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Introduction

Pistachio (Pistacia vera L.) is the most important horticultural crop cultivated extensively in central areas of Iran
and an economically important nut that ranks the first among the agricultural export commodities in Iran. The annual
exportation of this nut crop reaches to 100,000 tonnes that ranks the second after the oil in revenue income of the
country. Kerman province is the most important pistachio producing province in Iran. The highest acreage of the
pistachio producing lands in this province are allocated to Kaleghochi, Ahmadaghai, Ohadi and Akbari cultivars,
respectively. Not to mention that these are the most commonly cultivated pistachio cultivars in Iran. The pistachio trees

are attacked by many different insect pests. The pistachio green stink-bug, Brachynema signatum (Hemiptera:
Pentatomidae) is a key pest of pistachio in Iran. The adults and nymphs of this insect feed on the developing fruits of
pistachio and cause significant damages in the form of pericarp lesions that result to the nut drop. The pistachio green
stink-bug is also a vector of thepathogenic fungus, Nematospora coryli Peglion that causes the formation of corky
appearance and somewhat bitter and distasteful smell of pistachio endocarp. In the pistachio producing areas of Iran,
this pest is present in the pistachio orchards throughout the year and can produce four to five generations per year in
Kerman province. Since the host plant can affect the growth, reproduction and survival of herbivorous insects, therefore
evaluating the effects of host plant on the growth and reproductive characteristics of insect pest could be used in its
integrated pest management programs. These effects could be evaluated by calculating the demographic parameters,
especially the intrinsic rate of increase of the insect pest (rm) on preferred host plant, reminded that the demographic
parameters are affected by the quality of host plant and are very useful indicators for evaluation the suitability of host
plants to insect pests. This research was conducted to study a preferred natural diet (fresh kernels of pistachio) on
developmental time, fecundity, survival rate, and life table parameters of pistachio green stink bug, Brachynema
signatum (Hemiptera: Pentatomidae). This research was conducted to study a preferred natural diet (fresh kernels of
pistachio) on developmental time, fecundity, survival rate, and life table parameters of pistachio green stink bug,
Brachynema signatum (Hemiptera: Pentatomidae).

Materials and Methods

©2023 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, distribution and reproduction in
Er 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.2024.81629.1146
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Insects reared on fresh kernels of pistachio head ram species in the growth chamber at 27 =1 °C, 65 + 5% RH and a
photoperiod 16: 8 h (L: D) and the parameters of age-stage, two sex life table of the insect were determined. The life
table study was done with 100 identical eggs of the same age. After hatching, instar nymphs were fed with fresh kernels
of pistachio head ram species every day. The data of Life table were analyzed according to the theory age-stage, two
sex life table.

Results

The total development time from egg to the death of adults was 83.85 days. The survival rate from newly nymph to
adult stages was 34%. Females started to oviposition on day 36, reached its pick on day 44, and then gradually declined
until reached zero on day 86 of the insect’s life span. The intrinsic rate of natural increase of population (rm) and the
finite rate of population increase (A) were 0.084 + 0.0030 and 1.088+0.003 (female/ female/ day) respectively. Gross
(GRR) and net reproduction rate (Ro) were equal to 140.14 + 15.17 and 78.78 + 11.18 female eggs. Mean generation
time (T) was 51.55+0.387 days.

Discussion

The fertility life table can be constructed for analyzing and understanding the effect of external factors and host
plants on the growth, survival, reproduction, and intrinsic rate of increase of insect populations. Host plant quality is an
effective factor on the fecundity and population growth rate of herbivorous insects. Analysis of age-stage, two-sex life
table and its parameters obtained in this study showed that stink bug had an appropriate development on natural diet.
These results could help us to understand the B. signatum population dynamics under field conditions. The results could
also help us make better management decisions in integrated pest management (IPM) programs for economically
important crop, Pistachio.

Keywords: Green bugs, Pistachio, Population growth parameters, Two- sex life table
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Table 1- Duration of different developmental stages (Mean + SE) of B. signatum, reared on kernels of pistachio
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Figure 1- Age-stage survival rate (sx) for each stage of B. signatum
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Introduction

Potato tuber moth, Phthorimaea operculella is an important pest of potatoes which annually impose economic loss
in potato production especially in stored places. Chemical control with spray in farms and fumigation in storages is a
conventional method for depressing the population of this pest. In addition, with harmful effects of synthetic pesticides
on environment and human health, developing resistant population of insects, compel researchers and plant protection
institutions to utilizing new safe control methods. Delaying the resistance by keeping effectiveness of pesticides by
using synergists and sublethal concentrations is a resistance management method. Bacillus thuringiensis is an effective
microbial control agent against some insects. Its effectiveness decreased because of developing resistance in some
population of insects. Combination of Bt with some botanical biopesticides increases its efficiency that reported in
many studies. In this study combination of B. thuringiensis with hexane, ethyl acetate and methanol extracts of Celery,
Apium graveolens were investigated on mortality and some biological parameters of PTM. Celery is a biennial plant in
the apiaceae family, which is rich in some compounds such as phenolic and flavonoids. These compounds could affect
biology and physiology of insects. Combination of sublethal concentrations of Bt with extracts of celery subjected for
study of their effects on mortality, synergistic effects and some biological parameters on PTM larvae in this paper.

Materials and Methods

Potato tuber moth colony established by preparing larvae from a health colony in department of plant protection,
Azarbaijan Shahid Madani university. Larva reared on potato tubers in plastic containers. Rearing carried out in
controlled condition of 26+£2°C, 60% RH and a photoperiod of 16:8 (L: D) hrs.

Foliage of celery after well washing with distilled water, dried in shadow in laboratory condition. Coarsely
powdered dry plants used for extraction. Extraction carried out using the maceration method with three solvents,
hexane, ethyl acetate and methanol respectively. Sub-lethal concentrations of both agents, including LCio, LC3 and
LCso, individually and in combination, were assayed by the oral bioassay method. The same age and size of potato

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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leaves were impregnated with sub-lethal concentrations of both experimental materials using the dipping method. The
first larval instars of PTM were transferred on treated leaves, and mortality was recorded in 48, 96 and 144 hours’
intervals. Larval developmental period and adult’s emergence as an important biological parameter recorded in all
treatments. In addition, the inhibitory activity of extracts on a-amylase and protease enzyme of PTM larva was
considered.

Inhibitory activity of celery extracts in two concentrations 1 and 10%, on PTM larvae alpha-amylase activity was
assayed by the dinitrosalicylic acid procedure, using 1% soluble starch as a substrate described by Bernfeld, (1955).
And protease inhibitory activity assayed using azocasein as substrate, with comparing enzyme activity in controls and
present of extracts in reactions.

All experiments were replicated three times. On-way ANOVA analysis of variance in random design was used for
statistical analysis. Duncan’s multiple range tests used for comparing means. For determining the synergistic, additive
or antagonistic effects of combinations, chi-square test conducted between observed and expected results (df=1).

Results and Discussion

The results revealed that ethyl acetate extract of celery in combination with Bt synergistically increased the mortality
of larvae. Compared to the control, the combination of methanolic extract with Bt didn’t affect larval mortality.
However, the combination of sub-lethal concentrations significantly increased larval life span compared with the
control and adult emergence decreased especially in LCso combinations. Increasing the mortality with exposure time
progressing, observed in all combinations and the most larval mortality recorded in 144 hours’ exposure time.
Ethylacetate extract of celery alone and in combination with Bt more than other solvents affected biological parameters
of PTM. Extracts in the concentration of 10 percent in reactions inhibited o-amylase and protease activity of PTM
larvae by 27.97-37.77 and 11.48-25.51 percent, respectively.

Numerous researchers have reported increased efficiency of Bt in combination with other plant extracts for
controlling various insects. The observed synergistic effects can be attributed to factors such as disrupting midgut
properties, inhibiting digestive enzyme activity, and disrupting the insect's immune system by plant extracts.Inhibitory
activity of celery extracts on digestive enzymes activity of PTM larva, well documented in this research which is in
alignment with other reports. Effects on larval life span that with prolonging it affects population dynamics of insect
pests, reported in same studies. This biological effect has adverse effect on development and physiology of insects and
asynchronies developmental stage with environmental variations which finally decrease the population of next
generations or overwintering insect’s density. Adults and pupa emergence percentage decreased in combination of Bt
with celery extracts that same results were reported in other researches.

Conclusion

This study aims to determine the effects of different extracts (prepared by different solvents) of celery in
combination with Bt on potato tuber moth larvae. Effects of different solvents in separating effective compounds on
PTM, was not same. In certain instances, the methanol extract of celery showed a minor effect in enhancing the potency
of Bt. However, strong synergistic effects were observed with ethyl acetate and hexane extracts at various integrated
concentrations. Time also played a crucial role in achieving the desired mortality results, with mortality and synergistic
effects increasing over time in all extract combinations with Bt. Particularly, towards the end of the exposure period, a
synergistic effect was notably observed in all integrations involving ethyl acetate extract of celery.In addition, with
mortality, larval developmental period also affected by combinations. Increasing in life span observed in all treatments
with different ratios. Adult emergence decreased strongly in different treatments and this is so important in decreasing
the population of PTM. Because of importance of Bt as an effective and safe insecticide and increasing the resistance by
different pests such as PTM, management of insects in integrated programs using plant extracts will improve the
efficiency of Bt. Decreasing the sprayed concentrations in combination with other control methods are two important
resistance management toll in IPM programs. Celery is a potent plant for this goal and additional studies are needed.

Keywords: Biological effects, Enzyme inhibition, Larval life span, Sublethal concentrations, Synergistic effects
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Table 2- Comparing effects of sub-lethal concentration of Bt with A. graveolens hexane extract and their integrations on PTM
first larval instar, during different time intervals

Loy Celuw €A Celw A Celw V€€

Treatments 48 Hours 96 Hours 144 Hours

Bt HA" 09 tj,a oyl Xz** D™ 09 gf’o M)b Xz D 09 5,41 o2 2 D

Mortality% Mortality% Mortality%
LC1o - 13.10+0.51 - - 19.65+0.77 - - 32.75+1.28 - -
LCso - 32.75+1.28 - - 45.85+1.80 - - 55.68+2.18 - -
LCso - 45.85+1.80 - - 55.68+2.18 - - 62.23+2.44 - -

- LCio 9.83+0.38 - - 19.65+0.77 - - 26.20+1.03 - -

- LCso 26.20+1.03 - - 32.75+1.28 - - 39.31+1.54 - -

- LCso 42.58+1.67 - - 49.13+1.92 - - 55.68+2.18 - -
LC1o LCio 29.48+1.15 291 8 39.31+1.54 0.44 4 62.23+2.44 2.92 12.21
LC1o LCso 45.85+1.80 2.86 10.22 58.96+2.31 3.81 13.32 78.61+3.08 6.65 20
LC1o LCso 58.96+2.31 1.63 9.11 78.61+3.08 6.65 20 94.84+3.62 9.18 25.54
LCso LC1o 45.85+1.80 1.10 6.66 68.79+2.69 2.80 12.67 88.44+3.46 6.95 21.78
LCso LCso 65.51+2.56 4.73 15.55 85.16+3.33 7.65 22.21 96.97+3.03 9.13 26
LCso LCso 78.61+3.08 5.08 17.78 96.97+3.03 9.69 26.67 96.97+3.03 4.34 18.78
LCso LCio 62.23+2.44 2.47 11.33 78.61+3.08 2.29 14.67 94.84+3.62 7.58 23.56
LCso LCso 75.33+2.95 4.08 15.77 94.84+3.62 9.18 25.56 96.97+3.02 6.20 22
LCso LCso 94.84+3.62 10.36 26.88 96.97+3.03 5.95 21.67 96.97+3.01 3 15.89

VIAY 5| 908 Jlado )31 ccal (il 3l 51 Sy odin (Lis Al Y/AF 1 a8 oS jlade 51,5005 )3 il g odiiS s S limine S (o0l31 doyd b gAuSsm (b )S I35 o )laci
ol olBlen 5l osimd L wasus g0 0ad kg D pdlie sl (tuwssST Bl osimd olis wsl iie 515 oliBlen 5l oaimy Lis Lib cute D (e3ae jlude g 15l 555
*Hexane extract of A. graveolens, ** Chi square in df=1, *** Index for determining the type of combination effect. If ¥><3.84
comprise an additive effect, if ¥>>3.84 the positive and negative amounts of D, indicates synergistic and antagonistic effect
respectively. Amounts of D marked as bold shows a synergistic effect.
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Table 3- Comparing effects of sub-lethal concentration of Bt with A. graveolens ethyl acetate extract and their integrations on
PTM first larval instar, during different time intervals

B Lo celw €A celw AT celw V€€

Treatments 48 Hours 96 Hours 144 Hours

Bt EA* 09 AS,A o, pre D 09 ‘f,o K] Xz D 09 Af,o oy xz D
Mortality% Mortality% Mortality%

LCio - 16.90£0.77 - - 27.04+1.22 - - 33.81+1.53 - -

LCso - 27.04£1.22 - - 37.18+1.68 - - 47.33+2.14 - -

LCso - 43.95+1.99 - - 54,09+2.45 - - 64.23+2.91 - -

- LCio 10.14+0.46 - - 20.29+0.92 - - 27.04£1.22 - -

- LCso 30.43+1.38 - - 37.18+1.68 - - 47.33+2.14 - -

- LCso 43.95+1.99 - - 57.47+2.60 - - 67.61+3.06 - -
LCio LCio 33.81+1.53 2.78 8.33 50.71+2.30 181 8.67 67.61+3.06 4.73 15.54
LCio LCso 40.57+1.84 0.06 -1.66 71.00+3.21 5.05 16.45 87.90+3.98 7.66 22.21
LCio LCso 67.61+3.06 3.65 13.88 87.90+3.98 4.98 18.44 98.43+4.59 6.35 22.23
LCso LCio 47.33+2.14 471 12.65 60.86+2.76 2.30 10.67 81.14+3.67 6 19.11
LCso LCao 64.23+2.91 4.42 14.65 81.14+3.67 6.76 20.11 95.24+4.76 11.31 28.45
LCso LCso 77.76%£3.52 5.68 18.22 94.12+4.31 8.01 24.11 95.24+4.76 3.85 17.78
LCso LCio 60.86+2.76 2.47 11 81.14+3.67 4.79 17.32 98.04+4.44 7.58 235
LCso LCao 81.14+3.67 6.41 19.65 94.12+4.31 9.76 26.22 95.24+4.76 4.75 19.55
LCso LCso 93.01+4.13 9.53 25.43 90.67+4.70 5.12 20.21 97.78+2.22 1.7 1.22

