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Crop diversification has been widely
recognized as a key strategy for achieving
sustainable agriculture while ensuring food and
nutritional security (Barman et al., 2022). The
integration of cereals, pulses and vegetables
within cropping systems provides multiple
advantages. Crops such as paddy and millets
safeguard household food security, while
pulses enhance soil fertility and supply protein-
rich diets. Vegetables including tomato,
bhendi, brinjal, gourds and leafy greens etc.,
when grown under staggered sowings, not only
enrich the dietary diversity but also generate
regular and substantial cash flow through
multiple harvests. Diversification with such
high-value crops increases farm income by 20—
30 percent compared to cereal monocropping
(Bhargavi et al., 2019). Beyond ensuring food
and income security, crop diversification plays
a vital role in maintaining ecological balance,
optimizes resource use efficiency and
generating year-round employment
opportunities. Crop rotations, particularly with
pulses, improve soil fertility through biological
nitrogen fixation and lower dependence on
chemical fertilizers and helps in breaking the
life cycles of pests, diseases and weeds, which
thrive under monocropping, thereby reducing
the need for chemical pesticides. It also
ensures efficient and sustainable use of water
resources, since water-intensive crops like rice
can be followed by low-water-demand crops
such as pulses or millets. The vegetables
based cropping system generates sustained

labour demand; provide consistent
employment opportunities throughout the year
for rural communities. Considering this, the
present study was undertaken over two years
to evaluate the cereal-pulse—vegetable based
diversified cropping system, with a focus on
its potential to enhance sustainability and
ensuring year-round income security for
farmers.

A non-replicatory field study was carried
out during two consecutive years, 2023-24 and
2024-25, at J Farm, Agricultural Research
Institute, PJTAU, Rajendranagar, Hyderabad.
The experimental site falls under the Southern
Telangana agro-climatic zones, which is
characterized by an average annual rainfall of
about 950 mm, with mean maximum
temperature of 38 °C and mean minimum
temperature of 16 °C. The soil of the
experimental site was clay loam in texture, with
medium fertility status and moderate water-
holding capacity.

The cropping system was designed to
integrate cereals (paddy, finger millet, foxtail
millet), pulses (redgram, greengram) and a
wide range of vegetables (bhendi, brinjal,
tomato, dolichus, carrot, cowpea, clusterbean,
french bean, bottle gourd, ridge gourd, snake
gourd, and leafy vegetables) under different
crop seasons (khari, rabi & summer). Cropping
system was planned according to seasonal
suitability: i.e kharif (June—September): paddy,
millets, redgram, vegetables and marigold; ii.
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rabi (October—February): millets, greengram
and vegetables; iii. summer (March—May):
millets, greengram and vegetables (Table 1)
allocated to specific portions of the land. The
same cropping sequence was maintained in
both years to ensure consistency in
comparison.

The crops were grown on a gross
cultivated area of 2.1 ha, with a net cropped
area of 1.4 ha sown across three seasons
(kharif, rabi, and summer), with cropping
intensity of 150%, and were cultivated without
following any formal statistical experimental
design, as the study was primarily aimed at
reflecting the farm production and profitability
of small and marginal farmers under diversified
cropping system.

Paddy was cultivated in low-lying fields,
while vegetables were grown on upland areas
under plastic mulch and drip irrigation systems.
All the recommended package of practices was
followed for raising the crops during the period
of study, based on locally adopted methods.
Only yield data was recorded from the
respective crops sown area and productivity
expressed in kg/ha (Table 2, 3 & 4). Cost of
cultivation, gross and net returns were
calculated based on the prevailing local market
input and output prices and expressed in Rs/
ha.

Benefit -
Cost Ratio (BCR) =

net returns

cost of cultivation

The economic performance of cereals,
pulses and vegetables was analysed
separately for comparative assessment of crop
profitability and economic sustainability under
diversified cropping system.

