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SUMMARY

A field experiment was conducted at the Central Research Farm of Bidhan Chandra Krishi
Viswavidyalaya, Mohanpur, West Bengal during 2009-10 to estimate the mean performance of yield and
other morpho-physiological characters and also to determine their effects (direct and indirect) towards
yield (fodder and grain yield). Considering green forage yield, and dry matter yield, it was observed that
the genotype NOD-609 produced the highest and significantly higher mean for both the characters.
However, considering the mean values for different characters of cut and uncut management of oat
genotype Kent and JHO-99-2 had highest total grain yield per plant and number of grains per panicle.
Path analysis was carried out considering grain yield as the dependent variable. Chlorophyll ‘b’ content
showed highest positive direct effect towards grain yield where one cut was practised at 55 days of the
crop which was followed by chlorophyll ‘a’ content, number of grains per panicle, crude protein (%),
length of panicle, tiller number per plant and weight of flag leaf. But when no cut was practised, characters
like number of grains per panicle, green forage yield per plant, total chlorophyll content, tiller number per
plant, number of spikelets per panicle, 100-seed weight and length of panicle had direct effect towards
grain yield.
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India possesses a large bovine population which
includes 200 million cattle and 92 million buffalo. This
accounts for 19.5 per cent of the global cattle population.
Despite this large bovine population, the scenario of milk
production and productivity is far below the world
average. The supply of nutritious fodder is a pre-requisite
for the success of any dairy industry (Arun Kumar et
al., 2010). The availability of nutritive fodder in this
country is inadequate. Majority of farmers feed fodder
with little concentrate or even with fodder only.
Therefore, the demand for fodder will keep on
increasing. Oat is nutritive and palatable forage having
good regenerating capacity with high dry matter
production. It can be grown on variety of soils. Oat
crop is a heavy yielder and the average yield varies from
45 to 55 tonnes of green fodder per hectare. The total
area covered under oat cultivation in the country is about

5,00000 ha. Oat has assured considerable importance in
India as fodder as well as grain for animal feed particularly
calves and young stocks, horses, poultry and sheep. In
dairy farms, oat as a fodder is inevitably adopted, as it
can be fed green and surplus converted into silage or
hay for use during the lean period. Despite the extensive
worldwide use of oat for forage and fodder uses, very
little of the world’s research plant improvement resources
are devoted to the development of the oat crop specifically
for fodder uses. When more characters are included in
correlation study the indirect association becomes
complex. In such situation, the path coefficient analysis
is suggested by Dewey and Lu (1959) which provides a
means of untangling the complex correlation into direct
and indirect effects of the component characters of yield
so as to find out the efficient characters contributing
effectively towards the yields. Thus, the present study



was undertaken to estimate the variability in germplasm
and other standard varieties of Avena sativa sp. for
different fodder and grain yield characters.

MATERIALS  AND  METHODS

The field experiment was conducted at the
Central Research Farm of Bidhan Chandra Krishi
Viswavidyalaya, Mohanpur, West Bengal during 2009-
10. The experimental material for present investigation
comprised 15 diverse forage genotypes of oat (Avena
sativa L.) (Table 1). The experiment was conducted in
randomized block design (RBD) with three replications.
The plot size for each genotype in each replication was
3.0 × 3.0 m. Each plot accommodated 12 rows of 3 m
length at a distance of 25 cm from row to row. The
fertilizer schedule, irrigation and other cultivation aspects
were adopted as per recommendations for commercial
cultivation of fodder oat. Since the experiment was
conducted with fodder oat (Avena sativa L.) practising
cut and uncut managements data with respect to different
morphological and biochemical characters were collected
from each of the two different cutting management
plants. In each plot of three replications, five plants were
selected randomly (cut and uncut plant) separately for
collection of data for green forage yield and dry matter
yield obtained from cut plants when they were cut at a
height of 20 cm from ground was recorded on harvest
at 55 days age of the crop, and data for plant height and
tiller number were noted from the randomly selected
plants before final harvesting of the crop. For collecting

data on leaf area, fag leaf weight and chlorophyll analysis
the selected flag leaf was collected at flowering from
main tillers in each replication. For panicle length, number
of grains per spikelet, number of spikelets, 100-seed
weight and grain yield per plant were counted after
harvesting the panicle from selected plants. Seed was
used for estimation of protein content. The path
coefficient analysis was calculated to estimate direct and
indirect contribution of characters with five characters
as described by Dewey and Lu (1959) at genotypic level.

