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The Last Irrigation in Durum
at Buckeye, Casa Grande, and Marana, 1996 -97

M. J. Oilman and S. H. Husman

Interpretive Summary

Based on consumptive use, the last irrigation in wheat may be applied by the
soft dough stage on the average sandy loam soil without loss of yield or
shriveled grain. In two of the three locations reported here, this was the case
although one of the soils was a clay loam. At the Buckeye location, applying
the last irrigation at the soft dough stage resulted in a yield loss of 406
lbs /acre, but this yield loss was not statistically significant at conventional
probability levels. Nevertheless, terminating irrigation at the soft dough stage
is somewhat risky, and a less risky time to terminate irrigations may be
between soft dough and hard dough for a sandy loam soil. The problem with
this generalized recommendation is that neither soft dough nor hard dough are
well -defined crop growth stages and sandy loam soils may vary greatly in their
water -holding capacity. Also, it may be profitable to apply a final irrigation
to carry late, green tillers to maturity. Assuming a water cost of $15 per
irrigation and a grain value of $8 /cwt, a yield increase of 190 lbs /acre would
pay for a final irrigation. Therefore, if water is inexpensive, terminating
wheat irrigations unnecessarily early is not worth the risk of decreased
revenue. Once the heads have turned color from green to brown, the crop has
reached maturity and additional irrigations at this time will not affect yield
even if other parts of the plant are green.

Introduction

Whether or not to apply a final irrigation to durum is always a difficult decision. The fear is that yields may be
lowered or the grain shriveled if a final irrigation is not applied. Most of the growing costs have been expended by
this time, and most growers do not want to jeopardize their previous efforts growing the crops by being stingy with
water at the end of the season. However, crop lodging often occurs during later irrigations when the heads have
accumulated weight and the wind blows. Wheat can withstand twice as much soil moisture depletion during grain
ripening compared to during the season. Therefore, the tendency is to apply the last irrigation for insurance reasons.
The purpose of this research is to develop guidelines for determining when the last irrigation should be applied
based on the maturity of the kernel and the amount of water remaining in the soil.

Procedure

Buckeye
A study was conducted during the 1997 crop season on H -4 farm in Buckeye on field 26 -1. The previous crop was
cotton and the soil type is sandy loam. Plots 75 ft. wide (three borders) and about 1431 ft. long were established.
The experimental design was a complete block with two treatments and four replications. The last irrigation on
May 5 was omitted or applied in alternating strips as a test for the effectiveness of last irrigation. Application of
this final irrigation was a standard practice on this farm. Fertilizer was applied on Jan 15, 1997 at a rate of 250
pounds of 25 -31 -0 for a total of 62 lbs N /acre and 78 lbs P2O5 /A. Duraking durum was planted at a rateof 175
lbs/acre with a grain drill into dry soil on Jan 15 and irrigated up the same day. A total of 3.53 acre feet of water
was applied to the crop during the season as follows: Jan 15 (0.22 AF), Jan 30 (0.24 AF), Feb 13 (0.24 AF), Feb
24 (0.33 AF), Mar 8 (0.30 AF), Mar 19 (0.33 AF), Mar 29 (0.37 AF), Apr 6 (0.30 AF), Apr 18 (0.38 AF), Apr 26
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(0.42 AF), and May 5 (0.40 AF). One inch of rainfall was recorded on Feb 27. Nitrogen was applied in the
irrigation water as UAN32 (32 -0 -0) on Feb 13, Feb 24, and Apr 18 at rates of 53, 57, and 50 lbs N /A. Nitrogen
fertilizer application including that at planting totaled 222 lbs N /acre for the standard farm practice and 172 lbs
N /acre for those plots not receiving the last nitrogen application. The entire three borders of each plot was harvested
for an area of 2.46 acres (75 ft. x 1431 ft). Grain yield was calculated from the harvested area and grain protein was
determined with an NIR whole grain analyzer.

Casa Grande
A field trial was established at the Cockrill farm near Casa Grande, AZ during the 1996 crop season on a sandy
loam soil. The previous crop was cotton. The seedbed was prepared by ripping, disking, landplaning, and forming
the border ridges. A total of 54 pounds per acre of nitrogen and phosphate were applied preplant as 27 -27 -0. The
durum cultivar Kronos was planted at a rate of 175 pounds of seed per acre on 15 December 95 and watered up on
27 December. A total of seven irrigations were applied (excluding the last irrigation on 16 May) on the following
dates using the border flood method: 27 Dec, 17 Feb, 7 Mar, 22 Mar, 2 Apr, 14 Apr, and 29 Apr. Nitrogen was
applied in the irrigation water on 17 Feb at a rate of 68 pounds of nitrogen per acre composed of 40 pounds of
anhydrous ammonia and 10 gallons of UN 32 per acre. A second application of nitrogen fertilizer was made in the
irrigation water on 7 Mar at a rate of 85 pounds of nitrogen per acre composed of 40 pounds of anhydrous ammonia
and 15 gallons of UN32 per acre. The total amount of nitrogen applied was 207 pounds per acre. The field was
treated uniformly until the last irrigation when six borders about 2 acres in size each were selected for the study.
Half of the borders received the last irrigation on 16 May and half were not irrigated on this date in alternating
borders. The experimental design was a complete block with two treatments and three replications. Grain yield was
estimated from a 20 ft. wide combine swath from each border on 8 Jun. The grain from the combine was augured
into a fertilizer wagon, hauled to truck scales, weighed, and yield calculated based on the area. A sample of grain
was analyzed for test weight, kernel weight, hard vitreous amber count (HVAC), and protein. Kernel weight and
HVAC were determined from 10 grams of hand picked kernels. Protein was determined using a NIR whole grain
analyzer on a 12% moisture basis.

