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Preface

Our land resources are limited but population is increasing very fast. To feed this vast population, we will have to utilize our agricultural land to the best of its capacities. Multiple cropping is a practice of getting maximum production from a unit area in a certain time span. This booklet describes all about multiple cropping.

Dr. K. T. Chandy, Agricultural & Environmental Education 

I. Introduction, 

The only way to increase agricultural production in the small or marginal units of farming is to increase the productivity per unit time and area. This may be achieved by several ways such as by breeding more productive varieties or quicker maturing varieties with equal yields or by improving techniques, culture, fertilizer use, weed and pest control, etc. The other factor to be added to this list is "multiple cropping". Multiple cropping is a philosophy of maximum crop production per unit area of land.

II. Types of Multiple Cropping, 
Multiple cropping can be practiced in a variety of ways. Each farmer can have his own combinations in multiple cropping. The following are some of the types of multiple cropping.

1. Crop rotations

Growing crops one after another on a piece of land is called crop rotation. This can be done by growing the same crop or different crops. The crops may be annual, biennial or perennial. Annual crops are rotated according to climatic and seasonal

changes.

Rotations such as rice-wheat, maize-wheat-mung, cotton-wheat-mung, jowar-potato-groundnut etc., are example of annual crop rotations with seasonal crops. Whereas papaya- pineapple-sugarcane with ratooning is an example of rotations  with biennial crops. Rubber followed by coffee, orange followed by guava, grapes, pomegranate etc are example of rotations with perennial crops. In these crop rotations it is highly advisable to rotate a soil exhaustive crop with soil enriching crops (leguminous crops).

2. Relay cropping

In relay cropping the successive crop is sown before the harvesting or removal of the previous crop. By this we can save time between two croppings. This can be practiced for annual, biennial and perennial crops.

3. Mixed cropping

When a number of crops are sown and grown together during the same time on a piece of land it is called mixed cropping under multiple cropping. However, there are a number of patterns of mixed cropping. They are explained further.

a. Random mixed cropping

When seeds of several crops are mixed together and sown in a field it is called random mixed cropping.

b. Line sown mixed cropping

In line sown mixed cropping, different crops are sown in separate lines one after another. Compared to random mixed cropping, line sown mixed cropping is better in the sense the inter cultural operations can be done easily. In this cropping, better care can be provided to plants and more yield can be obtained.

c. Strip cropping

In strip cropping each crop is cultivated in patches or strips consisting of a number of lines of the same crop. In this cropping, crops can be given still better care compared to line sown multiple cropping.

d. Mixed cropping with crop of same canopy size 

When a crop of small canopy is located in the interspace, between plants of crop with bigger canopy we get a cropping " pattern adjusted to crop canopy size, In other words between two wider spaced crops we can grow narrowly spaced crops,

Growing areca nut trees between four adjacent coconut trees is an example of mixed cropping adjusted to crop canopy size, Similarly, bananas and papayas can be planted in the inter-space between four adjacent orange trees, lime trees, pomegranate, guava trees and custard apple which are planted in square or rectangular system, Pineapple can be planted on the inter-space between dwarf coffee plants. This cropping pattern is applied when different crops with different canopy size but same canopy height are grown. This way the horizontal space is better utilized.

c. Mixed cropping with crop of different canopy heights 
When a mixture of seasonal, biennial or perennial crops are grown adjusting them according to their crop canopy height it is called mixed cropping with crops of different canopy heights. In this system, the vertical air space is put to maximum utilization. Depending on the number of crops grown in the same space we can have two tier, three tier or even four tier multiple cropping can be followed. This is the most efficient cropping pattern among all the types of multiple cropping. This can also be called multistoried cropping and can be followed for annuals, biennials and perennial crops or a mixture of these three types.

Annual crops

Maize + mung

Cowpea-berseem + sarson, 

Sorghum + urd, 

Castor + groundnut, 

Bajra + groundnut, 

Chilly + arhar and 

Horse gram + castor are examples of annual crops adjusted according to crop canopy height,

Biennial crops, 

Papaya + pineapple, 

Bananas + pineapple are examples of multistoried crops with biennial crops, 

Perennial crops

Coconut + guava or lime or pomegranate, 

Cocoa or coffee etc, are examples of perennial crops. 

