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Introduction

Greenhouse whitefly, Trialeurodes vaporariorum, Westwood (Hemiptera: Aleyrodidae) is one of the most
serious pests of many horticultural and greenhouse crops that causes quantitative and qualitative damages in the
yield of greenhouse products. However, various controlling methods (e.g., agronomic, mechanical, behavioral,
and biological) are used for management of greenhouse whitefly pest, but usage of synthetic insecticides is the
only easy and cost-effective strategy for dealing with arthropod pests in many crop production systems, which is
more common controlling method in Iran. Due to the extensive usage of non-selective insecticides against T.
vaporariorum, and their side effects on natural enemies, we used in the present study, selective, harmless, and
eco-friendly insecticides. In this research, we evaluated the lethal and sublethal efficiency of two insecticides,
thiocyclam hydrogen oxalate and spiromsifen. Thiocyclam hydrogen oxalate is a broad-spectrum systemic as
well as a contact insecticide. It is highly effective against a wide range of insect pests, particularly sucking
mouth parts (e. g., aphids, leafhoppers, and whiteflies). Spiromesifen, is known as a non-systemic insecticide
which belongs to the spirocyclic pheny substituted tetronic acid class. It is effective against a broad spectrum of
pests and it disrupts the biosynthesis of lipids including triglycerides and free fatty acids. Sublethal effects of
thiocyclam hydrogen oxalate and spiromsifen were studied by considering the biological properties and life table
parameters of T. vaporariorum. Our results may improve T. vaporariorum control efficiency in greenhouses
meanwhile using reduced concentrations of these insecticides, which may be resulted in hindered host resistance
to aforementioned insecticides and reduced their residuals on greenhouse crops.

Materials and Methods

The colony of whitefly was collected on ornamental crops (vervain and hollyhocks) at the greenhouse in
Department of Horticulture at Urmia University during September 2023. The gathered whitefly population was
reared on bean (var. MINA) in plastic pots (15 x 19 ¢cm) under controlled greenhouse conditions (27 + 2°C, 65%
+ 5% RH, and a photoperiod of 16: 8 L: D h).

The dipping method was used for bioassay and life table studies against third instar nymphs of T.

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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vaporariorum. The LCs value of thiocyclam hydrogen oxalate and spiromsifen insecticides for third instar
nymphs of the whitefly were obyained 392.627 and 854.871 ppm, respectively after 24 hours. The obtained LCys
concentrations (117.520 and 731.548 ppm), were used to estimate the sub-lethal effects of thiocyclam hydrogen
oxalate and spiromsifen on the biological parameters of third instar nymphs of the greenhouse whitefly. To study
the sublethal effects of both used insecticides, 50 same-aged of the third instar nymphs of the greenhouse
whitefly were selected from the insect colony and then dipped in above mentioned sublethal concentrations of
insecticides. The treated nymphs were transferred into petri dishes until the adults were appear. After adult
emergence their eggs were used to life table studies. The age stage, two-sex life table method was used to
analyze the collected data. We used the bootstrap technique with 100,000 iterations to estimate the variance and
standard errors of the biological and population parameters and Sigma Plot software used to draw graphs. The
growth of the pest population in a period of 60 days was done with Timing-MsChart software.

Results and Discussion

The present study demonstrated that thiocyclam hydrogen oxalate insecticide showed more acute toxicity on
third instar nymphs of the greenhouse whitefly. Moreover, exposure of third instar nymphs to sublethal
concentrations (LCzs) negatively affected the development, survival, and reproductive characteristics and
demographic factors. According to our findings, sublethal concentration of examined insecticides showed a
significant increase in pre-adult duration of the pest on thiocyclam hydrogen oxalate treatment compared to
spiromesifen and control treatments. The female adult’s lifespan/longevity was affected due to the usage of
sublethal concentration of mentioned insecticides. The lowest duration of pre-reproductive period (APOP) in
control treatment was recorded as 1.33 days, while this parameter increased in treatments exposed to
insecticides. Fecundity was reduced significantly in sublethal concentration of the insecticides compared to the
control. The highest value of fecundity in control treatment was recorded 11.85 eggs per female and the lowest
value in thiocyclam hydrogen oxalate was obtained 1.7 eggs per female. The mean oviposition period of
greenhouse whitefly decreased from 4.44 days in control to 1.4 and 1.38 days in LCys concentration of
thiocyclam hydrogen oxalate and spiromsifen, respectively. All biological table parameters (Ro, r and 1) of T.
vaporariorum treated with sublethal concentration of the used insecticides were significantly affected compared
to the control. The sublethal concentration of thiocyclam hydrogen oxalate and spiromsifen reduced the net
reproductive rate (Ro) from 4.21 eqgs per female in each generation in the control treatment to 0.29 and 0.54 egg
in LCys concentration of thiocyclam hydrogen oxalate and spiromsifen, respectively. The intrinsic rate of
increase (r) in sublethal concentration mention insecticides were recorded 0.0176 and -0.0271(day?) and in
control (0.0525 day™?). Other parameters, such as finite rate of increase (1) and gross reproductive rate (GRR), in
spiromesifen and thiocyclam hydrogen oxalate treatments were also significantly lower than the control
treatment. The mean generation time (T) of the greenhouse whitefly affected by the LCys concentration of
spiromesifen compared to the control treatment.

Conclusions

The overall results demonstrated that both of the used insecticides could be considered as effective
insecticides in management of T. vaporariorum.

Keywords: Biological properties, Greenhouse whitefly, Insecticides, Population growth
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Table 1- Lethal effect (LCso) of thiocyclam hydrogen oxalate and spiromsifen after 24 hours on the third instar nymph of
Trialerodes vaporariorum

Insecticides LCas (ppm) LCso (ppm) Slosﬂ%;eSE Adf)  No.
) 117520 (58.76 mgai.L-_ 392.627(196.313mg ai.L-
Thiocyelam hydrogen 1) 1) 12840282 1375(3) 300
(47.27-174.79) (299.41-535.51)
731548 (17557 plail-  854.871(205.169 ul ai.L-
Spiromesifen ! ! 9.96+1.15 1.476(3) 300

(695.88-760.96)

(823.40-893.23)
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Table 2- The sublethal concentration (LCzs) effects of thiocyclam hydrogen oxalate and spiromsifen insecticides on
developmental time and survival rate of greenhouse whitefly

Developmental stage Control Thiocyclam hydrogen oxalate  Spiromsifen
Egg (days) 5.07+0.1%" 6.67+0.152 4.3620.1°
First instar nymph (days) 5.11+0.1° 7.39+0.22 4.21+0.1°
Second instar nymph (days) ~ 4.97+0.122 4.92+0.162 3.56+0.12°
Third instar nymph (days)  4.79+0.142 4.41+0.172 3.65+0.09°
Pupa (days) 3.65+0.13° 4.57+0.222 3.9740.11°
Pre-adult period (days) 23.52+0.26° 27.64+0.442 19.63+0.17¢
Pre-adult survival rate (%)  0.78+0.042 0.77+0.052 0.71+0.042
s o i HSG Ve e b oddcan oyl Gay gy (wlwly o pd s gdaw 3 1) Bjlasd oy )b e M| Cayny jo jo calises By > 3

* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100000 bootstrap resampling).

Olio & basye gl (P</+0) 2)l 099 (g3 gime gles Ll
gy oS o5 eale 3L Sl F1 o8 wlyis (g)9)
cdale Ly oadylos Jol s jl Jools slaosle &S g sl
OYLST 5ay0ub pMS s dY/VOE /Y ) hunog posol 00058 4 5
L2315 35 pes b 53 o35 (VV/ADE-/A0) aals 5 (VY- £-/¥Y)

(7 Joi2)

chad ALS Sl oo Jlasly Casnan ) sladia 9
PNt 53 (SIS0 e oAl oy Ll 5L
R g el 9 SYLuS) (5 95900
Sbdsan Hluk Camon by ladomiunl B (1 Ske duslis gl
5 S iz ol jd asledd ooy L ¥ Jads 5 4l
PS5 et ay bgrye (Ro) (reddgs (alls ¢35 oy
g odle o (glilay [Caes (F/VY) sl o (+/Y]) ©YLST (59,0
b dals 4 cuad jlos cpl i e b j) (Sl oS
DALS £ 5 Syt s 6 foime SHS] 5]
5 onaS (GRR) 35 Joadys ol ¢35 il 392y ol
03923 p Mg sloylasd > o an |y (lje cppide:
O 9 S oole ya (glilay [zls (A/FY) walis g (+/0F) wYLs]
1 s doisl el 39y (6l sine VST Lo jles
e 38 bl p s (S oS (M) Comexr (a3

DS Sl 559, 9 $,13SpA5 Jalye 099 J b
PS5 (SLAGESo plin (Sl ) il uilicuas
Ol g el 9 SYLs) (G yusa
@ bgrpe Jol§ Clpde joe Job o5 2 (L5 30 ol ol
PISsgs 9 (mog ool LCo5 ol b gyl cppally 45 Jgl Jous
JS a8 ) 1,8 sbcos 1 xog ond Hlas OYLST 59,00
PS5 9 (pirmnog pasl ol ds y 2 ) baosle (S35 059
W39 Loy Ay G (i o Job s> ©YLST (g0
moyd & Jodo Gib sselcwnna @l Sig)dbmar (Y i)
S0yt ey i VLS gy p g 2
A 5 oS Sl jee Job (il el aald 5 (yisnog pue
3 g 039 Jgb (s 4 bgrye sloodls (g)lo] il 5 4,329
0)93 Js-b 5 RS w55 (15055 I iy 093 S )55
o oxiiS s ke (ol cow wlS Sl (6,050
o oylan ol osib 03y i ¥ g 55 iulejl 3590 (slaiS
9 Ofrog el LGS0y 9 oo odnldio Jgiz > &5
3 i sbaoygd Jsb (38l eely SVLST (59,0 p Mg
LS el (S pia 93 8 (s A5 (APRP) (135059
o=l il aals o Lajled o g 05 Jald &) Cumd (652055 090

1- Adult pre reproductive period



VP Lol oY oylouds (YA ol ((55y5LS @lus g pale) oyl ! (LS cblis sba gaghy \¥e

A G jo) y Cazed &S A o lis Hlade pl (il o
s o loj bawgie 8l sl Rl s iz 4 LS )
Jreadg (a5 &5 05l 4 Cures &S Cunl oy e oT)
e oy yidin (T) s S yloj e domianl @ 0 b 0 i3580
(Goy YA/ +Y) YL 590 oS g jlasd )3 doxiwl,b oy
IS g S0y i 0lolcwddy wls oluwly a3 e
doxiwlyd ol Jlde )3 (gb dxe (]38l Gl GYLLST gy

(39 Hlez) 18 sals 4 cos

390 sla jiSe, s saiiS pj chale pbcos wib e Hlub
2l sl ol e oy e )8 i LialS ile]
AMI)S )‘Jﬁ.o gJuab @Lu uo)l»)‘)) ol Cawd LY ()’9) » '/'&Y&)
3y90 SlapiSopds U Cod (1) Curer il (e £
> aS gysbTa @il ialS(jey g V/0) wald 4 Cams il
2 A8 pbTa sl (Lals(j; 2 e o)
P wgsd S0 pi> 13 9 (59 2 /) (piog pusl (JiST0
I3 (alie ¢ 13,8 sl (55, 1 /0) SYLST (3g)kn

395 42 Camd oy 2 il Cumer Rl s (Sl (1) Come

2793 Jgb 9 (619,b « ol Syt y08 Jgb 1 Coimng paw] 9 SYLLST (559,000 @Womsged (SBESD gl 01 55 Clalé 5T -1 Jga
SIS Sllpagdos 552, 059
Table 3- The sublethal concentrations (LCzs) effects of thiocyclam hydrogen oxalate and spiromsifen insecticides on adult
longevity, fecundity and reproductive days of greenhous whitifly
Treatments

Biological stage

Control Thiocyclam hydrogen oxalate  Spiromsifen

Male longevity (days) 5.67+0.19%" 2.23+0.22¢ 3.1740.21°

Total male longevity (days) 29.42+0.422 29.58+0.56° 23.17+0.36°
Female longevity (days) 6.3+0.252 3.44+0.17° 3.89+0.21°

Total female longevity (days) 29.52+0.46° 31.540.65% 23.3440.3¢
Adult pre-reproductive period (days)  1.33+0.13° 1.5+0.222 1.79+0.162

Total pre-reproductive period (days) 24.56+0.43° 28.310.75% 21.46+0.29¢
Reproductive days (days) 4.44+0.262 1.4+0.22° 1.38+0.12°
Fecundity (eggs/female) 11.85+0.952 1.70+0.33° 2.25+0.3b
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* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).
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Table 4- The sublethal concentration (LCzs) effects of thiocyclam hydrogen oxalate and spiromsifen insecticides on
population growth parameters of greenhouse whitefly

Treatment (mean + standard error)

