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Introduction

The cabbage aphid, Brevicoryne brassicae (L.) is a pest of cruciferous plants, especially cabbage, occurring
in various parts of the world. The aphids feed on many varieties of produce, including cabbage, broccoli
(especially), Brussels sprouts, cauliflower, and many other members of the genus Brassica, but do not feed on
plants outside of the Brassicaceae family. One of the control measures, which can be used for the cabbage aphid,
is biological control. The aphid is attacked by the parasitoid Diaeretiella rapae (M’Intosh) (Hymenoptera:
Braconidae, Aphidiidae) which tends to specialize on crucifer-feeding The Braconid wasp, D. rapae is a
cosmopolitan parasitoid of many species of aphids, especially the cabbage aphid, Brevicoryne brassicae.
Diadegma semiclausum (Hellen) (Hymenoptera: Ichneumonidae) is one of the most important parasitoids of the
diamondback moth (DBM.), Plutella xylostella (L.) (Lepidoptera: Plutellidae ) This Ichneumonid is a
potentially useful biological control agent in integrated management programs of DBM. It lays its eggs into the
developing larvae of the DBM. This ichneumonid can be released in any brassica plantings where no harmful
chemicals have been used.

Materials and Methods

Seeds of Chinese cabbage (Brassica rapa) were cultivated directly in a planting tries. After about 6 weeks,
young cabbages were transferred individually from the tray to the 10x10x15 cm pots. For ease transfer of pots
and better irrigation, each of the six pots was placed in a tray of the size indicated. All rearing was carried out at
23 = 2°C and a photoperiod of 14 h L:10 h D. For the rearing of cabbage aphids, a distinct insectary space was
considered under above condition. Cabbage aphid was reared on Chinese cabbage (Brassica rapa). The DBM
reared in a controlled experimental space in cage of 60cm.*60cm.*66cm. A pot containing young plants from 4
to 6 weeks old was used to prepare the primary colony of the pest. The pot were placed within the cage
containing adults of DBM in South Australian Research and Development Institute (SARDI). Therefore, under
normal conditions, there are always four pots containing adults that are laying on and a future rearing process
proceeds, and in another cage there were larvae of old ages and to obtain adults. Given there. In this study, for
the same age population of insect tested after 24 hours, the main mass of separation of contaminated specimens
was carried out. In all experiments, the third generation was obtained from the main colony. D. rapae rearing in
a controlled conditions in a cubic shape cage in 46 cm and surrounded by a net. Diadegma Parasitoid rearing in a
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controlled lab was made of cages 60x60x66h cm and surrounded by a net jar. In this research, three pesticides
were selected based on the following table. We used the selected pesticides as recommeneded dosages and
schedule using power tower.

Results and Discussion

The results showed that the effect of Monto pesticide was less than Confidor and Benoya pesticides. Also,
the percentage of bees leaving mummified aphids was higher than the other two pesticides. But in this
experiment, the effect of Monto on the parameters of the life table was greater than Confidor pesticide. These
results showed that the lasting and long-term effects of Monto poison can be considered. Two pesticides,
Confidor and Monto, inhibited the growth of cabbage waxy aphid population, respectively, and their inhibitory
effects on the parasitoid bee were less than Benoya. Therefore, it is considered as a safe margin for parasitoid
bees. Application of Monto with parasitoid bees increased control efficiency. Compared to the control, Confidor
pesticide had significant inhibitory effects on bee exit from pupation and it is considered as a non-target effect on
diadigma. Benoya pesticide has also reduced the amount of bee departure compared to the control, but the
advantage of this pesticide is that it controls the DBM population alone and there is no need to use the pesticide
together with the parasitoid bee. The results of the research with a view to the above tests showed that Confidor
pesticide has an inhibitory effect on the parasitism activity of Diadegma bee and it has a non-target location and
this parasitoid is safe compared to Monto pesticide. Monto pesticide was not effective for DBM pest control.
The efficiency of cabbage waxy aphid control methods showed that the highest efficiency was related to
Confidor and Benoya pesticides and the lowest was related to the use of parasitoid bees and the use of both
Confidor and parasitoid bees. Since the use of Benoya and Confidor alone and together with the parasitoid does

not have a significant difference; therefore, additional use of parasitoid with these two poisons is not justified.
But the use of Monto pesticide should be combined with parasitoid. So, this composition is safe for nature.

Keywords: Cabbage, Diamondback moth, Fertility table, Pesticide
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Figure 1- Steps and methods of cultivating the host plants, 1- planting seeds in the tray, 2- shoots of young cabbage and
transferring to the pot 3- young shoots of cabbage suitable for laying DBM, 4- shrubs cabbage suitable for feeding DBM
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Table 1- Effect of spraying on cabbage aphid on the mean live and mummified aphids population and the amount of
parasitism in D. rapae wasps at different times after application (n = 150)

Control methods Time after the spraying (per week)
3nd
st nd

Treatment ! 2 Aphid population Mummy
Benevia 18.35+0.24d* 1.61+0.24c 1.93+0.24c 00.00+0.0d
Confidor 11.19+0.36d 1.53+0.36¢ 3.8+0.36¢ 00.0040.0d
Movento 30.87+0.93dc 119.940.93b 140.0045.77b 00.00+0.0d
Benevia+Parasitoid 22.69+9.76d 0.0040.0c 00.00+0.0a 00.0040.0d
Confidor+Parasitoid  88.37+24.11bc  109.02+45.32b 141.1248.24b 17.72+7.05b
Movento+Parasitoid  28.86+13.87dc 5.24+1.8¢c 5.27+2.56¢ 2.72+1.36¢
Parasitoid 153.36+£31.88b  128.5+25.81b 139.48+10.64b  37.42+8.14a
Control 278.18+44.08a  287.99+0.63a 386.00+0.63a 00.00+0.0d
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Table 2- Effects of insecticides used on the percentage of mummification and the percentage of total emerged of D. rapae
parasitoid from mummified B. brassicae aphids

Control methods Mummy of D.rapae%  Adult of D. rapae%
Benevia + mummy 70.21+7.24c* 22.16+4.68c
Mummy (Benevia control) 95.85+1.36ab 51.04+6.06bc
Confidor + mummy 81.55+7.93bc 69.52+9.77ab
Mummy (confidor control) 93.00+2.63ab 92.35+2.33a
Movento + mummy 99.65+0.35a 86.24+6.15a
Mummy (movento control) 100.00+0.0a 51.04+16.00bc
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Table 3- Difference between mean values of population parameters due to the use of two pesticides on mummies. Cabbage
aphid parasitized D. rapae

Inse::md Population parameters
Ro GRR Fecundity .
r (d) y(d¥)  (eggsindividu  T(d)  (eggsindividu (eggsindividu ' emale  Longevity
al) al) al) % @
Confido  00.14%02b  1.15%0.02 1519402 0.50£0.0  16.58£0.3
yonnee - i 9.84+2.86a 1382582 19.67+0.0a p o
control oo.oigio.o 1.1i2.014 sossoesp 1208802 oo 040560 o.5g§o.o 15.791d¢o.1
00.16;0.02 1.1831&10.02 soriioes 1287803 oo oo 050801 16.851:0.2
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Figure 4- Effect of spraying on the percentage of emergence of adults in the DBM and the effect of exposure larvae on
pesticide residues on the percentage of parasitism of the D. semiclausum

