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Eff ects of exogenous abscisic acid on antioxidant system of 
salt tolerant and salt sensitive cotton cultivars

K.M. Kuldoshova*, A.A. Akhunov, N.R. Khashimova and J.F. Ziyavitdinov

Summary   Salinity is one of the most imperative global problems that aff ect crop productivity on a 
large scale. Salinity impairs plant growth and development by imposing various stresses. Therefore it 
is vital to decode those stress factors and identify possible solutions to improve agriculture productiv-
ity. However, the adaptive mechanisms under saline conditions of glycophytes have not been studied. 
The present study was undertaken to determine the eff ects of exogenous abscisic acid (ABA) on salini-
ty tolerance in cotton plants. Some patterns of resistance development were revealed on the seedlings 
of two cotton cultivars, a salt-tolerant (Gulistan) and a salt-sensitive one (C-4727). Moreover, the antiox-
idant potentials of these cultivars were compared. The activities of ascorbate peroxidase (APX), super-
oxide dismutase (SOD), as well as the quantity of endogenous ABA, malondialdehyde (MDA), and free 
proline (Pro) were determined in control and post treatment. Our results demonstrate signifi cant dif-
ferences between the salt- tolerant and sensitive cotton seedlings in response to saline stress, i.e., high 
levels of Pro and endogenous ABA, but lower MDA concentrations, and higher activity of APX and SOD 
for the salt-tolerant cultivar, Gulistan, as compared to the salt stress-sensitive cultivar C-4727. 

Additional keywords: ascorbate peroxidase, free proline, Gossypium hirsutum L., lipid peroxidation, salinity, 
superoxide dismutase

and yield in salt-aff ected environments. 
Phytohormones, as the main compo-

nents of the plant regulatory system, play a 
key role not only in plant growth and mor-
phogenetic processes but also in adaptive 
reactions associated with exposure to unfa-
vorable factors (Hojin and Yong, 2015). To im-
prove the adverse outcome of salinity stress 
on plant growth, diverse phytohormones 
are extensively used (Hojin and Yong, 2015). 
In this context, the plant hormone abscisic 
acid (ABA) is considered an important agent 
in the mechanisms of resistance and adap-
tation in plants against salt stress conditions 
(Bakhsh et al., 2011). Thus, ABA acts as a me-
diator in controlling adaptive plant respons-
es to environmental stresses. It has been 
well documented that endogenous ABA ac-
cumulates in plants under abiotic stresses 
(Xiong et al., 2002). Nevertheless, ABA is in-
volved in several other physiological pro-
cesses, such as stomatal closure, embryo 
morphogenesis, development of seeds, syn-
thesis of storage proteins and lipids (Rock 
and Quatrano, 1995), as well as germination, 
leaf senescence and defense against patho-
gens (Richardson et al., 1987). Additional-

Introduction

Soil salinity is a major environmental limita-
tion to world agriculture aff ecting 800 mil-
lion hectares of land throughout the world. 
This is over 6 % of the world’s total land area, 
aff ected either by salinity (397 million hect-
ares) or associated condition of sodicity (434 
million hectares) (Munns, 2005). Salt stress 
alters various biochemical and physiological 
responses in plants and thus aff ects almost 
all plant processes including photosynthe-
sis, growth, and development (Iqbal et al., 
2006). In several crops negative eff ects of 
soil salinity have been well described. In to-
mato, salinity was determined to aff ect the 
crop yield, i.e., salt stress reduced dry and 
fresh weight of tomatoes and the biomass of 
tomato plants (Ghorbani et al., 2018, 2019). 
Studies on salinity stress will be a stride to-
wards the urgent need of developing crop 
varieties possessing a higher growth rate 
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ly, exogenous application of ABA enhanc-
es the tolerance of plants to various stresses 
including cold, heat, drought, heavy met-
als, anoxia, and other environmental fac-
tors (Ahmad et al., 2010). These and other 
findings suggest that ABA has a great agro-
nomic potential for improving the stress tol-
erance of important crops. 

Enzymes of the antioxidative system 
play a considerable role in the resistance of 
the cotton plant to stress factors (Meloni et 
al., 2002). The antioxidant state of the plant 
is identifi ed by the balance between proox-
idant and antioxidant reactions occurring in 
cells (Mandhania et al., 2006). Characteriza-
tion of antioxidant system functions is im-
portant to evaluate how the plant adapts to 
environmental changes (Mittal et al., 2012).

The present work examines the eff ect 
of exogenous ABA on enhancing salt resis-
tance of a salt-tolerant (Gulistan) and a salt-
sensitive (C-4727) cotton cultivar. The enzy-
mic activities of superoxide dismutase (SOD) 
and ascorbate peroxidase (APX), and quanti-
ty changes of malondialdehyde (MDA), free 
proline and endogenous ABA in these culti-
vars were also studied to establish the dif-
ferences in antioxidative potential. 

Materials and methods

Plant materials and stress treatment
Seven-day-old seedlings of two cotton 

(Gossypium hirsutum L.) cultivars with vary-
ing degrees of salt tolerance, i.e., a salt-tol-
erant (Gulistan) (Akhmedov et al., 2022) and 
a salt-sensitive one (C-4727) (Babaeva et al., 
2020), were used in this study. The cotton 
seeds were treated with concentrated sulfu-
ric acid and washed under tap water for 10-
15 minutes. The seeds were further soaked 
in distilled water for 12 hours. The swollen 
seeds were wrapped in paper rolls and in-
cubated for germination for 7 days in the 
moist chamber at 27°C. After the 7th day of 
germination, half of seedlings remained in 
the distilled water as control. The second 
half of the seedlings were divided into 4 
parts and kept in saline solutions: 1% NaCl; 

1% NaCl + 10-7 M ABA; 4% NaCl; 4% NaCl + 
10-7 M ABA. The cotton seedlings were ho-
mogenized in liquid nitrogen and used for 
biochemical analysis. 

Extraction of enzyme extract 
About 200 mg of seedlings of both va-

rieties were homogenized in 5 ml of 50 mM 
phosphate buff er (pH 7.8) containing 1% 
polyvinylpyrrolidone (PVP), 1 mM ascorbic 
acid and 1 mM phenylmethylsulphonyl fl u-
oride (PMSF) as described by Moran et al. 
(1994). After centrifugation at 7, 000 x g for 
15 min at 4-8°C the supernatant was dia-
lyzed against the same extraction buff er to 
be used as an enzyme extract.

Ascorbate peroxidase
The APX was assayed according to Naka-

no and Asada (1981). To a reaction mixture 
containing 1 ml 50 mM phosphate buff er 
(pH 7.0), 0.2 mM ascorbic acid, 0.2 mM eth-
ylenediaminetetraacetic acid (EDTA) and the 
enzyme, 20 mM H2O2 was added. The absor-
bance was recorded at 290 nm on the UV-
Vis spectrophotometer (ELICO, India) (ex-
tinction coeffi  cient of 2.8 mM-1 1cm-1 at 
30s intervals up to 7 min). A correction was 
made for the low, non-enzymatic oxidation 
of ascorbic acid by H2O2. The specifi c activi-
ty of the enzyme was expressed as units/mg 
protein.

Superoxide dismutase
The SOD activity was determined as de-

scribed by Giannopolitis and Ries (1977). As-
says were carried out on a rotating plate un-
der illumination. One unit of SOD activity 
was defi ned as the amount of enzyme re-
quired to cause 50% inhibition of the rate of 
p-nitro blue tetrazolium chloride reduction 
at 560 nm.

Total protein determination
To measure the activity of antioxidative 

enzymes, such as APX and SOD, to make a 
standard curve and to read the absorbance, 
quantitation of total protein content of sam-
ples was performed according to the Lowry 
method (1951) using bovine serum albumin 
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(BSA; Sigma-Aldrich, USA).

Lipid peroxidation
The Rogozhin et al. (1998) methodology 

of thiobarbituric acid (TBA) reaction was fol-
lowed to determine the level of lipid peroxi-
dation in terms of MDA concentration in the 
samples. For these analyses, about 500 mg 
of seedlings were homogenized with 5 ml 
of 0.1 % trichloroacetic acid (TCA) and then 
centrifuged at 7, 000 x g for 15 min. For every 
1 ml of aliquot, 4 ml of 20% TCA containing 
0.5% TBA was added. The mixture was heat-
ed at 95°C for 30 min and then cooled im-
mediately on an ice bath. The resultant mix-
ture was centrifuged at 7, 000 x g for 15 min, 
and the absorbance of the supernatant was 
recorded at 532 nm. The concentration of 
MDA was calculated by using an extinction 
coeffi  cient of 156 mM-1cm-1.

Determination of proline 
The method of Bates et al. (1973) was 

used for the determination of proline. About 
500 mg of leaf tissue was homogenized in 5 
ml of 3% aqueous sulphosalicylic acid. The 
homogenate was centrifuged at 7, 000 x g 
for 15 min. In a test tube, 1 ml of the extract 
was mixed with 2 ml of acid-ninhydrin con-
taining 1.25 g of ninhydrin in 30 ml of gla-
cial acetic acid and 20 ml of 6 M phosphor-
ic acid. Subsequently, 2 ml of glacial acetic 
acid was added and the mixture was heated 
for an hour at 100°C. Later, 4 ml of toluene 
was used to extract the reaction mixture. 
Further, the reaction mixture was vortexed 
for 20-25 sec. The chromophore contain-
ing toluene was aspirated from the aqueous 
phase, and the absorbance of the toluene 
layer was measured at 520 nm with toluene 
as blank. Values were expressed as millimole 
per gram of fresh weight.

Abscisic acid quantitation by HPLC
The quantitation of ABA was performed 

using Agilent Technologies 1200 series for 
HPLC (USA). The column 250 x 4.6-mm of 
strong anion exchanger (5- μm spherical par-
ticles of Adsorbosphere SAX, Alltech Associ-
ates, USA) was used for the next step of pu-

rifi cation. The samples were dissolved in the 
mixture of acetonitrile (30%) and 0.1% phos-
phoric acid (70%). Acetonitrile was a mo-
bile phase solvent A; trifl uoroacetic acid was 
used as a solvent B at 1 ml min-1. The solvent 
B concentration gradient was 30–50% at 10 
min, 50–50% at 5 min, and 50–30% at 2 min. 
A Waters model 440 fi xed-wavelength UV 
absorbance detector (Waters Corporation, 
USA) (254 nm) was used to detect ABA.

Statistical analyses
The results were statistically analyzed us-

ing Graph Pad Prism 8. Values are expressed 
as mean ± SD for three biological replicates 
per treatment. The analysis was conducted 
using T-test at P= 0.05.

Results and discussion

To assess the activity of antioxidant systems 
of a salt-tolerant (Gulistan) and a salt-sensi-
tive (C-4727) cotton cultivar, we determined 
the eff ects of the main enzymes of their an-
tioxidant protective system, i.e., the APX and 
SOD. The response of this system to salini-
zation is known to depend on the variety 
and type of plant, its physiological state, as 
well as on the level and duration of stress 
(Miguel et al., 2006). In our study, we man-
aged to identify the direct correlation be-
tween the levels of antioxidant system in-
duction and the degree of plant resistance 
to salinization. 

APX is a key enzyme in the ascorbate-glu-
tathione cycle playing a critical role in H2O2 
scavenging (Chawla et al., 2013). APX uses 
ascorbate as an electron donor to reduce 
H2O2 to water. Our fi ndings showed that the 
resistant cultivar had a much higher APX lev-
el in 1 hour (32.23 units) as compared to the 
sensitive cultivar C-4727 (20.6 units) (Table 
1). There was no appreciable change in APX 
activity in the tolerant variety, but the sensi-
tive one demonstrated APX increase at both 
levels of salinity stress. The 4% NaCl solu-
tion enhanced APX activity in C-4727, but it 
was much lower than in the tolerant cultivar. 
These results are supported by Benavides et 
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al. (2000) who reported a more signifi cant 
elevation of the APX levels in salt-tolerant 
potato clones than the one in a salt-sensitive 
clone. Similarly, Meneguzzo et al. (1999) ob-
served a greater increase in APX activity in a 
salt-sensitive cultivar than in a salt-tolerant 
one of wheat when exposed to NaCl stress. 
With the increase in salt stress, APX activity 
also increased in wheat (Heidari and Mesri 
2008), cotton (Desingh and Kanagaraj 2007), 
stevia (Omran et al., 2021) and sea rocket 
(Amor et al., 2007) suggesting that high lev-
el of APX and salt-induced increase in APX 
activity could impart tolerance by detoxify-
ing H2O2 generated upon exposure of plants 
to saline conditions.

Regarding the eff ect of exogenous ABA, 
the activity of APX in the seedlings of the 
salt-tolerant cotton cultivar was signifi cant-
ly higher in samples treated with 1% NaCl 
+ ABA, as compared with the ones treated 
with NaCl (39.43 units versus 32.23 units) 
while the control sample exhibited a signif-
icantly lower APX activity (27.6 units) (Table 
1). Our results suggest that oxidative stress 
can play a key role in the salt tolerance of 
the seedlings of a cotton cultivar under 
the salt stress; our salt-tolerant cultivar, Gu-

listan, turned out to have more effi  cient an-
tioxidant protection promoting resistance 
to the oxidative stress. 

The SOD activity increased progressive-
ly with the increase of salinity in the salt-re-
sistant cultivar but receded in the sensitive 
one (Table 1). After 1 and 24 hours in 1% 
NaCl solution, the level of SOD activity was 
signifi cantly higher in the salt-tolerant cul-
tivar than the one in the salt-sensitive cul-
tivar (5.53, and 5.1 units in Gulistan and 3.0 
and 3.55 units in C-4727, respectively). After 
24 hours in 4% NaCl + ABA solution, the in-
crease of the enzyme activity was observed 
in both cultivars. Possibly, the SOD activity 
increase allows reducing lipid peroxidation 
under higher salt stress. These observations 
are in agreement with those reported ear-
lier in Solanum tuberosum (Benavides et al., 
2000), Brassica juncea (Chawla et al., 2012) 
and Najas graminia (Rout and Shaw, 2001) 
where the salt-tolerant cultivars had a high-
er level of the enzyme activity compared to 
that in the salt-sensitive ones. Similar to the 
present fi ndings, the SOD activity increased 
in the salt-tolerant cultivars but reduced in 
the salt-sensitive cultivar of wheat (Mandha-
nia et al., 2006), cotton (Meloni et al., 2002) 

Table 1. The exogenous eff ect of ABA on the activities of APX and SOD in seedlings of two 
cotton varieties, Gulistan (salt-tolerant) and C-4727 (salt-sensitive), under conditions of NaCl 
salinity for 1 h and 24h.

