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Abstract

Brassica juncea (L.) Czern. based intercropping systems offer considerable scope for improving productivity, profitability and
resource-use efficiency (RUE) under sustainable agricultural production systems. An experiment was conducted in rabi season
2022 at the Agricultural Research Station, Adilabad, Telangana to test the efficiency of intercropping different vegetables in mustard
with different row ratios. A total of 13 treatments comprising sole crops such as mustard, sole root vegetables (radish, beetroot,
carrot and potato) and their combination under 2 : 2 and 3 : 3 row ratios were considered in the randomised block design (RBD) of
the experiment. It was found that the highest total economic yield (24212 kg ha), mustard equivalent yield (5775 kg ha?), gross
returns (3338968 ha?), net returns (3264526 ha™) and benefit-cost ratio (B : C) ratio (4.55) were obtained from the monocropping
of radish. While among intercropping combinations, mustard with radish under 3 : 3 row ratio yielded the highest total economic
yield (13515 kg ha™), mustard equivalent yield (3964 kg ha®), mustard oil yield (351 kg ha™), gross returns (3216033 ha?), net
returns (3160966) and B : C ratio (3.92). These results were statistically comparable with mustard with radish at ratio 2 : 2. An
energetic efficiency analysis concluded that the performance of the mustard with radish (3 : 3 and 2 : 2) was favourable with respect
to high energy productivity (0.60 and 0.61 kg MJ?) and low specific energy (1.66 and 1.63 MJ kg™) among the intercropping
methods. Therefore, mustard intercropping with radish at 3 : 3 and 2 : 2 row ratios could be considered the most beneficial and
lucrative intercropping method in northern Telangana. Further multi-season and multi-location studies are required to validate the
findings before making broader recommendations.
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about 28-30 % of the total edible oilseed production in the
country and considered as the second most important
oilseed crop after soybean (6). However, productivity
remains relatively low compared to global standards owing
to suboptimal crop management, abiotic stresses and poor
RUE (7). In Telangana, mustard cultivation has expanded
rapidly in northern districts such as Adilabad, Nirmal and
Komaram Bheem Asifabad due to favourable winter
temperatures and increasing market demand for edible oils
(8). Nevertheless, mustard cultivation under sole cropping
often results in inefficient utilisation of available land, solar
radiation, nutrients and moisture during early crop growth
stages (9). Effective intercropping practices help to achieve
better resource partitioning in time and space, thus

1. Introduction

Indian agriculture is now faced with the dual challenge of
food and nutritional security and ecological sustainability in
the context of shrinking land holdings, rising input costs
and climate variability (1). Conventional monocropping
systems although productive during the green revolution
era have displayed increasing limitations in the form of
declining soil fertility, reduced biodiversity, deterioration of
soil physical properties and inefficient resource utilisation
(2, 3). Therefore, diversification of cropping systems
through intercropping has emerged as a sustainable
strategy for improving productivity, profitability and
resource-use efficiency (RUE) under intensive agricultural

systems (4).

Brassica juncea (L.) Czern. is one of the
important rabi oilseed crops of India grown under diverse
agro-climatic conditions and plays an important role in
edible oil production (5). Rapeseed-mustard contributes

producing better vyields than monoculture practices
because of complementary or differential use of available
resources by component crops (10). Besides the higher
yield, intercropping provides effective weed control, lower
incidence of pests and diseases, enhanced biological
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activities of the soil and stabilised farm incomes (11). Crop
diversification through intercropping system can contribute
to sustainable agricultural intensification by increasing
production per area while increasing the efficiency of
nutrient utilisation by 15-30 % and lowers the dependence
on external inputs (12). The selection of component crops
is a crucial factor in designing a productive intercropping
system. Vegetable-based intercropping systems have
gained considerable attention for their potential to improve
economic returns and nutritional security. Radish
(Raphanus sativus L.), carrot (Daucus carota L.), beetroot
(Beta vulgaris L.) and potato (Solanum tuberosum L.) are
root vegetables with quick initial growth, contrasting root
architecture and high market value, which makes them
good intercrops with mustard (13). The selected vegetable
crops differ in their growth habits, canopy development,
crop duration and the nature of their economic produce.
Such differences provide opportunities for diversification
and more efficient utilisation of available land and growing
space. Moreover, vegetable intercrops generate early
returns and create employment opportunities compared to
sole cropping systems which is particularly important for
small and marginal farmers (14). The productivity of
intercropping systems is greatly influenced by crop
geometry and row arrangement, which determine resource
sharing and interspecific competition among component
crops (15). Suitable row proportions improve light
interception, canopy structure and nutrient utilisation,
resulting in higher productivity and RUE (16). This may
also help to balance crop competition and
complementarity, thereby improving weed suppression,
yield and economic returns (17).

