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PREFACE

Thisisonein aseries of training manuals on subjects related to Irrigation that will beissued in 1985,
1986 and 1987.

The papers are intended for use by field assistants in agricultural extension services and irrigation
technicians at the village and district levels who want to increase their ability to deal with farm-level
irrigation issues.

The papers contain material that is intended to provide support for irrigation training courses and to
facilitate their conduct. Thus, taken together, they do not present a complete course in themselves, but
instructors may find it helpful to use those papers or sections that are relevant to the specific irrigation
conditions under discussion. The material may also be useful Co individual students who want to review
a particular subject without ateacher.

Following an introductory discussion of various aspects of irrigation in the first paper, subsequent
subjects discussed will be:

* topographic surveying
crop water needs
irrigation scheduling
irrigation methods
irrigation system design
land grading and levelling
canals and structures

* drainage

o salinity

* irrigation management

At this stage, al the papers will be marked provisional because experience with the preparation of
irrigation training material for use at the village level islimited. After atrial period of afew years, when
there has been time to evaluate the information and the use of methods outlined in the draft papers, a
definitive version can then be issued.

For further information and any comments you may wish to make please write to:

The International Support Programme for Irrigation Water Management
Land and Water Development Division

FAO

Viadelle Terme di Caracala

00100 Rome

Italy

ABOUT THISPAPER
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Irrigation water needsisthe third in a series of training manuals on irrigation. Unlike Volumes 1 and 2,
Volume 3 has been divided into two parts.

Part | Principles of Irrigation Water Needs

Part | of this manual describesin general terms the principles to determine the water need of
standard grass; how the water need of grass relates to the water needs of the crops actually
grown on an irrigation scheme. Lastly it indicates how the irrigation water needs can be
estimated for the various crops, taking into account the effective rainfall.

Part | isintended for use by village level extension workers who will not be involved - on a
project basis - with the determination of the irrigation water needs, but who need to
understand the principles behind and the factors involved in their determination.

Part | uses only very elementary arithmetic, provides tables indicating approximate values or
orders of magnitude only, but does not elaborate on their more accurate determination.

PART Il Determination of Irrigation Water Needs

Part 1 coversin principle the same topics as Part |: reference crop evapotranspiration, crop
evapotranspiration or crop water needs and irrigation water needs. It provides - beit still ina
fairly smple manner - methods to calculate these.

Part Il isintended for use by irrigation technicians at the village and district levels who will
be involved in the determination of irrigation water needs for small projects and who are not
in a position to obtain these data easily from the Extension Service, Irrigation Department or
Ministry of Agriculture.

Although the calculations do not go beyond multiplication and division, the whole cal culation procedure
to arrive, for the various crops, at irrigation water needs on a monthly basisis rather time-consuming and
requires background knowledge. It is advisable that those intending to use Part |1 first take notice of the
content of Part |.

For those technicians who are not involved in the actual determination of irrigation water needs and who
can obtain these datalocally. Part | may serve as general background to the subject.

This electronic document has been scanned using optical character recognition (OCR) software and
careful manual recorrection. Even if the quality of digitalisation is high, the FAO declines all
responsibility for any discrepancies that may exist between the present document and its original printed
version.

Table of Contents
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CHAPTER 1: INTRODUCTION

All field crops need soil, water, air and light (sunshine) to grow. The soil gives stability to the plants; it
also stores the water and nutrients which the plants can take up through their roots. The sunlight provides
the energy which is necessary for plant growth (Fig. 1). The air alows the plants to "breath".

Fig. 1 Plants need soil, water, air and sunlight ......
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Without water crops cannot grow. Too much water is not good for many crops either. Apart from paddy
rice, there are only very few crops which like to grow "with their feet in the water". The most well-known
source of water for plant growth is rain water. There are two important questions which come to mind:
What to do if there istoo much rain water? What to do if thereistoo little rain water?

If there istoo much rain, the soil will be full of water and there will not be enough air. Excess water must
be removed. The removal of excess water - either from the ground surface or from the root zone - is called
drainage (see Volume 1, Chapter 6).

If thereistoo little rain, water must be supplied from other sources; irrigation is needed (Fig. 2). The
amount of irrigation water which is needed depends not only on the amount of water already available
from rainfall, but also on the total amount of water needed by the various crops.

Fig. 2 If thereisonly alittlerain water, irrigation isneeded .....

With respect to the need for irrigation water, a distinction can be made among three climatic situations:

1. Humid climates. more than 1200 mm of rain per year. The amount of rainfall is sufficient
to cover the water needs of the various crops. Excess water may cause problems for plant
growth and thus drainageis required.

2. Sub-humid and semi-arid climates: between 400 and 1200 mm of rain per year. The
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amount of rainfall isimportant but often not sufficient to cover the water needs of the crops.
Crop production in the dry season is only possible with irrigation, while crop production in
the rainy season may be possible but unreliable: yields will be less than optimal.

3. Semi-arid, arid and desert climates: less than 400 mm of rain per year. Reliable crop
production based on rainfall is not possible; irrigation is thus essential.

The two major factors which determine the amount of irrigation water which is needed are:

thetotal water need of the various crops
the amount of rain water which isavailable to the crops

In other words: the irrigation water need is the difference between the total water need of the crops and the
amount of rainfall which is available to the crops.

In Chapter 2 the crop water needs are discussed; Chapter 3 discusses the contribution from the rainfall
whilein Chapter 4 the determination of the irrigation water needs is explained (Fig. 3).

Fig. 3Irrigation water need

CROP WATER AVATLABLE =ﬂﬁﬁﬂ@fﬂfﬂ@m
NEED =~ QA wWATER ™ VLSS

(Chapter 2) (Chrapes 2) (rn P"“?"_;}

In many countriesit is already well known what the crop water needs and irrigation water needs are of the
most commonly grown crops. Such data can usually be obtained from the Extension Service, the Irrigation
Department or Ministry of Agriculture. It isthen not necessary to determine the crop and irrigation water
need. However, there may be situations where it is not possible to obtain these data and it would thus be
necessary to determine them on the spot.

Part | of this manual allows the reader to make arough estimation of the crop and irrigation water needs -
without using any complicated cal culations.

Part |1 of this manual allows the reader actually to calculate - beit in afairly simple manner - the crop and
irrigation water needs. These cal culations obviously lead to a greater accuracy, but they also require more
time and background knowledge.
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CHAPTER 2: CROP WATER NEEDS

2.1 THE INFLUENCE OF THE CLIMATE ON CROP WATER NEEDS

2.2 INFLUENCE OF THE CROP TYPE ON THE CROP WATER NEEDS

2.3 INFLUENCE OF THE GROWTH STAGE OF THE CROP ON CROP WATER
NEEDS

2.4 DETERMINATION OF CROP WATER NEEDS

Crops need water for transpiration and evaporation (see Volume 1, Section 4.2).

The plant roots suck or extract water from the soil to live and grow. The main part of this water does not
remain in the plant, but escapes to the atmosphere as vapour through the plant's leaves and stem. This
processis called transpiration. Transpiration happens mainly during the day time.

Water from an open water surface escapes as vapour to the atmosphere during the day. The same
happens to water on the soil surface and to water on the leaves and stem of a plant. This processis called
evaporation (Fig. 4).

The water need of a crop thus consists of transpiration plus evaporation. Therefore, the crop water need
isalso called " evapotranspiration” .

The water need of acrop isusualy expressed in mm/day, mm/month or mm/season.

Suppose the water need of a certain crop in avery hot, dry climate is 10 mm/day. This means that each
day the crop needs awater layer of 10 mm over the whole area on which the crop is grown (Fig. 5). It
does not mean that this 10 mm has to indeed be supplied by rain or irrigation every day.

Itis, of course, still possible to supply, for example, 50 mm of irrigation water every 5 days. The
irrigation water will then be stored in the root zone and gradually be used by the plants: every day 10
mm.

Fig. 4 Evapotranspiration
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Fig. 5 A crop water need of 10 mm/day
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The crop water need mainly depends on:

* theclimate: for example, in asunny and hot climate crops need more water per day thanin a
cloudy and cool climate (see Section 2.1)

« thecrop type:  cropslikerice or sugarcane need more water than crops like beans and wheat (see
Section 2.2)

« the growth stage: grown crops need more water than crops that have just been planted (see Section
2.3).

2.1 THE INFLUENCE OF THE CLIMATE ON CROP
WATER NEEDS

A certain crop grown in asunny and hot climate needs per day more water than the same crop grown in a
cloudy and cooler climate. There are, however - apart from sunshine and temperature - other climatic
factors which influence the crop water need. These factors are the humidity and the windspeed (see Fig.
6). When it isdry, the crop water needs are higher than when it is humid. In windy climates the crops
will use more water than in calm climates.

Fig. 6 Mg or climatic factorsinfluencing crop water needs
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The effect of these four climatic factors on the water need of the crop is shown in Table 1.

Table1 EFFECT OF MAJOR CLIMATIC FACTORS ON CROP WATER NEEDS

Climatic Factor ] Crop water need

| High | L ow
|Sunshine sunny (no clouds) cloudy (no sun)
|Temperature  |hot |cool
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[Humidity Tow (dry) [high (humid)
\Windspeed windy llittle wind

The highest crop water needs are thus found in areas which are hot, dry, windy and sunny. The lowest
values are found when it is cool, humid and cloudy with little or no wind.

From the above it is clear that one crop grown in different climatic zones will have different water
needs. For example, a certain maize variety grown in a cool climate will need less water per day than the
same maize variety grown in a hotter climate.

It istherefore useful to take a certain standard crop or reference crop and determine how much water
this crop needs per day in the various climatic regions. As a standard crop or reference crop grass has
been chosen.

Table 2 indicates the average daily water needs of this reference grass crop. The daily water needs of the
grass depend on the climatic zone (rainfall regime) and daily temperatures.

Table2 AVERAGE DAILY WATER NEED OF STANDARD GRASS DURING IRRIGATION
SEASON

Climatic zone| Mean daily temperature

| low | medium | high

|(less than 15°C) |(15-25°C) |(mor e than 25°C)
\Desert/arid | 4-6 | 78 | 9-10
Semiaid | 45 | 67 | 89
|Sub-humid | 3-4 | 56 | 7-8
IHumid | 1-2 | 34 | 5-6

For example, the standard grass crop grown in a semi-arid climate with a mean temperature of 20°C
needs approximately 6.5 mm of water per day. The same grass crop grown in a sub-humid climate with a
mean temperature of 30°C needs some 7.5 mm of water per day.

This daily water need of the standard grass crop is also called "reference crop evapotranspiration”.

What will be discussed in the next section is "how do the water needs of the crops grown on, for an
example, an irrigation scheme relate to the water need of the standard grass'.

2.2 INFLUENCE OF THE CROP TYPE ON THE CROP
WATER NEEDS

2.2.1 Influence of Crop Type on the Daily Crop Water Needs
2.2.2 Influence of Crop Type on the Seasonal Crop Water Needs

The influence of the crop type on the crop water need is important in two ways:
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1. The crop type has an influence on the daily water needs of afully grown crop; i.e. the
peak daily water needs. afully developed maize crop will need more water per day than a
fully developed crop of onions.

2. The crop type has an influence on the duration of the total growing season of the crop.
There are short duration crops, e.g. peas, with a duration of the total growing season of
90-100 days and longer duration crops, e.g. melons, with a duration of the total growing
season of 120-160 days. And then there are, of course, the perennial crops that are in the
field for many years, such as fruit trees.

While, for example, the daily water need of melons may be less than the daily water need of peas, the
seasonal water need of melonswill be higher than that of beans because the duration of the total
growing season of melonsis much longer.

The influences of the crop type on both the daily and seasonal crop water needs are discussed in the
sections below.

2.2.1 Influence of Crop Type on the Daily Crop Water Needs

In the previous section it has been indicated how the daily water need of standard grass can be estimated.
In this section it will be explained how the daily water needs of other crops can be estimated using as a
basis the daily water need of the standard grass.

It will be easy to understand that a fully grown maize crop - with itslarge leaf area - will use more water
per day than, for example, afully grown crop of radishes or onions; that is when the two crops are grown
in the same area.

When determining the influence of the crop type on the daily crop water needs, reference is always made
to afully grown crop; the plants have reached their maximum height; they optimally cover the ground;
they possibly have started flowering or started grain setting. When the crops are fully grown their water
need is the highest. It is the so-called "peak period” of their water needs.

For the various field cropsit is possible to determine how much water they need compared to the
standard grass (Fig. 7). A number of crops need less water than grass, a number of crops need more water
than grass and a number of crops need more or less the same amount of water as grass.

Fig. 7 How much water does maize need, compar ed to the standard grass?

Table 3 indicates five groups of crops. The cropsin column 1 need 30 percent less water than grassin
their peak period. The cropsin column 2 need 10 percent less water than grass. The cropsin column 3
need the same amount of water as grass. The cropsin columns 4 and 5 need respectively 10 and 20
percent more water than grass in their peak period.

Table3CROP WATER NEEDSIN PEAK PERIOD OF VARIOUSFIELD CROPSAS
COMPARED TO STANDARD GRASS

|Column 1 |Column 2| Column 3 | Column 4 | Column 5
| -30% | -10% | same as standard grass | +10% | +20%
citrus lcucumber |carrots |barley Ipaddy rice
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olives radishes |crucifers (cabbage, cauliflower, beans sugarcane
broccoli, etc.)

lgrapes  |squash |lettuce Imaize Ibanana
melons flax nuts & fruit trees with cover

crop

| | lonions lsmall grains|

| | Ipeanuts |cotton |

| | Ipeppers tomato |

| | |spinach leggplant |

| | ltea llentils |

| | grass Imillet |

| | |cacao |oats |

| | |coffee peas |

| | clean cultivated nuts & fruit trees  |potatoes |
e.g. apples

| | | safflower |

| | | sorghum |

| | | soybeans |

| | | gabedd |

| | | sunflower |

| | | tobacco |

| | | wheat

EXAMPLE

Suppose in a certain area the standard grass crop needs 5.5 mm of water per day.

Then, in that same area, maize will need 10% more water. Ten percent of 5.5 mm = 10/100 x 5.5 = 0.55
mm. Thus maize would need 5.5 + 0.55 = 6.05 or rounded 6.1 mm of water per day.

UESTION

Estimate the water needs of citrus, bananas, onions, cucumber, clean cultivated apple trees and millet for
an area where the water need of standard grassis 6.0 mm/day.

ANSWER

Citrus: -30% (compared to grass); thus the water need of citrusis 6.0 - 30% =6.0-1.8 =4.2
mm/day

|Bananas: [+20%; thus the water need of bananasis 6.0 + 20% = 6.0 + 1.2 = 7.2 mm/day

|Onions: same as grass; thus the water need of onionsis 6.0 mm/day

|Cucumber:  |-10%; thus the water need of onionsis 6.0 - 10% =6.0-0.6 =5.4 mm/day

|App|e$ (clean): |same as grass, thus the water need of clean cultivated applesis 6.0 mm/day
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higher than grass and thus: 6.0 + 20% = 6.0+1.2 = 7.2 mm/day.
IMillet: [+10%; thus the water need of millet is 6.0 + 10% =6.0+0.6 = 6.6 mm/day

| |If the apples have a cover crop in between the trees, the water need would be 20%

2.2.2 Influence of Crop Type on the Seasonal Crop Water Needs

The crop type not only has an influence on the daily water need of afully grown crop, i.e. the daily peak
water need, but the crop type also has an influence on the duration of the total growing season of the
crop, and thus on the seasonal water need.

