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ABSTRACT

The cultural practices prevailing in the present agricultural scenario pose a very deleterious effect on soil fertility. The
land has been used extensively over and over again; use of chemical fertilizers has been increased that has led to the
deterioration of the land. The inherent capacity of the soil i.e, soil fertility, is now decreasing day-by-day. Soil fertility is
the inherent capacity of the soil to sustain crop growth in the long-term. Soil fertility can be determined by the physical,
chemical and biological processes that are interlinked to its soil organic matter content and its quality. Decrease in soil
fertility is a major constraint towards low productivity. In recent years, concerns towards healthy food production and
environmental quality have been increased. The increased emphasis on sustaining the fertility of soils has raised interest
in maintenance and improvement of soil organic matter through appropriate land use and management practices. Crop
residues are one of the important source of organic matter that are the left-over of the main produce and upon returning
it to the soil for nutrient cycling helps to improve soil physical, chemical and biological properties. Its effective
management in the field conserves the soil and its resources causing least damage to the environment.
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INTRODUCTION

The inherent ability of soil to satisfactorily sustain the crop growth and development in the long term is
referred to as soil fertility. Soil fertility can be estimated by physical, chemical and biological processes
that are intrinsically linked with the soil organic matter content and quality (Fig. 1). A decrease in the soil
fertility is a major drawback towards the productivity, so investment in practices that lead to soil fertility
enhancement is likely to generate large profits (30). Also, in the recent years, increased concerns towards
healthy food production, environmental quality and increased emphasis on sustainable agriculture, have
enhanced the interest in the maintenance and improvement of soil organic matter through appropriate
management practices (21; 35). Crop residues, the products that are left after the procurement of the
main produce, are an important source of organic matter which can be returned to the soil for nutrient
recycling, thus improves the soil physical, chemical and biological properties (16). Over the globe, the
total crop residue production is estimated to be 3.8 billion tons per year, of which 74% were from cereals,
8% from legumes, 3% from oil crops, 10% from sugar crops and 5% from tuber crops (17). Except
carbon, crop residues contain all the mineral nutrients required by the crop but their content varies
among crop genotypes depending on the soil fertility. To prevent the impoverishment of nutrients and
organic carbon in the soil, these residues should be returned to the soil and spread uniformly over the
entire field (5; 17). Prediction of the fact that how much nutrients are returned back to soil and how much
is readily available to crops is quite difficult. This is a complex process that involves residue
decomposition and nutrient release. The nature of the crop residue and its management significantly
affect the amount of nutrients available as well as the content and quality of soil organic matter (16; 27).
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Fig. 1 Effects of crop residues and their management on physical, chemical and biological
parameters of soil quality and overall soil fertility

Efficient management of crop residues in the field includes conservation of soil and its resources with
minimum adverse effects on the environment (16; 21; 27). After harvesting of the crops, crop residues
can be (1) left on the soil surface, (2) swathed and concentrated in windrows, (3) incorporated into soil,
and/or (4) burnt prior to tillage or seedbed preparation. Crop residues that are partially or wholly
removed from field can also be used as mulches, composts, industrial raw material, household fuel, bio-
fuel generation and fodder for animals that gives excretory material in the form of dung thereby returning
residues to the field as animal wastes (17; 28). Retaining of harvested crop residues in sufficient amounts
on the soil surface together with no tillage, or its partial incorporation by minimal tillage (conservation
tillage) decreases water and wind erosion (17).

Addition of residue to the soil in conventional or conservation tillage systems may also have positive
effects on the level of soil organic matter and soil quality (1). However, conflicting reports on the rate and
degree of organic matter accumulation associated with returning of crop residues to soil is mainly due to
differences in climatic conditions, soil type, residue quality and the depth of sampling (1; 16). (9) have
shown that among the 80% of the changes in soil carbon levels under cropping system, 20% were
attributable due to residue management (stubble retained Vs burnt). Besides making the residues into
smaller pieces and then mixing them in the soil (29) can mechanically breaks the soil aggregates which
exposes the protected organic material to microbial decomposers, thus leading to faster losses of soil
organic carbon (25).

