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An Explanation of the Nitrogen Effect on Water Use

John W. Radin and Gene Guinn, Plant Physiologists
Western Cotton Research Laboratory, ARS, USDA

Phoenix, Arizona

Summary

Low nitrogen rates convert cotton plants to "water- savers" by altering stomatal responses to water
stress. This is accomplished by increasing the accumulation of the plant hormone, abscisic acid,
during water stress. Abscisic acid is the specific agent causing stomatal closure. Low temperature
has the same effect. Both these factors tend to inhibit growth more than photosynthesis, thereby
allowing carbohydrates to build up. We suggest that carbohydrate status of the leaf controls abscisic
acid accumulation and "water- saving" behavior.

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

Greenhouse tests conducted at the Western Cotton Research Laboratory over the last four years have
shown an important role of nitrogen rate in determining water use patterns of cotton. One of the most
important processes controlled by N is stomatal response to water stress. That is, in low -N plants
stomates close, and transpiration decreases, at a lesser degree of stress than in high N (normal)
plants. This in effect converts cotton plants to a "water- saving" mode of behavior. Recently we have
concentrated our efforts on understanding the reasons for this altered stomatal behavior. Much
evidence has now been gathered showing that water stress controls stomates through the plant hormone
abscisic acid, which accumulates during stress and causes rapid and reversible stomatal closure. In

low N plants, abscisic acid begins to accumulate sooner during water stress and reaches higher
concentrations than in high N plants. Table 1 shows regressions of stomatal conductance (ability of
water vapor to diffuse through the stomates) against abscisic acid contents of leaves. The equations
reveal two important points: (1) Conductance is significantly negatively correlated with abscisic
acid; and (2) stomates of low N plants are more sensitive to abscisic acid than are stomates of high N
plants. This is shown both by differences in slopes of the regression lines and by differences in the
amount of ABA required for full stomatal closure (X- intercept). Thus we conclude that low N causes
early stomatal closure in two ways: It promotes earlier accumulation of abscisic acid, and it
increases stomatal sensitivity to the accumulated abscisic acid.

High temperatures delay stomatal closure during water stress, i.e. they act opposite to low N.
This effect is also based upon changes in the degree of stress necessary to cause abscisic acid
accumulation. Table 2 shows some typical results with leaf discs floated on solutions of polyethylene
glycol to produce water stress. The most abscisic acid was produced at 20° C (68° F), and as the
temperature was increased to 35° C (95 °F) the accumulation of abscisic acid dwindled to almost zero.

The key to these environmental effects on stomates, then, is the linkage to production of abscisic
acid. We suggest that its accumulation may depend upon leaf carbohydrate status. Both low N and low
temperatures increase leaf carbohydrates by inhibiting growth more then photosynthesis. Abscisic acid
is biosynthesized from carbohydrate as a starting point. Some evidence has been obtained consistent
with this hypothesis. Table 3 shows that leaf discs floated on polyethylene glycol made much more
abscisic acid in the light than in darkness. Also, if plants were pre- incubated in darkness to deplete
carbohydrates, then abscisic acid content was greatly decreased. The possibility of such a simple
control of plant water use is exciting and is being pursued vigorously.

Table 1. Regressin equations for stomatal conductance (Y, units of cm /s) against
leaf abscisic acid concentrations (X, units of g /g).

N level Regression Equation
Correlation
Coefficient X- intercept

High Y = 3.17 -1.32X -0.939 2.40

Low Y= 2.55 -1.53X -0.965 1.67
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Table 2. Abscisic acid concentrations of leaf discs floated on solutions
of polyethylene glycol 6000 to produce osmotic stress of -20 bars.

Temperature Abscisic Acid Concentration (i,g /g)

Low N High N

15 °C 4.8 5.1

20 17.8 12.0

25 16.2 7.3

30 7.4 5.1

35 1.9 3.9

Table 3. Effect of darkness before and during incubation on abscisic
acid concentrations of leaf discs osmotically stressed to -20 bars.

Abscisic Acid Concentration (ug /g)

Preìncubation Incubated in Incubated in
Conditions Light Darkness

Light 13.9 7.4

Darkness 7.8 1.5

Evaluating Irrigation Practices on Cotton
with Less than Optimum Available Water

U.L. Kittock, B.B. Taylor and C.J. Cain

Shortages of irrigation water have occurred in the Western United States and are expected to
become more severe as competition with domestic and industrial users increases. In addition to water
shortages, costs of water are increasing, due to increasing power costs. This study was initiated
to investigate the options available to cotton growers having water shortages.

Methods

The test was conducted on field B -3 of the University of Arizona, Marana Experimental Farm. Two
techniques for reducing water use were utilized. One method was to cut back on early and /or late
irrigations. July irrigations followed normal farm practice as data have indicated these irrigations
are the most important for lint production. The other technique was to utilize skip row planting,
2X2 or 2X1, with irrigation only in the center furrow. This was shown to conserve water in California.

There were seven irrigation treatments in this test. The time and amount of irrigation, and
monthly rainfall are given in Table 1. Treatments 6 and 7 were the skip row plantings, with treatment
6 being 2X1 and treatment 7 2X2. The test was preplant irrigated. Deltapine 55 cotton was planted on
27 April, 1981. The design was a randomized block with seven treatments and three replications. Plots
were 6 40 -inch rows wide and about 600 feet long, except treatment 6, which was 4 rows wide. The
center two rows of each plot were spindle harvested into bags on 28 October, 1981. A second pick was
made on 19 November, 1981.
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