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PHYSIOLOGY AND GROWTH REGULATION

Results

To test this hypothesis, DPL-90 was grown in greenhouses in
Arizona. The greenhouses averaged 79 °F (cool) or 90 °F (hot)

during the time period 10 to 30 days after emergence. The cool
treatment had less than 10 percent of 4 -bract squares. The warm
treatment caused more than 90 percent of the squares to have the
fourth bract. Plants which were moved from the cool to warm
treatment or vice versa for one or two week periods had
intermediate numbers of 4 -bract squares.

Regression ana'ysis showed that there was a significant
correlation (r'= .42) between likelihood of the 4th bract and the
average daily temperature 15 to 20 days prior to "pinhead" square
stage (3 mm.). The intercept of this regression line at which no
abnormal squares should be expected was 78 °F.

The fact that variation in temperature only accounted for about
40 percent of the variation in incidence of 4 -bract squares means
that other environmental and morphological components also
contribute to the susceptibility for abnormality.
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Effect of CO2 on Cotton Yield and Water Use

B. A. Kimball, J. R. Mauney, and F. S. Nakayama,
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Western Cotton Research Laboratory, Phoenix, Arizona

Summary

Seed cotton yields were increased an average 80% by a near
doubling of the carbon dioxide concentration (approximately 650
ppm) in 3 years of experiments using 002- enriched, open -top

chambers on field -grown cotton. Water use was not changed much
or in a consistent direction, so water use efficiency increased
in step with the dramatic yield increase.

The carbon dioxide concentration of the atmosphere is increasing
and is expected to double sometime during the next century. To

determine what effects this 002 increase is likely to have on
cotton yields under field conditions, the USDA -ARS U. S. Water
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Conservation Laboratory and the Western Cotton Research
Laboratory began CO2 enrichment experiments on field -grown cotton
in 1983 at Phoenix, Arizona. Other major objectives were to
measure the water requirement of well- watered cotton and to
determine the yield- response of water -stressed cotton.

An open -top chamber approach was used. A manifold of perforated
tubes released CO2- enriched air at ground level between the plant
rows. The enriched air rose up through the plant canopy and
exited through the open chamber tops. Thus, the plants were
subjected to radiation, temperature, and humidity conditions
close to those of an open field but enriched with 002. There
were two replications of each treatment. The chamber CO2
concentrations were ambient (about 350 ppm), 500 ppm, and 650
ppm. Open field comparison plots were included in each
replication.

There was a well -watered (wet) treatment in the '83, '84, and '85
experiments and an additional water stress (dry) treatment in '84
and '85. In '83 and '84, the cotton was flood -irrigated, but in
'84 the control of the water stress treatment was poor, so a drip
irrigation system was used in '85. Measurements of water
consumption were made with lysimeters in '83 for rep 1 and with
neutron apparatus for rep 2, whereas neutron apparatus was used
for all plots in '84. In '85, the amount of water applied
through the drip system was mostly the amount used.

The seed cotton yields are presented in Figure 1. The cotton was
highly responsive to increases in atmospheric CO2 concentration.
Focusing on the upper graph of relative yields, a near doubling
of CO2 (650 ppm) produced yield increases ranging from 44% to
134% with an average (from the regression line) of 80 %.

In Figure 1, the yields from the "dry" water- stressed plots
appear to be interspersed among those from the wet plots,
indicating no significant interaction between CO2 response and
water -stress. However, '85 was the only year that there was a
well-controlled water -stress treatment, and the relative yield
increases from CO2 enrichment were higher for the dry plots than
for the wet plots in '85.

Thus, our better '85 data suggest there may be a positive
interaction between CO2 enrichment and water stress which the '84
data do not show. A positive CO2- enrichment, water -stress
interaction would be consistent with the results of some other
prior experiments with other crops that have reported a somewhat
greater response to CO2 under water -stressed than under well -
watered conditions.
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Figure 1. Yield of seed cotton (lint plus seed) versus
CO2 concentration (lower graph). The seed
cotton yield relative to that of the ambient
control chambers is plotted in the upper
graph. The labels on the right identify the
year and rep of the particular data points.
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Total seasonal water use measurements are presented in Table 1.
The 1983 lysimeter data show water savings of 9 and 4% for the
500 and 650 ppm CO2 treatments, respectively. However, the 1983
and 1984 neutron data for the wet plots indicate water use
increases of up to 27% with a doubling of CO2 concentration (650
ppm). Apparently, the water requirement for irrigated cotton
( "wet" or well -watered) can decrease or increase depending upon
whether the CO2 has a greater effect on decreasing transpiration
per unit of leaf area or on increasing leaf area. In either
event, water use efficiency is likely to increase greatly, in step
with the dramatic yield increase.

Table 1. Total Water Use (Evapotranspiration) for Three Years of
the 002- Cotton Experiments. The Numbers in Parentheses
are the Percentage Changes With Respect to the
Ambient Chambers

TREATMENT

WET DRY

Year Rep Amb. 500 650 Amb. 500 650 Comment
mm

1983 I 1097 1001 1054 lysimeters
(-9) (-4)

II 781 777 804 neutron
(-1) (+3)

1984 I 576 672 732 479 557 567 neutron to
(+17) (+27) ( +16) ( +18) 800 mm soil

II 748 707 765 650 727 511 depth
(-5) (+2) ( +12) ( -21)

1985 I 1175 1168 1183 861 890 875 water meter*
(-1) (+1) ( +3) ( +2)

II 1211 1219 1219 840 838 840

(+1) (+1) (0) (0)

* Water used = mostly water applied through metered drip
irrigation system with small adjustments for seasonal changes
in soil water content as determined with neutron apparatus.
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