 . 9 3 3 . 4 8 
2 . 96 3 . 6 3 
2 . 9 8 3 . 60 
2 . 9 2 3 . 58 

NS NS 
0 . 04 9  0 . 053  

3 . 5 3 4 . 4 5 
3 . 5 5 4 . 4 5  
3 . 46 4 . 5 5  
3 .  5 6  4 . 5 0 
3 . 5 0 4 . 4 8 
3 . 6 0 4 . 4 8  
3 . 5 5 4 . 4 1  

NS NS  
0 . 06 3  0 . 06 1  

1 .  30 2 . 2 0 
1 .  40 2 . 2 3 
1 .  35 2 . 2 0 
l .  3 1  2 . 2 5  
1 .  3 5  2 . 2 8 
1 .  35 2 . 2 3 
l .  3 1  2 . 2 3  

NS NS 
0 . 04 3  0 . 034 

1 6  

4 . 8 0 
4 . 8 0 
4 .  7 8  
4 . 7 6 
4 . 8 8 
4 . 8 0 
4 . 8 5 

NS 
0 . 02 6  

5 . 8 3 
5 . 9 3 
5 . 8 8 
5 . 9 3 
5 . 9 8 
5 . 9 3 
5 . 88 

NS 
0. 04 1 

3 . 03 
3 00 
3 .  1 1  
3 . 0 1  
3 . 0 5 
3 . 0 1 
2 . 9 8 

NS 
0 . 05 5 

o -0  
p.. 
O'o 
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A9 . 4  DISCUSS ION AND CONCLUSIONS 

Au totoxic a l le lopathic e f f e c t s  in g ras ses  have been pos tula ted 

by many researchers . G ran t and S a l lans ( 1 9 6 4 )  iden t i f ied these e f fe c t s  

i n  many grasses inc ludi ng b rome g rass  and c o cks f oot , a n d  Newman and 

Rov i ra ( 1 9 7 5 )  identi f ie d  s imilar e f fe c t s  in Lol i um perenne (L) . 

Other repor t s  on such e f f ec t s  in gr asses inc lude those o f  Har r i e s  and 

Norr ing ton-Dav ies ( 1 9 7 7 )  on diploid and t e t raploid ryegrasses  and on 

Bo u t e loa g ra ci l i s  and A gropy ron smi thi i by Bokha ri ( 1 9 7 8 ) . 

Au totoxic e f fec t s  are cause d  by t he re lease of toxins wh ich 

a f f e c t  the g row th of the species releas ing i t . Henc e ,  in mixtures , 

the toxin producer would exper ienc e a lower ove rall contac t ,  thus 

exh ibi t ing a greater deg�ee of g row th than in the mo no cul ture . As 

results of  this study exhi b i t  such a re la t i onship , auto toxic e f f e c t s  

may have exis ted wi thin t he thre e spec ies during ve ry e a r l y  s tages 

of  g row th . Howeve r ,  this e f fe c t  is seen only in te rms of roo t growth 

and no t in le a f  emer gence or  ove r a l l  germi na t ion of  the spec i es . 

In con t ras t t o  autotoxic e f fe c t s , negat ive alle lopa thy c ould a lso 

occu r ,  by the release of  growth s t imulating ho rmones (Tukey , 1 9 6 9 , 

1 9 7 0 ) . Thi s  could l ead to the s t imu l a t ion o f  one species  by the 

re l ease of such hormones by ano ther in p l an t  mixt ures , re s u l t ing in 

superior growth of  t he mixtur e c omponent s  t han in the i r  resp e c ti ve mono­

cul tures . As the results  of thi s  s tudy indicate sup erior  root  g row th 

o f  species in mixtures than in monocul tures , this ne ga t ive a l le lopathic 

e f fect  c ou ld be  ano t he r  possible p ro cess  of  interac t i on b e tween the 

species . 

The obse rved behaviour o f  the selected  species in  mix tures may be 

due to chemi cal inte rac t i ons , a l though the re sul t s  do not  indicate 

s ign if icant  d i f fe rences b e tween t r e a tment s  wi thin a give n  species . 