With an increasing focus on economic viability
and energy conservation in agriculture in recent times,
there is a requirement for sustainable measures that
increase RUE (18). Higher RUE is typical of intercropping
systems because of the effective use of light, water and
nutrients (19). Vegetable based intercropping systems are
especially efficient since they produce more output energy
owing to increased biomass and yields (20). Mustard
based intercropping systems under Telangana conditions
remain relatively underexplored, particularly with respect to
economic viability and energetics of vegetable intercrops.
The northern Telangana region has suitable agro-climatic
conditions for cultivation of mustard and root vegetables
during rabi season. However, scientific information on the
best crop combinations and row arrangements is limited.
Therefore, this study evaluated the performance of
mustard-based vegetable intercropping systems with
different row ratios in the Adilabad region of Telangana.

2. Materials and Methods

Description of
characterisation

experimental site and soil

A field experiment was conducted at Agricultural
Research Station, Adilabad, Telangana during the rabi
season of 2022. Before sowing, soil samples were
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collected randomly from 0-15 cm depth and analysed
using standard procedures. Bouyoucos hydrometer test
revealed sandy clay texture (21). Soil with neutral pH
(7.29) and non-saline soil (electrical conductivity (EC)
0.19 dS m™) were determined in a 1 : 2.5 soil-to-water
suspension using a combined electrode pH meter and a
digital EC meter, respectively (22). Soil organic carbon
content was medium in range as determined by the
Walkley and Black method (23). The available nitrogen
(N) content was 276 kg ha® (low), determined by the
alkaline potassium permanganate method (24). The
available phosphorus content was 49.5 kg ha™ (medium),
estimated by Olsen's method (25), while the available
potassium content was 432 kg ha® (high), determined
using a flame photometer method (26).

Weather

Meteorological parameters prevailing during the course of
the investigation were recorded at the meteorological
observatory, Agricultural Research Station, Adilabad.
Weather data indicated that mean maximum temperature
throughout the crop growth period ranged from
34.2-36 °C with an average of 32.24 °C. The weekly
mean minimum temperature during the crop period
ranged from 9.2-20 °C with an average of 14.32 °C.
Whereas relative humidity during morning hours ranged
from 40-84 %, with an average level of 62.1 %. On the
other hand, relative humidity in the afternoons was
relatively low ranging from 29-72 %, with an average of
50.1 %. The amount of bright sunshine hours ranged
between 4.1 and 7.9 h day™. Precipitation was minimal
during this period, ranging from 0.3—-0.9 mm. Evaporation
ranged between 0.22-2.314 mm day”, averaging
0.92 mm day®. Mean wind velocity at this place ranged
between 0.08-3.14 km hr* with average wind velocity of
0.49 km hr? (Fig. 1).

Experimental treatments and design

In this study, a randomised block design (RBD) was used
with three replications and 13 treatment combinations
including monocropping and radish, carrot, beetroot and
potato intercropping at 2 : 2 and 3 : 3 ratios.

Crop husbandry

Quality seeds of mustard and intercrops were sown
manually according to the specifications of the respective
treatments (Table 1). Gap filling was carried out 10 days
after sowing (DAS), followed by thinning at 15 DAS to
retain one healthy plant per hill. Recommended fertiliser
doses (60 : 40 : 40 N : P : K) were applied as urea, single
superphosphate and muriate of potash; total of 6
irrigations were applied during the growing period. Weeds
were controlled by pre-emergence application of
pendimethalin 30 % EC at 1 kg active ingredient ha™
followed by hand weedings (intra-row) at 30-35 and
60 DAS, in both inter-crops and the mustard crop.
Sucking pests were controlled with acephate 75 % SP at
2 g L™ and white rust was controlled with propiconazole
25%ECat1.5mL L™

