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Introduction

The codling moth, Cydia pomonella L. is a key pest of pome fruit crops, primarily apples and pears orchards
and one of the important pests of other grain crops and walnuts. Losses, which can be over 80% are caused by
larvae which penetrate into fruits, damaging them and causing them to fall. The control of C. pomonella is very
complex and includes several methods. Its natural enemies can reduce its population, but their efficiency often
does not have any practical value. Chemical treatment plays an important part in the control of codling moth.
Insecticides of various chemical types can be used for that purpose: organophosphates, pyrethroids, inhibitors of
insect growth (inhibitors of chitin synthesis, juvenoids). Chemical insecticides are the most common method
used to control this pest. To diversify the basket of insecticides to control this key pest and prevent the
emergence of resistance to insecticides. It is very important to efficiently suppress the first generation of this
pest, so that the intensity of infestation could be reduced during the second generation. The control of the second
generation causes much more problems. Imagoes flying out in succession and the presence of newly laid and
almost hatched eggs at the same time make impossible the use of insect growth regulators, which proved highly
efficient in the control of the first generation. Resistance development is one of the major problems in applying
the insecticides for the control of C. pomonella. According to numerous reports, codling moth has developed the
resistance to chemical insecticides with different activity mechanisms at various localities throughout its
distribution area. To diversify the insecticide portfolio for the management of this key pest and delay the
development of insecticide resistance, the efficacy of several insecticides was evaluated at the following
concentrations: methoxyfenozide 30% + indoxacarb 10% (Metin SC 40%) with concentrations of 0.75 and 0.5
ml L, Cypermethrin EC 40% with a concentration of 0.75 ml L, Acetamiprid (Mospilan SP 20%) with a
concentration of 0.5 ml L%, Phosalone (Zolon EC 35%) with a concentration of 1.5 ml L%, Thiacloprid (Biscaya
OD 24%) 0.5 ml L.
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Materials and Methods

The effectiveness of the combinations of methoxyfenozide 30% + indoxacarb 10% (Metin® SC 40%) with
concentrations of 0.75 and 0.5 ml L, Cypermethrin EC 40% with a concentration of 0.75 ml L, Acetamiprid
(Mospilan® SP20%) with a concentration of 0.5 ml L%, Phosalone (Zolon® EC 35%) with a concentration of 1.5
ml L1, Thiacloprid (Biscaya® OD 24%) 0.5 ml L and control without using any insecticides (only spraying)
were investigated in apple orchards with dominant commercial cultivars in three provinces of Tehran
(Damavand), East Azerbaijan and Chaharmahal Bakhtiari. Experiments were conducted according to RCBD
experiments with four replications. The time of the first treatment was determined on the basis of monitoring the
imago flight by pheromone traps and the laying of eggs.

Results and Discussion

The results of examining the efficiency of insecticides applied for control of codling moth, at the locality.
Statistically significant and very significant differences were also determined between the control (untreated
plot) and all treatments with the insecticides. ANOVA analysis revealed statistically significant differences
among treatments, according to the obtained results from East Azerbaijan and Chaharmahal Bakhtiari. The effect
of the treatments on pest control was evaluated 7, 14, 21, and 28 days after spraying. Sampling was done from
apple fruits, and the average of the treatments was compared 28 days after spraying using Duncan's test. It was
done at a 5% probability level. The results showed that all the evaluated treatments had a significant difference
compared to the control treatment without spraying, and had an acceptable efficiency in reducing the codling
moth damage. The percentage reduction of fruit contamination after 28 days of spraying in Cypermethrin
treatments (EC 40%) was 0.75 ml L with an average between 64.37-91.36%, Acetamiprid (SP 20%) with a
concentration of 0.5 ml L with The average is 64.02-91.24%, Phosalone (EC 35%) with a concentration of 1.5
ml L with 64.29-92.78%, Thiacloprid (OD 24%) with a 0.5 ml L' with an average of 69.5-87.3%,
methoxyfenozide 30% + indoxacarb 10% (SC 40%) with a concentration of 0.5 ml L™ with an average of 54.04-
89.17% and methoxyfenozide 30% + indoxacarb 10% (SC 40%) with a concentration of 0.75 ml L with an
average of 77.28-96.04%.

Conclusion

Finally, applied 30% methoxyfenozide + 10% indoxacarb (SC 40%) with a concentration of 0.75 ml L had
an acceptable efficiency and approved.

Keywords: Concentration, Cypermethrin, Efficacy, Insecticide, Management
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Table 1- Insecticides used in the experiment

Row Treatment

Concentration IRAC Manufacturer companies

(m&gl)

1 Cypermethrin EC 40% 0.75 3A Golsam Chemical

2 Acetamiprid (Mospilan SP20%) 0.5 4A Golsam Chemical

3 Phosalone (Zolon 35% EC) 15 1B Mahan Chemical

4 Thiacloprid (Biscaya OD 24%) 0.5 4A Kimiya gohar khak Chemical
5 methoxyfenozide 30% + indoxacarb 10% (Metin SC 40%) 0.75 18+22A Golsam Chemical

6 methoxyfenozide 30% + indoxacarb 10% (Metin SC 40%) 0.5 18+22A Golsam Chemical
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Figure 1- Installing a pheromone trap of codling moth at two meters above the ground and catching adult codling moth in the
pheromone trap
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Table 2- Mean percentage of efficacy in different experimental treatments against the codling moth (Cydia pomonella L.) in 7,

14, 21, and 28 days after spraying in Nahand (East Azerbaijan)

Treatments

Cypermethrin (0.75)
Acetamiprid (0.5)

Phosalone (1.5)

Thiacloprid (0.5)
Methoxyfenozide 30% + Indoxacarb 10% (0.5)
Methoxyfenozide 30% + Indoxacarb 10% (0.75)

7+ 14+ 21+ 28+
41.14+ 4.86° 61.31+5.63° 80.07£0.81% 74,95+ 5.37%
4921+ 3.88% 71.89+ 2,55% 77.43+2.22° 5856+ 7.26°
43.24+2.79° 6331+ 2.05° 75.65%3.66™ 74.99% 2.61%
58.19% 4.39®  64.97+ 3.24> 80.06% 0.83* 74.78% 2.61%®
36.76+ 3.46>  49.29+5.73°  70.39+3.32° 59.6915.82°
66.31+ 6.51*  77.15+2.19% 8519+ 1.66%° 80.46+ 4.78°
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Different letters within a column are significantly different according to Duncan’s multiple range test (P< 0.05).
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Table 3- Mean percentage of efficacy in different experimental treatments against the codling moth (Cydia pomonella L.) in 7,

14, 21, and 28 days after spraying in Borujen (Chaharmahal Bakhtiari)

Treatments 7+ 14+ 21+ 28+
Cypermethrin (0.75) 90.01£5.75%  93.75+2.198  90.25% 3.37% 91.42+ 3.972
Acetamiprid (0.5) 86.43+ 4.72®®  91.67+3.478  93.56% 2.59% 93.29+ 3.09?
Phosalone (1.5) 91.85+4.93%  93.91+3.95°  93.69% 2.56* 91.65% 4.192
Thiacloprid (0.5) 84.73£ 6.06°®  87.24+3.24*°  88.83+2.68" 88.38% 3.152
Methoxyfenozide 30% + Indoxacarb 10% (0.5)  75.31+5.93° 93.33+4.0873® 93.71+2.57% 913443322
Methoxyfenozide 30% + Indoxacarb 10% (0.75)  96.85+ 3.122 95.58+ 2.592 96.83+ 1.86 94.87+ 3.38%
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Different letters within a column are significantly different according to Duncan’s multiple range test (P< 0.05).
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Table 4- Mean percentage of efficacy in different experimental treatments against the codling moth (Cydia pomonella L.) in 7,
14, 21, and 28 days after spraying in Jaban (Tehran)

Treatments

Cypermethrin (0.75)
Acetamiprid (0.5)
Phosalone (1.5)
Thiacloprid (0.5)
Methoxyfenozide 30% + Indoxacarb 10% (0.5)

14+ 21+ 28+
97.21+2.75* 93.35£5.69° 94.65+5.37% 92.19% 7.81%
99.78+0.12% 97.22+2.778 98.21+1.79*  96.85% 3.122
91.67£5.33% 99.17£0.83* 99.59+0.41*  99.65% 0.15%

88.89+ 4.16° 92.82+ 4.09° 89.33+5.53% 85.43% 6.08%
85.87+ 6.178 88.73+2.48° 79.15+6.87° 75.53+4.39°

Methoxyfenozide 30% + Indoxacarb 10% (0.75)  96.25+ 0.99° 98.28+0.98* 99.11+0.89 89.69+ 4.31%
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.Different letters within a column are significantly different according to Duncan’s multiple range test (P< 0.05).
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Introduction

Rice strip stem borer, Chilo suppressalis Walker (Lep., Crambidae) is considered as a dangerous pest in rice
fields in the north of the country and for more than four decades, the control of this pest is based on the
application of chemical insecticides (Solutions and Granules). The use of chemical insecticides and
consideration of environmental, economic and ecological considerations in rice fields. The possibility of using B.
bassiana fungus in the framework of integrated pest management program and in the form of biological control
was examined and emphasized. Also, to reduce the use of chemical insecticides, agricultural entomologists today
design pest control operations so that living natural agents are more involved in agricultural crops. In this regard,
as in the rice agricultural ecosystem, pests are under the influence of numerous enemies, including fungi, viruses
and fungi, meanwhile, B. bassiana the fungus is of special importance in the control of rice stem borer due to its
distribution and abundance in the north of the country. This fungus is now used as a biological control agent and
bioinsecticide to control pests of agricultural and horticultural products. Under natural conditions, the fungus
causes 10 to 11 percent mortality in the stem-eating pest population.

Materials and Methods

To conduct this study, the Beauveria bassiana isolate Mcb18, originally isolated from the rice stem borer and
obtained from the Rice Research Institute of Rasht, Iran, was initially cultured on Sabouraud Dextrose Agar
supplemented with Yeast Extract (SDAY) medium. The cultures were then incubated at 25 + 1°C to allow
conidial germination. After complete sporulation (14-21 days), the conidia were gently scraped from the surface
of the culture medium using a sterile inoculating loop. Sterile distilled water containing 0.02% (v/v) Tween 80
was added to detach the conidia from the culture surface, and the resulting suspension was transferred into a
sterile Erlenmeyer flask. After this step, the special suspension was passed through the muslin cloth (mesh 0.5
mm) until it was smooth and only the fungal spores remained.

Solid Culture Media:
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Four solid culture media consisting of rice grains (Hashemi cultivar), wheat grains (Durum cultivar), maize
kernels (Chavosh cultivar), and barley grains (Sahand cultivar) were evaluated. Initially, healthy rice grains were
boiled for 8-10 min. Wheat grains were immersed in boiling water for 10 min. Cracked maize kernels were
soaked in water for 60 min, while barley grains, which had been broken into small pieces, were soaked in water
for 10 min.

Liquid Culture Media Tested:

Liquid culture media including potato extract, corn grits extract, corn syrup, washed rice water, and the
artificial media SPMB and CSYE were also evaluated Spore Germination Assay. A spore germination assay was
conducted for the fungal isolate. Initially, a conidial suspension with a concentration of 1 x 10° conidia mL™! was
prepared using a hemocytometer. One milliliter of the conidial suspension obtained from each liquid culture
medium was transferred into 10 mL of sterile distilled water supplemented with 0.02% (v/v) Tween 80.
Subsequently, 100 pL of the resulting suspension was spread onto PDA plates and incubated at 26 + 0.5°C under
a 12 /12 h light//dark photoperiod for 16—18 h to allow spore germination.

Determination of Fungal Colony-Forming Units (CFU)

To determine the number of fungal colony-forming units (CFU), 250-mL Erlenmeyer flasks, each containing
1 L of the previously prepared liquid culture medium, were used. The flasks were sealed with cotton plugs and
aluminum foil and sterilized in an autoclave at 120°C for 20 min. After sterilization, the media were allowed to
cool, and tetracycline was aseptically added to each flask at a final concentration of 50 mg L™ (50 ppm) to
suppress bacterial contamination.

Insect Rearing

The rice stem borer colony was established using adult moths collected with light traps. Following collection,
five pairs of male and female moths were introduced into 1-L Erlenmeyer flasks containing freshly cut rice
leaves for oviposition. The flasks were maintained under laboratory conditions at 25 + 1°C, 85% relative
humidity, and a 16:8 h (light/ dark) photoperiod. Egg masses were deposited on the rice leaves within 24-48 h
after the adults were introduced into the flasks. The egg masses were then carefully removed from the leaves and
transferred to test tubes for incubation. Approximately 5 days later, the first-instar larvae hatched from the egg
masses. Newly hatched larvae were transferred to plastic containers supplied with fresh rice stems as a food
source.

Bioassay of Beauveria bassiana and Estimation of LCso and LTso

Larvae of different instars were individually reared in Petri dishes from the beginning of the experiment until
the sixth instar. The larvae were fed daily with freshly collected, surface-sterilized rice stems. Each treatment
was performed with three replicates, with 10 larvae per replicate. Daily mortality was recorded, and the
occurrence of fungal infection in dead larvae was monitored. The observed mortality rates were corrected using
Abbott’s formula (Abbott, 1925), and the mean time to mortality was calculated.

