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Abstract

Experiment was conducted during Kharif season 2021 in the Entisols of New Upland Research cum
Instructional Farm, Lamker under S. G. College of Agriculture and Research Station, Jagdalpur,
Chhattisgarh, India. The experiment was laid out in randomized complete block design (RCBD) with
three replication and consisted of twelve treatments. The experimental results revealed that among all the
treatments, treatment T12 (75% RDF+ Seed treatment with nano fertilizer + Foliar spray of nano fertilizer
at active tillering stage and 7-10 days before flowering) recorded significantly higher plant height,
number of tillers hill’l, panicle length, panicle weight, number of grains panicle’, 1000 seeds weight,
grain yield) and straw yield. The highest net returns were recorded in treatment T12 (75% RDF+ Seed
treatment with nano fertilizer + Foliar spray of nano fertilizer at active tillering stage and 7-10 days
before flowering) over rest of the treatments and was followed by treatment T11 (75% RDF+ Foliar spray
of nano fertilizer at active tillering stage and 7-10 days before flowering). However, highest B: C ratio
was recorded in treatment T12 followed by treatment T1 (100% Recommended dose of fertilizer).

Keywords: Nano fertilizer, little millet, rainfed conditions

Introduction

Millets are in the family of cereals (Poaceae) grown in different parts of the world for human
consumption and as feed and fodder for animals. Millets are known as ancient nutritional grain
and important staple food, particularly, in poor peoples of semi-arid tropics of Asia and Africa
(Mahendra, 2012 and Narloch et al., 2009) 16 201 Millets are cultivated in diverse and adverse
environments, mostly in the dry, semi-arid to sub-humid drought-prone agro ecosystems. The
nutritive value of millets is comparable to other staple cereals like wheat and rice. Some of the
millets are nutritionally better than common cereals in protein, fat and mineral contents
(Kamatar et al., 2013) !, The major millet growing region in India is mostly found in the rain-
fed states of Madhya Pradesh, Karnataka, Gujarat, Andhra Pradesh, Telangana, and the red
lateritic tract of Eastern India. Millet is grown over a total area of over 25.17 million hectares
in India, with a gross production of 42.86 million tonnes (Anonymous, 2016).

Little millet belongs to the family Poaceae, sub-family Panicoideae and the tribe Paniceae
(Rachie, 1975) 22, Globally it is grown indigenously in the tropics and sub tropics, it is a
drought tolerant crop and requires less amount of water to complete its life cycle. Hence, it can
provide us with food security in unfavourable climatic conditions. In addition, it is rich in
vitamin B, minerals like potassium, phosphorus, iron, zinc and magnesium. Therefore, it can
address nutritional sensitive agriculture, which aims at nutritional enhancement to combat the
present scenario of micronutrient malnutrition (Arunachalam et al., 2005; Kundgol et al., 2014
and Selvi et al., 2015) [3 13231, The cultivation of little millet is mainly observed in the states of
Karnataka, Madhya Pradesh, Andhra Pradesh, Odisha, Tamil Nadu, Gujarat, Chhattisgarh and
Maharashtra. Like other small millets, little millet is also rich in nutrients (Maitra and Shankar,
2019) 471,

Nano-materials are defined as the materials with a single unit between 1 and 100 nm in size in
at least one dimension (Liu and Lal, 2015) ', Some studies already proved the significance of
nano-fertilizers. Some beneficial effects include increased nutrient use efficiency, better yield
and reduced soil pollution (Naderi and Danesh-Sharaki, 2013) 9. Nanostructured
formulations with altered physicochemical properties can be probable solution to the current
problems through mechanisms such as targeted delivery or slow/controlled release mechanisms
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and trigger controlled-conditional release (Guru et al., 2015)
[l The use of nanofertilizers is reported to increase fertilizer
use efficiency minimizing the potential negative effects
associated with over dosage which reduces the frequency of
the application (Kottegoda et al., 2011) [*3, Nano fertilizers
are advantageous over conventional fertilizers as they
increase soil fertility yield and quality parameters of the crop,
they are nontoxic and less harmful to environment and
humans, they minimize cost and maximize profit. Nano
particles increase nutrients use efficiency and minimizing the