Mixture of Perennial, Biennial and Seasonal

Coconut + cocoa + Napier grass and 

Pineapple in strips, 

Drum stick trees + lime + pineapple or yam or tapioca, 

Pruned and tall trained jackfruit trees or 

Neem trees + guava + pineapples or yams and 

Palmara trees + custard apple + castor are examples of mixture of perennial, biennial and seasonal crops in Multistoried multiple cropping.

In multiple cropping trees for fodder, firewood and timber also are grown as farm forestry or agro-forestry. The combinations of various types of crops and the resultant cropping system will depend on the need and ingenuity of the fanner.

III. Prerequisites of Multiple Cropping,
In order to adopt a multiple cropping programme, some basic needs are to be fulfilled. They are described below. 

1. Considerably leveled fields with highly productive soil in which the climatic conditions of the regions are not limiting to crop production.

2. The field should not be prone to be affected by seasonal or occasional flood or drought or severely infested with weeds, pests, pathogens and parasites.

3. The use of short duration, fertilizer responsive, modem type crop varieties or hybrids that fit into an annual cycle of operations for at least three crops in a year.

4. Adequate and timely availability of inputs such as seeds, fertilizers, implements, labour, draft power, plant protection chemicals, etc.

5. Adequate and assured irrigation and drainage facilities throughout the year.

6. Appropriate facilities to remove or utilize crop residue from the field immediately after harvest.

7. The surrounding fields should be cultivated with crops requiring similar agronomic practices. Each crop should be grown in a cluster or in a compact way to avoid hazards of approaching the field for various operations with bullocks or machinery, water management or pest management as these difficulties are associated with isolated plots distributed haphazardly

8. There should be suitable post-harvest opportunities so that crops may be harvested when they are physiologically mature rather than field maturity (at the ripe stage) and there should be a lower requirement of a field drying period which causes delay and probably difficulty in land preparation and sowing of the succeeding crops.

9. There should be an appropriate technical know-how to plan programme and execute exact technology considering the soil crop environment and the ultimate goal.

10. There should be immediate marketing facilities even from the field or door of the farmers with remunerative prices. Most of the time agricultural commodities become victims of distress or credit sales particularly during the harvest season when almost all farmers are compelled to dispose off at least a part of the produce to pay the cost and interest of the capital spent on the cultivation of the crop, as well as to meet the cost of the cultivation of the succeeding crops or to pay the premiums of the insurance and also to meet the recurrent expenditure on the capital assets.

IV. Potential of Multiple Cropping, 
Multiple cropping system has created the following potential.

1.Improved stability of food and feed supply throughout the year.

2. Increased productivity per unit area, time, input and total production accompanied by an increase in the total income of the farmer.

3. Improved distribution of the income throughout the year with quick out-turns and thus an increased possibility of recycling the working capital.

4. Increased total employment and distribution of labour and other capital use throughout the year and opportunities for on-farm seed production, preservation, processing and marketing.

5. Minimized scope of soil erosion and degradation.

6. Maximized possible utilization of land, residual effects of manures, fertilizers, moisture and management practices.

7. Minimized rented value, irrigation charge and other input costs per unit of production.

8. Broadened the scope to select and substitute crop varieties matching the agro-ecological situation, the cropping pattern and programmes based on home requirement and market competitions.

9. Extended possibilities of the complete removal of weeds as reduced fallow periods minimize the reproduction of weeds.

10. Improved nutrition for farm family from crop diversification.

V. Drawbacks of Multiple Cropping, 
There are some drawbacks of multiple cropping systems particularly when they are not adopted properly. The possible drawbacks are given below.

1. A very short time is available for land preparation.

2. It requires more inter cultivation to compensate for inadequate preparatory tillage.

3. The cleaning of stubbles and stumps becomes a great problem.

4. Crops with residual toxicity (allelopathic effect) affect crops in quick succession.

5. It increases weeds, pests and disease hazards if not handled properly.

6. It causes deficiency and disorder due to an inadequate and imbalanced supply of plant nutrients.

7. The lack of appropriate post-harvest technology becomes a limiting factor.

8. Inclement weather and unworkable soil conditions hinder quick succession.

9. It restricts the scope of soil and land improvement.

10. Long duration crops cannot be accommodated.

VI. Constraints in Adoption of Multiple Cropping, 
Although the experiments conducted at different research stations have indicated the high profitability of multiple cropping, yet it is not sufficiently popular with the farmers due to the following probable reasons.

