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ABSTRACT

Black gram is an important pulse crop in India. It is
a major source of dietary protein for the poor people
and provides nutritional security. It is mostly grown
by the small and marginal farmers under resource
constraints situation particularly in rainfed and rice
fallow conditions. Seed priming is one such effective
technology to achieve high growth, vigor, better stand
establishment. The current study aimed to study the
standardization of various chemical on crop growth in
black gram. A laboratory experiment was conducted
in Factorial Completely Randomized Design (FCRD)
with three replications using various concentrations
(1%, 2%, 3% and 4 %) as first factor and different
durations (4 and 6 h) of priming as second factor and
different chemicals such as ZnSO N MnCl,, MgSO,,
CaCl,, KCI and KNO, as third factor. Seeds were
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primed with different chemicals in different concen-
trations and in different duration evaluated for its
quality parameters to find out suitable seed priming
technique. Among all treatments seed priming with
ZnS0O, 1% for 6 hours recorded higher germination
(98%), longest root length (22.17 cm), shoot length
(19.15 cm), higher seedling dry matter production
(0.93 g seedlings-10), fresh weight (8.93 g seed-
lings-10) and vigor index (4004) than control under
laboratory experiment. The results indicate that use of
ZnS0O, 1% for 6 hours enhances the seed performance
regarding seed quality characters.
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INTRODUCTION

Black gram (Vigna mungo (L.) Hepper), is an im-
portant short duration pulse crop with chromosome
number 2n=22. It is popularly known as urdbean.
Black gram is a protein rich food, containing about
26% of protein, which is almost three times that of
cereals. In India, it ranks fourth among the major
pulses. It is a warm-season crop that thrives in trop-
ical and subtropical regions, making it an essential
component of the agriculture sector in countries such
as India, Pakistan, Bangladesh and Myanmar. India is
the world’s largest producer as well as consumer of
black gram (Raju 2019). In India, black gram is third



most important pulse crop grown under rainfed, rice
fallow, irrigated conditions and during kharif, rabi
and summer seasons, which matures in 90-100 days
and it enriches soil with nitrogen (Swaminathan et
al. 2020). India produces about 24.5 lakh tonnes of
Urd bean annually from about 4.6 million hectares
of area, with an average productivity of 533 kg per
hectare in 2020-21 (Anon 2020). Among the pulses,
black gram is an important grain legume with protein
having easily digestible and low flatulence content.
It is highly rich in phosphoric acid. It contains about
25% protein, 56% carbohydrates, 2% fat, 4% minerals
and 0.4% vitamins. According to Sathiya et al. (2017),
the primary reasons for pulses low production include
the use of inferior seed, poor crop management, and
cultivation in dry, marginal soils. The important char-
acteristics of black gram seed is, it loses the viability
very shortly.

Seed priming is a controlled hydration process
followed by drying of seeds, which allows the seeds
to imbibe water and start internal biological processes
essential for germination, but it does not allow the
seed to germinate. In this technique radical emergence
does not occur but germination processes start. Seed
priming found effective for legumes, the yields of
legume crops were enhanced considerably by priming
seeds before sowing. In addition to hydration, prim-
ing also reduces the sensitivity of seed to external
environmental factors (Afzal et al. 2016). During
seed priming various physiological and biochemial
changes takes place in seeds which favors germina-
tion and increased antioxidant activities and improved
repair process. Hydration- dehydration treatment
reduces the membrane damage and it maintains mi-
tochondrial function. The effectiveness of hydration
and dehydration treatment in maintenance of vigor
and viability of seed. Seed priming with chemicals is
one of the best treatments to control the deterioration
process. It contains antioxidants, such that it controls
seed deterioration process. Hence the present study
was undertaken to study the effect of various chemical
seed priming on seed quality.

MATERIALS AND METHODS

Genetically pure seeds of black gram (Vigna mungo)
cv VBN 8 obtained from ICAR - Krishi Vigyan Ken-
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dra, Sandhiyur, Salem served as the base material for
the study. Laboratory experiments were conducted
at Seed Science and Technology Laboratory, De-
partment of Genetics and Plant Breeding, Faculty of
Agriculture, Annamalai University.

