
FEATURES OF RAINFED ECOSYSTEMS 

 1 Frequent Droughts:   

• Droughts and famines are the general features of rainfed agriculture in India. 

Conceptually, drought is indicative of situation of limited rainfall that is below the 

“normal” amount for the area.  

• In the arid region, with mean annual rainfall less than 500 mm, drought is almost an 

inevitable phenomenon in all years. 

• In semiarid regions (mean annual rainfall 500-750 mm), droughts occur in 40-60% of 

the years due to deficit seasonal rainfall or inadequate soil moisture availability between 

two successive rainfall events.  

• Even in the dry sub-humid regions (annual rainfall 750-1200 mm), contingent drought 

situations occur due to break in monsoon conditions. 

Table Probability of occurrence of drought in different meteorological subdivisions   

 

• Drought area: those regions which experience drought in 20% of the year. 

• Chronic drought year: >40% of the year 

2 Soil degradation:  

• Since the Green Revolution of the 1960s, the national agricultural policy is driven by 

the need to maximize crop yield, using irrigation and intensive use of HYVs, chemical 

fertilizers, and pesticides. The status of natural resources and the rainfed farming have 

received little attention. As a result, the natural resource base especially in rainfed areas 

has been severely degraded. Degraded soils with high risks of accelerated erosion 

resulting in loss of fertile surface soil and soil organic C (SOC), are the major 

constraints. The magnitude of soil loss ranges from 5 to 150Mgha-1year-1 depending 

upon soil type, vegetation, and slope gradient. Soil erosion by wind and water, acidity, 

alkalinity/salinity, and other complex problems are the principal types of soil 

degradation. 



• The Total degraded area is estimated at 120.7 Mha, of which 104.2 Mha (86.3%) is 

arable land, and 16.5 Mha (13.7%) is open forest land. Of the total degraded land area, 

73.3 Mha (60.7%) is caused by water erosion, 12.4 Mha (10.3%) by wind erosion, 5.4 

Mha (4.5%) by salinization, and 5.1 Mha (4.2%) by soil acidification. 

 

 

3 Low Soil Organic Carbon Content  

• Soils of drylands are highly degraded and have low SOC concentration because of a 

high rate of oxidation and accelerated erosion. In addition, low biomass input and 

accelerated erosion of surface soil under intensive rainfall are other important factors 

leading to low SOC concentration.  

• The low SOM concentration along with low inputs is among the principal reasons of 

low production and large yield gap.  

 

4 Multi-nutrient Deficiencies  



• The increased use of fertilizers alone, often in an unbalanced manner, has degraded soil 

quality and exacerbated multiple nutrient deficiencies in intensive rainfed production 

systems. Soils of India are not only deficient in NPK but also in secondary nutrients (S, 

Ca, Mg) and micronutrients (B, Zn, Cu, Fe, Mn etc.). Besides the three primary 

nutrients (N, P, K), deficiency of S and micronutrients (Zn and B) in many states, and 

of Fe, Mn, and Mo in some states, has become a limiting factor in increasing agronomic 

productivity.  

• There are widespread deficiencies of macro, micro, and secondary nutrients under 

rainfed conditions, estimated at 89% for N (63% low and 26% medium); 80% for P 

(42% low and 38% medium); 50% for K (13% low and 37% medium), 41% for S; 48% 

for Zn; 33% for B; 12% for Fe; 13% for Mo; 5% for Mn; and 3% for Cu. Large-scale 

deficiencies of Mg and Ca have been reported recently in red and lateritic sandy soils.  

5 Low External Inputs  

• Use of production inputs (e.g., fertilizers, supplemental irrigation, good quality seeds, 

pesticides, and herbicides) are lower in rainfed than in irrigated crops. Thus, yield of 

rainfed crops is low.  

• About 30% of the rainfed farmers in many remote areas of the country do not use any 

chemical fertilizers or pesticides. Thus; there is a rapid decline of crop response ratio 

to applied fertilizer nutrients (NPK). 

6 Low Investment Capacity  

• Rainfed agriculture in India comprises of small and marginal farmers who accounted 

for 81% of operational holdings in 2002-2003 compared with 62% in 1960-1961. 

Similarly, the land area operated by small and marginal farmers increased from about 

19-44% during the same period. However, the monthly income and consumption 

figures across different land-holding classes show that marginal and small farmers have 

lower savings compared to the medium and large farmers.  

• The credit for the small and marginal farmers from formal institutional sources are 

lower than those of large farmers and the reverse is true in the case of informal sources. 

The dependence on money lenders remains the highest for sub-marginal and marginal 

farmers. Dependence of small and marginal farmers on informal sources (money 

lenders) is high even in rainfed states like Andhra Pradesh, Punjab, and Tamil Nadu. 

The small farmers need a level playing field with large farms in terms of access to land, 

water, inputs, credit, technology, and markets. 

7 Poor Market Linkages  

• Most of the rural areas are characterized by a subsistence economy. The surplus farm 

produce is sold only if family requirements are met. 

• Traditional markets are unorganized, unregulated, and nonprofitable. The traditional 

markets are dominated by middlemen and are characterized by unreliable marketing.  

• Another major problem that small farmer’s face is that of the price volatility.  

• There also exists a large gap between producer and consumer prices.  

 



CONSTRAINTS FOR CROP PRODUCTION IN RAINFED 

FARMING REGIONS 
 

The low productivity of agriculture in rainfed farming regions is due to the cumulative effect 

of many constraints for crop production. The constraints can be broadly grouped in to: 

A) Climatic Constraints:  

1) Rainfall characteristics: Among the different climatic parameters rainfall is an important 

factor influencing the crop production in dry regions.  

(i) Variable rainfall: Rain fall varies both in time and space dimension. The average annual 

rainfall of India is 1192 mm where as in dryland it is less than 500 mm. More than one third of 

total geographical area in India receive rainfall less than 750 mm. Annual rainfall varies from 

83.3 mm in Rajasthan to more than 10000 mm in Meghalaya. 

(ii) Intensity and distribution: In general, more than 50 per cent of total rainfall is usually 

received in 3 to 5 rainy days. Such intensive rainfall results in substantial loss of water due to 

surface runoff. This process also accelerates soil erosion. Distribution of rainfall during the 

crop growing season is more important than total rainfall in dryland agriculture. 

(iii) Aberrations or variations in monsoon behaviour  

(a) Late onset of monsoon: If the onset of monsoon is delayed, crops/varieties 

recommended to the region cannot be sown in time. Delayed sowing lead to 

uneconomical crop yields. 

(b)Early withdrawal of monsoon: This situation is equally or more dangerous than late 

onset of monsoon. Rainy season crops will be subjected to terminal stress leading to 

poor yields. Similarly, post-rainy season crops fail due to inadequate available soil 

moisture, especially during reproductive and maturity phases. 

(c) Prolonged dry spells: Breaks of monsoon for 7-10 days may not be a serious 

concern. Breaks of more than 15 days duration especially at critical stages for soil 

moisture stress leads to reduction in yield. 

2) High temperature: Because of high atmospheric temperature the atmospheric demand for 

moisture increases causing high evapotranspiration losses resulting in moisture stress.  

3) Low relative humidity: Low relative humidity results in high ET losses causing moisture 

stress whenever moisture is limiting. 

4) Hot dry winds: desiccation of leaves and loss of fertile soil through wind erosion. 

5) Occurrence of frequent drought and floods:  

B) Soil related constraints 

a) Inadequate soil moisture availability: The moisture holding capacity or water holding 

capacity of soils in dry regions is low due to shallow depth especially in alfisols (red soils), low 

rainfall and low organic matter content.  



b) Poor soil health or low organic matter content: The organic matter content in most of the 

soils under dryland conditions is very low (< 1 %) due to high temperature and low addition of 

organic manures. Poor organic matter content adversely affects soil physical properties related 

to moisture storage.  

c) Poor soil fertility: Due to low accumulation of organic matter and loss of fertile top soil by 

soil erosion the dry land soils are poor in fertility status. Most of the dry land soils are deficient 

in nitrogen and zinc. 

d) Soil deterioration due to erosion 

e) crust formation 

f) Presence of hard layers and deep cracks particularly in vertisols 

g) soil salinity: Low rainfall, high evaporation, release of salts through weathering of rocks are 

some of the factors responsible for soil salinity in dry areas. These salts move up to surface soil 

with evaporation. 

C. Crop related constraints:  

a) Lack of suitable varieties: traditional varieties are more popular 

b) Non-availability of quality seeds as seed replacement rate is very low 

c) Inadequate nutrient supply and use of fertilizer is low 

d) Traditional cultivation practices like broadcasting over line sowing, sowing once monsoon 

arrives, high seed rate in limited moisture condition, limited choice of crops, hand weeding, 

low cropping intensity etc. 

e) Less growing periods 

D. Socio-economic constraints:  

The economic condition of the dryland farmers is very poor because.  

a) Stubborn poverty and low purchase power 

b) Less access to inputs  

c) Non-availability of credit in time  

d) Low risk bearing capacity: The risk bearing capacity of dryland farmer is very low Hence 

the dryland farmers resort to low input agriculture which results in poor yields. 

e) Lack of marketing facilities 

f) Low literacy 

g) Subsistence farming 

h) Small fragmented holding size 

i) Small and marginal farmers 

j) Lack of support price 



k) Lack of awareness and technology 

l) Lack of infrastructure like road, transport and storage etc. 

D. Technological and extension constraints:  

a) Top down approach 

b) Low level of mechanization 

c) Poor extension in remote areas 

d) Lack of technological options to suit diverse environment 

e) Inadequate research, extension farmers linkages 

g) Low preference of scientists and policy makers 

 









DROUGHT AND DROUGHT MANAGEMENT STRATEGIES 
 

Introduction  

Low rainfall or failure of monsoon rain is a recurring feature in India. This has been responsible 

for droughts and famines. The word drought generally denotes scarcity of water in a region. 

Though, aridity and drought are due to insufficient water, aridity is a permanent climatic feature 

and is the culmination of several long-term processes. However, drought is a temporary 

condition that occurs for a short period due to deficient precipitation for vegetation, river flow, 

water supply and human consumption. Drought is due to anomaly in atmospheric circulation.  

 

Aridity Vs. Drought  

 

Particulars Aridity Drought  

 

Duration Permanent feature Temporary condition of scarcity of 

varying duration  

 

Factors Culmination of many long-term 

processes, considers all climatic 

features 

 

Caused by deficient rainfall 

Aspect described Description of Climate Description of Water availability 

 

,  

Definition of drought  

 

There is no universally accepted definition for drought.  

  

a) Early workers defined drought as “prolonged period without rainfall”.  

 

b) According to Ramdas (1960) drought is a situation when the actual seasonal rainfall is     

deficient by more than twice the mean deviation.   

 

c) American Meteorological Society defined drought as a period of abnormally dry weather 

sufficiently prolonged for lack of water to cause a severe hydrological imbalance in the 

area affected.  

 

d) Prolonged deficiencies of soil moisture adversely affect crop growth indicating incidence 

of agricultural drought. It is the result of imbalance between soil moisture and evapo-

transpiration needs of an area over a fairly long period to cause damage to standing crops 

and to reduce the yields.  

 

e) The irrigation commission of India defines drought as a situation occurring in any area 

where the annual rainfall is less than 75% of normal rainfall.  

 

 

 

 

 



CLASSIFICATION OF DROUGHT  

 

Drought can be classified based on duration, nature of users, time of occurrence and using some 

specific terms.    

 

1 Based on duration  

 

a. Permanent drought: This is characteristic of the desert climate where sparse vegetation 

growing is adapted to drought and agriculture is possible only by irrigation during entire crop 

season.  

b. Seasonal drought: This is found in climates with well-defined rainy and dry seasons. Most 

of the arid and semiarid zones fall in this category. Duration of the crop varieties and planting 

dates should be such that the growing season should fall within rainy season.  

c. Contingent drought: This involves an abnormal failure of rainfall. It may occur almost 

anywhere especially in most parts of humid or sub humid climates. It is usually brief, irregular 

and generally affects only a small area.  

d. Invisible drought: This can occur even when there is frequent rain in an area. When 

rainfall is inadequate to meet the evapo-transpiration losses, the result is borderline water 

deficiency in soil resulting in less than optimum yield. This occurs usually in humid regions.  

 

2 Based on relevance to the users (National Commission on Agriculture, 1976) 

  

a) Meteorological drought: It is defined as a condition, where the annual precipitation is less 

than the normal over an area for prolonged period (month, season or year).  

b) Atmospheric drought: It is due to low air humidity, frequently accompanied by hot dry 

winds. It may occur even under conditions of adequate available soil moisture. It refers to a 

condition when plants show wilting symptoms during the hot part of the day when transpiration 

exceeds absorption temporarily for a short period. When absorption keeps pace with 

transpiration the plants revive. (Mid-day wilt).   

c) Hydrological drought: Meteorological drought, when prolonged results in hydrological 

drought with depletion of surface water and consequent drying of reservoirs, tanks etc. It results 

in deficiency of water for all sectors using water. This is based on water balance and how it 

affects irrigation for bringing crops to maturity.  

d) Agricultural drought (soil drought): It is the result of soil moisture stress due to imbalance 

between available soil moisture and evapotranspiration of a crop. It is usually gradual and 

progressive. Plants can therefore, adjust at least partly, to the increased soil moisture stress. 

This situation arises because of scanty precipitation or its uneven distribution both in space and 

time.   

OR 

Relevant definition of agricultural drought appears to be a period of dryness during the crop 

season, sufficiently prolonged to adversely affect the yield. The extent of yield loss depends 

on the crop growth stage and the degree of stress. It does not begin when the rain ceases but 

commences only when the plant roots are not able to obtain the soil moisture rapidly enough 

to replace evapo-transpiration losses.   

 

3 Based on time of occurrence  

 

a) Early season drought: It occurs due to delay in onset of monsoon or due to long dry spells 

after early sowing  



b) Mid-season drought: Occurs due to long gaps between two successive rains and stored 

moisture becoming insufficient during the long dry spell. Also, k/a Intermittent drought 

c) Late season drought: Occurs due to early cessation of rainfall and crop water stress at 

maturity stage. Also known as terminal drought. 

 

4. Other terms to describe drought  

 

a) Relative drought: The drought for one crop may not be a drought situation for another crop. 

This is due to mismatch between soil moisture condition and crop selection. For e.g., A 

condition may be a drought situation for growing rice, but the same situation may not be a 

drought for growing groundnut.  

b) Physiological drought: Refers to a condition where crops are unable to absorb water from 

soil even when water is available, due to the  

i) Salinity induces high osmotic pressure of soil solution due to increased salt 

concentration, as in saline and alkaline soils. It is not due to deficit of water supply.  

ii) Condition of hypoxia (low CO2 conc.) caused due to water logging-results in CO2 

accumulation around the zoot zone due to anaerobic respiration and reduce permeability 

of membrane. Flooding also reduces phloem transport. Less energy generation and 

accumulation of toxic substances also reduces water absorption from roots. 

iii) Low temperature also reduces water uptake by plants due to decreased root growth, 

increased viscosity of water, decreased metabolic activity, increased resistance to 

passage of water across cell membrane in roots. 

 

4 Important causes for agricultural drought are 

• Inadequate precipitation  

• Erratic distribution  

• Long dry spells in the monsoon  

• Late onset of monsoon  

• Early withdrawal of monsoon  

• Lack of proper soil and crop management  

 

5 Periodicity of drought  

 

The Indian Meteorological Department examined the incidence of drought for the period from 

1871 to 1967, utilizing the monthly rainfall of 306 stations in the country. It was seen that 

during 1877, 1899, 1918 and 1972 more than 40 per cent of the total area experienced drought. 

General observation on the periodicity of drought in respect of different meteorological sub 

divisions of India is given below.  

 

Meteorological sub divisions Period of recurrence of drought  

 

Assam Very rare, once in 15 years  

 

West Bengal, MP, Konkan, Coastal AP, 

Kerala, Bihar, Orissa  

 

Once in 5 years  

 

South interior Karnataka, Eastern UP, 

Gujarat, Vidharbha, Rajasthan, Western UP, 

TN, Kashmir, Rayalaseema and Telangana   

 

Once in 3 years  

 



Western Rajasthan Once in 2.5 years  

 

 

 

 6 Effect of drought on crop production  

 

a) Water relations: Alters the water status by its influence on absorption, translocation 

and transpiration. The lag in absorption behind transpiration results in loss of turgor 

because of increase in the atmospheric dryness.  

 

b) Photosynthesis: Photosynthesis is reduced by moisture stress due to reduction in 

Photosynthetic rate, chlorophyll content, leaf area and increase in assimilates saturation 

in leaves (due to lack of translocation).   

 

c) Respiration: Increase with mild drought but more serve drought lowers water content 

and respiration.  

 

d) Anatomical changes: Decrease in size of the cells and inter cellular spaces, thicker cell 

wall, greater development of mechanical tissue. Stomata per unit leaf tend to increase. 

 

e) Metabolic reaction: All most all metabolic reactions are affected by water deficits.  

 

f) Hormonal Relationships: The activity of growth promoting hormones like cytokinin, 

gibberlic acid and indole acetic acid decreases and growth regulating hormone like 

abscisic acid, ethylene, etc., increases.  

 

g) Nutrition: The fixation, uptake and assimilation of nitrogen is affected. Since dry 

matter production is considerably reduced the uptake of NPK is reduced.  

