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Three controlled climate rooms were used to determine
the elfecls of varying temperature conditions on the
growth and developuweut of Iive wuite clover populaiions.
& pavticular interest were the adaptvive reésponses of these
clovers to low temperature (frost) conditious. Ten
stolon mowrpunological clharaciers were weasuvea at tiuae

intervals from tagged stolons. Tnis enavled regression
analysis 1o ovtain polynomial functions descriving the
developuent pattern of these characters. Iooled enviromients
ANOVA of data taken at the end of the growtlh periods,
together with adaplation analysis,enabled evaluation of
penovype~euvivonmeni interactions for these characters,

The Tive clover populations had characteristic
development patierns for the stolon DV comnonents (stem,
leaf, petiole and total DW) and leaf area within each of
the three environments, All populations irrespective of
origin, maintained similar growth rates within each
environment which had the eifect of producing 'parallel!
curves, The iunitial placenent coefficient consequently
had a dirvecti bearing on the size of lne final stolon Dw
attained. The cold temperalures alone did not adversely
effect or cause different growih responses of these five
clover populations, Other climalic factors usually
associated with cold teuperatures such as short pnotoperiods
and low lirht intensities may have cocllectively  brough
about differential responses of the clovers betbween
environments,

Bach of the clover noyulations developed a distinct

stolon morphology regardless of the temperature conditions.



The lMediterranean cliovers, Ladino and sSpain consistently
produced small numbers of stolons witin large stems,
leaves, petioles and leaf area in all envircaments., The
North suropean clovers produced large numbers of stolons
with small cowmponent parts, The neritability estiwates
for tiuae DV characters were high as were tﬂe éorrelation
coefficients between these characters., fThe negative

-

correlations between the gtolon DWW components and the

numbers of stolons wnich also showed low heritabvbility
estimates, collectively brougnht @out the unprediciability
of total plant DW production., The stolon characters leaf
numbers, stolon length and stolon thickness snowed

largest variation vLetween temperatures, all clovers
produced siwilar nuwbvers of leaves within each: envirvonament,
but learl iroduction was greatest in the hot room. Tue
clovers had long spindly stolons in the hot conditions

but short thick stolons in the frost¢ roou which is probably
an adaptive response to these conditions.

The changing pattern of {otal plant production
between clover populations and environments appears to be
the result of different stolon vranching characteristics.
Both maximium production under favouravle environmental
conditions and survival under harsh conditions, relies on
a continual supnly of new stolons, There was souwe evidence
of different branching respouses of the clovers in ine
three teuperature conditions, The patterns, however,
were not always clear which was probably due to the
tartificial' nature of tuhe climatle rooms where only one

climatic factor varied.

The brancaing responses did indicate that the improved



autumn growth of Spanish clover (shown in field experiments)
could be a coaseyuence of increased stolon numbers in tue
earlier hot swamer conditions,., .panish clover indicated
specific adaptability to favourable environments, which
occur in tne moisl autwm conditions os tie rediterranean,
Ladino clover lailed to produce wnazy new stolons at all
temperatures woicn undoubtavly afiects tilie persisience ol
this ciover, This has been found in field conditions wnen
Ladino rarely lasts lonzer than a year aand Tails to survive
through harsh winiers, he temperate clovers, kKeni and
fuia showed increased braaching in the cool temperatures
like those of autuun aand early spring in temperate regions,
Improved stolon aumbers at these times would ensure survival
through the winier followed by rapid growth later in spring
and sumiier,

All Llne rojpulations achiieved a certain degree ol frost
tolerance, the clovers from liorth Iurope the most hardy
and the lediterrarean clovers tie least., OUne could speculate
that under nharsuer environmental counditions, the Kent and
Russian clovers may have achieved a greater level of I{rost
tolerance wihile the hediterranean clovers may have

continued growth and suflfered siructural damage.



CHAPTER ONE

INTRODUCTION

The Role of "hite Clover (Trifolium rencns T.) in

A

Pagtoral Asricul ture

White clover is widely dis?ributed throuvghout the
teﬁperate resions of the world where it is of major
agronomic importance (Erith 1924; Martin 1960; Williams 19703
Levy 1970). The most importent function of legumes in
a pasture is their ability to fix atmospheric nitrogen
through symbiosis with root nodule bzcteria called Rhizobium
(Martin 1960) and.thus increase the potential pool of
nitrogen for the pasture. Sears et al. (1953, 1965)
estimated that approximately 410 kg/ha/year of nitrogen
can be fixed by white clover under initial pasture
development conditions in New Zealand. This nitrogen
becomes available for associated grass growth through
transfer of breakdowvn products of the clover shoolt and
root parts and transfer of nitrogen compounds through
the grazing animal (Butler aﬁd Bathurst, 1956).

White clover is also important because of its high
quality feed for grazing animals (Williams 1970).

Compared with grass herbage, white clover has higher levels
of protein, and minerals such as calcium and magnesium
(Johns 1966). A low suoply of these elements is frequently
associated with metabolic disorders of animals. White
clover herbage is also of high digestibility and

acceptability by animals (Ulyatt et al. 1976).
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Although white clover has become the most important
pasture legume in New Zealand, its effective use is
dependent on an adequate supply of nutrients in the soil
(Sears 1953), effective symbiosis with Ry Irifolil
(Munro and Hughes, 1966) and optimum climatic conditions
(Mitchell, 1956). The environmental influeﬁces,
particularly the limitations of cold temperature on

clover growth, are the main interest in this study.



CHAPTER TWO

REVIE! OF LITERATURE

2.1. PHYSIOLOGICAL AND ECOLOGICAL CHARACTERISTICS OF

WHITH CLOVER

2.e1e1e Vegetetive Characteristics

White clover has a prostrate, spreading habit of
growth (Brith 1924; Leffel and Gibson, 1973). TFollowing
germination, the seedling develops a pair of cotyledons,
a taproot, simple leaf and short main stem (Sanderson 1966).
Compound trifoliate leaveg, borne on upright petioles,
are produced from nodes along.the main stem and-as the
internodes do not elongate, the leaves become crowded
(Spedding and Diekmshns, 1972). After 6-8 weeks, buds
in the axils of these leaves on the main stem, develop
into primary stolons which spread horizontially over the
soil surface. The number of primary stolons developing
from the main stem can vary greatly depending upon the
environment and the genotype (Hollowell 1966). The main
stem ceases development after stolon growth has begun.

The stolon, in contrast to the main stem, has
elongated internodes and an apical bud that remains
vegetative, continually producing new leaves. The nodes
along a stolon seemingly act as crowns but produce only
one adventitious root and trifoliate leaf on a long petiole
at each node (Sanderson 19663 Chow 1967). In the axil
of leaves on the primary stolon are buds which may remain

dormant or develop into either a flower or a secondary

3e



4

(branch) stolon. The secondary stclon develops in the
same manner, producing trifoliate leaves 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 spread in all directions

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

2.1.2. Persistence of Clover Stolong

The initial seedling taproot is shortlived (Westbrook
and Tesor, 1955) becoming unimportant and withered once
the axillary buds of the main stem cease developing into
primary stolons. The stolons are capable of developing
and lcading an independeny existence, relying on nodal
roots for continued growth (Sanderson 1966), Absorbed
" minerals from the roots and nhotosynthetic 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 secondary cause of
plant death. The perenniality of white clover depends
upon continual vegetative renewal at the stolon tip and
production of viable, vigorous secondary stolons from the
nodes along the stolon (Beinhart 1963; Spedding and
Diekmahns, 1972; Hollowell 1966). The secondary stolons
achieve physical independence when the onrimary stolon

has decayed (Leffel and Gibson, 1973).
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Perenniality is also dependent upon the proportion
and rate of axillary buds developing into secondary stolons
rather than flowers (Chow 1967). Since each node has only
one axillary bud it gives rise to either a secondary stolon
or an inflorescence. The formation of inflorescences is
directly at the expense of secondary stolons so prolific
flowering can lead to loss of vegetative persistence
(Gibson 1957). Flowering depends on many factors among
which genotype, stage of development, temperature and
photoneriod are most important (Thomas 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 flowers along the stolon.

2.2, ADAPTATION OF PLANTS TO THE ENVIRONNMENT WITH
PARTICULAR REFERENCE TO TEIPERATURE
The natural distribufion of pasture species is largely
determined by their adaptation to the major climatic and
edaphic factors of the environment (McWilliam 1977;
Mitchell 1956; Eagles and Ostgard, 1971). Temperature
is always prominent in that it limits both distribution
of plants and also the diversity of plant forms that can
colonize a particular region (Langridge and McWilliam, 1967).
Plants must be able to develop adaptive systems in response
to seasonal variation in temperature to ensure their

continued growth and survival.

2.2.1. Genetic Basis of Adapntation

An organism may adapt to a particular climate either
by evolving a genetic system which produces stable pheno-

types regardless of the prevailing environment or by =a



system which develops phenotyves adjusted to the environment

encountered (Langridge 1963). The genetic ability to

resist injurious effects of an environment by systems:

in which the phenotype remnains constant is called "homostasis".

Vhere the genotype adapts to environmental change by an

alteration of the phenotype, the genetic phenomenon is

one of "adaptive flexibility" (Langridge and McWilliam, 1967).
Homeostasis or often termed "buffering" of genotypes,

ensures that the growth pattern predetermined by the genes

is sustained even if environmental effects are tending to

cause modifications (Langridge 1963; Allard and Bradshaw, 1964).

This process applied to individuals eﬁsures that each is
adanted to a range of environments. Where there are a
number of coexisting genotypes each adapted to a different
range of envircnments, it is known as population buffering
(Allard and Bradshaw, 1964). Outbreeding species such

as T. repens carry considerable genetic variation in the
heterozygous condition, which is manifested in a range

of genotypes by segregation and recombination.

Finlay and Wilkinson (1963) used regression techniques
to show that cultivars with high phenotypic stability
(homeostasis) generally have low mean yields when tested
in a range of environments., These genotypes produce such
stable phenotypes that they are unable to exploit
environments which enable high yields. A cultivar having
general adaptability to several environments is usually
one with high yields and average phenotypic adaptability
(Ebeinhart and Russell, 1966). Allard and Bradshaw (1964)
believe that cultivars which consist of a diversity of
genotypes (population buffering) show general adaptability

to many environments.



When the temnerature changes markedly, buffering of
the phenotype cannot be maintained. For survival, the
genotype needs to be able to develop adaptive phenotypes
(Langridge and McWilliam, 1967). Phenotypic modifications
enable plants to survive unfavourable portions of the
environmental cycle (e.g. cold winters) =2nd to utilize
efficiently the more favourable times- for growth and
reproduction. These responses to changing climatic
conditions show continuous variation and are often
polygenically controlled (Cooper 1963).

An adapted outbreeding population consists of many
different genotypes or combinations of genes but all are
phenotypically similar (Cooper 1963). If there is a
slow orogressive change in the environment such as the
climatic transect from the Mediterranean to the Subartic
circle, selective forces cause phenotypes more effectively
adaptecd to the environment to predominate. This results
in a readjustment of genotypes in the population. This
is demonstrated by the tolerances of plant genotypes that
form a "temperature cline" to continuously changing
temperature environments (Cooper 1963; Langridge and

MeWilliam, 1967).

2.2.2., Physiological Basis of Climatic Response

Environmental factors which fluctuate seasonally
include temperature, light intensity and photoperiod
(Eagles 19673 Cooper 1964). These factors can influence
growth through changes in photosynthetic activity,
respiration, leaf initiation, distribution of assimilates
and other processes which enable the plant to survive

in a particular environment,
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In temoerate regions, plants are able to exploit a
wide range of low to moderate temperatures for their 002
asgimilation (Pisek 1973), but many species have a minimum
tehperature of -3°C to -5°C when almost all metabolic
activity in the plant ceases (Langridge and IHcWilliam, 1967;
Pisek 1973). Plant growth has been explained by
physiologists in terms of concepts such as Net Assimilation
Rate, Relative Growth Rate and Leaf Area Ratio. Black (1955)
and Eagles (1967) defined relative growth rate (RGR) as the
product of net assimilation rate (WAR) 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 (1964), Eagles (1967),
and Robson and Jewiss (1968) found that lMediterranean

populations of Lolium, Dactylis, and Festuca had greater

dry matter production (higher RGR) in sutumn-winter in
Britain than the North European populations. MacColl
and Cooper (1964) showed that this ability to grow =at
low temperatures (5°C) was closely related to the winter
temperature in the place of origin, but inversely
correlated with percentage survival after freezing at
-5°C.

Cooper (1964) and lMacColl and Cooper (1967) postulated
that the higher RGR of ilediterranean grasses compared to
North European grasses was due to a greater rate of leaf
expansion at low temperatures and there was little or no
difference between populations in net assimilation rate.
However, Morley (1958), Eagles (1967) and Eagles and

Ostard (1971) working with Trifolium subterraneum and

D, Zlomerata did find differences in NAR. The light




eavironments were different between the two sets 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 sixteen hour photoperiods in controlled environment
rooms. et assimilation rate was shown to be positively
correlated with light intensity (Black 1955; Blackman 1959)
while LAR was negatively correlated. Thus, where there
were high light energy inputs at low temperatures (59)
there was a high NAR in the North European material, -

which outweighed the effects of its low LAR, resulting in
a high relative growth rate. 1In low light intensities,

the higher LAR of the Mediterranean populations outweighed
the effect of its low NAR to give a higher RGR of the

Mediterranean rather than the North European population.

When comparing vopulations of Festuca arundinaces,
Robson and Jewiss (1968a) found that when the day
temperatures were increased while night temperatures
remained low (18°C/-3°C), growth of the North European
material increased more than that of the Mediterranean
material and the difference between them was eliminated
(Robson and Jewiss, 1968b). They suggested that
assimilates normally accumulate within North European
material at low temperatufés rather than being used for
leaf growth. This accumulation restricts photosynthesis
until temperatures rise again in spring. Thorne and
Evans (1964) previously showed that an increased sink
for assimilates increased the rate at which they were

produced by preventing assimilates accumulating in the leaf.



The bagic difference between climatic races 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. lNediterranean
material at SOC uses assimilates for expansion of
new leaf surface as the environment is_mosf favourable
for growth at this stage (Cooper 1964). Williams and
Hoglund (1978) demonstrated a similar response which
occured with a Spanish population of T.repens. However,
the North European material at 500 uses less assimilates
for leaf production and an increasing proportion of
carbohydrates is diverted to roots and shoot bases
(Eagles 1967). This accumulation of carbohydrates
at low temperatures contributes to the greater cold
hardiness of Northern material (Cooper 1964; Robson
end Jewiss, 1968; Lorenzetti et al. 1971: Thbmas 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 vpopulations 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
occurs for active winter growth'in Mediterranean regions
but is for winter hardiness in northern climates, while
in cool temperate regions no strong adaptation hechanism
for either winter growth or winter dormacy has occured.
The possibility of combining the active winter growth

of Mediterranean material with increased cold hardiness
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depends on how far these characters are physiologically
related (Robson 1967; Cooper 1964). The association
between leaf expansion at low temperature, respiration
and carbohydrate accumulation in these climatic races
suggests that winter growth and frost susceptibility
mgy be physiologically interdependent and therefore

difficult to separate (Morley et al. 1957).

2.2.3. Adaptive Variastion

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 adaptation") as well as the ability to grow,
metabolize and develop ("cqpacity adaptation"). 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 foraze species including 1. repens,
from the Mediterranean along. 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 Festuca, Lolium and Dactylig show better growth
production at low temperatures (capacity adaptation).

The adaptation to cool season growth is also shown by
T, repeng and a Spanish population has shown outstanding
autumm-winter growth in New Zealand (Barclay 1960;

Williams and Barclay, 1975). These Mediterranean



populations show resistance adaptation during summer when
drought conditions make it unfavourable for growth
(Williams et al. 1977).

At the other extreme, populations of these same
species in Northern Europe show quite a different seasonal
growth pattern. Winter cold is the main limiting factor
and species require resistance adaptation (eg. frost
tolerance) to survive (Lorenzetti et zl. 1971; Thomas
end Lazenby, 1968; Robson and Jewiss, 1973). Growth is
poor at low temperatures bul reaches high levels during
summer with higher temperatures and light intensity. In
the intermediate temperate regions such as New Zealand
and southern Britain where neither winter cold nor summer
drought is 1imitiﬁg, the growing season is longer and

strong adaptation mechanisms are not apparent.
2.3. DISTRIBUTION AND ADAPTIVE VARIATION IN WHITE CLOVER

I, revens is a temperate species, widely adapted to
regions from the sub-artic to the sub-tropics (Williams 19790).
The centre of origin, and region of greatest diversity,
is the Mediterranean (Vavilov 1952). The plant is
indigenous to the whole of Europe and Central Asia and
has spread with western civilisation into Eastern Asia
and America (Daday 1958). The early settlers introduced
the svecies to Australia snd New Zealand. In New Zealand
it has become the most important pasture legume (Davies
and Levy, 1931)., VWhite clover is ideally suited to the
temverate climate and even rainfall which occurs in
New Zealand (Levy 1970) and well adapted ecotypes have
developed (Davies and Levy, 1931).



2¢.3¢1. Morvhological Adsntations

Characteristic morphological patterns are associated
with the climatic adaptations of white clover. The
Mediterranean region offers a diversity of suitable
habitats for white clover whereas Northern Europe is
marginal for the snecies and adaptation to environmental
factors, particularly low winter températures dominates
the morphological structure of the populations (W. Williams,
unpublished).

lMany Mediterranean populations are winter active,
but summer dormant due to high temperatures and drought
which occur during that season. Some populations are
large-leaved, tall (long petioles) and thick stemmed,
while in dry areas with hard grazing, only small-leaved
types persist (Davies and Young, 1967). Variability
declines with movement from the centre of origin so that
natural populations from Northern Europe are uniformly
prostrate, small-leaved and thin stemmed with many fine
branched stolons (Daday 1954; Davies and Young, 1967).

In field trials, Davies (1958) found that populations
adapted to harsh conditions tended to be small=leaved énd
less productive than the large~leaved clovers. However,
the small leaves and thin stems are associated with
increased production of branch stolons and the resultant
high nunbers of active meristems, ensures improved

vegetative persistence (W. Williams, unpublished).



2.3.2, Ecotynes of tthite Clover

In conjunction with the variation of plant types
associated with the temperature cline, is a discontinuous
distribution of ecotypes which have evolved as adaptations
to local conditions (W. Williams, unpublished; Hill 1975).
These ecotypes are all genetically different. Some of

these are discussed in the following.

2¢3.2.1. Ladino Clover

'Ladino gigante lodigiano' is an ecotype from the
Lodi district in Northern Italy (Leffel and Gibson, 1973).
It is adapted to mild winters and hot summer conditions
but is unable to withstand continual periods of moisture
gtress or hard grazing. Under these conditions it
behaves as an annual (Leffel and Gibson, 19733 Gibson
et al. 1963). Many selections from this ecotype have
been made and are commonly knrnown as ‘ladino' white clover.
Gibson et 2l. (1963) found that ladino generally lacked
persistence due to poor stolon branching in sumner
cbnditions and a possible lack of winter hardiness in
northern parts of America. Under conditions in Britain,
Davies (1958) suggested that the poor performance of
ladino was due to its failure to over-winter satisfactorily
resulting in loss of persistency.

2:342.2., Mediterranean

These ecotypes are generally tall, large-leafed with
thick stolons (Davies and Young, 1967) and have adapted
to winter growth when temperatures are cool as this is
the only period when moisture levels are adequate

(Barclay 1963; Williams and Barclay, 1975.) The potential



of pasture plants from the lediterranean for improvement
of winter growth in maritime temperate regions has been
realised in many species (Corkill 1945; Barclay 1960;
Cooper 1964; Eagles 1967). Barclay (1960) found a
population of white clover from Valencia, Speiin which
had superior winter growth to New Zealand white clover
(Grasslands Ruia). This lead to a hybridization programme
between selected Spanish plants and elite New Zealand
clovér plants (Barclay 1960, 1963), resulting in a winter
active cultivar, Grasslands Pitau (N.Z2. x Spain) x N.Z.
The New Zealand and Spanish populations have similar
annual productivity but the Spanish seasonal growth
éyele 16 displeced two months behind that of New Fealand
(Williams and Barclay, 1975). This superior winter
growth of the Spanish population is most evident in the
northern parts of New Zealand, but in the southern climatic
regions of New Zealand, the Spanish population was only
slightly better in autumn (Barclay 1960; Williams and
Barclay, 1975).
Pasture evaluation with the cultivar Grasslands

Pitau, showed that the yield advantaczes over Grasslands

Huia were greatest in Northland and declined with increasing

latitude (Lambert et al. 1969; Weeda et al. 1969),

Harris gt al. (1973) found that Huis-based pastures had
higher total yield and similar clover content to Pitau
based pastures in spring-summer and the yield of Pitau

not much greater than Huia in summer-autumn and therefore
suggested there was no advantage of Pitau in the Southland
region. The situation is complex and other environmental

factors such as frost tenderness and/or stolon branching

=



characteristics may influence the growth of white clover
and accentuate the asynchrony of seasonal growth patterns
of the Spanish, New Zealand and hybrid clover populations
(Williem and Barclay, 1975; Williams and Hoglund, 1978).

2434243. New Zealand Ecotypes

A large amount of variation among populations of
white clover has developed throughout New Zealand.
Davies and Levy (1931) classified six major types,
including imported strains and ecotypes which had develovped
as ecological adaptations to environmental conditions.
in New Zealand. The bulk of the imported seed was of
lax Dutch type of white clover (Davies and Levy, 1931)
which is short-lived and low producing. In contrast
were the ecotypes, New Zealand 'Wild white No. 1'3 a
persistent, highly procductive, large-leaved clover with
strongly spreading stolons and New Zealand 'Wild white
No. 2'; a vigorous, small-lecaved, thin stoloned, dense
clover adapted to closely grazed pastures (Davies and
Levy, 1931; Corkill 1952). It is unlikely that these
ecotypes originated from the Dutch clover but probably
developed from clover lines imported to New Zealand
from other countries, and became ecologically adapted.
For instance, there are strains of clover in Western France
which have similar morphological and cyanogenetic
properties to the New Zealand 'Wild white No. 1°
(Corkill 1952).

Following the classification of the white clover
types, a scheme was begun to identify and certify eareas

producing the New Zealand *Wild white No., 1' type
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(Corkill 1949). The certified non-pedigree strain had
a 50% improvement of pfoduction over the uncertified
New Zealand strain. Pedigree strains bred from superior
selections of fhis New Zealand type 1 gave a further
15% improvement. Additional breeding work based on
selections from the best ecotype material (lew Zealand
'WVild white No. 1' and New Zealand 'ﬁild white No. 2')
resulted in the production of a synthetic variety of
white clover. This variety (Grasélands Huia) has
improved winter and summer production over the older
certification types (Barclay 1960).
2.3¢2.4. British Ecotypes
A wild form of white clover is abundant in Britain
and exists under almost all the climatic and soil conditions
that are to be found (Williams 1945). It is a prostrate,
small-leafed form of clover with thin stolons and many
branches which makes it extremely persistent. It has
become ecologically adapted to continuously grazed pastures
and seed from these 0ld permanent pastures is known as
English wild white (Williams 1945; Hawkins 1960). A
particularly small-leafed, dense clover is found in
southern England and is known as Kent wild white (Hawkins 1960).
The English wild white is different in morphology
and persistency from Dutch white clover which was imported
and used extensively in Britain in the early 20th century
(Williams 1945). A certification scheme was commenced
in 1930 to ensure the isolation and purity of the wild

white clover. Because of the great variation found

among individuals of English wild white clover, a more



uniform, pedigree strain, S 184 was produced (Williams 1945).
This cultivar was based on the denser more vigorous plants
derived from the various wild populations of clover native

to Britain.

The variety, S 100 bred at Aberystwyth (Williams 1945)
is a larger leaved variety based upon indifidﬁal plants
selected from New Zealand white clovef, Dutch white and
English wild white clover. This variety is higher
producing than wild white on developed soils under good
management but not as persistent on poorer more exposed
gsoils (Williams 1945). Seventy-five percent of the
annual production of wild white clover coccurs in the three
summer months (Ollerenshaw et 21..1976), whereas S 100
has a longer growing season, beginning growlh earlier
in springland under favourable conditions extending

into early winter.

2.4 . GROWPH PROCESSES IN WHITE CLOVER

2.4,1. Effect of Temperature on "hite Clover CGrowth

and Development

As described earlier, an individual white clover
plant is made up of primary, secondary and tertiary
stolons, each capable of developing and leading an
independent existence (Sanderson 1966). Each stolon
produces nodal roots and leaves to ensure continued
growth. From controlled enviromment studies, Mitchell (1956)
found that the stolon population of young plants growing
in pots was unstable and therefore believed it more
important to consider the individual rooted stolon of
white clover as the basic productive unit, rather than

the total production from all stolons.
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Beinhart (1962, 1963) showed a close relationship
between the environment and the meristematic activity,
leaf area and growth of ladino clover planfs. Mazimum
dry weight production of clover plants was associated
with highest total leaf area and he concluded temperature
modified growth rates of white clover by influencing
leaf area production. Both Mitchell (1956) and Beinhart
(1963) considered the two important morphologicel
responses affecting the growth of clover to be the rate
of leaf production by active meristems and the rate at
which secondary meristems become active and produce
branch stolons.

