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Chapter I |
- INTRODUCTION

White clover, Trifolium repens L. is one of about 250 species
belonging to the genus Trifolium. 1t is believed that ancestral forms of
Trifolium originated in North America, migrated across the Pacific to Eastern
Asia, and on to Mediterranean where white clover and other 150 T7rifolium
species evolved (Zohary, 1970).

It is a cross-poll'i’nated tetraploid (2n=4x=32) forage legume due
to gametophytic self—incompatibiiity’ and is native to Mediterranean (Vavilov,
1951). It is ecdnomically important forage legume of temperate énd
subtropical environments around the world, where soil moisture is adequate
for its growth. White clover is distributed from Arctic Circle to cool
temperate regions of the world. In India, it is spread over. the hilly areas of
Himachal Pradesh, Jammu & Kashmir, parts of northeastern states,
Uttaranchal and parts of Tamil Nadu. It was spread to other continents by
the colonists.

White clover grows in a wide range of habitats including dry
meadows, mud flats, banks of river and brooks, plains, s;ami-desert regions
and mountains up to the sub-alpine meadows. It is one of the most
nutritious and widely grown forage legumes in the world and contributes a
considerable quantity of nitrogen to the sward because of its symbiotic

relationship with rhizobia bacteria. Although the annual nitrogeh fixation



levels in grazed pastures are extremely variable, _rahging from 17Kg
N/ha/year in infertile, unimproved hill pastures (Grant and' Lambert,1979) to' :
380Kg N/ha/year in intensively managed pastures (Rumball,1979). Higher
clover content in diet increased nutritive §/alue, energy and protein intake
(Thomson, 1984; Harris et a/1998).

Because of its stoloniferous growth and phénotybic plasticity, it is
an ideal companion legume in most grass swards (Woodfield and Caradus,
1994), As feed for the animals, white clover grass mixture is superior to
that of grass alone. Clover forage is highly digestible, nutritious and
palatable. It is generally high in mineral content. Feed value of white clover
is largely attributed to its increased protein content. Though white clover is |
reported to be most promising forage crop (Doyle, 1989), but wide spread
use of this high quality forage is inhibited by problems such as unreliable
yield and lack of persistence under intense grazing (Rhodes and Webb,
1993).

Cultivars/ecotypes well adapted to specific environmenté and
management systems can significantly enhance pasture production syétem.
The variability of gérmplasm substantially influences the choice of breeding
material and success of breeding programmes. The low genetic variability
necessitates reinforcement of the white clover b‘reeding programmes
through introduction of new germplasm and collecting the local ecotypes.
The genetic variability in Indian collections of white clover is not very

encouraging, due to its localized distribution. So, there is need to collect,



characterize and evaluate local white clover gernjplasm' along with
introduced elite material for its use in breeding ‘and conservation'
programmes. Genetic variation provides the basis for tailoring desirable
genotypes. Traditional morphological markers used for cHaracter'ization.and
varietal differentiation suffer from environmental influence and are
developmental stage specific. In the recent years, several molecular
techniques have been used for germplasm characterisation, variety
identification, marker development and identification, molecular diagnostics,
phylogenetic studies and diversity analysis. Because of its simplicity,
rapidity and reliability, the RAPD technique Has been used extensively for
diversity analysis. This approach utilizes primers of arbitrary sequences, it
may be used for different species without previous khowledge of their
genomic DNA sequences. Moreover, RAPD markers represent whole of the
genome.

Keeping this in view the present study “Characterization and
diversity analysis of white clover (Trifolium repens ..) accessions of
different geographical origin” was under taken with following objectiveé:

1. Characterization of white clover genotypes of distinct geographical
origin.

2. Agronomic evaluation of genotypes for important forage
characteristics.

3. Estimation of genetic parameters.

4. Evaluation of genotypes for some forage quality parameters.
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Chapter I
' REVIEW OF LITERATURE

Selection is one of the potent tools for the crop‘ improvément
programme. However, it is operative and effective only if there is sufficient
genetic variability in the crop species. Vavilov (1951) pioneered to recognize
the importance of variability in the initial material for ijevelopi_ng superior
genotypes. In order to achieve the success on long-term basis there is need to
characterize and evaluate the fnat'erial using morphological and agronomic -
characteristics. More recently, PCR-based moiécular markers have found favour
among plant scientists for studying patterns and extent of génetfc variavtion in
the germplasm accessions.

Various variability parameters that give an idea about the extent and
nature of variability in a given crop species include genotypic coefficient of
variatioﬁ (GCV), phenotypic coefficient of variation (PCV), heritability [h\z(bs)],
genetic advance (GA) and association (r) among various component
characters.

A review of these aspects is given under the following sz-heads:

2.1 Morphological characterization
2.2 Agronomic and quality evaluation
+ 2.3 Component analysis

2.4 Molecular diversity



2.1 Morphological characterization

Characterization consists of recording observations on those
characters, which are highly heritable, can be seen by the unaided eye and are
uniformly expressed in all environments. Jahufer et a/. (2002) advocated the
exploitation of genetic variation in white clover and also stressed the need to
characterize the germplasm collections and to estimate parameters of genetic
variability.

Analysis of morphological characters in single spaéed plants and their
row-sown progenies revealed much greater variation in single spaced plants
(Wioncek et al., 1976). Sidhu ahd Mehndiratta (1976)' observed significant
differences among the progenies of berseem for all the agro-morphological
characters under study, indicating the presence of significant genetic
variability.

Harper (1977) and Burdon (1980) observed variation among white
clover plants in a single field. Their study showed that in a random sample of
50 plants, nearly every plant was found to differ significantly from every‘ other
plant in at least one character as in stolon length, petiole length, peduncle
length, leaf area, leaf markings, average number of flower heads etc. Variatioﬁ ,
in shape, position and intensity of leaf markings in Trifolium re,bens has been
reported to be controlled by a complex genetic locus (Corkill, 1971). Further

genetic polymorphism and geographic variation in distribution of leaf markings

were also observed.



Caradus and Williams (1981) selected T7rifolium repens lines with
small leaves and dense stolon production as these lines pérformed- better thén
the ones with medium sized leaves on low fertility soils. However, they were
inferior on high fertility soils. Caradus (1994) documented genetic variation in
white clover for various morpho-physiological and yield related traits, and
further stressed to relate this variation to origin in improving white clover
performance. Similarly, Jahufer et a/. '(1997) characterized and evaluated 439
collections of white clover for morphological attributes and grouped them
accordingly.

Jahufer and Gawler (2000) attributed significant genetic differences
for agro-morphological characters in a set of 53 accessions of white clover
from distinct geographical origins. Bulked AFLP analysis of leaf samples of
Trifd//'um repens showed similar results. Similarly, Sareen (2003) found high
agro-morphological variability in 200 populations of white clover having varied .
gebgraphical origins.

2.2 Agronomic and quality evaluation

It consists of recording observations on potential agronomic
characters and quality parameters desired by users of a particular crop. It‘
includes tailoring/branching, time of flowering and maturity, planting data, leaf
characters, floral characters, fruiting and seed characters. From quality point
of view Wilkin and Humphreys (2003) advocated the breeding of temperate
forage species for improving the economic and environmental sustainability
and breeding clover with high feeding value, crude protein, /n vitro dry matter

digestibility (IVDMD), water soluble carbohydrates and fibre.



Bhandari et a/. (1975) studied the performance of 22 diverse white
clover accessions and reported sufficient genetic variability for fodder yields.
Productive varieties of 7. repens were reported as having large leaves with
fewer stol.on whereas persistence types had smaller leaves and many stolons
and were less productive (Ahlqowalia, 1977). Similarly Annlicchiarico (1993)
reported sufficient genetic variation for dry matter yield and agronomic traits
in white clover land races and natural populations.

Russi and Falcinelli (1999) studied natural populations of 3 different
species of Trifolium and found that the flowering time, leaf area, stolon length
were observed to be the important characteristics for discriminating the
populations. Genetic variation for important agronomic characters for eleven'
Norwegian populations of white clover exhibited considerable genetic variation
between populations for spring growth, morphological characteristics, herbage
yield, general performance and seed yield (Aasmo et a/., 2000).

Lawson (1971) found high heritability values for herbage yield,
growth habit in 9 clonal genotypes of Trifolium pratense. Seed weight per
plant, seeds number/floret and number of heads per plant were the yield
components which contributed the most to seed yield. Sidhu and Mehndiratta
(1976) found high estimates of heritability for plant height, leaf length, leaf
width and moderate for herbage yield. Similarly, Vanbogaert (1977) found that
number of florets per head was variable and highly heritable. Similarly, nuhibei# ,
of seeds per pod was higHIy herifable in. T. repens. Salisbury et al. (1987)
observed that number of days to flowering in Trifolium spp. was under

polygenic control and this character has shown high heritability estimates.



Phenotypic and genotypic coefficients of variation estimated for seed
yield and seed index were lower compared to herbage yields in béfsee'm‘ |
(Bakheit, 1988); These result in lower estimates of broad sense heritability of
seed yield compared to forage yields. The heritability values were high for
fresh, dry and protein yield. Similarly Broda (1980) observed highest broad
sense heritabilities for seed yield components and leaf area i'n red clover
(Trifolium pratense).

