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Unit-1 Agronomy  
  

Learning Outcomes:  

-After completion of this unit student will be able to:  

- Demonstrate the understanding of meaning, concept, importance and scope of agriculture.  

- Explain the meaning, concept, importance and scope of agronomy.  

 Introduction  

Agriculture is a biological production process which depends on the growth and development of 

selected plants and animals within the local environment. The history of agriculture began more 

than 10,000 years ago. It is believed that the transformation from hunting- gathering to agriculture 

occurred gradually after a long period of time. Several theories were advanced to shed light on the 

history of agriculture, particularly how it started. Agriculture has three main spheres they are 

Geoponic (cultivation in the earth soil), Aeroponic (cultivation in air) and Hydroponic (cultivation 

in water). Agriculture is the branch of science encompassing the applied aspects of basic sciences. 

The applied aspect of agricultural science consists of study of field crops and their managements 

including soil management. Agriculture plays a crucial role in the life of an economy. It is the 

backbone of Nepalese economy system. Agriculture helps to meet the basic need of humans and 
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their civilization by providing food, cloth, shelter, medicine and recreation. Nepal is known as an 

agricultural country. Near an about 66% of Nepalese population depends upon agriculture. 

Agriculture is the dominant sector of our economy and  contributes in various ways.  

Agronomy is a branch of agricultural science which deals with principles and practices of field 

crop production. Agronomy is mainly based on following basic principles Sustainable Agriculture, 

Agrometerology, Soils and Tillage, Soil and Water Conservation, Dry Land  

Agriculture, Mineral Nutrition of Plants, Manures and Fertilizers, Irrigation Water Management, 

Weed Management, Cropping Systems, Cropping Scheme, Crop Rotation. Agronomy is the 

science and technology of using plants for food, fuel, feed, fiber, reclamation. Among all the 

branch of agricultural, agronomy occupies vital position and is called the  mother branch or 

primary branch. Crop classification is a systematic grouping of crops based on oil demarcated 

characteristic. Knowledge of crop classification  helps grower and concern people to generalized 

similar crops as a class of group for attaining a better understanding about them. Agronomical 

crops can be classified in several  groups:  botanical, descriptive and agricultural basis.  

Definition of Agriculture  

 The word agriculture comes from the Latin words ager, meaning   soil and cultura, meaning cultivation. 

It is a very broad term, which includes Crop production, Animal Husbandry and  Dairy Science, 

Agriculture Chemistry and  Soil Science, Horticulture, Agril-Economics, AgrilEngineering, 

Botany, Plant Pathology, Extension Education and Entomology, which develops its separate and 

distinct branches of agriculture. Agriculture is defined as science, art and business of producing 

crops or animals under human supervision. It is channeling the incoming solar energy into crops/ 

livestock through efficient management practices. Agriculture is a biological production process 

which depends on the growth and development of selected plants and animals within the local 

environment. Several authors have defined agriculture in different ways. Some of them are:  

 According to Rimando, T.J 2004  "Agriculture is the systematic raising of useful plants 

and livestock under the management of man".  

 According to  Abellanosa, A.L and H.M. Pava 1987  "Agriculture is the growing of both 

plants and animals for human needs".  

 According to  Rubenstein, J.M 2003  "Agriculture is the deliberate effort to modify a 

portion of Earth's surface through the cultivation of crops and the raising of livestock for 

sustenance or economic gain".  

 According to  Miller V. Dixon  "Agriculture is the science of cultivating the soil, 

harvesting crops and raising livestock and also as the science or art of the production of 

plants and animals useful to man and in varying degree the preparation of such products 

for man's use and their disposal".  

History of Agriculture  

There are many options for those wishing to study an agriculture-based degree due to the nature of 

the breadth of the subject. It is generally accepted that the history of agriculture began more than 

10,000 years ago. But without written records, the evolution of agriculture can only be 
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reconstructed through deductions using logic. It is believed that the transformation from hunting- 

gathering to agriculture occurred gradually after a long period of time. Several theories were 

advanced to shed light on the history of agriculture, particularly how it started. Some of historical 

events that occur in agriculture are:  

 In pre scientific agriculture six persons could produce enough food for themselves and for 

four others. In years of bad harvest they could produce only enough for themselves, with 

the development of science and application of advanced technology five persons are able 

to produce enough food for nine others.  

 Van Helmet (1577-1644AD): Experiments pertaining to plant nutrition in systematic way 

and   concluded that the main “Principle” of vegetation is water.  

 Jethre Tull (1674-1741AD): Conducted several experiments and published a book “Horse 

Hoeing Husbandry”. These experiments were mostly on cultural practices and they led to 

the development of seed drill & horse drawn cultivation.  

 Aurthur young (1741-1820AD): Conducted pod culture experiments to increase the yield 

of   crops by applying several materials like poultry dung, litter, gun powered, and publish 

his work-in 46 volumes on  “Annals of agriculture”.  

 In 1809 soil science began  with the formulation of the theory of humans.  Research in 

plant nutrition and  physiology was started in 18th century.  

 Sir Humphrey Davy published book “Elements of Agri chemistry” in 1813.  

 Sir John Bennet was begun to experiment on the effects of manures of crops.  

 Justus Libey on agriculture chemistry and physiology launched systematic development of 

agriculture in 1840.  

 1842, Initiated the systematic fertilizers Industry by the patented process of hearting 

phosphate rock to produce super phosphate.  

 Gregor Johann Mendel (1866) discovered the law of heredity and the ways to mutations 

laid to modern plant breeding.  

 Charles Darwin published the results of the experiments on cross and self ferlization in 

plants.  

 1920:  application of genetics to develop new strains of plants and animals brought major 

changes in  agriculture.  

 The first successful tractor was built in U.S in 1882 from implements and  machinery was 

manufactured industrially on a large scale by 1930.  

 Due to economic pressure and decrease in labor availability,  electricity  was applied in 

agriculture in 1920.  

 The first successful large scale conquest of a pest as chemical means was the control of 

grapevine powdery mildew in Europe in 1840.  

 The key date in history of agriculture  research at education is 1862. When the US congress 

set up departments of agriculture & provided for colleges for agriculture in each state.  
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Agricultural Revolutions  

 Green Revolution: The Green Revolution refers to a set of research and 

development of technology transfer initiatives occurring between the 1930s and 

the late 1960s that increased agricultural production worldwide.  

 Brown Revolution: This revolution is related to fertilizer production.  

 Round Revolution:  This revolution is related to potato production.  

  

    

Branches of Agriculture  

Agriculture has three main spheres. They are Geoponic (cultivation in the earth soil), Aeroponic 

(cultivation in air) and Hydroponic (cultivation in water). Agriculture is the branch of science 

encompassing the applied aspects of basic sciences. The applied aspects of agricultural science 

consist of study of field crops and their managements including soil management. The branches of 

agriculture are as follows:  

i) Crop Production:  

It deals with the production of various crops, which includes food crops, fodder crops, fiber crops, 

sugar, oil seeds etc. It includes agronomy, soil science, entomology, pathology, microbiology, etc. 

The aim is to have better food production with better management practices. ii) Horticulture:  

It deals with the production of flowers, fruits, vegetables, ornamental plants, spices, condiments, 

beverage, medicinal plants and their postharvest preservation. iii) Agricultural Engineering:  

It is an important component for crop production and horticulture particularly to provide tools and 

implements. iv)  Agro-Forestry:  

It is a  method and system of land management involving the simultaneous. It involves the 

cultivation of farm crops and trees agriculture incorporating thegrowing of trees.  

v) Animal Husbandry:  

The animals being produced, maintained, etc. Maintenance of various types of livestock for direct 

energy. Husbandry is common for both crop and animals. The objective is to get maximum output 

by feeding, rearing etc.  

Importance of Agriculture  

Agriculture plays a crucial role in the life of an economy. Agriculture is the backbone of Nepalese 

economy system. Agriculture helps to meet the basic needs of humans and their civilization by 

providing food, cloth, shelter, medicine and recreation. Hence, agriculture is the most important 
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enterprise in the world. The followings facts clearly highlight the importance of agriculture in our 

country.  

i)  Source of Food  

Agriculture is determined as the main source of food in Nepal. All food and cash crops are grown 

from agriculture. Agriculture is the mean to survive. We get all required food from it. So, it is a 

main source of food. ii) Source of Raw Material  

Agriculture is not only the source of food but a dominant source of raw material. Jute, sugarcane, 

tobacco, etc. are produced or obtained from agriculture.  

iii) Employment Opportunities  

Agriculture sector is the primary source of employment. About 65 % of total Nepalese population 

depends upon agriculture. Thus, almost all farmers are completely engaged in agriculture, making 

agriculture dominant in agricultural employment. iv) Source of Foreign Trade  

Most of the agro-products  are exported to foreign or international market. About 60% of the agro-

product is exported to foreign land. They include tea, coffee, woolen clothes, leather jackets etc.   

v) Increase in Government Revenue  

Since, 60% of goods exported are obtained from agriculture. So, Government of Nepal includes 

export tax, tax, registration tax etc. which is the important source of Government revenue.  vi) 

Significance in Transport  

Bulks of agricultural products are transported by roadways from farms to factories. Mostly, internal 

trade is in agricultural products. Moreover, the revenue of the government, to a larger extent, relies 

on the success of agricultural sector.  

vii) Economic Development  

Since agriculture employs many people, it contributes to economic development. As a result, the 

national income level as well as people’s standard of living are  improved. The fast pace of 

development in agricultural  sector offers progressive outlook as well as increased motivation for 

development. Hence, it aids to create good atmosphere for overall economic development of a 

country. Therefore, economic development relies on the agricultural growth rate.  

viii) Source of Saving  

Development in agriculture may also increase savings. The rich farmers we see today started saving 

particularly after green revolution. This surplus quantity may be invested further in the agricultural  

sector to develop the sector.  

ix) Food Security  

A stable agricultural sector ensures a nation of food security. The main requirement of any country 

is food security. Food security prevents malnourishment that has traditionally been believed to be 

one of the major problems faced by the developing countries. Most countries rely on agricultural 

products as well as associated industries for their main source of income.  
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Scope of Agriculture  

Proverbially, Nepal is known an  agricultural country. Majority of Nepalese people  depend upon 

agriculture. Agriculture is the dominant sector of our economy & contributes in various ways such 

as:  

i) National Economy:  

 Agriculture is a major source of income for national economy. Adoption of commercial 

agricultural produce having high economic value helps to earn the national economy. Agricultural  

sector only contributed 33% of the GDP, while non agricultural  sector contributed 67%. It 

indicated that the more the advanced the  stage of development the smaller is the share of 

agriculture in National Income. ii) Total Employment:   

Around 65% of the total population is working and  depends on agriculture and allied activities. 

Nearly 70% of the rural population earns its livelihood from agriculture and other occupation allied 

to agriculture. In cities also, a considerable part of labor force is engaged in jobs depending on 

processing and  marketing of agricultural products. iii) Industrial Inputs:  

 Most of the industries depend on the raw material produced by agriculture, so agriculture is the 

principal source of raw material to the industries. The industries like cotton textile, jute, paper, 

sugar depend totally on agriculture for the supply of raw material. The small scale and cottage 

industries like handloom and power loom, ginning and pressing, oil crushing, rice husking, 

sericulture, fruit processing, etc are also mainly agro- based industries. iv) Food Supply:   

Agriculture sector is only the way to supply food material for people. During the fiscal year  

2072/73 the food production was 8614283 metric tons, which has  to be increased to feed the 

growing population. Nepal, thus, is able to meet almost all the needs of its population with regards 

to food by developing intensive programes for increasing food production. v) Trade:   

Agriculture plays an important role in foreign trade, attracting valuable foreign exchanges, 

necessary for our economic development. The product from agriculture- based industries such as 

jute, cloth, tinned food, etc can be exported. Other agricultural products like cardamom, coffee,  

ginger,oil seed , spices, tea, tobacco, etc also constitute the main items of export from Nepal.  

  

Features of Agriculture in Nepal  

i) Subsistance Farming:  

Nepal carries out subsistance farming rather than commercial. Majority of Nepalese farmers adopt  

subsistance farming and do not export their surplus; this does not prevent a minority in the fertile southern 

Terai region from being able to do so. Most of the country is mountainous, and there are pockets of food-

deficit areas. It is  far easier to export across the border to India than to transport surplus to remote 

mountainous regions within Nepal.  ii) Monsoon-based Agriculture:  

Majority of Nepalese farming system depends upon monsoon. No  proper irrigation facilities have 

been made by the government of Nepal. Besides, the geographical structure of hills and mountains 

comes in the way of irrigation management.   
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iii) Pre-dominance of Food Crops  

Food crops are the type of crops that are basically used as primary sources of food. They include 

paddy, maize, etc.  Nepal has long been growing lots of food crops  and today also it shares around 

48.9% of the requirement.   

iv) Traditional Technology  

Nepal is practicing traditional method of farming system till now. Unavailability of modern 

technology and  high price of machinery equipment have led to the low adaptation of modern 

technology.  

v) Low Productivity  

It’s obvious to have low productivity because farmers entirely depend upon monsoon rain, which 

is uncertain. Lack of  proper irrigation facilities, improved seeds, fertilizers and traditional method 

of farming cause low production.  

  

  

Problems of Agriculture in Nepal  
  

i) Poor People  

The economic status of the rural mass in this country as compared to developed or a developing 

country is very low. Most of the agronomical crops require intensive cultivation practices that 

involves costly inputs.   

  

ii) Small Land Holding and Acreage   

Majority of Nepalese people have fragmented and scattered land owing to high population growth 

rate and continuous family separation. Thus the average land holding size per family is just 0.68ha. 

Most of the agronomical crops require a larger area for commercial production that helps to fulfill 

the food requirement.  

   

iii) Lack of Irrigation  

Irrigation is the basic infrastructure for agricultural  development. About 20% of the total arable 

land  irrigation facility while the remaining area entirely depends upon monsoon rain.  

  

 iv) Lack of Technology  

Nepal is one of the  least developing countries in  the world. About 21.6% of total population live 

under the poverty line. So, neither they can afford for new technology nor they have proper 

knowledge about it. So, our agricultural sector is lacking behind.  
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Definition of Agronomy  

Agronomy is a branch of agricultural science which deals with principles and practices of field 

crop production. It can also be defined as the  branch of agricultural  science which deals with the 

management of the field to provide favourable environment to the crop for higher productivity in 

terms of both quantity and quality . The term is derived from Greek words "agros" meaning "field" 

and "nomos", meaning "to manage". The meaning of word agronomy can be elaborated from each 

alphabet like A= Activities (on), G= Ground (for), R= Raising, O= Out spread use (of), N=Noble 

crops (for), O= Obtaining, M= Massive, Y= Yield.  

Norman (1980)  defined agronomy as the science of manipulating the crop environment complex 

with dual aims of improving agricultural productivity and gaining a degree of understanding of the 

process involved.  

In the present context where environmental degradation food quality and economy  are the major 

concerns, agronomy may be defined as the art and science of producing field crops which has the 

aim of increasing productivity and  quality of product in order to maximize monetary return  by  

minimizing the negative effect on the environment.  

Principle of Agronomy  

Agronomy is mainly based on the following basic principles.They are:  

# Sustainable Agriculture.             

#Agrometerology                         # 

Soils and Tillage.              

 #Soil and Water Conservation.  

# Dry land Agriculture.               

 #Mineral Nutrition of Plants.    

# Manures and Fertilizers.         

# Irrigation Water Management.  

# Weed Management  

 #Cropping Systems.                  

#Cropping Scheme.                       

 # Crop Rotation.  
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i) Sustainable Agriculture:   

Sustainable agriculture can be defined as the form of agriculture aimed at meeting the food and 

fuel needs of the present generation without endangering the resource base for the future 

generations. It is an act of farming that uses  principles of ecology, the study of relationship 

between organisms and their environment. It includes study of Impact of Improved Crop 

Production Technology, Factors Affecting Ecological Balance, Evaluation of Sustainable 

Agriculture, Components of Sustainable Agriculture, Sustainable Utilization of Land Resources, 

Sustainable Utilization of Water Resources, Sustainable utilization of Biodiversity, Integrated 

Nutrient Management, Integrated Plant Protection, Enhancing Sustainability of Dry Land 

Agriculture, Enhancing Sustainability of Irrigated Agriculture, Agricultural Sustainability and 

Farming Systems.  

ii) Agrometerology:    

Agrometerology is the branch of meteorology which investigates the relationship of plants and 

animals to the physical environment. Agrometerology describes agrometerological observatory, 

atmosphere, wind, clouds and precipitation, solar radiation, air temperature, soil temperature, 

humidity and evaporation, weather hazards and their mitigation, weather and crop productivity, 

weather relations of crops, weather forecasting and classification of climate and agro climate in 

relation to agriculture. iii) Soils and Tillage:  

Soils and tillage are necessary to know how soils should be managed and conserved for sustainable 

crop production. Under this principle of agronomy we can learn physical  and   chemical properties 

of soil, biological properties of soil, soil organic Matter, salt affected soils, and tillage.  

iv) Soil and Water Conservation:  

We must conserve soil and water because these are the most critical resources. In this principle we 

will touch upon  soil erosion, water erosion, wind erosion, soil and water conservation measure.  

v) Dry land Agriculture:  

Dry land agriculture is the practice of the agricultural production under rain fed condition.It 

evolved as a set of techniques and managment practices used by farmers to continuously adapt to 

the presence or lack of moisture in a given crop cycles.In marginal regions, a farmer should be 

financially able to survive occasional crop failures, perhaps for several years in succession.  

vi) Mineral Nutrition, Manures and Fertilizer:  

Nutrient Management is one of the most important principles in agronomy which includes 

Essentials Plant Nutrition, Nutrient Uptake by Plants, Soil Fertility Evaluation, Manures, 

Fertilizers in Nepalese Agriculture, Nitrogen Fertilizers, Phosphatic Fertilizers, Potassic 
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Fertilizers, Calcium, Magnesium and Sulphur, Micronutrients, Mixed Fertilizers, Fertilizer 

Application, and Fertilizers & Environment. vii) Irrigation Water Management:  

Irrigation Water Management is very important for the success of agriculture. The availability of 

water influences almost all the biochemical and physiological processes in plants which in turn 

affects the morphology of plants. All the crop plants have an optimal moisture regime and any 

deviation from the optimum results in adverse effect leading to poor growth, yields and even the 

quality of the produce. It is therefore necessary that an ideal soil moisture level be  maintained for 

better growth, yields and quality of crops through proper water management practices. viii) Weed 

Management:  

Weeds are plants that grow at a place where they are not desired. A weed can also be defined as 

an unwanted plant in the crop field. Weed interferes with agricultural operations and reduces the 

yield of crops. It competes with main crops for space, light, nutrient, moisture and more so 

harbours  a pests and diseses. Weed management is one of the most important aspect of good crop 

production.It can be controlled efficiently by different methods such as cultural, mechanical, 

biological and chemical methods. ix) Cropping Systems:  

Cropping systems means a set of interrelated components  and their interaction among themselves. 

The objective of any cropping system is efficient utilization of all resources viz., land, water and 

solar radiation. It includes various terminology, major csystems, and agronomy of rain fed 

cropping systems, agronomy of irrigated cropping systems, evaluation of cropping systems, 

farming systems and farming systems research.  

x) Cropping Scheme:  

The cropping scheme is a plan in  which crops are grown on individual plot of a farm during a 

given period of time with the objective of obtaining maximum return from each crop without any 

loss of soil fertility. The cropping scheme is related to the most profitable use of resources, land, 

labour, capital and management so that maximum net income may be obtained from the farm as a 

whole, with proper restoration  of soil fertility. xi) Crop Rotation:  

Crop rotation refers to the growth of  two or more crops in rotation - one after another - on the 

same piece of land. It is a process of growing different crops in succession on a piece of land in a 

specific period of time, with an objective to get maximum profit from least investment without 

impairing the soil fertility.  

  

Importance of Agronomy and its Role in Nepalese Context  

Agronomy is the science and technology of using plants for food, fuel, feed, fiber, reclamation. 

Among all the branches of agriculture, agronomy occupies vital position and is called mother 
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branch or primary branch. Agronomy is a synthesis of several branches like crop science, which 

includes plant breeding, crop physiology, biochemistry and soil science, which includes soil 

fertilizer, manures, environmental science, meteorology and crop ecology. So agronomy is an 

important sector of agricultural science. The importance of agronomy can be described under 

following headings.  

i) Source of Food:  

Agronomical crops play a vital role in food supply. Majority of Nepalese farmers adopted the food 

crops for supplement of food material for daily requirement. Agronomical crops include major 

food crops such as rice, wheat, maize, barley, finger millet, potato etc. Similarly larger amount of 

agronomical crops are used as a source of food  for animals. ii) Source of Raw materials:  

Agronomical crops are the major source of raw material for agro-based industries. A number of 

larger industries in the country depend upon the raw materials produced from agronomical crops. 

E.g. sugarcane for sugar industry, tobacco leaf for tobacco industry, paddy for rice mill etc.  

iii) Employment opportunities  

  

Agronomy is the primary source of employment opportunities. Agronomical crops demand more 

labour for care in each and every aspect of cultivation, right from site selection  to harvesting, 

processing, marketing and storage. All such factors create a great employment opportunities for 

the working people.   

  

iv) Nutritional Supply:  

  

 Agronomical crops are the major source food to the human being as well as animals which supply 

lots of  nutrients including carbohydrate, protein, fat, lipids, vitamins, minerals nutrient etc. Cereals  

such as rice, maize, wheat, finger millet etc  are good sources of carbohydrate; legumes crops such 

as lentil, chickpea, pigeon pea, etc are good sources of protein, oilseed crops such as rapeseed, 

sunflower, mustard, groundnut, etc are good sources of fat and lipids as well Many other 

agronomical crops are rich sources of mineral nutrients.  

  

  

  

v) Food Security  

  

A stable agronomical crop sector ensures a nation of food security. The main requirement of any 

country is food security. Food security prevents malnourishment that has traditionally been 

believed to be one of the major problems faced by the developing countries. Agronomical crops 

play a vital role in food security by supplying a larger  amount of food material because majority 

of Nepalese people can easily  produce the food crops to ensure the food security in rural as well 

as urban areas.  
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vi) Soil Conservation and Soil fertility  

  

Nepal is a mountainous country where large farming practice is adopted in sloppy areas which are 

highly prone to soil erosion. So  agronomical crops especially leguminous crops has the best 

solution to protect soil erosion by adopting different agro-technic such as cover cropping, strip 

cropping etc.  Similarly, cultivation of agronomical crop through the crop rotation helps to enhance 

the soil fertility status. Grain legumes and other plants of family leguminosae has an ability to fix 

the atmospheric nitrogen in the soil through symbiosis with nitrogen fixing bacteria which is 

important in soil fertility improvement as well as supplement of nitrogen to the nitrogen deficient 

soil.  

Agronomical Classification of field Crops  

Classification may be defined as the act of distributing things of the same type into classes or 

categories. . Crop classification is a systematic grouping of crops based on well- demarcated 

characteristics. Knowledge of crop classification  helps growers and concerned people to 

generalize similar crops as a class of group for attaining a better understanding about them. 

Agronomical crops can be classified in several classes or groups depending on the basis of 

classification. Plants can be classified according to the following criteria,  

i) Botanical Classification: It is based on morphological characteristics of plants as well as 

on their anatomy, physiology and DNA sequence.  

ii) Descriptive Classification: It is based on environmental adoption, growth habbit and other 

observable features.  

iii) Agricultural Classification:  Crops can be  classified on the basis of their usefulness. Those 

which are useful are called crops while those which are not useful are called weeds.  

A common well defined system of crops classification is important in agronomical crop science. 

Grouping of plants following established system will simplify plant collection in initiatives, 

research, breeding and specialized development efforts.  

Importance of classifying the agronomical Crop Plants:  

 To get acquainted with agronomical crops.  

 To understand the requirement of soil & water for different crops.  

 To know adaptability of crops.  

 To know the growing habit of crops.  

 To understand climatic requirement of different crops.  

 To know the economic produce of the crop plant & its use.  

 To know the growing season of the crop  

 To know the actual condition required for the cultivation of the crops.  
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 Classification of Agronomical Crops  

  

Agronomical crops can be classified based on different aspects such as botany, climate, growing 

season, uses, photoperiod and soil requirement.  

  

i) Classification Based on Botany  

According to the botanical classification agronomical crops can be classified as,  

Kingdom: Plantae  

Division: Tracheophyta  

Sub- division: Pteropsida  

Class: Angiospermae  

Sub-class: Monocotyledon  

Order: Graminales  

Family: Poaceae/ Graminae  

Genus: Oryza  

Species: sativa  

Cultivars: Radha-12  

  

ii) Classification Based on Climate  

  

a) Tropical crops  

 Crops grow well in warm and hot climate:rice, sugarcane, jowar, etc  

  

b) Sub- tropical crops  

Crops that grow well in moderate climate: maize, finger millet, lentil etc.  

  

c) Temperate crops  

 Crops that grow well in cool climate:wheat, oats, gram, potato etc.  

  

iii) Classification Based on Growing Season  

  

a) Rainy/Monsoon/ Kharif Crops  

  

The crops grown in monsoon months from June to Oct-Nov (Jestha to Ashoj- Kartik), Require 

warm, wet weather in  major period of crop growth,and  also require short day length for 

flowering. E.g. Cotton, Rice, Jowar, bajara.  

  

b) Winter/cold seasons/ Rabi crops:  

  

These crops require winter season i.e.  October to March (Ashoj to Falgun) to grow well . They  

grow well in cold and dry weather require longer day length for flowering. E.g. wheat, gram, 

sunflower etc.   
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c) Summer/Zaid Crops  

   

Crops grown in summer months i.e. from March to June (Falgun to Jestha) are summer crops.  

They require warm day weather for major growth period and take long duration  for flowering. 

E.g. Groundnuts, Maize, Soyabean etc.  

  

iv) Classification Based on Uses  

  

a) Grain Crops Grain crops are  cultivated grasses grown for their edible starchy grains.  E.g.  

rice, maize, wheat barley, millets, rye, etc.  

