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ABSTRACT

This study investigated the energy input-output relationship in biomass production of cape
gooseberry (Physalis peruviana L.) grown in Sodic soils of Indo-Gangetic plains with agronomic
manipulations of plant spacing (90 x 75 cm, 75 x 75 cm, 75 x 75 cm) and NPK fertilizers (O,
60:40:40, 80:60:60, 100:80:80 N:P,05:K,0 kg ha”). Results indicated that total input energy
requirements in various treatments ranged from 16784.72 MJ ha™ in 90 x 75 cm spacing without
NPK fertilizers to 24395.04 MJ ha™" in case of 75 x 60 cm spacing with NPK at 100:80:80 kg ha™.
Irrespective of agronomic manipulations, share of non-renewable energy in total input energy was
very high (64.56%) and the percentage proportions of direct and indirect energies in the total input
energy were 75.56 and 24.13%, respectively. Among various inputs, diesel accounted for the
greatest proportion (40.44%) of total input energy, followed by water (32%), fertilizers (19.28%) and
these three inputs constituted 92.08% of total input energy. Crop raised at 75 x 60 cm spacing with
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NPK at 100:80:80 kg ha™ resulted the highest output energy (80863 MJ ha™), net energy return
(56529.91 MJ ha™') and energy use efficiency (3.22); however, the results obtained at 75 x 60 cm
spacing with NPK at 100:80:80 kg ha™ were comparable. The best energy productivity (0.43) was
achieved with 75 x 75 cm spacing and 100:80:80 kg NPK ha™.

Keywords: Agronomic manipulations; energy productivity; energy use efficiency; NPK fertilizers;

Physalis peruviana L; spacing.
1. INTRODUCTION

Soil salinity is one of the most critical factors
limiting agricultural productivity by affecting
physiological aspects of plant growth and
development [1-3]. Around 1.12 billion hectares
of arable land worldwide are affected by various
types of soil salinity, with 6.73 million hectares of
salt-affected soils scattered across India [4-6].
Soil salinity affects around 2.1% of India's
geographical area, of which 2.96 million ha are
saline and the other 3.77 million ha are sodic
[5,6]. It has been postulated that every year
nearly 10% additional area is getting salinized
and by 2050, around 50% of the arable land will
be salt-affected [4]. The Indo-Gangetic plain is
among the most extensive land tract of the world
and covers several states of the northern, central
and eastern parts of India. It stretches westwards
from the combined delta of the Bramhaputra and
Ganges river valleys to the Indus river valley and
occupies about 43.7 m ha [7]. This plain
accounts for about 2.35 million ha of the salt-
affected soils of India, of which 0.56 million ha
are saline and about 1.78 million ha are sodic [8].
Appropriate technical interventions such as
reduced amendment use, additional nutrition and
drip irrigation, the exploration of salt-tolerant
species of economic importance for viable
farming are needed in salt-affected soils of indo-
Gangetic plain. Among cultivated species, major
fruit crops are more sensitive to salinity than
common annual crop species; however, hardy
fruit species such as Grewia asiatica, Phoenix
dactylifera, Manilkara zapota, Psidium guajava,
Syzygium cuminii, Ziziphus mauritiana, Emblica
officinalis, Carissa carandas, Punica granatum,
Aegle marmelos and few more have tremendous
commercial potential in salt-affected soils [9-11].
All of these fruit trees are perennial with a longer
gestation period before harvesting economic
yield resulting in delayed viable income to the
growers in such vulnerable areas.

Cape gooseberry (Physalis peruviana L.) is a
herbaceous semi-shrub of the nightshade family
(Solanaceae) that bears numerous small fruits
(berries) enclosed in an inflated papery calyx

97

cavity. It is native to Aden regions of South
America [12-14]. This crop was introduced to
South Africa by Spanish explorers during the 19"
century, from where it spread to various tropical
countries [14]. Several other names are used for
this crop such as golden berry, giant
groundcherry, African ground cherry, Aztec
berry, Peruvian cherry, Uchuva, Uvilla, Poha and
Poha berry. In India it is commonly known as
Rasbhai, Makoi, or Tepari [15].

Cape gooseberry has been recognized as a
functional food due to its high quality, and it has
attracted the interest of functional food markets.
The attractive golden-colored fruits of cape
gooseberry are eaten fresh and used in fruit
salads and drinks. Fruits are also preserved and
dehydrated for use in baking items. Fruits are
used to make high-quality jam, which is why it is
also known as the "Jam Fruit of India" [12]. Cape
gooseberry fruits and other plant parts (leaves,
body, seed and pomace) are valuable sources of
secondary metabolites for phyto-pharmacy, novel
medicine and cosmetics [16]. The fruits contain
high amounts of health-promoting compounds
[17-20], micronutrient, phosphorous and calcium
[15], carotenoids, flavonoids [21-22] and have
antioxidants [15,17,22]. Cape gooseberry being
explored for its potential role as anticancer, anti-
mycobacterial, antipyretic, immune-modulatory
properties [23,24], anti-inflammatory, antioxidant
and anti-hepatotoxic activities [15,17,18,23] and
treating various ailments such as diabetes,
asthma, malaria, dermatitis, hepatitis and ulcers
[24-26].

Currently, cape gooseberry plants are widely
distributed in temperate and tropical regions
around the world [14,27]. They have wide
adaptability of soil and climatic conditions [12]
and are commercially cultivated in Peru, Brazil,
Chile, Ecuador, Colombia, South Africa, Kenya,
Egypt, Zimbabwe, New Zealand, Australia, India,
China, Hawaii and Caribbean countries [27,28].
In Colombia, Cape gooseberry is widely grown in
salt-affected soils, protecting itself from salinity
stress by increasing leaf antioxidant activity [29]
and has been classified as a moderately salt-




tolerant crop [30]. Cape gooseberry is grown in
pockets of the plains of north India and some
areas of southern states. Because of its salt
tolerance ability, availability of fresh fruits during
the lean season (December to March), wide
adaptability, non-perennial occupation of land,
rapid growth in nature and high market value, it
has a strong potential for commercial production
in salt affected soils in India.

Crop productivity in a particular area is impacted
by technological (agronomic interventions,
managerial decisions and so on), biological
(diseases, insects, pests and weeds) and
environmental factors (climatic, soil, topography,
water, etc.). Planting density and nutrient
management are the most important agronomic
factors of crop production since these inputs
have a stronger impact on plant development
and yield. Plant spacing varies depending on the
plant type and the environment; thus, appropriate
planting density is required for optimum crop
growth and development in a specific growing
state. Adequate fertilizer management is critical
for soil fertility management since it is more
responsible for crop performance in a particular
setting. Plants require substantial amounts of
nitrogen, phosphorus and potassium, as these
are insufficiently available in sodic soils for
maximum plant growth and development; it is
critical to feed these nutrients to the crop in
balanced amounts.

Inputs and methods are being intensified in
changing technological interventions and
modernization of crop production systems to
attain enhanced agricultural productivity on
constrained cultivable lands. Natural resources,
on the other hand, are fast depleting and the
amount of pollutants in the environment is
significantly increasing [31]. As a result, inputs
and methods in modern crop production
practises on problem soils must be evaluated in
terms of energy to ensure that limited resources
are used efficiently for enhanced crop
productivity and long-term  environmental
implications. Evidence suggests that efficient and
effective energy use is required for financial
savings, fossil resource preservation [32],
reduced greenhouse gas emissions from
agricultural production systems and energy-
related environmental pollution [33,34], improved
agricultural production [31,34,35] and ultimately
positive contribution to sustainable development
[33,36]. Limited study on energy budgeting in
agricultural  production systems has been
conducted in a few countries, with the majority of
studies focusing on cereal crops and cropping

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

98

system research [37-50]. A few studies from
India have also been reported, revealing that the
energy consumption pattern varied greatly with
agro-climatic zones and energy sources with
farmers to engage in agricultural business [51-
56]. Energy input-output analysis of fruit
production systems in India is quite rare, with
only a handful in perennial fruit crops. In India,
the fruit sector is transitioning from a traditional to
a contemporary production system by consuming
and producing various forms of energy;
consequently, it is critical to research the energy
flow in fruit culture and to build optimal energy
input relationships.

