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INTRODUCTICON

Irrigation has become one of the most important factors of agriculture in
arid and semi-arid regions. It is eséential that the consumptive use and
irrigation requirement of crops be known in irrigation planning by each indi-
vldual farmer and irrigation district. A reason is the low and variable pre-
cipitation in many parts of the world. Farmers choose different methods of
irrigation for different reasons, Availability of water, economy of the sys-
tem, elimatblogical conditions, and scil characteristics are among the impor=
tant reasons., In addition a knowledgé of consumptive use of crops is neces-
sary in planning farm irrigation system layout and improving irrigation prac-

tices,

With increasing labor costs and diminishing groundwater supplies, the
efficient use of water for irrigation and obtaining the optimum yield are
becoming more important. How much water to apply for a given crop and when to
apply it depends on many factors. Some factors are type of crop, climate,

location, management, and scil characteristies.

Lack of knowledge about the irrigation requirement of each crop in a
specific loecation is one of the reasons for yield reduction. Among the more
popular grain crops, corn has the highest water requirement. Grain sorghum
and soybeans, which are usually used as alternative crops for corn, have lower

water requirements,

The main objectives of this study were to estimate the consumptive use
and irrigation requirement of crops in south central Kansas. The knowledge of

consumptive use of crops should be available in order to estimate the



irrigation requirement. Consumptive use is the amount of water required to
meet the evaporation and transpiration needs of vegetative areas so plant pro=-
duction is not limited by lack of water. This water 1s supplied by precipita-
tion and irrigation. Therefore, the difference between consumptive use and

precipitation is irrigation requirement.

Blaney-Criddle (USDA-SCS, 1967), Penman (USDA-ARS, 1974), and ET Lab
(Kanemasu et al., 1979) are different methods for estimating the consumptive
use and irrigation requirement of crops. Each of these methods requires

knowledge of factors influencing the water requirements of each crop.



REVIEW OF LITERATURE

The problem concerning the amount of irrigation water required and the
time of application is becoming more involved, especially in arid and semi-
arid regions. The methods for estimating the water requirements of crops in
use today are generally based on the correlation of estimated consumptive use,
water loss from soil and plant surfaces, with one or more climatic factor.
Field measurements of seasonal consumptive use were started in the western USA
as early as 1887. Extensive studies of seasconal consumptive use have been
conducted since 1900. Attempts to relate seasonal consumptive use to common
climatic factors were underway in the 1920's. In recent years there has been
more emphasis on doing comprehensive research on the seasonal water use and
so0il water depletion of individual crops. Corn has been one of the more

extensively researched crops.

Blaney and coworkers made numerous measurements of consumptive use during
the 1920's and 1930's using primarily soil sampling techniques, Blaney and
Morin (1942) developed an empirical relationship between consumptive use and
mean air temperature, mean relative humidity, and possible daylight hours,
Blaney .';nd Criddle (Pair et al., 1975) modified this relationship to exclude
the humidity term. This method was initially used for seasonal estimates of
consumptive use. The principle assumption is that consumptive use varies
directly with the sum of the products of mean monthly air temperature and
monthly percent of annual daylight hours when adequate soil moisture is

present. The formula for seasonal estimates of consumptive use is as follows:



U = (KF) = sum of (kf) (1)

where: U

Estimated seasonal consumptive use in inches

™
]

Empirical seasonal consumptive use coefficient

b |
1]

The sum of monthly consumptive use factors

~
1]

Monthly consumptive use ccoefficient

]
It

Monthly consumptive use factor

The monthly consumptive use factor, f, 1s calculated by the following

equation:

-y
]

(tp) / 100 (2)

where: t = Mean monthly air temperature

P = Monthly percent of annual

daylight hours

The monthly percent of annual daylight hours is constant and air tempera-
ture is the only eclimatic variable involved when the Blaney-Criddle method is
used in a given location and for a given month and year. The Blaney=Criddle
method should not be used in climatic zones significantly different from those

in the western USA until it is calibrated for the area.

Consumptive use 1s a function of many variables including air tempera-

ture, relative humidity, wind velocity and sunshine. In the Blaney-Criddle



formula, air temperature and possible daylight hours represent these climatic

variables.

The Blaney=Criddle model was modified by the Soll Conservation Service
for estimating monthly consumptive use in arid and semi-arid areas (Pair et
al,, 1975). The monthly crop coefficient is multiplied by a temperature coef-
ficient that is directly related to the mean monthly air temperature., The

modified formula is:

u = (k;)(k)f (3)

where: u = Monthly consumptive use
k = Crop coefficient

k.= Climatic coefficient

Crop coefficient, k., reflects the influence of the crop growth stage on
consumptive use rate. The climatic cocefficient, kt' is related to mean air

temperature by the following equation:

kK, = 0.0173 T - 0.314 (4)

where: T = Mean monthly air tempersature
in degrees Farenheit

(For mean air temperatures less than 36 degrees



Farenheit, kt becomes 0,.300)

Penman (Pair et al., 1975) combined the energy balance equation with
Dalton's aerodynamic equation which was derived experimentally. The resulting
equation gives an estimate of evaporation from open water. These values are
multiplied by a cocefficient to give an estimate of the potential transpiration
rate from an extensive short grass cover completely shading the ground and

adequately supplied with water.

The eclimatic data required by the Penman model to estimate consumptive
use are air temperature, dew point temperature, windrun (measured at 2 meters
height), and solar radiation, Wind speed is normally not measured at 2 meters
above a grassed surface at most weather stations in the USA. Although meas-
ured wind velocity is desirable at 2 meters height, it may be estimated from
readings at other heights (Doorenbos and Pruitt, 1977). The Penman's model
has not been used extensively in the USA, except by researchers, because of
the need for many parameters, However, it gives the most reliable results for

short period estimates.

