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Introduction

Downy mildew disease caused by Plasmopara viticola (Berk. & Curt.) Berl. & Toni is one of the most
important diseases of vine. Especially in wet areas, it causes qualitative and quantitative damage to the crop.
Although all green parts of the grapevine are susceptible, the first symptoms of downy mildew of grapes are
usually seen on the leaves as soon as 5 to 7 days after infection. Foliar symptoms appear as yellow circular spots
with an oily appearance (oilspots). Young oilspots on young leaves are surrounded by a brownish-yellow halo.
This halo fades as the oilspot matures. The spots are yellow in white grape varieties and red in some red grape
varieties (e.g., Ruby Red). Under favorable weather conditions, large numbers of oilspots may develop and
coalesce to cover most of the leaf surface. After suitably warm, humid nights, a white downy fungal growth
(sporangia) will appear on the underside of the leaves and other infected plant parts. The disease gets its hame
"downy mildew" from the presence of this downy growth. In late summer and early fall, the diseased leaves take
on a tapestry-like appearance when the growth of the pathogen is restricted by the veinlets. Confirmation of
active downy mildew is made by the "bag test." To do this test, seal suspect diseased leaves and/or fruit bunches
in a moistened (not wet) plastic bag and incubate in a warm (13-28°C), dark place overnight. Look for fresh,
white downy sporulation beneath suspect oilspots or on shoots or fruit bunches. Note that mature berries,
although they may be symptomatic and harbor the pathogen, may not support sporulation even when provided
with ideal conditions. Infected parts of young fruit bunches turn brown, wither, and die rapidly. If infections
occur on the young bunch stalk, the entire inflorescence may die. Developing young berries will either die or, if
between 3 and 5 mm in diameter, become discolored. Berries become resistant to infection within 2-3 week after
bloom, although all parts of the rachis may remain susceptible 2 months after bloom. The pathogen survives the
winter period as oospores embedded in dead leaves and other host tissue on the vineyard floor. Oospores may be
released from the decaying plant material on the soil surface. Oospores typically produce sporangia. These
sporangia, in turn, produce zoospores. Sporangia and zoospores are splashed by rain or carried by wind to the
lower leaves and tissues of the grapevines. The conditions necessary for oospore germination are wet soils with
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temperatures above 10°C. Sporangia for secondary infections are produced on sporangiophores that emerge
through stomata of infected leaves and other grapevine tissues. Sexual reproduction occurs towards the end of
the season. The resulting oospores are thick-walled and serve as survival spores.

Materials and Methods

The experiment was conducted in grape orchards located in Hamadan, Bojnourd, and Faruj, which had a
history of Downey mildew. Different cultivars of grapes were selected for the experiment. The experimental
design used was a randomized complete block design (RCBD) with 8 treatments and 4 replications.The control
treatments included plots without any spraying and plots sprayed with water. The remaining treatments involved
the application of specific treatments at three different stages. The first spraying was done before flowering, the
second spraying after fall petals, and the third spraying 10 days after the second spray. Ten days after the final
spraying, samples were collected from the grape leaves, and the percentage of disease incidence and disease
severity were calculated. The data obtained for disease incidence and severity were analyzed using statistical
software, such as SAS, and the means of these traits were compared using Duncan's multiple range test at a
significance level of one percent. This test helps determine significant differences between the treatment means.

Results and Discussion

The analysis of variance conducted on the data obtained from the evaluation of treated grape leaves revealed
a statistically significant effect of the treatments on reducing the percentage of disease severity and disease
incidence. Among the treatments, Profiler® at concentrations of 3 ml L, 2.5 ml L, and 1 ml L, Mishocap® at
3 ml L%, and Captan at 3 ml L demonstrated high efficiency in controlling grape Downey mildew disease. The
new fungicide Profiler® at a concentration of 3 ml L™ exhibited an efficacy of 94% in Hamadan, 67% in
Bojnourd, and 47% in Faruj. Profiler® at a concentration of 2.5 ml L had slightly lower efficacy, but the
difference was not statistically significant compared to Profiler® at 3 ml L. Interestingly, the control
treatments, including water spraying and no spraying, did not show a significant difference in disease control
compared to the treated plots. These results indicate that Profiler® at appropriate concentrations and Mishocap®
and Captan at their recommended concentrations can be effective options for controlling grape Downey mildew
disease.
Conclusion

Because both Profiler® 3 and 2.5 ml Llconcentrations are effective in controlling the disease, therefore in
order to protect the health of the consumer and the environment as well as reduction in costs, the preferred dose
is2.5ml L™

Keywords: Chemical control, Fozetyl-aluminum + fluopicolide, Fungicide, Resistance, Vine
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Table 1- Experimental treatments in evaluating the effectiveness of studied fungicides for the control of Grape Downy mildew
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T1 WP50% ®0114’L§ okl JUTSEAS ol Cud 3D
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- - - 1 Company
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Mishocap®WP 35% copper oxychoride 3mlL? General dose
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7 el b bals ~
Control 1: with sparying
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T8 Control 2: without -
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Table 2- Variance analysis of disease severity percent and disease incidence percent in Hamadan, Bojnourd and Faruj

Hamadan Bojnourd Faruj
Oled Pl [
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Treatment
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21 0.05 5.16 30.13 242.98 3.39 16.42
Error
o 31
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**Significant at 1% level
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Table 3- Mean comparison of disease severity percent and disease incidence percent and Treatments efficacy in Hamadan,
Bojnourd and Faruj

Mean squares
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ol Ol e T,
29 . . Efficacy . . Efficacy . . Efficacy
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severity incidence o severity incidence o severity incidence os
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3o 2 ¥ WGTLL% © LGy, 18 0.2¢ 9% 26.2¢ 4.55¢ 67 55,00 10.40¢ 47
Profiler WG 71/1% (3ml L)
. 0f ® a
3o > ¥/0 WGTL1% Ly 2.5¢ 0.3c 92 472abc  7.67hc 44 53.5b 10.72¢ 46
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. 0 ® a
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) 0y 6.3 0.7b 81 37.2¢ 6.55¢ 52 78.00a 19.35b 2
Mishocap®WP 35% (3ml L)
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il O TR 28.8a 3.6a 0 68.5ab 13.77ab 0 82.25a 19.77b 0
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Introduction

Due to the process of quality control of agricultural products and accurate assessment of pesticide residues in
products exported to destination countries, the application of biological control has become essential. In order to
use biological control, biological agents must either be purchased from countries with the technology of mass
production of natural enemies, or to meet the needs of the country, the technology of mass production of
predators and parasitoids must be developed. In the case of mass rearing of predatory mites, which are mostly
used to control spider mite, the problem of mass prodaction has been partially resolved and some companies are
rearing, but in mass rearing of these predators, destructive effects on non-target natural enemies and mold
growth on the rearing media of predatory mites are problematic. The predatory mite, Amblyseius swirskii
(Athias-Henriot) is one of the most common biological agents for control of two-spotted mite, whitefly and
onion thrips in greenhouses, which is widely used in greenhouse crops worldwide. The importance of this study
is to facilitate the mass production of this predatory mite. In mass production of this predator, a medium with
eggs, nymphal stages, and mature mites of Carpoglyphus lactis Linnaeus was used at 25+ 1 ° C, 70 £ 5% RH
and L: D 16: 8. One of the most important limitation in the production of this predator is infection with some
fungi such as Rhizopus spp., Aspergillus spp,and Penicillium spp., which caused the deterioration of the medium
and consequently the death of dried fruit mites and predatory mites in the production environment.

Materials and Methods

To investigate the efficacy of five componds on fungal control, an experiment was achieved with twelve
treatments in a completely randomized design in three replication. From the culture medium (800 g of elm flour,
195 g of wheat bran and 5 g of palm pollen) plus 1g/kg of compounds: tebuconazole, baking soda (sodium
bicarbonate), Caliban® (potassium bicarbonate), Chitosan®, and carbendazim and in treatments where two
compounds were mixed, 0.5 g/kg was used.

Results and Discussion

The analysis of variance for the treatments revealed significant differences in fungal infection reduction and
the population dynamics of the mites. The treatments that showed the highest reduction in fungal infection
compared to the control were treatments 1 (tebuconazole®), 3 (Caliban®), and 6 (Trichocara®), with reductions
of 66.33%, 63.25%, and 28.62%, respectively.

In terms of the population increase of the prey mite C. lactis, the treatments that exhibited the highest
increases were treatments 1 (tebuconazole®), 10 (Chitosan = tebuconazole), and 6 (Trichocara®), with
population increases of 80.22%, 65.75%, and 65.15%, respectively.

Regarding the population increase of the predatory mite A. swirskii, the treatments that showed the highest
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increases were treatments 1 (tebuconazole®) and 6 (Trichocara®), with population increases of 76.33% and
72.66%, respectively, in the first group. In the second group, treatments 3 (Caliban®), 2 (soda), and 10 (Chitosan
+ tebuconazole) exhibited population increases of 56.33%, 54.66%, and 53.66%, respectively.

