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ABSTRACT: An experiment was conducted to assess the genetic variability in fenugreek genotypes under
moisture regimes. Thirty genotypes of fenugreek were sown in RBD with three replications during rabi
season 2019-20. The results of ANOVA showed significant differences among the genotypes for all the
parameters under study indicating the presence of wide spectrum of variability among the genotypes. High
PCV (>20), high heritability (>60) coupled with high genetic advance as percentage of mean (>20%) was
observed for proline content in leaves (mg/g) at 60 DAS and maturity and seed yield per plant suggesting that
these parameters are genetically governed by additive gene action and genotypes RMt-143, RMt-305, GM-1,
AFG-3 and RMt-303 can be utilized in selection for fenugreek improvement.
Keywords: Fenugreek, genetic advance, heritability, moisture, variability.

INTRODUCTION

Moisture stress is considered to be one of the most
important abiotic factors affecting the plant growth and
developmental aspects in addition to the adverse
impacts on social and economic life of mankind
(Anjum et al., 2012) as well as impairing crop
production (Hamrouni et al., 2001). The adaptability
and responses of the plants to moisture stress depends
on duration, magnitude of stress and developmental
stage of the plant (Kramer and Boyer, 1995). Drought is
severely affected the growth and especially grain filling
stage in the crops such as wheat (Rao et al., 2021).
Fenugreek (Trigonella foenum-graecum L.) is an
annual herbaceous crop belonging to the Fabaceae
family, widely grown in India, Pakistan, Egypt, and
Middle Eastern countries of the world. In India, it is
mainly cultivated in Rajasthan, Gujarat, Tamil Nadu,
Andhra Pradesh, Uttar Pradesh, Himachal Pradesh and
Haryana with total area of 1,22,000 hectares and
production of 192,000 metric tonnes (Anonymous,
2020). Fenugreek can be grown under wide range of
climatic conditions and well-drained soil. Cool climate
and dry weather are essential at the time of maturity.
Fenugreek plant is susceptible to moisture stress during
pre-flowering and post flowering stages, since a soil
matric potential lower than 0.3 Megapascal causes
substantial reduction in yield (Alhadi et al., 1999).
Fenugreek is mostly grown inarid and semi-arid areas
of the world but responds well to minimum application
of irrigation (Acharya et al., 2006).
In the recent couple of years, the shifting pattern of
rainfall has noticed. Due to this, irregular supply of
water to rainfed dependent crop become major concern.
This pattern of unusual water supply resulted drastic
reduction in the yield and quality of the fenugreek.
Improving moisture tolerance or selecting tolerance
genotypes is considered one of the better ways for
successful cultivation of crops in the arid and semi-arid

areas or areas with water deficit (Basu et al., 2009;
Ahari et al., 2009).
Therefore, it is an urgent need to identify moisture
tolerant fenugreek genotypes with high genetic yield
potential to achieve an effective breeding programme.
Genetic variability in fenugreek is still highly needed,
because the diversity of a crop determines the selection
efficiency to improve it. Absolute variability in various
parameters cannot be decisive in observing which traits
shows the maximum degree of variability. Moreover,
relative values of PCV and GCV give a reliable idea of
the extent of variability in the population. Therefore,
this study was carried out to screen the moisture
tolerance and high yield potential fenugreek genotype
with a distinct genetic variability for fenugreek
improvement.

MATERIALS AND METHODS

The present study was conducted at Experimental Farm,
College of Horticulture and Forestry, Jhalawar-326 023.
The experimental materials consisting of thirty
genotypes of fenugreek are given in Table 1.

Table 1: List of thirty genotypes of fenugreek used
in the study.