Thornthwaite and Mather (Pair et al., 1975) developed an empirical equa-
tion faor estimating potential evapotranspiration. Evapotranspiration is
another term used for consumptive use. They defined potential evapotranspira-
tion as "the amount of water which will be lost from the surface completely
covered with vegetation if there is sufficient water in the soil at all times

for the use of vegetation®,

Thornthwaite and Mather (1955) added an additional condition for poten-
tial evapotranspiration., The size of area has to be large enocugh so the eva-

potranspiration from the area is not affected by external forces under high



moisture conditions., Some of these external forces are the advection of moist
or dry air masses and their modifications by local conditions. Since these
conditions do not exist in arid and semi-arid regions, the Thornthwaite method

would not be expected to give accurate estimates.

Holt and Van Doren (1961) showed the depth of water extraction and peak
water use were related to growth stage of corn. Their results indicated corn
extracted water from the upper 2 feet of soil until tasselling occured. After
tasselling, water extraction was also from the 3 to 5 feet layer of soil.
Their second year of data showed corn extracted water from the 4 to 5§ feet
layer by the time tasselling occured, Their results indicated the depth of
water extraction was dependent on soil moisture and climatic conditions.

Highest rates of water use occured from tasselling to kernel formation.

Other researchers have related soil moisture stress to crop yield. Den-
mead and Shaw (1960) found water stress at the silking stage of corn caused a
yleld reduction of 504, and a yleld reduction of only 25% with water stress
before or after silking stage. Denmead and Shaw (1959) also related consump-
tive use of corn to crop development and found that highest consumptive use
rates occured during silking stage. The two studies by Denmead and Shaw
demonstrated a relationship between maximum water use and the most water

stress sensitive period of crop growth.

Porter et al. (1960) found that grain sorghum had the highest rate of
water use from the booting stage to soft dough stage. They also found that
rate of water use was not significantly affected by row width or planting

rate,



Hay (1980) showed the optimal time for irrigating grain sorghum was from
boct stage to half bloom sté.ge. He also showed water use rates of grain
sorghum peaked during the reproductive stage. Soybeans were found to have the
highest rate of consumptive use in the late flowering period, when small pods

were beginning to appear.

Musick and Dusek (1976) showed grain sorghum had a greater ability to
extract water below =15 bars of scil meisture tension than soybeans. Stone et
al, (1973) showed that 99,9% of sorghum roots were in the upper 4.3 feet of

the soil profile,

Eavis and Taylor (1979) studied the relationship of soybean's transpira=-
tion to leaf area and soil water comtent. The result of this study indicated
that transpiration was controlled primarily by leaf area when soil water is

not limiting.

Jensen and Haise (1963) reevaluated about 3000 short period measurements
of consumptive use by soil sampling procedures during a 35-year period in the
western USA, Approximately 1000 measurements for 15 different crops met the
standards established, These data were corfelated with air temperature and

solar radiation, RS, the main component of the energy balance equation.

Approximately 100 selected measurements were used to evaluate the poten-
tial evapotranspiration, PET, which may cceur in irrigated fields located in
arid and semi-arid areas, The results showed a linear increase in ET/RS, as
the mean air temperature increased. This relationship resulted in a simple
empirical equation for estimating evapotranspiration, which can occwr in
well-watered irrigated fields loeated in arid and semi-arid areas, where an

effective full crop canopy exists, (Jensen and Haise, 1963).



They developed the—following equation:

PET = ( 0,014 T = 0,37 ) RS (5)

where: PET Potential evapotranspiration in inches per day

-
]

Mean daily air temperature in degrees Farenheit

R3S Solar radiation expressed as evapocration

equivalent in inches per day

Jensen (1968) used percent of growing seascn as a basis_fcr indicating
crop development in relaticon to a crop coefficient, Kc' Crop coefficient is
the ratio of measured or actual evapotranspiration to potential evapotran-
spiration. There are different methods for measuring actual evapotranspira-
tion like lysimeter and neutron method., The value of crop ccefficient varies
with crop and development stage of the crop. Evapotranspiration is estimated
for various stages of growth by first estimating the potential evapotranspira-
tiocn for a reference crop like alfalfa under given ¢limatic conditions, and

then applying the crop coefficient:

ET = (K ) (PET) (6)

PET, in equation 6, represents the upper limit or maximum ET under given

climatic conditions which occurs within a field having a well-watered agricul=-
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tural crop, such as alfalfa, with about 12 to 18 inches of top growth.

Jensen (1974) defined the potential evapotranspiration as the rate at

which water if available would be removed from the soil and plant surface.

Kanemasu et al, (1979) developed a model for estimating daily consumptive
use and available soil moisture, Since this model was developed in the ET
Laboratory of Kansas State University, it is also known as the ET Lab model.
This model was developed for estimating the consumptive use of corn, but it

can be modified for soybeans, sorghum, and some other crops.

The climatiec data required by the ET Lab model to estimate consumptive
use are solar radiation, maximum air temperature, and minimum air temperature.
These climatic data should be in daily values in order for consumptive use to

be estimated daily.

The Penman, ET Lab, and Blaney-Criddle consumptive use models may also be
used to estimate the irrigation requirement of crops. These models require
some additional data such as effective precipitation to estimate the crop
irrigation requirement., Irrigation requirement may be estimated by irrigation
models which combine consumptive use model with precipitation data. This com-

bination is shown in equaticn 7:

IR = ET - EP (7)

where: IR

Irrigation requirement

ET

Evapotranspiration



EP = Effective precipitation

11
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METHOD AND PROCEDURE

Eatimating the Consumptive Use

Any irrigator should know when to irrigate and how much water to apply to
each specific crop du.ring the growing season., The knowledge of seasonal water
requirements by crops 1s essential in planning and scheduling for an irriga-
tion system. There are differént methods available for estimating daily,
weekly, monthly, or seasonal consumptive use of crops. These methods depend
on different factors such as t]rbe of crop, location, climate, and soil charac=-

teristies.