Data on the duration of the total growing season of the various crops grown in an area can best be
obtained locally. These data may be obtained from, for example, the seed supplier, the Extension Service,
the Irrigation Department or Ministry of Agriculture.

The duration of the total growing season has an enormous influence on the seasonal crop water need.
There are, for example, many rice varieties, some with a short growing cycle (e.g. 90 days) and others
with along growing cycle (e.g. 150 days). This has a strong influence on the seasonal rice water needs: a
rice crop which isin the field for 150 days will need in total much more water than arice crop whichis
only inthe field for 90 days. Of course, for the two rice crops the daily peak water need may still be the
same, but the 150 day crop will need this daily amount for alonger period. The time of the year during
which crops are grown is also very important. A certain crop variety grown during the cooler months will
need substantially less water than the same crop variety grown during the hotter months.

Table 4 gives some Indicative values or approximate values for the duration of the total growing season
for the various field crops. It should, however, be noted that these values are only rough approximations
and it is much better to obtain the values locally.

Table4 INDICATIVE VALUESOF THE TOTAL GROWING PERIOD

| Crop Total growing period (days)| Crop Total growing period (days)
[Alfalfa | 100-365 Millet | 105-140
|Banana | 300-365 |Onion green ] 70-95
|Barley/Oats/Wheat | 120-150 |Onion dry ] 150-210
|Bean green | 75-90 |Peanut/Groundnut | 130-140
[Bean dry | 95-110 [Pea | 90-100
Cabbage | 120-140 [Pepper | 120-210
|Carrot | 100-150 |Potato ] 105-145
[Citrus | 240-365 [Radish | 35-45
|Cotton | 180-195 IRice ] 90-150
|Cucumber | 105-130 |Sorghum | 120-130
[Eggplant | 130-140 [Soybean | 135-150
[Flax | 150-220 [Spinach | 60-100
[Grain/small | 150-165. [Squash | 95-120
[Centil | 150-170 [Sugarbest | 160-230
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|Lettuce | 75-140 |Sugarcane | 270-365
Maizesweet | 80-110 [Sunflower | 125-130
IMaize grain | 125-180 |Tobacco ] 130-160
[Melon | 120-160 [Tomato | 135-180

As can be seen from Table 4 there is alarge variation of values not only between crops, but also within
one crop type. In general it can be assumed that the growing period for a certain crop is longer when the
climate is cool and shorter when the climate is warm.

2.3 INFLUENCE OF THE GROWTH STAGE OF THE
CROP ON CROP WATER NEEDS

A fully grown maize crop will need more water than a maize crop which has just been planted.

As has been discussed before, the crop water need or crop evapotranspiration consists of transpiration by
the plant and evaporation from the soil and plant surface. When the plants are very small the evaporation
will be more important than the transpiration. When the plants are fully grown the transpiration is more
important than the evaporation.

Figure 8 shows in a schematic way the various development or growth stages of a crop.

Fig. 8 Growth stages of a crop
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- floweri graln  wooning  harvest
planting OWaring setting ipaning

initial stage crap developrant mid-g¢asan lats season

At planting and during the initial stage, the evaporation is more important than the transpiration and the
evapotranspiration or crop water need during the initial stage is estimated at 50 percent of the crop water
need during the mid - season stage, when the crop is fully developed.

During the so-called crop devel opment stage the crop water need gradually Increases from 50 percent of
the maximum crop water need to the maximum crop water need. The maximum crop water need is
reached at the end of the crop development stage which is the beginning of the mid-season stage.

With respect to the late season stage, which is the period during which the crop ripens and is harvested, a
distinction can be made between two groups of crops:

Fresh harvested crops: such as lettuce, cabbage, etc. With these crops the crop water need
remains the same during the late season stage as it was during the mid-season stage. The
crops are harvested fresh and thus need water up to the last moment.

Dry harvested crops. such as cotton, maize (for grain production), sunflower, etc. During
the late season stage these crops are allowed to dry out and sometimes even die. Thus their
water needs during the | ate season stage are minimal. If the crop isindeed allowed to die,
the water needs are only some 25 percent of the crop water need during the mid-season or
peak period. Of course, no irrigation is given to these crops during the late season stage.
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2.4 DETERMINATION OF CROP WATER NEEDS

In the previous sections it has been explained on which factors - the climate, the crop type and the growth

stage - the crop water need depends.

To calculate the water needs for the various months during which the crop is grown is fairly complicated

and explained in Part |1 of this manual.

As stated before, it is often possible to obtain data on crop water needs locally and it is thus not necessary
to calculate them. However, to give the reader some idea on values of seasonal water needs for the most

important field crops. Table 5 can be used as aguide.

Table5 APPROXIMATE VALUES OF SEASONAL CROP WATER NEEDS

Crop Crop water need
(mm/total growing period)
|A|fa|fa | 800-1600
|Banana | 1200-2200
| Barley/Oats/\Wheat | 450-650
[Bean | 300-500
|Cabbage | 350-500
|Citrus | 900-1200
|Cotton | 700-1300
Maize | 500-800
Mefon | 400-600
|Onion | 350-550
[Peanut | 500-700
[Pea | 350-500
[Pepper | 600-900
|Potato | 500-700
IRice (paddy) | 450-700
[Sorghum/Millet | 450-650
[Soybean | 450-700
[Sugarbest | 550-750
|Sugarcane | 1500-2500
|Sunflower | 600-1000
|Tomato | 400-800
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CHAPTER 3: EFFECTIVE RAINFALL

Apart from soil, air and sunlight, crops need water to grow. How much water the various crops need has
been explained in Chapter 2.

Thiswater can be supplied to the crops by rainfall (also called precipitation), by irrigation or by a
combination of rainfall and irrigation.

If the rainfall is sufficient to cover the water needs of the crops, irrigation is not required.
If thereisno rainfal, all the water that the crops need has to be supplied by irrigation.

If there is some rainfall, but not enough to cover the water needs of the crops, irrigation water has to
supplement the rain water in such away that the rain water and the irrigation water together cover the
water needs of the crop. Thisis often called supplemental irrigation: theirrigation water supplements
or adds to the rain water.

As has aready been explained in Volume 1, section 4.1.4, not all rain water which falls on the soil
surface can indeed by used by the plants.

Part of the rain water percolates below the root zone of the plants and part of the rain water flows away
over the soil surface as run-off (Fig. 9). This deep percolation water and run-off water cannot be used by
the plants. In other words, part of the rainfall is not effective. The remaining part is stored in the root
zone and can be used by the plants. This remaining part is the so-called effective rainfall. The factors
which influence which part is effective and which part is not effective include the climate, the soil
texture, the soil structure and the depth of the root zone. These factors have been discussed in some detail
in Volume 1, section 4.1.4.

Fig. 9 Part of therain water islost through deep percolation and run-off
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If therainfall ishigh, arelatively large part of the water islost through deep percolation and run-off.

Deep percolation: If the soil is still wet when the next rain occurs, the soil will ssmply not be able to
store more water, and the rain water will thus percolate below the root zone and eventually reach the
groundwater. Heavy rainfall may cause the groundwater table to rise temporarily.

Run-off: Especially in dloping areas, heavy rainfall will result in alarge percentage of the rainwater
being lost by surface run-off.

Another factor which needs to be taken into account when estimating the effective rainfall is the variation
of the rainfall over the years. Especialy in low rainfall climates, the little rain that fallsis often
unreliable; one year may be relatively dry and another year may be relatively wet.

In many countries, formulae have been developed locally to determine the effective precipitation. Such
formulae take into account factors like rainfall reliability, topography, prevailing soil type etc. If such
formulae or other local data are available, they should be used.

If such data are not available. Table 6 could be used to obtain a rough estimate of the effective rainfall.

Table 6 RAINFALL OR PRECIPITATION (P) AND EFFECTIVE RAINFALL OR EFFECTIVE
PRECIPITATION (Pe) in mm/month

| P Pe P Pe
(mm/month) |(mm/month) |(mm/month) [(mm/month)
| 0 | 0 | 130 | 79
| 10 | 0 | 140 | 87
| 20 | 2 | 150 ] 95
| 30 | 8 ] 160 ] 103
| 40 | 14 ] 170 ] 111
| 50 | 20 | 180 | 119
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e [ 26 | 10 [ 127
70 [ 32 | 20 | 135
80 [ 3@ | 210 [ 143
90 [ 47 | 220 | 151
[ 100 [ 55 | 230 | 159
[ 110 [ e | 240 | 167
120 [ 71 [ %0 | 175
EXAMPLE

Estimate the effective rainfal in mm/month if the rainfall is 60 mm/month. From Table 6 it can be seen
that the effective rainfall is 26 mm/month. This means that out of 60 mm/month, some 26 mm can be
used by the plants; and it is estimated that the remaining (60 - 26 =) 34 mm islost through deep
percolation and run-off.

UESTION
Determine the effective rainfall for the following monthly rainfall figures: 65, 210, 175 and 5 mm.

ANSWER (see Table 6)
P (mm/month) Pe (mm/month)
65 29
210 143
175 115
5 0
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CHAPTER 4: IRRIGATION WATER
NEEDS

The irrigation water need of a certain crop is the difference between the crop water need and that part of
the rainfall which can be used by the crop (the effective rainfall).

For each of the crops grown on an irrigation scheme the crop water need is determined, usually on a
monthly basis; the crop water need is expressed in mm water layer per time unit, in this case mm/month.

The effective precipitation is estimated on a monthly basis, using measured rainfall data and Table 6 (or
local information, if available).

For all crops and for each month of the growing season, the irrigation water need is calculated by
subtracting the effective rainfall from the crop water need.

EXAMPLE

Suppose atomato crop grown in a certain area has atotal growing season of 150 days and the following
monthly crop water needs:

Feb Mar Apr May June Total
Crop water need (mm/month) 69 123 180 234 180 786

This means that in February the tomatoes need 69 mm of water, in March 123 mm of water, etc. The
water need of tomatoes over the total growing season (February-June: 150 days) is 786 mm.

Suppose the following rainfall data for the area where the tomatoes are grown have been obtained from
the Meteorological Service or Ministry of Agriculture.

Feb Mar Apr May June Total
Rainfall: P (mm/month) 20 38 40 80 16 194

This means that the average rainfall for February is 20 mm, for March 38 mm, etc. The rainfall over the
total growing season of tomatoes (February-June: 150 days) is 194 mm.

Only part of thisrainfall is effective, and the effective rainfall is estimated using Table 6.
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Feb Mar Apr May June Total
Rainfall: P (mm/month) 20 38 40 80 16 194
Effectiverainfall: Pe(mm/month) 2 13 14 39 0 68

This means that the effective rainfall during February isonly 2 mm, during April 13 mm, etc. The
effective rainfall during the total growing season of tomatoes (February-June: 150 days) is 68 mm.

Now the Irrigation water need for the tomatoes can be calculated on a monthly basis, as follows:

| IFeb [Mar |Apr [May [June|Total
|Crop water need (mm/month) | 69 | 123|180 | 234 | 180 | 786
|Effective rainfall: Pe (mm/month)| 2 | 13 |14 [ 39 | 0 | 68

|Irrigation water need (mm/month) | 67 | 110 [166 | 195 | 180 | 718

Looking at the example for the month March, it can be seen that tomatoes need 123 mm during March.
Of this 123 mm, 13 mm is supplied by the rainfall. The remaining (123 -13 =) 110 mm have to be
supplied by irrigation. The total water need of tomatoes over the entire growing season is 786 mm of
which 68 mm is supplied by rainfall. The remaining quantity (786 - 68 = 718 mm) has to be supplied by
irrigation.

When looking at the calculations above, it is obvious that the month May is the month of peak irrigation
water need (195 mm Irrigation water in May). If the tomatoes would be the only crop grown on the
Irrigation scheme, the canals would have to be designed in such away that they allow aflow large
enough to supply indeed a net water layer of 195 mm to the whole area covered by tomatoes during the
month May. In other words, for designing an irrigation scheme, the month of peak water supply isthe
critical month.

How to go about determining the scheme irrigation water supply and how to divide the irrigation water
between the various crops and fields will be dealt with in Volume 4 of the Irrigation Water Management
Training Manuals.
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CHAPTER 1: INTRODUCTION

Part Il of this manual describes how the water needs of the various crops, grown on an irrigation scheme,
can be calculated.

The crop water need, or in other words the amount of water needed by a certain crop to grow optimally,
mainly depends on:

* the climate: in a sunny and hot climate crops need more water per day than in a clouded
and cool climate

* the crop type: crops like rice or sugarcane need more water than crops like beans or wheat

* the growth stage of the crop: fully grown crops need more water than crops that have just
been planted.

The amount of water needed can be supplied to the crops by rainfall, by irrigation, or by a combination
of both. Usually the irrigation water supplements or adds to the rainwater. Only in desert or arid areas -
or in the dry season - will all the water needed by the crops have to be supplied by irrigation.

Theirrigation water need is the difference between the crop water need and that part of the rainfall
which can be used by the plants (effective rainfall). The irrigation water need cal culation provides the
basis for the determination of the irrigation schedule (usually by agronomists) and the design of the
irrigation scheme, e.g. canal dimensions (usually by engineers). An overview of all the subjects that are
dealt with in this manual is given.

Fig. 1 Irrigating maize

Overview of the deter mination of the r eference crop evapotranspiration (ETo), the crop water
need (ET crop) and theirrigation water need
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CHAPTER 2: CLIMATE AND CROP
GROWTH

2.1 MAJOR CLIMATIC ZONES
2.2 MAJOR CROP ZONES

2.1 MAJOR CLIMATIC ZONES

The major climatic factor which influences crop growth israinfall. In areas with little rainfall the natural
vegetation is limited, while in areas with high annual rainfall dense tropical rain forests are found.

Based on the annual rainfall, a distinction can be made between 6 major climatic zones asis shownin
Table 1. Figure 2 indicates, as an example, the major climatic zones of Africa

Tablel MAJOR CLIMATIC ZONES

| Climatic Zone |Annual Rainfall (mm)|Wet period (months)| Vegetation

|Desert | less than 100 | 0-1 |Little or no vegetation

Arid | 100-400 | 1-3 |Some scrubs, some grassiand
|Semi-arid | 400-600 | 3-4 |Scrubs & bushes, grassland
|Sub - humid | 600-1200 | 4-6 |Bushes to woodland, grassiand
IMoist sub-humid| 1200-1500 | 6-9 |Forest and woodland

IHumid | morethan1500 | 9-12 | Tropical rain forest

The wet period (see Table 1) refersto the period during which the rainfall is higher than the
evapotranspiration. Evapotranspiration is the sum of the evaporation from the soil surface and the
transpiration by the plants (see Volume 1, Chapter 4).

