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ABSTRACT

In this study, the effects of integrated farming system on residue recycling and soil quality in rice-based integrated
farming systems have been examined. The effective nutrient budget for nitrogen was found higher with rice-fish-
poultry-cowpea and the negative values were obtained for rice-chili and rice-baby corn systems. However, the effective
budgets for phosphorus and potassium were negative in all these cropping systems. The results indicated that, about
ten tonnes of organic matter was recycled, and the major share was from the dairy unit (~52%) in the form of dung and
cow urine. Total internal nutrient supply due to recycling was estimated at 55 kg of nitrogen, 17 kg phosphorus and 76
kg of potassium, which is equivalent to 118 kg urea, 106 kg single super phosphate and 126 kg muriate of potash, thus
reduction in cost of inputs. In the rice+ish+poultry-cowpea system, the indices of soil quality showed higher values,
which indicated the improvement in soil fertility due to availability of poultry manure, plankton production, and the
continuous fish activity. The current study confirmed that available N, DHA, Zn, B and Fe as the key indicators of
soil quality under humid tropics of west coast India, which greatly influence the soil functions and soil productivity.
The study conclusively reveals that integration of dairy, fishery, poultry components with diversified cropping systems
in coastal lowland ecosystem is essential to improve the nutrient use efficiency and for enrichment of soil fertility.
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The integrated farming system (IFS) offers various
benefits, they guarantee high production with nutritional
security, diversifying the farmer’s income and, preserving
the natural resources, and provides climatic and economic
resilience of the agricultural production system (Paramesh
et al. 2019). IFS enhance nutrient recycling and food
production per unit of area and inputs, by promoting greater
efficiency of fertilizers and natural resources. This is mainly
due to the presence of the animal and fish components, which
modifies the nutrient fluxes in the soil, plant and atmosphere
interface. Soil is the main centralizing compartment of the
several synergic processes that occur in the agroecosystem.
While the different agricultural production systems
incorporate nutrients and energy, the animals act as catalysts
by introducing variability and new pathways of nutrient and
water flows (Paramesh et al. 2020). The extent to which
the processes and nutrient fluxes are affected will depend
on the type of crops in the cropping system, crop nutrient
management, and livestock component. Crop rotation is
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another important factor to consider in the diversification
of integrated farming system (IFS) arrangements, since it
allows the introduction of plants with different nutritional
requirements and root structure, which can increase the
nutrient cycling and reduce nutrient losses (Tiecher et al.
2017), as well improve soil quality (Karlen ez al. 20006). In
this context, inclusion of crops like cowpea, moong, baby
corn and chili in rotation after rice is an important strategy
to obtain the benefits of crop rotation, mainly because they
present different production potentials, root systems, and
waste inputs.

Studies on significance of IFS on nutrient recycling and
soil quality are still scarce in west coast of India. However,
they are very essential in order to know the changes in the
dynamics of nutrient fluxes, and subsequently in the soil
health, affected by the livestock and agricultural systems.
Thus, the present study was carried out with the objective
of evaluating the impact of the integrated crop-livestock
system on the soil quality indicators and to assess the nutrient
budget in an alfisol, conducted for 3 years (2015-2018)
under lowland situation of west coast India.

MATERIALS AND METHODS

Experimental site and details: The study was undertaken
as a part of All India Coordinated Research Project on
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Integrated Farming System, under lowland ecology at
ICAR-Central Coastal Agricultural Research Institute, Old
Goa, and Goa, India. The period of observations was from
2015-18 to assess the effect of different components in
rice-based MFS. The IFS model was established in a 0.5
ha area with components like rice-based cropping systems
such as rice-cowpea, rice-moong, rice-baby corn, and
rice-chili. The animal component includes dairy, fishery,
and poultry with boundary plantation of banana, papaya
and forage crops and a small kitchen garden. All the crop
residues were incorporated in situ after the harvest. The
appropriate package of practices was followed as per the crop
requirement for rice, cowpea, moong, baby corn, and chili.

