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ABSTRACT 

Due to the growing agricultural, industrial & social needs, the optimal 

utilization of water resources has gained a remarkable importance in the recent years. 

It is therefore, necessary to maximize the net benefits from the cropping activity in an 

area by optimal conjunctive use of the surface and ground water. The present study is 

a small effort in this regard. 

A conjunctive use irrigation planning model has been formulated in the 

present study for the area of Chandok branch canal of Eastern Ganga canal irrigation 

project. Linear programming technique has been used to maximize the net annual 

irrigation benefit from surface and ground water. The objective function of the 

optimal conjunctive use planning model incorporates net benefits from the considered 

twelve crops, capital costs and operation and maintenance costs of surface water and 

ground water pumping systems. It is subjected to a set of constraints namely, crop 

area constraints, crop water requirement constraints, Ground Water Pumping 

Constraints and constraints for crop management and socio-economic needs. 

The effect of variation in the following factors on the objective 

function has been analyzed. 

Cropping pattern 

(ii) Ground Water Pumping Draft and 

(iii) Surface Water Supply 

Sixteen Runs have been taken on computer and on the basis of 

these, monthly optimal allocation of surface water, ground water and the area under 

the crops has been arrived at. It is observed that by making conjunctive use of surface 

and ground water, the net annual benefit may be substantially increased. 
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CHAPTER —1. 

INTRODUCTION 

1.1 General 

Water resources of a country constitute one of its most vital assets. It is a 

primary input for agriculture, industry and civil life. India being an agricultural 

country, the rate of food production is indicative of economical development of a 

country. The potential development of food production depends upon the available 

water resources. The water resources thus play an important role in healthy and 

economic growth of a country and , hence their utilization needs to be scientifically 

planned and managed keeping in view the future demands which are to increase 

manifold for domestic, irrigation and industrial 'purposes. 

When use of some resources magnifies, it adds new problems and efforts are 

required to optimize the use of that particular resources. It is in thus context that joint 

operation and economic use of surface and ground water through coordinated 

development and economic utilization i.e. conjunctive use becomes essential. This 

can achieved by planning and management of water on a basin wide scale 

incorporating assessment of the regions water resources, the knowledge of their 

quantity, quality, distribution, the degree of fluctuations along with an evaluation of 

land uses and their effect on stream flow. 

1.2 Conjunctive Use 

Coordinated and harmonious development of surface and ground water 

resources for meeting the water requirements, planning water resources development, 

control and conservation by optimally utilizing. the total available water resources is 

known as conjunctive use. 

When surface water and ground • water are used conjunctively, various 

advantages can be obtained viz., the limited water resources are conserved more, with 

less surface storage, smaller drainage system and smaller surface storage, smaller 

drainage system and smaller surface distribution system can be adopted. 
. 	. 

The conjunctive use is a result of interaction between the surface water and 

ground water resources and its scope includeS". 



• Recharge of ground water from natural surface water. 

• Artificial and included recharge from surface water to ground water. 

Use of shallow or deep tubewells in canal command areas. 

Use of • augmentation tubewells discharging directly into the canal and 

supplementing the supplies. 

Maximum possible benefits can be obtained by planning the modern water 

resources projects for multipurpose use such as flood damage prevention or reduction, 

recharging of ground water, irrigation, hydro-electric power generation, domestic and 

industrial water supply, navigation, conservation and improvement of soil, flow 

augmentation and water quality control etc. 

An essential aspect of conjunctive use planning is"Ground Water Modeling. 

The utilization of ground water for agriculture has. attained a lot of importance 

recently. Ground water has now become an important source of irrigational water 

because surface water resources in most of the area being fully committed and less 

surface water diversion schemes are forthcoming. With the linkage of ground water, 

recirculation of surface water is brought about. On this account, ground water has 

. made a significant contribution in accelerating the agricultural production in India. 

With the increasing population, in order to increase production in the field of 

agriculture it has now become important to step up the irrigated agriculture. The 

conjunctive use planning and management is thus necessary to achieve maximum 

returns from cropping activities of . any areas in addition to the solution of the 

problems of water logging and water table depletion. 

1.3 Systems Approach for Conjunctive Use 

The problem of selecting the best alternative., which gives maximum cost 

benefit ratio, subjected to various constraints including the social and political ones 

for conjunctive use of surface and ground water can be solved by systems approach. 

Therefore, the systems approach is being used to solve various problems associated 

with conjunctive use planning with the advent of computers. Among the extensively 

used optimization techniques are linear programming is one of the method, which 

have been used by various research workers for solving the problem of allocating the 

surface water and ground water resources in optimal manner. Hadley (1962) describe 

the general linear programming problems as; given a set of `m' linear inequalities or 

equalities in `r' variables, it is aimed to fined non-negative value of these variables 
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which will maximize or minimize some linear functions of the variables while 
satisfying the linear constraints. 	 . 

Linear programming is restrictive as it assumes the objective function and 

associated constraints to be linear function of decision variables. For non-linear 

optimization, dynamic programming is used as a optimization technique. Taha (1982) 
has stated that dynamic programming is a mathematical procedures designed 

primarily to improve the computational efficiency of solve complex problems by 
decomposing them into smaller, and hence computations at different stages are linked 

through recursive computations in a manner that yields a feasible optimal solution to 
the entire problem when the last stage is reached. 

1.4 Objectives of Present Study 
The basic objective of the present study is to make optimal conjunctive use of 

the available surface and ground water resources in the study area, lying in the 

chnadok branch canal of East Ganga Canal Irrigation System. This is accomplished 

by maximizing the benefits from irrigation works using surface and ground water 

conjunctively with the aim to meet the requifements of self-sufficiency in food grains 

production and to fulfill the socio-economic needs. The, overall objectives can be 

listed as below: 

➢ To study the Chandok branch canal of EGC System 

➢ To study the existing cropping pattern system. 

➢ To formulate the conjunctive use planning models for the study area. 

➢ To workout and suggest an optimum cropping pattern. 

➢ Application of the models of the study area. 

➢ Analysis of the results to obtain optimal cropping pattern and allocation plan of 

surface water and groundwater. 

1.5 Outline of the Thesis 

• The subsequent chapter of the thesis has been organized as follows: 

Chapter 2 deals with review of literature on conjunctive use planning model. 

Chapter 3 gives the brief description about the East Ganga canal Irrigation 

project area. The details of data, which is collected and used for the preparation of 

objective function and constraints, are included in this chapter. 



Chapter 4 deals with the formulation of conjunctive use irrigation planning 

model to derive at the optimal cropping pattern for the study area. 

Chapter 5 deals with analysis and discussion on results obtained after sixteen 

computers runs. This gives the systematic procedure to get the maximum net benefit 

of the cropping pattern adopted. 

Chapter 6 briefly presents the concltisions based on the analysis for the study 

area and scope for further study. 
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CHAPTER -2 

REVIEW OF LITERATURE 

2.1 General 

The optimal cropping pattern study requires determination of area under 

various crops along with the monthly optimal releases of the surface and ground 

water. For this optimization techniques like linear programming (LP) and dynamic 

programming (DP) etc. are usually to derive the optimal polices for the allocation of 

surface and ground water. 

2.2 Review of Literature 

This section focuses on some of the important previous studies on conjunctive 

use planning models are briefly reviewed chronologically. 

Nathan Buras (1963) made use of dynamic programming model for the 

utilization of aquifers in conjunction with surface reservoirs. A system consisting of a 

dam An aquifer was analyzed from the point of view of its optimal operation. For the 

given hydrological data the following three problems were solved: 

(a) The determination of design criteria for the dam and for the ground water 

recharges facilities. 

(b) The determination of the extent of the areas to be serviced by the system 

and 

(c) The establishment of an operating policy that specifies the drafts from the 

reservoir and pumpages from the aquifer. 

Roger and smith (1970) formulated a linear programming model to aid in the 

planning of irrigation projects. The model presents the interactions of a surface water 

and ground water system within the economic context of irrigation management. It 

selects the canal, tubewells and surface drainage capacities, the project size and the 

cropping pattern. 

The system is subjected to certain constraints on continuity of the river flow, 

capacity of canals, tubewells and drainage channels, mining of ground water, crop 

water requirements, and availability. of land of different soil types, along with the 
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inclusion of surface reservoirs, recharge facilities, water quality considerations and 

salinity intrusion. 

Young and Bredehoeft (1972) have presented a simulation model to aid in the 

solution of the river basins where aquifers are intimately associated with streams and 

unrestricted development of ground water can reduce stream flows. The model is 

composed of a hydrologic model that represents the response of the stream aquifer 

system to changes in river flows, diversions and pumping and treats stream flow as a 

stochastic input. The model is also composed of an economic model that represents 

the response of irrigation water users to variations in water supply and cost. All theses 

indices were incorporated into a decision framework to assess the net income of the 

water resources system considering alternative management schemes. 

Lakshminarayana and Rajagopalan (1977) have applied a linear 

programming model to Bari Doab in Punjab for a set of deterministic input data that 

gives water releases from two sources, canals and tubewells to meet crop 

requirements and also giving optimal allocation of irrigated land to different crops so 

as to maximize returns from irrigation activity subject to a set of constraints. 

Duckstein and Terrance (1978) have used a control model of the salinity and 

water-logging in the shepparten-kerrang area of Murray river in Australia. This 

conjunctive use control scheme represents an element of the general salinity problem 

with the aim to find a control policy, which minimizes the sum of pumping costs and 

crop losses due to salinity and water logging. 

Sinha and Charyulu_ (1980) formulated a linear programming model 

considering the existing irrigation system .of Gomti Kalyani Doab to determine the 

optimal cropping pattern by allocating the cultivated areas to the various crops and 

maximizing the net benefits from the conjunctive use of surface water and ground 

water resources. 

Kashyap and Chandra (1982) have developed a non linear programming 

model for arriving at an optimal conjunctive use policy incorporating the spatially and 

temporally distributed ground water withdrawals for a given pattern of surface water 

availability and spatially distributed cropping pattern.. The model has been used for 

the study of Daha areas of India. The monthly ground water withdrawals and areas 

under seven feasible crops were determined and the objective function representing 

the net benefits from agricultural activity was maximized subject to 36 constraints. 
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Rakesh kumar (1992) developed conjunctive use irrigation planning model 

for the area between Eastern Yamuna canal and Yamuna river. Linear Programming 

Techniques were used to maximize the net annual irrigation benefit from surface and 

ground water. The objective function of the net benefits from the considered fifteen 

crops was subjected to a set of constraints to arrive at the optimum cropping pattern of 

the region under consideration. 

Wills, Finnay et al., (1992) presented a non-linear; conjunctive use model in 

which he considered the production cost including the distribution cost of river water. 

The cost of ground water considered as non-linear because the lift is dependent on the 

withdrawls. In this study, net benefits from the production of three crops were 

maximized. 

Matsukawa, Finnay et.al., (1992) developed conjunctive use model, which 

incorporates the hydraulics of surface water and ground water system, water supply, 

hydropower and ground water cost and objectives function of maximizing benefit. 

Constraints of the planning model included hydropower production limits, water 

grading constraints on the combined surface and ground water. 

Maurya.  (1997), attempt a groundwater model to study the ground water 

fluctuation for Omkareshwar area. The model was based on Integrated Finite 

Difference Model of Tyson & Weber (1964) It also [present the Cost Economics of 

groundwater resources for the study area. 

Ehsanolah Malek-Mohammadi (1998), carried out a work for developing 

irrigation system. In this work, surface reservoir capacity, groundwater and spring 

withdrawal, delivery system capacities (including canals, pumping stations and 

tunnels), hectares of land to be developed for irrigation and cropping pattern are 

considered as interacting parts of the system besides cost due to drainage, land 

leveling and irrigation network construction. The system is optimized by means of a 

chance constraint optimization model. The model uses mixed integer linear 

programming to maximize the net benefit associated with the development. Results 

generated by the application of the model, along with the sensitivity analysis, provide 

a tool to select the optimum design considering the varieties of criteria involved 

Getachew Belaineh et.al., (1998) present a simulation/optimization model 

that integrates linear reservoir decision rules, detailed simulations of stream/aquifer 

system flows, conjunctive use of surface and groundwater, and delivery via branch 

canals to water users. State variables, including aquifer hydraulic head stream flow 
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and surface water/aquifer interflow, are represented through discredited convolution 

integrals and influence coefficients. Results of application to a hypothetical study area 

under several scenarios indicate that the more details used to represent the physical 

system, the better the. conjunctive management. 

Pamela G. Emch and William W-G. Yeh (1998) developed a model for 

managing water use within a coastal region. Two conflicting objectives are 

considered: cost 'effective allocation of surface water and groundwater supplies and 

minimization of salt-water intrusion. Optimal control of the system is examined by 

studying the response of these objectives to changes in groundwater, pumping rates 

and transfer of surface water between sources and users. The objectives, some of the 

constraints and the groundwater flow equations are formulated as non-linear functions 

of the decision variables. The flow model simulates the flow of the groundwater using 

quasi three-dimensional finite difference 'model based on the sharp interface 

assumption. The multi objective aspect' of the ,problem is solved using constraint 

method. 

Tracy Nishikawa (1998) has developed a simulation-optimization model for 

optimal management of the city of Santa Barbara's water resources during a drought. 

The model which, link s groundwater simulation with linear programming, has a 

planning horizon of 5 years. The objective 'is to minimize the cost of water supply 

subject to: water demand constraints, hydraulic head constraints to control sea water 

intrusion, and water capacity constraints. The decision variables are monthly water 

deliveries from surface water and groundwater. The drought of 1947-51 is the city's 

worst drought on record, and simulated surface water supplies for this period were 

used as a basis for testing optimal management of current water resources under 

drought conditions. This simulation- optimization model. was applied using three 

reservoir operation rules. In addition, the model's sensitivity to demand, carryover [the 

storage of water in one year for use in a later year(s)], head constraints, and capacity 

was tested. 

2.3 Concluding Remarks 

The literature review reveals that in conjunctive use model, system approach 

and its frame works of mathematical models have been widely used by various 

investigators. 
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The Dynamic Programming was applied for conjunctive use in the early stages 

(Buras, 1963: Burt, 1964; Aron, 1969), but the unsuitable of this approach is related to 

the regional analysis, because of dimens.ionality problem resulting from the large 

number of state variables associated with groundwater. modeling. 

Simulation models have given solution to these problems by incorporating full 

scale distributed parameters, but it only always the comparison of direct maximization 

or minimization of a particular objective. An array of feasible solution is obtained by 

this technique, from which a near optimal solution is identified. 

The model based on Non-Linear Programming by Wills et. al (1989) allows the 

most general formulation, but computer requirement and the convergence rate of the 

algorithm are major obstacles in the solution of large scale practical problems. 

Linear Programming (LP) models used by many investigators have given 

satisfactory solution of conjunctive use planning problems. However, they have a 

limitation of linearising the objective function and constraint. The Linear 

Programming model proposed by Roger: and Smith (1970) used by many subsequent 

investigators viz,. Khare (1994) seems to have an edge over other LP formulations 

considering the derived result. 

The mathematical models of different varieties are available which can solve 

complex problem involving complexity and..extensive data requirements; however 

these models are still unknown' to the practicing engineers and planner, particularly in 

developing countries. It is not always certain that the result obtained from 

sophisticated and expensive models would much better then those obtained from less 

detailed models related to conjunctive use. By considering above discussion, attempt 

has been made to study conjunctive use management by using Linear Programming 

model for allocation policies, and study possibilities of different cropping pattern in 

the study area. 
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CHAPTER 3 

THE STUDY AREA AND DATA ACQUISITION 
3.1 General 

The area selected for optimal cropping pattern chandok branch of Eatern 

Ganga Canal that includes seven distributaries; Sabalgarh Dy, Mabndawali Dy, 

Raipur khas Dy, Nagai Dy, Mandawar Dy, Maheswary Dy. -Chandok Branch takes off 

from main canal of the Eastern Ganga Canal System at ch. 0+30.775km. 

-3.2 Historical Background 

The EGC system (Fig. 3.1) commissioned as far back as has its origin from the 

mythological river Ganga. This system comprises of 6142.82 km main and Branch 

canals 155.17 km and watercourses 1489.00 km and 1.05 lacs hect. Of culturable area, 

the total length of canal is 54.2 km from head to 0.5 km and from 2 km to tail the 

section of main canal would be lined,.From 0.5 km to 2 km the alignment passes 

through hilly terrain and consists twin RCC barrels. The capacity of the canal at head 

will 164.3 cumecs (5800 cusecs) out of which about 27 cumecs (950 cusecs) is before 

operating the silt ejector located at 0.4 km of canal and the remaining is for utilization 

in the proposed commanded for rice.  irrigation. from June to September. The 

distributaries are to offtake from the main canal to irrigate some smaller doabs. 

(a) Chandok Branch pt of offtake 	 32.6 km of main canal 

(b) Najibabad Branch pt of offtake • 	 . 	44.6 km of main canal 

(c) Nehtaur Branch pt of offtake 	 46.6 km of main canal 

(d) Nagina Branch pt of offtake 	 54.2 km of main canal 

The gross command area of Eastern Ganga Canal works out to 7,44,456 acres 

and the culturable commanded area 5,73,891 acres. The proposed area for rice 

irrigation at the rate of 45% of CCA workoilt to 2,58,251 acres. 

For the present study Chandok branch of the EGC is considered.Chandok 

branch and its distribution system shall irrigate the Ganga—Malin doab. Gross 

command area and culturable area for this doab is 1,14,156 and 95632 acres 

respectively. The rice area to be irrigate in this doab is 43034 acres. The length of 

channels including branch, distributories and minors would be nearly 280 km. The 
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head discharge of chandok branch is 22.4 cumecs (790 cusecs). It has been worked 

out an outlay factor of 55 at head of the branch canal. 

3.3 Location 

The head works of the proposed scheme is located in district Bijnor of Uttar 

Pradesh. The main canal with a head discharge of 5800 Cusecs would take off from 

the left bank of River Ganga Canal lies almost entirely in district Bijnor and partly in 

Moradabad district. 

3.3 Topography of the command 

The command area of the system is not undulating except in small pockets 

here and there land shaping done farmers own labour and bullocks. The proposed 

command area of the Eastern Ganga Canal lying almost in District Bijnor is already 

under cultivation and habituated. The monsoon surplus of river Ganga from June to 

September shall be diverted to this canal for utilization in the proposed command of 

the project. The main canal would pass through hilly terrain from km 0.5+2.0 and 

sufficient space is not available between the toe of hill and the Ganga River Khadir in 

this reach for construction an open channel. 

3.4 Climate 

The climate of the command of Eastern Ganga Canal system is tropical 

monsoon climate. It is characterized by general wetness of the air. These are three 

district seasons in the area. Hot summer from March to the middle of June and the wet 

monsoon from May to June to the end of October follow the winter season from 

November to the end of February. 

Temperature in the project area remains high (35°C) during the dry months of 

May and June 80% annual rainfall occurs in the months of June, July and August. The 

rainfall data of study area is 1000mm. The average annual rainfall during the month 

of June to October is about 850mm. Temperature and humidity is high through the 

year. The mean maximum monthly temperature ranges 31.14°c and the mean 

minimum monthly temperature ranges from 7.02°c to 12.03°c. The mean monthly 

relative humidity ranges from 	7.to 49.1/.. The details of data are given in Table 4.2. 

The rain gauge area established in nearly the command is at Roorkee and 

Muzaffaernagar, where the daily observation of rainfall 	 and other 
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climatically data are taken. The monthly abstract for eighteen years (i.e. 1986-2004) 

of one rain gauge station suited at Roorkee WRP&M (vicinity of the command area) 

is furnished in Table Li.3 other climatically parameters such as Temperature, humidity, 

wind velocity, sunshine hours, number of rainy in a month along with month mean 

rainfall for the WRD&M Roorkee station in furnished month wise. 

3.5 Ground Water Table 

The depth of ground water table in the month of Oct. and Nov. are very deep 

in the areas Nagal, Bijnor and Kiratpur ranging from about7,A,1/2- to IT., 40,They are 

especially very deep in the area around Nagal where they range /1-t le, In the area 

around Nagir4a, Chandpur and Mandawali ground water table vary from about 3.2r.h.-- 

to 

3.6 Soil 

The soil in the command of EGC is generally light loamy soil except in the 

northern areas of the Malin chhoya, Chhoyan-ban, Ban-Gangan and Gangan kho 

doabs falling in najibabad, Kiratpur and Kotwali blocks. The loamy soil is most of the 

command and very suitable for rice cultivation. The road borrows pit show that the 

soil is generally sandy loam. In some reaches it is mixed with clay also. The soil in 

the rest of the reach of the main canal from 29km to tail generally consists of light 

(loam soil) or Domat. 

3.7 Rainfall 

The rainfall pattern of the command the perusal of which would indicate that 

annual rainfall in the area proposed to be commanded by the project varies from SIP -

to1700141.4The rainfall is however unevenly distributed during the rainy season the spells 

of dry weather are encountered. 

