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Introduction

Almost every year, various types of native and migratory locusts attack pastures and agricultural crops.
Unfortunately, to control these locusts, EC formulations of various insecticides are used, which are sprayed with
various hydraulic sprayers (the amount of solution used is 200 to 400 liters per hectare) instead of ULV sprayers
(one liter per hectare), which increases the cost of spraying and creates major problems in areas with water
restrictions. In some cases, technical pesticides are used with ULV sprayers to apply various insecticides. This
issue, in addition to causing damage to the sprayers, can also be the source of various health problems, especially
for users, as well as environmental problems. Therefore, this experiment was conducted with the aim of
introducing the insecticide with an ULV formulation and also diversity the basket of pesticides for harmful
locusts.

Materials and Methods

To conduct the experiment, lambda-cyhalothrin (Amigo ULV 4%) and deltamethrin (Delros ULV 1.25%)
were used at two application rates of 300 and 500 ml/ha compared to malathion (EC 57%) at application rate of
one liter/ha against Moroccan Locust Dociostaurus maroccanus (Orth. Acrididae). This experiment was
conducted in two regions of Iran, Lowshan (Gilan province) and Abbar (Zanjan province). The experiments were
conducted in a randomized complete block design with 5 treatments (plus control) in 4 replications. The area of
each experimental plot was 1000 m2. A spinning disk sprayer was used for ULV formulation and hydraulic
sprayer was used for spraying malathion. To determine the best time of spraying, areas susceptible to
contamination were continuously monitored and spraying was initiated as soon as an appropriate density of
locusts was encountered in the nymphal stages (the appropriate density for this group of locusts is 13 nymphs or
adults inside the field or 25 outside the field). Spraying was performed on locust nymphs (3 to 5" nymphal
stages). Sampling of nymphs was done on the day before and on the first and third day after treatment. The
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percentage of treatment efficiency was calculated using the Henderson-Tilton formula, and variance analysis was
performed using SAS software. The means were compared using the Tukey test.

Results and Discussion

Results showed that mortality percentage in Loshan for lambda-cyhalothrin ULV 4% at 300 and 500 ml/ha,
malathion EC 57% at 1 I/ha, deltamethrin ULV 1.25 at 300 and 500 ml/ha 3 days after treatment were 83.1 +
7.3%, 90.9 £ 1.6%, 82.5 + 5.8%, 82.4 + 3.1 and 62.1 + 4.3 respectively. Mortality percentage in Abbar for
lambda-cyhalothrin ULV 4% at 300 and 500 ml/ha, malathion EC 57% at 1 I/ha, deltamethrin ULV 1.25 at 300
and 500 ml/ha 3 days after treatment were 87.8 £5.2%, 94.5 + 1.15%, 88.4 + 3.8%, 53.6 + 4.8 and 92.2 + 4.6
respectively. Comparison of means showed that in both regions, both lambda-cyhalothrin ULV doses were in a
same statistical group. Therefore, in order to reduce the application of insecticides, the lambda-cyhalothrin ULV
4% with application rate of 300 ml / ha is recommended for short horned grasshoppers control. While only an
application rate of 500 ml per hectare of deltamethrin ULV insecticide has been able to control the pest to an
acceptable level and is recommended. The results of this study match with the report of the FAO Pesticide
Review Group, which shows that pyrethroid insecticides are the fastest-acting insecticides in controlling harmful
locusts (Anonymous, 2014). In a conducted study about evaluation of the efficacy of insecticides in controlling
the Moroccan locust, it was shown that the insecticide lambda- cyhalothrin with EC, SC and CS formulations,
deltamethrin with EC formulation and fipronil with EC formulation had acceptable efficacy in control. In
mentioned study, the ULV formulation was not used due to its advantages in locust-infested with restricted water
for spraying (Sheikhi garjan et al., 2023). In a study conducted by Martin et al. 1998 on the efficacy of
deltamethrin (Decis 5F) in locust control, they showed that this insecticide controls the pest by over 90%. In a
study conducted to compare the use of low-volume and ultra-low-volume ULV applications of a number of
insecticides on locusts, it was shown that despite the same efficacy of the insecticides, the use of LV insecticides
produces larger droplets and the volume of solution used is much larger compared to ULV, which creates
problems in the application of pesticides in areas with limited water (Abdelatef, 2021). The authors' field studies
show that in Iran, sometimes ULV sprayers are used for technical application of insecticides instead of ULV
formulations of insecticides in locust control. This mistake is highly toxic to users (acute and chronic) and very
destructive to the environment. Another problem in spraying for locust control is the use of hydraulic sprayers
(solution consumption 200 to 400 liters per hectare) instead of ULV sprayers (one liter per hectare), which
increases the cost of spraying and creates major problems in areas facing water restrictions. Therefore, the
introduction of ULV formulations of insecticides for locust control is very useful. It should be noted that
planning for the production and import of ULV sprayers by the government is very necessary for locust control,
which is a common pest.

Conclusion

Due to the good efficacy of the lambda-cyhalothrin (Amigo ULV 4%), this insecticide can be used with
application rate of 300 ml/ha for locust control. This study showed that the insecticide deltamethrin (Delros ULV
1.25%) at rate of 300 mi/ha did not have acceptable efficacy in locust control. So, it is recommended to use it at
rate of 500 ml/ha. It is emphasized that only ULV sprayers should be used for the application of these
insecticides. In addition, these devices should not be used for technical application of pesticides under any
circumstances.

Keywords: Chemical control, Locust, Pyrethroids, ULV
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5- Insecticide Resistance Action Committee
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Figure 4- Moroccan locust and its density at spraying location (Original)
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Table 1- Characteristics of tested insecticides and their formulation and dosages on Dociostaurus maroccanus

Common name Trade name

Formulation Application rate (ml ha?)

Lambda Cyhalothrin Amigo

Malathion -
Lambda Cyhalothrin Amigo
Deltamethrin Delros
Deltamethrin Delros
Control

ULV 4% 500 ml hat
EC 57% 1000 ml hat
ULV 4% 300 ml ha't
ULV 1.25% 500 ml hat
ULV 1.25% 300 ml hat

Water spraying
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Table 2- Results of analysis variance of studied treatments in different days after treatment on Moroccan locust
(Dociostaurus maroccanus) in Gilan province

Mean of squares

Source df 1 day 3 days
Treatment (insecticides) 4 771.11%* 558.9*
Replication 3 111.57™ 38.79™

Error 12 74.13 135.4

CvV - 10.3 14.3

M (sixe BN g2 g pie NS wo > S s j3 )b ixe #% duo)d B prdaw )3 )b gime
*: Significant at the probability level of 5%, **: Significant at the probability level of 1%, ": Non- Significant
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Table 3- Mean efficiency (+ SE) of different treatments (formulation) against Moroccan locust (Dociostaurus
maroccanus) at different days after treatment in Gilan province

Treatment

Amigo ULV 4%, (500 ml hal)
Malathion (EC 57%) (1000 ml ha)
Amigo ULV 4% (300 ml ha?)
Delros ULV 1.25% (500 ml ha't)
Delros ULV 1.25% (300 ml ha't)

Time
1 day after treatment 3 days after treatment
97.3+13a 90.1+165a
81.9+4.2b 825+58a
958+14a 83.7+13a
906+14a 823+t41la
63.5+£6.8¢ 62.1+43b

(S5 3ol plosl ) 28k (oo o eSilio o )l tme M 3525 puis 0l (LS (gt 2 )3 e By
Means followed by same letters within column are not significantly different (according to Tukey’s tests)
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Table 4- Analysis variance table of treatment in different days after treatment on Moroccan locust (Dociostaurus
maroccanus) in Zanjan province

Source

Mean of squares

df

1 day 3 days
Treatment (insecticides) 4 561.51" 498.5™
Replication 3 98.85 ™ 42.69 "

Error 12 46.7 76.9

CV - 7.6 9.67

I ime BB 395 pis NS o )d S pdaws )3 )3 gime Ao )d O o )3 )l o %
* Significant at the probability level of 5%, ** Significant at the probability level of 1%, "™ Non- Significant
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Table 5- Mean efficiency (+ SE) of different insecticides (formulation) against Moroccan locust (Dociostaurus
maroccanus) at different days after treatment in Zanjan province
Time after application (days)
1 day after treatment 3 days after treatment

Treatment

Amigo ULV 4%, (500 ml ha'') 916+26a 941+115a
Malathion (EC 57%) (1000 ml ha') 895+3.1a 88.4+38a
Amigo ULV 4% (300 ml ha'l) 89.2+29a 87.8+52a
Delros ULV 1.25% (500 ml ha) 86.4+46a 92.2+46a
Delros ULV 1.25% (300 ml ha'?) 65.4+3.7h 53.6+48b

(S5 5ol ol ) 28k (oo o peSilio o )b hme M 3525 puis ot (LS (g2 o )3 e By >
Means followed by same letters within column are not significantly different (according to Tukey’s tests)
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Introduction

The tomato leafminer moth, Tuta absoluta, (Meyrick), is one of the most important pests in greenhouses and
tomato-growing regions in Iran and the world, which resulting in up to 100% yield losses during serious
outbreaks. The tomato leafminer moth is known as an oligophagous pest damaging solanaceous crops, including
eggplant, pepper, potato, sweet pepper, and tobacco, as well as solanaceous weeds. It causes quantitative and
qualitative damages in the yield of greenhouse products. In direct damage, all parts of host plants are damaged
by larvae, and indirect damage occures through wounds that prepare the entrance of pathogens. In the other
hand, some biological properties (leaf mining habit, short life span and high reproductive rates) of the tomato
leafminer moth resulted in development of insecticide resistance. In the present study, we used selective,
harmless, and eco-friendly insecticides to study the lethal and sublethal (LCas) effects of two insecticides,
Indomect®and Imunit® through the life table parameters and population projection of T. absoluta under
laboratory conditions. Indomect is known as a non-systemic insecticide, that is a combination of two
insecticides, indoxacarb and emamectin benzoate. This disrupts the nervous system and Kills target insects by
keeping the chlorine channel open. Additionally, its contact effect is short and causes the death of target pest
through digestion and nerves. Imunit® is combination of Teflubenzuron and Alphacypermethrin (Teflubenzuron
75 G/L + Alphacypermethrin 75 G/L SC). Teflubenzuron is classified under IRAC - Group 15, which controls
insects by inhibiting formation and growth of the cuticle (exoskeleton). Alphacypermethrin is classified under
IRAC - Group 3, which controls insects by contact and ingestion of applied residues. Our results may increase
T. absoluta control efficiency in greenhouses through using reduced concentration rates of the studied
insecticides, which in turn may be led to delay in pest resistance and reduction of their residuals on greenhouse
crops.

Materials and Methods

Authors retain the copyright.This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0)
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The colony of tomato leafminer moth was collected on tomato crops at the greenhouse in Department of
Plant Protection at Urmia University. The gathered T. absoluta population was released into cages (90x60x50
cm on tomato (var. Vania) pots under controlled greenhouse conditions (25 + 2°C, 70% * 5% RH, and a
photoperiod of 16: 8 L: D h). To obtain dose-mortality response for adult stage of greenhouse whitefly, we
followed the bioassay methods described by Ebneabbasi et al. (2023). The leaf dipping method was used in
bioassays. For this purpose, the tomato leaf containing three days old of T. absoluta (15 eggs) was dipped in five
different concentrations (in the ranges of 83—750 ppm) for each insecticide for 20 s. The treated leaves were air-
dried for 20 min at room temperature, then put into the ventilated plastic containers (4 cm in height and 2 cm in
diameter) containing the treated leaflet. Distilled water was used as a control. Four replicates were set up for
each of the insecticides and controls. Percentage adult’s mortality was counted 24 h after treatment. To prevent
the desiccation of the leaves, basal ends of the tomato leaflets were wrapped in moistened cotton wicks. The
lethal (LCso) and sublethal (LCas) concentrations, and 95% confidence limits in each treatment were obtained
using the Probit analysis (Finney, 1971), which conducted by SPSS software (Ver. 20, 2011). To study the
sublethal effects (LCzs) of both used insecticides, 53, 49, 59 same-aged of the eggs were selected from the insect
colony and then dipped in above mentioned sublethal concentrations of insecticides. The treated eggs were
transferred into plastic containers until the first instar larvae of T. absoluta were appear, then they were used for
life table studies. 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 and Sigma Plot software used to draw graphs. The growth of the pest population over 60
days was analyzed with Timing-MsChart software.