Results and Discussion

The results of this study showed that the highest conidial production on solid culture media was obtained
from rice grains. Moreover, the highest conidial yields in liquid culture media were achieved in CSYE, SPMB,
and washed rice water, followed by potato extract, corn syrup, and corn meal media, respectively. The highest
dry mycelial biomass in solid and liquid media was recorded in rice grains and wheat grains, SPMB, CSYE, and
washed rice water, respectively

Conclussion

Furthermore, the calculated LCso values at 10 days’ post-inoculation indicated that conidial concentrations
ranging from 7.5 x 10° to 1.8 x 10°¢ conidia mL™" resulted in increased larval cumulative mortality, with mortality
rates ranging from 56.8% to 70.34%. The findings of this study highlight the potential of solid culture media for
the development of large-scale production systems of the entomopathogenic fungus B. bassiana, which can be
incorporated into integrated pest management (IPM) programs, particularly for the control of the rice
striped stem borer under field conditions.

Keywords: Bioassay, Conidia, Stem borer
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Figure 1- Females laying eggs inside erlenmeyer flasks on rice plant leaves
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Table 1- The comparison of the average traits studied in solid and liquid culture mediums for the production for the
production of Beauveria bassiana

Culture PH before the  PH after the Spore density Con. Biomass (grams per 200 grams ]S:oloné/
mediums test test mlt 107 of material) orme
number
CSYE 6.07 £ .05 5.47+.10° 422+ .01° 3.92 +£.006° 301 +.48°
Potato extract 6.07 + .14 2 49+ .07 288+ .12 ¢ 1.56 +.004 d 199 +.29 ¢
Corn kernels 6+.0402 537+.152 251+ .12¢ 123+.12% 109 +.48
Wa;:‘;‘:‘;'ce 597+.16%  505+.10% 620.5+ .12 3.87+.12b 2355+ .25°¢
Corn grits 5.87 +.08 2 485+ .26 18750 +.10°f 1.33 +.008 © 183+ .95¢
Barley seed 587+ .14 532+.20% 198.75+ .12 1.26 +.004 ©d 110 +.82
SPMB 582+ .14 515+ .12 458 + 12°b 453 +.209° 317+6.42
Rice grain 5.75+.06 % 5.22+.09% 42575+ .12¢ 2.38+.01° 17946.48
Corn syrup 552+ 21 445+ 21° 20250 +.12°fF 1.47 +.006 ©d 197.5+.41 9
Wheat grain 535+ .23" 477+.26% 250.25 + .25 ¢ 1.29 +.004 © 16945.35
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*Means with similar letters do not differ significantly from each other. Mean comparison was done by Tukey's test.
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Figure 2- Percentage of colony growth of Beauveria bassiana fungus in different culture
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Figure 3- Germination percentage of Beauveria bassaina fungus in solid and liquid culture media
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Table 2- Lethal concentration of Beauveria bassiana against Chilo suppressalis larvae at 95% fiducial limit

LCso (con mlt)

Larval stage No. larvae (95% fiducial limits) Regression equation X2 test
L1 30 (39971.75';_"1%)015867.87) Y=1.55X-2.55 0.02
L2 30 (35853.77",}_"1%)%102'88) Y=1.27X-1.15 0.16
L3 30 (286 49.63'3_"1%2%5579.36) Y=0.88X+0.74 155
L4 30 (60596.13&_"118%155.16) Y=0.96X+0.09 0.85
L5 30 151015#2f2150:3 47.06) Y=0.79X+0.90 0.002
L6 30 1.8x10° Y=0.88X+0.37 0.001
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Table 3- Percentages (mean+SE) of mortality on differnt larval instars of Chilo suppressalis caused by Beauveria bassiana

Larval stage No. larvae 105 108 107
L1 30 43.08 £5.77 50.00 +10.00 53.33 £5.77
L2 30 44.99 £5.77 53.33 £5.77 53.33 £5.77
L3 30 46.66 £5.77 53.33 £5.77 53.33 £5.77
L4 30 50.85 +5.77 53.53 +5.77 56.67 +5.77
L5 30 52.77 £5.77 53.33 £5.77 56.67 +5.77
L6 30 56.99 +5.77 66.66 +5.77 73.33 £5.77
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Figure 4- Cumulative mortality of C. suppressalis as affected by conidial concentrations of B. bassiana
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Bars represent the standard error of the means.
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Figure 5- Infection of sixth-instar Chilo suppressalis larvae by Beauveria bassiana
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Introduction

Stored-product insects cause significant quantitative and qualitative losses to agricultural commodities
worldwide, particularly in dried fruits and nuts. Among these pests, the dried-fruit beetle, Carpophilus
hemipterus (L.) (Coleoptera: Nitidulidae), is considered one of the most destructive species due to its high
reproductive potential, broad host range, and ability to infest both stored and semi-processed products.
Infestation by this beetle not only results in direct feeding damage but also facilitates microbial contamination,
leading to reduced market value and potential health risks for consumers. Chemical fumigants such as phosphine
and methyl bromide have traditionally been used to control stored-product pests. However, the extensive and
prolonged use of synthetic fumigants has led to several serious concerns, including the development of insect
resistance, environmental pollution, residues in food products, and adverse effects on non-target organisms and
human health. In addition, the phase-out or restriction of some conventional fumigants due to international
regulations has intensified the need for safer and more sustainable alternatives in stored-product pest
management. In recent years, plant-derived essential oils have gained increasing attention as potential
alternatives to synthetic insecticides. Essential oils are complex mixtures of volatile secondary metabolites,
primarily terpenoids and phenolic compounds, which exhibit a wide range of biological activities, including
insecticidal, repellent, antifeedant, and fumigant effects. Their high volatility, rapid degradation, and relatively
low mammalian toxicity make essential oils particularly suitable for use as fumigants in stored-product
protection. Pennyroyal (Mentha longifolia L.), a perennial aromatic plant belonging to the family Lamiaceae, is
widely distributed in many regions and has been traditionally used for medicinal and culinary purposes. The
essential oil of M. longifolia is rich in bioactive compounds such as pulegone, menthone, and 1,8-cineole, which
have been reported to possess antimicrobial and insecticidal properties. Several studies have demonstrated the
toxicity of pennyroyal essential oil against different insect pests; however, information regarding its fumigant
activity against C. hemipterus remains limited. Given the economic importance of C. hemipterus and the
growing demand for eco-friendly pest control strategies, evaluating the fumigant toxicity of plant essential oils is
of considerable interest. The present study aims to investigate the fumigant toxicity of pennyroyal (M. longifolia)
essential oil against adults of C. hemipterus. The findings of this research may contribute to the development of
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plant-based fumigants as effective and environmentally benign alternatives for the management of stored-
product beetles.

Materials and Methods

Adults of the dried-fruit beetle C. hemipterus were collected from a date storage facility in Anbarabad
(Kerman Province, Iran) and reared for several generations under controlled laboratory conditions (25 + 2 °C, 20
+ 10% RH, and darkness) on dates supplemented with watermelon as a moisture source. The aerial parts of M.
longifolia were collected from a natural habitat near Rayen (Kerman province) and the essential oil was
extracted by hydrodistillation using a Clevenger apparatus. The obtained oil was stored at —4 °C in dark glass
vials until use, and its chemical composition was analyzed by GC-MS. Fumigant bioassays were conducted in
sealed plastic containers to evaluate the toxicity of the essential oil against young adult beetles. Preliminary tests
were performed to determine the appropriate concentration range, followed by dose—response assays using six
concentrations (20-120 pL L™ air) to estimate LCso values at 24, 48, and 72 h. Mortality was assessed based on
lack of movement in response to gentle probing, corrected using Abbott’s formula, and analyzed by probit
regression. LTso values were determined at selected concentrations (20 and 35 pL L™) by recording mortality at
6-h intervals up to 72 h under the same environmental conditions.

Results and Discussion

The GC-MS analysis of M. longifolia essential oil identified 16 compounds, with pulegone (63.24%) as the
dominant component, followed by 1,8-cineole (9.14%), Menthofuran (9.11%), menthone isomers (1.82-4.41%),
and piperitenone oxide (1.3-2.53%). Fumigant bioassays showed strong toxicity against adult C. hemipterus,
with LCso values decreasing significantly over time from 35.58 uL L™ at 24 h to 5.57 pL L™" at 72 h, and LTso
decreasing with increasing concentration (88.92 h at 20 pL L™ to 26.64 h at 35 pL L™'). These results confirm a
clear dose- and time-dependent fumigant effect. The observed toxicity is likely associated with the high content
of volatile monoterpenoids such as pulegone, Menthofuran, and 1,8-cineole, which can disrupt insect nervous
system pathways, including octopaminergic receptors and acetylcholinesterase. Compared with other plant
essential oils reported for C. hemipterus, M. longifolia shows comparable or superior efficacy, with rapid action,
broad-spectrum activity against multiple stored-product pests, high volatility, rapid degradation, low mammalian
toxicity, and compatibility with integrated pest management strategies.

Conclusion

These findings suggest that M. longifolia essential oil is a promising, eco-friendly fumigant for controlling C.
hemipterus, although further research is needed to evaluate its effectiveness under industrial storage conditions
and develop controlled-release formulations.

Keywords: Integrated pest management (IPM), LCso, LTso, Plant derivatives, Stored-product pests
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Table 1- Chemical composition of Mentha longifolia essential oil analyzed by GC-MS

N Compound CAS Retention Retention Retention  Percentage = Chemical
0. number time (min)  index (R1?  index (RI)® (%) formula
1 a-Pinene 80-56-8 1.05 1024 932 1.00 CioH16
2 Camphene 79-92-5 1.30 1040 946 0.17 CioH16
3 B-Pinene 127-91-3 1.58 975 974 1.59 CioH1s
4 Sabinene 3387-41-5 1.70 1080 969 1.08 CioH1s
5 B-Myrcene 123-35-3 2.10 991 988 0.96 CioH1s
6 Limonene 138-86-3 2.39 1030 1024 0.55 CioH1s
7 1,8-Cineole 470-82-6 2.48 1031 1026 9.14 C1oH180
8 Menthone 89-80-5 5.38 1178 1148 1.82 C1oH180
9 Menthofuran 494-90-6 5.63 1191 1159 9.11 C1oH140
10  Menthone (isomer) 491-07-6 5.71 1180 1158 4.41 C1oH180
11 Pulegone (isomer) 89-82-7 6.66 1210 1233 0.42 C1oH160
12 Pulegone (isomer) 89-82-7 6.83 1212 1233 0.38 C1oH160
13 Pulegone 89-82-7 7.53 1235 1233 63.24 C1oH160
14 Piperitenone oxide = 35178-55-3 8.24 1250 1366 2.53 C10H1402
15 Plperitenone oxide 55100 553 g5 1255 1366 113 CaoH10;
(isomer)
16 Piperitenone oxide 35176 553 1979 1260 1366 2.17 C1oH102
(isomer)

lors gl (Adams, 2017) selsl aibolis’ ;1 (RI) g pe (syl55h slaasls b
Note: Values are expressed as percentages of the total essential oil composition. a: Experimental retention indices (RI) are
approximate and based on typical GC-MS data. b: Reference retention indices (RI) are taken from Adams library (Adams, 2017).

RT: 0.89 - 14.06
100 7.53
95
90
85-
80-
75
70
65
3
g 604
<
2 55—
=2
] 50
[
Z 45
S 40
~
35
30
25+
248
20 5.63
15 (
10— 571
5] 158 538 I 7.20 8'124 8.45 10.79
¢ T 330 428 4.72 M 68 )L AL 1043 | 1091 12.18 13.04 13.87
1 2 3 4 5 6 7 8 9 10 1 12 13 14

Time (min)
Slodwd (ot bwlid aBs VE/+TL U « /AR Sl o5L 43 o] Gllisee wiluS',5 45 (Mentha longifolia) digy (wilw! GC-MS ol ,5gilegyS - JSW

Figure 1- GC-MS chromatogram of Mentha longifolia essential oil, in which its various components were identified within
the retention time range of 0.89 to 14.06 minutes
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Table 2- Lethal concentration (LCso) values of Mentha longifolia essential oil against Carpophilus hemipterus at different
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Table 3- Lethal time (L Tso) values of Mentha longifolia essential oil against Carpophilus hemipterus at different concentrations
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Introduction,

Root-knot nematodes (Meloidogyne spp.) are among the most widespread and economically important plant-
parasitic nematodes. They have a broad host range and are sedentary endoparasites that cause severe damage to
crops.. These nematodes induce root galls, impairing the absorption of water and nutrients and consequently
reducing Kiwifruit (Actinidia deliciosa (A.Chev.) C.F.Liang & A.R.Ferguson) yield and qualityAlthough
chemical nematicides are effective in controlling root-knot nematodes, their use is limited due to negative
environmental consequences, the emergence of resistance, and adverse effects on human health. Therefore, in
recent years, the use of biological compounds such as antagonistic bacteria, nematode-pathogenic fungi, and
plant compounds has been considered as a sustainable and environmentally friendly solution. This study aimed
to compare the effectiveness of biological and chemical compounds in controlling this nematode and to
investigate their effects on kiwifruit trees under orchard conditions.