  

b) Pulse/legume Crops  

Pulses crops are leguminous crops harvested solely for the dry seed.  On splitting the seeds produce 

dal which is rich in protein.  E.g. green gram, black gram, soybean, pea, cowpea etc.  

  

c) Oil seeds Crops   

Crop seeds that are rich in fatty acidsand are used to extract vegetable oil to meet various 

requirements are termed oil seeds crops. E.g. groundnut, mustard, sunflower, sesamum, linseed 

etc.   

  

d) Forage Crop  

 Forage crops are crops grown specifically to be grazed by animals or conserved as hay, silage or 

fickler.  Eg- sorghum, elephant grass, guinea grass, berseem &other pulse bajara, etc.  

  

  

  

e) Fiber Crops  

Crop grown for fiber yield are called fiber crops. Fiber may be obtained from seed. E.g. cotton, 

steam, jute, sun hemp, flax.  

  

f) Tuber Crop   

Crops whose edible portion is not a root but a short thickened underground stem are called tubers. 

E.g. potato.  

  

g) Sugar Crops  

Crops cultivated for sugar production are called sugar crops. E.g. sugarcane, sugar beet etc.  

  

v) Classification based on length of photoperiod required for floral initiation  

  

Most plants are influenced by relative length of the day and night, especially for floral initiation. 

The effect on plant is known as photoperiodism. Depending on the length of photoperiod 

required for floral initiation , plants are classified as:  
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a) Short-day Plants   

  

Plants that form flowers only when day length is less than 10 hours are called short-day plants. 

E.g. rice, jowar, green gram, black gram, etc.  

  

b) Long day’s plants  

Require long days or more than ten hours for floral inititation. E.g. wheat, barley, etc.  

  

c) Day- neutral plants   

Plants which flower regardless of the length of the period of light they are exposed to are called 

day-neutral plants. E.g. cotton, sunflower, etc.     

  

vi) Classification Based on Soil Requirement  

  

According to soil requirement agronomical crops can be classified based on suitability of topo 

sequence.  

a) High Land Crops  

 These are  crops  susceptible to water logging and are grown in high land such as maize, seasame, 

cotton, etc.  

  

  

b) Mid Lands Crops  

These are  crops  adopted to tolerate certain degree of water stagnation and require abundant soil 

moisture for maximum yield such as chickpea, upland rice, jute, wheat, etc.  

  

c) Low Land Crops   

These are those which require abundant supply of water and can stand prolonged water log 

condition. E.g. rice, jute, etc.  

Relationship of Agronomy with other Sciences  

Agronomy is a synthesis of several disciplines having relationship with both basic and applied 

sciences. Basic sciences are those which reveal the facts or secrets of nature and comprise subjects 

like chemistry, physics, maths, botany, zoology. Applied sciences are those in which the theories 

and laws propounded in basic sciences are applied to problems in agriculture and other fields. 

Agricultural chemistry comprises, soil, planet, fertilizer, and dairy chemistry developed from basic 

science of chemistry. Agricultural Botany covers planet nutrition, plant physiology and planet 

breeding developed from botany and chemistry. Planet pathology and economic entomology 

developed from botany and zoology. Agriculture extension developed from psychology, sociology 

and anthropology. Agronomy is essentially an applied science and is largely dependent on basic 

and other applied sciences. Knowledge of all the sciences is necessary to learn the basic facts, 
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regardless, of whether they would be of any practical value of agriculture. All the applied sciences 

are important for advancement of agriculture, which is closely related to each other and no branch, 

can progress without the help of allied science branches. Agronomy has  several disciplines like 

soil science, Agricultural chemistry, crop physiology, planet ecology, biochemistry and 

economics.  The  physical, chemical and biological properties of soil have to be understood 

thoroughly to effect modification of the soil environment. Similarly, it is necessary to understand 

the physiology of crops to meet their requirements. Development in these subjects helps in 

developing new practices which are simpler and economical to provide favourable environment 

for  the crops.  

Summary  

 Agriculture is a biological production process which depends on the growth and 

development of selected plants and animals within the local environment.  

 The word agriculture is derived from the Latin words ager, meaning the soil and cultura, 

meaning cultivation.  

  

 Agriculture is the branch of science encompassing the applied aspects of basic sciences 

such as crop production, horticulture, agriculture engineering, agro-forestry and animal 

husbandry.  

 Agriculture is the backbone of Nepal which is the source of food, raw material, 

employment opportunity, foreign trade, significance in transport that helps in economic 

development of the country.  

 Near about 65% of Nepalese population depends upon agriculture. Agriculture is the 

dominant sector of our economy & contributes in various ways such as national economy, 

total employment, industrial input, food supply and trade.  

 Agronomy is a branch of agricultural science which deals with principles and practices of 

field crop production.  

 The term agronomy is derived from Greek words "agros" meaning field and "nomos" 

meaning to manage. The meaning of the word agronomy can be elaborated from each 

alphabet like A= Activities (on), G= Ground (for), R= Raising, O= Out spread use (of), 

N=Noble crops (for), O= Obtaining, M= Massive, Y= Yield.  

 The principle of agronomy includes sustainable agriculture, agrometerology, soils and 

tillage, soil and water conservation, dry land agriculture, mineral nutrition of plants, 

manures and fertilizers, irrigation water management, weed management, cropping 

systems, cropping scheme, crop rotation.  

 Agronomical crops are classified based on different aspects such as botany, climate, 

growing season, uses, photoperiod and soil requirement.  

 Agronomy is a synthesis of several disciplines having relationship with both basic and 

applied sciences.  
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 Development in these subjects help in developing new practices which are simpler and 

economical to provide favourable environment for the crop.  

Acronyms  

%         Percentage  

AD      Ana Dominae   

GDP     Gross Domestic Product mm     

Millimeter  

NLFS   Nepal Labour Force Survey  

US       United States  

Glossary  

Acidic soil.    It is the soil containing high amount of exchangeable H and AI ions and low pH 

value(<7.0).  

Agro forestry. It is sustainable land use system which combines the production of food crops, tree 

crops and/or livestock on the same piece of land either sequentially or 

simultaneously.  

Annual crops. Those crops which own life cycle finished within year are called annuals.e.g.wheat, 

barley.  

Biennials crops. Those crops, which require two years, in first year for vegetative growth and in 

second year for seed production. e.g sugarbeet.  

Bioherbicide. Sprayable bioagent, presently the fungal spore or their extracts, applied like 

herbicide to kill the existing growth of weeds.  

Crop plants.  Those useful plants that are cultivated by man and fit economically into the existence 

of life.  

Crop rotation. A procedure to grow two or more crops in rotation one after another.  

Commercial Agriculture. Agricultural systems, which consider agriculture as an industrial 

enterprise.  

Ecological Agriculture.  Farming practices that enhance or at least do not harm the environment 

and are aimed at minimizing the use of chemical inputs.  
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Traditional Agriculture. Agricultural system,  based in indigenous knowledge and practices and 

have evolved over many generations.  

  

Self Evaluation  

Very Short Question  

1. What are the three components of agroforestry?  

2. Which branch of agriculture science deals with principles and practices of field crop 

production?  

3. Give two exampales of low land crops.  

4. Which crop is related with round revolution?  

Short Questions  

1. What is agriculture?  

2. What is sustainable agriculture?  

3. What is agronomy?  

Long Question  

1. Define agriculture. Write the importance and scope of agriculture in Nepal.  

2. Define agronomy. Write down the principles of agronomy.  

3. What is botanical classification? Classify the agronomical crops based on their uses.  

  

    

Unit –Two Climate  
  

Learning Outcomes:  

After completion of this unit, students will be able to:  

- Describe the meaning, concept and types of climate and weather.  

- Describe the concept of different climatic zones in Nepal and identify the suitable crops grown 

in these zones.  

- Describe  the climatic factors which affect  crop production.  
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Introduction  

The growth and development of crop plants depends primarily on the environmental conditions 

i.e. climate and soil. The success or failure of crop is intimately related to the weather during the 

crop periods. Weather has significant influence on every phase of agricultural activity from 

preparatory tillage to harvesting and storage. A good knowledge of the climate factors and its 

interactions with crop is essential for successful agriculture. Climate is a long-term weather 

patterns over a specified time frame for a specific area. Climate encompasses weather condition 

related to larger areas like zones, regions, countries, parts of continent or whole of a continent, 

climate can be  longer duration of time like month, season or year and best described by the normal 

and average, e.g. cold season, tropical climate, sub-tropical climate, temperate . The mean annual 

temperature, rainfall, relative humidity, etc determine the growth and development of crops plants. 

Every aspect of weather and climate has its own importance in crop production.  

Definition of Weather and Climate  

Weather  

Weather can be defined as the conditions in the atmosphere that are happening right now. It is the 

short term occurrence, or daily measurement, of the fair or inclement weather. It refers to state of 

atmosphere over an area at any point of time.  It is the total of weather conditions for limited area. 

Weather pertains to smaller area like village, city or even a district and smaller duration of time, 

i.e. part of the day or complete day and is expressed by numerical values of meteorological 

parameters. Daily temperature, precipitation, and severe weather are all  parts of everyday weather.  

If the meteorologist on TV says that it will be sunny today, this is  todays  weather.   

Climate  

Climate can be defined as the long-term weather patterns over a specified time frame for a specific 

area. Climate is weather conditions related to larger areas like zone, regions, country, part of 

continent or whole of continent and longer duration of time like month, season or year and best 

described as normal and average. Climate can be cold season, tropical climate or subtropical 

climate, temperate climate. Most books which describe regional or world climate use a long-term 

average of weather conditions to describe what typical conditions are likely to be present at a 

particular location and time of year. The average amount of rainfall is considered a part of climate.  

Climate statistics include both average conditions and frequencies of occurrence of severe weather, 

heavy rainfall, and other weather events which could impact health and property.  

The lattitude of a location has a large impact on the climate of  that area.  This is primarily due to 

the amount of solar heating received, which varies as a function of lattitude. However, locations 

with the same lattitude may have different climates depending on multiple factors such as whether 

the location is close to the coast or if the location has significant topographic features, such as a 

mountain.  
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Meteorology  

Meteorology is the science that deals with laws and principles as they apply to atmospheric 

phenomenon. It is the science of atmosphere and its attendant activities. Meteorology is also 

defined as a branch of physics that deals with physical process in the atmosphere that produces 

weather. Agriculture meteorology is the branch of applied meteorology which deals with the 

response of crops to the physical environment. It is the study of physical process of the atmosphere 

that produces weather in relation to agricultural production, and also deals with agro climatology, 

instrumentation and weather forecasting. Climatology is the science dealing with the factors which 

determine and control the distribution of climate over the earth’s surface. Agro climatology deals 

with the relationship of climate regimes and agricultural production. It also includes 

instrumentation and forecasting.  

Types of Climate  
  

Nepal’s climate varies with its topography. It ranges from tropical to arctic depending upon the 

altitude. The Terai region, which lies in the tropical southern part of the country, for instance, has 

a hot, humid climate. The mid-land regions are pleasant almost all year around, although winter 

morning and nights are cool. The northern mountain region, around an altitude above 3,353 meters 

has an alpine climate with a considerably lower temperature and thin air in winter as can be 

expected. The climate in Nepal varies from sub-tropical to alpine within a short distance due to 

tremendous variation in topography and altitude (60 to 8,848 m). These factors along with direction 

of mountain slope have created numerous micro-environments. Alpine, cool temperate, warm 

temperate, sub- tropical and tropical climates prevail in Nepal. The snow line lies on around 2,500 

m in winter and 4,000 m in summer. Snow rarely falls below 1,500 m altitude. On shaded north, 

snow remains considerably longer than on south facing slopes. The average annual rainfall is 

estimated as 1,600 mm, about 80% of which falls in  June -  September(Jestha to Shrawn). The 

mean annual precipitation ranges from nearly 200 mm in rain shadow area near the Tibetan plateau 

to 4,600 mm along the southern slopes of the Annapurna mountain range. Most of the winter 

rainfall occurs during December -  February(Mangsir to Magh). Total number of rainy days varies 

from 24 to 181 days. Annual sunshine hours vary between 922 to 2,820 hours.  

The recorded maximum temperature during the summer varies from 25˚C to 46˚C and the recorded 

minimum temperature during the winter varies from - 26˚C to nearly freezing point in the crop 

growing areas. Winter, spring, summer and autumn seasons, each of three months prevail in the 

country.  

Nepal has four climatic seasons;  

i) Spring: March- May ( Falgun- Baishak) ii) 

Summer: June- August (Jestha- Shrawan) ii) 

Autumn: September- November (Bhadra- Kartik) 

iv) Winter: December- February (Mangsir- Magh)  

  

Spring is the colorful season which is punctuated by the odd shower of life-giving rain but the heat 

gradually builds until the monsoon relief arrives. During summer, the monsoon, moistureladen 
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wind, gathers in the Bay of Bengal and sweeps up across India to spend its force on the Himalayan 

mountain chain. Autumn is renowned for clear skies and pleasant temperature. By winter the high 

hills take dry brown shades and the mountains are occasionally dusted with fresh snow. However 

due to Nepal’s vast range of diversified land orientation as well its amazing climatic variation 

Nepal has six seasons..  

  

Classification of Different Climatic Zones and Crop  

  
Nepal is a landlocked country located between China and India.  Spanning the central part of the 

Himalayas, Nepal’s total area is 147,181 km2. Five distinct physiographic regions with unique alt 

itudinal and climatic conditions give the land its splendid diversity.  These regions consist of the 

High Himal, High Mountain, Middle Mountain, Siwalik, and the Terai.  35 percent of the total ar 

ea  is made up of mountains, 42 percent is hills, and 23 percent is Terai .There is a wide diversity 

in landscape, altitude, topography and temperature in the country. Temperatures range from arctic 

to tropical. The High Himalayan region is always below freezing whereas the Terai and the low 

valleys are always warm. In winter mornings and nights in the hills are bitterly cold and days are 

chill whereas in the plains and the river valleys mornings and nights are chill and the days are 

pleasant. Summers in the hills are pleasant but in the plains and valleys are swelteringly hot.  

January (Paush) is the coldest and June and July( Jestha and Asar)  are the hottest months. Rainfall 

and temperature are the two main factors affecting Nepalese agriculture.  

  

High Himalayan Region.  

 This region ,which is always covered by snow, occupies 23.7% of the total land – 3 447 500 ha. 

Its altitude ranges from 3 000 m to 8 848 m. The mountains are very steep with active glacier 

systems. The geology consists of gneiss, schist, limestone and shale of different ages. Physical 

weathering predominates and soils are very stony. This region falls largely within the alpine and 

arctic climate regimes, so there are active glacier systems where there is enough precipitation in 

high catchments. The climate is dependent on elevation and location in the mountain massifs. The 

few pockets of arable land of Solukhumbu, Mustang, Manang and Dolpa are the result of a unique 

combination of aspect, shelter from wind and availability of water for irrigation.  

Characteristic landforms are glaciers, cirque basins, moraines, U-shaped valleys and avalanche 

slopes. Bedrock in most of the areas is exposed at or near the surface including gneisses, schist and 

the Tethys sediments. Less than 1% of the region has soil and climate suited to crop production 

and that too  where irrigation is available.  

High Hills (or Mountain) Region.  

The altitude of this region ranges from 2 000 m to 2 500 m and it lies below the permanent snow 

line. This region occupies 2,899,500 ha making up 19.7% of the country. It has a cool climate and 

receives heavy to moderate snow in winter. Mountain slopes are very steep but there are some flat 
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valleys as well. The geology is characterized by phyllite, schists, gneisses and quartzites of 

different ages. Soil formation on the slopes is slow and soil is  rocky.  

This region borders the Middle Hills to the south and the High Himal to the north. The boundaries 

are defined by changes in geomorphic processes, bedrock geology, climate and relative relief. This 

region has more metamorphosed and structurally consolidated rocks. Gneisses and garnetiferous 

mica schists are common. Most of the major valleys have been glaciated. High river gradients and 

enhanced river down-cutting resulted in the formation of deep canyons since glaciation. 

Agriculturally this region is of lesser importance. After the snow melts the mountains are covered 

with thick grasses and livestock like sheep, yak, and other mountain animals graze in this region. 

In the valleys, in summer, one crop  can be harvested a year. The crops are potato, naked barley, 

buckwheat, and maize. Food grown here is not enough to  meet  the population, demand. .  

Middle Hills (or Mountain) Region.   

This region includes a wide range of physiography. Its area is 4 350 300 ha,about 29.5% of the 

area of the country. Mountain peaks range up to 2 000 m with narrow river valleys. The mountains 

form the Mahabharat range. The geology consists of a complex of phyllite, schists, quartzite of 

Cambrian to Precambrian ages and granites and limestones of different ages. The climate ranges 

from warm subtropical to warm temperate. The higher peaks receive occasional snow whereas 

some lower parts receive occasional frost in winter, which causes damage to crops. Soils are 

extremely variable because of the differences in bedrock, geomorphology and microclimate. The 

southern margin mostly consists of a prominent belt of uplifted mountains known as Mahabharat 

Lekh. This belt is made up of deeply weathered granite, limestone, dolomite, shale, sandstone, 

slate and quartzite. It is intensively cultivated and is home for more than 60% of the population. It 

produces most of its food, yet food is always transported from surplus regions to this area.  The 

subtropical dense forest occupies the non-agricultural land.  

Siwalik region.   

This region lies at the foot of the Mahabharat range. Its area is i.e.1 888 600 ha 12.7% of the total 

land. Altitudes range from 300 m to 1 800 m. The geology mainly consists of tertiary mudstone, 

sandstone, siltstones and conglomerate. The soils vary depending on the materials from which they 

are developed. There are several inner valleys or duns, which are densely populated. Because of 

alluvial deposition these valleys are very fertile. The landscape is very rugged and unstable, 

consisting of weakly consolidated tertiary sediments with gentle to strongly sloping dip slope. 

Siwalik soils are unable to retain high precipitation which frequently occurs resulting in flash 

floods. Duns, a very important part of the Siwalik landscape, are structurally stable and sometimes, 

in the past, their outlets were blocked by rapid tectonic uplift of the Siwalik range. The major dun 

valleys are: Chitwan, Dang, Deokhuri, Surkhet,  and Kamala. Climate in the duns is modified by 

the regular occurrence of winter fogs; otherwise it is very dry.  

The Terai Region.  
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The Terai, a flat extension of the southern Indo-Gangetic plain, occupies i.e. 2142 200 ha14.4% of 

the country. The altitudes range from 66 m to 300 m. The region enjoys a warm sub-tropical 

climate and its alluvial soils are fertile. It is the granary of Nepal. Wherever irrigation is available 

the land is intensively cultivated. It consists of recent and post-Pleistocene alluvial deposits 

forming a piedmont plain adjacent to the Himalayan ranges. Although the whole length of the 

Terai has a common geomorphology, it has obvious differences in land use due to  the presence of 

different land systems and land units. The obvious difference is the increased amount of rice 

cultivation in the eastern Terai indicating a greater proportion of higher quality alluvial soils and 

more availability of water/rainfall compared to the west.   

Table: 2 Characteristics of different ecological belts  

Climate Characteristics of  Different Ecological Belts of Nepal   

Physiographic  Zone  Ecological  Belt   Climate  Average Annual  

Precipitation  

Mean  Annual  

temperature  

High Himal  Mountain  Arctic/Alpine  Snow/150mm‐ 
200mm  

<3°C-10°C  

High Mountain  

Mid Mountain  Hills  Cool/Warm   275mm‐  

2300mm   

10°C‐20°C  

Siwalik  Terai  Tropical/Sub‐  1100mm‐  20°C-25°C  

Terai   tropical  3000mm    

  

Effect of Climate on Crop Production  

Climate is the most important dominating factor influencing the suitability of a crop to a particular 

region. The yield potential of the crop mainly depends on climate. More than 50 per cent of 

variation of crops is determined by climate. The most important climatic factors that influence 

growth, development and yield of crops are solar radiation, temperature and rainfall.  

Solar Radiation (SR)  

 The sun is the prime source of enery injected into the atmoshpere. Solar radiation is the source of 

energy for food production.The interception of solar radiation terrestrial system and its 

modification determines weathers and climates. Radiation energy is a significant factor in plant 

growth and development as the permeability of protoplasm, intake and loss of water, enzyme 

activity, respiration, photosynthesis, flower initiation and ripening of fruits are all influenced by 

light directly or indirectly. Light has three principle characteristics affecting plant growth; 

quantity/intensity, quality and duration. Solar energy provides light for seed germination, leaf 

expansion, growth of steam and shoot, and flowering, fruiting and thermal condition necessary for 

the physiological function of the plants.  
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The effect of solar radiation on plants can be divided into four distinct categories. They are as 

follows:  

i) Thermal Effect  

More than 70% of the SR absorbed by plants is converted into heat. This heat energy is utilized for 

transpiration and for convective heat exchange with the surroundings. These exchanges determine 

the temperature of leaves and of other plant parts.  

ii) Photosynthetic Effect  

Photosynthetic effect of solar radiation is more important for crop production than other effects. 

Intensity of solar radiation is more important. SR influences the production of enzymes useful in 

photosynthesis, development of photosynthetic apparatus, growth, yield formation and finally 

yield.  

  

  

a) Enzymes  

The reduction of CO2 to carbohydrate is catalyzed by enzymes, namely phosphenol pyruvate 

carboxylase and ribulose biphosphate carboxylase. Light intensity increases activity and amount 

of these enzymes.  

b) Development of photosynthetic apparatus  

The infrastructure for photosynthetic process includes chlorophyll present in leaves, leaf area and 

their exposure.  

i) Pigmentation  

The different pigments necessary for photosynthesis are  produced in the presence of light. 

Chlorophyll formation is promoted by the light in the region of 0.300-0.338 µm. ii) Leaf 

characteristics:  

Though high light intensity decreases leaf surface area, it increases leaf thickness, number of 

mesophyll cells, specific leaf weight and number of stomata per unit area. Carbon dioxide intake 

rate is high in leaves developed under high light intensity due to increased number of stomata. iii) 

Leaf exposure:  
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Light influences the orientation of the leaf. Blue light even at very low light intensities cause 

inclination of wheat leaf. With higher light intensities, leaves become horizontal. Shading of rice 

plants by 75% decreased leaf angle up to 120 resulting in high proportion of erect leaves. Plants 

tend to grow prostrate or develop rosette form under high light intensity. c) Growth  

SR is available continuously during the day and it has to be intercepted simultaneously. Under 

normal condition, interception of solar radiation and utilization are particularly low during early 

the stage of crop growth. Interception and utilization can be increased by proper management 

practices such as adjustment or row spacing; plant population is related to amount of radiation 

intercepted by the crops.  

d) Yield formation and yield  

Light intensity affects yield attributes and finally yield. In groundnut, low light intensity during 

peak flowering reduces the number of flowers per plant. Flower opened during  cloudy period do 

not produce pegs. Low light intensity at pegging and pod filing reduces peg and pod number.  

Low light intensity during pod filling period causes higher yield loss of about 30% more than in 

other stage.  

In cereals, number of tillers increase spikelets in cereals. Its effect is mostly on lower spikelet’s of 

panicle in rice. The low light intensity from panicle initiation to grain formation is critical but 

flowering to grain formation is more critical. SR during panicle initiation to flowering is critical 

for rice. The amount of solar radiation during this period decides the number of flowers per plant. 

Low light during ripening reduces yields due to lesser number of filled grains per panicle and lower 

grain number. At low light intensity, grain yield is reduced by 25-68% compared to normal light 

intensity. Reduction in grain yield of rice in wet season compared to dry season in attributed to 

solar radiation. iii) Photoperiodic Effect  

The time period during which any plants exposed to sunlight is known as photoperiod. The 

response of plant to photoperiod is known as photoperiodism. Plants produce flowering in response 

of photoperiod. Duration of day light period (photoperiod) greatly influence the time of flowering 

of many crops. Based on flowering behaviors to the photoperiod, plants are grouped into four broad 

types.  

a)Short day plants  

Plants produce flowers only when the day length is less than about 10 hours in duration (long 

nights). Short day plants include many agronomical crops such as rice, maize, sugarcane, tobacco, 

soybean etc.  

b) Long day plants  
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Those plants which require comparatively longer days (more than 12-14 hr) for initiation. Its form 

flowers only at day lengths exceeding about 12-14 hours (short nights). They include almost all of 

summer flowering plants such as potato, wheat barley, oat etc.d)  

C)Day neutral plants  

Plants produce the flower regardless of day length. Some plants do not really fit into any category 

but may be responsive to combinations of day lengths. The plants that have no effect of 

photoperiod on flowering are known as day neutral plants. Day neutral plants include  sunflower, 

cotton, buckwheat etc.  

iv) Other Effect  

a) Assimilation of nutrients  

SR affects the assimilation of nutrients in the plants. In maize accumulation of phosphorous is high 

under white, yellow, orange and light blue light and lowest in darkness.  

b) Translocation of photosynthates  

The most frequently occurring non structural carbohydrates in plants are sources followed by 

fructose. These are accumulated in clumps up to two to three weeks after anthesis in cereals . 

Fructose appears to be the most important storage ofcarbohydrates in leaves and clumps prior to 

grain filling. Plants shaded during grain filling are able to retranslocate stored photosynthates to 

grain, thus maintaining certain amount of stability.  

c) Seed dormancy and germination  

Seeds of some plants species such as tobacco (photo blastic plants) do not germinate in absence of 

light.  

d) Stomata movement  

In many plants stomata open under normal light condition but Crassulacean acid metabolism(CAM) 

plant stomata open only in night. Stomata opening determines gas exchange and transpiration.  

e) Etiolation and barrenness  

Plants growing in low light intensity or in dark or in closer spacing are longer and weak. In an 

attempt to receive light, these plants grow spindly. Shading increase auxin (IAA) levels. Shaded 

plants have excessive stem elongation (prone to lodging). Plants growing under low light intensity 

have more barren spikelets because of reduced grain filling.  