Results and Discussion

The results showed that Imunit® (LCso: 239.412 ppm) was more toxic than Indomect® (LCso: 247.541 ppm)
on the T. absoluta eggs. The sublethal concentration (LCzs) of Imonit insecticides affected life table parameters
of T. absoluta significantly compared with control, and it prolonged the incubation period of eggs (3.04+0.03 d),
pupal (6.33+0.11 d) and total pre-adult developmental time (20.67+£0.25 d) of the tomato leaf miner moth,
significantly more than control treatment. Although, there was no significant difference in terms of population
growth parameters (intrinsic rate of increase, finite population growth and net reproductive rate) between the
used insecticides. The rate of these parameters decreased in insects whose parents were treated with sublethal
concentrations of aforementined insecticides compared to the control. The results also demonstrated that
population growth of the leaf miner moth in different treatments was exactly consistent with the estimated
population growth parameters. For example, moths treated with the used insecticides, had slower growth rate
and, thereby prolonged mean generation time (T).

Concusion

The overall results of this study showed that both of the insecticides can be used alternately as an integrated
management program for tomato leaf miner moth.

Keywords: Chronic toxicity, Fecundity, Insecticide, Leaf miner moth, Life table
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Table 1- Probit analysis results of Imunit® and Indomect® on the third day olds of Tuta absolua eggs

Treatments LCas (ppm) LCso (ppm) Slope+SE 12(df) No.
152.182 247.541
Indomect 16.43 mg ai Lt 26.73 mg ai L 3.192+03 9.157(3) 300
(73.85-217.62) (163.95-373.75)
147.416 239.412
Imunit 2211 plaiL? 3591 plaiL? 3.203+0/301 8.881(3) 300

(72.90-209.66)

(159.85-357.62)
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Table 2- Sublethal effects (LCzs) of Imunit® and Indomect® on the developmental time of Tuta absoluta

Developmental stage Control Imunit Indomect
Egg (days) 3.0:0.0®"  3.04:£0.032  2.96x0.03°

L1 (days) 2.02£0.028 2.02+0.022 2.0+0.02
L2 (days) 2.02+0.02°  2.2+0.06 2 2.11+0.05%
L3 (days) 2.91+0.05° 3.14+0.072%  3.36+0.09 2
L4 (days) 3.1+0.11° 3.67x0.11% 3.41x0.12%®
Pupa (days) 5.59+0.18" 6.33+0.112  6.0£0.21®

Pre-adult duration (days) 18.59+0.3° 20.67+0.25% 20.06+0.28 2

* The means followed by different letters in each raw are significantly different (paired bootstrap at 5% significance level by 100,000
bootstrap resampling).
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Table 3- Sublethal effects (LCzs) of Imunit® and Indomect® on adult longevity, oviposition period and fecundity of Tuta absoluta

Biological stages Treatments
Control Imunit Indomect
Male longevity (days) 11.31+0.43 " 10.3620.24 2 9.0+0.38 "
Total male longevity (days) 29.62+0.51° 31.18+0.44 2 29.12+0.69 °
Female longevity (days) 10.69+0.18 2 9.9+0.46 @ 9.56+0.44 b
Total female longevity (days) 29.5+0.56 2 30.4+0.52 2 29.56+0.69 2
Adult pre-reproductive period (days) 0.62+0.2° 1.5+0.222 1.89+0.312
Total pre-reproductive period (days) 19.44+0.66 ° 22.0+0.372 21.86+0.452
Reproductive days (days) 7.81+0.232 6.0+0.33" 6.0+0.37 °
Fecundity (eggsg female™) 115.56+10.16 2 53.4+7.34" 49.33+4.61°
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* The means followed by different letters in each raw are significantly different (paired bootstrap at 5% significance level by 100,000
resampling).
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Figure 2- Sublethal effects of Imunit and Indomect on the age-specific survival (Ix), age-stage specific fertility (mx) and age-
specific fertility (Ixmx) of Tuta absoluta
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Figure 3- Sublethal effects of Imunit and Indomect on the age-specific survival (Ix), age-stage specific fertility (mx) and
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Table 4- Sublethal effects (LCzs) of Imunit® and Indomect” on the population growth parameters of Tuta absoluta

Treatment (mean + standard error)

Parameter
Control Imunit Indomect
Net reproductive rate (Ro) (offspring individual*) 31.33+7.19 10.07+3.14° 9.06+2.84 1
Gross Reproductive Rate (GRR) (offspring individual') 96.17+24.34 2 25.566.51 ° 28.52+7.16°
Intrinsic rate of population growth (r) (day™) 0.152+0.0112 0.094+0.014 ° 0.0880.013°
Finite rate of increase (1) (day™) 1.164+0.012 2 1.099+0.015° 1.092+0.015
Mean generation time (T) (day) 22.57+0.053 " 24.33+0.31 % 24.85+0.53 2
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* The means followed by different letters in each raw are significantly different (paired bootstrap at 5% significance level by 100,000
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Figure 4- Sublethal effects of Imunit and Indomect on the age-stage-specific reproductive value (vxj) of Tuta absoluta
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Introduction

Chitosan is a natural polymer industrially derived from the deacetylation of chitin. Chitosan is recognized as
a safe and biocompatible biological compound that acts by stimulating plant growth, inducing the plant’s general
defense response, and increasing plant resistance to pathogens, including bacteria, fungi, nematodes and
especially viruses. This compound has demonstrated significant efficacy as an elicitor of plant resistance to viral
infections. Unlike other plant pathogens, effective treatments for viral infections are currently lacking. Two main
strategies in managing plant viral diseases are the use of resistant cultivars and induction of plant defense
mechanisms using elicitors.

Elicitors are physical or chemical stimuli derived from biotic or abiotic sources that can induce physiological,
morphological responses and the accumulation of phytoalexins in plant cells. Chitin is a linear polysaccharide
that is known as the most abundant natural polymer after cellulose. Chitosan is obtained by removing the amide
group from the chitin chain. The extraction of chitosan from natural sources containing chitin depends on various
steps including deproteinization, deacetylation and demineralization. The chemical structure of chitosan depends
on the molecular weight, deacetylation degree (DD) and its pattern. Unlike chitin, chitosan is a positively
charged polymer and is very strongly cationic and readily soluble in acidic conditions. The higher degree of
deacetylation of chitosan, the more positive charges is formed on its surface.

Chitosan contributes to the reduction of plant diseases through two primary mechanisms. The first is direct
antimicrobial action against pathogens, such as damage to the plasma membrane, interaction with DNA and
RNA (electrostatic interactions), and deposition on the microbial surface and the second is induction of plant
defense responses resulting from downstream signaling, transcription factor activation gene transcription and
ultimately cellular activation. Chitosan has the ability to inhibit viral infections both locally and systemically.
Efficacy of chitosan depends on the dose and method of its application and the molecular structure of chitosan
especially the molecular weight and degree of acetylation. However, the antiviral activity of chitosan decreases
with increasing molecular weight. The possible reason for this may be the ability of small chitosan molecules to
better penetrate into plant tissue. Chitosan also prevents the replication of viruses and viroids and enhances the
host’s hypersensitivity response during infection. Increasing plant cell resistance as a result of using chitosan in
plants such as potatoes, tomatoes, and cucumbers has been proven by various researchers. Regarding the
antiviral effect of chitosan, it should be noted that it is also able to suppress viral infections in many different
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plant families which affects the occurrence of a hypersensitivity response (HR) to viral infections and prevents
the systemic spread of viruses in the plant. Some reports indicate that it stimulates the plant’s defense response
and improves its general defense mechanisms. These results have been proven in mung bean, pea and peanut
plants by foliar spraying against their viruses. Studies show that several pathways are activated after chitosan
application, most of which are related to activation of the plant’s innate immunity, for example accumulation of
salicylic acid (SA) and activation of systemic acquired resistance (SAR) in the plant. The SA acts as a signaling
molecule that activates multiple pathways and initiates various changes in plant cell physiology and gene
expression. This phytohormone has a negative effect on viral replication. Translocation of the virus within the
host plant plays a very important role in replication of the virus. This translocation may be local intercellular or
systemic transmission in the host. Since chitosan also induces the formation of calloses, cell-to-cell movement of
the virus is also reduced by deposition of calloses around the plasmodesmata and reduction of their permeability.
One of the nanoparticles that has received great attention today is nanoparticles composed of chitosan. Due to
the large positive charge on the surface of this molecule, it can target the virus coat protein and also increase
growth parameters in the plant.
Conclusion

Chitosan and its derivatives are regarded as powerful tools for activating various plant defense pathways.
Based on the results of research and extension experiments conducted on the farms, this compound showed high
efficiency as an inducer of plant resistance against viral infections. In addition to reducing infection severity, it
contributed to improved crop yield. Therefore, the use of this polymer and nanoparticle products based on it can
be considered as suitable alternative to traditional chemical pesticides, which is an important step towards
reducing the use of chemical pesticides and establishing sustainable agriculture.

Keywords: Chitin, Defense response, Elicitor,Viral agents
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Table 1- Chitosan application for induction of plant resistance to viral infections.

Type of

Plant Virus chitosan Effect References
Phaseolus CHT from krill Treatment of Bean leaves with chitosan reduced the
; AMV number of local necrotic spots caused by AMV by Iriti & Varoni, 2015
vulgaris (bean) and crab : - - - -
indusing systemic acquired resistance.
- This formulation led to the stimulation of genes El Gamal et al.,
BYMV Nanochitosan involved in resistance including PR-1 2022
Vicia faba CHT from krill By inducing host resistance against BYMV, disease
(faba bean) BYMV and crab severity was reduced compared to untreated plants. Sofy etal., 2020
Solanum CHT from krill Chitosan (1mg/ml) prevented infection with PV X Chirkov, 2002;
tuberosum PVX, PVY and crab and PVY as the virus did not move beyond the Komarova et al.,
(potato) inoculated leaves in most of the plants tested. 2024
ToMV .
CHT from krill Chakraborty et al.,
and crab 2020
CHT from krill Inducing resistance against TOMYV and increasing
rom kri lant vegetative growth
PVX and crab P 9 9 Koma;())\ﬁ etal.,
Reducing in the number of plants systemically
CHT from krill infected with PVX.
and crab
Solanum PSTV Prevents the development of systemic infection Koma;%\ﬁ etal,
lycopersicum caused by PSTV
(tomato) CHT from krill
and crab The use of chitosan as a preventive treatment before
CMV CMYV inoculation was able to prevent its
accumulation in the plant by 100% and prevented the
development of systemic infection.
Prevents the development of systemic infection Rendina et al., 2019
CHT from krill
and crab Komarova et al.,
™V 2024
. CMV CHT from krill . L .
Cucumis melo ' Development of resistance to viral infections and .
CYSDV, and crab . - Salati et al., 2023
(melon) CABYV increased plant vegetative growth
Gangireddygari et
CMV, Nanochitosan %“ 20);%
PMMV Leads to increased expression of resistance causing 7
Capsicum genes NPR1 and cysteine protein inhibitor
annuum
(pepper) The application of chitosan nanoparticles 24 hours
after artificial infection with AMV had an inhibitory .
Nanochitosan effect of up to 90%. EI_Ganalny etal.,
AMV 2023
L Nanochitosan In greenhouse conditions, it reduced disease severity
Nlco_tlana and reduced virus accumulation. In addition, it Abdelkhalek et al.,
glutinosa AMV

induced genral acquired resistance, increased total
carbohydrates and total phenolic content.