Control methods Sum adult of Total mortality of Mortality of Plutella Sum adult of D.
Plutella% Plutella% spryed% semiclausum
Plutella+Benevia+Diadegma 6.9+3.9d 93.1+3.9a 91.7+3.2b 1.33+0.66d
Plutella+Benevia 0.0+0.0d 100.00+0.00a 100£0.0a 00.00+0.0e
Plutella+Confidor+Diadegma 56.57+0.93c 43.4240.93b 3.71+0.77e 39.71+0.0c
Plutella+Confidor 89.8+0.08b 10.19+0.63c 10.19+0.63d 00.0040.0e
Plutella+Movento+Diadegma 0.91+0.88d 99.08+0.81a 34.2140.6¢ 64.77+0.14b
Plutella+Movento 99.22+0.39a 0.77+0.39c 0.7740.3% 00.0040.0e
Plutella+Diadegma 4.31+0.11d 95.68+0.32a 0.22+0.24e 95.45+0.05a
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Figure 5- Effect of spraying on the of bee pupae on the exit rate of Diadegma bees from pupation

Isecticides

Adults of D. semiclausum %

Diadegma +benevia

Diadegma (benevia control)

Diadegma +confidor

Diadegma (confidor control)

Diadegma +movento

Diadegma (movento control)

32.14+11.72c*

59.36+11.05ab
58.04+7.27ab
81.39+7.23a
76.24+8.92a
81.39+7.23a
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Table 6- Difference between mean of population parameters of D. semiclausum from pupae infected with three pesticides in
activity of parasitism on DBM larvae

Inse:stlmd Population parameters
Ro GRR Fecundity .
r (d?) y(d?)  (eggsindivid  T(d)  (eggsindivid  (eggs.individ  Female% LO”(%‘;"'W
ualh) ual’h) ualh)

Benevia 0.13§2.015 1.14EO.17 919+2.03b 15.9310.3 9.85+2 05b 18.48+0.0b 0.4950.121 22.185010.1
Confido  00.11+0.01  1.11+0.01 513+0.97¢ 14.69+0.2 5 5140.976 8.83.240.63d  0.58+0.1a 20.4240.2

Movento c c 5e 6d
Control 00.16+0.01  1.17+0.01 12,0342 71a 15.11+0.4 14.64+3.05a 21.2+3.28a 0.56+0.09  19.78+0.4

3a 6a 2c ab 6e
00.10+£0.01 1.11+0.01 766+1.67b 18.34+0.2 782+1.72¢ 17.07+1.55b 0.44+0.08 24.75x0.2
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Table 7- Efficiency of different methods of control of cabbage aphid using three pesticides and parasitoid wasp D. rapae

Control method Efficiency
Aphid +Benevia 97.34+1.09a*
Aphid +Confidor 98.18+0.61a
Aphid +Movento 70.18+4.66b
Aphid +Benevia+ Parasitoid 97.00+1.98a
Aphid +Confidor +Parasitoid 63.45+8.9bc
Aphid +Movento+ Parasitoid 95.67+1.67a
Aphid +Parasitoid 53.85+5.27¢

Control 0.0+0.0d
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Introduction

Greenhouse whitefly, Trialeurodes vaporariorum, Westwood (Hemiptera: Aleyrodidae) is one of the most
destructive pests on the greenhouse and vegetables products in the world. Both of adults and nymphs cause
economic damages through sucking the phloem sap, and secretion of large amounts of honeydew which supports
the growth of sooty mold. Additionally, it transmits some plant virus pathogens. Usage of synthetic insecticides
is one of the most common methods in management of greenhouse whitefly which resulted in some side effects
on natural enemies, pest resurgence, environmental pollution, and pest resistance, as well. Hence, in the present
study, we used the biorational and plant-based with insecticidal properties, Acroptilon repens, Russian
knapweed, (Asteraceae). It is known as a persistent weed and has insecticidal potential. It was widely reported
from different parts of Iran. The aerial tissues of A. repens possess aromatic amines, and sterols, as well as
sesquiterpene lactones. It’s repellency, contact toxicity, fumigant toxicity, anti-oviposition, and antifeedant
properties against insect pests refer to the existence of aforementioned constituents.

Materials and Methods

Aerial parts of A. repens were collected from wheat field in Vagasluy-e Sofla (45° 1'E, 37° 39'N), West
Azerbaijan, Iran during 2021-2023 which identified by Dr. Mahnaz Heydari and preserved in the herbarium at
Agricultural Research, Education and Extension Organization (AREEO), West Azerbaijan, Urmia, Iran with
specimen number 106606. The colony of T. vaporariorum was reared on tomato (variety Sun-seed 6189).
Rearing of the insect was continued until they reached the desired stage for doing the bioassays. The insect
colony was kept in a growth chamber at 25+ 2° C and 60 == 10% RH at a photoperiod of 16: 8 h (L:D). The
immersion method was used to obtain the methanolic and aqueous extracts of A. repens, in which, 50 grams of

©2025 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Er distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
https://doi.org/10.22067/jpp.2025.92221.1222



https://jpp.um.ac.ir/
https://orcid.org/0009-0007-4794-2731
https://orcid.org/0000-0023-4220-8396
https://orcid.org/0000-0001-7777-4213
https://orcid.org/0000-0002-5440-3329
mailto:f.mehrkhou@urmia.ac.ir
https://doi.org/10.22067/jpp.2025.92221.1222
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jpp.2025.92221.1222
https://jpp.um.ac.ir/

VFeF 3l o oylods A ol (g 559LisS @ubiuo g pale) oyl pl LS cbilas glo ipgs YOO

the Russian knapweed were soaked in 300 ml of solvents (aqueous and 80% methanol) and placed on a shaker at
room temperature for 48 h, then the obtained extracts filtered twice, next concentrated by a rotary vacuum
distillation machine at 40°C with speed of 100 rpm. The obtained concentrated liquid was spread on a watch
glass until the solvent was removed entirely. Finally, the obtained powder gathered and stored in dark-colored
lidded jars inside the refrigerator at 4°C. The bioassay tests were performed to obtain the lethal (LCso) and
(LCqs) concentrations of Russian knapweed extracts by using the adult stage of greenhouse whitefly. Based on
preliminary tests which caused the mortality in the ranges between 10-90%, five final concentrations (19.53,
78.12,1250, 6500, and 7000) and (409.6, 1024, 2560, 6400 and 16000 pl/L) were used for aqueous and
methanolic extracts, respectively. To study the sublethal effects, the filter papers (Whatman No. 1) were
impregnated with LCos concentration of each A. repens extracts, and then attached to the screw caps of the
containers. Lids were screwed tightly and sealed with Para film. Then, 15 adults of the greenhouse whitefly were
released into the treated containers for 24h, After 24 h, the alive adults were collected and released on tomato
plants to laid eggs. The obtained eggs (60 the samed aged for each treatment) were used to study the life table
experiments. Their developmental time, survival, adult longevity and fecundity were checked daily. The age
stage, two-sex life table method was used to analyze the collected data. We used the bootstrap technique with
100,000 iterations to estimate the variance and standard errors of the biological and population parameters.
Sigma Plot software used to draw graphs. The growth of the pest population over 60 days was done with
Timing-MsChart software.
Results and Discussion

The current study showed that aqueous extract of Russian knapweed was more toxic than the methanolic
extract on adults of greenhouse whitefly. Moreover, the sublethal concentrations (LC2s) of both extracts affected
the biological and life table parameters of greenhouse whitefly by prolonging the developmental period,
decreasing the survival rate, adult longevity and fecundity. According to obtained results, there was no
significant differences between extracts in terms of population growth parameters, but the aforementioned
parameters were decreased compared to control groups. The mean generation time (T) of the greenhouse
whitefly was the longest in aqueous extract, followed by methanolic and control treatments.

Conclusions

The overall results demonstrated that, both of the used extracts were effective on population parameters of
greenhouse whitefly. However, the aqueous extract, due to an increase in the duration of the immature stages and
the increase in the length of one generation, caused a greater decrease in the growth rate of the greenhouse
whitefly population compared to the methanol extract, which, if formulated, can be used as a plant-based
insecticide in management of the target plant pest.

