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Do the diversity of plants and sulphur ")
application influence the population
fluctuation of insect predator?
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Abstract

Background: Numerous predatory insects were recorded on different plants; some were fed on the floral nectar
and others as visitors. Other insects used any plant as a shelter or associated with their prey. Pollinators and
beneficial arthropods suffering from a wide range of chemical pesticides are used. So, seeking for safer alternatives
is mandatory to conserve such beneficial arthropods. Sorell-98% is a sulphur formulation which was examined
against some insect predators with minimal adverse impacts.

Method: Agricultural Sorell-98% (commercial Sulphur formulation) was applied to protect many crops against some
plant diseases and sucking insect pests (aphis, whiteflies, thrips) and mite pests as well. This formulation was
applied at a rate of 30 kg/Feddan after 30 days of plantation. Two rectangular areas (ca. 700 m? each) were chosen
to execute experiments. The first area was in a field which was sown with marrow plant, while the second was in
an okra field. Each area was partitioned into four equal plots (ca. 75 m?). Similar plots (third area) were done but
received no treatments (second control area). Examination of the mean numbers of the natural enemies was
recorded at several intervals and was achieved at 7 am. Samples of 50 plants were inspected—on spot—per plot/
time interval in the three experimental zones. The mean number of each predator/time interval and percentage of
increase and/or decrease was calculated.

Results: Results reveal that the abundance of the target predators was affected indirectly in different cultivated
plants after sulphur application, as a result of different plant nature and consequently the population of pests
invaded. At all inspection periods, it was observed that the mean numbers and abundance of adult predators on
marrow plants was more than that reported in an okra field. Under all inspection times, there was a significant
difference between the mean numbers of recorded predators, where Coccinella adults recorded the highest mean
numbers, followed by Chrysoperla adults. Stethorus adults recorded the least mean number, either before or after
sulphur application.

Conclusion: The abundance of any arthropod predators is closely related with their favourable insect prey and did
not relate to a certain plant by itself. The three tested adult predators were—to some extent—affliction from the
sulphur application.
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Background

The application of synthetic pesticides has caused a
threat to non-target organisms and the environment due
to their overuse (Savary et al. 2006). Since the release of
xenobiotic results in the increase of environmental risk,
the goal should be to use such compounds carefully so
that they cause the least negative impact on the environ-
ment (Savary et al. 2012) into which they are released.
To remove harmful effects on the non-target organisms,
encapsulation of the active ingredient with other mate-
rials such as a polymer can allow sensitive ingredients to
be physically enveloped into a protective matrix in order
to protect core materials from adverse reactions due to
factors like air or light (Madhuban et al. 2012).

Several studies have shown negative effects of sulphur
on natural enemies including predators, parasitoids, and
predatory mites. Sulphur as a natural material and its
commercial formulations are now using to control many
plant diseases and some piercing-sucking insect pests

Numerous predatory and parasitoid insects were re-
corded on different plants, and many of them fed on the
exposed floral nectar; others used any plant as a shelter
or were associated with their prey (Bugg et al. 1987,
Finch and Collier 2000, Sunderland and Samu 2000).

Pollinators and beneficial arthropods suffering from
the wide range of chemical pesticides are used (Cohen
et al. 1996; Araya et al. 1997b; Kumar and Singh 2002;
Newman et al. 2004; Linda 2012). Seeking for safer alter-
natives is mandatory to conserve these beneficial arthro-
pods. Several studies have shown the negative effects of
sulphur application on natural enemies including para-
sitoids, predatory mites, and spiders (Martinson et al.
2001; Gent et al. 2009; Nash et al. 2010).

Sulphur as a natural material and its commercial for-
mulations as well are now used to control many plant
diseases, insect pests, and some piercing-sucking insect
pests (Cohen et al. 1996; Araya et al. 1997a, b; Kumar
and Singh 2002, Biondi et al., 2012).

Many sulphur formulations were applied to protect
plants and to control some insect pests (Wetzel and
Dickler 1994; Newman et al. 2004). Sorell-98% is one of
the sulphur formulation which was applied according to
the Egyptian Ministry of Agriculture recommendations.
This formulation was examined against some insect
predators with minimal adverse impacts toward these
tested natural enemies (Matter et al. 2018 and Matter
et al. 2019, Gesraha and Ebeid 2019).

This work is to investigate the following: (1) Do diversity
of plants influence the population fluctuation of the three
tested insect predators? (2) How far are these two different
tested factors in combination with the tested formulation
induced adverse effects on the density and abundance of
the three natural enemies, Coccinella undecimpunctata,
Chrysoperla carnae, and Stethorus punctillium naturally
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existing in fields of okra (Hibiscus esculentus L.) and
marrow (Cucurbita pepo 1.)?

