
Plastic mulch increases 
cotton yield, reduces need 
for preseason irrigation 

Elias Fereres D David A. Goldhamer 

Preseason irrigation of cotton has 
been identified as the single larg- 
est contributor to the drainage 
problem in the central San Joaquin 
Valley. By applying plastic mulch 
at earlier than normal planting 
dates, we conserved soil moisture 
that would have normally been lost 
to the atmosphere. The mulch also 
raised soil temperatures, resulting 
in rapid germination and early 
plant growth. Yields of Pima S-6 
and Acala SJ-2 were 39% and 8% 
higher than nonmulched plots, re- 
spectively. Net profit increased by 
about $450 per acre for Pima be- 
cause it attracted a higher price. 

California cotton growers often apply pre- 
season irrigation to cotton to refill the po- 
tential plant root zone and to provide ad- 
equate seedbed moisture for germination. 
Also called preirrigation, this practice 
commonly involves surface irrigation 
methods such as furrows and has been 
identified as the single largest contributor 
to the drainage problem that affects vast 
areas of the central San Joaquin Valley. 

Recent studies have shown that 20% to 
30% of water applied with furrows during 
preirrigation can be lost to drainage. 
Drainwater disposal using evaporation 
ponds has resulted in serious environmen- 
tal problems. Alternative irrigation such as 
sprinklers and drip can apply water more 
uniformly than surface methods, permit- 
ting better control of irrigation amounts 
and reducing drainage. However, new 
systems are expensive and rapid adoption 
cannot be expected. Because the bulk of 
cotton acreage is furrow-irrigated, near- 
term partial solutions to the drainage 
problem are likely involve this method of 
irrigation. 

known environmental impacts, the inher- 
ent inefficiency of preirrigation must be 
weighed against its benefits. Preirrigation 
could be eliminated if (1) soil moisture 

Is preirrigation essential? In view of the 

from sporadic winter rainfall were con- 
served in the beds by some technique, and 
(2) postplant irrigations provided ad- 
equate root-zone moisture. 

Clear plastic mulch (PM) is used in 
other cotton-producing countries with lim- 
ited season lengths to enhance earliness. 
Under California conditions, this technol- 
ogy can be used to trap soil moisture that 
otherwise would be lost by surface evapo- 
ration. Additionally, lengthening the 
growing season may allow for the more 
successful introduction of long-season va- 
rieties. Growers are more likely to adopt 
new, efficient irrigation practices if they 
perceive additional agronomic benefits 
that may increase revenue. 

A study was conducted in 1989 at the 
University of California West Side Field 
Station to evaluate: 
H if cotton stand establishment without 

preirrigation is possible using PM, 
H how PM affects earliness, 
H effects of lengthening the growing sea- 

son on short- and long-season cotton 
productivity, and 
costs versus benefits of PM use in cot- 
ton production systems in California. 

Experimental design 
Two varieties of cotton (Acala SJ-2 and 

Pima S-6) were planted at three dates (Feb- 
ruary 16, March 7, and March 23) with two 
bed treatments - a clear strip of 36-inch- 
wide PM placed on top of the bed at plant- 
ing and a control without the mulch. The 
layout was a split-split plot design with 
planting date, variety, and bed treatment 
as the main, submain, and sub-submain 
plots, respectively. Individual plots con- 
sisted of four beds, each 38 inches wide 
and 20 feet long. The inside two beds were 
used for soil- and plant-based measure- 
ments. Each treatment was replicated four 
times. 

complished with a conventional tractor- 
mounted seeder equipped with small 
sweeps that formed a V-shaped notch 
about 4 inches deep in the middle of each 
bed. Due to the close proximity of the 
plots and potential tractor damage to the 
monitoring equipment, a hand-operated 

Planting on the first two dates was ac- 

Above, cotton seedlings beneath plastic 
mulch 20 days after the February 16 
planting. Moist surface soil results from 
solar-still action of the mulch. Below, 
beds covered by plastic mulch which 
was installed February 16, the first plant- 
ing date. Taken March 7, the photograph 
shows condensation beneath mulch. 

seeder was used on the third planting 
date. Seeds were planted about 1 inch 
deep in the bottom of the notch. The PM 
was installed by hand. Because the soil 
was not preirrigated, soil moisture came 
primarily from the about 4 inches of total 
winter rainfall that preceded planting (0.8, 
2.0,0.2, and 0.9 inches in November, De- 
cember, January, and February, respec- 
tively). Rainfall in March and April to- 
talled 0.4 inches. 

After each planting, one replicate in 
each surface treatment and variety was in- 
strumented with an array of continuously 
recording thermocouples to measure air 
and soil temperatures. In each array, two 
thermocouples were installed 0.5 inch 
above the soil and four thermocouples 
(which were averaged) were installed at 
both the 1- and 4-inch depths. 

