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Crop Total yield
(Grain + straw) 
(kg/ha) 

Stubble 
weight 
(kg/ha)

Nutrient content (%)
N P2O5 K2O

Rice 15,536 4,200 0.42 0.066 0.66
Sorghum 5,150 2,889 0.21 0.086 0.33
Maize 14,950 667 0.21 0.060 0.83
Finger millet 18,800 3,111 1.40 0.120 0.66
Foxtail millet 6,500 1,200 0.98 0.070 0.17
Gingelly 500 338 0.70 0.098 0.17



Potential productivity (t ha_1) of grain and dry matter yields and the 
estimated total dry matter production (in million tonnes) of various crops 

whose residues are used as livestock feed

Crop Grain
yield
(t ha-1)

Dry fodder
yield
(t ha-1)

Estimated dry fodder production
World Africa India

Wheat 2.7–4.2 3.2–5.6 947.20 37.07 120.55
Rice 2.5–7.5 6.2–11.8 1396.15 70.58 403.20
Maize 4.8–10.1 10–16.1 1816.74 340.40 82.22
Barley 1.2–2.9 5.2–12.7 504.87 39.00 6.98
Sorghum 1.7–4.8 11–16.9 609.10 317.26 145.08
Millets 0.5–2.8 1.5–11.6 271.22 149.25 89.46
Oats 1.2–2.1 5.7–10.3 22.96 0.29 -
Groundnut 1.2–2.2 2.8–5.5 84.14 31.84 27.20
Pulses 0.53–1.5 0.9–4.9 176.60 39.93 63.49
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General Benefits of Crop Residues to Soil Quality

Primary Effect Secondary Effect Tertiary Effect

Contributes to 
SOM

Improves Chemical, Physical 
& Biological Properties

Increases yield and yield 
sustainability

Provides 
Physical
buffer

Reduces raindrop impact and 
wind shear

Reduces soil erosion
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TYPES OF WASTES AND THEIR NUTRIENT POTENTIAL

� Broadly speaking organic waste can be classified into 
following categories: 
¡ Crop residues / waste
¡ Animal wastes / by products
¡ Forest residues / by products
¡ Fish wastes and aquatic biomass and
¡ Human habitation wastes (city garbage, sewage and sludge)
Chemically all these sources have carbohydrates, proteins, lipids, waxes, 

pigments, minerals etc 
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Integrated use of byproducts of sugar/rice mill after conversion into a complex of 
secondary and tertiary industries (After Vimal, 1981).
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� The proportion of different components in sources varies:
¡ with age, 
¡ so also the rate of decomposition. 
¡ The ratios of C:N, C:P and C:S increase with the age of plants. 

� These may not act as direct source of nutrients but on 
decomposition which is dominantly a microbiological 
process along with physical and chemical processes, 
release nutrients which are utilized by plants 



Chemical composition of organic sources

Class Sub classes

Protein Albumin, histine, Protamin, globulin, Prolamine,
glutelein, keratin

Carbohydr-
ates

Monosaccharides,disaccharides, polysaccharides,
chitin, mucopolysaccharides heteropolysaccharides

Conjugated Nucleoproteins, chromoproteins, lipoproteins,
phosphoproteins, flavoproteins, glycoproteins,
adipocellulose
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Range of different groups of biomolecules
in plants

Biomolecules Range (%)

Cellulose 15-60

Hemicellulose 10-50

Lignin 5-30

Fats, oils, wax
and resins

0.5-5

Proteins 5-10

Minerals 1-3
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C:N ratios of different sources

Plant and microbial sources C:N ratio
Maize 38:1
Wheat 60:1
Alfalfa (young) 13:1
Clover 20:1
Blue grass 30:1
Straw (small grain) 80:1
Saw dust 225:1
Bacteria 5:1
Actinomycetes 6:1
Fungi 10:1
Soil humus 101010
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Benefits of recycling of crop/ organic wastes