Methods

1- Randomized complete block design was applied for
this experiment.

2- Sorell-98% (trade name of Sulphur formulation) was
manufactured by Kafr El-Zayat Co. and was applied
in okra and marrow fields at the rate of 30 kg/Fed-
dan 30 days post plantation against some plant dis-
eases (rusts, mildew, powdery mildew, etc) and
sucking insect pests (whiteflies, leathoppers, aphids,
plant bugs) and mites.

3- Dusting of sulphur was carried out using Chapin
5000 16-Ounce Hand Rose and Plant Duster
Sprayer - Model #5000 duster 30 days post sowing.

4- Field experiments were carried out (as described by
Gesraha and Ebeid 2019 and Matter et al. 2018,
2019) in two separate fields already planted, one for
marrow and the other for okra plants in Manawat
village, at Giza Governorate. All agricultural
practices were carried out as usual. Just before
sulphur formulation was applied (as Ministry of
Agriculture recommendations), two rectangular
sections (ca. 700 m? each) were chosen in each
field. Each section was divided longitudinally into
two equivalent parts (first part of them for
treatment and the second part as a control adjacent
to the treated one), each of them comprises six
rows, and each part was partitioned into four plots
about 75 m? each. Similar plots (third area) were
prepared, but no treatments were made (second
control area). Surveying the mean numbers of the
objective natural enemies in the target territories
was recorded at several intervals (just before
dusting, 2, 12, 24, 48, and 72 hours and 7 days post
application) was accomplished early in the morning
(7 am). Samples of 50 plants were inspected—on
spot—per plot per time interval in the three tested
zones. The average number of each natural enemy/
time interval and the percentage of increase and/or
decrease were calculated.

Statistical analysis

MSTAT-C Statistical Package (Freed, 1985) Computer
program was used. Analysis of variance (ANOVA) F-test
was applied. Randomized complete block design for
factor A, with factor B as a split plot on A and factor C
as a split plot on B. Least significant difference test
(LSD) was carried out for mean differentiation.

Factorial ANOVA for the factors is as follows:

— Factor A (Var 1: plant) with values from 1 to 2
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— Factor B (Var 2: predators) with values from 1 to 3
— Factor C (Var 3: treatment) with values from 1 to 3
— Replication (Var 4: replicates) with values from 1 to 4

Results

Data in Table 1 reveal that—in case of tested factor A
(tested plants)—the abundance of the target predators
was affected with different cultivated plants after sulphur
application (0 h), that is a direct result of the idea of the
plant and consequently the population of pests invaded.
At all inspection times, it was observed that the abun-
dance of adult predators on Marrow plants was more
than that reported in the okra field. The same result was
observed at all inspection times (Table 1).

In the case of time effect post application, the tar-
get predators were affected with sulphur application
(Table 1) factor B (predators), it was observed that,
under all inspection times, there was a significant dif-
ference between the mean numbers of recorded pred-
ators, where Stethorus predator recorded the least
mean number, either before or after sulphur applica-
tion, indicating that this predator was scarce or more
susceptible to sulphur application than the others.
Chrysoperla adults’ mean numbers were ranked the
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second. Lastly, Coccinella adults recorded the highest
mean number of adults, almost at all inspection
intervals (Table 1).

As for factor C (plot treatments), examining the reac-
tion of adult predators towards sulphur application, the
mean number of adults recorded at treated plots was
significantly lower than that for control plots, except
that recoded at 0 h. Statistically, there was insignificant
difference between them (Table 1). In addition, it was
observed that at 2 and 168 h post application, a signifi-
cant difference between the mean numbers of recorded
adults for the three treatments was occurred, where the
other inspection intervals clarify that insignificant differ-
ence exists between untreated plots of the first and
second area (Table 1).

Regarding to the interaction (Plants*Predators) effects of
the chosen plants upon the tested predator’s abundance
after sulphur application (Table 2), significant differences
were observed at all inspection periods between the mean
numbers of the target predators. Generally, marrow field
attains the highest mean number of adult predators than
that of okra. The higher mean number of adults lacewing
achieved in marrow field across all inspection time
followed by Coccinella adults either in Marrow or Okra

Table 1 Mean numbers of the abundance of the tested adult predators related to three examined factors

Post treatment intervals (hours)

