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INTRODUCTION
Lentil is an important cool season food legume of India
and positions next to chickpea in production and productivity
(Dixit et al., 2017). Productivity of lentil is 1074 kg/ha in the
world and 870 kg/ha in India (FAO STAT, 2020). Due to its
ability in nitrogen fixation, lentil helps to maintain soil fertility
and increase yield of other crops grown in rotations. It is
one of the most important grain legumes, mostly grown for
its uses as human food and animal feed due to its high
nutritious value. Lentil is a nutritionally dense pulse crop
with notable concentrations of protein (20-30%), low-
digestible carbohydrates (20%), fat (1%), iron (Fe), zinc
(Zn) and a range of vitamins. Lentil seeds contain 24-28%
protein, 30-40% minerals and 22% vitamins. It is mostly
grown in a semi-arid environment and that often faces
abiotic stresses (e.g., drought and salinity, etc) at early
seedling growth. Increased abiotic stress is a major threat
to pulses production globally due to its high susceptibility
(Kaya et al., 2006).

Germination is the most sensitive period of plant life
cycle (Sinha et al., 2023). Seed germination and subsequent
seedling growth are the most important stage for plant stand
establishment of crops. Seed germination is delayed or
prevented by various abiotic stresses. Thus it is essential
to look for ways to overcome problems of early plant
establishment. One of the method for increasing
germination and seedling quality is seed priming. Seed
quality enhancement such as seed coating (Sharam et al.,

2019) and seed priming is a seed enhancement technique
that causes early seedling emergence through pre-
germinative metabolism under salinity stress. It facilitates
rapid and uniform germination by reducing mean
germination time, enhancing pre-germinative biochemical
processes, cell repair etc. There are several reports on
effect of seed priming by various chemical agents like
ascorbic acid, salicylic acid, KNO3 (Rabnawaz et al., 2020)
toward improving germination, seedling emergence, plant
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stand establishment against stress.
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stand establishment, crop growth, nodulation and
productivity in quiona (Bhuker et al., 2020)  and cowpea
(Tetteh et al ., 2024) as well as in  various crop  species
(Waqas et al., 2019).  Although the chemicals used in seed
priming have shown a positive impact but there are
concerns their use on the environment. Thus, search for
environmentally friendly compounds like humic acid (HA)
and silicic acid (SA) are need of the day for sustainable
agriculture. Therefore, the purpose of this study was to
investigate the effect of chemical priming with silicic acid,
humic acid and combination of humic and silicic acid for
improvement of lentil seed and yield quality attributes.

MATERIALS AND METHODS
The study was conducted at field and laboratory in the
Division of Seed Science and Technology, ICAR-Indian
Agricultural Research Institute, New Delhi (India) during the
2021-23. The IPL-316 lentil variety was collected from
Division of Genetics, ICAR-IARI, New Delhi (India) and was
used in the experiment. After standardization with different
combinations of humic and silic ic acid for various
concentrations and durations for seed priming, the final
seed priming was carried out with five different treatments
viz., T1= Control, T2= Hydro priming, T3=, chemical priming
with 3 mM silicic acid (18 hr), T4= 600 ppm humic acid
(18 hr) and T5= combination of 1mM silicic and 100 ppm
humic acid (16 hr) were used for evaluation for the yield
and yield attributes traits. In laboratory, all the seed quality
parameter was observed under normal condition and in
field conditions. In field, the experimental treatments were
laid out using a randomized block design (RBD) with five
replications and the row to row spacing was 45 cm  15 cm
and 50 m2 was total plot size.

Germination tests (ISTA, 2021)
The seeds were surface sterilized by sodium hypochlorite
(1%). The seeds were soaked in solution for specified
temperature and duration after drying 50 seeds of lentil were
placed equidistantly on top of two layers of moist filter paper
in Petri plates and kept them at 20C. First count was taken
at on 5th day, seeds were categorized into normal seedling,
abnormal seedling, hard and dead seeds at second count

conducted on 10th day. Percentage of normal seedling was
used to calculate standard germination in percentage.

Chlorophyll content
The sample were collected from young seedling than take
weight of the sample, macerate with 3.0 ml of 80% acetone
after transfer into eppendorf tube than centrifuge the sample
at 12000 rpm for 7 minutes and finally use ELISA plate
reader for taking observation at wavelength viz., 470, 645,
652 and 663 nm. (Arnon, 1949).

