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ABSTRACT
Transparent plastic mulching is a successful technology applied by cotton growers in Spain. Approximately 60 percent of the acreage is planted
with transparent polyethylene film to help crop
stand establishment in the unstable springtime of
a typical Mediterranean climate. Cotton farmers
also take advantage of an earlier planting date,
which results in an earlier harvest, thereby escaping the frequent autumn rainfall in South Spain.
Three cotton varieties: DP 5690, DP 5111 and
DeltaOPAL were planted during two years in two
different locations with similar farming characteristics. Plastic mulching was applied at just one of
locations to allow for different crop management
(irrigation, growth regulator application, pest control, etc.) resulting from a different planting date.
The statistical analysis carried of the data, showed
a significant difference for most of the parameters
taken into account. Plastic mulching raised the
first fruiting branch in all the varieties, resulting in
the production of more vegetative nodes and more
compact plants, with shorter average internode
distance and reduced final plant height. The number of total main-stem nodes was also higher in
the plants grown with plastic mulching. Yield potential was higher in mulched plants as more fruiting (sympodial) branches (though non significant),
and more bolls per plant. The collected data from
the two years of trials did not show significant differences in seed cotton yield, although the location with plastic mulching yielded more. The effect
of the technology on the earliness of the crop, measured, as percent of first pick, is not evident in our
trials, since the harvest dates for both locations
were different. There was not a major varietal response to plastic mulching for any of the cultivars
included in the trials. The technology had similar
influence over the three varieties.

Introduction
Mulching has been a common practice used by
growers for many years to protect plant and soil against
the action from atmospheric agents. Several materials
have been used for mulching, including straw, grasses,
plant residues or even non-organic products like petroleum or aluminum. But the most widely used material for this purpose is plastic and its different varieties.
For many years, the use of clear and black plastic film
as a mulch has been widely utilized for a variety of
crops. Black films are usually most effective when weed
control is a problem, whereas greater increases in soil
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temperatures are achieved using transparent films.
Nowadays, close to 6,400 MT of linear low density polyethylene (LLDPE) are consumed every year in
Spain for mulching in cotton (Granados, personal communication, 2002). This represents more than a 60
percent of the planted acreage, since the consumption
per hectare is around 100 kilograms of plastic.
The benefits in crop growth due to plastic mulching are produced as the result of complex changes in
the soil environment caused by an increase in the soil
temperature and reductions in evaporation, weed competition, soil compaction and erosion (Fisher, 1995).
The plastic mulch can be effectively used to reduce soil erosion in humid areas and to reduce water
loss by evaporation in arid areas. In sub-tropical areas
of heavy rainfall, the mulch can reduce the erosion
caused by the intensive deluge over the soil surface
(Chung and Horton, 1987; Fisher, 1995). The effect of
plastic mulching reducing evaporation losses has been
widely reported (Soffietti, 1980; Chung and Horton,
1987; Varadan et al., 1990; Fereres and Goldhamer,
1991; Dainello, 1994), thus improving the water availability to the crops (Rossi and Moreno, 1995).
Another remarkable effect of the plastic mulching is the increase of the soil temperature. Plastic is
permeable to certain wavelength radiations and impermeable to others, therefore the heat accumulation
during the day can be preserved during the night. That
increase is limited to the upper layers of soil (Arrúe y
Fernández, 1980; Díaz Ávila, 1988), between five and
15 centimeters, but can have an effect on soil fertility,
as a consequence of a higher biological activity (Haynes,
