Moisture Use by Cotton in the Piedmont of Georgia

RRIGATION of crops on farms in

Georgia and other southeastern states
is increasing rapidly. Technical data
on soil-water-plant relationships, crop-
yield responses, and other phases of irri-
gation practices are urgently needed. In
the southeastern states, engineers, agro-
nomists, and soil scientists are engaged
in the development of needed guides
in the design of irrigation systems. The
three basic design factors for irrigation-
water application are (a) evapotranspi-
ration, (b) infiltration or the rate at
which the soil will absorb water, and
(c) available capacity or the amount of
water available to plants that can be
stored by the soil in the root zone.
A thorough search of the literature re-
vealed insufficient data on these three
basic factors. Many systems have been
overdesigned to compensate for this
lack of information. This practice has
resulted in wasted water and inefficient
use of power.

Evapotranspiration, also called “con-
sumptive use,” refers to the rate at
which water is lost from the soil by
both transpiration and evaporation from
the plants, and evaporation from the
soil. The rate of evapotranspiration de-
pends on climate, soil-moisture supply,
vegetative cover, soil, and land manage-
ment. The climatic factors that partic-
ularly affect consumptive use are pre-
cipitation, temperature, humidity, wind
movement, and length of growing sea-
son. The quantity of water transpired
by plants depends upon the amount of
water at their disposal, as well as on
temperature and dryness of the air,
the intensity of sunlight, wind move-
ment, the state of the development of
the plant, the amount of its foliage, and
the nature of its leaf and root system.

There are several available methods
by which consumptive use can be esti-
mated. Chief of these are the Blaney-
Criddle, the Thornthwaite, and the van
Bavel methods of estimating evapo-
transpiration.

The Blaney-Criddle (1)* method
gives consideration to temperature and
daytime hours as the most important
factors influencing consumptive use.
The Thornthwaite (2) theory of evapo-
transpiration employs an empirical for-
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FIG. 1 Cotton irrigated at 60 percent available soil moisture in 1956.

mula based on latitude and average
temperature of the air as the only varia-
bles. The van Bavel (3) method utilizes
air temperature, sunshine duration, and
extraterrestial radiation. Van Bavel and

Wilson (4) showed how the values so
computed can be utilized in a “bank
account” of available soil moisture.
Rainfall and irrigation add to the mois-
ture balance, and the daily consumptive
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FIG. 2 Cotton irrigated at 30 percent available soil moisture in 1956.
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use reduces the quantity present. When
enough days have elapsed to reduce
the balance to near zero, irrigation is
needed.

These methods of estimating mois-
ture withdrawal from the soil are val-
uable tools in the design and operation
of irrigation systems. However, whether
these estimates are sufficiently accurate
for use in designing irrigation systems
is debatable. Consequently, daily and
periodic maximum rates of evapotrans-
piration need to be measured in order
to provide a more accurate evaluation
of their reliability for determining when
to irrigate.

It is the purpose of this paper to pre-
sent evapotranspiration data for cotton
as an aid to those who are designing
irrigation systems, as well as for those
planning irrigation research. Further-
more, these data may help determine
the minimum water requirements for
optimum yields of cotton.

Plan of Experiment

The irrigation studies which were
conducted during the period 1952 to
1956 are shown in Table 2. The magni-
tude of the study increased steadily
during the period.

The irrigation study, reported herein,
was conducted during 1956 on an up-
land field at the Southern Piedmont
Conservation Station. The soil was a
Cecil sandy loamn, which is derived
from very old and deeply weathered
igneous and metamorphic rock. The
crop grown was cotton, Coker’s 100
wilt resistant variety, chosen because
it represents a crop common to the ag-
riculture of this area. The rooting habit
of this crop is a taproot system.

The fertilization for cotton included
500 1b per acre of 0-12-12, broadcast
and disked in before planting, with 500
Ib per acre of 4-12-12 put in the row at
planting. Ammonium nitrate was ap-
plied as a side dressing during cultiva-
tion at a rate of 300 Ib to give 120 Ib
per acre of nitrogen. Planting, cultiva-
tion and other practices were normal
and identical on both the irrigated and
non-irrigated plots.

