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ABSTRACT

An experiment was conducted to examine the effect of different concentrations of nano urea on yield,
quality and nutrient uptake of fodder sorghum. The experiment was laid out in randomized block design
with 13 treatments, replicated thrice. The treatments comprised of nitrogen management and foliar
nutrition. The fertilizer recommendation followed was 60:40:20 kg NPK ha-1, along with the
recommended dose of farm yard manure (10 t/ha). Foliar spray of nano urea and urea were applied each at
20 DAS and 40 DAS. Full Pand K were applied as basal. The results revealed that, 100% RDN along with
foliar spray of nano urea 0.4% (T,) recorded higher green fodder yield, dry fodder yield, crude protein
content, crude protein yield, nitrogen uptake, phosphorous uptake and potassium uptake and was
statistically on par with 100% RDN along with foliar spray of nano urea 0.6% (Tj).
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INTRODUCTION

The total livestock population in India has
grown by 4.8 percent, reaching 536.76 million
according to the 20th livestock census, compared to the
2012 census (FAHD, 2019). However, the country
allocates only 4 percent of its cultivated land to fodder
crops. The country faces a net shortfall of 35.6 per cent
green fodder 10.5 per cent dry crop left overs and 44 per
cent concentrate feed ingredients (Singh et al, 2022).
The only way to bridge the large gap between supply
and demand of fodder is to maximize the fodder
production per unit area and unit time with in the
existing farming system and by adopting improved
agricultural practices.

Sorghum is a widely adopted cereal fodder crop,
due to its ease of cultivation, high yield potential, rich
nutritional value and quick regeneration. It is a
drought- resistant, short-duration crop that can also
tolerate some salt, making it well-suited for arid
regions. These qualities make sorghum a promising
solution for addressing feed shortages. Additionally,
sorghum can provide suitable fodder and feed to meet
the needs of the dairy industry. Foliar nutrition can
enhance the plant's physiological processes, leading to
improved yield potential. Foliar feeding is particularly
effective for correcting nutrient deficiencies and
maximizing nutrient efficiency. It is especially
beneficial for early maturing, short duration crops,

where the nutrients from soil applied fertilizers may
not be fully accessible before the crop reaches
maturity.

Nano fertilizers have been introduced as
alternatives to traditional fertilizers and have proven to
be both effective and efficient in enhancing plant
nutrition, thereby boosting crop production and
improving fodder quality (Kumar et al/, 2021). Their
application not only increases yields but also
minimizes environmental risks. Unlike synthetic
fertilizers, which release nutrients within 4-10 days,
nano fertilizers provide a sustained release over 4050
days. Moreover, they strengthen plants' resilience
against both biotic and abiotic stresses (Mejias et al,
2021). Specifically, nano urea supplies nitrogen in
sync with crop demand, improving nitrogen use
efficiency by reducing leaching and emissions, while
also promoting long-term integration by soil
microorganisms (Kannoj ef al, 2022). Foliar spray of
nano urea provides a quick nutrient boost to plants,
especially during periods of rapid growth, stress or
deficiency. Hence foliar application of nano urea is a
desirable way to increase the productivity of fodder
sorghum.

In order to meet the increasing demand for supply
of quality forage due to increasing pressure on
agricultural land for food and cash crops, quality
fodder production for sustainability on limited space
and time could be achieved from ideal forage crops and
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Sr.No Treatments
T 75% RDN + nano urea (0.2%) T7 | 75% RDN +urea spray (2%)
T2 75% RDN + nano urea (0.4%) Ts | 100% RDN +urea spray (2%)
T3 75% RDN + nano urea (0.6%) To | Nano urea (0.2%) alone
T4 100% RDN + nano urea (0.2%) Ti0o | Nano urea (0.4%) alone
Ts 100% RDN + nano urea (0.4%) T11 | Nano urea (0.6%) alone
Ts 100% RDN+ nano urea (0.6%) Ti2 | KAU POP (60:40:20 NPK kg ha™)
Ti3 Control (without nitrogen)

best management practices (Srivani et al, 2022). In this
backdrop, the present investigation is proposed with an
objective to study the effect of different concentrations
of nano urea on yield and quality parameters of fodder
sorghum.