1987), and provide a better environment for root growth
(Maurya y Lal, 1981), which can represent an earlier
harvest for crops like potato (Paterson et al., 1970).
Plastic mulching also reduces soil compaction (Le
Du, 1994; Fisher, 1995) and avoidance of crust problems. This is one of the main advantages that mulching can provide to crops like sugarbeets (Granados y
Rossi, 1995).
In cotton, the benefits of plastic mulching have
been studied in several works. Fereres and Goldhamer
(1991) reported that plastic mulching could reduce the
need of preseason irrigation since adequate seedbed
moisture was present for germination. The same authors reported the raising of soil temperatures, resulting in rapid emergence and early plant growth. Plastic
mulching in cotton can reduce the total amount of water needed for irrigation (Maeda Martínez, 1989), increasing the efficiency of the plant in the use of water
(Díaz Ávila, 1988). The higher temperature inside the
mulching chamber increased the heat units accumulated by the cotton plant (Colomer, 1997).
Finally, the yield improvement provided by plas-
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tic mulching in cotton has been reported by most of the
works about this technique: Arrúe and Fernández,
1980; Díaz Ávila, 1988; Maeda Martínez, 1989;
Márquez, 1990; Fereres and Goldhamer, 1991. This
study was conducted to evaluate use of plastic mulching on growth and development of three different cotton varieties.
The plastic mulching technique for cotton in Spain
is quite different to the one applied for other crops (Figure 1). The cotton seedling grows in a chamber made
by the soil and the plastic film. For the other crops, the
film is laid over the soil surface and the plants grow in
the open air, emerging through holes made in the film
usually at planting. Farmers keep the cotton plants
growing inside the chamber for as long as possible,
where the temperature is warmer and the moisture lasts
longer. If the temperature inside the chamber becomes
too high, the farmers will keep the plants from burning
by making holes in the plastic using different equipment. This operation is also intended to balance the
atmosphere between inside and outside of the chamber, in order to avoid plant damage from shock once
the film is removed. By the middle of May, when there
is no longer a risk to the cotton plants from adverse
weather, the farmers take the film out of the field and
begin the use of standard management practices.
Therefore, the film stays in the ground between 40 and
60 days after planting, depending on the weather conditions. Sometimes, the cotton plants are 12-14 nodes
before the plastic is removed, which doesn’t represent
a real problem for the growth due to the flexibility of
the plant at those stages. The film is not re-usable, but
can be recycled, since it is a high quality material with
little deterioration. It is remarkable that the Spanish
cotton growers have developed this technology. In the
late 1970s, small workshops in towns within the cotton
growing area of Spain began by modifying field equipment to lay the film at planting. The development took
time and a great deal of effort. The first report about
the technology is an article published in a local newspaper by Mr. Joaquín Valenzuela, one of the pioneers
of the idea (Valenzuela, 1979), where he informed of
the results of one of the trials conducted in a little town
(Figure 2). Nowadays, the technology is quite tuned,
but there are no fixed rules, and like other technologies in farming business, plastic mulching, is not always profitable. Sometimes, the protection provided by
the film is not enough to overcome the unstable weather
during the springtime, and the stand establishment fails
and requires replanting.
Some of the benefits of this technology in cotton
cannot be measured in numbers, like the safety of picking before the rainfall at the end of the growing season. In the Mediterranean climate, autumn (OctoberNovember) is one of the rainy periods throughout the
year. Without plastic mulching, cotton cannot be planted
before April. The crop would be ready for harvest in
October, when the chances of rainy weather are high.
With the protection of plastic mulching, cotton is planted