Treatment details:

T, - Control
T, - Chemical priming with ZnSO, 1%, 2%, 3%,
4%

T, - Chemical priming with MnCl, 1%, 2%, 3%, 4%

T, - Chemical priming with MgSO, 1%, 2%, 3%,
4%

T, - Chemical priming with CaCl, 1%, 2%, 3%, 4%

T, - Chemical priming with KCI1 1%, 2%, 3%, 4%

T, - Chemical priming with KNO, 1%, 2%, 3%, 4%

Soaking duration: D1- 4h, D2- 6h.

After cleaning and grading, the seeds were
soaked in respective priming solutions at different
volume of seeds for four and six hours. Then the
seeds were air dried under the shade to bring back to
their original moisture content and used for sowing.
The primed seeds were evaluated for the following
seed quality characters i.e., germination percentage
(%), root length (cm), shoot length (cm), fresh weight
(g seedlings-10), dry weight (g seedlings -10), vigor
index along with unprimed seeds. The experiment
was carried out with four replications in Factorial
Completely Randomized Design (FCRD).

RESULTS AND DISCUSSION

In the present study, the primed seeds showed better
germination pattern and high vigor level than non-
primed seeds. Seed priming boosts the imbibition
and metabolic processes resulting in enhanced seed
germination, germination uniformity, and seedling
growth and development in both normal and stress
conditions (Nayban et al. 2017).

ZnSO,, which is made up of Zn"> and SO, ions.
Zinc ion plays multiple role in plant such as stem
elongation, root development, synthesis of starch,
protein, and auxin hormone. Second ion of ZnSO,
is SO,? ion, which plays important role in sulfur
uptake and the assimilation into cysteine amino acid.
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Table 1. Effect of various chemical seed priming on germination (%) of black gram seeds.

4 hrs 6 hrs BxC interaction Grand
Treatment 1% 2% 3% 4%  Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean
T, 85 83 86 85 85 85 84 87 85 86 88 87 88 89 87
T, 91 89 94 86 90 98 95 90 92 93 89 93 94 87 91
T, 86 90 96 92 91 86 96 92 89 92 86 92 93 91 92
T, 88 85 92 95 90 91 86 96 89 91 90 85 94 93 90
T, 93 87 91 85 89 95 91 86 88 90 95 89 88 87 89
T, 86 94 91 88 88 96 91 86 88 89 91 93 88 88 90
T, 91 94 85 88 90 86 94 97 87 91 94 93 87 90 91
Mean 89 90 91 89 89 92 93 90 89 91 90 89 90 89 90
T C D TC CD TD TCD
SEd 039 032 022 076 045 0.55 1.10
CD (p=0.05) 0.77 0.63 0.44 1.54  0.89 1.09 2.18
CD (p=0.01) 1.02 0.83 0.59 2.04 1.18 1.44 2.88

The identification of the salient feature of SO, ion
for plant growth, development and vigor and crop
yield, as well as the nutritional feature of sulfur for
human and animal’s diets. Zinc plays an important
role in nucleic acid and protein synthesis and helps
in utilization of phosphorus and nitrogen in seed
formation and development. The second phase of
seed development requires adequate amount of zinc
dependent upon auxin for seed development.

Zinc sulphate superiority is probably due to role
of zinc ion in synthesis of protein, function of cell
membrane and elongation of cells. The improvement
in germination, seedling growth and vigor index
brought about by zinc as a priming agent at optimum

concentration might be due to its action during early
stages of seedling development. But higher concen-
tration of zinc has detrimental effects as it suppresses
cell division in meristematic cells. From the present
study it was noticed that increase in concentration of
zinc sulphate beyond 1% showed negative effect on
seed quality parameters.

Among the various chemical priming, germina-
tion percentage was highest for ZnSO, 1% (6 hrs)
primed seeds recorded 98% followed by KNO, 3%
(97%) (6hrs) and the lowest value was recorded for
control 2% (84%) (6 hrs) (Table 1). Plants take up
zinc as a divalent cation (Zn*") from the soil. It is a
strong nutrient for plant growth and development

Table 2. Effect of various chemical seed priming on dry weight (g seedling "'°) of black gram seeds.

