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Abstract

Fifty genotypes of fodder oat (Avena sativa L.) were evaluated to measure the Correlation, Path and Diversity during Rabi-2011-12.
Path coefficient analyses determine the cause & effect relationships and partitions the correlation into direct and indirect effects was
carried out. Maximum positive direct effect on green fodder yield was contributed by leaf stem ratio, dry matter, spike length and number
of spikelet's/panicle. However indirect effect on improvement in green fodder yield was exerted by most of the traits studied. So a direct
selection for all these traits will helps in improvement of green fodder yield. Green fodder yield was positively correlated with most of the
traits studied except number of leaves and stem girth. Among different traits, plant height and leaf length showed positive correlation with
maximum number of traits studied.

The D? analysis on morphological traits grouped the fifty genotypes into ten clusters based on distance ranges. Cluster | includes 37
numbers of lines, Cluster IV and IX includes three lines and Cluster II, ll, V, VI, VII, VlIl and X includes one line in each. The Cluster with
higher number of lines means had low genetic diversity and they are more closely related. Highest intra cluster distance was observed
for cluster IX and maximum inter cluster distance was observed between cluster VIl and lll. The inter cluster distances were higher than
intra cluster distances suggesting presence of high genetic diversity between lines of any two cluster than the lines present within the
cluster. Cluster Il is characterized by line having maximum number of prominent traits studied and contributed more towards divergence,
so the direct selection for these would be helpful. The study provided the opportunity to identify genotypes to be used in future breeding

programme.
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Introduction

Oats (Avena sativa L.) is an annual forage crop which belongs to
family Gramineae. It believed that oats is grown in Mediterranean
region about 4000 years old in Egypt and its origin is Asia Minor
concerted from latitudes 35-65° N and 20-46° S. which is mostly
grown in clay loam soil with adequate drainage pH ranging up-to
5.3-5.7. The crop is known by different names in India, Jai, Ganer,
Ganerji, and Togekoddi, in different languages [1]. The genus Avena
is large and diverse containing both wild and cultivated polyploidy

series with a basic chromosome number of n=7. Oats is an important
winter season crop in India and on the world scene it ranks sixth in
production among all cereal crops next to wheat, maize, rice, barley
and sorghum.

Oat has been used as fodder and grain as it’s a good source of
protein, fibre and minerals. It is used as green crop, hay and silage
for animal feed alone or in mixture feed to dairy cattle, horses, mules
and turkeys, with lesser quantities feed to hogs, beef cattle and sheep.
India is increasing on a fast scale as oat meal, oat granola, baby food
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and breakfast cereal. Oats have adequate soluble carbohydrates to
make good silage. Oat straw is good, palatable roughage and also
excellent bedding. Oat in small bags is very popular in hilly areas.
Oat forages comprise the largest component of the supplementary
cereal forage markets. Oat grain is rich in some important nutrients
including silicon, manganese, zinc, calcium, phosphorus and vitamin
A, B, B, and E.

For further improvement in any breeding programme, always
there is need to evaluate the material available to find out the good lines
for breeding and hybridization purpose. Different agronomic traits
have been used as prime objective to evolve new breeding materials.
Determination of correlation helps in taking the decision related to
selection strategies. In this path analysis further helps by determining
the direct and indirect affect on the traits of interest. All these traits
are affected by genetic and environmental factors [2]. The choice of
breeding programme depends mainly on variability available in the
basic material or available with breeder. Genetic variation within and
between population crops species is major interest of Plant Breeders.
An estimate of the extent of variation within and between populations
of a species is useful for analyzing the genetic structure of germplasm
[3] studied clustering pattern in seventy five germplasm lines of oat
for yield and contributing traits using D2 analyses. Singh and Singh
[4] studied the D? analyses in 70 oat genotypes and grouped into
seven clusters. Besides this there need to explore new technologies to
meet out the emerging demands of the market. Looking into all these
aspects an attempt was made to study the diversity analysis among
the lines in semi arid conditions in prevailing in central part of India.

Materials and Methods

The present study was carried out at the Central Research Farm
of Indian Grassland and Fodder Research Institute (IGFRI), Jhansi,
India during Rabi-2011-12. The material was evaluated in RBD with
fifty numbers of genotypes in three replications with row to row
spacing of 30cm. The genotypes used in the present study consist
of 24 exotic collections, 20 local materials and 6 released varieties.
Normal package of practices were followed with recommended dose
of fertilizers.