39S e [ el (atl8l 31 S5 o Lis L3L YIAF I i g8 oS e 31 3uils 53 S g5 0liiS s (sl Sy o3lj] A0 b gaSma ud)S Sl sl oyl
sl ol58len Bl onimd Ui mastd o jguods 0 g D ol o] rasS1ST Bl esimd s wsb e (ST g ollen il osimd lis 1ol cute D (odae lade g A3L ;5,5 YIAY
*Ethyl acetate extract of A. graveolens,** Chi square in df=1,*** Index for determining the type of combination effect. If x?<3.84
comprise an additive effect, if ¥?>3.84 the positive and negative amounts of D, indicates synergistic antagonistic effect respectively.
Amounts of D marked as bold shows a synergistic effect.
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Table 4- Comparing effects of sub-lethal concentration of Bt with A. graveolens methanol extract and their integrations on
PTM first larval instar, during different time intervals

Lo celw €A celw A celw Y€€

Treatments 48 Hours 96 Hours 144 Hours

Bt MAT SR e 2o D A9 SR ey 2 D 09 S0 d0yd 2 D
Mortality% Mortality% Mortality%

LC1o - 1.88+0.94 - - 6.80+0.27 - - 17.01+068 - -

LCazo - 17.01+0.68 - - 23.82+0.96 - - 34.02+1.37 - -

LCso - 30.63+1.23 - - 37.42+1.50 - - 51.04+2.05 - -

- LC1o 3.40+0.14 - - 10.21+0.41 - - 20.42+0.82 - -

- LCazo 6.80+0.27 - - 17.01+0.68 - - 27.22+1.09 - -

- LCso 17.01+0.68 - - 27.22+1.09 - - 40.83+1.64 - -
LCuo LC1o 10.21+0.41 13.36 6.67 23.82+0.96 3.36 7.33 44.23+1.78 3 10
LC1o LCso 13.61+0.55 6.68 6.67 27.22+1.09 0.89 444 47.63+1.91 155 7.78
LCuo LCso 27.22+1.09 6 10 40.83+1.64 2.26 8.45 64.65+2.60 3.55 13.32
LCazo LC1o 23.82+0.96 0.78 3.89 37.42+1.50 1.03 5.65 61.25+2.46 381 13.34
LCao LCao 30.63+1.23 2.73 7.78 44.23+1.78 1.44 7.22 68.05+2.74 473 15.54
LCso LCso 37.42+1.50 1.22 6.11 57.84+2.33 3.79 12.85 81.67+3.28 6.65 20
LCso LC1o 40.83+1.64 1.81 7.66 54.44+2.19 2.48 10.32 78.26x3.15 4.62 16.66
LCso LCao 44.23+1.78 2.16 8.65 61.25+2.46 3.46 12.78 81.67+3.27 4.38 16.67
LCso LCso 68.05+2.74 14.95 24.96 78.26+3.15 9.97 23.11 93.61+3.61 7.78 23.32

YIAF 5| 908 e 31 el (il 31 51 S osimd Lis b YAY I 588 oS Hlade (51,5805 13 I g5 oS e Ladlimies (S (0l do ) b S s (ud S Jgilie oylacs
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*Methanol extract of A. graveolens, ** Chi square in df=1, *** Index for determining the type of combination effect. If ?<3.84 comprise an additive
effect, if x>>3.84 the positive and negative amounts of D, indicates synergistic antagonistic effect respectively. Amounts of D marked as bold shows a
synergistic effect.
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Figure 1- Effects of sub-lethal concentrations of Bt, A. graveolens and their combinations on Larval developmental time
(days) of PTM
(The same letters in each bars considers as non-significant statistically (p=0.05)).
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Figure 2- Percent adult emergence of PTM which feed with sub-lethal concentrations of Bt, A. graveolens extracts and their

combinations
(The same letters on each bar considers as non-significant statistically (p=0.05)).
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Table 5- Alpha-amylase and protease inhibitory activity of different concentrations of A. graveolens extracts on PTM larvae

) o5 oS s las (SuiS e
w23 o las clile A. graveolens extracts inhibitory activity
Enzyme  Extract concentration O35> Slw! Joil Jsile
Hexane Ethylacetate Methanol
el laf] 10% 13.88+2.87"  2551+3.29%  11.48+1.63°
a-amylase 1% 6.26+1.08°  11.31#2.61°  6.34+1.29°
gy 10% 28.7746.64%°  37.77+5.46%  27.97+3.21%¢
Protease 1% 18.99+4.75%C¢  6.20+5.66°  10.84+3.74°

Al g0 0 Jloas! g 13 I5 gxe (g )lo] BMiB] 3439 pac oimd (JLid gou 3w y2 )3 lie g po*
*The same letters in each enzyme system considers as non-significant statistically (p=0.05)
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Introduction

One of the important bacterial diseases of stone-fruit trees is canker caused by Pseudomonas syringae pv. syringae
(Pss). This pathogen employs a vast range of pathogenic and virulence factors during its interaction with its host in
order to induce disease symptoms. To control the bacterial canker disease, various methods such as sanitary measures,
selection of resistant cultivars and certified seedlings and chemical component based on copper are used. Application pf
plant derivatives such as essential oils and extracts, is one of the compatible management methods in line with
environmental goals. Essential oils include a wide range of antimicrobial components and have high efficacy, multiple
mechanisms of action, and low toxicity on non-target organisms. The current study aimed to assess the inhibitory and
sub-inhibitory effects of six indigenous medicinal essential oils against the causative agent of canker disease in stone
fruits. The research evaluated the efficacy of these essential oils in reducing the virulence factors of the disease while
identifying the active compounds within the oils.

Material and Methods

The antimicrobial properties of six native plant EOs, namely Thymus transcaspicus, Satureja khuzistanica, Mentha
longifolia, Ziziphora clinopodioides, Perorkia abrotanoides, and Artemisia persica were evaluated against Pss bacteria
based on disc diffusion assay test and measurement of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC). Moreover, the effect of essential oils on some virulence factors of pathogen
including motility, biofilm, and syringomycine production was investigated in sub-inhibitory concentrations. The effect
of selected EOs on the reduction of bacterial pathogenicity on immature cherry fruitlets was also investigated. Finally,
the chemical composition of EOs was determined using gas chromatography—mass spectrometry (GC-Ms).

Results and Discussion

©2023 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, distribution and reproduction in
Er 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.2023.81813.1141
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All studied essential oils have different antibacterial effects in interaction with Pss bacteria. EOs of T. transcaspicus
and S. khuzistanica showed a significant inhibitory effect with minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) value of 1.16 and 2.32 g L™, respectively against Pss compared with other essential
oils and streptomycin antibiotic. Sub-inhibitory concentrations test of EOs showed no significant effect on the growth
pathogen. The swarming motility of bacterial cells treated with essential oil decreased by 25-55% and the swimming
motility decreased by 18.42 to 35.71% compared with the control. T. transcaspicus and S. khuzistanica within the range
of 70-75% showed the strongest inhibitory effect on biofilm formation. Also, in the toxin production test, T.
transcaspicus and S.khuzistanica EOs are effective in reducing syringomycin production and increasing the growth of
Geotrichum candidum by 1.5 to 1.76 times compared with control (not treatment with EOs). The EOs treatment at
MICs reduced the symptoms of the disease. In immature cherries inoculated with Pss bacterium and treated with EO of
T. transcaspicus was not observed necrosis symptom. The four selected essential oils tested all had a role in reducing
the virulence factors in Pss, and the degree of effectiveness is different depending on the components of the essential
oil. The higher the phenolic content in the essential oil, the greater its antimicrobial properties against plant pathogenic
bacteria. According to the EOs analysis, thymol in T. transcaspicus, carvacrol in S. khuzistanica, piperitone in M.
longifolia, and pulegone in Ziziphora clinopodioides were the major constituent compound. It seems that the highest
amounts of compounds in essential oils have a higher antibacterial power. The EOs of T. transcaspicus and S.
khuzistanica effectively reduce the pathogenic activity of bacterial cankers agent in stone fruits.

Conclusion

The studied plant compounds in sub-inhibition concentration showed acceptable potential in inhibiting pathogenic
agents in in vitro tests. Taking into account the growing trend of the general acceptance of natural control compounds in
the field of plant diseases, it seems that planning in line with how to use plant products to reduce the consumption of
pesticides can be investigated and needs complementary experiments. In order to reduce the spread of bacterial canker
symptoms and increase the life span of the tree, the main effective substances (oxygenated monoterpenes) of the
essential oils of T. transcaspicus and S. khuzistanica can be used as a model chemical structure for the synthesis of
antimicrobial substances using the experts in the field of chemistry and pharmaceuticals. It is suggested to investigate
the stability and preservation of antimicrobial properties in laboratory and field conditions.

Keywords: Canker of stone fruits, Control, Pathogenicity reduction, Plant volatiles, Sub-inhibitory concentration
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Figure 1- The diameter of bacterial inhibition zone of Pseudomonas syringae pv. syringae after being exposed to plant
essential oils and streptomycin. A: antibiotic; B: Thymus transcaspicus oil; C: Satureja khuzistanica;D: Mentha longifolia; E:
Ziziphora clinopodioides; F:; Perorkia abrotanoides; G: Artemisia persica
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Table 2-The results of the disc diffusion test and the diameter of the inhibitory halo after treatment with essential oil and
streptomycin (18.5 mg/disc) and the measurement of MIC, MBC and sub-MIC values in grams per liter on Pseudomonas
syringae pv. syringae of stone fruits
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Figure 2- Growth curve of Pseudomonas syringae pv. syringae in the presence of sub-MIC amounts of different essential oils
and control streptomycin during a 32-hour period
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Figure 4- Swimming motility test of Pseudomonas syringae pv. syringae on 0.3% agar medium after 32 hours.A: bacterial

strain;B: Steptomycin; C: bacterial strain undertreatment of Thymus transcaspicus; D: Satureja khuzistanica; E: Mentha
longifolia and F: Ziziphora clinopodioides
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Figure 5- Swarming and swimming motility of Pseudomonas syringae pv. syringae after exposure to plant essential oils and

streptomycin
The mobility was measured after 32 hours and the results are in millimeters.
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Figure 6- The amount of syringomycin production by Pseudomonas syringae pv. syringae in the presence of sub-MIC values
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Table 3- Results of GC-MS analysis for Satureja khuzistanica, Thymus transcaspicus, Mentha longifolia and

Ziziphora clinopodioides essential oils
The main ingredients in the essential oil are highlighted in bold.

Satureja khuzistanica components

RI “.“2‘.5)3 M)" RI %5)3 M)"
Compound Percentage Compound Percentage
924 tricyclene t 1635 y-eudesmol C;_ryophylla—4(12),8(13)- 0.2
ien-5 p-ol
930 a-thujene 0.3 1642 ol 0.1
937 a-pinene 15 1643 hinseol 0.1
952 camphene 0.3 1650 agarospirol 0.1
964 benzaldehyde t 1660 valerianol 0.1
966 5- Methyl furfural t 1678 unknown 0.3
980 B-pinene 0.3 1686 a-bisabolol 0.5
983 1-octen-3o01 0.1 1700 heptadecane t
992 myrcene 25 1762 Benzyl benzoate t
995 3-octanol 0.1 1843d Hexahydrofarnesyl acetone 0.3
1004 a-phellandrene 0.6 Total Identified  99.6%
1011 & -3-carene 0.2
1018 a-terpinene 2.7
1028 p-cymene 9.1
1032 B- phellandrene 1.0
1033 1,8-cineol 0.2
1041 Cis-ocimene t
1052 trans- ocimene 0.1
1061 y-terpinene 5.4
1072 cis-sabinene hydrate 0.2
1073 n-octanol 0.1
1089 terpinolene 0.5
1091 p-Cymenene 0.8
1099 trans-sabinene hydrate 0.1
1103 linalool 1.7
1169 borneol 0.1
1179 terpinen-4-ol 0.8
1246 carvacrol methyl ether 11
1302 carvacrol 49.4
1362 eugenol 1.2
1375 carvacrol acetate 1.6
1476 Methyl- p-anisate t
1422 B-caryophyllene 2.2
1438 a-trans-bergamotene 0.4
1456 a- humulene 0.1
1456 Geranyl acetone 0.7
1484 y-curcumene 0.1
1483 ar- curcumene 0.2
1507 B-bisabolene 9.3
-sesquiphellandrene 2(4H)-
1525 Ber?zofu?anzne,S,6,7,7a-teg[rah)ydro 0.2
1538 4,4, 7a-trimethyl- 0.1
1534 trans- y-bisabolene 1.6
1558 elemicin t
1585 Caryophyllene oxide 1.0
1614 unknown t
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Thymus transcaspicus components

