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Introduction

The green peach aphid, Myzus persicae Sulzer, a cosmopolitan aphid species, is one of the most important
pests in Iran and worldwide, causing considerable damages through direct plant sap feeding and transmitting
many plant viruses. It is a highly polyphagous, feeding on more than 50 plant families, causing losses to agro-
industrial crops (including potato, sugar beet and tobacco), horticultural crops (including plants of Brassicaceae,
Solanaceae and Cucurbitaceae families) and stone fruits (peach, apricot, and cherry, among others). A number of
factors, such as its distribution, host range, mechanisms of plant damage, life cycle, capacity to disperse and
ability to evolve resistance to insecticides, have enhanced the status of this species as a pest. For example, the
life cycle is often anholocyclic meaning that it continues the parthenogenesis throughout the year, allowing
populations to increase rapidly under favorable conditions and quickly reach damaging numbers. Currently,
insecticide application is the primary and most effective option for controlling M. persicae. Indeed, since its
damage is of great economic importance in Iran, several insecticide applications are performed against this pest
during the cropping season. Biological characteristics, including short generation time and high reproductive
capacity, has made this pest as one of the potential pests to develop resistance to insecticides. As a consequence,
resistance to many insecticides has reported throughout the world. Globally, insect has shown high to extremely
high levels of resistance to a wide range of conventional insecticides. The best Strategy for postpone the
resistance evolution is to rotate Insecticides with different modes of action. Indeed, alternation of new mode of
action groups have the potential to reduce the intensity of selection for new resistance mechanisms. In order to
register new insecticides and diversify the insecticides basket, the present study was conducted to evaluate the
field efficacy of Afidopyropen (Ventigra®) (DC 10%) in comparison with malathion (EC 57%) and pirimicarb

@ @ Authors retain the copyright. This is an open access article distributed under Creative Commons Attribution
o 4.0 International License (CC BY 4.0)
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(WP 50%). Afidopyropen (IRAC 9D) is a novel pyropene insecticide, derived from the fungus Aspergillus
fumigatus, that inhibits the insect vanilloid-type transient receptor potential (TRPV) channels. It provides
systemic protection in plants due to its high translaminar activity. Afidopyropen interacts with chordotonal
stretch receptor neurons in various sap-feeding Hemiptera, which serve as mechanosensory functions by
detecting articulatory movements, and causes insect death via starvation and desiccation. Afidopyropen also
displays little risk to the environment and to humans. Afidopyropen has been registered for use on a broad range
of crops, such as cotton, soybeans, wheat, citrus, pome fruit, stone fruit, tree nuts, leafy and fruiting vegetables,
brassica, cucurbits, tuberous and corm vegetables as well as ornamental plants in many countries, such as USA,
India, China and Australia.

Materials and Methods

The field trial was conducted in a randomized complete block design with five treatments and three
replications in peach orchards of three provinces of Iran, Khorasan Razavi, Charmahal & Bakhtiyari and Qazvin,
in 2022. To do this, at 3, 7 and 14 days after treatment, the aphid counts per branch were recorded on five shoots
per tree, and efficay was calculated using the Henderson and Tilton's formula. The treatments consisted of
Afidopyropen (0.1 ml L), Afidopyropen (0.075 ml L), malathion (2 ml L), pirimicarb (0.5 ml L) and
control. Afidopyropen (DC 10%) was obtained from the representative of BASF Co., Ltd., Tehran, Iran. Other
insecticides were purchased from Golsam Gorgan Chemical Co.

Results and Discussion

The combined analysis of variance confirmed that interaction of treatment x place was not significant,
meaning that the experimental treatments had the same responses at different locations. Therefore, the data were
statistically analyzed based on this, without considering the locations. The results showed that in all days of post
treatment, Afidopyropen (0.1 ml L) had the highest efficacy (93-92%), whereas malathion showed the lowest
(79-86 %). The reduced dose of Afidopyropen (0.075 ml L), also exhibited good efficacy (%87) at all days of
post treatments and there was no significant statistical difference with Afidopyropen with 0.1 ml/L field rate.
Additionally, pirimicarb did not show significant statistical difference with malathion at all days of post
treatments.

Conclusion

In conclusion, our results showed that Afidopyropen exhibited acceptable efficacy against Myzus persicae,
required for registration in Iran. However, since the both Afidopyropen concentrations (0.075 and 0.1 ml L)
had the same efficiency and considering the low-input of pesticides to the environment and as the economic
view, it is recommended to use the application rate of 0.075 ml L against this pest.

Keywords: Chemical control, Evaluation, Field trial, New compound
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Table 1- Mean percentage of efficacy ( standard error) in different experimental treatments against the green peach aphid,

Myzus persicae Sulzer in different days after spraying
Days after treatment

Treatments  Concentrations (ml L) 3 +7 14
Afidopyropen 0.075 88.90+1.83 ab* 87.11+1.62ab 87.87+2.1ab
Afidopyropen 0.1 94.44+1.31 a 93.18+1.13a  93.13+1.26a

Malathion 2 86.50+2.60b  83.80+2.45b  79.42+1.63¢c
Pirimicarb 0.5 89.65+1.68ab 86.40+2.11ab 84.72+1.63 bc

sl dioyd gy Jlois] pdaw 55 )b xe M oniad ylis glite gy (ot ji 40
* Different letters in each column indicate a significant difference in the probability level of 0.05%,

dewgi gl (0l bty (yldiauiily oade 4 (Raunser, 2023
Gl 003 )31 JBIS Lz abais 45 la j3Se i b yiS g
09,5 cnl 3l 6% Mt sl JgSge 9yculil 9 3,05 3929 (TRPV)
; Spalthoff et al., 2023) s )L 40 3959 5 S J> jo
ool 390 Ll sy pgywgadl (Paschapur et al., 2025
01Se L3l (¢q, translaminar) (c39s job ot 5 Sotunp
55U 5 039 30 1S 255 5 oS s oy dnais i
T ol S dlSis) s ilisee ()l slagb b Lo 2
Horikoshi et ) se-i o 4y 5 Ag5 |, Kty 57 Loy o Lo
(al., 2023
S & e Sl gl Sl (imghs s bl
basgi (gasy psba cnlpls 5 95 0,95 5550 (2L sl
el ol jlome lasiSo in e &y 98 UL L lojl
IV cbale b opgywedl (Noorbakhsh, 2025) cul s 45lsl
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aS cowl ol Wge (Liu et al., 2023) s o S imgh gl
Ve s Jald g oIS slaazalS g9y 5 4B Ll )5 (g gl
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3- Inscalis®
4- Inveris®
5- Sefina®

6- Versys®

3 )

e Flales pbay ol ) Sladod duwie S5 50 S o Lo

Aspergillus  sba_ Aspergillus z,L5 ;| slassS la IS
Omura et ) b zlysciwl ¥ pgmcs b pbay slosle fumigatus
& JsSge 6yl (silosinge b b5 liixe e (al., 1993
GOt0 ) cuily (piS'o ptis Copold 45 Nidoaw) (pg g idl 0,50 o3lo
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claplas! ool s dtaly Hlaw o] 4 393 Sl aall g1y 13
943 (g bl Gl S50 g elual 3 (e (S
5 Osmgdsdl J5-B> Joas 0950 )5 (B (flye S o
oy ol 48 el ©ygo pl 4 Joge aw )3 (njg e
transient receptor sbas, JUK (g5lwJled 5o )b I La 38
—ae s w59, 4 S (potential vanilloid= TRPV
IS coles o o8 anslis 15l o)l j13 JUgienysS sbaplsl
Raisch & ) ai xnlgs o] Sye el opis Slo slacdlé

1- Kitasato
2- Pyripyropen
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Gill & ) cuslonis 5,155 Koyl 5l laillS guios o b
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&_JL m u,qu_, 9 Lmo)% $9) u;”gg.\a] Cuow &S Cuwl ui
(Ding etal., 2024) 54 31,5515 T0000) 51y (B. tabaci) L jues
Sl )3 a8 El ol sl 5o o Sy il S
3 9 95 o0 .)l_>o1 4\_».).:.3 Xy n_o_’%y 9 qu_:)l.))l.s 0I5 P gowuo
Bgd oo il o O 38, Cand | g (SiwyS 1 bl cigis
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Chen et al., ) cowl oai 5135 5o Hluw 5 «Cud SLS po
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o J olyis 4 b wen o Hippodamia convergens?