Samples
Gulistan (salt-tolerant) C-4727 (salt-sensitive)

1 Hour 24 Hours 1 Hour 24 Hours

APX, units/mg protein

Control 27.6 ± 1.2c 25.4 ± 1.2c 22.7 ± 1.0d 21.0 ± 0.5d
1% NaCl 32.2 ± 1.4b 34.0 ± 1.5b 20.6 ± 0.9d 16.0 ± 0.7d
1% NaCI + ABA 39.4 ± 1.5a 30.7 ± 1.1c 24.6 ± 1.2d 20.5 ± 0.9d
4% NaCl 32.3 ± 1.0b 28.8 ± 1.2c 21.0 ± 1.0d 26.1 ± 1.2c
4% NaCl + ABA 38.7 ± 1.3a 33.3 ± 1.5b 22.1 ± 1.0d 23.0 ± 1.1d

SOD, units/mg protein

Control 4.0 ± 0.1c 3.9 ± 0.1c 2.7 ± 0.1d 2.7 ± 0.1d
1% NaCl 5.5 ± 0.2b 5.1 ± 0.2b 3.0 ± 0.1d 3.5 ± 0.1d
1% NaCI + ABA 6.3 ± 0.2b 6.0 ± 0.3b 3.4 ± 0.1d 3.2 ± 0.1d
4% NaCl 3.9 ± 0.1d 6.2 ± 0.2b 4.6 ± 0.2c 2.6 ± 0.1d
4% NaCl + ABA 4.4 ± 0.2c 9.1 ± 0.4a 5.1 ± 0.2b 4.1 ± 0.2c

Means in each column followed by the same letter(s) do not diff er signifi cantly at P ≤ 0.05.
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and Catharanthus roseus (Jaleel, 2009). Con-
trarily, salinity has been reported to stim-
ulate the SOD activity in both salt-tolerant 
and salt-sensitive cultivars of Brassica juncea 
with a higher level in the salt-tolerant ones 
(Chawla et al., 2012). An increase in the SOD 
activity upon salinization in leaves of all the 
salt-tolerant cotton cultivars could accel-
erate the dismutation of superoxide ions 
generated upon salt-treatment, which may 
allow these varieties to survive under oxida-
tive stress (Desingh and Kanagaraj, 2007). In 
the salt-sensitive cultivar, reduction in the 
SOD activity would limit its metabolic ca-
pacity to withstand oxidative stress. 

Under high salinity stress, the increase of 
reactive oxygen in plant species leads to lip-
id peroxidation (LPO) in the cell membrane. 
MDA is the main product of membrane lip-
id peroxidation when plants are under salt 
stress, and its levels refl ect the degree of 
cell membrane damage (Mittal et al., 2012). 
Therefore, MDA concentrations can be a 
marker of a plant salt tolerance. In our study, 
MDA concentrations were found to lower by 
8% at salinization after 1 hour in a 1% NaCl 
solution in Gulistan variety (Fig. 1). After 24-
hour exposure to 1% NaCl, we observed 
a more signifi cant decrease of MDA in Gu-

listan cultivar (52%). When ABA was added, 
a considerable reduction in MDA concen-
trations occurred (16.7%). After 1-hour and 
24-hour exposures to 1% and 4% NaCl, MDA 
concentrations in Gulistan cultivar declined 
by 16% and 9.2%, respectively. ABA declined 
the MDA concentrations by 30.5% and 21%, 
respectively. Hence, salt resistance seems to 
stimulate the capability of protection from 
oxidative damage by both exposures. In 
contrast, in the salt-sensitive С-4727 culti-
var, MDA concentrations increased consid-
erably at any degree of salinization (Fig. 3). 
When ABA was added, further reduction in 
MDA was observed which was more signifi -
cant than the one observed in the salt-toler-
ant cultivar. Increased MDA levels in tomato 
leaves under diff erent salinity stress (Ghor-
bani et al., 2018) support our results. Our 
fi ndings demonstrate that Gulistan variety is 
more resistant to salt stress than С-4727. The 
accumulation of lipid peroxidation prod-
ucts may not occur in the seedlings of Gu-
listan due to higher activity of antioxidant 
enzymes.

A considerable increase in the concentra-
tions of proline took place under the eff ect 
of 1% NaCl within 1 hour in the salt-resistant 
Gulistan cultivar (Fig. 2). The accumulation 

Figure 1. Eff ect of exogenous ABA on MDA concentrations in cotton seedlings under conditions of NaCl salinity for 1h and 
24h.
Note:  - salt-tolerant Gulistan cotton cultivar;  - salt- sensitive C-4727 cotton cultivar; A: Control; B: 1% NaCl; C: 1% NaCI 
+ ABA; D: 4% NaCl; E: 4% NaCl + ABA. Means with the same letter(s) on top of the columns do not diff er signifi cantly.
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of proline under salinity stress has been re-
ported in Pisum sativum (Najafi et al., 2006), 
Brassica juncea (Rais et al., 2013) and Triticum 
aestivum (Ashfaque et al., 2014). Proline per-
forms a protective function against salinity 
stress in plants (Kishor et al., 2005; Verbrug-
gen and Hermans, 2008). It acts as a com-
patible osmolyte, enzyme protectant, free 
radical scavenger, cell redox balancer, cy-
tosolic pH buff er and stabilizer for subcel-
lular structures (Kishor et al., 2005; Verbrug-
gen and Hermans, 2008) to bring about 
salinity tolerance. Proline could also act as 
a major source of energy and nitrogen dur-
ing immediate post-stress metabolism. Ac-

cumulating in plants, proline supplies en-
ergy for their growth and survival, thereby 
inducing salt tolerance (Silveira et al., 2003). 
Similar findings were reported by Hassine 
and Lutts (2010). The exogenous ABA was 
found to decrease the amount of proline af-
ter 1-hour exposure in 1% and 4% NaCl solu-
tions, in both cultivars. After 24 hours, 1 and 
4% salinization caused a rapid increase in 
proline levels (Fig. 2). According to Nikolae-
va et al. (2015), exogenous ABA inhibits the 
rate of synthesis of proline or stimulates its 
degradation intensity in saline conditions. 

In our study, a calibration curve was used 
to determine the concentration of endog-
enous ABA (Fig. 3).  The treatment with 1% 
and 4% NaCl solutions led to a signifi cantly 
higher accumulation of endogenous ABA in 
cotton seedlings in 1-hour and 24-hour ex-
posures (Fig. 4). Upon addition of exogenous 
ABA, the concentration of endogenous ABA 
increased in the seedlings of Gulistan in 1 
hour by 15% (1% NaCl+ABA) and by 20% (4% 
NaCl+ABA). After 24 hours, endogenous ABA 
concentration doubled in the seedlings ex-
posed to 1% NaCl, while no signifi cant chang-
es were observed in the seedlings treated 
with 4%NaCl. In the control seedlings of Gu-
listan cultivar, high concentrations of endog-
enous ABA were observed, i.e., after 1-hour 

Figure 2. Eff ect of exogenous ABA on concentration of free proline in cotton seedlings under conditions of NaCl salinity for 
1h and 24h.
Note:  - salt-tolerant Gulistan cotton cultivar;  - salt- sensitive C-4727 cotton cultivar; A: Control; B: 1% NaCl; C: 1% NaCI 
+ ABA; D: 4% NaCl; E: 4% NaCl + ABA. Means with the same letter(s) on top of the columns do not diff er signifi cantly.

Figure 3. Calibration curve for determination of endogenous 
ABA concentration.
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exposure to 4% NaCl, the ABA concentration 
increased by 61.7% on average. Prolonged 
exposure of plants to salinization reduced 
their survival and the level of endogenous 
ABA, especially at higher concentrations of 
salts. The resistance of cotton to the short-
term eff ect of chloride salinization is associ-
ated with an increased level of ABA. It should 
be emphasized that the accumulation of en-
dogenous ABA in cotton seedlings under 
salinization with low concentrations of salt 
was temporary, starting to decline with the 
increase in salt concentration. The exposure 
of plants to high salt stresses is known to 
rapidly induce a proportional increase in the 
endogenous level of ABA (Kang et al., 2005) 
and the expression of its biosynthetic genes 
in the plant. The elevated endogenous ABA 
helps plants to acclimate under lower wa-
ter availability by closing stomata and accu-
mulating numerous proteins and osmopro-
tectants for an osmotic adjustment (Hojin 
Ryu and Yong-Gu Cho, 2015). Talanova et al., 
1994 demonstrated that in plants grown in 
saline soil endogenous ABA manifests itself 
either as a factor that triggers the formation 
of increased resistance or as one of the di-
rect participants providing an increase in re-
sistance in the fi rst hours of exposure to this 
factor.

Conclusions

Our work demonstrated signifi cant diff er-
ences in the response of sensitive and resis-
tant cotton cultivars to salt stress, which are 
closely associated with diff erences in the ac-
tivity of antioxidant enzymes and the con-
centrations of MDA. The resistance of cot-
ton cultivars to salinity is associated with 
the high effi  ciency of the enzymatic system 
for neutralizing the reactive oxygen inter-
mediates, thus increasing the oxidation-re-
duction homeostasis and the preservation 
of the cell components. The introduction of 
exogenous ABA can change the intensity of 
LPO as well as the activity of antioxidant en-
zymes in cotton, making a possible decrease 
of lipid peroxidation, depending on the sen-
sitivity of the cultivars, the salinity levels 
and the exposure. Overall, our results indi-
cate an important role of ABA in tolerance to 
salt stresses and provide new insights into 
the possible biochemical mechanism of en-
hanced salt tolerance.

Authors express their deep gratitude to senior 
researchers of the Laboratory of Chemistry of 
Proteins and Peptides, Institute of Bioorganic 
Chemistry, Uzbekistan Academy of Sciences. 

Figure 4. Eff ect of exogenous ABA on concentration of endogenous abscisic acid in cotton seedlings under conditions of 
NaCl salinity for 1h and 24 h.
Note:  - salt-tolerant Gulistan cotton cultivar;  - salt- sensitive C-4727 cotton cultivar; A: Control; B: 1% NaCl; C: 1% NaCI 
+ ABA; D: 4% NaCl; E: 4% NaCl + ABA. Means with the same letter(s) on top of the columns do not diff er signifi cantly.
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Επιδράσεις του εξωγενούς αμπσισικού οξέος στο 
αντιοξειδωτικό σύστημα ανθεκτικών και ευαίσθητων στην 
αλατότητα ποικιλιών βαμβακιού 

K.M. Kuldoshova, A.A. Akhunov, N.R. Khashimova και J.F. Ziyavitdinov

Περίληψη   Η αλατότητα είναι ένα από τα πιο επιτακτικά προβλήματα παγκοσμίως που επηρεάζουν σε 
μεγάλο βαθμό την παραγωγικότητα των καλλιεργειών. Η αλατότητα μειώνει την αύξηση και ανάπτυξη 
των φυτών προκαλώντας ποικίλες καταπονήσεις. Επομένως είναι ζωτικής σημασίας να αποκωδικοποι-
ηθούν αυτοί οι παράγοντες καταπόνησης και να βρεθούν πιθανές λύσεις για τη βελτίωση της γεωργι-
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κής παραγωγής. Εντούτοις, δεν έχουν μελετηθεί οι μηχανισμοί προσαρμογής των γλυκοφύτων σε συν-
θήκες αλατότητας. Η παρούσα μελέτη διενεργήθηκε με σκοπό τον προσδιορισμό των επιδράσεων του 
εξωγενούς αμπσισικού οξέος (ΑΒΑ) στην αντοχή φυτών βαμβακιού στην αλατότητα. Διαπιστώθηκαν 
μερικοί μηχανισμοί ανάπτυξης αντοχής στην αλατότητα σε σπορόφυτα δύο ποικιλιών βαμβακιού, μιας 
ανθεκτικής (Gulistan) και μιας ευαίσθητης (C-4727) στην αλατότητα. Επιπλέον, συγκρίθηκαν οι αντιο-
ξειδωτικές ιδιότητες αυτών των ποικιλιών. Έγινε προσδιορισμός της δράσης της ασκορβικής υπεροξει-
δάσης (APX), της δισμουτάσης του υεροξειδίου του υδρογόνου (SOD), καθώς και της ποσότητας του 
ενδογενούς ΑΒΑ, της μαλονδιαλδεΰδης (MDA) και της ελεύθερης προλίνης (Pro) στο μάρτυρα και μετά 
την επέμβαση. Τα αποτελέσματα δείχνουν σημαντικές διαφορές μεταξύ ανθεκτικών και ευαίσθητων 
στην αλατότητα σποροφύτων βαμβακιού ως απόκριση των φυτών στην καταπόνηση από υψηλή συ-
γκέντρωση αλάτων. Στην ανθεκτική ποικιλία Gulistan διαπιστώθηκαν υψηλότερα επίπεδα Pro και εν-
δογενούς ABA, αλλά χαμηλότερες συγκεντρώσεις MDA και μεγαλύτερη δραστηριότητα APX και SOD, 
σε σύγκριση με την ευαίσθητη ποικιλία C-4727.

Hellenic Plant Protection Journal 16: 40-49, 2023
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Repellent eff ect of Gardenia jasminoides ethanol extracted oil 
on Blattella germanica and Monomorium pharaonis

T.A. Wagan1, 2, C. Hamada1, W. Cai1, H. Hongxia1, G.S. Solangi3* and R.H. Lyu4*

Summary   The study examined the repellency of Gardenia jasminoides ethanol-extracted oil against 
the German cockroach, Blattella germanica, and the pharaoh ant, Monomorium pharaonis, which are 
serious pests in areas of public health hygiene. For the repellency tests, 31.4 μg of the oil was applied 
per cm2 on one half of fi lter paper discs (9 or 15 cm diameter for the ant and cockroach, respectively), 
whereas the other half was treated as control (DMSO + Tween). Repellency eff ects were observed 1, 2, 
3 and 4 h after the insect release. The oil showed high repellency against all life stages of cockroach-
es and worker ants. The maximum repellency was observed for the cockroach adults (81.7 ± 3.1%) fol-
lowed by the fourth, third and second nymphal stages (76.7 ± 4.2, 75.0 ± 3.4, and 56.7 ± 8.4%, respec-
tively), after 1h exposure. The repellence eff ect was strong against worker ants (78.3 ± 4.8%) after 1 h 
exposure. The repellence eff ect can last at least four hours for both species. Analysis of Gardenia oil 
with Gas chromatography-mass spectrometry identifi ed 14 major chemical components. 

