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P. g F. fujikuroi 4 JSjab 31 e «JP. fluorescens (149) ¢ F. fujikuroi b Jjab 31 e @l P. fluorescens (N47) g fujikuroi
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Figure 1- Schema of greenhouse studies: Symptoms of disease on rice: A: After inoculation with distilled water, B: After
inoculation with F. fujikuroi, C: After inoculation with F. fujikuroi and B. subtilis, D: After inoculation with F. fujikuroi and
B. circulans, E: After inoculation with F. fujikuroi and P. putida, F: After inoculation with F. fujikuroi and P. syringae, G:
After inoculation with F. fujikuroi and P. aeruginosa, H: After inoculation with F. fujikuroi and P. fluorescens (N47), I:
After inoculation with F. fujikuroi and P. fluorescens (149), J: After inoculation with F. fujikuroi and P. fluorescens (CHADO).
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Introduction: Rice bakanae disease caused by Fusarium fujikuroi is one of the most important diseases of
rice in Iran and in the world. Studies show that the disease has spread to a wide range of paddy fields worldwide,
with losses in Japan up to 20%, in India up to 15%, and Thailand's northern and central areas have been reported
to be 7.3% -14.7%. Symptoms include rice foot blackness and yellowish and then wilting of infected plants. The
pathogen is more likely to attack the foot rot which is a sign of the abnormal growth of contaminated plants in
the farm. Infected seedlings are slender and taller than healthy plants, and highly infected plants may die before
or after transplantation. The tillering is reduced, consequently the leaves die in a short time. The fungus causes
the disease threats the human and animal health through the production of phytotoxins. ldentification of
Fusarium species is currently confusing, on the other hand, several Fusarium species have always been isolated
together with rice contaminated with the disease. Therefore, it is not clear which species of this fungus are the
main reason of the disease. This fungus is soil-borne and has a long life in heavy soils. It has also a global
expansion and is active in most parts of the world. Rice foot rot disease in all major rice producing countries in
the world is considered as a seed disease and the transmission of the disease agent from one season to another
season is mainly due to contaminated seed, but soil-borne fungus can be as well. Currently, treating the seeds
with fungicides is the best method to control this disease, however using chemical pesticides can lead to
environmental pollution. In this situation, it is important to achieve a healthy alternate method. For this purpose,
biological control is one of the ways in which today a large investment is being made around the world.

Materials and Methods: Samples of rice exhibiting the symptoms of bakanae were randomly collected from
different parts of Guilan province, Iran. Pieces of organs with rot symptoms were cut and they were surface-
disinfected after washing with 0.5% sodium hypochlorite solution. At the next step, they were washed with
distilled water and dried on filter papers. Then, they were cultured in Petri dishes containing potato dextrose agar
(PDA) culture medium and were placed in an incubator at 28°C for 3-5 days. Afterward, they were placed on a
water-agar medium for purification and morphological identification. In this research, from a total of 80 samples
collected from rice farms in Guilan province, 18 bacterial strains were isolated and the antagonistic ability of 8
strains of bacteria in the laboratory and greenhouse was investigated. For this purpose, in laboratory, dual culture
method, volatile compounds, siderophore and antibiotic production were used. These bacterial strains were
inoculated into rice under greenhouse conditions, and then the severity of the disease was determined in the
tested treatments. After calculating the severity of the disease, the height of the rice bushes was measured by the
ruler. To measure the fresh weight, the rice bush with the roots was removed from the soil and measured by a
scale. Each bush was then separately placed for 48 hours in an oven at 80-90°C. After leaving the oven, each of
the bushes was re-weighed. This weight was recorded as dry weight.

Results and Discussion: A total of 18 isolated bacterial strains, 8 bacterial strains including Bacillus subtilis,
Bacillus circulans, Pseudomonas putida, Pseudomonas syringae, Pseudomonas aeruginosa, Pseudomonas
fluorescens (N47), Pseudomonas fluorescens (149) and Pseudomonas fluorescens (CHAOQ) were identified and
used for biological control studies in laboratory and greenhouses. P. putida with 39.99 % in the dual culture, B.
subtilis with 31.01% in the volatile metabolites, in the method of siderophore production, P. fluorescens (N47)
and B. subtilis with 52.10 % and 45.85 % respectively, and in the antibiotic production, P. putida with 59.21%
had the greatest effect on inhibiting the mycelial growth of the disease causative agent. Based on the results of
the analysis of variance under greenhouse conditions, there was a significant difference between treatments for
severity of disease, fresh weight, dry weight and plant height at 1% probability level. Among the studied
bacteria, the least severity of the disease belonged to the treatment with P. putida and B. subtilis, respectively.
Regarding height, the highest height was related to treatment with P. putida and B. subtilis and in terms of fresh
weight and dry weight, the highest weight was related to P. putida.

1- Associate Professor, Department of Plant Protection, Rasht Branch. Islamic Azad University, Iran
(*- Corresponding Author Email: ssafarimotlagh@yahoo.com)
2- Graduated of Plant Pathology, Department of Plant Protection, Deylaman Institute for High Education, Lahijan, Iran



YA0 By il eoliiwl b iy adsb Suswgy g lew Jole Fusarium fujikuroi s j jlee

Conclusion: According to the results of biocontrol studies in laboratory and greenhouse conditions, P. putida
and B. subtilis strains were the most effective bacteria for controlling rice foot-rot disease. Therefore, isolating
and identifying these bacterial strains as much as possible can be promising for the greater effectiveness of
biocontrol methods in the management of rice crown-rot disease control.

Keywords: Antagonistic bacteria, Biological control, Fusarium fujikuroi, Rice



Journal of Plant Protection
Vol. 34, No. 3, Fall 2020, P. 297-308

A
|

i

(53)9LaS @aluo g pale) (LS cblis & i
YAV-FeA o TR Sl ¥ o)l FF

u&h‘,}:—w& Jlae
sLEl o ol JS1, s Meloidogyne saes slasi S I g0 5 S5 95590 ol
Slel & ol Ul

"f‘,ﬁl L.bj—*'f.xiu SPudgs Sz = a8 A

VWA 1Bl 5 b

AARYARVAL SRR '@)U

CXVCCS

;1 (Meloidogyne spp.) 2,5 4iy; slassles .ol ol 3 S1alo ¥ game o Sete 5| (S g 0am0 1553 igume 31Ul

VA0 Slaas A 9 AF sl Jlw (b o 2,5 ady) Slos slaaiss @ Ul clagl (Sogll (il oy jobaie 4 aidl oo ,Ul )d (can (cla)5 low
loeisS lolis @l J| e 3,5 Spslaer gz 9 e (g5 ol B laplisl 3 Ul S cov ses 3blis jl Aty 5 SE Liges
20 o8l Gl omen (28)5 )90 03l i Sleil (J9SisS 4l 5 b godle )Y (ori C) 5 (b Claskis jleslil L
M. arenaria 4 M. javanica M. incognita ladsss .35 plosl SCAR (_olaid! la S5lel il ookl b ladigS Lol bl
asbs Jav § M. arenaria 4545 (¢l,- |, ¥V-bp 4 ar (M. incognita 455 ¢ly |, YAADP asbas INC-14 cla S5lel s Lol
9 s el w5 5 sumlitie oyl yoes el (o Ly (o Sy w5les 4,01 (s, (Sagll ol olis M. javanica 445 1, #v-bp
SEIBLT I8 ZAYIY liass LAVAY Sdys slalino 0 13 cd 4 (2,5 addyy Bles 4 )bl slagl (Sogll doyd bl oo puie lumw
ainy Slo 4 (539l ao 3 oy 3V ol o )5l e JA pysle o 2NN &l VY laigd VIO dyns o LEIY jeilS T OIY ogad
Iy STy oyt 93 315 M. INCOQNItA 455 5 15,5 adalie (debld gliwgy LI ji50) (SKusdy oliw el Ul slagl 7 OV L &)

2l uLW O‘.I.wl )Ul Lglzz’élg »

M. javanica M. arenaria M. incognita SCAR _.olazl Sl Ul 1 gadS” gWojly

S (pL3)) g9 Jbs 4 ol U szl clo S o
Slojg LSl ol sloas (LS )3 ) 9 60l (o s o
(V5) 3l
oS lw A3 I (Meloidogyne spp.) & S, sl
S S 48 035 (LS IS slbos S cnpnte S
bbb o (LS G5 Yeee 5l i b Sl aioly (gl g ansls
e 45 ol 00d Ciogs i pl 5 695 Vel Gl (9
« M. incognita (g e S (sladisS (solaidl o 5l ladieS oy 5
Jsb e M. hapla Juze 455 9 M. arenaria M. javanica
e Sles calisee (glbdigS ey Cum (wlus LS I (S 1Y)
M. 5 M. javanica ladssS olpl o .cowl a5 4,
« M. javanicaass 5 55 «ylds! ol Ul sagl jlincognita
M. @5 5 o l8 okl JUl sagl ;I M. hapla 4 M. incognita
M. 4565 (VY 5 Y) Cuwl oss (45,158 NS Ul 44,;! arenaria
la b i ) Ul L s aiss, &l LI S8l javanica

LVRUFY

g el (sbogewe oy a8 5l (Punica granatum L.) ,Ul

bl jl ()l 0 & el (golaidl slroges oy Sete | SO
5 855 350 olml a5 el pl SIS (Fob alsd 035 oo
9 0080 g5 1S 55 ol (VY 5 8) el odg Ul ol
Moo 558 5 ol cciS 15 aaw g canlod )bl saiS plo
2 A7) 1sle 5l 03 5 Gt o Sl 1 e 5 S

(SbjolS 09,5 sl g (ALS (wlidgilan (655 (godih i -V 9 )
Spudio (gwgdyd oISl ¢(gjyaluiS” 0uSiily
(Email: Mahdikhani-e@um.ac.ir J gfome 0Jiamr 8 — )
5 ol Slidos sy w592y plulyd Ghigel § Slaiod 3550 bl —F
Seedo s g JS 4t

DOI: 10.22067/jpp.v34i3.84054


mailto:Mahdikhani-e@um.ac.ir

IPARQ sl o oyleds P wle (((55)9lis pabuo g pale) (LS cblis a5 i Y4A

Meloidogyne (sladasisS olwlis sl obyuSsiue DNA 4
RAPD® JsSlge cla gy cpols Jio 53 (V0) ol il dnwgs

oioxicw o loleale slaiellies sl Silis RFLPY SCAR®
adyy bsle ool <l DNA L Jls 5 Real-time PCR
(Yo o YY) b apls a8

WS o Ll 1y ege i balg, Llod I DNA (sl Sl
ITS 4 LSU 28S 4 SSU 18S wibe b5 5l (B0 g jslained
AT g A o Sl Jlas (25 4y )led SAsS )
M. incognita, M. zoly (¢ yuue)S 4355 duws (sl logasce adisS
o> Hl Lo Jlg 5 ) (wlwl ,» M. arenaria 4 javanica,
o a8 canl oaly lis wlie bt jelaten (VY 9 VW &) Col
ag8 ady ) g8 aw (pl (25 e LUl LSU D2-D3 4l
4565 dw o pled 9 S 4y 0B Ll >)ls Meloidogyne sle
11 .ccws M. arenaria 4 M. incognita, M. javanica Lo
bl ) wedy)l (JsSlge (Shy S plyie 4 SCAR ;L
-PCR STy 13 (YY) cwl o S5 (2)5 adlyy Slos sladisS
M pobaid] Gyao & 465 S gl 51y osl RAPD
Job <51y ala ST La s o 59 ) 5 455 o by
O gme dy Al 00 5 25,5 RAPD (gl Il & s (5t
- o opl S o (Sl wiS Jes PCR iiSTly )3 solaid!]
o=l ejlasl uslég , e SCAR- Primer s 4 polaid! s
(e Jas ipolaisly 039 RAPD (sla 53T 51 il o Sk
& RAPD ¢l )S5leT 4 s (6 5108 Gl a5 5le] ol o
0395 jl 00 gl sciwl DNA silgs o g )y [iiSTy byl p yuuss
b9y pl nlple il iSO Jb glaosle 5 pgd (o 9)Y 055
lolid lp Klgoo 9 2)l6 (St Sled (648 dl>y0 9 (0 4
2945 odlitwl (Siined g dlasel bl sy Cygo 4 odos dgS duw
L 5 RAPD (2S5 plonl 1 asy (YY) ol)on 5 152l (1)
W33, 1o 465 2 (gl & aolaid] slasl b g 5l eslis!
M. laaseS ¢y, SCAR —olas! claSjlel cois
o=l s b M. arenaria , M. javanica dncognita
(320 RAPD 3JUT 4 asgi b 5 SCAR (g, b » b Sk
sladsss il ooliw jascis » oYL LUy gl 5 wilosi
.\l . Meloidogyne

(2 Sadsy 5las etes SeisS lolid gy ol | e
SCAR (polais] cloyorly b (JsSso 5 Sjlsiye cslagis, b
585 olslyd lagliol )Ll slagly 5o Ll 23S s 5
ol 0391 Jlos g (o9

5- Random amplified polymorphic DNA
6- Sequence characterized amplified region
7- Restriction fragment length polymorphisms

oyl o 51 ML incognita 4565 ¢ o8 5 ogluw bl yuous )] 505
Ules ylud oy S - (VY 9 VA) sl o (45155 o8 5 05l
i slaceod )35 ady) > JUS sloml JUl 3 (25 ady)
Gind sy g |y Lils alon I lid dlge 3gmeS dilite LaiMls
RN M S (BB S i) S (63)] (o0
9)8) 23,5 (e CB)d (Fr)k Spe 4y e Colag 3 g 3L
1 Ul g ilS 31 B el 98 b ol 5 wliuskie (¥
Oliwgiiz )5-28 )3 Lol Cl 0ats (51357 ()5 i) Slos
WY M. incognita (o » )5 4y, asles | Lib > Sles yials
P s JSie flgie 4 Bles cpl (VF) Caol o 4555 sy
@t b ol 0ad 5155 355 0 cutS U1 &S oo yguS it
Lo )las 5 Bl olols ol alplo ke b ol ol
sl ol Bl s o0 Slas (l38l 5 05)ke Ca
SasS et 48 (Yl ea Labs (535)58 90 bl il

dyg—n ddwad (i (pl saisS 5l )y 3459 Meloidogyne
b, Meloidogyne (sladseS « iw jska .Cunwl 0dg (il
lagbie » (S39Mly ol gl S5lsd 50 Sluogas
o5 (Ses sz Sluogas Ll (11) Ssdie lolis ol
5 V) M it «glite (slagljee 5 hlize lame Laylys
@l )3 903, My dng (oLwlid (sla by, s )3 (VY
ol 0ad Jas Ols 30l G 4 DNA e gla i,
L ol jl g alasel JoB )l o 4l s 4 b i)
2 g TV 9)) L9y 00 )0 et Jiine Slos (S5 al> yo
(2 adyy Slod wre 055 )l olid sl Jsge slasd,
el gl gy ool (sl 035 liuisd 5l ()l Ban
" PCR ey (sloyoj GiiSly a0l o ()5 ai slassles
DNA (b5, sl 32 43,5 )5S (13) ilSan 5 ety b
Ll g pabo Ol 13 pgd o 9)Y S jlodlital b b )aS st
o=l il oui 0oly 5 S g b PCR iS50 & 00,8
45 b )5 Iy dagi (YY) s g pob Lawgs bades (0,
TN TG ENE Sy - PN R BNV
5 a5sS ay ololis ¢l 1y 16S TRNA 57 55 ST po,S g
il Oolate JoSUge (sla)Sylo 55,8 1,k Meloidogyne s
"o9is) DNA Sps8 asly 15 Jols DNA Giliso 5
¥ o935y DNA 55 sy yyj aiil dnwgs labas 5 185 5 Lo
9y 31 4l dGS 55 oy 4l (YY) 285 D2D3 5L

