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Preface

Man is exploring and exploiting the natural resources for the last several hundred years without caring for the ecological balance. No doubt he has to generate all his basic needs for his survival from the nature. So he cultivates various types of crops and rear domestic animals by the manipulation of the components in the ecosystem like water, soil, light, animals and micro-organisms. Depending on the type of his involvement in nature several types of agro-ecosystems can be distinguished. All such agro-ecosystems will have to be made sustainable. In this booklet emphasis laid on the various agro-ecosystems for sustainable agriculture.

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

I. Introduction

The term eco-system designates the nature and all the things in it whether living or non-living. Man has been using the eco-system towards his benefits for thousands of year. He controls many functions in ecosystem happening naturally and become the master and centre of the ecosystem itself.

Man exercises his control over nature mainly through the agricultural operations to produce all his requirements for his existence and development. That part of the ecosystem where man engages himself in agriculture is called agro-ecosystem. In other words all the cultivated land together can be considered agro-ecosystem. Man takes control of the soil, water, micro-organism, plants and animals and organizes and arranges them to produce all things required for him.

Taking control of the components in the ecosystem implies knowledge about the various components in the ecosystem as well as their interaction affect on the ecosystem itself.

II. Types of Agro-ecosystem

There may be many types of agro-ecosystems as there are farming families on the earth. However, the broad divisions of agro-ecosystems are based on the types of crops cultivated or animals reared. The following are some of the agro-ecosystems commonly found any where in the world and especially in India.

Seasonally cropped

The crops and plants which completes their life cycle in a single season are the parts of seasonally cropped agro-ecosystems. Most of the agro-ecosystems in the world are cultivated with seasonal crops such as cereals, pulses and oilseeds which fulfill the food requirements of the people.

Soil is degraded more in seasonally cropped areas due to short duration tillage operation. Soil fertility is harassed since every season new crop has to be sown. Depending upon the nature of crops, soil erosion may be more or less.

2. Permanently cropped

Large tracts of agro-ecosystems are under the perennial crops such as orchards, plantation crops like tea, rubber, cardamom, coffee, coconut, areca nuts, cashew nuts, oil palm etc.

In orchards and plantation crops, due to bigger inter row and interplant spacing, it is possible to grow seasonal crop in inter-row space. 

3. Forestry

All the man-made forests are part of the agro-ecosystem. Forest areas are least tilled compared to the other forms of agro-ecosystem. In some forestries perennial grasses are grown for fodder purposes or grazing the cattle. Man made forest system may again be classified into social forestry, farm forestry, agro-forestry or government forestry plantations.

4. Aquaculture

Man managed water bodies whether for fisheries, aquatic plants on hydro-electric generation form a specific agro- ecosystem and their management requires high expertises.

5. Animal farms

Animal farms are the good source of alternative income for farming families. Animal farms such as dairy, sheep rearing, piggery, poultry, rabbitry etc. and the land on which these depend are considered as separate agro-ecosystems.

III Components of Agro-ecosystem

The most widely applicable components or technique which results intensive plan growth (biomass production) and good humus management even with low levels of external inputs can be classified as vegetation design, use of biological symbionts, green manuring mulching, composting, integrated plant protection, integrated livestock management and aquaculture.

1. Vegetation Design

Different types of cropping pattern constitute the vegetation design.

1. Mixed cropping or Inter-cropping

Mixed cropping is the process of growing two or more crops together in the same piece of land. The purpose of mixed cropping is low risk, better soil cover and intensification of cropping. Since there are two crops on a piece of land at the same time, if one crop meets with some failure, the other may serve as an alternative. In mixed cropping, the number of plants per unit area is more and so the soil erosion is less. Crops are further mixed in following ways.

a. Mixed crops

The seeds of different crops are mixed together and then sown either in line or they are broadcast. This system is not very scientific and only practised in forage and fodder crops.