8- Diaphorina citri Kuwayama (Hemiptera: Liviidae)
9- Coleoptera: Coccinellidae

Aphis ) JLa 5 4ty b ade 59, V0 L5 e 50 50 (gl
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1- Pea aphid

2- The German cockroach, Blattella germanica

3- The American cockroaches, Periplaneta americana
4- The house fly, Musca domestica

5- The Colorado potato beetle, Leptinotarsa
decemlineata

6- The fruit fly, Drosophila melanogaster

7- Aedes aegypti
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1- Hemiptera: Heteroptera

2- Hymenoptera: Encyrtidae

3- The seven-spotted lady beetle, Coccinella
septempunctata Linnaeus (Coleoptera: Coccinellidae)
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Introduction

The wheat thrips, Haplothrips tritici (Kurdjumov) (Thysanoptera: Phlaeothripidae), is one of the most

common and damaging pests of winter and spring wheat, causing significant yield losses by feeding on leaves
and grains. This insect has a slender body, measuring approximately 1 to 1.5 mm in length, with a yellowish-
brown coloration. It typically inhabits the lower parts of the wheat stem. Both adults and nymphs feed by
sucking sap from the young tissues of the wheat plant. The life cycle of the wheat thrips is usually 2 to 3 weeks,
and under favorable conditions, its population can increase rapidly.

Materials and Methods

This study was conducted to evaluate the effect of wheat thrips on important agronomic traits of 16 spring
bread wheat genotypes suitable for warm-temperate regions in Khorramabad, Lorestan Province, Iran. The field
experiment was carried out at the Sarabe Changai Research Station during the 2018 and 2019 growing seasons
using a randomized complete block design (RCBD) with three replications in 2018 and four replications in 2019.
Thrips population density (nymphs and adults) was monitored at 10-day intervals by randomly collecting five
spikes from each plot and transferring them to the laboratory for counting. At harvest, agronomic indices
including grain yield (kg ha™), 1000-grain weight (g), spike length (cm), awn length (cm), number of grains per
spike, grain weight per spike (g), number of spikelets per spike, and plant height (cm) were measured for each
genotype. Analysis of variance (ANOVA) and mean comparisons (Tukey’s HSD test, P < 0.05) were performed
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using SAS 9.1.

Results and Discussion

The results showed significant differences among genotypes in thrips population density and vyield
performance. In 2018, genotypes 10, 13, 15, 16, and 5 had the highest thrips densities, while genotype 9 had the
lowest. Genotype 5 exhibited the lowest grain yield (2883.5 kg ha™') and shortest spike length (8.9 cm),
identifying it as the most susceptible. In contrast, genotype 15 (KACHU), despite having a high thrips population
(the highest in both years), showed the highest grain yield (4364.0 kg ha™), longest spike length (10.3 c¢m), and
high spike number, indicating strong tolerance to wheat thrips. In 2019, due to increased rainfall and lower
average temperatures, thrips populations decreased significantly compared to 2018. Genotype 3 had the highest
grain yield (1472.5 kg ha™) and thousand-grain weight (40.0 g) in 2019, while genotype 4 had the lowest yield
(1028.8 kg ha™"). Notably, genotypes 10 and 15 consistently hosted the highest thrips densities across both years
while maintaining relatively high yields, suggesting inherent resistance or tolerance to H. tritici. The two-year
combined ANOVA revealed significant effects of year, genotype, and their interaction on most agronomic traits
except plant height and thousand-grain weight. Morphological traits, particularly spike length and awn length,
appear to influence thrips attraction; genotype 15, with the longest spikes and awns, consistently supported high
thrips populations yet remained high-yielding.

Conclusions

In conclusion, although wheat thrips is not currently considered a major pest, climate change and global
warming may elevate its economic importance. Therefore, the use of tolerant genotypes such as KACHU
(genotype 15) is recommended as an effective, environmentally friendly component of integrated pest
management (IPM) strategies for wheat production in warm-temperate regions of Iran.

Keywords: Host plant resistance, IPM, Haplothrips tritici, Spring wheat, Wheat cultivars, Wheat thrips
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Table 1- Temperate and hot genotypes cultivated in Sarab Changaee Agricultural Research Station of Khorramabad

Genotypes Name/pedigree

1 AFTAB

2 BABAX/LR42//BABAX*2/3/[KUKUNA/4/BACEU #1/5/BECARDCMSS07Y00885T-099TOPM-099Y-099M-
099Y-10M-0RGY
BABAX/LR42//BABAX*2/3/[KUKUNA/4/CROSBILL #1/5/BECARDCMSS 0701006 T- 099TOPM-099Y-099M-
099NJ-099NJ-7RGY-0B

4 BABAX/LR42//[BABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARD
BLOUK #1/5/FRET2*2/4/SNI/TRAP#1/3/ KAUZ*2/ TRAP//KAUZCMSS06B01047T-099TOPY-099Y-11M-0Y-
5B-0Y

6 KIRITATI//PRL/2*PASTOR/5/0ASIS/ISKAUZ//4*BCN/3/PASTOR/4/KAUZ*2/Y ACO//IKAUZ/6/KIRITATI//PRL/
2*PASTORCMSS07Y00718T-099TOPM-099Y-099M-099Y-22M-0RGY

7 BAJ #1/3/KIRITATI/ATTILA*2/PASTOR CMSS07Y 00288S-0B-099Y-099M-099NJ-099NJ-10WGY-0B

8 WBLL1*2/VIVITSI//MESIA/3/KIRITATI/WBLL1CMSS07Y00841T-099TOPM-099Y-099M-099Y-12M-0WGY

9 SUP152/BAJ #1CMSS08Y00185S-099Y-099M-099NJ-099NJ-28WGY-0B

10 MUNAL*2/WESTONIACMSS08Y00871T-099TOPM-099Y-099M-099NJ-099NJ-66WGY-0B

11 CHEWINK #1/MUTUSCMSS08Y00485S-099Y-099M-099Y-5M-0WGY

12 MUNAL*2/WESTONIACMSS08Y00833T-099TOPM-099Y-099M-099NJ-099NJ-8WGY-0B

13 BABAX/LR42//[BABAX*2/3/PAVON 7S3, +LR47/4/ND643/2*WBLL1 /5/BABAX /LR42// BABAX*2/3/PAVON
7S3, +LR47CMSS08B00634T-099TOPY-099M-099NJ-099NJ-24WGY-0B

14 QUAIU #1/5/KIRITATI/4/2*SERI.1B*2/3/ KAUZ*2/ BOW//KAUZ/6/ BECARD CMSS08B00645T-099TOPY -
099M-099NJ-099NJ-6WGY-0B

15 KACHU/BECARD//WBLL1*2/BRAMBLINGCMSS07B00580T-099TOPY-099M-099NJ-099NJ-10WGY-0B

16 KIRITATI/2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERICMSS0

8B00732T-099TOPY-099M-099Y-6M-0WGY
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Table 2- Analysis of variance for important agronomic indexs of 16 dry spring wheat genotypes in Khorramabad temperate
region in 2018

