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Abstract

Pearl millet, often called the 'Poor Man’s Food,' is vital for millions of low-income households. A field experiment was conducted at
Manathal village, Salem district, Tamil Nadu, during June-August 2021. The study followed an RBD design with three replications. There
were altogether thirteen treatments viz., T:- Control, T, - Seed treatment with 2 % KCl + soil application of vermicompost (VC) @ 5t ha™, Ts
- Seed treatment with 3 % Panchagavya + soil application of VC @ 5 t ha?, T4- Seed treatment with 2 % KCl + soil application of humic acid
(HA) @ 25 kg ha, Ts- Seed treatment with 3 % Panchagavya + soil application of HA @ 25 kg ha?, Te - Seed treatment with 2 % Kcl + soil
application of seaweed extract (SE) @ 25 kg ha?, T;- Seed treatment with 3 % Panchagavya + soil application of SE @ 25 kg ha?, Ts- T, +
foliar application of 19:19:19 @ 25 days after sowing (DAS), Ts - T + foliar application of 19:19:19 @ 25 DAS, T1o - T4 + foliar application of
19:19:19 @ 25 DAS, Ty - Ts + foliar application of 19:19:19 @ 25 DAS, Ty, - Te + foliar application of 19:19:19 @ 25 DAS, Tis - T7 + foliar
application of 19:19:19 @ 25 DAS. Seed treatment with 2 % KCl + soil application of VC @ 5 t ha? + foliar spray of 19:19:19 @ 25 DAS (Ts)
showed superior performance of pearl millet under rainfed conditions.

Keywords: 19:19:19; KCl; stress; rainfed; seed hardening

Introduction United Nations declared 2023 as the “International Year of
Millets” to promote its global cultivation and consumption (2).
Despite these initiatives, yields remain stagnant, primarily due
to rainfed cultivation, limited nutrient availability and poor
seedling establishment. There is a growing emphasis on
developing integrated agronomic strategies that enhance
productivity while sustaining soil health under resource-
constrained conditions.

Pearl millet (Pennisetum glaucum L.), commonly known as
bajra, is cultivated extensively in arid and semi-arid regions of
Asia and Africa. It is also referred to as candle millet, bulrush
millet and spiked millet. As a C4 plant, pearl millet exhibits high
photosynthetic efficiency, rapid biomass accumulation and
superior adaptability to harsh agro-climatic conditions,
including poor soil fertility, high temperatures and low rainfall
(2). Its ability to grow on marginal lands with minimal inputs
makes it crucial for ensuring food and nutritional security for
vulnerable populations, particularly in dryland areas.

Seed hardening is a pre-sowing physiological technique
proven to enhance germination and drought tolerance in
dryland crops. Hardening pearl millet seeds with 2 %
potassium chloride (KCl) induces osmotic adjustment,
improves membrane integrity and accelerates metabolic
activity during germination (3). In parallel, Panchagavya, a
traditional organic bio stimulant made from cow-based
products, has gained attention for its role in promoting seed
vigour, enhancing microbial activity and inducing systemic
resistance. Seed treated with Panchagavya is reported to

In India, pearl millet is the fourth most important crop
after rice, wheat and maize. It is considered a “poor man’s
food” due to its accessibility and nutritional richness, being a
good source of protein, fiber and micronutrients such as iron
and zinc. Recognizing its importance, the Government of India
celebrated 2018 as the “National Year of Millets” and the
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reduce seedling mortality and enhance plant immunity under
biotic and abiotic stress (4).

Once seeds are established, soil fertility becomes a
limiting factor in millet systems due to the inherently nutrient-
poor nature of sandy loam soils. The use of vermicompost, an
organic amendment derived from decomposed organic matter
via earthworms, improves soil structure, microbial diversity
and nutrient availability. Vermicompost is rich in macro and
micronutrients and stimulates plant growth hormones such as
auxins and cytokinins (5). It also enhances soil cation exchange
capacity, moisture retention and enzymatic activity, which are
vital for sustainable pearl millet production under rainfed
conditions (6).