These results demonstrate the effectiveness of treatments 1 (tebuconazole®) and 6 (Trichocara®) in reducing
fungal infection and promoting the population growth of both prey and predatory mites. Treatments 3
(Caliban®), 10 (Chitosan = tebuconazole), and 2 (soda) also showed positive effects on the population dynamics
of the mites.

Conclusion

The predator mite population of A. swirskii is able to complete its growth on growth substrates with prey mite
C. lactis. This predator has a high potential in feeding on dry fruit mite C. lactis. Therefore, this bait can be a
suitable food for the mass production of A. swirskii mites. The most important problem in rearing large numbers
of predatory mites is saprophytic fungi, which cause the destruction of a large number of predatory mites and
their prey due to their sudden expansion. In general, according to the results of our study, the use of
tebuconazole fungicide at a rate of one per thousand of commercial material and also the biological compound of
Trichocara® (Trichoderma virens) with a concentration of one per thousand are recommended to control
saprophytic fungi in mass production environment of predatory mite,A. swirskii,. Each of these two compounds
has its advantages and disadvantages. In terms of availability, tabuconazole is more readily accessible compared
to Trichocara®, which is a biological compound and considered more environmentally safe. However,
Trichocara® may darken the color of the culture medium slightly due to the growth of Trichoderma virens in the
medium. Considering the economic aspect and cost reduction in mass production of predatory mites, baking soda
and Caliban®, which were part of the second group of effective treatments, offer economic value and are much
cheaper than other compounds. They can effectively reduce the severity of fungal infections at minimal cost.
Among the different compounds tested, the use of tebuconazole fungicide at a rate of one gram per thousand
grams of substrate showed the most significant effect in controlling fungi. Although sodium bicarbonate and
potassium bicarbonate were found to be less effective, they are still viable options due to their non-toxic nature.

Keywords: Amblyseius swirskii, Carpoglyphus lactis, Fungicide, Mass rearing
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Table 1- Mean of percentage decrease in severity of saprophytic fungi, average percentage increase in C. lactis prey mites and
average percentage increase in A. swirskii predatory mites
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(R o
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Tebuconazole+ Carbendazim
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" Common letters in the columns indicate that the treatments are not significant (p<0.01, Duncan's test)
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Introduction

The Indian meal moth, Plodia interpunctella (Lepidoptera: Pyralidae) (Hubner, 1813) is one of the most
important and well-known stored-product pests in most parts of the world. The larvae of this insect are
omnivorous and have the ability to grow and reproduce on a wide variety of grains, dried fruits, dried vegetables,
nuts, oil seeds, chocolate, animal feed and various processed products. Therefore, it causes economic losses to
various agricultural and stored products. On the other hand, this insect is used as a host in the rearing of various
useful insect species. In general, the Indian moth eats carbohydrate-rich foods, and its growth and development
is highly dependent on biochemical compounds and especially the quality and quantity of nutrients in its diet.
The enzymes like amylase and pectinase in the digestive system of the lepidoperan larvae, which are secreted by
the cells of the midgut, play an effective role in the digestion and absorption of food. Investigating some of the
biological and physiological properties of this insect on various types of foods will help to optimize the rearing
of this insect for management studies and also as a host for rearing of other pest insect’s predators and
parasitoids.

Materials and Methods

In this study, we investigated the effects of different diets, namely raisin, fig, pistachio, peanut, almond, and
walnut, which are known to be the main hosts of the Indian meal moth, on the protein content in the last instar
larval gut. We compared their protein patterns and content using SDS-PAGE. Additionally, we measured the
activities of the digestive enzymes alpha-amylase and pectinase using the DNS (Dinitrosalicylic acid) assay.
Alpha-amylase activity was assessed using 1% starch as a substrate, while pectinase activity was measured using
pectin as the substrate. To facilitate a better comparison of the relative enzymatic activities, the activities were
calculated as a percentage of the highest enzymatic activity. Furthermore, we compared several biological
parameters, including the incubation period, larval period, pupal period, adult longevity, life span, and adult
emergence.

Results and Discussion

The results of the study revealed that the Indian meal moth larvae had the lowest amounts of gut protein
when fed on figs and raisins, while the highest amounts were observed in larvae fed on pistachios, peanuts,
almonds, and walnuts. The determination of protein levels using the Bradford method and SDS-PAGE gel
electrophoresis yielded consistent results, clearly indicating the protein concentrations in the samples. The
activity of the alpha-amylase enzyme in the larvae's gut was highest in those fed on pistachios and lowest in
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those fed on figs. Similarly, the pectinase enzyme showed the highest activity in larvae fed on pistachios and the
lowest activity in those fed on raisins. The embryonic period of the Indian meal moth remained consistent across
different diets. However, when comparing the duration of the larval period, pupal period, and overall growth
period, the shortest duration was observed in larvae fed on pistachios, while the longest duration was seen in
those fed on raisins. The length of the growth period tends to increase when the insect is fed on less desirable
food sources. Regarding lifespan, the shortest duration was observed in the diets consisting of almonds and
pistachios, while the longest lifespan was recorded in those fed on raisins. When examining adult emergence, the
diets of almonds and figs showed the highest and lowest values, respectively. In conclusion, pistachios, almonds,
and walnuts were found to be more favorable diets for the Indian meal moth larvae compared to peanuts, figs,
and raisins.
Conclusion

This study aimed to determine the optimal diet for rearing the Indian meal moth. The investigated diets,
which are major food sources for this insect, were found to have an impact on the amount and concentration of
intestinal protein in the last instar larvae, as well as the activity of alpha-amylase and pectinase enzymes.
Significant differences were observed in various physiological and biological components among the diets. The
highest values for all these components were observed in the larvae reared on a pistachio diet, while the lowest
values were found in those reared on fig and raisin diets. Based on the findings of this research, it can be
concluded that pistachio, walnut, and almond diets are favorable and suitable for laboratory breeding of the
Indian meal moth, compared to peanut, raisin, and fig diets. Among these diets, pistachio was identified as the
most optimal choice.

Keywords: Alpha-amylase, Biological components, Indian meal moth, Pectinase, Protein
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Figure 1-Gut protein concentration in last instars of Plodia interpunctella fed on different diets
Different letters on each column indicate a significant difference (p< 0.0001) based on Tukey’s test.
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Figure 2- SDS-PAGE of gut protein in last instars of Plodia interpunctella fed on different diets
The numbers 1, 2, 3, 4, 5 and 6 indicate the diets of walnut, peanut, raisin, almond, pistachio and fig, respectively. The left column,
which is marked with S, corresponds to the standard protein and the molecular weights of the proteins are in kDa.
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Figure 3- Relative activities of gut digestive alpha-amylases and pectinases in last instars of Plodia interpunctella fed on

different diets
Different lowercase and uppercase letters on each column indicate a significant difference (p< 0.0001) based on Tukey’s test.
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Table 1- Developmental period (days) of Plodia interpunctella reared on different diets
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Different letters in each row indicate a significant difference (p< 0.001) based on Tukey’s test.
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Figure 4- Plodia interpunctella adult emergence percentage from larvae reared on different diets
Different letters in each column indicate a significant difference (p< 0.001) based on Tukey’s test.
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Introduction

Saffron is one the most expensive crops and like other agricultural products, attacked by pest such as bulb
Mite Rhizoglyphus robini Claparede (Acari: Astigmata). The bulb mite is one of the most important soil pest
attacking plants with bulbs, corms and also tubers. In Iran it has been reported by Rahimi and Kamali (1993) for
the first time on saffron corms from Gonabad and Qaen cities. Also it has been recorded that the bulb mite
feeding on soil born fungi (Diaz et al., 2000; Nesvornaet al., 2012). On the other hand, there are many
saprophytic fungi into the soil of saffron fields. Subsequently it may question whether the mite is primary or
secondary pest on saffron corms. Despite many literatures on biology and ecology of Rhizoglyphus mites, there
is not sufficient evidence on understanding the biology, behavior and colonization of R. robini regarding its
damage to saffron corms when arriving after establishment of the soil born fungi.

Materials and Methods

To investigate the impact of soil-borne fungi on the biology of the bulb mite, we obtained a cohort of even-
aged eggs from the mites in our stock culture. These eggs were then transferred to individual experimental units
and monitored until they reached adulthood. Daily observations were made and recorded.

To assess mite fecundity, we selected thirty young ovipositing females and divided them into two groups:
one group was exposed to fungal infection while the other group was not. Each saffron corm was placed in a
50mm Petri dish lined with wet filter paper. A starved mated female was added to each dish, and every three
days for a period of 21 days, the number of eggs laid per dish was counted and then removed. The number of
eggs per day per female was calculated based on these counts.

