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ABSTRACT

The field experiment was carried out during the rabi season of the year 202223 at Dr. Rajendra Prasad Cen-
tral Agricultural University, Pusa, Samastipur, Bihar to study the effect of urea and nano-urea in single cut fodder
oat. The experiment was laid out in a randomized block design with ten treatments replicated three times. The
treatments included 100% recommended dose of nitrogen through urea (RDN), 75% RDN + 2 NU sprays @ 2 mL/
L, 50% RDN + 2 NU sprays @ 2 mL/L, 75% RDN + 2 NU sprays @ 4 mL/L, 50% RDN + 2 NU sprays @ 4 mL/L,
75% RDN + 2 NU sprays @ 6 mL/L, 50% RDN + 2 NU sprays @6 mL/L, 75% RDN + 2 sprays of 2% urea, 50%
RDN + 2 sprays of 2% urea and control. Application of 100% recommended dose of nitrogen through urea in fod-
der oat enhanced green and dry fodder yield by 13.6, 12.5 and 14.4% and 6.7, 4.3 and 8.9% compared to 75%
recommended dose of nitrogen along with 2 sprays of nano-urea at 4 mL/L, 75% recommended dose of nitrogen
along with 2 sprays of nano-urea at 6 mL/L and 75% recommended dose of nitrogen along with 2 sprays of 2%
urea, respectively. Net return and B:C ratio also decreased significantly when 75% recommended dose of nitrogen
along with 2 sprays of either nano-urea (at 4 or 6 mL/L) or urea (2%) was applied compared to RDN.
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Agriculture sector is a major contributor to India’s
economy, and livestock plays a vital role within it. In India,
agriculture and animal husbandry are deeply intercon-
nected with the country’s economic, cultural, and religious
systems. Mixed farming and livestock rearing are funda-
mental aspects of rural life. These activities help enhance
income and provide employment, making them effective
tools to reduce rural poverty. This is especially important in
arid and semi-arid regions of India, where crop cultivation
is limited.

A steady supply of high-quality green fodder is essential
to meet the nutritional needs of livestock and improve the
overall performance of the sector. However, only 4% of
India’s cultivable land is dedicated to growing livestock
feed. As a result, the country is currently facing a net short-
age of green fodder by 35.6% (Singh et al., 2022). To ad-
dress this gap, it is important to increase the productivity of
forage crops. This will help boost the supply of green fod-
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der, reduce feeding costs, and ultimately improve profit-
ability.

Oats (Avena sativa L.) also known as Jai in hindi have
outstanding growth, quick regrowth and high nutritional
value for milch and draught livestock and they can help to
close the gap between supply and demand for green forage
in the winter season. The cool climate of northern India
makes oats an acceptable winter cereal fodder crop which
is slowly spreading to the eastern zone of India also.
Among nutrients, nitrogen has a prominent effect in in-
creasing crop productivity. One of the main causes of the
low yield and poor quality of fodder oats is the deficiency
of nitrogen in the majority of Indian soils. Applying the
right dose and using the appropriate source of nitrogen can
significantly improve the yield and nutritional quality of
fodder oat. However, using excessive or haphazard
amounts of nitrogen can harm soil health. It can also lead
to the buildup of nitrate nitrogen in the fodder, which is
toxic to animals. After nitrogen fertilizers are applied to the
soil, they undergo several transformation processes such as
immobilization, nitrification, denitrification, and volatiliza-
tion (Yadav et al., 2023). These processes reduce nitrogen
use efficiency. Additionally, nitrogen use efficiency further
declines due to the leaching of nitrogen compounds into
the soil. To overcome these problems, a new approach is
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introduced to supply nutrients through nano-particles to
ensure the sustainability and safety of the production sys-
tem (Dasgupta et al., 2017). These, nano particles, have a
high availability and absorption capability due to their in-
creased surface area to volume size ratio and nano size.
Furthermore, decreasing a material to the nanoscale alters
its physicochemical properties in comparison to a similar
substance at bigger sizes (Peters et al., 2016). Hence, the
nano-fertilizer application is gaining popularity due to its
high efficiency and low bulkiness. Nano-urea contains 4%
w/v nitrogen as encapsulated nitrogen analogues or forms
embedded on an organic matrix (IFFCO). Nano-urea is
small sized particle (20—50 nm) and has more surface area
and number of particles per unit area than conventional
urea. The advantages of nano fertilizer include a threefold
enhancement in nutrient use efficiency, 55—60 times de-
crease in the need for chemical fertilizer, 10—12 times
greater crop stress tolerance, 30-35% greater nutrient mo-
bilization by plants and 18-54% increase in crop produc-
tion (Rathore et al., 2022). A meager work has been done
on nano-urea particularly for forage cereal crops in general
and fodder oat in particular. Therefore, keeping these
things in mind, the current field experiment was carried out
to study the relative performance of foliar applied prilled
urea and nano-urea in single cut fodder oat.