The experimental design was ran-
domized block with five replicates, each
plot composed of six rows, 42 in. wide
and 20.33 ft long.

The irrigation varieties included six
levels of soil moisture as follows:

I;, Trrigated when 40 percent of the
available soil moisture was used from
the soil (Fig. 1).
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FIG. 3 Cotton irrigated at observed wilting in 1956.

I,, Irrigated when 70 percent of the
available soil moisture was used from
the soil (Fig. 2).

I, Irrigated when plants showed
signs of wilting (Fig. 3).

I,, Irrigated 5 days after observed
wilting (Fig. 4).

I, Irrigated when 100 percent avail-
able moisture was used from the top
24 inches of the soil (Fig. 5).

Iy, No irrigation (Fig. 6).

Water was applied to the irrigated
plots as needed to bring the soil mois-
ture up to field capacity in the top 24
in. of soil at each irrigation.

Irrigation water was applied to plots
(21 by 20 ft in size) with two Rainbird
No. 25 LA part-circle sprinklers mount-
ed on diagonal corners of each irrigated
plot. The average rate of application
from these nozzles was 0.72 in. per
hour over the plot with both sprinklers
running, and 0.36 in. per hour when
only one sprinkler was in operation.
The distribution was good over the
plot.

The rainfall totaled 8.10 in. during
the 90-day period covered by this
study. Irrigation  applications during
this period were made at the six levels
of soil moisture and were as follows:

Rainfall, Total

Inches inches inches
0 8.10 8.10
5.76 8.10 13.86
4.32 8.10 12.42
4.32 8.10 12.42
8.64 8.10 16.74
11.16 8.10 19.26

Surface runoff was measured on
small runoff plots to determine the net
water entering the soil from rains. The
runoff plots were 24.9 in. wide and 42
in. long, or 1/6,000 acre in area. The
length extended across the width of
one row. A sheet metal trough at the
lower edge concentrated the water into
a pipe that led downgrade to a measur-
ing can.

Soil moisture records were begun for
the cotton on May 28 when the plants
were about 4 in. high. At that time
the soil contained 3.52 in. of available
moisture, which was 75 percent of the
4.70 in. of available water capacity in
the soil to a depth of 48 in.

Soil moisture records were obtained
from samples taken in each plot at
depths of 0-6, 6-12, 12-24, 24-36, and
36-48 in. Samples were taken before
each irrigation, two days following each
irrigation or rain, and at three or four-
day intervals between these readings.
The percentage of moisture was deter-
mined by weighing and oven drying.

The percent moisture data were con-
verted to inches of available moisture
in the soil by the formula:

AW = (SM — WP) X bulk density
X D/100

in which
AW = inches of available moisture
SM = percent soil moisture in the

sample

WP = percent soil moisture at fif-
teen atmospheres

Bulk density = weight per unit vol-
ume in grams per cubic cen-
timeter

D = inches depth of soil sampled
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FIG. 4 Cotton irrigated 5 days after observed wilting in 1956.

The rate of evapotranspiration for
each period between sampling dates
was computed from the formula:

E=M +R+1I—-RO— M2 —

D)/N
in which
E = rate of evapotranspiration in
inches per day
M; = inches available soil moisture
at beginning of the period
R = inches rainfall
I = inches irrigation
RO = inches runoff
M2 = inches available soil moisture
at end of period
D = drainage of soil moisture to
levels below the root zone
N = number days in the period
Results

The daily rainfall and irrigation, the
available soil moisture, and the rates
of evapotranspiration are given in Figs.
1, 2, 3, 4, 5, and 6.

The soil moisture under the non-irri-
gated cotton declined steadily after
August 6. A deficit of 0.60 in. (below
wilting point) was recorded August 27
in the 0-24-in. layer; only 0.40 in. of
water was available in the 24-48-in.
layer. A deficit condition in the 0-24-in.
layer began August 6 and continued
throughout the study.