1- Polymerase chain reaction

2- cytochrome oxidase subunit 11
3- Small subunit rDNA

4- Large subunit DNA
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Table 1- SCAR primer for identification of major Meloidogyne with sequence and band size

il pU asgs yosly JIg 3w s Jpazme &be
Primer name Species Primer Sequences (5°-3”) PCR product (bp) Reference
Ezrr M. arenaria 'I-'rCCC? GG g(? :\_I'_I' :‘GG ﬁg fg%mc.r 420 Zijlstra et al. (2000)
E}:’/ M. javanica c ,S(? CT gggﬁ%ﬁgﬁ%ﬁgg&i&c 670 Zijlstra et al. (2000)
K, o SSSATOTSTAMMGCTECTS g migal Gond

(Adam et al, 2007) Jav s ar dnc-14 ;K1 Céa aw gl PCR LiiSTy (41 4l =Y Joia
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Table 3- Morphometric characterize of second stage juvenile on root knot nematode species collected from cities: M.
incognita of Bardaskan- Anabad, M. javanica of Jajarm and M. arenaria of Bajestan

&5 051,958 Meloidogyne javanica Meloidogyne incognita Meloidogyne arenaria
Measurement factor (n=15) (n=15) (n=15)
(L) ov Jobo 436 (416-456) 412.2 (392-436.5) 428 (400-445)
(Body length)
£ Jsb 53.6 (49-61.5) 46.2 (33-54.5) 51.4 (42-58.5)
(Tail length)
ol Jgb 13.5 (12-15) 10.83 (9.5-12) 12.8 (10.5-14.7)
(Hyaline Length)
ol Jobo 11.4 (10.5-12.8) 10.8 (10-12.5) 10.8 (10.2-11.5)
Stylet length
DGO 3.4(25-4) 2.7 (2.5-3.5) 3.4 (2.8-3.9)
a 33.26 (30.5-34.8) 25.37 (23.75-26.96) 34.6 (30-38.2)

c 8.7 (8.3-9.2) 8.38 (7.6-10.05) 6.9 (6.2-7.5)

(c)M. javanica

—

M. arenaria

(e) M. incognita

(d) M. incognita

(f) M. incognita

M. javanica. (c (o) M. javanica. (b {¢ylumex) M. arenaria (& aigs aw &b odlo JoSuioS o il (gl JSi )3 g4 - JSi
U U1 slraiyy 5 ol aa (WUl - 5w ) M. incognita (f ¢ (wel5) M. incognita (e «(sbf (-4 ue Co,3) M. incognita (d «(4il)
100x ol )30

Figure 1- Diversity of Perineal pattern in mature female of three species of a) M. arenaria in Bajestan, b) M. javanica a
Jajarm, c) M. javanica in Maneh, d) M. incognita in Torbat Heidariye-feya Abad, ) M. incognita in Kashmar, f) M.
incognita in Bardaskan- Anabad,) exctracted on pomegranate roots. 100x
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Figure 2- Amplification of 399 bp bands using specific primer Inc-14 for identification of M. incognita respectively Molecular

marker 100 bp, isolated of areas from Tor-f : Torbat Heidaryeh-Feyzabad, Tor-m : Torbat Heidaryeh- Serah Mehne, Bar:
Bardaskan, Baj-Chah: Bajestan- Chahpaliz, F: Ferdows-Baghestan, N: Nehbandan- shusf, control -
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Figure 3- A) Amplification of 420 bp bands using specific primer ar for identification of M. arenaria respectively Molecular
marker 100 bp, isolated of areas from: Neh: Nehbandan, F:Ferdows and B: Bajestan, control -. B) Amplification of 420 bp

bands using specific primer Jav for identification of M. javanica arenaria respectively Molecular marker 100 bp, isolated of
areas from: M-1 : Maneh- Bourj zankanlu, M-2: Maneh, J: Jajarm, F: Ferdows and control — no band
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Table 3- Sampling area infected of root-knot nematode, Infection percentage and species extracted from each area by

province, city and district.
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Introduction: Pomegranate is one of the most popular fruit trees and one of the most important export
productions in Iran. Root-knot nematodes (Meloidogyne spp.) are the most damaging plant-parasitic nematodes
of pomegranate, which cause root galls and disrupt the absorption and transfer of water and food, and eventually
decrease the fruit growth. Root-knot nematodes (Meloidogyne spp.) are economically important plant parasites
affecting a broad range of host plants, and thus far, 100 nominal species have been described. The development
of molecular methods to identify the four major Root-knot nematodes including M. incognita, M. arenaria,
M.javanica and M. hapla has been the goal of numerous studies. These species are morphologically similar,
making identification difficult for the non-specialist. However, distinguishing them is important for utilizing
appropriate crop rotations, managing resistance effectively and plant quarantine requirements. Therefore, some
molecular methods for identification of Root-knot nematodes (RKN) species have been developed. Recently, a
PCR method based on DNA has been widely used for the identification of nematodes. SCAR- Primers
(Sequence characterized amplified region) were developed and are used routinely on a large number of samples
with high sensitivity and specificity.

Materials and Methods: In order to investigate the infection of pomegranate orchards to Meloidogyne
species, 115 soil and root samples were collected from major areas of pomegranate cultivation from Khorasan
Razavi, Northern Khorasan and Southern Khorasan provinces, during 2015-2016. The highest area of
pomegranate cultivation is located in Torbat Heydarieh, Bardaskan, Kashmar, Khalil Abad, Bajestan and
Ferdows cities. After extraction of nematodes from root and surrounding soil, species identification was
performed according to morphological and morphometric characteristics of second-stage juveniles, mature
females and perineal pattern of females, and also using molecular methods and specific SCAR primers. For
DNA extraction, the procedure proposed by Silva et al, who extracted DNA of second stage juvenile, was
applied. In addition, the Atkin methods were employed for extracting DNA of mature female. The DNA was
added into the PCR reaction with specific primer (SCAR), and then loaded in gel for further analyses.

Results and Discussion: Major species of root knot nematode were M. incognita, M. javanica and M.
arenaria in Khorasan provinces identified based on morphological and morphometric studies as well as SCAR
primers. M. incognita showed a band about 399 bp with Inc-14 primer, M. javanica exhibited a band about 670
bp with Jav primer and M. arenaria showed a band about 420 bp with a ar primer. Infection of root knot
nematode pomegranate was observed in almost all cities but the intensity of infection varied considerably. The
highest percentage of infection on root-knot nematodes pomegranate orchards was observed in Bardaskan
(Anabad section of Fatemieh village) with 57.5% and Bajestan (Chah Paliz village) with 32%. M. incognita has
the highest distribution in pomegranate orchards. The highest percentage of infected orchards was estimated in
Bardaskan (19.93%), Bajestan (12.3%), Khalil Abad (6.9%), Kashmar (4.3%), and Torbat Heidariyeh (3.5%)
located in Khorasan Razavi provinces, Ferdows (5.4%) and Nehbandan (1.3%) in Southern Khorasan provinces,
and Maneh (1.1%) and Jajarm (0.8%) situated in Northern Khorasan. M. incognita has the highest distribution in
Khorasan Razavi and Southern Khorasan provinces, and M. javanica has the highest distribution in Northern
Khorasan provinces. The differential host shows the race 2 of M. incognita in area.

Conclusion: Infection of root knot nematode pomegranate is growing and there is a need for accurate
identification. Using molecular methods especially SCAR primers for identification of major species of root knot
nematode is fast, accurate and reliable.

Keywords: M. incognita, M. arenaria, M. javanica, Pomegranate, SCAR-Primer
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1- Epidemiology



IPAQ 3l o o lels FF ule ((53)9liS @aliuo g pole) LS cblis 4y pis  YVY

o8 oli! (6,55l 5 dllluie 2 )3 00l (5 y91Ren (SAiged Slasi g ol (5,15 mdiged bl —) Jgua
Table 1- Sampled areas and the number of samples collected in each area of Fars Province

Aged &S Ol st oL &3 piges bl FHEA asy 50 Agod dlaxi
Sample code Name of county sampling areas Greenhouse Farm Number of samples
R sblyg ) JLes 3
Nourabad Rostam Cucumber
K oyl 3g,lud pires 5
Darab Fasaroud Cucumber
N <hls 29)ld N S 5
Darab Fasaroud Tomato
G oyl 3g;lud olbredly 5
Darab Fasaroud Eggplant
J oyl e Gz gires 10
Darab Janatshahr Cucumber
F Ol &/ ol 9 k> 5
Estahban lj Cucumber and Basil
. )5 )5 PN 3
Kavar Kavar Tomato
H )‘)‘““" ol Ls'i")3 d‘>9§ 2
Shiraz Bajgah Tomato
Shiraz House Eggplant

¥ 5 asLsl Tris-Hel (pH8) ,1%(V/V) B-Mercaptoethanol)
Tris- Voo ko Vo )3 majoid p)S ke o) 8L o) yuls)See
Celo S5 g plo @l p> aady Ve g 13,5 aslsl (pH=8 L HCL
8o, 8 oles a3 A0%C j> ddBy Ve g ol S ke s 0 £A%C o
A 88 Y Gde dy 4By ;0 490 Werr Cop b G A5 00
oy plos ad o3l 515 =V 5508 50 gy Sue b Jods il
Vo ol 48 de coglite ped yuw 9)Y (0,5 3,5 0550 L 88
I3 ol g0 w35 350 9)Y g s, 5l STy g0 Ol g S
Vg am3)S ad JoSsin pj (elidopia o (jgw b g 45 03>
4By 99y 0950 Sl e b Sy (9 ol yidg S
(V9) 23,5 1,5 say Jolyo
LS5 T (533,

S oleMbl Sy b o ¥ Jods S5kl cas o <l
Sl y a4 ¥ g0 5 il 0 OD wile cleMbl Jolis 45" 055l
bS5l 0,8 Lol (5losd) el P g < 5 e
il sl 1l aSils 5 odg Lypholyse 5YeaY &jan 4
A28 ¥ Caoda s Were o0 L Soi il bbwey Il g
Gdy 2l Ve S5l i g 0005 (55l Sile
Loy malats g pSiem 2 53 Voo o Vol o €8 03,8
25 dolxe o Jgoyd olul p SN o Jlas]

Tamea=(4x (G+C) + 2x (A+T) -5

4 dr dls o )0 05 00l 8 dn 0 Fe gled ;0 Al Ve e
o g by () B g b Sous il j9 Feve L alBs Ve ke
—p 0918 bydoe ol pe o g Ad it i g 5,500
g 1 (LS5 S 5l ey 5 8Ll (VF2)) s & ST aslg
Ad83 30 53 Weer 0 A a8 W Gie 4y JolS uis bl
e Bjedil o (g) B A pe cul LT 51 ey 8 Fods 5l
S i 0 g 05 Lol s Jsilbgpail ol e oo 9 Jitio
O e )8 42y Ve ARSI T Cle 4y ol a5 00
Cgmy diBd 10 5gd Wer v 1D d@8 VA Gde 4y Bygui) Slgizee
Ve JSIL dlols gy g a5y g o] & 9) 6 45 03D
Sl Ol o> (g9 Jlad 3)90 Bygiyl (g S gl L0y
Yengs Siis MolS' U wds anislis ol 8 ol ax 0 #0 €° gl b
2 s ¥og i Bldl gyt il Jlgd oo Ol yig oo
2 a5 > el DNA b 15 (51455 361 slo
(VA) 285 )13 31,5 ol 2 p3 Ve )58 ) (SS9

Toad g,y 4 gl a5l
3loas )3 odle S5 gy (ol 5D Slywis b olyes 1o 39,
VA o (o Y Qg S 5 gt Iy 8L
25 iy b g 85 )15 59 00 gt b Jlgd Ol g S
45k 5590 blad iy 125 91 005 Sguus dlad g9 ol ki &S
(0.2M Nacl, 0.2M gl ul 3Ly ;5 S Vo Lpuses 13,5
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Table 2- The names of the primers along with their sequence and temperature Tm and connection temperature according to

the formula
bod
) ool Tm sled Annealing
D 6 skt Jy o akd Job s g S Jgeyd bl
NG Primer Sequence Reference T radment  Temperature Tm Annealing
name length based on the temperature
manufacturer according to
the formula
, . Dong et al.,
1 MJ-DF 5'CCTTAATGTCAACACTAGAGCC3 2001b 1650bp 60 59
MJ-DR 3'GGCCTTAACCGACAATTAGAS’ 56
2 MJ-MF 5'ACGCTAGAATTCGACCCTGG3’ Meggé‘i al., 517bp 60 57
MJ-MR 3'GGTACCAGAAGCAGCCATGCS’ 63
3 Fjav 5'GGTGCGCGATTGAACTGAGCS “llsra ot 670bp 63 59
Rjav 3'CAGGCCCTTCAGTGGAACTATACS" 65
4 MI-F 5’ GTGAGGATTCAGCTCCCCAG3’ Meg%gfl al g5spp 63 59
MI-R 3’ACGAGGAACATACTTCTCCGTCC5S” 65

syl 517bp ol | 1L &S (V) Mj-MR s Mj-MF 5
B70bp _polatsl aska S, 45 (¥+) Rjav 4 Fjav Ly 48 e
S 45 (W) Mi-R § Mi-F [$5LET 1555 sslitul 135 o slox)
M. 4565 s bigyyo g 4 oo Loyl 955D —olazs] addas
Joiz S5kl ol Jlgs 053 oslizal 35 w5L e incognita
oS ¥ Jods ol o)l w0 58Ty Lol .l o 03,91 ¥

)5 ke O 9

Sayiedyge 9 Sglerge Sty il ble alelid 4y
wla b, 5 M. javanica as¢5  —olais! cla )S5lel SS'L

8,5 5158 oslitnl 3)90 (J3Ssge

PCR (3037
5 Mj-DF sl pls s ool ST i oo 1 o Sajologs
S o 3Log) 1650 bp o] adsi S, < () Mj-DR

M. javanica _aolaid! g ,5 ;581 Cés gl PCR LiiSTy glal -Y Jgua
Table 3- PCR reaction components for specific primer pairs of M. javanica

Bpandlge
Consuming materials

23likuwl 390 o

PCR(10X) ,5L
PCR buffer (10X)
S50MM(MgCl2) pg jiie 5,8
Magnesium Chloride 50
mM (Mgcl2)
(10mM) cé, 55l
Forward Primer
(10MM) cuss p, 3lel
Reverse Primer
SJIDNA
DNA template
ool oo
Sterile distilled water
DNTP 10mM

Taq s jl
Taq enzyme

the final Volume

2.5ul

0.75ul

1ul
1ul
1ul
18ul

0.5ul
0.25ul

25ul
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Mwwbwﬁuiwéﬁ-’vw‘)ﬁ

aolp A assy, 0.2ml Cos S g0 SiiSTy ba e
Juasl slod (F Joaz) 23,5 disge 5361 e o sl Sl
SHED 2 &8 10,5 (giludige Al oo 4 ST 2 olal

19 lb,f)k‘«‘ Cas gl )“:""gf’ aolip-F Jouo
Table 4- PCR program for different primer pairs

dl> o obj JSew 3lasi o>
Stage Time Number of cycles Temperature
adgl syl FEEIRR 1 95
Initial denaturation 10 min
b yuly 438> ) 38 95
Denaturation 1 min
Jlas! 43,83 38 s
Annealing 1 min
O S aa8s VY. 38 72
Extension 1.5 min
Final Extension FECERY 1 72
15 min

o VO 3g L 7N 55T U5 55 Wadiges 599 iUl sl 003,5 disy s 9 05 dsaslins (slod Bubs ol 005 aseiio oyl b a4 S5k s o (sl Jlasl slos %
A5 001 guitands Of )3 ABE S oo g 1D, (a5 4B Vo ke 4y Wolog peadll (gols OB LD Ly § 23,5 55999 55U s Ceslr S ko Ay VO il
23,5 b pSe 58S )LE GBOX Juo oSy J5 olKiwd )3 Lusww
#The annealing temperature for each pair of primers marked with an asterisk is used according to the temperature calculated and

then optimized. Electrophoresis of the samples was electrophoresed in 1% agarose gel with 75 volts and 75 amps for half an hour and
then stained in a tank containing ethidium bromide for 10 minutes and washed in water for one minute. Then it was placed in GBOX
document gel system and photographed.