b. Companion crops in Strip cropping

For this group, crops are choose which are not competitive among them. The seeds of different crops are not mixed together but sown in different rows e.g. between two rows of mustard five to eight row of wheat, between two rows of arhar three rows of ground nut.

c. Guard crops

Under this system main crop is grown in the centre; surrounded by hardy or thorny crops such as safflower around pea or wheat, mesta (patsan) around sugarcane, jowar around maize with view to provide protection to the main crops.

d. Augmenting crops

When sub-crops are sown to supplement the yield of the main crops, the sub crops are called augmenting crops such as japanes mustard with berseem. Here the mustard helps in getting higher tonnage of fodder in spite of the fact that berseem gives poor yield in first cutting.

e. Companion crops in parallel cropping

Under this cropping two crops are selected which have different growth habits and have a zero competition between each other and both of them express their full yield potential e.g. Mung or urd with maize, urd or mung with cotton etc.

2. Multiple cropping

It is a system of intensification of cropping in terms of time and space both. This represents a philosophy of maximum crop production per unit area of land within an agricultural year. The production is maximized by growing two or more crops in succession within a year. Intensification of crops may be in the following ways.

a. Sequential cropping

When two or more crops are grown in a sequence on the same piece of land. It means harvesting crops one after another. There may be double, triple or quardriple sequence; e.g.

Sugarcane -Maize: Double

Urd -Maize -Wheat: Triple

Maize -early potato -Wheat -Mung: Quadruple

b. Relay cropping

It is analogous to a relay race where a crop hands over a baton (land) to the next crop in quick succession. In other words second crop is planted after first has reached its reproductive stage but before it is harvested. The best examples are Paddy -Lucero, Paddy -Berseem, Cotton -Berseem, and

Potato-Wheat.

3. Multi-storey cropping

Growing plants of different heights in the same field at the same time is termed as multi-storey cropping. Generally it is practised by growing annuals and biennials among the tall perennial crops like coconut, araca nut, jackfruit, etc. The tall perennial trees can be timber trees, or firewood trees.

4. Forestry

Forestry is a specific form of agro-eco-system. Forestry may be combined with fruit trees and other trees which gives minor forest products. It can be also to improve ecology.

B. Use of biological symbionts

For proper growth and production, the plant needs adequate supply .of essential plant nutrients. Generally these nutrients are supplied by the chemicals fertilizers. But there are certain species of micro-organism which are capable of fixing atmospheric nitrogen into the plants or capable of stabilizing unavailable phosphorus into the available form. These micro-organisms are as follows.

a. Rhizobium sp.

This particular bacteria is found in root nodules of leguminous crops like cowpea, berseem, etc. and capable of fixing atmospheric nitrogen into the root zone of plants.

b. Actinomizae

Actinorhizae is a symbiotic nitrogen fixed also called Frankia. Like rhizobium in leguminous plants, actinorhizae produce nodules in non-leguminous trees and shrubs.

c. Azotobactor

It is an non-symbiotic, free living bacteria capable of fixing considerable amount of nitrogen in the plants other than legumes.

d. Azospirillum

Azospirillum is also a non-symbiotic bacteria that can fix nitrogen independently in the soil. It is particularly suited to grass family crops such as maize, jowar, bajra, ragi and sugar cane etc.

e. Azolla

Azolla is a small aquatic fern with a branched stem and bilobed leaves, found planting on stagnant water. There is a small cavity on the upper most part of the leaf which houses as many as 80,000 blue green algae belonging to Anabaena azollae species. These blue green algae have the capacity to fix atmospheric nitrogen and make it available to Azolla. In return the blue green algae gets shelter and food from azolla. Hence it is a symbiotic relationship between these two. When the plant dies and decay. in soil, nitrogen becomes available to plants. Azolla is generally cultured in water loving crops like paddy.

f. Blue green algae

Algae mostly grows in wet places and can be seen growing around mouth of wells as greenish, sliding moss sticking to the bricks and pucca floor. Besides, fixing nitrogen, carryout photosynthesis and secrete certain growth hormones (Vit. B1Z, auxins and ascorbic acid) which are beneficial to rice plants. These algae also help in improving the saline and alkaline soils.

g. Bacillus megatherium

This bacteria is capable of converting unavailable form of phosphorous into available form by solubilizing it. It is available in various trade names like phosphocil, phospobacterin etc.

h. Mycorrhiza

It is a root fungus that can enhance phosphorus absorption. But so far no technically feasible and economically viable method has been evolved to prepare its artificial culture.