Lee et al. (1993) evaluated a collection of white clover populations
for characters associated with productivity and persistence to assess the extent
of genotypic variation. He found that genetic coefficient of variances and broad
sense heritability estimates were high for petiole length and leaf area.
Similarly, higher heritability values were found for stolon diameter, leaflet
width and petiole length and lowest for stolon elongation (Caradus and
Chapman, 1996). Avtar et al. (1997) found highest GCV for plant height
followed by herbage yield in 7rifolium alexandrinum L. | |

Hill et a/. (1988) found that the genetic advance of modern varieties
over landraces and old cultivars derived from landraces is relatively low in
forage legumes compared with other crops such as grain cereals. The similar
results were found by Woodfield and Caradus (1994). Obviously, differences in
reproductive system, genetic structure, breeding objective and time span
needed for evaluation of materials during the selection process can largely

account for such results (Hill et a/, 1988; Lorenzetti, 1992). But Annicchiarico



and Piano (1997) suggested that low genetic advance in forage legumes may
be due to possible selection, under the severe intraspecific competition
occurrihg naturélly during cultivation.

Gill et al. (1967) reported that white clover contained, on an
average, 25.82 per cent of crude protein as compared to 4.82 to 9.88 per cent
of crude protein in herbage from indigenous grasses in sub-tropics. Belliti .et al.
(1972) studied the effect of crude fibré content on digestibility of the diet.
They noted that the calves fed on lucerne hay containing 31.34% CF with
concentration to give 25.6 or 30.2% CF in the diet, had higher in vitro
digestibility for low level of CF in diet.

Sharif (1989) reported that acid detergent fibre (ADF) and neutral
detergent fibre (NDF) are better indicators of roughage digestibility than CF
alone. Frame (1993) observed that white clover is a main pasture legume in
many temperate grasslands, and contributes nitrogen through fixation,
improves nutritive value of herbage, and complement the growth pattern of
the main grass species.

Wilman and Moghaddam (1998) compared the: digestibility and
neutral detergent fibre content in white clover and other forage legumes
species and found that leaflets of 7. repens had an appreciably lower neutral
detergent fibre content than stolons and petioles. Stolons of 7. repens were

much more digestible than stems of Medicago sativa and D. intortum.
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Sareen (2003) evaluated local and exotic white clover collections for
various quality parameters. The crude protein varied from 15.36% to 26.68%, |

ADF (42.98% to 53.26%) and NDF (33.45 to 42.18%) on the dry matter basis.

2.3 Component analysis

4

Principle component and non-hierarchial euclidean cluster analysis is
used for comparing the genotypes. Accessions or genotypes are classified into
broad groups. This approach has been used in different crops by various
workers (Walia and Garg, 1996; Garg and Gautam, 1997). However there is
little information available on its application in fodder crops.

Jatasra and Goyal (1982) grouped 30 strains of alfalfa (Medicago
sativa L.) in 6 clusters on the basis of D?-statistics and observed wide genetic
diversity for almost all characters investigated. Caradus et a/. (1989) classified
109 white clover cultivars info 4 groups using Principle Component Analysis
(PCA) and cluster analysis. The most important criteria for distinguishing
between groups were leaf size, cyanogenesis and combination of these. More
than 800 accessions of red clover representing 41 countries were evaluated
and large variations were found for most characters over all origins. Clustering
produced three distinct groups that corresponded to early, medium and late
maturity groups (Kouame and Quesenberry, 1993). Jahufer et al. (1997)
characterized and evaluated 439 collections of white clover for morphological
attributes, viz., internodal length, leaf length, plant height, plant spread and
' herbage yield. They conducted both cluster analysis and PCA that grouped

accessions into 7 groups based on their morphological studies.
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Rosso et al. (1997) characterized the white clover collections of
different countries. Multivariate (Principle Component) analysis of the daté
showed that there was genetic diversity in the germplasm evaluated.
Clustering of accessions based on morphological and physiological traits
produced 5 groups of populations with similar phenotypic characteristics, and
made it possible to relate these groups to their geographical origin.

Bennett (2000) used Principal Component Analysis (PCA) for
analyzing genetic variation in Trifolium repens for eleven morphological and
flowering characters. He observed that five species could be separated
morphologically by principal component analysis and cluster analysis. The most
significant source of genetic variation was found to be related to geographical
distribution.

Kolliker et al. (2001) used bulked AFLP analysis of Trifolium repens to
assess genetic diversity. A significant amount of genetic variability among 52
cultivars and accessions was detected. However, cluster analysis par‘tia!ly’
reflected the geographical origin of the accessions and also showed

disagreement with cluster analysis based on morpho-physiological characters. . -

2.4 Molecular diversity

Molecular markers became available in appreciable numbers, a
prominent application has been in the assessment of gene,tic diversity both of
wild populations from an ecogeographical point of view, and 'of crop

!

germplasm collections and varieties from a breeding point of view. Studies
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have indicated that RAPD (Random Amplified Polymorphic DNA) is a powerful
method for genotype identification, population and pedigree analysié,
phylogenetic studies and genetic mapping (Welsh and Mc Celland, 1990;
Martin et a/., 1991; Mazzarella et al., 1992).

Bullita (1995) advocated the‘ use of RAPD markers for taxonomic
studies in T7rifolium spp. Reproducible amplification products were obtained
from different varieties and species belonging to the génus. RAPD markers
revealed polymorphism that appeared to be useful for taxonomic studies at
population and species level.

Genetic variation was estimated within and between cultivars of red
clover (Trifolium pratens L.), using morphological, isozymes and Random
Amplified Polymorphic DNA (RAPD) markers (Kongkiathgam et a/, 1995).
Similarly, Bullita and Piluzza (1997) using natural populations of T7rifolium
pratense (red‘ clover) found RAPD variation among the material used.
Polymorphism shown by RAPD markers make them useful for germplasm
characterization, variety identification and genetic studies. |

Gustine and Huff (1999) used RAPD markers to study variation in
white clover populations sampled from managed pastures. They found 'th‘at
genetic variability was higher than expected and all populations were
significantly different from each other. RAPD technique was used to generate |
DNA amplified profiles from a set of advanced generation inbred lines of white

. clover (Joyce et al, 1999). The analysis clearly separated the four major

groups with little within group variation.
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Crawford (1998) studied genetic variation within and among
populations of buffalo clover from throughout its known geographical
distribution usihg RAPD markers. Variation was detected in all populations with
levels of diversity in several smaller populations equal to those in the larger
one.

Gustine et al. (_2002) evaluated, quantified and compared genetic
variation of white clover populations of 8 different geographical orAigins.v
Random amplified polymorphic DNA (RAPD) profiles of these populations
revealed similarity of eight populations derived from different climates and |
geographical regions of the continent that indicated a common European origin
for much of the naturalized white clover in North-American pastures.

Bulked AFLP analysis of Trifolium repens revealed a significant
amount of genetic variability among 52 cultivars and accessions (Kolliker et al.,
2001). However, cluster analysis partially reflected the geographical origin of
the accessions and also showed disagreement with cluster analysis based on
morpho-physiological characters. Gustine and Elwinger (2003) studied the
Random Ampilified Polymorphic DNA profiles of populations sample of Trifolium

repens based on a multivariate non parametric approach.
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Chapter IIT

MATERIAL AND METHODS

3.1  Material

Material for the present investigation comprised of 28 white clover
accessions of varied geographical affinities (courtesy: Western Regional Plant
Station, WSU, Pullman, USA) including some local germplasm colleéted from
different parts of Himachal Pradesh including a check variety. The material
was raised in the randomized complete block design (RBD) using 3
replications, at the Fodder Research Farm of the CSK Himachal Pfadesh Krishi
Vishvavidyalaya, Palampur and one set of the material was planted in the pots
in the glass house dLlring 2001-2002. Details of the materialvused are given in

the Table 3.1.

3.2 Methods

3.2.1 Field evaluation of experimental material

White clover germplasm comprising of cultivars and accessions of
indigenous and exotic origin were maintained at the Fodder Rese'arch‘Farm of
the CSK Himachal Pradesh Krishi Vishvavidyalaya Palampur during 2001-02.
Row-to-row spacing of 30 cm was maintained in the 2 X 1.5 ‘mz plots. Matérial
was characterized and evaluateq for importanf agro-morphological characters
using descriptors and descriptor states developed by International Plant
Genetic Resources Institute (IPGRI) for white clover. Characterization data

were recorded on ten randomly taken plants.
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Table 3.1: Details of the material and seed characteristics uséd in
the present study ‘

Sr.No. Genotypes Origin Seed Seed coat Colour
, shape

1 TWC-1 Spain Oval Brown

2 TWC-2 ok Round Yellow

3 TWC-3 Bulgaria Round Yellow

4 TWC-4 Canada Oval . Reddish brown

5 TWC-6 Portugal Oval Brown

6 TWC-7 Iran Oval Yellow

7 TWC-8 ok Oval Reddish brown

8 TWC-9 Russian Federation Round Reddish brown

9 TWC11 Afghanistan Round Reddish brown

10 TWC12 Netherland Oval Reddish brown

11 TWC13 New Zealand Oval Reddish brown

12 TWC14 France Oval Brown

13 TWC15 ** Round Reddish brown

14 TWC16 Turkey Round Brown

15 TWC17 Afghanistan Oval Brown

16 TWC18 ~ New Zealand Round Reddish brown

17 TWC19 Former Soviet Union  Round Yellow

18 TWC20 Russian Federation Oval Yellow

19 TWC21 ** Round Yellow

20 TWC22 *X Oval Yellow

21 RRCP-L-65 Joginder Nagar Oval Yellow

22 RRCP-L-51 Ghatta Round Yellow

23 Palampur Palampur (check) Oval - Yellow
composite

24 RRCP-L-123  Garsa Oval Yellow

25 RRCP-L-17 Baghvda Oval Yellow

26 RRCP-L-43 Gadyara Round Brown

27 RRCP-L-45 Sukhabagh Oval Yellow

28 RRCP-L-42 Sukhabagh Oval Yellow

**Not known
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3.2.2 Observations recorded

Ten plants were randomly taken to record data on the following

traits.

