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ABSTRACT

Uniform and rapid seed germination is essential for better crop establishment and productivity in black
gram (Vigna mungo L.). Seed priming is an effective and economical technique for enhancing germination
and seedling vigour. The present study was conducted to evaluate the effect of different priming treatments
on germination and seedling vigour in black gram under laboratory conditions. The results revealed
significant variation among varieties and priming treatments for all seed quality parameters. Among the
varieties, IPU-2-43 recorded the highest germination percentage (94.17%), whereas PDU-1 exhibited superior
performance for seedling growth and vigour traits. Among the priming treatments, GA3 @ 200 ppm for 10
hours significantly improved germination (92.71%), speed of germination (39.00), mean daily germination
(13.24), seedling length (31.70 cm), and vigour indices compared to the control. The interaction effect indicated
that PDU-1 in combination with GA3 priming performed best for most traits. Therefore, seed priming with
GA3 @ 200 ppm for 10 hours can be recommended for enhancing germination, seedling vigour, and planting
value in black gram.
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Introduction

Black gram (Vigna mungo L.) is an important pulse
crop widely cultivated for its nutritional value and
diverse uses as food, feed, and fodder. It contains
approximately 25-28% protein, 4.5-5.5% ash, 0.5-
1.5% oil, 3.5-4.5% fibre, and 62-65% carbohydrates
on a dry weight basis. Despite its significance, poor
and uneven germination due to hard seed coat and
adverse environmental conditions often results in
poor crop establishment and reduced productivity.

India is the largest producer of black gram, con-

tributing more than 70% of global production. Ac-
cording to the second advance estimates (2023–24),
black gram production in India is estimated at 20.55
lakh tonnes compared to 26.31 lakh tonnes in 2022–
23. The crop occupies about 29% of the total pulse
area and contributes 10.25% to total pulse produc-
tion. During the kharif season of 2023, the area under
black gram was 33.08 lakh hectares, slightly lower
than the previous year. Major black gram growing
states include Madhya Pradesh, Uttar Pradesh, and
Rajasthan (Anonymous, 2024).

Seed priming is an effective pre-sowing tech-
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nique used to improve seed performance by regulat-
ing physiological and biochemical processes prior to
germination. It enhances germination rate, unifor-
mity, and seedling vigour, resulting in better field
establishment. Priming treatments activate meta-
bolic processes during phase II of germination, in-
cluding enzyme activation, repair of cellular compo-
nents, and improved antioxidant activity
(Heydecker, 1973; Paparella et al., 2015). Among dif-
ferent priming agents, gibberellic acid (GA3) and
potassium nitrate (KNO3) are widely used due to
their role in enhancing enzyme activity and mobili-
zation of stored food reserves. Considering the im-
portance of seed priming in improving seed quality
and crop establishment, the present investigation
entitled “Standardization of Priming Treatment for
Accelerating Seed Germination and Vigour in Vari-
eties of Black Gram (Vigna mungo L.)” was under-
taken to evaluate the effect of different priming
treatments and identify suitable combinations for
enhancing germination and seedling vigour.

Materials and Methods

The laboratory experiment was conducted at the
Seed Testing Laboratory, Department of Seed Sci-
ence and Technology, Acharya Narendra Deva Uni-
versity of Agriculture and Technology, Kumarganj,
Ayodhya (U.P.) during 2025. Seeds of seven variet-
ies of black gram (Vigna mungo L.), namely IPU-2-43,
IPU-13-1, IPU-11-02, IPU-94-1, PDU-1, IPU-10-26,
and Shekhar-1 were procured from the Indian Insti-
tute of Pulses Research (IIPR), Kanpur. The experi-
ment was laid out in a factorial Completely Ran-
domized Design (CRD) with three replications.

The treatments consisted of four priming treat-
ments:
 P: Control (untreated seeds)
 P: Hydropriming (distilled water for 10 hours)
 P: KNO3 @ 1% for 10 hours
 P: GA3 @ 200 ppm for 10 hours

After preparation of solutions, seeds were soaked
for 10 hours in respective treatments, followed by
shade drying to bring them back to original mois-
ture content. The treated seeds were subjected to
germination test using the paper towel method and
incubated at 25 °C with 95% relative humidity in a
germinator for seven days.

