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Irrigation Scheduling in Drip Irrigated Cotton

A.D. Matthias, D.A. Pennington, and W.C. Hofmann
Assistant Research Professor, Extension Specialist and Assistant Professor

Summary

Crop coefficient values for drip irrigated cotton grown near Casa Grande, Arizona in 1982 were ob-
tained from estimates of actual and potential evapotranspiration using measured amounts of irrigation
and rainfall, changes in soil -water content, and micro -meteorological measurements. Potential evapo-
transpiration was estimated from the Penman formula using primarily environmental data collected near
the cotton on a hourly basis. Semi -monthly crop coefficient values ranged from 0.03 in early April to
0.93 in late August. Seasonal cotton evapotranspiration was estimated to be 31.3 inches and seasonal
potential evapotranspiration was estimated to be 67.4 inches, resulting in a seasonal crop coefficient
value of 0.46.

* * * * * * * * * * * **

Introduction

Drip irrigation has been shown to markedly reduce overall water use as compared with convential
irrigation methods, yet maintain high levels of cotton production (Davis, et al. 1980). Properly
managed drip irrigation systems maintain crop transpiration at a maximum, and soil -water evaporation at
a minimum, thus achieving both high yield and water conservation. To achieve this, irrigation managers
generally require reliable information concerning crop evapotranspiration, which is frequently esti-
mated from a knowledge of the potential evapotranspiration and a suitable crop coefficient. Although
there is much interest in the use of drip irrigation for irrigating cotton in the Southwestern U.S.,
there is a lack of data concerning crop coefficients for use in scheduling drip irrigation.

To obtain estimates of crop coefficients throughout the growing season of cotton, we have compiled
environmental, soil -water and plant data from both surface and sub - surface drip irrigated cotton grown
near Casa Grande, Arizona in 1982. The purpose of this paper is to describe the use of these data in
obtaining preliminary estimates of crop coefficient values for drip -irrigated cotton.

Materials and Methods

Studies were performed on two fields of drip - irrigated cotton (Gossypium Hisutum.) grown near Casa
Grande (Lat. 32° 53' N; Elev. 1405 ft), Arizona during 1982. Both fields were located on property
owned by H.M. Wuertz and were at least 11 acres in size. Planting date for both fields was about April
1. Rows were oriented N -S.

A surface, or above -ground, drip irrigation system (Aquallova Inc.) was used to irrigate one
field. A sub - surface, or below -ground, drip irrigation system (RIS) was used to irrigate the other
field. In the above -ground system a drip -line was placed in the center of every other furrow. In the

below ground system, drip -lines were buried to a depth of 6 inches below each row.

Cotton was planted dry and watered up with about 3 inches of water applied thorugh the drip

systems. Early in the season irrigations were applied approximately every other day. By mid -season,

irrigations were applied almost daily. Irrigation amounts were monitored using flow meters.

An automated weather station was installed in the vicinity of the fields on May 28. This station,
manufactured by Campbell Scientific Inc., recorded at hourly intervals thoughout the season the air
temperature, vapor pressure, wind speed and solar radiation. These hourly data were used to calculate
daily potential evapotranspiration using a Penman formula as described by Hanks et al. (1973; esp. page
249).

From 1400 July 13 to 1500 July 16 measurements of foliage temperature (Everest Interscience
Infrared Thermometer Model 110) and net radiation were made at a single location over the above -ground
drip irrigated field. These measurements were recorded at 10 minute intervals directly on the weather
station data logger. Foliage temperature and net radiation data were later used, along with the air
temperature, vapor pressure and wind speed data, to calculate actual cotton evapotranspiration. These
were made using a crop energy balance- resistance formula as described by Hatfield et al. (1983).

Soil water content was measured twice weekly throughout the season in both fields using a neutron
meter. In addition, on July 27 and July 28, measurements of soil water content in the above - ground

drip irrigated field were made several times during the 24 hours. These measurements were used to
determine cotton evapotranspiration using a soil -water balance equation.
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Results and Discussion

Throughout most of the growing season the amount of water applied to the cotton by the below -
ground drip irrigation system was markedly less than the consumptive use of water by furrow irrigated
cotton as determined by Erie et al. (1982) for Tempe, Arizona. This is illustrated in Figure 1 which
shows, where data are available, semi -monthly amounts of water applied by the below - ground system in
relation to the consumptive use curve derived from Erie et al. (1982). Figure 1 also shows that during
the first half of the season the water applied by above - ground system was higher than the Erie et al.

(1982) curve. This may have been due to a relatively large soil -water evaporation component before
full canopy cover was achieved in July. In the latter one -half the season the water applied by the
above -ground system was less than the Erie et al. (1982) curve.

Evapotranspiration from the cotton was approximately equal to the amount of water applied. This
is illustrated in Figures 2 and 3. Figure 2 shows the variation in soil water content in the first one
foot and in the second one foot during July 27 and 28. The soil was irrigated with the above ground
system between 1730 July 27 and 0130 July 28 with about 0.34inch. Since deep drainage was very small,
as indicated by only a very slight change in the water content in the two -foot interval, and after
taking into account changes in soil water content in the first one -foot interval, the evapotranspira-
tion was about 0.33 inch. Thus, the amount of water applied was approximately equal to the evapotrans-
piration for that day. Figure 3 shows actual cotton evapotranspiration versus time during July 14 and
July 15. Ten -minute evapotranspiration values were calculated using an energy balance- resistance for-
mula as described by Hatfield et al. (1983). The daily totals of about 0.43 and 0.40 inch were slight-
ly greater than the average daily amount of water (0.39 inch) applied with the above -ground system
during mid -July.

By assuming that cotton evapotranspiration was approximately equal to the water applied with the
below -ground system from late April to late September, and approximately equal to the Erie et al.

(1982) curve, thereafter, we estimate the total seasonal cotton evapotranspiration to be about 31.3
inches. This is illustrated in Figure 4, which shows the variation in semi -monthly cotton evapotrans-
piration in relation to the estimated potential evapotranspiration. The ratio of semi- monthly actual
to potential evapotranspiration is the crop coefficient. Values of the crop coefficient are in Figure
4, they range from 0.03 in early April to 0.93 in late August. With a seasonal potential evapotrans-
piration of 67.4 inches, the crop coefficient for the whole season was about 0.46.

The 31.5 inches evapotranspiration needed to achieve a high level of cotton production in hot and
dry Casa Grande, Arizona compares very well with the 67 cm (26.4 inches) reported by Davis, et al.

(1980) needed to achieve full production in drip -irrigated cotton in the San Joaquin Valley of
California.
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Figure 1. Applied water with above -ground and below -ground drip irrigation systems; and consumptive use curve for
cotton from Erie et al. (1982). Note that applied water amounts followed by ( *) denotes 0.5 inch
effective rainfall included.
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Figure 2. Variation of soil water content
in the first and second foot
intervals during July 27 and 28.
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Figure 3. Variation in actual cotton evapo-
transpiration calculated using an
energy balance resistance method
(Hatfield et al. 1983) during
July 14 and 15.
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Figure it. Potential evapotranspiration, estimated actual evapotranspiration, and estimated crop coefficients
for cotton at Casa Grande, Arizona, during 1982. Dashed line denotes potential evapotranspiration
for Phoenix as determined using 1941 -1970 normal climatological data.
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