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Horsegram (Macrotyloma uniflorum), a vital leguminous crop known for its resilience
and nutritional value, faces yield limitations due to suboptimal nutrient management.
Integrated Nutrient Management (INM) has emerged as a key strategy to enhance
productivity and maintain soil health by combining organic, inorganic and biological
A. V. S. DURGAPRASAD inputs tailored to specific crop and soil needs. This study aims to evaluate the impact
Supervision and guidance of different INM practices on horsegram agronomic performance and soil properties
in Andhra Pradesh’s semi-arid conditions. This experiment was conducted at
Agricultural Research Station, Anantapuramu, Andhra Pradesh during 2023-24.
Experiment was conducted in randomized complete block design with three replications
and treatments combining organic amendments, mineral fertilizers and biofertilizers.
G A The results. demonstra%ted th.at INM practices significantly enhanced plant height, pod
SAHAIA DEVA and seed yield and soil nutrient content. Treatment T4 (50 % Recommended Dose of
Fertilizers + Rhizobium + Phosphorus Solubilizing Bacteria + 25% vermicompost)
showed the higher performance across multiple parameters, including yield, nutrient
uptake and economic returns. Economic returns were highest for treatment T4,
highlighting its profitability and efficiency in nutrient management. INM practices,
especially the combination of 50% RDF, Rhizobium, PSB and 25 per cent
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vermicompost, significantly enhanced horsegram productivity and soil health in terms
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of nutrients.
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ORSEGRAM (Macrotyloma wuniflorum), a producing states including Karnataka, Tamil Nadu,
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leguminous crop, is renowned for its resilience
in marginal environments and its nutritional value,
making it an essential food source in many parts of
Asia and Africa. Despite its importance, the potential
yield and sustainability of horsegram cultivation are
often constrained by suboptimal nutrient management
practices. Integrated Nutrient Management (INM) has
emerged as a promising strategy to enhance crop
productivity while maintaining soil health. INM
involves the judicious combination of organic,
inorganic and biological inputs tailored to specific
crop and soil requirements. Horsegram is
predominantly cultivated in India with major

Andhra Pradesh and Odisha. As of recent estimates,
horsegram is grown on approximately 1.2 million
hectares globally with India accounting for over 70
per cent of the total area. In Andhra Pradesh,
horsegram is cultivated on approximately 1,50,000
hectares. This region’s diverse agro-climatic
conditions support horsegram cultivation, particularly
in rainfed areas. Global production of horsegram is
estimated to be around 0.8 million metric tons with
India producing approximately 0.6 million metric tons
annually (Rai and Shivran, 2021). The annual
production of horsegram in Andhra Pradesh is around
90,000 metric tons.
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This substantial output highlights the crop’s
significance in the region’s agriculture. The average
productivity of horsegram varies significantly across
different regions. In India, the national average yield
is about 500-600 kg/ha. However, research and
improved agronomic practices have shown that yields
can potentially reach up to 900-1000 kg/ha under
optimal conditions. The average productivity of
horsegram in Andhra Pradesh is about 600 kg/ha.
However, with improved agronomic practices and the
adoption of INM, yields can potentially increase to
900-1000 kg/ha under optimal conditions. Long-term
studies indicate that INM practices contribute to
better soil health by increasing soil organic carbon
(SOC), enhancing microbial activity and improving
soil structure.

This study examines the effect of INM on the growth
and yield in horsegram cultivation. The primary
objective is to evaluate how different nutrient
management practices influences the agronomic
performance of horsegram and the underlying soil
properties. By integrating organic amendments with
mineral fertilizers and biofertilizers, this research aims
to provide insights into sustainable agricultural
practices that optimize resource use efficiency and
promote long-term soil fertility. Given the growing
interest in sustainable agriculture and the need to

improve food security, this study’s findings will
contribute to the broader understanding of nutrient
management in leguminous crops. It will also offer
practical recommendations for farmers and policy
makers aiming to enhance the productivity and
sustainability of horsegram farming systems.