The field experiment was carried out during the Rabi
season of the year 202223 at the Forage Research Block
of Cattle Farm, APRI, Dr. Rajendra Prasad Central Agricul-
tural University, Pusa, Samastipur, Bihar. The site is situ-
ated on the edge of the Budhi Gandak river and is located
in the sub-tropical zone of the Indo-Gangetic plains (lati
tude of 25°98’ N, longitude of 85°68” E) at a height of 63.9
metre above mean sea level (MSL). The region experiences
humid weather and receives an annual average of 1200 mm
of precipitation. During winter season, temperatures are
very chilly, but summer time temperatures are scorching,
dry and humid. The experiment was laid out in a random-
ized block design with ten treatments replicated three
times. The variety used for the experiment was RO 11-1.
The treatments included 100% nitrogen through urea
(RDN), 75% RDN + 2 NU sprays @ 2 mL/L, 50% RDN +
2 NU sprays @ 2 mL/L, 75% RDN + 2 NU sprays @ 4
mL/L, 50% RDN + 2 NU sprays @ 4 mL/L, 75% RDN +
2 NU sprays @ 6 mL/L, 50% RDN + 2 NU sprays @6 mL/
L, 75% RDN + 2 sprays of 2% urea, 50% RDN + 2 sprays
of 2% urea and control. Recommended fertilizer dose used
in the experiment was 100: 60: 40 kg/ha of N: P: K was
applied. Only full dose of phosphorus and potassium was
applied in control plot. The full recommended dose of
phosphorus and potassium was applied at the time of sow-
ing while half dose of nitrogen was applied at the time of
sowing as basal and remaining 50% RDN was equally ap-
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plied at 25 and 45 days after sowing (DAS) as per treat-
ment. Foliar application of nano-urea and urea applications
were done at 25 and 45 DAS as per treatment. The crop
was manually harvested at 50% flowering stage. The green
fodder yield from each plot was measured in electronic
weighing machine. Moreover, a500 g fresh plant sample
was dried in hot-air oven until a constant weight was
achieved in order to calculate the dry matter fraction for
determining dry fodder yield. Production efficiency in
terms of green and dry fodder yield was determined by di-
viding green and dry fodder yield with days taken to 50%
flowering (days to harvest) (Prajapati et al., 2023). The
dried plant samples were also used to evaluate its N con-
tent. Crude protein (CP) content was calculated by multi-
plying N content with 6.25 (Nanda and Nilanjaya, 2022).
Crude protein yield was calculated by multiplying CP con-
tent with dry fodder yield. P and K contents of fodder
sample were determined and multiplied with dry fodder
yield to get nutrient uptake. Production economics was
calculated based on cost of inputs and price of output as
per prevailed market price. The data were subjected Analy-
sis of Variance (ANOVA) technique as given by Gomez
and Gomez (1984) and for comparison of treatment means,
least significant difference (LSD) was calculated at 5%
level of significance.