2.4.2 Stolon Growth snd Development

Much of the work relating to the envirormental effects
on white clover growth has been carried out on lew Zesland
white clover (Miichell 1955, 1956, 1960, 1962; Brougham
1958, 1962) and ladino white clover (Beinhart 1962, 1963,

1964).
The optimum temperature for individual stolon growth

is approximately 24°C anad growth is reduced at temperature
extremes (Mitchell 19563 Beirhart 1962) with little

stolon elongation below 5°C. This slow growth of clover
at low temperatures could be due to its own physiological
limitations or to the inactivity of the resident Rhizobiun
(Davies and Young, 19673 Martin 1960). Gibson (1963)
found with subterranecan clover that growth of clover at
5°C was much reduced regardless of whether the plant was
depending on N fixation or fertiliser N. Scott (1970)
measured the net photosynthesis (CO2 gained in photo-
synthesis minusg that lost in respiration) and found maximum
rates occured at 20°C., If the light intensity increases,

the temperature range most suitable for U02 uptake ig
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displaced upwards (Beinhart 1962; Pisek 1970) but becomes
stationary at 30°-35°C when light levels approach

saturation point.

241 3. Leaf and Peticle Growth

Leaves originate immediately behind the apices of
the stolons where they are closely crowded encircling
each other and the growing point. When the leaves
have fully developed within the growing point, the
petiole begins to elongate. Growth occurs first in
the leaf blades, then petiocles and finally the stem
internodes (Mitchell 1955).
Brougham (1958, 1962) showed that leaf unfolding
and petiole elongation were determined by the light
environment. Leaf development of white clover ensures
a state of dynamic equilibrium between the environment
and leaf growth, such that all light is continually
intercepted by active photosynthesizing leaf (Brougham 1962).
Following defoliation, the first crop of new leaves
form a canopy which interceptgs a considerable amount
of light. Leaves developing later are then subjected
to a low light intensity and petiole elongation
continues until the laminae of these leaves have
penetrated the existing canopy to reach full light.
Photosynthesis then becomes the main activity (Brougham 1962).
Gross photosynthesis in white clover increases
with leaf area until all the incident radiation is
absorbed and then remains constant irrespective of
further increases in LAI (Brougham 1958b; Brown end
Blaser, 1968; Donald 1962). In these studies, respiration
rate was ‘assumed to be proportional to leaf area and-

independent of gross photosynthesis with the result



that net photosynthesis passed through an optimum value
then declined with increasing LAI, If the yield or
growth rate was defined as dry weight of living material
only, then a sigmoid growth curve was obtained (Brougham
1960). However, LicCree and Troughton (1966) with controlied
environment experiments showed that respiration rate was
determined mainly by the gross photosynthetic rate and
only partly by the heavily shaded tissue. Thus, both
photosynthesis and respiration increased with leaf area
until there were sufficient leaves to absorb all the incident
radiation. The growth rate then remained constant if
all the material, dead and living, was collected
(Troughton 1971).

The processes of cell division and elongation in
the leaves are temperzture dependent, so that an increase
of 6°C in air temperature from winter to spring is

paralleled by an eight fold increase in the rate of

cellular activities (Brougham 1962). At optimum temperatures

(20-2500), the rate of leaf appearance is about 1.5
leaves/week (Mitchell 1960). The changing of the growth
procecses involved with the development of the leaf canopy
are largely dependent on changes in the light environment
(Brougham 1962), whereas temperature determines the rate
of cell division and expansion of the developing leaves.

" Temperature influences the morphology of the leaves
as well as the rate of leaf production. In full light,
temperature had little effect on leaf size of Grasslands
Huia, but with decreased light intensity the leaves at 12%
were much larger than those at 22°C (Mitchell 1955). The

importance of leaf size and weight is stressed when

no



comparing different genotypes of white clover, Williams
and Hoglund (1978) compared Spanish and New Zealand
white clover over a range of temperatures. At low
temperatures (12°/6°C) both genotypes produced similar
numbers of leaves, but the Spanish clover had 30% superior
leaf DI production. The probable reason fer this
suneriority of the Spanish material at low temperatures,
is its ability to produce a higher proportion of total
weight ag leaf weight and thus have a photosynthetic
advantage (Williams and Hoglund, 1978). Cooper (1964)

and Easles (1967) showed similar results with L. perenne

and D. glomerata at low temperatures. Mediterranean

material used assimilates in the expansion of leaf material
whereas continental material had less leaf expansion and
stored assimilates for later soring growth. At
intermediate temperatures (22°/14°C), New Zealand clover
had a greater leaf production rate than Spanish clover
resulting in superior leaf DM production even though the

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

2.4.4. Growth of Lxillary Buds and Secondary Stolons

The number of stolons developing from secondary
meristems in the axil of leaves is dependent on light
intensity and temperature. Primary leaf production on
a single stolon increases with increase in temperature
(Mitchell 1956) but activation of secondary meristems to
produce branch stolons in ladino white clover showed an
inverse relationship with temperature (Beinhart 1963).

At 10°C, branches emerged from 71% of primary nodes,
whereas at 30°C only 14% of axillary buds developed branches.
iitchell (1961) obtained similar results with New Zealand

white clover where tillering was stimulated by both short

days and low temperatures.
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Light intensities 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 1963). High light intensities increased
branching and together with low temperatures, resulted
in mazimum axillary bud develovment into new stolons.
However, at 1008, high branching percentages did not offset
the low rate of primary leaf nréduction. Maximum leaf
production from a whole plant occurred between 17°C end
23°C where moderate meristem activity was coupled with
moderate branching vercentages (Mitchell 1956; Beinhart 1963).

In the comparison of Spanish and New Zealand white
clovers under controlled environment conditions, ¥illiams
and Hoglund (1978) found that the dry weight (DY)
production ner stolon of Spanish clover was superior at
low temveratures but the Spanish plants produced fewer
stolons resulting in less total production than the
New Zealand clover. It apnears that suserior growth
per stolon corresponds to inferior branching and vice
versa.

The varying development'patterns of stolon DV and
stolon branching shovn by different clover genotypes,
contributes to the seasonal production patterns found
in the field. Spring and autumn are periods characterised
by active branching of ladino and New Zealand white clover
(Beinhart 1963; Williams and Hoglund, 1978).resulting in
great increases in the total number of active meristems.
This becomes manifested in high leaf areas and growth
rates of stolons during the following summer period.

However under controlled environment conditions, Williams



and Hoglund (1978) ‘showed evidence of Spanish clover
actively branching at high temperatures, They suggested
that improved stolon branching in summer coupled with
superior growth per stolon under cool coanditions resulted
in the improved autumn-carly wianter growtil siown oy
liediterranean clovers. Lore inforuation is needed on tne
growtn and development characteristics of a wide range

of wihite clover ecotypes under different environmental

‘conditions.

2,5, CYANCOGEHESIS IN JHITE CLOVER

The term cyanogenesig describes the‘release of
hydrocyznic acid (HCi) when leaves of white clover are
damaged (Hughes 1969). This release is due io the
hydrolysis of a glucoside containing cyanide by an enzyme,
B-glucosidase (lielville and Doak, 1940). White clover
contains two cyanogenetic glﬁcb‘sides (80» lataustralin,
207 linamarin) and the enzyme linamarase (Coop 1940).
Genetical studies by Corkill (1942) nave shown that two
independent gene loci determine the production of glucoside
and enzynme, ILotaustralin and linamarin are homologues
and are governed by alleles of a single locus designated
Ac/ac, The presence or absence of linamarase is governed
by alleles of an independent locus designated Qi/;&.
Only plants which possess dominant alleles of both genes,

liberate HCH when damaged,

There are four possible phenotynre-genotype combinations:

1) Glucoside and enzyme (4Acli) cyanogenetic
2) Glucoside only (Acli) acyanogenetic
3) Enzyme only (acli) acyanogenetic

4) Neither glucoside or enzyize (acli) acyanogenetic
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However, there ig considerable variation in cyanogenic
activity and many workers believe there are modifying
genes making it a quantitative polygenic characteristic
(Maher and Hughes, 1973). The significance of HCWN
production by clover is not yet understood but may be
important in nitrogen metabolism or serve as a protective
substance agzinst herbivorous animals.

Daday (1954a, 1954b) studied the geographic distribution
of the glucoside and enzyme genes in Turope. Mediterranean
populations consist predominantly of Ac Li (cyanogenic)
individuals whereas many populations from the colder

regions of Northern Europe are gac 1i (acyanogenic).

A decrease in winter average temperature is associated
with a reduction in the dominent gene frequency of the
glucoside and enzyme (Daday, 1954a, 1954b).

In the indigenous regibns of white clover (ilediterranesn
and Europe), the gene distribution of glucoside and
enzyme ranges from 100 to 0% in association with decreasing
winter temperatures. Natural selection has produced a
balanced equilibrium in these populations (Daday 1958)
whereas in recently colonized regions such as New Zealand,
the gene frequencies exhibit in irregular pattern.

The dominant alleles are frequent in wzrm climates
but rare in cold environments. Daday (1965) found that
the enzyme linamarase is activated by cold temperature
and the HCN liberated caused an irreversible inhibition

of the respiratory system of the Ac 1.1 genotype resulting

in tissue death (Davies and Young, 1967). Daday (1965)
sugeests that during the evolution of T, repens, polygenes
enhancing fitness at high or low temperatures have become

linked with the dominant and recessive alleles respectively.
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The environmental factors influencing the distribution
of the Ac and Li genes is complex but it appears to be
advisable to include the genes in warm climate cultivars
of T. revens and exclude them from cultivars intended

for cooler climates (W. Williams, unpublished).

2.6, COLD TOLZRANCE OF WHITE CLOVER

26 .1+ The Effect of Preezine on Plant Cell Processes

Initially, lowering the temperature of cells, slows
metabolic processes (Levitt 19563 Pisek 1970; Heber and
Santarius 1973). Hardy and non-hardy plants of temperate
climates tolerate exposure to tempera%ures round the
freezing point but when ice formation occurs, the non-hardy
plants.are killedb(Levitt 1956). Ice formation occurs
in the intercellular spaces, as the water outside the
protoplast has a lower concentration of solutes (Levitt 1956;
Heber and Santarius, 1973). If freezing is rapid and
there is a drop to very low temperatures, intracellular
ice formation can occur, This causes death by disruption
of structural elements within the cell. Plant survivsal
following intercellular ice ‘formation depends on the
hardening properties of the individual involved (Levitt 1956).
Hardening is defined as the sequence of cellular processes
or metabolic changes which transforms sensitive cells
into hardy cells (Levitt 1956; Dexter 19563 Smith 1964;
Heber and Santarius, 1973).

2.6.1.1. Mechanisms of Injury

Plants anpear to be insensitive to changes of
temperature per se. Freezing injury is not a temperature
effect but is linked to protoplast dehydration caused by

ice formation (Levitt 1956; Dexter 1956; Heber and



Santarius, 1975). Levitt (1956) suggested that the
dehydration accompanying freezing led to cell contraction,
and the deformation of the shrunken cell caused tension
in the protoplasm which resulted in mechanical damage of
organised structures such as membranes. An alternative
proposal on freezing injury (Levitt 1972) involved the
formation of disulphide bonds between adjacent proteins
in membranes during cell dehydration. Following thawing,
when water uptake causes cell expansicn, the proteins

are unable to break apart and the secondary structures

of the proteins break down. The resulting protein
denaturation causes irreversgsible damage to the membrane
structures of cell organelles.

Heber and Santarius (1973) considered the most
important factor involved in freezing injury to be the
solute concentration inside the cell. This reached
abnormally high levels during freezing and Heber (1967)
showed membrzne inactivation brought about by membrane
toxic compounds. Heber and Santarius (1973) suggest
that in the course of dehydration, the salt concentrations
within the cell rise to toxic levels causing structural
alterations between membrane components and consequent
permeablility changes. These are three possible processes
involved with freezing injury but the mechanisms responsible

are not yet clear.

2.642. Development of ¥rost Hardiness

2.6.2.1. Environmental Factors
The majjor climatic factors involved in the development

of hardiness appear to be daylength and temperature



(Dexter 1956; Lorenzetti et al., 1971). In the natural
environment, hardiness developes most rapidly under
conditions of shortening days and decreasing temperature,
which exist during autumn in temperate regions (Levitt 19563
Smith 19643 Rowley 1975, 1976). The hardening process
involving metabolic changes must occur before even the
most hardy plants becone fully tolerant of cold temperatures.
Many temperate pasture species gequire approximately
14 days hardening at 2°C to achieve near maximum cold
tolerance (Hacker ct al. 1974; Rowley 1976).

The hardiness responses are affected both by the
developmental stage of the plant which varies throughout
the year (Levitt 1956; Lorenzetti et 2l. 1971) arnd the
~interrelated environmental factors. During the pre-
hardening period, light is important for photosynthetic
accumulation of reserves ﬁhich seems to be essential to
plants for cold tolerance (Smith 1964; Rowley 1976).

However, Sjoseth (1964) found with T, pratense that as the

hardening period lengthened, increase of cold hardiness
was associated with decreases in temperature, light
intensity and photoveriod. 'As a general rule, those
environmental factors most favouring rapid plant growth
appear least to favour cold tolerance (Cooper 1964;
Morley et al. 1958; Thomas and Lazenby, 1968a; Breeze
and Foster, 1971).

2.6.2.2., Cellular Processes affecting Frost Hardiness
Metabolic changes which include alterations in
intracellular concentrations of cell constituents such
as sugars, amino acids, organic acids and proteins cause

the physical modifications resulting in increased hardiness.
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Increasing sugar concentrations is regularly associated
with increasing frost hardiness (Levitt 1956; Dexter 1956;
Smith 1964). Consequently light is necessary for
synthesizing tfansportable compounds such as carbohydrates
which act as protective agents within the cell. Levitt
(1956) and Parker (1963) suggested that acdumﬁlated
carbohydrates such as starch were converted to sugars
during the winter months to maintain high concentrations
of protective agents in the cell. °~ However, Lawerence

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

content in L. perenne may simply be due to accumulation

of assimilates at low temperatures.

With D. glomerata, Eagles (1967) found that in a

winter dormant and very cold-hardy Norwegian population,
photosynthesis continued at moderately'low temperatures
but the use of assimilates for leaf expansion almost
ceased, resulting in the accumulation of soluble.carbo—
hydrates in the shoot bases and roots. By contrast, in
a winter active but cold susceptible population of
Dactylis from Portugal, the assimilates produced were

used for active extension growth with little or no
accunulation of soluble carbohydrates. Lorenzetti et al.
1971; 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 frost hardening and it is difficult
to determine whether or not these compounds are involved
in protection (Heber and Santarius, 1973). It appears
that almost every group of cell constituents is in some

way related to hardiness.



26 2.3, Mechanism of Frost Hardiness

Heber and Santarius (1973) postulated that increased
frost hardiness is associated with the formation of
protective compounds in the cell. Interaction between
membranes and toxic cell compounds has been shown to
decrease membrane stability and lead to membrane
inactivation (Heber 1967), Lovelock (1954b) believes
that the colligative action of protective substances
such as sugars produced during hardening, decreases the
concentrations of toxic cell components resulting from
cell dehydration during freezing. There is also evidence
that protective substances not only have a colligative
action on toxic components but there is a direct interaction
of protectants and membranes which leads to membrane
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 during the hardening period prevent

neighbouring proteins from becoming linked.

2.6 «3. Methods of Testing For Frost Hardiness

Dexter (1956) and Smith (1964) state that the most
common method of testing for winter hardiness is in the
field. Those plants which survive and persist until
snriﬁg are considered winter hardy. However, continual
fluctuations in weather patterns and complex interactions
between climatic variables, plant growth and crop
management make it necessary to test over several years
before adequate results are obtained (Lorenzetti et al. 1971).

This has led to the use of controlled environments znd



specially designed freezing chambers (Dexter 1956; Wit 1952;
Smith 1964; Lorenzetti et al. 1971) to assist in the
evaluatibn of cold tolerance in plants.

Controlléd environments allow plants 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 and photoperiod during the
growth and hardening periods and these factors 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 clcse 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 al.
(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 al. 1932; Grahém and
Daday, 1960; Rowley 1975). When cells are injured,
membranes loose their semi-permeability so that
electrolytes leach from the injured tissues into a

surrounding solution. The concentration of electrolytes



in the resulting solution is determined by electrical
conductivity measurement. The higher the conductivity
reading, the greater the number of cells have been
damaged and the greater the frost injury. This -
technique assesses the freezing sensitivity of leaves

but not the overwintering ability or growth at low
temperatures. It is especially effective for comparative
studies between genotypes of a species or between

species 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 Cold Tolerance and VWinter Hardiness of

Trifolium Repens

Smith (1949) carried out some early experiments on
the cold tolerance of ladino clover and common white |
clover, an ecotype found in the humid 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 ladiro
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 accumulation of 002 within
the ice. Ronningen (1953) and Knight (1953) studied
the overwintering_abilify of various clover types in
the field. Common 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 covér which enhances the common

white clover's winter surviwval.
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Ruelke and Smith (1956) showed that the cold
tolerance of common white clover stolons developed more
- rapidly and reached a higher level than in ladino
clover stolons, although the trends were similar.

This cold tolerance developed as soon as itemperatures
began to decline. A high level of tolerance was
maintained during the winter months but began to decrease
as soil temperatures rose in spring. It has been shown
that carbohydrate content in plants is associated with
cold hardiness (Smith 1964). The principal organs for
carbohydrate storage are the stolon stems and crovmns of
ladino and common white clover. For a plant to maintain
hardiness throughout wintér there needs to be a slow

* conversion of available carbohydrate into protective
sugars (Levitt 1956; Wood and Sprague, 1952; Ruelke and
Smith, 1956). Kilpatrich et al. (1966) and Sprague (1956)
demonstrated the importance of rate of cooling and thawing
on the survival of various legumes including white
clover. Stolons, roots and crowns which were cooled
slowly withstood lower frosting temperatures without
injury than tissues cooled rapidly.

Lorenzetti et al. (1971) and Breese and Foster (1971)
studied the role of cold tolerance in the adaptive
differentiation of climatic populations of I, perenne.

The populations fell into three main groups according

to their regions of origin, with North European varieties
being most cold resistant and South European varieties

the least. In the extreme environments such as Northern
Europe, growth is limited by temperature and plants

become winter dormant to survive the harsh winter
conditions (Robson and Jewiss, 1968; MacColl and Cooper

19€4). Similar cold tolerance studies would be most



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 range of physiological and
morphological adaptations have evolved in response to
contrasting environmental conditions. of particular
interest is the adaptive resvonses of clover ecotypes
to low temperature (frost) conditions.

The production from individual rooted stolons and
the branching characteristics were considered important
morphological resﬁonses affecting the adaptation of
white clover. Emphasis has béen placed on the effects
of temperature but other environmental factors such as
light intensity and photoperiod have interacting influences.
Further information on the growth and developmental
processes involved with the adaptive differentiation
of climatic populations of T. repens would be most
beneficial.

Obijectives

The objectives were:
(1) To determine the limitations of low temperature
conditions (particularly frost) on the growth characteristics
of five 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 temperature.
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CHAPTER THREE

METHODS AND MATERIALS

3.1 EXPERIMENTAL

3.1.1 Yhite clover oopulations

The white clover populations represented a
geographical distribution from the Mediterranean to
sub-artic regions. Each of the populations was
regarded as a random sample of the selected genotypes
from each of the climatic regions. A description of

the populations is given in Table 1.

3.1.2 Establishment ?eriod

Seeds of each clover popﬁlation were germinated in
petri dishes in an incubator aft 25°¢, 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 sown making a total of 270 pots.
The seedlings established in a glasshouse (2500 max.,
15°C min.), for 54 days before transfer to the controlled
environment rooms.

During establishment, the plants received daily
watering with a half strength Hoglund nutrient solution
minus nitrogen. This was further diluted 200 fold
(see Table 2). Approximately 200ml of nutrient solution
per pot per day were applied.

A mixture of four Rhizobium trifolii strains was
applied a week affer planting. These included:-

(1) TAIL, a strain from Tasmania which is effective on
red, white and subterranean clover.

(i1) 561 an isolate from Australia found to be effective
at high altitudes in the snowy Mountains.

(iii) 560 an isolate from Tara Hills, Central Otago.



The five clover ponulation

TABLE 1

Population

1.

24

3.

5e

Spanish

Ladino

Grasslands Huia

Kent wild white

Russian
ML - 48 - 65

Origin
Valencia, Spain
Latitude 38°%

Lodi valley,
Northern Italy
Latitude 45°N

New Zealand
Latitude 40°S

Britain
Latitude 52°N

Canadsa
Latitude 57°N

36,

Description

Spanish ecotype,
C1067(Williams and
Barclay, 1975)
Mediterranean climate
low altitude, low
rainfall.

Lodigiano Lodi, C1726€
Mediterranean valley
with cold winters
Climate transitional
between mediterranean
and continental.

Synthetic cultivar
(Barclay, 1960)
Temperate climate,

Low altitude, maritime

British ecotype
Temperate climate
Low altitude, maritime

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



TABLE 2

Concentrations of nutrients supplied

Major Elements me/1 Minor Elements mg/1
P 155 Fe (EDTA) 2:5
K 119 B 025
S 68 Mn 0.25
Mg 24 Cu 0.01
Ca 100 in 0.025
Na 1.5 Mo ' 0.005
Ccl 195

TABLE 3

Temperature Conditions

(Day/Night) £ 0.5°C

HOT _ 24/14
COOL 12/6
COLD 12/=2
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(iv) 562a, isolated from white clover on Mt Holdsworth
in the Tararua Mountains,

Nodules had formed on the roots of each white clover
population three weeks after planting.

Following the establishment period in the glasshouse
all pots were transferred to the growth rooms and
allowed to acclimatize for 21 days, However, due to
variation in plant growth between pots within populations,
a graded series of pots was allocated to each room,
This ensured that some good, intermediate and poor pots
of each population were represented within each block
in each growth room. '

3.1.3 Controlled Environment Rooms

The experiment was carried out in three climate-
controlled rooms. The temperature conditions are
described in Table 3.

The hot environment provided temperature conditions
near optimal for white clover growth (Mitchell, 1956)
and the cool temperature was typical of autumn or early
spring in temperate regions. The cold environment
subjected plants to frost conditions so as to evaluate
the cold tolerance of these five white clover populations.

Light intensities and daylength were similar in
all growth rooms so that the only climatic variable
was temperature. Light intensities of 160 watts m-%
(400 -~ 700 nanometers) were provided by four 1000V
Sylvania Metalarc high pressure discharge lamps. The
photoperiod was 12 hours with an abrupt light-dark
change. The temperature and humidity changes between

day and night occurred over 2 hours with the photoperiod
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beginning or ending halfway through each changeover.
The relative humidities were 83% during the day and
69% at night in all three rooms. Carbon dioxide
concentration was constant at 350ppm.

2.1.4 Frost Conditions

Following the initial establishment, plants were
placed in the cold room at 12°/6°C for a 3 week
hardening periocd before any frost treatments were
imposed. The frost treatment 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
was GOC. On frost days, a white frost, which is visually
similar to frosts observed in the Tield, 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, 1974; Robotham 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
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 -2°C. In the
second cycle, frosts were increased in intensity to -6°¢.

The frosting levels and occurrences are given in Appendix 1.
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3.1.5 Exnerimental Deeign

The experiment involved three environments each
containing three complete randomised blocks with five
clover populations. Each plot (experimental unit)
consiasted of =six pots containing one population (see
figure 2).

Each growth room contained 6 trolleys carrying
15 pots each. There were two trolleys per block.

Each experiment (environment) was conducted in a
geparate climate room. The climate room under
operation is depicted in Plate 1.

3.1.6 Methods of Sampling

The two major growth parémeters of white clover
are the increase in dry weight of the component parts
of individuval stolons (i.e. roots, stems, leaves and
petioles) and the increase in the number of stolons
(Mitchell, 1956; Beinhart, 1963). One major objective
was to determine the effects of temperature on these
growth characteristics of the five contrasting clover
populations.

Following the establishment period in the glasshouse
and acclimatization period in the growth rooms, all
leaves and petioles were removed, leaving a network of
your stolons in each pot. In the subsequent growth
period, five intermediate harvests were made in order to
follow the stolon development of each clover povpulation.
At the end of the.growth cycle, there was a final harvest
of leaf and petiole material (Figure 3).