Fig. 2 Major climatic zones of Africa

Desert and arid areas

In desert and arid areas irrigation is absolutely essential for crop growth. In these areas the wet period is
maximum 3 months. Even when some water is stored in the root zone during the wet period and used
later by the plants, it is still not enough to obtain a good harvest. In addition the rainfall is unreliable in
desert and arid regions. one year thereisalot of rainfall, the next year there may be only alittle. On top
of that, the rainfall usually comesin heavy showers resulting in high water losses due to runoff.
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Fig. 3a Rainfall and irrigation in desert and arid areas

Semi arid areas

Even in the semi-arid areas irrigation is indispensable for areliable and good harvest. Some drought
resistant crops such as sorghum and millet may give reasonable yields, but also hereisarisk of
unreliable rainfall and subsequent crop failure.

Fig. 3b Rainfall and irrigation in semi-arid areas

Sub-humid and moist sub-humid areas

In the sub-humid and moist sub-humid areas, irrigation is required only during the dry season. In
principle, on ayearly basisthereisarainfall excess. the yearly rainfall is higher than the yearly
evapotranspiration. During the rainy season it may even be too wet for crops like sorghum and millet.

Fig. 3c Rainfall and irrigation in sub-humid and moist sub-humid ar eas

Humid areas

In the humid areasirrigation is usually not required, except maybe for paddy rice (see section 4.4).
During more than 9 months per year there is excess rainfall and even in the remaining drier months the
plants may use water which has been stored in the root zone during the rainy season.

Fig. 3d Rainfall In humid areas

2.2 MAJOR CROP ZONES

Crop growth depends not only on rainfall, but also on other climatic factors (most notably sunshine and
temperature) and non-climatic factors such as the availability of suitable soils.

During some periods of the year (the cool season) or at high altitudes (i.e. in mountainous areas) crop
growth may be prohibited by the low temperature. Other areas may not be suitable for certain crops due
to high temperatures.

Table 2 provides, as an example, data on land use, i.e. the most important crops grown in the 6 major
climatic zones of Africa

Table2 MAJOR CLIMATIC ZONESAND LAND USE IN AFRICA

| Climatic Zone | Land Use (Major Crops)

Desert Hunters and gatherers, nomadic pastoralists, sedentary irrigators around oases, no
rainfed agriculture.

Arid Extensive grazing (nomadic pastoralists), some millet and sorghum under flood
irrigation in moist depressions.

Semi-arid Both nomadic pastoralists and cultivators. Mainly millet and sorghum, also short
cycle cowpea, phaseolus beans and groundnuts. No fodder or sown pasture. In cooler
parts maize.
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Sub-humid Traditional nomadic pastoralistsin dry season and drought years. Crops grown by
settlers: millet, sorghum, maize, groundnuts; also cassava, cowpeas, cotton, sweet
potatoes, tobacco, rainfed rice, soybean, mango, cashewnuts. Fodder and sown
pasture possible.

Moist sub-humid|Transition zone for agriculture: too wet for seasonal crops, too dry for tree crops.
Tropics. maize, cassava; also yams, bananas, pineapple, sugarcane and rice. Winter
rainfall areas and East African highlands. wheat and barley.

Humid Tree crops: oilpalm, rubber, cacao; shifting cultivation based on root crops (yams,
cassava, etc.). Also some sorghum, maize, banana, sugarcane, rice. Some tropical
hard woods.
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CHAPTER 3: CROP WATER NEEDS

3.1 INFLUENCE OF CLIMATE ON CROPWATER NEEDS (ETo0)
3.2 INFLUENCE OF CROP TYPE ON CROP WATER NEEDS (Kc)
3.3 CALCULATION OF THE CROP WATER NEED

The crop water need (ET crop) isdefined asthe depth (or amount) of water needed to meet the
water loss through evapotranspiration. In other words, it is the amount of water needed by the various
cropsto grow optimally.

The crop water need always refers to a crop grown under optimal conditions, i.e. auniform crop, actively
growing, completely shading the ground, free of diseases, and favourable soil conditions (including
fertility and water). The crop thus reaches its full production potential under the given environment.

The crop water need mainly depends on:

* the climate: in a sunny and hot climate crops need more water per day than in acloudy and
cool climate

» the crop type: crops like maize or sugarcane need more water than crops like millet or
sorghum

* the growth stage of the crop; fully grown crops need more water than crops that have just
been planted.

Section 3.1 indicates the influence of the climate on crop water needs: this influence is given by the
reference crop evapotranspiration (ETo). Section 3.2 indicates the influence of the crop type and growth
stage on crop water needs: the influence of the crop is expressed in the crop factor (Kc).

3.1 INFLUENCE OF CLIMATE ON CROP WATER
NEEDS (ETo)

3.1.1 Introduction

3.1.2 Pan Evaporation Method

3.1.3 Blaney-Criddle Method

3.1.4 Calculation Example Blaney-Criddle
3.1.5 Indicative Values of ETo

file://IC|/My Documents/van keulen/cdrom/AGLW Training Manuals/manual 3/s2022e07.htm (1 of 33) [14/03/2001 11:24:15]



CHAPTER 3: CROP WATER NEEDS

3.1.1 Introduction

The mgjor climatic factors (see Fig. 4) which influence the crop water needs are:

- sunshine

- temperature
- humidity

- windspeed

Fig. 4 Major climatic factor sinfluencing crop water needs
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Table 3 indicates the effect of the various climatic factors on crop water needs.

Table 3EFFECT OF MAJOR CLIMATIC FACTORSON CROP WATER NEEDS

Climatic Factor ] Crop water need

| High | L ow
Temperature  |hot |cool
[Humidity low (dry) [high (humid)
\Windspeed \windy llittle wind
|Sunshine sunny (no clouds) cloudy (no sun)

The highest crop water needs are thus found in areas which are hot, dry, windy and sunny. The lowest
values are found when it is cool, humid and cloudy with little or no wind.

The influence of the climate on crop water needsis given by the refer ence crop evapotranspiration
(ETo). The ETo isusually expressed in millimetres per unit of time, e.g. mm/day, mm/month, or

mm/season. Grass has been taken as the reference crop.
: -u
@
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ETo istherate of evapotranspiration from alarge area, covered by green grass, 8 to 15 cm tall, which
grows actively, completely shades the ground and which is not short of water (see Fig. 5).

Fig. 5 Reference crop evapotranspiration
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There are several methods to determine the ETo (see Fig. 6). They are either
 experimental, using an evaporation pan, or
* theoretical, using measured climatic data, e.g. the Blaney-Criddle method

Fig. 6 Methodsto deter mine reference crop evapotranspiration
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3.1.2 Pan Evaporation Method

Evaporation pans provide a measurement of the combined effect of temperature, humidity, windspeed and
sunshine on the reference crop evapotranspiration ETo (see Fig. 7).

Fig. 7 Pan evaporation method
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Many different types of evaporation pans are being used. The best known pans are the Class A evaporation
pan (circular pan) (Fig. 8a) and the Sunken Colorado pan (square pan) (Pig. 8b).

Fig. 8a Class A evaporation pan
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The principle of the evaporation pan is the following:
* thepanisinstalled in the field

* the pan isfilled with a known quantity of water (the surface area of the pan is known and
the water depth is measured)

* the water is allowed to evaporate during a certain period of time (usualy 24 hours). For
example, each morning at 7 o'clock a measurement istaken. The rainfal, if any, is measured
simultaneously

* after 24 hours, the remaining quantity of water (i.e. water depth) is measured

* the amount of evaporation per time unit (the difference between the two measured water
depths) is calculated; thisis the pan evaporation: E pan (in mm/24 hours)

* the E pan ismultiplied by a pan coefficient, K pan, to obtain the ETo.

IFormula: ETo = K pan x E pan
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with:
ETo: reference crop evapotranspiration
K pan: pan coefficient
E pan: pan evaporation
If the water depth in the pan drops too much (due to lack of rain), water is added (see Fig. 9a) and the

water depth is measured before and after the water is added. If the water level risestoo much (due to rain)
water is taken out of the pan (see Fig. 9b) and the water depths before and after are measured.

Fig. 9a Add water when the water depth in the pan dropstoo much

to ba refilbed wntil
5 om betlow rim

Fig. 9b Takewater out of the pan when the water depth risestoo much
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Determination of K pan

When using the evaporation pan to estimate the ETo, in fact, a comparison is made between the
evaporation from the water surface in the pan and the evapotranspiration of the standard grass. Of course
the water in the pan and the grass do not react in exactly the same way to the climate. Therefore a special
coefficient isused (K pan) to relate one to the other.

The pan coefficient, K pan, depends on:

* the type of pan used
* the pan environment: if the pan is placed in afallow or cropped area
* the climate: the humidity and windspeed

For the Class A evaporation pan, the K pan varies between 0.35 and 0.85. Average K pan = 0.70.

For the Sunken Colorado pan, the K pan varies between 0.45 and 1.10. Average K pan = 0.80.

The K panishigh if: TheK panislow if:

the pan is placed in afalow area the pan is placed in a cropped area
the humidity is high (i.e. humid) the humidity islow (i.e. dry)

the windspeed is low the windspeed is high

Details of the pan coefficient are usually provided by the supplier of the pan.

If the pan factor is not known the average value could be used (see box). If more accuracy is required, the
pan factors given in Annex 1 should be applied. These values, however, only refer to the Class A
evaporation pan and the Sunken Colorado pan.

Some examples
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1) Type of pan: Class A evaporation pan
Water depth in pan on day 1 = 150 mm (see Fig. 10a)
Water depth in pan on day 2 = 144 mm (after 24 hours; see Fig. 10b)
Rainfall (during 24 hours) = 0 mm
K pan=0.75

Formula: ETo = K pan x E pan

Calculation: E pan = 150 - 144 = 6 mm/day
ETo=0.75 x 6 =4.5 mm/day

Fig. 10a M easuring the water depth on day 1*

Fig. 10b Measuring the water depth on day 2 (after 24 hours)*

* Measuring devices are usually more accurate than the ruler indicated in Fig. 10 and thus
allow for more accurate readings (see Data Sheet 1).

2) Type of pan: Sunken Colorado pan
Water depth in panonday 1 =411 mm
Water depth in pan on day 2 = 409 mm (after 24 hours)
Rainfall (during 24 hours) = 7 mm
K pan =0.90

Formula: ETo = K pan x E pan

Calculation: E pan =411 - 409 + 7 = 9 mm/day
ETo=0.90 x 9 = 8.1 mm/day

DATA SHEET 1 Determination ETo: Pan Evaporation Method

3.1.3 Blaney-Criddle Method

If no measured data on pan evaporation are available locally, atheoretical method (e.g. the Blaney-Criddle
method) to calculate the reference crop evapotranspiration ETo hasto be used. There are alarge number of
theoretical methods to determine the ETo. Many of them have been determined and tested locally. If such
local formulae are available they should be used. If such local formulae are not available one of the
general theoretical methods has to be used.

The most commonly used theoretical method is the modified Penman method which is described in detail
in FAO Irrigation and Drainage Paper 24. This method, however, is rather complicated and beyond the
scope of this manual.

Here only the Blaney-Criddle method is given. The Blaney-Criddle method is ssmple, using measured data
on temperature only (see also Fig. 11). It should be noted, however, that this method is not very accurate;

it provides arough estimate or "order of magnitude” only. Especially under "extreme" climatic conditions
the Blaney-Criddle method isinaccurate: in windy, dry, sunny areas, the ETo is underestimated (up to
some 60 percent), while in calm, humid, clouded areas, the ETo is overestimated (up to some 40 percent).

Fig. 11 The Blaney-Criddle method
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]The Blaney-Criddle formula: ETo = p (0.46 T mean +8) |

ETo = Reference crop evapotranspiration (mm/day) as an average for a period of 1 month
T mean = mean daily temperature (°C)
p = mean daily percentage of annual daytime hours

The use of the Blaney-Criddle formula

Step 1: Deter mination of the mean daily temperature: T mean

The Blaney-Criddle method always refers to mean monthly values, both for the temperature and the ETo.
If, for example, it isfound that T mean in March is 28°C, it means that during the whole month of March
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the mean daily temperatureis 28°C.

If in alocal meteorological station the daily minimum and maximum temperatures are measured, the mean
daily temperature is calculated as follows:

sumof all T max values during the month

T max=
nurnber of days of the month
T mine sum of all T munvalues during the month
- number of days of themonth
T tmax + T min
T tmeat =

2

Step 2: Determination of the mean daily per centage of annual daytime hours. p

To determine the value of p. Table 4 isused. To be ableto determine the p valueit is essential to know the
approximate latitude of the area: the number of degrees north or south of the equator (see Fig. 12).

Suppose the p value for the month M ar ch has to be determined for an areawith a latitude of 45° South.
From Table 4 it can be seen that the p value during March = 0.28.

Fig. 12 Thelatitude

Table4 MEAN DAILY PERCENTAGE (p) OF ANNUAL DAYTIME HOURS FOR DIFFERENT
LATITUDES

Latitude|North |Jan |Feb [Mar |[Apr [May [June|July [Aug|Sept |Oct [Nov | Dec

|South |July |Aug|Sept |Oct [Nov | Dec |Jan |Feb |[Mar |Apr [May [June
[60° | [15[20[.26[32[.38 .41 [40[34[.28[22[ .17 [ 13
[ 55 | [17[21]26[32[.36 .39 [38[.33[.28[.23[ .18 [ .16
50 | [19[23[27[31[34[.36[.35[32[.28[24[.20[ .18
45 | [20[23[27[30[34[35[34[32[.28[24[21[.20
40 | [22[24[27[30[32[34[33[31[28[25[22]21
3 | [23[25[27[29[ 3132 323028252322
30 | [24[25[27[29[31[.32[31[30[.28[ 2624 [ .23
25 | [24[26[27[29[30 .31 [31[29[.28[.26[ .25 [ 24
[ 20 [ [25[26[27[28[.29 .30 [.30 |29 .28 .26 [ .25 [ .25
15 | [26[26[27[28[ 29[ 29 [.29[28[.28[27[.26 .25
10 |  [26[27[27[28[ 2829 [.29[28[.28[27[.26 [ .26
5 | [27[27|27[28[ 28|28 [.28[28[.28[ 27|27 .27
| 0 | | .27 |27 | .27 |27 | .27 | .27 | .27 | .27 | .27 | .27 | .27 | .27

Step 3: Calculate ETo, using the formula: ETo = p (0.46 T mean + 8)
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For example, when p = 0.29 and T mean = 21.5°C the ETo is calculated as follows:
ETo=0.29 (0.46 x 21.5 + 8) =0.29 (9.89 + 8) = 0.29 x 17.89 = 5.2 mm/day

3.1.4 Calculation Example Blaney-Criddle

Given
Latitude - 35° North
Mean T max in April = 29.5°C
Mean T minin April =19.4°C
Question
Determine for the month April the mean ETo in mm/day using the Blaney-Criddle method

Answer
Formula ETo=p (0.46 T mean + 8)

T rean— T maz+ Tmin _ 29.5;—19.4= 54 590

Step 1: determine T mean: 2

Step 2: determine p: Latitude: 35° North
Month: April
From Table 4. p=0.29

Step 3: calculate ETo: ETo = 0.29 (0.46 x 24.5 + 8) = 5.6 mm/day

Thus the mean reference crop evapotranspiration ETo =5.6 mm/day during the whole month of April.