Additional keywords: ants, cockroaches, ethanol-extracted oil, Gardenia jasminoides, repellent 

zoa, and helminths, exposing humans to a 
contamination risk in residential and public 
health hygiene areas (Dobesh et al., 1993, Fu 
et al., 2009, Pavlik and Falkinham, 2009; Me-
nasria, 2009). Some cockroach species emit 
bad odor from their body, which makes the 
surrounding environment to smell bad for a 
long time (Cochran, 1982). 

For the control of these species infesta-
tion, synthetic chemicals have been intro-
duced in households, hospitals, stores, and 
gardens, because of their rapid action for re-
pelling, killing, or paralyzing the insects (Ko-
styukovsky, 2002). Although synthetic pesti-
cides timely kill or repel the targeted insect 
species, the extensive and regular applica-
tion of these substances increases the risk 
of resistance development, environmental 
pollution and damaging eff ects on biodi-
versity, bees and pollination, water resourc-
es, and food security (Parveen and Dhanda-
pani, 2001; Malaj et al., 2014; Queyrel et al., 
2016). 

Pest control by natural products such as 
plant essential oils is a promising alternative 
to chemicals, as their application is consid-
ered to be safe and environmentally friend-
ly (Nerioa et al., 2009). Most of the plant es-
sential oils are not pest killers, but they can 

Introduction

German cockroaches (Blattella germani-
ca) and pharaoh ants (Monomorium phar-
aonis) are the most common indoor and 
outdoor pests in urban areas; both insect 
species thriving in most of the world’s big 
cities, wherever they have access to water 
and food (Bosik, 1997; Hansen, 2011; Mah-
moud et al., 2013). Numerous fi ndings have 
demonstrated that both species cause di-
rect damage by infesting food and struc-
tural damage in homes, and indirectly as 
vectors for many disease-producing patho-
gens such as fungi, bacteria, viruses, proto-



© Benaki Phytopathological Institute

Repellency of Gardenia jasminoides on cockroaches and ants 51

repel insect pests and aff ect their growth. 
Moreover, they are cheap and non-toxic for 
other organisms (Geetha and Anitha, 2014). 
Due to these reasons, research on the in-
secticidal and repellent eff ects of essential 
oils on insects is increasing every day (Ayvaz 
et al., 2010; Suthisut et al., 2011; Faraone et 
al., 2015). The present study aims to investi-
gate the repellency of Gardenia jasminoides 
ethanol-extracted oil against German cock-
roaches and pharaoh ants.

Material and Methods

Insect collection and rearing
German cockroaches and pharaoh ants 

were reared at the laboratory of Hubei In-
sect Resources Utilization and Sustainable 
Pest Management Key Laboratory at the 
Huazhong Agricultural University, China 
(30.5931°N, 114.3054°E) at 25°C, 50% relative 
humidity (RH), and 14:10 h (L:D). The German 
cockroaches were originally collected from 
public kitchens and were reared on waste 
(fruit, biscuit, newspapers). The workers of 
pharaoh ants were reared on aphid honey-
dew provided by aphid colonies on maize 
crops.

Biopesticide formulations
Dry fruits of G. jasminoides were obtained 

from a franchise of the Beijing Tongrentang 
Group located in Wuhan, China. Methodol-
ogy by Su et al. (2009) with some modifi ca-
tions was used for the extraction of the oil. 
Briefl y, dried seeds were cleaned and dried 
for 3 days at 455°C to get constant weight. 
Once the plant material was dried, it was 
ground into powder and passed through a 
40 mm mesh sieve. The powder was mixed 
in a brown bottle with a ratio of 1 g of plant 
powder and 5 mL of 95% ethanol for 7 days. 
The bottle was shaken twice a day for maxi-
mum dissolution and mixing the powder in 
the ethanol and placed in a dark room at 20–
25°C. The ethanol was fi ltered, and the re-
sidual plant material was again diluted with 
ethanol at 2.5 mL of ethanol for 1 g of resid-
uals and placed under the same conditions. 

After all the mixing and dissolving process-
es, both fi ltered solutions were mixed and 
dried in a rotary evaporator until all the liq-
uid evaporated and glue-like consistency 
with an oil-type liquid on the surface ap-
peared. The fi nal product was collected in 
a brown bottle, weighed (159.28 g of crude 
oil was obtained from 589.54 g of seeds) and 
stored at 4°C.

For the preparation of the working solu-
tion, 0.05 g of G. jasminoides crude extract 
was dissolved in 0.3 mL of dimethyl sulfox-
ide (DMSO); 1% Tween 20 was added to the 
solution, and the fi nal volume was adjust-
ed to 5 mL at a fi nal concentration of 10,000 
ppm (10 mg/ml) by adding double-distilled 
water. For the control solution, 0.3 mL of 
DMSO and 1% Tween 20 were added to the 
water to make 5 mL.

Gas chromatography and mass spec-
trometry analysis

Gas chromatography-mass spectrom-
etry (GC-MS) Varian 450-GC/320-MS (Vari-
an, Inc., Walnut Creek, California) was used 
to separate and identify the chemical com-
ponents of ethanol-extracted oil. The meth-
odology followed was previously described 
by Caballero-Gallardo et al. (2014). The same 
column and analysis conditions were used 
for both the GC and MS. The spectropho-
tometer was equipped with a fl ame ioniza-
tion detector and an HP-5ms capillary col-
umn (30 m × 0.25 mm × 0.25 μm). For the 
GC, the initial oven temperature was held 
at 60°C for 3 min, increased at 10°C/min to 
180°C for 1 min, and then increased at 20°C/
min to 280°C for 15 min. The injector tem-
perature was maintained at 270°C. The sam-
ples (1 μL diluted to 1% with hexane) were 
injected with a split ratio of 1:10, and the 
column pressure was 100 kPa. Helium was 
used as the carrier gas at a fl ow rate of 1.0 
mL/min. The electron ionization source of 
the detector had an electron energy of 70 
eV. Spectra were scanned from 35 to 1,200 
m/z at 2 scans per second. MS quad temper-
ature was 150°C, the ion source temperature 
was 230°C, the transmission line tempera-
ture was 250°C, and the column pressure 
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was 100 kPa. Most constituents were iden-
tifi ed from the gas chromatography us-
ing MANLIB, REPLIB, PMWTox3N, and Wiley 
(NIST 2011). The retention indices were de-
termined in relation to a homologous series 
of n-alkanes (C8-C24) under the same oper-
ating conditions.

Ant and cockroach repellency test
An area preference test was performed 

on 9 cm diameter fi lter paper for ant bioas-
say and 15 cm fi lter paper for cockroaches in 
Petri dishes. Filter paper discs of either diam-
eter were cut into two halves. With the help 
of a micropipette, 0.1 mL of the working so-
lution was applied uniformly on one half of 
the fi lter paper disc, and the same volume 
of control solution was applied uniformly on 
the other half of the fi lter paper disc, to get 
a fi nal concentration of 31.4 μg of the etha-
nol-extracted oil per cm2. Both halves were 
placed at room temperature to dry for one 
hour. When dry, the two halves were placed 
into the Petri dishes. Six holes of 1 mm were 
made on the Petri dish cover for ventilation. 
Twenty pharaoh ant workers were released 
in the center of the Petri dishes using an as-
pirator. Twenty adult cockroaches were re-
leased in the center of the Petri dishes using 
a fi ne brush. All dishes were covered with 
black plastic tape (leaving space of 5 cm for 
ventilation) to provide darkness and kept 
in the same room as described for the rear-
ing conditions. Individuals were counted on 
both treated and control halves of the fi lter 
paper 1, 2, 3, and 4 h after the insect release. 
The same experiment was repeated with 
the fourth, third, second and fi rst nymphal 
stages of the cockroach. The repellency test 
was repeated using fresh insects. A total of 
8 replications were conducted for each re-
lease time of the ant and 6 replications of 
each treatment combination (life stage x re-
lease time) of the cockroach. 

For the calculation of the percentage 
of repellency (PR) the formula “PR = [(Nc-
Nt)/20]*100%” was used, where Nc was the 
number of ants/cockroaches present in the 
control area, and Nt was the number of ants/
cockroaches present on the treatment area 

(Liu et al., 2013).

Statistical analysis
A Chi-square test was conducted to 

compare the repellent eff ect in the treat-
ment and control parts within the same de-
velopmental stage and exposure time. One-
way ANOVA and Turkey test was used to 
achieve the comparisons of the means be-
tween the developmental stages within the 
same exposure time and between exposure 
times within the same developmental stage. 
Data were analyzed using SPSS (Ver. 20) at α 
= 0.05 signifi cance level. All the graphs were 
plotted in Sigma Plot 10.

Results

GC-MS analysis of the G. jasminoides oil
Ethanol-extracted oil of G. jasminoides 

was analyzed by GC-MS and 14 major chem-
ical components were identifi ed. The chem-
icals, their percentage, retention time, and 
formula are presented in Table 1 (also pre-
sented in Wagan et al., 2018).

Repellency of G. jasminoides oil to the 
German cockroach

The ethanol-extracted oil from G. jasmi-
noides showed high repellency against all 
growth stages of German cockroach and 
pharaoh ant workers in the area preference 
test in Petri dishes. 

Chi-square test showed a signifi cant dif-
ference in repellency between the treated 
and the corresponding control area with-
in each developmental stage and time ex-
posure: in the adult stage at 1, 2, 3, and 4 h 
exposure: χ2 = 48.02, 31.72, 30.00, and 23.74, 
respectively, df = 1, P < 0.01; in the fourth 
nymphal stage at 1, 2, 3, and 4 h exposure: 
χ2 = 41.34, 29.56, 25.21 and 20.95, respec-
tively df = 1, P < 0.01; in the third nymphal 
stage at 1, 2, 3, and 4 h exposure: χ2 = 39.27, 
28.34, 20.95, and 18.37, respectively, df = 1, P 
< 0.01; in the second nymphal stage at 1, 2, 
3, and 4 h exposure (χ2 = 20.95, 17.16, 13.82, 
and 10.89, respectively, df = 1, P < 0.01; in the 
fi rst nymphal stage at 1, 2, 3, and 4 h: χ2 = 
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8.35, 10.00, 5.52, and 6.86, respectively, df = 
1, P < 0.01 (Fig. 1).

The repellency of the oil diff ered signifi -
cantly between the cockroach stages (ANO-
VA) within each exposure time: 1hr (F = 11.21, 
df = 4, 25, P = 0.00), 2 h (F = 9.06, df= 4, 25, P = 
0.00), 3 h (F = 1.76, df = 4, 25, P = 0.00) and 4 h 
(F = 7.52, df = 4, 25, P = 0.00) of exposure (Fig. 

2). Moreover, in each developmental stage 
the repellency diff ered signifi cantly between 
exposure times: in the adult stage: F = 7.61, df 
= 3, 20, P = 0.01; in the fourth instar: F = 6.84, 
df = 3, 20, P = 0.01; in the third instar: F = 9.62, 
df = 3, 20, P = 0.00; in the second instar: F = 
1.31, df = 3, 20, P = 0.30; in the fi rst instar: F = 
0.61, df = 3, 20, P = 0.62 (Fig. 3). 

Table 1. GC-MS results of the ethanol-extracted oil from Gardenia jasminoides.

Components Retention Time Percentage of Total Formula

Isolongifolene 10.10 0.48 C15H24

Thujopsene 10.37 0.24 C15H24

Diethyl phthalate 11.21 0.14 C12H14O4

8.beta.h-cedran-8-ol 11.51 0.16 C15H26O
Alpha-bisabolol 11.81 0.10 C15H26O
n-Hexadecanoic acid 13.17 0.60 C16H32O2

Hexadecanoic acid, ethyl ester 13.30 0.76 C18H36O2

Ethylene brassy-late 13.62 0.41 C15H26O4

9-12-Octadecadienoic acid 14.03 1.81 C18H32O2

Ethyl linoleate 14.12 1.30 C20H36O2

9-Octadecenoic acid ethyl ester 14.14 0.99 C20H38O2

Octadecanoic acid, ethyl ester 14.24 0.14 C20H40O2

9-12-Octadecadienoyl chloride 15.28 0.16 C18H31ClO
Squalene 17.54 0.37 C30H50

Source: Wagan et al. (2018)

Figure 1. Chi-square test on repellency between the treated area with ethanol-extracted oil from Gardenia jasminoides 
(31.4 μg oil/cm2) and the corresponding control area, to adults and nymphs of the German cockroach, Blatella germanica. 
Bars indicate the standard error. 
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The maximum repellency was recorded 
during the fi rst hour of exposure in all stages 
except for fi rst instar nymphs, and the repel-
lency decreased with the increase of expo-
sure time (Fig. 3). The oil was more eff ective 
on the adult cockroaches with a repellency 
percentage of 81.7 ± 3.1% at 1 h exposure 
while this percentage was 76.7 ± 4.2, 75.00 ± 
3.4, and 56.7 ± 8.4%, on the fourth, third and 
second instar nymphs, respectively (Fig. 2). 
In fi rst instar nymphs, the maximum repel-
lency percentage (40.0 ± 5.2%) was record-
ed after 2 h exposure to the oil (Fig. 3).

Repellency of G. jasminoides oil to work-
er ants

The chi-square analysis of worker ant re-
pellency showed signifi cant diff erences be-
tween the treated and controlled area dur-
ing 1, 2, 3, and 4 h of exposure (χ2 = 43.49, 
37.28, 35.36, and 30.00, respectively, df = 
1, P < 0.01) (Fig. 4). The maximum repellen-
cy percentage was recorded after 1h expo-
sure (78.3 ± 4.8%), whereas the repellency 
decreased with increasing exposure time 
(Fig. 5). ANOVA analysis showed a signifi cant 
diff erence in repellency between exposure 
times (F = 15.35, df = 3, 20, P = 0.00).

Repellency comparison of G. jasminoides 
oil between worker ants and adult cock-
roaches

The repellency of G. jasminoides oil to 
adult stages of the insects was higher in the 
cockroach compared to the ant at 1, 3 and 
4h exposure time (ANOVA: 1h: F = 5.29, df = 
1, 10, P = 0.04; 3h: F = 8.00, df = 1, 10, P = 0.02; 
4h: F = 14.76, df = 1, 10, P = 0.01). No signifi -
cant diff erence was observed at 2h exposure 
time (F = 0.12, df= 1, 10, P = 0.76) (Fig. 6).

