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Three contr olled climate rooms were us0tl to determine 

the effects of·va r y in3 temyerature conditions on the 

cl0v1,;1.·s to low ter.,jJ\;ratu:ce (.frost) c cmditi m1s e ?en 

stolot1 lilO .L'I>1lvlogic a l c:ku'a c L8i'S w8re ll!easu.1.:0--l at tiue 

interva ls frohl t ag~e d stolon s . ~1is enaol ed reeiession 

anal ysis -Lo obtain .._JOlynorJJial :t'm1cti ons deoc:i:·i oi11g t:i.,.e 

deve lo_pment patter n oi" the::.--:e c ha:r·ac ter·s. J: ooled envirorn,1ents 

AiWVA of uata t a1:en at the e11d of t he g1·owth yeriou.s , 

to5ether \'I:l t}1 adap·La.-liion analysis , enabled. evc1luat .io11 of 

g0no Ly _pe-e11vi :1..:-orn,ien L inte:cac Lio11s :for tljese dwrac t c:r·s o 

The 1"i ·JC~ clover po i)Ula. ti0ns 11d.d char 0.1.c t01:isti c 

d.cv0 lo~··rtent pa t te r1HJ for the stolon JJ.f c or.nionentc ( stem , 

lea f, petiole and total DW ) and l eaf area within·each of 

t he three environ:nents . All ro11u l a.t ions i r r es :;,ec t i ve of 

origin , 1uai nt~1ined s i H,i l a r growth r ates vii t}1 i n ea ch 

e1ivirornnent which hacl the effect of p:coducinr:; ' parallel 1 

cur v es . Tlle ili i -~ial p l a c ewe11·~ coefficient consequently 

llc.:.cl a direct bea:cing on tli.e size of tiie .final stolon DW 

attaiued. The cold tempera lui·eB alo11e d id not adversely 

effect or cause u. i .fi'e1.·ent g:r.·uwti1 responses of t:r1ese f ive 

clover popul ations . Other climatic factors usually 

associated with cold te1;1pera·Lures such a.s short photoperious 

and l ow li ~ht intensities may h-3.ve collectively- brougi1·c 

about d i f'Jerentia l responses of ti1e clovers oe tween 

envi:.cornnents . 

~ach of the c lover ~o~ulatiuns develo ped a d i stinct 

stolon rnorr"i10 loey· :.cegard le :::;s of the terapera ture concJ.i t ions . 



The t:ecliterranean clovers, Lad ino and Spai n consistently 

proJuced s mall numbe rs of stolons with l a rge stems, 

l eaves, petioles and leaf area in all enviroaments. The 

Horth .ci11ropea n clovers produced l arge numbers of stolons 

with s1nall c on _µon8nt i-:·arts . '.1.:lie i.1eri tauiJ.ity estLuates 

f or t1.1e D,,[ charac ce1.·s were lli ah as \I/ere the correlc:ttion D . 

coeffici ents be l;V1een theue clv:1r a ci.: e 2.'G. 'i.:he uegati v c 

correla Lions between the stolon m; co r.r;:)Onen ts and the 

numbe r s of stolons which a l so sho0ed low heri ·tability 

estima·ce8, collect ive ly brought ci)out the unpr·eclictabili ty 

of to tal plant D~ production. The stolon cha r a cters leaf 

numbers, s tolon leng th and stolon thickness snowed 

l argest var i a tion betwee11 tempera tures . All c lovers 

produced siwilar numbers of l eav es wi thin e acl1 envir.onmeL.t, 

but leaf 1-irocluction was t;reatest i n the hot room. T:ie 

clovers had long sp.in<l ly stolons i n the hot c ond _i tion s 

but short t ,1ick stolons in the frost room wh ich is probably 

an adaptive :ces ponse to thes e conditions . 

The chang ing pattern of t ota l :Jlant pro cluction 

between clover populations and environments cippears to be 

the result of different stolon branching cha r a cte r i stics. 

Both maxi mium production unde r f avoura ble environmental 

conditions and survival under harsh conditions, relies on 

a continual supply of new stolons . There was so~e evidence 

of .different branching r esponse s o.f t h e clove rs in the 

thl'ee tei,tperature concl itions . The patter11s, howevei·, 

were not a h 1ays clear which was -probably due to the 

1 artificial' nature of the climate :r: oorns w11ere only one 

climati c factor v a ried. 

The branc:1ing responses did indicate t118.t trie i rnyroved 



autumn growt11. of Spanisi1 clove1.' ( shown in fielc.l expe ::ciments) 

could be a c onseque11ce of i ncrecLse u. stolon 1mmbe rs in t:h e 

e a rlier hot surnrner conditions . .:i panish clover indicated 

specific adaptability to favourabl e environments, which 

occu:r: in -c.:ie r:.o i.J l a u tl,1::r1 cunc..ii tiont;; oi t::1e i _eJi ter 1.'anean . 

Laclino clover fai l ed to p:r:ouuce 1. 12 :::y n ew stolons at all 

t ernpe1·u.tur,~s '.J°t1ic;1 unJuuut c: tiJ ly a:i:'1 ect s tl1e ~-1ers ist snce of 

t}iis c -:i.over . 'li1is has ·oe211 f'ou.Hd in fielcJ. conui tions wi1en 

Ladino rare ly 11:wts l onc;e r than a yE:ar c:t'"1u fa ils to surv ive 

throue;l1 harsh v:in i,8:r:·s. l'.ri.G tern pe r nt e c L_;vers , i~en t and 

li uia s11ovre d i n c :ceas ed b:can c h ing in t 11 e cool temperatures 

like t110 :::ie of au tl..wm a,Hl early spring in t em ~·.,e r a te rer:;ions. 

Improve d stolo11 ;1urHbers at these tiwes woulcl ensure survival 

through t}~e win Le r follo H,.:u. by rapicl grov,·th l a ter in spring 

and surn,,e r . 

All L11e :..: o jjula tions Et c i1ieved a c e rta in Lle[_;.cee o f f:cost 

tolera11ce, t:i1e clove .rE:i f rom Horth B'• . .u·o pe the most h a rdy 

and the Ledi terra11~an clovers tl1e least. One could speculat ,2 

that unc'ie r i:1ars1ie r euviron;;1ental c.:01H.li tions, the Kent anll 

Russian clovers mo.y have a chieved a grea ter level of frost 

tolera!1ce \vhile t11e hecl i terranean clovers may h :.ive 

continued growth and suf fered struc t ural dama ge . 



1 • 

CHAP'fER O.NE 

I NTRODUCTION 

'T'he ~oJ'"' rif "!hi tc Clover (Trifoliu.'TI re"'.Jrms I,L.in 

\'/hi te c:Lover is v,idely distri but cd throughout the 

temncrate rec ions of the world \'!here it is of major 

agronomic imcortnnce (Erith 1924; Martin 1960; ~illiams 1970; 

Levy 1970). The most import e-nt function of leg11;nes in 

a pasture is their ability to fix atmospheric nitr ogen 

through E':ymbiosis with root nodule b,:cteria called Rhizobi um 

(~artin 1960) and.thus increase the potent i a l pool of 

nitrogen for the pasture . Sears~ al. (1 953 , 1965 ) 

estimated that approximatel y 410 kg/ha/ yenr of nitrogen 

can be fixed by v,hi te clover under initial pasture 

development conditions in New Zealand . This nitrogen 

becor'.1es av2.ilabl e for associated gr ass growth through 

transfer of breakdovm products of the clover shoot and 

root pnrts and tr~nsfer of nitrogen compounds through 

the grazing animal ( Butler and Bathurst, 1956). 

White clover is also important because of it s high 

quality feed for grazing animal s (Y/illiams 1970). 

Compared with grass herbage , white clover has higher l evels 

of protein , and minerals such as calcium and magnesium 

( Johns 1966 ). A low suoply of these element s is frequently 

associated with metabolic disorders of animals . 

clover herbage is also of high digestibiJity and 

acceptability by animals (Ulyatt et Ql• 1976). 

1.'.'hi t e 



Although whi te elover h as b ecome the most i mport ant 

pasture legume in Nev; Zealand, its effective use is 

dependent on an a dequate supply of nutrients in the soil 

(Sears 1953), ·effective symbiosis with E..,_ trifolii 

(Munro and Hughes, 1966 ) and optimum climatic c onditions 

(Jfl i tchell, 1956 ). The environmental influences, 

particul a rly the limitations of cold temperature on 

clover gro wth, are the main interest in this study. 

2. 



CHAPTER 1rwo 

REVIE\'/ OF LITERATURE 

2.1. PHYSIOLOG ICAL AHD ECOLOGICAL CHARACT ERISTICS OF 

WH rr E CLOVER 

2.1.1. J l?Jiet,,tive Chqr.gr,te ristics. 

White clover has a prostrate , spre,::,..ding habit of 

growt h ( Erith 192 4; Leffel and Gibson, 1973). Following 

germin a tion, the seedling deve lops a pair of cotyledons, 

a taproot, simple leaf and short main stem (Sanderson 1966)v 

Compound trifoli a ~e leaves, borne on upright petioles, . 
are produc ed from nodes along the main stem and as the 

internodes do not elongate, the leaves become crowded 

(Spedding and Diekmahns , 1972 ). After 6-8 weeks ~ buds 

in the axils of the s e leaves on the main stem, develop 

into primary stolons whi ch spread horizontially over the 

soil surfa ce. The number of primary stolons developing 

fro m the ma in stem can vary ~reatly depending upon the 

env:i.romnent and the genotype (Hollovrnll 1966). The main 

stem cease s d evelopment after stolon growth has begun. 

The stolon, in contrast to the main stern, has 

elongated internodes and an api cal bud that remains 

vegetative, continually producing new leaves. The nodes 

along a stolon seeming ly act as cro vms but produce only 

one adventitious root and trifoliate leaf on a long petiole 

at each node (Sand erson 1966; Chow 1967). In the axil 

of lea ves on the primary s tolon are buds which may remain 

dormant or develop into either a flo wer or a secondary 

J. 



(branch) stolon. The secondary stolon develops in the 

same manner, producing trifoliate l eaves and roots at each 

node (Leffel and Gibson, 1973). These secondary stolons 

may produce further branch or tertiary stolons and thus 

by repeated branching , stolons spre~d in all directions 

and "fill" the pasture sward (Hollowell 1966). 

2 • 1 • 2 • .Efil:lii 8 t.§-11 c e o f C l o v er St o 1 on s 

The initial seedling taproot is shortlived (Westbrook 

and Tesar, 1955) beco~ing unimportant and withered once 

th~ axillary buds of the main stem cease developing into 

primary stolons. The stolons are capable of developing 

and l eading an independen~ existence, relying on nodal 

roots for continued gro\'vth ( Sand erson 1966). Absorbed 

minerals from the roots and ~hotosynthetic metabolites 

from the leaves are translocated toward the growing 

meristematic tissues at the tip of the stolon (Hollowell 1966 ). 

This translocation in one direction leads to deterioration 

and eventual de2th at the proximal end of the stolon. 

The destruction of roots and stolons through infection 

by pathogenic organisms is usually a second~ry cause of 

plant death. The perenniality of white clover depends 

upon continual vegetative renewal at the sto lon tip and 

production of viable, vigorous secondary sto lons from the 

nodes along the stolon (Beinhart 1963; Spedding and 

Diekmahns , 1972; Hollowell 1966). The secondary st olons 

achieve physical independence when the primary stolon 

has decayed (Leffel and Gibson, 1973). 



Perenniality is also dependent upon the proportion 

and rate of axillary buds developing into secondary stolons 

r ather than flowers (Chow 1967). Since ea ch node has only 

one axillary bud it gives rise to either a secondary stolon 

or an infloresc ence . The fornation of inflorescences i s 

directly at the expense of secondary stolons so prolifi c 

flowering can lend t o lo ss of vegetnt ive persist ence 

( Gibson 1957). Flowering depends on many facto r s amonB 

which genotype, stage of development , temperature and 

photo Derio d are most important (Tho~as 1962). In general, 

when the plant is flowering , not all axillary buds develop 

into flowers but there is an irregular development of both 
. 

secondary stolons and flo wers·a1ong t he sto lon~ · 

2. 2. ADAPTATION OF PLA!'Fi1S TO rr HE EHVIRONr.'lENT WI TH 

PARTICULAR REFE3ENCE TO TK1PERATURE 

The na tural distribution of pasture snecies is l argely 

deter~ined by the i r adaptat ion to the major climat ic and 

edaphic f actors of the environment (McWi lli run 1977 ; 

Mitchell 1956; Eagles and Ostgard , 1971). Temperature 

is a l ways prominent in tha t it limits both distribution 

of plant s and also the diversity of plant forms t hat can 

colonize a particular regi on (Langridge and McWilliam, 1967) . 

Plants must be able to develop adapt ive systems in response 

to seasonal variation in temperature to ensure their 

continued growth and survival. 

2 . 2.1. Genetic Basis of Adaptation 

An organism may adapt to a particular cl imate either 

by evolving a genetic system which produces stable pheno­

types r eg~rdless of t he prevailing envir onment or by a 



system vrhich de'velops phenotypes a djusted to the envi r onment 

encountered (Langridge 1963). The genetic abili t y to 

resi s t inj u r ::.ous effects of an environment by s ystems 

in which the phenotype re·na ins const ant is called "homo stasis". 

\'!here the genotyp e adap ts to environrnental c ha::1.ge by a n 

alteration o f th e ph enotyp e, the genet ic phenomenon i s 

one of "adapt ive flex:i. bility 11 (Langridge a n d NlcWilli am , 1967). 

Ho:neo s ta s i s or often ter:neci "buffe ring " of geno types , 

ensures that the growth patt e rn predet er~ined by the genes 

is sust ained even if environmental e ffe c ts are tending to 

c a use mo difications ( Langridge 1963; Allard and Bradshaw , 196 4 ). 

This pro cess applied to i ndividua ls ensures tha t each is 

adap ted to a r ange of environments . Where ther e a re a 

number of coexisting genotyp e s e a ch adap t e d to a diff erent 

r a nge of environments, it is kno·,m a s population buffe ring 

( Allard and Bradshaw, 1964 ). Outbreeding s pec ie s such 

as T. r enens c a rry conside rable geneti c va riat ion in the 

heterozygous condition, which is manifested in a rang e 

of genotypes by segreg ation and r e co:nbina tion. 

Finl ay and Wilkinson (1963) used regres s ion techniques 

to show t ha t cultivars with ·h igh phenotypic st a bility 

(homeostasis) generally h a ve low mean yields when tested 

in a range of environments. These gen otypes produce such 

stable phenotypes tha t they are unable to exploit 

enviromnents which enable high yields . A cultivar having 

general adaptability t o several environments is usua lly 

one with high yields a nd a verage phenotypic adaptability 

( Ebeinhart and Russell , 1966). Allard and Bradshaw (1964) 

believe that cult i vnrs which consis t of a diversity of 

genotyp es ( popul ation buffer ing) sho w general adaptability 

to many environment s. 



When the t empe~·ature changes markedly, buffering of 

t he phenotype cannot be maintained . For survival, the 

geno typc · needs to be able to develop adap tive phenotypes 

(Langridge and tlc~i lliam, 1967) . Phenotypic modifica tions 

enable plants ~o survive unfavourable portions of the 

envi ronmental cycle ( e . g . cold winters ) and ~o utilize 

effici ently the r.1ore favourable times . for growt h and 

re product ion. These r esponses t o cha~gine cli:natic 

conditions show continuous var iation and are oft en 

polygcnically controll ed (Cooper 1963). 

An adapt ed outbreeding population consi s ts of many 

different genotypes or combinations of genes but all are 

phenotypical ly similar ( Cooper 1963). If there is a 

s l ow rirogressive chanee in the environment such as the 

climatic transect from the Medit erranean to the Subar t ic 

circle, se l ective forces c ause phenotypes m~re effectively 

adapted to th e environment to predo:ninate. This results 

in a read justment of genotypes in the popula tion. This 

is de~onstrated by the tolerances of plant genotypes that 

form a "t e:mpernture cli ne" to continuously changi ng 

te>1p erature environments (Cooper 1963; Lane;r i dge and 

Mc11lill iam , 1967). 

2. 2 . 2. ~hysiological B:=tsi a of Cl i rnatj_c Resnons~ 

Environmental f a ctors which fluctuate seasonally 

include t emperature, light intensity and photoperiod 

(Eagl es 1967; Cooper 1964). These f actors c an inf luence 

growth through changes in photosynthetic ac tivity, 

respiration, leaf initia tion, distribution of assimilates 

and other processes which enable the plant to survive 

in a particular environment. 
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In tcmDerate regions, plants are able to exploit a 

wide range· of low to moderate tempera tures for their co
2 

as s imilation (Pisek 1973), but many species have a minimum 

temperature of -J°C to -5°C when almost all metabolic 

ac tivity in the plant ce ases (Langridge and L'I cV.rilliam, 1967; 

Pisek 1973). Plant growth has been explained by 

physiologists in te rms of concepts such as Net Assimilation 

,_, 
Ue 

Rate, Relative Gro wt h Rate and Leaf Area Rat1o. Black (195 5) 

and Eagles (1967) defined relative growth rate (RGR) as the 

product of net assimilation r a te (NAR) and the Leaf Area 

Ratio (LAR ). NAR is the dry matter gain per unit of 

photosynthetic surface and LAR is the ratio of photosynthetic 

to total plant tissue. Cooper (1 964), Eagles (1967), 

and Robson and Jevdss ( 1968 ) found that rnecli terranean 

populations of Lol~um, D~ctyli~, and Festuca had greater 

dry matter production (higher RGR ) in e.utumn-vlinter in 

Britain than the No rth European populations. Maccoll 

and Cooper (1 964 ) showe d that this abi lity to grow at 

low temperatures (5 °C ) was closely related to the winter 

temperature in the pl a ce of origin, but inversely 

correlated with percentage survival after fre ez ing at 

-5°C. 

Cooper (1964) and Maccoll and Cooper (1967) postulated 

that the higher RGR of Mediterranean erasses compared to 

North European grasses was due to a greater rate of leaf 

expansion at low temperatures and there 'Nas little or no 

difference between populations in net ass imila~ion rate. 

However, Morley (1958), Eagles (1967 ) and Eagles and 

Ostard ( 1971) working with 'rri~olium subterrRrieum and 

D, glomerata did find differences in NAR . The li~ht 



environment s were di f fer ent between the t wo s e t s of 

experiments. MacColl and Cooper (1967) had low light 

intensities and eight hour photoperiods characteristic of 

an English winter. Eagles (1967) used high light intensities 

and s ixt een hour pho t operiods in controll ed environment 

roo:-ns. Ne t a s s i:nil a tion r a t e wa s shown to be positively 

correlat ed wi th light int ensity (Bl ack 1955; Bla clcnan 1959) 

whil e LAR vras negatively correlated. Thus, v1here there 

were high li gh t energy input s at low temperat ures (5 °c) 

there was a high NAR in the North European ma terial, 

which outweighed t h e effects of its low LAR, resulting in 

a high rel a tive growth rate. In low light intensities, 

the higher LAR of the Mediterr anean popul ations outwei ghed 

t he effect of its low NAR to give a higher RGR of the 

Medi terranean rather than the North European population. 

When comparing populations of Fes tuc a arundinace a , 

Robson and Jewiss (1968a) found that when the day 

temperatures were increased while night temperatures 

r emained low (18°C/-3°C), growth of the North European 

material increased more than that of the Mediterranean 

material and the difference ~etween them was eli~ inated 

(Robson and Jewiss, 1968b). They suggested that 

assimilates norma lly accumulate within North European 

material at low temperatures rather than being used for 

leaf grovrth. This accumulation restricts photosynthesis 

until temperatures rise again in spring. Thorne and 

Evans (1964) previously showed that an increased sink 

for assimila tes increased the rate at which they were 

produced by preventing assimilates accumulating in the leaf. 



The basic difference between climatic r a ces of 

grasses in growth at low temperatures appears to be due 

to differences in the use or proportionate distribution 

of assimilates to the root and/or shoot. Medi terranean 

material at 5°c u ses assimilates for expansion of 

new leaf surface as t he environment is most favourable 

for growth at this stage (Cooper 1964). Williams and 

Hoglund (1 978) demonstrated a similar response which 

occured with a Spanish population 6f T.repens. However, 

the North European material at 5°c us es less assimilates 

for leaf production and an increasing proportion of 

carbohydrates is diverted to roots and shoot bases 

(Eagles 1967). This accu~ulation of carbohydrates 

at low temperatures contributes to the greater cold 

hardiness of Northern material (Cooper 1964; Robson 

and Jewiss, 1968; Lorenzetti et al. 1971; 'rhomas and 

Lazenby, 1968). In harsh climates this reserve 

carbohydrate is re-mobilized in the spring and used 

to produce photosynthetic tissue. 

These differences between Mediterannean and 

European populations in seasonal growth and winter 

hardiness are related to the climatic conditions of 

the areas in which they have evolved (MacColl and 

Cooper, 1967; Robson and Jewiss, 1968). Selection 

occ~rs for active winter growth in Mediterranean regions 

but is for winter hardiness in northern climates, while 

in cool temperate regions no strong adaptation mechanism 

for either winter growth or winter dormacy has occured. 

The possibility of combining the active winter growth 

of Medit erranean material with increased cold hardiness 

IVo 



depends on how far these charact ers are physiologically 

related (Robson 1967; Cooper 1964). The association 

between leaf expansion at low temperature, respiration 

and carbohydrate accumulation in these climatic races 

suggests tha t winter growth and frost susceptibility 

may b~ physiologically int erdependent and therefore 

difficult to separate (Morley tl ,al. 1957). 

2.2.J. Adaptive Variation 

Environmental factors such as temperature , light 

intensity and day length initiate developmental responses 

in plants which fit the plant for survival in its particular 

environment. Levins (1969) expressed the view that plants 

must have the ability to survive the extreme environments 

("resistance adapt a tion") as well as the ability to grow, 

metabolize and develop ("capacity adapt ation"). The 

relative importance of these two types of adaptation will 

depend on the environmental extremes to which the plant 

is exposed (Eagles and Ostgard, 1971). 

The distribution of for a~e species including T. repens , 

from the Mediterranean aiong. the Atlantic coast to the 

continental regions of North Europe, show a pattern of 

climatic variation (Cooper 1963). In the Mediterranean 

environment, winter is the most favourable growing season, 

and MacColl and Cooper (1967) found that forage species 

such as Festuc,a , Loliurn and Dactylis show better growth 

production at low temperatures (capacity adaptation). 

The adaptation to cool season growth is also shown by 

XJ repens and a Spanish population has shown outstanding 

autumn-winter growth in New Zealand (Barclay 1960; 

Williams and Barclay , 197 5)$ These Mediterranean 
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popula tions s how r esist ance a daptation dur i ng swnmer when 

drought condition s make it unfavourable for growth 

(Williams et .al~ 1977). 

At the other extreme, populations of these same 

spec ies i n Northern Euro pe s how quit e a di ff er ent seasona l 

gro wt h pat t ern. Wint er co l d is the main limiting f actor 

and s pecies r equire r esistance adaptation ( eg . frost 

tolerance ) t o survive ( Lor enzetti et ,al. 1971; Thomas 

and La zenby, 1968 ; Ro bson and Jewi s s, 1973). Growth is 

poor at low temperatures but reaches high levels during 

summer with higher temperatures and light intensity. In 

the intermediat e temper ate regions such as New Zealand 

and southern Bri tain \'!her e neither wint er cold nor s umm.er 

drought is limi t ing , the growing s ea son i s longer and 

strong adaptation mec hani sms are not apparentG 

2 • .3. DISTRI:i3U1'ION AHD ADAPTIVE VARIN.11ION I N \'/HITE CLOVER 

I c. " 

'.r. r eQ_ens i s a t emperate species, widely adapted to 

r egions from the sub-artic to the sub-tropics ( '.'lilliams 1970) .. 

The centre of or i gin, and region of great est diversity, 

is the Mediterr aneari (Vavilo~ 1952). The plant is 

indigenous to the whole of Europe and Central Asia and 

has spread with western civilisation into Ea stern Asia 

and America (Da day 1958). The ear ly settlers introduced 

the s pecies to Australia and New Zealand. In New Zealand 

it has become the most important pasture l egume (Davies 

and Levy, 1931). White clover is ideally suited to the 

tempe r a te climnte and even r a infall which occurs in 

New Zealand (Levy 1970) and well adapt ed ecotypes have 

develop ed (Dnvi es and Levy, 1931). 



2.3.1. Moruholo~j_cal Adaptations 

Characteri s tic morphological patterns are associated 

with the climatic adaptations of white clover. The 

Mediterranean region offers a diversity of suitable 

habitats for ~hite clover whereas Northern Europe is 

marginal for the s:-)ecies and ad.aptatj_on to environmental 

f actors , particularly low winter temp~ratures dominates 

the morphological structure of the populations ( Wo Williams , 

unpublished ). 

Many Medi terranean populations are winter active , 

but summer dormant due to high temperatures and drought 

which occur during that season. Some populations are 

l arge-leaved, tall (long petioles ) and thick ctemmed, 

while in dry areas with hard grazing, only small-leaved 

type s persist (Davies and Young, 1~67). Variability 

declines with movement from the c entre of origin so that 

natural populations from Northern Europe are uniformly 

pro strate, smal l-leaved and thin stemmed with many fin0 

branched stolons (Daday 1954; Davies and Young , 1967). 

In field trials, Davies (1 958) found that populations 

adapted to harsh conditions tended to be small-leaved and 

less productive than the large-leaved clovers. However, 

th e small leaves and thin stems are associated with 

increased production of branch stolons and the resultant 

high nwnbers of a ctive meristems, ensures improved 

vegetative persistence (W. Williams, unpublished). 
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2 . 3.2 . Egoty;,P. r-: of ·::hit e CJover 

In conjunction with the variat ion of plant types 

associat ed with the temperature cline, is a discontinuous 

distri bution of ecotypes which ha ve evolved as adaptations 

t o local condi tion:1 ( ';/ . Wi lliams , unpublished; Hill 197 5). 

These eco typea are all genetically different. 

these are discussed in the fol lowi ng. 

2. 3. ?.. 1 n Ladino Clover 

Some of 

'Ladino gigante lodigiano ' is an ecotype fro~ the 

Lodi district in Northern Italy (Leffel and Gibson, 1973 ). 

It is a dapted to mi l d winters and hot summer conditions 

but is una ble to withstana continual periods of ·moisture 

stress or hard grazing . Under t hese condi tj_ons it 

behaves as an annua l (Leffel and -Gi bson, 1973; Gibson 

Many selections from t his ecotype have 

been made and are co11monly kr.own as v ladino' nhite cloYer. 

Gib son et Ll• (1 96 3) found t hat l adino generally lacked 

pers ist ence due to poor stolon branching in sum:ner 

condi tions and a poss ibl e l ack of winter hardi ne s s in 

northern parts of Anierica.. Under conditions in Brita in, 

Davies (1 958 ) suggest ed that the poor perfor;nance of 

l adino was due to its failure to over-winter satisfactorily 

re sult ing in l oss of persistency. 

2.3.2.2. Mediterranean 

The se eco types are generally tall, l arge-leafed wi t·h 

thick stolons (Davies and Young , 1967) and have adapted 

to winter growth when temperatures are cool as this is 

the only period when mo i sture levels are adequate 

(Barclay 1963; Williams and Barcl ay, 1975.) The pot entia l 
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of pasture plants from the Mediterranean for improvement 

of winter growth in maritime temperate r egions ha s be en 

r eal i sed in ma..~y species (Corkil l 1945; Barclay 1960; 

Cooper 1964; Eagles 1967 ). Barclay (1 960 ) found a 

population of ~hite clover from Valencia, Spain which 

had superior v'.'inter growth to New Zealand vrhi te clover 

(Grasslands Huia ). This lead to a h;ybricU.zation program:ne 

betwG en select ed Spanish plants and elJ.te New Zealand 

clover plants (Barclay 1960, 1963), r esulting in a winter 

active cultivar , Gras slands Pitau (N.Z. x Spain) x N.Z. 

The New Zealand and Spanish populations have simil ar 

annua l productivity but the Spanish seasonal growth 

cycle is displaced two months behind that of New Zeal and 

(Wi l liams and Barc lay, 1975). '11his superior v1inter 

growth of the Spanish population is most evident in the 

northern parts of New Zealand , but in the southern climatic 

r egions of New Zeal and , the Spanish population was only 

slightly better in autumn (Barclay 1960; Williams and 

Barclay , 1975). 

Pasture evaluation with the cultivar Grasslands 

Pitau, ~hewed that the yield advantages over Grasslands 

Huia were greatest in Northland and declined with increasing 

l at itude (Lambert tl ll• 1969 ; Weeda et al. 1969 ). 

Harris tl ,tl. ( 1973) found t ha.t Huia-based pastures had 

higher total yield and similar clover content to Pitau 

based pastures in· spring-summer and t he yield of Pitau 

not much greater than Huia in surnmer-autwnn and therefore 

suggest ed there was no advanta~e of Pitau in the Southland 

r egion. The situation is complex and other environmental 

factors s uc h as frost tenderness and/or stolon branching 
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char;:icteristics may influence the growth of white clover 

and accentuat e t he asynchrony of seasonal growth patterns 

of the Spanish, New Zealand and hybrid clover populations 

(William and Barcl ay , 1975; Williams and Hoglund, 1978). 

2.3.2.3. New Zealand Ecotypes 

A l arge amount of variation among populations of 

white clover he.s developed throughout Nev, ·Zealand . 

Davies and Levy (1931) c] assi fied six major types, 

including import ed s trains and ecotypes which had develo:Jcd 

as ecological adaptations to environmental conditions , 

in New Zealand. The . bulk of the imported seed was of 

lax Dutch type of white clover (Davi es and Levy, 1931 ) 
. 

which is short-lived and low ~reduc i ng . In contrast 

were t he ecotypes , New Zealand ' Wi J d white No . 1'; a 

persistent, highl y productive, large-leaved clover with 

strongly spreading stolons and New Z8al and ' Wild white 

No. 2'; a vigorous, s mall- leaved, thin stoloned, dense 

clover adapted to closely grazed pastures (Davies and 

Levy, 1931; Corkill 1952 ). It is U...'1.likcly that these 

ecotypes or iginated fro~ the Dutch clover but probably 

developed from clover lines i mport ed to New Zealand 

fro~ other count r i es , and became ecologically adapted. 

For ins tance, t here are strains of clover in Western France 

which have similar morphological and cyanogenetic 

propert ies to the New Zealand ' Wild white No. 1' 

(Corkill 1952) .. 

Following the classification of the white clover 

types, a scheme was begun to ide:::it ify and certify areas 

producing the New Zealand 'Wild white No. 1' type 
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( Corkill 1 949 ). The certified non-pedigree strain had 

a 50% improvement of production over the uncertified 

New Zealand strain. Pedigree strains bred from superior 

selections of this New Zealand type 1 gave a further 

15% improvement . Additional breeding work based on 

selections from t he best ecotyp e material (Now Zealand 

' Wi ld white No. 1' and New Zealand ' Wild white No. 2') 

r esulted in the nroduct ion of a synthet ic vur i e ty of 

white clover. This vari ety (Grasslands Huia) has 

improved winter and summer production over the older 

certification typ es (Barclay 1960). 

2.3.2.4. British Ecotypes 

A wild form of whi te clover i s abundant in Brit ain 

17. 

and exists under almos t all the climati c and soil conditions 

tha t are to be f ound (Williams 1945). It i s a prostrate, 

small-leafed form of clover with thin stolons and many 

branches which makes it extremely persistent. It has 

become ecolo gically adapted to continuously grazed pas tures 

and seed from these old permanent pastures is known as 

English wild white (Williams 1945; Hawkins 1960). A . 

parti cularly small-leafed , dense clover is found in 

southern England and is knovm as Kent wild white ( Hawkins 1960 ). 

The English wild white is different in morpho logy 

and persistency from Dutch white clover which was imported 

and used extensively in Britain in the early 20th century 

( Vfilliams 1945). A certific a tion sche:ne was commenced 

in 1930 to ensure the isola tion and purity of the wild 

white clover . Because of the great variation found 

among individua ls of English wild white clover, a more 



uniform, pedigree strain, S 184 was produced (Wi l liams 1 94.5 ) ~ 

This cultivar was based on the denser more vigorous plants 

derived from the various wild populat i ons of clover native 

to Britain. 

The variety, S 100 bred at Aberystwyth (Williams 194 5) 

is a l arger leaved vari ety based upon individual plant s 

selected from New Zealand white clover, Dutch white and 

English wi l d white clover. This variety is higher 

producing than wild white on developed soils under go od 

management but not as persistent on poorer more expo sed 

soils (Will i ams 1945). Seventy-five percent of the 

annual production of wild white clover occurs in the three 

summer months ( Ollerenshaw et 2.J.,6 1976), whereas S 100 

has a longer growing season, beginning growth earl i e r 

in spring and under favourable conditions extending 

into early winter . 

