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Table 1. Geographical distribution of Fusarium oxysporum f. sp. ciceris isolates in the Al-Ghab region in central Syria,

surveyed during the period 2019-2020.

Regulatory region dalaiil) Adlatal) Collection area aaall dihia Isolate A )
Muhardeh APESY Muhardeh 33 )na FOC33
Muhardeh 53 e Muhardeh 33 yaa FOC40
Muhardeh B3 yaa Raidy sxe )l FOC49
Jib Ramleh idayea Alamiyeh Jaalladl FOC5
Jib Ramleh daya Akairabeh 4 ke FOC129
Jib Ramleh idayca Akairabeh i yie FOC130
Jib Ramleh EAPPRUIEN Akairabeh 4 ke FOC132
Jib Ramleh idayca Eljalima Aaalall FOC135
Shattha ialad Daour Shatha dald el FOC50
Kalaat EI-Madik CGuaall 4218 Al-kahera 5 Ll FOC59
ASRC Lo )l dpalall i gad) S e Al-Ghab ) FOC37
ASRC Lo )3l dgalall igad) S e Al-Ghab rH FOC38
ASRC Lo )l dpalall i gad) S e Al-Ghab ) FOC52
Skailbiyeh dunbadd) Khandak sl FOC73
Skailbiyeh dulanl Shajar addl FOC80
Skailbiyeh dunlal) Horra sl FOC98
Skailbiyeh dunbadd) Tel Tuton ol s FOC118
Skailbiyeh Al Skailbiyeh Al FOC139
Skailbiyeh T Amourin i sac FOC147
Skailbiyeh ddad) Tel Far ol s FOC150
Skailbiyeh dunbadl) Abr el FOC155
Skailbiyeh dunbadl) Maksar Sl FOC157
Tel Salhab bl s Tel Debine Cmd 5 FOC17
Tel Salhab cnlu Ji Sih-Salhab cali ) FOC26
Tel Salhab cala Ji Abou Faraj z Al FOC151

233 Arab J. Pl. Prot. Vol. 39, No. 4 (2021)



Lo 40 ey L) s0al Aylual) Gillangiall 0 Qlus &
Genstat 12th  Jlasy) ddaill zeliy aladisl del3ll e
e Augynadl eVl duale) 5l cpli Gy WS (Edition
Gastiall Jdatl) aladnnl il Ldosll (el Gl
Puany) daaill =aliyy 389 (Hierarchical cluster analysis)
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Table 3. Methods used to identify races of Fusarium
oxysporum f. sp. cieris spread in chickpea cultivation areas
in the Al-Ghab region in central Syria.

Treatment Alaleall 48 )

Gakadl) 35k Ajall x ciiall  Serial

Application methods Isolate x cultivars No.

Ajall sl Glaaly (g5 FOCH9 x WR-315 1

610x1  3S.5) FOC59  FOC59 x BG-215 2

::345/44 2‘00. “L:P. (_j/‘*f# FOC59 x BG-212 3

faud o Bbdle 0l e85 g9 o104 4
,Uu\_.umb)l\dgsmuu@

Inoculation with conidial FOC59 * JG-74 5

suspension of isolate FOC59 FOC59 x K-850 6

(1x108 spore/ml) by adding FOC59 x ILC-482 7

200 ml/bag, and soaking Eoc5g x |-550 3
chickpeas seeds in the

conidial suspension for 30 FOC59 x CPS-1 9

minutes before planting. FOC59 x ANNIGERE 10

FOC59 x UC-27 11

FOC59 x GHAFFA 12

FOC59 x JG-62 13

il Lo sina s jhia sl g, WR-315 14

slay ol aliy «aS/de 200 BG-215 15

d,\éi;b»@ai'é.\ajfsw?)k& BG-212 16

o kRS g 17
Irrigation with only sterile

distilled water by adding 200 JG-74 18

ml/bag, and soaking chickpea K-850 19

seeds in sterile distilled water || c_482 20

for 30 minutes before L-550

planting ) 21

CPs-1 22

ANNIGERE 23

uc-27 24

GHAFFA 25

JG-62 26

Y FOC Lhdll c¥ e e e I 1321 e clabaall ooy S
L Gl 48l g | Jisaa (85 5S35 DAY (5 pdiall 5

The treatments 1-13 were replicated for each of the 24 isolates

mentioned in Table 1 and by using the same application method.

