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Introduction

Soybean (Glycine max) is one of the major oilseeds of the Fabaceae family. Peanut mottle virus (PeMoV) is
a Potyvirus that can infect not only peanuts, but also soybeans, and some other legumes. Aphids and
contaminated peanut seeds transmit the virus to healthy peanut and soybean plants, causing significant damage.
Soybeans infected with the virus have been found to exhibit symptoms such as mosaic, mottling, yellowing, and
stunting.
Materials and Methods

From May to October 2020, 132 leaf samples with presumptive symptoms of the virus, such as mosaic,
mottling, deformation, stunting, yellowing, and wrinkling, were collected from soybean fields in Mazandaran
and Golestan provinces of Iran. Total RNA was isolated using Promega SV Total RNA Isolation Kit (USA).
Complementary DNA (cDNA) was synthesized using random hexamer primers and reverse transcriptase
enzyme, M-MuLV thermo-resistant H (ParsTous, Iran). Subsequently, the cDNA library was amplified in the
presence of Tag DNA polymerase with degenerate primers related to the genomic regions of the cylindrical
inclusion (CI) and Helper component proteinase (HC-Pro) of potyviruses and the coat protein (CP)-specific
primer pairs of PeMoV for Sanger sequencing. Phylogenetic analysis was performed using MEGAX (Kumar et
al., 2018). Multiple alignments were performed using the MAFFT software version 7. A phylogenetic tree was
constructed using the Minimum Evolution (ME) and Tamura-Nei methods with 1000 bootstraps.

Results and Discussion

RT-PCR tests with degenerate primers for potyviruses (HC-Pro and ClI) and specific primer pairs for PeMoV
virus (CP), followed by Sanger sequencing, confirmed the presence of this virus in soybean samples. The RT-
PCR amplified fragments of 700 and 1450 bp with degenerate primers for potyviruses and CP-specific primer
pairs for PeMoV, respectively, whereas no fragment was amplified from the healthy plants. The nucleotide
sequence of the coat protein region of this isolate shared 88.56-95.80% identity with the corresponding sequence
of other GenBank isolates. Phylogenetic trees based on coat protein alignments of the PeMoV-soya isolate with
16 other PeMoV isolates in the GeneBank grouped these isolates into two phylogroups | and Il. Group I included
isolates from China, Israel, Brazil, Iran, Kenya, South Korea, Turkey, Colombia, Australia, and the USA isolated
from soybean, Arachis pintoi, and peanut. Group Il were consisted of two isolates from Zambia (Phaseolus
vulgaris). The Iranian isolate (PeMoV-soya) was placed in Group | and formed a clade with isolates from Kenya,
South Korea, and Turkey. Based on phylogenetic analysis, the results showed that isolates from different hosts
with different geographical origins belonged to the same phylogenetic group and probably shared a common
ancestor. It indicates that geographical distribution and host do not play a role in grouping of Iranian isolate.
Accordingly, it can be assumed that the multiple transmissions from one host to another (peanuts, beans, and
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soybeans) or host jumping, has led to the accumulation of mutations in its coating protein gene. In the study of
motifs in this region (CP), the functional DAA motif at the amino terminus of the PeMoV coat protein replaced
the DAG motif which is involved in aphid transmission. All PeMoV isolates contain the DAA maotif, allowing
their identification. A repetitive conserved sequence (EK)s was observed upstream of this motif. PeMoV isolates
(distributed across Africa, Asia, and the United States) may be geographically widespread due to this conserved
sequence. In bioassay, there was a limited host range for this isolate, which was limited to soybean (Williams 82
and Essex) and peanut.
Conclusion

For effective disease management, viruses must be correctly identified. Virus detection and disease
management are difficult as viruses can evolve and produce molecular and biological variations. A well-
established approach that is usually used when a new virus-like disease appears is to test for known viruses. PCR
is the most widely used technique for detection of plant viruses. Based on the results of this study, the presence
of the peanut mottle virus was confirmed in soybean fields in the north of Iran using the RT-PCR test. Based on
the CP gene, the molecular characteristics of the virus were determined. According to this, unlike mutations,
recombination plays no role in the evolution of the new PeMoV. Since the Peanut mottle virus can infect peanut
plants, soybeans, beans, and most legumes, avoiding cultivating soybeans, peanuts, and beans close to each other
will assist in management of the disease. Using integrated cultivation and avoiding crofting will effectively
reduce the creation of recombinant isolates and appearance of the resistance-breaking isolates.

Keywords: PeMoV, Phylogeny, Potyvirus, Recombination, Soybean
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Figure 1- The symptoms of deformation, mosaic, mottling and yellowing associated with Peanut mottle virus observed in the
soybean fields in the north of Iran
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Ol o R [ ylww yod L)) dged dlaxi sy
Province County Vilage Number of sample Description
oS 5 dloea Blie (65)5laS” Olados ol
Gorgan Agricultural Research Station of Araghimahaleh
ey clobw ¢ JgiS ¥ 8,5 1 kil )3 oadcuitS” (ghgw odes plB)l
obs 17 oSl o
Gorgan Major Varieties of soybean cultivated in the province:
Gorgan3, Katool, Saman, Sahar, dpx
o6 S iy 14
Gorgan Marzankalateh
o5 s sl 13
oS Gorgan Meianaba
Golestan oS SIS Cunds 10
Gorgan Shastkelateh
o 14
Jelin
Sorkhankalateh
PAYY 9
Kalaleh
&S5>S ooVl 6
Kordkooy Balachadeh
b 50ldig ¢ gyl syl 5D oabCulS (ghgw odes Pl
Sari 15 Major Varieties of soybean cultivated in the province:
Sari, Tapour, Williams
ol KT
)l) Cawdd 7
Mazandaran Dasht e naz
ol bl 10
Sari Badleh
lasigel S5 g2 132
Total of samples
Olaad ¢ Sy dg05 03 oyl Sy 3l Slsasl Lol o lis o 9-Sas 3 aaly (glo ymaly E3S|g (IS 101, ) Ak
Py o e 005 (POONING) 35 oo L 5 a5 (disk) S8 i b JIg3 g (RT-PCR)
I RNA ~lscwl ¢l sl ods 3.8l Sy Olakad ) &
s zlymil gl g Sl edd (3.4l (S ol o) 40 SeSio laailss )y 5y abged WY oy

Promega, ) ol <8 i Josdlygiwd (bl j LSegy cuS
JRNA (&S g (oS )y sl b oolawwl (Madison, USA

Gz cladlis 45 5y diges Vo dldad oemme 40 ¢ woys
L (S e SuS92 5 625 «Seilige Sy KB0) g



Vo) 3l oF o)l FF o o((63,0LiS @lus g pale) ol pl GLLS chlis by idg) 4 pi Yo F

18 1 il S A oy IS Sl s o ) il Son ¥ 5l
5 IR FOC (clod o didd gy Do 4y g 4 Bl LS i,
Jolid 5Lidyge dlge ol s 03ls JUESI 2o g9y 4 Alolidl (s
ST 51 g Sem Sy (5K buffer) RT 5L, J 2y S ¥
5 (VemM) dNTPS Lo jl yig,Se ¥ (10 pmol/pl) solas
byl .5 4Ll Vb Jslowo 4 & 59, RT 3l 1 2l See ¥
g celio S Gae 4 FYC wids Ve e 4 VOC slod 0 RT
w2 0,8 byt (el VO clad 55 aiBd Ve ke 4 bl
AS o) RT

Y0 ks v 5 PCR (90jl 5l ookl b o 5w CDNA
S L 3 Tag DNA Polymerase ;551 jpis )3 5 yilg oo
—olatdl g Gog 955 iz Cl g HCPIO 0555 (sl 51T
5 55 (Y Jpss) PEMOV (CP) iy iy

NanoDrop, Thermo Fisher ) ;s gvweab olSKiws
5 9 a0y K clale b 55T 5 e ¢ (Scientific, USA
DNA Green) iS¢ cladul cyool (6501555 03lo 5l doy3 03
5 oaliiwl b 989,581 ail,6 05 edlazl (Viewer™, ParsTous
o j Bl Jobow (lia il &8 55) 42)LSG 55589 i) s
sl ps Sdo 4y 5 e Ve 53U, L (SB-14001 SIS o)les
18S ) (ogjgs) slagslolyl 4o bgye sasil (bl ) a5 12
S wyy g odalie oS ol ,g5 5 (28S 3 TRNAS
5 osisz) 5ol IS RNA 5l elsloes JaSo 45, bl ol
b o3latl @il g gy Sl Glls shigw (S slaaiges
oy w3l ppn 53 g S Yo olag o2 > S Lo anld
Thermo-resistant ~ H M-MuLV (200u/pl) s Saxo
5 (5] 52 US2) 1555 b ol 53T (ParsTous)
sl ol s a5 bl 5T o5jls 8 5 el gt bl 2

axllae oyl )3 sdndodliw! (b ,55ET Cis -Y Joua
Table 2- The primer pairs used in this study

