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Introduction: Organic farming is a promising solution for mitigating
environmental burdens related to input-intensive agricultural practices. The
major challenge in organic agriculture is the non-availability of large quantities of
organic inputs required for crop nutrition and sustaining soil health, which can be
resolved by efficient recycling of the available on- and off-farm resources and
the integration of the components as per the specific locations.

Methods: An integrated organic farming system (IOFS) model comprising
agricultural and horticultural crops, rainwater harvesting units, livestock
components, and provisions for nutrient recycling was developed and
disseminated in the adopted organic villages Mynsain, Pynthor, and Umden
Umbathiang in the Ri-Bhoi District, Meghalaya, India, to improve the income and
livelihood of farmers. Harvested rainwater in farm ponds and Jalkunds was used
for live-saving irrigation in the winter months and diversified homestead farming

activities, such as growing high-value crops and rearing cattle, pigs, and poultry.

Results: Maize, french bean, potato, ginger, tomato, carrot, and chili yields
in the IOFS model increased by 20%—30%, 40%—45%, 25%—30%, 33%—40%,
45%—50%, 37%—50%, and 27%—30%, respectively, compared with traditional
practices. Some farmers produced vermicompost in vermibeds (made of high-
density polyethylene) and cement brick chambers, generating 0.4—1.25 tons per
annum. Two individual farmers, Mr. Jrill Makroh and Mrs. Skola Kurbah obtained
net returns (without premium price) of Rs. 46,695 + 418 and Rs. 31,102 £ 501 from
their respective 0.27- and 0.21-ha IOFS models, which is equivalent to Rs. 172,944
+ 1,548/ha/year and Rs. 148,105 + 2,385/hal/year, respectively. The net returns
obtained from the IOFS models were significantly higher than those obtained
from the farmers’ practice of maize-fallow or cultivation of maize followed by
vegetable (~30% of the areas). It is expected that, with the certification of organic
products, the income and livelihood of the farmers will improve further over the
years. While Mr. Jrill Makroh's model supplied 95.1%, 82.0%, and 96.0% of the total
N, P>Og, and K> O, respectively, needed by the system, Mrs. Skola Kurbah's model
supplied 76.0%, 68.6%, and 85.5% of the total N, P»Og, and KoO, respectively.
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Discussion: Thus, IOFS models should be promoted among hill farmers so that
they can efficiently recycle farm resources and increase their productivity, net
returns, and livelihood while reducing their dependence on external farm inputs.

KEYWORDS

integrated organic farming system, nutrient balance, profitability, system productivity,
water harvesting, residue recycling

1. Introduction

Organic farming emerged as a solution to the input-
driven industrialization of agricultural practices and its associated
environmental and social problems. Organic farming combines
tradition, innovation, and science to benefit the environment and
the quality of life for all involved (Pleguezuelo et al., 2018). Organic
farming that relies mostly on animal manure, organic waste, crop
rotation, legumes, and biological pest control methods is practiced
in the majority of the areas of North-East India, especially in the hill
region (Das et al., 2017a,b). In the north-eastern hill (NEH) region
of the country, the application of chemical fertilizers is very low
and most of them are used in the valley ecosystem (Layek et al.,
2023), but the upland ecosystem is free from the use of chemical
fertilizers (Layek et al., 2018). Similarly, the use of pesticides in
the region is very low because the farmers practice traditional
methods for controlling insect pests and diseases (Das et al,
2017a,b). As such, the farmers have shown an inclination toward
organic farming, which is being harnessed for the development
of the region and has ecological benefits (Layek et al., 2020). It
is estimated that 18 million hectares of such land are available in
the NEH region, which can be exploited for organic production
(Das et al., 2018). Agriculture in North-East India, especially in
Meghalaya, is characterized by the limited use of external inputs,
such as fertilizers and pesticides (14.0kg N + P + K/ha and
0.032 kg/ha, respectively), the cultivation of traditional varieties,
subsistence in nature, and low productivity (Das et al., 2017a,b;
Devi et al., 2017). Most areas of Meghalaya (>70%) and the north-
eastern region are hilly and mountainous tracks with moderate
to steep slopes, <30% of which constitutes valley areas (Layek
et al,, 2019; Choudhury et al.,, 2022). Conventional farming with
monocropping of rice and maize along with the cultivation of a
few vegetables in the kitchen garden with inadequate inputs leads
to very low productivity (Ansari et al., 2021). Vegetables constitute
an important part of the diet of the Eastern Himalayan population
(Pandey, 2002). This North-Eastern Region (NER) is not only
rich in vegetable diversity but also in spices and fruits, which are
an integral part of the farming system there (Decka et al., 2012).
Growing vegetables after kharif maize not only increases cropping
intensity but also utilizes the land efficiently while providing
employment and economic benefits to the farmers, who are mostly
small and marginal in nature (Layek et al., 2020). There is a yield
gap of 25%—40% for most of the vegetables, such as okra, French
bean, carrot, tomato, and potato, between their farm yield and
the yield obtained from the ICAR experimental organic farms
(Panwar et al., 2022). However, the NER, especially Meghalaya,
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has a lot of potential for improving agricultural productivity. The
region is one of the mega-biodiversity zones of the world (Layek
et al., 2019). The region receives high rainfall (>2,450 mm). The
climate varies from tropical to temperate, and as a result, most
of the crops could be grown in one or other part of the region.
By virtue of the lower amounts of chemical inputs imported and
utilized, the state of Meghalaya has a great scope for successful
organic farming (Patel D. P. et al,, 2014; Das et al,, 2017a,b).
The soils of the region are highly degraded due to cultivation
on steep slopes, negligible nutrient supplementation, and biomass
burning under traditional practices (Roy et al., 2018; Ansari et al,
2022b). Organic farming is considered one of the best options for
protecting/sustaining soil health and producing healthy foods. The
objectives of environmental, social, and economic sustainability
can be met through organic farming (Saldarriaga-Hernandez et al.,
2020). Tt is assumed that the difference in the production gap
due to the adoption of organic agriculture will be negligible in
the region. There is scope for enhancing productivity with good
organic management since most of the households are maintaining
livestock (pig, poultry, cattle, goats, etc.) and producing enough
on-farm manures, which could be efficiently used for organic
agriculture (Ravisankar et al., 2021, 2022).

Most people are non-vegetarians and rear animals, especially
pigs and poultry, so a good amount of animal excreta is generated,
which is essential for successful organic farming (Das et al,
2017a,b). However, the major constraint to the success of ‘organic
farming’ is the non-availability of huge quantities of organic inputs,
and the application of animal excreta is not sufficient alone to
meet the demand for nutrients for the crops (Das et al., 2017a,b;
Layelk et al., 2019). The favorable climatic conditions and high
concentration of soil organic carbon (SOC) allows the huge growth
of plant biomass (weeds, shrubs, residues, etc.), which can be
recycled in crop production as a vital source of nutrient supply
(Patel D. P. et al, 2014; Layek et al, 2023). The adoption of
organic agriculture in an integrated farming system approach, viz.,
an integrated organic farming system (IOFS), which utilizes all the
on-farm and off-farm resources judiciously by using the byproducts
or output of one as the input for the other, can make organic
farming sustainable and profitable (Das et al., 2019). Thus, the
focus should be on integrating complementary and supplementary
enterprises, such as crops, fruits, vegetables, livestock, poultry, fish,
multipurpose tree species, and mushrooms, along with adequate
nutrient recycling strategies (Panwar et al., 2021a,b; Ravisankar
et al, 2021). One such IOFS model has been developed at
the ICAR Research Complex for North Eastern Hill Region,
Umiam, Meghalaya, India through the scientific integration of
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different enterprises, such as crops, fruits, vegetables, livestock,
poultry, and fish, along with adequate nutrient recycling strategies
(composting/vermicomposting) and the use of water from farm
ponds (Das et al., 2017a,b; Layek et al., 2020). The net income of
IOFS model was enhanced from farmer’s practice I and II by 355%
and 191%, respectively. The IOFS model could meet 92%, 82%, and
96% (N, P,05, and K, O, respectively) of its nutrient demand within
the system.