Irrigations are usually either based on guesswork or rigid scheduling.
This is because the farmers do not have encugh information about consumptive
use of the crops. In order to increase the irrigation efficiency there should
be some reliable information available about water requirements of crops. As
mentioned earlier, there are different methods for estimating the water
requirements of crops and the relation between available soil moisture, soil
moisture depletion, and consumptive use of crops. It was also mentioned that
input is needed for these methods in order to estimate the crop consumptive

use,

This study was based on using three models for estimating the consumptive
use and irrigation requirement of three crops., These models were the Pernman,
ET Lab, and Blaney=Criddle. They were implemented in the form of computer
programs for simplicity and accuracy of the results. The programs for each of
the models are attached in Appendices B, C, and D, The three crops used in

this study were cornmn, sorghum, and soybeans,



13

Following is a description of the factors and variables of each model

used for estimating the crop consumptive use:

Penman Model (USDA-ARS, 1974)

The factors and variables used in the Penman model are:

1. Climate
a = Maximum daily air temperature in degrees Farenheit
b = Minimum daily air temperature in degrees Farenheit
¢ = Dally dew point temperature in degrees Farenheit
d = Dally windrun in miles per day

e

Daily solar radiation in Langleys

2. Crop
a = Coefficient, Ke

b - Depth of roct zone in feet

3. Others
a = Number of days to effective cover

b - Length of growing season in days

Daily average relative humidity and dally average air temperature were
used to calculate daily dew point temperature. For simplicity dew point tem-

perature was read from a psychrometric chart.

The Perman model requires wind velocity measured at a height of 2 meters.
Wind velocity is normally not measured at 2 meters above a grassed surface at
most weather stations in the USA., In this particular case, the wind velocity

was measured at 3 meters. Wind velocity was corrected so it could be used in
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the Penman model., Doorenbos and Pruitt (1977) showed that wind velocity meas=
ured at 2 meters was 7% lower than measured at 3 meters. Therefore, the
values of wind velocity at 3 meters were reduced by 7%. This was done by a

separate statement in the program.

Windrun is the total distance of wind travel during a day. Windrun may
be calculated by two methods. One is simply to multiply the average daily
wind velocity, in miles per hour, by 24, The other method is to sum the 24

average hourly wind velocities.

The crop coefficient, Kc, is the ratio of measured or actual evapotran~
spiration to potential evapotranspiration. The value of Kc varies with crops
and development stages of the crops. Ke values increase from & low value at
the time of crop emergence to a maximum value during the\period when the crop
reaches full development and declines as the crop matures (Doorenbo= and
Pruitt, 1977). K, was calculated by equations given in the program, Appendix

B.

The information which is required on crops for calculating the crop coef-
ficient are date of sowing and length of growing season. The length of grow-
ing season includes the duration of initial stage, duration of crop develop-
ment, duration of mid-season stage, and duration of late season stage. These

four stages are simply different stages of crop growth.

Number of days to effective cover of the crop is dependent on several
factors, Location, crop variety, and temperature are scme of the factors
influencing the effective cover date. The sooner a crop reaches the effective

cover, the lower is the annual water requirement for that crop.
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ET Lab Model (Kanemasu et al., 1979)
The factors and variables used in the ET Lab model are:

1. Climate
a - Maximum daily air temperature in degrees Farenheit
b - Minimum daily air temperature in degrees Farenheit

¢ - Daily solar radiation in Langleys

2. Crop

a = Daily Leaf Area Index, LAI

3. Others

a - Length of growing season in days

Leaf Area Index, LAI, is one of the most important factors considered by
the ET Lab model. LAI is the green leaf area per unlt of soil area. It can
be calculated by measuring the area of each leaf on a plant and counting the
number of plants per unit ground area. Because the LAI may vary widely over a
field, samples should be selected subjectively that represent the field. The
LAI values vary from crop to crop and they even vary within the varieties of a
given crop. For this study, LAI was determined from the curves in Agronomy
Journals, (Mayaki et al., 1976, Rosenthal et al., 1977 and Kaigama et al.,

1977).

Blaney-Criddle Model (USDA-SCS, 1967)
The factors and variables used in the Blaney=Criddle model are:

1., Climate
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a - Mean monthly air temperature in degrees Farenheit

2. Crop
a = Coefficient reflecting the effect of the crop

growth stage on consumptive use rate, Ke

3. Others
a - Length of growing seascn in month or
fractions of month
b - Latitude

¢ = Mean monthly percent of annual daylight hours

Mean monthly air temperature is the mean of average dally temperatures

during one month,

Latitude of the location is used in finding the values for mean monthly
percent of annual daylight hours. The mean monthly percent of annual daylight
hours reflects the influence of sunshine and solar radiation on plant growth.
As an example, the length of the daytime at the equator varies little
throughout the year, whereas at 50 degrees north latitude, the length of the
day in the summer is much longer than in winter. Thus, at equal temperatures,
photosynthesis can take place for several hours longer each June day at the
northern latitude than the equator. Crop growth and water consumption vary
with photosynthetic activities. For this study, crop coefficients were taken

from curves presented by the USDA-Soll Conservation Service (1967).
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Irrigation Requirement

The irrigation requirement of each crop is influenced by development
stage of the crop and available scil moisture. The effect of development
stage 1s summarized in the form of a coefficient and was used in estimating
the consumptive use. The moisture content of the soil depends on irrigation
water or precipitation, and extraction of moisture by crops. It should be
mentioned that as the soil moisture content goes lower than 50 percent of

available, there is the possibility of yield reduction.