2 J+. GRO'.//TH PROCESSES I N WHI'I'E CLOViR 

2. 4 .1. Effect of Temoeraturc on ~hi te Clover Growth 

and Develooment 

As describ ed earlier, an individua l whit e clover 

plant is made up of primary , sec ondary and tertiary 

stolons , each capable of developing and l eading an 

independent existence (S anderson 1966) . Each stolon 

produces noda l roots and leaves to ensure continued 

growth. From controlled environment studies, Jl1j_tchell (1 956) 

found that the stolon population of young plants growing 

in pot s was unstable and therefore beli eYed it more 

import ant to consider the individual rooted stolon of 

· white clover as the basic productive unit, rather than 

the to tal production from all stolons. 



Beinho.rt ( 196? , 1963) shO\'Ied :i clo se r elationship 

between the environment and the meris t emati c act ivity, 

l eaf area and growth of ladino clover plants. Maximum 

dry weight production of clover plants ~as associated 

with hiBhest t otal l eaf ar ea and he concluded temperature 

mo dified e;rov.rth r ~tes of white clover by influencing 

l eaf area production . Both ~ itchell (1956) and Beinhart 

(1963) considered tbe two i mportant morphological 

r esponses affecting the groTith of clover to be the rate 

of l eaf product ion by active merist ems and the r a te at 

which secondary meri ~tems become active and produce 

branch stolons . 

Much of the work relating to the 0nviror~111cntal ef fects 

on white clover grov1th has been carried out on Hew Zea land 

white clover (l'Utchell 1955, 1956i 1960 , 1962; Brougham 

1958, 1962 ) and ladino white clover ( Beinhart 1962, 1963 , 

1964). 
The optimum temperature for i ndividual stolon growth 

0 i s approximately 24 C and growth i s reduced at temperature 

extremes (Mitchell 1956 ; Bcinhart 1962 ) with little 

stolon elongation below 5°c. Thi s slow growth of clover 

at l ow t emperatures could be due to its own physiological 

l imitations or to the inactivity of the residen t Rhizobiura 

(Davies and Young , 1967; Martin 1960). Gibson (1 963 ) 

found with subterranean clover that growth of c lover at 
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5°c was much r e duc ed regardless of whether the plant was 

depending on N fixat i on or f ertiliser N. Scott (1 970) 

measured t he net pho tosynthesis (Co2 gained in photo­

synthesis minus that lost in re~piro.tion) and found maximum 

r a t es cccured a t 20°c. If the light inten s ity increases , 

the temperature range mos t suit~ble for co 2 uptake iu 



disnlaced upwards ( Beinhart 1962; Pisck 1970 ) but becomes 

staU .onary at J0°-35°c when light levels appro ach 

s aturation point. 

2.4.3. Le qf 2nd P8tiol e Gro wth 

Leaves origina te immediately behind the aoices of 

the Gtolons vrh ere they a re closely crov:ded encircling 

each other and the growing point . When the l ea ves 

have ful ly develop ed wi thin the growing po int, the 

petiol e begins to elongate. Growth occurs first in 

the leaf blades, then petioles and finally the stem 

internode s C•l.[ i tch.ell 1955). 

Brou gh8.111 ( 1958, 1962) sho,·,ed that l eaf unfo lding 

and petto l e elongation were determined by t he light 

environment. Leaf development of white clover ensures 

a state of dynamic equilibrium b et v,cen the envir onment 
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and leaf gr owth, such that all light i s continua lly 

int ercepted by active photosynthesizing leaf (Broue;ham 1962). 

Following defoliation, the first crop of new l ea ves 

form. a canopy which i ntercept s a considerable amount 

of ligh t. Leaves developing later are then subjected 

to a low l j.ght intensi ty and petiole elongat ion 

continues until the laminae of these leaves have 

penet r ated the existing canopy to reach full light. 

Photosynthesis then become s the main activity (Brougham 1962). 

Gro ss photosynthesis in white clover increa ses 

with l eaf area unti l all the incident radiation is 

absorbed and then remains cons t ant irrespective of 

f urther i ncreases in LAI (Br ougham 1958b; Brown and 

Bl aser, 1968; Donald 1962 ). In these studies, respiration 

r ate wa~ ·assumed to be proportional to leaf area and · 

i ndependent of gros~ photosynthes i s with the re sult 
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t hat net pho tosynt hesis passed through an optimum value 

t hen declined with increasing LAI. If the yiel d or 

growth rate w~s defined as dry weight of living ma t eri a l 

only, th en a sigmoid growth curve vms obtained (Brougha:n 

1 960) • However , ~cCree and Troughton (1 966). with controlled 

environ~ent experiments showed that r ~spirntion r ate wa s 

determined mainly by the gross photo s yr.thetic rate and 

only partly by the h eavily shaded tis s ue. 'l,hus, both 

photosynthesis and respir ~tion increased with lea f area 

until there were nufficient lea ves to absorb al l the incident 

r adi at ion. The growth r ate then r e~ained constant if 

all the materi al, dead and living , w~s collec te d 

( Troughton 1971). 

The processes of cell division and elongat ion in 

the l eaves are t emperature dependent , so that an increase 

of 6°c in a ir t emperature from winter to spring is 

paralleled by an eight fold increase in the r at e of 

cellulr-t r act ivities ( Brougham 1962) . At opti11wn temperatures 

( 20- 25° C)~ the r ate of l eaf appearance i s about 1 . 5 

l eaves / week (~itchRll 1960). The chan~ing of the growth 

processes involved with th e development of the leaf canopy 

are l argely dependent on changes in the light environment 

( Brougharn 1962), wherea s t emperature determines the rate 

of cell division and expansion of the developing l eaves . 

· Temperature influences the morphology of the leaves 

as well as t he rate of leaf production . In fu~l l i ght, 

temperat ur e had little effect on leaf size of Gras slands 

Huia, but with decreased light intensity t he leaves at 12°c 

were much larger than t hos e at 22°c (Mi tchell 1955). The 

import ~nce of leaf size and weight is stressed when 



comparing different genotypes of white clover . Williams 

and Hoglund (1 978 ) comoared Spanish and New Zealand 

white clover over n range of temp eratures . At low 

t emperatures (1 2°/6°c) both genotypes produc ed simi l ar 

numberG of leaves , but the Soanish clover had Joi superior 

l eaf D~ production . The probajle reason for this 

suneriority of the Spanish material at low te~perntures , 

i s its ability to produce a hieher proportion of total 

weight as leaf weight and thus have a photosynthetic 

advRnt age (~illinms and Hogl und , 1978). Cooper (1 964) 

and Engles (1 967) showed similar results with~. perenne 

and p. gl omgrat2 at l ow temperatures. Mediterr anean 
' material used aRsi~i l ates in the expansion of l eaf material 

whereas continental material had l ess l eaf expansion and 

stored assimi l ates for l nter D?rinG growth. At 

intermediate tem~eratures (22°/14°c), New Zeal~nd clover 

had a gr eater l eaf production r ate than Spani sh clover 

r esult ing in superior l eaf U! production even though the 

Spanish clover had l arger leaves (Williams and Hoglund , 1978) . 

2. 4 .4. Gro~th of Axillary Buds and Secondary Stolons 

The nu~ber of stolons developing from secondary 

meristems in the axil of leaves is dependent on light 

int ensity and temperature . Primary leaf production on 

a single stolon increases with increase in temperature 

(Mitchell 1956) but activation of secondar y meristems to 

produce branch stolon s in ladino white clover showed an 

inverse relationship with temperature (Beinhart 1963) . 

At 10°c , branches emerged from 71 1 of primary nodes , 

whereas a t 30°c only 11% of axillary buds developed branches. 

Mi tchell (1 961) obtained similar results wi th New Zealand 

white clover where t ill ering was stimulated by both short 

days and low t emperatures . 
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Li~ht intens iti e s have no effect on the rate of 

primary leaf production from a single stolon (Llitchell 1956 ; 

Brougham 1962) but do affect the rate of branching 

( Beinhart 19 63 ). !IJ.gh light intensi ti~s increased 

branchin~ and together with low t 8mper~t ures , r a~ulted 

i n :n3.:kimum ax illary bud develo omcnt into new stolons . 

However , at 10°c, hlgh branching perccnta;es did not offset 

the low rat e of nrimary leaf nroduct ion . ~axi:nu~ l eaf 

production from a whole plant occurred be tween 17°c and 

23°c where moderate meristem activity w~s coupled with 

moderate branchine oercentages (Mitch?ll 1956; Reinhart 1963). 

In the comparison of Spanish and New Zealand white 

clovers under controlled environment conditions , Y/ illia'ils 

and Hoglund (1 978 ) found that the dry weight ( D~ ) 

production ner stolon of Spanish clover was superior a t 

low te:nperaturcs but the Spanish pl ants produc ed fewer 

stol ons resulting in l ess total production than the 

New Zealand clover. It ap pears that su~erior growth 

per stolon corrcs?onds to inferior branching and vice 

versa. 

The varyi ng development patterns of sto lon DW and 

stolon branching shovm by diffe r ent clover genotypes , 

contributes to the sea sonal production patterns found 

in the field . Spring and autQ~n are periods characterised 

by active branching of l adino and New Zealand white clover 

( Beinhart 1963 ; Williams and Hoglund , 1978 ) . r esulting in 

great increases in the tot al nQmber of active meristems . 

This becomes manifested in high leaf areas and growth 

r ates of stolons during the following SQ~~er period . 

However under controlled environment conditions , Willia'ils 



and Hoglund (1978 ) ·showeQ evidence of Sponish clo ver 

actively branching at hig:i tenperatures. ihey SU8gested 

that ir;:iproved stolon branching i n summer coupled with 

s u perior growth per stolon unde r cool c ondi tions resulted 

in t:Cte i r:-rproved au tur:n- carly \·ti n ~er irowt11 s::own oy 

i·iecli te rrane an clovers . Lore inforu,rc ion is ne e<.leu. on ti1e 

growth a!1c.l development character.i.stics of a wiu. e range 

of ,-111 1 te clover ecotypes under different environucntal 

·conditions. 

2. 5e CYAlWGEli:i~SIS IlJ ·.:"JII:.:B CLOV:2~ 

~Cbe term cyanogenesis descri ocs the release of 

hyclroc:yanic a cid (HC:i.-J) when leaves of wlli te clover are 

dama ged (Hughes 1969 )~ ihi s rele~se is due t o the 

hydrolys is of a glucosirle c ontaini ns cyanide by an ern~yme, 

B-gl ucosidase (Eel ville a nd :Doa:k, 1940 ). :,-ihite clover 

contains tvro cyunot>;ene ti c g l ucosici.es (so; l ataustralin , 

201·; linar.'.larin ) and the enzyme li113.rnnrase ( Coop 1940). 

Genetica l studies by Corkill (1942 ) have sho1tm tha t two 

independent g ene loci ll e·i:;err.iine ti1e production of glucoside 

and enzy~e. Lotaustra lin and linrunarin e re homologues 

and a re governed by a lleles of a single locus designat ed 

Ac / 9£.. 'l'he presence or absence of linamarase i s governed 

by alleles of an indepem1ent locus designated Li/li. 

Only pl a nts which possess do~i nant alleles of both genes, 

libera te HCli when damaged . 

The re are four possible phenotype- genotype combinations: 

1 ) Glucoside and e nzyme ( Ac1i) c yanog enetic 

2 ) Gluco r.Jid e only (Acli) acyanogeneti c 

3 ) Enzy!:1e only (acLi) a cyanogenet ic 

4) Ne i ther glucos i d.e or en~y,:;e (acli) a cyanogenetic 

24. 



Howeve~ there i s considerable v~riation i n cyanogenic 

activity and many wor kers bel ieve t here are modifying 

genes making it a quantitat ive polygenic characteristic 

(Tv''.aher Find Hughes , 1973 ). The signifi c~nce of HCN 

production by clover is no t yet understood but may b e 

important in nitrogen metabolism or serve as a protective 

subst8nce agcinst herbivorous aQimals. 

25 ~ 

Daday ( 1954a, 1954b ) studied the geographic distribut ion 

of the glucocide and enzyme genes in Europe . ~edit erranean 

populations consist predominant ly of Ac Li (cyanogenic ) 

individuals whereas many populations f rom the colder 

regions of Northern Europe are ac li (acyano gcnic). 

A dec r ease in wi nter averaee temperature i s associated 

with a r eduction i n the dominant gene frequency of the 

glucos ide and enzyme (Dad_ay , 1954a , 1954b ). 

In the indigenous r egions of whi te clover 0.'1edi t crranee.n 

and Euro pe ), the gene distribution of gl ucoside and 

enzyme r anges from 100 to 0% in association with decreasing 

winter t emperatures . Natura l selection has produced a 

ba lanced equilibrium in these popul ations (Daday 1958 ) 

whereas in recently colonized regions such as New Zealand, 

the gene fr equenci es exhibit in i rregular pattern. 

The dominant alleles are fr equ ent i n warm climates 

but rare in co ld environments. Daday (1 965 ) found that 

the enzyme linamarase i s activated by cold t emperature 

and the HCN libera ted caused an irreversible i~hibition 

of the respiratory system of the Ac ti geno type resul ting 

in ti ssue dea th ( Davi e s and Young, 1967). Daday (1 965 ) 

sug~ests that during the evolution of T. r epens , polygenes 

enhanc ing fitness at high or low temperatures have become 

linked with the dominant and recessive alleles r espectively . 



The environ~en t al factors infl uenc ing the di stri bution 

of the Ac and Li gen es is complex·but it app0ars to be 

advisabl e to include the genes in warm climate cultivars 

of T. r0nens and exclude them from cult i vars intended 

f 1 1 . t ( ,,, .. , . 1 1 . bl . h d) or coo _ er c 1 :na es r . :, 1 __ iams , unpu is e • 

2 .6 . COLD 'rOL1G.MJCE OF' WIII'l'E CLOVER 

2~ .1. The Effe~t of Free~ i nv on Pl an t Cel l P~oces ses 

Initially, lowering the temperature of c ells, slows 

metabolic processes (Levit t 1956; Pisek 1970; Heber and 

Santarius 1973). Hardy and non-hardy plants of temperate 

climates tolerate exposure to t emperatures ro und the 

freezing point but when ice forno.tion occurs, the non- hardy 

pl ants are killed (Levitt 19 56 ). Ice fonnation occurs 

26. 

in t he intercollular spaces, as the water outsi de the 

protoplast ha s a lower c0rtc~nt r ation of solutes ( Levitt 1956 ; 

Heber and Santarius, 1973 ) . If fre ezing is r apid and 

there i s a drop to very low temperatures, intrac el l ular 

ic e formation can occur. This caus es death by disruption 

of structural elements within the cell. Plant survival 

following int ercellular ice ·formation depends on the 

hardening properties of the individual involved (Levitt 1956 ). 

Hardening is defined as the s equence of cellular processes 

or metabo lic changes which tr2.nsforms sensitive cells 

into hardy c ells (Levitt 1956; Dexter 1956 ; Smith 1964; 

Heber and Santarius, 1973). 

2.6.1.1. Mechani sms of Injury 

Plants a~pear to be insensitive to changes of 

temperature fill: se . Freezing injury i s not a te~perature 

effect but is linked t o protopl as t dehydration caused by 

ice formation (Levitt 1956; Dexter 1956; He ber and 



Sant arius , 197 3). Levitt (1 956 ) su~gested that the 

dehydration a ccompanying freezing led to cell cont raction, 

and the deformation of the shrunken c ell caused tension 

in the protoµ l ai:;m which resulted i n mechanical damage of 

organised s tructure~ such as membranes . An alternative 

proposal on freezin~ injury (Levitt 1972) involved the 

for:11at i on of disul phide bondD between adjacent proteins 

in membr~ne8 during cel l dehydr at ion. Followine thawing , 

when water uptake ca use s cell expansion s the proteins 

are unable to break apart and the secondary structures 

of the proteins break dovm. The r e sulting protein 

denatur ation causes irreversible damage to the membrane 

structures of cell organelles. 

Heber and Santarius (1 973 ) consider ed the most 

important f actor inv olved in freezing injury to be t he 

solute concent ration i nsid~- the c ell. This r eached 

abnormalJy high levels during fr eezing and Heber (1 967) 

showed membr2ne inactivat ion brought about by membrane 

toxic compounds . Heber and Sant ariu s (1 97 3) sug8est 

that in the course o f dehydration, the sal t concentrations 

within t he cell rise t o toxic level s c ausing struct ura l 

alterat i ons between membrane compon ents and consequent 

permeabil i ty changes . These arc three possible processes 

i nvolved with freezing injury but the mechanisms responsible 

are no t yet clear. 

2. 6. 2 . Develo pment of Frost Hardiness 

2.6. 2 .1. Environmental Factors 

The major climatic factors involved in the ~evelopment 

of hardiness appear to be dayl ength and te:npcrat ure 



(Dexter 1956; Lorenzetti et al ., 1971) . In the natural 

environment, har d i ness developes mos t r apidly under 

conditions of sho r tening days and decreasing temperature, 

which exist during autumn in temperate ree;ions (Levitt 1956; 

Smith 1964 ; Ro~ley 1975, 1976). The hardening process 

involving metabolic chanees must occur before even the 

most hardy plants beco~e fully toler3nt of cold tempera ture s . 

Many temp erate pasture species require app~oxi~a t e ly 

14 days hardening at 2°c to achieve nea r maximum cold 

tolerance (Hacker _ot fil• 1974; RowleJ 1976) . 

The hardiness responses are affected both by the 

developmenta.l st 2.ge of the plant which varies t ~r ouc;hout 

the year (Levitt 1.956; Lorenzetti tl f;..lo 1971) and the 

interrelated environmental factors. Dur ing the pre-

hardening period , light is importnnt for photo synthetic 

accumulation of reserves v,hich seems to be essential t o 

plants for cold tolerance ( Smith 1964 ; Rowley 1976 ). 

However , Sjoseth (1964 ) found wi th T. nrat ense that as t he 

hardening period lengthened , increase of cold hardiness 

was associated with decreases i n temperature, light 

intensity and photoneriod. As a general rule, those 

environmental f~ctors most favouring rapid plant growth 

appear l ea st to favour cold tolerance (Cooper 1964 ; 

Morley et .§1. . 1958 ; Thomas and Lazenby, 1968a ; Breeze 

and Foster , 1971). 

2 .6.2.2. Cellular Processes affecting Frost Hardiness 

Metabolic chanees which include a1terations in 

int racell ular concentrations of cel l consti t uents such 

as sugars, amino acids , ore~nic acids and proteins cause 

the physic al modifications r esulting in increas ed hardiness . 



Increasing su~ar concentrqtions is re~ularly associated 

with increasing frost hBrdines s (Levitt 1956; Dexter 1956; 

Smith 1964) . Consequently light is necessary for 

synt hesi?.in~ transportabl e compo unds such as ca rbohydrates 

which act as orotective agents within the cell. Levitt 

(1 956) and Parker (1963) suggested that accumulated 

carbohydrates such as starch were converted to sugars 

during the winter ~onths to maintain high concentrations 

of pro tect ive agents in the cell. However~ Lawerence 

et al. ( 1973 ) suggested that a high soluble carbohydrate 

cont ent in L. ncrenne may simply be due to accumul ation 

of assi~ilates a t low temperatures . 

With D. glomerata , Eagles (1 967 ) found that in a 

winter dormant and very cold-hardy Norwegian population , 

photo synthesis continued at moderately low temperatures 

but the use of assimilates for l eaf expansion a lmo s t 

ceased, resulting in the ac cumulation of soluble c a rbo­

hydrates in the shoot bases and roots . By contrast , in 

a winter active but cold susceptible populat ion of 

Dactylis from Por tugal, the assimilates pro duced were 

u sed for active extension growth with little or no 

accu~ulation of soluble carbohydrates . Lorenzetti et al. 

197 1; Breeze and Foster, 1971; Thomas and Lazenby, 1968a 

all support the view that high levels of carbohydrate 

reserve are associated with cold hardiness in plants. 

Organic acids, amino acids and soluble proteins increase 

in concentration during fros t hardening and it is difficult 

to determine whether or not these compounds a r e involved 

in protection (Heber and Sant arius , 1973) . It appears 

that almost every gr oup of cell const ituents is in some 

way r elated to haidiness . 



2~ . 2.J. Mechanism of Frost Hardiness 

Heber and Santarius (1 973 ) postulated that increased 

frost hBrdiness is associated with the formation of 

protective compounds in the cell. Int eraction between 

membranes and toxic cell compounds ha s been shown t o 

decrease membr ane Dt abil ity and l ead to ~embrane 

inactivation (Heber 1967). Lovelock (1 954b) beli eves 

tha t the colligative action of pro tective s ubstances 

such as sugars produc ed during hardening, decreases the 

.concentrations of toxic cell components r esul ting from 

cell dehydra tion during freezing . There i s a l so evidence 

that protective substances not only have a colligat i ve 

action on toxic components but there is a direct int eraction 

of protectants and membr anes which l eads to ~embr ane 

stabilization (Heber and Santarius, 1973). 

According to Levitt (1972), the main mechanism of 

protection is the prevention of the oxidation of proteins 

and formation of disulphide bridges during freezing . 

Protectants produced dur ing the hardening period prevent 

neighbouring proteins from becoming linked. 

2.6 .3. Methods of Testing For Frost Har diness 

Dexter (1956) and Smith (1964) sta te that the most 

common method of testing f or winter hardiness is in the 

field. Those plants which survive and persist until 

s oring are considered winter hardy. However, continual 

fluctua tions in weather patterns and complex interactions 

between clima t ic variabl es , plant gr owth and crop 

management make it necessary to test over several years 

30. 

before adea ua t e r esult s are obta ined (Lorenzetti et nl . 1971 ). 

This has l ed to the us e of controll ed environments and 



specially designed fr eezing chc1 mbers (Dexter 1956; Wit 1952; 

Smith 1964; Lorenzetti tl .ill.• 1971) to assist in the 

evaluation of cold tolerance in plants. 

Controlled environments allow nlants to be grown 

under accurately prescribed environmental conditions. 

Lorenzetti et al. (1971); Thomas and Lazenby (1968) and 

Lawerence et al. (1973) indicated the importance of 

temperature, light intensity ~nd photoperiod during the 

growth and hardening periods and these fact6rs had to 

be taken into account when considering the cold tolerance 

and winter hardiness of L. perenne populations. Dexter 

(1956) stressed that any method of assessing cold tolerance 

in controlled environments must have close agreement with 

patterns of field and cabinet survival. Failure to 

create exact reproduction of the field environment is not 

important provided that the conditions used produce 

results comparable to field survival. 

Assessment of frost tolerance can be estimated by 

plant survival, percentage tiller survival, degree of 

leaf damage, yield of herbage or the vigour of renewed 

growth following freezing (Dexter 1956; Thomas and 

Lazenby, 1968; Lawerence et al. 1973). Dexter et fil• 

(1932) demonstrated a correlation between frost 

resistance and the amount of electrolytes and other 

subs. tances released from injured tissue. This has led 

to the electrical conductance technique of evaluating 

injury after freezing (Dexter et gl. 1932; Graham and 

Daday, 1960; Rowley 1975). When cells are injured, 

membranes loose their semi-permeability so that 

electrolytes l each from the injured tissues into a 

surrounding solution. The concentra tion of el ectrolytes 
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in the resulting solution is det ermined by electrical 

conductivity measurement. The hi gher the conductivity 

reading, the greater the number of cells have been 

damaged and the greater the frost injury. This 

technique asses ses the freezing sensitivity of leaves 

but not the overwintering ability or growth at low 

temp eratures . It is especially effective for comparative 

studi es betwe en genotypes of a species or between 

specie s for their frost tolerance. Bula and Smith (1954) 

have obtained close agreement between this method and 

field assessment of frost hardiness of various legumes. 

2.6.4 Col d Tolerance and Winter Hardiness of 

Tri folium Repens 

Smith (1949) carried out some early experiments on 

the cold tolerance of ladino clover and common white 

clover, an ecotype found in the hwnid eastern half of 

North America. Both clover types were placed in a 

freezing chamber at -3°C and also encased in ice, 

following field hardening. Neither clover suffered 

any injury in air temperatures of -3°C but the ladino 

clover was injured more severely when encased in ice. 

Apparently the higher level of metabolic activity 

during the winter of the larger, more fleshy stolons of 

ladino clover caused a toxic accu.mulation of co 2 within 

the ice. Ronningen (1953) and Knight (1953) studied 

the overwintering ability of various clover types in 

the field. Commo.n white clover with its close reticulate 

stolon growth habit, showed less winter injury than those 

with an open, radiating growth habit such as ladino 

clover. It seems that the smaller, multi-branched 

stolons result in high numbers of active meristems and 

increased protective leaf cover which enhances the com~on 

white . clover's winter survival. 

C 



Ruelke and Smith (1956) showed that the cold 

tolera nce of common white clover stolons developed more 

rapidly and reached a higher level than in ladino 

clover stolons, a lthough the trends were similar. 

This cold tolerance developed as soon as temperatures 

began to decline . A hi gh l evel of tol erance was 

maintained during the winter months but began to decrease 

as soil temperatures rose in spring . It has been shov.m 

that carbohydrate content i n p l ants i s associa t ed wi th 

cold hardiness (Smith 1964). The principal organs for 

carbohydr ate storage a re the stolon stems and crowns of 

ladino and common ·white clover. For a pl ant to maintain 

hardiness throughout winter there needs to be a slow 

conversion of avai l able carbohydrate into protective 

sugars (Levi t t 1956 ; Wood and Sprague, 1952 ; Ruelke and 

Smith, 1956) . Kilpatrich tl al . (1 966 ) and Sprague (1 956 ) 

demon strated the importance of r ate of cooling and thawing 

on the surviva l of various legume_s including white 

clover. Stolons, r oots and crowns which were coo l ed 

slowly withstood lower frosting temperature s without 

injury than tissues cooled r ap i dly. 

Lorenzetti et al . (1971) and Breese and Foster (1971) 

studied the r ole of cold tolerance in the a daptive 

differentiation of climatic populations of L. oerenne . 

The populations f ell into three main groups according 

to their regions of origin, with North European varieties 

being most cold resistant and South European varieties 

the l east. I n the extreme environments such as Northern 

Europe, growth is l imited by temperature and plants 

become winter dormant to survive the harsh winter 

condition~ (Robson and J ewiss , 1968; MacColl and Cooper 

1964) . Similar cold tolerance studies would be most 

3J. 



beneficial in T. renens. 

2. 7 Summary 

The distribution and adaptive variation of white 

clover has been outlined in this review. A diversity 

of ecotypes with a wide r ange of physiological and 

morphological adaptations have evolved in response to 

contrasting environmental conditions. Of particular 

interest is the adaptive resnonses of clover ecotypes 

to low t emper atur e (frost) conditions. 

The production from individual rooted stolons and 

the branching characteristics were considered i mportant 

morphological responses a~fecting the adaptation of 

white clover. Emphasis has be en placed on the effects 

of temperature but other environmental factors such as 

light intens ity and photoperiod have int eracting influences . 

Further i nformat ion on the growth and developmental 

processes involved with the adaptive different iation 

of climatic populations of T. reoens would be most 

beneficial. 

Objecti.ves 

The objectives were: 

( 1 ) To determine the limitations of low temperature 

conditions ( particularly frost) on the growth characteristics 

of f i ve contracting white clover populations; 

( 2) To compare morphological characters and developmental 

patterns among the five nopulations; 

( 3) To identify some characters associated with 

adaptation of clover to cold climates and 

(4) To observe adaptability in white clover with respect 

to large changes in t emperature . 



CHA:P'r ER THREE 

ME'fHODS AND MATERIALS 

J. 1 EXPERI~ENTAL 

J . 1. 1 Jhite clover oonulations 

The whi te clover populations represented a 

geographical distribution from the Mediterranean to 

sub-artic r egions. Each of the populations was 

regarded as a random sample of the selected genotypes 

from each of the climat ic regions . 

the populations is given in Tabl e 1 . 

J .1. 2 Establishment Perio d 

A description of 

Seeds of each clover population were germinated in 

petri dishes in an i ncubator at 25°c . After two days, 

four seedlings were placed (on a 6cm grid) in 4.5 litre 

pots containing sterilised sand . 54 pots of each 

clover population were sovm mak i ng a total of 270 pots . 

The s eedlings establ ished in a glasshouse ( 25°c max., 

15° c min . ) , for 54 days before transfer to the controlled 

environment r ooms . 

During establishment , the plants received daily 

wa tering with a ha lf streneth Hoglund nutrient solution 

minus nitrogen . This was further dilut ed 200 f old 

( see Table 2) . Approximately 200ml of nutrient solution 

per pot per day were applied . 

A mixture of four Rhizobium trifo lii strains was 

apolied a week after planting . These included : -

( i ) TAI, a stra in f r om Tasmani a which i s effective on 

red, white and subterranean clover. 

(ii ) 5.,Qj_ an isolate f r om Australia found to be effective 

at high altitudes in th e Snowy Mountains. 

(iii) 560 an iso l ate from Tora Hills, Central Otago . 

35. 



'f:ABLE 1 

The five clover population 

Po oulat ion 

1. Spanish 

2. Ladino 

J. Grasslands Huia 

4. Kent wild white 

5. Russi an 

ML - 48 - 65 

Origin 

Val encia , Spain 
Latitude J8°N 

Lo di valley, 
Northern It aly 

Lati tude 45°N 

New Zealand 
. 0 

Lat i tude 40 S 

Brit a in 
Lati tude 52°N 

Canada 
Latitude 57°N 

Description 

Spanish ecotype , 
C1067 ( 1:/i l liams and 
Barclay , 197 5) 
Mediterranean climate 
low altitude , low 
rc1infall. 

Lodigiano Lodi, C172 6 

Mediterranean val ley 
with cold winter s 

Climat e transitional 
between mediterrane~n 
and continental. 

Synthetic cultivar 
(Barclay , 1960 ) 
Temperate climate, 
Low altitude, maritime 

British ecotype 
Temperate climat& 

Low altitude, maritime 

Composite of Russian 
lines selected at 
Melfort, Canada 
extreme continental 
clima te. 



TABLE 2 

Conc ent rqtions of nutri ent s suppl ied 

Major Elements 

p 

K 

s 
Mg 

Ca 

Na 

Cl 

HOT 
COOL 
COLD 

mg/1 Minor Elements 

15.5 Fe 
119 B 

68 Mn 

24 Cu 

100 Zn 
11 • 5 Mo 

195 

TABLE 3 

Temn erature Condit i ons 

(EDTA) 

(Day/ Night) i Oe5°C 

24/14 

12/6 

12/-2 

mg/1 

2.5 
0.25 

0.25 

0.01 

0.025 

0.005 



(iv) 5,Q_2a , isol at ed from white clover on Mt Ho l dsworth 

in the Ta rarua Mountains. 

Nodules had formed on the roots of each white clover 

population t hree weeks after planting . 

Following the establishment neriod in the glasshouse 

all pots were transferred to the growth rooms and 

allowed to acc limatize for 21 days. However , due to 

variation in pl ant growth betwe~n pots within populations , 

a gr aded series of pots was allocated to each room. 

This ensured that some goo d, intermedi ate and poor pots 

of each population were represented within each block 

in each growth room. 

3.1. 3 Contro lled Environ."nent Rooms 

The experiment was carried out in three climate­

controlled rooms. The t emperature condi tions are 

described in Table 3. 

The hot environment provided t emper ature condit ions 

near optimal for white clover growth (Mitchell, 1956 ) 

and the cool temper ature was typical of autumn or early 

spring in temperat e regions. The cold environ."nent 

subjected plants to fros t conditions so as to evaluate 

the cold tolerance of the se five white clover populations. 

Light i ntensities and daylength were s i mi lar in 

all grovnh r ooms so t hat the only climati c variable 

was t emperature. Light int ensities of 160 watts m-2 

(400 - 700 nanometer s ) were provided by four 1000W 

Sylvania Met a larc high pressure discharge lamps. The 

photoperiod was 12 hours with an abrupt light-dark 

change. The t emper ature and humi_di ty change s bet ween 

day and night occurred over 2 hours with the photoperiod 

38. 
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beginninB or en.ding ha lfway throu[sh each changeover. 

The relative humidities were 83% during the day and 

69% at night in all three rooms. Carbon dioxide 

concentration was constant at J50ppm. 

3.1.4 Fro st Conditions 

Following the initi al establishment, plants were 

placed in the cold room at 12°;6°c for a 3 week 

hardening period before any frost treatments were 

imposed. The frost trea tment was given only in the 

room designated "COLD." After this acclimatization 

period, a pattern of 3 days with frosts and 4 days 

without frosts was implemented. 

On frost free nights, the minimum temperature 

6oc. was On frost days, a white frost, which is visually 

similar to frosts observed in the field, was produced 

by directing steam into the · controlled climate room, 

and maintaining a vapour pressure deficit (VPD) of 

zero during the frost period (Advective frost) 

(Hacker, 197 4; Ro bot ham et al, 1978). The temperature 

was maintained at 12°c during the light period then at 

the changeover was lowered over 8 hours in 15 x 32 minute 

40. 

steps to the frosting temperature. The minimum temperature 

was maintained for 2 hours after which the temperature 

was returned to 12°c in 15 steps over a 4 hour period. 