Keywords: Chronic toxicity, Demographic parameters, Greenhouse whitefly, Population growth parameters,
Russian knapweed
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Table 1- Probit analysis of the mortality caused by the aqueous and methanolic extracts of Acroptilon repens on adults of

Trialeurodes vaporariorum after 24 hours
Probit analysis

A. repens extracts LC50 (ul.ml2) LCas (ul.ml%) Slope+SE  Intercept (a)+5  y2(df) No
2688.602 529.053

Aqueous extract (1851.74-3927.78)  (244.49- 856.66) 0.955+0.141 -3.276+5 0.681(3) 300

Methanolic extract 3260.742 770.697 1.077+0.144 -3.783+5 1.449(3) 300

(2335.05-4565.98)  (411.61-1169.88)
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Table 2 —Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the survival and developmental time of
various immature stages of Trialeurodes vaporariorum

Developmental stage Control Methanolic extract Aqueous extract
Egg(days) 5.01+0.08¢ 6.18+0.18" 6.77+0.152
First instar nymph (days)  3.63+0.07° 4.79+0.142 4.88+0.142
Second instar nymph (days)  3.74+0.09° 4.3+0.142 4.08+0.142
Third instar nymph (days)  4.54+0.08% 4.6+0.142 4.69+0.172
Pupa (days) 5.0+0.09° 3.88+0.13¢ 4.37+0.22°
Pre-adult period (days) 21.7+0.21° 23.63+0.46° 24.91+0.452
Pre-adult survival rate 0.58+0.05% 0.49+0.052 0.48+0.052
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* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by 100000
bootstrap resampling).
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Table 3- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the adult longevity, reproductive days
and fecundity of Trialeurodes vaporariorum

Biological stages Treatments
Control Methanolic extract Aqueous extract
Male longevity (days) 4.36+0.40% 2.68+0.34° 3.2340.26%
Total male longevity (days) 26.18+0.45? 26.25+0.66% 27.69+0.622
Female longevity (days) 7.36+0.322 3.89+0.30° 4.29+0.28%
Total female longevity (days) 28.96+0.40° 30.65+0.94? 29.88+0.902
Adult pre-reproductive period (days)  1.00+0.10% 1.19+0.25% 1.24+0.262
Total pre-reproductive period (days)  22.60+0.30° 24.750.80? 26.8240.992
a
Reproductive days (days) 6.28+0.32 2.44£0.32" 2.35+0.34°
Fecundity (eggs.female™) 35.4042.452 6.56+1.29° 7.53+1.50P
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* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).
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1- TPRP: Total pre- reproductive period
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Table 4- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the population growth parameters of
greenhouse whitefly

Treatment (mean + standard error)

Parameter

Control Methanolic extract Agueous extract
Net reproductive rate (Ro) a b b
(offspring/individual) 11.06+1.99 1.26+0.37 1.45+0.42
Gross Reproductive Rate (GRR) a b b
(offspring/individual) 40.99+6.26 6.77+1.41 9.22+1.81
Intrinsic rate of population growth (r) (day™) 0.0924+0.007¢ 0.0087+0.011° 0.0132+0.010°
Finite rate of increase (A) (day™) 1.096+0.007% 1.008+0.011° 1.0133+0.011°
Mean generation time (T) (day) 26.01+0.28" 26.83+0.69% 28.21+0.92%
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* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).

oy G |y Lol )3 1y (655055 0093 S5 g9 g 250 i8S
15U Lo cpidly 4 LolS el sl igljal sl
ety Ao jo 3l ;3B L B )S 8 ] g Joilio (slaoylas
P S Cul Jbjd pl g (pos 5oy YEIAY o YEIVO i i) Sas
S5 5 Al ye ol 3)ly baylass b I S JolS i wals
iy ads pom s 059 (695l €5 D (e g YY)
VA 2ls) JL el (w059 5yl 9 (M x =0/ o-55)
e e Joilie g ol (slooslac 4 s sald > (himy=
Ioin a2 ALy lyto (i oy il ey s
(Y USK) casl 039 pos 9y 50 (M= /YY 2W)

o235 (Bx) slat yom (w039 (S5 4 el dxinal b
Gl Sl | gy Al yo 5 Xy 53 38 SO oS Gl Sloj e
Ul o Jobo () (sl o — oy 09 (S5 & sl by 05
slao)luas oaitS 5 clale (2yme > SIS b 0
2l 5 ol odd o3> lis (¥ USE) j 4l olS ol g Jgikie
cbale o a8 Jb s sy (S8 4 sl 59, 33 o3le 5,8 sl
g3y 50 g 4Lil (Jo N9y (al 5 Jlie (slao)lac 0aiS 5
8l il o, ¥+

(Sxj) oS Sl (tuw dlo po =y 029 Sloodi &5
3 4l olS Jgilio g (o (cloojlac oaniS pj clale sbcos
sl Jloasl oamd ()l ascl B opl el ond @11 Y S
A5 sady adoye 3 oS Jo )y X s b gty Jolpe ) S
sl jl gy Ciiogi yogMe 1550 e dzvnld il o )
e o 351y 5503 585y Ao 4y (525 Ao Sy 5l Jlis]
ol laosss 5 Sk e il ol o505 Sl 4 455
ol 5 1y calizes ol )3l oo )3 god g M) £ 5 Dl K9 aSL
o) ilizee Jolie g0 g 0y el (sl |y dizej g Mmoo
ciliee Jolye dn Sloodi) £ SSE (s > WS oo wal,8
A po = 039 (i 93 (S5 Joi> Gla Sy dex I i
S5 g odls 4o (i sl 53 &5 Mbe (S
i 055 sLdy Fy5 a S ol Ll 3aisd ol guls 2yl 242
2ol b wodle JolS o i dls o 4y 2959 yloj 5o AilodS Sbishuw
(1o ¥A ) ol g (1o)d ¥) Jgilie o)las (sl o 5 (1o )> BA)
() Js) 39
o9 odlo s Sl by (My) gy als yom s 0529 (555,b
e (Sl 3 (M) o 0329 (£9)b ol 03lo 53 4o o
o <l Jlazs! (58,8 L5 )5 b odle < bauwgs oadass oole gl
5 = slooyliac a S ol Lis Ladswulyd cpl (aoyp Sl o
St JU St (55, 29 Sl sl b olS Jsis



1FF 50 F oyl (¥R ol (655,9LiS auluo g pole) ol ol LS cblis oy pngh YOA

Control

106
084
T
oy
© 06 4
o
=
=
Z
= 04 4
@
2
w0
3
=4 024
L
2n
=]
2
& 00 4
= 0 10
104

Age (day)

40

Methanol

Aqueous

Trialeurodes & SIbuubaw (Sxi) (Slads po— o 0329 By & 35 3 a5l 0L Jgilio g (o1 (W0, las 20 Wil 1 - UKW
vaporariorum

Figure 1- Sublethal effects of aqueous and methanolic extracts of Acroptilon repens on the age-stage specific survival rate (Sx))
of Trialeurodes vaporariorum
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Figure 2- Sublethal effects of methanolic and aqueous extracts of Acroptilon repens on age-specific survival (lIx), age-stage
specific fertility (mx) and age-specific fertility (Ixmx) of Trialeurodes vaporariorum
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Introduction

Pistachio (Pistacia vera L.), is a small tree native to Iran and Central Asia, grown for its edible
seeds. The pistachio nut is an important export product and has special value among agricultural products. The
pistachio psylla, Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera, Psyllidae), is one of the key pests of
pistachio trees. It is distributed in Turkey, Greece, Iran, Armenia, and Tajikistan. In both adult and nymphal
stages, it directly damages trees by absorbing plant sap. Moreover, psyllids are usually involved in the
transmission of pathogens and cause significant losses to the host. Stimulation of plant defense mechanisms by
specific inducing agents (elicitors) is an alternative tool to protect plants against pests. Natural or synthetic
elicitors activate induced systemic resistance (ISR). In recent years, researchers have been interested in finding
efficient and environmentally friendly methods to prevent biotic agents that damage plants, such as the
application of potential ISR elicitors. Elicitors can influence the secondary metabolite contents in plants in
response to herbivores and induce defense mechanisms, thereby increasing the resistance of plants against pests.
Further, secondary metabolites can affect oxidative stress through producing free radicals and modifying the
antioxidant enzyme systems. The catalase and peroxidase enzymes play an important role in the defense system
of plants. Thus, the present research was conducted to evaluate the effects of chitosan, gamma-aminobutyric acid
and potassium silicate on the contents of secondary metabolites and biochemical compounds in pistachio leaves
and the resultant effects on the pest population control.