, sl ob e axhad o101 L clod ,

O3l 9529 #3le Sl g 0 Juesl s &

Gene/Virus Primer Primer sequence (5'—3") Amplicon size Annealing Reference
name (bp) temperature

) CIFor GGIVVIGTIGGIWSIGGIAARTCIC
Clipotyvirus CIRev  ACICCRTTYTCDATDATRTTIGTIGC 700 40 (Haetal, 2008)
HC- HPFo  TGYGAYAAYCARYTIGAYIIIAAYG

Pro/potyvirus  HPRev GAICCRWAIGARTCIAIIACRTG ~700 40 (Haetal, 2008)
pmVF* TGAGCAGGAAAGAATTGTGTC :

CP/PeMoV VR ARG AT AT A CACCAAG 1449 50 (Lim et al., 2014)

D= A/GIT 4S=C/G &= A/CIG W=AIT R=G/A Y=CIT Jd=inosine :a5;il ol Jlgs ;5 -
A5 0l i G wigilS g 4 gl [S5El 3 T sigilS s calllan ol o *

- In the sequence of this primers: I=inosine, Y= C/T, R= G/A, W=A/T, V= A/C/G, S= C/G and D=A/G/T
* In this study nucleotide T in original primer was substituted with nucleotide G.

eS8 Joallygins olul yp Jlol 51 8 aiges ad Jlo )l (92
W) Lg)’lwo)ln] Oj”fl.a

dlan (S0 95 guisl olSala 9 (ol 5,5 Jaal g (oo g
(i g3 (35 g g3 (Al 95 ulesl sPeMoV-soya

Il (phylogenetic analysis) ol;,Ls Julodgd 5 sy
PEMOV Gilizes sladhr (pidgy 1oy 40U gasiglly JIg
by pBigy aeilS e g el cws 4 GenBank |
ysine byt ) gl sl jy 4SS b g YU canle b byl
e ey (B9 Sl Al JloT elyan 4 ¢ ole
I bl gy oibsy rBign 4959 Jly 5 PeMoOV-soya
o S ylgmeary [M92280.1] (Plum pox virus, PPV)
@il oLl (y 0 9 sy sl (OULGrOUP) 09,5 9
5l 5 ool Uy L Jlss (sdingey 505 0,53 ¢ gol 5ol

WO ¢y il ylado Ol 52y o V1B s laie ol (6l
Master mix (1.5 mM MgCl;, Ampliqon, , S
cdy o 55T 5l plas a5l g Sue G Odense, Denmark)
€DNA 5l , 2Jo,Se ¥ sl 40 5 (10 pmol/pl) e Sy 4
Peltier-based Thermal ) JS,Lusge 5 olSiws )0 iss g byl
adol (gilocid ply « S dls yo 2 Jolds als 4o aw > (Cycler, UK
s gy (45> YD) g3 ads o AFC clod ;D 4dBd dw ko &
3 a5l Fe e 4 Jlasl AFC glod (3 4l oo e 4 (g5l
Sikel e (6l 070 505 laSilel iy (ol ¥7C glo
2l Lo s als o 9 VYO clod )3 addd 3 o & Laws 9 CP
W5 el YYC cloy )3 4y 03 e &
S 351 J5 9y bt Si b I 5| 8 PCR Jgeamo
Aaidys0 1L S 25 5l el I s g A ()l38,L oy
0 Jsiw) 035 <855 0 L I 5 il e



YoV olnl Jled sbgw &30 50 (Sumoiphol Scmmy w929 21555 ol (w2 9 (Jeg0 (Lol 39500 9 by Jof (SLiae,

2 @l ol 8 25 Sl bgw ladiges 3 1y gy ol 2929
OhlSen o Lim 5 o ,LSen 5 Ha clilllas I Juols gl b Ll
GiselS e cowd (Limetal., 2014Ha et al., 2008;) ¢!
o=l bibes cpep (slled anlad JIgi o 5l Lol slaeols
jILiaoning aslis U (4o )d A0/AL) (SLusSS o i c w99
ABOF) Sy oy yiaS 5 (MH270528 jlocs () o 59
o ) Lslj 58 51 CPA15-56 a4 slus Ly (A
el e o ais asaie §) w2 olis (MT900844
o oy L g5 ol g (obdgr (B9 0ad iS5 ailata

A5 el GenBank > MW464637

PEMOV- (oS30 93 guuS olSala g (ol 5ol Jadad g 25
soya

@Il CEp ey Sl el Jle (e bl ool
by o8B 4l sl s sla Iy ) ol p
T3+ Juo Lo )l38lays )3 39390 Cb Jdo 4ol b oddd gl
O OF g §l Jel 2l <855 5g (Tamura-Nei)
e V8 ol blie cla g L PeMoOV-soya alis i
09)5 93 Iy Laaslis ol GenBank > PeMoV jl sudscus
(¥ ss) sl I3 Mg 1 ls)ls

o) S S (Jjp sl ez (e Jols oS
ol doxto VL] 5 ol S50 dltl dusalS S5 stz
(Arachis pintoi) pinto peanut ¢ cuejplbl (sba\bjue jl a5 24
o=l eas bl ( Slpl aslis o sad (gilwlis Lgw o
Sl ebalas olyan 4y ol55L5 1 09,5 )0 (PEMOV-s0Ya)  ying}
b adlas j> wsly S 1y oM Sy a8 5 5 s 05 S
s Y0 Jlo 3 ohlKen 5 031Ky Lawss ol 5 snsplos]
allas 55 0 )5S ol 5 seipbl s > PEMOV-IR
Shslgioel slaJlss gaingy bl s i)l 501 osSde
adib (2ljls 09,5 93 3 1) PEMOV slaslis «(oidgy (355
b L 5 (ol Lice b (o090 U Ylanl &8 5,87 cuiy
ol Lt i hmgh 50 215l T s g bl s lag]
S PEMOV LS ol 5 sl sl ¢ oW yzasl ¢ 1) aglues oS
Ll aily (S yide A Sl (S 9 43S )], B 09, S
.(Beikzadeh et al., 2015)

Katoh et ) o ploal (G-INS-i v0,6l) MAFFT version 7
aoby jl esp caln Jae opyig olis ol (al., 2019
Jlme 005 (a8 A5 4B)S SaS Ko Bl 53 39290 b e
Bayesian information score] (BIC) s5—w <L eMbl
ety bl s gy cale Jde oy olgieas [Criterion
(Minimum Evolution) |l J8las iy 5l eslazwl b o5l
Jie by (Kumar et al.,, 2018) MEGAX ,l5-dls .5 L
Cdpd A pwy il Coles 1,5 Ve o+ L Tamura-Nei
interactive Tree Of Life (iTOL) asby 30,5 b cosdspun
Sloslarwl b g odds islysg (SG81,S & yawas VA (itol.embl.de)
Adobe Illustrator (version 25.1.0.90, 2021) la,l;8ls,5

L5 0auiS yeas & Microsoft Paint 3D

host ) Al jae dials (ass g (Bioassay) giews ) siubs )l
(range

anlie (SLoje asly e g (i Cluogad adlas Sl
LS bz plB)l g bodlgils 1 LS sk )i, PeMoV-soya
sleadaslh cois arwgy 8 b dles I B e slaeS b )
ool Sl (St s plilS )3 5 4w ($15) 89,
(Y Jodo) Bud i iSz,B L ol Sate s

5 2idgy cel V& (5555 093 s YOO LYY (slod ;5 Lol
daydy el 5l oadalys clbasalS id (eSS Syl el A
ojlias L cglite (g0 Jolye o (2LS odlgls 5 g9 &ty
929 SLadlss (<L (shgw Sy il arelcunsa alS
als flgiedy LS G clhasals dy00 o 0 SAS Sjale
O ol Glewd 8L 5l LS ojlac ans olp Bais Siab
2o Lo Siale 1 8 baaxals b eslawwl (PH=7) Yo leo

WS (83,5 (e Fev) potilygn)lS

H155 5 (RT-PCR) yugsas 3 jmasly (slo ymay (sl g
S by

OS9m molaidl g 0y 355 la S5kl L RT-PCR (9l
&b s VA g Voo dgis ojluilay oladslad PEMOV i
ol oLS 1 0ud iS5l g Jeaeo 3 & Jlo 3 0,87 5SS
¥ JSa) 23 oanliio (5SS askad g

LRT-PCR 90l &V guamme JIg s | odel oy guls
5 (Cl 3 HC-PIO) Lo a9 29 S5 055> (sLw S 361 5l oalis
PEMOV (ys9)25 (—ibsy 1oy solad] (sl el coyizpon



Aliseo (LS )3 (w0 eIl Sy (w9 29 (PrmwComs j g5 - Jgaa
Table 3- Bioassey results of PeMoV in different plants
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Beta vulgaris
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Figure 2- Electrophoretic pattern of RT-PCR results using HC-Pro & CI degenerate primers of Potyvirus and CP-specific
primer pairs of PeMoV on 1% agarose gel, stained with DNA green viewer; M: 1 kb DNA ladder RTU GeneDirex®, Seoul,
Korea; H: Healthy plant.
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Figure 3- Phylogenetic tree constructed based on CP nucleotide sequence of the 16 isolates deposited in GenBank, and the

isolate obtained from this study by Minimum-evolution method using Mega 10 software, bootstrapping 1000 and T93+I
model. Nodes with bootstrap values less than 50 have not shown. Plum pox virus isolate has been used as an outgroup virus.
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Figure 4- PeMoV-associated symptoms on the peanut (A) and soybean (B, C and D) leaves at greenhouse condition
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Introduction

Beneficial soil microorganisms such as plant growth-promoting rhizobacteria (PGPR), mycorrhiza fungi,
endophytic fungi and plant growth-promoting fungi can increase plant growth and their defense against some
plant diseases and insect pests. Some species of Trichoderma spp. known as plant growth stimulants are found in
many soils where crops are grown, especially around the rhizosphere. These species increase growth rate,
nutrient uptake, plant efficiency and defense ability against herbivorous insects. In this regard, a very important
approach is the use of microorganisms that enhance plant growth, which achieves optimal plant performance and
reduces pest damage and environmental pollution.