(See figure 1). 

The experiment consisted of two growth cycles. 

During the first growth cycle, plants were developing 

hardiness and frosts were maintined at 0 -2 c. In the 

second cycle, frosts were increas ed in intensity to -6°c. 
The f r osting levels and occurrenc es are given in Appendix 1. 
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3. 1. 5 ~xner i~~ntA l n~s i gn 

The experiment involved t hree environments each 

containi ng three compl ete r andomis ed blocks with five 

clover popula tions . Each ol ot ( exoerimentn l unit) . .. 

con s i ated of s i x pots con taini ng one popul a tion ( s ee 

fi gure 2). 

Each growth room contained 6 trolleys carrying 

15 pot s each. There were two trolleys per block. 

Each experiment ( environment) was conducted in a 

separat e climate room. The climate room under 

operat ion is depict ed in Plate 1 . 

3. 1. 6 Method·s of Samnling 

The t wo ma jor growth paramet ers of white clover 

are the increase in dry weight of the component part s 

of individual s t olons (i.e. roo ts , st ems , l ea ve z an d 

petioles ) and the increase in the number of stolons 

(Mitchell , 1956; Beinhart , 1963 ). One major object ive 

was to deter mine the effects of temoerature on these 

gr owth charact erist ics of the f i ve contrasting clover 

populntions . 

Foll owi ng the establishment period in the gl asshouse 

and acc limatization period in the growth r ooms , a ll 

l ea ves and petioles were r emoved, l eaving a n et work of 

your sto lons in each pot. In the subsequent growth 

perio d , five intermediate h arvests were made in order to 

foll ow the stolon development of each clover po pula tion. 

At t he end of the growth cycle, t here was a final harvest 

of l eaf and petiole material (Figure 3) . 

At the beginn i ng of a growth cycl e , 50 (1 0 stolons x 

5 clovers ) r andoml y s el ect ed primary stolons withi n each 

plot were mar ked with various col oured t ags , designa ting 
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the t ime of subseo_uent sampl ing ( in t er.nediat e har vest ). 

At each sampling time , 10 stolons with comparable times 

of development ( same coloured t ag ) were cut from each 

nlot and aonropriate characteristics were measured. - . 

The samnling times in the three growth r ooms were 

judged so that harvested stolons were at approximately 

equivalent st2-ges of development . At the end of the 

firat groV1th cycle , all leaf and petiole material was 

r emoved ( final pot harvest) and fresh stolons t agged 

in r eadiness for the second growth cycle. A similar 

procedure was u sed in the second cycle. The s amp l ing 

t imes are given in Table 4. 

Sequential sampling at known time int ervals 

allowed the use of regression analysis to estimate 

equat ions describing t he development patterns of each 

character with res pect t o time . 

3.1.7 rornho logical che r acters measured 

The sampl ed stolons were dissected i nto compon ent 

parts as follows : 

(i) Herbage Yield ( a ) Stem dry weight (g ) 

(b) Lea f dry weight (g ) 

(c.} Petiole dry weight (g) 

(d) Tot al sto lon dry weight (g ) 

( e ) Later a l (secondary sto l on ) 

dry weight ( g ) 

All stolon material was dried in a l arge vacuum_ oven 

at 45°c and 2 . 5~m Hg for 12 hours . 

( ii) Lea f Number was determined from the number of 

nodes with newly-unfolded throur;h t o fully expanded 

l eaves on the primary ntolon . 
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TABI,E 4 

Growth 
Room 

Sampling Ti metable 

HOT 

24° /1 4°C 

CYCLE 1 Harve~Jt a 5th day 

b 9 
C 1 .3 
d 17 

Final Harvest 1 22 

CYC LE 2 Harvest a 9th day 
b 13 
C 18 
d 22 

Fina l Harvest 2 27 

COOL 

12°/6°c 

8th day 

14 
21 
28 

35 

8th day 

15 
22 

29 
39 

COLD 

12°/-2°c 

8th day 

17 

25 
.3 .3 
43 

9th day 
18 

27 

37 
44 
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(iii) LP.·,.f A-::-c .... ( c:n2 ) w:-!.::. dctemined by r ei!1oving t he 

trifoliate leaves from t h e petioles and pa ssing through 

a Haya shi Denko automat i c leaf area meter (Anom, 1975) . 

(iv) Lenrth of Stolon ( c~ ) was measured aft er t he 

l eaves and petioles had been re~oved . 
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( v ) Nwnber o)' Lnt~T~ls (secondary branches ) produced from 

t h e orimary nto l on were counted . 

(vi) Rat io ~f leaf dry weight to total dry weight 

was estimated from (i) and i ndicated t he proport i on of 

tot a l stolon dry weight made up of photo synthetic l eaf 

tissue. 

(vi i) ( - 1 Stolon mas s oer uni t l engthg cm ) wa s 

e stimated from (i) and ( iv ) and ha s been i nterpr e t ed as 

an index of stem t hickness by Mi t che ll (19 55 ) . 

( viii) Final harv es t dry weight per oot ( i?'J. 

The l eaf and petiol e material were removed from each pot 

a t the end of a g r owth cycle . By dividing th e dry weight 

( DV/) yield per pot by the leaf an d p etiole yi eld per 

stolon, an est imate of the nQrnber of st o l ons pe r oot 

was obtained (Williams and Hoglund , 1978 ). 

J.1~8 Electri.cal conductanc e t e chnique for 

evalua ting i n j ury aft er freezing 

When c ell s are damage d by freezing , plasma membran e s 

lo se thei r semi- per meability and permit amino acids and 

other e l ec tro l ytes to l each from the injured t issue 

(Dext er et al, 1932; Rowl ey, 197 5). Measurement of the 

diffuse d elec t rolyte s pr ovides an estimat e of t he injury 

sust ained during the freezing condi tions . 

A temperature gradient bar described by Rowl ey (1 975 ) 

was used , which can expose a scrien of detached l eaf 
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samples to a range of fre ezing co nd itions, (Pla te 2). 

The bar is designed to freeze the leaf samples along 

a . temperature gradient to obtain their low temperature 

killing ooint. Twenty three thermocouples are set into 

the bar at regular intervals along it s l ength to measure 

the temperature gradient. For inst ance, if a range from 

0 to -12°c wa s set, each partition on the bar would 
0 . 

decrease by approximately 0.5 c. 

3.1.8.1 Procedure 

Pieces of leaf tissue (single leaf blades from 

Spanish, Ladino and Huia clovers; tritoliate leaves 

from Kent and Russian clovers), were removed from 

plants in the cold room. Two pieces per replicate of 

each population were used for each tempera ture position 

on the gradient bar. The pieces were washed in distilled 

water after cutting, then ~insed in weak detergent 

(Multifilm X-77) and re-washed in de-ionized water, 

(Rowley et .ial,, 1975) before being placed on the bar. 

After 18 hours of freezing, the temperature of the bar 

was raised to o0 c and the leaf samples removed. These 

were dropped into tubes containing 10ml of distilled 

water (1 tube per replicate (2 leaves), 3 replicates 
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per population, and approximately 12 freezing temperatures) 

and put in a water bath at 25°c. 

After 2 hours, the tubes were shaken and a 

conductivity reading (C1} of each solution t aken, using 

a Philips conductivity meter (GM 4Z49) and matching 

conductivity electrode (PW 9510). The leaf tissue 

samples were then killed by placing the tubes in an 

ethylene glycol bath, inside a freezing chamber for 

20 hours at -1 5°c . The tubes were t hen placed in a 



• 

water b a th fo r 2 hours at 25°c and a fina l conductivity 

measurement made (C2). The ratio of the two conductivity 

measurements (C1/C2), was used as the index of injury(L). 

Values of L high e r that 0.5 (50% leaching ) indi c ated 

severe i njury ( Rowley , 1975). It should be emphasized that 

the techni que asses s es the fr e e zing sensitivity of leaves, 

not whol e pl ant overvvi_ntering ability or grov.rth at low 

temp eratures • 

The index of injury (1) was plotted against the 

temperature of the gradient ba r to obtain frost injury 

curves for e a ch clover population . The killing point 

for each population estimated from the drawn curve, was 

at L = 0.5. Five conduct ance tests were c arried out 

du~ing the experiment at 3 weekly intervals, so that 

the pattern of frost injury or degree of hardiness 

could be followe d for each population. 

A side-line study was carried out with objective 

of comparing methods of assessing frost tolerance and 

is described in APPENDIX 2. 

J.2 STATI ST ICAL PROCEDURES 

The grovrth and development pattern for each clover 

po pulation in each environment were d escribed by 

regressing e a ch growth cha racter separately aga inst 

time. The resultant growth functions were then compared 

to assess the genetic and environmental influences. 

These functions were further used to estima te 

development levels at specific times. These estimates 

were subjected to a pooled analysis of variance over 

all three environments. Comp arisons between po pulations 

and envi ronmen ts for each growth charact e r were made at 
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the end point 0£ the growth cycles. Estimates of 

broadsense heritability for each growth character were 

obtained together with estimates of simple phenotypic 

correlations a~ongst characters. 

3.2.1 Curve Fitting 

On plotting the data points, all the growth 

characters indicated non linear responses. The method 

of fitt ing many curves is to linearise them by applying 

appropriate transformations (Draper and Smith, 1966; 

Landsberg, 1977), there being a number of pos sible 

equations. Several criteria of best fit were then 

considered to make the final choice of equation type. 

The types of curves considered most appropriate to 

. this study were the exponential family of curves and 

the simplest form of equation was favoured. The 

regression coefficients for- the relevant equations 

were estimated using the least-square principle, which 

involved the minimization of the sums of squares of the 

deviations (Draper and Smith, 1966) also, those curves 

with higher coeffici ents of determination, R2 (that 

proportion of the total variation explained by the 

regression equation) were favoured. The final important 

criterion of best fit was to consider the type of curve 

which best described the development pattern of a 

character for all populations in gu1 environments. 

For comparat ive purposes, the same type of equation 

must be fitted in all cases. 

3.2.2 Exnonential equation~ 

One common exponential curve is described by:-
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y = ABX with linear f orm 

log Y = log A+ (log B) X and simple regression form 

Y = b0 + b 1 X. 

The quadratic exponential equation introduces an 

additional term to account fo r furth er curva ture in 

the exponential. The equation becomes:-
'l 

y = ABX cX with linear form 

lo g Y = lo gA + (log B) X + (lo g C) X and 

lt . 1 . f b b,X + b~ X2 "'here mu ip e regress ion orm, y = 0 + • ., 

b0 is a curve placement coefficient and b 1 and b2 are 

rate of change coefficients. The quadratic term is 

a curvature modifier. 

The simple and multiple regression equations were 

fitted using the REGRESSION sub-programme of Statistical 

Packages for the Social Sciences (SPSS/V6). 

3. 2. 3 Co1:rm..ari son of Equations among Genotyu es 

Differences among the fitted equations were tested 

for significance by comparing the estimated regression 
,,._ ;,. A 

coefficients (b 0 b 1 and b 1 ). A significant difference 

in any of them indicated a difference in the curve and 

hence iri·the pattern of development. As the variances 

of the st a tistics were heterogenous, pair-wise t-tests 

were estimated using:-

.,... /\ 

t = X, - X2. 
J&-:-2 + ~2. 

l V2 

/'. /"-. 
where x, and X 2. are the regression 

statistics and ~2. and c?-_/· their 

respective variances. 
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(Steel and Torrie, 1960) 

The genotypes were ranked before comparisons so 

that the one-tai led t -test was applicable. Significance 

was t ested at P = 0.05 and the sum of degrees of freedom 

for variance about regression was (n 1 + n~ -4). 



Comparisons were made between populations within each 

temperature regime. Also, for·each population, 

comparisons were made across all three temperature 

regimes. This was done for each character separately. 

The SPSS/REGRESSION output included estimates of 
" ,,.. ,,._ 

all regression coefficients (b 0 ,b,, b 1 ), residual 
" I'. A 

standard error ( <r~ ." ) , standard errors of b 1 and b1 
,,._ ~ 1 

( °c,, > °b2. ) and the co efficient of determination (R ) • 

The variance of b0 is not given by SPSS/REGRESSION. 

For linear equations of the form, Y = b0 + b 1 X, 

the variance of b 0 was estimated by:-

obo ~ ~\ (~ xt/n £ (Xt- X)') 
~ ~ 

where cr;~x = vari ance about regression, 11 = nurribe r of 

observations in the estimator sample and £., (X;.,- X)'.l. = sum 
l. 

of squares of X(Draper and Smith, 1966). 

For the quadratic equations, the programme REGSPS 

(Gordon, unpublished ) wa s used to obtain the variance -

co-,variance matrix of the b' s ( V ([:)),where the 
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variances of the b's are on the diagonal. All comparisons 

were then possible using the t-test (Draper and Smith, 1966). 

3.2.4 Estima tion of points of 3iological interest 

Estimates of the dependent variable (Y), for 

particular values of time (X1c), were obtained from forward 

solutions of the regression equations. For equations with 
,,,.. A A 

one X variable, Y = b 0 + b 1 X, an estimate of the variance 
A 

of a predicted Yk value was given by: 

Dy: := a-;.: ( -k -r ( x,{ - x/-/ f (X i, - X)2
) > L = ) ton 

(Draper and Smith , 1966). 
A 

For quadratic equations, the estimated variance of Yk 
was obtained by: 

A 2 1. 
°91<, = · ~.,,_ ( I /n + C11 x~ + C22 x;_ + 2 C12 x 1 x 2 ) 

(St eel and Torrie, 1960) , 



where ½\ = variance about regression in each case, 

( I )-J C11 , C11 and C\'2 .. are terms from the X X inverse 

matrix (Draper and Smith, 1966) and were provided by 

REGSPS , and x, , x 2. are the linear and quadratic values 

of Xk expressed as devi a tes from their resnective ~'s . 

l. e x = XL - X • • . I "' 

X1. = X~ - (X:2·) 

All possible pj3.ir-wise t-tests were performed as before, 
,-

to find significant differences among the Y1( estimates 

for the various clover populations. 

3.2.5 Linear Model 

Data collection was conducted so that comparisons 

of morphological characters could be made between the 

five clover populations within each temperature regime, 

and across the three temperature regimes. 

Each phenotypic obseryation was based on the 

following random effects model (Le Clerg et .al, 1962; 

Comstock and Moll, 1963): 

, where 

p = mean of all populations over the three environments;· 

~\ = L th population effect over all environments ( i:_ == I .. . g, 

9 = number of populations); 
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/3j{k) = effect of the J_th block in the k th 
environment ( j = I .. . b, 

b = number of blocks) 

72 1< = k
th

environmental effect ( k = 1 .. . e e = number of - ) 

environments); 

V . \ fl-, 1 t . . t . t t . o1,k = U popu a ion x environmen in erac ion; 

€ lj k = ij,Jith 
residual deviation ( experimental error ). 

X ljk = tj k_-th phenotypic variate, due t o the i_th 
population, 

I th in the j.:' block, in the }s_ environment.-

All effects are considered to be random, normal, 

independent deviates with expectations equal to zero 



and generating variances of corrcs~ondi ng dc s ign~t ion . 

3.2.6 Pooled Analy sis of Vari nnc e over the three 

Environments 

The data u sed for this analysis were estimated 

from the regr ess i on equations de s cribing the 

devel opment pattern of each gr owth ch~rac terist ic . 

For any particular growth charact er, a regr ession 

func t i on was fitt ed on an experimental unit ( plot mean) 

basis . Thi s wa s done for each clover populat ion , in 

each block , within t he three environments . Then an 

est imated Y value, taken at the end point of the growth 
. 

cycles, was obtained from these r egress ion functions 

and this data used fo r the Poo l ed Analysis . Thi s 

es timated value is more accurate to use compared with 

t he f inal fie l d data as the develo p:-;-1ent pattern leading 

t o t he end point has been taken i nto account . 

The l i n ear model out lined previousl y was appl i ed 

to each growth cha racter separ at~ l y . Estimates of 

variance components were obtained from the expec tations 

of mean squares which arise from such r andom effect 

designs ( Comstock and Robinson , 1952a ), (Table 5). 

The E( MS) i n Table 5 define the F- tests as described 

in Le Clerg et g1 (1 962): 

F t t f G E 
,.,, MS GE 

es or x• , ~GE - ~S error 

F test for populations , FG 

F t est for bl ocks , FB(E) ::: 

F test for environments , 

== 

MS 
MS 

Fe = 

MS G 
i~ ::i GE 

B1Cl 
error 

rJsc + 
hi 0 Gl[) + 

MS err or 
111S GE 



TABLE 5 
Pool ed Anova 

Source OT Variation df SS E( MS) 

Environments 
Blo cks vii thin 
enviromnent s 

Populations 
Po nul ntion x 
Environments 

Error 

CF = correction 
Where x .•• 

xi .• 

x . .. 
J 

x .. k 

~·k 

e-1 

e(b-1) 

g-1 

( g-1)(e-1) 

e( g-1 )(b-1) 

1. 
fact or = x ••• / g 

= £x .. k 
. "k 1.J 
' .l 

= fx .. k 
jk 1. J 

= £x .. k ,k 1.J 

= £ X. "k 
(j 1. J 

b e 

for each 

for each 

for each 

= z Xijk for each 
J k environment 

i population 

j block 

k environment 

i popula tion in each 

and 0-2. is the variance arising from 8. "k' the error 
l. J 

component 

cr-;,.'2. from 'ti ~ the population effects 

0-B{E.) from /3j(K),the block effect 

er; from 7/K, the enviromnent effect and 

%~ from '(~ ii<.) the population x environ.rnent int eraction. 



The degre e s of freedom for the F£ t est are weighted 

degrees of freedom (Satterthwaite , 1946 ). 

df' of nU!llerator = 

df' of denomina tor 

[Ms E + MS errorJ
1 

U;1SE)~ + (US e.,...ror? 
d f E' d f error 

= [::18 8 /E) . + j,'~S CEJ~ 

( •1 -:.:~ ,~ ,\ 1 ( ,, ) 1-:.::.~ + .x-.'-) GE 

df B(E) df GE 

3.2. 7 Her~ __ tahili tv estimate[2 

Two forms of bro adsens e heritability can be 

derived. from the variance components in Table 5 

(Allar d, 1960; Gordon, 1972). 

( a ) Full heritability where the phenotypic variance 

cont ains all the variance components including 

the block and environment a l effects. 

( b ) Restricted heritability where the phenotypic 

variance only contains the variance components 

associated with the genotypic differences . 

o-l. + u;:1.. + (J.2 
G- GE 

The data u sed for this analysis were based upon 

plot means. As the variance of a mean is given by 

the equation, ~1. = 0-:i. where n is the number of 
n 

individual observations making up the mean, the 

phenotypic variance used in these heritability r atiris 

has similarily been reduced. Thus the heritability 

values obtained are higher than one would expect 

to ob t a in f or the heritability of individuals. 
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Variance es t imat es of thes e herit abilities have 

been defined by Gordon tl al (1972). The basic 

estimator is given by the following expression: 

+ Y1 (f/ - 2TI Cov (X,Y) / y4-

(0sborne and Paterson, 1952). 

where X = u? ( Genotypic vari ance) 
1 '1. 2. ,..- 2 

Y ;; ~ ( phenotypic vari ance) = <f + % + u G-E 

For the present model and restricted heritability case , 

<r:·'l. 
X = Vr:r 

er:.,_ 
y = V + VGE + VG- + 2 Cov (G,GE) + Cov (G, Error) 

+ Gov (GE, error) 

= V + VGE + Vr:r + · 2 {.[c 1 

and Gov( X,Y) = VG-+ V/b
2

e - VG-E/e 

- be)/b'l.e] V - -VGE/e} 

(Gordon tl al, 1972) 

From Comstock and Moll (1963): 

V~ = sampling variance of the genotypic variance 

= _1_ ~ 2 ( MSG)
1 

(b.e) 1 ?i dfG- + 2 

V = sampling variance of the error variance 

= 2 ( lf: S error )
1 

df error+ 2 
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VG-£ = sampling variance of the population X environment 

variance 

= _1_~ 2 (MS <n) 2 

b1 dfGE + 2 
n=1 

where b = number of blocks 

e = number of environments 

g = number of populations 

A computer pro gramme PHANIE (PHenotypic ANalyses In 

Environment s ) (Gordon, unpublished) was used to carry 

out the pooled analys is of the three environments 

together with the h
2 

and oh~ estimates. 
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J.2.8 Simple Correlation Coef ficients 

Correlation is a measure of the intensi ty of the 

association between two characters (Steel and Torris, 1960). 

The phenotypic correlation is given by: 

rp = Q__QY__{X ,Y ) = £ex - x) (Y - ;;) ( Steel and Torrie, 
J v/.~:/-- Ji(x - x;·?. £(Y-Y)i 1960) 

where £.,(x - X) ( Y - Y) = sum of cross products of the 

devi ations 

and Z,( X - x:/ = su.11 of squares of the deviations . 

The computer programme PHANIE was used to carry 

out t his analysis. 

3.2.9 Adaptat ion Analvsis 

The pooled analysis of variance enables the total 

variation ascribable to populations and environments 

to be partitioned into three independent comparisons . 

One measuring t he differ ences between populations , 

one measuring environn1ental differences and one assessing 

their joint effects, the GE i nteraction . 1rhe GE 

interaction effect can be further split into the 

variation components for eac·h popul ation within the 

environments . These separate population - environ.'TLent 

int eraction effects are knovm as ecova lences . The 

t erms population and genotype are synomyns in the 

following text . 

t <xi,k + x ••. 

The ecoval enc es are given by: 

K (a) (b) 

( n ) Genotype y i eld in 
each environment 

XL • • 
(c) 

(b) Mean of all geno types 
in all envi r onments 
(Grand mean ) 

2. 
- X •• k) for each i genotype . 

(d) 

( c ) Mean genotype yield 
over all environ~ents 
( Genotype mean) 

(d) Yield of all Genotypes 
in each environment 
(Environ~ent mean) 



Finlay and .Wilkinson(196J) and Eberhart and 

Russell (1966) develo ped regres s ion techniques in 

order to study the patterns of adaptability between 

genotypes and the environment. For each genotype, 

a linear rec r essio n o f indi vi dual yield ( X i. k ) on 

the mean yield of al l genotyp es for each envi ronment 

(i .. k ) was computed . The mean yi e ld of all g enotype s 

for e a ch environment ( Environ~ent mean ) is a me thod 

of evaluating an environment without t l: e ina ccuracies 

of de fining it in physical terms. Probably the most 

import ant point on the validity of this analysis is 

wheth er the environment a l means are a fair representation 

of the act u a l environment s. 

From the model, xi.k =)1· + Gi + Ek + GEik + £, 

the r egress ion is in effect r egressing Gi +Ek+ GEik 

as the Y va ri ate against Ek _as the X variate ( Hill, 1975). 

As the genotypi c effect, G is const ant for a particular 

genotype, the r esult ant regression co efficient b, of 
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the i th genotype line, includes environmental vari a tion E 
' 

and tha t portion of t h e GE interaction va riation which 

is a linear fun ct ion of the environ~ent . Part of the 

GE intera ction v ariati on f orms the unexplained deviations 

from the regre ssion line. Eberhart and Rus s ell (1966) 

defined a "st a ble" genotype as one with deviations from 

the regression line as small as possible. The series of regression lines 

presented in Figure 4 illustrate the possible responses wr.ich can occur. 

_The significance o f b, the regression co efficient may 

be det er~ined by testing it s d eparture from zero or 

unity. Eb erh a rt a nd Russell (196 6 ) defineda wel l 

adapted ~enotype as one with a high mean yield ( Xi •• ), 



Genotype 

Yi e ld 

X· k I • 

6 1 • 

t' IGUstB 4 

Adapta t i on Analys is 

Spccif 1ca lly adap ted to hig h 

b>I yielding environment s 

b-:::.1 Average adap t abi Ii t y 

_ _,/-~------ b<I 

~ 
Speci f ica lly adapted t o low 
y1eld1ng envi ronmen ts 

Environment Mean 

X . ,k 



unit r egression co9ffic i en t (b = 1.0) and deviations 

from regression as small as possible (i.e. a high 

coefficient of determination, R2 
). The adaptation 

analys is was estimated using the programme PHA.NIE, 

whi ch printed the ecova l enc es , adaptation co effici en t 
. . 1 

b , the standard error of b, signi f icance levels and R • 



CI·LPTER 4 

RESULTS 

4 .1 Curve fjt tin~ 

The fin a l e sti~2ted regression functions describing 

the s tolon growth cha racters were fitted on an experimental 

unit (plot mean) b qsis . This methQd was chosen because of 

the laree varintion in growth between individual stolons of 

each clover population . The effect was to r educe the sto l on 
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variation, as the variance of a plot mean is given by a-1/n 

where n is the number of observations (Steel and Torrie, 1960 ). 

The quadrat ic exponential f unc tions were found to describ e 

the development pattern of the stolon characters wit h most 

accuracy and anpropriateness of biological interpretation 

( as outl i ned in section 3.2). 

4. 2 Stolon growth Characters 

4. 2 . 1 Ste:n drv weight production 

The fitted curves f or each population in each 

envirorunent are nlotted in Figur e 5 and the data points 

given in Apnendi x J. The r egre ssion statistics describing 

t hese curves (b
0

, b 1 , a n d b2 ) a re given in Table 6 . 

Comparisons across oopul ations for each of the regression 

statistics were nchieved using pair-wise t - Tests . Significance 

grouuing a t P = 0.05 are indicated in Tabl es 6 and 7. 

The b
0 

regress i on coefficient is a curve place11ent 

parameter which describes the initial g r owth potential of 

each ponulation . Ladino was consistently supe r ior to al l 

other populations in each environment . 



The b
1 

regress ion coeffici ent is a rate of change 

parameter which describes the growth rate in g/day . The 

b2 ·coefficient is an 'acceleration ' parameter describing 

the change in erowth rate (g/day/day). 

Fr om Table 6, in botn the hot (24°/14°c ) and cool 

( 12° /6°c) environments t there were no si gni f icant di1·ferences 
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o ·o among populations for b
1

• In the cold (12 / -2 C) environment , 

Huia was signi f icantly superior to the Spanish and Ladino 

clovers for b
1

, but the reverse was true for b
2

• 

The regression coefficients were also compared across 

environments ( Table 7). All the clover popul ations gave 

higher values for b1 1·n the hot environment than the cool 

and cold environments. However , values for b2 declined at 

a faster rate in the hot environment than the colder 

environments. 

Compari sons of the fina l stem dry wei ghts (i) estimated 

at the end of the growth period in each environment 

( simila r developmental stage ), ar e indicated in Table 8 . 

The Spanish clover had the greatest stem Dry We i ght ( DW ) 

per stolon in the hot environment, but l adino was superior 

in both the 6001 and cold environments. Huia was 

inter~ediate in all environments , the Kent nnd Russian 

clovers consistent ly had the l east stem DW in each 

environment. 

Similar growth patterns occurr ed in the second growth 

period (regression statistics e iven in App endix 4A) excep t 

the Spanish no longer had t he s reatest DW in the hot 

environment and Ladi.no wa s consi s tently superior in all 

environments. 
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TABLE 6 66 . 

E~t im2:t e d re~rP.s~ion· 8tBtistics "._-!3 cri bing the devf lo 1J;;18nt 

o~t tern of ste'n drv weight of fi~~ white clover :go:Qulations 

in three environments 

log
9

(g) Statistic Soain Ladino Huia Kent Russia 

HOT b o -6. 589 - 5 .45 5 -7. 087 -7. 206 -6. 649 

24° /1 4°c SE of bo 0.280 0 .217 0.212 0. 22 9 0.282 

* b a b b b 

b , 0.329 0.239 0.350 0.320 0.251 

SE of b, 0.047 O.OJ6 0.035 0.038 0.047 

ab b a ab ab 

b'.1. -.0062 -.0046 -.0076 -.0071 -.0050 
SE of bi 0.0017 0.0013 0.0013 0.0014 0.0017 

a a a a a 
R1 .968 .961 .977 .967 .939 

COOL · bo -6.259 -5.369 - 6.078 - 6.617 -60352 
12°/6°c SE bo 0.356 0.165 0.275 0.211 0.318 

b a b b b 

b, 0 .114 0.107 0.080 0.118 0. 11 4 

SE of b, 0.038 . 0.018 0.029 0.022 0.034 
a a a a a 

b').. -.0005 -.0005 . -.0007 -.0008 -.0009 
SE of b1. 0.0009 0.0004 Oe0007 0.0005 0.0008 

a a a a a 
R 1- .942 .984 .955 .926 • 972 

COLD bo -5.505 -4 .657 -6. 180 -6.316 -5.899 
12°/-2°c SE of bo 0 .186 .0.171 0.259 0.270 0.102 

b a C C C 

b, 0.068 0.057 0.127 0. 111 0.079 
SE of b, 0.016 0.015 0.023 0.024 0.009 

be C a ab be 

bl -.00007 -.00007 - .00124 -.0010 -.0005 
SE of b1, 0.00032 0.00029 0.000 44 0.0005 0.0002 

a a b ab ab 
R~ .968 .960 .939 .928 .986 

* Stati s tics s haring the s ame letter are not significantly 
different (P=0.0 5) 



'rAB .. 1<"' '7 . li~ 

St at i s ti cal differences amongst nonul utio~n=s~a~c_r_o_s_s 

envi ron~ents for stem dry neirrht 

Environmental 
Comp e.ri s ons 
HOT 

lcooL 

J:iOT 
lco1D 

COOL/ 
COLD 

HOT/ 
COOL 

HOT 
lco1D 

COOL/ · 
COLD 

HOT 
lcooL 

HOT 
lco1D 

COOL/ 
COLD 

HOT 
lcooL 

HOT/COLD 

(;001; 
COLD 

Statistic Spain 

NS 

* 

* 

* 

* 

NS 

* 

* 
NS 

* 

y * 
NS 

NS = non significance at P=0.05 

*=significance at P=0.05 

Ladino 

NS 

* 

ii· 

* 

* 

NS 

* 

* 
NS 

NS 

NS 

NS 

Huia 

* 

* 
NS 

* 

* 

NS 

* 

* 
NS 

NS 

NS 

NS 

Kent 

* 

* 
NS 

* 

* 

NS 

* 

* 
NS 

NS 

NS 

NS 

The asterick is indicated in line with the environment 

containing the larger es timate 
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Russia 

NS 

* 
NS 

* 

* 

NS 

* 

NS 

NS 

NS 

NS 



'.PABLE 8 

Estimated stem dry wej_p:;hts a t final h.8.r ves t time 

Sti2, t i sti c Sna;in Ladino Hu;i.a Kent 

HO'r antilog (cg) 9.9 9.0 4.4 2.9 

24° /14°C 
A 

( g ) y loge -2.313 -2.408 -3.124 -3.541 
A 

at 22 days SE of Y 0. 11 3 0.087 0.085 0.092 

* a b C d 

COOL antilog (cg ) 5.6 10.5 3.5 2.8 

12°/6°C 
/'-

(g) -3.576 y lo g
8 

-2.882 -2.254 -3.352 
,... 

at 35 days s~ of y 0 .137 0.064 0 .105 0.081 

b a C C 

COLD antilog (cg): 6.8 9.5 4.9 3.5 

12°/-2°C 
A 
y lo g

6
( g ) -2.688 -2.354 -3.016 -3 .352 

/\ 

0.086 at 43 days SE of Y 0.093 0.130 0.135 

b a be cd 

* St a tistics sharing the same letter are not significantly 

different (P=0.05) 

6'' o . 

Russj.~ 

2.9 

-3.541 

0.11 J 

cd 

3.2 

-3.442 

0. 122' 

C 

3.4 

-3.381 

0.05, 

d 



4 . 2.2 LeRf and PetjoJ.e Dry Weight Production 

The fitted r egr ession c ur ves are pl o t ted i n Figur es 6 

and 7, respectivel y wi t h dat a points given i n Appendix 3. 

The regression statistics and significance groups for 

leaf dry weight (D~ ) are indica ted in Tables 9 and 10 . 

The populations showed simi l ar resoonse curves for leaf 

and petiole production in all enviroTu~ents . 

From Table 9, Ladino clover had a consistently 

superior b
0 

coeffi cient for l eaf DW production in each 

enviro:n.""Tlent but the fj_v e populations had similar b
1 

and b
2 

coefficient s . When comparing across environments (Table 10); 

Huia, Kent and Russian clover& had. greater values for b1 
i n the hot environment than in the colder environments , 

but Spain and Ladino were no different . 
,,.. 

The final l eaf dry weights (Y) esi tmate d at the end 

of t he growth period in ea ch envirorunent are given in 

Table 11 . This s howed the superiority of the Spanish 

and Lad ino clovers in all environ~ents ~ followed by Huia 

and finally the Kent and Ru ss i an clovers producing the 

l east DV/ production . 