 

h) Growth and Development: Decrease in growth of leaves, stems and fruits. Maturity 

is delayed if drought occurs before flowering while it advances if drought occurs after 

flowering.  

 

i) Reproduction and grain growth: Drought at flowering and grain development 

determines the number of fruits and individual grain weight, respectively. Panicle 

initiation in cereals is critical while drought at anthesis may lead to drying of pollen. 

Drought at grain development reduces yield while vegetative and grain filling stages 

are less sensitive to moisture stress.  

 

j) Yield: The effect on yield depends hugely on what proportion of the total dry matter is 

considered as useful material to be harvested. If it is aerial and underground parts, effect 

of drought is as sensitive as total growth. When the yield consists of seeds as in cereals, 

moisture stress at flowering is detrimental. When the yield is fibre or chemicals where 

economic product is a small fraction of total dry matter moderate stress on growth does 

not have adverse effect on yields. 

  

7 Crop Adaptations  

The ability of crop to grow satisfactorily under water stress is called drought adaptation. 

Adaptation is structural or functional modification in plants to survive and reproduce in a 



environment. Crops survive and grow under moisture stress conditions mainly by two ways: 

(i) Drought escaping and (ii) Drought resistance (Fig. 4.1)  

  

 
 

Fig. 4.1 Flow chart showing different mechanisms for overcoming moisture stress  

 

7.1 Escaping Drought  

 

• Evading the period of drought is the simplest means of adaptation of plants to dry 

conditions. Many desert plants, the so-called ephemerals, germinate at the beginning 

of the rainy season and have an extremely short life period (5 to 6 weeks) which is 

confined to the rainy period. These plants have no mechanism for overcoming moisture 

stress and are, therefore, not drought resistant.  

• Germination inhibitors serve as safety mechanism.  

• In cultivated crops, the ability of a cultivar to mature before the soil dries is the main 

adaptation to growth in dry regions. However, only very few crops have such a short 

growing season to be called as ephemerals. Certain varieties of pearl-millet mature 

within 60 days after sowing. Short duration pulses like cowpea, green-gram, black-

gram can be included in this category. In addition to earliness, they need drought 



resistance because there may be dry spells within the crop period of 60 days. The 

disadvantage about breeding early varieties is that yield is reduced with reduction in 

duration 

 

7.2 Drought Resistance  

 

Plants can adopt to drought either by avoiding stress or by tolerating stress due to different 

mechanisms. These mechanisms provide drought resistance.  

 

7.2.1 Avoiding Stress  

Stress avoidance is the ability to maintain a favourable water balance, and turgidity even when 

exposed to drought conditions, thereby avoiding stress and its consequences. A favourable 

water balance under drought conditions can be achieved either by:  

(i) conserving water by restricting transpiration before or as soon as stress is experienced; or 

(ii) accelerating water uptake sufficiently to replenish the lost water.  

 

7.2.2 Drought tolerance 

 

 

8. Strategies for drought management   

 

The different strategies for drought management are discussed under the following heads.  

 

a. Drought resistant crops and varieties: 

i. Predominant rainfed crops grown in India include: coarse cereals (85%), pulses 

(83%), oilseeds (70%), and cotton (65%).  

ii. In arid regions, single crop system involving a long fallow period (October to 

June) is a rule rather than an exception.  

iii. Mixed or intercropping is common as a means of insurance and risk 

minimization. 

A few examples of suitable intercropping systems under drought are 

Sorghum and Pigeonpea 

Pearl millet and Pigeonpea 

Pearl millet and Cowpea 

Sunflower and Horsegram 

 

iv. Selection of crops 

• Avoid growing of drought prone crops like maize, cotton etc. 

• Growing drought resistant grain crops like sorghum, pearl millet, finger millet, 

fox tail millet etc. 

• Growing drought resistant legume crops like pigeonpea, green gram, horse gram 

etc.  

• Growing of oil seed crops like castor, sunflower, niger, sesame, safflower etc. 

 

b. Soil management techniques 

Tillage during the off-season or in pre-rainy season, helps with rain water intake by 

breaking the hard soil and making the soil surface more permeable.  

This allows water to seep to the deeper soil layers and keeps the soil wet for longer 

time.  



The result is the soil will have more moisture during sowing the crop. 

Tillage also controls weeds which depletes the soil moisture.  

Off-season tillage also destroys the eggs, cocoons and larvae of some pests by exposing 

them to the sun which otherwise affect the already stressed crop plants. 

 

c. Adjusting the plant population: The plant population should be lesser in dryland 

conditions than under irrigated conditions. The rectangular type of planting pattern 

should always be followed under dryland conditions. Under dryland conditions 

whenever moisture stress occurs due to prolonged dry spells, under limited moisture 

supply the adjustment of plant population can be done by  

 

i) Increasing the inter row distance: By adjusting more number of plants within 

the row and increasing the distance between the rows reduces the competition 

during any part of the growing period of the crop. Hence it is more suitable for 

limited moisture supply conditions.  

ii)  Increasing the intra row distance: Here the distance between plants is increased 

by which plants grow luxuriantly from the beginning. There will be competition 

for moisture during the reproductive period of the crop. Hence it is less 

advantageous as compared to above under limited moisture supply. 

d. Mid-season corrections: The contingent management practices done in the standing 

crop to overcome the unfavourable soil moisture conditions due to prolonged dry spells 

are known as mid-season conditions.  Thinning: This ca be done by removing every 

alternate row or every third row which will save the crop from failure by reducing the 

competition  

i) Spraying: In crops like groundnut, castor, red-gram, etc., during prolonged dry 

spells the crop can saved by spraying water at weekly intervals or 2 per cent 

urea a week to 10 days interval.  

ii) Ratooning: In crops like sorghum and bajra, ratooning can be practiced as mid-

season correction measure after break of dry spell. 

e. Mulching: It is a practice of spreading any covering material on soil surface to reduce 

evaporation losses. The mulches will prolong the moisture availability in the soil and 

save the crop during drought conditions. 

 

f. Weed control: Weeds compete with crop for different growth resources ore seriously 

under dryland conditions. The water requirement of most of the weeds is more than the 

crop plants. Hence, they compete more for soil moisture. Therefore, the weed control 

especially during early stages of crop growth reduce the impact of dry spell by soil 

moisture conservation.  

 

g. Water harvesting and life-saving irrigation: The collection of run-off water during 

peak periods of rainfall and storing in different structures is known as water harvesting. 

The stored water can be used for giving the life-saving irrigation during prolonged dry 

spells. 

 

Supplemental irrigation aims to add a limited amount during critical and water stress 

sensitive crop development stages, such as flowering and initial grain setting, or early 

establishment. 

 



Deficit irrigation is the deliberate management of crop water applications to create a 

prescribed water deficit that results in a small yield reduction, which is less than the 

concomitant reduction in evapotranspiration. 

Advantage: The potential benefits of deficit irrigation arise from enhanced 

water productivity and lower production costs if one or more irrigation application can 

be eliminated. 

Risks: When water supplies are uncertain, as is the case with rainfall and 

unreliable irrigation supplies, deficit irrigation carries considerable risk for the farmers 

 

 



Soil and water conservation measures 
 

Definition of soil conservation 

Soil conservation is using and managing the land based on the capabilities of the land itself 

involving application of the best management practices leading to profitable crop production 

without land degradation. 

Control of water erosion 

Water erosion occurs simultaneously in two steps: detachment of soil particles by falling 

raindrops and transportation of detached particles by flowing water. Hence preventing the 

detachment of soil particles and their transportation can minimize water erosion. Principles of 

water erosion control are  

- Maintenance of soil infiltration capacity 

- Soil protection from rainfall 

- Control of surface runoff and 

- Safe disposal of surface runoff 

For a sound soil conservation programme every piece of land must be used in accordance with 

the land capability classification. 

 

Measures of water erosion control 

1. Agronomic measures 

2. Mechanical measures (Engineering measures) 

3. Forestry measures 

4. Agrostological measures 

 

1. Agronomic measures of soil conservation 

In soil and water conservation programmes agronomic measures must be considered in co-

ordination with others for their effectiveness. These measures are effective in low rainfall areas 

particularly in fairly erosion resistant soils having gentle slope (< 2 %). 

The different agronomic measures include 

1. Land preparation 

2. Contour cultivation 

3. Choice of crops 

4. Strip cropping 

5. Crop rotation / cropping systems 

6. Cover crops 

7. Mulching 

8. Application of manures and fertilizers 

9. Application of chemicals 

10. In-situ water harvesting 

a) Land preparation: Land preparation including post-harvest tillage influence intake of water, 

obstruction to surface flow and consequently the rate of erosion. Deep ploughing or chiselling 

has been found effective in reducing erosion. Rough cloddy surface is also effective in reducing 

erosion. Land configuration after execution of soil conservation structures (terrace level) in the 

field, it is essential to take up land smoothing in the inter-bund area as inter terrace land 

treatment. This facilitates filling up of depressions and removal of humps to enable the rainwater 

to spread uniformly in the field and increase infiltration rate and recharges the soil profile. 



b) Contour cultivation (Contour farming): Generally, the common method of cultivation on 

sloping lands is along the slope and it causes poor rainfall infiltration and accelerate soil erosion. 

However, carrying out field operations including sowing across the slope and along contours 

(counter cultivation) provides a series of miniature barriers to running rainwater and reduces 

runoff, soil loss and increases soil water and nutrient storage in soil profile. A line joining the 

points of equal elevation is called contour. All the cultural practices such as ploughing, sowing, 

inter-cultivation etc. done across the slope reduce soil and water loss. By ploughing and sowing 

across the slope, each ridge of plough furrow and each row of the crop act as obstruction to the 

runoff and provide more time for water to enter the soil leading to reduced soil and water loss 

(Fig 1). It is recommended for almost all types of soils, rainfall upto 1000mm and slopes varying 

from 0.5-4%. Maximum effective on medium slopes on permeable soils.  
 

 

c) Choice of crops: Row crops or tall growing crops such as sorghum, maize, pearlmillet etc. 

are not effective in conserving soil as they expose majority of the soil and hence they are 

known as erosion permitting crops. Whereas close growing crops such as cowpea, 

groundnut, green gram, black gram etc., which protect soil are known as erosion resisting 

crops as they are very effective in reducing soil loss by minimizing the impact of rain drop 

and acting as obstruction to runoff. 

d) Strip cropping: It is a system of growing of few rows of erosion resisting crops and erosion 

permitting crops in alternate strips on contour (across the slope) with the objective of 

breaking long slopes to prevent soil loss and runoff. Close growing erosion resisting crops 

reduce the transporting and eroding power of water by obstructing runoff and filtering 

sediment from runoff to retain in the field. The width of the erosion permitting and erosion 

resisting crops vary as per the slope of the field. The strip cropping resembles the 

intercropping. 
 



 

 

With increase in per cent slope of the soil, the width of erosion permitting and erosion resisting 

crops decreases. The normal ratio between the erosion resisting crops and erosion permitting 

crops is 1: 3. Among the different crops the anti-erosion value of pillipesara (Phaseolus trilobus) is 

highest, whereas cotton crop recorded the lowest value. The strip cropping is divided into four 

types as follows 

i) Contour strip cropping: The erosion permitting crops and erosion resisting crops are grown 

in alternate strips along the contours. Levelled strips of 10-12 m wide are formed across the 

slope either on counter or on a grade depending on the annual rainfall.  Border strips of 20-30 

cm high bunds are formed at regular intervals of 10- 40 m depending upon slopes with 0.1-

0.2% grade. Generally, border strips of 60 m length at 10 m intervals are recommended. 

These suits in slopes with less than 2%. 

ii) Field strip cropping: Alternate strips of erosion permitting crops and erosion resisting crops 

are raised across the general slope not necessarily on exact contour 

iii) Wind strip cropping: Strip cropping of erosion permitting and erosion resisting crops 

across the direction of the most prevailing wind irrespective of the contour. 

iv) Buffer strip cropping: this type of strip cropping is practiced in areas having steep slopes 

and badly eroded soils where strips of permanent cover crops or perennial legumes or grasses 

or shrubs are alternated with field crops. The strip cropping is simple, cheap and effective soil 

conservation practice and can be adopted by the farmers. 

 

e) Crop rotation / cropping system: Monocropping of erosion permitting crops accelerates soil 

and water loss year after year. Intercropping of erosion permitting crops and erosion resisting 

crops or their rotation has been found effective for reducing soil and water loss. Inclusion of 

legumes like lucerne in crop rotation reduces soil loss even in soils having 13% slope. 

f) Cover crops: Good ground cover by canopy gives the protection to the land like an umbrella 

and minimize soil erosion. Besides conserving soil and moisture, the cover crops hold those 

soluble nutrients, which are lost by leaching. The third advantage of the cover crops is the 

addition of organic matter. The legumes provide better cover and better protection. Among the 

legumes cowpea has been found to produce maximum canopy followed by horsegram, green 

gram, black gram and dhaincha. 

g) Mulching: Mulching of soil with available plant residues reduce soil loss considerably by 

protecting the soil from direct impact of raindrop and reducing the sediment carried with runoff.  

A minimum plant residue cover of 30 per cent is necessary to keep runoff and soil loss within the 

acceptable limits. Vertical mulching also reduces soil loss particularly in vertisols by increasing 

infiltration. 



h) Application of manures and fertilizers: Organic manures besides supplying nutrients improve 

soil physical conditions thereby reduce soil loss. Fertilizers improve vegetative canopy, which 

aid in erosion control. Brown manuring using grain legume or other green manure legumes like 

dhaicha are grown alongwith crop with the objective of getting maximum dry matter before 

weed seed emergence. These are knockdown with herbicide liked 2,4-D before seed set. 

i) Use of chemicals: Breakdown of aggregates by the falling raindrops is the main cause of 

detachment of soil particles. Soils with stable aggregates resist breakdown and thus resist 

erosion. Aggregate stability can be increased by spraying chemicals like poly vinyl alcohol @ 

480 kg/ha (rate will depend on the type of soil). Soils treated with bitumen increase water stable 

aggregates and infiltration capacity of the soil. 

j) In situ soil moisture conservation practice: In situ water harvesting 

Storage of rainfall or rain water at the place where rainfall occurs for its effective usage is known 

as in situ moisture conservation. This can be achieved by different measures. Improving the soil 

surface conditions to increase infiltration of rainfall and reduction of runoff are the two basic 

requirements in dry lands. Hence land configuration determines the ease with which water can 

enter the soil. The different in situ moisture conservation practices which result in changed land 

configuration are as follows. 

1. Ridges and furrows: The field must be formed into ridges and furrows. Furrows of 

30-45 cm width and 15-20 cm height are formed across the slope. The furrows guide 

runoff water safely when rainfall intensity is high and avoid water stagnation. They 

collect and store water when rainfall intensity is less. It is suitable for medium deep to 

deep black soils and deep red soils. It can be practiced in wide row spaced crops like 

cotton, maize, chillies, tomato etc. It is not suitable for shallow red soils, shallow 

black soils and sandy/ gravelly soils. It is not suitable for broadcast sown crops and 

for crops sown at closer row spacing less than 30 cm. Since furrows are formed 

usually before sowing, sowing by dibbling or planting alone is possible. 

2. Tied ridging: It is a modification of the above system of ridges and furrows wherein 

the ridges are connected or tied by a small bund at 2-3 m interval along the furrows to 

allow the rain water collection in the furrows which slowly percolated in to the soil 

profile 

3. Broad bed furrows (BBF): This practice has been recommended by ICRISAT for 

vertisols or black soils in high rainfall areas (> 750 mm) which encounters 

waterlogging and water scarcity at the same time.  More successful in medium to 

deep black soils, having mean annual rainfall from 500-1300mm with maximum upto 

5% slope. Here beds of 90-120cm width, 15 cm height and convenient length are 

formed, separated by furrows of 60 cm width and 15 cm depth are made across the 

slope with the grade of 0.2-0.6% for optimum performance. When runoff occurs, its 

velocity will be reduced by beds and infiltration opportunity time is increased. The 

furrows have a gradient of 0.6%. Crops are sown on the broad beds and excess water 

is drained through number of small furrows which may be connected to farm ponds. 

It can be formed by bullock drawn or tractor drawn implements. Bed former cum 

seed drill enables BBF formation and sowing simultaneously, thus reducing the delay 

between receipt rainfall and sowing (Fig 14.1).  

Broad bed furrow has many advantages over other methods.  

 

 



 

 

se as well as wide row 

spacing. 

 

 

 

 
 

4. Dead furrows: At the time of sowing or immediately after sowing, deep furrows of 20 

cm depth are formed at intervals of 6 to 8 rows of crops. No crop is raised in the 

furrow. The dead furrows can also be formed between two rows of the crop, before 

the start of heavy rains (Sep – Oct). It can be done with wooden plough mostly in red 

soils. The dead furrows increase the infiltration opportunity time 

5. Compartmental bunding: Small bunds of 15 cm width and 15 cm height are formed in 

both directions to divide the field into small basins or compartments of square or 

rectangular shape of 6 x 6 m to 10 x 10 m size using bund former. They are useful for 

temporary impounding of rain water which facilitates high infiltration resulting in 

high moisture storage in the soil. Recommended for black soils with a slope of 0.5 to 

1%. Maize, sunflower, sorghum perform well in this type of bunding (Fig 2). 