Materials and Methods

In this study, the seeds of Falat cultivar were inoculated with spores of T. harizianum strainT22 (30 mg of 5
mg suspension of fungal spores were inoculated next to the plant), which they were cultivated under greenhouse
conditions (25 5 °C, 55+5% RH 16: 8 h, L: D). First to fourth instar larvae of Helicoverpa armigera were
placed on the leaf and fourth to sixth instar larvae were placed on the fruit of treated or untreated plants (as
control). Then the relative growth rate of larvae, larval developmental time, percentage of larval mortality and
total fecundity and fertility of adult female were recorded. Also, some growth and biochemical parameters of the
experimental plants were measured.

Results and Discussion

The results showed that the larval developmental time and percentage of larval mortality were significantly
higher than these parameters in insects raised on control plants and in contrast to, the relative larval growth rate
and total fecundity and fertility of female insects in treated plants was significantly less than these indicators in
insects fed to control plants. Amounts of some micro- and macro- elements, number of leaves, root volume, fruit
weight per plant (yield), the amount activities of polyphenol oxidase and catalase enzymes as well as amounts of
proline and hydrogen peroxide in plants treated with fungi were significantly more than these parameters on
control plants. Stimulation of the plant's defense system by the use of this fungi, which has resulted in the
production of more plant defense products, proline and hydrogen peroxide. This fungus stimulates the plants
defense system in the direction of different metabolic pathways of different defense materials. Since the
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production of proline and hydrogen peroxide is the same in the metabolic pathway, the production of these two
defense molecules in treated plants has increased significantly. Comparing the amounts of these two molecules
in plants that have not been fed by larvae is also quite clear that the presence of this fungus has stimulated the
plant's defense system. In plants fed on pest larvae, these values have increased significantly due to damage to
the fruit tissue of the tomato plant. The production of proline and hydrogen peroxide are in the same metabolic
pathway, the production of these two defense molecules in treated plants has increased significantly. Comparing
the amounts of these two molecules in plants that have not been fed by the larvae of the pest is also quite clear
that the presence of this fungus has stimulated the plant's defense system. In plants fed on pest larvae, these
values have increased significantly due to damage to the fruit tissue of the tomato plant

Conclusion

This study is the first evidence that indicated positively affected by T. harizianum strain T22 on the strength
of tomato plant response in both aspects of higher nutrient uptake and increase its vegetative and reproductive
growth, as well as increasing the function of the plants defense system in response to feeding of fruits of tomato.
From the results of this study, it is inferred that the use of biological product of T. harizianum T22 helped to
absorb more nutrients to the plant and stimulated and strengthened the plant's defense system against the attack
of tomato fruit worm. The results of this study show that the use of beneficial soil microorganisms to strengthen
plant defenses in terms of crop protection is a promising strategy to control an important group of pests such as
vegetarians to reduce the use of pesticides. Finally, the results of this study proved that inductive resistance can
be used as an important tool for pest management to reduce the use of chemical insecticides.

Keywords: Biological parameters, Biological products, Induced resistance, Secondary metabolites, Tomato
fruit borer
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Figure 1- Mean (£SE) of larval relative growth rate (%) on leaf and fruit, larval developmental time (day) and larval
mortality (%) and fecundity and fertility of Helicoverpa armigera reared on tomato plants treated by Trichoderma harizianum
strain T22 and control
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Table 1- Growth parameters and yield (weight and number of fruits per plant) (Mean+SE) of tomato plants treated by
Trichoderma harizianum strain T22 and control under feeding of Helicoverpa armigera larvae
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Table 2- Macro- and micro- elements (MeanzSE) in leaves of tomato plants treated by Trichoderma harizianumstrain T22
and control under feeding of Helicoverpa armigera larvae
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The presence of similar letters in each column indicates that there is no significant difference between the means based on Tukey test
at the level of 5%.
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Figure 2- Amount of hydrogen peroxide (H202) (Mean+SE) in tomato plants treated by Trichoderma harizianum strain
T22 and control under feeding of Helicoverpaarmigera larvae
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Figure 4- Polyphenol oxidase (PPO) enzyme activity (Mean£SE) in tomato plants treated by Trichoderma harizianum
strain T22 and control under feeding of Helicoverpa armigera larvae
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Introduction

Herbicide safeners are chemical compounds used in combination with herbicides to make them "safer" that
is, to reduce the effect of the herbicide on crop plants, and to improve selectivity between crop plants versus
weed species being targeted by the herbicide. Herbicide safeners can be used to pretreat crop seeds prior to
planting, or they can be sprayed on plants as a mixture with the herbicide. Salicylic acid (SA) and other
salicylates are known to affect various physiological and biochemical activities of plants and may play a key role
in regulating their growth and productivity. This hormone is synthesized by many plants and is accumulated in
the plant tissues as the impact of unfavorable abiotic factors, contributing to the increase of plants resistance to
stress. The aim of this study was to evaluate the efficacy of salicylic acid as a safener in corn tolerance to non-
selective herbicide; sethoxydim, and the response of two weed species of johnsongrass (Sorghum halepense (L.)
Pers.) and junglerice (Echinochloa colona (L.) Link) to it.

Materials and methods

The effect of sethoxydim (0.5, 22.5, 45, 94, 187 and 375 grams of active ingredient per hectare), and
salicylic acid (in concentrations of 0, 1 and 2 mM) as factorial experiment in a completely randomized design
were investigated to evaluate the response of fresh weight of corn, johnsongrass and junglerice. Salicylic acid
treatment was used in seed priming form also. Pre-treatment of salicylic acid was done three days before
herbicide spraying. Spraying different doses of sethoxydim herbicide in a complete five-leaf stage, was done
using a mobile rail sprayer (Matabi, Spain) equipped with a flat-fan nozzle (8002), a delivery of 220 L ha and a
spray pressure of 200 kPa. To investigate the changes in photosynthesis in the treated plants, chlorophyll
fluorescence of the leaves was evaluated on the sixth day after application of herbicides by PEA model
fluorometer. Three weeks after spraying the herbicide, the shoots of the plants were removed from the surface of
the pot and their fresh weight was measured. Analysis of variance was performed using generalized linear
models (GLM) in SAS 9.2 software environment. Before performing analysis of variance to determine the
normality of the data from Anderson-Darling test in Minitab ver. 17 were used, and in cases of non-normal data,
Box-cox two-way power transformation was used in the same software. Analysis of variance, was performed as
a factorial experiment for each plant to investigate the effect of the herbicide dose of sethoxydim and the
concentration of salicylic acid and their interaction. The trend of wet weight changes of different species under
the influence of different amounts of herbicide sethoxydim was investigated using the four parameters log-
logistic equation.

Results and Discussion

Dose-response curves of fresh weight of the treated plants showed that weeds were significantly affected by
sethoxydim compared to corn. In all species, by increasing the concentration of salicylic acid, the EDsg
increased. For all three levels of salicylic acid treatment, this parameter was the greatest in salicylic acid
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treatment as seed priming than others, and the lowest values of this parameter were observed for jungle rice. The
highest amount of EDsy was 210 gram of active ingredient per hectare for corn sown with 2 mM / L salicylic
acid treatment, and the lowest value was 31.5 gram of active ingredient per hectare for non-salicylic acid
treatment in jungle rice. Kutsky’s curves for corn and weeds showed that Fluorescence chlorophyll was
increased with the use of steroids herbicide, but salicylic acid treatment could reduce the rate of chlorophyll
fluorescence, so that weed and corn after weeding the control without grass was observed at the lowest salicylic
acid treatment (2 mM / L).

Conclusion

In general, the results of this experiment showed that under the influence of sethoxydim, all three species of
maize, johnsongrass and junglerice showed a positive response to salicylic acid foliar application. Therefore, in
order to use salicylic acid as a safener, its seed treatment in corn should be used. Overall, the results showed that
salicylic acid can be used as a stress reducer due to the use of sethoxydim in narrow-leaved plants. But as a
safener we cannot use it universally and foliar spraying, because there is no differentiation in the response of
crops and weeds. Therefore, in the use of salicylic acid as an immunizer for the sethoxydim, its seed treatment
will give better results.