RI 5.“'.‘;)3 a2y RI ‘?“'fos)j o3
Compound Percentage Compound Percentage
926 tricyclene t2 1498 viridiflorene 0.2
931 a-thujene 1.2 1502 a-muurolene t
939 a-pinene 1.2 1508 B-bisabolene 0.4
951 unknown t 1516 y-cadinene 0.1
954 camphene 0.8 1524 d-cadinene 0.2
963 benzaldehyde t 1533 trans-y-bisabolene 0.9
980 B-pinene 0.3 1578 spathulenol 0.2
982 1-octen-3-ol 0.3 1584 caryophyllene oxide 0.2
985 3-octanone 0.3 Total Identified 99.6
993 myrcene 14
996 3-octanol 0.1
1005 a-phellandrene 0.3
1012 8-3-carene 0.1
1019 a-terpinene 24
1029 p-Cymene 6.7
1023 B-phellandrene 0.6
1033 1,8-cineol 0.8
1052 B-E-ocimene 0.1
1061 y-terpinene 8.0
1072 cis-sabinene hydrate 0.7
1090 terpinolene 0.3
1099 trans-sabinene hydrate 0.1
1098 linalool 0.2
1124  trans-p-mentha-2,8-dien-1-ol 0.1
1147 camphor t
1169 unknown 0.2
1170 borneol 15
1180 terpinen-4-ol 1.0
1190 unknown 0.2
1184 p-cymen-8-ol 0.1
1189 a-terpineol 0.3
1192 cis-dihydrocarvone 0.1
1238 thymol methyl ether 15
1243 carvacrol methyl ether 0.2
1244 cumin aldehyde t
1246 pulegone 24
1295 thymol 39.6
1303 carvacrol 214
1345 piperitenone 11
1354 thymol acetate 0.3
1362 eugenol 0.1
1374 carvacrol acetate 0.2
1389 B-bourbonene t
1422 B-caryophyllene 0.7
1434 B-copaene t
1437 trans-a-bergamotene t
1440 aromadendrene 0.1
1455 a-humulene t
1462 allo-aromadenderene t
1482 y-murrolene 0.1
1498 viridiflorene 0.2
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Mentha longifolia components Ziziphora clinopodioides components
RI S5 w2y RI S5 2>
Compound Percentage Compound Percentage
0852 butanoic acid 1.6 926 a-Thujene 0.1
0880 ethyl2-methylbutyrate 0.4 935 a-pinene 0.3
0918 y-terpinene 0.5 970 sabinene 0.2
0936 a-pinene 55 976 B-pinene 0.6
0946 a-pipene 1.6 981 myrcene 0.2
0976 sabinene 7.5 1013 a-Terpinene tr
0980 B-pinene 3.5 1015 p-Cymene 0.3
0991 B-myrcene 0.3 1026 1,8-Cineole 2.7
oxygenated monoterpenes
1033 1,8-cineole 8.5 1053 y-terpinene 0.2
1050 B-ocimene t 1064 terpinolene 0.5
1062 thymol 0.2 1082 Trans-Sabinene hydrate 0.1
1072 p-mentha-3,8-diene 7.2 1085 Linalool tr
1088 a-terpinolene 1.36 1111 cis-verbenol 0.1
1092 butanoic acid,2-methyl,3-methyl butyl 0.7 1124 Trans-verbenol 0.1
ester
1110 pentanoic acid,3-methylbutyl ester 0.5 1140 p-menth-3-en-8-ol 12.5
1124 3-octanol acetate 0.4 1152 Menthone 1.8
1143 2,6-dimethyl-2,4,6-oc tatriene 6.5 1160 Neomenthol 2.1
1150 Cis-dihydrocarvone 10.6 1166 Menthol 0.1
1154  3-methylene-1,5,5-trimethylcyclohexene 2 1171 Terpinen-4-ol 0.4
1168 isopulegone 45 1182 Isomenthol 1.6
1180 benihinal 0.3 1186 Verbenone 0.2
1188 benzofuran,4,7-dimethyl 0.6 1202 Cuminyl aldehyde 0.8
1193 myrtenal t 1225 Pulegonee 45.8
1237 pulegone 55 1234 Piperitone 1.4
1244 piperitone 13.3 1246 Carvone 0.1
1252 Piperitone oxide 0.3 1268 Thymol 8
1268 cyclopentane,1,2-dimethyl-3-(1- 2 1280 Isomenthyl acetate 0.5
methylethenyl)
1285 borneol,acetate 0.5 1287 Eucarvone 0.2
1290 cyclohexanone,3-vinyl-3-methyl 22 1320 Piperitenone 17.4
1398 2,3-dimethylhydroquinone 11 1391 B-Bourbonene 0.1
1312 4-hydroxy-3-methylacetophenone 0.4 1484 Germacrene D 1.1
1354 pulespenone 6.4 Total Identified 95.4
1380 B-elemene 0.5
1382 durohydroquinone 0.2
1385 B-caryophyllene 2.2
1390 B-cubebene 0.4
1454 a-humulene 0.2
1468 (+)-epi-bicyclosesquiphellandrene 0.3
1482 germacrene-D 15
1524 y-cadinene 0.2
Total Identified 97.46
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Introduction

The genus Malva (family Malvaceae) includes species of herbaceous plants which are often pluriannual and
very common in borders and boundaries of cultivated fields, making them proper reservoirs for plant pathogens.
They are most commonly used as ornamental plants, although they may be used as a food resource and remedy
for various diseases. Common mallow (Malva sylvestris) is the most important Malva species which is used as
garden flower as well as widely recognized for food and medicinal purposes. Malva sylvestris are reported to be
affected by several viruses from different genera including malva vein clearing virus (MVCV, Potyvirus), alfalfa
mosaic virus (AMV, Alfamovirus), malva-associated soymovirus 1 (MaSV1, Soymovirus) cucumber mosaic
virus (CMV, Cucumovirus), and cotton leaf curl Gezira virus (CLCuGeV, Begomovirus). In this study, we
attempted to identify important viruses infecting mallow plants and compare mallow isolates with other
sequences in the GenBank.

Materials and Methods

In 2022-2023, twenty samples of mallow plants with viral-like symptoms on the leaves were collected from
the urban landscape of Golestan province. Total RNA was extracted by DENAzist Total RNA Isolation Kit from
fresh, infected mallow leaves. All samples were analyzed by RT-PCR with specific primer pairs for the detection
of CMV, AMV, and MVCV. The amplified fragments in expected size of coat protein (CP) gene of each virus
were visualized under UV light in agarose gel after electrophoresis, then amplified fragment of one isolate of
each virus was bi-directionally sequenced. Obtained sequences were compared to data available in GenBank.
The phylogenetic trees of viruses were constructed based on the nucleotide sequences of the coat protein gene
using the neighbor-joining method by MEGA11.

Results and Discussion

All three viruses were detected in some symptomatic samples collected from Golestan province. The most
typical symptoms in positive samples were mosaic, vein clearing, and leaf malformation. Of a total of 20
sampled plants, MVCV, CMV and AMV were detected by RT-PCR in nine, five and two samples, respectively.
An amplicon of each virus was selected and sequenced in both directions. BLASTn analysis of the sequenced
data confirmed that the PCR-amplified fragments belonged to MVCV, AMV, and CMV. Phylogenetic analysis
based on the nucleotide sequence of CP gene of MVCV (n=21) including Iranian and GenBank isolates showed

©2023 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, distribution and reproduction in
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that all isolates are divided into six groups: G1 to G6. All Iranian isolates along with the isolate from the
Netherlands were placed in group G5. The phylogenetic tree placed the CMV sequences (n=51) into two distinct
phylogroups | and II; the obtained isolate CMV-IR-Ma clustered together with isolates from Iran, Netherlands,
South Korea, Japan, China, Hungary, Australia, France and the USA into group Il. According to the results of
this study, AMV isolates (n=17) can be divided into two groups, | and Il. Group | which includes isolates from
Canada, China, Italy, Spain, Argentina, Australia and the USA, was divided into six subgroups. The obtained
isolate AMV-IR-Ma was clustered in subgroup IB with a Chinese isolate (HZ) and forms a common branch with
isolates (Ir-VM, Ir-WS, and Ir-WS2) from Iran. This is the first report of mallow (Malva sylvestris) infection
with CMV and AMV in Iran using RT-PCR. In addition, mixed infection with two (MVCV+CMV and
MVCV+AMV) or all three viruses (MVCV+CMV+AMV) was also confirmed in some samples. The
phylogenetic trees showed that most of the viral isolates were not grouped according to their geographic
locations. This suggests the dissemination and spread of these viruses through infected seeds. In Iran, M.
sylvestris is a common weed found in fields, waste grounds, roadside verges and gardens. Considering the
potential non-persistent aphid transmission as well as mechanical transmission, virus-infected mallows can act as
a natural reservoir, thereby posing a threat to other ornamental plants and crops. Since the studied viruses were
not detected in the other symptomatic plants, the observed symptoms can be caused by physiological disorders
such as nutrient deficiencies, the presence of different viral strains, or other unknown and undetected viral
species.
Conclusions

This study provides new knowledge on the diversity and molecular characteristics of viruses in mallow plants
(M. sylvestris) affected by the viral disease. The information obtained from this study can be helpful in
improving management strategies for disease caused by these viruses in Iran. Albeit M. sylvestris is a host of
these viruses, but more comprehensive research on other viral species that may infect this plant need to be
conducted. Weed management could be an effective way to eliminate inoculum sources of these viruses.

Keywords: Viral diseases, Mallow, Sequencing, Detection
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Figure 1- Symptoms of mosaic pattern, vein clearing, light green, deformation, and blistering on Mallow leaves infected by
MVCV, CMV, and AMV.
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Figure 2- Electrophoresis patterns of DNA fragments amplified by RT-PCR in 1% agarose gel related to complete coat
protein gene of each virus: MVCV, CMV, and AMV.

Lanes 1& 2: 657-bp fragments related to complete CP gene of CMV RNA3 amplified by specific primers CMV-CPF/CPR.
Lanes 3 &4: 780-bp fragments related to complete CP gene of AMV RNA3 amplified by specific primers AMV-CPF/CPR.

Lanes 5-8: 909-bp fragments related to complete CP gene of MVCV amplified by specific primers MVCV-CPF/R. M: 100 bp
DNA marker (Sinaclon).
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Figure 3- Phylogenetic tree constructed based on the nucleotide sequence of complete coat protein gene of mallow isolate of
MVCYV and other MVCYV isolates available in NCBI GenBank database. The dendrogram was generated by MEGAL11 using

was used as an outgroup the neighbor- joining method with 1000 replicates of the bootstrap test. Pea seed-borne mosaic virus
in this study. Two-dimensional pair wise sequence identity color plot of the MVCYV isolates was shown at right.
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Figure 4- Phylogenetic tree constructed based on the nucleotide sequence of coat protein gene of mallow isolate of CMV and
some CMYV isolates available in NCBI GenBank database. The dendrogram was generated by MEGAL11 using the neighbor-

joining method with 1000 replicates of the bootstrap test. Peanut stunt virus was used as an outgroup in this study. Two-

dimensional pair wise sequence identity color plot of the CMV isolates was shown at right.
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Figure 6- Phylogenetic tree constructed based on the nucleotide sequence of coat protein gene of mallow isolate of AMV and

some AMYV isolates available in NCBI GenBank database. The dendrogram was generated by MEGAL11 using the neighbor-

joining method with 1000 replicates of the bootstrap test. Cucumber mosaic virus was used as an outgroup in this study.
Two-dimensional pair wise sequence identity color plot of the AMV isolates was shown at right.
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Introduction
Syrian bean-caper is one of the important weeds in orchards, especially pistachio orchards in Kerman. Seed
germination is a critical event in determining the success of a weed species in an ecosystem and is regulated by
several factors such as temperature, light, soil salinity, moisture and pH. Seed dormancy is the most important
factor that prevents seed germination, especially in weeds. Breaking seed dormancy by sulfuric acid scarification
is one of the most common methods of stimulating seeds for germination. Temperature is one of the factors
controlling the germination and distribution of plants in natural and agricultural ecosystems. All biological

events respond to temperature, and all responses can be summarized in three main temperatures. The effects of
temperature on plant development are the basis of the models used to predict germination time. The seeds of any

species could germinate in a certain temperature range, which is described as the cardinal temperatures
(minimum, optimum and maximum) Knowledge of seed germination characteristics, seed dormancy mechanism
and response of these phenomena to environmental conditions in weeds, including Syrian bean-caper, can be
useful in predicting its spread potential to other areas and its management, so the aim of this study was to
identify the methods of dormancy breaking (knowledge of seed dormancy mechanism), the effect of light and
alternating temperature on seed germination and also to determine the cardinal germination temperatures of this

species.

Material and Methods

To evaluate the effect of some methods on breaking seed dormancy, and to evaluate the effect of alternative
temperatures and light on seed germination and to determine the cardinal temperatures of Syrian bean-caper seed
germination, experiments were performed in the weed research laboratory of Ferdowsi University of Mashhad in
2016. The experiments included: Experiment 1: Evaluation of different treatments for breaking Syrian bean-
caper seed dormancy: This experiment was performed as a factorial in a completely randomized design with
three replications. The first factor is constant germination temperatures at five levels (15, 20, 25, 30, 35 °C) and
the second factor is different methods of breaking seed dormancy at 5 levels (without treatment (control),
concentrated sulfuric acid (98%) at times 10, 15, 20, 25, 30 and 35 minutes, seed stratification at 5 °C for 7 and

©2023 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, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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22 days, water soaking the seeds at 25 °C for 7 days and seed scarification using sandpaper for two minutes.
Experiment 2: The effect of fluctuating temperatures, light regimes and breaking seed dormancy treatment on
Syrian bean-caper seed germination: This experiment was performed as a factorial of three factors in a
completely randomized design with three replications. The first factor is alternating temperatures at four levels
(10/20, 25/15, 10/30 and 20/30 °C (Day/Night)), the second factor is the light regime at two levels (light and
dark treatment (12 hours of light and 12 hours of darkness) and continuous dark and the third factor was the
breaking seed dormancy treatment with concentrated sulfuric acid, (the best treatment of the first experiment) at
two levels (application and non-application). Experiment 3: Determining the cardinal temperatures of Syrian
bean-caper seed germination, this experiment was performed completely randomize design in three replicates.
Experimental factors included constant temperatures of 0, 5, 10, 15, 20, 25, 30, 35 and 40 ° C with a light / dark
period of 12/12 hours. SAS 9.1 software was used to analysis of variance and compare different treatments. To
calculate the germination cardinal temperatures were used, 1. Segmented 2. Dent-like and 3. 4-parameter beta
models.

Results and Discussion

The effect of breaking seed dormancy treatments, temperature and interaction of temperature and breaking
seed dormancy treatments on Syrian bean-caper seed germination were significant at 1% level. Maximum
germination (96%) was obtained in sulfuric acid treatment for 15 minutes. The results of this study showed that
all of treatments have a significant effect (at 1% level) on seed germination rate and total seed germination of
Syrian bean-caper. Seed germination of Syrian bean-caper was in the range of 10 to 35 ° C. Seed germination
increased with increasing temperature from 10 to 40 °C. Because this plant is native to dryland, it also had
significant seed germination at high temperatures. The best temperature for seed germination of this plant was
between 20.5 and 25.5 °C. Seed germination stopped at temperatures below 5 °C and at 40 °C. Besides, seed
germination was strongly affected by alternating temperatures. Light had not impact on the seed germination of
Syrian bean-caper. The highest total seed germination was observed in breaking seed dormancy treatments
related to sulfuric acid treatment for 15 minutes at 30 °C and in alternating temperature of 25/15 °C (Day/Night).
The four-parameter beta model described the relationship between seed germination rate of Syrian bean-caper
and temperature, better than other models. Based on the estimation of this model, the base, optimum and ceiling
temperatures for Syrian bean-caper seed germination were 9.83, 16.33 and 39.29 ° C, respectively. Knowledge
of these ecological parameters can be useful in quantifying the behavior of weeds in response to various climatic
variables, especially temperature.

Conclusion

The wide range of Syrian bean-caper seed germination from 5 to 35 °C indicates the ability of this weed
species to grow in different seasons and in various climatic conditions. Considering the mechanisms affecting
the breaking seed dormancy of Syrian bean-caper seeds (remove of seed coat (hardness) and alternating
temperatures) as well as the temperature range of seed germination of this plant, it seems that the spread of this
plant would be possible in temperate and semi-arid regions. Also, due to the high competitiveness of this species
and the ability to produce abundant seeds, this weed might be included in the list of problematic weeds in these
areas.