This doe s no t conc lus ive ly p rove the exis tence or the ab sence o f  such 

chemical p rocesses . However , c hemical i nteractions o f f e r  a po s s ib le 

exp lanat i on for  the ob se rved growth pa t te rns o f  the spec ies during very 

e arly s tages . The s e  may have an imp o r t an t  b earing upon the growth of  

species in  mixtures dur ing this  s tage a l t hough comp e t i t ive e f f e c t s  seem 

to domina te wi thin 4-5  weeks of p lan t i ng . Thus de tai led inve s t i ga t ions 

us ing hi gher plant ing  dens i t ie s , w i th p lan t ext ra c t i ons and chemical  

analysis i s  warranted to con f i rm the  exi s tance of  these  chemi cal e f f e c t s . 

Such exp er iments we re not  at temp ted as they were beyond scope o f  the 

ob j e c t i ve s  s e t  for  this  s t udy . 
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� ff,}f-J',,) PALMERSTON NORTH , NEW ZEA LAND tn" / fi 
TELEPHONES, 69-0 9 9 ,  69-089 .  

APPEND IX l OA 

Agronomy Department 

5 October , 1 9 8 1  

Dear S i r , 

I n  reply please quote: 

Survey on the use  of pa s ture species  in  Central New Zealand 

I am wri t ing t o  a sk for your help with  my resear c h .  As a p a r t  o f  my 
Ph . D  stud i e s  a t  Massey , I am trying to f ind out how f armers  

( 1 )  Make dec i s i ons a s  t o  whi ch grass  species  and vari e t i e s  t o  use?  
(2)  Wha t are t he ir sources of  i n forma t i on on grass spec i e s ?  
( 3 )  Wh i c h  spec i es and var i e t i e s  are mo s t  commonly used? and 
(4) Whether di f f erent methods o f  sow ing down pa stures give equa l ly 

sat i s f a c t ory re s u l t s ?  

I p romi se t h a t  a l l  i n formation will  b e  t reated in s t ri ct  c on f i dence . 
Anonymity w i l l  b e  p r e s e rved as t he resu l t s  will  only appear a s  
general s t a t emen t s  ( e . g . 50%  of  t h e  f armers surveyed used b rand x) . 

If  you f ind that some q ues tions do not app l y  t o  you , p lease l eave 
them unanswered and re turn the partly f i lled-in ques ti onna i re . 

I am aware t hat you are busy and the temp t a t ion to file  thi s l e t ter 
in the "usual p lace" wi ll b e  grea t ! I would only ask that y ou " give 
it a go" - i t  is qui t e  easy rea l ly . To make the task a l i t t le 
ea sier , a b al l ot wi l l  be c onduc ted among those who re turn the quest­
ionna ire even partly answere d .  The p r i ze  wi l l  b e  a Ralta SC2 c rock­
pot  (retail  value $ 6 3 : 00)  kind ly dona t e d  by Wri ght sons Grain and 
Seed . I hop e  to analyse thi s  survey i n  late Oc t ob er or e a r ly 
Novemb er and wou ld ap preciate your promp t a s s i s tance . 

Thanking you i n  advanc e  for your kind and e arly attention , 

Yours fai thfully , 

Ravi Sangakkara 
(Ph . D Studen t )  
Agronomy Depar tment 

Enc l .  
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In reply please quote :  
APPENDIX l O B  

SURVEY ON THE U S E  O F  PASTURE GRASS SPECIES IN CENTRAL DIS TRICTS OF NEW ZEALAND 

l .  P lease record the name o f  d is t r i c t  and c ounty the farm i s  s i tuated i n  
Distri c t . . . . . . . . . . . . . . . . . . . . . . . . . C ounty . . . . . . . . . . . . . . . . . • . .  

2 .  What i s  the t o t a l  land area o f  the f arm? . . . . . . .  Acre s OR . . . . . . .  Hectares . 
(Please inc lude runo f f s  away f rom residential farm and exc lude land 
leased to  o t her s ) . 

3 .  Ou t of  the total land area , approxima t e ly what area i s  used  f o r  gra z ing ? 
. . . . . . . . . .  Acres OR . . . . . . . . . . .  He ctares . 

4 .  P lease i nd i cate the types of  live s t ock y ou curren t ly have ( T i ck all  
that  app ly ) . 
( ) Sheep 
( ) Be e f  
( ) Da i ry s t ock 
( ) O th e r  ( p lease specify . . . . . . . . . . ) 
( ) None . 