Keywords: Graminicide, Fluorescence chlorophyll, Junglerice, Johnsongrass
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Table 2- Analysis of variance (Mean squares) of the effect of sethoxydim dose and salicylic acid concentration on the fresh
weight of corn, johnsongrass and junglerice

S 3 Jlosd €3 PEBLEY Sy ke 38 Sy ko iy
AT Corn-leaf treatment Corn-seed Johnson grass-leaf Junglerice-leaf
o= treatment treatment treatment
Source of variation RN
¢ )df i VR MS¥ VR MS VR MS VR MS
_‘"_Sdh 2 5 95.4 196.9™ 92.8 915.8™ 90.2 445.4™ 89.8 211.2™
Herbicide dose (D)
A_*“’l ML“ 0.3 1.40Ns 0.7 16.4™ 1.2 14.5™ 1.6 9.2™
Salicylic acid (S)
DxS 10 1.0 1.05N8 3.7 18.2™ 2.6 6.3 25 2.9"
e 55 33 0.62 2.8 2.56 6.0 2.7 6.1 11
Error
(03] St 05 8.4 5.0 261 158
Coefficient of variation (%)
osSaale calises by (gl dnl Sl 5 (iScale jo JuiSony (2O 45y
DxS interaction effect sliced by herbicide dose
0 2 0.24Ns 116" 4.6NS 1.5N8
225 2 1.48Ns 17.9" 14.2* 0.6NS
45 2 3.52" 20.5™ 26.1" 127"
94 2 0.59Ns 47.1™ 0.9Ns 5.9
187 2 0.20NS 1.5N8 0.2Ns 1.1N8
375 2 0.60NS 9.1" 0.09Ns 2.0N8
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Tproportion of total variance; ¥ mean squares; ns, * and **, non-significant effect and significant effect at the error probability
level of 0.05 and 0.01, respectively.
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Figure 1- Response of corn, johnsongrass and junglerice fresh weight to different sethoxydim dose at different concentrations

of salicylic acid
(Points represent observed data and lines resulted from fitting to Equation (1)).
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Table 3- Parameters, root mean square error (RMSE) and coefficients estimated for the log logistic model (Equation (1))
fitted to relationship between fresh weight of corn, johnsongrass and junglerice and sethoxydim dose

s sl St Lo W
Species Salicylic acid Parameters
(mM) C b AEDso RMSE R?
Sl —oyd 0 4.6" (0.6) 14.3" (0.5) 4.6" (1.0) 64.2° 1.0 0.93
Corn-leaf 1 5.0 (0.4) 14.5™ (0.5) 5.57(1.2) 63.5° 1.0 0.94
treatment 2 4.6 (0.5) 14.4™ (0.4) 4.47(0.8) 80.0° 0.8 0.95
Jboyds Jleas —e )3 0 16.1™ (2.6) 38.9" (1.0) 5.0 (1.4) 173.9¢ 24 0.92
Corn-seed 1 18.0™ (2.0) 39.5" (0.8) 6.1 (1.6) 188.4° 2.3 0.93
treatment 2 19.0™ (1.7) 39.3" (0.7) 6.9 (1.8) 210.02 2.3 0.92
S e —Lé 0 1.3™(1.0) 12.0™ (0.7) 3.97(1.1) 63.3°¢ 1.4 0.89
Johnson grass-leaf 1 1.4 (1.2) 12.5™ (0.6) 3.77(1.0) 81.0° 13 0.91
treatment 2 1.7(0.8) 12.3" (0.4) 4.6" (1.0) 95.7@ 1.0 0.94
Sl —aip 0 0.5™ (1.0) 152" (1.1) 46" (1.6) 315¢ 23 0.85
Junglerice-leaf 1 1.4"(0.3) 14.1* (0.5) 14.9™ (6.4) 38.7° 1.0 0.96
treatment 2 0.5™(0.5) 15.8™ (0.5) 5.0 (0.7) 4792 1.0 0.97
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Figure 2- Variations in the chlorophyll a fluorescence of plant leaves treated by salicylic acid in the sixth day after
sethoxydim application

(One, two, three, and four arrows on curves show non-treated plants, and treated plants with sethoxydim in the 0, 1 and 2 mM
concentrations of salicylic acid, respectively).
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Introduction

Plant development is defined as a series of phenological events that are controlled by external factors and
determine changes in the shape or function of some organs. Temperature and photoperiod are two of the most
important environmental factors affecting phenological development. Papaver rhoeas L. and Papaver dubium
L., from the Papaveraceae family, are common annual winter weeds in northern Iran. The life cycle of these
species is closely related to winter crops such as wheat (Triticum aestivum L.) and other winter cereals that
compete severely with them. The Papaver species are capable of producing a huge amount of small-sized seeds
that remain dormant at maturity. The timing of emergence, growth and sexual reproduction is highly important
for the success of invasive weeds. Checking the phonological behavior of these plant species along with their
seed production would be useful for decision-support systems helping managers select the best management
strategies and, thereby, improving P. rhoeas and P. dubium control. Also, the phenology data would allow
predicting these species invasibility of new areas. The present study was aimed to quantify the phonological
behavior of these weeds.

Materials and Methods

In the present study, the phenology of P. rhoeas and P. dubium were studied in the research field at
Agricultural Sciences and Natural Resources University of Sari, Iran, with an annual rainfall of 851 mm per
year. Seeds of these species were collected from a wheat field located in Mazandaran province, north of Iran
during spring 2018. These species seeds were cultivated on 12 November 2018. The phenological stages were
recorded from emergence to the end of the seeding stage. The phenology was studied based on the growing
degree day. At the end of the experiment, the period of each phenological stage was calculated based on the day
and the growing degree day. In order to determine the morphological traits of the plant, eight sampling steps
were performed. Morphological traits such as plant height, number of leaves, number of flowers, number of
capsules, and dry matter were measured.

Results and Discussion

The results showed that P. rhoeas and P. dubium grow from 0 to 1723.56 and 1759.06 growth degrees day,
respectively. During this period, seven phenological stages were recorded for these two species. These stages
were included emergence, rosette (7-8 leaves), stem elongation and branching, blooming, flowering, fruiting, and
seed maturity. The flowering stage period in both species was long, 48 days in P. dubium and 46 days in P.
rhoeas. The results showed that the shortest and longest stages of development of these two weeds were
emergence and stem elongation, respectively. In this study, the growth period of P. rhoeas and P. dubium took
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about eight months. It has some variation with regard to height, the number of flower, number of capsule and dry
matter between both species under the same environmental conditions but both plants started their
developmental stages at the same time and finished at almost the same rate. The trend of changes in height,
number of leaves, number of flowers, number of capsules, and dry matter were similar in both species. The life
cycle of these two species begins with germination in autumn and ends with seed production in late June. The
longest period of growth stage in both species was in spring and this trend decreases in late spring. The
flowering stage begins in late March and ends in mid-June. The maturity period of these two species was from
mid-June to the end of the first decade of July. One of the characteristics of these two species is high seed
production. In P. rhoeas, at the end of the fruiting stage, each plant produced an average of 13 capsules and each
plant produced an average of 5000 seeds. Also, in P. dubium, each plant produced an average of 14 capsules, and
each plant of this species produces an average of 5922 seeds.

Conclusion
Based on knowledge of the different phenological stages of the two species, it is possible to plan for proper
management. From a managerial point of view, these two species should be controlled before the blooming
stage; so that their seeds do not enter the seed bank, because their seeds are considered as causes of
contamination in the field.

Keywords: Emergence, Growth stages, Seed maturity, Weed
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Table 2- The growth period of each phonological stage and emergence percentage of phonological stage of P. rhoeas and P.

dubium
P. rhoeas P. dubium

Ja !y dl> o Job al> 5o Jsb
lindons G G
Phenology 25%* 50% 5% Growth 25% 50% 5% Growth
stages period period**

(days)* (days)

M e 81.32 90.34 95.45 12 93.57 99.98 104.87 14
Emergence

=5 116.615  298.77  465.98 61 107.715 356.98 498.56 54
Rosette

(248l
Stem e|0ngati0n 512.5 8778.54 124598 68 581.90 976.66 1411.82 72
and branching

@3% 812.5 1074.87 1387.98 36 881.90 1198.8 1278.98 39
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Flowering

‘fm?"?"‘ 1585.65 1657.98 2010.87 28 1556.87  1803.762 21789 23
Fruiting

“’SA"”_’ 1759.06 21006  2350.87 19 1723.56 2090.76 2266.23 21
Maturity

s - - - 214 - - - 210

Total
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213 2439 (Slbgyed Ady Jolpe (cbroygd jI (B e
*25% at the beginning of the stage, 50% mid-stage, 75% end of stage
** There was an overlap between some growth stage periods.
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Figure 2- Growth stages of P. rhoeas, A) Rosette, B) budding, C) Flowering and D) Capsule
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Figure 3- Growth stages of P. dubium, A) Rosette, B) budding, C) Flowering and D) Capsule
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Introduction

Brassica napus L. is one of the most important crops in the world and Iran which accounts for about 20% of
the world total oil production. The area under cultivation of this crop is 13,000 hectares in Fars province. Weed
interference is also one of the most important limiting factors which decrease crop yields. Weed can decrease

crop yield by competing for resources such as water, light and nutrients and production of allelopathic
compounds. Weed competition reduced average onion yield by 50% compared with the weed-free control. The
most important broad leaf weeds of rapeseed in Fars province are including Carthamus oxyacanthus M.B.,
Capsella bursa-pastoris, Centaurea solstitialis L., Polygonum aviculare L., Mavla neglecta wallr, Descurainia
Sophia (L.) Webb&Berth, Veronica persica L., Sinapis arvensis L. Application of herbicides is the most
prevalent method of weed control in Rapeseed fields. Herbicides are recommended for control of broad leaf
weeds in rapeseed included of trifluralin, clopyralid and butizanstar. Clipfort is a new herbicide of broadleaf
weeds product from Barzegar Barjesteh containing 720 g kg Clopyralid, formulated as a soluble granule (SG).
This experiment was conducted to evaluate the efficacy of Clipfort herbicide with some preplant, preemergence
and postemergence registered herbicides on weed control and rapeseed yield.