Materials and Methods

Soil and root samples were collected from kiwifruit orchards exhibiting symptoms of nematode infection,
including leaf yellowing and wilting and the presence of root galls.The numbers of eggs, root galls, and egg
masses were determined in the root systems, and the population density of second-stage juveniles (J2) was
determined in soil samples.. Morphometric diagnosis was performed by preparing microscopic slides of second-
stage juveniles and cutting the cuticular network at the end of the body of female nematodes. Identification of the
nematode species was performed. After determining the population, the orchard with the highest contamination
level and the most similar conditions (tree age, row spacing, soil type, and land slope) was selected for the
experiment. This study was conducted in a randomized complete block design with 10 treatments and 3

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0)

https://doi.org/10.22067/Jpp.2025.65326.1252


https://jpp.um.ac.ir/
http://orcid.org/0000-0003-4864-7893
http://orcid.org/0009-0001-0582-3052
mailto:jamali@guilan.ac.ir
mailto:nassaj@acecr.ac.ir
https://doi.org/10.22067/JPP.2026.95303.1251
https://doi.org/10.22067/Jpp.2025.65326.1252
https://jpp.um.ac.ir/

VFed Juls oF o5lods Fe ale (559l @sluo g pole) oyl p! LS cblis sl iwgs  FYA
3 & olxlo o295

replications in a kiwifruit orchard located in Siahkal Rudkhani village, Rudsar city, Gilan province. The
experimental treatments included control, two different levels of each of the biofertilizers and organic
compounds, including Nemacob, Nemacob Plus at two levels (150 and 300 mL m?), Bactoland as a biofertilizer
containing rhizosphere growth-promoting bacteria and humic acid at 100 and 200 mL m2, Biolap as a biological
pesticide at 15 and 25 mL m?2 and Cadosphos (Rugby) 10%WG as a chemical treatment. All treatments were
applied in the tree canopy zone throughout the entire growing cycle. The evaluated indices included the number
of galls, eggs and larvae, egg sacs in the root, second-stage juveniles (J2) in soil, nematode reproductive factor,
and fruit traits including weight, length, and diameter.

Results and Discussion

Based on the morphological and morphometric characteristics of the second-stage juveniles and perineal
pattern of the female nematodes, the studied species was identified as Meloidogyne incognita. Results showed
that all treatments significantly (at the 1% level) reduced nematode pathogenicity indices but had no significant
effect on fruit weight and length. All compounds led to a significant reduction in the population of second-stage
juveniles in the soil (up to 89.4%), number of root galls (18.8-61.1%), number of egg sacs (37.2-77.7%), and
reproduction factor (2.5 in the control to 0.4-0.5 in the treatments). Bactoland at 200 mL m?2 achieved the
greatest reduction in nematode indices, while Biolap at 15 mL m2 was the least effective. The treatments had no
significant effect on fruit weight and length (P>0.05). Regarding the increase in fruit width, Nemacob 300 mL mr
2 (2.5 cm) and Rugby (1.5 cm) had the greatest effect and showed a significant increase compared to the control
(9.4 cm).

Conclusion

The results demonstrated that both biological and chemical treatments significantly reduced nematode
population and pathogenicity indices under orchard conditions.. Although these compounds did not have much
effect on fruit growth traits, especially fruit weight and length, the time frame of the study is also important in
increasing the yield of perennial fruit trees. The use of biological compounds such as Bactoland was very
effective in reducing nematode density. The superiority of Bactoland can be attributed to the presence of plant
growth-promoting bacteria (PGPR) such as Bacillus subtilis and Pseudomonas spp., which play a role in
suppressing nematode populations through mechanisms such as production of secondary metabolites, nematode
cell wall-lyzing enzymes (such as chitinase and protease), secretion of siderophores, and induction of systemic
resistance. The present findings indicated that increasing the concentration of treatments improved the
effectiveness in reducing pathogenicity indices, although this increase did not have a significant effect on fruit
growth, especially in terms of weight and length. Biological compounds are preferable due to their desirable
effectiveness and lower ecological impacts.
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Table 1- Experimental treatments with application rates per plant

Treatment Compound Dosage per plant Formulation Application method
Control Water 5L - Irrigation
Nemacob150 Nemacob 150 mL EC Irrigation
Nemacob300 Nemacob 300 mL EC Irrigation
NemacobPlus150 Nemacob Plus 150 mL EC Irrigation
NemacobPlus300 Nemacob Plus 300 mL EC Irrigation
Bactoland100 Bactoland 100 mL EC Irrigation
Bactoland200 Bactoland 200 mL EC Irrigation
Biolap15 Biolap 15 mL EC Irrigation
Biolap25 Biolap 25 mL EC Irrigation
Rugby Rugby (Cadusafos) 159 WG (10%)  Soil drench + 5 L irrigation
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Table 2- Analysis of variance of pathogenicity indices of root-knot nematode in Kiwifruit trees

Root eggs Root

Fruit  Fruit  Fruit Root and o Soil larvae Reproduc
S0V df width length weight  galls 99 V: tion
(cm) (cm) © larvae sacs (no. 100 g) factor
(no. g) _
Treatment 9 0.05" p26 ° 256.6° 5680.3" 74300.1°° 1643.9" ggoog.1 0412,0%
Error 20 001 190 51.9 33.8 86.3 63.7 50.4 38.4
C.V (%) 462 556 90.9 82.1 26.1 60.2 98.7 99.2

o)) S5 g doyd iy pdaw ) D Gxe Gl Sy s g 4y xe s (NS
Gl o0 &1yl Jodn 43 5 03405 415 sime Ssb 3l
ns: not significant; * and **: significant at 5% and 1% probability levels, respectively.
The block effect was not significant and therefore is not presented in the table.
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Table 3- Mean comparison of root-knot nematode (Meloidogyne incognita) pathogenicity indices before and after
experimental treatments in kiwifruit trees using paired T-Student

Treatment Index Initial population  Final population S'%tr]'tzscte)mt
Control Soil larvae (no. 100 g soil) 236 532.5 P<0.01
Root galls (no. g root) 79 170.5 P<0.01
Root eggs & larvae (no. g root) 1105 334 P<0.01
Egg sacs (no. g root) 56.5 915 P<0.01
Reproduction factor - 2.5 -
Nemacob150 Soil larvae 130 85.3 P<0.01
Root galls 130 85.3 P<0.01
Root eggs & larvae 95 76.7 P<0.01
Egg sacs 56 42.7 P<0.05
Reproduction factor - 0.9 -
Nemacob300 Soil larvae 171.3 146.7 P<0.05
Root galls 134.6 75.3 P<0.01
Root eggs & larvae 119.3 68.7 P<0.01
Egg sacs 90.6 64.7 P<0.05
Reproduction factor - 0.7 -
NemacobPIlus150 Soil larvae 53.3 110.7 P<0.05
Root galls 84 50.7 P<0.05
Root eggs & larvae 159.3 110.7 P<0.05
Egg sacs 53.3 30.7 P<0.05
Reproduction factor - 0.8 -
NemacobPIlus300 Soil larvae 263.3 451.7 P<0.05
Root galls 120 78 P<0.05
Root eggs & larvae 178.6 117.3 P<0.05
Egg sacs 54 30.7 P<0.05
Reproduction factor - 0.8 -
Bactoland100 Soil larvae 603.3 456.7 P<0.05
Root galls 67.3 39.3 P<0.01
Root eggs & larvae 223.3 127.3 P<0.01
Egg sacs 48.6 24 P<0.01
Reproduction factor - 0.7 -
Bactoland200 Soil larvae 246.6 145 P<0.01
Root galls 72 28 P<0.001
Root eggs & larvae 225 68.3 P<0.001
Egg sacs 54 12 P<0.001
Reproduction factor - 0.5 -
Biolap15 Soil larvae 268.3 253.3 P<0.05
Root galls 78 63.3 P<0.05
Root eggs & larvae 62.6 57 P<0.05
Egg sacs 39.3 24.7 P<0.05
Reproduction factor - 0.9 -
Biolap25 Soil larvae 186.6 161.7 P<0.05
Root galls 40.6 28 P<0.05
Root eggs & larvae 139.3 112.3 P<0.05
Egg sacs 26 8.7 P<0.01
Reproduction factor - 0.8 -
Rugby Soil larvae 280 29.7 P<0.001
Root galls 54 26.7 P<0.001
Root eggs & larvae 1102 540 P<0.001
Egg sacs 40.6 19 P<0.001
Reproduction factor - 0.8 -
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Table 4- Comparison of final mean values of root-knot nematode (Meloidogyne incognita) pathogenicity indices among
different treatments (Tukey's test at 1% probability level)

Soil larvae (no. 1000  Root galls (no. g~ Root eggs & larvae (no. Egg sacs (no. g* Reproduction

Treatment 1 g sail) ! root) g root) root) factor
Control 5325 17054 3342 9152 252
Nemacob150 85.3 ¢ 85.3 be 76.7 def 427 be 09°
Nemacob300 146.7 9 75.3be 68.7 cde 64.7 2 0.7°b
NemacobPlus150 110.7 abe 50.7¢ 110.7 cde 30.7 be 0.8°P
NemacobPlus300 451.7° 78.0 be 117.3 < 30.7 be 0.8°P
Bactoland100 456.7° 39.3be 127.3 % 24,0 be 0.7°b
Bactoland200 145.0 ¢ 28.0°¢ 68.3 ¢ 120¢ 0.5°
Biolap15 253.3 ¢ 63.3bc 57.0fF 24.7 ¢ 09°
Biolap25 161.7 4 28.0°¢ 112.3d 8.7 be 0.8°P
Rugby 29.7°¢ 26.7°¢ 540.0 @ 19.0°¢ 0.4

Spite By Sy Pl & ol Sibe ol bl o alie gl (PO.01) oo 6 ool s )3 (S5 (9051 ol adimd ot (gt yo > 5 gy 3
Sl e b (g pxe BB 5yl
* Letters in each column indicate results of Tukey's test at the 1% probability level (P<0.01) for comparison among treatments.
Means sharing at least one common letter are not significantly different from each other.

(B 5dulyy 35led a (Fagll 51 g ogme (S 58 (GBS 19 Nle dmlile 0 Jga>
Table 5- Mean comparison of fruit physical characteristics following root-knot nematode infection.

Treatments Fruit width (cm) Fruit length (cm)  Fruit weight (g)
Control 5eb~ 6.52 80.92
Nemacob150 5.12 6.82 782
Nemacob300 5.22 7.42 104.62
NemacobPlus150 4,92 6.62 96.42
NemacobPlus300 5.1 6.72 104.22
Bactoland100 4.8° 6.42 94.52
Bactoland200 5.1 6.72 103.72
Biolap15 4.9° 6.52 88.28
Biolap25 5.1% 6.62 100.62
Rugby 5,28 6.6 85.22

2o y> o prdaw 13 g 0gae Job g 059 Slio (sl (P<O.05) doyd gy zaws 5> (TUKEY'S teSE) (S'g5 (yg05] bl iy S yaie B S JBlas a5 oo Silo
(P<0.01) k5,165 p b (g5 re M3 o500 (546 Ciio (5l
* Means sharing at least one common letter are not significantly different from each other based on Tukey's test at the 5% probability
level for fruit weight and length traits (P<0.05), and at the 1% probability level for fruit width trait (P<0.01).

(o 2 (1903 (2l 5 gl Cumon dunlile (olwl 1)) Wlod 2158 lont (SRS LS (5 )loni (190 Ot Ao yd aoYs - Jogur
Table 6- Summary of intra-treatment percentage changes for nematode pathogenicity indices (based on comparison of initial
and final populations within each treatment)

Treatment Root galls (%) Root eggs & larvae (%) Egg sacs (%) Soil larvae (%) Overall assessment
Control +115.8% ** +202.3% ** +61.9% ** +125.6% ** Severe increase
Nemacob150 -34.4% ** -19.3% * -23.8% * -34.4% ** Moderately effective
Nemacob300 -44.1% ** -42.4% ** -28.6% * -14.4% ns Moderately effective

NemacobPIlus150 -39.6% * -30.5% * -42.4% * +107.7% ns Unsuccessful in soil
NemacobPIlus300 -35.0% * -34.3% * -43.1% * +71.6% ns Unsuccessful in soil
Bactoland100 -41.6% ** -43.0% ** -50.6% ** -24.3% * Good effectiveness
Bactoland200 -61.1% *** -69.6% *** ST7.7% *** -41.2% ** Best biological treatment
Biolap15 -18.8% * -8.9% ns -37.1% * -5.6% ns Least effective
Biolap25 -31.0% * -19.4% * -66.5% ** -13.3% ns Moderate effectiveness
Rugby -50.6% *** -50.9% *** -53.2% *** **.89.4% *** Best in soil larvae

P<0.001 *** o i t oy905]) (5 sixo gdaw . 0sb s jlows lod adgl pdlie 4 Capnd pdlie (il 33l iy Ui Cute pdlie g yialS oo Ui ke polde

() sime ) NS (3o yd gty g ) I i) P<O.05 7 s(00 5 < s j3 5 ize) P<O.01 % ((so s +/Y gedaws 3 jlo ixe)
Negative values indicate reduction, and positive values indicate increase in population compared to the initial population of the same
treatment. Significance levels (paired t-test): ***: P < 0.001 (significant at 0.1% level); **: P < 0.01 (significant at 1% level); *: P <
0.05 (significant at 5% level); ns: (not significant).
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Introduction

Tomato (Solanum lycopersicum L.) is among the most important vegetable crops worldwide due to its
substantial nutritional value, economic relevance, and extensive consumption. However, tomato production is
continuously challenged by numerous soil-borne pathogens, among which Rhizoctonia solani AG4-HG 11 is
recognized as a major causal agent of root and crown rot. This pathogen can severely damage the root system,
restrict nutrient uptake, and ultimately lead to plant collapse, resulting in significant yield loss. Conventional
chemical fungicides, although widely used, present serious limitations, including environmental risks,
development of resistance, and potential negative effects on beneficial soil microbiota. Consequently, biological
control strategies, especially those involving plant growth promoting rhizobacteria (PGPR), have emerged as
sustainable alternatives. Among PGPR, Pseudomonas aeruginosa is known for synthesizing diverse secondary

metabolites, including phenazine compounds with strong antimicrobial properties. Pyocyanin, a blue-green
phenazine pigment, has been widely studied for its antibacterial and antifungal effects. Despite the growing
interest in this metabolite, its specific antagonistic activity against R. solani AG4-HG Il and its influence on
tomato plant performance have not been adequately addressed. To fill this knowledge gap, the present research
aimed to isolate and purify pyocyanin from P. aeruginosa PA14, evaluate its antifungal efficiency, and
determine its potential as a biological control agent against tomato root and crown rot. This study was carried out
at Ferdowsi University of Mashhad between 2023 and 2025.