in Spain by March, which means one month in advance of fields without plastic mulch. Although earliness is mainly affected by the environment during the
growing season and the crop management, planting
one month earlier often results in an earlier harvest.
The plastic used for the mulching technique is a
13.75 microns transparent linear low density polyethylene. This material has good mechanical properties
for such a thin ply and it is ideal to provide a warm
environment to cotton seed and seedlings in the early
stages of the crop. Every single row of the crop is covered with a plastic film 65 centimeters in width. To
plant one hectare of cotton with this system, 80-90 kilograms of this product are needed.
A summary of the different operations of the
mulching technique for cotton in Spain is shown in Table
1.

Experimental procedure
Tests were conducted during 1999 and 2000 seasons on farms with similar soil characteristics in two
different towns in the largest cotton growing area in
South Spain: Las Cabezas de San Juan and Aznalcázar,
both of them in the province of Sevilla. In the first one,
the crop was planted without plastic and in the second
one; the crop was planted with the traditional plastic
mulching applied by the cotton farmers in the area.
The reason the treatment was split on two different farms
was due to the different farming required when the crop
is planted with and without plastic mulching. One of
the main advantages of this technology is the ability to
plant earlier, when cold and rainy weather normally
prevents a successful crop stand without protection.
Under this scenario, cotton farming practices differ significantly from a traditional cropping (irrigation, management, etc.). Therefore, the decision was made to
have the trials on separate farms to allow for the different management strategies required for plastic versus
no plastic mulching.
Three cultivars were selected for the experiment
according to their different maturity class: DP 5111
(short season), DP 5690 (mid-full season) and
DeltaOPAL (full season). Planting pattern was conventional for machine picked cotton; 95 cm row spacing.
The experimental design was a randomized complete block with four replications. Experimental plot
dimensions were four rows in width by 10 meters in
length. The two rows in the middle were hand picked
at two different dates for seed cotton yield (kilograms
per hectare) and earliness (percent of the first picking).
The first and fourth row were used to make observations for the other parameters measured including vegetative nodes, plant height (centimeters), total nodes,
average internode distance (centimeters) and number
of bolls per plant. The data were obtained one week
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before the first picking from samples of five plants chosen at random.
In the trial planted with plastic, the planting dates
were March 22 in 1999 and March 14 in 2000. Fertilizer at a rate of 72 kg per hectare of nitrogen, 184 kg
per hectare of phosphorus and 75 kg per hectare of
potassium, was broadcast prior to land preparation.
Additional nitrogen was added along the season (165
kg per hectare in 1999 and 166 kg per hectare in
2000). The chemical weed control was the same for
both years: pendimethalin 33% at 5 liters per hectare
was sprayed as the pre-plant herbicide. At planting,
with a nozzle installed in the planter per row,
fluometuron 33% at 2 liters per hectare and trifluralin
16% at 2 liters per hectare were sprayed. The crop
was drip irrigated. Six sprays were needed to control
bollworms, mainly for Helicoverpa armigera and
Pectinophora gossypiella, in 1999 and 12 in 2000.
Mepiquat Chloride 5% was also applied: 0.75 liters
per hectare in 1999 and 2 liters per hectare in 2000.
In the plot planted without plastic, the planting
dates were April 10 in 1999 and April 13 in 2000.
Fertilizer at a rate of 72 kg per hectare of nitrogen,
184 kg per hectare of phosphorus and 75 kg per hectare of potassium, was broadcast prior to land preparation. Additional nitrogen was added along the season (175 kg per hectare in 1999 and 190 kg per hectare in 2000). Pre-plant herbicides were sprayed:
pendimethalin 33% at 5 liters per hectare and
fluometuron 33% at 2 liters per hectare, both years.
Aldicarb 10% was applied with the planter at the rate
of 7.5 kg per hectare in 1999 and 9 kg per hectare in
2000, as a soil disinfectant. The crop received five
furrow irrigations along the growing season each year.
Due to the heavy pest pressure, the crop needed nine
insecticide sprays in 1999 and 10 in 2000. Mepiquat
chloride 5% was also applied: 1.4 liters per hectare in
1999 and 0.5 liters per hectare in 2000.
Analysis of Variance (ANOVA) was used to determine statistical differences (SAS Institute, 2002). Significantly different means were separated by the Tukey
(HSD) Test for significance at the 0.05 level of probability. An Analysis of Variance was also performed for
every variety individually to determine if there was a
plastic by cultivar interaction.

Results and Discussion
Vegetative nodes, reproductive
branches, total nodes
The effect of plastic mulching on the number of
vegetative nodes, reproductive branches and total mainstem nodes produced is quite significant (Table 2). There
are significant differences between the number of vegetative nodes produced on plants that were planted
under plastic mulching versus conventional planting
(Table 3). The difference is almost three additional veg-
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etative nodes produced on plants under plastic mulching. The number of vegetative nodes or the nodal position of the first sympodium is determined during the
time from emergence to the appearance of the first
true leaf (Gipson, 1986). During this period, the temperature inside the plastic mulching chamber is significantly higher than that of the outside atmosphere
(Colomer, 1997). Mauney (1966) studied floral initiation in Gossypium hirsutum L. and found that in general, night temperatures above 28 0C resulted in a
higher nodal position for the first fruiting branch. The
effect was greatly enhanced by high (28-32 0C) day
temperatures. Hesketh et al. (1972) observed that the
plastochron (days between successive organs) was three
times as long as 18 0C as at 30 0C, so one would expect a quicker production of new vegetative nodes inside the mulching chamber. The time from emergence
to first square may be shorter at certain cool temperature regimes than at higher temperatures (Mauney,
1986). These results from this trial are in agreement
with the studies of Colomer (1997), who observed the
behavior of cotton plant with different periods of time
under plastic mulching. It was observed that the longer
the exposure time inside the mulching chamber, the
higher the first fruiting branch. For the three varieties
studied, the plastic effect is exactly the same. The difference between the number of vegetative nodes with
plastic and without plastic is close to three nodes. However, the study didn’t show significant differences in the
number of reproductive branches produced on plants
with or without plastic mulching, although the value for
mulched plants is slightly higher. During the early part
of the growing season, node number is almost perfectly related to temperature. After node 15, the growth
rate of the plant begins to be affected by other factors
than temperature, such as that limiting carbohydrate
production (plant stresses) or fruit that competes with
vegetative growth for available assimilates (Kerby and
Hake, 1996). When the film is removed, the growth of
the plants that were under plastic are then affected by
the same factors as the non-mulched plants, thus, one
would not expect any differences in behavior once the
plastic has been removed from the crop. The number
of total main-stem nodes produced is always higher
on the plants grow under plastic mulching, mainly because the higher number of vegetative nodes.