adng b ey ySee Sluogad (pSojlul jshaie ol (sl
A3 basle ool Gilise cladiss ololis il 580 Slaw
A Jp8 (s 2)90 p9d (r 9)Y g Sl slaodle dilate
o=l aleMbl jlan )3 pulals & Joas ) odsl Cundy glaodls
O 0¥ 5 Il osle (cocumer &5 €85 wxd g e Jgi>
M. 5o5 4 3lxio \lgh oo LA qwyp addllas (ol )3 aS oo
Oyb cdsllas JoSUge pulis b &5 wisly javanica

DNA gl el (5 jla diusgs
4 bgyye DNA zlisuwl a8 dw odds dpogi sla iy 5o

4 L8 T o9eil @b ks Yo b e Tod g lghu «SSl5
Sled Ve ol b b ods diigy (sl gy 50 Lol g Wles Lo,
Ly 52y cilisen Sl 5 et 5l las S5 L oo 5
0y oLody an B Wl 5)Y ST g Wl 159 dunS ST SaS
3y90 Sb9y ) DNA glisual (gjlo aise jolate 42 (V J5i2)
9 Sl oy > Cdpdy Gygo 1o b Ao (Sl odlatl
sl Proteinase K iJg,Se 0 jl oolazwl (sbs 45 (VA) S0

ol s ot LA eolitw! v 595 ;g yShe B 3l g Bls

M. javanica 455 jl aiges ol a5 dgs oyl 5 (Sl ol
Lo SHET L JsSge 5 (Suigshye b 51 45 B sisei 3 39
ol 00 a2 & Jodo )0 zuls s Slolids D390

ks g9y ikisee 3blie (sladiged g n )l Jolb @b
M. Sl s, e FjaviRjav ,S5Lel e Uy gL sl
M. les oy caps Mi-F/IMi-R 55Lel cas 5 javanica
(B) 45U s diged wCawl o 00> lis Y S s incognita
4 3¢ ite gls Mi-FIMIi-R ¢ Fjav/Rjav s 5;lel cais L
o b peiomon B asged il o dalie LBY o) S5 o
ai iwlejl 590 M. inCOgNita 465 4y bgyye a5 o5 (gla )35le]
4565 S dges (ol &S 0yl dgng (Sl 1l L3 die bt oS
2 a5 jeb len adl s ddlais (ol (25 ddy) Sled il was
gy Sl Jole &S cal ) 5 LS b 33,5 oo aalie V S5
3y90 40 bl o M. javanica «o5 bl sble ST, 28
;1ML incognita 4¢3 b, 4 B & Mi-F/IMi-R [5jle] cas
A3, ol diged JS 5 il g wil e (sl Sady, w5loi
A5 plolid B 90 (55519850 Clilllas > (yiveen
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L 68U gl 8L ol sl 4 45 8.3) 3.75 mM Mgcly) 9 lokus g, 1 290 DNA zlyscul )3 wajord o390 sl I8
(0.2M Nacl, 0.2M Tris-Hcl (pH8) ,1%(V/V) B-Js—0 8 9T B9y 0 0, il uiles 53,5 3,5 095w (V) ) Ken
A ls a piomed 405 ooliiwl (1) Mercaptoethanol) alsyo dw > (ool yhafie Ol ;g Seo Ve ((V0) o

03,5 ool was 3L 5l g e Vo lise Tod ,8L 51 12dg e 2 aS gl BU 5l el gals s S V8 4 ks g,
)25 mM DTT, 1.25% Tween20, ;>4 oyl Tod 59,
0.025% gelatin, (125mM KCL, 25mM Tris HCL (pH

M. 9 M. javanica cilisee s ST L JoSUs0 9 (159793 po gl g diged Sluad (cilisen 3bln (diged oS &y bgs o GleWbI -0 Joua
incognita
Table 5- Information about sample code, different regions, number of samples and morphological and molecular results with
different primers of M. javanica and M. incognita

digod oS 3L pend digod dilio PHES L asy50 diged dlaxi =W
Sample County Sl Greenhouse Field Number of Results
code . samples 59lgd ,5;l (FYCgH]
Sampled ESSTIUTY ss; ss;
region Morphological M.J M.1
M.J M.1
Primers Primers
R s ) s 3 M. javanica + -
Nourabad Rostam Cucumber
K <hp 5l o 5 M. javanica + -
Darab Fasaroud Cucumber
N N 9l R 5 M. javanica + -
Darab Fasaroud Tomato
G N 5l obedl 5 M. javanica + -
Darab Fasaroud Eggplant
J <hp Rl i o 10 M. javanica + -
Darab Janatshahr Cucumber
ol & by 9 s ) )
F Estahban " Cucumber 5 M. javanica + -
) and Basil
P )% g i 3 M.javanica + -
Kavar Kavar Tomato
H e - i 2 M. javanica + -
Shiraz Bajgah Tomato
B et S9we Jjie obresl 2 ol b _ _
Shiraz House Eggplant Unknown

Seowist @l jI Jols (55,589 5SUN (g - UKW

&S FjaviRjav ,55lel s 5,989 51 ol 13) 3905 3wl B70DP 1L A o)l wiges oo Lol dad a5 o) liasl cilises sblio 5l o0d (9l @er (slosles :A

59995 el 53) 1505 L5 955D Wb K b o8 bl Cilises sblie jlond (o9l zen slosiles B (i odlitul ool M. javanica w35 JolS ssle 4y by, s
] 3w <8 b J9Ug0 ,SHle Ml 0 &1 Y Jgdo 53 ladiges 35 (15 odliul cul M. iNCOgNItA 4565 4 bgyye 45 MI-FIMI-R 351 cais
Figure 1- Electrophoresis patterns of PCR products

A: Nematodes collected from different parts of Fars province, all of which formed 670bp band except for sample No. 9 (in this

electrophoresis, Fjav / Rjav primer pair, which is related to the adult female of M. javanica, was used),), B: Nematodes collected
from different parts of the province that did not show any 955 bp band (MI-F / MI-R primer pair belonging to M. incognita species

was used in this electrophoresis). The sample code is given in Table 2. M is a molecular marker of Sinagen Company.
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Table 6- Morphometric characteristics of adult females and second instar larvae in M. javanica populations

Olasuiv
Characteristics

(g 550 1) o3lo
Females (in micrometers)

295 (w5 )Y
(309,50 1)

Second instar larvae
(in micrometers)

ok Jsb 690-964 (828.3)
Body length
O oo 350-530 (436)
Body width
cdilil Job 15.5-18 (16)
Style length
el 0,5 £lis)| 2-3(2.6)
Style knot height
cdilinl 0F oy 2-5(4)
Style knot width
iy sk Slyime iy Joe 3-6 (4.6)
Valve of the dorsal gland
by Wiy b e dlols 42-47 (45)
Distance from head to the secretory
orifice
e o 3550 b VL slel Jolo > 90-96 (932)
The distance from the top end to the
center of the middle bubble
T Gl Jobo 18-30 (25)
The length of the vaginal cleft
e b 5 alols 12-32 (17.5)
The distance from the vulva to the
anus
1036 93 oy alols 20-30 (25)

The distance between the two
phasmids
P> Job
Tail length
P> sl Blas s Jgbo
The length of the transparent part of
the tail end
£ Jobl o Jsb
Body length / tail length

395-420 (410.8)
9-11 (10.8)
10.5-13 (11.4)
1-1.6 (1.4)
2.5-4(2.2)

2.5-4 (3.2)

- 46-57 (52.4)

- 11-16 (13)

_ 7-9 (8.3)

Cogte Olg s calise oo 5108 S5 g wles sae )+ sluws b gl
Oy e Ol Aty hey cpl Ol (o0 &5 Cuwl 0l ol
2903 dlield 2l el

A8 ) Silad asAd yu L ST (5 luddiaga
M. javanica oad obdy Sles 3ble 151 50 4l &y asgs b
Bblie > aS 565 oyl an bguye cla)S5lel oplplo cul 03
O b oalatwl (Y Jgas) 29 418 )3 1,8 edlasiwl 550 caliseo
aS FjaviRjav ,5;Lel oolisul 390 ,55lel s dws 3 jobaito
sl 517bP axkad < 45 Mj-MF/Mj-MR 4 670bp askss S,

Vo) oS ¥ olie d mjoid il L peiomen
sle 4 (PH=8 L Tris-HCL Yoo oo V¢ )3 mjsid £ e
35 pykaie do (pizmen b Job s poslhe s KLty
=45 sled 5,5 Bl axjd =V+0C glod (sl 4 sl )8
los S Tgd g, aislean asldl )3 s exliwl 5,5 ke a5y
Ve g oobais plos ) celw SO e 4 31,5 ke as > £0%C
oy ola olBiws g9y 5o 31,5 lw 4553 ADC glod jd aadd
2 3l (JoSlge 2b3) 53 gl el slag) ) 2205 eolinl
Gl 04 a2 Vg
odd iy gy 3 3,5 (o0 oalde V gz 53 45 5o o



YAV lesSady ) Jole wiled (o lwlid (J9SUge b sbs ) (53 lwainte

ke oL, 50 S5l lgs dulia 3,55 sloul 1) L5 3yge dxlad calisee sla gy L Lo yS5lel ol aiisls (o0 3,8doe 905 o0
el 0408 pe a5 A Jois )0 M. javanica 48 &3 ddy, Blos 23 ST g caliste glacunes j3 g gidy ol b g gl yocial
ol 005 03)51 )TL_G“’(_F’ 09")] CJLJ s Jiw 20 (el MJ'DF/MJ'DR )f)l_cj ol Cuwdy (.?’9’“4" C)Lu PLENW uu)Lc)T

RS Ay Wled (Jege (b3 )3 gl Bl dike S Ry A lio -V Jgua
Table 7- Comparison of optimal extraction methods in molecular tracing of root knot nematode

)yl ‘_g\bu:as) Jol5 o5le 055 dawnS’ 093 cyw 9,Y
Extraction methods Adult female Egg sac Larvae of the
second instar
(VARA) ohen g STl5 oad diugy (b9, FXCRAN a0\ FXCRN dae ) XN e )
Optimized method of Zhang et al. 10 individuals 1 individuals 10 lindividuals 10 individuals 1 individual
(1998) individuals
+ - + - - -
(Vere) ohar g lghow s diny b9, + _ + _ + _
Optimized method of Silva et al.
(2000)
(Vor)) o) g Tod osid diugs o9, + + + + + +
Optimized method of Liwa et al.
(2001)

Vi wiee e

Seswist 3 Jols (55989 2SI gl Y S

LB ite JyS F Sabs (056 dunS S5 T Sl (3l o3l 5 Y Sals pod  5,Y S5 ) Sals 16500p alols 54 Mj-DF/M]-DR Sjel cas | :A
Mj- 55l cis LiC e JyiS F Sols 056 duS S Sl (&l o3le S5 ¥ Sals agd oy 9,Y S5 N Sals H70DP abols 15l Fjav/Rjav 5el cas
100bp - 3000bp 3l <8 13 JoSIge 55 5lo M 155 duaS’ S5 ¥ Sals (@l o3lo S5 2V Sbls qpod pu 9,Y S5 ) Sl 5170 alwsls 5L MF/Mj-MR

Figure 2- Electrophoresis patterns of PCR products

A: using Mj-DF / Mj-DR primer pair formed 1650bp band, well 1: single second instar larvae, well 2: single adult female, well 3:
single egg sac and well 4: negative control, B: using Fjav / Rjav primer pair formed 670bp band, well 1: single second instar larvae,
well 2: single adult female, well 3: single egg sac and well 4: negative control C: using Mj-MF / Mj-MR primer pair formed 517bp

band, well 1: single second instar larvae, Well 2: single adult female, Well 3: single egg sac, M: molecular marker of Sinagen 100bp
- 3000bp
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Table 8. Comparison of primer power in tracking M. javanica

JOg{rt Jol5 25l S S s - y
Primer name Adult female Egg sac P72 S Second instar larvae % O %
dae Ve dae ) dae Ve dae ) die Ve dae )
10 individuals 1 individual 10 individuals 1 individual 10 individuals 1 individual
Mj-DF/R + + + + +
Fjav/Rjav + + + + + +
Mj-MF/R + + + + + +
Mi-F/R - - - - - -
Mt iS5 4 6 ) Slel : +
+: Primers are able to reproduce
Mg iS5 4 6 b Silel :
-: Primers are not able to reproduce
L S 3LeT Jlail (slou (5 jhoudisgs Mj- S5l ccds 33,5 o sanlie A Jgio ;5 S job lon
Sl JSw U g cilises (slales 5| uios ol 3 ysbaie cpy Sl e ol 039 pg> (9 S5 2k 4 38 DFIR
S s ool @l ool w5l Ve ol b 55T o ol Cilisea ples > cewl M. incognita 455 oLulid 4y by ye Mi-F/R
Gl 0025 03551 ¥ i 53 ,55ET 1 &y bgyye 00ty (slod Slacamer (392 pAllS oLl a5 bl (ite 3)lge
(F U)ol oy S YA Sy disgy IS 3l Al o olatl 3550 Wil

3 4 =M

Seswist § Jools (55989 5SUN gl —Y S5
08 los L Mj-MF/Mj-MR 3Ll i :C o5 slo a5 )3 0+ clod L Mj-DF/Mj-DR 5;lél cén B 51,5 il 455 OF clo> L Fjav/Rjav 35l cas :A
o3 b 45,5 OF clod L MJ-MF/Mj-MR ,35leT s 195 Saly ol 5 5l 45,5 OF clod L Mj-DF/Mj-DR 35k cas 1S5 Sals :D o 5 sbo a5 )
e J5S sles Sals ol 5 le 433 0F clod L Fjav/Rjav 55kl cas 4w Sals
Figure 3- Electrophoresis patterns of PCR products
A: Fjav / Rjav primer pair at 54 ° C B: Mj-DF / Mj-DR primer pair at 50 ° C, C: Mj-MF / Mj-MR primer pair at 56 ° C and D: Well
1, Mj-DF / Mj-DR primer pair at 53 ° C, well 2: Mj-MF / Mj-MR primer pair at 53 ° C, well 3: Fjav / Rjav primer pair at 53 ° C and
well 4: negative control
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Table 9- Optimized annealing temperature of each primer

Skl cas ol bowd (gjlwdiags slod  ,Ua1 3 yae Wby o3l
Name of the primer pair Optimized temperature Expected band size
Fjav/Rjav 54 670bp
Mj-DF/Mj-DR 50 1650bp
Mj-MF/Mj-MR 56 517bp
MI-F/MIR 55 955bp
ol oyl &S 0l L Zobs b eolaiwl (5, Sue YO STy Jiu"“u;‘ Sl ¢ leudings
)-’—-(‘c JS8) 29 aal ) ST s aws yp (gl 0 4S5 Slge I DNA lise poi 515l w0 lin] (iloaige jolate 4
915 (boy 4 (25l 9 U DNA jlicie pgd (o 9)Y 3590 5 DNA g5l cilise cla s, > Mgcly colalé i
Mo am V5o o 00 MQCl2 5 iy )Sin ¥ 4y (1) oS0 oy S adyy wilos ilisen (gla ,S5LT L wiles oy alises Jnlye
e 659 S VO STy S sl o 8L (l3EN g S JelS o0le 3l gl sl g, 55 4" A oolazw] M. javanica «45
(0 JS8) 390 el S S5l e sy sl g 035 V3 i sl gl sy du g il eoliiel b 555 e

S22 Ygeiskes 8+ MOCl2 i Sie S g 95U DNA 2y S

3000bp
41500bp

500bp

Yioa Yl oRIIDNA (iaf380 9 ) s « /YO 5IMGCH liee (339381 Ul ot 3 ol (55999 U1 (gl —F S0
5 S5 gy 2 gl el 05 A Ve 3 0 5 F Saly e S8 ¥ Sl (Voo 0] olSon g sk (59, & gl 055 4 VeSS Y 5 ) Sy A
U9y 4 lyseis] v55 S Ve olus Vo) Saly B oSN DNA Y [ ol5e g MGCla /v 1 e3lizal L 670bp wb Rjav ¢ Fjav S5kl cis L (VA) o) Ken
oSIDNAY [ e s MICI2 ) e 31 0lied L 517DP 5L Mj-MR s Mj-MF S5LT cais b G515 gy 4 ]yl 056 duS Voolis ¥ 5 ¥ Sl ok
Sal D GSIDNA Y 1 ylie s MICl2 \ 1 ylie 51 elisl b 1650bp w54 Mj-DF/R S5l s b Ik gy 4 56l o565 duaS Ve i ¥ 5 ) Sals :C
;1 eslizul L 670bP w5 Rjav 5 Fjav 35el cas b ¢ ite S8 F Sals o lgbus zly5mol (os) ped oy 9,¥ TiV e Saals @l ole Vo) o Sl 055 duanS V41
.100bp-3000bp 5w <8 ps (J5Ug0 ,S5Lo :M 4 SIDNA Y U 5l500 9 MOCl2 V [ 150
Figure 4- Electrophoresis patterns of PCR products while increasing the amount of MgClI2 from 0.75 p to Y p and increasing

the template DNA from 1 pto 2 .