3.1.5 Indicative Values of ETo

If only arough estimate of the ETo value is required. Table 5 can be used.
Table 5 INDICATIVE VALUES OF ETo (mm/day)

| | M ean daily temperature
| Climatic zone |low (lessthan 15°C) medium (15-25°C) jhigh (morethan 25°C)

Desert/arid | 4-6 | 7-8 | 9-10
|Semi arid | 4-5 | 6-7 | 8-9
|(Moist) Sub-humid| 3-4 | 5-6 | 7-8
IHumid | 1-2 | 3-4 | 5-6

DATA SHEET 2 Calculation of the mean monthly temperature: T max and T min

DATA SHEET 3 Determination ETo: Blaney-Criddle M ethod
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Location: FAMPLE, ., Date: !I&Jﬂ&

LACICUda: serrrsmennrhrrsns “worrh/ TASG
st {T“:;n {ﬂ':;: T{BE;H Tlhil & l:}:ljr
Jaz 5.5 22. | 2.3.8 0.26 | 4-9
Peb 18.8 25.8 23.3 026 | 5.3
Kar 2.1.8 38.0 29-9 .23 | 59 |
Ape 24.5 38.7 3l.b 0.28 | 63
hey 2.6.0 39.0 32.5 0% | b3
Jun. 25.0 35 30-3 Eh'lﬂ E’ir"-j‘
Jul 2.7 32.6 23.6 .29 | bo
pug 22.0 20.8 26 o228 | 5.6
Sap 73.0 21.8 274 028 | 5.8
ot 11.% 3.8 28.0 021 | 5.6
Nov 18. 7 35.0 26.8 0.26 | 5.3
Dec 16.5 1.0 243 25 | 4-8

Note;
Tmeﬂnsza}:+T 1Tl

2
ETo=p (0.46 T mean +8)

3.2 INFLUENCE OF CROP TYPE ON CROP WATER
NEEDS (Kc)

3.2.1 Introduction

3.2.2 Determination of the Total Growing Period
3.2.3 Determination of the Growth Stages

3.2.4 Determination of Crop Factors
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3.2.1 Introduction

In section 3.1 the influence of the climate on crop water needs has been discussed. The influence of the

climate is given by the reference crop evapotranspiration ETo; the reference crop used for this purpose is
grass (see Fig. 13a).

Fig. 13a Reference crop evapotranspiration

W G
WL |
— GRS ¥ f#\& *Jf 131

1] illll::,

It

This section (3.2) deals with the influence of the crop type and growth stage on crop water needs. In other

words, this section discusses the relationship between the reference grass crop and the crop actually grown
in the field.

The relationship between the reference grass crop and the crop actually grown is given by the crop factor,
Kc, as shown in the following formula

IETo x Kc = ET crop

with ET crop = crop evapotranspiration or crop water need (mm/day)
Kc= crop factor

ETo=  reference evapotranspiration (mm/day)

Both ET crop and ETo are expressed in the same unit: usually in mm/day (as an average for a period of
one month) or in mm/month.

Fig. 13b Crop evapotranspiration or crop water need

The crop factor, K¢, mainly depends on:

* the type of crop
* the growth stage of the crop
* the climate
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Kc and the type of crop

Fully developed maize, with its large leaf areawill be able to transpire, and thus use, more water than the
reference grass crop: Kc, maize is higher than 1. Cucumber, also fully developed, will use less water than
the reference grass crop: Kc, cucumber islessthan 1.

K ¢ and the growth stage of the crop

A certain crop will use more water onceit is fully developed, compared to a crop which has just recently
been planted.

Kc and the climate

The climate influences the duration of the total growing period and the various growth stages. In a cool
climate a certain crop will grow slower than in awarm climate.

Thus, to determine the crop factor Kc, it isnecessary, for each crop, to know thetotal length of the
growing season and the lengths of the various growth stages.

The determination of the Kc values for the various growth stages of the cropsinvolves severa steps.

Step 1 - Determination of the total growing period of each crop
Step 2 - Determination of the various growth stages of each crop
Step 3 - Determination of the Kc values for each crop for each of the growth stages

The 3 steps mentioned above are dealt with in the sections 3.2.2, 3.2.3 and 3.2.4 respectively. Section 3.3
explains how the crop water need or crop evapotranspiration is determined.

3.2.2 Determination of the Total Growing Period

The total growing period (in days) is the period from sowing or transplanting to the last day of the harvest.
It is mainly dependent on:

* the type of crop and the variety
* the climate
* the planting date

Asthe growing period heavily depends on local circumstances (e.g. local crop varieties) it is aways best
to obtain these datalocally. Only if no data are available locally should Table 6 be used.

As can be seen from Table 6 thereis alarge variation of values not only between crops but also within one
crop type. In general it can be assumed that the growing period for a certain crop is longer when the
climate is cool and shorter when the climate is warm.

Table 6 INDICATIVE VALUESOF THE TOTAL GROWING PERIOD

| Crop Total growing period (days) | Crop Total growing period (days)
Alfafa | 100-365 MilTet | 105-140

IBanana | 300-365 |Onion green | 70-95
Barley/Oats/Whezt | 120-150 [Onion dry | 150-210

IBean green ] 75-90 |Peanut/Groundnut | 130-140
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Bean dry | 95-110 [Pea | 90-100
|Cabbage | 120-140 |Pepper | 120-210
[Carrot | 100-150 [Potato | 105-145
[Citrus | 240-365 [Radish | 35-45
[Cotton | 180-195 [Rice | 90-150
|Cucumber | 105-130 |Sorghum | 120-130
IEggplant | 130-140 |Soybean | 135-150
[Flax | 150-220 [Spinach | 60-100
|Grain/small | 150-165 |Squash | 95-120
[Lentil | 150-170 [Sugarbeet | 160-230
|Lettuce | 75-140 |Sugarcane | 270-365
IMaize sweet | 80-110 |Sunflower | 125-130
IMaize grain | 125-180 |Tobacco | 130-160
Melon | 120-160 [Tomato | 135-180

3.2.3 Determination of the Growth Stages

Once the total growing period is known, the duration (in days) of the various growth stages hasto be
determined.

The total growing period is divided into 4 growth stages (see Fig. 14):
1. Theinitial stage: thisisthe period from sowing or transplanting until the crop covers
about 10% of the ground.

2. The crop development stage: this period starts at the end of the initial stage and lasts until
the full ground cover has been reached (ground cover 70-80%); it does not necessarily mean
that the crop is at its maximum height.

3. The mid - season stage: this period starts at the end of the crop devel opment stage and
lasts until maturity; it includes flowering and grain-setting.

4. The late season stage: this period starts at the end of the mid season stage and lasts until
the last day of the harvest; it includes ripening.

Table 7 shows the duration of the various growth stages for some of the major field crops. For each crop
the "minimum" and "maximum" duration of total growing period (see also Table 6) have been taken and
sub-divided in the various growth stages.

Fig. 14 Growth stages
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Table 7 APPROXIMATE DURATION OF GROWTH STAGESFOR VARIOUSFIELD CROPS
] Total |Initial stage|Crop Development stage|Mid season stage|L ate season stage

Barley/OatsWheat| 120 [ 15 | 25 | 50 | 30
(150 [ 15 | 30 | 65 | 40
Bean/green | 75 | 15 | 25 | 25 | 10
[0 [ 20 | 30 | 30 | 10
Bean/dry (95 [ 15 | 25 | 35 | 20
(10 20 | 30 | 40 | 20
Cabbage (120 [ 20 | 25 | 60 | 15
(140 25 | 30 | 65 | 20
Carrot [100[ 20 | 30 | 30 | 20
(150 [ 25 | 35 | 70 | 20
Cottor/Flax (180 30 | 50 | 55 | 45
(195 30 | 50 | 65 | 50
Cucumber (105 [ 20 | 30 | 40 | 15
(130 25 | 35 | 50 | 20
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Eggplant | 130 | 30 | 40 | 40 | 20
(140 30 | 40 | 45 | 25
Grain/small (150 [ 20 | 30 | 60 | 40
(165 [ 25 | 35 | 65 | 40
Lentil (150 [ 20 | 30 | 60 | 40
(70 25 | 35 | 70 | 40
Lettuce 75 20 | 30 | 15 | 10
(140 35 | 50 | 45 | 10
Maize, sveet | 80 | 20 | 25 | 25 | 10
[0 20 | 30 | 50 | 10
Maize, grain | 125 | 20 | 35 | 40 | 30
(180 [ 30 | 50 | 60 | 40
Melon (20 25 | 35 | 40 | 20
(160 [ 30 | 45 | 65 | 20
Millet (105 15 | 25 | 40 | 25
(140 20 | 30 | 55 | 35
Onion/green | 70 | 25 | 30 | 10 | 5
(95 [ 25 | 40 | 20 | 10
Onion/dry | 150 | 15 | 25 | 70 | 40
210 20 | 35 | 110 | 45
Peanut/Groundnut | 130 | 25 | 35 | 45 | 25
(140 30 | 40 | 45 | 25
Pea [0 [ 15 | 25 | 35 | 15
(100 [ 20 | 30 | 35 | 15
Pepper (120 25 | 35 | 40 | 20
210 30 | 40 | 110 | 30
Potato (105 [ 25 | 30 | 30 | 20
(145 [ 30 | 35 | 50 | 30
Radish (35 5 | 10 | 15 | 5
(40 [ 10 | 10 | 15 | 5
Sorghum | 120 | 20 | 30 | 40 | 30
[130[ 20 | 35 | 45 | 30
Soybean (135 [ 20 | 30 | 60 | 25
(150 [ 20 | 30 | 70 | 30
Spinach (60 [ 20 | 20 | 15 | 5
(100 [ 20 | 30 | 40 | 10
Squash (95 [ 20 | 30 | 30 | 15
(120 25 | 35 | 35 | 25
Sugarbeet (160 [ 25 | 35 | 60 | 40
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[230[ 45 | 65 | 80 | 40
Sunflower | 125 | 20 | 35 | 45 | 25
130 25 | 35 | 45 | 25
Tomato (135 [ 30 | 40 | 40 | 25
(180 [ 35 | 45 | 70 | 30

Example

Carrots: the "minimum™ growing period is 100 days. This growing period corresponds with the following
duration of growth stages:

Initial stage : 20 days
Crop development stage : 30 days
Mid-season stage : 30 days
L ate season stage : 20 days

Total 100 days

For the "maximum" growing period of 150 days the following values apply: respectively 25, 35, 70 and 20
days.

Should, under certain local circumstances, the duration of the growing period be 120 days, the duration of
the growth stages could be estimated as follows:

Initial stage . 25 days
Crop development stage : 35 days
Mid-season stage . 40 days
L ate season stage : 20 days

Total 120 days

With respect to Table 7 the following should be noted:

1. The table alwaysrefersto "sown" crops. When the crop is transplanted, the length of the initial stage
should be reduced. For example:

Tomatoes: growing period 180 days from sowing

Direct sowing: initial stage 35 days

Transplanted: (estimated) initial stage 15 days

The growing period from transplant is thus (180 - 20) = 160 days

'Dir ect sowing

| Initial stage |crop development stage mid-season stage||ate season stage
| 35days | 45 days | 70days | 30days
'Transplanting

[Initial. Stage|crop development stage mid-season stage||ate season stage
| 15days | 45 days | 70days | 30days

2. When acrop is harvested "green" or "fresh" the late season stage is short.
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Compare, for example, green beans with dry beans (Table 7). The duration of the |late season stageis 10
and 20 days respectively.

3. If acrop is planted in the winter or is growing in the cool season the total growing period islong. The
same is the case with the individual lengths of growing stages. The difference will be most pronounced for
the stage during which the temperature is the lowest.

It should be kept in mind that the influence of variations in the total growing period on the crop water need
isvery important. Less important is the choice of the various lengths of growth stages.

In other words: it isimportant to obtain (preferably locally) an accurate estimate of the total growing
period. The duration of the four growth stages can be estimated with the help of Table 7.

Note: The sum of the four growth stages should always equal the total growing period.
SOME EXAMPLES

UESTION

Estimate the duration of the four growth stages for the following crops: cotton (190 days),
lentils (160 days), sweet maize (100 days), potatoes (130 days), tomatoes/transplanted (140
days from transplant), etc. (the figuresin brackets refer to the total growing period).

ANSWER

| Crop | Initial stage Crop dev. |M id-season stage (days)| Late season

(day) stage (days) stage (days)
ICotton (190 days) | 30 | 50 | 60 | 50
|Lentils (160 days) | 25 | 30 | 65 | 40
[Sweet Maize (100 days) | 20 | 30 | 40 | 10
[Potatoes (130 days) | 30 35 | 40 | 25
Tomatoes/ Transplanted | 15 | 40 | 60 | 25
(140 days from transplant)

Surfaceirrigation of alargefield

3.2.4 Determination of Crop Factors

Per crop, four crop factors have to be determined: one crop factor for each of the four growth stages.
Table 8 indicates per crop the Kc values for each of the four growth stages.

Table 8 VALUESOF THE CROP FACTOR (Kc) FOR VARIOUS CROPS AND GROWTH
STAGES

| Crop |Initial stage|Crop dev. stage|Mid-season stage|L ate season stage
Barley/Oats/Wheat| 035 | 0.75 | 1.15 | 0.45
IBean, green | 035 | 0.70 | 1.10 | 0.90
[Bean, dry 03 [ o070 | 110 | 0.30
|Cabbage/Carrot | 0.45 | 0.75 | 1.05 | 0.90
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[Cotton/Flax 04 [ o075 | 115 | 0.75
ICucumber/Squash | 0.45 | 0.70 | 0.90 | 0.75
IEggplant/Tomato |  0.45 | 0.75 | 1.15 | 0.80
Grain/smal 03 [ 0715 | 110 | 0.65
Lentil/Pulses | 045 | 075 | 1.10 | 0.50
Lettuce’Spinach | 045 | 060 | 1.00 | 0.90
IMaize, sweet | 040 | 0.80 | 115 | 1.00
IMaize, grain | 040 | 0.80 | 1.15 | 0.70
Mefon 04 | o075 | 1.00 | 0.75
[Millet 03 | o070 | 110 | 0.65
|Onion, green | 050 | 0.70 | 1.00 | 1.00
[Onion, dry 05 [ o071 | 1.05 | 0.85
|Peanut/Groundnut | 0.45 | 0.75 | 1.05 | 0.70
[Pea, fresh 045 [ 080 | 115 | 1.05
Pepper,fresh | 035 | 070 | 1.05 | 0.90
[Potato 04 | o075 | 115 | 0.85
Radish [ 045 | 060 | 0.90 | 0.90
[Sorghum 03 [ 0715 | 110 | 0.65
[Soybean 03 [ 0| 110 | 0.60
[Sugarbest 045 [ 080 | 115 | 0.80
[Sunflower 03 | o075 | 115 | 0.55
| Tobacco | 035 | 0.75 | 1.10 | 0.90

The table above shows average Kc values for the various crops and growth stages. In fact, the Kcisalso
dependent on the climate and, in particular, on the relative humidity and the windspeed. The values
indicated above should be reduced by 0.05 if the relative humidity is high (RH > 80%) and the windspeed
iIslow (u <2 m/sec), e.g. Kc = 1.15 becomes Kc = 1.10. The values should be increased by 0.05 if the
relative humidity islow (RH < 50%) and the windspeed is high (u > 5 m/sec), e.g. Kc = 1.05 becomesKc
=1.10.