The regression statistics and significance groups for 

pet i ol e dry weight are given in Tables 12 and 13. Ladino 

clover had the greatest values for b1 in a ll environments 

follo wed by Spain and Huia then t he Kent and Russi an 

clovers . The revers~ trend was applicable for the b2 
coeffici ent . When comparing petiole DW production between 

environments (Table 13), all populations had gr eater values 

of b1 in the hot environment r e l at ive to the colder 

enviro:n.'Tlen t s . 
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TABLE 9 

Re~ression statistics describing t he d evelooment natt erns 

for l eaf dry weieht 

Log
8 

(g) 

HOT 
24° /14°C 

COOL 
12° /6°C 

COLD 

Statistic 

b 
0 

SE b 
0 

12° /-2°C b
0 

SE b
0 

Rl-

Spain Ladino Hui a Kent Russia 

-4.682 

0.208 

* b 

-3.890 -5.408 -5.756 -5.221 

0.2 57 0.215 .0.278 0. 285 

a C C be 

09199 0.140 0.267 0.194 0.194 

0.035 0.0 43 0.036 0.0 46 0.049 
ab b a ab ab 

-.0033 -00024 -.0061 -.0044 -.0044 

0.0013 0 .0016 0.00 13 0.0017 0.0018 

ab a b ab ab 

.881 .960 .956 .871 .859 

-5.238 

0.318 
be 

0. 121 

0.034 

a 

-.0010 

0.0008 

a 

• 931 

-3.771 -4.68 6 -5.515 -4.942 
0.133 0.234 0.256 00246 

a b · c be 

0.0 58 0.070 0.098 0.083 
0.014 0.025 0.027 0.026 

b ab ab ab 

-.0002 -.0003 -.0011 -.0009 

0.0003 0.0006 0.0006 0.0006 

a 

.970 

a 

.932 

a 

.908 
a 

.879 

-4.670 -30840 -4.644 -5.024 -4.819 

0.154 0.170 0.198 0.193 0.129 
b 

0.087 

0.014 

a 

-.00072 

0.0003 

a 

a b 

0.074 0.095 
0.015 0.018 

a a 

-.00072 -.0011 

0.00029 0.0003 

a 

.926 

a 

.918 

b b 

0.058 0.064 

0.017 0.017 

a a 

-.0004 -.0006 

0.0003 0.0002 

a 

.. 902 

a 

.945 

* Statisti c s showing the s ame lett er a r e no t signifi cantly 

diff erent (P =0 .05 ) 



TABLE 10 

Statistic..a1 ditf3y8nces 8.monP-" s t_ JLOpu1 at tons 

environment s for lea f dry we ight 

Environmental Statistic Spain Comp·ari sons 

HOT 1cooL 
NS 

HOT 
lcoLD 

bo NS 

COOL/ NS 
COLD 

HOT 
lcooL 

NS 

HOT 
lcoLD 

b, * 

COOL/ NS 
COLD 

HOT 
lcooL 

NS 

HOT, b1 1coLD * 

COOL/ NS 
COLlJ 

HO'l' 
lcooL 

* 

HOT y * 
lcoLD 

COOL/ NS 
COLD 

NS = non significance at P:0.05 

*=significance at P:0.05 

Ladino 

NS 

NS 

NS 

l'JS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

.NS 

a cro ss 

Huia Kent 

NS 

* * 
NS . NS 

* * 

* * 

NS NS 

* * 

* * 
NS NS 

NS .NS 

NS * 

NS NS 

The asterick is indicated in line with the environment 
containing the larger estimate 
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Russia 

NS 

NS 

11JS 

* 

* 

NS 

* 

* 
NS 

NS 

NS 

NS 



JABLE U 

Estimated leaf dry wei.,p.;ht at fin11l harvest 

Statistic Spain Ladino Hui a Kent 

HOT Antilog (cg ) 15. 0 1 3. 9 8.4 2.7 
24° /14°c "' -3.612 Y log (g) -1.897 -1. 97 3 -2. 477 

e " 
at 22 days SE of Y 0 . 083 0 .1 03 0.086 0 .11 2 

* a a b d 

COOL Antilog ( cg ) 10.8 13.8 7.4 3.4 
12° /6°c 

A 

Y log ( g ) -2 .226 -1 .981 -2. 604 -3.381 e....,. 
at 35 days SE of Y 0.106 O . 051 0.090 0.098 

a a b C 

COLD Antilog (cg ) 10.6 13. 7 8.1 3.7 
12°/-2°C 

/' 

Y log ( g ) -2. 244 -1.988 -2 .513 -3. 297 e,_ 
at 43 days SE of Y 0.077 0. 085 0.099 0. 097 

b a b C 

* Statistics sharing t he sarne le tter are not significantly 
differ ent (P=0 .05 ) 
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Russia 

4.6 
-3. 079 
0 . 125 

C 

4 .. 3 
-3.147 
0.095 

C 

4.1 
-3.194 
0.065 

C 
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75 . 
Be&ression statistics describing the develooment patterns for 

Petiol e dry weight 

lo g (g) Statistic · Spain Ladino Huia Kent Russia 

HOT 
24°/14°c bo 

COOL 

12° /6°C 

COLD 

SE b 0 

b'l. 

SE b :t 

12° /-2°C bo 

SE b 0 

b:i. 

SE b 2 

R~ 

-7.554 -8.087 
0.186 0. 466 

* C C 

0.396 0.565 
o. 031 

b 

0.078 
a 

-.0083 -.0138 
0.0011 0.0028 

b C 

• 942 • 939 

-6.560 -7.350 
0.290 0.291 

-7.284 -6.306 
0.295 0.323 

be -a 

0.344 0.074 

0.049 
b 

-.0071 
0.0018 

b 

.942 

0.054 
C 

+.0006 
0.0020 

a 

.862 

-6.524 -5.678 
0.246 0.288 

b 

0.094 
0.031 

C b a 

- 0.028 

b 

-.0003 
0.0007 

b 

.965 

0.236 0.091 
0.031 0.026 

a b 

-.0032 -.0005 
0.0007 0.0006 

C 

9 
. ,..., 

• Ltd 

b 

• 952 

-6.468 -6.938 -6.566 
0 .192 

C 

0., 09 

0.017 
b 

0.179 0.310 
be 

0.097 
0.016 

b 

-.0008 

0.0003 
be 

.936 

C 

0 .17 4 
0.028 

a 

-.0020 
0.0005 

d 

.964 

-.0011 

0.0003 

cd 

.952 

o. 031 
C 

+.0015 
0.0007 

a 

.811 

-5.796 
0.229 

a 

-0.009 
0.020 

C 

+e0011 

0.00-04 

a 

.845 

* Statistics sharing the same letter are not significant ly 

different (P=0 .05 ) 

-6.728 
0. 421 

ab 

O .156 

0.070 
C 

-.0016 
0.0025 

a 

.873 

-5e961 
0.360 

ab 

0.010 

0.038 
C 

+.0006 
0.0009 

ab 

.713 

-6.078 
0.187 

ab 

0.029 
0.167 

C 

-.00007 
0.0003 

b 

• 821 



TABLE 1) 
76. 

~:t a t is:tice.1 differences 8mongst 12onul nt ions acro ss environments 

for Pet iol e dry weight 

Environmental Statistic Spain Cornu ari s ons 

HOT 1cooL * 
HOT bo 1coLD * 

COOL/ NS 
COLD 

HOT 
lcooL * 

HOT 
lcoLD bi * 

COOL/ NS. 
COLD 

HOT 
lcooL * 

HOT b1, 
lcoLD * 

COOL; NS 
COLD 

HOT 
lcoo1 * 

HOT 
lcoLD 

y * 

COOL/ NS 
COLD 

NS = non significance at P=0.05 

*=significance at P=0.05 

Ladino Huia Kent 

NS .NS 
* 

NS 
* * 
1~S NS NS 

'* * NS 

* * * 

.NS NS NS 

NS 
* * 

NS 
* * 
NS NS NS 

* * NS 

* * NS 

NS NS NS 

The asteri ck is indicated in line with the environment 

containing the larger estimate. 

Russia 

NS 

NS 

NS 

* 

* 

NS 

NS 

l'J s 

NS 

* 

* 

NS 



TABLE 1__1 

Estimated Petiole dry vreir;ht at fi na l harvest 

Statistic Spain Ladino Huia Kent 

HOT antilo g (cg) 5.7 9.6 4.2 0.7 

24°/14°c 
,,.... 

. Y log ( g) -2.865 -2.343 -3.170 -4.962 e 
/\ 

a t 22 day s SE of Y 0.075 0.187 0. 118 0.130 

* b a C e 

COOL antilog (cg) 2.6 5.0 2.0 0.8 

12°/6°c 
A 

Y log (g) -3.650 -2 .996 -3.912 -4 .828 e 
at 35 days 

/\ 

SE of Y 0. 111 0 .112 0.095 0 .118 

b a b C 

COLD antilog (cg) 2.5 4.4 2.0 0.9 

12°/-2°c 
,A 

Y loge (g) -3.689 -3.124 -3.912 -4 .710 
,,.,. 

at 43 days SE of Y 0.090 0.155 0.096 0. 11 5 

b a b C 

* Statistics s haring the same lett er are not significantly 

different (P=0.05) 
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Rus sia 

1 .. 7 

-4.075 

0.169 

d 

0.8 

-4.880 

0.138 

C 

0.7 

-4.962 

0.094 

C 



.... 
The final petiole dry weights (Y) estimated at harvest 

time in each environment are indicated in Table 14. 

The rankings were the same witnin each environment; Ladino 

clover being superior to SDain and Huia followed by Kent 

and Russi t n clovers. 

Duririg the second growth period, similar patterns 

of development occurred for both leaf and petiole 

production (Appendix 4B and 4C)~ 

4.2.3 Total Stolon Dry Weight Product_ion 

The fitted regression curves are plotted in Figure 8 

for each clover population in each environment. The 

actual data points are given in Appendix J. '1.'he tot al 

stolon dry weight (DW ) consists ·of the sum of stem DW, 

leaf DW and petiole DW. The regression statistics and 

signi ficance groups describing the development patterns 

for total stolon D~ are indicated in Tabl es 15 and 16. 

From Table 15 , in each enviromnent Ladino clover was 

significa~tly better than all other populations for the 

b0 ( placement) coefficient. The b1 (rate of change) and 

b2 (rate of change of rate of change) coefficients were 

similar for al l populations in the cool and cold environments . 

However , in the hot environment , Huia clover had a greater 

b1 value than Ladino clover but the r everse was true for 

the b2 co efficient. 

The comparison of regression coefficients between 

environments is indicated in Tabl e 16. All populations 

had greater b1 values in the hot environment compared with 

the colder environments . There were no differences between 
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'rABLg 15 80. 

Ee~r:e :;i s j on s:t a:tis:tiQ s d~1'1 QI::i. 12j,ng the develo12ment D8.tterns 

fo r to ta l drv ,:;eight 

log (g) Statistic Spain Ladino Huia Kent Russia 

HO'l1• · 

24°/14°c bo -4.755 -3.926 -5.414 -5.780 -5.181 

SE bo 0.190 0.217 0.216 0.239 0.283 

* b a C C be 

b1 0.275 0.222 0.331 0.269 0.239 
SE b1 0.032 0.036 0.036 0.040 0.047 

ab b a ab ab 

bi -.0051 -.0042 -.0075 -.0059 -. 0051 
SE b;i.. 0.0012 0.0013 0.0013 0.0015 0.0017 

ab a b ab ab 
R;i. .956 .978 .971 .951 .921 

COOL 

12°/6°c bo -5.042 ·-J. 743 -4.582 -5.326 -4.795 
SE bo 0.313 0.112 0.218 0.230 0.261 

be a b C be 
b, 0.139 0.094 0.093 0.114 0.102 

SE b1 0.033 0.012 0.023 0.024. 0.028 

a a a a a 
bi -.0012 -.0006 -.0006 -.0010 -.0011 

SE b:i. 0.0008 0.0003 0.0005 0.0006 0.0006 

a a a a a 
1{1. .988 • 947 .959 .954 .916 

COLD 

12° / - 2°c bo -4.389 -3.551 -4.537 -4.876 -4.600 

SE bo 0.160 0.17 4 0.213 0.225 0.118 

b a be be be: 

b, 0.096 0.083 0. 116 0.087 0.080 

SE b1 0.014 0.016 0.019 0.020 0.011 

a a a a a 

b').. -.0007 -.0007 -.0013 -.0007 -.0007 

SE b;i_ 0.0003 0.0003 0.0004 0.0004 0.0002 

a a a a a 
R1. .949 .971 .938 .923 .971 

* Statistics sharing the s ame letter a re not signific antly 
different (P=0.0 5 ) 



TABLE 16 

S:t a:ti st:i c~l djffcren~~;;i nP.lQDf!;;;Jt nonu l nti ons 

environment s for Tot a l dry weight 

Environmental Statistic Spain ComN~.ri sons 

HOT 1coo1 
NS 

HO 'l1 b. NS 1co1D 0 

COOL/ NS 
COLD 

HOT 
lcooL * 

HOT 
lco1n 

b1 * 

COOL/ NS 
COLD 

HOT 
lcoo1 * 

HOT b2 1co1n * 
COOL 

lco1D 
NS 

HOT 
lcoo1 * 

H0111 

lco1n 
y * 

COOL 
/GOLD 

NS 

NS = non signirlcance at P=0.05 

*=significance at P=0.05 

Ladino 

NS 

NS 

.NS 

* 

* 

NS 

* 

* 
NS 

NS 

NS 

NS 

acro s s 

Huia Kent 

NS 
* 

* * 
N0 i'JS 

* * 

* * 

NS .NS 

* * 

* * 
NS NS 

* NS 

NS NS 

N0 NS 

The asterick is indicated in l ine wi tn the envi ronment 

containing the larger estimate. 

8 1. 

Russia 

NS 

NS 

NS 

* 

* 

NS 

* 

* 
.NS 

NS 

NS 

NS 



1'ABLE 17 

Est im'l.t ed total drv weight 8. t final harvest 

StR.t i st:i.c Spain Ln.dino Huia Kent 

HOT antilog (cg) 30.7 33.8 17.0 6.6 

24° /1 4°C 
r-
y lo g ( g ) -1. 181 - 1 .085 -1.77 2 -2.718 e 

" at 22 days SE of Y 0.076 0.087 0.087 0.096 

* a a b d 

COOL antilog (cg ) 18.7 30.1 12.9 6.9 

12° /6°c 
.A 
y loge (g ) -1.677 -1 • 201 -2.048 -2.674 

,,... 
at 35 days SE of Y 0.120 0.043 0.084 0.088 

b a C d 

COLD antilog (c g ) 19. 8 ' 27.4 14. 7 8. 1 

12° /-2°C 
,... 
y log

8 
(g) -1.619 -1.295 -1.917 -2.513 

"' at 43 days SE of Y 0.080 0.087 0.107 0 . 113 

b a C d 

* Stati st ics sharing the same lett er are not significantly 

different (P=0.05) 
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Russia 

9.2 

-2.J86 

0. 11 4 

C 

7.6 

-2.577 

0.100 

d 

8. 1 

-2.513 

0.059 

d 



the cool and cold environments. However, the growth rates 

declined at a faster rate (b2 coefficient ) in the hot 

environment compared with t he co l der environments . 

The final total sto l on DW estimated at the endpoi nts 

of the growth period are eiven in Table 17. The 

significance groupings of the populations remained the 

·same for each environment. Ladino was corisistently 

superior followed by Spain then Huia vrhite clover. The 

Kent and Russian clovers were consist ent ly the poorest. 

This pattern of development also occurred in the second 

growth period (Appendix 4D) . 

4 . 2.4 Ratio 0¥ Leaf dry weight to Total stolon dry 

Weight 

The r atios were estimated for each plot and then 

regressed . The fitted regression curves are plotted in 

Figure 9 with appropriate data points given in Appendix 3. 

The development patterns of all popul ations within each 

environmen~, as described by the b
0

, t 1 , and b2 regression 

coefficients (Table 18) were very similar . The populations 

indicated a decline (negative values for t 1 ) in the ratio 

of l eaf to total dry weight with time . Comparison of 

statistics across environments (Table 19) indicated that all 

clover populations except Russia had a greater rate of 

decline in the hot compared with the cooler environments. 

The final ratios estimated at the end p6ints (Table 20), 

showed that the populations had similar r ankings within each 

environmen "t. The Spanish , Hui a andR.uss.i a n clovers had 

consistently greater values than Ladino and Kent clover 

in all environments • . These latter clovers had a greater 

8 7. :,; . 
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TABLE 18 85 . 

R.aeression st::;t i slic_:=;__cl~sc_d bin.e the deve lon'.Tlent uat terns 

for the ratio of leaf to totRl dry wci~h t 

HOT 

24° /14°c 

COOL 

12°/6°c 

COLD 

12°/-2°C 

Statistic 

b2. 

SE b 
2 

s~ 

SE 

SE 

SE 

R"l. 

Spain Ladino Huia Kent Russia 

0.074 0.035 0.006 0.024 -0.040 

0.097 

a 

-0.0 45 

0.016 

a 

0.054 0.146 0.084 0.103 

-0.075 

0. 009 

a 

0.0018 

0.0003 

a 

• 961 

-0.196 

0.061 

b 

-0.018 

0.006 

a 

0.0002 

0.00015 

a 

.857 

-0.28 1 

0.045 

b 

-0.009 

0.0004 

a 

.00002 

.00008 

b 

.879 

a 

-0.08 2 

0.024 

a 

a a 

-0.063 --0.075 

0.01 4 

a 

0.017 

a 

0.0018 0.0014 0.0015 0.0007 

0.0009 0. 0005 0.0006 0.00 86 

a 

.819 

-0.028 

0.076 

a 

-0.035 
0.008 

a 

a 

.893 

-0. 104 

0.073 

ab 

-0.023 

0.008 

a 

a 

.912 

-0.1 89 

0.133 

ab 

-0.017 

0.014 

a 

a 

.864 

-0.1 48 

-0.097 

ab 

-Oa019 

0.010 

a 

0.000 4 0.0003 - 0.00002 0.0001 

0.0002 0.0002 0.0003 0.0002 

a 

.926 

-0.289 

0.056 

a 

.864 

"'."o .101 

0.053 

b a 

-0.008 -0.021 

0.0005 0.005 

a b 

-.00002 .0002 

• 00009 • 00009 

b ab 

.884 .903 

a 

.769 

-0.147 

0.072 

ab 

-0.029 

0.006 

C 

.0003 

.0001 

a 

.882 

a 

.805 

-0.219 

0.037 
b 

-0.016 

0.003 

ab 

.0001 

.00006 

ab 

.944 

* Statistics sharing the same letter a re not significantly 

different (P=0.05) 



1'ABLE 19 
Statis t ical differences a mongst nonul ntions across 

environments for the ratio of leaf to Total dry weight 

Environmental 
Comn2.risons 

HOT 
lcooL 

H0'1' 
lcoLD 

COOL/ 
COLD 

HO'r 
lcooL 

HOT 1coLD 

COOL/ 
COLD 

HOT' 
lcooL 

HOT/ 
COLD 

COOL/ 
COLD 

HOT/cooL 

HOT 
lcoLD 

COOL/ 
COLD 

Statistic Spain 

* 

* 

NS 

* 
b1 

* 
NS 

* 

b2 * 

NS 

* 
y 

* 
NS 

NS = non signific ance at P=0.05 

*= s ignificance a t P=0.05 

Ladino Huia Kent 

NS NS NS 

* NS NS 

NS NS 

* * * 

* * * 
NS NS 

* 

* * * 

* * * 

* NS NS 

NS 
* * 

* * * 
NS NS NS 

The ast erick is i ndicated in line witn the envi ronment 

containi ng the l arger e s timate. 

86. 

Russia 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

* 

.NS 

NS 

NS 

NS 



'rABLB 
87 . 

20 

Est im8.t e d Ratio o f Lea f t o to tR. l dr y weight at final harvest 

Statis tic . Spain Ladino Huia Kent 

HOT Ratio .48 • 42 • 49 .40 
24° /1 4°c " -.916 y lo ge -.734 -.867 -.713 ,,.... 

.0216 at 22 days SE of Y .0585 .0338 .041 3 

* a b a b 

COOL Ratio . 56 .47 .55 • 47 
12°/6°c 

/' 

Y log -.580 -. 755 -.598 -.755 e ..... 
at 35 days SE of Y .0234 .0292 .0282 .0511 

a b a b 

COLD Ratio .54 .50 ·• 54 • 46 
12°1~2°c 

/' 

Y log - . 616 -.693 -.616 -.777 
e"' 

at 43 days SE of Y .0225 .0279 .0268 .0359 
a b a b 

* Statistics sha ring the same letter are no t significantly 

different ( ?=0.05 ) 

Russia 

.50 

- .693 
.039 

a 

.53 
- .635 

.0373 
a 

• 51 
- .673 

.0184 
a 



proportion of their gro wth made up ofstem tissue. From 

Table 19, the ratio of leaf to total dry weight was greater 

in the colder environments. 

4.2.5 Le a f nu~ber ner s tolon 

The fitted curves for each popula tion and environment 

are plott ed in Fi gure 10 (data points given in Appendix)). 

The regre s sion statistics and significarice groups are 

given in Tables 21 and 22. Within each environment the 

development patterns of all the clover populations for 

leaf production were basically the same. On comparing 

the leaf production rates bet we en environments (Table 22), 

Hui~, Kent and Russian clovers had greater rates in the 

hot comp ared with the colder environments .. Using the 

estima tes of the b1 and b2 coefficients, these clover 

populations produced ap~roximately two leaves per week 

in the hot environment compared witn one leaf per week 

in the cool and cold environments. 

The final estimated leaf numbers at the end of the 

growth period are given in Table 23. The populations 

produced similar numbers of leaves within each environment 

but the most leaves were produced in the hot environment. 

(Table 22). 

The . regression statistics describing the development 

pattern for the second grovnh period are given in Appendix 4F. 
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'f J\BLE ? 1 ~.o. 
R~s~eS Qicn ~t1tj~tic~ des,~ri b;Lng the dcJvelo12men'L :gat terns f or 

Le2f nro duction 

Lo g Statis tic Spain Ladino Huia Kent Russia 

HOT b 0.234 o. 470 0 .1 64 0.356 0.267 

24° /1 4°c 
0 

Si!: b 0.139 0 . 117 o. 167 0 . 120 0.111 
0 

* a a a a a 

b , 0. 111 0.075 0.124 0 .109 0. 130 

SE b , 0.023 0.019 0.028 0.020 0.019 

ab b ab ab a 

b1. -.0017 - . 0006' -. 0020 - .0016 -00027 
SE b;_ 0 . 0008 0 . 0007 0.001 0.0007 0 . 0007 

ab ab ab a b 
R:i.. .950 • 957 .940 .961 . 963 

COOL bo 0.170 0 . 222 0.283 0. 26 4 0.333 
12° /6°C SE b 0 .1 30 0.125 0.043 0 . 056 0. 122 

0 

a a a a a 

b1 o·. 076 0.070 0. 070 0.077 0.073 
s~ b1 0.014 0.013 0.005 0. 006 0.013 

a a a a a 

b;t -.0010 ·--.0009 -~0009 -. 001 -. 001 
SE b ;i, 0.0003 0 . 0003 0.0001 0.0001 0 .0003 

a a a a a 
R)._ .944 . 940 . 992 . 989 . 935 

COLD b 0 .1 97 0 . 165 0 . 405 0 . 419 0 . 283 
12° /-2°C 

0 
SE b 0.1.11 0.117 0.090 0.096 0.069 

0 

a a a a a 

b, 0.068 0.070 0.061 0.065 0.064 
SE b , 0.010 0 .010 0.008 0.009 0.006 

a a a a a 

b1. -.0008 -.0008 -.0007 -. 0008 -. 0007 
SE b2 0 .0002 0.0002 0 . 0002 0. 0002 o. 0001 

a a a a a 
R2. . 935 .987 • 956 • 951 • 978 

* Statistics sharing the s ame lett er are not significantly 

different (P=0.05 ) 



Statistical dirferenees ~monpst nopulations across 

environments fo r Leaf 2roduction 

Environmental Statistic Spain ComoRrison 

HOT / NS 
COOL 

HOT 
lcoLD bo NS 

COOL/ NS 
COLD 

HOT 1coo1 
NS 

HOT/ b1 NS 
COLD 

COOL/ NS 
COLD 

HOT 1coo1 
NS 

HOT 
l coLD b2 NS 

COOL/ NS 
COLD 

HOT 
l cooL * 

HOT 
lcoLD 

y * 

COOL/ NS 
COLD 

NS = non significance at P=0 . 05 

*=significance at P=0.05 

Ladino Huia 

1{ S ~-J S 

NS NS 

.NS NS 

NS * 

NS * 

NS NS 

NS NS 

NS NS 

NS NS 

* * 

* * 

NS 
* 

Kent 

~s 

ns 

us 

NS 

* 

NS 

NS 

NS 

NS 

* 

* 

NS 

The asterick i s indicated in line wi th the environment 

containing the l ar ger es timate. 
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Russi a 

1-J'S 

NS 

NS 

* 

* 

NS 

* 

* 
NS 

* 

NS 

NS 



TABLE 2J 
Estimc1 ted l eQ.f nrodyction Rt final h2.rve s t 

· Statistic Spain Ladino Huia Kent 

HOT No. of leaves 6.4 6.2 7 .1 7.2 

24° /1 4°c " 1.963 y lo ge 1. 858 1 .828 1. 970 
A 

at 22 days SE o:t" y 0.056 0.047 0.067 0.048 

*ab ab ab a 

COOL No. of leaves 4.9 4.7 5.1 5.7 

12° /6°c 
I\ 

1. 637 Y loge 1.597 1.552 1. 7 48 

" 0.016 at 35 days SE of Y 0.0 47 0.048 0.022 

b b b a 

COLD No.of leaves 4.9 5.1 5.7 5.9 

12°/-2°c . 
/\. 

Y log
8 

1.585 1.619 1. 751 1.780 

" 0.056 at 43 days SE of Y 0.059 0.045 0.048 

b ab ab a 

* Statistics sharing the same letter are not significantly 

different (P=0.05) 
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Russia 

6 .1 

1.813 

0.045 

b 

5.3 

1. 666 

0.047 

ab 

5.6 

1.719 

0.035 

ab 



4.2.6 Leaf Area n er stolon 

The fitted regression curves are plotted in Figure 11 

and corresponding data points given in Appendix 3. The 

regres sion statistic s and significance group s describing 

these curves are given in Tables 24 and 25 . When these 

curve s are compared wi th those of Total stolon dry weight 

(Figure 9), the develo pment patterns are quite similar. 

There were no differences between clover populations for 

rate of change in Leaf Area (b1 coefficient) within each 

environment. However, on comparing environments (Table 25), 

the Leaf Area increa sed more rapidly in the hot environment 

compared vnth the cold er enviro~~ents. 

The final leaf areas estimated at the end points of 

the growth cycle (Table 26) indicated the larger values of 

the Mediterranean clovers compared with the North temperate 

clovers at all temperatures. Also, the popula tions _tended 

to have larger Le af area s in the hot compared with the 

colder environments (T able 25). 

4.2.7 Length of stolon 

The fitted curves are plotted in Figure 12 with the 

appropriate data points given in Appendix 3. The 

regression statistics and significance groups are indicated 

in Tables 27 and 28. 

Ladino clover had the greatest value for the b
0 

coefficient ( the initi a l curve placement parameter) _in 

each environment . All the populations indicated similar 

changes in stolon l ength with time (b1 and b2 coefficients ) 

in the cool and cold environments . In the hot environment; 

Huia, Kent and Spanish clovers tended to have significantly 

greater b1 coeffic ients to Ladino and Russia but the r everse 
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TABLE 24.. 95 . 

R~er:e~~jQn fil.EJ: i , S t i C ~ desQ.ri. bing the develo nment pattern§ 

for Leaf Area 

log ( cm 'l.) Statistic Spain Ladino Huia Kent Russia 

HOT bo 0. 76'( 0.997 -0.136 -0.601 -0.083 
24° /14°C SE b 0.166 0.205 o. 221 0.239 0 .1 S1 

0 

* a a be b C 

b, 0.217 0.212 0.292 0.214 0.218 
SE b, 0.028 0.034 0.037 0.040 0.030 

a a a a a 

bi -.0045 -.0050 -.0072 - .. 00 52 -.0054 
S.c; b1. 0.0010 0.0012 0.0013 0.0015 0.0011 

a a a a a 
R l. .967 .932 .950 .901 • 941 

COOL b ~0.083 1.122 o. 441 -0.571 0.003 
0 

12° /6°c SE bo 0.291 ,0. 19,0 0.201 0.230 o. 231 
be a b C b 

b, 0.141 0.090 0.080 0.105 0.078 
SE b l o. 031 v.020 0.021 0.024 0.025 

a a a a a 
bl -.0016 -.0010 -.0006 -.0012 -.0009 

SE bi 0.0007 0.0005 0.0005 0.0006 0.0006 
a a a a a 

Rl- .933 • 938 .948 .926 .885 

COLV bo 0.636 1. 302 0.602 0 .172 0.264 
12°/-2°c SE b 0.230 0.17 4 0.205 0.207 0.164 

0 

b a b b b 

b, 0.081 0.071 0.084 0.052 0.055 
SE b, 0.020 0.016 0.018 0.018 0.015 

a a a a a 
b1 -.0007 -.0007 -.0009 -.0004 -.0006 

SE b2 .0004 0.0003 0.0004 0.0004 0.0003 
a a a a a 

1{1. . 906 .915 .902 .851 .868 

* Statistics sharing the same letter are not significantly 

different (P=0.05) 



TABLE 2S 

St at iRtical differPnces emongst ponulutions across environments 
f or Leaf Area 

96 . 

Environmental 
Compar ison Statistic Spain Ladino Hui a Kent Russia 

H01l1 

l cooL 

HOT/ 
COOL 

COOL/ 
COLD 

HOT/ 
COOL 

HOT 
l co1n 

COO L/ 
COLD 

HOT 
l coo1 

HOT' 
l co1n 

COOL/ 
COLD 

HOT/ 
COOL 

HO'l1 

l co1n 

COOL/ 
COLD 

* 

NS 

* 

* 

b , * 

NS 

* 
bi 

* 
NS 

* 

y * 

NS 

NS = non signifi cance a t P=0 .05 
* = signif i cance at P=0 .05 

NS NS 
* 

NS 
* * 

NS NS 

* 

* * * 

* * * 

Nt> NS NS 

* * . * 

* * * 
NS .N S NS 

NS * NS 

NS NS 

NS NS .N S 

The asterick i s i ndi cated in line with the environment 
cont ai ning the l arger estimate • . 

* 
NS 

* 

* 

.NS 

* 

* 
NS 

* 

* 

NS 



TABLE 26 

Estimqtf:.d Leaf Area a t finn.1 harv est 

Statistic Spain L1adino Huia Kent 

HOT Leaf Area(cm1 ) 22 . 69 25 . 61 18 . 60 5. 40 

24° /14°c 
... 

(cm1 ) y loge 3 . 122 ).243 2.923 1 .686 

at 22 days 
,... 

SE of Y 0.067 0.082 0.089 0.096 

* ab a b d 

COOL Leaf Area(cm1 ) 17.03 21 . 67 12.94 5.03 

12°/6°c Y log (cm:).) 
e 2.835 3.076 2.560 1.615 

at 35 days 
..... 

SE of Y 0.112 0.073 0.077 0.088 

ab a b C 

COLD Leaf Area ( cm 2. ) 16.63 21.56 13. 14 5. 19 

12° / -2°C 
,,... 
Y log ( cm1 ) 2 . 811 3.071 2.576 1 . 647 e 

,... 
at 43 days SE of Y 0 .115 0.087 0 . 103 0.104 

ab a b C 

* Statistics sharing the same lett er are not significantly 

different (P=0 . 05) 
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Russi~ 

8 . 20 

2.104 

0.073 

C 

5. '.J3 

1.710 

0.089 

C 

4.82 

1. 573 

0 . 082 

C 
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TABLE 27 

E.ee-rQ;-iainn 0t Pt'i~tj_Q_fL_0~8 r.rihing t he dcve1oDrnent nnttern s 
for l ene th of sto lon 

lo ge (cm) Statistic Spa in Ladino Huia Kent 

H011' b 0.066 o. 479 -0.532 -0.222 
24° /1 4°c 

0 
SE bo 0.181 0 .112 0. 141 0 .193 

*b a d bed 
b, 0.161 0.105 0.211 0.171 

SE b, 0.030 0.019 0.023 0.032 
abc C a ab 

b:i.. - .0026 -.0016 -.0046 -.0034 
SE b1. 0.0011 0.0007 0.0009 0.0012 

abc a C abc 
R;t. .955 .963 • 973 .936 

COOL bo -o. 730 -0.371 -0.545 -0.845 
12° /6°c SE bo 0.287 0.121 0.176 0 .124 

ab a ab b 

b, 0.102 0.096 0.067 0.102 
SE b, 0.030 0.013 0~019 0.023 

a a a a 

b :2 -.0009 -.0011 -.OOO} -.0011 
SE b2 0.0007 0.0003 0.0004 0.0005 

a a a a 
R 

2. 
.918 .977 •. 955 .939 

COLD bo 0 .146 0.427 -0.193 -0.219 
12° /-2°c SE bo 0. 1 .51 0.109 0.198 0.225 

ab · a be be 
b, 0.029 0.022 0.057 0.055 

SE b, 0.014 0.010 0.018 0.020 
a a a a 

b2. 0.0002 0.0001 -.0004 -.0004 
SE b2 0.0003 0.0002 0.0003 0.0004 

a a a a 
Ri. .957 .945 . 887 . 8 66 

* St atistics sharing the s ame lett er are not significantly 
differ ent (P~0.05) 

MASSEY UNIVERSltl 
tlBRAR'! 