At the beginning of a growth cycle, 50 (10 stolons x
5 clovers) randomly selected primary stolons within each

plot were marked with various coloured tags, designating
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the time of subseauent sampling (intermediate harvest).
At each sampling time, 10 stolons with ccmparable times
of development (same coloured tag) were cut from each
plot and aonroﬁriate characteristics were measured.
The sampling times in the three growth rooms were
judged so that harvested stolons were at approximately
equivalent stzges of development. At.the end of the
first growth cycle, all leaf and petiole material was
removed (final pot harvest) and frésh stolons tagged
in readiness for the second growth cycle. A similar
procedure was used in the second cycle. The sampling
times are given in Table 4.

Sequential sampling at known time intervals
allowed the use of regression analysis to estimate
equations deccribing the development patterns of each

character with respect to time.

3.1.7 Mornhological characters measured

The sampled stolons were dissected into component
parts as follows:
(i) Herbage Yield (a) Stem dry weight (g)
(b) Leaf dry weight (g)
(c) Petiole dry weight (g)
(d) Total stolon dry weight (g)
(e) Lateral (secondary stolon)
dry weight (g)
All stolon material was dried in a large vacuum oven
at 45°c and 2.5mm Hg for 12 hours.

(ii) Leaf Number was determined from the number of

nodes with newly-unfolded through te fully expanded

leaves on the primary stolon.



TABLE 4

Sampling Timetable

Growth HOT COCL COLD

Room
24°/14%c 12°/6%  12°/-2%

CYCLE 1 Harvest a 5th day 8th day 8th day
b 9 14 ) 17
c 13 21 25
d i & 28 33
Final Harvest 1 22 35 . 43
CYCLE 2 Harvest a 9th day 8th day 9th day
b 13 15 18
c 18 22 27
d 22 29 37
Final Harvest 2 27 39 44
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(iii) Leaf Aren hmgj was determined by removing the

trifoliate leaves from the petioles and passing through
a Hayashi Denko automatic leaf area meter (Anom, 1975).

(iv) Lencth of Stolon (em) was measured after the

leaves and petioles had been removed,

(v) Number of Taternls (secondary branches) produced from

the orimary stolon were counted.

(vi) Ratio of leaf dry weisht to total dry weicht

was estimated from (i) and indicated the proportion of
total stolon dry weight made up of photosynthetic leaf
tissue.

3 . -]
(vii) Stolon mass ner unit length (g2 em | ) was

*

estimated from (i) end (iv) and has been interpreted as
an index of stem thickness by Mitchell (1955).

(viii) Pinal harvest drv weight ner not (z)

The leaf and pctiole material were removed from each pot
at the end of a growth cycle., By dividing the dry weight
(DW) yield per pot by the leaf and petiole yield per
stolon, an estimate of the number of stolons per pot

was obtained (Williams and Hoglund, 1978).

3.1.8 Electrical conductance technigue for

evaluating injury after freezing

When cells are damaged by freezing, plasma membranes
lose their semi-permeability and permit amino acids and
other electrolytes to leach from the injured tissue
(Dexter et al, 1932; Rowley, 1975). Measurement of the
diffused electrolytes provides an estimate of the injury
sustained during the freezing conditions.

A temperature gradient bar described by Rowley (1975)

was used, which can expose a series of detached leaf
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samples to a range of freezing conditions, (Plate 2).
The bar is designed to freeze the leaf samples along

a temperature gradient to obtain their low temperature
killing noint. Twenty three thermocouples are set into
the bar at regular intervals along its length to measure
the temperature gradient. For instance, if a range from
0 to -12°C was set, each partition on the bar would

decrease by approximately 0.5°C.

3.1.8.1 Procedure

Pieces of leaf tissue (single leaf blades from
Spanish, Ladino and Huia clovers; trifoliate 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 temperature pesition
on the gradient bar. The pieces were washed in distilled
water after cutting, then-rinsed in weak detergent
(Multifilm X-77) and re-washed in de-ionized water,
(Rowley et al, 1975) before being placed on the bar.
After 18 hours of freezing, the temperature of the bar
was raised to 0°C and the leaf samples removed. These
were dropped into tubes conﬁaining 10ml of distilled
water (1 tube per replicate (2 leaves), 3 replicates
per population, and approximately 12 freezing temperatures)
and put in a water bath at 2500.

After 2 hours, the tubes were shaken and a
conductivity reading (C1) of each solution taken, 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 -15°cC. The tubes were then placed in a



water bath for 2 hours at 25°C and a final conductivity
measurement made (C2). The ratio of the two conductivity -
measurements (C1/C2), was used as the index of injury(L).
Velues of L higher that 0.5 (50% leaching) indicated

severe injury (Rowley, 1975). It should be emphasized that
the technique assesses the freezing sensitivity of leaves,
not whole plant overwintering ability or growth at low
temperatures.

The index of injury (L) was plotted against the
temperature of the gradient bar to obtain frost injury
curves for each clover population. The killing point
for each population estimated from the drawn curve, was
gt L = 0.5 Five conductance tests were carried out
during thelexperiment at 3 weekly intervals, so that
the pattern of frost injury or degree of hardiness
could be followed for each population.

A side-line study was carried out with objeciive

of comparing methods of assessing frost tolerance and

is described in APPEANDIX 2,

3.2 STATISTICAL PROCEDURES

The growth and development ﬁattern for each clover
population in each environment were described by
regressing each growth character separately against
time. The resultant growth functions were then compared
to agssess the genetic and environmental influences.

These functions were further used to estimate
development levels at specific times. These estimates
were subjected to a pooled analysis of variance over
all three environments. Comparisons bhetween populations

and environments for each growth character were made at



51

the end point of the growth cycles. Estimates of
broadsense heritability for each growth character were
obtained together with estimates of simple phenotypic

correlations amongst characters.

3.2.1 Curve Pitting

On plotting the data points, all the growth
characters indicated non linear responses. The method
of fitting many curves is to linearise them by applying
appropriate transformations (Draper and Smith, 1966;
Landsberg, 1977), there being a number of possible
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
vere 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 coefficients of determination, R* (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 all environments.

For comparative purposes, the same type of equation
must be fitted in all cases.

3.2.2 Exponential equations

One common exponential curve is described by:-
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y = ABX

with linear form
log Y = log A + (log B) Z and simple regression form
Y =0 +b X.

The quadratic exponential equation introduces an
additional term to account for further curvature in
the exponential. The equation becomes:=-
Y = 4ABX Cxlwith linear form
log Y = logh + (log B) X + (log C) X and
multiple regression form, y = b, + b, X + by X% where
b, is a curve placement coefficient and b, and b, 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
Peckages for the Social Sciences (SPSS/V6).

3.2.3 Comparison of Equations smong Genotypes

Differences among the fitted equations were tested
for significance by comparing the estimated regression
co efficients (b, D, and b, ). A significant difference
in any of them indicated a difference in the curve and
hence in:-the pattern of development. As the variances
of the statistics were heterogenous, pair-wise t-tests
were estimated using:-
'y where'%, and ﬁz_ are the regression
J&r_%—;}%z statistics and &7* and 55> their
respective vasriances.
' (Steel and Torrie, 1960)
The genotypes were ranked before comparisons so
that the one~tailed t-test was applicable. Significance
was tested at P = 0.05 and the sum of degrees of freedom

for variance about regression was (n, + 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 (%a,%,, %1 ), residual
standard error (7yx ), standard errors of %, and b2
(ﬁgl,ﬁgz) and the coefficient of determination (R*).

The variance of be is not given by SPSS/REGRESSION.
Por linear equations of the form, Y’= b, + b, X,
the variance of by was estimated by:-

e = o (£X0/n £ (X-%))
where Ggﬁ‘ = variance about regression, 71 = number of
observations in the estimator sample and ég[X;—i)l = sumn
of squares of X(Draper and Smith, 1966).

For the quadratic equations, the programme REGSPS
(Gordon, unpublished) was used to ogtain the variance =
Py
=]

P2
variances of the b's are on the diagonal. All comparisons

co-variance matrix of the b's (\/( )},where the
/

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

3.2.4 Estimation of points of Biological interest

Estimates of the dependent variable (Y), for
particular values of time (Xk), were obtained from forward
solutions of the regression equations. TFor equations with
one X variable, Y= %o + %, X, an estimate of the variance
of a predicted Qk value was given by:

5= ogi (7 + (Xe=-YE (Xi-X)Y) | (= 1ton
(Draper and Smith, 1966).
For quadratic equations, the estimated variance of ﬁ%(
was obtained by:
8;1 =. 0.5 (1/n + Gi xF 285 22 4 D Cis X1 X3)

.
K
(Steel and Torrie, 1960) ,
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where G’[fx = variance about regression in each case,
Cu, Ca2 and Cyo are terms from the (x'x)" inverse
matrix (Draper and Smith, 1966) and were provided by
REGSPS, and x, , X, are the linear and quadratic values

of X expressed as deviates from their resvective x's.
i.es %, =Xy = X

X, = Xy - (X*)
All possible pair-wise t-tests were performed as before,
to find significant differences among the ?k estimates
for the various clover populations.

3.2.5 Linear lModel

Data collection was conducted so that comparisons
of morphological characters could be made between the
five clover populétions within each temperature regime,
and across the three temperature regimes,

Each phenotypic observation was based on the
following random effects model (Le Clerg et al, 1962;
Comstock and Moll, 1963):

Xijk= 0+ Yo + Bid + 7x + YNk + Ejk , where
/u = mean of all populations over the three environmentsj;
Yi = i™ population effect over all environments (i = } s Q4
g = number of populations);
ﬁj(k) = effect of the }ﬂ‘block in the }gﬁ environment (\_’} =l...b,
b = number of blocks)

Nk = _lg_ﬁenvironmental effect (K=1...e, &= nunber of
environments)
}{725;( = i__l}_“" population x environment interaction;

ool Hh . ’
5 ijk = LJ K residual deviation (experimental error).
th

Xk = (K

; th
in the _\_}ﬂ‘ block, in the _|5_ environment,

phenotypic variate, due to the L”‘ population,

All effects are considered to be random, normal,

independent deviates with expectations equal to zero



and generating variances of corresponding designntion.

3,2.6 Pooled Analysis of Variance over the three

Environments

The data used for this analysis were cestimated
from the regression equations describing the
development pattern of cach growth characteriastic.

For any particular growth character, & regression
function was fitted on an experimental unit (plot mean)
bagis. This was done for each clover population, in
each block, within the three environments. Then an
estimated Y value, taken at the end point of the growth
cycles, was obtained from'theSe regression functions
and this data used for the Pooled Analysis. This
estimated value is more accurate to uce compared with
the final field data as the development pattern leading
to the end point has been taken into account.

The linear model outlined previously was applied
to each growth character separately. Estimates of
variance components were obtained from the expectations
of mean squares which arise from such random effect
designs (Comstock and Rebinson, 1952a), (Table 5).

The E(MS) in Table 5 define the F-tests as described
in Le Clerg et 21 (1962):

F test for GxE, Pg = Eg érror

hT
F test for populations, Fg = %gf%-"
P test for blocks, Fgg = _MS ne

MS error

_ MSg + MS_error
T oBE) + MS ge

F test for environments, F¢
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TABLE 5
Pooled Anova
Source of Variation af SS . E(MS)
Environments e-1 é}(?'.k/bg - CF G"+g0"3’fe) +b c':.fs + bgo'}_l
environments Jk o JF
Populations g=-1 %Xl?'../be - CF a*+b (’_Giz +b e U};l
Population x . " L4 Yo T 1 2
Environments (g-1)(e-1) c{.L.RXJ— k/b-CF-S8g T +b 05
"'SSE

3 A 2

Error e(g-1)(b=1) i%Xijk -CF-SSg ¢ *

J ()

CF = correction factor = X.l../g b e

Vhere D PR = X.
”% ijk
) S = 2}(. . or each i population
i ® 1
Ko = X, ., for each j block
J é ijk 777 ¢
X..k = é Xi3k r each k envircnment
) S - é Xle for each i population in each
J ¥ environment
and g * is the variance arising from Elgk’ the error
component

G'c':' from XL‘ sthe population effects
2
OFE-(E) from/g‘j(x))the block effect
¢* from ?K)the environment effect and

E

G(?E from \G/')’zm,the population x enviromment interaction.



5T

The degress of freedom for the F¢ test are weighted

degrees of freedom (Satterthwaite, 1946).

1
df' of numerator = [MSE + MS grroﬁ] x
(ISE*  + (LS error)

df df error
. e gt 11
df' of denominator = [¢§ﬁm} + WS ce)
(-5 g o +,_TL_;1J ge)*
: =
Al g Ulge

3.2.,7 Beritability estimates

Two forms of broadsense heritability can be
derived. from the variance components in Table 5

(Allard, 1960; Gordon, 1972).

(a) Full heritability where the phenotypic variance
contains all the variance components including

the block and environmental effects.

= X
o+ 05 + Oge + ;@) + 0

(b) Restricted heritability where the phenotypic
variance only contains the variance components
associated with the genotypic differences.

2 2
he = e
w*r O Y0

The data used for this analysis were based upon
plot means. As the variance of a mean is given by
the equation,@}1='£f' where n is the number of
individual observagions making up the mean, the
phenotypic variance used in these heritability ratios
has similarily been reduced. Thus the heritability

values obtained are higher than one would expect

to obtain for the heritability of individuals.
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Variance estimates of these heritabilities have
been defined by Gordon gt al (1972). The basic

estimator is given by the following expression:

3'1’;3 = X*0 4+ Y0P - 2x¥ cov (X,Y) / %*
(0Osborne and Paterson, 1952).
where X = ;> (Genotypic variance)
Y = U}? (phenotypic variance) = 0+ Ggl+ Jgé

For the present model and restricted heritability case,

1
% = Y&
0]? =V + Vg + Vg +2 Cov (G,GE) + Cov (G, Error)

+ Cov (GE, error)
Vi Ve + Vo +2 {[(1 - be)/bie] V - VGE/e}
and Cov(X,Y) = V. + V/b%e = Vg /e (Gordon et al, 1972)

1]

From Comstock and Moll (1963):

VG = gampling variance of the genotypic variance
2
= 1 séz (nse)
s

sampling variance of the error variance

<
n

4
2 (WS error)
df error + 2

V.¢ = sampling variance of the population X environment

variance
Y, 2
= 1 Z 2 (P."ES GE)

b*é; afge + 2

where b number of blocks

e nunber of environments

1}

g = number of populations
A computer programme PHANIE (PHenotypic ANalyses In

Environments) (Gordon, unoublished) was used to carry

out the pooled analysis of the three environments

together with the n* and UL% estimates.
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3.2.8 Simple Correlstion Co efficients

Correlation is a measure of the intensity of the
association between two characters (Steel and Torris, 1960).

The phenotypic correlation is given by:

p = Cov (X.Y) = .£(K - %) (Y = 77) (Steel and Torrie,
[oire TS0 EOoTE 1960)
where £jX - X) (Y =Y) = sum of cross products of the
deviations
and 4(X - EJQ = sun of squares of the deviations.

The computer programme PHANIE was used to carry

out this analysis.

3.2.9 Adantation Anelysis

The pooled analysis of variance enables the total
variation ascribable to populations and environments
to be partitioned into three independent comparisons.
One measuring the differences between populations,
one measuring environmental differences and one assessing
their joint effects, the GE interaction. The GE
interaction effect can be further split into the
variation components for each population within the
environments. These separate population - environment

interaction effects are known as ecovalences. The

terms population and genotype are synomyns in the

following text. The ecovalences are given by:

. - = %
ﬂ(}(i.k - X(‘E) - Xieo - (X..k ) for each i genotype.
d

K (a) ) (e¢) )
(a) Genotype yield in (¢) Mean genotype yield
each environment over all environments

Genotype mean
(b) Mean of all genotypes ( yp ean)

in all environments (d) Yield of all Genotypes
(Grand mean) in each environment

(Environment mean)
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Finlay and .Vilkinson(1963) and Eberhart and
Russell (1966) developed regression techniques in
order to study the patterns of adaptability between
genotyves and the environment. For each genotype,
a linear resression of individual yield (X i.k) on
the mean yield of all genotypes for each environment
(X..k) was computed. The mean yield of all genotypes
for each environment (Environment mean) is a method
of evaluating an environment without the inaccuracies
of defining it in physical terms. Probably the most
important point on the validity of this analysis is
whether the environmental means are a fair representation
of the actual environments.
From the model, Xj g M+ Gy + By + GE;, + &,

the regression is in effect regressing Gi + Ek + GEik
as the Y variate against E, as the X variate (Hi11, 1975).
As the genotypic effect, G is constant for a particular
genotype, the resultant regression coefficient b, of
the i th genotype line, includes environmental variation E,
and that portion of the GE interaction variation which
is a linear function of the environment. Part of the
GE interaction variation forms the unexplained deviations
from the regression line. Eberhart and Russell (1966)
defined a "stable" genotype as one with deviations from
the regression line as small as possible. The series of regression lines
presented in Figure 4 illustrate the poscsible responses which can occur.

The significance of b, the regression coefficient may
be determined by testing its departure from zero or
unity. Eberhart and Russell (1966) defineda well

adapted genotypre as one with a high mean yield (Ei" s
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FIGURE 4

Adaptation Analysis

Specifically adapted to high
b>l vyielding environments

Genotype
Yield

Xi.k

b=l Average adaptability

Specifically adapted to low
b«l /
yielding environments

Environment Mean
%k
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unit regression coefficient (b = 1.0) and deviations
from regression as small as possible (i.e. a high
coefficient of determination, R® ). The adaptation
analysis was estimated using the programme PHANIE,
which printed the ecovalences, adaptation coefficient

b, the standard error of b, significance levels and rR? ,
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CHAPTER

RESULTS

4,1 Curve fitting

The final estimated regression functions describing
the stoloﬁ growth characters were fitted on an experimental
unit (plot mean) basis. This method was chosen because of
the large variation in growth between individual stolons of
each clover population, The effect was to reduce the stolon
variation, as the variance of a plot mean is given by o ¥n
where n is the number of observations (Steel and Torrie, 1960).
The quadratic expcnential functions were found to describe
the development pattern of the stolon characters with most
accuracy and anpropriateness of biological interpretation

(as outlined in section 3.2).

4.2 Stolon zrowth Characters

4.2.1 Stem dry weisht production

The fitted curves for each ponulation in each
environment are nlotted in Figuré 5 and the data points
given in Apnendix 3. The regression statistics describing
these curves (bo' b,, and b2) are given in Table 6,
Comparisons across vpopulations for each of the regression
statistics were achieved using pair-wise t-Tests. Significance
grouping at P = 0,05 are indicated in Tables 6 and 7.

The bo regression coefficient is a curve placement
parameter which describes the initial growth potential of
each ponulation. Ladino was consistently superior to all

other povulations in each environment.
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The b1 regression coefficient is a rate of change
parameter which déscribes the growth rate in g/day. The
bé'coefficient is an 'acceleration' parameter describing
the change in growth rate (g/day/day).

From Table 6, in both the hot (24°/14°C) and cool
(120/600) environments, there were no significant ditrferences
among populations for b, In the cold (12°/-2°C) environment,
Huia was significantly superior to the Spanish and Ladino
clovers for b1, but the reverse was true for b2‘

The regression coefficients were also compared across
environments (Table 7). All the clover populations gave
higher values for b1 in the hof environment than the cool
and cold environments., However, vélues for b2 declined at
a faster rate in the hot environment than the colder
environments.

Comparisons of the final stem dry weights (Y) estimated
at the end of the growth period in each environment
(similar developmental stage), are indicated in Table 8.

The Spanish clover had the greatest stem Dry Weight (DW)
per stolon in the hot environment, but ladino was superior
in both the cool and cold environments. Huia was
intermediate in all enviromments, the Kent and Russian
clovers consistently had the least stem DW in each
environment,

Similar growth patterns occurred in the second growth
period (regression statistics given in Appendix 4A) except
the Spanish no longer had the greatest DW in the hot
environment and Ladino was consistently superior in all

environments.
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TABLE 6

Estimated resregsion  sftatistics “zzcribing the develooment

pattern of astem dryvy weight of five white clover populations

in three environments

loge(g) Statistic Spain Ladino Huia Kent Russia
HOT bo -6.58 ~-5.455 =7.087 =7.206 =-6.649
24°/14°c  SE of b, 0.280  0.217 0. 212 0.229 0.282
* b a b b b
b, 0.329 0.239 0.350 0.320 0.251
SE of b, 0.047 0.036 0.035 0.038  0.047
ab b a ab ab
ba -.0062 -,0046 -.0076 =.0071 =.0050
SE of b, 0.0017 0.0013 0.0013 0.0014 0.0017
a a a a a
R . 968 . 961 977 . 967 .939
COOL bo -6.259 -5,369 -6.078 -6.617 =6.352
18%/6% SE Db, 0.356 0.165 0.275 0.211 0.318
b a b b b
b, 0.114 0.107 0.080 0.118 0.114
SE of b, 0.038 " 0.018 0.029 0.022 0,034
a i a a a a
By -.0005 -,0005. =-.0007 =-.0008 ~.0009
SE of b, 0.0009 0.0004 0.0007 0.0005 0,0008
a a a a &
R” 942 .984 .955 .926  .972
COLD bo -5.505 -4.657 -6.180 =6.316 -5.899
12°/-2°C  sE of b, 0.186  0.171  0.259  0.270  0.102
b a c o c
B 0.068 0.057 D127 0.111  0.079
SE of b, 0.016 0.015 0.023 0.024 0.009
be c a ab be
ba -.00007 =~.00007 =.00124 =.0010 =.0005
SE of b, 0.00032 0.00029 0.00044 0.0005 0.0002
a a b ab ab
R* .968 .960 .939 .928  .986

* Statistics sharing the same letter are not significantly
different (P=0.05)



TABLE 7 07

Statistical differencegs amongst novulations acrossg

environments for stem dry weignt

Environmental gy tigtic  Spain Ladino Huia Kent Russia
Comparisons
HOT , NS NS NS
COOL ' " »
0T
hO /COLD bo 3* * * _ ) * *
co0L , NS NS NS
COLD * *
HOT | * * o * *
COOL
HOT/ b, * * " * *
COLD
C00L , NS NS NS NS NS
COLD
HOT
oo . * * * *
HOT
/coLD b, * * * * *
C00L , NS NS NS NS NS
COLD
HOT , * NS NS NS NS
COOL
HOT Y x NS NS NS NS
COLD
€00, NS NS NS NS NS
COLD

NS = non significance at P=0.05

* = gignificance at P=0.05

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



TABLE 8 68,

Estimated stem drv weishts at final harvest time

Statistic Spain Ladino Huia Kent Russia
HOT ~ antilog (cg) 9.9 9.0 4.4 2.9 2.9
24°/14%C % log, ()  -2.313 -2.408 =-3.124 -3.541  -3.541
at 22 days SE of ¢ 0.113  0.087  0.085 0.092  0.113
*¥ a b . d cd
COOL antilog (cg) 5.6 10.5 3.5 2.8 ol
12°/6°c ¥ log,_ (&) -2.882  -2.254 -3.352 =3.576 -=3.442
at 35 days Sk of ¥ 0.137 0.064 0.105 0.081 0.122
b a c c c
COLD antilog (cg) 6.8 9.5 4.9 35 3.4
12°/-2°¢ ¥ 1og (&) ~2.688  =2,354 =3.016 =3.352 =3.381
at 43 days SE of ¥ 0.093 0.086  0.130 0.135  0.051
b a be cd d

¥ Statistics sharing the same letter are not significantly

different (P=0.05)



4,2.2 Leaf and Petiole Dry Weight Production

The fitted regression curves are plotted in Figures 6
andIT, respectively with data points given in Apvendix 3.
The regression statistics and significance groups for
leaf dry weight (DY) are indicated in Tables 9 and 10.
The populations showed similar response curves for leaf
and petiole production in all environments.

From Table 9, Ladino clover had a consistently
superior b0 coefficient for leaf DW production in each
environment but the five populations had similar b1 and b

2
coefficients. When comparing across environments (Table 10);

Huia, Kent and Russian clovers had greater values for b1
in ﬁhe hot environment than in the colder environments,
but Spain and Ladino were no different.

The final leaf dry weights (?) esitmated at the end
of the growth period in each environment are given in
Table 11. This showed the superiority of the Spanish
and Ladino clovers in all environments, followed by Huia
and finally the Kent and Russian clovers producing the
least DW production.