Materials and Methods

In order to study the effect of herbicides to control broad leaf weeds of rapeseed fields, an experiment was
conducted during 2020- 2021 at Fars Agricultural and Natural Resources Research and Education Center, Darab,
Iran. Plots were located on a clay loam soil with pH 7.9. This experiment was carried out in randomized
complete block design with 9 treatments and 3 replications. The treatments included post emergence application
of Clipfort (Clopyralid, SG 72%) at dose rates of 150, 167,184, 201 g/ha or 108, 120, 132 and 144 a.i. ha*, post
emergence application of Lontrel (Clopyralid, SL 30%) at dose rate of 800 mm/ha or 240 a.i. ha, post
emergence application of Watch (Clopyralid, SL 30%) at dose rate of 800 mL ha™ or 240 a.i. ha?, preemergence
application of butisanstar (quinmerac+ metazachlor, SC 41.6%) at dose rate of 205 mL ha™ or 1040 a.i. ha™,
preplant soil application Treflan (trifluralin , EC 48%) at dose rate of 2000 mm/ha, or 960 a.i. ha and ) and
weed free. The narrow leaf weeds were control by Gallant-super (haloxyfop-r-methyl ester 10.8% EC) at dose
rate of 1000 mL ha! in the 34 leaf weeds. The herbicides were applied using a Matabi sprayer equipped with an
8002 flat fan nozzle tip delivering 300 L ha™* at 200 kP bar spray pressure. Weed numbers and dry weights were
determined in random 0.50-m? quadrates per plot. The grain yield and biological yield were recorded for a 2 m?
and 0.30 m? from each plot, respectively. Traits were recorded including density, biomass of weed and control
percentage of weed, and grain yield and biological yield. Statistical analyses of data were done with SAS var 9
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software and comparison of mean was tested using the LSD test at 5% level.
Results and Discussion

Broad-leaf weeds infestations included Hirschfeldia incana L., Decurania sophia L., Carthamus
oxyacanthus L., Centaurea pallescens L., Veronica persica L., Malva neglecta L. The highest and lowest
relative density was V. persica and H. incana 52 and 7 percent respectively. The highest and lowest relative
weight was C. oxyacanthus and V. persica 31 and 11 percent respectively. The statistical analysis of the data on
the weed density and biomass revealed that herbicides were applied significantly decreased the weed density and
biomass. Visual observation confirmed that these weeds were effectively controlled using the Clipfort herbicide.
Results showed that applications of Clipfort herbicide at dose rates of 201 g ha* provided excellent control of
the mention weeds. Thise treatment decreased weed density of H. incana (90 %), D. sophia (98 %), C.
oxyacanthus (98 %), C. pallescens (100%), V. persica (66 %), M. neglecta (80 %) and total weed (88%)
compared to weed infested control. Also, this treatment decreased weed biomass of H. incana (95%), D. sophia
(98%), C. oxyacanthus (99%), C. pallescens (100%), V. persica (68%), M. neglecta (82%) and total weed (91%)
compared to weed infested control. However, butizan-star herbicide had the highest control of V. persica. This
herbicide decreased density and weed biomass of V. persica by 94 and 97 percent comported to infested control.
The grain yield and biological yield were 2.2 and 7.6-ton ha respectively when applied Clipfort herbicide at
dose rates of 201 g ha. This treatment also increased grain yield and biological yield by 36 and 30 percent,
respectively.

Conclusion

Results showed that the best results achieved from applications of Clipfort herbicide at dose rates of 201 g
hal. This treatment decreased density and biomass weeds, and increased rapeseed yield. Therefore, the
application of Clipfort herbicide (201 g ha') is recommended for canola fields.

Keywords: Broadleaf, Control efficacy, Density, Dry weight, Weed
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Table 1- Relative density and relative weight of the dominant broadleaf weeds in the experimental wheat field

ol oU sy oy el o515 e 039
Scientific name Persian name Family R?I‘iﬂ've Relative weights
densities (%) (%)
Hirschfeldia (L.) Lagr.-Foss G a5 Brassicaceae 7.30 19.18
Decurania Sophia L. S Brassicaceae 9.52 19.22
Carthamus oxyacanthus L. g S5 Asteraceae 17.18 31.92
Centaurea pallescens L. pus 5 Asteraceae 7.18 13.40
Veronica persica L. Gl Scrophulariaceae 52.48 11.74
Malva neglecta L. gy Malvaceae 5.53 3.26

03998515 Rl 2o 3 EWRS (ad L (bl 5 ouier J 8 w053 5 il (61 loni 31 (s po (0ilie) il ylg 5 Y Jgo
oilbion 3l ans 59, £0 9 Yo IS Sy (g0 5 slacile SWs
Table 2- Analysis of variance (Mean Squares) the effect of experimental treatments on the percent visual control based on the
EWRS index, the control percentage of broadleaf weeds density and biomass in rapeseed 30 and 45 days after spraying

ol 1 ams 59, Vo St (g 52 gladile (EWRS) coir J 58 203
The percent visual control (EWRS) of broadleaf weeds 30 DAS

Oy gilio Sl A s S P S ey K Sl jpde S
Source of ’ Hirschfeldia  Decurania Malva Centaurea  Carthamus  Veronica Total
- df : . ;

variation incana sophia neglecta  pallescens oxyacanthus  persica weed

. )"? 2 53.38™® 153.13® 415.63™ 154.17™ 21.88% 190.63® 161.66™
Replication

et 7 902.58™ 1027 459,38 1186.76™ 1966.08™ 10875™ 519.63™
Treatment
E e 14 56.95 4599 137.06 118.46 11831 112.06 96.95
rror

CV (%) 9.87 1.7 1819 1259 12.99 16.61 1337

ol 5l am 59, Yo S g (g 5y sladile o515 (il ao )
The percentage reduction of broadleaf weeds density 30 DAS

Oy alie @ O3 J2 5 S S P S ey S Ol adle s

Source of &3l Hirschfeldia  Decurania Malva  Centaurea  Carthamus  Veronica Total

variation df incana sophia neglecta  pallescens  oxyacanthus persica weed
SN 2

Replication 64.9™ 35.04™ 196.88™ 31.36™ 300.5™ 20.92™ 24.94™
Sloss 7

Treatment 644.31™ 1850.73™ 14594 1196.08™ 1355.25™ 298™ 700.83™
Sae 14

Error 10042 38.56 79.25 108.01 91.88 41.96 92.45

CV (%) 153 8.96 18.85 17.47 1352 12.86 1593

olbons 1 axs 5o, Vo S (g 0 ladile WS (9 I o)
The percentage reduction of broadleaf weeds biomass 30 DAS

Ol s 2alio @p o3 Jo 5 pon-S S iy PV ey K5 e spdile )5

Source of &5l Hirschfeldia  Decurania Malva Centaurea  Carthamus Veronica Total

variation df incana sophia neglecta  pallescens  oxyacanthus persica weed
)l)g 2

Replication 17.28™ 151.91™ 21.86"™ 26.82® 109.07™ 379.97™ 0.88™

Sles 7 603.42" 1970.66™ 168.66™ 1304.82™ 149043™ 313.38™ 79146™


https://www.google.com/search?sxsrf=AOaemvJl134GDjcpmHeXKQQDFPD8MzBKNA:1631119445115&q=Brassicaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MLQwMljEyuNUlFhcnJmcmJyamAoASfoHahsAAAA&sa=X&ved=2ahUKEwiiv_K46e_yAhWoy4UKHUZYC5kQmxMoATAlegQIOxAD
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https://www.google.com/search?sxsrf=AOaemvJl134GDjcpmHeXKQQDFPD8MzBKNA:1631119445115&q=Brassicaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MLQwMljEyuNUlFhcnJmcmJyamAoASfoHahsAAAA&sa=X&ved=2ahUKEwiiv_K46e_yAhWoy4UKHUZYC5kQmxMoATAlegQIOxAD
https://www.google.com/search?sxsrf=AOaemvJl134GDjcpmHeXKQQDFPD8MzBKNA:1631119445115&q=Brassicaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MLQwMljEyuNUlFhcnJmcmJyamAoASfoHahsAAAA&sa=X&ved=2ahUKEwiiv_K46e_yAhWoy4UKHUZYC5kQmxMoATAlegQIOxAD
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SIS 5150 33 (SG 7290 wdl o) ©gdcdlS (iSile () 2L5)] o)y 0d 9 (S g0