Parameter

Control Thiocyclam hydrogen oxalate  Spiromsifen
Net reproductive rate (Ro) (offspring.individual) 4.21+0.73" 0.29+0.10° 0.54+0.11°
Gross Reproductive Rate (GRR) (offspring.individual?) ~ 8.62+1.722 0.54+0.17° 1.25+0.33°
Intrinsic rate of population growth (r) (day?) 0.0525+0.0062 0.0176+0.0004° 0.0271+0.0002°
Finite rate of increase (A) (day™) 1.05+0.0062 0.95+0.01° 0.97+0.009°
Mean generation time (T) (day) 27.37+0.04° 29.07+0.61° 22.73+0.33¢
A3 o i HST Ve en b oddcas oyl Gos gy (bl o pd iy e 53 1) bayled g )b e OS] (ay3) 2 o calises By > 5

* The means followed by different letters in each row are significantly different (paired-bootstrap at 5% significance level by
100,000 bootstrap resampling).
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Figure 1- Sublethal effects of thiocyclam hydrogen oxalat and spiromesifen on age-stage specific survival rate (sxj) of
Trialeurodes vaporariorum
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Figure 2- Sublethal effects of thiocyclam hydrogen oxalat and spiromesifen on life expectancy(exj) of Trialeurodes
vaporariorum
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Figure 3- Sublethal effects of thiocyclam hydrogen oxalat and spiromesifen on age-stage-specific reproductive value (vxj) of
Trialeurodes vaporariorum
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Figure 4- Sublethal effects of thiocyclam hydrogen oxalat and spiromesifen on age-specific survival (Ix), age-stage specific
fertility (mx) and age-specific fertility (Ixmx) of Trialeurodes vaporariorum
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Figure 5- Projection of population growth potential and stage structure of Trialeurodes vaporariorum treated with LCzs of
thiocyclam hydrogen oxalate and spiromesifen in comparison with control during 60 days
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Figure 6- Population projection of Trialeurodes vaporariorum (total stage) treated with LCazsof thiocyclam hydogen oxalate
and spiromesifen in comparison to control treatment during 60 days
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Introduction

Plant growth-promoting treatments, including biological, organic and chemical fertilizers, can alter the biochemical
composition of plants and affect multitrophic interactions. Beneficial soil microorganisms such as plant growth-
promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi (AMF) can affect plant nutrient quality, secondary
metabolites, enzymes, phytohormones and volatile organic compounds (VOCs), which can impact interactions between
host plants, insect herbivores and natural enemies. Plant defenses against herbivores can be activated both directly and
indirectly. The PGPRs and AMFs can either increase or decrease the resistance of plants to pests. Fertilizers can
influence the nutritional quality of plants, which is crucial for host selection by herbivorous insects. Plants treated with
zinc have been shown to have a positive effect on sucking insects but a negative effect on chewing herbivores. Organic
fertilizers such as vermicompost have proven to be effective in the biocontrol of sucking insects, as they promote
vigorous plant growth, alter plant nutrition and strengthen plant defenses. The biochemical composition of plants affects
the quality of insect pests and influences the life plan of predators and parasitoids. Quality of the prey, the nutritional
value and biochemistry of the host plants influence the abundance and performance of the predators. Nutritional
parameters such as consumption index, efficiency of conversion of ingested food (ECI), relative consumption rates
(RCR) and relative growth rate (RGR) provide information on predator performance. This study investigates the effects
of different plant growth promoting treatments on the nutritional indices of Adalia bipunctata L. feeding on Myzus
persicae (Sulzer), growing on treated Capsicum annuum under greenhouse conditions.
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Materials and Methods

This study was conducted on California Wonder bell pepper plants treated with various fertilizers in a
completely randomized design under greenhouse conditions at 25 + 5 °C, 65 + 10% RH and natural light. The
effects of foliar spraying with zinc sulfate on bell pepper plants, the addition of 30% organic fertilizer from
vermicompost and the addition of the biofertilizers Bacillus subtilis, Pseudomonas fluorescens, Glomus
intraradices, G. intraradices x B. subtilis and G. intraradices x P. fluorescens to the seedbed of bell pepper
plants were investigated. The nutritional index of different larval and adult stages of the two-spotted predatory
ladybug beetle Adalia bipunctata reared on the green peach aphid, Myzus persicae, was studied under laboratory
conditions at 25 + 2 °C, 65 + 5% RH and 16L:8D hours. The experiments were conducted with 20 replications
per treatment, using a completely randomized design, and nutritional indices were calculated using Waldbauer's
method. The study used Kolmogorov-Smirnov test for normality, ANOVA for analyzing effects on predatory
ladybug feeding indices, Tukey test for significant differences, and Excel for diagram creation. Treatments were
categorized into suitable and unsuitable groups using the Ward method in a dendrogram.

Results and Discussion

The highest ECI index of A. bipunctata larvae was observed in the B. subtilis, zinc sulfate and P. fluorescens
and the lowest ones was recorded in vermicompost (30%). The ECI index of predator adult significantly
increased in B. subtilis and P. fluorescens treatments and decreased ones in vermicompost (30%). The highest
and lowest pupal weights were observed in B. subtilis (16.98 mg) and vermicompost (30%; 11.32 mg)
treatments, respectively. The results of cluster analysis of different fertilizer treatments based on nutritional
indices and pupal weights indicated the existence of two groups, A and B; group A included two subgroups, A:
and Az. Subgroup A; included vermicompost (30%) treatments, G. intraradices x B. subtilis and G. intraradices,
control, and G. intraradices x P. fluorescens, while subgroup A; included zinc sulfate treatment. Group B
included bacterial treatments B. subtilis and P. fluorescens.

Conclusion

This study revealed that host plant quality affects the nutritional fitness of herbivorous insects, which in turn
influences predator population dynamics. Pupal weight, a fitness indicator, was positively correlated with fat
content. The study highlights the importance of host plant quality in determining fecundity parameters. The
results showed that treating the soil with biological fertilizers (P. fluorescens and B. subtilis) had a positive and
significant effect on the parameters of the predatory. The study found that plant growth-promoting treatments
affect tri-trophic interactions in bell pepper plants, M. persicae, and A. bipunctata. High soil fertility improves
predator fitness and supports predator growth. Maintaining high fertility is beneficial for integrated pest
management, but further field studies are needed.

Keywords: Bacillus subtilis, Biological fertilizer, Nutritional indices, Pseudomonas fluorescens, Zinc
Sulfate
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Table 1- Mean (+ standard error) nutritional indices of total larval ages (third and fourth instars) of predatory ladybugs
Adalia bipunctata reared on aphids Myzus persicae feeding on bell pepper plants treated with different fertilizers

RCR RGR
Treatments ECI (%) Cl (mg.mg'*.day™) (mg.mg*.day?)
Control 31.76 +1.18 &~ 1.723+0.1122 0.323 +0.0852 0.122 +0.003"
Zinc sulfate 4219+ 2832 1.002 +0.032 e 0.312 +£0.082 0.175+0.020%
Vermicompost (30 %) 21.56 +1.23b 1.119 +0.121° 0.412 £0.1292 0.087 £0.001 ¢
Bacillus subtilis 43.69 +2.98? 1.710£0.129 2 0.598 +0.1212 0.189 +£0.004 2
Pseudomonas fluorescens 40.84+3.21°2 1.159 +0.1832 0.176 £0.011 ¢ 0.111 +0.011°
Glomus intraradices 33.12+1.12% 1.421 +0.023 @ 0.197 +0.021 be 0.145 +0.002 @
G. intraradicesx B. subtilis 37.21+£1.94% 0.679 +0.191°¢ 0.214 +0.054° 0.138 +0.004 "
G. intraradicesx P. fluorescens 36.00 £3.12 @ 0.594 +0.100 © 0.287 +0.096 © 0.123 +0.003 °
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* Unsimilar letters in each column indicate a significant difference in the comparison between means (HSD test and P<0.01).
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Table 2- Mean (z standard error) nutritional indices of adult Adalia bipunctata ladybirds reared on aphids Myzus persicae
feeding on bell pepper plants treated with different fertilizers

RCR RGR
Treatments ECI (%) Cl (mg.mg'*.day™) (mg.mg*.day)
Control 32.73 £1.02 &~ 12.54+0.869 ¢ 0.152 +0.007°¢ 0.051 +0.0174
Zinc sulfate 27.21+1.32° 17.35+0.171° 0.287 £0.011° 0.083 +0.037°¢
Vermicompost (30 %) 14,53 +0.82° 7.60 +0.019¢ 0.321 +0.012 @ 0.067 +0.017 ¢
Bacillus subtilis 58.23 +1.122 24.80+0.0322 0.599 +0.0432 0.276 +0.0422
Pseudomonas fluorescens 48.19+1.32% 22.37 £0.1842 0.411 +0.006 2 0.174 +0.021 2
Glomus intraradices 22.65+0.722°" 19.53 +0.147 0.212 +0.012° 0.112 +0.016 ®
G. intraradicesx B. subtilis 25.35+1.04" 15.22 +0.192°¢ 0.284 +0.082° 0.111 +0.065°
G. intraradicesx P. fluorescens 27.71+1.09° 13.35 +0.156 ¢ 0.199 +0.021 b 0.099 +0.032 ¢
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* Unsimilar letters in each column indicate a significant difference in the comparison between means (HSD test and P<0.01).
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Figure 1- Weight of Adalia bipunctata ladybird pupae reared on aphids Myzus persicae feeding on bell pepper plants treated
with different fertilizers
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Figure 2- Dendrogram of cluster analysis based on nutritional indices of larvae of different ages of ladybugs predator Adalia
bipunctata on different fertilizer treatments in laboratory conditions
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Figure 3- Dendrogram of cluster analysis based on nutritional indices of adults of ladybugs predator Adalia bipunctata on
different fertilizer treatments in laboratory conditions
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Introduction

Tomato early blight is an important disease in tomato which is caused by Alternaria alternata, A. tenuissima
and A. solani species, and occurs in a wide range of weather conditions all around the world. For the chemical
control of this disease, the fungicides Dagonis® 12.5% SC (fluxapyroxad 75 g L™ + difenoconazole 50 g L) at a
rate of 1200 mL ha*, Affiance®17% SC (tetraconazole 75 g L™ + azoxystrobin 95 g L) at a rate of 600 mL ha'*
and Signum® (boscalid 252 g L* + pyraclostrobin 128 g L) at rate of 500 g ha* were used. In order to evaluate
residue levels of these fungicides, experiments were carried out under greenhouse conditions in Alborz province
during the years 2020 to 2022.

Materials and Methods

In order to investigate the effect of Affiance®, Dagonis® and Signum® fungicides in controlling tomato early
blight disease, experiments with 3 treatments and four replications were conducted in Alborz province under
greenhouse conditions in the form of a completely randomized design. Control was considered without any
spraying of these fungicides.

In order to measure the residue levels of these fungicides in the treated tomato fruits, samples were collected
at 1, 2, 3, 4 and 5 days after spraying according to the Iran’s national standard method no. 8366/2005 entitled
“Pesticides- Determination of pesticide residues in crops and livestock- sampling method”. Extraction of
pesticides were carried out by Quick, Easy, Cheap, Effective, Rugged, and Safe (QUEChERS) method and
pesticide residue levels were measured by Liquid Chromatography Mass/Mass (LC-MS/MS) and the values were
compared with the national and international Maximum Residue Limits (MRLs). For preparation and extraction,
tomato samples were crushed and homogenized and 15 grams of the homogenized and crushed sample was
weighed as a laboratory test sample. By adding 15 mL of acetonitrile containing 1% acetic acid, the overall
extraction process was performed. Anhydrous magnesium sulfate, sodium chloride and sodium acetate

©2024 The author(s). This is an open access article distributed under Creative Commons
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B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
https://doi.org/10.22067/jpp.2024.88636.1196



https://jpp.um.ac.ir/
https://orcid.org/0000-0003-2699-6638
https://orcid.org/0000-0002-6468-6860
https://orcid.org/0000-0003-4311-1192
mailto:M_Morovati@areeo.ac.ir
https://doi.org/10.22067/jpp.2024.88636.1196
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jpp.2024.88636.1196
https://jpp.um.ac.ir/

VP Lol oY oylouds (YA ol ((55y9LS @lus g pale) oyl ! (LS cblis sba syl \Ve

adsorbents were used to complete the extraction process. By centrifugation, the organic phase was separated
from the aqueous tissue and 5 ml of the organic phase obtained from this step was used for the cleanup step. For
purification, magnesium sulfate adsorbents were used in order to remove excess water in the medium and PSA
(Poly Secondary Amine) in order to remove large molecules, organic acids, proteins and other disturbing co-
extractives. Finally, after centrifugation, 1 mL of the resulting organic phase was prepared after filtration for
evaporation and then injection into the LC-MS/MS.

Calibration of LC-MS/MS

First, by directly injecting the standard solution (1 pug mL?) of each of the pesticides alone to the MS
detector, the fragmentation voltage of the parent ion (Precursor lon) and the collision energy for each of the
daughter ions (Daughter lon) or product ions of each compound were optimized. In other words, at this stage, the
best conditions for high-sensitivity detection were determined for each of the compounds.