2021

(S) Jilb i Slign g g PMMV (o LagsS sl (63,5 wg g CABYV (ligas 55 SgsS og g :CYSDV
CYSDV: Cucurbit yellow stunting disorder virus, CABYV: Cucurbit Aphid-Borne Yellows Virus, PMMV: Pepper mild mottle virus



vy

PS5 w939 S Lo Sy ye 50 ligs G (5l g e

OJs 4 42 S 5 ol S S )3 ot A5 35 158 laiae
baylps Lais o] 503 (©0)18 i g 3l oo adgl 5528 (JgSUge
DH o5 el o _oliowss lgo b b L3313 o1 Ll ezl
9 roek (=l 5,40 ;00 Byl il oo g oo Jle
oSl slio ciSule ol 2 o 0,596 &Y o
Syan (S Cuz 3w (S ol (l & w029 (s olond
plosl ccoles 3 Bl slul (6500l )8 5 (2l Py
g 6B man (Gahple] iy j93 e A 0 Y Oliniod
21 olisS G Sy s LS 5 plo b 2l Blen

8 5 4o

U5 JLsd (s OS5 plgisar o] Slido 5 oljgs

2 Cuglio Lyinlidl g olS cl8 (sl pnne 525 3 1) (608 ol
5 PBtlogl Lo ool LS gy slo Sogll il
olsld ol (65)5l8 ¢ )l3e )3 01l Cllllas 03254 (Sl
S35 s Wl e oligaS ) ool a5 canl ol e «cgu,
3)8bes g Ay dge 4 e loje g 03 Ry (wony <
Sl pre pais S lyied SlE oo yer cnl cnlply 9 olS

2 ol cblis Gan b L Jlb ol ygmoYge 8 duwss

WS gl (glow (88l Co pte (g o .
9329 SBS nly 3 oagas caliee (gl o Jolgs bildo

References

1.

Abdelkhalek, A., Qari, S.H., Abu-Saied, M.A.A.R., Khalil, A.M., Younes, H.A., Nehela, Y., & Behiry, S.I. (2021).
Chitosan nanoparticles inactivate alfalfa mosaic virus replication and boost innate immunity in Nicotiana glutinosa
plants. Plants, 10(12), 2701. https://doi.org/10.3390/plants10122701

3256.

Polymers, 13,

Microbiology, 11, 643953.

118(1-2), 1-9.

Toxicology, 44(4), 335-340.

2. Aranaz, l., Alcantara, A.R., Civera, M.C., Arias, C., Elorza, B., Heras Caballero, A., & Acosta, N. (2021).
Chitosan:  An  overview of its  properties and  applications.
https://doi.org/10.3390/polym13193256

3. Boroumand, H., Badie, F., Mazaheri, S., Seyedi, Z.S., Nahand, J.S., Nejati, M., Baghi, H.B., Abbasi-Kolli, M.,
Badehnoosh, B., Ghandali, M., Hamblin, M.R., & Mirzaei, H. (2021). Chitosan-based nanoparticles against viral
infections. Frontiers in Cellular and Infection
https://doi.org/10.3389/fcimb.2021.643953

4. Chakraborty, M., Hasanuzzaman, M., Rahman, M., Khan, M.A., Bhowmik, P., Mahmud, N.U., Tanveer, M., &
Islam, T. (2020). Mechanism of plant growth promotion and disease suppression by chitosan biopolymer.
Agriculture, 10(12), 624. https://doi.org/10.3390/agriculture10120624

5. Chirkov, S.N., II’ina, A.V., Surgucheva, N.A., Letunova, E.V., Varitsev, Y.A., Tatarinova, N.Y., & Varlamov, V.P.
(2001). Effect of chitosan on systemic viral infection and some defense responses in potato plants. Russian Journal
of Plant Physiology, 48(6), 774—779. https://doi.org/10.1023/A:1012508625017

6. Chirkov, S.N. (2002). The antiviral activity of chitosan (review). Applied Biochemistry and Microbiology, 38(1), 1
8. https://doi.org/10.1023/A:1013206517442

7. Davydova, V.N., Nagorskaya, V.P., Gorbach, V.I., Kalitnik, A.A., Reunov, A.V., Solov’ eva, T.F., & Yermak.,
.M. (2011). Chitosan antiviral activity: Dependence on structure and depolymerization method. Applied
Biochemistry and Microbiology, 47(1), 103-108. https://doi.org/10.1134/S0003683811010042

8. El Gamal, A.Y., Atia, M.M., El Sayed, T., Abou-Zaid, M.I., & Tohamy, M.R. (2022). Antiviral activity of chitosan
nanoparticles for controlling plant-infecting viruses. South African Journal of Science,
https://doi.org/10.17159/sajs.2022/10693

9. El-Ganainy, S.M., Soliman, A.M., Ismail, A.M., Sattar, M.N., Farroh, K.Y., & Shafie, R.M. (2023). Antiviral
activity of chitosan nanoparticles and chitosan silver nanocomposites against alfalfa mosaic virus. Polymers,
15(13), 2961. https://doi.org/10.3390/polym15132961

10. Gangireddygari, V.S.R., Chung, B.N., Cho, I.S., & Yoon, J.Y. (2021). Inhibitory effect of chitosan and phosphate
cross-linked chitosan against cucumber mosaic virus and pepper mild mottle virus. The Plant Pathology Journal,
37(6), 632-640. https://doi.org/10.5423/PPJ.0A.10.2021.0155

11. Ghasemi Nejad Rayeni, H., Pahlavan Yali, M., & Bozorg Amir-Kalaee, M. (2025). Evaluation of chitosan, gamma-
aminobutyric acid and potassium silicate on some biochemical parameters of pistachio tree to induce resistance
against pistachio psyllid (Agonoscena pistaciae). Iranian Plant Protection Research, 39(3), 269-282. (In Persian
with English abstract). https://doi.org/10.22067/jpp.2025.91135.1212.

12. He, X., Xing, R., Liu, S., Qin, Y., Li, K., Yu, H., & Li, P. (2019). The improved antiviral activities of amino-
modified chitosan derivatives on Newcastle virus. Drug and Chemical
https://doi.org/10.1080/01480545.2019.1620264

13.

Iriti, M., & Varoni, E.M. (2015). Chitosan-induced antiviral activity and innate immunity in plants. Environmental
Science and Pollution Research, 22(4), 2935-2944. https://doi.org/10.1007/s11356-014-3571-7


https://doi.org/10.3390/plants10122701
https://doi.org/10.3390/polym13193256
https://doi.org/10.3389/fcimb.2021.643953
https://doi.org/10.3390/agriculture10120624
https://doi.org/10.1023/A:1012508625017
https://doi.org/10.1023/A:1013206517442
https://doi.org/10.1134/S0003683811010042
https://doi.org/10.17159/sajs.2022/10693
https://doi.org/10.3390/polym15132961
https://doi.org/10.5423/PPJ.OA.10.2021.0155
https://doi.org/10.22067/jpp.2025.91135.1212
https://doi.org/10.1080/01480545.2019.1620264
https://doi.org/10.1007/s11356-014-3571-7

VFoF liwn) oF o los (1A ol (((6555LisS @sbuo g pale) ol pl (LS cbli> s irgyy  YVY

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Jaber, N., Al-Remawi, M., Al-Akayleh, F., Al-Muhtaseb, N., Al-Adham, I.S.1., & Collier, P.J. (2022). A review of
the antiviral activity of chitosan, including patented applications and its potential use against COVID-19. Journal of
Applied Microbiology, 132(1), 41-58. https://doi.org/10.1111/jam.15202

Jain, A., Gulbake, A., Shilpi, S., Jain, A., Hurkat, P., & Jain, S.K. (2013). A new horizon in modifications of
chitosan: Syntheses and applications. Critical Reviews™ in Therapeutic Drug Carrier Systems, 30(2), 91-181.
https://doi.org/10.1615/critrevtherdrugcarriersyst.2013005678

Komarova, T., Shipounova, I., Kalinina, N., & Taliansky, M. (2024). Application of chitosan and Its derivatives
against plant viruses. Polymers, 16(22), 3122. https://doi.org/10.3390/polym16223122

Malerba, M., & Cerana, R. (2016). Chitosan effects on plant systems. International Journal of Molecular Sciences,
17(7), 996. https://doi.org/10.3390/ijms17070996

Mesas, F.A., Terrile, M.C., Silveyra, M.X., Zufiiga, A., Rodriguez, M.S., Casalongué, C.A., & Mendieta, J.R.
(2021). The water-soluble chitosan derivative, N-methylene phosphonic chitosan, Is an effective fungicide against
the phytopathogen Fusarium eumartii. Plant Pathology Journal, 37(6), 533-542.
https://doi.org/10.5423/PPJ.0A.06.2021.0090

Pospieszny, H., Chirkov, S., & Atabekov, J. (1991). Induction of antiviral resistance in plants by chitosan. Plant
Science, 79, 63-68. https://doi.org/10.1016/0168-9452(91)90070-0O

Rendina, N., Nuzzaci, M., Scopa, A., Cuypers, A., & Sofo, A. (2019). Chitosan-elicited defense responses in
cucumber mosaic virus (CMV)-infected tomato plants. Journal of Plant Physiology, 234-235, 9-17.
https://doi.org/10.1016/j.jplph.2019.01.003

Romén-Doval, R., Torres-Arellanes, S.P., Tenorio-Barajas, A.Y., Gémez-Sanchez, A., & Valencia-Lazcano, A.A.
(2023). Chitosan: Properties and its application in agriculture in context of molecular weight. Polymers, 15, 2867.
https://doi.org/10.3390/polym15132867

Saberi Riseh, R., Hassanisaadi, M., Vatankhah, M., Abdani Babaki, S., & Ait Barka, E. (2022). Chitosan as a
potential natural compound to manage plant diseases. International Journal of Biological Macromolecules, 220,
998-1009. https://doi.org/10.1016/j.ijbiomac.2022.08.109

Salati, M., Bananej, K., Kazemi Moghdam, M., Housseini, M., Vahid Housseinnia, S., Hadizadse, M.H., & Afzali,
H. (2016). Evaluation of chitosan and salicylic acid application in reducing severity of two main cucumber viral
diseases. Agriculture Research, Education and Promotion Organization. Khorasan Razavi Agriculture and Natural
Resources Research and Training Center, 49534,

Salati, M., & Bananej, K. (2021). Feasibility study on application of different polyethylene mulch types to control
of important virus diseases and sucking pests in melon. Applied Field Crops Research, 34(2), 99-119.
https://doi.org/10.22092/aj.2021.341671.1452

Salati, M., Bananej, K., & Rastegar, A. (2021). Identification of viral agent associated in yellowing symptoms in
melon seed fields in Khorasan Razavi province. Agriculture Research, Education and Promotion Organization.
Khorasan Razavi Agriculture and Natural Resources Research and Training Center, 59549.

Salati, M., Bananej, K., Gharouni, S., Houseini, M.R., & Gholampou, Z. (2023). Enhancing melon tolerance to
cucurbit aphidborne yellows virus and cucurbit yellow stunting disorder virus using defense activator. Journal of
Applied Research in Plant Protection, 13(2), 167-177. https://doi.org/10.22034/arpp.2024.17688

Shahid Ul, 1., Butola, B.S., & Verma, D. (2019). Facile synthesis of chitosan-silver nanoparticles onto linen for
antibacterial activity and free-radical scavenging textiles. International Journal of Biological Macromolecules, 133,
1134-1141. https://doi.org/10.1016/j.ijbiomac.2019.04.186

Shariatinia, Z. (2018). Carboxymethyl chitosan: properties and biomedical applications. International Journal of
Biological Macromolecules, 120(Pt B), 1406-1419. https://doi.org/10.1016/j.ijbiomac.2018.09.131

Sofy, A.R., Hmed, A.A., Alnaggar, A.E.A.M., Dawoud, R.A., Elshaarawy, R.F.M., & Sofy, M.R. (2020).
Mitigating effects of bean yellow mosaic virus infection in faba bean using new carboxymethyl chitosan-titania
nanobiocomposites. International ~ Journal  of  Biological ~ Macromolecules, 163,  1261-1275.
https://doi.org/10.1016/j.ijbiomac.2020.07.066

Surguchova, N.A., Varitsev, Yu. A., & Chirkov, S.N. (2000). The inhibition of systemic viral infections in potato
and tomato plants by chitosan treatment. Journal of Russian Phytopathological Society, 1, 59-62.