 

 
Fig 2 Compartmental Bunding 



 

6. Scooping: Scooping the soil surface to form small depressions or basins help in 

retaining rain water on the surface for longer periods (Fig 3). They also reduce 

erosion by trapping eroding sediment. Studies have shown that runoff under this 

practice can be reduced by 50 % and soil loss by 3 to 8 t /ha. It is done with basin 

listers or similar implements during second fortnight of June across the slope or along 

contour increases infiltration rate and reduces soil erosion, thus helps in retaining 

rainwater on the surface that recharges the soil profile. 

 

 
Fig 3 Scooping for insitu moisture conservation 

 

7. Conservation furrow system: It is simple and low cost in-situ soil and rainwater 

conservation practice adopted in Alfisols and associated soils with problem of 

crusting and sealing for rainfed areas (400-900mm) with moderate slopes varying 

from 1-4%.  Furrows at 3-5 m apart on contour or across slope are opened either 

during planting or during intercultural operations using country plough. These 

furrows harvest the local runoff water and improve the soil moisture in the adjoining 

crop rows, particularly during the period of water stress. It cost about400-500 Rs/ha 

and increase yield by 10-25%. 

8. Inter plot water harvesting: Water is drawn from part of a small catchment and used 

in lower portion for crop production. There may be 1: 1 cropped: catchment area or 

1:2 catchment: cropped area. 

9. Zingg terracing or conservation bench terracing: These are developed by A.W. Zingg, 

in USA. Zingg terracing is practiced in low to medium rainfall areas in black soils 

with contour bunds. It is a method of land shaping where lower one third portion of 

the land adjacent to the contour is levelled to spread to the runoff water coming from 

the remaining two third portion of the field. This rainfall multiplication technique 

ensures at least one good crop in one third area even in low rainfall years. Usually 

during medium rainfall years water intensive crops (like paddy) are cultivated in the 

levelled portion (receiving area) while dry crops are cultivated in the unlevelled 

(donor) area. 

 

2. Mechanical / Engineering measures of soil conservation 

When Agronomic measures alone are not adequate, mechanical measures are to be adopted to 

supplement the agronomic measures. Mechanical measures usually involve construction of 



mechanical barriers across the direction of flow of rainwater to retard or retain runoff and 

thereby reduce soil and water loss. The mechanical measures include: 

i- Contour bunding 

ii- Graded bunding 

iii- Bench terracing 

iv- Gully control / plugging 

v- Vegetative barriers etc. 

A bund or terrace is an earthen embankment or a depression or a combination of both 

constructed across the land slope to control runoff and minimize soil erosion by reducing the 

length of slope. By reducing the slope, the velocity of runoff is not allowed to attain critical 

value, which initiates scouring. 

 

i. Contour bunding: It is most popular in the country. Contour bunding consists of narrow 

based trapezoidal bunds on contours to impound runoff water behind them so that it can 

gradually infiltrate into the soil for crop use. Contour bunding is generally recommended 

for areas receiving <600 mm rainfall (low rainfall areas) and for permeable soils up to 

slopes of about 6%. Spacing between two bunds is commonly expressed in terms of the 

V.I. (vertical interval) which is the difference in elevation between two similar points on 

two consecutive bunds. The following formula is used for determining spacing of bunds. 

 

V.I.= S/a + b 

where, 

V.I.= vertical interval (m) between consecutive bunds 

S = % slope of land 

‘a’ and ‘b’ constants depend on soil and rainfall characteristics 

 

The height of the contour bunds depends on slope of land, spacing of bunds and 

maximum intensity expected. In deep black soils, contour bunds have been a failure due 

to cracking of bunds during dry months and water stagnation above the bunds for 

prolonged periods during rainy season (Fig.4). 

 

 
Fig 4 Contour bunding 

 

ii. Graded bunding: Graded bunds or channel terraces are constructed in high rainfall areas 

of >600 mm where excess water must be removed safely of the field to avoid water 



stagnation. In case of highly impermeable soils like deep black soils graded bunds are 

recommended even in lesser rainfall area (500 mm) as in case of Bellary region of 

Karnataka. Water flows in graded channels constructed on upstream side of bunds at 

non-erosive velocities and is led to safe outlets or grassed waterways. Channel portion 

of the graded bunds is put under cultivation and the grassed waterways are permanently 

kept under grass. 

iii. Bench terracing: Bench terracing is practiced in steep hill slopes, where mere reduction 

of slope length is not adequate for reducing the intensity of scouring action of runoff 

flowing down. In addition to slope length reduction, the degree of slope is also reduced. 

Bench terracing consists of transforming relatively steep land into a series of level strips 

or platforms across the slope to reduce the slope length and consequently erosion. The 

field is made into a series of benches by excavating soil from upper part and filling in 

the lower part of terrace. It is normally practiced on slopes > 14% i.e. from 16 to 33%.  

Depending on soil, climate and crop requirements bench terraces may be table top or level, 

sloping outwards or sloping inwards (Fig. 5). 

 

 
Fig 5 Types of Bench Terracing 

 

Iv. Gully control: Gullies the result of sheet and rill erosion left unchecked. The basic 

approach to gully control involves reduction of peak flow rates through the gully and 

provision of channel for the runoff water. Agronomic measures of soil conservation like 

contour cultivation, strip cropping, cover crops, mulching etc., aid in reducing the peak 

flow rates through gullies. The provision of the stable channel for the flow that must be 

handled is accomplished by stabilizing the gully sides and bed by establishing 

vegetation. Temporary structures such as brush check wood dams, loose rock dams, 

rock fill dams and woven wire dams, and permanent structures such as chute spill ways, 

drop spill ways, concrete check dams and pipe spill ways are practiced for reducing 

channel gradient to maintain velocities below erosive level (Fig. 6 and 7). 

 



 
Fig. 6. Concrete check dams with gully control 

 

 

 

 

 
Fig. 7 Loose boulder check dams for gully erosion control 

 

v. Vegetative barriers: These are the rows of closely planted grass or shrub along the 

contours for erosion control in Agricultural lands. They check the velocity of runoff and 

retain the sediment by acting as barrier to runoff. Khus Khus (Vetiveria zyzynoides) is 

the most recommended plant for this purpose.  

vi. Grassed waterways: These are drainage channels either developed by shaping the 

existing drainage ways or constructed separately for effecting drainage of agricultural 

lands. They are used to handle runoff, discharge from graded bunds, broad base terraces 

and bench terraces. Objectives of grassed waterways  

1. To provide drainage to agricultural lands 

2. To convert unstable gullies into stable channels by providing grass cover 

3. For leading water at non-erosive velocity into farm ponds  

Grassed water ways are normally dug to a shallow depth of 0.15 to 0.5 m. They are 

constructed one or two seasons ahead of the construction of channel terraces.  

 



3. Forestry Measures: Forest lands are usually found at higher elevations where the slopes 

are steepest, soils are less stable and easily eroded and precipitation is heavy. The leaves 

and branches of trees and shrubs intercept the rain and reduce the impact of raindrops. 

Contour trenching and afforestation is recommended for improving the productivity of 

forests. Contour trenching is done by excavating a trench along the contour and forming 

soil bank. Rain water thus held up in these trenches for some time and facilitate the 

growth of vegetation. Plants are sown in trenches taking advantage of water (Fig.8 and 

9). Tree species suitable are Pinus patula, Pinus cassia, Acacia nilotica, Eucalyptus 

camaldulensis etc. 

 

 

 

Fig 8 Regenerating degraded lands with contour trenching 

 

 
Fig 9 Continuous contour trenching 

 

4. Agrostological Measures: Grasses prevent erosion by intercepting rainfall and by their 

binding power of the soil particles. A grass-legume association is ideal for soil 

conservation. Legumes build up soil fertility by fixing atmospheric N in root nodules. 

Grasses have several uses in soil conservation like:  

- Stabilizing the surfaces of water ways, contour bunds and front faces of bench terraces 

- Stabilizing the gully slopes and sides 

- Preventing wind erosion 

             The desirable characters of grasses for soil conservation are: 

o Should be perennial 

o Drought resistant 

o Rhizomniferous 

o Develop good canopy 

o Deep root system 



o Prostate growth habit 

o Less palatable to cattle 

o Useful for cottage industries 

Useful grasses: Cenchrus ciliaris, Chloris guyana, Cynodon dactylon, Dicanthium 

annulatum, Heteropogan contortus, Iseilema laxum, Panicum antidotale  

Legumes: Atylosia scarbaceoides, Centrosema pubescence, Stylosanthus hamata, 

Grass + legume 

Cenchrus ciliaris + Stylosanthus hamata. 
 



Tillage and Seeding Practices in Rainfed Area 

1. Tillage   

The mechanical manipulation of soil with tools and implements for obtaining conditions ideal 

for seed germination, seedling establishment and growth of crops is known as tillage. Tillage 

may be described as the practice of modifying the state of the soil to provide conditions 

favourable to crop growth, (Cuplin, 1986).  The objectives of tillage in drylands are  

(1) Develop desired soil structure with higher pore space and keep the soil loose for a seed 

bed which allows rapid infiltration and good retention of rainfall. It is mainly due to increased 

porosity and roughness. 

(2) Minimize soil erosion by following practices such as contour tillage, tillage across the 

slope etc.  

(3) Control weeds and remove unwanted crop plants.  

(4) Manage crop residues  

(5) Obtain specific land configurations for in- situ moisture conservation, drainage, planting 

etc.  

(6) Incorporate and mix manures, fertilizers, pesticides or soil amendments into the soil.  

(7) Accomplish segregation by moving soil from one layer to another, removal of rocks or 

root harvesting.  

Hence, attention must be paid to the depth of tillage, time of tillage, direction of tillage and 

intensity of tillage.  

1.1 Depth of tillage – It depends on soil type, crop and time of tillage  

a) Deep tillage: of 25-30 cm is beneficial for deep heavy clay soils to improve permeability 

and to close cracks formed while drying.  In soils with hard pans, deep tillage once in 2-3 

years with chisel plough up to 35-45 cm depth at 60-120 cm interval will increase effective 

depth for rooting and moisture storage.  Deep tillage followed by chiselling is preferable to 

opens hard layers and increase infiltration and greater water storage and availability for 

cotton, red-gram and other deep-rooted crops.  It is not to be recommended for shallow, 

gravelly, light textured soils like Alfisols. 

b) Medium deep tillage: of 15-20 cm depth is generally sufficient for most soils and crops.  It 

is recommended for medium deep soils, shallow rooted crops, soils with pan free horizon and 

for stubble incorporation.  

c) Shallow tillage: up to 10 cm is followed in light textured soils, and shallow soils and in oils 

highly susceptible to erosion.  In soils prone for surface crusting, shallow surface tiring or 

shallow harrowing is useful.    

As depth of tillage increases, soil moisture storage from rainfall also increases from about 7-8 

% with shallow tillage to 9-10% with medium deep tillage and 11-12% with deep tillage. 

 



1.2 Time of tillage  

Early completion of tillage is often helpful to enable sowing immediately after rainfall and 

before the soil dries up. Summer tillage or off-season tillage done with pre-season rainfall 

causes more conservation of moisture and enables early and timely sowing.  It is particularly 

useful for pre-monsoon sowing.  

a) Year-round tillage: Here the tillage operations are carried out throughout the year in dry 

farming areas. The tillage operations are started immediately after the receipt of summer 

showers and continued till sowing of the crops. After harvest of the crop, by taking the 

advantage of the residual soil moisture the soil is ploughed once or twice to retain the soil 

moisture in the lower layers. The advantages of year-round tillage are reduced weed growth, 

better tilth, adequate soil moisture, and timely sowing.  

1.3 Direction of tillage  

For moisture conservation, ploughing across the slope or along the contour is very effective. 

Plough furrows check the velocity of runoff, promote more infiltration and improve soil 

moisture storage.  

1.4 Intensity of tillage  

It refers to the number of times tillage is done. Frequent ploughing in shallow light textured 

soils will pulverize the soils into fine dust and increase the susceptibility to erosion.  In heavy 

soils, leaving the land in a rough and cloddy stage prior to sowing is useful for more 

depression storage.  

The concept of minimal tillage is also practiced in dry lands.  Here tillage is confined to 

seeding zone only and the inter-space is not tilled.  It not only saves time, energy and cost but 

also helps in moisture conservation.  The practice of "set line cultivation" adopted in some 

dry regions is an example of minimum tillage.  Here the seed row space is fixed and season 

after season, tillage is done only in this seeding strip.  The intervening strip is not tilled.  

2. Modern concepts of Tillage  

In dry lands, rainfall is received simultaneously over a large area.  To ensure timely sowing 

before soil dries up, the interval between land preparations and sowing must be narrowed 

down.  This calls for completion of tillage over a large area in quick time.  Dependence on 

bullock power and traditional wooden plough may not help in this regard.  Use of more 

efficient tillage implements and mechanization of tillage operations are warranted.  

Tillage in drylands also encompasses land shaping for in situ soil moisture conservation.  

Implements that can carry-out tillage and land shaping in one single operation will help in 

saving time and cost.  If land preparation, land shaping and sowing can be done in one single 

operation it can save considerable time.  This is termed as once over tillage, plough planting 

or conservation tillage.  Suitable tractor drawn machinery like a broad bed former cum 

seeder. Basin lister cum seeder which can complete the land shaping and sowing 

simultaneously can be used.  

a) Minimum/optimum/reduced tillage: It is the tillage system aimed at reducing the number 

of tillage operations to the minimum level i.e. necessary for better seed bed preparation, rapid 

germination for maintenance of optimum plant stand. It not only saves time, energy and cost 



but also helps in moisture conservation. The objectives of these systems include (1) reducing 

energy input and labour requirement for crop production (2) conserving soil moisture and 

reducing erosion (3) providing optimum seedbed rather than homogenizing the entire soil 

surface, and (4) keeping field compaction to minimum. The advantages are:  

 i) Reduction of soil compaction  

ii) Reduction of soil erosion  

iii) Increases infiltration of water  

iv) Increased soil fertility due to decomposition of crop residues  

v) Less cost of production because less number of tillage operations  

         Disadvantages are  

i) Reduced seed germination  

ii) Root nodulation is affected in certain crops  

iii) More nitrogen is required to enhance mineralization process  

iv) Require specially designed equipment  

Forms of minimum tillage  

i) Row zone tillage: After the primary tillage with plough, the harrowing is done only in crop 

row zone  

ii) Plough plant tillage: After primary tillage special planter is used for pulverising the soil, 

sowing the seed and covering the seed  

iii) Wheel track planting: After primary tillage the tractors are used by their wheels, for 

pulverisation, sowing and covering of seed.  

b) Conservation/mulch tillage: The objectives are to achieve soil and water conservation 

and energy conservation through reduced tillage operations. Both systems usually leave crop 

residue on the surface and each operation is planned to maintain continuous soil coverage by 

residue or growing plants.  The conservation tillage practices may advance some of the goals 

of alternative farming such as increasing organic matter in soil and reducing soil erosion, but 

some conservation tillage practices may increase the need for pesticides.  Conservation tillage 

changes soil properties in ways that affect plant growth and reduce water runoff from fields. 

The mulched soil is cooler and soil surface under the residue is moist, as a result many 

conservation tillage systems have been successful.   

c) Zero tillage or no-till system: It is an extreme form of minimum tillage where primary 

tillage is completely avoided, and secondary tillage is restricted to crop zone. In this method 

use of machinery and herbicides with relatively low or no residual effect on the crop to be 

established will play a major role. The machinery should have attachments for four 

operations namely, cleaning the narrow strip over crop row open the soil for seed insertion, 

placing the seed and covering the seed.  

 



Advantages are  

i) Increases the biological activity in the soil  

ii) Organic matter content of the soil is increase due to decomposition of crop residues  

iii) reduction of surface runoff   

Dis-advantages are  

i) poor seed germination  

ii) High dose of N required for mineralisation  

iii) Some perennial weeds and voluntary plants predominate  

iv) More disease and pest incidence  

3. Seed and  sowing 

3.1 Establishment of optimum population: Poor or suboptimal population is a major reason 

for low yields in rainfed crops.  Establishment of an optimum population depends on  

a) Seed treatment  

b) Sowing at optimum soil moisture  

c) Time of sowing  

d) Depth of sowing  

e) Method of sowing  

f) Crop geometry  

a) Seed treatment: Seed treatment is done for many purposes such as protection against 

pests and diseases, inoculation of bio-fertilizers and inducing drought tolerance through seed 

hardening.  

Seed hardening: It is done to induce drought tolerance in emerging seedlings.  It is 

the process of soaking seeds in chemical solution and drying to induce tolerance to drought. 

Soil moisture stress immediately after sowing affects germination and establishment. Seed 

hardening enables seedlings to survive this early moisture stress. During seed hardening, 

seeds are subjected to partial hydration followed by dehydration before sowing.  Seeds are 

soaked for specified time in chemical solutions of prescribed concentration.  Soaked seeds are 

then dried in shade back to original moisture content.  During soaking, seeds imbibe water 

and germination process is started but not completed. The hardened seeds are thus in a ready 

state for germination.  When sown in moist soils, seeds germinate immediately. Such early 

germination helps in seedling emergence before surface soil dries up.    

b) Sowing at optimum soil moisture: An effective rainfall of 20-25 mm which can wet a 

depth of 10-15 cm is needed for sowing.  Moisture stress at or immediately after sowing 

adversely affects germination and establishment of seedlings.  To ensure adequate soil 

moisture at sowing, sowing must be done as early as possible after soaking rainfall is 

received.  Sowing methods and implements play a crucial rule in this regard.  



c) Time of sowing: Optimum time of sowing is indicated by adequate rainfall to wet seeding 

depth and continuity of rainfall after sowing.  The probable sowing time in a rainfed area is 

the week which has a rainfall of not less than 20 mm with coefficient of variability less than 

100% and the probability of a wet week following dry week. Timely sowing ensures optimal 

yield besides it may also help pest avoidance.  

