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Abstract
Lentil wilt caused by Fusarium oxysporum f. sp. lentis is one of the most important diseases of this plant in dryland areas
of the Iran country. In this study, the effect of lentil seed priming with different concentrations of resistance inducing
materials, biopriming (with bacterial antagonist Bacillus methylotrophicus), hydropriming and application of fungicide
Rovral TS was evaluated in reduction in disease severity and promoting growth properties. In the laboratory, only oxalic
acid 2 and 4 mM, fungicide and the bacterium inhibited the mycelial growth of pathogen. All of the treatments except
Rovral TS, salicylic acid 1 and oxalic acid 2 mM increased seed germination and rootlet length significantly. Treatments
of Bacillus, hydropriming, silicon 2, silicon nanoparticles 4, methyl salicylate 0.2 and 0.4 and salicylic acid 0.5 mM
increased the wet and dry weight of rootlet and plumule significantly. In the greenhouse conditions, all experimental
treatments were able to significantly reduce the disease severity in the plants compared with the control and the best result
was achieved using Rovral TS, antagonist, methyl salicylate 0.1 and salicylic acid 0.25 mM, respectively. In the field
conditions, the least percentage of mortality was observed in individual application of silicon nanoparticles 1 mM and
methyl salicylate 0.2 mM respectively while in the combined treatments, the least mortality was obtained through
application of bacterium with silicon nanoparticles 2 or 4 mM. Acording to this research, the application of antagonistic
bacterium and resistance inducing materials individually or in combination, is an effective way to decrease disease
severity in lentil plants.
Keywords: Fusarium oxysporum f. sp. lentis, Lens culinaris, Priming, Resistance inducers
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Figure 1. Effect of the antagonistic bacteria Bacillus methylotrophicus (A) and B. subtilis (B) in inhibiting the radial
growth of Fusarium oxysporum f. sp. lentis the causal agent of lentil wilt after five days in dual culture method compared

to control plate (C).
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Table 1. The mean (+ SE) of the radial growth of mycelium of Fusarium oxysporum f. sp. lentis in culture medium containing resistance inducers and the effect of biopriming
(B), hydropriming (Hy), priming with resistance inducers (RI) and fungicidal treatment (F) of lentil seeds on the plant growth properties under in vitro conditions.

in vitro

Treatments Radial_growth of Rootlet Seed germination  Rootlet Wet Weight Plumule Wet Weight Rootlet Dry Weight Plumule Dry Weight