Observations for all the traits were recorded on five randomly
selected plants in each replication. Data was recorded on days to plant
height, number of leaves, leaf length, leaf breath, stem girth, panicle
length, spike length, number of spikelet’s /panicle, 1000 seed wt,
groat yield, days to 50% flowering, leaf/stem ratio, dry weight, grain
weight, dry matter yield, and green fodder yield traits.

For analysis work computer software windostat was used which
uses the following for further detailed analysis.

The correlation coefficient at phenotypic and genotypic level was
calculated from the variance and covariance according to Johnson et
al. [5]

Direct and indirect effect of various contributing traits towards
green fodder yield and dry matter yield was calculated using the path
coefficients analysis (Dewey and Lu, 1959).

Genetic diversity arises due to geographical separation or due
to genetic barriers to cross ability or due to different patterns of
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evolution. To measure this extent of diversity, the idea of D? statistics
was used to measure group distance based on multiple characters, was
originally developed by Mahalanobis in 1928 [6] and it becomes one
of the important technique to assess genetic divergence on the basis of
multiple traits. Rao [7] suggested the application of these techniques
for the assessment of genetic diversity in plant breeding. The data was
subjected to statistical analysis and results were described accordingly.

Genotypic correlation coeflicients were calculated between green
fodder yield and its related traits used for the analysis. Green fodder
yield was kept as dependent variable and other traits as independent
variable as they determine the basic relationship between path
coefficients, were interpreted to estimate the direct and indirect
effects [8].

Results and Discussion
Correlation and path analysis

Relationship between various morphological traits and green
fodder yield was also worked out and presented in (Table 1). It is clear
from the table that high positive correlation for green fodder yield
was shown by leaf stem ratio (0.433) followed by plant height (0.427),
grain weight (0.357), leaf length (0.320), groat yield (0.268), days
to flowering (0.211), number of spikelet/panicle (0.192), 1000 seed
weight (0.154), spike length (0.137) and panicle length (0.127) (Figure
1). The highest positive correlation for green fodder yield was shown
by dry matter yield (0.957) and dry weight (0.635) as obviously related
to green fodder. So, direct selection for the positively correlated traits
will be helpful in improvement of green fodder yield. High positive
contribution shown by various traits might have a direct impact on
fodder yield improvement [9]. Negative correlation with green fodder
yield was observed in leaf length (-0.399) and stem girth (-0.036) that
mean a genotype with less number of leaves and thin stem girth will
be of not much use in case of green fodder yield. We have to select
lines with high leaf numbers and thick stem girth [3].

The table also provides the information about the traits which are
positively correlated with each other and might have contributed a
lot in improvement of green fodder yield. Among the different traits,
high positive correlation was observed between plant height and leaf
length (0.200), plant height and panicle length (0.331), plant height
and spike length (0.384), plant height and number of spikelet’s/
panicle (0.417), plant height and 1000 seed weight (0.116), plant
height and groat yield (0.213), plant height and dry weight (0.456),
plant height and dry matter yield (0.384), number of leaves and leaf
length (0.972), number of leaves and leaf breadth (0.116), number
of leaves and panicle length (0.639), number of leaves and spike
length (0.681), number of leaves and number of spikelet’s/panicle
(0.672), leaf breadth and panicle length (0.171), leaf breadth and
spike length (0.821), leaf breadth and number of spikelet’s/panicle
(0.757), leaf breadth and days to flower (0.585), panicle length and
spike length (0.265), panicle length and number of spikelet’s/panicle
(0.463), panicle length and I/s ratio (0.120), spike length and number
of spikelet’s/panicle (0.586), spike length and days to flower (0.292),
spike length and 1/s ratio (0.664), number of spikelet’s/panicle and
days to flower (0.289).