Temperature  

Many physical processes and chemical reactions vital to crop growth are influenced by 

temperature. In general active growth of commercial crops is confined to temperature of 50c to 

400c. However, each crop cultivars and  growth phase have its own temperature requirements 
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beyond which their performance is limited. It is the degree of hotness and coldness of substances 

and is measured in Celsius scale (0c) in metric system. Solar radiation that comes to  the earths 

surface is converted into heat energy. This is a major contributing factor for the temperature of 

plants and its environment. The latitude, altitude and distance from large bodies of water determine 

the temperature of the location. Optimum temperature for crop growth is dynamic as they differ 

withcrops and varieties, duration of exposure, age of the crop and developmental stage. The 

temperatures directly influence photosynthesis, respiration, cell wall permeability, nutrient and 

water absorption, transpiration, enzyme activity and protein coagulation.  

Cardinal Temperature  

For each plant species there are lower minimum temperature (Tmin) and upper maximum 

temperature (Tmax) at which growth is nil or negligible. The temperature which is most favourable 

for plant growth is the optimum temperature (Topt). (Tmin), (Tmax) and (Topt) are called cardinal or 

threshold temperatures.  

 The minimum, below which there is insufficient heat for biological activity.  

 The optimum, at which the rate of metabolic process are at their maximum.  The 

maximum, above which growth ceases.  

Cardinal temperatures for cool season cereals are 0-15, 25-30 and 31-37 0c whereas for warm 

season cereals they are 15-18, 31-37 and 44-50 0C. Temperature affects the productivity and 

growth of a plant, depending upon whether the plant is a warm or cool season crop. If temperatures 

are high and day length is long, cool season crops will flower. Temperature that is too low for 

warm season crop will prevent fruit set. Adverse temperature also causes stunted growth and poor 

quality production.  

Table : Cardinal temperature of some crops:  

Crops   Temperature (0c)   

  Minimum  Optimum  Maximum  

Rice  10-12  30-32  36-38  

Wheat  3-5  24-25  32  

Maize  8-10  32-35  40-43  

Soybean  5  25  35  

Potato  5  20  30  

Sugarcane  18-19  32-35  40-42  

Cotton  15-16  32-33  42-43  

Groundnut  15-16  24-26  40-42  

Mustard  0-1  26-27  36-37  

  

Influence of Temperature on Crop Growth  
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i) Effect on Biochemical Reaction  

There are certain biochemical processes which are affected by the temperature. The rate of reaction 

for every 100C increase in temperature is called quotient 10 (temperature coefficient)  

        Q10= Rate of reaction at (t+10)/ rate of reaction at t0C.  

This concept was developed to compare the effect of temperature increase on plant metabolic 

process. In general, the rate of process increases with increase in temperature from tmin and 

decreases rapidly after increase in temperature from topt. This is because increases in temperature 

increase the velocity of enzyme from  tmin to topt. As there is further increase in temperature the 

enzyme structure is damaged and rate of reaction is decreased.  

ii) Effect on Photosynthesis and R  

The rate of photosynthesis and respiration increases with increase in temperature. At lower 

temperature, the rate of respiration is low but it increases rapidly after optimum temperature. 

Photosynthesis also declines after optimum temperature. The net photosynthesis is the highest at 

optimum temperature and lower at both ends of optimum temperature. Temperature has 

considerable influence on chlorophyll synthesis and leaf development. Temperature enhances the 

production of chloroplast. At low temperature, leaves become yellow due to degradation of 

chlorophyll.  

Thermo period refers to a daily temperature change. Plants respond to and produce maximum 

growth when exposed to a day temperature that is about 100C to 150 C higher than a night 

temperature. This allows the plant to photosynthesize (build up) and respire (break down) during 

an optimum daytime temperature and to curtail the rate of respiration during a cooler night. Higher 

temperature causes increased respiration, sometimes above the rate of photosynthesis. This means 

that the products of photosynthesis are being used more rapidly than are being produced. Too low 

temperature can also produce poor growth. Photosynthesis is slowed down at low temperature. 

Since photosynthesis is slowed, growth is slowed and this results in lower yields.  

iii) Effect on Growth Substances  

At optimum temperature the activity of auxin, gibberllins and cytokinins (growth promoters) are 

high and activities of abscisic acid (growth regulators) is low with the result that plant growth rate 

is increased. At low and high temperature, the balance of growth substance changes and affects 

growth.  

iv) Effect on Development  

Temperature has greater influence on development rate of generation, leaf initiation, tillering, 

flowering, spikelet's initiation and grain filling. All these development processes proceed at faster 

rate at higher temperature.  
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v) Effect on Growth Duration  

Heat unit system is also known as remainder index method, day degree, thermal unit, thermal time 

requirement, growing degree days, temperature summation or accumulated temperature. A degree 

day (DD) or heat unit (HU) is the departure from the mean daily temperature above the minimum 

threshold of base temperature (Tb). The heat unit or growing degree day (GDD) concept was 

developed to explain the relationship between growth duration and temperature.  

This concept assumes a direct and linear relationship between growth duration and temperature. 

The growth duration ultimately determines the dry matter production and yield of crop.  

vi) Flower Initiation  

In many crops (such as sugar beet, wheat) low temperature is required for flower initiation.  The 

phenomenon of acquisition or acceleration of the ability to flower by chilling/ low temperature 

treatment is termed as vernalization.  

vii) Induction of Sterility  

The occurrence of various cytological abnormalities in meiosis during the formation of the 

generative cell has been thought to constitute the primary cause of spikelet's sterility. These 

abnormalities occur due to cold injury at the boot stage of rice plant. Sterility can also occur due 

to loss of stickiness of stigma and consequently failure of fertilization.  

viii) Pest and Diseases  

Usefully high temperature promotes the growth of weeds, insect pests and pathogens.  

 Precipitation   

Precipitation is water in liquid or solid forms, falling to earth. Precipitation is the deposition of 

atmospheric moisture to the ground. Precipitation occurs in forms such as rainfall, snow, hail, fog 

and dew.  

Table : Common Precipitation  forms  

Precipitation   

  

Description  

Rain  Droplets with more than 0.5mm diameter. 

Widely scattered smaller drops are also called 

rain.  

Drizzle  Fine drops with diameter less than 0.5 mm and 

very close to one another. Often associated with 

fog and poor visibility.  

Snow flakes  Loose aggregates of ice crystals, most of which 

are branched.  

Sleet  Rain which freezes as it falls through a cold layer 

near the surface.  



 

33  

  

Hail  Rain drops formed by intense condensation and 

coalescence of water droplets at higher levels 

where they freeze.  

  

Rainfall greatly affects the distribution and cultivation of both cultivated and native plants. Total 

amount of rainfall, there distribution and intensity determine the crop production and crop 

productivity of the location.  

Amount:  

 The amount of rainfall may be quite high as required by the crops but it may be useless if 

it is not distributed throughout the growing season of the crops.  

 When the rainfall is concentrated in 4-5 months of the year, there may be periods when the 

rate of precipitation exceeds the intake rate of soil. As a result, considerable runoff occurs, 

plant nutrients are leached out of the root zone and crops are adversely affected by 

anaerobic condition, if the excess precipitation occurs during the cool season.   

Distribution  

 The distribution of the rainfall during growing season is important.  

 Rainfall received during specified intervals like weeks, month or season indicates its 

distribution, which can be known by rainy days, dry spells and wet spells.  

 Distribution of rainfall is more important than total rainfall in a season for optimum crop 

yield.  

Intensity:  

 Intensity mainly influences the erosion.  

 If the intensity of rainfall exceeds rate of infiltration of soil, runoff starts.  

 High intensity rainfall causes soil erosion.  

 If the rainfall is greater than the rate of absorption by soil, the surplus water will be lost as 

surface runoff. It will cause flooding and soil erosion.  

Influence of Rainfall  

Rainfall is one of the most important weather factors influencing crop growth directly and 

indirectly. Rainfall as a source of soil moisture has significant influence on crop growth especially 

under rain fed conditions.  

i) Nutrient Management  

Response of applied nutrient depends on soil moisture which in turn depends on rainfall especially 

under rain-fed conditions. In years of poor rainfall, it is recommended that maize should be given 

lower doses of N and P. In normal and high rainfall years, application of higher dose is 

recommended. ii) Weed Management  
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The weed seed reserve differs in different rainfall regions in terms of weed seed composition and 

total number of seeds in soil. The species diversity and number of seeds in the soil remains lowest 

in the very low rainfall area, where as both parameter increases in the high rainfall area.  

  

iii) Insect Pests  

Heavy precipitation followed by the break in the monsoon and increase in sunshine hours was 

found to favor multiplication of the pests, but  continuous heavy rainfall and less sunshine did not. 

Bollworm activity was negatively influenced by rainfall. Intense rainfall in monsoon months 

inhibited insect growth and development.  

iv) Disease  

Higher incidence of disease was observed with rainfall and cloudy weather during flowering. The 

highest incidence of Alternaria leaf blight on sunflower was observed with rainfall and relative 

humidity.  

v) Lodging  

Rainfall influences the lodging of the crops. Lodging occurred during or within 24 hrs of period of 

rainfall which in many cases, coincided with wind speeds of > 25 km/h.  

vi) Quality  

Quality losses occur for many crops due to wet spells during the harvesting of crops. Deterioration 

of wheat grains quality was caused by an increase in lodging and pre-harvest sprouting because of 

high precipitation. Higher precipitation is one of the factors causing blackened tips of barley grains. 

Prolonged exposure to rainfall causes damages to green gram during pod development stage.  

 Relative Humidity (RH)  

Humidity refers to the amount of water vapour in the air expressed as percentage of the maximum 

amount that the air is capable of holding at given temperature. Most commonly used reference to 

water vapours is relative humidity (RH), which is the ratio of the amount of the water vapor 

actually in the air as a percentage of that contained in the same volume of saturated air at the same 

temperature. When RH is 80% it means that there is a deficit of 20% water vapour for saturation.  

Relative humidity (RH) =           Water vapour in the air                

                                                                                                     ×100  

                                         Water vapor required for saturation  

The rate of evapo- transpiration is strongly related to relative humidity. Lower relative humidity 

may cause water deficit in plants where water is limiting factors. Higher relative humidity reduces 

the transpiration which may retard gas exchange in plants. The incidence of insect pest and disease 

is high under high relative humidity. About 70-80% relative humidity is considered ideal for crop 
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production. Humidity increases the availability of net energy for crop growth. Higher relative 

humidity can prolong the survival of crops under moisture stress. Certain plants have ability to 

absorb atmospheric water vapour through leaves and other aerial parts under condition of relative 

humidity of air is around 85%. Relative humidity reduces the evaporation losses from moist soil 

during day time. RH plays a significant role in the outbreak of disease and pest epidemics. RH not 

only influence crop water needs but also builds up of pests and disease.   

The RH is lowest during summer and it ranges from 20-40% in different parts of the country. It 

sharply increases in June upto the range of 30-60% in moist parts of the country. As the monsoon 

advances over the country, almost all the regions records mean RH values range from 50-80%. 

The RH decreases with the withdrawal of monsoon in October and remains around 30-70%.  

Effect of Relative Humidity on Plant  

 High relative humidity reduces the saturation deficit in plants.  

 High humidity increases the growth of shoots and leaves.  

 It suppresses the formation of fruit and bulbs.  

 Low humidity accelerates evapo- transpiration.   

 It interrupts photosynthesis in plants.  

 In extreme saturation, deficit physiological drought and killing of plants may occur.  

 High relative humidity favours the growth of many fungi and other pests to the crops.  

 About 70-80% relative humidity is considered ideal or optimum for crop production.  

Wind  

It is a horizontal flow or movement of air. Wind is air in horizontal motion in response to pressure 

gradient (rate of pressure changes with distance) in atmosphere. Wind regime influence 

evaporative demand to a great extent. Thetronger the wind, the greater will be the crop water 

requirements. Wind velocity is lowest (3-5 kmph) during winter but builds up  with the onset  of 

summer months, reaching peak values 96-19 kmph) during pre-monsoon period of 

AprilJune(Chaitra- Jestha). Wind velocity, however, can be extremely high for shorter periods 

during intense cyclonic activity, causing damage to standing crops and vegetation.  

Wind velocity and its effect on degree of shivering of parts/feather or flag like objects as given by 

Beaufort is given in table below:  

  

Table: 3 Wind velocity and its effect on degree of shivering  

Beaufort 

number  

General 

description  

Wind  

velocity 

(km/hr)  

Effects  

0  Calm   <1.5  Smoke rises vertically, no movement of leaves.   

1  Light air  1.5  Wind direction shown by smoke movement but not by 

wind vane.  
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2  Slight breeze  5-12  Wind felt on face, leaves rattle, vane moves by wind.  

3  Gentle breeze  12-20  Leaves or small twigs in constant motion, wind extends 

height of flags.  

4  Moderate 

breeze  

20-30  Raises dust and loose paper, small waves form on land 

water  

5  Fresh breeze  30-38  Small trees with leaves sway, small waves form on land 

water  

6  Strong breeze  38-50  Large branches in motion, telegraphic wires whistle, 

umbrella used with difficulty.  

7  Moderate gale  50-60  Whole tree in motion, inconvenience to walk against 

wind.  

8  Fresh gale  60-75  Twigs breakoff the tree, difficulty in walking forward.  

9  Strong gale  75-86  Slight structural damage, chimney in pots removed.  

10  Whole gale   86-100  Trees uprooted, considerable structural damage.  

11  Storm  100-120  Wide spread damage, rare occurrence.  

12  Hurricane  >120  Severe damage of life, big tree uprooted, buildings 

damaged, houses collapse, violence and destruction.  

  

Effects of Wind  

Natural effects of wind can be measured as logging and breakage of plants, shattering of grains, 

flower drops and uprooting in cereals and other fragile crops, transport the cold and heat waves 

and clouds, cold waves abruptly decrease in the temperature by 4˚c and heat  waves abruptly 

increase in temperature by 4˚c. Some of other effect causes by the wind are:  

 Wind acts as vector for transportation of diseases, pests and pollutants e.g. rust and locust.  

 Wind adversely affects the rate of evapo-transpiration.  

 Indirectly, wind to a greater extent is responsible for causing rainfall and changing the 

humidity pattern.  

 Directly, wind of gentle velocity promotes photosynthesis by continuing replacement of 

CO2 absorbed by the leaf surface.  

 Wind helps the pollination and water uptake and metabolism in plants and to some extent 

regulates the temperature of plant canopy.  

Summary  

 The growth and development of crop plants depends primarily on the environmental 

conditions i.e. climate and soil. The success or failure of a crop is intimately related to the 

weather during the crop periods.  

 A good knowledge of the climate factors and its interactions with crop is essential for 

successful agriculture.  
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 Weather is the conditions in the atmosphere that are happening right now. It is the short 

term occurrence, or daily measurement, of fair or inclement weather. It refers to the state 

of atmosphere over an area at any point of time.  

 Climate is the long-term weather patterns over a specified time frame for a specific area. 

Climate is weather conditions related to larger areas like zone, regions, country, parts of a 

continent or whole of a continent longer duration of time like month, season or year and is 

best described as  normal and average. Climate can be cold season, tropical climate, sub-

tropical and, temperate .  

 Nepal’s climate varies with its topography. It ranges from tropical to arctic depending upon 

the altitude.  

 Five distinct physiographic regions with unique altitudinal and climatic conditions give th 

e land its splendid diversity.  These regions consist of the high himal, high mountain, mm 

iddle Mountain, Siwalik, and the Terai.    

 There is a wide diversity in landscape, altitude, topography and temperature in the country.  

 Climate is the most important dominating factor influencing the suitability of a crop to a 

particular region. The yield potential of the crop mainly depends on climatic factors such 

as solar radiation, temperature, relative humidity and rainfall.  

Acronyms  

˚            Degree  

Co2         Carbon di oxide DD        

Degree Day  

e.g.         Example  

F             Fahrenheit       

GDD       Growing Day Degree  

Ha            Hectare hr              

Hour  

HU          Heat Unit  

IAA         Indole Acetic Acid  

i.e.            That is  

km            Kilometer kmph        

Kilometer per hour  

m             meter  

N             Nitrogen  
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P             Phosphorus  

PAR       Photo synthetically active radiation  

RH         Relative humidity  

SR         Solar Radiation  

Glossary  

Agricultural meterology. The branch of applied metrology which deals with the response of crops 

to the physical environment.  

Climatology. The science dealing with the factors which determine and control the distribution of 

climate over the earth surface.  

Photochemical reaction. Any chemical reaction which is influenced by light is called as 

photochemical reaction.  

Photothermal effect. It indicates a combined effect of light and temperature.  

Self Evaluation  

Very Short Questions  

1. Give two examples of long day plants.  

2. Which crop do not germinate in absence  of light?  

3. What is the optimum temperature for potato production?  

Short Questions  

1. Define Agro-metrology.  

2. What do you mean by photoperiodic effect on plant growth and development?  

3. Write in brief about the effect of wind on crop production.  

Long Questions  

1. Define weather and climate. What are the differences between weather and climate?  

2. Briefly explain about the different climatic zones in Nepal.  

3. Write down the effects of climate on crop production.  
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Unit-3  

Farm Mechanization  

Learning Outcomes  

After completion of this unit students will be able to:  

• Demonstrate the understanding of meaning, concept, importance and status of farm 

mechanization in Nepal.  

  

Introduction  

Farm mechanization refers to the development and use of machines that can take place of human 

and animal power in agricultural processes. It is the application of engineering and technology in 

agricultural operations. This includes development application and management of all mechanical 

aids for field production, water control, material handling, storing and processing. Mechanical aids 

include hand tools, animal drawn equipment, power tillers, tractors, engines, electric motors, 

processing and hauling equipment. This helps the farmers to do a job in a better way to improve 

productivity. Therefore, the unit has covered different definitions, concept and both the advantages 

and disadvantages of farm mechanization. Besides, the student can learn about different 

equipments and powers used in agriculture field especially for land preparation, seed sowing, 

planting,  harvesting, threshing and cleaning operation.  

  

Definition and Concept of Farm Mechanization  

Farm mechanization refers to the development and use of machines that can take the place of 

human and animal power in agricultural processes. The mechanization of agriculture that took 

place during the 20th century led to major changes in how farmers plant, irrigate and harvest crops. 

Combines, tractors, harvesters and other machinery have enabled farmers to increase their 

production while relying less upon an extended labor force.  

  

Agricultural mechanization has been defined in a number of ways by different people. The most 

appropriate definition is that it is the process of improving farm labor productivity through the use 

of agricultural machinery, implements and tools. It involves the provision and use of all forms of 

power sources and mechanical assistance to agriculture, from simple hand tools, to animal draught 

power (DAP), and to mechanical power technologies. The choice depends on local circumstances. 
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Human, animal and machine power can complement each other in the same household, farm and 

village (FAO, 2005).  

  

The student should be aware with the different definitions of Farm Mechanization, its history and 

prevailing status in Nepal.   

  

Meaning of Mechanization in Agriculture  

Farm mechanization can be described and explained in various words. Meaning and concept of 

farm mechanization can be further clarified through the following some definitions:  

  

In G. D. Aggarwal’s words, “Farm mechanization is a term used in a very broad sense. It not only 

includes the use of machines, whether mobile or immobile, small or large, run by power and used 

for tillage operations, harvesting and threshing but also includes power lifts for irrigation, trucks 

for haulage of farm produce, processing machines, dairy appliances for cream separating, butter 

making, oil pressing, cotton ginning, rice hulling, and even various electrical home appliances like 

radios, irons, washing machines, vacuum cleaners and hot plates.”  

  

According to Dr. Bhattacharjee, “Mechanization of agriculture and farming process connotes 

application of machine power to work on land, usually performed by bullocks, horses and other 

draught animals or by human labor.”  

  

According to Dr. C.B. Memoria, “It (mechanization) chiefly consists in either replacing, or 

assisting or doing away with both the animal and human labor in farming by mechanical power 

wherever possible.”  

  

“Mechanization may be either partial or complete. It is partial when only a part of the farm work 

is done by machine. When animal or human labor is completely dispensed with by power 

supplying machines, it is termed as complete.”  

  

“Broadly speaking mechanization of agriculture has two forms mobile mechanization and the 

stationary types of mechanization. The former attempts to replace animal power on which 
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agriculture has been based for very many centuries; while the latter aims at reducing the drudgery 

of certain operations which have to be performed either by human labor or by a combined effort 

of human beings and animals.”  

  

In general farm mechanization refers to the development and use of machines that can take the 

place of human and animal power in agricultural processes. The most appropriate definition is that 

it is the process of improving farm labor productivity through the use of agricultural machinery, 

implements and tools.   

  

History of Farm Mechanization  

When viewed across the span of the 20th century, the effect that mechanization has had on farm 

productivity and on society itself is weighty. At the end of the 19th century it took, for example, 

35 to 40 hours of planting and harvesting labor to produce 100 bushels of corn. A hundred years 

later producing the same amount of corn took only 2 hours and 45 minutes and the farmers could 

ride in air-conditioned comfort, listening to music while they worked. And as fewer and fewer 

workers were needed on farms, much of the developed world has experienced a sea-change shift 

from rural to metropolitan living. Throughout most of its long history, agriculture particularly the 

growing of crops was a matter of human sweat and draft animal labor.  

  

Mechanized agriculture  is the process of using agricultural machinery to mechanize the work of 

agriculture, greatly increasing farm worker productivity. In modern times, powered machinery has 

replaced many farm jobs formerly carried out by manual labor or by working animals such as oxen, 

horses and mules.  

  

The entire history of agriculture contains many examples of the use of tools, such as the hoe and 

the plough. But the ongoing integration of machines since the Industrial Revolution has allowed 

farming to become much less labor-intensive.  

  

Current mechanized agriculture includes the use of tractors, trucks, combine harvesters, countless 

types of farm implements, aeroplanes and helicopters (for aerial application), and other vehicles. 

Precision agriculture even uses computers in conjunction with satellite imagery and satellite 

navigation (GPS guidance) to increase yields.  
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Mechanization was one of the large factors responsible for urbanization and industrial economies. 

Besides improving production efficiency, mechanization encourages large scale production and 

sometimes can improve the quality of farm produce. On the other hand, it can displace unskilled 

farm labor and can cause environmental degradation (such as pollution, deforestation, and soil 

erosion), especially if it is applied shortsightedly rather than holistically.  

  

Jethro Tull's seed drill in 1701 was a mechanical seed spacing and depth placing device that 

increased crop yields and saved seeds. It was an important factor in the British Agricultural 

Revolution.   

  

Farm Mechanization in Nepal  

In Nepal, on 29th of Shrawan, 2010 B.S, Agriculture Engineering Unit was established under the 

Ministry of Agriculture in order to promote farm mechanization. Although in some parts of Nepal, 

the use of such mechanical aid is being used for farming. But  the farmers in most of the parts of 

Nepal are still farming in a traditional way. Much of the farm work is still done either by animal 

or human labor. After the establishment of Nepal Agricultural Research Council (NARC) in 2048 

B.S. (1991 AD), Agricultural Engineering Division (AED) was mandated to develop appropriate 

technology in Agricultural Engineering for various agro-ecological zones of the country. In 1994 

AD, Agricultural Engineering Division under NARC was designated as National Institute (NI) and 

Focal Point of Regional Network for Agricultural Machinery (RNAM), later Asian and the Pacific 

Centre for Agricultural Engineering and Machinery (APCAEM) and now Centre for Sustainable 

Agricultural Mechanization (CSAM).   

  

The main goal of this division is to enhance the livelihood/socioeconomic status and ensure equity 

among the farming community and support agriculture related entrepreneurs in Nepal with the 

increase in production and productivity in agriculture through the adoption of environment 

friendly, cost effective, efficient, and appropriate agricultural engineering technologies.  

  

Likewise, for the overall development of the country’s agricultural production system for 

commercialization, Directorate of Agricultural Engineering under Department of Agriculture was 

introduced on Baishakh 1, 2061. For Agricultural purpose there is qualitative andquantitative 
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requirement of engineering technologies like: Mechanization, Community Post Harvest Sewa 

Center, Water Collection Ponds, Modern Irrigation, technology exhibition, and use of Alternative 

Energy; These will be promoted by Directorate of Agricultural Engineering.  

  

In the 21st century, technology has helped in many fields for better reliable and faster works. There 

are many reasons why farm mechanization should be encouraged in our country. Some of them 

are listed below:  

i) Farm mechanization removes hard work r to a great extent. A farmer has to walk about 66 

km on foot while ploughing 1 ha land once by bullocks with a country plough having 15 cm furrow 

width.  

ii) A large number of females and children work on farm. So, with mechanization females can 

work at home and children go to school.  

iii) The proper utilization of basic inputs like water, seeds and fertilizers will be possible with 

proper equipment.  

iv) There are certain operations which are rather difficult to be performed by animal power or 

human labor such as:  

a) Deep ploughing in case of deep rooted crops.  

b) Killing the pernicious weeds by deep tillage operations.  

c) Leveling of uneven land.  

d) Land reclamation.  

e) Application of insecticides during epidemic seasons. These operations need heavy 

mechanical equipment.  

  

Realizing these facts, Government of Nepal has endorsed Agricultural Mechanization Promotion 

Policy 2071 with a  goal to increase agricultural productivity and make it sustainable as well as 

competitive through the research, extension, development, utilization and promotion of 

agricultural tools and machinery in Nepal.   

    

Advantages and disadvantages of Farm Mechanization  

Farm mechanization has both advantages and disadvantages. The advantages and disadvantages of 

farm mechanization are elaborated below:  
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Advantages  

i) Increases production: Mechanization increases the rapidity and speed of work with which 

farming operations can be performed.   

ii) Increases efficiency and per man productivity: Mechanization raises the efficiency of labor 

and enhances the farm production per worker. By its nature it reduces the quantum of labor 

needed to produce a unit of output.  

iii) Increases the yield of land per unit of area: Increase in the yield of crops, due to 

mechanization of farms, has been traced from 40 to 50 per cent in the case of maize; 15 to 20 

per cent in pearl millet/bajra and paddy; 30 to 40 per cent in sorghum/Junelo/Jowar, groundnut 

and wheat.  

iv) Reduces labour cost:It has been accepted by all that one of the methods of reducing unit cost 

is to enlarge the size of work on the farms and go in for more intensive farming.   

v) Contracts the demand for work animals for ploughing, water lifting, harvesting, 

transport, etc.: In actual operation, costs remain low when machines are idle, whereas the cost 

of maintenance of draught animals remains the same during both periods of working and 

idleness, because animals have to be fed whether they are doing work or not. It is advantageous 

to use tractors when a great deal of work has to be done in a short time.   

vi) Brings in other improvements in agricultural technique: Ploughing by tractor reclaims 

more land and thereby extends the cultivated area as the tractors smoothens hillocks, fills in 

depressions and gullies and eradicate deep-rooted weeds. It also prevents soil erosion. Besides 

mechanical fertilization, contour bounding and terracing are done by mechanical methods with 

the help of self-propelled graders and terraces.   

vii) Modifies social structure in rural areas: It results in a significant modification of the social 

structure in rural areas. It frees the farmers from much of the laborious, tedious, hard work on 

the farms. The pressure on land decreases and the status of the farmers improves.   