RESULTS  AND  DISCUSSION

Since the experiment was conducted in two
different modes : one to determine the yield potential of
a particular genotype when it is subjected to one cut as
fodder and then left to regenerate and produce seed and
the other to produce seed only by the respective genotype
without taking any cut; therefore, the results have been
presented for the two different managements separately.

Mean values of 15 genotypes of oat for yield
and other morpho-physiological traits viz., plant height
(cm), tiller number per plant, green forage yield, weight
of flag leaf (g), length of panicle (cm), number of
spikelets per plant, number of grains per panicle, 100-
seed weight (g), leaf area (cm2), chlorophyll content
(mg/g fresh tissue), protein content (%), green forage
yield and dry matter yield were obtained from plants
where one cut was practised at 55 days of the crop and
are presented in Table 2.

But when no cut was practised, the characters
green forage yield and dry matter yield were not there
and the mean values of 15 genotypes of oat for respective
traits are presented in Table 3.

Considering the mean values of different
characters under the two cutting managements, it was
observed that the values generally reduced in all the
characters when one cut was practised. However, such
reduction of mean varied from genotype to genotype.
Some genotypes were much affected due to taking one
cut at 55 days age of the crop, while the others were
not so much affected. Therefore, a comparative
statement of performance is being presented below.

Plant height of some of the genotypes, namely,
JO-03-95, NDO-603 and OS-363 was highly affected
due to taking one cut, while many of the genotypes did
not exhibit any significant reduction in height at final
stage of growth even though one cut was taken from
them. Some of such genotypes were JHO-99-2, JHO-

TABLE  1
Genotypes used in the present experiment

S. No. Genotypes Source

1. NDO-609 Faizabad
2. SKO-163 Srinagar
3. JO-03-95 Jabalpur
4. SKO-156 Srinagar
5. JHO-99-2 Zonal Check
6. JHO-2009-1 IGFRI, Jhansi
7. UPO-09-2 GBPUAT, Pantnagar
8. OS-6 National Check
9. SKO-148 Srinagar

10. UPO-09-1 GBPUAT, Pantnagar
11. NDO-603 Faizabad
12. JHO-2009-2 IGFRI, Jhansi
13. OS-374 Hisar
14. Kent National Check
15. OS-363 Hisar
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2009-1, SKO-148, UPO-09-1, OS-374 and Kent. Such
genotypes may be identified as multicut type of fodder
oat.

In case of tiller number per plant, as many as
seven genotypes, namely, JHO-99-2, JHO-2009-1, UPO-
09-1, NDO-603, OS-374, JHO-2009-2 and OS-363 were
highly affected due to taking one cut and the tiller number
was reduced, while five genotypes did not exhibit any
significant reduction in tiller number at final stage of
growth even when one cut was taken. Some of such
genotypes were SKO-163, JO-03-95, SKO-156 and
UPO-09-2.

Interestingly, in case of fresh weight of flag
leaf, it was noticed that in some of the genotypes the
fresh weight of flag leaf increased when one cut was
practised. Such genotypes were NDO-609, SKO-163,
JO-03-95 and NDO-603. On the other hand, the mean
value of some of the genotypes remained unchanged
even after taking one cut. Some of such genotypes were
SKO-156 and JHO-99-2. Again some of the genotypes
recorded reduced mean for fresh weight of flag leaf in
the plants where one cut was taken. Such genotypes
were UPO-09-2, OS-6 and UPO-09-1.

Considering length of panicle and the number
of grains per panicle together, two genotypes viz., NDO-
609 and SKO-163 produced higher mean for these two
characters from the plants where one cut was taken
with compared to uncut counterpart, while as many as
11 genotypes out of 15 were affected due to taking one
cut of the crop. It may be mentioned here that these
two genotypes exhibited increased weight of flag leaf in
the regenerated plants when one cut was taken at 55
days of the crop.