Nutrient budget and Analysis of soil, manures, and
effluents: In order to calculate the nutrient budget, all inputs
of nutrients (NPK) via fertilizers and farmyard manure
(FYM) and all exits exported by grains (crop uptake)
were quantified. The soil nutrient budget was computed
considering the initial and final soil contents, using the
available N, P, and K for the 0—15 cm soil layer. Soil
samples were collected from the field after the completion
of each sequence and analysis was carried out. The soil bulk
density (BD) was determined by core method and Modified
Walkey and Black method was followed to estimate the soil
organic carbon (SOC). Soil nutrient analysis was done using
standard procedures. The soil microbial parameters such
as microbial biomass carbon (MBC), basal soil respiration
(BSR) dehydrogenase activity (DHA), phosphatase (PHT)
and urease activity were also measured using standard
protocols. The dairy effluents, cow shed waste, and farmyard
manure (FYM) were analysed at regular intervals using
standard procedures. Soil quality index was developed by
non-linear programming method using different physical,
chemical, and biological soil properties.

Carbon stock: The soil sample was collected from
different cropping systems in five replications at 0—15 cm
soil depth. The soil samples were analysed for SOC and
BD was determined using core sampler. The carbon stock
(Mg C/ha) from 0-15 cm soil depth was estimated using
the following equation.

Carbon stock (Mg C/ha) — SOC (%) x BD (Mg/m?) x
Soil depth (cm) (1)

Statistical analysis: The effect of different cropping
systems on the soil properties and SQI was subjected to
analysis of variance (ANOVA) using a randomized block
design in SAS package. The results were tested at 5 percent
level of significance.

RESULTS AND DISCUSSION

Nutrient budget: The soil nutrient budget for N was
found higher for rice-fish-poultry-cowpea cropping system
followed by rice-moong and rice-cowpea, the similar trend
has been observed for soil nutrient budget for P (Table 1).
The lower values of soil nutrient budget for N and P were
noticed with rice-chili and rice-baby corn systems. This is
mainly due to because of exhaustive nature of baby corn
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and chili crops than cowpea and moong. The nitrogen
fixation capability of cowpea and moong improved the
soil N budget compared to chili and baby corn systems.
Similarly, the soil nutrient budget for K was found lower
with rice-chilli and rice-baby corn systems. This trend is
mainly attributed to low cation exchange capacity of the
lateritic soil coupled with higher K uptake of baby corn
and chilli systems. The effective nutrient budget for N was
found higher with rice-fish-poultry-cowpea system followed
by rice-moong and rice-cowpea and the negative values
were noticed with rice-chili and rice-baby corn systems.
However, the effective budget was found negative for P
and K in all the cropping system. In general, the nutrients
budget was more affected by the amount of nutrient uptake
by crops and quantity of nutrients applied.

Nutrient recycling potential of the system: The residue
from cowpea and moong, FYM and cow urine were found
rich in nitrogen (Table 2). The higher P concentration was
observed in fish pond effluent followed by moong residue
and the higher K concentration was observed in rice straw,
cowpea residue and moong residue. The cow urine and
cowshed effluent were directly used in the kitchen garden,
fodder unit, and in the main field as a nutrient supplement.
From the unit, on an average 10 t of organic material was

Table 1 Budget of available N, P and K, for the 0—15 cm soil
layer comparing the effect of crop systems after 3 years

in an integrated crop-livestock system experiment

Cropping system Initial Input Output Final Soil Effective
Soil (kg) (kg) Soil budget budget
2015 2018

Nitrogen

1349 39.8 33.1
1349 450 37.1
1349 30.7 243
Rice-Moong 1349 303 24.1
Rice-Fish-Cowpea 134.9 23.8 18.3

1295 -54  -12.1
117.8 -17.1
1428 7.9 1.5
154.6 19.7 13.5
164.9 30.0 24.4

Rice-Baby corn
Rice-Chili -25.0

Rice-Cowpea

Phosphorus

Rice-Baby corn 129 182 29 139 1.0 -14.4
Rice-Chili 129 203 35 11.1 -1.8  -18.6
Rice-Cowpea 129 184 23 145 1.6 -14.6
Rice-Moong 129 182 21 162 33 -12.8
Rice-Fish-Cowpea 12.9 104 43 169 4.0 -2.1
Potassium

