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ABSTRACT

The field experiment was conducted at Zonal Agricultural Research Station,
Vishweshwaraiah Canal farm, Mandya during rabi 2022 & 2023 with an
objective of identifying optimum concentrations of Nano urea for obtaining
maximum growth, yield and quality in fodder oat under irrigated situation. The
experiment consisted of ten treatments, which was laid out in randomized block
design with three replications. The treatments included were T : Control (without
N, only P & K), T,: 100 per cent recommended dose of fertilizers (100:40:30 NPK
kg/ha- 50% N as basal +25% N at 20 DAS + 25% N at 40 DAS), T.: 75 per cent
recommended dose of N + nano urea @ 0.2 per cent spray twice @ 20 & 40 DAS,
T,: 50 per cent recommended dose of N + nano urea @ 0.2 per cent of spray applied
twice at 20 & 40 DAS, T.: 75 per cent recommended dose of N + nano urea @ 0.4
per cent foliar spray applied twice at 20 & 40 DAS, T: 50 per cent recommended
dose of N +nano urea @ 0.4 per cent @ 20 & 40 DAS, T_: 75 per cent recommended
dose of N +nano urea @ 0.6% @ 20 & 40 DAS, T,: 50 per cent recommended dose of
N +nano urea @ 0.6 per cent of spray @ 20 & 40 DAS, T,: 75 per cent recommended
dose of N + normal urea (2% spray) twice @ 20 & 40 DAS, T, : 50 per cent
recommended dose of N + normal urea (2% spray) twice @ 20 & 40 DAS. The pooled
data revealed that, application of 100 per cent recommended dose of nitrogen
recorded significantly higher plant height (148.8 cm), leaf stem ratio (0.52), green
forage (338.7 q ha'), dry matter (77.5 q ha') and crude protein yield ( 3.59 q ha™').
Similarly, higher gross returns, net returns and benefit cost ratio was also recorded
with application of 100 per cent recommended dose of fertilizer (76214 Rs. ha', 49950
Rs. ha'and 2.90, respectively).

Keywords : Fodder oat, Nano urea, Green fodder yield, Dry matter yield, Crude protein yield

OAT (Avena sativa L.) is a winter season fodder
crop which can be grown in areas with limited
irrigation facilities. It is short duration and known to
produce high green biomass with rich nutritive forages
(Shekara et al., 2019). There is a possibility of
utilizing the re-growth and its yield potential both for
forage and seed production production making it a
dual purpose crop. Apart from development of high
yielding varieties, adequate nutrition plays a major
role in getting higher biomass and quality.

The majority of nano-fertilizers are either synthetic
or altered versions of conventional fertilizers, raw
fertilizer components or botanical, microbial or animal
extracts (Husen and Igbal, 2019). Nano fertilizers
slowly release nutrients throughout the growth
period of the crop, allowing plants to absorb
nutrients efficiently without experiencing losses like
leaching, volatilization, fixation etc. (Guru
et al., 2015). Plants can absorb nano fertilizers easily
due to their high surface area to volume ratio
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(Al-Juthery and Saadoun., 2018). Compared to
conventional fertilizer application, nano fertilizers
reduce nutrient loss, resulting in 20-30 per cent
higher use efficiency (Kumar et al., 2020a and Kumar
et al., 2020b). Nano particles or nano encapsulated
nutrients have the properties to release nutrients
effectively on demand that regulate plant growth and
enhance activity (Derosa et al., 2010). Foliar
application of nano fertilizers might boost nutrient
production and improve plant nutrition when
compared to regular fertilizers. The usage of nano
fertilizers extends the time and rate of elements
released in the plant system, allowing it to match
plant nutritional requirements (Kumar et al., 2021).
The plant can absorb the maximum amount of
nutrients resulting in an increase in crop yield.
Keeping these things in view, the present
investigation was undertaken to know the different
concentration of nano urea on growth, green forage
yield and quality in fodder oat.