The pattern of irrigation based on the Penman and the ET Lab models is to
irrigate when the soil moisture is depleted by 50%. The Blaney-Criddle model
indicates that there should be a range of moisture available to the crops
depending on scil water holding capacity. In this study it is estimated to be
1.13 inches of water, (Bruce and Louie, 1974). The procedure for estimating
irrigation requirement of the crops based on the Penman and the ET Lab models
is included with procedure for estimating consumptive use. The Blaney-Criddle
model has a different procedure for estimating irrigation requirement, A sam-

ple of this procedure is shown in Appendix E.

The Penman, ET Lab, and Blaney=-Criddle models require data for estimating
irrigation requirement other than those used for estimating the consumptive
use. The consumptive use is certainly the main factor influencing irrigation
requirement, The rest of the data required for estimating irrigation require-

ment are related to the soll characteristics and precipitation.

Following is a discussion of the factors and variables of each model used

for estimating the irrigation requirement of crops:
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Penman Model (USDA-ARS, 1974)
The factors and variables used in the Penman model are:

1. Daily precipitation in inches
2. Type of soil
3. Available water holding capacity

4, Initial moisture condition

The Penman model assumes that all of rainfall is effective and does not

consider runoff losses,

Water holding capacity of the soil is usually measured in the laboratory.
A specific type of soil is put under different pressures and the water content
is measured. Soll water holding capacity and water content are directly
related to the soll texture, Soil water holding capacity may be obtained from
the soil survey reports if the soil series name is known. It may also be
estimated from the soll texture., 1In general total available soil moisture,
inches of water per foot of soil depth, for different soil textures is shown
in table 5 (Appendix A). Total available soil moisture for this study was

estimated to be 4.53 inches for crops with a rooting depth of three feet.

Initial soil moisture is the amount of water in the soil at planting.
Soil moisture at the beginning of the growing season was assumed to be equal
to the soil moisture content at field capacity. Field capacity is the amount
of water a soil profile will hold against drainage by gravity at a specified
time usually from 24 to 48 hours, after a thorough wetting, (Pair et al.,
1975). The initial moisture content for this study was assumed to be 9,50

inches,
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ET Lab Model (Kanemasu et al., 1979)
The factors and variables used in the ET Lab model are:

1. Daily precipitation in inches
2. Type of soil
3. Available water holding capacity

4, Initial moisture condition

The ET Lab model considers the effective rainfall to be the amount of
rainfall infiltrating into the scil. This does not include the runoff water,
The ET Lab model considers theré is rﬁnoff when more than one inch of rainfall
occurs at one time. Therefore, when the rainfall is one inch or less, all of
it is considered effective. And whenever the rainfall is more than one inch,

the amount of effective rainfall is calculated by the following equation:

ER = RO-75 (8)

where: ER Effective precipitation

f=
n

Net amount of rainfall

The amount of runoff, Rof‘is calculated by equation 9:

RO = R - ER (9)
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Available moisture content and initial moisture content used in the ET

Lab model were the same as those in the Penman model.

Blaney~-Criddle Model (USDA-SCS, 1967)
The factors and variables used in the Blaney-Criddle model are:

1. Mean monthly rainfall in inches
2. Type of soil

3. Initial soil moisture condition

Monthly rainfall is simply the total rainfall during the month. The ini-
tial moisture condition used in the Blaney-Criddle model was the same as for
the Penman and the ET Lab models, A sample calculation of irrigation require-

ment based on the Blaney=Criddle model 1s shown in Appendix E.

The lecation of this study was Equus Beds Groundwater Management Dis-
trict., Type of soil used in the study was a fine sandy loam which is commonly

found in the area.

The daté used in the programs for estimating the consumptive use and
irrigation requirement of the crops were from the year 1983. The data were
collected at the Hesston Experiﬁent Field located in Harvey County, This site
was selected because it 1s within the Equus Beds Groundwater Management Dis-
trict, The data were made available for this study by the weather data

library of the Agricultural Experiment Station at Kansas State University.

Data for the Hesston Experiment Field were not complete for the whole
growing season, The data for the first 15 days of July were not available

because of technical problems in recording instruments. Therefore, the data
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from the Sandyland Experiment Field, located about 80 air miles west of Hess=

ton, were used to replace the missing data from Hesston.

Wind velocity data recorded at the Hesston Experiment Field were signifi-
cantly high for the periods of June 15 to 30th and July 16 to 31th, Inaccu-
rate weather readings were due to technical problems in the station's weather
recording equipments. The wind velocity data, for the pericds mentioned
above, were replaced by the data collected at the Kansas River Valley Experi-

ment Field. This station is located about 105 air miles northeast of Hesston.



22

RESULTS

"Crop water use is influenced by climate, crop species, available soil
moisture, and soil characteristics. Most of the consumptive use models
require these parameters as input for estimating the consumptive use and irri-
gation requirement of crops. Estimated consumptive use of corn, soybeans, and
sorghum are given in Tables 1, 2, and 3. The cumulative consumptive use of

the crops based on different methods are shown in the Figures 1, 2, and 3.

The consumptive use of corn was higher than soybeans and sorghum by the
Penman and the Blaney-Criddle models. The consumptive use of corn according
to the ET Lab model was slightly lower than sorghum, but higher than soybeans.
The reason for this can be the Leaf Area Index which is one of the factors
used in estimating consumptive use by ET Lab model. LAI can vary depending on

varieties of a crop and location.