4 hrs 6 hrs BxC interaction Grand
Treatment 1% 2% 3% 4%  Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean
T, 0.60 0.61 0.58 0.59 0.69 071  0.62 0.63 0.77 0.71 0.60 068 0.77 0.71 0.69
T, 0.79 069 0.86 0.62 0.74 093 0.83 0.80 0.75 0.81 0.72 080 0.86 0.68 0.77
T, 0.68 087 0.89 0.79 0.78 0.64 0.89 0.81 0.73 0.77 0.64 079 085 0.76 0.76
T, 0.67 061 0.77 0.87 0.73 0.84 0.63 090 0.74 0.76 0.76 063 0.84 0.81 0.75
T, 0.88 0.71 0.80 0.65 0.76 0.65 091 0.84 0.74 0.79 090 0.77 072 0.70 0.77
T, 0.64 070 0.83 0.76 0.77 0.89 0.83 0.68 0.73 0.75 0.79 085 0.72 0.74 0.78
T, 0.78 0.86 0.61 0.68 0.73 082 092 0.65 0.75 0.78 0.85 084 0.63 0.71 0.76
Mean 0.74 072 0.80 0.73 0.74 081 0.82 0.74 0.74 0.77 0.75 077 077 0.73 0.75
T C D TC CD TD TCD
SEd 0.008 0.007 0.005 0.017 0.010 0.012 0.024
CD (p=0.05) 0.016 0.014 0.010 0.034 0.020 0.024 0.048
CD (p=0.01) 0.022 0.018 0.013 0.045 0.026 0.032 0.063




1573

Table 3. Effect of various chemical priming on fresh weight (g seedling'?) of black gram seeds.

4 hrs 6 hrs BxC interaction Grand
Treatment 1% 2% 3% 4%  Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean
T, 7.10 687 6.73 633 685 688 7.15 641 676 6.89 7.99 6.71 771 6.62 7.33
T, 649 688 843 779 736 893 889 822 782 8.10 7.68 815 855 7.9 7.89
T, 842 740 887 674 786 681 876 786 7.13 7.54 637 782 8.15 746 745
T, 6.79 625 7.66 860 732 843 699 891 782 8.04 761 6.62 828 821 7.68
T, 795 6.65 696 636 698 694 890 705 765 793 843 754 701 7.09 7.52
T, 6.54 867 773 7.09 751 8.66 791 653 731 7.60 7.60 829 7.13 720 7.5
T, 792 858 653 7.6 7.54 870 809 695 7.62 7.84 831 833 672 739 7.69
Mean 732 740 7.69 729 735 801 818 759 756 7.71 771 7.63 7.65 731 7.8
T C D TC CD TD TCD
SEd 0.06 0.05 0.04 0.13 0.07 0.09 0.19
CD (p=0.05) 0.12 0.10 0.08 026 0.15 0.18 0.37
CD (p=0.01) 0.17 0.14 0.10 034 020 0.24 0.49

also functions as a co-factor of various enzymes
such as Cu-Zn superoxide dismutase, RNA poly-
merase, alcohol dehydrogenase, carbonic anhydrase
(Aboutalebian and Nazari 2017). It is an important
structural, functional and regulatory co-factor of var-
ious enzymes which help to increase the activity of
biochemical and physiological mechanisms in plants.
Zn is an important component for the metabolism
of carbohydrates and auxins, protein synthesis. The
probable reason for higher germination in 1% ZnSO,
primed seeds could be due to greater hydration of
colloids, higher viscosity and elasticity of protoplasm,
increase inbound water content, lower water deficit,
more efficient root system and increased metabolic

activity (Raj e al. 2019). Similar results were found
in Sen and Puthur (2020) in Oryza crop, Hussain et
al. (2016) in rice, Vanitha and Kathiravan (2019) in
pigeonpea.