MATERIAL AND METHODS

The present investigation was carried out at Zonal
Agricultural Research Station, Vishweshwaraiah
Canal Farm, Mandya, during rabi 2022 & 2023 with
an objective of identifying optimum concentrations
of Nano urea on growth, yield and quality of fodder
oat under irrigated situation. The experimental site is
situated in the Southern Dry Zone (ACZ-VI) in
Karnataka and is 695 meters above mean sea level.
It is positioned between 12° 45' and 13° 57' North
latitude and 76° 45' and 78° 24' East longitude. The
soil is sandy loam in texture at the experimental
location and has a neutral soil reaction of 7.13, low
organic carbon (0.43%), medium levels of accessible
phosphorus (46.3 kg/ha), potassium (159.0 kg/ha) and
low levels in available nitrogen (243.0 kg/ha).

The ten treatments combinations, viz., T : Control
(without N, only P & K), T,: recommended dose of
fertilizers (100:40:30 NPK kg/ha- 50% N as Basal
+25% N at 25 DAS + 25% 45 DAS, T,: 75%
recommended dose of N + Nano urea @ 0.2% foliar
spray twice @ 25 & 45 DAS, T,: 50% recommended
dose of N + nano urea @ 0.2% foliar spray twice @
25 & 45 DAS, T.: 75% recommended dose of N +

nano urea @ 0.4% spray twice @, 25 & 45 DAS, T,: 50
% recommended dose of N + Nano urea @ 0.4% spray
@ 25 & 45 DAS, T.: 75% recommended dose of N +
nano urea @ 0.6% spray applied twice @ 25 & 45
DAS, T,: 50% recommended dose of N + nano urea
@ 0.6% spray @ 20 & 40 DAS, T;: 75%
recommended dose of N + Urea (2% spray) @ 20
& 40 DAS, T, : 50% recommended dose of N + Urea
(2% spray) @ 25 & 45 DAS. Two sprays of Nano
urea (4% nitrogen) and normal urea (46% nitrogen)
were done at 25 and 45 days after sowing, with a spray
solution of 500 liters of water per hectare. The
recommended dose of nitrogen was applied in three
splits (50% at basal, 25% at 25 days and remaining
25% at 45 days after sowing). The treatments were
replicated thrice in Randomized complete block
design. The well known fodder oat variety RO-11-1
was sown during 3" week of October at a row spacing
of 25 cm. The cultural operations and other production
practices were followed as per local recommendations.
The crop was harvested when crop attained 50 per
cent of flowering and the known quantity random
sample green fodder was obtained from each plot
at the time of harvest for the purpose of analyzing the
quality of the fodder. These samples were dried in
the sun for a few hours and then heated to 70+2 °C
thermostatically controlled electric oven until they
reached a constant weight. The known quantity of
powdered samples was collected in order to analyze
the nitrogen content of the plant using the
micro-Kjeldahl method (Jackson, 1973) and other
quality parameters. The yield of green fodder was
converted into a dry matter yield (q/ha) based on the
dry matter content of the samples; the same samples
were also used to determine the yield and content of
crude protein (A.O.A.C., 1965). The experimental data
obtained were subjected to statistical analysis
adopting Fisher’s method of analysis of variance
as outlined by Gomez and Gomez, 1984. Overall
differences were tested by ‘F’ test at 5 per cent level
of significance. In Case if signidicant results, critical
difference (CD) at 5 per cent level of probability was
calculated for testing the difference between the two
treatment means. The economics was worked out with
prevailing market price.
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TaBLE 1