Mean of squares

Number of Grain Number

S.0.V df Yield lOOO-_grain Spike Awn grainper  weight per of Plant
weight length length spike spike Spikelet height

Block 2 21674.4™ 0.19™ 0.34" 0.64" 70.40™ 0.16™ 1.08™ 136.3"
Treatment 15 856453.1** 21.93™ 1.78™ 0.95™ 99.61™ 0.21™ 4.82™ 92.1™
Error 26 144589.2 5.90 0.42 0.19 23.88 0.051 0.82 14.56
CcVv 9.98 9.99 5.69 6.56 7.26 9.17 9.44 5.12 4.64

**: significant at 1%; *: significant at 5%; ns: non-significant
5 ime BMB] oy NS ¢ 70 gehaws )3 o me BMB] 1t A1) gedam)d I sime WS e
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Table 3- Analysis of variance for important agronomic indexes of 16 dry spring wheat genotypes in Khorramabad temperate
region in 2019
Mean of squares

S.0.v df Yield é?glon Spike Awn '\éli;?gege?f Weci;gﬁtl?)er Number of Plant
weight length length spike spike spikelet height
Block 3 20628.8™ 3.17m 1.62" 0.37m 25.65™ 0.07m 12.46™ 77.72m
Treatment 15 54679.3" 24.2" 1.3" 0.44m 102.9™ 0.18™ 4.82" 181.20™
Error 36 22122.8 10.65 0.40 0.25 18.77 0.05 1.73 29.47
cVv 11.94 11.95 8.81 7.93 9.22 11.83 16.01 8.02 6.51

**: significant at 1%; *: significant at 5%; ns: non-significant.
5o BMB] oy NS ¢ 70 gehaws )3 o me BMB] 1t /oY) gedam)d I sime WS e
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Table 4- Analysis of variance two-year composite for important agronomic indicators of 16 dry spring wheat genotypes in

Khorramabad
Mean Squares
Grain
Source Df . Thous? nd- Spike Awn Numbfer weight Number Plant
Yield grain of grain .
. Length  length . per . Height
weight per spike spike Spikelet

Year 1 150895637  788.40™ 89.70™ 11.007 7027.00" 28417 39407  35.04™
Error Year 5 21891 1.98 1.11 0.48™ 43.55 0.11 7917 101.107
Number 15 5019297 32.34™ 2,147 0.897  110.807 0.22” 6.067 226327
TreatmentxYear 15 552718" 13.64" 0.92° 0.54™ 95.82" 0.18" 3.837 34.22m

Error Residual 62 73479.7 8.49 0.41 0.22 21.10 0.05 2351

Coefficient of Variation 11.37 11.37 7.34 7.21 8.25 10.35 12.05 6.87 5.86

**: significant at 1%; *: significant at 5%; ns: non-significant.
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Table 5- Comparison of mean (+SE) important agronomic indicators of 16 temperate rainfed spring wheat genotypes in
Khorramabad region in 2018

No. of Vield Thous.and Spike Awn Numb.er (.}ram Number Plant
oenotypes e -grain Length length of grain we1ght per -of Height
weight (g) (cm) (em) per spike  spike @ Spikelet (em)
1 4525.04335.0° 441517600 102502330 6,6:0.176" 44.340.667" 2140109 17.740.333% 7434233
2 2031.05324.0° 4231580 10.0x0291% 5520208 56020577 2.5:0,074% 1870333 80.7+2.85"
3 3536.34146.00 44722800 9.6:0306™7  63£0.100%  49.7+0.667" 2.40.125% 18.0£1.000%  86.3+2.40°
4 372232921 4531 680 10.6£0.463° 7.10.153 47,743 760 2.340.129" 18340333 98.3+333¢
5 28835530 43020548 8.9:0.418% 58402030 483+0.882° 2.240.009" 17.740.333%  §4.343 48"
6 3677.7£178,0 42.0+0.548% 8,540,451 61204160 47.3£2.730% 2.120.152% 16.3£0.333" 73.021.53
7 37390820700 423222800 1012058100 6140351 523:4 10 2.540,281% 163£0.667  §2.3+1.45™
8 3494.3:86.8° 43.00.548" 830,173 5.740,145% 43.722.730° 2.00.143° 15740333 82.7:2.73
9 4077712400 41320317 10.0£0.153%0 63:0376%  57.0+3.060° 2,540,130 18340333 83.0+1.73%¢
10 405531300 39.7:0317%  10.120.219% 4.9:0346° 58.744 670° 2.5+0.198% 17.740.667%  §1.741.20%¢
1 4219.7+149.0* 44751580 9.3:0.484% 5.540.260° 57.0£2.520%¢ 270,091 163+0.667  80.7+2.96™
12 4311.3£178.0° 36.71.140° 10.10.4937%<! 5.440.318 59.743.930° 2.320.101% 20.0:0.000° 79.742.67%
13 3558.0+423 0 4131140 10.820.120° 6,120,247 61.3+0.882* 2,740,104 20.0+1,000* 85.744.70
14 4372.0:260.0° 49.0:0.754 101201760 5610265 57.0:2.310° 3.0:0.112° 17340333 803145
15 4364.02380.0° 41320317 103+0.569™  6.140306™  53.0£3.460° 230177 1630333%  80.3:2.67"
16 3550.06409.0°  42.0:1.450™ 109+0.318* 6.8+0.208° 59.3+4.910° 2.6:0.200% 17740333 §1.3+6.03%¢

Note: different letters in each column indicate significant difference between treatments by Tukey’s test at P < 0.05.
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Table 6- Mean comparison (+SE) of important agronomic indexes of 16 dry spring wheat genotypes in Khorramabad
temperate region in 2019

No. of Yield 1000-grain Spike Awn N““?ber of (_Sraln Number of Pl_ant
genotypes (kg hd) weight (g) length length grain per wel_ght per spikelet height
(cm) (cm) spike spike (g) (cm)
1 1333.3£238°  37.0+3.66®  8.0+0.622* 5.4+0.247°  29.5+1.36% 1.1+0.102 14.3+0.629°  79.8+4.09%
2 1420.0+£319%® 4274293 8.3+0.497%  4.6+0.272*  37.5+3.11% 1.3+0.158%  16,0+0.913%  83.3+2.66™
3 1472.5+208° 40.0+1.23%  8.3+0.305®° 55+0.178°  39.3+2.23%* 1,740,127 16.8+1.03%¢ 89.0+2.80°
4 1028.8+102° 40.3+2.30®  8.6+0.471*° 58+0.383%  37.0+3.57° 1.60.074% 18.3+1.25®  104.842.02%
5 1291.3+56.0®°  36.8+1.13® 7.0£0.441°  52+0.421°  32.7+2.96> 1.08+0.088¢ 15.5+0.645™  83.3+3.84™
6 1203.3+170®  35.0+1.77®  7.4#0.332* 53+0.225°  37.0+2.18 1.2+0.061° 16.8+1.18%  81.8+1.34>
7 1086.7+293®  39.8+0.612%  7.8+0.561*°  5.3+0.391% 25.7+1.99¢ 1.1+0.088 15.0£0.707®  81.5+4.29™
8 1160.0£325®  36.3+2.52®  8.4+0.670* 58+0.357*  40.7+2.50%° 1.3+0.114% 16.0£1.41%  82.5+1.68>
9 1176.3+75.3®  350+1.28® 7.3+0.263°  5.3+0.186°  35.0+3.84> 1.3+0.164%  16.5+0.645%°  82.5+4.32%
10 1210.0¢165®  32.3x0.802°  8.1+0.555%° 5.2+0.306*°  37.8+3.15% 1.2+0.109* 16.8+0.750*  73.3+4.00°
11 1363.3+324®  35.8+1.22% 7.3+0.302°  5.3+0.217°  37.5+1.45% 1.4+0,07% 16.3+0.250*  86.0+0.405™
12 1161.7+318®  36.3+3.41%® 7.3+0.913°  57+0.447°  355+157% 1.2+0.156 17.3+0.854  77.3+1.86
13 1135.04244°  34.7+4.33°  7.9+0.447%° 4.7+0.304*  29.0+4.22% 1.120.094%¢ 16.8+0.250*  80.3+2.16>
14 1365.0£69.6  38.5+1.59®  7.9+0.373%° 53+0.398°  39.3+2.50%* 1.4+0.128% 15.3+0.250™  80.0+1.38™
15 1287.5+104®  37.8+2.13%® 9.3+0.503*  6.0+0.448° 49.3+4.86° 1.9+0.208° 17.5+0.645%¢  84.8+3.22
16 1191.3+71.8®°  34.742.41®  9.1+0.875° 53+0.229°  44.06.32® 1.67+0.277%¢ 19.0+1.50°  83.3+0.687"

