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ABSTRACT

Monocropping, low productivity, energy—use efficiency and net returns are some of the major factors that contribute
to unsustainable agriculture production system in the Eastern Himalayas. Crop diversification is a sustainable option
for enhancing the productivity for food and nutritional security of small and marginal farmers of the regions. A field
study was carried at the farmers’ field by KVK, Longleng, Nagaland during 2013—15 to assess the most profitable rice—
based system as rice—fallow, rice—toria, rice—vegetable pea (green pod), rice—tomato and rice—cabbage, respectively.
Results revealed that rice yield ranges from 1.75—1.86/ha under the different cropping sequences. Significantly higher
system rice equivalent yield (SREY)) was recorded with rice—cabbage (30.6 t/ha) compared to other sequences. Land
use efficiency (LUE), water use efficiency (WUE), system production efficiency (SPE) and system profitability had
also significantly higher with rice—cabbage. The system energy returns, system net energy returns and system energy
output efficiency had higher with rice—pea. Maximum values of system specific energy, system energy efficiency
and energy profitability had noted with rice—fallow. Hence, it may be concluded that adoption of vegetables crops
(cabbage/tomato) are the viable options for improving productivity, profitability and energy-use efficiency under

foothill condition of Eastern Himalayas.
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Crop diversification is recognised as an effective
strategy for achieving the objectives of food and nutritional
security, poverty alleviation, employment generation,
judicious use of resources and sustainable agricultural
development. It improves the quality of food security mainly
because of more availability of pulses/oilseed and vegetables
in addition to the cereals (Kumar et al. 2015d). Inclusion
of pulses/oilseeds and vegetables in cropping system is
more beneficial compared to monocropping for achieving
the sustainable food and nutritional security (Kumar ef al.
2016a). Hence, selection of crops should to be suitably
planned for efficient utilization of the available resources
(Kumar et al. 2015a, b, ¢). Growing of winter crops (carrot,
potato, tomato, French bean, pea and lentil) after rice harvest
increases the incomes of rural poor’s (Kumar et al. 2014,
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Kumar et al. 2017a). Diversified cropping systems require
increased use of energy. Energy—agriculture relation is an apt
more important with intensification of system for resource
poor situation (Kumar et al. 2016a). The productivity of
rice in region is ~1.79 t/ha, which is far below the national
productivity (2.26 t/ha). In Nagaland, paddy is grown
during March to August and then land remains kept fallows
in subsequent season (Kumar et al. 2016) but the region
receives rainfall up to end of mid October. There is sufficient
residual soil moisture in crop fields even after harvest of
paddy to raising the succeeding winter crops. Thus, there
is potential for growing of winter crops, i.e. vegetable pea,
toria, tomato, cabbage on residual soil moistures, which
increases the cropping intensity of jhumias. Keeping these
things in view, the present investigation was undertaken.

MATERIALS AND METHODS

Field investigation was carried out at the farmer’s
field of KVK, Longleng, Nagaland, during 2013-15 in
five villages (Hukphang, Pongching, Orangkong, Pongo,
Yongam) covering 20 number of farmers in an area of
~2.0 ha each. Total annual rainfall at experimental site
varies between 1336 to 1626 mm during in 2013-14 and
2014-2015, respectively during cropping (Fig 1). Monthly
mean maximum and minimum temperature in cropping


mailto:rakeshbhu08@gmail.com

1158 KUMAR ET AL.

period ranges from 19.0 to 31.2°C and 5.5 to 23.1°C,
respectively. Soil of experimental sites were high in organic
carbon (1.7-2.1%), medium in available N (296-340 kg/
ha), available P (10-14 kg/ha) and K (170-182 kg/ha),
respectively. Before introduction of 2 crop at the farmer’s
field, training program was imparted to the progressive
farmers on the improved package of practices on tomato
(Solanum lycopersicum L.), pea (Pisum sativum L.), cabbage
(Brassica oleracea var. capitata) and toria (Brassica
campestris L. var. toria). Garden pea cultivated as green pod
on the residual soil moisture, whereas tomato/cabbage were
given life saving irrigation for better seedlings establishment.
For comparison of the different cropping sequences (Table
1), yields of winter crop were converted into rice equivalent
yield (REY) using the formula:

REY=Yield of paddy (first crop) + yield of second crop x
price of second crop/price of paddy