A. Yield and yield related traits

1. Terminal leaflet length (mm): This was recorded from base of leaf to
the tip with the help of a scale.

2. Terminal leaflet width (mm): The width of the terminal leaf was
taken by placing the scale breadth-wise.

3. Leaf shape ratio: This was calculated as, Terminal leaflet length
/Terminal leaflet width (mm)

4. Leaf area (cm?): It was measured by Leaf Area Mefer and mean was
calculated.

5. Plant height (cm): The plant height was recorded with the help of
scale, from base of the plant to the tip of main stolon and mean was
calculated.

6. Plant spread (cm?): The data were recorded by placing the scale
lengthwise and breadthwise.

7. Petiole length (mm): The length of the petiole was measured from
base to the tip of petiole and mean was calculated.

8. Peduncle length (mm): The length of peduncle was measured from
base to tip of peduncle and mean was calculated.

9.

Average number of heads per plant: The number of heads per plant

was counted and mean was taken.
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11.

12.

13.

14.

17

. Average number of florets per head: Total numbers of florets per
head were counted and mean was calculated. |

Pod length (mm): Pod length was measured and mean was calculated. |
Average number of seeds per pod: The seeds per pod were counted

and mean was calculated.

Days to 50% flowering: The plots were visited daily and days to 50%

flowering were noted.

Herbage yield per plant (g): The whole plant was uprooted and

weighed fresh.

Morphological Characters
Plant growth habit: This was recorded on visual observation basis and

was classified according to the descriptor states for white clover as:

a . Erect
b : Semi-erect
c : Prostrate

Leaflet shape: The observation was taken on visual basis according to

the descriptor states as following:

a : Round

b : Oval

c : Obovate

d : Obcordate

e : Oblong
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Leaf colour: The Iéaf colour was recorded on visual observation basis
and classed according to different descriptor states as: |

1. Light green |

2. Dark green

3. Variable
Leaf marking uniformity: This observation was recorded on visual
basis and was classed on the basis of different descriptor states as:

a. Uniform

b. Variable
Leaf marking: This was recorded on visual basis and classed on thé |
basis of different descriptor states as: |

1. V-shaped

2. Both V and other

3. Other (W- shaped)
Leaf hairiness: Observation was recorded on visual basis and
genotypes were classified as:

(0). Absent

(+). Present
Leaf margin: Shape of the leaf margin was recorded on visual basis and
was classified on the basis of different descriptor states as:

1. Smooth

2. Faintly toothed

3. Distinctly toothed

4. Variable
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11.

12.
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Petiole hairiness: Hairiness of petiole was recorded on visual basi; and
were classed on the basis of different descriptor state_s. as:

(3). Sparse

(5). Intevrmediate

(7). Dense
Number of stolons: These were counted manually from primary stem
and were classed according to the descriptor states as:

1. Sparse (<15)

2. Medium (15-25)

3. Dense (>25)
Colour of seed coat: The seed coat colour was recorded on the basis
of 100 seeds observed for colour of seed coat. |
Seed width (mm): It was recorded by placing seeds under rﬁicroscope
and were classified as:

1. Large (>1 mm)

2. Small (<1 mm)
Seed shape: The seed shape was recorded by visualizing the seeds
under the magnifying lens. The seed shape was recordéd as:

1. Round |

2. Oval

3. Obovate

4. Obcordate

5. Other
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C. Quality parameters

a. Protein (AOAC, 1970)

Semi-micro Kjeldahl method was adopted to determine percentage'
of nitrogen content and a conversion factor of 6.25 was used to’calculate
crude protein content. "

b. Neutral detergent fiber (NDF) (Van soest and Wiens, 1967)

A known quantity of ground sample approximately Z).Sg wés taken in
a spout less beaker and a known quantity of neutral detergent solution (50ml)
was added to it. The beaker along with contents was heated to boil for about
1 hour. The contents were filtered through a pre-weighed Gooch crucible
under vacuum with 3 washings of hot distilled water and a final washing with
acetone. The crucibles were dried to a constant temperature of abo‘ut 100°C
and weighed.

c. Acid detergent fiber (ADF) (Van soest and Wiens, 1967)

Ground sample (0.5g) was heated in spout less beaker with 50mi of
acid detergent fiber solution for 1 hour. The contents were filtered through
pre-weighed Gooch crucibles under vacuum with 4 washings of hot water and
a final washing of petroleum ether. The crucibles were dried to a constant
temperature at 100°C and weighed.

3.2.3 Reaction to diseases
3.2.3.1 Reaction to powdery mildew ( Erysiphe trifolii)

The genotypes were screened for reaction to powdery mildew under

natural epiphytotic conditions and observations were recorded on the basis of

area infected. The genotypes were classified according to the scale 0-5.
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3.2.3.11 Reactioh to clover rot (Sclerotinia trifoliorum)

The genotypes were also observed in the field for reaction t§ the
clover rot and mean disease incidence was calculated in percentage. |
3.2.4 Statistical Analysis

Mean values were calculated for all the characters studied and used
for statistical analysis.
3.2.4.1 Analysis of variance

Data were statistically analyzed as per the procedure given by Panse
and Sukhatme (1985). The analysis of variance was based on the following
model

Yij=m+gi+rj+eij
Where,
Y ij = Phenotypic observation of the ith genotypes in the jth replicatfon;
m = General population mean;
g i = Effect of ith genotypes;
r j = Effect of jth replication and
e ij = Error associated with the ith genotypes in the jth feplicatibn

Analysis of variance

Source Degree of Mean F-Value Expected Mean
Freedom Squares Squares

Replications r-1 M Mr/Me cle+go’r

Genotypes g-1 Mg Mg/Me o’e+ra’g

Errors (r-1) (g-1) Me - ole




22

Where,

r Number of replications;

g = Number of genotypes;
o%r= Variance due to replication;
= (Mr - Me)/g

o?g= Variance due to genotypes and

o2e= Error variance |

The standard error of mean SE (m) standard error of differénce
SE(d), and critical difference (CD) for comparing the means of any two lines
were computed as follows: |

SE (m) =%\(Me/r)

SE (d) = £\(2Me/r)

Critical difference (CD) = SE (d) X 't' (5%) valvue at error degrees of
freedom:.
Coefficient of variation (CV) was calculated as per the fol'lowi(ng formula:

CV (%) = [(Me)/ X] X 100
Where,

X = grand mean
3.2.4.2 Estimation of Parameters of Variability

The genotypic (GCV) and phenotypic (PCV) coefficient of variation
were estimated by following Burton and De vane (1953):

GCV (%) = og/ x X 100 |

PCV (%) = op/ X X 100



Where,

3.2.4.3
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og = Genotypic standard deviation;

op = Phenotypic standard deviation and
X = Grand mean (Population)
Heritability

Heritability in broad sense [h? (bs)] was calculated by formula given

by Burton and De vane (1953) and Johnson et al.(1955).

3.2.4.4

Heritability [h? (bs)] % = o%g/c’g + oe X 100
o2g = genotypic variance
= [Mg - Me/r]
o’e = error variance
o’p = phenotypic variance
= o’g + o’e
Genetic advance

The expected genetic advance as per cent of mean was calculated

as suggested by Burton and De vane (1953) and Johnson et al. (1955).

GA (% of mean) = K X op X h*(bs)/x X 100

Where,

K = Selection differential at 5% selection index i.e.2.06;
op = Phenotypic standard deviation and
h?(bs) = Heritability in broad sense

For categorizing the magnitude of different parameters, the

following limits were used as:
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Genetic Advance, PCV and GCV
>20% = High

. 10-20% = Moderate

<10% = Low
Heritability

>80% = High

50f80 = Medium

<50 = Low

3.2.5 Cluster analysis

Program for Non-Hierarchical Euclidean Cluster Analysis developed
by Beale (1969) for clustering of accessions or genotypéé was used through
SPAR1 statistical package.
3.2.6 DNA fingerprinting

To generate DNA fingerprints through RAPD markers, accessions of
varied geographical origin were used.
3.2.6.1 Isolation of genomic DNA

Ten randomly taken plants were used for DNA extraction. DNA was
isolated, using CTAB method of Murray and Thompson (1980). Young leaves
were excised, rinsed in de-ionized water and dried on tissue paper. About 300
mg of fresh leaf tissue was ground to fine powder with autoclaved pestle and
mortar after freezing the tissue in liquid nitrogen. The powder was transferred -
to a fresh eppendorf tube containing 800 ul of extraction buffer (2% CTAB,
100 mM Tris, 20 mM EDTA, 1.4 mM NaCl and 1% PVP at pH 8.0), mainta_jned ,

at 60°C in water bath and mixed vigorously. The tubes were then incubated at
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60°C for an hour with an occasional mixing. Equal volume of chloroform:
isoamyl alcohol (24: 1) was added to each tube and mixed gently by invérting
the tube for 5 minute. After centrifugation at 10,000 rprﬁ for 10 minutes at
4°C, the upper layer (aqueous phase) was transferred to fresh eppendorf tube
and 600 ul of pre-chilled isopropanol was added, gently mixed with the
aqueous phase and kept at -20°C for 1h. DNA was precipitated by
centrifugation at 10,000 rpm for 10 minutes. The supernatant was drained
and pellet was retained. The pellet was washed twice with 500 pl of chilled 70
per cent ethanol. The pellet was dried in a laminar air flow cabinet for 3-4 h.
Dried DNA pellet was dissolved in 100 pl TE buffer (10 mm Tris-HCl and 0.1
mM EDTA). The dissolved DNA was treated with 2 pl of RNase (10 mg/ml).
Electrophoresing in 1 per cent agarose gel checked the yield and quality of
DNA.