Although the region gets substantial rainfall during the months
of April to November, there is virtually no rainfall during the
winter season, especially from November to March (Layek et al,
2022). The creation of water harvesting structures is essential in
the hills to supply water in the winter season for livestock and
crops maintained in an organic farming system. Owing to a lack
of water harvesting structures/irrigation facilities in the hills, the
farmers are cultivating only one crop per year, leading to low
cropping intensity and limited income (Bujarbaruah, 2004; Layek
et al., 2020). However, water conservation in hills is very difficult
as traditional farm ponds in the hill regions are exposed to very
high water loss through infiltration, percolation, and seepage loss
(Lairenjam et al, 2014; Das et al., 2017a,b). The seepage and
percolation from the dug-out ponds/tanks can be prevented using
UV-resistant polyethylene films that have high tensile strength, are
durable, and are resistant to external pressure, e.g., Silpaulin (200
GSM or more). These low-cost rainwater harvesting structures,
known as “Jalkunds, have storage capacities of 30,000-45,000 L
and can be key to the success of an IOFS model (Samuel and
Satapathy, 2008; Layek et al., 2020). Major emphasis should also
be placed on the management of livestock components, such as
dairy, pigs or poultry, and compost preparation for the supply of
year-round quality manure and income generation in an IOFS.
For disseminating the IOFS technology, a model village concept
in line with the Network Project on Organic Farming-Tribal Sub
Plan (NPOF-TSP) was implemented in the village of Mynsain in
the Ri-Bhoi District of Meghalaya with financial assistance from the
ICAR-Indian Institute of Farming Systems Research, Modipuram.
Several farmers in the village started practicing organic farming
in an IOFS model. This practice increased crop productivity and
diversified homestead farming to grow remunerable crops and rear
cattle, pigs, poultry, etc.

2. Materials and methods

For disseminating organic production technologies developed
by the ICAR Research Complex for NEH Region, Umiam, a model
village concept for organic farming using a cluster approach in
line with the Network Project on Organic Farming-Tribal Sub Plan
(NPOEF-TSP) was initiated between 2013 and 2014 in the village of
Mynsain (25°44'21,61” N—92°1'1,73" E, 853-901 AMSL) in the
Ri-Bhoi District of Meghalaya with financial assistance from the
ICAR-Indian Institute of Farming Systems Research, Modipuram.
To disseminate the IOFS technology in a cluster approach (group
of neighboring farmers), areas where farmers were either not using
or using a meager amount of synthetic fertilizers and pesticides
were identified. A sensitization meeting with the villagers, including
the village head (Headman), members of self-help groups, and the
Department of Agriculture (Gram Sabha), was organized before the
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work was initiated, and subsequently, a group of farmers visited
the ICAR, Umiam to obtain first-hand experience of the various
technologies that would be used in the program. A participatory
rural appraisal (PRA) was undertaken at the project site at Mynsain
village to obtain information about the local agrosystem, resources,
farming practices, and social structure and identify problems within
the farming community. The village has 132 households with a
population of 600 people. Most people in the village are Christians.
The main occupation in the village is agriculture. Paddy (Oryza
sativa), maize (Zea mays), and ginger (Zingiber officinale) are
the main crops that are cultivated. Ginger is the cash crop and
is the most profitable as it is a non-perishable crop, and it has
become a major source of income. Paddy is mostly cultivated
for self-consumption. There are other crops and vegetables that
the villagers grow, such as sweet potatoes, potato, pumpkin, yam,
corn, tomato, beans, and chili. There are also few households that
rear livestock, including cows, pigs, and hens. The prevailing soil
in the lowland and upland regions of the village were sampled
at a depth of 0-15 and 15-30cm, and the average nitrogen (N)
content, phosphorus (P) content, soil organic content (SOC), and
pH content were analyzed using standard procedures. The available
N, P, SOC, and pH of the soil in the lowland region was 210.1 +
27.8 kg/ha, 9.1 £ 6.4 kg/ha, 16.0 & 3.2 mg/kg, and 4.97 £ 0.62,
respectively, for a depth of 0-15cm. Similarly, the available N, P,
SOC, and pH of the soil in the upland region was 201.9 £ 35.7
kg/ha, 21.2 & 12.5 kg/ha, 13.1 £ 3.9 mg/kg, and 4.81 £ 0.67 pH,
respectively, for a depth of 0-15 cm.

Organic farming using the cluster approach was implemented
in three villages over a total area of 110 ha comprising 315
farmers, 100% of whom belonged to tribal communities. In
these three villages, IOFS technology had been adopted by 35
farmers. A georeferenced characterization of the All India-Network
Programme on Organic Farming (AI-NPOF) adopted villages
revealed that most of the farmers grew crops such as rice, maize,
ginger, and turmeric only in the rainy season and produced a
very low acreage of winter crops, especially vegetables, due to
a lack of irrigation water. Additionally, crop productivity was
much lower in the villages due to a lack of improved varieties,
limited availability of manure or animal excreta, and the absence
of synthetic fertilizers and pesticides. However, most of the farmers
from the villages maintained farm animals (poultry, pigs, goats,
or cattle) in an isolated way but paid very little attention to the
production of quality manure or vermicompost. The rationale was
that the adoption of an IOFS would not reduce productivity but
rather would enhance it due to the fact that farmers in the villages
were previously using a significant amount of manure or fertilizers
and pesticides for crop production. Multidisciplinary programs
covering agriculture, horticulture, fishery, livestock, food-feed
crops, rainwater harvesting, composting/vermicomposting, green
manuring, etc., were integrated into the IOFS model to consider
the problems that farmers face and the resources available to
them. Emphasis was placed on local demand, socio-economic
issues, ecology, and the effective recycling of on-farm resources
to minimize dependency on external resources and generate
continuous income and employment while supplying nutritious
food to the farmers’ families.

Within the program, seeds of improved varieties of crops
and vegetables, planting materials, lime, rock phosphate, neem
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cake, and other organic inputs were provided to the adopted
farmers. Effective soil fertility management through the application
of well-decomposed organic manures, such as farmyard manure,
green leaf manure, and composts, was promoted. For pest
and disease management, the use of neem oil, Trichoderma,
derisome (bio-insecticide prepared from extract of Pongamia
glabra/Pongamia pinnata), and indigenous technical knowledge
(ITK) was emphasized. In terms of ITK, farmers mixed cow
dung with water in rice fields to control rice hispa (Dicladispa
armigera), smoked pumpkin fields to control fruit flies (Bactocera
cucurbitae), placed red tree ant (Oecophylla smoragdina) nests on
citrus plants to control citrus trunk borers (Anoplophora verstegii),
and placed dried Artemisia vulgaris leaves and/or branches in and
around granaries to control stored insects and rats (Deka et al,
2006). For promoting small-scale mechanization, implements and
tools, such as paddy threshers, rice mills, sprayers, tulu pumps,
and cono weeders, were provided to the village and a custom
hiring center was established. Additionally, farmers were trained in
various aspects of organic farming and the conservation of natural
resources and residue recycling.

2.1. Weather parameters of the
experimental area

The meteorological data of the villages (2014-2016) is
graphically presented in Figure 1. The temperature was moderate
for the most of the year except for a few months in winter. The daily
minimum temperatures tended to rise from January and this trend
was maintained the until June, decreasing from July onwards. For
most of the year the maximum relative humidity was more than
75%. The mean annual evaporation was ~850 mm. Although the
area received an annual average rainfall of 2,450 mm, most of the

Frontiers in Sustainable Food Systems

rainfall occurred between April and November, and there was little
or no rainfall between December and March.