Pre-monsoon dry seeding in some regions, where heavy clay soils dominate, sowing after 

rains is impossible due to high stickiness of soil.  Here sowing is done in dry soil, 2-3 weeks 

before the onset of monsoon (pre-monsoon).  Seeds will remain in soil and germinate only on 

receipt of optimum rainfall. The advantages of pre-monsoon dry seeding are  

i) Early sowing  

ii) Uniform germination and good establishment   

iii) Utilization of first rainfall itself for germination instead of for land preparation in post 

monsoon sowing  

iv) Early maturity before closure of monsoon and avoidance of stress at maturity.  

 

The success of pre-monsoon dry seeding depends on the following  

 

i) It is recommended for bold seeds like cotton and sorghum only and not for all crops.  

ii) Time of advance sowing must be fixed based on rainfall analysis for date of onset of 

monsoon and continuity of rainfall after sowing.  

iii) Seeds must be hardened to ensure quick germination and drought tolerance  

iv) Seeding depth must be such that seeds will germinate only after receipt of rainfall to wet 

that depth is received.  Surface sowing may lead to germination with less rainfall and death 

due to subsequent soil drying.  

v) Off season tillage is necessary to enable sowing in dry soil before monsoon  

vi) Seed damage by soil insects must be prevented 

 

Examples of pre-monsoon sowing  

1. For sorghum in black soils, pre-monsoon dry seeding is recommended 1-2 weeks before 

onset of monsoon with depth of sowing at 5 cm and seed hardening with 2 per cent potassium 

di-hydrogen phosphate or potassium chloride.  

2. For cotton in black soils, pre-monsoon dry seeding is recommended at 2-4 weeks before 

commencement of monsoon, with a sowing depth of 5 cm and seed hardening with CCC (500 

ppm) or potassium chloride or DAP at 2% level.  

d) Optimum depth of sowing  

When seeds are sown on surface or at very shallow depth, germination and seedling growth 

are affected when surface soil moisture dries up.  Sowing at a depth where soil moisture 

availability is adequate, ensure early and uniform germination and seedling establishment.  

Optimum depth of' sowing varies with crop, especially seed size and penetration power of 

plumule.  

Sesamum    1-2 cm, Pearl millet and minor millets 2-3 cm, Pulses, sorghum, sunflower 3-5 

cm  

Cotton, maize    5 cm, Coriander    7 cm  

 



e) Method of sowing: In dry lands, it is important to sow the seeds in moist soil layer to 

ensure proper germination and seedling emergence.  It is therefore necessary to sow 

immediately after rainfall to avoid sowing in dry soil.  It is also important to sow the seeds at 

correct depth, neither on the surface nor too deep.  Establishment of an optimum population 

also depends on proper spacing between plants.  The density, geometry, and depth of sowing 

are dependent on method of sowing.  The sowing methods usually adopted in dry lands 

include broadcasting, sowing behind plough and sowing by seed drills.  Dibbling of seeds and 

planting of seedlings are also adopted for some crops (Cotton, tobacco, chillies). Each 

method has advantages as well as limitations.  The choice of sowing method depends on seed 

size, soil condition, time available, cropping system, crop geometry, sowing depth, source of 

power, cost of sowing, etc.  

Merits and limitations of sowing methods 

 

 

f) Crop geometry: Crop geometry refers to the shape of land occupied by individual plants 

as decided by spacing between rows and between plants. It depends on the root spread and 

the canopy size of the crop and the cropping system. 



 

 

4 Setline cultivations: It is a form of minimum tillage practice predominant in saurastra 

region of India where farmers are adopting the practice of continuously cultivating, manuring 

and sowing wide spaced crops in the same line or row year after year. In between the rows 

the soil is worked with blade or harrowed only for weed control. The crops like sorghum, 

bajra, cotton, and groundnut are cultivated by this method. The advantages are 

i) Reduced cost of cultivation 

ii) As the crops are raised in the same row, the rhizosphere is loose with good aeration and 

permeability without development of hard pans in the sub soil 

 

5 Soil crusts: Soil crusts are hard layers that develop at the soil surface due to action of rain 

drop or irrigation water and subsequent drying. Soil crusts often hinder the emergence of 

seedlings and hence establishment of crop stand. It increases runoff and soil loss particularly 

in Alfisols 

Crust formation: The impact of rain and or irrigation disrupts the soil aggregates, 

reduces the mean size of the structural units and causes resorting and repacking by 

water movement in splash flow and sedimentation process. On subsequent drying it 

results in the development of continuous layer of closely packed soil particles. The 



crust has high bulk density, lower macro porosity and higher mechanical strength than 

below. 

 

Effects of crust on soil and crop 

i) Reduce infiltration rate 

ii) Increase runoff and erosion 

iii) Impede emerging seedling 

iv) Injure the young seedling by movement of large blocks of crusts during cultivation 

 

Management practices to avoid crust problem 

i) Additional shallow tillage as inter-cultivation 

ii) Shallow and dense sowing 

iii) Use of thorny bush harrowing 

iv)  Mulching 

v)  Light harrowing after rain 

vi)  Planting on shallow furrows and on sides of ridges 



Choice of crops and varieties – cropping systems in drylands 
 

A of the practice of crop substitution by dry land farmers is poor since in most instances the 

new crops replace food crops (Table 1). 

 

Table 1 Suggested crops in place of traditional crops 

 

Selection of suitable varieties 

In most crops of dry farming regions, traditional local varieties still dominate. The preference 

for these local varieties is based on their pronounced drought tolerance. But they are usually 

longer in duration susceptible to moisture stress at maturity. They have low yield potential 

even under favourable rainfall. They do not respond significantly to improved management 

practices such as nutrient supply. The criteria now adopted for selection of crop varieties for 

dry lands include drought tolerance, short or medium duration, high yield potential, response 

to nutrient supply, high water use efficiency, moderate resistance to pest and diseases. 

Suitable varieties for all dry land crops have been developed in all the dry farming regions 

and have proved their high yield potential. 

 

Choice of cropping system 

Choice of suitable cropping system must aim at maximum and sustainable use of resources 

especially water and soil. Cropping systems depend on rainfall quantity, length of rainy 

reason and soil storage capacity. The broad guidelines in choosing a cropping system for dry 

lands are given below (Table 2). 

  

Table 2 Potential cropping systems based on soil and rainfall pattern 

 



Crops and cropping systems selected should match the length of growing season during 

which they are not subjected to soil moisture stress. Climatalogical analysis helps to identify 

suitable cropping systems for different regions. Feasibility for intercropping, sequence 

cropping, and double cropping can also be known from such analysis (Table 3). 

 

    Table 3 Length of effective cropping season in different areas  

 

Monocropping 

In general a single crop is being taken in dry farming areas where the annual rainfall is below 

500 mm. Rainy season crop is taken in light soils like alfisols, inceptisols and oxisols. Crops 

are being grown on residual moisture in vertisols in the post rainy season in winter season. 

The most common monocropping systems are groundnut in alfisols and associated soils in 

Rayalaseema region of Andhra Pradesh, sorghum or chickpea or wheat in black soils of 

Madhya Pradesh, Andhra Pradesh, and Karnataka. 

 

2 Intercropping 

Intercropping refers to growing two or more crops in the same field with specific row 

arrangement during the same season. In areas where the annual rainfall is in the range of 600-

850 mm, intercropping is being recommended and practiced. In such areas, at least one of the 

component crops succeeds in drought years and there is every chance to get two crops in 

good rainfall years. The different intercropping systems are followed in different regions of 

the country based on soil, rainfall, market price and marketing facilities. Intercropping 

systems are subject to change due to change in market price of component crops.  

 

Intercropping offers many advantages as outlined below. 

Intercropping is a risk minimization strategy and provides an insurance against complete 

crop failure due to rainfall abnormalities. 

It provides more yield and income per unit area per unit time than sole cropping 

Stability in production is achieved 

Multiple products for home consumption as well as for marketing are made available 

When legumes are included in intercropping, soil fertility is enriched 

Intercrop canopy suppresses weed growth 

Resource use efficiency is increased viz., light, water and nutrients are efficiently used 

One crop provide physical support to other crop. 

 

Disadvantages are 

Yield may be decreased due to competition effect 

Allelopathy effect 

Build-up of certain diseases and pests 



May not be suitable for large farms with adequate resources 

 

The different intercropping systems suitable for drylands are furnished in table 4 and 5. 

 

Table 4 Intercropping systems suitable for drylands 

 

Table 5 Dominant intercropping systems in different regions of India 

 

Double cropping in drylands 

Double cropping either by sequential cropping or relay cropping is possible in places with 

high rainfall (> 900 mm), extended rainy season and high soil moisture storage capacity. 

Double cropping is also possible with rain water harvested in farm ponds which is used for 

establishing winter crop. Some of the important double cropping systems of different regions 

are presented in Table 6 and 7. 

 

Table 6 Important double cropping systems of different locations 

 

Table 7 Efficient double cropping systems for drylands 



 

Double cropping by relay cropping 

 

Groundnut / Ragi      +              Redgram              -                    Horsegram 

(Jun-Sep)                                    (Jun-Jan)                                      (Sep-Jan) 

 

Groundnut or ragi is sown with redgram as intercrop in 6:1 proportion in June. After harvest 

of groundnut in September, horsegram is relay sown in the space between redgram rows. 
 

 



















Fertilizer management in rainfeds 
 

1. Introduction 

No Agricultural system can persist, if it fails to maintain soil fertility. In dryland soils or SAT 

soils  

Nitrogen is universally deficient,  

‘P’ is low, and  

‘K’ status is medium to high.  

The organic matter content of SAT soils is usually less than one per cent and hence is of low 

fertility status. 

 

2. Low rates of fertilizer application 

Vagaries of rainfall and consequent uncertainty of crop performance make farmers of 

dryland/rainfed agriculture to avoid fertilizer application. However, results of experiments 

demonstrated yield advantage due to fertilizer use in dry land crop production. 

If the fertilizers are applied to meet the needs of the dryland crops, there may be prolonged 

breaks in the monsoon in kharif or limited available moisture in the root zone of rabi crops 

may be exhausted before the plants reach reproductive stage resulting in poor yields.  

On the other hand, if fertilizers are applied at rates below the optimum, the yields will be 

poor. This must be avoided by assessing the yield potential of different regions and regulating 

the soil fertility levels by adding only such quantities of fertilizers as required for realizing 

the potential to the maximum extent possible. Hence fertilizer usage is more in irrigated 

agriculture than dryland agriculture. 

 

3. Response to Nitrogen 

Fertilizer use and loss will be more sensitive in shallow soils; hence response to applied 

fertilizer will be less stable on shallow soils. Response to ‘N’ was low and influence of 

rainfall was inconsistent among shallow vertisols and alfisols. With decreasing rainfall, 

vertisols produced more response to applied fertilizer. Results indicated that with 40 kg N/ha 

many crops responded to ‘N’ in dryland areas by giving about 20 kg extra grain or yield for 

every kg of N applied. However, magnitude of response decreased with higher rates except 

maize crop. 

Results of experiments for five years indicated that response of rabi sorghum to 25 kg N/ha 

on soils with low moisture storage, whereas on soil depth up to 60 cm sorghum grain yield 

increased up to 75 kg N/ha. 

 

4. Response to Phosphorus 

Deficiency of phosphorus is less extensive than that of nitrogen. Though several crops 

respond to ‘P’ the response is not conspicuous and universal as that of ‘N’. Dry land vertisols 

possess high phosphorus fixation capacity, ranging from 300 to 450 mg /kg of soil, hence 

there will be less amount of ‘P’ in soil solution to be available for the crop plants. This 

explains the lack of response to ‘P’ in vertisols since the amount of the ‘P’ added seldom 

exceed 25-35 kg P2O5/ha which is inadequate to meet the ‘P’ fixing capacity of the soil and 

crop requirement. Response of dryland crops to ‘P’ will continue to remain small and 

marginal if the poor yields of crops are not increased through efficient soil and moisture 

conservation measures and balanced crop nutrition. 

 

5. Response to Potassium 

On a large scale, potassium has failed to produce distinct response in dryland cereals and 

millets as is common with irrigated crops. Dryland soils particularly, the sandy loam and red 



soils which are deficient in ‘K’ may respond to moderate levels of ‘K’ when monsoon is 

normal.  

 

6. Response to secondary and micronutrients 

Among secondary nutrients oilseeds and pulses respond to sulphur and calcium. Response to 

‘Ca’ and ‘S’ is of typical of rainfed groundnut. Among the micronutrients deficiency of ‘Fe’ 

and response to its application have been observed in crops like chickpea and groundnut. 

Zinc is deficient in many areas and many crops respond to Zinc Eg: groundnut, maize, pearl 

millet etc. 

 

7. Response to NPK (Balanced fertilization) 

Balanced fertilizer application increases the efficiency of added fertilizers. Response to 

universally deficient ‘N’ could be low if other nutrients are limiting. More frequently ‘P’ 

limits the response of ‘N’. If N+P is applied the yield response is increased. In dryland areas 

receiving less than 750 mm annual rainfall where prolonged dry spells are common during 

the crop period, economical responses were obtained with low levels of ‘N’ only. 

 

8. Alternate sources of Nitrogen 

There are several alternate sources of ‘N’, which include organic manures, biofertilizers, 

green manuring, introduction of legumes in cropping system etc., 

a. Green manuring: This is considered normally uneconomical in drylands. In 

Khammam district of A.P, farmers raise green gram with June-July rains and after 

picking the pods, plough back the residue and take the sorghum by September (Maghi 

sorghum). It can be practiced in vertisols with dependable rainfall. Horsegram can be 

raised after sorghum or sunflower during October / November where there is 

dependable rainfall. The leaves of Soobabul, Glyricidia etc, can be used as green leaf 

manure. 

b. Introduction of legumes in cropping systems: Legume, being a biological ‘N’ fixing 

crop, should become a part of the cropping system. Legumes in a cropping system 

contribute to the extent of 25 kg N/ha. 

c. Organic recycling: Vast potential for organic wastes like stubbles of millets and other 

crops, sugarcane trash, weeds and other farm residues exist in many areas, which can 

put to agricultural use by composting. Conjunctive use of FYM and these organic 

wastes improve the productivity of soils especially sandy loam soils by improving 

their moisture retentive capacity. 

d. Rhizobium culture: Inoculating legumes with Rhizobium could not met with success 

for increasing ‘N’ fixation under dryland conditions probably due to unfavourable 

environment, especially prolonged soil moisture stress periods during crop season, 

high temperature stress and deficiency of other nutrients. 

e. Integrated nutrient management system: It envisages the conjunctive use of organic 

manures, crop residues, biofertilizers, legumes in crop rotation, green manuring and 

need based chemical fertilizers for sustained crop production.  

f. Biofertilizers like Azospirillum commonly found in association with roots of cereals 

and grasses. High N fixation capacity, low energy requirement and abundant 

establishment in the roots of cereals and tolerance to high temperature (30-40° C) are 

responsible for its suitability to dry land conditions. It has been largely tested in 

sorghum and bajra and can substitute up to 20 kg N/ha. 

 

VAM: Vesicular Arbuscular Mycorrhizae has found to influence yield of several crops like 

bajra, finger millet, sorghum, groundnut, pegionpea, cowpea etc. by increasing ‘P’ uptake. 



Phosphate Solubulising Bacteria (PSB) also recieved considerable attention. Eg: Bacillus sps. 

 

9. Salient findings of fertilizer use in dry land agriculture 

The results of fertilizer use research in dry farming areas indicated thatfertilizer dose should 

be low. Improved cultivars are responsive than local varieties. The following are the salient 

findings of research on fertilizer use under rainfed conditions: 

1. Response of crops to fertilizers varied with available soil moisture. Higher the rainfall, 

greater the response in shallow soils. 

2. Responses to ‘N’ are universal, responses to ‘P’ are obtained on alfisols, and responses to 

‘K’ are limited. 

3. Response of post-rainy season crops i.e. rabi crops to fertilizers will depend on stored 

moisture in the profile. Most of the nutrients have to be band placed in the soil at sowing as 

basal application. 

4. For kharif crops, nitrogen can be applied in splits depending on rainfall. Second split may 

be avoided if the soil moisture is not adequate for top dressing in time. 

5. Zinc deficiency is indicated in some areas. 

6. Balanced fertilizer use resulted in yield advantage during normal rainfall years. 

7. Legumes are more responsive to ‘P’ fertilization. 

8. Foliar application of nutrients was not beneficial at several places. 

9. Most economical responses were with low rates of 25-30 kg N/ha. 

10. On heavy black soils, crops respond to about 30 kg P2O5/ha. 

11. Legumes in cropping system contribute to the extent of about 25 kg N/ha and 

12. Integrated nutrient management system appears to be more remunerative. 

 

10. Fertilizer use efficiency (FUE) in dryland agriculture: It refers to kg of produce per kg of 

plant nutrient fertilizer applied. 