1. The land, water and other farm resources are decidedly inferior to those of experimental stations and farms where experiments are conducted.

2. The farms being small ranging between 0.5 to 3.0 hectares, need fencing and protection unless the adjoining fanners also practice the same pattern.

3. Many fanners are share tenants with limited assets. Hence, high profit may not be an inducement.

4. The family labour and cash flow are limited and as such the fanners may not be able to tackle the needs of multiple cropping.

5. The non-farm and other farm activities compete for labours at the critical times.

6. In most of the villages, the contract labour pools and credit sources are limitted.

7. Inputs that cannot be purchased locally at farm level costs may not be applied as suggested.

8. The crops that local market cannot absorb at profitable prices may not be adopted.

9. In areas depending on onset of rainfall and water resources, the field operation may not be started on time. In these areas, the risks are very high because of water shortage.

10. While quantitative and qualitative resource deficiencies account for part of the gap, socio-economic factors hinder adoption of modem techniques and efficient management.

VII. Some Basic Rules for Introduction
1. No two crops sharing in common the same pests and diseases should be grown either mixed or in succession.

2. One crop should be deep rooted and another with more shallow roots so that different layers of soils can be tapped for nutrients. Varieties of crops also differ in

rooting pattern and if a deep rooted crop such as cotton is grown during kharif, a wheat variety such as Sonalika may suffer less from micronutrient deficiency than Kalyansona which also taps nutrients from the lower

layers of the soil.

3. For the restoration of soil fertility, at least one leguminous crop should find a place in the sequence. If the stalks of cereals are not needed for feeding cattle their incorporation into the soil would help to improve the soil structure.

4. The requirement of different nutrients vary among the crops. So also their capacity to absorb them. Hence it is better to grow crops of different families in sequence.

VIII. Multiple Cropping in Farmer's Field, 

When crops are grown continuously in sequence and with relay and mixed cropping patterns, there is greater scope for reducing the cost of cultivation of crops without adversely, affecting the yield.

1. Tillage

When single or double crops are grown in the same field in a year, the fallow period available in between the crops helps in soil hardening, weed growth and loss of nutrients due to erosion. This necessitates more number of tillage operations than needed. Experiments on tillage have indicated that the concepts of minimum and zero tillage have reduced the cost of production without affecting the yield. The case of relay cropping such as sowing cotton in the stubbles of finger millet has clearly demonstrated that there is no need for preparatory cultivation for cotton for successful growth. Similarly in the paired row system of mixed crops, the interspace is covered by the second crop which helps in controlling weeds and reducing the time needed for cultural operation. Thus this technology helps in reducing the cost for tillage operations considerably.

2. Manures and fertilizers

In the package of practices formulated for any crop, the cost on manures and fertilizers is considerable. Many experiments conducted on cropping system, instead of individual crop have shown considerable saving on the manurial budget particularly with phosphorus and potash without affecting the yield. The usage of a leguminous crop in the sequence helps in the reduction of nitrogen requirement for the next crop.

3. Water

In the irrigated garden land mixed crops, the water loss by evaporation is considerably reduced. The design of irrigation method is changed due to the paired row system and considerable water is saved.

4. Plant protection

The opportunity for greater weed growth in the multiple, relay and mixed cropping system is considerably reduced due to lesser area and time for its proliferation. Again due to the mixing of the crops the spread of the pests and diseases is reduced. These help in the reduction of chemicals needed for their control,

IX. Cropping Intensity,
In the study of multiple cropping, it is very necessary to know the cropping intensity of a particular scheme.

Cropping intensity is the ratio of total cropped area to net cultivated area which is multiplied by 1. 00 and represented in percentage.