3.8 Hydrology 

River Ganga has two tributaries Bhagirathi and Alakhnanda, which combine 

together at dewprayag to form gangariver. Ganga has its sources in the Himalayan 

glaciers and in this a snow fed river. There is a Ganga site on river ganga at Raiwala 

at about 8 km upstream of Bhimgoda weir where Ganges are observed and are 

connected to the corresponding discharges observed at Bhimgoda weir. No major 
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stream joins river Ganga between Raiwala and Bhimgoda and discharge can be taken 
as equal. 

3.9 Present Situation of Project 

The present situation of the cropping pattern of chandok branch canal of EGC 

command is described in this section. Tlie cropping patterns and land occupation 

intensities are shown in table; 

S.N. Name of the crops With project % area Without project % area 

1.  Rice 24.87 25.73 

2.  Wheat 34.82 11.44 

3.  Maize 2.24 2.86 	- 

4.  Barley 1.74 2.86 

5.  Jwar 17.9 8.58 

6.  Gram 4.97 11.44 

7.  Pea 1.99 10.86 

8.  Groundnut 4.93 11.44 

9.  Potato 0.59 5.15 

10.  Berseem  0.27 0.51 

11.  Bajra 2.68 i 0.57 

12.  sugarcane 16.31 	. 8.58 • 

This project is established for only the rice crop. The cropping pattern shows 

that area under rice crop is only 24.87% of total CCA. Farmers are more moves 

towards the sugarcane. Due to various reason listed below farmers are not growing 

Tice; 

- It requires more water throughout the period. 

- Uncertainty of water distribution among the farmers. 

- Only head reach farmers can get the water in time. 

- A particular type of top level fields is needed where water can be stagnated to 

equal depth. 

- There is acute shortage of labour at the time of sowing, weeding, puddlig and 
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harvesting of crops. This may be the major reason for not coming up for rice 
crop in this command. 

- The net benefit of sugarcane is more than rice, wheat, so farmers are more 

growing sugarcane being cash crop. 

- Due to shortage to cold storage facility farmers are not growing potato crops. 
- Lackness of knowledge about fertilizers, weedcites, pesticides dose, depth of 
water use in crops. 

- The agriculture extension service is ineffective in this region. 

Salient feature of EGC system 

S.N. ITEM • PROJECT PROPOSALS 

     

1. Source of . Supply 

2. Location of Head Works 

I. 

3. Command of the project 

FuieN 

4. Gross Command Area 

5. Cultural Command Area 

6. Proposed Rice Irrigation 

7. Proposed area of Rice 

8. Peak Water requirement 

9. Total Peak requirement including 

10. Head works 

11. Pond level 

12. MAIN CANAL 
(a) Head regulator 

(b) Head discharge 

• RIVER GANGA 

:Left bank of Existing Bhimgoda 

Barrage across River Ganga at 

Haridwar 

District Bijnore,Haridwar d of (Ict. 

, Bounded between Ganga on west, 

River Khoh on South and Ram 

Ganga feeder Channel on south 

3.01 Lac. Hect 

2.33 Lac. Hect 

45% of C.C.A. 

1.05 Lac. Hect 

137.4 Cumecs 

164.3 Cumecs 

Silt Ejector requirements 

: 3*18 meter wide sluice bays. 

: 293.70 m max. ; 290.20m min 

: 4 bays of 11.0 meter 

wide each with three 2 meter thick piers. 

: 164.30 Cumecs Including silt ejector 
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(c) Length 	 48.55 Km 

Lining 

Boulder lining & Tile lining 	 32.50 Km 

Tunnel, Cut & Cover 	 1.005 Km 

Unlined 	 15 Km 

(d) Land 

Total permanent land 	 503 Hect 

Forest Land 	 327 Hect 

Cultivated Land 	 176 Hect 

13. BRANCHES  

(a) No. of Branches 	 5 

(b) Total Length 	 155.17 Km 

(c) Total permanent Land 	 984.00 Hect 

Forest Land 	 15 Hect 

Cultivated Land 	 969 Hect 

14. DISTRIBUTION SYSTEM  

(a) Total length 	 489Hect 

(b) Total permanent land 	 3114 Hect 

15. DRAIN 

(a) Total length 	 432 Km 

(b) Cost 	 Rs 1603.80 Lacs 

16. WATER COURSES , 

(a) Total length 	 - 4450 Km 

(b) Cost 	 4263.90 Lac 

17. Cost of project at 7/04 price level 	 751 52 Crore 

18. Cost of project per Hect. f irrigation 	 Rs 71573.00 

19. AGRICULTURAL PRODUCTION 

(a) Additional Yield in Rice 	 1730 Lac Qtl 

(b) Additional Yield in sugarcane 	 : 	185.7 Lac Qtl 

(c) Cost of additional production 	 25652.00 Crores 

20. BENEFIT COST RATIO 	 1.65: 1 

21. YEAR OF COMPLETION 	 2006 - 2007 
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Fig 3.1 Eastern Ganga Canal System 
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CHAPTER 4 

COJUNCTIVE USE IRRIGATION PLANNING MODEL 

4.1 General 

In this chapter, a conjunctive use irrigation planning model has been formulated 
for maximizing the net benefits i.e. profit from irrigation works after accounting for 
annual equivalent uniform capital costs and monthly operation and maintenance costs of 
canal water supply system, ground water pumpage system and 'drainage system. The 

model also incorporates the investments on land leveling and flood protection works. 

4.2 Objective Function 

The general form of objective function can be expressed as below, 

Maximum net benefit = 

Benefit from 
irrigation 
works 

       

   

Capital cost-
of irrigation 
works • 

  

Operation and 
maintenance cost of 
irrigation works 

     

     

Maximum Net benefit = 
I 

(PJY. — E.)A, — [C p Cc  + co  + CpDCD  (CpF 	pL) yriA  

--- 4.1 
[Com  Ci  Gm{ 	+ GOD om  Di ] 

f-1 
Where 

j 	= crop 
Pi 	= Price of jth  crop (Rs. /Quintal) 
Yi 	= Yield o1 crop (Quintal /Hectare) 
Ej 	= Expenditure on cultivation of jth  crop (Rs /Hectare) 

A 	= Area under jth.crop 

Cc 	= Equivalent uniform annual capital cost canal (Rs/ha.m.) 

C c 	= Capacity of canal (ha.m.) 

CG 	= Equivalent uniform annual gost of ground water pumping system (Rs/ ha.m.) P 

CG = Capacity of ground water pumpiiig system (ha.m.) 
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C D  Equivalent uniform annual cost of drainage system (Rs/ ha.m.) 

CD 	= 	Capacity of drainage (ha.m.) 

Cr„ 	= 	Annual Capital cost of flood protection system (Rs/ ha.m.) 

CP 	= 	Annual Capital cost of land levelling system (Rs/ ha.m.) 

TIA 	Total irrigated area available for cultivation 

Com  = 	Monthly operation and maintenance cost of canal (Rs/ ha.m.) 

Diversion from canals in any month i (Rs. ha.m.) 

Month 

Gom  = 	Monthly operation and maintenance cost of ground water pumping system 

(Rs/ ha.m.) 

G 	= 	Ground water pumpage through tubewell system for irrigation during 

• th 
1 month' (ha.m..) 

Gs;  = 	Ground water pumpage through tubewell system directly into drainage 

system. 

Dom  = 	Monthly operation and maintenance cost of drainage system (Rs/ ha.m.). 

Di  = 	Drainage diverted in any month (ha.m.) 

The equation 4.1 is general from of the objective function. However for the 

present study the objective function is as follows: 

(P i Y i — EdA ;  — [(C FCc C G  C Gp 

Max. (Net. benefit) = 	 --- 4.2 

(C om C i + G OM G 
1-1 

4.3 Constraints 

The objective function is subject to the following constraints. 

4.3.1 Crop area constraints 

Sum of area under various crops in a month cannot exceed the total irrigated area, 

available for cultivation, i.e. 

B A i  s T IA  

Where, 

flu  =Land use coefficient for jth  crop in ith month ' 

TIA = Total irrigated area available for Cultivation. 

4.3 
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4.3.2 Crop water requirements constraints 
Water requirements of various crops are met in each month and they cannot 

exceed the monthly surface and ground water diversions. 

A j  W s 	G d )  

J71  

or, 	A jWii ) — Ci G 11  s 0 	 4.4 

Where, 

Wi; =water requirement for jth  crop in month. 

4.3.3 Ground water pumping constraints 

Ground water pumped in a year should not exceed the annual ground water draft. 

;G.   <= GD 

Where, 

GD = Annual ground water draft. 

4.3.4 Constraint for crop management and socio-economic needs 
Ai  > p'.T1A 	 4.6 

Where, 

p'= percentage of total irrigated area allotted to jth  crop. 

4.4 Formulation of the conjunctive use model 

This section deals with various calculation of objective function and constraints of 

the area under study. For the smooth fitting of the model, few assumptions are made 

which are described in subsequent paragraph. 

4.4.1 Assumptions 

The following assumptions have been made in the study : 

The canal water supply is available for the five months. 

Adequate power and diesel will be available for running the pumps at 
required capacity and time. 

There exists adequate natural drainage in the area and there are no 

expenditures on drainage provisions. 

There are no investments on land leveling and flood protection works in the 

Study area. 

The area is free from water logging, water salinity and leaching problems. 

There is no ground water pumpage through tubewells directly into drainage 

system. 

4.5 
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(vii) 	The yield of the crops included in the study has been assumed as fixed on 

the basis of sample survey of the study area and the information are available 

from land record office, Bijnor. 

4.4.2 	Data input 

The present section describes the data input to the model (described in section 4.2 

and 4.3)The list of variables, namely crops variables (k1,X2,X3  

monthly surface water diversion variables (X13 ,X14 ,X15 	 

monthly ground water with drawl variables (X25,X26,X27 	 

been given in Appendix 1. 

  

	X12), 

X24), 

X36) has 

  

  

  

4.4.2.1 Benefit from irrigation works 

For calculation of benefits from irrigation works 12 crops have been selected on 

the basis of the statistics of crops groan) 'in the study area. Optimal inputs of fertilizers 

and water use for high yielding varieties of crop as well as the expenditures on 

weedicides, insecticides and pesticides, plant protection, nursery preparation (where 

applicable), irrigation charges, land revenue, capital charges of implements and 

machinery (including 	depreciation and interest on capital), tractor ploughing, 

expenditures on harvesting and threshing have been- taken into account. Benefits from 

bye-product of the crops (where applicable) have also been considered. The detailed 

calculation of net annual. benefits from irrigation works are given in table 4.1. the values 

assumed in this table are reasonable and realistic since these are based on field survey and 

inforniation available from land record office,Bijnor. Benefits for the selected crops listed 

in Table-4.1 have been introduced in the objective Function of the model, Eq (1) chapter -

4 and the resulting expression is given in Appendix-2. 

4.4.2.2 Capital and o&m costs of irrigation works 

As per the EGC system the total capital cost of chadok branch canal would be 

125000 MRs so the Annual capital cost required to work out the unit cost can be 

computed using the following formulae. 

Annual capital cost, A =  C (1  + i  ) 4 	 4.7 
(1 4- 1) - 

Where, 

A = Annual capital cost (Rs.) 

C = Total capital cost (Rs.) 

i = rate of interest (%) 
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n = Useful life (Years) 

So, the annual capital cost with 10%.rate of interest and 25 Years as useful life to 
be, A = 1373.13 lakhs. 

With 130 days of canal operation in a year, 

the volume of water = 24867.64 ha-m. 

• . • Unit cost 	= 5522.15 Rs/ ha-m. 
Adding 1% as 0/M cost 

Total unit cost = 6074.34 Rs/ ha-m. 

4.4.2.2 Capital & O&M cost of ground water 
For the same study area a relationship was established for obtaining the unit 

cost of ground water system in terms of depth to water table as under. (Khare ,1994) 
Considering capital costs alone 

	

CFC = 50.21* 4, + 11.34.57   4.8 
Considering 0 & M costs alone 

CFO = 116.79 * d + 428.91 	 4.9 
Considering capital costs alone 

CFI' = 167.00 * d„, + 1563.48 	 4.10 
Where, d,„ is the depth to water table (m). 

CFC is Capital cost function 

CFO is 0 & M cost function* 

CFI' is Total cost function 

4.4.2.4 Constraints 

The details of the input data for the various constraints are as follows: 

4.4.2.4.1 Crop area constraint 
The crop area constraint is given by Eq. 4.3. The crop calendar based on the 

existing practice of crop cultivation in the study area has been adopted on the basis of the 
sample survey of the area and as per information available from EGC system S.D.O 

office Bijnor. The details of the crop area constraint equation are given in Appendix — 3 
(A). 
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Net Annual benefits for various crops (Rs. Hectare) Sheet -1 

S.N. 
. Description 

Unit Rate per - unit (Hs) 

1. Berseem 2. 	Pea 3.Potato 

No of 
units Cost No of 

units Cost No of 
units Cost 

(A) EXPENSE 
1 Human Labour Day 100.00 20.00 2000.00 5.00 500.00 100.00 10000.00 

2 Tractor charge (ploughing) Ha 1000.00 2.00. 2000.00 4.00 4000.00 6.00 6000.00 
3 Seeds k. 35*25 875.00 9040.0 3690 15*2000 30000 
4 Insecticites/pesticites L.s. 
5 Fertilizers • 

(a) D.A.P. kg 10.00 45.00 450.00 40.00 400.00 150.00 1500.00 
(b) N.P.K. kg 8.00 45.00 360.00 45.00 360.00 

(C) Seperphosphate kg 5.00 80.00 400.00 
(d) Muriate of Potash kg 5.00 

(e)Urea kg 6.00 20.00 120.00 20.00 120.00 80.00 480.00 
6 Plant protection L.s. 
7 Nursary Protection L.s. 

8 
Irrigation charges 
( canalfrubewell) L.s. 125 150 

9 Land Revenue L.s. 100 60.00 
10 Capital charge of 

implements $machinery 
( including depreciation $ 

interest on capital) 

L.s. 

• 
120 120 

11 Harvesting $ Threshing 
(a) Human labour da 100.00 20.00 2000 

. 

15.00 1500.00 60.00 6000.00 
(b)Bullock labour da 250.00 

(C) Tractor charge Ha 1100.00 1.00 1100.00 
12 Interest @ 12% on items 1 

to 7 for crop period 
' 

406.35 
. 

634.90 3386.60 
13 Transportation Charges 4000.00 1100.00 6000.00 
14 Total Expanses (Rs) 12456.35 13404.90 63826.60 
(B) BENEFITS 
1 Yield of main product 

(quintals) SSD.co )7' cro - 6.So' ea  
2 Price per quintals of main 

products • 50.00 1500.00 300.00 
3 Value of yield of main 

product (Rs) 27500 25500 105000 
4 Yield of bye 

products(quintal) 
5  Price per quintal of bye 

products 
6 Value of Yield of bye 

products(Rs) 
7 Total Benefits (Rs) 27500 25500 105000 
8 Net Benefits(Rs) 15043.65 12095.10 41173.40 
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Net Annual benefits for various crops (Rs. Hectare) Sheet - 2 

S.N. 
Description 

Unit 
Rate 

per unit 
(Rs) 

4. Rice 5. Bajara 6. Groundnut 

No of 
units . 	

Cost No of 
units Cost No of 

units Cost  (A) EXPENSE 
1 Human Labour Day 100.00 15.00 . 	1500 4.00 400 15.00 1500 

2 
Tractor charge 
(ploughing) Ha 1000.00 5.00 5000 4.00 4000 3.00 3000 

3 Seeds kg 7.5*100 " 	750 20*20.0 400 35.0*120 4200 
4 Insecticites/pesticites Ls. 500 
5 Fertilizers 

(a) 	D.A.P. kg 10.00 50.00_ • 500 30.00 300 100.00 1000 
(b) 	N.P.K. kg 8.00 
(C) Seperphosphate kg 5.00 50.00 250 
(d) Muriate of Potash kg 5.00 30.00 150 
(e)Urea kg 6.00 100.00 600 - 50.00 300 70.00 420 

6 Plant protection Ls. . 

7 
Nursary Protection 

Ls. 
• 

8 
Irrigation charges 
( canal/Tubewell) Ls. 250 250.00 400.00 

g Land Revenue Ls. 150 150.00 200.00. 
10 Capital charge of 

implements  
$machinery 	( 
including depreciation 
$ interest on capital) 

Ls. 

- 

150 120.00 100.00 

11 
Harvesting $ 
Threshing 
(a) Human labour day.  100.00 5.00 500.00 15.00 1500.00 4.00 400 
(b)Bullock labour day 250.00 6.00 1500.00 
(C) Tractor charge Ha 1100.00 2.00 ' 2200.00 

12 Interest @ 12% on 
items 1 to 7 for crop 
period 

. 
• 
637.00 388.50 708.40 

13 
Transportation 
Charges 360.00 360.00 350.00 

14 Total Expanses (Rs) 13347.00 9818.50 12078.40 
(B) BENEFITS . 

1 Yield of'main 
product(quintals) 4s. 0-0 804° 30.00 11-tto 6° 

2 Price per quintals of 
main products . 600.00 I 750.00 700.00 

3 Value of yield of main 
product (Rs) 27000 22500 28000 

4  Yield of bye 
products(quintal) I 2- 	, Cro 4°' et°  70.00 (-°°' elp  

5 Price per quintal of 
bye products 

- - 
25.00 24.00 15.00 

6 Value of Yield of bye 
products(Rs) 3000 1680.00 

7 Total Benefits (Rs) • 30000 24180 28000 
8 Net Benefits(Rs) 16653.00 14361.50 15921.60 
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Net Annual benefits for various crops (Rs. Hectare) Sheet - 3 

S.N. 
Description 

Unit 
Rate 

per unit 
(Rs) 

7. Wheat 8. 	Sugarcane 9. 	Maize 
No of 
units Cost No of 

units Cost - No of 
units Cost  (A) EXPENSE 

1 Human Labour Day 100.00 5.00 500.00 25.00 2500.00 5.00 500.00 

2 
Tractor 

charge(ploughing) Ha 1000.00 2.00 2000.00 4.00 4000.00' 5.00 5000.00 
3 Seeds kg 11*110 1210.00 0.7*6000 4200.00 40*18.0 720.00 
4 Insecticites/pesticites L.s. 1000.00 2000.00. 500.00 
5 Fertilizers 

(a) D.A.P. kg 10.00 125.00 1250.00 200.00 2000.00 50.00 500.00 
(b) N.P.K. kg 8.00 

(C) Seperphosphate kg 5.00 
(d) Muriate of Potash kg 5.00 100.00 500.00 100.00 500.00 30.00 150.00 

(e)Urea kg 6.00 125.00 750.00 200.00 1200.00 40.00 240.00 
6 Plant protection L.s. 
7 Nursary Protection L.s. 
8 Irrigation charges 

( canal/Tubewell) 
L.s. 750.00 750.00 1500.00 600.00 

9 Land Revenue L.s. • 250.00 250.00. 250.00 150..00 
10 Capital charge of 

implements $machinery 
( including depreciation $ 

interest on capital) 

L.s. 
• 

200.00 . 200.00 200.00 150.00 

11 Harvesting $ Threshing 

(a) Human labour day 100.00 20.00 2000.00 150.00 6500.00 70.00 7000.00 

(b)Bullock labour day 250.00 
(C) Tractor charge Ha 1100.00 1.00 1100.00 

12 Interest @ 12% on items 
1 to 7 for crop period 504.70 37.03 1008.00 532.70 

13 Transportation Charges 1000.00 8000.00 600.00 
14 Total Expanses (Rs) 13014.70 31858.00 16492.70 

(B) BENEFITS 
1 Yield of main 

product(quintals) P",19  I tro-p . eD --e)  • ev  _ 
2 Price per quintals of 

main products 500.00 130.00 360.00 
3 Value of yield of main 

product (Rs) . 25000 130000 25200 
4 Yield of bye 

products(quintal) 220•69 3p-o• ea I Et' ao 
5 Price per quintal of bye 

products 20.00 20.00 15.00 
6 Value of Yield of bye 

products(Rs) 4400 
. 

6000 2250 
7 Total Benefits (Rs) 29400 136000 27450 	• 
8 Net Benefits(Rs) 16385.30 104142.00 10957.30 
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Net Annual benefits for various crops (Rs. Hectare) Sheet - 4 
S.N. Description 

Unit 
Rate 

per unit . 
(Rs) . 

10. 	Barley 11. 	Gram 12. 	Jowar 
No of 
units Cost No of 

units Cost No of 
units Cost 

(A) EXPENSE 
1 Human Labour Day 

Ha 
100.00 

1000.00 
5.0 
4.0 

500 
4000 

5.0 
3.0 

500 
3000 

) 5.00  
5.00 

500.00 
5000.00 2 Tractor charge (ploughing) 

3 Seeds kg 25*55 1375 35*4.5 135 9*110 990.00 
4 Insecticites/pesticites Ls. • 
5 Fertilizers , 

(a) D.A.P. kg 10.00 80 800 '100.0 1000 125.00 1250.00 
(b) N.P.K. kg 8.00 

(C) Seperphosphate kg 5.00 
(d) Potash kg 5.00 100.00 500.00 

(e)Urea kg 6.00 40 . 240 50.0 300 125.00 750.00 
6 Plant protection L.s. 
7 Nursary Protection Ls. 