 

10.1 Factors affecting fertilizer use efficiency 

o Choice of cultivars or varieties or varietal selection 

o Timely sowing 

o Establishment of adequate crop stand 

o Time and method of fertilizer application 

o Moisture conservation practices and 

o Timely weed management 

 

a. Choice of varieties: Choice of varieties will depend on length of the growing season. The 

traditional varieties are of long duration and their productivity is low. High yielding and short 

duration varieties give more yields and increase the fertilizer use efficiency. 

 

b. Timely seeding: Timely sowing of a crop is an important agronomic factor influencing 

crop yield and therefore the response to fertilizer application. Early seeding gives good 

seedling vigour and longer growing season thereby leading to efficient use of applied 

fertilizers resulting in higher yields. Delayed sowings in drylands drastically reduce the yields 

due to terminal soil moisture stress both in rainy season and post rainy season crops. 

Optimum sowing time for rainy season crops in South India is from June to mid July and post 

rainy season crops is early September.  

c. Adequate crop stand: One of the major factors for low yields in most of the crops is 

inadequate plant population, which is due to inadequate available soil moisture and soil 

crusting. The genetical potential of a cultivar is achieved only when optimum plant 

population is provided for efficient use of the applied fertilizer. Plant population of 67,000 



plants/ha (in winter maize) application of 200 kg N /ha gave the same yield as obtained with 

only 100 kg N/ha at the population of 83000 plants/ha. 

d. Time of fertilizer application: Entire phosphorus and potassium requirements of both 

kharif and rabi crops are generally applied as basal dose. Split application of N has been 

proved to be effective for kharif on light soils. If rains are not received in time, fertilizer 

intended for top dressing can be saved. However, for rabi crops grown on stored soil moisture 

entire N has to be applied at sowing as the chances of receiving rains after sowing are limited. 

Fertilizer rates based on the amount of stored moisture will be more effective than blanket 

rates. 

e. Method of fertilizer application: Placement of P fertilizer near the plant row proved to be 

better than the broadcasting in increasing FUE. It is of greater importance in crops grown on 

receding soil moisture during post rainy season. This placement is normally done by seed 

cum ferti drills. 

f. Moisture conservation: Soil moisture is the most limiting factor in dryland agriculture. 

Fertilizer use efficiency and water use efficiency are mutually complementary. Several 

moisture conservation methods like setline cultivation, vertical mulch, BBF, recycling of 

runoff has been recommended for increasing the FUE. 

g. Timely weed control: Weed control has a major impact on crop yield in dry lands. Weeds 

compete with crop plants for moisture and nutrients and reduce the crop yields by 30 to 60%. 

Keeping the fields weed free especially at early stage of the crop growth, has given maximum 

benefits by way of efficient use of scarce soil moisture leading to higher fertilizer use 

efficiency and higher yields. 



Evapotranspiration and measures to reduce evapotranspiration 
 

Definition: Under dry land conditions soil moisture is the most limiting factor for crop 

production. It is lost as evaporation from soil surface and as transpiration from the plant surfaces. 

The combined loss of moisture through these two processes is known as evapotranspiration. 

 

A. Methods to reduce evaporation 
There are three principles of evaporation control under field conditions. 

a. Decreasing the turbulent transfer of water vapour to the atmosphere by growing plants, 

raising wind breaks, straw mulches etc., 

b. Decreasing capillary conductivity by rapid drying of the surface soil layers. 

c. Decreasing the capillary flow and moisture holding capacity of the surface soil layers. 

 

For evaporation control, mostly mulches are used. 

1 Mulches: Mulching is the process of covering the cultivated field with unused organic material 

(grown in situ or ex situ), sand, pebbles, and soil with little additional investment. Mulch is any 

covering material applied on the soil surface to reduce evaporation losses. This material may be 

grown and maintained in place, or any material grown and modified before placement or any 

material processed or manufactured and transported before placement. Mulches dissipate kinetic 

energy of the rain drops, prevent soil erosion (splash erosion), facilitates infiltration, improve 

water holding capacity of the soil, reduce runoff, soil and evaporation losses besides conserving 

rainwater in situ. It suppresses the weed growth by preventing sunlight penetration to the ground. 

Further through organic mulches, which act as feed for microbes helps plant to draw nitrogen 

and other minerals from soils. It also improves burrowing activities of earthworms and improves 

air-moisture balance in the soil. Beside improving soil physical properties like better drainage in 

clayey soil, mulches improves soil micronutrients and microbial populations.  

Types of mulches 

a. Soil mulch or dust mulch: Due to scarcity of organic materials, low-cost method of 

frequent intercultivation between crop rows are adopted to create dust mulches or soil 

mulch through tillage during crop growth. soil mulch is a thin layer of loose soil surface 

that can be created by frequently stirring the soil with surface tillage implements like 

danthis, guntakas (blade harrows) etc., Soil mulch of surface 5-8 cm dry soil effectively 

reduces the evaporation losses by obstructing the raise of soil moisture through capillary 

action. The soil mulch augments high infiltration and breaks the capillary movement of 

water to top layer and  also prevents deep cracks in soils (especially black soils) by 

reducing the direct action of atmosphere and hence evaporation is also reduced. The 

repeated intercultivations done in rabi crops even in the absence of weeds help in 

reducing evaporation losses. Among the different mulches soil mulch is the cheapest. 

b. Straw and stubble mulch: Straw and other crop residues like stubbles, groundnut shells, 

cotton stalks etc; can be used as mulches on soil surface for moisture conservation. Straw 

mulches reduce both the amount of energy absorbed by the soil and its movement above 

the soil and hence reduce evaporation (Fig. 11.1) However, the availability of adequate 

crop residues is a problem for use as mulches. 



 
 

c. Plastic mulches: Plastic sheets of varying colour and thickness (20 microns LLDPE) can 

be used. Plastic mulches are very effective as mulches for evaporation control provided 

cost is not a limiting factor.  It often warms the soil, conserve moisture and prevent 

nutrient leaching. The plastic mulches may be either white or black. Black plastic 

mulches will enhance the soil temperature by 3-5 
o
F over bare soil and suppresses weed 

germination. Clear/White plastic mulches has highest soil warming capability (8
o
F to 14 

o
F over bare soil) but weed growth can be extreme. 

      Biodegradable plastic mulches made from plant starchesare broken down by microbes 

into CO2 and water. Eg Bio Telo and Eco-One. 

d. Chemical mulches: Chemicals like hexadeconol, a long chain alcohol when mixed with 

surface 5 mm of soil can reduce evaporation by about 40%. The surface layer of a treated 

soil dries out more rapidly than that of untreated soil, creating a diffusional layer to 

evaporation. 

e. Vertical mulching: It is a technique wherein trenches of 30 cm deep, 15 cm wide are dug 

at 2 to 4 m interval across slope and filled with stubbles or organic wastes to a height of 

10 cm above soil surface. Runoff is checked, collected in the shallow trenches and 

redistributed to adjoining soil layers and infiltration is increased in black soils. 

f. Live mulching: Is the term used to describe the covering of soil surface through the plant 

canopy in intercropping system. 

      

    Eg. Sorghum + forage cowpea, sorghum + sword bean 

 

g. Pebble mulch: Where small pebbles like stone are placed on the soil surface (Fig. 11.2). 

This mulching will be successful in dryland fruit tree culture. The pebbles placed on the 

basins of trees not only reduce evaporation but also facilitate infiltration of rain water into 

the basin. 

 



 
 

Mulching is more advantageous during rabi/summer months than in kharif season. Organic 

mulches particularly under receding soil moisture conditions increase crop growth by conserving 

soil moisture. 

 

Effect of mulches on soil properties 

1. Soil structure: Surface mulches reduce the impact of falling raindrops, thus reducing 

dispersion and sealing of soil pores leading to crust formation. Hence the soil structure is 

protected. The mulches also improve soil structure due to decomposition of mulch. 

2. Soil salinity: Under dry land conditions due to limited precipitation, soluble salts move only to 

a limited depth and readily return to the surface as the soil water evaporates. Due to salt 

accumulation in surface layers the germination and seedling establishment may be adversely 

affected. Hence, mulches will reduce soil salinity problem by increasing infiltration and reducing 

evaporation. 

3. Soil water: The soil moisture content is improved by induced infiltration, reduced evaporation 

and reduced transpiration by weeds. Surface mulches also obstruct the free exchange of water 

vapour from soil surface into the atmosphere and hence increase soil water content. 

4. Soil temperature: The effects of mulches on soil temperature are highly variable and depend 

up on the type of mulch material. White or reflective type of plastic mulches generally decrease 

soil temperature, while black plastic mulches may increase soil temperature. Crop residues 

moderate temperature by decreasing it in summer and by increasing in winter season. This is due 

to combined effect of radiation interception and evaporative cooling. The sugarcane trash mulch 

will enhance the germination of sugarcane setts during summer by temperature reduction. 

5. Soil erosion: The ease by which soil particles are moved by wind and water is related to size 

of soil particles and wind and water velocity. The particles of size greater than 0.84 mm in 

diameter are generally not eroded by wind but they are easily eroded by water. The mulches 

reduce the direct impact of falling raindrops on soil, thereby preventing soil dispersion and 

consequent sealing of soil pores leading to reduced soil erosion. 

 

 

 



B. Reducing losses due to transpiration 
 

Nearly 99% of water absorbed by the plant is lost in transpiration. Hence transpiration reduction 

is needed for maintaining favorable water balance in the plants. Transpiration has become 

unavoidable evil as the stomata, which allow CO2 exchange also allows water vapour transfer 

into the atmosphere.  

There are four principles of transpiration control  

a. By increasing leaf resistance to water vapour transfer by application of materials, which 

tend to close or cover stomata (ex: both stomatal closing and film forming type of 

antitranspirants). 

b. By reducing amount of energy absorbed by leaf surface (Eg: leaf reflectants) 

c. By reducing top growth of plants ( Eg: Growth retardants ) 

d. By increasing air resistance to water vapour transfer by shelter belts/wind breaks 

The transpiration losses can be controlled by use of antitranspirants, use of wind breaks/shelter 

belts and efficient weed cont. 

 1. Anti-transpirants: Any material that is applied on transpiring plant surface for reducing water 

loss is called antitranspirants. The antitranspirants are also known as transpiration suppressants. 

The best anti transpirants reduce transpiration losses up to 30-40%. There are four types of anti 

transpirants. 

a. Stomatal closing type: Transpiration mostly occurs through stomata on the leaf surface. Some 

fungicides like PMA (phenyl mercuric acetate) and herbicides like atrazine in low concentrations 

serve as anti transpirants by closing of stomata. PMA is known to inhibit mesophyll 

photosynthesis. Though the success was reported from glasshouse studies, their effectiveness 

under field conditions is limited. 

b. Film forming type: The plastic and waxy materials, which form a thin film on the leaf surface, 

retard the escape of water due to formation of physical barrier. The success of these chemicals is 

limited since they also reduce photosynthesis. The desirable characteristics of film forming type 

of antitranspirants are: they should form a thin layer, they should be more resistant to the passage 

of water vapour than carbon dioxide and the film should maintain continuity and should not 

break. These film forming anti transpirants may be of either thin film or thick film. 

Thin film forming type: Hexadeconol  

Thick film forming type: Mobileaf, Polythene S-60 

c. Leaf reflectant type: These are the white materials, which form a coating on the leaves and 

increase leaf reflectance (albedo). By reflecting the radiation they reduce leaf temperatures and 

vapour pressure gradient from leaf to atmosphere and hence reduces transpiration. About 5% of 

kaolin spray reduces the leaf temperature by 3-4°C and decrease in transpiration by 22 to 28 per 

cent. Celite and hydrated lime are also used as reflectant type of anti transpirants. 

d. Growth retardant type: These chemicals reduce shoot growth and increase root growth and 

thus enable the plants to reduce transpiring surface and resist drought conditions. They increase 

root/shoot ratio. 

Eg : Cycocel – (2-chloroethyl) Trimethyl ammonium chloride (CCC), Phosphon–D, Maleic 

Hydrazide (MH) 

Antitranspirants generally reduce photosynthesis. Therefore, their use is limited to save the crop 

from death under severe moisture stress. If crop survives, it can utilise the rainfall that is received 

subsequently. Antitranspirants are also useful for reducing the transplantation shock of nursery 



plants. They have some practical use in nurseries and horticultural crops. Waxy materials are 

used for reducing post harvest shrinkage of fruits. 

 

2. Use of wind breaks and shelterbelts: Wind breaks are any structures that obstruct wind 

flow and reduce wind speed while shelterbelts are rows of trees planted for protection of 

crops against wind. The direction from which wind is blowing is called windward side 

and direction to which wind is blowing is called leeward side. Shelterbelts are planted 

across the direction of wind. They do not obstruct the wind flow completely. Depending 

upon their porosity, certain amount of wind passes through the shelterbelts while the rest 

deflects and crosses over the shelterbelts (Fig. 11.4). It thus reduces wind speed without 

causing turbulence. The protection offered by the shelterbelts is dependent on the height 

of central tree row in the shelterbelts. Generally, shelterbelts give protection from 

desiccating winds to the extent of 5 to 10 times their height on windward side and up to 

30 times on leeward side. Due to reduction in wind speed, evaporation losses are reduced 

and more water is available for plants. The beneficial effect of shelterbelts are seen more 

clearly in drought years. In addition, shelterbelts reduce wind erosion. 

 

 
 

3. Effective weed control: Weeds transpire frequently greater amount of water per unit of 

dry matter production than the crop plants. Therefore, controlling weeds especially at 

early stages of crop growth will be most effective means of increasing the amount of 

water available for crops. This is the most useful method to reduce transpiration losses. 
 



Rainwater harvesting (ex-situ) and life-saving irrigation 
 

Introduction: Rainwater is the key input in dryland agriculture. In a tropical country such as 

India which experiences extreme variation in rainfall both in space and time, rain water 

management assumes vital importance in cutting down risks and stabilizing crop production 

in dry areas. When rains are received with an intensity far reaching infiltration rate, runoff is 

inevitable. It varies from 10 to 40% of total rainfall. Of this at least 30% can be harvested into 

water storage structures. 

 

Water Harvesting: The process of runoff collection during periods of peak rainfall in storage 

tanks, ponds etc., is known as water harvesting. It is a process of collection of runoff water 

from treated or untreated land surfaces/ catchments or roof tops and storing it in an open farm 

pond or closed water tanks/reservoirs or in the soil itself (in situ moisture storage) for 

irrigation or drinking purposes. Runoff farming and rainwater harvesting agriculture are 

synonymous terms, which imply that farming is done in dry areas by means of runoff from a 

catchment. Runoff farming is basically a water harvesting system specially designed to 

provide supplemental or life-saving irrigation to crops, especially during periods of soil 

moisture stress. Collecting and storing water for subsequent use is known as water 

harvesting. It is a method to induce, collect, store and conserve local surface runoff for 

agriculture in arid and semiarid regions. All water harvesting systems have three components 

viz., the catchment area, the storage facility and the command area. The catchment area is the 

part of the land that contributes the rain water. The storage facility is a place where the runoff 

water is stored from the time it is collected until it is used. The command area is where water 

is used. Water harvesting is done both in arid and semi-arid regions with certain differences. 

In arid regions, the collecting area or catchment area is substantially in higher proportion 

compared to command area. The runoff is induced in catchment area in arid lands whereas in 

semi-arid regions, runoff is not induced in catchment area, only the excess rainfall is 

collected and stored. However, several methods of water harvesting are used both in arid and 

semiarid regions. 

 

1 Inducing Runoff: Rain water harvesting is possible even in areas with as little as 50 to 80 

mm 

average annual rainfall. Ancient desert dwellers harvested rain by redirecting the water 

running down the slopes into fields or cisterns. This small amount of runoff collected over 

large area may be useful for supplying water to small villages, households, cattle etc., For 

collection of higher amount of rainfall, runoff is induced either by land alteration or by 

chemical treatment. 

a) Land Alterations: Clearing away rocks and vegetation and compacting the soil surface can 

increase runoff. However, land alteration may lead to soil erosion except where slope is 

reduced. When erosion is not excessive and low cost hill side land is available, land alteration 

can be very economical way to harvest rain water in arid lands. 

b) Chemical Treatment: A promising method for harvesting rain water is to treat soils with 

chemicals that fill pores or make soil repellant to water. Some materials used for this purpose 

are sodium salts of silicon, latexes, asphalt and wax. 

 

Methods of Water Harvesting 

The different methods of water harvesting that are followed in arid and semiarid regions are 

discussed separately. 

1 Arid Regions: The catchment area should provide enough water to mature the crop, and the 



type of farming practiced must make the best use of water. In general, perennial crops are 

suitable as they have deep root systems that can use runoff water stored deep in the soil 

which is not lost through evaporation. 

a) Water Spreading: In arid areas, the limited rainfall is received as short intense 

storms. Water swiftly drains into gullies and then flows towards the sea. Water is lost 

to the region and floods caused by this sudden runoff can be devastating often to areas 

otherwise untouched by the storm. Water spreading is a simple irrigation method for 

use in such a situation. Flood waters are deliberately diverted from their natural 

courses and spread over adjacent plains. The water is diverted or retarded by ditches, 

dikes, small dams or brush fences. The wet flood plains or valley floods are used to 

grow crops. 

b) Microcatchments: A plant can grow in a region with too little rainfall for its 

survival if a rain water catchment basin is built around it. At the lowest point within 

each microcatchment, a basin is dug about 40 cm deep and a tree is planted in it. The 

basin stores the runoff from microcatchment. 

c) Traditional water harvesting systems: Tanka, nadi, khadin are the important 

traditional water harvesting systems of Rajasthan.  