Treatment

oAb 14
Error 52.58 11844 69.65 81.66 86.18 12481 59.08
CV (%) 12.25 15.28 17.14 14.65 12.66 2145 1214

ol 5l 59, £0 S (g 5 Sladile o515 Al ao )
The percentage reduction of broadleaf weeds density 45 DAS
e 3P @ I Jo b 256 S T
Source of &5 Hirschfeldia  Decurania Malva Centaurea  Carthamus  Veronica Total
variation df incana sophia neglecta  pallescens  oxyacanthus persica weed
S 1)1, 2 9™ 25.72" 21557 287.91™ 4.08® 104.71™ 29.24™

Replication

S 7 911.29™ 200354 49359™ 1121.79™ 169553™ 1058.22™ 511.81™
Treatment
Error e 14 93.35 169.84 70.07 143.78 151.82 52.89 83.27
CV (%) 1327 1654 1294 14.43 1521 11.23 12,63

ol 5l am 59, £0 S (g 5y laddle SUS (59 GRS ao
The percentage reduction of broadleaf weeds biomass 45 DAS

O s golio @ A o s SpiiSle S g oNS S5 iy S5 5 g spacdle JS§
Source of WLk Hirschfeldia  Decurania Malva Centaurea  Carthamus  Veronica Total
variation df incana sophia neglecta  pallescens  oxyacanthus persica weed

)l)ﬁ 2
Replication 49.19® 80.01™ 82,92 61.52™ 101.28n° 87.58™® 81.55™

Sloss 7
Treatment 936.6™ 846.48™ 489.22™ 1145.66™ 1268.16™ 1132.72" 541.98™
Error 136.75 191.59 53.39 11648 104.04 79.65 95.33
CV (%) 14.87 16.18 1 12.62 12.07 1361 12.99

gine juf b gxe b0y V D o jd NS i
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 3- The effect of control treatments on the percentage visual control of broadleaf weeds in rapeseed 30 days after

spraying
Slade
Jogi Y &,.:bls JD)A ).:...51: S g XV g SO, A.:Ix,w 5 phile JS
Treatment Dose Hufschfeldla Decurania Malva Centaurea Carthamus Veronica Total weed
g (ml) incana sophia neglecta pallescens oxyacanthus persica
ha!
Clipfort 150 70°b 90 50° 902 90 40°¢ 70 be
Clipfort 167 750 952 55b 952 902 45¢ 758¢
Clipfort 184 g2 1002 70%® 100 100 50 be 80
Clipfort 201 952 1002 802 1002 1002 65 P 902
Lontrel 800 902 1002 70 96.67 2 1002 65 P 79
Watch 800 952 1002 802 1002 1002 65 P 85
Butizan Star 2500 50¢ 50¢ 60 50°P 60 P 952 50¢
Treflan 2000 55¢ 700 50°b 60 P 30°¢ 852 60.5 °
LSD (0.05) 13.22 11.88 20.51 19.06 19.05 18.54 17.25

(LSD P < 0.05) .xib g0 jlo gixe M) 086 S yidio By S J8lis b jlos 2 &y boyyo (sl uSikeo (gt yb
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05)
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oS 25 00> OF Gl J S )5 (681> 33) 8 ulS LK

Jysed oh)LS —islejl ,> (Shimi et al., 200b) as 3,135
A8 2bj)) ogllae iy SIS S il S 5 (W)
Cadlgs Jyied (iSGle dgng (ol L .(Moradi et al., 2020)
s> g,0ix ((Shimi et al,, 2013) &bl S, [ 5S 50 slacale
sleiyli S a8 Jb 0.8 s o6 4 (Pourazar, 2010)
PSS Si95 S5 3 adslS S oS cel o Sy S0

; Pourazar, 2010; Ghezeli and Shimi, 2010) &Ll S,
; Shimi Pourazar, 2010) o yac > 451y (Shimi et al., 2014c
ol edy csn (Shimi et al., 2014c) ¢,Lb (et al., 2014c
sk (; Shimi et al., 2014cGhezeli and Shimi, 2010) ,..s!

(¥ dgia) b olis Jgd 5l 5
ol (Shimi et al., 2008a) ()Kan g (oo bl ol 5
S ) iy S22 U8 5 sl i ASdle LS oS sl
S (s=zmen (Shimi et al., 2008a) cul ans (arvensis
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Table 4- The effect of control treatments on the percentage reduction of broadleaf weeds density in rapeseed 30 days after

spraying
sl
o Oy ublf J")" )'.‘.’*'Sl" S o pS U5 iy SO N5 ‘-")'ﬁ“’ jppaile JS
Treatment Dose Hufschfeldla Decure}nla Malva Centaurea Carthamus Veror_nca Total weed
g (ml) incana sophia neglecta pallescens oxyacanthus persica
hat
Clipfort 150 60.72 bc 65.56 ¢ 40.48 2 55.19b 70448 35.17°¢ 58.93 be
Clipfort 167 65.81 80.06° 44,292 57.78b 78.072 40.31 % 61.63 @
Clipfort 184 71.04 85 ab 50 @ 70.64 @ 84.11¢ 47.16 o 66.523
Clipfort 201 80.562 91.082 55.56 @ 80.24 2 87.122 53.42 ¢ 77563
Lontrel 800 74,93 ® 80P 50 70.64 @ 85213 48.01 « 65.03 ®
Watch 800 81.493 90 % 55.562 802 86.122 53.23 bc 76.593
Butizan Star 2500 41.86 19 25.27¢ 46.3 30.64 ¢ 45.76" 65.42 33.794
Treflan 2000 47.62 37.94 35,770 30.56 ¢ 30.84P 60.56 ® 42.85
LSD (0.05) 17.55 10.88 15.59 18.2 16.79 11.35 16.84

(LSD P < 0.05) .0l ooyl sxe B3] 081 S o By S J8lis b jlos y2 4y boyyo (sl puSikeo (g ya 0
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05).
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Table 5- The effect of control treatments on the percentage reduction of broadleaf weed biomass in rapeseed 30 days after

spraying
slado
o I e eSS S s 5 g SO I8 e aile JS
Treatment Dose H|r_schfeld|a Decure}nla Malva Centaurea Carthamus Veror_uca Total weed
g (ml) incana sophia neglecta pallescens oxyacanthus persica
hat
Clipfort 150 54.65c 67.58° 40.66 57.19° 72.82° 36.53° 58.38 be
Clipfort 167 59.16 82.39 2 46.82 &°¢ 62.02° 81.1%® 41.62° 65.12°
Clipfort 184 64.58 &°¢ 88.4232 524 ® 72.82 87.38 48.85 71.05®
Clipfort 201 74.17% 92.392 57.243 83.192 89.48 2 55.32 ® 81.55%
Lontrel 800 68.72 ® 83.2® 52.06 @ 7277 88.41® 49.94 % 70.09 ®
Watch 800 74173 92243 57.263 83.232 89.452 54,54 ® 80.06 @
Butizan Star 2500 36.4¢ 27.67°¢ 46.85 &°¢ 31.26°¢ 46.89 ¢ 67.64 2 35.634
Treflan 2000 41.881 36.09°¢ 36.42°¢ 31.27¢ 31.23¢ 62.392 45,04 %
LSD (0.05) 12.7 19.06 14.62 15.83 16.26 19.57 13.46

(LSD P <0.05) .12l o ylo ixe Mt 18 S 2o By S J8lis b jlo yo &y bgyje (sla:Silio (gt o )
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05).
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Table 6- The effect of control treatments on the percentage reduction of broadleaf weed density in rapeseed 45 days after

spraying
Sl
J b uao @3 Jo,a S Sy S Js iy S5 &ljaw jppuile JS
Treatment Dose Hiljschfeldia Decure}nia Malva Centaurea Carthamus Verorjica Total weed
g (ml) incana sophia neglecta pallescens oxyacanthus persica
hat
Clipfort 150 66.27 < 76.792 48.15°¢ 74.11 ¢ 80.36 2 40.68 © 68.54 be
Clipfort 167 72.28 "¢ 92.14 2 55.72°¢ 90 ® 91.182 45.86 ¢ 73.39&¢
Clipfort 184 83.42 % 95.14 2 70.84 ® 1002 95.1¢2 51.18°¢ 78.73 %
Clipfort 201 90.75% 98412 80.24 2 1002 98412 66.41° 88.472
Lontrel 800 83.34 % 92572 70.84 % 90 @ 95.822 66.26 P 77.87%
Watch 800 90.28 2 98.152 80.84 2 1002 98412 66.62 P 83.19%®
Butizan Star 2500 4542 ¢ 33.12° 60.84 ¢ 50.19 ¢ 53.33°P 94.032 48.77¢
Treflan 2000 50.84 ¢ 44.29° 50.38 ¢ 60.72 < 35.59°P 86.722 59,17«
LSD (0.05) 16.92 22.83 14.66 21 21.58 12.74 15.98