Discussion

The ethanol extracted oil from G. jasminoides 
showed a repellent eff ect to both the Ger-
man cockroach, B. germanica, and the pha-
raoh ant, M. pharaonis, at the concentration 
of 31.4 μg of oil per cm2 of fi lter paper in Petri 
dishes of 15 and 9 cm diameter, respectively. 

Studies on bioactivity of G. jasminoides etha-
nol-extracted oil on insects are scarce. A re-
pellent eff ect of G. jasminoides oil has been 
reported for Tetranychus urticae (Tetranychi-
dae) 24h after treatment and the repellen-
cy was decreased with increasing of expo-
sure time at 72 h (Kim et al., 2005). Potential 
toxicity, repellency, and anti-oviposition ac-
tivities of the oil have been reported against 
Bemisia tabaci (Hemiptera: Aleyrodidae) and 
T. urticae in laboratory and greenhouse ex-

Figure 2. Repellency percentage (Mean + SE) of ethanol-ex-
tracted oil from Gardenia jasminoides to adults and nymphs of 
the German cockroach, Blatella germanica, at 31.4 μg oil/cm2. 
Letters on the top of the columns show signifi cant diff erenc-
es between developmental stages within the same exposure 
(recording) time.

Figure 3. Repellency percentage (Mean + SE) of ethanol-ex-
tracted oil from Gardenia jasminoides to all nymphal instars of 
the German cockroach, Blatella germanica, at 31.4 μg oil/cm2. 
Letters on top of the columns show signifi cant diff erences be-
tween exposure times within the same instar.
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periments (Wagan et al., 2018). 
In German cockroaches, the G. jasmi-

noides oil was more repellent to adults com-
pared to nymphal stages. The weak eff ect 
of the oil on fi rst instar nymphs could be re-
lated to diff erences in their chemorecep-
tor organs which probably are not fully de-

veloped in this stage. Several studies have 
proved that essential oils of several plant 
species have repellent activities against 
German cockroaches. For example, Zibaee 
et al. (2016) evaluated the repellency from 
the mixture of Eucalyptus globulus, Rosmari-
nus offi  cinalis essential oils against B. ger-

Figure 4. Chi-square test on repellency between the treated area with ethanol-extracted oil from Gardenia jasminoides 
(31.4 μg oil/cm2) and the corresponding control area, to worker ants of Monomorium pharaonic. Bars indicate the standard 
error. 

Figure 5. Repellency percentage (Mean + SE) of ethanol-ex-
tracted oil from Gardenia jasminoides to adults of the German 
cockroach, Blatella germanica, and the worker ants of Mono-
morium pharaonic at 31.4 μg oil/cm2. Letters on the top of the 
columns show signifi cant diff erences at diff erent exposure 
times (1, 2, 3, 4 h) for each insect species.

Figure 6. Repellency percentage (Mean + SE) of ethanol-ex-
tracted oil from Gardenia jasminoides to adults of the cock-
roach Blatella germanica and the worker ants of Monomorium 
pharaonic at 31.4 μg oil/cm2. Letters on the top of the columns 
show signifi cant diff erences between the insect species at dif-
ferent exposure times (1, 2, 3, 4 h).
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manica, the American cockroach Periplane-
ta americana (Blattodea: Blattidae), and the 
brown banded cockroach Supella longipal-
pa (Blattodea: Ectobiidae, formerly Blattelli-
dae), which showed 95%, 100%, and 100% 
repellency, respectively in laboratory exper-
iments. The same study demonstrated 97% 
reduction of cockroaches in the fi eld when 
these oils were applied as a mixed formula-
tion with 10% active ingredient in water. The 
essential oil of Citrus hystrix showed 100% 
repellency against B. germanica and P. amer-
icana and 87.5% repellency against Neosty-
lopyga rhombifolia in a laboratory experi-
ment, whereas it reached 86% repellency 
when Citrus hystrix essential oil was formu-
lated as a 20% active ingredient in ethanol 
(Thavara et al., 2007). 

Similarly, G. jasminoides oil showed re-
pellent activity against worker pharaoh 
ants in area preference tests up to 4h expo-
sure. Some studies have already proved the 
repellency of botanical substances intro-
ducing new plant-based repellents against 
diff erent ant species. For example, the aque-
ous extracts of a plant mixture of cucumber-
mint, lemon-garlic, and garlic-mint exhibit-
ed 100% repellency against ants (Chaudhari 
et al., 2013). Chemical component cineole 
and D-camphor from Artemisia annua L oil 
can repel red imported fi re ant workers. 
These substances showed signifi cant repel-
lent eff ect at 100, 10, and 1 mg/kg (Zhang et 
al., 2014). 

Fourteen major chemical components 
were found in G. jasminoides ethanol-ex-
tracted oil. The bioactivities of these chem-
icals on insects, mites, rodents and some 
pathogens are already identifi ed by previous 
researchers (Wagan et al., 2018; Parthipan et 
al., 2015; Sato et al., 2007; Friedman et al., 
2002). Gardenia jasminoides essential oil and 
its four major compounds, i.e., squalene, 
ethyl linoleate, n-hexadecanoic acid and 
9-12-octadecadienoic, eff ectively control 
the adult and nymphal stages of whitefl ies 
and mites and they aff ect whitefl y oviposi-
tion (Wagan et al., 2018).

In conclusion, the ethanol-extracted oil 
of G. jasminoides possesses repellent activ-

ities against German cockroaches and pha-
raoh ants, which could last for four hours. 
Further research is necessary to elaborate in 
these results with diff erent concentrations 
and fi eld tests. As ethanol-extracted oils 
are non-toxic for mammalians, the G. jasmi-
noides could be used as an alternative natu-
ral product in urban pest management and 
in the areas of public health hygiene (Kumar 
et al., 2008; Ling et al., 2009). 
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Απωθητική δράση αιθανολικού εκχυλίσματος ελαίου του 
φυτού Gardenia jasminoides στην κατσαρίδα Blattella 
germanica και το μυρμήγκι Monomorium pharaonis

T.A. Wagan, C. Hamada, W. Cai, H. Hongxia, G.S. Solangi και R.H. Lyu

Περίληψη   Η μελέτη εξέτασε την απωθητική δράση αιθανολικού εκυλίσματος ελαίου του φυ-
τού Gardenia jasminoides στη Γερμανική κατσαρίδα Blattella germanica και στο μυρμήγκι Φαραώ 
Monomorium pharaonis, τα οποία είναι σοβαροί εχθροί υγειονομικής σημασίας. Στις δοκιμές απωθητι-
κής δράσης εφαρμόστηκαν 31,4 μg ελαίου/cm2 στο μισό δίσκου διηθητικού χαρτιού (διαμέτρου 9 ή 15 
cm για τα μυρμήγκια και τις κατσαρίδες, αντίστοιχα), ενώ το άλλο μισό αποτέλεσε τον μάρτυρα (DMSO 
+ Tween). Παρατηρήθηκε απωθητική δράση 1, 2, 3 και 4 ώρες μετά την απελευθέρωση των εντόμων. 
Το έλαιο έδειξε υψηλή απωθητική δράση σε όλα τα στάδια ανάπτυξης των κατσαρίδων και στα μυρ-
μήγκια-εργάτες. Στις κατσαρίδες, η μέγιστη απωθητική δράση παρατηρήθηκε στα ενήλικα άτομα (81,7 
± 3,1%) και ακολούθως στις νύμφες τετάρτου, τρίτου και δεύτερου σταδίου (76,7 ± 4,2, 75,0 ± 3,4 και 
56,7 ± 8,4%, αντίστοιχα), μετά από μία ώρα έκθεσης. Στα μυρμήγκια-εργάτες, η απωθητική δράση ήταν 
ισχυρή (78,3 ± 4,8%) μετά από μία ώρα έκθεσης. Η απωθητική δράση μπορεί να διαρκέσει τουλάχιστον 
τέσσερις ώρες και για τα δύο είδη εντόμων. Η χημική ανάλυση του ελαίου Gardenia με αέρια χρωματο-
γραφία-φασματομετρία μάζας εντόπισε 14 κύρια χημικά συστατικά.

Hellenic Plant Protection Journal 16: 50-58, 2023
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Eff ect of nano-silica extracted from two diff erent plant sources 
on survival and development of Phthorimaea opercullela 
(Zeller) larvae

I. Idris1*, M. Naddaf2, H. Harmalani2, R. Alshater2 and R. Alsafadi1

Summary   The study examined the eff ect of nano-silica extracted from two diff erent plant sources 
on the survival and development of the potato tuber moth, Phthorimaea opercullela. The silica pow-
der was derived from two diff erent agricultural byproducts, olive stones and corncobs. Characteriza-
tion by X-ray diff raction revealed that the extracted powder has an amorphous silica phase. The nitro-
gen adsorption-desorption measurements revealed that both extracted and treated silica have mes-
oporous structure, with a specifi c surface area of around 300 m2/g and 270 m2/g for the silica derived 
from olive stones and corncobs, respectively. The silica nanoparticles (SiO2 NPs) prepared from the sil-
ica derived from olive stοnes showed higher larvae mortality, pupae weight, and larval and pupal de-
velopmental time, compared to the silica derived from corncombs. The results show that the nano-
silica derived from agriculture byproducts can be as eff ective as the synthetic insecticide (deltame-
thrin) utilized in control of the potato tuber moth, with lower environmental impact in terms of pre-
venting pesticide residue accumulation. In addition, the effi  ciency of SiO2 NPs applications depends on 
the source of the silica nanoparticles and the applied concentration to achieve the optimum results for 
the pest control. 

Additional keywords: BET, corncobs, olive, potato tuber moth, SiO2 NPs, XRD

tropical and subtropical regions of America, 
Africa, Europe, Oceania, Australia and Asia 
(Clough et al., 2010). The pest causes about 
20-30% infestation in the fi eld while the in-
festation can reach 100% during the storage 
period (Ahmed et al., 2016; Idris and Shoaib, 
2019), thus it can seriously disturb the suc-
cess of potato as a commercial crop. 

Phthorimaea operculella larvae primari-
ly infest potato by feeding on leaves, stems 
and petioles, and by making tunnels in po-
tato tubers, causing damage to the crop 
(Chandel et al., 2010; Zhang et al., 2021). Pes-
ticide applications are the dominant meth-
od for the control of the pest. However, due 
to their non-selectivity properties, resis-
tance development and environmental is-
sues (Idris and Hussian, 2021), there in an 
increased interest by the global potato in-
dustry to fi nd eff ective alternative meth-
ods to control P. operculella (Harba and Idris, 
2018; Zhang et al., 2021). 

The technique of nanoparticles sup-
ports more environmentally friendly pes-
ticides (Papanikolaou et al., 2018; Wang et 

Introduction

Potato (Solanum tuberosum L.) is the second 
most widely cultivated edible crop of Syria, 
after wheat (Triticum aestivum L.); the annual 
cultivation area is 22 thousand hectares and 
the production is 562 thousand tons of po-
tato. Furthermore, potato is one of the most 
important economic crops in the southern 
and central regions of Syria (e.g., mainly in 
Damascus suburbs and Homs provinces) 
(Statistical data, 2019). Indeed, potato crop 
has been identifi ed as a key element for en-
suring national food security and reducing 
poverty levels (Zhang et al., 2021). 

The potato tuber moth, Phthorimaea 
operculella Zeller (Lepidoptera: Gelatiidae), 
can damage potato crop by 50% to 100% in 
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al., 2022). Compared with nanoparticles 
used in other fi elds, agricultural nanoparti-
cles, such as TiO2, Al2O3 and SiO2 nanoparti-
cles (NPs), are generally much more aff ord-
able and easier to produce than traditional 
nanoparticles (Biswal et al., 2011; El-Bendary 
and El-Helaly, 2013; El-Helaly et al., 2016). Sil-
ica, silicon dioxide, nanoparticles (SiO2, NPs) 
are increasingly used in plant treatments 
in the fi eld of plant protection. They have 
shown great potential when they are ap-
plied appropriately in agriculture. Research-
ers report that the development of nano-
technology has increased the effi  ciency of 
chemical and organic pesticides, e. g. nano-
silica has been found to be eff ective against 
the polyphagous plant pest Spodoptera lit-
toralis (Lepidoptera: Noctuidae) (El-Bendary 
and El-Helaly, 2013). Moreover, nano-sili-
ca can reduce biotic and chemical stress on 
plants, such as salt, metal toxicity, and nutri-
tion defi ciency (Hersanti et al., 2018). Due to 
its simplicity, effi  ciency and low cost, the ex-
traction of silica from plants and agriculture 
byproducts is increasingly used as a compe-
tent method for preparation of SiO2 NPs (Go-
swami and Mathur, 2022, Naddaf et al., 2020, 
Mor et al., 2017). However, obtaining meth-
ods of the silica has been found to aff ect the 
SiO2, NPs effi  ciency for agricultural applica-
tions (Karunakaran et al., 2013). 

The purpose of this study is to: a) char-
acterize the microstructure properties of sil-
ica powder extracted from olive stones and 
corncobs, by X-ray diff raction (XRD); b) de-
termine the specifi c surface area and total 
pore volume of silica by measuring the ni-
trogen absorption-desorption; c) investigate 
whether the produced silica nanoparticles 
aff ect the life course of P. opercullela larvae 
including larvae mortality, pupae weight, 
and development time of larvae and pupae.

Materials and Methods

Insects rearing 
Phtorimea operculella larvae were ob-

tained from our laboratory stock cultures. 
They were reared on wax coated potato slic-

es, maintained at a constant temperature of 
25 ± 1°C, with 70 ± 5% relative humidity, and 
12-hour light/darkness cycle as described by 
Makee and Saour (2003).

Silica preparation and characterization 
Silica powder was extracted from corn-

cobs and olive stones by the alkali leaching 
extraction method which is described in de-
tails in the study by Naddaf et al. (2020). The 
microstructure properties of the extracted 
silica powder were characterized by x-ray 
diff raction (XRD), using a STOE Powder dif-
fractometer. Nitrogen adsorption-desorp-
tion by the Brunauer-Emmett-Teller (BET) 
method was used to determine the specif-
ic surface area and the pore size distribution 
of the studied samples. The measurements 
were performed at 77 K using Quantach-
rome NOVA 2200 BET surface area analyzer. 
The sample was vacuum-outgassed before 
the measurements for 12 hours at 150ºC. 
The nitrogen adsorption-desorption iso-
therms were carried out in the range of rela-
tive pressure [P/P0] from 0.05 to 1 atm. 