          



Total cropped area

Cropping intensity (C.I.) = -----------------------------x 100 

Net cultivated area

Suppose a cropping scheme for a 10 hectare farm is prepared with a number of crop rotations. The total cropped area comes to about 30 hectares. Then the cropping intensity will be 

    30  




C.I. = ----------------X 100 = 300 %
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X. Multiple Forage Cropping Patterns, 

1. Maize + cowpea -berseem + sarson -bajra 

2. Sorghum -lucerne + oats. maize + cowpea

3. Hybrid Napier grass interplanted with maize + cowpea in May and

      berseem + mustard in September -October

4. Hybrid Napier + lucerne

5. Sweet Sudan + cowpea - berseem + mustard + oats.

XI. Multiple Cropping in Relation to Major Crops, 
The evolution and introduction of high yielding varieties and hybrids of crop plants and the matching advances made in the field of agronomy and plant protection have paved the way for stabilized and increased agricultural production. The recent shift in the thinking from production per unit area to production per unit of time and per unit of water has been possible with the development of multiple cropping systems, some of them utilizing the techniques like relay cropping.

The salient points of more important recent advances in the field of multiple cropping made at the Indian Agricultural Research Institute, New Delhi are discussed as follows.

1. Relay cropping

Relay cropping, a new technique of multiple cropping developed at the I.A. R. I. is analogous to a relay nice where one crop hands over the (baton) land to the next crop in quick succession. The relay cropping system aims at increasing the  efficiency of farm inputs to maximize output through a judicious selection of crops and their varieties tailored to fit into a tight schedule of farm operations and opening vast avenues of employment opportunities even on small farms.

A relay cropping experiment with wheat, maize, mung, potato, or toria, grown under scientific management on the same piece of land in quick secession has shown that it is possible to produce 14-15 tonnes of food per hectare per year without impairing soil health. These yields are roughly 5 times as much as those obtained in maize-wheat rotation.

In such a case, mung is sown with a shallow implement such as single row Punjab cotton drill in rows 50 cm apart from North to South. For maize, fertilizer drill in between mung rows and seeds are sown with a hand dibbler. In the absence of mechanic devices, fertilizer can be applied in the furrow made by a hand plough and hand dibbled.

Likewise, toria is sown in the rows of standing crop of maize a fortnight earlier to harvest. Toria crop is irrigated 3-4 days before its harvest, which would become the pre-sowing irrigation for wheat crop and leads to a gain of 3-4 days for wheat sowing. This relay sequence includes one legume i.e. mung which is a restorative crop and recoups soil fertility, two exhaustive cereal crops i.e. maize and wheat which are adequately fertilized and toria which receives only a starter dose of nitrogen. Thus the total quantity of fertilizer used in the 4 crop sequence is the same as recommended for a 2 crop sequence of maize-wheat. However, when potato is grown in place of toria, additional fertilizer application is necessary.

A fascinating feature of four crops a year scheme reported above is that the concept of minimum tillage with main emphasis on weed control has been exploited in crop production. The total number of cultivation given to the four crops-a-year are four or five which is more than what the fanners give to a single crop of wheat. This cuts heavily on the bill for preparatory tillage and permits to leave large amount of root and other plant residues in the soil which help in maintaining the organic matter content of the soil and thereby the soil structure.

It is further emphasized that in such intensive cropping schemes, each crop in the rotation should not tap the same soil depth for its nutrients and other requirements. In relay sequence, shallow rooted crops like maize and wheat are followed by deep rooted crops like toria and mung respectively.

A better alternative to toria is potato, variety Kufri Chamatkar or Kufri Alankar which. is planted after maize and harvested by the end of December. These potato varieties have a yield potential of over 20 tonnes of tubers per hectare within 80 days after planting.

In achieving the targeted yield of crops or crop sequences, a satisfactory initial plant stand is of prime importance. In all the crops grown in different sequences, normal seed rates have been followed. In a late crop of wheat, 25% higher seed rate is used as the late sown crop produces relatively lesser number of tillers than a normal wheat crop. The seed rates and fertilizer schedules for various crops grown in different crop rotations are presented in table -1.

