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Abstract

A field experiment was conducted to study the effect of diverse cropping systems on crop indices and resource
use efficiency under natural farming during 2020-21 to 2021-22 with nine treatments (C, -Maize - wheat, C,-
Black gram - wheat + gram, C,-Soybean - wheat + lentil, C,-Cowpea - wheat + mustard, C.-Okra - wheat + pea,
C,-Maize + black gram - gram, C -Maize + soybean - lentil, C,-Maize + cowpea —mustard and C,-Maize + okra -
pea), replicated thrice in Randomized Block Design. The land equivalent ratio among the intercropping system
was higher in first year but slightly drops by 0.92 % (C,) in rabi and 8.28 % (C,) in kharif 2021. C, recorded
significantly higher cultivated land utilization index, followed by C,. Both C, and C, recorded significantly
higher land use efficiency while enhanced system productivity was observed in C, followed by C, and that of

vice-versa for enhanced productivity efficiency.

Keywords: Crop indices, cropping system, efficiency, natural farming, productivity, resource use

Agriculture acts as the cornerstone of global food
security; has come under pressure due to exploitation
of natural resources, population explosion and
environmental degradation (Godfray et al. 2010).
After Organic Farming, recently Natural farming
introduced as an eco-friendly farming approach; with
no use of synthetic chemical pesticide, promotes soil
health, biodiversity and overall ecosystem function
(Altieri & Nicholls 2020). Natural farming not only
aims to remediation environmental impact but also
improves the efficiency in resource use and yield for
sustained agricultural productivity. To be considered
sustainable, agriculture must show increased
efficiency in both resource use and yield efficiency
(Pretty etal. 2018).

Addition of the diverse crops including legumes
and vegetable crops in cropping system as part of
natural farming practices is one way to enhance the
productivity and sustainability. Intercropping, crop
rotation, and mixed cropping—in contrast to
monocropping—offer several advantages, such as
improving soil fertility, lowering resource use, and
reducing pest and disease incidence (Sharma et al.
2011). Overall productivity can increase by growing

multiple crops on the same plot of land while
promoting better resource utilization and enhancing
the resilience of farming systems (Lichtfouse 2009).
Keeping this in view, the present investigation was
planned to study the effect of diverse cropping systems
on crop indices and resource use efficiency under
natural farming.

A two-year field experiment was carried out
during rabi 2020-21 to kharif 2022 at the research
farm, department of Agronomy, CSKHPKYV,
Palampur, Kangra, Himachal Pradesh. The experiment
was carried out in randomised block design with three
replication and nine cropping system. The soil type
was silty-clay loam having low amounts of potassium
and nitrogen, moderate level of phosphorus, and an
acidic content. The treatments comprised of C, -Maize
- wheat, C,-Black gram - wheat + gram, C,-Soybean -
wheat + lentil, C,-Cowpea - wheat + sarson, C,-Okra -
wheat + pea, C,-Maize + black gram - gram, C,-Maize
+ soybean - lentil, C,-Maize + cowpea - sarson and C,-
Maize + okra — pea.The natural farming inputs
includes beejamrit (used for seed treatment @ 1
litre/10 kg seed), jeevamrit (5 drenching application at
21 days interval; total used 450 litres), ghanjeevamrit




(soil applied during sowing @ 500 kg ha') and
mulching (applied after germination @ 10000 kg ha™).
In the rabi season the crops were sown in replacement
series in intercropping system, while in kharif crops
were sown in additive series. The data was analysed
using R-software for Land Equivalent Ratio (LER),
Cultivated Land Utilization Index (CLUI), Land use
efficiency (%), System productivity (kg ha” day™) and
Productivity efficiency (kg WEY ha" day™).