Several days after seedling emergence 
in the PM plots, holes of about 0.25-inch 
diameter were opened in the PM at about 
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12- to 15-inch intervals. More holes were 
made in the first and second planting be- 
cause of the very high air temperatures 
under the plastic. Three weeks after emer- 
gence, there were holes every 4 to 6 inches 
in the center of the plastic sheet. With the 
third planting date, holes were not opened 
in time and inside air and 1-inch soil tem- 
peratures reached 140" and 12OoF, respec- 
tively. This resulted in substantial seedling 
death. Therefore, the mulched plots of the 
third planting date were abandoned and 
the comparisons presented here are lim- 
ited to the first and second planting dates 
and the controls. 

the 0- to 3-inch and 3- to 6-inch soil layers 
of each treatment on each planting date 
and soil water content by weight was de- 
termined. 

Plant height and boll development 
were assessed prior to full cover by moni- 
toring plants in representative 40-bch sec- 
tions of each bed. Canopy development 
was assessed at noon on May 26 by mea- 
suring intercepted radiation with a linear 
sensor placed across the beds. Differences 
in plant cover according to planting dates 
and surface treatments were substantial at 
this time. 

To evaluate earliness, the p h t s  were 
harvested by hand three times. Harvest 

Triplicate soil samples were collected in 
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Fig. 1. Mean daily temperatures from hourly 
measurements between February 17 and 
March 21 just above the soil surface and at 
two soil depths. 

dates were August 25, September 22, and 
October 12. Seed cotton was collected from 
the middle two rows of each plot after dis- 
carding 3 feet on each side as a border. 

Jirigation during the season was with 
furrows, and timing was based on midday 
leaf water potential readings. On April 4, 
about 1.5 inches of water was applied with 
sprinklers to germinate seeds in the con- 
trol plots. About 29 inches of water was 
applied over the season with the last irri- 
gation (alternate furrows) on August 28. 

Results and discussion 
The threshold average daily soil tem- 

perature required for cotton germination 
is 55" to 60°F. At the first planting date, av- 
erage soil and air temperatures were far 
too low for germination in the control 
plots. One day after the February 16 plant- 
ing in the Pima control plots, the mean 
daily air temperature was 49.2"F with a 
high of 73.9"F at 1 p.m. and a low of 32.4"F 
at 7 a.m. However, temperature conditions 
beneath the PM were much more favor- 
able. The air temperature under the plastic 
averaged 582°F with a maximum of 
103.9"F at 1 p.m. The minimum PM air 
temperature was 34°F at 5 a.m.. Acceler- 
ated soil warming occurred at both the 1- 
and 4-inch depths with mean tempera- 
tures of 57.6" and 55.1°F, respectively, 
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Fig. 2. Hourly temperature measurements on 
March 1 just above the soil surface and at two 
soil depths. 

compared with corresponding control val- 
ues of 51" and 50.3"F. Mulch-induced soil 
warming resulted in seedling emergence 
under the plastic 11 days after the mid- 
February planting. No evidence of germi- 
nation was observed in the control 
through the first week of March. 

Soil temperatures in the control plots 
increased by March 7 to levels exceeding 
the 60°F threshold (figs. la to lc). How- 
ever, no germination occurred due to low 
soil moisture in the seedbed (table 1). Soil 
water content in the top 3 inches of the 
profile decreased by almost 7% on a dry- 
soil-weight basis (equivalent to about 1.1 
inches of water per foot of soil using a rep- 
resentative soil bulk density value) be- 
tween February 16 and March 7 due to 
evaporation from the soil surface. 

This rapid decline in soil moisture in 
the seed planting zone was enhanced by 
the absence of any preplant irrigation and 
the relatively low winter rainfall. This con- 
dition in the control plots existed through 
the March 23 planting. The April 4 sprin- 
kler irrigation was used to obtain germina- 
tion. 

Although the same relatively dry soil 
conditions on the second and third plant- 
ing dates were present in the PM plots, the 
plastic acted as a solar still which in- 
creased bed moisture to the point that 
seeds germinated within 7 days of plant- 
ing. Water vapor evaporating from the soil 
profile condensed on the underside of the 
plastic and water droplets were deposited 
directly over the shallow-planted seeds. 
This action conserved the soil water that 
would otherwise have been lost to the at- 
mosphere and allowed for early seedling 
development. The resulting conservation 
of winter rainfall made preirrigation un- 
necessary for germination in the PM plots. 