Similarly among the different traits negative correlation was
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Table 1: Genotypical Correlation Matrix for Green fodder yield and related traits.
. Plant |no.of |Leaf |Leaf Stem |Panicle Spike No.' el , 9L Groat IIs Dry wt |Grain Dry
Traits height |leaves |length |breath |girth |length |length spikelet's seed ield ratio /h wt g/h matter
9 9 9 9 9 /panicle |wt y q q yield g/h
Plant height 1.000
No. of leaves -0.354 1.000
Leaf length 0.200 0.972 |1.000
Leaf breath -0.030 |0.116 |0.284 |1.000
Stem girth -0.280 |-0.412 |-0.684 |-0.505 1.000
Panicle length 0.331 0.639 |0.118 |0.171 |-0.539 1.000
Spike length 0.384 0.681 |0.570 |0.821 |-1.520 0.265 |1.000
No. of spikelet’s /panicle 0.417 0.672 |0.428 |0.757 |-0.581 10.463 |0.586 |1.000
1000 seed wt 0.116 |-0.229 |0.135 |-0.024 |-0.627 |-0.292 |-0.030 |-0.093 1.000
Groat yield 0.213 |-0.021 |0.331 |0.098 |-0.453 -0.112 |0.161 0.008 0.854 1.000
Days to flower 0.049 |-0.342 |0.075 |0.585 |-0.855 0.071 |0.292 0.289 0.147 0.209
I/s ratio 0.025 0.031 |0.453 |-0.067 |-0.780 0.120 |0.664 0.037 0.445 0.511 1.000
Dry wt g/h 0.456 |-0.500 |0.063 |-0.294 |-0.287 |0.036 |-0.129 |-0.137 0.277 0.249 0.048 |1.000
Grain wt g/h 0.090 |-0.024 |-0.187 |-0.223 |-0.919 |-0.316 |-0.018 |-0.211 0.240 0.135 0.040 |0.408 |1.000
Dry matter yield g/h 0.3843 |-0.186 |0.345 |-0.012 |-0.839 0.071 |0.114 0.168 0.118 0.246 0.241 0.615 |0.372 |1.000
Green fodder yield g/h 0.4277 |-0.399 |0.320 |0.049 -0.036 0.127 |0.137 0.192 0.154 0.268 0.433 10.635 |0.35 0.957
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Figure 1: Genotypic path diagram for Green fodder yield.
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observed between plant height and number of leaves (-0.354),
plant height and stem girth(-0.280), number of leaves and stem
girth (-0.412), number of leaves and groat yield (-0.021), number of
leaves and dry weight (-0.500), number of leaves and dry matter yield
(-0.186), leaf length and stem girth (-0.684), leaf length and green
weight (-0.187), leaf breadth and stem girth (-0.505), leaf breadth
and leaf stem ratio (-0.067), leaf breadth and dry weight (-0.294),
leaf breadth and grain weight (-0.223), leaf breadth and dry matter
yield (-0.011), stem girth and panicle length (-0.539), stem girth
and number of spikelet’s/panicle (-0.581), stem girth and 1000 seed
weight (-0.627), stem girth and groat yield (-0.453), stem girth and
days to flower (-0.855), stem girth and leaf stem ratio (-0.780), stem
girth and dry weight (-0.287), panicle length and 1000 seed weight
(-0.292), panicle length and groat yield (-0.112), panicle length and
grain weight (-0.316), spike length and 1000 seed weight (-0.030),
spike length and dry weight (-0.129), spike length and grain weight
(-0.018), number of spikelet’s/panicle and 1000 seed weight (-0.093),
number of spikelet’s/panicle and dry weight (-0.137), number of
spikelet’s/panicle and grain weight (-0.211), days to flower and
dry weight (-0.110). Efforts should be made to reduce the affect of
negative correlations where green fodder is involved while going for
direct selection [10].

Positive correlation of a particular character with green fodder
yield does not necessarily mean a direct, positive effect of that trait
on yield. To overcome this, Path coefficient analysis measures the
direct and indirect influence of a variable on the dependent trait and
is an effective device for selecting meritorious characters to be used
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in selection programmed to get maximum yield. Therefore, path
coeflicient analyses which analyses cause & effect relationships and
partitions the correlation into direct and indirect effects were carried
out.

Path analysis (Table 2) showed that maximum amount of positive
direct effect was exerted by dry matter yield (0.867), number of
spikelet’s/panicle (0.382), dry weight (0.235), spike length (0.250) and
leaf stem ratio (0.145), High positive effect on green fodder yield was
shown by dry matter yield (0.957), dry weight (0.635) followed by leaf
stem ratio (0.433), plant height (0.427), leaf length (0.320), groat yield
(0.268), days to flower (0.211). This positive affect on green fodder
yield as shown by above traits is supplemented further by the indirect
affect of other traits.

