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ABSTRACT 

'Irrigation is important for agricultural production, specifically in arid and semi arid 

regions where rainfall is inadequate to sustain crop growth. Nov a day, it has become 

essential for increasing and stabilizing the production to feed the ever increasing world 

population. The world has experienced a large investment in irrigation sector, more 

particularly in the past few decades, and irrigated areas almost doubled. Since the water 

resources have become increasingly scarce, more water is likely .to be diverted from 

agriculture to meet human and urban consumption requirements in near future. 

The frequent water shortages, farmers often facing deficiencies in water deliveries due to 

poor management of available water have resulted in reduced yields and incomes. Both at 

the system and farm levels, there exist a range of problems that abate reduce the benefits 

of irrigation investments significantly. On the other hand, the excessive use of water has 

also led to a range of environmental problems such as,waterlogging, leaching of agro-

chemical, and consequent groundwater pollution. 

Irrigation scheduling is a basic tool to improve water use efficiency, and enhance yields, 

and to maintain the quality of soils and ground water as well. The research results over 

the past decade have led to enhanced knowledge on plant-water relations useful for 

judicious irrigation management and, in turn, the improved water use efficiency. 

This study is primarily aimed at to determine crop water requirements and irrigation 

water requirements to suggest a suitable cropping pattern for command area of Way 

Sekampung Irrigation Project, an agricultural improvement scheme. To this end, the 

available CROPWAT program which is a decision support system developed by the land 

and water development Division of FAO was employed. This program is able to compute 

reference evapotranspiration, crop water requirement, and crop irrigation requirement; to 

develop irrigation schedules under various management conditions and scheme water 

supply; and to evaluate rainfed production and drought effects and efficiency of irrigation 

practices. The present analysis however attempted to study the effect of various 
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ABSTRACT 

governing factors, such as stipulated irrigation efficiency, staggering of planting date, 

irrigation scheduling option, maximum infiltration to soil, maximum rooting depth, on 

field water supply (FWS). The last three factors were found to have insignificant 

influence on the computed field water supply. The sensitivity analysis showed FWS to 

decrease with increase in irrigation efficiency. The rate of decay of FWS increased 

significantly as the date of plantation shifted from November 15 to. October 15. Since 

both the factors equally affected the FWS, the judicious consideration of either or both of 

these can lead to enhancement of irrigation output with reduced water supply. 
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CHAPTER I 

INTRODUCTION 

1A.GENERAL 

Irrigation is essential for agricultural production in arid and semi arid regions where 

rainfall is inadequate to sustain crop growth. Indeed, in more humid areas irrigation 

has now become the primary tool to increase and stabilize agricultural production in 

t  view of uncertainties of rainfall and frequent droughts, and to feed the ever increasing 

world population. 

Worldwide, large investments in irrigation engineering works have been made over 

the past decades and irrigated areas have almost doubled. Water resources have, 

however, become increasingly scarce and the competition for good quality water is 

forecast to divert more water from agriculture to human and urban consumption. 

Water shortages have become more frequent and farmers often face deficiencies in 

water deliveries, resulting in reduced yields and incomes. Furthermore poor 

management of available water for irrigation, both at system and farm level, has led 

to a range of problems and further aggravated water availability, and has reduced the 

benefits of irrigation investments. 

Excessive use of water has also led to a range of environmental problems such as 

waterlogging, leaching of agro-chemical and consequent groundwater pollution. 

Salinization of soil and ground water resources due to inappropriate water use is 

threatening large areas of productive irrigated land. 

Irrigation scheduling is the primary tool to improve water use efficiency and raise 

yields and it will in turn lead to higher incomes and greater availability of water 

resources, and provokes a positive effect on the quality of soils and ground water. 

Research results over the past decade have importantly improved our knowledge on 

plant-water relations and provided a large number of tools which can potentially 

enhance irrigation management and substantially improve irrigated crop production 

and water use efficiency. Despite considerable efforts to promote the introduction of 
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INTRODUCTION 

modern irrigation scheduling tools, their application in practice has so far fallen well 
below expectations. 

1.2. NEED OF IRRIGATION SCHEDULING 
Irrigation is essential for food production to overcome deficiencies in rainfall and to 
stabilize agricultural production especially in arid and semi-arid areas. The food 
requirements of an ever-increasing world population necessitate higher agricultural 
production, a large share of which comes from irrigated lands. The availability of 
water resources for irrigation has become a severely limiting factor, leading to 

reduction in irrigated agriculture. 

Extensive engineering programmer have been undertaken worldwide not only to 
make available the large amount of water required for irrigation but also for other 
purposes, such as urban and industrial use. At present approximately 80 % of all the 

available fresh water supply is used for agricultural and food production. The demand 

for water of good quality has accordingly increased tremendously in the last decade. 

The efficiency of water in agricultural production is, however, low. Only 40 to 60% 

of the water is effectively used by the crop, the remaining water is lost in the system 
in the farms and on the field, either through runoff to the drainage system or by 

percolation into the groundwater. Part of the lost water can perhaps be recovered, but 

additional cost will be incurred. 

Poor management of irrigation water is one principal reason for this low water use 

efficiency in irrigation. The inadequate and often unreliable water deliveries in the 

main system cause farmers to face regular shortages in water supply, resulting in 

reduced yield and incomes as well as in much smaller areas being irrigated than 

originally planned. At field level, inappropriate field layout and mismanagement 

leads to further water losses and reduced yields. 

Irrigation scheduling is the process to decide when to irrigate the crop and how much 

to apply. It forms the sole means for optimizing agricultural production and for 

conserving water and is the key to improving performance and sustainability of the 

irrigation system. It requires good knowledge of the crop water requirement and of 

the soil water characteristic that determine when to irrigate, while the adequacy of the 
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irrigation method determine the accuracy of how much water to apply. In most cases, 

the skill of farmers determines the effectiveness of the irrigation scheduling at field 

level. As such the appropriate irrigation scheduling should lead to improvements in 

yield and incomes, result in water saving and, in turn, increase the availability of 

water resources and should have a positive impact on the quality of soils and ground 

water. 

1.3. OBJECTIVE OF THE STUDY 

The main objective of the study is to determine crop water requirements and 

irrigation water requirements, suggest a suitable cropping pattern, and schedule 

irrigation for the command area. 

1.4. SCOPE OF THE STUDY 

The basic components of the proposed study area are: 

1. It deals with introduction of the issues and statement of the objective, scope and 

study area. 

2. Analysis of crop water and irrigation water requirement for the command area of 

Way Sekampung Irrigation Project. 

3. Study of irrigation practiced with the existing cropping patterns in the command 

area of Way Sekampung Irrigation Project. 

4. Application of computer software "CROPWAT" for irrigation scheduling. 

5. Analysis for different irrigation scenarios with varying cropping pattern and other 

governing parameters. 

1.5. ORGANIZATION OF DISSERTATION 

This thesis is composed of the following six chapters: 

Chapter I: 	Introduces the need for irrigation scheduling, objective of 

irrigation scheduling study, scope of study and organization of 

dissertation. 

Chapter II: 	Deals with literature review of the approaches available for 

improvement of irrigation scheduling. 
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Chapter III: 	Bounds description of the Project Area and outlines the present 

conditions of Way Sekampung Irrigation system. 

Chapter IV: 	Deals with the methodology adopted for irrigation scheduling. 

Chapter V: 	Presents the analysis and discusses the results of derived from 

"CROP WAT"application 

Chapter VI: 	Summaries and Concludes the study. 
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CHAPTER II 

• LITERATURE REVIEW 

2.1 GENERAL 
Irrigation scheduling is a part of water distribution planning in the command area of 
an irrigation project. It is an important aspect of irrigation project planning but 

generally ignored in project preparation stage. While analyzing irrigation 

development during the project life, it is important to consider likely water deficit 

condition, resulting in yield reduction, and plan for irrigation scheduling to manage 

water deficits at micro field and macro project level. 

During operation stage, conventional procedure of water distribution planning is to 

prepare a roster of regulation for canal network specifying discharge and running 

days for each segment of canal network. It is prepared at the beginning of a crop 

season and published for the information of farmers. Modification in the roster is 

made if there is unexpected rain or other reason beyond control. 

During project preparation stage irrigation scheduling is 'accounted for in terms crop 

type, number of watering and depth of irrigation. Thus, there is a lot of subjectivity in 

assessment of demand and the procedure for meeting the spatially distributed 

irrigation demand. With availability of software such as CROPWAT and others, it is 

possible to carry out irrigation scheduling and water distribution planning in more 

scientific manner. 

2.2 CROP PLANNING 
The objective of crop planning is to evolve a cropping pattern, which maximizes.the 

socio-economic benefits of irrigation. Cropping pattern means the proportion of area 

under different crops at a particular period of time. A change in cropping pattern 
means a change in the proportion of area under different crop. Canal operation 

schedule is based on cropping pattern and crop water demand. Development of a 

realistic cropping pattern needs no emphasis. With introduction of irrigation water, 

farmers go for their own selection of crops. 
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Correct evaluation of economic, social and ecological factors (rainfall, temperature, 

soil etc) is necessary to make the crop planning realistic. A designed cropping pattern 

should have a fair chance of being implemented in field. A too ambitious or 

pessimistic design can throw the planning machinery into disarray and cause lot of 

confusion and manipulations at the implementation stage. Factor influencing a 

cropping pattern and source of information are briefly explained in table 2.1 

2.2.1 Cropping Pattern 

With assured irrigation, farmers tend to adopt commercial crop (cash crop). Wide 

discrepancies have been observed in design cropping pattern and actual cropping 

pattern. 

Irrigation demand, planning and design of irrigation facilities and economic 

feasibility of the project as a whole depend upon the designed cropping pattern. 

Actual cropping patterns are drastically different from the designed cropping patterns 

for several project commands in Indonesia indicating serious deficiencies in socio-

economic survey/investigations during the planning stage. Economic considerations, 

unreliability and inadequacy of water supply and lack of on-farm development work 

have mainly influenced adoption of particular cropping patterns by the farmers in 

these project commands. Several other input and support services are needed for 

realization of design pattern. 

2.2.2. Contingency Planning 

In the economic analysis of irrigation project, assume data on cropping pattern, crops 

prices etc., are pressured to be know with certainty. They are, however, not in the real 

world. Price and yields change, causing risk and uncertainty in the crop planning. 

Risk: Future outcome is not known with certainty, however, it is known what the 

future outcomes could be and probabilities associated with them. Examples of risk 

causing factors are hail, rain draught and floods and one can insure against these 

risks. 
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Table 2. 1. Factors & Source of Information for Crop Plannin 

ITEM REFERENCE ITEM WHICH IS 
INFLUNCED 

Rainfall 

National Commision on 
Agriculture's Report on State 
Rainfall and Cropping Pattern 

a. Type of crops 
b. Sciwing dates and 

harvesting dates 

Sunshine hours Pan 
evaporation Relative 
Humidity, Wind Velocity 

1. Metrology Departement 

2. Agriculture 	 . 
University/Research Stations 

3. Major Project Stations 

Crop Water Requirement of 

different crops in different 
forthnight 

• 

Soil and Topography 

1. National Bureau of Soil 
Survey & Land Use Planning 

2. State Agriculture 
Departement 

1. Type of Crops 

2. Frequency of Irrigation 

3. Method of Irrigation 

Communications 
Cultivated area, cash and 
tenant Ethnographic 
descripition) 

Socio-economis survey report Farmer's choice orientatsation 
of crop will be based on 
Socio-cultural factors. 

Communications 
cultivated area, cash and 
credit, availablity of farmyard 
manure, bullock power, 
holding size, education  

Socio-economis survey report Farmers choice of crops 

. 

Support price and market 
price of ceops 

Radio, Television, Newpaper and 
market survey's 	., 

Farmer's. choice of cash crops 
supplemental to hit.  - 
consumption need V 

Marketablity-means of 
communication District Planning Reports 

1. Farmers choice of crops 
which produce marketable 
surplus , 

2. Choice of perishable crops 

Locaton of Agro Industries District Planning Reports 

Crops required by and 
supported by the Industry 
will be preferred by farmers 

Agricultural & Animal husbandry 

Dept., Socio-economic survey 

Choice and extent of fodder 

crops 

Uncertainty: Manager is not aware of different outcomes and cannot assign any 

probabilities to these items. One cannot reasonably ensure against uncertainty (fire, 

wind, war, and political change). 
In every business there are risks but farming probably has more than its share. Heavy 
rains may damage some or all of the crops; a severe drought may burn them up. Right 

7 



LITERATURE REVIEW 

up to the day of harvest, a hailstorm may destroy them. Insects or diseases of crops 

may reduce the crop yields seriously or wipe it out entirely; likewise a disease of 

epidemic proportions may attack certain livestock and cause heavy losses. The 

magnitude of risks and uncertainties to which a farmer's fortune exposed is very 

large. Change of agricultural technology may make fixed assets become obsolete 

rapidly when whole new production systems are adopted. The government and other 

institutions can change tax laws, credit program and other factors relating to rain 

field/irrigated farming, causing, and uncertainty in crop planning. 

2.3 WATER REQUIREMENT 
Crop water requirement is defined as the quantity of water utilized by the plant during 

its lifetime; 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 areaThe consecutive steps involved in 

calculating net crop water requirement and the irrigation supply to supplement 

rainfall are given in Fig 2.1 and discussed below: 

2.3.1 Reference Crop Evapotranspiration (ETo) 

Reference Crop Evapotranspiration (ETo) represents the rate of evapotransiration of 

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

completely shading the ground and short of water. 

There are several methods of calculating ETo, the best review of these is provided by 

FAO Irrigation and Drainage paper No.24 "Crop Water Requirement". mean daily 

climatic data for 30 or 10 day periods. ETo is expressed in mm/day and represents 

the mean value over that period. The reported four methods, Blaney — Criddle, 

Radiation, Penman and Pan evaporation method, are modified to calculate ETo using 

the Primarily the choice of method must be based on the type of climatic data 

available and on the accuracy required in determining water needs. 
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Crop Water Requirements 

Decide cropping pattern 

Calculate Eto value using standard table 

Use crop coefficient from standard table 

Calculate ET crop mm/day 

Allow for land preparation (rice and wheat only) 

Allow for deep percolation (rice only) 

I Calculate evaporation from land preparation (rice Only)I 

Calculate total crop water requirements 

Calculate effective rainfall 

Calculate net irrigation requirements 

Irrigation Requirements 

Allow for field efficiency 

Calculate field irrigation requirements 

Calculate or assume conveyance efficiency 

Calculate intake water requirements (i.e.GIR)  

Fig.2.1. flowchart Showing Crop Water Requirement and Irrigation Requirement 
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Climatic data needed for the different methods are: 
Method Temperature Humidity Wind Sunshine Radiation Evaporation 

Blaney-Criddle * 0 0 0 
Radiation * 0 0 * (*) 
Penman * * * * (*) 

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 offers the best result with minimum possible error of 

plus or minus 10 percent in summer, and up to 20 percent under low The Pan method 

can be graded next with possible error of 15 percent, depending on the location of the 

pan. The radiation method, in extreme conditions, involves a possible error- of up to 

20 percent in summer. The Blaney-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 percent has been noted. The Penman method is 

recommended for crop water requirements in Indonesia. The form of the modified 

Penman method is: 

ETo = {W.Rn + (1-W).f(u).(ea-ed) } 	 (2.1) 

Where: 

ETo = Reference Crop Evapotranspiration. 

ea  = saturation vapour pressure at mean temperature in mbar ( .FAO, No 33, 

Table 9) (Appendix D). 

ed = actual vapour pressure ea  X RHmean / 100 (m bar). 

f(u) = Wind function 

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

W = Temperature and altitude dependent weighting 

R.= Total net radiation in mm/day or 

Rn  = Rs — Rnl where, 

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

From: 

Rs = (0.25 + 0.50 n/N) Ra 
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Ra = extra — terrestrial radiation in mm/day (Table 10, Appendix D) 

n = mean actual sunshine duration in mm/day 

N = maximum possible sunshine duration in hour/day (Table 11, Appendix D) 

Rn1 = net long wave radiation in mm/day and 

Rnl = f(T) . f(n/N) . f(ed) where, 
f(T) = function of temperature (Table 12, Appendix D) 

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

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

W = temperature and altitude dependent weighting (Table 15, Appendix D) 

C = adjustment factor for ratio U day/U night, for RH.), 

2.3.2 Crop Coefficient (Kc) 

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

coefficients (Kc) are presented to relate ETo to crop evapotranspiration (ET crop). 

The Kc value rates to evapotranspitration of a disease-free crop grown 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. 
Crop coefficients are given Table 2.2 for a range of crop length and planting dates for 

suitable varieties of most commonly irrigated crops in Indonesia. The crop 

coefficients are based on those provided in FAO Irrigation and Drainage Paper No.24 

adjusted for length of season where necessary. 	. 

2.3.3 Land Preparation Requirement 

For estimation of land preparation water requirement, "Irrigation Design Standard" 

. prepared by Directorate General of Water Resources Development, Ministry of 

Public Works, were referred to. A supporting report for these standard, "Irrigation 

Design Manual" Stipulates the procedure of estimation of land preparation water 

requirement as follows: 

LP = M ek  / (ek  —1) 	 (2.2) 

Where, 
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LP : land preparation water requirement (mm/day) 

M: Water requirement to compensate for evaporation and percolation of the fields 

already saturated, M = Eo + P. 

Eo : open water evaporation during land preparation, Eo = 1.1 x Eto 

k = M.T/ S 

T : land preparation period, 30 days 

S : presaturation requirement added with 50 mm water layer, 250 mm 

P : percolation : 3.5 mm/day in the rainy season and 4.0 mm/day in dry season. 