Warghane, A., Saini. R., Shri, M., Andankar, ., Ghosh, D.K., & Chopade, B.A. (2024). Application of
nanoparticles for management of plant viral pathogen: current status and future prospects. Virology, 592, 109998.
https://doi.org/10.1016/j.virol.2024.109998

Wong, M., Salati, M., & Kwan, Y. (2014). Nitric Oxide in Relation to Plant Signaling and Defense Responses. In
M. Nasir Khan, J. C. Francisco, & M. Firoz, (eds.) Nitric Oxide in plants: metabolism and role in stress physiology.
(pp.265-281). Springer Cham Heidelberg New York Dordrecht London. https://doi.org/10.1007/978-3-319-06710-
0_16


https://doi.org/10.1111/jam.15202
https://doi.org/10.1615/critrevtherdrugcarriersyst.2013005678
https://doi.org/10.3390/polym16223122
https://doi.org/10.3390/ijms17070996
https://doi.org/10.5423/PPJ.OA.06.2021.0090
https://doi.org/10.1016/0168-9452(91)90070-O
https://doi.org/10.1016/j.jplph.2019.01.003
https://doi.org/10.3390/polym15132867
https://doi.org/10.1016/j.ijbiomac.2022.08.109
https://doi.org/10.22092/aj.2021.341671.1452
https://doi.org/10.22034/arpp.2024.17688
https://doi.org/10.1016/j.ijbiomac.2019.04.186
https://doi.org/10.1016/j.ijbiomac.2018.09.131
https://doi.org/10.1016/j.ijbiomac.2020.07.066
https://doi.org/10.1016/j.virol.2024.109998
https://doi.org/10.1007/978-3-319-06710-0_16
https://doi.org/10.1007/978-3-319-06710-0_16

Iranian Plant Protection Research

https://jpp.um.ac.ir

A

Research Article
Vol. 39, No. 4, 2026, p. 373-384

Efficacy of Two Plant-Base Fungicides, Mildew Cut, and Allicin Against
Powdery Mildew (Golovinomyces cichoracearum) of Greenhouse Cucumber
(Cucumis sativus)

M. Najafiniya®", M. R. Eslahi?, L. Dehghan®

1- Plant Disease Research Department, Iranian Research Institute of Plant Protection, AREEO, Tehran, Iran

2- Plant Protection Research Department, Agricultural and Natural Resources Research Center of Khuzestan Province,
AREEOQO, Ahvaz, Iran

3- Plant Protection Research Department, Agricultural and Natural Resources Research Center of Tehran, AREEO,
Varamin, Iran

(*- Corresponding author's Email: m.najafinia@areeo.ac.ir)

R How to cite this article:
ng/?s“efgdlésogzgg? Najafiniya, M., Eslahi, M.R., & Dehghan, L. (2026). The efficacy of two plant-base
Accepted'20—09—2025 fungicides, miI_dew cut, and aI_Iicin against powdery mildew of gre_enhou_se
Available.OnIine' 10-02-2026 cucu_mber. Iranian Plant P_rotectlon Rese_arch, 39(4), 373-384. (In Persian with
' English abstract). https://doi.org/10.22067/jpp.2025.94438.1242

Introduction

Cultivation of vegetable crops under greenhouse conditions is an important strategy to increase productivity
and total production in Iran. Environmental conditions (high humidity and proper temperature) are favorable for
the emergence and spread of diseases. Sometimes, despite of good agricultural operations, the incidence of
downy and powdery mildew may have resulted a severe economic loss. So, the application of fungicides to
control fungal diseases is inevitable. Several airborne diseases have affected the cultivation of greenhouse
cucumbers. Powdery mildew disease, caused by Golovinomyces cichoracearum is one of the most important
diseases of cucumber (Cucumis sativus). Due to the importance of producing a healthy crop, extensive research
has been conducted to reduce the use of chemical pesticides and find alternatives to these substances in various
plants. Given the fresh consumption of cucumbers and the importance of pesticide residues, and in order to
produce a healthier crop, the need to use effective, low-cost and low-risk fungicides is doubly urgent. Microbial
and plant-based fungicides are promising alternate for chemical fungicides. This study was conducted to
investigate efficacy of the plant-based fungicides, Mildew cut and Allicin in controlling powdery mildew disease
in cucumber. Mildew Cut fungicide contains 10% garlic oil (0.03% allicin) and 3% clove essential oil (2.2%
ozonol) and has an EC formulation of 13%. This is a protective fungicide and the presence of oil in its
formulation causes formation of a protective layer on the surface of the host leaf and prevents attachment,
germination of fungal spores and entry of the spore tube and mycelium causing superficial powdery mildew into
the host. Allicin fungicide is a biological fungicide based on plant extract, with the trade name Allicin and with a
microcapsule formulation (ME 5%).

Materials and Methods
In this research, efficacy of two plant base fungicides including Mildew cut (EC 13%) at the rates of 4, 5, 6 ¢
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L and Allicin (ME 5%) at the rates of 0.5, 1 and 1.5 g L™* was evaluated to control cucumber powdery mildew
disease in greenhouse conditions. Their effectiveness was compared with Cidely Top and a water-treated control.
This research was conducted in the form of randomized complete block design with eight treatments and three
replications, conducted across two provinces, Tehran and Khuzestan. Each experimental plot was four meters
long and consisted of two rows of plants with a row spacing of 25 to 30 cm and a plant spacing of 30 to 35 cm in
each row. In each experimental plot, 10 plants were randomly selected and marked. When the first signs of
disease were observed, the desired treatments were applied using a 20-liter backpack sprayer. The sprays were
repeated at 7 to 10 day intervals until disease severity in the control plots exceeded 50%. Evaluation of the
disease severity was performed before each spraying by Horsfall and Barratt method using a scoring system of
one to seven (Horsfall and Barrat,. 1945)

Results and discussion

The obtained data from both regions showed that Allicin, at concentrations of 1 and 1.5 g L™ exhibited 83
and 88.08% control efficiency, respectively. Similarly, Mildew cut, at concentrations of 5 and 6 g L™ provided
control efficiencies of 84.6% and 86.6%, that were comparable to the Cidely Top as the control treatment (0.75 g
L) with 82.7% efficiency. Results of the current research indicated that the plant-based fungicides, Mildew cut
at a concentration of 5 g L and Allicin at a concentration of 1 g L can be suggested as a substitute or
alternately with chemical fungicides to control powdery mildew disease of cucumber. Following appearance of
disease symptoms, foliar spraying begins and repeat for two to three times at an interval of 7 to 10 days. The use
of fungicides as a complement to the management strategies of airborne diseases such as powdery mildew is
necessary. Moreover, emergence of resistance to fungicides and the need to replace high-risk fungicides with
safe and plant-based products, continuous evaluation of new fungicides is crucial. Results of the present study
showed that the plant-based compounds, including Mildew cut (5 g L) and Allicin (1 g L), can be used as
substitutes or in alternation with chemical fungicides in integrated management of cucumber powdery mildew.

Conclusion

Our findings indicated that the plant-based fungicides Allicin (1 g L) and Mildew Cut (5 g L) exhibit
control potency comparable to that of the chemical fungicide Cidely Top. These products can be used as
complementary options in integrated management strategies against cucumber powdery mildew.

Keywords: Chemical control, Cucurbits, Powdery mildew, Resistance
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Table 1- Treatments used against powdery mildew of cucumber in this study

Treatment

Rate (g.L™?)

Allicin ME 5%

Allicin ME 5%

Allicin ME 5%
Mildew cut Ec 13%
Mildew cut Ec 13%
Mildew cut Ec 13%
Cidly top DC 14%

Control

0.5
1
1.5
4
5
6
0.75
Water

(Horsphal & Barratt, 1945) ,La 5,591 Suudw (6 lows (bl duwlme G (230 pod prinwns =T Jgu>
Table 2- The scoring system to calculate disease index in powdery mildew of cucumber

Infection rate%

Score

No infection
0.1-0.3
3.1-6
6.1-12
12.1-25
25.1-50
>50

~NOoO O WN B
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Figure 2- Comparison of powdery mildew symptoms in untreated (a) and treated plant with mildew cut fungicide(b)
(original)
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Figure 3- Comparison of powdery mildew symptoms before (a) and after (b) treatment with allicin (original)
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Table 3- Analysis of variance of disease severity index in applied treatments against cucumber powdery mildew in four
rounds of assessment in Varamin

15t assessment

2nd assessment

3rd assessment 4th assessment

S.0v df Meanof squares Mean of squares Mean of squares Mean of squares
Block 2 24.3™ 3.26™ 6.78"
Treatment 7 1177 2493 2326™
Error 14 53.8 9.2 1.90
Total 23
CcVv 195 15.7 7.60

a3 gizo BB NS Ll H5 pize 2o yd S prdan p> B3] s
** = significant at level of 1%, ns = non-significant
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Table 4- The mean comparison of disease severity and control efficiency of treatments against cucumber powdery mildew in
the Varamin (Duncan test at 5% level)

Treatment 15t 2nd Control 3rd Control 4th Control**
assessment  assessment efficiency% assessment efficiency% assessment efficiency%o
A"g[‘_f"5 24,12 21 6t 418 100 83.3 10.50 87.9
Ag'f_‘_’} ! 30.3¢ o 75.7 5.8° 90.3 4.9° 943
A”';'Sll 5 28.9% 9.8 735 8.3t 86.2 6.05°¢ 93.01
M"dge"li’_f”t 4 29.8% 24.3° 346 16.6° 72.3 13.6 84.3
M"dge"li’_f”t > 32.2° 236" 365 116 8.7 117 86.4
M"dge"li’_f”t 6 33.9° 133 64.2 4.6° 923 6° 93.1
Cidly top a d . c
075 gL 27.1 11 70.4 7 88.3 6 93.1
Control 242 37.20 - 60 - 86.6° -

e syl slemals obuly 3 6,05 > me GBS S o By S JBlis (gl uSilio b g
* = column with at least one similar letter are not significant, ** = based on 4™ assessment data
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Table 5- Analysis of variance of disease severity index in applied treatments against cucumber powdery mildew in five rounds of
assessment in Khuzestan

1t assessment

2nd assessment

3rd assessment 4th assessment 5th assessment

SYOAY) df Mean of squares Mean of squares Mean of squares Mean of squares Mean of squares
Block 2 0.33" 0.94" 2.36™ 9.78™ 7.04n
Treatment 7 2.21m 141 404™ 989™ 1455™
Error 14 0.38 1.6 2.02 4.98 5.06
Total 23
cv 7.1 9.01 7.24 8.79 7.3

s I xe BB NS ol HId bize Juopd S s )> OS] s
** = significant at level of 1%, ns = non-significant
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Table 6- The Mean comparison of disease severity and control efficiency of treatments against cucumber powdery mildew in
Khuzestan (Duncan test at 5% level)

