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Introduction

Every year, soli-borne pathogens of beans cause a lot of damage to this crop. Caudex and root rot of beans
caused by Macrophomina phaseolina, Rhizoctonia solani, and Fusarium solani are among the most common
diseases of this plant. Cultivating resistant species and maintaining shifting cultivation are among the most
effective methods of controlling this disease Disease caused by Rhizoctonia solani include seedling death and in
some cases cause rot of aerial parts. Macrophomina phaseolina is a plant-borne pathogen that has a wide range

of hosts and causes extensive damage to farmers around the world each year. This fungus is a polyphage and
causes disease in more than 500 different plant species such as soybeans, peas, pines, kiwis, cotton and sesame,
peanuts, cotton, sunflower, melon. Fusarium solani f.sp. phaseoli Burk, is a fungus isolated from peas and red

beans, it is present in most soils and causes disease on legumes and plants that grow in hot and humid conditions.
Materials and Methods

A factorial experiment in the form of Completely Randomized Design is conducted in order to evaluate the
resistance level of beans species to these fungi. The factors consisted of species (five levels, containing Sadri,
Shazand, Saleh, Dorsa, and Goli species) and fungi species (8 levels: each of three fungi alone, combined with
each other, and a control sample without any fungus). The reaction of beans species was by calculating the
severity of disease and evaluating dry and fresh weight of aerial organs and root and height of the bushes. Steps
to perform the test: 1- Preparation of seedbed for planting and sowing seeds of bean cultivars 2- Planting seeds
and start growing seedlings 3- Inoculation of seedlings 4- Determining the severity of the disease 5- Measuring
the height of aerial parts of seedling

Results and Discussion

Plants are equipped with several defense mechanisms to resist the attack of various pathogens. These include
pre-existing structural or biochemical defenses that prevent pathogens from invading, or a series of induced
structural and biochemical defenses after an attack. In natural ecosystems, most of the existing pathogenic
models are the result of long-term evolution of both the host and the pathogen, and there is usually a high genetic
diversity between plants and microbial populations. Today, with the widespread cultivation of cultivars with a
uniform genetic background, it has led to the increasing development of susceptible strains of pathogens and the
occurrence of widespread epidemics of plant diseases. Therefore, there is a great need to produce lasting
resistance to pathogens in plants. Rhizoctonia solani, Macrophomina phasolina and Fusarium solani are fungi
with widespread global damage to crops. Therefore, strategies to reduce the quantitative and qualitative damage
of these fungi should be studied. In this study, it was observed that beans infected with Macrophomina
phasolina, the first symptoms after about four weeks, were yellowing of leaves, wilting of the plant and

1 and 2- Assistant Professor and M.Sc. Student in Department of Plant Pathology, College of Science, Agriculture and
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discoloration of root vascular tissue to reddish-black brown. Also, plants infected with Fusarium solani and
Rhizoctonia solani turned the root skin brown. With the spread of disease-causing fungi, necrosis of the crown
and roots of tissues was observed. In this case, the color of the vessels changed and turned yellow to brown.
Restriction of root development, slow growth of plant shoots, symptoms of leaf yellowing and paleness similar
to the symptoms of nutrient deficiency and wilting and leaf fall were the obvious symptoms of these diseases.

The results of this study showed that Sadri and Darsa cultivars had relative resistance to all three fungi alone, but
Sadri cultivar also showed relative resistance to binary combinations of fungi. But none of the cultivars used
were resistant to all three fungi. The experimented species reacted differently to the pathogenic fungi. The

maximum and minimum severity of the disease was observed in Goli and Sadri species respectively. The
maximum height of seedling was observed in Sadri and Shazand species infected with R. solani and M.
phaseolina pathogenic fungi and the combination of these two fungi with Shazand. The maximum dry and fresh
weight of aerial organs and roots of infected seedlings was observed in Sadri species infected with F. solani
fungus.

Conclusion

The research results indicated that Sadri species, with minimum severity of disease and maximum height and
fresh and dry weight of aerial organs and root, was the most resistant species to all three fungi solely and
combined.

Keywords: Resistance evaluation, Rot, Pathogenesis severity, Species
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Table 1- The analysis of variance of the data gathered from the effect of pathogenic fungi causing damping off on
pathogenesis severity, dry and fresh weight of aerial organs and root, and height of beans plant
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The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.
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Table 2- The comparison of the average of the mutual effect of beans species and fungi causing damping off disease on the
severity of disease

it Goli  Shazand Sadri Saleh Dorsa
Treatment
F. solani 3% 1.66 % 1¢ 1.66 % 1¢
M. phaseolina 3% 2.33 M 1¢ 233k 2ce
R. Solani 2¢¢ 2.33 M 2¢e 2¢¢ 2¢¢
F. solani + M. phaseolina 42 2.66 bd 1¢ 266M 1¢
F. solani + R. Solani 3.33® 2¢€ 1¢ 2 ¢ce 2 ¢ce
M. phaseolina + R. Solani 42 2.66 bd 1e ce2  bd2 33
F. solani + M. phaseolina + R. Solani 48 3 3 48 3
Control of of of of of

BI85, FoaSs b do > o Jloin] o p3 5SSl ygeil Sl gl me Cglis Cndy g ygies yb 3 aliie gy gyl (gl Sikie
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.
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Figure 1- The severity of caudex and root rot disease of beans in different species, compared
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Table 3- The comparison of the average of the mutual effect of beans species and fungi causing damping off disease on the
height of beans seedlings

Lo
Treatment Goli  Shazand Sadri Saleh Dorsa
F. solani 29.6 24° 40 of 31in 3339
M. phaseolina 283" 296k 4533 2gmo  39(Qc
R. Solani 32 hm 43.6%® 36.3¢ 306" 323N
F. solani + M. phaseolina 35 36 353f% 32hm 3g3en
F. solani + R. Solani 306" 353¢ 3230 339 36
M. phaseolina + R. Solani 2830 416%® 326M 363°% 3339
F. solani + M. phaseolina + R. Solani  30.3 300 30.3in  25m 283
Control 35.6 ¢ 472 443 366° 456

BI85, FoaSs b doyy o Jlain] a3 Sl fygeil S5l (gl me Coglis Cndy gy yb > Ao gy gyl (glay 1 Silie
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.

o slaplil 5 e oy i A5 saalie R.sOlani g, Lol aaalis ol ga slaaladl 5 (59
sdalia F.solani ,6 b (ghe o8y jlosi )3 slen slaaals sl loplsl 5 (g cn oS By LS (1Slee dunlie gl
F Jgiz) 13 plos b cov Wils g 5 68y o dals 4 Cuws el

blop o8 cpmiomed 8de slag,B (oS5 g (3,8l slolows



VYV zsB o Loy Clizo o8, iaST (ol f cazmiy (35T 5 (gooo

@B ol oS5 5 2k 4 Fosolani pox g8 S5 9 (s3], Ll 42abS ol ga slaphal Subd (g
Slazals Lloa slaplul Sis 59 o yiin .29 R. sOlaNi L slplsl Kis jg cpsieS 2 Gl :Ske duslio gl
B Jods) s ssalie F.sOlani B L (sy00 08, jloss o jlew slayles plos ).ul: cov A5 o8, 50 dald 4 Cuud aowlS lea

sloyles plos 55l cov Wils o8y 5 gl S5 g o3l

Lug) aoals’ ald @l 5 (359 22 Se g2 (S lom Jole (S B g Loyl 0Bl Jolike ST (iSle dunliio -F Jgua
Table 4- The comparison of the average of the mutual effect of beans species and fungi causing damping off
Disease on the fresh weight of aerial organ of beans seedling

b )les Goli  Shazand Sadri Saleh Dorsa
Treatment

F. solani 0.10" 0.16 mn 3b 1.26% 091}

M. phaseolina 0.15™ Q013™  250¢ 1,35k 120N
R. Solani 0.35M 0.20 ™ 1.90¢ 1.329 029m

F. solani + M. phaseolina 0.12m™ Q015™  230°¢ 1258 152

F. solani + R. Solani 0.10" 021™ 240°¢ 146f 1.70f

M. phaseolina + R. Solani 0.14™ Q22m™ 223c 1289 132
F.solani + M. phaseolina + R. Solani  0.12™  0.10" 2.40°¢ 170 0.84 4
Control 0.40 'm 0.60 4 3.622 2900 2,05¢%

58 80385 b 2oy Sy Jlois ] s )3 S5 pgesl 51 (s lasine gl v 5 st s 5 e Sy (gl saSile
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent
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Table 5- The comparison of the average of the mutual effect of beans species and fungi causing damping off disease on the
dry weight of aerial organ of beans seedling

B )les Goli Shazand Sadri  Saleh Dorsa
Treatment
F. solani 0.0119 0.0109 0.25¢ (0.21¢% 131

M. phaseolina 0.012¢9  0.0119 0.17% 0.19°¢ 011k

R. Solani 0.0297  0.0109 0.20¢ 0.20¢ 0.12k
F. solani + M. phaseolina 0.0129 0.0119 0.23¢ 0.11% 0.086'™
F. solani + R. Solani 0.0129 008 '™ 0177 011k 0.086'™

M. phaseolina + R. Solani 0.0199 0.0179 0.18f 0.11jk 0.096 X
F.solani + M. phaseolina + R. Solani  0.0109  0.0109 0.13' 0.159" 0.073™

Control 0.04% 0.055™ 0.32° 0.30° 0.15"

515,508 b suopd o Jlein] g 53 5510 (g05] ks 5l )l gme caglis Cndy g gt yb yd e gy (gl ola ko
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.
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Table 6- The comparison of the average of the mutual effect of beans species and fungi causing damping off disease on the
fresh weight of beans seedling root

Wl

Goli  Shazand Sadri  Saleh  Dorsa
Treatment
F. solani 0.020" 0.05P@ 0.40°¢ 0199 0.12K
M. phaseolina 0.0217 0.04P¢ 027" 0.16Im 0.24"N
R. Solani 0.11™  0.06P 0299 0.18K 0.09M
F. solani + M. phaseolina 0.032" 0.04P@ 0.33°% 0200 033
F. solani + R. Solani 0.02" 0.07 0369 0.25" 026"
M. phaseolina + R. Solani 0.019" 0.07* 0.29% 017} 0.289%
F. solani + M. phaseolina + R. Solani  0.041"  0.036' 0.602 0.11™ 0.13™
Control 0.134n 0.151n 047 042°¢ 038

BI85, FoaSs b do > Ko Jloinl o p3 5SSl ygeil Sl gl me Cglis Cndy g ygian b yd bt gy gyl (gla uSikie
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.
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Table 7- The comparison of the average of the mutual effect of beans species and fungi causing damping off disease on the
dry weight of aerial organ of beans seedling

b lows Goli Shazand Sadri Saleh Dorsa
Treatment

F. solani 0.002+0.00 '™  0.016+0.03 € 0.027+0.015 ¢ 0.26+0.002 ¢  0.021+0.002 °f
M. phaseolina 0.003+0.00 ™ 0.002+0.00 '™  0.020+0.00 © 0.21+0.00 ¢ 0.027+0.002 <

Rh. Solani 0.003+0.00 ™  0.0017+0.00 ™  0.026+0.002 <  0.022+0.005 ¢  0.022+1.00 ¢

F. solani + M. phaseolina 0.0019+0.00 ™  0.0019+0.00 '™  0.026+0.005 ¢  0.019+0.001 9  0.028+0.006 ¢
F. solani + Rh. Solani 0.002+0.00 'm 0.01+0.001 " 0.020+0.005°%  0.011+0.00 %  0.022+0.002 °¢

M. phaseolina + Rh. Solani 0.003+0.00 '™  0.0047+0.00 im  0.021+0.003°F  0.012+0.001 i  0.014+0.001 &

F. solani + M. phaseolina + Rh. Solani  0.0017+0.00 ™  0.0015+0.00 ™  0.017+0.001¢" 0.017+0.002 ¢  0.10+0.00 '™

Control 0.015+0.001 ¢  0.006+0.00 '™ 0.1+0.012 0.031+0.01 0.04+0.01 ®©

)l K0S b o> Sy Jless] g 53 5l gl a1 syl ine glds Cind) 5 gty > wliia Ly (sl slaSibe
The meanings of the same letters in each column and row do not have a significant difference in the Duncan test at the probability
level of one percent.
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Introduction

One of the most important problems facing modern agriculture is soil born plant pathogens control,
especially root-knot nematodes. Chemical control, crop rotation and using resistance cultivar are common
methods in control of most plant pathogens; however, there are low efficacy in control of root-knot nematodes
regarding host wide range, long-term survival ability in soil and plant residual even in absence of host. One of
the new methods in the management of root-knot nematodes is resistance induction in host using chemical
compounds and microorganisms. In this method there are not any side effect. The aim of this study was to
investigate the effectiveness and mechanisms involved in induced resistance by three chemical compounds
(Hexanoic acid, Thiamin and Riboflavin) accompanied by Trichoderma harzianum Bl in tomato plants
against Meloidogyne javanica. The objectives of this study were addressed by monitoring the activity of
peroxidase, polyphenol oxidase, catalase, phenylalanine ammonia lyase, accumulation of total phenolic
compounds and nematode disease indexes.

Materials and methods

This study was conducted in the Faculty of Agriculture, Ferdowsi University of Mashhad and was performed
with susceptible cultivar to root knot nematode (Early Urbana). 2-4 leaf stage tomato seedlings were transferred
to 3 Liter pots filled with 2 liter sterile soil and maintained under greenhouse condition to the end of experiment.
2000 Meloidogyne javanica J2 larvae (N) were added to each pot. Tomato plants were treated with Trichoderma
harzianum Bl (TH) with a population of 1x107 spores/mL, Hexanoic acid (HX), thiamine (T1) and riboflavin
(RB) with a concentration of 20 mM. Distilled water was used as control treatment. Sampling was performed at
specific time points from each pot and the samples were transferred to the laboratory. Enzyme extract was
extracted from tomato roots to assay the Peroxidase (POD), Poly phenol oxidase (PPO), Catalase (PAL) and
Phenylalanine ammonia lyase (PAL) enzyme activity. Also total phenol content and nematode pathogenicity
indexes were measured at the end of the growing season.