� It acts as a reservoir of plant nutrients and also prevents their losses
� It affects the availability of nutrients by chelation
� It helps in buffering capacity of soil
� It helps in maintaining soil structure
� It helps in transmission of heat
� It is a source of carbon for heterotrophs
� It influences the efficiency of chemicals, there degradability and toxicity
� It helps plant through growth substances
� It reduces the toxicities of pollutants like heavy metals
� It conserves the soil and water
� It is a soil amendment
� It helps in conservation of energy
� It helps in minimization of environmental pollution
� It helps in bridging the fertilizer gap
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Detrimental effect
÷It may help in proliferation of pathogens
÷Excessive organic residues may hinder 
tillage and planting operations
÷It may influence through phytotoxins
÷It may be detrimental due to 
allelochemicals
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Potential of organic resources as plant nutrients

Organic resource Quantity
(Mt/year)

Nutrients (000 tones)
N P2O5 K2O Total

Cattle dung and urine 1224.71 2977.0 793.0 1332.0 5102.0

Buffalo dung and urine 436.77 745.0 276.0 487.0 1508.0

Other animal wastes 42.84 389.0 229.6 133.0 752.5

Crop 159.95 810.9 562.7 2085.4 3459.0

Fruit and vegetables 0.03 0.2 0.1 0.2 0.5

Forest residues/waste 17.50 243.6 34.4 98.8 576.8

Human habitation waste 319.48 815.5 322.1 248.8 1386.4

Aquatic biomass 3.0 60.0 30.0 60.0 150.0

Total 2204.28 6042.1 2247.9 4445.2 1275.2
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Crop residues

� India has vast potential of crop residues in regions where:
¡ mechanical farming is done 
¡ where a sizeable quantity of residues is left behind in the field 
¡ which can form a part of nutrient supply. 

� The potential of crop residues such as sugarcane trash, 
stubbles, wheat/paddy straw, stover, stalk, husk, bran, 
tobacco waste, cotton dust and tea wastes as a source of 
nutrients is enormous 
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Estimates of the annual availability and nutrient 
potential of crop residues

* 1/3 of total NPK potential assuming that 2/3 of total residue is used as animal feed

Crop Residue (Mt) Nutrient (%) Nutrient potential* (Mt)
N P K Total Utilizable

Rice 110.50 0.61 0.18 1.38 2.40 0.80
Wheat 82.63 0.48 0.16 1.18 1.50 0.50
Sorghum 12.54 0.52 0.23 1.34 0.26 0.09
Maize 11.97 0.52 0.18 1.35 0.25 0.08
Pearl millet 6.97 0.45 0.16 1.14 0.12 0.04
Barley 2.48 0.52 0.18 1.30 0.05 0.02
Finger millet 5.35 1.00 0.20 1.00 0.12 0.04
Sugarcane 22.74 0.40 0.18 1.28 0.42 0.42
Potato tuber 7.87 0.52 0.21 1.06 0.14 0.14
Groundnut 10.60 1.60 0.23 1.37 0.34 0.34
Total 273.63 5.61 2.47

15BINM: Organic Residues



Nutrients from five major crops alone viz, paddy, wheat, pearl millet, 
sorghum and maize, comes out to be →1.22 Mt N, 0.39 Mt P2O5, and 

2.91 Mt K2O. While total nutrient potential for these 5 crops comes out 
to be → 4.53 Mt

Resource N + P2O5 + K2O (million tones)

Potential For agriculture use

Crop residues 5.6-8.7 1.7-2.6

Animal dung 3.4-5.7 1.0-1.7

Human faeces 1.5-1.8 1.2-1.4

Total 10.5-16.2 3.9-5.7
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Other plant sources for recycling
� Water hyacinth in water bodies -292 thousand hectares - about 250 

t/ha is the estimated biomass production per year - 3 Mt compost 
produced annually → 20.5 kg N, 11.0 kg P205 and 25 kg K2O per 
ton 

