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Abstract

Cotton is attacked by several harmful factors during its growth period, the importance of each of them depends on the cultivar,
climate and various agricultural and biological factors. Seed rot, seedling death, cotton thrips, aphids, bollworms, mites,
leathoppers, and whitefly are the most common damaging factors in the Iran. The use of sulfur formulations is very important for
the management of diseases and pests. In this project, the effect of liquid sulfur on reducing the damage caused by the spider
mite, one of the important damaging factors in cotton fields, was carried out with 6 treatments in 4 replications at Hashmabad
cotton research station in Gorgan in 2022-2023. The obtained results show that liquid sulfur treatment with a dose of 4 per
thousand per hectare after 7 to 10 days of spraying with an average of 56-72% effect on the cotton spider mite had the greatest
effect compared to common poisons. Average of the highest percentage effect of liquid sulfur and tested acaricides on the cotton
spider mite on sampling dates, liquid sulfur 2 and 4 parts per thousand with an average effect of 50.8-53.25 percent and acaricide
propargite 1lit’/ha with average effect of 47.08%. Therefore, due to the cheapness of liquid sulfur and its availability, it can be
used in the integrated cotton pest management program in Golestan province. In addition, Liquid sulfur treatment with a dose of
6 per thousand per hectare showed burn marks on cotton leaves.
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1. Introduction

One of the important components of integrated manage-
ment is the use of low-risk pesticides and reducing the amount
of pesticide used. Sulfur is produced in abundance in Iranian
refineries as a cheap by-product, and its maintenance is ex-
pensive, and its preparation and distribution are easy. One of
the important components of integrated management is the
use of low-risk pesticides and reducing the amount of pesti-
cide used. On the other hand, helping to reduce the import of

foreign pesticides and relying on chemicals that are produced
domestically will help to achieve self-reliance and reduce
production costs. It is possible to control several diseases and
pests simultaneously. It has low toxicity to humans and live-
stock. It is compatible with other chemicals. It has acaricidal
and insecticidal properties [2]. Cotton pests are one of the
challenges of growing this crop in the world and in Iran.
Cotton is attacked by numerous diseases during its growth
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period, the importance of each of which depends on the vari-
ety planted, the climate of the planting area, and various ag-
ronomic and biological factors [1]. First season damaging
factors: hilima fly, root wireworm, crown borer, cotton thrips
and among the damaging factors in the middle of the cotton
season: Cotton green leaf hopper and sugar beet caterpillar,
cotton bollworm and caraderina, prodenia, white fly cotton,
cotton spider mite (SM), cotton stem borer, and cotton leaf
miner. The acaricidal and insecticidal effects of sulfur are also
significant [3, 10]. The population of mites and insects on
plants sprayed with sulfur is drastically reduced. Sulfur can
prevent the development of wounds on the surface of plants
and limit the growth of pathogenic fungi [8]. The activity of
the cotton bollworm on the fruit-bearing organs (buds, flowers,
especially bolls) causes these organs to fall off, and causes the
destruction of several cells in the boll. The activity of the
sucking pests, in addition to causing damage by weakening
the plants, causes sap to appear on the aerial parts of the plant,
especially the cotton fibers (opened bolls), which reduces the
performance of the fibers and causes problems in the textile
industry. Cotton mite activity in the stages after the peak of
flowering causes a decrease in plant sap and shedding of
young fruit-bearing organs [4]. Sulfur has long been a useful
fungicide-acaricide-insecticide and was the only acaricide
used to control mites until about 1920 [6]. Sulfur has many a
vantage for use as an acaricide: low toxicity to applicators and
consumers [7], low cost, availability in most areas, etc. Dis-
advantages include the fact that sulfur could be toxic to many
plant species.

The mechanism of action on mites remains obscure but its
efficiency is enhanced by high temperatures. A minimum of
17°C is necessary to observe the acaricidal effect [9]; at lower
temperatures its efficiency is reduced [11].

The acaricide effect of sulfur (micronised wettable sulfur)
was studied on three developmental stages (eggs, pro-
tonymphs, females) of Tetranychus urticae Koch. Three pa-
rameters were tested: the temperature, the humidity and the
dose of application. Whatever the conditions tested, the mor-
tality was complete for protonymphs and high for adults. The
female fecundity and the viability of the progeny decreased
when temperature and/or humidity increased. The toxic effect
of sulfur on eggs (which was never proved before) depended
on the combined influence of temperature and humidity, from
a threshold temperature of 27°C and a threshold humidity of
75%. This study allows us to confirm that sulfur is toxic to T.
urticae. The extension of this work will allow us to know in
what proportion sulfur could be involved in controlling phy-
tophagous mites [5].