All intercropping treatments achieved LER
values greater than 1.0 in both years of
experimentation (Table 1). In the rabi 2020-21, the
largest LER (1.09) was obtained in the combination of
wheat with gram, followed by wheat with lentil which
was at par in the combination wheat with sarson
(1.05). In the subsequent season of kharif 2021, the
highest LER (1.45) was obtained in the maize with
soybean, followed by maize with cowpea (1.42).
Whereas, in the rabi 2021-22, the largest LER (1.08)
was obtained in the combination of wheat with gram,
followed by wheat with lentil which was at par in the
combination wheat with sarson (1.07). During kharif
2022, the largest LER (1.37) was obtained in the
maize with cowpea, followed by maize with soybean
which was at par in the combination of maize with
okra (1.33). Singh et al. (2017) found that
intercropping pigeon pea with sorghum achieved an

LER of 1.35, indicating a 35% increase in land use
efficiency compared to sole cropping. The increase in
yield attributed to reduction in LER in the next year. A
greater resource use and resource complementarily in
intercrops attributed to higher LER compared to crops
grown in sole. Similarly, Patra et al. (2018) reported
LER values of 1.40 in intercropping system involving
groundnut and maize. Sharma et al. (2020) on
intercropping of chickpea and wheat in the semi-arid
regions of India showed LER values ranging from 1.2
to1.4.

The Cultivated land utilization index (CLUI)
indicates the efficient utilization of land being done
properly or not. The CLUI for different cropping
system during the year 2020-21 and 2021-22 (Table 2).
Among the cropping systems, the C, (black gram -
wheat + gram) system recorded significantly higher
CLUI at 0.57 and 0.58, followed by the C, (maize +
black gram — gram) system at 0.52 and 0.53 during
2020-21 and 2021-22, respectively. While the lowest
CLUI recorded in C, (maize + okra — pea) system at
0.38 and 0.39, respectively. The addition of short
duration crops like black gram attributed to higher
CLUI compared to other (Tetarwar et al. 2023). Wheat-
legume system has shown to maximize land utilization
efficiency while maize/okra rotation systems may have
shorter growing seasons leading to decreased land

Table 1. Effect of cropping systems on land equivalent ratioduring crop seasons 2020-21 and 2021-22

Cropping system 2020-21 2021-22

Rabi Kharif Rabi Kharif
C, Maize — wheat - - - -
C, Black gram — wheat + gram 1.09 - 1.08 -
C, Soybean — wheat + lentil 1.05 - 1.07 -
C, Cowpea — wheat + sarson 1.05 - 1.07 -
C, Okra — wheat + pea 1.04 - 1.02 -
C, Maize + black gram — gram - 1.38 - 1.24
C, Maize + soybean — lentil - 1.45 - 1.33
C, Maize + cowpea — sarson - 1.42 - 1.37
C, Maize + okra — pea - 1.40 - 1.33
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utilization efficiency (Kumar et al. 2022).

Land use efficiency (LUE) observed during the
experimentation period presented in Table 2. Among
the diverse cropping system, significantly higher LUE
observed in the C, (maize + black gram - gram) system
87.03 % and 88.22 %, at par with C, (black gram -
wheat + gram) system at 87.03 % and 87.85 % in 2020-
21 and 2021-22, respectively, followed by C,, C,, C,
and C, system in both years. Whereas, the lowest LUE
observed in the C, (maize + okra - pea) system at 75.16
% and 75.89 % in 2020-21 and 2021-22, respectively.
The differences in crop duration of crops attributed to

variation in LU Eduring both the year. Higher LUE in
intercropped systems results from better resource
utilization and complementary crop growth patterns.
Intercropping legumes with cereals can lead to
increase in LUE by 20-30 %, additionally improve
soils nutrient status (Fischer et al. 2018). Also,
intercropping and mixed cropping system might result
in higher yield per unit area, improving land use
(Adetunjietal.2017).

The data on system productivity observed during
the experimentation period presented in the Table 3.
Among the system, significantly higher system

Table 2. Effect of cropping systems on cultivated land utilization index ratio and land use efficiency during

crop seasons 2020-21 and 2021-22

Cropping system Cultivated Land Land use efficiency
Utilization Index (%)
2020-21 2021-22 2020-21 2021-22