2.2. Integrated organic farming system
model development in the village using a
cluster approach

Several IOFS models were developed from 2014 onwards in
the village according to the situation and crop and livestock
preferences. A flowchart showing the developmental steps of the
IOFS model in the fields of farmers is presented in Figure 2. They
integrated crops, viz., maize (Zea mays L.), vegetables, viz., tomato
(Solanum lycopersicum), French bean (Phaseolus vulgaris), cabbage
(Brassica oleracea var. capitata), cauliflower (Brassica oleracea var.
botrytis), broccoli (Brassica oleracea var. italica), potato (Solanum
tuberosum), lettuce (Lactuca sativa), and carrot (Daucus carota),
spice crops, viz., ginger (Zingiber rubens), turmeric (Curcuma
longa), chili (Capsicum annuum), fruit trees, viz., Assam lemon
(Citrus limon L. Burmf), papaya (Carica papaya), banana (Musa
paradisiaca), guava (Psidium guajava), etc., livestock (dairy, pigs,
and poultry), water harvesting (Jalkund), compost units, etc.
(Figures 4A, B). Water from a micro water-harvesting structure,
such as a Jalkund, was used for live-saving irrigation during
the winter months. These structures increased crop productivity
and diversified their homestead farming to growing remunerable
crops and rearing cattle, pigs, poultry, etc. The IOFS model
promotes crop diversification, thereby providing food security
and employment for the farmers around the year. The different
components in the model practiced by farmers on their farm itself
are depicted in Figure 3. This approach involved the use of outputs
of one enterprise component as inputs for other related enterprises
wherever feasible, e.g., cattle dung mixed with crop residues
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FIGURE 2
Flow chart of technology development in an IOFS model.

and farm waste was converted into nutrient-rich vermicompost.
Therefore, there was less dependence on organic manure from
external sources. A judicious mixture of livestock enterprises, such
as dairy, poultry, fish, goat-rearing, and vermicomposting, helped
to generate additional income. Climbing vegetables, such as bottle
gourd, chow-chow, cucumber, and ridge gourd, were grown on a
structure created above water bodies on one side of the Jalkund
for vertical intensification. Pumpkin was raised on another side
of the Jalkund and allowed to crawl on the ground. During the
rainy season, roof water was harvested and stored in a Jalkund.
Jalkunds in the model have multipurpose uses, such as irrigation,
supply to the piggery and poultry, and mushroom block making.
Before the distribution of improved vegetable seeds, beneficiary
farmers were trained in nursery raising and the scientific methods
of vegetable cultivation. A community nursery was formed in the
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villages for raising seedlings of cole crops, such as cabbage, broccoli,
and cauliflower. This activity was crucial for obtaining strong and
healthy vegetable seedlings.

New interventions, such as mushroom houses and honey boxes,
were also implemented to obtain additional income and use farm
resources more efficiently. Although paddy straw was used to
produce organic mushrooms, honeybee plays an important role
in pollination and overall crop performance. Oyster mushroom
cultivation was carried out, except in July and August when the
incidence of insect pests and competitor molds is very high. The
PL-14-02 oyster mushroom (Pleurotus florida) strain was used as it
has very high biological efficiency (~106%) and therefore produces
a very high yield in comparison with other strains. During the
summer season, Pleurotus pulmonarius (Pleurotus sajor-caju) was
grown on paddy straw. Mushroom cultivation not only provides
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additional income but is also a source of nutrient security in rural
areas because of its high protein content, and in addition, it also
possesses many nutraceutical properties.

2.3. Construction of the Jalkund water
harvesting structure and farm ponds

To promote efficient water conservation and its multiple uses,
several farm ponds were constructed and existing farm ponds were
renovated in the adopted villages. Initiatives were also undertaken
to popularize the low-cost rainwater harvesting structures known
as Jalkunds (5 x 4 x 1.5 m), which were constructed using 250 GSM
Silpaulin sheets, had storage capacities of 30,000 L, and were used
to harvest rainwater in the IOFS fields of farmers. These structures
were constructed to enable the farmers to harvest rainwater during
the rainy season and subsequently use the water during dry

Frontiers in Sustainable Food Systems

periods to irrigate high-value winter crops. Farmers diversified
their farming activities throughout the year and cultivated high-
value crops, such as broccoli, tomato, and French bean. Climbing
vegetables, such as pumpkin, bottle gourd, chow-chow, cucumber,
and ridge gourd, were grown on a structure created above the
water harvesting structure on one side of the pond dyke for vertical
intensification. Additionally, the stored water was used in daily
activities, such as cleaning and giving water to livestock; previously,
the farmers had to fetch water from distant places. Some farmers
also used the Jalkunds for rearing fish, which provided them with
additional income.

2.4. Animal components

In addition to the improved technology of the housing
system, the improved pig variety “Lumsniang” (with 25% genetic
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inheritance of Khasi local and 75% genetic inheritance of
Hampshire) was also introduced to the village. These pigs attained
a higher body weight at an early age, as well as a larger litter size at
weaning, than the local non-descriptive pigs in the low input tribal
production system. The deep litter housing system provides a better
micro-environment during both summer and winter, with better
physiological adaptation. Approximately 1,000-1,500kg of well-
decomposed manure/year was produced by replacing the bedding
material in the pigsty. In Meghalaya, backyard poultry farming
has emerged as an important alternative livelihood option for
farm women, providing income and household nutritional security.
Most of the backyard poultry production involves the rearing of
indigenous birds with poor production performance. Dual-purpose
backyard poultry birds (the Vanaraja and Gramapriya varieties)
with high production potential were introduced into the IOFS
models developed in the village. Feed for the poultry and pigs was
the major constraint. Emphasis was placed on the production of
maize grain for feed purposes and the cultivation of fodder (hybrid
bajra napier, congo-signal, broom grass, etc.) and the multipurpose
tree Colocasia for cattle and pigs.

2.5. Pisciculture

For composite fish culture, fingerlings consisting of catla (30%),
grass carp (30%), and common carp (40%) were released according
to the size of the pond and Jalkund. Lime (500 kg/ha) and well-
decomposed FYM (10 t/ha) were applied after the pond was
constructed to enhance soil fertility. Sun-dried cow dung was used
to manure the pond (100 kg/ha per month in weekly splits).

2.6. Compost preparation

Vermicomposting units were constructed to recycle on-farm
biomass to increase the fertility of the soil. Vermibeds are the latest
unique technology for earthworm farming and are 12" x 4’ x 2/
and each can produce ~500-1,000kg of vermicompost in a year.
They are very portable, low cost, easy to handle and install, and
allow the collection of vermiwash. Vermibeds can be used on a
small scale by farmers with household organic waste. Crop residues
and agricultural waste were collected by the farmers and used to fill
in the vermibeds for decomposition processes. Even bio-enriched
compost or enriched compost was used in these areas as it increases
nutrient availability and suppresses diseases. The Trichoderma-
based formulation was used for preparing bio-enriched compost.
Trichoderma formulation (1kg) was mixed with 100kg of well-
decomposed FYM and kept for 10 days under the polythene
cover. The mixture was turned every 3 days. For the management
of bacterial wilt in chili and brinjal, Pseudomonas fluorescence-
based formulations were used for soil drenching. Other seeds
were also treated with Trichoderma-based formulations, which
help to enhance germination, provide protection from damping
off and other soil-borne diseases, and increase seedling vigor. The
slurry method was used for seed treatment; 5g of Trichoderma
formulation was prepared in 10ml of water and this slurry was
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sufficient for 1kg of seed. The compost was dried in the shade
after treatment.

2.7. Organic management of insect pests
and diseases

Pest management for various crops in an IOFS involved
proper sanitation, clean cultivation, and the manual collection
and destruction of egg masses and larvae of lepidopteron pests
at the initial stage of incidence. Therefore, insect pest infestation
was avoided in very severe conditions on most of the crops.
However, the infestation of fruit borers in tomatoes, cabbage
butterflies and aphids in cole crops, lepidopteron borers in maize,
and aphids in beans was as a major problem. For keeping the
pest population below the economic damage level, neem oil
0.03% (5 ml/L) and Bacillus thuringinesis (2 g/L) were sprayed
alternatively at 10-day intervals to manage lepidopteron pests in
cabbage, tomato, maize, and other crops, whereas neem oil and
Lecanicillium lecanii (5 g/L) were sprayed to manage aphids and
other sucking pests. In addition, a mixture of vermiwash (1L)
and 10-15-day-old cow urine (1L) in 10L of water was used
as a biopesticide and liquid manure spray on vegetable crops.
Diseases were managed within the system using Trichoderma-
and P. fluorescence-based formulations. Seed/rhizome treatment
was carried out in many cases, e.g., for ginger and French bean.
For ginger, rhizome treatment was performed by preparing a
suspension of Trichoderma formulation (3 g/L), and 10L of this
suspension was used for treating 10 kg of seed rhizomes. Rhizomes
were kept in the suspension for 45min and then shade-dried
for 24h before sowing. During July and August, the incidence
and severity of Pythium soft rot and bacterial wilt caused by
Ralstonia solanacearum is high; therefore, the affected spots and
nearby healthy clumps were soil drenched with Trichoderma and
P. fluorescence-based formulations (4 g/L).