Negative direct effect of green fodder yield were exerted by plant
height (-0.188), leaf length (-0.209), leaf breadth (-0.326), panicle
length (-0.079), 1000 seed weight (-0.044). However there were
indirect affect on green fodder yield which ultimately contributes
to direct affect on yield. The positive direct affect of leaf stem ratio
(0.145) is due to contribution from dry matter (0.209) and spike
length (0.166). Similarly for days to flower (0.042) it is due to indirect
affect of number of spikelets/panicle (0.110) and number of leaves
(0.021). Indirect effect on improvement in green fodder yield was
exerted by almost all the traits except number of leaves and stem
girth. So a selection for all these traits will helps in improvement of
green fodder yield. For spike length (0.250) it is due to number of
spikelets/panicle (0.224). For the traits like leaf length has negative

Table 2: Estimates of direct and indirect effects on green fodder yield and related traits.

. Plant | No.of | Leaf Leaf | Stem | Panicle | Spike NO'Of, 1000 Groat |Days to . | Dry wt Green DMY

Traits height | leaves | length | breath | girth | length | length | SPIKEIEs | seed | i | nower [VS78H0 "y | W | am)
g g g 9 9 panicle | wt | Y q @n |

Plant height -0.188 | 0.066 -0.037 | 0.005 0.240  -0.0624 | -0.0723 -0.0785 |-0.0218 | -0.0401 | -0.0094 | -0.0447 | -0.0859 -0.0171 | -0.0723
No. of leaves 0.005 | -0.016 | -0.031 | -0.001 | 0.182  -0.0102 -0.0091 -0.0268 | 0.0197 | 0.0164 | 0.0215 | -0.0005 | 0.0240 | 0.0164 | 0.0030
Leaf length -0.042 | -0.413  -0.209 | -0.059  0.143  -0.0248 | -0.1195 -0.0897 |-0.0285 | -0.0695 | -0.0158 | -0.0959 | -0.0134 0.0394 | -0.0725
Leaf breath 0.009 | -0.038 | -0.093 | -0.326 | 0.165 -0.0559 -0.2683 -0.2475 | 0.0080 |-0.0321 |-0.1913 | 0.0219 | 0.0963 | 0.0729 | 0.0042
Stem girth -0.029 | -0.266 -0.016 | -0.011  0.023  -0.0126 | -0.0355 -0.0136 |-0.0147 | -0.0106 | -0.0200 | -0.0416  -0.0301 -0.0215 | -0.0196
Panicle length -0.026 | -0.050  -0.009 | -0.013 | 0.042  -0.0796 | -0.0211 -0.0368 | 0.0233 | 0.0089 | -0.0057 | -0.0096 | -0.0029 0.0251 | -0.0057
Spike length 0096 | 0.142 | 0.142 | 0.205 | -0.380  0.0665 0.2503 0.1468 |-0.0076  0.0404 | 0.0733 | 0.1663 | -0.0325 -0.0046 | 0.0286
Eghgg‘p'ke'em’ 0.159 | 0.639 | 0.163 | 0.289 | -0.222  0.1770 0.2242  0.3823 | 0.0356 | 0.0032 | 0.1108 | 0.0144 | -0.0525 | -0.0808 | 0.0643
1000 seed wt 0.005 0.053 | 0006 0001 | -0.027 00128 0.0013 | 0.0041 |-0.0449 -0.0375 -0.0065 -0.0195  -0.0122 | -0.0106 | -0.0052
Groat yield 0.010 | -0.047 | 0.015 | 0.004 | -0.021 -0.0052  0.0075  0.0004 | 0.0400 | 0.0468 A 0.0098  0.0239 | 0.0117 | 0.0064  0.0115
Days to flower 0.002 | -0.056 | 0.002 | 0.024 | -0.036 0.0030 0.0124 0.0122 | 0.0062 | 0.0088 | 0.0422 | 0.0149 | -0.0046 | 0.0028 | 0.0089
IS ratio 0.003 | 0.004 | 0.066 | -0.009 | -0.259 0.017  0.0968 0.0055 | 0.0648 | 0.0744 | 0.0514 | 0.1455 | 0.0071 | 0.0058 | 0.3353
(E;%)Wt 0.107 | -0.353  0.015 | -0.069 | -0.303 | 0.008 |-0.0306 -0.0323  0.0656  0.0587 -0.0259 | 0.0115 | 0.2357 0.0962  0.1451
g/i')” wt -0.008 | 0.099 0018 | 0021 0088 0030 | 0.0018  0.0204 |-0.0233|-0.0131 |-0.0065 | -0.0039  -0.0394 -0.0966 | -0.0360
(qu 0333 | -0.162 | 0.300 | -0.011 | -0.728  0.0624 0.0992  0.1459 | 0.1028 | 0.2139 | 0.1835 | 0.2098 | 0.5340 | 0.3235 | 0.8676
Z'/:r; 0427 | -0.399  0.320 | 0.049 | -0.036 | 0.1277 | 0.1370 | 0.1922 | 0.1548  0.2686  0.2114 | 0.4333 | 0.6354 0.3575 0.9571
Partial R? 0.080 0.006  -0.067 | -0.016 |-0.0242| -0.010 | 0.0343 | 0.0735 -0.0068 0.0126 0.0089 | 0.0630 | 0.1498 -0.0345 0.8304