mycelium (mm) Length (cm) (%) (mg) (mg) (mg) (mg)
Control 32.3+0.58a 3.4+0.17de 85+1.73b 30+1.73d 32+1.15d 3.3£0.069 5+0.29 ef
Hydropriming (Hy) No data 3.35+0.17 de 100+0a 54+23la 49+173b 5+0.23d 8+0.29b
Rovral TS 2 g/L (F) 3+0.0d 2+0.12h 55+289¢c 34+173c¢ 32+1.15d 4+£012f 6+0.23d
Oxalic acid 1 mM (RI) 30.1+0.65b 3.56 +0.17 de 100+0a 35+1.73¢c 21+0.58 fg 5+0.17d 3.8+0.12 gh
Oxalic acid 2 mM (RI) 252+101c 3+012f 100+0a 23+1.27f 19+1.27 gh 3.8+0.12f 25+0.06 j
Oxalic acid 4 mM (RI) 3+0.0d 0%0i 0+0e 0+0h 0%0i 0+0i 0+0k
Salicylic acid 0.25 mM (RI) 30.2+0.65b 3.22+0.17 ef 100+0a 36+2.31bc 21+0.58 fg 55+0.12¢c 3.3£0.06 hi
Salicylic acid 0.5 mM (RI) 30.3+0.66 b 3.38+£0.23 de 100+ 0a 35+1.73¢c 40+£231c 5+0.12d 5.6 £0.17 de
Salicylic acid 1 mM (RI) 31+1.04ab 25+0.12¢g 30+231d 15+0.58¢ 15+0.29h 25+06h 3+0.06 ij
Methyl salicylate 0.1 mM (RI) 31+0.72ab 4+0.17c 100+£0a 34+£1.15¢c 20+£1.15¢g 5+06d 4+0.12gh
Methyl salicylate 0.2 mM (RI) 305+0.72b 5+0.29a 100+ 0a 31+1.15d 28 + 1.44 de 6+£0.17b 7+0.23¢c
Methyl salicylate 0.4 mM (RI) 315+087a 3.44 £0.17 de 100+ 0a 38+1.73b 26 +1.15 ef 5.6 £0.12 bc 6.3+£09cd
Silicon 1 mM (RI) 30.3+0.73b 3.44 +0.17 de 100+0a 36 £1.15bc 27+1.15e 55+0.12 bc 4.4 +0.06 fg
Silicon 2 mM (RI) 31.3+0.73a 3.3+0.12de 100+0a 38+1.15b 33+0.87d 6+06b 6+0.12d
Silicon 4 mM (RI) 30.3+£0.95b 3.56 £ 0.17 de 100+ 0a 27 +1.15 ef 29+1.15de 45+012¢e 5.5+0.12 de
Silicon Nanoparticles 1 mM (RI) 30.6 £ 0.65 ab 4.05+0.23¢c 100+0a 33+1.15cd 28 +1.15de 45+06¢e 5+0.12 ef
Silicon Nanoparticles 2 mM (RI) 30.6 + 065 ab 4+0.23¢ 100+0a 27 +1.15¢f 26 +0.58 ef 5+0.06d 6+0.12d
Silicon Nanoparticles 4 mM (RI) 321+0.65a 459+0.29b 100+0a 27 £0.58 ef 43+1.73¢c 5.7+012 bc 8.5+0.12ab
B. methylotrophicus (B) No data 465+0.29b 100+0a 56+2.3la 53+1.73a 6.7+0.09a 9+0.17a

* Means with the same letter in each column are not significantly different at p < 0.01 probability using Duncan’s test.
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Table 2. The mean (x SE) of the effect of biopriming (B), hydropriming (Hy), priming with resistance inducers (RI) and fungicidal treatment (F) of lentil seeds on severity

of Fusarium wilt disease and percentage of its control under glasshouse conditions and their effect on biomass dry weight and percentage of plants mortality in individual
treatments and integrated treatments of biopriming + resistance inducers (R1+B) on farm conditions.

Glasshouse

Farm

Disease severity

Disease control

Relative mortality in

Relative mortality in

Relative biomass weight

Treatments (%) (%) |nd|V|duaEI0/2;eatments |nttree%rtf:1;t]eec:] t(SR(IO;;)B) in individual treatments
Control 80+0a 0i 100+0a 100+0a 100+£0g
Hydropriming (Hy) 70+5.77b 1250+ 4.33 h 100+ 10.6 a No data 59.25+42.08 h
Rovral TS 2 g/L (F) 15+0¢ 81.25+0a 74 £3.8 bc No data 116.21 + 26.25 efg
Oxalic acid 1 mM (RI) 45+2.88cd 43.75 £3.61 ef 50 £8.1de 87 £18.20 bc 161.34 + 44.56 bc
Oxalic acid 2 mM (RI) 55+2.88¢c 31.25+3.61¢ 55+9.1cd 90.74+19.20 b 123.69 + 20.68 ef
Oxalic acid 4 mM (RI) No data No data 82+21b 88 +£19.80 b 100.19+5.40¢
Salicylic acid 0.25 mM (RI) 30£0e 62.50 £ 0 bc 40+ 3.4fg 61 +7.80 de 129.42 + 28.50 de
Salicylic acid 0.5 mM (RI) 35+2.88de 56.25 + 3.61 cd 36 +10.6 gh 81 +15.60 bcd 189.75 +83.06 a
Salicylic acid 1 mM (RI) 55+5.77¢ 31.25+7.23¢g 64+35¢C 64 +18.40 de 112.25 + 16.53 efg
Methyl salicylate 0.1 mM (RI) 25+0f 68.75+0b 43+46f 42 +8.00 fg 189.00 +90.41 a
Methyl salicylate 0.2 mM (RI) 40 +2.88 cd 50.00 + 3.61 de 34+33¢h 59 +8.20 de 153.71 £40.18 cd
Methyl salicylate 0.4 mM (RI) 45+2.88cd 43.75 £ 3.61 ef 58 +12.9 cd 45 +20.22 fg 120.38 + 26.00 ef
Silicon 1 mM (RI) 40+0cd 50.00 + 0 de 51 +17.4de 53 + 8.55 ef 143.93 + 25.65d
Silicon 2 mM (RI) 45+2.88cd 43.75 £ 3.61 ef 50 + 8.4 de 63 +23.87 de 126.46 + 7.35 def
Silicon 4 mM (RI) 55+5.77¢c 31.25+7.23¢g 52 +15de 39+4.52gh 131.48 + 36.78 de
Silicon Nanoparticles 1 mM (RI) 45+2.88cd 43.75 + 3.61 ef 28+3.2¢ 38 +2.89 gh 159.83 + 45.39 be
Silicon Nanoparticles 2 mM (RI) 50+0¢c 37.50+0fg 47 +12.4 f 38 +15.37 gh 129.91 +7.98 de
Silicon Nanoparticles 4 mM (RI) 50+5.77 ¢ 37.50 +7.23 fg 44 +105f 53 +24.70 ef 129.71 + 19.68 de
B. methylotrophicus (B) 30+0e 62.50 + 0 cd 85+6.1b No data 58.75+44.29 h