Sr. No. Genotype Sr. No. Genotype
1. RMt-305 16. Jhunjhunu local
2. GM-1 17. Azad Methi
3. MP local-1 18. Nagour local-1
4. MP local-2 19. Hisar Mukta
5. Jaipur local 20. CO-2
6. Karnataka local 21. Hisar Sonali
7. Chittorgarh local 22. RMt-351
8. Jhalawar local 23. GM-2
9. Nagour local-2 24. AFG-3

10. RMt-303 25. RMt-1
11. RMt-143 26. AFG-2
12. Rajendra Kranti 27. Lam selection
13. Hisar Suvarna 28. Sikar local
14. AFG-1 29. AFG-4
15. Pant Ragni 30. Hisar Madhavi

Biological Forum – An International Journal 13(3a): 232-237(2021)

www.researchtrend.net


Singh & Rajpoot Biological Forum – An International Journal 13(3a): 232-237(2021) 233

The experiment was laid out in randomized block
design with three replications during Rabi season 2019-
20 under moisture stress condition. Irrigation was given
at the time of seed sowing for establishing the crop.
Moisture stress condition was created by withholding
irrigation at the time of pre flowering stage which
commensurate with 40-45 days after sowing (DAS) and
post flowering stage which commensurate with 70-80
days after sowing (DAS). Seeds of each genotype was
directly sown in a two rows of 5 m row length in each
replication with a spacing of 30×10 cm maintained. All
recommended cultural practices were adopted
uniformly in order to ensure a healthycrop stand except
irrigations.
Observations were recorded on five randomly selected
plants in each genotype and each replication after

eliminating border and unhealthy plants for all the
parameters under study except days to 50 percent
flowering and days to maturity which were recorded on
plot basis. Furthermore, observations were recorded on
parameters viz. days to 50 percent flowering, days to
maturity, plant height at maturity(cm), number of
branches per plant, number of pods per plant, pod
length(cm), number of seeds per pods, test weight(g),
seed yield per plant(g), total chlorophyll content in
leaves(mg/g) at 60 days after sowing (DAS) and
maturity, proline content in leaves at 60 days after
sowing (DAS) and maturity and crude protein content
(%). Mean weekly meteorological data for the period of
experiment are presented in Graph 1.

Graph 1: Mean weekly meteorological data of during the experimentation.

To work out the analysis of variance (Goulden,1959),
phenotypic and genotypic coefficient of variation
(Burton, 1952), heritability in broad sense (Lush, 1940)
and genetic advance as per cent of mean (Johnson et al.,
1955) were calculated as per statistical method using
web based statistical package OPSTAT from
CCSHAU, Hisar, Haryana.

RESULTS AND DISCUSSION

Analysis of variance was conducted to eliminate the
variation due to causes other than genotypes from total
variation. The analysis of variances revealed highly

significant variation among the genotypes (p < 0.01) for
all the parameters under study (Table 2). This suggested
that the material had adequate variability and response
to selection may be accepted in the breeding
programme for seed yield or any of its supporting
parameters under moisture stress condition. These
results are in agreement with the findings of Ahari et
al., (2009); Dashora et al., (2011); Verma and Ali
(2012); Yadav et al., (2013); Kole and Saha (2014),
Sharma et al., (2015), Meena et al., (2017); Singh and
Naula (2017).

Table 2: ANOVA for different parameters in fenugreek under moisture stress conditions.