Application of SiO2 NPs on P. operculella
SiO2 NPs were prepared by milling the 

extracted silica powder in a porcelain mor-
tar, dispersing it in double distilled water 
(1.5 mg/ml), and ultrasonication for 30 min 
at a frequency of 30 kHz using an ultrasonic 
homogenizer with a tip in order to break big 
cluster agglomerates. By diluting the stock 
solution (1500 ppm), two more concentra-
tions of SiO2 NPs were prepared: 1000 and 
500 ppm. 

Potato tubers of the cv. “Draja” were 
planted in 10 L plastic (N=8 pots) contain-
ers containing moistened soil (three tubers/
pot). Plants were grown in greenhouses at 
25°C during the day and 23°C at night with 
daylight of 16 hours and a relative humidity 
of 85-95%. All plants were watered and fer-
tilized the same way. Groups of eight fresh 
leaves were excised randomly from potato 
plants (six to seven weeks old) and sprayed 
with three concentrations (1500 ppm, 1000 
ppm, 500 ppm) of amorphous olive nano-
particles and amorphous corncobs nano-
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particles. A pyrethroid insecticide (delta-
methrin) was used as a positive control and 
sterile water as a negative control.

A total of 200 potato tuber moth larvae 
(24h old) were fed on leaves in 10 plastic 
boxes (18 x 12 x 8 cm) for each treatment (20 
larvae per box). The boxes were sealed with 
parafi lm to prevent larvae from escaping 
until they reached the pupa stage. Incuba-
tion took place at 25 ± 1˚C with daylight 12h 
and relative humidity of 70%. Development 
time was recorded for 30 pupae and larvae 
in each treatment. The number of emerging 
pupae was recorded and the percentage 
of larval mortality was calculated: Percent-
age of mortality = (number of larvae tested 
- number of pupae emerging) / number of 
larvae tested x 100. The experiment was re-
peated three times. Twenty fi ve pupae per 
treatment (four days old) were randomly se-
lected and weighed.

Statistical analysis
The statistical analysis was done using 

the STATISTIC program version 6 (Statsoft, 
Inc. 2003) at 5% signifi cance level (p=0.05). 
Analysis of variance was performed on the 
data of mortality and pupae weight and 
Tukey HSD test was used for the separation 
of means.

Results and discussion

Characterization of SiO2 NPs by XRD 
technique

The obtained silica from corncobs shows 
XRD pattern similar to the reported XRD 
pattern for the olive stones silica (Naddaf et 
al., 2020) (Fig. 1). Figure 1 shows very broad 
peak centered at 2θ=20.26°, which corre-
sponds to typical features of amorphous sil-
ica (Mor et al., 2017). The XRD results were 
assisted by nitrogen adsorption-desorption 
measurements using the BET method. Fig-
ure 2 shows the nitrogen adsorption-desorp-
tion isotherm of the studied silica samples. 
Based on the six types of isotherm proposed 
by the International Union of Pure and Ap-
plied Chemistry (IUPAC) for classifi cation of 

porous materials (ALOthman, 2012), the ob-
served isotherms in our case exhibit charac-
teristics of IV type which corresponds to a 
mesoporous material. Moreover, the specif-
ic surface areas of the studied samples were 
determined as follows: The silica derived 
from olive stones has a specifi c surface area 
of 300 m2/g and a total pore volume of 0.327 
cm3/g. The corresponding values for the sil-
ica from corncobs were 270 m2/g and 0.678 
cm3/g, respectively. The inset in Figure 2 
shows the pore size distribution of the stud-
ied silica samples obtained from the nitro-
gen adsorption-desorption measurements 
by the Barrett-Joyner-Halenda (BJH) meth-
od. Both samples show pore diameter dis-
tribution that consists of mesoporous ma-
terials. However, the sample extracted from 
olive stones shows a maximum pore value 
of ~ 3.7 nm, which is more than three times 
lower than the maximum pore value (~ 12.4 
nm) of the sample extracted from corncobs. 
This shows that the extraction source has 
an important impact on both porosity and 
particle size of the produced silica. This is in 
agreement with reported results by Karuna-
karan et al. (2013). 

Eff ect of SiO2 NPs on mortality and de-
velopment of P. operculella

Mortality of the silica-treated P. opercule-
lla larvae at 1500 ppm was similar (corncob) 

Figure 1. XRD of the extracted silica powder from corncobs, 
the very broad peak centered at 2θ=20.26° indicates the 
amorphous nature of the extracted silica.
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or statistically higher (olive stone) compared 
to that in deltamethrin treatment where-
as larval mortality in the untreated control 
was signifi cantly low (Fig. 3). Larval mortali-
ty in corncob SiO2 NPs-treated larvae at the 
concentration of 1500 ppm did not statisti-
cally diff er with that of the pesticide -treat-
ed larvae (DF=7, F-value=63.82, p<0.0001). 
The mortality of olive SiO2 NPs-treated lar-
vae was higher than the mortality of the 
corncob SiO2 NPs -treated larvae. The eff ec-
tiveness of silica nanoparticles in controlling 
insect pests has been demonstrated by nu-
merous studies, and these results corrob-
orate those fi ndings. Previous studies on 
three mosquito species show a signifi cant-
ly higher mortality rate for larvae and pupae 
following exposure to SINPs (Cáceres et al., 
2019). Usha et al. (2014) showed that terpene 
compounds signifi cantly increased the tox-

icity of SiO2 NPs in two lepidopterous pest 
species when combined with chemical com-
pounds. The silica gel formulation with es-
sential oils was also used to control two grain 
storage beetles, Tribolium confusum and Sa-
rocladium oryzae, and resulted in high mor-
tality rates for both species, which lasted for 
7, 14 and 21 days after exposure (Athanas-
siou et al., 2013). 

The amorphous phase of silica powder 
can cause more damage to larvae’s midgut 
epithelium due to the mechanism of action 
leading to the insect’s death (Mommaerts 
et al., 2012; Santo-Orihuela et al., 2016). Nev-
ertheless, it is possible that the amorphous 
nanoparticles from olive-stones caused a 
higher mortality rate for larvae because the 
particles were smaller than corncob nano-
particles (Fig.1). In addition, silica obtained 
from olive stones has a higher specifi c sur-

Figure 2. Nitrogen adsorption-desorption isotherm of silica samples extracted from: (a) olive stones and (b) corncobs; the 
corresponding pore distribution of each sample is depicted in the inset of the fi gure. 
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face area, and lower total pore volume (300 
m2/g, 0.327 cm3/g) than silica obtained from 
corncobs (270 m2/g, 0.678 cm3/g). In an as-
sessment of nanoparticle nanoformulations, 
researchers found that nanoparticle toxici-
ty was improved in smaller size (Debnath et 
al., 2011). On the other hand, Santo-Orihue-
la et al. (2016) detected signifi cant diff erenc-
es in the concentration of nanoparticles in 
Spodoptera frugiperda Sf9 cells as a size-de-
pendent eff ect of nanoparticles. 

Pupae in SiO2 NPs treatments had statis-
tically lower weight when compared with 
the control pupae. The lowest weight was 
observed in olive SiO2 NPs treatment at 1500 
ppm (DF=7, F-value=15.23, p<0.0001) (Fig. 4). 
Studies on the eff ect of silica nanoparticles 
on insects report cuticular damage, desicca-
tion (Benelli et al., 2018; Cáceres et al., 2019), 
cuticle abrasion and spiracle obstruction 
(Shoaib et al., 2018). These factors could pos-
sibly contribute to the mortality and the re-
duction of pupae weight as a result of physi-
ological disruption caused by SiO2 NPs. 

Larval development time diff ered be-
tween the treatments: it was statistically 
longer in the olive nanoparticles (1500 ppm, 
1000 ppm) and corncobs (1500 ppm) treat-
ments compared to other treatments and 
the control (DF=7, F-value=12.976, p<0.0001) 
(Table 1). The reason for the prolonged time 
of larval development could be attributed 
to the diffi  culties that larvae experience in 
feeding due to the nanoparticle treatment. 
As a result, larvae at high nanoparticle con-
centrations require longer time to reach the 
fi nal instar and to pupate. This is in agree-
ment with previous studies showing that 
larvae treated with toxic agents have longer 
development time (Adam et al., 2016; Idris et 
al., 2019; Idris and Hussian, 2021). Addition-
ally, pupation time diff ered between treat-
ments (DF=7, F-value=9.23, p<0.0001). The 
longest pupation time was recorded under 
the treatment with SiO2 NPs of olive stone, 
at a concentration of 1500 ppm, compared 
to the other treatments and the control. Ac-
cording to El-Bendary et al. (2013), when lar-
vae of Spodoptera littoralis (Lepidoptera: 
Noctuidae) ingested nanoparticles of silica, 

the pupal period was extended in compar-
ison with the control.

Conclusions

Nanoparticles of amorphous silica pow-
ders extracted from olive stones and corn-
cobs are eff ective against P. operculella, with 

Figure 3. Eff ect of SiO2 nanoparticles, derived from corncobs 
and olive stones, on larvae mortality of Phthorimea opercule-
lla. Diff erent capital letters on top of columns indicate signifi -
cantly diff erent means at p<0.05 (Tukey HSD test).

Figure 4. Eff ect of SiO2 nanoparticles, derived from corncobs 
and olive stone, on pupae weight of Phthorimea operculella. 
Diff erent capital letters on top of columns indicate signifi cantly 
diff erent means at p<0.05 (Tukey HSD test).
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most eff ective the ones from olive stones at 
1500 ppm. Further research is needed to de-
termine the infl uence of morphological and 
microstructural aspects, such as porosity 
and crystallinity, on the effi  ciency of the pro-
duced silica nanoparticles against the pest.

The authors acknowledge Professor I. Oth-
man, General Director of Syrian Atomic Ener-
gy Commission, Professor N. Mirali, Head of 
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Επίδραση του νανο-πυριτίου που εξάγεται από δύο 
διαφορετικές φυτικές πηγές στην επιβίωση και την ανάπτυξη 
των προνυμφών της φθοριμαίας της πατάτας, Phthorimaea 
opercullela 

I. Idris, M. Naddaf, H. Harmalani, R. Alshater και R. Alsafadi

Περίληψη   Εξετάστηκε η επίδραση νανο-πυριτίου φυτικής προέλευσης στην επιβίωση και την ανά-
πτυξη των προνυμφών της φθοριμαίας της πατάτας, Phthorimaea opercullela (Zeller). Παραλήθφηκε 
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σκόνη οξειδίων του πυριτίου από δύο διαφορετικά γεωργικά υποπροϊόντα, τον πυρήνα ελαιοκάρπου 
και τον σπάδικα αραβοσίτου. Ο χαρακτηρισμός με περίθλαση ακτίνων Χ έδειξε ότι η εκχυλισμένη σκό-
νη περιέχει μια άμορφη φάση πυριτίου. Οι μετρήσεις προσρόφησης-εκρόφησης αζώτου έδειξαν ότι 
τόσο το εκχυλισμένο πυρίτιο όσο και το επεξεργασμένο πυρίτιο έχουν μεσοπορώδη δομή, με ειδική 
επιφάνεια περίπου 300 m2/g και 270 m2/g για το πυρίτιο που προέρχεται από τον πυρήνα του ελαιο-
κάρπου και τον σπάδικα του αραβοσίτου, αντίστοιχα. Τα νανοσωματίδια πυριτίου (SiO2 NPs) που πα-
ρασκευάστηκαν από πυρίτιο που προέρχεται από πυρήνες ελαιοκάρπου είχαν μεγαλύτερη επίδραση 
στη θνησιμότητα των προνυμφών, στο βάρος των νυμφών και στο χρόνο ανάπτυξης των προνυμφών 
και των νυμφών της φθοριμαίας, σε σύγκριση με τα νανοσωματίδια πυριτίου από σπάδικες καλαμποκι-
ού. Τα αποτελέσματα δείχνουν ότι το νανο-πυρίτιο που προέρχεται από γεωργικά υποπροϊόντα μπορεί 
να είναι εξίσου αποτελεσματικό με το συνθετικό εντομοκτόνο (δελταμεθρίνη) που χρησιμοποιείται για 
την αντιμετώπιση της φθοριμαίας, με μικρότερη περιβαλλοντική επιβάρυνση όσον αφορά στην πρό-
ληψη συσσώρευσης υπολειμμάτων γεωργικών φαρμάκων. Επιπλέον, η αποτελεσματικότητα των επεμ-
βάσεων εξαρτάται από την πηγή προέλευσης των νανοσωματιδίων πυριτίου και την εφαρμοζόμενη 
συγκέντρωση για να επιτευχθούν τα βέλτιστα αποτελέσματα αντιμετώπισης του εντόμου.

Hellenic Plant Protection Journal 16: 59-66, 2023
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Behavioral and histopathological changes of Clarias gariepinus 
as a predatory fi sh against Culex pipiens larvae following 
exposure to sublethal concentration of quinclorac and 
bensulfuron-methyl based herbicide

I.A. Mohamed1,*, M. Fathy1, A.I.A. Farghal1, S.A.H. Temerak1, S.Kh. Abd El-Ghaff ar2 and 
S.K.A. Idriss3

Summary   Clarias gariepinus is one of the widespread culturable freshwater fi sh species in Africa, 
which is prevalent in various natural and human-made aquatic habitats including rice-fi sh system. This 
fi sh species displays predation potential on the aquatic stages of mosquitoes. Bensulfuron-methyl and 
quinclorac are herbicide active substances that have been extensively applied in rice culture in Egypt 
and other countries worldwide. This study assessed the adverse eff ects of sublethal concentration of 
a commercial herbicide formulation containing quinclorac and bensulfuron-methyl on the predation 
potential of C. gariepinus female and male predatory fi sh on Culex pipiens mosquito larvae. Also, stom-
ach and intestine histopathology of the treated fi sh was investigated. The exposure of C. gariepinus to 
sublethal concentration of quinclorac and bensulfuron-methyl based herbicide produced detrimen-
tal eff ects on prey consumption and histopathological changes in the stomach and intestine of the 
fi sh. The mosquito consumption by the treated female and male fi sh decreased signifi cantly compared 
to the untreated fi sh of both sexes. The histological changes in the intestines were hyperplasia of the 
intestinal epithelium and goblet cells; edema of lamina propria and broad intestinal villi, and distor-
tion in intestinal villi in comparison to control. The stomach histopathology changes were necrosis 
and sloughing of mucosal epithelium with severe damage of sub-mucosa. Thus, the tested herbicide 
at sublethal concentration on C. gariepinus decreased the prey consumption on mosquito larvae and 
caused histopathological alterations in the fi sh that may impair its digestive physiology. These fi nd-
ings suggest a threat of the tested herbicide to C. gariepinus survival and potential as a native success-
ful biocontrol agent against Cx. pipiens larvae.  