Observations Recorded

Germination (%)

Germination percentage was calculated based on
the number of normal seedlings at the final count
and expressed as:

Germination (%) = (Number of normal seedlings
/ Total number of seeds) × 100

Speed of Germination

Speed of germination was calculated as per Maguire
(1962) using daily germination counts:

Speed of germination 

G1, G2......Gn = Number of seeds germinated
T1, T2.......Tn = Number of days taken for germina-
tion

Mean Daily Germination

Mean daily germination was calculated using the
following formula:

Mean daily germination = Total germinated
seeds / Number of days

Root and Shoot Length (cm)

Ten normal seedlings were randomly selected from
each replication on the final day of germination.
Root length was measured from the collar region to
the tip of the primary root, and shoot length from
the collar region to the tip of the plumule. The mean
values were expressed in centimeters.

Seedling Length (cm)

Seedling length was measured as the sum of root
and shoot length of ten randomly selected seedlings,
and the mean was expressed in centimeters.

Fresh Weight of Seedling (g)

Fresh weight of ten normal seedlings was recorded
immediately after the germination test and ex-
pressed in grams.

Dry Weight of Seedling (g)

The seedlings were dried in a hot air oven at 80 ± 2
°C for 24 hours and weighed to determine dry
weight.

Seedling Vigour Index

Seedling vigour indices were calculated as per
Abdul-Baki and Anderson (1973):
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Seedling Vigour Index -I = Germination (%) × Total
Seedling length (cm)
Seedling Vigour Index II = Germination (%) × Seed-
ling dry weight (g)

Results and Discussion

Germination Percentage

The germination percentage was significantly influ-
enced by varieties, priming treatments, and their
interactions (Table 1). Among the varieties, V  (IPU-
2-43) recorded the highest germination (94.17%),
followed by V (PDU-1), while the lowest was ob-
served in V (IPU-10-26) (88.50%). Among the prim-
ing treatments, P (GA @ 200 ppm for 10 hours) re-
corded significantly higher germination (92.71%)
compared to control and was statistically at par with
P (hydropriming). The interaction effect revealed
that VP exhibited the highest germination (97.00%),
whereas the lowest was recorded in VP (86.67%).
The enhancement in germination due to GA prim-
ing may be attributed to increased synthesis of hy-
drolytic enzymes, which facilitate mobilization of
stored reserves, thereby promoting faster and uni-
form germination. Similar findings were reported by
Arun et al. (2016), Tiwari et al. (2019), and Dhillon et
al. (2021).

Root Length (cm)

Root length varied significantly among varieties and
treatments (Table 1). Among the varieties, V (PDU-

1) recorded the maximum root length (11.12 cm),
while V (IPU-10-26) showed the minimum (9.49
cm).Among the treatments, P (GA3 @ 200 ppm for 10
hours) produced significantly higher root length
(10.98 cm), which was at par with P (KNO3 @ 1%).
The interaction effect showed that VP recorded the
maximum root length (12.34 cm), while the mini-
mum was observed in VP. The improvement in root
growth under GA3 and KNO3 priming may be due
to enhanced cell elongation and better nutrient mo-
bilization. Similar results were reported by Jadhav et
al. (2024).

Shoot Length (cm)

Significant differences were observed for shoot
length among varieties, priming treatments, and
their interactions (Table 2). Among the varieties, V
(PDU-1) recorded the highest shoot length (21.46
cm), while V (IPU-10-26) showed the lowest (17.10
cm). Among treatments, P (GA @ 200 ppm for 10
hours) resulted in maximum shoot length (20.72
cm). The interaction effect revealed that VP re-
corded the highest shoot length (22.70 cm). The in-
crease in shoot length may be attributed to the role
of GA3 in promoting cell division and elongation.