Until recently, no study on the energy input-
output analysis of cape gooseberry production in
India or other countries have been reported. With
the foregoing in mind, it is crucial to examine the
energetics of cape gooseberry growing, since
this crop has significant potential for
commercialization on a wide scale in salt-
affected soils. Hence, the present study sought
to investigate the energy requirements and
energy input-output relationship of the cape
gooseberry (Physalis peruviana L.) crop grown
on Sodic soils in Northern India under varied
agronomic manipulations of plant spacing and
NPK fertiliser levels.

2. MATERIALS AND METHODS
2.1 Site Characteristics

A field experiment was set up in a Sodic soil at
the Main Experimental Station of the Department
of Horticulture, Narendra Deva University of
Agriculture and  Technology, @ Kumarganj,
Ayodhya, Uttar Padesh, India (latitude 26°47" N,
longitude 85°12' E, and elevation 113 meters
above mean sea level). The site is located in the
Indo-Gangetic plains of India. This location has a
sub-humid and sub-tropical climate with mean
annual rainfall of 1190 mm, which is mostly
received from July to September, but there are
also showers in the winter (October-mid
February) and summer (April-mid June). Deep
ploughing by disc plough, ploughing by cultivator,
followed by harrowing and plank to level the field
with friable soil, was used to prepare the field for
the experiment. After the site had been prepared
for transplanting, a soil sample (0 to 30 cm
depth) was obtained with an auger and evaluated
for physical and chemical parameters using
standard protocols [57-61]. The physico-chemical
parameters of experimental soil are presented in
Table 1.



2.2 Treatments

A total of twelve agronomic manipulations were
tried for growing cape gooseberry production,
involving three plant spacings (S1 - 75 x 60 cm,
S2-75x75cm and S3 - 90 x 75 cm) and four
NPK levels (F; - no NPK fertilizers, F, - 60:40:40,
F; - 80:60:60 kg and F, - 100:80:80 kg ha'1; N,
P,Os5 and KO, respectively) were formulated for
raising cape gooseberry crop. The source of
NPK fertilizers used were urea (46% N), single
superphosphate (16% P,0s), and murate potash
(60% K,0). During the final preparation of the
experimental soil, one-third of the nitrogen and
the entire amount of phosphorus and potassium
were applied according to the treatment plan.
The remaining nitrogen was divided into two
equal halves and top dressed 45 and 75 days
after transplantation.

2.3 Crop Management

Cape gooseberry genotype S-101 (Suttind Seeds
Pvt. Ltd, New Delhi) was used in this study.
Seedlings were raised in a semi-control
polyhouse and four week old seedlings with
consistent vigor and size were transplanted in
field on July 10, 2004 and July 09, 2005 for two-
year experiments. Planting was carried out
according to the treatment's specified plant
spacing. Other cultural practices, such as
irrigation, manual weeding and pesticide
application were consistent across all treatments.
Each treatment received irrigation totaling 6600
m® water ha” (mean of two years). A diesel-
powered air-cooled engine (Kirloskar, India) was
utilised to lift groundwater for irrigation.

2.4 Yield Measurements

Ripe fruits were harvested periodically during
fruiting season and crop residue was harvested
after last picking of fruits manually. The weight of
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fruits as well as crop residue was measured with
a Digital weighing machine (Make: Eagle, India).
The cumulative biomass yield (t ha”') was
estimated by adding all the weight fruits and crop
residue according to the treatments.

2.5 Estimation of Energy

All the inputs applied and crop outputs (biomass
yield) realized in this study were used to evaluate
energy budgeting and energy relations, whereas
environmental inputs (solar radiation,
precipitation, wind, soil nutrients and so on) were
not considered in the current study's analysis
despite the fact that these environmental inputs
represent far higher inputs. Even solar radiation
alone is so powerful that including it in the energy
analysis would obscure any variability in support
energy.

The input-output of cape gooseberry production
in terms of energy value were estimated using
crop management inputs and crop biomass
harvested. A complete inventory of all inputs and
outputs (crop biomass) was made to work out the
equivalent energy used in crop production and
resultant energy outputs. The inputs and crop
outputs harvested in this study were converted to
common energy units [MJ ha™] using their
energy equivalent coefficients in Table 2 [62-64].

Crop input sources can be divided into two
categories: direct and indirect energy sources.
The direct energy sources used in this study are
those that release energy directly, such as
diesel, movers and manual labor; while and the
chemical fertilizers, pesticides and machinery are
indirect energy sources. Natural energy sources
such as radiation rain, and wind, among others,
are also direct energy sources; however, these
sources were not used by growers and thus were
not considered in this study.

Table 1. Soil physico-chemical parameters of the experimental field

Particulars Value

Bulk density 1.34gcm”
Particle density 2.56 g cm?
Porosity 44.37%

Soil reaction (pH) 8.56

Electrical conductivity 0.42 mmohs cm™
Organic carbon 0.35%

Available nitrogen 190.44 kg ha™
Available phosphorus 17.86 kg ha”
Available potassium 229.34 kg ha”
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Table 2. Energy equivalent of inputs and outputs

Particular Unit Energy equivalent (MJ Unit™)
Input

Human labor

Male laborer h 1.96
Female laborer h 1.57
Chemical fertilizers

N kg 60.6
P,0s kg 11.1
K,O kg 6.7
Diesel | 56.31
Farm machinery kg 62.7
Irrigation water m® 1.02
Pesticides | 120
Seeds kg 1.0
Tractor h 13.5
Disc harrow h 25.08
Cultivator h 8.36
Sprayer h 0.17
Pump set (5HP) h 0.93
Output

Fruits kg 1.9
Crop residue kg 10.0

Based on replenishment and exhaustibility, both
direct and indirect energy sources have been
classified as renewable and non-renewable.
Direct energy sources such as animate, solar,
wind and water are non-depleting in nature and
can be replenished, making them direct
renewable energy sources, while diesel and
electricity produce energy directly, these are
quickly depleted or exhausted when used.
Similarly, indirect energy sources such as
biomass and manure can be replenished over
time and thus qualify as indirect renewable
energy sources, while fertilizer, chemicals and
machinery are not replenished; these are
classified as non-renewable indirect energy
sources. Energy relations i.e. energy use
efficiency, energy productivity and specific
energy were calculated using the following
formulae based on crop output and the energy
equivalent of inputs and outputs [63-64].

2.6 Data Analysis

Two years of data on crop biomass, output
energy, net energy return, and energy relations
were pooled and analysed using the pooled
Analysis of variance in a Split-Plot Design [65].
F-test was wused to assess variance
homogeneity. The treatment was compared
using the least significant difference at p=.05
achieved in the analysis, which is represented by
alphabetical letters.

3. RESULTS AND DISCUSSION

Crop production requires energy input i.e. the
use of energy in land preparation, planting,
fertilizer application, irrigation, intercultural
operations, harvesting, and postharvest
operations. In this study, the quantity of farm
machinery, diesel, irrigation water and pesticides
were equally used for all treatments, hence these
inputs were considered as common inputs.
Varying levels of plant spacing and NPK
fertilizers in different treatment combinations
caused the variations among the inputs of seed
and fertilizers and are also responsible for
differential human labor input requirements for
transplanting, fertilizer application, harvesting,
and packaging. Therefore, the component of
seed, fertilizers and labor inputs are denoted as
variable inputs.