Tanka is an underground tank or cistern constructed for collection and storage of 

runoff water from natural catchment or artificially prepared catchment or from a roof 

top. 

The vertical walls are lined with stone masonary or cement concrete and the base with 

10 cm thick concrete. The capacity of the tank ranges from 1000 to 6,00,000 l.  

Nadi or village pond is constructed for storing water from natural catchments. The 

capacity of nadis ranges from 1200 m3 to 15000 m3. 

Khadin is unique land use system where in run-off water from rocky catchments are 

collected in valley plains during rainy season. Crops are grown in the winter season 

after water is receded in shallow pond on the residual moisture. 

 

2. Semiarid Regions: Water harvesting techniques followed in semi-arid areas are numerous 

and ancient. 

a) Dug Wells: Hand dug wells have been used to collect and store underground 

water and this water is lifted for irrigation. The quality of water is generally poor due 

to dissolved salts. 

b) Tanks: Runoff water from hill sides and forests is collected on the plains in tanks. 

The traditional tank system has following components viz., catchment area, storage 

tank, tank bund, sluice, spill way and command area. The runoff water from 

catchment area is collected and stored in storage tank on the plains with the help of a 

bund. To avoid the breaching of tank bund, spillways are provided at one or both the 

ends of the tank bund to dispose of excess water. The sluice is provided in the 

central area of the tank bund to allow controlled flow of water into the command 

area. 

c) Percolation Tanks: Flowing rivulets or big gullies are obstructed, and water is 

ponded. Water from the ponds percolates into the soil and raises the water table of 

the region. The improved water level in the wells lower down the percolation tanks 

are used for supplemental irrigation (Fig.1) 
  



 

Fig 1 Percolation Tank 

d) Farm Ponds: These are small storage structures for collection and storage of runoff water. 

Depending upon their construction and suitability to different topographic conditions farm 

ponds are classified as 

_ Excavated farm ponds suitable for flat topography 

_ Embankment ponds for hilly terrains and 

_ Excavated cum Embankment ponds 

There are three types of excavated farm ponds – square, rectangular and circular.  

Circular ponds have high water storage capacity. Farm ponds of size 100 to 300 m3 may be 

dug to store 30 per cent of runoff. The problem associated with farm ponds in red soils is 

high seepage loss. This can be reduced by lining walls. Some of the traditional methods for 

seepage control are the use of bentonite, soil dispersants and soil-cement mixture. Bentonite 

has excellent sealing properties if kept continuously wet, but cracks develop when dried. 

Soil-cement mixture can be used. A soil-cement lining of 100 mm thickness reduces seepage 

losses up to 100 per cent. The pit lined continuously develops cracks but no cracks develop 

when applied in blocks. The other alternative sealant for alfisols is a mixture of red soil and 

black soil in the ratio of 1: 2. 

In arid and semi-arid regions, rains are sometimes received in heavy down pours resulting in 

runoff. The runoff event ranges from 4 to 8 during the rain season in arid and semi-arid 

region. The percentage of runoff ranges from 10 to 30% of total rainfall. The size of the farm 

pond depends on the rainfall, slope of the soil and catchment area. The dimensions may be in 

the range of 10 m x 10 m x 2.5 m to 15 m x 15 m x 3.5 m. The side slope 1.5: 1 is considered 

sufficient. A silt trap is constructed with a width of slightly higher than the water course and 

depth of 0.5 to 1 m and with side slope of 1.5: 1. 

The different types of lining materials are soil-cement, red and black soils, cement-concrete, 

bricks, Kadapa slabs, stone pitching, polythene sheet etc. (Fig. 2 to 4)  

 

 



 
Fig 2 Farm Pond lies with Kadapa slabs 

 
Fig 3 Farm Pond lies with cement bricks 

 

 

 
Fig 4 Farm Pond lies with fire bricks 

 



 

In alluvial sandy loam to loamy sand soils of Gujarat and red sandy loams soils of Bangalore, 

a soil + cement (8 : 1) mixture is" the best lining material. At Anantapur (A.P.), soil without 

sieving and cement in 6:1 ratio (Fig. 5) is very effective and cheap lining material for red 

sandy loam soils. In laterite silty clay loam soils of Ooty, medium black soils of Kota, 

bitumen was effective. Water can be stored for two months in deep heavy soils with out 

lining at Nandyal (AP). Clay soils linings are generally the most economical. Evaporation 

losses can be reduced in farm ponds especially in arid regions by rubber or plastic floats. 

White plastic sheet is economical and easily available. Farm pond technology is 

economically viable. Studies undertaken in the Jhanwar model watershed in Rajasthan 

showed that water harvesting in a farm pond of size 271 m3 and utilizing the water for 

supplemental irrigation is economically viable. 
 

 

Fig 5 Farm Pond lies with soil+cement (6:1 ratio) 
 

Supplemental irrigation / life-saving irrigation: 

The runoff collected from different water storage structures is of immense use or protecting 

the dryland crops from soil moisture stress during prolonged dry spells. Supplemental or 

lifesaving or protective irrigation is given to sustain the dry land crop during the drought 

periods and take the advantage of subsequent rains. In dry areas, water, not land is the most 

limiting resource for crop production. Maximizing the water productivity but not the yield per 

unit land is the better strategy for dry farming areas. Supplemental irrigation is a highly 

efficient practice for increasing productively of crops in arid regions. The response to 

supplemental irrigation varies with crops, time of irrigation, depth of irrigation, method of 

water application and fertilizer application. 

a) Quantity of irrigation water: Crops differ in responding to amount of irrigation water 

by supplemented irrigation during dry spell. Groundnut responds to 10 mm of 

irrigation through sprinkler on affisols during pod development stage. The benefit of 

supplemental irrigation lost for one week. Cotton needs a minimum of 30 mm of 

water to respond to irrigation applied either by sprinkler or drip irrigation system 

on vertisols. Chickpea similarly need 30 to 40 mm of supplemental irrigation applied 

as drip or sprinkler irrigation during flowering. Pigeonpea responds to 20 mm 

irrigation water applied at pod development stage with drip irrigation. Irrigation can 



be provided near the row, covering about 20% of the cropped area, leaving 80% of 

interrow zone.  

Pot watering, applying small quantity of water (around 250 ml) manually to each hill, 

is highly useful either for sowing or for transplanting in widely spaced crops like 

cotton, Redgram, castor, tomato, tobacco etc. Similarly, pot watering to protect the 

seedlings during early crop growth stage is highly useful. The amount of water, if 

calculated over the entire area, works out less than 5 mm. For example, pot watering 

cotton seedlings at 250 ml/ hill works out 5,000 1/ha which works out to 5 mm. 

Productivity of harvested water can be increased by applying small quantity of water 

to large areas than heavy irrigation to small area. If rains occur immediately after 

irrigation, there will be no impact of irrigation and in black soil, it may reduce yield. 

b) Time of irrigation: Unlike in irrigated agriculture, the critical stage concept does not suit 

well, as dry spell may reduce the growth and yield of crop at any stage. Vegetative stage is 

considered as, non-critical stage in irrigated agriculture but in arid regions, dry spell during 

vegetative stage prolongs the crop duration which may ultimately result in crop failure due to 

end season drought. Death of seedlings also cause reduction in yield due to dry spell in 

vegetative stage, therefore, the strategy for getting successful crop is providing small quality 

of water, if available, at any stage if the dry spell is more than 10 days in light soils and 15 

days in heavy soils. 

c) Method of irrigation: Surface methods of irrigation like check basin, basin, and furrow 

methods are not suitable for supplemental irrigation, mainly for three reasons: the rainfed 

lands are uneven, conveyance losses may go up to 30% and limited amount of water available 

for irrigation.  

Drip and sprinkler irrigations are more suitable because small amount of water can be 

delivered, even on uneven soils without conveyances losses (Fig 6). Subsurface drip 

irrigation is very efficient for providing supplemental irrigation. The main drawback of 

micro-irrigation system is high initial cost of the system. Pot watering is another efficient 

method being used by the farmers for transplanting crops like tobacco, chilly, tomato etc., 

 

 

 
Fig 6 Supplemental irrigation by drip irrigation 

 

d) Economics of water harvesting: Water harvesting and use of water for sowing and 

supplemental irrigation increase the productivity of wheat and onion in mountainous 

watershed in Himachal Pradesh. The benefit-cost ratio ranges from 0.41 to 1.33 for water 

harvesting structures of different sizes with an estimated life of 25 and 40 years respectively. 







 



 
 
 
 



 
 
 
 

 



 
 
 
 

 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 



 
 
 
 

 



Mulching for augmenting soil 
moisture conservation: issues and 

prospects

Dr. Gurvinder Singh
SRO, Agronomy



Main Characteristics 
of Arid Zone
Low Precipitation
High Temperature
Major Problems of 
Arid Zone
Less availability of 

Moisture
Soil Erosion
One of the Solutions 
to Problems

Mulching



 The word ‘mulch’ has derived from the German word
“molsch”, which means soft or beginning to decay (Jacks
et.al., 1955).

 Mulch is a layer of material(s) that covers the soil surface to check
evaporation and to control weeds

 Mulching is a water conservation technique that
increases water infiltration into the soil, retards soil
erosion and reduces surface runoff .

MULCHING-A way of moisture conservation



Mulching is mainly employed for 
 Moisture conservation in rainfed areas
Reduction of irrigation frequency and water saving in

irrigated areas
 Soil temperature moderation in greenhouse cultivation
 Soil solorisation for control of soil borne diseases
Reduce the rain impact, prevent soil erosion and

maintain soil structure
For high value crops



Mulching

Non-Living

Organic
Inorganic

Living

Cover Crop



Organic Mulches
Any material of natural origin
that decomposes naturally, can be
broken down by soil organisms

 Plants or animal origin

Organic mulches are temporary decay over
time.

 Improves soil fertility

 Increase water retention Capacity

 Permeability - Organic mulch
naturally allows water to get through
to your soil, while most types of
synthetic mulch do not

http://www.growinganything.com/starting-a-garden.html


Inorganic Mulches

mulching material is always
from inorganic source
(synthetic) .
 Man made,
can not be broken by soil

microorganism
stones, plastic bags , nylon

sheets etc.
They do not decompose

with time (Paper mulch is
exception)
Longer life span than

organic mulches



Working of Mulch



STUBBLE MULCH

A system of crop residue
management using Tillage
generally without any soil
inversion.

•Reducing  soil erosion.
•Reduced evaporation.
•Increase infiltration rate.
•Reduced  Annual weeds
•Less wheat yellowing 
after CRI irrigation



VERTICAL MULCH
• Suitable for heavy black soil ( low infiltration)

• Digging suitable trenches ( 40 cm deep, 15 cm wide

) across the slope in between the crop lines and

filled with straw/ stover/stalk/stubbles

• Soil remain porous for longer period, improves

aeration and infiltration

• Improves soil fertility

• Less runoff and erosion

• Silted in short period

also used to partially 
alleviate soil compaction 

within the critical root 
zones of trees



Dust Mulch/ Soil Mulch
• loosening/ stirring of of top 8-10 cm surface soil to turn it in to fine dust

particles.

• controls evaporation from sub soil by breaking the capillary continuity

( PLOUGHING FORMS LARGE PORES, water can not move from small pores

in to large pores by capillary action and prevents upward movement of

water from the wetter soil below the mulch/

• Suitable for medium to heavy texture soils( vertisols)- due to cracks

formation, more moisture loss

• These cracks are filled and covered by the loose layer of dust mulch

• Interculture operation creates dust that breaks continuous capillaries
• It is used as a mid season correction measure for moisture conservation



Dust mulch 



PLASTIC MULCH
 Suppress weeds

 Conserve water in crop production

 Reduced evaporation and salinity

 Soil solarization

 Longer life span
Water erosion is completely averted
since soil is completely covered form
bearing action of rain drops

Moisture conservation 
• Plastic film does not allow the soil moisture to escape Water that evaporates from the soil 
surface under mulch film, condenses on the lower surface of the film and falls back as 
droplets. 
• increases the period between two irrigations. 
• The irrigation water or rainfall either moves into the soil through holes on the mulch around 
the plant area or through the un-mulched area. 



Impact on weed growth
Photosynthesis does not take place in the absence
of sunlight below black film hence, it arrests weed
growth
Impact on soil salinity
Transparent film - Deposits more salt on soil surface 
Black film - Restricts water movement and upward

movement of salt
Selection of mulch
Weed control through solarisation - Transparent film 
Weed control in cropped land           - Black film
Rainy season - Perforated mulch 



Limitations 
• Costly 
• Probability of ‘burning’ or ‘scorching’ of the young pants 

due to high temperature of black film. 
• Difficulty in top dressing
• Reptile movement and rodent activities
• if properly not removed- create disturbances
• Environmental pollution
• Difficult in machinery movement 
• In thin mulches- short life span and weed penetration with 

thin films 
• Installation+ removal+ disposal  are also main concern



PAPER MULCH

• Paper is inherently porous
and hygroscopic.

• Helps in seed germination.
• Offer a solution to the

problem of disposal of
plastic mulches.

• Newspaper degrades
most rapidly whereas
straw mulch degrades
very slowly.



LIVING MULCH

• Cover crop interplanted or under sown 

with a main crop

• Serve the purposes of a mulch

• Can act as bonus to yield if planned

• Regulation of soil temperature

• Protecting soil from water and 

wind erosion

• Provide biomass for various uses

• Fodder crops can cultivated with main 

crop

Living mulch 
planted to retard 
weed growth 
between corn rows



 Water conservation

 Moderates soil temperature

 Controls weeds

 Controls soil erosion

 Provides valuable nutrients as breaks down

 Encourages worms, which aerate the soil

 Controls soil salinity



Water Conservation by Mulching

 Improves infiltration rate

Moderation of soil Temperature

 Minimizing Evaporation

 Preventing Run-off

 Suppress water-stealing weeds

 Add organic matter to the soil

 Improve water retention capacity of 

soil



Prevention of Crusting and Compaction, and Soil 
Erosion

When raindrops hit bare soil, 

Dispersion of soil particles

surface sealing Soil crust formation 

Mulch action
absorb the energy of falling raindrops No dispersion

No surface sealing and crust formation



Soil Conservation by Mulching

Mulches break the force of rain and irrigation water

thereby:
preventing erosion

 preventing soil compaction and crusting 

Reduce runoff velocity

Improve Soil texture and WHC. 

• Organic mulch slows down rainwater run-off which increases 

infiltration, which increases water recharge.

• plastic mulch covers the soil completely and is impermeable to 

moisture



Straw mulch ensures early 
emergence in mentha during 

summer season



Mulches add organic matter

• Organic mulch improves soil fertility

• After decay organic mulches produce poly saccharides that 
help to form and stabilize soil structure. 

• Improve soil porosity- provide nutrition for soil micro 
organisms

• Inorganic mulch did not improve the soil fertility.



MULCHES CONTROLS SOIL SALINITY

In dryland soils less precipitation and more evaporation

salts solublise in water and moves upward with water 

After evaporation of water, salts are accumulated in root 
zone causes salinity problem

Mulches improve infiltration and check evaporation



Mulches  and Soil Temperature
• Straw mulch reduces the soil temperature during summer 

while increases during winter
• Black plastic mulches can either raise or lower soil temperatures,

probably depending on how much light is absorbed by the plastic and
whether heat is retained or reflected.

• Clear plastic mulches routinely raise soil temperatures since radiation
(including infrared wavelengths) is transmitted through the plastic and
heat is retained.



Better quality produce



Limitations/ concerns of mulches
• Scarcity of crop residue due to its alternate uses- used for cattle 

feeding

• Organic mulches increase the occurrence of insect pests and 

diseases

• Inorganic mulches are costly

• difficulty for mechanization in mulched plot

• Nutrient top dressing is not effective

• Crop yellowing due to nutrient immobilization- High C:N ratio

• mulch thickness – affects crop emergence

• Mulch material fineness is also important

• Timing- when Straw mulch should be applied?

Initial stage low ET



 Rainy Season- less effective, can keep the soil too moist, 

restricting oxygen in the root zone on  poorly drained soils. 

 Mulch selection

 Source and availability

 Weeds seed and occurrence

 difficulty in Water management

 Temperature during crop period v/s effectiveness

• Suitable crops/feasibility- not suitable for closely spaced



Weeding before mulch application  is essential / 
go for pre-emergence weedicide

Mulch and weed control

Depend on type of mulch
thickness of organic mulch
No Light for photosynthesis- less weed 
growth



Due to rainfall/ irrigation, mulch is 
accumulated at one place



Lack of fodder/
residues are not 
left in the field



MULCHER  MACHINE

Used for mulching of straws of 
crops such as rice, maize, 
sunflower and tobacco residues 
easily

This machine shreds the weeds
and stock of row crops in
orchards

Cutting height is adjustable by
two wheels at the back of the
machine.

Cost: Rs 1,50,000(Approx)

The knives which are jointed on 
the roller, rotates vertically.





A schematic diagram of different  mulching methods



SOWING MANAGEMENT

IN RAINFED AREAS

)



Sowing Management 

 Sowing is the process of planting of seed.

