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ABSTRACT

This study explores the development of climate resilient legume-oilseed cropping systems aimed at enhancing
productivity and sustainability in dryland regions. Dryland agriculture, often limited by mono-cropping practices and
erratic rainfall, necessitates innovative approaches for crop intensification and sustainability for the future. The inte-
gration of legumes and oilseeds into double cropping systems offers a viable solution for optimizing land use and
improving productivity under precipitation-limited conditions. The experiment was conducted at the Gungal Re-
search Farm during 2022-23 and 2023-24 to evaluate six pulse-oilseed cropping systems with and without rainwa-
ter management against existing intercropping system of sorghum+ pigeonpea (2:1). Double cropping system of
cowpea and sesame with rainwater management showed promising results, offering substantial yield attributes,
black gram equivalent yield and uptake of nutrients. Cowpea-sesame system emerged as a promising double crop-
ping system in both the years, exhibiting higher equivalent yield (1758 kg/ha) compared to other systems. Rainwa-
ter management significantly influenced crop performance in both the years. Apart from the yield, the price of both
cowpea and sesame resulted in higher crop equivalent yield with and without rainwater management. Overall, the
study emphasizes that cowpea- sesame system with rainwater management is the best system that resulted in
higher black gram equivalent yield (1758 kg/ha).

Key words: Double crop, Equivalent Yield, Legume-oilseed system, Rainwater management, SDDI

Mono-cropping is the predominant production practice
in the dry land and rainfed tracts of India, leading to low
cropping intensity and farm profitability (Chary et al,,
2024). Farmers typically grow crops during the monsoon
season, leaving the fields fallow during the post-monsoon
seasons especially in Alfisols. On contrary, in Vertisols,
growers often conserve rainwater during the monsoon to
support a post-monsoon crop.

With shrinking per capita agricultural land and rising
food demands, there is an urgent need to intensify crops
both temporally and spatially. The selection of a suitable
cropping system depends on several factors, including cli-
mate, soil type, socio-economic conditions, and critical
considerations like crop selection, cultivars, crop duration,
and genotypes (Meena et al., 2024). Traditional mono-
cropping systems in drylands, characterized by limited
water resources and erratic rainfall, present significant
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challenges, such as moisture stress and soil degradation.
Double cropping systems, especially those involving le-
gumes and oilseeds, can address these challenges effec-
tively. These systems promote crop diversification, en-
hance nutrient cycling, and improve water-use efficiency.
Replacing long-duration crops with short-duration, high-
yielding varieties can enable the adoption of efficient
double cropping systems (Meena et al., 2023).

Early planting and timely harvesting of kharif crops
allow for the rapid establishment of rabi crops, ensuring
the success of double cropping even under variable cli-
matic conditions. Integrating legumes and oilseeds within
such systems offers sustainable strategies to maximize
land productivity, enhance soil fertility, and improve food
and economic security in dryland areas (Zentner et al.,
2001). Legumes, such as cowpea, black gram, and green
gram, are particularly valuable in double cropping systems
due to their ability to fix atmospheric nitrogen. This re-
duces reliance on synthetic fertilizers while increasing soil
organic matter, thereby improving soil health and fertility
(Kell, 2011; Kumar et al., 2023; Kumari et al., 2024a).
Legumes also serve as an essential source of protein, con-
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tributing to food security and nutrition in dryland regions
(Saikia et al., 2024). Meanwhile, oilseed crops like saf-
flower and sesame complement legumes by diversifying
crop rotations and providing higher farm incomes through
valuable oil production. Successfully implementing
double cropping systems with legumes and oilseeds
require a comprehensive understanding of agronomic
practices, cropping calendars, and region-specific environ-
mental conditions (Nithinkumar et al., 2024). Scientific
research plays a pivotal role in optimizing these systems
by addressing challenges such as crop selection, pest and
disease management, and water conservation strategies
tailored to dryland environments (Wang et al., 2003). Ef-
fective rainwater management, particularly the harvesting
and utilization of monsoon rainfall, is crucial for ensuring
the success of rabi crops in rainfed areas. Hence, it was
hypothesized that inclusion of double cropping along with
rainwater harvesting is a profitable and climate robust pro-
duction practice in the dryland region of India. This study
focuses on identifying a climate-resilient double cropping
system involving legumes and oilseeds specifically to
Alfisols. Since water is the most important resource in
drylands rainwater management was considered an impor-
tant sustainable agricultural practice.