Materials and Methods

Pseudomonas aeruginosa PA14 and Rhizoctonia solani AG4-HG 1l were cultured under standard laboratory
conditions to obtain fresh and active microbial material. Pyocyanin was extracted from the bacterial supernatant
using a chloroform based solvent extraction followed by acid-base purification to obtain a purified pigment. To
evaluate the antifungal activity of pyocyanin, a single-sided plate culture assay was performed on potato
dextrose agar (PDA). The minimum inhibitory concentration (MIC) was defined as the lowest concentration of
pyocyanin that completely inhibited fungal growth. To assess morphological changes caused by pyocyanin,
fungal hyphae from the treated plates were examined under a light microscope, and structural abnormalities such
as swelling, fragmentation, or collapse of the cell wall were recorded. In the greenhouse experiment, tomato
seedlings were treated with pyocyanin at a concentration of 83.33 pg/mL and subsequently inoculated with R.
solani. Statistical analyses were conducted using analysis of variance (ANOVA), and differences among means
were determined using Duncan’s multiple range test at P < (0.05.
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Results and Discussion

Pyocyanin extracted from Pseudomonas aeruginosa PA14 demonstrated a significant inhibitory effect on the
growth of Rhizoctonia solani AG4-HG Il, with a minimum inhibitory concentration (MIC) of 83.33 ug mL™.
Microscopic observations revealed notable morphological alterations in fungal hyphae treated with pyocyanin,
including swelling, fragmentation, and cytoplasmic degradation, indicating severe damage to the fungal
structures. These findings confirm the potent antifungal properties of pyocyanin and its direct antagonistic effect
on the pathogen. In greenhouse trials, treatment with pyocyanin led to a marked reduction in disease severity in
tomato seedlings and leaf discs inoculated with R. solani. Based on these observations, it is evident that

pyocyanin functions as a highly effective antifungal metabolite capable of disrupting key infection structures of
the pathogen. The consistency between in vitro and greenhouse results further supports the reliability of
pyocyanin as a biocontrol agent. These outcomes align with previous reports showing that phenazine compounds
produced by Pseudomonas species suppress soil-borne pathogens through direct mycelial disruption and
inhibition of fungal development. Overall, the strong antagonistic activity of pyocyanin highlights its promising
potential for use in sustainable and environmentally friendly disease management strategies aimed at reducing
reliance on chemical fungicides.

Conclusion

This study demonstrated that pyocyanin extracted from Pseudomonas aeruginosa PA14 effectively
controlled tomato root and crown rot caused by Rhizoctonia solani AG4-HG Il by inhibiting fungal growth,
disrupting infection structures, and enhancing the plant’s systemic resistance. In addition to its direct antifungal
activity, pyocyanin contributed to improved plant health under pathogen pressure. The dual mode of action of
pyocyanin as both a bioactive compound directly antagonizing the pathogen and as an inducer of plant defense
mechanisms highlights its potential as a sustainable and eco-friendly alternative to conventional chemical
fungicides. However, while the greenhouse results are promising, further studies under field conditions are
essential to validate its practical applicability. Moreover, elucidating the molecular and biochemical pathways
involved in pyocyanin-induced resistance would deepen understanding and support the development of effective
biocontrol strategies. Overall, pyocyanin represents a valuable biocontrol agent with significant potential for
managing soil-borne diseases in tomato and possibly other crops, contributing to sustainable agriculture and
reduced reliance on chemical inputs.
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Figure 1- Single-sided culture samples for evaluating the inhibitory effect of pyocyanin produced by Pseudomonas

aeruginosa PA14 against the fungus Rhizoctonia solani AG4 HG-I1. Petri dishes containing pyocyanin (A, B) and the control
Petri dish (C)
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Figure 2- Inhibitory activity of the pathogenic fungus growth of Rhizoctonia solani AG4 HG- Il in PDA medium containing
different concentrations of pyocyanin produced by Pseudomonas aeruginosa PA14 to determine the minimum inhibitory
concentration (MIC)
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The experiment was conducted with three replicates, and statistical analysis of the mean data from each experiment was performed
using SPSS Statistics 27 software, followed by Duncan’s multiple range test at P < 0.05.
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Figure 3- Effect of pyocyanin on the hyphal morphology of the pathogenic fungus in dual culture. Hyphae of Rhizoctonia
solani AG4 HG-11 in the control (A) and in the presence of pyocyanin produced by Pseudomonas aeruginosa PA14 (B). F:
hyphal degradation and fragmentation; Y: cytoplasmic coagulation; D: Hyphal swelling
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Figure 4- Effect of pyocyanin produced by Pseudomonas aeruginosa PA14 on the disease index of Rhizoctonia solani AG4

HG-11 (A), development of root and crown rot symptoms caused by R. solani AG4 HG-I1 seven days after inoculation in
tomato seedlings (B) treatments consisted of pyocyanin alone (PCN), pyocyanin followed by pathogen inoculation (RS+PCN),
positive control treated with the fungicide Iprodione—carbendazim (FC), negative control (C), and pathogen-inoculated
control R. solani only ( RS)
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Figure 5- Effect of pyocyanin (PCN) on the disease index caused by Rhizoctonia solani AG4 HG-I1 (RS) (A), and development

of disease symptoms induced by R. solani AG4 HG-II at 7 days post-inoculation in detached leaf discs prepared from
pyocyanin-treated tomato seedlings (B) and untreated control seedlings (C)
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Figure 6 — Microscopic analysis of infection level by Rhizoctonia solani AG4 HG-11 on tomato leaves using the leaf disc

method. penetration of fungal hyphae into the leaf and accumulation of hyphae at the margins of pyocyanin -treated leaves
(A, B), and the presence of fully developed fungal hyphal structures and widespread distribution on the surface of untreated
leaves (C, D), H: fungal hyphae, IC: infection cushion, LA: lopat appressorium
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Introduction

The genus Xiphinema Cobb, 1913 belongs to the family Longidoridae Thorne, 1935 and is a highly
diversified and widespread nematode taxon. Xiphinema non-americanum group comprises more than 208 known
species that damage a wide range of wild and cultivated plants. For pragmatic diagnostics, Xiphinema non-
americanum group has been divided into eight morphospecies groups (Loof & Luc, 1990). So far, 38 species of
the genus Xiphinema have been reported from Iran amongst them, 19 species have been reported from East
Aczarbaijan province (Pedram, 2007; Vazifeh, 2017; Naghavi, 2018; Jabbari et al., 2019). In a recent survey on
the genus Xiphinema in East Azarbaijan province, northwestern Iran, four known species were found from the
rhizosphere of several fruit trees. The identified species are presented in this study.

Materials and Methods

Around 200 soil samples were collected 50 cm from the rhizosphere of orchards in East Azarbaijan provinc
during the 2023-2024 spring season. Nematodes were extracted from 250 cm?® of soil. Specimens for light
microscopic studies were killed, fixed and transferred to dehydrated glycerin according to De Grisse's (1969)
method. The nematodes were examined by a light CX31 microscope equipped with a Dino-Eye Eyepiece
Camera, and photographs were taken by a DP50 digital camera system connected to the Olympus BX41
microscope. DNA of the nematodes were extracted from single individuals, and PCR assays were conducted as
described by Archidona-Yuste et al. (2016). The LSU rDNA D2-D3 segments were amplified using the forward
primer D2A and reverse primer D3B. The ITS1 region was amplified with the forward primer 18S and reverse
primer rDNA1.58S in accordance with Archidona-Yuste et al. (2016). PCR products were purified and
sequenced and the recently obtained sequences were deposited in GenBank database under accession numbers
MK957241, MK957235, MK957238, MK909918 (X. aceri), MK957234, MK957239, MK909917 (X.
vuittenezi), MK957233, MK957236 and MK920408 (X. index) and MK957243 (X. castilloi). For phylogenetic
relationship reconstruction, LSU rDNA D2-D3and ITS1 sequences from GenBank and newly obtained
sequences were aligned using MEGAG. Phylogenetic analysis was performed based on Bayesian inference using

@ @ Authors retain the copyright. This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0)

https://doi.org/10.22067/JPP.2026.98359.1282


https://jpp.um.ac.ir/
https://orcid.org/0000-0001-5674-180X
https://orcid.org/0000-0002-5957-9737
mailto:Naghavi.a@lu.ac.ir
https://doi.org/10.22067/JPP.2026.98359.1282
https://doi.org/10.22067/JPP.2026.98359.1282
https://jpp.um.ac.ir/

1Fed Juls oF o5lods Fe ale (5559l @sluo g pole) oyl p! LS cbilas sl iwgy Vo F
3 & olxlo o295

MrBayes 3.1.2. The best-fitted model of DNA evolution was obtained using the MrModel test 2.3. The resulting
trees were visualized using FigTree v1.4.3.

Results and Discussion

As a result of this study, four known species of the genus Xiphinema (Xiphinema aceri, X. castilloi, X. index
and X. vuittenezi) were identified. Morphological and morphometric characters of X. aceri in this study were in
agreement with those of the type and previously reported Iranian population of the species. Three sequences
(MK957241, MK957238 and MK957235) of LSU rDNA D2-D3 gene and one sequence (MK909918) of the ITS
region were obtained from the three different populations of X. aceri. In pairwise distance analysis, the three
sequences showed 100% identity. In general, the morphology of X. castilloi, in the present study, is similar to
that of the type population except in having slightly longer spicules (62.5-65.5 vs 48-60 um), rather longer
odontostyle in first stage juveniles (58-59.5 vs 53 pum), guiding ring distance from anterior end in first and
second stage juveniles (51-53 vs 45 pum) and (64.5-59 vs 57-55 um), respectively. Molecular analyses also
confirmed the species identity. Morphological and morphometric characters of the Iranian populations of X.
index agree with those of the original description and other descriptions of the species. The presence of sperm in
the reproductive tract of some females of X. index in this study proves that males are functional and that
copulation can occur. Xiphinema Vvuittenezi has scattered crystalloids in the uterus, which are sometimes

hardly visible in mounted specimens in glycerin. Two sequences (MK957239, MK957234) of LSU rDNA D2-
D3 expansion segments were obtained from two females of this species. These sequences had 99% identity.

Conclusion

In this study, four species, X. aceri, X. castilloi, X. index, and X. vuittenezi, were identified based on their
morphometric, morphological, and molecular characteristics. Among these species, X. index was the most
dominant. The presence of sperm in the genital tract of female X. index specimens suggests that sexual
reproduction may occur in this species.