3.2.6.2 PCR amplification of DNA

DNA ampilification was carried out by making final reaction volume .
of 25 pl containing 2.0 pl ANTP (0.2 mM each of dATP, dGTP, dCTP énd |
dTTP), 0.2 uI&Taq DNA polymerase (3 U/ul), 2.0 pl (20 ng) DNA template, 1
Ml of 5 pM primer, 2.5 pl of 10X PCR buffer, 2.0 yl MgCl, and 15.3 pl of
sterilizing distilled water. "

The final reaction mixture was placed in a Thermal Cycler (Ml
Research). The PCR programme was set at initial cycle at 94°C for 5 minutes,
37°C for 1 minute, and 72°C for 2 minutes. Further amplification was repeated
for 40 times consisting of denaturation at 94°C for 1 minute, annealing at
37°C for 1 min and extension at 72°C for 2 minutes. Final extension of 5

minutes at 72°C was carried out before its rapid cooling to 4°C.
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3.2.6.3 Analysis of PCR products

Ten ! of each PCR product mixed with gel Ioading dye bromophenol
blue (0.25% bromophenol blue and 40% sucrose) was electrophoresed using'
1.4 per cent agarose gel in 0.5X Tris borate-EDTA (TBE) buffer (0.05 M Tris,
0.05 M boric acid, 1 mM EDTA, pH 8.0). The gel was run at a constant voltage
of 100 volts for 2 hours. The gel was stained with ethidium bromide (5ug/ml)
for 10 minutes after the completion of electrophoresis.

The gel was destained for 30 minutes by keeping under running tap
water. The resolved PCR products were visualized over an ultraviolet
transilluminator and a photograph of gel was stored in Gel-Doc (Bio-Rad).
3.2.6.4 RAPD profiling

Forty-eight randomly chosen 10-mer primers were screened but
RAPD profiles were generated involving the polymerase chain reaction
mediated amplification using 11 randomly chosen10-mer primers only.
3.2.6.5 Data analysis

The band data were scored and used to generate a binary matrix.
Numerical Taxonomy System of Multivariate Statistical Program (NTSYS)
software package was used for data analysis (Rohlf, | 1993). Jaccard's
similarity coefficient was used for construction of dendrogram by Unweighted

Paired Group Method of Arithmetic Averages (UPGMA).
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Table 3.2 List of 10-mer OPERON primers used to generate RAPD

bands/ fragments.

Sr.No. Designation of primers Base Sequence
1 OPA—13 5'-CAGCACCCAC-3'
2 OopPB—07 5'-GGTGACGCAG-3'
3 OPC~13 5'-AAGCCTCGTC-3'
4 OPC—19 5'-GTTGCCAGCC-3'
5 OPC—20 5'-ACTTCGCCAC-3'
6 OPD—08 5'-AAGACCCCTC-3'
7 OPE—11 5'-GAGTCTCAGG-3'
8 OPF—15 5'-CCAGTACTCC-3'
9 OPX—08 5'-CAGGGGTGGA-3'
10 OPX—11 5'-GGAGCCTCAG-3'
11 OPX—14 5'-ACAGGTGCTG-3'







Chapter IV
RESULTS

The results obtained on various aspects of the study are presented

hereafter under different heads:

4.1 Analysis of variance

Analysis of Variance for the experimental design (Table 4.1) revealed
that the mean squares due to genotypes wefe signifitant for middle leaflet
length (mm), middle leaflet width (mm), petiole length (mm), peduncle length
(cm), leaf area (cm?), number of heads per plant, days to 50% flowering,
mean plant spread (cm?), floret length (mm), number of florets, number of
seeds per pod, herbage vyield (g), NDF % and stolon length (mm), indicating
that the material under study had sufficient genetic variability for these

characters.

4.2 Estimates of mean values and parameters of
variability

Estimates of different parameters of variability are presented in Table
4.2. A wide range of variation was observed among different genotypes with
regard to different plant traits studied. The mean performance of all the

genotypes for various traits and trait-wise description of these parameters is

as follows:
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Table 4.1 Analysis of variance

Mean squares

Source Replication Genotypes Error

Traits df 2 27 54

1. Plant height (cm) 9.03 15.62 5.52
2. 'Middle leaflet length (mm) 1.26 4.84%* 1.37
3. Middle leaflet width (mm) 1.97 '5.76* 1.29
4. Leaf shape ratio 0.41 0.14 0.44
5. Petiole length (mm) 6.49 721.85*%  38.11
6. Peduncle length (mm) 144.61 673.42*  66.28
7. Leaf area (cm?) 0.18 19.64* 0.12
8. Number of heads per plant 0.40 181.41* 7.38
9. Days to 50% flowering 26.16 599.59* 13.15
10. Mean plant spread (cm) 18523.43  79206.12* 6134.66
11. Floret length (mm) 0.26 0.55*% 0.14
12. Stolon length (mm) 362.02 1149.27*  293.80
13. Number of florets 27.85 311.65* 16.54
14. Number of seeds/pod 0.37 1.02% 0.‘13.
15. Herbage yield (g/plant) 3.63 100.51* . 18.33
16. ADF (%) 164.17 16.87 6.19
17. NDF (%) ‘ 76.47 52.33% 7.84-

18. Protein (%) 19.44 4.97 1.50°




Table 4.2 Mean, range and variability parameters of different traits

Traits Mean Range PCV  GCV ECV H’bs  Genetic
(%) (%) (%) (%) advance
(%)
1. Plant height (cm) 18.66 13.97 - 23.50 15.98 9.84 12.59 3790 12.47
2. Middle leaflet length (mm) 16.47 13.70 - 19.51 9.65 6.53 7.11 45.72 9.09
3. Middle leaflet width (mm) 14.28 11.00 - 17.95 11.67 8.55 7.95 53.67 1291
4. Leaf shape ratio 1.16 0.99 -1.32 7.55 4.96 5.69 43.16 6.71
5. Petiole length (mm) 95.1 71.43 - 125.45 17.15 15.87 6.49 85.67 30.27
6. Peduncle length (mm) 85.88 66.00 - 120.42 19.09 16.56 9.48 75.33 29.62
7. Leaf area (cm?) 8.89 4.21 - 13.28 28.96 28.70 3.85 98.23 58.59
8. Number of heads per plant 25.37 12.30 - 40.14 31.88 30.03 10.70 88.72 58.25
9. Days to 50% flowering 118.75 90.33 - 143.33 12.16 11.77  3.05 93.69 23.48
10. Mean plant spread (cnf) 448.26 89.41 - 825.25 38.95 34.82 17.49 80.00 64.10
11. Floret length (mm) 7.78 7.01 - 8.68 6.73 4.76 4.76 4995 6.93
12. Stolon length (mm) 182.04 147.44 - 220.67 13.22 9.28 9.41 49.25 13.41
13. Number of florets 46.65 31.95 - 82.56 2298 21.26 8.72 85.60 40.52
14. Number of seeds/pod 3.02 1.43 -4.03 21.57 18.10 11.73 70.43 31.30
15. Herbage yield (g/plant) 26.87 17.07 - 37.04 ©25.17 21.93 15.93 59.90 3i.06
16. NDF (%) 33.29 25.73 - 41.46 143 11.56 8.41 65.40 19.27
17. ADF (%) 35.24 30.93 - 39.27 8.86 5.35 7.05 36.55 6.67
18. Protein content (%) 20.59 17.15 - 23.10 7.92 5,22 5.95 43.49 7.09

0¢
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4.2.1 Plant height (cm)

Plant height ranged from 13.97-23.50 cm with a mean value of 18.66
cm. Check Palémpur Composite had the maximum plant height over all the
genotypes followed by TWC-17 (22.26 cm), TWC-20 (21.83 cm), RRCP-L-123
(21.09 ¢m), RRCP-L-42 (20.58), TWC-16 (20.44 cm), RRCP-L-43 (20.32 cm),
TWC-8 (20.26 cm), TWC-6 (20.15 cm), TWC-21 (20.02 cm) and TWC-13
(19.94 cm). Values of PCV, ECV and genetic advance in % of meah were found
to be.moderate as 15.98, 12.59 and 12.47 per cent, respectively. However,
GCV and heritability values were low as 9.84 and 37.90 per cent, respectively.
4.2.2 Middle leaflet length (cm)

Middle leaflet length ranged from 13.70-19.51 (mm) with a mean
value of 16.47 mm. RRCP-L-43 had the highest middle leaflet length (19.51
mm) followed by TWC-22 (18.10 mm), TWC-18 (18.0 mm), TWC-1 (17.99
mm), TWC-6 (17.8 mm) and RRCP-L-123 (17.69 mm). Low values of PCV
(9.65), GCV (6.53), ECV (7.11), heritability (45.72) and genetic advance (9.09)
were recorded for this character.