MATERIALS AND METHODS

The study was carried out at the Gungal Research Farm

Table 1. Details of treatments/cropping systems
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of ICAR-Central Research Institute for Dryland Agricul-
ture (17°05° N, 78°39’ E) during 2022-2023 and 2023-24.
Six different pulse- oilseed cropping systems were studied
with and without rainwater management. For a better
comparison these systems were compared with the exist-
ing cropping system of sorghum+ pigeonpea (2:1) ratio.

The legumes were sown during the kharif and the oil-
seed crops were sown after the harvest of the pulse crop
(October). The crops under rainwater management were
given 2 supplementary irrigations (3 mm) in 2022 and 3
supplementary irrigations (5 mm) in 2023 from the water
harvested during kharif season. The soil of the experimen-
tal field was sandy loamy with a pH of 6.04 and EC 0.12
dS/m, low in available nitrogen (215.48 kg/ha) medium in
available phosphorus (26.73 kg/ha) and available potas-
sium (218.34 kg/ha). The experiment was laid out in a ran-
domized block design and replicated thrice. The fertilizers
were applied as per the recommendation. The treatments
are presented in Table 1. The variety seed rate, spacing,
fertilizers, sowing time and harvesting time are mentioned
in Table 2.

As different crops were studied, after the harvest of the
crops, blackgram equivalent yield (BGEY) of all other
crops was calculated using the following formula:

Yield of crop x Price of crop

BGEY (kg/ha) = Price of black gram

The data collected of different parameters were sub-

Abbreviation Treatment

S+PP Sorghum+ pigeonpea (2:1)

BG-SS+ Blackgram followed by sesame with rainwater management
BG-SS- Blackgram followed by sesame without rainwater management
BG-SF+ Blackgram followed by safflower with rainwater management
BG-SF- Blackgram followed by safflower without rainwater management
CP-SS+ Cowpea followed by sesame with rainwater management

CP-SS- Cowpea followed by sesame without rainwater management
CP-SF+ Cowpea followed by safflower with rainwater management
CP-SF- Cowpea followed by safflower without rainwater management
GG-SS+ Greengram followed by sesame with rainwater management
GG-SS- Greengram followed by sesame without rainwater management
GG-SF+ Greengram followed by safflower with rainwater management
GG-SF- Greengram followed by safflower without rainwater management

Table 2. Management practices of crops under study

Crop Variety Seed rate/ha Spacing (cm) Fertilizer (kg/ha) Sowing Harvesting
Green gram WGG37 10-15 30x10 20:50:0 27 June 13 September
Cowpea TPTC29 20-25 40%20 20:40:0 27 June 19 September
Black gram JS9305 20-25 30x10 20:50:0 27 June 19 September
Sorghum CSv23 12-15 45%10 80:40:0 27 June 8 November
Pigeon pea PRG176 10-12 90%20 80:40:0 27 June 10 January
Safflower ISF-764 12-15 45%20 40:25:20 8 October 13 February
Sesame Shweta til 5-7 45%20 40:20:20 8 October 9 January
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jected to appropriate statistical analysis under randomized
complete block design by following the procedure of
ANOVA analysis of variance. Significance of difference
between means was tested through ‘F’ test and the least
significant difference (LSD) was worked out where vari-
ance ratio was found significant for treatment effect.