Leads to commercial agriculture: Mechanization results in a shift from ‘subsistence 

farming’ to ‘commercial agriculture. This shift occurs mainly due to the need for more land 

and capital to be associated with farmer in order to reap the full technological benefits.   

viii) Solves the problem of labor shortage: In countries where human labor falls short of 

requirements in agriculture, use of machines can replace human and animal power.  
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ix) Releases manpower for non-agricultural purposes: Since the mechanization of agriculture 

results in the employment of lesser number of persons on farms, surplus manpower may be 

available for other economic activities.   

x) Results in better use of land:  Use of machine energy leads to good agricultural production, 

to the trade of many crops or saleable animal products in short, to an exchange economy and a 

system of land utilization.  

xi) Increases farm income: With the introduction of mechanization the farm income as well as 

the individual income goes up. It creates much of the capital surplus on which modern 

economic progress is largely based.   

Reduces fodder area and enlarges food area: With the introduction of mechanization in 

agriculture the surplus animal power would be reduced so that large areas of land required for 

producing fodder for it can be utilized for producing food for human consumption.   

Disadvantages  

Although farm mechanization has many advantages in agricultural field, it has  following 

disadvantages and limitations.  

  

i) The initial cost of a machine is high. Depreciation charges are high; this will reduce the profit.  

ii) Machines are subject to break-down and lie idle when electricity fails (if  electrically operated).  

And certain types of machines may become obsolete within a short span of time. An idle machine 

is a waste. This wastage is greater, if the machine is costly.   

  

iii) If the operator, who works on the machine, is not an expert,  its result will be useless. In the 

same way, if he has been trained to operate it and if he is absent, the machine will lie idle and 

any substitution of hand will cause additional expenses.   

  

iv) Clerks can more easily be trained in new methods and systems. In case of machines for 

specialized jobs, if the systems are changed, it is difficult to make use of them in the new 

system.  

And the adoption of certain machines will lead to unemployment.  

  

Limiting Factors in Farm Mechanization:  
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Some limiting factors in farm mechanization are described below: 

i) Small and fragmented land holdings. ii) Less investing capacity 

of farmers. iii) Agricultural labor is easily available. iv) Adequate 

draught animals are available in the country.  

v) Lack of availability of suitable farm machines for different operations.  

vi) Lack of repair and servicing facilities for machines.  

vii) Lack of trained man power.  

viii) Lack of co-ordination between research organizations and manufacturers. ix) High cost of 

machines.  

x) Inadequate quality control of machines.  

  

Although the farm mechanization has some advantages and limitations, it is crucial in modern 

agriculture for its commercialization. Now, without using tools, equipments and machineries in 

different agricultural operations, commercial agriculture is not viable and sustainable.   

Hand, Bullock Drawn and Power Operation Equipment  

Equipments need power to operate. The different types of power available can be classified as: 

Human Power: The decline in number of laborers employed for agriculture is likely to increase 

in future resulting a greater investment in labor saving devices and mechanical power. Labor is 

one of the most important sources of farm power in regions where traditional system of agriculture 

is practiced. On small farms, high proportion of labor is supplied by the farmer and his family. 

Having very little spare capital to buy appropriate type of hand tools and animal drawn equipment, 

both labor use efficiency and productivity are very low.  

Animal Power: Animal power is the most important source of power on the farm all over the 

world particularly in developing countries. It is estimated that nearly 80% of the total draft power 

used in agriculture throughout the world is still provided by animals. Different animal sources are:  

• A bullock-can pull of about 15% of its weight. The average force a bullock can exert is nearly 

equal to one tenth of its body weight. But for a very short period, it can exert many more times 

the average force. Generally a medium size bullock can develop between 0.50 to  

0.75 hp.  

• A donkey: can pull 80 % of its weight for a short period and 1015% of its weight for sustainable 

period.  

• Buffaloes  
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• Camels  

• Horses  

• Mules and elephants  

Mechanical Power: The third important source of farm power is mechanical power that is 

available through tractors and stationary engines. The engine is a highly efficient device for 

converting fuel into useful work.  

Electrical Power: Nowadays, electricity has become a very important source of power on farms 

in various countries. It is steadily becoming more and more available with the increase of various 

river valley projects and thermal stations. The largest use of electric power in the rural areas is for 

irrigation and domestic water supply. Besides this, the use of electric power in dairy industry, cold 

storage, fruit processing and cattle feed grinding has tremendously increased.  

Wind Power: The availability of wind power for farm work is quite limited. Where the wind 

velocity is more than 32 km/h, wind mills can be used for lifting water. The most important reason 

of its low use is its uncertainty. Thus the average capacity of a wind mill would be about  

0.50 hp. It is one of the cheapest sources of farm power available.  

Equipments:  

Hand Equipments: Hand equipments are those machineries that are to be operated by hand.  

These equipments require hand power. They can be further classified as:  

i. Hand tools: spades, shovels, pickaxes,  secateurs, steel baskets,  rakes, hoes,  weeders/mowers, 

sickles and garden tools   

ii. Hand-operated machinery: Hand pumps, dusters,  sprayers,  maize shellers,  foot-operated 

threshers, seed treaters, chaff cutters   
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Watering can/Hajari:  A vesse l   

usually with a spout used to 

sprinkle or pour water especially  

on plants, also called watering   

pot   
 

r Secateurs: Garden tool that has   

two short sharp blades andis used 

for cutting plant stems  

 

 Mowers: Machines that cut or slash  grass 

or other cover crops.. The result is a good 

cover, because the greater part of  

 the biomass remains intact after cutting.  

   

Barrow:A flat, rectangular  fra 

me used for carrying a load, 

es pecially such a frame with 

projecting shafts at each  end 

for handles  
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Trowel:  

Any of various tools     

having a flat  blade       

with a handle,  used for  

depositing  and   
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Some of the common hand equipments with brief descriptions are  

given below:   
sworking mortar, plaste 
 

  

  

  
  Sprinkler: A   device   perforated   with   

small   holes   that   is   attached   to   a         

garden   hose  or  watering can   

and   used   to   spray   plants,   lawns   

with   water   
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Sprayers: A sprayer is a piece of equipment that is used to apply  herbicides, 

pesticides, and fertilizers on agricultural crops. Sprayers range in different  sizes and 

shapes from man  -portable units (typically backpacks with spray guns) to 

trailed sprayers.  

  

  

  

  

 

    

 

 

  

  

Figure 3: Different types of hand equipments  

  

  

  

  

  

  

https://en.wikipedia.org/wiki/Agricultural_equipment
https://en.wikipedia.org/wiki/Agricultural_equipment
https://en.wikipedia.org/wiki/Agricultural_equipment
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Bullock Drawn Machine  

Oxen are used for ploughing the field. Two bullocks pull a wooden single-furrow swing plough.It 

has a single bottom mould board plough and in most working conditions the depth of ploughing is 

15 cm. The efficiency of using bullocks depends on the feeding, maintenance, manner of yoking 

and training.   

  

  

  

  

Power Drawn/Power Operated Machines  

These are the machines which require power to operate. The power here is not the hand power or 

any other animal power. It refers to the power generated from other sources of energy. Some of 

these machines are ploughs, harrows, rotavators, seed-cum-fertlizer drills, Inclined plate planters, 

self propelled paddy tranplanters, multicrop threshers, reapers, mini dal mill, mini rice mill, etc.  

  

Seed drill/seed- cum- fertilizer drill machine Seed drill  

A seed drill is a device that sows the seeds for crops by metering out the individual seeds, 

positioning them in the soil, and covering them to a certain average depth. The seed drill sows the 

seeds at equal distances and proper depth, ensuring that the seeds get covered with soil and are 

saved from being eaten by birds. Before the introduction of the seed drill, a common practice was 

to plant seeds by hand. Besides being wasteful, planting was usually imprecise and led to a poor 

  

  

  

  

  

  

  

  

  

Figure 4: Bullock drawn   

  

https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Soil
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distribution of seeds, leading to low productivity. The use of a seed drill can improve the ratio of 

crop yield (seeds harvested per seed planted) by as much as nine times.  

 

Seed Cum Fertilizer Drill  

The farming seed-cum-fertilizer drill is used for simultaneous activates of seeding and fertilization 

process in a single operation. It can be retrofitted to a tractor of 35 HP and above. It drills seeds 

and fertilizer together but delivers them separately in a single drive. Seeds and fertilizer are drilled 

at different depths which  improves germination. The machine has separate containers for seed and 

fertilizer.  

  

  

  
  

Figure 6: Diagram of seed -cum -fertilizer drill   

  

.   

  

  

  

  

  

  

  

  

Figure 5: Seed drill    

  

  

  

  

  

  

  

  

  

  
  

https://en.wikipedia.org/wiki/Seeds
https://en.wikipedia.org/wiki/Seeds
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Figure 7: Seed- cum- fertilizer drill machines  

  

Rice Planter  

A rice transplanter is a specialized transplanter fitted to transplant rice seedlings onto paddy field.   

  

  

  

  

  

 
  

  

Figure 8: Rice planter    
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Harvester  

Aharvester is a  machine which is used for harvesting. The designs and functions of harvesters 

vary widely according to crops. Some of the popular harvesters are:  

  

  

Forage Harvester  

A forage  harvester (also  known  as  a silage  harvester, forager or chopper) 

 is a Farmimplement that harvests forage plants to make silage. Silage is Grass, com or other plant 

that has been chopped into small pieces, and compacted together in a storage silo, silage bunker, 

or in silage bags. The silage is then fermented to provide feed for livestock. Haylage is a similar 

process to silage but using grass which has dried.  

  

 

Fruit Harvester  

The following are the suitable tools and equipment used for harvesting fruits:   

 
  

  

                    Figure 3.7: Forage harvester       

  

  

  

  

  

  

  

  

  

https://en.wikipedia.org/wiki/Farm_implement
https://en.wikipedia.org/wiki/Farm_implement
https://en.wikipedia.org/wiki/Farm_implement
https://en.wikipedia.org/wiki/Forage
https://en.wikipedia.org/wiki/Forage
https://en.wikipedia.org/wiki/Forage
https://en.wikipedia.org/wiki/Silage
https://en.wikipedia.org/wiki/Silage
https://en.wikipedia.org/wiki/Silage
https://en.wikipedia.org/wiki/Storage_silo
https://en.wikipedia.org/wiki/Storage_silo
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Livestock
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Figure 9: Fruit harvesting tools   

Combine Harvester  

The combine harvester is a machine that harvests grain crops. The name derives from its combining 

three separate operations comprising harvesting-reaping, threshing, and winnowinginto a single 

process. Among the crops harvested with a combine are wheat, oats, rye, barley, corn (maize), 

sorghum, soybeans, flax (linseed), sunflowers, etc. The waste straw left behind on the field is the 

remaining dried stems and leaves of the crop with limited nutrients which is either chopped and 

spread on the field or baled for feed and bedding for livestock.  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Figure 10:  

Combine  

harvester of  

paddy   

  

Figure 11: Combine harvester:  Vehicle that harvests seed crops,  

usually grain; it cuts, threshes and separates the seeds from the  

chaff.   

https://en.wikipedia.org/wiki/Linseed
https://en.wikipedia.org/wiki/Linseed
https://en.wikipedia.org/wiki/Linseed
https://en.wikipedia.org/wiki/Baler
https://en.wikipedia.org/wiki/Baler
https://en.wikipedia.org/wiki/Baler
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Thresher and Cleaner Thresher  

  

Athreshing machine (or thresher) is a device that first separates the head of a stalk of grain from 

the straw, and then further separates the kernel from the rest of the head. The thresher has 

essentially been replaced by its successor, the combine, which is able to both reap and thresh  

  

  

  

  

Figure 12: Different types of thre sher      

  

orn  C S heller/ T hresher   : A   corn sheller   is a hand - held device or a piece of machinery to  

ell sh   n cor   kernels for feeding    livestoc k   or for other uses.   

  

  

  

  

https://en.wikipedia.org/wiki/Corn
https://en.wikipedia.org/wiki/Corn
https://en.wikipedia.org/wiki/Corn
https://en.wikipedia.org/wiki/Corn
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Livestock
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 Figure 13: Different types of  Corn sheller/thresher  

  

Coffee Pulper:A coffee pulper machine is a machine used to remove the pulp from a coffee 

cherry after it's been harvested. The cherries are passed through a pulping machine for the skin 

and pulp to be separated from the coffee bean.   
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After threshing, grains are contaminated by impurities (earth, small pebbles, plant and insect waste, 

seed cases, etc.). These impurities hinder drying operations and make them longer and more costly. 

After drying, especially by traditional methods such as open-air drying, the grain may still be 

contaminated by impurities. These impurities lower the quality of the product and are also a focal 

point for potential infestation during storage.  

  

"Cleaning" means the phase or phases of the post-harvest system during which the impurities 

mixed with the grain mass are eliminated. This operation, which may be accompanied by a sorting 

of the products according to quality, is indispensable before storage, marketing or further 

processing of the products. It is also necessary as an operation preliminary to artificial drying of 

the products in dryers. Indeed, it would be not only costly but also superfluous to waste time, effort 

and money on drying the impurities along with the grain.  

  

  

  

  

  

  

  

  

  

Cleaner   
  

Figure 14:  Coffee  

pulper   
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Cleaning Devices:If the desired product is to be completely free of impurities and suitable for 

long-term storage, appropriate cleaning devices must be used, such as: winnowers, pre-cleaners 

and cleaner-separators.  

 

  

  

  

  

  

  

 Figure 17: Diagrammatic flow of cleaning  

1. Grain entry; 2. Adjustment; 3. Suction; 4. Impurities exit; 5. Grain  

  

  

  

Summary:   

  

  

  

  

  

  

  

  

  

Figure 15:  Hand -   operated winnowers       

  

  

Figure 16:  Seed winnowers   
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 Farm mechanization refers to the development and use of machines that can take place of 

human and animal power in agricultural processes.  

 The mechanization of agriculture that took place during the 20th century led to major 

changes in how farmers plant, irrigate and harvest crops.   

 Mechanized agriculture is the process of using agricultural machinery to mechanize the 

work of agriculture, greatly increasing farm worker productivity.  

 In Nepal, on 29th of shrawan, 2010 B.S., Agriculture Engineering Unit was established 

under the Ministry of Agriculture in order to promote farm mechanization.  

 After the establishment of Nepal Agricultural Research Council (NARC) in 2048 B.S. 

(1991 AD) Agricultural Engineering Division (AED) was mandated to develop appropriate 

technology in Agricultural Engineering for various agro-ecological zones of the country.  

 Farm Mechanization has an advantage which includes increased production, increase 

efficiency and per man productivity, increase the yield of land per unit area, lower cost of 

work, modifies social structure in rural areas.  

 Similarly, it has a some disadvantages such as high initial cost, high depreciation charges, 

higher operational and maintenance charge etc.  

 Farm mechanization includes different types of power and equipments such as human 

power, animal power, mechanical power, electrical power, wind power, etc. and 

equipments like spades, shovels, pickaxes, secateurs, steel baskets,  rakes, hoes,  

weeders/mowers, sickle, garden tools, ploughs, harrows, rotavators, seed-cum-fertlizer drills, 

Inclined plate planters, self propelled paddy tranplanters, multi crop threshers, reapers, mini dal 

mill, mini rice mill, etc. that makes the agricultural operation much  easier  and faster.  

  

  

  

  

  

  

  

  

  

Glossary  
Tillage: The preparation of land for growing crops.  

Land preparation:Soil tillage or land preparation is one of the routine activities in most 

agricultural systems. Often, land preparation starts with burning fallow vegetation or previous crop 

residues in order to clear the land or to scare away wild animals or snakes.  
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Ploughing:Turn up an area of land with a plough, especially before sowing.  

Mechanization: The process of changing from working largely or exclusively by hand or with 

animals to doing that work with machinery.  

Reclamation: The cultivation of waste land or land formerly under water.  

Mould board plough: It is the most important plough for primary tillage in canal irrigated or 

heavy rain areas where too much weeds grow. The objective of  ploughing with a Mould Board is 

to completely invert and pulverize the soil, uproot all weeds, trash and crop residues and bury them 

under the soil.   

 

 

  
  

GPS: The Global Positioning System (GPS) is a satellite-based navigation system made up of at 

least 24 satellites. GPS works in any weather conditions, anywhere in the world, 24 hours a day, 

with no subscription fees or setup charges.   

  

Post-harvest: Post-harvest handling is the stage of crop production immediately following harvest, 

including threshing, cooling, cleaning, sorting and packing.  

Contour bounding: Farming practice of ploughing and/or planting across a slope following its 

elevation contour lines.  

Contour: An outline representing or bounding the shape or form of something.  

  

  

  

Self evaluation  

Very Short Questions.  

1. Name the machine used for coffee pulping.  

2. Name the equipment used to apply liquid insecticide in standing crops.  

3. Give two examples of hand operated agricultural tools.  
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Short Questions.  

1. What are the advantages of farm machanization.  

2. How combine harvester is use for harvessting grain crops.  

3. What are the dis advantage of farm machanization.  

Long Questions  

1. Define farm mechanization and write its importance on agricultual production in Nepal.  

2. Write down the status of farm mechanization in Nepal.  

3. Lists out the tools and machinery used in agriculture and describe three among them with 

figures.  

4. What are the disadvantages and limiting factors of farm mechanization?   

  

    

Unit 4 Soil Management  
  

Learning Outcomes  

After  completion of this unit student will be able to:  

- Explain  the meaning of tillage, its importance and application in agricultural.  

- Demonstrate the different types of tillage operations practice in agricultural field.  

  

Introduction  
Soil management practices includes methods to manage the soil so as to maintain and conserve 

organic matter, soil moisture, aeration and nutrient condition to get good harvest. Cultivation of 

soil is an age-old soil management practices and is still in vogue. Tillage is the mechanical 

manipulation of soil that brings about favorable change in soil for seed placement, growth and 

development of crops plants. It includes activities such as ploughing, harrowing, disking, and 

leveling and other various intercultural operations. Tillage operation improves the soil water 

holding capacity and infiltration or rain and irrigation water; maintain even distribution of soil 

constitutions, soil particles, organic matter, microorganism, moisture and air throughout the field. 

The tillage operation is determined by factors like crop type, soil type, climate and type of farming. 

Tillage includes use of different kinds of implements at different times. There are different types 

of tillage systems that have been practiced in agricultural operation. They include  primary tillage, 

secondary tillage, minimum tillage, zero tillage etc. The particular type of tillage has its own 

advantage and limitation on the basis of its uses. Land preparation is an indispensable part of local 

farming practices in Nepal. Soil working is generally a very labour intensive and time consuming 

component of farming done mostly manually or using animal draught power. The development 
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and adoption of new technologies for increased labour efficiency, reduced costs, and minimized 

soil tillage and exposure to erosion are required to ensure the sustainability of farming in Nepal.  

  

Tillage   
Tillage may be defined as mechanical manipulation of soil that brings about favorable change in 

soil for seed placement, growth and development of crops plants. It includes activities such as 

ploughing, harrowing, discing, and leveling and other various intercultural operations. It can also 

be defined as manipulation of soil with tools and implements for obtaining conditions ideal for 

seed germination, seedling establishment and growth of crops.  

  

Tilth  

 Soil tilth is the term used to express soil condition resulting from tillage. Hence it is the resultant 

of the tillage. A soil is said to be in good tilth when it is soft, friable and properly aerated. Soil tilth 

is a physical condition in which the soil is in an optimally lose, friable and porous assemblage of 

aggregates permitting free movement of water and air, easy cultivation, planting, unobstructed 

germination and root growth. Soil tilth is easy to describe but rather difficult to measure. 

Theoretically, best size of granules ranges from 1-6 mm differs with country e.g England as more 

than 15mm and Russia 2-3mm. besides this, study of pore space, equal distribution of macro and 

micro pores is good tilth.  

Tilth should have,  

 Adequate aeration  

 Sufficient moisture  

 Ready infiltration  

Characteristics of Good Tilth  

Tilth indicates two properties of soil, viz: the size distribution of aggregates and mellowness or 

friability of soil.  

i) Size Distribution of Soil Aggregates  

The relative proportion of different sized soil aggregates is known as size distribution of soil 

aggregates. Higher percentage of larger aggregate i.e. more than 5mm are necessary for irrigated 

agriculture while higher percentage of smaller aggregates (1-2mm) are desirable for dry land 

agriculture. Theoretically, the best size of granules or aggregates ranges from 1 to 6 mm. However; 

it depends on soil, type, soil moisture content (at which ploughing is done) and subsequent 

cultivation.  

ii) Mellowness or Friability  

Mellowness or friability is that property of soil by which the clods when dry becomes more 

crumbly. They do not crumble into dust but remain as stable aggregates of smaller size. A soil with 
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good tilth is quite porous and has fee drainage up to water table. The capillary and non capillary 

pores should be in equal proportion so that sufficient amount of water is retained in the soil as well 

as free air.  The soil aggregates would be quite from or stable and would not be easily eroded by 

water or by wind.  

Purpose of Tillage  

 For preparation of suitable seed bed.  

 To incorporate crop residues, green manures, compost, organic materials, chemicals 

fertilizer and other agrochemicals.  

 To remove weeds, unnecessary crop stubbles, root stocks, stumps etc.  

 To control soil- borne pests, insects, pathogens and rodents.  

 To maintain proper structural conditions of a soil for adequate aeration particularly in 

heavy and compact soils (good pulverization increase porosity).  

 To enable better anchorage of crop plants and space for underground crops.  

 To create soil surface condition suitable for necessary field operation such as irrigation, 

drainage, planting, harvesting so that these operations could be done quickly, smoothly and 

uniformly.  

 To destroy hard pan and lump size.  

 To increase moisture infiltration.  

 To improve soil temperature.  

 To expedite the reclamation of soil problems.  For soil and water conservation. e.g. 

erosion control  For adequate seed-soil contact.  

 To increase water availability such as water retention at surface, surface runoff, soil water 

evaporation.  

Importance of tillage  

1) It improves the soil water holding capacity and infiltration of rain and irrigation water.  

2) It helps to maintain even distribution of soil constituents, soil particles, organic matter, 

microorganism, moisture and air throughout the field.  

3) It helps to check the soil erosion by increasing infiltration and checking run off.  

4) It improves the availability of plant nutrients by enhancing the decomposition of organic 

matter and mineralization.  

5) It helps to improve the growth and proliferation of root system by reducing penetration 

resistance of soil and promote roots respiration and provides accessibility of roots to the 

moist zone in soil.  

6) It provides an optimum environment encouraging early and uniform emergence and 

establishment of seedlings.  

7) It encourages the growth and activities of soil- inhabitating beneficial fauna and flora 

including symbiotic bacteria and earthworms.  

8) It provides conditions suitable for a prolonged periods of growth and yields of crop plants.  
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Factors Influencing Tillage Operation  

The factors that influence tillage operation are  as follows:  

i) The Crop:  

Hardy crops like sorghum and other millets are not sensitive about tilth. Small seeded or delicate 

crops like tobacco, chili, coriander, sesame, mustard etc requires a fine soil for which land is 

repeatedly cultivated to get required fine tilth. Sugarcane and other roots crops require deep 

cultivation of land to lose the soil to the required depth. ii) Type of Soil:  

A clayey soil is willing to cultivation only within a narrow range of moisture. Too wet or too dry 

soils are difficult to cultivate. The lighter soils can be worked under a wide range of moisture and 

the draught required for their manipulation is much less. Loamy soils are easily brought to good 

tilth with little cultivation and expenditure of energy. iii) Climate:  

Climate influences the moisture content in the soil, for example, in scarcity areas the rainfall is low 

and the moisture in the soil prior to sowing does not ordinarily permit deep cultivation which tends 

to dry up soil to a great depth and eventually reduces moisture available to the crops . Sowing 

cannot be done till depth of cultivated soil is properly moistened. iv) Types of Farming:  

Under irrigated farming intensive farming is followed which includes cultivation of more than two 

crops. Dry land farming depends entirely on rains and in such areas only one crop is taken in a 

year.  

Effect of tillage on soil and plant growth  

i) Effect on Soil:  

 Loosens the soil which favors the germination and growth of crops.  

 Improves the soil structure due to alteration of drying and cooling.  

 Improves soil permeability, soil aeration and soil inversion.  

 Facilitates the movement of water in soil.  

 Promotes soil and water conservation through higher infiltration, reduces run-off 

and increases depth of soil for moisture storage.  

 Holds more water in soil.  

 Increased soil aeration helps in multiplication of micro- organism.  

 Organic matter decomposition is hastened resulting in higher nutrient availability.  

 Increased aeration helps in degradation of herbicide and pesticide residues and 

harmful allelopathic chemicals exuded by roots of previous crops or weeds.  

ii) Effect on Crop Growth:  

 Tillage loosens the soil thereby farming the germination and establishment of 

seeds.  

 Tillage helps in maintaining the optimum plant stand.  

 Increased depth of root penetration.  
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 Roots proliferate profusely in loose soil and increase the growth of seminal and 

lateral roots.  

 Reduces the competition within crop and weeds for light, water, nutrient and space 

thereby helping  the crops to growt better..  

 Tillage reduces the pest attack on succeeding crop.  

 Tillage help in the availability of nutrient to crop in proper amount.  

Types of Tillage, its Advantages and Limitation  

Tillage includes use of different kinds of implements at different times. Tillage operations are 

broadly grouped into two types based on the time.  