A field trial was established at the Tom Clark farm near Marana, AZ during the 1996 crop season on a clay loam
soil. The previous crop was wheat. The seedbed was prepared by plowing, disking twice, land planing, and listing
the beds. A total of 34 pounds per acre of nitrogen and 40 pounds of phosphate per acre were applied preplant as
16 -20 -0. The durum cultivar Ocotillo was planted on beds at a rate of 200 pounds of seed per acre on 18 January
95. The number of irrigations totaled about six. Nitrogen was applied in the irrigation water in the first two post -
emergence irrigations at a rate of about 40 pounds of nitrogen per acre as UN32. The field was treated uniformly
until the last irrigation when eight groups of 16 beds about 1.3 acres in size each were selected for the study. Half
of the groups of 16 beds received the last irrigation on 5 Jun and half were not irrigated on this date in alternating
strips. The experimental design was a complete block with two treatments and four replications. Grain yield was
estimated from an area of 0.9 acres from a 35 ft. wide combine swath from each border on 13 Jun. The grain from
the combine was augured into a fertilizer wagon, hauled to truck scales, weighed, and yield calculated based on the
area. A sample of grain was analyzed for test weight, kernel weight, hard vitreous amber count (HVAC), and
protein. Kernel weight and HVAC were determined from 10 grams of hand picked kernels. Protein was determined
using a NIR whole grain analyzer on a 12% moisture basis.

Discussion

The influence of the final irrigation on grain yield and kernel characteristics is presented in Table 1. We were not
able to detect any difference in yield, test weight, kernel weight, HVAC or protein due to whether or not the last
irrigation was applied. We were not able to detect an influence of the final irrigation on grain yield at Buckeye at
the 5% probability level, but a difference was significant at the 13% level. At Casa Grande and Marana, the final
irrigation was applied after the crop was mature. Physiological maturity occurs when all green color is lost from the
head The crop does not need any water after physiological maturity since dry matter accumulation in the kernel is
complete at the time. The difficulty in deciding the last irrigation is that even though the crop may be turning
color, the plant may have late tillers that are still green. We have calculated that the last irrigation needed in small
grains is at the soft dough stage for a sandy loam soil. The date of the fmal irrigation needs to be adjusted, of
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course, for differing soil types. At the Buckeye location, the last irrigation was applied at the soft dough stage, and
yields may have been damaged somewhat depending on what statistical significance level you choose for critical
differences. Therefore, the soft dough stage may be too early to apply the final irrigation in some instances. The
problem with this recommendation is that the soft dough stage is not easily defined and sandy loam soils can vary
quite a bit in their water holding capacity.

The crop budgets as presented in Table 2 shows that application of the last irrigation was not economical at Casa
Grande or Manna, but was economical at Buckeye. This analysis assumes that the yield differences were real even
though we were not able to detect differences statistically at the 5% level. If wheat is worth $8 /cwt and water costs
$10 per irrigation, then the breakeven yield increase for the final irrigation is 120 lbs/acre. A small yield increase
can pay for the cost of the final irrigation.

Acknowledgments

The involvement and cooperation of H-4 Farms, Pat and Bob Cockrill, and Tom Clark is greatly appreciated.
Financial support for this project was received from the Arizona Grain Research and Promotion Council.

139



Table 1. Grain yield and kernel characteristics as influenced by whether or not the last irrigation was applied. No
statistical differences in any variable were detected at the 5% probability level.

Location

Last
irrigation Date of last
applied irrigation

Stage at
last

irrigation

Head
moisture at

last
irrigation

Grain
yield

Grain
protein

Hard
vitreous
amber
count

Test
weight

1000
kernel
weight

lbs/acre lbs/bu grams

Buckeye No Apr 26 Soft dough 54 5356 12.4
Yes May 5 Hard dough 45* 5763 12.4

Casa No Apr 29 Soft dough 56* 5314 12.8 99 62.1 40.3
Grande Yes May 16 Maturity 17 5116 12.7 99 61.8 40.0

Marana No May 16 Soft dough 52* 5959 14.7 100 63.3 45.3
Yes Jun 5 Maturity 25 6004 14.7 100 63.4 46.5

* Head moisture estimated from measurements on other dates.

Table 2. Crop budgets: These numbers were generated from information provided by the grower and from budgets
and custom rates obtained from the County Crop Budeets.

Buckeye Casa Grande Marana
Last

irrigation
omitted

Last
irrigated

added

Last
irrigation
omitted

Last
irrigated

added

Last
irrigation
omitted

Last
irrigated

added

Operating expenses
Soil preparation ($ /acre) 40 40 40 40 83 83
Planting and seed ($/acre) 46 46 40 40 56 56
Irrigation ($/acre) 71 81 100 120 125 146
Fertilizer ($/acre) 74 74 57 57 72 72
Harvest/Haul ($/acre) 51 52 45 45 45 45
Other ($/acre) 0 0 25 25 0 0
Total ($ /acre)

jpcome

282 293 307 327 381 402

Yield ( lbs/acre) 5356 5762 5314 5116 5959 6004
Grain protein ( %) 12.4 12.4 12.8 12.7 14.7 14.7
Price received ($/cwt) 7.90 7.90 8.47 8.45 9.00 9.00
Total ($ /acre) 423 455 450 432 536 540

Return over operating
expenses($/acre)

141 162 143 105 155 138

140


	370110-137_m
	370110-138_m
	370110-139_m
	370110-140_m

