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Abstract

The rice-wheat system is India's dominant cropping system, and its sustainability is at risk as a result of degradation
in soil health and climate change challenges. The high yields of the irrigated rice-wheat system have led to
enormous quantities of crop residues being produced. In north-west India, burning of rice straw is common, causing
nutrient losses and severe air pollution affecting human health. Innovations in crop residue management can help
achieve sustainable productivity in order to avoid straw burning and allow farmers to reduce nutrient and water
inputs and reduce risks due to climate change. Significant amounts of plant nutrients are found in crop residues and
their judicious application would have a beneficial impact on the nutrient management of the rice wheat system.
Long-term residue recycling studies have shown changes in the soil's physical, chemical and biological health.
Another possible choice for the management of crop residues is to use a portion of surplus residue for biochar
production as soil modification to improve soil health, increase the efficiency of nutrient use, and reduce air
pollution and other mushroom cultivation as the conversion of inedible crop residues into valuable food, surface
mulch as soil moisture and weed protection, biofuel and compost production. The decomposition of soil residues
greatly increases organic carbon and other nutrients in the soil. This collected review literature addressed the
potential for residues and possible options for the efficient management of crop residues in the rice wheat cropping
system to improve crop water productivity and soil health.
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Introduction:

Rice-wheat cropping systems are considered one of South Asia's major food sources, providing food for 400 million
people from a region of 13.5 Mha, primarily concentrated in the Indo-Gangetic plains (Kumar et al., 2018). In India
there are 500-550 million tones (Mt) of crop residues are produces annually. (MoA, 2012), The Rice Wheat
cropping System (RWS) is one of the widely practiced cropping systems in India and about 90% of area is
concentrated in the Indo-Gangetic Plains (IGP) (Janaiah and Hossain, 2003). With the introduction of combine
harvesters, more than 75% of the rice area is harvested mechanically in north-western parts of the IGPs. The
Ministry of New and Renewable Energy, Govt. India (2009) estimates that approximately 500 Mt of crop residue is
produced annually. In Uttar Pradesh (60 Mt), followed by Punjab (51 Mt) and Maharashtratra, the production of
crop residues is greater (46 Mt). Maximum residues are produced by cereals (352 Mt), followed by fibres (66 Mt),
oilseeds (29 Mt), pulses (13 Mt) and sugar cane among the various crops (12 Mt). Cereal crops (corn, wheat, maize,
millets) account for 70%, while rice crops alone account for 34% and wheat ranks second with 22% of crop residues

(Fig. 1).
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Fig 1: The share of unutilized residues in total residues generated by different crops in India (calculated from
MNRE, 2009)

The rice wheat method accounts for almost one-fourth of the crop residue production in India, according to Sarkar et
al. (1999). The residue produced is mainly used for open burning as industrial/domestic fuel, animal feed,
packaging, bedding, in situ incorporation and manuring, thatching, and left in the field. However, almost all the
residue produced is left in the field in the case of combined harvesting, which eventually ends in burning. Both rice
and wheat are extensive nutrient feeders, and the double cropping system significantly depletes the nutrient content
of the soil. Dobermann and Fairhurst, (2002) reported that a tone of rice straw contained 5-8 kg of nitrogen. A rice-
wheat sequence yielding 7 t ha™ of rice and 4 t ha™ of wheat extracts more than 300 kg N, 30 kg P and 300 kg K ha™
from the soil, according to Singh and Singh (2001). Another Gupta et al. (2002) estimate shows that 10 t ha™ crops
extract 730 kg of NPK from the soil, which is not always returned to the soil. This can contribute to soil mining for
major nutrients, resulting in net negative balance and crop multi-nutrient deficiencies. This is one of the reasons for
the rice-wheat system's decline in yield. Therefore, for the maintenance of soil health and the stability of the
environment, there are urgent needs for the management of the residues of these crops.