Materials and Methods

The field experiments were conducted on 30-year-old pistachio trees (cv. Fandoghi) in a 1-hectare orchard
located in Najaf Shahr, Sirjan, Kerman, Iran during 2023. In this research, effect of various compounds including
chitosan (0.5%), potassium silicate (2%), and gamma-aminobutyric acid (GABA) (10 mM) were studied on the
population reduction rate of pistachio psyllid nymphs in field conditions. The distilled water was applied as

©2025 The author(s). This is an open access article distributed under Creative Commons
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control treatment. Furthermore, the amount of enzymatic and biochemical compounds including antioxidant
enzymes (catalase and peroxidase), hydrogen peroxide, proline, total phenol and flavonoids were determined in
the leaves of the treated pistachio trees. Finally, variables were evaluated using the one-way analysis of variance
in SPSS. The Tukey test was done for mean comparisons.

Results and Discussion

In this study, spraying various compounds on pistachio trees, especially chitosan, reduced population of the
psyllid nymphs. The control efficiency (%) of studied inducers showed an increasing trend in treatments of
GABA (23.76%), potassium silicate (34.39%) and chitosan (46.23%), respectively. No significant difference
was observed in the flavonoid contents among different treatments. Indeed, the level of total phenol in the
chitosan treatment was significantly higher than others. Therefore, the difference in the control effect percentage
of the psyllid nymph population between the tested treatments can be related to the presence of phenolic
compounds and other secondary metabolites. Some studies have proved a negative correlation between the
presence of phenolic compounds in the host plant and the population of insects. On the other hand, pistachio
trees treated with different compounds in terms of hydrogen peroxide, proline, enzymes of catalase and
peroxidase showed a significant difference. The highest amounts of catalase and peroxidase enzymes were
significantly observed in trees treated with chitosan (1.73 and 0.031 U mint mg? protein, respectively).
Peroxidase and catalase enzymes are important antioxidants which destroy free radicals. Also, the highest and
lowest amount of proline was significantly recorded in the control (52.48 uM g FW) and chitosan (42.40 uM g*
FW) treatments, respectively. In addition, the amount of hydrogen peroxide in the GABA treatment (128.71 uM
g DW) was significantly higher than other treatments, which related to the peroxidase enzyme (0.016 U min’!
mg* protein) decrease in the plant. Peroxidase enzyme is activated by biological stress and plays an important
role in protecting the cell against different toxic concentrations of hydrogen peroxide. Findings of this research
showed that lower population of the psyllid nymphs in chitosan treatment was related to the higher relative
content of phenol and more activity of antioxidant enzymes (catalase and peroxidase) in pistachio trees.

Conclusion

This study showed that treatment of pistachio trees with different plant resistance inducers, especially
chitosan, causes physiological changes in the plant and subsequently the reduction of pistachio psyllid damage.
After complementary tests on the quality and quantity of the product, these compounds can be used in integrated
management programs of A. pistaciae to minimize the use of insecticides.

Keywords: Antioxidant enzymes, Control effect, Inducer, Total phenol
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Table 1- Mean (+SE) percentage of the effect of different treatments on the pistachio psyllid population

Treatment

Control effect (%)

Control

y amino butyric acid
Potassium silicate

Chitosan

23.76+6.03 b*
34.39+3.94 ab
46.23+2.88 a

(P <10 S§ cy905) 3, do > gy Jlassl praws 53 (g5 me Cglds ¢ygiur por D oglie Bgy> syl (slopSike
* Means followed by different letters in each column are significantly different (Tukey test, P<0.05)
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Table 2- Total phenol and total flavonoid content (Mean+ SE) in the leaves of pistachio tree sprayed with different treatments

Treatments Total Phen(_)l Total flavon(?id
(mg.g* dry weight)  (mg.g™* dry weight)

Control 52.57+0.39 b* 440.74+1.94 a

y amino butyric acid 51.42+1.13 b 437.61+3.69 a

Chitosan 55.93+0.36 a 429.93+3.40a

Potassium silicate 51.42+1.02 b 426.70+3.65 a

(P <0 S5 3905]) 85, duoyd gy Jloin! o 13 (6,15 sixe gl ¢ ygim yo )d Cglito b > (sl (slopuSibo %
* Means followed by different letters in each column are significantly different (Tukey test, P<0.05)
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Table 3- Comparison of mean + SE of hydrogen peroxide, proline, catalase and peroxidase enzymes in the leaves of pistachio
trees under different treatments

Treatments Hydrogen peroxide Proline Catalase Peroxidase
(uML.gtdW) (uM.gt FW) (U.min"t.mg! protein) (U.mint.mg protein)
Control 96.21+1.46 b* 52.48+0.18 a 0.49+0.07 c 0.029+0.001 b
y amino butyric acid 128.71+4.52 a 49.47+0.15 b 1.17+0.07 b 0.016+0.001 c
Chitosan 91.06£2.90 b 42.40+0.19d 1.73+0.15 a 0.031+0.002 a
Potassium silicate 105.13£3.69 b 47.43+0.12 ¢ 0.55+0.15 ¢ 0.028+0.001 b

(P <1204 S5 oosesl) 3, 2oy iy Jlatol o )3 ()l im0 gl cygian o 5> Ooglistio By o L (glo Sl
* Means followed by different letters in each column are significantly different (Tukey test, P<0.05)
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Introduction

Sugar beet (Beta vulgaris) is one of the most important agricultural crops in Iran. Viruses that cause disease
in sugar beet include Beet necrotic yellow vein virus, Beet soil-borne mosaic virus, Beet soil-borne virus, Beet
virus Q, Beet yellows virus, Beet western yellows virus, Beet chlorosis virus, Beet curly top virus, Beet curly top
Iran virus and Beet black scorch virus. Members of the genus Betanucleorhabdovirus have a monopartite
genome and negative-strand RNA. The genome of betanucleorhabdoviruses is 12.9 to 14.4 kb in length and
contains six to seven genes. The genus Betanucleorhabdovirus has 18 species. Phylogenetic analyzes based on
the sequence of the L gene have shown that betanucleorhabdoviruses form a monophyletic group and are placed
in a sister group with dichorhaviruses. So far, comprehensive and complete research has not been done regarding
the identification and determination of molecular characteristics of betanucleorhabdoviruses infecting sugar beet
in Iran. Therefore, this research was carried out in order to identify and determine the molecular characteristics
of these viruses to pave the way for other research fields, especially their pathogenesis and management.

Materials and Methods

In order to identify the casual agent of the viral diseases of sugar beet in Iran showing symptoms like mosaics
and yellowing of the leaves in samples, were collected from major sugar beet cultivation areas of the country
during September and October of 2023. Total RNA was extracted from 60 mg of sugar beet leaf and root tissue
using SV Total RNA Extraction Kit (Promega, USA). After determining the quantity and quality of the samples
using NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, USA), one sample from the purified total RNA
samples that had an optical absorption ratio of 260 nm to 280 nm of approximately 2 was sent to Macrogen
Company (Seoul, South Korea) for high-throughput sequencing based on the Illumina platform. High-throughput
sequencing reads were imported to the CLC Genomics Workbench (v.12) software, and after editing, assembling
the reads based on the software's default, contig fragments were made. Contig fragments were annotated in
NCBI database (GenBank) using BLASTX and BLASTN algorithms. Reverse transcription polymerase chain
reaction was used to confirm the presence of the virus in the collected samples. Total RNA was used with
Random Hexamer primer to convert RNA to cDNA. Polymerase chain reaction was performed using specific
primers designed for the N gene of the virus. The polymerase chain reaction included the initial annealing step at
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95°C for 5 minutes and then 35 cycles including 95°C for 1 minute, 54°C for 1 minute, and 72°C for 2 minutes.
Then the reaction mixture was kept at 72°C for 15 minutes. The PCR products, which had an approximate size
of 1208 bp, were sequenced. Phylogenetic analysis was performed based on complete genome sequence with
MEGA 11, using Maximum likelihood method and General Time Reversible model (GTR+G+l) with 1000
bootstrap replications.