Energy output (MJ/ha)
EUE =

Energy intput (MJ/ha)

RESULTS AND DISCUSSION
Growth attributes

The plant height varied significantly among treatments
due to the inclusion of different crops, which inherently
possess distinct growth patterns. However, the influence
of rainwater management strategies was evident. With 2—
3 supplementary irrigations, both oilseed crops exhibited
greater plant heights compared to treatments without irri-
gation. Among the kharif crops, cowpea recorded the tall-
est plants in both 2022 and 2023, with an average height
of 65.3 cm (Fig. 1). For the rabi crops, sesame demon-
strated superior growth, achieving the tallest plants with a
mean height of 76.8 cm across both years. The cowpea-
sesame cropping system, when coupled with rainwater
management, resulted in taller plants in both years, dem-
onstrating the importance of effective moisture manage-
ment in enhancing plant growth. These findings align with
the work of Kumar and Thakur (2006), who reported im-

Plant height (cm)

BG-SS- S+PP BG-SF- CP-SF- CP-SS- GG-SS- GG-SF- GG-SF+ GG-SS+ CP-S§+ CP-SF+ BG-SF+ BG-SS+

= Kharif Crop 2022 =Kharif Crop 2023 = Kharif Crop mean
RabiCrop 2022 ®RabiCrop 2023 = RabiCrop mean

S+PP: Sorghum+ pigeonpea (2:1); BG-SS+: Blackgram followed
by sesame with rainwater management; BG-SS-: Blackgram fol-
lowed by sesame without rainwater management; BG-SF+:
Blackgram followed by safflower with rainwater management; BG-
SF-: Blackgram followed by safflower without rainwater manage-
ment; CP-SS+: Cowpea followed by sesame with rainwater man-
agement; CP-SS-: Cowpea followed by sesame without rainwater
management; CP-SF+: Cowpea followed by safflower with rainwa-
ter management; CP-SF-: Cowpea followed by safflower without
rainwater management; GG-SS+: Greengram followed by sesame
with rainwater management; GG-SS-: Greengram followed by
sesame without rainwater management; GG-SF+: Greengram fol-
lowed by safflower with rainwater management; GG-SF-: Greengram
followed by safflower without rainwater management. Error bar rep-
resents the CD at 0.05% level of significance.

Fig. 1. Plant height of different cropping systems in the two grow-

ing seasons of year 2022 and 2023
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proved plant height in sesame grown within intercropping
systems compared to monoculture. Furthermore, cowpea
exhibited higher biomass production during the kharif
season, with a 16.4% increase under rainwater manage-
ment across both years. Similarly, sesame recorded the
highest biomass among rabi crops, averaging 226.1 g/m?
over the two years (Fig. 2). The sorghum + pigeonpea
(2:1) intercropping system also achieved substantial bio-
mass, measuring 665.2 g/m? and 551.9 g/m? in 2022 and
2023, respectively. This notable biomass could be attrib-
uted to the rapid canopy development and superior ground
coverage of these crops, which optimize light interception
and resource utilization.
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S+PP: Sorghum+ pigeonpea (2:1); BG-SS+: Blackgram followed
by sesame with rainwater management; BG-SS-: Blackgram fol-
lowed by sesame without rainwater management; BG-SF+:
Blackgram followed by safflower with rainwater management; BG-
SF-: Blackgram followed by safflower without rainwater manage-
ment; CP-SS+: Cowpea followed by sesame with rainwater man-
agement; CP-SS-: Cowpea followed by sesame without rainwater
management; CP-SF+: Cowpea followed by safflower with rainwa-
ter management; CP-SF-: Cowpea followed by safflower without
rainwater management; GG-SS+: Greengram followed by sesame
with rainwater management; GG-SS-: Greengram followed by
sesame without rainwater management; GG-SF+: Greengram fol-
lowed by saftflower with rainwater management; GG-SF-: Greengram
followed by safflower without rainwater management

Fig. 2. Biomass of different cropping systems in the two growing

seasons of year 2022 and 2023

The improved growth and biomass production under
these systems can be partially explained by the nitrogen
fixation capabilities of cowpea, which likely enhanced soil
fertility and benefited the subsequent sesame crop. This
observation aligns with El-Taher et a/. (2021). Addition-
ally, cowpea’s rapid water uptake and competitive ability
against weeds and other crops (Lightfoot et al., 1987;
Hattlendorf et al., 1988) further contributed to its superior
performance. These results reaffirm findings by Kumari
et al. (2024b), which suggest that diverse crops adopt
unique growth strategies to maximize yield and resource
use efficiency.