The source-specific input energy required for
cape gooseberry cultivation with different plants
spacing and NPK fertilizers presented in Table 3.
Regardless of treatment, the input-wise energy
share of various inputs for the cape gooseberry
crop is depicted in Fig. 1. Diesel evidently
accounts for the highest percentage of input
energy (40.44%) followed by water (32%),
fertilizers (19.28%), machinery (3.29%), labor
(3.2%), and pesticides (3.2%). The energy share
of the seed input was negligible (0.001%). The
equivalent input energy requirements for farm
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machinery, diesel, water and pesticides were
687.06, 8446.50, 6732.00, and 324.00 MJ ha™,
respectively. Fertilizers and human labor were
some of the variable inputs that provided the
large amount of energy, whereas seed input
energy was minimal (<0.001 %) in all spacing
and NPK fertilizer treatment combinations. The
energy input for NPK fertilizer at 100:80:80,
80:60:60, and 60:40:40 kg ha™' was estimated to
be 7484, 5916, and 4348 MJ ha'1, respectively.
Labor input energy varied with plant spacing and
NPK fertilizer treatment measured highest
(721.30 MJ ha'1) in 75 x 75 cm spacing with
100:80:80 NPK kg ha™, followed by 75 x 60 cm
with 80:60:60 NPK kg ha™ (719.34 MJ ha") and
was lowest in 90 x 75 cm spacing without NPK
fertilizers (595.01 MJ ha™).

Table 4 shows the operation-by-operation input
energy for cape gooseberry production with
various plant spacings and NPK fertilizers.
Regardless of the treatments, irrigation received
the highest share of input energy (50.67 %),
followed by field preparation (25.64 %), fertilizer
application (19.32 %) plant protection (2.71 %),
harvesting and packaging (1.02 %), weeding
(0.25 %), transplanting (0.1 %), and the lowest
(0.06 %) in nursery raising (Fig. 2). Maximum
input energy needed for irrigation i.e. 10584.08
MJ ha™ followed by field preparation (5355.72
MJ ha'1) which was constant throughout the
treatments. Input energy for fertilizers application
varied with the doses of NPK fertilizers. For
fertilizer applications of 100:80:80, 80:60:60, and
60:40:40 NPK kg ha’, input energy was
estimated to be 7495.76, 5927.76, and 4359.76
MJ ha”, respectively. The weeding and plant
protection energy inputs were 52.95 and 565.32
MJ ha”, respectively. Plant spacing and NPK
fertilizer treatment combinations affected input
energy for harvesting, with the largest (244.55
MJ ha™") coming from 75 x 75 cm spacing with
100:80:80 kg ha” NPK fertilizers and the lowest
coming from 90 x 75 cm spacing without
fertilizers (163.36 MJ ha™).

Previous studies on various crops also show that
energy inputs requirement varied with the type of
inputs used. In strawberry [66], irrigation energy
consumed the highest (34.3%) of total energy
followed by nitrogen fertilizer (31.6%). Chemical
fertilizers have consumed maximum energy in
apple production [67]. In a maize-wheat-green
gram cropping system percentage contribution of
input energy resources evaluated with the
highest by crop residues application, followed by
fertilizers, diesel and water, plant protection
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chemicals and seeds, human labor, and the least
by machinery [68]. In soybean, the biggest share
in total energy input was obtained by electricity
(45.06%), followed by chemical fertilizer
(19.83%), and diesel fuel energy inputs
(14.00%), respectively [69].

The use of a higher proportion of diesel fuel and
water input energy in this study emphasizes that
reducing diesel fuel consumption and water for
irrigation usage is crucial for input energy
reduction to a great extent. Limited availability of
electricity-based irrigation source and canal
irrigation in indo-Gangetic plains of India posed
to rampant use of diesel for groundwater
exploration for irrigation purposes. As a result of
global climate change, precipitation may be
uncertain in some regions of the world and
surface, as well as ground water, may suffer
increased losses due to evaporation, reducing
the water available for irrigation; therefore, there
is urgent need for the most efficient use of
existing water resources and to give top priority
to water-saving technologies [70]. A saving in
diesel fuel by alternative input sources viz.
electricity operated water lifting-devices efficient
use of irrigation water through modern methods
of irrigation systems with high efficiency (viz. drip
irrigation) is needed for water-saving.

The proportions of direct and indirect energy as
well as renewable and non-renewable energy
needed in cape gooseberry production, differ
from one another and vary greatly according to
the treatments (Table 5). Regardless of
treatment, the energy share of direct and indirect
energy, as well as renewable and non-renewable
energies in cape gooseberry production is
depicted in Fig. 3. The percentage contribution of
direct and indirect energy to total input energy
was 75.87 and 24.13 %, respectively, regardless
of the treatment. Non-renewable renewable
energy had a substantially bigger chunk of the
total input energy than renewable energy
(35.44% against 64.56%, respectively). Each
type of renewable energy also has special
advantages that make it uniquely suited to
certain applications [71]. Renewable
technologies are considered as clean sources of
energy and optimal use of these resources
minimize  environmental impacts, produce
minimum secondary wastes and are sustainably
based on current and future economic and social
societal needs [72]. The use of renewable energy
offers a range of exceptional benefits. Panwar et
al. [73] emphasizes that use of renewable energy
is beneficial as a boost to local and regional
component manufacturing industries.
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Table 3. Equivalent input energy (MJ ha'1) of various physical inputs in cape gooseberry cultivation with varying agronomic manipulation

Treatment Machinery Fertilizer Seed Labor Irrigation water Diesel Chemical
S1Fo 687.06 - 0.200 637.96 6732.00 8446.50 324.00
SqF4 687.06 4348.00 0.200 693.06 6732.00 8446.50 324.00
SqF, 687.06 5916.00 0.200 714.24 6732.00 8446.50 324.00
SqF3 687.06 7484.00 0.200 719.34 6732.00 8446.50 324.00
S,Fo 687.06 - 0.175 622.27 6732.00 8446.50 324.00
S,F 4 687.06 4348.00 0.175 675.41 6732.00 8446.50 324.00
S,F, 687.06 5916.00 0.175 696.59 6732.00 8446.50 324.00
S,F; 687.06 7484.00 0.175 721.30 6732.00 8446.50 324.00
SsFo 687.06 - 0.150 595.01 6732.00 8446.50 324.00
SsF4 687.06 4348.00 0.150 654.23 6732.00 8446.50 324.00
S;F, 687.06 5916.00 0.150 670.31 6732.00 8446.50 324.00
S;F; 687.06 7484.00 0.150 692.08 6732.00 8446.50 324.00

Plant spacing: S1=75 x 60 cm, S;=75 x75 cm and S3=90 x 75 cm; NPK fertilizers: Fo= no NPK fertilizers, F1=60:40:40 kg N:P>05:K20 ha', F,=80:60:60 kg N:P20s5:K20 ha” and
F3=100:80:80 kg N:P;0:K,0 ha'

Table 4. Operation-wise input energy (MJ ha'1) in cape gooseberry cultivation with varying agronomic manipulation

Treatment Field preparation Nursery raising Transplanting Fertilization Irrigation Weeding Plant protection Harvesting & packaging

S+Fo 5355.72 11.960 26.28 - 10584.08 52.95 565.32 231.41
SqF4 5355.72 11.960 26.28 4359.76 10584.08 52.95 565.32 223.37
S4F, 5355.72 11.960 26.28 5927.76 10584.08 52.95 565.32 237.49
S4F; 5355.72 11.960 26.28 7495.76 10584.08 52.95 565.32 241.02
S;Fy 5355.72 11.935 21.18 - 10584.08 52.95 565.32 176.50
S,F4 5355.72 11.935 21.18 4359.76 10584.08 52.95 565.32 212.78
S,F, 5355.72 11.935 21.18 5927.76 10584.08 52.95 565.32 226.9

S,F; 5355.72 11.935 21.18 7495.76 10584.08 52.95 565.32 244.55
S3Fo 5355.72 11.910 17.65 - 10584.08 52.95 565.32 163.36
S3F4 5355.72 11.910 17.65 4359.76 10584.08 52.95 565.32 198.66
S;F, 5355.72 11.910 17.65 5927.76 10584.08 52.95 565.32 205.72
SsF3 5355.72 11.910 17.65 7495.76 10584.08 52.95 565.32 222.39

Plant spacing: S1=75 x 60 cm, S;=75 x75 cm and S3=90 x 75 cm; NPK fertilizers: Fo= no NPK fertilizers, F1=60:40:40 kg N:P>05:K;0 ha', F,=80:60:60 kg N:P205:K20 ha” and
F3=100:80:80 kg N:P;0:K,0 ha
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Pesticide, 324 MJ Machinary, 687.06
ha'(1.55%) F MJ ha (3.29%)