The regression statistics and significance groups for
petiole dry weight are given in Tables 12 and 13. Ladino
clover had the greatest values for b1 in all environments
followed by Spain and Huia then the Kent and Russian
clovers. The reverse trend was applicable for the b2
coefficient. VWhen comparing peticle DW production between
environments (Table 13), all populations had greater values

of b1 in the hot environment relative to the colder

environments,
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Regression statistics describing the development patterns

for leaf dry weight

Log, (g) Statistic Spain Ladino Huia Kent  Russia

HOT
24°/14°¢ b, -4.682 -3.890 -5.408 =5.756 =5.221
SE b, 0.208 0.257 0.215 0.278 0.285
*Db a c c be
by 0.199 0.140 0.267 0.194 0.194
SE b, 0.035 0.043 0.036 0.046 0.049
ab b a ab ab
ba -.0033 =,0024 =,0061 =,0044 -.0044
SE b, 0.0013 0.0016 0.0013 0.0017 0.0018
ab a b ab ab
r* .881 .960  .956  .8T1 .859
COOL
12°78°¢ b, =5.238  =3.771 =4.686 =5.515 =4.942
‘ SE b 0.318 0.133 0.234 0.256 0.246
' bec a b ¢ be
b 0. 121 0.058 0.070 0.098 0.083
SE b, 0.034 0.014 0.025 0.027 0.026
a b ab ab ab
bsy -.0010 -,0002 -,0003 =-,0011 =-.0009
SE b, 0.0008 0.0003 0.0006 0.0006 0,0006
a a a a a
R* .931 .970  .932  .908  .879
COLD
12°%/-2°C b, 4,670 -3.840 =4.644 -=5.024 -4.819
SE b 0.154 0.170 0.198 0.193 0.129
b a b b b
b, 0.087 0.074 0.095 0.058 0.064
SE b, 0.014 0.015 0.018 0.017 0.017
a a a a a
ba -.00072 =-.00072 =.0011 =.0004 =-.,0006
SE b, 0.0003 0.00029 0.0003 0.0003 0.0002
a a _ a a a
R* .965 .926 .918 .902 . 945

* Statistics showing the same letter are not significantly
different (P=0.05)



TABLE 10 . T2

gtatistical ditferences amongzet populations across

environments for leaf dry weight

Environmental — gy.yiqtic  Spain  Ladino Huia Kent Russia

Comparisons
HOT/ s NS NS NS
CO0OL *
HOT , b, NS NS NS
COLD #* *
COOL/ NS NS NS . NS NS
COLD
HOT/ NS NS * * *
CO0OL
HDT/ b, * NS * * *
COLD
COOL/ NS NS NS NS NS
COLD
HOT/ NS NS
COOL * * *
HOT , b, NS
/GoLD * * % M
COOL/ NS NS NS NS NS
COLD
HOT/ * NS NS NS NS
COOL
HOT/ Y * NS NS * NS
COLD
COOL/ NS NS NS NS NS
COLD

NS = non significance at P=0.05
¥ = gignificance at P=0.05

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



TABT K 1_1

~1

N

Estimated leaf dry weight at final harvest

Statistic Spain Ladino Huisa Kent Ruggig
HOT Antilog (cg) 15.0 13.9 8.4 2.7 4.6
24°/14°¢c ¥ log, (&) 180T  =1.973 2,877 <3612 =3.079
at 22 days S35 of ¥ 0.083 0.103 0.086 0.112 0.125
* a a b d c
COOL AntilOg (Cg) 10.8 13.8 Te4 3.4 4.3
12°/6°¢ ¥ log. (&) 2,226 =1.981 =2.604 =3.381 =3.147
at 35 days SE of Y 0.106 0.051 0.090 0.098 0.095
a a b c (o4
COLD Antilog (cg) 10.6 137 8.1 3.7 44
129/-2% ¥ log, (&) -2.244 =1,988 =2,513 =3.297 -3.194
at 43 days SE of Y 0.077 0.085 0.099 0,097 0.065
b a b c c

* Btatistics sharing the same letter are not significantly

different (P=0.05)
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TABLE 12 5.
Regression statistics describing the development patterns for
Petiole drv weizht
1oge(g) Statistic ' Spain Ladino  Huia Kent Russgia
HOT
24°/14°¢C bo -7.554 -8.087 =7.284 -6.306 -6.728
SE by 0.186 0,466 0.295 0.323 0.421
* ¢ c be ‘a ab
b, 0.396 0,565 O0.344 0.074 0.156
Sk b, 0.031 0.078 0.049 0.054 0.070
b a b c c
by -,0083 -.0138 -.0071 +.0006 -.0016
SE by 0.0011 0.0028 0.0018 0.0020 0.0025
b c b a a
R* .942 .939 942 .862 .873
COO0L
12°/6°¢ b, -6.560 =7.350 -6.524 =5.678 -5.961
SE bo 0.290  0.291 0.246  0.288 0.360
b ¢ b a ab
b, 0.094 0.236 0.091 -0.028 0.010
SE b, 0.031 0.031 0.026 0.031 0.038
b a b c c
b, -.0003 -,0032 -.0005 +.0015 +.0006
SE b, 0.0007 0.0007 0.,0006 0.0007 0.0009
| b c b a ab
R .965 .948 952 .811 713
COLD
129 /2% bo -6.468 -6.938 -6.566 -5.796 -6.078
SE Db, 0,179 0.310 0.192 0.229 0.187
be c c a ab
b, 0.097 0.174 0.109 -0.009 0.029
SE b, 0.016 0.028 0.017 0.020 0.167
b a b c c
ba -,0008 -,0020 -,0011 +.0011 -, 00007
SE b, 0.0003 0.0005 0.0003 0.0004 0.0003
be d cd a b
R™ .936 .964 . 952 .845 .821

* Statistics sharing the same letter are not significantly

dirferent (P=0.05)
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TABLE 13

Statistical differences amongst populations across environments

for Petiole dry weight

Environmental ; 7 2 : 2
s et S B A Statistic Spain Ladino Huia Kent Russia
HOT/ NS NS NS
COOL * *
HOT Do NS NS
/6oL * * *
COOL , NS NS NS NS NS
COLD
HOT/ * * ¥* NS *
CO0OL
HOT/ b, * * * * *
COLD
COOL/ NS NS NS NS NS
COLD
HOT/ NS NS
COOL * * *
HOT b NS NS
/coLD * * * *
COOL/ NS NS NS NS NS
COLD
HUT/ * * * NS *
COOL
HOT/ ¥ * * * NS *
COLD
COOL/ NS NS NS NS NS
COLD

NS = non significance at P=0.05

* = gignificance at P=0.05

The asterick is indicated in line with the environment

containing the larger estimate,



TABLE 14

Rstimated Petiole dry weirht at final harvest

=3
-1
o

Statistic Spain Ladino Huia Kent Russia
HOT antilog (cg) ST 9.6 4,2 0.7 TaTl
24°/14°c Y log, (&) 2,865 =2,343 ~3.170 <=4.962 =4.075
at 22 days OSE of ¥ 0.075 0.187 0.118 0.130 0.169
* b a c e a
COOL antilog (cg) 2.6 5.0 2.0 0.8 0.8
12°/6%¢ ¥ log, (&) -3,650 =2.996 =3.912 =4.828 =4.880
at 35 days SE of ¥ 0.111  0.112  0.095 0.118 0,138
b a b (o] c
COLD antilog (cg) 2.5 4.4 2.0 0.9 0.7
129/-2% ¥ log, (&) -3.689 =3.124 =3.912 =4.710 =4.962
at 43 days SE of ¥ 0.090 0.155 0.096 0.115 0.094
b a b c c

* Statistics sharing the

different (P=0.05)

same letter are not significantly



The final petiéle dry weights (Y) estimated at harvest
time in each environment are indicated in Table 14,
The raﬁkings were the same witnin each environment; Ladino
clover being superior to Svain and Huia followed by Kent
and Russian clovers,
During 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 Production

The fitted regression curves are plotted in Figure 8
for each clover population in each environment. The
actual data points are given in Appendix 3. The total
stolon dry weight (DW) consists of the sum of stem DW,
leaf DV and petiole DV. The‘régression statistics and
significance groups describing the development patterns
for total stolon DV are indicated in Tables 15 and 16.

From Table 15, in each environment Ladino clover was
significantly better than all other populations for the
b, (placement) coefficient. The_b1 (rate of change) and
b2 (rate of change of rate of change) coefficients were
similar for all povulations in the cool and cold environments.
However, in the hot environment, Huia clover had a greater
b1 value than Ladino clover but the reverse was true for
the b2 coefficient.

The comparison of regression coefficients between
environments is indicated in Table 16. All populations
had greater b1 values in the hot environment compared with

the colder environments. There were no differences between

T8,
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" TABLE 15 | 50,
Repression statistica describing the development patterng :
_‘l-

for total dry weipgh

loge (g) Statistic Spain Ladino Huia Kent Russia
HOT" -
24°/14°C bo -4.755 =3,926 =5.414 =5.780 =5.181
SE by 0.190 0.217 0.216 0.239 0.283
* b a c c be
b, 0.275 0.222 0.331 0.269 0.239
SE b, 0.032 0.036 0.036 - 0.040 0.047
ab b a ab ab
bs -.0051 =,0042 =,0075 =.0059 =,0051
SE b, 0.0012 0.0013 0.0013 0.,0015 0.0017
ab a b ab ab
R* 956 .978 971 951 .921
COOL .
127/6%0 bo -5.042 =3.743 -4.582 =5.326 =4.795
SE b, 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 b, 0.033 0.012 0.023 0.024 0.028
a a a a a
b2 -.0012 =,0006 =-,0006 =,0010 =.0011
SE b, 0.0008 0.0003 0.0005 0.0006 0.0006
a a a a a
rR* .988 .947 .959 .954 .916
COLD .
12°/-2% bo -4.389  =3.551 =4,537 =4.876 =4.600
SE b, 0.160 0.174 0.213 0.225 0.118
b a be be be
b, 0.096 0.083 0.116 0.087 0.080
SE b, 0.014 0.016 0.019 0.020 0.011
a a a a a
by -.0007 =-.0007 =.0013 =,0007 =.0007
SE b, 0.0003 0.0003 0,0004 0.0004 0,0002
a a a a a
R* .949 .971 .938 .923 971

* Statistics sharing the same letter are not significantly
ditferent (P=0.05)



81.
TABLE 16

Statisticel differences amongst pnopulations across

environments for Total dry weight

Environmental statistic

Compariaona Spain Ladino Huisa Kent Russia

HOT/ NS KS NS NS
CQO0L : *
HOT/ b . NS NS NS
COLD Q . * *
COOL/ NS NS NS NS NS
COLD
HOT/ 3 * +* ¥* *
COOL
HOT b + * ¥* * B
/coLD 1
COOL/ NS NS NS NS NS
COLD
HOT
/COOL * #* ¥ ¥* *
HOT
/coLD bz * * * % &
COOL/ NS NS NS NS NS
COLD
HOT/ * NS * NS NS
CO0L
HOT/ Y * NS NS NS NS
COLD
COOL/ NS NS NS NS NS
COLD

NS = non signitricance at P=0.05

* = gignificance at P=0.05

The asterick is indicated in line with the environment

containing the larger estimate.
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TABLE 17

Estimated total drvy weight at final harvest

Statistic Spain Ladino Huia Kent Rugsia

HOT antilog (cg) 30.7 33.8 1T:0 6.6 9.2
24°/14°c Y log, (g) 1081 =4,088 <1777 =278 ~2.386
at 22 days SE of Y 0.076 = 0,087 0.087 0.096 0.114
¥ a a b s d c
COOL antilog (cg) 18.7 30.1 12.9 6.9 7.6
12°/6°¢ Y log, (g)  =1.677 =1.201 =-2.048 =2.674 ~2.577
at 35 days SE of ¥ 0.120  0.043 0.084 0.088 0.100
b a c d d
COLD antilog (cg) 19.8° 27.4 14.7 8.1 8.1
12°/-2°c ¥ log, (8)  -1.619 =1.295 =1.917 -2.513 -2.513
at 43 days SE of ¥ 0.080  0.087 0.107 0.113 0.059
b a c d d

¥ Statistics sharing the same letter are not significantly

dirferent (P=0.05)



the cool and cold environments., However, the growth rates
declined at a faster rate (b2 coefficient) in the hot
environment compared with tﬁe colder environments.

The final total stolon DW estimated at the endpoints
of the growth period are given in Table 17. The
significance groupings of the populations remaiﬁed the
-seame for each environment. Ladino was consistently
superior followed by Spain then Huia white clover. The
Kent and Russian clovers were consistently the poorest.
This pattern of development also occurred in the second

growth period (Appendix 4D).

4.2.4 Ratio of TLeaf dry weight to Total stolon dry

Weight

The ratios 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 populations within each
environment, as described by the bo’ b1, and b2 regression
coefficients (Table 18) were very similar. The populations
indicated a decline (negative values for b1) in the ratio
of leaf 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 points (Table 20),
showed that the populations had similar rankings within each
environment. The Spanish, Huia andRussian clovers had
consistently greater values than Ladino and Kent clover

in all environments. .These latter clovers had a greater
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TABLE 18
Regression statisticg describing the develooment patterns
for the ratio of leaf to total dry weight

loge Statistic Spain Ladino Huia Kent Russia
HOT by . 0.074 0.035 0.006 0.024 =0.040
24°/14°¢ SE b, 0.054  0.146 0.084 0.103  0.097
*gq a a a a
b, -0.075 =0.082 =0.063 =0.075 =0.045
S8 b, 0.009 0.024 0.014 0.017  0.016
a a a a a
by 0.0018 0.,0018 0.0014 0.0015 0.0007
SE b, 0.0003 0.0009 0.0005 0.0006 0.0006
a a a a a
R* .961 .819  .893  .912  .864
COOL - b, -0.196 -0.028 -0.104 =0.189 =-0.148
12° /6% S 0.061 0.076 0.073 0.133 -0.097
b a ab ab ab
b, -0,018 =0,035 =0.023 =0.017 =0.019
SE b, 0.006 0.008 0.008 0.014 0.010
a a a a a
b, 0.0002 0.0004 0.0003 0.00002 0.001
SE b, 0.00015 0.0002 0.,0002 0.0003 0.0002
a a a a a
R* .857 .926  .864  .769  .805
COLD b, ~0.,281 =0.289 <=0.107 =0.147 -=0.219
12°/-2°¢  SE b, 0.045  0.056 0.053 0,072 0,037
b b a ab b
b, -0.009 -0.008 -0.021 =0.029 =0.016
SE b, 0.0004 0.0005 0.005 0.006 0.003
a a b e ab
b, .00002 -,00002 ,0002 ,0003  .0001
SE bé .00008  ,00009 .00009 ,0001  .00006
b b ab a ab
R* .879 .884 .903 .882 944

* Statistics sharing the same letter are not significantly
different (P=0.05)
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TABLE 19

Statiatical differences amongat ponulations acrogss

environments for the ratio of leaf to Total dry weight

Environmental SEat Sh4s

: i i i Ken Russia
oo o Spain Ladino Huia ent

HOT , * NS NS NS NS

COOL

HOY b * * NS NS NS
COLD g

COOL NS ® NS NS NS
/oD

HOT , . NS
COOL % ® * *

HOT/ b, NS
COLD = x* * *

COOL NS NS NS NS
/oL #

HOT, * x * * NS
CO0L

HOT * * % ” &
/coLD %2

CO0L NS ¥* &S NS NS
/GoLD

10T/ 6001, * e * * N

HOT, Y NS
COLD * 3 * +*

COOL NS NS NS NS NS
/6oL

NS = non significance at P=0.05

* = gignificance at P=0.05

The asterick is indicated in line witn the environment

containing the larger estimate.



TABLE 20

Estimated Ratio of Teaf to total

87.

dry weight at final harvest

Statistic Spain TLadino Huia Kent Russia
HOT Ratio .48 .42 «49 .40 . 50
~
24°/14°¢ Y log, -.734  -.867  -.7T13  -.916 = .693
at 22 days S5 of ¥ .0216  ,0585 .0338 .0413  ,039
* a b a b a
COOL Ratio -56 -47"_ 055 047 153
12°9/6°¢ Y log, -.580 =,755 -.598 -.755 =.635
at 35 days SE of Y .0234  ,0292 .0282 .0511 .0373
a b a b a
COLD Ratio .54 .50 0 54 .46 +51
12% /2% Y log, -.616 =.693 -.616 =777 =.673
at 43 days SE of ¥ .0225  ,0279 .0268 .0359 ,0184
a b a b a

* Statistics sharing the

different (¥=0.05)

same letter are

not significantly



proportion of their growth made uo ofstem tissue. From
Table 19, the ratio of leaf to total dry weight was greater

in the colder environments.

4.2.5 Leaf number ver stolon

The fitted curves for each pOpulatioﬂ and environment
are plotted in Figure 10 (data points given in Appoendix3).
The regression statistics and significance 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 between environments (Table 22),
Huia, Kent and Russian clovers had greater rates in the
hot compared with the colder environments, Using the
estimates of the b1 and b2 coefficients, these clover
populations produced aporoximately two leaves per weék
in the hot environment compared with 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 growth period are given in Appendix 4F,
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TABLE

50,

Regression statistics describing the development patternsg for

Leaf production

Loge Statistic Spain Ladino Huia Kent Russia
HOT b, 0.234 0.470 0.164 0.356 0.267
24°/14°Cc Sk b 0.139 0.117 0.167 0.120 0.111
* 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
ba -.0017 =-.0006" =,0020 =-,0016 =,0027
SE b, 0.0008 0.0007 0.001 0.0007 0.0007
ab ab ab a b
R* .950 957 .940 .961 .963
COOL b, 0.170 0.222 0.283 0.264 0.333
12°/6°¢ SE b, 0.130 0.125 0.043 0.056 0.122
a a a a a
b, 0.076 0.070 0.070 0.077 0.073
Sk b, 0.014 0.013 0.005 0.006 0.013
a a a a a
ba -.0010 '=,0009 =.0009 =,001 -.001
SE b, 0.0003 0,0003 0.0001 0.0001 0.0003
a a 8 a a
R> .944 940 .992 .989 935
COLD b, 0.197 0.165 0.405 0.419 0.283
12272 SB b, 8.111 0.117 0.090 0.096 0.069
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
b, -.0008 -.0008 =-,0007 =-.0008 =.0007
SE b, 0.0002 0,0002 0,0002 0.0002 0.0001
a a a a a
R* .935 .987 956 951 .978

* Statistics sharing the same letter are not significantly
different (P=0.05)



PABLE 292 ‘ 21,

Statigtical ditferences amongst nopulationg across

environments for lLeaf production

covironmental  stetistic Spain Ladino Huia Kent Russia

Comnarison
HOT/ NS s NS NS NS
COOL
HOT/ b NS NS NS NS NS
COLD o
COOL/ NS NS NS NS NS
COLD
HOT/ NS NS * NS *
COOL
HOT/ b, NS NS o * *
COLD
COOL/ NS NS NS NS NS
COLD
HOT/ NS NS NS NS
COOL | *
HOT , b, NS NS NS NS
COLD %
COOL/ NS NS NS NS NS
COLD
HOT ! »* * * * *
/oo,
HOT/ X * * * * NS
COLD
CUOL/ NS NS NS NS
COLD *

NS = non significance at P=0.05
* = gignificance at P=0,05
The asterick is indicated in line with the environment

containing the larger estimate.



TABLE 23

02,
Estimated leaf production at final harvest
"Statistic Spain Ladino Huia Kent Rugsia
HOT No, of leaves 6.4 5.2 T 7.2 6.1
24°/14°¢ ¥ 1og, 1.858 1.828  1.963  1.970 1.813
at 22 days SE ot ¥ 0.056 0.047  0.067  0.048 0.045
*ab ab ab a b
COOL No, of leaves 4.9 4.7 5¢1 5.7 S+3
12°/6°¢ ¥ log, 1.597 1.552  1.637  1.748 1.666
at 35 days SE of Y 0.047 0.048  0.016  0.022  0.047
b b b a ab
COLD No. of leaves 4.9 ST ST 5.9 5:6
12°/-2°¢ . ¥ 1log, 1.585 1.619  1.751 1.780  1.719
at 43 days SE of Y 0.056 0.059  0.045  0.048 0.035
b ab ab a ab

¥ Statistics sharing the same letter are not significantly

different

(P=0.05)
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4.2.6 Leaf Area ner stolon

The fitted regression curves are plotted in Figure 11
and corresponding data points given in Appendix 3. The
regression statistics and significance groups describing
these curves are given in Tables 24 and 25, When these
curves are compared with those of Total Stplon dry weight
(Figure 9), the development patterns are quite similar.
There were no differences between clover populations for
rate of change in Leaf Area (b.I coefficient) within each
environment. However, on comparing environments (Table 25),
the Leaf Area increased more rapidly in the hot environment
compared with the colder environments,

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 populations tended
to have larger Leaf areas in the hot compared with the

colder environments (Table 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 bo
coefficient (the initial curve placement parameter) in
each environment. All the populations indicated similar
changes in stolon length with time (b, and b, coefficients)
in the cool and cold environments. In the hot environment;
Huia, Kent and Svanish clovers tended to have significantly

greater b1 coefficients to Ladino and Russia but the reverse
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PABLE 2 95.

Repregsion statictics describing the development patterns

for lLeaf Ares

loge(cml) Statistic Spain Ladino Huia Kent Russia
HOT b, 0.767 0.997 -0.136 =0.601 =0.083
24°/14°¢c  SE b 0.166 0.205 0.221  0.239 0,181
* a a be b c
b, ORAT 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
by -.0045  =,0050 -.0072 =,0052 =,0054
SE b, 0.0010  0,0012 0.0013 0.,0015  0.0011
a a a a a
R* L967 - .932 .950  .901 <94
COOL b, -0.083 1.122 0.441 =0.571 0.003
12°/6°%¢ SE b 0.291 0.190 0.201 = 0.230  0.231
be a b c b
b, 0.141 0.090 0,080 0.105 0.078
SE b, 0.031 0.020 0.021 0.024 0.025
a a a a a
b, -.0016 =,0010 -.0006 =,0012 =,0009
SE b, 0.0007  0.0005 0.0005 0.0006  0.0006
a a a a a
R* .933 .938 .948 .926 .885
COLL b, 0.636 1.302 0.602 0,172 0.264
12°/-2°C  SE b_ 0.230  0.174 0.205 0.207  0.164
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
ba -.0007  =.0007 -.0009 =-,0004 =,0006
SE b, .0004 0.0003 0.0004 0.0004 0.0003
a a a a a
R* .906 .915 .902 851 .868

¥ Statistics sharing the same letter are not significantly

different (P=0.05)
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96.

Statistical differences smongst populations across environments

for Leaf Areg

covirommental Statistic Spain Ladino Huia Kent Russia
HOY , * NS NS NS
COOL *
NS NS
HOT/COOL b, 1 . . "
COOL , NS NS NS
COLD * 5
HOT * * L * *
COOL
HOT/ b, * * " = »
COLD
COOL/ NS NS NS NS NS
COLD
HOT/
COoL * ™ * * *
HOT b
/COLD * * + % * *
COOL/ NS NS NS NS NS
COLD
HOT , * NS * NS *
COOL
HOT/ Y * NS * NS *
COLD
COOL/ NS NS NS NS s
COLD
NS = non gignificance at P=0.05

*

1}

significance at P=0.05

The asterick is indicated in line with the environment

containing the larger estimate..



TABLE 26

Estimated T.eaf Area at final harvest

97

Statistic Spain Ladino Huia Kent Rusgia
HOT Leaf Area(em?) 22,69 25,61 18.60 5.40 8.20
24°/14°c ¥ log, (cm?) 3.122 3,243 2,923 1.686 2.104
at 22 days SE of ¥ 0.067 0.082 0,089 0.096 0.073
* ab a b d c
COOL Leaf Area(cm?) 17:03 21,67 12.94 5.03 5:53
12°/6°¢ ¥ log, (om*) 2.835 3.076 2.560 1.615 1.710
at 35 days SE of Y 0.112  0.073 0.077 0.088 0.089
ab a b c c
COLD Leaf Area(em® ) 16.63 21.56 13.14 5.19 4.82
12%/-2% ¥ log, (cm?) 2.811 3,071 2,576 1.647 1.573
at 43 days SE of ¥ 0.115 0.087 0.103 0.104 0.082
-ab a b c c

¥ Statistics sharing the same letter are not significantly

different (P=0.05)
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.
TABLE 27 99.