0h 2h 12h 24 h 48 h 72 h 168 h
Mean number of predators + SE
Plant
Okra 742 +073° 414+ 053° 758 + 1.16° 733 + 1.09° 881 + 1.02° 858 + 0.94° 969 + 093°
Marrow 1336+ 1.06° 1250+ 1.71° 1456 £ 186> 1564 +203" 1483+ 157° 1344+ 125 1350 + 144°
F value 141346 338484** 77.619%* 2506.570%* 20315%* 18.161* 45593**
P value 00013 0.0004 0.0031 0.0000 00124 00237 0.0066
Predators (B)
Coccinella 1358 4095 1029+ 159° 1546 +172°  1579+183% 1625+ 163° 1563+ 103° 1646+ 1.17°
Chrysoperla 1146 £ 155°  1138+226° 1271 £253°  1438+264° 1325+ 189° 1204+ 157° 1258+ 1.70°
Stethorus 613+059C 329+ 049° 504 + 082° 429+ 079° 596 + 0.70° 538 + 0.66° 575 + 062°
F value 24.899** 100.812%* 52002%* 180.713* 48931%* 132.578%* 61.030%*
LSD at 5% 2373 1.346 2305 1437 2332 1392 2138
P value 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Treatments
Control 10134125 908+ 1.33° 1467 £ 180°  1454+201°  1388+179° 1325+ 156" 1404+ 181°
Sulphur treated 1113 +129° 346+ 076° 392 + 080° 504 +092° 746 + 1.04° 7.75 + 1.05° 888 + 1.21°
Untreated second area 992 +129° 1242 + 233° 14.63 + 231° 14.88 + 2.60° 1413 £ 191° 12.04 + 1.44° 11.88 + 1.37°
F value 1169 85.637** 234577%* 101.773* 32.172% 38261 18493**
LSD at 5% - 1403 1160 1587 1911 1340 1730
P value 03221 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Means in a column followed with the same letter(s) are not significantly different (P at 5%)

**Highly significant
NSInsignificant
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Table 2 Interaction of two factors (Plant*Predator) with respect to the adult predators abundance
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Plant*Predator

Post treatment intervals (hours)

oh 2h 12 h 24 h 48 h 72 h 168 h
Mean number of each predator + SE
Okra Coccinella 1183 £130° 633+ 099 1442 +214° 138341965  1525+179° 1492+ 132° 1542 + 162°
Chrysoperla 417 + 0.17° 275 + 069° 3.25 + 062° 358 0319 517 +035° 583 + 037° 7.58 + 0.34°
Stethorus 625 + 0.71¢ 333 +075° 508 + 1.16° 458 + 1.28° 6.00 + 099° 500 + 0.99° 6.08 + 097°
Marrow  Coccinella 1533 +123°  1425+259°  1650+275°  1775+308° 17254279 1633+ 161%° 1750 + 169°
Chrysoperla 1875+ 055 2000 +272° 2217 +318° 25174279  2133+173° 1825+ 1.78° 1758 + 2737
Stethorus 6.00 + 0.96° 325 + 066° 500 + 1.19° 592 + 098" 592 + 1.02° 575+ 091° 542 +079°
F value 25.080% 98.521%* 48343 157.734% 34139 52582%* 15918%
LSD at 5 % 3356 1.904 3259 2033 3297 1.969 3024
P value 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 00004

Means in a column followed with the same letter(s) are not significantly different (P at 5%)

**Highly significant

fields. Stethorus adults recorded the lowest mean number
under both examined plants (Table 2).

As for the interaction (Plants*Treatments) between the
tested plants and treated and untreated plots on the
abundance of examined predators adults, it was found
that almost all inspection interval achieved significant
differences except that of 0 h (before application) and
168 h (1 week post application) where insignificant dif-
ferences were recorded (Table 3). On another view, the
mean number of recorded adults at the untreated second
zone was higher than that of others, and those recorded
from the marrow fields, in general, was higher than that
of okra fields across all inspection intervals (Table 3).

Data illustrated in Table 4 shows the impact of inter-
action effects of sulphur treatments on the abundance of
the tested adult predators (Predators*Treatments). It was
noticed that all inspection intervals achieved significant

differences between the mean numbers of adult preda-
tors, except that for 0-h interval, as usual, which was in-
significant (F = 0.960). Generally, Stethorus recorded the
most minimal mean number of adults, which was statis-
tically negligible, regardless of the mean numbers of the
other two predators for the three assessed plots.

Almost in all inspection intervals, Coccinella adults re-
corded the highest mean numbers, pursued by lacewing
adults. Moreover, the untreated second territories re-
corded the most remarkable number of adults, especially
in the case of Coccinella adults, then followed by the un-
treated plots adjacent to the treated one (control) then
treated plots, which were recorded the lowest mean
numbers of adult predators (Table 4).