Table 2.2. Crop Coefficient 

Crop 

Crop Development Stage Total 
Growing 
Period Initial 

Crop 
Development 

Mid- 
Season 

Late 
Season 

At 
Harvest 

Banana 
Tropical 0.4-0.5 0.7-0.85 1.0-1.1 0.9-1.0 0.75-0.85 0.7-0.8 

Sub Tropical 0.5-0.65 0.8-0.9 - 1.0-1.2 1.0-1.15 1.0-1.15 0.85-0.95 
Bean 
Green 0.3-0.4 0.65-0.75 0.95-1.05 0.9-0.95 0.85-0.95 0,85-0.9 

Dry 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.75 0.25-0.3 0.7-0.8 
Cabbage 0.4-0.5 0.7-0.8 0.95-1.1 0.9-1.0 0.8-0.95 0.7-0.8 
Cotton 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.9 0.65-0.7 0.8-0.9 
Grape 0.35-0.55 0.7-0.8 0.7-0.9 0.6-0.8 0.55-0.7 0.55-0.75 

Groundnut 0.4-0.5 0.7-0.8 0.95-1.1 0.75-0.85 0.55-0.6 0.75-0.8 
Maize 
Sweet 0.3-0.5 0.7-0.9 1.05-1.2 1.0-1.15 0.95-1.1 0.8-0.95 
Grain 0.3-0.5 0.7-0.85 1.05-1.2 0.8-0.95 0.55-0.6 0.75-0.9 
Onion 
Dry 0.4-0.6 0.7-0.8 0.95-1.1 0.85-0.9 0.75-0.85 0.8-0.9 

Green 0.4-0.6 0.6-0.75 0.95-1.05 0.95-1.05 0.95-1.05 0.65-0.8 
Pea, fresh 0.4-0.5 0.7-0.85 1.05-1.2 1.0-1.15 0.95-1.1 0.8-0.95 

Paper, fresh 0.3-0.4 0.6-0.75 1.95-1.1 0.85-1.0 0.8-0.9 0.7-0.8 

Potato 0.4-0.5 0.7-0.8 1.05-1.2 1.85-0.95 0.7-0.75 0.75-0.9 
Rice 1.1-1.15 1.1-1.5 1.1 -1.3 0.95-1.05 0.95-1.05 1.05-1.2 

Safflower 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.7 0.2-0.25 0.65-0.7 
Sorghum 0.3-0.4 0.7-0.75 1.0-1.15 0.75-0.8 0.5-0.55 0.75-0.85 
Soybean 0.3-0.4 0.7-0.8 1.0-1.15 0.7-0.8 0.4-0.5 	. 0.75-0.9 

Sugar beet 0.4-0.5 0.75-0.85 1.05-1.2 0.9-1.0 0.6-0.7 0.8-0.9 
Sugarcane 0.4-0.5 0.7-1.0 1.0-1.3 0.75-0.8 0.5-0.6 0.85-1.05 
Sunflower 0.3-0.4 0.7-0.8 1.05-1.2 0.7-0.8 0.35-0.45 0.75-0.85 
Tobacco 0.3-0.4 0.7-0.8 1.0-1.2 0.9-1.0 0.75-0.85 0.85-0.95 
Tomato 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.95 0.6-0.65 0.75-0.9 

Watermelon • 0.4-0.5 0.7-0.8 0.95-1.05 0.8-0.9 0.65-0.75 0.75-0.85 

Wheat 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.75 0.2-0.25 0.8-0.9 
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2.3.4 Deep Percolation Losses 

Deep percolation losses are only explicitly considered in the calculation of 

requirements for paddy rice. In the case of dry-foot cfop deep percolation is indirectly 

allowed for in the field efficiency factor. 

The estimate of deep percolation losses for rice can have major impact on the overall 

calculation of irrigation requirements, and field measurements are desirable whenever 

possible. 

Percolation loss in the paddy field varies from place to place; the same values as in 

definite plan were applied in this study: i.e 3.5 mm/day in the rainy season and 4.0 

mm/day in the dry season. Rainy and dry season are defined as the periods from 

October through March and from April though September, respectively. 

2.3.5 Net Irrigation Requirement 

The elements in the calculation of the net irrigation requirement are: 

Paddy Rice: 

Net irrigationrequirement (1\IlR) = Crop evapotranspiration+ land preparation + deep 
percolation — effective rainfall 	.(2.4) 

Dry-foot Crops: 
Net irrigation requirement (NIR) = Clop evapotranspiratio(+Land preparation for maize, 

etc.) - Effective rainfall  
	

(2.5) 

2.3.6 Irrigation Requirement at the Headworks 
Assumptions on field and conveyance efficiencies are critical to the calculation of 

irrigation requirements. There has been considerable variation in estimates of these 

key parameters in past studies in Indonesia, with overall efficiencies ranging from 15 

to 65%. 
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2.3.7 Field Irrigation Requirement 

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 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) 	 -(2.6) 

2.3.8 Gross Irrigation Requirement 

Conveyance efficiency relates to the main and secondary canals and is dependent on 

seepage losses, management efficiencies and losses due to the rotation. Gross 

irrigation requirement (GIR)at the headworks or at the point of diversion, which 

include all field, 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 	 .(2.7) 

2.4 IRRIGATION SCHEDULING 

2.4.1 Factors Influencing Irrigation Scheduling 

Scheduling and hence water distribution planning is influenced by factors such as 

depth of root zone, extraction pattern, relation between moisture content, stress and 

crop yield. These are briefly described below: 

Development of root zone 
Effective root zone is the depth from which the roots of an average plant are capable 

of extracting soil moisture, which needs to be replaced by irrigation. 
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The rooting depth depends on the nature of the crop, but can be influenced by 

restricting conditions e.g. shallow soil layer, or high water table. The effective root 

zone depths of some of the more common crops are given below: 

Table 2.3. Effective root zone depths (on full development). 
Shallow rooted 60 

CMS 

Moderately deep 90 

CMS 

Deep rooted 120 

CMS 

Very deep rooted 180 

CMS 

Rice Wheat Maize 
1 

Sugar cane 

Potato Tobacco Cotton Citrus 

Cauliflower Groundnut Soybean Apples 

Cabbage Carrots Sugar beat Coffee 

Onion Beans Tomato Grape Vines 

Chilies Safflower 

The rate of development of root zone depth depends on the crop subject to the 

influence of soil-moisture and nutrients. Measurements at demonstration farm of IIT 

Roorkee showed the development of effective root zone for wheat by almost 1 

cm/day for the first 90 days, and negligible growth afterward (Singh, 1994). For all 

crops the general pattern is faster growth of root zone up to the flowing stage and 

considerably slower afterwards. 

Extraction pattern: 
When to irrigate and how much to apply are affected considerably by where and 

when water is removed from the soil by the plant root zone. A shallow rooted crop 

will require more frequent irrigation than deep-rooted crops, rooting data from 

irrigated crops grown in semi humid regions show considerably more water removed 

from the top 30 cm of soil than any succeeding depth while data of hot arid regions 

generally show less water removed from the first 30 cm than from the next lower 30 

cm. For normal irrigated soils the average patterns is given in Fig.2.2. 
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Extraction of soil moisture 
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Figure 2.2 Average extraction of soil moisture by plant roots 

Influence of stage of Rrowth  

The growth of all plants can be divided into three stages with regard to irrigation 

practice, vegetative, flowering and fruiting. During vegetative stage, consumptive use 

continues to increase. Flowering occurs near and during the peak of consumptive use. 

The fruiting stage may be further subdivided into parts; the wet fruit stage which 

follows flowering and the dry fruit stage. Dry fruiting is accompanied by a decrease 

in consumptive use until transpiration ceases and the plant is dead. Different crops are 

harvested at different stages depending on their utilization e.q. green fodder-and leafy 

vegetables at the vegetative stage, cauliflower at the flowering stage, tomatoes, green 

peas, sugarcane and other fruits at wet fruit stage and cereals, pulses, and cotton at the 

dry fruit stage. The amount of water applied and the frequency of irrigation must be 

adjusted to the actual consumptive use of the crop, water holding capacity of the soil 

and depth of rooting since consumptive use is at or near maximum during the 

flowering stage, care must be exercised to ensure adequate moisture in the root zone. 

The increased consumptive use is offset by increased depth of root zone, and 

frequency normally does not need to be increased. 

The root system is essentially extended to its maximum depth by the time fruiting 

occurs and the consumptive use has begun to decrease, reducing the fl water 

requirements of the crops and the frequency of irrigation. Adequate supply of 

25 

50 

75. 

100 

0 0 
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phosphorus and potash fertilizers should be present in the soil at this stage. During 

production of dry fruit, irrigation essentially ceases; the slight water requirements of 

the crop are met usually from the stored water in the soil. The last watering is 

normally given during the wet fruiting stage. 

Relationship between soil moisture content (SMC) and stress 
Soil moisture content is related to the soil moisture stress by the soil moisture 

retention function. A decrease in SMC generally results in an increase in stress. Soil 

moisture stress can be plotted against moisture content or against available water -

deficiency. The latter mode of plotting is more meaningful. Typical curves for 

different soils aieliiiittethin figf,:2.3-: It roaxilie.  860iitliatTor"thp:;Tsame soil moisture 

deficiency, the StreSs.is 'higher in clayey soil's andless in sandy 'Soil. 

Effect of soil moisture stress on yield 
To obtain optimal yield, the soil moisture should be so maintained that the plant is not 

under stress, particularly at the sensitive growth stages. The results in this respect are 

based on experimental data. Data for a few crops based on the work done in U.S.A. 

by Peri and Skogerboe is given below: 
Crop Maximum Soil Section (bars) 

Beans  ' ' 0:75 to 2.0 

Sugarcane . ''' - 	•1.• • 0.25.to 0.30 

, 	:. 	Potatoes, - 	• . 	. , 	i . 0.3.to 0.50,  • • 

Oranges , . 	,,   , 0.20 to 1.00 

Tomatoes  '_ -:',:? - . 	. 
0.80 to 1.50 

.• 	.. 

It is generally, accepted that up to 50,percent depletion of available capacity, the stress 

level is such that it does not have appreciable effect on yield. Also up to this much 

soil moisture depletion the actual evapotranspiration is only marginally less than 

potential maximum evapotranspiration. In the dry fruiting stage depletion up to 75 

percent is acceptable. Table 2.4 show the loss of yield of the wheat crop with delay in 

irrigation. 
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Fig 2.3 Retention curve for various types of soils 
Table 2.4 : Soil-clay loam-crop wheat. Zero stress yield 40 ql/ha 

Stag0 CroWn 	Rooting Flowering.  
Delay (days) 5 a 5 

Yield Ws) 37.5 31.8 	38.5 32.7 
% loss of yield 6.25 20.5 	 3.75 19 

likisitere coning 
The moisture deficiency A at a particular time is given by 

A = (Wf—W)*Z*yds 	 (2.8) 
Where, 	is the required water depth 

Wf is moisture content at field capacity as proportion of dry soil Weight. 
W is moisture content at the time in question 
Z is effective root zone depth and 
yds is specify dry unit weight of the soil. 

If W is the moisture content at wilting point, the deficiency is expressed as a 
percentage, P as below; 

iTo—  - f 	W)4 	W p  {1 
w — wp  

Wf rfp 
	(2.9) 

Mo
is t

ur e
  st

res
s  
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Equations (2.8) and (2.9) give the moisture deficiency to be made up by irrigation. 

Knowing soil properties, Wf, Wp and ids, the effective root zone depth Z, and 

permissible stress or permissible depletion, the depth of irrigation watering can be 

computed. Slight variations in actual technique are possible as follows: 

■ Continuously monitor soil moisture content or soil moisture stress in the root 
zone. Irrigate when moisture deficiency or stress reaches the maximum 

permissible limit. 
a Time interval to next irrigation, T, is estimated by, 

T= / Eta    .(2.10) 

Here Eta is the actual evapotranspiration per unit of time to be determined 

from pan evaporation measurement and crop factor at the stage of growth or 

. any other method. Assuming that last irrigation left the soil moisture at field 

capacity, daily loss can be computed by daily Eta, and irrigation applied when 

permissible deficiency is estimated to,have reached by such computation. 

Physiological growth stages 
Certain stages of plant growth are more sensitive to water requirement than others. As 

far as possible, there should be no stress as sowing stage. As an example for wheat, 

the critical stages and days after showing are as below: 

Stage for Wheat 	, No. of days from sowing Order of priority 

Crown rooting 20 — 25 1  

Tillering 40 — 45 4 4  

Jointing 60 — 65 3 

Flowering 75 — 85 7 2  

Milking 100 — 105 5 

Dough formation 115 - 120 6  

Thus, optimally six waterings are needed. As far as possible watering should be made 

to coincide with the more important critical growth stages, e.g. Crown rooting and 

flowering for wheat 
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2.4.2 Framework for Irrigation Scheduling 

2.4.2.1. Irrigation Scheduling Concept 

Burt (1996) suggested two concepts of irrigation scheduling: the agronomic concept 

and the water delivery engineer's concept. The agronomic concept of irrigation 

scheduling is to apply water to the crop in the correct amount and at the proper times 

to maximize crop production and/ or profit, while maintaining reasonably high 

irrigation efficiency. Maximum flexibility in delivery is required. Ideally, irrigators 

should have direct access to water so they can react adequately to change in the soil 

moisture situation, optimize their irrigation schedules and synchronize them with 

other on- and off-farm activities. However, this is not the case in most irrigation 

schemes. The often limited amount of available water has to be shared with others 

irrigators. Elected farmers, a water users association or an irrigation agency entrusted 

with the task of managing this limited amount of water for an equitable and efficient 

delivery. To plan under such circumstances for effective and efficient use of water, 

the irrigator and supplier require information on the actual irrigation needs and the 

time and amount of water to be supplied in terms of flow size, duration and interval. 

The water delivery engineers' concept of irrigation scheduling is to develop and 

implement a schedule of water deliveries which is compatible with the water delivery 

system's capabilities and constraints with the least amount of trouble. This means 

simple operation rules and procedures and results in limited flexibility. 

Whatever concept is applied, the success or failure of the irrigation system is 

determined by the supply of water to the individual farmers at the farm gate. This 

requires good communication between supplier and irrigator and a clear 

understanding of rules and regulations for acquisition, conveyance, delivery and 

distribution of water. Moreover, an accountability mechanism needs to be in place to 

ensure that these rules are obeyed. These rules are made in different forums. The 

irrigation agency develops a set of rules related to water allocation and delivery to the 

users or users groups. The users develop their own set of rules for distribution of 

water among themselves. A water users association (WUA) performs this function at 

the tertiary unit level in smallholder schemes where the number of farmers is large. 
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Often the field staff and farmers develop their own informal rules for water supply 

from the main system. 

The institutional concept of irrigation scheduling is to develop and implement a 
schedule of water delivery and distribution, which is based on a set of rules accepted 

and adopted by the supplier, the distributor and the User. These rules reflect the social 
and power arrangements among and within farming communities, their water right 

and capability to adjust the distribution of water to their socio-cultural situation. It is 

desirable to combine these concepts by developing water delivery and water 

distribution policies which are accepted and adopted by suppliers, distributors and 

users, and which extract the most flexible and reliable performance available from the 

water delivery system. The resulting rules will restrict the flexibility of water supply 

to the individual users and, hence, is the potential for flexible irrigation scheduling. 

2.4.2.2 The Framework 
In Fig 2.4. Showing an irrigation scheduling framework, three levels of operation are 

distinguished: the main system for water acquisition, conveyance and delivery to the 

tertiary units; the tertiary system for water distribution among farmers; and the field 

system for water application. Each of these levels has its own management authority: 

formal or informal group of organized farmers or water users; and the individual 

farmers, respectively water is delivered by the irrigation authority to a group of 

farmers who distribute this water among themselves or with accepted outside 

assistance. The scheduling practice thus completely depends on when, how and how 

much water is delivered by the authority and distributed by the farmer group. 

Irrigation development, especially in large schemes, is usually the responsibility of 

government agencies as part of an overall development plan with specific objectives. 

Within the framework of development, irrigation agencies are assigned to develop a 

physical and management infrastructure to deliver water at the interface with the 

users. Policy choices made at this' planning level are on water rights, cropping 

arrangements, water delivery arrangements, cost recovery, and system management. 

The group of water users will decide on their water distribution arrangements, how 

cost will be recovered and how they will manage their system. Individual farmers will 
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decide on crop selection, use of agro-input and labor, irrigation method, water 

application system and irrigation scheduling method. This choice is not made in 

isolation but an interaction will occur between various levels regarding their choice. 
Based on these options, an infrastructure will be chosen that fits their purpose and is 

accessible to them. Overall choice is based on the management environment, which 

includes legal, social, economic and institutional components. 

The policy choices of government, irrigation agency, farmers group and individual 

farmers are the first set of limitations on the potential of flexible irrigation 

scheduling. A second set of limitations is the translation of these choices into 

infrastructure, organization and rules and procedures to manage the infrastructure. 

The actual implementation can deviate considerably within the infrastructure, 

operation, maintenance and management rules, this demonstrates the rules-in-use and 

forms the third set of limitations. 
Policy choices are usually made at the beginning of irrigation development. Changes 

in policies usually require changes in infrastructure and organization. Here, a 

compromise has to be often made between the requirements posed by the new 

policies and the capability of the infrastructure posing an additional set of limitations. 

2.4.3 Application of Irrigation Scheduling 

2.4.3.1 Planning 
Application of irrigation scheduling start with a process of planning of what is 

desired and possible on both user supplier system levels. It decides upon which 

procedures and technologies are suitable given the aim and objectives formulated in 

the irrigation policies. 
Successful irrigation scheduling must be simple to understand and implement and 

acceptable from both the farmer and management personnel standpoints (Burt, 1996; 

Horst, 1996; Mangano, 1996; Hill and Allen; 1996; Tollesfson et al.,1996). 

and soil conditions are variable and dynamic. Irrigation scheduling programmers 

must be strong enough to withstand physical and human uncertainties (Burt, 1996). 
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Fig. 2.4 A Frame Work for Irrigation Scheduling 

Application of irrigation scheduling methods depends on irrigation policy choices, 

the level of acceptance of the planned methods by the operator and the farmers and 

the capability of the infrastructure. 
The main constraining factors in irrigation scheduling are water delivery and water 

distribution. Water delivery from the main system to the group of users is based on a 

set of policy choice, which relate to water rights, crop regulation, cost recovery and 

management. Based on these choices, an irrigation infrastructure is developed which 

consists of the hydraulic system, the management, organization and the rules and 

regulations of operation. 
Van Hofwegen et al. (1996) provided a description of the policy choice made in the 

water scarce Triffa Scheme in Morocco and their impact on the flexibility of on-farm 

irrigation scheduling. The possibility for flexible water delivery required for water- 
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saving irrigation scheduling in the Triffa scheme is constrained by several policy 

choices. The first policy choice is payment of water based on volume consumed. 