 Prerequisites of sowing-

 Why to sow? For food grain production

 What to sow? seed and its characteristics

 When to sow? Time of sowing, type of sowing

 Where to sow?   Selection of land, depth of sowing

 How to sow?      Methods of sowing, implements used, common practices, 
seed treatment



TIME OF SOWING

location specific & depends upon cropping system, variety, receipt of

rainfall & moisture availability.

OPTIMUM TIME: Sowing at optimum time increases yield because-

• Flowering is induced after sufficient vegetative growth.

•Stress conditions are avoided during critical stages.

EARLY SOWING : Beneficial for kharif sowing if pre-monsoon and

Beneficial for Rabi sowing for utilization of residual moisture. e.g.-

Sorghum gives equal yield as in irrigated conditions if early sown in

rainfed.

DELAYED SOWING should not be done as it invariably reduces yield.



TYPE OF SOWING

DRY SOWING: Adopted in black soil, WET SOWING: Most common method.

where sowing operation is difficult to Minimum amount of rainfall is needed.

carry out.

Seeds are sown in dry soil, around 7-

10 days before anticipated rainfall. .

1st rainfall is efficiently utilized.



DEPTH OF SOWING

• Uneven depth: Uneven crop stand.

• Shallow depth: Poor germination due to lack of moisture, as surface soil dries up.

• Deep sowing: Poor emergence due to lack of sunlight, aeration,food reserve and 

coleoptile length.

• Optimum depth depends upon-

Size of seed Seed reserve             Mode of Germination

Coleoptile length Soil moisture

THUMB RULE: Sowing depth is approximately 3-4 times diameter of seed.

RECOMMENDATION: Deeper placement of seed with optimum soil cover.

Crop Depth(cm)

Oil seeds 1-2

Millets 2-3

Pulses,Cotton 3-5

Soil surface

Seed covering

Seed



METHOD OF SOWING

Broadcasting,   Sowing behind plough, 

sowing by seed drill

Dibbling of seeds  

planting of seedlings.

Sowing method depends on- seed size, soil condition, time available,

cropping system, sowing depth etc.

1.BROADCASTING: 2. SOWING BEHIND PLOUGH:



Traditional methods of sowing

(behind the plough)

KERA METHOD PORA METHOD

Drilling of seed with funnel 
attached to country plough

Placement of seed behind 

country plough



CRIDA has developed special farm implements for sowing in rainfed conditions-

3 or 4 row planters(Animal drawn)

9 row planter(Tractor drawn)

BBF planter(Tractor drawn)

Double furrow multicrop planter



SEED TREATMENT
The seeds are subjected to special treatment for
various purposes such as protection against pest and
diseases, inoculation of bio-fertilizers and inducing
drought tolerance.

Done by 

 Seed priming

Seed hardening 



Seed Priming

• Priming is a form of seed planting preparation in which the seeds are pre-

soaked with chemicals before sowing.

• Primed seeds show a faster emergence time.

•

• A higher emergence rate, and better growth, suggesting that the head-

start helps them get a good root system down early and grow faster.

• This method can be useful to farmers because it saves their money and

time spent for fertilizers, re-seeding and weak plants.



Seed Hardening

1. Water treatment

Seeds are soaked in water to absorb moisture 35% of their 
weight,from 2-24 hours at 15-25 C and then shade dried for 2-3 
days to bring back to original moisture content.

2. Chemical treatment
Crop Chemical Concentration Hours of 

soaking

Rice Potassium Chloride 1% 10

Sorghum Potassium dihydrogen phosphate 2% 6

Pigeon Pea Zinc Sulphate 100ppm 4

Groundnut Calcium chloride 0.5% 6

Sesame Ferrous sulphate 0.2% 6

Cotton Cycocel or Potassium Chloride 500ppm 12

Maize Water ---- 12 to 16

Seed hardening is the physiological preconditioning of 
the seed by hydration to with stand drought unde

rainfed condition



Soil surface
Seed covering

Seed

Deep seeding with optimum  

seed covering

Seed and sowing management

Seed- New  healthy seed ( Seed replacement rate is very poor)
•Sowing method- Line sowing v/s Broadcast
•Ensure rice seedling at community level( where irrigation facilities are 
available)
•Seed priming
•Seed treatment
•Sowing depth-Machines for deep seeding (putting seeds in moist zone)

Shallow/deep sowing – Less germination, 

Poor plant stand 

Deep sowing (10 cm) of chickpea 

reduces incidence of wilt.



Conventional methods of Sowing

Broadcast /pora/ Kera Utera
cropping is common

 Uneven distribution of seeds and 

fertilizer

 Higher wages

 Poor efficiency

 Bullock power dependent 

Tractor drawn BBF Planter  CRIDA Bullock Drawn Planters

Pora cropping
Kera cropping



Land preparation  and tillage practices in 
rainfed areas

Land preparation involves three main steps:

➢Management of preceding crop residues

➢Tillage (plowing, harrowing, sub-soiling)

➢Leveling of field.



Objectives of land preparation

Under rainfed situations, land preparation helps in

• Creating a suitable bed for sowing of seed which
permits good soil-air-water relations.

• Controlling weeds, pest and diseases

• To incorporate the crop residues.

• To facilitate proper soil chemical and microbial
activity.

• Good physical condition of soil early root penetration
and proliferation.

• To improving moisture retention



Problems of dryland soils

• Low water holding capacity of soils (Alfisols,
Inceptisol).

• Soil Crusting in Alfisols leading to poor Infiltration,
more Surface runoff and more Soil Erosion.

• Soil salinity due to excess Evaporation and low rainfall.

• Steep Slopes

• Development of hard pan in the Soil.

• Swelling (due to water storage) and shrinkage (due to
water removal) leading to deep Crack formation in
Vertisols.

• Too hard soil when dry and too sticky when wet
(Vertisols)- Narrow range of Tillage operations.



Strategies for land preparation

Deep ploughing

• Deep ploughing should be done in every 3 years.

• To loosen the soil and attaining proper aeration.

• Breaking of the hard pan layer

• Better root penetration in deeper layers

• Drought tolerance

• Avoid water stagnation in the field

• Plant roots utilize the sub-soil nutrients

• It is advisable to go for deep ploughing only for long 
duration, deep rooted crops

• According to CRIDA, shallow ploughing- 5-6 cm medium 
deep ploughing- 15-20 cm deep ploughing- 25-30 cm



Off Season Tillage
Tillage operations are done during uncropped season( pre 

monsoon period)

Tillage operations done not for immediately raising crop 
plants but for conditioning the soil suitably for the 
forthcoming main crop are said to be off-season tillage. 

Objectives

• Water conservation- in vertisol close the cracks, ground 
water recharging

• Levelling to desired grade.

• Leaching to remove salts.

• To reduce pest and insect population.

• Off season tillage in alfisols breaks the crust and increases 
infiltration and decrease weeds problem 



Conservation Tillage

• It is effective for moisture conservation in rainfed area

• Edward H Faulkner- regarded as father of conservation tillage

• Wrote a book “Plowmans folly- A Second Look” describes his 
thought on conservation tillage

• 30% Crop residues kept with minimum tillage in soil.

Advantages

• Reduces the evaporation.

• Maintains Soil temperature.

• Adds organic Matter to soil.

• Enhances soil microbial activity.

• Provides better microclimate to the soil.

• Less soil erosion.

• Less runoff losses of water.

• Increases opportunity time of water to infiltrate 

Limitations- weeds/ fodder shortage/ compaction



Dust Mulching( soil mulch) in Vertisols

• Ploughing of 8 to 10 cm of top layer of soil 
(shallow tillage operation). This leads to breaking 
and filling of the capillaries with soil.

• Prevents loss of water through evaporation as no 
capillary rise of water occurs.

Broad bed and furrow system in vertisol

• Developed by ICRISAT

• Suitable for vertisol or black soils in high rainfall 
areas (>750 mm)

• Bed width-90-120 cm, bed height- 15 cm, furrow 
width-60 cm and furrow depth-15 cm

• Provide drainage to excess water through furrows 
without harming the crops.



Land leveling

• Increases opportunity time of water to enter in the soil.

• Less runoff losses, prevents soil erosion.

• Better crop management can be done on leveled land.

• Proper drainage channels are required to avoid water 

stagnation in Mollisols.



Precautions

• Early land preparation after the harvest of previous 
crop is required. It conserves more moisture than keeping 
land unploughed because it breaks the capillaries and 
reduces the evaporation from deeper layers of the soil. 

• Don’t leave the land unplanked during day time-means 
the open soil should not be exposed to sun for a longer 
period 

• Preparing land prior to probable rainfall date. 

• Land preparation should be done when ET losses are the 
minimum 

• Ploughing should be done in the early morning followed by 
planking or ploughing in the evening and planking in the 
next morning so that dew can be harvested.

• In high infiltration rate condition, soil compaction is 
required. Due to this, soil particles are closer which 
increases micro-porosity as well as WHC.



• Pre-monsoon showers should be utilized for deep 

ploughing .

• For small seed crops (Finger millet) soil compaction below the 

seeding zone is necessary for good crop establishment. 

• Tillage intensity depends on type of soils as well as crop 

also.

• Heavy soils require more tillage operations.

• Groundnut requires loose and friable seed bed/no heavy soil 

• Sesame and rape seed mustard needs well pulverized fine seed 

bed .

• Each ploughing operation must be followed by planking.



Summer deep ploughing

• To improve the infiltration and permeability capacity of the 

soil, which increases the moisture conservation capacity of the 

soil

• Prevents the surface runoff i.e., soil erosion, improves 

moisture conservation hence refilling the water table.

• Break the crust,Capacity to absorbing rainwater increases in 

the soil.

• In vertisols, close the cracks



CONTINGENCY CROP

PLANNING

(in dry land agriculture )



CONTINGENCY CROP PLANNING

 Modification of cropping practices to overcome the 

undesirable effect of weather . 

 Delayed onset of monsoon

 Early onset and sudden break

 Dry spells during crop growing season

 Early withdrawal of monsoon 

 Delayed withdrawal or extended monsoon

 flooding



DELAYED ONSET OF MONSOON (JULY)

 Shorter the length of growing season .

 Crop sowing is delayed 

 Sowing of rabi crop is suspended if long duration 

var.is sown 

 Restrict the choice of crop and variety

 restrict the choice of input use 

 Crops which has narrow sowing window- most 

affected



SOLUTION

 Crop and variety should be selected according to 
monsoon onset eg. 

delay 15 -20 July: setaria

delay 1- 15 August :castor 

delay 1-7 September : rabi jowar /for fodder /maize

 Inter cropping eg. Cereals + pulses /oil crop 

 Higher seed rate and plant population approx. 20 to 
25%

 Raising nursery and transplanting (if possible) eg. Mid 
to late variety of finger millet and pearlmillet etc.

 Change in plant population and planting geometry as {if 
long duration crop var. :wider spacing or skip row planting 
than subsequent crop under inter rows }

 Dry seeding { if seedbed is prepared timely}



NORMAL ONSET AND INTERMEDIATE DRY SPELL

(AT THE TIME OF SOWING) 

 Germination reduced

 Plant population reduced

 Less growth and LAI

 Less effect- because during 

this period sowing is carried 

out

 Gap filling with subsequent 

rain if stand reduction less 

than 30% {depend upon crop 

type and age of crop }

 Re sow if stand reduction is 

more than 30%{same crop 

and var or other and var. gen. 

pulses }(if crop is suitable for 

late planting)

 Adopt moisture conservation 

measures

 break soil crust

Problems Solutions 



INTERMEDIATE DRY SPELL

(AT VEGETATIVE GROWTH) AUGUST

 Affects stem elongation

 Affects leaf area expansion

 Affects branching and tillering

 Reduced the potential yield 

 Thinning of 30-50 % population 

(if intercrop : removal of more 

sensitive crop) 

 Dry Leaf removal

 Supplemental irrigation (10 mm 

depth)

 dust mulching/ residues 

mulching

 Weed control

 Use of 2% urea spray after rains

 Opening conservation furrows

Problem Solution 



INTERMEDIATE DRY SPELL

(AT FLOWERING)

 Anthesis and pollination 

affected

 Flower drop

 Pod and grain no is reduced 

 Less residual moisture for 

succeeding crop .

 Adopt moisture conservation 

practices and reduce 

evapotranspiration

 Lower leaf removal

 Harvest for fodder crop (if 

more loss condition)

 Ratoon with subsequent var. 

eg. In millets ( sorghum )

Problems Solutions 



EARLY WITHDRAWAL OR CESSATION OF MONSOON

(SEPTEMBER)

 Moisture stress at maturity 

(inflorescence /flower 

initiation/pollination/ grain 

filling) is affected

 Rabi crop sowing suspended

 Length of growing season is 

reduced 

 Heavy reduction/total crop 

failure

 Life saving irrigation (if 

possible)

 Reduce evaporation and 

transpiration loss

 Stripping of leaves

 Harvest at physiological 

maturity

 Harvest for fodder (more 

loss )

Problems solution



DELAYED WITHDRAWAL AND EXTEND MATURITY

o Extend growing 

period 

o More prone to insect 

and disease 

infestation

 Subsequent cropping , 

double cropping (if 

deep soil )

 Short duration crop 

Problem Solution 



FLOODING

 Photo insensitive and deep water rice var. and double

transplanting of rice in rainfed lowland

 Short duration crop like pulses like urd , moong and

seed oil crop like toria

 Maize , cowpea ,sorghum, etc of hybrid napier

Solutions 



Mitigation means actions that we can take 
before, or at the beginning of, drought to help 
reduce the impacts of drought.  

 

Mitigating drought involves a wide range of 
agricultural practices including finding additional 
water supplies and conserving water that is 
already available.  

 

However, it is not enough to make drought plans 
based only on agricultural practices. There are 
many other strategies at government level that 
are just as important. 

How can we mitigate drought? 



It is important to realize that we will not be able to 
defend drought overnight.  
 
Some of these strategies will take time to implement 
and to see the result.  
 
We continually need to plan and to follow the plans 
in order to prevent drought from having devastating 
impact on life. 

How can we mitigate drought? 



 The crop based strategies that will help to 
mitigate drought are :  

 
• Land planning system 
 
•  Soil management techniques 

 
• Crop management techniques 

 
•  Integrated watershed management 

 
•  Other water management technique 
  
•  Other practices 

How can we mitigate drought? 



Land planning systems 

 

 Some lands can only sustain limited cultivation 
because they are prone to drought. These are 
best used for alternate uses rather than normal 
food grain crops.  

 

 Land-use systems give stability to dry land 
production systems and also make good use of 
the land and  rainfall during the off-season. 

 

How can we mitigate drought? 





Some examples of alternate crops you can grow are : 
 

• Establishing perennial grasses for livestock 
farming 

How can we mitigate drought? 

Fields planted with pasture grass 



Some examples of alternate crops you can grow are : 
 

• Alley-cropping, Agroforestry or Silvipasture 
practices. 

How can we mitigate drought? 

Alley-cropping of sorghum  
and Leucaena 

Silvipasture system (Trees and  
Sorghum for fodder) 





Differences in water-balance components between an agroforestry system 

with 50% tree cover and a monocrop.  

 

Water-balance 

component 

Difference between 

agroforestry  

and monocrop (% of rainfall), 

semi-arid climate 

Difference between 

agroforestry  

and a monocrop (% of rainfall),  

humid tropical climate 

Interception loss +10% +10–50% 

Runoff Decrease Decrease 

Soil moisture Decrease Decrease 

Soil evaporation -10% –5% 

Transpiration Increase 

 

 Increase 

Drainage Decrease Decrease 

water-balance components between an agroforestry  

system and a monocrop  

(Wallace et al., 2003), ICRAF, Nairobi Kenya 





Micro-climate Modification 
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The effectiveness of the shelter to reduce wind speed on 

the leeward side of shelterbelts depends upon the 

permeability, height, shape and width of barrier.  

Influence of a dense windbreak on the ratio of 

wind speed in shelter (Us) and in the open (U) 
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The optimum protection to crop is provided by a shelterbelt 

having 40-50% permeability. The shelterbelt of 47% 

permeability with optimum angle may protect area up to 25 H 

(height of shelter belt) distance on the leeward side. When 

wind parallel to shelter belt it will reduce wind speed up to 5 H. 

Influence of a permeable windbreak on the ratio of wind 

speed in shelter (Us) and in the open (U) 
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Summary diagram of the effect of barriers on micrometeorological factors. The arrows 
indicate the direction in which values of different factors have been found to vary 
relative to the control values measured in unsheltered areas. H = height of shelterbelt 



Soil management techniques 

• Tillage during the off-season or in pre-rainy season, 
helps with rain water intake by breaking the hard soil 
and making the soil surface more permeable.  

• This allows water to seep to the deeper soil layers and 
keeps the soil wet for longer time.  

• The result is the soil will have more moisture during 
sowing the crop. 

• Tillage also controls weeds which depletes the soil 
moisture.  

• Off-season tillage also destroys the eggs, cocoons and 
larvae of some pests by exposing them to the sun which 
otherwise affect the already stressed crop plants. 

How can we mitigate drought? 



Soil management 

Continuous No-till can limit the impacts of 

moderate drought.  

• Reduces rate of evaporative water losses  

    Crop residues reduce the rate of evaporation  

• This is important during the early part of the growing 

season.  