The Penman medel over-estimated the consumptive use in the beginning and
end of the season compared to the other two models. This may be due to the
fact the Penman model estimated the potential water use. Crop water use in
the beginning and end of the season is normally not a= near potential as dur-
ing the middle of the season. As shown in the tables and figures, the rate of
consumptive use based on the Penman model during the middle of the season was
similar to the other models, The crop coefficient is another factor influenc-
ing the consumptive use. The crop coefficient varies with time depending upon
the type of crop, planting date, and effective cover date or expected date of

peak water use (USDA-ARS, 197%4).
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Table 1. Corn Monthly and Seasonal Estimated

Consumptive Use by Three Models.

Models

Month Penman ET Lab B-c"

{(inches) {inches) (inches)
May 3.720 1.651 2.240
June 5.093 4,366 5.460
July 9.012 10.545 10.140
August 9.221 7.502 8.780
Total (Seasonal) 27T .046 24,064 26.620

# B-C is the Blaney=Criddle model.

(Growing season for corn was from May 1 to August 31%.)

(Length of growing season = 123 days)
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2. Sorghum Monthly and Seasonal Estimated

Consumptive Use by Three Models,

Models

Month Penman ET Lab B~C"

{inches) {inches) (inches)
May 20 1.574 0.857 0.550
June 4,100 3.438 4,050
July 7.366 9.479 10.130
August 7.484 8.488 7.940
September 20 2.497 1.204 2.580
Total(Seasonal) 23.021 23.466 25.250

# B-C is the Blaney-Criddle model.

(Growing season for sorghum was from May 20 to September 20.)

(Length of growing season = 124 days)
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Table 3. Soybeans Monthly and Seasonal Estimated

Consumptive Use by Three Models,

Models

Month Penman ET Lab B-C"

(inches) (inches) (inches)
May 20 0.984 0.871 0.360
June 3.154 2.592 ° 3.210
July 9.476 9.096 7.360""
August T.603 8.127 9.780
September 20 4,098 3.808 3.050
Total (Seasonal) 25.315 24,494 23.760

# B-C is the Blaney-Criddle model.

#% [Jsed in sample calculation shown in Appendix E.

(Growing season for soybeans was from May 20 to September 20.)

(Length of growing season = 124 days)
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Cumulative consumptive use is another way to compare different methods of
estimating the consumptive use. Cumulative consumptive use of corn and
sorghum by the Blaney=Criddle model is higher than cumulative consumptive use

of soybeans,

The irrigation requirement of the crops was estimated by the three
models, The estimated irrigation requirement of each crop is summarized in
Table 4. Corn required slightly less water thén soybeans and sorghum accord-
ing to the ET Lab model. Planting date was the most effective reason for this
event. Corn was planted 20 days earlier than soybeans and sorghum., There
were 2 inches of rainfall during this period available to corn, which reduced
the irrigation requirement of corn relative to soybeans and sorghum, Irriga-
tion requirement of corn was slightly less than soybeans but greater than

sorghum according to the Blaney-Criddle model.

The irrigation requirement, based on this study, for corn and sorghum was
14 to 17 inches and for soybeans 12 to 18 inches assuming a water application
efficieucy of 100 percent. This is not a true assumption and normally the
efficiency is 70 to 85 percent which increases the amount of irrigation appli-

cation,

Kirkeeng (1984) investigated the irrigation practices of farmers in the
Equus Beds Groundwater Management District #2 in south central Kansas. A sum-
mary of the farmers reported yield and depth of irrigation is presented in
Appendix F. Results of statistical analyses of these data are shown in Table
5. Figures 4, 5, and 6 show graphs of yield as a function of irrigation depth
for each crop and the lines of best fit and equations as determined by the

method of least squares,
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Table 4. Seasonal Net Irrigation Requirement

of Crops by Three Models'.

Models
%
Crop Penman ET Lab B=C
(inches) (inches) (inches)
Corn 14 14 17.68
Sorghum 14 16 15.25
Soybeans 12 16 17.80

®# Assumption: This irrigation requirement is based on

net irrigations of 2 inches.

##% B.C is the Blaney-Criddle model,



Table 5. Statistical Analyses of Crop Yield

as a Function of Irrigation Depth.

Soybeans
Source of Variation DF S8 M3 F
Linear Regression 1 139.00 139.00 1.T9NS
Deviation 32 2491 .00 T7.84
Total 33 2630,00
Sorghum
Source of Variation DF SS M3 F
Linear Regression 1 T49.24 749,28  1.48NS
Deviation 39 19760.76  506.67
Total 40 20510.00
Corn
Source of Variation DF SS MS F
Linear Regression 1 73.39 73.39 0.33NS
Deviation 28 6308.61 225,31
Total 29 6382.00
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The analyses of yield=-irrigation, as reported by farmers, reveals that
amount of irrigation is not an influencing factor on yield. The first 2 or 3
inches of irrigation water may have most of the irrigation influence on yield.
Therefore, application of more water would be an extra cost. There are other
factors influencing the yield. These factors include scil physical and chemi-

cal properties, management, weed control, planting date, and plant population.
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DISCUSSION