Table 1: Seed rates and fertilizer schedules for different crops

	Sl.No
	Crops
	Seed rate(kg/ha)
	Nitrogen

(kg/ha)
	Phosphorus

(kg/ha)
	Potash

(kg/)

	1
	Mung
	15-20
	     -
	--
	--

	2
	Cowpea
	15-20
	     -
	--
	--

	3
	Bajara
	4-5
	    80
	40
	40

	4
	Jowar(fodder)
	30-35
	     --
	60
	30

	5
	Maize 
	25-30
	--
	120
	50

	6
	Arhar
	10-12
	--
	30
	--

	7
	Potato
	1500-2000
	120
	80
	100

	8
	Radish
	4-5
	60
	30
	30

	9
	Turnip
	2-3
	60
	30
	30

	10
	Berseem(fodder)
	25-30
	60
	80
	40

	11
	Oats(fodder)
	80-100
	80
	40
	40

	12
	Wheat (normal)
	100
	120
	50
	50

	13
	Wheat  (late)
	125
	125
	50
	50


Different multiple crop sequences (2 -crop a year, 3 - crop a year) have been studied for last several years. In double cropping (maize -wheat) on an average 40 q/ha maize and 50 q/ha wheat have been harvested. In triple cropping (mung-maize-wheat) 40.0 q/ha maize, 47.0 q/ha of wheat and 10.0 q/ ha of mung are obtained. A three-crop a year rotation (mung + arhar-wheat) has proved to be very useful rotation where two pulse crops have been included whose fertilizer and water requirements are not very high.

XII. Soil Fertility Management under Multiple Cropping,
In India, the land has been under cultivation for several thousands of years. The high rate of loss of organic matter in the soils due to severe summers coupled with depleted fertility resulting from prolonged cultivation and various forms of erosion have depressed basal fertility of the soils of such areas to a very low level. With the introduction of high yielding varieties and multiple cropping programmes, it has become essential to maintain the fertility of the soil at the proper level by following proper crop sequence, management practices and addition of fertilizers.

The yield levels of 10 to 15.3 tonnes of cereal grain per hectare per year have been obtained in multiple crop rotations. The average calculated grain production in these rotation comes I to 40 to 48 kg per day and at these high cropping intensities, the average amount of nitrogen, phosphorus and potash that must go to plant per day was worked out to be 1.17 kg N. 0.4 kg P2O5 and 1.25 kg K2O per day. Therefore, the problem of soil fertility management is to release from the soil the added fertilizer, the amount of NPK and needed amount of other nutrients to the crops, besides coping with the losses of these nutrients as also I their fixation in soil.

At present the multiple cropping covers only a small percentage of area under cultivation. The value of fertilizers consumed annually in India is estimated to the tune of Rs. 3750 million and as the coverage become larger the fertilizer requirement and cost of the fertilizers would be very high. It will be a great burden on the country as well as on the fanners. Therefore, there is a need to make judicious use of fertilizers based on scientific information. Some information on this based on different experiments are given in the following tables.

Table 2: Nutrient requirement per quintal of grain production

	Sl.No
	Crop
	N (kg)
	P2O5
	K2O

	1
	Rice (IR-8)
	2.13
	0.72
	2.22

	2
	Bajara (HB-4)
	2.66
	0.94
	3.26

	3
	Wheat (S. Sonara
	3.18
	1.12
	3.08


Table 3: Contribution to the plant from the soil as percentage of the available nutrient of the soil

	Sl.No
	Crop
	N (kg)
	P2O5
	K2O

	1
	Rice (IR-8)
	19.1
	47.3
	22.3

	2
	Bajara (HB-4)
	34.3
	53.7
	41.6

	3
	Wheat (S.Sonara)
	41.9
	68.3
	55.1


Table 4: Contribution from the fertilizer as percentage of its nutrients

	Sl.No
	Crop
	N (kg)
	P2O5
	K2O

	1
	Rice (IR-8)
	61.8
	25.9
	110.3

	2
	Bajara (HB-4)
	68
	24.1
	121.3

	3
	Wheat S.Sonara)
	71.2
	31.9
	133.6


XIII. Micro-biological Aspects of Multiple Cropping, 
The main advantage of multiple cropping over traditional cropping lies in obtaining greater yields on the same piece of land by growing crops in quick succession. This type of intensive agriculture requires the maintenance of soil fertility at a high level by judicious use of fertilizers, tillage practices, manures and water. All these inputs will naturally alter the qualitative and quantitative nature of soil micro organisms, especially those involved in the restoration of soil fertility.