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
Publishing Group.

https://doi.org/10.14719/pst.15607


https://doi.org/10.14719/pst.15607

Plant Science Today | 2026 | Volume 13(sp9) | Page 3

E==3Wind speed ——Evaporation —— Sunshi

hrs. ——Rainfall —#—T max —#—Tmin ===RHI RHII

10.00 -
9.50 -
9.00 -
8.50 -
8.00 -
7.50 -
7.00 -
6.50 -
6.00 -
5.50 -

7. 5.00 -

4.50 -

4.00 -

3.50 -

3.00 -

2.50 -

2.00 -

150 -

1.00 -

0.50 4
0.00 T T T T T |_| T

Sunshine hrs. (h d'), WInd speed (Km hi ), Evaporation (mm
day?)

r 90

T
[=a)
=]

T
N
>

T
P
=]

45 46 47 48 49 50 51 52 1 2
Standard meteorological weeks

T
w
=]

(%
=]

Temperature (°C), Relative humidity (%)

=
=]

=]

3 4 5 6 7 8 9 10 11

Fig. 1. Weekly meteorological data during the crop growth period at Agricultural Research Station, Adilabad.

Table 1. Agronomic details of the component crops

Crop Variety Duration Seed rate Spacing
(days)  (kgha')  (cm)
Mustard NRCHB-101 110 6 45 x 20
Carrot Private hybrid 130 6 45 x5
Radish Private hybrid 60 8 45 x 10
Beetroot  Private hybrid 100 10 45 x 10
Potato Kufri pukhraj 120 3000 45 x 20

Observations

Total economic yield was recorded by summing the main
crop/sole crop vyield with inter crop yield in each
treatment. For straight forward appraisal of individual crop
productivity in terms of market profitability, the economic
yield of each crop was converted to mustard equivalent
yield (MEY) based on the minimum support price (MSP)
of mustard for 2022-23 and the local market prices of
vegetables, as follows: mustard, I54.5 kg?®; radish,
%13 kg*; carrot, 13 kg*; potato, ¥10 kg™; and beetroot,
%12 kg*, as given in Eq. 1.

Yield (crop a) x Price (a)
Price of base crop

MEY (crop a) = Eq. (1)

Where:

Yield (a) is the yield of individual crop (a) in kg harvest
product ha?,

Price (a) represents the market price of crop (a).

Oil content of mustard seed was estimated by nuclear
magnetic resonance (NMR) analyser (27) and was
expressed as percentage. Oil yield was calculated by
multiplying the oil content (%) in each treatment with
corresponding seed yield, as shown in Eq. 2.
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Oil content (%) x Seed yield (kg ha ™)
100

Oil yield (kg ha *)=

Eq. (2)
Economics

The economic parameters evaluated in the study included
an inventory of all inputs with their corresponding prices.
Gross returns (X ha®) were calculated based on the
income obtained from the economic yield of component
crops using prevailing market prices. Net returns (X ha™)
were computed by subtracting the total cost of cultivation
from the gross returns Eq. 3:

Net returns (X ha') = Gross returns (X ha') - Cost of
cultivation (X ha™) Eq. (3)

In intercropping systems, gross and net returns were
estimated by summing the returns obtained from both
main and intercrops. The benefit—cost ratio was
determined by dividing gross returns by the total cost of
cultivation, as given in Eq. (4).
5.c = Gross retur_ns (_% ha ') _ Eq. (4)

Cost of cultivation (X ha )

Energetics

A complete inventory of all crop inputs (fertilisers, seeds,
plant protection chemicals, fuels, human labour and
machinery power) and outputs of both mustard and
intercrops yield were recorded. Energy input in different
treatments was calculated by multiplying the input with
the corresponding energy coefficients and adding up all
these (Table 2). The energy output was calculated by
multiplying the total (mustard seed vyield, root and tuber
yield) yield with the corresponding energy coefficient. Net
energy, energy use efficiency, energy productivity and
specific energy was computed based on the Eq. 5-8.
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Net energy (MJ ha™) = Energy output (MJ ha™) - Energy
intput (MJ ha) Eg. (5)
Energy output (MJ ha ')
Energy input (MJ ha™*)

Energy use efficiency =
Eq. (6)

Total yield (kg ha™)