Seed, 0.008 MJ

Fertilizers, 4437 | ha! (0.001%)
MJ ha' (12.28%

Diesel, 8446 MJ

ha'! (40.44%) Labourer, 674.34

MJ ha-' (3.2%)

Fig. 1. Source-wise input energy (%) in cape gooseberry cultivation irrespective of different
agronomic manipulations

Plant Protection

565.32MJ ha, Harvesting and

(2.71%) packaging
Weeding 222.39MJ ha,
52.95MJ ha™, (1.02%)
(0.25%)

Field preparation
53.55MJ ha',
(25.64%)

Nursery raising

11.91MJ ha',
= (0.06%)
Irigaon i Transplantin
Fertilizer P g
application 17.65 M‘;J ha,
7495.076 MJ (0.1%)

ha, (19.32%)

Fig. 2. Operation-wise input energy (%) in cape gooseberry cultivation irrespective of different
agronomic manipulations
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Table 5. Renewable and non-renewable input energy (MJ ha'1) in cape gooseberry cultivation
with agronomic manipulation

Treatment Direct energy Indirect energy Renewable energy Non-renewable
energy
Quantity % Quantity % Quantity % Quantity %

SiFo 15178.50 90.20 1011.26 25.24 7370.16  43.80 9457.56  56.20
S4F4 15871.56 74.76 5359.26 30.36 742526  34.97 13805.56 65.03
S4F; 156892.74 69.64 6927.26 34.83 744644  32.63 15373.56 67.37
SiF3 15897.84 65.17 8495.26 6.01 7451.54  30.55 16941.56 69.45
SoFo 15800.77 93.99 1011.24 25.26 735445 43.75 9457.56  56.25
SoF4 156853.91 74.74 5359.24 30.38 7407.59 34.92 13805.56 65.08
S,F; 15875.09 69.62 6927.24 34.82 7428.77 32.58 15373.56 67.42
SoF3 15899.80 65.18 8495.24 6.02 7453.48 30.55 16941.56 69.45
SiFo 15773.51 93.98 1011.21 25.29 732716  43.65 9457.56  56.35
SiF4 15832.73 74.71 5359.21 30.41 7386.38 34.85 13805.56 65.15
SiF; 15848.81 69.59 6927.21 34.87 7402.46  32.50 15373.56 67.50
S;F3 15870.58 65.13 8495.21 6.01 742423 3047 16941.56 69.53

Plant spacing: S1=75 x 60 cm, S,=75 x75 cm and S3=90 x 75 cm; PK fertilizers: Fo= no NPK fertilizers,
F1=60:40:40 kg N:P>05:K20 ha!, F»=80:60:60 kg N:P>05:K20 ha! and F5=100:80:80 kg N:P>0:K,0 ha'
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Fig. 3. Share of direct and indirect renewable and non-renewable input energy in cape
gooseberry cultivation irrespective of agronomic manipulations

The total energy input required for cape
gooseberry production with varied agronomic
manipulations ran1ged from 16893.50 MJ ha™ to
24566.54 MJ ha depending on plant spacing
and NPK fertilizer (Fig. 4). Crops grown at 75x75
cm spacing with 100:80:80 kg ha” NPK required
the most energy input (24395.04 MJ ha'1)
followed by 75 x 60 cm spacing with the same
NPK level (24393.10 MJ ha™), and crop grown at

90 x 75 cm spacing without fertilizers required
the least (24393.10 MJ ha™. All of the treatments
used the same machinery, diesel, irrigation water
and pesticides, therefore the differences in total
input.

Cape gooseberry being a herbaceous crop with a
longer crop duration of about 8 months it requires
an adequate supply of soil moisture for optimum
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growth and development that largely meet out by
supplementary irrigation for which a sizable
amount of water as well diesel fuel for water
liting device operation were used that ultimately
constituted maximum share of input energy for
irrigation. It is therefore obvious that the
operation-wise energy consumption of crops
varied with the type of source input used,
growing environment as well as energy-efficient
production practices being adopted for a
particular crop production system. Similar energy
consumption patterns have been reported in
crops wherein irrigation, fertilizer application and
field preparations are reported to be a major part
of input energy consumption [51-55]. In the
maize-wheat-green gram cropping system, the
highest energy was consumed in the residue
application followed by fertilizer management,
irrigation, land preparation and sowing,
harvesting and threshing, herbicide application,
plant protection and the least was by inter-
culturing operation [68].

Fruit and crop residue yields of cape gooseberry
were significantly influenced by planting distance
and NPK fertilizer application rates (Table 6).
Plants established at closest spacing (75 x 60
cm) resulted into highest fruit yield (8.48 t ha™),
residue yield (5.07 t ha'1) as well as total
biomass production (13.55 t ha'? followed by the
spacing of 75 x75 cm (8.39 t ha™ fruits, 4.65 t ha
! crop residue and 13.04 t ha™ total biomass) and
the lowest was in plant spacing at 90 x 75 cm
(7.39t ha™ fruit 4.18 t ha™ crop residue and ha™
total biomass). Among NPK treatments,
maximum fruit yield (9.27 t ha'1), crop residue
yield (5.59 t ha™') and total biomass (14.86 t ha'1)
was observed at 100:80:80 kg ha™ NPK fertilizes
followed by 80: 60: 60 kg ha' NPK fertilizes
(9.16 t ha' fruit, 4.89 t ha crop residue and
14.05 t ha™ total biomass) and was minimum
with unfertilized control plot (6.02 t ha™ fruits,
335t ha” crop residue and 9.37 t ha' total
biomass). Thus, crop management at 75 x 75 cm
spacing with 100:80:80 kg ha™' NPK fertilizers
resulted in highest fruit yield of cape gooseberry
(10.38 t ha™), followed by 75 x 60 cm with same
NPK level (9.77 t ha™') and was lowest (5.56 t ha”
1) at 90 x 75 cm spacing without fertilizers. Crop
plant residue was highest at 75 x 60cm with
100:80:80 kg ha' NPK fertilizers (6.23 t ha™)
followed by 75 x 75 cm spacing with 100:80:80
kg ha" NPK fertilizers (5.52 t ha™') and was
lowest at 90 x 75 cm spacing without fertilizers
(2.93 t ha™"). Total crop biomass was maximum
(16.00 t ha™') with treatment combination of 75 x
60 cm spacing with 100:80:80 kg ha”' NPK
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fertilizers, followed by 75 x 75 cm spacing with
100:80:80 kg/ha NPK fertilizers (15.90 t ha™') and
was lowest in the treatment combination of 90 x
751cm spacing without NPK fertilizers (8.49 t
ha™).

The growth of the crop is influenced by various
factors such as climate, soil fertility, growing
methods etc; among them, soil fertility and plant
spacing are of immense importance and are
more responsible for realizing the higher biomass
production. Higher plant population by adopting
closer planting distance in our study is attributed
to increased vegetative growth that enhances
total biomass production per unit area. Higher
vegetative growth and fruit yield constituting total
crop biomass of crop have been reported with
increased planting density in cape gooseberry
[73,74], tomato [75,76], strawberry [77,78].
Nitrogen, phosphorus and potassium are
considered essential primary nutrients and are
required in large quantities by plants. The
increased crop biomass is attributed to the
increased availability of N, P and K with elevated
soil fertility levels as applied nutrients help in
vigorous growth of the plant. Similar effects of
NPK fertilization on productivity in cape
gooseberry were also reported in Indian
conditions [71,79,80]. Increased output energy
with higher doses of NPK fertilizers in our study
is attributed to the higher total biomass yield as
the bio-energy energy outputs are directly
estimated from the crop outputs.