Farmers receive and agreed volume of water per irrigation cycle, released at affixed 

rate (20 or 30 Vs) through an agency managed turnout. Usually there are a number of 

farmers below one turnout. They take the flow in turn and for duration according to 

the schedule as agreed with the master delivered at their turnout 

The second policy choice is to have the scarce amount of water distributed by the 

agency in an equitable, efficient and effective (=productive) way. Depending on the 

water availability and requirement, management decides on the implementation of an 

irrigation cycle, its duration and the volume per hectare to be applied for the various 

crops. This requires farmers to follow the established schedules, which have been 

prepared in different degrees of participation depending on the water availability. 

The third policy choice is to have a gravity scheme with a mixed automatic flow 

control system in the main canal and a manual upstream control system in the laterals. 

More flexible delivery to the farmers might result in .a more efficient use of water at 

the on-farm level but probably increase operational losses in the main system 

considerably. Moreover, the irrigation fees do not allow increased staffing levels for 

more flexible delivery. Increased fees are said to present a problem for the 

competitiveness of the produce on local and international markets. It is unlikely that 

farmers will ever be willing or be able to pay for such extra service, since there is 

already a considerable level of government subsidies. For irrigation development in 

Pakistan (Bandaragoda, (1996), the irrigation network is designed to give 

`protective' irrigation extensively over a large gross command area. The reason for 

keeping the 'water allowance' relatively low was to maximize the number of settlers 

on newly irrigated land, but the original design also assumed a cropping intensity of 

about 75 %. Water delivery was arranged in warabandi rotation schedule which aims 

to apportion on water shortage equitably, allowing farmers to respond to the available 

water with appropriate cropping pattern. These supply driven rotation schedules leave 

little room for flexibility in irrigation scheduling. 

In watershort region of Tamil Nadu (India), Pundarikanthan and Santhi (1996) 

proposed a localization policy for cropping. It is applied where command areas are 
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localized as 'wet' (for water intensive crops like paddy rice, sugar cane, banana) and 
`irrigated dry' (for crops such or groundnuts, onions and cotton) leaving crop choice 
to farmers. The consequent diversified Cropping system under the same sluice makes 

irrigation scheduling a difficult task in the field, considering the control available in 
the field. Main system schedules and on-farm schedules do not match, especially 
because distribution below sluice is on the rotational basis. Moreover, planning and 

design concepts are based on duty (expressed in acres per cubic feet per second). 

Delivery of water according to the crop water requirement needs interventions in the 

physical infrastructure to match demand and supply. A systematic scheduling based 

on a service agreement is very important and has been successfully experimented 

with community organizers. 
Irrigation scheduling is important for optimizing the use of water resources where 

irrigated agriculture has a long tradition (Mangano, 1996). However, in new schemes 

this should be deferred to a later stage when farmers have fully accepted the irrigation 

practice and are ready to follow more flexible rules. 
That planning for irrigation scheduling not only requires a sound hydraulic and 

operational bases but also well functioning irrigation authorities (institutions) with 

shared responsibilities and a high level of mutual accountability. This can probably 
be achieved by the introduction of service oriented irrigation management. Clear 

agreements between users and suppliers, like the cases of Morocco and India, indicate 

that scheduling becomes possible and delivery performance improves. These aspects 

have to be included in the preparation of the irrigation policy during planning stage. 

2.4.3.2. Implementation 
In implementation, discrepancy arises between irrigation scheduling following soil-

water-plant relationships and water delivery (Horst, 1996) because of which an 

irrigation scheduling approach often fails. The reasons are: 

• Planners and designers aim at full regulation throughout the system. Inappropriate 

structures, however, are often chosen. 

25 



LITERATURE REVIEW 

• Operation office staff made complicated schedules: excessive data collection, 

processing and dissemination combined with lack of staff and measuring 

capability result in just a paper exercise_only. 

• Operation staffs, often poorly trained, are confronted with an impossible task. 

Real cropping patterns differ from those assumed in irrigation scheduling. 

Moreover, the loyalty of field staff lies primarily with farmers, and they are often 

used to accommodating the wishes of various groups of farmers. 

Though the high level of professionalism in terms of design and construction of water 

conveyance facilities has been achieved, the on-farm water management is not as 

satisfactory as it should be (Cheng, 1996). Farmers are generally dissatisfied with the 

irrigation service because the system is designed and operated in a top-down, 

centralized manner by engineers at their convenience. It delivers water on a fixed 

rotation schedule with limited attention to the needs, skill and wishes of the farmers, 

resulting in low efficiencies, water wastage and reduction (to 80% of potential) of the 

irrigated area. 
Vermilion and Brewer (1996) described the problems due to the above discrepancy 

for two cases in Indonesia and India. In Indonesia, inequitable and inefficient water 

distribution is caused by inefficient and cumbersome gate operation requirements and 

lack of control and communication, unreliable supplies due to unauthorized tapping 

by farmers in the upstream reaches, a lack of farmers involvement and an erratic 

presence of staff in the area. 

In Pakistan the reason for this discrepancy is the erosion and collapse of the condition 

that made the Warabandi function well (Bandaragoda, 1996). The collapse of the 

Warabandi attribute to the combined effect of a change in the value system and a 

general breakdown in the overall institutional responsibility for the management of 

irrigation systems. The system became dysfunctional, and a vicious circle set in with 

the physical and human sub-system acting on each other to cause a rapid performance 

decline. 
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2.4.3.3. Changing Irrigation Schedules 
Steenbergen (1996) studied three cases of changing traditional irrigation schedules in 

small-scale locally managed irrigation system in Pakistan. The reason for the changes 

was to increase irrigated area by increasing efficiency through a process of farmer's 

consultation and participation. These cases show that although farmers acknowledge 
the potential for improvement, a very rigid and system specific irrigation schedule 

will not be easily changed; instead of a revision, the schedule will be kept acceptable 
by 'muddling through', primarily through inter-individual adjustments, such as 

exchanges and transfer of water turns between two users or within a subgroup of 
users. The step from local economic opportunities to local institutional change is not 

always obvious. Non-economic considerations, conflicting interest and the question 

of who takes the initiative may stand in the way. 
Due to gradually changing operational objectives, a mismatch with the flow control 

method is often met (Ankum, 1996). The supply-based system (such as in India and 

Pakistan) cannot be easily shaped into 'crop based system 'since the relative 
capacities must be increased and water availability ensured. Moreover, upstream 

control for a semi-demand allocation must rely on strong central management. 

Problems encountered with such changes are illustrated in study by Bandaragoda 

(1996). To arrest the erosion of warabandi, attempts have been made to inject the 

ailing systems with technological inputs. They became increasingly ineffective when 

confronted by low accountability and policy inertia regarding institutional reform. 

The cardinal mistake of the planners was their failure to anticipate the required 

institutional change for coping with the new irrigation management technologies they 

hoped to introduce. The design was based on broad assumptions for a shift from the 

traditional irrigation options: 

• The presence of institutional capacity or adaptability to undertake this shift; 

• The flexibility of the users to adjust to a pattern of variable supply; 

• Harmony and uniformity of the social background to resolve disputes and develop 

rules and methods for water distribution. 
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2.4.4 Approaches for Improvement 

The problems mentioned refer to overly complex irrigation scheduling systems for 

managing institutions. They are often insufficiently equipped to carry out their task 

satisfactorily. A first approach is to simplify the irrigation scheduling method. A 

second one is the use of farmer participatory approaches in the improvement of 

system operations. A third approach lies in improvement of the capability of 

managing institutions. A final approach suggests the acceptance of rigid delivery and 

the introduction of flexibility at the farm level. 

2.4.4.1. Simplification 

Horst, (1996) argued that improvements of present approaches, such as the 

introduction of new irrigation scheduling techniques, training, organizing water users 

groups, etc., will remain cosmetic surgery as long as the fundamental problem of 

over-complicated irrigation schedules requiring over-complicated water division 

structures resulting in cumbersome operation are not addressed properly. Automation 

will result in fewer but very highly skilled operation and maintenance staff 

requirements. He therefore advocates a simplified approach based on the 'Additional 

Operation Requirements' (AOR) concept. Apart from crop requirement water is 

• needed to facilitate a fair and simple water distribution; 'you need water to save 

water'. A constant discharge over the whole growing period fdr rice or stepwise 

variation for non-rice crops. Fixed proportional distribution might provide an 

adequate technological solution if AOR is taken into account. The loss of AOR will 

be compensated for increased overall efficiencies and unequal distribution will 

decrease. In this concept no allowance is made for variable rainfall. Moreover, a 

strong institution is required that sees to the proper implementation of the 

proportional distribution. 

Mangano, (1996) confirms the finding of Horst, (1996). The farmers proposes to 

start new schemes with simple irrigation and defer scheduling to a later stage when 

farmers have fully accepted the irrigation practices and are ready for more flexible 

rules. He counters the argument that 'modification of acquired bad habits is an 

impossible task'. 
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Burt, (1996) proposes allocation of known and reasonable volumes of water to 

minimize water wastage. When the volume is used up, there is no more water 

forthcoming unless the farmers can purchase water from other farmers. There must be 

an ability to withhold water from farmers once they have utilized their allotment. 

Moreover, the water volume must be provided in a fashion that it is usable and 

beneficial. If a volume is allocated, but that volume is only available in an unreliable 

or untimely manner, the programmer will fail. (Panoras and Mavroudis, 1996) show 

in their study that introduction of volume-based irrigation charging in users operating 

pump irrigation schemes reduced the consumption of water and supported water 

saving scheduling practices. 

2.4.4.2. Participatory Approaches 

Vermillion and Brewer, (1996) described two cases of participatory action research 

(PAR) involving farmers, agency staff and researchers which facilitated a change in 

irrigation operations and produced significant improvements in performance. The 

first case is an innovation in dry season rotational irrigation in the Maneugteung 

Irrigation System in West Java, Indonesia. The second case involves the creation of a 

farmers' distributary's canal committee and the introduction of new operational 

procedures for enhancing equity and management Control in the Paliganj Distrubutary 

Canal of Sone Command in Bihar, India. It showed that if planned change did not 

involve both sound technical analysis and participation of key - stakeholders in 

decision-making, the outcome would probably be neither optimal nor capable of 

mobilizing the needed support of farmers and agency staff. The communications 

between farmers, agency staff and the PAR team revealed a common interest between 

farmers and agency staff in altering the configuration of rotation blocks, changing the 

timing of rotations and expanding the role of farmers in a new rotational arrangement. 

The option was selected on the basis that it would provide the best for improvement 

in equity efficiency and control through farmer participation. Participants recognized 

that an attempt to maximize any single performance dimension would seriously 

compromise another dimension, hence optimization was needed. 
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According to Cheng (1996) farmers' involvement in irrigation management is an 

important means for people to become aware of and select solutions for their own 

problems. It contributes much to the improvement of irrigation service. It is very 

important for the implementation and success of water saving irrigation scheduling. 

The success of any measure (intervention) to save irrigation water depends on the 

understanding and acceptance of the beneficiaries. In order to be effectively involved 

in the implementation process of saving irrigation schedules, farmers should be well 

organized. 

2.4.4.3. Institutional Development (Capacity Building) 

For capacity building, Bandaragoda. (1996) suggested that the introduction of 

irrigation scheduling should to be preceded by a change in the attitudes, policies, 

awareness and the institutional framework of irrigation management. This change 

would not occur easily or quickly. A strong vested interest among influential 

individuals to keep existing institutional arrangements intact is the greatest obstacle 

to change. Yet, alternative strategies need to be developed for introducing new 

technologies to replace or modify the traditional water deliVery systems which are 

crumbing under the stress of changing socio-economic conditions. These strategies 

should ensure that the benefits of new technologies of water delivery and irrigation 

scheduling reach the more disadvantaged group among the water users. 

Encouragingly, there are some efforts in both policy and research, currently underway 

in Pakistan, to develop viable institutional strategies for more productive and 

.sustained irrigated agriculture. 

Than, for establishing irrigation policies, (Burts. (1996) the agency should be 

cognizant of the fact that their responsibility is to provide a service, not to dictate 

schedule or the only way this concept of service can work is if the water delivery 

syStem is broken down into levels of service'. When the concept of service is 

wholeheartedly adopted by the project staff, amazing agronomic and social 

improvements can be achieved. 
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2.5. CROPWAT PROGRAM FOR IIRIGATION SCHEDULING 

"Cropwat for Windows" is software developed by Derek Clark, Martin Smith and 

Khaled El-Askari (Clark et al. 1998). It uses Penman-Monteith method for 

calculating reference crop evapotranspiration. These estimates are used in crop water 

requirements and irrigation scheduling calculations. The software can deal with 

multiple crops (up to 30 crops) in .a cropping pattern. Complex cropping patterns can 

be designed with several crops with staggered planting dates. Irrigation schedules can 

be calculated for individual block of each crop. Time base can be daily, weekly, 

and/or monthly. This program uses monthly climatic data only. The program allows 

user defined irrigation events and has option to add adjustments to the calculated soil 

moisture deficit. This provides a flexible tool for managing soil moisture during the 

growing season. An important drawback of the program is that, in the present version, 

it does not compute crop water requirements for rice, and therefore, these are 

determined separately and given as input data to the program. 

2.6 WATER DELIVERY AND DISTRIBUTION PLANNING 

2.6.1 Aim of Delivery and Distribution Planning 
Due to lack of proper planning in distribution and delivery system the whole project 

will be badly affected. While planning an Irrigation System the following four aspects 

are to be kept in mind to achieve them as far as possible : 

i) Adequacy: Delivery of water as per crop requirement. 

ii) Efficiency : Maximum possible saving of irrigation 

iii) Reliability : Confirmation of uniform water as per the design irrigation 

schedule. 

iv) Equity : Proportionate distribution of water as per the land holding size but 

not necessarily be the equality. 

2.6.2 Delivery and Distribution Schedule 

Although water delivery and distribution involves complex technical institutional and 

investment questions, the potential pay-off from improving irrigation system is large. 
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The delivery system of irrigation water is to be properly managed and schedule for 

the proper distribution of water. The scheduled can be classified as: 

a) 	Demand Schedule 
In this method the users can take water when they desire. The rate of flow can be 
controlled by the hydraulic structures provided at the entry of the field or tertiary 
canal. So in this schedule the users have complete flexibility frequency, rate and 

duration of delivery. The main defect of this schedule is that heavy investment in 

control structure is to be made for water control. Water consumption is usually 

maintained and paid for by volume. 

(b) 	Arranged Schedule 
In this schedule the users have control over water and they request the rate and 

duration in advance. The main advantages of this system are the adequacy, equity and 
reliability which are achieved to some extent if the system is properly managed. But 

this schedule needs great communication deal and management. Many dhalpas (gate 

keepers) are required in case if automation is not maintained. 

c) Rotational Schedule 
This method is applied during winter, because of low water supply in source. In this 

method the timing of taking water is prearranged in order to allow the users take 

water in turn as per water availability. The frequency, rate and duration are Controlled 

by the central level policy. 
In this method, though some extent of equity and reliability is achieved, the central 

level authority is suffered from the problem such as to meet 'supply and demand for 

the crop. The reliability and equality is affected by the fluctuation of water supply at 

source. However this schedule is advantageous because it is simple to manage and 

not many controls and measuring structure are required. 

d) Continuous Flow 
In monsoon it is not difficult to manage water in the canal and continuous flow can be 

provided in the network of canal. In this method the water flows continuously in the 

canal throughout the irrigation season and users can get water in proportion to how 
much land they hold. As the flow is continuous, no matter the quantity be very small, 

it meets at least the daily crop evapotranspiration requirements. This method is 
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suitable for rice and equity can be maintained. The land where paddy can not be 

grown i.e. on high level lands, adequacy may suffer. 

e) 	Combined Schedule 
The combination of the above schedules (all or partial) can be used when it is difficult 
to apply any of the single schedule in any irrigation project. For example main canal 
could operate with continuous flow, while there could be rotational flow along the 
branches. It may be possible to have arranged in a schedule below canals where 

continuous flow or rotation method is practiced. 

2.7 IRRIGATION EFFICIENCY 
There are two aspects involved in water use efficiency. One concerns input that is 
application of irrigation water with minimum losses of various kinds and the other 

concern the output that is the crop yield. The losses in storage, conveyance and 

application depend on the engineering structures and regulation of delivery and 

application. The output depends on one hand on season, crop and variety; and on the 
other on various agronomic practices adopted for raising the crops. The objective of 

the efficiency concept is show where improvements can be made which will result in 
more efficient irrigation. Irrigation efficiencies are expressed in different ways. Some 

of them are listed below. 

(1) Conveyance efficiency Ec  : It is defined as the ratio of irrigation water supplied at 

outles to the field Wf and the irrigation water supplied at diversion (river or 

reservoir WO. 

	

x100     (2.11) 
Wr 

(2) Water application efficiency Ea  : It is defined as the ratio of amount of irrigation 

water stored in the root zone of the soil during irrigation by the crop Ws to the 

amount of water supplied to the field Wf. 

a Ea  = W — x ivA  

	

y 	 	 (212) 
Wf 

Where Ea  is the water application efficiency. 
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Normal surface irrigation practices has the water application efficiency of the 

range 60% while a well designed sprinkler irrigation system is generally 

considered to be 75% efficient. 
Rf and Df respectively being surface runoff from the farm and deep percolation 

from the farm below root zone and if evaporation losses during and after 

irrigation water application is neglected. It follows that 

Wf = Ws Rf Df    (2.13) 

There water application efficiency Ea  can also be expressed as 

Ea  — Wf  (Rf Df )   x 100 	  (2.14) 
Wf 

(3) Consumptive use efficiency E„ : It may be defined as the ratio between normal 

consumptive use of water Wm, to the net amount of water depleted from the root 

zone of the soil. 