Energy input (MJ ha™*)

Energy productivity =

Eq. (7)
Energy input (MJ ha™*)
Total yield (kg ha™)

Eq. (8)

Table 2. Energy coefficients of inputs and outputs used in
study

Specific energy (MJ kg *)=

Inputs Energy equivalent
Men 1.96 MJ h*
Women 1.57 MJ h*
Tractor 64.80 MJ h™*
Nitrogen 60.60 MJ kg™
Phosphorus 11.10 MJ kg™
Potassium 6.70 MJ kg*
Herbicide 288 MJ kg™
Insecticide 278 MJ kg*
Sprayer 23.8 MJ h?!
Water 1.02 M m?
Electricity 11.93 MJ kw h*
Diesel 56.3 MJ I
Mustard seed 25 MJ kg*
Radish seed 0.8 MJ kg™
Carrot seed 79.45 MJ kg™
Beetroot seed 50 MJ kg*
Potato seed 3.6 MJ kg*
Outputs

Mustard seed 22.72 MJ kg™t
Mustard stalk 12.5 MJ kg*
Carrot yield 1.96 MJ kg*
Beetroot yield 17.1 MJ kg*
Radish yield 1.6 MJ kg™
Potato yield 3.6 MJ kg™

Statistical analysis

Recorded data were subjected to analysis of variance
(ANOVA) appropriate for a RBD. Treatment means were
compared using the F-test at the 5 % level of significance.
Where significant differences existed, the least significant
difference (LSD) was calculated. Statistical analysis was
carried out using OPSTAT software.
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3. Results and Discussion
Total economic yield and mustard equivalent yield

The total economic yield and MEY differed significantly
among the sole and intercropping systems (Fig. 2).
Among all the treatments, radish monocropping
registered the highest total economic vyield
(24212 kg ha®). It was followed by monocropping of
potato (21456 kg ha®), carrot (20513 kg ha') and
beetroot (20358 kg ha?), all of which were significantly
superior to mustard monocropping and mustard-based
intercropping  systems. Monocropping of mustard
recorded the lowest total economic yield (1556 kg ha™),
owing to its comparatively lower biomass and economic
produce. Among the intercropping systems, mustard with
radish (3 : 3) obtained the highest total economic yield
(13515 kg ha'), which was statistically at par with
mustard with radish (2 : 2) (13456 kg ha?), but
significantly superior to the remaining mustard-based
intercropping systems.

A similar trend was observed in mustard
equivalent yield where monocropping of radish provided
significantly maximum mustard equivalent yield
(5775 kg ha). This was followed by monocropping of
carrot (4893 kg ha™), beetroot (4482 kg ha™) and potato
(3937 kg ha'). Among the intercropping systems,
mustard with radish (3 : 3) recorded the highest MEY
(3964 kg ha™), which was statistically at par with mustard
with radish (2 : 2) (3933 kg ha), but significantly superior
to the other intercropping combinations. The mustard with
carrot intercropping system noted comparatively higher
MEY than mustard with beetroot and mustard with potato
systems, indicating better economic advantage due to the
higher market price and productivity of carrot. The lowest
MEY among intercropping systems was observed in
mustard with potato (2 : 2) (2646 kg ha™).

The superior performance of mustard intercropped with
radish could be attributed to the greater compatibility of
radish with mustard. Radish has a shorter crop duration
and produces marketable roots within a relatively short
period; therefore, its early harvest reduces the duration of
interspecific competition with mustard. This temporal
complementarity may have enabled mustard to utilise
available resources more effectively during its later
reproductive and seed-filling stages. In contrast, carrot,
beetroot and potato remained in the field for longer
periods, resulting in prolonged crop overlaps and a
greater possibility of competition for available resources
(28). Previous studies on mustard-based vegetable
intercropping have also highlighted the importance of
component crop productivity and intercropping efficiency
in determining overall system performance (29). In
addition, the 3 : 3 row configurations generally performed
better than the 2 : 2 row ratios across crop combinations,
suggesting improved and more efficient utilisation of
growth resources under closer spatial arrangement (30).
Appropriate row arrangements can influence resource
sharing and interspecific interactions among component
crops, thereby affecting overall productivity (24).