The output and net energy return of cap
gooseberry as a function of agronomic
interventions (plant spacing and NPK fertilizers)
are shown in Table 6. Crops planted with the
closest spacing (75 x 60 cm) yielded the highest
gross output energy (66807.25 MJ ha™ and net
energy return (45531.80 MJ ha™) followed by 75
X 75 cm (62466.00 MJ ha” output energy and
4121381 MJ ha' net energy). The widest
spacing (90 x 75 cm) yielded the lowest output
energy (55816.00 MJ ha'1) and net energy return
(34585.02 MJ ha”). NPK fertilizers had a
significant impact on gross and net output energy
returns, with 100:80:80 kg NPK ha-1 yielding the
reatest (73519.33 MJ ha™' and 49195.88 MJ ha’
, respectively) followed by 80:60: 60 kg NPK ha
1(66304.00 MJ ha™" output energy and 43561.16
MJ ha' net energy return). Without NPK
fertilizers, the minimum output energy (44965.00
MJ ha™) and net energy return (28182.87 MJ ha
') were observed. Crops planted at 75 x 60 cm
spacing with 100:80:80 kg ha' NPK fertilizers
had the greatest overall gross and net energy
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output (80863 and  56529.91MJ  ha”,
respectively) across crop management systems
with variable plant spacing and NPK fertilizers,
followed by 75 x 75 cm spacing with the same
NPK level (74922 and 50590.51 MJ ha’,
respectively). With 90 x 75cm spacing and no
fertilizers the lowest gross energy output and net
energy return were obtalned (39864.00 MJ ha™
and 23113.01 MJ ha™", respectively).

Energy use efficiency, energy productivity,
energy profitability and human energy profitability
of cape gooseberry production with plant spacing
and fertilizer management are presented in Table
7. Close planting, i.e. 75 x 60 cm, yielded the
highest value of energy use efficiency (3.13),
energy productivity (0.40), energy profitability
(2.13) and human energy profitability (96.13 MJ-
1) while widest planting (90 x 75 cm) yielded the
lowest value of energy use efﬂmency (2.62),
energy productivity (0.38 kg MJ"), energy
profitability (1.62) and human energy profitability
(84.95 MJ labor'). Energy intensity was
maximum with widest spacing of 90 x 75 cm
(2.89) while |t was minimum with closet spacing
(2.52 MJ kg™). Crops grown with various levels
of NPK fertilizer tend to increase energy
efficiency, energy profitability, energy productivity
and human energy profitability, whereas crop
grown without NPK fertilizers have the hlghest
energy intensity. NPK at 100:80:80 kg ha”
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demonstrated significantly higher energy use
efficiency (2 99) and energy profitability
(1.99 MJ ha™). The highest energy product|V|ty
was achieved with NPK at 80:60:60 kg ha™

(0.40). The highest human energy
profitability (103.29 MJ laborer") was ach|eved
with an NPK level of 100:80:80 kg ha™. Crops
grown without NPK fertilizers had the lowest
energy use eff|C|ency (2.65), energy profitability
(165 MJ ha')y and energy productivity
(0.36 MJ kg ) and energy profitability (60.83 MJ
labourer™ ). Crops grown without NPK
fertlllzers had the highest energy intensity (2.82
MJ kg ) while crops grown with the highest level
of NPK fertilizers had the lowest (2.69 MJ

kg'1).

Among the different treatment combinations,
the crop raised at 75 x 60 cm spacing with
100:80:80 kg ha-1 NPK fertilizers had the
highest energy use efficiency (3.32), energy
profitability (2.32) and human energy profitability
(112.41 MJ labor") and the lowest in the crop
raised at 90 x 75 cm spacing without NPK
fertilizers (2.38, 1.38, and 67.00 MJ labor™,
respectlvely) Energy productivity was hlghest
(0.43 kg MJ") when 75 x 75 cm spacing was
used with 100:80:80 kg ha” NPK fertilizers and
lowest (043 kg MJ') when 90 x 75 cm
spacmg was used W|thout fertilizers (0.33 MJ
ha™ ).

S3F3 | ‘ 24365.79 ‘
S3F2 | | 22776.02 | |
S3F1 ‘ 21191 .94 | |
S3F0 - ‘ 1678472
S2F3 | 1 2430504 |
S2F2 | | 22802.33 | |
S2F1 | 21213.15 | 1
S2F0 | : 16812.01
SIF3 | ‘ 2439310 :
S1F2 | ‘ 2282000 ‘ |
S1F1 ‘ 2123082 | 1
S1FO | 1 16827.72 |

0.00 500000 10000.00 15000.00 20000.00 25000.00

Input Energy (MJ ha')

Fig. 4. Total energy inputs of cape gooseberry cultivation with varying agronomic manipulati
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Table 6. Economic yield, by-product and total biomass production (t ha'1), energy output and
net energy return (MJ ha'1) in of cape gooseberry cultivation with varying agronomic

manipulation
Treatment Economic By-product Total Energy output Net energy
yield (crop biomass return
(fruits) residue)
Spacing (S)
S, 8.48" 5.07" 13.55" 66807.25" 45531.80%
S, 8.39" 4.65° 13.04% 62466.00° 41213.81°
S, 7.39° 4.18° 11.57° 55816.00° 34585.02°
NPK level (F
Fo ") 6.02° 3.35°¢ 9.37° 44965.00° 28182.87°
Fi 7.89° 4.70° 12.59° 61997.33° 40834.26°
F, 9.16" 4.89° 14.05° 66304.00° 43561.16°
Fs 9.27% 559" 14.86" 73519.33% 49195.88"
Spacing x NPK
level
S,F, 6.47° 3.83F 10.30° 50593.00° 33765.28°
S F, 8.26 4.71° 12.97¢ 62794.00°" 41614.56"
S,F, 9.41%¢ 5.51° 14.92° 72979.00°%¢ 50217.445%¢
S,F; 9.77%® 6.23" 16.00% 80863.00* 56529.91%
S,F, 6.02¢ 3.30°F 9.32% 44438.00" 27670.32"
S,F, 7.86" 4.75% 12.61¢ 62434.00°%" 41270.28"F
S,F, 9.30°%° 5.04°%° 14.34° 68070.00°"° 45324 .16°°
S,F, 10.38" 5.52° 15.90% 74922.00% 50590.51°8%¢
S;sFo 5.56° 2.93" 8.49% 39864.00" 23113.01"
S,F, 7.56% 4.64° 12.20° 60764.00%" 39617.955F¢
SiF, 8.76%° 4.12F 12.89° 57863.00" 35141.89°¢
S,iF, 7.67° 5.025¢ 12.69° 64773.00°F 40467225

Superscripted similar letters on the values indicate non-significant difference among the treatments.
Plant spacing: S1=75 x 60 cm, S;=75 x75 cm and S3=90 x 75 cm; NPK fertilizers: Fo= no NPK fertilizers,
F1=60:40:40 kg N:P205:K>0 ha”', F2=80:60:60 kg N:P205:K20 ha ' and Fs=100:80:80 kg N:P20:K20 ha™

Table 7. Energy input and output relationship in cape gooseberry with varying agronomic

manipulation
Treatment Energy use Energy Energy Energy Human energy
efficiency profitability productivit intensity (MJ profitability
y(kgMJ")  kg") (MJ laborer™)
Spacing (S)
S, 3.13% 213" 0.40" 2.52° 96.12"
S, 2.92° 1.92°% 0.37° 2.57° 91.36°
S, 2.62° 1.62° 0.38° 2.89% 84.95°
NPK level (F)
Fo 2.68 1.68% 0.38° 2.80" 72.57°
F, 2.93° 1.93° 0.41* 2.68" 91.97°
F, 2.928 1.92° 0.37° 2.49° 95.41"
Fs 3.02% 2.02% 0.38° 267" 103.29%
Spacing x NPK
level
S,F, 3.01%¢ 2.01%¢ 0.385F 2.60°PF 79.307¢
S,F, 2.96 1.96° 0.39"¢ 2.56°°F 90.60°¢
S,F, 32178 22178 0.41%8 2.42°F 102.18%¢
S,F, 3.32% 2.32% 0.40%"° 2.49% 112.41%
S,Fy 2.65"" 1.65" 0.36° 2.79% 71.41°%"
S,F, 2.95% 1.95% 0.37"° 2.69%° 92.44°"
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Treatment Energy use Energy Energy Energy Human energy
efficiency profitability productlwt |ntenS|ty (MJ profltablllty
y (kg MJ™) kg”) (MJ laborer™)
SoF, 2.99°¢ 1.99°¢ 0.41%° 2.45°F 97.72*°
SoF3 3.08"%¢ 2.08°%¢ 0.43" 2.34° 103.87°¢
SsFo 2.38 1.38°¢ 0.33"" 3.01%° 67.00"
S;F4 2.87% 1.87°7F 0.36° 2.80"° 92.88""
SsF, 255" 1.557¢ 0.39°" 2.59°°F 86.325"
S;F3 2.66"" 1.66"%" 0.32" 317" 93.59%"