99. 

Russia 

-0.115 
O .161 

be 
0.120 

0.027 
be 

-.0022 
0.0010 

ab 

• 926 . 

-0.90, 
0.171 

b 

0.086 

0.018 

a 
·-.0010 
0.0004 

a 
.943 

-0.364 

0.08 9 
C 

0.040 
0.008 

a 

-.0002 
0.0002 

a 

.961 



IJ.' ABLE ?8 

Stati~tiQ r> J d i ff 8 r.:£~.D • .Q__Lci r.rr.0?10"8t ronulation .s Q.Cro S S 

envi.ronments f or s to lon length 

Environ.i-nen tal Statistic Spain Comoar i sons Ladino Huia Kent 

HOT 
l cooL * * ?-TS * 

HO'r 
l coLD 

bo NS NS NS NS 

COOL/ NS 
COLD * * * 

HO'l' NS NS * * 
l coo1 

HOT b' * * * * 
l coLD 

COOL/ * * NS NS 
COLD 

HOT NS NS 
lcooL * * 

HOT b1 
/ COLD * * * * 

COOL/ NS NS NS 
COLD * 

HO'.L' * * * 1coo1 

HOT y * * * * 
lcuLD 

COOL/ NS NS NS NS 
COLD 

NS = non signifi cance at P = 0.05 

* = signifi can ce at P = 0.05 

The asteri ck is indi cat ed in line with the environment 

containing t he larger estimat e. 

100. 

Russia 

* 

NS 

* 

NS 

* 

* 

NS 

* 

* 

* 

* 

.l~S 



TABLE 29 

Es ti mn t ed sto lon l engths a t fina l ha rve s t 

Statistic Spain Ladi no Huia Kent 

HO'l' Length (cm) 10.39 7. 50 6 . 58 6. b5 

24° /1 4° C 
,,... 
y log

8 
(cm ) 2. 341 2 .015 1 • 884· 1.895 

A 

a t 22 days SE of Y 0.073 0.045 .0.057 0.078 

* a b b b 

COOL Length ( cm) 5.63 5.50 4.15 3.91 

12° /6°c 
A 

y loge ( cm) 1.728" 1.705 1. 423 1. 364 
A 

at 35 days SE of Y 0.110 0.047 0.068 0.082 

a a b b 

CO LD Length (cm) 5. 41 5.01 4. 31 4.37 

12° / -2°c 
,,... 
'[ log ( cm ) 1.688 1 • 611 1. 461 1. 475 e 

at 43 days SE 
A 

of Y 0.076 0.055 0 . 099 0.1-13 

a a a a 

* Statistics sharing t he same lett er are not significantly 

different (P = 0.05) 
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Russia 

4.30 

1. 459 

0 .065 

C 

2.43 

0. 888 

0.066 

C 

2.54 

0.932 

0.045 

b 



was true for the b~ coeff i cient (the r a te 01· change of the 

rate of change in stolon length). When comparing 

environments (Table 28), the clover populations had greater 

b 1 coefficients in the hot tnan the cold environment . 

The final stolon lengths (Ta ole 29) in t he hot 

envi.i.·uurnent showed the greater stolon length of Spanish 

clover while Russian clover had the shortest stolons. 

This pattern also occurred in the cool enviro~"Tlent but 

in the cold environment, the clover populations had similar 

stolon lengths except Russia which was significantly 

shorter. All populations had longer stolons in the 

hot · environment compared to the colder environ."Tlen t s . 

(Table 28). 

4.2 .• 8 Stolon t hicknes s . 

The fitted regression curves are plotted in Figure 13 

with data points given in Appendix 3. The r egression 

statistics and significance groups describing these curves 

are given in Tables 30 and 31. Ladino clover had greater 

values for the b coefficient (describing the initial 
0 

stolon thickness) compared with the other populations in 

each environment. However, the estimat es for the b1 
and b2 coefficients (the rate of change of' stolon thickness) 

were constant for all populations in each environment. 

On comparing regression statistics between environments 

(Table 31), all populations had greater values of b
0 

in the cool and cold compared with the hot environment. 

However, all popul ations had greater b1 va lues in the hot 

compared wi th the colder environments but t he r everse was 

true for the b2 coefficient. 
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TABLE ?.Q ~--~ 
Regression st '-=di s.:tj r,~~r:ibinn; the devc,1.opment patterns 

for stolon thickness 

log · ( g cm-1) Statistic Spain Ladino Huia 

HOT 
24° /14°c 

COOL 

12° / 6°c 

-6.655 -5.934 -6.556 
0.229 0.171 0.1 9) 

* bed a be 

0.1 09 0.134 0.139 
0.038 0.029 

a a 

0.032 

a 

-.0035 -.0029 -.0031 
0.0014 0.0010 0. 0012 

a 

.903 

a 

. 904 

-5.530 - 4.999 
0. 121 ' 0 . 1"27 

b a 
0. 0 12 

0.013 
a 

0.010 

0.013 

a 

a 

. 889 

-5. 533 
0.212 

b 

0.013 
0.022 

a 

Kent 

-6. 984 
0 .134 

d 

0.149 
0.022 

a 

-.0036 

0.0008 

a 

.932 

-5.772 

0 .1 51 
b 

0.017 

0.016 

a 

104 

Ru ssia 

-6. 535 
0.1 46 

b 

0 . 132 

0.024 

a 

-.0028 

0.0009 

a 

• 931 

-5.447 
0.226 

b 

0.,028 

0.024 

a 

• 

b i. 

SE b:2. 

0.0005 0.0006 0.0004 

0. 0003 0.0003 0.0005 
0.0003 0 . 0002 
0.0004 0 .0006 

COLD 

12° /-2°c 

R'-
a 

.940 

a 

. 946 

a 

.823 

-5 .650 -5.084 - 5.987 
0.069 0 .111 0.109 

b a 

0. 039 0.034 
0.006 0.010 

b b 

-.0002 -. 0002 
0.0001 0.0002 

a a 

. 976 . 923 

C 

0.070 
0.010 

a 

-.0008 
0. 0002 

b 

.948 

a 

. 884 

- 6 . 097 
0 .1 52 

C 

0.056 
0.014 

ab 

-. 0006 

0.0003 

ab 

.87 4 

* Statistics sharing the sa~e lett er are not significantly 
different ( P = 0. 0 5 ) 

a 

• 791 

- 5.534 
0.079 

b 

0.040 
0.007 

b 

-. 0003' 
0.0001 

a 

. 964 



TABLE 31 

Statistical djff"'rcnces amon~st nopV,lR.tions 

environments for Rtolon thickness 

Environmental Statistic Snain Corno .c:i risons 

HOT/ 
COOL * 

HO T bo 1co1D * 
COOL/ NS 

COLD 

HOT 
lcooL * 

IIO'l' 
lcoLD bi * 

COOL/ 
COLD * 

HOT 
lcooL * 

HOT b1. 1co1D * 
COOL/ * COLD 

HOT 
lcooL 

NS 

HOT y 
lcoLD * 

COOL/ 
COLD i(· 

NS = non significance a t P =0 .05 

* = significance at P = 0 . 05 

Ladino 

* 

* 
NS 

* 

* 

NS 

* 

* 
* 

* 

* 
NS 

105 . 

across 

Huia Kent Russia 

* * * 

* * * 

* NS NS 

* * * 

* * * 

NS NS 
* 

* * * 

* * * 

* NS NS 

* * * 

* * * 
NS NS NS 

'l'he asterick is indicated in line with the environment containing 

the larger estimate . 



TABLE 32 

Estimated - 9 toJon thickne ss at final harvest 

St tist · c adino Huia Kent 

HOT Thickness 9.7 12.4 6.8 4.3 (mg cm - 1 ) 

24°/14°C " loge ( gcm-1
) 

y - 4.636 -4 . 390 -4.991 -5 . 449 

at 22 days 
r-

SE of Y 0.092 0.069 0.077 0,054 

* a a b C 

COOL Thickness 10.2 18 .5 9.8 7. 4 (mg cm - 1 ) 

12° / 6°c 
,,.. 
y loge ( gcm-1

) -4 .585 -3.990 -4.625 -4.906 

at 3_5 days 
A 

SE of Y 0.047 0.049 0.081 0.058 

b a b C 

COLD Thickness 12.5 19.0 11.4 8 .1 (mg cm - 1 ) 

12° / -2°c 
-"' 

loge (gcm-1
) -4. 816 y -4.382 ·· - 3. 9b3 -4. 47 4 

at 43 days 
,.. 

SE of Y 0.034 0.056 0.055 0 . 076 

b a b C 

* Statistics sharing the sa~e letter a re not significant ly 

different (P =0.05 ) 

·106 .. 

Russia 

6.8 

-4 . 99 1 

0 . 059 

b 

11. 8 

-4 . 440 

0.087 

b 

13. 3 

- 4. 320 

0.040 

b 



The final stolon thickness estimated at harvest 

time in each environment are gi ven in Taole 32. The 

clover populations showed similar rankings within each · 

environment. Ladino consistently had the thickest 

stolons while Kent clover had tne thinnest. When compar ing 

environments, the stolons were thickest for all populations 

in the cold environ~ent (Taole 31). 

In the second grovrth period, the developmental growth 

patterns of the ten stolon characters were generally in 

close agreement witn the first growth period (Appendix 4). 

However, over a similar time period , less herbage dry 

weight production per stolon occurred in the second growth 

period. This could have been due to a decline in the 

vigour of growth fo llowing establishment, a restrictive 

influence on growth caused by tne confinement of the pots 

and/or an effect of defoliation. 

4.2.9 Stolon numbers 

Two methods or assessing the numbers of stolons were 

attempted. Firstly, the number of secondary s tolons 

107. 

produced from the tagged primary stolons or each popul ation 

were counted. Secondly, an estimate 01· the stolon population 

was obtained by dividing the total pot dry weight by the 

stolon l eaf and petiole dry weight. 

4.2.9.1 Product i on of secondary stolons 

The fitt ed curves for the first and second growth 

periods are given in Figures 14 and . 15 respectively (da ta 

points in Appendix 3). The straight l ine was most 

applicabl e for this stolon character. The regression 

statistics and significance gr oups are s hown in Tables 33 , 

34, ·35 and 36 . The populations had simil ar placement (b
0

) 



coefficients wi ,:;hin ench environ.TJ1ent (Tables 33 ana. 35) 

and between environ~ents (Tables 34 and 36). The rate 

of change in stolon numbers (b1 coefficient) and the final 

"' estimated number 01· secondary sto l ons (Y) indicat ed simil ar 

significance groupint;s, amongst populations \.Vi t _hin each 

environment. 

In the first growth period, the plants were still 

establishing and the clover popul at ions produced qui~e 

high numbers of new stolons (Table 33) . Kent and Spanish 

clover produced t he most lat erals in the hot environ.TJ1ent 

while Ladino was signi fi cantly the poorest . Kent clover 

was significantly better that the other populations in the 

co ol environment while in the cold environment, Kent , 

Huia and Russian clover had greater numbers of n ew stolons 

t han Spanish and Ladino clovere When comparing environments 

(Table 34), all the po pulat i ons except Ladino showed a 

greater r ate of stolon production (b1 coefficient) in the 

ho,:; environment . 

During the second gro wth period, a contrasting pattern 

of secondary stolon production occurred ( Figure 16 and 

Table 35). Fewer secondar y stolons were formed in each 

of the environments, par ticularly the hot envi r onment . 

There were no significant differences between populations 

for latera l production i n the hot environment. Kent, Huia 

and Russian clovers produced more secondary stolons t han 

Spanish and Ladino clover in the cool and cold environ.ment s 

which was consistent with first gro vrth period. However , 

when comparing enviroTh~ents , the populations tended to 

show similar rates of stolon product i on (b1 coeffi cient) 

across al l environments (Table 36). 

108 0 



HOT 

24/14°C 

COOL 

12 /6 °C 

STOLON NU MBERS 

COLD 

12/-2°c 

3 

2 

3 

2 

3 

2 

FI GURE 14 

8 16 

12 

KENT 

SPAIN 

HUIA 

RUSSIA 

LAD I NO 

24 DAYS 

KENT 

RUSSIA 
HU IA 

SPAIN 
LAD I NO 

KENT 
HUIA 

DAYS 

RUSSIA 

SPA IN 

LAOINO 

!:L._- ~--~--..-----.-- - -r--
14 2 8 43 DAYS 
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TABLE J.1 11 o. 

Regr es8 i on st~tistics dcsc:::'ibirrg the devel opment u at t~r ns 

for stolon nurnbers (First gro i.vth cycle ) 

Russia 

HOT bo -1 • 472 -0.419 -1.004 -1.290 

24° /14°C SE b 0. 387 0. 206 0.190 0.184 
0 

* b a b b 
b, 0. 205 0.075 0.174 0.219 

SE b, 0.0 27 0.014 0.013 0.013 

ab d be a 
y 3.04 1.24 2.81 3.54 

SE Y 0.28 0.15 0.14 0.14 

ab C b a 
R 'l- .819 .683 .931 .958 

COOL · bo -0.,869 - 0.768 -0.895 - 1.022 
12°/6°C SE b 0.233 0.129 0.164 0.155 

0 
a a a a 

b, 0.08 4 0.076 0.095 0.120 
SE b, 0.010 0. 006 0 ,, 007 0.007 

be .. C b a 
y 2 .15 1.96 2.54 J. 31 

SEY 0.30 0.23 0.25 0.25 

b b b a 
R2 .843 .935 .934 .961 

COLD bo -0.806 -0.383 -0.713 -0.491 
12°/-2°C SE b 0.219 0.148 0.210 0.273 

0 

a a a a 

b, 0.0'76 0.060 0.099 0.096 
SE b, 0.007 0.005 0.007 0.009 

b C a a 
y 2. 47 2.21 3.57 3.62 

SEY 0.28 0.23 0.28 0.32 

b be a a 
R,._ . 871 . 923 .942 -87 4 

* Statistics sharin g the same l e tt e r are not signi fic antly 

di f f e r ent (P = 0.05) 

-0.875 

0.209 

ab 

0.149 

0.014 

C 

2.39 

0.15 

b 

• 891 

-0.844 

0.172 

a 

0.097 

0.007 

b 

2.64 

0.26 

ab 

. 930 

-0.794 

0.270 

a 

0.088 

0.009 

ab 

2.97 

o. 31 

ab 

.884 



TABLE J1 

Statistical differencco omoncst populations across 

environments for stolon numbers 

Environmental Stati s ti c Spain Como Rri s ons 

HOT 
l coo1 

NS 

HOT 
lco1D bo NS 

COOL/ NS 
COLD 

HOT 
lcoo1 * 

HOT/ b, * COLD 

COOL/ NS 
COLD 

HOT 
lcoo1 * 

HOT 
lcoLv 

y NS 

COOL 
lco1D 

NS 

NS = non significance at P = 0 . 05 

* = significance at P = 0.05 

Ladino Huia 

NS NS 

NS NS 

NS 
* 

NS * 

NS * 

NS NS 

NS 
* 

* * 
NS 

* 

Kent 

NS 

* 
NS 

* 

* 

* 

NS 

NS 

NS 

The asterick is indi c ated in line with tne environment 

containing the larger estimate. 

111 • 

Russia 

NS 

NS 

NS 

* 

* 

NS 

NS 

NS 

NS 



HOT 
24/14°C 

STOLON NUMBERS 

COLD 
12/-2°c 

2 

2 

2 

FIGURE 15 

RUSSIA 
KENT 
HUIA 

U\DINO 

SPAIN 
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12 

KENT 
HU IA 

RUSSIA 

SPAI N 

LADINO 

DAYS 

KEN T 

RUSSIA 
HUIA 

SPAIN 

LADINO 

·1 12. 



Regres sion stn.U stj;scs dcr-; ,~:r-i binR" the clevelonment natterns 

for stolon nixnberLi,Ji.cconc'l. e:r0·:,th cycle ) 

HOT 

24°/14°C 

COOL 

12° /6°c 

COLD 

12°/-2°C 

Statistic 

y 

SEY 

y 

SEY 

y 

SEY 

Spain Ladino Hui a Kent 

-0.413 
o. 251 

* a 
0.037 
0.01 3 

a 

0.59 
0 .14 

a 

.516 

-0.444 
0.338 

a 

0.044 
0.018 

a 

o. 75 
0.19 

a 

.459 

-0.7 20 -0.300 
0.246 0.111 

ab a · 

0.039 0.020 
0.007 0.003 

b 

0.79 
0.13 

be 

• 7 42 

-0.807 
0.239 

b 

0.039 
0.006 

b 

0.90 

0 .11 

C 

.810 

C 

0.49 
0.06 

C 

• 791 

-0.095 
0.139 

a 

0.007 
0.004 

C 

0.19 
0.06 

d 

.258 

-0.689 
0.299 

a 

0.060 
0.016 

a 

0.93 
0 .16 

a 

.664 

-0.650 
0.377 

a 

0.059 
0.020 

a 

0.95 
0. 21 

a 

.549 

-1.044 -0.767 
0.226 0.263 

b ab 

0.063 0.055 
0,008 0.008 

a 

1. 40 
0.12 

a 

.899 

-0.947 
0.262 

b 

0.050 
0.007 

b 

1. 27 
0.12 

b 

.857 

ab 

1. 39 
0.14 

a 

.836 

-1.405 
0.405 

b 

0.077 

0.010 

a 

1. 97 
0.18 

a 

.852 

1 1 3 • 

Russia 

-0. 504 
0.224 

a 

0.055 
0. 012' 

a 

0.99 
0.12 

a 

• 7 49 

-0.763 
0.291 

ab 

0.049 
0.008 

ab 

1 • 16 
0.16 

ab 

.769 

-0.76 4 
0.385 

b 

0.047 

0.010 

b 

1.29 
0.17 

b 

.704 

* Statistics sharing the same letter are not significantly 

di1'ferent 



TABLJ:<; 36 

St at j s +. j c a J di :rf er:rm.r;"e s arJ..Q ng i2 t DQ Dill 2 t :i. Qn~ 
environments for stolon number,s_ 

Environmental Statistic Spain Comnarison 

HO'l' 
lcooL 

NS 

HOT/ b NS 
COLD o. 

COOL/ NS 
COLD 

HOT 
lcooL 

NS 

HOT 
lcoLD 

bi NS 

COOL/ NS 
COLD 

HOT 
lcooL 

NS 

HOT/ y NS 
COLD 

COOL/ NS 
COLD 

NS = non significance a t P = 0.05 

* = significance at P = 0.05 

Ladino 

NS 

NS 

NS 

NS 

* 

NS 

NS 

* 

* 

Q.CTQf.2S 

Huia Kent 

.NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

.NS NS 

NS 
* 

* * 
NS 

* 

The ast erick is indicated in line with the environment 
containing the larger estimate. 

-; 14. 

Russia 

NS 

NS 

.NS 

NS 

NS 

NS 

NS 

NS 

NS 



4.2. 9 .2 Estimqt e d stolon numb e rs n er oot 

Further informa tion on the stolon numbers of each 

clover population in the three environments was derived 

from the dry weight (DW) per pot and dry weight (DW) pe r 

stolon data. This was an approximation of the total numbe r 

of stolons in each pot and the estimates f or the first and 

second growth period are indicated in '11able 37. 

The principal result sho,·m in Table 37 is the apparent 

inverse rel a tionshi p between growth per s tolon and stolon 

nwnbers of these clover popul a tions. 

The Mediterranean clovers (Spain and Ladino) had 

greater growth per sto.lon but fewer numbers of stolons 

compared with the clovers from temperate climat es ( Huia, 

Kent, and Russia) which produced less growt h per s tolon 

but greater sto lon nwnbers. 

115. 



TABLE 3'.Z 116. 

Estimate of t6t2l 8to1on mrnbers oer pot 

First growth period Snain Ladino Huia Kent Russia 

HOT DW/pot ( g) 3.54 4. 70 3.68 4.16 4.65 
24° /14°C D1.'I Is to 1 on ( g ) 0.207 0.235 0.126 0.034 0.067 

St olon no.s / pot 17 20 29 122 74 
COOL 

12°/6°c DW/pot (g) 2 .28 4.c51 2.61 2.60 2.29 
DW/stolon(g) 0.134 0.188 0.094 0.042 0.050 
Stolon no.s/pot 17 25 28 62 46 

COLD 

12° /-2°C DW/pot ( g ) 2.62 5 .18 3.35 3.22 2.16 
DW/stolon(g) 0. 131 0.181 0.101 0.046 0.048 
Stolon no.s /pot 20 28 34 70 45 

Second grovrth neriod 
HOT DW/pot ( g ) 5.25 5.42 4.68 4.06 4. J2 
24° /14°c DW/stolon(g) 0.127 0.162 0.091 0.022 0.037 

Stolon no.s /pot 42 34 51 185 122 

COOL DW/pot (g) 6.80 9.34 6.62 5.60 3.70 
12°/6°c DW/stolon (g) 0 .118 0.175 0.083 0.025 0.029 

Stolon no.s/pot 58 53 80 224 128 

COLD DW/pot ( g ) 6.52 9.42 7 .18 5.95 3.18 
12°/-2°c DW/stolon(g) 0.101 0.154 0.07 4 0.026 0.026 

Stolon no.s/pot 65 61 97 229 122 



4.2.10 Pooled Environ--n~nts ANOVA 

4.2.10.1 Dry weight per pot (g) 

At the end of -the first gro~nh period, the leaf and 

petiole material was r emoved from each pot and t he data 

analysed u s ing the Pooled Environ,--nents Al1JOVA . The Ju:JOVA, 

population means and adaptation analysis are shown in 

Tables JS, 39 and 40 respectively. 

The growt h period for t he hot , cool and cold 

environments was 22,35, and 43 days respectively, and 

there was no signific ant difference (P,0.05) between 

environments for dry weight of pots at these stages of 

growth (T ab le JS). From Ta bl e 39 there were no differences 

between popula tions in the hot environment but Ladino clover 

was superior to the other popula tions in the cool and cold 

environrn ent s. Comparing all three environi--nen t s 

(Pooled ANOVA) Ladino was consistently superior to the 

other clover populations. 

The genotype-environ," ent inter action effect can be 

split into variation components for each genotype , which 

are knovm as ecoval ences. These are given in Table 40 

together with the a daptation coefficients as described 

in Section J.2.9. 

The Ladino and Russian clovers had the greatest GE 

interaction effects (l a r gest ecovalences). The adaptation 

coefficients and mean yields tended to indicate that Ladino 

clover had average adaptability in all environments While 

Russi an c lover was spe cifically adapted to the hot 

environment . However, the significance tests of the 

adaptation coeffici ents (b), were equivoc a l bec ause of 

the low df of regression (only three environments involved). 

Also, for Lndino cJ.over, a l arge proportion of the GE effect 

11 7. 



TABLE 38 

Pooled Anova for dry weight (DW) per pot (g) 

Source of Variat ion DF Mean Square Significance Test 

Environments 

Blocks (Env) 

Genotypes 

Gen x Env 

Error 

2 

6 

4 

8 

24 

5.978 

0.905 

6.219 

1.034 

0.326 

Individual error variances formed a homogenous set 
l 

X = 0.741 (Probability= o.696) 

(NS) = significance at P = 0.10 

* 

** 

= significance at P = 0.05 

= significance at P = 0.01 

(NS) 

* 

* 

* 

11 8 . 



The 

HOT 

COOL 

COLD 

POOLED 

Population 

Spain 

3.5 4 

* a 

2.28 

b 

2.62 

b 

2.82 

b 

for 

TABLE 19.. 

means and 

DW per pot 

Ladino 

4.72 

a 

4.81 

a 

5.18 

a 

4.90 

a 

si~,n_;L fic ance 

( g ) 

Huia 

J.69 

a 

2.61 

b 

3.35 

b 

J.22 

b 

levels 

Kent 

4.16 

a 

2.60 

b 

3.22 

b 

3.33 

b 

Russia 

4.65 

a 

2.29 

b 

2.16 

b 

J.03 

b 

119. 

* St a tistics sharing the same letter are not significantly 
different (P = 0.05) 

TABLE 4Q 

Adaptation analysis fQr Dw per po t 

Population Ecovalence Adaptation SE of b Significe.nce 
Co effici ent Test 

b From 0 From 1 
Spain .0016 1.03 .05 * NS 

Ladino .7173 -0.15 .36 NS NS 

Huia .0849 0.81 .36 NS NS 

Kent .0335 1.23 • 11 NS NS 

Russia .8851 2.08 .79 NS NS 

(NS) -· significance at p = 0.10 

* = significance at p = 0.05 

** = significance at p = 0.01 

Ste.bility 
Coefficient 

.99 

.14 

.83 

.99 

.88 



was unexp l ained by the regress ion l ine (low stability 

coefficient). These factors have made it difficult 

to ihterpret the results from the adaptation analysis. 

4.2.10.2 Total StolQn dry 1.·reip;ht ( g ) 

The pooled envi r on~nent s ana lysis of variance and 

adaotation analysis were also u sed ·to evaluate the 

g enotype - environment interaction effect s of the ten 

stolon c har a ct ers previously d escribed in the regre ssion 

analysis. The procedure o f the Pooled AlJOVA h a s be en 

outl ined in s ect ion 3.2.6. The toto.l stolon DV/ Af.JOVA , 

oonulation means and adaptation analys i s a r e given in 

Tables 41, 42 and 43 re spect i vely. 

Th e environments were no t s i gnifi c antly different 

( Table 41 ) but the clover po~~lat ion differences we r e 

highly signifi c a nt. The uniformity of the environments 

was attributed to t he harvesting at similar d eve lop~ental 

stages i n e a ch environment; i .e. a t 22 days in the hot, 

35 days in cool and 43 days in the cold environment. 

The clover pooul a tions in each ·environment ( Table 42) 

had similar signific ance r anking s as those determined 

"' by the regression analysis ( i .e. for the Y estimates in 

Table 17 ). The genotype-enviro Tu'Tlent intera ction effe ct 

was signific ant (but not as significant a s the genotyp e 

differenc es) and the ecovalences and adap t ation analysis 

are g iven in Ta ble 43. 

The Spanish and Kent white clovers had the greates t 

120. 

GE effects ( larges t ecova lences ). The a d aptation co effi c ient 

and me an yields for the Spanish clover i ndic a ted this clover 

to be specifically a dap ted to th e hot environment. The 

Kent clover h a d low stolon dry weights in all environments, 



TABLE 41 121. 

Pool e d Ano va for to tal stolon dry weight (g) 

Sourc e of VA r iation df Mean Square Signi f icRnc e Test 

Environment s 

Blocks ( Env) 

Genotypes 

Gen x Env 

Error 

2 

6 

4 

8 

24 

0.0068 

0.0007 

0.0875 

0.0020 

0.0009 

Individua l error v a riances formed a homo g en ous set 
'l. 

'X = 2.266 (Proba bility= 0.323) 

(Ns) = si gnific a nce a t p = o. 10 

* = significa nc e at p = 0.05 

** = significance a t p = o. 01 

*** = si gnifica nce at p = -.001 

NS 

NS 

*** 

* 



TABLE 1:2 122. 

'.rhe population means and . . f' . signi..:icanc e l e ve l s for tot2.l Stolon DW (~) 

Soain Ladino Huia Kent Russia 

0.303 0.333 0.17 4 0.068 0.091 

HOT * a a b C C 

COOL 0.193 0.296 0 .137 0.072 0.079 

b a b C C 

COLD 0 .199 0.284 0.146 0.082 0.079 

b a b C C 

POOLED 0.232 0.304 0.152 0.074 0.083 

b a C d d 

. 
* Statistics sharing the same l etter are not significantly 
different (P ::: 0.05) 

TABLE 43 

Adaptation analysis fo~ total stolon dry weight 

Population Ecovalence Adaptation SE of b Significance Stability 
Coefficient Test Coefficient 

b From O From 1 

Spain .00202 2.89 .06 * * .98 

Ladino .00008 1 • 1 5 .35 NS NS .91 

Huia .00002 0.89 .17 NS NS .96 

[Kent .00091 -0.24 .26 NS NS • 46 

Russia .00026 o. 32 .02 * * .99 

* == significance at P = 0.05 

**=significance at P = 0.01 



but the ada pta tio~ coefficient (b) fail ed to show a 

significant va lue. T11e low staoili ty coefficient also 

i ndicated that much of GE interaction variation was 

unexplained by the regression line. The Russian clover 

ha d an adap tation coeffi ci en t of b<1 and low nean yields 

indi ca ting i t t o be adapted t o low y i elding environments . 

4~ 2. 10.3 Leaf Area per stolon (cm2 ) 

The po oled AHGVA , populat ions means and adaptati on 

analysis for lea f area pe r stolon are shown in Tables 44, 

45 and 46 respectively. 

1 ?.3., 

The environments were significantly different ( Table 44); 

the clover populations indica ting g;_'eater l eaf areas in 

the hot environ1nent ( Table 45 ). The clover population 

differences were highly significant in each environinent and 

the significance grou yi ngs support those found in the 

regres s i on analysis (i.e. tlie··Y estimates in ·:i:able 26 ). 

The genoty pe-environment interaction effect was significant 

( but not as significant a s the genoty;.)e differences) 

and t he adaptation analys i s is s ho'..:n in Table 46. 

The Spanish and Kent white clovers had the l a r gest 

genotype-environment interact i on effe cts. The Spanish 

clover indica ted a high mean yield, an adaptation coefficient 

significantly greater t han one and a high stability 

coefficient (much of the GE interaction expla i ned by the 

regression line). In brief, Spanish clovers was s pe ci f ically 

adapted to the hot environment . Kent clover , on t~e other 

hand, had s mall lea f areas in all environments and an 

adaptation coeff ic ient of b<1. Kent clover was adapted 

to the cool and col(l environments. Ladino clover was 

generally adapted to all envi ronmen t s . Huia clover als o 

showed average adaptabi lity but a lower mean y i e lJ tha11 Ladino. 



TABLE 44 

Pooled Anova for Leaf Area per stolon 

Source of V~riation df Mean Square Signifance Test 

Environments 

Blocks ( Env ) 

Genotypes 

Gen x Env 

Error 

2 

6 

4 

8 

24 

100. 06 

7.52 

613.21 

19.06 

5.80 

IndiYidual error variances formed a homogenous set 
'l. 'X = 0.408 (Pro bability= 0.818) 

( NS ) = significance at p = 0.10 

* = significance at p = 0.05 

** = significance at p = 0.01 

*** = significance at p = 0.001 

* 
NS 

*** 

* 

124. 



TABLE 45 12 5. 
,, 

The nopul::1tion 'TIP,8,D8 c1,nd si. ,0'n:i f i CA.DC e l evels for Leri.f A'rea c. rn-

s ain Ladino 

28.69 26.07 

HOT * a a 

Environ:nent Mean = 

17.50 21.76 

COOL a a 

Environment Mean = 

16.62 21.79 

COLD b a 

Environment Mean ::::: 

POOLED 20.94 23.21 

a a 

Huia 

16.56 

b 

16.94 

13. 05 

b 

12.57 

13. JO 

b 

12. 37 

14. 30 

b 

Kent Russia 

4.99 8.36 

C C 

5.01 5. 51 

C C 

5.25 4.89 

C C 

5.08 6.25 

C C 

* Statistics sharing the same letter are not significantly 
di~ferent (P = 0.05) 

TABLE 46 

Adaptation analysis for Leaf Area oer stolon 

Adaotation 
Popul ntion Ecovalence Coefficient SE of b 

b 

Spain 21.533 2.61 

Ladino 0.028 0.96 

Huia 0.553 0.76 

Kent 8.883 -0.03 

Russia 0.771 0.71 

(NS) 

* 

** 

= significance at P = 0.10 

= significance at P = 0.05 

= significance at P = 0.01 

0.07 

0.04 

0.08 

0.05 

0.09 

Significance 
Test 

1<1rom O From 1 . 

* * 

* NS 

( NS ) NS 

NS * 
(NS) NS 

Stability 
Coefficient 

.99 

.98 

.98 

.33 

.98 



4.?.10.4. ~~cond~rv Stolon Profuctinn 

The pooled A~0 VA, population means and adaptation 

analysis for secondary stolon pro duction are shown in 

Tables 47, 48 an~ 49 respectively. 

126. 

Th1;:re were no sif:;ni ficn.n t di ff er enc es beti:reen envirornnent s 

for s e condary stolon production (Table 47) . ·~ithin each 

environment, the clover popul2.tion differences were significant 

and the si cni f ic ance groupings (Table 48 ) support those 
,A 

found in the regress ion analysis (i e . the Y estimates in 

Table 33). The genotype - environment interaction effect 

was si,:,;nificant and the adaotation analysis is shovm in 

Table 49 . 