Keywords: Alternating temperature, Climate change, Modeling, Scarification



Olnl HLLS cblis b fgh 4 i
https://jpp.um.ac.ir

LEd

EVVETY o N ErY Oline) b olad ¥V Al

el s @ s pde Sialer sl slales a5 ) Ol asS
9 S5 sedde 5l eslanul b (Zygophyllum fabago L.)

R S T T R B - OV PRP RV R PR
LRV AL PO

\?"/'9/\? :U;‘J'-’-'L- @)U

2SS

g loyiey Sl g y55 g oglite slaled S1 b)) daydy Clss sl 51 (BT 5 o)y Clgs sl o lgy (B2 51 (i) pskaton

el 15 ] g oS (55l 035l 13 VR Lo > Lol sl sl (sl il S S (Slales s 3
1oLyl Jeli pgd Lialesl gy by Ulgs Bl calisee (sl g, g (31,5 obo 43 )3 YO b V0) Sales cols (slalos 51 byl Jolis Jol
irlofl 5 39k g it ot Jlae! pic 5 Jlacl g 6055 ey (3o cnd) 35 il 4y Yo /Yo g ¥o/\e YOND ¥ +/)+) oglito (slaled
oyl s «(sleS5g> S¥olan by 31 o3lital b g 392 el WY S, olishs) 0393 b (3,5 sl s ¥+ 5 +) ol (slalos Jlac! powo
g <ol slaled ).ul.: Cod Gy (Jiailey &S ol LS bt b e JWod )l slaled polie  Siales cus g g ooy dlaly 4y aSle s 4 L
Jhes da bope Clpd (usSs (slaylass )3 (Sl dopd oy 45 (6 psbods (S olugd @8 Siler )3 (A8 g 8518 oglite
slbod Yo & bgiye oglie glaled jlos )3 (il o) (ppides (pionen A onlie oS il 2 )3 Te (glod )3 4853 VO sl 55805
o y0lyb Jlea Jto 35 JUon)l5 (slaled 3,90 55 3g) duoyd OF/S ljse s (390 osuis (SBlgd laydy a8 Sloj) 5,5 il d> )3 YOO oglize
QIAY s 5an by g clayd Siales (sl yiSTus 5 gllae il (clalos ( Jdo ol (sladygly bl p dgs yip0 v Jre plo 4 Cas by

(Zygophyllum fabago L.) (Swiwl)® slod &8 .(2010)
o yio giliw Voo B 5o elas)) & dlodis 5 o) &gy cunl LS
(olpl (ol (gloyauiS 5> 4igS ) (Ghahreman, 1997) wsl,
el 081,y 48 5 5 W) iy 51 Jla e (3l il
9 2L baomsj 2 g (il (2loo g Sits 3blie ) il
Zarandi et ) 555 o onlin gL 5 &)l5e asls cuis” JlB,.e
5 sthicg polis (ol 55 gl ey b 5 olS oyl (al., 2017
g (s b sy S g a5y kSl bl & Lad
Uy 5l glis 03,08 tdsy g6 g lgld slaadla Lok Sy
Ao dsginr by @8 aizen Cusl o (YL (Sasent)

4- Syrian bean-caper

W oy 31 Bl 4y YA/YA 5 VE/YY

3o Je aoglite slod o3 bl coall s 155" (g2l

dodbo

olpls lauin (55,5 5l S Zygophyllum i

WSl oo 455 V0« 25> syl Hlex y3 45" sl Zygophyllaceae
Z. Z. atriplicoides Z. simplex a5 olis 5ol 5l
Z. . fabago . eichwaldii Z. hamiense «qatarense
loads el olwl ,> Z. pinnatum 4 ¢ Z. miniatum.oxianum
; Melendo et al., 2022; Zand et al., Izadi et al., 2018)

«55919iS59,51 09,5 Jliiily g Sl ¢(g,8> 4:59‘:1‘):;3\3 cdyay =Y o ¥

OI)?.‘ Mo Ipuio um5>)§ oKl ‘Lg)‘»u:f IRCOAN

(Email: m.rastgoo@um.ac.ir e oMy — )
https://doi.org/10.22067/jpp.2021.71460.1034


https://jpp.um.ac.ir/
https://orcid.org/0000-0002-1974-8727
https://doi.org/10.22067/jpp.2021.71460.1034

VFoY (ylinn F oylouds PV sl (65390 2sboo g pole) ool ! LS cbilis> sl ipgh 4 pis  FVY

Sary )y clge Ol a2 0 md e &) ol ) Sl led
Sl plow L awlie 3 5Vl Sialer oy g 0d) ailg>
go_:).:u [EwC ‘(To) wl.w U)|)> a4 s ..\&19> LS’)‘P
0393 50568 1> (Sl doyd pyiidg )] )3 &S el oled
> oYL () Sl ol 43 5 390 ol iloj
Kmakar et al., ) ssb o (55alex 4 2B baydy &S canl (5>
Sely s asy b 4y il o pasls STy Jbs ol s (2006
Sarmadi et ) uuS e edlaiwl dlasly cpl (gly (Jad s g3
(; Soltani et al., 2001 al., 2017

oo 9 Coldie Jlw ()98 balpd 4 LS Siailer Gl
B Sy B Sl (B gblS I (S ok
2S5 455N (g, o5 Ados 3 o) Siale (G Hl e
Sl i 6yg- ulyd 458 Ve aS A o €85 Cjg0
Oy @)gmodn (o)L 5 595 Lulyd )3 4650 (g a5
(Zarandi et al., 2017) x,l> Sjalss

gl g 50 lpd B gil oy Sialer Cluogas I alsT
alox jl g 5yaglacile 3 Jame bulpd 4 Sl gloonsy ()l
blio plo & ol Ll Jeudlty aphe 3 S50 (2log) g
Gan b adlbe cpl 1 ail Ade il jip 4o ya S g Co o
(A Clob sl I (2UST) Clgs (s lasby) oLl
sloled e j g byl (jeler p oglite slod 5598 36
2 ol 855l el JluolS

W yg; 9 dlge

9 )yl Clod cnss 1o La gy (S F1 L)l solateds
dagilefl ylo plonl iz 5 )y Clss pulSo 51 al5]
O g yde (il o ye g oslite slaled I oLj)l
P elaioleil o slud s oyl Sjailes JWo,8 slales
iy 0l 5ym slacile Glisdss oKiylejl ;5 VYO Jlo
oo b ) (b @8 Gla)d Al el dde (w98 oSl
Fele oS 5l i (B5=) 908 b g (Swy b glojon (JLo
J5b) (92,9 o5ty (g 3 5y el 4y 39 3bolio
942 V7 Lldle (dye g (Bpd 4dBd YAy 2> 03 oldl>
L 5 0 juad 5 ()lrge Loy i s o dgpdie (o 4di> 10
a5 (5SS (YOEY) 361 (slod 5 g olialojl )5 ¢ ool 9,8
olaleil ad e p ST £ -14Y) g @8 4l Jlje 5
ol Loy 3l Sho oad (spslaen slajdy g5y il gl
D92 y9h > Sl S99 4ol 3 g (Mo )3 Vel yS) (el

03,5 &ls (63b5 o Jlade (g3 s A5 ogde g 0nd S5
63,5 claails oyl 5 18 oo by JUis] Ign dlpusgey &5 03,5 WJg8
Yaripour et al., ) a5, ylwsl o oYL (=l ol
SYsb o Cunl (S oS pl (090 Sy b 4y (2017
iy 4y oss cisS b ol g A8 Cunglie (KiS Lyl 5o
symcale plabi e b e uien L(ROChe, 1991) 53l 4
2 6381 o oS ol el o Vb a5 ol U155 osS
odalin od e WYL 0y Cgin g ldlinte (glaygus plos
Melendo et al., ) 345 oo omze p3lge HalS 252 45 355 o
lel jraladile 5 (S plyea 35 Glpl 3 olS ool (2022
Izadi et al., ) yle)S ) aiwy wlel 9 (Zand et al., 2010)
Cowl 0 Cuw yo8 (2018

S sladile 3 oj00 o)l Jjale 5l a8 Lole o ieke
Ol dhiwgds yh Ol sl Clgd S (0 (55l
oy S 25 53 powsye sy, 5l (So bl Sojgilgm b (o
)9S syadile (layins 3 aS e ban b Siale oy
Tl &b o s  SSgiwle (SOzZi & Chiesa, 1995)
Al-e Ebrahim et al., )%asd (Ghadiri & Niazi, 2005)
0l iAo lad oS el byl I (g5l 5 (2011
WA 8.5 B Saedss (AAA) Ml S5 y5ala Hlod (A )DLl
505 dalos FGgy0 i i )B iy ugrs 6 sy s
(Khaje-Hossgini et al., 2010) cuusus 1, ¥ yus s

2 oS Sl g (Sl Jpus Jelse (S Lo
Jole (o te Owcred (Baskin & Baskin, 2014) cul adlaie
dod S (o0 JYES ]y oS 3 Ses g god g 48) o sl ame
o ) gl dom 5 simd oo i 1S5 Lod &y (gt slasn] b
ool 0l 5ad (59 Lod I3l 5y aMs Lol (slod aw > g5
slryds sl Gidiles oy o i sl edlainl 5)50 sl Jue
o A (izme (Sl 03945 53 (Sl 2l b 455
(ST g aipo (J8las) (JLoo)ls slales) Lol slaloy laica
Slyiee ol 23 &5 oled cppomb Sl glod 298 o0 hnogs
2 S g 9 2980 ol (Th) b slod lgiee g a3 &)

1- Capparis spinose L.

2- Turgenia latifolia (L.) Hoffm.

3- Cuscuta campestris L.

4- Sophora alopecuroides L.

5- Acroptilon repens (L.) DC.

6- Amaranthus retroflexus L.

7- Echinochloa crus-galli (L.) Beauv.
8- Chenopodium album L.

9- Alhagi camelorum L.



FAO o alug) @by piile (il JUsd )5 Glod (ot 9 50y oo (unsSid oyl )02 9 (g pue

AEBYD g Y YO N A N slarloj > (AA) b Le
9y YY oV aed o8 ol a3 0 (slod jd gl po (ko yuo
O3 5 59y Y ie w3l il dn 0 YO slod jo 1 ulus
; Ansari et al., 2016) 55 (4d8> 53 Gdeds odlius L 2
Ebrahimi & Eslami, 2014; Khajeh-Hosseini et al.,
L o) bl sl Sy silge Lawgs ol jlags (glydy (2010
(595 9 0Ah Al 488> VO oy gl b oo Ol L uges 5
WY o0 asles (sl ol iledd Wud S elS Jlosws
4328 e SAS 9.1 133l 5 51 s plosl ilofl g9, e 9
Lo (5 Slio dunlio 05 odlisl calisee (sl jlows dunlio g bl
A plul 1o yd B (o)l gxe paw )3 LSD (yg0jl 5l edlézul b o
— gyl gl 3l edlasl Ly g Guilyyly 0T 51 Gy s
Laosls 9 JLoy gejl Minitab 17.0 l33la 5 53 ' Kad s
slagly fas jl g Jley Laosls 45" (6350 55 9 45 ploxl

A5 oslizwl (arcsinvx)

9608 SLapy gliie sLales ;3 p g kel
2y md slayis SHwlsa o olsd (s jlas

ek B 20,9515 s g o 35 k]
2 oyl slales Jol 5581 i plosl ) )ST duw b olas Mol
oy S Blw dm Yo /Ve g Vo /Ve YONO NN ) o Lo
OB 9,95 )l ) v 93 53 o9 w3) P s B (595 )
9 polie (S jless 5 (S0)bS el W g (plidg) cel)Y)
oy sles Bde sl S5 p0alan b il 1sls Jled paw 555
Jae! el 5 (Jlas] pie 5 Jlacl) oo 93 5 (g yinle]
S9-i 316 205 oddsy cogriragll Ligb b o tadis sy (S
590 VF 035 il colayin sl 5les ] Jos 4 (6pSol> 595
425 g SAS 9.1 8,5 5l ploxl talejl g9 (e
L S5 an el 15 aslizl Gilisen (5l et dualie 5 (b
A plol Mo yd B (gl ixe gaw )3 LSD g0l 5l edlizl b 5
0908l gl 3l ealiil Ly g (uilyly 36T 51 Gty (yrizmo
plosl bosls 35 oy 39051 Minitab 17.0 ,158la 5 1> Sz,
(@rcsinVx) cslasl; s jl g5 Jloy aosls a5 (63,190 3 g 5
A ool

LA i (33400 92 JLiaaylS slales (aaal :p gus Glale 3

byl g
o Lol 1S5 a3 g dolas WalS' &g yilol )

1- Anderson-Darling

S8 sLagse)T (segas syl 0 9o

L led) @ gyl Sl ¢Sl slagygesl solos )
Q@ dopd ) prde Co S gun b ol Seacdis Hd 2ae YO b )8
G ) didd ¥ Sdeds jhaie Ul b giitund (w9 48> ¥ Cdo
Om ploslo A jlad b oMl b o s jil (slaiad sl iod
5 8,8 418 Y oylad peily Bl Wl SO iuassn o 40 M
ke cin (a4 ool gy lyds ol 518 51 g
S dlaginnis st 093 Ol e 3 GpSsle (gl b 8Ll jhaiie
5090 slaled )3 sgiline ) & y9)ds g 0D odliul L1k
A G Sl ©pg0 )3 edjalex (slayds )led b g Nl Jae
03545 lgn (ol )i blams s plasl o yid gy 4 O o958l
laled s Gialejl )3 (e 99 03lasl & dxaty; 5%
29 9y Oy g GL ebe ©)jgm bl (o)l
595 V¥ b 3l ) 3 Pl 59, VF Sl g g 5 Jgl sl ptale]]
PO g b o Cuo b bayds 4 il o 503 g A
bt plood il samlitie (3jalg> 53 (6 db)los S @
J(Soltani et al., 2001) (<35 ;1,5 SMo 59, VF 5l s

O)ly dmyd ya (Sl G g g S5 Siale woy
2 (59 5 i) Byl (Sjadle Coo s (g pSojluil Al dnuls
A5 pll V dle o3kl b pgd o Jol iulejl

5
=2 n ()
i=1

035 algx (slayd oliss Si ¢ Sjaley s o GI cdldlre (ol 4o
Al N 9y L5 ()led o) 3 Dirg (A)lod ) 1
.(Hardegree, 2006)

Haley do s blas (a8 ol lages il pour Lialesl po
s3geSis 05l des @b s 9 oy (Ol 4 Cannd (2035
(Ansari et al., 2016) (¥ aoleo ) w 0dls (3310 ol

a )