Rice-Baby corn 158 39.8 263 995 -354 -292
Rice-Chili 158 45.0 269 893 -456 -39.6
Rice-Cowpea 158 30.7 18.0 112.8 -22.1 -203
Rice-Moong 158 303 175 1192 -157 -144

Rice-Fish-Cowpea 158 23.8 16.6 1304 -4.5 -32
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recycled, and dairy unit alone contributed nearly 52 % of
organics to the system. About 4.8 t of dry biomass from
different cropping systems were also recycled through
composting, mulching and as dry fodder to feed the dairy
animals. About 55 kg of N, 17 kg P and 76 kg of K were
recycled, which reduced the use of synthetic fertilizers and
thereby the cost of fertilisation. The integration of crops
with livestock can enhance the residue and nutrient cycling
and sustainable utilization of available resources, as also
argued in Petersen ef al. (2007) and Watson et al. (2005).
The nature and quantity of biomass produced in the IFS
coupled with the suitability of the crops and livestock to the
local climate results in increased availability of residue for
recycling. Walia and Kaur (2013) reported the significance
of the application of livestock manure to improve soil
organic matter, water infiltration rate, and water holding
capacity in IFS.

Soil quality (SQ): Cropping systems had a significant
effect on all the tested soil quality parameters (Table 2).
Significantly higher soil pH, SOC, soil available NPK, soil
microbial properties such as MBC, DHA, PHT and urease
were observed in the rice-fish-cowpea cropping system, and
the least values were noticed with the rice-chili system. All
the soil parameters were considered for PCA with varimax
rotation. N, DHA B, Zn, and Fe was selected as MDS. We
have used non-linear and weighted additive soil quality
indexing method to understand the effects of treatments on
the SQ in the present investigation. The SQ was affected
significantly (P<0.01) due to different cropping systems.
The SQI of different cropping systems were in the order of
rice-fish-cowpea < rice-moong < rice-cowpea < rice-baby
corn < rice-chili with a value of 0.91, 0.75, 0.69, 0.37 and
0.19, respectively. The rice-fish-cowpea cropping systems
exhibited 79% increase in SQI in the system over the rice-
chili system. The increase in soil chemical and biological
properties in the rice-fish-cowpea system might be due
to continuous movement and churning of soil by the fish
and addition of faecal matter in the pond by poultry birds
(Nayak et al. 2018). The increase in microbial activity and
SOC might be due to the loading of organic matters (fish
and poultry droppings) and faster decomposition of organic
residues (root and remaining rice straw) in the integrated
fields. In all the cropping system, the SOC was enhanced,
except in rice-chili system, showing exhaustive nature of the
chili crop. The soil carbon stock also improved significantly
in the rice-fish-cowpea system over other cropping systems.
It is mainly due to higher SOC and lower BD in the soil.
The rice-fish culture has not only improved the SOC but also
reduced the soil BD considerably. The increased soil carbon
stock in rice-fish-cowpea system can be attributed to factors
like reduced soil temperatures, slow decomposition rate of
organic matter, type of land use practices and continuous in
situ root decay of rice and cowpea (Manjunath et al. 2018).
The study has clearly indicated that under humid tropics of
west coast India, available N, DHA, Zn, B and Fe as the
key indicators of soil quality (SQ) which greatly influence
the soil functions and overall soil health.
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Integrated crop-livestock systems involving cereals,
pulses, vegetables integrated with dairy, poultry and fishery
were found more efficient in the use of nutrients, thus
making the effective nutrient budget less negative over time.
Furthermore, rice-based lowland IFS is found to be efficient
in terms of soil fertility, and soil carbon stock. Further, with
an increase in nutrient recycling under rice+fish+poultry-
cowpea systems, the use of chemical fertilizer can be reduced
substantially. The improvement in soil nutrient dynamics
in integrated farming indicates eco-friendly and sustainable
farming system. Thus, the results obtained in the present
study demonstrate that when integrated crop-livestock
production systems are well planned, using appropriate
crop rotations and in integration with livestock component
they will improve the nutrient recycling and improve the
soil quality.
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