4.2.3 Middle leaflet width (mm)

It varied from 11.0-17.95 mm with mean value of 14.28 mm. TWC-1
had the highest middle leaflet width of 17.95 mm which was followed by TWC-
12 (17.16 mm). GCV and ECV were found to be as locw as 8.55 and 7.95 per

cent, respectively. However, PCV, heritability and genetic advance were
moderate with values of 11.67, 53.67 and 12.91 per cent, respectively for this

trait.
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4.2.4 Leaf shape ratio

Leaf éhape ratio ranged from 0.99 to 1.32 with mean value of 1.16.
RRCP-L-43 had the highest leaf shape ratio (1.32) followed by RRCP-L-42
(1.25), TWC-18 (1.24), TWC-3 (1.23), TWC-4 (1.22), TWC-6 (1.22), TWC-21

(1.22) and RRCP-L-51 (1.21).

Relatively low values of PCV, GCV, ECV, heritability and genetic

advance were recorded for leaf shape ratio.

4.2.5 Petiole length (mm)

It varied from 71.43 to 125.45 mm with a mean value of 95.10 mm.
RRCP-L- 123 had the highest petiole length of 125.45 mm followed by RRCP-L-
17 (123.12 mm) and TWC-18 (120.37 mm). PCV (17.15%) and GCV (15.87%)
were found to be moderate. ECV was found to be low, however, heritability

was high (85.67%) coupled with high values of genetic advance (30.27%).

4.2.6 Peduncle length (mm)

This observation ranged from 66.00 to 120.42 mm with a mean value
of 85.88 mm. TWC-11 had the highest peduncle length (120.42 mm) fol‘lowed
by TWC-4 (113.55 mm).

PCV (19.09%), GCV (16.56%) and heritability (75.33%) values for
peduncle length were found to be moderate. ECV was low with a per cent

value of 9.48 and genetic advance was found to be high at 29.62 per cent.
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4.2,7 Leaf area (cm?)

Leaf area varied from 4.21-13.28 cm? with an overall mean leaf area
of 8.89 cm?, TWC-9 had the maximum leaf areav(13.28 cm?), followed by TWC- .
12 (13.00 cm?). High PCV, GCV, heritability and genetic advance were
observed with corresponding values of 28.96, 28.70, 98.23 and 58.59 per cent,

respectively. However, ECV was found to be low at 3.85 per cent.

4.2.8 Number of heads per plant

It ranged from 12.30-40.14 with a mean value of 25.37 heads per
plant. TWC-11 had the highest number of heads per plant (40.14) followed by
the check Palampur Composite (39.34), RRCP-L-123 (37.60) and RRCP-L-43
(36.33).

High PCV (31.88%), GCV (30.02%), heritability (88.72%) and genetic
advance (58.25%) were observed for number of heads 'per plant. ECV was

found to be 'moderate with a value of 10.7 per cent.

4.2.9 Days to 50% flowering

Observation for this character ranged from 90.33 to 143.33 days with- |
a mean value of 118.75 days. RRCP-L-45 took maximum days in attaining days
to 50% flowering (143.33 days), which was followed by TWC-11 (141.67 .
days). TWC-7 and TWC-20, on thé other hand, were the earliest in completing
days to 50% flowering. The rest of the genotypes weré intermediate in days to

50% flowering.
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Heritability and genetic advance were found to be high with per cent
values of 93.69 and 23.48. PCV and GCV were found to be moderate (12.16
and 11.77 per Cent). ECV was low at 3.05 per cent.

4.2.10 Mean plant spread (cm?)

Mean plant spread ranged from 89.41 to 825.25 cm? with a mean
value of 448.26 cm?. RRCP-L-43 a local collection had the highest plant spread -
(825.25 cm?), followed by TWC-14 (788.22 cm?) and TWC-3 (698.04 cm?).

High values of PCV, GCV, heritability and genetic advance werezfound |
with corresponding values of 38.95%, 34.82%, 80% and 64.10%, respectively,
whereas ECV was found to be moderate for this character. |
4.2.11 Floret length (cm)

Floret length ranged from 7.01 to 8.68 mm with an average value of
7.78 mm. TWC-17 had the maximum floret length of 8:68 mm followed by
TWC-12, TWC-11, RRCP-L-65, RRCP-L-43 and check (Palampur Composite)
with floret length of 8.61 mm, 8.45 mm, 8.34 mm, 8.13 mm and 8.08 mm,
respectively.

Low PCV, GCV, ECV, heritability and genetic advance with
corresponding values of 6.73, 4.76, 4.76, 49.95 and 6.93 per cent were
recorded for this character.

4.2.12 Stolon length (mm)

Stolon length ranged from 147.44 to 220.67 mm. The mean value

was 182.04 mm. Check (Palampur Composite) had the highest stolon length of

220.67 mm followed by TWC-17 (217.25 mm), TWC-8 (200.61 mm), RRCP-L-
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42 (200.14 mm), TWC-7 (198.92 mm), TWC-20 (198.66 mm), RRCP-L-123
(194.65 mm), RRCP-L-43 (193.56 mm), TWC-4 (193.25 mm) and TWC;l
(192.9 mm). PCV and genetic advance were found to be moderate with values
of 13.22 and 13.41 per cent, whereas GCV, ECV, and heritability were quite
low. |
4.2,.13 Number of florets

Number of florets ranged from 31.95 to 82.56 per inflorescence with
a mean value of 46.65. TWC-11 had the highest number of florets and all other
genotypes had significantly low number of florets.

Relatively high PCV, GCV, heritability and genetic advance were
found with per cent values of 22.98, 21.26, 85.60 and 40.52, respectively.

4.2.14 Number of seeds per pod

Number of seeds per pod ranged from 1143 to 4.03 with a mean
value of 3.02. TWC-4 had the highest number of seeds pér pod (4.03) followed
by TWC-17 (3.92), TWC-18 (3.78), RRCP-L-123 (3.61), TWC-9 (3.54) and
TWC-13 (3.49). Per cent PCV and genetic advance were f(oun_d to be high with
moderate values of GCV, ECV and heritability.

4.2.15 Herbage yield (g)

Herbage yield per plant ranged from 17.07 to 37.04 (g), with a mean
value of 26.87 g. RRCP-L-17 was found to be the highest green fodder yielder
among all genotypes which was followed by TWC-6 (36.48 g), TWC-1 (34.98

g), TWC-13 (34.04 g), TWC-8 (33.42 g) and the check PalampUr Composite
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(32.61 g). High per cent values of PCV, GCV and génetic advance were
recorded (25.17, 21.93 and 31.06). ECV and heritability were found to be
moderate with corresponding values of 15.93 and 59.90 per cent, respectively.

4.2.16 NDF (%)

Per cent neutral detergent fibre ranged from 25.73 to 41.46, With a
mean value of 33.29 per cent. RRCP-L-65 had the highest neutral detergent
fibre percentage followed by TWC-9 (39.20%), TWC-2 (38.93%), RRCP-L-43
(38.47%), TWC-4 (37.86%) and TWC-16 (37.47%). Moderate values of PCV,
GCV, heritability and genetic advance were observed for this trait.

4.2.17 ADF (%) ."

Acid detergent fibre ranged from 30.93 to 39.27 per cent, with a

mean value of 35.24 per cent. TWC-7 and TWC-13 had the highest ADF
(39.27%) followed by RRCP-L-43, TWC-9, TWC-21, TWC-4, TWC-22, TWC-17,
RRCP-L-42, TWC-16, TWC-18 and Palampur Composite with corresponding
values of 38.40, 38.20, 38.20, 37.80, 37.40, 37.26, 37.13, 36.67, 35.46 and
35.40 per cent, respectively. Low values of PCV, GCV, ECV, heritability and
genetic advance were observed for this trait. |

4.2.18 Protein (%)

Average protein content ranged from 17.15 to 23.10 per cent with a
mean of 20.59 per cent. TWC-6 had the highest protein percentage (23.10%)
which was followed by TWC-11 (22.38%), RRCP-L-65 (22.28%) and TWC-14
(22.05%). TWC-2, on the other hand, had the lowest protein content

(17.15%). Low values of PCV, GCV, ECV, heritability and genetic advance were

observed for protein contel
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4.3 Clustér analysis

With the help of non-hierarchial euclidean cluster analysis (Table
4.3), 28 accessions were grouped into 7 clusters. Cluster 1 contained three
genotypes, 2 of exotic (TWC-4 and TWC-9) and one of indigenous (RRCP-L-65)
origin. Cluster 2 had only one genotype TWC-11 of exotic origin, whereas,
cluster 3 contained six genotypes, of which five accessions viz., TWC-2, TWC-
14, TWC-18, TWC-19 and TWC-22 were of exotic origin while RRCP-L-45 was
an indigenous collection. Cluster 4 contained 5 genotypes out of which, four
were of exotic (TWC-1, TWC-8, TWC-12 and TWC-15) and one (RRCP-L-17)
had indigenous origin. Cluster 5 contained eight accéssions, six of éxotic
(TWC-3, TWC-7, TWC-13, TWC-16, TWC-20 and TWC-21) and two of
indigenous (RRCP-L-51 and RRCP-L-42) origin. Sixth cluster had four
accessions, two exotic (TWC-6 and TWC-17) and twb Indian (Palampur
Composite and RRCP-L-123), whereas, Cluster 7 contained only one accession
(RRCP-L-43) of indigenous origin. |
4.3.1 Cluster distances