Land use efficiency (LUE) was computed by dividing
the total number of days occupied by respective crop by
365 days and multiplying with 100. System productivity
was calculated by dividing production of crops in sequence
by 365 days and expressed in per cent. System profitability
was obtained by system net returns divided by total duration.
Relative production efficiency (RPE) and relative economic
efficiency (REE) were calculated by using the formula as
mentioned below:

Total productivity (TP of diversified

Relative cropping system (CS) —TP of existing
production _ cropping system) ‘100
efficiency TP of existing cropping system

Relative Net returns (NR) of diversified CS-NR
economic B of existing cropping system

efficiency - NR of existing cropping system * 100

Energy input and output were calculated by converting
various inputs used, viz. labour, fertilizer and farmyard
manure (FYM) and output i.e. grain and straw into energy

T Rainfall (mm) (mean 2013-2015)

== Min. Temp. (°C) (Mean 2013-2015)

== Max. Temp. (°C) (Mean 2013-2015)
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units as suggested by Tuti et al. (2012). The following
formula was used for calculating the energy parameters.

Input energy: Energy equivalents for all inputs were
summed to provide an estimate for total energy input;
Output energy: Crop biomass yield i.e. yields of grain and
by-product (straw/leaves/stalk).

Energy output from product (grain) and by-product
were calculated by multiplying amount of production and
its corresponding energy equivalent unit.

Net energy return: It is difference between gross energy
output produced and total energy required obtaining it
(input energy).

Net energy return (MJ/ha)

Energy profitability (PE) =
&P y (PE) Input energy (MJ/ha)

Output energy (MJ/ha)
Labour energy (MJ/ha)

Human energy profitability (HPE) =

Crop economic yield (kg/ha)
Energy input (MJ/ha)

Energy profitability (EP) =

Energy input (MJ/ha)
Cost of cultivations (Rs/ha)

Energy intensiveness (EI) =

Energy output (MJ/ha)
Energy input (MJ/ha)

Energy use efficiency =

REY (kg/ha)
Energy input (MJ/ha)

Energy profitability =

Energy intensity in Total input (MJ/ha)
physical term (MJ/kg)  Total output (grain + straw (kg/ha))

Gross energy output (MJ/ha)
Cost of cultivation (Rs/ha)

Energy intensity in
economic term (MJ Rs)

Economics were computed at the prevailing market
price during both the years for different commodities.
Economic yield of paddy and winter crops in different
cropping sequences were converted into equivalent value of
carbohydrate as suggested by Gopalan et al. (2004). Carbon
output was calculated based on
the plant biomass production in
different sequences as suggested

of probability (P=0.05).

40000 1 r 3500 by Lal (2004). Water use efficiency
350.00 - 30.00 (WUE) was computed by dividing
_800.00 A L o500 0 SREY with total rainfall received.
é 250.00 % Mean data of all observations
= 20000 - 20.00 % over two years were pooled and
£ L 1500 @ Statistically analysed using F—test.
g 150.00 4 € Differences between treatment
100.00 - 10002 hean, which were higher than least
50.00 - H - 5.00 significant different considered as
0.00 . . . . . . . . . . 0.00 significant difference at 5% level
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Fig 1. Mean monthly weather parameters during the experimental period (2013-15)
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Table 1 Details of crops, varieties and cultural operation for different crops in cropping systems

Cropping  Varieties  Seed rate Spacing Sowing/ Organic Weed control  Irrigation Harvesting

system (kg/ha) (cm) transplanting manure (t'ha)  measures

Rice Local 110 Broadcast  15-25% March - Hand weeding Rainfed 25t Aygust—5th

(HW) September

Tomato MT-3 500 g 50x50  1-10'™ September/ 5 HW Life saving 1-15" January
1-10% October

Cabbage Golden Acre 600 g 40x40 1-10" September/ 5 HW Life saving 1-15" January
1-10% October

Pea Azad Pea 75 30x10  20-30th September 5 HW Rainfed 25-30t January

Toria TS-36 7 30%5 20-30™ September 5 HW - 1020 January

Table 2 Productivity of main and component crops, rice equivalent yield of different cropping sequences (Pooled data of 2 years)

Cropping system Main crop (Rice) 2" crop yield REY SREY  SPE (kg/ RSPE LUE WUE
yield (t/ha) (t/ha) (t/ha) (t/ha) ha/day) (%) (%)  (kg/ha/mm)