Regarding the interaction effects between all factors to-
gether (Plants*Predators*Treatments) and their impact on
the adult predators’abundance, data could be summarized

Table 3 Interaction of two factors (Plant*Treatment) with respect to the adult predators’ abundance

Plant*Treatment Post treatment intervals (hours)

0h 2h 12h 24 h 48 h 72 h 168 h
Mean number of predators + SE
Okra Control 708125  583+077°  1208+239° 1108 +249° 1092 +202° 1067 +176° 1117 +173°
Sulphur treated 867 148  158+072% 308+119" 358+086° 567 +£099°  625+129° 800+ 173°
Untreated second area 560 + 094° 500+ 068 758+ 076°  733+080%  983+099°  883+071° 992+091°
Marrow  Control 1317 £182°  1233+221° 1725+258° 1800+ 292° 1683 +277° 1583 +241° 1692 + 3.02°
Sulphur treated 1358+ 191° 533+ 1.13°  475+107° 650+155¢  925+172° 925+159° 975+ 173°
Untreated second area 1333 £192° 1983 +347° 2167 +334% 2242 +080° 1842 +399° 1525+202° 1383 +232°
F value 0654 34.784** 62,643 31.383% 3.525* 3421% 2754
LSD at 5 % - 1.985 1641 2245 2702 1.895 -
P value - 0.0000 0.0000 0.0000 0.0400 0.0436 -

Means in a column followed with the same letter(s) are not significantly different (P at 5%)

*Significant
**Highly significant
NSInsignificant
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Table 4 Interaction two factors (Predator*Treatment) with respect to the adult predators’ abundance

Predator*Treatment Post treatment intervals (hours)
0h 2h 12h 24 h 48 h 72 h 168 h
Mean number of each predator + SE
Coccinella  Control 1238+ 154° 950+ 100° 1863+ 221%™ 1913+ 147° 1663+ 178° 1625+ 103° 1563+ 1.72°
Sulphur treated 1538+ 178° 475+133% 7504082 663+080° 975077 11754068 1400 + 1.99°
Untreated second area 1300 + 1.61° 1663 + 345° 2025+ 311° 2163 +343° 2238 +333" 1888 +229" 1975+ 199°
Chrysoperla  Control 1150 £ 296° 1325+318° 1663 +432° 1663+508° 1675+ 456° 1638 +377° 1863 + 442°
Sulphur treated 112542587 438+164° 413+132° 77541915  1025+205¢ 988+ 142° 1013 £ 061°
Untreated second area 1163 + 285" 1650+ 5.14° 1738 +518°  1875+542° 1275+270° 988 +201° 900 + 0.89°
Stethorus  Control 650+ 118" 450 +087% 875+082°  788+138  825+08"° 713+077% 788+ 095%
Sulphur treated 675+ 1117 125+049° 013+013"  075+016° 238+057°  163+026° 250+ 057°
Untreated second area 513 +072° 413 +069%  625+049°  425+0779 725+ 94° 738 +082% 688 + 044°
F value 0960"° 11.679% 8287 9682 6.662** 9.591%* 11,198
LSD at 5 % - 2431 2009 2750 3310 2321 2997
P value - 0.0000 0.0001 0.0000 0.0004 0.0000 0.0000

Means in a column followed with the same letter(s) are not significantly different (P at 5%)

**Highly significant
NSInsignificant

in Table 5. As frequent of this experiment, 0-h interval ex-
hibit insignificant differences (F = 0.668) between tested
factors and mean numbers of recorded adult predators.
While all other check-up intervals reflect significant differ-
ences between the abundance of adult predators’ accord-
ing to the tested factors.

Although there were some differences between the re-
corded mean numbers of adult predators at 0-h interval, but
these differences were statistically insignificant (Table 5).

Otherwise, the rest of all inspection period intervals ex-
hibited highly significant difference between predators
abundance as a result of all examined factors together. Gen-
erally, marrow fields comprised the highest mean number
of adult predators, where Chrysoperla ranked the first, and
Coccinella was the second, while Stethorus was ranked
third, which record the least mean numbers (Table 5).

After 2, 12, and 24 h of sulphur application, the mean
numbers of Chrysoperla adults recorded was the highest
in untreated second area plots. Then after 48, 72, and
168 h additionally, the recorded mean number was the
most elevated at untreated plots contiguous the treated
one.

Adults of C. undicempunctata records the most super-
ior mean numbers just at 24 and 48 h post treatment for
the second untreated region of marrow field.