There are some limitations and advantages for using each of the models to
estimate the consumptive use and irrigation requirement of crops. The princi-
ple limitation of the Penman model is the lack of sufficient weather measure-
ments in most localities, It should also be mentioned that the Penman model
assumes all of the rainfall is infiltrated intc the soil and does not consider
runoff. However, the model could be modified to consider the effective rain-
fall. At the same time, the most important advantage of the Pemnman model is

that it gives the most reliable short period estimates,

The ET Lab model was another method for estimating the consumptive use of
crops. The main difference between the ET Lab model and the others is that it
uses the Leaf Area Index of crops rather than a crop coefficient. Leaf Area
Index, LAI, is the main crop factor influencing the consumptive use in the ET
Lab model, LAI changes by location and crop species, Therefore, at each
location the new LAI should be determined for each crop. Although LAI infor=-
mation is not readily available, it does give the ET Lab model an advantage
over the other models, LAI is a current information about the crop and
increasez the accuracy of estimating the consumptive use and the irrigation

requirement,

The Blaney-Criddle model estimates the monthly consumptive use of crops.
The factors and variables which are used in this model are the mean of daily
values, This is a limitation because the estimated consumptive use is not
accurate for periods of less than one month, An advantage of the Penman and

the ET Lab models is estimating the daily consumptive use. This information
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is helpful in scheduling the irrigation applicaticn. A limitation of the Pen-

man model is not having a function for estimating the surface runcff,

Factors and variables could be a limitation for using each of the models
for estimating consumptive use., The Penman model has not been used exten-
sively in the USA because of the need for many parameters. The Blaney=Criddle
model requires fewer dat#. This is an advantage for the Blaney-Criddle model

because it can be used in regions with limited weather information.

The Penman and the ET Lab models have an advantage over Blaney-Criddle
model in calculating the irrigation requirement by crops. Penman and ET Lab
models give daily values of consumptive use and soil moisture content. There-
fore, it will be easier to schedule irrigation. The Blaney-Criddle model only
estimates the monthly amount of irrigation requirement., For this reason the

Blaney-Criddle model can not be used for real time scheduling of irrigation.

Primarily the choice of method must be based on the type of climatic data
avallable and on the accuracy required in determining the water requirement.
The climatic conditions of each specific location are somewhat different from
those of other locations. Each one of these methods can be used for estimat-
ing the consumptive use. However they should be calibrated to match the

availlable conditions in that location, (Doorembos and Kassam, 1979).

Concerning accuracy, only approximate possible errors can be given since
no base-line type of climate exists, Doorenbos and Pruitt (1977) investigated
the accuracy pf Penman and Blaney-Criddle models. The modified Penman model
would offer the best results in estimating the consumptive use and irrigation
requirement. This has a minimum possible error of plus or minus 10 percent in

summer, and up to 20 percent under low evaporative conditions, The Blaney-
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Criddle model should only be applied for periods of cone month or longer. This
model gives an over and under prediction of up to 25 percent in humid, windy,

and mid-latitude winter conditions,
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Appendix A

Table 6., Total Available Soil Moisture

for Different Soil Textures'.

Type of Soil Moisture Content (in/ft)
Fine Textured 2.40
Medium Textured 1.68
Coarse Textured 0.72

# Table produced from:

Doorenbos and Pruitt, 1977.
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Appendix B

This computer program was written by Hossein V., Kazemi
to estimate the Water Consumptive Use of crops based on
Penman Model.

dimension TMAX(200), TMIN(200), RAIN(2C0), RS(200),
WIND(200), D1AY8(200), D2AY(200), TDEW(200)

Real KCO, KS, IRR (200), ER(3), KP

Read (5, ®#) FA, AA, T1MIN, T2MIN, T3MIN

Read (5, %) A1, B1, CT, DT, EC

Read (5, ®#) A2, B2, CR, DX

Write (6, 100)

Format ("Input Starting Moisture")

Write (6, 120)

Format ("Input DA"™)

Read (5, ®) DA

DP = DA

Write (6, 140)

Format ("Input M=1 if RAIN 3 day before start and

4 if no RAINT™)

Read (5, ®) M

Write {6, 160)

Format ("Input number of days of datam)

Read (5, ®*) KR(1), KR(2), KR(3)

Read (5, #) N

Read (5, ®) ( TMAX(I), TMIN(I), RAIN(I), IRR(I), RS(I),
WIND(I), D1AY(I), D2AY(I), TDEW(I), I=1, N)

R =1

Write (6, 180)

Format (" DAY ETP KCO Ks EVAP CROP
ET RAIN IRR DP ¢DP USE DRAINT)

Do 500 I=1, N

TAVE=( TMAX(I)+TMIN(I))/2
€2=0.959=0.0125%#TAVE+0 000045348 TAVER#2

C1=1=C2

E182=0,6959+0,2946 #TMIN(I)=0.005195% TMIN (I ) ##2.
89%0,000001#TMIN(I)#%3
E28z=0.6959+0.2946 #TMAX (I )-0.0051958TMAX (I ) ##2+
89%0,000001#IMAX (I )##3

ES=(E1S+E25)/2
ED==0,695%+0.2946#TDEW(I)=0.005195% TDEW (I ) ##2+
89%0,000001#TDEW(I)##3

G=5%(TAVE=( T1MIN+T2MIN+T3MIN) /3)

T3IMIN=T2MIN

T2MIN=T{1MIN

T1MIN=TAVE

RSO=760%exp(~(( (D2AY(I)-107)/157)%%2))
TK1=(5./9.)#(TMAX(I)-32)

TA=TE1+273

TL1=(5./9.) % (TMIN(I)=-32)

TB=TL1+2T 3



250

260

300
320
340

360

400

500

RBO=(0,37=0.0442)sqrt(ED))#(11,71#0.00000001)#
((TA®®L4.TREEY)/2)

RN=0.7T#RS(I)=-(0.9%RS(I)/RS0+0.1)#*RBO

WIND(I)=0.93*WIND(I)

W=(1,1+0.01T#WIND(I))

ETP=0.000673%(C1#(RN-G)+15.36%C2#y#(ES-ED))

IF (ETP.LE.0.) ETP=0

IF (D1AY(I).GT.EC) GO TO 250

R=(D1AY(I)/EC)