S. No.
Source of
Variance d. f. C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-14

1. Replication 2 0.54 0.578 92.170 1.277 6.316 0.040 0.403
0.001

4
0.075 0.540 0.138 0.751 15.200 0.711

2. Genotype 29
19.69

**
60.27
0**

180.84
4**

8.912
**

153.59
1**

1.880
**

5.121
**

5.418
6**

16.66
7**

2.750
**

15.939
**

2689.119**
13827.
14**

11.921*
*

3. Error 58 1.64 2.382 56.892 0.581 2.728 0.080 0.140
0.003

4
0.048 0.207 0.142 2.684 23.395 0.285

*and ** represent significant at 5 (%) and 1(%) level of significant, respectively
Parameter details: C-1: Days to 50 percent flowering, C-2: Days to maturity, C-3: Plant height at maturity (cm), C-4: Number of branches per
plant, C-5: Number of pods per plant, C-6: Pod length (cm), C-7: Number of seeds per pod, C-8: Test weight (g), C-9: Seed yield per plant (g),
C-10: Total chlorophyll content in leaves(mg/g) at 60 DAS, C-11: Total chlorophyll content in leaves(mg/g) at maturity, C-12: Proline content  in
leaves (mg/g) at 60 DAS, C-13:Proline content in leaves (mg/g) at maturity and C-14: Crude protein content (%).
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Further, the data obtained from the mean performance
study (Table 3) also showed high significant difference
indicating the existence of sufficient variability for all
the parameters among the genotypes investigated under
moisture stress condition. The results revealed that the
days to 50 per cent flowering ranged from 49.00 days
(RMt-305) to 58.67 (Pant Ragini) with the mean value
of 53.89 days, days to maturity varied from 102.33
(RMt-305) to 123.33 (Pant Ragini) with the mean value
of 115.82 days, plant height at maturity was observed in
minimum  Hisar Mukta (44.22 cm) and maximum in
Karnataka local (74.33 cm) with the mean value of
61.11cm,number of branches per plant varied from 7.22
(GM-1) to 14.77 (RMt-305) with the mean value of
9.50,minimum number of pods per plant was observed
in Lam selection (40.44), while maximum in RMt-305
(71.11) with the mean value of 49.65,pod length ranged
from 8.28 cm (Hisar Suvarna) to 12.09 cm(AFG-3)
with the mean value of 9.75 cm, number of seeds per
pod ranged from 12.83 (Nagour local-2) to 17.78 (RMt-

305) with the mean value of 14.68,test weight ranged
from 10.54 g (Rajendra Kranti) to 15.60 g (Sikar local)
with the mean value of 12.50 g, seed yield per plant
was recorded lowest in GM-1 (7.19 g), while highest in
RMt-143 (15.13 g) with the mean value of 10.58 g,total
chlorophyll content in leaves at 60 days after
sowing(DAS) ranged from 36.04 mg/g (AFG-3) to
40.75 mg/g (RMt-305) with the mean value of 37.67
mg/g, total chlorophyll content in leaves at maturity
ranged from 19.45  mg/g (Pant Ragni) to 28.16 mg/g
(RMt-1) with the mean value of 24.95 mg/g, proline
content in leaves at 60 days after sowing (DAS) ranged
from 34.50 mg/100g (RMt-351) to 156.61 mg/100g
(GM-1) with the mean value of 95.61 mg/100g, proline
content in leaves at maturity ranged from 76.08
mg/100g (RMt-351) to 360.46 mg/100g (GM-1) with
the mean value of 219.64 mg/100g and crude protein
content ranged from 14.38 percent (Rajendra Kranti) to
22.18 percent (Lam selection) with the mean value of
17.75 percent.

Table 3: Mean value for different parameters of fenugreek genotype under moisture stress conditions.