MATERIAL AND METHODS

The field experiment was conducted at the
Agricultural Research Station (ARS) in
Anantapuramu, Andhra Pradesh, India during
2023-24 to evaluate the effect of different nutrient
management practices in Horsegram. The
geographical coordinates of the site are
approximately 14.68° N latitude and 77.60° E
longitude. The climate of Anantapuramu is semi-arid,
with hot summer and mild winter. The average annual
rainfall is around 550 mm, most of which is received
during the southwest monsoon season from June to
September. The rainfall is highly variable and often
insufficient to meet the crop water requirements,
making irrigation a critical component of agricultural
practices in this region. The region is characterized
by a semi-arid climate with scarce and erratic rainfall.
Meteorological data is presented in Fig. 1. The
average maximum temperature over the recorded
period was 32.95°C and the average minimum
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Fig. 1 : Weekly meteorological data recorded during the crop growth
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temperature was 20.12°C. The average morning
relative humidity was 83.08 per cent, while the
average evening relative humidity was 46.61 per cent.
The average wind speed was 7.50 kmph. The total
rainfall recorded was 284.8 mm over 19 rainy days.
The average sunshine hours per week were 6.13 hours,
and the average evaporation rate was 6.75 mm per
week.

The soil at the experimental site is classified as
red sandy loam. Prior to the commencement of the
study, soil samples were collected from the top 0-15
cm layer across the experimental plots. The samples
were air-dried, ground and passed through a 2 mm
sieve for analysis of physical and chemical properties.
The soil was analyzed for pH, electrical conductivity,
organic carbon, available nitrogen, phosphorus and
potassium using standard soil testing procedures.
Soils were slightly alkaline with pH of 7.97, EC of
0.07 with low organic carbon (0.09%), low nitrogen
(212.9 kg/ha), low phosphorus (12.7 kg/ha), medium
in potassium (294 kg/ha) and low micronutrients
(Copper-0.08 ppm, Manganese-0.59 ppm, iron-0.43
ppm and zinc-0.50 ppm).

Crop was sown during September, 2023 and harvested
during January, 2024. A randomized complete block
design (RCBD) with three replications was employed
for the study. The experimental plots measured 5 m x
4 m each. Treatments comprised of T : Control
(100% RDF), T,: 100% RDF + Foliar spray of urea
@ 2%, T,: 100% RDF + seed treatment with
Rizobium + PSB, T,: 100% RDF + seed treatment
with Rizobium + PSB + 2% urea spray, T: 100% RDF
+ seed treatment with Rizobium + PSB + 1% 19:19:19
spray, T,: 50% RDF + 2.5 t/ha FYM, T_: 50% RDF +
2.5 t/ha FYM+ 2% urea spray, T,: 50% RDF + 2.5 t/
ha FYM + 1% 19:19:19 spray. ATPHG 11 was taken
as test variety. Seeds were sown with spacing of
30 x 10 cm. Seed treatment was done with
carbendazim @ 1 g/kg seed. Fertilizers were applied
as per the treatment requirements. 100% RDF
comprised of 4 kg of nitrogen, 10 kg of phosphorus
and 8 kg potash supplying fertilizers which were
broad casted before sowing. Seed treatment with
Rizobium and PSB was done before sowing @ 10

ml/kg seed. Foliar spray of urea and 19:19:19 was
done when crop was subjected to moisture stress.
Weeds were controlled through the application of
Pendimethalin @ 1.0 1t/ac one day after sowing and
manual weeding was done twice at 20 and 40 DAS.

Data on growth parameters like plant population,
plant height, number of branches/plant, plant fresh
and dry weight were recorded before harvesting. At
maturity, the yield parameters such as number of
pods per plant, pod weight, seed yield per plot and
1000-seed weight were measured. Harvesting was
done with sickles by cutting the plant to the ground
level. Threshing was done by drying the harvested
produce for 2 days on threshing floor and trampled
with tractor.

Harvest Index (%) = Economic yield/Biological
yield x 100 (Donald, 1962).

Where,
Economic yield = Seed yield
Biological yield = Seed yield + Bhusa yield

RWUE (kg hamm™) =Yield (kg ha')/ Total water use
(mm) (Cheema et al., 1991)

Production Efficiency (kg ha' day!) = Seed Yield
(kg ha')/ Duration of the crop (days) (Tomar and
Tiwari, 1990).