Green fodder and dry fodder yield and their production
efficiency were significantly affected by the different treat-
ments (Table 1). Highest green and dry fodder yield (35.99
and 8.93 t/ha) was achieved with application of 100% rec-
ommended dose of nitrogen through urea (RDN) which
was at par with 75% RDN + 2 NU sprays @ 6 mL/L (31.98
and 8.56 t/ha), 75% RDN + 2 NU spray @ 4 mL/L (31.67
and 8.37 t/ha), 75% RDN + 2 sprays of 2% urea (31.46 and
8.20 t/ha). On the other hand, lowest green and dry fodder
yield was recorded in control plot (19.80 and 3.93 t/ha).
Application of 100% recommended dose of nitrogen
through urea in fodder oat enhanced green and dry fodder
yield by 13.6, 12.5 and 14.4% and 6.7, 4.3 and 8.9% com-
pared to 75% recommended dose of nitrogen along with 2
sprays of nano-urea at 4 mL/L, 75% recommended dose of
nitrogen along with 2 sprays of nano-urea at 6 mL/L and
75% recommended dose of nitrogen along with 2 sprays of
2% urea, respectively. Higher nitrogen availability in soil
with 100% RDN through urea might have increased the
growth attributes like height of the plant, tiller count per
meter row length and accumulated dry matter resulting in
higher green and dry fodder yield. Comparable green and
dry fodder yields with foliar application of nano-urea (4
and 6 ml/L) and urea (2%) in combination with 75% RDN
was attributed to its quick absorption by the plants and its
efficient movement within the plant’s system which facili-
tated better rates of photosynthesis leading to a higher yield
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o of green and dry fodder compared to control. Saklani et al.
Bl 2 N R - (2022) and Rajesh et al. (2022) also observed reduced
g~ - -T T green and dry fodder yield when 25% RDN was replaced
by nano-urea. The production efficiency depends on the
. L — A n o o oo yield and days to maturity. The production efﬁgiency of
33 £ =SSR EEEZRLIT e GFY and DFY was the highest in treatment with 100%
g X223 TS RDN through urea which was at par with 75% RDF + 2
NU spray @ 6 mL/L, 75% RDF + 2 NU spray @ 4 mL/L
5 and 75% RDF + 2 sprays of 2% urea. The least value was
S| g2€= S REEsEIELEE : : : :
5| 8328 23288388853 ¢ recorded in control plot. The increase in production effi-
3 Ot 1 RIFSIATCETLE S ciency by 100% RDN through urea was due to higher
% green and dry fodder yield recorded in this treatment.
8|« & M6 o6 o6 e e o Crude protein content in forages are important quality
g 2 S 2 Ana T EERE =S parameters. Different treatments caused significant varia-
E|SEY |88 8888a8384 tion in crude protein content and yield. The crude protein
ot ° content was found to be the highest in T, (6.13%) followed
=} .
= by T, (6.05%) and lowest value was recorded in control
3] — 2
—§ "§ 'é 3;) é SIRIITLEREEH = treatment. The crude protein yield was found to be the
% CEg>»T|e oo e e e highest in T, (0.57 t/ha) which was statistically at par with
g T, (0.53 t/ha), T, (0.50 t/ha) and T, (0.48 t/ha). The lowest
% . value was recorded in control treatment. The higher yield
A '%) g é N8RS T L2BEQ of crude protein in T, is due to the fact that 100% RDN
'—é CEg 7|0 vewnnwwiownwno through urea had higher dry matter yield might be due to
= higher nitrogen absorption (Table 1). Similar findings were
é 5% _ % also reported by Saklani et al. (2023) and Sarkar et al.
31 852|2388858885 8¢ (2022).
5|8 28 S| °ee eSS eeS Nitrogen management practices caused significant
2|~ v variation in production economics (Table 1). The cost of
H RS = cultivation was the highest in 75% RDF + 2 NU spray @
Qﬁ § % E§ X o TS RTHRLS Y 6 mL/L (T7) 339,806/ha) while the lowest cost of cultiva-
e TE2C %’ SosSs oSS s S oS o tion was observed in control treatment (T1) (332,574/ha).
2~ = _ Two sprays of 2% urea (T,) and nano-urea at 4 mL/L (T,)
£ S and 6 mL/L (T.) along with 75% RDN incurred 1.8, 12.8
£ > 8 TEleegesaeasgee Y and 18.6% higher cost compared to 100% RDN (T,). Gross
g a3 R IR RV VR B IS B § return reduced by 12.6, 12.0, 11.0% with two sprays of 2%
g ) urea (T,) and nano-urea at 4 mL/L (T,) and 6 mL/L (T,)
o) .i. along with 75% RDN compared to 100% RDN (T,). Simi-
=4 5 5 2E 8835265 TR LY -3 larly, the net return and B:C ratio reduced by 25.1 and
5135 BEE |28 RIS/ aSY|g 14.0%, 33.7 and 22.0% and 37.1 and 24.8%, respectively
2 g when two sprays of 2% urea (T,) and nano-urea at 4 mL/
g S L (T,) and 6 mL/L (T.) along with 75% RDN was applied
% 5] § 5] § 5] § go compared to 100%. RDN (T,). Higher gross re.:turns, net
£ SEEEEE . 5 returns and B:C ratio with 100% RDN was attributed due
E 9P & g 20? to higher green fodder yield and lower cost of cultivation
E 5225222 % % 5 z than through 75% RDN in combination with two sprays of
g &2 g8 a8 £ B g nano-urea at 4 or 6 mL/L. Our findings confirm the find-
5 o222 S ings of Saklani et al. (2022) who reported application of
= zzzzzz3ad |3 : :
i R A A 2 § 75% RDN along with 2 sprays of nano-urea after first and
E" _ = 2 E E E E E E E 2 < S second cut leads to 8.2, 12.3 and 9.5% reduction in gross,
~1 5 = § é g é g é g g =2 net return and B:C ratio compared to 100% RDN in case of
< % 2202020 ?1 8 § fodder oat and Rajesh et al. (2022) found 75% RDN along
Sl & Sl L L P P L St with 25% RDN through nano-N resulted in 2.7, 3.8 and
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Fig. 1. Effect of different treatments on nutrient content and uptake by fodder oat. Error bars indicate LSD value (p<0.05). CK—control,
RDN-100% recommended dose of nitrogen through urea (RDN), 0.75 RDN + NU 2 mL/L-75% RDN + 2 NU sprays @ 2 ml/L, 0.50
RDN + NU 2mL/L-50% RDN + 2 NU sprays @ 2 ml/L, 0.75 RDN + NU 4 mL/L-75% RDN + 2 NU sprays @ 4 ml/L, 0.50RDN+NU
4 mL/L-50% RDN + 2 NU sprays @ 4 ml/L, 0.75 RDN + NU6 mL/L-75% RDN + 2 NU sprays @ 6 ml/L, 0.50 RDN + NU 6 mL/L-
50% RDN + 2 NU sprays @ 6 ml/L, 0.75 RDN + U2%-75% RDN + 2 sprays of 2% urea, 0.50 RDN + U 2%-50% RDN + 2 sprays of