Chl a = 12.9 (Ab663) - 2.69 (Ab645)  V/1000  W

Chl b = 22.9 (Ab645) - 4.68 (Ab663)  V/1000  W

Field parameters
The different seed quality attributes parameter was recorded
in different intervals of maturity levels. The parameter
recorded are final plant stand, final plant stand emergence,
primary branches, secondary branches, tertiary branches,
number of pod per plot, average number of pod per plot,
pod cluster, seed yield per plot (gm), yield per plot (gm), plant
height (cm) with the different intervals of vegetative growths.
The data was analyzed using the SPSS 16.01 software by
using the random block design (RBD) with 5 replications.

RESULTS AND DISCUSSION
Seed priming technique was found to enhance the
germination percentage, seed vigor  index I & II and
physiological parameter to prevent antioxidant damage
caused by unfavorable condition, seed priming also repairs
the membrane damage occurring during seed development
and induces the biochemical changes in seeds such as
activation of enzyme involved in cellular metabolism,
inhibition metabolism, breaking of dormancy  and water
imbibitions this facilitating the germination process (Jonhson
and Puthur, 2021  and Ajouri et al., 2004). The germination
percentage showed an significant impact after seed priming.
It increases upto 8.24% when silicic acid was applied at a
concentration of 3 mM for 18 hours. Similarly, humic acid at
600 ppm for 18 hours exhibited a significant increase in
germination percentage by 5% however, the combination
of humic and silicic acid (100 ppm + 1 mM, 16 hr) displayed
the most substantial boost in germination percentage,

Fig 1: Seedling length increases after priming with different treatment in lentil IPL-316.

T1 = Control, T2= Hydropriming @ 18 hr, T3= Silicic acid @3 mM for 18 hr, T4= Humic acid@ 600 ppm for 18 hr, T5 = combination
 of humic and silicic acid (100 ppm +1 mM for 16 hr).
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recording a remarkable (9.12%) increase compared to the
control and hydropriming (3.2%) under normal condition in
laboratory (Fig 1).

Furthermore, the combination of humic and silicic acid
(100 ppm + 1 mM, 16 hr) showed the highest (26.32%)
increase in seed vigor index-I followed by (21.55%) with
silicic acid at 3 mM and  treatment with humic acid at 600
ppm exhibited a (20%) increases, (4%) after hydropriming
compared to the control. Similar trend  were observed in
seed vigor index-II, where the combination of humic and
silicic acid showed the most prominent increase of (26.32%),
followed by silicic acid at (22.18%) and humic acid at
(16.92%), after hydropriming (4%) when compared to the
control (Table 1). All the priming treatments improved the
radicle length highest root length was observed combination
of humic and silicic acid (100 ppm + 1 mM, 16 hr) treatment
(Table 1). The highest levels of total chlorophyll content were
seen in treatment (T5). In normal conditions, the total
chlorophyll content was increases 25.03 mg/g FW in control,
36.03 mg/g FW with hydropriming @ 18 hr, 37.48 mg/g FW
with silcic acid @ 3 mM 18 hr, 41.11 mg/g FW after humic
acid @ 600 ppm 18 hr, 42.20 mg/g FW with combination of
humic and silicic acid @ 100 ppm + 1 mM 16 hr.  Chloroplasts
are especially sensitive to stress and it has been
demonstrated that salinity, drought, heat stress adversely
impacts photosynthetic pigments in various pulse crops. This
degradation of chlorophyll is thought to be linked to the
generation of reactive oxygen species (ROS), which reduces
the rate of photosynthesis and enhances cellular respiration.
Seed priming preserves the photosynthesis machinery and
enhances the production of photosynthetic pigment under
stress conditions (El-Badri et al., 2021). Several reports
indicate that priming increases Chl a, Chl b and  carotenoid
contents compared to unprimed plants (Latef and
Tran, 2016; Huang et al., 2020). Conversely, seed priming
with silicic acid, humic acid and the combination of both
significantly augmented the levels of photosynthetic
pigments. The application of different concentrations of silicic
and humic acid through chemical priming offered protection

to chloroplast membranes against photo-oxidation, thereby
creating an environment help full to efficient photosynthetic
function under oxidative stress (Mathur and Roy, 2020).