2.8. Nutrient budgeting

While compost pits were dug in Mrs. Skola Kurbah’s field,
vermicompost was prepared in Mr. Jrill Makroh’s field. Product or
waste generation from one enterprise was judiciously used as input
for the others. The requirement of nutrients, such as nitrogen (N),
phosphorous (P,05), and potassium (K,O), for crops cultivated in
the model was calculated, and nutrients recycled within the system
through manure, compost, and vermicompost were determined.
The economic and byproduct samples of IOFS models were
collected and their total N concentrations were determined using
the micro-Kjeldahl method (Bremner and Mulvaney, 1982), while
total P and K concentrations were measured using a di-acid
mixture (HNO3:HCIOy4 at a 3:1 ratio) (Tandon, 1995). Soil pH
was measured in a 1:2.5 soil:water suspension (Jackson, 1973)
and the SOC was estimated using the Walkley-Black method
(Walkley and Black, 1934). While available soil N concentrations
were measured using the alkaline potassium permanganate method
(Subbiah and Asija, 1956), available P and K were measured using
Bray’s method (Bray and Kurtz, 1945) and the ammonium acetate
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method (Knudsen et al., 1982), respectively. While the farmyard
manure (FYM) contained 0.73 + 0.04% N, 0.24 + 0.03% P,0Os,
and 0.98 £ 0.05% K,O, the vermicompost prepared in the model
contained 1.74 £ 0.07% N, 0.69 £ 0.05% P,0Os, and 1.03 & 0.06%
K,O. Nutrient balance was calculated by subtracting the amount of
nutrients recycled from the nutrient requirement within the IOFS
model (Das et al., 2019).

2.9. Statistical analysis

We undertook descriptive statistical analysis of the data in the
IOFS models, and the year was considered as replication. Standard
error of the mean is shown in Tables 2-6. Similarly, descriptive
statistical analysis was also conducted for the figures and the vertical
bars represent the standard error (SE), with p < 0.05 considered
significant (Figure 5).

3. Results

3.1. System productivity, profitability, and
water harvesting in a participatory IOFS
model

The IOFS models have achieved success by providing
diversified food, year-round employment, and improving the
income of farmers. As the farmers were traditionally growing
crops for decades without using any synthetic fertilizer, yield
levels increased significantly after the adoption of organic
practices in a systematic manner. Maize-French bean and rice-
pea cropping systems were found to be popular among the
farming communities as they promote crop diversification and
provided additional income. As the farmers were given training on
improved crop production techniques, which including field visits
to ICAR Research Complex farms, farmers become confident in
applying organic farming methods in their field. The IOFS model
promotes crop diversification, thereby providing food security and
employment for the farmers all year round. The IOFS provides
better means for year-round employment in these sections of rural
mass through the use of different crops in a sequence mode,
livestock management, mushroom rearing, compost preparation,
and pisciculture. Maize, French bean, potato, ginger, tomato, carrot,
and chili yields in the IOFS were increased by approximately 20—
30%, 40-45%, 25-30%, 33-40%, 45-50%, 37-50%, and 27-30%,
respectively, compared with conventional practice. Additionally,
the average productivity of the fruit trees pineapple, Assam lemon,
and guava increased in the organic system by 35-40%, 27-30%,
and 30-35%, respectively, compared with the conventional system.
A small shop was constructed near the highway so that the
farmers could sell organic produce (vegetables, fruits, and spices)
from the village/Institute at a relatively higher price. The organic
certification (PGS mode) process for the farmers of the adopted
villages was also initiated (provisional registration number given)
so that they could demand the premium price for organic produce,
thus increasing their income further. Emphasis was placed on
producing seeds in the farm itself to reduce the dependency
on external seeds and reduce the cost of production. Certified
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organic or chemically untreated seeds of some crops were also not
available all the time. Successful IOFS models can generate 75—
80% of its total requirement for seeds (rice, maize, ginger, turmeric,
soybean, pea, lentil, French bean, pumpkin, bottle gourd, squash,
leafy mustard, coriander, spinach, brinjal, chili, etc.) and 20-25%
of seeds (tomato, cauliflower, cabbage, broccoli, carrot, beetroot,
radish, etc.) are purchased from the market. Improved pig breeds
(75% Hampshire and 25% local) and local breeds were integrated
with improved husbandry practices. A deep litter model of pig
housing was introduced to increase productivity and use resources
more efficiently. The pig attained a higher body weight of 90-
100kg at 12 months of age and produced a larger litter size at
weaning than local non-descriptive pigs in the low-input tribal
production system. The deep litter housing system provides a better
micro-environment during both summer and winter and better
physiological adaptation. In this housing system, little or no liquid
effluent is produced, and odor is greatly reduced. Approximately
1,000-1,500 kg of well-decomposed manure/year was produced by
replacing the bedding material in the pigsty. The adult upgraded
pigs were sold by the farmers for Rs. 10,000-12,000 per pig,
whereas the local adult pigs were sold for Rs. 6,000-7,000 per
pig. The breeding farmers harvested two or three extra piglets
per farrowing, compared with the earlier system, and sold each
piglet for Rs. 2,500-3,000. After 1 year of stocking 2,000 fingerlings
in her pond of Mrs. Pretywon of Rynghang harvested 200 kg of
fish, which she sold at Rs 180 per kilogram and generated an
income of Rs. 36,000. Mr. Lamare, one of the beneficiaries, said
that he was able to harvest ~7 kg of fish from his 20-m? Jalkund.
He sold them at Rs. 180 per kilogram and generated an income
of Rs. 1,260. Additionally, he used the azolla generated from
the Jalkund as fish feed and a source of manure for raising his
crops. Nutrient recycling through vermicomposting using animal
excreta, weed biomass, kitchen waste, and the leaves of peripheral
trees, along with FYM application, fulfilled most of the nutritional
requirement of all the crops in the organic farming system model
and sustained the overall productivity of the farm. The farmers
produced vermicompost in vermibeds and cement brick chambers
and generated 0.4 to 1.25 tons per annum. The data from eight IOFS
models from the villages are shown in Table I. They integrated
cereal crops (rice and maize), vegetables (tomato, French bean,
potato, lettuce, and carrot), livestock (dairy, pigs, and poultry), and
a water harvesting structure (Jalkund) into the system. The average
yearly income of the farmers with IOFS models of 0.18-0.35 ha was
recorded within the range of Rs. 18,750-46,695 per annum without
any premium price. However, the farmers could get a 20% premium
price for their organic produce, and in this instance, income was
increased to a range of Rs. 22,500-56,034 (Table 1).

3.2. Case studies of livelihood assessments
of two farmers

3.2.1. Livelihood assessments

Two progressive farmers, Mr. Jrill Makroh and Mrs. Skola
Kurbah, were the pioneers of the IOFS model in the village and
started their IOFS model in March 2014. The results/performance
of the systems of both farmers was analyzed after 1 year and from
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TABLE 1 Farmers who adopted the IOFS model in Meghalaya, India and their economic return (average of 5 years).
Farmer's Farming components Water Area Net return/year Net return/ha/year Net return/year Net return/ha/year
name source (ha) from model without without premium from model with with 20% premium
premium price (Rs) price (Rs) 20% premium price price (Rs)
(Rs)
1 Jril Makhroh Maize + vegetables + ginger + dairy + Jalkund 0.27 46,695 172,944 56,034 207,533
poultry + pisciculture + mushroom
2 Lahun Lapang Fruit trees (pineapple, Assam lemon, Jalkund 0.20 24,500 122,500 29,400 147,000
pomelo) + vegetables + piggery +
poultry
3 Judy Wahlang Rice + vegetables + poultry + Pond 0.32 29,500 92,188 35,400 110,625
pisciculture + bamboo
4 Pynsanlang Maize + vegetables + ginger 4 + Jalkund 0.18 18,750 104,167 22,500 125,000
Rynghang poultry + apiculture
5 Lamphrang Rice + vegetables + turmeric + piggery Pond 0.29 35,670 123,000 42,804 147,600
Rympei -+ poultry + pisciculture
6 Ban War Fruit trees (pineapple, Assam lemon, Jalkund 0.35 41,590 118,829 49,908 142,594
banana) + piggery +vegetables
7 Skola Kurbah Maize + soybean + vegetables + Jalkund 0.21 31,102 148,105 37,322 177,726
turmeric+ piggery + poultry +
apiculture
8 Hynniew Sweet potato + vegetables + piggery + Jalkund 0.26 33,500 128,846 33,500 154,615
Rynghang poultry 4 dairy+ turmeric
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FIGURE 4
Allocation of different enterprises in the IOFS models of two farmers
in the adopted villages. (A) Mr. Jrill Makroh and (B) Mrs. Skola Kurbah.