Regrennion ghetictica deseribing the development patterns

for length of stolon

1oge (em) Statistic Spain Ladino Huia Kent Russia
HO® b, 0.066 0.479 -=0.532 -0.222 -0.115
24°/14°¢ SE b, 0.181 0.112 0.141 0.193 0.161
*b a d bed be
b, 0.161 0.105 0.211 0.171 0.120
SE b, 0,030 0.019 0.023 0,032 0.027
abec ¢ . a ab be
b, -.0026 -.0016 =-,0046 =,0034 -.0022
SE b,  0.0011 0.0007 0.0009 0.0012 0.0010
abc a ¢ abe ab
R* 955 .963 .973 .936 .926
CO0L b, ~0.730 -0.371  =0.545 =0.845 -0.905
12°9/6°¢ SE b, 0.287 0.121 0.176 0.124 0.171
bab a ab b b
b, 0.102 0.096 0.067 0.102 0.086
SE b, 0.030 0.013 0.019 0.023 0.018
a a a a a
b, -.0009  -,0011 =-,0003 =-.0011 -.0010
SE b, 0.0007 0.0003 0.0004 0,0005 0.,0004
a a a a a
R° .918 .977 .955 .939 .943
COLD B, 0.146 0,427 ~0.193  =0.219 -0.364
129/-2%¢ SE b, 0.151 0.109 0.198 0.225 0.089
ab -8 be be c
b, 0.029 0,022 0.057 0.055 0.040
SE b, 0.014 0.010 0.018 0.020 0.008
a a a a a
b2 0.0002 0.0001 =-,0004 =-,0004 -.0002
SE b, 0.0003 0.0002 0.0003 0.0004 0.,0002
a a a a a
R ,957 <945 .887 .866 961

* Statistics sharing the same letter are not significantly
different (P=0.05)

MASSEY UNIVERSITY
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TABLE 28

atistical differences smongat populations across
tisti 3 , )]

environments for stolon length

Environmental Seatigtio

100,

i Spain  Ladino Huia  Kent Russia
HOT/ * * s = *
COOL
HOT/ bo NS NS NS NS NS
COLD
COOL/ NS
COLD * * % *
HOT/ NS NS * - NS
COOL
HOT b ¥ * ¥ * *
/Go1D '
COOL/ * * NS NS *
COLb
HOT/ NS NS : NS
COOL * *
HOT b
/COLD 1 * # # # *
COOL/ NS NS NS
COLD # *
HO' ¥ * * ¥* #
/COOL
HOT Y * * * * *
/¢oLD
COOL/ NS NS NS NS NS
COLD

NS = non significance at P = 0.05
* = gignificance at P = 0.05
The asterick is indicated in line with the environment

containing the larger estimate.



TABLE 29

Estimated stolon lengths at final harvest

101,

Statistic Spain TLadino Huia Kent Russia
HOW Length (cm) 10. 39 7.50 6.58 6.65 4.30
24°/14°¢ ¥ 1log, (cm)  2.341 2.015 1.884 1.895 1,459
at 22 days SEof ¥ 0,073  0.045 0.057 0.078 0.065
* a b b b c
12°/6°¢ Y log, (ecm)  1.728 1,705 1.423 1.364 0.888
at 35 days SE of Y 0.110  0.047 0.068 0.082 0.066
a a b b c
COLD Length (cm)  5.41 5,01 4431 4.37 2.54
129/-2% % log, (cm) 1,688  1.611  1.461  1.475 0.932
at 43 days SE of ¥ 0.076  0.055 0.099 0.113  0.045
a a a a b

* Statistics sharing the same letter are not significantly

different (P = 0.05)



was true for the bg-coefficient (the rate of change of the
rate of change in stolon length). When comparing
environments (Table 28), the clover populations had greater
b1 coefficients in the hot tnan the cold environment.

The final stolon lengths (Tapble 29) in the hot
envirowuwnent showed the greater stolon length of Spanish
clover while Russian clover had the shortest stolons.

This pattern also occurred in the 0061 environment 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 environments,

(Table 28).

4.2.8 Stolon thickness

The fitted regression curves are plotted in Figure 13
with data points given in Appendix 3. The regression
statistics and significance groups describing these curves
are given in Tables 30 and 31. Ladino clover had greater
values for the b0 coefficient (describing the initial
stolon thickness) compared with the other populations in
each environment. However, the estimates 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 bO

in the cool and cold compared with the hot environment,
However, all populations had greater b, values in the hot
compared with the colder environments but the reverse was

true for the b2 coefficient.

102,
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"TABLE 30 104,
Regression statistics descyibing the development patterng
for stolon thickness
log, (& em™) Statistic Spain Ladino  Huia Kent Russia
HOT b0 -6.655 =5.934 -6.556 -6,984 -6.535
24°/14°¢ SE b 0.229 0,171 0.193 0.134 0.146
* bed a be d b
b, 0.169 0.134 0.139 0.149 0.132
SE b, 0.038 0.029 0.032 0,022 0.024
a a a a a
b, -.0035 =-,0029 =,0031 -.0036 -,0028
SE b, 0.0014 0.0010 0,0012 0.0008  0.,0009
a a a a a
R* .903 .904 .889 .932 931
COOL b0 - =5.530 -=4.999 -5.533 -5.772 -5.447
12°/6°¢ SE b, 0.121 * 0.127 0.212 0.151 0.226
b a b b b
b, 0.012 0,010 0.013 0.017 0.028
SE b, 0,013 0.013 0.022 0.016 0.024
a a a a a
b2 0.0005 0.0006 0,0004 0.0003  0.0002
SE b, 0.0003 0.0003  0.0005 0.0004  0.0006
a a a a a
R* 940 946 .823 .884 791
COLD b -5.650 =5.084 =5,987 -6.097 =5.534
o SE b, 0,069 0.111 0.109 0.152 0.079
b a c c b
b, 0.039 0.034 0.070 0.056 0.040
SE b, 0.006 0.010 0.010 0.014 0.007
b b a ab b
by -.0002 =-,0002 =-.0008 -.0006 =,0003
SE b, 0.0001 0.0002 0.0002 0.0003  0.0001
. a a b ab a
R* .923 .948 .874 .964

976

* Statistics sharing the same letter are not significantly

different (P

0.05)



TABLE 31 . 105.

Statistical differenceg amonest vopulations scross

o stolon thickness

Environmental

Catin it soha Statistic  Spain Ladino  Huia Kent  Russia

HOT
/COOL * * = * #*
HOT b
/GoLD 4 X % * % *
COOL/ NS NS * NS NS
COLD
HOT/ ' * * * * kS
COOL
Houw b, * * - * *
COLD '
CUOL/ NS NS NS
COLD * *
HOT
/COOL * ® * i #
HOT/ by
COLD * * * #* *
COOL/ * * * NS NS
COLD
HOT/ NS :
COOL * * * *
HOT/ i §
COLD * * » * *
COOL/ NS NS NS NS
COLD : *

NS = non significance at P =0.05
* = pignificance at P = 0,05
The asterick is indicated in line with the environment containing

the larger estimate.



TABLE 32

Estimated.stolon thickness at final harvest

- 106,

Statistic Spain T,adino Huia Kent Russia

HGT %’gécﬁ‘??? 9.7 12.4 6.8 4.3 6.8
24%/14°% ¥ log (gem™)|=4.636 =4,390 4,991 =5.449 -4,991
at 22 days SE of Y| 0.092 0.069 0,077 0.054 0.059

¥ a a b c b

ROG ?gécige_.sf 10.2 18.5 9.8 T4 11.8
12°/6%¢ ¥ log,(gem”) |-4.585 =3.990 -4.625 =-4,906 -4.440
at 35 days SE of ¥ |0.047 0.049 0.081 0.058 0.087

b a b s b

COLD ?Egcgrﬁi’?;’ 12.5 19.0 1.4 8.1 13.3
12°/-2°C ¥ log (gem) |-4.382 "=3.963 -4.474 -4.816 —4.320
at 43 days SE of ¥ |0.034 0.056 0.055 0.076  0.040

b a b c b

* Statistics sharing the same letter are not significantly

different (P =0.05)
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The final stolon thickness estimated at harvest
time in each environment are given in Taple 32. The
clover populations showed similar rankings within each
environment. Ladino consistently had the thickest
stolons while Kent clover had tne thinnest. When comparing
environments, the stolons were thickest for all populations
'in the cold environment (Tabnle 31). |

In the second growth period, the developmental growth
patterns of the ten stolon characters were generally in
close agreement with 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
vigbur of growth following establishment, a restrictive
influence on growth caused by tne confinemeni of the pots

and/or an effect of defoliation.

4.2.2 Stolon numbers

Two methods o1 assessing the numbers of stolons were
attempted. Firstly, the number of secondary stolons
produced from the tagged primary stolons ot each population
were counted. Secondly, an estimate o1 the stolon population
was obtained by dividing the total pot dry weight by the
stolon leaf and petiocle dry weight.

4.2.9.1 Production of secondary stolons

The fitted curves for the first and second groﬁth
periods are given in Figures 14 and. 15 respectively (data
points in Appendix 3). The straight line was most
applicable for this stolon character. The regression
statistics and significance groups are shown in Tables 33,

34, 35 and 36. The populations had similar placement(bo)



coefficients within each environment (Tables 33 ana 35)
and between environments (Tables 34 and 36). The rate

of change in stolon numbers (b, coefficient) and the final

1
estimated number ot secondary stolons (¥) indicated similar
significance groupings, amongst populations within each
environment.

In the first growth period, the plants were still
establishing and the clover populations produced quite
high numbers of new stolons (Table 33).. Kent and Spanish
clover produced the most laterals in the hot environment
while Ladino was significantly the poorest. Kent clover
was significantly better that the other populations in the
cool environment while in the cold environment, Kent,

Huia and Russian clover had greater numbers of new stolons
than Spanish and Ladino clover. When comparing environments
(Table 34), all the populations except Ladino showed a
greater rate of stolon production (b1 coefficient) in the
hot environment,

During the second growth period, a contrasting pattern
of secondary stolon procduction occurred (Figure 16 and
Table 35). Fewer secondary stolons were formed in each
of the environments, particularly the hot environment.
There were no significant differences between populations
for lateral production in the hot environment. Kent, Huia
and Russian clovers prcduced more secondary stolons than
Spanish and Ladino clover in the cool and cold environments
which was consistent with first growth period. However,
when comparing environments, the populations tended to
show similar rates of stolon production (b, coefficient)

across all environments (Table 36),.
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TABLE 33 110,

Regression gtetistics desceribing the development patterns

0. umbers (First growth cycle
Statistic Spain Ladino Huia Kent Rusgsia
HOT b, 1,472 0,418 ~1,004 =1.200 =0.875
24°/14°¢C SE b 0.387 0.206 0.190 0.184 0.209
* b a b b ab
b, 0.205 0.075 0.174 0.219 0.149
SE b, 0.027 0.014 0.013 0.013 0.014
ab a - be a c
Y 3.04 1.24 2.81 3.54 2.39
SE Y 0.28 0.15 0.14 0.14 0.15
ab c b a b
R* .819 .683 «931 958 .891
COOL b, -0.869 ~0.768 =0,895 =1.022 ~0.844
12°/6%¢ SE b, 0.233  0.129 0.164 0.155 0172
" a a a a a
b, 0.084 0.076 0.095 0.120 0.097
SE b, 0.010 0.006 0.007 0.007 0.007
be 0 b a b
Y 2.15 1.96 2.54 3.31 2.64
SE Y 0.30 0.23 0.25 0.25 0.26
b b b a ab
R® | .843  .935  ,934 961 -930
COLD b, ~-0.806 -0.,383 -=0.713 -0.491 =0.794
199 /-2%0 SE b 0.219 0,148 0.210 0.273 0.270
a a a a a
b, 0.076 0.060 0.099 0.096 0.088
SE b, 0.007 0.005 0.007 0.009 0.009
b c a a ab
Y 2. 47 2,21 3.57 3.62 2.97
SE Y 0.28 023 0.28 0.32 0.31
b be a a ab
R .871 .923 .942 .874 .884

* Statistics sharing the same letter are not significantly
different (P = 0.05)



TABLE 34 . 111,

Environmental  gtatistic Spain  Ladino Huia Kent Russia
HOT , NS NS NS NS NS
COOL
HOT , b NS N3 NS NS
COLD 9 *
COOL , NS NS NS NS
COLD ®
HOT * Ns ¥ » .
COOL
HOT , b, ¥ NS o B -
COLD
COOL , NS NS NS * NS
COLD '
HOT , * NS NS NS
COOL *
HOT , Y NS NS NS
COLD * »
COOL , NS NS NS NS
COLD *
NS = non significance at P = 0.05
* -

significance at P = 0.05

The asterick is indicated in line with the environment

containing the larger estimate.,
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' DTABLE 35 113,
Regression statisticg descxribing the development patterns

for stolon nunbers (second rrowth cycle)

Statistic Spain Ladino Huia Kent Russia
b, -0.413 =0.444 -0.689 -0.650 =0.504
HOT SE b, 0.251 0.338 0.299 0.377 0.224
24°/14°C * a a a a . a
b, 0.037 0.044 0.060 0.059 0.055
SE b, 0.013 0.018 0.016 0.020 0,012
a a a | a a
Y 0.59 0.75 0.93 0.95 0.99
SE Y 0.14 0.19 0.16 0.21 0.12
a a a a a
R .516 . 459 .664 549 749
b -0.720 =0.300 =1.,044 =0.767 =0.763
COOL SE b 0.246 0.111 0.226 0.263 0.291
12° /6% ab e b ab ab
b, 0.039 0.020 0.063 0.055 0.049
SE b, 0.007 0.003 0.008 0.008 0.008
b c a ab ab
Y 0.79 0.49 1.40 1.39 1.16
SE Y 0.13 0.06 0.12 0.14 0.16
be c a a ab
R* 742 791 .899 .836 769
b, -0.807 =0.095 =0.947 =1.405 =0.764
COLD SE b, 0.239 0.139 0.262 0.405 0.385
129/ -2% b a b b b
b, 0.039 0.007 0.050 0.077 0.047
SE b, 0.006 0.004 0.007 0.010 0.010
b c b a b
Y 0.90 0.19 127 1.97 1.29
SE Y 0.11 0.06 0.12 0.18 0.17
c d b a b
r* .810 .258 .857 .852 704

* Statistics sharing the same letter are not significantly
different



TABLE 36
Statigtical ditferences amoncst populations geross

environments for stolon numbers

Environmental

114,

s g Statistic Spain Ladino  Huia Kent Russia
HOY NS NS NS NS NS
COOL
HOT/ ' b, NS NS NS NS NS
COLD -
C0O0L , NS NS | NS NS NS
COLD
HOT , NS NS NS NS NS
COOL
HOT , b, NS * NS NS NS
COLD
C0O0L NS NS NS NS NS
COLD
HOT , NS NS NS NS
COOL " *
HOT , Y NS * NS
COLD 3 *
COOL , NS x NS NS
COLD *

NS = non significance at P & 0.05 -

* = gignificance at P = 0.05

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



4,2.9.,2 Estimated stolon numhers ner not

Further information on the stolon numbers of each
clover population in the three environments was derived
from the dry weight (DV) per pot and dry weight (DW) per
stolon data, This was an approximation of the total number
of stolons in each pot and the estimates for the first and
second growth period are indicated in Table 37.

The principal result shown in Table 37 is the apparent
inverse relationship between growth per stolon and stolon
numbers of these clover populations.

The Mediterranean clovers (Spain and Ladino) had
greater growth per stolon but fewer numbers of stolons
compared with the clovers from temﬁerate climetes (Huia,
Kent, and Russia) which produced less growth per stolon

but greater stolon numbers,
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TABLE 37
Estimate of total stolon numbers per pot
FPirgt growth period Spain Iadino Huia Kent Russia
HOT DW/pot (g) 3.54 4.70 3.68 4.16 4.65
24°/14°C DW/stolon(g) [0.207  0.235 0.126 0.034 0.067
Stolon nos/pot G 20 29 122 T4
CCOL
12°/6°c  DW/pot (g2) 2.28 4.81 2.61 2.60 2.29
DW/stolon(g) 0.134 0.188 0.094 0.042 0.050
Stolon nos/pot 17 25 28 62 4o
COLD
12°/-2°¢  DW/pot (g) 2,62 5.18 3.35 3.2  2.16
DW/stolon(g) 0.131 0.181 0.101 0.046 0.048
Stolon nos/pot 20 28 34 70 45

Second growth neriocd

HOT DW/pot (g) 525 5.42 4.68 4.06 4.52
24°/14%Cc 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°Cc  DW/stolon(g) [0.118 ~ 0.175 0.083 0.025 0.029
Stolon nos/pot 58 53 80 224 128

12%/-2% DW/stolon(g) 0.101 0.154 0.074 0.026 0.026
Stolon nos/pot 65 61 97 229 122
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4,2.10 Pooled Environments ANOVA

4.2.10.1 Dry weight per pnot (g)

At the end of- the first growth period, the leaf and
petiole material was removed from each pot and the data
analysed using the Pooled Environments AJOVA, The ANOVA,
‘population.means and adaptation analysis are shown in
Tables 38, 39 and 40 respectively.

The growth period for the hot, cool and cold
environments was 22,35, and 43 days respectively, and
there was no significant difference (P£0.05) between
environments for dry weight of pots at these stages of
growth (Table 38). From Table 39 there were no differences
between populations in the hot environment but Ladino clover
was superior to the other populations in the cool and cold
environments. Comparing all three environments
(Pooled ANOVA) Ladino was consistently superior to the
other clover populations.

The genotype-environment interaction effect can be
split into variation components for each genotype, which
are knovn as ecovalences. These are given in Table 40
together with the adaptation coefficients as described
in Section 3.2.9.

The Ladino and Russian clovers had the greatest GE
interaction effects (largest ecovalences). The adaptation
coefficiénts and mean yields tended to indicate that Ladino
clover had average adaptability in all environments while
Russian clover was specifically adapted to the hot
environment, However, the significdnce tests of the
adaptation coefficients (b), were egquivocal because of
the low df of regression lonly three environments involved).

Also, for lLadino clover, a large proportion of the GE effect
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TABLE 138

Pooled Anova for drv weight (DW) per pot (g)

Source of Variation DF Mean Square Significance Test
Environments 2 5.978 ' (NS)

Blocks (Env) 6 0.905 *

Genotypes 4 6.219 *

Gen x Env 8 1.034 *

Error 24 0.326

Individual error variances formed a homogenous set

X'= 0,741 (Probability = 0.696)

(NS) = significance at P = 0.10
* = gignificance at P = 0.05
** = gignificance at P = 0,01



TABLE 39

The Population means and gisnificance levels

for DV per pot (&)

119,

Spnain T,adino Huia Kent Russig
3.54 4,72 3.69 4,16 4,65
HOT * a a a a a
COOL 2.28 4.81 2.61 2.60 2.29
b a b b b
COLD 2.62 5.18 335 3,22 2.16
b a b b b
POOLED 2.82 4.90 3,22 3.33 3.03
b a b b b

* Statistics sharing the same lelter are not significantly
different (P = 0.05)

Adaptetion anslysis for DV per pot

TABLE 40

Fopulation moovalence ALREETION, 55 or p Siepificence Stebility
b From O From 1

Spain .0016 1403 .05 # NS «99
Ladino 7173 -0.15 .36 NS NS « 14
Huia .0849 0.81 36 NS NS .83
Kent .0335 1423 + 11 NS NS .99
Russia . 8851 2.08 .79 NS NS .88
(NS) = gigniticance at P = 0.10

* = gignificance at P = 0.05

*x = significance at P = 0,01



was unexplained by the regression line (low stability
coefficient), These factors have made it difficult

to interpret the results from the adaptation analysis.

4.2.10.2 Total Stolon dry weight (=)

The pooled environments analysis of variance and
adavtation analysis were also used to evaluate the
“genotype - environment interaction effects of the ten
stolon characters previously described in the regression
analysis. The procedure of the Pooled ANOVA has been
outlined in section 3.2.6. The total stolon DW AIIOVA,
vomulation means and adaptation analysis are given in
Tables 41, 42 and 43.respective1y.

The environments were not significantly different
(Table 41) but the clover povulation differences were
highly significant, The uniformity of the environments
was attributed to the harvesting at similar developmental
stages in each environment; i.e. at 22 days in the hot,
35 days in cool and 43 days in the cold environment.

The clover povoulations in each environment (Table 42)
had similar significance rankings as those determined
by the regression analysis (i.e. for the s estimates in
Table 17). The genotype-environment interaction effect
was significant (but not as significant as the genotype
differences) and the ecovalences and adaptation analysis
are given in Table 43.

The Spanish and Kent white clovers had the greatest
GE effects (largest ecovalences). The adaptation coefficient
and mean yields for the Spanish clover indicated this clover
to be specifically adapnted to the hot environment. The

Kent clover had low stolon dry weights in all environments,



TABLE 41
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Pooled Anova for totasl stolon dry weight (&)

Source of Variation af Mean Sausre Significance Tesat
Environments 2 0.0068 NS

Blocks (Env) 6 00,0007 s

Genotypes 0.0875 * XK

Gen x Env 0.0020 *

Error 24 0.0009

Individual error variances formed a homogenous set

2

X'= 2.266 (Probability = 0.323)

(NS) = significance
* = gignificance
*¥* = gignificance
HHX =

significance

at P
at P
at P
at P

]

0.10
0.05
0.01
-.001



The population means and significance levels for tota

TABLIE 42
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Stolon DW{Q

Spain Ladino Huia Kent Russia
0.303 0.333 0.174 0.068 0.091
HOT * g a b c c
COOL 0193 0.296 0131 0.072 0.079
b a b (o 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 letter are not significantly

different (P = 0.05)

TABLE 43
Adaptation analysis for total stolon dry weight

b From O From 1
Spain .00202 2.89 .06 * % .98
Ladino .00008 115 «35 NS NS N
Huia .00002 0.89 s 17 NS NS .96
Kent .00091 -0.24 .26 NS NS .46
ussia .00026 0.32 .02 * * «99
¥ = gignificance at P = 0,05
¥ —

gignificance at P

= 0001
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but the adaptation coefficient (b) failed to show a
significant value. The low stability coefficient also
indicated that much of GE interaction variation was
unexplained by the regression line. The Russian clover
had an adaptation coefficient of P41 and low mean yields

indicating it to be adapted to low yielding environmentis,

4,2,10,3 Leaf Area per stolon (cm2)

The pooled ALUVa, populations'means and adaptation
analysis for leaf area per stolon are shown in Tavles 44,
45 and 46 respectively.,

The environmwents were significantly different (Table 44);
the clover populations indicating greater leaf areas in
the hot environuent (Table 45). The clover population
differendes were highly significant in each environment and
the significance groupings support those found in the
regression analysis (i.e. the-¥ estimates in Table 26).
The genotype-environment interaction effect was significant®
(but not as significant as the genotype differences)
and the adaptation analysis is shown in Table 46,

The Spanish and Kent white clovers had the largest
genotype-environment interaction eflfects., The Spanish
clover indicated a high mean yield, an adaptation coefficient
significantly greater than one and a high stability
coefficient (much of the GE interaction explained by the
regression line). In brief, Spanish clovers was specifically
adapted to the hot environment., kent clover, on the other
hand, had small leaf areas in all environments and an
adaptation coefficient of b<1, Kent clover was adapted
to the cool and cold environments, Ladino clover was
generally adapted to all environments, Huia clover also

showed average adaptability but a lower mean yield than Ladino,
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TABLE 44

Pooled Anova for Leaf Area per stolon

Source of Variqiion' af Mean Saquare Signifance Test
Environments 2 100,06 »
Blocks (Env) 6 7452 ' NS
Genotypes 4 613.21 ' * ¥

Gen x Env 8 19.06 *

Error 24 5.80

Individual error variances formed a homogenous set

X*= 0.408 (Probability

0.818)

(NS) = significance at P = 0.10
* = gignificance at P = 0.05
** = significance at P = 0,01
Ll = gignificance at P = 0.001



TABLE 45 : 125,

.
The vpopulation means and sienificance levels for Teaf Area(cﬁlj

Spain Ladino Huia Kent Russia
28.69 26,07 16.56 4.99 8.36
HOT * g a b c c
Environment lMean = 16.94
17.50 21.76 13.05 5,01 551
COOL a a b c c
Environment lMean = 12.57
16,62 21.79 13..30 5«25 4.89
COLD b a b c c
Environment Mean = 12.37
POOLED 20.94 232 14.30 5.08 6.25
a a b c [

* Statistics sharing the same letter are not significantly
dirferent (P = 0.05)

TABLE 46

— L

Adaptation analveis for TLeaf Area per stolon

Population Beovalence KEDIEHION, 55 op y Stepificance Staviity
b Prom O From 1
Spain 21.533 2,61 0.07 * * +99
Ladino 0.028 0.96 0.04 * NS .98
Huia 0.553 0.76 0.08 (NS) NS .98
Kent 8.883 -0.03 0.05 NS %y «33
Russia 0.771 0.71 0.09 (§s) NS .98
(NS) = significance at P = 0.10
* = gignificance at P = 0.05
* %

significance at P = 0.01
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4.2.10.,4, Secondarv Stolon Production

The pooled ANOVA, population means and adaptation
analysis for secondary stolon production are shown in
Tables 47, 48 and 49 respectively.

There were no significant differences between environments
for secondary stolon nroduction (Table 47). ﬁithin each
environment, the clover vopulation differences were significant
and the significance groupings (Table 48) supvort those
found in the regression analysis (ie. the ? estimates in
Table 33). The genotype-environment interaction effect
was sizgnificant and the adavtation analysis is shown in
Table 49.

The llediterranean clovers, Spain and Ladino had the
largest GE effects. The errors associated with their
adantation coefficients were large which was due to the
low df of regresnion (only three environments compared).