DATA SHEET 4 Deter mination of crop factors

Location H .E.Rmpiﬁi“ Tate : .1{?{'?6.
Humidity : crop 1: high/medium/low Wind apeed ; crop 1: highlw
ceop 23 highlmr crop 1: highlw
'ﬂl"ﬂp 1 H ir.ﬂi'a-'-i?'!et-lﬁlgrr:%#rj E N R EEEEEE T Pll"tlﬂg Dl.ti H |:};:3H|.L¥||.|+|.||.||

Duration of total gyowing perlocd : ...'..'?-'Q... days
{frem local information or Table 6}
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Enitinl gtage @ ... vvevwa dAya
Crop dev. atage . ?35 ..... daya
Mid-gazacn Btage aven 3-15 anvs QOYE

Late sxaEOn stage i arus 5& ansa dBY4

Crop factors, Xc (Table 8) :
SRR s ¥ 7T B

¥nitlal grage

Estimatad duraction of growth atages (Tabkle 7) ;

Dates
IjH.ﬁ\fhlﬂ JH‘I?#F*##!I#!

4% 1A F i dFA R FARFS I b Ed bddal

1 July - 25 Avgust

---------------------

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

11 Cctober - Lo NovEHber

LA AR R SR EERNENERNSENENNEERERRNRSENENZXHNTS]

Initial stage ”.?:i..... daya
{rop dev- etage i ”.Hi.”.. daya
Mid-geason stege 5q ..... daya
Late aeaeon s#Lage ! Llﬁ svswe dEYE

Crop Ezctors, ¥e {(Table 8) :

R » 79 ¥ |-

Initial atags

Crop dev. stage H .....Q!ZE.....
Mid-g=ason stage I iemaws { . +l¢$ ......
Late seafton Abage ' tasaa O'35 ......

'ETH'P dl"- IEIEE ﬂ!‘r&glﬁl 4F

Mid-segacn stage ! !."f “ﬁ'-'““

laLte axagon SERZE @1 Liaas "'? .‘3!:.} ......

Cl'l:l-p 2 H 1-1-11-1-1-1--?-‘:.' --------------------- F].B'Ill:i'llg Date : ...:l..JHHE .....
acation of total growing period : IE.’&. « days

{from local inforwaticn or Table 6)

Estipated duraclon of growth atageg (Table 7) : Pates

e B D08, S0 AT,

llllllllllllllllllllllllllllllll

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3 Jn case of low RH A high windspeed The
be:0,L8 0,85, 120 &2 .75 . On case af

e vexluens wWowld Agnp.
higlh RH ELow winds

the Kc values would resp. be i G.35 0,93, 1o & 5.65.

3.3 CALCULATION OF THE CROP WATER NEED

3.3.1 Introduction
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3.3.2 Crop Water Need Calculation Example
3.3.3 Specia Cases
3.3.4 Indicative Values of Crop Water Needs

3.3.1 Introduction

In section 3.1 the determination of the reference crop evapotranspiration ETo has been discussed, whilein
section 3.2 it has been indicated how the crop factor Kc can be determined.

This section (3.3) explains how the crop water need ET crop is calculated (see Fig. 15) on a monthly basis,
using the formula: ET crop = ETo x Kc.

Fig. 15 Calculation of the crop water need (ET crop)

gERRIeE
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/f:f E-«‘Ilhﬁ'.':- #

Although the formulato calculate ET crop is easy to apply, there are still some practical problemsto be
overcome, which can best be explained using an example.

3.3.2 Crop Water Need Calculation Example
UESTION

Determine the crop water need of tomatoes

GIVEN

IMonth | Jan | FebMar |Apr|May |[June|July
[ETo(mm/day) | 40 | 5058 [63(6.8|7.1|65
IHumidity imedium| (60%) | | | |

\Windspeed imedium|(3m/sec) | | | |
]Duration of growing period (from sowing): 150 days
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IPlanting date: 1 February (direct sowing)

CALCULATION

Step 1: Estimate the duration of the various growth stages, using Table 7.

Crop Total growing period |Initial stage| Cropdev. |Mid-season stage|L ate season stage
(days) stage
I Tomatoes| 150 | 35 ] 40 ] 50 | 25

Step 2: Indicate on table, as per example below, the ETo values and the duration of the growth stages.

Note: When calculating the crop water needs, all months are assumed to have 30 days.
For the calculation of thereference crop evapotranspiration (ETo, section 3.1), the
actual number of days of each month isused e.g., January 31 days, February 28 or 29
days, etc.

Crap: .T‘?‘Z‘:J‘-'?!:D.‘E':?. v++ Planting Dare: i: F.e’b!'“g*i .

Months Jan |Fab | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Hov | Deg
ETo (em/day) hols50(s818.3]68 31 6.5
pp—
imTALCROE | late

|Planting date |1 Feb
Initial stage, 35 days |1 Feb-5 Mar
|Crop development stage, 40 days|6 Mar-15 Apr
IMid season stage, 50 days 116 Apr-5 Jun
|Late season stage, 25 days 6 Jun-30 Jun
|Last day of the harvest 130 Jun

Step 3: Estimate the Kc factor for each of the 4 growth stages, using Table 8 and bearing in mind that the
humidity and windspeed are medium

Kc, initial stage = 0.45
Kc, crop development stage=0.75
K¢, mid season stage = 1.15
Kc, late season stage = 0.8

The Kc values are inserted in the Table:
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Crop! -_-‘:-g-mﬁ‘j:-‘?ﬁgu-n Flanting Date: tq.t j{ﬁ.hiﬂg{:‘f‘
Montha Jan | Fab! Mar | Apr | May | Jun | Jul | Aug | Sep Oce | Nov | Dec

BTo (mn/day) |40 [60(5.8 |63 |6.8 |3 6.5

Growth atages l:;:um. E‘;ﬁi;t r;&gibmi Et 5;
K¢ per gr. ot. &q? O'}S 115 OE

It can be seen from the table above that the months and growth stages do not correspond. Asa
consequence the ETo and the Kc values do not correspond.

Yet the ET crop (= ETo x Kc) hasto be determined on a monthly basis. It is thus necessary to determine
the Kc on amonthly basis, which is done as follows:

(see also the table above)

February: Kc Feb = 0.45
March: 5days. Kc=0.45
25 days: Kc=0.75

5 25
Feohfarch: Ke= B—D:x: 045+ E}x 0.75=007+0.62=06%9=approx0.70

NOTE: TheKcvaluesarerounded to the nearest 0.05 or 0.00.
ThusKc, March =0.70
April: 15 days. Kc =0.75
15 days: Kc=1.15

. 15 15
oo hpril  Feo= 30 ® 0.7 5+£ #1.15=0738+0.58=056=approx 0.95

ThusKc, April =0.95

May: Kc, May = 1.15
June: 5 days. Kc=1.15
: 25 days: Kc =0.80

5 25
Fe,June = £x1.15+3—[]x[3.8[}: 0124+ 0.67=0286= approx 0.85

ThusKc, June =0.85

In summary:
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Crﬂpl . ;ch;"ﬁ.tﬁ% ----- Pllﬂtiﬂg Date: ij‘i -t?-b':H?’!.}fﬁ
Months Jan | Feb| Max | Apr | May | Jun | Jul | Aug | Sep | Cet | Nov | Dec
ETo (am/dey)  [4.0[50]|58163(68| 31165
Growth stages '!;-5“}'_“'- 353 ':.t % it é'ﬂ_‘qf
Ec per gr. at. O.u5 -D:ﬁ' .18 |0.8
Ko par month W RN G.?c:- ﬂ.ﬁE L1511 0.86
Step 4: Calculate, on a monthly basis, the crop water need, using the formula:
ET crop = ETo x Kc (mm/day)
February: ET crop = 5.0 x 0.45 = 2.3 mm/day
March: ET crop=5.8 x 0.70 = 4.1 mm/day
April:  ET crop = 6.3 x 0.95 = 6.0 mm/day
May: ET crop =6.8 x 1.15 = 7.8 mm/day
June; ET crop=7.1 % 0.85 = 6.0 mm/day
In summary:
Crop: .Tﬁﬂﬂtﬁg‘;s.?...” Planting Date: .‘:.I'. .@bﬂ"‘."ﬁ'm
Mentchs Jan | Fab| Mar| Apr| May{ Jun | Jul | Aug | Sep| Oct| Mov | Dac

ETo (m/day) (0|50 5.8(623(6.8| 3.1

b5

e
lmnnq&? L ¢ 'ﬂ%

Growth stages

Kc per gT. BE. D..'_Is DQ;S 1.15 ﬂ.ﬂ

Kc per month {].L}EIQ?J 095 .15 0.8

ET crop (mm/day) 2.5 4.1 6,(} ?.-9 6.1‘3

Step 5: Calculate the monthly and seasonal crop water needs.
Note: all months are assumed to have 30 days.

February ET crop = 30 x 2.3 = 69 mm/month

March ET crop = 30 x 4.1 = 123 mm/month
April  ET crop = 30 x 6.0 = 180 mm/month
May ET crop =30 x 7.8 = 234 mm/month
June ET crop = 30 x 6.0 = 180 mm/month
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The crop water need for the whole growing season of tomatoes is 786 mm. In summary:

Cront .Tﬂ'.“"l:-‘?t‘?e-ﬁ. Flanting Datm: .ﬂ*&bf"”‘:&njf

Honthe 'er: Fib | Haz | Ape| Mar| Jun| Jul | Aug | Sap| Gat| Hor| Den
eTo (msday) L0 5.0[5.8(6.3]6.3[3.1 (65

Growth stages E‘lrm ﬁﬁbb e ggfﬁ

Kc pAT §T. BC. 10505 1.5 (o

ke per moth Ol iplags] 115 1085

It exen (m/day). 23144 6.0[3.8 |0 .

T ceon Gasm) | Bo1123[180[234 180

3.3.3 Special Cases

In the previous sections it has been indicated how the crop water need is calculated for a variety of field
crops. ET crop = Kc x ETo. However there are some crops that do not directly fit this model: their crop
factor Kc is determined in adifferent way. The determination of their crop factor isexplained in this
section. Once the crop factor Kc has been determined, the same procedure (as described in the sections
3.3.1 and 3.3.2) is used to calculate the crop water needs.

The special casesinclude:

- dfalfa, pasture and clover
- bananas

- citrus

- rice

- sugarcane

- cacao, coffee, tea

- olives

- grapes

Alfafa, Pasture and Clover

Alfalfa, pasture and clover are regularly cut during the year. Just after cutting they arein the "initial stage”,
while just before the next cutting, they are in the "late season stage”. To determine the crop water need it is
best to use an average value of the crop factor Kc. The average Kc values are given in Table 9.

Table 9 Kc VALUESFOR ALFALFA. PASTURE AND CLOVER

| Climate: |Alfalfa|Pasture|Clover
IHumid Light/mediumwind| 0.85 | 0.95 | 1.0
IDry Light/mediumwind | 095 | 1.0 | 1.05
IHumid or Dry Strong wind | 1.05 | 1.05 | 1.05
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Bananas
The establishment of a new banana plantation takes approximately 6 months from planting to full ground

cover. One year after planting, the first harvest takes place, after which the shoots that have produced are
removed. Meanwhile young shoots have fully developed and take over the production.

The Kc values for the first 6 months after planting are indicated in Table 10. After 6 months the Kc value
remains constant: Kc = 1.1.

Table 10 Kc VALUES FOR BANANA

IMonths after planting| 1 | 2 |3 | 4 |5 |6 |7onward
[Kc 0.7[0.75[0.8[0.75[09[1.0] 1.1

Citrus

The crop factor Kc for clean cultivated citrusis 0.70 year-round. This value is applicable for large mature
trees, covering some 70% of the ground surface. If there is no weed control, aKc value of 0.90 year-round
should be used.

Rice
For paddy rice the valuesindicated in Table 11 should be used.
Table 11 Kc VALUES FOR PADDY RICE
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] Climate | Littlewind | Strong wind
| Growth stage (days) |dry [humid | dry | humid
0-60 days after transplant or direct sowing|1.1 1.1 |11 |1.1
[Mid-season 12105 [13513
llast 30 days before harvest 1.0 |10 |10 |10

Example: Suppose the total growing season of rice from sowing to harvest =150 days in a humid climate
with strong wind

Kcday Oto60: 1.1
Kcday 60to 120: 1.3
Kc day 120to 150: 1.0

Sugarcane

Crop coefficients for sugarcane vary widely depending on climate and sugarcane variety. It is best to use
locally available data. If such data are not available. Tables 12a and 12b can be used.

Table 12arefersto avirgin sugarcane crop from establishment to first harvest, which is assumed to take 18
months. Table 12b refersto aratoon crop, which is the regrowth after the harvest of the virgin crop. The
regrowth is assumed to take 12 months. Sometimes, depending on local practices, avirgin crop is followed
by 2 or 3 ratoon crops.

Table 12a Kc VALUES FOR VIRGIN SUGARCANE

] Climate |Littlewind | Strong wind
\Growth stage (days) |dry |humid | dry | humid
| 02 [04[ 05 [05[ 06
| 2-4 [08] 08 [08[ 085
| 46 [11] 10 [12] 11
| 6-12 [125[ 105 [13 | 1.15
y 12-17 10.95| 0.8 [1.05| 0.85
y 17-18 0.7 | 0.6 [0.75] 0.65

Table 12b Kc VALUES FOR RATOON SUGARCANE

| Climate | Littlewind | Strong wind
\Growth stage (days) |dry |humid | dry | humid
| 01 [04] 05 [05[ 06
| 12 [08] 08 [08[ 085
| 2-4 [11] 10 [12] 11
| 4-10 [125[ 105 [13 | 1.15
y 10-11 10.95| 0.8 [1.05| 0.85
| 11-12 [07[ 06 [0.75] 065

Cacao, coffee, tea
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For cacao, coffee and tea the following year-round Kc values are recommended:
* No cover crop, no shade: Kc =0.95
» with cover crops and shade trees: Kc = 1.1

Olives
For mature olive trees the following year-round K ¢ values are recommended:

* wide spacing of trees: Kc=0.4
* close spacing of trees: Kc = 0.7

R4 7y
g g

Grapes

With the assumption that the grape harvest starts some 5 months after the first leaves appear, the Kc values
indicated in Table 13 can be used for the months starting with the first |eaf appearance.

Table 13 Kc VALUES FOR GRAPES (35% GROUND COVER)
IMonths after first leavesappear| 1 | 2 | 3 [ 4 |5 6|7 |8 |9
Kc [0.25[0.45[0.65[0.75[0.75[0.7[0.55[0.45[0.35
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3.3.4 Indicative Values of Crop Water Needs

Table 14 givesindicative values of the crop water needs for the total growing period of various important
field crops.