Results and Discussion

Based on the results, the highest POD and PPO enzyme activities were measured in TH + HX + N, TH + RB
+ N and TH + Tl + N treatments, respectively, at a time point of 72 hours after treatment. The highest CAT
enzyme activity was also recorded in the treatments TH + HX + N, TH + RB + N and TH + TI + N, respectively,
at 96 hours after treatment application, the highest PAL enzyme activity was recorded in TH + HX + N, TH +
RB + N and TH + Tl + N treatments, respectively, at a time point of 120 hours after treatment. The highest total
phenol content of roots were measured, respectively, in TH + RB + N, TH + HX + Nand TH + Tl + N
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treatments with values of 125.33, 114.67 and 109.33 mg gallic acid per gram roots. Also, nematode
pathogenicity indexes including gall index, number of egg sacs and number of eggs in each egg sac were
measured 45 days after the start of the experiment and a significant difference was observed in all treatments
compared to the control treatment. The lowest values of pathogenicity indices were recorded in TH + HX + N,
TH+ RB + Nand TH + Tl + N treatments, respectively. Systemic resistance in plants can be induced with biotic
and abiotic agents. The effects of chemical and microorganisms on plants resistance induction were investigated
in many studies. However, effect of these agents on plant parasitic nematodes were considered less than other
pathogens. Capability of different Trichoderma isolates on nematodes damage reduction are reported in many
different studies. Several biocontrol mechanisms are reported for Trichoderma. As biocontrol ability of an
isolate can be different mechanisms consequence. Effect of different chemical such as Hexanoic Acid, Thiamin
and Riboflavin on plant disease have been investigated, however, there are little known about the effects of these
chemicals on plant parasitic nematodes. The use of these chemicals as an enhancer of plant resistance to
pathogens, due to their low risk to humans and the environment has been increasingly welcomed by researchers.
Conclusion

The results showed significant effect of used treatments on the reduction of root-knot nematode damage in
tomato plants. These results justify further studies to investigate and identify the mechanisms of these
compounds mode of action on increasing host resistance against this pathogen.

Keywords: Hexanoic acid, Root-knot nematode, Riboflavin, Thiamin, Tomato
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Figure 1- Peroxidase Enzyme Activity: Data are means of three biological and three technical replications Means, in each

column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX: Hexanoic
Acid, TI: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Figure 2- Polyphenol oxidase Enzyme Activity: Data are means of three biological and three technical replications Means, in

each column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX: Hexanoic
Acid, TI: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Figure 3- Catalase Enzyme Activity: Data are means of three biological and three technical replications Means, in each

column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX: Hexanoic
Acid, TI: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX: Hexanoic Acid, T1: Thiamine, RB:
Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Figure 6- Gall Index in treated tomato root: Data are means of three biological and three technical replications Means,

in each column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX:
Hexanoic Acid, TI: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Figure 7- Number of egg masses in tomato root: Data are means of three biological and three technical replications Means, in

each column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX: Hexanoic
Acid, TI: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Figure 8- Number of eggs in egg masses in tomato root: Data are means of three biological and three technical replications

Means, in each column, followed by the same letter are not significantly different (P< 0.05). TH: Trichoderma harzianum, HX:
Hexanoic Acid, T1: Thiamine, RB: Riboflavin, N: Meloidogyne javanica, DW: Distilled Water
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Introduction

One of the most important diseases of cucumber is cucumber stem and root rot by agent Fusarium
oxysporum f.sp. radicis-cucumerinum. The use of resistance inducers, which on the one hand activate the plant's
defense mechanisms before confronting the pathogen and on the other hand do not pose environmental risks, has
been considered by researchers in recent years. Recently, the use of sodium silicate as a potential activator of
acquired resistance is being developed. Sodium silicate plays an important role not only in systemic acquired
resistance but also in the expression of genetic resistance and stimulates the production of pathogen-related
proteins (markers of systemic acquired resistance). The use of sodium silicate increases the tolerance of plants to
environmental stresses and increases the quality and quantity of agricultural products. Hence it modulates the
time and amount of plant defense responses and acts as a secondary messenger in induced systemic
resistance.The effect of sodium silicate was investigated in order to induce defense reactions in cucumber
cultivars and control the disease.

Materials and Methods

First, different concentrations of sodium silicate were applied on the growth of the pathogen in the
laboratory. The effect of different concentrations of sodium silicate on pathogen growth was tested by mixing
with culture medium. Different concentrations of sodium silicate (1, 2, 4 mM) are each combined in 100 ml of
PDA culture medium and poured into 9 cm culture dishes. The percentage of sodium silicate inhibition on fungi
is calculated according to the following formula: N = A-B / A. The effects of different concentrations of sodium
silicate were applied in the soil on cucumber in the greenhouse. At time intervals of 0, 48, 72 and 96 hours after
inoculation with pathogen, sampling of treated seedlings was performed to measure secondary metabolites and
enzymatic activity. Disease severity, growth factors, production of secondary metabolites and activity of defense
enzymes in cucumber plant and thus disease control were evaluated. Disease severity and growth factors were
studied in a completely randomized design and Biochemical factors in a completely randomized design with
factorial arrangement in which the main factors are the applied treatments and the sub-factors are the sampling
times with three replications.

Results and Discussion
Sodium silicate showed a direct antifungal effect on fungal growth after 5 days and by increasing its
concentration up to 4 mM caused a significant increase in antifungal effects. A significant decrease in colony
diameter compared to the control was observed only at concentrations of 2 and 4 mM . This effect was observed

as termination the growth of fungi at 72 hours after cultivation of fungi in culture medium containing sodium
silicate. This effect remained stable with increasing incubation time. Fusarium fungi are root pathogens and
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reduce the absorption of water and minerals and clog the vessels, thus directly affecting the growth parameters in
the roots and green parts of the plant. Infected control compared to healthy control showed a significant decrease
in all growth parameters measured. Disease severity and growth factors were significantly affected by the effects
of sodium silicate at a probability level of 1%. Application of sodium silicate in all concentrations had favorable
results in significantly reducing the symptoms of the disease .Application of sodium silicate in diseased plants

improved growth parameters. The mean value of growth parameters in different treatments and their treatment
grouping based on LSD test is done at 5% probability level .Based on the results of this study, a decrease in

chlorophyll and carotenoids and an increase in phenolic compounds and antioxidant enzymes and proline were
observed in infected control plants compared to healthy controls. In this study, in the presence of sodium silicate
in diseased plants, the amounts of pigments, phenol, flavonoids, anthocyanins, proline, protein and the activity of
oxidative enzymes were significantly increased compared to the infected control.

Conclusion

According to the results, sodium silicate had direct antifungal effects in culture medium. In addition, a
reduction in disease severity was observed in plants treated with sodium silicate in the greenhouse. Sodium
silicate can be used as a chemical stimulant of plant defense and plant growth enhancer, for effective protection
of cucumber plant against disease. Therefore, induction of resistance has found its place as a new technology for
controlling plant diseases and its effect has been proven in laboratories and some farms.

Keywords: Defense enzymes, Disease contorol, Secondary metabolites, Soil born disease, Systemic
resistance
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Table 1- The effect of sodium silicate on fungal growth in culture medium

Sodium silicate Colony
Concentration (mM) Diameter (cm)
0 8.3a
1 8.1a
2 6.8b
4 5.6¢
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Figure 1- Effect of different concentrations of sodium silicate on fungal growth in culture medium
Contorol (A), ImMSodium silicate (B), 2mM Sodium silicate (C),4mM Sodium silicate (D).
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Figure 2- Comparison of mean severity of Fusarium wilt disease of stem and root in different concentrations of sodium

silicate
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Table 2- The effect of application of different concentrations of sodium silicate on growth factors in greenhouse conditions
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R ais, £l wals syl AN S0l Ak, 5 o S 39 SdS (939
Treatments Shoot Root Seedling lgp Root wet wslgp el ey
height height(cm) height Shoot wet weight Shoot dry Root dry
(cr%) (cm) weight (gr) (gr) weight (gr) weight (gr)
H I:Jll: — trol 28.53b 13.33b 41.87° 29.04° 4.75° 2.86° 0.718
ealthy contro
Lj:'
Inf )tl&;“m trol 17.77¢ 7.708 25.47¢ 15.29¢8 2.224 1.61°¢ 0.34°
niectea contro
(e u;ﬁ(\l) M;;)UM 18.474 8.30d 26.77¢ 19.13¢ 2.77° 1.75¢ 0.40°
1(1m
(Yoo (e V) e Sl
Si(2mM) 24.50° 12.10°¢ 36.60°¢ 26.83¢ 4,972 2.952 0.748
(Voo e ¥) oo Sl
Si(4mM) 31.002 15.172 46.172 30.432 5.272 3.142 0.782

S5 gyl (ime IMBILSD (ygajl 5l edliul b s j3 0 Jlosnl prdaw 53 oty 50 S yidio gy b b (S5l
Means within each column followed by the same letters are not significantly different at P< 0.05,
using LSD test.
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Figure 3- Comparison of mean effects of different concentrations of sodium silicate on physiological characteristics at
different sampling times

a Jidg,l5 b Judg k5 JS b . J
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ok;  Chlorophylla  Chlorophyll b Total c S - A"‘;“ e :ﬁj’i"’ Phenol FI“” »
Treatment Time Chlorophyll arotenol nt ocyanin rolin avonol
(h) (mg g-1 1g-1 mg g-1 mg g-1
ma a-1 E.w ma g-1 E.w _ g g (umol g _ (mgg (mg g
(mg g ) (mgg ) (mgg-1Fw) Fw) Fw.) (nmol g-1 F.w.) Fw) Fw)
o aals 0 0.98900g 0.41300fge 1.4030ehfg 0.46867fg 3.3630p 2.42000jhi 0245001  1.6507gfe
E'gﬁi:g?’ 48 1.15233¢ 0.41767fde 1.5700ecd 0.46667hg 3.5753n 2.40000j 0256331 15950gfh
72 1.25833b 0.42967ch 2.35500 0.48233cd 3.5857n 2.44967h 027900k 1.6340gf
96 1.33033a 0.44233a 2.7733a 0.55433a 3.6863m 2.41000ji 030167k  1.3063i
o 2L 0 0.98700g 0.41200fge 1.3993ehfg 0.45933i 3.4540 0 2.43967hi 0267671k 1.6010gfh
'Qgﬁ‘f}gf 48 0.88667h 0.40067h 1.2877hfg 0.43067] 42723k 2.44967h 0595331  1.6787fe
72 0.86067h 0.37100i 1.2323hg 0.42800jk 4.8077i 2.49933g 0.80467h  19173b
96 0.85500h 0.35167] 1.2073h 0.42367k 5.3027g 2.50900g 1.08733f  1.8620bc
0 0.99233g 0.42967ch 1.4227ehfg 0.47900ed 3.6460mn 2.55900¢fd 027900k 15453h
SilmM) 48 0.96400g 0.42667cd 1.3917ehfg 0.46067hi 4.4943] 2.56900ecd 103633g  1.7230de
72 0.95533g 0.41033fg 1.3660ehfg 0.45900i 4.7673i 2.50933g 1.38667d  1.6507gfe
96 1.09967ed 0.40733gh 1.5077ecfd 0.46700hg 5.5147f 2.54900¢f 126767¢  1.9007b
0 0.99600g 0.43867ab 1.4350ehfdg 0.46033hi 3.90871 2.57900ecd 031867j  1.7783dc
siemM) 48 1.04267f 0.42000de 1.4630ecfdg 0.46100hi 5.1307h 2.67900b 1.05333fg  1.6563fe
72 1.08133fed 0.41667fe 1.4987ecfd 0.47433¢f 5.8077¢ 2.52900fg 1567330 15673gh
96 1.07967fe 0.41300fge 1.4930ecfd 0.48567cd 6.6663c 2.67900b 135833d  2.1897a
0 1.12667cd 0.44367a 1.5710ecd 0.47900ed 4.4337j 2.59900¢ 032433)  1.7330de
Si(4mM) 48 1.16400¢ 0.43500cab 1.5990ecd 0.48667¢ 6.1103d 2.82900a 123400 1.6340gf
72 1.25000b 0.43033¢h 1.6807¢d 0.48067ecd 6.94900 2,58933¢d 163500a  1.5177h
96 1.27000b 0.43167ch 1.7023¢ 0.50667b 8.2117a 2.83900a 152200c  2.2063a
LSD
S 0.0456 0.009 0.2528 0.0069 0.0877 0.0358 0.0373 0.087
(P =0/05)
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Figure 4- Comparison of mean effects of different concentrations of sodium silicate on protein and oxidative enzymes at
different sampling times
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Introduction

Chemical fungicides are widely used as effective control agents on a great diversity of fungal plant diseases.

