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Evaluation of Morphological Determinants of Fodder Yield as a Selection Criterion

in Induced Mutants of Oat (Avena sativa L.)

S. A. Sakhale™, A. K. Mehta’, S. S. Sawarkar® and H.V. Patil™

ABSTRACT: Seventeen morphological traits were studied on the 59distinct mutant lines in the M, generation along with
parental genotype JO-1. GCV and PCV were higher for spikelets/ plant, tillers/plant, crude protein yield/day and leaf area.
High heritability accompanied by high genetic advance for spikelets/panicle, dry matter yield, green fodder yield and leaf area;
indicated the predominance of the additive gene action for the expression of these characters. Total green fodder yield was found
positive and significantly correlated with green fodder yield/day, dry matter yield/day, crude protein yield, crude protein yield/
day and leaf area at both phenotypic and genotypic levels indicating the importance of these characters for fodder yield improvement
in this population. Dry matter yield had highest positive direct effect on green fodder yield followed by crude protein yield, green
fodder yield/day, axis length, stem girth, leaf area, tillers/plant, plant height, leaves/plant and internode length. The selection
favoring higher such traits would help to achieve higher total green fodder yield in this population of oat.
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INTRODUCTION

The live stock sector valued as one of the global
drivers of agriculture having enormous potential for
poverty reduction in India. Integration of agriculture
and animal husbandry is unique on account of rich
and diversified cultural environment. Oat (Avena
sativa L.) is a constituent of family Gramineae, a
natural allohexaploid (2n = 6x =42). The crop ranks
sixth in world cereal production and is widely
cultivated for fodder (as hey and silage) and feed for
several years that accounts for at least 60 per cent of
the total world production and only 13 per cent is
used for food production. The nutritive value of oat
forage is high and dry matter digestibility is in excess
of 75 percent when fed to dairy cattle (Burgess et al.,
1972). The cereal straws have similar chemical
compositions but oat straw has more digestible
organic matter and metabolizable energy (Cuddeford,
1995). Oat straw is softer and more acceptable to
livestock than are other cereal straws.Compared to
other small grain cereal crops, oat is reputed to be
better suited for production under marginal
environments, including cool-wet climates and soils
with low fertility (Hoffmann, 1995).

Availability and creation of variation in the
desired direction is pre-requisite for crop
improvement programme. Low genetic variability in
cultivated species hampers the selection of superior
genotypes for breeding (Silva et al. 1998).Induced
mutation has proved to be of valuable approach in
creating the variability for breeding improved
varieties. Mutation breedinghas been used in the
20*"century as a valuable supplement to the
conventional methods of plant breeding in generating
the variability and development of crop plant of new
architecture.Over the last seven decades, more than
2250commercial mutants varieties, used directly or
throughcontrolled crosses, have been created
(Ahloowaliaet al. 2004).Cultivation of oats as fodder
crop during Rabi season during the last two decades
has become very popular. Only a few varieties are
available for cultivation and their yield vary between
25-30t/ha (Mushtagqet al., 2013). Development of high
yielding varieties of oat with higher palatability
therefore, assumed greater importance.

MATERIALS AND METHODS

Dry seeds of oat variety JO-1 irradiated with four
different doses of gamma rays viz. 150, 200, 300 and
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400Gray (1 Gray=1joule per kg of matter undergoing
radiations=0.1kR) at Gamma chamber Jawaharlal
Nehru KrishiVishwaVidyalaya, Jabalpur (M.P.),
India.

Plant selectionin M,, M,, M, and M, generations
were made. Seeds from the prospective mutant plants
of M, generation, which were morphologically
different from each other and from their parent
genotype, were used for raising M, generation. Total
of selected 59 M, entries along with parent genotype
were sown in randomized complete block design
(RCBD) with three replications at seed breeding farm,
JNKVYV, Jabalpur.Each plot consisted of 3 rows of 3
m length with spacing of 5 x 30 cm.Standard
agronomic practices were followed to raise a healthy
crop. The observations were recorded on the
following characters VIZ:daysto harvest, leaves/
plant, plant height (cm), internode length (cm), stem
girth (cm), peduncle length (cm), axis length (cm),
spikelets/panicle, tillers/plant,leaf area (cm?),
leaf:stem ratio, green fodder yield/day, dry matter
yield (kg), dry matter yield/day (kg), crude protein
yield (kg), crude protein yield/day (kg) and total
green fodder yield (kg)on ten plants selected
randomly from each replication.

The data were subjected to statistical analyses for
variances, mean, range and coefficient of variability
(Panse and Sukhatme, 1967), Correlation coefficient
(Searle, 1961), and path coefficient analysis (Dewey
and Lu, 1959).

RESULT AND DISCUSSION

The analysis of variance of the 59 mutant entries and
their parental genotype with respect to 17 traits
revealed that the mean sum of squares due to mutant
genotypes were highly significant for almost all the
characters studied indicating considerable genetic
variability among the experimental material (Table 1).