Keywords: Biodiversity, ITS, Morphometry, 28S rDNA



olnl LS cbli> by gl
https://jpp.um.ac.ir

LAiade

Ve O-VYY P AF0 j:’.’.l'i Koyl ool

Xiphinema Cobb, 1913 (Nematoda: > 3l 455 ;g Jo g 5 sFbdcsu ;) adlas

658 33 pwim Jrodd § 3 gy Jlezml 5,158 5 3,8 Obwl 3T Okl 31 Longidoridae)
X. index Thorne & Allen 1950

TP L o (5 58 55

VECO/ Y/ 0 1Bl 5 gl

VECO/ PN oy eyl

daS

L Xiphinema s .ccwl als S glasla sleog,S oy iate jl o Dorylaimida awl, 4 slae LoOngidoridae oslsls

ol iy 3wl Slaa (S b g Dorylaimida aly (cla s opyislass g 5l (S pgilSs pel ué 09,5 p3 4355 VoA 5l i il
o basls w8 obj)l By ‘_'Jb.qlg)')'l Ol ogee L )d dudy )l )3 51 S wiges Vor 5l i LS)?TC“*-? L odlgls pl sbsles s g4
9 K Pbul ‘;9_4\13‘0 9 u_’x._wu.’x.:) g&b&)u}o) dl.muf).:a O»L»l).: Lmda; U.JL»L.M: Ml} Jln...;l uzzn> ‘JJ)AAMK 9 X W) Cuds ;d)l.w‘b
4ol 51 D2-D3 asdad ¢ JoSge adllae ;> .0 03l a5 X, Vuittenezi 4 X. index X. castilloi Xiphinema aceri 45 )la>
o VY ol g gazmo yo sy LS a5l bulgy (g3l o Jols sl Jlg g 05,8 Il cpuss 5 2SS ITS (5l o LSU IDNA
e (slacorud ;3 0dlo 3,81 5l (ool j3 X, INOEX 4565 Calises sblie (slaCuren )3 duwy cud & (5 SSb 3 ladisS ol 5l 548 g5
odle (3 950 4 g 5l g el Jlain 59 oaimd L ey Cilisee bls g  Juwols B Calybol 3 ol 399 0 003 p ysanl o Jiod g5 )
ol 550 gaald (o)l Gaind gl gy 018l 0 40 33 ae (sl sl ailiie ole 31,81 s JB1 13 Dgn g0 (slap sl S &S (g ebody (s

5l ag8 YA 58 .(Jones et al., 2013) 5,5 - )8 2LS S
(Vazifeh et al., 2019; cowl oa s (o)135 ol 5l (i oyl

Jahanshahi Afshar et al., 2019, Fouladvand et al., 2019;
Mobasseri et al., 2019; Bazgir et al., 2020; Fadakar et

SlasssV ol opl e 5l al., 2021; Naghavi et al., 2022)
055 5 ol e 1 &S sl ond (Byme (Bpd ol il
395 4y ly (uSly op s X, index (Thorne & Allen, 1950)
(Pedram, 2007; Vazifeh, 2017; Naghavi, a3 .o olais!]
oz ) 45 les adlles ) 45 .2018; Jabbari et al., 2019)
S oloub)dl bl sgue 15 ,d 4y )lyé 51 aS” Xiphinema
sl g Bloscsy, Glis julwlp wbdg odd (gilwlis
)5 3 s 390 oo 9 (PR,

Sl iy Jtoadgs 4 B X, INAEX 4565 clacures (S &S canl Jhas

28S IDNA <ITS « siwcsn, « iwj £95 Sl bejlg

doddo
5 342t jlws Xiphinema Cobb, 1913 s sleassS
A 13595 0 Slas e )3 (mwg (1S5 5l g 039 Eoiie
Juasl j» La:gj Ul g (55 5o LmOT solail Cooal Jdoay
o=l o)) sleasss olulis ( 2lS i lon lagwang Sy

Cgonl 300 510l el (65,0liS g (mub Bblio o Luin
e 5l Vo s yd Xiphinema index 4565 < golaidl o )lus

oly! ;Juin)i el o8l ¢(gjygliS 0uSiisly o S 350l 09,5 =)
Olpl ey oy o8l ¢(g5ygliS 08l ¢ S 350U 09,5 —Y
(Email: Naghavi.a@Iu.ac.ir :Jszue oxiw g —)
https://doi.org/10.22067/JPP.2026.98359.1282


mailto:Naghavi.a@lu.ac.ir
https://doi.org/10.22067/JPP.2026.98359.1282
https://jpp.um.ac.ir/

1Fe0 jualy Y o lols Fe ado (55 9l asluo g pole) oIl LS cblis oba gng YA
3 & olxnlo OBy

945" (Bioneer Corporation) ,usm <8y 4 PCR Jgame
oo oS b odelcunsty glaJlgs 08 Jlo)l gt 08
X. castilloi Roshan- «55 |y (D3-D2 al) MK957243
MK957238 MK957241(Bakhsh Pourjam, et al., 2014)
&ly (ITS asb) MK909918 4 (D2-D3 45L) MK957235
X. aceri Chizhov, Tujev &Turkina 1986 «o5
MK920408 , (D2-D3 asL) MK957236 [MK957233
MK957239 MK957234 4 X. index 445 (sly (ITS asb)
(Luc, et 65 1y (ITS asb) MK909917 4 (D2-D3 asb)

ey S 4 5 SSb o X, vuittenezi al., 1964)

gl 93 Jasl gy 55k 3ls
4o NCBI 1 (55918 ©8 3 ooy sl p5Y slaJlgs ]
MUSCLE ,l58lp 5 5l osliswl L Lo Jlg5 cumpt el Cowd
pledl (Tamura et al., 2013) MEGAG ;s ,5 )5 ol dbduss
L (Bayes) s hgydn (Sisdd bl (gilujl Gupw 05
S5 L (GTRHGH) LSS Jao ()0 1 o3l
8,8 &y5 0 MrModeltest 2.3 (Nylander, 2004) ;5 8ls 5
sl FigTree v1.4.3 ,l58le 5 5l eolatwl b 356k i > oamlie

Xiphinema aceri (8 s Ol bydT Ol SO w0
Chizhov, Tiev & Turkina, 1986
«Chizhov et al., 1986) l,LSan g Bgjud Lawgs 4isS oy
oy 5l s e cnl 93 D oyl gy 53 13l ady )15 Sl
N 375535.77, E )slls sbl s e lisw Lals
9 (N 37°01°32.2", E 45°07716.6") 54,5, (45°56°50.3"
oloobyd lewl j> (N 37°58°04.17, E 46°00°06.3") , 5,
ShLodel 4568 ool eelynl 0 005 lulis 5 giluls B0
(Pedram et al., 2009a) cowl o (gjlulis 5y cladig ady)l,8
s (Pedram et al., 2009b) )| )LSen 5 plyiy b wgi Lo
Sl a5 SOy 668 pl 6l ITS 9 18S IDNA 55 (»ls
LS wlwly (@lph-numerical) (goae— SLall slaas o,
ols3lyl Xiphinema pgils yol s 09,5 (slaaisS alfnis Hlulis
Cymes dw ) gl (LOOF & Luc, 1990) S'o) 5 Byl bawgs
123 H2 G23 F34 E56 D56 C6a B3 Ad :jl i __slole
o 5 kS il ookl b adlllas 550 (slacures 12 9 K23 J5
oY 5 5g, (Loof & Luc, 1990) So) 5 Bg) lawgs oisad],)|
Chizhov et ) | ,Len 4 <3535 (RoCa & Lamberti, 1988)

L g 9 3lge
Laailal (s jlelaa g (5 lu yads gad

oo Bos Jl SB dged Voo s VeV U VFY gla Sl jo
S oLl b oy ity @Lel gyte b 0+ b
Ohgyin Bl (gilulir (gl SB £ )5 YD 51005 (spglaes
b edlawl (Brown & Boag, 1988) SUs 4 ool adly s
De ) 5> (hyy Bllae c 5 (08 4S5y il
-Cooy ) les sl sl jalli o S 4 (Grisse, 1969
Jlizud cpyed jl eolatwl U Lacures (oriwcoy, g 5l
8195 LoSuwy Sus 4 Jale (DiN0-Eye Eyepiece Camera)
il 538> adanMo a8 )18 () 3)90 CXBL el
slie ol el i plosl 05 3,3 Cge ay Mol dnlllas b oo,
3 o g oas oals )18 Y g9y o Ol 0y B S )3 03 0l
2 Y b oyl el Sl 0,8 <S8 s o slp JoY iliS
ooy Jgdo 53 oadsadlyl cleMbl .4y5,5 soliiw! JSU ¢l (59,
5 Camed dw | sdalcwnday claojlul wluly X, aceri 455
sl 0397 465 o il e Cumar 4y (3lae 50 SladisS )

4 Joato DPSO. JLtiomed ctysd 51 60 mi S g

P 3l kg ang sl g Olympus BXAL (5595 98wy S
(Corel DRAW® software version 12) Y aseus )55 |38

W3,5 ooldtu!

sk sloypaay sty 9 DNA gl yadudl

e g cuslbgad)l (bg) Glhe DNA gl
Oy Sl 28 S 5l (Archidona-Yuste et al., 2016)
S5ET 5 LSU D2-D3 IDNA 55 anb iS5 ol 8,8
D2A (5'-ACAAGTACCGTGAGGGAAAGT-3') putiaus
D3B (5= gSae Sl s
5 (Nunn, 1992) TCGGAAGGAACCAGCTACTA-3")
185 (57 it SHET 5 ITS f asb 5
(Vrain et al., 1992) TTGATTACGTCCCTGCCCTTT-3")
rDNAL.58S (5- osSns S5 5
Cherry et al., ) ACGAGCCGAGTGATCCACCG-3')
2 adsl gilocidpls PCR ploxil (ol 33,5 oslizul (1997
lod 53 (g3l yuly ddd 80 Cido 4 (g 4353 AF lod
£ glod 5 bS5l Jlasl sl Yo se 4 (wgmades 453 AF
@ VW gled 5 J5s g 4l YO Gt g (gl 42
Coleg 0 g b plosl ad > YO olawd & 4l Ve G 4 ogsdas
B> gy Cde 4y g a2 VY gl > ol Ghps
«2bJly cax (Archidona-Yuste et al., 2016) cé 5 & )g0



Vel i laiss )z (J9¥se g (Sl ) andllao (oLSo 9 (5o

MK957235 3 MK957238 MKI57241 i (slaaS
e a s lacdsl sl 259 gl 935 (Slacunen Sl iy

=g ol g ol L eadgElS g gles oy B> dumle )
(v Jses) oddigilosl (2lipls €853 5 fp Jloinl 0 5YL L s
-l s b 5 ol 5ok i85 )5 5 S,
1okl b oty <o yd 50 Dad 0 000 Y IS jo b sla
455 Jgi b as5 ol Jlss LSU IDNA D2-D3 4l sl JIgs
g ausb 1y il aaly o3G5 X, granatum (JQ240273)
g, Jlain] b g3 g0 oMbl 4y szl b )l csigliygs dlad,
BMS] e8¢0 ol (Jlas oliged duglie .cuwl o Colos )

i 5 86 g 2> (oo (L3 ) 5L cda W a5 gilS

—5545 {Avrias et al., 2005) -, Sen 5 wls )l (al., 1986
(Gutiérrez-Gutiérrez et al., 2010, 2013) )|, g ;555
A Jgdn) Bass eoly a5 Xiphinema aceri 4355 lgica
Prunus )sJls,; lals ais, 1,8 5l comen amw ool () JS5
5 (Prunus dulcis (Mill.) D.A.Webb) slsL (armeniaca L
S o b auwlis g wilosd (g5lolis (Juglans regia L.) 9,5
{Chizhov et al., 1986) Lol xio ;> 455 (gly 00,S> sl
- gl Slpl Camer b duslio 3 pismen 15 JolS cillas
Pedram, ) plyay g olpd 5 (3 obalydl ol jl oad

Lol s JolS cupplise (2014

35! 9o anlllas
L g 4w LSU IDNA D2-D3 55 4 jl 4555 el sl

Lol 1 B i g b, Lt 31 Xiphinema aceri Chizhov, Tiev & Turkina, 1986 ;I Curos dw vy, godly -Y Jouo

Slosd &l (8 Tas 9 JBlas 53L) Jlre Byl E uSilo 1 yg0ds 9 (Jio due o 33 L) diiiund 509 ySu0 o> 1
Table 1- Morphometric data of three populations of Xiphinema aceri Chizhov, Tiev & Turkina, 1986 from East Azarbaijan

province: All measurements are in pm (except L in mm) and in the form mean + SD (range)