A: Wells 1 and 2: 10 egg sacs extracted by Silva et al. (2000), wells 3 negative control, wells 4 and 5: 10 egg sacs extracted by Zhang
et al. (1998) with Fjav and Rjav primers, 670bp band formed by using 0.75 u MgCI2 and 1 p template DNA, B: wells 1 and 2, 10
egg sacs extracted by Silva method, wells 3 and 4, 10 egg sacs extracted by Zhang method with Mj-MF and Mj-MR primers, 517 bp
band formed by using 1 p MgClI2 and 2 p template DNA, C: wells 1 and 2 includes 10 egg sacs extracted by Silva method with Mj-
DF / R primer pair, 1650bp band formed using 1 p MgCI2 and 2 p template DNA, D: well 1: 10 egg sacs, well 2:10 adult females,
well 3: 10 Second instar larvae extracted by Silva method, well 4: negative control, with Fjav and Rjav primer pairs, 670bp band
formed using 1 u MgCI2 and 2 p template DNA, and M is molecular marker of Sinagen 100bp-3000bp.
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Figure 5- Electrophoresis patterns of PCR products while increasing the amount of MgCI2 from 0.75 p to 1.5 p and
increasing the template DNA from1lpto2pand 4 p
A: All 5 wells including DNA extracted from the second-instar larvae based on Liao et al. (2001) using Fjav / Rjav primer pair and
applying 1.5 ul of 50 mM Mgcl2 and 2 pl of template DNA, B: well lincludes single second instar larvae by Liao extraction method
with Fjav / Rjav primer pair applying 1.5 pl of 250 mM Mgcl2 and 4 ul of template DNA, C: 3 wells including single second instar
larvae extracted based on Liao Method with Mj-MF / Mj-MR primer pair using 4 ul of template DNA and 1.5 pl of 50 mM Mgcl2.
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Introduction: Root-knot nematodes are the most common and destructive plant-parasitic nematode group
worldwide and adversely influence many economically important crops, ornamental plants, and fruit trees. They
are obligate parasites of the roots of many plant species, including herbaceous and woody plants. Symptoms
associated with Root-knot nematodes infection include root galls, shoot chlorosis, stunted growth, nutrient
deficiencies, and secondary infections by other pathogens. A high level of damage can lead to serious crop loss.
Due to the considerable morphological similarity between species of Meloidogyne and high intraspecies
variation, it is difficult to differentiate species from each other based on the morphology of their perineal patterns
alone. Molecular techniques are used for detection, species differentiation, and phylogenetic analysis of species.
Polymerase chain reaction (PCR) is a method widely used to rapidly make millions to billions of copies of a
specific DNA sample, allowing scientists to take a very small sample of DNA and amplify it to a large enough
amount to study in detail. The objective of this study was to improve molecular diagnosis of root knot nematode
in vegetable crops in Fars province to enhance our diagnostic knowledge and allow species identification of root
knot nematode through PCR by species-specific primers.

Materials and Methods: In 2012, in order to identify the different stages of growth of Meloidogyne javanica
species, 40 soil and root samples infected with the nematode were collected from different cultivation sites of
Fars province (Darab, Jannatshahr, Estahban, Nurabad, Qavar, and Shiraz). The roots of plants were flushed with
water to remove soil and then washed with soap for 10 min. To obtain the pure population of each sample, a
large egg bag containing more eggs was selected. The isolated egg bag was placed adjacent to Rutgers tomato
transplant. After 70-60 days, the roots were removed from the pot and prepared to identify species of the
nematode. After purification of nematodes using single egg method on Rutgers tomato root and diagnosis of
them on the morphological basis, the DNA was extracted at different growth stage of nematode using three
optimized methods of Zhang, 1998, Silva, 2000, and Liao, 2005. PCR products (5 ul) were separated on standard
agarose gels. A DNA ladder (Sinagen 100bp-3000bp) was used to determine the molecular sizes of the bands.
Band patterns were photographed under UV light using the GBOX document gel system. The PCR was
optimized by varying the reaction components and cycling conditions. The annealing temperature was optimized
separately for each primer based on the manufacturer's Tm and formula. The roots were flushed with water to
remove soil and then washed with a 0.52% NaCIlO soap for 10 min. Individual root knots were obtained after
three to five washes. Furthermore, DNA extraction was performed using four methods.

Results and Discussion: The root-knot nematodes were recovered from the vegetable crop soil samples.
Species identification in this study was based on the PCR by species-specific primers. Specific primers of
Fjav/Rjav, Mj-MF/Mj-MR and Mj-DF/Mj-DR could detect M. javanica with 670 bp, 517bp and 1650bp,
respectively, proving their usefulness for PCR on root-knot nematodes. No band was detected using specific
primer of M. incognita (MI-F/R primers) from the samples in PCR. During optimizing PCR method, it was
revealed that the best annealing temperature is 54°C for Mj-MF and Mj-MR primers, 56°C for Mj-DF and Mj-
DR primers, and 50°C and for Fjav and Rjav primers. Adding the DNA extracted template from 1u to 2u for
single female and single egg cist and from 2 to 4 for single juvenile made the best result for detection of root-
knot nematode based on PCR. Changing the MgCI2 concentration from 1.5 mmol to 2 mmol in a 25ul PCR
reaction made the best PCR result. The Liao optimized method was the best DNA extraction for monitoring M.
javanica. Fjav/Rjav and Mj-MF/Mj-MR primers were the best primers in detecting M. javanica.

Conclusion: The results of this study showed a remarkable ability of DNA extraction methods, specific
primers and the cases optimized in this study in identifying root knot nematode. Identifying M. javanica species

1- Former M.Sc. Student, Agricultural Engineering Horticultural Sciences, Biotechnology and Molecular Genetics of
Horticultural Products, Estahban Branch, Islamic Azad University, Estahban, Iran

(*- Corresponding Author Email: rahman.keshavarz64@gmail.com)

2 and 4- Assistant Professors of Research, Plant Protection Research Department, Fars Agricultural and Natural
Resources and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Zarghan,
Iran

3- Assistant Professor, Department of Biotechnology and Molecular Genetics of Horticultural Products, Estahban
Branch, Islamic Azad University, Estahban, Iran


mailto:rahman.keshavarz64@gmail.com

IPARQ 3l o oyleds P wle (((55)9lis pabuo g pale) (LS cblis 4 i YYY

based on morphological methods is time consuming and difficult, and requires high skills and also needs to be
examined for a particular stage of nematode growth. In addition, identifying of this species based on biochemical
methods is time consuming, affected by environmental conditions, requires relatively large amounts of living
organism and a particular stage of the nematode's life cycle. Given these difficulties, DNA extraction methods,
specific primers and the cases optimized in this study can be used to identify M. javanica species. However, as
M. javanica and M. incognita primer pairs were not detected for a sample taken from Shiraz, more researches are
needed to be carried out on this case.

Keywords: M. javanica, PCR optimizing, Root-knot nematode, Specific primers
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Table 1- Polymerase chain reaction program to replicate WmCSV coat protein gene

obj & slod ds 50 s o dlaxi
Times Cycle temperature Step Cycle numbers
5 min 95°C Primery Denaturation 1
1min 92°0C Denaturation
30s 550C Annealing 35
45s 72°C Extention
10 min 72°C Final Extention 1
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Figure 1- Geography map of cities in Sistan and Baluchestan province
(Sampling area are marked by circles).
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Table 2- Properties of Watermelon chlorotic stunt virus sequences retrieved from GenBank

Jlw R IS oo it alas )
Year Host Country Accession Isolate Row
number
2015 Cucumis melo Iran (Sistan and Baluchestan-Zabol) MH220206 Zb 1
Cucumis melo var. . . MH244447 NIC
2016 cantalupo Iran (Sistan and Baluchestan-Nikshahr) 2
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Nikshahr) ~ MH244448 NIC2 3
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Sarbaz) MH244449 Sar 4
2016 Cucumis melo var. Iran (Sistan and Baluchestan-Sarbaz) MH244450 Sar2 5
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2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH244451 Kon 6
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH244452 Kon2 7
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Konarak) MH?244453 Kon3 8
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Chabahar) ~ MH244454 Chb 9
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Hamun) MH244455 Hm 10
2016 Citrullus lanatus Iran (Sistan and Baluchestan-Hamun) MH244456 Hm2 11
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Saravan) MH244457 Sav 12
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Saravan) MH?244458 Sav2 13
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Zahedan) =~ MH244459 zh 14
2017 Citrullus lanatus Iran (Sistan and Baluchestan-Zahedan) ~ MH244460 zh2 15
2017 Citrullus lanatus Iran (Sistan and Baluchestan-lranshahr) ~ MH244461 IRS 16
2010 Citrullus lanatus Iran (Fars-Khonj) KT272769 W-Kh-A4 17
2010 Citrullus lanatus Iran (Fars- Mamassani) KT272767 W-Ma-A 18
2012 Brassica sp. Iran (Kerman-Jiroft) JX480486 IR:Jir:61-1:Wat:12 19
2012  Anagallis arvensis L. Iran (Kerman-Jiroft) JX480488 IR:Jir:43-6:Wat:12 20
2012  Medicago IE)olymorpha Iran (Kerman-Jiroft) IXA480481 IR:Jir27-2:Wat:12 21
2012 Melilotus indicus Iran (Kerman-Jiroft) JX480483 IR:Jir:34-4:Wat:12 22
2012 Melilotus dentatus Iran (Kerman-Jiroft) JX480485 IR:Jir:5-9:Wat:12 23
2012 Chrozophora Iran (Kerman-Jiroft) e 451 \Wat-
hierosolymitana JX480479 IR:Jir:45-1:Wat:12 24
2012 Chenopodlium murale Iran (Kerman-Jiroft) IX480482 IR:Jir:32-4:Wat:12 25
2012 pejiotropium szovitsii Iran (Kerman-Jiroft) JX480487 iw:tll; 26
2015 Brassica raLpa var. rapa Iran (Kerman-Bagherabad) KY825715 IR/Ker/TEa3/Tur:1 27
1999 Citrullus vulgaris Iran (Hormozgan) AJ245652 WmCSV-IR-A 28
2012 Malva parviflora L. Iran (Hormozgan-Minab) JX480489 “;V'\\/I/gt]fg 29
2012 Suaeda aegyptiaca Iran (Hormozgan-Minab) JX480480 ITV’\C;ng i 30
2012 Brassica sp. Iran (Hormozgan-Minab) IX480484 ";V'\cg;llg - 31
1999 Citrullus vulgaris Sodan AJ245650 WmCSV-SD-A 32
2011 Cucurbita pepo Oman JN618984 Als-4 33
2011 Cucurbita pepo Oman JN618983 Als-3 34
. Palestine
2010 Citrullus lanatus KC462552 PAL 35
. Lebanon
2009 Cucumis melo HM368371 LB1 36
2010 Citrullus lanatus West Bank KJ854911 J40 37
2014 Citrullus lanatus West Bank KM820282 PA2-Q14 38
2014 Citrullus lanatus West Bank KM820278 PA1-J68 39
2014 Citrullus lanatus West Bank KJ854914 J56 40
2014 Citrullus lanatus West Bank KM820271 PA1-J44 41
2006 Not reported Israel EF201809 I 42
2014 Citrullus lanatus Israel KM820260 IL3-69 43
2014 Citrullus lanatus Israel KM820269 IL3-84 44
2014 Citrullus lanatus Israel KM820240 IL1-12 45
2014 Citrullus lanatus Israel KM820257 1L2-118 46
2014 Citrullus lanatus Jordan KM820211 JO2-413 47
2014 Citrullus lanatus Jordan KM820234 JO3-628 48
2014 Citrullus lanatus Jordan KM820225 JO3-613 49
2014 Citrullus lanatus Jordan KM820229 JO3-619 50
2018 Cucumis sativus Saudi Arabia MH025643 Cul 51
2018 Citrullus lanatus Saudi Arabia MHO025644 10Wt 52
2013 Citrullus lanatus Saudi Arabia KJ958911 Jizan101-SA 53
2014 Citrullus lanatus Saudi Arabia KJ939448 Leith 54
2012 Cucurbita pepo Saudi Arabia KJ958912 Alahsaa02-SA 55
(ACMV-West
2013 Manihot sculenta Kenya J02057 Kenyan 844) Out 56

of group
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Figure 2- Identification of watermelon chlorotic stunt virus in field samples from Sistan and Baluchestan province

Chloraotic spots and leaf malformation symptoms in watermelon (right image) and the amplified 550 bp fragments from coat protein
gene (left image), (M: GeneRuler DNA ladder 50 bp marker, Fermentas, 1-6: Infected samples to WmCSV)
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Figure 3- Phylogeny tree of WmCSYV isolates based on coat protein gene sequence at nucleic acid level. Branches with
bootstrap support less than 40% are collapsed. WmCSV subgroups are shown in the right. Different shapes are used

to indicated geographical origin for different provinces of Iran: Sistan and Baluchestan isolates in this research in @,
Kerman isolates in@ Fars isolates in Eand Hormozghan isolates in A shapes have been shown.
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Figure 4- Phylogeny tree of WmCSYV isolates based on coat protein gene sequence at nucleic acid level. Branches with
bootstrap support less than 40% are collapsed. WmCSV subgroups are shown in the right Different shapes are

used to indicate geographical origin for different provinces of Iran: Sistan and Baluchestan isolates in this
research in @, Kerman isolates in®, Fars isolates inJ and Hormozghan isolates inAshapes.
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Figure 5- Identity and differences percentage of Watermelon chlorotic stunt virus nucleic acid sequence from Sistan and
Baluchestan province isolates with together and other area of Iran
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Introduction: Cucurbits are among the main vegetable crops that are extensively grown in commercial
greenhouses, plastic tunnels, and open farms in many areas of Iran. Many begomoviruses are known to cause
serious damages in economically important cucurbit crops such as watermelon and melon. Among these viruses,
WmCSV has been quoted as one of the major limiting factors for cucurbit production throughout the south of
Iran. Begomovirus genus is a member of Geminiviridae family that has the most species in comparison to other
viral genus infecting plants. Begomoviruses are notorious pathogens infecting dicotyledonous plants globally.
There are transmitted exclusively by the whitefly, Bemisia tabaci. Whitefly is one of the most important and
prevalent pests in the warm south and southeast provinces of Iran and infects cucurbits fields in Sistan and
Baluchestan province with a widespread population. Begomoviruses are single-stranded circular DNA viruses
and have been observed in a wide host range of plants. There are different reports of infectious Begomoviruses
species such as Watermelon chlorotic stunt virus (WmCSV) from a world that can damage the cucurbits. The
purpose of this study is to find the phylogenetic relation of WmCSV isolates from Sistan and Baluchestan
province, which is located southeast of Iran, together and other isolates from the world, too. Because of this
province is the largest area, with about 11.4% of the total area of Iran.