Rice—fallow 1.86 - 1.7 1.9 5.1 - 43.8 1.5
Rice—Pea 1.95 4.5 9.3 11.2 25.8 408 78.1 7.4
Rice—Toria 1.75 0.6 33 5.3 9.6 86 74.5 3.5
Rice-Tomato 1.83 16.6 26.9 28.7 73.4 1318 76.4 18.9
Rice—Cabbage 1.87 20.3 30.6 325 83.8 1518 78.2 21.5
SEm (£) 0.44 0.31 0.2 0.3 1.4 - - -
LSD (P=0.05) NS 0.96 0.7 0.9 43 - - -

REY, rice equivalent yield; SREY, system rice equivalent yield; SPE, system production efficiency; RSPE, relative system production

efficiency; LUE, land use Efficiency; WUE,water use efficiency.

having 200% cropping intensity had significantly higher rice
equivalent yield (REY). Paddy yield in different cropping
sequence ranges from 1.75-1.86 t/ha (Table 2). Pooled yield
of vegetable pea (green pod), toria, tomato and cabbage
were 4.5, 0.6, 16.6 and 20.3 t/ha, respectively. Maximum
REY had recorded 0f 9.3, 3.6, 26.9 and 30.6 t/ha with rice—
pea, rice—foria, rice—tomato and rice—cabbage sequences,
respectively. Per cent increase of REY had 1546.8, 1346.2,
397.3 and 92.5 over rice—cabbage, rice-tomato, rice—pea
and rice—toria sequence, respectively over sole rice. System
productivity/(SREY) had higher with rice—cabbage (32.5
t/ha) followed by rice—tomato (26.9 t/ha). This might be
due to higher production potential of tomato and cabbage
along with better market price of vegetable pea that fetched
remunerative returns (Kumar et al. 2018a,b). Kumar et
al. (2014) reported that rice—cabbage/rice—tomato had
maximum productivity in the regions.

Trends of the system production efficiency (SPE) were
same as those of SREY. SPE had significantly superior
in rice—cabbage (83.8 kg/ha/day). The SPE had 1545.6,
1342.6,407 and 89.2% higher in rice—cabbage, rice—tomato,
rice—pea and rice—foria than rice-fallow. Higher SPE due to
inclusion of vegetables and foria in rice—based sequences had
reported by Kumar et al. (2015b). Highest system relative
production efficiency (SRPE) of 1518% was obtained with
rice—cabbage followed by rice—tomato and rice—pea (Table
2). Rice—toria sequences had the lowest SRPE (86%) over
traditional rice monocropping.

Land use efficiency (LUE) and water use efficiency

(WUE): Markedly higher LUE had recorded with rice—
cabbage (78.2%) due to the longest duration of sequences
(283 days) followed by rice—pea (78.1%), rice—tomato
(76.4%) and rice—toria (74.5%), respectively. Crop
diversification utilizes land efficiently, which would not
only enhance the profitability but also generates more
employment during the lean period. Kumar et al. (2015c¢)
reported that intensification through inclusion of short
duration vegetables; and pulses/oilseeds in system increase
LUE. Markedly highest WUE had recorded with rice—
cabbage (21.5 kg/ha/mm) and lowest with rice—fallow system
(1.48 kg/ha/mm).

Carbohydrate equivalent yields and carbon output:
Maximum system carbohydrate equivalent yields (SCEY)
had recorded with rice—cabbage (2357 MJ/ha) followed
by rice—pea (2217 MJ/ha). Per cent increase in SCEY had
62.4, 52.8, 39.7 and 5.2% with rice—cabbage, rice—pea,
rice—tomato and rice—foria sequences, respectively (Table
3). Higher carbohydrate production in a cropping sequence
is obtained mainly due to higher economic yield and per
unit production of carbohydrate, which is generally higher
with cereals (Kumar 2015a,b,c). Inclusion of winter crops in
sequences besides contributes to economic yield; improved
succeeding rice yields, consequently more carbohydrate
yields in sequences having 200% intensity. Maximum system
carbon output (SCO) was recorded with rice—pea (6.8 t CO,
eq/ha) followed by rice-tomato sequences (6.6 t CO, eq/
ha), respectively. The SCO was 65.3,44.9, 181.3 and 89%
higher with rice—pea, rice—foria, rice-tomato, rice-cabbage,
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Table 3 Economics and employment generation as influenced by different cropping sequences (Pooled data of 2 years)