Validation of the Method

According to the Sanco standard, three concentration levels were validated, which were made in acetonitrile
solvent and tomato matrix. For this purpose, by diluting the mother solution appropriately, solutions were
prepared at three different concentration levels of 0.05, 0.1, and 0.2 mg kg of the mixture of the standards of
pesticides under investigation in solvent and tomato matrix. Regarding the linear dynamic range (LDR) for all
pesticides the beginning of the range is the same as the limit of quantitation (LOQ). The figures of acceptable
merit and recovery in the range of 80.1 to 111% with RSD from 10 to 14.5% indicate the acceptability of the
proposed analysis method.

Results and Discussion

The results obtained for the residue levels of Dagonis® fungicide consisting of fluxapyroxad and
difenoconazole, showed that according to the MRL of fluxapyroxad (MRL= 0.2 mg kg?), two days after
spraying it was less than the MRL and difenoconazole residue levels was less than the MRL (MRL= 0.6 mg kg)
one day after spraying. The amount of residue in Affiance® treatment samples, consisting of two fungicides,
tetraconazole and azoxystrobin, showed that after 3 days of spraying, the residue of tetraconazole reached the
MRL (0.1 mg kg!) and the residue of the fungicide azoxystrobin was lower than the MRL (3 mg kg?) one day
after spraying. The results of the pesticide residue measured in the samples treated with Signum® consisting of
boscalid and pyraclostrobin showed that the pyraclostrobin residue levels were lower that the MRL (1 mg kg?)
two days after spraying this fungicide, and boscalid residue was lower than the MRL (3 mg kg™) after one day of
spraying. In the control samples, the tested fungicides were not detectable.

Conclusions

Therefore, Affiance®, Dagonis® and Signum® fungicides at the rates of 600, 1200 mL and 500 g ha?, with
the pre-harvest intervals of 3, 2 and 2 days respectively, are safe considering the residue levels of them and are
recommended to be used to control early blight disease in tomato.

Keywords: Alternaria, Chemical control, Food safety, Maximum Residue Limits, Pre-Harvest interval
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5- QUEChERS (Quick, Easy, Cheap, Effective, Rugged
and Safe)

6- Acetonitrile

7- Acetic acid

8- Anhydrous magnesium sulfate

9- Sodium chloride

10- Sodium acetate

11- Clean up

12- PSA (poly secondary amine)

13- Co-extractive
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2- Powdery mildew
3- Blight

4- Haematocytometer
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Table 1- Washing conditions used in HPLC to extract the studied fungicides

Time (min) % Mobile phase (water)

Flow (mL minY) Max. pressure (bar)

0.1 90

7 60
13 60
20 90

0.4 400
0.4 400
0.4 400
0.4 400
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8- Linear Dynamic Ranges (LDR)
9- Limit of Quantitation (LOQ)
10- Relative Standard Deviation (RSD)
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1- Liquid Chromatography-Mass/Mass

2- High Performance Liquid Chromatography
3- Formic acid

4- Fragmentation voltage

5- Precursor ion

6- Daughter ion

7- Product ion
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Table 2- Optimum conditions to obtain maximum sensitivity to the studied fungicides

Retention time
Compound

Parention Production

Collision energy

(min) (m.zY) (m.z*)
Fluxapyroxad 7.5 383 (42) 314 (20) 342 (20)
Difenoconazole 8.3 407 (100) 337 (15) 251 (10)
Tetraconazole 7.5 373 (110) 70 (20) 159 (20)
Azoxystrobin 7.4 405 (144) 372 (20) 344 (20)
Boscalid 7.6 344 (95) 140 (20) 307 (20)
Pyraclostrobin 8.9 389 (155) 133 (20) 163 (20)
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Table 3- Performance evaluation of extraction and analysis methods in terms of linear dynamic range, LOQ (mg kg™) in LC-MS/MS

Compound Calibration curve equation LOQ LDR % Matrix effect
Fluxapyroxad y = 52059x + 32533 0.05 0.05-1 -20
Difenoconazole y =57342x + 14017 0.01 0.01-1 -21
Tetraconazole y = 17005x + 47809 0.01 0.01-1 -24
Azoxystrobin y = 62834x + 74864 0.01 0.01-1 -25
Boscalid y =77571x + 74113 0.05 0.05-1 -17
Pyraclostrobin y = 62682x + 3281.8 0.05 0.05-1 -18
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Table 4- Residue levels of Dagonis (fluxapyroxad + difenoconazole) in tomato on days 1 to 5 after spraying

Dagonis® (1200 mL ha)

Samples Fluxapyroxad (Codex MRL= 0.2 mg kg!) | Difenoconazole (National MRL= 0.6 mg kg1)
Concentrations (mg kg!) Mean Concentrations (mg kg')  Mean SD+

Day 1 1.0 1.25 1.44 1.23 0.04 0.03 0.05 0.04 0.008

Day 2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

Day 3 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

Day 4 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

Day 5 ND ND ND ND

ND ND ND ND ND

Control ND ND ND ND

ND ND ND ND ND

Limit of Quantitation (LOQ), Not Detected (ND).



VP Lol oY oylouds (YA ol ((55y9LS @lus g pale) oyl ! (LS cblis sba syl

\vF

Shdslne S| om gy b S slajs) 0 (SidasS 5o (Oma il s o] + J5UsS1,5) (uildl (iS)B el 3l -0 Jgua
Table 5- Residue levels of Affiance (tetraconazole + azoxystrobin) in tomatoes on days 1 to 5 after spraying

Affiance® (600 mL ha™?)

Samples _ _
Tetraconazole (EU MRL= 0.1 mg kg) Azoxystrobin (National MRL= 3 mg kg?)
Concentrations (mg kg) Mean  SD+  Concentrations (mg kg') Mean SD+
Day 1 0.14 0.18 0.16 0.16 0.016 155 1.36 1.78 1.56 0.17
Day 2 0.14 0.15 0.16 0.15 0.008  1.05 11 1.22 1.12 0.071
Day 3 0.08 0.09 0.13 0.1 0.021 1.01 0.9 1.21 1.04 0.128
Day 4 0.04 0.06 0.08 0.06 0.016  0.85 0.5 1.13 0.82 0.26
Day 5 0.04 0.02 0.06 0.04 0.016  0.07 0.08 0.088 0.08 0.007
Control ND ND ND ND ND ND ND ND ND ND

European Union Maximum Residue Limits (EU), no national MRL
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Table 6- Residue levels of Signum (boscalid + pyraclostrobin) in tomatoes on days 1 to 5 after spraying

Signum® (500 gm hah)

Samples - - -
Boscalid (EU MRL= 3 mg kg Pyraclostrobin (National MRL= 1 mg kg%
Concentrations (mg kg') Mean SD+ Concentrations (mg kg')  Mean SDx
Day 1 1.02 0.75 1.03 0.93 0.129 21 1.6 1.7 1.8 0.216
Day 2 0.95 0.75 0.65 0.78 0124 042 0.28 0.35 0.35 0.057
Day 3 0.8 0.75 0.6 0.7 0.084 03 0.28 0.33 0.30 0.02
Day 4 0.5 0.7 0.6 0.6 0.081 ND ND ND ND ND
Day 5 0.4 0.68 0.53 0.54 0.11 ND ND ND ND ND
Control ND ND ND ND ND ND ND ND ND ND

European Union Maximum Residue Limits (EU), no national MRL, Not Detected (ND).

950 slajp L cosian "pgiSe sy bl g S
S ylae 3 1y b oy Ul 3 ) Do v g il LV
Al (6 lews

clagloan g L8l a4l co pice 4l cnl plae asd]
Ol e 5 iy 5> (bl BB b (655LiS > (2L
et an LapiSe )b (S 5 0mlS e 4 o)l Jsls
oo Solon slee 5 pEalS )3 (Sime dlgo il b sl i )6
3] el lo 55 olgagul Sl a4 ds g b eud )3 g Anlgs
i 8y ool l3n (59 oo b waiions 3G oS
ShLS Ui 5 Golon bole 2licsilon @b (silon 4 (524
L olagioles] plonl cusl azils o3lisal 3y90 g0l (slo iS5
s p00 S asaly (pily Lt 5 (gl e (sl 1S )8
A Y ()l ol sl Jg 0,90 b L sla iS5
.(Shojaei et al., 2013) suw); o

LS gl ol S, w3 93 j) JSutte " uigSlo (258
2 03 Syglaer (S jpansS o5 sladisal 1> JgilsS siied
4y Lsiad 5ol (b 3l o w2 U Jgl slajs
S IV Jolse & oS g polussls iS7 )6 jlone ainds
Jlome a5l Gl (Bl 5| g 9y S diged bl oo S kS
Ol 0alo Bl (l5se dm 4y 93 o) Sl ST culy oule B

.'o: )

e S (e S (2gedS) (g)len Cupe & L o
olisul (y9y (Jg sl 3o (ilon (I 53 (6365 Gy slasd)
oo SBUISEB b (Shpw ord gabgle; slaasl | plina,
5 e LS 5 g il (S oy comg il (S gl 2o
a0 (2oedSd ilow Yo Sl o) VI + o ey CluSe
Olson et ) 5, LSan 4 ysudsl (Dillard et al., 1995) ol o
Jls ;s (Mazzini, 2009) Mo 5 Y)Y JLu 5 (al., 2012
58425 (290 oS (ilonr Jlom 3 ) "SR B YR
3905 duogi |y o)l g atusly She SIS g ac e Lol 4
o pyow | el (S5)8e2 65 (2g90as) (g)len Yoo sl
o=l i (tasme baly b dn an gl b g g o o3ltw] calisee
lod 9 YU Cugby 2939 oy canl S dadilsdS )3 Jguare
9202111 5 995 S5 by 4y (Sogll 558 g ()less o8 Juine
OhbSen 5 (i b Adl oo )y S oS plosl 4 L
sla yiSg LB il clajey sl (Sharifi et al., 2024)
2904 55lo sae 3 1y pySims T uldl sy ST
St bl ol 0> 418 (b5l 3590 (5 y3ansS



VWY 1o sy Glais ) owila Bl ladio (i3l csl)lSed 5 (F9 50

ST (it )5 0)93 59y &5 Sltd lixe bawgi S0
o )LS 090 a2 8,8 plol S (S5 )340 65 (g9, o oolitul
Jankowska et al., ) 453,5 3,90, 59; 4w peiSew Sz LB
55 i)lS 0390 45 b5 A Bl b cllllas 3 (2016
A8l Jo8 JB AS7)B cnl Gl 3 o)
($93 455 > 553 5 Slgn b 48 SlLagios
b G osilo 3L (clyls Wnaiges 5l aoy> £V/B oS sy olis o] s
o5l abidi 1 YL Loyl 4o WIY & s iScdl s
01 glwlis ela ,iSedl oyt bl o Lyl aabul jlxe
4l g 4dg o oliel g 0 el o Foldns (ito g 39,8
JoUsS),5 adan 5 W3gs Slome a3 00 slulis (gl 25z, B
Hepsag & ) JojlosSsidsd g 38 wgs o g il sl
g 0djpMw lawg 45 Sldllas > pizes (Kizildeniz, 2021
485 &yso oyl y> (Salamzadeh et al., 2018) | LSon
A4S WU iy (0 hdreS sladiges > LiScd] £o5 AD !
P e 5 Opd9m) cgieild msiems S Sl oy by
i obilo Bl (el)ls gl (iSedl g Lais a5 w sanlie ndiges
Saglan 9ol Wgei OV 5 (55,3455 igai VY 051 slore >
Loy B 3l Gl o sl @ dialy (g dilais I on
Loyl do)dVF a8 wsg iSedl xin b S aile gyl lnaiges
Oy «sladlae ol 3 a00g (Ld je S jlome o 3l i
J95065ad ¢ Jsogio ¢ wgdgisalio Joli onid samlin (cla iScdl
Sdss p (Elgueta et al., 2020) 054 \Swgs g Juis 39y
d)S plonl (,84205 4s5ei TV (59) (9aliunye 3 &5
Wl iz )5 Jols) 4,8 Loy LESl FIY snile 3l
Coiid 0i5le Bl (ghyls Ladiged (pl 5l ao)d Y& oS (W0gy jub (b

P50 5 i a3 )lS g eyl 00d ) sl S
3= LuolS )3 (Abd-Elhaleem, 2020) 1,53 sanlie o iScdl
A5 285 plol IS YR Ll (SopiesS gy SWlbo
e 48 39y puihin)lS iS5 onile Bl (gl wiges Sy By
o Vel j iSecdl SO Bl g3 e a5l i o
Ol 00 Lo ds 5l (Keb oS 100,5 cdaline badiges
1509 St 9 U )yg0gi00d ¢ il S  Jilion yo Jolis ln iS'edl
Ol QBUS B pas sl jlad 3529 pae 0L (o) cnl S
Ol Sen g sosl a s 31 (Arias et al., 2014) cowl Jouasw
4 (55,8465 0505 V5 wyp b o p> (Ahmed et al., 2016)
slass g 0D 5)9]@.} e gy )d 4oy g 0gue Ob‘i“’ Cuid |
Dy jlome A 3l i Jliie ol dged Can pd a8 Cubly 33

ity ) a8 Mone 5 035 olSid (2 25 5l Sl (S
S el Js 3 ol il LS8 ol easle Bl jbre
= pS s 18 lome i > a8 JgiLsS ik (iSe)8
odd (650l Gl b (Bbgew 1 am jo) ol ecunl p S5k
Ay | yiaS &S ol AL Ladigas jd p)SekS 0,8 Juo o/+F
b Sl rmy P93 J9) Sl Egeome > B8 Cplplis g2 e
bwg 4 Slllas ;5 adb e Ll 1) jlxe b 53 uile 3l 3
g uin S LIS ELE goy ladl 3 o iSedl cus 55 5
J9 Ao (S8a265 59y ST ol ()18 0)93 el 485
Sladllas ;> 4SS s ((Anonymous, 2019) el 4uis yuss
23lo Bl lie (1Slae (b Jglre Sl s 29 g 5l (e
ol 0wy e do> &y oS