Materials and Methods: To identify the WmCSV infecting cucurbits in the southeast of Iran, several
surveys in different regions of Sistan and Baluchestan were selected for the study, including Saravan, Iranshahr,
Nikshahr, Sarbaz, Konarak, Chabahar, Zabol, Zahak, Hamoon, Hirmand, Nimroz, and Zahedan. Sampling has
been taken from different cucurbits, such as different kinds of melons, watermelon, and squash, in 2015-2017.
The samples were taken from plants showing viral symptoms such as vein yellowing, stunting, chlorotic, and
mottling, deformation and severe reduction of fruit size and co-infection with whiteflies. The collected samples
were transformed into the laboratory and the total DNA was extracted. To identify WmCSV were used from
specific primers, Gem-CP-V-5" and Gem-CP-V-3' detecting Begomovirus genus in cucurbits. PCR products have
been sequenced and blasted in the GenBank NCBI database and submitted there. Then, carried out the
Alignment of acid nucleotide sequences and description of the phylogenetic tree by MEGAS software. The
Identity and differences percentage of Watermelon chlorotic stunt virus nucleic acid sequence from Sistan and
Baluchestan province isolates with together and other areas of Iran carried out by MegAlign software too.

Results and Discussion: All areas of sample collection of Sistan and Baluchestan province were infected
with WmCSV in this study. Positive PCR watermelon samples have been infected to WmCSV, severity. The
expected PCR products, 550 bp size, from 16 amplified partial CP genes from different areas of Sistan and
Baluchestan province in Iran were done sequencing. Phylogenic sequencing analysis results of isolates from
other countries and other regions of Iran also WmCSYV isolates in this research from Sistan and Baluchestan
province, classified them in two apart groups involves A and B. The A group was divided into 2 groups, that
were named Al and All. Isolates of Sistan and Baluchestan province from this research involved both of them.
These findings seem to indicate Sistan and Baluchestan as of the possible origins of WmCSV in Iran. There was
no relationship between geographical source and host in this province. Some isolates of this province had a near
relationship to Oman and Saudi Arabia isolates.

Conclusion: WmCSV can be considered as a serious disease threatening watermelon production, in Sistan
and Baluchestan province in the southeast of Iran as severe symptoms. On another hand, individually or in
interaction with other begomoviruses, WmCSV can cause severe damage in farms infected by whiteflies.
Probably, the spread of isolates belong Sistan and Baluchestan province and Oman or Saudi Arabia has been
taken by whiteflies that transformed via between Iran and these countries, because of the most relationships
between the WmCSV isolates of these countries. More importantly, performing collaborative studies with
neighboring countries such as Pakistan and India, seems necessary. Also, further studies on Iranian isolates of
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WmCSYV that occurred on either cultivated or wild plants are essential to have a better understanding of the viral
epidemics in the country. The results of sequencings will be used to design constructs inducing RNA silencing as
a resistant strategy, against WmCSYV isolates that were classified in both two groups.

Keywords: Begomovirus, Coat protein, Phylogeny tree, Sistan and Baluchestan, Watermelon chlorotic stunt
virus
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Table 1- The results of analysis of variance of the growth parameters in three peach rootstocks in different treatments
inoculated with Bacillus subtilis and Bacillus cereus and Meloidogyne javanica
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Table 2- Mean comparison of the growth indices in three peach rootstocks in different treatments inoculated with Bacillus
subtilis and Bacillus cereus infected to Meloidogyne javanica in greenhouse conditions
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Table 3- Mean comparison of the growth parameters of M. javanica on three peach rootstocks inoculated with Bacillus
subtilis and Bacillus cereus in greenhouse conditions
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Introduction: Plant-parasitic nematodes, especially root-knot nematodes, cause a lot of damage to most

agricultural products and a lot of efforts are made to control them. Biological control is one of the most widely
studied methods to reduce nematode damage. This study aimed to evaluate the effect of two bacteria including
Bacillus cereus IPRI95 and B. subtilis VUPF52 on the infection of Meloidogyne javanica on three rootstocks
under greenhouse conditions.

Materials and Methods: This study was performed as a factorial experiment in a completely randomized
design with five replications. In this way, the soil of the pots was disinfected before planting the seedlings, and
then the seedlings were planted. After the establishment of the rootstocks, a three-day liquid culture peach for
each bacterial isolate was prepared with a concentration of 107 colony-forming units in milliliters (CFU / ml) and
15 ml of suspension from each bacterium to the soil around the seedlings were added in each treatment. Two
days after treating the plants with bacteria in the pots, inoculation with 2000 eggs with larvae of nematodes per
kilogram of soil, entered into 3 holes created around the seedlings and then covered with soil these holes.
Experimental plants to pass at least three generations of nematodes, three months in suitable greenhouse
conditions with a temperature of 20 to 25 degrees, relative humidity 60-80% and optical period (13 hours of
light, 11 hours of darkness) maintenance and regular watering twice in the week was over. At the end of the
experiment, plant growth indices include (length, fresh and dry weight of shoots, length, fresh and dry weight of
roots) and nematode growth parameters including (number of galls, number of second larvae (j2), number of egg
mass in plant roots and number Eggs per egg mass, as well as a reproductive factor (RF), were measured an
statistically analyzed using SAS 9.4 software. A comparison of mean treatments in all cases was performed by
LSD-protected test at 5%.

Results and Discussion: Nematode contamination in the absence of biocontrol agents significantly reduced
the growth index at all levels compared to other treatments. So the peeling of peach bases with nematode reduces
the stem length by 34% and 30% in GF677 and Shorabi local cultivars, respectively, compared to the control
treatment. The results of comparing the means between treatments in GF677 showed that stem length in these
plants treated with two bacterial strains increased significantly compared to the control. Root length also

decreased by 14 and 50 percent in Helendri and GF677 cultivars, respectively, following infection with
nematode compared to control treatment. However, following the treatment of peach roots with bacterial strains,
we saw a significant increase in root length, so that the maximum root length in Helendri cultivar in treatment
with B. subtillis strain and GF677 cultivar followed by treatment with B. cereus was obtained. Statistical analysis
showed that the two bacterial isolates mentioned, in addition to affecting the growth factors of vegetative bases,
also had a significant effect on nematode growth and development indicators and disease reduction. So that the
number of eggs and egg mass decreased in all three cultivars. The mean number of galls per gram of root in
GF677 treated with B. subtilis and B. cereus bacteria decreased by 48.4% and 40.68%, respectively, compared to
the non-bacterial control. The results of this study also showed that the J, population in treatments with
nematodes alone compared with treatments with bacteria have a significant difference. The number of J; larvae
in the presence of B. subtilis bacteria decreased by 67.73, 52.52 and 12.6% in Helendri cultivars, GF677 and
local cultivar Shorabi compared to the control. The use of biological bacteria affected all stages of nematode
growth and development. However, the ability of bacteria to reduce nematode reproductive factors was
significant in the nematode-sensitive cultivar (Gf). The findings of this study showed the controlling effect of

1, 2 and 4- Ph.D. Student of Plant Pathology and Associate Professors, Plant Protection Department, Faculty of Science
and Agricultural Engineering, University of Zabol, Zabol, Iran, respectively.

(*- Corresponding Author Email: ma_fadaei@yahoo.com)
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biocontrol bacteria used on the propagation and damage of root-knot nematodes. So that by increasing plant
growth indices, nematode damage was reduced. Although the bacteria used were effective on all three
rootstocks, due to GF677 being more sensitive to root-knot nematodes than Helendri cultivars and the local
cultivar Shorabi, the effect of bacterial agents on the rootstock was less than the other two rootstocks.

Keywords: Bacillus, Biocontrol, Root-knot nematode, Peach rootstocks
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Table 1- Mean (£SE) density of larvae and adults of Thrips tabaci on the four potato cultivars in the two years 2011 and 2012
in Ardabil region

0 joaw s, G2 sljl 4 bag,¥ o1, Wt g3l & Jol5 O s 0515
Potato cultivars _ Density of larvae per plant Density of adults per plant
2011 2012 2011 2012
Agria 51.1+41c 30.1+28¢c 525+49c 285+21c
Savalan 826+57a 53.7+56a 88.1+7.1a 49.2+51a
Fantasia 659+4.6b 386+24b 742+48b 344+42b
Arensa 712+51b 472+34a 849+51a 365+32b

(P<0.05) 35)l5 ()5 dime BB o )3 gy Jlosin| s 35 (gt o 3 dliie B9 > (gl (sl 1 ko
Mean values in each column followed by the same letters are not significantly different (P<0.05)
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Table 2- The relative abundance (%) of natural enemies of Thrips tabaci on the four potato cultivars in the two years 2011
and 2012 in Ardabil region

b lewds 0yt SB35
Natural enemies Potato cultivars
Agria Savalan Fantasia Arensa

2011 2012 2011 2012 2011 2012 2011 2012
Aeolothrl_p§ intermedius Bagnall (Thys.: 29.7 314 453 397 379 36.1 39.1 39.9
Aeolothripidae)
Orius niger (Wolff) (Hem.: Anthocoridae) 22.8 23.9 21.4 20.1 19.7 20.8 21.8 22.9
Orius minutus (L.) (Hem.: Anthocoridae) 5.2 3.9 4.1 5.1 6.1 5.2 49 3.2
Chrysoperla carnea (Stephens) (Neu.:
Chrysopidae) 9.6 9.9 5 6.2 7.1 7.9 9.4 8.5
Macrolophus sp. (Hem.: Miridae) 5.2 6 2.7 3.9 4 5 15 2.6
Scymnus sp. (Col.: Coccinellidae) 3.9 2.9 1.8 2.9 4.1 49 25 1.9
Anystis baccarum (Linnaeus)
(Acari: Anystidae) 39 2.9 3.2 2.7 51 14 6.9 5.9
Spinibdella sp. (Acari.: Bdellidae) 35 2.6 2.3 1.8 6.1 5.2 25 0.9
Eplsyr_phus balteatus (De Geer) (Dip.: 2 27 29 24 26 31 32 29
Syrphidae)
Haplothrips subtilissimus Haliday (Thys.:
Phlaeothripidae) 17 1.8 3.6 3.9 15 15 1.9 2.7
Sco_lo'thrlps sexmaculatus Pergande (Thys.: 04 12 04 19 1 11 15 19
Thripidae)
Nabis pseudoferus Remane (Hem.: Nabidae) 2.2 1.4 1.8 2.8 0.5 0 0.9 0
De_rgeocorls lutescens(Schilling) (Hem.: 18 19 0 19 0 0 06 08
Miridae)
Dgrgeocons punctulatus Fallen(Hem.: 14 1 18 05 0 02 09 14
Miridae)
Geocoris sp. (Hem.: Geocoridae) 13 0.6 0 0.3 11 1 1 0.8
Hlppgdamla convergens (Guerin) (Col.: 18 23 14 0 1 16 05 18
Coccinellidae)
Propylea quatuordecimpunctata (L.) (Col.: 08 09 09 0 05 06 0 0

Coccinellidae)
Coccinella septempunctata (L.) (Col.: 09

L 1 0 1 0.7 0.3 0 0.6
Coccinellidae)
Lathrobium sp. (Col.: Staphylinidae) 1 0.3 0 0.2 0.6 0 0.9 0.4
Tetralaucopora sp. (Col.: Staphylinidae) 0.9 0.9 0 0.9 0 0.3 0 0.1

Hexagonia sp. Kirby (Col.: Staphylinidae) 0 0.5 14 1.8 0.4 1.1 0 0.8
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Table 3- Mean (£SE) values of the Shannon diversity index and the Pielou’s evenness index for the natural enemies of Thrips
tabaci on the four potato cultivars in the two years 2011 and 2012 in Ardabil region

0y s,

(H) ogild g9 bl
Potato cultivars Shannon diversity index (H")

Pielou’s evenness index (J°)

2011 2011 2012
Agria 198+0.05a 2.05+0.07a 0.66+0.03a 0.67+0.04a
Savalan 1.87+0.07b 1.92+0.08ab 0.67+0.03a 0.65+0.02a
Fantasia 1.66+0.04c 1.73+0.06¢c 059+0.02b 059+0.03b
Arensa 1.8+0.06b 1.86+0.05hc 0.62+0.04ab 0.64+0.02 ab

(P<0.05) 35 )l55 (gyls (ro OB oy gty o] s 55 i yo )3 iliio By > () sl (1 Slo
Mean values in each column followed by the same letters are not significantly different (P<0.05)
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Table 4- Values of Morisita—Horn index for the complex of natural enemies of Thrips tabaci on the four cultivars of potato in
the two years 2011 and 2012 in Ardabil region

e sl Jw PSRN
Potato cultivars Potato cultivars
year Agria Savalan  Fantasia  Arensa
Agria 2011
2012
Savalan 2011 0.948
2012 0.948
Fantasia 2011 0.986 0.972
2012 0.982 0.976
Arensa 2011 0.983 0.977 0.989
2012 0.980 0.974 0.986
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Table 5- Mean (£SE) density of Orius niger and Aeolothrips intermedius on the four potato cultivars in the two years 2011 and

2012 in Ardabil region
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2011 2012 2011 2012 2011 2012 2011 2012
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Arensa 32+05b 34+04b 89+09a 9.7+1a 51 53 80 83

(P<0.05) w5l (gyl> ime BMS] sz p> gy Jlosin| g 55 (gt 2 3 dliie By > (gl)y (sl 1 Silo
Mean values in each column followed by the same letters are not significantly different (P<0.05)
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Introduction: In Iran, potato Solanum tuberosum L. is an important crop, and its cultivation extends over
more than 186,000 ha annually. The onion thrips, Thrips tabaci Lindeman, is a highly polyphagous species and a
serious pest of a wide range of economically important crops. In Iran, T. tabaci causes damage on different
agricultural crops including: potato, onion, cucumber and tobacco. Onion thrips feeds by piercing the surface of
the tissues (leaves and leaf buds) and sucking up the exuded cellular contents. On infested leaves, the empty cells
create silvery-white spots, silver damage, which cause yield loss. Use of insecticides for controlling T. tabaci has
low efficacy because females lay eggs within leaf tissues, larvae hide in leaf domatia and between the inner
leaves of plants, and pupae rest in the soil. Therefore, it is necessary to use alternative management approaches
for control of T. tabaci such as resistant cultivars integrated with natural enemies. The interactions between
natural enemies and resistant cultivars have a direct effect on the pest by effecting its developmental rate,
fecundity and survival rate. They may also have an indirect effect on natural enemies by increasing generation
time of the pest and, as a result, increasing exposure time of the pest to its natural enemies. In this study, we
assumed that the different potato cultivars affect population density of T. tabaci and diversity of its natural
enemies. Therefore, the present research was designed to evaluate the onion thrips density and species diversity
of its natural enemies on four potato cultivars under field condition.

Materials and methods: Tubers of four potato cultivars including Agria, Savalan, Arensa and Fantasia
(commonly cultivated in Ardabil region) were selected for evaluation of population density of T. tabaci and
diversity of its natural enemies under field condition during 2011-2012. The tubers were obtained from the Seed
and Plant Improvement Institute of Karaj, Iran. Tubers of four tested cultivars of potato were planted in four
experimental fields, each of 500 m?, at four different locations in the Ardabil plain. The fields were managed
according to the local practice with flood irrigation and hand weeding once every ten days. No insecticides were
applied in these fields.