* Means with the same letter in each column are not significantly different at p < 0.01 probability using Duncan’s test.

J Avpl Res Plant Prot

@Am



N

OF ) fY-0a :(F) V- ,.Cw"‘/;;goé.f).) &5 slo jing s

Dol g eSSl (5L Cumex p Wiy (oo Ll don
Jelss o (glllS Lyl s o anal 38 36 T Sl
SE e g 009 JyuS Cou Cagb) g Les 5 )95 o (e
lple 3sdee ooliial Gl S ln on el
5 e ool a5l gy 53U g 5550 CanigS]
Syl les Sl yo 1y 993 A Wlg oo i
oS Wl olge  salod cglaslodS Loyl 13y ¢ pol> i jo
Solosr D08 (Yyasleo oz ST apud 51 528) Canslic
4 S 2o 3 Ve B ol ]y uoe oom)lj58 (S0
o ol Kash sleaisl jo pliv gl wols ials sals
Veladi et al. 2013; Song et al. ) uslazs 5 )1 8 0, Lsl 5,90 35

2011; Tavakol Noorabadi et al. 2014; Li et al. 2016a;
sb,l5 5 5Le 5l (Diago & Videra 2007; Jinger et al. 2017

S L alite slo S len nlp jo GlLS )3 Cuglie sl
Sl dls sl don 5l Sage g Cuglio causS Wl olge
oSy e PR Gos ol RlBl 0sz 63,19
Sl b eS| SassS 55 e alicssbont b o
o 55 ol 398 el oy 5 £ slomyl cullas
ool 5 (Stein et al. 2008; Song et al. 2011) ..l
Sekallos aol b L5 LS o o Sliios (bt IS
5 5henST 28 (g sl slompl ool li8l el
(Sabbaghetal. pg.n 5l ob axals S 1o ply )0 Cwglan
b Sebordls sl 323 (S5 j3as5 LS o 5 ou 2016)
S5 5o Slsel (VT i el s 33l
(Dashtipoor et al. 2018) &S oo Cwglio Slou!l 05,1598
sloplil Sas 559 ARl 5o 58 Dendle e 30
3han paiS )9k ()lew 4y JB Rals 5 pasS 2lsa
Oes 5 e SUIF 50 S Sk e i e
Sl a8 5 )18 6 Ll 0,40 (Safari et al. 2020)
s SRS ply 50 Cueglie (ysSelew 45 00l (4,155
5 G oo asile (elhs DL 5wy S Gk 5l )
s (Remus-Borel et al. 2005) osls il by pnSdlgis 18
GlaeSTy wile els lappl Sy oad Jbd el
oYl g o slans] e L (Lipoxigenase) U5 owS s
O55ekow l,346 (Rahman et al. 2015) cowl ooy LIS 40!
Chgy S sodml sladske o)l 5o 0lS s il o
0,lg90 isuplSotiul olge laicay g ool |LSis glay g0
S ST I Sty sl e o5 WS oo oo Joko
OSos 1) plalS Cuaglis 5 009 uiled 5 2L SL g ()6