Ecu  — Wcu — x IAJ 	  
Wd 

(2.15) 

If the better irrigation practice is followed consumptive use efficiency increases. 

This concept also involves the efficiency with which roots are able to utilize 

moisture stored in the soil during irrigation. It is affected by soil texture amount 

and distribution of vegetation, profile of the soil surface, distribution of roots 

within the soil and variation of soil moisture within root zone. 

(4) Water storage efficiency Es  : It may be defined as the ratio of amount of water 

stored in the root zone during irrigation Ws to the amount of water needed in the 

root zone for irrigation W,,. 

Ws 
Es  = 

Wn 
x 100 	 (2.16) 

Water storage efficiency is important where water is scarce and high priced and 

value of irrigation is realized. 
Researches have shown that improved storage efficiency may result double and 

some time triple production. 

(5) Water distribution efficiency Ed : More the uniformity of water distribution in the 

field would be, better would be the crop response. Uneven distribution may cause 
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patch of drought areas in the field requiring excess irrigation. These areas are also 
prone to high salt accumulation. 
Water distribution efficiency may be expressed mathematically as: ■ 

Ed -= (1-y/d) x 100    (2.17) 

Where, 
Ed =- Water distribution efficiency. 
y = average numerical deviation in depth of water stored from average depth 

stored during the irrigation. 
d = average depth of water stored during the irrigation. 

(6) Project efficiency or overall efficiency E.: It may be defined as the ratio of 

irrigation water evapotranspired by the crop Wcu  to the irrigation.  supplied at the 

diversion point Wr. 

E. — 
cu

x 100 	  (2.18) 
Wr 

Overall efficiency is the product of all efficiencies and takes into account total 

amount of losses incurred. 
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CHAPTER III 

STUDY AREA AND DATA AVAILABILITY 

3.1. STUDY AREA 

3.1.1. General 

The study area is located in Lampung Province, which is the most southern province 

of the island of the Sumatra, the western largest island of the 'Indonesia archipelago. 

This province, with a land area of 34,000 km2, is bounded on the north and northwest 

by the Sumatra and Bengkulu provinces, on the south east by the Java sea, on the 

west by the Indian Ocean, and on the south by the Sunda strains. 

The Way Sekampung Irrigation area covers a gross area of around 

124,780 ha. The service area actually lies in both the Sekampung and Seputih Rivers. 

The service area is show in Fig. 3.1 and relevant data in Table 3.1. The Way 

Sekampung Irrigation area receives water at Argoguruh weir and the irrigation water 

is conveyed though Feeder-I and feeder-II canals and distributed by primary, 

secondary and tertiary/quaternary canals. In Batanghari and Raman Utara irrigation 

scheme, irrigation water is diverted from feeder-I canal to natural streams and taken 

at weirs located downstream. At present some area (6900 ha) receives return flow 

from other irrigation schemes, as schematically shown in Fig. 3.2 (Appendix B). 

The Project Area is basically an agricultural improvement scheme attained though an 

increase in production of irrigated rice within the study area. An increase in the 

infrastructure development within the area is also used as an incentive to promote and 

encourage further transmigration into the area from the move densely populated areas 

of Indonesia. 

3.1.2. Location 
Geographically, the irrigation command area of Way Sekampung Project is bounded 

as follows: The Northern extreme ties approximately follow latitude 4°45' South; the 

Southern extreme ties 5°40'; the Western extreme ties longitude 104°40' East; and 

the Eastern extreme ties 105°35' east. 
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Fig. 3.1 Location. Map of Batutegi Dam & 
way sekampung irrigation 
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Table. 3.1 Way Sekampung Irrigation Area 

irrigation Scheme Present Irrigable Area (Ha) Potential Irrigable Area (Ha) 
Direct Diversion Return Flow  Direct Diversion Return Flow 

Feeder-I Canal 420 - 463 - 
4 

Batanghari 7,600 - 11,562 - 

Bu nut 4,980 - 7,233 - 

Punggur Utara 14,500 - 31,500 - 	- 

Raman Utara - 3,000 2,565  3,950 

Batanghari Utara - 3,900 3,176 4,050 

Bekri - - 6,500 - 

West Runibia - - 5,790 - 

Rumbia II - - 4,566 - 

Rumbia III - - 4,427 - 

Rumbia IV - - 5,558 2,783- 

Total 	• 27,500 6,900 83,340 10,783 

3.1.3. TOPOGRAPHY 
The physiographic setting of the study area is briefly described as follows. The 

Lampung province is composed of narrow coastal plain on the west coast which 

borders on the Indian Ocean; the Barisan Mountains, which from the southern spine 

of Sumatra; and wide pen plain sloping gently form the foothills of the Barisan 

Mountains east to the control plain swamps bordering the Java Sea. 

The topographical information is given in Table.3.2 
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Table. 3.2. Land Classification Criteria, West Rumbia of Way Sekempung Irrigation 

Soil Factors 

Lend 0E1961505u 
Diversion Crop Rice Paddy 

1 2 3 4 1R 2R 3R 

1. Soil 
a. Texture : 

Upper layer: 
. 

P to: 
- sand, gravel, stone, 

plinthite 
- impermiable stiff layer 

- slope 

3. Drainage 
- flood / inundated 

- drainage 

- permeability speed 

Clay To stiff 
sandy clay 

> 90 cm 
> 150 cm 

0-2% 

no 

good 

- 

b. Depth  

2. Topography  

Clay to sands 
Clay to sands 

> 60-90 cm 
120-150 cm 

2-5% 
ordinary 

no 

good 

- 

Sandy clay 
to clay 

30-60 cm 
100-120 cm 

5-10% or 8- 
15%, if depth 
of gravel, etc. 

> 90 cm 

no 

rather good 

- 

Clayey sand 
to clay 

< 30 cm 
< 100 cm 

15% 

no 

rather bad 
to bad  

- 

	

Silt clay, 	Stiff silty 
very fine deo) 	clay, silty 
stiff silty clay 	clay, clay 

> 90 cm 	60-90 cm 
> 50 cm 	30-50 cm 

	

0-2% 	2-5% 

	

2-5% 	5-8% 	• 

Wavy 	ordinary 
wavy 

 . 

	

no 	inundation 

	

;ivithin-6:12 	. • 
hours  

- 	- 

very slow 	slow 
(0.1 rn/day) ,:0.1 - 0.5 m/day) 

Silty clay 
to clay 

30-60 cm 
< 30 cm 	. 

5-8% ordinary 
8-15%, if.depth 
is 60 cm 

inundated, 
water'gone In 

12-24 hours • 

-. 
medium 
(0.1-1.0 mfday.), 

3.2 Data Availability 
3.2.1 Climate 
The tropical climate of the project area is characterized by a rainy season lasting from 

the later part of October to April, a transition period during the months of the May 
and June, and relatively dry period from July to September. This wet-dry pattern is 

not always consistent. For instance, higher monthly rainfall has been recorded in the 

dry-season than the wet-season. This climatologically regime has led to the adoption 

of 1 November until 31 October as the hydrologic year, also called the water year. 

Average annual rainfall in the irrigation area of the project ranges from about 1800 

mm to 2500 mm. Annual rainfall 
in the project area is seldom less than 1400 mm. In the upland catchments areas of the 

project, annual rainfall generally varies from 2000 mm to 3000 mm, while value 

rainfall in excess of 3250 mm is rare. Climate data are given in Table. 3.3. 
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3.2.2. Humidity 
Mean monthly temperature and relative humidity do not vary significantly, rather 

nearly constant. Mean monthly temperature normally varies between 26°C and 28°C, 

with a mean annual temperature of about 27°. Maximum diurnal variation of 

temperature occurs during the dry-season when cloud coverage is less than other 

times. Mean monthly relative humidity generally varies from 80 to 88 percent, with 
an annual value of 85 percent. Diurnal variations in relative humidity indicate that 

early morning values approach 100 percent. The daily minimum, generally ranging 

from 55 to 65 percent, occurs in the early afternoon. 

Humidity data are given in Table.3.3. 
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Table. 3.3. Climatic Data - Brant' Airport 

January 

RH 
Temperature 

(C) 
Wind 
Run Radiation Sunshine Rainfall 

Atm. 
Pressure 

(%) 
84.6 

Max. 
30.51 

Min. 
22.54 

Ave 
25.87 

(km /day) 
80.61 

(cal Ian 2) 
6.26  357.8 1029 

February 8531 30.95 22.51 26.02 76.05 6.92 3081 11030 
March 	- 85.07 31.57 22.57 26.18 64.2 7.6 2432 1012 
April 84.48 31.85 22.71 26.47 62.01 7.75 158.8 1010 
May 8433 31.86 22.58 26.44 69.41 8.24 97.6 1 010 
June 83.64 31.57 22.12 26.06 69.74 - 8.28 94.6 11028 

1045 July 82.14 31.26 21.42 25.61 85.84 6.43 70.2 
Auglst 80.45 31.72 21.55 25.65 84.72 8.57 64.6 1'026 
September 79.42 32.27 21.3 25.97 83.7 8.04 92.1 1.028 
October 78.4 32.58 21.93 26.51 76.16 109.9 7.86 76 1011  
November 81.82 31.99 22.29 26.38 66.25 6.94 200.1 1027 

.1011.  December 83.6 31.19 22.54 26.18 69.61 6.63 243 
Ave I Total 82.78 31.61 22.17 26.11 74.03 359 7.63 2,006.90 -.1022 

1045 Max. 8531 32.58 22.71 26.51 85.84 6.57 3578 
ty1i n. 78.4 30.95 21.3 25.61 62.01 6.63 64.6 1010 

(January 1976 -January 1094) 

3.2.3. Wind 
Seasonal changes in wind direction and velocity are closely associated with the 
change from the southerly monsoon of the dry season to the northerly monsoon of the 

rainy season. A prevailing wind from the south or southeast occurs during the dry 

season. As the wet season begins, the wind gradually shifts in a clockwise direction 

until the prevailing wind is generally from the north. Near the coast, the wind 

directions and velocities are influenced by diurnal land and sea breezes. Wind data 

are given in Table. 3.3. 

3.2.4 Soil 
Sufficient data to establish the feasibility of the area, particularly with respect to soils 

and land classification. The basic soil criteria for mapping are presented in Tables 3.2 

and 3.4. 

3.2.5. Effective Rainfall 
Precipitation falling during the growing period of a crop that is available to meet the 

evapotranspiration needs of 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 
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to estimates the portion of total rainfall that can be effective. 
procedure for arriving at effective rainfall is given as follow: 

Pe = Effective rainfall (mm) 
Pe = 0.8P 24 if P> 70 mm 
Pe = 0.6P — 10 if P< 70 mm. 

An approximate 

Table 3.4 Soil Mapping Criteria 

1. Texture 
Upper layer 	 Lower layer 

So = clay to sandy clay 	 clay to permeable clay 
S 1 = clay to sandy clay 	 sandy clay to permeable clay 
S2 = sandy clay to clay 	 sandy clay to clay 
S3 = sandy clay to clay 	 sandy clay to clay 

2. Depth 
Up to sand, gravel, stone, or plinthite 

So = very deep (over 90 cm) 
S 1 = deep (60 — 90 cm) 
S2 = medium (30 — 60 cm) 
S3 = shallow (less than 30 cm) 

Depth to impermeable layer 
Diversified Crops 	 Rice field Paddy 

So = very deep (over 150 cm) 
	

So = over 50 cm 
Si = deep (120 — 150 cm) 

	
Si = 30 -50 cm 

S2 = medium (100 — 120 cm) 
	

S2 = less than 30 cm 
S3 = shallow (less than 100 cm) 

3. Topography 
Slope 

to  = 0 — 2% 
t1 = 2 — 5% (ordinary or wavy) 
t2 = 5 — 8% (ordinary or wavy) 
t3 = 8 — 15% 
t4= over 15% 

4. Drainage Classification 
do  = good 
d1 =.rather good 
d2 = rather slow 
d3 = slow 
d4= very slow (inundated) 
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For the crop, other than rice, USDA method is used. 

To establish irrigation planning 80 % assurance is required. In other words, rainfall of 

5 year drought return periods is assumed for irrigation planning. The semimonthly 

rainfalls at Bekri for 45 years are presented in Table 3.5. The rainfall consumed by 

the paddy effectively is estimated 70 % in the land preparation period and 30 % in the 

growing period. 

Table 3.5 Probable Rainfall with 1/5 Drought 
(mm) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

75.58 87.40 57.89 48 34 14.96 6 0 0 5 27.27 56.93 

69.79 60.40 78.96 25.68 23.86 8.89 0 0' 1 13.93 45.40 86 

The upper row shows the probable rainfall during the first half of the month and second row the 

second half 

3.2.6 Inflow to Batutegi Dam 

In 1981, runoff at Batutegi dam site was estimated using COSSARR model which 

convents rainfall to runoff because runoff observation period was not long enough for 

water balance simulation. Now data for 26 years are available. The discharge at 

Batutegi dam site is converted from the discharge at kunyir as follows; 

Qb = Cb/Ck x Qk 

Where, Qb : discharge at Batutegi (m3/s) 

Qk : discharge qt kunyir (m3/s) 

Cb : discharge area at Batutegi (424 km2) 

Ck : discharge area at kunyir (438 km2) 

The estimated runoff at Batutegi dam site is summarized below and presented in 
Table 3.6. 

Table. 3.6. Estimated Runoff at Batutegi 
m/s 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
30.65 34.25 31.57 30.70 27.30 21.13 17.25 14.94 14.68 12.71 16.69 22.62 
29.49 29.91 30.96 28.01 23.61 17.76 17.12 14.76 14.59 13.93 18.29 24.34 
The upper row shows the runoff during the first half of the month and the second half. 
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32.7 Discharge from Residual Basin between Batutegi Dam and Argoguruh Weir. 

After the contrustruction of Batutegi dam, the discharge from the catchment's 

area excluding that at Batutegi dam site was converted as follows: 
Qa' = Qa - Q 

Where, Qa : discharge at Argoguruh from the catchments area after Batutegi dam 
(m3  /s) 

Qa : discharge at Argoguruh from the whole catchment area (m3/s) 

Qb : discharge at Batutegi dam site (m3/s) 

The estimated discharge at Argoguruh from the catchments area after Batutegi dam is 

summarized below and shown in Table 3.7. 

Table. 3.7. Estimated Runoff at Argoguruh Weir 
(m3/s 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
183.87 209.46 181.38 132.24 109.27 65.87 47.74 32.39 67.01 43.23 52.39 83.33 
188.05 167.83 165.73 120.25 83.10 40.83 37.91 48.85 52.63 54.17 56.38 105.05 
The upper row shows the runoff during the first half of the month and second row the second half 

3.2.8 Capacity of Batutegi Dam Reservoir 

Though the area-capacity relation of Batutegi reservoir was measured in definite plan 

study on 1:10,000 scale maps, it was resource-measured using 1:5,000 scale aerial 

photo maps. 

The estimated area-capacity curve of Batutegi reservoir is presented in Table. 3.8 

The life of the reservoir expected to be 100 years, and effective storage volume after 

100 year sedimentation about 578.8 x 106 m3. 

Fig. 3.8 Area-Capacity relation of Batutegi Reservoir (with sedimentation) 

Water level 
(El.m) 

Water Surface 
(km2) 

Storage Volume 
(106  m3) 

Design Flood 28.5 25.0 751.3 
Normal High Water 274.0 21.1 578.8 
Low Water 208.0 0.7 2.0 
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3.2.9 River Maintenance Flow 	 4 

After construction of a reservoir dam, the environmental situation change especially 
for aquatic life. In the environmental and ecological viewpoints, dam operation 

should be made so that negative effect to them is as little as possible. 

In general, the river maintenance flow (called also duty flow, compensation flow or 

minimum flow) just after dam is determined to be 10-year probable drought 

discharge. Annual minimum daily mean discharges at Batutegi were analyzed and the 

river maintenance flow was set at 2.0 m3. This means that even if no irrigation water 

is required, diversion of the discharge of 2.0 m3  to the Sekampung river is obligatory 

on Batutegi dam. 

3.2.10 Power Generation 
The irrigation water will be diverted from Batutegi reservoir to the Sekampung River 

through irrigation/power waterway. This waterway will be circular tunnel with 

diameter of 3.5 m in the first portion and it branches into two penstocks; for irrigation 

release and for power house. Both the irrigation penstock and power penstock further 

branch into two penstock, respectively. In the power house, two units of generators 

will be installed with capacity of 12 MW each. In the water balance study, irrigation 

water is to be released through power tunnel as much as allowed and the excess water 

flows through irrigation outlet. 

3.2.11 Water Balance Simulation 

With river discharge data for 25 years from 1968 to 1993, water balance simulation 

was carried out in the conditions described below: 

• Water level in the Batu tegi reservoir may not exceed El. 274.0 m nor be 

lower than El 208.0 m. 

• Evaporation from reservoir water surface is below : 
Jan 	Feb 	Mar 	Apr 	May 	Jun 	Jul 	Aug 	Sep 	Oct 	Nov 	Dec 

(mm) 	110 	121 	128' 	126 	120 	112 	112 	112 	128 	124 	124 	116 

(mm/day) 	3.55 	4.28 	4.13 	4.20 	3.87 	3.73 	3.61 	3.62 	4.27 	4.00 	4.13 	3.74 
Hydrology   Page IV  age - 
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• Conveyance efficiency from Batutegi dam to Argoguruh weir is set 0.95 

• Irrigation areas of golongan -1,-2 and -3 are the same. 

• Six (6) golongan are introduced at present of three (3) \double cropping and 

• three (3) single cropping patterns. As after the construction of Batutegi dam, 
double cropping area is expected to extend, only one (1) single cropping 

pattern is applied. That is, golongan-1, -2, -3 and -4 are employed in the 

simulation. 

• Simulation is made semimonthly using: 

Vi+1  =-- V;  + Qb — DWR — Evp 	 (3.1) 

DWR = (IDWR — Qa)/e, if DWR turns negative, DWR is set at zero. 