To study the attraction of bulb mites to the fungus, saffron corm sections with and without fungal infection
were placed in a 50mm Petri dish. Four sections, with equal distances from each other and from the center, were
arranged. Female R. robini mites were introduced into the dish, and after a four-hour period, the number of mites
on each section was recorded.

For evaluating the population dynamics of the mite, we used four types of saffron corms: healthy corms,
corms infected by the fungus, mechanically injured corms, and corms both infected and injured. Each
experimental unit consisted of three saffron corms of the same size placed in an 80mm Petri dish. Five adult
mites were added to each unit. Continuous observations were made daily to track the initial penetration and
colonization of the mites in each treatment. The numbers of all motile stages of mites in each experimental unit
were recorded using a stereomicroscope. These observations continued until the corms were completely
destroyed by the feeding mites.

Results and Discussion

After culturing of sections of infected corms and mite body, the fungi, Penicillium spp., Aspergillus niger
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Vantieghem, Embelisia sp. and Fusarium oxysporum Schlecht were isolated and identified mutually in both
samples. As the fungus F. oxysporum was the most abundant species, then it was used in the experiments. The
fungus significantly affected the generation time (from egg stage to egg produced by adult) of the mite (Table.
1). Also mite fecundity was significantly higher on infested corms with the fungus than on non-infested ones (t =
10.79, d.f.= 27.31, P<0.001)(Figure 1). An obvious attraction of the females was observed toward fungal
infected sections and significantly more mites were recorded on them than non-infected ones (W = 400,
P<0.001)(Figure. 2).These findings are supported by some other studies (Czajkowska, 1995; Kasuga and Honda
2006; Ofek et al., 2013). Higher fecundity and faster development when mites were fed on the fungus on the
infected corms are probably due to availability of a special nutrient source (mycelium). The ability of the bulb
mite to digest fungi has been attributed to chitinase-producing symbiotic bacteria (Zindel et al., 2013). Based on
the evidence provided by this study and previous ones (Okabe and Amano, 1990; Ofek et al., 2013), the mite R.
robini was attracted more to fungal infected corms, it might because of metabolites and alcoholic secretions of
the fungi. These findings demonstrate the suitability of saffron corms infected with soil fungi for development
and population increase of the Robine mite.

The result on mite penetration and population dynamics on four types of treated corms indicated that the mite
on infected corms penetrated within two weeks and thereafter population increased exponentially until the end of
5th week. In comparison on healthy corms and even injured ones the mite showed almost no increase during first
three weeks and it was not able to penetrate and develop a stable colony on these corms. Also on infected and
injured treatment similar population dynamics was observed as on infected ones (Figure. 3). These observations
implying that the mite for penetrating into healthy corms encounters some difficulty and considerable time is
needed to establish and colonized on such environment. Okabe and Amano (1991) has been found similar results
and suggested that earlier penetrations of mites result in a faster population growth and colonization.

Conclusion

For many years the saffron bulb mite has been considered as a primary pest and historically control strategies
has relied on the use of chemical miticides (for disinfection and etc.) and some non-chemical methods.
Subsequently the role of soil born fungi has receiving limited attention in this regards. According to the results of
the present study, this acarine pest relies on the soil born fungi to penetrate and establish on the saffron corms. In
other words, a close relationship exists between fungal infection and damage by R. robini on saffron bulbs. It
suggest that for improving management strategies in regards of this pest, we should consider the role of
saprophytic fungi as a main cause which provides condition for the bulb mite colonization and occurring
damage. Further researches is proposed using appropriate methods to suppress soil born fungi and subsequent
the bulb mite damage on saffron.
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Table 1- Effect of saffron bulb infection to soil born fungi Fusarium oxysporum on the duration of different life stages of
saffron bulb mite (mean + standard error)
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Biological stage Infected Healthy Test statistic
055 3.95 +0.087 4.00 £0.088 t=0.4"s
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Protonymph df =67.64
JEURWI 2.15 £ 0.067 2.45+0.081 t :_28.87**
Tritonymph df =75.94
i 5| U 1.36+0.077 2.04+0.114 t=38""
df = 36.69

Pre-oviposition

*P <0.05; **P <0.01; ***P <0.001 and n.s means non-significant difference between treatments.
Each value in the table gives the mean + SE of different biological stages.
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Figure 1- Effect of saffron bulb infection to soil born fungi on daily fecundity (egg/female/day) of saffron bulb mite
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Figure 2- Attraction of Rhizoglyphus robini to Fusarium oxysporum infected and healthy saffron bulb sections
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Figure 3- Population dynamics of bulb mites (All motile stages) on different saffron bulbtreatments (Healthy, Injured,
Infected, Infected and Injured)
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Introduction

The effectiveness of herbicides is influenced not only by the active ingredients and their toxicity but also by
the formulation of the herbicide. Conventional herbicide formulations include wettable powder and emulsifiable
concentrate (EC). EC formulations are prepared by mixing the active ingredient with solvents and surfactants.
However, these formulations can have negative phytotoxic effects due to hazardous solvents and can be unsafe
for operators during application. As an alternative to EC formulations, capsule suspension (CS) formulation has
been considered. EPTC is a thiocarbamate herbicide used to control the growth of germinating annual weeds,
including broadleaves, grasses, and sedges, in crops such as tobacco in Iran. EPTC acts by inhibiting cuticle
formation during the early stages of seedling growth. It is available in formulated products such as emulsifiable
concentrate (EC) liquids containing up to 87.8% active ingredient and granular (G) formulations containing up to
25% active ingredient. However, there have been few studies on the production of microcapsule formulations of
this herbicide. This experiment aimed to evaluate the weed control effectiveness of EPTC microcapsule
formulation, which was synthesized for the first time in Iran. Additionally, the study examined the effect of the
herbicide extender, Ammonium thiosulfate, at different doses and application methods.

Materials and Methods

To investigate the effectiveness of different herbicide formulations and application methods, a three-way
factorial experiment was conducted in Tirtash Research and Education Center in Mazandaran province, Iran,
during the 2014 growing season. The experiment followed a randomized complete design (CRD) with three
replications.

The factors studied in the experiment were:

1. Herbicide formulation:
o Emulsifiable concentrate formulation (Eradicane® EC 82%)
o Emulsifiable concentrate formulation with Ammonium thiosulfate
o Microcapsule formulation
2. Herbicide dose:
o 50% of the recommended active ingredient (2.46 kg a.i. ha-1)
o 75% of the recommended active ingredient (3.69 kg a.i. ha-1)
o 100% of the recommended active ingredient (4.92 kg a.i. ha-1)
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3. Herbicide application method:

o Soil-incorporated pre-planting

o Pre-planting

A control plot with no herbicide application was also included. Throughout the growing season, weed
density, weed dry weight, and tobacco yield were measured. The relative weed control compared to the control
treatment was used to evaluate the efficiency of the different treatments. The collected data was subjected to
analysis of variance using Minitab (Version 18), and mean comparisons were performed using the honestly
significant difference (HSD) test at a significance level of 0.05.
Results and Discussion

Based on the relative frequency of weeds, Setaria viridis L. and Amaranthus retroflexus L. were dominant
species. The experimental results show the effects of formulation type, application dose and method of
application on weed density and weed dry weight and tobacco yield were statistically significant difference. The
microcapsule formulation increased weed control efficiency and tobacco yield significantly compared to EC
formulation and the highest weed control performance and tobacco yield belong to the soil incorporated of
microcapsule formulation with recommended dose.

Conclusions

The results indicated that the utilization of a microcapsule formulation allows for a 25% reduction in the
application dose of the EPTC herbicide, without compromising weed control or tobacco yield. Consequently,
there were no significant differences observed between applying 75% of the recommended dose using the
microcapsule formulation and applying 100% of the recommended dose using the EC formulation, with or
without the extender. Based on these findings, it is crucial to promptly mix the herbicide with the soil
immediately after spraying in order to maintain the efficiency of EPTC. Furthermore, it was discovered that
employing two-thirds of the recommended dose of the microcapsule formulation yields the same level of
effectiveness as the recommended dose of other formulations. Additionally, incorporating the EPTC herbicide
with soil in all formulations enhanced weed control efficacy. In contrast to previous research suggesting the
positive impact of extender adjuvants such as ammonium thiosulfate on herbicide efficiency, this study did not
observe similar effects. This discrepancy may be attributed to the varying soil and climatic conditions at the test
site.

Keywords: Ammonium thiosulfate, Controlled release, Reduced dose, Tobacco, Weed
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12- Echinochloa crus-galli (L.) Beauv.
13- Digitaria sanguinalis (L.) Scop.
14- Panicum dichotomiflorum Michx.
15- Zea mays L.

16- Glycine max L.
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1- Heliotropium europaeum L.

2- Acalypha sp.

3- Cyperus rotundus L.

4- Digitaria sanguinalis (L.) Scop.
5- Convolvulus arvensis L.

6- Solanum nigrum L.

7- Tribulus terrestris L.

8- Portulaca oleracea L.

9- Chenopodium album L.

