
ArabCulfl. Scient. Res .. 11(1). pp. 57-67 (1993) 

Development of Irrigation Crop Coefficients 
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ABSTRACT. A method for estimating crop coefficients using tensiometer and neu­
tron probe data was used. Data for a wheat field site were analyzed using this 
method to calculate wheat crop coefficients. Crop coellicients were developed 
for the Class A Pan, Radiation, Jensen-Haise. and Penman methods. The esti­
mated crop coefficients were compared to those of Doorenbos and Pruill 
(1977). The crop coefficient polynomial equations produced in this study are 
useful in estimating crop water requirements in AI-Qassim region . 

Improved estimates of crop water requirements based upon weather data can be used for 
the efficient management of irrigation water. Crop evapotranspiration (ETJ is generally 
estimated by multiplying the reference evapotranspiration (ET) by an empirically derived 
crop coefficient (Ke ). A crop coefficient is determined empirically as the ratio of the actu­
al evapotranspiration of the crop to the evapotranspiration of a reference crop which is 
usually alfalfa (ET,) or grass (ETo). The concept of crop coefficients for estimating ET of 
field crops was first proposed by Wijk and de Varies (1954) and later developed by others 
(Jensen 1968-1973, Wright 1982). These coefficients represent an average situation in the 
field between a wet and a dry soil surface and without soil water limitations in the crop 
root zone. Crop coefficients vary depending on location, climate and especially the meth­
od used to compute the reference evapotranspiration. As long as Iysimeter date are not 
available, irrigators need crop coefficients developed for their own area to calculate the 
consumptive use of crops. 

Salih and Sendil (1984) compared sever.al methods for estimating ETo and evaluated 
them using ET data from alfalfa at two sites in the AI-Hassa region of Saudi Arabia. At 
one site a Iysimeter was used and at the other a field plot technique, After statistical 
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evaluation of the results they ranked Jensen-Haise and the Class A Pan methods in first 
place, Hargreaves methods consistently next and then Penman and Modified Penman. 

The main objective of this study was to develop crop coefficients for wheat using ten­
siometer and neutron probe field data and four standard methods for calculating reference 
evapotranspiration in Qassim, Saudi Arabia. 

Meterials and Methods 

Field site 

The field research site was located at the college of Agriculture farm in Buraidah, 
Qassim (latitude 26° N; elevation 625m). Eight plots, each 8m by 4m, were used for ET 
measurements. The spacing between plots was O.5m. The plots were irrigated by fixed 
sprinkler irrigation system with average net application rate of 15.8 mmlhr received at the 
catch cans. The coefficient of uniformity for the irrigation system calculated from catch 
cans test was 91 .6% using catch cans grid spacing of 2x2 m. Irrigation was carried out 
during calm wind conditions. The plots were irrigated with enough water to bring the soil 
moisture content to field capacity. The soil type was sandy soil (43.15% coarse sand, 
47.28% fine sand, 3.19% silt and 6.38% clay) with an available water holding capacity of 
8.6-9.8% by weight. The soil salinity was 2.72% dS/m and the pH was 8.5. The irrigation 
water salinity was 1.3 dS/m. The plots were planted with wheat (Yecora Rojo) in mid­
December 1989, 1990 and 1991 at a row spacing of 17cm using the seed drill. The seed 
drill was calibrated to give a 160 kg seeding rate per hectar. Fertilizer was applied uni­
formly in all plots, with 300 kg of triple super phosphate (P20S 45-47%) applied per hec­
tar at planting and subsequent fertilizations totalling 300 kg per hectar of 46% urea-N 
applied between January and March. A heavy irrigation before planting was applied to 
leach the accumulatd salts during the previous growing season and to bring the soil profile 
to field capacity and to germinate the existing weed seeds in order to get rid of it before 
planting. After planting, the irrigation system was managed to keep the 10 cm soil surface 
layer wet enough to obtain good germination. 