However, their excessive use, causes environmental pollution and health problems. Biological control as an
environmentally friendly method can be a good alternative for chemical fungicides. Trichoderma is one of the
antagonistic fungi with rapid adaptation to a wide variety of habitats. Trichoderma harzianum is a powerful
agent for biocontrol of plant pathogens. It also can be used as a plant growth stimulant. However, its efficacy can
be affected by biotic and abiotic factors, and encapsulation has been used to maximize its efficacy.
Encapsulation process provides a protective barrier around the biocontrol agent, so the harmful external factors
such as pH, humidity, and ultraviolet radiation do not damage its action. Encapsulation of the bioactive agents
has been developed in recent years as a new potential tool for ecological and sustainable plant production.
Encapsulation in biopolymer matrices has been recognized as an effective method for controlled release of a
bioactive agent used for plant protection. Chitosan, the deacetylated derivative of chitin polysaccharide is one of
the most important biopolymers that is widely used in biological and medical sciences especially for
encapsulating essential oils and extracts due to its biocompatibility, low toxicity and biodegradability into safe
byproducts. In this study, antifungal effects of nano capsulated Trichoderma extract (NCTE) and Trichoderma

extract (TE) against Macrophomina phaseolina have been investigated.
Materials and Methods

The nanocapsules were prepared by ionic gelation method. This is one of the most advantageous techniques
for the production of nanocapsules. This technique is easy to perform and avoids the use of organic solvents. The
biocompatible and biodegradable polymer, chitosan, was used as a capsule coating agent. After extraction of T.
harzianum secondary metabolites, encapsulation process was carried out. Tripolyphosphate was used as cross-
linking agent in the encapsulation process. The surface morphology of the nanoparticles was considered using

Field Emission Scanning Electron Microscopy (FE-SEM). The mean particle sizes of the prepared nanoparticles
were measured by Dynamic Light Scattering (DLS) technique. For consideration of the antifungal effects of
nano encapsulated Trichoderma extract (NCTE) and Trichoderma extract (TE) against Macrophomina
phaseolina, strile potato dextrose agar (PDA) containing different concentrations of NCTE and TE were
prepared. After 5 days, colony diameter of the pathogen was measured in all treatments. The inhibitory effect
was calculated compared with the control. Data were statistically analyzed by SAS software.

Results and Discussion

The obtained results indicated that the prepared nanoparticles were spherical in shape and the average size
was equal to 77.91 nm with poly dispersity index (PDI) 0.23554. PDI value indicated the physical stability of the
nanoparticles and prevented aggregation of the particles. Antifungal effects of NCTE and TE were observed in
all treatments, however nanocapsules contains Trichoderma extract were more effective than Trichoderma
extract. In each treatment containing TE and NCTE, maximum inhibitory effect was related to concenteration of
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30 percent. In consideration of ihibition percent of NCTE and TE on M. phaseolina within 5 days, it was found
that on the first and second days, inhibitory effect of TE was more than NCTE. However, on the third, fourth and
fifth days, there were no statistically significant difference between treatments in TE while in NCTE, a
significant increasing was observed. The reason for the high inhibition percent in TE treatment in the first and
second days was related to rapid release of active ingredients in the culture medium and the passage of time had
no effect on improving its yield. According to the results in this research, it can be concluded that chitosan
nanoparticles will be a good carrier for Trichoderma extract encapsulation. It also improves their antifungal
activity against M. phaseolina.
Conclusion

Nano-encapsulation of the bioactive compounds enhances physical stability, protects them from oxidation
process, controlling their release, improves water dispersion of hydrophobic compounds and enhances their
bioactivity efficacy. In this study, nano encapsulation of Trichoderma extract, increased its antifungal effects
over time. Nano encapsulated particles containing antagonistic fungi were able to control the pathogenic fungus
more effectively and in a longer period of time due to the controlled release of the fungal extract. Results showed
that antifungal efficiency of T. harzianum was increased by nano encapsulation procedure. Since chitosan is a
biodegradable polymer without any harms for safety, this technique can be suggested as a good candidate for
biological control. Our future investigations are directed to test nanocapsules simultaneously loaded with
biological agents on M. phaseolina under greenhouse and field conditions.

Keywords: Antifungal effects, Chitosan, Macrophomina phaseolina, Nanocapsulation, Trichoderma
harzianum
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Figure 2- (a) Encapsulation process of T. harzianum extract by ionic gelation method
(b) Nanocapsule gel precipitation of T. harzianum extract
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Figure 3- Image of external surfaces of nanocapsules containing T. harzianum extract by
field emission scanning electron microscopy
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Figure 4- The amount of separation and size distribution of nanoparticles based on measurement
by hydrodynamic light scattering method
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Table 1- Effect of different concentrations of T. harzianum crude extract (TE) and T. harzianum nanocapsulated extract
(NCTE) on M. phaseolina after five days in in-vitro conditions
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Figure 5- Effect of 30 percent concentration of (a) T. harzianum crude extract (TE) and (b) T. harzianum nanocapsulated
extract (NCTE) on colony diameter of M. phaseolina in comparison to control (c) after five days in in-vitro condition
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Table 2- Analysis of variance of inhibitory effect of different concentrations of T. harzianum crude extract (TE) and T.
harzianum nanocapsulated extract (NCTE) on M. phaseolina after five days in in-vitro condition
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Figure 6- Inhibitory effect of 30 percent concentration of T. harzianum crude extract (TE) and T. harzianum
nanocapsulated extract (NCTE) against growth of M. phaseolina within five days in in-vitro condition
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Table 3- Analysis of variance of inhibitory effect of 30 percent concentration of T. harzianum crude extract (TE) and
T. harzianum nanocapsulated extract (NCTE) on M. phaseolina after five days in in-vitro condition
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Introduction

Noctuidae species are herbivores as caterpillars and some of them are most destructive crop pests. Moreover,
they role as pollinators and prey in ecosystem. Early researches on Noctuidae of Iran were published more than
150 years ago. In recent two decades, Iranian researchers investigated the Noctuidae fauna of Iran and published
several articles on different subfamilies. The subfamily Xyleninae may be paraphyletic and defined by
plesiomorphic character states. Xyleninae in classic taxonomy is defined by the valva of male genitalia which is
not as much constricted below the cucullus at the distal end of the clasper. The cuculus usually is expanded and
bears a corona of stout setae. The ampulla is small and usually finger-like, except in Xylenina. Dorsal surface of
saculus is usually irregular in direction to the base. Vesica is often short and tube-like or triangular with few
basal cornuti and an elongated patch of spines on the apical half of the vesica. In female genitalia, the ductus
bursae is short and heavily sclerotized; and the appendix bursae is small and inconspicuous or absent. It is worth
mentioning that Lepidoptera species are one of the important elements of Zagros mountain ranges which
dominated by oak forests. Their larvae are important leaf-eaters of oak plants. Therefore, the aim of this research
was determining the moths’ fauna of Xyleninae subfamily belonging to Noctuidae in Zagros Mountains of
Khuzestan and llam provinces.

Materials and Methods

Numerous night samplings were done to study the fauna of Xyleninae subfamily (Lep.: Noctuidae) in Zagros
Mountains in the provinces of Khuzestan and Ilam during 2018-2019. Sampling was performed by light traps
powered by 12 volt batteries and 8 watt UVB light tubes. Sampling areas were two locations in Khuzestan
province namely Imamzadeh Abdollah village in Baghmalek (31°22'24"N, 50°07'51"E, 1407 m and 31°23'10"N,
50°09'29"E, 2118 m) and Shelal village in Andika (32°16'19"N, 49°33'07"E, 954 m and 32°19'10"N,
49°35'06"E, 1474 m) as well as two locations in llam province namely Kabir-Kouh in Abdanan (33°02'57"N,
47°18'04"E, 1215 m and 33°03'53"N, 47°18'40"E, 1730 m) and Protected Area of Manesht and Ghelarang
(33°34'47"N, 46°33'52"E, 1719 m and 33°34'33"N, 46°36'15"E, 2215 m). The specimens and genitalia slides
were deposited in the Insect and Mite Collection of Ahvaz (IMCA), Plant Protection Department, Shahid
Chamran University of Ahvaz.

Results and Discussion

A total of 28 species belonging to 19 genera of Xyleninae were collected and identified. Among them, 9 and
15 species were new to the fauna of Khuzestan and Ilam provinces, respectively. Furthermore, Dichonia pinkeri
(Kobes, 1973) is newly recorded from the fauna of Iran. Notes on the bionomy and distribution of the collected
species as well as diagnostic characters and illustrations of wing patterns and genitalia for the D. pinkeri were
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presented. According to the results, 9 species have not been recorded in the previous investigations in Khuzestan
province. These species are as follows; Caradrina boursini, Hoplodrina ambigua, Polyphaenis monophaenis,
Apamea syriaca fuscorhoda, Sesamia sp., Atethmia centrago, Evisa schawerdae, Leucochlaena muscosa,
Pseudenargia deleta. 15 out of 17 collected species in Ilam were new for the fauna of this province. Because this
province was less explored previously for Noctuidae fauna. This indicates that we are still far from a complete
provincial list of the Noctuidae in Iran. It needs more samplings especially in area and times which less explored
already and using different methods such as bait traps. We didn’t present the results on Agrochola species here
and will treat them separately. 13 species were collected in both studied provinces, among which two species
Hoplodrina ambigua and Polyphaenis monophaenis were new for the fauna of Khuzestan and llam. This implies
that habitat of such species are Zagros areas including oak forest vegetations and their distribution range may be
further expanded in Zagros range. Comparing to the results of Esfandiari et al. (2011) on the noctuid fauna of
sugarcane plantations in Khuzestan province, only Spodoptera exigua and Caradrina clavipalpis out of their 9
Xyleninae species were recorded in the present study. This is because of semidesert climate in sugarcane farms
which differs from climate and land cover of our sampling areas. It is necessary to investigate the noctuid fauna,
complete the checklists and provide identification catalogues for Iran. Also, larval stages and food plants must be
studied in each area. Furthermore, we need local taxonomic revisions in some groups.

Keywords: Dichonia pinkeri, Distribution, Fauna, New records
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1. Caradrina stenoptera, male 2. Caradrina bodenheimeri, male 3. Caradrina boursini, male 4. Caradrina clavipalpis, female 5.
Hoplodrina ambigua, male 6. Spodoptera exigua, female 7. Polyphaenis monophaenis, male 8. Apamea syriaca fuscorhoda, male 9.
Apamea maraschi, male 10. Apamea damascene, female 11. Sesamia sp., male 12. Episema lederi, male 13. Maraschia grisescens,
male 14. Conistra pseudopolitina, male 15. Dicycla oo, female.
Figure 1- Wing patterns of collected species
1. Caradrina stenoptera, male 2. Caradrina bodenheimeri, male 3. Caradrina boursini, male 4. Caradrina clavipalpis, female 5.
Hoplodrina ambigua, male 6. Spodoptera exigua, female 7. Polyphaenis monophaenis, male 8. Apamea syriaca fuscorhoda, male 9.
Apamea maraschi, male 10. Apamea damascene, female 11. Sesamia sp., male 12. Episema lederi, male 13. Maraschia grisescens,
male 14. Conistra pseudopolitina, male 15. Dicycla oo, female.
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1. Atethmia centrago, female 2. Evisa schawerdae, male 3. Scotochrosta pulla, male 4. Dichonia pinkeri, male 5. Dichonia pinkeri,
armature 6. Dichonia pinkeri, aedeagus 7. Dryobotodes glaucus, female 8. Dryobotodes eremita, male 9. Aporophyla canescens,
male 10. Polymixis ivanchiki, female 11. Polymixis trisignata, male 12. Polymixis colluta apotheina, male 13. Polymixis crinomima,
female 14. Leucochlaena muscosa, male 15. Pseudenargia deleta, female.
Figure 2- Wing patterns of collected species including male genitalia of Dichonia pinkeri (scale for genitalia = 1 mm)

1. Atethmia centrago, female 2. Evisa schawerdae, male 3. Scotochrosta pulla, male 4. Dichonia pinkeri, male 5. Dichonia pinkeri,
armature 6. Dichonia pinkeri, aedeagus 7. Dryobotodes glaucus, female 8. Dryobotodes eremita, male 9. Aporophyla canescens,
male 10. Polymixis ivanchiki, female 11. Polymixis trisignata, male 12. Polymixis colluta apotheina, male 13. Polymixis crinomima,
female 14. Leucochlaena muscosa, male 15. Pseudenargia deleta, female.
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Introduction

The green peach aphid Myzus persicae (Sulzer) (Hemiptera: Aphididae) is one of the severe pests of bell
pepper Capsicum annuum L. in the greenhouse. Ladybird, Hippodamia variegata (Goeze), is an important
general predator in both larval and adult stages to various aphid species, including, M. persicae. In this study, the
effect of nutritional interaction among plant-herbivore-natural enemy under the influence of foliar application of
iron, zinc, copper and manganese in bell pepper on the activity of digestive enzymes of the third and fourth instar
larvae of H. variegata fed on M. persicae was examined.

Materials and Methods

The experiments were performed as a completely randomized design with four replicates per treatment
during 2020-2021 in the greenhouse and laboratory of the Department of Plant Protection, College of
Agriculture, Lorestan University. The foliar application of micronutrient carried out at four-to six-leaf stage with
a certain amount of each micronutrient fertilizer. Then, sufficient number of the third and fourth instar larvae of
H. variegata were randomly collected from each treatment and replication. The samples transferred to 1 mL of
distilled water, and homogenized with a hand pestle. Then, the samples centrifuged at 13000 g for 15 min at 4°C.
The supernatants as the enzyme source were collected and reserved at —20°C for starting biochemical assays.
The activity of digestive enzymes was measured according to the standard protocols.