Treatme 15t 2nd Control 3rd Control 4th Control 5th Control**
nt assessme  assessme  efficiency  assessme  efficiency assessme  efficiency  assessme  efficiency
nt nt % nt % nt % nt %
O'Ag'g'fl'_“_l 6.8% 16.5 453 23.7° 47.9 30.3 55.3 38 56.7
Ag"l’_'_rl' ! 6.3" 12.8° 57.6 17.8¢ 60.9 20.5% 69.8 24.8° 717
1A5"€'J°|'_rfl 6.6% 9.8° 67.5 11¢ 75.8 13.3° 80.4 14.89 83.14
Mildew
cutdg L 8.3 11.3° 62.5 17.6° 61.3 22.3° 67.1 25.8° 70.6
1
Mildew
cut5g L 7.8 9.6° 68.1 120 73.6 13.5° 80.1 15.24 827
1
Mildew
cut6 gL 8.3 10.5¢ 65.2 12.6¢% 72.3 14.6¢% 785 179 80.6
1
Cidly top a (4 cd 2 cd 2 C 2
075 L 7 115 61.9 155 65.9 05 69.8 43 72.3
Control 8.5° 30.16° - 4552 - 67.8° - 87.8° -

Bl )b re AW oS juie B> S JBls g g
* = column with at least one similar letter are not significant

JLasl @le g oad (e Sy gaw y> Bdlxe 4Y S JuSuits
S)lbon Jole podse g (215 adg 3959 9 )8 Homel il
OB grilee ASEHB 4251295 00 Ghjre Jobb 4 (o Sai
oo Sy )i I (g el joS ik (SE)B alie pU LS
Mildew ) ;08 s2adee (iSEHL8 )l> glds gV 908 5 0550
LS bl aly p dable L S, (cure WP 83%

9y y Loy o Vo iy g, Moy Vol LiSB !l

il wlmolS wi> layiSz )8 2 (oo ol

SIS Ll ys cov )lé (oaw Stsi ilow Hlee 3 el
b g Jains) cslyg 5 (b ye 9 £)5) liwjss adlaie 93 1
Lo Ve gl S gl S7HB CE)S I8 (2l 390 (S5
YIY) Ssue Guiliol doyd dw g (O] 2o yd +/+¥) yuw (460,
S =l Cwl EC 13% (y9¥ge,8 Ly g (Jgsl 2oy

csl ol ogr¥ge )8 3 9y il D929 g 039 Sladlre



VFoF liwn) oF o los (1A ol (((555LisS asbuo g pale) ol pl (LS cbli> s irgyy  YAY

SYgilsu 5 lsesS «Cagsd )b slapl cod jsdlsw (50%
Dlodaw) b 4 ,LS (6539 Shbs (55lo oo 510 WP 80%
e Lol LS, ¢ bosss sloe 43,31 (Shikhi et al., 2015)
o pylie slacmer Hrb (gl )l 3 (S lags)lon
el 0l55liS 59y iy Sy Wil S plgis s b 1578
Y gase (0 Gladd ay i )LE alide slaog)S 4 cuglds
; Myresiotis et al., 2007) cewl oai o35 o lize
4 lojed Cwglis piswen (Fernandez-Ortufio et al., 2013
Fernandez-) cewl osis (5,158 56 calisee i8Sz 09,5 cpiin
4 byuye iSz )L sis bYW o, 5 .(Orturio et al., 2016
Solon jlae 9 Cunglio p Al (gl ilisee L2SE)B sla WIS
; Leroux, 2007) cewl 03,5 lay zlgy JyiS s ply S lgica
My lss pols sudss obs (Fernandez-Ortufio et al., 2016
Ol g 51 )3 5 gy clale > Sgale el LS &S
L ool o b iRl plysar ailgs ooy 0 p )5 S clale
390 )l (e Sab gilow Yoo sl (lend sloiSE)B
Cogs dw She U o ¢ bl Joloee culadd dluws 05,5 1,8 ooliiul
ol bl 5 d d gl b g o duogi joy Vo U Can dliolday
lamg] 45 uelys dibate ;3 ¢ iglej] el sblie y> @glite
e 45l Spgo > )l Gl b duolie 3 3 Juie 5 5SS
A8 3 gn g cilaio () 3 (e Sk oy 5
S o S5 851 09 pll a3 5Slas 3k Jolono
#L) 5 (ame lss 5 o Gilieo o5 (gla b 55 e

REIIES

& 5 40l
33 O] GESE)LE cailate 93 )3 odelcindds gl wluly
MIA 5 AY e o1 LS cdpan lia 03/0 3 S clackile
P i g mo sladale p allgale (iSz6 ob Gl as )
SSLE ol Lis ao > AP gAY/ Yl o) e ol
oLt o AVY Jlae (ol (152 )3 +IVD O (Juw) gy
2 Ol gale aul—olS wluS 5 as oy lis Gudos opl ol b
1 Slgie yud 3 pS Sy bl bl g 1) )3 p)F gy clale
e sl pleod SISEB L ool 13 b (uiSele lyea
ladd ala sy 5,8 )8 ool Dyg0 Hli e Shubw (g)lew
o 33 V+ b i eloliy Cogs e 55110 5 g3 ¢ 0l ol

g 0

Sl culos

S 5)len e lim g 03 S5 o il b3 VY
Cowl 005 dpogi i 30 il Jio Ve U Can liedy jLa daw
29 ) S B SO el 35Sz, (Shikhi et al., 2015)
Ose—¥ 5058 Ly g Allicin g)Los ps Ly 5 (LS o)lac 4l
S-(2- ol pU b el 03l sl (ME 5%) JgaunsS 9,540
» 2ub yebay 4 S propenyl)-2-propene-1-sulfinothioate
Sl a3l ygi 55 el (28T S 09 g0 Bl s olS o las
Conl (rwg (2955005 9 (2)BaS Cuol )l g 3980 M5
aySgile 51 (S a8 cawl oaly lis wladss (L et al. 2022)
e 23 e Sl eizrod 5 )6 (Jpbo AL (35 ey
i 850w (L et al. 2022) cowl Jolw sLis (sypdhdens
GPI ) o > M 3lal ool JI
S 5 SO ol 3L o (glycosylphosphatidylinositol)
99980 J> (22 &5 ol CeH100S2 Jga 3 b g 63,555
sl oy gl sy ol b amely Ll el o cwsls ol
9 ] S 5 50,8 .(Omar & Al-Wabel, 2010) cuol o
» (Sphaerotheca sp.) j, (e w Sabw g)low ade ljaus
el b_wfc)ls Cuold y0Me g 00 (g5low Hloe el
o) 4o 5 35 0L 53 b IS St g sriangid e el
aslie )3 S5 93 oyl lojed TS a8 cunl ooy Lis abos
Sl jy (P Sabo (©)lon sl 53 (2loiFa oS 200 L
—oLS wluS 5 &S cusl oaly oL wlidss (L et al., 2021) s
5l g bt Gl iz B L dunslis 3 iz B cuold Ll
Jlo olgiedy aiun yosl Consdy 5 a6 68 Hasd daSSau
)L sl S ke 5l S plp 55 olS Cuglie sauS Wl LS 5
leeas ]l (oS 5 (L et al. 2021) w8 3 13 oolizul 3
Wile lag )8 and 5 s piSh (S dag)B I o)k e (158

Plectospherella cucumerina, Botrytis
cinerea, Phytophthora infestans, Xanthomonas
Alternaria s axonopodis, Magnaporthe grisea

; Curtis et al., 2004) cwl s esla_wl brassicicola
.(Slusarenko et al., 2008

W=l 1535 2 )l (aw St )lon Cuenl 4 25 L
+ gyl (S g5l A lo (o ste (SLm 176 Sl
Mualibglis o+ JolisS gida> (SC 32.5% lilgs) JgibigS g
O 9 3,5 (ST og) e ol Jgsissl (6 (Jagw)
o) Jgsissss {msdl) JssUssiS (sigs1s) Juiglls i
S 3355 d05hL) oghossly 3 {EC 10% S logs) J3sbiss15
LS i) { ) ol lip St (WG 50% g ) o
WG cls) gyl (sl 5 (WP 40% o5 SL) oty



YAY 6309 Sai 6 5lom s 33 (el 5 O g 0lie asli—olS (457,58 99 il (o)) K0n g L i

>+ Mdlgw 63 W1 (63) 0550 03lo L ME 5% o595y gamed 90! Sl gale wlb-olS iSZ6 LI ;) cas Kl ske
Lolyd )5 )Ld ()09 Stbw o Yoo 3 (g 5 ] A LS byl slp Gl (i ol €S 5 ppizman

References

1. Azimi, H. (2012). Effect of kresoximmethyl and tetraconazole fungicides in combination with potassium
bicarbonate for controlling powdery mildew disease of cucurbits under greenhouse conditions. Journal of Applied
Research in Plant Protection, 1(1), 57-65. (in Persian with English abstract)

2. Azimi, H. (2014). Controlling effects of potassium bicarbonate on the powdery mildew (Erysiphe cichoracearum
dc.) of cucurbits under field and greenhouse conditions. Pesticides in Plant Protection Sciences, 1(1), 62-75. (in
Persian with English abstract)

3. Azimi, H. (2016). Investigation on the efficacy of iminoctadine tris (wp 40%) in the control of cucumber powdery
mildew disease, Golovinomyces cichoracearum (dc.) v.p. Heluta. Pesticides in Plant Protection Sciences, 3(1), 50-
61. (in Persian with English abstract)

4. Babai-Ahari, A., Khoshkalam, N., & Valizadeh, M. (2012). Identification of cucumber powdery mildew agents and
determination of their race in East Azarbaijan province. Plant Protection (Scientific Journal of Agriculture), 35(1),
55-68. (In Persian with English Abstract).

5. Braun, U., & Cook, R.T.A. (2012). Taxonomic Manual of the Erysiphales (powdery mildews). CBS Biodiversity
Series, No. 11. CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands.

6. Braun, U., Shin, H.D., Takamatsu, S., Meeboon, J., Kiss, L., Lebeda, A., Kitner, M. and Gotzet, M. (2019).
Phylogeny and taxonomy of Golovinomyces orontii revisited. Mycological Progress, 18, 335-357.
https://doi.org/10.1007/s11557-018-1453-y

7. Curtis, H., Noll, U., Stérmann, J., & Slusarenko, A.J. (2004). Broad-spectrum activity of the volatile
phytoanticipin allicin in extracts of garlic (Allium sativum L.) against plant pathogenic bacteria, fungi and
Oomycetes. Physiological and molecular plant pathology, 65, 79-89. https://doi.org/10.1016/j.pmpp.2004.11.006

8.  Ferndndez-Ortufio, D., Chen, F., & Schnabel, G. (2013). Resistance to cyprodinil and lack of fludioxonil resistance
in Botrytis cinerea isolates from strawberry in North and South Carolina. Plant disease, 97(1), 81-85.
https://doi.org/10.1094/PDI1S-06-12-0539-RE

9. Fernandez-Ortuno, D., Torés, J. A., Chamorro, M., Pérez-Garcia, A., & de Vicente, A. (2016). Characterization of
resistance to six chemical classes of site-specific fungicides registered for gray mold control on strawberry in
Spain. Plant Disease, 100(11), 2234-2239. https://doi.org/10.1094/PDI1S-03-16-0280-RE

10. Gerami, E., Azimi, H., & Eslahi, M.R. (2019). Evaluation of the efficacy of the fungicide difenoconazole +
cyflufenamid (cidelytop® dc 140) against Golovinomyces cichoracearum, causal agent of cucumber powdery
mildew disease. Pesticides in Plant Protection Sciences, 7(2), 118-133. (in Persian with English abstract).

11. Gholamzadeh-Bazar Bash et al., 2025, A., Qoli Toloui, S., Allahverdipour, T., & Salehzadeh, M. (2025). Control
of tomato early blight (Alternaria solani) disease by aqueous extract of thyme (Thymus vulgaris). Iranian Plant
Protection Research, 39(1), 61- 83. (In Persian with English abstract).
https://doi.org/10.22067/JPP.2025.87475.1183.