� Non-edible cake – 0.3 Mt produced annually includes neem cake, 
karanj cake, mahua cake, and castor cake N → 3 to 9 per cent

� Wastes of mango, pineapple, citrus, apples, green peas, tomato 
from vegetables and fruit processing plants → 25000 tones 
annually → 10,000 tones of compost

� Cotton dust waste→ 30000 to 33,000 tones per year, → contains 
1.4 per cent N, 0.6 per cent P2O5 and 1.2 per cent K2O 

� Decaffeinated tea waste - as manure. Spent tea waste contains 
0.28—0.35 per cent N, 0.4 per cent P2O5 and 1.51 per cent K2O

� Tobacco waste → 62,000 tones annually → contains 0.5 to 1.0 % 
N, 0.8 % P2O5 and 0.8 % K2O

� Tobacco seed cake → 10,000 tones → contains 4 to 4.5 % N, 7 to 
15 % P2O5 and 5 to 5.5 % K2O. 
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Projections on availability of organic resources 
for agriculture in India during 2000-2025 (Mt)

ResourcesResources
(Considered tappable)(Considered tappable)

20002000 20102010 20252025

Crop residuesCrop residues 9999 112112 162162

Cattle dungCattle dung 113113 119119 128128

Human excretaHuman excreta 1313 1515 1717

Tappable = 33% of Crop Residue, 30% of dung, 80% of excreta18BINM: Organic Residues



Projections on availability of plant nutrients 
from organic sources

Resource N + P2O5 + K2O (Mt)

2000 2010 2025

Crop residue 2.05 2.34 3.39

Cattle dung 2.00 2.10 2.26

Human
excreta

1.6 1.8 2.1

Total 5.5 6.24 7.75

Source: Tandon (1997)
19BINM: Organic Residues



Projected plant nutrients (NPK) 
addition and removal in India

2000 2020

Addition (Fertilizers) Mt 18.07 29.60

Crop removal (Mt) 28.00 37.46

Balance (Mt) -10.0 -7.86

Total projected (2025) availability of
plant nutrient from tappable organic
sources

7.75 Mt

Source:Katyal (2001), Tandon (1997) 20BINM: Organic Residues



Functions maintained by recycled crop residues 
in organic farming

Components Components 
of non of non 
harvested harvested 
biomassbiomass

AgroAgro--ecosystem functionecosystem function

Crop Crop 
residuesresidues

Effect of soil mulching on soil temp & moistureEffect of soil mulching on soil temp & moisture
Protection from splash erosionProtection from splash erosion
Improved infiltrationImproved infiltration
Habitat and resource for associated biodiversityHabitat and resource for associated biodiversity
Nutrient carry over between cropsNutrient carry over between crops
Microbial products promoting aggregate stabilizationMicrobial products promoting aggregate stabilization
Maintenance of soil organic matterMaintenance of soil organic matter

Vandermeer et al 1998
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Microbiology of composting

� Decomposition of farm residue involves the action of wide variety of 
microorganisms
¡ like bacteria, fungi, actinomycetes. 

� The bacteria are first to act followed by fungi and actinomycetes with 
ultimate stabilization of population equivalent to initial population. 

� As the residue carbon decreases, microbial biomass C increases at 
initial stage followed by decrease in biomass C and ultimately both 
reach to the same level.

� During this cycle, there is exchange of carbon from residue carbon to 
biomass-C, soil humus carbon and gaseous carbon.