The influence of the different soil-
moisture treatments on the total use
and on the peak use is very pronounced.
These data point out the necessity for
establishing the soil moisture range un-

der which a crop will be grown before

the peak-use and total-use values for
the crop in question can be predicted
with any degree of precision (Table 1).

Moisture content for the indicated
soil depth at the beginning of a period,

plus the rain and irrigation during the

period, minus the meisture content at
the end of the period — all divided by
the number of days in the period —
gave the value of average daily evapo-
transpiration shown by these figures.
Results showed that non-irrigated cot-
ton consumed moisture from a soil
depth of more than 24 in. after July
10 (Fig. 6). There was very little mois-
ture removed below the 24-in. depth
in the high irrigated plots.

The rate of moisture use for the dif-
ferent levels of soil moisture by years
is given in Table 2. These data show
considerable differences in the peak
rate and the average daily rate of wa-
ter use each year. There were varia-
tions from one year to the next in both
the peak and average rates of moisture
used and between different moisture
levels within the same year.

The peak rates were determined over
short periods of only a few days’ dura-
tion. It is believed the average rate
of 0.20 in. per day during the main
growing season more nearly represents
the moisture-use requirement of cotton
under the conditions of this experiment.

There was no effective rain from
June 29 to July 29 in 1952. Irrigation
at 5 to 7-day intervals maintained an
adequate supply of moisture in the 0-18
soil horizon, while the soil of the non-
irrigated cotton approached air-dry con-
dition in that depth. The non-irrigated

TABLE 1. SOURCE AND AMOUNT OF WATER USED BY COTTON IN 1956

From soil

. Irrigation al. i
Treatments Rain, in appl%ed, in. moisture, in. Total, in.
I, 8.10 3.05 11.15
1, 8.10 5.76 2.46 16.32
1, «8.10 4.32 3.19 15.61
I, 8.10 4.32 3.47 15.89
I, 8.10 8.64 2.86 19.60
I 8.10 11.16 3.74 23.00
TABLE 2. AVERAGE DAILY RATE OF MOISTURE USE BY COTTON DURING THE MAIN

GROWING SEASON OF JUNE, JULY AND AUGUST AT WATKINSVILLE, GA.

Rate of evapotranspiration for cotton (inches per day)

Moisture level

Year . at irrigation Irrigated Not Irrigated
in top 2 ft of soil Maximum Average Maximum Average
1952 10% AWC® 0.31 0.196 0.113
1953 10% AWC 0.34 0.213 (No record)
1954 30% AWC 0.31 0.216 0.184
1955 60% AWC 0.22 0.175 0.25 0.130
1955 30% AWC 0.30 o .
1956 60% AWC 0.36 0.256
1956 30% AWC 0.32 0.218
1956 Observed 0.27 o7y L
wilting
1956 Observed 0.26 ow3s .
w. + 5 day
1956 0% AWC 0.25 o182
1956 Not irrigated ... . 0.27 0.124
Average 0.199 0.146

® Available water capacity.

TABLE 3. SOURCE AND AMOUNT OF WATER USED BY COTTON IN 1955 AND 1956

Soil Rainfall Irrigation Total
Treatment

1955 1956 1955 1956 1955 1956 1955 1956
Irrigated at: In. In. In. In. In. In. In. In.
None 4.34 3.05 6.99 8.10 0 0 11.33 11.15
0% AWC* - 2.46 . 8.10 5.76 . 16.32
Observed wilt + 5 days . 3.19 . 8.10 4.32 - 15.61
Observed wilt .. 3.47 . 8.10 . 4.32 - 15.89
30% AWC 2.24 2.86 6.99 8.10 6.48 8.64 15.71 19.60
60% AWC 2.46 3.74 6.99 8.10 5.76 11.16 15.21 23.00

* Available water capacity.



plants lived on moisture obtained from
the soil below 18 in. depth.

In 1956, the rains were well dis-
tributed during June and July, but were
deficient in August. There was little
use of soil moisture below 24 in. depth,
even without irrigation, until early Au-
gust. The available moisture was not
completely exhausted in the 36 to 48-in.
zone at the end of the study the last
of August.

