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Abstract

Thirty six tall fescue germplasm lines were studied to
find out genetic variability and association for green forage
yield and its component traits. Analysis of variance
revealed significant differences among all the traits
studied. The estimates of PCV were higher than
corresponding GCV for all the 11 characters studied. High
heritability coupled with high to moderate genetic advance
was observed for crude protein yield per plant and dry
matter yield per plant. Dry matter yield per plant, plant
height, tillers per plant, leaf stem ratio, leaves per plant,
leaf length and crude protein yield per plant revealed
positive and significant correlation with green forage yield
per plant. Crude protein yield, leaf length and leaves per
plant contributed maximum towards vyield indicating that
these traits should be given emphasis while selecting
high yielding tall fescue cultivar for north western
Himalayan regions.
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Introduction

Himalayan region mainly consists of low, medium and
high hills but the cultivation of fodder is restricted mainly
to the lower hills. Beyond this zone, the cultivation of
fodder is not practical because maximum area is under
high value cash crops. But due to ever increasing demand
of animal products and deterioration of forests, the
grazing pressure on these pastures is increasing with
constant rate. This has resulted in the deterioration of
the grass cover as well as valuable forest species. As a
result of this, a significant area of these natural resources
has been replaced by noxious plant species (Misri, 1988).
All these factors have led to the decrease in carrying
capacity of these pastures. The carrying capacity ensures
adequate forage for grazing animals and leaves enough
residual forage for re growth in the following year.
Improving the productivity of a pasture can increase its
carrying capacity. The availability of fodder and grasses
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is dwindling (both in quantity and quality) due to poor
management practices and degradation of land. The
production of native forage species (tall fescue, ryegrass,
alfalfa, orchard grass, timothy, smooth broomgrass etc.)
is limited and various corrective measures are required
for their improvement, therefore it is necessary to develop
high yielding, fast growing, multicut with good
regeneration capacity, nutritious and resistant varieties
of fodder crops through genetic improvement
(Chaudhary et al., 2014).

Among the various grasses evaluated, tall fescue grass
(Festuca arundinacea) is considered as fodder crop of
choice due to its high yield potential (300-500 q of fresh
fodder yield/hectare). The tall fescue grass, a native of
Europe and North Africa is a deep-rooted, long lived,
allohexaploid, cool season, perennial, high yielding and
drought tolerant bunchgrass with short rhizomes grown
in temperate and sub- temperate regions for pasture,
hay and silage (Katoch et al., 2013). It is especially well
adapted to acidic; wet soils and produces more forage
than other cool-season grasses on soils with a pH of
less than 5.5. It is best adapted to accumulate growth for
use in autumn and winter because it grows at lower
temperatures than many grasses, retains its forage
quality and can form a dense sod (Lacefield et al., 1993).

Presently, most breeding approaches for tall fescue
improvement are in domain of molecular research. Thus
in order to isolate improved plant population that can
directly be used in molecular breeding for target gene
improvement in sustainable way, the knowledge of
genetic parameters like genetic variation, genotypic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), heritability in broad sense, genetic
advance as per cent of mean, correlation and path
analysis among characters is of utmost importance
(Dudley and Moll, 1969). Estimates of variance
components are used to determine the proportion of
phenotypic variance due to genetic effects and the
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proportion of total genetic variance due to additive genetic
effects. This information is useful to estimate heritability
and predict genetic gain from selection. In view of this,
the present study was undertaken to estimate the
magnitude of phenotypic and genotypic variability,
heritability, genetic advance, correlation coefficient and
path analysis among different quantitative traits in 36
accessions of tall fescue so that this information may be
utilized in the development of superior varieties adapted
to north western Himalayan regions.

Materials and Methods

Experimental materials: Thirty six tall fescue germplasm
lines of diverse origin including four checks i.e. Hima-1,
Hima-4, Hima-14 and Palam Fescue-1 were used for
the present study (Table 1).

Experimental design: The experiment was laid out in a
randomized complete block design with plot size of 3.0 x
0.3 m? with row to row and plant to plant spacing of 30
cm, respectively with three replications. Each germplasm
line was raised in one row of 3 m length and each hill
was planted with three root slips of the genotype.
Recommended package of practices were followed for
raising the crop. Observations were recorded for two cuts
during Rabi 2014-15 for green forage yield per plant (g),
dry matter yield per plant (g), plant height (cm), tillers per

plant, leaf stem ratio, leaf length (cm), leaf width (cm),
number of leaves per plant, stem thickness (cm), crude
protein content (%) and crude protein yield per plant (g).
Traits were measured as per standard protocol on five
randomly selected plants from each genotype and the
mean from each genotype was used for analysis.