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
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Tia: Mustard + Potato (3:3)
Taz: Mustard + Carrot (3:3)

Tu: Mustard + Beetroot (3:3)

Tio: Mustard + Radish (3:3)

Ts: Mustard + Potato (2:2)

Ts: Mustard + Carrot (2:2)

T7: Mustard + Beetroot (2:2)

Te: Mustard + Radish (2:2)

Ts: Potato sole crop

Ta: Carrot sole crop

Ta: Beetroot sole crop

Tz: Radish sole crop

T1: Mustard sole crop

mMustard equivalent yield

2000 6000 10000 14000 18000 22000

Yield (kg ha)

u Total economic yield

Fig. 2. Effect of mustard intercropping with root vegetables on yield.
Mustard oil content and oil yield

There was no significant influence of intercropping mustard
with different root vegetables on oil content (Table 3).
Numerically, the highest oil content was exhibited in
mustard monocropping (37.0 %), followed by mustard with
radish (3 : 3) (36.1 %), mustard with potato (3 : 3) (35.9 %)
and mustard with beetroot (3 : 3) (35.8 %). The lowest oil
content was observed in mustard with carrot (2 : 2)
(34.2 %). The non-significant variation in oil content
suggests that competition from the vegetable intercrops
was insufficient to affect oil accumulation in mustard seeds.
Oil content is largely a genetically governed trait therefore
the adopted row arrangements possibly ensured adequate
resource availability environment during reproductive
growth and seed filling. Similar effects of intercropping and
spatial arrangement on mustard oil quality have been
reported earlier (30), while variations in oil related traits
among Brassica species might not solely depend on crop
compatibility and spatial arrangement (31).

Table 3. Effect of Brassica juncea (L.) Czern. intercropping
with root vegetables on mustard oil content and oil yield

Treatments Oil content Oil yield
(%) (kg ha’)
T, - Mustard monocrop 37.0 575
Te - Mustard with radish (2 : 2) 35.0 333
T+ - Mustard withbeetroot (2 : 2) 34.3 260
Ts- Mustard withcarrot (2 : 2) 34.2 289
To- Mustard withpotato (2 : 2) 34.5 258
Tio- Mustard with radish (3 : 3) 36.1 351
T11- Mustard with beetroot (3 : 3) 35.8 275
Ti12- Mustard withcarrot (3 : 3) 35.6 305
T1s- Mustard withpotato (3 : 3) 35.9 271
Sem + 1.3 11
CD (P = 0.05) NS 32

NS: non-significant.
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In contrast, oil yield differed significantly due to
variation in seed yield among treatments. Monocropping
of mustard generated significantly higher mustard oil yield
(575 kg ha®). Within the intercropping treatments,
mustard with radish (3 : 3) produced the maximum oil
yield (351 kg ha™) but remained statistically comparable
to mustard with radish (2 : 2) (333 kg ha®) and mustard
with carrot (3 : 3) (305 kg ha). The lowest oil yield was
recorded in mustard with potato (2 : 2) (258 kg ha™).The
comparatively higher oil yield observed in mustard with
radish intercropping system (3 : 3 or 2 : 2) may be
attributed to better growth and yield performance of
mustard under improved crop complementarity and
resource utilisation. Similar findings were reported which
observed that intercropping systems significantly
influenced oil yield primarily through changes in seed
yield rather than oil concentration (32, 33).

Economics

The economic performance of mustard-based root
vegetable intercropping systems revealed significant
variations in gross and net returns due to differences in
cultivation costs (Table 4). The cost of cultivation varied
significantly with ranging from 35920 ha® in mustard
monocropping to ¥85992 ha™ in potato monocropping.
While in intercropping systems, mustard intercropped
with potato (2 : 2) attained the highest cultivation cost
(¥63492 ha) followed by mustard with potato (3 : 3)
(62292 ha). In contrast, mustard with carrot (3 : 3)
attained the lowest cultivation cost (350692 ha) among
intercropping treatments.