The valuesindicated in the table provide a rough estimate and should only be used if the crop water needs
cannot be calculated more accurately due to lack of data.

Table 14 gives for each crop a minimum and a maximum value for the crop water need. As the crop water
needs depend heavily on the duration of the total growing period, the maximum value should be used in
the case of along total growing period (see aso Table 6) and the minimum value should be used when the
total growing period is short. An average value is to be used with a medium total growing period.

In addition, Table 14 gives an indication of the sensitivity of the various crops to water shortages or
drought. If the sensitivity is high it means that the crop cannot withstand water shortages very well and
such shortages should be avoided. If the sensitivity islow it means that the crop isrelatively drought
resistant and can withstand water shortages fairly well.

Table 14 INDICATIVE VALUES OF CROP WATER NEEDSAND SENSITIVITY TO
DROUGHT

Crop Crop water need Sensitivity to drought
(mm/total growing period)
Alfafa | 800-1600 llow-medium
Banana | 1200-2200 lhigh
Barley/Oats/Whezt | 450-650 llow-medium
Bean | 300-500 [medium-high
|Cabbage | 350-500 Imedium-high
Citrus | 900-1200 llow-medium
|Cotton | 700-1300 low
IMaize | 500-800 Imedium-high
IMelon | 400-600 Imedium-high
/Onion | 350-550 Imedium-high
|Peanut | 500-700 llow-medium
Pea | 350-500 Imedium-high
|Pepper | 600-900 Imedium-high
[Potato | 500-700 lhigh
IRice (paddy) | 450-700 lhigh
|Sorghum/Millet | 450-650 llow
|Soybean | 450-700 llow-medium
|Sugarbeet | 550-750 llow-medium
|Sugarcane | 1500-2500 lhigh
|Sunflower | 600-1000 llow-medium
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[Tomato | 400-800 [medium-high |

DATA SHEET 5 Deter mination of crop water needs (see also Data Sheet 4)
Lecetion : E‘Kﬂﬂﬁ[ﬁa . Date : M*E:'ﬁé. .
Erqp nmlﬁ [-ali:gltlrll‘ [ P‘linting d-..:.‘l . l.lli-ldjll‘:‘;lﬂ lllllllll

Monthk Jun | Fab | Har | Apr | May | Jua | Jul | Aug | Sep | Gec | Bow | Dec

sTe (mrdey) |1,g 5.3 [5.9 8.3 é:? b4 6.5:- 5.6|5.8|8.6(5.314.8

Grovth stagan i, ot i .‘.\tllﬂt%
¥ patr gr. st. l&H o.80]| .15 O30

Xc par month 055|085 .15 .85 @"*J
ZT crop {mmfd) 2.3 {4.8 6.? L8
ET crop {mm/m} O Uy [ 20 | Yy 3?
*# 1o s, in Novemper
o dgs X 3,7 rnm"dgj

Crop: .CC?HW .......... Planting dare: .1“1.".‘«.“':%........
Monthe Jan | Fab | Har [ Ap* | May | Jun | Jul } Aug | Sep | Occ | Kow | Dac
to (midey) 1A1.G15.3|5,g 163 (63 [ 6.4]|6.015.65.8(5.6(5.5[4.8
Growth ACAgas i'”"l ﬁst ﬂhE' 2on S m"ﬂm st.
Fc per gr- #t. Q. E'-'.}S V.15 C"-'-?E
ke por montt s.50l0:35] 1.00[115 [a3s o))
ET crop (mu/d) 37| 4.5]5.6(63 | 4.2 [4<f]

: ra " - r Bonth) x ETe (ma/de 15 i Nov.
Hota: $m= E:f’:n::h} - :g :p;‘rcrnp ?LM::) fmid ”H IS x40 m-"d-‘i“_j

g Alg >
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CHAPTER 4: IRRIGATION WATER NEEDS

4.1 INTRODUCTION

4.2 DETERMINATION OF THE EFFECTIVE RAINFALL*
4.3 CALCULATION OF THE IRRIGATION WATER NEEDS
4.4 IRRIGATION WATER NEED OF RICE

4.1 INTRODUCTION

In Chapter 3 it has been indicated how the crop water need (ET crop) is determined. This water can be
supplied to the cropsin various ways:

* by rainfall
* by irrigation
by acombination of irrigation and rainfall

In some cases, part of the crop water need is supplied by the groundwater through capillary rise (see
Volume 1, Section 2.5.3). For the purpose of this paper however, the contribution of capillary riseis not
taken into account.

In cases where all the water needed for optimal growth of the crop is provided by rainfal, irrigation is not
required and the Irrigation water need (IN) equals zero: IN = 0.

In cases where thereis no rainfall at all during the growing season, all water has to be supplied by
irrigation. Consequently, the irrigation water need (IN) equals the crop water need (ET crop): IN =ET
crop.

In most cases, however, part of the crop water need is supplied by rainfall and the remaining part by
irrigation. In such cases the irrigation water need (IN) is the difference between the crop water need (ET
crop) and that part of the rainfall which is effectively used by the plants (Pe). In formula: IN = ET crop -
Pe.

In summary:
If sufficient rainfall IN=0
If norainfall at all :IN=ET crop

If partly irrigation, partly rainfall : IN = ET crop - Pe

Section 4.2 provides a method to determine the effective rainfall, while Section 4.3 gives a calculation
example for the irrigation water need. As the determination of theirrigation water need for paddy riceisa
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special case, it is discussed separately in Section 4.4,

4.2 DETERMINATION OF THE EFFECTIVE
RAINFALL~

* For general information on rainfall: the amount, the intensity and the distribution, refer to
Volume 1, Section4.1.1, 4.1.2 and 4.1.3 respectively.

When rain water ((1) in Fig. 16) falls on the soil surface, some of it infiltrates into the soil (2), some
stagnates on the surface (3), while some flows over the surface as runoff (4).

When the rainfall stops, some of the water stagnating on the surface (3) evaporates to the atmosphere (5),
while the rest lowly infiltrates into the soil (6).

From all the water that infiltrates into the soil ((2) and (6)), some percolates below the root zone (7), while
the rest remains stored in the root zone (8).

Fig. 16 Effectiverainfall (8)=(2) - (4) = (5) = (7)

¥; + b } '

In other words, the effective rainfall (8) isthe total rainfall (1) minus runoff (4) minus evaporation (5) and
minus deep percolation (7); only the water retained in the root zone (8) can be used by the plants, and
represents what is called the effective part of the rainwater. The term effective rainfall is used to define
this fraction of the total amount of rainwater useful for meeting the water need of the crops.

For the purpose of this manual only 2 ssmple formulae are provided to estimate the fraction of the total
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rainfall which is used effectively. These formulae can be applied in areas with a maximum slope of 4-5%:

Pe=0.8P25if P> 75 mm/month
Pe=0.6 P10if P<75 mm/month
with P = rainfall or precipitation (mm/month)
Pe = effective rainfall or effective precipitation (mm/month)

NOTE: Peisalwaysequal to or larger than zero; never negative
UESTION
Calculate the effective rainfall for the following monthly rainfall figures. P = 35, 90,116, 5, 260, 75 mm
ANSWER

IP (mm/month) | Formula |Pe (mm/month)
[ 3 | Pe=06P-10 | 11

[ 90 | Pe=08P-25 | 47

’ 116 | Pe=08P-25 | 68

| 5 [ Pe=06P-10 | 0

[ 260 | Pe=08P-25 | 18

[ 75  |[Pe=08P-250r06P- 10| 35

4.3 CALCULATION OF THE IRRIGATION WATER
NEEDS

The following example, which Illustrates the irrigation water need cal culation method, is a continuation of
the example from Section 3.3.2:

| Month IFeb [Mar |Apr [May [June
IET crop (mm/month) | 69 | 123 180 | 234 | 180

In addition, the following rainfall figures are given:
P (mm/month) 20 38 40 80 16

Step 1: Calculate for each month the effective rainfall using the formulae;
Pe=0.8P25if P> 75 mm/month
Pe=0.6P10if P<75 mm/month
| IFeb [Mar |Apr [May [June
IP (mm/month) |20 | 38 |40 | 80 | 16
IPe(mm/month)| 2 |13 [14 {39 | O

Step 2: Calculate the irrigation water need, both in mm/month and mm/day, using the formula: IN = ET
crop - Pe; e.g. Feb: IN =69 - 2 = 67 mm, €tc.
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| IFeb [Mar [Apr [May [June
IET crop (mm/month) | 69 | 123 |180 | 234 | 180

|Pe (mm/month) 12 (13 |14(39 | O
[IN (mm/month) [ 67 [110 [166 | 195 [ 180
[IN'(mm/day) [22[37[55[65 [ 60

Fig. 17 Irrigation water need

eJ

DATA SHEET 6 Determination of Irrigation water needs (see also Data sheet 5)

4.4 IRRIGATION WATER NEED OF RICE

For all field crops, as has been explained in the previous section, the irrigation water need (IN) is
determined as follows:

Step 1: Determine the reference crop evapotranspiration: ETo
Step 2: Determine the crop factors: Kc

Step 3: Calculate the crop water need: ET crop = ETo x Kc
Step 4: Determine the effective rainfall: Pe

Step 5: Calculate the irrigation water need: IN = ET crop - Pe

Paddy rice, growing with "its feet in the water", is an exception. Not only has the crop water need (ET
crop) to be supplied by irrigation or rainfall, but also water is needed for:

» saturation of the soil before planting
* percolation and seepage losses
* establishment of awater layer

In summary, the determination of the irrigation water need for paddy rice requires the following steps:
Step 1: Determine the reference crop evapotranspiration: ETo

Step 2: Determine the crop factors: Kc
Step 3: Calculate the crop water need: ET crop = ETo x Kc

Step 4: Determine the amount of water needed to saturate the soil for land preparation by
puddling: SAT

Step 5: Determine the amount of percolation and seepage losses. PERC
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Step 6: Determine the amount of water needed to establish a water layer: WL
Step 7: Determine the effective rainfall: Pe
Step 8: Calculate the irrigation water need: IN = ET crop + SAT + PERC + WL - Pe
These steps are discussed in detail below.

Step 1, 2 and 3: Determine ETo, Kc and ET crop
ET crop isdetermined similarly to all other field crops as discussed in Sections 3.1 t0 3.3

Step 4: Determine the amount of water needed to saturate the soil for land preparation by puddling: SAT

In the month before sowing or transplanting, water is needed to saturate the root zone. The
amount of water needed depends on the soil type and rooting depth. For the purpose of this
manual it is however assumed that the amount of water needed to saturate the root zone is
200 mm. Thus:

ISAT =200 mm

Step 5: Determine the amount of percolation and seepage losses. PERC

The percolation and seepage |osses depend on the type of soil. They will be low in very
heavy, well-puddled clay soils and high in the case of sandy soils. The percolation and
seepage losses vary between 4 and 8 mm/day.

for heavy clay: PERC = 4 mm/day
for sandy soils: PERC = 8 mm/day
on average: PERC = 6 mm/day

Step 6: Determine the amount of water needed to establish awater layer: WL

A water layer is established during transplanting or sowing and maintained throughout the
growing season. The amount of water needed for maintaining the water layer has already
been taken into account with the determination of the percolation and seepage losses. The
amount of water needed to establish the water layer, however, still has to be considered. For
the purpose of this manual it is assumed that awater layer of 100 mm is established. Thus:

IWL =100 mm

Step 7: Determine the effective rainfall: Pe
The effective rainfall is calculated using the same formulae as described in Section 4.2.

Pe=0.8P-25if P> 75 mm/month
Pe=0.6 P- 10if p <75 mm/month

Step 8: Calculate the irrigation water need: IN = ET crop + SAT + PERC + WL - Pe
The irrigation water need is calculated using the following formulg;

[IN=ET crop + SAT + PERC + WL - Pe|

CALCULATION EXAMPLE
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QUESTION

Calculate the irrigation water need (IN) of paddy rice for the month of April when given:

* ETo = 6 mm/day

*Kc=11

* the root zone has already been saturated in the previous month
* PERC =5 mm/day

* the water layer (100 mm) needs to be established during April
* Pe =135 mm/month

ANSWER

IN = ET crop + SAT + PERC + WL - Pe
ET crop=ETox Kc=6x1.1=6.6 mm/day = 6.6 x 30 = 198 mm/month

SAT =0mm
PERC =5 mm/day = 5 x 30 = 150 mm/month
WL = 100 mm

Pe = 135 mm/month
IN =198 + 0+ 150 + 100 - 135 = 313 mm/month = 10.4 mm/day

Thusthe irrigation water need during April is 313 mm or 10.4 mm/day.
DATA SHEET 7 Determination of Irrigation water need of paddy rice

Exanple/Rice pa. . .216/86..

crop L @uﬂmﬂw
crop 2 3 high/medium{Tow)
highfSadimmPlow
g G TR Lov

No of crops par year - ,"_;_“_____”_

Location

Bumidity

Windapeed : crop L

L1

crop 1

ckop 1t .....9‘3..

erop 2 : J.&b:‘.‘ﬂ“f

Planting date

Rice crop 1 ¢ Duratiom totel growing period from sowing or traneplsnc : "31':3.. duyn

Duration mid=-sezeon stage® : ..HFL duys

Rice crop & ! Duratfon totel growing pariod From acwing or traoeplsnt : .l:i'-f:?., days
Puration mid-seanon acage® : ..3.&- days
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crop factors {Table 11}

day : 0 = 40
nfd-snazon

laat 30 dave

Saturation raquirsment

Percolation and aeapage

Establinhsent water layer :

crop :
1 2
odalO Ao,
l Im I-Dﬂ

lllllllll LN N S BN ]

200 sm  crop 1 : Month J.‘JJH.

erep 2 : Month aﬂﬂ"ﬁnj‘

I T I A -, ttti-t-fdlr = --I--E-E

100 mm  crop I © Month .ﬂ‘:'ﬂ"'.“?r

crop 2 i Momoth .Fﬁ."@fﬂ&n‘l

* Duration mid-season atags = Duration toral growing period — %0 days

Figure
Crop! Bite.d.......... Planting dater A Bugust
Monthe Jan| Feb | Mar | Apr | May | Jun | Jul | Aug | Bep | Oct | Nov | Dec
#to (am/dey) |58 7.3 18.0[81 [3-616.5 |4t i 4q2|4s|4.6|5.1]15.3
Growth atages dla'ii_ o ;‘;]ﬂ %ﬂ
e par gr. st. .10 | 115 | l.oo
Kc per month Volo| 1-10f 115 | Los[Lof

ET erap {xm/d)

4.b|58.0

5.3

ET crop {ma/m)

138 | 150

59

162

SAT (om) 200
PERC (ma/me} I¥o [180 (80 [180 60*
WL (o) 100
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CHAPTER 4: IRRIGATION WATER NEEDS