12. Hector, G., Palenius, N., Hopkins, D., & Cantiffe, D.J. (2006). Powdery Mildew of Cucurbits in Florida.
http://edis.ifas.ufl.edu/hs321, Accessed on 12 February 2015. https://doi.org/10.32473/edis-hs321-2006

13. Hollomon, D. W., & Wheeler, I. E. (2002). The powdery mildews: a comprehensive treatise (249-255) In:
Bélanger, R.R., Bushnell, W.R., Dik, A.J., Carver, T.L.W (Eds.). Controlling powdery mildews with chemistry.
English, Book chapter, USA, 0-89054-291-0, St. Paul, American Phytopathological Society (APS Press).
https://doi.org/10.1017/s0269915x03233127

14. Horsfall, J.G., & Barratt, R.W. (1945). An improved grading system for measuring plant disease. Phytopathology,
115, (8). https://doi.org/10.1094/Phyto-35-655

15. Kim, J.C., Choi, G.J., Lee, SW., Kim, J.S., Chung, K.Y., & Cho, K.Y. (2004). Screening for antifungal extracts
against various plant pathogenic fungi and control of powdery mildew with extracts of Achyranthes japonica and
Rumex crispus. Pest Management Science, 60, 803-808. https://doi.org/10.1002/ps.811

16. Khodaparast, S.A. (2016). Molecular identification of some anamorphic powdery mildews (Erysiphales) in Guilan
province, north of Iran. Mycologia Iranica, 3(2), 127-133. https://doi.org/10.22043/mi.2017.68336.1095

17. Leroux, P. (2007). Chemical control of Botrytis and its resistance to chemical fungicides. In Botrytis: Biology,
pathology and control (pp. 195-222). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-1-4020-2626-
312

18. Li, J., Li, R., Zhang, C., Guo, Z., Wu, X., & An, H. (2021). Co-application of allicin and chitosan increases
resistance of Rosa roxburghii against powdery mildew and enhances its yield and quality. Aantibiotics Basel,


https://doi.org/10.1007/s11557-018-1453-y
https://doi.org/10.1016/j.pmpp.2004.11.006
https://doi.org/10.1094/PDIS-06-12-0539-RE
https://doi.org/10.1094/PDIS-03-16-0280-RE
https://doi.org/10.22067/JPP.2025.87475.1183
http://edis.ifas.ufl.edu/hs321
https://doi.org/10.32473/edis-hs321-2006
https://doi.org/10.1017/s0269915x03233127
https://doi.org/10.1094/Phyto-35-655
https://doi.org/10.1002/ps.811
https://doi.org/10.22043/mi.2017.68336.1095
https://doi.org/10.1007/978-1-4020-2626-3_12
https://doi.org/10.1007/978-1-4020-2626-3_12

VFoF oylinno) oF oylosds ¥ aler «((5)5LinS glivo 5 pale) ol pl HLS cblis glargy  YAY

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.
33.

10(12), 1449. https://doi.org/10.3390/antibiotics10121449

Li, Z., Li, Z., Yang, J., Lu, C., Li, Y., Luo, Y., Cong, F., Shi, R., Wang, Z., Chen, H., Li, X,, Yang, J., & Ye, F.
(2022). Allicin shows antifungal efficacy against Cryptococcus neoformans by blocking the fungal cell membrane.
Frontiers in Microbiology, 13, 1012516. https://doi.org/10.3389/fmich.2022.1012516 .

Marchese, A., Barbieri, R., Sanches-Silva, A., Daglia, M., Nabavi, S.F., Jafari, N.J., lzadi, M., Ajami, M., &
Nabavi, S.M. (2016). Antifungal and antibacterial activities of allicin: A review. Trends in Food Science &
Technology. 52, 49-56. https://doi.org/10.1016/j.tifs.2016.03.010

McGrath, M.T. (2005). Guidelines for managing cucurbit powdery mildew with fungicides. Department of Plant
Pathology, Cornell University. Long Island Horticultural Research and Extension Center, Riverhead, USA.
http://vegetablemdonline.ppath.cornell.edu/NewsArticles/Cuc_PM_Update

McGrath, M.T. (2011). Powdery mildew of cucurbits fact sheet. Department of Plant Pathology, Cornell
University. Long Island Horticultural Research and Extension Center, Riverhead, USA. pp. 730-732.
http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbits_PM.htm

Mossler, M.A., & Nesheim, O.N. (2005). Florida Crop/Pest Management Profile: Squash Electronic Data
Information Source of UF/IFAS Extension (EDIS). CIR 1265. https://doi.org/10.32473/edis-pi050-2009
Myresiotis, C. K., Karaoglanidis, G. S., & Tzavella-Klonari, K. (2007). Resistance of Botrytis cinerea isolates
from vegetable crops to anilinopyrimidine, phenylpyrrole, hydroxyanilide, benzimidazole, and dicarboximide
fungicides. Plant Disease, 91(4), 407-413. https://doi.org/10.1094/PDIS-91-4-0407

Newman, D.J., & Cragg, G.M. (2012). Natural products as sources of new drugs over the 30 years from 1981 to
2010. Journal of natural products, 75, 311-335. https://doi.org/10.1021/np200906s .

Omar, S.H., & Al-Wabel, N.A. (2010). Organosulfur compounds and possible mechanism of garlic in cancer.
Saudi Pharmaceutical Journal. 18, 51-58. https://doi.org/10.1016/j. jsps.2009.12.007 .

Pérez-Garcia, A., Romero, D., Fernandez-Ortufio, D., Lépez-Ruiz, F., De Vicente, A., & Torés, J.A. (2009). The
powdery mildew fungus Podosphaera fusca (synonym Podosphaera xanthii), a constant threat to cucurbits.
Molecular plant pathology. 10(2), :153-60. https://doi.org/10.1111/j.1364-3703.2008.00527.x .

Shikhi, A., Najafi, H., Abbasi, S., Moradi, M., Saber, F., & Rashid, M. (2015). Guide to Chemical and Organic
Pesticides of Iran. 5" edition, Nashr Ketab Paytakht, Tehran, Iran. 412 pp.

Sirous, A., Jamalizavareh, A.H., & Fadaei Tehrani, A.A. (2012). An investigation on the effectiveness of some
plant extracts for the control of cucumber powdery mildew. Iranian Journal of Plant Pathology, 48(3), 433-437.
(in Persian with English abstract).

Slusarenko, A.J., Patel, A., & Portz, D. (2008). Control of plant diseases by natural products: Allicin from garlic as
a case study. European Journal of Plant Pathology. 121, 313-322. https://doi.org/10.1007/s10658-007-9232-7
Tang, R., Zhang, X.H., Hu, T.L., & Cao, K.Q. (2003). Control effect of the extracts from Rheum palmatum on
powdery mildew of cucumber. Journal of Anhui Agricultural College, 30(4), 363-366.

Zitter, T.A., Hopkins, D.L., & Thomas, C.E. (1996). Compendium of Cucurbit Diseases. APS

Press, St. Paul, Minn. USA. 120 pp.


https://doi.org/10.3390/antibiotics10121449
https://doi.org/10.3389/fmicb.2022.1012516
https://doi.org/10.1016/j.tifs.2016.03.010
http://vegetablemdonline.ppath.cornell.edu/NewsArticles/Cuc_PM_Update
http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbits_PM.htm
https://doi.org/10.32473/edis-pi050-2009
https://doi.org/10.1094/PDIS-91-4-0407
https://doi.org/10.1021/np200906s
https://doi.org/10.1016/j.%20jsps.2009.12.007
https://doi.org/10.1111/j.1364-3703.2008.00527.x
https://doi.org/10.1007/s10658-007-9232-7

Iranian Plant Protection Research

https://jpp.um.ac.ir

A

Research Article
Vol. 39, No. 4, 2026, p. 385-402

Effect of Planting Pattern Combined with Weeding, Herbicide, and Cover Crop
on Weed Control and Peanut Yield

A. Nobahar Ghighlo™*, A. Tobeh"®1, S, Farzaneh"*'!, R. Fakhari='?", K. Shahbazi Homounlou™*3

1- Department of Genetic and Plant Production, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran

2- Plant Protection Research Department, Ardabil Agricultural and Natural Resources Research and Education Center,
AREEO, Moghan, Iran

3- Crop and Horticultural Science Research Department, Ardabil Agricultural and Natural Resources Research and
Education Center, AREEO, Moghan, Iran

(*- Corresponding author's Email: r.fakhari68@gmail.com)

How to cite this article:

Received: 10-01-2025 Nobahar Ghighlo, A., Tobeh, A., Farzaneh, S., Fakhari, R., & Shahbazi
Revised: 08-04-2025 Homounlou, K. (2026). The effect of planting pattern combined with weeding,
Accepted: 17-05-2025 herbicide, and cover crop on weed control and peanut yield. Iranian Plant

Available Online: 10-02-2026 Protection Research, 39(4), 385-402. (In Persian with English abstract).
https://doi.org/10.22067/jpp.2025.91533.1216

Introduction

Global population growth, currently at 1.6-1.7% annually (approximately 90 million people), necessitates a
substantial increase in agricultural production to meet escalating food demands. Arachis hypogaea L. (peanut), a
valuable legume in the Fabaceae family, serves as both an oilseed crop and a vital nutritional resource for
humans and livestock. Peanut yield is significantly influenced by a complex interplay of factors, including
agronomic practices, cultural techniques, and pest management. Planting pattern, specifically plant density and
row spacing, critically affects canopy architecture, impacting key physiological processes such as radiation use
efficiency and light interception. Square planting configurations can optimize canopy structure, improve light
penetration and airflow, and thereby enhance crop growth. While high plant density can exacerbate size-
asymmetric competition, favoring dominant plants and potentially suppressing weeds, a more uniform spatial
distribution can mitigate early-season interspecific competition, promoting more effective weed suppression
through enhanced collective shading. This ecological weed management strategy offers an environmentally
sustainable alternative to conventional methods like mechanical weeding and herbicide application. This study
investigated the impact of planting pattern, in conjunction with weeding, herbicide application, and cover
cropping, on weed control efficacy and peanut yield.

Materials and Methods

A split-plot experiment, arranged in a randomized complete block design with three replications, was
conducted at the Moghan Agricultural and Natural Resources Research Center during the 2021-2022 and 2022-
2023 cropping seasons. The main plot factor was the peanut planting pattern, evaluated at three levels: single
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row, two parallel rows, and two zigzag rows. The subplot factor was weed management, comprising seven
treatments: 1- crimson clover (Trifolium incarnatum) cover crop and 2- villous vetch (Vicia villosa) cover crop,
3- the combination of bentazone herbicide (SL%48) at the rate of 2 liters per hectare + haloxy-fop-R methyl
ester (EC%10.8) at the rate of 0.7 liters per hectare, 4- single hand weeding (20 days after planting), 5- double
hand weeding (20 and 40 days after planting), 6- hand weeding all season of weeds and 7- control (no
management). Weed density and biomass, by species, were assessed 50 days after planting using randomly
placed 0.25 m2 (0.5 x 0.5 m) quadrats. One hundred seeds were randomly selected from a 1 m2 area within each
plot, dried at 75°C, and weighed to determine the 100-seed weight (accuracy: 0.001 g). Peanut kernel oil content
was determined by Soxhlet extraction (45°C, dry diethyl ether solvent) of ground, peeled kernels.

Results and Discussion

This study investigated the effects of weed control methods and planting patterns on peanut yield and quality.
Measured variables included the number of single- and double-seeded pods, total pod number, pod vyield,
biological yield, seed protein percentage, 100-seed weight, seed yield, weed density, and weed biomass. The
two-row zigzag planting pattern, combined with various weed control strategies (weeding, vetch or clover cover
crops, and herbicide application), resulted in the highest values for most measured traits. Conversely, the single-
row planting pattern with no weed control exhibited the lowest values. Analysis of the interaction between
planting pattern and weed management revealed the highest weed density and biomass in the single-row, no-
control treatment and the lowest weed biomass in the two-row zigzag pattern with two weedings or a vetch cover
crop. The highest 100-seed weight was observed in the two-row zigzag pattern with weeding, followed by vetch
and clover cover crops, while the lowest was in the single-row, no-control treatment. The two-row zigzag pattern
likely improved light utilization due to better plant distribution, leading to increased allocation of
photoassimilates to reproductive structures and, thus, higher 100-seed weight. The highest seed protein content
was also associated with the two-row zigzag planting pattern, while the lowest was found in the single-row
pattern.