costs of environment protection. (Naderi and Abedi, 2012)
(18],

Material and Methods

The experiment was conducted during Kharif season 2021 in
the Entisols ofNew Upland Researchcum Instructional Farm,
Lamker under S.G. College of Agriculture and Research
Station, Jagdalpur, Chhattisgarh, India.The experiment was
consisting of three replications with twelve treatments that
were laid out in Randomized Block Design (RBD). The
treatment details are as follows,T:: 100% Recommended dose
of fertilizer, T>: 100% RDF without Nitrogen application, Ts3:
50% RDF + Seed treatment with nano fertilizer, T4 50%
RDF+ Foliar spray of nano fertilizer at active tillering stage,
Ts: 50% RDF+ Foliar spray of nano fertilizer at 7-10 days
before flowering, Te: 50% RDF+ Foliar spray of nano
fertilizer at active tillering stage and 7-10 days before
flowering, T7: 50% RDF + Seed treatment with nano fertilizer
+ Foliar spray of nano fertilizer at active tillering stage and 7-
10 days before flowering, Ts: 75% RDF+ Seed treatment with
nano fertilizer, To: 75% RDF+ Foliar spray of nano fertilizer
at active tillering stage, T1o: 75% RDF+ Foliar spray of nano
fertilizer at 7-10 days before flowering, Ti1: 75% RDF+
Foliar spray of nano fertilizer at active tillering stage and 7-10
days before flowering, Ti2: 75% RDF+ Seed treatment with
nano fertilizer + Foliar spray of nano fertilizer at active
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tillering stage and 7-10 days before flowering. The
recommended dose of fertilizer 40:20:10 kg N: P: K ha for
little millet field, urea, single super phosphate and muriate of
potash respectively was applied to all plots. 50% of nitrogen,
100% phosphorus and potash were applied during sowing of
crop and remaining half dose of nitrogen was applied in two
split doses at active tillering stage and at panicle initiation
stage.

Result and Discussion

It was observed that yield as well as yield attributing
characters like plant height, number of tillers hill’2, panicle
length, panicle weight, total number of grains panicle™ test
weight and yield were significantly influenced by different
nano fertilizer treatments in Table 1.

The plant height recorded significantly highest in treatment
Ti2among the all the treatment which was found on par with
treatment Ty1, T1, Te, T7 and Te while the lowest plant height
was found in treatment T,. Effect of nano fertilizer on plant
height of little millet observed significant increase due to use
of nano urea with chemical fertilizers. Application of nano
urea at different growth stages (seed treatment and foliar
spray at active tillering stage and 7 to 10 before flowering)
promoted growth of the plants. Nano fertilizer provides
nutrients for the plant or aid in the transport or absorption of
available nutrients resulting in better crop growth (Benzon et
al., 2015; Jyothi and Hebsur, 2017) [ 8. Nano fertilizers are
readily taken up by the epidermis of leaves and translocated to
stems, facilitating active molecule uptake and enhancing
growth (Abdel-Aziz et al., 2018) (4. The maximum number of
tillers hill-*produced in treatment T, among the all the
treatment which was found at par with treatment Ti1, T1, Ts
and T7. It was observed that spraying of nano urea at active
tillering stage significant increase in the number of active
tillers due to provide balance nitrogen to crop.

Table 1: Effect of nano fertilizer on growth and yield attributes of little millet

Treatments Plant height No. of tillers Panicle length Panicle weight No. of_ grains 1000 seed weight
(cm) hill? (cm) (9) Panicle ! (9)
T1 127.87 3.20 24.80 1.52 343.33 2.39
T2 99.07 2.23 18.40 1.17 278.67 2.24
T3 108.73 2.47 19.45 1.24 300.67 2.27
T4 116.77 3.07 20.67 1.33 335.00 2.30
T5 111.67 2.93 21.07 1.24 314.00 2.29
T6 120.33 3.20 22.20 1.39 336.33 2.34
T7 121.50 3.13 22.40 1.47 342.33 2.37
T8 110.73 3.00 21.40 1.29 313.67 2.31
T9 124.47 3.07 23.00 151 345.00 2.38
T10 114.70 3.00 23.67 1.31 323.00 2.33
T11 130.77 3.27 24.77 1.61 356.33 2.39
T12 135.13 3.47 25.85 1.71 364.00 2.41
S.Emt 5.06 0.15 1.05 0.06 13.01 0.09
CD at 5% 14.95 0.45 3.10 0.19 38.41 NS
CV% 7.40 8.71 8.17 7.90 6.84 6.55

The significant increment in number of tillers was induced by
nano fertilizers, which increased the activity of chloroplast
(Hong et al., 2005) [, rubisco enzyme (Gao et al., 2006) [,
antioxidant enzyme system (Nekrasova et al., 2011) 4 and
nitrate reductase (Lu et al., 2002) [** that could be underlying
mechanism for increased growth and number of tillers.

Yield attributes and Yield

The highest panicle length observed in the treatment Ti,
followed by treatment T, T11, T10 and Tg, and highest panicle
weight was recorded under the treatment Ti.. It was observed
that application of nano fertilizer at the time of panicle
initiation significantly enhanced panicle length and panicle
weight. Nano-fertilizer application increased the panicle
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weight, total grain weight, total shoot dry weight and harvest
index and they may have a synergistic impact with
conventional fertiliser to improve nutrient absorption by plant
cells, resulting in optimal growth (Jyothi and Hebsur, 2017)
(81, Maximum number of grains panicle™ recorded in treatment
Tipwhich was found at par with treatment Ti1, T1, To and
T7.Nano fertilizers offer a higher surface area due to the tiny
particle size, which provides more surface area to facilitate
different metabolic functions in the plant system as a result of
more photosynthates being produced (Kumar et al., 2020) [*2,
Maximum weight of 1000 seeds observed in treatment
Tywhile the minimum weight was recorded in treatment T».
The increase in yield attributes viz. number of effective tillers,
length of ear, number of grains per ear, 1000-grain weight
may be due to the reason that nano fertilizers promote the
plant to absorb the water of soil and nutrients, then the
photosynthesis is improved (Wu, 2013) [?6],