     Canopy closure reduces this affect  

• Summer crops generally respond more consistently to 

no-till than winter crops  

• But wheat can respond depending on rainfall patterns 



Table: Effects of tillage on water 

infiltration on a silt loam soil 

Dry soil 

mm/hr 

Wet soil 

mm/hr 

No till 43 22 

Conventional 

tillage  

31 10 

http://www.attra.ncat.org/attra-

pub/PDF/drought.pdf 



Long term wheat yield  



Rainfall pattern 

Wheat yields were higher when fall rains were higher 

No Till also decreases runoff and increases infiltration 



Land preparation 

 Conserving residual soil moisture 

       Mulching/ sun drying of harvested crop 

 Ploughing in the evening and planking in the next morning 

 Immediately after harvest of rainy season crop e.g. Maize, 

Barnyard millet  

 Dew harvesting : repeated ploughings and planking 

 

 

 



Crop management techniques 

Selection of crops 

 
• Avoid growing of drought prone crops like maize, 

cotton etc. 
 

• Growing drought resistant grain crops like sorghum, 
pearl millet, finger millet, fox tail millet etc. 
 

• Growing drought resistant legume crops like 
pigeonpea, green gram, horse gram etc.  
 

• Growing of oil seed crops like castor, sunflower, 
niger, sesame, safflower etc. 

How can we mitigate drought? 



Crop management techniques 

Selection of crops 

 Crops like maize and cotton require assured rainfall even 
for giving normal yield. These crops have no capacity to 
recover from any moisture stress during their growing 
period. These crops also require higher nutrient 
application which means more monetary losses for the 
crop failure during drought. 

How can we mitigate drought? 

Maize crop Cotton crop 



Crop management techniques 

Selection of crops 

 

 Sorghum is a good crop to 
grow in drought prone areas 
as it needs less water. It also 
provides grain for the family 
and fodder to the cattle. 

 The crop also recovers fast 
from drought stress. 

  

How can we mitigate drought? 

Sorghum crop 



Crop management techniques 

Selection of crops 

 

 Pearl millet is another good 
crop for drought prone areas. 
This crop requires less water 
than even sorghum. Pearl 
millet also provides grain as 
well as fodder. 

  

 How can we mitigate drought? 

Pearl millet crop 



Crop management techniques 

Selection of crops 

 

 Pigeonpea or Red gram(Arhar) 

 is a legume crop grown in dry 
lands because of its deep root 
system which can help 
utilizing moisture from lower 
depths in soil. Being a legume 
it can improve the soil quality 
by nitrogen fixation. It  
provides nutritious pulse to 
the farmers. 

 How can we mitigate drought? 

Short duration 
Pigeonpea crop 



Crop management techniques 

Selection of crops 

 Legumes like green gram , cowpea, horse gram etc are 
also good choice of crops under limited moisture 
conditions. So, these crops suit well under drought 
conditions. These crops also provide nutritious pulse 
and also fodder for the cattle.  

How can we mitigate drought? 

Green gram crop Cowpea crop 



Crop management techniques 

Selection of crops 

 Oil seed crops like niger, sesame, safflower also can be 
grown under drought conditions. 

How can we mitigate drought? 

Niger crop 
Sesame crop 



Crop management techniques 

Intercropping practices 

 Intercropping refers to growing more than one crop in 
the same land area in rows of definite proportion and 
pattern.  

 Intercropping system provides insurance against total 
crop failure in drought prone areas. 

 A few examples of suitable intercropping systems 
under drought are 

   Sorghum and Pigeonpea 

   Pearl millet and Pigeonpea 

   Pearl millet and Cowpea 

   Sunflower and Horsegram 

How can we mitigate drought? 



Crop management techniques 

Intercropping practices 

How can we mitigate drought? 

Sorghum and Pigeonpea 
Intercropping 



Inter/mixed cropping in cropping system 

 Less evaporation losses 

 More extraction of water 

 Weed control 

 More yield/area 

 Greater LUE 

 Improved soil fertility 

 Pest control (sorghum+ p.pea) 

 



Pre- requisites 

• Shallow rooted + deep rooted 

• One SD+ one LD 

• Erect + bushy 

• Depends on the rainfall and soil moisture content 

• Zero competition(maize+ urd) 



Effect of moisture conservation practices and inter-cropping on yield, 

consumptive water use, water use rate and water use efficacy  

Treatment Maize eg. 

Yield  

CU 

(mm) 

Water use 

rate (mm/day) 

WUE 

(MEY/ha/mm) 

 Cropping system 

Maize sole         31.3        232.7         3.12         9.97 

Maize+Moong bean (1:1) 43.47 312.5 2.23 10.10 

Maize+Moong bean (1:2) 45.57 328.10 3.28 10.14 

CD at 5% 1.91 - - - 

Moisture conservation practices   

No mulch  35.82 305.92 3.05 10.22 

Dust mulch + Straw mulch  40.02 323.15 3.23 10.15 

Kaolin + Straw mulch dust 

mulch  

39.19 322.32 3.22 10.13 

FYM @ 5 t/ha 38.44 314.96 3.14 10.35 

FYM+Dust mulch + Straw 

mulch  

44.93 333.10 3.33 10.40 

CD at 5% 2.06 - - - 



Selection of crops and varieties 

Growth pattern (critical stages) matches with rainfall pattern 

Shorter duration 

Faster growth during initial phase 

Strong and penetrating root system e.g. millets 

Responsive to fertilizers 

Potential for high yield 

Wider adaptability (over space and time) 

Legumes has an edge over cereals   

The modern rice varieties have about a 3 fold increase in 

water productivity compared with traditional varieties. 













Early/ timely sowing 

 Kharif season- depends on the onset of monsoon 

 Rabi seaon- immediate after harvesting of kharif crop 

 

Early sowing- 

   Increases length of growing period 

   utilizes residual moisture 

   less attack of insect pests and diseases 



Crop management techniques 
Plant Density 
• It is important to keep optimum plant population 

and row spacing. Generally wider plant spacing is 
preferred in drought prone areas. 

• You must careful not to space the plants too 
widely. This will not use the available soil 
moisture to the capacity. 

• Remember that more plants do not necessarily 
means more yield. In dry lands more healthy 
plants needed for better yield. 

• Seed rate : 25% extra excess removed after 2-3 
weeks 

• Sowing of soaked seed (partial hydrated, PEG, 
1% KCl, KNo3) 

• Dibbling in crust prone soil 
• Deep placement 

How can we mitigate drought? 



Seed priming 

Concept - Prof. Walter 

Heydecker,1970s 

• Reduced time to radicle emergence 

(„advancement‟) 

•Improved speed and synchrony of 

seedling emergence 

• Raise upper-temperature limit for 

germination 

•avoid thermodormancy 

 



Crop management techniques 

 
Weed management 

 
• Weeds compete with crops for soil moisture 

and nutrients.  
• Weeds also hosts some pests and diseases 

and these will migrate and affect the crops 
which are already under stress under drought 
conditions. 

  
So, good weed control from the early stages of  
crops is essential in drought areas. 

How can we mitigate drought? 



Crop management techniques 

Weed management 
      Good weed control from the early stages of  

 crops is essential in drought areas. 

How can we mitigate drought? 

Weed-free 
groundnut crop Weeds smothering  

groundnut crop 



Crop management techniques: soil/dust mulch, 
straw/stubble mulch, Plastic mulch (white), 
chemical (hexadeconol), pebble, live, vertical 
mulch etc. 

 
Surface mulching 
  
Surface mulching either by timely intercultivation or  
by covering the soil surface with plant residues  
benefits the crops 
  

• Reduce water evaporation from soil. 
• Reduces water runoffs from the cropped 

fields. 
• Help control weeds. 
• Adds organic matter to the soil and improves 

soil quality. 

How can we mitigate drought? 



Crop management techniques 

 
Surface mulching 

How can we mitigate drought? 

Surface mulching 
with paddy straw 



Fallow Management 

 “Leaving the land fallow during rainy season and raise the crop only during 

post rainy season on profile stored soil moisture”. 

 

 Fallowing+ conservation tillage- more effective 

 

 Fallowing is likely to be use full where- 

Soil at the surface is loose, heavy in nature 

Weed free 

Water penetration >20 cm 



Fallow management 

Spring rice  
Sowing on residual  

moisture  
of winter rains 

Wheat 
Sowing on residual  

moisture  
of S-W rains 

Finger millet  
Dry seeding 

Fallow 
For grazing,  

land quality improvement 

Tips for enhancing water productivity 

• Replace spring rice with June seeded rice 

• Long duration FM with short duration 

• Fallow with lentil/ toria 

• Early sowing of wheat var. VL 616, 738, 829, 
HS 277 



Nutrient management 

• “Soils are not only thirsty but hungry too” 

•   Fertilizer recommendations for rainfed <irrigated areas 

 

Adequate soil fertility is essential for - 

• efficient water use by crops 

• Improvement in crop tolerance to moisture stress in dry land farming 

 

 

• P promotes root growth 

• K imparts resistance to water stress 

• Fertilizers should be placed in the moist zone 

 

•                     IPNM approach 



Deficit and Supplementation Irrigation 
When water supply is insufficient to meet full crop water demand 

Supplemental irrigation aims to add a limited amount during critical and 

water stress sensitive crop development stages, such as flowering and initial 

grain setting, or early establishment. 

Deficit irrigation is the deliberate management of crop water applications to 

create a prescribed water deficit that results in a small yield reduction, which is 

less than the concomitant reduction in evapotranspiration. 

Advantage: The potential benefits of deficit irrigation arise from 

enhanced water productivity and lower production costs if one or 

more irrigation application can be eliminated. 

Risks: When water supplies are uncertain, as is the case with 

rainfall and unreliable irrigation supplies, deficit irrigation carries 

considerable 

risk for the farmers 



Micro-irrigation methods 

1. Drip (or trickle) irrigation 



Crop management techniques 

Integrated Nutrient management (INM) 
 
     INM takes care of physical, chemical and 

biological needs of the soil. It meets the 
nutrient needs of the soil from the use of 
organic and inorganic fertilizers. 

 
    Benefits of INM: 

• Increases water holding capacity of the soil.  
• Increases the amount of nutrients in the 

soil. 
• The soil will be free from disease causing 

organisms. 
• Application of 2% urea spray, Dap, Znso4 or 

FeSo4 (0.25%) 

How can we mitigate drought? 



Integrated watershed management (IWM) 

 
IWM is the an efficient way to continually manage  
land and water resources in the drought prone areas.  
The focus of IWM is conservation and efficient way of  
using rain water. IWM combines several approaches  
to minimize the risk of drought.  
 
These approaches are: 
 

• Soil and water conservation 
• Rain water harvesting  
• Efficient land and crop management 

How can we mitigate drought? 



Water harvesting 



Other water management techniques 
 
Every drop of water  will make a difference during  
drought and so efficient conservation of rain water is  
key to mitigate drought. The different methods of  
conserving water are: 
 

• Building masonry storage tanks and broken 
embankments in community ponds and reservoirs. 

• Building earth percolation ponds to store rain water. 
• Desilting all water storage structures. 
• Building check dams 
• Rooftop rain water harvesting. 

How can we mitigate drought? 



Insitu moisture conservation 

Conservation furrow Off season tillage 



Along- and across-contour cultivation Vegetative barrier on terraces 

Tree & vegetative barrier across 

slopes 

Vegetative barrier across slopes 



Rainwater Harvesting 

• Broadly defined as the method of concentrating, diverting, 

collecting, storing, and utilizing and managing runoff for 

productive use 

• One of the approaches to integrated land and water management, 

which could contribute to recovery of agricultural production in dry 

area as well as provide water for sustainable development. 

• Runoff is collected mainly from roof-tops, ground catchments as 

well as ephemeral streams (flood water harvesting), and 

road/footpath drainage.  

• Different structures are used for storage - tanks, reservoirs, dams, 

water pans, etc. 



LDPE-LINED WATER 

HARVESTING  TANK (15 

m3)  
HARVESTING 

RUNOFF THROUGH 
ROOF-TOP  



Water harvesting - supplemental 

irrigation 
Collection/storage in 

reservoirs/tanks 

• Water from runoff, wells, and 

streams 





Other water management techniques 

How can we mitigate drought? 

Farm ponds 

Water Tank 
Check dam 



Interaction effect of different land configurations and mulching material on 

grain yield (t/ha) of sorghum  

Treatments  

Land configurations  

Grain Yield  

No. 

Mulch  

Straw 

mulch @ 6 

t/ha  

FYM mulch 

@ 6 t/ha  

Green weed 

biomass @ 6 

t/ha 

Glyricidia 

leaves @ 6 

t/ha  

Flat System  3.88 4.61 4.36 4.46 4.38 

Ridge and furrow 

system  

4.85 

 

5.13 5.36 6.20 6.34 

Flat sowing with 

earthing at 25 DAS 

4.87 5.14 5.43 5.32 5.33 

SEm± 0.02 

CD (P=0.05) 0.05 



Effect of weed-control treatments on weed parameters at 40 DAS in rainfed upland rice 

(pooled data of 2005-2006)  

Treatment Weed density 

(no/m2)  

Dry weight of 

weeds (g/m2)  
Weed control 

efficiency (%) 

T1,Weed-free   2.19(4.80) 2.51(6.30) 95.8 

T2, Weed check  5.07(25.71) 12.73(162.05) 81.8 

T3, Pretilachlor @ 1.0 kg/ha  3.24(10.50) 5.47(29.92) 81.3 

T4, Butachlor @ 1.25 kg/ha  3.37(11.36) 5.74(32.95) 89.2 

T5, Metsulfuron methyl 10% 

+chlorimuron ethyl 10% @ 6 g/ha  
2.84(8.07) 4.15(17.22) 86.3 

T6, Oxadiargyl @ 80 g/ha  3.14(9.86) 4.76(22.66) 90.6 

T7, Working with star weeder at 20 and 

40 DAS  
3.14(9.86) 4.07(16.57) 91.4 

T8, 40 DAS  2.76(7.62) 3.68(13.54) 91.4 

T9, 40 DAS 2.93(8.59) 3.81(14.52) 91.1 

T10, 40 DAS 2.77(7.67) 3.42(11.70) 92.2 

T1,1 40 DAS  2.72(7.40) 3.41(11.63) 92.8 

T12, Mixing horsegram see @ 8 kg/ha 

with recommended seed rate of rice and 

incorporating at 40 DAS  

2.98(8.88) 4.09(16.73) 87.9 

SEm ± 0.15 0.42 

CD (P=0.05)  0.46 1.31 



 

Effect of weed-control treatments on crop parameters, net returns and benefit: Cost 

ratio in rainfed upland rice (pooled data of 2005-2006) 

Treatment Grain yield 

(t/ha) 

Weed index (%) B:C ratio 

T1,Weed-free   2.43 1.17 

T2, Weed check  0.91 62.6 0.62 

T3, Pretilachlor @ 1.0 kg/ha  1.92 26.7 1.24 

T4, Butachlor @ 1.25 kg/ha  1.98 18.5 1.29 

T5, Metsulfuron methyl 10% 

+chlorimuron ethyl 10% @ 6 g/ha  
1.58 34.9 1.04 

T6, Oxadiargyl @ 80 g/ha  2.09 13.5 1.37 

T7, Working with star weeder at 20 and 

40 DAS  
2.11 13.0 1.18 

T8, 40 DAS  2.17 10.5 1.27 

T9, 40 DAS 2.10 11.6 1.24 

T10, 40 DAS 1.92 20.4 1.15 

T1,1 40 DAS  2.21 8.9 1.31 

T12, Mixing horsegram see @ 8 kg/ha 

with recommended seed rate of rice and 

incorporating at 40 DAS  

1.99 18.1 1.18 

SEm ± 0.07 

CD (P=0.05)  0.23 



Integrated watershed 
management (IWM) 

IWM combines several approaches  
 

• Soil and water conservation 
• Rain water harvesting  
• Efficient land and crop management 



GREEN WATER 

Green water is the water held in soil and 

available to plants (ISRIC). It is the largest 

fresh water resource but can only be used 

in situ, by plants. 

 

 

   Blue water is groundwater and stream 

flow, supporting aquatic ecosystems and 

that can be tapped for use elsewhere: for 

domestic and livestock water, irrigation, 

industrial and urban use. 



GREEN WATER CREDITS 

 Green Water Credits - mechanism for transfer 
of cash to rural people in return for water 
coservation through adoption of various soil, 
water and crop management practices. 

 introduced by the International Soil Resource 
and Information Centre (ISRIC), - Netherlands 

  



           
   

       

     

       

Submain line 

Drip line 



When the well is dry, we 

learn the value of water” 
                                                     

                                                        Benjamin Franklin 



Water productivity gains are realized also by non-water 

management interventions 

   1. Development of stress tolerant varieties  

    Drought tolerant mt1D transgenic in sorghum by CRIDA 

                                 
   2. Suitable crops and varieties  

 Transpiration efficiency depends on photosynthetic   type (C3, 

C4, CAM) and on the evaporative demand of the environment. 

It is well-known that transpiration efficiencies of C4 plants are 

larger than those of C3 plants at the level of gas exchange of 

leaves.  

     3. Other practices: Antitranspirant  

Stomatal closing eg PMA(phenyl mercuric acetate, Atrazine, 2,4D, succinic acid  

Film forming eg mobileaf Hexadeconol 0.12g/l, silicon oil 

Refelecting type eg 5% kaoline, Celite, Hydrated lime 

Growth retardant eg cycocel 50 ppm) 
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