Loy Shas A red (Siasle Loy G dblee oyl jo
il Sl do)> By ey oo X60 x (Sjalex
sl el b oy X 98 B b ixie b D 5 50
O3 st B lide sl jlasi (alal gl plube)]
b sl g sl iy

dus b (330 SIS 2 B 53 o956 &g ool
N0) o &y > Fialer ol slales Jol o516 ud plosil )1,SS
caliseo sla gy pgd ;eiSLo o (31,5 Sl 4 )2 YO ¥+ ¥O Y-
Aol Spgiln (3] loss (o) o B 53 )k Ol Sl



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid \AV4

barye doyd AF (lime a4y Sjailes Sl cled sl slaylass
Bl 42 Ve (glod 9 48BN dpusl S 985 lo Jilize ST 4
(il pas) dop sho (i 4 (Fjals 2o)> (S g 31,5
Vo sles 0,8 il a3 Y0 9 V0 glod ilite jil &y bgyye
J922) 35 (395 YV 9 V) sboye (ke yur 5 sl SGy5dlg0 4did>
s oo Y Bl > 4y sl Sopdlsn b a3l 5 ()
osbel el 81 sl Ol i gy S8 el ody (R 2
Codgizme 3l ol ol Jlias 5 )l gy Conglio ialS oy

(Ebrahimi & Eslami, 2014) 55 o ,ds dtwgy
wwgr 78y o L g 09 (S £98 1 alog) @5 0k Sl
(Ebrahimi & Eslami, 2014) ™ 5,5 Syl yioy Glgs yiasis
Yo e dn /A8 sl SO )edlgw Hlowi 45 Wb astie Ab plo]
Jbes 3 (3o 3 A) (Siaslen o> (pyieS g 0 (S0 blys
Ol 5 (o b Cpiored el Cawdy (S0 55 byl il pd sals
Jlasl L as’ s il lo 565 (owy , (Sharifi et al., 2012)
W WYl 5l Cas b (g9 (Sl (2335 o
Zygophyllum eurypterum 4, Zygophyllum eichwaldii
ool I ad 35 Hles &5 W jasuie A plsl C.AM.
ollidl ccel als jled dn Coud 1uo)d OF/Y 5 OY i jay
oy 39ty ) 5l (it Jled e 3 8 el

(Tavilietal., 2011) cusby 465 93 ol (Sjales

4- Reseda lutea L.
5- Tribulus terrestris L.

e XD N NN b e colb laled Jold islesl sl )los
39 Gl WY (SG,b/ slidsy 0y90 b 3,8 Sl 4 p3 Fv g Y
15 Jlasl ,5gSSl )3 &S (pg Sialesl 6099 o 025%0)

ALY oYolao jl (Siailes JLiua)5 slales duwlrs (gl
5 ola!

ale ¥ &Yslas degome jl ookl L' ablize bglas Jao
[(Soltani et al., 2006) ..

Y=(T-To)/ To-Typ if To<T<T, (")

Y =(Te-T)/Te-To if T<T<T,
Y=0if T<T,or T<T,

Piper et ) ¥ &Yslas dcgose jl aslimol L Tasle s Joo
(al., 1996
Y = (T-To)(Tol-To)) if To<T<Tol  (f)
Y = ((Te-T/(Te-To2)) if To2<T<T:
Y =1if Tol< T<T,2
Y =0 if T< Tc or T>Tc
Yan & Hunt, ) & dske j) eslil b (B) 1 050yl sl Jde

(1999
Y = (Te-T)/(Te-To)x(T-Th)/(To-Tb) (To-Tb)/(Tc-To) (®)
To (595 2 skt ) S58l ooy 5l iline Y ¥oleo (] 5
as Toz cogdlas (slod 4ol o Tor cogllae (slod To sl (slod
L ol 5o JS0b el € 5 p8lis (clos Te copllas slod sV
N38le s 5l &l (ol j g Balages w5 g Al os (B)
e dolis (gly puizmads 0 oolazwl VY/Y aseus Sigma plot
Sl i 5l ooz (RP) Gl pd 1 0gMe il o
Ansari et al., ) 15 oslitul & dbles 3o (RMSE") s clas o
(2016

2
RMSE — L‘: %) ()
5 04 odalie sodls yodlio i s Yp 9 Yo dblrs L}.’.‘ »
b o blE Dl N g 0sd oy

o8 oled Ghasd slajlasi (b)) plabe )
WU aS ol ylis Laesly Luwls,ly auios 5l Jools bl
el lass o Lod Jslie 31 5 Lod 15l ely s (s clolags
cled @8 sk J§ Siale o) g ey Clgd ass
O S (Sloais oald L Woals) dgy Hby sime duopd S e 4

1- Segmented
2- Dent-like model
3- Root mean of squares of error



3
)
3

-ty @B ecile (Hjailgar JUao,ls laled (o

¥y

'159) (1S7T oY) 03 Suipiodse (' 0=d 1e Juaiayyip AJUedLIUSIS J0U AIB $10)19] WES Y} AQ PIMO[[O] UWN|OD B UIYIIM SUBDA dY ],
A0 |2 < emypy o o O K e (A0 e mén 7 o2 (q577) W =T oS (50705 d) il

uwy LS 2000 2000 @ 9976 e 99°8L 22 0078 0 ECT18 b4 99°0S 2000 1 0E1T s¢
wr 99'8S a4 00°TS 12 00'89 20 00°T6 1> 00°9L wy €659 20 00°88 »00°96 2000 0 0E'LE 0¢ (%)
0 E€°LE w0091 W E€S 22 EE'E6 w3 99°79 p 9998 oy ECES 12 99°T8 a E€°S q EE°LL ST uoneuluLIas [ejo],
pw 00°8F uwy €19 «a 99°7€ ¢ E€°S8 v €€°69 v EELL bw 00°8F w1 00°09 0 99°C p 9998 0T Heele” 5 (Ce)
n EE'S 2000 1 000 52 00°T6 -2 EE'E6 3 00°08 +d 99'7€ 5 99'9C 2 000 uwy €19 Sl
s 16T .00°0 1000 @ ST6I o €€91 1 61°€1 G611 1y 06°S 1000 1670 53 (Kep 1ad paag)
2w L9 o 87'C pu PO'T a0 68761 30 L9V €0yl 4 CSTEI 2o 88791 1000 w0 DI 0¢ 9181 UOHRUILLIAN
16T 0 €L°0 »81°0 2 L6°0T W 69°T1 o LTY1 166 i SSEL 4 8€°0 bu 90°T ST (¢ o€ <)
1671 au 91T w0 VTl o L'81 4y CLEL w3 CEL 408'L €9°01 »91°0 4 02T 0T P
020 1000 1000 4 00°61 30 L8P W SUPL w 1S wn CCE 1000 4 ¥TT Sl S
(sanunu 7) (Kep
uoneoyuieds ) Supjeos  SABA TT skeq L s€ 0€ ST (114 S1 01 (yuounyeay - R
1dedpueg FOITIVY (44 €6 (A€6) moym) (€°%r Me?stic) -
- 0.1)uo .
(Ass¥we (A% Jos L a“ .u« ) —
qav eice aefen of (A 1% ...,e.__s..:s:m (uw) wonEIYLILIS PIOE JLINYNG (P ) - Mwow_ . :
5 a0 P (g e (ce Lo
ey o OO e b o5 (e i
! ol oyee® L qbes of ¢

Spaag J1aded-urdq UBLIAG JO UOHBUIULIIE [€)0) PUE d)Ed UOHBUIULIIS U0 SPOYIdW ADUBULIOP PIds Sunjealq pue danjesddwd) Jo §)395)0 uondesdjul jo uosiedwod uvdy | dqe ],

b0 (- o A (o om €0 6 6O o

20 i i€ K k3 F e € ofome Kol o rfen® 62 7



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid ¥\A

Lanosls) €855 8 Gglie slalos 5 ()55 aefy sl il co
(Wloauis oaly L

2 68U Oglise slales 5 (5y95 w3 4 3 Lt @l
p=23s &8l 0 )l ol &8 bk Sialer s po Sl
Sloz Sy (Jg B35 S5 Siale p ol claled 5 6)9
Sialex E9yd > Jelo 93l (IS S sdimd Ll & 8 G
ol slabd BB 4 ( Siale e jw) ialen aobl § ol
S S5l 2oy by 05 ei )15 Jele ol 5B o
Bl 40V Golite (slod > sl gd Clgs sl slayd,
S g o> OF/F (5o ay police ()b Laulyd 53 9 31,8
SEme5 bl 53 90,5 (il a2 YoV lo > gl
(Y Jgaa) okl 5las) as > VWY (l5se 4

olis rd plosl baydy (g9 Sl el Hlad o5 eyl
dalod don jd g il g (Sjdler slajles (pm (gl sie
b ol go9e ol T Jpia) 3b &5 Sl S0 & el
g it (558052 ok S ) Ay e Bl L S
Syl > il (Ao )3 2185 (LS (6)95 ) 4 Canmd (ST
2 (lo > V8) (Siasles oy oy i (Reseda lutea L) »,);
=S g pglie ()b bl con o)F ol sy YOO (sled
byl ool S lw and Ve/V e glod o (1o pd Ve (Sjailes
o= = J(Ebrahimi & Eslami, 2014) ._i saalie S5,/ )5
byl il olog) @b jpaile byl & S Glgie olol
OlaTee 593 (som jl it SuoMigid Cnols 1818 55 Sy
s O sl 595 3 olg) @8 sy o Yleisl & 58 ol
Slas Gyl slaled (g 295 o odliwl )iy (6,5 I, 8
ol Lol e | (S il S oS Glos! Gluogas
ool S )3 aydy (655,18 Bos (el

cow blps 3 azals cladl |y b Sl laulyd )
Ogoda |y (il sl Slgiee g 1S o Jarend e
Les 5 r9-8 Ale (e Jalge ploo b GiiSenyy 3 b Jits
Slolals 5l 5 slayd (El-Keblawy et al., 2011) &S™ J jus
» (Zygophyllum simplex L.4 Haloxylon recurvum L.) 4_los
L. Lasiurus scindicus L.y (Khan & Ungar, 1997) ;55 jois
syl Lol a5 o il yips 3lleo (S5 ,b > Panicum turgidum
9 395 3 Sy yolay Atriplex stocksii L. asle slals jl golaws
.(El-Keblawy et al., 2011) 45 0 dlg> SH,U

PP U PO WSS I IR G| IWIP TSI (O v R R P ST
Ly dm dy o, 5 ilw as o Ve slod jl Ll wls ylis il3el
0 Olalllas plw ol adb sdnlin Jidle Aoy )0 Lials
YOO LY/ s slod 1y oS oyl (gl S5len (slod oy i
g3y 3D y—en (Baskin & Baskin, 2004) wlos Sy
L aseie b dddlhe olog) s Siales g Lo g 95 il oS
ORl38l A yodie (SO, bl g olS Bl 425 VA (glod &S
[(Zarandi et al., 2017) us ,d Jjales
e P YL (il aopd ey ool 3 dag JB &S
a2 Ve gloddy by Jidiles Joyd i a5 Cowl ol
$i8lex sy Lol (Y Jgaa) 290 o > ASIEF )50 4y 01,8 5l

3 ot S50l o S 4 el Jloy 58 2 dsl G 9ilgus g
D92 (e22je jg)) (Si8lex Uyled (bl slajgy 3 bayds I o
po—o e Sby) jl (S Olpieds dpsl Soy9dlgm 20)8 4 295 L
s Gyl sl ptlef] )3 &8 il (glady Cls Ss caa
; Ebrahimi & Eslami, Ansari et al., 2016) ol sswy Ll
S 98l 3,8 Ll .(2014; Khajeh-Hosseini et al., 2010
1 5 4zl a el oo Ylais! iy sl lej o Lyl
O Ay A ydy (hjlad sl 5> domalS Al pas dons
ilw asyd Ve glod ;0 iy VO ol Sjodlaw Hlowd jl can
0lS Sy S8j a5 b b sl b ilesl ple gl oS
o=l b i L ) (e coo bylpd Jood (il byl
Shle OLalS sl 4SS ol 5 8l ol L el S 392
s gols (Zarandi et al., 2017) wil o cuedl Bl jlows
1 Sd )b 48 3l Gl pll s )b sy o) o
5 ol 48 a5 e ailss 5,5 ile 4,3 YO B Ve 51 les dels
[(Sarmadi et al., 2017) a_ib . ;] oYL )55Lw g oUlg
pascie 3 plosl Y jod Gile (55 45 (63503 iy 3 iren
£ 0) Labes jl aws o) 3 S5dilen Uls olS ol 45 0

(Asgarpour et al., 2014) 5, 1, (5,8 sl 4>

sl 5 ogliie slos o5 8 slaps) Ol ot yials
bl @8 jadle glayis (54l 9a il g (s
2 ogliie slalod g (5)05 slamsy b 4 o s gl

il sy Lol gy (P<+/40) jbo gine JS Sjales aop
5 (P<e/+)) cd )8 5,8 laydy Llgs yiuSid Jlow il cou Laid

1- Salsola kali L.



AU alag) @by piile (3l JUsd )5 slod s 9 50y ©lgs (unsSld oy )10 9 (g yuu

g @8 S0 U5 (G4l woyd p Olgd (RSl sl g y98 2 cogliie (SLaled 15U (Sile Cluglie -Y Jgua
Table 2- Mean comparisons of the effect of alternative temperatures, light regimes and breaking seed dormancy treatment
on total seed percentage of Syrian bean caper

@53 ) (9, ) rglite slales b Ulad Sy -
(31,5 i V)\/.:ir‘:),j:breaking‘;z; Pl s
Alternative temperature Light regime dormancy Breaking seed dormancy
(Day/Night) (" C)

S, Dark 16.0 % 90.6°

2010 »9 Light 17.3 ¢ 82.62

S, Dark 54.6° 82.6°

2918 s Light 20.0 % 90.6

30/10 e, Dark 17.3de 84.02

,s Light 13.3¢ 86.6 2

5o, Dark 22.6¢ 88.02

3020 s Light 53f 84.02

REY (PSOOS) G xe Colas (LSD) S gme Cgles J8las 09‘}] ool st 2 0 alie By sl sl W SSlo
The means within a column followed by the same letters are not significantly different at p<0.05 according to the
LSD test.
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Table 3- Means comparison of total germination and germination rate as affected by different temperature in Syrian bean

caper
(o1 St a2 53 ) Lo (woy9) J5' (350152 (395 % 334 Fjiln oo poo
Temperature (° C) Total Germination (%) Germination rate (seed per day)
0 0.0°¢ 0.00°¢
5 2.7bc 0.06 ¢
10 17.3 % 1.05°
15 61.3 ¢ 2252
20 86.7 2 2208
25 77.3% 2072
30 37.32¢ 1.12°
35 21.32¢ 0.51°¢
40 0.0¢ 0.00°¢

35,15 (P<0.05) (¢ )b sixe ol (LSD) (sl ime glis Jhis 9031 oliol o gt y2 p3 ailiie Bgy> syl (slo ke
The Means within a column followed by the same letters are not significantly different at p<0.05 according to the
LSD test.