Results

The results showed that the amount of digestive enzymes activity of the third and the fourth instar larvae of
H. variegata fed on M. persicae reared on the different micronutrient treatments were higher than the control
treatment. The total protease and the trypsin activity were higher in the third instar larvae H. variegata reared on
manganese (0.583 and 19.296 U/mg protein) and iron (0.574 and 18.426 U/mg protein), respectively. The
highest and lowest activity of chymotrypsin, aminopeptidase and carboxypeptidase were found in the third instar
larvae in manganese (15.518, 8.95 and 7.536 U/mg protein) and control (7.353, 2.139 and 2.665 U/ mg protein)
treatments, respectively. The highest (18.952) and lowest (9.139 U/ mg protein) elastase activity were found in
the third instar larvae on iron and control, respectively. The higher activity of a-amylase (25.20 U/mg protein)
was observed in the third instar larvae of H. variegata in iron treatments then the other treatments. The total
protease (0.183 U/ mg protein) and the chymotrypsin (10.396 U/ mg protein) of the fourth instar larvae predatory
had higher activities with iron treatment and these enzymes had lower activities on control (0.036 and 6.763 U/
mg protein) and copper (0.059 and 6.655 U/ mg protein) treatments. The highest activity of trypsin and
aminopeptidase were observed in the fourth instar larvae of H. variegata fed on M. persicae reared on iron
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(6.893 and 2.317 U/ mg protein) and the highest activity of elastase was found on iron (2.486) and zinc (2.251 U/
mg protein, respectively). Also, the lowest activity of trypsin, aminopeptidase and elastase were found on
control. The carboxypeptidase activity was higher in the fourth instar larvae H. variegata fed on the all
micronutrients than the control. Also, the highest and lowest activity of a-amylase were observed in the fourth
instar larvae H. variegata fed on micronutrients of copper and iron (17.64 and 15.04 U/ mg protein) and control
(9.160 U/mg protein), respectively.

Discussion

The results showed that the amount of digestive enzymes activity of the third and the fourth instar larvae of
H. variegata fed on M. persicae reared on different micronutrient treatments were higher than the control
treatment.

Based on the results, the foliar application of plants with micronutrient fertilizers has a positive effect on the
performance of predator of H. variegata through nutritional interaction and improving of the growth quality.
Thus, the quality of host plants, as the first level of nutrition, has an important effect on the physiological
characteristics of the predator on the third level of nutrition and show the positive effect of prey nutrients on the
physiological performance of H. variegata that can be used in M. persicae management programs.

Conclusion

Using different micronutrient fertilizers along with biological control agents such as ladybird H. variegata
could be effective in integrated management programs of M. persicae through the growth quality improvement
of the host plants.

Keywords: Digestive enzymes, Hippodamia variegata, Micronutrient fertilizers
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Table 1- Total protease and a-amylase activity of third instar larvae of Hippodamia variegata, fed on Myzus persicae reared
on bell pepper treated with micronutrient fertilizers.
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Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
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Table 2- Specific proteases activity of third instar larvae of Hippodamia variegata fed on Myzus persicae reared on bell pepper
treated with micronutrient fertilizers
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(Endo-peptidases U/mg protein)
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(Exo-peptidases U/mg protein)

o Ot Oty 9005 Sl 3 ginel e oS 92,5
Treatment Trypsin Chymotrypsin Elastase Amino- peptidases Carboxy- peptidases
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n
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Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
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Table 3- Total protease and a-amylase activity of fourth instar larvae of Hippodamia variegata fed on Myzus persicae reared
on bell pepper treated with micronutrient fertilizers
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Treatment  General Protease (U/mg protein) a-amylase (U/mg protein)
aals 0.0360+0.0071°¢ 9.160+0.165¢
Control
)'I\;: 0.1386+0.0033° 10.576+0.384%
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Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
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Table 4- Specific proteases activity of third instar larvae of Hippodamia variegata fed on Myzus persicae reared on bell pepper
treated with micronutrient fertilizers
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(Endo-peptidases U/mg protein) (Exo-peptidases U/mg protein)
Lo s 5 " Ay et il oS 2
o s 5 O 33 9o’ bl 51 g Bl #5
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Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
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Figure 1- The mean effect of all treatments investigated on each enzymatic activity in both instar larvae of H. variegata
There is no statistically significantly difference between columns with the same letters (p<0.05).
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Introduction

The idea of sustainable agriculture has been considered recently due to increasing knowledge and concerns
about the destructive effects of chemical pesticides. Biological control is an ecologically based pest management
strategy with an important role in achieving sustainable agriculture. The success of this beneficial method
closely depends on taxonomy, since accurate identification of pests and their natural enemies has a great
importance in biocontrol project’s achievement. The gall midges of the genus Feltiella are cosmopolitan species
known as highly effective predators of tetranychid mites. Despite the high potential of Feltiella species as a
biological control agent, F. acarisuga is the only species commercially available among eleven species of the
genus. These predators are difficult to distinguish from each other because of the high similarity and low
information about them. Comprehensive taxonomic studies are needed to identify promising species for the
control of tetranychid mites. The aim of this study is to determine the status of the native Feltiella species in Iran
emphasizing their molecular characteristics.

Materials and Methods

The native predatory gall midges larvae and pupae were collected periodically from the spider mites colony
on various host plants (Urtica dioica, Lactuca scariola and Rubus sp.) in countrysides around Mashhad during
2018-2019 and maintained in a growth chamber (LD 16:8, 21+1°C, RH 75+5%) until emerging adults. Adults
were preserved in ethanol for further analysis and identified morphologically based on male genitalia and other
structures used in taxonomic treatments of the genus. The molecular genetic analysis was included DNA
extraction using the Chelex 100 method, PCR amplification of the mitochondrial COI gene using the LCO/HCO
universal primer pair, sequencing the gene, and matching the sequence with those of the related species using
BLAST. Nucleotide divergence between sequences was estimated by Maximum Composite Likelihood model
and by the Pairwise deletion method in MEGA-X software. Intra- and interspecific distances were calculated
using ExcaliBAR software and their frequency distribution histogram was plotted using Excel software. The
sequence data were analyzed through the neighbor-joining method using MEGA-X software. Evolutionary
distances for the NJ method were computed by Kimura’s two-parameter distances. The resulting tree was
subjected to bootstrap analysis with 1000 pseudoreplications. The cecidomyiid genus Endaphis was employed as
an outgroup taxon to construct the phylogenetic tree.

Results and Discussion

Based on morphological studies, specimens of the native acarivorous gall midges from various localities in
Mashhad were identified as Feltiella acarisuga Vallot. In spite of the morphological result, the DNA sequence of
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the native species was relatively different from the corresponding sequence of F. acarisuga available in
GenBank. The sequence match between the two species was 92.74% in maximum. The match with F. acarivora
sequences was also low (maximum 91.84%). Whereas the BLAST results of the indigenous species sequence
matched the corresponding sequence of F. tetranychi with more than 99% homology. Comparing the nucleotide
differences between the specimens of the present species with F. acarisuga and F. tetranychi also showed that
our Feltiella is a distinct species from F. acarisuga, despite of morphological identification. In the histogram of
nucleotide distances, intra and inter specific distances in the COI gene overlapped with each other which were
related to the nucleotide distances between individuals of F. tetranychi species in the gene bank and individuals
of the species collected in the present study. Based on the neighbor-joining tree inferred from partial sequences
of the COI gene related to Feltiella species, Iranian indigenous species and F. tetranychi species were in the
same ancestor, while individuals of F. acarisuga species were in separate ancestors from the native gall midges.
Therefore, according to our molecular studies, the specimens of the native gall midges of Mashhad were F.
tetranychi. The possible interpretation for the difference between morphological and molecular identification
results in this study is the difficulty of distinguishing the two species from each other, due to their great
morphological similarity. F. tetranychi has been mentioned as a possible synonym for F. acarisuga so far,
because of the high morphological resemblance. Personal correspondence with international experts revealed
that there are two taxa named F. tetranychi, one named by Rubsaamen and introduced as one of the synonymous
names of F. acarisuga, and the other named by Kieffer which is an unknown species and mentioned as a
possible synonym of F. acarisuga. To prove or disprove the hypothesis whether F. tetranychi is synonymous
with F. acarisuga or completely separate from it, it is necessary to study voucher specimens of Feltiella species.
Studying further populations of the gall midges on various hosts around the world through sequencing more than
one molecular marker is also needed.

Conclusion

In this study specimens of the native gall midges were identified as Feltiella acarisuga Vallot based on
morphological identification, while molecular studies identified them as F. tetranychi. Since molecular
identification is more accurate than morphological one, the present study can show how different the indigenous
species is from the well-known commercial species F. acarisuga. The present native species probably has little
ability to settle in artificial and manipulated environments despite of its activity in the nature of Mashhad. Its
usage as a biological control agent for tetranychid mites requires further bio-ecological studies in the laboratory
and its genetic comparison with known species in the world.

Keywords: Biological control, Gall midge, Molecular identification, Tetranychid mite
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Table 1- Gene Bank utilized samples for phylogenetic analysis

P Tyl 5 o o yowd 8 ylowds
Species DNA source Accession number
F. tetranychi Dorchin et al., 2019 MN191294.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698985.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698981.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698978.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698983.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698979.1
F. acarisuga Ganaha-Kikumura et al., 2012 AB698980.1
F. acarisuga Ganaha-Kikumura et al., 2012 ABG698982.1
F. acarisuga Dorchin et al., 2019 MN191293
F. acarivora Ganaha-Kikumura et al., 2012 AB698995.1
F. acarivora Ganaha-Kikumura et al., 2012 ABG699003.1
Endaphis fugitive Gariepy and Messing, 2012 HQ599568.1
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Figure 1- Male genitalia and flagellomere of Feltiella species of Mashhad
(aed, hyprct, cerc, gs and gc are aedeagus, hypoproct, cerci, gonostylus and gonocoxite respectively).
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1- Barcode gap
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Table 2- Similarity and coverage between our sequences and those from the NCBI GenBank database

Wgod g piasd 0 lend abgrpe HywSU 3,557 (32 3R (o D 0 Lo calus ERURII
0 S cwadly
Specimen accession number Corl:lggi)(grr:dmg Bes;%ggsg?onnkni;%z-: hit Similarity Coverage (bp)

Cecidomyiidae sp. MG120911 99.82% 582

OL873569 Feltiella sp.- Mashhad F. tetranychi MN191294 99.66% 629
F. acarisuga AB698981 92.28% 814

Cecidomyiidae sp. MF698911 100.00% 588

OL873570 Feltiella sp.- Mashhad - tetranychi MN191294 99.84% 629
F. acarisuga AB698985 92.74% 814

F. acarivora AB698995.1 91.84% 814

Cecidomyiidae sp. MG120911 99.83% 582

OL873571 Feltiella sp.- Mashhad ~ ©- tetranychi MN191294 99.66% 629
F. acarisuga AB698985 92.60% 814

F. acarivora AB698995 91.52% 814

Cecidomyiidae sp. MG120911 99.83% 582

OL873572 Feltiella sp.- Mashhad - tetranychi MN191294 99.20% 629
F. acarisuga AB698985 92.58% 814

F. acarivora AB698995 91.52% 814

Cecidomyiidae sp. MG120911 99.83% 582

OL873573 Feltiella sp.- Mashhad ~ F- tetranychi MN191294 99.67% 629
F. acarisuga AB698985 92.64% 814

F. acarivora AB698995 91.57% 814
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Figure 2- Histogram of the distribution of Inter and intra specific distances in different species of the genus Feltiella based on

the COI gene
Gray columns indicate interspecific distances and black columns represent interspecific distances.
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OL873572 Feltiella sp.- Mashhad

QLB73573 Feltiella sp - Mashhad

OLB73671 Feltiella sp - Mashhad

OLB73569 Feltiella sp.- Mashhad

MN191294 1:46-629 Feltiella tetranychi

OL873570 Feltiella sp - Mashhad

MN191293 1 Feltiella acansuga

ABG98995 1 16-676 Felliella acarivora

ABGY9003.1:2-675 Feltiella acarivora

ABGAB98E 1:29-675 Feltiella acarisuga

ABGO8981 1:29-662 Feltiella acarisuga

ABGIB978 1.16-677 Feltiella acarisuga

ABGY89B2 1 Feltiella acarisuga

ABG98983 1.16-677 Feltiella acarisuga

ABGO98979 1 16-677 Feltiella acarisuga

ABE9B9B0.1 16-677 Feltiella acarisuga

HQ599568. 1 Endaphis fugitiva
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Figure 3- Neighbor-joining tree inferred from partial sequences of the COI gene related to Feltiella species



1Fe) olansli oY o ol FF ale (65,9l aulo g pole) ol ! (LS cbles by pdgh 4 yid Yys

458 5 cusl 4l F.oacarisuga 4 MolS' awliscsy, i il o
F. Gslyely o (Gagné and Jaschhof, 2021) s SLIS" 5
L bl (Skuhrava and Skuhravy, 2020) ls . acarisuga
F. L pbea lassS F. tetranychi Kieffer Ll a5 aus 3 ol 5,
5 I3 ymdiges pikime wul ol 5l 5xe MalS' L g acarisuga
Ol ol il oo (sl 53 15U ady Bl (slacyner
PO Sl e Qb JIP b i JoSge sy g el
9o sl poi) bose cal Jor )3 oMoty sl (J9Sge
oo slojge ;3 39590 Feltiella s badisS s sbraigel
3 Sl o ] s LSl (5l 25 3 o o 505
IS0l )3 &SI Jgudgyy b s Slile) sl 15T 5550 Lol
o393 553 g ploll > JIsSie 15 (adSSl 55 iy jgudyyy
Js5Vs0 ol 4l ) sl olans o (g2l 5 oSl 5
90390 Y155 5 VYL ey | Blicsy, Glalllas 4 cuws
Ly sl (g2 2y90 54355 A (L5 WIgH o &Sl ] oo
G890 SIS leica, a SF. acarisuga s saislis gdisS
54555 Dyld igldy g b o B lid Wd yulypw j3 9,0 laas
ke Lo 3 il gl (o8 Uy Yool j 5l (oop
Compb 3 cdld o8y o g )b |y oad gyl Cund g (ogias
Siglsn Sy Joele st dny o 5 oolisl g i
byl 5 it S5l lon sl sy 203l 5,6 sloaiS
Lo 3 odd 4l (sl &8 b ol (S5 (g dmalia 5 olStlo]]

L)

S 5l Sl
Godo ke b g g ol b B 45 adlllas oyl
(A0 AV 0)los 2yb) oS (gl 5 o SKtingsy 5l cole
92988 Sdngh jl Coles B9aio I dawgi s Cuslosds ploxl
|y s o) sl g Il LISl 45 sgue susgd b olKetils
S5 9 4555 Sjdedyge (alulid (sl (S (5y90e2) TglpsSul
dl_ﬁuawb Cu—w A (J.e‘_m.o u_wﬁ.b)é oli_..wl.)) u)_is I_\_J