Jasi an bgpe osd (5)glaar (S53arsS oge sladiged )
5 JiloisS 15 Sl e 99 oxila Bl o " il
3 ot Js3bg8155 0xilo Bl i b (5503101 Lpnzg sl S g1
OIS @B ol jlome digtin bl jhdedy (S 1 gy dw <335
02 39y U 1y (28l o s 9 ) (S8 32 25 (e + 1Y)
sl 31 oot Jl 595 5 omg sl oS53l S b s
Do 1y (p 554" oS o a0) ol slome s Sl ol Sliee
Oy a a2y L cplpliy 0l oo Jod LB l5e onl 45 25
A dn (Bl Sl e po— J9y 53 JaiUsST i enile Bl (e
oS Slallas 3wl sl JB (S58405 5 o) jlome aind
LS 0)93 s (sl 1 pol S laome cllis il Loy
(')_3.| u,u.})lj 093 ol 005 Pl;dl lise OY guase ) d.ul.ai
USEPA, ) cowload pMlel jg; o (j8e255 59y (358
Wg) dgslool e coodw g po bawgi ,Sus clilllas 5 (2023
ol S 5l (B3 48 Jaibss1m () 0y9> (EFSA)
oS (EFSA, 2021) sl o0 S5 o, dus (S8 55 )5 il o
Al guuad leb Sidos b o @l

g WSy Joli a5 “pgS 2S5 slial oo 3L
ot bl osile Bl (550l g o 23l co (g il
I 5omls (bl 3 om 595 99 Omg pslglSl ola Sb oS sl
bl (p )5S oy (hee ) LSS (ol Slme Al
3 Bomls (tlmm 3l ooy 59y S 2 Kg onile Bl &S 2 0
Hecnlnbir 29 (kS 3 )5 (e dw) ESEHB cnl Slore Al
2 bl Bpan g by BB Jpame w4 (oShew pod o)
0)9> (=3t S Al B Dbyl (o gaseS lawg &5 SWlas
o )18 093 1 (S b «d)S ploxl S8 pl )8
w0 s> -(National Assessment France, 2020) sl oo o9,

1- European Food Safety Authority



VP Lol oY oylouds (YA ol ((55y9LS @lus g pale) oyl ! (LS cblis sba syl

\VA

Wb o jlre do > cailyp oy byl esile b e g A

o=l Capdon )0 duog BB ol pusd uiylS 0y90 4y ases L 1Y

Lg)‘)’imls,w

ol an Ll S8 e b ) (o gk
sho P VFNNYTY £ jge - F1Fm1FAYA-RUNTNE Cgno
S i bwg Olislejl ansn Aib o yoiS (Kb jpelS Slisdiss
el 0133, €81, Y I8 3L

6> SISl Lol Wadiges ol 5 o0 il sla iS5l
94539 Jte gdee 9 & (o @l LB gty sl (62
o peldd o b (g ey Aiile Lo iS5l L oaslo B
392 jle do )3 JoiUgS 9ided 9 Jo3beS 1y e Sligi
6 5 4o

solie U 7 Luildl ela S 7,5 ool sty zolis 4 dsg3 b
b7 g1 bt IS (58,5 i )3 1 JiSa 3 st e 5o+
S 3 S Be e ety pgiSia g JlSa > il e VYo e g
Moygp (S5 8a2s8 (290aS) (low slae ) (o 21 ]

References

1.

10.

11.

12.
13.

14.

15.

16.

Abd-Elhaleem, Z.A. (2020). Pesticide residues in tomato and tomato products marketed in Majmaah province,
KSA, and their impact on human health. Environmental Science and Pollution Research, Online Publication: 06
January 2020. 9 pp. https://doi.org/10.1007/511356-019-07573-x

Ahmadinejad, M., & Doodabi, A. (1986). Early blight disease caused by Alternaria solani fungus. Proceedings of
the 9™ Plant Protection Congress of Iran, Faculty of Agriculture, Isfahan University of Technology, Iran. pp. 62.
https://conference.areeo.ac.ir/article_11102.html. (In Persian).

Ahmed, M.A.l,, Add EI Rahman, T.A., & Khalid, N.S. (2016). Dietary intake of potential pesticide
residues in tomato samples marketed in Egypt. Research Journal of Environmental Toxicology. 10: 213-
219. https://doi.org/10.3923/rjet.2016.213.219

Anonymous, (2022). Agricultural statistics. Ministry of Agriculture Jihad, Iran. pp. 123. (In Persian).

Anonymous, (2022). FRAC Code List® (2022). www.frac.info/publications

Anonymous, (2019). Registration Report of Dagonis-Part A, National assessment, Federal Republic of
Germany.

Arias, L.A., Bojaca, C.R., Ahumada, D.A., & Schrevens E. (2014). Monitoring of pesticide in tomato
marketed in Bogota, Colombia. Food Control, 35(1), 213-217.
https://doi.org/10.1016/j.foodcont.2013.06.046

Bai, Y., & Lindhout, P. (2007). Domestication and breeding of tomatoes: What have we gained and what can we
gain in the future? Annals of Botany, 100(5), 1085-1094. https://doi.org/10.1093/aob/mcm150

Baimani, M., Hayati, J., & Shetab Bushehri, M. (2002). Determination of the dominant species of causal agent of
Early blight disease of tomato and investigation on the best culture medium for the growth of the pathogen.
Proceedings of the 15" Plant Protection Congress of Iran. University of Razi, Kermanshah. Karaj, Iran. pp. 176.
(In Persian)

British Standard (2008). Foods of plant origin — Determination of pesticide residues using GC-MS and/or LC-
MS/MS following acetonitrile extraction/partitioning and clean-up by dispersive SPE— QUEChERS-method. BS
EN 15662 (E). 81 pp.

Chaerani, R., Remmelt, G., Stem, P., Roseland, E., & Voorrips, R.E. (2007). Assessment of early blight (Alternaria
solani) resistance in tomato using a droplet inoculation method. Journal of General Plant Pathology,73(2): 96-103.
https://doi.org/10.1007/s10327-006-0337-1

Dillard, H., Cole, D., Hedges, T., Turner, A., Utete, D., Mvere, B., Agubba, M., & Wilkinson, P. (1995). Early
Blight of Tomatoes. Zimbabwe Horticultural Crops Pest Management. NYSAES, Geneva NY. 2 pp.

EFSA, (2021). Review of the existing maximum residue levels for tetraconazole according to Article 12 of
Regulation (EC) No 396/2005. EFSA journal, 21 Dec. https://doi:10.2903/j.efsa.2022.7111.

Elgueta, S., Valenzuela, M., Fuentes, M., Meza, P., Manzur, J.P., Liu, S., Zhao, G., & Correa, A. (2020). Pesticide
residues and health risk assessment in tomatoes and lettuces from farms of Metropolitan region Chile. Molecules,
25, 355. https://doi.org/10.3390/molecules25020355

EL-Tanany, M.M., Hafez, M.A., Ahmed, G.A., & Abd EI-Mageed, M.H. (2018). Efficiency of biotic and abiotic
inducers for controlling tomato early blight disease. Middle East Journal of Agricultural Research, 7(2), 650-670.
Ershad, J. (1998). Fungi of Iran. Publications of the Iranian Research Institute of Plant Protection. 874 pp.

https://press-iripp.areeo.ac.ir/book_1747.html. (In Persian).


https://doi.org/10.1007/s11356-019-07573-x
https://conference.areeo.ac.ir/article_11102.html
https://doi.org/10.3923/rjet.2016.213.219
http://www.frac.info/publications
https://doi.org/10.1016/j.foodcont.2013.06.046
https://doi.org/10.1016/j.foodcont.2013.06.046
https://doi.org/10.1093/aob/mcm150
https://doi.org/10.1007/s10327-006-0337-1
https://doi:10.2903/j.efsa.2022.7111
https://doi.org/10.3390/molecules25020355
https://press-iripp.areeo.ac.ir/book_1747.html

VA

o818 o b AT B ol B Hlade (b3l oyl )02 g (T g e

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Eslami, Z., Mahdavi, V., & Tajdar-Oranj, B. (2021). Probabilistic health risk assessment based on Monte Carlo
simulation for pesticide residues in date fruits of Iran. Environmental Science and Pollution Research, 28(31),
42037-42050. https://doi.org/10.1007/s11356-021-13542-0

European Food Safety Authority (2021). Review of the existing maximum residue levels for
tetraconazole  according to  Article 12 of Regulation (EC) No.  396/2005.
https://doi.org/10.2903/j.efsa.2022.7111

Fishel, F.M., & Dewdney, M.M. (2012). Fungicide Resistance Action Committee’s (FRAC) Classification Scheme
of Fungicides According to Mode of Action. Pesticide Information Office, Florida Cooperative Extension Service,
Institute of Food and Agricultural Sciences, University of Florida. 7 pp. http://edis.ifas.ufl.edu

Foolad, M.R., Ntahimpera, N., Christ, B.J., & Lin, G.Y. (2000) Comparison of field, greenhouse, and detached-
leaflet evaluations of tomato germ plasm for early blight resistance. Plant Disease, 84(9), 967-972.
https://doi.org/10.1094/PDIS.2000.84.9.967

Gentili, E., Tarlazzi, S., Balzaretti, G., Romagnoli, C., Marchi, A., Manaresi, M., & Coatti, M. (2006). Boscalid
plus pyraclostrobin based formulations for the control of fungal diseases on pome and stone fruits, strawberries and
vegetables [Piedmont; Emilia-Romagna; Veneto]. Atti delle Giornate Fitopatologiche, 2, 35-40.

Hansen. M.A. (2009). Early Blight of Tomatoes. Plant Disease Fact Sheets. Virginia cooperative extension.
Produced by Communications and Marketing, College of Agriculture and Life Sciences, Viginia Polytechnic
Institute and State University. WWW.ext.vt.edu.

Hepsag, F., & Kizildeniz, T. (2021). Pesticide residues and health risk appraisal of tomato cultivated in greenhouse
from the Mediterranean region of Turkey. Environmental Sciences and Pollution Research, 28, 22551-22562.
https://doi.org/10.1007/s11356-020-12232-7

Jaliani, N. (1991). Tomato Early blight disease and its chemical control in Jiroft and Kahnuj region. Proceedings of
10" Plant Protection Congress of Iran. Faculty of Agriculture, University of Kerman, Iran. 118.

https://conference.areeo.ac.ir/article_2009.html. (In Persian).

Jankowska, M., Kaczynski, P., Hrynko, I., & Lozowicka, B. (2016). Dissipation of six fungicides in greenhouse-
grown tomatoes with processing and health risk. Environmental Science and Pollution Research, 23, 11885-11900.
https://doi.org/10.1007/s11356-016-6260-x

Macar, O., Kalefetoglu Macar, T., Yal¢mn, E., & Cavusoglu, K. (2022). Acute multiple toxic effects of
Trifloxystrobin fungicide on Allium cepa L. Scientific Reports, 12(1), 1-9. https://doi.org/10.1038/s41598-022-
19571-0

Mahdavi, V., Eslami, Z., Gordan, H., Ramezani, S., Peivasteh-Roudsari, L., Ma'mani, L., & Mousavi Khaneghah,
A., (2022). Pesticide residues in green-house cucumber, cantaloupe, and melon samples from Iran: A risk
assessment by Monte Carlo Simulation. Environmental Research, 206. 44 pp.
https://doi.org/10.1016/j.envres.2021.112563

Mahdavi, V., Heris, M.E.S., Dastranj, M., Eslami, Z., & Aboul-Enein, H.Y. (2021). Assessment of pesticide
residues in soils using a QUEChERS extraction procedure and LC-MS/MS. Water, Air, and Soil Pollution, 232(4),
159. https://doi.org/10.1007/s11270-021-05104-4

Mazzini, F. (2009). Consento Duo: A new fungicide mixture for horticulture against Peronospora and Alternaria.
Informatore Agrario Supplemento, 65(26), 14-15. https://www.sid.ir/paper/1053065/en

National Assessment France (2020). Signum Risk Management. Registration Report, Part A, BAS 51607F. France.
Olson, M. & Santos, B.M. (2012). Vegetable Production Handbook for Florida. 344 pp.
https://www.slideshare.net/slideshow/2012-vpg/14890643.