B2z cpl 10 oolaiul 050 glacdale (o vy oo Haia

Foler 9y 0355 oo g prtone il G LS5 ol
ol i ol e Seleddle sl 3T ilesy,
oS 5> Cuoglio Gl 5 LSS ¥ 5 1L 5 LS slom 3!
(e 6 Lo (Veladi et al. 2013) el oo ools cans
G g il slacdale s Sl dluogl a5 0s ools L
I, F. graminearum Schwabe z,8 pslucs ol Yoo Lo
Py e Gl s (Sl g el a4 ces
(Qietal. 2012) 553 o g0, Canilos sl Y slaclale
ol Galisee slacale 36wy, o EI-Alwani (2014)
FIN) Swl 36 )l 1y Ve o Y8 clale (Slondlo
Jole poaslind @B (egelane 0B, Sl Cailes jo (a2
CAlE Gl oS 895 B 5 adls (eSS 05,
a3l 5 sagabane 0, 5l Conilan Yoo Lo VEIO 5 VIY &
oy oo Mo, OV g VY 4y i i 4y g aisly

5 oSk edle e SIS sl b
Ogl ln ae (oog2)l398 (S0 Jale @3B 2 pgSeliwgil
a2 Jo 4y 085 8 oy Syse BboS al o 0k
Fiite 9530 55 lows p Slge 0l 5 )50 53 (65500 31T
R RV

SASL el (G Sl lp oyl o o
Sl g 5 ()9 Ao 4o 9 b oolatuw! B. methylotrophicus
Solsgre Hobay walls b awslic )0 leasals adls 4 aiy,
oLS ad, Sams il ot plply <l il
e (slo I35 b amts ol b st 5,251 ol sty
3l JolS” cuisllas olF als) 1 (6 ,55L () 55U 0450 ,0 K0
o) (Parsa et al. 2018; Cheng et al. 2019; Ge et al. 2016)
sledis o 1) glem (S Layll o cuuilyy 5 5SL
50 S e ali b auslie ;0 0o )d FYID ol & oo
sloadl ;o Gl ol ke o skl sloaiss
Jain et al. 2015; ) cuwl ouls gu pai 35 eiione (g ke
Gyl ;530 5,SL (Gu et al. 2017; Li et al. 2016b
20,0 V0 add glac)re Llyd o 1) woe sas)li98 (SS9
ailgl 95 3e (6L dwy oo Sl A aee lalS cudlys
58Sl b 5 w8 L S glas ) pe Ll L) 055 o
cblis gl (6551 Comez g e 5dy (0,8 wiél Jas
Jolse eslacyjo bl il o andl el osgs I bhazals |
Lalps g0 S0 Bk 5l 0098 U555 o 55 alse g o
4313 092y (Liie (929,50 Coxe de)ie SI (b

J Avpl Res Plant Prot




NG

oo b g e 2] Sypo 4 e pd Sl /o 00 5 s

3 w2 GYee o /0 g < /T Silewcdlo ail 8 g /Y
B i Gl las)pe Lulpd o oo g IS Ll
3 g wog pwae OLS 5o golee Sl 5o (i L V00
S o8 D35l s ae 50 o (Bl g o0yl sl Lo
g aale 1y gilew Sl SUlss 70+ YL Voo Lo 50 4
e aoglie 0aisS Lo 5 ol o5 Sl 5 S0 (g3
Siposlyy Joe b g oogs a i o5 caiilas Jass ) Has
055 sbesd Glsen Cnlple siies oolinul LB (2oljas )9l
g ool 1,8 g ,les PV ERUNURVP- T I ER ) LQJT L ek

g5 dmogs dilaie ,5laS &

&l ol
4 s 59108 S S5 5 s Gl gy S5
Gl ST slag S (poged ol bl
b sagy sb ol GBI 5l e alie ool S5
P 355 g e oagligh (Soyehy Gl Cupae” el
Spalp «Simlpgyiene boglac,e g Glalbls Ll

Ol Ll Jovo jlas ail oo Hedy (Sgey90 Sivenl g (S
ol 0030 S 12l 5 15 oRidls Limghs Heel oo

References

Ahmed J, Lodhi MS, Saeed M, Asghar M, Shahwani N, 2014.
Influence of different hydropriming times on seed
germination and vyield of chickpea under ecological
conditions of Quetta. Life Science: An International
Journal 8: 3048-3052.