Conclusions

Considering the climatic conditions of the Moghan region and having economic justification, a two-row
zigzag planting arrangement and two weddings (20 and 40 days after planting) will be the best option for
controlling peanut weeds. In this treatment, the number of single-seed pods (23.2%), total number of pods
(44.3%), pod yield (26.8%), hundred-seed weight (8.1%), and grain yield (13.7%) were higher than the two-row
zigzag planting arrangement x control without control. The next priority will be the use of cover crops and
sustainable farm management. Using the results of such experiments, it is possible to increase crop yields at the
same level, as well as community health and sustainable agriculture. Using a mixture of herbicide 2 liters in the
soil + halofop-R methyl ester to 0.7 liters is recommended if labor is used for weeding and no cover crops are
cultivated.

Keywords: Bentazone, Clover, Integrated weed management, Vetch
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Table 1- Physicochemical characteristics of the soil where the experiment was carried out
Available P Available K Organic carbon
EC (dS.m H
(ppm) (ppm) (@S.m5 (%)
Loam 0.09 19.75 276.55 1.96 7.87 0.75

Texture Total N (%)

rinlojl a0 )3 39290 5y0 Glacile -Y Jgo
Table 2- Weeds in the experimental field

Persian name Scientific name Family Average density per m?

o 8adny o ysel Amaranthus retroflexus L. Amaranthaceae 14.36
S jduw 0> Hibiscus trionum L. Malvaceae 6.82
aiyol8 Abutilon theophrasti Medic. Malvaceae 7.36
3T Solanum nigrum L. Solanaceae 3.33

&bé Sorghum halepense L. (Pers). Poaceae 7.00

g ygm Echinochloa crus-galli (L.) P. Beauv. Poaceae 11.54
g o)) Setaria viridis (L.) P.Beauv. Poaceae 8.56
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Table 3- Combined analysis of variance for weed density and biomass

Mean square

SOV df Total weed density  Total weed biomass
Year 1 0.049™ 0.007™
Repetition/year 4 0.564" 0.491"
Planting pattern 2 9.649™ 10.395™
Year x planting pattern 2 3.690" 3.966™
Main error 8 8.877 7.296
Weed management 5 43.958™ 67.474™
Year x weed management 5 0.87™ 1.343™
Planting pattern x weed management 10 6.732" 13.455™
Year x planting pattern x weed management 10 0.154" 0.263™
Error 60 1.020 1.563
(#CV - 14.55 18.90

#5 ®

W10y K g gz gdaw ;0 JB sine 6y dxe pt BB Cog sty &
ns, *, **: non-significant difference, significant at 5% and 1% level
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Table 4- Mean interaction of planting patterns x weed management on weed density and biomass

Planting pattern Weed management

Total weed density Total weed biomass

(NO.m?) (g.m?)

Weeding twice 5.04 9% 2.981

Weeding once 5547 5.04 9

Double row zigzag Hairy vetch 5421 3.79i
Clover 5217 5.37 fon
Herbicide 10.87 ¢ 6.59 def
Control 12.12 3¢ 7.92 ¢

Weeding twice 6.67 1 3.681
Weeding once 871 7.07 cde

Hairy vetch 6.58 f 5259
Double row parallel Clover 6.83 €0 6.68 cde
Herbicide 11.67 ¢ 8.50

Control 12.95 @ 8.41%

Weeding twice 6.37 1 4,67 9ni
Weeding once 7.08 ¢f 6.92 cde

single row Hairy vetch 6.50 T 443N
Clover 7.08 ¢f 5.89 €fo
Herbicide 10.37 7.38 bed

Control 14,08 @ 8.642

LSD - 1.98 1.24

L6 e b (g)b e BB i jb 50 S e By > gl)b sl 1Sl #
2l 3929 S e Slao (gl slasd ol 5 il)ly e Gl oS g e )3 5 slacile e3gicun; g o515 g he Jdba:
* The averages of common letters in each column do not have a significant difference.
Due to zero weed density and biomass in the complete weeding treatment, it was impossible to analyze variance in this treatment for
the mentioned traits.
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Figure 1 - The main effect of weed management on the number of two-seed pods per plant in peanut
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Figure 2- The main effect of single-row, double-row, and double-row zigzag planting arrangements on the biological yield of
peanut.
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Figure 3 - Main effect of weed management on peanut biological yield
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Introduction

Invasive alien plants pose significant ecological and socio-economic threats due to their aggressive spread
and disruption of native ecosystems. One mechanism aiding their success is allelopathy—the release of
biochemicals (allelochemicals) that inhibits germination and growth of nearby native species. While the
phenomenon is well-documented, its exact role in biological invasions remains underexplored. Recent studies
reveal that approximately 72% of plant families, including many invasive species, possess allelopathic
capabilities, challenging the earlier notion that it is restricted to a few plant lineages (Kalisz et al., 2021). Senecio
angulatus, commonly known as Cape ivy or creeping groundsel, is a fast-growing, perennial vine native to South
Africa. It has become an invasive species in several parts of the world including Europe, Australia, and Northern
Africa (GBIF, 2023). It has recently been observed in the Golestan Province of Iran, particularly in the coastal
areas of Bandar-e-Gaz (Sohrabi et al., 2025). Several studies identified the alleloapthic potential of invasive
plants of Asteraceae family (Silva et al., 2014; Perera et al., 2023). In order to investigate its allelopathic
potential as an invasive and important plant in different parts of the world, the emergence and early growth of
five native plant species were considered in stem and leaf debris of S. angulatus.

This study aimed to evaluate the allelopathic potential of S. angulatus through its decomposed above-ground
biomass in soil, and its subsequent effect on germination and growth of native and indicator plant species.

Materials and Methods

The experiment was conducted in a greenhouse using a completely randomized design with four replications.
Leaves and stems of S. angulatus collected from Gorgan were mixed with agricultural soil at 1:5 ratio and
incubated for either 2 or 8 months to allow decomposition. The treated (contaminated) soil and control
(uncontaminated) soil were used to grow five plant species: lettuce (Lactuca sativa), alfalfa (Medicago sativa),
purslane (Portulaca oleracea), chicory (Cichorium intybus), and maize (Zea mays). Lettuce and maize
considered as indicator species.

Seeds were sown in pots containing the treated or control soil. Germination rate, root and shoot length, and
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dry biomass were recorded after four weeks. The Response Index (RI) was used to compare response of the
species in the contaminated soil for which the inhibitory effect ranged from +1 to -1, where values close to -1
indicate strong inhibition.

Results and Disscussion

e Emergence: The inhibitory effects were more pronounced after 8 months of soil incubation. Lettuce
showed the most significant reduction in emergence, followed by purslane and chicory. Maize was least
affected, possibly due to its larger seed size and stronger initial growth.

¢ Root Length: Although not consistently significant, the most notable reductions in root length occurred in
lettuce and chicory after 8 months.

e Shoot Growth: Significant inhibitory effects on shoot length were recorded, especially for lettuce and
purslane. In contrast, alfalfa, chicory, and maize exhibited varying degrees of resistance depending on
the timing.

e Root and Shoot Biomass: Lettuce consistently showed the highest reduction in biomass, while maize
showed the lowest. Chicory and purslane also showed considerable sensitivity.

e Overall Rl Analysis: Lettuce exhibited the strongest allelopathic response, followed by purslane and
chicory. Maize displayed the least sensitivity, suggesting its higher tolerance.

The response varied between species and time of sowing, with the greatest reduction in emergence observed
when seeds were sown after eight months of mixing the soil. In addition, the lowest response index (most
inhibitory effect) was observed in the dry weight roots and stems of five species. Comparison of the species'
responses to the inhibitory effect of the contaminated soil showed that alfalfa and maize were less affected (-0.21
and -0.03, respectively), while chicory, purslane and lettuce were more affected (-0.31, -0.36 and -0.61,
respectively).

Recent studies, including preliminary phytochemical analyses, have confirmed the presence of potent
allelochemicals such as total phenols, flavonoids, chlorogenic acid, and cynarin in S. angulatus. These
compounds are known for their allelopathic and antioxidant activities. The plant, being a member of the
Asteraceae family, is also capable of producing pyrrolizidine alkaloids, known for their ecological toxicity.

Several related species in the Asteraceae family (e.g., Solidago gigantea, Artemisia baimaensis, Senecio
jacobaea) have shown similar allelopathic effects, reinforcing the hypothesis that S. angulatus may exert strong
inhibitory influence on native flora through both chemical and microbial soil interactions.

. Maize and other large-seeded or resilient species may serve as better alternatives in areas threatened by this
invader.

. It is essential to manage and prevent the further spread of S. angulatus, especially in ecologically sensitive
coastal regions.

Removing plant residues and controlling its ornamental use are practical steps for early-stage management.

Further studies on soil microbial changes and identification of specific allelochemicals are recommended for

comprehensive ecological assessments.

Conclusion

The findings confirm that S. angulatus possesses significant allelopathic capabilities, capable of suppressing
native plant growth through soil contamination. The consistent inhibitory effects on native and indicator species
suggest a high allelopathic potential in S. angulatus, reinforcing its invasive risk. The implementing management
program to monitor the plant cultivation at national level and eradicate established populations is considered to
be particularly necessary in the northern parts of Iran.

Keywords: Allelopathy, emergence, invasive, management, response index
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Table 1: Native and indicator plants for testing the allelopathy potential of cape ivy

Scientific names of tested species Family Life cycle  English name
Lactuca sativa L. Asteraceae Annual Lettuce
Medicago sativa L. Fabaceae Perennial Alfalfa
Portulaca oleracea L Portulacaceae ~ Annual Purslane
Cichorium intybus L. Asteraceae Perennial Chicory
Zea mays L. Poaceae Annual Corn
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Table 1- Analysis of variance for the response index of all measured factors in five studied species in the soil contaminated
with cape ivy after 2 and 8 months of mixing

Factors Df SumSqg Mean Sq
Species 4 2.772 0.693***
Emergence Time 1 4.638 4.638***
Species:Time 4 5.100 1.275***
Species 4 04195 0.1049*
Root length Time 1 0.0203 0.0203
Species:Time 4 1.6962 0.4240***
Species 4 10403 0.2601**
Shoot length Time 1 07070 0.7070***
Species:Time 4  0.0607 0.0152
Species 4 3.931  0.9828***
Root dry weight Time 1 0.389 0.3893:
Species:Time 4 0.998 0.2496
Species 4 4.449  1.1122***
Shoot dry weight Time 1 0.044 0.044
Species:Time 4 0.488 0.1220
Species 4 16473 0.4118***
All-factors Time 1 0.1316 0.1316*
Species:Time 4  0.6913 0.1728***
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Table 3- The mean comparison based on the least significant difference (LSD) for measured factors at 5% level

Species

Root length  Shoot length  Root DW  Shoot DW

Corn (Zea mays L.)
Purslane (Portulaca oleracea L.)
Chicory (Cichorium intybus L.)

Alfalfa (Medicago sativa L.)
Lettuce (Lactuca sativa L.)