The ~.ledi t erranean clovers , Spain and Ladino had the 

l arges t GE effects . The errors associated with t heir 

adaptation coefficients were large which was due to the 

low df of regres~:ion (only three enviro nments compar e d). 

The stabi1ity coefficients were also low indicating that a 

l arge ~roportion of the GE effect w~s unexp lained by the 

regre ss ion line. It is difficult to mak e valid interoretations 

about Spain and Ladino from t hes e results. Huia clover had 

an adaptation coefficient signific 2.nt ly greater t han 0::1.e 

and a hi gh stability coefficient indicating s 9ecific 

adaptability to t he cold environrnent for this cha r a cter 

( highest environmental mean ). Kent clover produced the 

~ ost stolons in a ll environments ( Table 48 ) but the adaptation 

coeffici ent failed to show significance . 

Valid interpretations from the ad~ptation analyses so 

far described have been very difficult to make . The 

regression analyses have been ~ainly insienificant due to 

the s~nal l nu.rnber of environments involved. The type of 

data u sed ( end points) has also tended to reduce t he differenc es 



'.PAI3LE 47 127. 

Pooled Anova for secon~ary stolon production 

Source of variation df Mean Sou.are Significance Test 

Environments 

Blocks (Env ) 

Genotypes 

Gen x Env 

Error 24 

2 

6 

4 

8 

1. 144 

0.335 

J.386 

0.432 

0.156 

Indrvidual error vari a nces are heterogenous 
?.. X = 9.299 (Probabi lity= 0.010) 

NS 

NS 

** 

* 

The pooled analysis is invalid but is presented in 

comparison with the other analyses. 

* = significance at P = 0.05 

**=significance at P = 0.01 



The 

HOT 

COOL 

COLD 

POOLED 

population 

s . ua J.n 

3.04 

* ab 

2.06 

b 

2. 45 

C 

2.52 

b 

TABLE 48 

mc1.ns ·=md signific::ince 

l Rt eral product ion 

Ladino 

1 .23 

C 

1. 89 

C 

2.20 

C 

1.77 

C 

Huia 

2 . 8 1 

ab 

2.44 

b 

J.57 

a 

2.94 

· ab 

levels 

Kent 

3. 54 

a 

3°19 

a 

3.62 

a 

3.45 

a 

fo r 

Russia 

2.39 

b 

2.54 

b 

2.97 

b 

2.64 

b 

* Sta tistics sharing the same let ter a re not significantly 

di f f erent (P = 0 . 05) 

TAHLE 49 
Adaptation 2-:ia lysis f or secondary sto l on production 

12C; . 

Population Ecoval ence Adapt a t ion SE of b Signific ance Stabili ty 
Coeff icie·nt Test Coeffici ent 

b From O From 1 
Spain 0. 320 0.40 1. 73 NS NS .10 

Ladino 0. 232 0.89 1. 55 NS NS .25 

Huia 0.11 0 2.07 0.01 ** ** .99 

Kent 0.024 0.72 0.42 NS NS .75 

Russia 0.035 o. 91 0.60 NS NS .70 

* = significance at P = 0.05 

**=significance at P - 0 . 0 1 



between the environments . In view of these reasons, the 

re~aining ad, 9t n tion analyses for the stolon characters 

are given in Ano endix 5. 

4.3. H~ritahility ~stimqtes 

129 . 

Th~ ~ ethod o f deriving t h ese estimates from variance 

componen ts h as b e en d escri bed in s ection 3.2.7. The 

~agnitud e of the heritabilities may be hi ~h compared to 

thos e ba sed on sing le pl ants , a s the estimates are based on 

plot me ~ns wi th their reduced vari ~nc e. The heritabilities 

for each stolon character in the first and second growth 

periods are g iven in Table 50 . The estimated variance 

co:nponcnts and thei r standard errors for the stolon 

chara cters are given in Table 51. 

The herbag e components ; stem DW , leaf D'N , petiole DW 

and tot a l stolon D'.'l consistently sho\•ied hie;h (0 .• 8 ) 

heritability estimates in both the full and restricted 

sense ( ~able 50 ). Leaf Area which is c lo s e ly associated 

with herbage production also had high heritability est imates. 

The standard errors associated with these esti:nates were 

s mall so some degree of reliability can be placed on them. 

The other stolon rnv character involved with whole plant 

DW production is the number of laterals produced from 

existing stolons. During the second gro wth period this 

showed both full and r estricted heritabili ty esti~ates of 

0.45 but with large standard errors ( 0 . 2 ). The whol e plant 

D'.V showed similar heritability estimates . Data from this 

experiment tended to show that heritabilities of who le 

plant D~ c haract ers were low, while the heritabilities of 

individual stolon D~ characters were hi gh. 



TABLE 50 130. 

Herit abi li t v Estimqtes f or t he s tolon cha r a ct ers 

First Growth Period Second Period 
Stolon Full . S. E. Restricted s. E. Full s. E. Restricted S. E. Ch::,r:=i.cter 

Stem dry .82 • 10 .so • 11 • 77 • 12 .82 .10 wei ght 

Leaf dry .87 .07 .88 .07 .95 .03 .95 .03 weight 

Petiole 
dry .61 .18 .77 
weight 

• 13 .87 .07 .93 .04 

Total dry .86 .08 .88 weight .01 .90 .05 .92 .04 

Leaf 
Produc tion • 1 5 • 11 .53 • 17 • 16 • 11 • 46 .18 
Length of .J9 .20 .69 • 1 5 • 39 .20 .71 .14 Stolon 

Leaf Area .81 • 1 1 .87 .08 .89 .06 .,94 .04 
Number of • 51 .18 • 57 .18 • 45 .20 .45 • 21 La terals 

Ratio Leaf • 52 • 19 • 7 4 .13 • 36 .18 • .58 .17 to Tot a l DW 

Stolon .61 .20 .87 thickness .08 .69 .17 .90 .06 

Dry weie;ht .J7 • 1 d • 51 .20 • 45 • 19 .56 .20 per Pot 



'rABLE 51 

Estimated varinnce components and their standard errors 

for each stolon charact er 

Stolon character 

St em D','/ (mg) 

Leaf DW (mg ) 

Petiole DW (mg) 

Total DW (mg) 

Leaf Production 

VRriRnce comnonent 

cr,;2 
E 

:2. 
cr;{E:) 

o;2. 
1. er;( 

()').. 

Oe2. 
l. 

~f.) 
er,: l. 

G-
'l. 

~E 

cr:1. 

(T.; L 
E 

~~) 
0-:: 2. 

G-
2. 

~I: 

o 'l. 

Oe:2 
'l. 

C1e{t;) 

a-:: 2.­
(r 

2. 
~E 

a-:2.. 

Ue'.2. 
:2.. 

UsrE) 

<r;/ 
2. 

(GE 
02 

Est imB. t e S.E. of 

32. 21 JJ.03 
4.59 11. 03 

498. 49 299.53 
34.10 27.90 
78. 41 21.75 

0. 73 3.76 
-4.36 8.04 

1303. 62 756. 17 
-10.49 11. 43 
86.33 23.95 

23.84 17.56 
-3. 44 1 • 81 

381. 99 222 .56 
1. 37 5. 31 

27. 24 7.55 

142. 91 125. 7 4 
-3.98 55.36 

6089.56 3547.72 
-1.03 87 .1 8 

499. 25 1 38. 47 

. 569 .425 

.072 .047 

.1 30 .083 

.005 .022 

.112 • 031 

1 31 . 

3-:2. 



1~ 2. 

'rABLE 51 Conti~ 

stolon Char:;icter Variance comoonent Estimate S.E. of er:,.. 

Stolon l ength (cm) (1£'- 2.335 1.723 
1 

Lla(E) -0.003 0.068 
Ur l. 

G- 2.055 1. 287 
'l. 

~f. 
0.306 0.234 

01. 0.609 0.169 

Leaf Area (cm2) Oe"l. 5.286 4. 759 
1 a;f) 0.343 0.818 

c,:l.. 
G 66.017 39.349 

'l. 

O:e: 4.419 2.892 
u'l. 5. 802 1.609 

Seco_ndary Sto lon ().. 'l. 
t:. 0.036 0.057 

product:i.on 2. 
<>s"c~) 0.036 0.035 
u::l.. 

G- 0.328 0.218 
'l. 

~E 0.092 0.066 
()1 0.1 56 0.043 

Ratio Leaf DW a-;1.. 
E $0008 .0006 

Tota l DW l. 
Us(E) 

-.0001 .0001 
a-::'2. 

G .0015 .0009 
1 o;E .0001 .0001 

cr-:i. .0005 .0002 

Dry Weight cr;'l. 
f. • 291 .285 

per pot ( g) 1 
<Tale:) • 116 .092 
u:. 1 

G- • 576 .402 
;_ 

¾E .236 .1 57 
02. • 326 .090 



The nQ~ber of leaves produced by a stolon showed low 

( 0.1 5 ) full s ~nse heritabilities . Sto l on length a l s o 

showed compar atively l ow full s ense heri t abilities bu t 

quite hi13h r es tricted heritabi l ities , wh ich app l y t o t his 

particular set of environments . The standnrd e r r or8 

associated with the heritability esti~ates of th~se stolon 

cha r a ct erA were high . 

'l 33 .. 

For all the stolon ch~ract ers showine l arge heritability 

estimates, the err o r compon ent was t he next greatest source 

of variation to the genotypic c omponent (Table 51). 

Leaf proCTuction and stolon l ength indicated large environmental 

effects . 

4 . 4. Simple Corre lntion Coefficients 

The metho d used to derive the coefficient s is given in 

section J . 2.8 . The phenotyp ic and genotypic correlations 

and significances were d erived from the pooled covariance 

anal ysi s 2.YJ.d the r' s are shown in Table 52 . 

The stolon components stem D':! , lea f D?l and petiole DW 

were hiehly correlated with one another both phenotypically 

and genoty picnlly . The corre l at ions wi th tot a l D'.'/ are 

e xcluded as this character is not indepen d ent of t he other 

thr ee . Leaf Area showed high correlations with each of the 

stolon D~ components . The DW per pot ind icated significant 

phenotypic correlations wit h each of the s tolon D1H component s , 

althou ~h the va lues were only moderate . The geno typic 

correl ations were non- siGnificant even t ho ugh the values 

were hirh. This vms d ue to the lov, nu'Tiber of clover 

popula tions involved (i e . low df ) . 

The negative correlations between secondary stolon 

production and t ~e sto l on DW components were all signific a nt . 



TABLE 52 
Correl2tion co eff i cients 

(a) First growth period on upper side of diagonal 
(b) Secon:igrowth period on the lower side of diagonal 

srm-, BLD\'/ 

Stem Dr y '.'/eight 

~ G. 98i:** 
STDW P . 94*** 

Leaf Dry '.'!eight G. 98*** ~ BLDW P . 93*** 

Petiole Dry Weight G.90* G=.93* 
P'fDW P.75*** P: . 80*** 

Total Dry Weight 
TO'l'DW 

Length of Stolon G. 84?1S G. 8 51-IS 
LNST P.78*** P . 63*·** 

Leaf Area G. 97*** G, 99*** 
BLAR P . 93*** p • 98·lH!·* 

Nwnber of Laterals G-. 9 3* G-.92* 
NLT P-.52** P-.63*** 

Dry Weight per Pot G. 93* G. 90* 
OW/POT P. 52*** P.63*** 

t = significant at P = . 05 
•*=significant at P = . 01 
•**=significant at P = .001 

? TD'.'/ ·!'O'l' DW 

G.91* 
P. 77*''' * 

G. 95* 
P.82*·** 

~ 
I~ . 

G. 86NS G." BJNS 
P. 77* -'** P.7 1*** 

G. 93* G.99**·x-
P. 87** * P.98** "' 

G-. 93* 
P- . 61 ***· 

G.92* 
P . 59*** 

154 

LHST BLAR NLT DW/POT 

G.7JNS G.96** G-. 86* G. 67i~ S 
P . 61*** P.91*** P-.42*** P.49** 

G.77NS G.99*** G-. 83* G. 53HS 
P.65*** p • 96·X·** P- . 43*** P . 41** 

G.76NS G. 94* 
P.72*** P . 88*** 

G. 7 4NS G. 98*** G-.85* G. 641"\!S 
P . 68*** P.97*** P- .50*** P.48** 

~ G. 79NS G.16NS 
P.75*** P-.04NS F.39** 

G. 81NS 

~ G- . 78:i'IS G.48NS 
P . 78*** P-. 44** P . 44**· 

G-.66NS G-. 91* 
~ · G-.67N 

P- . 36* P-. 63*** P-.24N~ 

G.83NS G. 89* "' G-. 7 JNS 

~ P, 16NS P , 55*** P- , 32* 



rrh i s sup Do r ts the inverse relnt :ionsbip between growth per 

stolon a:'.1.i stolon nu'Tlbers iicsc r ibed earlier. 'l.'h e ~-edi t erranean 

clovers nroduce large stolons but few of them while the 

North 3uropean clovers nro duce big numbers of smal l s tolons . 

Hovrever, t:1cre •vere no si e;nific::.nt correlations bet•.veen 

secondR.ry stolon pr oduction and DW ner pots . The 

nee;at i ve correlations bet·:(ccn t he stolon D'.'! components and 

the nurnb ers of nev, stolons being produc ed which nlso showed 

low heritabil i ty esti~ates , collectively brought a bout the 

unpredictability of the DW production fro:n a pot . 

4. 5. Blectricql Co~~uctance Techniqu e of Assennin~ Frost In j ury 

The method has been out lined in section J.1.8. The . . . 

firs t conductance t est wa s c a rried out when the p l ants had 

been in t he controlled environments for two weeks but before 

any frost treetments had occurred. Thereaft er , the clover 

popula tio~s were tes ted at t hree we ekl y imtervals . The 

resul ts Rre il l u strated in graphi c for~ in Figures 16, 17 

and· 18 . Each data point represents the mean of three 

conduct ~nc e ~easure~ ents . Values of L, the index of injury , 

g r eater than 0.5 (501 l eachine ) indicat ed s evere da~age to 

the l eaves . The a pproxi~at e kil l ing points of the exised 

leaf tis sue were esti~nted from the eye-fit curves at 

L = 0 . 5 and are nhovm below the Fi gur es . 

As the f rosting t empera ture was decre~sed over the 

course of the experiment, all the clover popul2tions indicated 

a gr adua l increase in freezing toleranc e of thei r l eaves 

(Fi gure 18 ) . As expected, the clovers fro m higher latitude s 

generally showed a greater degree of fro s t hardiness. 

Russian c l 0ver was the most hardy and Spani sh the lea st , 

bo t h a t the beginning and end of the ex,cri ment . However , 
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La <lino clov.e r wi1i ch origina t es in the hedi te1Tanean , had 

similar hardening properties to Kent and Huia clover. 

139 .. 

Further decreases in the frosting temperature with time may 

11a ve eventua l l y separa t eJ t he clovers into a more di~tinctive 

orcie re 

}revious studi es (Rowley 1976; de Ruiter 1979) have 

indica t ed a di s ) a r i ty betwee11 fros t tempera tures required 

to kill ex i seQ l eaf tis sue compa r e d with whole pl a nts. 

A s mall side - lin e study to co rn1:1 c:. r e methods of assessiug 

fro s t tolerance is descr ibed in Appendix 2. 



CIIA.PJ.1BR 5 

DI.SUU.SSivH 

5:1 Development patterns of ·the stolon characters 

Cha:c·c1.cte:r:iBtic clevelop1;:eu~al patte:::·ns for stem dry 

weight (D'.l) , leaf IYil, petiole DW and tota l stolon DW 

occurred in the throe environ1i1ents for e :..1. ch clover 

population. Ladino clover consistently had greater values 

for the b
0 

regression coefficient (a curve placement 

parameter describing the initial grovith potential) for 

these stolon DW comvonents. Generally, t he clover 

populations demonstrated siwilar growth rates (as described 
> 

by the b 1 a11d b2 regression coefficients) for Di/ production 

0£ their component stolon characters within each of the 

controlled environments. Consequently, those popul a tions 

which produced stolons with l arge sterns, leaves and 

petioles sucli. as the Lad i no aud Spanish clovers, were 

00111:,istently tuperior to the srnall leaved Kent and Russian 

clovers in a11 environments . 

140. 

All the populations showed greater growth rates (b
1 

coefficient) for D',I production in the hot oornpared to the 

colder environments but the growth rates declined at a 

faster rate (b2 coefficient) in the hot environment . 

Brougham (1962) previously showed that the maximum possible 

yield of dry weigi1t was a function of the light environwent . 

In this experiment, light intens ity and duration were 

equivocal so that the ultimate DW yields were similar for 

each environment. Thus, on examining the stolon DW curves, · 

i t appeared that near optimal D'r'/ product i on of the clover 



popul ct tions was a~hievecl in 20-2 5 clays in tl1e hot c.mviron:.1c1 t , 

whereas an appreciabl e gr o·.,,th rate still continued after 

·40 days in the cold environment. 

Tne tra ditiona l tecrmique of ' Growth Analysis' 

i11volved s uch c once pts as 1·e l a.t i ve g r o-.v tn ra·ce , net 

assi1r1ilation 1·.a i;e a1id leaf al.'ea r Eit io which wa ~3 bas ed 

on the estimation of the ma jor parameters of growth 

(dry weight and lea f a 1.~ea ) over a stated harvest interval. 

This requi:ced t;.1e bold assumption t:C1a t dry we i ght 

accumulation was constant be t ween any two harves t t i mes . 

Regr e1:;sion a na l ys is on the other hand , utilizes i nformat i on 

from a seri. 12s of sf!}all frequent harvests to <.lerive 

polynci..ial i \mc:t ioris v.1hich clesc1~i ·0e the r e l at i onshi11 o.f 

·dry ·.-.re i ght a nd. leaf are a with time ( Ilacl ford, 196 7; 

Nich olls a::.1d Cal <ler , 197 3 ). Standard e rrors c an l:ie estirua ted 

for t11e reg1·ession coeff ici en .,cs describi ng the s e functions , 

so tha t stat i stica l te s ts can be used to com ~are curve~ . 

The use of regress i on ana lys i s to derive polynomial 

cur ves in growt i1 studi es lu.s enabled pl ant br e eclers to 

ef.fectivcly assess and compare genetic and environmen tal 

effe c tso 

Cooper ( 19G4) found tha t Med i terranean populat i ons 

of 1.!. Herenn~ and D . p;lomerata had supe:cior growth rates 

to No1'wegi ~n1 populat i ons un<ler l ow t emperature conditions . 

It has been suggested that hediter ranean :populati ons us e 

photosyntl1etic c1Gsimilates to produce greater l eaf a :r:ea 

and thus ma intain growth in winter , while North European 

materia l u s e ass i mi1ates for storage in roots and shoot 

bases s o as to surviv~- t he cold winter cond itions of 
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. their native habitats (HacColl and Coo per , 1967 ; Eagles , 

1967; Robson and Jewiss , 1968 ). Wi lliams and Hoglund (1978) 

founJ similar results wi th Spanish and New Zealand clovers, 

w11en t ite .3panisn. 1i1a te1:ial ;irouuc ecl a 11igher ::,ro ~Jortion of 

total 1dei g}1 t a s l eaf we igi1t unuer control led low temyerature 

con cli t i ons . .However , tn this expe.:cLmmt, the :;:;orth 

.Bu:copean clovers hacl similar leaf r;rowth rates to the 

J.Iedi te.crane a n clover in the frosting room, and the 

proportion of leaf to t ota l tissue (ratio) was the same 

for Loth populations . 

Morley ( 1958) , Eagles (1 967) and Lawerence et a l 

( 1973 ) stressed t h e problem associa ted with controlled 

envi :comnent c;ondi tions vii1ere environmental factor s a re 

h eld cons ·i.;ant except those factors consid ered i 111portan.t 

t1·Gatments o Low tern:pe ratur?.S are usually asso ciat e d 

with low light intens ities, short photoperiods , 

a nd s rr,all diurna l f luctuations i n the field. Under low 

li;:,;ht intensity , a r eduction in t b.e 11AR (net pnotosynthetic 

activity of the l eaf surface) causes different r esponse s; 

such that the Eediterranean rnateria l us e s storeJ. 

assirnilates to expand more leaf tissue while north 

1'uropean material uses assimilates to maintain co ld 

ha rdiness ( Thomas , . 1968 ; Lorenzetti et a l. 197 1). In this 

ex1>eriment, the lieht intensity remained moderately high 

so that photosynthesis continue tl at a moderat e rate and 

ill populations i rres pe c t i ve of orig in, maintained similar 

growth rates in each environn1ent . The frosting cond i tions 

did not adve1·se l y affect any of the clover porulations 

nor substantia lly '"l e c r ease their DW production . T11e day 

temperature s of 12°c a11d medium light i ntensity (1 60 W/ m2 ) 



enabled the Eedi terranean and lforthern clovers to continue 

leaf product ion and also attain a certain degree of frost 

tolerance. It appears that cold . per~· is not the 

causal factor bringing about different growth responses of 

Hedi terranean cm d. .u'uropean grasses a :.:1d clovers , but all 
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the climat ic factors associated with frosts (i. e . short clays , 

low light intens itie s , harsh winds •• ) collec tively affect 

the growth res ponses . 

The develo pment patterns of all the clover populations 

for leaf production were constant within each environment. 

However the r a tes of leaf production differed between 

environments. In t:ile hot e11vironment, a ll populat ions 

produced approxima te ly 2.0 leaves per week, whi le in t:ne 

c6ol and cold enviroruuents, 1.0 and 0.8 leaves per week 

res pectively were produced . Thii rate of leaf production 

is consistent with earlier work (~itchell , 1956) but 

Williams and Hoglund ( 1978 ) found t11a t i~ew Zealand clover 

produced a gre c1. ter nur.:iber of leaves than Spanish clover in 

the l10t envi:con. .i ent . '.i1}1 ey found tl1is increase of leaf nu1;1oers 

in the warmer environment (22.5°c/14°c) partially 

account ed for the superior stolon produc t ion of l~ew Zeal8.nd 

clover to that of Spanish clover at this temperature. In 

this experi ment no differences were found between populations 

for leaf production and the relative stolon herbage DW 

production between populat ions re mained the same in each 

environment. A possible reason for the discre pancy of 

results involves the origin of the seed in the two ex~erirnents. 

Williams and Hoglund used progeny lines of the seven 

Grass land liuia pdrents while in this experiment, breeders 
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seed (three generations removed) was used. Some genetic 

drift may have occurred during seed multiplication, causing 

disparity in pre£ormance between the two sources of 

Grasslancls Euia. 

· Bei11hart ( 1963) s11 owed ti1a t the herbage production 

from Ladino stolons was close ly associated with the 

amount of photosynthe tic l EJaf tissue formed. The results 

froill this experiment also cle~rly show the close 

correlation (r = .98) between the total stolon herbage 

production and the leaf area at tained (see section 4:4). 

The clover populations demonstrated similar development 

patterns within ea ch environment. ·:rhe regression 

coefficients describing the rate of change in leaf area 

were constant for each clover which is reflected by the 

1 parallel' curves in J?igure 11. The initial . placement 

coefficient had a direct bearing on the size of the 

final leaf area attained. Ladino had the largest stolons 

a ,1d leaf area in all environments, whereas Kent and 

Russia had t:i1e smallest. 

When comparing environments the r a te of leaf area. 

production shown by these clovers, was greater in the 

hot environriient compared to the colder environments . 

However, t he rate declined at a faster rate within the 

hot envirorneent. In time, the leaf area produced by any 

one ·clover would have been constant across all environn:.ents. 

Both hitcliell(1955) and Brougham (1958) found the leaf 

area attained by i ie w Zealancl white clover was a function 

of the light environment; tl1e rate of leaf a1.'ea production 

being determined by temperature. 



Long spindly stoluns vii t:i:1 lengthy stolon internodes 

were formed in the hot environment. However, in the 

·frosting envi~onment, all populations produced shorter 

stolons with l eaves more tightly packed together. As 
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st em g rowth continued. , the stolons be came ti1icker anJ 

tlew;;er in >i1e cold environrnen t, incluJing t11e Led i terranean 

clovers. J.:his builcl up of stem tissue is proba bly a 

res ponse to cold ten:pe ratures so that the clovers can 

survive frosting conclit io:as. '..Che Eecliterra11ean clovers 

also showed this res ponse, but under r educed light intensity 

and shortened. photoye 1' iod a contrasting deve lo pmental 

re81jonse way :i1ave occurred . 

Each clover popula tion Vh.i S associated with a distinct 

morphological habit of growth. the populat ions LJhowed 

hi gh, full heritability estimates f or the stolon DW 

characters and leaf area. The correlation coefficients 

between these characters were a l s o high. Thus, Ladino 

clover showed large stems, leaves , petioles and leaf area 

in all environments, v1hile in contrast Kent white clover 

had small stolon componeut parts . However, the negative 

correlati ons between the stolon DW characters and the 

nurnbers of new stolons being procluced, which a l s o showed 

low heritability estimates , collectively brougl1t about the 

unpredictability of the total DW producti on from a pot. 

The total DW from a ~ot did not appear to be strongly 

correlated with any of the stolon characters. 

The characters stolon length , stolon thickness and 

leaf production showed quite low f ull sense heritabilities 

but high restricted heritabili ties . '.i:l1e full sense 
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heritability i s estirna tell such that the i-'~1enotypic variance 

includes t:ue variation clue to different environwents and 

blocks within environments. This heritability is 

probably a more realist ic estimate . of that porti01l of the 

total vari .:::;, tion s:C10vm by a stolon c1-1a:r-ac -cer, v111 ic:i.1 is due 

to geneti c influences. The restricted heritability is 

basecl on t l1e phenotypic variance containing no block or 

environmental varia tion. This heritability estimate only 

applies to one particula r environment where the measurements 

were made. A large proportion of the variation in leaf 

proQuction, stolon length and stolon thickness was due 

to the environmental effects. 

5:2 !~eduction of new stolon units 

The rate at which secondary meristerns became a ctive 

and produced branch stolons was considered an important 

factor in the growth and persistance of white clover 

(~itchell, 1956; Be inhart , 1963; Villia~s and Hoglund , 1978). 

T,ie life span of any one stolon is lirni ted ( C}10w, 19G7; 

Beinhart, 1963 ) so that the survival of a clover plant 

relies on continual production of new stolons. This 

characteristic demonstrated variation between clover 

populations and environments in this experiment. 

E'rom seedling establishment, the clover populations 

differed in the number of primary stolons produced. 

Spanish clover in particular had fewer primary stolons 

while the Kent and Rus s ian clovers produced high numbers. 

During the course of the experiment it became clear that 

clovers with greater growth per stolon had smaller numbers 



of stolons while those clovers which produced less growth 

per stolon h a d l ilrge stolon nUllibers. 'rhis inve.rse 

relationship between growth per stolon and stolon numbers 

is consistent with results of ·,/illiaos and Hoglund, 1978. 

Stolon 1):.:'a11ci1i n6 i s also i 1lflu encE:<.l by envirornilental 

conditions. :iJuring the first growth 1 Jeriod of this 

experiment, the five clover populations produc ed quite 

high numbers of stolons in all environments. Spanish and 

Kent clovers produced the most laterals in the hot 

environment while Kent , Huia ancl Russian clovers had the 

greater numbers within the colder environments. Ladino 

clover produced the-least new stolons compared to the ot~er 
. 

clovers in a11 environments . I1i tbe second growth period, 

a lot fewer secondary stolons were produced, particularly 

in the hot environment where there were no diffe:cences 

between yopulations. Kent , Huia and Russian clovers 

continued to produce more secondary stolons than Spanish 

and Ladino clovers in the cool and cold environments . 

The difference betwe en the two cycles sugs ests tha t during 

establishment, the clovers were actively branching to form 

a base popul ation of stolons. Subsequent environmental 

conditions , may then have ha d a strong influence on stolon 

branching . 

Stolon branching appears to depend on the s easonal 

fluctuation of environmental factors, of which temperature 

is only oneo Bro ck(1974) showed evidence that stolon 

populations of clover do shift from season to season. 

Williams and Hoglund (1978) found that plants growing under 

constan·t environQent regimes were unsuitable for seasonal 

growth studies. They suggested this problem, could be 
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overcor.1e by us i ng appropia te pretrea tr :~ent cond itions . In 

this experiment, pl ants were established during summer 

in glasshouse conditions of high temperature, high light 

intensity c:.nd long (15 hour) photoperiods . On transferal 

to the controlls .. 1. environLlent :.:--oor:..1s, bot11 t:i1e ligllt 

intenoity and photoperiod were r ecluced, a situation 

similar to au tumn conditions. Thus, interpretation of the 

stolon branching res9onses in terms of temperature alone 

could be mi s l eacling as other environmental factors appear 

to be i nvolved. This stresses the problem of extrapolating 

information from controlled environment studies as an 

expl anat i on of poss ible responses in the field . Varying 

the light intensity a nd photo peri od would have f a ctorialised 

the number of growth rooms required in the experiment 

making it difficult to 1:ianage the practical work. 

However, the results from t11is experil.1ent do support 

in part the view of ~illiams and Hoglund (1978) , that the 

superio r ity in DW production of Spanish over New Zealand 

clo-ver in autur.m-early winter could be a cons equence of 

improved stolon branching of the Spani sh clover in hot 

summer c onditions . During the second cycle, the liew Zealand 

(Grasslands liuia ) and Kent white clovers h3.d greater 

numbers of secondary stolons in the cooler temperatures 

which were compai,able to l a.te autumn-winter conditions 

in temperate regions. Improved branching at this time 

would result in superior total pl ant growth during the 

follo wing spring and summer. T1lis ad<tl:ptive response would 

ensure survival j_ :i~ an environment where winters are cold 

and ~urnrners conducive to r apid growth. 

La dino clover · deve lopecl into a hi gh producing clover 
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production in all environments during both growth periods. 

However, its l a ck of sto lon branching at a ll temperatures 

particularly in the second growth period, could possibly 

leaLl to a uec lille in the DJ yrcJLlucti0n l;er pot from 

Ladino clove r relative to the other clovers with time. The 

reported frosting damage or l ack of winter hardiness of 

Ladino ( Gi b ~;; on £1 a 1:_, 1963) may be due to this fall i n 

the number of a ct ive meristems rather than dar:1age to the 

existing stew and leaf tissue. Most field reports of 

Lad ino clover stress its lack of persistence ( Bsinhart, 

1~63 ; Knight, 1953). In U.S.A . it is treated as an 

annual pa sture legume (Gibson , 1962 ). 

The Russian clover had similar branching responses to 

Grasslands i lu ia and r~ent w1.1i te clover . However, even 

thougn the Russ i an clover tended to have increased 

branching at the l ow t emperatures (significant a·t ~=0 .1 0) , 

the tota l number of stolons were too few to compensate for 

the low D".i per stolon p1·oduc cion . Consequently, during 

the second growth peri od , the total D~ pe r pot production 

fro rn Russian clover in t ,1e cold environr.:ent was significantly 

poore r than the ot~1er clover populations. l'his reduction 

in growth per stolon and low production of new stol ons 

(an apparent quiescent state) shown by Russian clover in 

the cold environment, may lie an adaptive res ponse to 

survive harsh winter condi t i ons characteristic of its pl act 

of origin. 

,.. . ' l . 5: 3 Adal)"~.:i.·ci on 1ina y s is 

Sollle i rnportant factors rela ting to t}1e a da ptive 

:cesponse s of t1.1ese f ive w~li t c clover populd. cions v,ere s }1ov-m 



by the regl'C~ssion an.:.i.1ys is . :Uriefl y , tl10se popul at i ons 

which pr oduce l arge stems, leaves and petioles such as the 

La dino and Spani&h clovers, have consistently grea ter 

stolon ury weigi1t t1lan ti1e smaller le .:~veJ clovers (:ri..ent 

anu. 1\ussia) irres J:,ecti ve of -temper a t ure c.i1ai1ges .. Secondly , 

ti1e clla11ging patte:c11 of total lJlant prod~ction between 

clover populat i uns and environmental condit ions i s the 

result of d i fferent stol on branchi ng characteristics. 

This f actor governs L:i1e maxili1i u.'Tl dry we i Bht production of 

a clover under favourable environmenta l conditions and may 

have a Deari ng on survi val under harsh condi t ions . This 

charac ter 9 unfortunately, i s also the most di fficult to 

assess. In t his experiment, the numbers of secondary 

stolons produced from the primary sto lons in t he given 

time p0ri otls , were qui ·ce small. Al so , t he standard errors 

associated with t he est i mat es f or this character, 

ca lculated from the r egression analys is, were fa irly l a r ge. 

This rnade i t difficult to clearly understand the pattern 
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of brauc11ing shown l.Jy t i1ese clovers under di verse tc mperature 

conditions . An a lternative method , such as the Ut.i e of a · 

quadr at to deter1,1ir;.e stolon numbers per unit a:cea , may 

have given more definitive r esults. 