In case of number of grains per panicle, it was
observed that two genotypes viz., NDO-609 and JHO-
99-2 produced higher mean in the plants where one cut
was practised, while in as many as 11 genotypes, the
number of grains per panicle reduced due to taking one
cut. It may be mentioned here that the former genotype
produced higher length of panicle and number of seeds
per panicle in the regenerated plants where one cut was
practised.

Conspicuously, the 100-seed weight increased
in the plants of as many as eight genotypes when one
cut was practised with compared to those of uncut. It
indicates that after taking one cut the plants might have
switched on to reproductive phase resulting in such
increased 100-seed weight. It may be mentioned that

many of such genotypes had reduced mean for length
of panicle, number of spikelets per panicle and number
of seeds per panicle in the cut plants. Since the
translocable photosynthate was already produced
therefore each seed could get higher amount of nutrition
and consequently higher 100-seed weight. However, the
100-seed weight was reduced in the remaining
genotypes.

In case of flag leaf area generally the mean value
reduced when one cut was practised. However, in two
genotypes viz., SKO-163 and SKO-148 the flag leaf area
increased even after taking one cut. This may be due to
differential genetic makeup of the genotypes. It may be
mentioned here that the former genotype exhibited
increased mean for many of the characters including
weight of flag leaf when one cut was practised.

All the genotypes except NDO-609 produced
lower mean for chlorophyll content when one cut was
taken. The same genotype produced higher mean for
weight of flag leaf when one cut was practised with
compared to that of uncut.

In case of crude protein %, four genotypes
exhibited higher mean in the cut plants with compared
to those of uncut. However, such genotypes were Kent,
OS-374, JHO-2009-2 and OS-363. The remaining
genotypes evidenced lower mean crude protein % with
compared to those of cut.

Besides green forage yield, grain yield per plant
is also an important character in case of fodder crop. It
was always found that the grain yield was reduced in
different degrees in cut plants with compared to uncut
of the respective genotype. According to Hooda et al.
(1999) cutting management treatment involving no
cutting for fodder and harvesting the pearl millet crop
for grain only recorded significantly higher grain and
stover yield than that of cutting of pearl millet for green
fodder at 45 DAS and regenerated crop for grain
production. However, the different degree of reduction
of grain yield by different genotypes obtained in the
present experiment may be attributed to the genetic
makeup of that particular genotype.

Interestingly, some of the genotypes exhibited
no substantial reduction of plant height even after taking
one cut (e. g. JHO-99-2, JHO-2009-1, SKO-148, UPO-
09-1, OS-374 and Kent) but such genotypes could not
always produce significantly higher green forage yield
(e. g. JHO-99-2 and Kent). Most importantly, the
common genotypes where both the above two
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characters exhibited desirable result i. e. no substantial
reduction in green fodder after one cut and could produce
significantly high green fodder could not produce
desirable grain yield.

However, considering seed yield only OS-363,
JHO-99-2, JHO-2009-1 and NDO 603 appeared to be
the most desirable genotypes. Considering the green
forage yield and seed yield UPO-09-2 appeared to be the
best genotype. This genotype produced significantly
higher mean in six different characters out of 15
characters studied.

The correlation values illustrate the inter-
relationship between different characters. Path
coefficient splits the interrelationship into direct and
indirect effects. Genotypic path analysis was done to
establish associations of grain yield attributing
characters. The results of correlation have been
partitioned into direct and indirect effects through
genotypic path coefficient analysis and presented in Table
4 for cut management and in Table 5 for uncut
management.

In one experiment, the crop was cut once and
was allowed to regenerate and produce seed. Thus,
considering grain yield as the dependent variable the path
analysis was carried out in the present study. In this
case, there were 14 independent variables viz., plant
height, tiller number per plant, green forage yield per
plant, dry matter per plant, weight of flag leaf, length of
panicle, number of spikelets/per plant, number of grains
per panicle, 100-seed weight, flag leaf area, chlorophyll
content and protein content (%). The direct effect of
plant height on grain yield was negative. The indirect
effect via green forage yield, number of spikelets per
plant, length of panicle and green forage was positive.
The positive indirect effects of these characters might
have compensated so much so that a significantly
positive correlation could be noticed between plant height
and grain yield. It may be mentioned here that correlation
values at both genotypic and phenotypic levels between
spikelets per panicle and length of panicle were positive.
The tiller number per plant was found to exhibit positive
association with grain yield having correlation value of
0.38. In spite of high and positive direct effect of the
green forage yield on seed yield no correlation could be
discerned between these two characters. Singh et al.
(1995) revealed that plant height and tiller number per
plant showed direct positive effects on green forage.
Similarly, Katiyar and Choudhary (1999) obtained the

highest positive contribution of plant height towards
green fodder yield. Frey and Wiggens (1957) reported
that tillering was an important plant character and might
contribute subsequently towards increased forage yield.