Seedling Length (cm)

Seedling length differed significantly among treat-
ments and varieties (Table 2). Among the varieties,
V (PDU-1) recorded the highest seedling length
(32.58 cm), while the lowest was observed in V (IPU-
10-26) (26.59 cm). Among priming treatments, P

Table 1. Germination percentage and Root length (cm) as influenced by varieties, priming treatments and their inter-
action

Germination percentage Root length (cm)
P1 P2 P3 P4 Mean P1 P2 P3 P4 Mean

V1 91.67 94.67 95.00 95.33 94.17 8.53 9.64 10.22 10.41 9.70
V2 88.33 95.00 89.00 96.00 92.08 8.60 10.51 12.28 12.33 10.93
V3 88.67 94.00 89.00 93.33 91.25 8.73 9.17 12.17 11.14 10.30
V4 89.00 92.33 88.00 92.00 90.33 8.80 9.32 10.49 10.72 9.83
V5 87.33 97.00 94.67 92.00 92.75 8.67 12.08 11.38 12.34 11.12
V6 87.67 87.33 90.33 88.67 88.50 8.67 9.88 9.76 9.65 9.49
V7 88.00 86.67 92.33 91.67 89.67 8.77 10.26 9.17 1025 9.61
Mean 88.67 92.43 91.19 92.71 8.68 10.12 10.78 10.98

V P VP V P VP
SEm 0.33 0.25 0.66 0.14 0.11 0.28

CD at 5% 0.94 0.71 1.89 0.40 0.31 0.81
CV 4.01 4.87

(V1-IPU-2-43, V2-IPU-13-1, V3-IPU-11-02, V4-IPU-94-1, V5-PDU-1, V6-IPU-10-26, V7-Shekhar-1, P1-Control, P2-Priming
with water for 10 Hours, P3-Priming with KNO3@ 1% for 10 Hours, P4-Priming with GA3@ 200 ppm for 10 Hours)
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(GA3 @ 200 ppm for 10 hours) produced maximum
seedling length (31.70 cm). The interaction VP
showed the highest seedling length (35.04 cm).
These results indicate that GA3 priming enhances
overall seedling growth by stimulating physiologi-
cal processes. Similar findings were reported by
Spandana et al. (2021).

Speed of Germination

Speed of germination was significantly affected by
varieties and priming treatments (Table 3). Among
the varieties, V (IPU-2-43) recorded the highest
value (38.94), while the lowest was observed in V

(IPU-10-26) (34.70). Among treatments, P (GA3 @
200 ppm for 10 hours) recorded the maximum speed
of germination (39.00). The interaction effect showed
that VP exhibited the highest value (42.60). The im-
provement in speed of germination may be due to
enhanced metabolic activity and early activation of
enzymes in primed seeds (Kumar et al., 2018).

Mean Daily Germination

Mean daily germination varied significantly among
treatments and varieties (Table 3). Among the vari-
eties, V (IPU-2-43) recorded the highest value
(13.45), while V (IPU-10-26) showed the lowest

Table 2. Shoot length (cm) and Seedling length (cm) as influenced by varieties, priming treatments and their interac-
tion

Shoot length (cm) Seedling length (cm)
P1 P2 P3 P4 Mean P1 P2 P3 P4 Mean

V1 15.11 17.42 19.48 21.05 18.27 23.64 27.06 29.71 31.46 27.97
V2 15.53 16.92 17.94 21.35 17.94 24.13 27.43 30.22 33.68 28.87
V3 15.87 18.47 19.22 18.96 18.13 24.60 27.64 31.40 30.10 28.43
V4 16.20 20.38 21.97 20.78 19.83 25.00 29.70 32.47 31.50 29.67
V5 19.87 20.64 22.63 22.70 21.46 28.53 32.72 34.01 35.04 32.58
V6 15.53 15.47 16.49 20.89 17.10 24.20 25.35 26.25 30.54 26.59
V7 16.20 16.44 17.29 19.34 17.32 24.97 26.70 26.46 29.59 26.93
Mean 16.33 17.96 19.29 20.72 25.01 28.09 30.07 31.70