5 .  The mai n  l ives t ock enterp ri se on the farm is (Please t i c k  one )  
( ) S heep 
( ) Be e f  
( ) Bee f  and sheep 
( ) Da i ry s t ock 
( ) O ther (please specify . . . . . . . . .  ) 

6 .  P lease i ndi cate the approximate  p rop or t i on of your land which can be  
cul t iva ted using a whe eled t ra c tor ( Ti ck one) . 
( ) Le s s  t han 2 5 %  
( ) 2 5 - 5 0 %  
( ) 5 0- 7 5 %  
( ) Ove r 7 5 %  

7 .  What t yp e  o f  pas ture i s  grown on your f a rm? (Tick one )  
( ) One grass s p e cies 
( ) Mixture of grass species 
( ) One g rass species and 1 le gume 
( ) Mixture of grass spe cies  and legume s .  

8 .  Have you e s t ab lished new pastures oT deve l oped exi s t i ng p a s t ure s i n  the 
las t  f ive year s ?  
( ) Y e s  ( IF YES , PLEASE PROCE ED WITH QUESTION 9 - I . E .  PAGE 2 )  
( ) N Q  ( IF NO , PLEASE GO TO QUESTION 2 0  - I . E .  PAGE 4 )  

. . .  / 2 
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9 .  App r o ximately what area o f  land have you sown gra s s  seeds in . 
( i )  The la s t  1 2  mon ths . . . . . . .  ac res  OR . . . . . . . .  he c t a re s . 
( i i )  The las t 5 years . . . . . . . . a c res OR . . . . . . . .  he c t ares . 

2 5 0 . 

1 0 .  Whi c h  o f  the f o l low ing me thods have you usually us e d  t o  es tab lish your 
pas ture s ?  ( t i ck all tha t app ly )  . 
( ) Ove r saw exi s t i ng pas tures 
( ) Ove rdri ll exi s t ing pas tures 
( ) Cult ivate exi s t ing pas tures with o r  wi thout crop and b roadcas t 
( ) Cult iva te exi s t ing pas t ure w i th or  w i thout c rop and dri l l  
( ) Cul t iva te new land and b roadca s t  
( ) Cul t ivate new land and dri l l .  

1 1 .  Whi ch o f  the fol lowing a l t e rna t i ves did you use f o r  your seed mixture ? 
( T i c k  a l l  that app ly) . 
( ) A s ingle grass species 
( ) Mix ture o f  grass  spe c ies 
( ) One grass species and one le gume 
( ) Mi x ture of  grasses and le gumes . 

1 2 .  Whi ch of  the following grass  species di d you use the last t ime when 
e s t ab l i shing a pas ture ? ( T i ck a l l  that apply) . 
( P L EASE DO NOT INCLUDE PROBLEM PASTURES SUCH AS SWAMP S )  
( ) 1 Nui  1 Rye g rass  
( ) 1 Ruanui 1 Ryegrass 
( ) 1 Manawa 1 Ryegrass 
( ) 1 Ariki 1 Ryegrass 
( ) 1 El l e t  1 Rye grass 
( ) 1 Tama 1 Rye grass 
( ) 1 Pa roa 1 Ryegrass 
( ) P ra i rie grass 
( ) Cocksfoot 
( ) Timothy 
( ) Phalaris 
( ) Ta l l  Fes cue 
( ) O the r (p le ase spe c i fy . . . . . . . . . . . . . . . ) 
( IF YOU USED A 1 READYM IX 1 PASTURE SEED MIXTURE , PLEASE WR ITE I TS NAME)  

1 3 .  \{ha t gra ss spe c ies made up the maj or part  o f  your gra s s  seed mixture 
the las t t ime ? 

1 4 .  Which one of the following was the greates t assis tance t o  you in de ciding 
wh i ch grass  species  t o  s ow (Tick one ) . 
( ) P revious experience 
( ) D i s cus s i ons w i th othe r  f a rme rs 
( ) Advice of  M . A . F .  advi sory o f f i ce r s  
( ) Advi ce of  st ock and s t a t i on agent s 
( ) Read about  i t  
( ) Other ( Please spe c i fy . . . . . . . . . . .  ) 

1 5 . From whe re do you usual ly ob tain your seed (Tick one )  
( ) G r ow your own 

1 6 .  