10- Sorghum halepense (L.) Pers.
11- Chrozophora tinctoria (L.) A. Juss.
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Table 2- The density and frequency of the dominate weeds in the experimental field

. e - Density (;lsa::t per m?) Abl,‘l-:l::n)cfi%)
Name Scientific name Family 20t 507 20 =
Gfe‘; ‘:” fl;’)’(*t’;” Setaria viridis L. Poaceae 25 18 21 24
3o Sl Amaranthus retroflexus L.  Amaranthaceae 38 23 33 31

Redroot pigweed

S S o oyt
T Day after transplanting

Ipbdle SWA (9 9 o515 S w0 )3 g (o 8! (ESe 3,05 gy 952,15 Jlaie cygmw¥g0 8 pl il ylg a1 jod - Jga

SIS 51 mg 59 Ve 9 £v (b jo,Baud y w9 S U 9 jaw Bl )03
Table 3- Analysis of variance the effects of formulation, dose and application methods of EPTC herbicide green foxtail and
redroot pigweed density and dry weight 40 and 60 days after tobacco transplanting

©lapo (nS0be
Mean squares
Ol pds 2ol NEHETSH }?""u:*’lis;ﬁf }")-9“*‘*-1)0*_’9)"5"
Source of variation df Green foxtail Redroot pigweed
40t 607 40 60
Sy Sl Sy WS1F L )))
Density Density  Dry weight  Density Density  Dry weight
Soh 2 53.37 175.30 78.50 122.70 174.99 136.57
Block
S 5_’3 (A) 2 4716.14™ 3987.50™  2251.60"  3317.61™ 2487.82"  1646.83"
Formulation
iSaale i . . - o . .
S ile Jie (B) 2 12175.92™ 8178.60 8915.80 4667.58 1859.81 2216.85
dose
°’_’~’K o (€) 1 404811  3711.40™  8044.00™  851.86™ 6526.70™  5812.15™
Application method
AxB 4 86.87 143.40 248.70 139.31" 22.56 35.96
AxC 2 305.08" 474.20" 628.60" 44.61 135.40 56.93
BxC 2 548.67™ 333.20 8.50 275.16™ 76.28 481.63™
A xBxC 4 92.88 109.90 193.50 39.61 2.28 138.18
ks 34 83.34 114.00 102.20 40.50 77.42 82.06
Error
0, - .
() Sl ot 15 20 18 12 14 18

Variation of coefficient (%)

] b ime do)d S g gy Jlein] pdaw )0 s )5 4w g

GBI 9y T
* and ** significant at 5% and 1% probability levels, respectively.
T Day after transplanting
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Table 4- Mean comparison the main effect of EPTC formulation on green foxtail and redroot pigweed density and dry
weight compare to weed infest control 40 and 60 days after tobacco transplanting

JySs o
Control percent
. 3 Ugyod o Bauio -
Ooawd g0 48 TR e PPMEI9PE
Formulation Green foxtail Redroot pigweed
407 60" 40 60
L 3 B 1 1 BNy
Density Density Dry weight Density Density Dry weight
Q’Eéf ‘ 54,00  44.63° 49.43° 46.25°  43.54° 45.06P

pogel SMlgwgss olpod & 0gedyel g 41 g9b 48720 42850 4157 42.84°
EC + Ammonium thiosulfate

J’“':A‘é)s“’ 80.17%  68.932 68.442 67.882  62.852 60.41°2
g el gl 7.45 8.72 8.25 5.20 7.18 7.40

Honestly significant difference
sl (S5 09031 b oy s G )lel s 5 )l sine BB pas Sily gty 5 e g
SHBLE I e o) T
Mean within a column followed by the same letter are not significantly different at the 5% level according to Tukey test
T Day after transplanting
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Table 5- Mean comparison the interaction effect of formulation and application methods of EPTC on green foxtail and
redroot pigweed density and dry weight compare to weed infest control 40 and 60 days after tobacco transplanting

J 55 oy
Control percent
) 5 o plgyed 3084l y g S U
F‘;:;Mu}:;i):n bys ! Green foxtai! Redroot pigweed
40t 607 40 60
Sl WSl KB Sl WS KBS
Density Density Dry weight Density Density Dry weight
Ogamdgel + 66.61¢  50.77 63.832 58.50°  57.64° 56.40°
EC - 41.39¢  38.49« 35.03° 34.00¢  29.44° 33.72¢
posgel Olilgwnss ol e 4y gmd gl + 59.55¢  56.04° 65.422 54,95  50.48P 51.16°
EC + Ammonium thiosulfate - 41604  27.75¢ 32.02° 30.76°  32.67° 34.52¢
oS 5)Ss0 + 84562  73.51la 73.952 7733 7283 71.872
MC - 75.78%  64.35% 62.932 58.43>  52.87° 48.94°
s i o3l 1299 15.19 14.38 905 1252 12.89

Honestly significant difference
ol (S5 ogeil b sy gy )lel o 53l tme M) pae Sy 50 52 )3 wlitie gy
U ) g oy T

Mean within a column followed by the same letter are not significantly different at the 5% level according to Tukey test
+ Day after transplanting.
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1- Lolium spp.
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Figure 1- The interaction effect of EPTC doses and formulation on green foxtail (a) and redroot pigweed density (b) compare

to weed infest control 40 and 60 days after tobacco transplanting
HSD: Honestly significant difference
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Figure 2- The interaction effect of EPTC doses and formulation on green foxtail (right) and redroot pigweed (left) dry weight

compare to weed infest control 40 and 60 days after tobacco transplanting
HSD: Honestly significant difference
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Table 6- Analysis of variance the effects of formulation, dose and application methods of EPTC herbicide on yield and the
percentage of increasing yield of tobacco compare to infested control

Olayo (uile
[CHPOVES ¥ W18 NEUETSY) Mean squares
Source of variation df 3, Slos 5 Shos i) 38 dwo
Yield Percentage of increasing yield
ok 2 0.04 11865.7
Block
oYy &5 (A) 2 132" 1911.9"
Formulation (A)
Sl i (B) 13.12™ 183596
Dose (B)
28 o (C) 1 10.13™ 13827.5™
Application method (C)
AxB 4 0.32 418.3
AxC 2 0.17 308.6
BxC 2 0.49 729.5
A xBxC 4 0.23 268.6
s 34 0.21 341.3
Error
0, - .
(%) st 25 13 14

Variation of coefficient (%)

ol Y gine 2o )d S g iy Jlosin] pdaw )0 i 4y e g 5
*and ** significant at 5% and 1% probability levels, respectively.
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Figure 3- The interaction effect of EPTC doses and formulation on tobacco yield (bar chart) and the percentage of increasing

11.

12.

tobacco yield compare to infested control (line chart)
HSD: Honestly significant difference
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Introduction

Wheat (Triticum aestivum) is one of the most important crops in Fars province and Iran. The area under
cultivation of this crop is 337,000 hectares in Fars’s province. The weeds are one of the most famous factors
limiting in the production of wheat in Iran and the world. Weeds can decrease grain yield of wheat by competing
for resources such as water, light and nutrients and production of allelopathic compounds. If weeds are not
controlled at this crop, cause great damage to the wheat. The amount of weed damage in wheat fields of Iran has
been reported to be about 20 to 25%. The most important weeds of wheat in Fars are including Mavla neglecta
Wallr., Centaurea solstitialis L., Veronica persica L., Carthamus oxyacanthus M.B., Capsella bursa-pastoris,
L., Descurainia Sophia (L.) Webb&Berth, Hirschfeldia incana L., Lolium rigidum L., Avena fatua L., Bromus
tectorum L. Application of herbicides is the most prevalent method of weed control in wheat fields. There are 26
herbicides registered for weed control in wheat in Iran, which are mainly used post-emergence. Herbicides are
recommended for weed control in wheat included of Total, Othello, Atlantis, Geranestar, Bromicid MA, Apiros,
Tapik and Axial. Therefore, it is necessary to register new herbicides with different site of action in this crop.
This experiment was conducted to investigate the new herbicide efficacy of clodinafop propargil+ metribuzin in
control of wheat fields, determination of the most appropriate dose, comparison of the effectiveness of new
herbicide with the herbicides was recorded in wheat and the reaction of wheat to the herbicide