Plant height, average internode
distance
Plastic mulching affected the final plant height in
these trials. Plants that were grown under plastic in the
early stages showed a reduction in height at the end of
the season. The difference in this parameter between
the two locations was not affected by the application of
growth regulators. The amount of mepiquat chloride
applied to the location without plastic was higher in
1999, but lower in 2000. However the same result was
found; that is shorter plants resulted from utilizing plastic
(Table 6). Colomer et al. (1998) found that the final
height of plants grown under this mulching technique
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was reduced as the amount of time the plants were
inside the mulching chamber increased; the final plant
height of plants grown without plastic was always less
Colomer’s experiments. It is remarkable that when looking at the behavior of the varieties separately, the difference in plant height between plastic and no plastic
decreases as the maturity class gets longer. For example, the short season cultivar, DP 5111, showed a 7
cm decrease in plant height when grown under plastic,
compared to the long season variety, DeltaOPAL, where
the difference was only 0.2 cm (Table 5). The effect of
plastic mulching also reduced the Average Internode
Distance in cotton plants. Colomer (1997) showed the
same results, coming to the conclusion that the plastic
mulching effect over the cotton plant is similar to the
action of growth regulators such as mepiquat chloride;
that is, shorter plants with more main-stem nodes and
shorter average internode distance.

Bolls per plant
In our experiments, the mulched plants had more
bolls per plant than the plants planted without plastic,
which is in agreement with the studies of Colomer et
al. (1998). In the same study, Colomer also reported
that the mulched plants had a higher boll load potential, though it is not always related to a higher yield. A
higher number of bolls per plant could be responsible
for the lower final plant height in mulched plants, as
the bolls are competing for carbohydrates with the vegetative growth of the plant. Once more, the performance
of DeltaOPAL varied from that of the other varieties,
wherein bolls per plant from mulched versus nonmulched plants was significantly different (Table 5).
Since, boll load is the major factor controlling cut-out
(Patterson et al., 1978); this fact supports the idea of
how the boll load can affect plant height. In the other
varieties, the higher boll load of the mulched plants
could have limited the vegetative growth of the plant,
reducing the final plant height. With DeltaOPAL, the
boll load is the same for both treatments, thus there
was no difference in the suppression of growth or in
the final plant height.

Seed cotton yield and earliness
Although a response to plastic mulching was not
observed for seed cotton yield or earliness, we believe
that the experimental method influenced these results.
With trials on two different farms with two different planting dates, yield and earliness comparisons were very
difficult to measure. Therefore, the statistically significant differences in earliness should not be taken into
account, since the date of the first picking for both trials did not follow the same criteria.
A summary of the ANOVA mean squares for all
parameters measured is presented in Table 4.

Summary and Conclusions
Plastic mulching for cotton in Spain is a technique

that allows the ability to plant one month earlier and
establish an acceptable crop stand. The technique has
been developed over many years by the Spanish cotton growers, and nowadays is a successful technology
applied in more than 60 percent of the cotton belt in
Spain.
Mulching affects the growth of the cotton plant
in the period between planting and flowering, raising
the height of the first fruiting branch (up to three nodes)
and resulting in a more compact plant with more total
main stem nodes, shorter average internode distance
and less final plant height.
The plants protected with plastic mulching in the
early stages of development had more fruiting branches
and more bolls per plant, although it is not reflected in
a statistically significant higher seed cotton yield.
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Table 1. Summary of operations for plastic mulching cotton in Spain.
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Table 2. ANOVA mean squares (summary for 1999 and 2000).

Table 3. Tukey (HSD) Comparison of Means (alpha = 0.05).

Table 4. Variety ANOVA mean squares (summary for 1999 and 2000).
Table 4.1. DP 5111
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Table 4.2. DP 5690.

Table 4.3. DeltaOPAL.

Table 5. Variety comparison.

Table 6. Plant height and mepiquat chloride applied.
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Figure 1.
Mulching
techniques.

Figure 2.
The first report
about the
technology
published in a
local newspaper
by Mr. Joaquín
Valenzuela, one
of the pioneers
of the idea
(Valenzuela,
1979).

601