Note: different letters in each column indicate significant difference between treatments by Tukey’s test at P < 0.05.
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Table 7- Analysis of variance for Haplothrips tritici (nymph and adult)
population density on 16 dry spring wheat genotypes in Khorramabad

temperate region in 2018 and 2019

Mean of squares

S.0.V df 2017 2018
Block 2 0.03  0.23"
Treatment (T) 15 013" 0.14™
Error of treatment 30 0.04 0.09
Date of sampling (D) 5 318" 342"
TxD 75  0.09™ 0.08"
Error of date 10 0.03 0.05
Error 128 0.03 0.05
CcVv 15.04 44.23

**: significant at 1%; *: significant at 5%; ns: non-significant.
5 ime B! oy NS ¢ 70 gehaws )3 o me BMB] 1 /oY) gedam)d I sime WS e
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Figure 1- Mean population density of Haplothrips tritici on 16 dry wheat genotypes in Khorramabad temperate region in 2018

and 2019
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Introduction

The elm trees (Ulmus spp.) hold significant ecological, aesthetic, and economic importance in urban
landscapes and natural forests. Renowned for their broad, dense canopies, elm trees contribute substantially to
improving air quality, providing shade, and enhancing the visual appeal of green spaces. Beyond their
ornamental value, elm wood is durable and semi-hard, comparable to beech and walnut, and is used in furniture
making, veneer production, shipbuilding, and automotive manufacturing. Moreover, urban elm populations
support biodiversity by providing habitat and food for various insects and birds. However, elm trees are
subjected to biotic stresses, among which the elm leaf beetle, Xanthogaleruca luteola (Miller) (Coleoptera:
Chrysomelidae), is a primary pest causing extensive defoliation and weakening of trees. The elm leaf beetle is an
important pest of elm trees, causing significant damage by feeding on leaves, which reduces photosynthesis and
weakens the trees. Given the impact of elm trees on urban green spaces, their role in reducing citizen stress, and
their functions in air softening and shade provision, necessary measures should be taken to preserve them. This
study investigated the infestation level of elm trees and the impact of environmental factors on the pest
population in Kermanshah city, Iran.

Materials and Methods

Sampling of different life stages (eggs, larvae, and adults) was conducted every three days on 30 selected elm
trees across 13 urban areas from March to December 2023. Population fluctuations were analyzed in relation to
temperature and relative humidity. Spatial distribution patterns were determined using Taylor's power law and
Iwao's regression methods.

Results and Discussion

The results showed that X. luteola has three distinct generations during the growing season under the climatic
conditions of Kermanshah. Peak adult populations for each generation were observed on May 16 (2.67+0.30),
July 3 (3.00+0.52), and August 28 (2.77+0.31). Temperature had a direct and significant positive effect only on
egg population, while humidity had a non-significant negative effect on egg and adult populations. The spatial
distribution pattern was characterized using Taylor's power law and Iwao's index. Based on comparison of
coefficients of determination (R2), Taylor's model provided a better fit to the data, and the spatial distribution
was random for eggs, first-instar larvae, second-instar larvae, and adults, but aggregated for third-instar larvae.
The three distinct population peaks observed across different life stages confirm that temperature variations
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significantly impact population growth, especially during the egg-laying stage. The determination of precise
peak population timing for different life stages across three generations provides valuable information for
implementing timely and targeted control measures in integrated pest management (IPM) programs.

Conclusion

The results of this study emphasize the critical importance of monitoring the population of the elm leaf beetle
for effective pest management and help determine the optimal timing for implementing control measures. This
study, through examining population fluctuations and environmental factors affecting different life stages of the
elm leaf beetle in Kermanshah city, highlights the essential need for a comprehensive understanding of this
pest’s population dynamics. Identifying distinct population peaks in each life stage offers valuable opportunities
for precise and timely pest control interventions. This detailed bio-ecological knowledge is crucial for
developing effective IPM programs aimed at reducing pesticide usage, minimizing economic losses, and
enhancing the health and sustainability of urban green spaces. Ultimately, the success of sustainably managing
this pest depends on continuous, precise population monitoring and the thorough analysis of influential
environmental factors.

Keywords: Humidity, Population fluctuation, Sampling, Spatial distribution, Temperature
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Table 1- Geographical coordinates and characteristics of sampling locations in Kermanshah city

Region name Geographic coordinate
Ferdowsi Square, City Park (Azadegan) N3796590.6, E687659.6
Lashgar N3797079.2, E689828.8
Kianshahr N3797058.7, E689746.4
Elahiyeh N3804670.5, E691011.2
Tawon N3804201.4, E690733.9
Pardis N3797388.2, E687849.2
Taghbostan N3808453.8, E695346.3
Kuhistan Park N3807029.1, E695347.3
Golestan N3801651.6, E689090.6*
Ershad N3802226.1, E690998.4
Zafar Blvd. N3803010.6, E690771.1
Anahita N3807605.7, E691638.7
Sajjad Blvd. N3798033.5, E685113.3
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Figure 1- Population fluctuation of different life stages of elm leaf beetle, Xanthogaleruca luteola, across various

months in 2023
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Table 2- Multiple regression analysis of population fluctuations of elm leaf beetle, Xanthogaleruca luteola, in relation to
average daily temperature and humidity

. Relative humidity Temperature Regression
Life stage — —

Coefficient Pualue Coefficient Puatue r Pualue
Egg 0.013 + 0.060 0.825 0.414 +0.135 0.003 0.452 0.001
Larva 1 -0.004 + 0.061 0.944 0.212 +0.138 0.131 0.265 0.104
Larva 2 -0.005 + 0.055 0.925 0.193+0.123 0.121 0.274 0.089
Larva 3 -0.023 + 0.041 0.581 0.028 + 0.093 0.761 0.137 0.555
Adult -0.012 + 0.010 0.209 0.023 £ 0.022 0.295 0.35 0.018
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Table 3- Taylor's power law regression analysis for spatial distribution patterns of elm leaf beetle life stages

Life stage (C(!:f]igieanrg?n[t)etrfalsggh) (CcnfidereeiiftE’val 95%) (::b'a; t (df) R? Pue  Spatial distribution
Egg 0.840+0,103 0.919+0.103 2004 0786(58) 0583 0.000%* Random
Larvael 0.6180.096 1005£0.109 5029 0.055(38) 0701 0.000** Random
Larvae2 0.764:0.090 08%4:0.104 5087 1.403(34) 0679 0.000%* Random
Larvae3 0.479+0.041 1163:0.053 2052 3075(29) 0946 0.000%* Cumulative
Adult -0.0020.034 09430076 5001 0.750(61) 0717 0.000%* Random
Total immature stages o 0s00 118740083 ;003 2.947(49) 0843 0000 Cumulative
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Table 4- Twao’s patchiness regression analysis for spatial distribution patterns of elm leaf beetle life stages