� When a residue is incorporated having constituents of different 
degradability, the rate of decomposition is fast for easily decomposable 
constituents like hemicelluloses followed by cellulose and lignin 

22

BINM: Organic Residues



� The initial step in cellulose destruction is enzymatic hydrolysis 
of the polymer:
¡ Cellulose  ----------→Cellobiose------→ 2 glucose

� More microbial species are active in destroying hemicelluloses 
than celluloses
� Hemicellulose -----------------------→ Shorter carbohydrate 

fragments
� Lignin is probably depolymerized to give simple aromatic 

substances such as vanillic acid or methoxylated aromatic 
structures under extra cellular enzymes system

Cellulase

Extra cellular enzymes
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Principles of composting
� Composting is a self  heating thermophilic and aerobic 

biological process which occurs naturally in heaps of bio-
degradable organic matter such as manure, crop residues, 
moist hay etc.
� Major reactions occurring aerobically are:

(CH2O)n + nO2 → CO2 + nH2O + energy
Organic N → NH3 → NO2 →NO3
Organic S + 2nO2 → nSO4
Organic P → H3PO4 → Ca(HPO4)2

� Under anaerobic conditions the reactions are:
¡ (CH2O)n + nO2 → CH3COOH → CH4 + CO2
¡ Organic N → NH3

24
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Use of organic wastes
� The organic sources are carbonaceous materials having great 

variation in C:N ratio which determines:
¡ The rate of decomposition, release of nutrients and also the duration 

for completion of composting process.
¡ The decomposition rate also depends on temperature; soil 

conditions, moisture, supplementation, inoculation etc. 
� Basically there are two processes of narrowing the C: N 

ratio:
¡ First is → in situ as in case of green manuring, fallen leaves and 

twigs etc. 
¡ and second is → in vitro in pits or trenches following different 

procedures as Bangalore, Indore, NADEP, vermicompost, 
mechanical compost etc.

� The rate of composting can be accelerated by supplementing with 
chemicals and / or inoculums.
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Other methods of composting

� Vermi-composting
� Synthetic composting
� Accelerated composting and enrichment
� Oil palm waste composting
� Phosphocompost
� Reinforced compost from sugarcane trash and press mud
� Enriched FYM (EFYM)
� Weed composting
� PROM etc

26
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Sugarcane trash composting
� One tonne of Sugarcane trash chopped into pieces (8-10 cm  size) and 

divided into 10 lots (100 kg each)
� Spread First lot of 100 kg  trash in a raised shady place on an area of 5x3 sq 

m.
� Sprinkle uniformly (a bottle) Pleurotus sojor- caju spawn on the bed
� Water to obtain a moisture % = 60
� Spread second lot of 100 kg chopped sugarcane trash over this followed by 

sprinkling of 1 kg urea uniformly over the bed followed by watering
� Then spread third lot followed by sprinkling of  a bottle of  Trichoderma 

viridie followed by watering.
� Repeat this type of sandwiching until entire lots of sugarcane trash are 

utilized
� Spread 250 kg tank silt on top most layer to give a compaction to the bed
� Water once in four days. 
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Composting Farm wastes/crop residues
� Fill uniformly the farm wastes /crop residues to a thickness 

of about 15 cm in pits of 4x2x1 m3

� Sprinkle a layer of cow dung slurry to thickness of about 5 
cm.
� Above this layer, bone meal / rock phosphate @ 1 kg can be 

spread to conserve N loss and add P to the compost
� Repeat the process of residue-cow dung-bone meal till the 

height reaches 50 cm above the ground level
� Cover the material with mud plaster and turn it after 1 month 

for an aerobic process
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Properties of a commercially accepted compost
Property Range Property Range

N (%) >2 Color Brown black

C:N <20 Odour Earthy

Ash (%) 10-20 WHC (%) 150-200

Moisture (%) 10-20 CEC (me/100g) 75-100

P (%) 0.15-1.5 Reducing sugars
(%)

<35
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Effect of crop residues and other organic sources on the 
physico-chemical properties of soil with sorghum as test 

crop (Average of 4 replications)
Property Control FYM Compost Rice 

Straw
Rice 
Husk

C. D. 
(%)

Bulk density
(Mg / M3)

1.64 1.54 1.56 1.49 1.42 N. S.