Additional keywords: Clarias gariepinus, Culex pipiens, herbicide, histopathology, predatory fi sh, prey 

widely used as exotic predators against 
mosquitoes in diff erent aquatic habitats all 
over the world (Pyke et al., 2008). However, 
negative impacts of Gambusia spp. on sev-
eral aquatic benefi cial invertebrates, am-
phibians, and other native fi sh species have 
been recorded in many countries (Pyke et 
al., 2008). This has led researchers to look for 
diff erent indigenous predatory fi sh species 
in local aquatic environments in Africa, Asia, 
and South America (Ghosh and Dash, 2007; 
Chandra et al., 2008). Therefore, about 315 
diff erent fi sh species, from many diff erent 
countries, have been recorded as being ef-
fective and potentially suitable indigenous 
predatory fi sh for mosquito control (Ghosh 
and Dash, 2007). For example, many edible 
fi sh such as Clarias gariepinus (Burchell), Ore-

Introduction

Several fi sh species have been used success-
fully as eff ective, low-cost, and eco-friendly 
biocontrol approaches against aquatic stag-
es of mosquitoes (Chandra et al., 2008; Bhat-
tacharjee et al., 2009). Since 1900, Gambusia 
spp. and Poecilia spp. are native larvivorous 
fi sh in American regions and have been 
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ochromis mossambica (Peters), Oreochromis 
spilurus (Gunther), Oreochromis niloticus L., 
Tilapia zillii (Gervais), and Ctenopharyngdon 
idella (Valenciennes) are farmed in natural 
habitats or human-made aquatic culture for 
human consumption and they also provide 
eff ective control of mosquito larvae and pu-
pae of Anopheles, Aedes, and Culex species 
(Chandra et al., 2008; Chala et al., 2016; Abe-
be et al., 2018; Das et al., 2018; Mohamed et 
al., 2021). 

Clarias gariepinus is a native African 
freshwater fi sh, which is prevalent in various 
natural and human-made aquatic habitats 
or even in sewage systems in urban regions 
worldwide, especially in African and Asian 
countries (Ponzoni and Nguyen, 2008). It is 
an omnivore fi sh that regularly feeds on a 
large variety of aquatic invertebrates, aquat-
ic insect larvae and pupae, small fi shes, al-
gae, and aquatic plants (Ghosh et al., 2008; 
Ponzoni and Nguyen, 2008). It is a hardy 
fi sh and tolerant to diffi  cult environmental 
conditions (e.g., polluted water) (Ponzoni 
and Nguyen, 2008). The immature stages of 
mosquitoes may occur in aquatic habitats of 
C. gariepinus (Gashaw et al., 2008). All these 
reasons make C. gariepinus a suitable candi-
date biocontrol agent against aquatic ani-
mal pests, mainly mosquitoes. In Ethiopia, 
C. gariepinus has the potential to control the 
larvae of Culex spp. and Anopheles arabien-
sis Patton (Chala et al., 2016) and the aquat-
ic snail Biomphalaria pfeiff eri Krauss (Gashaw 
et al., 2008). 

Egypt is the largest producer of vari-
ous edible fi sh mainly O. niloticus, C. gariepi-
nus, and Mugil cephalus L. in Africa (Soliman 
and Yacout, 2016). In Egypt, rice-fi sh farming 
produced about 51.31% of O. niloticus and 
29.93% of C. gariepinus from the total pro-
duction of rice-fi sh system in 2012 (Soliman 
and Yacout, 2016). However, according to 
the best of our knowledge, limited studies 
have been published assessing the predato-
ry effi  ciency of C. gariepinus against aquat-
ic stages of mosquitoes, and no studies on 
the mosquito Culex pipiens L. Culex pipiens is 
a main effi  cient vector of lymphatic fi laria-
sis worms and several serious arboviruses to 

humans and is the most widely distributed 
mosquito in temperate regions worldwide, 
including Egypt (Mohamed et al., 2021).

Predation of larvivorous fi shes may be 
aff ected by diff erent biotic and abiotic fac-
tors, which are related to the fi sh (preda-
tor), mosquito (prey), and its aquatic hab-
itats (Yildirim and Karacuha, 2007; Chala et 
al., 2016; Mohamed et al., 2021). Chala et al. 
(2016) indicated that the predation effi  cacy 
of C. gariepinus against mosquito larvae was 
signifi cantly aff ected by the mosquito gen-
era, larvae number exposed, hours of feed-
ing, and the size of predatory fi sh. Interest-
ingly, predation of larvivorous fi shes is also 
negatively impacted by the presence of tox-
icant chemical residues, mainly pesticides 
(insecticides and herbicides) in their aquat-
ic habitats (Kerby et al., 2012). Sublethal con-
centrations of diff erent chemical pesticides 
induced larger adverse eff ects on the be-
havior of predatory fi sh than on their prey 
(Kerby et al., 2012). For example, the insec-
ticide diazinon at sub-lethal concentrations 
signifi cantly reduced the activity and attack 
rates of Gambusia affi  nis (Baird and Girard) 
on Pseudacris regilla (Baird and Girard) tad-
pole prey which likely refl ects the negative 
eff ects of the pesticide on the predatory be-
havior of G. affi  nis (Kerby et al., 2012). Also, 
several herbicides produced adverse eff ects 
on diff erent freshwater fi sh such as chang-
es in mobility, feeding, orientation behavior, 
enzymes, biochemical and hematological 
modifi cations, histopathological disturbanc-
es, oxidative stress, genotoxicity, endocrine 
toxicity, and neurotoxicity (Ullah et al., 2014; 
Stanley and Preetha, 2016; Fathy et al., 2019; 
Saleh et al., 2022). 

Bensulfuron-methyl (sulfonylurea) and 
quinclorac (quinoline) are among the most 
commonly and widely applied selective 
herbicides in rice, various agricultural crops, 
and turfgrass lands worldwide. The residues 
of both herbicides are persistent in diff erent 
aquatic systems that may result in adverse 
eff ects on aquatic biota, mainly fi sh (Okamo-
to et al., 1998). Bensulfuron-methyl has been 
detected in water of rice fi elds at a range 
of <0.01–139.97 μg/L (Parveen et al., 2005), 
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while quinclorac was present at 1.34–6.97 
μg/L (Resgalla et al., 2007). Recently, both 
herbicides are mixed in a post-emergence 
herbicide (trade name Repare®), which has 
also been extensively applied in rice culture 
in Egypt and other countries worldwide (APC 
2021). Exposure of O. niloticus to a sublethal 
dose of bensulfuron-methyl and quinclorac 
individually altered the behavior of fi sh, in-
duced oxidative stress, and damaged the liv-
er and spinal cord (Fathy et al., 2019; Saleh et 
al., 2022). The 96-h exposure of silver catfi sh, 
Rhamdia quelen to LC50 of quinclorac (395 
mg/L) elicited adverse behavioral changes, 
oxidative stress, biochemical alternations, 
and induced histological lesions in the liver, 
kidney, and gill on the fi sh (Miron et al., 2005; 
Persch et al., 2017; Persch et al., 2018). Histo-
pathological examination variables are fre-
quently used as potential biomarkers in the 
pesticide toxicological studies to provide 
information about organ damage and the 
physiological, functional, and health status 
of fi sh after exposure to these toxic agents 
(Vander Oost et al., 2003; Fathy et al., 2019; 
Saleh et al., 2022). C. gariepinus is continu-
ously exposed to a great range of pesticide 
residues (e.g. herbicides), in its aquatic habi-
tats, especially present in or surrounding ag-
ricultural regions like rice-fi sh culture (Cha-
la et al., 2016). 

This study was designed in order to eval-
uate the eff ects of sublethal concentration of 
a quinclorac and bensulfuron-methyl based 
commercial herbicide on the predation po-
tential of C. gariepinus against Cx. pipiens lar-
vae under laboratory conditions and to as-
sess the  histopathological changes in the 
stomach and intestine of the fi sh.

Materials and Methods

Collection and maintenance of the fi sh 
Clarias gariepinus 

Females and males of C. gariepinus fi sh 
were collected from a private local fi sh farm 
in Assiut Governorate, Egypt, and trans-
ferred to the Environmental Toxicology lab-
oratory in the Plant Protection Department, 

Faculty of Agriculture, Assiut University. The 
female and male fi sh were stocked separate-
ly in 70 L boxes and acclimated for 4 weeks 
under laboratory conditions at 25 ± 1°C and 
12:12 h (L:D) photoperiod.

Culex pipiens larvae 
Field populations of Cx. pipiens larvae 

were collected from the sewage treatment 
plant in the Arab El-Madabegh region, As-
siut city, Egypt. The samples were trans-
fered to the laboratory and kept at 25 ± 1°C. 
The collected Cx. pipiens larvae were fed on 
a diet containing fi ne ground dry bread and 
yeast and then late third to early fourth in-
star larvae were used in this study.

Determination of sublethal concentra-
tion of herbicide on C. gariepinus

The tested commercial mixture her-
bicide formulation was Repare® 18% TB 
(16.5% quinclorac and 1.5% bensulfuron-
methyl; Starchem Chemical Manufacturing, 
Egypt). A preliminary experiment was con-
ducted to defi ne the sub-lethal concentra-
tion of the herbicide on C. gariepinus fi sh. 
In this experiment C. gariepinus fi sh (72 fi sh, 
28.5–30.0 cm and 167–180 g) were divided 
to six experimental groups (12 fi sh/group), 
the non-exposed fi sh (control) group and 
fi ve experimental groups exposed to dif-
ferent concentrations of the tested quinclo-
rac and bensulfuron-methyl herbicide. Each 
group of C. gariepinus fi sh was kept in three 
separate 70 L boxes (4 fi sh/box). In the non-
exposed control group, the fi sh remained 
in water, while in the herbicide treatment 
groups, the fi sh were exposed to 390, 780, 
1560, 3120 and 6240 mg of Repare® 18% TB/L 
water for 96 hours. Fish were maintained in 
the laboratory at the same conditions as de-
scribed above. Mortality was recorded ev-
ery 24 hours over 96 h and dead fi sh were 
removed from boxes immediately. Finney’s 
probit analysis (Finney, 1971) was used to es-
timate lethal concentration (LC50 and LC90) 
values of C. gariepinus after 96 h exposure 
using SPSS software version 16.0 (SPSS Inc., 
Chicago, IL, USA, 2).
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Predatory potential of C. gariepinus fi sh 
on Culex pipiens larvae after exposure to 
sublethal concentration of herbicide 

After the acclimatization, eighteen fe-
males (30.0–30.76 cm and 180.00 ± 2.77 g) 
and eighteen males (29.50–31.00 cm and 
162.5 ± 2.51 g) of C. gariepinus were selected 
for the experiments. The aforementioned 
female and male fi sh were divided into two 
groups (9 fi sh/sex/group) as follows: the 
fi rst group was the non-exposed fi sh (con-
trol) and the second group was exposed to 
the determined sub-lethal concentration of 
quinclorac and bensulfuron-methyl based 
mixture herbicide in water (390 mg of Re-
pare® 18% TB/L) for 15 days and placed in 70 
L boxes. The water in boxes was changed ev-
ery 48 h and the herbicide was again add-
ed to maintain the concentration constant 
as described by Doherty et al. (2016) and 
Hamed and Osman (2017). Fish were fed 
once a day with commercial dry food pel-
lets (25% crude protein, Al-Salam Compa-
ny, Egypt). On the day 14 of exposure, all C. 
gariepinus fi sh in all groups were left over 
without food for 24 h to starve. After the ex-
posure period and before the predation ex-
periment, the treated fi sh of each sex were 
transferred carefully to separate boxes con-
taining clean water to wash the fi sh off  her-
bicide before starting the predation exper-
iments. Each fi sh was placed in 8 L water 
with 600 mosquito larvae for 12h, from 7:30 
a.m. to 7:30 p.m. (day time predation exper-
iment) and then the same fi sh was trans-
ferred to new box with fresh 8 L water and 
new batch of 600 larvae from 7:30 p.m. to 
7:30 a.m. (night time predation experiment). 
This procedure was repeated every 12 hours 
for a total period of 5 days (120 hours).

The total number of Cx. pipiens larvae 
consumed by both pre-treated and un-
treated female and male fi sh groups was 
recorded every 12 h over 120 hours. The 
means of Cx. pipiens larvae consumption by 
pre-treated and untreated female and male 
C. gariepinus fi sh groups were estimated and 
expressed as mean ± SE. The t-test for inde-
pendent samples was performed to com-
pare the mean number of consumed larvae 

between treated and untreated group at a= 
0.05 signiffi  cance level. 

Histopathological studies 
Three C. gariepinus fi sh from each of the 

pre-treated and untreated (control) groups 
were randomly selected after 15 days of ex-
posure. Tissue samples of the stomach and 
intestine were anatomically dissected from 
each fi sh in both groups, rapidly removed, 
washed with neutral saline, and fi xed in neu-
tral buff ered formalin 10%. Post-fi xed tissue 
specimens of each group were dehydrated in 
a graded alcohol series, cleared with methyl 
benzoate, and then embedded in a paraffi  n 
wax (Bancroft and Stevens, 1982). Thin sec-
tions were cut at 5 μm thickness and stained 
with the hematoxylin–eosin stain (HE) tech-
nique (Bancroft et al., 1996). All sections in 
each group were histopathologically exam-
ined and photographed using an Olympus 
CH30 microscope. 

Results

Sublethal concentration of tested herbi-
cide on C. gariepinus

All fi sh exposed to 3120 and 6240 mg Re-
pare® 18%/L water died within 24 h, but for 
those exposed to 390 and 780 mg of the her-
bicide there was no mortality after 24 h and 
even after 96 h of treatment, respectively. 
The concentration of 1560 mg/L produced 
41.67% mortality after 24 h and 96 h of treat-
ment. The LC50 of the herbicide against C. 
gariepinus at 96 h was 1607 mg/L (Table 1). 
The selected sublethal concentration of Re-
pare® herbicide in our study was 390 mg/L, 
which is almost the 1/4 LC50 value at 96 h 
and approximately 1/27 from the recom-
mended application rate (10416.67 mg Re-
pare® 18%/L) of the herbicide for rice weeds 
in Egypt (APC, 2021).