  

Figure 18: Types of tillage  

Types of Primary Tillage  

Primary tillage is the  ploughing operation which opens the compact  soil with the help of different 

ploughs. Ploughing is done to:  

 Open the hard soil,  

 Separate the top soil from lower layers,   Invert the soil 

whenever necessary, and   Uproot the weeds and stubbles.   

Depending upon the purpose or necessity, different types of tillage are carried out. They are deep 

ploughing, sub- soiling and year-round tillage.  
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Deep Tillage  

Deep ploughing turns out large sized clods, which are baked by the hot sun when it is done in 

summer. These clods crumble due to alternate heating and cooling and due to occasional summer 

showers. This process of gradual disintegration of clods improves soil structure. The rhizomes and 

tubers of perennial weeds (world's problematic weeds viz., Cynodon dactylon and Cyperus 

rotundus) die due to exposure to hot sun. Summer deep ploughing kills pests due to exposure of 

pupae to hot sun. A deep tillage of 25-30 cm depth is necessary for deep-rooted crops like pigeon 

pea while moderate deep tillage of 15-20 cm is required for maize. Deep tillage also improves soil 

moisture content.  However the advantage of deep tillage in dry farming condition depends on 

rainfall pattern and crop. It is advisable to go for deep ploughing only for long duration, deep 

rooted crops. Depth of ploughing should be related to the amount of rainfall that it can wet.   

  

Subsoiling  

Hard pans may be present in the soil which restrict the  growth of crop roots. These may be silt 

pans, iron or aluminum pans, clay pans or -man-made pans. Man-made pans are tillage pans 

induced by repeated tillage at the same depth. Root growth of crops is confined to top few 

centimeters of soil where deep penetration of roots is inhibited by hard pans.  For example, cotton 

roots grow to a depth of 2 m in deep alluvial soil without any pans. When hard pans are present, 

they grow only up to hard pan, say 15-20 cm. Similarly, vertical root growth of sugarcane is 

restricted due to hard pans and it is not compensated by horizontal spread. Sub soiling is breaking 

the hard pan without inversion and with less disturbance of top soil. A narrow cut is made in the 

top soil while share of the subsoiler shatters hard pans. Chisel ploughs are also used to break hard 

pans present even at 60-70 cm. The effect of subsoiling does not last long. To avoid closing of 

subsoil furrow, vertical mulching is adopted.   

  

   Figure 19: Sub soiling    
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Year-round Tillage  

Tillage operations carried out throughout the year are known as year-round tillage. In dry farming 

regions, field preparation is initiated with the help of summer showers. Repeated tillage operations 

are carried out until  the crop are sown. Even after the harvest of the crop, the field is repeatedly 

ploughed or harrowed to avoid weed growth in the off season.  

Secondary Tillage  

Lighter or finer operations performed on the soil after primary tillage is known as secondary tillage. 

After ploughing, the fields are left with large clods with some weeds and stubbles partially 

uprooted.  Harrowing is done to a shallow depth to crush the clods and to uproot the remaining 

weeds and stubbles. Disc harrows, cultivators, blade harrows etc., are used for this purpose. 

Planking is done to crush the hard clods to smoothen the soil surface and to compact the soil lightly. 

Thus the field is prepared  for sowing after ploughing by harrowing and planking.  

Generally sowing operations are also included in secondary tillage.  

  

Figure 20:  Secondary tillage  

Seed bed Preparation:  

When the soil is brought to a condition suitable for germination of seed and growth of crops, is 

called as seed bed. After preparatory tillage the land is to be laid out properly for irrigating crops 

if irrigation is available for sowing or planting seedlings which is  known as seedbed preparation. 

It includes harrowing, leveling, compacting the soil, preparing irrigation layouts such as basins, 

borders, ridges and furrows  using hand tools or implements like harrow, rollers plank, rider, etc.  
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Layout of Seedbed and Sowing  

After the seedbed preparation, the field is laid out properly for irrigation and sowing or planting 

seedlings. These operations are crop-specific. For most of the crops like wheat, soybean, pearl 

millet, groundnut, castor, etc., fIat leveled seedbed is prepared. After the secondary tillage, these 

crops are sown without any land treatments. However, growing crops during rainy season in deep 

black soils is a problem due to ill-drained conditions and  tillage impossibility of  during the rainy 

season. Broad bed and furrows (BBF) are, therefore, formed before the onset of monsoon and dry 

sowing is resorted to.   

For some crops like maize, vegetables, etc., the field has to be laid out into ridges and furrows. 

Sugarcane is planted in the furrows or trenches. Crops like tobacco, tomato, chilies are planted 

with equal inter and intra-row spacing so as to facilitate two-way intercultivation. After field 

preparation, a marker is run in both the directions. The seedlings are transplanted at the intercepts.   

 
  

Figure 21:  Seed bed preparation  

Modern Concepts of Tillage  

In conventional tillage, energy is often wasted and sometimes, soil structure is destroyed. Recently 

considerable changes have taken place in tillage practices and several new concepts have been 

introduced namely, minimum tillage, zero tillage, stubble mulch tillage.  

The immediate cause for introducing minimum tillage was high cost of tillage due to steep rise in 

oil prices. In addition there are problems associated with conventional tillage. Repeated use of 

heavy machinery, destroys structure, causes soil pans and leads to erosion.  
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The needs of planting zone (row zone) and water management zone (inter row zone) are different. 

In row crops, it is sufficient to provide fine tilth in the row zone for creating conditions optimal for 

sowing and conducive to rapid and complete germination and seedling establishment. In the inter-

row zone, secondary tillage is not done and it should be rough and cloddy where soil structure is 

coarse and open so that weeds may not germinate and more water infiltrates into the soil. The 

important objective of tillage is to control weeds which can be using done by herbicides or by 

manually.  

The Practice of inverting the top soil in order to bury manures and crop residues becomes less 

important goal of tillage in modem field management as the use of animal and green manure is 

rather uncommon. Crop residues can and in many cases should be left over the surface as stubble 

mulch to protect against evaporation and erosion losses. Research has shown that frequent tillage 

is rarely beneficial and often detrimental. All these reasons led to the development and practice of 

minimum tillage, zero tillage and stubble mulch farming etc.  

Minimum Tillage   

 Minimum tillage denotes the reduction of number of operation by planting crops directly after 

harrowing without any other intervening cultivation, which usually ensures a fine seed bed. It 

involves considerable soil disturbance, though to a much lesser extent than that associated with 

conventional tillage. Minimum tillage is aimed at reducing tillage to the minimum necessary for 

ensuring a good seedbed, rapid germination,  satisfactory stand and favourable growing conditions.  

Tillage can be reduced in two ways:   

1. By omitting operation which do not give much benefit in proportion to the cost.   

2. By combining agricultural operations like seeding and fertilizer application.  

Objectives of Minimum Tillage:  

 Reducing energy input and labour required.  

 Conserving soil moisture and reducing erosion.  

 Increasing organic carbon, improving structure of soil, and increasing hydraulic 

conductivity of soil, increasing infiltration of water.  

 Providing optimum seedbed rather than homogenizing the entire soil surface.  Keeping 

the field compaction to minimum.  

Advantages of Minimum Tillage   

 Improved soil conditions due to the decomposition of plant residues in situ;  

 Higher infiltration caused by the vegetation present on the soil and channels formed by the 

decomposition of dead roots;   

 Less resistance to root growth due to improved structure;   
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 Less soil compaction by the reduced movement of heavy tillage vehicles and less soil 

erosion compared to conventional tillage.   

Note: These advantages are evident on coarse and medium textured soils and appear after two to 

three years of practicing minimum tillage.  

  

Disadvantages of Minimum Tillage  

 Seed germination is lower with minimum tillage.   

 In minimum tillage, more nitrogen has to be added as the rate of decomposition of organic 

matters is slow.   

 Nodulation is affected in some leguminous crops like peas and broad beans.   

 Sowing operations are difficult with ordinary equipment.   

 Continuous use of herbicides lead to pollution problems and dominance of  problematic 

perennial  weeds.  

Different methods of minimum tillage practiced  

Row Zone Tillage   

After  the primary tillage with a mould board plough, secondary tillage operations like disking and 

harrowing are reduced. The secondary tillage is done in the row zone only.  

  

Plough-plant Tillage  

After the soil is ploughed, a special planter is used and in one run over the field, the row zone is 

pulverized and seeds are sown.  

  

Wheel Track Planting  

Ploughing is done as usual. The tractor is used for sowing and the wheels of the tractor pulverize 

the row zone.  

Zero Tillage  

Zero tillage refers to tillage system in which soil disturbance is reduced to sowing generals and 

traffic only and where weed country must be achieved by a genital nears. It can be considered as 

an extreme form of minimum tillage. Primary tillage is commonly avoided and secondary tillage 

restricted to Seedbed Corporation in the row zone only. It is also known no till and is resorted to 

who soil are subjected to wind and water erosion zero tilled soil are homogenous in structure with 

high population earthworms. Till planting is one method of practicing zero tillage. The machinery 

accomplishes four tasks in one operation: clean a narrow strip over the crop row, open the soil for 

seed insertion, place the seed and cover the seed properly. A wide sweep and trash bars clear a 

strip over the previous crop row and planter-shoe opens a narrow strip into which seeds are planted 

and covered. Organic matter content increases due to less mineralization. Control of weed is the 



 

73  

  

main problem in zero tillage. Zero tillage is widely used in humid areas. Erosion losses and polities 

are minimized by zero tillage. Zero tillage will be useful concept where :  

 Soils are subject to wind and water erosion e.g.  sloppy bare compacted soils with high gilt 

fine sand.  

 Timing of tillage operation is too difficult..  

 Conventional tillage to not yield more.  

 Requirement of energy and labor too high.  

 In medium to fine textured soils use of heavy implements can result in formation of hard 

puncturing wet conditions.  

Advantages of Zero Tillage  

 Soils are homogenous in structure with more number of earthworms.  

 Organic matter content increase due to less mineralization.  

 Surface run-off is reduced due to presence of mulch. Several operations are performed by 

using only one implement. In this weeds are controlled by spraying of herbicides.  

Disadvantage of Zero Tillage:  

 More Nitrogen has to be  applied due to slower mineralization of organic matter.  

 Perennial weeds emerges as problems..  More pests are built up..  

  

Figure 22: Zero tillage  
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Stubble Mulch Tillage  

The soil is protected at all times either by growing a crop or by crop residues left on the surface 

during fallow periods. It is year round system of managing plant residue with implements that 

undercut residue, loosen the soil and kill weeds. Soil is tilled as often as necessary to control weeds 

during the interval between two crops. However, it presents the practical problem as the residues 

left on the surface interfere with seed bed preparation and sowing operations. The traditional tillage 

and sowing equipment is not suitable under these conditions. Modern method of tillage are not 

practiced in Nepalese conditions because   

 Left over residue is a valuable fodder and fuel.  

 Limited use of heavy machinery and therefore problem of soil compaction is rare.  

Tillage Practices in Nepalese Condition  

Land preparation is an indispensable part of local farming practices in Nepal. Soil working is 

generally a very labour intensive and time consuming component of farming done mostly manually 

or using animal draught power. The development and adoption of new technologies for increased 

labour efficiency, reduced costs, and minimized soil tillage and exposure to erosion are required 

to ensure the sustainability of farming in Nepal. An integrated approach involving soil and water 

conservation practices, as well as, diversified, carefully managed cropping, soil fertility, organic 

matter, and weed, pest control systems are needed. Some areas for research, development and 

training include:   

i) Modification of present soil tillage practices to incorporate better soil and water conservation, 

thus enhancing production and environmental compatibility;  

ii) Adoption of reduced or minimum tillage options, where appropriate, thereby, decreasing soil 

exposure, erosion and organic matter, nutrient depletion;  

iii) Improvement of local compost, FYM techniques enabling maintenance of soil nutrient status 

with minimal chemical fertilizer inputs;   

iv) Determining socio-economic and site specific conditions for suitability of mulching, green 

manuring and cover- crops for better soil, organic matter and nutrient conservation;   

v) Application of zero-tillage and direct surface seeding techniques for a variety of crops (wheat, 

rice, maize, lentils, millet, sorghum) to determine areas and conditions under which these 

practices may be economically and socio-culturally viable;  

vi) Adoption of other soil and water conserving practices, such as, contour-hedge rows, 

stripcropping, ridge, furrow systems, and agro forestry on marginal lands;   

vii) Establishment of productive kitchen gardens, where appropriate, through bio-intensive 

gardening.  
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1) Cultivation Using Ox-drawn Wooden Plough  

 The most widely used means of soil cultivation practiced by the vast majority of Nepalese farmers 

involves the use of an ox-drawn wooden plough. Due to the largely marginal, fragile, inaccessible 

and diverse nature of the terai, mountain and Himalayas, draught animal power and manual 

farming are the most appropriate and economical options available to Nepalese farmer. The wood 

plough is a locally fabricated farm implement often fitted with a strip of metal (20-30 cm long flat 

iron piece), for reinforcement, along the inner edge to the tip of the pointed plough. The plough is 

drawn by two oxen and guided from the rear by the farmer who controls the depth and direction 

using an extended handle connected to the top of the plough. This method is commonly used across 

the country, to cultivate both lowland (khet) and upland (bari) areas. It can be used under both the 

semi-dry conditions of upland terraces and the flooded, puddle conditions of lowland terraces. For 

most mid-hills farmers, this method is the most affordable, efficient and practical means of 

cultivating their fields. The ox-drawn wooden plough is used on uplands with slopes as steep as 

50 to 60%, and on terraces that are as narrow as 1.5 to 2 m width. Tillage is done to between 10 

and 15 cm depth with this implement.  

2) Manual Cultivation with Hand Hoe:  

 On terraces that are narrower than about 1.5 m, or for those farmers who posses only small parcels 

of land (less than 0.1 ha) and do not own oxen, cultivation is mostly done by hand-hoe. These 

come in a number of different blade width sizes and handle lengths for use by men and women 

alike, and for various functions. This manual tillage technique is typically done to depths of less 

than 10 cm and generally does not involve complete over-turning of the soil. The hand hoe is also 

used for secondary tillage purposes, clod-breaking and smoothing after ox-ploughing and post-

emergence weeding.  

3) Secondary Tillage Operations  

 Differences in local traditional tillage practices across the country are found mainly associated 

with such factors as the number of cultivations, type of implement used for post-tillage 

clodbreaking, levelling and smoothing of the soil surface, type and use of hand tools, and timing 

of these operations. The number of cultivations, timing of operations and type of hand tools used 

depend in large measure upon factors such as, soil type and texture, nature of land, terrace width, 

irrigation availability, rainfall, cropping pattern and other socio-cultural religious influence. Clod-

breaking, levelling and smoothing operations are done using ox-drawn local wood-harrow and 

wooden plank in some parts of the country, particularly the lower elevation areas of the Eastern, 

Central and Western Regions. These are well suited for broad terraces and lowlands with ready 

access and maneuverability of oxen. In other areas, such operations are done mainly by hand hoe 

or wooden clod-breaker, often by women. Another secondary cultivation practice done mainly on 

uplands under maize or millet, involves ridging or "earthing-up" ("dohryaune") of the soil in-

between crop rows. This is done by means of the ox-drawn wooden plough or tine- harrow where 

conditions permit, i.e., when the crop is planted in rows and on fairly broad and flat areas. This 

tends to serve a dual purpose of weeding and providing support to easily lodged crops like maize 
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(Zea mays). Where it is not possible or practical to perform such ridging by plough or harrow, it is 

done manually using hand hoes.  

4) Mechanized Tillage  

 With the advent of modern technology and mechanization, agriculture has moved ahead into an 

input intensive but labour efficient mode through the use of tractors and heavy implements. This 

trend has, however, met with only limited applicability and adoption among the resource-poor, 

subsistence farmers of Nepal. Due to economic, social and geographic constraints, use of the 

tractor in farming is limited to areas of the Terai-belt plains region. On the other hand, lesser 

technologies, such as, the hand tractor, manual seed drill, and bullock- drawn plough drill have 

some applicability in valleys and level areas of the Middle Mountains Region. Despite this 

potential, however, their adoption and use by hill farmers have been insignificant owing to socio- 

cultural, financial and policy constraints. Some small pockets of the mid-hills have adopted the 

Chinese hand tractor for tillage as with the Newars of Nala, Banepa, due to various socioeconomic 

and cultural, religious reasons. The mould board plough is also used to a limited extent in some 

flat areas of valleys and plains. Other manually operated, partially mechanized hoes, weeders and 

planters have been developed but not fully tested and field tried at the farmer level, due largely to 

policy and institutional weaknesses and research budget constraints.  

5) Zero-Tillage  

 Zero-till farming is a new area of research and field trials that holds potential for application under 

certain specific conditions in Nepal. It can be categorized into two approaches; namely direct hand 

broadcast surface seeding and planting by means of no-till seed drills. This technique is being 

farmer-adopted, to a limited extent, only in parts of the Terai Region, although it has been 

successfully tested in the mid-hills (Kathmandu and Kabhrepalanchok districts). Presently, no-till 

methods are used primarily for wheat (Tricticum aestivum) crops following rice (Oryzasativa) in 

rice-wheat systems, and to a lesser extent for lentil (Lensculinaris) after rice. This practice could 

potentially be used withother crops such as rice, maize, millet, buckwheat (Fagopyrum 

esculentum) and sorghum (Sorghum bicolor).  

6) Minimum Reduced Tillage  

 The Chinese hand-tractor with roto-tiller attachment can be adjusted to cultivate only a narrow 

band of about 10 cm width to a depth of 6 cm. It can, at the same time, be fitted with the seeddrill 

so that tillage and planting can be completed in a single pass. This offers a means of reduced tillage 

for minimal disturbance of the soil, yet somewhat better seed germination and seedling 

establishment than under zero-tillage. The technique is, however, still in the experimental stage of 

development and requires further field trials and adaptation to determine conditions and cropping 

patters under which it may be suitable, particularly for the mid-hills. Other methods of reduced 

tillage using local traditional implements also need further research and development.  
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Summary  

 Soil management practices include methods to manage the soil as to maintain and conserve 

organic matter, soil moisture, aeration and nutrient condition to get good harvest.  

 Tillage is the mechanical manipulation of soil that brings about favorable change in soil 

for seed placement, growth and development of crops plants. It includes activities such as 

ploughing, harrowing, discing, leveling and other various intercultural operations.  

 Tillage operation improves the soils water holding capacity and infiltration of rain and 

irrigation water. Tillage helps to maintain even distribution of soil constitutions, soil 

particles, organic matter, microorganism, moisture and air throughout the field.  

 Tillage includes use of different kinds of implements at different times. Tillage operations 

are broadly grouped into two types based on the time. They are preparatory cultivation and 

after cultivation. Preparatory cultivation includes the primary tillage, secondary tillage and 

layout of seed bed.  

 Minimum tillage denotes the reduction of number of operation by planting crops directly 

after harrowing without any other intervening cultivation which usually  gives a fine seed 

bed. It involves considerable soil disturbance, though to a much lesser extent than in  

conventional tillage.  

 Zero tillage refers to tillage system in which soil disturbance is reduced to sowing generals 

and traffic only and where weed country must be achieved by a genital nears. It can be 

considered as an extreme form of minimum tillage.  

 Land preparation is an indispensable part of local farming practices in Nepal. Soil working 

is generally a very labour intensive and time consuming component of farming done mostly 

manually or using animal draught power.  

 An integrated approach involves soil and water conservation practices, diversified and 

carefully managed cropping, maintainance of soil fertility and organic matter, and proper 

weed and pest control systems.  

  

  

  

  

Acronyms  

BBF   Broad Bed and Furrow Cm     

Centimeter  

e.g.     Example  

etc.     et  cetera  
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FYM   Farm Yard Manure  

Ha      Hectare m       

meter mm    

millimeter  

Glossary   

Colloid. A collid is a mixture in which very small particles of one substance are distributed 

throughout another substance. The particles are generally larger than those in a solution 

and smaller than those in a suspension. Paints, milk etc are colloids..  

Deep tillage. When soil tilled from 25cm to 45cm. It is called deep tillage. It is carried out forroot 

crops.  

Dibbling. It is a method of sowing the crops with the help of manual labour or dibbler when specific 

spacing and number of plants are maintained between the rows and within the row.  

Earthing up. The method of raising soil at the base of a plant. E.g sugarcane  

 Gypsum Block. An instrument used to measure the soil moisture under field condition using the 

principle of electrical resistance.  

Infiltration. The downward entry of water into the soil through gravitational pull to the water table 

is called as infiltration or percolation.   

Pore space. The space occupied by the air and water in a soil mass.  

Porosity. The volume percentage of the total bulk not occupied by solid particles.  

Planking. A tillage operation carried out before sowing the crops for smoothing and to cover the 

seed after sowing.  

Ploughing. A tillage operation carried out with the help of a tractor or animal drawn implements 

(plough) before the crop is sown.  

Soil moisture. Percentage on oven dry basis.  

Soil structure. It refers to the combination or arrangement of primary soil particles in a soil mass.  

Soil texture. It refers to the size of individual soil particles in the soil mass.  

Self Evaluation  

Very Short Questions  

1. What do you mean by row zone tillage?  

2. What are the disadvantages of zero tillage?  
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3. What should be the depth of deep tillage for root crops?  

Short Questions  

1. What is tillage?  

2. What do you mean by good tilth.  

3. Define primary tillage?  

4. What is zero tillage?  

Long Question  

1. What do you mean by preparatory tillage? Write the different types of tillage operation.  

2. Write down the difference between primary tillage and secondary tillage?   

3. Define minimum tillage. Write down its advantages and disadvantages?  

4. Define zero tillage. Write its advantages and disadvantages.  

5. Write down the tillage operation practices in Nepal.  

    

Unit- 5 Cropping System  
  

Learning Outcomes  

After completion of this unit students will be able to:  

- Understand the basic concept of different cropping systems and cropping patterns.  

- Demonstrate the different types of cropping system practices in crop production.  

Introduction  

System is an arrangement of component or sub-system which processes inputs into outputs. Each 

system consists of boundaries, components, and interactions between components, inputs and 

outputs. Management practices are developed for individual crops and recommendation are made 

for each individual crop. To a farmer, instead of a crop, land is a unit and management practices 

should be for all crops that are to be grown on a piece of land. System approach is applied to 

agriculture for efficient utilization of all resources, maintaining stability in production and 

obtaining higher net returns. Farming system is a decision making and land use unit comprising 

the farm household, cropping system and livestock system that produce crop and animal products 

for consumption and sale. The farming system is a complicated interwoven mesh of soils, plants, 

animals, implements, workers, inputs and environmental physical, biological and social influence 

with the strands held and manipulated by the farmer to raise them for increasing profitability. They 

interact adequately with environment without dislocating the ecological and socio economic 

balance on the one hand and attempt to meet the national goals on the other. The terms farming 

system and mixed farming are used inter changeably. However, there are some subtle differences 

between these two. Mixed farming is defined as a system of farming on a particular farm which 
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includes crop production, raising livestock, poultry, fisheries, bee keeping etc. to sustain and 

satisfy as many needs of the farmer as possible. Subsistence is important objective of mixed 

farming while higher profitability without altering ecological balance is important in farming 

system.   

Definition of Cropping System and Cropping Pattern  

Cropping System  

The term cropping system refers to the crops and crop sequences and the management techniques 

used on a particular field over a period of years. Cropping system is an important component of 

farming system. It represents cropping patterns used on a farm and their interaction with farm 

resources, other farm enterprises and available technologies which determine their makeup.    

Simple example = one variety grown each year in the same field with nutrients provided as 

fertilizer to replace nutrients sold off the farm with the crop  

Complex example = system where fruits, vegetables, tree crops, grain crops, forage grasses and 

legumes, and livestock are all grown on a farm during the course of a year with multiple harvest 

times and managed recycling of nutrients within the system.  

Cropping Pattern  

It is the proportion of the area under various crops at a point of time in a unit area. It indicates the 

yearly sequence and a spatial arrangement of the crops  on a given area.  

Table 4: Major difference between cropping system and cropping pattern  

Cropping system   Cropping pattern  

Management of cropping pattern for maximum 

benefits from a given resource base in a given 

environment.  

Crop rotation practiced by majority of farmers in 

a given locality.  

Cropping pattern used on a farm and their 

interaction with farm resources, other farm 

enterprises and available technology which 

determine their makeup.  

Type and arrangement of crops in time and 

space.  

Pattern of crops taken up for a given piece of 

land or order in which the crops are grown on 

piece of land over a fixed period, associated 

with soil management practiced such as tillage, 

maturing and irrigation.  

Yearly sequence and spatial arrangement of 

crops or of crops and fallow on a given area.  
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Monocropping / Monoculture  

Monocropping, or monoculture, refers to the presence of a single crop in a field. This term is often 

used to refer to growing the same crop year after year in the same field; this practice is better 

described as continuous cropping, or continuous monocropping. Monocropping is most frequently 

practiced in industrialized countries agricultural system. Maize (corn), soybean and wheat are three 

common crops often grown using monocropping techniques.  

  

Advantages of Monocropping  

 It allows a farmer to specialize in a particular crop, which means that he or she can invest 

in machinery designed specifically for that crop, along with high yield seeds which will 

generate a large volume of the crop at harvest.  

 With stable crops like rice, maize, wheat, corn and soyabean farmers can also be confident 

that the crop will produce a high income, although this scheme can go wrong. If demand 

declines radically, a farmer's mono crop may be at stake..  

Disadvantages of Monocropping  

 Mono- cropping is highly chemical and energy intensive.  

 Soil depletion is also a negative effect of monocropping. Because farmers are no longer 

rotating their crops and replenishing the soil of essential nutrients, the soil becomes dry 

and begins to erode. As the soil becomes arid and useless, the land becomes an issue which 

just leads to the destruction of even more land.  

 It often leads to depletion of the nutrients of the soil and problems with weeds and 

pesticides( being dependent on pesticides and artificial fertilizers)  

 It also makes  the crop more susceptible to disease as genetic similarity between plants 

makes them equally vulnerable.  

 An example of this would be the potato famine of Ireland in 1845-1849.  