Humic acid, another organic compound derived from
decomposed plant material, plays a pivotal role in enhancing
nutrient uptake and root proliferation. It improves the soil's
physical and chemical properties, particularly in coarse-
textured soils and has been shown to increase nutrient-use
efficiency by enhancing the availability and absorption of
nitrogen, phosphorus and potassium (7). Moreover, humic
substances improve stress tolerance by activating antioxidant
systems in plants.

Seaweed extracts are rich in natural plant growth
regulators like auxins, cytokinins, gibberellins and essential
micronutrients. Seaweed-based bio stimulants improve
chlorophyll content, enzyme activity and resistance to abiotic
stresses. Incorporating seaweed extract into soil enhances
microbial colonization and promotes balanced nutrient uptake,
thereby improving overall plant health and resilience (8). When
applied in conjunction with organic manures and humic
substances, seaweed extract contributes significantly to root
zone development and reproductive efficiency in pearl millet

Beyond soil amendments, foliar application of
balanced nutrients offers an efficient strategy to counter
nutrient deficiencies during critical growth stages. Foliar
application bypasses soil barriers and delivers nutrients
directly to the plant tissues, allowing for rapid assimilation. The
application of water-soluble 19:19:19 (NPK) at 25 DAS has been
shown to boost photosynthetic rate, tiller development and
spike initiation. Foliar nutrition is 15-20 times more effective
than soil fertilization, especially in rainfed areas where nutrient
leaching is a concern (9).

The main reason for the low production in pearl millet
has been regarded as cultivation on marginal lands by poor
farmers, with minimal support from farmers and government
agencies. There is a significant potential to increase yields.
Over-reliance on inorganic fertilizers has harmed soil health
and caused nutrient deficiencies. Integrating chemical
fertilizers with organic nutrients is essential for maintaining soil
health, productivity and stable crop yields.

Given the challenges of climate variability and declining
soil health, such integrated nutrient and bio-stimulant
management strategies are imperative for enhancing the
resilience and productivity of pearl millet. These sustainable
interventions not only support higher vyields but also
contribute to long-term soil health and ecological balance.

Material and Methods

The field experiment was conducted in a farmer’s field at
Manathal village, Tharamangalam block of Salem district,
Tamil Nadu, during June to August 2021 to study the
“Influence of seed hardening, soil and foliar nutrition of pearl
millet under rainfed conditions”. The experimental field was
geographically located at 1146’ N latitude and 7757 E
longitude with an altitude of 225 m above the mean sea level in
the North-Western Agro-climatic zone of Tamil Nadu. The
experimental plots were laid out in a randomized block design
with thirteen treatments and three replications. The CO (cu) 9
variety was chosen for the study. The treatments included in
the experiment were T:- Control (No seed hardening and
nutrient application), T, - Seed treatment with 2 % KCl + soil
application of vermicompost @ 5 t ha?, Ts - Seed treatment
with 3 % Panchagavya + soil application of vermicompost @ 5 t
ha?, T4- Seed treatment with 2 % KCl + soil application of
humic acid @ 25 kg ha', Ts- Seed treatment with 3 %
Panchagavya + soil application of humic acid @ 25 kg ha?, Ts -
Seed treatment with 2 % Kcl + soil application of seaweed
extract @ 25 kg ha, T;- Seed treatment with 3 % Panchagavya
+soil application of seaweed extract @ 25 kg ha?, Tg - T, + foliar
application of 19:19:19 @ 25 DAS, T - T + foliar application of
19:19:19 @ 25 DAS, Ty - T4 + foliar application of 19:19:19 @ 25
DAS, Tu - Ts + foliar application of 19:19:19 @ 25 DAS, Ti, - Te +
foliar application of 19:19:19 @ 25 DAS, T - T7 + foliar
application of 19:19:19 @ 25 DAS. The texture of the
experimental field soil was sandy loam with a pH of 6.8 and EC
of 0.1dSm™. The soil was low in available nitrogen (209.80 kg ha
1), medium in available phosphorus (18.61 kg ha) and high in
available potassium (305.24 kg ha').

Results
Germination percentage

The germination percentage data is presented in Fig. 1. The
germination percentage was significantly influenced by the
seed hardening, soil and foliar nutrition of pearl millet under
rainfed conditions. Among the different treatments
experimented, T, + foliar application of 19:19:19 @ 25 DAS (Ts)
recorded a maximum germination percentage of 94.49. The
minimum germination percentage of 85.14 was recorded in
the T: control (No seed hardening and nutrient application).