RESIDUAL EFFECT = 0.2461
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direct affect (-0.209) but with the contribution from indirectly
affecting traits like spike length (0.142), number of spikelets/panicle
(0.163) it gives positive affect on green fodder yield (0.320). Results
are in accordance with earlier findings of Ahmed et al. (2013).
Likewise for plant height which has negative direct affect (-0.188) and
positive affect from indirectly affecting traits like number of spikelets/
panicle (0.159) it gives positive affect on green fodder yield (0.427).
This means that positive affect on green fodder yield has come from
indirectly affecting traits (Table 2). Similar results were reported by
Bibi et al. [11], Buerstmayr et al. [12], Moradi et al. [13]. Choubey
et al. [14] reported that green fodder yield exhibited a significant
positive association with tiller number (0.61), plant height (0.43
cm), leaf width (0.43 cm), and dry fodder yield (0.80 g). In path and
regression analysis, number of tillers (0.66) and leaf width (0.41)
showed high positive direct effects on green fodder yield. Internodes
length behaved as an independent trait, while dry matter percentage
was negatively associated with green fodder yield. Flag leaf length
(0.33 cm) and leaf length (0.33 cm) influenced the green fodder yield
in the same proportion.

Diversity analysis

The importance of genetic divergence for improving yield
potential through hybridization has been emphasized and reviewed
by Frey [15]. Although, it has been appreciated by breeders, the basic
difficulty has always been reliable estimation of such diversity without
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making actual crosses [16]. Ahmed et al. [3] studied clustering pattern
in seventy five germplasm lines of oat for yield and contributing
traits using D2 analyses. Analysis of variance revealed the significant
differences among the lines studied indicating the sufficient genetic
variation among the lines for all the traits used in the study. The
D? analysis on morphological traits grouped the fifty lines into ten
clusters based on distance ranges for the tree shown in (Figure 2).

Cluster I includes 37 numbers of lines, Cluster IV and IX includes
three lines and Cluster 11, III, V, VI, VII, VIII and X includes one
line each (Table 3). Maximum numbers of lines were observed in
Cluster I. The Cluster with higher number of lines means had narrow
genetic diversity and they are more closely related. A crossing within
this cluster will be of less use in improvement programme. Results
of cluster analysis indicated that the highest intra cluster distance
was observed for cluster IX (175.05) followed by cluster IV (147.71),
cluster I (109.29), indicating that lines in these cluster are relatively
more diverse among themselves. The maximum inter cluster distance
observed was (619.94) between cluster VIII and III followed by cluster
VI and III (548.67), cluster VI and IV (530.40), cluster X and VI
(514.17), cluster III and II (494.93), cluster V and IV (490.71), cluster
Xand VII (484.15), cluster VII and ITI (479.24), suggesting significant
diversity among lines of these clusters (Figure 2). The inter cluster
distances were higher than intra cluster distances suggesting presence
of high genetic diversity between the lines of any two cluster than

-

197 56

Figure 2: Cluster analysis for XVI different traits.