KCO=A1%R##3 L B1#R#82 . CT¥#R+DT

GO TO 260

R=R+1

KCO=A2®%R##3 B2#R&#2 4 CR#R+DX

IF (RCO.GT.1.,) KCO=1

TT=(1+100%(1-(FA=DP)/F4))

KS=LOG(TT)/L0OG(101.0)

IF (KS.GT.1.) KS=1

KP=KCO®KS

IF (RAIN(I).GT.0.) GO TO 300

IF (IRR(I).GT.0.) GO TO 300

IF (M.LE.3.) GO TO 320

GO TO 340

M=1

ERT=KR(M)®(0.9-KP )®ETP

M=M+1

GO TO 360

IF (KP.GE.O-Q) ERT:O

IF (M.GT.3.) ERT=0

DR = DA = FA

IF (DR.LE.0.) DR=0

D1PT=DA-KP®ETP-ERT+RAIN(I)+IRR(I)=DR

BB = KP # ETP
CC = BB + ERT
WUS = DA = D1PT
DA = DI1PT

D2PP = (FA - DA)/AA

IF (D2PP.LT.0.) D2PP=0

write (6, 400) I, ETP, KCO, KS, ERT, BB, CC, RAIN(I),
IRR(I), DA, D2PP, WUS, DR

Format (" ", I3, 2(3x, F5.3), (3x, PT7.3), 3(3x, F5.3).
2(3x, F4.2), (3x, F6.2), (3x, F5.3), 2(3x, F5.2))

DP = DA

Continue

STOP

END
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Appendix C

This computer program was written by Hossein V. Kazemi
to estimate the Water Consumptive Use of crops based on
ET Lab Model.
dimension ET{200), SIM(200), DR(200), DIP(200),
PET(200), TZ(200)
dimension EE{200), TMAX{200), TMIN(200), RS(200), RAIN(200)
Real IRR(200), LAI(200)
write (6, 100)
Format ("Initial soil data")
Read (5, #) S3MI1, AIM, F1C, C, U
Write (6, 110)
Format ("Number of days of data®)
Read (5, #} N
Do 500 1I=1, N
Read (5, ®) TMAX(I), TMIN(I), RS(I), LAI(I), RAIN(I), IRR(I)
Continue

T=1

SUM = 0

Z1 =1

Write (6, 170)

Format (" DAY ETP EVA{ CROP ET RAIN
IRR DP ZDP USE DRAIN®)

Do 1000 I = 1, N

TAVE=(TMAX(I)+TMIN(I))/2

TAVE=(5./9.)®(TAVE=32)

S1=(0.016%TAVE)=(0.000005% TAVE®#3)+(0,0000001#TAVE®#4) 40,4
IF (LAI(I).LE.3.0) GO TO 200

RN=0.848%RS(I)=-144,5

GO TO 220

RN=0.86#RS(I)-103.9

Z2=S1#RN/59

P = 1.35

PY = 1.51

PET(I)=P%#z2

IF (PET(I).LT.0.) PET(I)=0

TAU=exp(=-0.39%LAI(I))

IF (TAU.GT.1.) TAU=1

IF (LAI(I).LT.3.) GO TO 250

TR=( P-TAU)#Z2

GO TO 270

TR=PV#(1=-TAU)¥Z2

IF (TMAX(I).LT.93.) GO TO 350
IF (TMAX(I).GT.97.) A=TR#0.3
IF (TMAX(I).GT.93.) GO TO 280
IF (TMAX(I).LT.97.) GO TO 340
A=(TR%0,1)*((5./9.)%(TMAX(I)=32)~-33)
GO TO 360

A =20

IF (PET(I).LE.0.) TR = 0



370

380
390

501

520
550
560

600

IF (PET(I).LE.0.) A = 0

TZ(I)=TR+A

Z1 =21 + 1

IF (21.GT.7.) Z1

IF (RAIN(I).LE.1.

IF (RAIN(I).GT.1.

RAIN(I)=RAIN(I)®®

GO TO 390

RAIN(I)=RAIN(I)
RAIN(I)=RAIN(I)®25.4

IRR(I)=IRR(I)®*25.4

W=IRR(I)+RAIN(I)

IF (W.GT.6.) GO TO 501

IF (SUM,GT.0.) GO TO 501

E2=C®*((T*#0,5)-((T~1)%%0,5))

IF (PET(I).LE.0.) GO TO 550

T=T+ 1

E1=TAU#Z2

IF (E2,GT.E1) E2 = E1

E1 =0

GO TO 560

E1=TAU#Z2

SUM=SUM+E1

E2 =0

IF (SUM.GE.U) GO TO 520

GO TO 560

SUM=0

T =1

E1=0

E2=0

EE(I)=E1+E2

IF (EE(I).LT.0.) EE(I) = 0

DR(I)=S3MI1=-F1C

IF (DR(I).LT.0.) DR(I)=0

ET(I)=TZ(I)+EE(I)

SIM(I)=S3MI1=EE(I)=TZ(I)+W=DR(I)

WOS=(S3MI1=SIM(I))/25.4

S3MI1=SIM(I)

DIP(I)=(F1C=S3MI1)/A1M

IF (DIP(I).LT.0.) DIP(I)=0

PET(I)=PET(I)/25.4

EE(I)=EE(I)/25.4

TZ(I)=TZ(I)/25.4

ET(I)=ET(I)/25.4

RAIN(I)=RAIN(I)/25.4

IRR(I)=IRR(I)/25.4

SIM(I)=SIM(I)/25.4

DR(I)=DR(I)/25.4

write (6, 600) I, PET(I), EE(I), T2(I), ET(I), RAIN(I),
IRR(I), SIM(I), DIP(I), WUS, DR(I)

Format (" ", I3, 4(3x, F5.3), 2(3x, F4.2), (3x, F6.2),
(3x, F7.3), (3x, FT7.3), (3%, F5.3))