'.i'he adaptation analys i s deve lo ped l>y Finlay and 

Wilkinson (1 963 ) and Eberha rt and Russell (1 966) was used 

to aid in the understanding of the adaptive responses 

shown by these clovers. ~he genotype - environmeµt 

interaction effects for ea ch stolon chara ct er were evaluated 

using t he r egress i on anal ysis des~ri bed in secti on 3: 2:9 . 

·:rhe Vied.iterrauean clovers had high mean yields fo r the 

stolon herbage pro~uc t i on characters (stem D¼ l eaf DW , 



petiole D',l a;1u. total D:,:). l}1e .Spanish clover also tended 

to show adaptation coefficients greater ti1an one for these 

chiracters (including leaf area). This inlicated that 

this clover functions v:ell in favouralJle environments but 

muci:1 less in poo:cer e!lvironi:iEm ts . Spa11ish clover appeared 

to res pond to good growing conditions but ~ecarne less 

yrocluc t ive in stress enviro:riru8nts. '.2he J~a.d ino clove r had 

adaptation coei':ficient.s close to one in lilany c.:,ses indica,ting 

general adaptabili·ty to all environments. However, the 

coefficients often failed to achieve significance. 

The North European clovers h ~1.u low mean yields for the 

stolon D~ components . The Kent clover in particular . 
indicated ac.laptation coefficients less than one for ti1esc 

characters. This shows a specificity of adaptability to 

low yielding (cool) environments. The i.Iuia clover had 

intermediate yields for the stolon DW characters in a ll 

environrnents aud for some of these chara c t ers, adaptation 

coefficients close to one indicati ng general adaptabil ity . 

However, this clover also h~d an adaptation coefficient 

significantly greater t~an one for the production of new 

stolons. This indicates specificity of ada,;ptability to the 

high yielding environment (the cold environment) for this 

character . These adaptive features of Huia appear to be 

important for the growth and persistence of this clover in 

temperate regions , where there are seasonal changes of 

climate , from hot dry summers to cold frosty winters. 

For the adaptation analysis there were only three 

temperature environments on the X-axis. A greater range of 

environments would have been more desirable so that the 

regression would have been based on a l arger sample of 
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environments . i i.1e envirorn.aenta l means for some char c:.:. cters 

were also quite close together which resulted in the 

estimated regression function having a low coefficient of 

determination. lhe standard errors of the adaptation 

( regression) coefficients were l urge in many cases which 

made it difficult to achieve significance and difficult to 

reach valid conclusions . 

5:4 Cold Tolerance 
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All the clover populations indicated a gradual increase 

of freezing tolerance of their leaves o.ver the course of 

the experiment ( i igure 18). The degree of hardiness 

attained by each clover was closely associa ted wit11 their 

place of origin. Those clovers frow Northern E-uro,b)e , where 

the winters are harsh, were the inost hardy, while the 

Mediterranean clovers we re the least. As previously 

mentioned, the day temperatures of 12°c and medium light 

intensity ( 1 GO ·:1/m2 ) ena'.)l~l t~ie Ledi terranean ai.1d Northern 

clovers to continue photosynthesizing and a lso attain a 

certain degree of frost tolerance. Rowley (1976) concluded 

that some growth was necessary for ini t ial develo0nent 

of frost ha rdiness. However , a final high degree of 

hardiness may be prevented as the a ctive physiological 

state of the plant inhibits the accumulation of 

1>hotosy11thetic products necessary for complete hardening 

(de Ruiter , 1979). 'tie could speculate t}1 a t under harsher 

environmental conditions, the Kent and Russian clovers may 

have ceased growth and attained a high level o! cold 

hard i ness , whereas the Spanish clover may have continued 

growth but suffered structural damage. 



In general, the cold to l erance was a l so associa ted 

with a certain mor p110 logica l type of clover. :fi1e most hardy 

clovers ( Kent and Russia) produced the smallest DW per 
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stolon ( small com1Jonent .Parts ) but produced the larges t number 

of stolons . r:1e Spa11is11 clover wa s in co JJJ j,lete contrast , 

bei ug t 11e l eant ha ~dy but produc ing l arge plant pa rts • 

. However , Ladino clover s howed rela ti veJ.y }1i t,h tolerance to 

fros t ing of it s l eaf tissue even though it had l arge leaves. 

I t would appea r t11at there may be physio logical -processes 

unrela ted to t}1e accu mulation of pho tosynthetic metabolites 

and/ or morphological pattern , whicl1 g i ve clovers some cold 

tolerance. For instance , the Spanish clover is c yanogenic 

whereas Ladi no clover i s a.cyanoge r1ic , a l though it is of 

I·iedite:rra.ncan orj_gin. Th is c ould be an i rnportant fac tor in 

its gr·eater fros t toler a nce to l eaf darY.iage ( Dad.ay , 1965 ). 

However , t he winl; e r ha rdine ss of La.uino clover ha s been re ported 

·~o be poor ( Ee inhart , 1963 ; Gibson et il, 1963 ). As 

previ ous l y ment i oned , thi s was proba bly due to the failure of 

Ladino to form new act ive meristems (sto lon bra11c11ine; ) during 

winter for the following spring growth. men thou gh i t 

survived frost d amage t o i t s l eave s , it failed to pers i s t 

through ti1e ,-,i nter . Th i s type of res ponse may a lso occur 

with Spanish clover. 

The Hew Zealand clover ( G. riuia) appears to be i deally 

suited to a temperate climate with warm summers and cool 

winte:cs. The important attribute seems to be a compromi s e 

beh,ee u Di{ production pe r sto lon a nd t:i1e numbers of · 

stolons it i s ca pa b l e of proc.luciug . It i s inferio1.• to 

the h eu.i terra1.ea11 c l ove r s in stolon j);f prouuct i on but 

supc:cior t o t he more c ol d h c...r dy Ken t a nd flu ss i a n cl ove rs . 



Convers ely , it produces l ·t r gt=1r nu1ubers of stolons tha n 

the Gediterranean clovers, part icularly during winter to 

ensure continued growth in the f ollowing spring ai...d SWililler. 

This ada:,ti ve :re s ;,onse of G. Hu i a is an i 111po1·ta11t factor 

in the succes s o.: tl1is cul ti var in te 111pera ~e regions. 
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CONC1USICli".3 

The following points emerged on the adaptive responses 

shown by these f ive white clover populations to varying 

temperature condit i ons. 

1. The five clover popul at ions shov;e d sirnilar deve lopment 

patterns for t he sto lon DJ components (stem, leaf, 

petiole and t otal DJ ) and leaf area wit~in each of t he 

three environwentG. All ;o pulations i r rcis pec tive of 

origin, maintained si.uilar growth rates in each 

envirorunent which had the affect of producing 'paralle l ' 

curves. The initial pl dceue:u t coefficient conse quently 

had a di re ct bearing on t he s ize of the fina l s tolon IY>'i 

at t ained . rhe bediterranean clovers , Ladino and Spain 

consis tently proclucecl stolons vii th l a rge s tems , le i3.ves t 

petioles and leaf area in a ll enviro m::1ent s wi'dle the 

Russian and Kent clovers produced s tolons with small 

component I)arts. 

2. It appears t hat temperature alone do es not cause 

different growth responses of I·iecli t e1.-ranean, te rn i.era t.e 

and continental clovers. Eediwn li [Sh t i11tcns ities and 

12 hour photoperiods within the fro st room enabled the 

Mediterranean and horthern clovers to continue stolon 

D\'l produc tion and a lso at tain a certain degree of cold 

tolerance . Otner climatic factors as socid t ed with 

cold t emperatures such a s short photorer iods_ancl low 

l.igh t int ensities may have collective ly b~L~ought about 

different growth respons es of these clovers . This is 

a limitation wi th controlled enviromnent studie s where 

only one treat::1ent i s ap1_1lied at a time . 
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3. Each of the clove1· 1)011ulati1.111s was ass ocia teu with 

a distinct stolon morphology . Regardless of temperature 

condit ions , the Mediterranean clovers produced large 

stolon parts while lforth E,'uro11ean clovers had small 

s talon lJ<trts . 'i:his v:as 'uorne out by t.he ll i ;;h 11eri t a oili ty 

estimates f or the stolon D.1: cornpo nents and l eaf area , 

indicat ine that a l arge portion of t '.1e variat ion f or 

these stolon characters was due to genetic influences. 

4. A considerable pro por tion of the variation in l eaf 
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numbers, stolon length and stolon thickness was due 

to environmental effects. The five clovers produced 

similar numbers of leav~s within each enviro11ment, but 

leaf }Jroduction ~las far greater i11 tJ.1e hot roow. The 

clovers produce d long spindly stolons in the hot room 

but short thick stolons in the frost r oom. This 

build up of stem tis s ue i s probably a res ; onse to coltl 

temperatures s o that the clovers can survive ;rost 

condit ions . 

~he chaneing pattern of total plant producti on 

between clover populations and environments appears to 

be t he :r-e.sult of different s-'c. olon bra:llching characteristics. 

This factor governs t he maximun.1 D'.l attained. by a clover 

under favourable environmental condit ions and influences 

surviva l under harsh conditions . 

6. The negative corre l ation coefficients between the 

stolon D\I characters and tl.e numbers of new stolons being 

produced clearly showed tha t the clovers with l a rge 

stolon parts had s mall numbers of stolons while the clovers 

with small stolon components had l clrge stolon numbers. 
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The clovers ·indicated different branching res ponses 

under the t hre e temperature conditions. Ladino clover 

failed to produce many new stolons at all temperatures 

which undoubtably affects the persistence of this 

clover . .3pa11is.i1 clover c1.1,pec.1.:ce u to 11ave sli~11tly ue ttel' 

branching unde:c hot condi ·cions , while the l{ent, iiui a 

ancl .Russian clovers h ad slightly il ii proved branching at 

cooler tempe:ratu1'es. The results v,ere not alwa ys clea r 

and other clima tic facto rs probably influence stolon 

branching. 

In the field, plants adapt to the sea sonal 

fluctuation of cl i matic f a c ~ors by a se quence of 

develo 1-;ment changes t1.1:roughout the year, to ensure 

successful growth and survival. }ronounced changes in 

the grovrth responses of t11ese clovers lletween c:1vironri1cnts 

did not occur, probably· becau.se of t:r1e 'artif lc2.l ' 

natu:ce of the climate roo1:1s in which they were gro\'ling . 

Ho\"1evc:r.·, the branc11i11g :cesponses i11dica ted in ti1is 

experi1uent, suggest tha. t t1w ir:iprovecl pl ant pi10Juct i on 

of Spanish clover during autumn- early winter (found in 

field trials) cou l d be due to the increased nurr.oer of 

stolons :Coi'mecl earlier iu the hot sum;ae r conditions . 

Conditions are favoura ble for growth dur i ng autumn in 

the Eediterranean and the adaptation analysis for 

Spanish clover i ndi cated a specifici ty of adaptability 

to favourable environoents. 

Ladino clover did n ot show any yarticular branching 

pattern and in this experiment produced the greatest 

amount of herbage in all environ:nents. This cul tivar 

shows general a da1-1tabili ty to a ll e11vi r onment:::, . In 

tillle, there would have pr oba bly b0en a decline in tr1e 
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production f.L·oin La dino which ha s been found in field 

conditions after one year. '.rhe Huia and Kent clovers 

appeared to have increased stolon branching i n the cool 

temperatures like tl10se of autumn and early spriug in 

ternpe1·a te reg.i ons . I rnp:roved s ·Lolon numuers a ·~ t :C1ese tin es 

woulu. ensure survival t1.1rough the wi11ter follo wed l>y rapicl 

gro ·,vth later in spring and surn.mer. 

8. All the clover populations indicateu a gradual 

increa se of freezing tolerance of their l eaves during 

the experiment. The degree of hardiness attaiuecl by 

each clover wa s closely associa ted with their place of 

origin . Those clovers from lfo1· t hern .t.1.u·ope, where the 

winters are har~h, were the mos~ hardy w~ile the 

Nediterranean clovers were the least . The most hardy 

clovers were a lso characterised by small sLolon components 

and l arge numbers of stolons. The frost conditions did 

not cause structural damage to any of the five 

clovers. Wider differences ~etween the five clovers 

fol' cold tolerance may have occurred under 11arsher 

environmental conditions. 
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Al:'1-'ENDIX 1 

Frosting Timetable 

Cycle 1 '.i:i me Frosti1!,g_ Cycle 2 Time · I•'rostinD' -- () 

(Days) Intensity oc (Days) Intcn~d ty oc 

Week 1 2 -2 \'leek 1 2 -3 
3 -2 3 -3 
4 -2 4 -3 

Week 2 9 -2 \'leek 2 8 -4 
10 -2 9 -4 
11 -2 10 -4 

11 -4 

Week 3 16 -2 Week 3 15 -4 
17 -2 16 -4 
18 -2 17 -4 

18 -4 

Week 4 23 -2 \'leek 4 22 -5 
24 -2 23 -5 
25 -2 24 -5 

25 -5 

Week 5 30 -2 Week 5 29 -5 
31 -2 30 -5 
32 -2 31 -5 

32 -5 

Week 6 37 -3 Week 6 36 -6 
38 -3 37 -6 

39 -3 38 -6 
39 -6 



Compa rison of techniques ass essing frost tolerance 

The electrical conductanc e technique is relatively 

quick and sim:Jle but previous studi es (J .l·i . de Ruiter 

per. comm. ) have i ndi cated t ha t the me thod under­

estimates actual temperatures required for pl ant kill. 

A smal l side-line study was carried out with the 

obj ective of comparing the temperature gradient bar 

method of assessing fros t tolerance with that of 

direct fro sting intact plants within the cold room. 

Additional pl ants of each population were planted 

in pots on t he 10 February and left to establish and 

harden outs ide until the 1 J une . During Nay, the mean 

maxi ~um temperature had dropped to 14°c a ud the mean 

grass minimium to 4°c. Four frosts were recorded 

during this per iod, the lowest being -3°C. The plants 

were considered to be adequately fro st hardened by 

this stage . Their freezing sensitivity wa s then 

determined by both temperat ure gradient bar and 

successive frostings under controlled cold-room 

conditions with subsequent visual assessment of damage 

(0-5 scale). 

The co ld-room condi tions were similar to those 

outlined in section 3:1:4, but with five frost treat-

0 60 0 0 0 ments: -4, - , -8 P -10 and -12 c. Three pots of 

each clover population were subjected to the -4°c frost 
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then removed to a glasshouse for visual assessment 

of damage. Following this a fresh set of po ts was 

subjected to the -6°c frost on the following day 

and the s eries co11tinue<l . 'l'ne temper a t ures r equired 

to cause f ro s t i n jury of i n t act pl an ts in the 

fros -t i ug room wer e then compared with t he killing 

temperatures of exi s ed l eaf tissue (f rom a remaining 

set of pl a n t s l eft outside)estima t ed from t he 

temperat ure gra dient bar. 

The i n jury curves for the two methods of 

ass essing frost tolerance are shown in Appendix 

Figure 1. The following scale was used to a ssess 

the damage of plants removed from the frosting room: 

0 lfo damage 
1 Necrosis on leaf edges 
2 Younger leaves killed 
3 Half of the foliage killed 
4 Some surviva l of older leaves 
5 Lea ves completely killed 

A value of 2½ was used as an estimate of 50% 

necrosis. This wa s compared with the 50; killing 

index (L) assessed by the electrical conductance 

technique. 

The estimated killing temperature of leaves on 

t he gradient ba r ~ere substantially higher than that of 

whole plants in the frosting room. This discrepancy 

probably arose from the use of exised lea ves on the 
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gradient bar compared with intact plants in the frost 

room. Also the leaves were frozen immediately on 

contact with the bar wheras the rate of freezing and 

thawing i s s low in t ~e controlled f rosting environment. 

However, t he absolute teraperat11re r equired to 

caus e i n jury i s n ot t he i mport~nt f a ctor, but that the 

two methods used in as sessing cold tolerance produce 

comparable resul t s. A significant correla tion wa s ii 't 

achieved in thi s experiment (r= .65 with 4 df) due 

to the low degre e s of f r eedom. A similar experiment by 

de Ruiter (1979) using 15 forage legumes es t ablished 

a significant correlation (r= .70). A correction 

factor was also evaluated so that approximate field 

killing tempera tures could be obtained fro m the 

electroconductivity measurements. 
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Al r :i~i.-i :JI A 3 

Data for the Regres sion analysis 

e = Environuents 1 = :nor (24°/1 4°0) 
2 = COOL (12°/ 6°c ) . 
3 = COLD (12°/-2°C) 

b.::; Blocks 1 = Block I 

2 = Block II 

3 = Block III 

g = Clover lopulations 1 Spain 
2 Ladino 

3 Huia 

4 Kent 

5 Russia 

Ti•I = Time when stoluns were measured (days ) 

STDH = Stern DW 

BLDE = Leaf DW 

F'l1Di-i = J_Jetiole Di/ 

TOTDi-i = Total D·,1 

N? T = ~·umber of Leaves 

LNST = Length of stolon 

BLAH. = Leaf Area 

HLT = Number of Laterals 

STTK = STDI·i/lirrnT = Stolon thickness 

RA~IO = BLDh/ TO'l'Di-i = Ration of leaf to total DW 

Each piece of data i s the mean of 10 stolons 
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e g b Tl1 STDH BLDL PTDI·~ Torm: lffT LI;ST BLAR NLT 

1 1 1 5 .007 .022 . ooo .029 1.80 2.27 5.42 0 

2 5 . 007 . 024 . coo . C3 1 2.33 2.43 5 . 33 0 

3 5 . co6 . 023 . oco . 034 2.20 2.30 6.68 0 

1 1 1 9 . 012 .040 • 011 . 062 3.00 3. 03 10.14 0 .1 
2 9 .015 . 034 .008 .056 3 .10 3.37 8 .64 o.o 
3 9 60·12 . 035 .011 .0 '3 7 3 .1 0 3. 80 11 • 17 0. 1 

1 i 1 13 . 053 . 090 .02G .170 4.10 6.14 17.72 1.0 
2 13 .039 .075 .021 . 135 4.3'3 5.49 17.60 0.9 

3 13 .031 .069 .023 .129 3.60 4.93 17.56 o.6 
1 1 1 17 .053 .093 .032 .178 4.60 6.66 21 .23 2.0 

2 17 .067 .116 .037 .219 5.67 9.29 24.02 2 .1 

3 17 .06:5 .109 •. 043 . ., 217 4. 89 9.41 24.24 1.7 
1 1 1 22 .. ·110 .. 157 .069 

..., ..., ,. 
7.;;0 10.88 35 .58 3. 1 .))0 

2 22 .103 .156 .060 . 320 6 . 60 ·10.4.7 30.33 4.7 
3 22 .081 .122 .052 .255 5.50 8.76 22.83 2.2 

1 2 1 5 .011 .039 .ooo . 050 2.33 2.54 6.54 0 

2 5 .014 .033 .ooo .052 2. 11 2.51 6.11 0 

3 5 .01 2 .046 .ooo .053 2.63 2.75 7.64 0 

1 2 1 9 .020 .070 . 030 .12G 3.20 3.78 15.56 o. 1 

2 9 . 026 .04 9 .025 .1 00 2.78 3.53 11. 90 0.2 

3 9 .026 .040 .019 .085 2.70 3.75 10.90 0.4 
1 2 1 13 .052 .104 . 046 .202 3.90 4.74 18 . 23 0.4 

2 13 .053 . OS 7 .054 .204 4 .13 5.76 22.39 0.3 
3 13 .033 .077 . 035 .1 45 3. 08 4.19 17.64 o.6 

1 2 1 17 .062 • 116 .065 .243 4.67 6.37 22.74 o.6 
2 17 . 051 .091 . 049 • 191 4.44 5.41 17.80 0.8 

3 17 .078 .129 .073 .280 5.38 5.84 25.75 1.6 

1 2 1 22 .097 .153 .129 .379 6. 89 7.67 30.42 1.7 
2 22 .092 .123 • 121 .336 5.73 7.49 24.20 o.6 

3 22 .089 .1 34 .084 .307 6.20 7.21 26.48 1 • 3 
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e g b TM STDM BLDM PTDM TO TDM NPT LNST BLAR NLT 

1 3 1 5 .004 .016 .ooo .020 1.90 1.32 3.21 0 
2 5 .004 .013 . ooo .017 1.70 1.64 2.74 0 

3 5 .004 .016 .ooo . 020 2.70 1.60 3.08 0 
1 3 1 9 .009 .. 025 . 008 . 042 2.90 2.18 5. 80 0.2 

2 9 .012 .037 • 011 .060 3.40 2.81 8.77 o.6 
3 9 .009 .025 . 009 .043 3.00 2.96 7.83 0.3 

1 3 1 13 . 029 .,066 .025 .120 4.44 4~ 86 12.60 0.9 
2 13 .027 .060 .020 .107 4.30 4.41 12. 61 1.6 

3 13 .022 .047 . 017 .086 4.38 4.34 10.90 1.5 
1 

..., 
1 17 .035 .065 .. 02 1 • 121 5.80 5.31 12.43 2.2 :) 

2 17 .028 .064 .021 .113 4.70 5.63 12.41 1.4 

3 17 .OJ1 .081 .032 · .1 44 5.20 5.26 17.76 1.9 
1 3 1 22 . 051 .089 . 052 .192 7.60 6.52 18 .55 3. 1 

2 22 .049 .092 .047 .1 83 6.90 6.80 18.35 2.5 

3 22 .047 .07 9 .039 .165 6.70 7.18 15.25 3. 1 

1 4 1 5 .003 .007 .ooo .010 2.11 1.77 1.27 0 

2 5 .003 .007 . ooo .010 2.40 1 • 71 1.44 0 

3 5 .003 .. 007 .ooo .010 2.,50 1.58 1.27 0 

1 4 1 9 .009 .01 8 . 001 .028 3.40 2.94 3.28 0.7 
2 9 .009 .017 .001 .027 3.80 3.32 3.18 o.6 

3 9 .006 .011 .001 .018 3.10 2.78 2.23 0.5 

1 4 1 13 .017 .020 .007 .043 4.40 4.30 3.70 1.6 

2 13 .O ·i 7 .019 . 006 .042 5.10 5.04 3.45 1.3 

3 13 .010 .012 .004 .026 4.22 3.00 3.08 1.3 

1 4 1 17 .021 .025 . 009 .055 5.56 5.71 5.1 9 2.6 

2 17 . 023 .026 .012 .061 6.oo 5.86 4.55 2.2 

3 17 .020 .021 . 007 .048 5.00 4.56 3 .89 2. 1 

1 4 1 22 .028 .028 .014 .070 7.50 6.95 6.08 3.8 
2 22 .029 .029 .012 .070 7.67 6.94 5.35 3.2 

3 22 . 027 .025 .010 .062 6.89 6.02 3.93 4.2 
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e g b TH STDN BLDE 1'1:Dh TOTDM N:i?T LNST BLAR NLT 

"' 5 1 c:.· .003 6'' 0 . OOO .012 2.30 1. 32 2 .01 0 I ;) • v_,, 

2 5 . 005 . 014 . ooo .019 2.40 1.79 2.73 0 

3 5 .005 .016 .ooo .021 2.44 1. 72 2.48 0 

1 5 1 9 .008 .,022 .001 .031 3.20 1. 98 4.20 0.2 
2 9 . 009 .029 . 00 1 . 039 3.70 2.26 4.89 0.3 

3 9 .006 .020 .001 .027 3 .10 1.91 3.98 0.2 
1 5 1 13 .015 .,030 .008 .053 4.40 2.76 6.17 1.0 

2 13 .019 .034 . 009 .062 5.00 3.43 6.80 1.4 

3 13 .011 .02 1 .005 .037 4.00 2.60 5.12 o.6 
1 5 1 17 .022 .040 • 011 .073 6 .10 3. 80 7.27 1.5 

2 17 .024 .046 .015 · .035 5.70 3. 8 5 7.74 2.2 

3 17 .026 . 052 .018 .096 5.30 4.02 ·10.14 2.0 
1 5 1 22 .026 .042 .01 6 .084 6.70 3.95 8.90 1.8 

2 22 .029 .046 .014 .089 6.43 4.10 7.79 2.4 

3 22 .030 .046 .016 .092 5.60 4.54 7.92 2.7 

2 1 1 8 .005 .01 3 .001 .019 2.00 1 • 16 2.30 0 

2 8 .004 .015 . 00 1 . 020 2.38 0. 88 2.85 0 

3 8 .005 .0,2 .001 . 018 1.70 1. 01 2.30 0 

2 1 1 14 .010 .026 .004 .040 3.00 2.02 5.76 0.1 
2 14 ·.008 . 023 . 006 .037 3. 00 1.73 4. 85 0.3 

3 14 .007 .01 3 .004 .029 2.67 1.40 4.36 0. 1 
2 1 1 21 .026 . 0 ]7 • 011 .094 3.78 3.47 10.48 1.0 

2 21 .015 ~040 .009 .064 3. 88 2. 25 7.06 0.8 

3 21 .019 . 051 .011 .08 1 3.50 3.13 10.73 0.5 
2 1 1 28 .039 .083 .017 .139 4.56 4.61 15.24 1.9 

2 28 .027 .061 .015 .103 4.86 3.67 10.59 1.6 

3 28 .023 .049 .011 .103 4.00 3 .18 9.29 0.9 
2 1 1 35 .092 .153 .038 .283 5.33 8.07 23.42 2.9 

2 35 .057 . 094 .024 .175 4.89 5.44 16. 13 1.7 

3 35 .045 .084 .023 .152 4.88 4. 45 15.13 1.9 
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e g b TH STDH B:i:JDI·1 FTDi•i. TGTDH NPT LNST BLAR NLT 

2 2 1 8 . 012 . 039 .ooo • 051 2 .1 0 1. 35 fj.78 0 

2 8 . 010 . 040 . ooo . 050 2 o20 1.45 6 082 0 

3 8 . 011 . 033 .ooo .,044 1 . 80 1 • 41 5.27 0 

2 2 1 14 . OH3 . 054 e0 13 . OB5 2. J9 2.07 9 .31 0.3 

2 14 .01 8 .042 . 012 • C..172 3.11 2.23 7.83 0.2 

3 14 . 016 .047 . 012 .075 2. 80 2 .12 1 o. 21 0.2 

2 2 1 21 . 033 . 063 . 019 • 11 5 3 . 11 2 . 87 10.22 o.s 
2 21 .040 . 075 • 02 1 .136 4 .11 3 . 66 13 . 90 o.6 

3 21 . 040 .079 . 023 .142 3.50 3.41 15.04 0.5 

2 2 1 28 . 055 . 097 .029 • 181 4 . 22 3.99 15.52 1. 6 

2 28 .,062 .1 09 . 032: . 203 4 . 90 4 .73 18.87 1 • 1 

3 28 . 073 .1 07 .034 . 214 4.56 4 . ~4 20.58 1 C, 2 

2 2 1 35 .116 .1 33 .048 . 297 5.22 5.44 19. 96 2.2 

2 35 .11 5 • 136 .062 . 313 5.00 6 . 26 23 . 92 2 .1 

3 35 .091 .1 37 . 049 .277 4 . 90 4.92 20. 83 1. 8 

2 .3 1 8 .006 . 018 . ooo .024 2.30 0.99 3.03 0 

2 8 .004 .017 . ooo . 021 2 . 11 1.07 3 .29 0 

3 8 .004 .016 .ooo .020 2 . 22 0.88 2 .4-6 0 

2 3 1 14 .ooa .026 . 006 . 040 3.00 1. 41 5.08 0.3 

2 14 . 005 . 015 . 004 . 024 2.89 1 .19 3.02 0 .1 

3 14 . 006 . 020 . 004 .030 3.00 1.44 4.39 0.1 

2 3 1 21 .01 4 .037 . 009 .060 3.78 2. 11 6.84 1.0 

2 21 .01 4 . 039 .010 . 063 3. 80 2.1 8 7 .19 1 .1 

3 21 .01 6 .040 . 008 . 064 4.00 2.21 6 .27 1.4 

2 3 1 28 . 022 .050 .012 .084 4. 60 2. 65 8.98 1.9 

2 28 .022 .059 .01 6 .097 4.75 3.03 10.14 1. 9 

3 28 .020 . 050 . 010 . 080 4.70 2.74 9.20 2 .1 

2 3 1 35 .036 .667 . 020 .123 4.90 3o72 12 .03 2.7 

2 35 . 052 .084 . 026 .162 5.29 5.31 14.56 1. 9 

3 35 .038 . 067 .01 8 .123 5.10 3 .45 12.07 2.4 
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e g b TH STDM BLDH PTDH TOTDH N?T LNST BLAR NLT 

2 4 1 8 . 004 . 010 . ooo . 014 2 . 30 0 . 95 1. 42 0 

2 r, . 003 . oo& . ooo • 0 , 1 2 .1 0 0 . 79 1 . 06 0 0 

3 8 . 003 .ooG . OOO . 009 2.30 0 . 97 1 • 13 0 

2 . 4 1 14 .006 . 015 . 001 . 022 3 . 30 1. 42 1.89 0 . 9 
2 14 .005 . 013 . 001 . 019 3 . 20 1. 25 1.83 0 . 3 

3 14 . ooG . 01J . 001 . 020 3. 30 1. 68 2 . 01 0 .7 
2 4 1 21 • 0 11 . 02 1 . 004 . 036 4 . 20 1. 85 2 . T5 1. 7 

2 21 . 0·1 1 . 019 . 004. . 034 4 . 20 2 .1 7 3 .1 3 1 • 3 

3 21 . 015 .024 . 005 . 044 4 . 30 2 . 89 4 .29 1. 0 
2 4 1 28 . 017 . 020 . 005 . 042 4. Ba 3 . 93 3 . 08 2 . 4 

2 28 . 015 . 027 . 001 . 043 5 . 1 O 2 . 65 3 . 52 2. 7 
3 28 . 021 . 023 . 006 . 050 5.33 3 . 70 4 . 38 2 . 7 

2· 4 1 3 5 . 032 . 043 . 010 . 0&2 :5 . 60 4,, 14 5. 32 :5 . 2 
2 35 ~028 .031 . 007 . 066 5. 78 3. 33 4. 90 3 .0 

3 35 . 032 . 035 . 010 . 077 G.1 0 4 . 49 5. 54 3 . 1 

2 5 1 8 . 006 . 017 . OOO . 023 2 . 60 0 . 76 2 . 28 0 
2 8 . 003 . 012 .ooo . 015 2. 30 o . 69 1.56 0 

3 8 . 004 . 012 . OOO . 016 2 . 00 0 . 86 1. 54 0 

2 5 1 14 . 009 . 024 . 003 . 036 3.78 1.24 3 . 03 0 . 9 
2 14 . 007 . 018 . 00 1 . 026 3 .1 O 1.05 2. 25 . 0. 2 

3 14 .oos . 014 . 004 . 023 3 . 20 0 . 97 2 . 50 0 .1 

2 5 1 21 . 014 . 024 . 004 . 042 3 . 73 1.34 2 . 98 1.3 
2 21 . 014 • o::s 1 . 005 . 040 4 . 40 1. G5 3.79 1 • 2 

3 21 . 013 . 029 . 006 . 048 4 . 11 1. 6j 4 . 01 1 • 2 

2 5 1 28 . 026 . 045 . 007 . 078 4 . 90 2 . 65 5. 95 2 . 0 

2 28 . 018 . 03 1 . 006 . 055 4 . 60 1. G6 3 . 83 1. a 

3 28 . 016 . 034 . 001 . 051 4 . 60 1.80 4 .1 2 1.7 

2 5 1 35 . 0:55 .044 . 011 . 090 5 . 60 2 . 71 5 . 99 2. 9 

2 35 . 028 . 040 . 007 . 075 5. 22 2 . 58 5 . 03 2 . e 

3 35 . 029 .040 . 007 . 0.76 5. 10 2 . 46 5. 54 2 .0 
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e g b TM STDM BLDN FTDH TOlD1'i NPT LNST BLAR NLT 

3 1 1 8 . 007 .020 . 001 . C2G 2.20 1 • 55 3. 84 0 
2 8 .ooa .017 . 001 . 026 A ,' 7 I• o 1. 62 3. 07 0 
3 8 .ooG .016 .001 . 023 1.88 1.30 3.01 0 

3 1 1 17 .014 .035 .007 .056 3.33 2.04 6.36 0 .1 
2 17 .013 .035 .oos .056 3 .30 1 • 91 7.57 0.2 

3 17 .01 3 .039 .009 . OG 1 3.50 1.99 8.01 0.5 
3 1 1 25 .027 .058 .011 . 096 4.30 3.30 9.85 1.3 

2 25 .015 .042 .009 . 066 3.50 2 . 00 6.59 0 . 3 
3 25 .01 9 .048 .009 . 076 3.56 2.56 6 . 47 1. 3 

3 1 1 33 .038 .078 .015 • 131 3.97 J . 97 13.18 1.9 
2 33 . 033 .085 . 018 ' .141 4.67 3 . 60 15 . 22 2.0 
3 33 .039 .073 . 017 • 129 4.25 3.63 13.03 1.6 

3 1 1 43 .069 .121 . 027 . 217 4.89 5.28 13.50 2 .. 4 
2 43 .076 .11 5 . 029 . 220 5 .20 6 .18 16. 81 2 . 9 
3 43 . 056 . 085 . 023 .164 4.89 4.70 14. 23 2 . 2 