(LSD P < 0.05) szl o )3 e B3] 86 S e Gy> S Jolis b o 0 45 bigyye sl ysSilis (520 0 5

In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05).
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Table 7- The effect of control treatments on the percentage reduction of broadleaf weed biomass in rapeseed 45 days after

spraying
Sl
Slows Oy "’bls J")" )‘3"“5"' S iy QS J5 iy SO 5 ‘-")'.‘.*" ;e JS
Dose Hirschfeldia Decurania Malva Centaurea Carthamus Veronica
Treatment - - - Total weed
g (ml) incana sophia neglecta pallescens oxyacanthus persica
ha!
Clipfort 150 72.84 ¢ 79.66 51.64c 85.092 80.97° 41.32°¢ 71.23 %
Clipfort 167 81.28 ® 9155 56.8¢ 92.62° 92.56 ® 46.48 ¢ 76.74 &°¢
Clipfort 184 88.97 ® 96.46 @ 72.28 ab 1004 98.99 2 51.64 ¢ 81.62®
Clipfort 201 95424 98.84 @ 82.57a 1004 99.62 2 67.15° 91.832
Lontrel 800 90.14 ® 95.57 72.36 ab 96.192 97.45® 67.09 ° 80.59 ®
Watch 800 95.192 98.822 82.56 a 1002 99.58 2 66.1° 86.76 ®
Butizan Star 2500 50.44 ¢ 51.69°¢ 61.92b¢ 50.05° 61.35°¢ 97.16 2 51.02¢
Treflan 2000 55.08 ¢ 71.92 b¢ 51.61° 60.6° 45.61°¢ 87.792 61.74 «
LSD (0.05) 20.48 24.24 12.8 18.9 17.87 15.63 17.1

{(LSD P < 0.05) szl o )3 e B3] 86 S e B> S Jolis b o 0 45 bigyye sl eSilis (520 0 5
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05).
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Table 8- Analysis of variance (Mean Squares) the effect of control treatments on injury (30 DAS), grain and biological yield
of rapeseed and change percentage compared to control

K
p)
3,Sdos 3,Sdos 3,50 O prti o 43
Clyid glia 2P Old W13 3, Shas Ol pudd daoyd TR )
P ) &l ; Su59lan Seige
Source of &3 ey ] Change percentage of grain T I T
variation df . Grain  yield percentage of grain yield Biological ~ Change percentage of
Injury to yield yield biological yield
wheat
Replication 2 0.45™ 0.01m 29.45m™ 0.16" 11.18™
Treatment 8 6.67™ 0.66™ 413.31™ 4.8 294.86™
Error 16 0.28 0.04 19.56 0.58 11
CV (%) 21.57 11.09 17.08 1151 15.08

oyl I gxe Mo 3 V) e (Gl 5 NS i
ns, *, ** non-significant, significant at 0.05 and 0.01, respectively, DAS (days after spraying )
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Table 9- The effect of control treatments on injury, grain and biological yield of rapeseed and change percentage compared

to control
Jhe ous ke N el any s Shos 3y Skoks 51yt a3
Jles b uao XV 4;‘.? Al SS5909m SS9 am
Treatment g (ml) Injury to G{:}:jn Change percentage of  Biological yield Change percentage of
ha (%) rapeseed (t?)/n /ha) grain yield (%0) (ton/ha) biological yield (%)
Clipfort 150 0¢ 1.39 ¢ 15.24 4.92°b 12,989
Clipfort 167 2.34¢ 1.69 d 23.39¢ 6.65 2 1991°¢
Clipfort 184 3.34b 1.85¢d 30.37 ¢ 7.052 25.86 "
Clipfort 201 4342 2.2 36.35 7.68¢2 309
Lontrel 800 3.34°0 1.95 bd 31.18° 7.23% 25.57 ¢
Watch 800 3be 2.11%¢ 35.14® 7.66 2 30.06 a°
Butizan Star 2500 2.67 ¢ 1.029 9.07 ¢ 4850 7.834d
Treflan 2000 3be 1.15"9 11.14 ¢ 5.12°b 9.64 ¢
Weedin
control 0¢ 2312 4132° 7.95° 35.233
LSD (0.05) 0.92 0.34 7.66 1.31 5.75

(LSD P < 0.05) .1zl o s sine i3] 85 S jmte s Sy JBhis b jloi o 4t Ligyyo slaeSils (55 5o
In each column, means followed by the same letter in each treatment are not significantly different (LSD P<0.05).
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Table 10- The correlation coefficient of broadleaf weed biomass with grain yield and biological yield of rapeseed

H. incana 1
D. sophia 0.92™ 1
C. 0.88™ 0.9™ 1
oxyacanthus
C. pallescens  0.88™ 0.96™ 0.92" 4
V. persica 0.04ns -0.17m -0.17m -0.3™ 1
M. neglecta 0.84™ 0.77" 0.71™ 0.69™ 0.37™ 1
Total weed 0.97™ 0.94™ 0.93" 0.9™ 0.08" 0.85™ 1
Grain yield -0.92"  -0.92™ -0.86™ -0.92™ 0.09"s -0.73™ -0.91™ 1
B";/'i‘;?(;ca' -0.82"  -0.83" -0.83" -0.80”  -0.05®  -0.81™ -0.86™  0.84" 1
H. D. C. C. V. M. Grain Biological
. . . Total weed - -
incana  sophia  oxyacanthus  pallescens  persica  neglecta yield yield
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Introduction

Plant Protection Organization (PPO) has registered 22 commercial herbicides formulations for weed control
of wheat, barley and triticale in Iran. Among these herbicides, sixtheen herbicides introduced act as two
proposed or only for broadleaved weeds. Their active ingredients including acetolactate synthase (ALS) enzyme
inhibiting groups, synthetic-auxin groups,a photosynthetic inhibitor of photosystem II, and pigment synthesis
inhibitor groups (Tomlin, 2009). Previous studies show that existing weed species do not similarly respond to
herbicides and therefore the percentage control of some of the weed species is lower than the other species
(Ohadi, 2010). These hard-to-control weeds are naturally tolerant to herbicides or may be developing resistant to
one mode of action. Thus, we need new herbicides to suppress such weeds. The aim of this work was to find the
best chemical treatments against weeds in wheat production based on using the new herbicide fluroxypyr and
comparing their efficacy with commonly registered herbicides in the major wheat growing areas of Iran.

Material and Method

A field study was conducted in four regions of Iran, including Karaj, Shahryar, Ahwaz, Shiraz, and Gonbad
during 2017-2018 growing season. The statistical layout was a completely randomized block design with four
replicates. Ten herbicides in 12 treatments were 2,4-D+MCPA (U46-Cambi fluid® 67.5%SL, 1.5 1 L ha?),
Mecoprop-p + Dichloprop-p + MCPA (Duplosan super® 60% SL , 1 L ha*), Bromoxynil + MCPA (Bromicide®
40% EC, 1.5 L ha), Tribenuron-methyl (Granstar® 75% DF, 20 gr ha'), Mesosulfuron-methyl + lodosulfuron-
methyl sodium+ Diflufenican+Mefenpyre-diethyl (Othello® 75% WG, 1.6 L ha?), 2,4-D + Dicamba (Dialant
super® 46.4 SL, 0.8 L ha?), Triasulfuron + Dicamba (Lintur® 70% WG, 165 gr ha?), Bromoxynil + 2,4-D
(Buctrile Univeral® 56% EC 1.5 L ha*), Dichloprop+bentazone (Basagran DP 56.6% SL, 2 L ha) and the new
herbicide Fluroxypyr with th recommended doses (Kavin Flurox® 20% EC 1.5, 2 and 2.5 L ha). An unweeded
treatment served as controls. Weed density and weed dry weight for each plot were measured four weeks after
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the last application the herbicides. Wheat was harvested from six m? of each plot after removing border plots.
Wheat grain yield was determined after adjusting the moisture level of grain to 14 %. Data from each region
were subjected to statistical analysis using SAS/STAT® statistical software and the means were separated by
Duncan (0=5%).