The inclusion of one legume in the multiple cropping sequence has been advocated and practiced as one of the measures to restore soil nitrogen by virtue of the fact that root nodule fix atmospheric nitrogen and help in plant growth. However, it should be borne in mind that the presence of nitrate in root region may depress nodulation and nitrogen fixation by legumes. Nitrate is also known to inhibit the infection of roots or legumes by Rhizobium. Therefore, application of large amount of nitrogenous fertilizers to soil in a crop sequence such as mung, maize, potato and wheat may act as a limiting factor in the formation of effective nodules on the roots of mung. In order to overcome this drawback, limits of fertilizer nitrogen inputs under which nodulation and nitrogen fixation could take place have to be found out by experimentation.

It has been established that application of superphosphate increases the number O'f nodules and the nitrogen content of legumes.

Intensive cropping is also known to result in micronutrient deficiency. In this connection, it is pertinent to point out that molybdenum is indispensable for symbiotic nitrogen fixation in legume root nodules. Molybdenum stimulates the activity of nitrogen fixing tissues in the nodules.

In multiple cropping, it has been advocated that stalks of maize and other crop stubbles not needed for cattle may be ploughed in, to increase the organic matter content of the soil and also to improve the soil structure. It is meaningful to point out that plant residues provide the most abundant source of substance that prove inhibitory to plant growth. These toxins can be formed through microbial decomposition of plant residues.

Soil toxicity due to organic constituents is most frequently associated with heavy and poorly aerated and waterlogged soils. Under anaerobic conditions (when oxygen is deficient) volatile fatty acids and other organic acids accumulate with a concomitant decrease in the number of micro-organisms. It has been observed that these acids become inhibitory to certain crop plants such as rice.

XIV. Plant Protection in Multiple Cropping,  
A. Diseases

In multiple cropping two, three or sometimes even more crops are taken in a year from the same field. In this cropping pattern fanner invests more money on agricultural implements, labour, seeds, fertilizers, irrigation, etc. If all goes well he expects higher profit from this type of farming. But if diseases attack his crops as they quite often do he gets less crop yield than his expectations. Consequently, he feels disappointed and tends to loose faith in multiple cropping. To reduce crop losses due to diseases with a view to increasing fanners profit and thereby winning his confidence, plant disease control should be an integral part of fanning practices in multiple cropping. Some of the important disease of major crops are described here.

1. Wheat

Wheat suffers from a number of diseases. At seedling stage soil-borne diseases such as root-rot, seedling blight, etc. are common. Such disease are, however, localised and confined to certain fields which are infested with these organisms. Suitable crop rotation is the best approach to keep these diseases under check. As the crop grows, some foliage diseases like Alternaria and Helminthosporium leaf blights, black, brown and yellow rusts and leaf blotch attack the crop in one or other parts of the country. Zineb and Maneb have been found very effective for the control of these diseases. In certain areas, powdery mildew is a problem and it can be controlled by spraying wettable sulphur.

2. Paddy

Paddy is attacked by a number of fungal, bacterial, viral and mycoplasma diseases. However, the damage caused by these diseases varies from region to region and from year to year. Amongst fungal diseases, Helminthosporium leaf blight and blasts are age old problem. These diseases can now be controlled by proper and timely use of fungicides. The paddy seed should variably be treated with fungicides such as organo-mercurials in all paddy growing areas irrespective of the fact whether the seed infection is visible or not. Bacterial blight disease is also sometimes very serious. For the control of seed infection of this disease, the seed is soaked for 12 hours in a mixed solution of Streptocycline (0.015%) and wettable Ceresan (0.05%) and followed by hot water treatment at 520 C for 30 minutes.

3. Maize

Maize suffers from a number of diseases. Pythium and Erwinia stalk rots are of common occurrence particularly in heavy and poorly drained soils. Proper drainage of maize field is, very essential. It is advisable to provide well balanced fertilizers to maize crop. The use of potash is especially recommended. Seed rot and seedling diseases can be largely prevented by planting sound, healthy seed which has been treated with Captan or Thiram fungicides. Among the foliar diseases, brown stripe downy mildew is quite serious particularly in the tarai region of Uttar Pradesh. Leaf blight can be controlled by spraying the crop with Zineb.