¢ (o) VIO |2 |Y |40 19Y LI 11L4]|L4]| D | O
rw) (O |o|lo|z fsolimahbbl( &0 |0
1N (am/oo0) 63 |2521252|333 1342.1113"
IN (cm/dey) 2.0 [ &4l8ay . [ain.3
Crop! Fs."m;.. Flanting date: .1ﬁ‘brﬂefr‘1. ”'ﬂ'dﬁ"-fb
Months Jac | Fab | Mar | Apr| May | Jun | Jud | Aug | Sep| Oce | Wov | Dec
to (m/dey) |5.817.518.0[8.1|3-6(65]0.1[4.2[45[4.6(5.1[5.3
Growth atagen :I' 'm_ Emi gt! y

Kc per gr. st. .1 (125|100

K¢ pat menth t.1 | L) L25] LOO

ET crop (om/d) 8.0[8.dlo.1| 7.6

ET crop (me/m) 200 26‘{ 323 228

SAT {mm) 7200

PERC (me/mo) 180 180( 180|180

WL, () fa's)

P (ze/mo) Ol (2 [8 |To [94 202|835 1123123 |3 | ©
@y |0 |0 |00 ]2 [50i3316 | B|6 |0 O
w (emfuo) | )00 520 [Luy |43 | 4o8

IN (ratday} (£ 133 Iy.8]16.1|13.6

Mote: For ET crop and Pe, zee Dota Sheet 6
IN (mx/m0) = ET crop (mm/mo} + SAT (wm) + FEEC {(xmfwo) + WL (mm) - Pe (mo/mo)

IN (mfﬂ] - M%l

< Alg >
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CHAPTER 5: CALCULATION EXAMPLE

~ - >
CHAPTER 5: CALCULATION EXAMPLE

In this chapter afull calculation exampleis given. The necessary data are provided below and theaim isto
determine:

1. the reference crop evaporation (Data Sheet 3: ET0)
2. the crop water need for the various crops (Data Sheets 4: Kc and 6: ET crop)
3. the Irrigation water needs for the various crops (Data Sheet 6: IN)

GENERAL DATA

L ocation: Example (2)
Latitude: 8° North

CROP DATA

Three crops are grown: onions (dry) followed on the same fields by potatoes, and cotton.

| Crop |Planting date|Total season growing (days)
(Onions (dry)| 1April | 150
|Potatoes | 1Oct | 120
|Cotton | laly | 190

CLIMATIC DATA

Relative humidity (year round): medium

Windspeed (year round): medium

| [J[F[M[A[M[JI[JI[A[S[O[N][D
'Tmin (°C) |14.4|15.5|17.4|18.5|18.9|21.0|20.1|19.3|18.7|15.6|13.8|12.3
T max (°C) [29.9(31.1|32.1|33.9/34.5|35.2|32.2|31.5|32.9(32.6|29.9|29.5
IP(mm) |19 |21 |28 |33 |37 |38 |121(134|44 |28 |19 | 5

Irrigating onions

DATA SHEET 3 Determination ETo: Blaney-Criddle M ethod
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CHAPTER 5: CALCULATION EXAMPLE

Location: E\@"kaﬁ}. pata: ‘SfG(85, .

Bt CEdE: sesensosrnsresHene Thoret/ etk
Hanth T min T max T mean Efc

“cy "¢ (%) Table & | wa’day
Ise ITEY 249 222 o.26 4}
Fed 5.5 Il 3.3 o.13 =
Yar 34 32.1 1.8 0.2% | 5.2
e (0.5 33.9 26.1 0.28 | 8.6
May 8.9 4.5 26,3 .28 2.3
o a1.0 251 29.1 a%a &,
Jul 20 32.2 26,1 o4 2.8
dug 19:3 .5 254 0.8 5.5
Sap 18.3 315 25.8 c28 | 5.6
oet 5. 3.6 .4 01 | 52
i 3.8 2949 .9 o6 | L3
Dec 12,3 9.5 1.9 0 | 4.6

DATA SHEET 4 Determination of crop factors
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CHAPTER 5: CALCULATION EXAMPLE

Loeation H E!‘HHP!%@J. Date : .!Pfﬂf.gé

Rumidity : erop l: wbgh/medium/dew Wind spmad : crop 1: Wegh/eed{yn/dos
crap 2: bgh/medion/lew crop 2: dviph/med{omiew
Ernp 1 = [Qv'iﬂﬁﬁ@-mjliiiiiliilIIII' Planting Datea ll!ﬂP-rr:l-rlvf!iltlill

buracion of total growing period : u-lﬁg--- daye
{from local information or Table 6)

Estimated duration of growth atagea (Table 7) : Dates

- -

- il

Inirial stage H !ivtilgttiti daya -+--+Jrﬂ- -+l'-.l_+l-r+lﬁtﬂ FRbmamsLanEa
Crop dev. stage i .”..:'-‘:Euu daya _H_Jh" 1",",__—;,'9.!"!"5. tmsLsnan
Hid season stage : tiit:?il!ilt days --l-ij;ﬂﬂg%ElHTiéggt:]EEHT*"'"l'
Late ge=apon ATAFE 1 ' -HE. nun d.!ﬂ - itlll;ln‘l"-lalrl:}iQIﬂH :Il LE R R
Crop facrore, Kc {Table 8) :
Inirial stage H 1tltt$?:§??ttitii
Gr‘ﬂp dev. !t.l"ﬂ = --lnil-Q'l-iﬁini-i nd

Mid season ﬂl.'..ﬂ,,EE ¥ llllll'l:gﬁ-ill-l [
Late seagon Skage H ......?.‘.@E..."

Cmg .2 : -i@ﬂt&tﬁ%llilillillililill Plﬂnti“g I.at-e : -%imwil.l.
Duration of totel growling perliod 1 .IQQ days

(From iocal infarpation or Table &)

Egtimated duration of growrth acages (Table 7} : Datea

Il'l'lltiﬂ.l FCAXE T inll?‘si-lll dﬂr‘ illlli‘;!%l‘l:!iiimlilil-lll‘l
c'l.'ﬂp d!v. !t.‘E ¥ Illlﬁiilll dl}.l llr%@!!?ﬁ?‘tniﬁim»rllillrlli
Hid season HCAg& H '1r1§|5:-"r‘ d“l ---l-iii&llm-ilTllE'I l!ntiilttllﬂ
Late swazxon Etlsﬂ b4 ....4.2'5.... d.}"ﬁ ................Haﬂ--fanag.ja-qncfp----
Crop factors, Xe (Table B}

I“.’.t.iﬂ.l Etﬂ.!! H LR !-Q:Hgvt'!!l!

cmp devw, Et.ﬂ!E H llililalrilllllli-l

Hid HenEon Et“l H I-"'!!:'I.E""'!!

Late season stage H Iliililli:titllllll'l

DATA SHEET 4 - No. 2 - Determination of crop factors
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CHAPTER 5: CALCULATION EXAMPLE

Location E .E xﬁm.lﬂ Ll} : Dace : .IE{'BIB.E;

Pumidicy crup?t: hgh/wediun/louw Wind mpeed :  cropd : high/medive/low
il I i e e arop—2—hbah-tasdiu oy

Crop3 : ..Mﬂn....“............“ Pianting Date : ..'.i..J."'-n".l_#.......

Dyration of total growing perioed : 'LQ."'}... dara
{from local Information or Tahle 6}

-

Estinated duretion of growch etages (Table 7) : Dukey

Initiai stage 2 .....“3'9.... daya ......;1..1‘:'!1'1.‘:%?.1":!&....u..
Crop dev. stage A~ = B daya __,___g:_ﬂ:-}?,:ﬂ-ﬁ,_sﬂﬂt_:;_","

Hld Bll.iﬂﬂ 't..le : T IR I AT dﬂ?' -i-i-g"l-lill- :lglélmqulliulil
Lﬂ.t.E. EEHEQDL ﬂt.ﬂiE 1 “j*jmilj dn?' llill‘llll-lm-‘l?l”lgl'!lql ﬂlw‘ll-llil-
Crop factore, Ec (Table B} s

Initial stags : .....Q.‘HF..."..

Cxop dev. atage : .....ﬂ-.'-fﬁ......

Mid eepnon arcage PR Y3 5 = T,

L-H.t.E. ErgiaDn ﬂtﬂ.se I iilil'pl.-l?ﬁlli}li

C'l.'up 21 L O N Y Plﬂﬂtlﬂi DEEE 5 sivtvtvtburnmnnisin
Duration of total growing period I .ovsnsen.. daya

ffeom lecal information or Table &}

Eatimated duration of growth atages {Tabla T) : * Datwen

I'I!I.ltl-ll II’.I-!"E 2 LR BN RN dﬂ}"ﬂ LN L BN ERNEREYXEERERSNES LSERLRRNELERLNNRJX]
cl.'ﬂp d-E“" HI‘.‘IIE : dhd AEEA&ddEAAL dﬂ?‘ LN L AR ERERLERE LN LEENE LENELRERNLNEJLERJ.HN]
Hid FEEFOND 'I’.I[E z CEUIC LR BN B N N dl}"ﬂ IEESRERNNERNESNEEEER LS NENNNENLNLNEREH})]
Lﬂ.te S83E00 ﬂ:lﬂ!‘ i  EXE R EEIRERTY] d-ﬂ?ﬂ A Y Y E R R R LR R R R e T Y E AT R T E T T

Crop Cactors, Re (Table B} :

Inictial stage T srmmnsemmasmasasn
Crap dev. atage I araanasasnsstmbnw
Hid amason stags I msamssamnsamasass
Late smagon atage I savassabtdrvarnar

DATA SHEET 6 Determination of Irrigation water needs (see also Data sheet 5)
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CHAPTER 5: CALCULATION EXAMPLE

Location : EXAMPlE ()  puee - 1o(af8. ..
Ceop! Omens _f_dl"ldJ Planting date: A afeil
Months Jan | Pev | Har | apr| May | Jun | Jul | Aug | Sep | Der | Mov | Dec
ETc {mm/day) 5.{‘.: 5:-]- E!-l 5-8 5.8
Growth stages 5mt: @:ﬁfﬁban l;tgt
Xe par gr. st. E;;L:ﬁ .05 0.85
Ke per month o.bs 095 | ho§ Loo| 085
ET crop (ma/d) 36154 6.4!5.8 |43
BT crop (mm/m) 108 [162 1192 134 | 14!
P (mn/m) 3% | 3% |38 [l |13y
Pe (mm/m} T [12 |13 |32 |82
I¥ (mfu) g8 |10 13a el |59
¥ Con/das) 33]5.0[6.0 34|20
Crop: Pc:vt&‘fﬂ% ....... Planting date: iﬂcf'pbl?f
Months Jan | Feb | Mar | Apr| Hay | Jum | Jol | Aug | Sep | ter | Hovw | Dec
ETc (um/day) L|,T|t 5.2 L{? Llé
Growth srages §_E ‘.:-:.; Ic_mﬁ Ejﬂ;_
ke per gr. st. |O.58] ous |05 | 115
Kc per menth |{,G0 abo|OJ¥| LIS
ET erop {wn/d)| f;.1 1.6 (35|53
ET crop {ma/m}| |26 I8 |los |59
P {mafm) 19 28|81 5
Pe (mn/w) ] + |10
IN {un/a) 125 3t |logy | B9
IN (as/day) {{],2 24i35(58.3
Mote: ET crop {mm/day) = He (per manth} x ETo {(mmfday)

ET Crop Em!-unl:h}

M N

= A} » ET ¢rop {omfday)

réd w4 WE __J___.n
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CHAPTER 5: CALCULATION EXAMPLE

re T* uv.,or — v
Pe = 0B F - 25
IN (mmfmonth) =
IR (oo/day) -

Al & % fJ INENSEONLA

1f P » 75 oo/monch
ET crop (mmfmanth) - Pz {mmfwonch)

IN {mm/month}
10

DATA SHEET 6 Determination of Irrigation water needs No. 2 (see also Data sheet 5)

Location : ?’SH“PE.(‘Z)

Dare &

o(a( %8,

..Q-?:tl:?n.......... Planting date: _‘iDul_ij_'
Kenche Jan Fat: { Mar{ Apr| May | Jum | Jul | Aug Sep oo How [ Eec
ETo (m/isy) |{{.F 58 (55| s6|52|u3 0.6
Growch atagaa 'g_;ﬂ’ m'gmﬁﬂm p Te =
Ec per gr. wt. o.us ﬂFl-I 1. 15 035
Fc per wonth l(ﬂ'-IIE)' o.4s Eh-.'?_f {}.ﬂ]ﬂ! LS | 1LOO E'-'-?S'
ET crop (am/d) 3.5T* 2.614.1 | 5.016.0 4. %] 35
ET crop (mm/m) 3,5* Tllg 12% 150 [ 18c |1y | oS
P (on/m) g ity uylB g 5
Pe (mm/m} i“ ?'1 82 '{? F | O
m omim) (35 614 i3y i3s ol ios
IN (mofdew) |35°% Ol | 4.5 5.8 i 2,6

rrlm - s #xreless te 2o de.f:.

CTOPZ  4attistsntismcnnsnnss F1antlng dL®i wesusrssansssmrnsnns
Montha Jan | Pab | Mar | Apr]| May | Jun | Jul | Aug | Sep | Oce | Yov | Dac
ETo (am/day) i

Frowth stages

K¢ par gr. 2t.