The onion thrips populations were monitored on the four cultivars of potato from late stem elongation to
petal fall stages by examining four plants from each cultivar chosen randomly from each of four fields (16 plants
per cultivar). The numbers of thrips larvae and adults and each of natural enemies per plant were counted using a
20X hand lens. Moreover, onion thrips and its natural enemies were collected from each of potato cultivars,
transferred to the laboratory, and identified to species by morphological characteristics under a stereomicroscope
or a microscope according to the valid identification keys. The Shannon diversity index (H), Shannon evanesces
index (E), and Morisita-Horn index (Cwmn) were then calculated for each of four potato cultivars by use of
EstimateS Win 8.20 software (6). Data on population densities of onion thrips and its dominant natural enemies
were analyzed using one-way ANOVA and significant differences among cultivars were compared using
Tukey's HSD test.

Results and Discussion: In two years, the lowest densities of onion thrips larvae and adults were observed
on Agria. In this study, 21 species of onion thrips predator were collected and identified. Amongst the predator
species, Aeolothrips intermedius Bagnall and Orius niger (Wolff) had the highest relative abundance on each of
four potato cultivar. The predator A. intermedius with small size and ability to penetrate into leaf domatia, faster
development rate and higher fecundity is effective in control of herbivore thrips on host plants (19). Moreover,
previous researches have reported that the species of Orius are efficient in control of onion thrips. The Shannon
diversity index for the complex of predators was greatest on Agria. Species richness and their relative abundance
are two main factors for measuring Shannon diversity index in each ecosystem. Moreover, the values of
Morisita—Horn index for the complex of predators between the four cultivars of potato ranged from 0.948 to
0.989. The value of this index varies between 0 and 1. When the value of this index increases from 0 to 1, the
species complex of predators between two cultivars becomes more identical. In two years, densities of two
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predator species A. intermedius and O. niger on Agria and Savalan were significantly higher than on Arensa and
Fantasia. Furthermore, the greatest percentage of females of two predator species was observed on the thrips-
infested plants of Agria. These results indicated that the preference and performance of two mentioned predators
were higher on Agria and Savalan among the tested cultivars.

Conclusion: Based on the results of our study, it can be concluded that the cultivation of Agria could be
useful in reduction of T. tabaci population and conservation of its predators in potato fields.

Keywords: Bodiversity, Natural enemies, Population density, Potato, The onion thrips
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Mutualistic Ants (Hymenoptera: Formicidae) Associated with Paracoccus ficus
in Fig Orchards of Fars Province, Iran
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Introduction: Ants are the most ubiquitous insects on the earth with more than 12000 species which are
classified into 21 subfamilies. Until now, more than 170 ant species have recorded in Iran. Mutualistic
relationship between ants and scale insects have been reported in Iran. Such relationships between ants and
insects are known as trophobiosis which is due to attraction of ants to honeydew of scale insects. Honeydew is a
sugar-rich sticky liquid, secreted by aphids and some scale insects as they feed on plant sap. Ants provide
protection from predators and parasitoids by building shelters around scale insect colonies. Such a relationship is
mostly facultative and only a few taxa of mostly tropical or subtropical scale insects have obligate mutualism
with ants. The coccoids with obligate mutualism display obvious behavioral and morphological adaptations for
living with ants. Ants are also able to establish antagonistic interaction with honeydew-producing hemipterans
and contribute positively to biological control by the suppression of pests.

Materials and Methods: In a study during 2013-2014, colonies of the mealybug Paracoccus ficus
Moghaddam, 2014 were investigated for mutualistic ants feeding on honeydew of the mealybug in fig orchards
of Neyriz, Estahban and Shiraz cities of Fars province, South Iran. Samples were collected by hand, forceps and
soft brush. The specimens were preserved in 75% alcohol in small glass vials and were transferred to the
laboratory. The morphological keys were used for identification. Specimens were deposited in Insect and Mite
Collection of Ahvaz, at Department of Plant Protection, Shahid Chamran University of Ahvaz.

Results and Discussion: Totally, 6 species belonging to 3 subfamilies of ants were identified as follows:

Myrmicinae: Monomorium abeillei Andre, 1881; Tetramorium sp.; Pheidole pallidula Nylander, 1849;
Crematogaster antaris Forel, 1894; Formicinae: Cataglyphis lividus Andre, 1881; Dolichoderinae: Tapinoma
simrothi Krausse, 1911.

Among collected species, T. simrothi and P. pallidula were more frequent. T. simrothi has also recorded as
most frequent mutualistic ants with aphids in Central Iran. Natural enemies exploit hemipterans which receive
ant protection for their benefit. For example, some parasitoid wasps soliciting honeydew directly from aphids by
antennation and mimicking ants during foraging in host patches. Researchers believe that preventing ants from
colonies of Pseudococcidae scale insects is necessary for success in biological control of such pests. However,
not all of ants have negative effects in biological control of pests. Predatory ants are less attracted to the
honeydew and mostly feed on egg, larvae and adult insects. Moreover, some ants are important in pollination,
soil improvement, and nutrient cycling.

Conclusion: Behavioral and ecological should be carried on ants in pest management programs, and only if
they have a negative influence on biological control of scale insects, then perform control measures for ants.

Keywords: Ants, Formicidae, Mutualism, Mealybug
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Figure 1- Relationship between ratio of unsaturated/saturated fatty acid (a) and linoleic acid (b) with relative potency of
vegetable oil in increasing sethoxidim performance on wild oat control
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Introduction: Sethoxydim is a post emergence graminicide that control annual and perennial grasses such as
wild oat (Avena ludoviciana Durieu.) and littleseed canarygrass (Phalaris minor Retz.) by inhibitory activity on
acetyl coenzyme A carboxylase enzyme and disrupt fatty acid biosynthesis. It belongs to the cyclohexanone
chemical family. It was registered for weed management in broad leaf crops. Using an adjuvant (e.g. vegetable
oils and surfactants) that can increase the foliar activity of post emergence herbicides by cuticle destruction and
increase leaf wetting is an acceptable way to achieve this approach. Applying vegetable oils increased
graminicide penetrate to leaf and post emergence herbicides performance. Some synthetic adjuvants have been
shown a side effect on wildlife, similar to agrochemicals therefore using safe and reproducible adjuvants is
essential. The objective of this research is to determine the best vegetable oil on biological activity of
sethoxydim on wild oat and relation between compounds of vegetable oils (fatty acids) and their effects on
sethoxydim performance.

Materials and Methods: The dose response experiment was conducted in Research Greenhouse of Ferdowsi
University of Mashhad in 2012. The seeds of wild oat were collected from plants in the fields of the Mashhad
Agricultural and Natural Resources Research Center, in Mashhad, Iran and preserved at room temperature in
paper bag. The seeds were surface sterilized by immersing in sodium hypochlorite for 5 minutes. Then seeds
were rinsed by distilled water for 15 minutes. To increase seed germination before the start of experiment, the
seeds were dehulled and placed in Petri dishes on top of a single layer of Whatman no. 1 filter paper. Then, 10
mL of 0.2% KNOg solution were added to each Petri dish for breaking dormancy, then the seeds were incubated
for 72 h at 4-5°C in the dark. The germinated seeds were sown in pot (1.5 L). One week after sowing plants
were tinned to four plant in each pot. The pots were irrigated every days. At four leaf stage of wild oat plants the
herbicide treatment were applied. The treatments included sethoxydim concentration at seven levels (0, 23.4,
46.8, 93.75, 187.5, 281.25 and 375 g ai ha™* of sethoxydim) and vegetable oils at ten levels (without oil and with
turnip, olive, soybean, corn, sunflower, canola, sesame, castor, and cotton oil). The response of wild oat biomass
were analyzed by non-linear regression by R software. To determine toxicity of sethoxydim plus vegetable oils
on sugar beet and onion an experiment by recommended dose of sethoxydim was conducted. Moreover, an
experiment was carried out to determine the fatty acid content and quantity of each vegetable oil. To determine
the chemical nature of fatty acid oils, 15 drops of each vegetable oil were added to 7 mL N-hexane plus 2 mL of
potassium hydroxide in methanol (11.2% m/v). Then, four replications of the supplied compounds were shacked
for 1 min and heated to 55°C for 5 min until the solution was separated into two phases. The upper phase was
desiccated with sodium lauryl sulfate and filtered to analyze with gas chromatography. The fatty acid content
was determined using gas chromatography Acme 6000 (Younglin, South Korea) equipped with a flame
ionization detector and a CP-Sil 88 Wcot fused silica column (100 m x 0.25 mm i.d. x 0.2 pm film thickness;
Chrompack, Middleburg, Netherlands). The carrier gas was ultrahigh-purity helium; we used a 1:100 split mode
and a flame-ionization detector. The GC oven temperature was maintained at 140 °C for 5 min, then ramped to
240°C at the rate of 4°C/min and maintained at 240°C for 15 min. The flow rate of helium was 20 mL/min. The
injector and detector temperatures were 250 and 280°C, respectively. The volume of injected sample was 1 pL.
Fatty acids were identified by matching their retention times with those of their relative standards.

Results and Discussion: Results of this study showed that sethoxydim performance improved in the
presence of vegetable oils whereas relative potency were higher than 1 in the presence of vegetable oils
compared to sethoxydim alone. The vegetable oil could be ranked based on their relative potency value as: turnip
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> olive > soybean > corn > sunflower > canola > sesame > castor > cotton. The overall results showed that the
efficacy of sethoxydim was improved by increasing the content of unsaturated fatty acids in vegetable oils.
Turnip and cottonseed oils with 71.17 and 20.65 percentages of unsaturated fatty acids had the highest and
lowest performance, respectively. Among the polyunsaturated fatty acids compounds, linoleic acid content had a
key role in the efficiency. There was a negative relationship between linoleic acid content and the performance
of vegetable oils. Moreover, non-significant toxicity effects on sugar beet and onion was observed.

Conclusion: Based on this work, when the vegetable oils used the performance of sethoxydim on wild oat
control based on relative potency were improved. Therefore, synthetic adjuvants can be replaced by vegetable
oils as adjuvants in herbicide application. Based on results of this work, composition of fatty acids in vegetable
oil is a very effective factors for increasing sethoxydim performance on wild oat control. By increasing
unsaturated fatty acids, the sethoxydim performance showed more performance whereas turnip oil with higher
unsaturated fatty acids was showed the highest performance. Further research is needed to determine the
mechanism of action of vegetable oils in increasing the effectiveness of herbicides.

Keywords: Linoleic acid, Sethoxydim, Unsaturated fatty acids, Vegetable oils
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Figure 1- The dose-response curves for winter wild oat dry weight to sulfosulfuron sprayed with distilled water, distilled

water containing NaCl, CaCl. and FeCls with and without adding citric acid or ammonium sulfate at 30 min before,
simultaneous, and 30 min after adding sulfosulfuron to the spray carrier
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Table 1- The effect of spray carrier, sequence and time interval of adding adjuvant and herbicide to spray carrier on
the dose of sulfosulfuron (g active ingredient ha!) required for 50 and 90 % reduction in dry weight of winter wild

oat
il Jolo il ol & (tlooesd Slg0 339391 o EDs: EDuo
. . . . (g a.i. ha®) (gai. ha')
Spray carrier Sequence of adding chemicals to spray carrier

e Sulfosulfuron 3.18 (0.29) ® 9.80 (2.07) ¢

Distilled water (DW) Sulfosulfuron / 30 min / (NH)2SOs 2.88 (0.30) ¢ 8.83 (1.05) b

Sulfosulfuron / 0 min / (NH4)2S04 2.40 (0.24) « 7.47 (0.98) b

(NH4)2S04 / 30 min / Sulfosulfuron 2.31(0.29) « 7.73 (1.05) ®

Sulfosulfuron / 30 min / CsHsO7 1.25(0.16) © 3.06 (0.56) @

Sulfosulfuron / 0 min / CsHgO7 1.33(0.14)® 4.27 (1.00) @

CeHgO7 / 30 min / Sulfosulfuron 0.83 (0.29) 4.11(1.20) 2

oo 1,8+ Jlads Sulfosulfuron 7.61(2.31)9 27.60 (4.83) f
DW + NaCl Sulfosulfuron / 30 min / (NH4)2S04 7.11(2.14) T 23.54 (3.02) ¢f
Sulfosulfuron / 0 min / (NH4)2SO4 5.02 (0.71) f 20.22 (1.77) ¢

(NH4)2S04 / 30 min / Sulfosulfuron 3.61 (0.40) © 16.49 (2.08) ¢

Sulfosulfuron / 30 min / CeHgO7 4.90 (0.59) f 36.35(4.90) fo

Sulfosulfuron / 0 min / CsHgO7 2.47 (0.65) « 9.01 (3.55) ¢

CeHgO7 / 30 min / Sulfosulfuron 2.70 (0.42) « 7.37 (1.38)®

oS 1S+ Jlaie Sulfosulfuron 11.91(2.24) " 47.48 (4.16) N
DW + CaCl, Sulfosulfuron / 30 min / (NH4)2S04 15.44 (4.36) " 58.50 (12.04) N
Sulfosulfuron / 0 min / (NH4)2SO4 4.94 (0.86) f 15.34 (3.40) @

(NH4)2S04 / 30 min / Sulfosulfuron 3.30 (0.41) ¢ 11.83(0.81)°¢

Sulfosulfuron / 30 min / CeHsO7 7.53 (1.18) 9 39.72 (5.14) "

Sulfosulfuron / 0 min / CsHgO7 4.69 (0.80) °f 13.28 (2.14) «

CeHgO7 / 30 min / Sulfosulfuron 2.64 (0.30) « 8.42 (2.27)°

o8l 4,18 + e Sulfosulfuron 17.13 (5.2)" 50.32 (7.30) N
DW + FeCls Sulfosulfuron / 30 min / (NH4)2S04 12,11 (2.71) " 48.73 (8.74)h
Sulfosulfuron / 0 min / (NH4)2S04 5.24 (1.12) T 27.63 (5.63)

(NH4)2S04 / 30 min / Sulfosulfuron 4,28 (0.85) °f 12.05(1.46) ©

Sulfosulfuron / 30 min / CeHgO7 14.79 (5.24) " 59.53 (10.35)

Sulfosulfuron / 0 min / CsHgO7 4,59 (0.82) ¢f 17.42 (3.68) %

CeHgO7 / 30 min / Sulfosulfuron 2.98 (0.32) ¢ 9.98 (2.49) be

555 0kl slallad bl (65 jixe Colds Moy gy Jloin ] pdaw g3 S o B> (gl)b EDoo y0lie sisiws 3)likiwl sllas sl J31s slas]
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Standard errors are in parentheses. The EDgo values with the same letter are not significantly different (P < 0.05) based on the
standard errors. (NH4)2SO4: ammonium sulfate. CéHsO7: citric acid.