LSD value

-0.198 ab

-0.183 a

-0.292 ab

-0.302 ab

-0.470 b

0.278

-0.135a

-0.405 ab

-0.226 ab

-0.126 a

-0.538 b

0.314

-0.011a

-0.632 bc

-0.781bc

-0.330 ab

-0.860c

0.518

0.015a

-0.658 b

-0.582 b

-0.153a

-0.773 b

0.442

Gl oyl o gl (gl ixe pas odimdLis S yuide g



Frl  Llaiie S p o iy Ay aigF LS Ll a4 0ogll S Fus,lojb olei oyl ySad g (5 3Luted

Similar letters indicate means which are not significantly different
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Figure 2- The response of species in contaminated soil by Cape ivy for emergence; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 3- The response of species in contaminated soil by Cape ivy for root length; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 4- The response of species in contaminated soil by Cape ivy for shoot length; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 5- The response of species in contaminated soil by Cape ivy for root weight; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 6- The response of species in contaminated soil by Cape ivy for shoot weight; 1= planting after 2 months of mixing soil
with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 7- The response of species in contaminated soil by Cape ivy for all measured factors; 1= planting after 2 months of
mixing soil with Cape ivy, 2= planting after 8 months of mixing soil with Cape ivy
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Figure 8- The mean comparison of response Index for five studied species of all measured factors based on LSD test
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Introduction

Crown vetch (Coronilla varia) is a perennial tetraploid leguminous plant (2n=24) belonging to the Fabaceae
family. Widely used as a decorative ground cover and in erosion control along roadsides, it also plays a vital role
in nitrogen fixation, environmental improvement, and soil microclimate enhancement. Native to Central and
Southern Europe, its cultivation has expanded to the Mediterranean, Russia, Middle East, and the United States.
In Iran, it is found in various provinces such as Mazandaran, llam, Lorestan, Guilan, Qom, Kermanshah,
Golestan, Kurdistan, and Chaharmahal and Bakhtiari, primarily in pastures, orchards, and field margins.
Although primarily valued as forage with nutritional quality comparable to alfalfa, Crown vetch contains toxic
compounds like cyanogenic glycosides, notably "croneoline”, which pose risks to non-ruminant animals,
especially horses. The herbicide 2,4-Dichlorophenoxyacetic acid (2,4-D) is used post-emergently for controlling
broadleaf weeds in various crops, particularly in no-till systems. Common broadleaf herbicides used in alfalfa
fields in Iran include chlorotoluron, paraquat, glyphosate, imazethapyr, topramezone, and bentazone, along with
grass herbicides such as fluazifop-p-butyl and haloxyfop-methyl. Atlantis is a herbicide containing
methylsulfuron-methyl and iodosulfuron-methyl-sodium from the sulfonylurea active ingredient group; it is
widely used for controlling broadleaf weeds as well as some annual weeds in wheat fields. The use of Crown
vetch as a cultivated crop in Iran remains limited, and its potential as a weed or a cover crop warrants further
investigation.

Materials and Methods

To evaluate the effects of herbicides on different ecotypes of Medicago sativa subsp. falcata, a factorial
experiment was conducted in a completely randomized design with four replications in the greenhouse of the
University of Kurdistan in 2024. The experimental factors included ten ecotypes (collected from Hamadan,
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Kermanshah, Kurdistan, Ilam, and Semnan provinces) and five herbicide treatments (control without herbicide,
Totril, 2,4-DB, Granstar, and Atlantis). Seeds were germinated using the top-paper method, and uniform
seedlings were transplanted into pots under controlled greenhouse conditions. At the four-leaf stage, plant
density was thinned to two plants per pot, and herbicides were applied at the recommended wheat dosages
during the branching stage. Spraying was carried out at 22 + 2 °C, 60-65% relative humidity, and a spray
volume of 300 L.ha™'. After 21 days, visual injury ratings were recorded, and shoot dry weight was measured
after oven-drying samples at 72 °C for 48 h. Plant height and leaf area index (LAI) were also recorded. Changes
in LAl were measured using an LAl meter and analyzed by fitting a logistic growth model. Data were subjected
to ANOVA using SAS (version 9.4), mean comparisons were performed by LSD test at the 1% level, and data
normality was checked using Minitab. Graphs were prepared using Microsoft Excel.

Results and Discussion

In the evaluation of leaf area index, the highest value was observed in the control treatment of the Paveh
ecotype (1.45), while the lowest value was recorded in the 2,4-DB treatment of the Marivan ecotype (0.24).
Overall, the average reduction in leaf area index compared with the control treatment for the herbicides 2,4-DB,
Totril, Granstar, and Atlantis was 58.03%, 48%, 41.4%, and 21.03%, respectively. Visual assessment results
indicated that the herbicides 2,4-DB (99%) and Totril (95.5%) had the greatest effect on controlling the
Medicago sativa ecotypes, whereas Atlantis (53.7%) showed the lowest control efficiency. The highest
percentage reduction in plant height compared to the control treatment was observed as follows: 2,4-DB (68.52%
in the Hamedan ecotype), Totril (58.68% in the Sagez ecotype), Granstar (38.71% in the Nahavand ecotype), and
Atlantis (26.02% in the Hamedan ecotype). In the evaluation of leaf area index (LAIl), the highest value was
recorded in the control treatment of the Paveh ecotype (1.45), and the lowest value in the 2,4-DB treatment of
the Marivan ecotype (0.24). Overall, the average reduction in LAI compared with the control for 2,4-DB, Totril,
Granstar, and Atlantis was 58.03%, 48%, 41.4%, and 21.03%, respectively. Regarding shoot dry weight, the
highest value was observed in the control treatment of the Paveh ecotype (28.67 g), and the lowest in the 2,4-DB
treatment of the Sagez ecotype (5.11 g). In general, Totril and 2,4-DB caused the greatest reduction in shoot dry
weight of Medicago sativa, whereas Atlantis had the least reduction compared to the other herbicides.

Conclusion

The study demonstrated that Totril and 2,4-DB herbicides were the most effective in controlling Medicago
sativa as a weed, while Granstar and Atlantis showed lower efficacy. Considering the potential phytotoxicity of
2,4-DB in orchards, Totril is recommended as a safer option for weed management in such environments.
Furthermore, the Paveh and Semnan ecotypes, with higher shoot dry weight and leaf area index, were identified
as herbicide-resistant and high-performing, making them suitable for cultivation purposes. Pre-emergence
application of effective herbicides like Totril is advised to control weeds without reducing crop performance.

Keywords: Atlantis, Dry weight, Herbicide efficacy, Totril, Visual assessment
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Table 1- Analysis of variance (mean of squares) for visual damage percentage, plant height, fresh and dry weight of aerial

parts of different orchard Coronilla varia ecotypes under the influence of applied herbicides
SOV df i Mean of squares _ _
e Visual score (%) Plant height Leaf area index Shoot dry weight
Ecotype 9 5.36 173* 0.737* 286*
Herbicide 4 712* 1385* 2.20* 861~
Ecotype x herbicide 36 3.78* 43.3* 0.096* 37.7*
Error 147 0.668 15.3 0.003 7.44
CV (%) - 12 15.4 8.81 20.7
Soyd S Jloin ] pdas 53 > xe s
* Significant at 1% probability level
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Ecotypes of Coronilla varia
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Figure 1- Comparison of the mean effect of herbicides on visual damage percentage among different orchard coronilla varia
ecotypes Bars represent the mean + SE (n =4)
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Figure 2- Comparison of the average effect of herbicides on plant height in different coronilla varia ecotypes Bars represent
the mean £ SE (n =4)

S Sl gy 2l b snlis )3 S gt s a3 LS RIS
FANE FA DN Y bty T g 5l )3 ¢ o 595 20639995
(Y USCE) 290 2o yd YV/Y
P (LAL S oy s (a3l jlaie oV oy S 5o
ool Iyl osalis (V) e (iSGle b jlog
3 i 93 5 il )S L sl & Logiye S s a3l jlais
b oS col aSaile s 5g5 (Adeli et al., 2024) 3g sadbaposs
38 S oo oo |y o slacile 0lS Ay G855 5 g e
Sy g adyy Job (il cage Slgi oo iy it glaclile
03l wl ¢y 55wy yd (Gomurgen et al., 2023) >4 olS 4
9 (522959 9 091959 030)) poe— w5 (Lgr9ilgwas oo |
3o 3 s s G g alls (63,5855 iyt
Sharma et ) 45,5 puiS deyie Sy 5y slacile Hlo I 5

S s el poaL
ly wree spadld Sl (S (LAL) Sy o (a3

25 Olej 2 Sy gaw padlS (i Casl ol M) (e
a0 ol (Campbel & Kondra, 1978) 355 o cols
mine sgbdr (L g S ppdaw el &5 b L bl
Saline BB 5 cul 48 )5 )5 iSGile pgow il cow g
e 53l 5 (B le poaw ¢ £l oty lise GlcisS] on
IS Jgia) 48 osalie (yiSile pyaw g il slacusss]
oYL et p Sy aw adld (S Ule bug (Slhew
O 3l g oMb SS9 poeus 1 Jddd e 5 Cuil ]y 255 5l0ds
Loy Spgdaw a3l (pjtdin )5 Iy J95 o S 2 (58,
4o byrpe S pgdaw a3l (g a8 (VYO) o9k oSt sald 4
Nl (IS jobar 39 (+IVF) lsse ST (2 09855 sle


file:///C:/Users/SABZ.CO/Downloads/7-1236.docx%23شکل2
file:///C:/Users/SABZ.CO/Downloads/7-1236.docx%23جدول1
file:///C:/Users/SABZ.CO/Downloads/7-1236.docx%23شکل3

FYV bz gl isdle & (Coronilla varia) 24 axigs e o1 STy b3yl ool 5o g 58 plo

2.0 A

1.5 ~

Leaf area index

1.0

0.5

0.0 T T T 1 1
60 65 70 75 80 85

The day after spraying

= Hamedan Nahavand
Paveh — gemnan
Sanandaj Sarvabad

= Kermanshah

—— Saghez
——— Marivan

——— Ilam

2.0 -
¥
é C
'S 1.5 4
a \
=21.0
]
—
0.5 1
0.0 T T T T 1

60 65 70 75 80 85
The day after spraying

——— Hamedan Nahavand
Paveh ——— semnan
Sanandaj Sarvabad
Saghez —— Kermmnanshah

— [Ilam Marivan

(al., 2024

2.0 q B

1.5 +

Leaf area index

1.0

0.5

0.0 T T T 1
60 65 70 75 80 85

The day after spraying

—— Hamedan Nahavand
Paveh ——— semnan
Sanandaj Sarvabad
Saghez —— Kemnanshah

——— Ilam ——— Marivan

2.0 ~
w
3 D
R=]
w 1.5 4
o
=
2 —
g 1.0 -
.|
0.5 A
0.0 T T 1

T T
60 65 70 75 80 85
The day after spraying

——— Hamedan Nahavand
Paveh ——— semnan
Sanandaj Sarvabad
Saghez —— Kemmanshah

—— Ilam ——— Marivan

Ol kS X9y 1 (b dgy Blisto (lrcaioST 13 (3) LmiiWT g (Z) S!S ) (22,9895 (AN) Jo 595 LIS ile gomw T - ¥ JSS

b 5l w59, VY (b 5 S b ad LS
Figure 3- Effect of herbicides Totril (A), 2,4 DB (B), Granstar (C) and Atlantis (D) in different coronilla varia ecotypes on
changes in leaf area index during 21 days after spraying
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Figure 4- Comparison of the average effect of herbicides on dry weight in different coronilla varia ecotypes
Bars represent the mean + SE (n =4)
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Table 2- Classification of different Coronilla varia ecotypes based on their response to post-emergence herbicides according to
(Adkins et al., 1977)

E Herbicide
cotype Tutral 2-4-D,B  Granstar  Atlantis
Hamdean (S) (S) (S) (PR)
Nahavand () (S) (PR) (PR)
Paveh (R) S) (PR) (R)
Semnan (S) (S) (R) (R)
Sanandaj (S) (PR) (PR) (R)
Sarvaabd (PR) (PR) (PR) (R)
Saghez (PR) (S) (S) (PR)
Kermanshah (PR) (S) (PR) (R)
llam (PR) (PR) (PR) (R)
Marivan (S (S) (S (PR)

u\:L\A :S 9 ‘nsuin ’\Jln;ol RR ‘P9U’:" :R
R: resistant, PR: probably resistant and S: susceptible
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