S. No. Genotype C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-14
1. RMt-305 49.00 102.33 52.89 14.77 71.11 10.80 17.78 12.42 14.73 40.75 27.98 137.10 301.83 18.46
2. GM-1 53.00 110.33 73.67 7.22 51.77 10.28 17.28 13.28 14.30 38.51 24.82 156.61 360.46 15.70
3. MP local-1 55.67 115.67 71.44 7.33 44.22 9.17 13.22 10.95 8.08 37.96 25.46 119.27 277.08 20.14
4. MP local-2 56.00 113.67 63.22 7.33 46.89 9.72 13.27 11.93 9.15 37.56 25.23 92.37 214.00 15.42
5. Jaipur local 57.33 114.67 56.66 7.66 47.77 8.83 14.05 10.68 8.22 39.16 22.71 130.24 298.25 16.77
6. Karnataka local 55.67 117.00 74.33 9.33 44.99 8.81 14.22 15.57 12.10 38.15 25.51 112.83 258.73 18.46
7. Chittorgrh local 56.33 118.00 47.56 8.11 50.11 8.97 12.89 12.03 10.39 38.38 24.66 99.01 229.65 19.73
8. Jhalawar local 56.00 114.67 65.00 8.22 41.00 10.34 13.94 12.56 9.78 39.22 26.55 92.42 209.06 15.24
9. Nagour local-2 56.67 114.67 63.77 9.11 48.55 8.44 12.83 11.17 7.47 38.25 25.31 102.28 232.98 19.98
10. RMt-303 50.33 117.33 68.11 9.65 53.44 10.22 16.28 12.49 13.51 37.13 24.25 113.10 259.77 18.86
11. RMt-143 51.00 119.00 71.33 8.20 63.66 9.72 16.83 12.63 15.13 37.91 27.75 97.17 223.66 19.63
12. Rajendra Kranti 51.33 105.33 63.89 11.22 51.99 8.62 15.61 10.54 13.41 38.03 26.51 68.89 169.49 14.38
13. Hisar Suvarna 54.00 120.33 62.66 9.55 49.78 8.28 14.83 11.68 10.10 38.12 26.00 127.55 292.94 17.63
14. AFG-1 55.33 114.67 67.78 11.11 51.11 10.33 14.25 12.76 11.91 36.78 27.60 121.17 280.35 15.49
15. Pant Ragini 58.67 123.33 63.44 9.11 41.55 9.35 15.39 13.06 10.76 36.94 19.45 111.51 254.91 16.49
16. Jhunjhunu local 56.00 117.33 53.00 9.00 48.55 9.60 13.00 11.96 9.13 37.15 21.95 104.97 244.28 20.22
17. Azad Methi 54.33 115.33 62.44 9.44 47.33 9.57 14.78 12.11 8.39 37.34 27.28 102.07 234.63 17.89
18. Nagour local-1 56.33 118.00 63.33 8.44 48.55 9.54 13.44 10.90 8.16 37.48 24.48 133.30 303.55 17.82
19. Hisar Mukta 52.67 122.33 44.22 9.00 51.11 9.87 14.72 13.78 12.94 37.21 20.73 69.21 157.39 15.02
20. CO-2 56.67 116.00 60.89 7.66 48.55 10.37 14.88 11.99 11.53 37.76 20.66 109.88 250.36 16.01
21. Hisar Sonali 53.00 120.33 63.33 10.22 47.55 9.82 14.77 10.62 9.82 36.94 22.49 100.28 231.12 15.97
22. RMt-351 49.67 114.00 61.44 11.55 62.55 10.30 14.16 12.67 12.15 36.44 27.90 34.50 76.08 20.02
23. GM-2 50.67 112.00 62.77 10.22 51.11 10.55 13.77 11.81 7.19 38.28 23.41 66.73 150.50 17.86
24. AFG-3 52.67 120.67 65.78 12.44 62.00 12.09 14.50 14.58 13.88 36.04 23.29 71.79 172.92 19.39
25. RMt-1 50.33 112.33 46.77 11.66 48.78 9.41 16.00 11.15 9.75 37.46 28.16 86.77 198.24 16.50
26. AFG-2 53.00 119.33 60.44 10.66 44.00 9.76 16.16 13.21 8.09 37.15 25.85 79.97 182.47 20.60
27. Lam selection 55.67 115.33 52.22 7.77 40.44 9.24 14.39 13.84 10.74 36.53 26.77 35.55 86.61 22.18
28. Sikar local 54.67 118.33 52.22 9.22 40.55 9.83 13.22 15.60 7.27 36.72 26.36 65.73 149.68 17.46
29. AFG-4 52.33 118.67 63.88 10.55 48.33 10.05 15.55 13.26 9.56 37.57 24.75 41.62 94.32 17.06
30. Hisar Madhavi 52.33 113.67 54.89 9.22 42.00 10.47 14.39 13.86 9.73 37.08 24.77 84.40 193.75 16.20