Statistical analysis: The data obtained was subjected
to standard statistical procedures. Analysis of variance
was done using the method of Panse and Sukhatme
(1985). Genotypic and phenotypic component of variation,
broad sense heritability and genetic advance was
computed as per Burton and De Vane (1953). Phenotypic
and genotypic correlation coefficients were estimated as
suggested by Al-dibouri et al. (1958) and path analysis
for estimating direct and indirect effects of traits in green
forage yield was performed as per Dewey and Lu (1959).
The crude protein content for each entry was calculated
by Micro-Kjeldhal Method (AOAC, 1965) and expressed
as per cent of protein in plant leaves. The analysis was
performed using the software WINDOW STAT.

Results and Discussion

Genetic variability: Analysis of variance for green forage
yield and its components of 36 genotypes of tall fescue
revealed that the differences among genotypes were
highly significant (P < 0.01 or < 0.05) for all the characters

Table 1. Details of the plant material used along with source

Source

Genotypes

NBPGR, New Delhi (INDIA)

Selections derived from composite populations
of indigenous and exotic collections available
at CSKHPKYV, Palampur (INDIA)
Hima-1xHima-4

CSKHPKYV Palampur (INDIA)

EC-1942, EC-178188, EC-178185, EC-178184, EC-178181
Sel-6, Sel-8, Sel-11, Sel-47, Sel-48, Sel-49, Sel-50, Sel-61,Sel-63,
Sel-66, Sel-67, Sel-68, Sel-69, Sel-70, Sel-71, Sel-84, Sel-85,
Sel-86, Sel-87, Sel-88, Sel-89, Sel-90, Sel-91, Sel-92, Sel-93
Hima-15, Hima-3

Hima-1(check), Hima-4(check), Hima-14 (check), EC-178182

(Palam Fescue-1) (check)

Table 2. Estimates of mean squares and variability parameters in combined over the cuts

Characters Mean squares PCV GCvV Heritability = genetic advance
(genotypes) (%) (%) h2bs(%) as % of mean
Green forage yield per plant (g) 291.05** 14.74 10.03 46.40 14.07
Dry matter yield per plant (g) 8.77** 12.49 9.66 59.80 15.39
Plant height (cm) 52.65** 13.36 8.48 40.40 11.10
Tillers per plant 48.28** 13.37 8.47 40.10 11.04
Stem thickness (cm) 0.004** 9.97 7.47 56.10 11.53
Leaves per plant 310.82* 13.98 9.15 42.80 12.33
Leaf stem ratio 0.06** 13.31 9.10 46.80 12.82
Leaf length (cm) 33.84** 13.77 7.41 29.00 8.22
Leaf width (cm) 0.003* 5.05 2.44 23.40 243
Crude protein content (%) 2.74** 12.59 8.69 47.70 12.37
Crude protein yield per plant (g) 0.27** 22.91 17.55 58.70 27.69

*(P<0.05); **(P<0.01)
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indicating the existence of sufficient variation among the
genotypes for green forage yield and component traits
studied in the present investigation (Table 2) and
therefore, there is a scope for effective selection. These
results were similar with other studies, where significant
differences for various agromorphological characteristics
were observed in tall fescue crop (De Araujo et al., 1983;
Afkar et al., 2009; Reza et al., 2008; Noroozi et al., 2013).

The magnitudes of PCV were invariably higher than GCV
indicating the influence of environment for quantitative
traits which is in consonance with previous reports for
Festuca pratensis (Kanapeckas et al., 2005). A
considerable range of variation was observed for all the
characters under study. The PCV ranged from 5.05 to
22.91% and GCV from 2.44 to 17.55%. The estimates
PCV and GCV were noted relatively high for crude protein
yield per plant and green forage yield per plant which
were in line with the earlier findings in Panicum maximum
(Ramakrishnan et al., 2013). Low values of coefficients
of variations were observed for all the traits except crude
protein yield per plant and green forage yield per plant
which could probably be attributed to the presence of
both positive and negative alleles leading to low genetic
variation.

Heritability and genetic advance: In this study, the high
heritability estimates were obtained for dry matter yield
per plant, stem thickness and crude protein yield per
plant; moderate for green forage yield per plant, plant
height, tillers per plant, leaves per plant, leaf stem ratio
and crude protein content and low for leaf length and leaf
width. The estimate of heritability for dry matter yield is in
agreement with those previously reported for F.
arundinacea (Burton and De Vane, 1953; Majidi et al.,
2009). Heritability of yield related traits was moderate to
high which were in agreement with Ebrahimiyan et al.
(2013). The traits which exhibited moderate to high
heritability revealed lesser influence of the environment
and greater role of genetic component of variation.
Therefore, selection for these traits on the basis of
phenotypic expression would be more effective for indirect
improvement of green forage yield. High genetic advance
as a per cent of mean was displayed by crude protein
yield per plant, moderate for dry matter yield per plant
and low for rest of the traits. While in contrast, Bakheit
(1986) reported that the genetic advance as a per cent of
mean was high for seasonal dry forage yield and
seasonal protein yield. The estimates of heritability and
genetic advance are two complementary concepts
(Hanson, 1963). High heritability with moderate genetic

advance as a per cent of mean was observed for dry
matter yield per plant, indicating predominance of
additive and non-additive gene action in the expression
of this trait. Therefore, this character could be improved
by careful and restricted selection. Low estimates of
heritability and genetic advance as a per cent of mean
indicated that inheritance was being influenced by inter-
allelic interaction rather than intra-allelic interaction.