8 
Irrigation charges 	( 

canal/Tubewell) Ls. 
.. 

106 100 500.0 750.0 750.00 750.00 

9 Land Revenue L.s. 250 250 250.0 250.0 250.00 250.00 
10 Capital charge of 

implements $machinery 
( including depreciation $ 

interest on capital) 

L.s. 

- 200 

• 

200 200.0 200.0 200.00 200.00 

11 Harvesting $ Threshing 
(a) Human labour ' day 100.00 25 2500 25.0 2500 20.00 2000.00 
(b)Bullock labour day 250.00 - 

(C) Tractor charge Ha 1100.00 0.5 550  0.5 1500 0.50 550.00 
12 Interest @ 12% on items 1 

to 7 for crop period 
. 

484.05 i 345.45 629.30 

13 Transportation Charges 500.00 1000.00 500.00 

14 Total Expanses (Rs) . 
11499.05 11480.45 13869.30 

(B) BENEFITS • 
1 Yield of main 

product(quintals) 
' 

4s. D-0 10 ' " ' 4S' tro 
2 Price per quintals of main 

products 400 2000 400.00 
3 Value of yield of main 

product (Rs) 
, 

18000 20000 18000.00 
4 Yield of bye 

products(quintal) 9-5o.00 az,  0.to - 25' ob .- 

5  Price per quintal of bye 
products 25 25 30.00 

6 Value of Yield of bye 
products(Rs) 

.• 
.. 6250 5000 6750.00 

7 Total Benefits (Rs) 24250.00 25000.00 24750.00 
8 Net Benefits(Rs) • 12750.95 13519.55 10880.70 
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4.4.2.4.2 	Crop water requirement 

Crop water requirement is defined as the quantity of water utilized by the 

plant during its life time; this water may be supplied either entirely by rainfall, entirely by 

irrigation or by a combination of both. The water requirement of a chosen cropping 

pattern is compared with the available water resources to determine the maximum 

cropping intensity and extent of irrigable area. 

Following steps are to be involved in estimation of crop requirements : 

(a) Estimation of monthly reference crop evapotranspiration (ETo) ,(Table 4.4) 

(b) Estimation of crop coefficient (Kc), [Table 4.5a-h] 

(c ) Estimation of crop water requirements, [Table 4.6a-h] 

- Cropping Pattern 

This section limited to a discussion of cropping pattern in relation to water 

availability and assumes that farmers will continue to plant rice in preference to other 

crops with lower water requirements. 

In general terms the annual cropping pattern can be divided into three seasons: 

(i) Monsoon rice 	July- November 

(ii) Pre- monsoon rice 	March — June 

(ii) Winter season crop 	December — February/March. 

The main rainy season is from July to September and farmers expect to crop 100% 

of their land with monsoon rice. The peak irrigation requirement for monsoon rice is 

normally in late September and October. When rainfall is much reduced, although in 

some circumstances the peak may be in June to July. 

Reference Crop Evapotranspiration (ETo) 

Reference crop evapotranspiration (ETo) represents the rate of evapotranspiration of 

an extended surface of an 8 to 15 cm tall green grass cover, actively growing completely 

shading the ground and not short of water. 

Therectiteseveral methods of calculating ETo, the best review of these is provided by 

FAO irrigation and drainage paper No. 24 "Crop Water requirements". The four methods 

presents presented, 

- Blaney-Criddle, 

- Radiation, 

- Modified Penman and 

- Pan Evaporation method, 
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Using the main daily climatic data for 30 or 10 days periods. ETo is 
expressed in mm/day and represents the mean value over that period. Primarily the choice 
of method must be based on the type of climatic data available and on the accuracy 
required in determining water needs. 

Climatic data needed for the different methods are: 

Method Temperature Humidity Wind Sunshine Radiation Evaporation Environ 
Blaney-
criddle * 0 0 0 0 

Radiation * 0 , 0 * el 0 

Penman * * * *  CI 0 
Pan 
evaporation 0 0 • • , * * 

* Measured data; 0 estimated data; (*) if available, but not essential. 

Concerning accuracy, only approXimate possible errors can be given since no base line 
type of climate exists. The modified Penman method would offer the best results with 
minimum possible error of plus or minus 10% in summer, and up to 20% under low 

evaporative conditions. The pan method can be graded next with possible error of 155 

depending on the location the plan. The radiation method, in extreme conditions, involves 
a possible error of up to 20% in summer. The blarney-Criddle method should only be 

applied for periods of one month or longer; in humid, windy, mid-latitude winter 

condition an over and under prediction of up to 25% has been noted. 

Formula of the modified penman method is 
ETo = [W.Rn + (1-W).f(u). (ea-ed 

CALCULATION OF ETo BY MODIFIED PENMAN METHOD 
C.1 Reference crop Evapotranspiration (ETo) - 

The form of the equation is 

Eto = C [W. Rn +(1-W).f(u). (ea-ed 

Where, 
ea  = Saturation vapour pressure at mean temperature in mbar 

ed  = actual vapour pressure, ea* Rlitaaaa/10 (m/bar) 

f(u) = wind function 
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f(u) =0.27(1+u/100), where u is 24 hour wind run in km/day at 2 m height. 

Rn  = total net radiation in mm/day or 

Rn  = 0.75 Rs- Rn1  where, 

Rs  = incoming short wave radiation in mm/day either measured or obtained from 

RS = (0.25 +0.50 n/N ) Ra 

Ra  = extra- terrestrial radiation in mm/day (Table No. 10) 

n = mean actual sunshine duration in hour /day 

N = maximum possible sunshine duration in hour /day 

Rid  = net long wave radiation in mm/day and 

Re'  = f(T).f(n/N).f(ed) 

where, 

f (T) = function of temperature (table 12) 

f(ed) = function of actual vapour pressure (Table 13) 

f(n/N) = function of the ratio of the sunshine duration (Table 14) 

w = temperature and altitude dependent weighing (Table 15) 

C = adjustment factor for ratio U day/Unight , for Rlimax  and Rs  (Table 16). 

The estimation is carried out in five steps: 

(i) Calculation of saturation deficit (ea  — ed) 

(ii) Estimation of the wind function f(u) 

(iii) Calculation of net radiation (R e) 

(iv) Estimation of weighing factor 

(v) Estimation of the adjustment factor 

C.2 Calculation of the Saturation Deficit (ea  — ed) 

Calculation of ea 

The mean maximum and minimum temperature for each month are calculated 

and averaged to give the mean monthly temperature (Tmean) 

Using Tmean  in table 9 (FAO No.33) gives ea  in millimeters. 

Calculation of ed  
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Generally humidity data is recorded at 0840 hours and 1740 hours each day. For practical 

purposes the average of these two reading can be taken as the daily mean relative 

man,. humidity and the average of the daily figures as the monthly mean (RH 	Then 

ea  ed  = RH mean  
100 

C3 Estimation of the wind function f(u)- 
(a) Station with Record Wind Speed 

Wind function f(u) is defined as 

(f(u) = 0.27(1 + -17--U00) 

Where, U is 24- hour wind run in km/day at 2-m height. Where wind data are not 

collected at 2-m height, the approximate correction for 'wind measurements taken at 
different heights are given below: 

Measurement height 
m 

0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 

Correction factor 1.35 1.15 1.06 1.0 0.93 0.88 0.85 0.83 

(b) Station where wind Records are not Kept 
Due to topography and limited data it has not been possible to derive a model for the 

country as a whole. Therefore a subjective estimate has to be made taking into account 

local experiences, wind data from the nearest station and topography. table C.1 gives 

values of f(u) for several wind strengths. 

Table C.1 Variation of f(u) with Wind Run- 
Wind Range of wind run 

(km/day) 

Average (km/day) f(u) 

Light <175 85 	• -0.50 

Moderate 175-425 300.  1.08 

Strong 426-700 560 1.79 

Very strong >700 800 2.43 
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C.4 Calculation of Net Radiation (Rn) 

Derive Total Radiation (Ra) 
This figure in millimeters per• day equivalent evaporation is obtained from 

Table 10 and depends on the latitude of the station and the time of the year. Calcula to 

Ratio of Actual Sunshine hours to Maximum Possible Sunshine Hours (n/N) 

(a) Where sunshine records are kept from the records calculate the average daily 

sunshine hours per month. The figure from mean daily maximum possible sunshine 

hours is obtained from Table 11 The ratio n/N can then be calculated. 

(b) Where sunshine records are not available. 

The following equation is used to derive n/N in these situations. 

• n/N = A + BP + CP2  

Where, P = monthly precipitation in millimeters, and A, 13,and c are constants which 

depend on the geographical location and the elevation of the site being analyses. 

C.5 Weighing factor (W) 

The value of the weighing factor (W) is derived fiom the Table No. 15 (FAO No. 33), 

which relates to T mea n and elevation. 

C.6 Adjustment factor (C) 
The adjustment factor can be taken as 1.0. 

Crop coefficient (Kc) 

To an account for the of the crop characteristics on crop water requirements, crop 

coefficient (Kc) are presented to relate ETo to crop evapotranspiration of a disease free 

crop grow in large fields under optimum soil water and fertility conditions and achieving 

full production potential under the given growing environment. 

ET crop can be found by 

ETc = kc*ETo 

Factor affecting the value of crop coefficient (Kc) are mainly crop characteristics, 

crop planting or sowing data, rate of crop development, length of growing season and 

climatic conditions. Information about crop planting and sowing season along with initial, 

crop development, mid season and late period has been collected by sample survey of the 

study area. 

For determination of Kc following steps have been1ollowed : 
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• 

(i) Initial stage: - This is the period from sowing transplanting to the ground cover of 

about 10 %. 

(ii) Crop development stage: crop development stage and last until the ground cover is 

60%. 

(iii) Mid season stage: start in the end of crop development and last with the growing 

grain formation. 

(iv) Late season stage: This starts from grain formation for the date of harvesting. 

Land preparation requirement 

The estimates of water requirements for land preparation can be critical as they 

generally cause a peak in irrigation demand, principally for the pre-monsoon rice crop. 

The water is applied to make tillage cashier and to saturate the soil prior to planting. For 

paddy crops water is also required to flood the fields. 

The land preparation process for pre-monsoon rice is to add about 50 mm of water 

to the field prior to ploughing. After 1 to 2 weeks a further 100 mm is added for puddling 

of the fields and to provide about 20 mm. depth of water during transplanting. For crop 

calendars starting with monsoon rice, this requirement can be met in part by rainfall and a 

total of only 110 mm is needed over the up to transplanting. Where monsoon rice is 

grown following pre-monsoon rice, the requirement is further reduced as the soil is easier 

to prepare and it is possible for farmers to have the fields ready for transplanting in two 

weeks; the requirements is taken to be 55 mm: The water applied until transplanting 

subject to evaporation losses. Thereafter the losses are included in the land preparation 

requirement. For non-paddy crops the much lower land preparation requirements are 

assumed to be met from soil moisture storage; except in the case of wheat for which 60 

mm is applied to improve germination. • 	•  

In summary, land preparation requirements in millimeters over 15 days periods are: 

Periods (15- days) 

Paddy Rice 1st • 2nd  3rd 4th 

Pre- monsoon 75  75 50 50 
Follow paddy 55 50 i 	50 - 

Monsoon (first crop) 55 55 50 50 

Dryfood crops Wheat 60 - - - 
All other - - - - 
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4.4.2.4.3 Deep percolation losses 

Deep percolation losses are only explicitly considered in the calculation of 

requirement for paddy rice. In the case of dry-foot crops deep percolation is indirectly 

allowed for in the field efficiency factor. 

The estimates of deep percolation losses for rice can have a major impact on the 

overall calculation of irrigation requirements, and field measurement is desirable 

whenever possible.The estimates of deep percolation- losses for different soil categories 

which can be used in the absence of field measurements is given in the table: 

Estimated deep percolation Losses (mm/day) 

Soil Texture Newly Irrigated Long Term Irrigated 

Sand, loamy sand 
>20 

- 
>20 

Sandy loam 20  10 
Very fine sandy loam, 

Silty loam sandy clay loam 
10 	. 5 

Silty clay loam, clay loam, 
silty clay, clay 

5. . 	2 

Effective Rainfall 

Precipitation falling during the growing period of a crop that is available to meet 

the evapotranspiration needs of the crop is called effective rainfall. It does not include 

precipitation lost through deep percolation below the root zone or the water lost as surface 

runoff. Since there are no records of effective rainfall available, it is necessary to 

estimates the portion of total Rainfall that can be effective. An approximate procedure for 

arriving at effective rainfall is given as follows: 

Pe  = Effective Rainfall (mm) 

Pe  = 0.8-25 if P>75 mm/month 

Pe  = 0.6P-10 if P<75 mm/month. 

For the crop, other than rice USDA method is used. 

4.4.2.4.5 Net irrigation Requirement 

In summary, the elements in the calculation of the net irrigation requirement are: 

Paddy: 
Crop evapotranspiration + Land preparation + Evaporation + Deep percolation -

Effective rainfall. 
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Dry-foot Crops: 
Crop evapotranspiration+ Land preparation for wheat - Effective rainfall. 

Field Irrigation Requirements 

Basin irrigation for dry-foot crops can be reasonably efficient given good 

management. However, it is still difficult to apply the desired amount of irrigation to the 

furthest corner of the field without considerable over supply to the crop closest to the 

supply point. This over supply is regarded as a loss from the system and is expressed as 

field irrigation efficiency. 

This efficiency depends on several factors including basin size, soil type, size of 

irrigation stream, the skill of the farmers and so on. 
Generally, application efficiency ranging 50-70% i.e. water stored in root zone / 

water applied to field is taken for the calculation of field irrigation requirement (FIR). 

FIR — NIR 

 

field Irrigation efficiency (0.75) 

- Gross Irrigation Requirement 
Conveyance efficiency relates to the main and secondary canals and dependent on 

:seepage losses, management efficiency and losses due to rotation. 

Gross irrigation requirement at the head works or at the point of diversion, which 

include all field, losses, conveyance and operational losses are worked out assuming the 
conveyance efficiency ranging between 70-80% (i.e. water received at field gate /water 

released at project head). 

GIR — 'FIR  
0.80 

4.4.2.4.6 Ground Water pumping Constraint : 

The ground water pumping constraint is given by 	4.5 Chapter — 4. 

4.4.2.4.7 Constraint for Crop Management and Socio-economic Needs : 

This constraint is given by Eq. 4.6 Chapter — 4 Based upon crop management 

practices and socio-economic needs:  This equation is given in Appendix — 3 

(D). 
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[Table No.4.5a] 	CALCULATION OF COEFFICIENT (Kc) 
Name of crop: Pea 	 Crop period:15th, Oct to .1.StrFeb 

Number of growth stage: 5 

Number of days per growth stage: 24 
Crop 

Development 
stage 

value of crop 
coefficient(Kc) 

Average 
value of 

Initial stage 0.4-0.5 0.45 
Crop 
Development 
stage 0.7-0.85 0.775 
Mid season 1.05-1.2 1.125 
Late season 1.0-1.15 1.075 
At harvest 0.95-1.1 1.025 

Month No. of days Growth 
stage 

Crop coefficient Kc 
As per 
G.S. As per month 

Oct 16 1 0.45 16*0.45/16 0.45 

November 8 1 0. 45 (8*0.45+22*0.775)/30 0.68 
22 2 0.775 

December 
2 2 0.775 

(2*0.775+26*1.125+3*1.075)/31 1.10 26 3 1.125 
3 4 1.075 

Jan 21. 4 1.075 (22.*1.075+9*1.025)/31' 1.06 
9 5 1.025 

February 15 5 1.025 15*1.025/15 1.025 



[Table No. 4.5b] 	CALCULATION OF COEFFICIENT (Kc) 
Name of crop: Potato 	 Crop period:1 Nov to 	Feb 

Number of growth stage: 5 
Total No. of days 110 days 

Number of days per growth stage: 22 
Crop 

Development 
stage 

value of crop 
coefficient(Kc) 

Average 
value of 

kc 
Initial stage 0.4-0.5 0.45 
Crop 
Development 
stage 

0.7-0.8 0.775 

Mid season 1.05-1.2 1.125 
Late season 0.85-0.95 0.9 
At harvest 0.7-0.75 0.725 

Month No. of days Growth. 
stage 

Crop coefficient Kc 
As per 
G.S. As per month 

November 22 1 0.45 0. (22*0.45+8*0.75)/31 0.75  
0.51 

8 2 	• 

December 1S • 2 (1,5*0.75+16*1.125)/31 0.95 16 3 1
.75 
.
0

125  

• Jan 
6 	- 3 1.125 

(6*1.125+22*0.90+3*.725)/31 0.93 22 4 0.9 
3 5 0.725 

February 19 5 0.725 19*0.725/19. 0.725 



[Table No. 4.5c] 	CALCULATION OF COEFFICIENT (Kc) 
Name of crop: Maize 	 Crop period:,  July to 10 o tr ct 

Number of growth stage: 5 
Total No. of days: 98 days 

Number of days per growth stage: 19.60 

Crop 
Development 

stage 

value of crop 
coefficient(Kc) 

Average 
value of 

kc 

Initial stage 0.3-0.5 0.4 
Crop 
Development 
stage 

0.7-0.85 0.772 

Mid season 1.05-1.2 1.125 

Late season 0.8-0.95 0.875 

At harvest 0.55-0.6 0:575 

Month No of days Growth 
stage 

• :. 	Crop coefficient 
As per G.S. - 	As per month 

July 1 9 1 0.4   19*0.4+9*0.772)/28 
• 9 2 a 77 2 

August 
10 	• 2 . 0.772 

(10*0.772+19*1.1254-2*0.875)/31 19 3 1.125 	. 
2 4 0.875 	1  

September 17 4 0.875 (17*0.875+1k*0.575)/ 	39 1 3 5 0.575  
October 10 	P  5 0.575 10*0.575/10 



[Table No. 4.5d] 	CALCULATION OF COEFFICIENT ((c) 
Name of crop: Groundnut 	 Crop period:15- july to7 'Nov 

Number of growth stage: 5 	 Total No. of days: 98 days 

Number of days per growth stage:26days 
Crop 

Development 
stage 

value of crop 
coefficient(Kc) 

Average 
value of 

kc 
Initial stage 0.4-0.5 0.45 
Crop 
Development 
stage 

0.7-0.8 0.75 

Mid season 0.95-1.1 1.025 
Late season 0.75-0.85 0.8 
At harvest 0.55-0.6 0.575 

Month No. of days Growth 
stage 

Crop coefficient Kc 
As per 
G.S. As per month 

July 26 1 	• 0.45 (0.45*264*0.75)/30 0.5 
4 2 0.75 

August t 2 0.75 (21*0.75+1.025*100/31 0.84 2
0  1 3 1.025  

September .'S 3 1.025 0.66 15 4 0.8 (15*1.025÷15*0.80)/30 

October 12 4 0.8 (12*0.80+19*0.575)/31 0.575 19 5 0 .57 5 
November 7 5 0.575 ; 	7*0.575/7 0.575 
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[Table No. 4.5 e] 	Calculation of Crop Coefficient • 

Name of the crop: Sugarcane 	 Crop period : March to Feb 

Number of growth stage: 5 	 Tdtal no of days :365 

Number of days per growth stage: 73 

Crop Development 
stage 

Value of crop 
coefficient (kc) 

Average 
value of 
kc 

Initial stage 0.4-0.5 0.45 

Crop development. 0.7-1.0 0.85 

Mid season 1.0-1.3 1.15 

Late season 0.75-0.80 0.78 

At harvest 0.5-0.6 0.55 	1 

Month No. of days Growth 
stage 

" 	Crop Coefficient Kc 
As per G.S As Per month 

March 31 1 0.45 31*0.45/31 0.45 
April 30 1 0.45 30*0.45/30 0.45 
May 12 1 0.45 (12*0.45+19*0.85)/31 0.70 

19 2 0.85 
June 30 2 0.85 30*0.85/30. 0.85 
July 	

. 
24 2 	• 0.85 (24*0.85+411.15)/30 0.92 
b 3 1.15 

August 31 3 1:15 31*1.15/31 1.15 
Sep 30 3 1.15 3.P*1.15/*1D 1.15 
Oct 5 3 1.15 (5*1.15+26*0.78)/31 0.84 

26 4 0.78 
Nov 30 4 0.78 30*0.78/30 0.78 
Dec 17 4 0.78 	. (17*0.78+14*0.55)/31 0.68 

14 5 0.55 
Jan 31 5 0.55 31*0.55/31 0.55 
Feb 28 5 0.55 28*0.55/28 0.55 
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[Table No. 4.5f] CALCULATION OF COEFFICIENT (Kc) 

Name of crop: Wheat 
	 Crop period: 207rNov to 3rd  

Number of growth stage: 5 
Total no. of days : 135 

Number of days per growth stage: 27 

Crop development stage Value of crop coefficient 
(kc)  

Average value of Kc 

Initial stage 0.3-0.4 	. 0.35 

Crop development 0.7-0.8 	. b.75 

Mid season 
1.05-1.2 1.15 

Late season 
0.85-0.75 	 $ 6.80 

At harvest 
0.2-0.25 0.22 

Month No. of 
days 

Growth 
stage 

Crop coefficient Kc 
As. per 
as. - 

As per month 

November 10 1 0.35 1p*0.35/19 0.35 	. 