Predatory potential of C. gariepinus fi sh 
on Culex pipiens larvae after exposure to 
sublethal concentration of herbicide 

The data regarding the predatory ef-
fi cacy of the treated female and male of C. 
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gariepinus fi sh after exposure to subleth-
al concentration of quinclorac and bensul-
furon-methyl based herbicide (390 mg Re-
pare® 18%/L) and the control against third 
to fourth -instar larvae of Cx. pipiens under 
laboratory conditions are showed in Table 
2. The sublethal concentration of the test-
ed herbicide aff ected negatively the feed-
ing potential of the female and male of C. 
gariepinus. The daily consumption (sum of 
day and night time records) of pre-treated 
and untreated females of C. gariepinus on Cx. 
pipiens larvae was 669.17 ± 3.72 and 1018.17 
± 10.27 larvae, respectively, i.e., signifi cantly 
reduced by 34.28%. Also, the daily consump-
tion of pre-treated and untreated males of C. 
gariepinus on Cx. pipiens larvae was 471.25 ± 
10.78 and 595.92 ± 24.92 larvae, respective-
ly, i.e., signifi cantly reduced by 20.92%. The 

daily larval consumption by the pre-treat-
ed and untreated C. gariepinus was 570.21 ± 
2.68 and 794.65 ± 5.93, respectively, regard-
less the gender (Table 2), hence, the subleth-
al concentration of the herbicide reduced 
the consumption potential of C. gariepinus 
on Cx. pipiens larvae by 28.23%. 

Larval consumption by the pre-treated 
and untreated female of C. gariepinus was 
higher than in the pre-treated male by 1.71 
and the untreated male fi sh by 1.42 times. 
The larval consumption by the pre-treat-
ed and untreated male fi sh was also higher 
during the nighttime by 1.91 and 1.71 times 
than during the daytime, respectively. 

Histopathological studies
In the present study, no visible changes 

or no pathologic changes were observed in 

Table 1. Lethal concentrations (LC50 and LC90) along with 95% confi dence limits of quinclo-
rac and bensulfuron-methyl based herbicide (Repare® 18%) on Clarias gariepinus after 96 h 
exposure.

Value Concentration (mg/L)
95% confi dence limits

Slope±S.E.
Lower Upper

LC50 1607.0 1542.72 1794.84 0.004 ± 0.001

LC90 1941.0 1770.05 2957.69 0.004 ± 0.001

Table 2. Predation of untreated and treated females and males of Clarias gariepinus after ex-
posure with sublethal concentration of quinclorac and bensulfuron-methyl based herbicide 
(390 mg Repare® 18%/L water) for 15 days against third-fourth instar larvae of Culex pipiens.

Fish sex
Treatment Mean Fish

size (±SE) (cm)
Mean Fish 

weight (±SE) (g)

Mean (±SE) number of consumed Cx. pipiens
larvae per fi sh

Day time† Night time† Daily‡

Female Untreated 30.00 ± 1.38 180.00 ± 2.77 461.50 ± 3.04 556.67 ± 10.97 1018.17 ± 10.27
Treated 30.76 ± 0.33 180.00 ±2.77 309.67 ± 7.20 359.50 ± 5.79 669.17 ± 3.72

P-value 0.001* 0.0001* 0.0001*

Male Untreated 29.50 ± 1.50 162.50 ± 2.51 196.38 ± 5.89 374.75 ± 1.25 571.13 ± 4.64
Treated 31.00 ± 1.00 162.50 ± 2.51 174.13 ± 6.64 297.13 ± 4.14 471.25 ± 10.78

P-value 0.013* 0.0001* 0.001*

Adult Untreated 29.75 ± 1.44 171.25 ± 2.64 328.94 ± 0.39 465.71 ± 5.70 794.65 ± 5.93
Treated 30.88 ± 0.67 171.25 ± 2.64 241.90 ± 2.51 328.31 ± 4.63 570.21 ± 2.68

P-value 0.001* 0.0001* 0.0001*

Signiffi  cant diff erences between means using t-test (p < 0.05) are indicated with an asterisk (*). † Day time (from 7.30 
am to 7.30 pm) and night time (from 7.30 pm to 7.30 am). ‡ Daily is the sum of day and night time records.



© Benaki Phytopathological Institute

Mohamed et al.72

the stomach (normal histological structure 
in Figure 1A, 1B) and the intestine (Figure 
2A) of C. gariepinus in the control group. Ex-
posure for 15 days to 390 mg Repare® 18%/L 
altered the stomach histology resulting in 
a focal area of damage in stomach muco-
sa (Figure 1C, 1D), accompanied by necrosis 
and sloughing of mucosal epithelium that 

causes severe damage to sub-mucosa (Fig-
ure 1C, 1D). After 15 days, the fi sh intestinal 
in the treated group showed: hyperplasia of 
intestinal epithelium and goblet cells (Fig-
ure 2B), edema of lamina propria and broad 
intestinal villi in some cases (Figure 2C), and 
distortion in intestinal villi (Figure 2D) in 
comparison to control. 

Figure 1. Stomach sections of Clarias gariepinus (H & E stain, 400×): A and B) Control stomach showing normal mucosa 
with a single layer of columnar epithelial cells (CEC) and gastric glands (GG), sub mucosa (SM), and muscle layer (ML). C) and 
D) Exposed to 390 mg Repare® 18%/L for 15 days showing necrosis (circle), sloughing of mucosal epithelium (arrow). Scale 
bars: A, C, D (100 μm) and B (20 μm).
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Discussion

This is the fi rst report indicating that the ex-

posure of C. gariepinus fi sh species to sub-
lethal concentration (almost 1/4 of the LC50 
concentration for 96 h exposure) of a com-

Figure 2. Intestine sections of Clarias gariepinus (H & E stain): A) Control intestine tissue showing normal lamina propria 
(LP), and normal columnar epithelial cells (CEC) with distinct nucleus. B, C, D) Exposed to 390 mg Repare® 18%/L for 15 days; 
B) Showing hyperplasia of intestinal epithelium (yellow star) with hyperplasia of goblet cells (GC) (arrow); C) Showing Ede-
ma of lamina propria (star) and broad intestinal villi (double arrow); D) Showing damaged CEC (arrow) and distortion of villi 
and lamina propria (oval). Magnifi cation: A (100×) and B, C, D (400×). Scale bars: A, D (100 μm) and B, C (20 μm).
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mercial herbicide containing quinclorac and 
bensulfuron-methyl has negative eff ects on 
the predation potential of the fi sh, female 
and male. Kerby et al. (2012) indicated that 
exposure of G. affi  nis to sublethal concentra-
tions (0.5 and 1.0 mg/L) of the pesticide diaz-
inon for 48 h decreased its consumption by 
90-100% on P. regilla tadpole prey, whereas 
the presence of the pesticide resulted in a 
signifi cant reduction in activity and attack 
rates of G. affi  nis against the target prey. 

In the case of bensulfuron-methyl and 
acetochlor mixture rice herbicide, the LC50  
values against Procambarus clarkii fi sh were 
191.25 and 145.24 mg/L at 24 and 96 h, re-
spectively. Tthe herbicide at 1/2 of the 96-h 
LC50 (72.6 mg/L) caused behavioral and mor-
phological changes and induced severe path-
ological alterations in the gill, heart, muscle, 
perigastric organ, midgut, and stomach of 
the fi sh (Yu et al., 2017). The 96-h LC50 of ben-
sulfuron-methyl on Cyprinus carpio was 1620 
mg/L (Rahmani et al. 2020) and the 96-h LC50 
of quinclorac on Rhamdia quelen fi ngerlings 
was 395 mg/L (Miron et al. 2005).

This is the fi rst report for the predatory 
activity of C. gariepinus fi sh collected in Egypt 
against Cx. pipiens larvae under laboratory 
conditions, indicating its potential use as an 
eco-friendly and eff ectively indigenous bio-
control agent against the aquatic develop-
mental stages of Cx. pipiens. The larvivorous 
effi  ciency of C. gariepinus has been reported 
in Ethiopia against larvae of both An. arabien-
sis and Culex sp. in laboratory and semi-fi eld 
experiments; the larvae consumption by the 
fi sh was signifi cantly increased during the 
nighttime than during the daytime (Chala et 
al., 2016). In India, C. gariepinus exhibited a 
highest capacity to feed on An. stephensi (Li-
ston) larvae compared with C. idella, Cyprinus 
carpio L., and O. niloticus (Ghosh et al., 2005). 
Earlier studies demonstrated that the preda-
tion rates of C. gariepinus and other indige-
nous and exotic larvivorous fi sh species were 
greatly associated with diff erent biological 
traits such as the biotype, size, developmen-
tal stages and sex of the larvivorous fi sh, and 
the genera, developmental stages and pop-
ulation density of mosquito prey (Seng et al., 

2008; Chala et al., 2016; Mohamed et al., 2021), 
or the presence of diff erent chemical and 
physical stressors such as pesticides, light, 
and salinity in aquatic habitats (Kerby et al., 
2012; Yofukuji et al., 2021).  

In our study, the untreated female of C. 
gariepinus consumed more Cx. pipiens larvae 
than the untreated male fi sh. Moreover, the 
daily predation rates of the pre-treated and 
untreated groups of female C. gariepinus 
against Cx. pipiens larvae were higher than 
those of the male fi sh in both groups, indi-
cating that the predation rates of C. gariepi-
nus were strongly associated with the sex of 
fi sh. Similarly, mosquito larval consumption 
is strongly correlated with the sex of preda-
tory fi sh Poecilia reticulata (Seng et al., 2008; 
Saleeza et al., 2014).  

Female and male of C. gariepinus ex-
posed to sublethal dose of the tested quin-
clorac and bensulfuron-methyl based her-
bicide showed decreased predation rates 
on Cx. pipiens larvae compared to non-ex-
posed fi sh. This might be associated with the 
direct deleterious eff ect of the herbicide on 
the behavioral, physiological, pathological, 
and metabolic functions in the treated fi sh, 
e.g. to reduce the activity and change swim-
ming speed behavior (rest and slow swim) 
that may decrease the attack capability rate 
on mosquito larvae. The presence of chemi-
cal contaminants such as heavy metals and 
pesticides in aquatic habitats may aff ect the 
survival and predatory ability of predatory 
fi sh by decreasing the predation rates, alter-
ing their swimming ability or reducing their 
vigor (Kerby et al., 2012; Monde et al., 2016; 
Yofukuji et al., 2021). Changes in ecological 
functions of mobility and predation may be 
due to the inhibitory eff ect of the toxic com-
pounds on fi sh’s acetylcholinesterase (Ba-
naee, 2012). The hybrid catfi sh, which was 
exposed to sub-lethal doses of endosulfan 
insecticide (0.03-1.0 μg/L) exhibited behav-
ioral changes and decreased its predation 
capacity on Bulinus globosus (Morelet) prey 
(Monde et al., 2016). Kerby et al. (2012) found 
that diazinon insecticide at low concentra-
tions signifi cantly decreased the predation 
rate of mosquitofi sh G. affi  nis against tad-
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poles by reducing the fi sh activity and vigor. 
Pesticides and other chemical toxicants 

in water can enter the digestive tracts of fi sh 
during feeding and can also cause histo-
pathological injuries in the digestive organs 
of fi sh that may negatively infl uence the fi sh 
feeding activity (Banaee 2012; Yu et al., 2017; 
Saleh et al., 2022). Histological analyses in 
the present study showed histological alter-
nations in the stomach and the intestine tis-
sue of C. gariepinus fi sh after exposure to the 
quinclorac and bensulfuron-methyl based 
herbicide at a sublethal concentration of 390 
mg Repare® 18%/L water for 15 days. Similar-
ly, Samanta et al. (2016a) reported that expo-
sure of O. niloticus to Almix® herbicide (met-
sulfuron-methyl+chlorimuron-ethyl) for 30 
days led to degenerative changes like dis-
torted mucosal folds, damage in columnar 
epithelial cells and submucosa, and merged 
mucosal folds in stomach tissues. Patholog-
ical changes in the stomach, midgut, and 
intestine were also found in Procambarus 
clarkia (Girard) after exposure to the mixture 
bensulfuron-methyl+acetochlor (Yu et al., 
2017). Exposure of Cirrhinus mrigala (Hamil-
ton) for 96 h to 1.5-3.0 μg/L fenvalerate in-
secticide altered intestine histology result-
ing in necrosis of the epithelial cells linning 
intestinal villi, sloughing of the mucosal epi-
thelium and lymphocytic cell reaction in the 
lamina propria (Velmurugan et al., 2007). 

Fish stomach and intestine are primari-
ly responsible for the digestion of ingested 
food materials and are vital organs, which 
are aff ected by diff erent xenobiotic com-
pounds, mainly pesticides (Braunbeck and 
Appelbaum, 1999). The histological chang-
es in stomach and intestine of C. gariepi-
nus exposed to quinclorac and bensulfuron-
methyl based herbicide could be related to 
the deformity structures and functions of 
these organs due to the herbicide toxicity 
and cause a negative eff ect on the prey con-
sumption by the fi sh. The prey consumption 
of a bug predator, Podisus nigrispinus (Dallas) 
was decreased signifi cantly by prey expo-
sure to permethrin, thiamethoxam, and Ba-
cillus thuringiensis insecticides causing mor-
phological and histological alternation in 

the midgut of the predator that impaired its 
digestibility (Silva et al., 2021). Samanta et al. 
(2016b) described similar lesions formation 
in villi of Anabas testudineus (Bloch) after ex-
posure to glyphosate herbicide.