Where, Vi+1  : Storage volume in the next period (m3). 

V; : Storage volume in Batutegi reservoir (m3) 

Qb : Inflow to Batutegi Reservoir., 

DWR: Diversion water demand from Batutegi dam (m3) 

Evp : Evaporation from the reservoir surface (m3) 

IDWR : Irrigation diversion water requirement at Argoguruh 

Weir (m3) 
Qa : Runoff at Argoguruh (m3) 

e : Conveyance efficiency from Batutegi dam to Argoguruh 

Weir (0.95) 

• If storage volume exceeds 578.8 x 106  m3  (Vmax, storage volume at normal 

high water level), the excess water is split out through spillway and storage 

volume is reset at Vmax. 

• In the same sense, in the case of that storage volume becomes less than 2.0 x 

106  m3  (Vmin, storage volume at low water level), it means water shortage 

occurs and storage volume is reset at Vmin. 

The evaluation criteria for the water balance simulation are as follows: 

■ Irrigation water shortage less than 10 % is allowable. 

■ Irrigation water shortage more than 10 % may occur in not more than 5 years 

for the simulation period of 25 years. 
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Simulation was carried out considering the following options: 

1. Irrigation area of 70,999 ha (excluding rumbia areas) is assured. 

2. The following areas are simulated: 

76,789 ha ( 70,999 ha + West Rumbia ) 

81,355 ha ( the above + Rumbia II ) 

88,565 ha (the above + Rumbia III ) 

94,123 ha ( the above + Rumbia IV) 

3. The cropping intensity of 100 % in the rainy season is fixed. 

4. The cropping intensities of 60%, 70%, 80%, '90% and 100% in the dry 

season are simulated. 

The results are summarized in Table 3.9. The water balance simulation results reveal 

the following: 

1. The water is sufficient to irrigate West Rumbia (the total irrigation 

area of 76,789 ha, with 190 % cropping intensity). 

2. Dry season paddy cropping for 80 % of the total area (the overall 

cropping intensity 180 %) allows the irrigation for 81,355 ha including 

Rumbia II. 

3. If dry season paddy cropping be as low as 70 % (the overall cropping 

intensity 170 %), Rumbia III could be . irrigated, and if 60 % (the 

overall cropping intensity 160 %), as far as Rumbia IV could be 

irrigated. 
The simulation result for the following case (the maximum irrigation area under the 

cropping intensity 180 %, which is common for irrigation project in Indonesia) is 

presented in Table 3.9 and in Fig. 3.4 
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CHAPTER IV 

METHODOLOGY, 

4.1 GENERAL 
Irrigation scheduling primarily described when to and how much irrigate. Despite its 

seeming importance, a relatively small proportion of produces utilize scientific 

scheduling practices. Competition for agricultural water is rapidly increasing through 

urban expansion, industrial and recreational uses. Efficient irrigation scheduling 

based on sound methodology must be emphasized as water supplies become scarce 

and the price of water increases. 

The biggest challenge for irrigation scheduling is to develop methodology specific to 

various crop and environments. Without economic or social incentives for scientific 

scheduling, adoption of technical and real time procedures have been slow or non-

existent. Consequently, most irrigators do not use real time. procedures despite 

technological advancements. Techniques must be developed and disseminated 

effectively so that producers can use them. Otherwise, research and demonstration 

efforts are wasted (Martin et al., 1990). The challenge to researchers is to develop 

economically viable technology that is readily adaptable to rural society. To be 

effective, agricultural research must be directed to producer needs and results made 

available to producers readily and conveniently (Seegers and Kaiomowitz, 1990). 

4.2. IRRIGATION SCHEDULING METHODS 

There are various methods available for scheduling irrigation. In principle, irrigation 

can be scheduled by monitoring the soil, plant and/or micro climate interactions 

(Hillel, 1990). These methods involve: 

■ All aspects of irrigation management, and especially irrigation scheduling, require 

an understanding of the soil water balance. Using the balance, the amount of 

water in the root zone at any given time is estimated. 

Soil water affect plant growth directly by influencing plant water potential and 

indirectly through its influence on soil aeration, soil to 	and nutrient 

50 



METHODOLOGY 

mobility (Phene et al., 1990). Traditionally, irrigation scheduling is based on soil 

moisture levels. Soil moisture can be measured using: gravimetric determination, 
neutron probe, time domain reflectometry, tensiometer, and/or gypsum block 

techniques (Swartwood and Remer, 1992). These measurements are site specific 

and, therefore, need many observations to properly characterize a field moisture 

status. This however is a laborious and expensive procedure. In addition, some of 

these methods require tedious calibration procedures, frequent servicing and 

constant supervision. 

■ Plant-based Measurement 

Plant responds interactively to soil and environmental conditions. Hence, they are 

a logical indicator for irrigation scheduling. Plants can be used to schedule 

irrigation through visual observations. There are also numerous destructive and 
non-destructive techniques. These methods are labour intensive. They require 

many samples for testing. Measurement must be normalized with well-watered 

fields for accurate estimations (Phene et al., 1990). Visual indicators of plant 

stress are often an after-the-affect method of scheduling. More recently, plant 

canopy temperature relative to air temperature using infrared thermometer has 

been used for irrigation scheduling with 'varying degrees of success (Council for 

Agricultural Science and Technology, 1988). 

■ Weather 
The method based on Evapotranspiration (ET) for schealing irrigation follows a 

meteorological imposed evapotranspirational demand as it varies over time, and 

irrigation requirements determined accordingly (Hillel, 1990). ET is used in 

combination with the soil water balance equation to schedule irrigation. 

The estimation of potential evapotranspiration, as defined .by the Penman and 

other formulae, can serve as irrigation scheduling criteria. Evaporation pans are 

widely used all over the world, despite having differences in energy balance, 

aerodynamic, and vegetative surfaces (Phene et al., 1990). This requires data 

from well-equipped meteorological stations. Lysimeters and atmometer are also 

used to measure ET. 
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4.3. PROBLEMS WITH IRRIGATION SCHEDULING 
In the Way Sekampung Irrigation Project, approximately 80% of the total water is 

used for agricultural purposes. Pre.sently domestic and industrial needs are relatively 
low. However demand for water is expected to increase in all sectors and this will 
require considerable improvements in efficiency. Major improvement must come 
from dominant user, irrigation (Hennessy, 1993). Numerous methods, as previously 
discussed, are available to facilitate irrigation scheduling. Despite this, the overall use 

of scheduling methodology is very limited. In this study, CROPWAT program is used 

for irrigation scheduling, a description of which follows 

4.4. THE CROPWAT PROGRAM 
CROPWAT is a decision support system developed by the Land and Water 

Development Division of FAO for determination of the functions summarized in 

Table 4.1 

Table 4.1 : Summary of CROPWAT functions 
To calculate: To develop: To evaluate: 

a! Reference 
evapotranspirationon 

• Irrigation schedules un- 

der various management 

. 	• Rain fed production and 
Drought effects. 

• Crop water requirement conditions. • Efficiency of irrigation 

• Crop irrigation require- 

ments 

• Scheme water supply practices 

CROPWAT is meant as a practical tool to help agro-meteorologists, agronomists and 

irrigation engineers to carry out standard calculations for evapotranspiration and crop 

water use studies, and more specifically the design and management of irrigation 

schemes. It allows the development of recommendations for improved irrigation 

practices, the planning of irrigation schedules under varying water supply conditions, 

and the assessment of production under rain-fed conditions or deficit irrigation. 
Prediction methods for crop water requirements (CWR) are used owing to the 

difficulty of obtaining accurate field measurement. The methods often need to be 
applied under climatic and agronomic conditions very different from those under 

which they were originally developed. Testing the accuracy of the method under a 
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new set of conditions is laborious, time-consuming and costly, and yet CWR data are 

frequently needed at short notice for project planning. 

Thus amongst other, CROPWAT version 4.3 performs calculations of crop water 

requirements and irrigation requirements, which are carried out with inputs of 

climatic and crop data. Standard crop data are included in the program. The 

development of irrigation schedules and evaluation of rain fed and irrigation practices 

are based on a daily soil-water balance using various options for water supply and 

irrigation management conditions. Scheme water supply is calculated according to the 

cropping pattern provided. 

Procedures for calculation of the crop water requirements and irrigation requirement 

are based on methodologies presented in FAO Irrigation and Drainage Papers No 24 

`Crop water requirements' and No. 33 'Yield response to water', many of which are 

summarized in FAO Irrigation and Drainage Paper No.56 'Crop Evapotranspiration'. 

CROPWAT uses the FAO (1992) Penman-Monteith methods for calculating 

reference crop evapotranspiration. The methods supersede the older FAO 24 

procedures published in 1977, which are no longer recommended as they 

overestimate evapotranspiration. The CROPWAT version 4.3, currently used for all 

simulations, calculates the following: 

❖ Crop Water. Requirements (CWR) 

❖ Irrigation Scheduling 

4.4.1 Input Data 

The following Table 4.2 lists the input data required for CWR and irrigation 

scheduling calculations: 

Table 4.2 CROPWAT version 4.3 input data requirements 
Data Item CWR Irrigation Scheduling 

Climate Optional Optional 

Reference Evapotranspiration Required Required 

Rainfall Optional Optional 

Crop Data Optional Optional 

Cropping Pattern Required Required 

Soil Data Not required Required 

Scheduling Criteria Not required Required 
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4.4.2 Crop Water Requirements 
Crop water requirement have already been defined as ETm. To calculate CWR, 
measured values of the reference evapotranspiration (ETo) can be directly entered. In 
the case, any other climatic data can be omitted. Hence, the data item climate' in 

Table 3.3. is optional. If however, no measured values of reference evapotranspiration 

exist, then CROPWAT calculates it from the climate data using the revised FAO 

Penman Monteith equation. 

(a) Cropping Pattern 
A cropping pattern is necessary, because CropWat calculates the CWR for each crop 

planted as a function of the total area available (%) upon which the crop is grown for 

that period as: 
CWR = ETo . Kc . Area Planted 	  

The following cropping pattern was entered for all simulations: 

Table 4.3: Cropping Pattern 
S. No Variable Value used 

1 Percentage of total area planted to crop 100% (because only one crop was planted" 

thought the year on one specific plot of land) 

2 First Planting Day 15 October 

(b) Monthly Rainfall Data 
Rainfall data is not necessary but it should be used if rain falls in the growing season. 

Hence it is listed as an 'optional' data item. The effective rainfall was calculated by 

selecting the 'dependable' option, which is an empirical formula developed by FAO 

based on analysis for different arid and sub humid climates. This formula is as 

follows: 

Peff = 0.6 PTot —10  ( Plot < 70 mm ) 	 (3.3 a) 

Peff = 0.8 PTot - 10 ( PTot > 70 mm ) 	 (3.3 b) 

Where, 
Peff is the effective rainfall ( mm 	), 

Prot is the total rainfall ( mm month"' ) 

(c) Soil Data 
CROPWAT requires soil data to calculate the Total Available Moisture, TAM. As the 

water content above field capacity cannot be held against the forces of gravity and 

(3.2) 
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will drain, and as plant roots cannot extract the water content below wilting point, the 

total available water in the root zone is the difference between the water content at 

field capacity and wilting pOint (FAO Irrigation and Drainage Paper No.56, 1998): 

TAW = 1000(0Fc — Owp)Zr 	 .(3.4) 

Where: 

TAW is the total available soil water in the root zone, equal to TAM in the case ( mm 

m-1  depth); 

OFC is the soil _water content at field capacity (m3  m-3) equal to 0 (volumetric water 

content) 

Owp is the volumetric water contents at wilting point (m3  m-3), equal to 

res  (Residual Water Content) 

Zr  the rooting depth (m), equal to Maximum Rooting Depth. 

TAM is the amount of water that a crop can extract from the root zone, and its 

magnitude depends on the type of soil and the rooting depth. 

4.4.3 Scheduling Criteria 

Before any irrigation requirements can be carried out a scheduling criteria must be 

defined. The table below lists the scheduling criteria used for simulating the current 

scenario: 

Table.4 .4 Scheduling criteria input data 
Criteria Calculation method 

References Evapotranspiration 

(ETo) as per Penman Monteith 

ETo Distribution Model: Fit a curve to monthly averages 

Angstrom's Coefficients (default Values): 

a = 0.25  
b= 0.5 

Rainfall 

Rainfall Distribution Model: Fit a curve to monthly averages  
Aggregate Interpolated daily rainfall into individual strom every 5 days 

(Default Value) 

Effective Rainfall Effective rainfall calculation method: Dependable rain 

. 

Application Timing: 

Irrigate when a specified % of Total Available Soil Moisture Depletion occurs 

(90% entered) 

Application Depth: 

Refill to a specified % of Readily Available Soil Moisture (100%) 

Start of Scheduling: 

First Planting Date of Each Crop ( 15 th  Oct. in the case ) 
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From the above, it is evident that calculations of the crop water requirements and 

irrigation requirements are carried out with input of climatic, crop and soil data. For 

the estimation crop water requirements (CWR) the model requires: 
a) Reference Crop Evapotranspiration (ETo) value measured or calculated using the 

FAO Penman-Monteith equation based on the decade/monthly climatic data: 

minimum and maximum air temperature, relative humidity, sunshine duration and 
win speed; 

b) Rainfall data (daily/decade/monthly data); monthly rainfall is divided into a 
number of rain storm each month; 

c) A Cropping Pattern consisting of the planting date, crop coefficient data files 

(including Kc value, stage days, root depth, depletion fraction) and the area 

planted (0-100% of the total area); a set of typical crop coefficient data files are 

provided in the program. 

In addition, for Irrigation Scheduling the model requires information on: 

d) Soil Type: total available soil moisture, maximum rooting depth, initial soil 

moisture depletion (5 of total available moisture); 

e) Scheduling Criteria — several options can be selected regarding the calculation of 

application timing and application depth (e.g. 80 mm every 14 days, or irrigate to, 

return the soil back to field capacity when all the easily available moisture has 

been used). 

- Total Available Moisture —TAM (mm) ; Readily Available Moisture—RAM (mm); 

- Actual Crop Evapotranspiration — ETc (mm); 

- Ratio of Actual Crop Evapotranspiration to the maximum Crop Evapotranspiration— 

EWE Tm (%); 

- Daily Soil Moisture Deficit (mm); 

- Irrigation Interval (days) and Irrigation Depth Applied (mm); 

- Lost Irrigation (mm) — irrigation water that is not stored in the soil (i.e. either — surface 

runoff or percolation); 
- Estimated Yield Reduction due to crop stress (when Ete/Bm fs11s belOw 100%); 

- Field Water Supply (1/s/ha). 
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Input Data : 
1. Eto 
2. Rainfall 
3. Cropping Pattern 
4. Soil 

>;100% 

Sol Moisture Deficit 
(SMD) 

Crop Water Requirement 
CWR = ETo x Kc x Area Planted 

ETm 

Actual Evapotranspiration (ETc) 
ETc = Kc x ETo 

Scheduling Criteria 
Effective Rainfall TAM 1. Application Timing 

Pet = 0.6 Pbg - 10 	{Pti<70mm}  TAM = (Field Capacity - Wiling Point) x Roofing Depth 2. Application Depth 
Poff  = 0.8 Pm  -24 	( Pur> 70mm}  3. Start of Scheduling 

RAM 
Irrigation Requirement RAM =TAM x Depletion 

IR = CWR - Pey 

< 100% Ratio.  
FWS = IR/ Eff ETc I Elm 

Net Irrigation 

METHODOLOGY 

4.5 COMPUTATIONAL PROCEDURE 

The flowchart (Fig.4.1) describes the computational procedure, which is self 
explanatory: 

Fig. 4.1 Computational Procedure of CROPWAT Program 

The value of decade or monthly Reference Crop Evapotranspiration (ETo) are 

converted into daily using four distribution models (the default is a polynomial curve 

fitting). 

The models calculate the Crop Water Requirements using the equation: 

CWR=ETo*Kc*area planted. This means that the peak CWR in mm/day can be less 

than the peak ETo value when less than 100% of the area is planted in the cropping 

pattern. The average values of crop coefficient for each time step are estimated by 
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linear interpolation between the Kc values of each crop development stage. The 

"Crop Kc" values are calculated as Kc*Crop Area. So if the crop covers only 50% of 

the area, the "Crop Kc" values will be half of the Kc values in the crop coefficient 

data file. For crop water requirements and scheduling purposes, the monthly total 

rainfall has to be distributed into equivalent daily values. CropWat does this in two 

steps. First the rainfall from month to month is smoothed into continuous curve (the 

.default curve is a polynomial curve, but can be selected other smoothing methods 

available in the program e.g. linear interpolation between monthly values). Next the 

model assumes that the monthly rain fall in 6 separate rainstorms, one every 5 days or 

10 days (the number of the rainstorms can be changed). The model can compute the 

effective rainfall using any of the four methods. The assumed in field irrigation 

efficiencies, which affect the calculated the field water supply (FWS). 

For the Irrigation Scheduling criteria option shows the status of the soil moisture 

every time new water enters the soil, either by rainfall or a calculated irrigation 

application. Calculated irrigation events would be find result net irrigation. 

Total Available Moisture (TAM) in the soil for the crop during the growing season is 

calculated as Field Capacity minus the Wilting Point times the current rooting depth 

of the crop. Readily Available Moisture (RAM) is calculated as TAM*P, where P is 

the depletion fraction as defined in the crop coefficient (Kc) file. To avoid crop stress, 

the calculated soil moisture deficit should not fall bellow the readily available 

moisture. 

Ratio of actual crop ET to be maximum crop ET. This defined irrigation schedules 

should be 100% for an unstressed crop, if the less than 100% called stressed crop and 

should be review of scheduling criteria (application timing, application depth, and 

start of scheduling) repeat calculation of readily soil moisture (RAM) until satisfy 

with ratio of ratio of actual crop ET (ETc) to be maximum crop ET (ETm) more than 

or equal to 100%. 