Treatment T, recorded significantly higher grain yield which
was produced at par with treatment Ti;. However, lowest
yield was recorded in treatment T,. Treatment T, recorded
significantly maximum straw yield, but lowest straw yield
was recorded in treatment T,. Treatment Ty recorded
numerically higher harvest index while, lowest harvest index
was recorded in treatment T,.There was a significant increase
recorded in all yield attributes and yield of little millet under
nano fertilizer treatment (seed treatment and foliar spray at
active tillering stage and 7- 10 days before flowering) used
with chemical fertilizer. Nano fertilizers offer a higher surface
area due to the tiny particle size, which provides more surface
area to facilitate different metabolic functions in the plant
system as a result of more photosynthates being produced
(Kumar et al., 2020) 2, Foliar fertilization has the potential
to increase the efficiency and frequency by which a nutrient is
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utilised by the plant in order to maximise growth and yield
(Kandil and Eman, 2017) 1%, Foliar application of Nano
fertilizers significantly improves the crop yield (Tarafdar et
al., 2012) 31, The synergistic effect of nano fertilizers on the
efficiency of chemical fertilizer for greater absorption of
nutrients by plant cells, resulting in maximum growth of plant
parts and metabolic activities such as photosynthesis, which
leads to higher photosynthates accumulation and translocation
to the plant's economic parts, thus resulting in high yield
which attributed to increased source and sink strength
(Benzon et al., 2015; Taiz and Zeiger 2006) ™ 24, Nano
fertilizer application increased the harvest index and they may
have a synergistic impact with conventional fertiliser to
improve nutrient absorption by plant cells, resulting in
optimal growth (Jyothi and Hebsur, 2017) (81,

Economics: Maximum cost of cultivation of recorded in
treatment T12 (22614 Rs ha-1) among all the treatments
followed treatment T7 (22188 Rs ha-1) and T11 (21534 Rs
ha-1). Minimum cost of cultivation was found in treatment T2
(18225 Rs ha-1). The highest gross income was found in
treatment Ti» (51504 Rs ha?) among all the treatments
followed by treatment Ty; (47064 Ra ha') and T; (44683 Rs
ha'?) while, the lowest gross income was obtained in treatment
T, (23918 Rs ha?). The highest net income obtained in
treatment T, (28890Rs ha?l) followed by treatment Ty
(25530 Rs ha') and T; (25012 Rs ha) while, the lowest net
income was noted in treatment T (5693 Rs ha*). Among the
all treatments, treatment T, (2.28) recorded maximum B: C
ratio followed by treatment T1 and T11. Whereas, treatment T,
(1.31) recorded minimum B: C ratio. Nano fertilizers boost
growth, yield and quality parameters of the crops; nutrient use
efficiency, reducing fertilizers wastage and minimize cost of
cultivation (Kumar et al., 2020) [*21,

Table 2: Effect of nano fertilizer on grain and straw yield, and harvest index of little millet

Treatments Grains yield (Kg ha?) Straw yield (Kg ha?) Harvest Index (%)
T1 1319.77 2261.20 36.88
T2 704.30 1350.61 34.24
T3 906.95 1527.29 37.23
T4 1171.84 1985.76 37.07
T5 1038.27 1896.48 35.40
T6 1253.68 2203.02 36.28
T7 1274.40 2357.99 35.05
T8 1056.29 1944.31 35.14
T9 1257.34 2233.54 35.89
T10 1113.88 1818.02 38.06
T11 1390.98 2322.20 37.43
T12 1520.30 2668.46 36.30

S.Em% 56.36 84.66 1.74
CD at 5% 166.36 249.89 NS
cVv 8.36 7.16 8.33

Table 3: Effect of nano fertilizer on economics of little millet

Treatments | Cost of cultivation (Rs ha') | Gross income (Rs ha') | Netincome (Rs ha?) | B:C ratio
T1 19671 44683 25012 2.27
T2 18225 23918 5693 1.31
T3 20028 30693 10665 1.53
T4 20028 39664 19636 1.98
T5 20028 35211 15183 1.76
T6 21108 42473 21365 2.01
T7 22188 43234 21046 1.95
T8 20454 35830 15376 1.75
T9 20454 42609 22155 2.08
T10 20454 37667 17213 1.84
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T11 21534 47064 25530 2.18
T12 22614 51504 28890 2.28
S.Em+ - - - 0.09
CD at 5% - - - 0.27
CV% - - - 8.40

Conclusion

Based on the experiment, it is concluded that treatment Ty,
(75% RDF+ Seed treatment with nano fertilizer + Foliar spray
of nano fertilizer at active tillering stage and 7-10 days before
flowering) was found the best treatment in increasing the crop
growth and grain yield of little millet as well treatment Ti»
was found the mosteconomical treatment as it gave highest
net return and benefit: cost ratio of little millet
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