The results revealed that genotypic coefficient of
variation (GCV) and phenotypic coefficient of
variation (PCV) were high for spikelets/plant and
tillers/plant; moderate for crude protein yield, dry
matter yield/day, dry matter yield, green fodder
yield/day,green fodder yield and axis length; and low
forinternode length, leaves/ plant, plant height, stem
girth, peduncle length, leaf stem ratio and days to
harvest (Table 2). Similar results have been reported
by Taylor et al. (1995) for late maturity and tallness
and by Park et al. (2006) for earliness and forage yield.
Coimbra et al (2007) for days to harvest, Mehta et al
(2008) for dwarfness, early maturity, tillers per plant,
plant height, in oatand Yu et al (2007) for plant height,

days to maturity and panicle length in treated
population. Differences between PCV and GCV for
the studied characters was very less, indicating low
sensitivity to the environment and consequently
greater role of genetic factors influencing the
expression of these characters, which led to high
estimates of broad sense heritability for all the
characters except leaf stem ratio. Similar results for
heritability from the studies on induced mutants in
sorghum have been reported for different yield
components but results obtained for genetic advance
were contrary to the present findings (Larik et al.,
2009). The estimates of genetic advance as percent of
mean were high for spikelets/panicle, dry matter
yield, green fodder yield/day, leaf area, total green
fodderyield and crude protein yield; and low for days
to harvest. High heritability accompanied by high to
moderate genetic advance for spikelets/panicle, dry
matter yield, green fodder yield, leaf area, axis length,
green fodder yield/day, crude protein yield, plant
height and crude protein yield/day indicated the
predominance of additive gene action for the
expression of these characters. Therefore selection for
the above characters would be rewarding. The results
are in agreement with the findings of Srivastava et al.
(1995), Roy et al. (2006) and Bahadur et al. (2008).
The basic requirement of any selection
programme is to ascertain the nature and magnitude
of interrelationship between yield and its component
traits and also among the different traits. It was
therefore, considered imperative to carry out
correlation studies for various quantitative traits that
contributed to fodder yield. Correlation coefficients
estimates between all pairs of variables used in this
experimentis shown in Table 3. The estimates revealed
that genotypic correlation coefficients were higher in
magnitude than the corresponding phenotypic
correlation coefficients. Very close values of genotypic
and phenotypic correlations were observed between
some character combinations such as total green
fodder yield with dry matter yield/day, total dry
matter yield, green fodder yield/day, leaf stem ratio
and with leaf area, which might be due to reduction
in the error variance to the minor proportions as
reported by Dewey and Lu (1959). Wide differences
between genotypic and phenotypic correlation
between two characters is due to dual nature of
phenotypic correlation which is determined by
genotypic and environmental correlations and
heritability of the character (Falconer, 1981). Total
green fodder yield was found to be positively and
significantly correlated with green fodder yield/ day,
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Table 1
Analysis of Variance for Seventeen Traits in Induced
Mutants of Oat

Character Source of variation
Replication  Treatment Error
Degree of freedom 2 59 118
Day to harvest 23.46 18.797**  2.957
Leaves/plant 74.202 195.643** 22.375
Plant height (cm) 3.118 1.26* 0.194
Internode length (cm) 2.91 4311** 0577
Stem girth (cm) 0.032 1.267*  0.081
Peduncle length (cm) 0.03 6.594** 1.56
Axis length (cm) 321.33 1983.14** 119.64
Spikelets/panicle 2.09 1.31* 1.02
Tillers/plant 20.885 19.207**  4.553
Leaf area (cm?) 0.311 48.220*  3.51
Leaf stem ratio 55.878 4218.93** 15.303
Green fodder yield /day 2.02 1.28* 0.84
Dry matter yield (kg) 1.484 2.934**  0.063
Dry matter yield /day (kg) 0.81 1.353* 0.49
Crude protein yield (kg) 0.028 1.320*  0.002
Crude protein yield/day (kg) 0.22 1.048 0.191
Total green fodder yield (kg) 28.236 59.061**  1.352

** *Significant at 1% and 5% respectively.

dry matter yield, dry matter yield/day,crude protein
yield, crude protein yield/day and leaf area at both
phenotypic and genotypic levels. However, stem
girth, leaves/plant, tillers/plant and leaf: stem ratio
showed significant correlation only at genotypic level.
These results indicating the importance of these