2% urea

4.0% reduction in gross, net return and B:C ratio compared
to 100% RDN in case of fodder oat.

Nitrogen management practices caused significant
variation in N, P and K content and their uptake (Fig. 1). N,
P and K contents were the highest in 75% RDN + 2 NU
sprays @ 6 mL/L (T,) which was at par with 100% RDN
through urea and 75% RDN + 2 NU sprays @ 4 mL/L.
However, for N content, 75% RDN along with 2 NU
sprays @ 4 and 6mL/L and 2 sprays of 2% urea and 100%
RDN through urea were comparable. The N, P and K up-
take was found maximum with 100% RDN through urea
(86.6 kg/ha, 20.0 kg/ha and 160.2 kg/ha, respectively)
which was comparable to T, (84.0 kg/ha, 19.7 kg/ha and
154.8 kg/ha, respectively). The increase in nutrient uptake
with 100% RDN through urea was due to higher dry fod-
der yield resulting in more uptake of nutrients. Nitrogen
fertilization significantly increased the dry matter yield and
nitrogen content that might be the main cause of enhanced
nitrogen uptake for 100% RDN through urea. Increased N
application leads to enhanced root length and root biomass

(Fan et al., 2010) and this enhanced root growth might
have promoted substantial nutrient extraction from soil.
Higher N, P and K uptake in 100% RDN through urea than
75% RDN through urea and 25% through nano-urea than
100% RDN through urea supports than findings of Rajesh
et al. (2022).

Based on the results, it can be concluded that applica-
tion of 100% recommended dose of nitrogen through urea
in fodder oat achieved the maximum green and dry fodder
yield which was at par with 75% recommended dose of
nitrogen along with 2 sprays of nano-urea at 4 mL/L, 75%
recommended dose of nitrogen along with 2 sprays of
nano-urea at 6 mL/L and 75% recommended dose of nitro-
gen along with 2 sprays of 2% urea. However, net return
and B:C ratio decreased significantly when 75% -recom-
mended dose of nitrogen along with 2 sprays of either
nano-urea (at 4 or 6 mL/L) or urea (2%) was applied which
is due to fertilizer subsidy. Hence, application of 100%
RDN i.e. 100 kg N/ha through urea should be recom-
mended to farmers for profitable fodder oat cultivation.
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