Burning of the crop residues is usually a common practice done in an attempt to obtain a field that is easy
to work on (i.e. improved tillage efficiency), to enhance the growth of the new crop, to reduce diseases as
crop residues may sometimes serve as a host for pathogens, and to control weeds and insects (28) but
repeated removal of residues by burning can cause significant environmental problems and loss in soil
fertility due to land degradation.
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This review mainly focus on the role of different crop residue management practices as well as the
quantity and quality of crop residues in governing the chemical, physical, and biological parameters of
soil quality. A better understanding of these aspects of soil fertility will help in maximizing the beneficial
effects of crop residues on agricultural soils (such as minimizing soil degradation, increasing soil fertility
through build-up of soil organic matter), and to minimize the negative effects (such as immobilization of
nutrients, leaching and their run-off losses and erosion), thus contributing directly towards sustainable
agricultural production systems.

Effects of Crop Residue Management on Soil Chemical properties

Soil organic matter

Soil organic matter content may vary depending on soil type and its management practices (1; 17).
Continued losses of soil organic matter from agricultural soils have deteriorating effects on the global CO2
balance and soil quality. Returning of crop residue to the soil, rather than its removal or burning, has been
found in increasing the organic matter content of topsoil early, especially in the areas receiving annual
rainfall >500 mm (1) whereas in tropical areas it requires more time for the increment of soil organic
matter in the tropical areas (27). The reasons for these differences in the rate of soil carbon accumulation
may be attributed to differences in the climatic conditions (e.g. dry and warm Vs wet and cold climate),
edaphic factors, crop rotation systems, crop yield and differences in the amount of crop residues which
are returned to the soil (1).

Soil pH

In governing the nutrient availability to plants, soil pH plays a major role. Increased use of nitrogenous
fertilizer in cropping systems, including legume crops in crop rotation and continuous cultivation over
many years have resulted in the development of acidic soils in many parts of the world (4; 32). pH of the
soil can increase, decrease or remain unchanged due to the addition of plant materials to soil (31; 37).
Due to residue decomposition, there is increase in pH for the initial one to two months and then it
declines (3; 40; 18). The extent and direction of soil pH change depends on the concentration of excess of
the base cations, organic anions, nitrogen in plant materials, initial pH level of the soil (31; 38),
ammonification of plant residue, nitrification of ammonium and leaching of nitrate (37). The extent of
change in soil pH also varies depending on rate of plant residue application and buffering capacity of the
soil (13). Increases in soil pH by plant residue addition occur when the initial soil pH values were lower
than those of plant residues or when the soil to be amended is acidic (31). In soils where pH values are
greater than those of residues, the addition of plant materials can decrease the soil pH (31).

Some of the major causes of increase in soil pH upon addition of crop residues are (1) decarboxylation of
organic anions that leads to consumption of protons and release of OH ions, (2) adsorption of organic
molecules produced upon decomposition by Al and Fe hydrous oxides with release of OH ions, and (3)
high concentration of excess base cations such as Ca, Mg, Na in plants (31; 36).

Nutrient status and availability in soil

Almost all the nutrients are present in crop residues except carbon that may not be readily available for
crop use. Large amount of organically bound nutrients are present that have to undergo several biological
processes (mineralization-immobilization turnover (MIT) before their availability to plants (23; 26). A
conceptual model of carbon and nutrients in agro-ecosystems due to addition of crop residues in soil is
depicted in Fig. 2. When the crop residues are returned to soil, they are readily colonized by a range of
macro- and micro-organisms, which initiates the decomposition and mineralization process of crop
residues and organic nutrients present in them. Growing microbial mass helps in assimilation of carbon
and nutrients that are present in decomposing organic matter. As the time passes, the decomposing crop
residues are converted into simple monomers that are further assimilated physically and chemically by
microorganisms, stabilized in the soil and ultimately forming the soil organic matter (Fig. 2). The process
of mineralization and immobilization in soil occur simultaneously, and their rate of availability from
decomposing organic materials for plant uptake, leaching or volatilization depends on the net balance
between these two processes by micro-organisms (20).