Monocropped radish produced the highest gross
return amounting to 3338968 ha®, the net return at
3264526 ha' and a B : C ratio of 4.55, which was
significantly greater than any other production treatment.
This was followed by carrot monocropping, which
registered gross returns of 266669 ha™, net returns of
193164 ha® and a B : C ratio of 3.63. Potato and
beetroot in monoculture yielded higher gross and net

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
Publishing Group.

https://doi.org/10.14719/pst.15607


https://doi.org/10.14719/pst.15607

Plant Science Today | 2026 | Volume 13(sp9) | Page 6

returns than mustard monocropping, owing to their profitability (35, 36). Early marketable yield of radish, which
greater marketable yield and economic value. Whereas provided substantial additional returns with comparatively

monocropping of mustard resulted in lowest gross returns lower cultivation costs. The comparable performance of
(¥84802 ha®) and net returns (348882 ha®), with a the 2 : 2 and 3 : 3 row ratios indicate good compatibility
comparatively lower B : C ratio of 2.36. between mustard and radish under both spatial

arrangements. Similarly, it was observed that higher
economic efficiency and better land use advantage in
vegetable based intercropping systems (37, 38). In
contrast, the lower profitability of mustard with potato
systems may be due to the comparatively higher
cultivation cost and input requirements of potato.

In case of economic returns of intercropping,
radish intercropped in mustard at 3 : 3 ratio produced the
highest gross returns (3216033 ha?), net retuns
(160966 ha®) and B : C ratio (3.92), which was
statistically comparable with 2 : 2 ratio (3214353 ha®,
%157986 ha™ and 3.80, respectively). This was followed by
carrot intercropped in mustard (3 : 3) with gross returns of Energetics
%185620 ha™, net returns of 134927 ha* and a B : C of
3.66, followed closely by mustard with carrot intercropping
(2 : 2). In contrast, mustard with potato intercropping
systems at 3 : 3 and 2 : 2 ratio revealed comparatively
lower profitability despite higher cultivation costs.

Energy balance studies are important to make
improvements that will lead to a more efficient and
eco-friendly production system. In the study, energy
parameters differed significantly among the sole and
intercropping systems (Table 5). Energy input was

The higher economic profitability under vegetable highest in monocropping of potato (33536 MJ ha*), which
intercropping attributed to better utilisation of space, rapid was significantly superior to all other treatments. Among
crop growth and higher marketable yield than sole intercropping systems, mustard with potato (2 : 2) and
cropping (34). Mustard with radish intercropping improved mustard with potato (3 : 3) achieved comparatively higher
spatial arrangement in the 3 : 3 row ratios might have energy inputs of 30309 and 29229 MJ ha?, respectively.
enhanced crop complementarity and minimised In contrast, radish monocropping consumed the lowest
interspecific competition, thereby increasing overall system energy input (19043 MJ ha™).

Table 4. Effect of Brassica juncea (L.) Czern. intercropping with root vegetables on economics

Treatments Cost of cultivation (% hal) Gross returns (X hal) Net returns (% ha'l) Benefit-cost ratio
T1 - Mustard monocrop 35920 84802 48882 2.36
T2 - Radish monocrop 74442 338968 264526 4.55
T3 - Beetroot monocrop 76867 244296 167429 3.18
T4 - Carrot monocrop 73505 266669 193164 3.63
Ts - Potato monocrop 85992 214560 128568 2.50
Te - Mustard with radish (2 : 2) 56367 214353 157986 3.80
T7 - Mustard with beetroot (2 : 2) 54992 174379 119387 3.17
Ts - Mustard with carrot (2 : 2) 51992 184539 132547 3.55
To - Mustard with potato (2 : 2) 63492 144227 80735 2.27
T10 - Mustard with radish (3 : 3) 55067 216033 160966 3.92
T11 - Mustard with beetroot (3 : 3) 53792 175368 121576 3.26
T12 - Mustard with carrot (3 : 3) 50692 185620 134927 3.66
T13 - Mustard with potato (3 : 3) 62292 148733 86441 2.39
SEm * - 10482 6822

CD (p = 0.05) - 30924 20125

Table 5. Energetics as influenced by Brassica juncea (L.) Czern. intercropping with root vegetables

Treatments Input Output  Net energy Enetrg_]y use Energy prod_l.llctivity Specific energy
(MJha?) (MJha?) (MJha?)  efficiency (kg MJ7) (MJ kg?)
T, - Mustard monocrop 22420 84227 61807 3.76 0.07 14.41
T, - Radish monocrop 19043 38739 19696 2.03 1.27 0.79
T - Beetroot monocrop 23236 348122 324886 14.98 0.88 1.14
T,- Carrot monocrop 23212 40205 16993 1.73 0.88 1.13
Ts- Potato monocrop 33536 77242 43706 2.30 0.64 1.56
Ts- Mustard with radish (2 : 2) 21960 69619 47659 3.17 0.61 1.63