C, Maize - wheat 0.46 0.46 82.56 83.38
C, Black gram - wheat + gram 0.57 0.58 87.03 87.85
C, Soybean - wheat + lentil 0.50 0.50 82.65 83.20
C, Cowpea - wheat + sarson 0.49 0.49 81.28 82.01
C, Okra - wheat + pea 0.47 0.48 82.56 83.84
C, Maize + black gram - gram 0.52 0.53 87.12 88.22
C, Maize + soybean - lentil 0.47 0.48 82.28 83.29
C, Maize + cowpea - sarson 0.44 0.44 78.17 79.09
C, Maize + okra - pea 0.38 0.39 75.16 75.89
SEm (+) NS NS 0.29 0.54
LSD (P=0.05) NS NS 0.86 1.62

Table 3. Effect of cropping systems on system productivity and productivity efficiency during crop seasons

2020-21 and 2021-22

Cropping system System productivity Productivity efficiency

(kg ha day™) (kg wheat equivalent yield ha" day™)

2020-21 2021-22 2020-21 2021-22
C, Maize - wheat 12.72 13.58 15.41 16.30
C, Black gram - wheat + gram 11.12 11.75 12.77 13.37
C, Soybean - wheat + lentil 15.17 15.76 18.35 18.95
C, Cowpea - wheat + sarson 11.38 11.65 14.00 14.21
C, Okra - wheat + pea 35.74 36.35 43.29 43.36
C, Maize + black gram - gram 14.51 14.66 16.65 16.61
C, Maize + soybean - lentil 16.35 16.89 19.87 20.28
C, Maize + cowpea - sarson 13.63 14.07 17.43 17.80
C, Maize + okra - pea 35.39 35.73 47.09 47.09
SEm (+) 0.28 0.29 0.34 0.38




productivity of 35.74 kg ha" day” and 36.35 kg ha’
day”' observed in the C, (okra— wheat + pea), followed
by C, (maize + okra—pea) system at 35.39 kg ha" day”
and 35.73 kg ha' day” during 2020-21 and 2021-22,
respectively. Whereas, the lowest system productivity
observed in the C, (black gram — wheat + gram) and C,
(cowpea — wheat + sarson) system during both the
years. The high yield potential and extended growing
periods attributed to improved biomass accumulation
in vegetables like okra and pea resulted in higher
productivity in the C, and C, system. Compared to
vegetables, lower yield potential and shorter growth
cycles of legumes attributed to lower productivity in
C, and C, system. Addition of the vegetables like okra
and pea in intercropping system resulted in enhanced
biomass production, resources use efficiency
increased overall system productivity and also
provides economic benefits. (Bhattacharyya et al.
2020; Sharmaetal.2021; Thakur et al. 2022).
Significantly higher productivity efficiency of
47.09kg WEY ha" day' observed in C, (maize + okra—
pea) system both the year, followed by C, (okra —
wheat + pea)system at 43.29 kg WEY ha' day'and
43.36 kg WEY ha' dayduring 2020-21 and 2021-22,
respectively (Table 3). Whereas, the lowest
productivity efficiency observed in the C, (black gram
— wheat + gram) and C, (cowpea — wheat + sarson)
system during both the years. The productivity
efficiency observed in the C, and C, system, which

include vegetables viz. okra and pea, resulted in higher
okra fruit and pea pods. In contrast, lower productivity
in black gram due to its short growth duration and
lower yield potential compared other system, which
attributed to reduced productivity efficiency in the C,.
Additionally, the better nutrient uptake and diverse
growth cycles vegetable-based systems contribute to
their higher productivity efficiency. Mishra et al.
(2019) reported that while cereals intercrop with okra
resulted in higher fruit yield and better nutrient uptake
attributed to higher productivity efficiency.
Conclusion

As legumes are known for their N fixing nature
results in improved fertility, while the vegetables like
okra and pea resulted in higher economical yield. The
results reveals that the system includes intercrops
continuously surpass the sole cropping in respect of
land equivalent ratio, cultivated land utilization index,
land use efficiency, system productivity, and
productivity efficiency. Cropping systems with
legumes viz. C, (black gram - wheat + gram) and C;
(maize + cowpea — sarson) resulted in higher LER
values and land use efficiency, despite that maize-
based intercropping systems yielded higher
productivity. Under natural farming overall enhanced
productivity were observed under the systems, which
includes vegetable like okra and pea.
Contflict of interest: Authors declare no competing
interest.
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