Some inorganic form of nutrients are present in crop residues that are soluble (e.g. K+, S042-), or
associated with organic constituents (e.g. amino- and protein-bound S and phosphate esters) (26; 23).
Such nutrients are also released/ mineralized and immobilized in microbial biomass when returned in
the form of crop residues to soil. Sometimes, soluble salts could also crystallize on the surface of residues
when they absorb moisture but these can be washed off into soil with rainfall.
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Figure 2 Conceptual flows of C and other nutrients in agro-ecosystems following addition of crop
residues to soil
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Effects of Crop Residue Management on Soil physical properties

Soil temperature

Significant changes in soil temperature can be caused by crop residue management by affecting radiant
energy balance (14). Crop residue when applied as a cover on the soil surface, provides an insulation
effect that varies depending on the amount and thickness of the cover (33). Further, bare soil i.e., soil
without crop residue cover dries more rapidly than the mulched soil after precipitation or irrigation (6).
The insulating properties of surface residue cover in wet conditions cause a decrease in temperature and
temperature fluctuations as compared to bare soil (6; 13).

Burning plant residues can also affects significantly by changing the soil temperature. It depends on
parameters such as thickness of the crop residue layer, fire duration and intensity, soil moisture, soil
texture, soil mineralogy and soil organic matter content (12; 22). Extent of burning determines the
changes in soil temperature (120-400 °C). Heat is mainly transferred to soil by thermal conductance, and
its conductivity increases with increase in moisture content. It can be concluded that heating of dry soil
results in greater rise in surface temperatures and less penetration of heat when compared to moist soil
(22).

Soil moisture

Crop residues when placed on the soil surface (mulching) helps in reduction of water loss by evaporation
(19). Thus, there is greater availability of soil water in the covered soil especially in years with there is
low rainfall (8), hence very advantageous for rainfed agriculture in semiarid areas (2). Even in soils in
colder regions, (11) higher availability of water can be obtained by covering the soil with crop residue.
Soil hydraulic conductivity and infiltration

For transporting water from the soil surface to deeper layers during rainfall or irrigation, high saturated
hydraulic conductivity is important which decreases surface runoff/erosion and improves soil aeration in
the upper part of the profile. Significantly higher hydraulic conductivity and surface infiltration rates
were observed where residues were applied on the surface in no-till/minimum-tillage in comparison to
where residues were burnt or removed (8; 34; 41). These effects of crop residues results in increased
amount of soil organic matter content, macro- and total-porosity, proportion of micro-aggregates and
aggregate stability, and decreased bulk density (10). Unsaturated hydraulic conductivity is important for
the movement of water to the roots (15). In the case when crop residue was burnt, soil hydraulic
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properties is adversely affected by decrease in soil porosity (8) due to blockage of soil macropores by
fine ash particles (34).

Soil bulk density and porosity

Continuous return of crop residues in soil results in increase of soil organic matter content that may
decrease bulk density because of the dilution of the dense mineral fraction of the soil (24, 41). Tillage
operations increased total porosity, but decreased number of macropores, stability and continuity
compared with the soil with no tillage. Conventional tillage initially decreased bulk density by loosening
the soil and temporarily forms macropores at the beginning, lower bulk density due to no till by the end
of the growing season due to its positive impact on soil organic matter content and soil aggregation.

CONCLUSION

A large amount of fertilizer application can be saved by following the practice of residue management in
the field. It helps in returning of the nutrients back into the soil. By retaining the crop residues on the soil
surface not only reduces the surface runoff and soil erosion, but also improves the soil physical
characteristics (such as hydraulic properties and soil aggregation) and helps in increasing the soil organic
matter content, especially in the surface layer. Additionally, there is increase of soil microbial biomass
and activity by the addition of crop residues which improves the nutrient-supplying capacity of soil and
reduces nutrient losses.

REFERENCES

1. Alvarez, R. (2005). A review of nitrogen fertilizer and conservation tillage effects on soil organic carbon storage.
Soil Use Manage 21:38-52.

2. Bescansa, P, Imaz, M.],, Virto, L., Enrique, A. & Hoogmoed, W.B. (2005). Soil water retention as affected by tillage
and residue management in semiarid Spain. Soil Till Res 87:19-28.

3. Bessho, T. & Bel], L.C. (1992). Soil and solution phase changes and mung bean response during amelioration
of aluminium toxicity with organic matter. Plant Soil 140:183-196.