Determining Crop Evapotranspiration 

One access tube was installed in each plot and neutron readings were taken at 15,30, 
45 and 60 cm. The moisture profiles indicated that the wheat rooting depths ranged be­
tween 20 and 30 cm and negligible moisture change occured at 60 cm depths. The equa­
tion used to estimate soil moisture in the wheat root zone was: 

d = wc" x 225 + wcl O x 150 x WC4~ x 150 (I) 
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where 

d is the total depth of water in the root zone, mm 

wClD' and WC'1 are the average fractional moisture contents on volume basis atWC I I ' 

15,30 and 45 cm soil depths, respectively. 

The values 225, 150 and 150 are weighing factors for depths in mm for neutron 
probe readings at 15, 30 and 45 cm, respectvely. 

The following soil water balance equation was used for estimating ETc' 

p + I = RO + I'ld + ETcI'lt + DP (2) 

where 

I'ld change of the water depth in the field plot root zone 

p precipitation depth, mm 

irrigation depth, mm 

RO = runoff depth, mm 

DP = deep percolation depth, mm 

ETc = crop evapotranspiration, mmlday 

I'lt = time interval, days 

Neutron probe readings were used to determine the decrease in soil moisture profile 
and adjust the calculated amount of applied water to the depth required to refill the soil 
profile to field capacity. Deep percolation DP was therefore minimized and assumed to be 
negligible. When rainfall exceeds the depletion value, leaching can result since the soil 
water storage in the root zone has been exceeded. The amount of rainfall (R) was mea­
sured with a rain gauge. Runoff was negligible because the water application rate did not 
exceed the infiltration rate. The amount of water applied (I) was measured with catchment 
cans 100 mm in diameter, which were placed at each plot. 

Putting RO = 0 and DP = 0 and solving eq. 2 for ETc, the following equation can be 
obtained: 

ETc= (P + I - I'ld) I I'lt (3) 

Soil matric potential was measured with jet fill tensiometers placed at IS , 30, 45 and 
60 cm depth. The tensiometers were used to manage the irrigation system to maintain the 
soil matric potential at a minimum of -20 kPa. The soil water measurements were read for 
2-7 day periods during each growing season . However, the measurements used to deter­
mine reference evapotranspiration were taken daily. 
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Estimating Reference Evapotranspiration 

The F AO procedures (Doorenbos and Pruitt (1977) for estimating grass reference 
evapotranspiration ETo, by class A-pan, radiation, Jensen-Haise and Penman methods 
were followed. The F AO procedures were programmed in BASIC language and run using 
a personal computer. The input data for the computer program were the weather data of 
the period December 15 to April 30 for the 1989, 1990 and 1991 seasons collected from 
the agrometriological station located at the College of Agriculture farm, Bureidah, 
Qassim. 

Estimating Crop Coefficients 

The crop coefficients for wheat were generated for a 7-day intervals during the grow­
ing season of 1989, 1990 and 1991 for the four methods of estimating ETo as follows: 

(4) 

Results and Discussion 

The crop coefficient versus time since planting relationships are shown in Figs. I, 2, 
3 and 4 for the four methods of estimating ETo' Time since planting was used for the ab­
scissa of the crop coefficient curve to describe the rate of crop development. Each point 
on Figs. I, 2, 3 and 4 represents an average of a crop coefficient calculated from data tak­
en during a 7-day period during one growing season. Reference ET was calculated for 
each day of this period and then summed to take the average value. 

Short grass ETo is less than alfalfa ET,. Thus when ETo is used in place of ET, in 
Eq. 4, the resulting crop coefficients are larger than when ET, is used. 

The data for the three seasons were averaged and fitted to a ploynomial model for 
each reference ET method and plotted in the same figure as a predicted Kc as shown in 
Figs. I, 2, 3 and 4. The four Kc curves generated using the third-degree polynomial equa­
tions were plotted in Fig. 5 for comparison. 

The general equation for the third-degree ploynomial model was: 

K = a + bX + cX2 + dXJ (5) 

where 

K = mean crop coefficient 

X = days from planting 

a, b, c, d = regression coefficients. 
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Fig. I. Class A-Pan crop coefficients. 
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Fig. 2. Radiation method crop coefficients. 
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2 29 	 43 57 71 85 99 113 127 
DAYS SINCE PLANTING 

~ 
w 
0 
ii: 
II.. 
w 
0 
0 
Q. 