Generally, marrow field comprised higher mean num-
bers of the target predators than okra field. The mean
numbers of Chrysoperla in marrow field ranged between
15.50 and 33.00 individuals, while Coccinella ranged
from 25.50 to 30.00 individuals, across all inspection pe-
riods. The corresponding figure for okra field ranged
from 0.25 to 8.75 and 3.25 to 22.25 individuals, for

Chrysoperla and Coccinella, respectively. Stethorus
adults’ mean numbers were ranged between 0.00 to 8.75
and 0.25 to 8.75 individuals for marrow and okra fields,
respectively (Table 5). From the abovementioned data, it
was observed that Coccinella adults were more abun-
dance for either marrow or okra fields throughout our
experiment, regardless of different tested factors,
followed by Chrysoperla while Stethorus adults nearly
were the same (Table 5).

In other view, Table 5 showed that the highest re-
corded mean number [“a” green colour] was recorded in
untreated second area and control plots, especially in
marrow field for Chrysoperla throughout almost all in-
spection intervals; then followed by the recorded mean
number [“b” yellow colour] for untreated second area
for Coccinella in marrow field too. Then the recorded
mean number for Coccinella (21.25 and 16.50 at 24 and
48 h post treatment, respectively). After that, most of all
recorded numbers were somewhat near to each other
throughout all inspection intervals.

On the other side, Stethorus recorded the least mean
numbers when compared with the two other predators
in all treated and/or untreated plots throughout all in-
spection intervals either in okra or marrow fields.

Discussion

The present work shed light on sulphur application im-
pacts upon the three important predators, which were
naturally prevailing in okra and marrow fields. The dif-
ferences in the recorded mean numbers of adult preda-
tors not only referred to sulphur application, but also to
the many other factors (Ali et al. 2007; Al-Dahawi et al.
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2010; Haddad et al. 2009, 2011; Johnson et al. 2006,
2009; Schmitz 2006). They reported that the develop-
mental stage of insect pests and the elements of the leaf
contents and its concentrations are responsible for
making a certain plant more favourable than another for
insect pests feeding, and these findings were in accordance
with our results about the diverse predator mean numbers
prevailing in okra and/or marrow plants as associated
predators of different insect pests.

In addition, our results about the abundance of preda-
tors adults on either okra or marrow plants were par-
tially matched with that reported by Mooney and
Agrawal (2008) when they work on Milkweed genotype;
they mentioned that little information is known about
the mechanisms by which plant genotype configure the
arthropod community structure. They referred that to
many different factors including pest species, climatic
conditions, the associated predatory arthropods existing,
the plant age, and lastly plant sap and its favourability by
insect pest for feeding, consequently the abundance of
its associated predatory arthropod.

Our findings matched with Chakraborty et al. (2014) and
Bhatt et al. (2018) on their survey on okra fields. They men-
tioned that there was a diversity of insect pests and their
predators, naturally occurring. These predators are belong-
ing to different Orders especially Coleopteran, Orthoptera,
Neuroptera Lepidoptera, Hemiptera, and Dictyoptera.

Our results revealed that the three examined adult
predators were somewhat suffering from the sulphur ap-
plication. Adult predators escaping from treated plants
into other clean plants are either adjacent to the treated
plots or moves to other far plants. This result was in
agreement with that reported by Matter et al. (2018,
2019) and Gesraha and Ebeid (2019).

In addition, results explain that the difference between
the sprayed tested plants was significantly affected by
the mean numbers of the recorded predatory adults.
Where marrow plant was heavily invaded by different in-
sect and/or mite pests consequently comprised a large
number of different examined predators, these findings
agreed with that reported by Matter et al. (2018, 2019)
and Gesraha and Ebeid (2019).

Conclusion

It could be concluded that the abundance of any arthro-
pod predators is strongly associated with their preferable
insect pest (prey) and did not relate to a certain plant by
itself (Tables 3 and 5). The three tested adult predators
were—to some extent—suffering from the sulphur appli-
cation as shown in Tables 3, 4, and 5. It was obvious that
adult predators escaping from treated plants into other
clean plants are either adjacent to the treated plots or
travel to other plants to avoid the adverse effect of sulphur
formulation, i.e. sulphur formulation act as repellents for
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the tested adult predators. In addition, sulphur formula-
tion may be toxic for the adult predators if it contacts
them. Adult predators start to return back again after dif-
ferent periods according to its capability to resist the
sulphur residues and re-established once more.

We recommended that sulphur (in any formulation)
must be applied with high restrictions, either as fertilizer
or as a pesticide, to preserve the wildlife of arthropod
pollinators and mites and/or insect predators.
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