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
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T, - Mustard with beetroot (2 : 2) 22407 230269 207862 10.28 0.53 1.89
Ts- Mustard with carrot (2 : 2) 22496 64001 41505 2.84 0.51 1.96
To- Mustard with potato (2 : 2) 30309 77484 47175 2.56 0.37 2.73
T1o- Mustard with radish (3 : 3) 22386 70490 48104 3.15 0.60 1.66
T1: - Mustard with beetroot (3 : 3) 22407 231266 208859 10.32 0.53 1.88
T2 - Mustard with carrot (3 : 3) 22622 64436 41814 2.85 0.51 1.96
Tis- Mustard with Potato (3 : 3) 29229 84227 54998 2.88 0.39 2.54
SEm 1051 5426 0.24 5220 0.007 0.381
CD (p =0.05) 3102 16008 0.73 15399 0.020 1.125
Energy output varied markedly among 4. Conclusion
treatments, with  beetroot monocrop registered

significantly maximum output energy (348122 MJ ha™).
Among the intercropping treatments, mustard with
beetroot (3 : 3) and mustard with beetroot (2 : 2) showed
higher energy outputs of 231266 and 230269 MJ ha?,
respectively. Consequently, monocropping of beetroot
also reflected the highest energy use efficiency (14.98)
and net energy (324886 MJ ha?), followed by mustard
with beetroot systems. The lowest energy use efficiency
was observed in carrot monocropping (1.73), while
mustard monocropping exhibited the highest specific
energy (1441 MJ kg?h) indicating greater energy
requirement per unit biomass production.

Energy productivity was highest in monocropping
of radish (1.27 kg MJ?), followed by carrot and beetroot
(0.88 kg MJ?) reflecting better biomass production per unit
energy input. Among the intercropping systems, mustard
with radish (2 : 2) marked the highest energy productivity
(0.61 kg MJ™), which was closely followed by mustard with
radish (3 : 3) (0.60 kg MJ™). Lower specific energy values
in radish and beetroot-based systems indicated more
efficient conversion of input energy into biological output.
Intercropping systems exhibited higher energy use
efficiency and net energy due to greater biomass
production and higher output energy relative to energy
invested as compared to sole cropping system (39). Root
vegetable crops generally produce substantial biological
yield with efficient conversion of input energy into output
energy (40). The exceptionally high energy output and
energy-use efficiency of the mustard-beetroot intercropping
systems may be attributed primarily to the high biological
and economic yield of beetroot. Beetroot produces a
substantial quantity of energy-rich roots (energy coefficient
in Table 2), which contributed considerably to the total
output energy of the system. The relatively high output
energy obtained from beetroot, compared with the energy
invested in cultivation, resulted in greater net energy and
energy-use efficiency. On the other hand, mustard
intercropping with radish in 3 : 3 and 2 : 2 reported higher
energy productivity and less specific energy due to shorter
crop duration, requiring a fewer energy intensive inputs
and field operations than longer duration crops which
produced higher conversion of energy into economic
output (41).

HePG

The present investigation revealed that use of root
vegetable crops in mustard-based intercropping systems
was more effective compared to mustard monoculture
farming in terms of productivity and use of resources. In
comparison with all the other combinations studied, the
combination of mustard grown in intercropping with radish
using a row ratio of 3 : 3 and 2 : 2 proved to be the most
suitable intercropping system with respect to mustard
equivalent yield, oil yield, economics and energy
efficiency in the agroclimatic conditions of Northern
Telangana. These results must be further studied in long-
term before recommendation.

Practical implications

The results are particularly relevant to farmers in Northern
Telangana, where mustard is grown during the rabi season
and diversification by intercropping with a short-duration
crop such as radish can provide additional income from the
same land area. Early maturity and marketable yield of
radish offer earlier returns, while its compatibility with
mustard can improve system productivity, profitability and
energy-use efficiency. However, further multi-season and
multi-location studies are needed to validate consistency
and wider applicability.
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