Populations Sardrud Shellalu Kordlar
Characters J1 J2 J3 J4 Females Females Females
n 1 3 3 4 6 3 3
. 09 L (1.6-1.8) (2.6-2.9) (3.2-3.9) (3.3-3.6) (3.3-3.4)
: : 1.7+001 2.7+0.01 3.4+02 34401 3.3+0.04
. 515  (650585) (53.5-63.0) (69-76) (60-79) (65.5-78.0) (62-64)
: 570+ 1.1 59.0+1.8 723+05 67.3+2.2 71.7+5.6 626+ 1.1
b 26 (4.0-4.5) (3.0-4.5) (6.0-6.5) (6.5-7.5) (8-9) (8.0-8.5)
: 42+0.1 42+10 6.2+0.8 72401 84+05 8.1+0.3
. 195 26.0 (34.5-37.5) (61.5-75.0) (91-102) (78-101) (87-88)
: : 36.0+0.4 69.0+1.8 932423 92.0+12 875+0.4
, (1.2-1.3) 0.9-1.1 0.94-1.2
¢ 3.7 3.0 2.0 1.25 +0.01 1.0 %001 1.0+013 1.0
v ] ] ) ] (47-50) (47-58) (48-55)
49.0+0.1 523+55 50.3+35
(86.0-87.5) (103-123) (117.0-134.5) (125-128) (128-129)
Odontostyle 525 65.5 87.0 +0.05 113.0+33 1285+1.2 1260+ 17 128.5+0.9
(54.5-57.5) (62.5-67.0) (70.5-74.0) (70-75) (70.5-75.0)
Odontophore 36.0 41.0 56.0+15 64.0+0.2 73.0+0.6 717428 734427
Replacement 65.0 (92.0-92.5) (110-114) (125-133) ) ) )
odontostyle ' 922+0.1 1125+1.2 1295+1.2
Oral aperture to guiding 435 (56-57) (74.5-75.0) (90.5-98.5) (114-128) (93-114) (114-118)
ring : 56.5+0.1 74.8 +0.05 955+ 0.8 1202 +1.7 104.0+105 117.0+27
Neck length 250 (281-303) (353-390) (425-478) (444.5-635.0) (381-422) (391-425)
292.0 +35 377.0+38 447.0 +10.7 486.6 + 20.9 408.3 + 23.6 4125 +18.7
. (20.5-22.0) (25.0-29.5) (36.0-37.5) (42.5-46.0) (43.5-47.0) (46.5-50.0)
Body diam. at neck base  16.5 212405 275+0.1 37.0+0.06 447 +05 450+ 15 48.9+0.9
. . (21.0-22.5) (28-31) (36.0-40.5) (49.0-56.5) (47.0-51.5) (53-55)
Body diam. atmide body  17.0 %15, o5 206+0.1 385+0.3 51.8+0.7 486 +25 54.0+0.9
. 15.5 (22.5-23.5) (31-33) (34.5-37.5) (35-36) (35-37)
Body diam. at anus 125 23.0 +0.05 31.6+0.1 36.0+1.2 353+ 0.57 36.5+0.3
. (45.5-47.0) (48-50) (39-44) (33-39) (33.0-43.5) (38-39)
Tail length 41.0 46.2+0.2 485+0.1 406 +2.8 375+15 37.8+5.3 385+05
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Figure 1- Light microscope images of the Shellalu population of the species Xiphinema aceri Chizhov, Tiev & Turkina, 1986
from East Azarbaijan province
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A: Female entire body, B: anterior body region, C: expanded part of pharynx, D: cardia, E: vagina and vulva, F: uterine
differentiation spines (crystalloids), G: anterior genital branch, H: female tail, 1-L: tail of juveniles from J1-J4, respectively. Scale
bars: B-L: 10 um, A: 100 um.
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Figure 2- Bayesian tree reconstructed under the GTR+1+G model from LSU rDNA D2-D3 expansion domains of four known

species of the genus Xiphinema recovered herein. Posterior probabilities more than 50% are given for appropriate clades.
The new sequences obtained in the present study are shown in bold.
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Figure 3- Bayesian tree inferred under the GTR+I+G model from ITS1 sequences of three known species of the genus

Xiphinema recovered herein. Posterior probabilities more than 50% are given for appropriate clades. The new sequences
obtained in the present study are shown in bold.
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Table 2- Morphometric data of Xiphinema castilloi Roshan-Bakhsh Pourjam, Pedram, Robbins & Decraemer, 2014 from
East Azarbaijan province: All measurements are in pm (except L in mm) and in the form mean + SD (range)

Characters J1 J2 J3 Ja Females Males
n 3 3 3 6 4 4
. (1.1-1.2) (1.5-1.7) (2.1-2.3) (3.1-3.4) (4.0-4.8) (4.3-4.6)
1.1+0.07 16+0.1 22+0.06 3.3+0.01 4.4 +0.05 4.5+0.04
. (52.0-605)  (635-65.0)  (74.5-79.5) (67.5-80.5) (84.0-86.5) (90-100)
57.5+0.6 64.2+0.2 77.0+1.1 740+13 854 +0.5 933427
b (3.0-4.5) (2.5-3.5) (5.5-6.0) (7.0-7.5) (7.5-8.5) (8.5-9.5)
38+0.4 31+0.1 58+0.1 7+0.1 8.0+0.1 8.8+0.1
. (235-245)  (31.5-33.5) (46-51) (62.0-78.5) (84.0-111.5) (91.5-97.5)
237+008  32.6+02 480+18 71+1.8 96.9+2.8 94.8+0.2
¢ (3.0-3.5) (2.5-2.6) (1.5-2.0) (1.1-1.6) Lo (1.1-1.2)
32+0.1 25+0.1 1.72+0.01 13+01 : 1.13+0.05
(46-51)
v . ) ) . 482 +20 )
Odontostyle (58.0-59.5)  (645-70.0)  (86.0-90.5) (101.5-112.5)  (120.5-154.0) (126-134)
58.8+0.1 67.0+3.0 88.5+0.5 1095+ 2.7 1325+6.2 1300+ 1.9
Odontophore (39.0-42.5)  (45.5-47.0) (53-58) (62.5-68.5) (70.5-78.0) (73.5-78.0)
40.5 +0.2 46.0+1.0 55.5+0.2 65.0 + 0.1 742+0.2 74.5+0.3
Replacement (71-75) (84.5-85.5)  (106.5-111.0)  (126.0-137.5)
odontostyle 725+2.0 85.0+0.5 109.0 £ 0.5 131.5+0.3 i -
Oral aperture to guiding ring (51-53) (59.5-645)  (79.5-84.5) (86-110) (119-122) (122-131)
520+ 1.0 62.0 +0.9 822+12 102.0 3.7 120.7+05 1250+23
Neck length (200-272) (317-322)  (365.5-394.0)  (443.5-468.5) (480-666) (500-524)
247 + 20 320+ 1.2 378+45 4580+ 15 547 + 50 510 +5.3
. (20-21) (24.5-25.0) (37.5-43.0) (37.5-44.0) (39-43)
Body diam. at neck base 205+001  247+0.1 28 39.5+0.5 40.6 + 1.6 408 +2.0
. . (20.0-22.5)  (24.5-27.0) (28-31) (36-500) (46.5-56.5) (46.5-50.0)
Body diam. at mid body 205+05 257408 290+0.7 445+25 51.5+1.3 485+15
. (14.5-15.5) (19-20) (25.0-26.5) (33.0-40.5) (35-47) (37.5-40.0)
Body diam. at anus 15.0 +0.1 19.5+0.2 255+ 0.1 36.0+15 423+25 38.8+0.2
Tail length (49-51) (50.0-50.5) (44-50) (44-50) (36.5-47.0) (45.0-51.5)
50.0 + 1.0 50.2+0.2 47.0+0.8 46.0+0.7 430+ 1.6 477412
. (62.5-65.5)
Spicules - - - - -

63.7+0.6
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Pedram, Robbins & Decraemer, 2014
Figure 4- Light microscope images of the llkhchi population of the species Xiphinema castilloi Roshan-Bakhsh, Pourjam,
Pedram, Robbins & Decraemer, 2014 from East Azarbaijan province
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A: Female anterior body region; B: expanded part of pharynx, C: cardia, D: vagina and vulva, E: accumulation of sperm in female

genital branch, F: pseudo-Z-organs; G: male posterior body region, H: female posterior body region, I-L: tail of juveniles from J1-J4,
respectively. Scale bars: A-L: 10 pm,



VIO i aigf Jlaz oS 3 (S5 Lubiciy ) andllan (oLSs 9 5o

(N 3751713.0", E 4532'58.0") (¢l,—w (45°29749.0”
N ) a5 N 37°44°03.17, E 46°07°09.47) | _ély>
N 37°56°10.9”, E ) ¢l s 4 (37°44°04.3", E 46°00702.3”
Elagagnus ) s w g3, 5 sl a b 3l 5 (4670473217
S o155 (Vitis vinifera L) ,4551 «slsb (angustifolia L
Prunus) ¢l (Pyrus communed L) M5 (Populus alba L)
&)sle> (Cupressus sempervirens L) g, 4 (domestica L
85 )3 plelid 2)90

(1355 5 olgyuss 5llds ales Jl) bolie (5 (slacumes 3
3559 b 03 p el 0dlo 31481 Jieddey dlg) Calisee (slacioud jo
o>y i dizee bl g b 30 o Jwls BIS Slbl s syl
ol odlo 5 550 A gy 3l gyl (Jleis] 54y odias sl
S5 a8l Lt (595 098wy Sue bwgi sadplonl adlllas
Gl y 3318l L 50 25350 (slap el dlie o3l b (slap puul
idgigle ! 5455 (LUC & Cohn, 1982) 2y S 4 S's)
Iy X, index 4565 55 o3l al, 8l 5l oS jluss dlaad )0 peioro s
Lo Shy g o (g ey iz By Jreddg B>
iz adg) 30 el Gl slaeole U slacases 10 45 ol
aS Jbyd 10,5 0Ll p 5 53 pysel D939 0 b g odis aB oy,
o3lo 313l 55 Jwls gl 315 10 bap sl I (xeo0 cadlllan ol jo
95055575085 Oepen (Y Jgia & 9 0 (sl JSU3) 45 oanlie
o3l g SleS” ((Gutiérrez-Gutierrez et al., 2011) -, Sen
3 ladls 655 ol 3 35 Gojb & Jierds p W)
(Vavifeh et al., 2019) |, Kon g dalog lawgi sadplosl asdllas
3 eyl (g3laa5 oolo dl,8l By 50 a8 S0 s samline 5 ol,8
!y pars dilatata uterus 5 (ovejector) jlisly s Cuwd
3jge Coprer SLaShg dlio )3 3,5 das Mo S35 s
P S5 g Canen ol b sl ailate ] Gingsy (ol 5 adllas
PYALTY) po Job g (FALYS ol 2 Y LYA)V Lasls
Jrea e X index p> a8 alas Mo (sieg,Suo ¥V B YF ol
L8 5800 5)Y S gy ol 3 9 0392 Jgeme (2135 %
Jieadss .(Dalmasso & Younes, 1969) cusl Courer S Ao
ol sdaldie (Jg cunl ;0 oy § an ST 465 ol 1 35 owin
05 )38l cuw Jroadgs g0 oyl (Villate et al., 2010) ¢!
Van Zyl et al., ) 23,5 oo (i oS o0 )b | S
balyd g baroo b ()85l oo a8 ol ionon (2016
(Thomas et al., 2012) >4 o0 4>

9sige anlllas
s MK957233 s s> (sloaS' b caigils 5 celo s

o581 90 aallae

31 (MKO57243) 0155855 Jlps Sy ¢ Jg-Sgo asllas 55
5 el Cwd 4 Coimon ol (61 LSU D2-D3 DNA a5
05 S 2 39290 (ol e JIg b JIg ol (29> dolie
Cin sl 4 Jlgs g3 ool 45 005 ascie (KF446655)
@l €83 53 a8 )SS Iy 95 )l ©olis pa b agslS's
SaisS (S latanea G y3 )1 )5 U So s (V JS)
WS Mo 3950 oanlite (a5etlS s BT i can [0
sMF510428) X. o> 93 g SlS's
EF188841) X. hunariense jl cc_xe> 45 4 (MF510429
(Ghaemi et cowl 3592lS'g5 i g b o 4y (EF188839 4
al., 2012; Ruihang et al., 2018)

setariae ;| c.

Xiphinema index 8 i ylaabs ;3 (jlicd slaciasaa
Thorne & Allen, 1950
g S 5l oslaiwl L asllae oyl 53 odelcomsdy slacanes
Heyns & Coomans, ) juiegS 5 joud bawss i dbasl) mle
oY 5 )l (LoOf & Luc, 1990) S's] 5 357 (1983
OhlSen ¢ uSLS155,955 (Barsi & Lamberti, 2000)
OlSen g 5,955,059 35 o (TZortzakakis et al., 2001)
s Sihe g Bad olwls (Gutierrez-Gutiérrez et al., 2011)
Thorne & ) plie (B 1 005,55 slo o b duslio o by
2 lis ecallas (; Mojtahedi et al., 1980; Alen, 1950
S bl adllas 3)50 slaccmas oaemoldll (lass
Xiphinema s peilsS yolpue 05,5 slaaiss albus olols
55l wole)le (Loof & Luc, 1990) S'gd § o) o uwgs sl
L2 4k2 J4 13 H2 G23 F34 E34 D56 C5a6a B4 A4
;1 (Thorne & Alen, 1950) ;1 ¢ (95 bawgs jbopdgl 4565 o]
3 9 4b hyl35 LG el 5l (Ficus carica) yosl cé s ads)l,d
Mojtahedi et al., ) 4, Sen 5 gigiee bawss )bl 3 ol
5 lolid (onnb sladSix g (55)0laS slae; 1 (1980
sbaaisS pluw olas 13 (G (yp 3 45 cpl 35 ()18
ol bl 5l g yboye8 0 oYL ST, 5l Xiphinema s
N 37°4310.47, ) x5, (N 37°55°36.4", E 45°56°51.17")
(N 37°57°18.4", E 46°03'35"") sLisg s (E 46° 01745.3”
N ) S—wl (N 375773177, E 46°0031.8"), Js,8
N 37°47°39.47, ) ;¥lojs,b ((37°55°10.6™, E 46°06702.8
(N 37°47°42.77, E 45°57°34.97) 55 «(E 4556706.7"
N ) nals S (N 37°4513.07, E 4552°45.57) > o>
N 37°46'02.07, E ) 5w (37°42°56.17, E 46°02°45.5”



