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ABSTRACT

Foliar application can be used along with the soil application of fertilizers to enhance the yield and quality
of crops for a sustainable approach to nutrient management. In this context, a field experiment was conducted
with green gram (cv: NVL-516) in anacidic soil of the Agricultural Research Farm, Siksha ‘O’ Anusandhan,
Bhubaneswar with the objective to study the impact of combined soil and foliar application of nutrients on
yield and protein content of summer green gram in Odisha. The experiment was laid out in a Randomized
Block Design with three replications and eight treatments consisting of recommended dose of Nitrogen,
Phosphorous, Potassium and Sulphur (NPKS) along with foliar application of 2% urea, diammonium
phosphate (DAP), KCl, N: P: K (19:19:19) and 1%KNO3 and control.Foliar application was done two times
at 30 and 45 DAS. The highest yield (1582 kg ha-1) was recorded in treatment where 1%KNO3 was applied
as foliar spray along with the recommended dose of NPKS and was at par with 2%DAP(1574 kg ha-1). The
protein content of seeds was found highest in treatment with foliar application of urea (22.6%) followed by
KNO3(22.4%), N: P: K (19:19:19) (22.4%) and  DAP(22.1%). The protein content strongly correlated with the
N concentration of seeds.
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Introduction

Green gram occupies a unique position in various
farming systems as main, catch, cover, green ma-
nure, intercrop and mix crop. It is the third most
important pulse crop in India. India contributes
more than 70% of the world’s green gram produc-
tion Despite having importance in our daily diet and
in agricultural production, productivity of this crop
is very low in India. The low productivity of this

crop is due to wide gap in adoption of recom-
mended green gram production technology, im-
proper fertilizer management, unavailability of
healthy seeds, high cost of seeds, fertilizers and pes-
ticides, high labour wage and non-remunerative
price (Das, 2017 and Paradva et al., 2019). Applica-
tion of native rhizobia strains to pulses also en-
hances the nutrient availability by influencing mi-
crobial properties at root rhizosphere (Sethi et al.,
2019a) and also protects from drought stress by pro-
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ducing exopolysaccharides (Sethi et al., 2019b)
Nutrients play a pivotal role in overcoming yield

stagnation in pulses (Chandrasekhar and
Bangarusamy, 2003). Alongwith nitrogen, phospho-
rous and potassium, sulphur application is very es-
sential to improve the yield of legumes as it influ-
ences the BNF (Das, 2017). Hence, balanced fertiliza-
tion is important to improve the yield of green gram.
Apart from balanced soil fertilization, foliar applica-
tion of fertilizers is also done for quick and efficient
utilization of nutrients (Manonmani and Srimathi,
2009). When fertilizer is applied through foliar ap-
plication, its use efficiency is increased many folds
and the ill effects of fertilizers on soil can be reduced
to a great extent.  Hence, a sustainable approach of
nutrient management is essential for the successful
cultivation of green gram following the norms of the
sustainable developmental goals (SDGs)  planned
by the UN in 2015. Considering the above facts, the
experiment is planned to study the effect of foliar
and soil application of fertilizers on yield and qual-
ity of green gram (Vigna radiata L.) in the east and
south eastern coastal plains of Odisha.

Materials and Methods

The field experiment was conducted during two
successive summer seasons of 2021 and 2022 with
greengram variety NVL-516 at the Instructional
farm, Institute of Agricultural Sciences, Siksha ‘O’
Anusandhan, Bhubaneswar, Odisha. The experi-
mental site was situated at 85.7617°E longitude and
20.2809°N latitude and comes under East and South
Eastern Coastal Plain Agro-climatic zone of the state
of Odisha, India. The climate is hot and humid with
a mean annual rainfall of 1467 mm. About 70% of
total rainfall is received from July to September. The
mean maximum and minimum temperatures were
33.2 0C and 21.4 0C, respectively. The experiment
was laid out in randomized block design (RBD) with
three replications and eight treatments. The treat-
ments were absolute control (no fertilizers), NPK
(basal), NPKS (basal), NPKS (basal) with two foliar
application of 2 % Urea, MOP (muriate of potash),
DAP (diammonium phosphate), KNO3 and N:P:K
(19:19:19) at pre-flowering stage. The recommended
dose of 20, 40 and 20 kg ha-1 of N, P2O5 and K2O re-
spectively in the form of urea, DAP and MOP along
with ZnSO4 (25 kg ha-1) was applied in all the treat-
ments at the time of sowing. The soil of the experi-
mental plot was sandy loam in texture, acidic (pH-