D)5 o (S19)M8 \Lbiedd )l

O o5 Al LB s 4 gl 05 (g9 |
$48S sladises 5 pols (sadlles s Feltiella (a8 sladiges
G5l Jolsd Sligren ¢35 L ,d 39350 F. tetranychi
F. tetranychi (sa555 51,8l 4 ol ¢ Feltiella 455 31,8 -0
(Selar Jlail s Sl esslcusdas mlis izpan 5 o5 Sl
Vil c iyt )90 (oags SLadiges o €85 4o (g oo
ol 48 el )] Jreiote i Aiiwn F. tetranychi gaqS
S0 5 oty 0b s (wlibcou) calus s 4 ladseS
oy Cigm 3y50 5 3185 Sl s ol b s S5 LB
F. o8 b bdises oyl cblicsy,y gauwlio diojls Jlyl (sladiges
Gl JeSge sla g, a5 ol )] 5 egMeas .oudl tetranychi
L oo ye (ulidcsy) o jl 4 obbiss S8 5 (ololis
3 355 (o Sy citid Aadges (613 Bl o3 JByd
295 oMl (oSS J9Sge (slai o lp it slag
(Hewitt et al., 1991)
ol ol ©olds s K] 5l aw ol s )
e plolid gy wldd (b oladige (Blbcsy, 5 Jise
o pp a8 b Jlo)l S ygre 53 lolygSl 8505 4
Las Slole b Lol .as o gb F. acarisuga ;lsss
au bl Fooacarisuga 4 wlscsy, blsd 4 tetranychi
PLm2 ) 4555 93 (ol Lacuunogipnst (55 o5 (gy5b ey sl
a5 03, el 595 Cecidomyiidae cuw pd ;o 50 4515 sl o
Gagné) cul pbea F. acarisuga L Yl F. tetranychi &5
F. plo Lo, 90 s =l .(and Jaschhof, 2021
F. ol oylgiedn Lasuin (S5 45 5> 3554 tetranychi
Do oo (gdad i lioe laigS lgicas (6,55 4 acarisuga
gy 9= jlHb odsl = F.tetranychis lsone (gaiss
F. b )il Kieffer lwg VA-A Jluw > g abe sl
2 g ol A lid o )yd 4 a5 Cul slaeS tetranychi Kieffer
S p3Y e ogiod 3 ol ) Gl cledbl STy oxe
F. plpa 455 lgicds 465 cpl 511220 Jlo jd 456 &S el
Oloeseds 1y o 58 Cawypd 43 lade Lol ccusl 03,5 5L, acarisuga
Foo 500 ga5s5 .ol 03,5 (80 1500 MolS (54555 SO
Cuslosd (5,035 L Rubsaamen Lwg VAV Jl > tetranychi

&l

1- Abe, J., Ganaha-Kikumura, T., & Yukawa, J. (2011). Morphological features, distribution, prey mites, and life
history traits of Feltiella acarisuga (\Vallot)(Diptera: Cecidomyiidae) in Japan. Applied Entomology and Zoology
46(2): 271-279. https://doi.org/10.1007/s13355-011-0038-x.

2- Aliabadian, M., Nijman, V., Mahmoudi, A., Naderi, M., Vonk, R., & Vences, M. (2014). ExcaliBAR: a simple and


https://doi.org/10.1007/s13355-011-0038-x

YYV e 5l ong s495 Sy (a5 Lubayl)T Camdgo (al Folo 5 (Do

fast software utility to calculate intra-and interspecific distances from DNA barcodes. Contributions to Zoology,
83(1), 79-84d. https://doi.org/10.1163/18759866-08301004.

3- Armstrong, K., & Ball, S. (2005). DNA barcodes for biosecurity: invasive species identification. Philosophical
Transactions  of  the Royal Society  B: Biological Sciences, 360(1462): 1813-1823.
https://doi.org/10.1098/rstb.2005.1713.

4- Baker, B.P., Green, T.A., & Loker, AJ. (2020). Biological control and integrated pest management in organic and
conventional systems. Biological Control 140: 104095. https://doi.org/10.1016/j.biocontrol.2019.104095.

5- Baker, K. & Cook, R.J. (1974). Biological control of plant pathogens. WH Freeman and Company.

6- Barratt, B.1., Cock, M.J., & Oberprieler, R.G. (2018). Weevils as targets for biological control, and the importance of
taxonomy and phylogeny for efficacy and biosafety, Diversity 10(3): 73. https://doi.org/10.3390/d10030073.

7- Fedotova, Z. & Kozlova, E. (2019). Gall Midges of the Genus Feltiella Riibsaamen (Diptera, Cecidomyiidae) in the
Northwest of Russia, with Description of a New Species, Entomological Review 99(9): 1359-1381.

https://doi.org/10.1134/S0013873819090136.

8- Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R. (1994). DNA primers for amplification of
mitochondrial cytochrome ¢ oxidase subunit | from diverse metazoan invertebrates, Molecular Marine Biology and
Biotechnology 3(5): 294-299.

9- Gagné, R.J. (1995). Revision of tetranychid (Acarina) mite predators of the genus Feltiella (Diptera: Cecidomyiidae),
Annals of the Entomological Society of America 88(1): 16-30. https://doi.org/10.1093/aesa/88.1.16.

10- Gagné, R.J. & Jaschhof, M. (2021). A Catalog of the Cecidomyiidae (Diptera) of the World. Fifth Edition. Digital.
816 pp.

11- Ganaha-Kikumura, T., Yukawa, J., Tokuda, M., Ohno, S., & Abe, J. (2012). Occurrence of two acarivorous species
of the genus Feltiella (Diptera: Cecidomyiidae) in Okinawa, southern Japan, and redescription of F. acarivora
(Zehntner), Applied Entomology and Zoology 47(4): 319-329. https://doi.org/10.1007/s13355-012-0122-x.

12- Gillespie, D.R., Roitberg, B., Basalyga, E., Johnstone, M., Opit, G., Rodgers, J., & Sawyer, N. (1998). Biology and
Application of Feltiella acarisuga (Vellot)(Diptera: Cecidomyiidae) for Biological Control of Twospotted Spider
Mites on Greenhouse Vegetable Crops. Technical Report 145 Agriculture and Agri-Food Canada, Pacific Agri-Food
Research Centre: Agassiz, BC, Canada.

13- Harris, K. (1966). Gall midge genera of economic importance (Diptera: Cecidomyiidae) Part 1: Introduction and
subfamily Cecidomyiinae; supertribe Cecidomyiidi, Transactions of the Royal Entomological Society of London
118(10): 313-358. https://doi.org/10.1111/].1365-2311.1966.tb03156.x.

14- Hewitt, G.M., Johnston, A.W.B., & Young, J.P.W. (1991). Molecular Techniques in Taxonomy. Berlin, Germany:
Springer.

15- Hoddle, M.S., & Van Driesche, R.G. (2009). Biological control of insect pests. p. 91-100. In: Resh, V.H., Cardg,
R.T. (Eds.) Encyclopedia of Insects, second ed. Academic Press, San Diego.

16- Honarmand, A., Sadeghi Namaghi, H., & Fekrat, L. (2015). First report of Feltiella acarisuga Vallot (Diptera:
Cecidomyiidae) in Iran, Plant Protection 28(3): 434-436. https://doi.org/10.22067/JPP.\/2813.27134.

17- Kimura, M. (1980). A simple method for estimating evolutionary rates of base substitutions through comparative
studies of nucleotide sequences, Journal of Molecular Evolution 16(2): 111-120.
https://doi.org/10.1007/BF01731581.

18- Lee, H.-S., Chung, B.-K., & Kim, K.-J. (2004). First report of Feltiella acarisuga Vallot (Diptera: Cecidomyiidae)
in Korea, Korean Journal of Applied Entomology 43(3): 185-188.

19- Muraji, M., Kawasaki, K., Shimizu, T., & Noda, T. (2004). Discrimination among Japanese species of the Orius
flower bugs (Heteroptera: Anthocoridae) based on PCR-RFLP of the nuclear and mitochondrial DNAs, Japan
Agricultural Research Quarterly: JARQ 38(2): 91-95.

20- Opit, G., Roitberg, B., & Gillespie, D. (1997). The functional response and prey preference of Feltiella acarisuga
(Vallot)(Diptera: Cecidomyiidae) for two of its prey: male and female twospotted spider mites, Tetranychus urticae
Koch (Acari: Tetranychiidae), The Canadian Entomologist 129(2): 221-227. https://doi.org/10.4039/Ent129221-2.

21- Rosen, D. (1986). The role of taxonomy in effective biological control programs, Agriculture, Ecosystems and
Environment 15(2-3): 121-129. https://doi.org/10.1016/0167-8809(86)90085-X.

22- Saxena, A., Mishra, S., Raghuwanshi, R., & Singh, H.B. (2013). Biocontrol agents: Basics to biotechnological
applications in sustainable agriculture. p. 141-164. In: Tiwari S.P., Sharma R., Gaur R. (Eds.) Recent Advances in
Microbiology, Vol 2. Nova Science Publishers Inc., U.S.A.

23- Sayed, S.M., Montaser, M.M., Elsayed, G., Amer, S.A., & latrou, K. (2013). Preliminary molecular identification of
a predatory bug, Orius albidipennis, collected from ornamental plants, Journal of Insect Science 13: 11.
https://doi.org/10.1673/031.013.1101.

24- Sharaf, N. (1984). Studies on natural enemies of tetranychid mites infesting eggplant in the Jordan Valley, Journal
of Applied Entomology 98(1-5): 527-533. https://doi.org/10.1111/j.1439-0418.1984.th02745.x.

25- Sharma, A., Diwevidi, V.D., Singh, S., Pawar, K.K., Jerman, M., Singh, L., Singh, S., & Srivastawa, D. (2013).
Biological Control and its Important in Agriculture. International Journal of Biotechnology and Bioengineering


https://doi.org/10.1163/18759866-08301004
https://doi.org/10.1098/rstb.2005.1713
https://doi.org/10.1016/j.biocontrol.2019.104095
https://doi.org/10.3390/d10030073
https://doi.org/10.1134/S0013873819090136
https://doi.org/10.1093/aesa/88.1.16
https://doi.org/10.1007/s13355-012-0122-x
https://doi.org/10.1111/j.1365-2311.1966.tb03156.x
https://doi.org/10.22067/JPP.V28I3.27134
https://doi.org/10.1007/BF01731581
https://doi.org/10.4039/Ent129221-2
https://doi.org/10.1016/0167-8809(86)90085-X
https://doi.org/10.1673/031.013.1101
https://doi.org/10.1111/j.1439-0418.1984.tb02745.x

1Fe) olansli oY o ol FF ale (65,9l aulo g pole) ol ! (LS cbles by pdgh 4 yid YYA

Research 4(3): 175-180. https://mwww.ripublication.com/ijbbr_spl/ijbbrv4n3spl_03.pdf.

26- Singh, H. (2006). Achievements in biological control of diseases with antagonistic organisms at National Botanical
Research Institute, Lucknow, Current status of biological control of plant diseases using antagonistic organisms in
India. Proceedings of the group meeting on antagonistic organisms in plant disease management held at Project
Directorate of Biological Control, Bangalore, India on 10-11th July 2003, pp. 329-336.
https://eurekamag.com/research/012/763/012763166.php.

27- Skuhrava, M. & Skuhravy, V. (2020). The Gall Midges of Europe. Prague: Maxdorf Jesenius.

28- Wardlow, L. & Jobin, A. (1990). Potential new additions to the armoury of natural enemies for protected tomatoes.
In Integrated control in glasshouses, Bulletin SROP (Vol. 13, Num. 5, pp. 225-227).

29- Watson, G. (1997). The Role of Taxonomy in Biological Control, With Special Reference to Insects. In Prociding
Kongres Perhimpunan Entomologi Indonesia, Universitas Padjajaran, Bandung (Vol. V, pp. 24-26).


https://www.ripublication.com/ijbbr_spl/ijbbrv4n3spl_03.pdf
https://eurekamag.com/research/012/763/012763166.php

Journal of Iranian Plant Protection Research

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

Research Article
Vol. 36, No. 2, Summer 2022, p. 239-258
B

Weed Seed Bank and Seedling Dynamics in Response to Crop Rotation in
Conventional Agroecosystems

N. Valaie!", M.H. Rashed Mohassel "*'2, M. Bannayan®

Received: 11-11-2019 How to cite this article:
Revised: 05-01-2020 Valaie, N., Rashed Mohassel, M.H. & Bannayan, M. (2022). Weed Seed Bank and
Accepted:10-02-2020 Seedling Dynamics in Response to Crop Rotation in Conventional Agroecosystems.
Available Online:21-09-2022 Journal of Iranian Plant Protection Research 36(2): 239-258. (In Persian with English
abstract)
DOI: 10.22067/JPP.2021.31941.0

Introduction

Cropping history can affect our knowledge about the compositions and diversity of weed communities in the
soil. Weed Species composition and density are influenced by farming practices and vary from field to field and
among areas within fields. Plants that escape control and produce seeds within the field can be considered as a
major source of seed entering the soil. Crop rotation is an effective weed management tool which can change
weed distribution pattern by increasing selection pressures. Two types of rotation including corn-winter wheat
and fallow-winter wheat are the most common cropping systems in arid and semi-arid areas of Iran. The multiple
tillage operations can affect the vertical distribution, germination and emergence of weed seeds in the soil. Weed
seed bank density, species composition and diversity will change when crop management practices are altered.