4. Bolan, N.S. & Hedley, M.]J. (2003). Role of carbon, nitrogen, and sulfur cycles in soil acidification. In: Rengel Z (ed)
Handbook of soil acidity. Dekker, New York, pp 29-56.

5. Brennan, RF, Bolland, M.D.A. & Bowden, ].W. (2004). Potassium deficiency, and molybdenum deficiency and
aluminium toxicity due to soil acidification, have become problems for cropping sandy soils in south-western
Australia. Aust ] Exp Agric 44:1031-1039.

6. Bristow, K.L. (1988). The role of mulch and its architecture in modifying soil temperature. Aust J Soil Res
26:269-280.

7. Chan, K.Y. & Heenan, D.P. (1993). Surface hydraulic properties of a red earth under continuous cropping with
different management practices. Aust ] Soil Res 31:13-24.

8. Chan, K\Y. & Heenan, D.P. (1996). Effect of tillage and stubble management on soil water storage, crop growth
and yield in a wheat-lupin rotation in southern NSW. Aust ] Agric Res 47:479-488.

9. Chan, K.Y, Heenan, D.P. & Oates, A. (2002). Soil carbon fractions and relationship to soil quality under different
tillage and stubble management. Soil Till Res 63:133-139.

10. Chan, K.Y, Heenan, D.P. & So, H.B. (2003). Sequestration of carbon and changes in soil quality under conservation
tillage on light-textured soils in Australia: a review. Aust ] Exp Agric 43:325-334

11. Diiwuy, ].Y., Rudra, R.P., Dickinson, W.T. & Wall, G.J. (1998). Tillage and heterogeneity effects on the performance
of soil water characteristic models. ] Agric Eng Res 71:307-313.

12. Gonzalez-Perez, J.A.,, Gonzalez-Vila, F.J., Almendros, G. & Knicker, H. (2004). The effect of fire on soil organic
matter - a review. Environ Int 30:855-870.

13. Haynes, R.J. & Mokolobate, M.S. (2001). Amelioration of Al toxicity and P deficiency in acid soils by additions of
organic residues: a critical review of the phenomenon and the mechanisms involved. Nutr Cycl Agroecosys
59:47-63.

14. Horton, R, Kluitenberg, G.J. & Bristow, K.L. (1994). Surface crop residue effects on the soil surface energy
balance. In: Unger PW (ed) Managing agricultural residues. Lewis, Boca Raton, pp 143-162.

15. Khaleel, R, Reddy, K.R. & Overcash, M.R. (1981). Changes in soil physical properties due to organic waste
applications: a review. | Environ Qual 10:133-141.

16. Kumar, K. & Goh, K.M. (2000). Crop residues and management practices: effects on soil quality, soil nitrogen
dynamics, crop yields, and nitrogen recovery. Adv Agron 68:197-319.

17. Lal, R. (2005). World crop residues production and implications of its use as a biofuel. Environ Int 31:575-584.

18. Marschner, B. & Noble, A.D. (2000). Chemical and biological processes leading to the neutralisation of
acidity in soil incubated with litter materials. Soil Biol Biochem 32:805-813.

19. Munawar, A, Blevins, R.L., Frye, WW. & Saul, M.R. (1990). Tillage and cover crop management for soil water
conservation. Agron ] 82:773-777.

20. Myers, RJ.K, Palm, C.A, Cuevas, E., Gunatilleke, .U.N. & Brossard, M. (1994). The synchronization of nutrient
mineralization and plant nutrient demand. In: Woomer PL, Swift M] (eds) The biological management of tropical
soil fertility. Wiley, Chichester, pp 81-116.

BEPLS Vol 8 [1] December 2018 88|Page ©2018 AELS, INDIA



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tewari et al

Puget, P. & Lal, R. (2005). Soil organic carbon and nitrogen in a Mollisol in central Ohio as affected by tillage and
land use. Soil Till Res 80:201-213.

Raison, R.J. (1979). Modification of the soil environment by vegetation fires, with particular reference to nitrogen
transformations: a review. Plant Soil 51:73-108.