6.2) in soil reaction and non-saline (Electrical con-
ductivity-0.12 dSm-1). The soil was low in or-
ganic carbon (0.49%), available N (248 kg ha-1) sul-
phur (8.62 kg ha-1), medium in available phosphorus
(14.6 kg ha-1) and potassium (162 kg ha-1). Seeds
were treated withRhizobium culture before sowing
and sown in rows with 20 cm apart and 10 cm plant
to plant spacing. Regularly biometric observations
were recorded at specific time intervals by selecting
randomly ten plants in each treatment. The initial
soil sample at 0-15 cm depth was analysed for differ-
ent parameters by following standard methods
Nutrient availability and nutrient uptake were
analysed after harvest. Nitrogen was estimated by
Kjeldahl method and the results so obtained were
expressed as percent N concentration on dry weight
basis. Protein content was found by multiplying the
nitrogen concentration with Jones’ factors (6.25) to
the N concentration. Phosphorus concentration of
seedswas determined by
“Vanadomolybdophosphate” yellow colour method
and expressed as percent phosphorus concentration
on dry weight basis (Jackson, 1973). Potassium con-
tent of seed samples was estimated by Flame photo-
metric method (Jackson, 1973). Nutrient uptake of
individual nutrients (N, P and K) in seeds was esti-
mated as per the following formula (Sahoo et al.,
2022).

Nutrient Uptake (kg ha–1) = Dry mass (q ha–1) ×
Nutrient Concentration (%)

The data collected from field observation and re-
corded in the laboratory were subjected to statistical
analysis by standard analysis of variance tech-
niques.

Results and Discussion

Effect of foliar and soil application of fertilizers

Yield and biomass

The pooled analysis of results showed that the seed
yield was highest with foliar application of KNO3

(1599 kgha-1) which was at par with foliar applica-
tion of DAP (1590 kgha-1). Their yield was signifi-
cantly higher than rest of the treatments. The high-
est stover yield (2169 kg ha-1) as well as biomass
yield was also  found in the treatment with foliar ap-
plication of KNO3 (Table 1 and Fig. 1). The treatment
with no fertilizer had significantly the lowest seed
(746 kg ha-1), stover (1224 kgha-1) as well as biomass
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yield. The increment of yield in green gram by foliar
application of KNO3 was also reported by Vekaria et
al. (2013), Sridhar et al. (2020) and Jagtap et al. (2021).
Around 30% increase in yield was found with addi-
tional foliar application of KNO3 or DAP as com-
pared to only recommended basal dose of fertilizer
application. This might be due to the supply of nu-
trients through foliage during crop requirement and
efficient translocation of photosynthates from source
to sink.

N, P and K concentration and uptake of seed

The pooled analysis of results presented in Table 2
showed that the N concentration of seeds was high-
est (3.62%) in the treatment receiving foliar applica-
tion of urea, whereas the lowest (2.98) in control.
Maitlo et al. (2006) reported that foliar application of
urea significantly increased the nitrogen content
wheat grain as compared to soil application. The P
concentration varied significantly between 0.42%
(control) to 0.56% (NPKS+DAP). The K concentra-

tion varied significantly between 1.34% (control) to
1.61% (NPKS+MOP). As per recent reports, foliar
application of nutrients can be highly effective for
increasing the concentration and bioavailability of
the respective nutrients in the harvested product
(Mohapatra et al., 2017; Zou et al., 2012; Hao et al.,
2021).