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid ¥Y.

100

80 +

ales doyd

60 A

PO SO R[>-408

40

e )]

Cumulative germination (%)

(%)

20 +

0 100 200 300
Time (hours)
e saled & gl )3 loj (b )3 (g g8 ()b (e (Fidiler ey ) S
A3 g 0ytall A (chSgeSinw Jio bl 5l Jols bglas g adly clialin bl
Figure 1- Cumulative germination percentage of Syrian bean caper seeds over time in response to different temperatures
Points are real observations and lines resulting from fitting three parameters sigmoid function.
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Table 4- Time to reach to 50% seed germination and parameters resulted from fitting three parameters sigmoid function to
seed germination of Syrian bean caper over time at different temperature

il Loy 00w ydwwy (e

(a) oz Fjailgs ySTas [ o o .
(o1 ySwiilw 4 53) Lod (3053) (b") ' (el ) Xso r“ S Fjbﬁ-éwn
Temperature ( C) Maximum seed Time to l_’eac_h 50% g-za; role\alell v
germination (%) (a) b (slope) germination R
(hour)

0 0.00 - - - -

5 2.66" 0.96" 240.00" 0.97 0.0001

10 15.25" 12.32% 171.14" 0.99 0.0001

15 63.11" 32.55" 249.61" 0.99 0.0001

20 83.83" 23.55" 201.00" 0.99 0.0001

25 72.98" 20.78" 199.93" 0.99 0.0001

30 35.49" 26.98" 211.61" 0.99 0.0001

35 19.69" 16.79" 206.29" 0.98 0.0001

40 0.00 - - - -

So)3 0 ghaw b il bl o jlo me s
*: Significant based in t-Test at 5% probability.
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Figure 2- Relationship between temperature and germination rate (seeds per day) based on (A) segmented (B) dent-like (C)
four parameters beta models for Syrian bean-caper
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Table 5- Coefficient of determination and cardinal germination temperatures of bean shears estimated based on fitting
equations of Segmented, Dent-like and four beta parameters to the relationship between germination rate and temperature

(o1, R5lw 4> 3 ) Ly abliio bohd Juo  (DL) wile plaid Juso U oyelyl sl Jso
Temperature (" C)  Segmented model Dent-like model Beta 4 parametrs model
(To) &b 1.57 2.07 9.83
(To) wollas 20.72 16.30-23.10 16.33
(Ti) 251> 39.29 39.29 39.29
(R?) (s p 0.88 0.88 0.97
RMSE 1.368345 1.36973 1.36002
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Introduction

After preparing the spray solution of herbicide, there are situations where the farmer intentionally or
unintentionally has to store the prepared spray solution for some time, even several days, in the sprayer tank. For
example, when weather conditions for spraying become unfavorable, when a piece of failure in herbicide
application equipment occurs, or when the spray solution at night is prepared to use at dawn. Herbicides either
decompose chemically or react with compounds in the water, decreasing the efficacy of controlling weeds. Now,
the first question that comes to mind is: how long can the herbicide be kept in the sprayer tank without losing its
efficacy? In the water, herbicides inhibiting acetyl coenzyme A carboxylase (ACCase) undergo hydrolysis or
photolysis, producing metabolites that do not have herbicidal properties. Therefore, the stored spray solution of
ACCase-inhibiting herbicides cannot effectively control weeds. For this reason, it is suggested such a spray
solution should be thrown away. The metabolites from ACCase-inhibiting herbicides, while not having
herbicidal properties, are leached faster in the soil, have a higher half-life, and are more toxic to non-target
organisms. Therefore, the suggestion to throw away the stored spray solution of ACCase-inhibiting herbicides
does not seem logical not only from the environmental point of view but also from the economic point of view.
Now, the second question that comes to mind is: what is the solution to reduce the speed of hydrolysis or
photolysis? This study was carried out to investigate (i) the effect of the storage time of the spray solution of
three ACCase-inhibiting herbicides (haloxyfop-r-methyl, fluazifop-p-butyl, and sethoxydim) on their efficacy in
controlling wild barley (Hordeum spontaneum) and (ii) the effect of two factors of pH and light on the
relationship above.

Materials and Methods

For each herbicide, an experimental three-factorial arrangement (6 x 2 x 9) as a completely randomized
design with 4 replications. The first factor was six doses of herbicide (0, 20, 40, 60, 80, and 100% of the labeled
dose); the second factor was two pHs of spray water (5 and 8); and the third factor was nine storage
time/conditions (0, 24, 48, 96, and 192 h storage in the dark, 12+12, 24+24, 48+48, and 96+96 h storage in the
dark+light). The spray solution corresponding to the zero level of the aforementioned third factor was prepared
on the same day of spraying. For other levels of this factor, the relevant spray solution with a volume of one liter
was prepared in the previous days (24, 48, 96, and 192 h before the day of spraying) and stored in transparent

©2023 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, distribution and reproduction in
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polyethylene terephthalate plastic bottles. The bottles were kept in two outdoor conditions: 1) kept in complete
darkness - for this purpose, the bottles were kept in black plastic packed in a carton; and 2) kept in the darkness
of the night and the light of the day - for this purpose, the bottles without any cover were exposed to the darkness
of the night as well as to the sunlight. The treatments were applied at the four-leaf stage of wild barley; four
weeks later, they were harvested, oven-dried, and weighed. A methodology known as dose-response curves was
used to analyze the data to obtain the dose required for 50% control (EDsy).

Results and Discussion

When the solution was sprayed immediately after preparation, reducing the pH from 8 to 5 did not significantly
affect the EDso of haloxyfop-r-methyl and fluazifop-p-butyl. While the EDso of sethoxydim significantly decreased
from 136.64 to 113.35 g a.i. hal, indicating that pH reduction can improve the efficacy of sethoxydim in the
control of wild barely. The possible reason can be related to the difference in the formulation of the above
herbicides. Haloxyfop-r-methyl and fluazifop-p-butyl are formulated as pre-herbicide. Under each condition (in
terms of pH and light), when the time of storing the spray solution of herbicides was prolonged, a steady reduction
of efficacy was observed. In the case of haloxyfop-R-methyl spray solution, when pH was not changed (pH 8), 24 h
storage in the dark (43.78 g a.i. ha!) and 12+12 h storage in the dark+light (41.44 g a.i. ha?) significantly increased
the EDso as compared to the control treatment (0 h storage (34.60 g a.i. ha*)). While when pH was reduced (pH 5),
the efficacy of five treatments (including: 24 and 48 h storage in the dark and 12+12, 24+24, and 48+48 h storage
in the dark+light) did not differ significantly from the efficacy of the control treatment. In the case of fluazifop-p-
butyl spray solution, when pH was not changed (pH 8), all storage treatments significantly increased the EDsp as
compared to the control treatment (0 h storage (80.64 g a.i. ha')). While when pH was reduced (pH 5), the efficacy
of two treatments of 24 and 48 h storage in the dark did not differ significantly from the efficacy of the control
treatment. In the sethoxydim spray solution, when pH was not changed (pH 8), all storage treatments significantly
increased the EDsqo as compared to the control treatment (O h storage (136.64 g a.i. hal)). When pH was reduced
(pH 5), the efficacy of all storage treatments still did not differ significantly from the efficacy of the control
treatment.

Conclusion
If the pH of the spray solution was reduced, the spray solution of haloxyfop-r-methyl can be stored for at
least 48 h in each light condition without losing its efficacy. If the pH of the spray solution was reduced and
stored in the dark, the spray solution of fluazifop-p-butyl can be stored for 48 h without losing its efficacy.
Sethoxydim is very sensitive to the storage of its spray solution. Changing the storage conditions, especially the
pH, not only does not help in maintaining the efficacy but also causes a further loss in its efficacy.

Keywords: Alkaline decomposition, Effective dose, Grassicide, Hydrolysis, Photolysis
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Figure 1- The response curves of the dry weight of wild barely to different doses of haloxyfop-r-methyl when the pH of spray
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Figure 3- The response curves of the dry weight of wild barely to different doses of sethoxydim when the pH of spray solution
was changed and it was kept under different light conditions for different periods of time
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Introduction

Increasing the competitiveness of crops through the use of nitrogen fertilizers and herbicides is an important
part of integrated weed management. In recent years, concern over the environmental effects, costs of cultivation,
and long-term efficacy of conventional weed management systems have led to increasing number of researchers
to seek alternative systems that are less reliant on herbicides and more reliant on ecological processes. This
research was conducted with the aim of studying the interaction of different levels of herbicide and nitrogen on
weed control and wheat yield improvement.

Materials and Methods

A field study was conducted at Agronomy Research Farm, Islamic Azad University during 2018-19 with
factorial arrangement in a randomized complete block design with four replications. Four herbicide levels (0, 32,
40 and 48 g. metsulfuron-methyl plus sulfosulfuron. ha*) were applied as early post-emergence application (30
DAS) and five nitrogen levels (0. 60, 120, 180 and 240 kg.ha*). Hand weeding (control) was applied to compare
other treatments.

Results and Discussion

Results showed that nitrogen x herbicide interaction was significant on grain yield and dry matter of wheat and
weed. Grain yield and dry matter of wheat significantly decreased with increasing nitrogen at lower herbicide
levels. The effect of herbicide treatment on 1000 grain weight was significant. So that increasing the dose of
herbicide up to 48 g.ha-1 increased 1000 grain weight as much as the control treatment. The effect of nitrogen and
herbicide on the number of spikes was also significant. By increasing the amount of nitrogen up to 120 kg.ha™,
the number of spike increased. The results showed that the mutual effect of nitrogen and herbicide on grain yield
and dry matter of wheat and weed was significant. With the increasing of nitrogen, the grain yield and dry matter
of wheat increased in higher herbicide doses and decreased in lower dosed. At low levels of nitrogen, no significant
difference was observed between herbicide levels in terms of grain yield and dry matter of weeds, which indicates
the higher competitiveness of wheat at low levels of nitrogen and no need to use herbicides. At the same time, at
high levels of nitrogen, wheat yield increases at much slower rate than weeds. Therefore, in terms of nitrogen
consumption, we will have to use more herbicides in intensive cropping system.

Negative and significant correlation of dry matter of wheat and weeds showed the existence of a close
relationship in the interaction of treatments. Therefore, it is possible to use the combination of nitrogen substitutes

©2023 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, 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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and herbicides in the integrated management of wheat weeds.

Conclusion

In general, it was observed in this research that with the increase of nitrogen fertilizer, the competitive ability
of wheat against weeds decreases, probably due to the higher efficiency of nitrogen consumption in weeds. If
weeds are not properly controlled, we will see a significant decrease in wheat grain yield at high nitrogen levels.

Keywords: Grain yield, Metsulfuron-methyl plus sulfosulfuron, Nitrogen, Weed control efficiency, Weeds
dry matter
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Table 2- ANOVA (mean squares) for the effects of nitrogen levels and herbicide treatments on wheat and weed measured
traits
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Figure 1- Effect of nitrogen and herbicide treatments on wheat grain yield in comparison with hand weeding
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3- Sinapis arvensis L. 1- Avena ludoviciana L.
4- Descurainia sophia L. 2- Hordeum spontaneum L.
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Table 3- Slicing of nitrogenxherbicide on dry matter and grain yield of wheat and dry matter of wild oat in nitrogen
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Table4- Persian, scientific, and family names and frequency of weeds identified in the field
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Figure 3- Effect of nitrogen and herbicide treatments on weed dry matter
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Table 5- Correlation coefficients between wheat grain yield and dry matter, weed dry matter and wheat grain yield
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Introduction

Wheat is a crucial crop that plays a significant role in ensuring food security in Iran. Weeds have been one of
the major limiting factors for wheat production in Iran and globall. If they are not adequately controlled. Weeds
can cause significant damage to wheat crops. Weed damage in wheat fields has been reported to range from 20%
to 30% in Iran. The herbicide application is the most important method for weed control of wheat until now.
Axial-one@ herbicide, with common names of pinoxaden+ florasulam, has been suggested for weed control of
Lollium rigidum, Echinochloa colonum, Alopecurus myosuroides, Phalaris brachystachys, Avena ludoviciana,
Stellaria media, Trifolium alexandrinum, Polygonum aviculare, Sinapis arvensis, Ambrosia artemisiifolia,
Amaranthus retroflexus, Cirsium arvense. This herbicide has been registered by Syngenta for use in wheat and
barley. Pinoxaden (Axial®) belongs to phenylpyrazolines family and inhibitors of the Acetyl-CoA carboxylase
(ACC). It has been recorded in the control of narrow-leaved weeds in wheat and barley. Florasulam herbicide
belongs to the triazolopyrimidine sulfonamide family and inhibits acetolactate synthase (ALS). Florasolam is the
selective herbicide that has been recommended for controlling broadleaf weeds in cereals such as wheat, barley,
oats, rye (Secale cereale L.) and triticale (Triticale hexaploid Lart). Also, the Cassic herbicide, which is also
known as diflufenican+iodosulfuron-methyl-sodium-+florasulam+cloquintocet-mexyl, is a dual-purpose
herbicide that has been registered by Syngenta for controlling both broadleaf and narrow-leaved weeds in wheat

©2023 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, distribution and reproduction in
Er 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.2023.81511.1134


https://orcid.org/0000-0001-5993-8456
mailto:e.mamnoie@areeo.ac.ir
https://doi.org/10.22067/JPP.2023.81511.1134
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/JPP.2023.81511.1134
https://jpp.um.ac.ir/

VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid Yor

and barley, oats, rye, and triticale crops. This experiment was conducted to investigate the effectiveness of the
herbicides of Cassic and Axial-one in the controlling weeds in wheat fields, determination of the most
appropriate dose, comparing their effectiveness with other herbicides commonly used in wheat fields, and
evaluating the response of wheat plants to the herbicides.