Results and Discussion

The results showed a diverse spectrum of weeds (14 species) at the experimental locations. Descuriania
Sophia was dominant in two tested locations Karaj and Shiraz. The next dominant weed species were Galium
aparine L., Conringia orientali and Centaurea depressa M.B. were present dominantly in Shiraz. Polygonum
aviculare, Fumaria vailantii and Veronica persica were present in Karaj. Lepyrodiclis holosteoides as a noxious
weeds, were dominant only in Shahryar. Malva neglecta and Scorpiurus muricatus were in Ahwaz and Bifora
testiculata was dominat in Gnbad. Across the experimental locations, fluroxypyr was efficient at 2-2.5 L ha*
concentrations for weed control (85.77 to 90.68%). However, when applied at dosage of 1.5 L ha™, total weed
control efficiency was lower (80.75%). Bromoxynil + 2,4-D (85.43%) , Dichloprop-p + Bentazon (83.98%) were
the most efficient after fluroxypyr. Mecoprop-p + Dichloprop-p + MCPA and Bromoxynil + MCPA with 80%
average efficiency controled weeds in all the locations. Triasulfuron + Dicamba and 2,4-D + Dicamba were
inefficient in weed control (67.75 and 68.22% , respectively) across all locations. These findings were in
agreement with the results of some previous studies (Minbashi and Saeedi, 2019, Minbashi et al. 2020).
Lepyrodiclis holosteoides with average control of 63.68% and CV= 23.98% was the most difficult-to-control
weed in this experiment. Other weeds beside that were Scorpiurus muricatus, Polygonum aviculare, Malva
neglecta and Bifora testiculata identified as difficult-to-control weeds. None of herbicides showed visual injury
symptoms on wheat.

Conclusion

According to these experiments, we found that the Fluroxypyr (2-2.5 L ha*) as new candidate herbicide
showed good to excellent (85%-100%) weed control efficiency averaged in the all experimental locations and it
could be recommended to be used in wheat field after registration process. Due to environmental concern, it
should be applied at lower doses for non-difficult-to-control weeds. We found that Bromoxynil + 2,4-D was the
most efficient next herbicide after fluroxypyr and Triasulfuron + Dicamba as an unefficient herbicide overall. L.
holosteoides as the most hard-to-control weed was controlled only by upper dose (2.5 L ha1) of new herbicide.
Other difficult-to-control weed species were Scorpiurus muricatus, Polygonum aviculare, Malva neglecta and
Bifora testiculata.

Keywords: Density, Difficult-to-control, Dry weight, Spectrum, Visual injury
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fluoropyridin-2-yl) oxyacetic acid
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Table 1- Characteristics of herbicide treatments in the experiment
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Table 2- Geographic and climatic characteristics at different experimental locations
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P. P. application (°C)
E;. 50°,56 35°, 46’ 1312 -20 40 247.3 Semi-dry 15
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lga! o Ay o oy
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Table 3. Soil characteristics at different experimental locations
SB Jiosks dpael  SepSlicgle SBCl s hed el
. Organic matter 1 : N P20s K20
Location percent pH EC (dS m?) Soil texture percent ppm  ppm
e 0.58 750 4.54 Loamyclay 0012 17 367
Karaj
Sled
Shahryaar 0.61 7.30 5.23 Loamy 0.024 19 456
Slol
Ahwaz 0.65 7.22 5.85 Loamy clay 0.022 20 421
(08)5) jls .
0.69 7.44 5.01 Silty clay L 0.032 23 398
Shiraz(Zarghan) ity clay Loam
GoArlead 0.71 7.86 4.92 Silty clay Loam 0.033 25 379
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Table 4- Timetable for field operations and application dates of herbicides at different experimental locations

®1y5 Sldas s LR jlga! IS S
Field operation Karaj Shahryaar Ahwaz Shiraz Gonbad
culs AALYZRYVAR LYY VAR AR VIR VAT RRVVAR ag/-AIY-
Seed planting date 1 Nov 2017 23 Oct 2017 4 Nov 2017 1 Nov 2017 11 Nov 2017
oM e WWAS/AIY - MEVIRY VR ARV IRY VALY EYIRYVAVN a5/ AIYA
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Weed sampling date 5 May 2018 21 Apr 2018 8 Apr 2018 5 May 2018 25 Apr 2018
cuslyy IYAV/ ¥V WYAV/-¥/ -0 \Yav/-v/ye. AYAY/- /N WYAY/-Y/vo
Harvest date 26 June 2018 6 July 2018 25 June 2018 22 June 2018 15 June 2018
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***Dominant, *Non-dominant, - Non-present
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Figure 1- Herbicide efficieny of weed species (percent of decrease in weed density/dry matter) by treatments in Karaj

experiment
(Treatments with common words in the lables have not significant each other in the Duncan test at the probability level of one
percent)
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(Treatments with common words in the lables have not significant each other in the Duncan test at the probability level of one
percent)
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Figure 3- Herbicide efficieny of weed species (percent of decrease in weed density/dry matter) in Ahwaz

(treatments with common words in the lables have not significant each other in the Duncan test at the probability level of one
percent )
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Figure 4- Herbicide efficieny of weed species (percent of decrease in weed density/dry matter) by treatments in Shiraz
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(Treatments with common words in the lables have not significant each other in the Duncan test at the probability level of one
percent)
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Introduction

Sweet corn (Zea mays L. var. saccharata) is an important crop, grown over 2,000 hectares in Iran. The
consumption demand for sweet corn in its fresh form or as a processed crop has contributed to a significant
increase in its cultivation in recent years. Sweet corn is susceptible to weed competition for nutrients, moisture,
and light interception. Herbicides labeled for use on sweet corn are limited. Chemical control can be very
important because of the low efficiency and cost effectiveness of mechanical or other methods of weed control.
Hence, it is necessary to provide information about the sulfonylurea herbicides and suitable doses. Sulfonylureas
such as nicosulfuron, rimsulfuron, and foramsulfuron are effective group of herbicides for annual and perennial
weed control in maize. These herbicides provide a new chance for weed management in maize. Their mode of
action occurs through inhibiting acetolactate synthase (ALS), thereby interfering with the production of
branched-chain amino acids, leucine, isoleucine, and valine. The objectives of this experiment were to evaluate
the effect of different doses of sulfonylurea herbicides on weeds control and growth and yield of sweet corn.

Materials and Methods

In order to evaluate the effect of different doses of sulfonylurea herbicides on weeds control and growth and
yield of sweet corn (KSC403su), a field study carried out during 2015 growing seasons at the Agricultural
College of Shiraz University. The experiment was conducted in a randomized complete block design with 4
replications. Treatments included different doses of nicosulfuron (1.5, 2 and 2.5 | ha?), foramsulfuron +
idosulfuron (1, 1.5 and 2 | ha?) and acetochlor (4.5, 5 and 5.5 | ha') herbicides and weed free and weedy control.
The number and dry weight of aboveground weeds parts were harvested within three fixed 1 x 1 m quadrats in
every plot, separated by species, enumerated, oven-dried at 75 °C for 48 h, and then weighed. Then, percent
weed density and dry weight reductions were measured. The traits included ear length, ear diameter, ear number
per plant, row number per ear, grain number per row, grain number per ear and canned grain yield. Data were
analyzed using SAS v. 9.1 software (SAS Institute 2003). When significant differences were observed among
treatments, mean comparisons were made using Duncan's multiple range tests (P < 0.05). Correlation
coefficients between different traits were also calculated.

Results and Discussion

Results showed that the canned grain yield, 1000 grain weight and number of grain per ear were reduced by
weeds up to 73, 33 and 60%, respectively. The highest dry weights reduction obtained were of redroot pigweed
(Amaranthus retroflexus) (75.8 and 59.5%), lambsquarters (Chenopodium album) (49.84 and 38.76%), barnyard
grass (Echinochloa crus-galli) (58.37 and 40.85%) and bindweed (Convolvulus arvensis) (60.56 and 55.06%), so
that applying of nicosulfuron (2.5 | ha*) and foramsulfuron + idosulfuron (2 | ha™) herbicides caused reduction

in total dry weight of weeds in comparison with weedy treatment, and canned seed yield increased by
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nicosulfuron (2.5 I ha) and foramsulfuron + idosulfuron (2 | ha*) herbicides in comparison to the acetochlor.
Acetochlor was the weakest treatment in the reduction of weed density and dry weight. The highest canned grain
yield (8.00 and 7.03 t ha'*), number of row per ear (12.00 and 11.50), number of grain per row (25.00 and 24.75),
number of grain per ear (299.00 and 285.50) and 1000 grain weight (325.06 and 308.44 g) were obtained in
nicosulfuron (2.5 | hat) and foramsulfuron + idosulfuron (2 | ha*) herbicides, respectively. Positive correlation
was found between canned grain yield and 1000 grain weight (r = 0.83, p<0.05) and number of grain per ear (r =
0.96, p<0.05). Applying nicosulfuron showed a high efficiency as compared to the foramsulfuron + idosulfuron
and acetochlor for weed suppression.
Conclusion

It can conclude that nicosulfuron at 2.5 | ha showed the best performance for weed control, especially
broadleaved weeds and were associated with the maximum sweet corn canned grain yield. Therefore, due to the
restricted use of herbicide in sweet corn, the herbicide used in this experiment is not created serious injury in
sweet corn at the recommended rate while effectively controlling weeds. Hence, utilization of this herbicide
could be a favorable option in contemporary weed control programs for local or regional sweet corn growers.
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