Superscripted similar letters on the values indicate non-significant difference among the treatments.
Plant spacing: S1=75 x 60 cm, Sz 75 x75 cm and S3=90 x 76 cm; NPK fertilizers: Fo= no NPK fertilizers,
F1=60:40:40 kg N:P205:K20 ha™', F2=80:60:60 kg N:P205:K20 ha™' and Fs=100:80:80 kg N:P20:K20 ha’ 1

4. CONCLUSION

The total energy consumption in cape
gooseberry production in a Sodic soil at varying
plant spacing and NPK fertlllzers was recorded
ran1ged from 16893.50 MJ ha™' to 24566.54 MJ

On average, 75.87% of the total energy
mput used in cape gooseberry production was
direct, while the contribution of indirect energy
was 24.13 %. Also, the shares of renewable and
non-renewable energy inputs were 35.44 and
64.56 %, respectively. Diesel fuel energy was the
energy input item that occupied the biggest share
within all the energy inputs followed by water and
fertilizers, respectively. Raising cape gooseberry
at 75 x 75 cm with 100:80:80 kg ha’ NPK
fertilizers yielded maximum fruit yield, while total
biomass production is realized at maX|mum with
75 x 60 cm with 100:80:80 kg ha” NPK
fertilizers. The energy output as well as net
energy return tend to be highest (56529.91 MJ
ha™) in close plant spacing (75 x 60 cm) with
100:80:80 kg ha” NPK fertilizers followed by 75 x
75 cm spacing W|th the same NPK doses
(50590.51 MJ ha™"). Plant spacing of 75 x 60 cm
supplemented with a high dose of NPK fertilizes
at 100:80:80 kg ha™' resulted in highest energy
use efficiency and profitability. High diesel fuel
and water energy consumption in our study were
mainly due to the use of diesel-irrigation pumps,
non-availability of low price electricity operated
water-lifting devices and large water quantities
needed for irrigation of the crop. This study
demostrated that a reduction in diesel and water
consumption is indispensable for energy savings
and lowering of environmental risks for
sustainable crop production. Since the prevailing
irrigation system leads to unconscious over-
usage of water and diesel fuel, reducing diesel
fuel and water is important for proper input
energy balancing. Based on energy budgeting,
plant spacing at 75 x 60 cm and 75 X 75 cm with
NPK fertilizer at 100:80:60 kg ha™ N, P,Os and
K,O are recommended in Sodic soils for

maximum

biomass

production  of

cape

gooseberry with higher input energy efficiency.

DISCLAIMER

The products used for this research are
commonly and predominantly used products in
our area of research and country. There is
absolutely no conflict of interest between the
authors and producers of the products because
we do not intend to use these products as an
avenue for any litigation but only for the
advancement of scientific knowledge. Also, the
research was not funded by the producing
company rather it was funded by personal efforts
of the authors.

ACKNOWLEDGEMENTS

The authors are highly grateful to the Narendra
Deva University of Agriculture and technology,
Ayodhya, Uttar Pradesh, India for providing
necessary facilities for conducting this study.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Munns R, Tester M. Mechanisms of salinity
tolerance. Annu Rev Plant Biol.

2008;59L651-681.
Available:https://doi.org/10.1146/annurev.a
rplant.59.032607.092911.

2. Turkan |, Demiral T. Recent developments
in understanding  salinity  tolerance.
Environ. Exp. Bot. 2009;67:2-9.
Available:https://doi.org/10.1016/j.envexpb
0t.2009.05.008.

3. Borsani O, Valpuesta V, Botella MA.
Developing salt tolerant plants in a new
century: A molecular biology approach.

108



10.

1.

Plant  Cell  Tissue Cult.
2003;73:101-105.
Available:https://doi.org/10.1023/a:102284
9200433.

Kumar P, Sharma PK. Soil salinity and
food security in India. Front. Sustain. Food
Syst. 2020;4:1-15.
Available:https://doi.org/10.3389/fsufs.202
0.533781.

Arora S, Singh YP, Vanza M, Sahni D.
Bioremediation of saline and sodic soils
through halophilic bacteria to enhance
agricultural  production. J.  Soil Water
Conserv. 2016;15:302-305.
Available:https://doi.org/10.5958/2455-
7145.2016.00027.8.

Singh YP. Crops and cropping sequences
for harnessing productivity potential of
sodic Soils. In bioremediation of salt
affected soils: An Indian perspective; Arora
S, Singh A, Singh Y, Eds.; Springer,
Cham; 2017.
Available:https://doi.org/10.1007/978-3-
319-48257-6_3.

Pal DK, Bhattacharyya T, Srivastava P,
Chandran P, Ray SK. Soils of the Indo-
Gangetic plains: their historical perspective
and management. Curr. Sci.
2009;96:1193-1202.

Arora S, Sharma V. Reclamation and
management of salt-affected soils for
safeguarding agricultural productivity. J.
Safe Agric. 2017;1:1-10.

Singh G, Dagar JC, Singh NT. Growing
fruit trees in highly alkali soils—a case
study. Land Degrad. Dev. 1997,;8:257-268.
Available:https://doi.org/10.1002/(SICI)109
9-145X(199709)8:3<257::AlD-
LDR259>3.0.C0O;2-Q.

Dagar JC. Greening salty and waterlogged
lands through agroforestry system for
livelihood security and better environment.
In Agroforestry system in India: livelihood
security  and ecosystem services,
Advances in agroforestry, Dagar JC, Singh
AK, Arunachalam A, Eds.; Springer. New
Delhi, India. 2014;273-322.
Available:https://www.springer.com/gp/boo
k/9788132216612.

Banyal R, Sanwal SK, Sharma PC, Yadav
RK, Dagar JC. Fruit and vegetable-based
saline agricultural systems for nutritional
and livelihood security. In research
developments in saline agriculture; Dagar
J, Yadav R, Sharma P, Eds.; Springer:
Singapore. 2019;729-751.

Organ.

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

12.

13.

14.

15.

16.

17.

18.

19.

20.

109

Available:https://doi.org/10.1007/978-981-
13-5832-6_24.

Morton JF. Cape Gooseberry. In fruits of
warm climates; Morton JF. Ed.; Creative
resource systems: Winterville. 1987;430-
434.
Available:https://hort.purdue.edu/newcrop/
morton/cape_gooseberry.html.

Legge AP. Notes on the history, cultivation
and uses of P. Peruviana L. J. Royal Hort.
Soc. 1974;99:310-314.

Puente LA, Claudia A, Pinto-Munoz CA,
Eduardo S, Castro ES, Cortes M. Physalis
peruviana Linnaeus, the multiple properties
of a highly functional fruit: A review. Food
Res. Intl. 2011;44:1733-1740.
Available:https://doi.org/10.1016/j.foodres.
2010.09.034.

Phillip AG, Khan MA. Trial on cultivation of
cape gooseberry. Punjab  Fruit J.
1952;15:17.

Mazova N, Popova V, Stoyanova A.
Phytochemical composition and biological
activity of Physalis spp.: A mini-review.
Food Sci. Appl. Biotechnol. 2020;3:
56-70.
Available:https://doi.org/10.30721/fsab202
0.v3.i1.80.

Bravo K, Sepulveda-Ortega S, Lara-
Guzman O, Navas-Arboleda AA, Osorio E.
Influence of cultivar and ripening time on
bioactive compounds and antioxidant
properties in cape gooseberry (Physalis
peruviana L.). J. Sci. Food Agric.
2015;95:1562-1569.
Available:https://doi.org/10.1002/jsfa.6866.
Olivares-Tenorio ML, Dekker M, Verkerk
R, VanBoekel MAJS. Health-promoting
compounds in cape gooseberry (Physalis
peruviana L.): Review from a supply chain
perspective. Trends Food Sci. Technol.
2016;57:83-92.
Available:https://doi.org/10.1016/j.tifs.2016.
09.009.