Growth parameters of fodder oat as influenced by nano-urea

Plant height (cm) Leaf Stem Ratio
Treatments
2022 2023 Mean 2022 2023  Mean
T1 : Control (without N) 98.6 104.6 101.6 0.41 0.36 0.38
T2 : RDF (Recommended dose of fertilizers) (N:P:K @100:40:30 kg/ha) 140.0 157.6 148.8 0.43 0.62 0.52
T3 : 75 % recommended dose of N + Nano urea @ 0.2 % spray 136.9 141.4 139.1 0.37 0.43 0.40
T4 : 50 % recommended dose of N + Nano urea @ 0.2 % spray 123.6 117.0 120.3 0.34 0.38 0.36
TS5 : 75 % recommended dose of N + Nano urea @ 0.4 % spray 128.3 140.8 134.5 0.35 0.47 0.41
T6 : 50 % recommended dose of N + Nano urea @ 0.4 % spray 130.3 126.2 128.3 0.36 0.45 0.40
T7 : 75 % recommended dose of N + Nano urea @ 0.6 % spray 138.3 144.6 141.5 0.37 0.53 0.45
T8 : 50 % recommended dose of N + Nano urea @ 0.6 % spray 123.8 134.4 129.1 0.42 0.45 0.45
T9 : 75 % recommended dose of N + Urea (2 % spray) 138.0 143.5 140.8 0.38 0.58 0.48
T10 : 50 % recommended dose of N + Urea (2 % spray) 127.3 138.6 133.3 0.47 0.46 0.46
S. Em+ 5.63 4.61 3.62 0.02 0.02 0.013
C.Dat 5% 16.84 13.81 14.75 0.05 0.53 0.04

Note : RDF = Recommended dose of fertilizers; Nano urea and urea was sprayed at 25 and 45 days after sowing and recommended
dose of P and K is common for all treatments; Application of recommended dose of nitrogen in two splits (50% N as basal and
25% at 25 days after sowing and remaining 25% at 45 days after sowing)

RESULTS AND DISCUSSION

Growth Parameters : The mean plant height recorded
at harvest was significantly influenced by varied
nitrogen levels (Table 1). The significantly higher
mean plant height was recorded with application
of 100 per cent recommended dose of nitrogen
(148.8cm). The control i.e., without nitrogen
application recorded significantly lower plant height
(101.6 cm). This may be attributed to application of
more nutrients during early vegetative and crop
development stages, which led to maximum plant
height. Apart from this nitrogen plays a pivotal role
in photosynthetic activity and protein synthesis which
might promote cell division and cell elongation
that in turn accelerate vegetative growth. This is in
conformity with the findings of Bhilare & Joshi,
2008; Rana et al. (2013); Somashekar et al. (2015);
Lahri et al. (2021) and Navya et al. (2022).

The mean leaf stem ratio was significantly higher
with application of 100 per cent recommended dose
ofnitrogen (0.52). Whereas, lower leaf stem ratio was
recorded with no nitrogen application (0.38). It is

mainly due to rapid expansion of dark green foliage
which intercept more solar radiation for the production
of photosynthates, which resulting in higher
meristematic activity and nitrogen also influence
on productivity of more functional leaves for a longer
period of time. Similar results were reported by
Kumawat et al. (2016); Vimal et al. (2017) and
Lagad et al. (2020).

Yield Parameters : Application of 100 per cent
recommended dose of fertilizers recorded higher
green forage yield (338.7 g/ha), which was on par
with application of 75 per cent recommended nitrogen
with normal urea 2 per cent spray and nano urea @
0.6 per cent spray twice at 25 and 45 days after sowing
(322.3 qand 306.4 q ha'', respectively) (Table 2). The
no nitrogen treatment (control), recorded significantly
lower mean green fodder yield (210.8 q ha'). The nano
urea applied treatment recorded lower yield as
compare to normal urea due to low nitrogen content
in nano urea and it is not sufficient meet out the
requirement of the crop. This is mainly due to nitrogen
plays a pivotal role in metabolic process in plants
such as cell division and expansion, enzymatic
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TABLE 2

Yield parameters of fodder oat as influenced by nano-urea

Green Forage Yield (q ha') Dry Matter Yield (q ha')