Porosity (%) 37.20 49.83 49.69 47.02 48.45 N. S.

Mean weight diameter (mm) 0.55 0.79 0.88 1.34 1.07 0.18

Maximum water holding
capacity (%)

59.33 66.60 65.87 64.36 64.32 8.65

Organic carbon (%) 0.84 1.78 1.60 1.34 1.08 0.29

Source: Talashilkar and Kadrekar (1984) 30BINM: Organic Residues



Effect of sugarcane trash (SM) and enriched SM on 
Bulk density (Db), in situ sat. hydraulic Condt. (Ks), 

OC, EC and moisture content (θ)

Treatment Db (Mg/m3) Ks (cm/h) OC (%) EC (dS/m) θ (%)
19971997--9898

Unmulched 1.52 0.34 0.45 0.32 19.2
SM 1.50 0.41 0.52 0.29 23.0
ESM 1.49 0.44 0.56 0.31 22.1
CD0.05 0.01 0.02 0.05 0.01 -

19981998--9999

Unmulched 1.51 0.23 0.47 0.30 19.8
SM 1.48 0.29 0.54 0.26 23.1
ESM 1.47 0.32 0.59 0.29 22.8
CD0.05 0.01 0.02 0.03 0.02 -

Rita Dahiya et al (2003)
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Effect of recycling of crop wastes on wheat
Treatment Wheat yield

Green gram Wheat Q ha–1 % increase
Fallow Control 15.31 –
Gr. gram without Rhizo Control 16.65 8.8
Gr. gram with Rhizo Control 17.91 17.0
Gr. gram with Rhizo Gr. gram dm. 22.23 45.1
Gr. gram with Rhizo Gr. gram dm + 50% N 25.40 65.9
Gr. gram with Rhizo Gr. gram dm + 100% N 32.58 112.8
Gr. gram with Rhizo Sugarcane trash 20.74 35.5
Gr. gram with Rhizo Sug. Trash + 50%N 24.57 60.5
Gr. gram with Rhizo Sug. Trash + 100%N 30.18 97.1
Gr. gram with Rhizo 50 % N 23.11 50.9
Gr. gram with Rhizo 100 % N 26.70 74.4
C. D. at 5 % 2.18 32BINM: Organic Residues



Effect of recycling of crop wastes on rice
Location and
Duration

Control 100%
NPK

50% NPK +
FYM

50% NPK +
Crop
residue

50% NPK +
green
manure

Ludhiana/15 yrs. 2.05 6.08 5.57 5.06 6.05

Pantnagar/15 yrs. 2.80 4.56 4.03 3.84 4.29

Kanpur/13 yrs. 1.76 4.47 3.80 3.65 4.22

Faizabad/14 yrs. 1.66 4.20 4.03 3.78 3.88

Sabour/ 12 yrs 1.58 4.11 4.08 3.87 3.90

Kalyani/ 134 yrs. 1.37 3.32 3.37 3.46 3.68

Jabalpur/12 yrs 2.51 5.09 4.78 4.37 5.20

Source: Yadav et al (2000)
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Effect of crop residue incorporation on grain yield (kg/ha) of 
soybean and wheat

Treatmen-
t

1994-95 1995-96 1996-97 1997-98 Pooled  mean

Soybean wheat Soybea
-n

wheat Soybea
-n

wheat Soybea
-n

wheat Soybe-
an

wheat

Control 1746 1725 1167 1380 1698 3439 1625 1849 1569 2095
Sugarcane
trash @ 

5t/ha

2104 1898 1298 1672 1866 3770 1906 2155 1788 2374

Green
manuring

2091 1967 1367 1789 1915 3749 1984 2165 1845 2417

CD 5% 338 73 117 80 110 126 121 37 102 52
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Allelopathic effect of preceding crops

Preceding
crop

Yield of Succeeding crop (q/ha)