2015 onwards. The IOFS model in Mr. Jrill Makroh’s field covered
an area of 0.27 ha and consisted of cereals (maize), vegetables,
spices (turmeric and chili), fruit crops (papaya and Assam lemon),
dairy, a piggery, mushroom units, composting units, and a water
harvesting unit (a Jalkund; Table 1). The largest area was covered
by cereal (35%), followed by vegetables (31.5%) and spices (24.1%);
the other components (animal, water source, composting, fodder,
oilseeds, etc.) covered 9.4% of the total area (Figure 4A). Mrs.
Skola Kurbahss field (0.21 ha), in addition to cereals (maize [24%]),
vegetables (32%) and spices (16.8%), was used for growing oilseed
in the form of soybean (16.8%), and 10.3% of the total area was
used for growing fruit, composting, water sources, animals, and
fodder (Figure 4B). The average cost of cultivation, gross return,
and net return of five consecutive years (2014-2019) from the 0.27
ha area of Mr. Jrill Makroh’s IOFS model were Rs. 71,670 = 985,
Rs. 118,365 = 1,001, and Rs. 46,695 =+ 418, respectively (Table 2).
For Mrs. Skola Kurbah’s 0.21-ha IOFS model, the average cost of
cultivation, gross return, and net return of five consecutive years
(2014-19) were Rs. 40,900 = 973, Rs. 72,002 4 1,159 and Rs. 31,102
=+ 501, respectively (Table 3). On a 1-ha basis, the net return was
assumed to be Rs. 172,944 per year (Rs. 474 per day) for Mr. Jrill
Makroh and Rs. 148,105 per year (Rs. 406 per day) for Mrs. Skola
Kurbah, which is a modest amount for a four- to five-member
family. The two farmers, Mr. Jrill Makroh and Mrs. Skola Kurbah,

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1151113

could get a total net return per annum of Rs. 56,034 & 502 and
Rs. 37,322 £ 601 with a 20% premium price. The higher net return
recorded in the former farmer’s field compared with the latter was
due to the maximum enterprises included and the greater IOFS
area. The water source, composting, and fodder were the inputs
for the other component in the IOFS model; therefore, a negative
net return was recorded (Tables 1, 2). The net return (Rs./ha) over
the years obtained from the IOFS models of the two farmers were
significantly higher (p = 0.05) than the farmers’ practice-I of maize-
fallow or farmers’ practice-II (cultivation of maize followed by the
cultivation of vegetables in 30% of the areas; Figures 5A, B).

The system productivity (SP) of the IOFS models of the
two farmers was calculated based on rice equivalent yield (REY)
in terms of kg/ha. The total SP of Mr. Jrill Makroh and Mrs.
Skola Kurbah was 21,919 £ 185 kg/ha and 17,143 £ 276 kg/ha,
respectively (Table 4). The average highest SP for 5 consecutive
years was reported for animal components in both the farmer’s
IOFS models (Mr. Jrill Makroh as 10,315 = 56 kg/ha and Mrs. Skola
Kurbah as 7,405 £ 83 kg/ha; Table 4), which may be due to the
higher pricing of animal products and meat and the high rate of
livestock. The total average production efficiency for 5 consecutive
years under the IOFS model was 60.1 £ 0.51 kg/ha/day for Mr.
Jrill Makroh and 47.0 & 0.76 kg/ha/day for Mrs. Skola Kurbah
(Table 4). System productivity (kg/ha) and production efficiency
(kg/ha/day) was significantly higher with IOFS models than with
farmers’ practice-I and farmers’ practice-II (Table 4). This shows
that the adoption of an IOFS model in farmer’s fields can achieve
a premium farm income, reduce poverty, and provide better food
security for the farmers.

3.2.2. Residue recycling and nutrient balance

The two IOFS models of Mr. Jrill Makroh and Mrs. Skola
Kurbah had different on-farm nutrient supply balance sheets. The
sheets were categorized under five modules (module I, module II,
module ITI, module IV, and module V). Module I comprised cereals
and oilseeds; module II comprised horticultural crops; module
III comprised dairy; module IV comprised pigs and poultry; and
module V comprised others (Tables 5, 6). All the modules of the
two IOFS models generated on-farm nutrients, such as N, P,0s,
and K, O, through the recycling of crop residues, livestock excreta,
and leftovers except module III for Mrs. Skola Kurbah. The highest
on-farm nutrients recycled was recorded under module V for both
the IOFS models (23.1 £ 0.11kg N, 7.4 £ 0.32 kg P,0s, and 20.0 =
0.63 kg K, O for Mr. Jrill Makroh, and 22.9 £ 0.36 kg N, 6.9 + 0.2 kg
P,0s, and 20.1 £ 0.34 kg K, O for Mrs. Skola Kurbah). The average
lowest N and P,O5 on-farm nutrients recycled for five consecutive
years was recorded under module I and module I'V for K,O for Mr.
Jrill Makroh. However, the IOFS model of Mrs. Skola Kurbah had
the lowest N under module I and P05 and K;O under module II.
The above results show that module V has a higher potential for
supplying macronutrients (N, P, and K) than other modules in the
IOFS model and macronutrient content in the residues of module I
and module II were less. The more on-farm nutrients are recycled,
the less off-farm nutrients will be needed; therefore, modules I and
II for both farmers had a negative nutrient balance. Modules III
and IV for Mr. Jrill Makroh and module IV for Mrs. Skola Kurbah
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TABLE 2 Production of IOFS models of two farmers from adopted villages (average of 5 years).

IOFS Enterprises Mr. Jrill Makroh Mrs. Skola Kurbah
components - -
System Production System Production
productivity efficiency productivity efficiency
(REY kg/ha) (kg/ha/day) (REY kg/ha) (kg/ha/day)
Cereals Maize 1,278 & 38 3.5+0.10 857 £33 2.3+0.09
Oilseed - 0 0.0
Vegetables French bean, cole crops, okra, 4,963 £ 53 13.6 +0.15 4,262 + 64 11.74+0.18
tomato, pumpkin, pea, etc.
Spices Turmeric, chili 2,540 & 31 7.0 £ 0.08 1,548 & 56 42+£0.15
Fruits Papaya, Assam lemon 3617 1.0 £0.02 262+ 15 0.7 £ 0.04
Animal components Cattle (1 cow, I calf), pig (I 10,315 £ 56 28.3+0.15 7,405 + 83 20.34+0.23
pig + 6 piglets)
‘Water source Jalkund 185+ 7 0.5+ 0.02 238+ 6 0.7 +0.02
Composting Vermicompost and manure 11142 0.3+ 0.01 0 0.0
tank
Fodder Napier, broom grass 0 0.0 0 0.0
Others Mushroom cultivation 2,167 £ 35 5940.10 1,667 £ 26 4.6 £0.07
Total 21,919 £ 185 60.1 & 0.51 17,143 £ 276 47.0 £0.76
Farmers’ practice-I Maize-fallow 4,059 + 168 11.1 +0.46 4,304 + 59 11.8 +0.16
Farmers’ practice-II Maize-vegetables (1/3rd area) 8,596 + 302 23.6 +0.83 9,164 + 388 25.1 = 1.06

required no off-farm nutrients and they were the major source of
on-farm nutrients. Furthermore, adopting the IOFS model resulted
inonly 1.8 £ 0.24kg of N, 3.8 £ 0.21 kg of P,O5, and 0.9 £ 0.11 kg
of K;O being needed from off-farm sources to achieve a nutrient
balance for Mr. Jrill Makroh, i.e., the model could supply 95.1% of
N, 82.0% of P,Os, and 96.0 % of the total K,O requirement of the
model, and only 4.9% of the total N, 18% of P,Os, and 4.0% of K,O
was needed from outside sources (Table 5). This means the IOFS
model is highly sustainable. For Mrs. Skola Kurbah, the IOFS could
generate 76.0 % of total N, 68.6% of P,Os, and 85.5% of K, O needed
within the system (Table 6); 24% of N, 31.4% of P,O5, and 14.5% of
the total K, O requirement was supplied from external sources, such
as through the purchase of FYM.