Liquid sulfur (LS): This type, which is one of the new
sulfur formulations, is produced through a different process
than the sulfur found in refineries and is claimed to be a very
strong insecticide and fungicide, with 100% solubility in
water. It increases yield, is effective in nourishing cotton, can
be used in saline, alkaline soils, increases product quality, is
an antiseptic, helps increase the absorption of phosphorus,
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iron, zinc and manganese in the soil, helps increase plant
resistance to drought and cold, has high absorption capacity in
plants [5]. Mach's idea in 1879 was that sulfur toxicity was
physical, with sulfur crystals acting as lenses, focusing sun-
light on fungal tissues. In contrast, the new theory is based on
the chemical effects of sulfur, which suggests that sulfur acts
as an antimetabolite of oxygen. Sulfur does not sublime at low
temperatures, and its effect is significantly reduced. At tem-
peratures above 35 degrees, it causes plant burn [10].

2. Material and Methods

2.1. Cotton Spider Mite

To implement the project, a plot of land was planted at the
Hashemabad Cotton Research Station in Gorgan with the
commercial variety Golestan, and the experiment was con-
ducted during the growing season, simultaneously with uni-
form infestation with the spider mite population (SM). The
size of each experimental plot is 5 x 10 square meters, the
distance between each plot is one meter, and the distance
between each repetition is 2 meters. A backpack automizer
sprayer was used for spraying after calibrating it.

2.2. Statistical Analysis

This experiment was conducted with 6 treatments in 4 rep-
lications. The treatments tested were liquid sulfur SC 80%
(LS) with 4 doses of 1, 2, 4, and 6 per thousand and the aca-
ricide Propagite SC 57% with a dose of 1 liter and a check
(without spray).

The sampling: The spider mite population (SM) was
counted one day before spraying, 3, 5, 7, 10, 15 and 20 days
after spraying. Five plants on 15 random leaves of each plot
were counted in the laboratory under the binocular and rec-
orded in special tables. The percentage of treatment effec-
tiveness was calculated using the Tilton-Henderson formula.
At the end of the growing season, statistical analysis was
performed using SAS software.

3. Results

Based on the experiments conducted and data transfor-
mation, the results and analysis of variance in the experiment
show that no significant difference was observed among the
tested treatments, but the comparison of their average per-
centage of effect based on Duncan's test on the survey dates is
as follows:

On the 3rd day after spraying, liquid sulfur treatment (LS)
at 2 and 4 parts per thousand with 44.75 and 44.50 percent had
the highest effect on mites in group a compared to Proparasit
acaricide with 20.75 percent effect at the 5% level in group ¢
(Table 1).

On the 5th day after spraying, sulfur treatment (LS) was 2
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parts per thousand with an average of 59% effectiveness in
group a, and propargite acaricide with 46% effectiveness in
group ab, and sulfur 4 parts per thousand with an average of

25.40% effectiveness on mites was at the 5% level in group ab.

- At 7 days after spraying, sulfur 4 in per thousand with an

average of 56% effectiveness in group a, sulfur 2 in per
thousand with an average of 48.25% effectiveness, and pro-
pargite with an average of 47.25% effectiveness on mites were
placed at the 5% level in group ab (Table 1).

Table 1. Analysis of variance table of the percentage effect of liquid sulfur on spider mites Tetranychus urticae after 3, 5, 7, 10, 15, and 20 days

after spraying in the cotton fields Gorgan.

After After After After After After Total of Ave. Ave. per-
Treat. spraying spraying S  spraying 7 spraying 10  spraying 15 spraying 20 percentage centage
3 days days days days days days effect. effect.
Liquid Sulfur
SC 80% 31.25ab 33.50b 26.75bc 53.75ab 59.25b 36.25bc 240.75b 40.13b
(1tho/ha)
Liquid Sulfur
SC 80% 44.75a 59a 48.25ab 43.50b 58.25b 46.75a 300.50ab 50.08ab
(2tho/ha)
Liquid Sulfur
SC 80% 44.50a 40.25ab 56a 72a 61.50ab 45.25ab 319.50a 53.25a
(4tho/ha)
Liquid Sulfur
SC 80% 26b 33.50b 26.75b 42.25b 63ab 47.50a 212.25¢ 35.38¢c
(6tho/ha)
Propargite
SC57% 20.75¢ 46ab 47.25ab 57.50ab 72.75a 38.25b 282.50ab 47.08ab
(1lit/ha)
CV% 27.01% 11.24% 17.15% 20.85% 6.32% 34.80%

On the 10th day after spraying, liquid sulfur treatment (LS)
4 in per thousand with an average of 72% had the highest
effect in group a, proparasit poison with an average of 50.57%
effect in group ab, and sulfur 2 in per thousand with an av-
erage of 50.43% effect on mites (SM) at the 5% level in group
b (Table 1).