MATERIALS AND METHODS

A field experiment entitled nitrogen
management and foliar nutrition for yield, quality and
nutrient uptake of fodder sorghum was conducted in
Instructional Farm attached to College of Agriculture,
Vellayani during December 2023 to February 2024.
The experimental field was geographically located at 8’
42, latitude and 76 '98 longitude, at an altitude of 24.13
m above the mean sea level. The field experiment was
laid out in randomized block design with 13 treatments
replicated thrice, as follows:

Both the nano urea and urea spray were
applied at 20 DAS and 40 DAS. Nitrogen was applied
in three splits — 50% as basal, 25% at 20 DAS and 25%
at 40 DAS. Full P and K were applied as basal. The
experimental soil was sandy clay loam in texture,
moderately acidic with a pH of 5.63, low in organic
carbon, medium in available nitrogen (413.95 kg /ha)
and available potassium (278.38 kg/ ha) and high in
available phosphorous (62.44 kg /ha). Single cut
variety of fodder sorghum 'CNFS-1' was used in the
experiment. Seeds were sown with a spacing of 30 X
15 cm. All other agronomic practices were followed
uniformly in all the treatments as per the package of
practices for Kerala Agricultural University, India
(KAU POP). Five plants from each plot were tagged
for observation. Harvesting of the crop was done at 50
per cent flowering stage in all the treatments. The
harvested green fodder from each plot was weighed
directly in the field (kg/ plot) and was expressed as
quintals per hectare (q/ ha). At harvest, a 500 g
representative sample of green fodder was randomly
collected from each plot. These samples were first sun-
dried and then oven-dried until a constant weight was
achieved. Based on the dry weight of these samples,
the green fodder yield was converted into dry fodder

yield (g/ha). For estimating the quality, crude protein
content and crude fibre content were analyzed. The
crude fibre content was determined by using the
weende method (A.O.A.C  1960) and  was
expressed as percentage on dry weight basis. The
plant crude protein content was calculated by
multiplying the percentage of nitrogen by the factor
6.25 (Simpson et al, 1965) and expressed as
percentage on dry weight basis. To determine crude
protein yield, the dry fodder yield is multiplied by the
crude protein content and expressed as t/ha. At
harvest, plant samples were analyzed for total N, P
and K content. The samples were shade dried for two
days to reduce moisture, then oven dried at 65+ 5°C.
After drying, the samples were ground into a fine
powder, accurately weighed, subjected to acid
digestion and used for determining N, P and K content.
The N content in plant was assessed using the modified
micro Kjeldahl method (Jackson, 1973). The P
content in plant was estimated colorimetrically
following wet digestion and color development using
the vanadomolybdate phosphoric yellow color
method, with the color intensity measured using a
spectrophotometer (Jackson, 1973). The K content in
plant was measured with a flame photometer (Jackson,
1973). The total N, P and K uptake was determined by
multiplying the plant nitrogen, phosphorus and
potassium content by the dry matter produced and the
result was expressed inkgha .

RESULTS AND DISSCUSSION
Effect onyield parameters

The treatment (T5) produced higher green fodder
yield (320 q /ha) which was statistically comparable
with T6 (300 g/ha). The observed improvements can
be attributed to the swift uptake and assimilation of
nano-nutrients, which promoted enhanced growth
traits such as greater plant height and expanded leaf
area. The rise in yield appears to be associated with the
prolonged retention of nanomaterials within plant
tissues, resulting in higher productivity. In addition,
the synergistic action of nano fertilizers boosted the
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Table 1. Effect of nitrogen management and foliar nutrition on yield attributes of fodder sorghum