Crop residues management options

The rice wheat cropping method produces enormous amounts of crop residues in India. In North West India, the
majority of rice and wheat is harvested by a combination harvester that leaves residues in the ground. As cattle feed,
the residues of cereal crops are primarily used. Rice straw and husk for parboiling rice are used as domestic fuel or
in boilers. Instead of wheat straw, rice straw management is a serious problem because there is very little processing
time between rice harvesting and wheat sowing and because of the lack of adequate recycling technology and the
higher content of silica than other crops. Livestock feed, mushroom planting, incorporation, surface retention and
mulching, biochar and baling and removal of the straw are some management options available to farmers for the
productive management of crop residues. As per the situation, farmers use various straw management methods
(Bisen and Rahangdale, 2017).

Crop Residue Management and Crop Water Productivity

Water resource conservation is the major challenge in present-day farming. After harvesting of rainy rice, retention
of rice straw in the field efficiently conserves the residual soil moisture for subsequent crops, mainly in dry tracts
(Chavan et al., 2010). Mulching using rice straw not only keeps the soil moist, but also helps to moderate the soil
temperature, check the weed emergence, and, most importantly, increase the yield of wheat (Rahman et al., 2005). It
has been reported that 84% of the residues are wasted from rice—wheat systems (Singh and Panigrahy, 2011).
Keeping rice straw in zero-till wheat in IGP increases the wheat yield, monetary return, and resource use efficiency,
as reported by Erenstein and Laxmi (2008) and Ladha et al. (2009). A happy seeder is used to spread loose rice
residue uniformly after harvesting, and this instrument has been well adopted for conservation agriculture (Sidhu et
al., 2009). Retention of rice residues lowers the crop water use by 3-11% and increases the water use efficiency by
25% as compared to a no-mulching situation (Chakraborty et al., 2010). They also reported that rice straw improves
the wheat root length by 40% as a consequence of better soil moisture storage. The 13 years of the experiment
reported that continuous rice residue incorporation enhanced the wheat yield by 34.89% as compared to residue
burning due to the better resource use efficiency and soil health (Mandal et al., 2004).
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Crop Residue Management and Soil Health

Rice and wheat are also exhaustive nutrient feeders and one of the major causes of poor soil health under the rice-
wheat system is due to this excessive nutrient mining of soils. The quantity of nutrients derived from rice and wheat
is greater than the quantity added and recycled by fertilisers. The preservation of residues increases the physical (i.e.
structure, penetration rate, water ability available to plants), chemical (i.e. nutrient cycling, cation exchange
capacity, soil reaction) and biological (i.e. SOC sequestration, microbial biomass C, soil biota activity and species
diversity) quality of the soil (Singh et al. 2008, Bisen and Rahangdale, 2017).One of the safer crop production
alternatives is the introduction of sustainable crop residue management activities (Raza et al., 2019). Indiscriminate
combustion of crop residues has a significant effect on soil quality, the content of organic matter, plant micro- and
macronutrients, and the microbial community (Raza et al., 2019, Nyanga et al., 2020). Numbers of possible crop
residue management technologies such as conservation tillage, nutrient cycling, soil conversation methods, zero-
tillage and residue mulching, use in animal feed, and vermicompost preparation are used in realistic field conditions
in various parts of the world (Raza et al., 2019). Proper management of crop residue has a positive effect on
improving efficiencies in input usage by controlling various biochemical properties of the soil (Sarkar et al., 2020).