Life stage o e Godennaisso % (@) R® Paw  Spatial distribution
Egg forseldaa 088420122 5004 0950(s8) 0.480 0.000%* Random
Larvael 499610063 0.91520.012 020 0680(38) 0.824 0.000%* Random
Larvae? 4802:0803  0.86420.092 o087 1.770(34) 0739 0.000%* Random
Larvae3 28040427 1.02120.006 5050 0402(29) 0.868 0.000%* Random
Adult 0.202£0.186  0.988:0.113 5001 0106(61) 0562 0.000%* Random

Total immature stages 42?;‘&? 4?6?3 1'883271;96852 2.023 0.437 (49) 0.954 0.000** Random
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Figure 2- Relationship between the optimal sample size and the average population density of all life stages of the
elm leaf beetle using the Taylor regression method in 2023
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Figure 3- Relationship between the optimum sample size and the average population density of all life stages of the elm leaf
beetle using the Iwao regression method in 2023
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Introduction

Throughout the course of evolution, plants have developed remarkably sophisticated biological mechanisms
that enable them to respond dynamically and effectively to a wide array of environmental and biotic stressors.
Among the most formidable challenges plants face are infections by pathogenic agents, particularly viruses and
viroids, which pose significant threats to plant health, productivity, and agricultural sustainability worldwide.
Despite fundamental differences in their structure and mode of action, both viruses and viroids profoundly
disrupt host physiological and molecular processes, leading to detrimental impacts on plant growth and defense
systems.

Materials and Methods

This review synthesizes current knowledge on the complex interactions among viruses, viroids, and their
plant hosts, focusing on the molecular crosstalk that governs secondary metabolite biosynthesis and
phytohormonal regulation during infection. The information presented herein was compiled through a systematic
review and analysis of relevant scientific literature, focusing on recent advancements and foundational studies in
plant-pathogen interactions, molecular biology, and biochemistry. The goal was to provide a comprehensive
overview of the defense mechanisms plants employ against viral and viroid infections.

Results and Discussion

Plant viruses, as obligate intracellular parasites, invade host cells and hijack cellular machinery to facilitate
their replication and spread. This intrusion perturbs the host’s metabolic networks, altering the expression of
genes involved in the biosynthesis of secondary metabolites such as alkaloids, terpenoids, and
phenylpropanoids—compounds integral to plant defense. These metabolites not only serve as direct
antimicrobial agents but also act as crucial modulators of signaling pathways that orchestrate defense responses
and maintain cellular homeostasis. Moreover, viruses target and manipulate key plant hormonal signaling
pathways involving salicylic acid, ethylene, abscisic acid, and methyl jasmonate. These phytohormones function
as key regulators that modulate the delicate balance between growth and defense. Disruption of their signaling
cascades manifests in a spectrum of pathological symptoms including stunted growth, chlorosis, necrosis,
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wilting, and characteristic mosaic leaf patterns, all of which reflect the profound physiological stress inflicted by
viral invasion. In contrast, viroids—small, circular, non-coding RNA molecules—Ilack the capacity to encode
proteins yet exert their pathogenicity through more subtle, yet no less consequential, mechanisms. By interfering
with host gene expression and regulatory networks, viroids indirectly modulate the biosynthesis of defense-
related metabolites and hormonal pathways. Although the mechanistic nuances of viroid pathogenicity differ
from those of viruses, the resultant physiological disruptions and yield losses underscore their significance as
persistent plant pathogens. Viroids—small, circular, non-coding RNAs—exert pathogenic effects through subtler
mechanisms. Recent studies demonstrate that viroid infections can alter the transcriptional regulation of key
biosynthetic genes involved in the production phenylpropanoids (including flavonoids and other phenolic
compounds) and alkaloids—secondary metabolites that contribute significantly to structural defense, oxidative
stress mitigation, and pathogen inhibition. These effects are often mediated through complex epigenetic
mechanisms or RNA-based gene silencing pathways, leading to changes in enzymatic activity such as
phenylalanine ammonia-lyase (PAL), chalcone synthase (CHS), and other enzymes central to the
phenylpropanoid and alkaloid biosynthetic routes. Such metabolic shifts not only influence the plant’s basal
immunity but also fine-tune the dynamic equilibrium between stress tolerance and physiological performance.
Central to plant immunity are phytohormones, which play multifaceted roles in modulating immune responses.
Notably, gibberellins and brassinosteroids exhibit dualistic functions, influencing both growth modulation and
host susceptibility or resistance, whereas salicylic acid and jasmonates predominantly act as defense inducers,
activating complex immune signaling networks. Ethylene’s role is more context-dependent; it may either
amplify or attenuate defense responses contingent upon the specific virus involved and the physiological state of
the host plant. Recent advances have illuminated the crucial involvement of certain phytohormones—such as
salicylic acid, jasmonates, and brassinosteroids—in counteracting viroid infections. These hormones enhance
host defenses by triggering signal transduction pathways that activate defense gene expression, thereby
strengthening resistance mechanisms. This emerging evidence highlights the intricate and multilayered nature of
plant immunity, underscoring the importance of hormonal regulation in maintaining a balanced and effective
defense system. A hallmark of the plant’s antiviral defense is the induction of ethylene biosynthesis and
activation of salicylic acid-dependent signaling pathways, culminating in systemic acquired resistance (SAR).
SAR represents a long-lasting, broad-spectrum immune response that restricts pathogen proliferation beyond the
initial infection site, thereby bolstering systemic immunity and fortifying plant resilience against secondary
infections. Complementing these hormonal defenses, secondary metabolites serve as a critical line of defense,
executing antiviral functions through diverse mechanisms including inhibition of viral replication, suppression of
viral protein activity, and mitigation of oxidative damage.

Conclusions

The synergistic interplay between hormonal signaling and secondary metabolite production constitutes a
cohesive and robust molecular defense network, the comprehensive understanding of which holds tremendous
potential for the development of innovative strategies in plant disease management. This review synthesizes
current knowledge on the complex interactions among viruses, viroids, and their plant hosts, focusing on the
molecular crosstalk that governs secondary metabolite biosynthesis and phytohormonal regulation during
infection. By elucidating these sophisticated regulatory networks, this work offers valuable insights and practical
perspectives for leveraging this understanding in plant breeding programs and sustainable agriculture. The
ultimate goal is to enhance crop resistance, improve yield stability, and contribute meaningfully to global food
security in the face of escalating biotic stresses.

Keywords: Phytohormones, Plant defense response, Secondary metabolites, Viral and viroid agents
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Figure 1- (A) A schematic representation of the biosynthesis of secondary metabolites, in which precursors (substrates) are converted
into final products through the action of specific biosynthetic enzymes. (B) Major biosynthetic pathways and their corresponding
precursors involved in the formation of key classes of secondary metabolites. These pathways are primarily derived from primary
metabolites, including amino acids, carbohydrates, and lipids. The figure is adapted and modified from Ferdes (2018). Shikimic
acid functions as a central intermediate in amino acid metabolism, while acetyl-CoA contributes to the biosynthesis of terpenes,

flavonoids, and certain organic acids, forming a distinct group of secondary metabolites.
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Table 1. Secondary metabolites affected by plant interactions with viruses and viroids