The amount of water used (transpi-
ration and evaporation) from stored soil
moisture, rainfall and irrigation are
shown in Table 3 for the different treat-
ments in 1955 and 1956. Rainfall dur-
ing the growing season was 6.99 and
8.10 in. in 1955 and 1956, respectively.
Without irrigation, the cotton used 4.34
and 3.05 in. from the soil in 1955 and
1958, for a total use of 11.33 and 11.15
in. those two years. The amount of
stored water used from the soil was
lessened markedly in 1955 where addi-
tional water was applied. However, ir-
rigation treatments had little effect on
the amount of water used from the
soil in 1956.

The data indicate that 70 percent
of the water was used from the top
one foot of soil and 90 percent came
from the top 2 ft. It was only toward
the end of August that water was used
extensively from the third foot of soil,
regardless of the level of soil moisture.
About half the available moisture was
left in the 3 to 4-foot layer at the end
of the growing season, indicating the
plant roots were not active in that
layer.

The data in Table 3 cover only a
90-day period from May 28 to August
25, during the main growing season.
Evapotranspiration during the periods
extending from planting about April
15 to June 1, and from August 26 un-
til harvest is completed about October
15 would require an additional estimat-
ed 6 or 8 in. of water. Assuming 7 in.,
the range of moisture in Table 3 would
be 18 to 30 in. for the entire growing
season from planting to harvest at Wat-
kinsville, Ga.

The yield of cotton from the differ-
ent levels of soil moisture in 1955 and
1956 are given in Table 4. Insect con-
trol and other production factors were
managed for maximum production in
these studies.

The yield of cotton increased with
moisture to about 18 in. during the
three-month growing season. Beyond
18 in. there was a slight decrease in

yield.

Congclusions

Cotton needs a good supply of mois-
ture during the boll setting period un-
til three-fourths of the bolls are mature.
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TABLE 4. YIELD OF SEED COTTON IN RELATION TO AMOUNT OF SOIL MOISTURE USED.

. Yield with Increase
. Yield, pounds ;%00 Y
Water Yield, pounds > P irrigation, pounds per
Year Treatment ¥ > per acre per :
used in. per acre : pounds per acre per 1 in.
1 in. of water acre of irrigation
1955 None 11.33 2383 210
1955 30% AWC* 15.71 3104 198 821 127
1955 60% AWC 15.21 2880 189 497 86
1956 None 11.15 1552 175
1956 0% AWC 16.32 3621 222 1670 290
1956 Observed
w. + 5 day 15.61 3306 212 1354 313
1956 Observed
wilt 15.89 2911 183 958 222
1956 30% AWC 19.60 3463 177 1510 175
1956 60% AWC 23.00 3257 142 1305 117

* Available water capacity.



Normally two good irrigations are suf-
ficient to insure good yields. Moderate
drought in the early growing period
does little harm if cotton gets relief
for the development of bolls already
set rather than to set new ones. Irriga-
tions as late as at the measured wilting
point in the top 24 in. of soil increased
the yield 86 percent over non-irrigated,
which means 217.10 more pounds per
acre in 1956.

The three low levels of irrigation did
not affect the plant size and maturity
date of cotton. The main effect of the
two irrigations applied in these treat-
ments was on development of bolls al-
ready set rather than to set new ones.

Soil with lower-moisture treatments
showed a more efficient use of moisture
available than those with higher-mois-
ture treatments. As soil moisture in-
creased, the efliciency of water use de-
creased.

The vegetative growth was propor-
tional to moisture use. The height of
plants measured 18 to 24, 36 to 42 and
more than 60 in., respectively, for the
limited, optimum, and excessive quan-
tities of water used.

These data and observations lead to
the conclusions that:

(a) Cotton should have an ample
but not excessive supply of moisture
throughout the growing season.

(b) Yields are proportional to avail-
able moisture up to 6 in. per month
during June, July and August. Moisture
used in excess of that amount will cause
some decrease in yield.
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