Materials and Methods

A field experiment was conducted to evaluate the effects of corn-wheat and fallow-wheat crop rotations on
weed seed bank dynamics and seedling population during 2016-2018 growing season at Shiraz University. The
fields divided into 10 by 10 meter grids. Soil samples were taken from 0-15 and 15-30 cm depths by soil sampler
(auger) with 10 cm diameter. These samples collected after seedbed preparation and before crop sowing from
144 points. The samples of each depth were mixed together, placed in black plastic bags, and transferred to the
laboratory. Then, 2509 of the total soil was weighed and separated. These samples was placed in silk bags and
washed with low water pressure. Finally, weed seeds dried, identified and counted to the level of species using a
binocular stereomicroscope. Those seeds that were resistant to forceps pressure assumed as healthy seeds. Weed
seedling population were calculated using a quadrat before and after application of herbicide at the same points
were seed bank was carried out. Geostatistics technique was used to investigate density and spatial distribution
of weed seedlings in two different crop rotations.

Result

The highest frequency of weed seed bank belongs to Portalaca oleracea, Amaranthus retroflexus,
Chenopodium album and Lamium amplexicaule. Relative density of P. oleracea and A. retroflexus seeds
increased in corn-wheat rotation compared with fallow-wheat. The results showed that weed seed frequency was
significantly affected by crop rotation and depth of plowing. As corn-wheat rotation had 33% increasing and
fallow-wheat 19.44% decreasing of weed seed in 15-30 cm soil depth. The size of the total weed seed bank in
corn-wheat caused a greater seed accumulation in the surface layer of the soil (0-15 cm). Weed seed density in
corn-wheat rotation increased 89.79% and 62.85% in 0-15 and 15-30 cm, respectively during two years.
Shannon diversity index increased by 12% in corn-wheat and decreased by 5.4% in fallow-wheat compared with
the first year. Margalf index of corn-wheat rotation at 0-15 and 15-30 cm of soil depths decreased 33.70% and
38.25%, respectively, compared to the fallow-wheat rotation in the first year. Sorenson similarity index of corn-

wheat and fallow-wheat at 0-15 and 15-30 soil depths was 0.82% and 0.80% during two years. The slope of
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linear regression also indicates that fallow-wheat weed seed bank (0.79) decreased more than corn-wheat
rotation (0.47). Spatial distribution of weed seedlings showed that there is a large similarity in distribution
patterns of total weed population between before and after herbicide application in two different rotations during
the second year. However, distribution pattern of seedlings in corn-wheat rotation at the first year herbicide
application was different after application of herbicide. Therefore, herbicide application can affect spatial
distribution and number of weed seedling species.

Conclusion

Corn-wheat rotation as a high input level cropping system with deep tillage increases the size of the weed
seed bank, especially in the soil surface layer (0-15 cm). While fallow-wheat rotation as a low input level
cropping system causes a decreasing in weed seed bank dynamics, increasing in the diversity and richness of the
seed bank and improving the soil structure by wheat residual on the soil during fallow system. The results of this
study will be valuable in aiding the prediction of likely weed infestations in rotation systems. This ability to
predict the size of weed seed bank, pouplation, diversity and emergence would also provide valuable input to
population dynamics models that can be used in weed management.

Keywords: Fallow, Rotation, Spatial distribution, Weed seed bank
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Table 1- Agronomic management for corn-wheat and fallow-wheat rotations

O,)
Corn

XV
Wheat

ol
Fallow

S (83looslel by,
Seedbed preparation
method

Bl gy
Planting method

L_g.a.u..{b )Lg 9.) + L}'h’lslf
Moldboard plow +
Disk (2 times)

Ko yio Slogiy JSay,
Matermacc Penomatic row-planter

) (csladsle) (gl
Variety Bolson
o+« Kg/h o
Urea 500 Kg/h
3¢5 g9 g jlhe 10+ Kg/h clas posgal (o
Fertilizer Diammonium phosphate 150 Kg/h
Vo Kg/h Loly eldlgw
Potassium sulfate 100 Kg/h
SSed] e
Pesticide S e v
Deltamethrin 300 ml/h
2,4-D
) (2L hat)
*"’“5“'1‘ (Nicosulfuron) j,,5
Herbicide @ L ha)
(MaisTer) yuwslo
(2L ha?)
S ) s5ledss
Mechanical control Cultivator

LS)L‘:J
Irrigation

(395 8=V Joolgd) cug £-Y
6-7 times(irrigation intervals 9-10
days)

(5,951 05) <8 o (555955
Stubble cultivator
(Min till)

obilo Bl 03556 Cuwd pAS sLl
Wheat residue

Foheysle (s b Slegy )8 as
Liner Penomatic or Seed Spreader

Juad o o (sl Sl S el
Moldboard plow per each
half season
Sy [ lg o
Pishtaz/Sirvan

Yo+ Kg/h ol
Urea 200 Kg/h
10+ Kg/h clawd posgel (o3
Diammonium phosphate 150 Kg/h
o+ Kglh by clége
Potassium sulfate 50 Kg/h

e
e 5> (g Voo
Deltamethrin 300 ml/h

2,4-D
(2L ha?)
(Clodinafop propargyl) <,b -
(0.6-0.8 L ha't)
(Tribenuron-methyl) k.l
(20-30 g ha't)

(i3 V=Y Juolg) g ¥0
4-5 times(irrigation intervals 10-12
days)

Lol 00l Ao e bl o iScale Byns 3o

VoV Ges 0 jy slacale ol 5l Ve LS dgas
Momen Yasaghi etal., ) 53,5 o S5 maw jl (g2 b
=i 29l g (LS Gble copte S0 a9 5l (2017
(lge S 48 gygbds el oo 5pn (slacile jold g Cunex
Copmor (a8l caw 0338 (6l g, sl L (sel)j (lalsS
S olS > (S cnl)y 0l e dile (bdS (S
sledle co i 1V (Harker and O'donovan, 2013) g .
Sl (JUEST ST (el diangy jobar (gloj 4k p )l 52

.(Bhutada and Bhale, 2015)

b 93 2 )3 e lacale Jin Slld i epdled

w92 g (Portulaca oleracea) 48,5 sladassS 4 slxio
(Chenopodium album) o saelw (Amaranthus retroflexus)
oy o (Y Jots) 25 (Lamium amplexicaule) Ly ,e o
=hi @9l 3 et gl 5 45 e sladile jh i 1515
Ol ]y (s39n0 (s23g) pAS— (el gl L duglie )3 puiS—c)3
A Cud ylo Blw VO-Yr Gas )0 4 SOb @81y ¢ puizmen 2D
@l bl (¥ Joia) 291 pr <Sle 4 piogil <10 (o
LS«._.«JLJI 9 (S9—s &)9} Cuw Jﬁl"\“*" W AW Pl}ul Oladlles



YYD oy LpimmumnsST 50 Gglis g9 &1 dwly 30 350 lacile axals g 100 b 2bgy o)y Kon 9 2Yg

NS il § S0 )3 (LogUs Cod (o ilw) SB- Judg ilitie las! ;3 (S1E 0,59k 15 4du) 5,2 e 4y (o 0515 -F Jgir
Table 2- Relative density of weed seed in different depths of soil profile in different rotation systems corn-wheat and fallow-

wheat
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5L Panicum
Poaceae Pyl : 1 1 0 0 0 0 0 0
Witchgrass capillare
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Cornflower Cyanus
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Poaceae o Lolium rigidum 0 0 0 0 10 52 0 0
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Figure 1- Weed seed bank size (seed/kg soil) in corn-wheat and fallow-wheat rotations in 2016-2017 and 2017-2018 growing
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Figure 2- Effect of rotation and sampling depth on Shannon diversity index of soil seed bank under the influence of corn-
wheat and fallow-wheat
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Figure 3- Effect of rotation and sampling depth on Margalef species richness index of soil seed bank under the influence of
corn-wheat and fallow-wheat
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Table 3- Sorenson similarity index of corn-wheat and fallow-wheat rotations
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Corn-Wheat Corn-Wheat Fallow-Wheat Fallow-Wheat
(0-15) (15-30) (0-15) (15-30)
Corn-Wheat (0-15) 1
Corn-Wheat (15-30) 0.70 1
Fallow-Wheat (0-15) 0.69 0.62 1
Fallow-Wheat (15-30) 0.58 0.63 0.80 1
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Corn-Wheat Corn-Wheat Fallow-Wheat Fallow-Wheat
(0-15) (15-30) (0-15) (15-30)
Corn-Wheat (0-15) 1
Corn-Wheat (15-30) 0.82 1
Fallow-Wheat (0-15) 0.73 0.74 1
Fallow-Wheat (15-30) 0.68 0.53 0.71 1
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Figure 4- Mean comparison of weed seed frequency in Corn-Wheat and Fallow-Wheat under 0-15 and 15-30 cm soil depths
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Introduction

Broomrape (Phelipanche aegyptiaca) is one of the most important plant parasitic species which causes
significant yield loss of different crops by colonizing roots and uptaking nutrients from the host plants. Haustoria
attachment stage is the most important stage to study molecular mechanism of plant-parasite interaction.
Identifying key genes in haustoria attachment stage may reveal novel strategies to control Broomrape.
Transcriptome studies by Next-generation (high throughput, deep) sequencing have become an important tool in
the molecular biology of plants in recent years. All stage-specific RNA-seq data are available on the plant
parasite genome project database (http://ppgp.huck.psu.edu). Differential gene expression in haustoria
attachment stage can detect candidate parasitism genes and contribute to understanding molecular basis of plant-
parasite interaction. This information may reveal novel genetic strategies such as HIGS to control Phelipanche
aegyptiaca efficiently.

Materials and Methods

Analysis of Transcriptome data from the plant parasite genome project database (http://ppgp.huck.psu.edu) at
Haustoria attachment stage and imbibed seed stage revealed 391 gene transcripts with differential expression in
these stages (unpublished data). Among these transcripts, four transcripts with unknown functions were detected
with a high fold change in expression in the haustoria attachment stage. In order to predict possible roles of these
transcripts in broomrape-host interactions, we used genome walking method to extend these transcripts. DNA
was extracted from Phelipanche aegyptiaca stem using CTAB method. The quantity and quality of DNA
samples were determined using the NanoDrop and agarose gel electrophoresis. DNA was digested by four
restriction enzymes, Dral, EcoRV, Stul, Pvull. Four DNA libraries were purified using SDS protocol and ligated
to GenomeWalker Adaptor (GenomeWalker Adaptor 1 and GenomeWalker Adaptor 2). Gene specific primers
(GSPs) were designed using Primer3plus for Oa548, 0a3391, 0al635, Oa424 transcripts. Primary PCR was
done using gene-specific primer 1 (GSP1) and adaptor primer 1 (AP1). 1 pl of each primary PCR were diluted
into 49 ul of deionized water. Diluted primary PCR products were used as template for Secondary PCR. Primary
PCR was done to amplify the unknown sequence using gene-specific primer 2 (GSP2) and adaptor primer 2
(AP2). Secondary PCRs desired bands were extracted form agarose gel using Genet Bio k-8000 kit. Extracted
products were ligated to pTG19-T vector. Recombinant vectors were cloned to Escherichia coli competent cells
using heat shock procedure and then cultured on LB plates. Colonies that contain recombinant vectors were
detected using blue-white screening. Colony PCR was done to confirm the presence of inserted sequences.
Selected colonies were incubated in 37¢ in LB media containing 100 microgram per ml Ampicillin. Plasmid
extraction was done by Silica procedure. After sequencing by M13F and M13R, complete sequences were
assembled using CAP contig assembly software. Fgenesh online software was used to predict gene structure by
selecting Arabidopsis thaliana as organism. Gene prediction was done by AUGUSTUS. Complete sequences
were more analyzed using Blast, CDD, Phobius prediction, HMMER, InterProScan.
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Results and Discussion

In this study we successfully extended the genomic sequences for two candidate transcript that showed
increase expression in attachment stage. The sequence of Oal635 and Oa424 transcripts was extended from the
end of the 5’using the genome-walking method to determining the DNA sequence of unknown flank genomic
regions and study the role of these sequences in plant-parasite interaction. Using this technique, 587bp and
165bp of new DNA sequences were obtained for Oa424 and Oal63, respectively. Analysis of homology using
BLASTX algorithm for Oa424 showed 71.57% similarity (e-value: 2e-41) with unknown protein
(XP_011081407.1) containing the transposase domain. Also, the results of CDD tool predicted the
DDE_Tnp_ISL3 domain in position between 257 and 466 bp (e-value: 7.31e-14). For Oal635 transcript, the
results of homology analysis using BLASTX algorithm showed 72.73% (2e-9) similarity with retrovirus-related
polyprotein sequence from transposon tnt 1-94 (GFP84907.1). As the regulatory function of proteins with
mutant-like transposase domains, the two transcripts Oa424 and Oal635 may play a key role in haustoria
development and plant-parasitic interaction. Signal peptides have observed in these sequences suggesting that
these transcripts encodes secretory proteins from haustoria to plant-parasite interaction.

Conclusion

Bioinformatics analysis on extended sequence, identified transposase domains which may have regularity
role in parasitic process such as haustoria development or penetration. These genes may play important roles in
plant-parasite interaction and developing molecular strategies to control this parasitic plant.