4.6 OUTPUT 
Once all the data are supplied, CropWat Windows version 4.3 automatically 

calculates the results as tables or plots the graphs. The time step of the result can vary 
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• 
as: daily, weekly, decade or monthly. The output parameters for each crop in the 
cropping pattern are: 

- reference crop evapotranspiration — ETo (mm/period); 

- Crop Kc — average of crop coefficient for each time step; 

- Effective rain (mm/period) — the amount of water that enters the soil; 

- Crop water requirement — CWR or ETm (mm/period); 

- Irrigation Water Requirement — IWR (mm/period); 

4.7 POTENTIAL USES OF SOFWARE 
The software can be used for the following: 

• Can calculate the potential evapotranspiration (ETo) by Penman Monteith 

method (which is standard method) and field irrigation requirement. 

• Can be used to study the practice of actual irrigation in field vs the scientific 

irrigation. This can give data on water going as wastage and its effect on yield 

and salinity due to over-irrigation. 

• Given the field water supply (liter/sec/ha), it can be useful for water 

distribution planning. Effect of different application efficiencies for different 

crops can be analyzed. 

• It is useful in irrigation planning for complete project area to decide 

following: 

- Different cropping patterns and related irrigation water demand 

- Plantation if each crop in a .set of blocks staggered in time for example 

paddy crop area staggered into four blocks and planted at ten days interval. 

Its effect on peak irrigation water demand can be analyzed to reduce the 

peak demand and thus canal capacity can be scientifically fixed. 
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CHAPTER V 

ANALYSIS AND DISCUSSION OF. RESULTS 

CROPWAT (Chapter 4), which is a decision support system and developed by the 
Land Water Development Division of Food and .Agricultural Organization (FAO) for 

planning and management of irrigation, was used as a tool to carry out calculations 

for reference evapotranspiration, crop water requirement, and crop irrigation 

requirement, more specifically for the design and management of irrigation schemes. 

It allows the development of improved irrigation practices, and the assessment of 

crop production under rain-fed conditions or deficit irrigation. In this Chapter, 

CROPWAT was employed for scheduling of irrigation in the command area of Way 

Sekampung Irrigation Project, Indonesia. To this end, the information is required on 

crop water requirements, irrigation demands, cropping pattern, soil type, etc.. The 

employment of CROPWAT helps derive a suitable (optimal) cropping pattern which 

requires minimum irrigation, but meets the crop water requirement. A sensitivity 

analysis was also carried out to investigate the impact of varying the governing 

factors affecting the scheduling of irrigation. 

5.1 CROP WATER REQUIREMENT 
For estimation of crop water requirement, modified Penman method was applied, 

which is widely used in the world and is quite popular in Indonesia. The procedure is 

used to estimate i) reference crop evapotrnspiration (ETo) from climatic data, ii) crop 

coefficient (Kc), and iii) consumptive use (ETc). ETo is obtained from climatic data 

such as mean temperature, relative humidity, wind run and sunshine hours. Climatic 

data at Branti (Table 3.3) was used for estimation. The reference crop water 4 
requirement was estimated as given in Table 5.1 following the computational 

procedure presented in Table B.1. (Appendix B) . 
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Table 5.1 Reference Crop Evapotranspiration (ETo) (mm/day) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

4.58 4.81 4.93 4.76 4.51 4.76 4.49 5.09 5.10 5.28 4.85 4.66 

In accordance with the FAO guidelines, the Crop coefficient (Kc) was set for paddy 

as below: 

For every half a month after transplanting: 1.00, 1.00, 1.15, 1.15, and 1.15. 

Thus, Crop Water Requirement is obtained as follows: 

ETc = Kc x ETo 	  

(5.1) 

Where, ETc : Consumptive Use (mm/day) 

Kc: Crop Coefficient 

ETo: Reference Crop Evapotranspiration (mm/day) 

5.2 IRRIGATION DEMAND 
Monthly irrigation demands are based on (i) crop calendar, area and golongan 

(rotational groups); (ii) crop water requirement; (iii) consideration of water 

requirement for land preparation, percolation losses, effective rainfall etc; and (iv) 

conveyance efficiencies. 

5.2.1 Different Scenarios of Irrigation Development 

The simulation (Appendix A) considers the following scenarios of irrigation 

development (Report, 1994) 

- Irrigation area of 70,999 ha (excluding Rumbia areas) is assured 

- The following irrigation scenarios are simulated: 

Scenarios I : 76,789 ha (70,999 ha + West Rumbia) 

Scenarios II : 81,355 ha (Scenarios I + Rumbia II) 

Scenarios III : 88,565 ha (Scenarios II + Rumbia III) 

Scenarios IV : 94,123 ha (Scenarios III + Rumbia IV) 

- The cropping intensity of 100% in the rainy season is fixed. 

- The cropping intensities of 60%, 70%, 80%, 90% and 100% in the dry season are 

considered for each of the above scenarios. Thus, there are twenty conditions of 

simulations analysis and different scenarios of irrigation development as shown in 
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Table 5.2. The simulation result for the following case (the maximum irrigation 
area under the cropping intensity 180%, which is typical for an irrigation project in 
Indonesia) is presented below: 
Total Irrigation Area : 81,355 ha (including up to Rumbia II) 
Direct Diversion Area : 73,355 ha 
Rainy Season 	: 73,355 ha 
Dry Season 	: 58,684 ha (80%) 

Golongan —1 	: 19,561 ha 
Golongan — 2 	: 19,561 ha 

Golongan - 3 	: 19,561 ha 

Golongan — 4 	: 14,671 ha 

5.2.2 .Cropping Pattern and Golongans 
The cropping pattern shows the kind of crops, their starting, and cultivation time in 

general for a certain command area. Generally there are 3 types of cropping patterns 

which are adopted in Indonesia, and these are: 

(i) Paddy-Paddy Pattern 
In certain command area paddy is cultivated twice a year. 

(ii) Paddy-Paddy-Palawija Pattern 
In a certain command area paddy is cultivated twice and Palawija once a year. It 

is usually performed in case there is plenty of water available throughout the year 

and by using the high yielding varieties (paddy which has life time duration less 

than 140 days). 

(iii) Paddy — Palawija — Palawija Pattern 
In a certain command area paddy is cultivatied once and Palawija twice a year. It 

is usually performed in some part of a certain command area which gets 

insufficient water due to limited water being available in dry season. 
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Table 5.2. Different Scenarios of Irrigation Development 

Condition 

Zone 

Total 

Irrigation 

Area 

(Ha) 

Crop Irrigation Area 

Intensity Rainy 	Season Dry 	Season 

Direct 

Diversion 

Return 

Flow 

Direct 

Diversion 

Return 

Flow 

I Up to West Rumbia 76789 160 68789 8000 41273 4800 

II Up to West Rumbia 76789 170 68789 8000 48152 5600 

III Up to West Rumbia 76789 180 68789 8000 55031 6400 

IV Up to West Rumbia 76789 190 68789 8000 61910 7200 

V Up to West Rumbia 76789 200 68789 8000 68789 8000 

VI Up to Rumbia II 81355 160 73355 8000 44013 4800 

Vil Up to Rumbia II 81355 170 73355 • 8000 51349 5600 

VIII Up to Rumbia II 81355 180 73355 8000 58684 6400 

IX Up to Rumbia II 81355 190 73355 8000 66020 7200 

X Up to Rumbia II 81355 200 73355 8000 73355 8000 

XI Up to Rumbia III 88565 160 77782 10783 46669 6470 

XII Up to Rumbia III 88565 170 77782 10783 5447 7548 

XIII Up to Rumbia III 88565 180 77782 10783 62226 8626 

XIV Up to Rumbia III 88565 190 77782 10783 70004 9705 

XV Up to Rumbia III 88565 200 77782 10783 77782 10783 

XVI Up to Rumbia IV 94123 160 83340 10783 50004 6470 

XVII Up to Rumbia IV 94123 170 83340 10783 58338 7548 

XVIII Up to Rumbia IV 94123 180 83340 10783 66672 8626 

XIX Up to Rumbia IV 94123 190 83340 10783 75006 9705 

XX  Up to Rumbia IV 94123 200 83340 '10783 83340 10783 

Fig. 5.1 shows the cropping pattern and staggering of golongan to lower the peak 

water requirement in irrigation Way Sekampung. It also helps in lowering the peak 

labor requirement. In the rainy season, the land preparation in golongansl starts in the 

second half of dry season, Paddy land in golongan 1 is prepared in the first half of 

March followed by golongan 1 and 3. After the land preparation for one month, 

nursery paddy is transplanted in the field. Two and half months after the 

transplanting, the irrigation is stopped and another half a month later, the matured 
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paddy is harvested. In the dry season, upland crops are planted between the two 
paddy cropping seasons, however, they are not provided with irrigation water. 

Time 
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OCT 1529 418 

NOV 5003 .2781 

, DEC 3188 3501 

JAN 3340 3487 

FEB 855 2425 

MAR 3551  2198 

APR 4147 3888 

MAY —  3883 3243 

JUN 3188 3110 

JUL 0 _ 1157 

AUG 0 0 

SEP 0 0 

A: Nursery + Land preparation (1 month); 
B: Planting + Growing (2.5 months) 
C: Graining (0.5 month) 

Fig. 5.1 Proposed cropping pattern and golongans. 

5.2.3 Irrigation Diversion Requirement at Argoguruh Weir 
The following procedure was used to estimate irrigation diversion water requirement 

(IDWR) at Argoguruh weir in each month: 

Monthly IWD (MCM) = IDWR (litre/sec/ha) x Area x conversion 	 (5.2) 

IDWR (1/s/ha) 	= LWR x conversion; E: Irrigation Efficiency 	 (5.3) 
E 

IWR (mm/day) 	= ETc + LP + P — Re 	 (5.4) 
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Where: 

IWR : Irrigation Water Requirement (mm/day) 

ETc : Consumptive Use (mm/day) : Kc x ETo. 

LP : Land Preparation Water Requirement (mm/day): Mek Lek —1 

M : Water requirement to compensate for evaporation and percolation, 

M = Eo + P 

Eo : Open water evaporation during land preparation. 

k 	: M.T / S 

T 	: Land preparation period (day) 

S 	: Pre-saturation requirement 

P 	: Percolation rate (mm/day) 

Re : Effective Rainfall (mm/day) 

Irrigation diversion water requirement (Table C.1, Appendix C) was estimated as 

follows. The required water allowance on monthly basis at Argoguruh weir for each 

-of the six golongans are given in Table C.2, and Table C.3 (Appendix C) provides the 

computation result of annual water requirement for each of the six golongans as per 

the above scenarios of different irrigation areas. These have been taken from Report 

(1994). It is noted that the water requirement is significantly reduced by consideration 

of shift in crop calendar for each golongan. As shown in Fig. 5.1, the maximum 

monthly water requirement per ha of area is 5003 m3/month/ha without consideration 

of group system and it is 3686 m3/month/ha with consideration of group system. 

5.2.4 Irrigation Demand at Batutegi Dam Site (DWD) 

Part of irrigation diversion requirements can be met by interim catchments runoff 

between Batutegi dams and Argoguruh weir. Therefore, downstream releases to be 

made from the Batutegi are: 

DWD = IWD — Qa / e 	 .(5 6) 

Where, 

DWD = demand at Batutegi Dam site 

IWD = irrigation diversion water requirement at Argoguruh weir 

Qa = run off at Argoguruh weir 
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e = conveyance efficiency from Argoguruh weir to Batutegi dam 

5.2.5 Efficiencies 

The diversion requirement at the reservoir is more than the net field requirement 
because of losses in the distribution system. The efficiency of the system is usually 
broken down into the following components: field, tertiary head, secondary canals 

and main canals. The adopted efficiencies as well as and the calculated overall 
efficiencies are shown below: 

Table 5.3. Efficiencies (%) 
Element Wet 	Season Rice Dry 	Season Crop 

For element Total (%) For element Total (%) 

Field 100 100 75 75 

Tertiary head 80 80 	• 80  60 

Secondary canals 90 72 90 54 

Main canal 90 65 90 49 

For Wet Season Rice: 

Efficiency = 100 x 0.8 x 0.9 x 0.9 = 65% 

For Dry Season Rice: 

Efficiency = 75 x 0.8 x 0.9 x 0.9 = 49% 

The field efficiency for wet season rice is assumed to be 100% because in most of the 

area "losses" simply spill into the next field. With dry season rice this would not be 

the case because only a very small proportion of the area is devoted to rice. The 

adopted overall efficiencies are 65% for the wet season and 50% for the dry season. 

These conform to Indonesian practice which is usually followed. 

When return flows from part of the command area contribute to the supply for 

another part the overall efficiency will be higher than these values. It has been 

assumed that the area contributing such return flows has an effective efficiency 15% 

higher (i.e. 80% and 65% for wet and dry seasons, respectively). This means that in 

the wet season about 40% of the losses are in fact re-used, and 30% in the dry season. 

66 



ANALYSIS AND DISCUSSION OF RESULTS 

An overall basin efficiency is calculated as a weighted average of areas with and 

without return flows. For Irrigation Way Sekampung 8,000 ha provide return flows 

(partly from Way Seputih and partly within the Way Sekampung command areas); 

wet season basin efficiency is as follows: 

8000x80x73355x65  
Basin efficiency = 	 — 66:5% 

81355 

With the availability of CROPWAT Software, a practical tool, the following analysis 

attempts to study the effect of various governing factors, such as stipulated irrigation 

efficiency, staggering of planting date, irrigation scheduling option, maximum 

infiltration to soil, and maximum rooting depth on the field water supply (FWS) 

5.3 CROPWAT APPLICATION 
To evaluate the effect of the above described governing factors on the field water 

supply, these factors were varied in the practicable range, as shown in Table 5.4 

Table 5.4 Range/values of governing factors 

Si. No Governing Factor Range / Value taken 

1 Irrigation Efficiency 65%, 70%, 75% 

2 Staggering of planting date 15 October, 1 November, 15 November 

3 Irrigation scheduling option 75%, 80%, 100% 

4 Maximum soil infiltration 35 mm, 40 mm, 45 mm 

5 Maximum rooting depth 3 m, 5 m, 9 m 	• 
 . 	... 	. 	,. 

As an example, with irrigation efficiency at 	and planting  ate o 	c o er or 

rice crop, Tables 5.5a and 5.5b show a detailed CROPWAT output at 10-day interval. 

Table 5.5 is useful for computation of crop water requirement, and Table 5.5b for 

irrigation scheduling. In these tables, ETo is the potential evapotranspiration 

(mm/period), the planted area of 100% indicates that there exists only one crop in the 

command area, Kc is the crop factor to compute the actual evapotranspiration (ETm). 

Total rain is the total amount of rainfall (mm) during the period, Effect. Rain 

represents the effective amount of rainfall after exclusion of infiltration losses, Irr. 
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Req. is the amount of irrigation water required, FWS is the field water supply, TAM 

is the total available moisture (mm), RAM is the readily available moisture (mm), 

SMD is the soil moisture deficit, Interval. Is the time interval (days), Net In. Is the 

net amount of irrigation required, and Lost Irrigation is amount of water lost in 
irrigation. These calculations are consistent with the procedure described in Fig. 4.1 
(chapter 4). 

In Table 5.5a, since ETo and amount of rainfall vary within the year, the computed 

values of FWS also differ from each other during the whole year. Here, only rice is 

considered for further analysis, for it is the major crop of Indonesia. The field water 

supply (FWS) was taken as an indicator for investigating the effect of the above-

mentioned governing factors. 

The annual average values of FWS resulting from different values of governing 

factors in different runs are given in Table 5.6. For example, the computed field water 

supply (FWS) of 0.52 1/s/ha in this table stands for the annual average of FWS values 

resulting in the above cited combination of governing factors. It is seen from Table 

5.6 that these annual average values of FWS are however constant for certain factors,. 

viz., irrigation scheduling option, maximum soil infiltration, and maximum rooting 

depth. It implies that the ultimate field water supply does not depend on-these factors. 

It however holds within the premise of the above range (Table 5.4). The FWS 

computations beyond this range were not attempted because of their non- 

practicability in Indonesia. Here, it is further noted that it is apparently unrealistic to 

assert the derived inference. It might be because of the size of dimensions of FWS, 

which are given as 1/s/ha, a very small value and, in turn, resulting in rounded-off 

values. Thus, the constant 0.52 value is not actually constant, rather varying at higher 

decimal places, which are rounded at the second place. 
The verification was not possible because of the non-availability of the source code. 

However, this much can certainly be ascertained that the impact of these factors is not 

significant on the ultimate field water supply computation. 
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Table 5.5a Crop Water Requirement Report 

CROPWAT 4 	Windows 	4.3 

Crop 1 	 : Rice 
Blocks 	 : All blocks 
Planting Date 	 : 15/10 

Calculation Time Step 	: 10 Days 
Irrigation Efficiency 	: 65% 	 ., 	 . 

Date Eto Planted Crop CWR Total Effect Irrigation FWS 
Area Kc (Etm) Rain Rain Requirement 

(%) (mm/pedod) (mm/period) (mm/period) (mm/period) (I/s/ha) 

15/10 48.8 100 1.1 53.69 7.34 0. 53.69 0.96 

25/10 48.89 100 1.1 53.78 11.76 2.42 51.36 0.91 .  

4-11 48.82 100 1.1 53.7 18.75 7.65 46, 04 0.83 

14/11 48.58 53.44 27.29 14.35 39.09 0.7 

24/11 48.17 100 1.1 52.99 35.81 20.62 32.37 0.58 

4/12 47.6 100 1.1 52.36 42.81 25.33 27.03 0.48 

14/12 46.89 100 1.1 51.58 47.26 28.07 23.5 0.42 

24/12 46.17 100 1.1 50.79 48.52 28.73 22.06 0.39 

3/1 46.6 100 1.1 51.26 48.07 28.63 22.63 0.4 	. 