Results and Discussion

After receiving the high-throughput sequencing results from South Korea's Macrogen Company and their
preliminary analysis, the complete genome of a new Betanucleorhabdovirus was identified in sugar beet. The
identified isolates showed 86.13% nucleotide identity, and isolate IR1 (accession number OR227650) shared the
highest nucleotide identity among the viruses in the GenBank with tomato betanucleorhabdovirus 2 isolate
SKO20ST1 (70.3%) and had a nucleotide identity level below the demarcation criteria for delimiting ICTV
species in the genus Betanucleorhabdovirus (nucleotide identity of 75% for the whole genome) Therefore, a new
species tentatively called beet betanucleorhbdovirus 1 (beet leaf curl betanucleorhabdovirus) was identified in
the genus Betanucleorhabdovirus. The full-length genome of beet betanucleorhabdovirus 1 had six open reading
frames (3'-N-P-P3-M-G-L-5"). The beet betanucleorhabdovirus 1 specific primers amplified a fragment with the
expected size of 1208 bp from the sugar beet sample followed by sequencing of the PCR product. The result
confirmed infection of the original beet samples with beet betanucleorhabdovirus 1. The phylogenetic analysis
showed that beet betanucleorhabdovirus 1 is most closely related to members of the genus
Betanucleorhabdovirus. Sugar beet plants infected with beet betanucleorhabdovirus 1 showed curling and mild
yellowing of leaf, although these symptoms could be caused by infection of the host plant with other infecting
viruses.

Conclusion

This research identified a new virus with a negative single-stranded RNA genome, which belongs to the
genus Betanucleorhabdovirus as a new species.

Keywords: High-throughput sequencing, Reverse transcription polymerase chain reaction, Rhabdoviridae,
Rhabdovirus
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Table 1- Percentage of nucleotide identity of the complete genome of beet betanucleorhbdovirus 1 isolate IR1 (accession no.
OR227650) with other sequences available in GenBank

Scientific name Max

score

Beet leaf curl betanuc_leorhabdowrus isolate 14074
Fariman
Tomato betanucleorhabdovirus 2 isolate 2190
SKO20ST1
Tomato betanucleorhabdovirus 2 isolate STR20AT 2179
Tomato betanucleorhabdovirus 2 isolate 09-50 2178

Tomato betanucleorhabdovirus 2 isolate 10-52 2174

Total Query Percent Accession
score cover identity number

16161 100 86.13 0Q784673
4684 84 70.3 OL472114
4630 84 70.27 OL472129
4845 79 70.3 OP441765
4840 79 70.28 OP441766
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Vesicular stomatitis Indiana virus is considered as an outgroup.
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Introduction

Weeds represent a major constraint in agricultural production by competing with crops for essential resources
such as light, water, nutrients, and space. In chickpea (Cicer arietinum) cultivation, species like Galium aparine
L. (cleavers) and Vicia villosa Roth. (hairy vetch) can cause significant yield losses, estimated between 40% and
87% in the absence of effective weed management strategies. Conventional weed control relies heavily on
synthetic herbicides, which provide rapid and effective results but raise environmental and health concerns due
to their toxicity, persistence, and bioaccumulation. Allelopathy involves the release of allelochemicals by plants,
which inhibit the growth and development of neighboring plants, offering a targeted approach to weed
management. Plants such as Gundelia tournefortii (cardoon), Anthemis species (chamomile), and Arachis
hypogaea (peanut) produce bioactive compounds, including terpenoids, phenolic acids, and flavonoids, known
for their phytotoxic effects on weeds. Previous studies have demonstrated the efficacy of these plant extracts in
suppressing weed growth, but their allelopathic effects on Galium aparine and Vicia villosa in chickpea fields
remain underexplored. This study aimed to evaluate the phytotoxic and allelopathic potential of chamomile,
cardoon, and peanut shell extracts, compared to pelargonic acid and the commercial herbicide Challenge, on
these weeds over two growing seasons (2021-2022 and 2022-2023).

Materials and Methods

The experiment was conducted over two consecutive growing seasons (2021-2022 and 2022-2023) in an 80-
hectare chickpea field located in Jiranblagh, Serfirouzabad, Kermanshah, Iran (34°12'34"N, 47°5'48"E; 1728 m
above sea level). The study area has a Mediterranean climate characterized by long, dry summers and cold
winters, with an average annual precipitation of 435 mm. Soil analysis confirmed adequate NPK levels, and 25
kg ha! bentonite sulfur and 1 kg ha* ammonium molybdate were applied for balanced nutrition. Chickpea seeds
(cv. Mansour) were sown mechanically at 15 plants m2. Treatments included chamomile extract (50 g L™?),

©2025 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Er distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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cardoon extract (100 g L1), peanut shell extract (100 g L), pelargonic acid (5 L ha), Challenge herbicide (2 L
ha!), and water control, applied in a factorial randomized complete block design with three replicates. Plant
materials were collected from Kermanshah’s Koohsefid mountains (chamomile and cardoon) and Razi
University’s agricultural campus (peanut shells). Extracts were prepared using ethanol (1:10 ratio), filtered, and
stored at 4°C. Total phenolic content was measured gravimetrically, and antioxidant activity was assessed via the
DPPH assay. Weed traits, including growth inhibition, chlorophyll content, stomatal conductance, and
chlorophyll fluorescence (Pocket PEA), were measured 48 hours post-treatment. Gas chromatography-mass
spectrometry (GC-MS) analyzed chamomile essential oil composition. Data were analyzed using SAS 9.1, with
variance homogeneity tested via the F-test, and means compared using the Least Significant Difference (LSD)
test at P<0.05.

Results and Discussion

The weed flora of the chickpea field consisted of 27 species, with Galium aparine (92% frequency, 10.6
plants m2) and Vicia villosa (60% frequency) identified as the dominant species. GC—MS analysis of chamomile
essential oil revealed 21 constituents, accounting for 82.49% of the total oil composition. The predominant
compounds were myrtenyl acetate (20.37%), decanoic acid (9.85%), spathulenol (7.99%), and caryophyllene
oxide (5.12%), consistent with previous reports (Nejadhabibvash, 2017). These terpenoids are known for their
phytotoxic effects, disrupting photosynthesis and inducing oxidative stress. Growth inhibition of V. villosa was
most pronounced in the first year with pelargonic acid (70.3%) and cardoon extract (67.13%), while for Galium
aparine, cardoon extract (53.33%) and pelargonic acid (52.76%) were most effective in year one, and pelargonic
acid (47.03%) and cardoon (46.79%) in year two. Treatments significantly reduced chlorophyll content, with a
69.91% decrease in G. aparine (pelargonic acid, year two) and 74.28% in V. villosa (chamomile, year two)
compared to the control. Stomatal conductance was notably reduced by chamomile extract, with a 66.80%
decrease in G. aparine and 51.75% in V. villosa in the second year. Chlorophyll fluorescence (Fv/Fm) decreased
by 56.63% in G. aparine and 36.14% in V. villosa under chamomile treatment in year two, indicating
photosystem Il impairment. These effects are attributed to allelochemicals, particularly terpenoids, which inhibit
photosynthesis, reduce chlorophyll synthesis, and cause cellular damage.