Nutrient uptake by Stover (kg ha') = Nutrient
concentration in stover (%) x Stover yield (q ha')

Crude Protein per cent = N content (%) x 6.25

Crude protein yield (q ha') = Crude protein (%) x
stover yield (q ha!)/100

Gross return (Rs.ha!) = (Seed yield x price) + (bhusa
yield x price)

Net returns (Rs.ha') = Gross return (Rs.ha') - Cost
of cultivation (Rs.ha!)

Benefit: Cost ratio = Gross returns (Rs.ha')/ cost of
cultivation (Rs.ha™)
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The collected data were subjected to statistical
analysis using SPSS. Analysis of variance (ANOVA)
was performed to determine the significance of
treatment effects. Means were compared using the
Least Significant Difference (LSD) test at a 5 per cent
probability level. The correlation matrix was created
using R studio version 1.4.1717 utilizing the
‘ggcorrplot’ package. Economics was calculated
based on the prevailing market price of inputs and
labour wages. The input and output prices of the
commodities prevailing during the study were taken
into an account for calculating the net returns and
benefit-cost ratio.

RESULTS AND DISCUSSION
Growth Parameters

The growth parameters such as plant height, number
of branches per plant varied significantly among the
treatments (Table 1). The highest plant height was
observed in T4 (93.3 cm), followed by T5 (89.7 cm),
indicating that these treatments are beneficial for
vertical growth. T4 also had the highest number of
branches per plant (9.33), showing that the integrated
nutrient management practices in this treatment
promote branching. This suggests that a balanced
approach using both organic and inorganic inputs
promotes better vegetative growth in Horsegram.

Treatments with only chemical fertilizers or lower
levels of organic manure showed comparatively lower
growth, emphasizing the importance of organic inputs
for optimal growth. The positive effects of INM on
plant growth can be supported by the work of Swetha
et al. (2018) who found that combining organic and
inorganic fertilizers improved the vegetative growth
parameters of legumes by enhancing nutrient
availability and uptake.

Yield Attributes and Yield

The yield attributes like pods per plant, seed yield,
bhusa yield and harvest index were also influenced
by the different treatments (Table 2). T4 had the
highest number of pods per plant (98.7), suggesting
enhanced reproductive performance under this
treatment. The highest seed yield was recorded in
T4 (958.7 kg/ha), followed closely by T5 (955.3 kg/
ha). This indicates that these treatments are
optimal for maximizing seed production. Bhusa
yield, which includes the non-seed parts of the crop,
was highest in T4 (1916.7 kg/ha), demonstrating the
overall biomass increase with effective nutrient
management. The harvest index was relatively
consistent across treatments, with T6 showing
a slightly higher value (36.57%), suggesting
efficient conversion of biomass to economic yield.
The treatment involving a combination of FYM,

TaBLE 1

Growth parameters of Horsegram as influenced by integrated nutrient management practices

Plant

Treatments population Plant height No. of F rgsh plant Dry plant
(per sq.m) (cm) branches/pt weight (g) weight (g)
T, 33 81.7 9 62.33 17.43
T, 33 85.0 9 65.42 17.89
T, 33 83.0 9 63.33 17.50
T, 34 93.3 9 66.64 19.00
T, 34 89.7 9 65.71 18.67
T, 31 66.7 7 48.33 14.31
T, 32 75.7 8 51.67 16.34
T, 32 74.7 7 50.01 15.83
CD @ 5% - 12.48 1.46 - -
CVv - 8.77 9.92 - -

1)
S
Q
3
Q
A
~
3
=
=
S
8o
~
S
~
o
=
3
=
®
S
@
g.

279




e}
1\
Q
=
2
Q
A
~
S
~
=
=~
=
S
S
~
S0
X
N~

)

Mysore Journal o

Mysore J. Agric. Sci., 60 (1) : 276-285 (2025)

SAHAJA DEVA et al.