Rosenzweig, N., Hanson, L.E., Mambetova, S., Jiang, Q.W., Guza, C., Stewart, J., & Somohano, P. (2019).
Fungicide sensitivity monitoring of Alternaria spp. causing leaf spot of sugar beet (Beta vulgaris) in the Upper
Great Lakes. Plant Disease, 103(9), 2263-2270. https://doi.org/10.1094/PDI1S-12-18-2282-RE

Salamzadeh, J., Shakoori, A., & Moradi, V. (2018). Occurrence of multiclass pesticide residues in tomato samples
collected from different markets of Iran. Journal of Environmental Health and Science and Engineering, 16(3): 1-
9. https://doi.org/10.1007/s40201-018-0296-4

Saleem, A., & EIl-Shahir, A.A. (2022) Morphological and molecular characterization of some Alternaria species
isolated from tomato fruits concerning mycotoxin production and polyketide synthase genes. Plants, 11(9), 1168.
https://doi.org/10.3390/plants11091168

Sharifi, K., Goudarzi, A., &Safaie Farahani, B. (2024). Efficacy of several new fungicides in control of tomato
early blight disease. Journal of Applied Research in Plant Protection, 13(1), 59-71. magiran.com/p2720002. (In
Persian)

Shojaei, B., Tekkieh, L.E., & Rasouli, A.S. (2013). The necessity of integrated pest management in agriculture and
its role in agricultural sustainability. First National Conference on Medicinal Plants and Sustainable Agriculture,
Hamedan Province Hamedan, Iran. pp. 1-19. (In Persian)


https://doi.org/10.1007/s11356-021-13542-0
https://doi.org/10.2903/j.efsa.2022.7111
http://edis.ifas.ufl.edu/
https://doi.org/10.1094/PDIS.2000.84.9.967
https://doi.org/10.1007/s11356-020-12232-7
https://conference.areeo.ac.ir/article_2009.html
https://doi.org/10.1038/s41598-022-19571-0
https://doi.org/10.1038/s41598-022-19571-0
https://doi.org/10.1016/j.envres.2021.112563
https://doi.org/10.1007/s11270-021-05104-4
http://www.cabdirect.org/search.html?q=au%3A%22Mazzini%2C+F.%22
http://www.cabdirect.org/search.html?q=do%3A%22Informatore+Agrario+Supplemento%22
https://www.sid.ir/paper/1053065/en
https://doi.org/10.1094/PDIS-12-18-2282-RE
http://dx.doi.org/10.1007/s40201-018-0296-4
https://doi.org/10.3390/plants11091168

VPP lansli ¥ o lols YA als (((5y9LisS 2oboo g pole) ol ! oL cbles by g A

37.

38.

Stammler, G., Bohme, F., Philippi, J., Miessner, S., & Tegge, V. (2014) Pathogenicity of Alternaria species on
potatoes and tomatoes. In Fourteenth Euro Blight Workshop PPO Special Report, 16, 85-96.
https://www.researchgate.net/profile/Gerd-
Stammler/publication/274379185_Pathogenicity_of Alternaria-
species_on_potatoes_and_tomatoes/links/551d2e7b0cf2000f8f9386c5/Pathogenicity-of-Alternaria-
species-on-potatoes-and-tomatoes.pdf.

Strathmann, S., Walker, S. and Barnes, J., (2011) June. Fluxapyroxad: A new broad-spectrum fungicide.
In Phytopathology (Vol. 101, No. 6, pp. S172-S172). 3340 PILOT KNOB ROAD, ST PAUL, MN 55121 USA:
AMER PHYTOPATHOLOGICAL SOC.


https://www.researchgate.net/profile/Gerd-Stammler/publication/274379185_Pathogenicity_of_Alternaria-species_on_potatoes_and_tomatoes/links/551d2e7b0cf2000f8f9386c5/Pathogenicity-of-Alternaria-species-on-potatoes-and-tomatoes.pdf
https://www.researchgate.net/profile/Gerd-Stammler/publication/274379185_Pathogenicity_of_Alternaria-species_on_potatoes_and_tomatoes/links/551d2e7b0cf2000f8f9386c5/Pathogenicity-of-Alternaria-species-on-potatoes-and-tomatoes.pdf
https://www.researchgate.net/profile/Gerd-Stammler/publication/274379185_Pathogenicity_of_Alternaria-species_on_potatoes_and_tomatoes/links/551d2e7b0cf2000f8f9386c5/Pathogenicity-of-Alternaria-species-on-potatoes-and-tomatoes.pdf
https://www.researchgate.net/profile/Gerd-Stammler/publication/274379185_Pathogenicity_of_Alternaria-species_on_potatoes_and_tomatoes/links/551d2e7b0cf2000f8f9386c5/Pathogenicity-of-Alternaria-species-on-potatoes-and-tomatoes.pdf

Iranian Plant Protection Research

https://jpp.um.ac.ir i

Research Article
Vol. 39, No. 2, 2025, p. 181-198

Seed Persistence of Asian Spiderflower (Cleome viscose L.) in the Soil Seed Bank

Somayeh Mamashli®*'?, Asieh Siahmarguee*'*", Farshid Ghaderi-Far':'!

1- Department of Agronomy, Faculty of Crop Production, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran.

(*- Corresponding author's Email: siahmarguee@gau.ac.ir)

. How to cite this article:
Received: 05-10-2024 Mamashli, S., Siahmarguee, A., & Ghaderi-Far, F. (2025). Seed persistence of
iﬁ‘ése{idoéalizz%g 4 Asian spiderflower (Cleome viscose L.) in the soil seed bank. Iranian Plant
Avail%ble.Online' 09-07-2025 Protection Research, 39(2), 181-198. (In Persian with English abstract).
' https://doi.org/10.22067/jpp.2024.90116.1206

Introduction

Asian spider flower weed (Cleome viscose L.) has recently entered the flora of weeds in Golestan province
and causes significant damage to farmers in Golestan province every year. The seed production potential of this
weed is high (> 38000 seeds per plant). Also, the seeds of this weed are very small (weight of 1000 seeds is
equal to 1.05 grams) and thay have dormancy. Thus the annual shedding of the seeds of this weed and their
accumulation in the soil form a stable seed bank that can be the source of weed contamination in fields for many
years. Therefore, understanding the stability of the seed bank of this plant is very important in the successful
management of this weed.

Materials and Methods

Ripe seeds of Asian spider flower were collected from a soybean field in Minoodasht city-Golestan province
at the end of October and were transferred to the seed technology laboratory of Gorgan University of
Agricultural Sciences and Natural Resources to perform various tests. Immediately after harvest, the germination
ability of fresh seeds was examined at 30 °C. The germination percentage of freshly harvested seeds was 7%. In
order to investigate the effect of After- ripening on the germination ability of Asian spider flower seeds, a part of
the seeds was stored in the laboratory. In order to investigate the stability of the seed bank of this weed, 65 grams
of sieved soil along with 13 grams of Asian spider flower seeds were placed in 26 mesh bags and buried at two
depths of 10 and 20 cm on November 4, 1401. Sampling was done at 15, 30, 60, 90, 120, 150, 180, 210, 240,
270, 300, 330 and 360 days after burial. At each sampling stage, the number of germinated seeds in the soil, null,
dead and healthy seeds were counted carefully. Healthy seeds were used to perform tests to determine seed
moisture, electrical conductivity, and germination at different temperatures of 15, 20, 25, 30, and 35 °C and in
two conditions of light and darkness, as well as the use of gibberellic acid and its non-use.
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Results and Discussion

The freshly harvested seeds of Asian spider flower had very little germination. After- ripening (in laboratory
conditions or buried in soil) and gibberellic acid were effective in eliminating the commune, so that it increased
the germination of Asian spider flower seeds in both dark and light conditions. With removal of the seed
dormancy, germination of the seeds of this plant occurred in a wider range of temperatures. The germination
response of Asian spider flower seed during the after- ripening and burial period was different to light and
darkness and the ambient temperature also had an effect on it. Examining changes in the percentage of live and
dead seeds at two depths of 10 and 20 cm showed that in both burial depths, the percentage of live seeds
decreased over time and the number of dead seeds increased. So that in the last sampling, corresponding to 360
days after burial, the number of live seeds in two depths of 10 and 20 cm was 12 and 23%, respectively.

Conclusion

Considering that the germination percentage of Asian spider flower seeds increased during the after- ripening
period and the use of gibberellic acid also improved germination during the after-ripening period, it seems that
the seeds dormancy of this plant are of physiological type. The occurrence of low temperatures in winter caused
removal dormancy of the buried seeds, and vice versa, the occurrence of high temperatures in the summer caused
the induction of secondary dormancy in the remaining seeds. According to increasing trend of the number of
dead seeds in two depths of 10 and 20 cm, it can be said that the emptying of the seed bank of this weed occurred
faster in the depth of 10 cm. Asian spider flower seed bank is a permanent type. Therefore, the frequent dropping
of this weed's seed in the soil can turn this plant into a permanent and serious challenge for farmers.

Keywords: After-ripening, Burial depth, Seed bank, Seed bank stability, Viability
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Table 1- Meteorological data (monthly) at time of the experiment

Year Day after Sampling Minimum Maximum Amplitude of maximum and Rain
burial date temperature (°C) temperature (°C) minimum temperature (°C) (mm)
15 1401.8.19 12.0 21.2 9.2 88.3
30 1401.9.19 8.9 16.1 7.2 57.3
1401 60 1401.10.19 4.7 12.9 8.2 21.0
90 1401.11.19 4.3 12.7 8.4 53.1
120 1401.12.19 9.9 20.7 10.8 16.5
150 1402.1.20 12.0 22.6 10.6 59.2
180 1402.2.18 16.0 27.1 111 87.3
210 1402.3.18 22.2 34.4 12.2 63.6
1402 240 1402.4.17 23.2 34.1 10.9 7.9
270 1402.5.16 25.2 36.8 11.6 7.1
300 1402.6.15 21.7 32.7 11.0 4.1
330 1402.7.14 16.3 26.4 10.1 85.5
360 1402.8.14 15.8 26.9 11.1 49.5
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* The seeds were buried on 2022-10-26 in two depths of 10 and 20 cm.

cla e 5o oaioslal (gl s UMD pandl pud 9
S L > Ve bl @ g o3l 8 pod Jgbro 5l
SHeyds oo bai 3yse loj CaddS b ayn )5 ot celuw YF Gony
e VS i gty Lol (210055, 5 00 25 S
2 3058 S5y 4y 0k slaydy podoil B (goil 0 CBS JE gy
$S1 ) 92y (6 STy LSl 030 slaydy 5 (Jg il
1l by ol el a8 e ol s (Sl
L 0,5 S5 padailys gl ol 50 )lay8 1 Sialse
A Gl Jeily 39 ol bl reb i o] (6245
O9—ejl wlaly (Copland & Mc Doland, 1936) 345 e 40
Koo cusldy loj 40 ol pl elaydy Slood; duoyd padg;l i
291 Juoyd YA
YO ¥ ¥ N N0 didie clabed o Siasles Liulasl
Sl oolawl aelsl 35 (S5 g 595 kaylyd 93 j0 9 01,5 Slw s
o=l g s pbsl ol 5l ookl pas g (pliaie YO+) S ps duul

(o 2l duS S oSl dm s b pigel Al ye 2

Mo L8 L g o 4isy) o) SUl (59 dunS o J3I Sligie
wlayin (S e3ja0lg olaydy Dlaad s 05 At O
o) o ol udgi 4y pyY N5 b jled 85 b ol g 03,0 ey
sl as glayly SUSE jlan ol plosl s g8 blyd 0 )8
Sl osesl g (M Gloodsj o ) podails cigeil b
ol padails geil A plodl ea sl sl sla)dy o)
» J(Akbari-Gelvardi et al., 2021) 1 pbx! 39390 Josdlygiawd
G 93, 0> sla s 5l eoae YO 1SS aw il (9050 ol
A b lecid ool 3 0ss )il (olayds g (g yte il Yo g Ve
9 &85 )8 e Bl b jlad 4 alagtads g J3I )k
O B33 g by s e O L Lty S50 b
VY Caodr oS il an o Ve sled b ysilisSl b iasis
I agid i coles gl €eddS Sl am a8 Jitie csls
4903 (b i el (dye g0t )y 5 1)l 5leSSl



VP Lol oY oylouds (YA ol ((55y5LS @lus g pale) oyl ! (LS cblis sba gaghy \AF

@lasiaals Has (55400 92 g3 gy

s Gl cbl g (Ul g oy S e sslaied
0255 olStlojl 53 wordisyglan byl gtod ¢ Sllanibious
S g 5 bl 93 )0 B8 (glaydy alie Sl (g0
3,5 oolatwl (b 03> ey B Cuand > oS

=) 9% 5559 SAS daliy 5l eolaswl b laosly Julow g 4350
5 plsl Ve VS ST 38l 5 51 oalawl b o lyges