C. Green Manuring

Incorporation of green plants which in juvenile stage, into the soil is called green manuring. The crops of green manuring generally included from legume which have habitat of fast growing, short duration, more biomass and of course fixes atmospheric nitrogen in their rqot zone. Some good examples of green manuring crops are Dhaincha (seshbania aculata), cowpea (Vigna sinensis), Berseem (Trifolium alexendrinum), lentil (Lens esculata) and sunhemp (crotalaria funeea) etc.

D. Mulching

It is an agricultural practice of covering the soil surface to reduce evaporation to control soil erosion and to protect plant roots from extremely low to high temperatures. Mulching is done in three basic forms:

a. By spreading straw, plant residues, leaves of trees over the soil surface.

b. By loosing the top soil layer from time to time, so that evapo-transpiration does not occur by capillary action.

c. Covering the soil surface by plastic films, which are available in market by various trade names.

E. Composting

Composting is a biological process in which micro-organism of both types namely aerobic and anaerobic decompose the organic matter and lower carbon nitrogen ratio of the refuse. The final product of composting is a well rotted manure known as compost. Mineral fertilizer (e.g. lime and rock phosphate) can be added if available and necessary. This fermented material when added to the soil, besides supplying mineral nutrient also improve the physical properties of the soil.

F. Integrated plant protection

The ecological degradation of environment in industrialized countries and the rate of agricultural chemicals in this process has lead to the development of the concept of integrated pest management which has now become a part of integrated Agronomy. "The combination of various technologies in a single pest management with the objective to produce optimum crop yield at a minimum cost taking into consideration ecological and socio-economic constraints under a given agro- ecosystem.”

This approach makes use of traditional cultivation methods such as crop rotation or green manuring and combine them with modem methods like chemical pesticides. The attempt is made to reduce the use of chemical pesticides to an economically and environmentally acceptable level by sup- plementing them with 

-Physical and mechanical methods such as hoeing, trapping and seed treatment with warm water.

-Biological methods such as releasing natural enemies of growing alternative hosts.

-Biotechnical methods such as using pheromones or hormonal chitin synthesis inhibitors

- Breeding for pest tolerance or resistant cultivars

G. Integrated livestock

Live-stock playa vital role in most small holder systems in developing countries. Cattle, sheep and goat grazed areas can be cultivated only temporarily or not at all. In this respect resources are used for cropping and livestock keeping in a complementary manner. Apart from providing milk and meat animals can provide manure for fertilizing crop land, drought power for cultivation and transport.

H. Integrated aquaculture

In recent years attention is focused on fish farming in ponds and fish breeding in rice fields. The following production method can be used. One generation of fish following a single rice harvest per year.

-Fish farming between two cultivation period in the case of two or three rice harvest per year.

* Fish farming simultaneously with rice growing (rice + fish culture)

In all three cases, the fish culture remains secondary to the rice culture. Fish provide protein which is of exceptionally high quality from the biological point of view.

IV Conclusion

In agro-ecosystem we make use of all agronomic and agricultural approach in maximizing biomass production on ecological balance. Under vegetation design, we make maxi- mum use of soil surface which not only increase our production but also control soil erosion and conserve soil water. Use of biological symbionts, green manuring, compo sting and integrated pest management reduce the quantity of chemical fertilizers and pesticides which has become necessary for ecological balance and sustainable agriculture. Integrated live-stock management and aquaculture comes under diversified farming and serve as alternative source of income.
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