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Wheat Irrigation Scheduling at the
Safford : °cultural Center, 1988

L. J. Clark and E. W Carpenter

ABSTRACT

Wheat irrigations were scheduled using two computer models and an infrared
thermometer using two critical threshold values. Yields from these plots were compared with
plots scheduled by the farm manager. The highest yield was obtained by the computer model
using evapotranspiration data taken from the localAZMETstation; the plots scheduled by the
infrared thermometer (using the low threshold value) ranked a close second.

INTRODUCTION

In the high deserts of southeast Arizona, large grain harvests cannot be expected
without supplemental irrigation. The past six years have been exceptionally wet years, with
average rainfall more than 45% more than the 40 year average (1). During wet years, little
attention is paid to the amount of water used in irrigating; scheduling is done by the water
boss who gives everyone their water turn. In dry years, wells must be used to supplement the
cheap river water; farmers must then decide when the cost of running the pump will be offset
by an increased yield in the crop.

The advent of inexpensive personal computers, neutron probes, infrared thermometers
and the availability of local digitized weather data have brought about another possibility.
Machines can predict the best time to irrigate and the likely fmancial gain from an
irrigation applied at a given time. The problem that exists, however, is using the right
model, water deficit or threshold value so that the machine can predict the plants' water
needs. This experiment is the fourth in the series of irrigation scheduling trials with
wheat to find the values that are applicable in the Safford valley.

METHODS AND MATERIALS

Five different methods were used to schedule irrigations in this study.

1) The farm manager's knowledge of the crop's needs (and the availability of ditch
water) determined when to irrigate and how much water to apply.

2) A computer method described by Clark and Biggs (2) was a checkbook method using
historical evapotranspiration (ET) calculated for this area from Erie, French and Bucks'
consumptive use curves. Soil moisture -holding capacities were supplied to this computer
program. It simulated root growth with time, showed moisture status throughout the root zone
and indicated the amount of water needed to bring the soil back to field capacity. Irrigation
was initiated when this model showed a deficit greater than 3 inches.

3) The third method was the same as the second, except that ET data were used from the
AZMET system to replace the historical ET values.

4) The infrared thermometer was used to determine the crop water stress index (CWSI).
These plots were irrigated when the CWSI was approximately 0.2. This method is referred to
as the IR low threshold method.
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5) The fifth method used the CWSI's determined by the IR thermometer. However,
irrigations were applied when the CWSI was approximately 0.4; this method was referred to
as the IR high threshold method.

The latter two methods did not indicate the amount of water to be added at each
irrigation. Generally, the water was pushed through the furrows; as soon as the furrows were
full, the flow was stopped.

Crop History: Aldura wheat

Soil type: Pima clay loam
Water holding capacity: 2.42 inches in the 0 - 6" layer

3.54 inches in the 6 - 18" layer
2.67 inches in the 18 - 24" layer

Planting date: 10 December 1987
Planting rate: 150 pounds of seed per acre
Fertilizer: 300 lbs /ac 16 -20 -0 and 170 lbs /ac urea preplant

200 lbs /ac urea on 23 March
Herbicide: 2,4-D
Insecticide: none
Irrigation:

Date /Trtmt 1 2 3 4 5
Frm mgr Comp(hist) CompAZMET IR low IR high

10 Dec 12.0 12.0 12.0 12.0 12.0
22 Feb 3.0 3.0 3.0 3.0 3.0
23 Mar 3.9 3.9 3.9 3.9
6 Apr 3.5 3.5 8.8

12 Apr 3.5 3.5
28 Apr 43 4.3 4.3
4 May 4.8

13 May 2.6 2.6 5.2
16 May 4.0
31 May 4.0

Totals 30.7 30.7 293 293 29.0

Rainfall: 4.57 inches
Harvest date: 15 June
Plot size: 13.3 feet by 220 feet
Harvested area: 7 feet by 200 feet
Number of replicates: 5

Plant heights were measured prior to harvest and plots were harvested with a Massey
Harris Clipper small plot harvester. Bushel weights and percent moisture were determined in
the field.
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RESULTS AND DISCUSSION

Table 1. Yield, Bushel Weight, Plant Height and
Treatment on the Safford Agricultural Center, 1988.

TREATMENT YIELD BU WT
(lbs /ac) (lbs)

Amount of Irrigation

PL HT
(in)

Water Applied by

IRR
(in)

Comp (AZMET) 4 5 9 3 a 58.2 a 28.8 a 29.3
IR (Low) 4538 a 59.4 a 28.2 a 29.3
Check (Farm mgr) 4283 ab 58.4 a 29.5 a 30.7
Comp (Hist) 3999 ab 58.4 a 29.5 a 30.7
IR (High) 3641 b 58.2 a 26.7 b 29.0

* Values followed by the same letter, in a given column, are not statistically different at
the 5% level using the Student -Newman -Keuls method.

The highest yield was for the treatment (3) scheduled by the computer using current
weather data from the AZMET system. The evapotranspiration model and the crop coefficients
used must have been excellent, and certainly an improvement from the previous year when the
same model was used but with different crop coefficients. Figure 1 shows the water deficits
predicted by the computer model and the effects of rainfall and irrigation on the water
deficit. Drops in the curve at points A, B and F are due to rainfall. Drops at C, D, E, G and
H are due to irrigation. One of the objectives of this treatment was to irrigate when the
water deficit exceeded 3 inches. It can be seen at points D, G and H that a few days delay in
irrigation pushed the deficit higher and perhaps reduced yield.

Figure 1. Water Deficits Calculated by the Computer Model using AZMET Data throughout the
Wheat Growing Season at the Safford Agricultural Center, 1988.
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The infrared thermometer using the low threshold value (4) produced the second highest
yield, again a great improvement over the previous year's study and Over the IR treatment
using the high threshold value this year Figure 2 shows the crop WA& stress indices (CWSI)
calculated from the IR thermometer measurements. The first measurement was made òn the 22nd
of March, which indicated an irrigation was needed for this treatment: The drop in the CWSI
at point A was due to that irrigation. Similar drops are seen at points C5 D and E. The drop
at point B and the low part of the curve between C and D were weather related:

APR

LOW tillitlikett

Figure 2, Crop Water Stress Indices Calculated from Plots where the Irrigation was Scheduled
by the IR Thermometer using the Low Threshold Value through the Irrigation Season at the
Safford Agricultural Center, 1988.

The results of this experiment show that wheat irrigations can successfully by
scheduled using computers that use local weather data or from periodic obsertratioris in the
field using an infrared thermometer:
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