Mixed Cropping and Relay Cropping  

Mixed Cropping  

It is mixture of different crops of different duration. It is a system of raising two or more crops 

together on a piece of land during a specified period of time by using the mixed seeds of various 

crops. The seeds may be sown in lines or broadcasted. It is also known as multiple cropping. This 

type of cropping leads to an improvement in the fertility of the soil and used as an insurance against 

crop failure due to abnormal weather condition.  

In mixed cropping, we can plant crops in lines-one crop in one line and another crop in another 

line- so that both crops can grow well. In one line we can plant a leguminous crop and in another 

line  a non-leguminous one. Then  one crop takes the nitrogen from the soil, another leguminous 

crop fixes the nitrogen. The nitrogen is fixed in the root nodules of the leguminous plants in the 
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form of nitrates (soluble form of nitrogen). Hence, the fertility of the soil gets maintained. This 

helps the farmers to produce more and more crops without the nitrogen being depleted from the 

soil.  

  

  

  

i) Mixed Crops  

 In this group, the seeds of different crops are mixed together and then sown either in lines or they 

are broad casted. This system is not scientific and it causes problems in performing all the 

agricultural operations and harvesting of the crops.  

  

ii) Companion Crops  

 In this method, the seeds of different crops are not mixed together but different crops are sown in 

different rows e.g. between two rows of mustard, five to eight rows of wheat, or between two rows 

of arhar, two to three rows of groundnut are sown. This method of sowing facilitates in weeding, 

interculture and plant protection.  

  

iii) Guard Crops  

 In this system, the main crop is grown in the center, surrounded by hardy or thorny crops such as 

safflower around pea or wheat around sugarcane, jowar around maize, etc. With a view to provide 

guard to the main crops.  

  

iv) Augmenting Crops  

 When sub-crops are sown to supplement the yield of the main crops, the sub-crops are called as 

augmenting crops such as Japanese mustard with Berseem. Here the mustard helps in getting 

higher of fodder inspite of the fact that Berseem gives poor yield in first cutting.  

  

Principle of Mixed Cropping:  

 Legumes should be sown with non- legumes e.g. arhar with jowhar, gram with wheat.  

 Tall growing crops should be sown with short growing crops e.g. maize with mung.  

 Deep- rooted crops (tap rooted crops) should be sown with shallow rooted or adventitious 

roots.  

 Bushy crops should be sown with erect growing crops.  

 Crops likely to be attacked by similar insects, pests and diseases should not be sown 

together.  

 Mixture should be consist short and long duration crops.  

Advantage of Mixed Cropping:  
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 All the crops do not fail under adverse climatic condition e.g. frost kills only legume, flood 

kills only dicot plants and drought kills the monocots. Thus, farmers can get some crop 

instead of losing the entire crops.  

 An epidemic attack of any insect pest or diseases kills only need crop without affecting the 

rest of the crops. The farmers grow different crops which fulfill their daily need or demand 

for cereals, pulses and oilseeds.  

 Mixed cropping checks soil erosion, weeds, etc.  

 It improves or maintains the soil fertility.  

 Family labor and cattle are employed throughout year.  

 Legumes and non- legumes mixture improves both the quality and quantity of the fodder..  

 It reduces the cost of cultivation.  

  

Relay/ Overlapping/ Paira/ Utera Cropping  

Relay cropping is analogous in a relay race where a crop hands over a land to the next crop in quick 

succession. This practice is common in both upland and low land rice culture. The best example 

of relay cropping is given below:  

Under rain fed or partial by irrigated conditions  Paddy- lentil  

 Paddy - Lathyrus  

 Paddy - Lucern  

 Paddy - Berseem  

 Cotton – Berseem  

The seed of lentil lathyrus, Berseem or lucern are broadcasted in standing paddy or cotton crop 

just before they are ready for harvesting. Thus the field is never fallow or there is no gap at all 

between two successive crops.  

Under assured irrigated conditions  

 Maize- Early potato- Late potato- Cucurbit  

Cucurbit is sown a few weeks before  potato tubers are lifted. Thus, the cucurbit starts before the 

potato crop finishes.  

 Maize- Potato-Onion- Okra  

Onion is sown in furrow just after earthing, okra is sown in potato rows just after the digging of 

potato tubers and later in the standing crop of okra, and maize is sown. This way there is no gap 

of time between two crops.  
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Intercropping and Multiple Cropping  

Intercropping  

Intercropping means  growing two or more crops simultaneously in different rows in the same 

field. Intercropped plants/crops do not necessarily have the same time for harvest. The main 

objective of the intercropping is to utilize the wide space left between two subsequent rows of slow 

growing main crops during early growth period. e.g. vegetables in fruit orchard, and cowpea in 

maize .  

Intercropping was originally practiced as an insurance against crop failure under rain fed 

conditions. At present, the main objective of intercropping is higher productivity per unit area in 

addition to stability in production.  

For successful intercropping, there are certain important requirements.  

 The time of peak nutrient demands of component crops should not overlap. In maize+ cow 

pea intercropping system, the peak nutrient demands period for green gram is around 35 

days after sowing while it is 50 days for maize.  

 Competition for light should be minimum among the component crops.  

 The difference in maturity of component crops (individual crop species which are a part of 

multiple cropping system) should be at least 30 days. Intercropping may be divided into 

following groups  

i) Parallel Cropping  

In this cropping, two crops  which have different growth habits and have a zero competition,  and 

can  express their full yield potential are selected. e.g. mung, black gram with maize and mung or 

soybean with cotton.  

  

ii) Companion Cropping  

In the companion cropping the yield of one crop is not affected by the other. In other words, the 

yield of both the crops is equal to their pure crop. Thus the standard plant populations of both crops 

are maintained.mustard, wheat, potato, etc  can be the companion crops for sugarcane.  

  

iii) Multistoried Cropping  

Growing plants of different height in the same field at the same time is termed as multistoried 

cropping. It is mostly practiced in orchard and plantation crops for maximum use of solar energy 

even under normal planting density. E.g. Eucalyptus, Papaya and Berseem are grown together. 

Sometimes it is practiced under field crops such as sugarcane, potato and onion or sugarcane, 

mustard and potato.  
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iv) Synergistic Cropping  

Here, the yields of both crops, grown together are found to be higher than the yield of their pure 

crops on unit area basis.  

Multiple Cropping  

Multiple cropping may be explained as a cropping system in which two or more crops are grown 

in succession within a year. Multiple cropping is made successful by adopting the following 

cropping systems:  

i) Relay/ Overlapping/ Paira/ Utera Cropping  

Relay cropping is analogous in a relay race where a crop hands over a land to the next crop in quick 

succession. This practice is common in both upland and low land rice culture.   

ii) Sequential/ Sequence/Non-overlapping Cropping  

Sequence cropping can be defined as growing of two or more crops in sequence on the same piece 

of land in a farming year. Depending on the number of crops grown in a year, it is called as double, 

triple and quadruple cropping involving two, three and four crops respectively.  

  

0-0,                0-0-0,                         0-0-0-0   

iii) Raton Cropping  

Raton cropping occurs when a crop is harvested and allowed to re-grow from the crowns or root 

systems.  e.g. sugarcane, alfalfa and sudan grass iv) Strip Cropping  

Growing two or more crops simultaneously in different strips wide enough to permit independent 

cultivation but narrow enough for the crops to inherent agronomically.  

Advantages of Multiple Cropping  

 With multiple cropping the risk of total loss from drought, pests and disease is reduced. 

Some of the crops can survive and produce a yield.  

 It gives maximum production from small plots. This can help farmers cope with land 

shortages.  

 Including legumes in the cropping pattern helps maintain soil fertility by fixing nitrogen in 

soil.  

 Different types of crops can be produced simultaneously thereby providing a balanced diet 

for family.  

 Because of high planting density weeds are suppressed.  

 Different seasonal crops can be planted. For example, crops that require a lot of water can 

be grown in the wet season, intercropped with drought- resistant crops that can be harvested 

in the following dry season.  

 Relay cropping also is beneficial because it can help cut planting costs down: as the second 

crop also benefits from the moisture the first has amassed in the soil.  
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Cropping Scheme and Crop Rotation  

Cropping Scheme  

The plan according to which crops are grown on individual plots of a farm with an objective of 

getting maximum return from cash crop without impairing the fertility of soil is known as cropping 

scheme.  

Objectives of Cropping Scheme:  

Cropping scheme provides an idea beforehand about the following:  

i) What crop is to be cultivated in a farm?  

ii) What amount of area is allotted for a particular crop? iii) The relative claim for acreage 

of the competitive crop. iv) Selection of crops as per the facilities available for power, 

irrigation, inputs, labour transport etc.  

v) Utilization of inputs and other resources available on the farm without wastage. vi) 

Preparation of budget for each crop.  

Principle or Characteristics of a Good Cropping Scheme:  

i) Area under Individual plots  

The areas of individual plot for each crop should be approximately same year after year,unless 

price variation.  

  

ii) Number of Plots  

The number of plots should be equal to the duration or multiple of it. When the total duration of 

rotation in cropping scheme is 4, then the number of plots may be 4 or minimum of it. i.e. 8, 12, 

16 and so on.  

  

iii) Selection of crops  

Cropping Scheme is related to the profitable use of productive resources and management.  

  

iv) Profitable crops  

 The rotation should be planned around most profitable  crops.  

  

v) Meet the requirement  

The cropping scheme should be so planned as to provide maintainance of soil fertility and other 

physical-chemical properties. The scheme should have one leguminous crop in a year in its rotation 

for the maintainace of soil fertility and other physical- chemical properties.  

Selection of Crops:  
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Selection of crops depends on the situation of the farm: .  

  

i)Near a city  

 Farms should be  near city areas, farmers should grow crops and vegetables on at least 60% of 

the net cultivable area  ii) Near a factory  

  The crop should be grown near the factory which helps in better utilization of product and thereby 

reduce the transportation cost.  

  

iii) Near a Canning Factory  

Farmers should grow fruit, vegetable, oil seed crops groundnut, sunflowers near to the canning 

factory.  

  

iv) Near Dairy Farm  Farmers should grow fodder crops.  The raw material obtained from 

farm can be utilized for feeding the dairy animals. .  

  

v) Near Cold Storage  

 Farmers should grow potatoes, onion, vegetable, and others crops etc near the cold storage.  

  

vi) Near Highway  

 Farmers can cultivate crops near the highway as for as possible. This  helps in transportation of 

products.  

Cropping Scheme:  

Plot No.  Kharif/Summer 

Crop  

 Ha  Rabi/Wintercrop  Ha  Zaid/Autum 

Crops  

Ha  

1  Maize  2  Potato  2  Sesamum  2  

2  G.nut  2  Wheat  2  Moong  2  

3  Brinjal  2  Cabbage  2  Chilli  2  

4  Radish  2  Cauliflower  2  Watermelon  2  

5  Bhendi  1  Pea  1  Cucumber  1  

   Total  9     9     9  

 Total  cropped  area=  9+  9  +9  =  27  ha    cropping  Intensity  Index  or  CII.  

Cropping intensity % = Total cropped area / Net cultivable areax100= 27 / 9 x100 = 300%.  

Crop Rotation  

Crop rotation is one of the oldest and most effective cultural control strategies. It means the planned 

order of  crop species  planted on the same field. It also means that the succeeding crop belongs to 

a different family than the previous one. The planned rotation may from 2 or 3 year or longer 

period.  
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Some insect pests and disease causing organisms are host specific. For example, rice stem borer 

feeds mostly on rice. If you don’t rotate rice with other crops belonging to a different family,  

problems continue as food is always available to the pest. However, if you plant legumes as the 

next crop, like corn,  beans,  bulbs, the insect pests will  escape due to food.   

Principles of CRotation  

The principles of crop rotation are as follows:  

i) The crop with tap root, should be followed by those which have a fibrous root system.  

This helps in proper and uniform use of nutrients from different depth of the soil.  

ii) The leguminous crops should be grown after non-leguminous crops because legume fixes 

atmospheric nitrogen and adds more nitrogen and organic matter to the soil.  iii) Selection of the 

crop should be demand based.  

iv) The crop of same family should not be grown in succession because they act like alternate 

hosts for insect pests and diseases.  

v) An ideal crop rotation is one which provides maximum employment to the family and farm 

labour. In thisthe machines and equipments are efficiently used and all the agricultural operations 

are done timely, simultaneously maintaining soil productivity.  

vi) On slop lands which are prone to erosion,  erosion promoting and erosion resisting crops 

like legumes should be planted alternately.. vii) Under dry farming the only crops  that can tolerate  

drought should be selected. viii) The selection of crop should suit the farmer's financial conditions.  

ix) The crop selected should also suit the soil and climatic conditions.  

Advantages of Crop Rotation  

 Prevents soil depletion.  

 Maintains soil erosion.  

 Reduces soil erosion.  

 Controls insect pest. It is most effective when the pests are present before the crop is planted 

and have no wide range of host crops; attack only annual/biennial crops; and do not have 

the ability to fly from one field to another.  

 Reduces reliance on synthetic chemicals.  

 Reduces the pests build up.  

 Prevents diseases.  

 Helps control weeds.  
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Useful Tips for Planning Crop Rotation  

Know the family where your crops to  make sure that you plant on the next cropping a crop that 

belongs to a different family than the previous one.  

  

           Family         Common names  

  

Cucurbit  Bitter gourd, bottle gourd, chayote, cucumber, luffa-  gourd/sponge 

gourd, melons, pumpkins, snake gourd, squash etc  

Crucifer ( Brassica)                   

  

Bok choy( petchay), broccoli, Brussels sprouts, cabbage, 

cauliflower, kale, mustard, radish, turnip etc.  

Legumes    Common beans, black beans, broad beans, clover, cow pea, kidney 

bean, Mung bean, soybean, lima bean etc.  

Solanaceous      Potato, tomato, pepper, eggplant  

Grains and cereals                     

  

Corn, rice, sorghum, wheat, oat, barley, millet etc  

Carrot family/Umbelliferae/ 

Apiaceae  

Carrot, celery, dill, parsnip, parsley etc.  

Root crops                                 Cassiva, sweet potato, taro, yam, water chestnut etc  

 .  

Cropping Intensity  

Cropping intensity is the ratio of total cropped area to net cultivated area which is multiplied by 

100 and represented in percentage.  

Cropping intensity (CI) =   Net cultivated area    × 100  

                                             Total cropped area  

Cropping Index and Harvesting Index  

Cropping Index  

  

Cropping index= The number of crops grown per annum on a given area of landx100  

Harvesting Index  

The term “harvest index” is used in agriculture to quantify the yield of a crop species versus the 

total amount of biomass that has been produced. The commercial yield can be grain, tuber or fruit. 

Harvest index can apply equally well to the ratio of yield to total plant biomass (shoots plus roots) 

but above-ground biomass is more common because root mass is so difficult to obtain. Potential 

values for the harvest index of various crop are given below:.  
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Table 5: Harvesting index of different agronomical crops  

Crop species  Harvested component  Harvest index (HI)  

Rice   Grain   0.50  

Wheat, Barley  Grain  0.55  

Maize   Grain  0.52  

Sunflower   Seeds  0.50  

Cotton   Bolls  0.33  

Potato  Tubers  0.82  

  

Summary   

 System is an arrangement of components or sub-systems which processes inputs into 

outputs. Each system consists of boundaries, components, and interactions between 

components, inputs and outputs.  

 Systematic approach is applied to agriculture for efficient utilization of all resources, 

maintaining stability in production and obtaining higher net returns.  

 Farming system is a decision making and land use unit comprising the farm household, 

cropping system and livestock system that produces crop and animal products for 

consumption and sale.  

 Cropping system is an important component of farming system. It represents cropping 

patterns used in a farm and their interaction with farm resources, other farm enterprise and 

available technologies which determine their makeup.    

 Cropping pattern is the proportion of the area under various crops at a point of time in a 

unit area. It indicates the yearly sequence and a spatial arrangement of the crops  on a given 

area.  

 Monocropping, or monoculture, refers to the presence of a single crop in a field. This term 

is often used to refer to growing the same crop year after year in the same field; this practice 

is better described as continuous cropping, or continuous monocropping.   

 Mixed cropping is the mixture of different crops of different duration. It is a system of 

raising two or more crops together on a piece of land during a specified period of time by 

using  mixed seeds of various crops.  

 Relay cropping is analogous in a relay race where a crop hands over a land to the next crop 

in quick succession. This practice is common in both upland and low land rice culture.  

 Intercropping is the growing of two or more crops simultaneously in different rows in the 

same field which may not harvest at the same time.  

 Multiple cropping may be explained as a cropping system in which two or more crops are 

grown in succession within a year.  

 Cropping scheme is a plan according to which crops are grown on individual plots of a 

farm with an objective of getting maximum return from cash crops without impairing the 

fertility of soil.  
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 Crop rotation is one of the oldest and most effective cultural control strategies. It  means 

the planned order of crop species  planted on the same field. The planned rotation may be 

continued for 2-3 years or more.  

 Cropping intensity is the ratio of total cropped area to net cultivated area which is 

multiplied by 100 and represented in percentage.  

 Harvesting index is the method of quantifying the yield of a crop species versus the total 

amount of biomass that has been produced. The commercial yield can be grain, tuber or 

fruit.   

Acronyms  

%     Percentage ha     

Hectare  

i.e.    That is  

  

  

Glossary  

Alley cropping system. It is a system  of raising arable crops like maize, sorghum, etc in the 

alleys or the passage between two subsequent rows of leguminous 

shrubs.  

Cash crop. These are such crops which may be sold directly from the field without processing 

eg. vegetable, maize cobs etc.  

Crop calendar. It refers to date wise agricultural operations starting from land preparation to 

harvesting of a particular crop.  

Cultivation index(CI). Ratio of organic carbon in the cultivated soil to that in virgin soil.  

Duo culture. Practices of growing only two types of crops in a year.  

Strip cropping. It is a practice of raising erosion permitting and erosion resisting crops 

alternatively on a slopy land with a view to level the land slowly and 

to conserve the soil and water.  
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Self Evaluation  

       Very Short Questions  

1. Give one example of parallel cropping. 2. 

What do you mean by ratton cropping?  

3. What do you mean by cropping intensity?  

  

Short Questions  

1. What is cropping system?  

2. Define mixed cropping.  

3. What is cropping scheme?  

4. What is harvesting index?  

  

Long Questions  

1. Define cropping pattern. Write down the difference between cropping system and cropping 

pattern?  

2. What do you mean by monocropping? Write down its advantage and disadvantages.  

3. Define mixed cropping. Write down its principle and components.  

4. What do you mean by cropping scheme?  Write down the characteristic of good cropping 

scheme.  

5. Define crop rotation. What are the principles of crop rotation?  
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Unit 6 Water Management  
  

Learning Outcomes  

After  completion of this unit students will be able to:  

- Describe  the water management, its importance and application in agriculturefield.  

- Demonstrate the different types of irrigation practices used in agriculturefield.  

- Demonstrate the different types of drainage systems used in agriculturefield.  

Introduction  

The availability of water influences almost all the biochemical and physiological processes in 

plants which in turn affects the morphology of plants. All the crop plants have an optimal moisture 

regime and growth, yield and even the quality of the produce. It is therefore, necessary, that an 

ideal soil moisture level  maintained for better growth, yield and quality of the crops. Water can 

be available to  plant through  rainfall and artificial irrigation . Rainfalls water is available when 

rain occurs naturally. Artificial irrigation is applied through the different methods. Irrigation is the 

method of artificial application of water to soil for supplying soil moisture essential for plant 

growth. Soil water is depleted due to evaporation from soil surface, transpiration through the plant 

and deep percolation into the soil beyond the root zone. Water availability to crops is reduced 

gradually and plants are subjected to moisture stress. Plants demanded of water is aggravated by 

the circumstances of its nonuniform distribution, uncertainty of rainfall, intensive cropping, and 

protection of crops from frost, cultivation of high yielding crop varieties and an ever increasing 

application of fertilizer in agriculture.  So,water plays an important role in raising crops. Several  

methods of irrigation have been used on flat or slopy land depending upon the soil, water supply, 

crops to be grown etc. Four general methods of soil irrigation are surface irrigation method, sub 

surface irrigation method, sprinkle irrigation method, and drip irrigation method. But application 

of excess water at the same time is expensive and equally harmful for plant growth. It is therefore 

essential for an agriculturist to know how the soil gets water and how it loses water, soil moisture 

and its constant, water requirement of plants and irrigation schedule.  

  

  

  

Irrigation  

Irrigation is generally defined as the artificial application of water to soil for the purpose of 

supplying soil moisture essential for plant growth. However, in broader sense, irrigation is the 

application of water to the soil for the following purposes.  
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 To add water to soil to supply the moisture essential for plant growth.  

 To provide crop insurance against short duration drought.  

 To cool the soil and atmosphere, thereby making more favorable environment for plant 

growth.  

 To soften soil crust, thereby making tillage operations easier.  

 To leach and wash out salts from the soil for reclaiming it.  

 To reduce the hazard of soil piping.  

 To reduce the hazard of frost.  

 To delay bud formation by evaporation cooling.  

Importance of Water in Crop Life  

Water plays an important role in raising crops. The main functions of water are listed below:  

 It is the principal medium in which all process of plants occurs.  

 Water is a constituent of protoplasm.  

 Water is used as transpiration carrier of nutrients from the soil to green plant tissues.  

 Water serves as vehicle for the transportation of ions to and from the cells.  

 They are used for photosynthesis and the end product is also conveyed through water to 

various plant parts.  

 Water is essential in hydraulic process in the plant. It helps in the conversion of starch to 

sugar.  

 It precipitates in acid-base equilibrium and provides the cell-turgid which is necessary to 

fruit growth and to leaf and stem orientation and support in plants.  

 By weight over half of all plants life  is made up of water.  

 Water neutralizes unfavorable temperature variations in plants and thus maintains the 

uniform temperature.  

 Water in the form of hydrogen, an essential element of all organic molecules, is absorbed 

and assimilated in the course of photosynthesis.  

Necessity of Irrigation  

 Uncertainty of Monsoon Rainfall:   

80% of rainfall in Nepal is received during monsoon period. Monsoon rainfall is very 

uncertain. So irrigation is very important to supply water to plants  when needed.  

 Uneven Distribution of Rainfall:   

To compensate the uneven distribution in an area, supplemental irrigation is needed.  

 Effect of Winter Rainfall:   

Supplemental irrigation is inevitable in the regions due to poor rainfall.  

 Cultivation of High Yielding Crops:   

High yielding crops produce heavy biomass and economic yield. Higher biomass needs 

more water for its production. Hence supplementation of water as irrigation is essential.  
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 Difference in Water Holding Capacity (WHC) of the soil:   

Sandy soil - low WHC – frequent irrigation. Clay soil - high WHC - frequency is less.  

Types of Irrigation System Used in Nepal   

There are several methods of irrigation which can be used on flat or slopping land depending 

upon the soil, water supply, crops to be grown etc. Four general methods of soil irrigation are: i) 

Surface Irrigation  

Surface irrigation is the method of irrigation in which water is applied directly over the field and 

the soil acts as the reservoir for moisture. This method is utilized in arid and semi-arid region 

where topography is level. It is less expensive and invite more water loss due to evaporation. But 

since the system depends on gravity flow, it is inefficient in distribution because more water is 

supplied to the area closest to the source. Another serious objection is the harmful effect on soil 

structure. Heavy soil becomes puddle, which results in a loss of soil aeration followed by clodding 

and cracking when the soil dries out. The different methods of surface irrigation are as follows.  

a) Wild or Uncontrolled Flooding  

This is most primitive and wasteful method of irrigation. This method is followed in areas where 

unlimited water is available and a vast area like pasture is to be irrigated. The water is let into the 

field from a higher gradient and spread slowly all over the cropped area depending upon the slope. 

Thus the depth of irrigation varies from place to place due to varied topography. It has many 

disadvantages like greater loss of water and nutrients, more soil erosion, uneven distribution of 

water and wetting of soil, greater percolation in certain pockets and salinity at higher spots. This 

method is rarely adopted.  

b) Controlled Flooding  

The field to be irrigated is divided into several plots of convenient sizes of more or less even 

surface. The water is let into the field through main and sub channels for irrigating plots one after 

another. The method needs less volume of total water. There is uniform wetting, no soil erosion 

and it also leads to lesser loss of water and nutrients. This can be done in following ways:  

i) Check basin method  

This is also called as check flooding method or bed method. The method is practiced in areas where 

small stream of water is available, ground is nicely leveled and the crop needs a careful distribution 

of water. Rectangular or square beds of 10 to 100 square meter area are prepared in this method 

The water is conveyed through main channel and branch channels which used to connect two 

consecutive parallel rows of beds or basins.  

ii) Border strip method  

This method is suitable in areas having a slope of 0.5 to 1%. Whereclose growing crops are to be 

grown and the soil has shallow to medium depth. In this method the fields are divided into strips 
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of 3 to 15 meters width and 50 to 300 meters length depending upon the type of soil and the extent 

of slope above 1% and the contour borders are prepared. The area remains prone to erosion in 

cases of semi-graded, graded and contour borders, therefore, it requires higher degree of skill in 

applying irrigation.  

iii) Ring basin method  

This method is most suited to the widely spaced crops where a limited stream of water is available 

for irrigation. A ring is prepared around each plant and each row of pockets or rings are connected 

with the  other through main channel which is prepared at the end of the row of rings. iv) Furrow 

method:  

This method is used for root and tuber crops which are sensitive to saturated soil condition at the 

root zone. The crop is sown on the ridges and the irrigation water is applied in the furrows so that 

most of the roots remain above the saturation zone and  there is no soil compaction. In this method 

the field is divided into ridges and furrows along or across the slope and the furrows are connected 

with main channels. The depth of furrow is decided based on the length of the roots of the crop to 

be grown and the infiltration rate of the soil. Optimum length of furrows depends upon several 

factors like slope, infiltration rate, rainfall or water application intensity and furrow spacing etc. 

which may be calculated by using following equation:  

Optimum length of furrow: L=       232.5  

 

                                                      (I-A)W.S  

Where,  

L= the optimum length of furrow in meter I = 

rainfall intensity or water application in cm/hr  

W = the furrow spacing in m.  

A= the infiltration rate in cm/hr  

S = slope of furrow in percent.  