Hassanien MFR. Physalis peruviana: A
rich source of bioactive phytochemicals for
functional foods and pharmaceuticals.
Food Rev. Int. 2011;27:259-273.
Available:https://doi.org/10.1080/87559129
.2011.563391.

Wu J, Chang P, Lin L, Wang S, Hou F, Ng
T. Supercritical carbon dioxide extract of
Physalis peruviana induced cell cycle
arrest and apoptosis in human lung cancer
H661 cells. Food Chem. Toxicol.
2009;47:1132-1138.



21.

22.

23.

24.

25.

26.

27.

28.

Available:https://doi.org/10.1016/j.fct.2009.
01.044.

Hewett EW. New horticultural crops in
New Zealand. In new crops; Janick J,
Simon JE, Eds.; John Wiley & Sons Inc:
New York. 1993;57-64.
Available:https://hort.purdue.edu/newcrop/
proceedings1993/V2-057.html.

Licodiedoff S, André L, Koslowski D,
Ribani RH. Flavonols and antioxidant
activity of Physalis peruviana L. fruit at two
maturity stages. Acta Sci. Technol.
2013;35:393-399.
Available:https://doi.org/10.4025/actascitec
hnol.v35i2.13265.

Pietro RC, Kashima S, Sato DN, Januario
AH, Franca SC. In vitro antimycobacterial
activities of  Physalis angulata L.
Phytomedicine. 2000;7:335-338.
Available:https://doi.org/10.1016/S0944-
7113(00)80052-5.

Soares MBP, Bellintani MC, Ribeiro M,
Tomassini TCB, Santos RR. Inhibition of
macrophage activation and
lipopolysaccaride induced death by seco-
steroids purified from Physalis angulata L.
Eur. J. Pharmacol. 2003;459:
107-112.
Available:https://doi.org/10.1016/s0014-
2999(02)02829-7.

Mayorga H, Duque C, Knapp H,
Winterhalter P. Hydroxyester
disaccharides from fruit of cape
gooseberry  (Physalis  peruviana L.).

Phytochem. 2002;59:439-445.
Available:https://doi.org/10.1016/s0031-
9422(01)00467-8.

Arun M, Asha VV. Preliminary studies on
antihepatotoxic  effect of  Physalis
peruviana L. (Solanaceae) against carbon
tetrachloride induced acute lever injury in
rats. J. Ethnopharmacol. 2007;111:110-
114.
Available:https://doi.org/0.1016/j.jep.2006.
10.038.

Yamika WSD, Aini N, Waluyo B. Physalis
peruviana L.  growth, yield and
phytochemical content: A review. Agric.
Rev. 2019;40:324-328.
Available:https://doi.org/10.18805/ag.R-
130.

Ramadan MF, Morsel JT. Goldenberry
(Physalis peruviana) oil. In fruit oils:
Chemistry and functionality; Ramadan MF,
Moérsel JT. Eds. Springer nature:
Switzerland AG, Switzerland. 2019;397-
404.

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

29.

30.

31.

32.

33.

34.

35.

36.

37.

110

Available:https://doi.org/10.1007/978-3-
030-12473-1_19.

Miranda D, Fischer G, Ulrichs C. Growth of
cape gooseberry (Physalis peruviana L.)
plants affected by salinity. J. Appl. Bot.
Food Quality. 2010;83:175-181.
Available:https://ojs.openagrar.de/index.ph
p/JABFQ/article/view/2146.

Miranda D, Fischer G, Mewis |, Rohn S,
Ulrichs C. Salinity effects on proline
accumulation and total antioxidant activity
in leaves. J. Appl. Bot. Food Quality.
2014,;87:67-73.
Available:https://doi.org/10.5073/JABFQ.2
014.087.010.

Hatirli SA, Ozkan B, Fert C. Energy inputs
and crop yield relationship in greenhouse
tomato production. Renewable Energy.
2006;31:427-438.
Available:https://doi.org/10.1016/j.renene.2
005.04.007.

Dalgaard T, Halberg N, Porter JR. A model
for fossil energy use in Danish agriculture
used to compare organic and conventional
farming. Agric. Ecosys. Environ.
2001;87:51-65.
Available:https://doi.org/10.1016/S0167-
8809(00)00297-8.

Konyar K. Assessing the role of US
agriculture in reducing greenhouse gas
emissions and generating additional
environmental  benefits. Ecol. Econ.
2001;38:85-103.
Available:https://doi.org/10.1016/S0921-
8009(01)00145-8.

Lal R. Carbon emission from farm
operations. Environ. Int. 2004;30:981-990.
Available:https://doi.org/10.1016/j.envint.20
04.03.005.

Demircan V, Ekinci K, Keener HM, Akbotat
D, Ekinci C. Energy and economic analysis
of sweet cherry production in Turkey: A
case study from Isparta Province. Energy
Convers. Manage. 2006;47:1761-1769.
Available:https://doi.org/10.1016/j.enconm
an.2005.10.003.

Hossein S, Hassan F, Shahram A. Which
crop production system is more efficient in
energy use: Wheat or barley? Environ.
Develop. Sustain. 2013;15:711-721.
Available:https://doi.org/10.1007/s10668-
012-9402-4.

Canakci M, Akinci I. Energy use pattern
analyses of greenhouse vegetable
production. Energy. 2006;31:1243-1256.
Available:https://doi.org/10.1016/j.energy.2
005.05.021.



38.

39.

40.

41.

42.

43.

44.

45.

46.

Canakci M, Topakci M, Akinci |,
Ozmerzi A. Energy use pattern of some
field crops and vegetable production: Case
study for Antalya region, Turkey.
Energy Convers. Manage. 2005;46:655-
666.
Available:https://doi.org/10.1016/j.enconm
an.2004.04.008.

Jianbo L. Energy balance and economic
benefits of two agro forestry systems in

northern and southern China. Agric.
Ecosys. and Environ. 2006;116:
255-62.

Available:https://doi.org/10.1016/j.agee.20
06.02.015.

Kuesters J, Lammel J. Investigations of the
energy efficiency of the production of
winter wheat and sugarbeet in Europe.
Eur. J. Agron. 1999;11:35-43.
Available:https://doi.org/10.1016/j.eja.2007
.11.009.

Ratila BC, Mendoza TC. Energy
productivity and efficiency of lowland rice
(var. PSB Rc18) under various organic

nutrient sources and quantum
enhancers. Ann. Tropical Res. 2016
;38:105-121.

Available:https://doi.org/10.32945/atr3819.
2016.

Guzman GlI, Alonso AM. A comparison of
energy use in conventional and organic
olive oil production in Spain. Agric. Syst.
2008;98:167-176.
Available:https://doi.org/10.1016/j.agsy.200
8.06.004.

Hamedani SR, Shabani Z, Rafiee S.
Energy inputs and crop yield relationship in
potato production in Hamadan province of
Iran. Energy. 2011;36:2367-2371.
Available:https://doi.org/10.1016/j.energy.2
011.01.013.

Khan MA, Singh G. Energy inputs and crop
production in Western Pakistan. Energy.
1996;21:45-53.
Available:https://doi.org/10.1016/0360-
5442(95)00077-1.

Soni P, Soe MN. Energy balance and
energy economic analyses of rice
production systems in Ayeyarwaddy
Region of Myanmar. Energy Efficiency.
2016;9:223-237.
Available:https://doi.org/10.1007/s12053-
015-9359-x.

Lu H, Bai Y, Ren H, Campbell DE.
Integrated emergy, energy and economic
evaluation of rice and vegetable production
systems in alluvial paddy fields:

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

47.

48.

49.

50.

51.

52.

53.

54.

111

Implications for agricultural policy in China.
J. Environ. Manage. 2010;91:2727-2735.
Available:https://doi.org/10.1016/j.jenvman.
2010.07.025.

Ozkan B, Fert C, Karadeniz F. Energy and
cost analysis for green house and open-
field grape production. Energy.
2007;32:1500-154.
Available:https://doi.org/10.1016/j.energy.2
006.09.010.