4. Discussion

4.1. Impact of the IOFS on system
productivity and profitability

The IOFS integrates the management of all the production
systems to achieve a sustainable result economically and
environmentally (Manhoudt et al., 2002). An increase in system
productivity and net returns due to the scientific integration of
farming system enterprises, such as livestock, cereals, pulses, and
vegetables, with the in situ production of compost or vermicompost
by efficient recycling of farm resources was recorded by many
workers (Ansari et al., 2017, 2023; Das et al., 2019; Layek et al,,
2020). The sustainable rice-based integrated farming system (IFS)
in an irrigated agro-ecosystem reported that the cropping system
of rice-pea-okra achieved a higher rice equivalent yield (REY)
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(17.88 t/ha), greater system productivity, and higher employment
than the conventional rice-wheat cropping system (Ansari et al.,
20135 Layek et al, 2017). A crop rotation system that includes
a mixture of soil fertility building leguminous crops and cash
crops, such as vegetables and spices, was the main mechanism for
long-term nutrient supply and reducing the pest and disease load
within organic systems. Leguminous crops also have the potential
for biological nitrogen fixation (BNF), which helps in supplying
nitrogen and improves the organic production system (Connor,
2021). The inclusion of legumes in cropping systems or farming
systems as intercrops or in sequence to prevent monocropping is
very much needed to improve system productivity and soil health
(Ansari et al., 2017; Layek et al., 2018). The small and marginal
farmers faced under-employment due to the seasonal nature of
their crop production (Ramrao et al., 2005; Ansari et al., 2014).
However, IOFSs comprising crops (cereal and horticultural) and
livestock (poultry, piggery, dairy, apiculture, pisciculture, and
rabbit) are more economic in terms of net returns than crop
production only (Das et al., 2014; Ravisankar et al., 2021). This
helps to ensure that the farmers’ income is above the poverty line.
The concept of the IOFS is to increase the income and employment
of the marginal and small land holdings by integrating various farm
components (livestock, pisciculture, crop production, apiculture,
vermicomposting etc.) and residue management, in which the
waste of one source is the input of the other, for sustainable
agriculture (Soni et al., 2014; Meena et al., 2022). For example,
cattle dung mixed with crop residues and farm waste can be
converted into nutrient-rich vermicompost, thereby, there is less
dependence on organic manure from external sources.

There is always a chance to reduce the production cost of
individual enterprises, such as livestock rearing, crop production,
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TABLE 3 Detailed analysis of the IOFS model developed at Mr. Jril Makroh's farm (average of 5 years).

IOFS Enterprises Total area Cost (Rs) Gross returns Net returns Net returns Net returns Component
components (m*) without without without (Rs./component) wise net returns
premium price premium premium price with 20% (Rs./ha) with
(Rs.) price (Rs.) (Rs./ha/year) premium price 20% premium
pricein 1 ha
Cereals Maize 950 3,600 & 51 6,900 & 206 3,300 & 166 (7.1) 12,222 £ 613 3,960 £ 198 14,667 & 736
(5.0)
Oilseed - - - - - - - -
Vegetables French bean, cole crops, okra, 850 13,900 & 117 26,800 =+ 286 12,900 = 200 47,778 &+ 741 15,480 =+ 240 57,333 £ 889
tomato, pea, etc. (19.4) (27.6)
Spices Turmeric, chili 650 9,200 £ 45 13,715 £ 166 4,515 £ 135 16,722 4 499 5,418 £ 162 20,067 £ 598
(12.8) (9.6)
Fruits Papaya, Assam lemon 50 500 £ 20 1,950 & 36 1,450 4= 49 5,370 £ 180 1,740 4= 58 6,444 £ 216
Animal Cattle (1 cow, I calf), pig (I 60 32,650 £ 544 55,700 £ 303 23,050 £ 397 (49.4) 85,370 &+ 1,469 27,660 £ 476 102,444 £ 1,763
components pig + 6 piglets) (45.6)
Water source Jalkund 48 5,000 + 84 1,000 + 38 —4,000 £ 60 —14,815 £+ 222 —4,800 + 72 —17,778 & 266
Composting Vermicompost and manure 20 1,920 £33 600 £ 13 —1,320 &£ 25 —4,889 4 94 —1,584 & 31 —5,867 £ 113
tank
Fodder Napier, broom grass 50 400 + 14 0 —400 + 14 —1,481 + 53 —480 + 17 —1,778 + 64
Others Mushroom cultivation 20 4,500 £ 158 11,700 £ 188 7,200 £ 89 26,667 & 331 8,640 £ 107 32,000 £ 397
(6.3) (15.4)
Total value of 2,698 71,670 £ 985 118,365 % 1,001 46,695 = 418 172,944 + 1,548 56,034 £ 502 207,533 £ 1,857
overall enterprises
Farmers’ practice-I Maize-fallow 10,224 4 103 21,916 £ 908 11,692 + 814 43,304 £ 3,013 14,030 £ 976 51,964 + 3,615
Farmers’ Maize-vegetables (1/3rd area) 22,716 + 488 46,420 £ 1,629 23,704 £ 1,699 87,793 + 6,293 28,445 + 2,039 105,351 + 7,551

practice-IT
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TABLE 4 Detailed analysis of the IOFS model developed at Mrs. Skola Kurbah'’s farm (average of 5 years).

IOFS Enterprises Total area Cost (Rs) Gross returns Net returns Net returns Net returns Component
components (m*) without without without (Rs./component) wise net returns
premium price premium premium price with 20% (Rs./ha) with
(Rs) price (Rs) (Rs/ha/year) premium price 20% premium
price in 1 ha of
IOFS model
Cereals Maize 500 1,850 + 49 3,600 £ 139 1,750 & 112 8,333 £ 533 2,100 £ 134 10,000 =+ 640
(4.5) (5.5)
Oilseed - 350 1,500 & 62 3,800 £ 166 2,300 £ 130 10,952 £+ 618 2,760 £ 156 13,143 £ 742
Vegetables French bean, cole crops, okra, 670 9,200 & 88 17,900 =+ 269 8,700 £ 184 41,429 £ 877 10,440 £ 221 49,714 £ 1,053
tomato, pumpkin, pea etc. (22.5) (27.3)
Spices Turmeric, chili 350 2,400 & 6,500 + 236 4,100 £ 200 19,524 4 952 4,920 £ 240 23,429 £ 1,142
84(5.9) (12.9)
Fruits Papaya, Assam Lemon 70 650 & 40 1,100 & 63 450 & 37 2,143 £174 540 £ 44 2,571 £ 209
Animal Cattle (1 cow, I calf), pig (I 45 16,300 & 307 31,100 +£ 346 14,800 £ 243 70,476 £ 1,159 17,760 £ 292 84,571 £ 1,390
components pig + 6 piglets) (39.9) (46.4)
Water source Jalkund 48 5,000 + 267 1,000 + 24 —4,000 =+ 243 —19,048 £ 1,158 —4,800 £ 292 —22,857 41,390
Composting Vermicompost and manure 15 1,200 & 66 0 —1,200 & 66 —5,714 &+ 313 —1,440 £ 79 —6,857 & 376
tank
Fodder Napier, broom grass 35 300 + 16 0 —300 £+ 16 —1,429 + 79 —360 £+ 20 —1,714 £ 94
Others Mushroom cultivation 5 2,500 + 204 7,002 & 107 4,500 + 187 21,438 4 892 5,402 & 225 25,726 & 1,071
(6.1) (14.1)
Total value of 2,088 40,900 £ 973 72,002 £ 1,159 31,102 £ 501 148,105 + 2,385 37,322 £ 601 177,726 + 2,862
overall enterprises
Farmers’ practice-1 Maize-fallow 7,912 £ 91 18,077 £ 246 10,165 217 48,405 4+ 1,033 12,198 £ 260 58,086 =+ 1,239
Farmers’ Maize-vegetables (1/3rd area) 19,283 £ 157 38,488 £+ 1,629 19,205 + 1,689 91,452 =+ 8,042 23,046 £ 2,027 109,743 £ 9,651
practice-IT
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FIGURE 5
Net return/ha over 5 years from the IOFS models of Mr. Jrill Makroh (A) and Mrs. Skola Kurbah (B) compared with common farming practices.