Keywords: Genome walking, Plant parasite, Transcriptome
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Table 2- Oligonucleotide sequences, gene specific primers (GSP) and adaptor primers (AP) used in this study

S5l el Jlail gles V<0 yesly Iy
Primer name Tm° C Primer sequence 5°->3°
548 GSP1 57 CCCATCAGTGGATTCTTGCT
548 GSP2 56 CTAGTGGGATTGGATTTTGATGCC
424 _GSP1 56 AGCGCATATAGTAACGCATC
424 _GSP2 58 CAACTCCTCCTTTGGCTGTCTC
1635_GSP1 58 AAAAGGGTCATGGTCTGGTG
1635_GSP2 55 GTTTTGGCTTTGATAAGGAGTGCT
3391_GSP1 56 ATCAAAAGCCGGATGTGTTC
3391_GSP2 56 GCTGAGAAGCAAAGCCACAAAA
AP1 51 GTAATACGACTCACTATAGGGC
AP2 59 ACTATAGGGCACGCGTGGT
GenomeWalker Adaptor 1 - CCCGACCA

GenomeWalker Adaptor 2 -

GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT
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Figure 1- Amplification of PCR fragments using specific primers (424-GSP2, 1635-GSP2, 548-GSP2 and 3391-GSP2) and
AP2 (nested primer) in the second PCR of genome walking
Lane 1, 100bp DNA ladder (Denazist); Lane 2, negative control, Lane 3-6, second PCR product amplified from the upstream region
of the four candidate transcripts
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Figure 2- Schematic representation of sequence alignment and its positions in predicted domains by CCD
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Table 3- Prediction of gene structure and signals position of Oa424 and Oal635 sequences by AUGUSTUS

S el Jsb 0 JUey  eusss obb o9 ol "’;"O‘IJ A
Sequence name  Length Gene  Terminal CDS Stop Codon TSS Sigzal
Begin 209 - 209 596 174 831
End 598 - 598 598
0al635 894 Strand + + + +
Reading 1 1 0
frame
Begin 88 - 88 602 29 797
End 604 - 604 604
Oa424 839 Strand + + + + +
Reading 2 2 0
frame
MUtator- jligesl s )3 (ugig) silwJlsd sbaimegs s DNA Ol 08424 cdgiy) S8 Jlos (Gotgen (yp Lo

2 il i Yleas] oS cunl oad cbles jlaw s like A Jlasl layogd .05 caalio Mutator-like jl;5guuil 5



1Fe) lannl (¥ o5los F'F wlor (55,9l @oliuo g pale) oyl gl (LS cbilis gloipgy & pis  YFAF

E-cadherin 5 yse9 DNA (gewdlite 5 bjse sl ol
am o yialS 1y o1 gl g ooy )3 Baa 5)6 1, (CDHL)
BLASTX 4 BLASTN a5 4 4> L (Moon et al., 2012)
Retrovirus- Jls b sj59en ¥ Jois) 0al635 cuisiy, slp
sdalis related pol polyprotein from transposon tnt 1-94
Phtheirospermum  a_5o8 4y 3taie gy oyl 0 S
ot gl ¢ a5l Orobanchaceae odlgils 4 japonicum
bl slp gy (edlal (i aSTosl Sl bl e (3ljgmd 5
93 Ylain! sl 00 ez i Mutator-like jljgeuslys el
B)b gals s ) slaaslyd > 0al635 4 0ad24 cuiys,
Cdiginy 93 oyl (o )0 bl o eudals il glyly Yleasl
059y 80 ol Ylain! o b 00l asds A JUSw 4l
Fobgee 5 Wlads (uSihe 5> Cusl (Koo g il oo (b5
g gy ouSa pliil 5 o

4 oles o Jlie gl (Lin et al., 2007) uiS’ o Wl 1y a3
Tang et al., ) 5,5 o)Ll 89,8 i wgn wulass o byl ids
» DAYSLEEPER jl55usly ol (ili8l L olags (2012
oS ) 0 by gad g Ay & e rarggdaly] GlalS
pas WS o 3 1) 0F ol 5 8L (5p900 (BT drwg Gl
O el akayl) (Bundock and Hooykaas, 2005) ss
9 jl5 sl o RDFIP 5 RCSIP sile yosto (umsgig) (sloygS
WRKY = (agig) p98L3 (sl (i (JolSS ataly i
(Aravind et al., 2006) s <Ll bjljewils g GCML
b olijee =S (2iSSle )3 Wajligeudl 5 (35 (oguad 5 ailiulie
O A (edgdm0 WY Lo Lps g Cewl olis &l (5158 yeiS
JLio gl ales, S o)Ll Lo 55y ogaad 13 jlg il
diws 4 Jos b Acinetobacter baumannii ¢S 5l5g0ml 5

BLASTN 4 BLASTX (gl ais 5581 4 0al635 g Oad24 s JIgi (0902 3IUT-F Joua
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Introduction

Integrated weed control in medicinal plants is one of the most important components of sustainable
production. The dill seed production could be affected mainly by weed interference because of low competitive
ability of this medicinal plant against weeds. So, this study was conducted in order to evaluate the effect of
different doses of trifluralin in integration with non-chemical weed control options including living mulch, straw
mulch and one time hand weeding on weeds, yield components, grain and essential oil production of dill.

Material and Methods

The study was conducted in Research Field of Agriculture-Jahad in Khoda Afarin County in East Azarbaijan
Iran in 2019 as factorial experiment based on randomized complete block design with three replications. The
first factor was application of different rates of trifluralin at four levels including 0, 480, 720 and 960 g ai ha of
trifluralin herbicide and the second factor was different levels of non-chemical weed control consisted of
planting the living mulch of fenugreek (Trigonella foenum-graecum L.), planting the living mulch of bitter vetch
(Vicia ervilla L.), application of wheat straw mulch, one time hand weeding 50 days after emergence of dill and
control (without non-chemical weed control). Also the weed-free treatment during whole growth season was
considered in the experiment.

Results and Discussion

The results indicated that the interaction effect of herbicide dose x non-chemical weed control method was
significant (p < 0.01) on weed density and biomass. At all non-chemical control levels, increasing the trifluralin
dose reduced the weed density and the lowest weed density (2.33 Plant m?) was observed in one time hand
weeding and straw mulch treatments. The weed density at all non-chemical control levels decreased compared
with that in without non-chemical control. Increasing the trifluralin dose decreased the weed biomass at all non-
chemical control levels, and the lowest weed biomass was observed in one time hand weeding treatment + 960 g
ai ha* of trifluralin (78 g m) that caused 86% reduction in weed biomass compared with control treatment. At
all non-chemical control levels, the weed biomass decreased compared with that in without non-chemical
control. Comparison of weed biomass among the different mulch treatments indicated that except in control (0 g
ai ha'! of trifluralin), the weed biomasses were not significantly different under all herbicide doses. The effect of
non-chemical control level was significant on plant height, number of umbels per plant and 1000-grain weight of
dill. The means comparison indicated that among the non-chemical weed control treatments the greatest plant
height (97 cm), number of umbels per plant (31.8) and 1000-grain weight (192.8 g) were obtained in wheat straw
mulch application. Also increasing the herbicide dose, improved the number of umbels per plant and 1000-grain
weight of dill as the highest values were observed in 960 g ai ha® of trifluralin. The interaction effect of
herbicide dose x non-chemical weed control method was significant on grain number per plant and grain yield of
dill. At all non-chemical control levels, the grain number per plant enhanced by increasing the trifluralin dose.
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Comparing the non-chemical control treatment showed that the highest grain number per plant was observed in
straw mulch application treatment and other non-chemical weed control treatments were not significantly
different. The all non-chemical weed control treatments increased the grain number per plant compared with that
in control treatment. By increasing the trifluralin dose under all non-chemical control treatments the grain yield
of dill enhanced. Also the grain yield increased significantly at all non-chemical control treatments compared
with those in without non-chemical control and the greatest grain yield of dill was observed in straw mulch
application treatment + 960 g ai ha™ of trifluralin (9842 kg ha) that indicated 6% reduction compared with
weed free treatment. Also the grain yield in this treatment increased by 89.7% compared with that in without
control and 0 g ai ha* of trifluralin (weed-infested treatment). The grain yield of dill in one time hand weeding
treatment was higher than those in fenugreek and bitter vetch living mulch treatments. Also in living mulch
treatments there were no significant difference between dill grain yield of 480 and 720 g ai ha* of trifluralin. The
effects of herbicide dose and non-chemical weed control treatment were significant on essential oil content and
yield of dill. The essential oil content and yield increased by increasing the herbicide dose and the highest
essential oil content (1.46%) and yield (110.34 kg ha) were observed in 960 g ai ha* of trifluralin. The essential
oil content and vyield incresead at all non-chemical control treatments compared with that in without control
treatment. The highest essential oil content (1.38%) was obtained in straw mulch treatment that was not
significantly different with that in one time hand weeding (1.35%) treatment. The highest essential oil yield
(100.6 kg ha'l) was obtained in straw mulc treatment that was not significantly different with that in one time
hand weeding (96.43 kg ha'l).
Conclusion

The all non-chemical weed control treatments decreased the weed density and biomass but the hand weeding
and straw mulch treatments showed higher efficacy in weed biomass reduction compared with living mulch
treatments (fenugreek and bitter vetch). The grain and essential oil production of dill in straw mulch and one
time hand weeding treatments were greater than those in fenugreek and bitter vetch living mulch treatments.
Therefore, the straw mulch and one time hand weeding could be recommended in integration with reduced doses
of trfluralin for sustainable weed management of dill.

Keywords: Biomass, Essential oil, Hand weeding, Integrated weed control, Grain number per plant
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Table 2 - Scientific name, common name, family and frequency of weed species identified in the experimental field
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Figure 1- Interaction effect of trifluralin dose x non-chemical weed control on weed density at dill harvesting time
(Different letters indicate a significant difference in Duncan test at 5% probability level)
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Figure 2- Interaction effect of trifluralin dose x non-chemical weed control on weed biomass at dill harvesting time

(Different letters indicate a significant difference in Duncan test at 5% probability level)
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Table 3- Analysis of variance for weeds and dill traits affected by trifluralin dose and non-chemical weed control
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Coefficient of variation
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ns, * and **: non -significant and significant at P < 0.05 and P < 0.01, respectively.
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Table 4- The mean comparisons of dill traits affected by trifluralin dose and non-chemical weed control
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Figure 3- Interaction effect of trifluralin dose x non-chemical weed control on grains number per plant of dill
(Different letters indicate a significant difference in Duncan test at 5% probability level)
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Table 5- Analysis of variance for grain and essential oil yield traits of dill affected by trifluralin dose and non-chemical weed
control
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Figure 4- Interaction effect of trifluralin dose x non-chemical weed control on grain yield of dill
(Different letters indicate significant difference in Duncan test at 5% probability level)
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Introduction

Rapeseed is one of the most important crops cultivated for oil extraction and has the highest annual growth
rate (in terms of production) among the essential oilseeds in the world. Due to its slow growth rate, the rapeseed
plant has little competitive ability against weeds in the early growing season, which causes it to be severely
damaged by weed interference. Since the long-term presence of weeds in rapeseed could reduce its quality and
yield, early weed control is essential to achieve economically acceptable yields.

Materials and Methods

In order to control broadleaf weeds in rapeseed fields, a factorial experiment based on a randomized
complete block design with three replications was conducted in winter 2019 in Benvar Nazer region, Andimeshk
county, Iran. The experimental factors included two types of rapeseed hybrids (Hayola 50 and Agamax) and
clopyralid herbicide (1.5 L ha™* recommended dose, EC30%, Aryashimi, Iran) application with a fixed dose of 1
lit ha'! for all treatments along with oxadiazon herbicide (recommended dose of 3 L ha™* for using in rice as pre-
plant before the two leaved barnyard grass, EC12%, Shimagro company, Iran) at doses of 100, 175, and 200 ml
ha, and oxadiargyl herbicide (recommended dose of 3-3.5 L ha* for using in rice as pre-emergence or at the
beginning of weed emergence in transplanted rice, SC3%, Herbicide Production Company, Iran) with doses of
100, 125, and 150 ml ha*. Weedy and weeding control (complete control by manual weeding) were considered
as control treatments. Herbicides were applied by a 12 liter back sprayer equipped with a TIET 11003 nozzle,
which was calibrated for spraying 200 liters per hectare, in the initial 2-leaf stage to the beginning of 4 true
leaves for chemical control of weeds in the plots. The grass weeds were removed by hand. Broadleaf weeds were
counted separately according to the weed species at before spraying, three and six weeks after spraying and were
cut at the soil surface and dried at 70 °C in oven. Then, weed dry weight was measured with a digital scale 0.01
and the percentage reduction in density and dry weight of weeds were calculated. In addition, the amount
herbicides used on rapeseed was visually assessed using the EWRS standard table. Then, yield and yield
components of rapeseed including number of siliques, seed no. per silique, 1000-seed weight, seed yield,
biological yield and harvest index were measured.

Results and Discussion

Results showed that the predominant weed species in the experimental plots included wild clover, queen
anne’s lace, mallow, Anagalis spp., wild mustard, and field bindweed, which the highest frequency (31.29%)
belonged to wild clover and the lowest frequency (1.03%) belonged to field bindweed. The ANOVA results
showed that the reduction percentage of density and dry weight of weeds and seed yield were affected by
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experimental treatments; as the treatments of clopyralid + oxadiazon 100, clopyralid + oxadiazon 175, clopyralid
+ oxadiargyl 125 in Hyola50 hybrid and clopyralid + oxadiazon 175 in Agamax hybrid reduced the density and
dry weight of weeds by 100%. While, the lowest reduction percentage of weed density and dry weight (44.74
and 55.33%, respectively) was observed in Agamax hybrid and clopyralid (1 L ha*) treatment. Also, the highest
and lowest herbicide injury on weeds were observed in clopyralid+oxadiazon 100 (9.67%) and clopyralid alone
and combination of clopyralid+oxadiargyl 100 and 150 in Agamax hybrid (0%), respectively. The highest seed
yield, biological yield and 1000-seed weight of rapeseed were observed in clopyralid+oxadiazon 200, oxadiargyl
125 and 150 (3377.6 kg hat, 11295 kg ha, and 3.27 g, respectively), and the lowest was observed in weedy
control treatment (2064.2 Kg ha, 7458 Kg ha and 2.87 g). 1000-seed weight is less affected by treatments and
is a genetic trait. The highest and lowest number of seeds per silique under the influence of herbicide treatment
were related to clopyralid+oxadiazone 175 and clopyralid+oxadiargyl 100 (23.33 and 18.17), respectively. An
increase in the number of seeds per silique was observed with increasing the dose of herbicide oxadiazone in
combination with clopyralid up to 175 ml ha™*. The highest number of siliques per plant was obtained in weeding
treatment in Agamax hybrid with 189.33 silique per plant, which was significantly different from weedy control
treatment. Also, the lowest number of weed control silique was obtained with Hayola 50 hybrid, which was not
significantly different from clopyralid+oxadiazone 100 in Agamax hybrid.
Conclusion

According to the results, mixing herbicides is a solution to eliminate the competition of weeds with rapeseed
and increase the yield so that the yield of up to 3.3 tons is obtained, which compared to clopyralide only as a
control treatment. In general, the highest yield of rapeseed from plots treated with clopyralid+oxadiazon 200,
oxadiargyl 125, and 150 were the best treatment in comparison with the applied treatments. The best treatment is
the one in which rapeseed yield has been the highest. In addition, since clopyralid is a selective herbicide in
rapeseed, it did not have sufficient efficacy due to poor control of important weeds such as wild mustard. It
should also be noted that further testing of the above herbicide mixtures on rapeseed fields throughout the
country is necessary in order to obtain the results that are the basis for recommending these mixtures in rapeseed.