Treatments
2022 2023 Mean 2022 2023  Mean

T1 :Control (without N) 171.7 249.8 210.8 33.8 47.0 40.4
T2 :RDF (Recommended dose of fertilizers) (N:P:K @100:40:30 kg/ha)299.8 377.7 338.7 66.4 88.7 77.5
T3 :75 % recommended dose of N + Nano urea @ 0.2 % spray 251.3 304.7 278.0 51.5 62.5 57.0
T4 :50 % recommended dose of N + Nano urea @ 0.2 % spray 213.6 276.1 244.9 45.2 543 49.8
TS5 :75 % recommended dose of N + Nano urea @ 0.4 % spray 269.4 299.4 284.4 52.7 64.6 58.7
T6 :50 % recommended dose of N + Nano urea @ 0.4 % spray 218.6 288.8 253.7 43.0 62.5 52.7
T7 :75 % recommended dose of N + Nano urea @ 0.6 % spray 277.5 3354 306.4 56.3 76.4 66.4
T8 :50 % recommended dose of N + Nano urea @ 0.6 % spray 226.8 298.8 262.8 44.9 62.7 53.8
T9 :75 % recommended dose of N + Urea (2 % spray) 285.8 358.7 3223 62.4 83.0 72.7
T10 : 50 % recommended dose of N + Urea (2 % spray) 245.0 307.8 276.4 47.6 69.4 58.5

S.Em+ 14.2 16.7 9.7 4.6 3.8 24

C.Dat 5% 42.5 49.9 29.05 13.8 11.4 7.19
Note : RDF = Recommended dose of fertilizers; -Nano urea and urea was sprayed at 25 and 45 days after sowing and recommended

dose of P and K is common for all treatments;Application of recommended dose of nitrogen in two splits (50% N as basal and
25% at 25 days after sowing and remaining 25% at 45 days after sowing)

activity, photosynthetic efficiency, meristematic
activity which led to better vegetative growth which
is evidenced by higher plant height and leaf stem
ratio and in turn resulted higher green biomass
production. The findings of Patel et al. (2007); Singh
& Sumeria (2010); Dubey et al. (2013); Bhoya et al.
(2013) and Meena et al. (2021) also confirmed the
same results. The highest forage yield with nano urea
was confirmed with the findings of Abdel (2018);
Naveena et al. (2021a) and Shekara et al. (2022).

Application of recommended dose of fertilizer
recorded significantly higher dry matter yield on
pooled basis (77.5 q ha'), which was on par with
application of 75 per cent recommended nitrogen
along with normal urea 2 per cent spray twice at 25
and 45 days after sowing (72.7 q ha!) (Table 2). The
no-nitrogen treatment (control) recorded significantly
lower dry matter yield (40.4 q ha'), The increased
dry matter yield might be due to enhanced crop growth
and photosynthetic activity which led to better supply
of carbohydrates, better partitioning of photosynthates
and higher accumulation of nutrients ultimately

resulted in higher dry matter content and green
biomass yield, which led to higher dry matter yield.
The similar findings were reported by Singh
et al. (2012); Meena et al. (2021); Naveena et al.
(2021b) and Theerthana et al. (2022).

The crude protein yield is one of the important quality
parameters and it was significantly influenced by
nitrogen levels. Application of 75 per cent
recommended nitrogen along with 2 per cent urea
spray twice at 25 and 45 days after sowing recorded
significantly higher yield (4.51 q ha!), whereas control
recorded lowest crude protein yield (2.05 qha). The
similar trend was noticed with total digestible crude
protein yield. This might be due to nitrogen which is
constituent of amino acids and regulates cellular
metabolism of amino acids and proteins that forms
biological catalysts of phosphorylated compounds
involved in energy transformation. Nitrogen is a
structural constituent of cell and cell wall, thus,
increasing the quality of fodder by improving the
protein content. Similar results were reported by
Shekara et al. (2015) and Meena et al. (2021).
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TABLE 4

Economics of fodder oat as influenced by nano-urea

B:C ratio

Net returns (Rs./ha)

Gross returns (Rs./ha)

Treatments

2023 Mean 2022 2023 Mean 2022 2023  Mean

2022

1.89
2.90
2.22
1.97
2.19
1.97
2.29
1.98
2.71
2.35

2.20
3.17
2.39
2.19
2.27
2.21

1.57
2.62
2.