and pisciculture, and subsequently the overall cost of a farming
system (Layek et al., 2020; Das et al., 2021). Different resources
generated within the farm viz., crop residues (rice straw, maize
stalk, pulses biomass, etc.), weed biomass, vegetable waste,
livestock dung and urine, and poultry/duck droppings can be
efficiently recycled through composting or vermicomposting and
subsequently can be used in an IOFS model (Das et al,
2019, 2021). The application of organic amendments, such as
vermicompost, enhances the activity of soil microorganisms,
thereby improving soil health long term, i.e., the physical, chemical,
and biological properties of the soil (Pierre-Louis et al., 2021).
The inclusion of animal components in the system has a positive
link to sustainability by generating cash income, improving family
nutrition, and recycling crop residues into feed. A judicious
mixture of livestock enterprises, such as dairy, poultry, fish, goat-
rearing, and vermicomposting, will help to generate additional
income (Panwar et al., 2018). Before the initiation of the IOFS
program, the pigs reared by farmers had a very high mortality
rate due to diseases and poor management. The inclusion of
livestock components (cattle, pig, poultry, duck, etc.) and high
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value vegetables (broccoli, cauliflower, tomato, brinjal, carrot,
lettuce, etc.) has the potential to improve the net return of the
IOFS system due to the prevailing high market demand for organic
produce and price (Layek et al., 2020). The productivity of pigs and
poultry was low due to low feed conversion efficiency. Farmers were
also motivated by the performance of the dual-purpose improved
poultry varieties as they thrived even when poorly fed and subjected
to the low-intensive management practices followed by the farmers
of the village. By integrating livestock units, such as cattle, pigs, or
poultry/duck, with fish ponds, the input cost of fish feed, manure,
fertilizers, etc., can be minimized (Layek et al., 2020; Das et al.,
2021). Unlike conventional practices, organic farming practices
meet the biological and ethological needs of livestock (Von Borell
and Sorensen, 2004). Poultry in the organic farming system
increases the renewable and local inputs for the other components
(Castellini et al., 2006). According to Lepcha et al. (2018), the gross
return per annum (Rs. 165,800) of backyard poultry from organic
farming systems is significantly higher than that from conventional
farming systems (Rs. 95,695). Among the fish species reared in
ponds and Jalkunds, the performance of common carp was superior
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TABLE 5 On-farm nutrient supply balance sheet in the IOFS model of Mr. Jrill Makroh (after 5 years).

IOFS modules

Nutrient requirement (kg)

On-farm nutrient recycled (kg)

Nutrient balance (kg)

P,0Os K,O N P,Os K,0 P,05
Module I 24.7+£0.30 8.8+0.23 20.540.43 6.2+0.13 2.0+0.14 11.34+0.18 —18.6 £ 0.40 —6.8+£0.36 —9.3 £0.60
Module IT 29.3 +£0.47 10.54+0.18 24.5£0.30 14.7 +£0.11 3.1£0.06 10.9 £ 0.45 —14.7 £ 0.45 —7.4+0.20 —13.54+0.66
Module III 0.0 0.0 0.0 12.1+0.14 4.540.07 6.1 4 0.09 12.1£0.14 4.5+0.07 6.1 £0.09
Module IV 0.0 0.0 0.0 7.5+0.14 25+0.14 5.0 £0.20 7.5+0.14 2.5+0.14 5.0+ 0.20
Module V 11.3 £ 0.28 4.0 £0.29 9.3£0.15 23.1£0.11 7.4+£0.32 20.0 +0.63 11.8+0.37 3.4 +0.09 10.8 4 0.07
Total 65.4 + 1.01 23.3 £ 0.65 55.3+£0.83 63.6 £0.14 19.4 4+ 0.70 53.4+145 —1.8+0.24 —3.8+0.21 —0.9+0.11
Nutrient demand met 95.1% 82.0 96.0%
from the system

IOFS, integrated organic farming system; Module I, cereals and oilseeds (maize and soybean); Module II, horticultural crops (vegetables, fruits, and spices); Module II1, dairy; Module IV, piggery and poultry; Module V, others (green manuring crop, fodder, etc.).

TABLE 6 On-farm nutrient supply balance sheet in the IOFS model of Mrs. Skola Kurbah (after 5 years).

IOFS modules

Nutrient requirement (kg)

On-farm nutrient recycled (kg)

Nutrient balance (kg)

P,05 K,O N P,O5 K,O P,05
Module I 28.7 +0.40 9.34+0.43 22.3+0.36 57+0.18 3.3+£0.07 11.4 £+ 0.39 —234+0.57 —6.04 +0.46 —10.94 +0.74
Module IT 29.8 £0.47 12.6 +0.22 24.8 £0.26 12.0 £ 0.16 32+0.14 8.3+£0.08 —17.8+0.58 —9.344+0.34 —16.48 +0.30
Module III - - - - - - - - _
Module IV 0.0 0.0 0.0 14.54+0.20 4.540.15 9.0+0.16 14.48 +0.20 4.46 £0.15 8.98 £0.16
Module V 14.0 £ 0.19 43+£0.13 9.9+£0.18 22.9£0.36 6.9 +0.20 20.140.34 8.9+0.53 2.6 £0.09 10.2 4+ 0.52
Total 72.5+0.84 26.2+0.74 57.0£0.72 55.1£0.81 17.9 +£0.48 48.7 £ 0.94 —17.46 + 1.64 —8324+1.22 —8.24 +1.60
Nutrient demand met 76.0% 68.6% 85.5%
from the system

TOFS, integrated organic farming system; Module I, cereals and oilseeds (maize and soybean); Module II, horticultural crops (vegetables, fruits, and spices); Module III, dairy; Module IV, piggery and poultry; Module V;, others (green manuring crop, fodder, etc.).
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as it had a faster growth rate, high tolerance, was easy to handle,
could be raised at a high density, and was associated with high
production per square unit. Moreover, the Jalkund facilitated crop
diversification (legumes, vegetables, spices, etc.) and increased net
income to Rs. 43,074 per annum by increasing the yield (26.9%),
with a B:C ratio of 2.1 (Lepcha et al, 2018). The rate of return
from the farming system integrated with pisciculture, in which
fish were reared organically by recycling the byproducts of dairy,
poultry, and duckery, was Rs. 5.46/rupee invested (Behera et al.,
2010). The performance of the IOFS components was 11.1%, 75%,
and 16.8% better for dairy, poultry, and pigs, respectively, than that
with conventional practices (Lepcha et al., 2018). The integration of
poultry and livestock with a conventional farming system increases
crop productivity, thereby making the enterprise more profitable
and increasing farmers income (Ali and Shivalingaiah, 2022).
Apart from the increased income, farmers consume a variety of
nutritional vegetables and fruits, milk, and eggs throughout the
year, which leads to nutritional security.

4.2. The impact of water harvesting and the
use of water in an IOFS

The availability of fresh water per person in the Himalayan
area was estimated as 1,473 m?3 year_l, 1,757 m?> year_l, and
18,417 m> year_1 for the Ganges, Indus, and Brahmaputra basins,
respectively, while for India as a whole, the average fresh water
per capita is 2,214 m® year™! (Das et al, 2018). The per capita
availability of water is decreasing day by day. Although the per
hectare and per capita fresh water availability in the NER is the
highest in India, <5% of the available water is being tapped for use.
The success of a farming practice is dependent on the availability of
irrigation water, which can be harvested in a farm pond or Jalkunds.
These structures play a significant role in crop and vegetable
production, providing drinking water for livestock, and kitchen
gardening, thus increasing crop productivity, farmers’ income, and
employment (Chowdhury et al., 2020). Moreover, the harvested
water can be used for duckery and pisciculture practices (Patel L.
C.etal, 2014). The IOFS model has been shown to be climatically
resilient, particularly in sustaining crops and livestock during the
lean period through the development of a water harvesting unit
(Jalkund), which operates by storing the excess water during the
rainy season and then supplying the stored water during the
dry season. The improved integrated farming system, including
the integration of different farm enterprises in tribal population
regions, can potentially be more productive, achieve greater net
returns, improve nutritional value, and increase employment more
than a conventional farming system in Manipur (Ansari et al,
2013). In monocropping systems, employment opportunities for
farmers and laborers are limited and seasonal. In an IOFS system,
labor is needed for year-round diversified farm activities (crop
cultivation, livestock rearing, etc.), which has a high potential
for increasing employment. One such IFS model has increased
employment by 434 man days in a year for 1.0 ha over the
traditional monocropping system on hills in the eastern Himalayas
(Das et al., 2021). The IOFS model enables the farmer to generate
income and produce from various components at various seasons
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of the year. This system reduces the dependence on one specific
component and minimizes the overall loss of the system in case one
component fails to perform (Panwar et al., 2018).