Materials and Methods

An experiment was carried out in weed control in the wheat fields of Karaj, Fars (Darab), Golestan
(Gonbad), and Shahrud using a randomized complete block design with 13 treatments and 4 replications during
2020-2021. Experimental treatments included the application of Bromycid AM (bromoxynil + MCPA, 40% EC)
+ Axial (Pinoxaden, 5% EC) at 1.5 + 1.2 I/ha, Othello (diflufenican+ mesosulfuron methyl+ iodosulfuron methyl
sodium, 6%0D) at 1.6 | /ha, Axial One (Pinoxaden+ Flurasulam, 5% EC) at 1.1, 1.3, 1.5, 1.7 I/ha, Cassic
(diflufenican+ iodosulfuron-methyl-sodium+ florasulam+ cloquintocet mexyl, 47% WG) at 170, 200 and 230
g/ha with and without cytogit, and control (weed free). Herbicide treatments were applied during the tillering
stage (Zadok’s Stage 25). The plot had dimensions of 8 x 2 m with a plant density of 400 plants m. Each plot

consisted of 8 planting lines with a row spacing of 15 cm. The distance between the plots was one meter, and
there was a two-meter gap between replications. To increase the accuracy of the experiment, each test plot was
divided into two equal sections, with the upper half serving as the control without spraying and the lower half
being sprayed. The spraying was done using a fixed-pressure back sprayer equipped with a fan spray nozzle
(8002) at a pressure of 2 bar and spray volume of 300 L ha*. Traits such as weed density, weed biomass, and
grain yield were recorded. Weed numbers and dry weights were determined by randomly selecting 0.50-m?
quadrats per plot, while grain yield was recorded for 3 m? in each plot. The data were checked for normality and
analyzed using SAS 9.3 software through analysis of variance. The means were separated using the Duncan test
at the 5% level of significance.

Results and Discussion

The results of experiment indicated that the herbicide treatments led to a significant decrease in the density
and dry weight of weeds, as well as a significant increase in grain yield. The Axial One@ at rate 1.7 L ha* was
found to be more effective in controlling Avena ludoviciana, reducing its density by 95%, compared to On the
other hand, Cassic herbicide at a rate of 230 g per hectare was more effective in controlling Lolium rigidum,
reducing its density by 95%, compared to Axial One@ herbicide. Both herbicides, however, led to a significant
reduction in the dry weight of Descurania sophia, Polygonum avicular, Sonchus oleracea, Veronica persica and
Sinapis arvensis from 85 to 95%. No visual injury symptoms were observed on wheat after the application of
these herbicides. Grain yield increased with the application of Axial One (at rate of 1.5 to 1.7 L ha) by 5 to
24%, and Cassic (at rates of 200-230 g ha! + cytogit) by 8 to 28%. These findings were consistent with the
results of previous studies (Minbashi et al., 2020). The application of Oxial herbicide increased grain weight of
wheat (Azhar et al., 2013).

Conclusion

Based on the results of these experiments, it can be concluded that Axial One@ and Cassic@ herbicides
showed the best control on A. ludoviciana and L. rigidum respectively, and also led to a significant increase in
grain yield compared to half of the control plot. Therefore, the Axial One® (1.7 L ha-!) and Cassic® (200-230 g
hal + cytogit) can be considered as good to excellent options for weed control in wheat fields. It is
recommended to use these herbicides for weed control in wheat fields.

Keyword: Chemical control, Control percentage, Dry weight, Weed species
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LS S om0 L pas o, (Avena fatua L) oyly
.(Manea et al., 2016)

O9s9dlpmgd i 3 p)S ¥ (lBslh) Seuls S il
2 )3 S Ve @V glgls + LS 3 0y S B i Jste
oiScide ol 3l (S 53 )5V e JeuSe CungiSolS
5 S S ot ol (g LSBglars g pY 5l
CowginS 5l (S Sy Sl Canols b s it (195809009
Sy bhwg Jamane oa S clatlne odlo loisd Juso
S sl oyghaio 53 (2 Gl Sl ol 003 (o0 it
9 9 paS OV guane )3 Sy Sl g S po Spuledile
spplacale ]S )0 dS old duog A 5 logls (Y g
Blid e ¢y — (Anaghalis arvensis L.) LuJLebl
(Rrumex crispus L.) s, sl (Papaver rhoeas L.)
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Table 1- Some soil physicochemical characteristics at different experimental locations

2! oo “5“’“:’ 'Cc“""‘“ Gyses! K20 P205 OU'” O?’SC SB bl
. ma/k ma/k rganic .
Location (ds.m) pH (mg/kg)  (mglkg) %) Soil texture
= 0.75 7.91 140 3.6 0.58 )
Karaj Loamy
N 0.68 7.9 248 23 0.65 )
Darab Loamy clay
25,80 15 7.8 253 75 0.54 )
Shahrood Loamy
5 0.94 7.8 425 3.9 1.25 %‘91 Tl
Gonbad Silty clay Loam
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Table 2- Names and application dose of herbicides used in the experiment

S pan ylade B pan ylade
Sl e Oy 90,8 050 23k (65590 23L) (ko a3k) S
Trade name Formulatio Active ingrident(s) Dose Dose Manufacturer
g.a.ihat L ha? (g ha?)
JL?“’SI 5% EC usw’“ 60 12 Syngenta
Axial® Pinoxaden
g bS] JonuSo CangiinS ol + oY gusl ol + 28 giny
oy ol 5% EC ; FSAS 5lsl ol 55,65,75,85 b 1315, Syngenta
Axial One® Cloquintocet-mexyl+ Pinoxaden+ Florasulam 17
Y gulygld tart Jite 019y sllguany + (Sl
Seuld 47% WG S CangiS5lS 79.9,94,108 170, 200, 230 Syngenta
Cassic® Diflufenican+ lodosulfuron-methyl-sodium +
Florasulam + Cloquintocet-mexyl
! iles s EC 40% Lo @ pl S gasy 600 15 Py
Bromicide®MA Bromoxynil+ MCPA Nofam
i 2b Ot Fnilgwsie tar (9)silgwed +Kuidolizy b
Othello® 6% OD Diflufenican + lodosulfuron-methyl-sodium+ 96 1.6 Baver
Mesosulfuron-methyl +Mefenpyr-diethyl Y
oS 100% IS b Jol U ] 0.1% oS3
Citogate® Alkylaryl polyglycol ether (surfactant) wt Zarnegaran
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Table 3- Timetable for field operations and application dates of herbicides at different experimental locations
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s e 200 DASRR AARSIRTER A ERIN N 74
Karaj Talaei 11 Nov 2020 20 Feb 2021 16 Jun 2021
ol B e 220 a3y . WA e N VFe e olays VA
Darab Mehrgan 11 Nov 2020 7 Feb 2021 8 Jun 2021
39,0l PRy 200 DASURRAR VEe e Cpdy s ¥ V¥ee 50
Shahrood  Pishgam 31 Oct 2020 23 Mar 2021 26 Jun 2021
KW.s ] 200 wraq By Voo epe ¥ 1) ala s YY
Gonbad Qaboos 22 Nov 2020 23 Jan 2021 13 Jun 2021

2 gy o dw el 4 by balas 5l aily 5,Slee il yuss (1992
(Y dolee) wis plool Hlass g dals )8 o

WCE = ( _ ) x 100
o)
Y¢
%Y, = 100 x
w ™

559) 515 JyuS” ol 5l jle WCE o doleo o
455 (i Ghg) o515 wia B g A gpgladils (Sus
% Yi g3 dolro 53 .Cuwl 0did g 0duid (bloows j0l5 1 i clacale
dlﬁu; Mj ).) .))slAC ;‘Af;)‘):dd' YW 9 Yf ;.))SLQ.C Q])Jxas J.AO).)
s Jloy g o uilly (Kar (ige)l sl 00 g 00d odlaws
o33l b Sile aulia 15 plol ilply 420 51 S sl
odlitul b (g)lol e g doy> g gaw )3 Sl (glacals i
A plog] (Y asws) SAS ljéls 5 5]

o)l @S Gblie ) adllas )50 LI o slacile Cun o

w2 bcwlodd ST Joix 3 598l3 5 (45) lads (o))
gL LSL""U; odly dilaio BN )').mdl.mu?.l.c Lgl.mﬁ; &5&; 4
LS (rizpen Wb Julod g 4 iod alblie ©)90 4 adate
J5) spslacile ggemme s g 15 <8 po uib)ly w20
ot X 5o i 105 oL 35 &l > S 5 (1 slacile
2hLS aS el )] Sl 4 opl el Hld gxe 59550 Slas
500 Gyle dy el ciglate calisee gla K o iS'cale
S sla i Saale @ dilis o il cldisS slaguwl
b yiScale 5,8 &S ol Clles (pl Whe o ol ] Cglatio
sl i o 5y sl 1515 conlito sl allai o
3 oy 3y9e 4Bl didhaie jo 3 35 5e5 e Clio (plpl

ol g Sund (oo ol cudls &lwosle] Slles

Jobo & cdls s e )l (©5) talejl asly 2 (1 Jg)
23l Cua b 45 e )3 pe 93 5ye g e Cudin
dL&su)_{ O Aol Ler.o.w uLo) 3003292 Pgow LM 4\4;
Sl b a8 e ) e 93 LacSsh (g g e S le]]
oinbejl @y S ya) ws ealil Jblie aali 5l islejl cés il
ol (oilypus LS lgieds (oYl Clond (A ppandll Coand 9 4
Cowl 85 bLs L ad b Hlow Glgicds sy ol Cuond 4
ol 4 S Sl > il 5 Sles byl o kadd g wald Hles oS
Sl Lajles par p il o (gl dile S8 00> e 50
A st Bl Jao ol 125 2y Bl b il 23,5
S 53 5 T il 5l 9 8 L (A +Y) (el i
=5 Jade 0 dilisee bl o b jiScale 5,8 o 0l pbol
A dds e > iSaale gbayles (Y i) Cusl oais (8D
jacide S ain U dw il (uSeol5 YO U5 Jolee) pusS
bl g shy; slacadl e 4JS (Zadoks, 1974) 15,5 Jles!
2203 (23 oo 15 o g Sl g 39,0l8 (Ui 7 )5)
@l bl (2355 09 Sy (iSdile (lajlog (s adlate
403 ¥7) 0yg) aie Sl (9t 355 @lie S (V Jgia) S (90l
9 (pid 203 ¥F) o poland pow gio | ©lind 395 (059
ClS glej 53 5l 3y90 e & (rally 2oy B+ ) asliy Sldlges
Ot Jols ymclacile (gldy dges b oolaiwl dilaie 4o
A x 0+ dlal dy (6y0lS o Gy mclacale SCid 59 9 651
Oolod Hlew g dald &S w a0 eSS & o Sl
OELS o) (g KD (o A Sl gy g 03)5
Jragladide gladaiss Sid b 5 (s515) e Cunex
Somani, ) () adslee) iy dilaio ja > SS& 4 ("WCE)

1- MATABI e+
2- Weed Control Efficacy



¥

S5 g (oY gl yold + ol gous) (4l JLMMST 0ygkiiogd by pSle ‘sﬂ)lf ol Sen g (£ 900

ol addllas 350 ;o slacale

Shlin 3 03 (5,71 o by 458 e ol 5
=1 o9 (P +/43) Jhy ime | (S adllas 3)50 455,
S—i 0y 9 05— pRelS aoyd o S le sl jlas

A wiwlol (gas 30 10 LIy cLAe o (Slglyd Cow il —£ Joui>
Table 4- The list of relative density of the dominant weeds in the experimental wheat field

ol oU oy A N ) ob
Scientific name Family Karaj Darab Shggro Gonbad Persian name
Avena ludoviciana Durieu Poaceae 12.22 - 42.65 20.23 Qo) (g BY gy
Carthamus oxyacanthus M. Bieb. Asteraceae - 13.45 - - g 5,8
Centaurea pallescens Delile Asteraceae - 11.32 - - puS I8
Chorispora tenella (Pall.) DC. Brassicaceae - - 23.03 - Pl Jsys
Descurania sophia (L.) Webb ex Prantl ~ Brassicaceae 25.56 - - - Syere iS5
Fumaria officinalis L. Papaveraceae 10 - - 20.65 opls
Hirschfeldia incana (L.) Lagr.-Foss. Brassicaceae - 6.98 - - O a5
Hypecum pendulum L. Papaveraceae - - 34.27 - «loy s
Lolium rigidum Gaudin Poaceae 19.44 11.68 - 21.78 RS
Malva neglecta Wallr. Malvaceae - 8.68 - - Sy
Polygonum avicular L. Polygonaceae - - - 19.38 A Cadn
Sinapis arvensis L. Brassicaceae - - - 17.96 g Jo,5
Sonchus oleracea L. Asteraceae 8.59 - - - PERI
Veronica persica Poir. Plantaginaceae 23.89 47.97 - - Ol
() spa> pas
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Table 5- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed density

compared to the corresponding control in Karaj

o™ Rate e Yy seise 0,5 olid Gl R ,

) _ Lolium Avena Descurania  Fumaria Veronica Sinapis e
Treatment  (9-1/ha) = - ; e . .

rigidum  ludoviciana sophia officinalis persica arvensis TOt?jl
wee
Bro-Axi 15+1.2 100@ 100® 100 88.75® 88.732 82.50 ¢ 932
Othello 1.6 72.98 77.50 b 74.30 « 65 bd 89.952 43.50° 71
Axi-One 11 90.52%¢ 90 ® 57.81¢ 23f 60.50 57.92 72
Axi-One 13 93.75%¢ 1002 71.35¢ 32.50 f 61.42 b 66.67 « 74¢
Axi-One 15 98.08 @ 1002 76.73 bd 43.75 ¢ 76.62 ¢ 66.25 75°¢
Axi-One 17 100@ 100° 79.02 b 51.25¢% 80.59 ¢ 100° 75¢
Cassic 170 64.33 ¢ 4417 76.56 b4 48.45 ©f 84.56 ® 43.33° 62 ¢
Cassic 200 62.84 ¢ 48.96 % 81.25%¢ 48.75 °f 97.062 87.50 #¢ 76°¢
Cassic 230 74.01%¢ 70.63 b 88.71%¢ 70%¢ 99.502 93.33%® 76°¢
Cas-Cyt. 170+0.1%  61.78¢ 67.08 « 95.66 73.75%¢ 95¢@ 71750 81t
Cas-Cyt. 200+0.1%  88.75%¢ 78.23 ¢ 1002 82.50 972 1002 8g
Cas-Cyt. 230+0.1%  96.15%°¢ 88.86 #° 100@ 95 1002 100° 96

(Duncan P < 0.05) .auib o 45 gme MR 386 S piiio By> S Plis b jlos yo 45 byye sla nSle g jo p