Impact on physical health of soil

Soil physical properties such as soil moisture content, aggregate formation, bulk density and soil porosity are
influenced by crop residue management practises. Incorporation and/or retention of crop residues in soils has
decreased soil bulk density and compaction (Bellakki et al., 1998). The annual application of 16 t ha-1 of rice straw
for 3 years reduced the bulk density in the 0-5 cm layer on a sandy loam from 1.20 to 0.98 g cm-3. Owing to the
breakdown of the aggregates and the creation of the surface seal by the raindrop effect, the lower infiltration resulted
in an increase in compaction and a decrease in the pore proportion of the surface soil. This issue is solved by residue
preservation on the surface. Incorporation of crop residues decreased BD and increased infiltration rate as compared
to no residue application, WHC, microbial population, soil fertility. The integration of residues with NPK fertiliser
resulted in maximum production, nutrient absorption, increased residual soil fertility and the status of soil
microorganisms (Singh et al. 2010). It has been shown that the incorporation of leguminous crop residues enhances
the physical properties of the soil, such as water holding capability, soil permeability, etc. The addition of
leguminous crop residues also improves crop growth and productivity by improving the availability of crop root
zone nutrients (Smitha et al., 2019). In modern input-intensive agriculture, the use of heavy machinery and farm
implements such as planters, zero-tillage implements, reapers, and combine harvesters is very common, and
indiscriminate use of these heavy machinery pieces often leads to compacting the soil and hampering physical
properties of the soil, such as infiltration rate, airflow, and water holding capacity (Smitha et al., 2019). Carlesso et
al. (2019) stated that the use of crop residues from ryegrass and straw residues as well as mixed litter can
significantly increase the porosity of the soil and the capacity to retain water, and can eventually make the soil more
efficient. In order to boost soil aggregate and carbon storage in rice-based cropping systems, the application of crop
residues along with conservation tillage has been documented (wang et al., 2019).

Impact on chemical health of soil

The pH of the soil is a deciding factor for the fertility of the soil, which is greatly affected by the residues of the
crops in the soil. Long-term application of straw will establish the amount of soil organic matter and N reserves and
will also enhance the supply of macro- and micro-nutrients. The 11-year study filed by Beri et al. (1995) on loamy
sand soil showed that the introduction of residues from both crops into the rice wheat system increased the total P
available P and K content in the soil over residue removal. Gupta et al. (2007) stated from the three year analysis
that with the incorporation of crop residue over straw burned, inorganic and organic P, decreased P sorption, and
increased P release increases. Approximately 50-80% of the micronutrients consumed by rice and wheat crops (Zn,
Fe, Cu and Mn) can be recycled by incorporated residue. Crop residues affect the supply of micronutrients in rice,
such as zinc and iron (Singh et al. 2005 and Gupta et al. 2007). The soil's chemical properties, such as pH, electrical
conductivity, and cation exchange ability (CEC), as well as the conversion of various primary and secondary plant
nutrients, can be improved effectively by sustainable crop management. A strong correlation with the application of
crop residue is observed in the soil carbon pool (both complete and labile pool). The application of 10 Mg ha™ wheat
residue mulching along with the application of 75 kg N ha-1 is stated to significantly increase the total and labile
carbon pool of an irrigated maize production system (Chatterjee et al., 2018). In order to improve system
productivity, K usage efficiency and obvious K balance, adoption of conservation tillage in a rice-maize cropping
system with residue management may be effective (Singh et al., 2018). Residue incorporation is also beneficial for
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the recycling of up to 15 percent of usable K soil, as well as the need for K external supply (Singh et al., 2018).
Smitha et al. (2019) stated that the application of cluster bean crop residue before sacred basil transplantation
(Ocimum sanctum Linn) significantly improved soil macronutrient SOC and availability.