At 15th day after spraying, Propargite treatment had the
highest effect of 72.75% in group a, and liquid sulfur (LS) 6 in
per thousand with an average of 63% and liquid sulfur 4 in per
thousand with an effect of 61.50% on mites (SM) at the 5%
level in group ab (Table 1).

At 20 days after spraying, liquid sulfur (LS) treatment had
the highest effect with an average effect of 47.50 percent, and
sulfur 2 and 4 per thousand had the average effect of 46.75
and 45.25 percent, respectively, in group ab, and the lowest
effect was sulfur 1 per thousand with an average effect of
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25.36 percent on mites at the 5% level in group be (Table 1).

It should be noted that according to the experiment con-
ducted in liquid sulfur (LS) treatments with a dose of 6 per
thousand per hectare, burn marks were observed on cotton
leaves. Therefore, this dose of liquid sulfur (LS) is not rec-
ommended in cotton fields.

4. Conclusion

According to the results obtained from the experiment,
liquid sulfur (LS) treatment at a rate of 4 parts per thousand
per hectare 7-10 after spraying had a good effect on the cotton
spider mite pest, with the highest average of 56-72 percentage,
compared to the recommended pesticides (Table 2).
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Table 2. The highest percentage of effect of liquid sulfur on spider mites Tetranychus urticae in the days after spraying in the cotton fields

Gorgan.

Treat.

Liquid Sulfur SC 80% (1tho/ha)
Liquid Sulfur SC 80% (2tho/ha)
Liquid Sulfur SC 80% (4tho/ha)
Liquid Sulfur SC 80% (6tho/ha)
Propargite SC57% (1lit/ha)

Thus, average of the highest percentage effect of liquid
sulfur (LS) and tested acaricides on the cotton spider mite
(SM) on sampling dates, liquid sulfur (LS) 2 and 4 parts per

After spraying days

7, 10 after spraying days
7, 10 after spraying days
7, 10 after spraying days
10, 15 after spraying days
10, 15 after spraying days

Ave. percentage effect.

26.75-53.75
43.50 - 48.25
56 -72
42.25-63
57.50-72.57

thousand had the greatest effect on mites, with an average
effect of 50.8-53.25 percent and acaricide propargite 1lit/ha
with average effect of 47.08%. (Figure 1).
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Figure 1. Average percentage effect of liquid sulfur and miticides on Tetranychus urticae in the cotton fields of Gorgan.

The results of this study are consistent with the use of sulfur
against plant pests that has been used since 1975. Sulfur has
long been a useful fungicide-acaricide-insecticide and was the
only acaricide used to control mites until about 1920 [6].
Sulfur has many a vantage for use as an acaricide: low toxicity
to applicators and consumers [7], low cost, availability in
most areas, etc. Disadvantages include the fact that sulfur
could be toxic to many plant species. In this study the results
are consistent the effect of liquid sulfur at the conditional
temperatures of 27-35°C and relative humidity of 70-75%
during the growing season in cotton fields has the highest
mortality rate on the life stages of mites.

The results of this study are consistent with acaricide effect
of sulfur (micronised wettable sulfur) was studied on three
developmental stages (eggs, protonymphs, females) of
Tetranychus urticae Koch. Three parameters were tested: the
temperature, the humidity and the dose of application.
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Whatever the conditions tested, the mortality was complete
for protonymphs and high for adults. The female fecundity
and the viability of the progeny decreased when temperature
and/or humidity increased. The toxic effect of sulfur on eggs
(which was never proved before) depended on the combined
influence of temperature and humidity, from a threshold
temperature of 27°C and a threshold humidity of 75%. This
study allows us to confirm that sulfur is toxic to 7. urticate [5].

Therefore, it is necessary to replace the common acaricides
in the region, which have been used for many years, in order
to prevent possible resistance in the pest in the future.

It is suggested that, given the cheapness of liquid sulfur
(LYS), its effect on the bollworm, a key cotton pest, be inves-
tigated and, if it has a suitable effect on the bollworm, it be
used in integrated management programs for important cotton
pests.
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Abbreviations
LS Liquid Sulfur
SM  Spider Mite
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