December 16 1 0.35 
(16*0.35+15*0.75)/31 0.54 

15 2 0.75 1  

January 
• 12 2 0.75 ' 

(12*0.75+19*1.15)/31 
1.00 

19. 3 1.15 

February 

8 3 1.15 :F.-• 	k-- 

(8*1.15+20*0.80)/28 0.90. 20 4 0.80 

March 7 4 0.80 	. 
(7*0.80+24*0.22)/31 

0.34 

24 5 0.22 

April 3 5 0.22 s 	3*0.22/3 0.22 
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[Table No. 4.5 g] CALCULATION OF COEFFICIENT (I(c) 

Name of crop: Berseem 	 Crop period:lst  411 to Aft, 4- 

Number of growth stage: 5 
Total no. of days : 120 

Number of days per growth stage: 24 

Crop development stage Value of crop coefficient 
(kc) 	. 

Average value of Kc 

Initial stage 0.3-0.4 0.35 

Crop development 0.7-0.75  0.725 

Mid season 1.0-1.15 1.075 

Late season '0.75-0.80 0.775 

At harvest 0.50-0.55  0.525 

Month No. of 
days 

Growth 
stage 

Crop coefficient Kc 
As per. 
G.S. 	• 

As per month 

July  24 1 0.35 
(24*0.35+(0*0.725)/30i 0.43 

ii 2 0.725 

August 
17 2 0.725  

(17*0.725+14*1.075)/31 

(10 *1.075+20*0.775)/30 

0.88  

0.88 

14 3 1.075 

September 1.075 L0 20 4 0.775.  

October 
4 4 0.775 

(4*0.775+24*0.525)/28 0.56 24 5 0.525. 

45 



• [Table 4.5h] 	CALCULATION OF COEFFICIENT (Kc) 

	

Name of crop: Paddy 	 Crop period: 1, th  June to 19 th  Oct 

Number of growth stage: 5 
Total no. of days: 126 

Number of days per growth stage: 25.2 

Crop development stage Valu
) 
 e of crop coefficient 

(kc Average value of Kc 

Initial stage 1.0-1.15 1.12 

Crop development  
1.10-1.50 	' 1.30 

Mid season 1.10-1.30 1.20 

Late season 0.95-1.05.  1.00 

At harvest 0.95-1.05 1.00 

Month No. of 
days 

Growth 
stage 

Crop coefficient 
Kc As o - er  G G.S. As per month 

June 16 1 1.12 16*1.12/16 1.12 

July 
1 1.12 

(S*1.12+22*1.30)/31  1.25 
22 2 1.30 

August 

4 2 1.30 1. 

(4*1.3+25*1.2+2*1)/31 1.2 25 3 1. 20 

2 4 1.00 

September 
24 4 1.00  1 

(24*1.0+6-*1.0) 30 
1.00 

Co 5 1.00 

October 19 5 1.00 19*1.0/19 1.00 

46 



EC 
w 

5 
0 

0 
EC 

. 

1 

R
e
m

a
r k

s  
 

c .2 a  
cl 0 

..,_ 13 Vil cc°  
2 2 
O o 
E ot 
1- a) 
LI- E 

g fl,  .... o _ 
(n 
EE 
0 ... ,, 	c 

0 

-,, . a)  . 4- > o 
Tr;Pr. 

c 
E. E 
3  c2. 
0 = 

0 
0 
‘- 
,--.. 'D 
0 
.(s- 
0- a 
2  
0  
ze,.. 
_, A • 
0") 

co 
Z 
cri 
iib 
Z 
6 
to 
Z 
Oi 

D
ur

in
g  

m
aj

or
  p

ar
t o

f 
m

on
so

on
  o

n l
y  

irr
ig

at
io

n j
e

  
Ju

ne
  to

  S
ep

te
m

be
r  
 

S
. N

.  9
+S

.N
.  1

0+
S

. N
. 1

1 

S
. N

.1
2-

S
. N

.2
 

S
.N

. 1
3/

0.
75

 

S
.N

.1
4/

0.
80

 

Ts  
0 

0 0 
N 

 0 0 

. . 

CD(D 
, . . 

7
3

1
. 1

7
 

7
5

. 0
0

 0 0 	. co ••• 

co  8
0
6

.1
6

  

1
07

5
.0

0
  

1
3 4

3
. 6

0
 

0 
a) 0 

0 o 
ci 

0  o 
0 

co 0 
vi 

0 o? 2  
, co co NI- oo N u) 0 ,— 

co (R 2 

H 

co 
4? 
2 9

8
. 6

3
 

1
3

1
. 5

0
  

1
6

4
. 4

0
 

...7 
0 
Z 

o 
0 

._00N0 o 
6 

o 
4 

,- 
csi cv ..- 

0 co to ...- co to co 
0 

v N 	8 
et 	ui 

N. 

o N. 
r..: 
,.- 1

1
7

. 7
0

 

1
5

7
. 0

0
 o 

N 

D
a t

e
  o

f  
so

w
in

g
:  M

a
rc

h
 

" a 
< 

0 
c.i 

o 
c5 

0 
03  Cd 

o 
4 CD N 

U) 
•- 

co 
(r) 1- 

co 
@ 

co 
,-*. .- 

. 

0 
0  c0 	■ nr .- 

• 
0 In 
Cd V. ,- 1

4
8

.5
0

  

19
8.

00
  

2
4

7
. 5

0
 

tri 
1.0 
N: 

0 
ci 

0 
CD 0 

cv 

ul  cri 
CO 

co 
v- 

0. 
0 
CD 	1 
cv 
cv 

I 

0 
ui 

2
2

6
. 7

0
  

3
0

2
. 3

0
 0 

N. N.  
cl 

.0 
0 

U- 

o 

,-. 
o  a 0) 0 

C') 
r-:  

.- ,- 

co  cv co .0 CO 2  CO7  
, 

0 , 1*--. 
in 	• N .- 

. 0 
to N  7- 1

2
5

. 7
0

 

1
6

7
. 6

0
 

2
0

9
. 5

0
 

CZ 
--) 

0 
Ti 

0 
0 

1.0 
Lr). N 

.- 
of N. 

1- 
CI 

N. N. V 
CD ' d- 

CO .,- . .,- 
0 
0 
Cd CO 	' • 

CI 0 
Cd CO 88

. 9
3  

1
1

8
. 6

0
  

1
4

8
. 2

0
 

0 
A-2 
c 
D 

E 
E 

E 
E 

E 
E 

E 
E 

CO >, 
ai * i E 

E 

W
W

 

W
W

 

E 
E 

EEEE 
EEEE 

C
ro

p
  :
  B

e
r s

e
e
m

  
 

P
a
r t

ic
u

la
rs

  

75
%

 R
e l

ia
bl

e  
ra

in
fa

ll 
(p

)  

E
ff

ec
tiv

e  
ra

in
fa

ll 
(P

e)
  

>h 
-oa/  
0 
L 

(0  
-.5 c 
0 
E 
0 

'
8 >, 

-0  E.22 ca a) 
E E 
.a 2 
v,:5" - o- 
W' a) 

...,.13 	k.." 
0° 	. 3c z  6 a - 
z 	ti 

-.0 
E 
o — CL = 
.c 
5 
O 

 

‘.. o) ..- ... 
° 0C  
0  ,i   • E 
al5 

0. m 
= 
2  
0 z  
13 6  0 
co) E al 	44.... 
4-,  o 

• (5` ' . E.  - 
a. 2 - 

CDC  "0  

vo. -,..t. 
..... c 
.° a 
= 13) 
o 

oc L  
(...) C

on
su

m
p t

iv
e  

u
se

  (
ET

c)
  

R
eq

ui
re

m
en

ts
  fo

r  
la

nd
 

pr
ep

ar
at

io
n 	

_  
S

ee
p a

ge
  a

n
d 

p e
rc

o l
at

io
n @

  
3m

m
/d

ay
  
 

To
ta

l r
eq

u i
re

m
en

t  
N

e t
  ir

ri
g a

tio
n  

R
e

.  u
ir

em
en

t  
N

IR
  

Fi
e l

d 
irr

ig
a t

io
n  

R
e•

u i
re

m
en

t  
FI

R
  

G
ro

ss
  ir

rig
at

io
n  

_  
R

eq
ui

re
m

en
t  (

G
IR

)  

• 

Cn 

,-• 01 C') it 
Z T 

In CD N. CO 0) 	"0 1- 
T 

NI 
T 

CO 
T 

V 
T 

cc 

0 



O 

S
o

il 
ty

p e
  :

  S
a

n
d

y  
lo

a
m

  

co 

;171 
E a) 
Er 

. 

F
ro

m
  c

ro
p

  d
u

ra
ti

on
  m

e
n

ti
on

e
d

 a
t 

to
p  

S
. N

.  
6/

(c
ro

p
  p

er
io

d)
*

1
0

0
 

S
.N

.  3
*

S
. N

.  5
*

S
. N

.  
8

 

D
u

r i
n

g
  m

a
jo

r  
p

ar
t 

of
 m

o
n

so
o

n
  

o
n

ly
  ir

ri
g a

t i
o

n
. ie

  j
u

n
e  

to
  

S
e

p
te

m
b

er
  

S
.N

.  9
+

S
. N

.  1
0

+
S

. N
.1

1 

N 
2 
GA 
c(i 

Z 
ui 

. 

S
.  N

.1
3/

0
.7

5
  

0 co 
c3 
V  
I- 
2 
ui 

T
o

ta
l
 
 

2
4

7
. 0

0
 o 

CD 
ai co 
I- 

co 
ct 
csi 
N 

o 
N 
CD 
h if) 

0 
0 
ci 
0 
r 

N 
AD 
ai 
N co 10

0.
0

0
  

•i .0)CD  . 
i 	r 
• ,- 

4
9

0
.9

0
 

0 
9 
N co 

,-
 
'
 

4
2

8
. 0

0
 

N 
co 
ci 
N to 

N
o

v  
 

0
 

0 
r. 
0 
4 

— 
tNj .:7:. Co co Co co 

(o 
(.0 
ci 

• 
c1/43 

0 
. 

co 
O 
.- 

r. 
0) 
CO 
C.) 

N 
0) 
cri 
CI 

0 
CI 
ai 
V* 

N 
CO 

CO 

O
ct

  

0.
00

  

0 
0 
ci 

at 
N 
6 

o 
0) 
r.: 
N ,- 

C';') 
4 
N 

c:i, 
Nt• r.- 

NN 
q ,- L11 .,- 

CO ,- 

,0 — 
d 

4 
er 
iti 

1
8

6
. 9

4
 

•Gt 
0) 
cc:, co .e- 

CO 
N 
oi 4 
N 

N co.  
, ,,- 
CO 

S
e

p
  

6
0

. 0
0

 

CO 
4 
vt 

i's 
0 
co 

1
8

2
. 1

0
 

o 
Cl 

co 
d' 

o 
ei 
4 

o 
r•••• 
(6 

r.- 
V 
I,: 
C■1 

o 
0 
d 

N 
CO 
c6 

99 
"! 
— 
CO 
''' 

CO 
CO 

co 
CO 

C3) 
IP Lo 
.- 
'-' 1

4
4

.4
9

 

D
at

e  
o

f  
so

w
in

c  

0 

	

al 	N: 

	

= 	GO 

	

< 	.„- 

CO 
vi 
N ,,-. 

o 
9 
0 

2
0

4
.6

0
 

Lr) 
N 

co 
,- 

0 
6 
— 

N 
6 

GO 
4 co 

1
0

0
. 0

0
1

  

q 
— 

GO 
ui al r- 

Ch 
ci v-- 

CO 
ci 1-- 

01 
r-: e-- 

(1) 
E 	E 
D 	E 

E 
E 

E 
E 

E 
E 

CC >, cci 
0 e , 

E 
E 

E 
E 

E 
E 

ee 
EEEE e E 

E  
E 

El co 
Ta- 
co .. 
a 
2 
0 

P
a

r t
ic

u
la

rs
  
 

7
5

%
 R

el
ia

b
le

  r
a

in
fa

ll 
(p

)  

E
ff

e
c t

iv
e  

ra
in

fa
ll 

(p
, )  

E
T

o/
d

a
y  

E
T

o /
m

on
th

s  

N
o

  o
f 

d
a

y s
  in

  m
o

n
th

 fo
r  

w
a

te
r  

re
a
l  i

ir
e
m

p
n
t
q

 b
y
  r

rn
n

  

P
e

rc
e

n
ta

g
e

  o
f 

g
ro

w
t h

 u
p

  t
o

  
m

id
 o

f 
m

o
n

th
 

C
ro

p
  c

o
e
ff

ici
en

t (
K

c)
  

C
o

n
su

m
p t

iv
e  

u
se

  (
E

T
c)

  
 

R
e

q
u

ir
em

en
ts

  f
or

  la
n

d
  

p
re

p a
ra

t i
o

n
  

S
ee

p
ad

ea
n

d
 p

e r
co

la
tio

n
@

  
3m

m
/d

ay
  

T
o

ta
l r

eq
u i

re
m

en
t  

N
e t

  ir
ri

ga
tio

n  
re

q u
ir e

m
en

t  
( M

R
)  
 

H
e l

d 
ir

ri
ga

tio
n  

re
q u

ir e
m

en
t  

(F
IR

)  
 

G
ro

ss
  I

rr
ig

a t
io

n  
re

qu
ir

em
e n

t  
(G

IR
)  

,- 

2 
ui 

N C.) V- In CO N CO 

• 

0) 0 4 	1- 
,- 	,- 

N 
1.-• 

01 
,I, 

V' .- 



T
a b

le
  N

o.
  4

.6
c  

C
R
O

P
 W

A
T

E
R

 R
E

Q
U

IR
E

M
E

N
T
 S
H

E
E

T
 

0\ 
d- 



a) N 

2 

T
a
b
le

  N
o
.  4

.6
d
 

C
R

O
P

 W
A

T
E

R
 R

E
Q

U
IR

E
M

EN
T 

S H
E

E
T 

5 
a) 

0 

R
em

ar
ks

  

• 

Fr
om

  c
ro

p  
du

ra
tio

n  
m

en
tio

ne
d 

at
  to

p  

cu
m

u l
at

iv
e  

da
ys

  fr
om

  s
ta

r t  
up

  to
  m

id
  o

f c
ur

re
nt

  m
on

th
 

S.
N

.  6
/(c

ro
p  

pe
r io

d)
*1

00
 

Z 
4 6  

Z
cii 
co 
Z 
cri 

C
 o
 

du
rin

g  
m

aj
or

  p
ar

t  o
f 

m
on

so
on

  o
nl

y  i
rr

ig
at

io
n.

ie
  

Ju
ne

  to
  s

ep
te

m
be

r  

S
. N

.  9
+S

. N
.  1

0+
S.

N
.1

1  

S.
N

.1
2-

S
. N

.2
 

co N. 
6 
,- 

c ri 

co 

o oo 

 .zr — 
z 
ch 

L 
ti 
. 	Ws 
1 	0 

39
7
. 0

0
1 

27
3.

90
 C 	) . 

CJ) 
I I 	• 

47
4.

28
  00'0 	

;  
.:1- N 
OD 

N 1.0 
N: CO 21

3.
62

 

28
4.

82
 

35
6.

03
 

U  
0 

r
 0. 0

0 0 0 
6 

Tr r•-• 
6 

0 CO 
t■ N. ,_  

0 1- 0) 0) 0 c; 
o 

CO U) 
.6 

•-- 0 
CO 

CO 

 

1-  
00'0 

1  
0 
0 

" 5 
CO CO  

5 
OD OD  

5 
•O' 

0 
vi L.0 

a. 
(1)  
(i) 

0 0 
p 
CD 

0 
CO 
-4 
.4" 

r■ 
0  
ai 

0 
" 
CO Nom. 
,- 

0 
CI)  

0) 
C° 

C) 6 
co 

.4- N- 
ci 

- 

Ls, N. 
C.) 1- 

.:
i  

0.
00

  Tr 0 0 CO 
cci CO ,- 

o N 
•:I: 0) 12

5.
60

  o) CO 
cii 
It) ,- 

0) M 
< 18

7.
0

  

CO 
IA cv 

0 CO 
CO 

20
4.

60
 1- 

C'D 
a) Lil 

CO 6 in  
0 c) ,- 

o co 
0 0.1 
4 c) 

ci 

Tr ,-- 
CO 

.4- N. 
ci ,-- 
N 

.4- •ct 
tri co 

N 
0) 
co ,-- 
1-• 14
2.

40
  

-5 
CD 
6  0 
T- 

0 
'4. 0 
*- 

7.
0 

21
7.

0
 

0 
cci N 

0 
cO N 

Ce) 
cO c,i 

N 
if)  6 

N 
cl ...,._ 
.o 

0  o 
c:5 

CID 	' 
c::: co 

CO 
131 .:1- o ,- 

OD 
cn__ o 

0 
Co. .- 

Cr3 
(c? 

U
ni

ts
  

E 
E 

w
w

 

w
w

 

W
W

 

co>, ai 
0 e , 

E 
E 

E 
E 

E 
E 

E 
E 1 

EEEE 
EEEE 

P
ar

tic
u l

ar
s  

75
%

  R
e
lia

bl
e  

ra
in

fa
ll 

(p
)  
 

..
_ Ef

fe
ct

iv
e  

ra
in

fa
ll

 (13
.3)
 
 

co 
sei 
L ET

o/
m

on
th

s  

N
o  

of
 d

ay
s  

in
  m

on
th

  fo
r  w

at
er

  
re

q u
ire

m
en

ts
  b

y  
cr

op
  

D
ay

s  
o f

 g
ro

w
th

  u
p  

to
  m

id
 o

f 
m

on
th

 

Pe
rc

en
ta

ge
  o

f g
ro

w
t h

 u
p  

to
  m

id
 

o f
 m

on
th

  

cr
op

  c
oe

ffi
c i

en
t  (

Kc
)  
 

C
on

su
m

pt
iv

e  
us

e  
(E

Tc
)  

R
eq

ui
re

m
en

ts
  fo

r  l
an

d 
pr

ep
ar

at
io

n  
,
  
 

Se
ep

ag
e  

an
d 

p e
rc

ol
a t

io
n@

  
-- 

3m
m

/ d
ay

  

To
ta

l r
eq

ui
re

m
en

t  

N
et

  ir
rig

a t
io

n  
re

q u
ire

m
en

t  (
N

IR
)  

Fi
e l
d

 irr
ig

at
io

n  
re

q u
ire

m
en

t  
(F

I R
)  
 

G
ro

ss
  ir

r i
ga

tio
n  

re
qu

ire
m

e n
t  

(G
IR

)  

Z 
6 

,- N CO c Lf) CO N. CO CT) 0 ,- ,- r- N r CO ,- •O ,- 

_...-- -.....„ 



w 
w 

w 

5 -6 
0 
w cTi 
CC 2  
CC 6  
w c  

o 
< o 

D.. 45  
o 
O

• 

0  

R
em

ar
ks

  

Fr
om

  c
ro

p  
du

ra
tio

n  
m

en
tio

ne
d

 at
  

to
p  

1  C
um

u
la

tiv
e  

da
ys

  fr
om

  s
ta

rt  
up

  to
  

m
id

 o
f c

ur
re

n t
  m

on
th

 

S
. N

.  6
/(

cr
op

  p
er

io
d)

*1
00

 
' 

cc? 
z 
U) 
In 

uiLc 
cf? 
z 
Cl) uu

nn
g  

m
aj

or
  p

ar
t o

f m
on

so
on

  o
n l

y  
I  

S
. N

.1
2-

S
. N

.2
  

0 1.-. 
O  
co 

i 
ui S

.N
.1

4/
0.

80
  

ws 
75 
i_ 

cv 
N 
1' 

•Lt 
0 
Cy) 

I I 
•

i  

, 
in 
Ct) 
1- 

 N 
N 
CO 

0 
0 
1- 

CO 
CD 
CO 

N 
N 
t' 

N 
N 
't 

CO 
CD 
0 

vt 
0 
N 

CS 
0 

0 0 CO Nt.  CD /- CY) C% NI  1 1 1  0 1‘47) ° 0 1- 
0 

1- 
In 

CO 
CO 

In 
CO 

0 
Z 

0 0 ',- • .4. 
> N 

r• 
r 
r CD W. 