Mustard Linseed Gram Pea

Pearl millet 14.86 10.21 2.28 11.72

Sorghum 13.18 9.96 4.07 13.40

Sesamum 11.19 10.22 3.37 14.78

Cowpea 12.81 8.65 4.35 11.03

Fallow 13.02 10.42 4.74 14.40
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Allelopathic effect of crop residues on wheat 
(q/ha) (3yrs average)

Residues Yield (q/ha)
120kg N/ha 180 kg N/ha

Sesamum 41.15 43.73
Sunflower 40.60 43.23
Pearl millet 44.90 47.40
Sorghum 42.20 44.23
Cowpea 43.30 44.95
Mung bean 44.49 46.14
Control 44.40 47.02
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Conclusion

� Organic matter serves to improve the physical, chemical arid 
biological properties of the soil
� There is vast potential of using crop residues as a source of 

plant nutrients
� Cycling of crop wastes could be used in agriculture in many 

ways such as direct incorporation, mulching, composting, 
vermicompost etc 
� The process of composting and quality of compost can be 

accelerated and improved by using microorganism, chemical 
amendments & working physical condition during composting. 
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� Looking to the quantum of organic wastes, there is a good 
scope of recycling 
� For sustainable agriculture, we should strive to adopt the 

various strategies for recycling these organic wastes for 
nutrient management in our soils.
� The organic resources should be used in integration with 

chemical fertilizers to narrow down the gap between addition 
and removal of nutrients by crops as well as to sustain the 
quality of soil and achieve higher crop productivity.
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Interaction between soil 
degradation, soil 
resilience and soil 
quality as influenced by 
tillage methods and 
residue management 
(GHG= greenhouse) 

- An important 
strategy is to restore 
degraded lands, and 
intensify  agricultural 
production while 
mitigating the 
greenhouse effect

Crop residue 
management 

and tillage 
methods

Conventional 
tillage and 

residue 
removed

Conventional 
tillage and 

residue 
returned

•High risk of soil 
degradation
•Decreased soil resilience
•Reduced soil quality

•Low risk of soil 
degradation
•Increased soil 
resilience
•Enhanced soil quality

•Agricultural 
sustainability
•GHG emissions
•Water quality

Degradative
effects

Restorative 
effects

Po
lic

y 
 c

on
sid

er
at

io
ns
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A report of the Intergovernment Panel on
Climate Change (IPCC, 1995) estimated that
20% of the greenhouse effect is related to
agricultural activities. Therefore, producers,
scientists and planners are faced with a
challenge to increase agricultural production
without accentuating risks of GHG emissions.
In this regard, the management of soil
resources, in general, and that of the soil
organic carbon (SOC), in particular, is
extremely important. Soil resources of the
world may be the key factor in the creation of
an effective carbon sink and mitigation of the
greenhouse effect.
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Land shortage and its effect on agricultural 
sustainability, environmental quality, soul quality and 
soil resilience

Soil quality refers to its 
capacity to produce 
economic goods and 
services and regulate 
environment. Soil 
resilience is its ability to 
restore its life support 
processes and 
environmental 
regulatory functions 
after a major 
anthropogenic 
perturbation 

Decreasing per 
capita arable 
land area

Agricultural 
intensification

Water and air 
quality
•Soil quality
•Soil resilient 
and 
environmental 
regulatory 
capacity

Green house 
effect

Emission of 
CO2, CH4, NO3
and N2O

Productivity 
and 
sustainability

Environmental 
quality

Population 
pressure, socio-
economic and 
policy factors

Finite land resources
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Crop residue and its role in soil organic carbon 
management