It may be mentioned that a genotype which will
have luxurious vegetative growth the grain yield is
generally reduced. It indicates that at the time of
development of the genotype partitioning of
photosynthate for the development of sink has not been
given much emphasis. Similarly, in case of dry matter
yield, a negative direct effect could be recorded with
grain yield that was not compensated by high and positive
indirect effect of green forage and consequently no
correlation could be established. Weight of flag leaf also
had no correlation with grain yield. It may be seen from
Table 2 that this character had neither high direct effect
nor high indirect via any character except green forage
yield that could bring about a significant correlation
between weight of flag leaf and grain yield. The three
reproductive characters revealed high to very high
positive direct effect on grain yield. Also some of the
ancillary characters like number of grains per panicle
and dry matter yield exhibited substantial positive indirect
effect on the character resulting in highly significant
and positive correlation between length of panicle,
number of spikelets per spike, number of grains per
spike and grain yield. Flag leaf area in spite of having
positive direct effect could not produce any correlation
with grain yield. It may be mentioned that a fodder
variety is developed giving much emphasis on the
characters related to vegetative growth when the seed
yield is not taken much care of. Such selection pressure
may be one of the reasons for such non-association
between flag leaf area and grain yield. In case of
chlorophyll ‘a’ and chlorophyll ‘b’ content the direct
effects with grain yield were negative. The indirect
effects via all the characters except tiller number and
total chlorophyll content also were negligible. This might
have resulted non-significant correlation. Crude protein
content also had very low direct and indirect effects of
other characters consequently no correlation could be
established.

In another experiment, path analysis was carried
out considering grain yield as the dependent variable
where one cut was practised at 55 days of the crop. In
these cases, there were 12 independent variables viz.,
plant height, tiller number per plant, weight of flag leaf,
length of panicle, number of spikelets per panicle, number
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of grains per panicle, 100-seed weight, leaf area,
chlorophyll content and protein content (Table 5).

In case of plant height, it was observed that a
strong negative direct effect of this character could be
nullified by the indirect effect of other characters such
as length of panicle and number of grains per panicle so
that the correlation value between this character and
yield was significantly positive. Significantly positive
correlation between tiller number and yield seems obvious
because the direct effect of the character on yield was
substantially positive and indirect effects of some of the
characters like number of grains per panicle and
chlorophyll content could also contribute towards such
result. Interestingly, in spite of strong direct effect of
weight of flag leaf on yield, no positive correlation could
be discerned between these two characters. Similar
observation could be recorded in case of the correlation
between chlorophyll ‘a’ content and grain yield. In both
these cases, a strong negative indirect effect of flag leaf
area and total chlorophyll content could be observed.
Length of panicle and number of grains per panicle
exhibited strong to very strong direct effect on yield;
also the indirect effect of the one character on the other
might have consequently led to a significantly positive
correlation. On the other hand, number of spikelets per
panicle, in spite of exhibiting negative direct effect on
yield the correlation was significantly positive. This might
have been due to substantial indirect effect of tiller
number, length of panicle, number of grains per panicle
and chlorophyll ‘a’ and ‘b’ content. 100-grain weight,
however, could not produce any correlation with grain
yield, which might be due to resultant negative direct
effect and positive indirect effect of length of panicle

and chlorophyll content mainly. The highest direct effect
was observed in case of chlorophyll ‘b’ content and
consequently it produced significantly positive correlation
with yield. Crude protein percentage, however, produced
no correlation with grain yield though it had high direct
effect. It produced high indirect effect via 100-seed
weight and chlorophyll ‘a’ and ‘b’ content.
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