The sustainability of the cropping
system was evaluated using the Sustainable
Yield Index (SYI), which assesses the stability
and consistency of yield over years. The SYI
was calculated using yield data recorded
during the years 2023-24 and 2024-25.
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Sustainability -
Yeld Index (SY1) =

Y - Sd

Where,

Y (Mean yield): Average yield over the
years (t/ha)

Sd (Standard deviation): Variation in
yield over years

Ymax: Maximum yield recorded during the
study period (t/ha)

The yield data were subjected to
statistical analysis to compute mean and
standard deviation, and subsequently SYI was
derived.

Yield performance
diversification of crops

The yield data (Table 2, 3 & 4) indicated
considerable variation in productivity across
cereals, pulses and vegetables within the
diversified cropping system. Among cereals,
the highest grain yield was observed in paddy,
primarily due to its nature as a high-input (110
N-60 P,O.- 40 K,O /ha), water-intensive crop
supported by improved high-yielding varieties
and better crop management practices. In
comparison, millets, though known for their
climate resilience and hardiness are generally
grown as low-input crops (40 N-28 P,O.- 22
K,O /ha) exhibited relatively lower yields.

under

Among pulses, redgram outperformed
greengram, owing to its long duration, deep
root system and greater drought tolerance,
which together enabled higher biomass
production and grain yield. Conversely,
greengram, with its short crop duration and
quick maturity, produced relatively lower yields.

Vegetable crops such as bhendi,
tomato and brinjal etc. performed well,
benefitting from multiple harvests that ensured
continuous production throughout the growing
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season. Leafy vegetables, though yielding
consistently, offered frequent harvests and
contributed to both quick household
consumption and steady market supply.
Similarly, flowers like marigold produced
moderate yields but added value during peak
seasonal demand. Overall, cereals and pulses
played a crucial role in ensuring household
food security. Vegetables ensured regular and
consistent production throughout the year,
while flowers captured seasonal market
demand, together enhancing overall farm
productivity and profitability. This indicated that
diversification reduces not only production risk
but also stabilizes overall farm productivity and
income. These results were aligned with
Upadhaya et al., (2022) and Narendra et al.,
(2025).

Economic analysis

The economic analysis showed that
vegetables were the most profitable
component of the diversified cropping system,
contributing the highest share of net returns
(67.3 percent) compared to cereals (24.78
percent) and pulses (6.79 percent). Within
cereals, paddy generated the maximum net
returns, due to its higher yield and assured
market price; while millets, though less
remunerative, but recorded the highest BCR
of 2.04, reflecting their efficiency under low-
input and resource-saving cultivation. This
highlights that while paddy ensured income
stability, millets performed well in terms of
economic efficiency (Fig. 1).

Among pulses, higher net income and
BCR (1.92) obtained in redgram compared to
greengram (1.79), due to advantage of high
market price and crop productivity, while
greengram, being a short-duration crop, with
low productivity and market price. However,
vegetables clearly outperformed both cereals
and pulses. Among the vegetables, bhendi
(31.14 percent), tomato (16.76 percent),
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dolichus (15.69 percent), and clusterbean
(9.33 percent) achieved the highest net
incomes, due to market demand and the
advantage of multiple harvests across the
seasons. Interms of benefit—cost ratio (BCR),
leafy vegetables (3.9), bhendi (2.97), dolichus
(2.63) and gourds (2.6) showed high
profitability with relatively lower investment.
Flowers such as marigold achieved the highest
BCR (4.5), indicating their strong economic
potential during seasonal peaks.

Most of the vegetable crops showed
BCR values above 2.0, strengthening their role
as high-value enterprises in the diversified
cropping system. In contrast, cereals
maintained moderate BCR values close to 2.0,
providing economic stability rather than high
profits, while pulses occupied an intermediate
position with BCR values around 1.8. These
results corroborate with earlier studies by
Singh et al., (2025) and Srinivasan (2025),
who also reported that vegetable-based
cropping systems considerably improve farm
profitability when compared with cereal
monocropping.