@lﬁ
o Gl o el Lol wilslg 4 o0 uls

Glosl 3 085 5 oBslojl 1> oy g b o Slapdaces
a8 assS sled wCowl sad ool LB Y Jado 0 SB i
byl (Siadle o)y Cho 9 o sdnliie jj Jodn
9O_é>L§_A;o>L»)?I};4gqlb’uuL&.o)§‘UcA>d@Ua#zm
S bz g 3 S del Bpan 3 (583 Bes Jlie

WA D xe Ao yd

A ag ol (slaydo 1 (eae YO IS5 w3 oladiges (g0l
Hb s ola iy ) peily (Slo LB 4Y G ) o)ds
e Ol sl o a (99331 5l dxy g 05 00l 51,8yt il
A YD o ¥e YO ¥ N caliste slalos b HgilsSSl 4 )] &
S gl dn by slatadis iy aiad e oS ol
lyiey (olods il 0nildyy (pagsieesll Jigh b oS psbon;
pLodl Cgh 93 )3 aljy) g dstin 93 Cdody 0355 &l g 03j4lg>
Ll ) )3 o3jasler (slayds ailig) ()led ((S)b sless 3 .85
90 4 dxdidy) Job (i) (il Slie A8 plgl fow )90
Sl Jgie jgy dw Sdedy a5 Sloj B g 390 jir b g plo e
» . (Soltani et al., 2001) s plosl bayiy ioledd o ol
4 g 035 llgs oled Hles a3 a8 olayks da el del]
Sl 3 e o Loyl 51 P 4y 5 izl dyie (slatudce s
L Loyt s G b a8l L’z"_’j el oo Y0 Sy
G¥ XD ¥ A il slalod )3 5 LSub 5 55 bl e
Slaws &iljy 55 Al ye cpl jd b 0oy Jlaml o § ol 4> YO
ool il Gl ad G aian 9d Gleds 033 dilgy g edjdilex (slaydy
2 (g Sls3) Hd Clo 2529 pas b 352 5l 2l (wyn O

D91 (il palejl slel )3 0355 ailg (sl

SlaniazdS yo (J dilga wo )3 g1 liSee (b jlod il lg 41525 - Jgs
Table 2- Analysis of variance of different treatments on seed germination percentage of Asian spider flower

S.0.v df Mean of squares Pr>F
Sampling 12 2791.16 **
Depth 2 21.96 ns
Temperature 4 48939.69 il
Light 1 170.58 *
GA 1 112858.22 xx
Sampling x depth 24 211.50 **
Sampling x temperature 48 684.66 xx
Sampling x light 12 182.20 il
Sampling x GA 12 4349.55 *x
Depth x temperature 8 1208.73 *x
Depth x light 2 128.02 *
Depth x GA 2 21.17 ns
Temperature x light 4 218.80 il
Temperature x GA 4 18275.41 x>
Sampling x depth x temperature 96 120.92 *x
Sampling x depth x light 24 44.65 *
Sampling x depth x GA 24 274.77 i
Sampling x temperature x light 48 117.89 i
Sampling x temperature x GA 48 1145.04 i
Sampling x light x GA 12 198.19 **
Depth x temperature x light 8 100.76 el
Depth x temperature x GA 8 965.69 i
Temperature x light x GA 4 137.92 i
Sampling x depth x temperature x light 96 52.17 i
Sampling x depth x temperature x GA 96 141.95 el
Depth x temperature x light x GA 10 171.74 w*
Sampling x depth x temperature x light x GA 168 86.47 **

Error 1559 27.92
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#% ,#and ns: are significant at the 1%, 5%, and non-significant levels, respectively.
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1- Fatal germination



Vo F oybuaali oF o,leds PR als o((6)yslisS @sbus 5 pale) ool LS clilis b idgs  YAA

Burial depth: 10 cm Burial depth: 20 cm
EViable seed ODead seed @ Germinated in bag WViable seed O Dead seed DO Germinated in bag
100 100
20 z Z Z 90
80 80
o 70
g‘ 70 é
7 60 = 60
2 g
5 50 g 50
g" 40 3‘ 40
2
£ 30 = 30
20 20
10 10
0 0
15 30 60 90 120 150 180 210 240 270 300 330 360 15 30 60 90 120 150 180 210 240 270 300 330 360
Day after burial Day after burial

The laboratory
mViable seed ODead seed
100
20
80
70

50

Frequency (%)

30
20

15 30 60 90 120 150 180 210 240 270 300 330 360
After ripening (day)

Oloj b > S gy Blw Yo g Ve Glasl ;5 ouwd 85 g oyl 13 oy Ll (gl iy Cdigh o =Y S
Figure 1- The fate of seeds stored in the laboratory and buried in 10 and 20 cm soil depths over time
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Figure 2- Electrical conductivity of seeds stored in the laboratory and buried in 10 and 20 cm soil depths over time

doyd FO 9 Y &Y [GWINEY ‘Q])fua.sl.w a5 YO 9 Y. YO L;le‘.o) EX ols_d',:\u‘ﬂ o a;_ﬁ,}ouuu:! QSLAJ:‘:‘ @qut,:.; =y
a0 Y0 ¥ laled o Sidles doyd ded duw cpl oy 43 Dy ol sb

PP U PO VSR IR PR I g+ IR ¢A U P VO WO S e
Sy doyd i Ly Cadldyy 1 dmy aloliMy lagsioeS gl )y
Y0 5 ¥e ¥0 lalos > (So)l5 kaulyd > sy 9y VO b e
Sl (Siasles Ao yd YA g VA s e ol S sl 4y

0 ey 092 Ub JLl u.:UaM:Jmf dLb)JJ (_5")4)‘? oy

oy L ¥ Sl p calises slaled jo ol g (Sl bl
wsolod 305 ol 4> 3 V0 (slod ;0 (SO0 baylys o canl o
S ol axya Ve glod o 0l Fy Siailen (o)l pdiges ol

e e e i e S N U I IO PSRRIV I IR RO



YA S 0 SSb o (Cleome viscose L.) gilawibazas yds 6 lwly ol )5en g (Lioo

(o 590 V0 L Bolias (o)l passes Jol alsye ) 59 1,5
A Y0 o Ve YO slaled o oy bolus o Siales doyd
o355 asley slaydy (605,18 Dy lug 0 o VO UV e
sbaled 3 &5 55204 3)S (Sl s Sy Al (220
)i 4o V0 5 V0 A i g o) S 5l da > YA 4 Y0 (YO
slayie (S5ale 20> gy 090 Job (Rl L 35 dlg>
IS dn g BB asS sl ol Wiy bl s 45 olS oyl
oiles Sldey bl )3 ¢ S )b Loyl s BMS 4 5 ol Y
= 090 Job 50 0,5 Sl dx d YO 9 e ¥O slaled o laydy
IO glalos o Jidiles dopy wSlis aS comods Dy b ()
Ve g (o 9y VF gloj 3 31,5 (b 42 o YO 4 Y
595 YV 4 oyim Jobo Gl ol 51 g 292 2005 VO 5 £0
olas ()3 paiges 31 dlspo 93 50 g il zals Sjailes o)

(7 JS3) 391 duoyd Y5 Loy g i sy Y8+ oYY L

100 Seeds stored in laboratory
90 Darkness: without gibberlic acid 15
80 ——2
70
@ —0—25
< 6 ——30
g s
g ——35
E 40
E 2
o
© 20
10
e A —

A A A
0 30 60 90 120 150 180 210 240 270 300 330 360 390

After ripening (day)

100 Seeds stored in laboratory
90 Light: without gibberic acid
80

Germination (%)
=

0 30 60 90 120 150 180 210 240 270 300 330 360 390
After ripeninig (day)

Germination (%)
23

-l dx YO 5 Ve FO slalod o aS gomuids 00,8 el
(Y JSs) w05 algn oyl 0o )d 0 g YA A s iy 3l S

olS cnl sloydy (Gjalor do)d (awyim 0y93 Jsb LaljEl L
byl Sjsle doyn Sl a8 sl iliel SO0 bals )
A5 sgudn g Oglite (py e 093 Jsb 3 e sbales >
We olej yo 0,5 ol a0 YO glod o Sjailes dopy yiSlis
393 VA 53 0,5 il a2 )3 Yo (glod ) (o> £O) (o) 59
59 VY 50,8 ol asd YO (slod j3 g (o0 FY) oy
Y US5) 00,5 sdsliie (0o )d YY) oy

V0 slod > gllardaoS (sl )l Gjalex (2ldy) Lulyd )
Yo lod 3 9018 &y (g pdises Jolie dad j3 35 il as o
byly 5wl g SWl Hlaw Sl aoyd 0 0,5 ole 4y
S30lex duoyd dod dw (pl e g3 09 dagr BB oS il asyo
=Sl 4 YO glod 3l iy o5 il a0 YO o Ve slalod jo

100 * After 14 days, the ungerminated seeds were treated with
90 gibberic acid (250 ppm)
80
——15
70
6 ——20
—0—25

woos
IS

After ripening (day)

1001« After14 days, the ungerminated seeds were treated with

90 gibberilic acid (250 ppm)

80
§ 70 ——15
‘g 60 ——20
é 50 —0—25
E 10 ——30
3 30 ——35

After ripenning (day)

Wglitio Jo e 45 e (Llod g (Ulgy 9 (u,U Tl gl 53 (Lomw y ) Dol 45 oud Wil gl ydy Jjailgs oy - U

§ 312518903
Figure 3- Germination percentage of seeds stored in the laboratory in dark and Light conditions and different temperatures
at different stages of sampling
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It should be noted that after 14 days, ungerminated seeds were exposed to gibberellic acid (250 ppm) and their germination
percentage was recorded.
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Figure 4- Germination percentage of seeds extracted from 10 cm soil depth in dark and light conditions and different
temperatures at different stages of sampling
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It should be noted that after 14 days, ungerminated seeds were exposed to gibberellic acid (250 ppm) and their germination
percentage was recorded.
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Figure 5- Germination percentage of seeds extracted from 20 cm soil depth in dark and light conditions and different
temperatures at different stages of sampling
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It should be noted that after 14 days, ungerminated seeds were exposed to gibberellic acid (250 ppm) and their germination
percentage was recorded.
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Introduction

Wild barley is an annual and winter weed belonging to the family Poaceae. It can occupy a wide range of
habitats and its damage to some crops, especially wheat and rapeseed, has been reported. One of Iran’s most
widely used herbicides is haloxyfop-R-methyl, used against narrow-leaved weeds such as wild barley in
rapeseed, sugar beet, and orchard fields. Haloxyfop-R-methyl inhibits the activity of the enzyme acetyl-
coenzyme A carboxylase in the fatty acid biosynthesis pathway, resulting in a disrupted membrane structure and
killing treated weeds. Increasing reliance on herbicides, metabolic damage to crops, and the environmental
consequences of herbicides have left no choice but to reduce consumption. One of the methods of reducing the
consumption of herbicides is the use of surfactants. The purpose of this study was (1) to determine the most
compatible surfactant type and concentration among three surfactants: cationic frigate, anionic dioctyl, and
nonionic PCgate for use with haloxyfop-R-methyl against wild barley, (2) to determine their mechanism of
action.

Materials and Methods

In a dose-response experiment conducted in the autumn of 2012 in the research greenhouse of Bu-Ali Sina
University, the compatibility of adding 7 concentrations (0, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8% by volume) of 3
types of surfactants (nonionic PCgate, cationic frigate, and anionic dioctyl) to spray solutions containing 7 doses
of haloxyfop-R-methyl (0, 3.375, 6.75, 13.5, 27, 54, and 108 g a.i. ha') against wild barley was investigated. At
the same time, the solutions containing the maximum dose of herbicide were also sprayed on moisture-sensitive
paper. Moreover, the solutions containing the maximum dose of herbicide (108 g a.i. ha') along with 7
concentrations (0, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8% v/v) of 3 types of the surfactants above were prepared to
measure their surface tension by the hanging drop method, and the contact angle of the drop with the leaf
surface, the wetted area of the leaf, and the duration of drop evaporation by placing a 5 uL. drop of the solutions
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on wild barley’s upper and lower leaf surfaces, which were fixed horizontally.

Results

The critical micelle concentration of the surfactants was determined to be 0.1% v/v. The addition of
surfactants to the spray solution caused a decrease in the droplet contact angle with the leaf surface, an increase
in the wetted leaf area, a decrease in the droplet evaporation time, an increase in the spray coverage on the
moisture-sensitive paper, a decrease in the spray droplet size, and an increase in the efficacy of haloxyfop-R-
methyl against wild barley, all of which were dependent on the surfactant concentration. Surfactants at all
concentrations significantly reduced the surface tension of the spray solutions. A negative relationship was
observed between the efficacy of haloxyfop-R-methyl and the surface tension of the spray solution (R2 = 0.68).
Without surfactant, 25.39 g a.i. ha™* was required to control 50% of wild barley (EDso). Among the treatments,
the lowest EDso (18.4 g a.i. ha) was observed when dioctyl was added at 0.2% v/v to the spray solution.
Without surfactant, 68 drops cm were deposited on the moisture-sensitive paper. The highest droplet density
(83 drops cm) was observed when dioctyl was added at 0.4% v/v to the spray solution. Except at 0.8% vl/v, at
other concentrations, the efficacy of PCgate and dioctyl in increasing the droplet density deposited on the
moisture-sensitive paper was equal, and the efficacy of frigate in this regard was lower than the other two
surfactants. Except at 0.8% v/v, the efficacy of frigate was lower than that of the other two surfactants in wetting
the moisture-sensitive paper, and there was no difference between PCgate and dioctyl. Leaf surface (anterior and
posterior) had no significant effect on the measured characteristics and did not interact with surfactant type and
concentration. The lowest droplet contact angle (30°) was observed when dioctyl at 0.4 and 0.8% v/v to the spray
solution. The droplet containing PCgate at 0.4 and 0.8% v/v (12.3 and 12.5 mm?, respectively) resulted in the
highest leaf-wetted area. The droplet containing dioctyl evaporated faster than the droplet containing PCgate,
and the droplet containing PCgate evaporated faster than the droplet containing frigate.