The stability coefficients were also low indicating_that a

large »roportion of the GIE effect was unexplained by the
regression line. It is difficult to make valid interovretations
about Spain and Ladino from these results. Huia clover had

an adapntation coefficient significantly greater than one

and a high stability coefficient indicating snecific
adaptability to the cold environment for this character

(highest environmental mean). Kent clover produced the

most stolons in all environments (Table 48) but the adaptation
coefficient failed to show significance.

Valid interpretztions from the adaptation anaiyses S0
far described have been very difficult to make. The
regression analyses have been mainly insignificant due to
the small number of environments involved. The type of

data used (end points) has also tended to reduce the differences
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Pooled Anova for secondary stolon production

Source of variastion af Mean Sguare Significance Test
Environments 2 1.144 NS

Blocks (Env) 6 0.335 - NS

Genotypes 4 3.386 %

Gen x Env 8 0.432 *

Error 24 0.156

Individual error variances are heterogenous

X’z 9.299 (Probability = 0.010)

The pooled analysis is invalid but is presented in

comparison with the other analyses.

*

gignificance at P = 0.05

** = gignificance at P = 0.01



"PABLE 48

———

The popul=ation means and sirnificance levels for

lateral production
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Spain Ladino Huia Kent Russia
3.04 1,23 2.81 3.54 2+39
HOT * ab c ab a b
2.06 1.89 2.44 3.19 2.54
COOL b c b a b
2+45 2,20 3o 3.62 L
COLD c c a a b
2.52 < 11T 2.94 345 2.64
POOLED b c ’ " ab a ' b

* Statistics sharing the same letter are not significantly

different (P = 0.05)

TABLE 49

Adeptation anzlysis for secondary stolon production

Population Ecovalence

Adaptation SE of b Significance Stability

Coefficient Test Coefficient
b FromQ From_ 1

Spain 0.320 0.40 1.73 NS NS .10
Ladino 0.232 0.89 1.55 NS NS .25

Huia 0.110 2.07 0.01 H i .99

Kent 0.024 0.72 0.42 NS NS e 15
Russia 0.035 . 0.91 0.60 NS NS .70

* = gignificance at P = 0.05

* 3%

significance at P

ii

0.01
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between the environments. In view of these reasons, the

remaining adantation analyses for the stolon characters

are given in Avpendix 5.

4.3. Heritability Bstimates

The method of deriving these estimates from variance
componerits has been described in section_3,2.7. The
magnitude of the heritabilities may be hish compared to
those based on single plants, as the estimates are based on
plot memns with their reduced vari?ncé. The-heritabilities
for each stolon character in the first and second growth
periods are given in Table 50. The estimated variance
components and their standard errors for the stolon
characters are given in Table 51.

The herbage components; stem DW, leaf DV, petiole DW
and total stolon DV consistently showed high (0.8)
heritability estimates in both the full and restricted
sense (Table 50). Leaf Area which is closely associated
with herbage production also had high heritability estimates.
The standard errors associated with these estimates were
small so some degree of reliability can be placed on them,

The other stolon DW character involved with whole plant
DW production is the numnber of laterals produced from
existing stolons. During the second growth veriod this
showed both full and restricted heritability estimates of
0.45 but with large standard errors (0.2). The whole plant
DWW showed similar heritability estimates. Data from this
experiment tended to show that heritabilities of whole
plant DV characters were low, while the heritabilities of

individual stolon DW characters were high.



TABLE 50
Heritabilitv Rstimates for the stolon charzmcters
Tirst Growth Period Second Period
§§giggter Full S.E. Restricted S.E. Full S.E. Restricted S.E.
inghgry 82 310 .80 I E U .82 .10
v =
\Iz,?g?gfrhgry 87 .07 .88 .07 |.95 .03 .95 .03
Petiole
dry &1 (18 1T 13 .87 <07 .93 .04
weight
Total dry ' '
Gelchn .86 .08 .88 .07 .90 .05 .92 .04
Leaf
Production | .15 .11 «53 AT 16 <3 .46 +18
éﬁ??%fii °F 1.39 .20 69 .15 .39 .20 7% ok
Leaf Area | .81 .11 .87 .08 |.89 .06 | .94 .04
Tomoer 0T l.stt 4B | .57 18 |.45 .20 | .45 .21
to Totespw| <52 19 | .74 3 [.36 .18 | .58 ST
Eﬁgéﬁgess 61 .20 87 .08 .69 17 «90 .06
Dry weight 7
per Pot 3T LB .51 $20 .45 .19 .56 .20




TABLE 51

Bestimated variance components and their standard errors

for each stolon character

Stolon character Variance comnonent Estimate 8B, of 62
Stem DW (mg) 4 o 32.21 33.03
ué 4.59 11.03
B ™ 498.49 299.53
e 34.10 27.90
g 78441 2175
Leaf D¥ (mg) > 0.73 3.76
T50) ~4.36 8.04
[ i 1303.62 T56.17
o ~10.49 11.43
o 86.33 23:95
Petiole DW (mg) i 23.84 17.56
Oarey -3.44 1.81
ey 381.99 222.56
Ogr 1437 5.31
a* 27.24 1«55
Total DW (mg) i i 142,91 125.74
Ua; -3.98 55436
% 6089.56 3547.72
' periy -1.03 87.18
o= 499,25 138.47
Leaf Production P .569 «425
Go .072 .047
ag .130 .083
oy .005 .022
o> 112 .031




TABLE 51 Continued
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Stolon Character Variance component Estimate S.E. of T*
Stolon length (cm) ' P 2.335 1.723
T ~0.003 0.068
o 2.055 1.287
a2 0.306 0.234
a* 0.609 0.169
Leaf Area (cm?) " i 5.286 4,759
o2 0.343 0.818
o * 66.017 39.349
Oge 4.419 2.892
'} g 5.802 1.609
Secondary Stolon oz 0.036 0.057
production . = 0.036 0.035
s 0.328 0.218
(s 0.092 0.066
a* 0.156 0.043
Ratio Leaf DW s .0008 .0006
Total DW o ~. 0001 .0001
o .0015 .0009
s . 0001 .0001
g . 0005 .0002
Dry Weight o™ «291 «285
per pot (g) 7 .116 .092
0" 576 . 402
Oge .236 +157
g 326 .090




The number of leaves pnroduced by a stolon showed low
(0.15) full sense heritabilities. Stolon length also
showed comparatively low full sense heritabilities but
quite high restricted heritabilities, which apply to this
particular set of environments. The standard errors
asnociaﬁed with the heritability estimates of these stolon
characters were high.

For all the stolon characters showing large heritability
estimates, the error component was the next greatest source
of variation to the genotypic component (Table 51).

Leaf production and stolon length indicated large environmental

effects,

4.4, Simple Correlation Coefficients

The method used to derive the coefficients is given in
section 3.2.8. The phenotypic and genotypic correlations
and significances were derived from the pooled covariance
analysis and the r's are showvn in Table 52,

The stolon components stem D7, leaf DV and petiole DW
were highly correlated with one another both phenotypically
and genotypically. The correlations with total DV are
excluded as this character is not independent of the other
three. Leaf Area showed high correlations with each of the
stolon DY comvonents. The DW per pot indicated significant
phenotypic correlations with each of the stolon D¥ components,
althouﬁh the values were only moderate. The genotypic
correlations were non-significant even though the values
were high. This was due to the low numnber of clover
populations involved (ie. low df).

The negative correlations between secondary stolon

production and the stolon DV components were all significant.



(a) First growth period on
(b) Secord growth period on

TABLE 52

Correlation coefficients

upper side of dizagonal

the lower side of diagonal
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STDW BLDV PTDW TOLDW LNST BLAR NLT W/POT
Stem Dry Weight G.98%** | G,91* G.T73NS |G.96** G-,B86%* G.67HS
STDW P,94*** P.77x** P,G1%x» P_91*** P, 42%%% P,49**
Leaf Dry eight G,OB*** G.95% G.TTNS |[G,99%x%* G-.B83% G.530S
BLDW P.Q3nes P,82x*x P.65%*% [P, g6x*% | P._s3%*x | p_gq%*
Petiole Dry Weight|G.90* G=,93*% G.T6NS [G,94*
PILDW P,75%%%| P 8O**¥ P,T2%%* |P 88%*%
Total Dry Veight G,T4NS |G,98*** | G-, 85% G.6415
TOL'DW P,.68**% | P, Q7 **% P=,50%%x | D_48%%
Length of Stolon [G.84%S |G.8515 |G.86NS | G.83NS G.79NS G.16NS
LNST P,78*%% | P G3xx% | D TTrER | P T1¥%% P, T5*%x* P-,04NS P,39%*
Leaf Area G, 97%*%|G,90%** |G, 93* G,99*** [G,81NS G-,T78N3 G. 48NS
BLAR P, Q3% |P g8xx* |P g7*%*% | P gB**" | P TGr** P=,44%% P.44%x*
Number of Laterals|G-.93* [G-,92%* G-.93* |G-.66NS |G-,91* G-.67N'
NLT Py GRHE [ Pu o 63 % P=.61%%* | Pu 36% |Pe, 63%%% P-, 2411
Dry Weight per Pot |G.93* G.90* G.92* G.B3NS |G.89* G-.TBNS\\ 4
DV /POT P.5o%%* [P, 63xxx P.59%** |P,16NS [P,55%** | p-, 30% \
¢ = significant at P = .05 )

EX

= gignificant at P = ,01

f¥* = gignificant at P = ,001



This supnorts the inverse relationship between growth per

stolon and stolon numbers described earlier. The "editerranean
clovers nroduce large stolons but few of them while the

North Zuronean clovers oroduce big nunbers of small stolons.
However, there were no significant correlations between
secondary stolon oroduction and DW per pots. The

negative correlations between the stolon DV components and

the numbers of new stolons being produced which also showed

low heritability estimates, collectively brought about the

unpredictability of the DW production from a pot.

4.5. Electrical Conductance Technique of Asgsessgsing Frost Iniury

The method has been outlined in scction 3.1.8.  The
Tirst conductance test was carried out when the plants had
been in the controlled environments for two weeks but before
any frost treatments had occurred. Thereafter, the clover
populations were tested at three weekly intervals. The
results are illustrated in graphic form in Figures 16, 17
and 18. Bach data point represents the mean of three
conductance measurements. Values of L, the index of injury,
greater than 0.5 (507% leaching) indicated severe damaze to
the leaves. The approxinate killing points of the exised
leaf tissue were estimated from the eye-fit curves at
L = 0.5 and are shovmn below the Pigures.

As the frosting temperature was decrensed over the
course of the experiment, all the clover populations indicated
a gradual increase in freezing tolerance of their leaves
(Pigure 18). As expected, the clovers from higher latitudes
generally showed a greater degree of frost hardiness.

Russian clover was the most hardy and Spanish the least,

both at the beginning and end of the experiment. However,
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Ladino clover winich originates in the lhediterranean, had
similar hardening properties to Kent and Hula clover,
Further decreases in the frosting temperature with time may
have eventually separated the clovers into a more distinctive
order,

Frevious studies (Rowley 1576; de Ruiter 1979) have
indicated a disnarity vetween frost temperatures regquired
to kill exised leaf tissue compared with whole plants,
A small side-line study to compare mefhods of'assessing

frost toleraince is described in Appendix 2.
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CHAXTER 5
DISCUSSIUN

5:1 Development patterns of the sfolon characters

Characteristic developmental patterns for scvem dry
weight (D), leaf D, petiole DW and total stolon DW
occurred in the three environuwents for ewch clover
population, Ladino clover consistently had greater values
for the b, regression coefficient.(a curve placement
parameter describing the initial growth potential) for
these stolon DW components., Generally, the clover
populations demonstrated similar growth rates (as described
by the b1 aud b2 regression'coefficients} for DV production
of their component stolon characters within each of the
controlled environmenits., Consequently, those populations
which produced stolons with large stews, leaves and
petioles such as the Ladino and Spanish clovers, were
consistently superior to the small leaved kent and Russian
clovers in all environments,

All the populations showed greater growth rates (b1
coefficient) for DW production in the hot compared to the
colder environments but the growth rates declined at a
faster rate (b2 coefficient) in tluie hot environment.
Brougham (1962) previously showed that the maximum possible
Yield of dry weight was a function of the light environument.
In this experiment, light intensity and duration were
equivocal so that the ultimate DW yields were similar for
each environment. Thus, on examining the stolon DW curves,

it appeared that near optimal DV production of the clover
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populations wus achieved in 20~25 days in the hot environment,
whereas an appreciable growih rate still continued after
‘40 days in the cold environment.

Tne traditional technique of 'Growth Analysis'
involved such concepis as relative growtn rate, uet
assimilation rate and leaf area ratio which was based
on the estimation of the major parameters of growth
(dry weight and leaf area) over a stated harvest interval.
This required the Dold assumption that dry weight ;
accurulation was constant vetween any two harvest times,
Regression analysis on the other hand, utilizes information
from a series of srall frequent harvests to derive
polynciiiel {uictions which deséribe the relationship of
dry weight and leaf area with time (Radford, 1967T;
Nicholls and Calder, 197%). Standard errors can be estimated
for the regression coefficients describving these functions,
so that stetistical tests can Le used to com.are curves,
The use of regression analysis to derive polynomial
curves in growtln studies has enabled plant breeders to
effeclively assess and compare genetic and environmental
effects,

Cooper (1964) found that Mediterranean populations

of L. perenne and D, glomerata had superior growth rates

to Norwegian populations under low temperature conditions.
It has been suggested that Mediterranean populations use
photosynthetic assimilates to produce greater leaf area
and thus maintain growth in winter, while North Buropean
material use asgimilates for storage in roots and shoot

bases s0 as to survivy: the cold winter conditions of
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their native habitats (lacColl and Cooper, 1567; kagles,
1967; Robson and Jewiss, 1968), Williams and Hoglund (1978)
found similar results with Spanish and New Zealand clovers,
wiien thie oSpanisn material produced a higher p»ronoxriion of
total weight as leal weignt under controlled low temperature
conditions, However, in this experiment, the North

furopean clovers had similar leaf growth rates to the
Mediterranean clover in the frosting room, and the
proportion of leaf to total tissue (ratio) was lhe same

for VLoth populations.

Morley (1953), ©agles (1967) and Lawerence et al

1]

(1973) stressed the problem associated with controlled

- envirorment conditions wiiere environmeantal factors are
held constant except those factors considered important
trcatments, Low temperatures are usually associated

with low light intensities, short photoperiods,

and small diurnal fluctuations in the field, Under low
light intensity, a reduction in the NAR (net photosyntnetic
activity of the leaf surface) causes differeat responses;
such that the Ilediterranean material uses stored
asgimilates to expand more leaf tissue wnile Iiorth
Buropean material uses assimilates to maintain cold
hardiness (Thomas, 1568; Lorenzetti et al. 1971). In this
experiment, the light intensity remained moderately high
s0 thatl photosynthesis continued at a moderate rate and
all populations irresvective of origin, maintained similar
growth rates in each environment, The frosting conditions
did not adversely aifect any of the clover populations

nor substantially decrease their ODW production, The day

temperatures of 12°C and medium-light intensity (160 W/mz)
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enabled the liediterranean and Northern clovers to continue
leaf production and also attain a certain degree of frost
tolerance, It appears that cold per se. is not the
causal factor bringing about different growth responses of

Mediterranean and suropean grasses and clovers, ovut all

the climatic factors associated with frosts (i.e. short days,
low light intensities,harsh winds..) collectively affect
the growth responses. -

The development patlierns of all the clover populations
for leaf production were constant within each environment.
However the rates of leaf production difiered between
environments. In the hot euvironment, all populations
produced approximately 2,0 leaves per week, while in tiae
cool and cold enviromucnts, 1.0 and 0.8 leaves per week
respectively were produced, This rate of leaf production
is consistent with earlier work (iitchell, 1956) but
Williams and Hoglund (1978) found that iiew Zealand clover
produced a greater nuuber of leaves than Spanish clover in
the hot environuent., Tney found this increase of leafl numbers
in the warumer environment (22.5°¢/14°C) partially
accounted for the superior stolon production of liew Zealand
clover to that of Spanish clover at this temperature. In
this experiment no differences were found between populations
for leaf production and the relative stolon herbage DVW
production between populations remained the same in each
environuent., A possible reason for the discrepancy of
results involves the origin of the seed in the two experiments.
Williams and Hoglund used progeny lines of the seven

Grassland luia parents wnile in this exXperiment, breeders
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seed (three generatious rewoved) was used, Some genetic
drift may have occurred during seed multiplication, causing
disparity in p;eformance between the two sources of
Grasslands iuia,

Beinhart (1963, showed that the herbage production
from Ladino stolons was closely associated with the
amount of photosynthetic leal tissue formed, The results
from this experiment also clearly show the close
correlation (r = .,98) between the fotal stoion herbage
production and the leaf area attained (see section 4:4).
The clover populations demonstrated siumilar development
patterns within each enviromment, The regression
coefficients describing the ratle of chance in leaf area
were constant for each clover which is reflccted by the
'parallel! curves in IFigure 11, The initial. placement
coefficient had a direct bearing on the size of the
final leaf area attained, ILadino had the largest stolons
aad leaf area in all environments, whereas Kent and
Russia nhad the smallest.

When comparing eunvironments the rate of leaf area.
production shown by these clovers, was greater in the
hot environment compared to the colder environuents,
However, the rate declined at a faster rate within the
hot environmrent, In time, the leaf area produced by any
one clover would have been constant across all environments,
Both Liitcuell(1955) and Brougham (1958) found the leaf
area attained by liew Zealand wnite clover was a function
of the light environment; tue rate of leaf area production

being determined by temperature.
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Long spindly stolons with lengthy stolon internodes
were formed in the hot environment, However, in the
"frosting environment, all populations produced shorter
stolons with leaves more tightly packed together., As

stem growth continued, the stclons vecame tnicker and

(4]

deuser in “ne cold environument, ineluding the lLediterranean
clovers, Ihis build up of stem tissue is probably a
response to cold temperatures so that the clovers can
survive frosting conditions, The liediterranean clovers

also showed this respnonse, but under reduced light intensity
and shortened photoperiod a contrasting developmental
regponse may nave occurred,

Bach clover population wqé associated with a distinet
‘morpnological habit of growth. The populalions showed
high, full heritability estimates for the stolon DVW
characters and leaf area, The correlation coefficients
between these characters were also high. Thus, Ladino
clover showed large stems, leaves, petioles and leaf area
in all environments, while in conirast kKent white clover
had small stolon component parts., However, the negative
correlations between the stolon DW characters and the
nunbers of new stolons being produced, which also showed
low heritavility estiumates, collectively brought about the
unpredictability of the total DW production from a pot,.
The total DW from a pot did not appear to be strongly
correlated with any of the stolon characters.,

The characters stolon length, stolon thickness and
leafl production showed quite low full sense heritabilities

but high restricted heritabilities, The full sense
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heritability is estiuated such that the paenotypic variance
includes tue variation due to different environuments and
blocks within environments, This heritability is

provably a more realistic estimate of that porticii of the
total variation shown by a stolon characuer, wiiicn is due
to genetic influences., The restricted neritability is
based on the phenotypic variance containing no block or
environmental variation., This heritability estimate only
applies to one particular environment wnere the measurements
wexre made, A large proportion of the variation in leaf
production, stolon length and stolon thickness was due

to the environwmental effects.

5:2 Iroduction of new stolon units

The rate at wnich secondary meristewms became active
and produced branch stolons was considered an important
factor in the growth and persistance of white clover
(Mitchell, 1956; Beinhart, 1963; Williams and Hoglund, 1978).
The life span of any one stolon is limited (Cuow, 1967;
Beinhart, 1953) 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.

From 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 Russian clovers produced high numbers.,

During the course of the experiment it becaue clear that

clovers with greater growth per stolon had smaller numbers



of stolons while those clovers waiechh produced less growth
per stolon had large stolon numbers, This inverse

relationship between growth per stolon and stolon numbers
is consistent with results of Williams and Hoglund, 1973.

Stolon vrancuing is also iufluenced by envirounisental
conditions, During the first growth seriod of this
experiment, the five clover populations produced quite
high nunbers of stolons in all environments., Spanish and
Kent clovers produced the most laterals in the hot
environment while kent, Huia and Russian clovers had the
greater numbers within the colder environments. Ladino
clover produced the- least new stolons compared to the otuer
clovers in all environments, I the second growth period,
a lot fewer secondary stolons were produced, particularly
in the hot environment where there were no differences
between populations., Kent, Huia and Russian clovers
continued to produce more secondary stolons than Spanish
and Ladino clovers in the cool and cold environments,

The difference beiween the two cycles sugsests that during
estavlishment, the clovers were actively brancning to form
a base populavion of stolons., Subsequent environmental
conditions, may then have had a strong influence on stolon
branching.,.

Stoloan braanching appears to depend on the seasonal
fluctuation of environmental factors, of which temperature
is only one., Brock (1974) showed evidence that stolon
populations of clover do snift from season to season.
Williawms and Hogluund (1978) found that vlants growing under

constant environment regiumes were unsuitable for seasonal

growth studies., They suggested this problem, could be

14‘7-
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overcome by using appropiate pretreatiient conditions. In
this experiment, plants were established during summer

in glasshouse conditions of high temperature, high light
intensity and loﬁg (15 hour) photoperiods. On transferal
to the controllei environuent roows, boti the ligat
intensitly and photoperiod were reduced, a situation

similar to autusn conditions, Thus, intérpretation of the
stolon branching resuonses in terms of temperature alone
could be misleading as other environmental factors appear
to be involved. This stiresses the problem of extrapolating
information from controlled environwent studies as an
explanation of possible responses in the field. Varying
the light intensity and photoperiod would nave factorialised
the number of growth rooms required in the experiment
making it difficult to manage the practical work.

However, the resulis from this eXperiuent do support
in part the view of Williams and Hoglund (1978), ¥hat the
superiority in DW production of Spanish over New Zealand
clover in autumn~-early winter could be a consequence of
improved stolon branching of the Spanish clover in hot
suummer conditions., During the second cycle, the Liew Zealand
(Grasslands Huia) and Kent white clovers had greater
numbers of secondary stolons in the cooler temperatures
which were coumparable to late autumn-winter conditions
in teumperate regions. Improved branching at this time
would result in superior total plant growth during the
following spring and sumner, This adgptive responée would
ensure survival in an environment where winters are cold
and sumuters conducive to rapid growth,

Ladino clover developed into a high producing clover



from establishment and showed the greatest total DV
production in all environments during both growth periods,
However, its lack of stolon branching at all temperatures
particularly in the second growth period, could possibly
lead to a decliune in the DJ production per pot from
Ladino clover relative to the other clovers with time, The
reported frosting dawage or lack of winter hardiness of
Ladino (Gibson et al, 1963) may be'due to this fall in
the number of active meristems rather than damage to the
existing stem and leaf tissue. liost field reports of
Ladino clover stress its lack of persistence (Beinhart,
1963; Knight, 1953). In U.S.A. it is treated as an
annual pasture leguwe (Gibson, 1962),

The Russian clover had simwilar branching responses to
Grasslands liuia and kKent white clover., However, even
thougn the Russian clover tén&ed to have increased
branching at the low temperatures (significant at ¥=0,10),
the total number of stolons were too few to compensate for
the low Di per stolon produciion, Consequently, during

the second growth period, the total DW per vot production
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from Russian clover in tue cold environment was significantly

poorer than the otier clover populations., This reduction
in growth per stolon and low production of new sitolons
(an apparent quiescent state) shown by Russian clover in

thie cold environment, may Le an adaptive respounse to

survive harsh winter conditions characteristic of its place

of origin,

5:3% Adaptation Anzalysis

Some important factors relating to the adaptive

responses of these Iive wuite clover populations were snown
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by the regression analysis, DBriefly, tlhose populations
which‘produce large stems, leaves and petioles such as the
Ladino and Spanish clovers, have consistently greater
stolon dry weignt than the smaller leaved clovers (Xent
and hussia) irrespective of tewmperature chauges., Secondly,
tne changing pattern of total plant production between
clover populations and environmsntal conditions is the
result of different stolon branching pharacteristics.

This factor governs tue maximium dry weight production of
a clover under favourable environmental conditions and may
have a bearing on survival under harsh conditions. This
character, unfortunately, is also the most difficult to
assess, In this experiment, the numbers of secoudary
stolons produced from the primary sﬁolons in the given
time periods, were quite small, Also, the standard errors
associated with the estimates for tnis character,

calculated from the regression analysis, were fairly large.

of branching shown by tunese clovers under diversc temperature
conditions. An alternative method, such as the use of a -
quadrat to determine stolon numbers per unit area, may
have given more definitive results.