Air temperatures under the mulch dur- 
ing early March continued to reach high 
maximum values relative to the control 
while minimum temperatures were simi- 
lar (fig. 2a). The much warmer air tem- 
peratures between 10 a.m. and 5 p.m, pro- 
moted rapid plant development and 
considerably lengthened the growing sea- 
son. As shown in figures 2b and 2c, 
warmer soil temperatures were main- 
tained throughout the day, illustrating the 
soil's ability to store heat, presumably en- 
hancing root development. 

Faster plant development due to the 
PM is evident by comparing early season 
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plant height, fruiting density, and solar ra- 
diation intercepted by the canopy (table 2). 
On May 26, the plants were about 50% 
taller in the PM than in the control plots. 
Although no squares were present in the 
control plots through May 26, significant 
fruiting had already occurred with the 
PM. The rate of early season Pima fruiting 
exceeded that of Acala by about a factor of 
two. Light interception by the canopy was 
much greater for the PM plants. 

Crop yield and earliness 
The longer season achieved using PM 

resulted in earlier and higher cotton yields 
(figs. 3a and 3b). The magnitudes of the 
differences relative to the controls were 
variety-dependent. For the February 16 
planting, I'M yields of Acala seed cotton 
were about 450 pounds per acre greater 
than those of the control (fig. 3a). The bolls 
matured much earlier; yields for the first 
pick (August 25) were three times greater 
in the PM plots. Acala yield differences for 
the March 7 planting narrowed to about 
300 pounds per acre of seed cotton in fa- 
vor of the PM. Earliness in the PM plots 
for the second planting date was very 
similar to that of the February 16 planting 
(fig. 3a). 

much greater for Pima than for Acala (fig. 
3b). For the February 16 and March 7 
plantings, PM yields were about 1,250 and 
1,700 pounds per acre of seed cotton 
greater than the control, respectively. 
These differences are significant at the 5% 
confidence level. Even though Pima is 
clearly a longer season variety than Acala, 
the PM accelerated maturity such that 
about 20% and 10% of the total seasonal 
yield was picked on August 25 for the first 
and second planting dates, respectively. 
At this first pick, there were no open bolls 
in the control plots. 

The larger Pima yield differences rela- 
tive to Acala are presumably due to the 
growth habit of Pima; a less determinate, 
longer season variety. Note that growing 

Yield increases effected by the PM were 

conditions in the San Joaquin Valley in 
1989 (a warm early spring and moderate 
summer temperatures) were considered 
nearly ideal for both Acala and Pima. 
These conditions diminish the impact of 
practices that lengthen the season, such as 
PM. This suggests that during years of less 
favorable weather, yield differences be- 
tween PM and conventional planting 
would be greater, especially with longer 
season varieties. 

Cost-benefit analysis 
To estimate the economic impact of PM 

usage in this test, we averaged the PM 
yields of the February 16 and March 7 
plantings and compared this with the 
March 23 planted control (table 3). A gin 

Fig. 3a. Yield and earliness of Acala for the 
three planting dates. A number followed by 
NS indicates no significant difference at the 
5% confidence level from the control for that 
planting date. 

Fig. 3b. Yield and earliness of Pima for the 
three planting dates. A number followed by an 
asterisk.indicates significant difference at the 
5% confidence level from the control for that 
planting date. 

turnout of 32% and lint prices of $0.65 and 
$1.10 for Acala and Pima, respectively, 
were assumed in calculating gross rev- 
enue. We conservatively estimated that 
the cost of the PM material, installation, 
and maintenance would be $160 per acre 
when done on a large-scale basis. Using 
these assumptions we calculated increased 
net revenues to plastic-mulched Pima and 
Acala cotton, in which the yield increases 
were about 1.1 and 0.5 bales per acre, re- 
spectively, using 500-pound bales. Higher 
yields led to increased net revenues of 
close to $500 per acre for the Pima, but 
produced little economic benefit for the 
Acala. 

This analysis does not include any wa- 
ter cost savings that might occur if 
preirrigation is eliminated in favor of pre- 
sumably more efficient postplant irriga- 
tion. Cotton net water requirements in the 
San Joaquin Valley are an estimated 29 to 
31 inches. Our irrigation application of 29 
inches most likely led to very low drain- 
age losses. 

Additional considerations 
Growers are currently prohibited from 

planting cotton before March 20 in the 
southern San Joaquin Valley to maintain a 
120-day host-free period for the pink boll- 
worm. Preventing this insect from becom- 
ing established in this area is a high prior- 
ity for the cotton industry. Due to this 
mandated host-free period, planting with 
PM to use the early part of the growing 
season may not be feasible at the time. 

Weed control under PM can be a sig- 
nificant problem, but control has been 
achieved with herbicide programs now in 
use in several Mediterranean countries. 
Adaptive research and registration is 
needed in California to develop weed con- 
trol practices for use with PM. 