13/1 47.06 100 1.1 51.76 49.61 30.17 21.6 0.38 

23/1 47.39 100 1.1 52.13 50.74 31.29 20.84 0.37 

2/2 47.59 100 1.1 52.35 51.11 31.66 20.7 0.37 

12/2 47.66 100 1.07 51.11 50.48 31.06 20.06 	- 	- - 	0.36 

22/2 47.6 100 1.02 48.67 48.72 29.42 19.24 0.34 	s 

4/3 47.42 100 0.97 46.12 	45.8 26.94 19.27 0.34 

Total 47.42 775.73 584.07 336.24, 439.49 [ 0.52 ] 

* Eto data is distributed using polinomial curve fitting 

* Rainfall data is distributed using polinomial curve fitting 

C:\ CROPWAT \ REPORT \ AGUS. TXT 	 ' 
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Table 5.5b Irrigation Scheduling Report 

CROPWAT 4 Windows Ver.4.3 

* Crop Data 
Crop M 1 	: rice 
Block i-i 	: 1 
Planting Date 	: 15/10 

" Soil Data 
Soil description 	: Light 
Initial soil moisture 	: 0% 
' Irrigation Scheduling Criteria 
Application Timing: 

-Irrigate when 100% of readily soil moisture depletion occurs 
Application Depth: 

-Refill to 100 % of readily available soil moisture 
Start of scheduling; 15/10 

Date TAM RAM Total Efect. ETc ETc/ETm SMD Interv. Net. Lost User 
Rain Rain • kr. Irr. Adj. 

(mm) (mm) (mm) (mm) (mm) % (mm) (Days) (mm) (mm) (mm) 
15110 30 9 7.3 0 5.4 100% 5.4 	- 
16/10 30 9 0 0 5.4  100% 10.7 1 8.9 0 
18/10 30 9 0 0 5.4 100% 12.5 2 10.7 0 
20/10 30 9 0 0 5.4 12.5 2 10.7 0 
22/10 30 9 0 0 5.4 100% 12.5 2 10.7 0 • 
24110 30 9 0 0 5.4 100% 12.5 2 10.7 0 
25/10 30 . 9 11.8 1.8 5.4 100% 5.4 
26/10 30 9 0 0 5.4 100% 10.8 2 9 0 
28110 30 9 0 0 5.4 100% 12.6 2 10.8 0 
30/10 30 9 0 0 5.4 100% 12.6 2 10.8 0 
1/11 30 9 0 0 5.4 100% 12.6 2 10.8 0 
3111 30 9 0 0 5.4 100% 12.6 2 10.8 0 
4111 30 9 18.7 1.8 5.4 100% 5.4 
5/11 30 9 0 0 5.4 100% 10.8 2 9 0 
7/11 30 9 0 0 5.4 100% 12.5 2 10.7 0 
9/11 30 9 0 0 5.4 100% 12.5 2 10.7 0 

11/11 30 9 0 0 5.4 100% 12.5 2 10.7 0 
13/11 30 9 0 0 5.4 100% 12.5 2 10.7 0 
14/11 ' 30 9 27.3 1.8 - 5.4 100% 5.4 
15/11 30 9 • 0 0 5.4 100% 10.7 2 8.9 0 
17/11 30 9 0 0 5.3 100% 12.5 2 10.7 0 
19/11 30 9 0 0 5.3 100% 12.5 2 10.7 0 
21/11 30 9 0 0 5.3 100% 12.5 2 10.7 	- 0 ' 
23/11 30 9 0 0 5.3 100% 12.5 2 10.7 - 	0 
24/11 30 9 35.8 1.8 5.3 100% 5.3 
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Table 5.5b Contd 

Date TAM 

(mm) 

RAM 

(mm) 

Total 
Rain 
(mm) 

Efect. 
Rain 
(mm) 

ETc 

(mm) 

ETc/ETm 

% 

SMD 

(mm) 

Interv. 

(Days) 

Net. 
Irr. 

(mm) 

Lost 
'' Irr. 
(mm) 

User 
Adj. 

(mm) 
25/11 30 9 0 0 5.3 100% 10.6 
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27/11 30 9 0 0 5.3 100% 12.4 10.6 0 
29/11 30 9 0 0 5.3 100% 12.4 10.6 0 
4/12 30 9 42.8 1.8 5.3 100% 5.3 
5/12 30 9 0 0 5.3 100% 10.5 8.7 0 
7/12 30 9 0 0 5.2 100% 12.3 10.5 0 
9/12 30 9 0 0 5.2 100% 12.3 10.5 0 

11/12 30 9 0 0 5.2 100% 12.2 10.4 0 
13/12 30 9 0 0 5.2 100% 12.2 10.4 0 
14112 30 9 47.3 1.8 5.2 100% 5.2 
15/12 30 9 0 0 5.2 100% 10.4 8.6 0 
17/12 30 9 0 0 5.2 100% 12.2 10.4 0 
19/12 30 9 0 0 5.2 100% 12.1 10.3 0 
21/12 30 9 0 0 5.1 100% 12.1 10.3 0 
23/12 30 9 0 0 5.1 100% 12 10.2 0 
24/12 30 9 39.1 1.8 5.1 100% 5.1 
25/12 30 9 0 0 5.1 100% . 10.2 8.4 0 
27/12 30 9 0 0 5.1 100% 12 10.2 0 
29/12 30 9 0 0 5.1 100% 11.9 10.1 0 
31112 30 9 0 0 5.1 100% 11.9 10.1 0 

1./1 30 9 47.7 1.8 5.1 100% 5.1 
2.1 30 9 0 0 5.1 1.00% 10.2 8.4 0 
4/1 30 9 0 0 5.1 100% 12 10.2 0 
6/1 30 9 0 0 5.1 100% 12 10.2 0 
8/1 30 9 0 0 5.1 100% 12.1 10.3 0 - 
10/1 30 9 0 0 5.1 100% 12.1 10.3 0 
11./1 30 9 49.3  1.8 5.1 100% 5.1 
12/1 30 9 0 0 	. 5.2 100% 10.3. • 8.5 0 
141.1 30 9 0 0 5.2 100% 12.1 10.3 0 
16/1 . 30 9 0 0 5.2 100% 12.1 10.3 0 
18/1 30 9 0 0 5.2 100% 12.2 10.4 0 
20/1 30 9 0 0 5.2 100% 12.2 10.4 0 
21/1 30 9 50.6 1.8 5.2 100% 5.2 
22/1 30 9 0 0 5.2 100% 10.4 8.6 0 
24/1 30 9 0 0 5.2 100% 12.2 10.4 0 
26/1 30 9 0 0 5.2 100% 12.2 10.4 0 
28/1 30 9 0 0 5.2 100% 12.2 10.4 0 
30/1 30 9 0 0 5.2 100% 12.2 10.4 0 
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Table 5.5b Contd 

Date TAM 

(mm) 

RAM 

(mm) 

Total 
Rain 
(mm) 

Efect. 
Rain 
(mm) 

Etc 

(mm) 

Etc/Etm 

% 

SMD 

_ (mm) 

Interv. 

(Days) 

Net. 
\In-. 
(mm) 

Lost 
Irv. 

(mrri) 

User 
Adj. 
(mm) 

31/1 30 9 51.1 1.8 

.1
a  
a
  
a
  
a
  
a
  
a
  

.1
zA

  
a
  
a
  
a
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100% 5.2 
1/2 30 9 0 0 100% 10.4 2 8.6' 0 
3/2 30 9 0 0 100% 12.3 2 10_5 0 
5/2 30 9 0 0 100% 12.3-  2 10.5 0 
7/2 30 9 0 0 100% 12.3 2 10.5 0. 
9/2 30 9 0 0 100% 12.3 2 10.5  0 
10/2 30 9 50.7 1.8 100% 5.2 
11/2 30 9 0 0 100% 10.5 2 8.7 . 0 
13/2 30 9 0 0 100% 12.2 2 10.4 0 
15/2 30 9 0 0 100% 12.1 2 10.3 0 
17/2 30 -9 0 0 100% 12 . 	2 10.2 0 
19/2 30 9 0 0 100% 11.9 2 10.1 0 
20/2 30 9 49.2 1.8 100% 5 
21/2 30 9 0 0 100% 10 2 8.2, 0 
23/2 30 9 0 0 100% 11.7 2 9.9 0 
25/2 30 9 0 0 100% 11.6 2 9.8 0 
27/2 30 9 0 0 100% 11.5 2 ' 	9.7 0 
1/3 30 9 0 0 100% 11.4 2 9.6 0 • 
2/3 30 9 46.5 1.8 100% 4.8 . 
3/3 30 9 0 0 100% 9.5 2 7.7 0 
5/3 30 9 0 0 100% 11.2 2 9.4 0 
7/3 30 9 0 0 100% 4.7 2 9.3 0 
9/3 30 9 0 0 100% 4.6 2 . 9.2 0 
3/11 30 9 0 0 100% 4.5 2 9.1 0 
12/3 30 9 42.7 1.8 100% 4.5 - 
13./3 30 9 0 0 100% 4.5 2 7.2 0 
Total 618 27 775.7 100% _ 150 746.9  0* 0 

* Yield Reduction: 	 ., 

- Estimated Yield reduction in growth stage # 1 = 0.0% 
- Estimated Yield reduction in growth stage # 2 = 0.0% . 
- Estimated Yield reduction in growth stage # 3 = 0.0% 
- Estimated Yield reduction in growth stage # 4 = 0.0% 
- Estimated Total Yield reduction 	 = 0.0 % 

* These estimates may be used as guidelines and not as actual figures 
*Legend: 
TAM = Total Available Moisture = (FC%-WP%)* Root Depth [mm] 
RAM = Readily Available Moisture = TAM * P [mmj 
SMD = Soil Moisture Deficit [mm] 
* Notes: 
Monthly Eto is distributed using polynomial curve fitting. 
Monthly Rainfall is distributed using polynomial curve fitting 
To generate rainfall events, each 5 days of distributed rainfall are accumulated as one strom 
Only Net Irrigation Requirements are given here. No any kind of losses was taken into 
account in the calculations. 
C:N. CROPWAT \ REPORT k AGUS. TXT 
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Thus, considering the above three variables, viz., irrigation scheduling option, 

maximum soil infiltration, and maximum rooting depth, not significantly affecting the 

resulting FWS, the variation in irrigation efficiency and planting date and its effect on 

FWS is considered as show in Tables 5.6 —. 5.14. The results of these tables are 

summarized in Table 5.15, and these are explained below: 

It is seen from Table 5.15 that the staggering of planting dates significantly affects the 

FWS and shows consistently decreasing trend in the ranges (0.52-0.45), (0.48-0.42), 

and (0.45-0.39) for irrigation efficiencies of 65, 70, and 75%, respectively. The first 

inference that can be drawn is that FWS consistently decreases with (a) staggering of 

the beginning of plantation from October 15 to November 1 and (b) increase in 

irrigation efficiency. Since the former depends not only on the climate (temperature 

or evapotranspiration (Table B.1) and rainfall pattern in the year, it is little difficult to 

conclude with certainty the discrete effect of each of these factors. However, as seen 

from Table B.1 (Appendix-B), the evapotranspiration decreases as the date shifts 

from October to November, and therefore, requiring less amount of water by the 

crops for their sustenance. Furthermore, the probable amount of precipitation in 

October being less than that in November, as seen from Table 3.5 also leads to 

ascertaining the reduced amount of FWS. The inference of FWS reduction with 

increase in irrigation efficiency is in accordance with the expectation that the increase 

in irrigation efficiency would reduce field water supply for irrigation. 

From the above discussion it is evident that, in the Way Sekampung command area, it 

is possible to (a) shift the planting date from October 15, commonly practiced in 

Indonesia, to November 1 for reducing significantly the required field water supply 

and (b) enhance the irrigation efficiency from 65 to 75, practically achievable level, 

by employing the available measures. The following text further examines the 

sensitivity of the governing factors to FWS computation. 
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Table 5.6 Runs for Irrigation Efficiency 65 % at 15 October 

Run 

No 

Irrigation 

Efficiency 

% 

Planting 

Date 

Maximum 

Infiltration 

mm 

Maximum 
Rooting 
depth 
Depth 

m 

Refill 

Option 

% 

FWS 

I/s/ha 

Remark 

1 65 15 Oct 35 

C
O

 CD
 C
O

 0
1

  C
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  (
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1  
W

 C
r3

 C.,L
3

 C
O

 C
O

 CD
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1  

0
1
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3

1
 CO

 03
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O

 CO
  

CO
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O

 C
TI

  0
1

  C
31

  
0

3
 0

3  
CO

 

75 0.52 
2 65 15 Oct 35 80 0.52 
3 65 15 Oct 35 100 0.52 
4 65 15 Oct 35 75 0.52 
5 65 15 Oct 35 80 0.52 
6 65 15 Oct 35 100 0.52 
7 65 15 Oct 35 75 0.52 
8 65 15 Oct 35 80 0.52 
9 65 15 Oct 35 100 0.52 

10 65 15 Oct 40 75 0.52 
11 65 15 Oct 40 80 0.52 
12 65 15 Oct 40 100.  0.52 
13 65 15 Oct 40 75 0.52 . 
14 65 15 Oct 40 80 0.52 
15 65 15 Oct 40 100 0.52 
16 65 15 Oct 40 75 0.52 
17 65 15 Oct 40 80 0.52 
18 65 15 Oct 40 100 0.52 
19 65 15 Oct 45 75 0.52 - 
20 65 15 Oct 45 80 0.52 
21 65 15 Oct 45 100 0.52 
22 65 15 Oct 45 75 0.52 
23 65 15 Oct 45 80 0.52 
24 65 15 Oct 45 • 100 0.52 
25 65 15 Oct 45 75 0.52 
26 65 15 Oct 45 80 0.52 
27 65 15 Oct 45  	100 0.52 
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Table 5.7. Runs for Irrigation Efficiency 65 % at 1November 

Run 
No 

Irrigation 
Efficiency 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
M 

Refill 
Option 

% 

FWS , 

1/s/ha 

Remark 

28 65 1 Nov 35 3 75 0.47 
29 65 1 Nov 35 3 80 0.47 
30 65 1 Nov 35 3 100 0.47 
31 65 1 Nov 35 5 75 0.47 
32 65 1 Nov 35 5 80 0.47 
33 65 1 Nov 35 5 100 0.47 
34 65 1 Nov 35 9 75 0.47 
35 65 1 Nov 35 9 80 0.47 
36 65 1 Nov 35 9 100 0.47 
37 65 1 Nov 40 3 75 0.47 
38 65 1 Nov 40 3 80 0.47 . 
39 65 1 Nov 40 3 100 0.47 . 
40 65 1 Nov 40 5 75 0.47 
41 65 1 Nov 40 5 80 0.47 
42 65 1 Nov 40 5 100 0.47 
43 65 1 Nov 40 9 75 0.47 
44 65 1 Nov 40 9.  80 0.47 
45 65 1 Nov 40 9 100 0.47 
46 65 1 Nov 45 3 75 0.47 
47 65 1 Nov 45 3 80 0.47 
48 65 1 Nov 45 3 100 0.47 
49 65 1 Nov 45 5 75 0.47 
50 65 1 Nov 45 5 80 0.47 
51 65 1 Nov 45 5 100 0.47 
52 65 1 Nov 45 9 75 0.47 
53 65 1 Nov 45 9 80 0.47 
54 65 1 Nov 45 9 100 0.47 
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Table 5.8. Runs for Irrigation Efficiency 65 Vs at 15 November 

Run 
No 

Irrigation 
Efficiency 

% 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
m 

Refill 
Option 

% 

FWS 

1/s/ha 

Remark 

55 65 15 Nov 35 3 	. 75 0.45 
56 65 15 Nov 35 3 80 0.45 
57 65 15 Nov 35 3 100 0.45.  

58 65 15 Nov 35 5 75 0.45 
59 65 15 Nov 35 5 80 0.45 
60 65 15 Nov 35 5 100 0.45 
61 65 15 Nov 35 9 75 0.45 
62 65 15 Nov 35 9 80 0.45 
63 65 15 Nov 35 9 ' '100 0.45 
64 65 15 Nov 40 3 75 0.45 
65 65 15 Nov 40 _ 	3 80 0.45 
66  65 15 Nov 40 3 100 0.45 
67 65 15 Nov 40 5 75 0.45 
68 65 15 Nov 40 5 80 0.45 
69 65 15 Nov 40 5 100 0.45 
70 65 15 Nov 40 9 75 0.45 
71 65 15 Nov 40 9 80 0.45- 
72 65 15 Nov 40 9 100 0.45 - 
73 65 15 Nov 45 3 75 0.45 
74 65 15 Nov 45 3 80 0.45. 
75 65 15 Nov 45 3 100 0.45 
76 65 15 Nov 45 5 75 0.45 
77 65 15 Nov 45 5 	- 80 0.45 
78 65 15 Nov 45 5 100 	• 0.45 
79 65 15 Nov 45 9 75 0.45 
80 65 15 Nov 45 9 ' 	80 0.45 
81 65 15 Nov 45 9 100 0.45 
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Table 5.9. Runs for Irrigation Efficiency 70 % at 15 October 

Run 
No 

Irrigation 
Efficiency 

°A) 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
m 

Refill 
Option 

% 

FWS 

I/s/ha 

Remark 

82 70 15 Oct 35 3  75 0.48 
83 70 15 Oct 35 3 80 0.48 
84 70 15 Oct 35 3 100 0.48 
85 70 15 Oct 35 5 75 0.48 
86 70 15 Oct 35 5 80 0:48 
87 70 15 Oct 35 5 100 0.48 
88 70 15 Oct 35 - 9 75 0.48 
89 70 15 Oct 35 9 80 0.48 
90 70 15 Oct 35 9 .100 0.48. 
91 70 15 Oct 40 3 75 0.48 
92 70 15 Oct 40  3 80 0.48 
93 70 15 Oct 40 3 100 0.48 • 

94 70 15 Oct 40 5 75 0.48 
95 70 15 Oct 40 5 80 0.48 

96 70 15 Oct 40 5 100 0.48 

97 70 15 Oct 40 9 75. 0.48 

98 70 15 Oct 40 .9 80 0.48 
99 70 15 Oct 40 9 100 0.48 . 