44- 
V) 

 
V) 
6. - 

CO 4+ 
1-  

0 
. 1 

0 0 
r 

0 
1- 

r 
N 

CO 
N 

ti 
< 

N 0 CC! co c% cm cl 
0 
ca 
, 

o
0 

 
v- 

C•1  
cl 0 

1- 
Cs  Lo 0  o 

1- 
cc! 
0 

1- 
cc)  
6 

Nt 
is: 
N 

CO 
CO 
ai 

ct ul 0 ul 
o 

2 
cv 

,- 
cf) 

r. 
c., , 

co 
0 

U) co 
6 

,- 
I's 

0 
O 
—. 

o 
, 
r.... , 

, 
r,  .,— 

N. 
N 
N 

v. 
CO 
N 

fl) LL C f  ) 0 
0 
q 
CO 

c‘j 
1 - 
/- 

t  Rj 2 
CO 
6 
N 

0 
ao. 
0 

LS 
'- 

o o 
y- 
o 
1- 

y- 
o 
1- 

V 
c 
1- 

03 
CO 
1- 

-)  -, 
d' 0 

LO 
in 
N 

.- 
05 
N 

z..7)  2 Cl 
N 
In 

0  
q 
I- 

/- 
cri 
N 

0  o 
r 
6 
N 

1- 
6 
N N 

u.) 
O 0 
•- 

cs,j 
CO 
"- 

co 

D E 
EEEEE 

EEE E 
cts 
0 e , E 

EEE 
E E E E E E E 

E 
E 

E 
E 

P
ar

tic
u l

ar
s  

75
%

 R
e l

ia
bl

e  
ra

in
fa

ll(
p )

  

Ef
fe

ct
iv

e  
ra

in
fa

ll(
pe

)  

E
T
o/

d 
ay

  
 

E
To

/m
on

th
s  

N
o  

of
 d

ay
s  

in
  m

on
th

 fo
r  

w
at

er
  re

qu
ir e

m
en

ts
  b

y  
cr

op
  

D
ay

s  
of

 g
ro

w
th

  u
p  

to
  m

id
 o

f 
m

o
nt
h

 
 

P
er

ce
n t

ag
e  

of
 g

ro
w

th
  u

p  
to

  
m

id
 o

f m
on

th
  

C
ro

p  
co

e f
fic

ie
nt

  (
K

c)
  

C
on

su
m

pt
iv

e  
us

e  
( E

Tc
)  

CU
 1

%
.1

 I.
/

W
M

. /
JR

:L
U

L
A

  V
oL

t.,
 

 

am
m

/d
av

  

N
et

  ir
rig

at
io

n  
re

qu
ire

m
en

t  
(N

IR
)  

 
Fi

e l
d 

irr
ig

a t
io

n  
re

q u
ire

m
en

t  
(F

IR
)  

 
G

ro
ss

  ir
ri

ga
tio

n  
re

q
u i

re
m

en
t  

(G
IR

)  

• 
. 	Z 

Oi 

Nr Ce) Nt.  U) CO N CO CD 0 
.- 

r 
1- 

_ 

N 
1- 

CO 
1- 

et 
r 

U) 
1- 

a) 

2 

ma 



E 
CU 

C 
CU 

a) 

O 

C
R
O

P
 W

A
T
E
R
  R

E
Q

U
IR

E
M

E
N

T
 S

H
E
E
T
 

83 
O 
_o 

0 
-C 

C 

O 
a) 
as 
0 

T
a
b
le

  N
o
.  
4
.6

f 

E 
cu 
S
L
R 

a 
2 
0 

R
em

ar
ks

  

Fr
om

  c
ro

p  
du

ra
tio

n  
m

en
tio

ne
d 

a t
  to

p  

C
um

u l
at

iv
e  

da
ys

  fr
om

  s
ta

rt  
up

  
to

  m
id

 o
f c

ur
re

n t
  m

on
th

 

S
.N

.  6
/(c

ro
p  

p
er

io
d)

*1
00

  

°I 
z 
c6 
4, 

Z ui 
co 

ci 
Z 

D
ur

in
g  

m
aj

o
r  p

ar
t  o

f m
on

so
on

  
cif

ily
-ir

rig
at

io
ni

e—
Ju

ne
  to

  
S

ep
te

m
be

r  

S
.N

.  9
+

S
.N

.1
0+

S
.N

.1
1  

S
.N

.1
2-

S
.N

.2
 

co 
1,.. 
6 
co ,-- 
Z 
th S

.  N
.1

4/
0.

80
 

rts 
15 

o 
Lf1 
vr 
C\I 

o 
0. 
0 

A I 

Ls) 
-- co 

. 

• 
. , 

3 0
1.

4 9
 

. 

I 30
1.

49
 

30
1.

49
 

C) 
cl 
5 I' 50

2.
48

 

(..) a) 
0 

0 

O. c) 
0 

0. o 
CO 

0  
cri 

0 

0  
cri a) 

T 

0 
0 
CO 

T 
It) 

0.
70

  

in 
N 
u") 
co 

I . 

.., 

Lt) 
N-  
Lri 
co 65

.7
5  N- CD 

h. 
co 

a) V) 
a) 
o 

N
ov

  o 
o 
6 

o 
o 
6 4.

07
  

0 , 
cNi 

0 co 
00 
co 

co N 
. 

o Ce, 
ci 

co CD 
cci 
co 

i u 

co CD 
co 

. 	CI 

co 
0 
CO CI 48

. 8
4  in 

q 
CO-  

O
ct

  0 0 
6 

0 0 
c:i 

V' N 
Cf) 

17
7.
9

0
 1 

CO CO CD 0 N 
6 

CO ,- 
C) . i 

CO 1 
oi 

CO 
T 

oi 

In N 
(\I 

+- C') 
cri 

cis 
M 

ul 
N. 

0  
o in US 5 

N 

 in 
CO ,- 

o 
0 
0 

o V 
6 

o N 
CO ' ' 

o 
N 
of 18

.2
0  N. N 

•qt 
cv 

co Cr) 
6 
co 

F
eb

 
 

O 
co , 

o 
6 

a) 
c")  
cei 

NI  
— 
...- , 

co 
c`i 

CO 
o.1 
, 

CO 
4 
0 

CO 
N.  
6 

et 
i- 
r.: 
co 

. . 

-a. 
, 
r.: 
co 87

.1
4  cm 

, 
co 
, 14

5.
24

  

Ja
n  
 

0. 
.:). 

0. 
o 

ul 
Lr)  
CV 

ai 
r.. 

co 
o 
o 
T 

.-- 
4 
N. 

N. 
o 
•-• 

cn 
1' 
co 

CO  

I 
i 

I 
CO 
co 
4 
co 84

. 5
8 

11
2.

78
 

N. 
cn 
6 
NI. ..- 

U
n i

ts
  
 

E 
E 

E 
E 

E 
E 

I  m
m

  
 

co 
c >c! , 
0 ?,(•,' 

• 

i M
M

.  

E 
E 

E 
E 

E 
E 

E 
E 

W
W

 

W
W

 

E 
E 

P
ar

tic
ul

ar
s  
 

75
%

 R
el

ia
bl

e  
ra

in
fa

ll 
(13
)
 
 

E
ff

ec
tiv

e  
ra

in
fa

ll 
(P

e )
 
 

ET
o /

da
y  
 

ET
o /

m
on

th
s  
 

N
o  

of
 da

y s
  in

  m
on

th
 

fo
r  w

at
er

  r
eq

u i
re

m
en

ts
  

by
  c

ro
p  
 

D
ay

s  
of

 g
ro

w
th

 u
p  

to
  

m
id

 o
f m

on
th

 

P
er

ce
nt

ag
e  

of
 g

ro
w

th
 

up
  to

  m
id

 o
f m

on
th

  

C
ro

p  
co

e f
fic

ie
nt

  (
K

c)
  

C
on

su
m

pt
iv

e  
us

e  
(E

Tc
)  
 

R
eq

ui
re

m
en

ts
  fo

r  l
an

d 
pr

ep
ar

at
io

n  
 

S
ee

p a
ge

  a
n d

 
pe

rc
ol

at
io

n@
  

3m
m

/d
ay

  
 

To
ta

l r
eq

u i
re

m
en

t  

N
et

  ir
rig

at
io

n  
re

qu
ire

m
en

t  (
N

IR
)  
 

Fi
e l

d 
irr

ig
a t

io
n  

re
q u

ire
m

en
t  (

FI
R

)  
 

G
ro

ss
  ir

r i
ga

tio
n  

r e
qu

ire
m

en
t  (

G
IR

)  

N CO Tt 1.0 CD N- CO 0 

. 

0 1- .-- .-- 

■ 

CV .-- Cf) 1- .1
4  111 



C
R

O
P

 W
A

TE
R

 R
E

Q
U

IR
E

M
E

N T
 S

H
E

E
T 

• 

"5 

a 

O 
Cn 

-Cu 

C
ro

p
  :
  J

o
w

a
r  

T
a

b
le

  N
o

.  4
. 6

g
  

E 

c1 

. . 

0 
cn 

ca 
-6 
as 

a) 

• 

Fr
om

  c
ro

p  
du

ra
tio

n  
m

en
tio

ne
d 

at
  to

p  

cu
m

ul
a t

iv
e  

da
y s

  fr
om

  s
ta

rt
  u

p  
to

  m
id

  
of

 c
u r

re
nt

  m
on

th
 

o 
0 , * 
--e? 
o 

0. 
a 
9 	. 0 
CD 
i 
co 

. 	. 

CO 

!° 
I
II
f) . 
z 
Cl) 
Co 

C/) D
ur

in
g  

m
aj

or
  p

ar
t  o

f m
on

so
on

  o
n l

y  
irr

ig
at

io
ni

e
  Ju

ne
  to

  s
ep

te
m

be
r  

S.
N

.  9
+S

. N
.  1

0+
S

.N
.1

1
 .

  

S.
N

.1
2-

S.
N

.2
 

S
.N

.1
3/

0.
75

  

S
.N

.1
4/

0.
80

  

ra 
15 
F-- .

.
 

39
7.
0

0
 

27
3:

9 0 

, I 

co 
cu 
T . . , . 

Co .,- 
co 
co 
ID 

i - 
o 
0 
uS 
h. 
N 83

3.
01

 

57
0.

11
 

•a- 
,-. 
c.i co 
h. 95

0.
18

 

N
o
v
  o 

q 
O 0.

00
  

N. 
o 
vi 

o , 
c.i 

so 
T— 

co 
N ,- 

o 
0  1-- 

cu 
WI 0 

 . 

In 
r.." ,...... 
C/ 

 g i 
tr) 
IN: 
11— 
CI) 

In 
rs: 
v•-• 
CO 

co 
C°._ 
(.1.1 
V 

FS) 
CNi 
U3 

.6  

0 
0 
ci 

0 
0 
6 

Mt 
h. 
ui 

0 
0 
N 
N. 
1— 

TM- CO 
03 
0 ,-. 

00 
CO 

0.
90

 
1 6

0.
1

5
 

, . 

*" I 
Ill 
.,.— 
O 
CO
/— 

LO 
1— 
c; 
CO
1, 21

3.
53

 

Ti) 
CD 

C‘i 
cc. 

Se
p   

60
.0

0  

44
. 6

0  N. 
0 
6 

18
2.

1
0

  

CO CO 
.  

N- CO CO 
tr) 
q 
,-. 

..,' 
c‘i 
,- 
0) 

. 

0 
0  
o 
C) 28

1 1
1

 

G. 
co 
co Cu 31

5.
47

  

39
4.

34
  

Au
g  
 o 

CO 
1.• 

co. 

CV 
.r. 

o 

CO 

20
4.
6

0
  

C.") 
N. 
V 

CO 
CO 

ID 
CO 
0 

17
3.

9
1

]  

. 8 

C) 

0) 

CO 
N 

1 
G. 

't r- 18
8.

81
 

N 
0 

CO 
cm 

B 
--) 15

0.
0

 

10
4.

0
 

O 
N. 

q 
h- '- 
N 

_ 

0 
c.c; .-- 

0 
CO 

o 
co 
, 

CD 
N 
0 

cm 
II— 
0) 
N 

' 
8 
ri 
0 

0 
C! co 
0) 

0 
° 
• 0 

0 
° 
d 

o 
0 
0 

U
ni

ts
   

m
m

 I 

m
m

 
 

E m
m

 
 

E ca 
CI ,IP- 

• 

, 

w
w

 

E 
E 

E 
E 

E 
E 

E 
E 

E 
• E 

E 
E 

E 
E 

12 
ca 
5 
o 

co 
a. 75

%
 R

el
ia

bl
e  

ra
in

fa
ll 

(p
)  

Ef
fe

c t
iv

e  
ra

in
fa

ll 
(p

.)  
 

>, 
al 
ir, 
o 

ET
o /

m
on

th
s  
 

LL
! 

 N
o  

o f
 da

ys
  in

  m
o n

th
 fo

r  
w

a t
er

  re
q u

ire
m

en
ts

  b
y  

D
ay

s  
of

 g
ro

wt
h 

up
  to

  m
id

 
of

  m
on

th
 

pe
rc

en
ta

ge
  o

f g
ro

w
th

 u
p  

to
  m

id
 o

f m
on

th
 
 

C
ro

p  
co

e f
fic

ie
n t

  (
K

c)
  
 

C
o

n
su

m
pt

iv
e
  u

se
  (

E
T
c)

  
 

R
eq

ui
r e

m
en

ts
  fo

r  
la

nd
 

pr
ep

ar
at

io
n  
 

Se
ep

ag
e  

an
d 

p e
rc

ol
a t

io
n@

  

To
ta

l r
eq

ui
re

m
en

t  
 

N
et

  ir
rig

at
io

n  
re

qu
ir e

m
en

t  
(N

IR
)  
 

Fi
el

d 
irr

ig
a t

io
n  

G
ro

ss
  ir

r ig
at

io
n  

re
q u

ire
m

en
t  (

G
1R

)  

• 
.Z 
C6 

N1—  CI d' 0 CO N. CO CD 0 
1— 

1— 
,— 

CV 
1— 
. 

CO 
.1— 

et 
1— 



cci 
C 

a) 
a 

0 
UJ 

W 

LU 

LU 
cc `05 
• 8 

a t 
O 

cc c) 
w .s 

0_ 

Cr ct, o 

• o 

cc,  

O  
Z 0 
CD 
7.  a 
as 2 
I- C.) 

R
e
m

a
r k

s
  

-4Fd 
D 
a) 
c 
o 

-47, 

a) 
E 
C 
o 

47,  
El 
= 
"0 

2 
0 
E 
2 0- 
Li- 2 

0 
a 
= 
r 
cz 
4- 
(J)  

2 4E 
'4-  0 
w>, E 
cz 4-. -0 c 
0 a) 

= ccs 	0 — .4  
= o 
E 
= P= 
0 E 

o 
0 

it 

0 
clic  
a  
a 

 c.)  ...-. 
6.• 

co 

;3 

. 

. 

- ,  

co 

 z 
ui icul  

Co 
IC 
co 

Z 
ui 

E =  

c 
o 
o 
0 
c 
0 .2 
E 0 
.4- c 
o = 
t -) as 0  
a .-1 
1_ c 

	

.O 	OL 	,_ •-•- al 4-4 0 ccs 
E 0) In 
0 E E 
c .- 13)  
.r. )... 
m u 6. a) 
0 o ci) 

‘- 

(13 

+ 
,-
o 

.4 
,.,_ 
6 
+ 
a)  

z 
• 

up' 

(NI 

i • u) 
N ,- 
...) 

co S
. N

.1
3

/ 0
.7

5
  

S
.N

. 1
4

/0
. 8

0
 

, 
, , 

to 
,- 
,- , , ' , 

icr 
co 
O I 
N. 
N 

i ,:t. 
co 
a) 
N 
N  
. 

•:: 
co 
O
N 
N 3

7
3

.1
2

  

4
6

6
. 4

0
 

(..) 
cl) 
0 

0 
0 
ci 

0 
0 
ci 

cr) 
0 
cf) 

0 
0) 
C6 
a) 

0 
CO 

Lt) 
N. 

N. 
c; 

0) 
0 
1.- 

• 

CO 
CD 
Ca 
o) 

, 

! 
'I 	- 

01 
col 
CO 
a) 

cY) 
“? 
CO 
a) 

1
3

1
. 5

0
  

1
6
4

.3
8

 

> 
o 
Z 

O 
o 
O 0

. 0
0

 
4

.0
7

  

o 
,- 
(NI 
, 

0 
cf) 

in 
v 

.1- 
ci 

co 
co 
6 

if) 
nr 
N.: 
c:, 

, , 

Lt) 
Tr 
N: 
cz) 
1.- 

in 
NI. 
N: 
cp 
11'.. 1

4
3

. 2
6

  

1
7

9
. 0

8
 

4-, 
O 0  

0 
0 

• o 0
.0

0
 

5
.7

4
  

0 
C) 
r...: 
‘-- 

U) 
1- 

11") 
T- 

1. 
c; 

N. 
N 
c5 

if) 
N 
0.5 
N 

• 

. I 

U) 
N 
cri 
N 

ir) 
CV 
6 
N 

0 
0 
.,_=. 
(9 

tr) 
N- 
a) 
Cr) 

, 
.,.., 
LL 
LL  

o 
• cl 

I- 

o 0) 
r-s• 	a) ,... 

(ri 

N- 
• /- 

v-- 

0 
1- 

Lt) 
1- r_ 

0 
• r- 

it) 
N . 
0 

• 

CO 
C) 
0) 

- 

 , 1 

co 
.0) 

Cti 

co 
0) 
ai 

CO 
 r) Cf) 

ce-i 
CO 
cci 

c co  
--) 

o 
1- 

o in 
in o . 
N 

.- 
• 0) 

14.- 

o 
c•,) 

it) 
o 
‘ 

o) 
o• 

cl 
Lt) 
ci 

L0 
Lt) 
ci 
44- 

, , 
it) 
Lo 
ci 
Tl• 

ir) 
Lt) 
6 
4:1• 

4./.1 
a. E 
DEEEE0 

E E E 
u) 
cs"' 

* 
E 

.EE  
E 

E  E E 
E 
E 

E 
E 

P
a
rt

ic
u

la
rs

  

7
5

%
  R

e
li
a
b

le
  r

a
in

fa
ll
 (

p
)  

E
ff

e
c t

iv
e
  r
a

in
fa

ll 
(P

e )
 
 

E
T
o

/ d
a
y
  
 

u) 

t 
o E 

6 

L1J 
—c)ca2ca,_a) 

8 >, '4- .0 
•C (n 

+' w  
E E 
C a) . 	,_ 
u)'( 
>, or 

„...,c° 	2 ,-.... 

° ...9 0.• 

Z 	c.)0o4....9., 

7:3  
E 
0 4-. 

a  
.c 

2 
a) 

.•,,,, 	g. „, Co  

>).. E 

o- 

r 
.5 

,..IM•E, 
0 c o 
'D E 
Fs 
r- 'O.  - _ 
0 2' 
E..). 	E 

0 

46 
.2 0  
E 
a) 
o c, 

(.9-  
c 
0 

Z.-) 
1—  . 
W 

0 cri, 
a 
•o > 
■--, 
0- 
E = 
m 
a 
0 

-0 

-0  
c 
al 

;LI , 
'-N 
4=1 c _ 

E .9. 
2 icl ._ ,_ 

a a 
a) t2 
Et a 

"coc 

moscio,- 

I.  

i 
-13 @ c 

a) ° >4 
0) crs al al ._ - 

a) 2 c 
a) cD E 
co a co 

E.  
o 
E 
2 
*- 
j- 
a) ,_ 

co 
o  
1- 

CC  
z 

nc +a.  
•=' 
.c1 E 
Cn 2 .c ._ 
.,.= 
... rx 
0 a) 
Z0 F

ie
ld

 ir
r i

g
a

t i
o
n

  
re

q
u
ir

e
m

e
n t

  (
F
IR

)  
 

G
ro

s
s
  i

rr
ig

a
ti

o
n

  
re

q
u

ir
e
m

e
n

t  
(G

IR
)  

• 

6 

NI- 	Cr) d• Z 1-'. 
cf) CO N-  c0 0) 0 .r-- 

1- 
N 
1- 

CO 
1-. 



co ti N. 
CTi 
CO 

O 
co co 

C') 
Cn 
CO CO cad U) 

co 
co 

co O 

;7* 

co 
O Co 

CO Cr). O  CO 
16i 

0 
O 
O 

a) c? 
CoO 

O Co 
c 

O 
CO 

co ti 
13:.• 

N. 
O CV 

co 
O z co 

C') O CO 

U) 
ti 

CO 
CO 
CO 
Co 

Co co 
N. 