Conclusions

The results of the present study indicate that PCgate, dioctyl, and frigate are compatible with haloxyfop-R-
methyl, even at high concentrations (up to 0.8% v/v). However, a concentration of 0.2% v/v of the surfactants is
recommended to avoid additional costs. The ability of the surfactants to improve haloxyfop-R-methyl efficacy
against wild barley is as follows: dioctyl > PCgate > frigate. Therefore, dioctyl is a better choice for addition to
the haloxyfop-R-methyl spray solution. In this study, it was proven that the surfactants improve the efficacy of
the haloxyfop-R-methyl by increasing the spray deposition by reducing the size of the spray droplets and
increasing the spread of the droplets on the leaf surface of wild barley. In addition, it seems that PCgate has
moisture-absorbing properties that reduce the droplet evaporation time, increasing the duration of herbicide
absorption.

Keywords: Critical micelle concentration, Dose-response, Herbicide, Surface tension
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3- Echinochloa crus-galli (L.) Beauv.
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Figure 1- Response curves of the dry weight of wild barely to different doses of Haloxyfop-R-methyl sprayed with different

concentrations of PCgate, Dioctyl, and Frigate
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Table 1 - Values of the lower limit, upper limit, and slope for the dry weight response curves of wild barely to herbicide

treatments are shown in Figure 1

Surfactant Concentration (v/v) Lower Limit (C) Upper Limit (D) Ségp))e P-value
Control 0 0.19(0.01) 0.34(0.005) 1.95(0.44) 0.81
Dioctyl 0.025 0.18(0.01) 0.32 (0.005) 0.97(0.18) 0.30

0.05 0.18 (0.01) 0.33 (0.007) 1.14(0.32) 0.17
0.1 0.17(0.01) 0.33 (0.003) 0.73(0.10) 0.12
0.2 0.19(0.006) 0.34(0.004) 1.04(0.20) 0.10
0.4 0.16(0.02) 0.32(0.007) 0.79(0.29) 0.30
0.8 0.17(0.01) 0.33(0.006) 0.87(0.23) 0.19
Frigate 0.025 0.20(0.01) 0.33(0.007) 0.87(0.25) 0.05
0.05 0.17(0.02) 0.33(0.007) 0.77(0.22) 0.81
0.1 0.15(0.02) 0.32(0.009) 0.86(0.27) 0.78
0.2 0.18(0.01) 0.32(0.006) 1.09(0.31) 0.18
0.4 0.19(0.02) 0.34(0.008) 0.86 (0.33) 0.16
0.8 0.19 (0.01) 0.32(0.01) 1.34(0.62) 057
PCgate 0.025 0.20(0.01) 0.34(0.007) 1.57(0.41) 0.54
0.05 0.16(0.01) 0.34(0.01) 1.95 (0.76) 0.10
0.1 0.17(0.02) 0.33(0.006) 0.83(0.21) 0.51
0.2 0.19(0.01) 0.34(0.01) 1.52(0.46) 0.07
0.4 0.18(0.007) 0.33(0.006) 1.72(0.32) 0.35
0.8 0.16(0.02) 0.33(0.01) 1.13(0.35) 0.06

s lie 3ylkil sllas ly 31 slaclP-value.cul culio s o3ls (5l (sl (otelyb ¥ Stud Joo a5 a3 o gl +,00 (YL 35l pas 905
The numbers in parentheses are the standard error of the values. A P-value of the lack of fit test above 0.05 indicates

that the 4-parameter logistic model is suitable for fitting the data.
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Figure 2- Effect of surfactant type and concentration on the dose of haloxyfop-R-methyl required to reduce 50% of the dry
matter of wild barley (EDso)
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Values with the same letters are not different at a = 0.05%.
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Introduction

Rice (Oryza sativa L.) is one of the most important crops cultivated in Iran and in particular, North of the
country. In recent years, reduced rainfall and adverse conditions of ground and surface waters has raised
concerns about the feasibility of flooded rice cultivation method. On the other hand, yield loss by weeds under
aerobic conditions is greater compared with the flooded systems, as weeds will emerge simultaneously with rice
plants. Despite the more difficult weed management in aerobic rice as well as the limitations in its consequent
cultivation in the same field, aerobic rice cultivation system still remains a feasible strategy to achieve
sustainable production of rice under the inevitable adverse climatic conditions in the future. Therefore, the
present study was carried out with the aim of evaluating the effect of various chemical management methods on
weed control as well as growth characteristics of two rice cultivars of Neda and Fajr under aerobic conditions.

Materials and Methods

The experiment was conducted as a strip plot with three replicates at Dasht-e- Naz field, Sari in 2020-2021.
Treatments included two cultivars (Neda and Fajr) and 10 levels of weed management including 1- bispyribac
sodium (Novino) herbicide, 2- pendimethalin (Prowl) + bispyribac sodium (Novino) herbicides, 3-
pendimethalin (Prowl) + bispyribac sodium (Clean Weed) herbicides, 4- pendimethalin (Stomp) + bispyribac
sodium (Novino) herbicides, 5- pendimethalin (Stomp) + bispyribac sodium (Clean Weed) herbicides, 6-
pendimethalin (Prowl) + bispyribac sodium (Clean Weed) + bispyribac sodium (Clean Weed) herbicides, 7-
pendimethalin (Prowl) + bispyribac sodium (Clean Weed) + bensulfuron methyl (Londax) herbicides, 8-
pendimethalin (Prowl) + bispyribac sodium (Novino) + bispyribac sodium (Novino) herbicides, 9- weed-free and
10- weedy check. In weedy checks, weeds were allowed to grow until the end of the growing season. Pre-
emergence herbicides of Prowl and Stomp were sprayed 2 days after sowing. Also, Clean Weed and Novino
herbicides were applied 21 days after sowing. Finally, 35 days after sowing, Clean Weed, Novino and Londax

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
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herbicides were sprayed in three-times application of herbicide treatment. Spraying was carried out using a
chargeable Matabi knapsack sprayer equipped with a 8003 flat fan nozzle, calibration volume of 200 L ha and
200 KPa pressure. In order to determine the growth characteristics of rice including dry weight, leaf area index
and plant height, sampling was done at certain time intervals. Also, dry weight of weeds in each plot was
recorded at the mentioned intervals.

Results and Discussion

The greatest plant height in Neda and Fajr was respectively 83.1 and 67.8 cm, which was observed in the
weed- free treatment. The plant height varied from 56-73 cm in Neda and 41-60.5 cm in Fajr cultivar in different
herbicide treatments. Also, plant height in weedy check in both Neda and Fajr cultivars was significantly lower
than other treatments. In both rice cultivars and after the weed- free treatment, the greatest plant height and least
time to 50% maximum height was recorded in three- times herbicide application treatments. In the weed- free
treatment, leaf area index of Neda and Fajr cultivars reached its peak 71 days after sowing (both at the same
time), and was 4.2 and 3.7, respectively. Three- times application of herbicides was ranked next after the weed-
free treatment with leaf area indices of 3-3.2 in Fajr and 3.3-3.6 in Neda cultivar. Taking into account the weedy
check, weed- free and herbicide treatments, the dry weight of Fajr cultivar ranged from 583.4 to 1640.6 g m?,
whereas these values in Neda varied between 1121.9 to 1968.4 g m=. The results of this study showed that the
most common weeds found in the field were velvetleaf (Abutilon theophrasti Medik.), musk melon (Cucumis
melo L.), common purslane (Portulaca oleracea L.), barnyard grass (Echinochloa crus-galli (L.) P.Beauv.) and
bermuda grass (Cynodon dactylon (L.) Pers.). Weed dry weight in weedy check and in the second place, single-
herbicide application treatment was higher and increased more rapidly compared with other treatments. The
increase in the dry weight of weeds in Fajr was higher than Neda cultivar. Also, next to the weed-free treatment
with 5607 kg ha, grain yield was the highest when Prowl+ Novino+ Novino (4994 kg ha') and Prowl+ Clean
Weed+ Clean Weed (5029 kg ha'') treatments were applied.

Conclusions

Based on the results obtained from this study, cultivation of Neda cultivar as well as three-times application
of herbicides (application of pre-emergence herbicide followed by two- times aaplication of a post-emergence
herbicide) is recommended to improve the grain yield of rice under aerobic system.

Keywords: Dry weight, Herbicide, Leaf area, Weed flora
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Table 1- Analysis of the soil surface layer (0-30 cm)

Electrical conductivity pH of saturated

Total neutralizing value

Organic carbon Available phosphorous

(dS.m?) paste (ds.m™) (%) (ppm)
135 7 2 175
Texture silt (%) Clay (%) sand (%) Available potassium
(ppm)
2 P9 32 36 540
Clay loam
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Table 2- Properties of the herbicides applied during the present study

Recommended field rate  Application method Common name Formulation  Trade name
10 g ai.ha? Post-Emergence Bispyribac sodium SC 10% Novino
25 gai.ha? Post-Emergence Bispyribac sodium SC 40% Clean Weed
1360 g ai.hat Pre-Emergence Pendimethalin CS 45.5% Prowl
990 g ai.ha? Pre-Emergence Pendimethalin EC 33% Stomp
45 g ai.ha? Pre-Emergence Bensulfuron methyl DF 60% Londax

Sl 4 el VY Gods ladiges «Sid 539 (65051l (glp b
slecale Wad pig8 w5 Jlasl oS ol 4,0 VO slod b
b ploml Lol (g g ol olSplojl & JUml 5l ug 5,2
gayoyin S Coluwe dy @y S o il oSles 805l ]y
s LadSg jl Lol b Jaie oKiislej] 4y o0 piS claasy,
W Al dily 5 Slos g 0

L e gp Sl (g 9 S aw el Clis 1,
A G geSaw o () dolee) oytel)ly aw oS (sla Jie I oolazuwl
A plos (1) o5l
Y= Amax (exp(-0.5(t-ti00)/b)2) (V)

OLA)‘ t100 ;5)g CJQ‘" L S 139 ),S]Jb :Amax ‘oi 5 LY
Y= Amax/(1+exp(-(t-ts0)/b)) v)

Ol_n)‘ R cS).g C.]au L» Sais OJ9 ).Sl.b :Amax ‘Oi Pl oS
Ll ddleo

Line & ,bsoi S 5,0 cale S yjg Ol s ooy
E—oT g f)_, CL:_.A dlﬁb.)].) » LQJAA U:’)‘)" S Pl?o‘ Scatter
Cogs b pbol SigmaPlot l5ele 5 51 eslawl b g0y s ool
oy (SE) Jhme slbas 5l daizmio (i g5 (1391 )l gime (s 2
4 bgyo sbaosly 4150 (Knezevic & Datta, 2015) i a3 5
099y b ke dulio 9 SAS v.9.0 38le 5 S8 L ails 5 Slos
laylils 5 SaSTL 56 b lages pasy b plol p<0.05 ;5 LSD
.yl &yee SigmaPlot v.12.5 4 Excel v. 2013

Juale 58
aS glaseSa s odaliie islejl ) Ldlise 5ym slacile

9 VO L) oy alols (@pepte 1Y) (i 53 93 s S sl
WAR ol , 8 Ve oyl )0 g sie le Cui aeaydy (9, dlold
Ve Besdn Seupd )l 90 plosl L cudls e ey sjlwoslal
Y7 0yl) 0isri sladgs b plodl ae)je glans g o il
3 2590 (waliy y915) awliy 5 (J 5 i ) jhud (o)
ey 93 (e il (65018 sl plejl Jodlygiws 3o
L ccdls 51 gy abolddly ae 50 (ylol b g5 4250 )0 S
S am 5 (S s o jl 655l caz) SL bl ) ool
Wb el Jl 93 dtin o LaazalS (45 jaw

by ojlaljre sladle 4 Jad (LL T aals o) )
oo 9 (Jg) dliecsiiy (agyoie S cile .45 o3y
0lS) Shasmomm 9 05 Y &0 3 @ gy I S (Geolin)
((m2aomiy £9,-5) pg> o )3 (9259) waw Slosmorn 9 (%9
momm S 1959)) e r98lge 9 (ol 4l yo ) am oo )
o yo 3 (59) e Slaoymimn 9 (29 OlS) mow Sloy
3 odlail b (Sl b0 Jlosl (pg Al po 51 g 59y V1) po
s (Sl JiL 4 jeome (oble (65)ld (s b o
Voo il )Lsd 5 LS 5 il Voo sl S g L ALY
Jeoddlygwd b b glow 9 BT o pite b ool JIKubgls
DS ) caodl (ilon sl i pgans b (2T iy 4ia
b el dglS (g3l GiSepts gt aBle il gl 5 o

0l &g i)l ol g5 Ay Slapadld (s jolateds
A ye gy o Sladile SIS (g S8 g SWS (g 9 Sy gdaw
Sor Ve e ATE N oY g gy Ve olgd (0 55 ()l piges
0jg Gt sl BS Opgo O ol Jad (b el e
L )l masged b plosl ()b paiged 55 jyp slacile Suis
L85 o plosl e /D 3y e o0 lyale S S 5l eolauwl
L @ S o olSiolojl 4 loigas JUaml ) Ly alolod,
s=Sojlul (Delat-T, UK) (6,5 zuwS pedaw o8iwd 3l oalitu!