V P VP V P VP
SEm 0.26 0.19 0.51 0.33 0.25 0.66

CD at 5% 0.73 0.55 1.45 0.94 0.71 1.89
CV 4.78 4.01

(V1-IPU-2-43, V2-IPU-13-1, V3-IPU-11-02, V4-IPU-94-1, V5-PDU-1, V6-IPU-10-26, V7-Shekhar-1, P1-Control, P2-Priming
with water for 10 Hours, P3-Priming with KNO3@ 1% for 10 Hours, P4-Priming with GA3@ 200 ppm for 10 Hours)

Table 3. Speed of germination and mean daily germination as influenced by varieties, priming treatments and their
interaction

Speed of germination Mean daily germination
P1 P2 P3 P4 Mean P1 P2 P3 P4 Mean

V1 37.55 37.47 38.14 42.60 38.94 13.10 13.52 13.57 13.61 13.45
V2 34.96 38.58 36.33 41.51 37.85 12.62 13.57 12.71 13.71 13.15
V3 35.94 37.45 40.95 37.32 37.92 12.67 13.43 12.71 13.33 13.04
V4 33.45 38.22 33.34 40.08 36.27 12.71 13.19 12.57 13.14 12.90
V5 33.67 38.74 33.61 41.19 36.80 12.48 13.86 13.52 13.14 13.25
V6 33.31 33.97 36.52 35.00 34.70 12.52 12.48 12.90 12.67 12.64
V7 33.35 37.68 34.09 35.29 35.10 12.57 12.38 13.19 13.10 12.81
Mean 34.60 37.45 36.14 39.00 12.67 13.20 13.03 13.24

V P VP V P VP
SEm 0.48 0.37 0.97 0.05 0.03 0.09

CD at 5% 1.37 1.04 2.75 0.13 0.10 0.27
CV 4.56 1.25

(V1-IPU-2-43, V2-IPU-13-1, V3-IPU-11-02, V4-IPU-94-1, V5-PDU-1, V6-IPU-10-26, V7-Shekhar-1, P1-Control, P2-Priming
with water for 10 Hours, P3-Priming with KNO3@ 1% for 10 Hours, P4-Priming with GA3@ 200 ppm for 10 Hours)
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(12.64).Among treatments, P (GA3 @ 200 ppm for 10
hours) recorded the highest mean daily germination
(13.24). The interaction effect showed that VP re-
corded the highest value (13.86). Similar results
were reported by Mohammed and Baldwin (2023).

Fresh Weight of Seedling (g)

Fresh weight of seedling was significantly influ-
enced by varieties and treatments (Table 4). Among
the varieties, V  (IPU-2-43) recorded the highest
fresh weight (3.03 g), while V showed the lowest
(2.77 g). Among treatments, P (GA @ 200 ppm for 10
hours) recorded the highest fresh weight (3.02 g).

Table 4. Fresh weight of seedling (g) and Dry weight of seedling (g) as influenced by varieties, priming treatments and
their interaction

Fresh weight of seedling (g) Dry weight of seedling (g)
P1 P2 P3 P4 Mean P1 P2 P3 P4 Mean

V1 2.93 2.94 3.07 3.19 3.03 0.219 0.212 0.211 0.248 0.223
V2 2.86 2.85 3.03 3.07 2.95 0.223 0.222 0.246 0.235 0.232
V3 2.83 2.77 3.10 2.86 2.89 0.221 0.240 0.207 0.238 0.227
V4 2.80 3.11 2.86 2.89 2.92 0.220 0.224 0.227 0.234 0.226
V5 2.86 2.90 3.09 3.07 2.98 0.222 0.224 0.239 0.275 0.240
V6 2.87 2.57 2.97 2.67 2.77 0.218 0.213 0.209 0.241 0.220
V7 2.80 2.94 2.74 3.36 2.96 0.232 0.223 0.242 0.241 0.235
Mean 2.85 2.87 2.98 3.02 0.222 0.223 0.226 0.245

V P VP V P VP
SEm 0.03 0.02 0.05 0.001 0.001 0.001

CD at 5% 0.07 0.06 0.15 0.002 0.002 0.004
CV 3.07 1.06

(V1-IPU-2-43, V2-IPU-13-1, V3-IPU-11-02, V4-IPU-94-1, V5-PDU-1, V6-IPU-10-26, V7-Shekhar-1, P1-Control, P2-Priming
with water for 10 Hours, P3-Priming with KNO3@ 1% for 10 Hours, P4-Priming with GA3@ 200 ppm for 10 Hours)