Impact on biological health of soil

In particular, the availability of nutrients such as N, P, and S depends on soil microbial biomass (SMB) and
microbial activity, which in turn depends on the soil's supply of organic substrates. The soil flora and fauna
population is positively associated with the soil phyto-biomass current. Beri et al. (1995) and Sindu et al. (1995)[39]
noted that soil treated with crop residues had 5-10 times more aerobic bacteria and either burned or removed 1.5-11
times more fungi than soil. The study by Verhulst et al. (2009)[40] showed that soil microbial biomass (C and N)
decreased in the zero-till treatments in both rainfed and irrigated long-term trials with a decreasing amount of
residue retained on the soil surface. The microbial biomass of the soil represents the ability of the soil to store and
cycle nutrients (C, N, P and S) as well as organic matter and plays an important role in aggregate physical
stabilisation. Crop residues are also known to increase nitrogen fixation by asymbiotic bacteria in the soil
(Azotobacter chrococcum and A. agilis). The activity of soil enzymes responsible for the conversion of inaccessible
to usable nutrient type also increases due to the increase in soil microbial population. Proper preservation of crop
residues has been reported to have a major effect on soil microbial biomass control. Samui et al. (2020) recorded
improved microbial activity in the top layer of soil through the application of crop residue mulching, which may be
attributable to plant-soil microclimate modification, increased availability of water and nutrients, and soil
temperature control. Chatterjee et al. (2018) observed comparable results and considered that soil microbial biomass
carbon (MBC) increased significantly through the application of wheat crop residue. Incorporation of leguminous
crop residues such as cluster beans before sowing the next crop has been documented in order to increase soil
microbial biomass and dehydrogenase activity (DHA) compared to control treatment (using crop residue) Smitha et
al (2019). CA residue retention has also been reported as beneficial in a wheat-soybean cropping system for the
reduction of soil nematode population (Escalante et al., 2020).

Impact on soil fertility and productivity of soil

For the maintenance of soil fertility and the recycling of soil nutrients, judicious crop residue management is very
beneficial. Rusinamhodzi et al. (2016) stated that good crop residue management not only helps improve soil
productivity and nutritional status, but also helps improve the overall health status of farm animals. To increase soil
productivity, C-pool and earthworm population productivity, long-term use of crop residues along with conservation
tillage has been stated (Frazao et al., 2019). In global agriculture, crop residue is becoming increasingly important
and is considered to be an excellent source of organic matter that helps to boost soil C stock, water conservation,
nutrient recycling, and soil characteristics, and reduces residue burning patterns and the consequent environmental
hazards upon retention (Fig. 2) (Liang et al., 2016). Most of the overall production of crop residues comes from
cereals (74%), followed by sugar crops (10%), legumes (8%), tubers (5%) and oilseeds (3%) (Lal, 2005). In addition
to C, depending on the crop species and soil fertility status, crop residue contains many mineral nutrients (Lal,
2005). However, it is very difficult to decide how many nutrients would be available to crops at the time of
incorporation of crop residue, as it has been well known that, as a result of the high C:N ratio, crop residues initially
immobilise the available soil N (Garai et al., 2020). In the long term, however, this activity is very successful for the
availability of nutrients for subsequent crops along with the generation of high quality organic matter and
encourages better production of food crops (Yadvinder-Singh and Timsina, 2005). After cereals, legume cultivation
contains the most residues (Sombrero et al., 2010). Instead of quantity, legume residues are considered to be
residues of good quality and have a significant amount of soil C for a long time (Sarkar et al., 2020). A systematic
study of the application of crop residue in agricultural practises relating to soil fertility and productivity is discussed
below.
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Fig. 2: Advantages of crop residue retention for improving soil fertility (Source: Sarkar et al., 2020)
Conclusion:

The most intensive method of production in the country is the rice-wheat cropping system. It occupies a
commanding proportion of India's total cultivable land. The recycling of its residues has the great ability to get back
to the soil a large amount of plant nutrients. The yield stagnation resulting from the decreasing organic carbon of the
soil is a major threat to this system in particular. It is therefore a great challenge for farmers to effectively and
efficiently manage rice residues in order to increase carbon sequestration and preserve the sustainability of
production. There are both benefits and drawbacks to any management choice. It depends on a given set of
conditions for soil, environment and crop management, consistent with the machinery available and socially and
economically appropriate. It is important to evaluate and update the mechanised harvester technology for sustainable
residue use in order to avoid residue burning in the rice wheat cropping system. Relevant conservation tillage
methodology can be adopted for place and soil quality. If rice residues are properly handled, changes in soil
physical, chemical and biological properties can be justified and rice-wheat cropping system productivity can be
sustained.
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