Virus species Host Secondary metabolites/metabolism References
Caulimovirus Arabidopsis - Callaway et al.,
tessellobrassicae thaliana Camalexin 1996
. Passiflora :
Cucumovirus CMV edulis Polyphenols, flavonoids (Lan et al., 2020)
Flavonol derivatives (myricetin, kaempferol, and quercetin) (Montero et al
Ampelovirus trivitis Vitis vinifera and hydroxycinnamic acids, including those based on caffeic 2016) o
acid
Pathways involved in flavonoid and anthocyanin
biosynthesis—including malvidin-3-O-glucoside, petunidin-3- (Blanco-Ulate
Grablovirus vitis Vitis vinifera O-glucoside, delphinidin-3-O-glucoside, pelargonidin-3-O- etal., 2017)
glucoside, and cyanidin-3-O-glucoside—along with "
phenylpropanoid and isoflavonoid metabolism
Co-infection of Carlavirus (Pethybridge
latenshumuli and Humulus . . S et al., 2002;
Carlavirus humuli lupulus Polyphenols, a- and B-bitter acids, essential oils Jelinek et al .
2012)
. : : Solanum : I : Kogovsek
Potyvirus yituberosi tuberosum Glycolysis, TCA cycle, oxidative phosphorylation etal 2016
llarvirus PNRSV— Humulus (;e;?yggggg
PNRSV-A and PNRSV-I a- and B-bitter acids, polyphenols, essential oils ban ’
. lupulus Jelinek et al.,
strains
2012)
- - S-adenosyl-L-methionine (SAM), SAM metabolism and (Zhao
Phytoreovirus alphaoryzae Oryza sativa ethylene biosynthesis etal. 2017)
Potyvirus croci Crocus sativus Picrocrocin, safranal, crocetin, kaempferols, and esters (Parlzzgijggt al.
Potyvirus sacchari Zea mays Glycolytic intermediates, malate, mMROS (Jlaznogzg'; al.
. Passiflora (Chen et al.,
Potyvirus telosmae edulis Phenols 2018)
: : Nicotiana : . - . (Chong etal,
Tobamovirus tabaci Scopoletin and its glycosylated derivative, scopolin 2002; Costet
tabacum
et al., 2002)
- - Nicotiana L (Sharma et al.
Tombusvirus lycopersici benthamiana Sterols, Phospholipids 2010; 2011)

: : Arabidopsis : Dempsey et al.,
Betacarmovirus brassicae thaliana Camalexin 1097
Cucurbit chlorotic yellows : : TR : : (zhang

Virus*® Cucumis sativus Flavonoids, lipids, amino acids etal., 2022)
. . Papaver . . . . .
Umbravirus papaveri somniferum var. Thebaine, mgg%rélir:]% ﬁélllr(g(l)ct)ilrc]is-papaverlne, (Zz?)lﬂae't g)l
Sampada ' ’
Avsunviroid Persea - . M : (Vallejo-Pérez et
albamaculaperseae americana Lipid metabolism, ripening-associated pathways al., 2015)
Malus Isoflavonoids, Phenylpropanoids, Carbohydrate and amino
Apscaviroid cicatricimali domestica acid metabolism (L-2-aminobutyric acid, 6"-O- (Li et al., 2023)
malonyldaidzin, D-xylose, Coumarin)
. - Dendrobium : : s -
Apscaviroid dendrobii officinale Flavonoids, Alkaloids, Phenolic acids (Li et al., 2022)
. . Humulus . . S (Patzak et al.,
Cocadviroid latenshumuli lupulus Alpha-bitter acids, xanthohumol, essential oils (terpenes) 2021)
Co-infection of 5
Cocadviroid rimocitri and ']'STHLUSS Flavonoids, phenolic acids, and terpenoids (Stajzn(f{ge)t al.,
Cocadviroid latenshumuli P
Xanthohumol (chalcone), echinocystic acid (triterpenoid),
hlorogenic acid, rosmarinic acid (phenolic acids), indole-3-
L : - Solanum ¢ : : - : : : (Tang et al.,
Pospiviroid fusituberis lycopersicum carbinol (indole alkaloid), porphyrins, steroidal alkaloids, 2024)

tryptophan derivatives, flavonoid glycosides (kaempferol
derivatives)

ol 0035 (S (B gy sl Jalli €403) ICTV bawgs j50 g9 0l pU°
*The species name of this virus has not yet been assigned by ICTV
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Introduction.

Phalaris minor Retz., commonly known as little seed canary grass, is one of the most troublesome and
competitive weeds in wheat fields. Due to morphological similarities and growth requirements with wheat, the
yield reduction of this crop is reported to be between 28 and 95 percent. Furthermore, the resistance of P. minor
to herbicides that inhibit PSII, ACCase, and ALS has been documented in Iran as well as in other nations, with
research results suggesting that this issue is proliferating swiftly. Therefore, understanding the biology and
emergence patterns of P. minor is crucial for designing effective integrated weed management strategies. The
use of predictive models of seedling emergence is essential for successful management and for reducing the
population of resistant biotypes. These models allow farmers and agronomists to anticipate periods of high weed
emergence and optimize the timing of cultural, mechanical, and chemical control practices. A precise
understanding of plant developmental responses to temperature is a prerequisite for developing accurate models
to estimate emergence timing under variable environmental conditions. Despite its significance, data concerning
the cardinal temperatures for seedling emergence of various Phalaris ecotypes (Phalaris spp.) remains
insufficient, thereby restricting the effective application of predictive models under field conditions.

Materials and Methods

This study was conducted to investigate and quantify the response of four Phalaris ecotypes (Gorgan,
Kordkuy, Ziarat, and Kalaleh) to temperature, and to estimate their cardinal temperatures using appropriate
mathematical functions. The experiment was carried out across 12 sowing dates (from December 2023 to
November 2024, one sowing date per month) in a randomized complete block design (RCBD) with three
replications under non-limiting water and nutrient conditions at the Agricultural Sciences and Natural Resources
University of Gorgan. Prior to the experiment, all weeds from the experimental site and its surroundings were
completely removed to minimize competition. The soil was then manually tilled with a shovel (surface tillage)
and mixed with farmyard manure to provide a soft and suitable seedbed that facilitates uniform seed-soil contact.
Before each sowing date, seeds were subjected to appropriate dormancy-breaking treatments to ensure maximum
germination potential and were immediately transferred to the field for sowing. Different sowing dates were
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selected to expose the plants to varying temperature conditions and to examine the effect of temperature on
seedling emergence. Emergence was recorded according to the Zadoks scale when the coleoptile or any part of
the seedling was visible on the soil surface in 50% of the viable seeds sown. Observations were conducted every
other day and daily during the warmer months to accurately capture emergence dynamics under fluctuating
environmental conditions. Data analysis was performed using SAS statistical software, while the plotting and
analysis of data-related graphs were performed using Microsoft Excel to visualize trends and model fits.

Results and Discussion

Among the models used, the two-segmented and three-segmented models showed similar performance based
on statistical indices, with RMSE values of 1.60 and RRMSE values of 14.2%, respectively. The beta model,
with an RMSE of 1.94 and an RRMSE of 16.8%, exhibited weaker performance compared with the other two
models. However, model fitting results showed that the beta model failed to estimate the base temperature,
yielding an unrealistic value of approximately -20 °C. Consequently, in the next step, a constraint was imposed
on the base temperature (a range between 0 and 5 °C was selected for the base temperature; however, this
constraint also had no effect on model performance and failed to estimate the base temperature and its standard
error). Additionally, the three-segmented model was also unable to provide a valid standard error (SE) estimate
for the ceiling temperature. As a result, both models were unsuccessful and unsuitable for integrated estimation
of cardinal temperatures, and only the two-segmented model proved effective in this regard. Therefore, the two-
segmented model was selected as the superior model, and the cardinal temperatures derived from this model
should be adopted. The two-segmented model indicated that the base, optimum, and ceiling temperatures were
3.8, 21.8, and 30.2 °C, respectively. The duration required for seedling emergence (expressed as biological days:
the number of days to emergence at the optimum temperature) was estimated to be 5.34 days. Statistical analysis
showed that, within the framework of the superior model, no significant differences existed among the ecotypes
regarding the cardinal temperatures or the biological days required for emergence. Our result showed that high
temperature (above 30 °C) could be associated with the absence of emergence on certain sowing dates (from
May to August 2024).