VP Lol oY oylouds (YA ol ((55y9LS @bus g pale) oyl ! (LS cblis sba sy} YY.

25 05y )5S 195 08y bazme )3y (slacile SS9 Sl
e 2y (bl 5 P8y (K55 oS is @ 3950 ool o 39
N 3lsese; sl Shy Jdba 1668 (Sl 4l by
ol 4 yoie caslie (Bl g Sy paw Wigy l)] e
e gladide Sid iy (el a3 5 5 sadile i)
A 25 10 08, b ey )5 jracile SiS 5 AT psbody i3S
A3l e 4 28 08, b <o) 53 &5 (Sy90)0 g2 @apesio 2 p)S
@ P (L8 plo 4 g b cplply ) @yeyie 3 )5
mddle Al cope g (25 S8 5 pB)l sl Sy ) Gl
a9 jl eolazwl (Rajabian et al., 2017) 5y 0540 50 sl
Al 50 5 slacile iz oo > s Sl J dbo
Br o el am g S cuslis ©jg0a b iSls o Ll
i sladils oo 53 isucald) gmbs b lg e wsd oslitl
2 ik glacale ga5 cleds (Singh et al., 2006) il of yorr
3 (g b Jlae sl piSile i b g3 Sl eslil @ )3
Cu pds 39t (R0 et al., 2007) cwl (5)9 08 550 lacale
0%9) 3 (Bl L g0 S ol £33 00l 0 50 sladle
Copie Aoy gl Cuol 4 oyl )3 A8l Sl (o pde sl
ool 015 35T loosss S8 S 50 (3 5 2)) (Sefosn

.(Shibayama, 2008)

28 o8y a5 el )l 5l St W o) B9 gl (S5 5k
39> 3 pLB)l g cnlpls b odalie glod (p2g sless 53 9 i
GAYL g gl a s LB, .cusly dgng MBS 2o e VO
S8l s w5355 yobre S0 Slacile p (gilulale b ai)h
B¥Y 1 o o8y g g Sl VY B OF 5l iScale alisee (sl los
elasy) Sl wopd 00 & sy Gloj g yuxio yio Sl £/
W—.é) Jel S9— ol odlaiw] uASgO.LC 41>)A dw 45 uJLQ)Lo.‘J 2 ¢439J
a) okl 5las) 59, AV/A —0+/F )5 105 5By ;3 5 AY/V-FA/Y j> yxb
e sladide Ly (0B) g g 039 Sy (siag) 455 o rle
sy slaaale asol oy sald g Lo (wlS e ) g (sl YL
2ol it g b eelge 3B L S5 05) 0 005 e 24
=i o8 L colsy Jdows 5 sladdle (o) salie ag gl
g Ady ialS 4 e Ol g S I3 dlge 6y55 wlie 1 ookl

g oo g )|

Abutilon ) asl8 Jolis gy aby Jolye o e i slacale
a3 5 (Cucumis melo L.) s 05,5 (theophrasti Medik.
Amaranthus ) 5,84y, ws,>zb (Portulaca oleracea L.)
& .,zb {Convolvulus arvensis L.) Sow, (retroflexus L.
Physalis ) 63, iy g e (Solanum nigrum L.) ol
9 (Echinochloa cruss-galli L.) (39,5 «(alkekengi L.
3= Lo oy plo ;3 .04 (Cynodon dactylon L.) & yeasc,
Lo cobessS o3lgls ol z g)l30 )3 Johio 50 (slacile
{Cichorium intybus L.) wlS glasslgls Jolis layes S g
Amaranthus ) e, zls (Malva sylvestris L.) S,
4o Loyl 151,55 £95 a5 cawl odd 5,155 ... ¢ (retroflexus L.
(Sl g 3 2l (St S 5 1) Juab ¢ glomg] bl
Echinochloa) cég,4. (Cyperus esculentus L.) 5,5 pMuw b4l
Echinochloa )45, w4 s, (crus-galli (L.) P.Beauv.
Sorghum halepense (L.) ) 5L.3 o (colonum (L.) Link
Slosd 135 g 5y e (ke Olyisa (Pers.
b e gy calisw e slacale oy 5l (Rao et al., 2007)
Onnke (S3Pp 9 (B ((Se cald sy Bgjgu
oLS .(Gibson et al., 2003) 395 oo gurs Lid ) gy jypcale
olo yo2 ot L5 olo cigd)l 8y 908 by (g 0505
bulyd cood g )l > (Sitwen jei> lp (VL sl
2 e dle lgieds @dyglS (Sohrabi et al., 2014) 5,y gjls
Derakhshan et al.,) -,ISen 5 Lis ) lawgi g6 (gjlon cuis
o ialy g BBy (spipdlanl ol 0rb b))35(2015
Bt ud 5 (i ezl Gladle oS aad o |y ISl oyl ag, o8
Si8lgr ooy ol W51y e cilise slalaee )3 1) 395 (il
U5 al) 9 (598 Ul (ol s s l8l
Sinha, ) 48 oo SoS aipgls (ul5) Lo Shy 5 )5l
L Lol @lyasis g 2 gl sy slacile jolé & a5 (2017
iy glacile )i ol jl S olr ) Gl s S 4 g

(Sohrabi et al., 2017) cuwl yhe oales 9 0ebos

oy Juad (b yu 548 sladdle Sa G99
i sladile s iy Gl e g bl o) JSD) 52 ol 58
390 VY el jlan jo) 93 Jold) dls po dus (o oS glajlass
L g 00 Jlosl (bl (CudlS 51 g 59, Y0 9 <S5l
93y clacile SLis 1jg Ltalidl &5 e ol yan ialS
alye S g (j0 il 4 ogll sald) bl pas slojlog

Ol 9= I3l an 9y (650 ©AB L g a5 L (il



YYY el 008y 90 6oy SS9 9 5 slcile oy oo ) 5o g 3135 yansr

Dry weight (g m'2)

23 bays arter sowing

———— sl

............. e sy
————— A e
e ST [T

—— == oSt

————— R ST RUN S T G QLN O
—m e LSl u oy S ey
T O e agtaeeit Jo—

T A s g S ey I ey

[*2] [e}
o o
L L

N
o

Dry weight (g m’2)

20 -

of
1

Days after sowing

Weedy check

Clean Weed

Stomp + Clean Weed

Prowl + Novino

Prowl + Clean Weed

Stomp + Clean Weed + Clean Weed
Prowl + Clean Weed + Londax
Prowl + Novino + Novino

Prowl + Clean Weed + Clean Weed

2 (0 9 15 (Y (gl9 oyl 53 50 8,1 3 52 (sl St (339 -) JSd
Figure 1- Dry weight of weeds in Neda (a) and Fajr (b) rice cultivars under aerobic conditions
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Figure 2- Plant height of Neda (a) and Fajr (b) rice cultivars under aerobic conditions
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Table 3- Parameter estimates obtained from the fitting of three-parameter sigmoidal model to rice plant height data under
aerobic conditions

Wlise lre slhad SOl il S5 ol
Values in prantheses denote standard error

Fajr Neda

Treatment Amax B tso Amax B tso

(cm) (d) (cm) (d)

Weedv check 332 212 571 403 19.7 555
y (25) 45 (63) (25 (27) (38)

Clean Weed 419 229 546 56.9 188 53.1
(2.8) (6.3) (6.3) (2.8) (2.0) (2.0

45 169 539 653 16.1 52.6
Stomp + Clean Weed @7 @7 (3) (24 (15 (36)
Prowl + Novino 465 186 537 645 147 52.0
(2.3) (23) (5.1) (22) (18 (27

49.1 189 526 65 152 517
Prowl + Clean Weed @0) &7 7 22) (23) (3.2)

604 201 521 703 153 515
Stomp + Clean Weed+ Clean Weed 35 (30) (4.6) 23) (21 (29
59.1 16.6 49.9 715 155 50.9
Prowl + Clean Weed + Londax 3G1) (24) (59 @B7) (23) (28)
. . 59.7 16.7 49.7 722 152 509
Prowl + Novino + Novino 28) (40) (44) 39) (22) (23)
60.6 17.0 49.1 733 157 504
Prowl+ Clean Weed + Clean Weed 20) (36) (47 G7) (22 (28)
Weed-free 67.8 16.1 487 831 170 50.1
(22) (29 4.9 43 (24) (3.0

G glis)l yiSlas 10)3 O & sy loj 50 d50 alas )3 o D0 (£las,) ESTus :Amax

Amax: maximum height; b: slope at tso; tso: time to 50% maximum height
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Figure 3- Leaf area index of Neda (a) and Fajr (b) rice cultivars under aerobic conditions
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Table 4- Parameter estimates obtained from the fitting of three-parameter Gausian model to rice leaf area index data under
aerobic conditions
Ao sline gllad Sily gl J51 ol
Values in prantheses denote standard error.

Fajr Neda
Treatment

reatmen A B E(ljg)o Ana B E(lj())o
13 239 66.2 14 254 689
Weedy check 0.1) (25 (36) (0.1) (26) (34)
Clean Weed 17 277 698 19 274 693
(0.1) (34) (3.0) (0.1) (2.9) (3.8)
21 277 687 22 276 683
Stomp + Clean Weed ©02) (31 28 (01 (29 (36)
Prowl + Novino 21 284 69.7 24 282 685
0.2) (33) (2.9 0.2) (34) (3.0
23 283 693 28 264 706
Prowl + Clean Weed 02) (38 (34) (02 (28 (25)
30 263 714 33 260 711
Stomp + Clean Weed + Clean Weed 02) (29) (26 02) 24) (32)
3.0 262 718 34 259 709
Prowl + Clean Weed + Londax 02) (24) (25) 02) (4) 22
. . 32 262 718 35 259 713
Prowl + Novino + Novino 02) (26) (26) 02) (22) (35)
32 263 720 36 258 711
Prowl + Clean Weed + Clean Weed 02 (26 (2) 02 (22 (0)
37 263 714 42 269 716

Weed-free 02 (26) (30) (02 (27) (34)

Sy e (23l 1 & sy oloj £100 4100 dais 1> s D o5y laws (a3 ls Slas :AMax
Amax: maximum leaf area index; b: slope at tioo; tico: time to 100% maximum leaf area index
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Figure 4- Dry weight of Neda (a) and Fajr (b) rice cultivars under aerobic conditions
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Table 5- Parameter estimates obtained from the fitting of three-parameter sigmoidal model to rice dry weight data under
aerobic conditions
b e slee glas by gl S50 palie
Values in prantheses denote standard error.
Fajr Neda
Treatment Amax tso Amax tso
-2 B -2 B
(9. M) (d) (9. m) (d)
5834 178 56.0 11219 179 554
(51.0) (35 @7 (73.2) (34) (45)
8876 163 584 14326 196 58.2
(59.8) (25) (3.3) (722) (5.0) (7.4
10895 178 554 15995 186 57.3
(55.5) (35) 4.7 (70.6) (4.0) (5.6)
1090.1 172 542 1623.7 185 57.0
(63.4) (3.6) (4.7 677y @7 (2
11455 180 55.1 16775 17.7 5538
(66.2) (4.0) (5.4) (432) (34) (@45
13240 202 610 17764 17.7 5538
(62.6) (3.8) (5.9) 475) (34) @1
14185 204 621 17955 18.1 56.2
(585) (3.9) (6.2) (442) (28) (3.8)
14208 18.0 56.0 1818.2 183 56.7
(60.2) (3.6) (4.9) (435) @7 (1)
14279 179 5538 1826.7 183 56.6
(61.5) (3.6) (4.9 (57.2) (3.9 (5.3)
16406 17.7 59.1 19684 16,5 53.9
(576) (3.2) (4.5 (66.3) (3.0) (3.8
S 59 s 0o pd O 4y Gday oloj 150 d50 abas )3 o D« SKiiS (55 ST Amax

Amax: maximum dry weight; b: slope at tso; tso: time to 50% maximum dry weight
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Figure 5- Effect of rice cultiar (a) and herbicide treatments (b) on grain yield under aerobic conditions
Similar letters indicate non-significance at p<0.05.
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Novino; PrIClwd2: Prowl+ Clean Weed+ Clean Weed; Weeding: Weed-free treatment.
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