TABLE 2

Yield attributes, yield and harvest index of horsegram as influenced by
integrated nutrient management practices

No.  No. of o 100 fresh 100 dry 1000 fresh 1000 dry Seed  Bhusa Harvest
Treatment pods/  seeds/ length pod weight pod seed weight §eed yield yield  index
plant pod (2) weight (g) (2) weight (g) (kg/ha) (kg/ha) (%)
T, 95.3 53 4.6 52.43 22.64 71.73 35.80 9222 1896.7 32.71
T, 98.0 53 4.7 55.40 23.84 75.00 36.80 952.0 1904.7 33.32
T, 95.7 5.3 4.7 54.70 22.96 72.20 36.30 9245 1898.1 32.78
T, 98.7 5.3 4.9 56.13 24.44 76.67 37.87 958.7 1916.7 33.34
T, 98.3 53 4.8 55.80 24.28 75.93 36.87 9553 1910.0 33.34
T, 81.0 5.0 4.2 43.67 19.68 64.40 34.27 761.4  1319.0 36.57
T, 82.7 5.0 4.6 48.00 20.12 66.00 35.07 779.3  1582.9 33.23
T, 82.3 5.0 4.4 47.90 19.84 65.23 34.50 776.1  1580.1 3295
CD @ 5% 5.60 - - 5.55 1.24 - - 60.15 171.35 -
CV3.50 - - 6.12 3.20 - - 3.91 5.59 -

chemical fertilizers and bio-fertilizers resulted in the
highest number of pods per plant, seeds per pod and
overall seed yield. This indicates that integrated
nutrient management not only enhances growth
parameters but also directly translates into higher
yield. The increase in yield attributes with INM
practices aligns with the findings of Verma and
Mathur (2020), who reported that the application of
biofertilizers along with chemical fertilizers
significantly improved the yield and biomass of
legumes. Higher seed and bhusa yields suggest that
T4 not only enhances the main product but also the
by-products, which are valuable as animal feed. Reddy
et al. (2013) reported a 25 per cent increase in grain
yield in legumes with the application of combined
organic and inorganic fertilizers compared to sole
applications. In horsegram, INM practices have been
associated with a 30 per cent increase in biomass
production and a 35 per cent increase in seed yield. A
consistent harvest index suggests that the proportion
of economic yield to total biomass remains stable,
regardless of the INM practice used.

Water use and Production Efficiency

Water Use Efficiency (WUE) and Production
Efficiency (PE) are crucial for understanding the

resource use efficiency. T4 showed the highest WUE
(4.39 kg/ha.mm), indicating efficient water utilization
for biomass production. Similarly, T4 also had the
highest PE (7.99 kg/ha/day), reflecting its
effectiveness in converting growth inputs into yield
(Table 3). Ghosh et al. (2019) demonstrated that INM
practices improve water use efficiency in dryland

TABLE 3

Rain water use efficiency and production
efficiency of Horsegram as influenced by
integrated nutrient management practices

Rain water Production

Treatments use efficiency efficiency

(Kg/ha.mm) (kg/ha/day)
T, 4.22 7.68
T, 4.36 7.93
T, 4.23 7.70
T, 4.39 7.99
T, 4.37 7.96
T, 3.49 6.34
T, 3.57 6.49
T, 3.55 6.47
CD @ 5% 0.28 0.50
Ccv 391 3.91
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crops by enhancing soil structure and moisture
retention. Improved WUE and PE are critical in
dryland agriculture, where water is a limiting factor.
Ghosh et al. (2019) reported that INM practices
enhance soil structure and moisture retention, leading
to better water use efficiency .

Economic Analysis

Economic analysis helps in evaluating the profitability
of different treatments. T2 had the highest net returns
(Rs.19037/ha) despite not having the highest gross
returns, indicating lower costs of cultivation relative
to T4 and TS5 (Table 4 and Fig. 2). T1 showed the
highest benefit: cost ratio (3.11), meaning it provided
the best return on investment. This highlights the
profitability and cost-effectiveness of these treatments.
High net returns and benefit: cost ratios suggest that
certain INM practices can provide substantial
economic benefits. Kumar et al. (2021) found that
combining organic and inorganic fertilizers in
chickpea cultivation resulted in higher net returns and
benefit-cost ratios due to improved yields and reduced
input costs. Prasad et al. (2019) indicated that farmers

TABLE 4

Economics of Horsegram as influenced by
integrated nutrient management practices

Treat- Cgst qf Gross Net Benefit:
ments cultivation  returns returns cost
(Rs/ha) (Rs/ha) (Rs/ha) ratio
T, 8950 27796 18846 3.11
T, 9525 28562 19037 3.00
T, 9700 27859 18159 2.87
T, 10275 28758 18483 2.80
T, 10600 28657 18057 2.70
T, 10950 22332 11382 2.04
T, 11525 23441 11916 2.03
T 11850 23354 11504 1.97

©

practicing INM in pulses experienced a 20 per cent
increase in net returns compared to those using
conventional methods.