The adaptation analysis developed by Finlay and
Wilkinson (1963) and Eberhart and Russell (1966) was used
to aid in the understanding of the adaptive responses
shown by these clovers., The genotype = environment
interaction effects for each stolon character were evaluated
using the regression analysis described in section 3:2:8.
The liediterranean clovers had high mean yields for the

gtolon nerbage production characters (stem Dv, leal D,
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petiole DW and total DW). The Spanish elover also tended

to show adaptation coefficients greater than one for these
characters (including leaf area). This inlicated that

this clover functions well in favourable environments but
much less in poorer eavironuents, OSpauish clover appeared

to respond to good growing conditions but became less
productive in stress environments, <The Ladino clover had
adaptation coeificients close to one in many cages indicating
general adaptability to all environments. However, the
coefficients often failed to achieve significance,

The North European ciovers hazd low mean yields for the
stolon DW components, fihe Keqt clover in particular
indicated adaptation coefficients less than one for taese
characters. This shows a gpecificity of adaptability to
low yielding (cool) environments. The iiuia clover had
intermediate yields for the stolon DW characters in all
environunents and for some of these characters, adaptation
coefficients close to one indicating general adaptabilitly.
However, this clover also had an adaptation coefficient
significantly greater than one for the productiocn of new
stolons. This indicates specificity of adaptability 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 larger sauple of
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.

environmnentis, jﬂe environuwental means for soie chﬁracters
were also quite close together which resulted in the
estimated regression function having a low coefficient of
determination., IThe standard errors of the adaptation
(regression) coefficients were lurge in many cases waich
made it difficult to achieve significance and difficult to

reacn valid conclusions.

5:4 Cold Tolerance

All the clover populations indicated a gradual increase
of freezing tolerance of their leaves over the course of
the experiment (Figure 18). The degree of hardiness
gttained by each clover was closely associated with their
place of origin, Those clovers frou Northern curope, where
the winters are harsh, were the most hardy, while the
lediterranean clovers wvere tﬁe least, As previously
mentioned, the day teumperatures of 12°C and medium 1ight
intensity (160 H/mz) enableai tie llediterranean aud Nortnern
clovers to continue photosyntnesizing and also aitain a
certain degree of frost tolerance. Rowley (1976) concluded
that some growth was necessary for initial develogpment
of frost hardiness, However, a final high degree of
hardiness ilay be prevented as the active physiological
state of the plant inhibits the accwmulation of
photosynthetic products necessary for complete hardening
(de Ruiter, 1979). e could speculate that under harsher
environmental conditions, the Kent and Russian clovers may
have ceased growth and attained a high level of cold

hardiness, whereas the Spanish clover may have continued

growth but suflfered structural damage.
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In general, the cold tolerance was also associated
with a certain morphological type of clover, ©Tie most hardy
clovers (Kent and Russia) produced the smallest DW per
stolon (small component parts) but produced the largest number
of stolous, The Spaunisn clover was in coumplete contrast,
being the least hardy bul producing large plant-parts.
.However, Ladino clover showed relatively high tolerance to
frosting of its leaf tissue even though it had large leaves,
It would appear that there may be physiological processes
unrelated to the accumulation of photosynthetic metabolites
and/or morphological pattern, which give clovers some cold
tolerance, For instance, the Spanish clover is cyanogenic
whereas Ladino clover is acyanogenic, although it is of
liediterranean origin, This could be an important factor in
its greater frost tolerance to leaf danmage (Daday, 1965).
However, the winter hardiness of Ladino clover has been reported
to be poor (Beinhart, 1963; Gibson et al, 1963). A4s
previously mentioned, this was probably due to the failure of
Ladino to form new active meristems (stolon branciing) during
winter for the following spring growtn. ioven though it
survived frost damage to its leaves, it failed to persist
through the winter, This type of response may also occur
with GSpanisi clover.

The lew Zealand clover (G, Huia) appears to ve ideally
suited to a temperate climate wilh warm sumiers and cool
winters. The important attribute seems to be a compromise
between DW production per stolon and the numbers of’
stolons it is capable of producing. it is inferior to
the kediterraiean clovers in stolun‘DH production but

superior to the more cold hardy Kent and Russian clovers,
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Conversely, it prodbces l:rger nuwwbers of stolons than

the liediterranean clovers, particularly during winter to
ensure continued growth in the following spring a.d summer,
This adantive resvonse of G, Huia is an important factor

in the success ol tThis cultivar in tewperate regions,
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CONCLUSIOLHS

The following points emerged on the adaptive respoinses

shown by these five wnite clover populations to varying

temperature conditions

1e

0

The five clover populations showed similar development

patterns for the stclon DV componenﬁs (stem, leaf,
petiole and total D) and leaf area within each of the
three environments, All ;oUulations irrespective of
origin, maintained sinilar growth rates in each
environment which had the alffect of producing 'parallel!

curves, 1he initial plscenent coeificient consequently

had a direct bearing on the size of the final stolon DV

attained., Trhe kediterranean clovers, lLadino and Spain

consistently produced stolons with large stens, leaves,
petioles and leaf area in all enviroawents wnile the
Russian and Kent clovers produced stolons witﬁ small
coimmponent parts.

It appears that temperature alone does not cause
different growth responses of liediterranean, teujerate
and continental clovers. hediwa ligh{ intensities and
12 hour photoperiods within the frost room enabled the
Mediterranean and horthern clovers Lo continue stolon
DWW production and also avtain a certain degree of cold
tolerance, Other climatic factors associzted with
cold temperatures such as short photoreriods and low
light intensities mey nave collectively bwrought about
different growth responses of these clovers., This is
a limitation with controlled environment studies where

only one treatment is applied at a time,
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Je Bach of the clover populabtivus was associated with
a distinet stolon morpnology. Regardless of temperature
conditions, the Mediterranean clovers produced large
stolon parts while North BSuropean clovers nad small
stolon parts, This was vorune out by the hizh heritability
estinates for thie stolon Dy coumponentis and leaf area,
indicating that a large portion of ti1e variation for

these stolon characters was due to genetic influences.

4. A considerable proportion of the variation in leaf
numoers, stolon length and stolon thickness was due
to environmental elfects, The five clovers produced
similar numbers of leaves within each envircument, but
leaf production was far greater in the hot room, The
clovers produced long spindly stolons in the hot room
but short thick stolons in the frost rooum, This
build up of stem tissue is probably a response to cold
temperatures so thal the clovers can survive Ilrost

conditions.

The changing pattern of total plant production
between clover populations and environuents appears to
be the result of different stolon branching characteristics,
This factor governs the maximum DJW attained by a clover
under favourable environmental conditions and influences
survival under harsh conditions,
G The negative correlation coefficients between the
stolon DWW characters and thie numbers of new stolons being
produced clecarly showed that the clovers with large
stolon parts had swall numbers of stolons while the clovers

with small stolon componentis had large stolon numbers.
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The clovers ‘indicated different bLranching resuonses
under the turee temperature conditions., Ladino clover
failed to produce many new stolons at all temperatures

LT

which undoubtably affects the persistence of this

clover, opaiuisih clover appeared to nave slignitly better
branching under hot conditions, wnile the Kent, Huia

and Russian clovers had glightly improved branching at
cooler temperatures, The results were not always clear
and other climatic factors probably iufluence stolon

branching,

In the field, plants adapt to the seasonal
fluctuation of climatic factors by a sequence of
development changes turoughout the year, to ensure
successiul growth and survival, IYronounced changes in
the growtii responses of tinese clovers between environments
did not occur, probabiy"because of the 'artifical!
nature of the climate rooms in which thney were growing.
liowever, the brauching responses iundicated in this
experiment, suggest that the improved plant production
of Spanish clover during autumn-early winter (found in
field trials) could be dﬁe to the increased numver of
stolons formed earlier in the hot suminer conditions,
Conditions are favourable for growith during autumn in
the lediterranean and the adaptation analysis for
Spanish clover indicated a specificity of adaptability
to favourable environnents.

Ladino clover did not show any particular branching
pattern and in this experiment produced the greatest
amount of herbage in all environments, This cultivar
shows general adaptability to all environments, 1In

tine, there would have probably been a decline in the
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production firom Ladino which has veen found in field
conditions alfter one year, The Huia and kent clovers
appeared to have increased stolon branching in the cool

temperatures like those of autumn and early spriug in

0

teuwperate regions., Iuproved siolon nuuvers ati tnese tine
would ensure survival turough the wiunter followed by rapid

growth later in spring and sunmer,

All the clover populatiuné indicated a gradual
increase of freezing tolerance of their leaves during
the experiment. The degree of hardiness attaiuned by
each clover was closely associated with their place of
origin, Those clovers from lorthern Zurope, where the
winters are harsh, were the mostv nsrdy wiaile the
Mediterranean clovers were the least, The mosi hardy
clovers were also characterised by small stolon components
and large numbers of stolons, The frost conditions did
not cause struciural damage to any of the five
clovers, Wider differences vetween the five clovers
for cold tolerance may have occurred under harsher

.

environmental conditions,
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ATPFPENDIX 1
Frosting Timetable'
Cycle 1 Time Frosting Cycle 2 Time ° Irosting
(bays) Intensity °C (Days) Intensity °C

Week 1 2 -2 Week 1 2 -3

3 -2 3 -3

4 -2 4 -3

Week 2 9 -2 Week 2 8 -4

10 -2 9 ol

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 Week 4 22 w8

24 . 23 -5

25 -2 24 -5

25 -5

Week 5 30 -2 Week 5 29 -5

31 -2 30 -5

32 -2 31 -5

3 -5

Week 6 37 -3 Week 6 36 -6

38 -3 37 -6

39 -3 38 )
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AP PEIDIL 2

Comparison of technicues assessing frost tolerance

The electrical conductaace technique is relatively
quick and simple but previous studies (J.l., de Ruiter
per. comm,) have indicated that the method under-
estimates actual temperatures required for plant kill,
A small side~line study was carried out with the
objective of comparing the temperature gradient bar
method of assessing frost tolerance with that of

direct frosting intact plants within the cold room.

Additional plantls of each population were planted
in pots on the 10 February and leit to establish and
harden outside until the 1 June, During hkay, the mean
maximum temperature had dropped to 14°C and the mean
grass minimium to 4°C. Four frosts were recorded
during this period, the lowest being -3°C, The plants
were considered to be adequately frost hardened by
this stage. Their freezing sensitivity was then
determined by both temperature gradient bar and
successgive frostings under controlled cold-room
conditions with subsequent visual assessment of damage

(0=5 scale).

The cold-room conditions were similar to those
outlined in section 3:1:4, but with five frost treat-
ments: -4°, —60, —80, -10°% and -12°Cc, Three pots of

each clover population were subjected to the -4%¢ frost



then removed to a glasshouse for visual assessment

. of damage. Following this a fresh set of pots was
subjected to the ~6°C frost on the following day
and the series continued., The temperatures required
to cause frost injury of intact plants in the
frosting room were then compared with the killing
temperatures of exised leaf tissue (from a remaining
set of plants left outside) estimated from the

temperature gradient bar.

The injury curves for the two methods of

agsessing frost tolerance are shown in Appendix

Figure 1. The following scale was used to assess

the damage of plants removed from the frosting room:

lio damage

liecrosis on leaf edges
Younger leaves killed

Half of the foliage killed
Some survival of older leaves

U1~ W 0= O

Leaves completely killed

A value of 2% was used as an estimate of 50%
necrosis. This was compared with the 50, killing
index (L) assessed by the electrical conductance

technique.

The estimated killing temperature of leaves on
the gradient bar were substantially higher than that of
whole plants in the frosting room., This discrepancy

probably arose from the use of exised leaves on the

1

2
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APPENDIX FIGURE |
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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 is slow in the controlled frosting environment,

IHowever, the absoluve temperature required to
cause injury is not the important factor, but that the
two methods used in assessing cold tolerance produce
comparable results, A significant correlation wasa't
achieved in this experiment (r= .65 with 4 df) due
to the low degrees of freedom, A similar experiment Dby
de Ruiter (1979) wusing 15 forasze legumes established
a significant correlation (r= ,70). A correction
factor was also evaluated so that approximate field
killing temperatures could'be obtained from the

electroconductivity measurements,
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AFFENDIA 3

Data for the Regression analysis

e = Environuents 1

2

3

b = Blocks 1

2

3

g = Clover opulations 1

2

3

4

5

T3l = Time when stolons
ST = Stem DW
BLDii = Leal DW

FPDL = Petiole D
TOTDI = Total DV
NET = humber of Leaves

LNST = Length of stolon
BLAR = Leaf Area

= HOT (24°/14%)
= C00L (122160 ).
= CULD (12° /<2%0)
= Block I '

= Block II

Block III

Spain
Ladino
Huia
Kent
Russia

were measured (days)

NLT = Number of Laterals
STTK = STDH/LHST = Stolon thickness

RATIO = BLDI/TOTDI = Ration of leaf to total DW

Zach piece of data is the mean of 10 stolons
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b TM STDM BLDL FIDILL TOTDI NET LLST BLAR LLT
1 5 ,007 ,022 ,000 ,029 1.,80 2,27 5.,42 O

2 5 L007 .024 .COO .031 2.33 2.43 5,38 O

3 5 L006 .025 L0000 .034 2.20 2.30 6.68 O

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 04,0
3 9 012 .,035 LO11 037 3,10 %.80 41.47 0.1
1 13 L,053 ,030 .,026 .170 4.10 6.14 17.72 1.0
2 13 L0039 075 4021 135 4.33 5.49 17.60 0.9
3 13,031 4069 .,023 4129 3.60 4.93 17.56 0.6
1 17 .053 ,093 ,032 L1786 4.60 6,66 21.23 2.0
2 17 4067 4116 4037 4219 5.67 9.29 24,02 2.1
3 17 065 4109 4043 ,.217 4.89  9.41 24424 1.7
1 22 110 o157 4069 4336 7450 10.88 33.58 3.1
2 22 .103 4156 L0680 4320 6.60 10.47 30,38 4.7
3 22 L081 ,122 .,052 .255 5.50 8,76 22.83 2.2
1 5 L0111 .039 .000 .050 2.3% 2.54 6.54 )

2 5 ,014 ,L033 .000 .052 2.11 2.51 6.11 0
'3 5 L,012 .,046 ,000 .058 2,63 2,75 T.64 0

1 9 ,028 ,070 .,030 .128 3,20 3,78 15.56 0.1
2 9 ,026 .,043 ,025 .100 2.78 3.53 11.90 0.2
3 9 ,026 .,040 ,019 ,085 2,70 3.75 10.90 0.4
1 13 ,052 .104 ,046 .202 3,90 4.74 18.23 0.4
2 13 053 o057 .054 4204 4.13 5.76 22.39 0.%
3 13 033 077 +035 145 3.58 4.19 17.64 0.6
1 17 4062 o116 .065 4243 4.67 6.37 22.74 0.6
2 17 .051 .091 .049 .191 4.44 5.41 17.80 0.8
3 17 4078 +129 .073 280 5.38 5.84 25.75 1.6
1 22 097 +153 +129 379 6.89 T.67 30.42 f
2 22 L092 123 121 4336 5.78 T.49 24,20 0.6
3 22 .083 124 084 307 ©.20  T.21 26.48 143



187,

g b T STDM BLDM PTDM TOTDM NPT INST BLAR  NIT
3 3 5 .,004 ,016 ,000 ,020 1:90° 1,32 %21 ©
2 5 ,L,004 ,013 ,000 LO017 170 1,04 2.74 O
3 5 L,004 .016 ,L000 ,020 2.70 1.60 3,08 O
3 1 9 ,L,009 .025 L0088 L042 2,90 2.18 5.80 0,2
2 9 ,L,012 ,L,037 .011 ,L060 340 2.81 87T 046
3 9 L0099 ,L,025 .009 ,043 300 2,96 F.B85 0.5
2 1 15 ,L,029 066 ,025 L1320 4,44 4.86 12,60 0.9
2 13 ,027 .,060 ,020 .107 4,30 4.41 12,61 1.6
3 13 o022 L,047 .017 .036 4.38 4,34 10,90 1.5
5 T 1T 038 4065 02t 121 5.80 85.31 12:43 2.2
2 17T 028 064 021 113 4,70 5,65 12.41 1.4
3 17 L0531 .081 ,032 -.144 5620 5.26 17.76 1.9
% 1 22 L,051 ,089 ,052 .192 Te60 6452 18455 3.1
2 22 ,049 ,092 ,047 .188 6.90 6,80 18.35 2.5
3 22 L4047 079 4039 .165 6:T0 Te18 15,25 Fel
4 1 5 .005 LO0O7 .0OO ,LO10 2.11 1.77 1.27 O
2 5 ,L,003 ,007 .OOO ,L,010 2,40 4.7 1.44 O
3 5 L003 ,007 L0000 L010 2,50 1.58 1.2T ©
4 1 9 ,L,009 ,018 ,001 ,028 3440 2,94 3.28 0.7
2 9 L009 .017 .,001 .027 3.80 3,32 3,18 0O.b
3 9 ,L,006 ,011 ,L,001 ,018 310 2,78 2423 05
4 1 13 L017 .020 .007 .043 4.40 4.30 3.70 1.6
2 13 L017 4019 .C06 .042 510 5.04 3,45 1.3
3 13 L010 .012 .004 .026 4,22 B3.00 3,08 1.3
4 1 17 .021 .025 ,009 .055 5456 5.T1 519 2.6
2 17 .023 ,026 ,012 .061 6,00 5.86 4.55 2.2
3 17 .020 ,L,021 ,007 .048 500 4.56 3.89 2.1
4 1 22 ,L,028 ,028 ,014 ,LO70 T:50 6.95 6,08 3.8
2 22 ,L,029 .029 .012 L0770 Te67 6494 5.35 3.2
3 22 L,027 .025 ,010 .062 6.89 6.02 3.95 4,2



STDH

e g b TH BLDi }TDI TOTDIN NET LHST BLAR NLT
15 1 5 L,003 .609 .000 .012 2.30 1.32 2,01 ©
2 5 L005 .014 .000 .019 2,40 1.79 2.73 O
3 5 ,005 .016 ,000 ,021 2.44 1.72 2.48 O
15 1 9 ,008 ,022 ,001 .031 3.20 1.98 4.20 0.2
2 9 ,009 ,029 ,L001 L,039 3.70 2.26 4.89 0.3
3 9 L006 .,020 4001 .027 3.10 ~ 1.91 3.98 0.2
15 1 13 4015 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
B T8 AT L0271 L0005 LJOST 4,00 2.60 B2 0.6
15 1 17 .022 ,040 .011 .073 6.10 3,80 7.27 1.5
2 17 4024 ,046 4015 +.085 5.70 3.85 T7.74 2.2
3 17 4026 L052 L,018 .096 5620 4,02 10.14 2.0
15 1 22 .,026 .042 ,016 .084 6.70 3.95 8.50 1.8
2 22 029 046 ,014 .089 6.43 4.10  T7.79 2.4
3 22 L0530 ,046 ,L,016 ,092 5660 4,54 Te92 2a7
e 1 1 8 L,005 ,0153 ,L001 .019 2.00 1416 2.30 0
2 8 L,004 ,L,015 LCO1 «020 56 0.58 2:85 0
3 8 ,005 ,012 4001 .018 1,70 1.061 2.30 O
21 1 14 .010 ,026 ,004 .040 3,00 2,02 5,76 0.1
2 14 ,008 ,025 .006 .037 3.00 1.73 4.85 0.3
3 14 o007 018 .004 .029 2,67 1.40 4.36 0.1
21 1 21 .026 .057 011 .094 3.78 3.47 10.48 1.0
2 21 «015 o040 ,009 L0464 5,88 2s25 T7.06 0.8
3 21 ,019 .051 .011 .081 3.50 3.13 10.73 0.5
21 1 28 4039 .083 017 .139 4.56 4.61 15.24 1.9
2 28 .,027 4061 .015 ,103 4.86 3,67 10.59 1.6
3 26 4023 049 ,011 .103 4,00 3,18 9,29 0.9
21 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 4023 .152 4.88 4.45 15.13 1.9



189,

b THM STDM BLDK FPIDM TOTDM NPT LNST  BLAR  NLT
1 8 .,012 .,039 .,000 051 2.10 1,35  5.78 O

2 8 ,010 ,040 ,000 .050 2,20 1,45 6,82 0

3 8 .011 .033 .000 .044 1.80 1,41 5.27 O

1 14 .018 .054 .013 .085 2,89 2,07  9.31 0.3
2 14 018 ,042 .012 072 3.1 2.23 7.8% 0.2
3 14 ,016 .047 .012 .075 2,80 2,12 10,21 0.2
1 21 ,033 .063 .019 115 3.11 2.87 10.22 0.8
2 21 L040 .O075 .021 .136 4,11 3.66 13.90 0.6
3 21 ,040 ,079 .023 142 3.50 3.41 15,04 0.5
1 28 ,055 .,097 .029 181 4.22 3,99 15.52 1.6
2 28 ,062 .109 .032  .203 4.90 4.73 18.87 1.1
3 28 .073 <107 +034 o214 4,56 4.84 20,58 1.2
1 35 116 4133 .048 .297 5.22 5.44 19.96 2.2
2 35 115 L136 062 ,313 5,00 6.26 23.92 2,1
3 35 091 137 .049  .277 4.90 4.92 20,83 1.8
1 8 ,006 .018 .000 .024 2,30 0.99  3.03 O

2 8 .004 .017 .000 ,021 2,11 1,07 3.29 O

3 8 ,004 .016 .000 .020 2,22 0,68  2.46 O

1 14 .,008 ,026 .006 040 3,00 1.41 5.08 0.3
2 14 .005 .015 .004 4024 2,89 1.19 3,02 0.1
3 14 .006 .,020 .004 .030 3.00 1.44 4,39 0.1
1 21 .014 .037 .009 .060 3,78 2.11  6.84 1.0
2 21 .014 .039 .010 .063 3.80 2.18  7.19 1.1
3 21 ,016 .040 .008 ,064 4,00 2421  6.27 1.4
1 28 ,022 ,050 ,012 .084 4,60 2,65  8.98 1.9
2 28 .,022 ,059 .016 .097 4.75 3.03 10,14 1.9
3 28 .,020 .,050 ,010 .080 4.70 2.74  9.20 2.1
1 35 .036 .067 .020 .123 4,90 3.72 12.03 2.7
2 35 ,052 ,084 .026 .162 5.29 5.31 14.56 1.9
3 35 ,038 .L067 .018 .123 5.10 3.45 12,07 2.4



190.