Salas, AM,, Elliott, E.T., Westfall, D.G., Cole, C.V. & Six, ]J. (2003). The role of particulate organic matter in
phosphorus cycling. Soil Sci Soc Am ] 67:181-189.

Shaver, T.M., Peterson, G.A., Ahuja, L.R., Westfall, D.G., Sherrod, L.A. & Dunn, G. (2002). Surface soil physical
properties after twelve years of dryland no-till management. Soil Sci Soc Am ] 66:1296-1303.

Singh, B., Hedley, M.]., Saggar, S. & Francis, G.S. (2004). Chemical fractionation to characterize changes sulphur
and carbon in soil caused by management. Eur ] Soil Sci 55:79-90.

Singh, B., Rengel, Z. & Bowden, J.W. (2006). Carbon, nitrogen and sulphur cycling following incorporation of
canola residue of different sizes into a nutrient-poor sandy soil. Soil Biol Biochem 38:1591-1597.

Singh, Y., Singh, B. and Timsina, ]J. (2005). Crop residue management for nutrient cycling and improving soil
productivity in rice-based cropping systems in the tropics. Adv Agron 85:269-407.

Smil, V. (1999). Crop residues: Agriculture’s largest harvest: crop residues incorporate more than half of the
world’s agricultural phytomass. Bioscience 49:299-308.

Summerell, B.A. & Burgess, L.W. (1989). Decomposition and chemical composition of cereal straw. Soil Biol
Biochem 21:551-559.

Syers, J.K. (1997). Managing soils for long-term productivity. Phil Trans R Soc Lond B 352:1011-1021.

Tang, C. & Yu, Q. (1999). Impact of chemical composition of legume residues and initial soil pH on pH change of a
soil after residue incorporation. Plant Soil 215:29-38.

Tang, C. and Rengel, Z. (2003). Role of plant cation/anion uptake ratio in soil acidification. In: Rengel Z (ed)
Handbook of soil acidity. Dekker, New York, pp57-81.

Unger, P.W. (1978). Straw mulch effects on soil temperatures and sorghum germination and growth. Agron ]
70:858-864.

Valzano, F.P., Greene, R.S.B. & Murphy, B.W. (1997). Direct effects of stubble burning on soil hydraulic and
physical properties in a direct drill tillage system. Soil Tillage Res 42:209-219.

Whitbread, A., Blair, G., Konboon, Y., Lefroy, R. & Naklang, K. (2003). Managing crop residues, fertilizers and leaf
litters to improve soil C, nutrient balances, and the grain yield of rice and wheat cropping systems in Thailand
and Australia. Agric Ecosyst Environ 100:251-263.

Wong, M.T.F. & Swift, R.S. (2003). Role of organic matter in alleviating soil acidity. In: Rengel Z (ed) Handbook of
soil acidity. Dekker, New York, pp 337-358.

Xu, ].M,, Tang, C. & Chen, Z.L. (2006). The role of plant residues in pH change of acid soils differing in initial pH.
Soil Biol Biochem 38:709-719.

Xu, RK. & Coventry, D.R. (2003). Soil pH changes associated with lupin and wheat plant materials incorporated
in a red-brown earth soil. Plant Soil 250:113-119.

Xu, RK, Coventry, D.R, Farhoodi, A. & Schultz, J.E. (2002). Soil acidification as influenced by crop rotations,
stubble management and application of nitrogenous fertiliser, Tarlee, South Australia. Aust ] Soil Res 40:483-
494,

Yan, F., Schubert, S. & Mengel, K. (1996). Soil pH increase due to biological decarboxylation of organic anions. Soil
Biol Biochem 28:617-624.

Zeleke, T.B., Grevers, M.CJ, Si, B.C., Mermut, A.R. & Beyene, S. (2004). Effect of residue incorporation on physical
properties of the surface soil in the South Central Rift Valley of Ethiopia. Soil Tillage Res 77:35-46.

CITATION OF THIS ARTICLE

Girja Shanker Tewari, Navneet Pareek and Poonam Gautam. Crop residue management for improving soil fertility and
enhancing crop production. Bull. Env. Pharmacol. Life Sci., Vol 8 [1] December 2018 : 84-89

BEPLS Vol 8 [1] December 2018 89|Page ©2018 AELS, INDIA