Soil Health

Soil health indicators were monitored to assess the
long-term sustainability of the treatments. Soil nutrient
content varied with T5 showing the highest nitrogen
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(265.6 kg/ha), T3 showing highest phosphorus
(13.9 kg/ha), T2 showing highest potassium (265 kg/
ha). (Table 5). Treatments did not significantly alter
soil pH and organic carbon, suggesting the
amendments were neutral in their effect on these
properties. Fig. 3 and Fig. 4, revealed that Nitrogen
content was increased in all treatments compared

to initial. Whereas, potassium content was reduced
in all treatments. Among micronutrients, iron content
was reduced in all treatments compared to initial.
Sharma and Saini (2017) reported that integrated
nutrient management practices significantly enhance
soil fertility by increasing the availability of macro
and micronutrients and maintaining soil organic

TABLE 5

Effect of integrated nutrient management practices on soil physical properties,
macro and micronutrients in Horsegram

pH EC ocC N P K Cu Mn Fe /n
Treatment (kg/ha)  (kg/ha)  (kg/ha)  (ppm)  (ppm)  (ppm)  (ppm)
T, 7.97 0.07 0.07 248.0 134 255 0.08 0.57 0.43 0.40
T, 8.10 0.09 0.07 250.5 134 265 0.08 0.50 0.39 0.24
T, 8.29 0.13 0.08 263.1 13.9 254 0.07 0.58 0.42 0.25
T, 8.21 0.09 0.07 263.1 13.4 257 0.07 0.49 0.32 0.27
T, 7.94 0.1 0.10 265.6 13.5 252 0.08 0.58 0.46 0.43
T, 7.63 0.06 0.10 2254 12.3 241 0.10 0.58 0.66 0.30
T, 8.35 0.1 0.10 228.0 12.6 263 0.10 0.60 0.52 0.46
T, 8.01 0.1 0.07 225.0 12.3 251 0.09 0.59 0.61 0.43
Initial  7.97  0.07  0.09 2129 12.7 294 0.08 0.59 0.43 0.50
CD@5% 0.17 0.01 0.01 17.22 0.28 21.42 0.01 0.02 0.02 0.02
CV 1.23 4.15 4.29 4.00 1.22 4.80 4.58 1.58 1.86 3.08
60
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Fig. 4 : Micronutrient status in soil after harvest of the crop

carbon levels. Ravikumar and Suresh (2020)
demonstrated that greengram plots treated with a
combination of 50% RDF + FYM + Rhizobium
inoculation produced significantly higher yields and
improved soil organic carbon compared to chemical
fertilizer alone. Manjunath and Chandrashekara
(2019) reported that soil nutrient status (NPK) and
pigeonpea yield was enhanced with the integrated
application of 75% RDF + compost + biofertilizers,

suggesting INM as a sustainable alternative to full
chemical fertilization.

Nutrient uptake and Protein Content

The uptake of essential nutrients and crude protein
content were significantly influenced by INM
practices. T4 had the highest nitrogen (N) uptake
(47.73 kg/ha), phosphorus (P) uptake (0.58 kg/ha)
and potassium (K) uptake (28.18 kg/ha), indicating

TABLE 6

Effect of integrated nutrient management practices on nutrient uptake, crude protein per cent and
crude protein yield of Horsegram

Treatment N P K Cu Mn Fe Zn Iﬁf)l::ii [groltl:i?l
(kg/ha)  (kg/a)  (kg/ha) (mgkg) (mgkg) (mgkg) (mgkg) 9 yield (q/ha)