.o 
a) 

rn 
0? 
co 

CD 

U) 

N- 

C) 
CO 

ai 
co 

CO 

co 

C 
Ca co 

E 
C 
E 

ca 
O E E 

O ti 0) 

0. 
(7! 
CV 

E E E E E E 

O 

E E 

ti O O 

O 
CV 
a) 

cc) 
Co 
N 

CO 
o 

F
ro

m
  c

ro
p

  d
u
ra

ti
o

n
  m

e
n

ti
o

n
e
d

 a
t  

to
p

  
0 
0 

S
. N

.  
9

+
S

.N
.  1

0
+

S
.N

.1
1

  

S
. N

.3
*

S
. N

.  5
*

S
. N

.  
8

 

Cos 
0 

O 
a 
a 

S
.N

. 1
2

-S
. N

.2
  

S 
. N

 .
1  

4/
0

.8
0

  

S
.N

 .
1

 3
/ 0

.7
5

  

2 
C) 
Co 

„ 

C") 
	Cn co 
	co C) 0 
	

LO 

N
et

  i
rr

ig
a

t i
o

n
  r
e
q
u

ir
e
m

e
n

t  
(N

IR
)  4:2 

*- a 
FE. tc.  
0 
E .o 
c 49, 
• C 
>, 
• E 
'13 2 

"6 'm 
O Cr 
z2 

"6 

E 
0 

:10  

a 

O 

"6 _c  

co 0 
E 

C 
0 
as 
0 
a) 
a 
0 
C 
Ca 
O >, 
O) 03  
os v 
a  

lo co 

a) 

E 

cr
. 
 

a) 

O 
i75-  

0) 
EE 

.2 Ly.  
LL C

o
n

su
m

p
ti

ve
  u

s
e
  (

E
T
c
)
  

o C 
co 

co 
C 
O c 
E 2  

E3  
'eco  
a-  a-
a) 
Q0. E

ff
e
c t

iv
e
  r

a
in

fa
ll  

(p
e
)  

C
ro

p
  c

o
e

ff
ic

ie
n t

  (
K

c)
  

T
o
ta

l 
re

q
u

ir
e
m

e
n

t  

E
T
o

/
m

o
nt

h
s
  

Ci, ....- 
2. — 
cu 

co 
i—z 
w2 

 
L1.1 c 

6, 
 

CC '§ 

O 0 

W 
CC a)  

W O 

0 
EC 

0 

a) 

C
ro

p  
:  P

o
ta

to
  



ca 
a) 
a. 

0. 
O 

O 
A 
D 
c 

W cd 
W (/)  
• * 

a(1)  
F— 
Z  
W 
• (0 

CC 
5 
a 

cc 
cc 

0 

co 
T..-c; 
E 0 
Cr 

c 
75 o 
5 ..- "0 CZ 
cco o a) 
6 a O I= E c 2  a)  
u. E 

o 

t r 

co o 
E E 
°c 

ns 0 
7:3  sp.- 
0 0  > "0 r _ ..--- - 
21  E m c  s2 ‘5. a  
c) z 

..,0  c c) 
.3.- 
iFf 0 
;23  
0. 
Q. 
2 o 
---to  

. Z 
of 

co 
2 
6. 
Lo 
2 
cii  

vi 

M
Z  2 

. 

Z  

. C) .- 
C o ...r. 15 as , in 0 

t E -0 ,..,cts 	 — 	E — >, o 
8  g -6  ..,-c7 	cp 
E O M  o 0  o) 	-• 0 a 	cp .-, C - 0 c 
-e E 

,- ,- 
2 6 
+ ID ,-, 
2 
( + a) 
2 
6 

N  
2 

c■.1 
• Z 

vi 

L" r•-:  
 0  co 

Z 
6 

0  co 
° ;•*-r 

6 

o 
I-• 

P.' 
Tr 

N.. 
c6 
010  

i i N ,-. 
• 

co co 
u-i co CO 

0 
co a) 

i ci . 
I . 1-- 

Tr CO 
CD 1,-. Cf) 

.4- CO 
CD N. CO 

U) d' 
N 0 LO 

CD c) 
CD N CO 

a) U. 
o a) 

ei ,-- •-• ,- 
co ' l- T— ' TI:  

0 

CLi 
9 
, 

c6 
in 

° co. 
, 

v-  N 
a to 

N 
4 to 

‘- 
° el N 

cv 
• CI) 

al -) 

Tr o 
It 
La 
c‘i 

1- 
0; 
N 
; 

0 
o 

co c„..)  
cei  
co 

CD 
0 

co r, 
ri 
oo 

0 G 
c‘i 

,- co 
6 CO 

.- co 
to CO 

.,- 
Li.i 
.,- 1- 

CO 
t.,.i 
Tr 1- 

C) 
0  

0 0 
CI 
0 
ri 

0) 
co  
cs) O,- 

C7 (CB 
if) 
c.... 
cr) 

t- • 
1-  

N 
Cl 
co  
o 

0 
0 1- 
ri 	- 

N 
V. co 
o ,- 

N 
'zr co 
0 
T. 

cy)  • 
'"' Tt.  T 

N- CO. 
N N- 

o 
Z O o 0 __ 

 7-  
0.i N 1- 

0  CO c° CO 
CO 

":', ,- 
co 

CD  _ 
'-' 

IC) 

N Ti• 
co 

o 
co 
ul N 

CO 

CO co 

CO 

CO co 

N.. 

1-• 
T 

co. 
 •zr Tt 

T.  

4-0 0 
0 

0 0 
Tr 
N- 
U) 

cr) 
r-- N ,- 

0  ,- CO 
CD 	' 
CO 
CD 

If) 
q 
6 

CO . N 
el 
CT 

0 
Ict 
c\I 
'— 

I•••. LO 
oi vt 

rs. LO 
c‘i 1- 

r•-• 
N N. 
CD it) 

CO 11- 
0. 
0  N. 

co ..., 
'o 
DEEEE 

EEEE ctl' 
0 

E E 
E 

E 
E 

i 

E 
E 

E E 
EEEE 

E E 

[  
P

a
r t

ic
u

la
rs

  

ca" 
= as 
E 
L- 
a) 
3 (ID 
-(5.-  
cc 
zg u, 
N 

Ct 

..-.. 0 
-9.- 
Ta 
c 
Fl 
" 

w>  
ti 
(1.) = 
lu 

c>. 
3.....:.) 
0 1- 

Lu 

u)  = 
t 

o 
,g.  
0 1.- 

Lu 

a o 
,. b o >, .4-- .ci 

-.g. co 
°c 0c  E E 
c a) 
"- " u) .5 

 a- 

-oma  e.). s+-n enL- 
— ..,.— 
Z 3 
o (10  

5.  -0  
E' 
0 
a  
f - cc .t 0  

E 
2 
Cr) 

.6 
as 

o 
o. = 
.0 
•5 
o )2  .... 
a .c  
a) 
a 0 

Etti E 
„0  o r. -ci 
o. E 

..(f)  

. 

I-) 
- - - ..- . . . u a) .- 
.- 
= . 

o
•  

CD 

a 
,_ 
0' 

r..) 
1—  
I---I 
09 • = 

  C)  
. 
." a E 
2 
o 
0 

• 
.c, 
c 
cv 
.96  . 0  
*-- 
0  c 
(7 0 c .- 2  Iii 

 go__-.  CT 
a) 92 
cC a 

a t o ..= ca 
zi 
2 CD o. 
-o 
co 
co ), 0) al 
0  E 
COE 0) co 

'E a) 
• E 0 

Z cl- a) 
it 
5 i-- 

.%-  

•C• 
E 

._. 
a- 
a)  
'- c 
47. co a) 
Z E E  
a,  5 Z e.-... 

... c a) 
E 122 
5 
7, ,- 
c o 
cts 0) T--  L-- 
_. 1 F 
9.). U. t--... 

t a) E 
a) ,- 
0- 
C) 

c o ..7. 
to) t .■- 
co  
8 EE 
,-- a (5 — 

US 
1- N CO ICI- 2 LO CO 0) 1- ,, 

T 	- 
N 
I 

CO 
T 

V 
T 

LO 
T 



O 
U) 

0 

0 

• 

C
R

O
P

 W
A

T
E

R
 R

E
Q

U
IR

E
M

E N
T 

S H
E

E
T 

To
ta
l
 

I 
39

7.
0

0
 I 

27
3.
9

0
 1 

N
ov

  

4.
0

7
 

'5 

Ef
fec
t
ive 
 r
ain
fa
ll 
(Pe

)  

2 

2 
0 

i 
? 	_v (1) 

) cr 
1 L 
• 
■ 
1 

From 

 crop 

 dura
t
ion 

 men
t
ion
e

d a
t top 
 

Cumu
la
t
ive 
 
day
s  

from 
 s
tart 
 up 
 to 
 m
i
d o
f 

curr
en
t 
 mon
th 

■
 

1 O
 

S
. N

.  3
*S

. N
.  5

*S
. N

.  8
 	

1 

D
ur

in
g  

m
aj

or
  p

ar
t  o

f m
on

so
on

  o
n l

y  
irr

ig
a t

io
n.

ie
  J

un
e  

to
  S

ep
te

m
be

r  

S.
N

.  9
+S

. N
.  1

0+
S

. N
.1

1 

S.
N

.1
2-

S.
N

.2
 

S.
N

. 1
3/

0.
75

  

S.
N

. 1
4/

0.
80

 

• 

o O 

o -i= CV a 
a 
2 c.) 

ios 
z 
cri 

• 

co ..4. 
0) 
N N 

o r•-. 
Cr) 0) 
N. 58

0.
58 o 0 

d 
CO ,- 5

98.
00 

. 
57
6.
17 

. . 0 
q 
0 

1 cv 
1. r- 1- 

o 
T 
44: N CO 

cl ,- 
01 M V' 

0 0 
1- 
c■i r- 0 

Cr) .- 
0 o ,... 

In 
co 
1.0 
0 

'cr N -  in 
4- 

;. 11: - o 
; 1 	.;: ! 

CD V' c; 
0 N. 
ui 1- 

0 N. 
tri ,- 

0) 
ci cv 

CO /- 
CC) cs,i 

r..) 0 

o 0 
6 0.

00
 

V r,- 
U) 

0 q 
N- 

To CO N .- 
20
1.
61 1.0 

. 	Ti: 
0) 

CD 
. CD 
6 

.41- V' 
N- 
,- '- 

0  
o 

N in 
Cr) 

CD cr! 
o N 1- 

CD cq 
o N •!-- 

03 q 
— C.0 r 

Se
p  
 

6 0
.0

0
  

0. CD O 0 
'- 
co 1- 167.

53  el 

17
2.
56 

CJ
I,- 

CO 
 

r) 
 a) 

213.

26 CO 
6 - 

N 
0? 0 

0 
0 9, 

R 
c0 

co  

a) 
l'■ N 1- 

CD 
0 1"-- v- 

1 	0) 3 
,i. 

0 
l■ CO 
T 

Cl 
in N 
T 

0 
0  
CD 

0 
q 4:r 
0 
CU 

'0; 

177.

02 CV 
CD 

I's:  
ti a- 

id' CD 
o' 

CO 
co .-- 
l'. 
T 

,..,0 --. 
0 

CD ,- 
in. 

N r- 
,- 
0 

CD a 
CO 
CO 

0 
0.1 
cd 
CO 

R 
8 •,- 

R 
0 r- 

7.
0 

I 

R 

'CI 108.

50 9 
Cr) 

Q 
Cr) 10.

34 
i 

co, 
ri-: cv 

. 

o U)  
6 

o 
0 
6 

co N 
ei 

CD 0- . 
,- .- 1- 

CD 0.- 
I: 

co 0) 
oi 

co 

m
m

  
 

E 
E M

tn
 

E 
E 

co ›.. as 
o e , 

E 
E 

E 
E 

E 
E 1 

E 
E 

E 
E 

E 
E 

w
w

  

E 
E 

Pa
rti

cu
la

rs
  
 

ET
o /

m
on

t h
s  

N
o  

of
 da

ys
  in

  m
on

th
 fo

r  

7
5

%
 R

el
ia

bl
e  

ra
in

fa
ll 

(p
)  
 

w
at

er
  r e

qu
ire

m
en

ts
  b

y  
cr

op
  

D
ay

s  
of

 g
ro

w t
h 

up
  to

  m
id

 o
f 

m
on

t h
 cz 

L 
Percen

tag
e  o
f g
row
t
h up 
 to  

• 
mid o

f mon
th

.  

C
on

su
m

pt
iv

e  
us

e  
(E

Tc
)  

R
eq

u i
re

m
en

ts
  fo

rl
a

nd
 

3m
m

/ d
ay

  

To
ta

l r
eq

u i
re

m
en

t  

N
et

 irr
ig

at
io

n  
re

qu
ire

m
en

t  

Fi
e l

d
 irr

ig
a t

io
n  

re
q u

ire
m

en
t 

G
ro

ss
  ir

rig
at

io
n  

re
qu

ire
m

en
t  

(G
IR

)  

C
ro

p  
co

e f
fic

ie
nt

  (
Kc

)  
 

pr
ep

a r
at

io
n  

 

otrep

dg
e a
rm p
e
rcolat

ionw 
 

(N
IR

)  
 

(F
IR

)  
 

• 
6 

,-- c,i cel .t in co Z 0... CD 0) 0 r 
v- 1- N ,- CO r .- 



Lu 

cr) 

z 
Lu 

LU 
cc 
5 
a 
Lu 
cc 
cc 
LU 

a_ 
0 

E 
0 

-a 
C 
as 

Cf) 

a) 

.
o 

Cf) 

U) 

C 
0 
E 

• • 
17.3 
0 

a) 

2 

_c 
0 

2 

C 0  

0 
a) 

as 
Y C 
co ca 

c).  
z  

0) 
T:)  0_• • 

O 
• I- 0 

R
em

ar
ks

  

Fr
om

  c
ro

p  
du

ra
ti
on

  
m

en
tio

ne
d
 a

t  t
op

  

C
u
m

ul
at

iv
e  

d
ay

s  
fr

om
  s

ta
rt

 u
p  

to
  m

id
 

of
 c

ur
re

nt
 m

o
nt

h
 

S
.N

.  
6/

(c
ro

p
  

pe
ri

od
) *

10
0 

to 
2. 

cicii  o 

co co D
ur

in
g
  m

aj
or

  p
ar

t 
--o

f 
m

o n
so

on
-.

  
o
nl

y  
ir

ri
ga

ti
on

  
.  J

u
n
e  

to
  s

ep
  

.1. 2 
a) 
2 j:, 
6 *- 

0
 

"-
 

S
.N

.1
2-

S
.N

.2
 

S
.  N

.1
3/

0
.7

5
 

S
.N

.1
4/

0
.8

0
 

47
2.

0 0
 

30
3.

70
 

. . 

0 os co 

16
88

. 8
3 

10
0.

00
,  o 

q 

es 21
54

.8
5 

CO
 co  

16
55

. 5
2 

23
4 7

.2
6 

29
34

.1
7 

C.) O 
0 

C) 

c5 0.
00

 

3.
0 3

 

0 co 
6 co 

Cr) F) cv co co 
6 

co 
(Doi , . co 

0 co 63
.8

7 

85
.1

6 

10
6.

50
 

> 
Z 

o 
c; 

o 
ci 

o 
4 

o — 
oi 

0 (D oi r.- 
 co r-- 

O. .. 

•cr 
0-1 
Si . , 

4 cv 
Lc; co 95

.2
4  o 

NI co tr) ,- 

O 

o 
O 
6 

o 
o 
ci 

4 
1.-- 
0 

o 
a) 
N.: r. ,- 

— 
c) 

o cs 
N 

0 
0.
8

4
 

a 0 
CA 4 ,- 

, , 

14
9.

50
 

14
9.

50
 I o 

ai 4 cv 

S
e
p
  

I 

o o 
ci 
CD 

0 
(r) 

4 
V 

IS. 
0 
QS 

1
8
2
. 1

0
 1 

0 
CO 

0) 
0) 

in CD  
0 
v-  
.- 

N 
V 
6 
0 
0.1 

, 
0 
o 

a) 29
9.

42
 

Cg co 
4 
N 33

9.
75

 

42
4.

69
 

c, 
3 ...... 

0 
co co .,- 

CO 
6 
01 .- 

0 
co 
CO 

20
4.

60
 

c7) 
CD . 
..4. 

ca 
— 
,- 

R 
vi es cv 

, 
0 
0 
c6 a) 32

8.
29

 

20
2.

99
 

27
0.

65
 

33
8.

32
 

5 --, 
0 
ci 0 

0 
4 
0 

7.
0
 1 

2
1
7
. 0

 1 

q .- 
CO 

0 
co 
e- c 

0 
0 es 

N 
cr)  c; 

0 
c?. 
a9 
.- 

0 o 
6 a) 

0 

N a) 
N 

0 

CO co 
7- 25

1.
50

 

31
4.

40
 

n --s 

O 
.4. 29

.8
 

8.
2
5

1 

u? 

4 N 

8 p.. 
0 ,- R 2 

O 

21
0.

40
 

0 
1 0. 
I E 

4 

0.t . o 0 
CO 

0  o 
N 
r, 36

0.
80

 

45
1
.0

0 
>.. 
cti 

Lo 
CO 

o 
di 

CO 
r..  
Oi 

CO 
/- 
0 M 

*- 
cl 

h. ° 

c7., 
° 

O 

2
11

. 1
0 

, r-  , 
0 

,- 
•-• 
N 

0 

,- 
.- 
N 

0 	0 

,- 	..- 
03 	LO 
N  

A
p

r  0 
N 

0 
CO 
OD 2

6
4
.0

  

0 co CO 4 0 
oi •- 

LO 
"t 6 

0 
'''' cc;  

11
8.

80
  

11
8.

80
 

15
8.

40
  

19
8.

0
0
  

0 
N.: 0

.0
  I
  

o 
1.0 
(LO 

V).  

5 0, 
C7) 

(0 
e- 

0 
: 

LO 
.4-  
0 

q 

09
  

10
0.

0
0
  

CO  

19
0.

70
  

10
0.

00
 

0 
V) 	1,- 
c6 	0 
CO 	CD 

-a co 
0 
ci .- 

0 
c; 

(7) 
cr) 0 ,- ,- ,- 

CO 
" 

o us co 
0 
0 
cie 

4 
, , 

6
1
.4

5
 

6
1
.4

5
 

8
1
.9

3
 

10
2
.4

0
 

C 
C17 
-3 

0 
O.  

LO 
L°  
C \i 

C7) 
N 
N 
CO 

0 
CO 
CO 

LO CO 
12: 

CO
O  

CO 
'I' 

Ci 4 

CO 
'V 
0 4 

is• 	CD 
0) 	'V 
is.: 	oi 
LO 	rs 

D E 
E 
E 

E 
E 

E 
E 

V) >, co 
0 e . 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

pa
rt
ic

ul
ar

s  

7
5%

 R
e l

ia
b
le

  r
a i

nf
al

l(
p)

  

E
ff
e
ct

iv
e  

ra
in

fa
ll(

pe
)  

>. ca 
1:3 
"6-  

E
T
o /

m
o
nt

h
s  

N
o
  o
f d

ay
s
  i
n
  m

o
nt
h
 fo

r  
w

at
er

  r
eq

u i
re

m
en

ts
  b

y  
cr

op
  

D
ay

s  
of

 g
ro

w
th

 u
p  

to
  

m
id

 o
f 

m
o
nt

h
 

P
er

ce
n t

ag
e
  o

f 
gr

o
w

th
 

u
p  

to
  m

id
 o

f 
m

on
th

 

C
ro

p
  c

o
ef

fic
ie

n t
  (
K
c)

  

C
on

su
m

pt
iv

e  
u
se

  (
E
T
c)

  

R
e
qu

ir
em

en
ts

  f
or

  
la

nd
 p

re
pa

ra
tio

n
  

S
ee

p
ag

e
  a

nd
 

pe
rc

ol
at

io
n'
g
  

3m
m

/d
ay

  

T
o
ta

l r
eq

u
ir e

m
en

t 

N
et

  ir
r i
ga

ti
on

  
re

q u
ir
em

en
t 

( N
IR

)  
 

Fi
el
d
 irr
ig

at
io

n
  

re
q u

ire
m

e
n t

 (
FI

R
)  
 

G
ro

ss
  i
rr

ig
at

io
n
  

re
qu

ir
em

e
nt

 (
G

IR
)  

vi 
N CI ct U) co ,.- ,- 



T
a

b
e
  N

o
  4

.6
  I

  G
r
o

s
s
  i
rr

ig
a

ti
o

n
  r

e
q

u
ir

e
m

e
n

t 
p

e
r  

h
e
c
ta

re
  
 

	
 

M
on

th
 
 

U 
cu 
0 

0.
08

5  
 

CO 
It 
1- 
a 

0 
1- ,-- 
ci 

.1- 
o) 
o 
o 

in 
CO 

,- 
6 

.cr 
co 
.- 

. 6 

0 

0  

> 
0 
Z 

Lr) 
7- 
6 

a) 
N. 
.1- 
a 

v.) 
ir) 
0 
6 0.

06
1

  
0.

1
4
4
  

CD 

0 

r... 
o 
,- 

 • 0 0 00 

co 
a) 
1- 

• 0 

cv 
CD 
0 

ti- 
.- 
0 

'6 
0 

1- 

F4 
0 

10 
is.) 