Plant height is one of the most important parameter
which was greatly influenced by different crop management
practices like seed priming. Maximum plant height (49.13 cm)
was observed with the combination of humic and silicic acid
across all crop growth stages (Table 2). This was followed
by treatment with silicic acid at 3 mM (45.27 cm) and humic
acid at 600 ppm (45.27 cm). The hydropriming and control
exhibited the lowest plant height of 43.07 cm and 43.02 cm,
respectively, among all treatments. The increase in plant
height could be due to proper plant stand establishment
that enhanced the uptake of nutrients which improved plant
growth and promote cell division.

The highest emergence percentage was observed after
10 days of sowing. The treatment involving the combination
of humic and silicic acid resulted in significantly higher
emergence percentage of 92% (Table 2). This was followed
by humic acid at 90%, silicic acid at 87%, hydropriming at
89% and the control at 78%. Similarly, the final plant stand
after 30 days of sowing indicated that the highest final plant
stand was achieved with the treatment involving the
combination of humic and silicic acid (18) out of 20 seeds.
The silicic acid treatment resulted in a final plant stand of
(16), followed by humic acid at (15), hydropriming at (14)
and the lowest stand recorded in the control at (11). The
final plant stand emergence was notably high in the
combination of humic and silicic acid, reaching 84% followed
by silicic acid (T 3) at 80%, humic acid (T 4) at 79%,
hydropriming (73%) and the lowest in the control (T1) at 59%.
Seed priming helps in early seedling growth by expediting
the pre-occurrence of metabolic events necessary for seed
germination and  hence,  reduces  the  time-gap  between
seed sowing and seedling emergence, improves tillering,
primary and secondary branches also improve plant height
and grain yield.

All the treatments showed significant difference on
number of branches at all the growth stages of observations

Table 1: Effect on seed quality parameter and physiological parameter at laboratory conditions in lentil var IPL-316.

Treatments
Germination Seedling vigour Seedling vigour Chlorophyll

(%)  index-I index-II  mg/m FW

Control 88b (70) 2345c 6.05c 25.03c

H.P @ 18 hr 92ab (74) 2445b 6.46b 36.03b

SA @ 3 mM 18 hr 92ab (74) 2479ab 6.77ab 37.48ab

HA @ 600 ppm 18 hr 92ab (74) 2561ab 6.81ab 41.11ab

HA+SA100 ppm+1 mM 16 hr 94a (76) 2787a 6.94a 42.2a

Mean 92 (74) 2523 6.61 36.37
                                         P=0.05

CD (V) 2.34 135 0.98 2.14
CD (T) 2.12 120 0.85 2.05
CD (V*T) 2.65 145 1.12 2.23

The interaction between the varieties and treatments.* Significant differences (p<0.05).
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with respect to control. Statistically significant more number
of branches has observed with seed priming with the
combination of humic and silicic acid 100 ppm (4.80
branches per plant), followed by seed priming with humic
acid (4.20) over rest of the treatments. For the number of
primary branches (Table 2) the treatment involving the
combination of humic and silicic acid demonstrated the
highest count at 4.80, followed by humic acid at 4.20, silicic
acid at 4.13, hydropriming at 4.33 and the control at 3.60.
Similarly, the secondary and tertiary numbers of branches
were highest in the combination treatment (30.93, 27.13),
followed by humic acid (29.60 and 23.47), silicic acid
(23.87 and 28.00), hydropriming (25.13 and 25.93) and
the control (20.13 and 18.07).

The number of pods per plot and the average number
of pods per plot were significantly higher in the treatment
involving the combination of humic and silicic acid (247.33
and 1.99), followed by silicic acid (232.93 and 1.90), humic
acid (227.13 and 1.97), hydropriming (199.27 and 1.96) and
the control (196.60 and 1.77). This increase might be caused
by the metabolic improvements with priming that contributed
to better germination, growth and yield performance. The
number of pod clusters (Table 2) also exhibited a significant
increase in the treatment involving the combination of humic
and silicic acid (2.27), followed by silicic acid (2.20), humic
acid (2.07), hydropriming (2.00) and the lowest count
observed in the control (2.00). Seed priming has been
observed to support the partitioning of dry matter into the
developing pods boosting the yield (Kaur et al., 2015).