T, 4135 0.57  20.48 0.04 0.10 0.59 0.05 13.61 2.58
T, 44.57 057  21.71 0.04 0.10 0.66 0.03 14.63 2.79
T, 44.04 0.57 2638 0.03 0.19 0.84 0.03 14.53 2.75
T, 47.73 0.58  28.18 0.03 0.19 1.03 0.06 15.58 2.98
T, 44.89 0.57 3228 0.02 0.25 1.24 0.06 14.69 2.81
T, 26.91 0.40 6.99 0.07 0.28 1.48 0.10 12.83 1.68
T, 34.19 0.47  12.50 0.08 0.34 1.59 0.11 13.76 2.14
T, 33.18 0.47  15.01 0.06 0.26 1.36 0.12 13.17 2.07

CD@5%  1.80 0.03 2.93 0.01 0.01 0.08 0.01 1.42 0.11

CcV 2.59 3.38 8.07 6.81 1.47 4.33 4.50 5.74 2.59
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its superior nutrient utilization (Table 6). The crude
protein content was highest in T4 (15.58%), resulting
in the highest crude protein yield (2.98 q/ha),
demonstrating improved nutritional quality of the
crop. Jat and Ahlawat (2018) observed that the
application of biofertilizers along with chemical
fertilizers increased nutrient uptake and protein
content in pulses, due to enhanced microbial activity
and nutrient availability. Studies have shown that
combining organic and inorganic fertilizers can
improve soil structure, increase nutrient availability
and enhance microbial activity, leading to better crop
yields (Bhatt et al., 2019). The synergistic effect of
organic manure and chemical fertilizers helps in the
sustained release of nutrients, thereby supporting both
vegetative and reproductive growth stages (Kumar
etal., 2020).

Meteorological Data Impact on Yield of
Horsegram

The meteorological data provided for the growing
season shows a variation in weather conditions, which
likely influenced the growth and yield of Horsegram

(Fig. 1).

Rainfall : Significant rainfall events were recorded in
certain weeks (e.g., 11.6 mm on 10/08, 22.4 mm on
11/08). Adequate rainfall during the vegetative and
flowering stages would have provided sufficient water
for growth, especially in treatments with higher
nutrient levels which typically require more water.
Consistent periods without rainfall, particularly during
later weeks, might have stressed plants in treatments
without adequate soil moisture conservation practices
like those receiving only chemical fertilizers.

Temperature : Maximum and minimum temperatures
ranged from 27.2°C to 37.6°C and 18.2°C to 24.0°C,
respectively. The temperatures were within the optimal
range for Horsegram growth, supporting robust plant
development. Variations in temperature, particularly
high temperatures, could have influenced evapo
transpiration rates and consequently, the water needs
of the plants.

Relative Humidity : Morning relative humidity was
relatively high (73% - 94%), which would have
favored the vegetative growth and reduced water
stress during early morning hours. Evening relative
humidity showed more variation, impacting the
transpiration rates and possibly the water use
efficiency of different treatments.

Sunshine Hours : Adequate sunshine hours (ranging
from 0.0 to 10.5 hours per day) were recorded, with
higher sunshine promoting photosynthesis and plant
growth. Weeks with lower sunshine hours, particularly
in periods with high cloud cover and rainfall, could
have temporarily reduced the photosynthetic activity,
affecting growth rates.

Wind Speed : Wind speeds varied from 2.7 km/hr to
16.7 km/hr. Higher wind speeds can enhance
transpiration rates, which may necessitate higher water
uptake, particularly in nutrient-rich soils.

Adequate rainfall and optimal temperatures are crucial
for legume crops. Excessive rainfall or drought can
significantly affect flowering and pod filling stages
(Patil et al., 2018). Consistent high relative humidity
can reduce water stress and improve plant health,
while extreme variations can stress the plants,
impacting yield (Singh et al., 2017).

Overall, the integrated nutrient management practices
significantly impacted the growth, yield, soil health
and economic returns of Horsegram. Among the
treatments, T4 (50% RDF + Rhizobium + PSB +25%
vermicompost) consistently showed superior
performance across various parameters, making it the
most effective INM strategy for enhancing both
productivity and sustainability of Horsegram
cultivation. Integrated nutrient management practices
can significantly improve growth, yield, water use
efficiency, economic returns, soil health and nutrient
uptake in legumes such as Horsegram. By integrating
organic and inorganic sources of nutrients, these
practices ensure sustainable crop production while
maintaining soil fertility. Further research could focus
on long-term effects of these practices on soil health
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and productivity, as well as their applicability to other
crops and agro-climatic conditions.
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