C; 
oo 

Cr) 
co 

o 

N- 
co 
cN 
a 

10 
.-- 
o 
6 

.- 
a 

I
 0.

20
2 

..   

N.  N. 

I 	
0.

31
2  

 

a) 
•:r 
N 
O 

a. 
a) 

Cl) 

Lr) 
cv 
is) 
6 

N 
ir) i- 

6 

NI- 
a) co 
a 

co 

F! 
o 

6
IZ'O 	

1 

in 
cv 
v. 
o 

O  

< 

cv 
Tr 
1' 
6 

cg 
d• 
1- 
6 0.

23
6
 I 

CD 
03 
o 
a 

. , 

CO 
nr 

 1-- 
6 

03 
03 
co 
6 

7 

co 
co 
NI 
O 

CV 
o 
o 
a 

c 
5 
a 

1. 
c 
o 

C  

N. 
Tr 
9 
o 

• 

7) 

o 

>, 
co 
2 

cv 
It) 
Cr) 
O 

8. 
< 

O 

o 
6. 	, -. - 

, 

1 	
0.

24
8 CC) 

0) 

a 

2 

0.
11

8 

RS.  0.
00

3 

- 

co 

 01 
1..--. 

o 

r•- 
CD 
1 
6 

.0 
N 
LL 

CO
co  
1-- 
a 0.

0
1

7
 I 

0 O 
y- 
a 

LC) 
I' 
11-. 
6 

CO 
0 
0 
o 

Q 
I- 
CI 
o 

N 
0 
r- 
6 

c 
as 

N 
y- 
a 

CO 
0 
a 

v- 

,- 
6 

CO  
.1- 

0 
o 

CD 

11- 
6 

CO 

y- 
6 

N 

0.  
o 

N
am

e  
of

 th
e  

cr
op

s  

ca n. 

0  

M
ai

ze
  

ay 
co co Jo

w
ar

  

E 
0 

as 
E
a) 

G
ro

un
dn

ut
 

P
ot

at
o  

Ba
ja

ra
  



CD 	CCOD CI CD N Y N CO 
co c■! 	7 co 

y-• co y- (0  1%.. r 7- 0 

co 
cP 
0 N CC; 	 ,-- 	7 0 V. 	'4: 	cO 
04 	co co 	or) 0 11

.3
9

 8.
77

 

0.1 N (0 Cs4 
N Cri N: 00 0.1 r co

Cn  
N 

0 
a) 
CI 

0 z 

C.) 
0 

C) 

0 

N 

CO

N  

 

N 
O 

1•••• 

N 
CO 

N. 

O N 

ti 
CZ 1 
0 
CO 
0) 
N 

N 
0 

CA 

CD 
N 
N 
tt 
0 
N 

N. 

CO 

C7; r••• 11
. 9

6
 15

. 8
6 

r-- N CO CO 0"cr CO 7- CO C7) 7- CO CO cr 

	

7:1* 0.5 'CZ1  h O r N: 	q 
cr) cci,00c-vcriy-cci000co

• 

71 

	

h. 	000)  CCOO 7- ▪ 0 03 LO ID CO CD h.. 
0'4 • co O r co T N ,t co cf) Cn a? co 

	

r- 	.-- ci ci 	c‘i O ci O 0 a- co 

• 14- 	14- 
N N CNJ 0 	IQ 14: IT 1`... 0 is: 	q  cD cct • 1- 03 N CO CO 01 'Cr 
cri ori CV ci (N r cv 

• 

CO cri o 

- 	

•- co 0? CD. 	(\I cr) 
N 	N co co y- 	N 7- 1- r 	

- 

N. cri o O ci 

N N CD It 

	

CO "4". 47. 44.  r6  " 0.1 0) CO N CO 111 CC) •;1- 	LO 0 '4' 01 
CO co co a) 	CV o c`i 

• 

ci O co cri •"' CO N 40 	Nj N O O C: 0 
N N NCD1"...7-NO CO N r 	r .6 0 7- 	‘1.* 0 0 7- r CD CO 

N 	C7) 	 LO 	Ul 
r-:  CV Tr. 	cr? - cr) N.  co co 	(NI 	it co r r- coco 0 
• ui 	cf5 	cri vr (.4 co u5 cq cr) 	 C'7 c*J 70. O  tc

• 

.' ;73  
N N N 	N 	07 N 	7- 7- 0 0 ■-- CO 0 OD 	CO 

CO CD N 	 r LO CO CO •zr C') ? 0 ol r. ..a- co cl o co co Tr r.;  co .T- cr) cr) co .- co cv v r- o 
0 cc; co c‘i ? co •cr v_. co N. o co co +- Lc). cn co el h: (NI c? cis 4? 
CO N N N. co T CO U9 CO N r T 'T ci ci c=i cci ui 0 0 , .- t%. 7-) 

co co co cr) 	co 	'V CD LI l... 
7- Lr) co co r.: 	co r- in Tr q a? cv cv in N. 7. a) co co co Lc) 
ro- 4 N. cc! o .cr a '4:, N. co NI- co CD '1_7, (3 eq 6 h: 1--  csi c? q 'iti o 

N 0.1 CD r 7- T4. CD CO N r 1- T UP. UP. ■ T T LC) ci ci , T CO CO 
i 

St CO CD 	141 	lf) LO 	N N 	N 
7- CO t's.. N r..... CD l'..:  0 T1- CD 1'. LO N 1.0 7- 0 CD CD 1".-- CO OD CO 1"... 
C‘i CO N. r-: ci c6 y- cD__ r-: N. ai CO CD w-  c:' R ci al h. " ° C! r•-  , 
CO N N .,:r r r Le) OP CO 7... T T 1,- ci ci 0.1 r u-) ci 6 T T ai r) 

•:1- CD 	 r's 	N CD CD CO 7- 0 CD 0▪ CO CO N CO 	CO •■2*. (NI 0-4 CO N CO CO CO co N. co cm o 
ai 06 co 0 o 	▪ : ai 	Lr) co 7 WI cr? Cn  q 	(NJ, 	q cq 0.1 	N ‘z1- 7- 7- CO 0 N r. 	1-. T- 0 0 N 	Lf) C; 0 7- 7- CO CO 

CO I's N 

	

, 	1`..- 0 	•rr LO CO 0 
• O rs" 0 C) 

• 

c■1 	0.1 	co__. 	c? it? 

	

0 N C) 	 N co r) OP 0 r •r- CO CO 

r-- cn ' 	N 	 co co 'it , co r CO a) co 	a) co N r CO V CO CD 0 0 7- CO C7) 
CI c‘i cci _ .° 	N 4 ;r: 0 	6 N CO 0? I, (0 CD Nt q a) a? co  
c:n ,- in Fs- /-- 	d ,-. co CD T ° ,-- c:5 ci ,- CD c‘i ci ci .,- ci r) N 

Tr 	
, 

N CO LO 	Tr co co g r- co co CD N r 	`Cr 1...- LO 1.11 CO 0) ID 
° Kt Cr) N. ci cf) 7 , C‘J (C). q 01 N 113 ;T: C\J N: U.' .4.  Cri al til r 
N.: CA co •zr 	y- o .- cci co co r ci c5 .- 4 .- ci ci o 0 cv co 

        

      

>, -.c. 

	

 ca 	cca-a a_ 

 

Z  E 1;-; E 	 °O 

	

12 	0 -0 	E 

	

— 	 i 

	

a 	0 E 	 "57  

	

* 0 	 ca + 

	

>••• a) u, 	c, 	 i::: 

	

?-- -a '2 as (/) 0 2 	CI:1 	 N 

	

0 = 1E 	a 	'' 	 ci -12 -E-  2 
• co 	-0 	 CC 

	

= 	›., 3 	 c 

	

i  — ,,, 	 2 	i 	 a 8 "2-  1-7 	 o c.) 0 	
— ....... as 

	

EL' a) 	-a o a_ 	 0 	..- 1-3 	E 
0 	0 CD D  . 

CI L- 

	

CO = 	76 	-"e ri LO 	cl 	C CC{ 
0 U- co>. C 

	

0_ 0_ 0. > 0 .— -0 -0 > 0 	ig 	 cis CC LL 	= ..., 0  

	

E E E cti 	.g,) a) 
• a.) 

	

a) a) c o_ 	 + c), cm 	

• 

ca 

	

a) o a) -a-)  CD 0 0. 0. o  CO 	 CO cr c 	C 0  E -0 i— 1— i—  cc c 0_ o) co 7.3 	Ici") 	 c\I Lo  -4= 	a 
LLE'8 E E 	.c 	Fis Ts 	 ci r.• .c a) -a w X 	0  ) c ac  2 xE  7 7 = a .0 as • o ■- 	--3 F 	a if -5 ,.. c .= 	vi as .c > ca 	cci r) 

	

n 2 < 2 co 2 	co < 
(6,,t_a.)cco)c 

	

L.- z--- ..--z--  cc cc cc 	ILI Z :— § cT   

 

      

.c 

O 

E 
E 
10— 

      

      

      



g  

g 
li x ot 

• 

. 	
.  

1/
di

tir
/U

ni
gh

t  
-  

4
.0

 

0 N r) r... •-• r) r) N • • 	• 	e sAl rAl All I./ 

0 NU t0 
1.1 N N.1 

• • 	• 	• 
•.11••■1 9.11 1■4I 

%.0 0 0 •-I 05-49-50 . 	• 	• 	. 
1.0 1.4 64 ■I 

r, ty, ...,i co 
0010100' MOO ' - • 	• 	• 	• 
•Al 

.  
U

d i
y/

U  
ni

gh
t  
-
  3

.0
  

o ao N CO •-1 N N 1•4 
0 	• . • 	I 111.4 •••• ”I 

OW LINO •-.1 All PAO a. 
• . 	us 	4 

••■ o.4 r4 r+1 

•  

&II 8 g • • • II 	• •.4.1.4 rql 

N %VD r0 0 CY'AQ N • • 	. 	• 
...1 

da
y/

1J
  rat

 	
-  

2
.0

 

* ON41-416 •-1,41••• a  
• • 	4 	5 .1 s-4 .1 Al 

$ 
ootnlo 
11.0tiril • • 	• 	e .-I r.I ..4 

V.1;;;:l 
• • 	• 	• 1.4 	. 

N 1:71171.-• 
0 00 N N. . 	• 	• 	• .-11 

I
Ud

ai
r/

Un
fg

ht
  -
  1

.0
  

• 

4 0 triOrg -113 0.cn 
• • 	• 	• 

r.I ••• I.!! 

$ .0.41nr, P-I 0 OM t 	5 	• 	• . ..I .1 

0 VHCAI Pl- 
• • 	I 	• 

.4 

(4 IAN N 
0 110 NW • * 	• 	• •41 

VI 010104 
0 Ind c-1 6-I • • A 	• 
r4 •1•4 •■I ...4 

• .. 

III s-1 •.I N 52, .54 •-• 40 • • 	• 	• 
Owl ••■ 1.1 ..• 

Ch182 
••• 	• 

grcA los, lo... 
• • 	• 	• 

trIN 0 U-1 0 -4 •-•I 0 • • 	• 	• •■-• r4 a ••• 

‘11■43 N c0 0 0 0 CO 
• • 	• 	• 

••• v.. •••• 

1 S SIT CC la PA ,... • 	• 	. 

84.:1 M . 
• • 	• 	• 

* In Ul N 111 
000 CPI • • 	5 	• 
.-1 r•• r.1 •  • 

* 
in 0,4 '4 
0 47,10100 

	

6 	• 	• 	4 ..4 

0.400 
• • 	.5 	II 

010111i0 I'`. 

 o  N  al Imo o 
• • 	• 	• 

in tun r. 0 0117C0 
• • 	• 	• vAI  

* tn./ 43 In 0 0u0 r-5. 
5 	• 	• 	• 9.1 

05l0 0 0 CrIC0 r•-%.0 
I 	6 	• 	5 

• 

• 
4 
E 

0 

•-. 

N 

.>••, 
a 

Od 

H 

8 r7;17,  a • • 	• 	• 	• 
p4 

OC izyz 
•• 	• 	• ...I 

0 ...1 r. IA 
0100 r4.A.0 • • 	Iv • 

Fa irti 
• . 	• 	. 

8 go%)  tol  

	

4 - • 	• 	• 

8 tts ,;:lrg. • • 	• 	• 
••• 

a0-4 Z63 V; • • 	• 	• 

A.0 %0 -4 a) 
03 Nu) .4 • • 	. • 	• 

8 O t clg 
• a 	• 	• 
a 

00.4 in 
000 NV • • 	• 	• Ai 

• ' 	. 

94).1."01 • • 	• 	• 

la ON r3 r2,;" 
COW Irl" • • 	. 	• 

0 0'47i 0 OW 1--.4-5 
• • 	11 	O e-I 

. 

8. filt 2  • 
• a 	IA ir-f 

g r.1"M • • 	• 

..0 . .4 N. 
 co to N.  . 	• 	• 

I
U

da
y  

m
is

ec
  I

  

, 

0 mix) 0.• 

. 

0 en0 al 0 fl'.2 171 0 r'.8.0 • 

ro 

O 

✓  

O 
Inv  

.• 

• 

a 

a 
H' 

LI1U3  
COCOIX)O•0 

N 
 tO CO • • • • • • 

.41/110 NCO 
017C000C003 • • • • 

04.1 1,11,0 
co co 03 au 
II • • • • 

N N 17 tr11.0 
CO CO CO CO CO 

• • • • • 

OrIN•41.1) 
V10 $0 00 03 03 

• .0 • • • 

RP .• • ETala • • 	• 
(1

• 

0 	•-• cct 1'5 Nal to • 
• • • • or 

UTZ 1••• 01.-4 
• 

▪ 

• • • • 

14. ts l'••• 44 tn t% 
• • • • . • 

.•• • ••• 
■715151  

• • • • • 

• in N.00 
,45 

• • • . 

ilfrinC04 • • • • 

V v1 to Ij)1 • • • • • 

‘43 	or, r4 V 44 44 MO 
• I • • • 

r) CNN 44  
• • • 
4i V II ) 

O V 
0 

t. 

It 

A 

61 



nto • • • . . • • • • . • • • • • CO ChCf112% 	o 	•-“,4 c•4 mr) r-1 
inco 0 elm • • • ...von IA " ..... 

• W 0 V CO N f••• •-■ inn 

V 

0 

O 
z 

fa
l R

  a
d 

tes
ti

  

ir 
m .01 	 t ',--- 

ND . 	c.-  
to • ✓a ko w 

N. 0", 

VD • .4 

11 

r41 

N • 
N 

to 

v. • 1.4 N N 

0 

N 

U) 
•••• 

E 

O 

0 

011 

C 
. 

• 

to 

1. 

CO • 
O 
.1111 

0 
O 

6 

	

(-) esi c.4 ••• 	lr) .4 Pico to try  .  • 	 •  . 	. •  • .  . 	 • • •  •  • c.  o•   
  - 

	

03mopcoco 	r-•N.Nt.4)to10  v•44,410 4   
cr•00.-IN enNN-40 Out 	Nototn„.,„ • • • • • 	. • • • • • • • . • • 	. Nes 	1"-• r••• 	t••• 11... NA.° leo %0 tO 	tO IA tr. in 1-1 ,4 ...... 

NV11)1.0h 03 co a3 co on mco.  r.4, ins*  
ui u; ui 	ui in min  (..ri tr.,1 Il u; 

0 .41^.0 ,4 NON•41,. Cr“-IrlInt% 	Ch 	iN4 'WO ••••• ••••• .0•,.. PIN 	N el 1.1 mom r7.4.2.4.1%t  :14,ilt.Luntnirt e•11 ri v-1 .4 	r 
• r103 Nto •-4 0,N1.15 0 MI 01N LnN r) •••••• • • • • • • • • • • • • • • • • Nics ON al 000.4.4  NNNNel  c71.7VV.t V4  
.01.110 N r•-• •41.0•4 V,1O ,4C0 Nia 0 •4  

••••• C) 0.4 e4incle1.4 . . . .. 

• :43  "4  In 0 tn Cr: el t.7.11.9 Ooh-tan   CO r4 %t co • • • • • • 411•119• N 	c0 • c0-0:• (7. 0 0 •-.1 ••• N N 	r, run 

	

v-I 	 ••I ra 
N r•4 In 01 V) 0 MD ONtnhO N 	Ch•••

• 
• • •oeh woe WS • 

cnol000 	 czul r..) .3 	vivi .4 5.4 w4 
N OCID 0 r) W O•+N17y IlUIto1.Ohh  64 	 NU1111U1N In too 	u; 

Nc0.0 N,  V .tV tflul Irtul,4 4h r).'4 	p.m 
•otAkoko•o• 1.0t01.Dt01.p 1.ti1.3I1.OuitAti., 

	

a, chco co Do N•to 0.4 r) 01r,u3 	to Ion o . •  
ht

•
t
•
hh 
 • . • ••••••• 	0•••• 	I••••• 

	

r.r. 	r...to v3 to up up tnuun r4 	 
'1 	W N otOt.0:irs, 	ocows.levo 4-1 	In 	N c4 	N C4••••••■■•41-4 •-■ 

r•• •410 NCO r) co en N. cv 1■••-•ko 0 In 01 r) • • • . • . •••• ••••• •••••• ow r•• h co co 01 cr, o o 	N N  N no 

	

s.1  	si pi 0.4 /Pt 

01/101(10 I10,Mh.4 W 0 •4 fl.W CrIC•1003 • •••• 	see• • 	.5040 	• • • • • • r..03 03 a% moup 0.-s 
• 

.-INNN rIC1•74•41n  

	

9.1 ••• 	 
g3 CD VI CO N 	0 MO 0 rAD 011.-11 osi INC) 0 1.16 •../ •■••••• ••••.5 	I      e•I• 151015c,0o0•• 	p 	n 	rl 	 1 	N1 	unn mo 	

 
we .4 r4 ••• 

1/1 CO 	.. U11.0 CO ON Q Csj clement") ri • • • . • 	404. 
N N 	•4 '4 .4.4 .; V 	tri IA LA 	IA u; Lyn  •••• •••• •■• 
Nt1VUltp NhN.UOcO mica N. nto In N Gun 
lWInb1n1n 'Au; intriu') tnulUlm m uitriv;Iii4 

1.-.to to to r-k0 0.1 Ti tAr■ all r) Cnkt, r)  
GuiGu!ski; v:;u:;%r;%A.1:; vim:Mt/ILA u1ji4 
• N N r-4  0 0.  9 r•••  W. 	CAI-% r) 0 tr.! 
h. 	 ht.° %.1%.0 %0 	watt 1411/1tnald•4 4ti  1r4 •-• 
.4 ...I V trnfi I1 I1 v v rs ti 000 t-•• 	"I 
tA Li; ko%.8 kt;  ‘Zo.c; kl3 42\0 %.4.) k V; 11;t1; LI:W.111W .1 
r1tohcOO NP)r)Vtl 1.0 43 la N hodiflr)1.7  
• .1.4 to all Ul U Lou) u 111.1 to tl1 to LALA,Auitliui 
• W •-• V c0 	1-• 	 c•-) r ) ..$ tnt0 r. ••••• .•.., •-•••-t N N  rst 	 411; Anuivittiuiul 

*4 014 Ch cl co cl N • . ••• S•••• ‘40 t--.1.-•to co en al 0 _ 	•••• p•I 
rozos4c0 rykorpro.c) 
•-• N (4 In r2 •;; 

RAG uh: r: co co 0; a;.sis 
rico rico r) to7 t.4 r...70.0 0 %/CO N 	O'4OpNL1p1. 
tr1u11O40 h rZtOtd; cAcA 6 6 6 .4 .:  c4 44141-iv; 

•••••• 

A 

62 



ko 
O 

A 
O 

E V 
.41 
tl 

oN  

CO 
0 

V 

0 

tw 

0 

N 

V 

us 

✓ 

0 

g 

0 

V 

g 

CO N 

‘43 N 

15
.0

  
1

5
.4

 15
.9

  1
6

.3
'1

6
.7

  1
7

.2
 1

7
.7

  1
8

.1
  

11
.0

  1
1

.4
 11

.7
 

U 

ra 

0 

z 

9 

0 .-4 

rl 

N 
✓-I 

• 

N 
▪ • 

• 

r's e-4 

e-4 • 

Ln 
• 

t.0 
• 

03 
a 

• 

0 

A 

g 

N 

N 

‘.0 

.-4 

O • 

01 

• 

10 

tn`n  
• 

9 

01 
s-I • 

U") 

O .-4 
O 

0 • 1.4 

• 

• ' 
111 CP • 

N 

to • 

10 

tn • 

I 

to 
r 

• 

111 
0 

O 

cs 
01 

O 

r•I 
• 
0 

u 	to 
AI  - 	o.... 

t 	ti  
z . 	x 

U L. 
0 	41  

tr, 	, c,  io  
'4 	44 

• 
.i... 

.?... 	,, 

0 	u 
g . 