Azarnia M, Biabani A, Gholizadeh AL, Isvand HR, 2016.
Investigation of the effect of mycorrhizal inoculation and
seed priming on some quantitative and qualitative
characteristics of lentils (Lens culinaris L.). Journal of
Water and Soil (Agricultural Sciences and Industries)
30(3): 817-828 (in Persian with English abstract).

Cachinero JM, Hervas A, Jimenez-Diaz RM, Tena M, 2002.
Plant defence reactions against Fusarium wilt in chickpea
induced by incompatible race 0 of Fusarium oxysporum
f.sp. ciceris and nonhost isolates of F. oxysporum. Plant
Pathology 51:765-776.

Cheng X, Ji X, Ge Y, Li J, Qi W, et al., 2019. Characterization
of antagonistic Bacillus methylotrophicus isolated from
rhizosphere and its biocontrol effects on maize stalk rot.
Phytopathology 109(4): 571-581.

Dashtipoor S, Sahebani N, Aminian HA, 2018. Application
effects of Bacillus subtilis and salicylic acid on the tomato
plants against Fusarium oxysporoum f.sp. lycopersici and
Meloidogyne javanica. Journal of Applied Research in
Plant Protection 6 (4): 1-10 (in Persian with English
abstract).

J Aopl Res Plant Prot

00iS Ll olge 050 ,o (Stroutetal. 2013) wws uli8l el

Oniize plo Sliiod (9Seliwgil 5 (sSelew wiile Cuoglie
Cwoglio lll o olge cpl LSL ¢ mE caimolis G
(Liang et al. 2003; <ol Hlals o SlaST Soduw

Viani et al. 2021)

slojless ) slasyze Ll il o (6 )len £985 Gliee (208
1 g doy VY B VA wesglie oSl lge 5 (ool
Y L0 ceoslie 0oiSTl lge 5 5,55L 5l oS 5 sl lons
Soasl o ybg, 3.2l i Pandey et al. (2017) .0g ao o
& »SL T, harzianum, T. viride = ,B slaaiss b sg50 50
o 1y baws Sl ! S 0,5 4 P. fluorescens
5 o Silen £33y weys il o ol b5 0o S
WoTY ) Jyame Galidl g ao,s FP-YA L) aty) (Sosws
IR IV SRR VIR
Sidilex Slidl el glalxls byls o bS5 oyl
g ey SES g 5 (g Bl g azads; Jsb Gl el
0353y (539 ) Vb crge slas)ie Ll il yo g Al
5o slas e g GlallS Oldllas zuls )by Ways ) S

G azg b oy Gudaie oo L g 00y Siuea sliul,
g 01 OMdles o ¢ oy 1 950 aliBre Slge (31 4]

Diogo RV, Wydra K, 2007. Silicon-induced basal resistance in
tomato against Ralstonia solanacearum is related to
modification of pectic cell wall polysaccharide structure.
Physiological and Molecular Plant Pathology 70: 120-
129.

Dubey SC, Tripathi A, Singh B, 2013. Integrated management
of Fusarium wilt by combined soil application and seed
dressing formulations of Trichoderma species to increase
grain yield of chickpea. International Journal of Pest
Management 59(1): 47-54.

Eisvand HR, Tavakkol Afshari R, Sharifzadeh F, Maddah Arefi
H, Hesamzadeh Hejazi SM, 2008. Improvement of
physiological quality of deteriorated tall wheat grass
(Agropyron elongatum Host) seeds by hormonal priming
for control and drought stress conditions. Iranian Journal
of Crop Science 39(1): 53-65.