A virus disease called maize mosaic is also found in this crop. This disease can be controlled by destroying the insect vector.

4. Millets

Bajra is an important millet crop in the country and unfortunately it has more serious disease problems than any other grain crop. The most damaging disease of this crop is downy mildew popularly known as 'green ear' disease. The disease is systemic in nature and infects all parts of the plant. It may appear at any time during the plant growth from seedling stage to ear formation. Roguing of diseased plants is the most effective and economical way to keep this disease under control is advisable to increase the seed rate slightly to make up the loss of the plants due to roguing of diseased plants. Ergot disease which attacks the bajra ears not only reduces the grain yield but is also harmful to man and animals as it produces sclerotia which contain a poisonous alkaloid. The bajra ears should be cut and burnt as soon as the infection is observed. Cultivation of bajra fields with furrow turning plough is useful as the sclerotia lying on the field surface are buried deep. Where the fields are heavily infested with downy mildew or ergot, crop rotation with maize, arhar, mung, cowpea or jowar is beneficial. Smut disease is also very commonly found in these crops. It is essential to treat the bajra seeds with Captan or Thiram before sowing. These fungicides will disinfect the seeds infected with smut, downy mildew or any other fungal diseases. In certain parts of the country, rust is also quite common. This disease can be controlled by using Zineb.

5. Sorghum

Foliage diseases like rust and leaf spots are quite common in sorghum but they are not serious in all jowar growing areas. However, where they are a problem, they can be checked by spraying the crop with Zineb. The plants infected with this disease should be rogued out and burnt. In certain jowar growing areas sugary disease causes serious damage. As soon as the disease is observed the infected ears should be removed to check the further spread of the disease. Different types of smuts, downy mildew and seedling blights are caused through seeds. To obtain seed free from infection of these diseases, it should always be treated with seed dressing fungicides like organo-mercurials.

6. Arhar

Wilt is a well known disease of Arhar and is likely to become a limiting factor in soils which are infested with wilt: causing micro-organisms. A suitable crop rotation is a practical approach to keep the disease under check. Recently a serious disease named phytophthora stem rot has been found attacking this crop. It is feared that this disease may become a handicap in successful cultivation of arhar, if due attention is not paid to breed resistant varieties.

B. Pests

It is almost a general law that efforts for increasing crop production leads to increased intensity of pest infestation and crop losses. Some aspects of pest control in relation to the technology of multiple cropping are discussed here.

A basic principle which has to be kept in mind is that crops belonging to the same botanical families generally have common pests, although their intensity in different crops may vary within wide limits. For example, the stalk borer is a serious pest of sorghum and maize but it has also been recorded to infest even sugarcane and bajra. In such cases, if a crop which is not seriously attacked by this pest precedes a crop like sorghum and maize, the previous crop may harbour sufficient pest population to infest the succeeding main crop of which it is a pest and these intensify in the latter. The reverse is also true to some extent. If such a practice becomes common, it is also not unlikely that pests in due course may change their food habits. Such a phenomenon has actually occurred during the recent years in the case of pyrilla which only a few years ago was considered to be a specific pest of sugarcane. However, during the last few years serious pyrilla infestation in crops like sorghum, maize, wheat and even rice has become common. It has also been observed that the pest infestation is much more in areas where two rice crops are taken one after the other and most severe where three rice crops are taken in succession.

In view of these considerations, it is absolutely essential that the same crop should not be grown from season without introducing in between another crop belonging to a different botanical family. Also every effort should be made that crops belonging to the same family should not follow one after other.

XV. Conclusion 

To successfully grapple with the poverty in rural areas, we will have to be constantly mindful of the basic structure of our economy which is primarily agriculture based. We will have to harness our land and water resources. This can be easily made possible by adopting multiple cropping system of crop production wherever it is possible.

The philosophy of multiple cropping is to obtain maximum crop production per unit area of land with minimum of soil deterioration and this philosophy is based on the modem concepts of soil management. The requirements of multiple cropping underline the urgency of suitable crop varieties each of which need not give maximum yield or return during its specific growth period.
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