Inter cluster distances are given in the Table 4.3.1. Maximl.Jm' inter
cluster centroids distance was found between clusters 7 and 2. Cros‘§es
between distant clusters might be more useful if the parents for crosses are
carefully selected according to breeding objectives“. Minimum inter cluster
centroid distance was found between cluster numbers 5 and 3. Attempting

crosses within cluster is hardly expected to yield any desirable recombination.
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Table 4.3 Non Hierarchial Euclidean Cluster analysis

Cluster number

Number of
' accessions in each

Genotypes

cluster

1. 3 TWC-4, TWC-9, RRCP-L-65

2. 1 TWC-11

3. 6 TWC-2, TWC-14, TWC-18, TWC-19,
TWC-22, RRCP-L-45 '

4. 5 TWC-1, TWC-8, TWC-12, TWC-15,
RRCP-L-17

5. 8 TWC-3, TWC-7, TWC-13, TWC-16, TWC-
20, TWC-21, RRCP-L-51, RRCP-L-42

6. 4 TWC-6, TWC-17, Palampur Composite,
RRCP-L-123

7. 1 RRCP-L-43

Table 4.3.1 Distance hetween the cluster centroids

Cluster 1. 2. 3. 4 5 6. 7
1. 0.00
2. 6.11 0.00
3. 3.94 7.72 0.00
4, 4.70 6.93 3.68 0.00
5. 3.57 7.85 3.52 4.26 0.00
6. 4.80 7.05 5.22 3.95 4,70 0.00
7. 6.10 9.03 5.65 6.38 5.86 5.71 0.00
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Results from present study indicated that cluster analysis is an
suitable technique to identify and quantify the geneti¢ distances between
strains.

4.4 Reaction to diseases

4.4.1 Reaction to powdery mildew (Erysiphe trifolii)
Twenty-eight accessions were evaluated for their reaction to powdery
mildew in pot cultures. Based on leaf area infected and scale used (Table
4.4.1), accessions were classified into different'categories. Two accessions
viz.,, TWC-2 and RRCP-L-42 a local collection, were found to be highly
resistant. Not a single genotype was classed as resistant, however nine
genotypes (TWC-9, TWC-11, TWC-14, TWC-15, TWC-21, TWC-22, RRCP-L-45,
RRCP-L-123 and Palampur Composite) were observed moderately resistant.
Four genotYpes (TWC-7, TWC-16, TWC-18 and RRCP-L-65) were grouped as
moderately susceptible and eleven genotypes, viz. (TWC-1, TWC-3, TWC-4, -
TWC-6, TWC-8, TWC-12, TWC-13, TWC-17, TWC-19 and RRCP-L-17, RRCP-L-
51) were found susceptible. The remaining two genotypes (TWC-20 and RR’CP—
L-43) were found to be highly susceptible to the disease.
4.4.2 Reaction to clover rot (Sclerotinia tfifoliarum)

Bt aisease incidence ranged from 0.00 to 28.70. Maximum incidence of
disease was found in TWC-1, TWC-2, TWC-4, TWC-15, TWC-18, RRCP-L-51
and RRCP-L-45 (Plate 1). However, TWC-3, TWC-6, TWC-7, TWC-8, TWC-13,
TWC-14, TWC-16, TWC-20 and RRCP-L-42 were found free from disease
(Table 4.4.2).
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Table 4.4.1 Reaction to powdery mildew

Categories Scale Area infected Genotypes

1.  Disaise Foee 0 0 TWC-2, RRCP-L-42

2, Resistant 1 <1 --

3. Moderately 2 1-10 TWC-9, TwC-11, TWC-14,
Resistant TWC-15, TWC-21, TWC-22,

RRCP-L-45, RRCP-L-125,
Palampur Composite (check)

4. Moderately 3 11 -25 TWC-7, TWC-16, TWC~18,‘
susceptible RRCP-L-65
5. Susceptible 4 26 - 50 TWC-1, TWC-3, TWC-4,

RRCP-L-51, TWC-6, TWC-8,
TWC-12, TWC-13, TWC-17,
TWC-19, RRCP-L-17

6.  Highly 5 51 — 100 TWC-20, RRCP-L-43
Susceptible '




the field (A) and Sclerotinia trifoliorum

Plate1. White clover growing in
infected white clover plants (B)



Tabie 4.4.2 Reaction of white clover accessions to Scl_erotinia trifoliorum

Genotypes Disease Transformed value (sq.
‘ incidence % root transformation)
1. TWC-1 28.70 5.29*
2. TWC-2 13.00 Sl
3 TWC-3 0.00 1.00
4, TWC-4 16.70 4.21
- TWC-6 0.00 1.00
6. TWC-7 0.00 S 1.00
7. TWC-8 0.00 100
8. TWC-9 11.10 3.14
9. TWC-11 11.10 ; 3.14
10. TWC-12 6.70 2.54
11. TWwC-13 0.00 1.00
12, TwWC-14 0.00 1.00
13.  TWC-15 20.00 4.00
14, TWC-16 0.00 1.00
15. TwC-17 2.80 1.70
16. TWC-18 13.40 3.77
17.  TWC-19 2: 77 1.68
18. TWC-20 0.00 1.00
19. TwC-21 5.50 2.40
20,  TwC-22 5.50 2.40
21. RRCP-L-65 5.60 2.07
22. RRCP-L-51 19.50 4.50
23.  Palampur Composite 2.80 1.68
24,  RRCP-L-123 11.10 2.40
25, RRCP-L-17 11.10 2.40
26. RRCP-L-43 2.80 1.68
27. RRCP-L-45 16.70 4.20
28. RRCP-L-42 0.00 1.00

CD (5 %) = 1.76
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4.5 Molecular characterization

A total of 48 primers (10-mer) were scréened for the PCR
amplification, out of which 37 failed to give meaningful results.

The RAPD analysis of 28 accessions of white clover was thus, done
using 11 primers. The RAPD profiles generated using primers OPC-20 and OPF-
15 are presented in Plate 2.

The number of scorable and polymorphic bands obtained with each
primer is given in the Table 4.5. RAPD profiles of white clover accessions
generated 136 bands, of which 129 were polymorphic. These bands were used
to construct a dendrogram (Fig. 1). The cluster analysis of 136 bands showed
the formation of 5 groups namely A, B, C, D, and E. Group A comprised of four
exotic (TWC-1, TWC-2, TWC-6 and TWC-3) and one indigenous (RRCP-L-123)
white clover accessions with 49 per cent similarity. Group B, comprised of two
exotic accessions (TWC-18 and TWC-21), showing 57% similarity among
themselves. Group C, comprised of four indigenous accessions (RRCP-L-65,
RRCP-L-51, RRCP-L-45 and RRCP-L-42), showing 47.5 per cent similarity
among themselves. Group D comprised of eight accessions with five exotic
(TWC-8, TWC-9, TWC-16, TWC-20 and TWC-22) and three of indigenous
(Palampur Composite, RRCP-L-17 and RRCP-L-43) .origi:n representing 46%
similarity among themselves. Group E comprised of two accessions (TWC-13
and TWC-14) ovf exotic origin showing 44% genetic similarity among

themselves.



Plate 2. RAPD profiles of 28 accessions of white clover generated through
DNA ampiification with primers OPC20 (A) and OPF15 (B); M denotes the
molecular weight marker
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Table 4.5 Number of scorable and polymorphic RAPD bands obtained
in the PCR amplified DNA of white clover accessions

Sr. No. Primers Numbers of scored bands  Number of polymorphic
bands
1. OPA-{13 13 12
2. OPB-07 16 16
3. OPC-13 10 10
4, OPC-19 10 | 9
5. OPC-20 10 9
6. OPD-08 11 | 10
7. OPE-11 11 11
8. OPF-15 18 16
9. OPX-8 15 14
10. OPX-11 10 | 10
11, OPX-14 . 12 o 12

136 129
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Fig 1. Dendrogram of 28 Trifolium repens accessions generated by
RAPD data using the UPGMA method
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Accessions TWC-17, TWC-19, TWC-12, TWC-15, TWC-7, TWC-4 and .
TWC-11 did not cluster in any of the above 5 groups. The results showed
TWC-4 and TWC-11 to be the most distantly placed accessions. TWC-4 showed
37% similarity with all the 5 groups, whereas, TWC-li showed only 29%
similarity with these groups. The intercluster similarity between group A and B
was 46%, between B and C 44%, between C and D 43% and between D and E

was 41%.
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Chapter V.

DISCUSSION

The present investigation on “Characterization and diversity analysis
of white clover (7rifolium repens) accessions of different geographical origin”
was undertaken to know the nature and magnitude of variability present in the
accessions of white clover of diverse geographic origin using agro-
morphological and RAPD markers. The results obtained in the present

investigation are discussed under the following heads.