( ) F rcm ano ther farmer 
( ) From a seed mer chant 
( ) O the r source (p lease spe c i fy . . . . . . . . . . . . .  ) 

Do y ou usually make up y ou r  own seed mixtures ? ( T i ck 
( ) Y e s  
( ) No - i f  no , i s  i t  made up by the seed merchan t 

ano the r  farmer 
o the r (spe c i f y )  

one ) 
Yes No 
( ) ( ) 
( ) ( ) 
( ) ( ) 
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3 .  
1 7 . Wha t  seed rates do you use i n  e s t ab l ishing \ pas ture ? . . . . .  lb s / ac re OR 

. . . . .  kg /ha 

1 8 .  Have you no ticed a change f rom the seed mix ture in your newly e s t ab l i shed 
pas t u re ?  
( ) Ye s 
( ) No 

I f  Yes p lease i ndi cate the maj or gras s / g ras ses now present 
in  your new p a s t ures . . . . . . . . . . . . . . . . . . . . .  . 

1 9 . Are you satis fied w i th performance o f  the pas ture grass s p ecies you 
used the las t  t ime ? 

( ) Yes  
( ) No 

Why i s  tha t ?  
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4 .  
20 . Do y ou in tend sowing p a s t ures in the next 2 years ? 

( ) Yes ( IF YES PLEASE PROCEED TO QUESTION 2 1  - GIVEN BELO\ol) 
( ) No  ( I F  NO GO TO QUEST I ON 29  I . E .  PAGE 5 )  
( ) Do no t know (PLEASE ASSUME THAT YOU INTEND TO SOI.J AND P ROCEED TO 

QUESTION 2 1 ) . 

2 1 . Whi ch of the f o l low ing me thods w i l l  you use t o  es tab lish new pasture?  
( T i ck a l l  tha t ap p ly )  
( ) Ove rsaw exi s t ing pas t u re 
( ) Overdri l l  exis t i ng pas ture 
( ) Remove e xi s t ing c ro p / p as t ure and b roadca s t  
( ) Remove exi s t i ng c rop /pas ture and d r i l l  
( ) Cultiva t e / deve lop new land and b roadcast 
( ) Cul t iva t e / deve lop new land and dri l l . 

2 2 . Whi ch o f  the f o l lowing a l t e rn a t ives w i l l  you use for y our seed mixture ? 
( T i ck all  that app ly ) 

2 3 .  

( ) A single grass spe cies  
( ) Mixture of grass s p e c i e s  
( ) One g r a s s  s p e c i e s  and one legume 
( ) Mixture of g rasses and le gumes . 

Wh i ch of  the fol lowing grass sEecies 
( T ick all tha t apply)  
( ) ' Nui ' rye grass  ( ) 
( ) ' Ruanui ' ryegrass ( ) 
( ) ' Ariki ' ryegrass ( ) 
( ) ' Manawa ' rye grass ( ) 
( ) ' Ellet ' ryeg ras s ( ) 
( ) ' Tama ' ryegrass ( ) 
( ) ' Paroa ' ryegrass 

w i ll you use in e s t ab l i shing?  

P ra i rie g rass 
Cocks foot 
Timo thy 
Ta l l  fe s cue 
Ph a la ris 
O t he r ( s p e c i fy . . . . . . . . . . ) 

( I F YOU INTEND U S ING A "READY MIX" SEED MIXTURE PLEASE WRITE ITS NAME) 

24 . Whi ch one o f  the fol lowing w i l l  be o f  grea te s t  as s i s t ance to you i n  
de c i d ing wh ich  grass species  to es tab l i sh ( t i ck one )  

2 5 . 

26 . 

( ) P revious exp e rience 
( ) Discus s i on w i th other farme rs 
( ) Advice o f  M. A . F .  Advi s o ry o f f icers 
( ) Advi ce o f  s tock and s ta t ion agents 
( ) Rea d about  i t  
( ) O the r ( p l ease spe c i fy . . . . . . . . . . . . . .  ) 

From where do you intend g e t t ing your seed? ( t i ck one ) 
( ) G row you own 
( ) F rom ano ther farmer 
( ) F rom a seed merchan t 
( ) O the r ( s p e c i fy . . . . . . . . . . . . . .  ) 

\.Ji l l  y ou make up your own mixture ?  

( ) Yes 
( ) No  - i f  No will  i t  b e  made up by the seed me rchant 

Ano the r  f a rme r 
othe r ( s p e c i f y )  

Yes No 

( ) ( 
( ) ( 
( ) ( 

2 7 . What seed ra t e  do you in tend us ing ? . . . . . . . .  lbs ac re OR . . . . . . kg/ha 

) 
) 
) 



5 .  
28 . When do you u sua l ly sow the pas t u re seeds ( t ick one ) 

( ) sp ring 
( ) autumn 
( ) o the r ( s p e c i f y )  

2 5 3 .  