El-Alwany AM, 2014. Efficacy of salicylic acid & 2, 6-
Dichloroisonicotinic Acid as systemic acquired resistance
activators in vitro on Fusarium oxysporum f. sp. lycopersici
and Fusarium oxysporum f. sp. radicis-cucumerinum radial
growth. Nature and Science 12(9): 92-96.

FAO, 2019. FAOSTAT/ production / crops,
http://www.fao.org/faostat/en/#data/QC

Ge B, Liu B, Nwet TT, Zhao W, Shi L, et al., 2016. Bacillus
methylotrophicus Strain NKG-1, Isolated from Changbai
mountain, China, has potential applications as a
biofertilizer or biocontrol agent. Plos One 11(11):
€0166079.

$



https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-07-18-0220-R
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-07-18-0220-R
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-07-18-0220-R

OA

OF)fY-0a :(F) V- ,.Cw"‘/;;goé.f).) &5 slo jing s

GuQ, Yang Y, Yuan Q, Shi G, Wu L, et al. 2017. Bacillomycin
D produced by Bacillus amyloliquefaciens is involved in
the antagonistic interaction with the plant pathogenic
fungus Fusarium graminearum. Applied Environmental
Microbiology 83(19): e01075-17.

Infantino A, Kharrat M, Riccioni L, Coyne CJ, McPhee KE, et
al., 2006. Screening techniques and sources of resistance to
root diseases in cool season food legumes. Euphytica 147:
201-221.

Jabnoun-Khiareddine H, ElI-Mohamedy RSR, Abdel-Kareem
F, Aydi Ben Abdallah R, Gueddes-hahed M, et al., 2015.
Variation in chitosan and salicylic acid efficacy towards
soil-borne and air-borne fungi and their suppressive effect
on tomato wilt severity. Journal of Plant Pathology &
Microbiology 6: 325.

Jain MK, Jain S, Banerjee S, 2015. Effect of combined
application of Trichoderma harzianum and Bacillus subtilis
against wilt disease complex of chickpea caused by
Fusarium oxysporum and Rhizoctonia solani. International
Journal of Plant Protection 8 (1): 21-25.

Jemil N, Manresa A, Rabanal F, Ben-Ayed H, Hmidet N, et al.,
2017. Structural characterization and identification of
cyclic lipopeptides produced by Bacillus methylotrophicus
DCS1 strain. Journal of Chromatography B 1060: 374—
386.

Jinger D, Devi MT, Dhar Sh, Dass A, Rajanna GA, et al., 2017.
Silicon in mitigating biotic stresses in rice (Oryza sativa L.)
- a review. Annals of Agricultural Research, New Series
38(1):1-14.

Kandoliya UK, Marviya GV, Rathod PJ, Vakharia DN,
Golakiya BA, 2017. Pathogenesis related hydrolytic
enzymes induction in response to PGPR seed priming
against wilt pathogen (Fusarium oxysporum f. sp. ciceri) in
chickpea. Indian Journal of Agricultural Biochemistry 30
(2): 182-188.

Krol P, Igielski R, Pollmann S, Kepczynska E, 2015. Priming
of seeds with methyl jasmonate induced resistance to hemi-
biotroph Fusarium oxysporum f. sp. lycopersici in tomato
via 12-oxo-phytodienoic acid, salicylic acid, and flavonol
accumulation. Journal of Plant Physiology 179: 122-132.

Li P, Ding W, Liu Q, Wang D, Wang R, et al., 2016a.
Mechanism of silicon and BTH-induced resistance to
tobacco bacterial wilt. Tobacco Science & Technology 49
(7): 23-30.

Li X, Zhang Y, Wei Z, Guan Z, Cai Y, et al., 2016b. Antifungal
activity of isolated Bacillus amyloliquefaciens SYBC H47
for the biocontrol of Peach gummosis. Plos One 11:1-22.

Liang YC, Chen, Q, Liu Q, Zhang WH, Ding RX, 2003.
Exogenous silicon (Si) increases antioxidant enzyme
activity and reduces lipid peroxidation in roots of salt
stressed barley (Hordeum vulgar L.). Plant Physiology 160:
1157-1164.