BLDi PTDM TOTDM NET LNST BLAR  NLT

WO = N = Y = TN =Y =

v

L6y
WO = W N = N =W =S Y=

.C10 ,.0G0 014 2,350 0,25 1.42 0

006 L0000 011 2.10 0,79 © 1.06 O

006 ,000 009 2.30 0.97 1613 0

015  L001 022 3.50 1.42 1389 0.9
013 ,001 019 3.20 1.25 1.85 0.3
«C15 4001 020 3.30 1.068 2,01 0.7
021,004 036 4,20 1,85 2.75 TeT
019 .004 034 4.20 2.17 313 1.3
.024 ,005 044 4,30 2,89 4429 1.0
020 ,L005 042 4.8 3.55 3.08 2.4
027  .001 <043 5,10 2,65 3452 2e1
.025 006 050 5.33 3.70 4,38 2.7
043 .010 082 5.60 4.14 5¢32 52
031 4007 006 5.78 3.33 4.50 3.0
035 .010 077 6410 4.49 5654 3.1
017  .000 023 2,60 0.76 2,286 O

012 ,000 015 2,30 0,69 1.56 0

012 000 016 2,00 0,85 154 O

.024 ,003 036 3.78 1.24 3.0 0.9
018 001 026 3.10 1.05 2.25 0.2
014  .004 027 3,20 0.397 2,50 0.1
.024  .004 042 3.78 1.84 2.98 143
031 4005 <040 4.40 1,65 3.79 1.2
«029 .006 048 4.11 1,63 4.01 1.2
045 .007 076 4.90 2.85 5495 2,0
031  .006 055 4,60 1.36 383 1.8
.034 .001 051 4,60 1,80 4.12 1.7
044 LO11 090 5.60 2,71 - 5.99 2.9
040 L0007 075 5422 2,58 5.02 2.8
0040 L0O07T 076 5.10 2.46 9454 2.0



191-

TM STDM BLDM FTDM TOTDM NPT LNST BLAR NLT

WO = 0N = N = NN = NN =

VIO = W N =S WS NN =N

8 007 020 001 028 2.20 %1.55 3.84 0

8 4008 L017 .001 ,026 1.67 1.62 5,07 O

& L006 ,016 .001 ,023 1,88 1.30 3,01 D
17 014 .035 L0007 .056 3.33 2,04 6.56 041
17 013 L0335 L0008 .056 3.30 1.91 TedT 042
17 013 039 .009 .061 3,50 1.99 8,01 0.5
25 L027 4058 L0911 L,096 4.30 3,30 9,85 1.3
25 ,015 ,042 ,009 ,066 3.50 2,00 659 0.3
25 019 .048 .009 .076 3.56 2.56 647 1.3
33 o038 LO078 4015 o131 3497 35.97 13.18 1.9
33 .,058 ,085 L018* 141 4,67 3.60 15,22 2.0
33 4039 073 017 <129 44,25 3.63 13.03 1.6
43 L0699 <121 027 217 4.89 5.28 18.50 2.4
43 LOT6 115 o029 <220 5,20 6,18 16.81 2.9
43 ,L,056 L085 ,023 ,164 4.89 4.70 14.23 2,2
8 .,013 ,036 ,001 .050 2,00 1.88 6,11 041
8 L0188 4046 .001 .055 2,00 1,93 Te317 ©

8 .014 ,031 ,L,001 .046 1,60 1.86 4,63 O
17 <027 074 <017 ,118 350 2424 1171 0.7
17 .026 4060 4016 ,102 3.44 2.33 11.31 0.8
17 021 050 ,012 ,ps5 3.30 2.03 10,86 0.4
25 4041 ,088 .020 ,149 3.90 3.14 13.61 1.2
25 4038 L094 .020 152 3.60 3,16 13.90 1.4
25 L,033 ,L,081 L0186 ,130 3,89 2,66 11,97 0.9
33 4052 ,106 .030 ,188 4.80 3.67 16.52 2.0
35 +056 o112 4027 ,195 4433 3.56 1717 1.7
33 4065 4122 L0377 ,224 4.35 4.04 18469 1.6
43 L1102 162 ,053 ,217 5.50 5.52 25.73 2.3
43 4073 107 034 ,214 4.78 4.13  17.71 2.2
43 117 149 .058 ,324 5.20 5.44 23,49 1.7



TOTDH

e;g b TM STDM BLDM FTDM NPt LNST BLAR NLT
3% 8 L,006 ,021 . 000 JO27 2:50 1:50 2.56 0
2 8 ,006 ,024 .000 ¢030 2.50 1,30 4,12 [
5 8 .,004 ,014 LCCO 018 2,00 1,07 232 0]
33 1 17 .016 .041 .008 ,065 3,67 2.18 6.86 0.9
2 17 .013 ,058 ,008 .059 3,70 1.79 6.06 1.0
3 17 L0089 .029 ,006 ,044 3.44 1,52 5.06 0.9
33 1 25 L,024 .,052 ,010 086 4.44 2.79 8443 147
2 25 ,L,031 ,L,060 .013 .104 4.38 3,05 9,00 2.0
3 25 L,020 ,051 .010 .081 4,22 2,57 8.80 1.3
33 1 33 037 .070 .014 121 5.56 3.67 10.60 3.0
2 33 4033 L0770 4013. 116 5.44 3,42 10.48 2.9
% 35 028 065 016 J108 5,22 2.71 11 20 29
33 1 43 4063 ,105 .028 196 6.50 5.21 17.22 3.9
2 43 054 L0075 ,022 151 5460 4487 12:48 3.3
3 43 037 067 016 120 5.33 3.21 10.70 2.9
34 1 8 ,005 .010 .000 ,015 2,30 1.53 1,81 0.2
2 8 ,004 .,012 ,000 ,016 2,50 1.41 2,05 0
3 8 ,003 ,008 ,000 L0111 2.20 0.88 1.23 0
34 1 17 .014 ,021 ,004 ,039 4,20 2.18 3431 146
2 17 2910 L4018 L.00% 031 4,00 1,82 2+713 141
3 17 008 .013 .003 .024 3.70 1.39 5,06 0.8
34 1 25 .017 4020 .,005 .042 5,00 2,91 3429 2.6
2 25 ,015 ,022 ,004 .041 4.70 2.5% 2.81 2,0
3 25,012 .019 .003 .034 4.30 2.25 2.61 1.9
34 1 33 ,024 ,029 .006 ,059 5,70 3.28 3.95 2.8
2 33 .,032 ,0%34 ,008 074 5.56 4.37 4,76 3.3
3 33 017 .023 .004 044 4.895 2,71 4.57T 2.4
34 1 43 L,035 L0399 .010 4034 6,29 4.26 5¢24 3.4
2 43 ,039 .039 ,010 .088 6,33 4.74 5.76 349
3 43 L,034 .035 ,008 LO77 5.70 3.90 4,87 2.8
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194,

AbrishDla 4A

Stem Dry Weight
- negression statistics describing the development patterns

for tue stolon characters in the second growth period,

loge(g) Statistic Spain Ladino Huia nent Russia
HO® b, =G.dd1  =5.743 =6,511 =6.189  =6.120
SE b,  0.425 0,500 0,364  0.449 0.424
Ll a a a a
by 0.150  0.125  0.132  0.030 0.051
SE b, 0,052 0,061 0,132 0,030 0.051
a a a a a
b2 -0.0004 -0,0002 =0.0005 +0.0016 +0.0010
S8 b,  0.0014 0.Q017 0.0012 0,0015  0.0014
a a a a a
R® 964 .956 963 .908 .916
COOL b,  =6.461 =5.203 =6.953 =6.803 = =6.217
SE b,  0.727  0.635  0.706 0,581 0.500
abdb a b + ab
b, 0.094  0.039  0.113  0.096 0.037
SE b,  0.058  0.051 0,056  0.046 0.040
a a a a a
b, -0.0002 0.0007 =-0,0007 =0.0007  0,0004
SE b, 0.0011  0.0009 0.0010 0.0009 0.,0007
a a a a a
i .925 .932 .919 .901 .923
- b,  =6.924 =6.924 =7.864 =6,324  =8.,157
SE b,  0.660  0.734  0.596 0,460 0.804
ab ab b a b
b, 0.145  0.090  0.182 0,056 0.172
SE b, 0.046 0,051 0,042  0.032 0.056
ab ab a b ab
b, =0.0014 =0.0005 =0.0018 0.0001 =0.0019
SE by 0.0007 0,0008 0,0007 0,0005 0.0009
ab ab b a b
R? . 931 .518 .957 .961 .881

* Statistics snaring the same letter are not significantly
different (P=0,05)



Leaf Dry Weight

ArtinuDIL 48

loge(g) Statistic Spain Ladino Huia Kent Russia
HOT o, ~-5.224 =3,914 =U4,866 =6,189 -5,83C
SE b 06394 0,507 0.277 0.473. 0,590
* Dbe a ab c be
b, 0.163 0.054 0,086 0,107 0.162
SE b, 0,047 0,062 0.034 0.057 0.072
a a a a a
b, -0,0023 +0,0023 =0,0003 =-0,0015 =0,0030
SE b, 0.0013 0,0017 0,0009 0,0016 0.0020
a a a a a
R® .921 <797 .950 . 782 . 707
C00L b, 44656  =3.557 =4.623 =6,359  =5,910
SE b, 0.586 0.558 04352 0,539 0.316
a a a b b
b, 0.054 0.009 0,042 0,115 0.079
SE b, 0.047 0.045 0.028 0.043 0.025
a a a a a
b, 0.0001 0,0008 0,0002 =0,0014 =0,0006
SE b, 0.0008 0.,0008 0,0005 0,0008 0.,0005
ab a ab Io] ab
R° .898  .882  .957  .851 .954
COLD bo =5.915 -4.694 =5,359 -5.710 =5.837
SE b, 0.444 0,537  0.412 0,373 0.544
b a ab ab ab
b, 0.167 0,100 0.103 0,067 0,089
SE b, 0,031 0.037 0.029 0.026 0.0%8
a ab ab b ab
b, -0,0021 =0.,0010 =-0,0011 =0,0006 . =0,0010
SE b, 0.0005 0.,0006 0.,0005 0,0004 0.0006
b ab ab a ab
R® 937 889,933 917 .820
are not

* Statistics sharing the same letter

significantly different (1=0,05)



AYrENDIX 4C

Fetiole Dry VWeight

156,

1oge(g) Statistic Spain Ladino Huia Kent Russia
HO® by ~B,000 w0917 «Te385 =5,435 -5 4258
SE bo 04490 9.661 Q424 0.396 0.514
*  be c b a a
b1 0.294 0.4595 0,205 -0.073 ~0,113
SHE b1 0,060 0.080 0.051 0.048 0,062
b a © s c
b2 -0,0043 =0,0094 =0,0023 =0,0034 -0,0052
SE b2 0.0017 00,0022 0.,0014 0.0013 0.0017
a b a a ab
R .956 .943 .956 .810 .860
COO0L b0 =7.607 -5,818 ~T.164 ~5,340 -4 ,958
‘ SE bo 0.598 0.573 0.4%4 0.576 0.217
b a b a a
b1 Q133 0,057 0.091 -0,056 ~-0,066
SE b1 0.048 0,046 0.0355 0.046 0.017
a a a L b
b2 -0,0007 0.0005 =0,0001 0.0016 0.0020
SE b2 00,0009 00,0003 00,0006 0,000& 0.0003
b ab b ab a
R® . 961 .952 974 . 759 .940
COLD bo -7.085 -643599 -8¢3%4 -4,955 =5.394
SE b0 0.747 0.722 0.306 0,200 0.492
cd be d a ab
b1 0,126 0.120 0,169 ~0,078 -0,03%6
SE b1 0,052 0,050 0,021 0.014 0.034
a- a a b b
b2 -0,0011 =0,0010 =0,C0106 0.0017 0.0008
SE b2 00,0008 0.0C08 0.,0003 00,0002 00,0006
R .902 .921 .989 .975 .974
b b b a ab

* Statistics sharing the same letter are not

significantly differeat (1=0,05)



AFPFRIDIX 4D

Total Stolon Dry Jeight

1oge(g) Statistic Spain Ladino Huia Kent Russia
HOT b, ~54254  =4.324 =5,032  =5,390 =5.242
SE b, 0ed14 0.505 0.283 Oud43 04537
* a a a a a
b, 0,202 0.146 0.146 0,070 0.114
SE b, 0,050 0,061 0.034 0.054 0.065
a ab ab b ab
b, -0,0025 =0,0014 =0,0013 0,0003 =0,0010
SE b, 0.0014  0.,0017 0,0010 0,0015 0.0018
a a a a a
R® .950 . 904 .969 .897 847
COOL b, -4.868 =3,376 =5,210 =5,802 -5,179
SE b, 0.609 0.565 0.420 0,564 0.371
| b a b b b
b, 0.092 0.019 0.096 0,098 0.046
SE b, 0.049 0.045 0,033 0,045 0,030
a a a a a
b, -0,0003 0,0008 =0,0005 =0,0008 0.0002
SE b, 0,0009 0,0008 0,0006 0,0008 0.0005
a a a a a
R .931 922,963 900 .954
COLD b, =5.379 =4.2%35 =5,784 =5,250 -5.957
SE b, 0,516 0.615 0.385 0.330 0.530
ab a b ab b
b, 0.154 0,096 0.148 0.058 0.114
SE b, 0,036 0,043 0,027 0.023 0.037
a ab a b ab
b, -0,0017 =0,0008 =0,0015 =0,0002 =0,0012
SE b, 0.0006 0,0007 00,0004 0.,0004 0.,0006
Is) ab b a ab
R? 935 .908 .970 .971 .908

* Statistics sharing the same letter are not

significantly different (i=0.05)



Ratio of leaf to total DW

ArTENDIK 41

1oge' Statistic Spain  ILadino Huia Kent Russia
HOT b, 0.0%0 Oed10 0,166 =0.,606 -0.589
E b, 0,059 0.137 0.157 0,276 0.186
* D a ab c c
b, 0,039 =0,092 ~0,060 0,037 0,048
SE b, 0.012 0,017 0.019 0,033 0.022
b C be a a
b, 0.0003 0.,0016 0.0010 =0,0018 =0,0020
E b, 0.0003 0,0005 0,0005 0,0009 0.0006
b a ab c c
R? .956 . 943 .860 .728 .845
COOL b, 0.212 =0.282 0,387 =0.557 ~0,730
SE b, 0.184 0,067 0. 172 0,284 0.140
a b a be c
b, -0.038 =0,010 =0,054 0.016 0.034
SE b, 0.015 0,005 0.014 0.023% 0.011
be b c ab a
b, 0.0004 0,0001 0.,0007 =0,0006 =0,0008
SE b, 0.0003 0,0001 0,0003 0.0004 0.0002
ab ab a be c
R? .883 .974 .895 . 708 .536
COLD b, 0,536 =0.461 0,425  =04450 0.121
SE b, 0,150 0.132 0.167 0.221 0.206
c o a be ab
b, 0,013 0.004 =0,046 0.009 -0.025
SE b, 0,010 0.009 0,012 0,015 0.014
a ab c ab be
b, -0.,0003 =0,0002 0,0005 =0,0004  0.0002
E b, 0.0002 0,0001 0,0002 0,0003 0.0002
b b a b ab
R? .802 .914 . 940 .910 860
* Statistics sharing the same letter are not

significantly different (¥=0,05)



AYFENDIX 4F

Leaf rroduction

loge Statistic Spain Ladino Huia Kent Russia
HOT b, -0,121 =0,108 0.207 0.197 0.397
85 by 0,215 0.223 0.086 0.140 0.176
* Db b ab ab a
b, 0,115 0.128 0,093 0.097 0.072
SE b, 0.026 0.027 0,010 0,017 0.021
a a a a a
b, -0.0018 =0.0023 =0,0013 -0,0015 =0,0009
SE b, 0.0007 0,0008 0,0003 0,0005 0,0006
a a a a a
R® .935 .916 . 987 . 964 .934
COOL b 0,018 0.279 0,106  0.017 0,090
SE b, 0.279 0.083 0.138 0.175 0.215
ab a ab ab ab
b, 0.054 0.035 0,071 0.065 0.050
SE b, 0,022 0,007 0.011 0,014 0,017
ab b a a ab
b, -0.0004 =-0,0001 =0,0007 =0,0006 =-0,0003
SE b, 0,0004 0,0001 0,0002 0,0003 0.0003
ab a b ab ab
R% .920 . 991 .979 .968 . 961
COLD D, 0.061 0,389 0.012 0,266 ~0.133
SE b, 0.219 0.300 0.159 0,266 0.241
a a a a a
b, 0.050 0.035 0.058 0,062 0.067
SE by 0.015 0.021 0,011 0.018 0,017
a a a a a
b, -0.0004 =0,0002 =0,0005 =0,0006 =0,0006
SE b, 0,0002 0,0003 0,0002 0,0003 0.0003
a a a a a
R? 954 .894 976 944 957

* Statistics sharing the same letter are not
significantly different (i=0,05)



s

ATFENDIX 4G
Leaf Area
Loge(sqcm) Statistic Spain Ladino Huia Kent Russia
HOT- 0, 0.189 0.750 0.592 -0,291 -0,134
Sk bo 0331 0.591 0.232 0«50 02383
_ * a a a a a
b1 Q. 1TT 0.124 0.076 0.035 0.094
SE b1 0,040 0.071 9.028 0,070 0,071
a ab b b ab
b2 ~-0,0028 -0,0015 -0,0001 0.0C09 -0 ,00038
SE b2 0.0011 00,0020 0.0008 0,0018 C.0020
a a a a a
R® .935 .793 .963 % .755
COOL bo 0.8006 1825 0.474 -0,828 ~0,5383
SB bo 0.585 0.480 0.256 0.527 0.488
ab a b c c
b1 0,051 -0,005 0.049 0.082 0.035
SE b,  0.047 0.038 0,020 0,042 0,039
a a a a a
b2 00,0001 0.C010 0.0001 =0,0008 00,0002
SE b2 0.0008 0.0007 0.0004 0,0C08 0.0007
a a a a a
R® .890 .896 .973 .844 .895
COLD bo 0,308 1.029 ~0,154 D270 ~0.258
SE bo 0.553 0,632 0.437 0.456 0.458
ab a ab ab b
b1 0,107 0.065 0.101 -0,003 0.046
SE b1 0.039 0.048 0.034 0,032 0.032
a ab a b ab
b2 -0,0012 -0,0005 =0,0011 00,0005 -0.,0C04
Si b2 0.00006 00,0008 00,0005 0.0005 0.0005
b ab b a ab
R® .850 795 .896 .878 .818

* Statistics sharing the same letter are not

significantly different (1=0,05)

200,



ALPENDIA 4H

Length of Stolon

201,

% Statistics sharing the same letter are not

log, (em) Statistic Spain Ladino Huia hent Russia
HOT bo -0, 700 0,257 ~0,769 -0,508 =0.,227
Sk bO 0,291 De430 (e331 0270 0.487
* Db a b ab ab
'[:h.1 0,140 0,041 Os13T . 0,081 0,030
Si b1 0.0%5 0.05% 0,040 0.045 0.059
a a a a a
b2 -0,0013 0.,0008 =0,0013 =0,00C03 00,0008
SE b2 0.0010 0.0015 0.,0011 0.0012 0.0016
a a a a a
R® .964 .870 .944 .908 .800
CO0L bo -0.518 ~0,039 -0,504 ~-0,976 ~0,670
S Iy bo 0,590 0.392 0,604 0.392 0.23%3
a a a a a
b1 C.045 0,035 0,004 0.0@2 0.018
SE b1 0.047 0.031 0.048 0.031 0.018
ab ab ab a b
b2 0.0001 0,0002 -0,0002 -=0,000T7 0.,00035
SE b2 0.C0086 00,0006 0.00069 0.,0006 0.0003
a a a a a
R® 679 .921 ,882 .916 .957
COLD bo -0,900 0,026 -1,069 ~0,2106 =1.475
Sk bo 0.591 0,607 0.465 0,265 0.418
ab a ab ab b
b1 0,084 0,033 0.032 0.011 0.065
SE b1 0.041 0.042 0.03%2 0.018 0.029
' a a a a a
b2 -0,0007 =0,0001 -0,0007 0.0004 -0,0006
SE b2 0.0007 0.0007 0.0005 0.000% 00,0005
a a a 4 a
R? .860 BT - 92 972 .884

significantly different (¥=0,05)



Stolon thickness

AT uiDIL 41

202,

loge(g/cm)Statistic Spain Ladino Huia Kent Russia
HOT bo -56 741 -0,005 ~5.742 -5e032 =-5eC3I35
D45 bo 8 R 0,157 0.189 0,229 0.146
Y a a a a
b1 0010 0.083 0,001 -0.051 0,021
SE b1 0.026 0,020 - 0,023 0.0238 0,018
be a be c b
b2 0.0008 =0,0010 0.,0C08 0.0008 0.,0002
Sh b2 0.0007 00,0006 0.0006 0,0008 0.0005
ab c ab a be
R® . 905 .957 876 .622 .897
CO0L bo -64143 -5.164 -6.,129 -5.827 =5.547
‘ SE bo 0.335 04339 0.218 0,259 0.456
b a b ab ab
b1 0.049 0.004 0.049 0015 0,019
SE b1 0,027 0,027 0,017 0,021 0.03%6
a a a a a
b2 -0,0003 0.0005 =0,0005 0.0C01 00,0001
SE b2 0,.0005 00,0005 00,0003 0.,0004 0.0006
a a a a a
R® .892 . 900 917 .766 .661
COLD bo -5,024 -5.,813 -6.795 -6,109 -6,682
SE bo 0.349 0.244 0,203 0.380 0.485
ab a b ab ab
b1 0.061 0.057 0.059 0.045 0.106
SE b1 0.024 0,017 0,014 0,026 0,034
a a a a a
b2 -0,0007 =0,0005 =0.0011 =0.000C4 -0,0013
Sy b2 0.0004 0,000% 0,0002 0,0004 00,0005
a a a a a
R® .850 . 960 0974 792 .824

* Statistics sharing the same letter are not

significantly different (r=0,05)



AFVPElDIAL S5A

The population means and significance levels for stem DW(g)

203,

Spain Ladino Huia Kent Russia
1ot 0.09¢c 0.050 0.047 0.027 0.029
®* g a b (¢} c
b a be ¢ c
COLD 0,067 0.097 0.050 0.036 0.035
b a be G c
1O0LED 0.075 0.099 0.046 0.031 0.032
b a c c c
% Statistics sharing the same letter are not
significantly different (z=0.05)
Adaptation Analvsis
Adaptation Significance
Population ZIcovalence coeff, S.H,. Tests Stability
b b FROM O FrOM1 Coefficient
Spain 00042 8,78 4,77 WS NS O0sT7
Ladino «00017 -4 .85 O0.11 * * 0.99
Huia .00001 1.58 1e41 NS NS 0.56
Russia .00002 -0.18 137 NS N3 0.02

¥ = gignificant differences at ¥=0,10

#% = gignificant differences at r=0,05



The population means and significance levels for leaf W (g)

ATIENDIL 53

204,

Spain Ladino Huia Kent Russia
HOT C.e149 Q139 0,086 G,027 0,046
% a a b c c
COOL 0,165 0,139 0.058 0.0%4 0.042
b a c c c
COLD 0.107 0.137 0,081 0.037 0.040
b a b ¢ c
YOOLED C.120 0.138 0.075 0.033 0.043
a a b c c
* Statistics sharing the same letier are not
significantly different (¥=0,05)
Adaptation inalysis
Adaptation Significance N
ropulation KEcovalence Coeff, Oelie Tests Cg;?ﬁi%izgt
b b FROIIO  FROL 1
Spain .00043 %439 1.13 NS NS .89
Huia .00011 1.84 1.08 NS NS )
Kent .00017 -0,59 0.44 s NS .64
Russia .00003 0.3%6 0,26 W3 NS .66

* = gignificant differences at F=0,10

¥% = gignificant differences at P=0,05



The population means

AFIENDIX 5C

205,

and significance levels for petiole DW(g)

Spain Ladino Huia Kent Russia
HOT 0,058 0,095 0.042 0.012 0,017
® D a c d
COOL 0.028 0.049 0.021 0.009 0.008
b a b c
COLD 0,025 0.045 0.020 0,010 0.007
' b b c
rOOLED 0.037 0.063 0.028 0.C10 0,011
b b c

# Statistics sharing the same letter are not
significantly different (¥=0.05)

Adaptation Analysis

*% = gignificant differences at ¥=0,05

Adaptation Significance S
Yopulation ZIcovalence Coeff, S.3 Tests ng%giiigit
b b FROMO FROM1 S
Spain 00003 1.38 0.03 * LS +99
Ladino . 00028 2.14 0.03 L * +99
Huia « 00001 0.92 0.03 * S «99
Kent .00016 0.14 0.05 NS o .89
Russia 00007 0.42 0.01 * * «99
# = gignificant differences at F=0,10



ATFENDIX 5D

The population means and significa:uce levels for leaf production

Spain Ladino Huia Kent Russia
®* a a a
COOL 4499 5.01 5.00 5476 95+19
b b b a b
b b a a a
FOOLED 5.42 5645 5.93 6.34 5.73
c c b a be

1

* Statistics sharing the same letter are not
significantly different (1=0,05)

Adaptation analysis

FPopulation IEcovalence Ad%ﬁ;?ﬁfon Oells WSl%Eé;%;dffe ng%?i%i:it
D o FRO O  IFROM 1
Spain 0584 1.03 0.235 NS NS «95
Ladino .0184 0.95 0.15 KS NS .98
Huia . 0843 1.21 0.26 KNS Is .95
Kent .0055 1.07 0.05 * s «99
Russia 0664 _ 0.75 0.16 1S NS .96

* = gignificant differences at }'=0,10
¥% = gignificant differences at r=0,05



AYIENDIA

51

207,

The population means and significance levels for stolon length (cm)

Spain Ladino Huia Kent Russgia
HOT 10.40 7.40 6477 6460 4,34
* a o) b b c

COOL 5.78 5.56 25 AL L 2.56

a a a ab b
COLD 5.45 5.10 4.41 4,58 2.55

a a a a b
FOOLED 1o 6,02 515 4,98 3+15

a ab b b ¢
#* Statistics sharing the same letter are not

‘significantly different (t=0.,05)
Adaptation Analysis
Adaptation Significance - =
Population Ecovalence Coeff, SE, Tests SEabiliey
b b yromo Fromq Coefficient

Spain 1.83 1.77 .08 * s «99
Ladino 0.22 0.77 .14 NS NS « 97
Huia 0.04 0.90 .06 *® NS «99
Kent 0.10 0.90 <18 NS NS «97
RuSSia Oo 35 0966 001 *® w .99

wH

]

significant difference at 1=0,10
significant differences at 1=0,05



R e T s o
Arrisli Dl A

55

208,

The population means and significance levels for stolon

thickness (gcm_1)

opain Ladino iuia kKent Russia
HOZ 0096 0122 0070 0042 .0068

b a c d c
COOL 01006 .0196 0101 .0076 .0118

D a b ¢ b
COLD .0125 0189 0113 . 0081 +0153

b a b c b
100LED .0109 0169 .0095 0067 «0106

b a b ¢ b
* Statistics shnaring the same letier are not

significautly different (#=0,05)
Adaptation Analvsis
Adaptation ‘ Significance Stability
Fopulation icovalence Coeff. iy Tests Coefficient
b b  FROMO RO 1

Spain . 000080 0.49 0.30 NS K3 14
Ladino .000100 1.54 0.40 NS NS « 94
Huia .000003 0.85 0.09 NS NS «99
Kent «000005 0.81 0.05 * NS «99
Russia .000002 T+ 31 0.07 » NS .99
w =

sk
i
]

significant difference at ¥=0.10
significant difference at p=0,05