- P
b
\\
\ =
N
" bl ™
\ b ok
o BN (]
o, s i N
o b \
A [
\ | T
\ L oy
I. .‘Lr‘ Y
T . b
‘_",'-'._ ] b ..
— - f———}
.=
Y —4
I ‘2‘ 1 ! i
l=h | i
] b
! rooE
> / |
-f .II I|
| - AT
t j M 1y
| -t g vl
| | | @
L r.
1 |
ke 4
!
] i
| &1
/ i
(|
109.29

Citation: Krishna A, Ahmed S, Pandey HC, Kumar V. Correlation, Path and Diversity Analysis of Oat (Avena Sativa L.) Genotypes for Grain and Fodder

05 Yield. J Plant Sci Res. 2014;1(2): 110.



JOURNAL OF PLANT SCIENCE & RESEARCH

Table 3: Clustering pattern analysis for 50 lines based on D2 analysis.
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EC-246182, EC-246194, BGP-58, BGP-65, JHO-2001-3, 1G02-59, BGP-18, IGO3-264, BGP-66, IGO2-70, BGP-11, IGO3-270, KENT, NGB-4245,

1 Cluster NGB-6345, EC-209527, EC-246184, PA-8224, 1G02-65, IGO2-69, EC-246173, BGP-63, IGO3-456, IGO2-73, IGO3-479, EC-246147, EC-209493,
1G02-60, IGO-570, EC-246193, NGB-8650, IGO-548, EC-209504, JHO-99-2, EC-498707-1, IGO3-471, IGO3-263

2 Cluster EC-246197

3 Cluster 1G0O3-261

4 Cluster 1G0O2-75, JHO-851, IGO2-74

5 Cluster NGB-4871

6 Cluster EC-246112

7 Cluster 1GO2-85

8 Cluster UPO-212

9 Cluster EC-246153 , EC-246187, 1GO3-267

10 Cluster 1GO3-459

the lines present within the cluster (Table 3). So crossing between
lines belonging to these clusters may result into high heterosis,
which could be exploited in oat improvement. The least inter cluster
distance was observed between clusters VIII & II (78.8), Cluster V& II
(110.24), cluster VIII & V (115.57), cluster X & I1(176.15) and cluster
VII & VI (179.8) indicating the narrow genetic diversity and close
relationship for many traits of the lines in these clusters. Singh and
Singh [4] studied the D? analyses in 70 oat genotypes and grouped
into seven clusters and two ungrouped clusters. Cluster I was the
largest and contained 16 genotypes.

Cluster means for different traits are presented in (Table 4).
Cluster II, cluster VI and cluster X showed maximum number of
prominent traits followed by cluster IV and cluster V. Cluster II is
characterized by line having maximum number of prominent traits
like plant height (143.8), number of leaves (5.67), leaf length (45.77),
stem girth (1.63), panicle length (66.63), number of spikelet’s/panicle
(81.56), dry weight (526.14), grain weight (89.91), green fodder
yield (765.9), dry matter yield (289.9). Cluster VI characterized by
line having prominent traits for number of leaves 5.33, leaf length
57.26, leaf breadth 2.12, stem girth 1.51, 1000 seed weight 45.00, groat
yield 30.00, dry weight 542.79, grain weight 154.01, green fodder yield
685.98, and dry matter yield 325.45 and Cluster X is characterized by
line having prominent traits for number leaf length 46.91, leaf breadth
2.11, panicle length 62.98, spike length 33.58, 1000 seed weight 41.67,
groat yield 31.67, days to flower 107.67, leaf stem ratio 0.81.

Such clustering helps in selecting desirable individuals with
specific traits for crossing program. Plant height, number of leaves,
leaf length, stem girth, panicle length, number of spikelet’s/panicle,
dry weight, grain weight, green fodder yield, dry matter yield has
contributed more towards divergence, so the direct selection for these
traits would be helpful. Similar results were reported by Ahmed et al.

[3].

The highest contribution to total diversity (Table 5) was exerted
by dry matter yield (22.61%) and it appeared as first for 277 times
followed by plant height (15.92%) and it appeared first for 195 times;
similarly panicle length (15.67%) and it appeared first for 192 times;
dry weight (13.88%) and it appeared first for 170 times; number of
spikelet (10.04%) and it appeared first for123 times; grain weight

(8.65%) and it appeared first for106 times; days to flower (8.08%)
and it appeared first for 99 times; green fodder yield (3.67%) and it
appeared first for 45 times; 1000 seed wt. (0.90%) and it appeared first
forll times; spike length (0.41%) and it appeared first for 5 times;
groat yield (0.16%) and it appeared first for 2 times (Table 6). Plant
height, panicle length, number of spikelet’s/panicle, days to flower,
dry weight, grain weight , green fodder yield, dry matter yield have
contributed more towards divergence, so the direct selection for these
traits would be helpful. Similar results were reported by Ahmed et
al. [3], Achleitner et al. [2], Choubey et al. [17] and Krishna et al.
[18] They reported diversity among the genotypes measured by inter
cluster distance was adequate for improvement of forage oat by
hybridization and selection. Tiller number, number of leaves and flag
leaf length were the main traits for selection of high yielding types.
The cultivars included in the diverse clusters can be used as promising
parents for hybridization to obtain high heterotic response and thus
better segregants in forage oat.