The N uptake of green gram seeds varied signifi-
cantly between 22.25 kgha-1 (control) and 57.19 kg
ha-1 (NPKS+ KNO3). The P uptake was highest (8.86
kgha-1) in treatments with foliar application of DAP
(Table 2). However, it was at par with the treatments
with foliar application of KNO3 and NPK (19:19:19).
The K uptake varied significantly between 9.97
kgha-1 (control) to 25.40 kgha-1 (NPKS+ KNO3). In-
creased NPK uptake by green gram due to the foliar
application was observed by  Kuttimani and
Velayutham (2011).

Protein content of seed

The pooled data related to the influence of different

Fig. 1. Effect of foliar and soil application of fertilizers on biomass yield (pooled)

Table 1. Effect of foliar and soil application of fertilizers on yield of green gram (pooled)

Treatments Seed Yield Stover yield Harvest Index
(Kg ha-1)

T1 Control 746 1224 0.38
T2  NPK (RD) 1207 1965 0.38
T3  NPKS (RD) 1240 2006 0.38
T4  NPKS+ Urea 1355 2092 0.39
T5  NPKS+ DAP 1590 2134 0.43
T6  NPKS+ MOP 1440 2198 0.40
T7  NPKS+ KNO3 1599 2169 0.42
T8  NPKS+ NPK (19:19:19) 1475 2085 0.41
SE(m)+ 39.44 58.48 0.01
CD(0.05) 118.23 175.30 0.04
CV(%) 5.14 5.11 5.28
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*Cap over each bar indicates standard error
Fig. 2. Effect of foliar and soil application of fertilizers on seed crude protein (%)

Table 2. Effect of foliar and soil application of fertilizers on N, P and K concentration and uptake of green gram seeds
(pooled)

Treatments N P K N P K
Concentration (%) Uptake (kg ha-1)

T1 Control 2.98 0.42 1.34 22.25 3.16 9.97
T2 NPK (RD) 3.40 0.51 1.48 40.93 6.30 17.98
T3 NPKS (RD) 3.53 0.52 1.49 43.60 6.43 18.53
T4 NPKS+ Urea 3.62 0.51 1.55 49.00 6.88 21.02
T5 NPKS+ DAP 3.54 0.56 1.51 56.16 8.86 24.10
T6 NPKS+ MOP 3.55 0.50 1.61 51.02 7.26 23.32
T7 NPKS+ KNO3 3.58 0.52 1.59 57.19 8.32 25.40
T8  NPKS+ NPK (19:19:19) 3.58 0.55 1.59 52.70 8.08 23.44
SE(m)+ 0.09 0.03 0.09 1.59 0.47 1.35
CD(0.05) 0.28 0.1 0.26 4.77 1.42 4.05
CV(%) 4.55 11.73 9.85 5.92 11.84 12.16

packages in crude protein content of green gram
seed has been presented in Fig. 2. The crude protein
of green gram seed varied between 18.6 % and 22.6
%. The highest was estimated in NPKS+ Urea (22.6
%) followed by NPKS+KNO3 and NPKS+NPK
(19:19:19) (22.4 %), NPKS+MOP (22.2 %),
NPKS+DAP (22.1%), NPKS (22.0 %), NPK (21.2 %)
and lowest was in control (18.6 %). There was an
enchantment of 14-22 % protein in nutrient manage-
ment packages over control.  The nutrient applica-
tion to both foliar and soil increased by 0.5-2.7%
crude protein over NPKS soil application. The pro-
tein content of greengram seeds strongly correlated
with the N concentration (Fig. 3). Similar findings
were also reported by  Maitlo et al. (2006).

Conclusion

The results obtained in the study indicated that inte-
grated soil and foliar application of fertilizer is bet-

Fig. 3. Correlation of protein content(%) of seeds with N
concentration (%) of seeds
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ter than soil application alone. Potassic fertilizers
especially KNO3 is highly beneficial for increasing
yield and quality of crop. Foliar application of 1%
KNO3at pre flowering along with soil application of
recommended basal dose of N, P, K and S can be a
better nutrient mangement option to enhance the
yield and protein content of green gram in summer
season.
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