Kz par menth

ET crop {mafd)

ET crop {(mm/m}

F (wth/m}

Pe (omim)
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CHAPTER 5: CALCULATION EXAMPLE

IN {omfm}

IN (am/dey) -

Kokt«: ET crop (mm/day! = ¥c {per month)] x ETa {mm/day]
ET crop (mm/month}) = 30 x ET srop (mm/day)
Pe = 0.6 P - 10 1F P ¢ 75 wm/month
Pée = 0.3PF ~1315 1f P > 75 oafmonth
IA (ma/month) = ET crop (mas/wonth) - Pe (mm/month)

I8 (mfdey) = N f%mth)
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ANNEX | - PAN COEFFICIENTS FOR CLASS A PAN AND SUNKEN COLORADO PAN

=g >

ANNEX | - PAN COEFFICIENTS FOR
CLASS A PAN AND SUNKEN
COLORADO PAN

PAN COEFFICIENT (K pan) FOR CLASS A PAN FOR DIFFERENT GROUND COVER AND

LEVELS OF MEAN RELATIVE HUMIDITY AND 24 HOUR WIND

Class A pan |Case A: Pan placed in short green cropped | Case B1: Pan placed in fallow area
area
RH mean % low | medium |[high > low | medium |high
<40| 40-70 70 <40| 40-70 > 70
wind Windward side Windward side
km/day distance of distance of dry
green crop fallow
m m
|Light 1 55 | .65 75 1 | v | 8 | .85
<175 10 65 | 75 .85 10 | .6 | v | 8
100 7 | 8 .85 100 | .55 | .65 | 75
1000 .75| .85 .85 1000 | 5 | 6 | v
|Moderate 1 5 | 6 .65 1 |.65 | 75 | 8
175-425 10 .6 | v 75 10 |.55 | .65 | v
100 .65 | 75 8 100 | 5 | 6 | .65
1000 7 | 8 8 1000 | 45 | .55 | 6
|Strong 1 45 | 5 .6 1 | .6 | .65 | v
425-700 10 .55 | 6 .65 10 | 5 | .55 | .65
100 .6 | .65 v 100 |.45 | 5 | 6
1000 .65 | v 75 1000 | 4 | 45 | .55
\Very strong 1 4 | 45 5 1 | .5 | 6 | .65
> 700 10 45 | .55 6 10 | 45 | 5 | .55
100 5 | 6 .65 100 | 4 | 45 | 5
1000 .55 | 6 .65 1000 | 35 | A4 | 45

PAN COEFFICIENT (K pan) FOR SUNKEN COLORADO PAN FOR DIFFERENT GROUND
COVER AND LEVELS OF MEAN RELATIVE HUMIDITY AND 24 HOUR WIND
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ANNEX | - PAN COEFFICIENTS FOR CLASS A PAN AND SUNKEN COLORADO PAN

Class A pan Case A: Pan placed in cropped short Case BL: Pan placed in fallow area
green area
RH mean % low | medium |high > low | medium |high
<40 40-70 70 <40 40-70 [>70
Wind Windward side Windward side
km/day distance of distance of dry
greencropm fallow

Light | 1 | .75 | 75 | 8 | 1 | 11 | 1.1 |11
<175 | 10 | 1.0 | 1.0 | 10 | 10 | .85 | .85 | .85
| > 100 | 1.1 | 1.1 |11 | 100 | .75 | 75 | .8
| ] | 100 |7 [ 7 |75
[Moderate | 1 65 [ 7 | 7| 1 5[ 9% |9
175-425 | 10 | .85 | .85 9 | 10 | .75 | 75 | .75
| > 100 | .95 | .95 | .95 | 100 | .65 | .65 | .7
| ] | [ 1000 | 6| 6 |65

Strong | 1 | 55 | 6 | .65 | 1 | 8 | 8 | .8
425-700 | 10 | .75 | 75 |75 | 10 | .65 | .65 | .65
| > 100 | 8 | 8 | 8 | 100 | 55 | 6 | .65

| | | [ 1000 |5 | 55 |6
\Very strong | 1 =R 55 | 6 | 1 |7 75 | .75
> 700 | 10 | .65 | v 7 10 | .55 | 6 | .65
| > 100 |7 75 |75 | 100 | 5 | .55 | .6
| | | ] | 1000 | 45 | 5 | .55

1 For extensive areas of barefallow soils and no agricultural development, reduce K pan by

20% under hot, windy conditions; by 5-10% for moderate wind, temperature and humidity
conditions.
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ANNEX Il - DATA SHEETS

ANNEX |l - DATA SHEETS

DATA SHEET 1
Determination ETo: Pan Evaporation Method

Location: ..........
Date: .......
Type of evaporation pan: ..............
Month: .............
Day| Water depth |Rainfa|| (mm) |E pan (mm)(Day| Water depth |Rainfall (mm) |E pan (mm)
(mm) (mm)
EN | | |17 ] | |
| 2 | | | 18 | | |
ER | | 119 ] | |
| 4] | | | 20 | | |
|5 | | | 121 | |
| 6 | | | | 22 | | |
7] | | 23 | | |
| 8 | | | |24 | | |
19 | | | 125 | | |
10 | | | | 26 | | |
|11 | | | | 27 | | |
|12 | | | 28 | | |
113 | | | 129 | | |
14 | | | 30 | | |
115 ] | | 31 | | |
| 16 | | | | 1(nextmonth) | |
Note: The difference in water depth between day 1 and 2 plus the rainfall during day 1 isthe
E panfor day 1
Calculate:
SUmEpan=............ mm/month

s B
E pan = umE pan

nurmber of days in month )
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ANNEX Il - DATA SHEETS

Location: ..........

Date:

Month: ..........
Number of daysin the month: ..........

DATA SHEET 2

Calculation of the mean

monthly temperature: T max and T min

IDay [T max (°C)|T min (°C) |Day [T max (°C)|T min (°C)

1]

ECH

117

118

119

120 ]

121

122 |

123

O O N O O W N

124 |

125

126 |

127 |

128 |

B R R ke
gl B W N k| O

129 |

130 ]

131

Calculate:

hean T max=

Mean'T min =

sumn'T max

number of days in month )

s T i

nurmber of days in

month

DATA SHEET 3
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ANNEX Il - DATA SHEETS
Determination ETo: Blaney-Criddle M ethod

Location: ...............
Date: ......
Latitude: ... ° North/° South

IMonth|T min (°C) |T max (°C) [T mean (°C) |P Table 4|ETo mm/day
o | | —

IFeb

IMar
IApr
May
1Jun

|
|
|
|
|
|l |
|
|
|
|
|

|Aug
Sep
Oct
INov
IDec

Note:

T mnax + T min
2

T tnean =

ETo=p(0.46T mean+8)

DATA SHEET 4
Determination of crop factors

Location: ............... Date: ..........
Humidity: crop 1: high/medium/low Wind speed: crop 1. high/medium/low crop
crop 2: high/medium/low 2: high/medium/low
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ANNEX Il - DATA SHEETS
Location i sks B EEEEAEENEERD DALA 5 sursrvavaw
Humidicy : erop L: high/wedium/low Wind spesd : crop 1: high/medium/low

crop 2: high/asdiumflow erap 27 high/mediun/low

crnp 1 : IFE N AR N TRER SR L NN RSN LRENERENENSEILEE]} rllﬂtiﬂ! h.b‘ = s d bbb g A A A FIRFEAS

Duration of total growloag perind I «vcnuenar. days
{from local infermation or Table 6)

Bazcimated duration of growth stegea {Tabla ¥) : bBaten

Inlti‘l 't’sﬁ : ([ E N R LR N NNEN] dn?a EES EER SRS N R IR RN N EERNNERNNNEERNERSRNENRE.]
Erﬂp dtv. it“t H I FENENERRENNE ] d.?ﬂ AT ETEER AR RENINFNRESIDERY SRS NE N ENNE NN
Hiﬂ L ET T B nta:ﬂ ‘I T3 ETIEREIIEE d.!! rr T A ARG I A AAN S A SN N AN NANFRRTTH
Latea asason atage T sssEressaEna dlrl ErREATA PSR EEARR F A AL

Crop factars, Ko (Tabla B) :

Initill .t.ﬂi i [ FAEFEFEIE NN T NERN R
ﬂtﬂp ﬁt'l !tl!& H AN ERNERERRERBRERRNNNE]
Hid L LB ] L.t .E.B‘ . P N  F LT EER Y
Laca sezason stage P O EtdeRrisaysanaans
crﬂp z H [ EX T EETEEE SRR SEN AR SRR NN E R RN E]L] Fllﬂtin‘ n‘t¢ : &k p A AdEESFdEEIE AN

Duration af fatal growing perdod 5 «orsveaae. days
(frem local information or Teble B)

Estimated duration af grosuth stages {Table F) : Dates

Inicial !:l!ﬁ H ' EELIEEEEEE] dﬂr' N FEE N EEN R RS NENE RS PR AN N NN NN NN
crnp d.'. .t"' H kN R dﬂ,l EF AN S EE PR PR P AU PSR PP A F TR PN Nk
Mid seascn ataoge I sssvsanssnns GAVE R Y N N Y R RN RN RN
the a&afan lt‘!‘ a AnEENEESFTEERY d.?i sl h A d h B A E bk bd b AR A ARSI N RN N NS

Crop factore, Ec {Table &) :

Infitial etage 2 ssssaassanssmasns
Crop dav. stage $ rwrsbbbrenasazana
Mid sesdon stage

[ L]

A& R NS+ FEEEENRSEEEF

Late ocadon ACage

EdE A SFdET A SFERFEER NS

DATA SHEET 5
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ANNEX Il - DATA SHEETS

Determination of crop water needs
(see dso Data Sheet 4)

Crop: .ooeeveennee
Planting date: ...............

| Months  Jan|Feb|Mar [Apr [May|Jun |Jul [Aug|Sep |Oct [Nov |Dec
ETo(mmday) | | | | | | | | | | | |
|Growth stages

IKc per gr. St.

Kepermonth | [ [ [ [ [ [ [ [ [ [ |
Eraoommd | [ [ | [ | | | | | [
ETcop(mm/m)] | | | | | | | | | | |

Crop: ..ccoeeeenee
Planting date: ...............

| Months  Jan|Feb|Mar [Apr [May|Jun |[Jul [Aug|Sep Oct [Nov |Dec
Erommioay | | | | | | | | | [ | |

|Growth stages

IKc per gr. St

Kepermonth | | | | | | | | | | | |

ETcrop(mmvd) | | | | | | | | [ | | |

ETcrop(mmvem)] | | | | | | | | | | |

Note:

ET crop (mm/day) = Kc (per month) x ETo (mm/day)
ET crop (mm/month) = 30 x ET crop (mm/day)

DATA SHEET 6
Determination of Irrigation water needs
(see also Data sheet 5)

Location: ............
Date: .........

| Months  [Jan |Feb|Mar |Apr [May [Jun Jul |Aug|Sep |Oct [Nov |Dec
ETo(mmday) | | | | | | | | | | | |
|Growth stages

IKc per gr. St.

Kepermonth | | | | | [ | | | | | |
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ANNEX Il - DATA SHEETS

IET crop (mm/d) |
IET crop (mm/m) |
P (mm/m) |
IPe (mm/m) |
IN (mm/m) |
IN (mm/day) |

Crop: .oovceeeeen.
Planting date; ...........c.........

| Months  [Jan |Feb|Mar |Apr [May [Jun Jul |Aug|Sep |Oct [Nov |Dec
Eroemmida) | | | | | | | | | | |

|Growth stages

IKc per gr. St.

IKcper month |
IET crop (mmv/d) |
IET crop (mm/m) |
P (mm/m) |
IPe (mm/m) |
IN (mm/m) |
IN (mm/day) |

Note:
ET crop (mm/day) = Kc (per month) x ETo (mm/day)

ET crop (mm/month) = 30 x ET crop (mm/day)

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

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

IN (mm/month) = ET crop (mm/month) - Pe (mm/month)

I (mdftmonth
IV (mmfday)= ( )
A0
DATA SHEET 7
Determination of Irrigation water need of paddy rice
Location: .............

Dae ....coovvvvnneeene.

Humidity: crop 1: high/medium/low
crop 2 high/medium/low
Wind speed: crop 1: high/medium/low
crop 2 high/medium/low
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ANNEX Il - DATA SHEETS

No. of crops per year: ..........ccccveeeneee.
Planting date: crop 1. ..................

CrOP 20 e
Rice crop 1: Duration total growing period from sowing or transplant: ....... days
Duration mid season stage* ... days
Rice crop 2: Duration total growing period from sowing or transplant: ....... days
Duration mid seasonstage* L. days

* Duration mid season stage = Duration total growing period - 90 days
Crop factors(Table 11) Crop:

day: 0-60
Midseason e e
last 30 days e e,
Saturation requirement: 200 mm crop 1: Month: ................

crop 2: Month: ..........
Percolation and seepage: ............. mm/day = .......cc....... mm/month
Establishment water layer: 100 mm crop 1: Month: .......

crop 2: Month: .........

Crop: .o,
Planting date: ...................

| Months  Jan|Feb|Mar [Apr [May|Jun |Jul [Aug|Sep Oct [Nov |Dec
Erommmday) | | | | | | | | | [ | |
|Growth stages |
IKcpergr.St. |
IKc per month |
IET crop (mm/d) |
IET crop (mm/m) |
ISAT (mm) |
IPERC (mm/mo) |
WL (mm) |
IP (mm/mo) |
IPe(mm/mo) |
|
|

IN (mm/mo)
IN (mm/day)

Crop: ..oooveeeeienns
Panting date: ..............

| Months  Jan|Feb|Mar [Apr [May|Jun [Jul |Aug|Sep |Oct [Nov ]Dec|
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ANNEX Il - DATA SHEETS

EroGomida) [ | [ [ [ [ [ [ [ [ [ |
|Growth stages
IKc per gr. St.
IKcper month |
IET crop (mm/d) |
IET crop (mm/m) |
ISAT (mm) |
IPERC (mm/mo) |
IWL (mm) |
IP (mm/mo) |
IPe(mm/mo) |
|
|

IN (mm/mo)
IN (mm/day)

Note:
For ET crop and Pe, see Data Sheet 6

IN (mm/mo) = ET crop (mm/mo) + SAT (mm) + PERC (mm/mo) + WL (mm) - Pe (mm/mo)

M (e
30
Tipo-lito SAGRAF - Napoli

TN (i d)=
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Day Water depth Rainfall E pan Day Water depth Rainfall E pan
{am) (o) (om) {ma) (o) (=m)

1 | 155.0 ~ 6.0 | v i51. 9 Qe £ | 3.9

2 | 1ug.o 21 (59 Jw | 636 | 25y | 35

3| IS2 3.2, 36 |19 18g.5 23, | 3.0

4 iyo.8 - 33 | 20 219-6/15’6? 141 4.2

s 133 - Iy {2 v6b.0 — 5.8

s | 1253 - 68 | = |60.2 - b1

7 | h8g - (3 [ [ w5 | -~ | 34

s | 12 ~ 5g | 2 My - 3.6

9 105.3 - 59 25 138.5 - 343

10 |684L/153.0% 2.6 bs | 2 130.2 - 3.

1 YUK — 30 | 2 123. | - 8.2

12 U0 - 33 | 28 Ny .g - 3.6

13 129.3 - 3.8 | » 103.3 — 3.3

14 [31.5 ~ 62 | 3 \co.0 | 120 6. |

15 | 126.3 1y bs | » 105.Q - .4

16 1729 23.8 | 4.8 L (nexe woath)GR5

Hote: The difference in water depth between day 1 and 2 plus the rainfall during day 1 ie

the E pan for day 1
6 * 53.6 mm
Sum E pan = 2Rl ma/month ¥

number of days in month = ..;??JH...

Calculate:

. Sum £ pan o 6.‘5‘
E pan sunber of days Inm month serwTarsavens mn/day
K pan = ..Q!. Q..

ETo =K pan x E pan = -Q!'pr .6.';5._. - H:é mm/day

water added.
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Date: .‘jg/..g é

Location? +Sicanerns
Honth: .. YIVE

Mumber of days in the donth: .;34:2....

 Day T mex T ain I Day T max T min
e ("C) {C} (7€)
1 3.6 23.2 16 23.5 | 25.%
2 35.0 24.! 7 333 | 25.8
3 25 .0) 24.6 18 331 25.5
s 36.5 2u-9 18 36.9 | 25.6
5 37. | 5.4 20 26.5 | 25.4
6 37.0 25.3 21 36.0 2.8
7 37.6 26.0 22 35,1 24.0
8 332 25.5 23 35,5 | au.l
9 271 25.% 24 35.9 24.4
10 36.0 24.5 25 36. | 4.4
11 35.9 24.3 26 26.5 25.0
12 35.5 22.9 27 33.0 25.5
13 s 25. | 28 27,1 a5 .6
14 374 25.5 29 23.5 | 25.8
/:i/ 31- 6 26.0 30 37, 25.5
1 —— -

Sum T cax = ..]F?Eﬂ}k::lz.
Sum T adn = ,.,. 5..9-'-&”

Sum T max
nomber of days in month

Calculate :

Mean T max =

350.8

Sum T min

Mean T min = - -,

anumber of daye fin month 30
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