Table 5. Seedling Vigour index I and Seedling Vigour index II as influenced by varieties, priming treatments and their
interaction

Seedling Vigour index I Seedling Vigour index II
P1 P2 P3 P4 Mean P1 P2 P3 P4 Mean

V1 2167.56 2561.94 2822.29 2998.59 2637.60 20.11 20.10 20.01 23.67 20.97
V2 2131.56 2606.64 2689.07 3233.28 2665.14 19.73 21.12 21.89 22.56 21.33
V3 2181.48 2597.85 2793.86 2809.93 2595.78 19.60 22.56 18.45 22.24 20.71
V4 2224.79 2743.17 2857.95 2898.47 2681.10 19.58 20.68 19.94 21.52 20.43
V5 2490.55 3173.38 3219.92 3223.71 3026.89 19.39 21.73 22.66 25.33 22.28
V6 2121.59 2213.25 2371.66 2708.48 2353.74 19.11 18.60 18.91 21.33 19.49
V7 2196.19 2313.22 2441.70 2712.42 2415.88 20.41 19.36 22.34 22.06 21.04
Mean 2216.25 2601.35 2742.35 2940.70 19.70 20.59 20.60 22.68

V P VP V P VP
SEm 31.18 23.57 62.35 0.09 0.07 0.18

CD at 5% 88.56 66.94 177.12 0.26 0.20 0.52
CV 4.11 1.52

(V1-IPU-2-43, V2-IPU-13-1, V3-IPU-11-02, V4-IPU-94-1, V5-PDU-1, V6-IPU-10-26, V7-Shekhar-1, P1-Control, P2-Priming
with water for 10 Hours, P3-Priming with KNO3@ 1% for 10 Hours, P4-Priming with GA3@ 200 ppm for 10 Hours)

The interaction effect revealed that VP recorded the
highest value (3.36 g).

Dry Weight of Seedling (g)

Dry weight differed significantly among treatments
and varieties (Table 4). Among the varieties, V
(PDU-1) recorded the highest dry weight (0.240 g),
while V showed the lowest (0.220 g). Among treat-
ments, P (GA @ 200 ppm for 10 hours) recorded the
maximum dry weight (0.245 g). The interaction VP
recorded the highest value (0.275 g). These findings
are in agreement with Chakraborty and Bordolui
(2021).
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Seedling Vigour Index I

Seedling vigour index I was significantly influenced
by treatments and varieties (Table 5). Among the
varieties, V (PDU-1) recorded the highest value
(3026.89), while the lowest was observed in V
(2353.74).Among treatments, P recorded the maxi-
mum vigour index I (2940.70). The interaction VP
recorded the highest value (3233.28). These results
are supported by findings of Dandapat and
Bordolui (2025), Eskandari and Kazemi (2011), and
Gangaraju et al. (2019).

Seedling Vigour Index II

Seedling vigour index II was significantly affected
by varieties and treatments (Table 5). Among the
varieties, V (PDU-1) recorded the highest value
(22.28), while the lowest was observed in V (19.49).
Among treatments, P recorded the maximum value
(22.68), while the minimum was observed in control.
The interaction VP recorded the highest value
(25.33).

Conclusion

The present study demonstrated that seed priming
significantly improves germination and seedling
vigour in black gram (Vigna mungo L.). Among the
priming treatments, GA @ 200 ppm for 10 hours
proved to be the most effective in enhancing germi-
nation percentage, speed of germination, seedling
growth, and vigour indices. Among the varieties,
IPU-2-43 exhibited the highest germination percent-
age, whereas PDU-1 showed superior performance
for seedling growth and vigour traits. The interac-
tion results indicated that PDU-1 in combination
with GA priming performed best for most param-
eters. Therefore, seed priming with GA @ 200 ppm
for 10 hours can be recommended for improving
seed quality and ensuring better crop establishment
in black gram.
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