= 0
) GO TO 380
) GO TO 370
0.75

1000 Continue

46



STOP
END
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Appendix D

This computer program was written by Hossein V. EKazemi
to estimate the Water Consumptive Use of crops based on
Blaney-~Criddle Model.

dimension f(5)| kc(S)g kt(S), t(S), P(5); k(5). u(s)
Real ke, kt, p, k, sum

VWrite (6, 100)

Format (" ", "Estimating Consumptive Use of Water")
Read (5, ®*) N

Read (5, #) (ke(I), t(I), p(I), I=1, N)

Write (6, 150)

Format ("™ ", "Input number of months, N")

sum = 0

Do 200 I=1, N

kt(I)=0.0173%t(I)=0.314

Write (6, 160) kt(I)

Format (" ", F7.3)

k(I)=kt(I)*ke(I)

Write (6, 165) k(I)

Format (™ ", FT.3)

£(I)=(p(1)*t(I))/100

Write (6, 175) £(I)

Format (" ", F7.3)

U(I)=sum+(f{I)%%(I))

Write (6, 180) U(I)

Format ("™ ™, FT7.3)

sum = U(I)

Continue

Write (6, 300) U(5)

Format (" ", (3x, F7.3))

STOP

END
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Appendix E

Following is a sample calculation of net irrigation
requirement for soybeans during July of 1983.

Consumptive use during July = 7.36 in,

is calculated in the previous section of the study, Table 3.

Monthly rainfall during July = 1.36 in.

obtained from weather record.

Monthly effective rainfall = 1.00 in.

is ealculated based on values in number 1 and 2.

The results of this calculation for different ranges of
monthly consumptive use and monthly rainfall has been
collected in the form of table., Therefore by knowing
the values of monthly consumptive use and monthly
rainfall, the value for monthly effective rainfall can
be taken directly from the table, (USDA-SCS, 1974).

Available soil moisture = 3.05 in.

Initial soil moisture = 2.05 in, moisture carried over
from the previous period.

2005 in' + 1000 in. = 3.05 inu

Net irrigation requirement = 5,44 in,

3.05 in, - 7.36 in. = -4,31 in.*®

It 1s assumed there should always be 1.13 in. of water
avallable, (USDA-3CS, 1974). Then:

-uo31 - 1.13 = -Souu in.'

(®* negative sign indicates lack of moisture.)

Lo



Appendix F

Table 7. Farmers Reports of Yield agd
Seasonal Water Application ,

CROP
Soybeans Sorghum Corn
Irrigation/Yield Irrigation/Yield Irrigation/Yield

in. bu/ac in. bu/ac in, bu/ae
3 48 2 50 3 132
4 48 2 80 6 110
6 3% 3 60 7 127
6 37 4 100 7 135
6 40 4 110 8 100
7 45 y 120 8 110
8 35 L3 122 12 120
8 37 6 85 12 125
8 40 6 90 12 129
8 42 6 g5 12 130
8 T € 101 12 150
8 148 6 110 12 152
9 30 7 - 75 13 140
10 54 T o7 14 109
10 55 T 110 14 115
10 60 8 80 14 126
11 43 8 90 15 100
11 50 8 96 15 115
12 39 8 100 15 120
12 4o 8 120 15 125
12 45 9 120 15 140
12 55 9 130 16 100
13 22 10 85 17 125
13 40 10 95 18 130
13 45 10 135 18 135
14 40 11 125 20 135
14 55 12 50 20 145
14 60 12 62 20 148
15 35 12 100 21 105
15 BT 12 110 27 125
18 42 12 120
21 42 13 110
26 LY 13 116
27 60 13 125

14 100

18 147

15 60

15 95

24 110

® Table produced from: Kirkeeng, 1984,
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ABSTRACT

Irrigation has become one of the most important factors of agriculture in
arid and semi-arid regions, It 1s essential that the consumptive use and
irrigaticn requirement of crops be known in irrigation planning for each indi-
vidual farmer and irrigation district. A reason is the low and variable pre=-

cipitation in many parts of the world.

This study was conducted to estimate the consumptive use and the irriga-
tion requirement of three crops based on three methods in south central Kan-
sas, The location of the study was the Equus Beds Groundwater Management Dis-
trict. The methods used to estimate consumptive use and irrigation require-
ment were Penman, ET Lab, and Blaney-Criddle, The three crops were corn,

sorghum, and soybeans,

This study was also concerned with a compariscn of different methods for
estimating the consumptive use and irrigation requirement. The report
inclﬁdes the computer programs of each method to estimate the crop consumptive
use and irrigation requirement. The estimated irrigation requirement was also

compared with farmers reported water application.

The weather data used in this study were obtained from the weather data
library of the Agricultural Experiment Station at Kansas State University.
These data were for the year 1983 and were collected from Hesston Experiment
Field located in south central Kansas, The Hesston Field was selected because

it is within the Equus Beds Groundwater Management District,

The seasonal consumptive use of corn was 24 to 27 inches, and of sorghum



and soybeans was 23 to 25 inches. The Penman method over-estimated consump-
tive use in the beginning and end of the season when compared with the other
two methods., The average irrigation requirement of corn and sorghum varied
from 14 to 17 inches. Soybeans required 12 to 18 inches of water. Corn
required less irrigation water than sorghum and soybeans based on the ET Lab

method.

The analyses of yield=irrigation reported by farmers reveals that yield
is not dependent on irrigation. The first 2 or 3 inches of irrigation water
had the major influence. Additional irrigation water did not increase the
yield because of other controlling factors., These factors include soil physi-
cal and chemical properties, management, fertilizer, weed control, planting

date, and plant population,