For dry weight, seeds primed with ZnSO, 1%
recorded higher value 0.93g seedling-10 for 6 hours
followed by KNO, 2% (0.92 g seedling-10) (6 hrs)
and the least value were recorded for control 2% (6
hrs) (0.62 g seedling-10) (Table 2). Similarly, for
fresh weight ZnSO, 1% recorded higher value (8.93
g seedling-10) for 6 hours and control recorded low-
est value (6.41 g seedling-10) (Table 3). ZnSO, as a
constituent of dehydrogenase enzyme, an activator of

Table 4. Effect of various chemical priming on root length (cm) of black gram seeds.

4 hrs 6 hrs BxC interaction Grand

Treatment 1% 2% 3% 4% Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean

T, 18.25 19.32 20.81 20.04 19.69 19.65 1846 18.54 1832 19.56 2032 19.82 18.76 19.32 19.89

T, 20.14 1935 19.49 18.63 19.76 22.17 1994 21.47 20.76 21.10 20.04 20.76 21.19 19.69 20.42

T, 20.56 20.71 20.92 19.28 19.77 19.82 21.92 21.24 20.57 20.89 19.21 20.62 21.03 20.30 20.29

T, 19.33 18.59 20.09 20.71 19.68 2095 19.67 21.71 20.18 19.97 20.14 19.13 2090 2045 20.15

T, 20.90 1940 20.13 18.62 19.75 21.34 2196 19.76 20.53 2090 21.43 20.37 19.95 19.58 20.33

T, 18.57 20.71 19.88 19.24 19.60 21.68 20.86 19.61 1997 20.53 20.12 20.78 19.74 19.61 20.06

T, 19.58 20.43 18.60 18.75 19.25 21.87 21.19 19.63 2049 20.80 20.72 20.81 1894 19.62 20.02

Mean 19.52  19.63 20.01 19.33 19.64 21.04 20.57 20.57 2042 20.53 20.28 20.32 20.07 19.79 20.16
T C D TC CD TD TCD
SEd 0.07 0.05 0.04 0.14 0.08 0.10 0.20
CD (p=0.05) 0.14 0.11 0.08 028 0.16 0.20 0.40
CD (p=0.01) 0.18 0.15 0.10 037 0.21 0.26 0.52
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other enzymes, and a constituent for the biosynthesis
of TAA and amino acid that favored the synthesis of
protein. Sulfur in ZnSO, also increased the levels of
vitamins, biotins, and thiamin and its coenzymes in
seeds and increased the growth rate of seedlings (Ka-
vitha and Srimathi 2020). Likewise, due to the active
participation in seed physiology, ZnSO, might have
increased the seedling growth, dry matter production.
Similar results were found in Sen and Puthur (2020)
in Oryza crop, Hussain et al. (2016) in rice, Vanitha
and Kathiravan (2019) in pigeonpea, Mahmood et al.
(2019) in chickpea.

For root length, seeds primed with ZnSO, 1%
recorded higher value for 6 hours (22.17 cm) fol-
lowed by CaCl, 2% (21.96 cm) and control recorded
lowest value 4% (18.32 cm) (Table 4). Similarly for
shoot length, seeds primed with ZnSO, 1% recorded
higher value (19.15 cm) (6 hrs) followed by CaCl,
2% (19.10 cm) and control recorded lowest value 4%
(16.90 cm) (Table 5). The shoot and root length are
fundamental parameters, because roots absorb water
and essential nutrients from the soil by having direct
contact with it. Whereas, shoot transport the nutrients
as well as water to the rest of the plant body. Reason
for increasing root length of plants grown from seeds
primed with ZnSO, could be the result of extensibility
in cell wall of the embryo. Seed priming treatment
caused enhanced in the activity of ROS (reactive
oxygen species) scavenging enzymes in order to en-

hance the plant strength and viability. Same researcher
also reported that seed priming with ZnSO, solution
decreased the resistance mechanism of endosperm
envelope against growth permitting turgor threshold
for germination as compared to non-primed seeds
resulting increased shoot and root length (Kavitha
and Srimathi 2020). In another study, primed seeds
show early seed vigour and significantly enhanced
shoot and root length, as a result heavier seedlings
production occur due to increased activity of o amy-
lase enzyme (Ullah et a/. 2019). Similar results were
found on seed priming effect on growth parameters of
maize, it has been revealed that ZnSO, seed priming
treatment influenced positively shoot and root length
of maize and pulses (Ambika and Balakrishnan 2015).
Similar results were found in Sen and Puthur (2020)
in Oryza crop, Hussain et al. (2016) in rice, Vanitha
and Kathiravan (2019) in pigeonpea.