Moreover, seed yield per plot (kg) and overall yield per
plot (kg) were significantly higher in the treatment involving
the combination of humic and silicic acid (0.06 and 0.43),
followed by silicic acid treatment (0.05 and 0.34), humic
acid (0.04 and 0.18), hydropriming (0.03 and 0.17), while
the yield was recorded lowest significantly in the control
(0.02 and 0.11). High activities of invertases and sucrose
synthase (SS) in pod wall of primed plants could result in
more availability of hexoses as well as sugar nucleotides
for starch synthesis in pod wall that can be utilized for seed

filling, seed setting, increases the size of the seed and
maintain the shape of seeds (Haider et al., 2020 and Kaur
et al., 2005). Thus, increase in yield could be due to the
collaborative action of vigorous seedling growth and
enhanced net assimilation due to increased chlorophyll
content, resulting in a increased number of branches and pods.

CONCLUSION
Thus, seed priming with 100 ppm humic acid and 1 mM
silicic acid for 16 hr can significantly improve germination,
plant stand establishment, physiological traits, pods per
plot, plant growth and overall seed yield attributes compared
to other priming treatment and control. The technique is an
environmental friendly method to improve plant stand
establishment and yield of lentil. The integrated application
of silicic and humic acid seed priming emerges as a promising
strategy to enhance germination, stress tolerance, nutrient
uptake and ultimately, the yield of lentil crops. Further
research and field trials may be warranted to explore the
scalability and adaptability of this approach across different
lentil varieties and environmental conditions.

Conflict of interest
All authors declared that there is no conflict of interest.

REFERENCES
Abdel Latef, A.A. and Tran, L.S.P. (2016). Impacts of priming with

silicon on the growth and tolerance of maize plants to
alkaline stress. Frontiers in Plant Science. 7: 243.

Ajouri, A., Asgedom, H. and Becker, M. (2004). Seed priming
enhances germination and seedling growth of barley
under conditions of P and Zn deficiency. Journal of Plant
Nutrition and Soil Science. 167(5):  630-636.

Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts.
Polyphenoloxidase in Beta vulgaris. Plant Physiology.
24(1): 1.

Bhuker, A., Mor, V.S., Jakhar, S.S. and Puneeth, R. (2020). Seed
quality testing study in Quinoa (Chenopodium quinoa
Wild.). Bhartiya Krishi Anusandhan Patrika. 35  (1 and  2):
87-90.

Table 2: Effects on seed quality and yield quality attributes under field conditions.

Plant
Primary Secondary Tertiary

Total Avg
Pod

Seed Yield
Treatments height

branches branches branches
no of no of

cluster
yield per per plot

(cm) pods/plant pods/plant plant (kg)  (kg)

Control 43.20b 3.60b 20.13c 18.07c 196.60b 1.77c 2.00ab 0.02b 0.11c

HP @ 18 hr 43.07b 4.33ab 25.13b 25.93ab 199.27b 1.96b 2.00b 0.03b 0.17b

SA @ 3 mM 18 hr 47.67ab 4.13ab 23.87b 28.00ab 232.93 ab 1.90ab 2.20a 0.05ab 0.34ab

HA @ 600 ppm 18 hr 45.27ab 4.20ab 29.60ab 23.47b 227.13ab 1.97ab 2.07ab 0.04ab 0.18b

HA+SA100 ppm+1 mM 16 hr 49.13a 4.80a 30.93a 28.13a 247.33a 1.99a 2.27a 0.06a 0.43a

Mean 43.67 4.01 23.53 24.72 196.6 1.93 2.15 0.04 0.25
P=0.05
CD (Field parameter) 2.87 0.37 5.11 5.7 25.07 0.043 0.15 0.006 1.49
CD (Treatment) 2.39 0.3 4.28 4.74 20.89 0.035 0.13 0.004 0.88
CD (FP*T) 3.44 0.45 6.16 6.83 30.05 0.052 0.18 0.007 1.27

The interaction between the varieties and treatments. *Significant differences (p<0.05).



 Volume  Issue 5

Integrated Application of Silicic and Humic Acid Seed Priming for Enhanced Germination and Yield of Lentil (Lens culinaris L.)