29 . If  you have any add i t ional inform a t i on and / o r  commen t  to make that you 
consider  impor tant or re levan t to t he s tudy , I would be grateful i f  you 
could kindly wri te them be low : 

FINALLY 
30 . If  for s ome reason I wan t to  c lari fy any of  the i n f o rma t i on you have 

given , may I con tac t you again?  
( ) Yes - p lease s t ate name and address be low 
( ) No 

3 1 . Would you be inte rested in rece iving a c opy of  the summa ry o f  re s u l t s  o f  
this s tudy ? 
( ) Yes - p lease enter name and address in space b e l ow .  
( ) No . 

3 2 . Would you be inter e s ted in p a r t i c i p ating in the ballo t ?  
( ) Y e s  - i f  yes p l ease enter name and addre s s  i n  space below .  
( ) No . 

THANK YOU VERY MUCH FOR YOUR KIND AS S I S TANC E .  PLEAS E U S E  THE ENCLO S ED POSTAG E 
PAID ENVELOP E TO RETURN THE QUEST IONNAIRE . 

NAME 

ADDRESS 
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Examp l e s  o f  analys i s  o f  varian c e  t ab les used in d i f ferent experiment s . 



A l . An example o f  analysis  o f  variance t ab les used in analys ing p lant 

charac t e r s  in Experiment s  1 ,  2 and 3 ( Chapter  3 ) . 

A l . l  Ana ly s i s  o f  variance o f  shoot we i ghts per p lant o f  cocksfoot at  

4 weeks a f ter transp lan t ing (Exper imen t 2 ) . 

Var iate : CF 1 

S ource o f  variat ion DF s . s  S S % MS 

Rep s . s t r atum 2 0 . 0040498  1 2 . 34 0 . 0020249 

Rep s  Treatment stratum . 

Treatment 6 0 . 0 2 6 3 6 8 3  80 . 36  0 . 00 4 3 9 4 7  

Res idual 1 2  0 . 00 2 3 9 2 9  7 . 2 9 0 . 000 1 9 9 4  

Total 1 8  0 . 0 2 8 7 6 1 1 8 7 . 6 6 0 . 00 1 5 9 7 8  

Grand To t a l  20  0 . 03 2 8 1 1 0  1 00 . 00 

V . R  

1 0 . 1 5 5  

2 2 . 0 3 9 * *  

A2 . An exampl e  o f  analy s i s  o f  variance used in analys ing p lant characters 

in Expe r iments 4 and 5 .  ( Chapters 4 ,  5 ) . 

A . 2 . 1  Analy s i s  o f  variance o f  t i ller numb er per p lant o f  ryegrass at  the 

5th harve s t . ( Exper imen t  5 - Chap ter 5 ) . 

Var iate : Rye 5 

S ource o f  vari ation DF s . s  s s % MS V . R  

Reps s t ratum 1 1 . 44 6 4  2 . 3 7 1 . 44 6 4  7 . 1 8 1  

Rep s  Treatment s t ratum 

Treatment 6 5 8 . 3 200 9 5 . 6 5 9 .  7 200 4 8 . 2 5 5 ** 

Res i dual 6 1 . 20 8 6  1 . 9 8  0 . 20 1 4 

T o t a l  1 2  5 9 . 5 2 8 6  9 7 . 6 3  4 . 96 0 7  

Grand Total 1 3  60 . 9 7 5 0  1 00 . 00 



A3 An exampl e  o f  analys i s  o f  variance tab les used in analys ing p lant 

charac t er s  in Experiment 6 ( Chap t er 6 ) . 

A3 . 1  Analy s i s  of variance o f  leaf area per p lant o f  ryegrass ,  prairie grass and 

cocks foot at the 4th  h arve s t . 