Materials and Methods

In order to study the effect of herbicides to control weeds of wheat fields, an experiment was conducted
during 2020- 2021 at Fars Agricultural and Natural Resources Research and Education Center, Darab, Iran. Plots
were located on a clay loam soil with pH 7.9. This experiment was carried out in randomized complete block
design with 13 treatments and 4 replications. The treatments included post emergence application of Total
(methsulfuron+ sulfosulfuron, 80% WG) at dose rate of 40 g ha?, Othello (mesosulfuron+iodosulfuron+
diflufenican, 6% OD) at dose rate of 1.6 L ha, Tapik (clodinafop propargil, 8% EC) + Geranestar (tribenuron,
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75% DF) at dose rates of 0.8 L ha'+ 20 g ha?, Tapik (clodinafop propargil) + Bromicid MA (bromoxynil+
MCPA, 40% EC) at dose rates of 1 L hal+ 1.5 L hal, ACM- 9 (clodinafop propargil + metribuzin, 29% WP) at
dose rates of 500, 600, 700 g ha, Shagun 21-11 (clodinafop propargil+ metribuzin, 54% WG) at dose rates of
200, 300, 400, 500, 600 g ha® and weeding control. The herbicides were applied using a Matabi sprayer
equipped with an 8002 flat fan nozzle tip delivering 350 L ha at 2 bar spray pressure. Weed numbers and dry
weights were determined in random 0.50-m? quadrates per plot. The grain yield and biological yield were
recorded for a 2 m? and 0.50 m? from each plot, respectively. Parameters were recorded including and control
percentage of density, weed biomass, plant height, grains per spike, number spikes, 1000 grains weigh, grain
yield and biological yield. Statistical analyses of data were done with SAS var 9 software and comparison of
mean was tested using the LSD test at 5% level.
Results and Discussion

The weed infestations in the study consisted of Hirschfeldia incana L., Centaurea pallescens L., Veronica
persica L., Malva neglecta L., Lolium rigidum L., and Convolvulus arvensis L. Among these weeds, Centaurea
pallescens had the highest relative weight at 24%, while Convolvulus arvensis had the lowest relative weight at
8%. In terms of relative density, Veronica persica had the highest value at 44%, while Convolvulus arvensis had
the lowest at 7%. Statistical analysis of the data revealed that the application of herbicides significantly reduced
weed density and biomass. It also led to increased plant height, number of spikes per m?, grains per spike, 1000
grains weight, grain yield, and biological yield. Visual observations confirmed the effective control of these
weeds using the ACM herbicide at a dose rate of 700 g ha*. The best herbicide treatment for weed control was
Tapik+ Bromicid MA, followed by ACM herbicide at a dose rate of 700 g ha-1. The ACM herbicide at a dose
rate of 700 g ha-1 resulted in a significant reduction in biomass for Malva neglecta (87%), Lolium rigidum
(76%), Hirschfeldia incana (81%), Centaurea pallescens (90%), Veronica persica (86%), and total weed (80%)
compared to the weed control. Furthermore, when the ACM herbicide was applied at a dose rate of 700 g ha,
the grain yield and biological yield were 5.65 and 14.51 tons ha'!, respectively. This treatment also led to a 26%
increase in grain yield and a 25% increase in biological yield compared to the control.

Conclusion

Results showed that applications of powder formulation of clodinafop+ metribuzin herbicide at dose rate of
700 g ha' had acceptable weed control efficacy and increased wheat yield. Therefore, the application of
clodinafop+ metribuzin (WP) herbicide at dose rate of 700 g ha is suggested for wheat fields.

Keywords: Chemical control, Control percentage, Density, Dry weight, Lolium rigidum
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1- Puccinia striiformis f.sp. tritic
2- Puccinia triticina f.sp. tritic
3- Puccinia graminis f.sp. tritic
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Table 2. Relative density and relative weight of the dominant weeds in the experimental wheat field

wole o s, U 0y el o515 e 039

Scientific name Persian name Family Relative densities Relative weights

(%) (%)

Hirschfeldia incana L. S a5 Brassicaceae 1141 13.68

Lolium rigidum L. o Poaceae 11.48 11.73

Convolvulus arvensis L. S Convolvulaceae 7.52 8.38

Centaurea pallescens L. S 5 Asteraceae 10.84 24.45

Veronica persica L. ol Scrophulariaceae 44.10 15.72

Malva neglecta L. S i Malvaceae 13.32 23.80
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Table 3- Analysis of variance (Mean Squares) the effect of herbicide treatments on the percent visual control of weeds 14

DAS
&l a 3 3 PG &
) S g oA s k¥ <l
oy NG Sae o R
&3l Malva Convolvulus arvensis  Lolium rigidum Hirschfeldia  Centaurea  Veronica
Source of df  neglecta g incana pallescens  persica Total
variation weed
’I’S“ 3 50.53" 14.58 4.17m 6.25" 101.39™ 26.39™ 5.56"
Replication
e 11 731.21" 820.26™ 560.61"" 796.03" 784.1™ 951.52™  729.55**
Treatment
E‘lrb; 33 53.56 58.52 40.54 72.92 102.91 37 41.92
.
CV (%) 18.84 19.02 15.6 17.75 16.57 11.78 14

o pf I e Jo > V D aw ol 5 NS e

ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 4- Analysis of variance (Mean Squares) the effect of herbicide treatments on the percent visual control of weeds 21

DAS
Ol pi 2alio ayd S g S P T S Ja s PRV ) v, e
Source of &3 Malva Convolvulus Lolium Hirschfeldia Centaurea  Veronica e
variation df neglecta arvensis rigidum incana pallescens persica TOti‘j‘
wee
JES
Replication 83.34m 134,72 265.28™ 90.28" 1.39" 134.73™ 6.95m
ot 11
Treatment 709.1™ 990.91™ 638.64™ 509.1"" 742.43™ 863.64™ 769.7™
SUG$ 33
Error 65.16 96.84 54.68 49.37 74.12 60.48 59.98
CV (%) 12.42 20.71 13.15 10.04 11.61 1153 12.23

0l B gre 3o DV D s > i 5 NS e

ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 5- Analysis of variance (Mean Squares) the effect of herbicide treatments on percent decrease of weed density 30 DAS

ey s s Joyk S ol &
i oo S o ‘. - Tl
&l Malva Convolvulus arvensis  Lolium rigidum Hirschfeldia  Centaurea  Veronica
Source of df  neglecta g incana pallescens persica Total
variation weed
)|)g, . 63.55"™ 76.08" 30.22" 50.99" 50.83" 50.56" 33.8™
Replication
o 11 931.75™ 917.05™ 891.53" 521.59" 664.92"" 795.21"  678.37™
Treatment
I:rJ:Zr 33 48.61 117.20 66.95 72.84 35.64 19.69 58.06
CV (%) 9.46 22623 1451 11.74 8.04 6.67 11.76

(2ol G me Mo V D e i NS e
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 6- Analysis of variance (Mean Squares) the effect of herbicide treatments on percent decrease of weed biomass 30 DAS

I JOVE S R ¥ Lo Lged) Sow P O b s XV (WYY

@3l @ ; . . . joadile J5
Source of df Malva Convolvulus Lolium Hirschfeldia ~ Centaurea Veronica Total weed
variation neglecta arvensis rigidum incana pallescens persica
)l)S.}' 3
Replication 63.51" 103.74 ™ 40.69m 0.45m 9.45m 7.63m 9.66"
o~ 1 . . . . . . .
Treatment 779.14 1051.58 642.1 548.05 605.02 844.5 702.7
sllas 3
Error 16.6 98.80 35.63 34.1 14.65 9.6 46.66
CV (%) 5.38 20.36 10.28 8.38 4.96 4.47 10.24

2o G gme MoV D e 3 (i NS e
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 7- The effect of herbicide treatments on the percent visual control of weeds 14 days after spraying

ylaso

o . S S P S e Ol e s
o Syae Malva  Convolvulus  Lolium  Hirschfeldia Centaurea  Veronica ’
Treatment Dose . - - - Total weed
g (ml) hal neglecta arvensis rigidum incana pallescens persica
Total (Jbs) 40 350 40 e 40 de 50 bd 70 40 45 de
Othello (4l51) 1600 45b 40 e 45« 50 bd 60 b 504 45 de
Sl S + S
Tapik+ Geranestar 800+ 20 455 40 be 55 60° 8032 70° 60 °
Fphilog yr Sl
Tapik+Bromicid MA  1000+1500 752 802 50 b 802 802 802 752
ACM (pl ) . 500 30 30« 40 de 40 de 60 b 504 40 ¢
ACM (pl ol ) 600 350 40 be 45 cd 50 bd 65° 60 ¢ 50 o
ACM (pl ol ) 700 45b 450 602 55 be 70 70° 55 be
Shagun (5Ls) 200 21.254 2254 20N 225f 35¢ 309 25h
Shagun (51s) 300 30 30 2549 35¢ 40 de 35 309
Shagun (51s) 400 30 30 30 40 de 50 40 35f
Shagun (o‘fLﬁ) 500 35 bc 40 bc 35 ef 45 c-e 60 bc 45 ed 45 de
Shagun (51s) 600 40 be 450 45 50 b-d 65P 504 50 ¢
LSD (0.05) 10.53 11.00 9.16 12.29 14.6 8.76 9.32

(LSD P <0.05) .xib g0 jly gxe BN 08 S o B> S J3lis b jlos 2 4y bgyyo (sbo ko (gt yo
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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Table 8- The effect of herbicide treatments on the percent visual control of weeds 21 days after spraying