Conclusion

Chamomile extract exhibited pronounced phytotoxic and allelopathic activity, markedly reducing growth
parameters, chlorophyll content, stomatal conductance, and chlorophyll fluorescence in Galium aparine and
Vicia villosa, with efficacy surpassing that of the commercial herbicide Challenge. The high proportion of
myrtenyl acetate in chamomile essential oil is likely a key contributor to its herbicidal potential. Cardoon extract
and pelargonic acid also showed strong weed suppression, while peanut shell extract was less effective. These
findings suggest that chamomile extract is a promising eco-friendly bioherbicide for sustainable weed
management in chickpea fields. Further studies are recommended to elucidate the mechanisms of action of these
allelochemicals and optimize their field application.

Keywords: Growth inhibition, Natural herbicide, Secondary metabolites, Sustainable management
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12- Stearic acid
13- Palmitic acid
14- Fatty acids
1- Pyranones
16- Benzofurans

9 8ok 99,09y Bl (oamsl 55 Joailiy b (LS (slao lae
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L dan glag il b olswal jdbas oS5 ol (al., 2022
P9 iS o GHS e gladdle )3 35250 (OB slrosiyS
Mendes da Silva et ) .S o )l |) o slacale W) aoecs
[(al., 2024

5 dlwis LS (Gundelia tournefortii L.) a8 S8
L (smn,S o SliwnsS sblio 0 oS pl.cuwl Asteraceae
o 3l eleaiss (Karimzadeh et al., 2023) y9) 0 Juine
Sl & S35, sl JLsbcun; LS 5 6lyl> Gundelia
Cedlad g s TSl 5 T o558 bS5 T SiseS
o,ac (Tarhan et al., 2023) wlosls ;L 3¢5 51  SlawST 51
Al-Batsh & ) o)l j,» slacale , iSale el S8
Asteraceae o, 4 5l Anthemis s .(Qasem, 2020
Sldlwais g dlwcss 458 ¥ Ll 4565 VA0 290> I JSCiie
o9 o) 495 V0 &S 395 o <3l ol el )> Anthemis s
ko zLs asgel )5 (Jassbi Sajjadi et al., 2016) s
iy sladiss | S, (Anthemis odontostephana Boiss.)
ol y> (Zebarjad & Farjam, 2015) ¢l Anthemis s
EJodglunl &S Cunl oss ol oS 5 BV ¢ Sl b wgl 5
A SLS 5 509l 8 YD (81,5 9 7 K95l sl
Al-Harbi, ) >l aslllas ,> (Shokoohinia et al., 2015)
&l jy slacle o, Anthemis o,lac S1)bo5L 51 (2016
ol 0l 5)l55 ely;
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g cmy> (sladuwl (pwgy dax | G (gdxe dlge il Juoa
Srman gl jwlpw )3 (2L (olewd Ao 5 apelig ¢ Sire
Sl ol> uojpll BOMe Cusgy (YU et al., 2025) 35 o
Mol SJgd ale ola ST 51 g ) Jb @S5 )

1- Chlorogenic acid
2- Quinic acid

3- Glucoside

4- Caffeic acid

5- Spathulenol

6- Hexadecanoic acid
7- Germacrene D
8- Phenolic acids
9- Stilbenes

10- Flavonoids

11- Phytosterols
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Jolsie aniss cpe Lol s oaliml badgS ol 5l g 292 cuslio
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Table 1- Physical and chemical properties of the experimental site soil before planting in the years of the experiment

Longitude Samplel Sample2 Sample 3
UTM latitude 3786260 3786857 3787109
692713 693120 693364
O Materials (%) 2.99 3.29 1.78
P (ppm) 22.8 18.4 30
K (ppm) 643.6 282 143.4
Chemical properties TN (%) 0.17 0.19 0.10
TNV (%) 8.75 17 5.25
pH 6.87 6.95 7.07
EC (103dS.m?) 0.50 0.50 0.48
S.P (%) 48 49 48
Sand (%) 32 24 30
Clay (%) 22 24 22
Silt (%) 46 52 48
Physical properties Texture L S L L
FC (%) 28 30 28
P.W.P (%) 13 14 13
B.d (g.cm™®) 1.38 1.35 1.37
hydraulic conductivity (cm.h't) 0.79 0.73 0.81

(o=l cud b FC s canaih b — 5, b L S S.P (S 58l colun EEC wnigi i dlge TNV (S (59505 TN quanliy K s P JT 03l :O.M
W (53,03 dbis P.W.P

O.M: organic matter, P: phosphorus, K: potassium, T.N: total nitrogen, T.N.V: total neutralizing value, EC: electrical conductivity,
S.P: fine-grained soil - poorly graded, FC: field capacity, P.W.P: permanent wilting point


https://www.geoforward.com/hydraulic-conductivity-k/
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Figure 1- Climatic variations of the months during the experiment in 2022 and 2023
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4- Sartorius
5- 1,1-diphenyl-2-picrylhydrazyl radical

ALS slao jluas dus
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Lo aY s cabas Jlazws 5 odlitel bl K 4Bl & jon,
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1- Rotary evaporator
2- Tween 1%
3- Allelochemical
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Table 2- Characteristics of plant extracts

Plant name Phenol

DPPH (mg mlt)  Extract (%)

Chamomile 7.08
Peanut shell 4.08
Artichoke 11.22

6.85 20
13.18 12.5
6.02 16.25
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1- Butylated hydroxytoluene
2- Adjuvant

3- Aclonifen

4- Bayer
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Figure 2- Gas chromatogram obtained from gc-ms analysis of chamomile essential oil
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Table 4- Components of chamomile essential oil
NO. Name of compound Percentage (%) Group
1 1,8-cineole 1.63 Oxygenated monoterpenes
2 Camphor 4.12 Oxygenated monoterpenes
3 Borneol 0.87 Oxygenated monoterpenes
4 Terpinene-4-ol 3.98 Oxygenated monoterpenes
5 Cis-chrysanthenyl acetate 2.38
6 3-iso-thujanol acetate 3.03
7 Trans-sabinyl acetate 1.19
8 Myrtenyl acetate 20.37 Oxygenated monoterpenes
9 Decanoic acid 9.85 Fatty acid
10 Iso-bornyl iso valerate 1.36
11 Spathulenol 7.99 Oxygenated sesquiterpenes
12 Caryophyllene oxide 5.12 Oxygenated sesquiterpenes
13 Fokienol 3.67
14 Humulene epoxide2 1.07 Oxygenated sesquiterpenes
15  Muurola-4-10-(14) dien-1-p-ol 3.66
16 N-nonadecane 1.50
17 Hexadecanoic acid 1.36 Fatty acid
18 N-heneicosane 0.88
19 Methyl linoleate 1.57 Non-terpene hydrocarbons
20 N-tricosane 4.57 Non-terpene hydrocarbons
21 N-pentacosane 2.22
LS 5 w55 Juils g uiled LS 5 cadllas opl j> oplplo a3 93l LS bl yo 3 92 9o OlauS i abeulineh
plS9legsS B 5l Jols slage 0 (qw)p 50 sacile o) o 51 opyiin 4590b o)lac ey 5l sdalcuwnda gl wloly
9 5 Cal oad )5S (VUS) 53 il uill UL 51 Jols ily adlas 3y o cile 4555 YV (go, |y g)lie 5 Capos