I¥AQ 5l oF o leud FF ul> (((55,9liS 2buo g pole) (LS cbili> aspis YYA

Og=l codlyd U LajiSdile ol 09 o bl o)5 3900 oo
S S o Iy s S35 Caols posgel il 5| NHa
e Jslws 2L 5 JsS56S (o e ) sge ln bl cndydss
JsS50 5 NHE" (g2 ol 2l 5 J5S358 51 s 1 g o
G S dide sl JgS)ge Iodmo cqyil §1 9o i iSile
PLE 5505 5 g o iy (hwgd] Caols 5 (hie (S0 )L
099338 LGS aile (LS el 31 it Jgls 3l 255 &
posisel il (9933 g2y ol bl SIS posigellilgus
U (2L B oy, 5 lajiSale (il Jotxo amy
e 8 Ly (LS 9 (V) suloelileal 5 (VW) (19598 9w95is)

sl 0 oI35 ol (b 51 ((VY) pYguite)

295 b g by Jolw slid g JoS568' ope jIU
Jslos S35 3 (S0 8L B9 19)98lguogili «pugus S
e i Jolow 09 &0 0 Sleow S 4 HY 0 o5 l2)
e 5 Sge Ioa e g dad o Cwd I HT o SO (!
48 g o St (Cogdol) (S Ly (gl gusgilses
Jsbo 3l g a1 326 1800 5 45 o by (50 (ogdo] Sl
L) Jslos 019 chund (gpmsl sl iSile ¢3o)b ol &) ks
e Jitte (gael)l8 pobo a9 00l pls a4y (LEST slaigl (50
(¥F) Lo
4 posgellilow 39381 45 Wlo3,S" 5135 (edamte lakioe
(FV 513) Cog)S ¥V 5 V) Aoy )5 slapiSiile bl Jole
(F+ 50) O 09,5 5 (F7 YF) H 05,5 (FA 5 ¥¥ YA XY) G 09,5

X —NH ,—CH, I X—NH ,—CH,
Sx
| /N /O//§O . /N\gg/\o
— pha=>.. — _N —
Y NH +H' 7 (lsl) >—NH
O —
o >/_N /CHS © >/_N\ /CHS
N Y—o N>_>—o
H,C—0O pH<7 pH>7 H,C—0O
bt (g 22 sk g
More lipophilic More hydrophilic

28 9 (sl Bl o 55 (59,98 smwsil g Canold g jld Lo —Y JSUS
(V) el o5 (g Sl o5 Bl am y3 Yo (slod j3 j2d 13 o8 e YAV ply PH =4 15 5 WISl PH =0 ,5 (g, 58)gmsilomw o jo el
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Water solubility of sulfosulfuron has been measured up to 17.6 mg L at pH = 5 and 482 mg L* at pH = 9 in 20°C (16).
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Introduction: In arid regions such as Iran, water hardness, as a result of existence of calcium- and
magnesium-containing minerals, is a serious challenge for irrigation practice. The irrigation systems are often
applied to spray herbicides. Therefore, using hard water having high cations for herbicide application is
inevitable. Such water can adversely affect the activity of some herbicides particularly weak acid ones. A
solution for overcoming this problem is the addition of an adjuvant to the tank. It is well established that the
addition of (NH4).SO. (43) and CeHgO7 (45) will efficiently remove the cations of hard water from the spray
solution of weak acid herbicides. However, there is no report on whether the efficacy of sulfosulfuron (a weak
acid herbicide, pKa = 3.5) is affected by the cations of hard water. Furthermore, it is observed in literature and
practice that the addition of herbicide to the tank is immediately done after adding the adjuvant to the tank. Thus,
there is no report on whether the sequence and time interval of adding adjuvant and herbicide to hard water could
be affected by the efficacy of weak acid herbicide.

Materials and Methods: The seeds of winter wild oat (Avena sterilis ssp. ludoviciana Durieu.) were primed
in the same method which was already described (3). Then, eight seedlings with a 1-cm radicle and 0.5-cm
coleoptile were transplanted at a 1-cm depth within each 3-liter pot filled with a 1:1:4 ratio of sand: animal
manure: clay loam soil, respectively. The experiment was carried out as a dose-response study in a completely
randomized design with three factorial (6x4x7) and four replications. The 1st factor was the dose of
sulfosulfuron (0, 1.25, 2.5, 5, 10, and 20 g a.i. ha). The 2nd factor included the type of spray carrier (distilled
water, hard water containing sodium chloride (NaCl), calcium chloride (CaCly) and iron chloride (CaFes) at 600
mg L1). The 3rd factor was also the sequence and time interval of adding adjuvant and herbicide to the spray
carrier (with and without adding 500 mg citric acid (C6H807) L™ or 20 g ammonium sulfate ((NH4)2SO4) L at
30 min before, simultaneous, and 30 min after adding sulfosulfuron to the spray carrier). Five weeks after
spraying, the response of individual dry weight of winter wild oat to treatments was analyzed as a nonlinear
regression. This was carried out by using a four parametric logistic model (36) to estimate the values of EDs and
EDgo Which are the doses of sulfosulfuron causing a 50 and 90% reduction in the dry weight as compared to the
control, respectively.

Results and Discussion: In contrast to ammonium sulfate which was ineffective, the addition of citric acid to
distilled water under each sequence and time interval improved the efficacy of sulfosulfuron. Decreasing the pH
can permit the weak acidic herbicides to pass through the cuticle and then cell membrane during the ionic trap
process. The presence of Na*, Ca*™ and Fe™* cations in the spray carrier increased the amount of sulfosulfuron
required for 90% reduction in the dry weight of winter wild oat from 9.80 to 27.60, 47.48, and 50.32 g ha’,
respectively. There was no significant difference between the intensity of the incompatibility of Ca™ and Fe™*
cations. Similar to other weak acid herbicides, sulfosulfuron can also be ionized into anionic (a negatively
charged form) and cationic (H*) fragments under alkaline conditions. The anionic part of sulfosulfuron bonds
with the cations in hard water. As a result, a crystalline herbicide-cation salt is formed which is not able to pass
through the cuticle due to its low solubility in water. The addition of both adjuvants 30 min after the addition of
sulfosulfuron to distilled water containing the cations had no effect on removing the adverse effect of cations on
the efficacy of sulfosulfuron. Conversely, adding sulfosulfuron 30 min after the addition of both adjuvants to the
distilled water containing the cations provided the best efficacy of sulfosulfuron. When the adjuvants are added
to hard water before herbicide, the cations of hard water can receive the cation of H* from citric acid or NH4*

1- Assistant Professor in Weed Science, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Bu-Ali
Sina University, Hamedan, Iran

(*- Corresponding Author Email: a.aliverdi@basu.ac.ir)

2- Master of Science in Weed Science, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Bu-Ali
Sina University, Hamedan, Iran

3- Associate Professor in Crop Physiology, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Bu-
Ali Sina University, Hamedan, Iran


mailto:a.aliverdi@basu.ac.ir

YAY 58 50 e o 4 (998 gurgilgus 3 (509351 00lo (109331 giloj akiols 9 Jgi il

from ammonium sulfate. Then, the formation and sediment of the cation-anion salt turns hard water into soft
water, having no problem with the efficacy of sulfosulfuron.

Conclusion: The issue of correct sequence for adding adjuvant and herbicide to hard water is important.
Lack of knowledge about this issue can lead to not only the lack of weed control but also the imposition of
additional costs on the farmer.

Keywords: Spray carrier quality, Hard water cations, Weak acid herbicide
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Figure 1- Geographical position of Ramiyan in Golestan Province and distribution map of surveyed wheat fields in this
Township



YAY

0103l sl g lle @ diliin) i g BY g G gur Cuoglio (g y

addlbae y3 (iule;l 5,90 (WSBle wgou lasuive (& 0 =Y Jod>

Table 1- Common properties of the herbicides applied in the experiment
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Recommended dose (g ai.ha?)
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EC (12% 8-1
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Table 2- Concentrations of the herbicides applied on the susceptible winter wild oat biotype

NS s (mg a.i.L?) cdale
Herbicide Concentration (mg a.i.L?)
ilisn osileosts 0 0005 002 008 032 128 512 1024 - -
Clodinafop propargyl
e spslis 0 01 05 2 4 8 18 - -
Diclofop methyl
Jlimosplussd 025 05 2 4 8 - - -
Fenoxaprop-P ethyl
ujww 0 0.01 0.08 016 032 064 1.28 - - -
Pinoxaden
Ma’“_ 0 0001 0.005 0.01 0.02 0.04 0.08 - - -
Clethodim
Fellin S ob oS la 00001 0.001 0005 001 002 004 008 016 0.32
Haloxyfop-R methyl ester
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Table 3— Concentrations of the herbicides applied on the resistant winter wild oat biotypes

NS s (mg a.i.L?) cdale
Herbicide Concentration (mg a.i.L™?)
N taad 0 064 2.56 10.24 20.48 40.96 81.92 -
Clodinafop propargyl
e oshelsed 0 20 40 80 160 320 640 -
Diclofop methyl
g 2aplus yd 0 16 3.2 6.4 12.8 25.6 51.2 102.4
Fenoxaprop-P ethyl
9"“‘5"* 0 0.08 0.32 1.28 125 10.24 20.48 -
Pinoxaden
”’”K 0  0.001 0.005 0.01 0.02 0.04 0.08 -
Clethodim
Aldie Fogesdle g g, 10.24 20.48 40.96 81.92 163.84 512

Haloxyfop-R methyl ester
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Table 5- Discriminating concentration of clodinafop propargyl, diclofop methyl and fenoxaprop-P ethyl for the susceptible
winter wild oat biotype

oS dle (€) ol v (d) YU s> (b) soxio ol ECso ECso
Herbicide Lower limit (c)  Upper limit (d) Slope (b) mg a.i.L*! mga.i.L?
g oeosld 99.14(5.04) 081(0.12)  0.01(0.00)** 0.05 (0.01) **
Clodinafop propargyl
ol o gl 53 98.85(5.86) 0.66(0.66)  0.13(0.05) ** 1.7 (0.48) **
Fenoxaprop-P ethyl
e sfged - 99.41 (5.84) 1.06 (0.18)  0.3(0.05)** 1.08 (0.18) **

Diclofop methyl

P<0.01 Jlis! pdaw 3 (gl gimo 3
** Significant at p<0.01
Bl g Hlme gllad Silas sly J31 slael
The values in the parentheses denote standard error.
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Table 6- Results obtained from the screening of putatively resistant winter wild oat biotypes with the discriminating
concentrations of fenoxaprop-P ethyl, diclofop methyl and clodinafop propargy! (The results are calculated as percent of

control)
Herbicide Herbicide

giladgls CRId  ponleSsd g g8lzdgls PRI g opleSsd i
NPT o sl Biotype 3 k95 o ! Biotype

Clodinafop Diclofop Fenoxaprop-P Clodinafop Diclofop Fenoxaprop-P

propargyl methyl ethyl propargyl methyl ethyl
12.76(S) 8.83(S) 12.05(S) ram4l 85.55(R) 84.05( (R) 90.54(R) raml
91.03(R) 90.54(R) 91.87(R) ram42 91.55(R) 91.43(R) 87.44(R) ramz2
87.06(R) 84.33(R) 84.67(R) ram43 86.04(R) 91.05(R) 85.03(R) ram3
85.12(R) 91.43(R) 90.54(R) ram44 90.33(R) 83.34(R) 87.70(R) ramé4
85.17(R) 84.54(R) 87.33(R) ram45 88.87(R) 91.54(R) 88.65(R) ram5
89.22(R) 90.45(R) 90.43(R) ram46 86.90(R) 88.06(R) 86.76(R) ramé
91.43(R) 86.06(R) 87.56(R) ram47 90.00(R) 85.07(R) 91.87(R) ram7
91.67(R) 88.30(R) 86.77(R) ram48 12.06(S) 9.78(S) 10.09(S) ramg
90.54(R) 91.55(R) 88.87(R) ram49 90.54(R) 91.43(R) 90.01(R) ram9
90.43(R) 91.89(R) 88.90(R) ram50 12.67(S) 10.13(S) 15.43(S) ram10
90.39(R) 85.90(R) 83.09(R) ram51 91.98(R) 86.07(R) 87.43(R) ram 11
91.65(R) 83.08(R) 86.12(R) ram52 85.09(R) 87.09(R) 84.07(R) rami12
91.73(R) 83.08(R) 85.10(R) ram53 83.32(R) 91.32(R) 86.09(R) ram 13
13.23(S) 11.05(S) 17.54(S) ram54 90.65(R) 91.05(R) 83.43(R) ram 14
16.23(S) 10.22(S) 9.87(S) rams5 87.07(R) 90.07(R) 90.55(R) rami5
14.44(S) 12.04(S) 11.09(S) ram56 9.08(S) 16.32(S) 14.67(S) ram16
86.32(R) 88.56(R) 88.06(R) ram57 88.54(R) 90.12(R) 90.06(R) raml7
91.07(R) 90.02(R) 84.03(R) ram58 84.43(R) 91.04(R) 85.08(R) ram 18
7.11(S) 11.22(S) 14.54(S) ram>59 90.23(R) 89.44(R) 89.81(R) ram 19
86.06(S) 84.02(S) 83.56(S) rame0 86.22(R) 87.54(R) 87.90(R) ram 20
13.66(S) 12.04(S) 9.75(S) ramé61 86.78(R) 87.06(R) 88.50(R) ram 21
88.87(R) 85.34(R) 13.43(s) rame2 89.98(R) 86.56(R) 90.05(R) ram 22
91.08(R) 88.45(R) 83.35(R) rame3 89.11(R) 90.78(R) 85.08(R) ram 23
83.05(R) 88.78(R) 91.56(R) rame4 86.12(R) 89.90(R) 90.40(R) ram24
7.57(S) 16.09(S) 12.09(S) rame5s 87.43(R) 86.08(R) 85.54(R) ram25
86.90(R) 88.76(R) 85.50(R) rame6 12.89(S) 14.55(S) 8.90(S) ram26
9.01(S) 10.77(S) 12.98(S) rame6?7 7.05(S) 13.78(S) 11.08(S) ram27
84.45(R) 88.08(R) 83.07(R) rameé8 90.04(R) 83.98(R) 90.04(R) ram28
13.23(S) 16.00(S) 11.11(S) ramé9 91.23(R) 88.45(R) 86.89(R) ram29
10.44(S) 12.00(S) 9.45(S) ram70 89.12(R) 86.65(R) 83.09(R) ram30
87.65(R) 86.00(R) 91.67(R) ram71 83.16(R) 85.87(R) 83.65(R) ram 31
9.07(S) 13.00(S) 16.09(S) ram72 90.45(R) 87.56(R) 83.77(R) ram 32
86.06(R) 88.00(R) 88.65(R) ram73 14.32(R) 11.08(R) 15.89(R) ram33
11.11(S) 6.00(S) 10.05(S) ram74 90.12(R) 90.76(R) 83.90(R) ram34
85.43(R) 83.00(R) 85.10(R) ram75 90.11(R) 91.63(R) 86.76(R) ram35
6.33(S) 7.00(S) 5.23(S) ram76 91.11(R) 88.45(R) 91.66(R) ram36
85.06(R) 85.00(R) 91.23(R) ram77 85.32(R) 83.09(R) 89.08(R) ram37
12.07(S) 12.00(S) 14.04(S) ram78 7.34(S) 9.06(S) 13.31(S) ram38
88.60(R) 85.00(R) 90.45(R) ram79 87.43(R) 85.06(R) 84.65(R) ram39
87.11(R) 86.00(R) 87.45(R) rams0 11.45(S) 14.67(S) 10.98(S) ram40

13.50 10.80 12.11 LSD 13.50 10.80 12.11 LSD
(R) Resistant polis (R)

(S) Susceptible sl (S)
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Table 7- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes

of winter wild oat in response to of fenoxaprop-P ethyl herbicide (The results are calculated as percent of control).