Principal component analysis revealed (Table 7) that first 6 most
informative components accounted for 84.95% variance. Traits were
determined on the basis of factor loadings and traits with higher
weighting were plant height 0.49, panicle length 0.32, number of
spikelet’s/panicle 0.21, days to flower 0.13, dry weight 0.46, grain
weight 0.14, green fodder yield 0.14, dry matter yield 0.53 in PC 1;
plant height 0.07, number of leaves 0.03, leaf length 0.03, leaf breadth
0.04, panicle length 0.65, spike length 0.02, number of spikelet’s/
panicle 0.47 in PC 2; plant height 0.46, number of leaves 0.01, stem
girth 0.02, 1000 seed weight 0.24, dry weight 0.33, in PC 3; plant
height 0.30, number of leaves 0.04, leaf length 0.09, leaf breadth
0.03, spike length 0.19, number of spikelet’s/panicle 0.46, 1000 seed
weight 0.17, groat yield 0.14, days to flower 0.31, grain weight 0.20,
dry matter yield 0.03 in PC4, plant height 0.32, number of leaves 0.06,
leaf length 0.09, 1000 seed weight 0.04, groat yield 0.03, dry matter
yield 0.21 in PC 5, plant height 0.26, number of leaves 0.05, panicle
length 0.10, grain weight 0.59, dry matter yield 0.06 in PC 6 (Table 7).
Results are in accordance with earlier findings of Singh and Singh [4],
Ahmed et al. [10]. The principal component analysis (PCA) in general
confirmed the groupings obtained through cluster analysis. In some
cases, individuals in different cluster pair with lines of different
clusters. This shows those clusters appears to be homogeneous from
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Table 4: Means of different yield affecting traits in different clusters.

Abhishek Krishna

’ . No. of 1000

Growp | loaves length breath | gith | Tength  ongun SEikelers seed | SR GEUC s atio PN gwtam oty am | amy g
/Panicle | wt
Group 1 114.03 | 5.11 | 40.80 | 2.03 147 | 50.09 | 28.09 70.90 | 33.00 | 23.62 | 99.29 0.27 |319.13 | 87.65 | 477.54  185.95
Group 2 143.80 | 5.67 | 4577 | 2.00 1.63 | 66.63 | 30.11 81.90 | 28.33 | 20.00 | 100.00 & 0.25 | 526.14 | 89.91 | 765.90 | 289.90
Group 3 96.49 533 | 4362 | 2.29 1.51 | 4420 | 28.97 60.78 | 31.00 | 25.00 = 100.67 | 0.25 | 63.60 | 10.66 | 106.56 | 32.00
Group 4 11346 | 544 | 4582 | 2.38 146 | 76.49 | 34.07 | 102.11 | 23.33 | 19.44 | 101.11 | 0.22 | 205.91 | 27.64 | 428.46  162.17
Group 5 155.02 | 5.33 | 4190 | 1.89 1.56 | 44.01 | 30.67 75.22 | 38.33 | 30.00 | 100.33 | 0.25 | 459.54 | 116.55 | 652.68 | 252.96
Group 6 115,53 | 533 | 57.26 | 2.12 151 | 41.67 | 28.65 73.67 | 45.00 @ 30.00 | 99.67 0.25 | 542.79 | 154.01 | 685.98  325.45
Group 7 118.00 | 5.00 | 38.80 | 1.98 141 | 55.82 | 30.57 88.11 | 26.67 | 21.67 | 11233 | 0.26 |316.35| 94.91 | 762.7 | 349.05
Group 8 157.13 | 4.67 | 33.66 1.79 1.50 | 65.00 | 27.17 7456 | 37.33 | 31.67 | 100.00 A 0.18 | 509.49 | 94.91 | 592.74 | 245.67
Group 9 12531 | 511 | 37.42 | 2.06 1.52 | 49.83 | 30.86 79.63 | 32.22 | 22.44 | 103.56 @ 0.25 | 328.56 | 245.87 | 604.40 | 240.42
Group 10 12344 | 5.00 | 4691 | 2.11 149 | 62.98 | 33.58 77.22 | 41.67 | 31.67 | 107.67 | 0.81 | 367.97 | 73.93 H 646.02  201.64
Table 5: ANOVA for dispersion (a) and contribution made by individual trait in total diversity (b).
(@)
Source of Variations df ST @ STUEIES Mean Squares F Ratio
Mean Squares