3 2 . 1 8 .013 .036 . 001 .,050 2. 00 1 . 88 6.11 0.1 
2 8 .01 8 . 046 .001 . 065 2.00 1. 93 7. 37 0 

3 8 .01 4 .031 . 001 .046 1. 60 1.86 4.63 0 
3 2 1 17 . 027 . 074 .017 • 118 3.50 2.24 11.71 0.7 

2 17 .026 . 060 . 016 .1 02 3.44 2 . 33 11. 31 0.8 

3 17 .021 . 050 . 012 . 085 3 . 30 2 . 03 10.86 0 . 4 
3 2 1 25 . 041 .088 .020 • 149 3 . 90 3 .14 13 . 61 1. 2 

2 25 .038 . 094 . 020 .1 52 3.60 3.1 6 13. 90 1.4 

3 25 . 033 . 081 .016 .1 30 3.89 2 . 66 11. 97 0 . 9 
3 2 1 33 .052 .1 06 .030 .1 88 4.80 3 . 67 16. 52 2 . 0 

2 33 .056 .112 .027 .1 95 4. 33 3 . 56 17 .17 1.7 

3 33 . 065 .1 22 . 037 .224 4 . 33 4 . 04 18.69 1. 6 

3 2 1 43 .1 02 .1 6·2 . 053 . 217 5.50 5. 52 25 . 73 2 . 3 
2 43 . 073 .1 07 . 034 . 214 4.78 4.13 17 .71 2 . 2 

3 43 .117 .1 49 . 058 .324 5.20 5 .44 23.49 1.7 



192. 

e· g b TH STDM BLDH PTDVi TOTDM NPT LNST BLAR NLT 

3 3 1 r, . co6 . 0 2 1 . ooo .027 2 . 50 1.50 3.96 0 0 

2 8 .006 .024 . ooo . 030 2.50 1 .30 4.1 2 0.2 
3 8 . 004 . 014 . ooo .01 8 2.,00 1. 07 2. 32 0 

3 3 1 17 .016 e041 . 008 .065 3. 67 2 .1 8 6. 86 0.9 
2 17 .013 .038 . 008 . 059 3.,70 1. 79 6.06 1. 0 

3 17 .009 .029 . 006 . 044 3. 44 1.52 5.06 0.9 
3 

..,. 
1 25 .024 . 052 . 010 . 086 4.44 2,.7 9 8.43 1.7 :; 

2 25 "03 ·1 .OGO .013 .104 4.38 3 .05 9.00 2.0 
3 25 .020 .051 . 610 . 031 4.22 2.57 8.80 1 • 3 

3 3 1 33 .037 .070 .01 4 • 121 5.56 3.G7 10. 60 3.0 
2 33 .033 . 070 • 013 . • 1_ 16 5.44 3.42 10. 43 2.9 

3 33 .028 .065 . 016 .109 5 . 22 2 . 71 1 'l. 20 2.9 
3 3 1 43 .063 .10 5 .023 .1 96 6 . 50 5. 21 17.22 3.9 

2 43 .054 .075 .022 • 1 51 5.60 '~ . 37 12. 48 3.3 . I 

3 43 . 037 .067 . 016 .120 5.33 3.21 10.70 2.9 

3 4 1 8 .005 .010 .ooo .015 2.30 1.53 1 • 81 0.2 
2 8 .004 .012 .ooo .016 2.60 1.41 2.05 0 

3 8 .003 . 008 .ooo .011 2.20 0.88 1.23 0 

3 4 1 17 .014 .021 .004 .039 4.20 2 .1 8 3.31 1.6 
2 17 .010 .01 8 .003 .031 4.00 1 . 82 2.73 1 • 1 

3 17 .008 .013 .003 .024 3 .70 1.39 3.06 0.8 

3 4 1 25 .017 . 020 .005 .042 5.00 2 0 9·1 3.29 2.6 
2 25 .015 . 022 .004 .041 4.70 2. 53 2.81 2.0 

3 25 .012 . 019 . 003 .034 4 .30 2 . 25 2 .61 1. 9 

3 4 1 33 .024 .029 .006 .059 5.70 3.28 3.95 2.8 
2 33 .032 .034 . 008 .074 5.56 4 .37 4.76 3.3 

3 33 .017 .023 .004 .044 4. 89 2.71 4.37 2.4 

3 4 1 43 .035 . 039 .010 . 034 6 .29 4 . 26 5.24 3. 4 
2 43 . 039 .. 039 . 010 .088 6.33 4.74 5.76 3.9 

3 43 .034 .. 035 .008 .077 5 . 70 3. 90 4. 87 2.8 



193 . 

e g b TH STDFi -BLDE PTDH TOTDI·1 NIT LH.3T BLAR NLT 

3 5 1 8 . 005 .013 . ooo . 018 2 .1 0.9B 2.12 0 .1 

2 8 . 005 .014 .ooo . 019 2.0 0 . 94 1. 84 0 

3 8 . 005 . 012 . ooo . 017 2 .1 O.G5 1.84 0 

3 5 1 17 . 009 . 020 .003 . 032 3.4 1. 30 2.44 0 Q .u 

2 17 . 010 .02:::; . 004 . 037 3.4 1. 34 3.92 0.4 
3 17 .ooo .017 . 003 . 028 3 .2 1. 29 2. 43 o. 6 

3 5 1 25 .015 .026 . 005 .046 4 .4 1.70 3. 65 1. 4 
2 25 .01 9 .029 . 004 .048 4 .1 1. 57 3. 63 1.2 

3 25 . 0 16 . 033 . 006 .057 4 .2 1.86 4 .17 1.7 

3 5 1 33 . 020 .029 .005 . 054 4 . 8 1.79 3 . 54 1.9 , 
2 33 .021 .035 .00 5 .061 4 . 8 1.39 3 . 97 1.6 

3 33 . 020 .035 . 007 . 062 4.9 1. 91 4 . 66 2.0 

3 5 1 43 . 035 .043 . 007 . 085 6.4 2. 0 6 4. 8 0 3.9 
2 ,i3 . 035 . 04 5 . 008 . OGG 5.7 2 . 52 5.16 3.4 

3 43 . 033 . 038 . 006 . 077 5.2 2.47 4.94 2.2 



.A.Fi:--Eh DIA 4A 
Stem j)ry ~.-fej_ght 

. Regress ion statistics describing the development patterns 

for t:i1e stolon cha racters in ti.1e s e cond growth period. 

log
8

( g ) Sta tistic Spain :Uadino ifoia 1\.ent Russia 

COOL 

COLD 

b 
0 

SE l> 
0 

SE b,., 
,::. 

b .. 
I 

SE b 1 

b2 

SE b 2 

-6.4 41 
0.425 
-:~ a 

-5.743 -6 .. 511 
0,. 500 0.364 

0 .150 

0.052 
a 

a 

0 .125 

O.OG1 
a 

-0. 0004 -0.0002 

0.0014 O.Q017 
a 

.964 

-6.461 
0.727 

ab 

0.,094 

0.058 

a 

a 

.936 

-5.203 

0.635 
a 

0.039 

0 .051 

a 

a 

0.1 32 

0.132 
a 

-0.0005 

0.0012 
a 

.963 

-6.933 
0.706 

b 

0.113 

0.056 
a 

-6.189 

0. 449 
a 

0.030 

0.030 
a 

+0.0016 

0.0015 
a 

.908 

-6.120 

0.424 
a 

0.051 

0.051 
a 

+0.0010 

0.0014 
a 

.916 

-6. 803 -60217 

0.581 0.500 

b ab 

0.096 

0.046 
a 

0.037 

0.040 

a 

-0.0002 

0.0011 

a 

.925 

0.0007 -0 .. 0007 -0.0007 

0. 0009 0.0010 0.0009 

0.0004 

0.0007 

a 

.923 

a 

.932 

-6.924 - 6 . 924 
0.660 o.734 

ab ab 

0.1 45 
0.046 

ab 

-0.0014 

0.0007 
ab 

• 93 1 

0.090 

0.051 
ab 

-0.0005 

0.0008 
ab 
.918 

a 

.919 

-7. 864 

0.596 
b 

0.182 

0.042 
a 

-0.0018 

0. (J007 
p 

.957 

a 

.901 

-6. 324 

0.460 

a 

0.0 56 

0.0 32 

b 

0.000·1 

0.0005 
a 

.961 

-8.157 

0. 804 

b 

0.172 

0.056 

ab 

-0.0019 

0.0009 

b 

. 881 
·;(- Statistics si1a ri I1g t 1ie same letter a r·t: not significaatly 

different ( P=0 . 05) 

1940 



195. 

A}1'E11i1JI.X: 4:B 

Leaf Dr;y Weight 
loge(gJ Statistic Spain Ladino Huia Kent Russia 

HOT bo -5.224 -3. 914 -4. 866 - 6. 189 -5. 830 

SE bo 0.394 0.507 0.277 0 .473- 0.590 

* be a ab C be 

b1 00163 0.,054 Oe086 0~107 0.162 
SE b1 0.047 0.062 0.034 0.,057 0.012 

a a a a a 

b2 -0.0023 +0.0023 -0.0003 -0.0015 -0.0030 
SE 02 0.0013 0.0017 0.0009 0.0016 0.0020 

a a a a a 
R2 .921 .797 .950 .782 .707 

COOL bo -~-. 656 -3. 657 -4.823 - 6.359 -5.910 
SE b 0#586 0.558 0.352 0.539 0.316 

0 

a a a b b 

b1 0.054 0.009 0.042 0.115 0.079 
SE b1 0.047 0.045 0.028 0.043 0.025 

a a a a a 

b2 0.0001 0.0008 0.0002 -0.0014 -0.0006 
SE b2 0. 0008 0.0008 0. 0005 o.ooos 0.0005 

ab a ab b ab 
R2 .898 .882 .957 .851 .954 

COLD bo -5.915 -4.694 -5.359 -5.710 -5.837 
SE bo 0.444 0.537 0.412 0.373 0.544 

b a ab ab ab 

b1 0.167 0.100 0.103 0.067 0.089 
SE b1 0.031 0.037 0.029 0.026 0.038 

a ab ab b ab 

b2 -0.0021 -0.0010 -0.0011 -0.0006 -0.0010 
SE b2 0.0005 0.0006 0.0005 0.0004 0.0006 

b ab ab a ab 
R2 .937 . 889 .933 .917 .820 

* Statistics sharing the s ame letter are not 

significantly diff erent ( J:=0.05) 



·196. 

Al-l<EiiDI X 4C 
Petiole Dry tleight 

loge(g) Statistic Spain Ladino Huia Kent Russia 

iiO'i1 b 
0 

,-.. "' ""' ''"' - o . vv:.. _ :~ . 'j 1 7 - 7. 3DJ - 5. 4-3 5 - 5 . 238 
SE bo 0.4 96 0 . 66 1 o. ,~ 24 0.396 0.514 

* be C b a a 

b1 0.294 0.495 0.205 -0~073 -0.113 
SE b1 0.060 o.oso 0.051 0.048 0.062 

b a b C C 

b2 -0.0043 -0.0094 ~0.0023 -0. 0034 -0. 0052 
SE b2 0.0017 0.0022 0.0014 0.0013 0.0017 

a b a a ab 
R2 . 956 . 943 . 956 . 8 10 .860 

COOL bo -7.607 -5.8 18 -7.1 64 -5.340 -4.958 
SE bo 0.598 0.573 0.434 0.576 0.2 17 

b a b a a 

b1 o. ·j 33 0.057 0.091 -0.056 -0.006 
SE b1 0.048 0.046 0.035 0.046 0.017 

a a a b b 

b2 -0.0007 0.0005 -0.0001 0.0016 0.0020 
SE b2 0.0009 0. 0003 0.0006 0. 0008 0.0003 

b ab b ab a 
R2 • 961 .952 . 974 .759 .940 

COLD bo -7.085 -6.399 -8.334 -4. 95 5 -5.394 
SE bo 0.747 0.722 0. 306 0 .200 0.492 

cd be d a ab 

b1 0.126 0.120 0.169 -0. 078 -0.036 
SE b1 0.052 0.050 0.021 0.014 0.034 

a · a a b b 

b2 -0. 00 11 - 0 .0010 -0. 0016 0.0017 0.0008 
SE b2 0.0008 0.0008 0.0003 0.0002 0.0006 

R2 . 902 .921 .989 . 975 .974 
b b b a ab 

* Statistics sharing the same letter ar e not 
significru1tly differeDt (:i:=0.05) 



AP:PhliDIX 4D 

Total Stolon Dry ·,/eight 

loge(g) Statistic Spain Ladino Huia Kent 

rIO':i: 

COOL 

COLD 

bo -5. 254 -4. 324 -5. 032 -5.390 
s~ bo 0.41 4 0.50 5 0 . 233 o. 44·3 

·X· a a a a 

b1 0.202 0.146 0.146 0.070 

SE b1 0.050 0.061 0.034 0.054 

a ab ab b 

b2 -0.0025 -0.0014 -0. 00 13 0.0003 

SE b2 0.001 4 0.0017 0.0010 0.0015 

a a a a 
R2 .950 . 904 .969 . 897 

bo -4.868 -3.376 -5.210 -5.802 
SE bo 0.609 0.565 0. 420 0.564 

b a b b 

b1 0.092 0.019 0. 0 96 0.098 

SE b1 0.04 9 0.045 0.0 ~_; 3 0.045 

a a a a 

b2 -0.0003 0.0008 -0.0005 -0.0008 

SE b2 0.0009 0.0008 0.0006 0.000.s 

a a a a 
R2 • 931 .922 .963 .900 

bo -5.379 -4.233 -5.784 -5.250 

SE bo 0.5~6 0.615 0.385 0.330 

ab a b ab 

b1 0.154 0.096 0.148 0.058 

SE b1 0.036 0.043 0.027 0.02 3 

a ab a b 

b2 -0.0017 -0.0008 -0.001 5 -0. 0002 

SE b2 0. 0006 0.0007 o. ooo,i 0.0004 

b ab b a 
R2 .935 . 908 .970 .971 

* Statistics sbaring tlrn same letter are not 

significantly Qifferent ( f=0 .05) 

1 <::n. 

Russia 

-5.242 

0.537 

a 

0.114 

0.065 

ab 

-0.0010 

0.001 8 

a 

. 847 

-5.179 

0.371 

b 

0.046 

0.030 

a 

0.0002 

0.0005 

a 

.954 

-5.957 

0.530 

b 

0.114 

0.037 

ab 

-0.0012 

0.0006 

ab 

.908 



Ratio of 

log
8 

HOT 

COOL 

CO LD 

1U I·El 1DIX 4E 

l eaf to total DW 

Statistic Spain Ladino Huia Kent 

bo 0. 030 o • .:~ 10 0.1 66 -0. 606 
SE b 

0 
0.099 0., ·137 o. ·; 57 0.27G 

* b a ab .c 

b1 -0. 039 -0.092 -0.060 0.037 

SE b1 0.012 0. 017 0.01 9 0.033 

b C be a 

b2 0.0003 0. 00 16 0.0010 -0.0018 

SE b2 0.0003 0.0005 0.0005 0. 0009 

b a ab C 

R2 .956 .943 . 860 .728 

bo 0.212 -0.23 2 0. 387 -0.557 

SE b 
0 

0.184 0.06 7 0.172 0.284 

a b a be 

b1 -0.038 -0.010 -0.054 0.016 

SE b1 0.015 0.005 0.014 0.023 

be b C ab 

b2 0.0004 0.0001 0.0007 -0.00 06 

SE b2 0.0003 0.000 1 0.0003 0.0004 

ab ab a be 
R2 .883 .974 .895 .708 

bo -0.536 -0.461 0.42 5 -0. 4 50 

SE bo 0.150 0.132 0.1 67 0.221 

C C a be 

b1 0.013 0.004 -0.046 0.009 

SE b1 0.010 0.009 0.012 0.015 

a ab C ab 

b2 -0.0003 -0.00 02 0.0005 -0.0004 

SE b2 0.0002 0.0001 0.0002 0.0003 

b b a b 
R2 .802 .914 .940 .910 

* Statistics sharing the same letter a re not 

significa ntly d i fferent ( F=0 .05) 

198 .. 

Russia 

-0.58 9 

0.,186 

C 

0.048 

0.022 

a 

-0.0020 

0.0006 

C 

.845 

-0.730 

0.140 

C 

0.034 

0.011 

a 

-0.0008 

0.0002 

C 

. 83 6 

0.121 

0.206 

ab 

-0.02 5 

0.014 

be 

0.0002 

0.0002 

ab 

. 8 60 



A}·FENDI X 4F 

Leaf r::coduction 

loge 

HOT 

COOL 

COLD 

Statistic Spain Ladino Huia Kent 

bo - 0.1 2 1 - 0 .1 08 0 . 207 0 .1 97 
Si,:; bo 0.215 0.223 0 . 086 0 .140 

-~ b b a b a b 

b1 0.115 0.128 0.093 0 . 097 

SE b1 0.026 0 . 027 0.010 0.017 

a a a a 

b2 -0.0018 - 0 . 0023 ·-0 . 0013 -0. 001 5 

SE b2 0.0007 0.0008 0.0003 0.0005 

a a a a 
R2 . 93 5 .916 . 987 . 964 

bo 0.018 0.279 0 .1 06 0.017 

SE bo 0.279 0.083 0.1 38 0.175 

a b a a b a b 

b1 0.054 0.035 0.071 0.065 

SE b1 0.022 0.007 0.011 0.014 

ab b a a 

b2 -0. 0004 -0.0001 -0.0007 -0. 0006 

SE b2 0. 0004 0 . 0001 0.0002 0. 0003 

ab a b ab 
R2 .920 .991 . 979 .968 

bo 0.061 0.38 9 0.012 0 . 266 

SE bo 0.219 0. 300 0.159 0.266 

a a a a 

b1 0.050 0.035 o.oss 0.062 

SE b1 0. 015 0.021 0. 0 11 0.018 

a a a a 

b2 -0. 0004 - 0 .0002 -0.0005 -Oe 0006 

SE b2 0.0002 0.0003 0. 0002 0. 0003 

a a a a 
R2 . 954 . 894 . 976 .944 

* Statistics shar i ng tne s ame letter a re not 
s i gnificantly diffe rent (?=0 .05) 

199 . 

Russia 

0.397 
0 .176 

a 

0.072 
0.021 

a 
-000009 

0.0006 
a 

. 934 

0 . 090 

0.215 
a b 

0.050 
0.017 

ab 

-0. 0003 
0.,0003 

ab 

.961 

-0.133 
0.241 

a 
0.067 

0.017 
a 

-0.0006 

0 . 0003 
a 

. 957 



Leaf Area 

Loge (s qcm) 

HOT· 

COOL 

COLD 

AFFEHDIX 4G 

Statistic Spain Ladino Huia Kent 

b O. H39 0.756 0.5 92 -0.291 
0 

r, ..., 

b o. 331 0 . 59 1 0.232 0.560 u..c, 
0 

* a a a a 

b1 0 .177 00124 0.076 0.,035 

SE b1 0.040 0.071 0.028 0 .070 

a ab b b 

b2 -0.0028 -0 . 0015 -0.0001 0.0009 

SE b2 0.001 1 0. 0020 0. 0008 0.00 19 

a a a a 
R2 .935 .793 .963 .777 

bo 0. 806 1. 8 25 0.474 -0.828 

SE b 0.585' 0. 480 0.256 0.527 
0 

ab a b C 

b1 0.051 -0. 005 0 .049 0.08 2 

SE b1 0.04 7 0.038, 0.020 0.042 

a a a a 

b? 0.0001 0. 0010 0.0001 -0.0008 
t:.. 

SE b2 0.0008 0. 0007 0.0004 0.0008 

a a a a 
R2 .890 .896 .973 .844 

bo 0.308 1. 029 -0.154 0.270 

SE bo 0.553 0. 682 0. 487 0. 456 

ab a ab ab 

b1 0.107 0. 065 0.101 -0.003 

SE b1 0.039 0.048 0.034 0.032 

a ab a b 

b2 -0.0012 -0.0005 -0.0011 0.0005 

SE b2 0.0006 0. 0008 0 .0005 0.0005 

b ab b a 
R2 .850 .795 . 896 . ,878 

* Statistics sharing the same l e tter are not 

significa ntly di1ferent ( f =0.05 ) 

200. 

Russia 

-0 .1 34 

0 . 593 
a 

0 . 094 

0 .071 

ab 

-0 . 0008 

0 . 0 020 

a 

.755 

-0 . 533 

0.488 

C 

0 .035 

0.039 

a 

0.0002 

0.0007 

a 

.895 

-0.398 

0.458 

b 

0 .046 

0.032 

ab 

-0 . 0004 

0 .0005 

ab 

. 8 18 



Length of 

loge (cm) 

EO:i: 

COOL 

COLD 

Al;}Ei'IDL{ 4H 

Stolon 

Statistic Spain Ladino Huia h.ent 

b 
0 

-0.700 0 . 257 -0 . 769 - 0 . 508 
s...,, J!., b 

0 
0.291 o . ,~36 C. 331 0.270 

* b a b ab 

b1 0.140 0 ."041 0.131 0 . 081 
S'" .t, b1 0 . 035 0.053 0.040 0.045 

a a a a 

b2 -0 . 0013 o.0008 - 0 . 0013 - 0 . 0003 
SE b2 0 . 0010 0.0015 0 . 0011 0 . 0012 

a a a a 
R2 . 964 . 870 . 944 . 908 

bo -0 . 318 -0.039 -0.804 -0 . 976 
SE bo 0.590 0.392 0 . 604 0 . 392 

a a a a 

b1 0.045 0 .035 0 . 064 0.082 
SE b1 0 .047 0.031 0. 048 0 . 031 

ab ab ab a 

b 0.0001 0.0002 -0.0002 -0.0007 2 
SE b2 0. 0008 0 . 0006 0.0009 0.0006 

a a a a 
R2 . 8 79 . 92 1 . 882 .91 6 

bo -0.900 0 . 026 -1. 069 -0.216 

SE bo o. 591 0. 60, 0. 465 0.265 
ab a ab ab 

b 
1 

0 . 084 0 . 033 0. 032 0.011 

SE b1 0 . 041 0.042 0 . 032 0.018 
a a a a 

b2 -0.0007 -0 . 0001 -0.0007 0.0004 

SE b2 0 . 0007 0.0007 0 . 0005 0 . 0003· 

a a a a 
R2 . 880 .811 . 92 1 . 972 

* Statistics sharing the same letter are not 

significantly different ( }=0.05) 

201. 

Russia 

- 0 .227 

0 . 4S7 
ab 

0.030 

0. 0 59 
a 

o.ooos 

0.0016 

a 

. 800 

-0.670 

0.233 
a 

0.01a 

0.01 8 

b 

0.0003 

0.0003 

a 

. 957 

-1.475 
0.418 

b 

0.065 

0 . 029 
a 

- 0 . 0006 

0.0005 

a 

. G84 



A.Vi ENDIX 4I 

Stolon thic:;.:ness 

log
8

(g/cm)Statistic Spain Ladino Huia Kent 

i-.iO'J:1 

COOL 

COLD 

b -5. 7 41 - G. 005 -5.742 -5.UG2 
0 

.. , " b 0.217 0.167 0.189 0.229 0.6 
0 

~K a a a a 

b1 0 .. 0 10 0.083 0.001 :-0. 0 51 
S'.., .r., b1 0. 0 26 0.020 0.023 0.028 

be a be C 

b2 0.0009 -0.0010 0.0008 0. 0008 
er'\ o.r. b2 0.0007 0.0006 0.0006 o.ooos 

ab C ab a 
R2 .90 5 .957 .878 .622 

b -6.143 -5.164 -6.129 -5.827 · o 
SE bo 0.335 0.339 0.218 0.259 

b a b ab 

b1 0.,049 0.004 0.049 0.015 

SE b1 0.027 0.027 0.017 0.021 

a a a a 

b2 -0.0003 0.0005 -0.0005 0.0001 

SE b2 0.0005 0.000 5 0.000 3 0.0004 

a a a a 
R2 .. 892 .900 .917 .766 

bo -6.024 -5.813 -6.795 -6.109 

SE bo 0.349 0.244 0.203 0.380 

ab a b ab 

b ... 
I 

0.061 0.057 0.099 0.045 

SE b1 0.024 0.017 0.014 0.026 

a a a a 

b2 -0.0007 -0.0005 -0.0011 -0.0004 

SE b2 0.0004 0.000 3 0.0002 0.0004 

a a a a 
R2 .850 .960 0974 .792 

* Statistics sharing the sa·me letter are not 

significant ly different ( P=0.05) 

202. 

Russia 

- 5.293 
0.146 

a 

0.021 

0.018 

b 

0.0002 

0.0005 

be 

.897 

-5.547 

0.1,.56 

ab 

0.019 

0.036 

a 

0.0001 

0.0006 

a 

.661 

-6.682 

0.48 5 

ab 

0.106 

0.034 

a 

-0.0013 

0.0005 

a 

.824 



The population means 

HOT 

COOL 

CCJLD 

lOOLED 

Spain 

0 . 093 
,, a 

0.061 

b 

0.067 

b 

0.075 

b 

Al l'ENDIA 5A 

and significance 

Ladino 

0.090 

a 

0.109 

a 

0.097 

a 

0.099 

a 

Huia 

0.047 

b 

0.041 

be 

0.050 

be 

0.046 

C 

levels for 

Kent 

0.027 

C 

0.·030 

C 

0.036 

C 

0.031 

C 

w St~tistics sharing the s ame letter are not 

signif icantly different ( ~=0 . 05 ) 

Adaptation Anal ys is 

stern DW(g) 

Russia 

0.029 

C 

0.031 

C 

0.035 

C 

0.032 

C 

Significance 

203. 

Population Ecovalence 
Adaptation 

Coeff. S.E. Tests Stability 
b b ?ROH O FROIYi 1 Coefficient 

Spa in .00042 8.78 4.77 

Ladino .00017 - 4 .85 0.11 

Huia .00001 1.58 1 • 4 1 

Kent .00003 -0.34 2. 11 

Russia .00002 -0.1 8 1. 37 

* =significant differences at }=0.10 

.;H,· = significant differences at 1'=0 .05 

HS NS 0.11 

* * 0.99 

NS NS 0.56 

NS NS 0.03 

NS HS 0.02 



The populati on means 

HOT 

COOL 

COLD 

?OOLED 

Spain 

0 . 149 
., .,.. a 

0.105 
b 

0.107 
b 

0.120 
a 

Al- l 1-~IrnL{ 5:3 

and significanc e 

Ladino 

0 .1 39 
a 

0 .139 
a 

0.137 
a 

0.1 38 
a 

Huia 

0.086 

b 

0 .058 
C 

o.os1 
b 

0. 075 
b 

levels for 

Kent 

0 . 027 

C 

0.034 
C 

0.037 
C 

0.033 
C 

·J<- Statistics sharing t hG same l etter are not 
sign i ficant ly different ( i =0.05) 

Adaptation .Analys is 

leaf DW (g) 

Russia 

0 . 046 

C 

0.042 
C 

0.040 
C 

0.043 
C 

204. 

Adaptation 
Coeff. 

Significance Stability 
Coefficient Fo}Julation Ecovalence s .~. '.i:e sts 

b b FROh O F110H 1 

Spain .00043 3.39 1 • 13 

Ladino .00006 -0.01 0.13 

Huia .00011 1.84 1 .08 

Kent .00017 -0.59 0.44 

Russia .00003 0.36 0.26 

*=significant di f fere nces at F=0 .10 
·X· -·· = significant differences at P::::O . 05 

NS NS 

NS NS 

NS NS 

NS NS 

us NS 

.89 

.06 

.75 

.64 

.66 



' AL i. ~HDL-( 5C 

The population means and significance l eve l s for petiole D~ (g) 

i-iOT 

COOL 

COLD 

}OOL~D 

Spain 

0 . 058 
' ·¾- b 

0. 0 28 

b 

0.025 

b 

0.037 

b 

La dino 

0 . 095 

a 

0.049 

a 

0.045 

a 

0.063 

a 

Huia 

0.0'f2 

C 

0.021 

ll 

0.020 

b 

0.028 

b 

Kent 

0.012 

d 

0.009 

C 

0.010 

C 

0.010 
· c 

* Statistics sharing the same letter are no t 
significantly different ( F=0 .05) 

Adaptati on Analysis 

Russia 

0 . 017 

d 

0 . 008 

C 

0.007 

C 

0.011 

C 

205 . 

Adapta tion 
Population Ecovalen ce Coeff . 

b 

Significance 
S . E . ·:rests 

b :B"ROb O i'ROI-i 1 

Stability 
Coefficient 

Spain .00003 1.38 0.03 

Ladino .00028 2.14 0.03 

Huia .00001 0.92 0.03 

Kent .0001 6 0 .14 0.05 

Russi a .00007 0.42 0.01 

*=significant d i fferences at P=0. 10 

**=significant dif ferences at F:0.05 

·,* HS .99 

·i<- * . 99 

:k :i:-fS . 99 

N.S ·lt- .89 

* * . 99 



206 • 

.Al :tZNDL{ 5D 

The populat i on means and significance levels for l eaf production 

Spain Ladino Huia Kent Russia 

IiOT 

COOL 

COLD 

FOOLED 

6.36 
~t a 

4.99 
b 

4.91 
b 

5.42 
C 

G.31 
a 

5.01 
b 

5.03 
b 

5.45 
C 

6.95 
a 

5.06 
b 

5.77 
a 

5.93 
b 

7.29 
a 

5.76 
a 

5. 96 
a 

6.34 
a 

* Statis t ic s sharing the same letter a re not 
significantly different ( l ·=0.05) 

Adapta tion analys is 

Adaptation 
Coeff. 

Significa nce 
Populat i on Ecovalence s.~. Tests 

b b FROi·i O l;,ROH 1 

Spain .0384 1. 03 0.23 

Ladino .0184- 0.95 0.15 

Huia .0843 1. 21 0.26 

Kent .0055 1. 07 0.05 

Russia .0664 0.75 0.16 

*=significant differences at P=0.10 
*»=signi f ican t differences at }=0.05 

HS NS 

NS NS 

l~S NS 

·:f ns 
NS NS 

6 . 37 
a 

5.19 
b 

5.63 
a 

5.73 
be 

Stability 
Coefficient 

.95 

.98 

.95 

.99 

.96 



207. 

The population means and significance levels for s tolon length (cm) 

HOT 

COOL 

CO LD 

FOOL~D 

Spain 

10. 40 
-ll- a 

5.78 
a 

5. 45 
a 

7.21 
a 

Ladino 

7. 40 
b 

5.56 
a 

5.10 
a 

6.02 

ab 

Huia 

6.77 
b 

4.25 

a 
4 .• 41 

a 

5.15 
b 

Kent 

6 . 60 
b 

. 3. 95 
ab 

4.38 
a 

4.98 
b 

Russia 

4.34 
C 

2.56 

b 

2.55 
b 

3.15 
C 

-:-:- Stat is t ics sharing the s ~~me l etter are not 
·significan·tly different ( l=Oo0 5) 

Adapta tion Analxs is 

Population Ecovalence 

Spain 1 .83 

Ladino 0.22 

Huia 0.04 

Kent 0.10 

Russia · 0.35 

Adaptation 
Coeff. 

b 

1.77 

0.77 

0.90 

0.90 

0.6G 

S.E. 
b 

.08 

• 14 

.06 

.15 

• 01 

* =sign i ficant d i fferen ce at l=0.10 

*i· = significant differen ces a t 1=0.05 

Significance 
Tests 

FROH O FROE 1 

·X" liS 

HS NS 

~\"' NS 

NS NS 

·X- ·It" 

Stability 

Coefficient 

.99 

.97 

.99 

.97 

.99 



11he population means and significance levels for stolon 

thickness (gcm-1 ) 

HOT 

COOL 

COLD 

100LED 

.:ipain 

. 0096 

b 

.0106 

b 

.0 ·125 

b 

.0109 

b 

La dino 

.0122 

a 

.0196 

a 

.0189 

a 

.01 69 

a 

Huia 

. 0070 

C 

.0101 

b 

.0113 

b 

.0095 

b 

Kent 

.0042 

d 

.0076 

C 

.008 1 

C 

.0067 

C 

* Sta tistics s liaring the same letter are not 

significaatly d i fferent ( l =0.05) 

Adapt ation .Ana l ysis 

Russia 

.0068 

C 

.011 8 

b 

.0133 

b 

.0106 

b 

208. 

Adaptation 
Population Ecovalence Coeff. 

Significance 
Tests 

Stability 
Coefficient 

b b 

Spain .000080 0.49 0.30 

Ladino .000100 1. 54 0.40 

Huia .000003 o.85 0.09 

Kent .000005 0.81 0.05 

Russia .000002 1 • 31 0.07 

*=significant difference at P=0.10 

* * =significant differe nce at p=0.05 

FROh O FROh 1 

"'1T C, 
l~u F" ,0 .74 

NS NS .94 

i{S NS .99 

·JE- NS .99 

·* NS .99 