Coglie 42> opo(mgaill) | TERS Coglle 2> R (mgaill) | TERS
Resistance factor Biotype code  Resistance factor Biotype code

133.85(55.29)™ >102.4™ ram37 - 0.13(0.05)" o (S)
63.28(30.41)™ 30.36(7.02)™ ram38 491.39(249.07)™ 64.88(21.47)™ raml
360.89(176.2)™ 57.82(15.03)** ram39 331.54(162.13)" 43.78(13.46)" ram2
309.04(112.74)" 40.80(4.90)™ ram40 48.69(24.05)" 6.43(2.03)™ ram3
>851.33™ >102.4™ ram43 131.26(60.57)™ 17.33(4.53)™ ram4
147.26(68.62)™ 7.65(1.70)™ ram44 >851.33™ >102.4™ ramb
>851.33™ >102.4™ ram45 367.46(173.39)™ >102.4™ ramé
62.25(26.78)™ 8.22(1.43)™ ram46 355.62(141.72)" 48.52(13.55)" ram7
57.96(26.20)™ 19.44(4.85)™ ram47 256.43(113.12)" 46.95(5.59)" ram9
457.40(193.98)™ 60.39(13.42)™ ram48 515.04(210.35)" 33.86(8.52)" ramll
85.86(32.61)™ 11.34(1.33)™ ram49 >851.33™ 68.00(12.81)™ ram12
74.695(31.12)™ 11.14(1.27)" ram50 >851.33" >102.4™ raml3
762.33(398.01)"  100.65(37.94)™ ram51 68.25(28.08)™" >102.4™ raml4
333.21(156.79)**  44.00(10.32)** ram52 168.57(77.19)™ 9.01(1.41)™ raml5
127.69(52.47)** 16.86(3.30)** ram53 >851.33" 22.26(5.68)" raml17
649.09(382.90)**  85.70(36.52)** ram54 97.17(36.50)™ >102.4™ raml8
>851.33** >102.4** ram57 84.33(31.87)™ 12.83(1.27)" ram19
229.93(106.01)** 30.36(7.53)** ram58 851.33(420.08)"" 11.14(1.18)™ ram20
94.56(42.84)** 12.48(2.91)** ram60 304.71(118.76)" >102.4™ ram21
136.78(60.68)** 18.06(4.65)** ramé2 127.8(52.62)™ 40.23(7.33)™ ram22
134.57(55.49)** 17.77(3.53)** ramé3 288.29(116.96)™ 16.86(3.31)™ ram23
>851.33** >102.4** ramé4 811.28(342.07)" 38.06(8.16)™ ram24
72.75(33.75)** 9.61(2.12)** ramé6 229.93(98.82)™ 38.06(8.16)™ ram25
378.19(186.66)**  49.93(13.88)** rame68 80.46(31.08)™ 10.62(1.83)™ ram29
64.941(29.64)** 8.57(1.75)** ram71 133.85(55.29)" >102.4™ ram30
752.33(298.01)**  100.69(36.07)** ram73 63.28(30.41)™ 30.36(7.02)" ram31
170.79(89.49)** 73.58(25.77)** ram75 360.89(176.2)™ 57.82(15.03)** ram32
159.44(75.23)** 21.89(4.42)** ram77 309.04(112.74)" 40.80(4.90)™ ram33
170.79(89.49)** 22.55(7.42)** ram79 >851.33™ >102.4™ ram35
159.44(75.23)** 51.92(13.24)** ram80 147.26(68.62)™ 7.65(1.70)" ram36

P<0.01  Jlaas! pdaw p3 (gl gxo **
** Significant at p<0.01
bl e e sl Kisles jly 51 slael
The values in the parentheses denote standard error.
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Table 8- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes

of winter wild oat in response to diclofop methyl herbicide (The results are calculated as percent of control).

Cogied2r  Gpo(mgaill | TERS Coghed2  Gpo(mgaill | TERS
Resistance factor Biotype code  Resistance factor Biotype code

>752.57" 403.66(117.28)" ram37 - 0.3 (0.05) )
>752.57" >640** ram38 >752.57" >640** raml
>752.57" 442.73(157.77)" ram40 >752.57™ >640** ram2
144.79(91.33)™ 43.23(6.72)™ ram43 174.26(51.29)™ 52.021(10.97)™ ram3
>752.57" 499.43(10.00)" ram44 592.53(181.35) 176.88(44.49)™ ram4
>752.57" >640** ram45s >752.57™ >640** ram5
258.49(68.17)™ 77.16(11.08)™ ram46 >752.57™ >B640** ramé
>752.57" >640** ram47 >752.57™ 442.73(175.38)™ ram7
450.61(123.94)" 134.50(21.99)" ram48 652.99(168.95)"" 194.93(30.68)™ ram9
>752.57" 374.33(136.13)™ ram49 >752.57™ 372.09(55.78)™ ramll
529.60(146.52)"" 158.1(9.60)™ ram50 >752.57™ >640** ram12
731.33(200.00)" 218.32(9.60)™ ram51 >752.57™ >640** raml3
>752.57" 264.14(10.00)™ ram52 >752.57™ >640** raml4
>752.57** >640** ram53 234.20(52.99)™ 69.92(6.64)™ raml5
>752.57** >640** ramb54 >752.57™ 317.53(111.86)™ raml7
310.59(65.89)** 92.72(9.50)** ram57 >752.57™ >640** raml8
>752.57** >640** ram58 >752.57™ 323.74(56.81)™ ram19
752.57(174.52)**  224.65(31.56)** ram60 481.62(125.66)™ 143.78(23.14)" ram20
286.00(68.47)** 85.37(13.03)** ram62 >752.57™ >640%* ram21
365.63(118.68)**  109.15(22.78)** ramé3 >752.57** >640* ram22
356.25(81.40)**  106.35(14.34)** ramé4 623.06(186.8) 186.00(45.36)** ram23
>752.57** >640** rame66 >752.57** 387.98(77.09)** ram24
>752.57** 463.81(78.70)** rame68 >752.57** 349.00(44.62)** ram25
>752.57** 561.53(146.73)** ram71 >752.57** 400.95(79.34)** ram29
>752.57** >640** ram73 365.62(83.26)**  109.15(15.98)** ram30
>752.57** 278.68(49.90)** ram75 354.81(75.736)**  105.92(13.03)** ram31
553.50(476.06)**  165.23(49.88)** ram77 274.83(72.71)** 82.04(15.86)** ram32
365.63(118.68)™ 142.11(31.51)" ram79 534.88(158.35)**  159.66(31.42)** ram33
>752.57" 451.35(193.85)" ram80 175.62(62.42)" 52.43(8.80)" ram35
646.95(280.83)"" 193.11(72.13)" ram36

P<0.01  Jlaas! pdaw p3 (gl gxo **
** Significant at p<0.01
bl e e sl SKisles jly 51 slael
The values in the parentheses denote standard error.
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Table 9- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant biotypes
of winter wild oat in response to of clodinafop propargyl herbicide (The results are calculated as percent of control).

Coghod2d R (mgaill) | TERE Cogle 42> oo (mgaill) | TEES
Resistance factor Biotype code  Resistance factor Biotype code
1386.4(371.27)** 12.25(1.38)** ram37 - 0.01(0.00)** wbes (S)

>1443.9** >81.92** ram3s8 >1443.9" >81.92™ raml

>1443.9** 17.03(3.45)** ram40 >1443.9" >81.92™ ram2
1302.90(429.37)** 11.86(2.59)** ram43 310.27(104.52)** 2.82(0.67)** rams3
>1443.9** 58.01(11.97)** ram44 942.24(348.10)** 8.58(2.42)** ramé4
>1443.9** 44.84(17.54)** ram45 >1443.9™ 65.88(15.82)** ram5
409.48(185.10)** 3.73(1.24)** ram46 >1443.9™ >81.92™ ramé
>1443.9** >81.92** ram47 >1443.9" 25.41(6.69)** ram7
405.04(128.28)** 3.68(0.71)** ram48 992.12(305.68) 9.03 (1.62)** ram9
>1443.9** 34.00(7.48)** ram49 >1443.9" 33.31(6.34)** ramll
945.31(391.01)** 8.61(2.40)** ram50 >1443.9™ >81.92™ raml2
1209.5(292.12) 11.01(1.07)** ram51 >1443.9™ >81.92™ raml13
>1443.9** 36.26(8.24)** ram52 >1443.9™ >81.92™ raml4
>1443.9** 18.27(1.55)** ram53 656.91(224.63)** 5.98(1.47)** raml5
>1443.9** >81.92** ram57 >1443.9™ 15.01(3.41)** raml7
>1443.9** >81.92** ram58 >1443.9" 13.26(3.32)** rami8
>1443.9** 19.53(3.13)** rame0 1400.00(388.25)** 12.74(2.11)** ram19
>1443.9** 79.48(17.90)** rame62 >1443.9" 40.44(5.72)** ram20
1443.90(497.68)** 13.14(2.97)** rame63 >1443.9" 31.04(4.93)** ram21
1162.4(335.89)** 10.58(1.74)** ramé4 >1443.9™ >81.92™ ram22
>1443.9** 32.83(6.57)** rame6 >1443.9™ 19.53(3.74)** ram25
>1443.9** 23.55(4.99)** ramés >1443.9™ >81.92™ ram23
>1443.9** 56.42(21.65)** ram71 >1443.9™ 75.36(24.15)** ram24
>1443.9%* >81.92** ram73 >1443.9™ >81.92™ ram29
>1443.9** 20.52(3.75)** ram75 >1443.9™ 13.25(2.54)** ram30
>1443.9™ 19.31(3.95)** ram77 >1443.9™ 13.88(3.70)** ram31
>1443.9™ 32.38(4.56)** ram79 >1443.9™ 20.32(4.63)** ram 32
>1443.9" >81.92"" ram80 >1443.9™ 21.31(4.44)** ram 33
310.26(108.44)** 2.82(0.70)** ram35

983.48(377.37)** 8.95(2.63)** ram36

P<0.01  Jlois! plaw ;5 (g,ls gxo ¥*
** Significant at p<0.01
ibe slne olbs Sisles julyy J51 slael
The values in the parentheses denote standard error.
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Table 10- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to haloxyfop-R methyl ester

g S5 (d) YL as (D) oo cand ECso Cuoglio as b
Biotype code Upper limit (d) Slope (b) mga.i.l* Resistance factor
o (S) 98.84(2.14) 0.65(0.05) 0.013(0.0007) -
ram1 99.97(3.67) 1.23(0.23) 3.58(0.62) 424.35(69.45)
ram15 100.05(3.67) 0.92(0.11) 5.35(0.81) 284.50(52.27)
rama 100.12(3.67) 1.33(0.28) 3.69(0.62) 292.93(53.03)
rami8 99.92(3.68) 0.93(0.12) 5.08(0.79) 403.11(67.31)

pSOOl Jlo.bl a.‘a.m 5 d)ll@.ﬂb ek
il Jlre slad Siales 53l 3 sl ()
** Significant at p<0.01
() values in parentheses denote standard error.
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Table 11- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to clethodim

d) yu ) . )
Guigm oS U( ) ¥ I» () ove cuns ECso Cuoglio as b
Biotype code F(’gf rlimit Slope (b) mg a.i.L? Resistance factor
o (S) 99.52(6.35) 0.64(0.12) 0.0011(0.0004) -
raml 99.05(6.40) 0.68(0.12) 0.0021((0.0007) 1.96(1.07)
raml5 99.25(6.38) 0.69(0.12) 0.0016(0.0006) 1.48(0.81)
ram4 99.43(6.36) 0.55(0.11) 0.0012(0.0006 1.16(0.71)
raml8 99.47(6.35) 0.55(0.11) 0.0013(0.0006) 1.20(0.73)

P<0.01 Jls! daw j3 (g)lo gino s

ibge slore sllad Soled sl J31s slael ()
** Significant at p<0.01
() values in parentheses denote standard error.
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Table 12- Parameters estimated from the fitting of log-logistic function to coleoptile length of susceptible and resistant
biotypes of winter wild oat in response to pinoxaden

g 5 d) Yu (0) oo ECso Cuoglile ,ad b
Biotype code Upper limit (d) Slope (b) mg a.i.L* Resistance factor
o (S) 94.68(4.32) 1.71(0.34) 0.10(0.01) -
rami 100.71(5.48) 0.75(0.14) 0.14(0.04) 1.34(0.40)
ram15 100.56(5.51) 1.18(0.32) 0.11(0.02) 1.10(0.25)
ram4 100.29(5.53) 1.384(0.32) 0.12(0.02) 1.15(0.26)
rami8 100.30(5.53) 1.30(0.29) 0.12(0.02) 1.16(0.25)
P<0.01 Jls! gdaws 3 (gl gme s
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** Significant at p<0.01
() values in parentheses denote standard error.
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Figure 2- a) Distribution map of the fields putatively infested with winter wild oat
b) Distribution map of winter wild oat biotypes resistant to fenoxaprop-P ethyl, diclofop methyl and clodinafop propargyl
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Introduction: Weeds are wild plant species which grow in agricultural ecosystems and compete with crops
for resources such as water, nutrients, light, and space. Wild oat is reported as one of the most troublesome
autumn weeds in croplands and its dominant species in Iran is winter wild oat (Avena ludoviciana Dur.).
Herbicide resistance is the inherent ability of a weed biotype in survival after being exposed to a rate of herbicide
which would be lethal to the wild type species. In the recent years, there have been several reports on the
occurrence of herbicide resistance in Golestan province. The following research was conducted to identify the
ACCase- resistant winter wild oat biotypes and generation of distribution map for the resistant biotypes in wheat
fields of Ramian Township.

Materials and Methods: The present study was conducted in 2017-2018 at the greenhouse and Weed
Science laboratory of Gorgan University of Agricultural Sciences and Natural Resources. Plant material included
80 putatively resistant winter wild oat biotypes which were collected from 100 wheat fields of Ramian
Township. The susceptible biotype was also collected from the regions with no history of herbicide spray. Three
Acetyl coenzyme A carboxylase (ACCase) inhibiting herbicides including clodinafop propargyl, fenoxaprop-P
ethyl, and diclofop methyl which are common graminicides applied in wheat fields of the country were used to
confirm the occurrence of resistance in winter wild oat biotypes. Three herbicides including pinoxaden,
clethodim, and haloxyfop-R methyl ester were also applied on the biotypes as the possible alternative herbicides.
First the winter wild oat seeds were hulled by hand. To obtain a more uniform germination, the seeds were
placed in 9 cm Petri dishes topped with a filter paper and 2.5 mL of distilled water was added to the Petri dishes.
Then, the Petri dishes were transferred to a refrigerator with a temperature of 4-5°C under darkness conditions.
After pre-chilling, the petri dishes were incubated at the room temperature to germinate. To perform the
discriminating concentration, pre- screening and concentration- response assays, 10 pre- germinated seeds from
each biotype were placed on the Petri dishes as described above, then were treated with various concentrations of
the mentioned herbicides. Three Petri dishes were used for each concentration, with each Petri dish serving as a
replicate. Also, the Petri dishes treated with distilled water were regarded as control. The Petri dishes were kept
at the room temperature for seven days and then the length of their coleoptile was measured. Four parametered
log-logistic function was fitted to the data using R software (drc package). ArcGis V.10.3 was used to generate
the distribution map of the herbicide- resistant biotypes.

Results and Discussion: Results of the present study indicate the confirmation of resistance to clodinafop
propargyl, fenoxaprop-P ethyl, and diclofop methyl herbicides in 58 out of 80 winter wild oat biotypes gathered
from wheat fields of Ramian Township. Resistance factor to clodinafop propargyl, fenoxaprop-P ethyl, and
diclofop methyl herbicides were 48.69 to >851.33, 52.57 to >752.57, and 310.27 to >1443.90, respectively. For
further investigation on the response of these resistant biotypes, three herbicides including pinoxaden, clethodim,
and haloxyfop-R methyl ester were applied on the biotypes as a Petri dish assay. Two biotypes with the highest
resistance factors (raml, ram18) and two with the lowest resistance factors (ram15, ram4) were selected for this
assay. In the haloxyfop-R methyl ester treatment, the highest and lowest resistance factors were observed in
ram1 with 423.35 and ram15 with 284.50, respectively. In the other two herbicide however, resistance factor had
no significant difference with the value 1. Application of herbicides possessing different modes of action may
lead to elimination of both susceptible and resistant biotypes. However, this will serve as a new selective
pressure which will eventually result in intensification of resistance and furthermore, evolution of cross and
multiple- resistant species. Thus, meticulous application of integrated weed management methods are of great
importance to prevent or delay the evolution of resistance to herbicides.

Conclusion: Implementation of cultural methods for weed management and preventing the distribution of
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herbicides to which the weeds have readily developed resistance will lead to reduction of selective pressure.
Adoption of crop and herbicide rotation principles will serve as a tool to debilitate the weed in competition with
the crop, which in long term may contribute to reduced frequency of resistant alleles.

Keywords: Concentration-response assay, Distribution map, Herbicide resistance, Resistance factor
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