22376

30670
58211
39858
33720
37661
35625
44845
36915
53502
42347

14083
41689
28846
20674
31920
20824
32813
21711
38085
29210

47419
76214
62552
55092
63990
57080
68949
59128
72506
62187

56213
84975
68558

38626

: Control (without N)

T1

49950
34352

: RDF (Recommended dose of fertilizers) (N:P:K @100:40:30 kg/ha)67453

T2

04

56546
48069
60620
49179
62433

: 75 % recommended dose of N + Nano urea @ 0.2 % spray

T3

5

1.7

27197
34790
28225

62115

: 50 % recommended dose of N + Nano urea @ 0.2 % spray

T4

2.11

67361

: 75 % recommended dose of N + Nano urea @ 0.4 % spray

T5

1.73

64980
75465

: 50 % recommended dose of N + Nano urea @ 0.4 % spray

T6

2.46
2.22
2.97
2.57

2.11
1.74
2.45
2.13

38829
29313
45793

: 75 % recommended dose of N + Nano urea @ 0.6 % spray

T7

67230
80715
69255

51026
64298

: 50 % recommended dose of N + Nano urea @ 0.6 % spray
: 75 % recommended dose of N + Urea (2 % spray)

T10 : 50 % recommended dose of N + Urea (2 % spray)

T8

T9

35779

55118

Note : Cost of nano urea- Rs.480/litre; Cost of Urea- Rs.5.62/kg; Selling price of green fodder — Rs.225 q!

The crude fiber yield was significantly influenced
by nitrogen levels and concentrations of nano urea
(Table 6). The 100 per cent recommended nitrogen
recorded significantly higher crude fiber yield (18.83
q haY. Whereas, no nitrogen treatment recorded lower
crude fiber yield (13.67 q ha!). The increase in crude
fiber yield with higher level of nutrients is mainly
due to higher dry matter production and crude fiber
content. Higher level of fertilizers application delay
the maturity particularly by nitrogen. Whereas, lower
dose of fertilizers application leads to forced
maturity with short life span of time and this might
be governing the phenomenon of fiber syntheses. This
is in agreement with the findings of Pathan
et al. (2012) and Singh ez al. (2012).

Economic analysis : The higher mean gross returns,
net returns and benefit cost ratio was recorded with
application of 100 per cent recommended dose of
fertilizer (Rs.76214 ha’!, Rs.49950 ha'and 2.90,
respectively) followed by application of 75 per cent
nitrogen along with normal urea 2 per cent spray twice
at25 & 45 days after sowing (Rs.72506 ha!, Rs.45793
ha' and 2.71, respectively). The no nitrogen treatment
recorded lower net returns (Rs.22376 ha') and BC
ratio (1.89). The increased net returns and B:C ratio
may be due to higher green forage yield with lower
cost of cultivation which resulted in higher gross and
net returns. Similar results were reported by
Yogendra et al. (2020), Mohammad (2021) and
Ajithkumar et al. (2021).

Based on the results it can be inferred that 100 per
cent recommended dose of fertilizers or 75 per cent
recommended nitrogen along with normal urea 2 per
cent spray or 0.6 per cent of nano urea twice at 25 and
45 days after sowing found viable and economical
for getting higher green forage yield and quality in
fodder oats under southern dry zone of Karnataka.

Acknowledgement : The authors are grateful to AICRP
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and University of Agricultural Sciences, Bangalore
for financial support and facilities for carryout
research work at Zonal Agricultural Research Station,
V. C. Farm, Mandya.
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