Treatment| Green fodder yield |Dry fodder yield

(q/ha ) (q/ha)
T1 203.3 34.0
T2 219.5 414
T3 2433 453
T4 231.7 44.0
T5 320.3 58.1
T6 300.0 55.1
T7 210.0 39.2
T8 230.0 422
T9 193.3 20.0
T10 195.0 30.8
T11 200.0 31.3
T12 2233 42.1
T13 140.0 17.7
SEm (%) 20.89 03.8
CD (0.05) 60.55 11.10

RDN-Recommended dose of nitrogen

efficiency of conventional fertilizers, likely
facilitating better nutrient absorption by plant cells.
This, in turn, supported optimal development of plant
organs and vital metabolic activities like
photosynthesis, leading to increased production and
translocation of photosynthates to economically
important plant parts, thereby achieving superior
yields. These findings are consistent with the reports of
Bhoya et al (2013) in fodder sorghum.

Dry fodder yield was found to be greater under
treatment T5 (58.1 q /ha) and was on par with T6 (51.1
q/ha). The increased dry matter yield can be attributed
to enhanced crop growth and photosynthetic activity,
which ensured a greater supply of carbohydrates.
Improved partitioning of photosynthates and efficient
nutrient accumulation further contributed to biomass
production, ultimately resulting in higher dry fodder
yield. The findings of Meena et al/ (2021) also
confirmed the same observations.

Effect on quality parameters

The treatment T5 recorded higher crude protein
content and was 24.00 per cent higher compared to
T12. This could be attributed to sufficient nitrogen
fertilization, which promoted better metabolism and
resulted in higher protein content in plant tissue.
Additionally, nitrogen plays a key role in the amino
acid composition of protein, thereby improving the
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nutritional quality of fodder maize (Kashyap et al,
2023). Similar findings are also reported by Kumari et
al (2014) and Rajesh et a/ (2022) in fodder oat. Higher
crude protein yield was observed with TS5 and was
found on par with T6. The rise in crude protein yield is
directly linked to a higher accumulation of dry matter
and protein in plants, which in turn boosted crude
protein yield in fodder sorghum. Application of 100
per cent RDN along with 2 per cent urea spray
recorded higher crude protein yield followed by T6
(100 per cent RDN + nano urea 0.4 per cent) in maize
(Kumar et al, 2024). This is supported by the findings
of Almodares et al (2009) in sweet sorghum, Shekara
et al (2015) in baby corn and Meena et a/ (2021) in
fodder maize.

Plant Analysis

Data on plant analysis revealed that TS resulted in
higher N content and was statistically comparable with
T6. The application of RDF along with foliar spray of
nano urea might have increased the nitrogen
concentration in soil solution resulting in better
extraction by roots and translocation with in the plant
system. This process reduces nitrogen losses through
leaching and emissions, while also promoting its
sustained incorporation by soil microorganisms
(Kannoj et al, 2022). These findings align with the
research of Gupta et a/ (2022) in wheat. The variations
in P and K content due to nitrogen management and
foliar nutrition were not significant.

Nutrient uptake is the product of the amount of
dry matter and the concentration of nutrient present in
the tissue. The treatment, (T5) 100 per cent RDN + 0.4
per cent nano urea recorded higher NPK uptake and it
was found to be on par with T6.

The total nitrogen uptake in forage sorghum
increased linearly with higher rates of the RDN
combined with foliar sprays of nano urea. This
approach boosts nutrient concentration in the soil
solution, improving root nutrient uptake and better
translocation within the plant. The enhanced nutrient
uptake can be attributed to nano fertilizers, which have
larger surface area and smaller particle size, lesser than
pore size of plant roots and leaves. This allows better
penetration into plant from the applied surface, thereby
improving uptake of nutrient and nutrient use
efficiency of the nano fertilizer. A similar pattern was
observed by Bochare (2015) in fodder maize and
Sheoran et al (2018) in fodder pearl millet and Rani et
al(2019) in sorghum.
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Table 2. Effect of nitrogen management and foliar
nutrition on quality attributes of fodder sorghum