Slaso

s 5 S S L R N
Treatment P Malva  Convolvulus  Lolium  Hirschfeldia Centaurea  Veronica Total weed
Dose neglecta arvensis rigidum incana pallescens  persica
g (ml) hat
Total (Jby) 40 70 45 be 55 ¢¢ 70 bd 80 bd 65df 65 be
Othello (4ls1) 1600 750 550 60 cd 75 be 75 o 75 bd 70 be
Hwdl § + Sl
Tapik+ Geranestar 800+ 20 750 50°b 70 % 80 90 @ 80 be 750
i Pl log S
Tapik+Bromicid MA  1000+1500 902 902 70 902 952 952 902
ACM (pl ). 500 55 d&f 35 b 60 bd 70 b 75 ¢ 60 &9 60 ¢
ACM (pl ol ) 600 65 bd 45 be 65 &¢ 755 80 bd 70 ¢ 65 be
ACM (pl ol ) 700 750 550 752 80 @ 85 &¢ 85 @ 750
Shagun (,sLs) 200 457 30¢ 3509 50 f 50f 45h 40°¢
Shagun (,5Ls) 300 50 ¢f 35 40T 55 ef 55f 509 45°¢
Shagun (,5Ls) 400 50 ¢f 35 45 €9 60 ¢ 60 ©f 55 fh 50 d
Shagun (,51s) 500 60 e 45be 501 65 ¢ 70 d 60 €9 60 <
Shagun (51s) 600 70 500 55 ¢e 70 b 75d ¢ 70 ¢ 65 b
LSD (0.05) 11.62 14.15 10.64 10.11 12.39 11.19 11.15

(LSD P <0.05) .33l oo o ime N3N 18l S yitio s S s b jlos po & bgsye slo il gy 5
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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Table 9- The effect of herbicide treatments on percent decrease of weed density 30 days after spraying

I "y
Treatment Dose Malva Convolvglus ITo_Ilum H|r_schfeld|a Centaurea  Veronica Total weed
o (ml) hat neglecta arvensis rigidum incana pallescens persica
Total (Jb) 40 80.45 bc 43.35 bd 54,52 9 74.17 b-e 80.18 ¢ 63.25 9 65.91 ¢¢
Othello (51) 1600 85.07 be 5250 b 60.72 ¢ 76.53 bd 78.41 k¢ 73.32°¢ 71.04 b
sl + S
Tapik+ Geranestar 800+ 20 85 b 50 be 69.8 &°¢ 82.27 &b 85.39 ® 80.19° 76.34 ¢
T plislog Sl
Tapik+Bromicid MA  1000+1500 1002 86.66 2 70.32b 94.16 a 91.293 92.032 87.8%
ACM (gl 1) . 500 63.06 ©f 32.944 57.78 d¢ 70.03 of 73.2¢ 60.12 de 59.35 ¢f
ACM (pl ol ) 600 75.05 cd 43,92 bd 65.63 od 77.09 bd 80.13 k¢ 70.11¢ 68.5 ¢
ACM (pl ool ) 700 85.12 P 54.16 ° 745248 85 @b 85.23 @ 82.22° 77.61%
Shagun (,5Ls) 200 48.34 9 29.801 30.961 53.59 9 46.83 ° 4419 41.93"n
Shagun (513) 300 53.64 T 33.254 38.58 M 58.38 fo 56.349 50.18 o 48.13 9"
Shagun (,5Ls) 400 58.89 f 3571« 44.06 9" 63.47 &9 63.55 ¢ 54.06 ©f 53.06 T
Shagun (513) 500 70.02 d 44,370 48.87 fh 67.26 o 73.13°¢ 59.26 d 61.32 df
Shagun (,513) 600 80.33 ¢ 51.66" 50 &9 71.06 ¢¢ 78.19 ¢ 70.26 ¢ 66.97 b-¢
LSD (0.05) 10.03 15.57 11.78 12.28 8.59 6.39 10.97

(LSD P < 0.05) .05l ooyl gre BMS] 08 S yito By S J8lis b jlos po 4 bgyyo sl ko (g yo 0
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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Table 10- The effect of herbicide treatments on percent decrease of weed biomass 30 days after spraying

o . . .
s ; S S P DS el Ol e s
Treatr“nent e Malva  Convolvulus  Lolium  Hirschfeldia Centaurea  Veronica Total weed
Dose neglecta arvensis rigidum incana pallescens  persica
g (ml) hat
Total (Jty) 40 80.06 ¢ 45 b 571%f  71.13¢¢ 8412  6607°¢  67.27¢
Othello (4l1) 1600 84.11 be 56.13° 63.12 ° 74.14 bd 80.14 be 77.19¢ 72.64 be
Sl S + Kb
Tapik+ Geranestar 800+ 20 87.06° 52.09b 72.07® 80.04° 91.092 83.12° 77.97 %
i Pl log S
Tapik+Bromicid MA  1000+1500 1002 91.952 72.11%® 91.022 94.012 95.122 92.092
ACM (6l ) . 500 67137  34.08cd  61.12°¢  66.03 % 75119  6211°¢  60.91°
ACM (¢l ol ) 600 77.2 46.02°¢ 6741 76,07 8201° 7314 7039 °c
ACM (5l ) 700 87.04" 58.04 > 76.152 81.02" 90022  86.15° 80.3"
Shagun (5Ls) 200 52.159 32.024 37.121 50.1h 55.18 f 46.13h 45579
Shagun (5Ls) 300 56.06 ¢ 35.20 «d 42.02 N 54,88 o 60.13 ¢f 52.09 ¢ 49.999
Shagun (513) 400 63.05f 36.05« 46.08 9" 59.05 f 65.13 ¢ 57.09 f 54.56 T
Shagun (513) 500 75.16 ¢ 47.04 be 50.11 *h 65.06 ©f 73.124 62.13 ¢ 62.59 ©f
Shagun (513) 600 81.05¢d 52.14" 53.1¢9 68.02 ¢ 76.13 72,134 66.62
LSD (0.05) 5.87 14.3 8.59 8.41 5.51 4.46 9.83

(LSD P < 0.05) .xsly o )l sine M) 86 oS e o Ky ol b Jlosd yn &) bgyye cloyeSibio (s yo 5
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)

Azhar ) o pMel top e b S )b 550 gl dile J s
Baziyar ) poe JyuS ) sl jiSdile ol (et al., 2013
wsllo (Zare et al., 2014) ,. S8 5 3Ys (et al., 2010
3 e J)S 53 s (LS Sl blie 3 b 518
Sl 3 sl wSaale S8 S b s (Baziyar et al., 2010)
«(Ebadati et al., 2019) o il (Nazary-Alam et al., 2013)

(59598 gwoilow) gl (Mortazavi and Armin, 2019) Jigs
Mamnoie ) Sl 54> o (Babaei and Saeedipour, 2017)

G55 opllan o pS 5ymslacile ] 5o (et al., 2022
aS by i oad (85Il Clae il lg 4 o0l
&l ol iy g5l (P +/+)) ()l ime 1 inlos] (sl los
sl oy Slas il i 59 cape o )d ddigd dlaxi Adgs )
LY 93 Jolis) 3yl S5elg0 0,8lee

Coily 0 gilggn piSile ol ploxl Ol olul

(Melilotus officinalis (L.) Lam)s,; 4 oo S—is 50
Rumex ) S_s, g (Malva neglecta L.) Sy ¢ L el
AF j,alacale S 5 0o )d AY po woyd Yo+ |y (Crispus L.
.(Mamnoie and Karaminejad, 2020) 25 S ooy
23155 35 (L) (o psleogs + 09398l 3s30 9 ol 2 il
o) b+ (Polygonum aviculare L.) s ouccan Sis 50
sle S le LMl (Ebadati et al., 2019) sias yials
5 (limtiomp! +981500 +0g0550) yagm Gladysd b e D]
Trifolium ) ,us 4 (Convolvulus arvensis L.) Sowy caslys
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Table 11- Analysis of variance (Mean Squares) the effect of herbicide treatments on plant height, grains per spike, number

spikes and change percentage compared to control
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Oledd 2l 4293 R Ao slag,! - . Agd 4D Al Ol pdi duo > .. Awg> 3
Source of sl51 9 » e gt 52 I Change percentage of g Change
ot S plant Change Grains per spike 9° P o Number  percentage of
variation df ¢ percentage of grains per spike i p g
height plant height spikes number
spikes
<
Rep)l')cjt'on 3 64.32" 6.73m 8* 47.67™ 382.47m 21
icati
Tre;T;ent 12 14.41™ 3177 28™ 48.73" 918.77 ™ 81.19™
clas
Error 36 5.37 2.92 2.75 20.37 425.69 19.76
CV (%) 2.63 1.77 5.82 24.69 4,78 20.34