5.1 Studies on variability

Most of the traits which are of interest to plant breeders are
quantitative in nature and thus exhibit continuous variation. The continuous
variation comprises of heritable and non-heritable components (Fisher, 1918).
Therefore, it is necessary to partition the observed variation into heritable and
non-heritable components so as to have an idea about the heritable
contribution. For the traits with high heritability, selection becomes easy due
to close correspondence between phenotype and.the genotype. Its estimates
are also useful in understaqding the amount of genetic progress that can be
made during selection process. The estimates of heritability together with the

genetic advance are helpful in predicting selection potential in a population.
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In the present study, analysis of variance revealed the presence oi
sufficient variability in the material under study for the traits, viz., middle
leaflet length (mm), middle leaflet width (mm), petiole length (mm), peduncle
length (mm), leaf area (cm?), number of heads per plant, days to 50%
flowering, mean plant spread (cmz), floret length (mm), number of fiorets,
number of seeds per plant, herbage yield (g/plant), NDF (%) and stolon length
(mm). However, plant height (cm), leaf shape ratio, protein content (%) and
ADF (%) did not show the presence of sufficient i/ariability; Harper (1_'97,7.),1
Burdon (1980), Annicchiarico (1993) and Caradus (1994) also reported wi_de
range of variability for herbage yield and other traits in white clover.

In order to have a comparison of magnitudes at phenotypic and
genotypic levels of various traits, the most potential parameters are
coefficients of variability. Results from present study indicated that PCV was
high (> 20%) for traits viz., leaf area (cm?), number of heads per plant, mean
plant spread (cm?), number of florets, number of seeds per pod, herbage yield
(g/plant) and moderate (10-20%) for plant height (cm), middlé leaflet width
(mm), petiole length (mm), peduncle length (mm), days to 50% flowering,
stolon length (mm) and NDF (%). For remaining characters viz., middie leaflet
length (mm), leaf shape ratio, protein content (%), floret length (mm) and

ADF (%), the per cent PCV was comparatively low.
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High GCV (%) values were observed for leaf area (cm?), number 6f
heads per plant, number of florets, herbage yield (g/plant), mean plant spread
(cm?) and moderate for petiole length (mm), peduncle length (mm), days to
50% flowering, number of seeds per pod and NDF (%). For remaining
characters GCV was found to be comparatively low.

High genotypic coefficient of variation for the characters reflect high
magnitude of genetic variation and hence greater scope for improvement
through direct selection. GCV values were lower than‘ the corresponding
phenotypic coefficients, implying the influence of environment on the
genotypes. Environmental coefficient of variation (ECV %) was observed itolbe,-
low for middle leaflet length (mm), middle leaflet width (mm), leaf shape ratio, -
petiole length (mm), peduncle length (mm), leaf area (cm?), protein (%), days.
to 50% flowering (days), mean plant spread (cm?), floret length (mm), sfolon
length (mm), number of florets, NDF (%) and ADF (%), whereas moderate for
rest of the traits. Lee et a/, (1993) also indicated high GCV for leaf area (cm?)
and petiole length (mm). Avtar et al. (1997) found high GCV for herbage vyield
and other component characters in white clovger.

Heritability and genetic advance are also two complementary
concepts, the former may be used to estimate the expected genetic advance
through selection. The effecfiveness of a selection programme depends not

" only on the total available _va(iAatidh;_‘bu_t alsB ‘on the extent of heritability and
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genetic advance. Such parameters have been shown to change from,
population to population, year to year and environment to environment, Tl;\e
results of the present study revealed that traits like petiole length (mm), leaf
area (cm?), number of heads per plant, days to 50% flowering, mean plant
spread (cm?) and number of florets recorded high heritabilities (> 80%) and
moderate (50-80%) for middle leaflet width (mm), peduncle length (mm),
number of seeds per pod, herbage yield (g/plant) and NDF (%). However,
remaining traits exhibited low heritabilities (< 50%). Higher estimates of
heritability for the traits implies that the phenotypic selection made for these
traits can be relied upon.

For an effective selection, the knowledge of the estimates of the
heritability alone is not sufficient and genetic advance, if studied along with
heritability, is more useful. In the present study, high genetic advance (>20%)
expressed as per cent of mean was observed for petiole length (mm),
péduncle length (mm), leaf area (cm?), number of heads per plant, days to-
50% flowering, mean plant spread (cm?), number of florets per head, number
of seeds per pod and herbage yield (g/plant); moderate (10-20%) forv plant
height (cm), middle leaflet width (mm), stolon length (mm), NDF (%) and 'Iow.
(< 10%) for rest of traits viz., middle leaflet length (mm), leaf shape ratio,
floret length (mm), ADF (%) and protein (%). Low Qenetic advance for these
traits suggested that the selection based on per se performance for the traits

may not yield desirable results.
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Further, high heritability coupled with high genetic advance for.
petiole length (mm), peduncle length (mm), leaf area (cm?), number of heads
per plant, days to 50% flowering, mean plant spread (cm?), number of florets
indicated the presence of additive gene action for these tfaits. Hence selection
can be quite effective for the improvement of these traits. Contrarily, high
heritability with low genetic advance reveals the presence of non-additive gene
action. |

These results are in conformity with those of previously reported by
Lawson (1971), Vanbogaert (1977), Broda (1980), Salisbury et a/. (1987) and
Lee et al/. (1993) also observed high heritability for herbage yield (g/plant),
florets per head, seeds per pod, leaf area, days to flowering and petiole

length.

5.2 Cluster analysis

Selection of parents is based on genetic diversity for a successful
crop improvement programme. Cluster analysis has often been used for
studying the genetic divergence of germplasm. This approach has been used in
different crops by various workers (Walia and Garg, 1996; Garg and Gautam,
1997). Therefore, cluster analysis was used for studying the genetic
divergence in accessions of white clover (7. repens).

In the present study, 28 accessions of white clover of varied
geographical origins (20 exotic and 8 of indigenous origin) were characterized

and evaluated using standard descriptors and descriptor states. The cluster
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analysis (Non Hierarchical Euclidean Cluster Analysis) grouped accessions into-
7 broad clusters (groups), showing high levels of genetic variation. Cluster 1
contained three accessions (2 exotic and 1 indigenous), cluster 2 contained
only one accession, exotic in origin. Cluster 3 had six acceésions (5 exot;ic,and
one indigenous), cluster 4 contained five genotypes (4 exotic and 1.
indigenous), cluster 5 contained eight accessions (6 exotic and 2 of indigenous
origin), cluster 6 comprised of four accessions (2 exotic and 2 indigenoué)‘énd |
4cluster 7 had only one accession of indigenous origin.

Not much association was observed between clustering pattern and
geographical origin of the accessions under study.“ The genotypes of same
region were distributed in more than one cluster as the genotypes of
heterogeneous region were grouped in the same cluster. The clustering
pattern, however, depicted the presence of sufficient genetic diversity, even in
the germplasm collections made from similar geographical situations. The
similar results were found by Katiyar et a/. (1998) in forage maize.

5.3 Reaction to diseases

Gehotypes were screened for powdery mildew (Erysiphe trifolii)
resistance under natural epiphytotic conditions and only two accessions of
white clover viz., TWC-2 and RRCP-L-42 (a local collection) were found to be
highly' resistance (Table 4.5.1) which could be used as breeding material for
powdery mildew disease resistance germplasm. Field screening conditions for

Sclerotinia trifoliorum showed the variation in the per cent disease incidence in
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the accessions of white clover (Table 4.5.2). Accessions TWC-3, TWC-6, TWC-
7, TWC-8, TWC-13, TWC-14, TWC-16, TWC-20 and RRCP-L-42 (a local
collection) welre found free from disease.

Interestingly a local collection RRCP-L-42 from Sukhabagh (HP) was
found highly resistant for powdery mildew and Sclerotin/a. Therefore, this can

be used as one of the parents in breeding for disease resistance in clover.

5.4 Agromorphological characterization

Morphological characterization of genotypes has significant
implication in varietal identification, gene bank management, conservation and
intelléctual property rights issues. Agromorphological characterization was
done by using standard descriptors and descriptors states developed by
International Plant Genetic Resources Institute (IPGRI) for white clover (Table
5.4). For leaf marking uniformity, most of the accessions were found to be
having the uniform type of leaf marking with few accessions showing variable
type leaf marking. 'V’ shaped leaf marking was predominant in most of the
accessions followed by ‘W’ shaped and both 'V’ and ‘W’ shaped. In most of the
genotypes, number of stolons was found to be dens_e (> 25) followed by
medium (15 — 25) and a unique descriptor state sparse stolons (<15) was
found in TWC-11.

Dark green leaf colour was found to be prevalent in majority of the
accessions followed by variable and light green leaf colour. Majority

of the accessions were having large seed size (> 1 mm) than small seed size
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(< 1 mm). Middle leaflet shapes in most of the genotypes were found to be
obcordate followed by oblong. A unique descriptor sta‘te, round shape was
found in exotié accession (TWC-11), which differentiated it from others. Leaf
hairiness was altogether absent in all the accessions of, white clover. Petiole
hairiness was found to be intermediate type followed by sparse and dense.

Leaf margin was found to distinctly toothed in most of accessions
followed by faintly toothed. Plant habit was predominantly semi-erect followed
by prostrate type. Erect plant habit was found in the only accession TWC-11,
showing it to be a unique accession.