Dixit, G.P., Kumar, A. and Parihar, A.K. (2017). Variability for harvest
index and biomass in lentil (Lens culinaris Medik) varieties.
Legume Research-An International Journal. 40(6): 1093-
1096. doi: 10.18805/LR-3705.

El-Badri, A.M., Batool, M., Wang, C., Hashem, A.M., Tabl, K.M.,
Nishawy, E. and Wang, B. (2021). Selenium and zinc
oxide nanoparticles modulate the molecular and morpho-
physiological processes during seed germination of
Brassica napus under salt stress. Ecotoxicology and
Environmental Safety. 225: 112-695.

FAOSTAT, F. (2020). Statistics, Food and Agriculture Organization
of the United Nations, Rome.

Haider, M.U., Hussain, M., Farooq, M. and Nawaz, A. (2020).
Optimizing zinc seed priming for improving the growth,
yield and grain biofortification of mungbean (Vigna radiata
(L.) wilczek). Journal of Plant Nutrition. 43(10): 1438-1446.

Huang, L., Zhang, L., Zeng, R., Wang, X., Zhang, H., Wang, L.
and Chen, T. (2020). Brassinosteroid priming improves
peanut drought tolerance via eliminating inhibition on
genes in photosynthesis and hormone signaling. Genes.
11(8): 919.

Johnson, R. and Puthur, J.T. (2021). Seed priming as a cost effective
technique for developing plants with cross tolerance to
salinity stress. Plant Physiology and Biochemistry. 162:
247-257.

Kaur, H., Chawla, N. and Pathak, M. (2015). Effect of different
seed priming treatments and priming duration on biochemical
parameters and agronomic characters of okra (Abelmoschus
esculentus L.). International Journal of Plant Physiology
and Biochemistry. 7(1): 1-11.

Kaur, S., Gupta, A. K. and Kaur, N. (2005). Seed priming increases
crop yield possibly by modulating enzymes of sucrose
metabolism in chickpea. Journal of Agronomy and Crop
Science. 191(2):  81-87.

Kaya, M.D., Okçu, G., Atak, M.Y. and Kolsar. (2006). Seed treatments
to overcome salt and drought stress during germination
in sunflower (Helianthus annuus L.). European Journal
of Agronomy. 24(4): 291-295.

Mathur, P. and Roy, S. (2020). Nanosilica facilitates silica uptake,
growth and stress tolerance in plants. Plant Physiology
and Biochemistry. 157: 114-127.

Rabnawaz, A., Ahmad, R. and Anjum, M.A. (2020). Effect of seed
priming on growth, flowering and cut flower quality of
carnation. Indian Journal  of Horticulture. 77(3):  527-531.

Sharma, P., Thakur, A.K. and Nair, S.A. (2019). Seed pelleting: A
technique of seed quality enhancement. Bhartiya Krishi
Anusandhan Patrika. 34(2): 142-144. doi: 10.18805/
BKAP171.

Sinha, S., Thakuria, D., Chaliha, C., Uzir, P., Hazarika, S., Dutta,
P. and Laloo, B. (2023). Plant growth-promoting traits of
culturable seed microbiome of c itrus species from
Purvanchal Himalaya. Frontiers in Plant Science. 14:
1104927.

Tetteh, R., Aboagye, M.L., Obirih-Opareh, J., Kotey, A.D., Adams,
K.F. and Yeboah, A. (2024). Seed quality and longevity
of four cowpea accessions in relation to seed coat colour.
Bhartiya Krishi Anusandhan Patrika. 38(4): 408-412. doi:
10.18805/BKAP686.

Waqas, M., Korres, N.E., Khan, M.D., Nizami, A.S., Deeba, F., Ali,
I. and Hussain, H. (2019). Advances in the concept and
methods of seed priming. Priming and pretreatment of
seeds and seedlings: Implication in plant stress tolerance
and enhancing productivity in crop Plants. 11-41.

Waqas, M., Korres, N.E., Khan, M.D., Nizami, A.S., Deeba, F., Ali,
I. and Hussain, H. (2019). Advances in the concept and
methods of seed priming. Priming and pretreatment of
seeds and seedlings: Implication in Plant Stress Tolerance
and Enhancing Productivity in Crop Plants. 11-41.