o GLS 5 jeas gl Ll lus' s GC-MS oo



VX bl b o] dmlio 5 (BLS (sbooslas (oo 150 Jruniliy (5! ooy g olbabelr

Uinlejl 1, Atriplex cana  ilul bowg o pisie cliwl 5 plo
Amaranthus retroflexus ,ly ;3 (<98 (2LS Cuonw a5 Wilod S
by g Siales 5l e bl jebay 3l lis Poa annua
B 5 (Saloil Jemnily opdloas 3,5 (5,55 b asals
Y ohdsy LS =il M gigsd il Juple ST lido)S
Cusl 0ads 4,155 Dactyloctenium aegyptium j,» cale ply 4
Cdled cpsls jimet slaaisl (Abd-ElGawad et al., 2021)
e sladle ol 1y asgl o)las dng LB SeuS gignd
s i pinbajl Jlw 93 50 53 lasgs J5 Sile 5 ¢lyie
68 WA la il aS'cale @yl (gains cpl o b sillas
5 (Echinochloa crus-galli) c3s,sw 4 >alS g5y , &LS
(Xuetal., 2023) | )lSan 5 g lawgi (G. aparine) &, 5 o
g S 5 g gl lae 3 B 18 iom 350
5 st JI ML Ml 55 JypelS bl Juple
P (S5l 9 Gogag5shasl cgod) il a3 35290 T (g
Clld il il adlas )50 jy0 slacdls (598 a5l
Iy asgl oyluac )5 sadosalin axg JBB aScile 5 (Sw)bjl
Jinle oS 5 oot sy OlaS 5 Vb o 4 lyie

2l s Sl

Syl
ssban ladgs J5 Sbe jracile ad) I (S5 ol
Hiza 15 Jlo {laoyhac) clisen slolas 5 o 6 in
o5 ) s ol ol (0 Jpis) e85 L
jppcide 2y I (Sl o (LS slaojlas Sl (a3
(P <0.01) 59~ 32—tie (5l isine yobots Jlo 93 32 3 ) Sio
LS glaojlas 30 iagh sl Jlo 93 2 53 F Jgi2)
P S ppdile A8y 5l (SR aeps Gl 4 e
(322 OYIYY) &l 3y 5 (S350 Olsee o pir o Jol Jlo
Al 5 1 g ) ot s 2y S5 o (3l gl
Ely IS Qle 5 gk ojlas «SsS)M dl b ()b ine gl
SISk e (S (Geiphl o)luas (Julie )3 cusly
EhSe amals b p il Sy ol plas ) (103 V0IVF)
Syl 3l Ao VAIVE b e jpbl o)las a5 Jls > iy

14 - Eucalyptol

15- Shyobunol

16- Trans-caryophyllene
17- Glycerol triacetate
18- Linalool

19- L-Menthol

20- Cinene
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1- Myrtenyl acetate

2 - Decanoic acide

3 - Caryophyllene oxide
4- 2-pentanone

5- a-farnesene

6- B-eudesmol

7- B-sesquiphellandrene
8- 1,8-cineole

9- Limonene

10- Camphene

11 - Camphor

12 - P-cymene

13- Dibutyl Phthalate
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Table 5- Combined analysis of variance (mean of squares) of the effect of treatments (extracts) on the percentage of growth
inhibition of hairy vetch weed in two years of the experiment

SAOAY df _ Inhibition
Block 2 6.92"

Year 1 889.33**

Treatment 4 1797.97**

Year x treatment 4  1088.87**
Total error 18 39.09
C.V (%) - 13.28
o i |y dopd G Jlein] o )3 (gl me g ()l drepie s 4 FF S
ns and **: non-significant and significant at P < 0.01, respectively.
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Table 6- Analysis of variance (mean of squares) of the year x treatment interaction effect on the percentage of growth
inhibition of cleavers weed in two years of the experiment

Inhibition
S0V df Year 1(2022) Year 2 (2023)
Block 2 371.17m 210.41™
Treatment 4 707.40** 838.92**
Total error 8 91.07 21.62
C.V (%) - 23.60 15.12

A o i 1y do gy S Jlain ] e 13 (g1 dxe g ()1 drepls iy 4y FF S
ns and **: non-significant and significant at P < 0.01, respectively.
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Figure 3- Comparison of mean slicing of the year x treatment interaction effect on the percentage of growth inhibition of

cleavers weed over two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference

Inhibitation rate (%)

(LSD) test at the 5% probability level.
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Figure 4- Comparison of mean interaction effect of year and treatment on the percentage of growth inhibition of hairy vetch

weed
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Means followed by the Same Letter within Each Column Are not significantly different according to the Least Significant Difference

(LSD) test at the 5% Probability Level.
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Table 7- Analysis of variance (mean of squares) of the year x treatment interaction effect on the greenness of cleavers and
hairy vetch weeds in two years of the experiment

Greenery G. aparine

Greenery V. villosa

SOV df Year 1(2022) Year 2 (2023) Year 1(2022) Year 2 (2023)
Block 2 13.95M 0.56" 43.70" 29.14"
Treatment 5 86.80™ 283.08** 122.79* 364.79**
Total error 22 46.50 10.60 39.71 10.39
C.V (%) - 49.39 17.55 31.55 16.28

e o LS ) Mo g 9 o yd S Jlein] gdaws 3 (6 dxe g (5 b drepie iy 4 g

k3% NS
i

ns, ** and *: non-significant and significant at P < 0.01 and at P < 0.05, respectively.
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Figure 5- Comparison of mean slicing of the year x treatment interaction effect on the greenness of cleavers weed (A) and
hairy vetch (B) in two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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1- Protoporphyrinogen oxidase
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Table 8- Combined analysis of variance (mean of squares) of the effect of treatments (extracts) on photosynthetic traits of
cleavers and hairy vetch weeds in two years of the experiment

Stomatal conductance

Chlorophyll fluorescence

S0V df G. aparine G. aparine V. villosa
Block 2 444 .80** 0.0020 " 0.0082*
Year 1 67.40* 0.0142"™ 0.0073m
Treatment 5 335.55** 0.0978** 0.0367**
Year X treatment 5 42.11* 0.0147** 0.0121**
Total error 22 12.73 0.0037 0.0018
C.V (%) - 14.31 9 6.01

e e LS ) Mo g g o yd S Jlein] gdaws 3 (6 dre g (5 b drepie iy 4 g

k3% NS
i

ns, ** and *: non-significant and significant at P < 0.01 and at P < 0.05, respectively.
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Table 9- Analysis of variance (mean of squares) of the year x treatment interaction effect on the stomatal conductance of
hairy vetch weed in two years of the experiment

SOV df

Stomatal conductance

Year 1(2022) Year 2 (2023)

Block 2
Treatment 5
Total error 22

158.57**
59.29* 165.78**

143.83™

5.09

CV (%) -

8.56

e o LS ) Mo gy g o yd G il grdaw (3 (6l xe g (5 b repis (i 4y I SFE IS
ns, ** and *: ns and significant at P < 0.01 and at P < 0.05, respectively.
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Figure 6- Comparison of mean interaction effect of year and treatment on the stomatal conductance of cleavers weed
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at the 5% probability level.
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Figure 7- Comparison of mean slicing of the year and treatment interaction effect on the stomatal conductance of hairy vetch
weed in two years of the experiment
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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Figure 8- Comparison of mean interaction effect of year and treatment on the chlorophyll fluorescence of cleavers weed (a)
and hairy vetch weed (B)
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Means followed by the same letter within each column are not significantly different according to the least significant difference
(LSD) test at 5% probability level.
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Introduction

Microplastic pollution has become a growing environmental concern, with polyethylene (PE) being one of
the most prevalent sources. These plastic particles, originating from industrial activities, plastic degradation, and
agricultural applications, persist in ecosystems and pose significant threats to plant growth, soil health, and
overall agricultural productivity. Recent studies have highlighted the widespread contamination of microplastics
in terrestrial and aquatic environments, raising concerns about their impact on plant physiology and
development. Polyethylene microplastics (PE-MPs) are widely used in agricultural plastic mulch, greenhouse
films, and packaging materials. Over time, these plastics degrade into micro-sized fragments that infiltrate the
soil, potentially altering soil properties, affecting microbial communities, and influencing plant growth. Despite
the increasing awareness of microplastic contamination, limited studies have been conducted to elucidate the
effects of PE-MPs on economically important crops such as wheat (Triticum aestivum L.). Wheat is a staple food
crop cultivated worldwide, and factors affecting its growth and productivity could have severe implications for
food security. This study aims to investigate the physiological and biochemical effects of PE-MPs on wheat seed
germination and seedling development. Key parameters such as germination rate, shoot and root growth,
biomass allocation, photosynthetic pigment content, and proline accumulation are examined to provide a
comprehensive understanding of the impact of microplastic pollution on crop health. The results of this study
will contribute to the ongoing discussion regarding the environmental risks of microplastic pollution and the
need for sustainable agricultural practices.