VP20 30 ¥ oylods Fr ol (55,9l aaleo g pole) ol pl LS cblis oy png}y

\AVd

05 SOb pd dgg0 sla Jlo b duslie ) ITST anl wus g
90 (U9 duglie il ( Slued doyd A1) 5L cads can dlus
9 KF430803) X. elongatum 455 5l 5 <SOb ) dg90 Jlgs
Iy Wweils's b oy 5 atdly polie dons 30 (KF430802

(Ruihang et al., 2018) sl> Lz

D2- 55 a4l &l (slls g olig s slacures) MK957236
Gy ol cuxes ITSL 4l 4 3lae MK920408 15" 4 D3
D2-D3 g5 93 el cawd 4 ppunsl (gl (oumi dlg) b oolo 5l,3l
4l glaJlg plo b g die S0 L gadslSy ST 186
b Gl a5l e AN 45 SSb > &S o) D2-D3

Xiphinema 4 Xiphinema index Thorne & Allen, 1950 (gl 39,3 s 5 gl Coron i (SRt 5 go31d -Y Joun
9 (0 dao s 1 L) dind g ySuo nnnnds 1 W0 51031 1 B b oyl b,31 bl 31 Vuittenezi Luc, Lima, Weischer & Flegg, 1964
load G311 (810 5 J8las 530L) jLre Bl ol & il g0
Table 3- Morphometric data for populations of Shellalu and Sardrud, respectively, for Xiphinema index Thorne & Allen,
1950 and Xiphinema vuittenezi Luc, Lima, Weischer & Flegg, 1964, 1964 from East Azarbaijan province. All measurements

are in pm (except L in mm) and in the form mean + SD

Xiphinema index

Xiphinema vuittenezi

Characters Female Male Female Male
n=6 n=>6 n=6 n=3
L 2.8-3.1 2.8-3 3.0-3.6 3.1-29
3+0.01 2.9+0.05 3.3£0.2 3.1+£0.1
a 56.5-62.0 55.5-60.0  51.5-56.0 55-50
59.5+0.2 57.4+03 533+12 52+0.2
b 6.5-7.0 6.0-8.5 6.5-7.5 7.0-6.5
6.7+0.1 7.7+0.3 6.9+0.4 6.7+0.1
c 74-98 63.5-73.0 745-100.0 84.0-78.5
84.8+1.6 67+2.3 83+25 80.5+0.5
¢ 0.9-1.0 0.9-1.0 0.8-1.0 0.7-1.0
0.95+0.01 09+001 09+002 08+01
Y 38-42 ~ 46-49 ~
38.4+0.1 475+0.1
120-132 121-134 112-130 118-125
Odontostyle
126.8+£0.2 1285+24 1215+16 120+£28
72-84 60-72 75-78 74 -76
Odontophore
74.6+24 68+ 2.8 76.5+0.8 75+1.3
S 115-134 100-115 115-122 113 -117
Guiding ring from ant. end
1255+1.6 109+2.9 118+ 1.7 115+1.2
444-476 349-462 456-507 420-460
Neck length
456 + 2.2 391+22 475+21 440+15.6
. 112-125 109-117 112-131 110-122
Pharyngeal expansion
117.7+£1.8 113.5+0.7 123+2.6 118+ 2.1
. 37.2-47 45-47 50-59 45-51
Body diam. at neck base
43.7+1.8 46.7+0.01 55+1.3 48+2.6
. . 47.0-56.5 45.5-54.5 59.0-65.5 57-59
Body diam.at mid body
52+1.2 52+0.8 61.5+1.2 58 +£1.2
. 34.5-39.0 43-44 39.0-42.5 35-37
Body diam.at anus
37.2+2 435+0.6 41+0.2 36.0+0.4
. 31.5-39.0 41-47.5 34-42 36-38
Tail length
36.5+1.8 435+13 395+09 37.3+0.2
. 62.5-67.0 56-59
Spicules - -
65+ 0.6 57+1.1
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Figure 5- Light microscope images of the Shellalu population of the species Xiphinema index Thorne & Allen, 1950 from East
Azarbaijan province
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A & B: Female anterior body region, C: expanded part of pharynx, D: cardia, E: vagina and sperm accumulation in ovejector, F:
female anterior genital branch, G-I: accumulation of sperm in female genital branch, J & K: posterior body region, L: female entire
body. Scale bars: A-K: 10 pm, L: 62 pum.
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Figure 6- Light microscope images of the Shellalu population of East Azarbaijan province of the species Xiphinema index
Thorne & Allen, 1950
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A: Male entire body, B-D: spicules and male posterior body region, E: accumulation of sperm in male genital branch. Scale bars: B-
E: 10 um, A: 100 pm.



VAR L 51T e JoSUge 5 (i iy, anlllo LS 5 (g5

obw! 3 Xiphinema vuittenezi Luc, Lima, Weischer & Flegg,1964 4ig8 59, pw Curer (559 29wy sSume pobai - JSUd

S ol
Figure 7- Light microscope images of the Sardrud population of East Azarbaijan province population of the species
Xiphinema vuittenezi Luc, Lima, Weischer & Flegg, 1964
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A: Female anterior body region, B: expanded part of pharynx, C: cardia, D: vagina and vulva, E: female genital branches, F:
crystalloids at beginning of genital branches, G & H: crystalloids in tubular part of uterus, I-K: female posterior end, L:
spicule, M: Male supplements, N: female entire body, O: male entire body. Scale bars: A-D, F-H and J-M: 10 um, E, I, N
and O: 100 pm.
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Introduction

Wild mustard (Sinapis arvensis L.) is a highly competitive and widespread weed in global agricultural
systems. Its high ecophysiological adaptability and ability to form a persistent seed bank consistently pose a
serious threat to crop production. The ecological success of this plant is largely attributed to its complex adaptive
mechanisms in response to environmental factors such as sowing depth and soil texture. Understanding these
mechanisms is fundamental for developing effective and sustainable management strategies. Previous studies
have well-established that sowing depth is a critical factor determining seedling emergence. Generally, smaller
seeds, like those of wild mustard, are dependent on being placed at shallow depths for germination due to their
limited seed reserves. This study specifically addresses the question of whether a critical depth can be identified
for managing any population in any soil type, beyond which the potential for seedling establishment approaches
zero.

Materials and Methods

In the autumn of 2023, a factorial experiment arranged in a completely randomized design (CRD) with three
replications was conducted to investigate the emergence and establishment indices of wild mustard seedlings.
The factors included wild mustard population at 2 levels (A and B to tribenuron-methyl herbicide), soil type at 2
levels (clay and silt textures), and sowing depth at 8 levels (0, 1, 2, 3, 4, 5, 6, and 7 cm). Seeds of both A and B
populations were collected in the spring of 2023 from fields around the University of Mohaghegh Ardabili
greenhouse, where they had been cultivated. To break physiological dormancy, seeds were pre-treated with
Gibberellic acid (GAs) at a concentration of 1500 parts per million (ppm).
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Results and Discussion

Findings revealed that although the population of B demonstrated superiority under optimal conditions
(shallow depths and clay soil) with a high emergence index (24.5), this genetic advantage is entirely fragile in
the face of the determining factor of seed placement depth. Identifying a critical physiological threshold at 4-5
cm depth is considered key to controlling this weed; this is the depth at which even the most population of B, in
an unequal battle against darkness and soil mechanical pressure, exhausts its energy reserves before reaching the
light and fails to emerge. The population of B achieved the highest survival percentage (98.61%) and the highest
emergence rate (emergence index 16.50) at 1 cm depth in clay soil. At 1 cm depth, the mean emergence
percentage in clay soil was 98.66% for both populations, while in silt soil it reached 84% for The population of
B. At a 6 cm depth in silt soil, the survival percentage of the population of A was 0%, highlighting the
detrimental interaction of depth and unfavorable soil texture.

Conclusion

In response to increasing depth, the plant allocates its resources primarily to the rapid elongation of the
hypocotyl to escape darkness, rather than to radicle development and biomass production. Furthermore, a strong
positive correlation between germination speed and final emergence percentage/seedling survival clearly
demonstrated the decisive role of speed in the ultimate success of establishment. Considering the advantage of
The population of A at shallow depths, particularly in clay soils, it is recommended to use competitive crops
with high shading ability to neutralize this population's germination speed advantage. Additionally, careful
monitoring of fields for the presence of resistant populations and selecting seedbeds with appropriate texture can
be effective in designing integrated weed management programs. Ultimately, integrating these ecology-based
strategies, founded on the findings of this research, can significantly contribute to reducing reliance on
herbicides and achieving a more sustainable agricultural system.

Keywords: Acetolactate synthase inhibitor, emergence index, soil characteristics, weeds, herbicide resistance
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Table 1- Mean square effect of population, soil type and seed depth on 50% germination time, germination percentage,
survival percentage, cumulative seedling emergence rate, radicle length, total seedling dry weight and shoot length of wild

mustard
SOV df 50% Emergence Emergence Survival Cumulative seedling emergence
e time ercentage ercentage rate
Soil depth (A) 7 19.61** 93.66.07’?* %175.09’9* 254.56**
Soiltype (B) 1 7.59* 541,50%** 7451.67** 7.13*
poP?g'O” 1 23.01%* 1224017 2.49 838.69**
AxB 7 6.52** 664.93** 808.35 118.71**
AxC 7 33.84** 1350.26** 1004.42** 51.50**
BxC 1 41.34** 8.17ns 1932.23** 71.50**
AxBxC 7 6.70** 699.21** 2138.28** 27.63**
Error 64 2.13 29.33 28.74 1.06
C.V (%) - 16.76 7.51 8.06 8.44

o> K g iy Jleis! o 53 )b ize (o Sy st g %
* and **: are significant at the five and one percent probability levels, respectively.
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Table 1 continued- Mean square effect of population, soil type and seed depth on 50% germination time, germination

percentage, survival percentage, cumulative seedling emergence rate, radicle length, total seedling dry weight and shoot
length of wild mustard

S.0vV df Radicle length (cm) Total seedling dry weight (mg)  Epicotyle length (cm)
Soil depth (A) 7 57.26™ 12.90™ 69.60"
Soil type (B) 1 306.38"™ 2.73" 17.85™
Population (C) 1 28.71™ 0.0004ns 96.80™
AxB 7 7.78" 1.34" 35.68™
AxC 7 4,65 1.17m 24.51m™
BxC 1 46.07" 12.33™ 83.26m™
AxBxC 7 18.35™ 1.71" 37.45™
Error 64 2.15 0.59 26.94
C.V (%) - 11.20 12.74 13.14

o) S5 g i Jlois] pdaw )0 5 gize o Sy s g
*and **: are significant at the five and one percent probability levels, respectively
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Table 2- Comparison of the three-way effect of population, soil texture, and seed burial depth on time to 50% emergence,
emergence percentage, survival percentage, cumulative seedling emergence rate, radicle length, and total dry weight of wild
mustard seedlings

Wild mustard Soil Burial depth 50% Time to Emergence Survival percentage
population texture (cm) emergence (Day) percentage (%) (%)
0 9.00Pc* 92.002 77.86¢f
1 9.00b¢ 98.662 91.83a¢
2 9.00b¢ 98.662 93.05%
Clay soil 3 9.00%¢ 98.662 100.002
4 9.00%¢ 82.66% 73.52f
5 9.66% 88.00%¢ 95.37%
6 11.00%® 60.009" 50.81i
A 7 11.00% 32.00K 57.31h
0 8.00¢ 97.332 98.66°
1 9.00b¢ 100.002 47.20i
2 8.660 100.002 89.330cd
Silty soil 3 9.00b¢ 72.00¢f 70.20%
4 9.00b¢ 80.00¢%de 58.17M
5 9.00b¢ 98.66% 63.449"
6 9.00b¢ 68.001 0.00k
7 9.00% 68.001 0.00k
0 8.66% 62.669" 95,232
1 8.00° 98.66° 98.612
2 8.00¢ 98.662 91.83%¢
Clay soil 3 9.00b¢ 84.00bcd 92.137c
4 9.00b¢ 76.000%f 87.600cd
5 9.00b¢ 40.00k 100.002
6 13.30¢ 2.66 0.00k
B 7 13.30¢ 2.66' 0.00k
0 11.00%® 60.009" 77.14°
1 10.66% 84pcd 83.80¢de
2 10.00b° 98.662 49,94
Silty soil 3 10.00b° 98.66° 58.05M
4 9.002 56h 82.78%
5 13.002 48]l 71.84f
6 9.66% 62.669" 72.66"
7 0.00¢ 0.00' 0.00k
LSD 2.38 8.83 8.74
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* The averages with common letters in each column do not have a significant difference at the 5% level.
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Table 2 continued- Comparison of the three-way effect of population, soil texture, and seed burial depth on time to 50%
emergence, emergence percentage, survival percentage, cumulative seedling emergence rate, radicle length, and total dry
weight of wild mustard seedling