Plant height and dry matter production at the harvest
stage

The appraisal of data presented in Table 1 revealed that the
plant height and dry matter production at the harvest stage
were significantly influenced by the seed hardening, soil and
foliar nutrition of pearl millet under rainfed conditions. T,+
foliar application of 19:19:19 @ 25 DAS (Ts) recorded the
highest plant height (194.5 cm) and dry matter production
(6,235 kg ha') at the harvest stage of pearl millet under
rainfed conditions. This was followed by seed treatment with
T,+ foliar application of 19:19:19 @ 25 DAS (Tw) recorded the
plant height (189.0 cm) and dry matter production (5,960 kg ha-
!) at the harvest stage. The minimum plant height of (129.5 cm)
and dry matter production (3056 kg ha) were recorded under
T: (No seed hardening and nutrient application) at the harvest
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Fig. 1. Influence of seed hardening, soil and foliar nutrition on germination percentage of pearl millet under rainfed conditions.

Table 1. Influence of seed hardening, soil and foliar nutrition on plant
Pearl millet under rainfed conditions

height, LAI, dry matter production, ear head length and ear head girth of

Treatments Plant height at harvest (cm) LAl at 50 % flowering

Dry matter production Ear head length Ear head girth

at the harvest (kg ha?) (cm) (cm)

T 129.5 3.13 3056 27.65 5.98
T2 161.8 4.08 4748 31.66 7.96
Ts 146.8 3.69 4113 30.19 7.48
Ta 157.8 4.04 4637 31.54 7.91
Ts 140.6 3.51 3851 29.52 7.28
Te 152.3 3.86 4379 30.87 7.70
T 135.1 3.34 3574 28.84 7.07
Ts 194.5 5.01 6235 35.16 9.12
Te 177.5 4.47 5438 33.09 8.46
Tiwo 189.0 4.84 5960 34.48 8.91
Tu 173.4 4.44 5279 33.01 8.39
T2 183.0 4.66 5694 33.79 8.69
Tis 167.2 4.25 5029 32.34 8.18
SEmz= 1.78 0.04 64.21 0.21 0.05
CcD 5.22 0.13 188.53 0.63 0.17

stage of the pearl millet.
Leaf area index at 50 % flowering stage

The maximum leaf area index of 5.01 was recorded in seed
treatment with T,+ foliar application of 19:19:19 @ 25 DAS (Ts).
This treatment was followed by seed treatment with T,+ foliar
application of 19:19:19 @ 25 DAS (Tw) recorded the leaf area
index of 4.84. The treatment T: control (No seed hardening and
nutrient application) recorded a minimum leaf area index of
3.13.

Ear head length and girth

Among the various treatments experimented with, seed
treatment with T,+ foliar application of 19:19:19 @ 25 DAS (Ts)
recorded the highest ear head length and ear head girth of
35.16 and 9.12 cm, respectively. This was followed by T+ foliar
application of 19:19:19 @ 25 DAS (To) recorded the ear head
length and ear head girth of 34.48 and 8.91 cm, respectively.
The T: control (No seed hardening and nutrient application)
registered the least ear head length and girth of 27.65 and 5.98
cm, respectively.

Harvest index

The data about the harvest index is presented in Fig 2. The
harvest index was significantly influenced by the seed
hardening, soil and foliar nutrition of pearl millet under rainfed

conditions. Among the different treatments tested, T,+ foliar
application of 19:19:19 @ 25 DAS (Ts) recorded the highest
harvest index of 34.50. This was followed by T,+ foliar
application of 19:19:19 @ 25 DAS (Two) recorded the harvest
index of 34.14. The treatment T; control (No seed hardening
and nutrient application) registered the LAl of 29.37.

Discussion
Germination Percentage

Seed treatment with KCl enhances germination percentage,
potentially due to increased hydration of colloids, higher
viscosity and elasticity of protoplasm, increased bound water
content, reduced water deficit and heightened metabolic
activity (10). Seed hardening facilitated early emergence and
boosted the total germination count and crop growth under
soil moisture stress conditions. This improvement might be
attributed to the uniform and early seedling emergence in the
field, allowing the crop to better utilize available resources
under stressful conditions. These findings are consistent with
those of (11, 12).