So, the morphological characterization of the germplasm accessions
could be important for cultivar discrimination and gene bank management in
white clover,

5.5 RAPD analysis

The selection of plant varieties based on morphological markers only
is not very reliable because many characters of interest have low heritabilities
and are genetically complex. However, genome characterization based on DNA
markers is more reliable. Williams et al (1990) established a DNA
polymorphism assay based on PCR amplification of random DNA segments with
single primers of arbitrary nucleotide sequence (RAPD). Different studies have
indicated that RAPD is a powerful method of genotype identification, diversity
analysis, population and pedigree analysis, phylogenetic studies and genetic
mapping (Welsh and McCelland, 1990; Yu and Nguyen, 1994; Raghunathachari
et al., 2000).
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In the present study, the dendrogram obtained by analyzing the
RAPD fingerprints generated through eleven 10-mer primers on 28 genotype;s,
clearly indicated the presence of sufficient genetic variation. The variation,
thus indicated, could be very.useful for white clover improvement programme.

Molecular analysis clustered the genotypes in five groups. Group A
contained 4 accessions of exotic origin and one accession of indigenous origin.
Groub B contained both accessions of exotic origin. Group C contained 4
accessions, all of indigenous origin. Group D contained 5 accessions of exotic
and 3 accessions of indigenous origin. Group E had 2 accessions of exotic
origin. Seven accessions of exotic origin did not cluster in any group. This
represented a high genetic diversity in exotic accessions. TWC-11 and TWC-4
(exotic origin) were placed distantly in the dendrogram and showed least
similarity between other five groups. Largest intracluster similarity was found
in the group B (57%) followed by group A (49%), group C (47.5%), group D
(46%) and group E (44%). Largest intercluster per cent similarity was found
between groups A and B (46%) followed by groups B and C (44%), groups C
and D (43%) and groups D and E (41%). The molecular analysis showed the
lack of variability in the indiegenous cdllection and it therefore warrants the
need to introduce exotic germplasm in our environment to increase the genetic
diversity in the indigenous white clover gene pool. Like agromorphological
descriptors, the white clover germplasm did not show any definite

correspondence between clustering pattern and geographically affinity with
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molecular markers. However, group C had all accessions of local origin. T.‘.c
lack of variabilvity in the white clover germplasm could be because of limited
flow of material to India. The similar results have been reported by Kolliker et
al. (2001). Gustine and Huff (1999) and Gustine et a/, (2002) found very high
genetic variability in white clover using Random Amplified Polymorphic DNA

(RAPD) markers.






Chapter VI .

SUMMARY

Twenty-eight accessions of white clover (Trifolium repens L.) Were_
evaluated at the Fodder Research Farm of the Department of Plant Breeding &
Genetics, CSK Himachal Pradesh Krishi VishvavidyalaYa, Palampur during 2001-
2002. The genotypes were grown in randomized block design with three
replications. Analysis of variance revealed sufficient differences among the
genotypes for different traits indicating the existence of high magnitude of
genetic variability. In general, phenotypic coefficients of variability were higher
than the corresponding genotypic coefficients of variability indicating the
presence of environmental effects on the performance of genotypes. High
genotypic coefficients of variation (GCV %) were observed for leaf area (cm?),
number of heads per plant, number of florets, herbage yield (g/plant) and
mean plant spread (cm?), which reflected high magnitude of genetic variation
and hence greater scope for improvement through direct selection.

The effectiveness of a selection programme depends not only on the
total variation available but also on the extent of heritability and genetic
advance. The results of the present study revealed that traits viz., petiole
length (mm), leaf area (cm?), number of heads per plant, days to 50%
flowering, mean plant spread (cm?) and number of florets recorded high
heritability, thereby indicating lesser effect of environment. Thus, the selection

for these traits on the basis of phenotype could be relied upon.
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Further, high heritability coupled with high genetic advance for
petiole length (mm), peduncle length (cm), leaf area (cm?), number of heads
per plant, days to 50% flowering, mean plant spread (cm?), number of florets
indicated the presence of high additive gene action for these traits. Hence,
selection could be quite effective for improvement of these traits.

Cluster analysis was done for studying the genetic divergence in
accessions of white clover (7. repens), using various agro-morphological
attributes based on standard IPGRI descriptors. The cluster analysis (Non
Hierarchial Euclidean Cluster analysis) grouped accessions into 7 broad
clusters, showing high level of genetic divergence. Clusters 7 and 2 were found
to be distantly placed. The accessions clustered arbitrarily with genotypes of
the same region were found distributed in more than one cluster, while the
genotypes of heterogeneous region were grouped in the same cluster. The
clustering pattern depicted the presence of sufficient genetic diversi.ty. and
showed the lack of correspondence with geographical affinities of accessions.
The morphological characterization, done by using standard descriptors and
descriptor states developed by IPGRI, proved useful for cultivar discrim.inatio‘n.
and diversity analysis and gene bank management for white clover. Under
natural epiphytotic conditions only two accessions viz., TWC-2 (exotic), RRCP;
L-42 (a local collection) were found to be highly feéista-nt to powdery mildew
(Erysiphe trifolii). Field screening of clover rot (Sclerotinia trifoliorum) showed
that genotypes TWC-3, TWC-6, TWC-7, TWC-8, TWC-13, TWC-14, TWC-16,

TWC-20 and RRCP-L-42 were found free from this disease.
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A local collection (RRCP-L-42) from Sukhabagh (HP) was found highly .
resistant for powdery mildew and clover rot, therefore, this can be used as one
of the parents in breeding for disease resistance in clover.

‘Dendrogram constructed by using molecular data( illustrated that
genetic diversity and geographical origin of accessions did not show much
correlation. The genotypes of the same regions were distributed in more than
one cluster and also the genotypes of heterogeneous regions were grouped in
the same clusters. However, group C had all the accessions of local origin.
Molecular variation of higher order was resolved in the exotic accession
compared to indigenous germplasm. This suggests the need to introduce the
exotic germplasm in our environment to increase the genetic diversity in the

indigenous white clover gene pool.
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Mean performance of genotypes

APPENDIX -1

Traits Plant Middle Middle Leaf shape Petiole Peduncle Leaf area  Number of Days to

height leaflet leaflet ratio length length (cm?) heads per 50%
(cm) length width {mm) {mm) plant flowering
Genotypes (mm) (mm)

1. TWC-1 18.67 17.99 17.94 1.10 85.97 101.28 9.96 22.79 122.00
2. TWC-2 15.87 15.96 14.62 1.09 74.89 69.83 7.07 21.83 128.33
3. TWC-3 17.11 16.66 13.67 1.23 77.83 67.83 7.69 20.26 100.33
4, TWC-4 19.60 16.53 13.59 1.22 80.04 113.55 4.86 28.95 112.67
5. TWC-6 20.15 17.80 14.64 1.22 99.83 67.33 11.17 32.82 127.67
6. TWC-7 18.21 16.48 14.14 1.17 105.13 70.53 4.21 18.75 90.33
7. TWC-8 20.26 17.13 15.28 1.12 99.48 . 85,86 10.08 23.56 115.67
8. TWC-9 16.19 15.79 14.48 1.09 80.16 104.78 13.28 33.52 122.33
9. TWC-11 17.58 15.51 14.00 1.11 80.23 120.42 10.21 40.15 141.67
10. TWC-12 16.40 17.06 17.16 0.99 82.14 95.73 13.00 21.51 97.67
11.  TWC-13 19.94 16.22 14.59 1.11 74.76 78.43 11.09 18.10 102.00
12, TWC-14 16.66 16.84 14.22 1.18 90.98 86.55 8.18 22.10 137.00
13. TWC-15 17.65 16.00 15.31 1.04 92.45 88.50 8.22 32.96 124.67
14. TWC-16 20.44 14.51 13.09 1.10 89.82 71.00 9.39 22.29 122.00
15. TWC-17 22.26 16.31 13.65 1.19 109.28 99.40 11.15 30.89 126.00
16. TWC-18 17.75 18.00 14.46 1.24 120.37 75.23 10.35 12.29 99.67
17.  TWC-19 14.96 16.97 14.80 1.15 105.68 66.00 9.07 16.32 112.33
18. TWC-20 21.83 15.38 13.28 1.17 83.43 76.36 5.64 21.92 95.00

19.  TwC-21 20.02 14.96 12.25 1.22 89.83 74.50 6.51 29.88 112.33 .
20. TWC-22 13.97 18.10 15.19 1.19 96.42 78.00 4.31 27.04 136.33
21.  RRCP-L-65 17.81 15.27 13.07 1.17 90.47 92.99 5.61 15.67 127.33
22. RRCP-L-51 18.10 15.10 12,52 1.21 105.11 101.12 11.24 15.88 112.33
23.  Palampur Composite 23.49 15.37 13.40 1.14 115.22 103.26 9.16 39.34 ~125.00
24. RRCP-L-123 21.09 17.69 15.00 1.18 125.45 92.84 10.95 37.59 132.33
25.  RRCP-L-17 18.84 17.40 15.57 1.12 123.13 82.36 12.56 25.64 116.67
26. RRCP-L-43 20.33 19.52 14.87 1.32 113.08 91.62 7.19 36.33 . 126.00
27. RRCP-L-45 16.62 16.88 14.02 1.20 100.12 69.22 8.56 25.15 143.33
28. RRCP-L-42 20.58 13.70 11.00 1.25 71.43 80.07 8.08 16.73 116.00
CD 5% 3.85 1.92 1.86 0.11 10.11 13.34 0.56 4.45 5.94
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