2o G gme MoV D e 3 (i NS e
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 12- Analysis of variance (Mean Squares) the effect of herbicide treatments on 1000 grains weight, grain yield and

biological yield, and change percentage compared to control
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Sourceof ©o0 1000 percentage Injury towheat  Grainyield percentage  Biological Change
variation df grains of 1000 of grain yield percentage
weight grains yield of biological
weight yield
’]’g . 3 11.58™ 7.23" 0.28™ 0.12" 6.45 ™ 3.92¢ 19.26*
Replication
ot 12 557 ™ 19.29™ 11.41™ 1.94™ 217.38 ™ 12.22™ 190.63™
Treatment
EU” 36 2.14 3.64 1.22 0.15 14.36 0.85 13.18
rror
CV (%) 3.53 22.33 27.42 7.75 18.01 7.09 17.83

(2ol I me Mo V D e i NS e
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 13- The effect of herbicide treatments on plant height, grains per spike, number spikes and change percentage in
compared to control

el

Nty

fsie (G JUVE LIRSt PLICTI R LU JOVE LR WSt O pand5 o 43
o e R Wg i) g Adgh 4 g digh Sl
plant Change grains Change number Change
Treatment Dose - H
g (ml) ha't height percentage of per percentage of spikes percentage of
(cm) plant height spike grains per spike (m?) number spike
Total (Jbg) 40 87.13 « 94.75 ¢ 28 of 19.29 ad 430 b 23.312%¢
Othello (4ls1) 1600 86.23 «d 92.99 ¢ 29.25 ¢ 19.42 ad 432 2d 24.06 *¢
sl S + Kb
Tapik+ Geranestar 800+20 9155% 1002 31.25%¢ 2152 441 2 2531
i Pl log S
Tapik+Bromicid MA  1000+1500 88.8 & 1008 32ab 21952 452 26.25 @
- a
ACM (gl ) . 500 89.15 1002 27.25 9 18.47 @ 428 b 21.79 *d
- b-
ACM (pl ol ) 600 88'38 97.93 30 b-d 20.152%¢ 439 24 25.79 @
ACM (pl 1) 700 87.94 cd 96.5 bc 30.5 20.81 ¢ 448 ¢ 26.03 2
b-
Shagun (513 200 88.37 96.96 ¢ 2509 12.32°¢ 412¢ 14.03°
Shagun (5Ls) 300 87.93 « 95.49 b-d 252549 13.49 d 4154 15.55 de
Shagun (,5Ls) 400 86.47 < 93.99 ¢ 2610 1437 ¢ 418 ¢ 16.23 ¢
Shagun (,5Ls) 500 86.4 < 93.5 ¢ 270 17.4 % 423 b 20.08 b
Shagun (;5L3) 600 85.74 92.48° 265 15.16 b 420 18.74 ¢
weeding control 9212 1002 332 23352 461@ 27.032
LSD (0.05) 3.33 2.46 2.38 6.48 29.59 6.38

(LSD P <0.05) .xib g0 jly gxe BN 08B S yidio B> S J3lis b jlos 2 4y bgyyo (sbo ko (gt yo
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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Table 14- The effect of herbicide treatments on 1000 grains weight, grain yield and biological yield and change percentage in
compared to control

A W Oyt w2 y3
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S als i AR o5 Cld s 5 Sles Tw ’ by 3 5les
)l'°‘33 A.é,a» 1000 grains Change ,a..\o’f grain yield g :M ] ”)9_% ‘5‘1)9"9'3"
Treatmen Dose weigh percentage Injury to (ton ha’) Change biological Change
4 of 1000 percentage yield
g (ml) ha @ ; wheat (%) >Nt . percentage
graiurr:s; of grain yield (ton ha) of biological
weig yield
Total (Jbs) 40 41.443f 8.16 °f 4t 4.68 9 21.66 12.32% 21.32¢
Othello (sl 1600 41.74 % 8.77 b 5® 5.31 24.87%¢ 14.21% 24.21%
Sl S +Sb
Tapik+ Geranestar 800+ 20 425134 10.44 *¢ 25¢ 5.52 27.8%® 14.85%® 26.23%¢
I el log - Suls
Tapik+Bromicid MA  1000+1500 43.01% 11.44%® 3¢ 5.86° 28.81%® 1512 27.11%®
ACM (gl ol) . 500 40.88 7.22°% 3¢ 4.45™ 18.65 % 11859 18.39 %
ACM (pl ol ) 600 42.21% 9.87 *d 5 5.22¢¢ 24.77%¢ 13.9% 24.13%¢
ACM (gl ool ) 700 42.86 *° 11.12%® 5 5.65® 26.76 *¢ 14,51 ® 25.25 ¢
Shagun (5Ls) 200 39.85° 5.77°F 3¢ 4.01°9 8.07f 10.329 7.75°9
Shagun (,5Ls) 300 40.02 5.96f 5@ 4129 9.12f 10.85 9 10.019
Shagun (./51s) 400 40.21¢ 6.17 °f 5 4191 13.31°¢f 11.21°9 12571
Shagun (,5Ls) 500 40.53 6.55 6° 4299 16.16 © 11.56 49 15,55 ¢
Shagun (,5Ls) 600 41,07 >f 7.77¢f 6° 495¢¢ 23.75 12.74% 23.21 0
weeding control 43.2° 11.85% 0¢ 6.04 ¢ 29.83¢ 15312 29.07%
LSD (0.05) 2.1 2.74 1.58 0.55 5.43 1.32 5.20

(LSD P <0.05) sl oo ) sime 33 181 S yidio B S Jlin b jlas o &y bgypo (sl 1uKke gty 4
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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Introduction

The world's population continues to grow, and agriculture must keep pace with increasing demand for food
production. Many challenges threaten crop yields, such as herbivorous insects, plant pathogens and weeds, the
occurrence or risk of each one often requires the use of pesticides. Despite the usefulness of pesticides in crop
protection, their excessive and irrational use can endanger human health and the environment. On the other hand,
the very costly application of chemical fertilizers, especially nitrogen, which is a key element in plant nutrition
under insufficient soil fertility conditions, can cause groundwater pollution with nitrate and air pollution with
nitrogen oxide (21). Although herbicides are intended to protect crops, they can potentially pose a threat to the
activity of rhizobium that symbiosis with legumes, thereby reducing the nitrogen fixation of symbionts. If
symbiotic nitrogen fixation is adversely affected, crop yield will subsequently be adversely affected (6). All
previous studies on the effect of herbicides on crop-rhizobium symbiosis under a certain soil pH have been
evaluated. Therefore, it is important to understand the interaction between soil pH and the toxicity severity of
herbicides on crop-rhizobium symbiosis, because soil acidification or alkalization (4) can occur over several
years in intensive agricultural ecosystems. Therefore, this study aimed to investigate whether the severity of
herbicide toxicity on crop-rhizobium symbiosis in different soil pH conditions can be attributed to variations in
the electrical charge properties of herbicides. Based on this hypothesis, three herbicides were selected:
ethalfluralin, a non-ionic herbicide, imazethapyr, an acidic herbicide, and metribuzin, a basic herbicide (23). The
objective was to examine their toxicity on soybean-rhizobium symbiosis under three soil pH levels.

Materials and Methods

The soil required for this experiment was prepared from the educational farm of Bu-Ali Sina University of
Hamedan, which had a pH of 7.2. This soil is considered as natural soil. Based on a pre-test results on natural
soil, adding and mixing 0.2 g sulfur and 5.5 g lime with each kg natural soil could create artificial soils with pH
of 6.4 and 8, respectively. The pot experiment was performed in a completely randomized factorial design under
open-air conditions. Herbicidal factor included control, pre-planting application of 990 g ethalfluralin ha, post-
planting application of 450 g metribuzin haand post-emergence application of 108 g imazethapyr ha. Soil pH
factor was 6.4, 7.2 and 8. Soybean seeds (cv. Hobbit) were disinfected with 1% sodium hypochlorite for five min
and washed and dried with water. They were then immersed in commercial soybean inoculum (Biosoy™) for
five min and dried again. Inside each pot, four seeds inoculated with bacteria were planted at two cm depth.
Separately, an inoculated seed treatment under natural soil conditions without herbicide application was
considered to investigate the effects of seed inoculation. Growth parameters including height, dry weight of stem
and root, number and dry weight of nodes formed on root, the nitrogen content of stems and roots were measured
and analyzed statistically using SAS software. The means were compared with the LSD test at the level of 5%
probability.
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Results and Discussion

In comparing the two treatments of seed inoculation and non-inoculation with a commercial soybean
inoculum and their cultivation in natural soil, it was found that seed inoculation had a significant positive impact
on various growth parameters. Specifically, it led to increased plant height, dry weight of shoots and roots, as
well as nitrogen content in both shoots and roots. Additionally, there was a notable decrease in the shoot-to-root
dry weight ratio. Previous studies have also reported similar results, indicating changes in the photosynthetic
response pattern due to bacterial seed inoculation in different soybean genotypes (16). In treatments where no
herbicide was used (control), soybean nodulation and certain growth parameters were significantly influenced by
soil pH. The highest level of nodulation was observed at soil pH values of 7.2 and 8.The lowest number of nodes
(21.3 node plant™) and the lowest dry weight of nodes (491.8 mg plant™*) were also observed in soil with a pH of
6.4. Poor nodulation observed at acidic soil pH may be associated with hydrogen ion toxicity, which may
prevent the onset of nodulation, as reported in previous studies (3). The results showed that the toxicity severity
of imazethapyr and metribuzin on nodulation (number and dry weight of nodules) depended on soil pH. As the
pH of the soil increased, the toxicity of imazethapyr decreased, but the toxicity of metribuzin increased. While
the toxicity severity of ethalfluralin on nodulation was not affected by soil pH.