Plant height and dry matter production at the harvest
stage

Application of vermicompost improves the physical and
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Fig. 2. Influence of seed hardening, soil and foliar nutrition on the harvest index (%) of pearl millet under rainfed conditions.

biological properties of soil, including the supply of almost all
the essential plant nutrients for the growth and development
of pearl millet. It also provides secondary nutrients like Ca, Mg,
S and fairly high amounts of micronutrients to the plants. It
increases cation exchange capacity, water holding capacity
and phosphate availability in the soil. Thus, the balanced
nutrient supply of macro and micronutrients to the soil due to
the application of vermicompost under a favourable
environment might have helped in the higher uptake of
nutrients. This accelerated the growth of new tissues and the
development of new shoots that have ultimately increased the
plant height and dry matter accumulation of pearl millet. The
results of the present investigation conform to those of (13-16).

The foliar application of 19:19:19 (NPK) could be
considered the best way to reduce salt accumulation and
maintain necessary fertility levels in the plant root zone and
consequently improve plant height, plant metabolism and
enhance plant meristematic activities of the crop and these
results resembles early findings (17).

Leaf area index at 50 % flowering stage

The stimulative effect on foliar application of 19:19:19 (NPK)
fertilizers on dry weight may be due to nitrogen being an
essential element for building up protoplasm, amino acids and
proteins, which induce cell division and initiate meristematic
activity. Phosphorus is a part of the molecular structure of
nucleic acid (DNA and RNA), the energy transfer compounds
and phosphorus proteins. Moreover, potassium is very
important in the overall metabolism of plant enzyme activity. It
was found to serve a vital role in photosynthesis by directly
increment in plant growth and leaf area, hence the CO,
assimilation ratio in an excellent way. Potassium also has a
beneficial effect on water consumption. The foliar fertilization
of 19:19:19 (NPK) improved plant growth as fresh weight and
dry weight, increased photosynthesis rate and increased the
uptake of nitrogen, phosphorus and potassium elements.
These are similar to early findings (18). Leaf area influenced the
interception and utilization of solar radiation of crop canopies
and consequently increased the dry matter production of pearl
millet.

Ear head length and girth

Ear head length and ear head girth increased due to a sufficient
supply of foliar application of 19:19:19 (NPK) to the pearl millet.
NPK is an essential constituent of plant tissue and is involved in
cell division and cell elongation. Foliar application of 19:19:19
(NPK) facilitates the production of more photosynthates,
leading to increased ear head length and ear head girth. These
are similar to previous works (19).

The significant improvement in leaf area index and dry
matter production noticed at harvest stages would have
resulted in enhanced ear head length and ear head girth. The
findings are in line with the early results (20). Foliar application
of 19:19:19 (NPK) fertilizers was found most beneficial in terms
of better growth and increased yield components like ear head
length and ear head girth of pearl millet under rainfed
conditions. NPK absorbed by the plant is responsible for the
fixation of a carbon skeleton to amino acid synthesis, which
results in several proteins that have specific functions in plant
metabolism.

Harvest index

Furthermore, vermicompost relatively added a large amount
of macro and micronutrients especially phosphorus, calcium
and magnesium which are involved in enzyme activities and
impart physico-chemical and biological activities of soil
resulting in more photosynthates assimilation and subsequent
conversion of assimilates into yield attributes in a larger
fraction which ultimately resulted in higher yield and the
harvest index also increased. These findings confirm the earlier
reports (21).

Conclusion

Based on the trend of harvest index, it was noticed that among
the different treatments experimented, seed treatment with
2 % KCl + soil application of vermicompost @ 5 t ha* + foliar
application of 19:19:19 @ 25 DAS (Ts) was superior for
concerning germination percentage, plant height at harvest,
leaf area index at 50 % flowering stage, dry matter production
at harvest stage, ear head length and ear head girth of pearl
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millet under rainfed condition. Considering the above-
mentioned facts, it can be concluded that seed treatment with
2 % KCl + soil application of vermicompost @ 5 t ha* + foliar
application of 19:19:19 @ 25 DAS is a viable technology for
enhancing the productivity of pearl millet under rainfed
conditions.
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