Nutrient uptake

Double cropping systems with and without rainwater
management had significant impact on the nutrient uptake
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S+PP: Sorghum+ pigeonpea (2:1); BG-SS+: Blackgram followed by sesame with rainwater management; BG-SS-: Blackgram followed by
sesame without rainwater management; BG-SF+: Blackgram followed by safflower with rainwater management; BG-SF-: Blackgram fol-
lowed by safflower without rainwater management; CP-SS+: Cowpea followed by sesame with rainwater management; CP-SS-: Cowpea
followed by sesame without rainwater management; CP-SF+: Cowpea followed by safflower with rainwater management; CP-SF-: Cowpea
followed by safflower without rainwater management; GG-SS+: Greengram followed by sesame with rainwater management; GG-SS-:
Greengram followed by sesame without rainwater management; GG-SF+: Greengram followed by safflower with rainwater management;
GG-SF-: Greengram followed by safflower without rainwater management

Fig. 3. N, P and K uptake (Kg/ha) of various double cropping systems without rain water management (A) and with rain water management

(B) in the year 2022 and 2023

as shown in Fig. 3. Among the cropping systems, cowpea-
sesame with rainwater management increased the N
uptake as 18% compared to without rainwater manage-
ment in both the years. Whereas, cowpea-safflower with
rainwater management improved the P uptake (22.5 kg/ha)

than without rainwater management. However, greengram
-sesame without rainwater management (41.3 kg/ha) re-
ported the highest K uptake and it is closely followed by
cowpea-sesame without rainwater management (40.4 kg/
ha) (Fig. 3). This can be attributed due to the ability of
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cowpea to fix atmospheric nitrogen might have enriched
the soil nitrogen, promoting increased nutrient availabil-
ity for subsequent crops. Meena et al., 2018 and Stagnari
et al., 2017 highlighted that in addition to providing the
fixed nitrogen in the cropping system and also aid in solu-
bilizing insoluble phosphorus (P) in the soil.

Stress Degree Days Index

Stress Degree Days Index (SDDI) is commonly used to
identify crop stress, which is crucial for understanding
plant-water status at specific phenophases of crops. Dur-
ing the later stages of both sesame and safflower crops, the
mean air temperature was higher than the early stages,
which accelerated the phenological development, particu-
larly during flower initiation and early pod development.
Since both sesame and safflower are indeterminate crops,
they continue to produce flowers as long as the source-
sink relationship is maintained. The first-year crop exhib-
ited lower canopy temperatures compared to the second-
year crop. In contrast, crops without rainwater manage-
ment in the first-year experienced significant heat stress,
as indicated by positive values in the later stages of
growth (Fig 4). A temperature variation of 2-3°C was ob-
served at different growth stages, and this increase in
canopy temperature led to stress, causing sesame in the
second year to complete its life cycle about 20 days earlier
than in the first year.

The safflower crop failed due to this heat stress. This
reduction in the duration of the phenophase negatively
impacted both the crop yield and quality (Venugopalan
et al., 2021). The SDDI index at various stages is shown
in the Fig 4.

Yield attributes

The mean data of yield-attributing traits revealed sig-
nificant variations in the number of pods per plant and
seeds per pod for both kharif and rabi crops across differ-
ent cropping systems (Table 3). Among the legumes dur-
ing the kharif season, cowpea recorded the highest num-
ber of pods per plant (15), followed by green gram and
black gram. Similarly, in the rabi season, sesame stood out
among the oilseeds, producing the highest number of pods
per plant (22) under rainwater management compared to
the non-managed plots in both years (Table 3). This trend
was consistent for the number of seeds per pod. In both
2022 and 2023, cowpea exhibited the highest number of
seeds per pod among legumes, with a mean value of 16,
followed by black gram.