Mahesh HM, Murali M, Chandra Pal MA, Melvin P, Sharada
MS, 2017. Salicylic acid seed priming instigates defense
mechanism by inducing PR-Proteins in Solanum
melongena L. upon infection with Verticillium dahliae
Kleb. Plant Physiology and Biochemistry 117: 12-23.

Omar SA, Salem DE, Rizk MA, 1988. Sources of resistance to
root-rot wilt disease complex of lentil. Lens Newsletter
15(1): 37-39.

Pakmehr A, Shekari F, Rastgoo M, 2014. Effect of seed
priming by salicylic acid on some photosynthetic traits of
cowpea under dehydration stress at flowering stage. Iranian
Journal of Pulses Research 5(2): 19-30. (in Persian with
English abstract).

Pandey RN, Gohel NM, Jaisani P, 2017. Management of wilt
and root rot of chickpea caused by Fusarium oxysporum f.
sp. ciceri and Macrophomina phaseolina through seed
biopriming and soil application of bio-agents. International
Journal of Current Microbiology and Applied Sciences
6(5): 2516-2522.

Parsa N, Viani A, Arzanlou M, Aliasgharzad N, 2018.
Evaluation of tomato cultivars for resistance to Fusarium
wilt disease and influence of mycorhizal fungus Glomus
versiforme, antagonistic bacterium Bacillus
methylotrophicus and carbendazim fungicide on disease
control. MSc thesis in plant pathology, Faculty of
agriculture, University of Tabriz, Iran (in Persian with
English abstract).

Pouralibaba HR, Rubiales D, Fondevilla S, 2015. Identification
of resistance to Fusarium oxysporum f. sp. lentis in Spanish
lentil germplasm. European Journal of Plant Pathology
143(2): 399-405.

Pouralibaba, HR, Sabbagh Pour SH, Mehraban A, Asghari S,
2008. Selection of new lines of Fusarium wilt resistant
lentils by Fusarium oxysporum f. sp. lentis for for
Bilehsavar Region, Moghan. Journal of Seedlings and
Seeds 24(3): 429-444 (in Persian with English abstract).

Qi PF, Johnston A, Balcerzak M, Rocheleau H, Harris LJ, et
al., 2012. Effect of salicylic acid on Fusarium
graminearum, the major causal agent of fusarium head
blight in wheat. Fungal Biology 116: 413-426.

Rahman A, Wallis CM, Uddin W, 2015. Silicon-induced
systemic defense responses in perennial ryegrass against
infection by Magnaporthe oryzae. Phytopathology 105:
748-757.

Reignault P, Walters D, 2007. Topical application of inducers
for disease control. In: Walters D, Newton A, Lyon G (eds).
Induced Resistance for Plant Defense: A Sustainable
Approach to Crop Protection. Blackwell Publishing, Ames,
IA. Pp. 179-200.

Remus-Borel W, Menzies JG, Belanger RR, 2005. Silicon
induces antifungal compounds in powdery mildew-infected
wheat. Physiological and Molecular Plant Pathology 66:
108-115.

Saad ASA, Kadous EA, Tayeb EH, Massoud MA, Ahmed SM,
et al., 2014. The inhibitory effect of some antioxidants and
fungicides on the growth of Alternaria solani and Fusarium
solani in vitro. Middle East Journal of Agriculture
Research 3(2): 123-134.

Sabbagh SK, Sabbagh E, Abkho J, Zinati Fakhrabadi F, 2016.
The effect of salicylic acid to induce systemic resistance in
cucumber plant to damping-off disease caused by Pythium
aphanidermatum. Journal of Applied Research in Plant
Protection 5 (2): 27-43 (in Persian with English abstract).

Sabbaghpour, H. 2014. Strategic Framework for Food Legume
Research. Agricultural Research, Extension and Education
Organization, Iran 417 pp.