In conclusion, this study showed that 
the fi sh C. gariepinus collected from Egypt 
can consume Cx. pipiens larvae, and fi sh fe-
males exhibit higher consumption capaci-
ty than the males. Our results suggest that 
the native to Egypt fi sh, C. gariepinus could 
be considered as a pioneer and a promis-
ing biocontrol agent against Cx. pipiens lar-
vae. However, exposure of C. gariepinus to 
sublethal concentration of a herbicide con-
taining quinclorac and bensulfuron-meth-
yl (390 mg Repare® 18%/L water) for 15 days 
reduced the predatory potential of the fi sh 
female and male against mosquito larvae of 
Cx. pipiens. The herbicide also caused histo-
pathological changes in the stomach and in-
testine of this predatory fi sh that may com-
promise predation and aff ect digestion and 
absorption of nutrients. These fi ndings sug-
gest the necessity of appropriate application 
of the tested herbicide according to the au-
thorized uses indicated in the label of the 
product in agricultural lands and fi sh farms 
in order to prevent or reduce harmful eff ects 
on the fi sh. The eff ects of pesticides on pred-
atory fi sh, their prey, and their interactions 
require further laboratory and fi eld studies.
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Συμπεριφορικές αλλαγές και ιστοπαθολογικές αλλοιώσεις 
στο ψάρι Clarias gariepinus ως αρπακτικό προνυμφών του 
κουνουπιού Culex pipiens μετά από έκθεση σε υποθανατηφόρο 
συγκέντρωση ζιζανιοκτόνου με δραστικές ουσίες quinclorac 
και bensulfuron-methyl

I.A. Mohamed, M. Fathy, A.I.A. Farghal, S.A.H. Temerak, S.Kh. Abd El-Ghaff ar και 
S.K.A. Idriss 

Περίληψη   Το Clarias gariepinus είναι ένα καλλιεργούμενο είδος ψαριού του γλυκού νερού, ευρέως 
διαδεδομένο στην Αφρική, το οποίο κυριαρχεί σε διάφορα φυσικά και ανθρωπογενή υδάτινα οικο-
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συστήματα, συμπεριλαμβανομένου του μικτού συστήματος ιχυοκαλλιέργειας - καλλιέργειας ρυζιού. 
Αυτό το είδος ψαριού εμφανίζει αρπακτική ικανότητα στα υδρόβια στάδια ανάπτυξης των κουνου-
πιών. Οι bensulfuron-methyl και quinclorac είναι ζιζανιοκτόνες δραστικές ουσίες που έχουν εφαρμο-
στεί εκτενώς σε καλλιέργειες ρυζιού στην Αφρική και άλλες χώρες παγκοσμίως. Η μελέτη αυτή αξιο-
λόγησε τις αρνητικές επιδράσεις υποθανατηφόρου συγκέντρωσης ενός εμπορικά διαθέσιμου ζιζανιο-
κτόνου που περιέχει τις δραστικές ουσίες quinclorac and bensulfuron-methyl, στην αρπακτική ικανό-
τητα των θηλυκών και αρσενικών ατόμων του ψαριού Clarias gariepinus σε προνύμφες του κουνουπι-
ού Culex pipiens. Επίσης, μελετήθηκε η ιστοπαθολογία του στομάχου και του εντέρου των ψαριών στα 
οποία έγινε η εφαρμογή του ζιζανιοκτόνου. Η έκθεση του C. gariepinus στην υποθανατηφόρο συγκέ-
ντρωση του ζιζανιοκτόνου με δραστικές ουσίες quinclorac και bensulfuron-methyl προκάλεσε αρνητι-
κές επιδράσεις στην κατανάλωση λείας και ιστοπαθολογικές αλλοιώσεις στον στόμαχο και στο έντερο 
του ψαριού. Η κατανάλωση προνυμφών κουνουπιών από τα θηλυκά και αρσενικά ψάρια στα οποία είχε 
γίνει εφαρμογή του ζιζανιοκτόνου μειώθηκε σημαντικά σε σχέση με εκείνη των ψαριών και των δύο 
φύλων που δεν εκτέθηκαν στο φάρμακο. Οι ιστοπαθολογικές αλλοιώσεις στο έντερο ήταν υπερπλα-
σία του επιθηλίου του εντέρου και των καλυκοειδών κυττάρων, οίδημα της υποβλεννογόνιου στοιβά-
δας και διεύρυνση των εντερικών λαχνών, και παραμόρφωση των εντερικών λαχνών, σε σύγκριση με 
το μάρτυρα. Οι ιστοπαθολογικές αλλοιώσεις του στομάχου ήταν νέκρωση και αποκόλληση του επιθη-
λίου του βλεννογόνου με σοβαρή βλάβη του υποβλεννογόνου. Ως εκ τούτου, το δοκιμαζόμενο ζιζανι-
οκτόνο σε υποθανατηφόρο συγκέντρωση στο ψάρι C. gariepinus μείωσε την κατανάλωση προνυμφών 
κουνουπιών και προκάλεσε ιστοπαθολογικές αλλοιώσεις στο ψάρι, οι οποίες ενδεχομένως επηρέασαν 
τη φυσιολογίας της πέψης. Τα ευρήματα της μελέτης δείχνουν ότι το δοκιμαζόμενο ζιζανιοκτόνο μπο-
ρεί να αποτελέσει απειλή για την επιβίωση του ψαριού C. gariepinus και τη δυνατότητα χρήσης του ως 
επιτυχούς ιθαγενή παράγοντα βιολογικής καταπολέμησης προνυμφών του κουνουπιού Cx. pipiens. 
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SHORT COMMUNICATION

New data on the parasitization of Aleurothrixus fl occosus 
(Maskell) (Hemiptera: Aleyrodidae) in Greece

G.J. Stathas1*, N.G. Kavallieratos2, L.N. Cheliotis1, P.J. Skouras1, M.V. Giakoumaki3 

and P.G. Milonas3

Summary   Signiphora fl avella (Girault) (Hymenoptera: Signiphoridae) was recorded in 2022 as a new 
parasitoid species of the serious pest of citrus Aleurothrixus fl occosus (Maskell) in Greece, in two diff er-
ent areas, i.e., the provinces of Laconia and Messinia. Previously, Signiphora fl avella was recorded in 
Greece parasitizing Hemiberlesia rapax (Comstock) and H. lataniae (Signoret) in early 60s. It is mainly a 
parasitoid species of scale insects belonging to Diaspididae (Hemiptera: Coccomorpha), whitefl ies, or 
a hyperparasitoid of aphelinids. 

Additional keywords: biological control, parasitoid, Signiphora fl avella, whitefl y 

(Rossi) (Coleoptera: Coccinellidae) feeding 
on eggs and early-instar nymphs of A. fl oc-
cosus. During the period 1991-2005 studies 
on the ecology of A. fl occosus in citrus culti-
vated areas (36 areas of Attica, Greece and 
34 in the rest country), recorded that C. no-
acki was the main natural enemy of A. fl oc-
cosus. In high infestation levels, the preda-
tors C. arcuatus and Oenopia conglobata (L.) 
have been drastically feeding upon A. fl oc-
cosus (Kontodimas et al., 2005).

Natural enemies of A. fl occosus are re-
ferred in other areas of the world; Chile: C. 
noacki, Eretmocerus paulistus Hempel (Hy-
menoptera: Aphelinidae), Amitus spinifer-
us (Brethes) (Hymenoptera: Platygastridae), 
Signiphora sp. Ashmead (Hymenoptera: 
Signiphoridae) (Tello-Mercado and 
Zarzar-Maza, 2021), Oligota pygmaea and 
Parastethorus histrio (Coleoptera: Coccinelli-
dae) (Rioja, et al., 2015); Mexico: Eretmocer-
us naranjae Myartseva (Hymenoptera: Aph-
elinidae) (Myartseva and Coronado-Blanco, 
2007); Brazil Signiphora sp. and C. noacki 
(Marsaro Júnior, et al., 2015); California (USA): 
Cales rosei Mottern (Hymenoptera: Aphelin-
idae) (Mottern and Heraty, 2014); Dominican 
Republic and Florida (USA): Encarsia domini-
cana Evans (Hymenoptera: Aphelinidae) (Ev-
ans and Serra, 2002); France: C. noaki and 

The woolly whitefl y, Aleurothrixus fl occo-
sus (Maskell, 1896) (Hemiptera: Aleyrodidae) 
was fi rstly recorded in Greece during 1991 
at several urban areas of Athens (Greece) 
heavily infesting citrus trees (Katsoyannos, 
1991). Later, it was confi rmed invading all 
citrus cultivated areas of Greece. Success-
ful biological control of this noxious spe-
cies was conducted by introducing the ex-
otic parasitoid Cales noacki Howard, 1907 
(Hymenoptera: Aphelinidae) from Spain and 
France (Katsoyannos, 1991). The parasitoid 
was reared and massively released to the in-
fested trees in numerous citrus growing ar-
eas of Greece (Katsoyannos, 1991; 1994; Kat-
soyannos et al., 1997; 1998). The spectrum 
of natural enemies of A. fl occosus consisted 
of the introduced parasitoid (C. noacki) and 
the native predator Clitostethus arcuatus 
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Amitus spiniferus (Brèthes) (Hymenoptera: 
Platygastridae) (Onillon, 1988); Turkey: C. no-
acki, C. arcuatus Risso, Cryptoleamus mon-
trouzieri Mulsant, Chilocorus bipustulatus L., 
Serangium parcesetosum Sicard (Coleoptera: 
Coccinellidae), Conwentzia sp. (Neuroptera: 
Coniopterygidae), and Chrysoperla carnea 
(Stephens) (Neuroptera: Chrysopidae) (Tel-
li and Yiğit, 2012); India: Encarsia guadelou-
pae Viggiani (Hymenoptera: Aphelinidae), 
Pseudomallada astur (Banks) (Neuroptera: 
Chrysopidae), and the entomopathogen-
ic fungus, Isaria fumosorosea Wize (Hypo-
creales: Clavicipitaceae) (Sundararaj et al., 
2021).

Within the genus Signiphora, 50 species 
and numerous undescribed species have 
been particularly recorded in the Neotro-
pical region. They have been reported as 
primary or secondary parasitoids of Dias-
pididae, Coccidae, Pseudococcidae, Aley-
rodidae, while rarely of other Homoptera, 
and parasitoids of pupae of Tachinidae and 
Drosophilidae (Diptera) (Gibson et al., 1997; 
Woolley, 1988; Noyes, 2023).

 Signiphora fl avella is a cosmopolitan and 
polyphagous species. It is distributed to Al-
geria, Argentina (Buenos Aires), Australia, 
Brazil, Chile (Pocochay, Santiago), Hondu-
ras, Greece (Crete), India (Shillong), Indone-
sia, Israel (Rehovot), Mexico (Amecameca), 
Morocco, New Zealand, Peru (Lima), Puerto 
Rico (Central Aguirre), South Africa, Spain, 
USA (California: Santa Barbara, Miami, New 
Orleans, San Antonio, San Diego), Venezuela 
(Trinidad, Tobago) (Woolley and Dal Molin, 
2017; Schmidt et al., 2019). 

The hosts of S. fl avella are mainly scale 
insects of the family Diaspididae: Aonidiella 
aurantii (Maskell), A. ensifera McKenzie, Aspid-
iotus nerii Bouché, Chrysomphalus dictyosper-
mi (Morgan), Comstockaspis perniciosa (Com-
stock), Hemiberlesia cyanophylli (Signoret), 
Hemiberlesia  lataniae (Signoret), Hemiberle-
sia palmae (Cockerell), Lepidosaphes ulmi (L.), 
Oceanaspidiotus spinosus (Comstock), Pseud-
aonidia trilobitiformis (Green), and Pseudaul-
acaspis pentagona (Targioni Tozzetti) (García 
Morales et al., 2016). In a recent review, 
Woolley and Dal Molin (2017) have report-

ed more hosts such as Hemiberlesia rapax 
(Comstock), Aspidiotus cyanophylli Signoret, 
Serenaspis minima (Maskell) under the syn-
onym Hemichionaspis minor (Maskell), Dias-
pis pentagona Targioni Tozzetti, Lepidos-
aphes beckii (Newman), Parlatoria pittospori 
Maskell, Pseudaulacaspis cockerelli (Cooley), 
Parlatoria pergandii Comstock (Hemiptera: 
Diaspididae), and A. fl occosus. Furthermore, 
S. fl avella is referred as hyperparasitoid of 
Aphelinidae parasitoids (Hymenoptera), i.e., 
Coccophagus sp. Westwood (attacking Sais-
setia persimilis (Newstead)) and Aspidiotiph-
agus citrinus (Craw) (Woolley and Dal Molin, 
2017). 

In Greece, S. fl avella has been found by 
DeBach on H. rapax and H. lataniae in early 
60s (Woolley Dal Molin, 2017). In 2022, S. fl a-
vella was found to highly parasitise A. fl oc-
cosus that heavily infested orange trees, Cit-
rus sinensis (L.) Osbeck var. Valencia, in the 
area Vlachioti (Laconia province, Pelopon-
nese, Greece) (36˚51΄ N, 22 4̊1΄ E; altitude: 14 
m above sea level (a.s.l.)) (Fig. 1). The same 
year it was recorded parasitizing A. fl occo-
sus on C. sinensis var. Navelina in the area As-
prochoma (Messenian province, Pelopon-
nese, Greece) (37˚03΄ N, 22˚03΄ E; altitude: 5 
m a.s.l.). In preliminary studies in Vlachioti, 
we found that S. fl avella eff ectively parasit-
ized A. fl occosus infesting C. sinensis and de-
veloped higher population than C. noacki. In 
this area, the population composition of S. 
fl avella/C. noacki was 69.4/30.4% during No-
vember 2022 on the examined samples of 
infested leaves. Considering the fact that S. 
fl avella is recorded for the fi rst time on A. fl o-
cossus in Greece after its fi rst report on other 
hosts 70 years ago, further studies are need-
ed on the biology and ecology of this spe-
cies, that will clarify its role and importance 
on the biological control of the wooly white-
fl y.

The authors express their gratitude to Dr Alek-
sandar Stojanović (Natural History Musem, 
Belgarde) for the identifi cation of Sgniphora 
fl avella. 
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Νέα στοιχεία επί του παρασιτισμού του Aleurothrixus fl occosus 
(Maskell) (Hemiptera: Aleyrodidae) στην Ελλάδα 

Γ.Ι. Σταθάς, Ν.Γ. Καβαλλιεράτος, Λ.Ν. Χελιώτης, Π.Ι. Σκούρας, Μ.Β. Γιακουμάκη και 
Π.Γ. Μυλωνάς

Περίληψη   Το είδος Signiphora fl avella (Girault) (Hymenoptera: Signiphoridae) καταγράφηκε στην Ελ-
λάδα κατά το έτος 2022 ως παρασιτοειδές του Aleurothrixus fl occosus (Maskell) σε σοβαρές προσβολές 
του σε εσπεριδοειδή, στις περιοχές Λακωνίας και Μεσσηνίας. Προγενέστερα, κατά τις αρχές της δεκα-
ετίας του 1960, το Signiphora fl avella είχε καταγραφεί στην Ελλάδα ως παρασιτοειδές των Hemiberlesia 
rapax (Comstock) και H. lataniae (Signoret). Είναι παρασιτοειδές κυρίως κοκκοειδών εντόμων της οικο-
γένειας Diaspididae (Hemiptera: Coccomorpha), αλλά και αλευρωδών, καθώς και υπερπαρασιτοειδές 
παρασιτοειδών που ανήκουν στην οικογένεια Aphelinidae. 

Hellenic Plant Protection Journal 16: 79-82, 2023
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