Table 6: Water Requirements of Agriculture Crops in Surface Irrigation Methods (5cm 

depth at each irrigation)  

Crop  Duration  Total Water Requirement 

(mm)  

Rice  110  1250  

Maize  100  500  

Suragcane  360  2200  

Sorghum  105  500  

Cotton  165  600  
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Blackgram  65  280  

Groundnut  105  510  

Soybean  85  320  

Sesamum  85  150  

Sunflower  110  450  

  

ii) Sub- surface Irrigation  

 In this method the root zone is made wet by running underground porous tile tubes or perforated 

pipes. The water is passed through tile or perforated pipes. The water is passed throughtile or 

perforated pipes which oozes out through the holes and wets the root zone of the soil. The method 

needs least labour but is expensive and even a slight negligence in applying water may lead to  

water logging in root zone, Therefore a careful and controlled water supply along with provisions 

for proper drainage is essential. iii) Sprinkler Irrigation:  

 In this system, water conveyed through pipes is distributed under pressure. Pressure to operate 

sprinklers can be supplied by gravity or pump. Sprinkler may be used for frost protection, heat 

control, as well as for irrigation. Three common types of sprinklers are fixed head, perforated pipe 

and rotating head. The most commonly used type is the rotating head. It  applies water to circular 

area. Thesprinkler should be so designed as to apply water uniformly at a rate that will not cause 

run-off  with the help of pump and water supply capacity depends on  irrigation needs according 

to climate and crop. Sprinklers are adapted to a wide range of soil types and various topography 

and slopes. They are especially useful on rolling land that cannot be leveled or on steep slopes with 

erodible and shallow soils. It has proved practical as a means of providing supplemental water in 

the humid climates. In arid climate, evaporation may be higher with sprinkler irrigation than with 

surface irrigation. Though this system requires less labor and water, the serious limitation of 

sprinkler irrigation lies in the high initial cost. The power requirement is also very high compared 

to other irrigation methods. Sprinkler cannot be operated where wind velocity is high as it disturbs 

the sprinkler pattern and results in uneven distribution of water.  

iv)Drip System of Irrigation  

In this system, water is delivered to each plant at its root zone, through a network  of tubing. Under 

medium to low pressure a required quantity of water is given daily so that plants may not suffer 

from water stress. Crops like cotton, maize, sugarcane, banana, tomato, tobacco and plantation 

crops like orange, apples, etc. are irrigated by this system. The lateral pipes are laid at uniform 

intervals according to the spacing of the crops. This is  expensive and sometimes clogging of 

equipment makes it ineffective but it has several advantages like water saving to the extent of 30-

50%, reduced weed growth, reduced labour cost, constant water supply, early maturity and superior 

quality of crop produce. In Nepal drip trickle irrigation system is confined to limited areas where 

as in countries like Australia, Mexico and USA it has become a common system of irrigation.  
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Irrigation Channels  

The irrigation efficiency can be greatly increased, water loss can immensely be reduced and crop 

yields and quality can be unexpectedly increased by proper conveying of water from its source to 

the field. It may be possible only when we know merits and demerits of each type of channel used 

for irrigation. A brief account of each individual type of channel is given below:  

The irrigation channels can broadly be classified into two groups like open channels and pipe lines.  

i) Open Channels  

Normally three types of open channels are used for irrigation purpose viz. earthen channels, lined 

channels and precast concrete channels.  

a) Earthen Channels  

These are built out of earth (soil) by constructing raised buds on both the sides of water flow. The 

main channels, sub-channels and field channels are built with soil and they are very cheap but they 

have the least efficiency as they get silted and eroded at place, they get chocked by weeds growing 

in them, there is seepage loss and , the bunds get damaged by burrowing of holes by rats, crabs, 

etc.  

  

  

  

b) Lined Channels  

The bottom and the sides of the channels are constructed on the raised bunds using brick, cement 

and concrete. This is done in order to reduce or eliminate the seepage, which is to the extent of 10-

40 % in sandy soils, to eliminate weed growth, silting and erosion. Rats and other animals cannot 

make holes in such channels. Such channel have longer life and require relatively very low space 

as compared to earthen channels. Their repair and maintenance cost is very nominal. c) Precast 

Concrete Channels  

These channels are made with the help of wooden moulds. The casting is done usually in 'U' shape 

by giving one meter length and 30-45 cm diameter. These half open precast channels are laid on 

earthen embankment by providing proper gradient and their joints are pointed with cement mortars. 

The outlets are left open and wooden shutters are used for opening and closing the outlets. ii) Pipe 

Lines  

The open channels  occupy about 2-5 % of land, and cause high water losses due to seepage, 

evaporation, weed growth and even the cost of construction, repair and maintenance are also too 

high. The pipe lines on the other hand are laid underground and there is no loss of water due to 

seepage, evaporation, weed growth and rat burrows, etc. The pipelines work on pressure, therefore, 

they may be laid on undulating topography. These channels give the highest irrigation efficiency.  
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Irrigation Efficiency  

Irrigation water from the source head, to the field is subjected to various losses viz. seepage, 

spillage, evaporation, percolation (ground water runoff) etc. Thus a considerable amount of water 

is lost during the process of irrigation depending upon the construction of channel slope, 

cleanliness of channel etc. Irrigation efficiency refers to the ratio of water available to the crop 

water applied to the field in percentage.  

Irrigation efficiency  

    Water available for the crop=  Stored in the soil    ×100   

 

                                                      Water applied  

Thus soil plays a vital role in storing irrigation water for the production of the crop which ultimately 

affects irrigation efficiency. The water storing capacity of field is termed as field efficiency as 

given below:  

Field efficiency=      Water used by crop       × 100  

                            Water applied to the field  

  

The crop plants  utilize water for their growth, development and ultimately for accumulation of 

dry matter or economic yield which may differ from crop to crop or even from variety to variety 

of the same crop. Thus the efficiency of the plants to produce dry matter or crop yield is referred 

to as water use efficiency as given below:  

 Water use efficiency = Dry matter produce(g)  

                                        Water used (g)  

Or,                            = Crop yield (q/ha)  

                                     Water used (cm/ha)  

The unit of water use efficiency is expressed in q/cm.  

Critical Stages of Moisture Requirement in Major Agronomical 

Crops  

 There are certain growth stages in crops. They require assured supply of irrigation water at these 

stages. These are referred to as critical stage (periods) for crops. If water is not supplied at critical 

stages, yield is badly reduced. For herbaceous crop, germination is the critical stage. Varying from 

crop to crop initial tillering and flowering period in rice, crown root initiation, tillering, jointing, 

etc in wheat, flowering and cob development in maize, pod development for legumes etc are the 
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critical water requirement stages of crop development. Critical stages of moisture requirement for 

major agronomical crop are as follows:  

Table 7: Critical stage of moisture requirement for major agronomical crop  

Crops  Critical Stages  

Rice  Initial tillering, flowering  

Wheat  Most critical stage crown root initiation, 

tillering, jointing,. booting, flowering, milk and 

dough stages  

Maize  Early vegetative, taselling and silking stage.  

Pulses  Flowering and podding.  

Peas  Pre bloom stage.  

Gram  Pre- flowering and flowering.  

Pigeon pea  Flower initiation, pod filling.  

Barley  Boot stage, dough stage  

Sorghum  Initial seedling, pre flowering, flowering, grain  

 formation.  

  

Drainage   

Drainage means the process of removing water from the soil that is in excess for crop plants. It is 

a process of driving out excess water from agriculturefield or land. The excess water may get 

accumulated due to precipitation, snow melt, seepage from canals, bunds, irrigation waste etc. 

Drainage is the removal of excess gravitational water from the soil by artificial means to enhance 

crop production.  

A soil may need artificial drainage for one or two reasons.  

1. When there is a high water table that should be lowered or  

2. When excess surface water cannot move downward through the soil or even the surface of 

the soil fast enough to prevent the plant roots from suffocating.  

Drainage System  
  

There are two methods of drainage to remove excess water from the field. They are:  

  

i) Surface drainage  ii) Sub surface drainage or 

underground drainage.  
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i) Surface Drainage (Natural System of Drainage)  

 It refers to the removal of surface water by developing the slope of the land. Drainage canal may 

be shallow and broad to permit the controlled removal of water from the soil before it infiltrates 

the soil. It may consist of open ditches that are laid out by eye judgment, leading from one wet 

spot to another and finally into a nala or river. This is often called natural system.  

  

Open ditch drains: The pattern of ditches is regular. The method is adopted to land that has 

uniform slope.  

  

Field Ditches  

Field ditches for surface drains may be either narrow with nearly vertical sides, or V shaped with 

flat side slopes. V-shaped ditches can be easily crossed with large machinery.   

  

Narrow Ditches  

Narrow ditches are most common where large farm machinery is not used. In level areas, a 

collecting ditch necessary  at one side of the field and shallow  ditches are constructed to discharge 

water into the collecting ditch. The field ditches should be laid out parallel 15 to 45 meters or more 

apart as required by the soil surface conditions and crop to be grown. They should be 30 to 60 cm 

deep depending upon the depth of the collecting ditch.  

Farming operations should be parallel to the field ditches.  Ditch will drain satisfactorily depends 

up on how quickly water runs into the ditch how much rain falls on the land, slope, and the 

condition of the soil and plant cover.  

  

ii) Sub- surface or Underground Drainage  

  

A sub surface or underground drainage will remove excess soil water that percolates into 

themselves, just like open drains. These underground drains afford the great advantages that the 

surface of the field is not cut off, no wastage of land and do not interfere with farm operations. On 

the other hand, they are costly to lie and are not effective in slowly permeable clay soils.  

  

Underground drains may be classified as: 

i) Tile or pipe drain ii) Box drains  

iii) Rubble (coarse stones or gravels filled) drains iv) 

Mole drains and  

v) Use of pumps for drainage.  

   

i) Tile Drain  

 It consists of digging a narrow trench, placing short section of tiles at the bottom and covering the 

tiles with earth. The loose joints between two sections of the tiles serve as a place where drain 

water may enter into the drainage system. Water moves by gravity into the joints between tiles and 

through tile walls.  
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ii) Box Drains  

 Instead of pipes, underground drains may be made in V shaped cuts or trench as sides of which 

are reverted with soil, restoring the surface of the field. Depth may be 90 cm below the ground 

surface.  

  

iii) Rubble Drains  

 A  substitute for tile drains is made by cutting narrow V shaped  or rectangular drains, as for box 

drains, filling them up with rough stones large and small and then covering the hole upto soil level 

with surface field soil. Depth may be 90 cm.  

  

iv) Mole Drains  

They are often used in clay, clay loam soils. A moling machine is one that draws a bullet nosed 

cylinder; which is used to make a cylindrical drain of 10-15 cm in diameter. A mole drain should 

be at least 75 cm below the surface to prevent closing of the holes by compaction from farming 

operations. Mole drains are commonly used in Europe.  

  

v) Use of Pumps for Drainage  

 The pumps are used in U.S.A. and many other countries for drainage. River bottoms, lakes and 

costal plains, peat lands and irrigated lands are the main types of lands reclaimed by pump 

drainage. The subsequeat must be sufficiently permeable for the ground water to move to the pipes 

enough for effective pumping.  

  

Objectives and Importance of Drainage in Crop Production  
  

Objectives  
  

The objectives of agriculturedrainage systems are to:  

- reclaim and conserve land for agriculture,   

- to increase crop yields,   

- to permit the cultivation of more valuable crops,  

- to allow the cultivation of more than one crop a year, and/or to reduce the costs of crop 

production in otherwise waterlogged land.   

Importance   

Excess water in the crop root zone soil is injurious to plant growth. Crop yields are drastically 

reduced on poorly drained soils, and, in cases of prolonged water logging, plants eventually die 

due to a lack of oxygen in the root zone. Sources of excess soil water that result in high water 

tables include: high precipitation in humid regions; surplus irrigation water and canal seepage in 

the irrigated lands; and artesian pressure. Water logging in irrigated regions may result in excess 

soil salinity, i.e., the accumulation of salts in the plant root zone. Artificial drainage is essential on 

poorly drained agriculturefields to provide optimum air and salt environments in the root zone. 
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Drainage is regarded as an important water management practice, and as a component of efficient 

crop production systems. World food supply and the productivity of existing agricultural lands can 

only be maintained and enhanced if drainage improvements are undertaken on cropland currently 

affected by excess water and high water tables.  

The field-scale importance of drainage are as follows:  

i) Drainage promotes beneficial soil bacteria activity and improves soil tilth.  

ii) There is less surface runoff and soil erosion on drained land.  

iii) Improved field machine traffic ability reduces soil structural damage. Soil compaction is 

reduced and less energy is required for field machine operations. Drainage also allows for 

more timely field operations. Consequently, the growing season can be lengthened and crops 

can achieve full maturity.  

iv) Crop yields are increased because of improved water management and uptake of plant 

nutrients.  

v) High value crops can be planted, and there is flexibility to introduce new and improved 

cropping systems.  

vi) In general, land value and productivity are increased.  

vii) Farm income is increased and income variability reduced.  

viii) Drainage maintains favourable salt and air environments in the crop root zone.  

Adverse Effect of Poor Drainage in Crop Production  

The crops become stunted with yellowing of leaves when the soil  is saturated. In excess water, the 

plants usually die because of root damage caused by reduced supply of oxygen and accumulation 

of carbon dioxide with the related effects on the soil plant relationship. The adverse effects are not 

from direct presence of excess water, because crops will not suffer even in total from direct 

presence of excess water, because crops will not suffer even in total water culture, if they can get 

air. The root growth in such cases is also poor due to lack of aeration and they tend to remain 

largely near the surface and are  subject to wilting when the surface becomes dry in spite of the 

moisture underneath..  

Rain Water Harvest Technique  

Rain water is the biggest and ultimate source of fresh water on the earth. The distribution of annual 

precipitation varies from less than 50 mm to more than 2000 mm in low to high rainfall areas. 

Hence, it is necessary to develop suitable techniques for its storage and efficient use. It is all about 
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recharging ground water by capturing the abundant rain water harvesting signals, a paradigm shift 

from the present dependence on river and groundwater to meet the domestic irrigation and 

industrial requirement of water.  

  

  

Summary  

 The availability of water influences almost all the biochemical and physiological processes 

in plants which in turn affect the morphology of plants.  

 Water can be available to the plant through the rainfall and artificial irrigation method. 

Rain fall water is available when rain occurs naturally. Artificial irrigation is applied 

through the different methods.  

 Irrigation is the method of artificial application of water to soil for the purpose of supplying 

soil moisture essential for plant growth.   

 Several  methods of irrigation havebeen used on flat or slopy land depending upon the soil, 

water supply, crops to be grown etc. In general, four methods of soil irrigation are used:  

surface irrigation method, sub surface irrigation method, sprinkle irrigation method, and 

drip irrigation method.  

 Drainage means the process of removing water from the soil that is in excess of the needs 

of crop plants. It is a process of driving out excess water from agriculturefield or land. The 

excess water may get accumulated due to precipitation, snow melt, seepage from canals, 

bunds, irrigation waste etc.  

 There are two methods of drainage to remove excess water from the field. They are surface 

drainage and sub-surface drainage.   

 The crops become stunted with yellowing of leaves when the soil is saturated. In excess 

water, the plants usually die because of root damage caused by reduced supply of oxygen 

and accumulation of carbon dioxide with the related effects on the soil plant relationship.  

Acronyms  

cm      centimeter 

etc.     et cetera g           

gram ha          

hectare mm        

millimeter  

q           Quilts  
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USA     United States of America  

WHC     Water holding capacity  

Glossary  

Absolute water requirement. This is the quantity of water in ha-cm per crop season absorbed by the crop 

together with evaporation from cropped land and retained in plant body.   

Cappillary movement of water. Upward movement of water subjected to evapotranspiration in soil 

capillaries is called  capillary movement of water.  

Drought. It is the capacity of plants to endure the drought conditions without suffering any irrecoverable 

injury to plants like leaf or death tissue, etc.  

Infiltration. The downward entry of water into the soil through gravitational pull to the water table is called  

infiltration or percolation.  

Trickle irrigation. It refers to drip irrigation.  

Water harvesting. It is a device to utilize the collected and preserved rain water for the purpose of 

profitable production of crops in drylands.  

Water logging. Soil saturated with free water which may get accumulated on the ground surface.   

Self Evaluation  

Very  Short Questions  

1. What are the water requirements for rice and maize in surface irrigtion?  

2. Enlist three types of open channels.  

3. Why does clay soil need artificial drainage?  

Short  Questions  

1. Define irrigation.  

2. Write the critical stages of water requirement in rice, maize and wheat?  

3. What do you mean by drainage?  

4. Write down the objective of drainage.  

Long Questions  

1. What is irrigation? Write down the different types of irrigation system practiced in Nepal.  

2. Why is water  important to the crop life? Write down the critical water requirement of major 

field crops.  
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3. Define drainage. Write down the different drainage systems practiced in field.  

  

Unit - 7 Seed and Seed Quality  
  

Learning Outcomes  

After  completion of this unit students will be able to:  

- Describe the meaning of seed, their  types and importance in crop production.  

- Describe about quality seeds, their production technique and method of certification  

- Demonstrate the different types of seeds used in crop production  

Introduction  

Seeds are the protectors and propagators of their kind. Seed is a mature ovule consisting of an 

intact embryo, endosperm or cotyledon and protective covering. e.g. healthy seedling, tubers, 

bulbs, roots.  Thus a farmer's entire crop depends on the quality of the seed he uses for sowing or 

planting. If the seed has poor germination the farmer will have a poor stand which would ultimately 

result in a poor yield of the crop. Similarly, if the seed is not pure and is mixed with other crop 

seeds the value of the produce will be low.  If the crop seeds contain weed seeds the farmer is 

introducing troublesome weeds in his field. Thus, the presence of other crop plants, rouges and 

weeds in the field will not only increase the weed control costs but  also harbor many harmful 

insects, pests and disease. Therefore,  farmers need to pay maximum attention to the purity of seed 

for an increased crop production.  

Seed  

 The seed may be defined as "a fertilized ovule consisting of intact embryo, stored food and seed 

coat which is viable and has got the capacity to germinate." Sometimes it may also be called as "a 

unit of reproduction of flowering plants and may be described as a plant embryo, in a dormant 

state surrounded by a food supply and a protective outer skin or seed coat."  

Characteristics of Good Seed  

 It must be trueto its type.  

 The seed must be healthy, pure and free from all inert material and weed seeds.  

 The seed must be viable; the germination capacity must meet to the standard. It must be 

test certified.    

 The seed must be uniform in texture, structure and look.  

 The seed should be truth fully labeled and produce with  all due cares and strict supervision 

so that it does not degenerate quickly.  
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 The seed must not be affected by any seed-borne disease. Role of Seeds/ Effect  

 Seeds are the very basic fundamental input for introducing the new technology to crop 

production, propagation and multiplication.  

 If poor quality seeds are used for sowing seed borne pathogens may cause disease or death 

of plants resulting in crop loss.  

 It has been seen that approximately good seeds lead to 45% increase in  crop production.  

Application of hybrid seeds accounts for such an yield.  

 Seed- borne disease can be harmful in several ways, -  Infected seeds reduce shelf 

life.  

- Infected seeds are risk of being contaminated with micro toxins and undergo 

change in nutritional value.  

- It is a source of conserving the resources: plant genetic  wild and cultivated 

plant species, landraces and genetically improved genotypes.  

  

Physical Characteristics of Seed  

i) Size:  

Seed of  different sizes, width and thickness, should be separated  with the air screen cleaner or 

width grader. ii) Length:  

Seeds of different length can be separated by means of disc or indent cylinder separation. iii) 

Weight:  

Seeds of different specific gravity can be separated with the help of gravity table, aspiration, etc. 

iv) Shape:   

Round seeds are separated from flat or irregular shaped seeds with a spiral separator or draper belt.   

v) Surface Texture:  

Smooth seeds are separated from rough ones by the cloth over roll in a mill commonly  known as 

dodder mill or inclined moving belts.  

vi) Colour:  

Seeds of different color can be separated with an electric eye. This method is suited most to large 

seeds such as peas and beans. vii) Degree of Stickiness:  

The seed coat of some seeds becomes sticky after it absorbs water oil etc. Thus, different types of 

seeds may be separated out based on their degree of stickiness with the help of Buckhorn machine 

or by a magnetic separator. viii) Electrical Conductivity:  
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 Seeds may be separated by electrostatic separator according their ability to conduct an electrical 

charge.  

Seed quality  

 Seed are  said to be quality if it is scientifically produced (under the supervision of seed certifying 

agency) and are distinctly superior in terms of genetic purity or varietal purity.Free from admixture 

of weeds and other crop seeds, seed health, high germination and vigor, seed treatment and safe 

moisture content, etc. are the important parameters to determine the seed quality. It is the degree 

of excellence in regards to the characteristic referred to above that determines the seed quality. If 

the seed lots posses high genetic purity and high germination percentage and a minimum of inert 

weed and other crop seeds and is free from diseases, it is said to have high quality and if it is 

lacking in any of these it is said to be low quality.  

Characteristics of Quality Seed  

 To become a quality seed, it should meet certain standard fixed for certified seed. It implies that 

if a seed lot meets the certification standards, it is good quality seed and if it does not meet the 

certification standards it is obviously  of a lower quality seed. Any seed is said to have quality if it 

possesses the following characteristic:  

i) Improved Variety:  

The variety must be truly superior to existing one. It must be latest and best suited to the area in 

regards to production potential and other characteristic. ii) Genetic Purity:  

There should not be any genetic deterioration in the variety. If the seed poses all the genetic 

qualities that breeders have placed in the variety it is said to be genetically pure. Genetic purity is 

directly responsible for higher yield. There should not be off- type plant and no varietal mixture. 

iii) Physical Purity:  

Physical purity of a seed lot refers to the physical composition of seed lots. It must be clean and 

processed, free from inert materials, weed seeds and other crop seeds or variety. Higher the content 

of pure seeds the better would be the seed quality. iv) Physiological Quality:  

Quality seeds  have high germination capacity and seed vigor. They  have bold and plumy grains. 

Quality seeds  must be dried to proper moisture percent. High germination percentage and vigor 

lead to  an excellent crop having adequate plant population and uniform growth. Seed moisture is 

the most critical factor to determine viability during storage. The seed size weight and specific 

gravity have been found to have positive correlation with seed germination and vigor in many 

crops.  

v) Entomological Quality:  
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 Quality seeds are free from insects. The quality seed lot very much depends on its health. Quality 

seeds should be free from insects and must be treated with proper pesticides vi) Pathological 

Quality:  

 Quality seeds are be free from disease. The quality of seed lot very much depends on its health. 

Seeds should free from seed borne disease and must be treated with proper pesticides. vii) Others 

Characteristics:  

Seed colour often reflects the condition during seed maturation. Good normal color and shine have 

been regarded as invaluable quality guides by the farmers from the time immemorial.  

Types of Seed  

 The seeds are evolved, tested and if found good they are multiplied and distributed to the farmers 

for commercial production of the crop. Therefore according to nature and precaution with which 

the seeds are produced they are classified into the following groups.  

1. Breeder or Nucleus Seed  

Breeder's seeds or vegetatively propagated materials are directly controlled by the 

origination or sponsoring plant breeding program. It is produced as the result of 

hybridization, selection and mutation. They posses all the required genetic characters and 

are directly produce  under the supervision of plant breeders. It is the source for the 

production of foundation seed. Breeder seeds are available in small quantity. These seeds 

are of a high genetic value and their low quantity accounts for their high cost.. Breeder 

seeds have golden tags.  

  

2. Foundation Seed  

Foundation seed is the progeny of breeder seed and second grade seed in order of its genetic 

purity. Production of foundation seed is done generally by government farm or by certain 

organization (NARC, cooperatives, national seed companies, NGOs). The foundation seed 

is relatively less pure compared to the breeder seed. It has white tag and  is available in 

limited quantity.  

3. Certified Seed (1st generation)  

Certified first generation seed is the progeny of foundation seeds. Its production is done in 

such a way that specific genetic identity and purity is maintained according to standard 

specified for the crop being certified. This seed is also produced in government farm or by 

certain organizations. During the period of seed production, the seed inspector inspects the 

field and the seed thus produced is processed, bagged and tagged in the presence of the 

seed technician of the seed certifying agency. After proper labeling the seed is sold to the 

leader farmer or certain organization. It has a   blue coloured tag.  

4. Certified Seed (2nd generation)  

These are  the progeny of certified seed 1st generation. They are produced by farmers in 

their field with the supervision of seed certifying agencies. They are  less pure compared 
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to previous three seed categories. They have   green color tags.  They are sources seeds for 

improved seed production.  They are available in sufficient quantity.  

5. Improved Seed  

Improved seeds are the progeny of certified 2nd generation seeds They are produced in the 

farmer's field with the supervision of certifying agencies. They have a wide range of 

adaptability, tolerance to adverse condition of environment such as drought, flood and frost 

etc. their quality is acceptable to local market and consumers. They are  available in 

sufficient quantity. Improved seeds have yellow-coloured tags and are used for commercial 

cultivation of crops.  

Importance of Quality Seed in Crop Yield  

i) Quality seed is a basic input in crop production:  

All other inputs like plant protection, fertilizer, irrigation, weed labour etc will be useless if seeds 

do not germinate. ii) Quality seed has high genetic potential:  

Proper use of agriculture inputs like fertilizer, irrigation, plant protection, etc increase the 

productivity of a crop. But if the quality of seeds is poor, it will not increase the productivity of 

crop in the same proportion because of lower genetic potential of the seeds.  

  

  

iii) Quality seeds improve the productivity of crops:  

It has been found that use of quality seeds increases the productivity of crops by 10-30 % as 

compared to local seed. Quality seeds with all other recommended input would further increase 

the productivity of crops. Use of uncertified seeds and seeds without source havedamaged the crop 

in many places. Thus quality seed plays vital role in reducing food deficit by increasing production. 

iv) Quality seeds is a carrier of new technology:  

Quality seed shows the good response of other agricultureinputs like fertilizer, irrigation, weed 

control, etc. It encourages the farmer to use other inputs. When new wheat seeds from Mexico 

introduced in different countries farmers started  using fertilizer, irrigation, also. This brought 

green revolution. Thus quality seed is a carrier of new technology.  

v) Quality seeds cut down the seed requirement:  

Quality seed have high germination capacity and more seed vigor. We can reduce the seed rate by 

10- 30 % by the use of improved seeds as compared to local seeds.  
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vi) High quality produces  

Quality seed has no varietal mixture, off type plant, weed seeds. So, we can get better quality 

produce. We can get more market prices from such produce. vii) Less chance of insect pest, 

disease and weed appearance:  

Quality seeds offer less chance for insect pests, disease, and weeds to appear than local seeds do. 