Correlation and path coefficient studies: In general,
genotypic coefficient of correlation was higher than
corresponding phenotypic coefficient of correlation for
most of the character pairs (De Araujo et al., 1983; John,
2008), and this was in agreement with our own results
for all the traits (Table 3). In the present study, most of the
characters were statistically significant at both 1% and
5% level with absolute values ranging from 0.1993 to
1.0073. The estimates of both phenotypic and genotypic
correlation coefficients revealed that green forage yield
per plant found to be significantly and positively correlated
with dry matter yield per plant, plant height, tillers per
plant, leaves per plant, leaf stem ratio, leaf length, crude
protein content and crude protein yield per plant, whereas
negative and significant association with stem thickness
was observed at genotypic level. This indicated that
genotypes having thin stem produced more green forage
yield which is desirable. In case of Panicum maximum
same findings were reported by Ramakrishnan et al.
(2013) where green fodder yield per plant was
significantly positively correlated with tillers per plant,
leaves per plant and dry matter content, while positively
correlated with leaf stem ratio and crude protein.
Niazkhani et al. (2014) reported that plant height was
positively correlated with wet and dry forage yield. The
above results were in line with the present findings. Dry
matter yield per plant showed significant and positive
correlation with plant height, tillers per plant, leaves per
plant, leaf stem ratio, leaf length, crude protein content
and crude protein yield per plant at both phenotypic and
genotypic levels, while negative and significant
correlation with stem thickness was observed at
genotypic level. The above findings were in accordance
with the findings of De Araujo et al. (1983) and Noroozi et
al. (2013). Khayam-Nekouei et al. (2000), Jafari et al.
(2006) and Majidi et al. (2009) in tall fescue and Wilkins
(1985) in perennial ryegrass reported significant
correlation between dry matter yields with plant height.
Aastveit and Aastveit (1989) and Kanapeckas et al. (2005)
reported that dry matter yield was genetically correlated
with quality traits which were in consonance with the
present findings. Stem thickness showed significant and
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positive correlation with leaf width both at genotypic as
well as phenotypic levels. Significant positive correlation
was observed for leaves per plant and leaf stem ratio
with crude protein content and crude protein yield per
plant both at phenotypic and genotypic levels. At genotypic
level, leaves per plant showed significant and positive
association with leaf stem ratio and significantly negative
association with leaf length whereas leaf stem ratio
showed significantly positive association with leaf length
and significantly negative association with leaf width.
Leaf length and crude protein content showed positive
and significant correlation with crude protein yield per
plant both at genotypic and phenotypic level. Finne et al.
(2000) in Trifolium repens observed that all pair wise
correlations between plant height, leaf length, dry matter
yield and general performance were positive and
significant which were in conformity with the present
findings.

The dry matter yield had maximum positive direct effect
(0.791) on green forage yield followed by fillers per plant,
crude protein content and leaf length at phenotypic level,
while at genotypic level crude protein yield per plant
(12.3580) followed by leaf length (1.8270), stem
thickness (1.0194) and leaves per plant (0.8804) had
highest direct effect on green forage yield per plant (Table
4). This indicated that there is always scope for
enhancement of green forage yield by selection of these
traits. The direct selection for these traits would be
effective for crop improvement since most of these traits
also showed significant positive correlation coefficients.
Similar findings were also observed by Bakheit (1986)
and Noroozi et al. (2013) which were in conformity with
the present study. Suthamathi et al. (1998) reported
significant and positive direct effect of leaf weight, stem
weight, leaf stem ratio and number of tillers per plant on
green fodder yield in napier grass (Pennisetum
purpureum) which was in conformity with the present
findings. The characters which recorded direct positive
effect on yield had indirect positive effect via other
characters. Therefore, they did not affect each other
adversely and selection would be beneficial for
improving the green forage yield.

Although at genotypic level, dry matter yield per plant had
the highest negative direct effect (-0.73743) on green
forage yield per plant but its indirect effect via crude protein
yield per plant (11.1037), leaf length (1.1630) and leaves
per plant (0.4442) was positive which consequently
increased the correlation with yield (0.9944).The direct
effect of crude protein yield per plant (12.3580) on green
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forage yield per plant was highest and positive while
indirect effects via leaf length (1.0699), leaves per plant
(0.4977) and leaf stem ratio (0.1311) were also positive.
A residual effect was found to be 0.4017, suggesting that
other attributing traits were also important and might play
a crucial role in tall fescue improvement.

Conclusion

Dry matter yield per plant, leaves per plant, stem
thickness, plant height and crude protein yield per plant
had high broad sense heritability, strong genetic
association and direct or indirect effect on green forage
yield in studied tall fescue germplasm. Thus these plant
traits deserve greater attention in further breeding
programs for developing high yielding tall fescue
genotypes.
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