Keywords: Rapeseed hybrid, Weed density and dry weight reduction, Yield
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Silt Clay Sand E.C. Organic  Nitrogen Available Available
(%) (%) (%) (ds m') Carbon (%) Phosphorus Potassium
(%0) (mg kg*) (mg kg*)
44 41 15 0.54 7.17 0.44 0.027 2.8 95
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Table 2- Frequency of observed species in the experimental field
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Persian name Scientific name requency
(%0)
(g e Trifolium spp. 31.29
4lg Ammi majus L. 24.64
EILH] Anagalis sp. 20.61
0 5ol Fumaria sp. 14.24
S i Malva spp. 4.67
g Jo > Sinapis arvensis L. 3.52
as 0 Som Convolvolus arvensis L. 1.03

A duw ) o3 VAYE) e & adlynslS iScale jleslatul o
Cawl 0393 ((sblyows 31 Ay atad yid duo)d FFIVE 5 dliows jl an
Ao 45 e bol3S1 3,18 o8 05 S ataleg] o (F Jge)
) 55058590550 me3] 9 B gilasmsST 2l 51 y95bl5S1
clale y»  Musavi, 2013; Mehdinejad et al., 2011) ¢!
ain (i g dow 3 (S )3 p)S YO+ ) 0l dnogs 3 5l 5V
£l 5ymeslacile S o515 nls oy (Sl Gyl g
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Table 3- Analysis variance of density reduction and dry weight reduction of broad leaf weed three and six weeks after
herbicide application

(Mean Square) sl po cpibe

55 gio @33l ey oS5 phals s (339 phalS
Source of variation Degree of freedom Density reduction percentage Dry weight reduction percentage
21 days 42 days 21 days 42 days
Replication ,|,ss 2 51.07™ 2.34" 108.79™ 84.55"
Hybrid (A) 135" s e 1 2329.69* 943.92™ 1234.10% 495,64
Herbicide (B) :sdile 6 2403.45* 1515.49* 1603.12* 1031.79*
(AXB) (iSile x 3 pun 6 794.20%¢ 361.91% 453.46* 233.46**
WsError 26 33.31 29.58 94.40 38.36
CV (%) (103) Syasis s _ 7.05 6.05 10.96 6.68

M re e ™ 5 a0 )d ) g 0 Jlainl plaw ;> BMBS o5 5 &4 *FF
=== mean significant differences at 5 and 1 % probability level respectively and "™ means no significant difference.

4850 (ouilyows 1 g 48R (il g duw 550 (SLardigS JS 05155 S o3 Blod ay (IS ALEX 1315y pud (6 5lod SluS 5 dunlie -F Jgi>
I35
Table 4- Comparison of rapeseed hybridxherbicide treatment compositions in terms of percentage reduction of total weed
density, three and six weeks after herbicide application in rapeseed field

I35 %y slosd 397 39, %Y
Hybrid Rapeseed Treatment 21 days 42 days
Voo gesbaliST+ lsls 90.95 100
Clopyralid + Oxadiazon 100
WO 59503151+ sl 95.74 100
Clopyralid + Oxadiazon 17
A Yola Yoo gsbaliST+ sl gls 97.19 99.37
Clopyralid + Oxadiazon 200
Hyola50 Voo o balsST 4wl ols 76.60 94.75
Clopyralid + Oxadiargyl 100
WO Juz )bl 31+ ] yglS 100 100
Clopyralid + Oxadiargyl 125
10+ Juz )bl 31+ ] yglS 99.09 99.09
Clopyralid + Oxadiargyl 150
Clopyralidal,gsls 65.19 69.37
Yoo o95baliST+ alngls 45.91 62.10
Clopyralid + Oxadiazon 100
WO 93b155T + al o olS 93.28 100
Clopyralid + Oxadiazon 17
oSalsT Yoo obalsS 4 adlsls 89.14 95.15
Clopyralid + Oxadiazon 200
Agamax Voo JeybaliST+ alsls 90.52 97.67
Clopyralid + Oxadiargyl 100
WO s bl 31+ sl ol 88.83 97.24
Clopyralid + Oxadiargyl 125
A0+ ey bal 81+ adlels 93.45 99.32
Clopyralid + Oxadiargyl 150
Clopyralidal g sls 19.36 44.74

LSD - 9.68 9.13
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Table 5- Comparison of rapeseed hybridxherbicide treatment compositions in terms of percentage reduction of total weed
dry weight, three and six weeks after herbicide application in rapeseed field

155 2 2 S 397 39, ¥Y
Hybrid Rapeseed Treatment 21 days 42 days
Voo ooialsST 4+l ysls 97.19 100
Clopyralid + Oxadiazon 100
WO 555k3l381 + a)llS 99.26 100
Clopyralid + Oxadiazon 17
0+ Yglo Yoo 5eibaliST+ allsls 99.28 99.87
Clopyralid + Oxadiazon 200
Hyola50 Voo e balsST 4 alols 93.50 96.76
Clopyralid + Oxadiargyl 100
WO s bali81 + alyols 100 100
Clopyralid + Oxadiargyl 125
0+ lol5S1 + sl lS 97.41 99.56
Clopyralid + Oxadiargyl 150
Clopyralidayl,sls 71.50 76.67
Voo gesbalST+ lsls 56.67 73.33
Clopyralid + Oxadiazon 100
WO y3bal35T + lpmols 95.94 100
Clopyralid + Oxadiazon 17
eSals] Yoo ooibaliST 4 adlyls 95.93 99
Clopyralid + Oxadiazon 200
Agamax Voo JeybaliST 4 alls 95.59 99.50
Clopyralid + Oxadiargyl 100
WO s bol5S1 + sl slS 98.33 99.55
Clopyralid + Oxadiargyl 125
0+ lol5S1 + sl lS 99.29 100
Clopyralid + Oxadiargyl 150
Clopyralidal g sls 40.50 53.33
LSD - 16.31 10.39

i UEalS 5y ;2 it 8L e a lglS (iSile
Sl (0 Joaz) 1) 131 4530 Sy (e jpaslacile Sas
=5 5 sleiSale i 8l ks & Cunl o pbol ()b
Sl 2l @ adlglS b anglie o nisiaale )00 L adlyngls
Askari et al., 2016; Tabib et ) s_sb o j,»slacale s
(al., 2019
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Table 6- Results of ANOVA for visual injury assessment due to herbicide application on rapeseed and weeds

. ' Ol o (54e (Mean Square)
R qao S35l A, ) .
Source of variation Degree of freedom I3 i e
Rapeseed Weed
41,55 Replication 2 1.36™ 40.41"
1315 3y Hybrid (A) 1 51.48" 183.82"
55 dile Herbicides (B) 6 32.37" 1492.52™
OiSUle x Wy (B X A) 6 23.43" 42.32"
WaError 26 0.50 27.79
(w0 53) &l puudi s i CV (%0) - 29.09 5.80

M ne e ™ g a3 ) 0 Jlain] pdaws )5 SEMES] o5 5 4 ¥

=== gre standing for significant differences at 5, 1 % level respectively and ™ no significant differences.
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P=0.03
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Figure 1- Visual injury assessment caused by herbicide application on weeds
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Figure 2- Visual injury assessment caused by herbicide application on weeds in rapeseed hybrids
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Table 7- Visual injury assessment caused by different herbicide treatments on rapeseed hybrids

155" 2 e

Hybrid Rapeseed

s
Treatment

(1o 3) oty @yl
Visual injury (%)

Voo o335+ alyols 9.67
Clopyralid + Oxadiazon 100
WO 0580551+ )l yslS 6.50
Clopyralid + Oxadiazon 175
0+ Yalo Yoo 5eibaliST+ allnsls 0.3
Clopyralid + Oxadiazon 200
Hyola50 Voo i )baliS1+ alslS 1
Clopyralid + Oxadiargyl 100
WO L baliST+ adll 7
Clopyralid + Oxadiargyl 125
30+ ol 58T+ sl ols 0.3
Clopyralid + Oxadiargyl 150
Alsls 0
Clopyralid
Ver oasbaliSTH s 1
Clopyralid + Oxadiazon 100
WD 9550381 + o glS 3
Clopyralid + Oxadiazon 175
SalST Yoo goibaliSt+ allsls 3.67
Clopyralid + Oxadiazon 200
Agamax Voo deybolsST+ alysls 0
Clopyralid + Oxadiargyl 100
WO Ly baliS1 + sl sl 1.67
Clopyralid + Oxadiargyl 125
30+ Lo baliST + sl ls 0
Clopyralid + Oxadiargyl 150
lslS 0
Clopyralid
LSD - 1.19

orialol Salesi ;G 0w 1515 5 Shos (glial g 3,Khes & bgypo il ly 525 U -A Jgaa
Table 8- ANOVA results related to the yield and yield components of rapeseed affected by experimental treatments

(Mean Square) Silay o (ko

i galie ol a3 PRIy C R IKEY} &> dlaws 039 &l :,S_JA:. uig”l%.s :,S_Jo.c sl
Source of Degree of &y R als l5» Seed yield Biological yield Cuils 2
variation freedom Number of Number of seed 1000- Harvest index
siliques per silique seed
per plant weight
IS 2 3179.68™ 120.68™ 1.117 948329.73™ 23263318.4™ 150.10™
Replication
1S 4y 1 1745.35™ 6.68 " 0.07™ 486433.57™ 3729920.4"™ 1.04 "
Hybrid (A)
oiSaale 8 2289.97* 13.45 * 0.19* 1103225.7** 9587531.2** 37.86"™
Herbicides (B)
UiSile x 3 pn 8 1952.81" 5.31™ 0.14" 308780.74"™ 5565791.3™ 73.27™
(AxB)
Error 34 453.99 3.74 0.06 162718.36 3306535.4 51.89
CV (%) (3u0y3) &y oy 2153 9.42 8.51 13.93 18.08 24.23

Mrepe ™ g 003 ) 50 Jlain pdaw j> BMs) ##

*>** are standing for significant differences at 5, 1 % level respectively and ™ no significant differences.
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Table 9— Comparison of rapeseed hybridxherbicide treatment compositions in terms of pod number per rapeseed plant

155 % o W2 53 e y9p dlaad
Hybrid Rapeseed Treatment Number of siliques
per plant
Voo Ggsbal ST+ adlpsls 125
Clopyralid + Oxadiazon 100
WO (53k0l35T + sl sl 113
Clopyralid + Oxadiazon 175
0 Yalo Yoo o3balsST + adlpols 125.67
Clopyralid + Oxadiazon 200
Hayola 50 Voo JeybaliST+ adlysls 115
Clopyralid + Oxadiargyl 100
WO Jum )bl 31+ ]yl 95
Clopyralid + Oxadiargyl 125
Ve JesybaliS1+ ks 118.67
Clopyralid + Oxadiargyl 150
Clopyralid sJl,ul 91.67
Infected o341 52
weeding ;s 106
Ve 93kal3S1 + Al ggls 52.67
Clopyralid + Oxadiazon 100
WO (5500351 + sl sl 69
Clopyralid + Oxadiazon 175
a1 Yo oibaliST+ adlysls 86
Clopyralid + Oxadiazon 200
Agamax Voo o bolsST 4 adlsls 99.67

Clopyralid + Oxadiargyl 100

WO s )bal3ST+ wl sl 77
Clopyralid + Oxadiargyl 125

0+ e, balST+ o sls 126.33
Clopyralid + Oxadiargyl 150
Clopyralid sJl,.4l 119.67
Infected o34 70
weeding ;. 139.33
LSD - 35.36
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Table 10- The mean comparison of the yield and yield components of rapeseed affected by herbicide treatments

Slowd O 9 0 D dlasy EH I S LIRS aild 3,Sos S 5909m 3,5dos
Treatment Number of seed Thousand seed Seed yield Biological yield
per silique weight (g) (Kg hat) (Kg hat)
Voo ooiualiST+ il yols 21 297 2600.8 9816

Clopyralid + Oxadiazon 100
WO 55oliS1 + s 23.33 2.83 27106 10199

Clopyralid + Oxadiazon 175

Y.

© 093ualST+ wl s gls 20.67 3.1 3377.6 10379

Clopyralid + Oxadiazon 200

Voo

e bol551 + il sls 18.17 3.25 3233.1 10995

Clopyralid + Oxadiargyl 100
WO s baliST+ sl sls 19 3.23 3077.1 11295

Clopyralid + Oxadiargyl 125

30+ L Ll + alsls 21.67 3.27 3168.2 10617
Clopyralid + Oxadiargyl 150
Clopyralid 11,5l 20.83 3.11 2597.6 8631
weeding ;s 19.83 3.02 3236.6 11099
LSD 2.27 0.30 21335 4733
&l
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