Conclusion

The findings showed that different ecotypes of Phalaris in Golestan province exhibited a similar response to
temperature, indicating ecological stability and high adaptability of Phalaris under diverse environmental
conditions. Therefore, their management can be carried out using common strategies. Also, further studies are
needed to quantify the temperatures that may induce dormancy.

Keywords: Biological day, Cardinal temperatures, Modeling
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Table 1- Geographical locations of Phalaris minor seed collection and their 100-seed weight

Ecotype Latitude (°N) Longitude (°E) 100-seed weight (g)
Gorgan 36°49'35.37" 54°22'38.44" 0.15

Ziarat 36°42'23.34" 54°28'43.34" 0.13
Kalaleh 37°21'56.00" 55°29'45.00" 0.19
Kordkuy  36°47'19.00" 54°05'18.00" 0.16

(Soltani et al., 2006) ¢y jow JUs3,I5 (gdlod cpmi g (i3l yolihods laSTam o Ly ¢ 51aST g sl -F Joua
Table 2- Two-segmented, beta, and three-segmented functions used to fit and determine the cardinal temperatures for
emergence (Soltani et al., 2006)

Models Mathematical equations
T-Ty .
= <
M= if T, <T<T,
fM)=1— == if T,<T<T
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Te-Ta
o ﬂ)‘?u Ty e .
f(T)={ (Tc—'fu X r—— }¥if 5T, and T< T,
Beta £ (T)=0 it T<T,or T<T.
T-Ty .
f(T)=— if T, <T=<T..
T,,~Ty b ol
T.-T
f(T)= =5 if T,<T=T
Three-segmented M Te—Tps ' o= €
f(M=1 if T,,=T=T_,
f(T)=0 ifT<T,or T=T,
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4- Temperature unit
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Table 3- Date of eme'gence stage for Phalaris minor ecotypes

Sowing date  Gorgan Kalaleh Kordkuy Ziarat
1402.09.22  1402.10.08 1402.10.08 1402.10.08 1402.10.08
1402.10.19  1402.11.04 1402.11.04 1402.11.04 1402.11.04
1402.11.18  1402.12.05 1402.12.05 1402.12.05 1402.12.05
1402.12.19  1403.01.05 1403.01.05 1403.01.05 1403.01.05
1403.01.18  1403.01.28 1403.01.28 1403.01.28 1403.01.28
1403.06.19  1403.06.31 1403.06.29 1403.06.29 1403.06.31
1403.07.18  1403.07.24 1403.07.24 1403.07.24 1403.07.24
1403.08.19  1403.08.28 1403.08.28 1403.08.28 1403.08.28

Daly max. temperaure Daly min. temperature 11

50 100 150 200 250 300 350
Days after the start of the experiment (December 13, 2023)

OB 5 55 Y8 e CllS GG )b 45 iulejl Jgb 0 (led Ol puidd — Y JSUS

Figure 1- Temperature variations during the experiment across different sowing dates of Phalaris minor in Gorgan
Fo b AVFY (e, VA sl gu)l i VP Y el VA sl o, F OF-Y e VA cdlS o, AF-Y (00 V8 cuslS o)y AF-Y BTYY cusls gl

Gl VY AFY a0 8 CuslS oyl i) e VF T sl VY S o)l A AFY 15 VY cuslS gyl A VFAY a5 V8 cusls ol AF Y gl YY culs

AYY LA Bl F Y Y g VA cuils
Slodds yasuie o908 b3 b odds jow culs dhzg’_q)b“

1: December 13, 2023, 2: January 9, 2024, 3: February 7, 2024, 4: March 9, 2024, 5: April 6, 2024, 6: May 11, 2024, 7: June 8, 2024,
8: July 13, 2024, 9: August 12, 2024, 10: September 9, 2024, 11: October 9, 2024, 12: November 9, 2024.

Sowing dates without emergence are indicated with vertical lines.
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Figure 2- Relationship between temperature and emergence rate of all Phalaris minor ecotypes based on two-segmented, beta,
and three-segmented models.



Oe ) Y bt GlaoaigF i s (2STg (g5l oS (3] y S0 g 595,

(G148 A g Uy ¢ 51aST 93 g Jue (wlwl s (o W i sST a0 )3 00 il Juw (5130 Sa590am 395 9 JUsd,)l5 sbled 3,91, £ Joua
(RMSE, RRMSE) bJao (2l j,l b adli b ol o

Table 4- Estimation of cardinal temperatures and biological days for 50% germination of Phalaris minor ecotypes based on
two-segmented, beta, and three-segmented models, along with model evaluation indices (RMSE, RRMSE)

Model Ecotype Toxse Torx seTo £se Tostse Tcxse eo*se '?d'\:;_I,E) RI?O% )S E
Gorgan  3.8%£1.62 21.9+0.62 28.6=x0.79 5.28:0.43 159 13.9

Kalaleh  3.8+1.62 21.6x0.84 31.99£1.78 5.37£0.39 160 143

Seg}"ﬁ'ted Kordkuy — 3.8+1.62 21.6+0.84 31.99:1.78 5.37£0.39  1.60 14.3
Ziarat ~ 3.8£1.62 21.9+0.62 28.6=x0.78 5.28+0.43 159 13.9

Total 3.8=0.80 21.8+£0.36 30.2=0.61 5.34=0.20 1.60 14.2

Gorgan 0.0=ND* 203021 2752047 5377033 208 17.7

Kalaleh ~ 0.0=ND* 20.8x0.26 291071 597032 189 16.5

Beta Kordkuy ~ 0.0£ND* 20.8x0.26 2912071 597x032 189 165

Ziarat 0.0£ND* 203021 2752047 577033 208 17.7

Total 0.0=ND* 20.6=0.12 2842051 5952017 194 16.8

Gorgan  3.8£1.62 19.8x1.81 23.1=0.56 28.1* 5.99+0.32 159 13.9

Kalaleh  3.8=1.62 19.8x1.81 23.8=0.60 30* 5.99+0.32 1.60 14.3

segm:r‘ft'ed Kordkuy —3.8=1.62 19.8+1.81 23.8=0.60 30* 5.99+0.32  1.60 143
Ziarat  3.8+1.62 19.8+1.81 23.1x0.56 28.1% 5.99+0.32 159 139

Total 3.8£0.80 19.8x0.79 22.7=0.20 30.2£0.61 5.34=0.20 1.60 14.2
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Tb: base temperature, TD: optimum temperature, Tm: lower optimum, TG:: upper optimum, Tc: ceiling temperature, & : number of

biological days for 50% germination, SE: standard error, RMSE: root mean square error, RRMSE: relative root mean square Error
and ND: not determined
*In Beta model, the estimated base temperature (Ty,) was -20 °C; therefore, a lower limit of 0 °C was imposed, and the standard error
(SE) could not be estimated by SAS
*Estimation of the standard error (SE) for the ceiling temperature (T ;) in the three-segmented model was not possible
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1- Stale seedbed
2- Soil solarization
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1- Physiological dormancy
2- after-ripening
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Table 5- Frequency of days with high maximum temperature (in the range 30-40 °C) for each sowing date in the experiment

January,

November  October  September  August July June May February, December u'evrl:g):;ggur?e
2024 2024 2024 2024 2024 2024 2024 March, April 2023 o
2024 (°C)
0 1 5 13 14 14 2 0 0 30
0 0 4 13 14 14 2 0 0 31
0 0 3 13 14 14 1 0 0 32
0 0 2 12 13 12 1 0 0 33
0 0 2 5 9 11 1 0 0 34
0 0 2 4 6 7 1 0 0 35
0 0 1 3 1 5 1 0 0 36
0 0 1 2 1 3 1 0 0 37
0 0 0 1 0 0 1 0 0 38
0 0 0 1 0 0 0 0 0 39
0 0 0 0 0 0 0 0 0 40