Varieties 49 - 2.8755E31 - 5.8683E29 -2.688E17
Error 97 2.117E14 2.1832E12
Total 146 -2.8755E31 - 1.9695E29

(b) Tocher Cut-off Value = 163.11

Traits Times Ranked 1¢t Contribution %
Plant height 195 15.92%
No. of leaves 0 0.00%
Leaf length 0 0.00%
Leaf breadth 0 0.00%
Stem girth 0 0.00%
Panicle length 192 15.67%
Spike length 5 0.41%
No. of spikelet's/panicle 123 10.04%
1000 seed weight 11 0.90%
Groat yield 2 0.16%
Days to flower 9 8.08%
L/S ratio 0 0.00%
Dry weight 170 13.88%
Grain weight 106 8.65%
Green fodder yield 45 3.67%
Dry matter yield 277 22.61%

outside but actually are heterogeneous within the cluster. This will
provide opportunity to identify best genotypes to be used in breeding.

Conclusions

The study helps in determining the positive and negative
correlations among different traits and traits which can utilized
directly for selection of best performing genotypes for high green
fodder yield. Path coeflicient analysis measures the direct and indirect

influence of variables on the green fodder yield and helps in selecting
meritorious characters to be used in selection programme to get
maximum yield. The relationships must be taken into consideration
as a change on one during selection might lead to change in other
performing traits. The study also helps in understanding the
diversity available in the genotypes selected and helps in selection
and improvement of desirable traits to be used or transferred during
crossing program.
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Table 6: Inter and Intra cluster distances for various traits.

Abhishek Krishna

Group Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10
Group 1 109.29 187.08 194.71 262.14 197.48 257.01 246.17 278.29 219.76 197.56
Group 2 0.00 494.93 300.71 110.24 258.29 258.51 78.89 256.05 176.15
Group 3 0.00 315.35 433.07 548.67 479.24 619.94 425.73 298.92
Group 4 147.71 490.71 530.40 290.90 423.33 400.63 319.34
Group 5 0.00 244.43 355.87 115.57 236.48 223.03
Group 6 0.00 179.98 280.33 299.56 514.17
Group 7 0.00 292.81 259.16 484.15
Group 8 0.00 314.20 328.83
Group 9 175.05 328.14
Group 10 0.00
Table 7: Canonical Roots, cumulative variance of the first six principal components (PCs) and factor loading between PCs and traits studied.

Cumulative Variance PC1 PC2 PC3 PC4 PC5 PC6
Root 1013.90 856.83 663.39 431.01 342.96 254.35
% Var. Cum. Var. 24.18 20.43 15.82 10.27 8.17 6.06
24.18 44.61 60.43 70.71 78.89 84.95
Traits Factor loading
Plant height 0.499 0.077 0.461 0.308 0.324 0.263
No. of leaves 0.042 0.035 0.012 0.046 0.062 0.054
Leaf length -0.003 0.031 -0.092 0.090 0.096 -0.186
Leaf breadth -0.069 0.042 -0.039 0.032 -0.137 -0.098
Stem girth 0.002 -0.010 0.020 -0.007 -0.052 0.003
Panicle length 0.324 0.653 0.008 -0.528 -0.297 0.109
Spike length -0.061 0.021 -0.067 0.199 -0.062 -0.060
No. of spikelet’s/panicle 0.215 0.470 -0.064 0.463 -0.016 -0.105
1000 seed weight 0.078 -0.119 0.240 0.178 0.042 -0.074
Groat yield 0.063 -0.027 0.091 0.144 0.033 -0.144
Days to flower 0.131 0.037 0.025 0.314 -0.470 -0.534
L/S ratio -0.152 -0.084 -0.056 -0.063 -0.035 0.000
Dry weight 0.462 -0.414 0.332 -0.404 -0.027 -0.326
Grain weight 0.140 -0.304 0.017 0.201 -0.655 0.598
Green fodder yield 0.149 -0.122 -0.134 -0.009 -0.252 -0.273
Dry matter yield 0.530 -0.194 -0.754 0.031 0.218 0.065
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