Cropping system System net  System benefit: System System relative ~ System Carbohydrate System carbon
returns cost ratio profitability economic efficiency  equivalent yield output
(GJ/ha) (MJ/ha/day) (%) (kg/ha) (t CO, eqg/ha)
Rice—Fallow 5660 1.34 - - 1451 2.4
Rice—Pea 64686 2.34 177 1146 2217 6.8
Rice—Toria 13948 1.45 42 168 1527 34
Rice—Tomato 212228 2.94 583 3987 2027 6.6
Rice—Cabbage 249782 3.13 687 4710 2357 4.5
SEm (£) 5786 0.09 49 - 27.3 0.1
LSD (P=0.05) 17347 0.25 14.9 - 81.7 0.3
Table 4 Energy-use efficiencies as influenced by different cropping sequences (Pooled data of 2 years)
Cropping System System  System System System Human Specific ~ Energy Energy Energy
system energy energy netenergy energy efficiency energy  energy output intensity intensity in
inputs returns  returns ratio profitability profitability (MJ/t) efficiency  in physical economic
(GJ/ha) (GJ/ha) (Gl/ha) (MlJ/ha/day) terms (MJ/kg) terms (MJ/kg)
Rice—fallow 4.5 84.4 79.9 18.7 17.7 30.7 455 528 2.44 5.08
Rice—Pea 10.2 152 140 124 11.4 29.6 16.1 533 1.92 3.15
Rice—Toria 10.4 96 85.6 9.4 8.4 21.8 27.3 352 432 3.07
Rice—Tomato 12.2 143 1323 13.7 12.7 19.5 53 512 0.57 1.31
Rice—Cabbage 12.3 107 94.8 8.8 7.8 17.9 3.5 375 0.56 091
SEm (1) 0.24 1.85 1.7 0.3 0.4 0.5 0.3 6.5 0.04 0.04
LSD (P=0.05) 0.71 5.56 5.1 0.9 1.2 1.5 1.0 19.6 0.12 0.12

respectively, compared as to rice—fallow system.

Profitability: Economic analysis revealed that rice—
cabbage system had highest system net returns (X 250754/ha)
followed by rice tomato (¥ 212690/ha) (Table 3). However,
the system net returns remained much lower for rice—fallow
(X 5680/ha). Increase in system net returns was mainly
due to the higher market price of vegetables included in
rice—based system. Highest system benefit: cost ratio (2.94),
system profitability (X 687/ha/day) and relative economic
efficiency (4018%) had recorded with rice—cabbage,
respectively Kumar et al. (2016b) reported increase in net
profits over traditional system with inclusion of vegetable
crops in sequences.

Energetics: A system is considered more efficient,
when it produces the highest energy output and requires the
less energy inputs (Table 4). Highest system energy input
had recorded with rice—cabbage (12.3 GJ/ha) followed by
rice—tomato (12.2 GJ/ha) and the lowest with rice—fallows
system (4.51 GJ/ha). More energy used by rice-cabbage
system was mainly due to production of cabbage consumed
higher energy inputs in terms of human labour during winter.
However, double cropping required more input, which is
responsible for consumption of more energy. Kumar et al.
(2015d) also reported that among different sources of energy
input, fertilizer accounted higher per cent of input energy.
Amongst cropping system, highest system energy returns
(152 GJ/ha) and system net energy return (140 GJ/ha) had
recorded with rice—pea system, respectively.

Maximum system energy output efficiency was recorded

inrice—pea (533 MJ/ha/day) followed by rice—fallow system
(528 MJ/ha/day). Cropping sequences involving the winter
crops had more energy productivity due to their lower
energy consumption per unit of production. This might be
due to less cropping duration and cost of cultivation for
sole rice as compared to two crops in sequence (Kumar et
al. 2017b). However, system energy intensity in physical
term (4.32 MJ/kg) and system energy intensity (2.91
MlJ/kg) had maximum in rice-foria because total energy
output was less. Energy input had more in rice—tomato;
therefore system energy intensiveness and system energy
productivity had recorded of 10.48 MJ/t and 2.57 kg/MJ
respectively. Maximum system energy ratio (18.7), system
energy efficiency profitability (17.7), system human energy
profitability (30.7) and system specific energy (45.5 MJ/t)
was recorded in rice-fallow compared to where included
winter crop. This indicated that maximum quantum of energy
is required to produce one unit of output in rice-fallows,
while highest amount of product produced per unit of energy
invested in rice—cabbage (Bohra and Kumar 2015).

On the basis of above study, it may be concluded that
farmers can cultivate the vegetables after rice for improving
their livelihood as well as food and nutritional security in
the Eastern Himalayas.
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