Wild mustard Soail Seed burial Cumulative seedling Radicle length Total seedling dry
population texture depth (cm) emergence rate (days) (cm) weight (mg)
0 11.00K" 13.332 3.430¢
1 23.33® 7.50° 3.43b0¢
2 20.33¢ 7.330¢ 3.602¢
Clay soil 3 20.72¢ 6.50f 3.30>f
4 17.41¢ 5.00¢9 2,139
5 12,531 6.16°f 3.430¢
6 6.88mn 7.50° 2.930h
A 7 4.31°° 3.169" 2.20¢h
0 10.87i 2.839N 173
1 16.18ef 4.50¢" 2.73¢h
2 24.50? 2.50" 3.009
Silty soil 3 12.08! 2.669" 2.900h
4 14.25" 2.50" 2.800h
5 22.16" 1.50i 2.86N
6 11.411 0.00i 0.00i
7 14.50" 0.00i 0.00i
0 8.33m 6.66°f 2.30¢
1 16.50¢f 11.002 4.03%®
2 14.669" 7.165d 2.63¢"
Clay soil 3 21.00« 4.33fn 3.130f
4 15.68f" 2.66%9" 2.26%"
5 5.86M 4,834 3.46bc
6 0.504 0.00i 0.93i
B 7 0.504 0.00i 0.00i
0 9.35K 6.830¢ 3.330f
1 8.10m 3.009" 3.0009
2 12,501 3.009" 2.66¢h
Silty soil 3 9.55¢ 1.66i 4.832
4 10.15k 3.009" 2.76¢h
5 3.67P 0.83i 3.330f
6 11.551 1.00i 1.869M
7 0.004 0.00i 0.00i
LSD - 1.67 2.39 1.25
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* The averages of common letters in each column do not have a significant difference at the 5% level.
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Figure 1- The three-way effect of population, soil type, and seed bank depth on wild mustard seedling survival rate
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Table 3- Main effect of seed burial depth on wild mustard epicotyl length

Seed bank depth  Epicotyle length (cm)
5.2¢*

~No o b~ wWwNE O

5.2¢
7.82
6.5%
6.8%
7.32
6.5%
5.8

LSD (%)

1.2
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* The averages of common letters in each column do not have a significant difference at the 5% level.
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Introduction

Wheat (Triticum aestivum L.) is the most important winter cereal grown in Iran. Narrow-leaved, and broad-
leaved Weeds are the main factors reducing wheat production due to the competition for resources such as light,
nutrients, and soil moisture. Control of ryegrass (Lolium rigidum Gaudin.) faces many difficulties due to the
morphological and phylogeographic similarities In wheat fields. Selection of suitable herbicide is essential for
successful control of this weed. Currently, conventional herbicides that are applied post-emergence at tillering
stage of wheat are often unable to control ryegrass. Therefore, we studied the effect of pre-emergence herbicides
hncluding pyroxasulfone (WG 85%), metribuzin (WP 70%), and flumioxazin (WP 50%) were selected to
compare with Diflufenican 5% + Mesosulfuron methyl 0.75% + lodosulfuron methyl sodium 0.25% (Othello
(6% OD)) on ryegrass control in wheat yield.

Materials and Methods

In order to compare the efficacy of some pre-emergence herbicides with the Othello in control of ryegrass in
wheat, experiments with 10 treatments and 4 replications per treatment in a randomized complete block design
were conducted at two agricultural research fields including Gavdasht (Babol county) and Bayakola (Neka
County), at Mazandaran province of lIran in 2022-.2023 growing season The treatments were included
application of Pyroxasulfone 150 g ha, Pyroxasulfone 200 g ha', metribuzin 300 g ha, metribuzin 400 g ha,
metribuzin 500 g ha*, flumioxazin 100 g ha, and flumioxazin 150 g ha™, Pyroxasulfone 150 g ha™* + metribuzin
300 g ha?, Othello 1.6 L ha?, and weeding as control treatment. Density and biomass of ryegrass were
determined. Wheat density, grain yield, and biological yield were determined in both unsprayed and sprayed
sub-plots on the 9th (Gavdasht) and 11th (Baykola) of June 2023 which once grains were fully ripped. Before
analysis of variance, a test of normality on collected data using PROC UNIVARIATE in SAS software was
performed. To test the homogeneity of the data for both experimental sites, all data were subjected to the Bartlett
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test. Due to the none-uniformity between the data of two experimental sites and analysis of variance were
performed separately. Analysis of variance was performed using the PROC GLM procedure. Mean comparisons
were done using the LSD test at 1% probability levels.

Results and Discussion

The application of metribuzin 500 g ha, metribuzin 400 g ha*, and Flumioxazine 400 g ha had the lowest
wheat density at both Bayakola and Gavdasht stations. Application of this pre-emergence herbicide damaged to
wheat seed germination that caused reduction in wheat density. Treatment of pyroxasulfone 150 g ha? +
metribuzin 300 g ha* at both Baykola and Gavdasht stations, caused a 71.5 % and 78.8 % reduction in ryegrass
density, respectively, while having the highest wheat density. Moreover, a 76.9 and 80.2 percent reduction in
ryegrass biomass compared to the control, was observed by application of Pyroxasulfone 150 g ha™* + metribuzin
300 g hal. Wheat grain yield and change in grain yield both at Baykola and Gavdasht stations significantly
affected by treatments. Wheat grain yield at both Bayakola and Gavdasht at combined application of
Pyroxasulfone 150 g ha* + metribuzin 300 g ha* was maximum, which resulted in 40.4% and 38.3% compared
to the control sub-plot, respectively. Generally, both biological and grain yield at Gavdasht was lower than
Bayakola field due to the heavy rainfalls in October and November 2022 and also lower temperature. Heavy
rainfalls that followed the pre-emergence herbicide and cold temperature resulted in wheat seedling injuries and
decreased yield at Gavdasht station compared to the Baykola field.

Conclusion

Combined application of Pyroxasulfone 150 g ha* + metribuzin 300 g ha* increased wheat grain yield and
controlled rygrass successfully at both Baykola and Gavdasht stations without causing stress or adverse effects
on wheat seed germination and density. According to our results, application of pre-emergence herbicides with
proper combination of some other pre-emergence and/or post-emergence herbicides could appropriately declined
ryegrass density in wheat and reduces the likelihood of resistance to herbicides in the long run. Weather
conditions such as heavy rainfall and low temperature may occur during and after application of post-emergence
herbicide treatments should be considered to avoid injuries and increase crop safety. Further research is needed
to explore ways to avoid wheat injury occasionally caused by heavy rainfall and/or irrigation, also low
temperature, after pre-emergence herbicide application.
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Table 1- Soil physical and chemical properties at Baykola and Gavdasht research stations

Soil properties

Bayakola Gavdasht

Soil texture
Total nitrogen (%)

Available phosphorus (mg kg?)
Available potassium (mg kg?)

Organic carbon (%)

Electrical conductivity (dS m™)

pH

Silty-loam  Silty-loam

0.22 0.104
12.6 254
256 203
1.02 1.46
0.74 0.72
7.8 7.4
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Table 2- Analysis of variance of the effect of herbicides on wheat density, ryegrass density and density reduction, and ryegrass biomass and biomass reduction at Baykola
and Gavdasht research stations

SOV df Wheat density Ryegrass density Ryegrass density reduction Ryegrass biomass Ryegrass biomass reduction
e Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht
Block 3 140.4 17.26 17.1 6.46 133.6 84.9 22.6 181.1 15.8 39.27
Treatment 9 6165.1"  2037.4™ 96.4™ 291.3" 2523" 2395.5™ 358.5™ 897.8™ 2453.7" 2114.4™
Error 27 1712 95.1 2.8 5.28 22.74 20.17 15.1 20.25 38.8 19.04
CV (%) 55 5.5 16.7 14.1 10.1 8.2 222 16.6 20.1 7.8

o> S5 Jloss ! o 55 I ixe WS e
**: significant difference at 1%

o2 0355wt § 9 15155 Bl Mo 50 g a2 e WS 1,5 W WIS 3y, gl lowi Wil puSile Al Y Jgun
Table 3- Mean comparison of the effect of herbicides on wheat density, ryegrass density and density reduction, and ryegrass biomass and biomass reduction at Baykola
and Gavdasht research stations

Wheat density Wheat density Ryegrass density reduction Ryegrass biomass Ryegrass biomass reduction
Treatments (plant m?) (plant m?) (%) (gm?d (%)
Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht
Pyroxasulfone (150 g ha%) 254 be* 187 be 135 18.8°¢ 289¢ 449 ¢ 21.1°b 30.15bc 37.2¢ 49.3¢
Pyroxasulfone (200 g ha®) 264.2 ® 190.2 @ 12°b 1254 58.4¢ 63.149 14.0°¢ 26.3¢ 53.3d 56.4 4
Metribuzin (300 g ha't) 262.2 ® 197.7 % 142 230 29.1¢ 326f 25.6 ® 33b 27.9 ¢ 379"
Flumioxazin (150 g ha?) 214514 156.2 ¢f 120 2150 30.6¢ 40.9 ¢ 23.8P 3450 25.9°f 4177
Metribuzin (400 g ha'l) 181.2¢ 143.2 T 7.7¢ 13.84 56.7 ¢ 63.7 ¢ 146°¢ 22.3 % 54,74 62.4 ¢
Flumioxazin (100 g ha?) 240.7 ¢ 168.2 d 13,72 2752 25.6¢ 2749 30.12 4932 195f° 27.33h
Metribuzin (500 g ha't) 160.2 13759 7cd 113 65.1° 706°¢ 11.3« 15.7 ¢f 65.7 ¢ 72.3°¢
Pyroxasulfone (150 g ha™) + 2705% 198 54 8.0° 7150 78.8° 7.8¢ 133" 76.9° 80.2°
Metribuzin (300 g ha'*) ' ' ' ' ' ' ' '

Othello (1.6 L ha't) 238.2°¢ 175.7 < 1522 24,7 26.9¢ 2599 25.9® 4582 254fF 32.89"
Control (weeding) 2815 2042 0° of 1002 1002 0¢ 09 1002 1002

(LSD P> 0.01) sl oyl ixe SR 186 S yiio By G las b jlos 5 & boyyo (slo pSilio ¢y j> %
* In each column, means with the same letters are not significantly different at LSD P> 0.01.
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Table 4- Analysis of variance of the effect of herbicides on biological and grain yield, harvest index and biological and grain yield changes at Baykola and Gavdasht
research station

SOV df Biological yield Biological yield changes Grain yield Grain yield changes Haivest index
e Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht
Replication 3 228482.6 116635.0 0.6 454 115995.1 29115.8 17.4 72.1 2.4 13.9
Treatment 9 10365599.4™" 2255154 3.8 333.5™ 3770554.1 892073.1™ 313.5™ 454.8™ 68.2™ 88.4™
Error 27 267118.3 80105.2 0.6 11.3 56490.8 36035.1 9.59 34.9 7.8 20.7
CV (%) 4.9 5.5 18.4 20.9 6.2 9.8 135 20.5 7.8 12.2

**: significant difference at 1%
#: data exposed to radical transformation.
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Table 4- Mean comparison of the effect of herbicides on biological and grain yield, harvest index and biological and grain yield changes at Baykola and Gavdasht
research station

Biological yield Biological yield changes Grain yield L Harvest index
Treatments (k%] ha‘%; ’ (%A)) ) (kg hg'l) Grain yield changes (%) (%)

Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht Baykola Gavdasht

Pyroxasulfone (150 g ha®) 11373°% 5411.5 be 22.61 abc 12.35¢ 40795°¢ 2027 « 2244 23.6« 35.9bc 37.49 be
Pyroxasulfone (200 g ha®) 11659.6 @ 5754.8 @® 25.02 8 20.54 P 447630 2211.3 ¢ 28.3°¢ 32.4b 38.51® 38.65 ac
Metribuzin (300 g ha'l) 11373.5° 5686.8 @ 23.68 abc 18.47° 4110.3°¢ 2141.8 bed 2351 30 be 36.13 b 37.93 abe

Flumioxazin (150 g ha?) 10043.9°¢ 4897 ¢ 11.99¢ 0.87 ¢ 3345¢ 16725 ¢f 96f 13.1¢ 33.27°¢ 34.21°¢
Metribuzin (400 g ha't) 8240 4120°¢ -4.42 ¢ -13.68°¢ 2788.3f 1555.8 f -13.8°¢ -9.9f 33.88°¢ 37.84 abe
Flumioxazin (100 g ha?) 10287.4 ¢ 5018.7 < 14.71 < 4194 3680.8 % 1901.8 ¢ 145¢ 18.7 d 35.9bc 37.88 abe

Metribuzin (500 g ha't) 74149 ¢ 37074 F -17.98f -28.56 194459 959.8 9 -33.1h -37.19 26.45 ¢ 36.13¢
Pyroxasulfone (150 gha™) + 119077  5g364b 2504 2222  45045°  2307.3°  40.4° 428° 3877  4103%

Metribuzin (300 gha?)
Othello (1.6 L hat) 10555.7 ¢ 5152.8 «@ 17.6 bed 12.25¢ 3769.8 ¢ 1938.5 cde 17.7¢ 24.2 < 35.76 bc 37.5 abe
Control (weeding) 12439.18 6094.6 2 29.232 27.232 52433 2694.32 4514 48.4 @ 42.13% 44214

(LSD P> 0.01) sl oyl jixe SR 186 S yiio By G Blas b jlos j & boyyo (slo pSilio gy j> %
* In each column, means with the same letters are not significantly different at LSD P> 0.01.
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