100 70 15 Oct 45 3 75 0.48 

101 70 15 Oct 45 3 80 0.48 

102 70 15 Oct 45 3 100 0.48 

103 70 15 Oct 45 5 75 0:48 

104 70 15 Oct 45 5 80 0.48 

105 	. 70 15 Oct 45 5 100 0.48 • 

106 70 15 Oct 45 9 75 0.48 

107 70 15 Oct 45 9 80 0.48 

108 70 15 Oct 45 9 100 0.48 
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Table 5.10. Runs for Irrigation Efficiency 70 % at 1November 

Run 
No 

Irrigation 
Efficiency 

% 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 	-i 
Rooting depth 

Depth 
m 

Refill 
Option 

% 

FWS 

I/s/ha 

' Remark 

109 70 1 Nov 35 3  75 0.44 
110 70 1 Nov 35 3 80 0.44 
111 70 1 Nov 35 3 100 0.44 
112 70 1 Nov 35 5 75 0.44 
113 70 1 Nov 35 5 80 0.44 
114 70 1 Nov 35 5 100 • 0.44 
115 70 '1 Nov 35 9 75 0.44 
116 70 1 Nov 35 9 80 0.44 
117 70 1 Nov 35 9 100 0.44 
118 70 1 Nov 40 3 75 0.44 
119 70 1 Nov 40 3 . 80 0.44 
120 70 1 Nov 40 3 100 0.44 
121 70 1 Nov 40 5 75 0.44 
122 70 1 Nov 40 5 80 0.44 
123 70 1 Nov 40 5 100 0.44 
124 70 1 Nov 40 9 75 0.44 . 
125 70 1 Nov 40 9 80 0.44 
126 70 1 Nov 40 9 100 0.44 
127 70 1 Nov 45 3 75 0.44 
128 70 1 Nov 45 3 80 0.44 
129 70 1 Nov 45 3 100 0.44 
130 70 1 Nov 45 5 75 0.44 
131 70 1 Nov 45 5 80 0.44 
132 70 1 Nov 45 5 100 0.44 
133 70 1 Nov 45 9 75 0.44 
134 70 1 Nov 45 9 80 0.44 

135 70 1 Nov 45  9 100 0.44 
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Table 5.11 Runs for Irrigation Efficiency 70 % at 15 November 

Run 
No 

Irrigation 
Efficiency 

% 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
m 

Refill 
Option 

% 

FWS 

I/s/ha 

Remark 

136 70 15 Nov 35 3 75 0.42 
137 70 15 Nov 35 3 .80 0.42 
138 70 15 Nov 35 3 100 0.42 
139 70 15 Nov 35 5 75 0.42 
140 70 15 Nov 35 5 80 0.42 
141 70 15 Nov 35 5 100 0.42 
142 70 15 Nov 35 9 75 0.42 

143 70 15 Nov 35 9 80 0.42 
144 70 15 Nov 35 9 100 0.42 

145 70 15 Nov 40 3 75 0.42 

146 70 15 Nov 40 3 80 0.42 

147 70 15 Nov 40 3 100 0:42 

148 70 15 Nov 40 5 75 0.42 

149 70 15 Nov 40 5 80 0.42 

150 70 15 Nov 40 5 100 0.42 

151 70 15 Nov • 40 9 75 0.42 

152 70 15 Nov 40 . 	9 80 0.42 

153 70 15 Nov 40 9 100 0.42 

154 70 15 Nov 45 3 75 0.42 

155 70 15 Nov 45 3 80 0.42 

156 70 15 Nov 45 3 100 0.42 . 

157 70 15 Nov 45 5 75 0.42 

158 70 15 Nov 45 5 80 . 0.42 

159 70 15 Nov 45 5 100 0.42 

160 70 15 Nov 45 9 75 0.42 

161 70 15 Nov 45 9 80 0.42 

162 70 15 Nov 45 9 100 0.42 
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Table 5. 12 Runs for Irrigation Efficiency 75 % at 15 October 

Run 
No 

Irrigation 
Efficiency 

% 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
m 

Refill,  
Option 

% 

FWS 

I/s/ha 

Remark 

• 

163 75 15 Oct 35 3 	. 75 0.45 
164 . 	75 15 Oct 35 3 80 0.45 
165 75 15 Oct 35 3 100 0.45 
166 75 15 Oct 35 5 75 0.45 
167 75 15 Oct 35 5 80 0.45. 
168 75 15 Oct 35 5 100 0.45 
169 •75 15 Oct 35 9 75 0.45 
170 75 15 Oct 35 9 80 0.45 
171 75 15 Oct 35 9 100 0.45 
172 75 15 Oct 40 3 75 0.45 
173 75 15 Oct . 40 3 80 0.45 
174 . 	75 - 15 Oct 40 3 100 	- 0.45. 
175 75 15 Oct  40 5 75 0.45 
176 75 15 Oct . 40 5 80.  0.45 
177 75 15 Oct 40 5 	' 100 0.45 
178 75 15 Oct 40 9 75 0.45 

 

179 75 15 Oct 40 9 80 0.45 

180 75 15 Oct 40 9 100 0.45 

181 75 15 Oct 45 .3 75 0:45 

182 75 15 Oct 45 3 80 0.45 
183 75 15 Oct 45 3 100 0.45 

184 75 15 Oct 45 5 75 0.45 - 

185 75 15 Oct 45 5 80 0.45 • 

186 75 15 Oct 45 5 100 0.45 

187 75 15 Oct 45 9 75 0.45 
188 75 15 Oct 45 9 80 0.45 

189 75 15 Oct 45 9 100 0.45 
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Table 5.13 Runs for Irrigation Efficiency 75 % at 1November 

Run 
No 

Irrigation 	1  
Efficiency 

% 

Planting 
Date 

Maximum 
Infiltration 

. mm 

Maximum 
Rooting depth 

. Depth 
m 

Refill 
Option 

% 

FWS 

1/s/ha 

 Remark 

190 75 1 Nov 35 3 75 0.41 
191 75 1 Nov 35 3  80 0.41 
192 75 1 Nov 35 3 100 0.41 
193 75 1 Nov 35 5 75 0.41 
194 75 	' 1 Nov 35 5 80 0.41 

195 75 1 Nov 35 5 100 0.41 

196 75 1 Nov 35 9 75 0.41 

197 75 1 Nov 35 9 80 0.41 

198 75 1 Nov 35 • 9 100 0.41 

199 75 1 Nov 40 3 75 0.41 

200 • 75 1 Nov 40 3 80 . 	0.41 

201 75 1 Nov 40 3 100 0.41 

202 75 1 Nov 40 5 75 0.41 

203 75 1 Nov 40 5 	- 80 0.41 

204 75 1 Nov 40 5 100 0.41 

205 75 1 Nov 40 9 75 0.41 

206 75 1 Nov 40 . 	9 80 0.41 

207 75 1 Nov 40 9 .100 0.41 

208 75 1 Nov 45 3 75 0.41 

209 75 1 Nov 45 3 80 0.41 

210 75 1 Nov 45 3 100 0.41 

211  75 1 Nov 45 5 75 0.41 

212 75 1 Nov 45 5 80 0.41 

213 75 1 Nov 45 5 100 	• 0.41 

214 75 1 Nov 45 9 75 0.41 

215 75 1 Nov 45 9 80 0.41 

216 . 75 1 Nov 45 9 100 0.41 

81 



ANALYSIS AND DISCUSSION OF RESULT 

Table 5.14 Runs for Irrigation Efficiency 75 % at 15 November 

Run 
No 

Irrigation 
Efficiency 

°A) 

Planting 
Date 

Maximum 
Infiltration 

mm 

Maximum 
Rooting depth 

Depth 
m 

Refill 	' 
Option 

% 

FWS 

I/s/ha 

Remark 

217 75 15 Nov 35 3 	- 75 0.39 
218 75 15 Nov 35 3 80 0.39 
219 75 15 Nov 35 3 100 0.39 
220 75 15 Nov 35 5 75 • 0.39 
221 75 15 Nov 35 5 80 0.39 
222 75 15 Nov 35 5 100 0.39 
223 75 15 Nov 35 9 75 0.39 
224 75 15 Nov 35 9 80 0.39 
225 75 15 Nov 35 9 100 0.39 
226 75 15 Nov 40 3 75 0.39 
227 75 15 Nov 40 3 80 0.39 
228 75 15 Nov 40 3 100 0.39 
229 75 15 Nov 40 5 75 0.39 
230 75 15 Nov 40 5 80 0:39 
231 75 15 Nov 40 5 100 0.39 
232 75 15 Nov 40 9 75 0.39 • 
233 75 15 Nov 40 9 80 0.39 
234 75 15 Nov 40 9 100 0.39 
235 75 15 Nov 45 3 75 0.39 
236 75 15 Nov 45 3 80 0.39 
237 75 15 Nov 45 3 100 0.39 
238 ' 	75 15 Nov 45 5 75 0.39 
239 75 15 Nov 45 5 80 0.39 
240 75 15 Nov 45 5 100 0.39 
241 75 15 Nov 45 9 75 0.39 
242 75 15 Nov 45 9 80 0.39 
243 75 15 Nov 45 9 • 100 0.39 
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Table 5.15 Summary of the CROPWAT computations of Tables 5.6-5.14 
Run No. Irrigation Efficiency 

% 

Planting date Field water supply (FWS) 

(1/s/ha) 
1 65 15 October 0.52 
2 65 1 November 0.47 
3 65 15 November 0.45 

4 70 15 October 0.48 

5 70 1 November 0.44 	. 

6 70 15 November 0.42 

7 75 15 October 0.45 

8 75 1 November • 0.41 

9 75 15 November 0.39 

5.3.1 SENSITIVITY ANALYSIS 

It is of common knowledge that the sensitivity analysis is carried out to evaluate the 

sensitivity of the governing parameters to the output. In this study, it is also important 

that it would help decide the specific parameter to be taken up for improving the 

scheduling of irrigation with minimum water supply. The sensitivity of the governing 

factors is shown in Fig. 5.2. The figure shows that FWS decreases with increase in 

irrigation efficiency almost exponentially. The rate of decay of FWS increases as the 

date of plantation shifts from November 15 to October 15. It is quite obvious, as 

above, that the FWS is directly dependent on IWR and efficiency (Fig.4.1 chapter 4); 

the greater the efficiency of irrigation, the lesser would be the field water supply, for 

the conveyance losses would be less, and vice versa. Furthermore, .since the 

evapotranspiration is relatively high on October 15 than on November 1 (Table B.1 

(Appendix-B), the required field water supply would be greater to maintain the 

required moisture in the soil for paddy crop, and vice versa. Since both the factors 

show a significant influence on the computed field water supply it is worth 

recommending that any or both of these can be considered for ameliorating the 

irrigation schedule for optimum water supply. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Irrigation scheduling is a part of water distribution planning in the command area of an 

irrigation project. It is an important aspect of irrigation project planning but generally 

ignored in project preparation stage. While analyzing irrigation development during the 

project life, it is important to consider likely water deficit condition, resulting yield 

reduction, and plan for irrigation scheduling to manage water deficits at micro field and 

macro project level (field level and project level). 

During operation stage, conventional procedure of water distribution planning is to 

prepare a roster of regulation for canal network specifying discharge and running days for 

each segment of canal network. It is prepared at the beginning of a crop season and 

published for the information of farmers. Modification in the roster is made if there is 

unexpected rain or other reason beyond control. 

During project preparation stage irrigation scheduling is accounted for in terms crop type, 

number of watering and depth of irrigation. Thus, there is lot of subjectivity in 

assessment of demand and the procedure for meeting the spatially distributed irrigation 

demand. With availability of software's such as CROPWAT among others, it is possible 

to carry out irrigation scheduling and water distribution planning in more scientific 

manner. Based on the present study and available literature, the following can be 

asserted: 

1. The Way Sekampung irrigation project is basically an agricultural improvement 

scheme to be attained through an increase in production of irrigated rice within the 

project area. An increase in the infrastructure development.within the area can also be 

used as an incentive to promote and encourage further transmigration into the area 

from the move densely populated areas of Indonesia. The Way Sekampung irrigations 

need irrigation scheduling because one important aspect of irrigation management 
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which involves when to irrigate a crop and how much water is to be applied at each 

irrigation. The practice of farmers determining whether it was time to irrigate by the 

feel and colour of the soil is an old practice in irrigation. Even today, many farmers 

irrigate to the calendar or receive water at scheduled time and therefore use the water 

whether their crop need it or not. Whereas developed countries in areas of high 

energy use, farmers who have control on their water deliveries are searching for ways 

to determining the most beneficial time to apply just the right amount water. 

2. CROPWAT is a decision support system developed by the land and water 

development Division of FAO to compute reference evapotranspiration, crop water 

requirement, and crop irrigation requirement; to develop irrigation schedules under 

various management conditions and scheme water supply; and to evaluate Tainted 

production and drought effects and efficiency of irrigation practices. 

3. Using CROPWAT software, the present analysis attempted to study the effect of 

various governing factor, such as stipulated irrigation efficiency, staggering of 

planting date, irrigation scheduling option, maximum infiltration to soil, maximum 

rooting depth, on field water supply (FWS). The last three factors were found-to have 

insignificant bearance on the computed field water supply. 

4. The sensitivity analysis indicated FWS to decrease with increase in irrigation 

efficiency almost exponentially. The rate of decay of FWS increased significantly as 

the date of plantation shifted from November 15 to October 15. Since both the factors 

showed a significant influence on the computed field water supply it was 

recommended that any or both of these could be considered for ameliorating the 

irrigation schedule for optimum water supply. 
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Tabl' 5*  
Talc= Ca 

20.0 23.4 
21.0 24.9 
22.0 26.4 
23.0 231 
24.0 29.8 
25.0 31.7 
26.0 33.6 
27.0 35.7 
28.0 37.8 
29.0 40.1 
30.0 42.4 
31.0 44.9 

Table 9°  
1.Tean W  

20.0 0.69 
22.0 0.71 
24.Q 0.73 
26,0 0.75 
28.0 0.77 
30.0 0.78 

Table 1.31.  

• 
.1:Tineita  

.20.0 14.6 
22.0 15.0 

• 24:0 15.4 
26:0. 15:9 

30.0 16.7 

Table B.1 Reference Crop Evapotranspiration (ETo) 
Station : E3ranti (C11) 

Jan. 	1 	Fob. Mar. Apr. May Ion. Jul, Aug, I 	Sep. Oct 	.1 .Nov. . Dee. 
35 35 84 84 84 ; 	32 SO 79 13 82 84 

Trnax ff) 30.51 	31.0 31.6 31.9 31.5 316 313:  31.7: ‘ "323 3.2.0 32.0 31.7 
Truin C() 2151 	215 226 22.7 216 22.1. 21,4 • 21.6 21.3 • 21.9 213 215 

Tincan ("C) 25.9 26.0 26.2 26.5 26.4 26.1 25.61 	25.6 26.0 26,5 26.4 26.2 
Find Run (km/day 80.6 76.1 64.2 62.0 69.4 187,9 85.8 130.5 83.7 

8.0 
76.2 
7.9 

66.2 
6.9 

69,6 
6.6 Sunshine (hr) 6.3 6.9 7.6 7.7 8.2 8.3 8.4 86 

ca (mbar) 33.344 33.642 33.932 34.592 34.513 33.71.6 32.850 32.930 33.538 34.663 34,389 33.976 
ex: (rubar) 23.210 23.701 28.909 29.223 29.131 28.200. 26.982  

5.863: 
'26:491 
' 6459 6.903 

26.636:27.176 
. 7487 

23.136 
6.254 

28.406.  
5571 ea-ed (mbar) 5.133 4.941 5.073 5.369 5.387 5316 

au) 0.488 0.475 0.443 0437 0.457 0.777 0.502 0.627 0..496 . 0476 0,449 0458 
V.' 0.749 0.750 0,752 .0.755 0.754 0351 0346 

13.25a 
0.346  

14.150 
0350 

15.0501  
' 0355  
15.650 

'0.754 
15.650 

0352 
15.550 rus (mm/day) 15.650 15.900 15.600 14.800 13.600 13.000 

N (lir) 12.300 12,300 12.100 12.000 11.900 11800 11.30q 11.900 12.000 .12.200 12.300 12.400 
8048' Rs (mro/day) 7.898 8.447 8.800 8.477 8.109 7,809 8.043. , 8.631 8.8031 8952 8.328 

Rns (mni(clay) 5924 6335 6.600 6357 6.031 5.856 6032 6.473 .6.602 6.714 6.246 6.036 
fiT) 15.866 15.904 15.936 15.994 '15.937 15,911 15.801 15.312 15.892: 16.091 15.915 15936 
fted) 0.106 0.104 0.103 0102 0.103 0106 0.111 :0.114 0.113 :0111 0.107 	0.105 
An1N) 0558 0.606 0.665 0.681 0723. 0.731. 0743 :0.743' 0703 .0.630 0.603 	0.582 

Rill (rnm/tiay) 0.942 1.005 1.097 1.112 1.185 1137 1308 .1343 1261 1.203 .: 1035__0973 
5211 	5.058 Rn (ruin/day) 4.982 5330 . 5.503 5145 4.896 4.619 : 4:.725 5.131: 5341 5.511 

t  ETo (mrniday) 4.58 - - 4,81 -4.93 4,76 451 4.76 4:49 509 510 528 4.85 	466 
Adjustment factor cis sat at 	1.05 . 

FAO Irrization and Drainage Palier.24., crop Water Re...Tr:Li-emeriti 

ETo = (W • Rif+ (1-W)1(u).(ea-ed)) 
whore, 

ea : obtained by Inman through Table 5* 
ed = ea x RH/100 

f(n) = 0.27 (1 4- U/100) 
U : Wind Run (km/day) 
W : obtained by Tram through Table 9* 
RA,: obtained by latitude 
N: obtained by latitude 
B.c = (0.25 + 0.50 n/N) 

: Sunshine Hour 
Rns (1 - 0.25)-Rs 
fT) : obtained by Tmean through Table 13' 
f(ed) 0.34 - 0.44 sqrt(ed) 

f(n/N) =20.1 + 0.9-n/N 
gr)Aed)AniN) 

Rn 	Rld 
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