� There is a potential for C sequestration through
management of crop residues. Assuming the
mean carbon content of 45%, total carbon
assimilated annually in the crop residue is about
1.5 Pg in the world. If 15% of the carbon
assimilated in the residue can be converted to
humus fraction, it may lead to carbon
sequestration at the rate of 0.2 Pg/yr or 5.0 Pg of
cumulative C sequestration in the world by the
year 2020. Assuming soil bulk density of 1.5
Mg/m3, an increase of 5.0 Pg of C in world arable
land area of 1500 x 106 ha to 1-m depth would
increase mean SOC content of 0.001%/yr. These
are realistically attainable goals.
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Crop residue management systems and type of 
tillage methods

Crop residue 
management 
(CRM) systems

Conservation 
tillage > 30% 
crop residue 
on soil surface

No-til
<25% of row 
width 
disturbance

Reduced till
15-30% crop 
residue on 
soil surface

Conventional 
till
<15% crop 
residue on soil 
surface

Other tillage 
types
<30% of crop 
residue on soil 
surface

Ridge-till
Planting is 
on ridges

Mulch-till
Soil is 
disturbed by 
chisel disc 
etc
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Mechanism of carbon sequestration in soil

Carbon 
sequestration in 

soil

•Improved productivity
•More biomass return 
to the soil
•Enhanced 
environmental quality

Increase in SOC

Improvement in soil 
aggrading process
•Stable organic mineral 
complexes
•Formation of passive 
humus fraction
•Deep placement of SOC
•Stable micro-aggregates

Enhanced soil quality
•Improved soil structure
•Strong nutrient 
recycling mechanism
•High soil biodiversity

Biomass 
addition
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Strategies for carbon sequestration in soil 
through better land use

Strategies for C 
sequestration

Strategies

Reclamation 
of degraded 

soil

New cultivars 
and new 
species

Crop residue 
and biomass 
management

Conservation 
tillage

Effects

Increase in 
SOC

•High amount of biomass returned to the soil

•Deep and massive root system development

•High soil biodiversity and biomass C in soil

Strategies and incentives
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Crop residue management in 
rice-wheat cropping system

46
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� Crop residues are good sources of plant nutrients
and are important components for the stability of
agricultural ecosystems. About 400 million tons of
crop residues are produced in India alone. In areas
where mechanical harvesting is practiced, a large
quantity of crop residues are left in the field, which
can be recycled for nutrient supply.
� A rice-wheat sequence that yields 7 t/ha of rice and 4

t/ha of wheat removes more than 300 kg N, 30 kg P,
and 300 kg K/ha from the soil.
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� Traditionally, wheat and rice straw were removed from the fields for use as
cattle feed and for other purposes in South Asia. Recently, with the advent
of mechanized harvesting, farmers have been burning in situ large
quantities of crop residues left in the field.

� The major disadvantage of incorporation of cereal straw is the
immobilization of inorganic N and its adverse effect due to N deficiency.
Incorporation of cereal crop residues immediately before
sowing/transplanting into wheat or rice significantly lowers crop yields.
Due to straw incorporation, wheat yield depression (mean of 10 years)
decreases from 0.54 t/ha to 0.08 t/ha with the application of 60 kg N/ha
and 180 kg N/ha, respectively.

� Residue characteristics and soil and management factors affect residue
decomposition in the soil. Under optimum temperature and moisture
conditions, N immobilization can last from four to six weeks. Adverse
effects of wheat straw incorporation can be averted by incorporating both
green manure (having narrow C:N ratio) and cereal straw (having wide C:N
ratio) into the soil before rice transplanting.

48

BINM: Organic Residues



Legume Crop Residues and Green 
Manures

� In northwestern India, short-duration legumes (e.g., mungbean and
cowpea) can be grown in the fallow period after wheat harvest. In the rice-
wheat system, incorporation of mungbean residue after picking pods,
significantly increases rice yield and saves 60 kg N/ha. The advantages of
incorporation of legume crop residues and green manuring to rice are
similar.