Safari E, Sharifi R, Abbassi S, 2020. Inhibition of wheat take-
all disease using defenses-inducing compounds. Journal of

J Avpl Res Plant Prot



http://scholar.google.com/scholar?q=applied+environmental+microbiology&hl=en&as_sdt=0&as_vis=1&oi=scholart
http://scholar.google.com/scholar?q=applied+environmental+microbiology&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Kandoliya%2c+U.+K.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Marviya%2c+G.+V.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Rathod%2c+P.+J.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Vakharia%2c+D.+N.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Golakiya%2c+B.+A.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Indian+Journal+of+Agricultural+Biochemistry%22

04

oo b g e 2 Sypo 4 e ad Sl /00 5 s

Applied Research in Plant Protection 9(3): 1-10 (in Persian
with English abstract).

Safari Z, 2018. The response of different potato varieties to
Alternaria alternata the causal agent of early blight disease
and the effect of some resistance inducing materials on its
control. MSc thesis in plant pathology, Faculty of
agriculture, University of Tabriz, Iran (in Persian with
English abstract).

Skidmore AM, Dickinson CH, 1976. Colony interactions and
hyphal interference between Septoria nodorum and
phylloplane fungi. Transactions of the British Mycological
Society 66(1): 57-64.

Song W, Ma X, Tan H, Zhou J, 2011. Abscisic acid enhances
resistance to Alternaria solani in tomato seedlings. Plant
Physiology and Biochemistry 49: 693-700.

Stein E, Molitor A, Kogel KH, Waller F, 2008. Systemic
resistance in Arabidopsis conferred by the mycorrhizal
fungus piriformosporaindica requires jasmonic acid
signaling and the cytoplasmic function of NPR1.Plant Cell
Physiology 49: 1747-1751.

Strout G, Russell SD, Pulsifer DP, Erten S, Lakhtakia A, et al.,
2013. Silica nanoparticles aid in structural leaf coloration in
the Malaysian tropical rainforest understorey herb Mapania
caudata. Annals of Botany 112(6):1141-1148.

Sun CW, Liang YC, Romheld V, 2005. Effects of foliar and
root applied silicon on the enhancement of induced
resistance to powdery mildow in cucumis sativus. Journal
of Plant Pathology 54: 678-685.

Tavakol Norabadi M, Sahebani N, Etebarian HR, 2014.
Management of tomato wilt disease caused by Fusarium
oxysporum f. sp. lycopersici using a combination of silicon
and Pseudomonas fluorescens (CHAQ) and investigation of
PAL (phenylalanine ammonialyase) enzyme activity.
Journal of Plant Disease Research 2(3): 13-26 (in Persian
with English abstract).

Taylor P, Lindbeck K, Chen W, Ford R, 2006. Lentil Diseases.
In: Yadav SS, et al. (eds). Lentil: An Ancient Crop for
Modern Times, Springer, Pp. 291-313.

Thaware, DS, Kohire OD, Gholve VM, 2016. In vitro efficacy
of fungal and bacterial antagonists against Fusarium
oxysporum f. sp. ciceri causing chickpea wilt. International
Journal of Agricultural Science 12 (2): 215-218.

Veladi S, Soleimani Pari MJ, Khodakarmian Gh, Ghiyas Vand
T, 2013. The effect of salicylic acid and chitosan on
induction of resistance in chickpea against Fusarium wilt
disease. Plant Diseases 49(2): 181-199.

Viani A, Joorabbaf P, Aliasgharzad N, 2021. Control of potato
soft rot disease using silicon, silicon nanoparticles and
antagonistic bacterium Bacillus methylotrophicus at
glasshouse conditions. Journal of Applied Research in
Plant Protection 10 (1): 83-96 (in Persian with English
abstract).

Yousefi H, Sahibani N, Product L, Mahdavi V, 2011.
Combination of salicylic acid and Bacillus subtilis in the
control of stem and root rot of cucumber caused by
Fusarium oxysporum f. sp. radicis-cucumerinum and
evaluation of phenylalanine ammonialyase activity. Iranian
Journal of Plant Protection Science 42(2): 339-351 (in
Persian with English abstract).

Zarei |, Mohammadi G, Sohrabi Y, Kahrizi D, Khah EM, et al.,
2011. Effect of different hydropriming times on the
quantitative and qualitative characteristics of chickpea
(Cicer arietinum L.). African Journal of Biotechnology 10
(66): 14844-14850.

@ @ @ This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-
nc/2.0/)