Mean 53.89 115.82 61.11 9.50 49.64 9.57 14.68 12.50 10.58 37.67 24.95 95.61 219.63 17.75
Minimum 49.00 102.33 44.22 7.22 40.44 8.28 12.83 10.54 7.19 36.04 19.45 34.50 76.08 14.38
Maximum 58.67 123.33 74.33 14.77 71.11 12.09 17.78 15.60 15.13 40.75 28.16 156.61 360.46 22.18

CD 2.09 2.52 12.33 1.25 2.70 0.46 0.61 0.10 0.36 0.74 0.62 2.68 7.91 0.87
CV 2.37 1.33 12.34 8.02 3.33 2.90 2.55 0.47 2.06 1.21 1.51 1.71 2.20 3.01

Parameter details: C-1: Days to 50 percent flowering, C-2: Days to maturity, C-3: Plant height at maturity (cm), C-4: Number of branches per
plant, C-5: Number of pods per plant, C-6: Pod length (cm), C-7: Number of seeds per pod, C-8: Test weight (g), C-9: Seed yield per plant (g),
C-10: Total chlorophyll content in leaves(mg/g) at 60 DAS, C-11: Total chlorophyll content in leaves(mg/g) at maturity, C-12: Proline content  in
leaves (mg/g) at 60 DAS, C-13:Proline content in leaves (mg/g) at maturity and C-14: Crude protein content (%).

Variability among thirty genotypes of fenugreek for all
the parameters measured in terms of phenotypic
coefficient of variation, genotypic coefficient of
variation, heritability in broad sense and genetic
advance as percent of mean under moisture stress
condition are given in Table 4. In the present study the
magnitude of phenotypic coefficient of variation were
found higher than the corresponding genotypic
coefficient of variation for all the parameters studied

under moisture stress condition, which indicted effect
of stress on the trait’s expression. It means that the
apparent variation is not only due to genotypes but also
due to the influence of environment. However, the
differences were narrow which implied their relative
tolerance to environmental variation. It also described
those genetic factors were pre-dominantly responsible
for expression of those attributes and selection could be
made effectively on the basis of phenotype
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performance. Commonly the change in mean is
associated with higher variation for most of the
parameters in moisture stress conditions except proline
content in leaves at 60 days after sowing and maturity.
Thus, the selection could be made on the basis of
phenotypic performance offering scope for crop
improvement.
The estimation of phenotypic coefficients of variation
and genotypic coefficients of variation were observed
to be highest (>20%) for proline content in leaves at 60

days after sowing (DAS) (31.35 and 31.30) and
maturity (30.96 and 30.88) and seed yield per plant
(22.34 and 22.25) in moisture stress condition. Thus,
selection might be more effective for these characters
because the response to selection is directly
proportional to the variability present in the
experimental material. Similar findings were also
reported by Pathak et al., (2014); Narolia et al., (2017);
Panwar et al., (2017).

Table 4: Coefficient of variation, heritability (h2) (broad sense) and genetic advance (GA) as (%) of mean for
different parameters under moisture stress condition.

Sr. No. Parameters
Coefficient of variances

h2
bs

GA as (%) of
meanGenotypic Phenotypic

1. Days to 50 (%) flowering 4.55 5.13 78.62 8.31
2. Days to maturity 3.79 4.02 89.01 7.37
3. Plant height at maturity (cm) 10.52 16.22 42.07 14.05
4. Number of branches per plant 17.54 19.29 82.70 32.87
5. Number of pods per plant 14.28 14.67 94.85 28.66
6. Pod length (cm) 7.95 8.46 88.26 15.38
7. Number of seeds per pod 8.78 9.14 92.23 17.37
8. Test weight (g) 10.75 10.76 99.81 22.11
9. Seed yield per plant (g) 22.25 22.34 99.15 45.64