Among the oilseed crops, sesame grown under rainwa-
ter management in the cowpea-sesame system recorded
the highest seeds per pod (67), followed by sesame in the
greengram-sesame system (65). This highlights the posi-
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S+PP: Sorghum+ pigeonpea (2:1); BG-SS+: Blackgram followed
by sesame with rainwater management; BG-SS-: Blackgram fol-
lowed by sesame without rainwater management; BG-SF+:
Blackgram followed by safflower with rainwater management; BG-
SF-: Blackgram followed by safflower without rainwater manage-
ment; CP-SS+: Cowpea followed by sesame with rainwater man-
agement; CP-SS-: Cowpea followed by sesame without rainwater
management; CP-SF+: Cowpea followed by safflower with rainwa-
ter management; CP-SF-: Cowpea followed by safflower without
rainwater management; GG-SS+: Greengram followed by sesame
with rainwater management; GG-SS-: Greengram followed by
sesame without rainwater management; GG-SF+: Greengram fol-
lowed by safflower with rainwater management; GG-SF-: Greengram
followed by safflower without rainwater management

Fig. 4. SDDI at different phenological stages of various double

cropping systems in the year 2022 (A) and 2023(B)

tive impact of rainwater management on reproductive per-
formance (Kumari et al., 2024a). However, without rain-
water management, the second-year crop failed due to in-
sufficient rainfall, underscoring the importance of supple-
mental irrigation in sustaining productivity in rainfed con-
ditions. The 100-seed weight did not exhibit significant
differences in kharif crops between rainwater-managed
and non-managed systems. However, among the rabi
crops, sesame achieved the highest 100-seed weight (4.0
g) under rainwater management in both years, indicating
improved seed quality and resource utilization when mois-
ture was adequately supplied.

Black gram equivalent yield

The study evaluated the performance of different
double cropping systems based on black gram equivalent
yield. The results showed that the cowpea-sesame system
with rainwater management achieved the highest equiva-
lent yield across both 2022 and 2023, with an average
yield of 1758 kg/ha. The test crop system of sorghum +
pigeonpea (2:1) intercropping system recorded a BGEY of
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S+PP: Sorghum+ pigeonpea (2:1); BG-SS+: Blackgram followed
by sesame with rainwater management; BG-SS-: Blackgram fol-
lowed by sesame without rainwater management; BG-SF+:
Blackgram followed by safflower with rainwater management; BG-
SF-: Blackgram followed by safflower without rainwater manage-
ment; CP-SS+: Cowpea followed by sesame with rainwater man-
agement; CP-SS-: Cowpea followed by sesame without rainwater
management; CP-SF+: Cowpea followed by safflower with rainwa-
ter management; CP-SF-: Cowpea followed by safflower without
rainwater management; GG-SS+: Greengram followed by sesame
with rainwater management; GG-SS-: Greengram followed by
sesame without rainwater management; GG-SF+: Greengram fol-
lowed by safflower with rainwater management; GG-SF-: Greengram
followed by safflower without rainwater management

Fig. 5. Blackgram equivalent yield of various double cropping sys-

tems in the year 2022 and 2023

1064 kg/ha (Fig. 5). This system was followed by the
black gram-sesame system with rainwater management
(1560 kg/ha). The lowest equivalent yields were recorded
in the black gram-sesame system without rainwater man-
agement yielded 1086 kg/ha (Fig. 5).

In both the years of experiment, the superior perfor-
mance of cowpea-sesame system can be attributed to
cowpea’s deep root system, that might have enhanced soil
structure and moisture retention, facilitating better root
penetration and nutrient uptake by subsequent crops
(Singh et al., 2019; Bijarnia et al., 2024). Additionally,
drought tolerance of sesame due to its extensive root sys-
tem, shorter duration of three months compared to
safflower’s four months, and higher market price. This
resulted in higher BGEY of sesamum. The importance of
rainwater management in enhancing crop yields is also
evident from the results of the year 2023, as yields were
achieved with rainwater management compared to sys-
tems without it that is completely failed (Kang et al.,
2000). Moreover, cowpea’s ability to suppress weeds and
its role in breaking pest and disease cycles further contrib-
ute to improved crop productivity in following seasons
(Kaur et al., 2023).

The findings from two years indicate that the cowpea-
sesame double cropping systems, particularly with rainwa-
ter management, showed strong potential for increased
productivity, sustainability, nutrient uptake, and substan-
tial yields.

[Vol. 70,
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