Sustainability and livelihood

implications

The cropping system recorded yields
of 12.04 t/hain 2023-24 and 9.82 t/ha in 2024—
25, with a mean yield of 10.93 t/ha. The
calculated Sustainable Yield Index (SYI) was
0.82, indicating high sustainability of the
system. The higher SYI value (>0.75) suggests
that the cropping system maintained stable
and consistent productivity across years
despite variation in yield. This reflects the
resilience and reliability of the system under
varying conditions.

Diversified cropping systems not only
enhanced farm profitability but also
considerably contributed to sustainability by
improving resource-use efficiency, soil health,
and pliability to climate and market variability.
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Table 1. Cropping sequence and area distribution of different crops across kharif,
rabi and summer seasons during two-year study (2023-24 & 2024-25)

Kharif Rabi Summer
Category/ area area area
Season Crop (ha) Crop (ha) Crop (ha)
Paddy 0.48  Paddy 0.16
- Greengram 0.10  Foxtail millet 0.10
Cereals &  Finger millet 0.10  Finger millet 0.06  Greengram 0.10
Pulses - Foxtail millet 0.04 -
Foxtail millet 0.08 - -
Redgram 0.14 - }
Bhendi 0.10 Clusterbean 0.03  Clusterbean 0.08
- Tomato 0.02 -
Brinjal 0.02 - Cowpea 0.02
Tomato 0.02  Carrot 0.01  Brinjal 0.02
Dolichus 0.05  Bhendi 0.04  Dolichus 0.03
- Frenchbean 0.0  Tomato 0.02
Vegetables .
Clusterbean 0.04  Dolichus 0.04 .
. Bhendi 0.06
Cowpea 0.02  Brinjal 0.01
Chilli 0.004 - )
Frenchbean 0.01  Cowpea 0.01 -
Gourds 0.02  Gourds 0.01  Gourds 0.01
Leafy vegetables  0.02  Leafy vegetables  0.02  Leafy vegetables  0.02
Flowers Marigold 0.01 - .
Total 1.10 0.55 0.45
3 4.50
4.5 3.90
4 .
33 2.97
3 263 260
2.32
2.5 2.23
2.04
5 2.01 192 4 79 197 194 | ¢ 67
1.5
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0
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Fig 1. Benefit cost ratio of different crops in diversified cropping system
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By the integration of different crops, pulses
enriched soil fertility through biological nitrogen
fixation and reducing the need for chemical
fertilizers. Crop rotations involving cereals and
pulses disrupted pest, disease and weed
cycles, while vegetables ensured efficient
utilization of land, labour, irrigation and other
farm resources, thus strengthen the farm
resilience.

From the livelihood perspective, crop
diversification reduced economic risks by
spreading production across multiple crops
and simultaneously increasing labour demand,
which created year-round employment
opportunities. This was particularly
advantageous for small and marginal farmers
as well as farm labour, thereby enhancing
livelihood security and contributing to rural
sustainability. These results were consistent
with the findings of Goverdhan et al., (2020)
and Ravishankar et al., (2023).

The integration of cereals—pulses—
vegetables based diversified cropping systems
provides a profitable and viable pathway. Most
of the vegetable crops showed BCR values
above 2.0, strengthening their role as high-
value enterprises in the diversified cropping
system. In contrast, cereals maintained
moderate BCR values close to 2.0, providing
economic stability rather than high profits, while
pulses occupied an intermediate position with
BCR values around 1.8. Such systems provide
regular cash flow round the year through
frequent harvests. The calculated Sustainable
Yield Index (SYI) was 0.82, indicating high
sustainability of the system. The higher SYI
value (>0.75) suggests that the cropping
system maintained stable and consistent
productivity across years despite variation in
yield. This reflects the resilience and reliability
of the system under varying conditions.
Overall, diversified cropping pattern emerges
as a profitable, resilient and scalable model

that can enhance the adaptive capacity of small
and marginal land holders, contributing to
long-term food security and sustainability.
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