0 
a: 
0 

1.3 

U 

1.1 

0.8 

0.8 

0.7 

0.6 

0.5 

• 
+ 

+ 
0.4 

'" ~ 
• • 

~ 
/ • • 

+ lIE lIE 

/. 
+ • 

Ii )0( 
~7w 

lIE 

• 
~ 

~ 

. y 

15 

+ 

+ 

• • •
'" + + 

~ 

• 8I-It + 89-10 '" 80-91 --- MODEL 

Fig. 3. Jensen-Haise method crop coefficients. 
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Fig. 4. Penman method crop coefficients. 
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COMPARISON OF CROP COEFFICIENT 

POLYNOMIAL EQUATIONS 
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Fig. 5. Comparison of crop coefficients curves generated 
using the third-degree polynomial model. 

The statistical parameters for the ploynomial model together with the correlation co­
efficient (R) are shown in Table I. The model coefficient of variation, C.V, for the class 
A-pan, Radiation, Jensen-Haise, and Penman are 0.1395, 0.1167, 0.1072 and 0.1382 
respectively . 

The crop coefficient equations produced in this study are useful in estimated crop wa­
ter requirements using computer programming. 

Table I. Regression coefficients for the average ploynomial wheat crop coefficient model 

Reference 
grass ET Regression Coefficients R 

a b c d 

Class A-pan .5601 -1.0339E-4 1.5969E-4 - 1.0467E-6 0.9314 

Radiation .4069 2.4824E-3 8.8197E-5 -5 .2107E-7 0.9717 

lensen-Haise .4856 3.3478E-3 101110E-4 -7.5576E-7 0.9464 

Penman .5334 -3 .2056E-3 19367E-4 -10417E-6 0.9318 

Fig. 5 shows that the value of Kc exceeded 1.0 from 70 to 120 days after planting 
which is the flowering and grain filling stage. The demand for water is critical in this 
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period of wheat growth. The infonnation on the critical stages is useful in areas with lim­
ited water resources where maximum production per unit water is aimed at. 

The crop coefficients in relation to crop growth stages as compared to FAO values 
(Doorenhos and Pruitt, 1977) are presented in Table 2. It can be seen that the F AO values 
during the late season are the lowest due to the hot dry weather conditions of the area dur­
ing the month of April. 

AI-Zeid (1988) calculated crop coefficient values at different growing times for each 
month for the growing season of various crops grown in the Kingdom. They followed the 
FAO method for estimating the crop coefficient values based on the planting date and the 
length of the growing season. For wheat planted on December 15 and a growing season of 
120 days, they reported crop coefficient values of 0.58, 0.82, 1.14, 1.08 and 0.54 for 
Dec., Jan., Feb., Mar., and April. 

It can be seen from Fig. 5 that the K, peak of about 1.1 was reached at 99 days from 
planting for class A-pan and Jensen-Haise methods and at about 113 days for Radiation 
method. However, the K, peak of 1.15 was reached at about I 13 days rrom planting for 
Penman method. The estimated peak K, values for wheat agreed well with those found in 
FAO data. 

It can be concluded that the developed crop coefficient models can be used in calcu­
lating the wheat water requirement in AI-Qassim region based on days after planting. 

Table 2. Crop coefficient values in relation to crop growth stages as compared to FAO values 

Growth stage Days from 
Planting 

FAO 
Kc 

Pan 
Kc 

Rad. 
Kc 

.1-"
Kc 

Penman 
Kc 

Initial 0-15 .3-.4 .51-61 .4-. 47 .47-.58 .46-.64 

Crop development 15-55 .7-.8 .61-.85 .47-.79 .58-.85 .64-77 

Mid season 55-115 1.05-1.2 .85-1.2 .79-.1.18 .85-1.18 .78-1.2 

Late season 115-135 .65-.75 1.2-.85 1.\8-1.0 1.18-.88 1.2-.96 
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