Table 3. Effect of nitrogen management and foliar
nutrition on nutrient content of fodder sorghum

Treatment Crude protein Crude fibre p(il(;ltlec:lit:l Treatment N content (%) [P content (%) |K content (%)

content (%) content (%) yield ( ha) Tl 1.23 0.23 1.03

T1 7.67 24.83 0.30 2 124 0.25 1.04

T 7.73 24.80 031 T3 128 0.27 1.05

T3 7.96 26.37 0.32 T4 1.34 0.28 1.06

T4 8.39 25.54 0.36 TS 1.59 0.31 1.09

T5 9.92 26.87 0.50 T6 1.53 0.30 1.08

T6 9.59 26.68 0.43 T7 1.21 0.24 1.03

T7 7.59 25.01 0.30 T8 1.34 0.29 1.07

T8 8.41 26.38 0.41 T9 118 0.28 1.01

T9 7.42 23.69 0.16 T10 119 021 1.02

T10 7.46 24.16 0.23 T11 120 021 103
TI1 7.48 24.73 0.25

TI12 8.00 25.76 0.33 12 1.27 0.22 1.06

T13 735 2332 0.14 13 117 0.20 1.00

SEm () 0.09 0.03 0.11

SEm () 0.52 2.03 0.04 CD (0.05) 0.259 NS NS
CD (0.05) 1.517 NS 0.110

NS- Not significant
RDN-Recommended dose of nitrogen

Table 4. Effect of nitrogen management and foliar
nutrition on nutrient uptake of fodder sorghum

N uptake P uptake | Kuptake

Treatment (kgp/ha) (kgp/ha) (kgp/ha)
Tl 62.14 29.72 153.67
T2 66.84 30.59 159.67
T3 68.19 30.77 168.33
T4 73.94 31.98 167.67
TS 83.93 41.00 191.67
T6 84.28 38.06 183.67
T7 66.20 29.18 154.00
T8 70.45 32.16 172.00
T9 55.37 24.46 136.67
T10 56.52 26.96 142.00
T11 59.11 27.14 149.33
T12 66.52 30.35 166.67
T13 45.60 21.00 118.33
SEm (4) 5.83 2.89 11.46
CD (0.05) 17.019 8.439 33.437

RDN-Recommended dose of nitrogen

The increased phosphorus uptake in fodder
sorghum can be attributed to the increased application
of urea as a nitrogen source. During nitrification, urea
generates hydrogen ions along with nitrate ions, which
can influence phosphorus availability. Since
phosphorus is vital for root development, it would help
to create a robust root system, enhancing the
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NS- Not significant
RDN-Recommended dose of nitrogen

absorption of other micronutrients from the soil. These
findings align with the research of sannagoudar et a/
(2017) in fodder pearl millet and Upsana ef al (2022) in
sweet corn.

Higher K uptake observed in TS might be due to
the foliar application of nano urea may enhance
nitrogen uptake due to its larger surface area and
increased permeability, allowing nitrogen to interact
synergistically with most mineral nutrients, which also
improved the absorption of potassium. A similar
pattern was observed by Al-Juthery et al (2018) in
wheat, Khan et al (2019) in oat, Rani et a/ (2019) in
sorghum and Kannoj ez a/ (2022) in black wheat.

CONCLUSION

Based on the study it can be concluded that
nitrogen management along with foliar application of
nitrogen-based formulations improved the fodder
yield, quality and nutrient uptake in fodder sorghum.
There was an increased yield of green fodder (39.26 %
when nano urea (0.4%) was supplemented with RDF
compared to urea spray (2%). Hence application of 100
per cent recommended dose of nitrogen combined with
foliar application of nano urea 0.4 % at 20 DAS and 40
DAS can be recommended for cultivating fodder
sorghum in Kerala during the rabi season.
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