� Green manures are a valuable potential source of N and organic matter.
Green manure crops (e.g., Sesbania sp.) can be used in rice-based cropping
systems. A 45- to 60-day-old green manure crop can generally accumulate
about 100 kg N/ha, which corresponds to the amount of mineral fertilizer
N applied to crops. Sometimes green manure crops accumulate more than
200 kg N/ha. Integrated use of green manure and chemical fertilizer can
save 50%-75% of N fertilizers in rice. Green manuring also increases the
availability of several other plant nutrients through its favorable effect on
chemical, physical, and biological properties of soil. In Bangladesh, N
supplied by Sesbania green manure was effective for rice grown in coarse-
textured soils but its residual effect on the following crop of wheat was
negligible.
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Rice Straw Management Practices

� Incorporation of rice straw before wheat planting compared to wheat straw
before rice planting is difficult due to low temperatures and the short
interval between rice harvest and wheat planting. Farmers use different
straw management practices: burning, removal, or incorporation. Rice and
wheat yields under these practices are generally similar. In few studies,
wheat yields were lower during the first one to three years of rice straw
incorporation 30 days prior to wheat planting, but in later years, straw
incorporation did not affect wheat yields adversely. In contrast, rice straw
incorporation gave significantly higher wheat yields of 3.51 t/ha compared
to 2.91 t/ha with straw removal in Pakistan.

� Incorporation of rice straw three weeks before wheat sowing significantly
increases wheat yields on clay loam but not on sandy loam soil. About 10-
20% of N supplied through organic materials having high C:N ratio such as
rice straw and stubble is assimilated by the rice crop, 10-20% is lost
through various pathways, and 60-80% is immobilized in the soil. Addition
of 10 t/ha rice straw at four to five weeks before transplanting rice is
equivalent to the basal application of 40 kg N/ha through urea.
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Proper fertilizer management practices can reduce
N-immobilization due to incorporation of crop
residues into the soil. These practices include
appropriate method, time, and rate of fertilizer-N
application. The following options can reduce the
adverse effects of N immobilization:
� Place N-fertilizer below the surface soil layer which is

enriched with carbon after incorporation of crop
residue.
� Apply N-fertilizer at a higher dose than the

recommended dose.
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Starter N-Fertilizer Effects on Crop 
Residue Management

� Application of 15 to 20 kg N/ha as starter dose with straw
incorporation increases yields of wheat and rice
compared to either burning of straw or its incorporation
in the soil. At recommended fertilizer-N level, rice straw
incorporation reduces rice yields than urea alone.
Therefore, a higher dose of urea-N application with rice
straw incorporation is necessary to get good yields. The
beneficial effect of straw incorporation before rice
planting does not carry over to the succeeding wheat
crop. Application of 30 kg extra N/ha than the
recommended fertilizer dose, increases rice yields only
slightly.
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Beneficial Effects of Wheat Crop Residues

� During a 10-year (1984 to 1994) long-term field experiment conducted in
India, comparisons were made between the application of wheat crop
residues versus inorganic fertilizers on rice and wheat. In the first year,
inorganic fertilizer-treated plots of rice and wheat yielded the highest.
However, in the second and third year, yield from the treatment with
combined application of wheat straw and inorganic fertilizer was similar to
that with inorganic fertilizer alone. Beyond fourth year, plots treated with a
combination of wheat straw and inorganic fertilizer outyielded all other
treatments. Another long-term study (1988 to 2000) conducted in Punjab,
India showed that wheat straw could be combined with green manure with
no adverse effect on rice yield. Yield and N-use efficiency in rice, however,
were reduced with wheat straw incorporation.

� Results from the All India Coordinated Agronomic Research Project
showed the beneficial effects of wheat crop residues when applied as a
substitute for chemical fertilizer needs of rice in the rice-wheat cropping
system. In another study, incorporation of wheat straw (10 tons per ha)
saved 50% of the recommended fertilizer dose (60 kg N + 13.1 kg P + 25 kg
K per ha) and helped achieve higher yield of rice.
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