. 

k 
ild 

Z 

).■ 	u 

1  o 

: 
11 u  
to 

13, 	,g 
P4 	"4 

5 .--, 	•-+ 

.1 

r9c°""k9 
r-I 

P. :.:4 L;Z'  

N num . 	• 	• 
Vs VI .1i  

t. Ln N • • • 	• • 
Q :11Mf.4)!:44 

r.r.) &in 

• . 	.. 

. 

 • 	. 
: •44 : .. 4 

r) ul chr-va 

II 	II 	II 

N. o .--t 

. „-, ...1 e-114.-4 

kit:"'""4 

v4 ol 

.:Au;dicio,-1.-..-1 

9,1w.a:11̀ 90:9 

111.4....Ls1N.-4.-4 40 

OtnOr-rlot--qo .  

...4oWCCOlOr10 

tiQ0..NNdN6N 

csch0000000 
::::::I N 

t-.34,44444.-Id 

01c388.-14.-1.4r,i 

cr: cl ur: 9 
•-•1 I-I 9-1 9-4 .-I 

	

Vi 	.7.1 7-1 
. 	, 

r-oo co o o • • 	• 	. 	. 	. 
: :4 1;4 7- ti  74 =4., 

	

, 	s  . 

6 6  

o to to 'i fi o 

	

•• 	• • 	Si 	I 	• • 
trIM M44 

ri otko ei 0 

	

.-. 	‘.... 

• • 	• 	• 	• 	• 

• • 	• 	• 	• 	• 	a 
P 	! : %. 11 C:41  

01'1 N 9 

• • 	11 	• 	• 

rj tnko do at o 

.moi 104 e•-1 

1 	
. 

r%0 in1/40110 0 

er4I■11 .-.11 •••11 ri ri 

.. 

E t • i ri 
SU "d 	V -0 

-2 1 .ri 4  
0 L 1 	0 9 
7,4 In ..4 

. 
Ui g V•il  a tr- I)  9 L n  ° 

1 , 	t 

In 

0 

tl 

A 

63 



CHAPTER — 5 

ANALYSIS OF RESULTS 

5.1 General 

Parametric study has been carried out for making optimal conjunctive use of 

surface water and ground water. The present chapter analysis the results of sixteen run 

of computer, which has been presented in Tabular from in Table 5.1 to 5.16. The 

effect of variation of the following parameters has been studied. 

(a) Variation in cropping pattern when canal system is not existing. 

(b) Variation in cropping pattern when canal systems exist. 

(c) Variation in cropping pattern with 10% ground water mining. 

5.2 Variation in cropping pattern when canal water is not existing. 

The net annual benefit from surface and ground water irrigation systems have 

been analyzed in run — 1. 

Run 1 

Details of run -1 are given in Table 5.1 and presented in Fig.5.1. In this run 

the crop constraints in imposed are based upon the existing pattern of crops cultivated 

in the study area. The maximum values of net benefit from ground water irrigation 

works is obtained as Rs. 1325.92 lakhs. It is observed that full ground water draft has 

been utilized. 

5.3 	Variation in cropping pattern when canal systems exist. 

Run — 2 

Details of run -2 are given in Table 5.2 and presented in. Fig.5.2. In this run the 

crop constraints imposed are based upon the existing pattern of crops cultivated in the 

study area. The maximum value of net benefit from ground water irrigation works is 

obtained as Rs. 4317.35 lakhs. It is observed that full ground water draft has been 

utilized. Ground water withdrawal during the month of Jun., Jul., Aug. is not required 

as per optimal allocation due to surface water availability. The cropping intensity of 

113.33% has been achieved as per optimal allocation. 

Run - 3 
Details of run -3 are given in Table 5.3 and presented in Fig.5.3. In this Run 

the effect of increase in area under Rice, Sugarcane, Groundnut and decrease in area 
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under Wheat, Maize, Barley, has been examined. The maximum value of net benefit 

has increased to Rs. 6288.65 lakhs by 45%. It is observed that full ground water draft 

has been utilized. Ground water withdrawal during the month of Jun., is not required 

as per optimal allocation. The cropping intensity of 120.86 % has been achieved as 

per optimal allocation. 

Run - 4 

Details of run -4 are given in Table 5.4 and presented in Fig.5.4. In this Run 

the effect of increase in area under Sugarcane and decrease in area under Groundnut 

has been examined. The maximum value of net benefit has increased to Rs. 6381.23 

lakhs by 1.45%. It is observed that full ground water draft has been utilized and 

surface water utilized by 83%. Ground water withdrawal during the month of Jun is 

not required as per optimal allocation. The cropping intensity of 114.16 % has been 

achieved as per optimal allocation. 

Run — 5 

Details of run - 5 are given in Table 5.5 and presented in Fig.5.5. In this run the 

effect of increase in area under Sugarcane and decrease in area under gram has been 

examined. The maximum value of net benefit. has increased to Rs. 6427.88 lakhs by 

2.4 %. It is observed that full ground water draft has been utilized and surface water 

utilized by 86 %. Ground water withdrawal during the month of Jun is not required as 

per optimal allocation. The cropping intensity of 114.16 % has been achieved as per 

optimal allocation. 

Run - 6 

Details of run - 6 are given in Table 5.6 and presented in Fig.5.6. In this run the 

effect of increase in area under Rice, Sugarcane, Barley 4nd decrease in area under 

gram pea and groundnut has been examined. The maximum value of net benefit has 

increased to Rs. 6684.10 lakhs by 3.83 %. It is observed that full ground water draft 

has been utilized and surface water utilized by 85 %. Ground water withdrawal during 

the month of June & September is not required as per optimal allocation. The 

cropping intensity of 129.10 % has been achieved as per optimal allocation. 

4 
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Run — 7 

Details of run - 7 are given in Table 5.7 and presented in Fig.5.7. In this run the 

effect of increase in area under maize, and decrease in area under sugarcane has been 

examined. The maximum value of net benefit is obtained to Rs. 6684.00 lakhs. It is 

observed that full ground water draft has been utilized and surface water utilized by 

85 %. Ground water withdrawal during the month of June & September is not 

required as per optimal allocation. The cropping intensity of 141.66 % has been 

achieved as per optimal allocation. 

Run — 8 

Details of run - 8 are given in Table 5.8 and presented in Fig.5.8. In this run the 

effect of increase in area under sugarcane, by 4.5% decreased in area under Maize, 

Jwar, pea and Gram has been examined. The maximum value of net benefit has 

increased to Rs. 6933.00 % lakhs. It is observed that full ground water draft has been 

utilized and surface water utilized by 88 %. Ground water withdrawal during the 

month of June & September is not required as per optimal allocation. The cropping 

intensity of 120.65 % has been achieved as per optimal allocation. 

Run — 9 

Details of run - 9 are given in Table 5.9 and presented in Fig.5.9. In this run the 

effect of increase in area under sugarcane, decreased in 'area under gram has been 

examined. The maximum value of net benefit has increased to Rs. 6979.00 lakhs. It is 

observed that full ground water draft has been utilized and surface water utilized by 

87 %. ground water withdrawal during the month of June & September is not required 

as per optimal allocation. The cropping intensity of 118.45 %: has been achieved as 

per optimal allocation. 

Run — 10 

Details of run - 10 are given in Table 5.10 and presented in Fig.5.10. In this run 

the effect of increase in area under sugarcane, decreased in area under gram 

groundnut, potato has been examined. The maximum value of net benefit has 

increased to Rs. 7018.76 lakhs. It is observed that full ground water draft has been 

utilized and surface water utilized by 88 %. ground water withdrawal during the . 

month of June & August is not required as per optimal allocation. The cropping 

intensity of 108.12 % has been achieved as per optimal alldcation. 
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Run — 11 

Details of run - 11 are given in table 5.11 and presented in Fig.5.1.. In this run 

the effect of increase in area under potato by .3% decreased in area under sugarcane, 

by 0.5 % has been examined. The maximum value of net benefit has increased to Rs. 

7097.10 lakhs. It is observed that full ground water draft has been utilized and 

surface water utilized by 86 %. Ground water withdrawal during the month of June & 

August is not required as per optimal allocation. The cropping intensity of 109.92 % 

has been achieved as per optimal allocation. 

Run — 12 

Details of run - 12 are given in table 5.12 and presented in Fig.5.1.. In this run 

the effect of increase in area under groundnut by 6 %, sugarcane by 2.3% decreased in 

area under potato by 6 % has been examined. The maximum value of net benefit has 

increased to Rs. 7455.40 lakhs. It is observed that full ground water draft has been 

utilized and surface water utilized by 88 %. ground water withdrawal during the 

month of June & August is not required as per optimal allocation. The cropping 

intensity of 115.64 % has been achieved as per optimal allocation. 

Run — 13 

Details of run - 13 are given in Table 5.13 and presented in Fig.5.1.. In this run 

the effect of increase in area under Potato by 6 % decreased in area under sugarcane 

by 2.3% has been examined. The maximum value of net benefit has increased to Rs. 

7477.72 lakhs. It is observed that full ground water draft has been utilized and 

surface water utilized by 89 %. ground water withdrawal during the month of June is 

not required as per optimal allocation. The cropping intensity of 116.11 % has been 

achieved as per optimal allocation. 

Run —14 

Details of run - 14 are given in Table 5.14 and presented in Fig.5.1.. In this run 

the effect of increase in area under sugarcane decreased in area under potato has been 

examined. The maximum value of net benefit has increased to Rs. 7517.44 lakhs. It is 

observed that full ground water draft has been utilized and surface water utilized by 

86 %. ground water withdrawal during the month of June is not required as per 
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optimal allocation. The cropping intensity of 111.17 -% I has been achieved as per 

optimal allocation. 

Run — 15 

Details of run — 15 are given in Table 5.1 and presented in Fig.5.1. 5. In this 

run the effect of increase in area under potato groundnut decreased in area under 

sugarcane has been examined. The maximum value of net benefit has increased to Rs. 

7522.35 lakhs. It is observed that full ground water draft has been utilized and 

surface water utilized by 86 %. ground water withdrawal during the month of June is 

not required as per optimal allocation. The cropping intensity of 117.04 % has been 

achieved as per optimal allocation, 

kun - 16 

Details of run — 16 are given in table 5.16 and presented in Fig.5.1. In this run 
- 	I 

the effect of increase in area under potato decreased in area under sugarcane has been 

examined. The maximum value of net benefit has increased to Rs. 8013.00 lakhs. It is 

observed that full ground water draft has bden utilized and surface water utilized by 

86 %. ground water withdrawal during the month of June is not required as per 

optimal allocation. The cropping intensity of 127.28 % has been achieved as per 

optimal allocation. 
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Chapter — 6 

Conclusion and Scope for Further Study 

- 6.1 General 

This chapter deals mainly with conclusion derived and scope for 

further study for the study area. 

62 Conclusions and suggestions 

In this study present cropping pattern of chandok branch canal 

command. has been studied in comparison to the cropping pattern in the area 

before introduced of canal water. Optimal cropping pattern to maximize the net 

benefit from the area is suggested on the basis of water requirement, crop area, 

and socio-economic constraints. 

The optional conjunctive use of surface and ground water has been made.. 

The maximum value of net annual benefit from the surface and ground water 

irrigation resources along with the monthly optional releases of surface and 

ground water and the optimal area allocafion to the crops has been evolved on 

the basis of existing cropping pattern with surface water and ground water 

draft. From the present study following conclusions may be drawn. 
• 

(1) 	Present cropping intensity in the. command is 113.33% constituting rice 

(24.87 %), wheat (34.82 %), Jwar (17.9 %), & sugarcane (16.3 %) as 

main crops. 

(ii) 13.33 % of increase in cropping. intensity is achieved after introduction 

of canal water in the area & this has (or increased production by 1.3 

Tonnes to 2.1 Tonnes). 

(iii) Area under rice crop in the command is limited to 24.87 % due to the . 

introduction of sugarcane as a cash crop, & poor agricultural Extension 

service. 

(iv) The optimal cropping pattern gives the net annual benefit of Rs 4317.35 

may increased to Rs. 7097.84 lalths considering Socio-economic 

constraint i.e. by 64.48% 
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(v) When 10% ground water mining is allowed it is observed that net annual 

benefit increases to Rs. 7517.44 lakhs. 

(vi) When surface water i.e. canal•system is not exist the net annual benefit is 

Rs. 1325.92 lakhs. 

Conclusions based on observation in the study area 

(vii) The farmer does not distinguish between irrigated and unirrigated areas 

i.e. crop cutting experiment, Yield data are not available. 

(viii) Farmers should know about proper irrigation adequate input supplies, 

fertilizer seed, pesticides current cultural practices. 

(ix) Agricultural extension service should be effective. 

(x) Cropping pattern in head/ middle/tail 'reach should be according to the 

availability of water. 

(xi) Need training for farmers as well as lower level staff of project. 

(xii) Hybrid seed should be supplied to the farmers. 

(xiii) Marketing, storage and processing facilities should be improved. 

6.3 	Scope For Further Study 

(i) The present analysis has been carried out on a small area of •chandok 

branch canal . system which can be extended to cover EGC command. 

(ii) The present study has been carried out using linear programming 

Algorithms. But in nature no event behaves linearly so to incorporates the 

non linearly of the problem some other .operatikin research technique may 

be used e.g. etc. 
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APPENDIX -1 
	

App 1 -1.1 . 

Variables Name 	Description of 
Item 

 Variables Name  Description of Item 

Crops (Ai  i =1,2-12) Canal Diversion Month (Ci,i=1,2, 	12) 

x1 Rice X13 January 

x2 Wheat • X14 February 

x3 Maize X15 March 

x4 Barley X16 • April 

x5 Jwar X17 May 

x6 Gram • X18 June 

x7 Pea X19 	1  July 

x8 Groundnut X20 August 

x9 Potato - 	X21 September 

x10 Berseem X22 	'' 	I ' October 

x11 Bajra X23 *November 

x12 Sugarcane X24 December 

Groundwater pumping in the month 	(G,, I =1,2 	 12) 

X25 January 	 - 

X26 February 

X27 March 

X28 
,- 

April • 

X29 • May 

X30 June 

X31 • July 	 . . 

X32 
, 	. 

August 

X33 September 

X34 October 	 I 
X35 November • . 

X36 December 
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APPENDIX — 2 	 App 2 —1/1 

OBJECTIVE FUNCTION 

Max. (Net Benefit) 

(PiYj  - Ei)Aj  -[qcc 	CG  ±domq GomGoi 

Max. [( 16653 X1 + 16385 X2 + 10957 X3 + 12750 X4 + 10880 X5 + 13519 X6 + 12095 

X7 + 15921 X8 + 41173 X9 + 15043 X10+ 14361 X11 + 104142 X12) 

— ( 6074 X13 + 6074 X14 + 6074 X15 + 6074 X16 + 6074 X17 + 6074 X18 + 6074 X19 

+ 6074 X20 + 6074 X21 + 6074 X22 + 6074 X23 + 6074X24) 

- (3233 X25 + 3233 X26 + 3233 X27 + 3233 X28 + 3233 X29 + 3233 X30 + 3233 

- X31 + 3233 X32 +3233 X33 + 3233 X34-+ 3233 X35 + 3233 X36) 
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APPENDIX - 3 
	

App. 3- 6/1 

CONSTRAINTS EQUATION'S 

(A) CROP AREA CONSTRAINTS 3(A) 

Sum of are under various crops is a month cannot exceed the total 
irrigated area available for cultivation. 

5T A  For each month 
J -1 

1. 1.0 X2 + 1.0 X4 + 1.0 X6 + 1.0X7 + 1.0 X9 + 1.0 X10 + 1.0 X12 s 17415 

2. 1.0 X2 + 0.33 X4 + 1.0 X6 + 0.42 X7 + 1.0 X9 + 1.0 X10 + 1.0 X12 s 17415 - 

3. 1.0 X2 + 0.22 X6 + 1.0 X10 + 1.0 X12 s 17415 

4. 1.0 X2 + 0.50 X10 + 1.0 X12 s 17415 

5. 1.0 X12 s 17415 

6. 0.50X1 + X12 s 17415 

7. 1.0 X1 + 0.13 X3 + 0.50 X5 + 0.48 X8 + 1.0 X12 s 17415 

8. 1.0 X1 + 1.0 X3 + 1.0 X5 + 1.0 X8 + 0.80 X11 + 1.0X12 s 17415 

9. 1.0 X1 + 1.0 X3 + 1.0 X5 + 1.0 X8 + 1.0 X11 + 1.0 X12 s 17415 

10. 0.40 X1 + 0.35 X3 + 0.50 X4 + 1.0 X5 + 0.26 X6 + 	X7 + 1.0X8 + X11 

+ X12 s 17415 

11. 0.35 X2 + 1.0 X4 + 0.50 X5 + 1.0 X6 + 1.0 X7 + 0.39 X8 + 0.70X9 + X10 + 

0.46 X11 + X12 s 17415 

12. 1.0 X2 + 1.0 X4 + 1.0 X6 + 1.0 X7 + 1.0 X9 + 1.0 X10 + 1.0 X12 s 17415 

3(B) App. 3 - 6/2 
(B) CROP WATER REQUIREMENT CONSTRAINTS 

13. 0.131 X2 + 0.067 X4 + 0.14 X6 + 0.07 X7 + 0.12 X9 + 0.14 X10 + 0.07 X12 - 

1.0 X13 -1.0 X25 s 0 

14. 0.167 X2 + 0.16 X4 + 0.14 X6 + 0.14 X7 + 0.08 X9 4-'0.2 X10 + 0.1 X12- 
r 

1.0 X14 - 1.0 X26 s 0 
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15. 0.117 X2 + 0.03 X6 + 037 X10 + 0.16 X12 - 1.0 X15 - 1.0 X27 s 0 

16. 0.009 X2 + 0.24 X10 + 0.19 X12 -1.0 X16- 1.0 X28 s 0 

17. 0.35 X12 - 1.0 X17 - 1.0 X29 s 0 

18. 0.046 X1 + 0.45 X12 - 1.0 X18 - 1.0 X30 s 0 

19. 0.76 X1 + 0.001 X3 + 0.012 X8 + 0.31 X12 1.0 X19 - 1.0X 31s 0 

20. 0.44 X1 + 0.14 X3 + 0.23 X5 + 0.086 X8 4- 0.14 X11 + 0.33 X12 - 1.0 X20 - 

1.0 X32 's 0 

21. 0.52 X1 + 0.15 X3 + 0.39 X5 + 0.21 X8 + 0.21 X11 + 0.42 X12 - 1.0 X21 - 

1.0 X33 s 0 
- • 	- 

22. 0.31 X1 + 0.05 X3 + 0.03 X4 + 0.26 X5 + 0.01 X6 + 0.17 X7 + 0.2 X8 + 

0.31 X11 + 0.24 X12 1.0 X22 - 1.0 X34 s 0 

23. 0.15 X2 + 0.07 X4 + 0.05 X5 + 0.06 X6 + 0.14 X7 + 0.02 X8 + 0.1X9 + 0.19 X10 

+0.06 X11 +0.15 X12- 1.0 X23 - 1.0X35 s 0 

24. 0.08 X2 + 0.16 X4 + 0.1 X6 + 0.09 X7 + 0.15 X9 + 0.16 X10 + 0.1 X12 - 

1.0 X24 - 1.0 X36 s 0 

App. 3-6/3 

(C) GROUND WATER PUMPING CONSTRAINTS 3(C) 

The total ground water pumped in each month in a year should not 
exceed the ground water recharge. 

25. 1.0 x25 + 1.0 x26 + 1.0x27 + 1.0 x28 + 1.0 x29 +ILO 430 + 1.0x31 + 1.0 x32 + 

1.0 x33 + 1.0 x34 + 1.0 x35 + 1.0 x36 s 6146 	 Case I 

	

12729.00 H.M. 	Case H - 

Recharge calculation 	 App - 3 6/4 

Case I - when surface water is not available ( i.e. canal system is not 

existing) 
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(A) Recharge due to rainfall 

Recharge factor for study area 

Area under study 

Average Annual rainfall 

Recharge due to rainfall 

0.2 

37490 Ha. 

0.465 

0.2*37490*0.465 
3486.57 ha-m 

(B) Recharge due to irrigation 

- 	Total draft 
	

2440.40 ha-m. 

Water Recharging 30% 
Recharge due to irrigation water 

(80% water Recharging) 

Total Recharging 

. 732.12 ha-m 
585.89 ha-m. 

= 3486.57+585+2440.40*,85 
6146.53 ha-m 

Case II — When canal system is existing 	 App 3-6/5 

(a) Recharge due to rainfall 	= 	3486.57 ha-m. 

(b) Recharge due to Irrigation 

Total withdrawal from ground 	= 	2440.40*0.85 

Water Available at outlet 	 17407.35 ha-m 
(70% water available at head of outlet) 

Total water available for irrigation 	3486.57 + 2074.34 
+ 17407.35 =22968.26 ha-m 

Water Recharging 	 6890.478 ha-m. 
(30 % of available water) 

Recharge due to irrigation 	 5512.38 ha-m. 
(80% of water rechargihg) 

109 


	WRDMG12223.pdf
	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	References