* Indicates sowing dates with no emergence. For these sowing dates, the frequency of maximum temperatures was examined during
the 14 days following sowing.
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Introduction

Intercropping is a key component of sustainable agriculture that, when properly implemented with suitable

crop combinations, can enhance yield, improve economic efficiency, conserve natural resources, and increase
resource use efficiency. In addition, intercropping systems play an important role in the ecological management
of pests, diseases, and weeds. Previous studies have shown that intercropping can effectively suppress weed
growth through improved resource utilization and increased crop competitiveness (Gu et al., 2021; Weerarathne
etal., 2017).
In particular, intercropping systems involving legumes and oilseed crops have demonstrated significant
advantages, including enhanced system productivity, reduced dependence on nitrogen fertilizers due to
biological nitrogen fixation, improved nutrient and water use efficiency, and disruption of pest and disease
cycles (Stomph et al., 2020; Maitra et al., 2019). Despite these benefits, the effectiveness of intercropping
systems depends on appropriate crop combinations and weed management strategies. Therefore, the present
study was conducted to evaluate the effects of bean—sesame intercropping and different weed control methods on
weed density and biomass, as well as land equivalent ratio (LER), under Shirvan conditions.

Materials and Methods

This experiment was conducted during the 2019-2020 growing season at the research farm of Hossein Abad
village, Shirvan, Iran, as a factorial arrangement (6 x 3) based on a randomized complete block design (RCBD)
with three replications. Treatments included six cropping ratios of sesame to bean (100:0, 100:25, 100:50,
100:75, 100:100, and 0:100) at an optimal plant density of 40 plants m™2, and three weed management methods:
trifluralin application (960 g a.i. ha™) incorporated into the soil two weeks before planting, and hand weeding at
35 and 55 days after planting (DAP). Weed sampling was carried out at 35, 55, 60, 70, 80, and 90 DAP using a
0.5 m2 quadrat. Weed species were identified and counted, and their dry biomass was determined. At the end of
the growing season, crop biomass, seed yield, and land equivalent ratio (LER) were measured.

Results and Discussin
Weed biomass and density were significantly affected by weed management practices, cropping ratios, and
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sampling time. The highest weed biomass (5.94 g m™2) was observed under hand weeding at 35 days after
planting (DAP) in the 25:100 bean—sesame intercropping ratio, while the highest weed density (6.67 plants m2)
occurred in sole bean cropping with hand weeding at 55 DAP. In contrast, the lowest weed biomass (1.08 g m™2)
was obtained with trifluralin application in sole bean cropping, confirming the effectiveness of herbicide-based
weed control reported in previous studies (Hedayatipour et al., 2013; Daneshvari et al., 2021). Similarly, the
lowest weed density (1 plant m™2) was recorded under hand weeding at 55 DAP in the 75:100 ratio and under
trifluralin application in the 100:100 ratio. Weed biomass and density increased significantly with delayed
sampling time (60 to 90 DAP), indicating progressive weed establishment and intensified competition, which is
consistent with findings of Ahmadi et al. (2005). Moreover, reduced weed biomass in higher sesame proportions
suggests improved competitive ability of intercropping systems, supporting previous reports that mixed cropping
enhances weed suppression through more efficient resource utilization (Gu et al., 2021; Weerarathne et al.,
2017).

The highest bean seed yield (280.71 g m2) and biological yield (765.17 g m™2) were obtained in the 50:100
intercropping ratio, indicating an optimal balance between interspecific competition and complementarity. In
contrast, the lowest sesame yield (12.08 g m™) was observed under hand weeding at 55 DAP in the same ratio,
likely due to its lower competitive ability, as also noted in similar mixed cropping systems (Hosseinzadeh et al.,
2021).The land equivalent ratio (LER) further confirmed the superiority of intercropping systems, with the
highest value (1.80) recorded in the 75:100 ratio under hand weeding at 55 DAP, indicating more efficient use of
environmental resources compared to monocropping systems, in agreement with previous studies (Maitra et al.,
2019; Stomph et al., 2020).

Conclusion

Based on the findings of this study, intercropping of sesame and bean, particularly at the 75:100 ratio combined
with hand weeding at 55 days after planting (DAP), proved to be an effective strategy for weed management
under Shirvan conditions. This treatment not only reduced weed density and biomass but also improved land use
efficiency, as reflected by higher LER values. The results highlight the potential of integrating optimized
intercropping patterns with appropriate weed control timing as a sustainable approach to enhance crop
performance while reducing reliance on chemical inputs. Therefore, this system can be recommended as an
efficient and environmentally friendly practice for managing weeds in sesame—bean intercropping systems in
similar agroecological conditions.

Keywords: Mixcropping ratio, Trifluralin, Weed, Weeding date
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Table 1. Weeds and their characteristics
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Scientific name Family Plant density ; Relatlveo Leaf shape
(plants per square requency %
meter)

Annual

Solanum nigrum L Solanaceae 16 2162 Broad leaf (<, cw) (4Ls)
. _ Annual

Chenopodium album L. Amaranthaceae 12 16.21 Broad leaf (5, ;) (4L5)
Annual

Salsola kali L. Amaranthaceae 10 1351 Broad leaf (S, ) (L)
L B Annual

Amaranthus blitoides L. Amaranthaceae 10 1351 Broad leaf (s, o) (4L.5)
. Perennial

Convolvulus arvensis L. Convolvulaceae 2 2.70 Broad leaf (5, ) (dooss)
Perennial

Peganum harmala L. Zygophyllaceae 1 1.35 Broad leaf (S, ) (i)
. L Perennial
Cichorium intybus L. Asteraceae 3 405 Broad leaf (S, ) (dloss)
Perennial

Malva sylvestris L. Malvaceae 4 540 Broad leaf (5, ) (i)
Capsella bursa-pastoris (L.) . . Annual

Medik. Brassicaceae 1 1.35 Broad leaf (S, ) (9.5)
i Perennial
Acroptilon repens L. Asteraceae 1 135 Broad leaf (<, o) (Slosss)
Annual

Xanthium spinosum L. Asteraceae 2 270 Broad leaf (5, o) )
Annual

Centaurea cyanus L. Asteraceae 3 4.05 Broad leaf (S, o) (W5
Annual

Hibiscus trionum L. Malvaceae 1 135 Broad leaf (5, ) (W5
Perennial

Sorghum halepense (L.) Pers. Poaceae 2 2.70 Narrow leaf (5, <,L) (o)
_ Perennial

Cynodon dactylon (L.) Pers. Poaceae 6 8.10 Narrow leaf (5, <,L) (dloss)
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Figure 2- Mean comparison the interaction effect of bean and seasame intercropping ratio and weed control methods on
weed density and weed biomass, 35 days after planting (columns with at least one letter in common do not have a significant

difference at the 5% probability level)
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Figure 3- Mean comparison the interaction effect of bean and seasame intercropping ratio and weed control methods on
weed density and weed biomass, 50 days after planting (columns with at least one letter in common do not have a significant
difference at the 5% probability level
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Figure 4- Mean comparison the interaction effect of bean and seasame intercropping ratio and weed control methods on

weed densityand weed biomass, 60 days after planting (columns with at least one letter in common do not have a significant
difference at the 5% probability level)
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Figure 5- Mean comparison the interaction effect of bean and seasame intercropping ratio and weed control methods on
weed density and weed biomass, 70 days after planting (columns with at least one letter in common do not have a significant

difference at the 5% probability level)
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Figure 6- Mean comparison the interaction effect of bean and seasame intercropping ratio and weed control methods on

weed density and weed biomass, 80 days after planting (columns with at least one letter in common do not have a significant
difference at the 5% probability level)
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