Variate H4 

Sour c e  o f  variat ion DF s . s S S% MS V . R  

Reps s t ratum 5 1 2 1 0 . 1 2 . 1 0 2 4 2 . 0  0 . 35 1  

Reps Treatment stratum 

Treatment 2 49428 . 5  85 . 9 0 247 1 4 . 3  35 . 7 9 9 * *  

Res idual 1 0  6903 . 7  1 2 . 00 690 . 4  

Total 1 2  563 3 2 . 2  9 7 . 90 4694 . 3  

Grand Total 1 7  5 7 5 4 2 . 3  100 . 00 

A4 . An exampl e  of analy s i s  o f  var i ance tab les used in analys ing dry mat te r  

yields per  plot  in Expe riment s 1 ,  2 ,  3 ( Chap ter  3 ) . 

A4 . 1  Analy s i s  of variance o f  dry mat ter yields per p o t  at the warm t emperature , 

at  the 3rd harves t .  

Variate H3 

S ource of variat ion DF s . s s s % MS V . R  

Reps s t ratum 2 1 . 04 5 8 1  0 . 90 0 . 5 2 29 1  1 3 . 980  

Reps Treatment strat um 

Treatment 1 1  1 1 4 . 3 1 538  9 8 . 39 1 0 . 3 9 2 3 1  2 7 7 . 8 3 4 * *  

Res idual 2 2  0 . 82290  0 . 7 1 0 . 0 3 740 

Total 3 3  1 1 5 . 1 3829  9 9 . 1 0 3 . 48904 

Grand Total 35 1 1 6 . 1 84 1 0  1 00 . 00 



AS .  Regress ion analys i s  based on Log y = a +  8 x , where y 
e growth p arameter , 

and x = t ime in days . ( Experiment 4 - Chap t e r  4 )  

A5 . 1  P r imary t iller appearance r a t e s  of ryegras s - Analys i s  of the monoculture . 

Y var iate  - Log t i llers ( 1 )  

Cons t an t  

T ime 

Anal y s i s  o f  variance 

Y var i a t e  - Log t illers ( 1 )  

Regres s ion 

Re s idual 

Tot a l  

Change 

Es t imate 

-0 . 2 4342 

0 . 2 2 7 4 4  

DF 

1 

2 2  

2 3  

- 1 

% variance accounted for ( r 2 ) 

S E  

0 . 06 3 5 3  

0 . 00 8 6 3  

s s  

1 4 . 7 9 5 1 

0 . 4 6 8 8  

1 5 . 2 6 39 

- 1 4 . 7 9 5 1 

= 9 6 . 8  

\6 . Analy s i s  of  vari ance o f  re l a t ive yield t o t a l s  

T 

-3 . 83 

26 . 35 

MS 

1 4 . 7 9505 

0 . 02 1 3 1  

0 . 66365 

1 4 . 79505 

\6 . 1  Anal y s i s  o f  relat ive y ie ld totals of  ryegrass-prai r ie grass comb ina t i ons 

at the 6 t h  harvest  ( Exper iment 5 ) , based on root we ight per p l an t . 

Varia te RYT 6 

Source o f  variat ion DF s . s  s s % MS V . R  

Reps s tratum 1 0 . 0000 2 400 2 5 . 1 8 0 . 00002400 1 .  7 7 8  

Rep s  Treatment stra t um 

Treatment 2 0 . 0000 4 4 3 3  4 6 . 50 0 . 000022 1 7  1 .  6 4 2  NS 

Res idual 2 0 . 0000 2 7 00 2 8 . 3 2 0 . 0000 1 3 5 0  

Grand Tot al 5 0 . 000095 3 3  1 0 0 . 00 



A 7 . Analy s i s  o f  var iance of  aggr e s s iv i t y  indi ces 

A7 . 1  Analys i s  o f  aggr e s s ivity indices o f  p rairie grass when grown with  

cocks foot  a t  the  1 s t  harves t  ( Experiment 5 ) , based  on  shoot  weigh t  

per p lant . 

Variate Aggr e s  1 

S ource o f  var i at ion DF s . s  s s % MS V . R .  

Rep s  s t ratum 1 0 . 00 2 1 1 6 9  8 . 8 3 0 . 002 1 1 60 7 .  7 7 8  

Rep s  Treatment s t ra t um 

Treatment 2 0 . 02 1 3 2 0 4  88 . 9 0 0 . 0 1 06602  3 9 . 1 6 9  * 

Res idual 2 0 . 0005 4 4 3  2 . 2 7 0 . 0002 7 2 2  

Total 4 0 . 0 2 1 8 6 4 7  9 1 . 1 7 0 . 0054 6 6 2  

Grand To t a l  5 0 . 0 2 3 9 8 1 6  100 . 00 