The I'M used in this test is a petroleum- 
based product. Although this material is 
photodegradable, and, we presume, 
slowly biodegradable, the energy and 
sustainability aspects of PM usage need to 
be established. Additionally, potential lint 
contamination problems at the gin need to 
be considered. 

Research indicates that under certain 
conditions, the use of deep-buried (12 to 
24 inches) drip irrigation lines in cotton 
production offers significant water conser- 
vation advantages over other irrigation 
methods. One of the unsolved problems 
with deep-buried drip is how to effectively 
preirrigate. When lateral lines are located 
only under every other bed or furrow, 
large quantities of water may have to be 
applied before there is sufficient upward 
and lateral movement of water into all the 
beds to provide for germination. These ex- 
cessive applications may result in deep 
percolation. 
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Installing drip lines under every fur- 
row or bed may not be economically fea- 
sible. Although it has been suggested that 
growers use other systems for 
preirrigation, such as sprinkler or furrow 
systems, adoption of dual systems cannot 
be expected. However, the use of PM ap- 
pears to offer a solution to the buried drip 
problem. In an extremely dry winter, a 
small application of water using the bur- 
ied drip system could be used. 

Conclusions 
The use of PM conserves soil moisture 

that would normally be lost to the atmo- 
sphere. This trapped moisture is redistrib- 
uted in the seedbed and allows for germi- 
nation. With only small amounts of winter 
rainfall, the need for preplant irrigation is 
precluded. Delaying the first irrigation to 
the postemergence period should also lead 
to more efficient irrigation due to lower in- 
filtration rates, the latter a result of field 
traffic. Subsequent irrigations should be 
carefully managed in the absence of a fully 
charged profile, and agronomic problems 
- such as possible enhancement of mois- 
ture- and temperature-related soil-borne 
diseases and disruption of early season 
cultural operations - must be considered. 
Because preirrigation is usually a wasteful 
irrigation practice even for the best surface 
irrigator, utilizing winter rainfall or soil 
moisture carryover from the previous sea- 
son by using PM should lead to reduced 
drainage losses in the San Joaquin Valley. 

The use of PM promotes rapid germi- 
nation and early growth of cotton as long 
as excessive air and soil temperatures are 
avoided. This allows for earlier boll matu- 
ration and harvest. Although this may not 
be critical to short-season, determinate va- 
rieties such as Acala, effectively lengthen- 
ing the growing season enhances produc- 
tion of late-maturing varieties, such as 
Pima S-6, which currently fetch higher 
prices. The use of this longer season vari- 
ety appears to make the use of PM cost-ef- 
fective in the southern San Joaquin Valley. 
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Fertilizers produce more 
range forage in drought 
than normal years 

William J. van Riet CI Robert Bailey 

Nitrogenous fertilizers produced 
greater yield increases in drought 
years than in more abundant rain- 
fall years. None the less, ranchers 
will need to carefully compare the 
costs of this added production with 
other alternatives, and also con- 
sider the odds of receiving less 
than 11 inches of rainfall. 

Two fertilization trials in Stanislaus 
County led to greater increases in annual 
range forage yield during drought years 
than in more normal rainfall years. The 
first trial was conducted in eastern 
Stanislaus County from autumn of 1973 to 
summer of 1977, during two normal years 
and two well known drought years, the 
latter spanning the 1975-76 and 1976-77 
range-growing seasons. The second trial in 
western Stanislaus County began in the 
autumn of 1985 and included the 1985-86 
abundant rainfall year and the four 
drought years of 1986-87 through 1989-90. 

Trial 1 
This 4-year field experiment on a ranch 

in the lower Sierra foothills compared four 
fertilizer sources, all providing 60 pounds 
of nitrogen per acre, and a nonfertilized 
control (table 1). In all there were 30 field 
plots encompassing 6 replications of the 5 
treatments. Plots were 1,000 square feet in 
size and fertilizers were applied in Octo- 
ber of each year beginning in 1973. A 250- 
square-foot area in each plot was clipped 
in February and again at peak standing 
crop in May of 1974 and 1975, and the two 
clippings totalled. Because low winter 
rainfall prevented winter growth in 1976 
and 1977, the plots were clipped only in 
April. Forage was weighed and oven-dry 
weights obtained. The soil at the experi- 
mental site was a Ryer clay with a pH of 
5.5 and a phosphorus level of 3.6 parts per 
million. 

The 90-year average rainfall near the 
site was 14.6 inches. There were no signifi- 
cant yield differences in the first 2 years of 
the trial which averaged 15.27 inches of 
rainfall. Significant yield increases oc- 
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