Komleh SHP, Keyhani A, Rafiee S,
Sefeedpary P. Energy use and economic
analysis of corn silage production under
three cultivated area levels in Tehran
province of Iran. Energy. 2011;36:3335-
3341.
Available:https://doi.org/10.1016/j.energy.2
011.03.029.

Confalonieri R, Bellocchi G, Tarantola S,
Acutis M, Donatelli M, Genovese G.
Sensitivity analysis of the rice model
WARM in Europe: Exploring the effects of
different locations, climates and methods
of analysis on model sensitivity to crop
parameters. Environ Model Softw. J.
2010;25:479-488.
Available:https://doi.org/10.1016/j.envsoft.2
009.10.005.

Freedman SM. Modifications of traditional
rice production practices in the developing
world: An energy efficiency analysis. Agro-
Ecosys. 1980;6:129-146.
Available:https://doi.org/10.1016/0304-
3746(80)90015-3.

Mandal KG, Saha KP, Ghosh PK, Hati KM,
Bandyopadhyay KK. Bioenergy and
economic analysis of Soybean-based crop
production system in central India.
Biomass Bioenergy. 2002;23:337-345.
Available:https://doi.org/10.1016/S0961-
9534(02)00058-2.

Singh S, Singh S, Mittal JP, Pannu CJS.
Frontier energy use for the cultivation of
wheat crop in Punjab. Energy Convers.
Manage. 1998;39:485-491.
Available:https://doi.org/10.1016/S0196-
8904(96)00234-8.

Singh G, Singh S, Singh J. Optimization of
energy inputs for wheat crop in Punjab.
Energy Convers. Manage. 2004;45:453-
465.
Available:https://doi.org/10.1016/S0196-
8904(03)00155-9. .

Singh S, Mittal JP, Singh MP, Bakhshi R.
Energy-use patterns under various farming
systems in  Punjab. Appl. Energy.
1988;30:261-268.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Available:https://doi.org/10.1016/0306-
2619(88)90013-X.

Singh H, Singh AK, Kushwaha HL, Singh
A. Energy consumption pattern of wheat
production in India. Energy. 2007;32:1848-
1854.
Available:https://doi.org/10.1016/j.energy.2
007.03.001.

Chaudhary VP, Gangwar B, Pandey DK,
Gangwar KS. Energy auditing of diversified
rice-wheat cropping systems in Indo-
Gangetic plains. Energy. 2009;34:1091-
1096.
Available:https://doi.org/10.1016/j.energy.2
009.04.017.

Black CA. Methods for soil analysis.
American Society for Agronomy. Madson
Wisconsin, USA; 1965.

Bodman GE. Manograph for rapid
calculation of soil density, water content
and total porosity relationship. J. American
Soci. Agron. 1942;34:883-893.

Jackson ML. Soil chemical analysis;
Prentice Hall of India Pvt. Ltd.: New Delhi,
India; 1973.

Subbiah BV, Asija CL. Rapid procedure for
determination of nitrogen in soil. Curr. Sci.
1956;25:259-260.

Walkley A, Black Al. Soil and plant
analysis; Hans Pub.: Bombay, India; 1934.
Singh S, Mittal JP. Energy in production
agriculture; Mittal Pub.: New Delhi, India;
1992.

Senthilkumar G, Shanmugam PM. Energy
management in crop production. Indian J.
Agron. 2009;54:80-90.

Devasenapathy P, Ramesh T, Gangwar B.
Efficiency Indices for agriculture
management research; New India
Publishing Agency: New Delhi, India; 2008.
Gomez KA, Gomez AA. Statistical
procedures for agricultural research; John
Wiley and Sons: New York; 1984.
Banaiean N, Omid M, Ahmadi H.
Greenhouse strawberry production in Iran:
Efficient or inefficient in energy. Energy
Efficiency. 2012;5:201-209.
Available:https://doi.org/10.1007/s12053-
011-9133-7.

Fadavi R, Keyhani A, Mohtasebi SS. An
analysis of energy use, input costs and
relation between energy inputs and yield of
apple orchard. Res. Agr. Eng. 2011;57:88-
96.
Available:https://doi.org/10.17221/0/2010-
RAE.

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

68.

69.

70.

71.

72.

73.

74.

75.

112

Saad AA, Das TK, Rana DS, Sharma AR,
Bhattacharyy R, Lal RK. Energy auditing of
a maize-wheat-green-gram cropping
system under conventional and
conservation agriculture in irrigated north-
western Indo-Gangetic plains. Energy.
2016;116:293-305.
Available:https://doi.org/10.1016/j.energy.2
016.09.115.

Prajapat K, Vyas AK, Dhar S, Jain NK,
Hashim M, Choudhary GL. Energy input-
output relationship of soybean-based
cropping systems under different nutrient
supply options. J. Environ. Biol.
2008;39:93-101.
Available:http://doi.org/10.22438/jeb/39/1/
MRN-451.

Kaya D. Renewable energy policies in
Turkey. Renewable Sustain. Energy Rev.
2006;10:152-163.
Available:https://doi.org/10.1016/j.esr.2018
12.012.

Miguez JL, Lopez-Gonzalezb LM, Salac
JM, Porteiroa J, Granadaa E, Morana JC,
Juarez MC. Review of compliance with
EU-2010 targets on renewable energy in
Galicia (Spain). Renewable Sustain.
Energy Rev. 2006;10:225-247.
Available:https://doi.org/10.1016/j.rser.200
4.09.009.

Panwar NL, Kaushik SC, Kothari S. Role of

renewable energy sources in
environmental protection: A  review.
Renewable Sustain. Energy  Rev.

2011;15:1513-1524.
Available:https://doi.org/10.1016/j.rser.201
0.11.037.

Klinac DJ. Cape gooseberry (Physalis

peruviana) production systems. New
Zeeland J. Exp. Agric. 1986;14:
425-430.

Available:https://doi.org/10.1080/03015521
.1986.10423060.

Ayala C. Evaluation of three planting
distances and three systems of pruning in
cape gooseberry under greenhouse
conditions. Acta Hort. 1992;310:206.
Available:https://doi.org/10.17660/ActaHort
ic.1992.310.25.

Balemi T. Response of tomato cultivars
differing in growth habit to nitrogen and
phosphorus fertilizers and spacing on
vertisol in Ethiopia. Acta Agric. Slovenica.
2008;91:103-119.
Available:https://doi.org/10.2478/v10014-
008-0011-8.



76.

77.

78.

Tuan NM, Mao TM. Effect of plant density
on growth and vyield of tomato (Solanum
lycopersicum L.) at Thai Nguyen,
Vietnam. Intl. J. Plant Soil Sci. 2015;7:357-
361.
Available:https://doi.org/10.9734/1IJPSS/20
15/18573.

Bhatia SK, Sharma R, Kumar R. Effect of
different planting time and spacing on
growth, yield and quality of strawberry
(Fragaria x ananassa) cv. Ofra, Int. J. Pure
App. Biosci. 2017;5:207-211.
Available:http://dx.doi.org/10.18782/2320-
7051.3092.

Wilson F, Dixon GR. Strawberry growth
and yield related to plant density using
matted row husbandry. J. Hortic. Sci.
1988;63:221-227.

79.

80.

Ali and Singh; JEAI, 43(5): 96-113, 2021; Article no.JEAI.70719

Available:https://doi.org/10.1080/14620316
.1988.11515851.

Verma N, Dwivedi DH, Kishor S,
Singh N. Impact of integrated
nutrient management on growth and
fruit  physical attributes in  cape
gooseberry, Physalis peruviana. Biosci.
Biotech. Res. Comm. 2017:10:
672-675.

Available:https://doi.org/10.21786/bbrc/10.
4/9.

Kaur A, Singh M. Improvement of yield
and fruit quality attributes through organic
and inorganic fertilizers in cape-gooseberry
(Physalis peruviana L.) cv. Aligarh.
2019;9:216-218.
Available:https://doi.org/10.15406/apar.201
9.09.00438.

© 2021 Ali and Singh; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/70719

113