Materials and Methods

This study was conducted under controlled greenhouse conditions using a completely randomized design.
The experiment involved four different concentrations of polyethylene microplastics, including 0 mg L*
(control), 1 mg L%, 10 mg L%, and 100 mg L%, with four replications per treatment group. Wheat seeds (Triticum
aestivum L.) were sterilized with sodium hypochlorite (5%) and washed with distilled water before sowing. The
seeds were placed in pots filled with perlite, and Hoagland's nutrient solution was applied regularly to ensure
adequate nutrition. After one week of germination, polyethylene microplastics were added into the growth
medium. The plants were grown under optimal temperature and light conditions for two additional weeks before
harvesting. To assess the impact of PE-MPs on wheat seedlings, several physiological and biochemical
parameters were measured, such as germination rate: the percentage of seeds that successfully germinated under
different PE-MP concentrations; shoot and root growth: length measurements of shoots and roots were recorded

©2025 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Er distribution and reproduction in any medium or format, as long as you give appropriate credit to
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using a ruler; biomass allocation: fresh and dry weights of shoots and roots were measured to determine any
changes in biomass distribution; chlorophyll and carotenoid content: spectrophotometric analysis was performed
using the Arnon method to quantify chlorophyll a, chlorophyll b, and total carotenoids; proline content: the acid
ninhydrin method was employed to determine the accumulation of proline, an indicator of oxidative stress and
plant defense responses.

Results and Discussion

The results demonstrated that polyethylene microplastics had concentration-dependent effects on wheat seed
germination and seedling growth. Germination: While the lowest concentration (1 mg L) of PE-MPs had no
significant impact on germination rate, moderate (10 mg L) and high (100 mg L) concentrations significantly
reduced germination percentages. The inhibitory effect at higher concentrations suggests that microplastic
exposure interferes with water uptake and seed metabolism. Root and shoot growth: Root length exhibited a
notable increase across all treatment levels, with the highest stimulation observed at 10 mg L. In contrast, shoot
growth was negatively affected at both moderate and high concentrations, indicating an asymmetric response of
different plant organs to PE-MP exposure. Biomass distribution: Root biomass increased significantly at 10 mg
L* and 100 mg L, while shoot biomass declined. This suggests that wheat seedlings may redirect energy
allocation towards root development to enhance water and nutrient uptake under stress conditions.
Photosynthetic pigments: Chlorophyll and carotenoid levels showed a biphasic response. At 1 mg L™and 10 mg
L%, an increase in pigment concentration was observed, possibly due to a hormetic response where low levels of
stress stimulate plant defense mechanisms. However, at 100 mg L, both chlorophyll and carotenoid contents
decreased, indicating oxidative stress and potential chloroplast damage. Proline accumulation: Proline content
progressively increased with rising PE-MP concentrations. This suggests that polyethylene microplastics induce
osmotic stress, triggering proline biosynthesis as a protective mechanism against oxidative damage.

The observed results indicate that polyethylene microplastics have complex and concentration-dependent
effects on wheat growth. Increase in root length and biomass at higher concentrations suggests an adaptive
response, where plants prioritize root expansion to improve nutrient acquisition under stress conditions.
However, the simultaneous decline in shoot growth, germination rate, and photosynthetic pigments at higher
microplastic levels highlights the detrimental consequences of microplastic pollution on crop physiology. The
decrease in chlorophyll and carotenoid content at high PE-MP concentrations aligns with previous studies
reporting microplastic-induced oxidative stress. Reduced photosynthetic efficiency can directly impact crop
productivity and grain yield, raising concerns about the long-term implications of microplastic contamination in
agricultural soils. Proline accumulation serves as an important biomarker for plant stress tolerance. The
significant increase in proline levels at higher PE-MP concentrations suggests that wheat seedlings perceive
microplastics as an abiotic stress factor. Proline plays a crucial role in stabilizing cellular structures, scavenging
reactive oxygen species (ROS), and maintaining osmotic balance under stress conditions.

Conclusion

This study highlights the potential risks of polyethylene microplastic pollution on wheat growth and
development. While low concentrations of PE-MPs may induce mild stimulatory effects on certain physiological
parameters, higher concentrations negatively impact germination, shoot growth, and photosynthetic efficiency,
while triggering stress-related responses such as proline accumulation. These findings emphasize the urgent need
for policies and practices that mitigate microplastic pollution in agricultural soils. Future research should explore
the long-term effects of microplastics on soil health, crop productivity, and food safety to ensure sustainable
agricultural production in the face of increasing environmental pollution.

Key words: Abiotic stress, Oxidative stress, Photosynthetic pigments, Proline accumulation, Soil
contamination
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Figure 1. Percentage of wheat seed germination under different concentrations of polyethylene microplastics.
Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
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Figure 2. Root and shoot length of wheat seedlings under different concentrations of polyethylene microplastics.
Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars

represent standard deviation (£SD).
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Figure 3. Fresh weight of root and shoot of wheat seedlings under different concentrations of polyethylene microplastics.

Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
represent standard deviation (£SD).
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Figure 4. Dry weight of root and shoot of wheat seedlings under different concentrations of polyethylene microplastics.

Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
represent standard deviation (£SD).
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Figure 5. Chlorophyll a, b, and total (a + b) content in leaves of wheat seedlings under different concentrations of
polyethylene microplastics.

Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
represent standard deviation (£SD).
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Figure 6. Leaf carotenoid content of wheat seedlings under different concentrations of polyethylene microplastics.
Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
represent standard deviation (£SD).

Carotenoid (mg g1 FW)




VPeF 5l o oylous (¥ aler (55,9l uliuo g pale) oyl pl LS cblis> sl gy VYA

3ol g gl yiams @l ¢ Jolow o Ol Cis Ly g o)l js
L sl on et (g 29550 (105 3] (8 41936 (sl
Lol sola ST jias jmalS ) 35 euliiue e & yguods YL
9wl S g5l y3 &Sl b (g cgecme > NS G
6 Sl (ol ) Gl 990 G plgieds uaiitons e

.(Szabados & Savoure, 2010) &S’ o Joe solansT i jl

Proline content (umol gl FW)

JLsb oasisS s oo col sl Slas (2 otes 51 S

o Oyt el S90S b lysas Jos Gosb 3l oS
5 am3 LiSly 5] b sladigS | g, odimd gicds bl
ol onizen SIS S sl Jsbo Sl slalle 4 ol ]
ol Fho ) Salid g boonliyy Ll )lhk 3 e 5
i GglinnsSly 9 LaguSin (iglygls jl &S laigSa
it S Jlad glad o8 muii e gladoly 5l a8 olic
y syoml jLtd bats (485 g ccnl 2 098l NS oo 55 5k

C
Cc
3
2
1
0
0 1

a
' I_
10 100

Polyethylene microplastics (mg L)
Oblodhy Sl g Suo ilisen (GBS (15320 )3 5 AalLS Sy (3dg 0 Slgiome —Y SIS
Figure 7. Leaf proline content of wheat seedlings under different concentrations of polyethylene microplastics.

Each data series represents the mean of four replicates. Different letters indicate significant differences at p < 0.05. Error bars
represent standard deviation (£SD).
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