In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v1)
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Table 6- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed biomass
compared to the corresponding control in Karaj

s Rate ] Yy S B 0, sl iy e s
; Lolium Avena Descurania  Fumaria Veronica Sinapis

Treatment (¢-liha) rigidum  ludoviciana sophia officinalis persica arvensis TOté(Ijl

wee

Bro-Axi 15+1.2 1002 1002 1002 95522 95.80¢ 76.66 @¢ 95 a
Othello 1.6 79.98 be 98.58 @ 96.16 @€ 73.63bc 93.612 49.01°¢ 82 ¢¢
Axi-One 1.1 91.42 2 99.70 @ 88.43 o 46.38 ¢ 65.01°¢ 47.83°¢ 80 ¢f
AXxi-One 1.3 93.752 100 @ 86 ¢ 54.75 ¢ 74.39 be 65.41 be 83 ¢e
AXxi-One 15 99.74 @ 100 @ 89.90 bd 54.63 o 84.08 2 83.18 82 ¢¢
AXxi-One 1.7 100 @ 100 @ 95.99 &¢ 57.25 bd 92.45 @ 100¢@ 83 ¢e
Cassic 170 30.88 ¢ 33.66 ¢ 5193 ad 53.50 ¢ 93.04 2 61.59 be 70f
Cassic 200 49.30¢ 60.32° 95.30 @€ 65.63 bd 95,922 90.02 @ 75 ¢f
Cassic 230 80.66 &¢ 65.66° 96.64 @€ 84.88 2 99.20@ 972 80 ¢f
Cas-Cyt. 170+ 0.1% 73.08 ¢ 73.72° 96.85 2 82502 99.382 63.34 be g7 bd
Cas-Cyt. 200+ 0.1% 95.13 2 92,572 1002 95,752 99.232 1002 92 ac
Cas-Cyt. 230+ 0.1% 99 @ 91502 1002 95,132 100¢@ 100¢@ 972

(Duncan P <0.05) .aib o 45 gxe MR 186 S jio By S Jolas b jlass y2 4y boyyo sla pnSbe ygiw ja 3
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v 1)
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Table 7- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed density
compared to the corresponding control in Darab

. . 1e e J5
Slowd Rate = S J5 K,5 O Jo,s Ol S )

Treat;nent (g-1/ha) Lolium Centaurea Carthamus  Hirschfeldia Veronica Malva il
rigidum pallescens  oxyacanthu incana persica neglecta Tv;/(()e:eﬂ

Bro-Axi 15+12 80.41¢ 92.31% 100 100 92.19% 100 93¢
Othello 16 65.39 b 81.6 ¢ 65.13 85.23 be 73.5 b 82.35 b 73
Axi-One 11 4081 43.759 50.65! 65.6 ¢ 41.19°7 50 46"
Axi-One 13 45.65 °f 55.35 1 54.9 N 70.49 ¢ 55.25 ¢f 60.27 M 559
Axi-One 15 50.42 of 57.09 &9 55.4 i 75.36 57.55 o 68.06 1 58 0
Axi-One 17 63.73 bd 61.48 o 75.27 ¢f 85.36 60.52 ¢ 80.42 ¢f 65
Cassic 170 50.41 of 58.84 ¢9 60.09 91 755 58.79 65.56 9" 60
Cassic 200 55.95 ¢ 63.54 o 70.29 &9 80.36 ¢ 63.78 % 7599 66 °f
Cassic 230 65.87 b 73.49 b 84.41 0 90° 81.83 ¢ 85.21 bd 80 <
Cas-Cyt. 170+0.1%  55.66 “¢ 68.75 ¢ 80.45 ©¢ 80.36 ¢ 68.76 ¢ 70 b 71¢
Cas-Cyt. 200+0.1%  70.56%® 77.57 & 90.6 *¢ 100 84.07 *¢ 90.08 *¢ 84 be
Cas-Cyt. 230+0.1%  75.05%® 88.88 *°¢ 95 @ 100 88.98 95° 89 ®

(Duncan P <0.05) .aib o 4o gxe MR 186 S jio By S JBlas b jlass y2 4y baypo slo nSbe ygiw ja 5
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v 1)
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Table 8- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed biomass
compared to the corresponding control in Darab

o Rate A ol St s e i

Treatment (g-1/ha) Lolium Centaurea  Carthamus  Hirschfeldia Veronica Malva )
rigidum pallescens  oxyacanthu incana persica neglecta TZE]I

w
Bro-Axi 1.5+1.2 83.06 2 95.112 1002 1002 95.06 2 1002 962
Othello 1.6 67.17 b 85.07 b 76.01 99 85.11 ¢ 75.11 be 88.26 « 81
Axi-One 11 432°¢ 49.05" 60.09" 65.11°¢ 46.017 55.09 1 549
Axi-One 13 48.05 58.01 9" 65.07 9" 70.16 % 55.04 ¢f 66.13 " 627
Axi-One 15 53.11 4 60.19 68.07 75.07 ¢¢ 59.01 ¢f 70.04 9" 65 °f
Axi-One 1.7 64.13 b 67.06 ¢9 80.04 =€ 85.1bc 63.29 ¢ 85.09 ¢ 72
Cassic 170 52.15 d 65.04 T 72.03 9 75.03 ¢¢ 61.09 f 69.12 " 67 °f
Cassic 200 58.17 « 70.4 ¢ 78.07 ¢f 80.06 >d 66.17 of 80.01 ¢ 74
Cassic 230 78.052 80.12 « 90.12 &¢ 90.04 @ 82.08 & 90.71 b 85 be
Cas-Cyt. 170+0.1%  59.05¢ 75.05 ¢ 86.05 bd 80.03 b 71.110b 76.39 1 774
Cas-Cyt. 200+0.1%  74.12%® 87.03 ¢ 95.02 % 1002 86.08 ¢ 94.19 ¢ 912
Cas-Cyt. 230+ 0.1% 78.122 91.02 96.19 100%a 91 96.26 ® 92 3

(Duncan P <0.05) .aib oo 4l gre M3 186 S o By S JBlis b jlas 2 4y by po (sla p Sl 5w ja )
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P <0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v'1)
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Table 9- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed density
compared to the corresponding control in Gonbad

o Rate LZﬁ:?m w:/i:r‘f:% w;l;slbs» F:)ni:iia P;;gj::m 3o ile &5

Treatment (-Vha) rigidum ludoviciana arvensis officinalis avicular Total weed
Bro-Axi 15+1.2 69.16 < 9437 ® 90.17 &¢ 74.43 ¢¢ 71.69 « 80°¢
Othello 1.6 68.12 9 86.42 &¢ 85.18 ¢ 88.60 ® 75.41 04 81¢
Axi-One 11 41.95¢ 74.76 % 66.19 © 71.50 % 5451 F 62°¢
Axi-One 1.3 61.87 ¢ 78.12 c® 78.48 ¢ 77.91 bd 62.29 ¢ 724
Axi-One 15 67.70¢ 93.65 ® 94.09 ® 85.57 &°¢ 82.33 ¢ 85 be
Axi-One 1.7 7167 96.87 2 1002 86.80 @° 84.55 &°¢ 88 P
Cassic 170 81.90 b¢ 68.67 © 80.28 « 64.41°¢ 55.62 ©f 70¢
Cassic 200 89.13® 76.19 ©® 85.17 ¢ 7458 ¢¢ 69.43 ¢¢ 79°¢
Cassic 230 1002 85.97 & 90.52 &°¢ 89.15® 83.48 ¢ 90
Cas-Cyt. 170+ 0.1% 88.% 75.69 ¢® 88.02 ¢ 81.75 ¢ 73.95 b 82°¢
Cas-Cyt. 200+ 0.1% 952 83.75 bd 94.44 ® 89.76 ® 87.22® 90"
Cas-Cyt. 230+ 0.1% 1002 9156 ® 1002 97.722 97.22% 972

(Duncan P <0.05) .aib o 45 gme M3 186 S jio By S Jolas b jlass y2 4y boyyo sla nSbe ygiw jo 3
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v'1)
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Table 10- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed biomass
compared to the corresponding control in Gonbad

JON; Rate W’”’ by SV u"“"? J"P b)SL.S- o cad 52 il Js
Treatment (g-I/ha) Lolium Avena Sinapis Fumaria Polygonum 4121 weed
rigidum ludoviciana arvensis officinalis avicular

Bro-Axi 15+1.2 85.94 d 94.67 94,85 ad 90.77 « 93.40 e 92¢
Othello 1.6 85.19 ¢ 88.55 b-e 9590 ¢ 96.56 ¢ 94.88 ¢ 92 de
AXi-One 11 71.20f 83.70 ¢ 87.45¢ 87.154 87.67 de 839
Axi-One 1.3 80.85¢ 87.06 % 89.74 d 91.53 bd 87.56 % 87f
Axi-One 15 82.25¢ 97.97 @ 97.96 ® 93 ad 95.88 ¢ 93 de
Axi-One 1.7 83.13¢ 98.56 2 1002 95.74 3¢ 98.12 % 95 b-d
Cassic 170 90.43 « 80.44 f 90.85 ¢® 87.52 ¢ 86.36 ° 87f
Cassic 200 92.79 ¢ 87.35¢¢ 94.49 b 93.05 & 91.81¢ 92¢
Cassic 230 1002 91.45 bd 96.84 97.98 % 95.33a¢ 96 be
Cas-Cyt. 170+ 0.1% 97.28 89.44 b-e 93.97 b 92.60 & 94.03 b¢ 93 ¢e
Cas-Cyt. 200+ 0.1% 98.732 93.80 2¢ 97.97 % 97.73 3¢ 97.91%® 97
Cas-Cyt. 230+ 0.1% 1002 98.072 1002 99.48 2 99.752 992

2 g $laepSile bgyye 4 yo jlad b JBlis G s S pnie 2818 M3l e ) .an3L eDuncan P < 0.05.( In each column, means followed

by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v1)
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Table 11- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed density
compared to the corresponding control in Shahrood

o e twam e 2
Treatment (¢-l/ha) ludoviciana pendulom tenella Total weed
Bro-Axi 15+1.2 1004 80.42° 83.75° 75
Othello 1.6 96.87 2 91.32% 95.832 782
Axi-One 1.1 1002 87.50 % 1002 792
AXi-One 1.3 1002 89.09 @ 1002 782
AXi-One 15 1002 92.26 ® 952 802
AXi-One 17 1002 93.675% 1002 gle
Cassic 170 46.42 o 59.96 ¢ 952 584
Cassic 200 51.80 « 61.46 ¢ 1002 614
Cassic 230 59.02 be 65.28 ¢ 1002 64 o
Cas-Cyt. 170+ 0.1% 45424 90.00 @ 96.87 2 68 b
Cas-Cyt. 200+ 0.1% 51.26 « 95.83 1002 69 be
Cas-Cyt. 230+ 0.1% 67.80° 1002 1002 762

(Duncan P <0.05) .aib o 45 gxe MR 186 S jio By S Jolas b jlass y2 4y boyyo sla nSbe gt ja 3

In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v 1)
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Table 12- Mean comparison of the effect herbicide application treatments on the percentage reduction of weed biomass

compared to the corresponding control in Shahrood

. 3 0,5 Wi (E| A .
T )l,:y t (gli_zsﬁz) Av:?l; I—ﬂpeﬁum ‘z:h:r-:i'ssc:g .)I.f: T.Lc JZ
reatmen ludoviciana pendulom tenella otal wee
Bro-Axi 1.5+1.2 1002 87.06° 89.19° 79 ac
Othello 1.6 97.322 92.89 % 96.132 80 ®
Axi-One 1.1 1002 91.93 % 1002 79 %
Axi-One 1.3 1002 89.69 @ 1002 80
Axi-One 1.5 1002 94.54 ® 1002 81e
Axi-One 1.7 1002 94.94 % 1002 832

Cassic 170 56.98 ¢ 65.96 ¢ 1002 65 ¢

Cassic 200 64.27 70.70 ¢ 98.332 67 ¢

Cassic 230 64.60 o 73.06 ¢ 1002 67 ¢
Cas-Cyt. 170+ 0.1% 62.97 ¢ 93.55 @ 98.402 73¢
Cas-Cyt. 200+ 0.1% 59.44 ¢ 97.88 % 1002 75 ¢
Cas-Cyt. 230+ 0.1% 74.31° 1002 1002 77 ¢

(Duncan P < 0.05) .au3b o 45 gme MR 386 S piiio By> S Plas b jloss yo 45 bgye slo n Sl g j )
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)
Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v'1)
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Table 13- Mean comparison of the effect herbicide application treatments on wheat grain yield and percentage of grain yield
increase compared to the corresponding control

s o 3 ol fs "y 29,8L%
Treatment Rate Karaj Darab Gonbad Shahrood
(g-1/ha) kg ha? (%) kg ha? (%) kg ha? (%) kg ha? (%)
Bro-Axi 15+1.2 6166 2° 15.03 ¢ 5610 &¢ 26.11® 4064 ¢ 7.48 % 5320 @ 22.71¢
Othello 1.6 5723 ¢ 13.10 b 5410 2d 25.17 @ 3949 be 4.00°P 5307 @ 20.10 ®
AXi-One 11 5438 © 11.75 e 4050 f 8.17¢ 3930 °¢ 3.26°P 5300 @ 19.36 2
AXxi-One 1.3 5623 be 12.16 ¢ 4150°f 10.08 ¢ 3996 b¢ 4,03°b 5317 @ 22.63%
AXi-One 15 5875 &¢ 14.03 b 4250 ¢f 13.06 % 4007 b 4640 5336 @ 23254
Axi-One 1.7 6023 &°¢ 14.49 be 4650 of 19.06 b 4033 &°¢ 478" 5360 23912
Cassic 170 5130 ¢ 6.07 ¢ 4350 16.13 ¢¢ 4024 &¢ 5.15° 4917 ® 6.814
Cassic 200 5412 ¢ 10.80 ¢ 4850 of 22.13#¢ 4154 &¢ 7.84 ® 43185 6.80 9
Cassic 230 5858 ¢ 13.74 bc 5010 P 24.07 ¢ 4193 &°¢ 8.61%® 5106 8.86
Cas-Cyt. 170+ 0.1% 5935 &¢ 14.48 ¢ 5360 2d 25.03 @ 4229 @ 8.66 @ 5053 & 7.74 ¢
Cas-Cyt. 200+ 0.1% 6539 2 16.66 2 5750 2 27.1@ 4298 2 9.44 @ 5148 @ 8.96 cd
Cas-Cyt. 230+ 0.1% 6606 2 17.71 5950 2 28.06 @ 4306 2 13508 5247 @ 14.06 ¢
Weed free 6698 @ 23422 61102 30.08 2 43162 15.142 62572 24.892

(Duncan, P <0.05) .xib o jly sxe OS] 081 S yitio B S J8lis b jlos po &y bgyye sl ko (ot yo 53
In each column, means followed by the same letter in each treatment are not significantly different, (Duncan, P <0.05)

Bro-Axi (Bromicide®MA + Axial®), Axi-One (Axial One®), Cas-Cyt. (Cassic®+ Citogate®), 0.1% (0.1% v v-1)
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