For vigor index, seeds primed with ZnSO, 1%
(4004) recorded highest value followed by CaCl,
2% (3983) and lowest value recorded by control 4%
(3107) (Table 6). The increased vigor index observed
in this treatment might be due to greater early vigor
and a higher percentage of germination of the seeds
that had reached the autotropic stage well in advance
than others. Zinc induced betterment of growth, yield,
and seedling establishment could be justified by the
role of zinc in enzymatic activities associated with
auxin metabolism. Zinc plays a crucial role in the

Table 5. Effect of various chemical priming on shoot length (cm) of black gram seeds.

4 hrs 6 hrs BxC interaction Grand
Treatment 1% 2% 3% 4% Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean
T, 16.35 1745 1785 1627 16.56 17.67 18.54 1740 1690 17.21 16.45 17.11 16.80 17.38 16.91
T, 16.53 1692 1791 1733 16.89 19.15 17.20 1854 17.85 18.17 17.52 18.15 18.58 17.26 17.88
T, 17.28 1791 18.62 16.67 17.62 1696 19.01 1837 17.60 17.98 16.75 1796 18.14 17.47 17.58
T, 17.84 16.74 17.19 18.49 17.58 18.38 16.99 19.09 17.71 18.04 17.83 16.86 18.50 18.10 17.82
T, 18.39 1694 17.62 1649 17.36 1847 19.10 1734 17.81 1811 1875 17.70 17.34 17.15 17.73
T 16.61 1847 17.88 17.21 17.54 18.89 1840 1694 17.74 17.99 17.75 1844 1741 1747 17.77
T, 17.78 1832 16.62 17.81 1748 18.78 17.89 17.05 17.23 17.70 1828 18.11 16.76 17.20 17.59
Mean 17.38 17.43 17.49 17.23 17.38 1822 17.51 17.82 17.66 17.88 17.62 17.76 17.64 17.43 17.61
T C D TC CD TD TCD
SEd 0.06 0.05 0.03 0.12 0.07 0.08 0.17
CD (p=0.05) 0.12 0.10 0.07 024 0.14 0.17 0.33
CD (p=0.01) 0.16 0.13 0.09 031 0.18 0.22 0.44
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Table 6. Effect of various chemical priming on vigour index of black gram seeds.

4 hrs 6 hrs BxC interaction Grand
Treatment 1% 2% 3% 4% Mean 1% 2% 3% 4% Mean 1% 2% 3% 4% mean
T, 3210 3165 3412 2964 3297 3854 3554 3302 3107 3461 3421 3633 3272 3111 3394
T, 3033 3250 3652 3449 3346 4004 3941 3747 3359 3596 3325 3628 3746 3203 3475
T, 3469 3253 3764 3047 3378 3164 3930 3631 3397 3530 3098 3590 3642 3423 3438
T, 3210 2990 3484 3742 3362 3592 3153 3917 3372 3508 3401 3072 3701 3568 3435
T, 3654 3174 3436 2985 3312 3983 3623 3130 3375 3528 3819 3399 3283 3180 3420
T, 3025 3722 3449 3207 3351 3881 3560 3119 3319 3470 3453 3641 3284 3263 3410
T, 3400 3643 2979 3162 3292 3182 3700 3264 3470 3576 3674 3671 3114 3216 3443
Mean 3299 3339 3455 3269 3340 3624 3662 3468 3382 3534 3455 3519 3435 3280 3422

T C D TC CD TD TCD

SEd 21.32 1741 1231 42.64 2462 30.15 60.30

CD (p=0.05) 4232 34.55 2443 84.64 4887 60.85 119.70

CD (p=0.01) 56.03 45.75 32.34 112.06 64.69 79.23 158.48
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