10.
Total chlorophyll content in leaves (mg/g) at

60 DAS
2.44 2.73 80.36 4.51

11.
Total chlorophyll content in leaves (mg/g)at

maturity
9.20 9.32 97.36 18.69

12. Proline content in leaves(mg/g)at 60 DAS 31.30 31.35 99.70 64.38
13. Proline content in leaves (mg/g)at maturity 30.88 30.96 99.49 63.46
14. Crude protein content (%) 11.09 11.49 93.15 22.06

Further, it may be feasible to determine the amount of
heritable variation and the relative degree to which a
character is transmitted from parent to offspring, by the
estimate of heritability (Hanson et al., 1956).
Heritability estimates provides guide for the selection
procedure to be followed by the breeder for
improvement of these traits under moisture stress
condition.
In the present study the magnitude of broad sense
heritability ranged from 42.07 (plant height at maturity)
to 99.81 (seed yield per plant) and high heritability
(>60) was sown by all the parameters under study
except plant height at maturity. Similar findings were
also reported by Singh et al., (2014) in pearl millet;
Singh and Naula (2017); Singh et al., (2019); Verma et
al., (2016) in fenugreek crop.
Heritability value alone provides no indication of the
amountof genetic progress that would result from
selecting the best individuals as it includes both
additive and non-additive geneaction. In the present
investigation, expected genetic advance as percentage
of mean (>20%) recorded maximum with proline
content in leaves at 60 DAS (64.38) and maturity
(63.46) followed by seed yield per plant (45.64),
number of branches per plant (32.87), number of seeds
per pod (28.66), crude protein content (22.06) and test
weight (22.11) in moisture stress condition. These
results are in agreement with Pathak et al., (2014);
Mamatha et al., (2017); Naroliya et al., (2017).
Johnson et al., (1955) has pointed out that heritability
estimate along with genetic advance were more useful
than heritability estimates alone in predicting the
response to selection.

Therefore, genetic advance as percentage of mean was
calculated in order to determine the relative merits of
different characters that can be further utilized in the
selection programme. High heritability(>60%) coupled
with high genetic advance as a percentage of mean
(>20%) was observed for proline content in leaves at
60 DAS and maturity, seed yield per plant, number of
branches per plant, number of pods per plant, crude
protein content and test weight indicating the presence
of additive gene action and the rest of parameters, days
to 50 percent flowering, days to maturity, pod length,
total chlorophyll content in leaves at 60DAS and
maturity and plant height at maturity showed high
heritability associated with low genetic advance as
percent of mean due to its low genotypic coefficient of
variation. These reported results are in agreement with
the findings of Kumari et al., (2015).

CONCLUSIONS

From the above investigation, it can be revealed that the
genotypes showed a significant variation and genetic
gain among each other under moisture regime
condition. The parameters viz., Proline content in leaves
at 60 DAS and maturity, seed yield per plant, number of
branches per plant, number of pods per plant, crude
protein content and test weight showed high value for
heritability and genetic advance as percentage of mean.
The most promising genotypes RMt-143, RMt-305,
GM-1, AFG-3 and RMt-303 were showed high values
for the above-mentioned important parameters Thus,
these parameters and genotypes should be considered
during selection for higher yield potential in fenugreek
under moisture stress condition at pre and post
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flowering stages. On the basis of the value and
tolerance, these genotypes are needed to evaluate for
breeding purposes.

FUTURE SCOPE

The above selected genotypes could be used in the
breeding programme in the development of new
varieties against drought resistance. Furthermore, these
genotypes also frame a path for researchers and
breeders in the selection of locally available such
superior germplasms. Further, investigation is needed to
elucidate the mechanism of such genotypes with respect
to climate resilience and adverse conditions.
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