characters for fodder yield improvement in this
population and based on these results it seems
possible that the simultaneous selection of these traits
for improvement in forage yield in the present set of
material would be erective. Similar results were
reported earlier by Srivastava et al. (1995), Roy et al.
(2006), Bahadur et al. (2008) and Mushtagq et al. (2013).
There were few other traits those showed significant
positive association are days to harvest with stem
girth and leaf area; Leaves/plantwith stem girth,
green fodder yield, peduncle length and crude protein
yield; plant height with internode length and green
fodder yield; internode length with leaf: stem ratio;
stem girth with green fodder yield, leaf area, tillers/
plant, dry matter yield, dry matter yield/day and
crude protein yield; tillers/ plant with leaf area, total
dry matter yield, dry matter yield/day, green fodder
yield and green fodder yield/day; leaf area with leaf:
stem ratio, dry matter yield, dry matter yield/day,
green fodder yield/day and crude protein yield; leaf:
stem ratio with green fodder yield/day, green fodder
yield and dry matter yield; green fodder yield/day
with total green fodder yield, dry matter yield/day,
dry matter yield and crude protein yield; dry matter
yield with green fodder yield and crude protein yield;
crude protein yield with green fodder yield and crude
protein yield / day with total green fodder yield. These
results are in agreement with Choubey and Gupta
(1986), Shekhawat et al. (2006) and Bahadur et al.

Table 2
Genotypic and Phenotypic Coefficients of Variability, Heritability, and Genetic Advance for Seventeen Traits in
Induced Mutants of Oat

Character Range Mean PCV GCV h*(%) GAas % of
mean (5%)
Min. Max.
Day to harvest 98 109 103.79 2.77 2.21 64.08 3.65
Leaves/plant 6.4 8.7 7.82 9.48 7.62 64.65 12.63
Plant height (cm) 92.5 1249 112.95 7.93 6.73 72.07 11.77
Internode length (cm) 11.85 19 16.02 11.23 8.08 51.81 11.99
Stem girth (cm) 0.61 0.848 0.714 7.72 6.02 60.7 9.65
Peduncle length (cm) 31.667 41.66 37.33 8.23 5.92 51.76 8.77
Axis length (cm) 29.99 51 36.55 11.74 10.56 80.93 19.57
Spikelets/panicle 63.33 235 118.44 31.78 28.6 89.99 41.1
Tillers/plant 3.2 9.283 5.42 24.86 20.55 68.3 34.98
Leaf area (cm?) 94.54 218.05 131.62 20.68 18.94 83.84 35.72
Leaf stem ratio 0.656 0.88 0.736 8.41 5.76 46.99 8.14
Green fodder yield /day 0.201 0.4073 0.289 15.77 12.62 80.02 30.24
Dry matter yield (kg) 3.08 8.27 5.63 17.93 15.36 85.72 34.67
Dry matter yield /day (kg) 0.029 0.0813 0.054 18.5 16.13 87.18 35.69
Crude protein yield (kg) 0.257 0.737 0.484 19.48 16.94 75.59 30.34
Crude protein yield/day (kg) 0.0023 0.007 0.0047 20.97 17.44 69.16 29.88
Total green fodder yield (kg) 21.075 41.35 29.99 15.13 12.71 84 29.11
Min.-Minimum, Max.-Maximum, h*= Broad sense heritability
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(2008). Positive and significant correlation of plant
height with green fodder yield suggested that the
taller plants would bear more biomass and therefore
were result in increased fodder production through
selection (Choubey and Gupta, 1986). Significant
negative correlation were noted for days to harvest
with dry matter yield/day, green fodder yield/day
and peduncle length; Leaves/plant with dry matter
yield/day, green fodder yield/day, leaf:stem ratio,
leaf area, tillers/plant, spikelets/panicle and axis
length; Internode length with axis length; Stem girth
with leaf: stem ratio and peduncle length; Peduncle
length with leaf: stem ratio and leaf area.

Considering total green fodder yield as effect and
sixteen characters as causes, i.e. total green fodder
yield conclude as an independent variable and remain
as dependent variable. Genotypic correlation
coefficients were partitioned by using method of path
analysis to find out the direct and indirect effects of
yield contributing characters towards the total green
fodder yield.The path coefficient analysis of different
characters revealed (Table 4) that dry matter yield had
highest positive direct effect on green fodder yield
followed by crude protein yield, green fodder yield/
day, axis length, stem girth, leaf area, tillers/plant,
plant height, leaves/plant and internode length.
Negative direct effect on green fodder yield was
found the highest in case of leaf: stem ratio followed
by peduncle length, spikelets/panicle, days to
harvest, crude protein yield/day and dry matter
yield/day. These results are in agreement with the
Bahadur et al. (2008) in fodder oat.Positive direct effect
observed in the present study for different characters
on fodder yield revealed that the number of tillers/
plant, plant height and flag leaf length were the most
important traits with high direct contribution towards
green fodder yield.

CONCLUSION

From the above experiment, it can be denouement
thatall the High heritability with high genetic advance
wereobserved for spikelets/ panicle, dry matter yield,
green fodder yield and leaf area which can be further
used for selection. The inter relationship between
componenttraits is also valuable in selection criteria
because theydirectly or indirectly influence fodder
quality traitssuch as green fodder yield/day, dry
matter yield/day, crude protein yield, crude protein
yield/day and leaf area and should be given emphasis
for future forage yield improvement programs, which
can help to produce high quality fodder yielding
varieties.
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