4.3. Residue recycling and nutrient balance
in an IOFS

Year-round feed, fodder, labor, manure, and water are needed
for a successful and sustainable IFS/IOFS model in any particular
region (Das et al., 2021). Crop residue management, such as soil
surface retention, has a positive impact on soil health (Mishra
and Nayak, 2004; Turmel et al., 2015; Ansari et al., 2022a). The
regular addition of residue as organic input maintains the soil
organic matter (SOM) level for better soil health (FAO, 2011). The
quantity and quality of crop residues generated within a farm and
their efficient utilization influence soil fertility build-up over time
and its subsequent release of nutrients to the crops that follow
(Jarvis et al., 1996; Panwar et al., 2021a; Ansari et al., 2022c). The
main strengths of an IOFS lie in better resource recycling as an
organic farm mainly relies on internal resources and restricts or
limits the input of external materials (Nemecek et al., 2011; Panwar
et al, 2020). In an organic farming system, the application of
crop residue based-vermicompost to the soil is biologically better
than the direct application of manure or crop residue (Aynehband
et al, 2017; Mukherjee et al., 2023). The integration of poultry
or ducks, by virtue of creating artificial structures over farm
ponds or in pond dikes, and the cultivation of year-round high
value vegetables using water from Jalkunds or ponds can increase
system productivity by up to 750% and income by 850% (Babu
et al., 2019). The transfer of vermiculture technology was highly
successful and widely adopted by the farmers of the village. The
farmers were happy due to the growing demand for worms from
other groups and they were convinced of the superiority of the
farm produce due to the use of compost in their own fields.
Soil fertility is degraded with the continuous use of synthetic
agro-inputs, which impacts sustainable agriculture. An increase
in soil organic matter content and soil microbial activity are
indicators of crop and livestock productivity (Biswas et al., 2014).
The adoption of IOFS also enhances soil fertility by maintaining
biodiversity (Mader et al., 2002; Panwar et al., 2021b). An IOFS
model includes all types of crop production and soil management
systems without disturbing environmental factors and only uses
organic inputs. The major fundamental differences between the
management of conventional and integrated organic systems are
that while conventional agriculture mostly relies on short-term
solutions, such as the application of a readily available nutrient, e.g.,
synthetic fertilizer, IOFS mostly relies on long-term solutions at the
systems level, e.g., nutrient cycling and conservation. Meta-analysis
results showed that the organic farming system has a higher SOM
content with a minimal loss of soil nutrients and increased soil
organic and inorganic carbon sequestration (Foereid and Hogh-
Jensen, 2004; Tuomisto et al., 2012). One important principle of
an integrated farming system is to reduce the dependence on
external inputs, especially nutrients, to sustain the model in the
long run (emphasis was placed on establishing the IOFS model in
the villages by increasing residue recycling and the preparation of
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quality compost in a compost pit or through vermicomposting)
(Das et al., 2019). Livestock components, such as dairy and pigs,
generate enough animal manure, and the efficient recycling of crop
and weed biomass helps to generate sufficient nutrients within
the system. Organic inputs in the form of FYM, compost, and
vermicompost have the potential to increase the macronutrient
(N, P, and K) content of the soil and act as a store house
of various soil nutrients and as a soil conditioner, unlike the
inorganic fertilizers, which only supply major nutrients (Mishra
and Nayalk, 2004). Through the efficient recycling of farm and
kitchen wastes and vermicomposting, nutrient requirements can be
reduced substantially in the near future. There is enough scope to
increase the nutrient supply from the model by intercropping with
a legume, using biofertilizers, efficiently collecting poultry manure,
and adopting vermicomposting.

4.4. Integration of an IOFS model

The integration of different enterprises within the IOFS and
efficient recycling of the resources may be the causes for the
increase in productivity and income (Layel et al., 2019). It can be
assumed that with the certification of organic products, farmers’
income from the IOFS models will be increased further. Organic
certification is recommended for a strict closed cycle restricting
external farm inputs and achieving a standard farm production
system (Reganold and Wachter, 2016). The models took some
time to operate at their full potential, and once the model was
established, gross and net returns increased, particularly from the
second or third year (Das et al., 2019). Moreover, the introduction
of a premium price for certified organic produce can increase the
profitability of organic produce, i.e., 22 to 35% more profitable
than the current price and a significant improvement in the B:C
ratio of 20 to 24% compared with conventional farming (Crowder
and Reganold, 2015). Even though crop productivity in the organic
farming system was reduced by 9.2%, the farmers’ net profit
increased by 22.0% due to the 20-40% higher premium price for
the certified organic produce (Ramesh et al., 2010).

As there is a need to employ labor on a daily basis to maintain
the livestock and a need to supply costly animal feed, such as rice
bran and oil cake the variable cost increased (Panwar et al., 2018).
The introduction of dairy components significantly increased the
gross and net income of the farmers by providing milk, with less
dependence on outside feed and fodder (Panwar et al, 2018).
High quality dairy production depends on feedstuft or fodder of
high nutritive value, with high protein content and roughage, and
that can be easily processed (Rahmann and Bohm, 2005). The
cultivation of fodder in the model supplies a good amount of forage
to support the cattle, especially during the lean period between
November and March.

5. Constraints on the adoption of the
IOFS model

Major constraints on the adoption of the IOFS models by
resource-poor farmers in large areas include: (i) limited availability
of quality organic pesticides; (ii) high cost of seeds of improved
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varieties of vegetables, such as cabbage, tomato, and cauliflower;
(iii) unavailability of quality manure in sufficient quantities; and
(iv) high feed cost for pigs and poultry. As the marketing for organic
produce and demand in the state is still not high, farmers are not
being paid premium prices for their produce. However, with the
efficient management of different enterprises within the system,
such as the cultivation of fodder and multi-purpose trees, efficient
recycling of resources for quality manure production, and organic
certification to obtain a premium price, IOFS technologies may
become very popular among farming communities.

6. Conclusions

The efficient use of byproducts or waste product from
one enterprise as the input of others is the major principle
underpinning a farming system that significantly reduces the
demand for external inputs. This study successfully demonstrated
that organic agriculture in farmers’ fields significantly increases
the average productivity of different agricultural and horticultural
crops and livestock compared with the conventional system
used previously. The adoption of Jalkund- or pond-based IOFS
with demand-based location-specific scientific integration of
agricultural and horticultural crops, cattle, pigs, poultry, fish, etc.,
increased system productivity, production efficiency, and the net
returns of farmers compared with traditional practices, such as
rice monocropping or rice followed by a vegetable. On a 1-ha area
basis, the net returns from the IOFS models were Rs. 172,944 per
year for Mr. Jrill Makroh and Rs. 148,105 per year for Mrs. Skola
Kurbah, which were significantly higher than those of their fellow
farmers who only practiced crop-based farming. Efficient recycling
of available farm resources by small and marginal farmers in the
IOFS models through vermicomposting/composting with animal
excreta, weed biomass, tree leaves, kitchen wastes, etc., fulfilled
most of the nutritional requirement (76.0 to 95.1% of N, 68.6 to 82%
of P, and 85.5 to 96.0% of K) and sustained the overall productivity
of the farm. Extensive efforts should be made to transfer this
IOFS technology to larger farm communities practicing organic
agriculture to fulfill the demand for organic inputs within the farm
and improve the livelihood of poor rural households.
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