Hence the production cost of crops can be minimized by using quality seeds.   

Quality Seed Production and Method of Seed Certification  

Seed Production  

Purity of seed is important and it has to be maintained during seed production. Impurities in seed 

occur due to cross pollination, from a mechanical mixture etc. Purity of seed is maintained by 

isolation and rogueing..  

Isolation  

Contamination by cross pollination with different but related cultivars has to be prevented. It is 

primarily achieved through distance, but it can also be attained by enclosing plants or groups of 

plants in cases, enclosing individual flowers or removing male flowers parts and then employing 

artificial pollination.   

  

Rouging  

Off-type plants are to be removed before flowering so as to avoid contamination of off-type plants 

which may arise because recessive genes are present in heterozygous conditions even in highly 

homozygous cultivars. Volunteer plants arising from accidently planted seeds or from seeds 

produced by earlier crops are another source of contamination. Regular supervision of the seed 

producing field by trained personnel is necessary.  

Seed Certification  

Seed certification is a process designed to secure, maintain and make available high quality seed 

and propagating materials of superior crop plant varieties;  grown and distributed as to ensure so 

desirable standards of genetic identify, physical purity, seed condition and quality. Seed 

certification is a legally organized program for quality control of seed and propagating materials 

of genetically distinct crop varieties during seed multiplication programme. In certification 

programme seed is produced by farmers by  using careful quality control mechanism like field 

inspection during growing season and seed inspection following harvest by legally authorized 

agency. High quality seed should equal or exceed the bench mark of standards set for genetic and 

physical purity, germination, vigor and should be free from seed-borne disease and insect pest 

damage.  



 

112  

  

High quality seed can be produced by controlling the production protocol of seed certifying agency 

in two ways:  

  

1. By monitoring seed multiplication and processing operations to avoid or minimize the 

risk of mechanical or genetic contamination for maximum biological efficiency of seed 

crops.  

2. By fixing minimum field and seed standards of different crop species to facilitate 

certification and assuring dependability of the product to the users.  

Seed quality control is a very important component of seed programme. Without controlling the 

quality of seed during production, cleaning, grading, drying, storage and marketing operations, it 

is not possible to carry forward a seed programme. Quality control aims to make available the 

seeds of improved varieties and hybrids of assured standards to the farmers so as to improve the 

agriculture production and productivity. Seed quality is usually controlled through seed legislation, 

certification and seed testing.  

Objective of Seed Certification  

The main objective of seed certification is to ensure genuineness and quality of seed to the users 

or purchasers to increase the production and productivity of any crop.  

Organization of Seed Certification  

The organization and structure of a seed certification agency differs from country to country. In 

some countries it is done by either Department of Agriculture or State Agriculture Universities or 

Crop Improvement Association etc. In Nepal, the By Law of Seed Act (1988) has been approved 

by the parliament. Seed certification is done by seed certification agency i.e., Seed Quality Control 

Center under Ministry of Agricultural Development of Nepal. The process of seed certification is 

initiated by an application given by the seed grower for certifying the seed to the certifying agency. 

If a seed lot ratifies the prescribed purity and quality requirement, the certification authority issues 

suitable tags of certification for affixing them to the seed bags under certification.   

Pre- requisites of seed certifying agency:  

The seed certifying agency must fulfil the following conditions:  

1. The seed certifying agency must be an autonomous body and should not be involved 

in production of seed.  

2. There should be uniform certification standard in accordance with Nepal Seed Act, 

1988.  

3. The certifying agency must possess updated sound technical knowledge.  

4. The agency must promptly interpret results for the satisfaction of producers and 

cultivators.  
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The inspections are conducted at three levels:  

1. Field inspection  

2. Inspection during seed processing  

3. Laboratory testing  

  

1. Field inspection  

The purpose of field inspection is to examine the seed crop in the field and to determine 

its suitability for certification. Seed certification inspectors should go for field 

inspection. During field inspections, observations are made on isolation distance, the 

presence of off -type plants, error in planting, planting ratio in the case of hybrid 

varieties, presence of objectionable weeds and plants of other crops and the incidence 

of disease transmissible through seeds. Generally, 2-4 inspections are carried out at 

different phonological stages of a crop. Foundation seed crops are also subjected to the 

same number of field inspections as those for certified seeds however, the requirements 

are more strict. During field inspections, objectionable weed plants and plant infected 

by designated (seed-borne) diseases are specially monitored.  

2. Inspection during seed processing  

This inspection is done to determine whether the seeds have been dried to 

appropriate moisture level and whether the correct processing procedure is being 

followed or not. Another purpose of such inspections is to determine whether 

appropriate care is taken to avoid mechanical mixture during seed processing. This 

is not a common practice in Nepal.  

3. Laboratory testing or seed tests  

Laboratory testing consists of series of seed tests designed to determine the quality 

seeds. Seed tests are conducted on small sample sizes (about 25 gm) so it is essential 

that the samples used for seed tests are representative of the lot and the sample 

should be drawn randomly from the seed lots. Before certification, seed lots are 

subject to test to determine the quality of seeds.  

i. Purity test  

ii. Germination or seed viability test  

iii. Moisture content test  

 i)  Purity test:  

It denotes the percentage of seed (by weight) belonging to the variety under 

certification. It is calculated by arithmetic method.  

Cultivar purity test: This test determine the amount of seeds of other varieties  of the 

same crop in a seed lot. The sample size should be large, and it can be conducted by 

examination of seeds in the laboratory, examination of seedling grown in a growth 

chamber or green house and field plot tests or grow out tests.  

 ii)  Germination and viability test  

It is determined as percent of seeds that produce or likely to produce seedlings under 

suitable environment. Germination test and tetrazolium chloroide test are two tests for 
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this purpose. Germination test is conducted in the controlled condition. The result is 

based on the percentage of seed that produce healthy root and shoots. In tetrazolioum 

method, treating the seed with the chemical 2,3,5- triphenyl tetrazolium chloride 

determines the percentage of viable seeds in short. It is colour less but develops intense 

red colour when living cells reduces it. This test is completed in about 4 hours, but it is 

difficult to apply in a crop with small seed size.  

 iii)  Moisture test  

The seed moisture content is the amount of water in the seed. The moisture content is 

determined by drying the seed samples in an oven or with the help of moisture meter. 

Moisture meter measures the resistance of seeds to an electrical current, which varies 

with the moisture content. The use of moisture meter is very efficient and extremely 

rapid, so a large number of samples can be handled in a relatively short period.  

Moisture content is determined easily and very fast by electronic moisture meters also.  

After doing all the above tests, if the seed lot under test meets the requirement set by 

the concerned country authority,  the certifying agency duly certifies the seed lot, and 

the seed is sold for cultivation. If the requirements are not met, the particular seed lot 

is not permitted to sell and grow commercially.  

  

Table8: Minimum certification standard of maize seed  

Particulars   Standard for each class   

Foundation seed  Certified seed  

Pure seed (min)  98 %  98 %  

Inert matter (max)  2 %  2%  

Other crops seeds (max)  5/kg  10/kg  

Weed seeds  None  None  

Germination   85 %  85 %  

Moisture (max)  12 %  12 %  

Source: Rana, D.S 1997. Guidelines for Seed Quality Control and Minimum Seed 

Certfication Standards. HMG/FAO Improvement of Seed Quality Control Services 

Project Kathmandu.  

  

General Concept of Seed/ Gene Bank, Patent Right  

A gene bank refers to a place or organization where germplasm can be conserved in living state. 

Gene banks are also known as germplasm banks. The germplasm is stored in the form of seeds, 

pollen or in vitro cultures, or in the case of a field gene bank, as plants growing in the field. Gene 

banks are mainly of following types:  

1. Seed gene banks   

2. Plant or field gene banks  

3. Meristem gene banks   

4. Cell and organ gene banks and   
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5. DNA gene banks   

  

1. Seed Gene Banks :     

A place where germplasm is conserved in the form of seeds is called a seed gene bank. Seeds are 

very convenient for storage because they occupy smaller space than whole plants. However, seeds 

of all crops cannot be stored at low temperature in the seed banks. The germplasm of only orthodox 

species (whose seed can be dried to low moisture content without losing variability) can be 

conserved in the seed banks. In the seed banks, there are three types of conservation, viz., short- 

term, medium- term, and long- term. Base collections are conserved for long-term (50 years or 

more) at – 18 or – 20˚C. Active collections are storedfor medium term (10-15 years) at zero degree 

Celsius and working collection are stored for short term (3-5 years) at 5-10˚C. The main 

advantages of gene banks are as follows.   

1) Large number of germplasm samples or entire variability can be conserved in a very small 

space.   

2) In seed banks, handling of germplasm is easy.  

3) Germplasm is conserved under pathogen and insect free environment.  

   There are some disadvantages of germplasm conservation in the seed banks.    

1) Seed of recalcitrant species cannot be stored in seed banks.  

2) Failure of power supply may lead to loss of viability and thereby loss of germplasm.   

3) It requires periodical evaluation of seed viability. After some time multiplication is essential to 

get new or fresh seeds for storage.  

2. Field Gene Banks:  

  Field gene banks also called plant gene banks are areas of land in which germplasm collections 

of growing plants are assembled. This is also ex-situ conservation of germplasm. Those plant 

species that have recalcitrant seeds or do not produce seeds readily are conserved in field gene 

banks. In field gene banks, germplasm is maintained in the form of plants as a permanent living 

collection. Field gene banks are often established to maintain working collections of living plants 

for experimental purposes.  

Advantages:  

1. It provides opportunities for continuous evaluation for various economic characters.  

2. It can be directly utilized in the breeding programme.  

 Disadvantages:  

1. Field gene banks can not cover the entire genetic diversity of a species. It can cover only a 

fraction of the full range of diversity of a species.   
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2. The germplasm in field gene banks is exposed to pathogens and insects and sometimes is 

damaged by natural disasters such as bushfires, cyclones, floods, etc.   

3. Maintenance of germplasm in the field gene banks is costly affair.  

3. Meristem Gene Banks:  

  Germplasm of asexually propagated species can be conserved in the form of meristems. This 

method is widely used for the conservation and propagation of horticultural species. In vitro 

method can be used in two ways: first for storage of tissues under slow growth conditions, for long 

term conservation of germplasm by cryopreservation. In cryopreservation, the tissues are stored at 

a very low temperature i.e. at -196˚C in liquid nitrogen. At this temperature, all biological 

processes virtually come to a stop.  

4. Shoot Tip Gene Banks:     

In such gene banks, germplasm is conserved as slow growth cultures of shoot-tips and nodal 

segments. Their regeneration consists of sub-culturing the cultures, which may be done every 6 

months to 3 years. This is chief methods for the conservation of germplasm of vegetatively 

propagated crops and tree species.   

1. Genotypes of the accessions can be conserved indefinitely free from diseases and pests.  

2. They can be used for such crops, which either do into produce seeds or produce recalcitrant 

seeds.   

3. Subculture becomes necessary only after relatively long periods (every 6-36 months).  

4. Regeneration i.e., subculturing, requires a comparatively very short time.   

In addition, cuttings, bulbs and tubers can be maintained under controlled humidity and 

temperature conditions; however, this approach is practical for the short and medium term storage, 

and it should be used in conjunction with a field gene bank.   

5. Cell and Organ Gene Banks:  

   A germplasm collection based on cryopreserved (at -196˚C in liquid nitrogen) embryogenic cell 

cultures, shoot-tips and or somatic/zygotic embryos may be called cell and organ bank. The 

techniques for cryopreservation of plant cells and tissues are being rapidly refined, and some such 

banks have been established, e.g., for potato in Germany.   

6. DNA Gene Banks:  

  In these banks, DNA segments from the genomes of germplasm accessions are maintained as 

cosmid clones, phage lysates or pure DNA (the last one being for relatively short periods). These 

DNA segments can be evaluated and the desired ones may be used to produce transgenic plants. 

This approach is applicable to the conservation of genetic materials of already extinct species since 

DNA extracted from well preserved herbarium specimens can often be cloned. However, it is very 
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expensive and highly sophisticated. A world-wide network of DNA banks for threatened / 

endangered species has been established.  

  

Patent Right  

  

A patent is a property right granted by the government pursuant to laws passed by parliament. 

Patents, which convey to the owner exclusive rights to the claimed invention, are granted to 

inventors who file an application to authorize office. There are three types of patents available in 

Nepal:  

1. Trade mark : Which covers the functional aspects of products and processes.  

2. Design patents: Which covers the ornamental design of useful objects.  

3. Plant patent: Which covers a new variety of living plant.  

Summary  

 Seed is a mature ovule consisting of an intact embryo, endosperm or cotyledon and 

protective covering. E.g. healthy seedling, tubers, bulbs, roots.    

 A good seed must be truetoits type, healthy, pure and free from all inert material and weed 

seeds, uniform in texture, structure and look, truth fully labeled and produce with  all the 

due cares and strict supervision so that it does not degenerate quickly.  

 Seed is said to have quality when it is an improved variety, genetically and physically 

pure,and  possesses physiological, entomological and pathological quality.  

 Quality seed  is  important in crop production because it is the basic input which has high 

genetic potential, improves the production, is a carrier of new technology, cuts down the 

seed requirement, give rise to high quality produce and invites less chance in insect pest, 

disease and weed appearance.  

 Seed certification is a process designed to secure, maintain and make available high quality 

seed and propagating materials of superior crop plant varieties; so grown and distributed 

as to ensure desirable standards of genetic identity, physical purity, seed condition and 

quality.  

 Gene bank refers to a place or organization where germplasm can be conserved in living 

state. Gene banks are also known as germplasm banks. The germplasm is stored in the form 

of seeds, pollen or in vitro cultures, or in the case of a field gene bank, as plants growing 

in the field.   

Acronyms  

˚           Degree  

C         Celsius  
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DNA     Deoxy ribo nucleic acid  

FAO      Food and Agriculture Organization  

Gm        gram  

HMG      His Majesty Government  

NARC     Nepal Agriculture Research Council  

NGOs      Non-Government Organization  

Glossary  

Albuminous seed. A seed that contains endosperm at the time of germination to nourish the 

growing seedlings.  

Composite sample. The sample formed after combining and mixing several samples together 

which are drawn from various  places or location of seed lot.  

Embryo.  The rudimentary seedling within the seed which gives out a plant after sprouting when 

provided with favourable conditions.  

Hybrid. Offspring's produced as a result of controlled crossing between two parents only.  

Off types. Seeds or plants which differ in appearance and characters from described characters of 

a variety are said to be rouges or off types.  

Purity. Proportion of the pure seed by weight in the seed sample.  

Rogues. Rogues are off-type plants that grow in a seed plot, and  the process of removing such 

plants from the field is called as roughing.   

Self Evaluation  

Very  Short Question  

1. What types of tag are used for breeder seeds?  

2. Which color is used for tagging  improve seeds?  

3. How can you obtain composite sample for seed testing?  

Short Questions  

1. Define seed.  

2. Define quality seed.  

3. Define roughing.  

4. What is gene bank?  
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Long Questions  

1. What is seed? What are the characteristic of good seed.  

2. Define quality seeds. Write down the importance of quality seeds in crop production.  

3. Define roughing. Write down the different types of seed available in Nepal.  

4. Define seed certification. Write the method of seed certification.  
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Unit 8 Post-Harvest Handling  
  

Learning Outcomes  

After  completion of this unit students will be able to:  

- Describe the concept of post- harvest handling practices.  

- Describe  the importance and method  of proper post-harvest handling.  

Introduction   

Post-harvest operations are assuming importance due to higher yields and increased cropping 

intensity. When subsistence farming was practiced, harvesting was easy and storage was not a 

problem as less quantity of final produce was available. Due to the introduction of modern 

technology, yield levels have substantially increased resulting in marketable surplus which has to 

be stored till the farmers get optimum prices. With increase in irrigation facilities and easy 

availability of fertilizer, intensive cropping is beings practiced. Harvesting assumes considerable 

importance because the crop has to be harvested as early as possible to make way for another crop. 

Harvesting time may also coincide with heavy rainfall or severe cyclones and floods. Suitable 

technology is therefore, necessary for reducing the harvesting time, and safe storage at farm level. 

The post harvest losses are estimated to be about 25%. Important operations carried out after 

harvesting of the crop are threshing, drying, storage and processing.  

Concept of Post Harvest Handling  

Post-harvest technology is inter-disciplinary "Science and Technique" applied to agricultural 

produce after harvest for its protection, conservation, processing, packaging, distribution, 

marketing, and utilization to meet the food and nutritional requirements of the people in relation 

to their needs. It has to develop in consonance with the needs of each society to stimulate 

agricultural production; prevent post-harvest losses, improve nutrition and add value to the 

products. In this process, it must be able to generate employment, reduce poverty and stimulate 

growth of other related economic sectors. The process of developing of post-harvest technology 

and its purposeful use needs an inter-disciplinary and multi-dimensional approach, which must 

include: scientific creativity, technological innovations, commercial entrepreneurship and 

institutions capable of inter-disciplinary research and development all of which must respond in 

an integrated manner to the developmental needs.   

Objective of Post Harvest Handlings  

Field crops growers work diligently to ensure that they bring the best quality products to market. 

They possess the necessary skills to improve the value of their crops during the growing season. 

However, once the harvest begins, good post-harvest handling practices must be used to safeguard 
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the product throughout the distribution environment. The primary objective of postharvest 

handling is to maintain quality by  

 Reducing metabolic rates that result in undesirable changes in color, composition, 

texture, flavor and nutritional status, and undesirable growth such as sprouting or 

rooting;  

 Reducing water loss that results in wilting, shriveling, softening, and loss of salable 

weight and crispness;  

 Minimizing bruising, friction damage, and other mechanical injuries;  

 Reducing spoilage caused by decay, especially of damaged or wounded tissues, and 

preventing contamination by human pathogens that can cause food poisoning; and  

 Preventing development of freezing injury or physiological disorders, such as chilling 

injury or senescent (i.e., aging-related) disorders.  

Importance of Proper Post Harvest Handling  
  
Importance of post-harvest technology lies in the fact that it has capability to meet food 

requirement of growing population by eliminating avoidable losses making more nutritive food 

items from low grade raw commodity by proper processing and fortification, diverting portion of 

food material being fed to cattle by way of processing and fortifying low grade food and organic 

wastes and by-products into nutritive animal feed. Post-harvest technology has potential to create 

rural industries.  Nepal, where 80 percent of people live in the villages and 66 percent depend on 

agriculture has experienced that the process of industrialization has shifted the food, feed and fibre 

industries to urban areas. This process has resulted in capital drain from rural to urban areas, 

decreased employment opportunities in the rural areas, balance of trade in favour of urban sector 

and mismatched growth in economy and standard of living including the gap between rural and 

urban people. It is possible to evolve appropriate technologies, which can establish agriculture 

based rural industries.   

The purpose of post-harvest processing is to maintain or enhance quality of the products and make 

them readily marketable.Aprime example of post harvest processing of agricultural products is 

rice, a major crop in Nepal. Paddy is harvested and processed into rice. Experiments with paddy 

crop in the farmer's field in Nepal have shown that if the crop is harvested at 20 to 22 per cent 

moisture as traditionally done, the field yield is increased by 10 to 20 percent. Similar is the case 

with respect to wheat, jowar and other crops.  

Method of Proper Post-Harvest Handling for Consumption Purpose 

and Seeds   

 Harvesting    

Harvesting is the process of obtaining plant parts or components of plant-parts that have reached 

their physiological maturity or at the stage of growth ideal for separating them from the stock plant. 

The act of harvesting can be picking, pulling, plucking, slashing, cutting, stripping and shaking the 
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economic part of the plant that is of interest to the harvester. Harvesting time of a crop is  

determined by changes that take place in the economic part of the crop and, in some cases, the 

entire plant. This change can be in the form of visual appearance, smell, color, size, and the 

moisture content.  

 Threshing    

Threshing is the physical process of separating the grains from the plants or ears. In cereals straw 

and grains are separated and in pulses seeds are separated from the pods. Threshing of cereals, 

millets and few pulses are done mainly by beating against stones or any other hard materials or by 

beating with mallets or by treading under the feet of cattle or tractor tyres.  Threshers like olpad 

thresher, Japanese rotary paddy thresher, rollers, etc are also used for threshing crops.  

Drying   

Moisture content of grain at time of harvesting of crops is about 18 to 20 percent. Moisture content 

for safe storage is 14 percent for most of the crops. Drying is a process by which moisture content 

from grain is reduced to safe limits. Drying process is basically the transfer of heat by converting 

the water in grain to vapour and transfering it to the atmosphere.  

Drying is done either by using solar energy or by artificial heating. In case of sun drying, the 

produce is spread on hard floor or threshing yard, around 10cm thickness, and is allowed to dry by 

heat supplied by the sun. The produce is stirred at two hourly intervals to have uniform and quick 

drying. In general, four to five days of sun-drying is required for different produces to bring the 

moisture to a safe level. In tropical regions, one-day drying under full sunshine throughout the day 

brings down grain moisture content of rice from 24 percent to 14 percent. Though sun drying is 

cheaper, there are some problems. The grains that are in the upper layers develop fissures due to 

uneven sun drying resulting in broken grains. However, this problem can be overcome by repeated 

stirring.   

Storage  

Harvesting of crops is seasonal, but consumption of the food grains is continuous. The market 

value of the produce is generally low at harvesting time. It  therefore, is necessity to store the 

produce for different periods. The different categories of agricultural produce needing storage 

include food grains, oilseeds, seeds and fodder.  

Storage of Food Grains and Oilseeds  

Storage Losses  

During storage, food grains are subject to several losses. The losses due to different pests during 

storage are estimated to be about 6.5 percent. These pests include insects (2.55 percent), rodents 

(2.50 percent), birds (0.85 percent) and fungus and other microorganisms (0.68 percent). 

Respiratory losses  depend on moisture content of grains.  
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Factors Affecting Storage  

Several factors that influence the storage of food grains are moisture content, quality of produce, 

climate and storage conditions. The most important factor deciding the storability of the produce 

is moisture content of grains. Higher moisture content of grains results in severe attack of insects 

and microorganisms in addition to heating and germination. Grains with high moisture respire at 

higher rate than dry seeds.  

Sources and Kind of Insect Infestation  

 Storage structures are the main source of infestations. Old storage structures that are used 

repeatedly for storage purpose content higher number and various types of insects. Threshing 

floors and grain carriers like carts, trucks, ships, railway wagons, etc. contribute to the spread of 

insect infestation. The infestation of grains by storage pests through post-harvest operations like 

transportation, threshing and drying is called horizontal infestation. Spread of infestation from the 

top layer of bulk store grain to lower layer is called vertical infestation.  

Storage Facilities  

Food grains and oilseed are stored either in bags or in bulk. The storage of produce in bags is called 

bag storage whereas the storage without using bags is called bulk storage. The storage facilities 

must meet these requirements.  

 Protection of grain from excessive moisture, insects and rodents.  

 Provision of safety and convenience while moving grain in or out of storage.  

 Facilities for inspecting the grains without removal from storage.  

 Provision of controlled aeration.  

 Provision allowing for air-tight condition for fumigation.  

Principle of Storage  

Dunnage, stacking and pest control are three important aspects of storage. Dunnage is any material 

like crates, mats, wooden beams, stones which are placed over the ground and below the bags so 

as to avoid direct contact of grains with the floor and for providing aeration. The second important 

aspect of storage is stacking. In case of bag storage, stacking is done up to 13 bags high. The stacks 

should be brought to pyramidal shape. Several pests attack the produce during storage. They can 

be controlled by adopting different methods of pest control like prevention, spraying and 

fumigation. Moisture content of grain and pest intensity are directly related. Pest attack can be 

reduced by drying  the produce to a safe moisture limit.  

Summary  

 Post harvest operations are assuming importance due to higher yields and increased 

cropping intensity.  

 Post harvest technology is inter-disciplinary "Science and Technique" applied to 

agricultureproduce after harvest for its protection, conservation, processing, packaging, 
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distribution, marketing, and utilization to meet the food and nutritional requirements of the 

people in relation to their needs.  

 The process of developing of post harvest technology and its purposeful use needs an inter-

disciplinary and multi-dimensional approach, which must include, scientific creativity, 

technological innovations, commercial entrepreneurship and institutions capable of inter-

disciplinary research and development all of which must respond in an integrated manner 

to the developmental needs.   

 Post-harvest  has the capability to meet food requirements of growing population by 

eliminating avoidable losses making more nutritive food items from low grade raw 

commodity by proper processing and fortification, diverting portion of food material being 

fed to cattle by way of processing and fortifying low grade food and organic wastes and 

by-products into nutritive animal feed.  

 The method of proper harvest handling includes harvesting, threshing, drying and storage 

of harvested product in safe place to avoid the losses of products.  

Glossary  

Bin.  It is an enclosed structure made for grain storage.  

Desiccate. The process of drying of any object so that the moisture falls below the normal 

level.  

Drier. A machine fitted with heating system which removes moisture from any object and the 

process of removal of moisture is called as drying.  

Field heat. It refers to the heat of anything like seed, packing material, bags etc. put in the 

storage in excess of the heat at the storage temperature.  

Infected. Carrying a disease pathogens with or without showing the symptoms of that disease.  

Self Evaluation  

Very  Short Questions  

1. What should be the moisture content for safe storage of most of the crops?  

2. Enlist any three storage grain pest.  

3. What problems are realised in sun drying of  food  grains?   

Short  Questions  

1. Define harvesting.  

2. Define storage.  

3. Define threshing.  

Long Questions  

1. What do you mean by post harvest technology? Write down the importance of post 

harvest technology.  
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2. Define harvesting. Write down the method of post harvest handlings of grain crops?  

  

  

  

  