Conclusion

Despite the advantages of herbicide application, it can have negative effects on soybean-rhizobium
symbiosis, limiting the capacity of rhizobium for nitrogen fixation. Consequently, the reliance on chemical
fertilizers increases to meet the nutritional needs of soybeans. Additionally, in acidic soils where herbicides are
less absorbed by soil particles, further disruption of the soybean-rhizobium symbiosis can occur. Our experiment
revealed that the use of metribuzin in alkaline pH soil or imazethapyr in acidic pH soil can cause severe damage
to the soybean-rhizobium symbiosis. As soil acidity or alkalinity can change rapidly in agricultural ecosystems
due to conventional farming practices such as lime or sulfur addition to adjust soil pH, it is crucial for farmers to
consider the electrical charge of herbicides and the pH of their soil. This awareness can help minimize the
herbicide toxicity on soybean-rhizobium symbiosis.
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Figure 1- Meteorological parameters during the period of the experiment
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Figure 2- Effect of herbicides on some soybean traits grown in different soil pH
Means with the same letter are not significantly different (LSDo.os test).
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Figure 3- Effect of herbicides on some soybean traits grown in different soil pH
Means with the same letter are not significantly different (LSDo.os test).
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Introduction

Quinoa (Chenopodium quinoa L.) is a highly nutritional seed crop from the Andean region with huge genetic
variability, enabling its cultivation across a wide range of environmental conditions. The area and production
under quinoa in the world in 2020 was 189000 ha with 175000 tonnes production. There is some evidence for
allelopathic activity of quinoa and this potential could be probably used in terms of integrated weed
management. Agronomic practices such as nitrogen fertilization influence weed emergence, growth and
competition in a crop. Nevertheless, despite the numerous studies on new and promising crops globally, there is
a clear lack of information on the combined effect of weed density and nitrogen fertilizer sources on quinoa crop.
Therefore, the purpose of this study was to evaluate the effects of nitrogen fertilizer sources and red root
pigweed densities on growth, yield and competitive ability of quinoa (Chenopodium quinoa Willd). This
information could be helpful for the overall development of crop and weed management strategies in quinoa
crop.

Materials and Methods

A field study was conducted during the 2021 growing season at the research farm of the School of
Agriculture, Shiraz University, to assess the impact of nitrogen fertilizer sources on the growth, yield, and
competitive ability of quinoa in the presence of red root pigweed at different densities. The experiment was set
up in a split-plot design with nitrogen fertilizer sources (control, urea, sulfur-coated urea, and ammonium nitrate)
assigned to the main plots, and red root pigweed densities (0, 5, 10, 15, 20, and 25 plants per square meter)
assigned to the sub-plots. There were three replications of each treatment. For the quinoa traits and weed traits, a
2-meter square area was harvested from each plot. Quinoa traits included plant height, leaf area index, number of
grains per plant, 1000 grain weight, grain yield, biological yield, and harvest index. The quinoa plants were dried
in an oven at 75°C for 72 hours to determine seed yield. Weeds were also harvested from a 2 m2 area in each
plot to measure plant height, shoot height, panicle length, and leaf area index. The collected data were analyzed
using SAS v. 9.1 software (SAS Institute 2003). When significant differences were found among treatments,
mean comparisons were performed using Duncan's multiple range tests at a significance level of P < 0.05.

Results and Discussion

The results of the experiment indicated that the use of sulfur coated urea had a positive effect on the
competitive ability of quinoa. Weed density had a detrimental impact on various growth and yield parameters of
quinoa, including plant height, leaf area index, number of grains per plant, 1000 grain weight, grain yield,
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biological yield, and harvest index. However, the application of sulfur coated urea mitigated the negative effects
of weed density. Specifically, when the highest weed density of 25 plants per square meter was present, the
application of sulfur coated urea led to a 1.1-fold increase in plant height, a 2.5-fold increase in leaf area index, a
2.5-fold increase in the number of grains per plant, a 1.1-fold increase in 1000 grain weight, a 2.8-fold increase
in grain yield, and a 1.8-fold increase in biological yield compared to the control. At different red root pigweed
densities (0, 5, 10, 15, 20, and 25 plants per square meter), the application of sulfur coated urea resulted in
significant improvements in quinoa performance. It increased the number of grains per plant by 86.5%, 118%,
139.4%, 168.8%, 149.6%, and 153.4% compared to the control at respective weed densities. Additionally, 1000
grain weight increased by 7.9% to 9.9%, and the ability of quinoa to withstand competition increased by 19.6%
to 55%. The findings of this study are consistent with previous research that has demonstrated the positive
effects of organic nutrients on reducing weed competition in agricultural systems. It has also been observed that
weeds tend to produce more biomass in the presence of fertilizer compared to the control. Therefore, it can be
concluded that the improved grain yield of quinoa resulting from the application of sulfur coated urea was
primarily attributed to its ability to enhance the plant's competitive ability against weeds.
Conclusion

The application of sulfur coated urea led to a higher quinoa yield compared to using control. However, weed
competition was greater with urea fertilization in comparison with sulfur coated urea fertilizer. In addition, most
weeds are highly responsive to soil N, so the application of all fertilizer types should be carefully considered to
reduce the competitive advantage of weeds over crops.
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Table 2- Analysis of variance (mean of squares) for growth parameters of red root pigweed
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)1_);; . 2 12.848 0.000016 702.7 48.97
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*, **and ns: are significant at 0.05 and 0.01 probability levels and not significant, respectively.
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Table 3- Mean comparison the effects of fertilizer sources and weed density on growth parameters of red root pigweed
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Fertili Weed density Plant height - ) Biomass
ertilizer sources (plant m?) (cm) Leaf area index Grain number per plant (gm?)

5 42.50 ¢9 0.021" 767.3 26.93'

s 10 41.20™ 0.048! 705.6/ 48.33¢

15 36.731 0.079° 684.94 65.50'

Control 20 35.80] 0.1099" 666.74 77.86"

25 34.10 0.141° 632.0' 87.00°

5 52.809 0.034™ 1366.2°° 47 56

| 10 53.93¢ 0.072] 1339.6 90.53¢

° 15 53.10¢ 0.112f 1315.9¢f 120.30°

Urea 20 44.20¢ 0.156°¢ 1239.8% 140.53¢

25 41.00% 0.207° 1215.0" 147.00°

5 73.10° 0.035™ 1560.1° 52.66%

5 il 10 67.80° 0.073! 1485.0° 97.93f
S5 Dbz ey 15 58.60°¢ 0.113f 1386.9° 138.70¢
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25 53.60¢ 0.207° 1327.6% 184.33?

5 44.40° 0.033™ 1345.2°¢ 31.36'

ol s 10 40.73%" 0.068% 1320.7¢f 55.461

£oese =% 15 38.60" 0.107" 1287.4% 74.20"
Ammonium nitrate 20 34.661 0.149¢ 1235.49" 88.13¢
25 30.06* 0.195° 1095 41 102.16

(LSD <0.05) 5,15 doyd iy Jlainl paws 55 ()13 gime gl g 2 50 il Bgys b b (1Sl

Means in each column followed by the similar letters are not significantly different at 5% probability level (LSD < 0.05).
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Figure 1- Effect of nitrogen fertilizer sources and weed density on ability to withstand competition of quinoa
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The means followed by the similar letters are not significantly different at 5% probability level (LSD < 0.05).
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Table 6- Correlation coefficients among measured parameters of quinoa

X1 X2 X3 X4 X5
X1 1
X2 0.72™ 1
X3 0.52™ 0.71™ 1
X4 0.84™ 0.81™ 0.69™ 1
X5 0.86™ 0.90™ 0.72" 0.92™ 1

(LSD £0.05) x5l 303 oy Jlois] oo 55 (6505 sime olds (g o 53 iliie By b by, Slio
il 5 )Shos 1XB 5 wigy o ailyslaw 1 X4 iy lim 590 X3 Sy aw asls X2 wigy glis)) X1
Means in each column followed by the similar letters are not significantly different at 5% probability level (LSD < 0.05).

X1: Plant height, X2: Leaf area index, X3: 1000 grain weigth, X4: Number of grain per plant and X5: Grain yield.
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