Llal alldy e goishll dellaa) gaall cupl
ol FOC Lkl e¥ie o dlie KI) (uS/ 0 3lae Ja 200
o5 Cughy il LA ) defizg C10X1 S5 (s
524l (%2) asasall Cuyol<ona Jslaas 3l Al JE (anall
Canliy e EDE abadl i) sl cleg & 3By eed
sad (3 e FOC_ kil ciYie (o dlie JSI) el (slaally
o aeall laid) eladl aalil e clege Ly cdels Chal
203 Lage 50 s2al bl ddlhe iy (S US (B 0 4 ey
/Ul el DA Q) dabial duayhll Cigylal) it dely3l
Bl B353e Al e 2 dss) 2020 swsy/Obiss
338 ooy Lilgaall ALelS cle Undl) avanaty Aoyl b L dssgilly
Iy (il + FOC e 25) % Ajk ia 13 :dllas
G e IS e dlje U< aalll )5S GuS Jaea ) Se
(3 ds2s)

3ad s e DA Al al) a8 5Ll Apaliall Cag D) 2 Jgaa

H(2020 plad 58 55/0) A ¢ sile/ Sl pansll J sana
Table 2. The prevailing climatic conditions in the study site
during May-June of the 2020 growing season of the
chickpea crop*.

Temperature °C (o ©) 3l
sl Jaral)
Daily s all NP

average Minimum Maximum Month o)
24.15 19.42 29.16 ay b/ 4
25.5 17.9 327  ne s

) A sl ala ) Al Ay pil) & ek
* From the monthly reports of the Al-Ghab weather station.

L gaud dely3l 20 20 asal) (o Dliel duzmbal) il cilan
(4-0) clayy Guedy (el 525 (uld alu daiely (agy 40 2l
Obaay! gl Jedll clad) Sl gall digiad) dadl) Cas
%100-67 =3 %66—34 =2 %33-1 =1 %0 =0 cu
«(Trapero-Casas & Jiménez-Diaz, 1985) cue <o =4
5ad hawgsie OIS 13 (R) aslee 4 e cadll ags &g
(MR/MS/M) &ladl LN Lasssiag 1 (g5lon ) sl diLaY)
Qs 3 Ge rals 1 e Sl ALY 528 Jaugia OIS 13
3 b o LSl ALY sad dawge GIS 1Y (S) Ll
-(4 Js>) (Jiménez-Diaz et al., 1993)
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Tablel. Disease reaction of differential chickpea cultivars to pathogenic races of Fusarium oxysporum f. sp. ciceris*.

Pathogenic race  4xa saall &3 4y i) pasal) dibial

6 5 4 3 2 1B/C 1A 0 Differential chickpea cultivars

S S S S S S S R JG-62
M/S S S S S R/M R/IM R/M C-104

R M/S R R S R R R JG-74

R M/S M M S R R R CPS-1

R R M M S R R R BG-212

R R R S - R R R WR-315

R S - - - M - M Chaffa

R S ] . ) S ] S ANNIGERI
M/S R - - - R - M/S L-550

R M - - - M/S - R K-850

- - - - - - - S ILC-482

- - - - - - - - BG-215

- - - - - uc-27

] sy o) raal BLaY) 528 dan gie YIS 13 (R) astie 4l e cailall ani &5 e s =4 <9%100-67 =3 «%66-34 =2 «%33-1 =1 %0 =0 *

3 e sreal s 1 e ST ALY 30 L gie (IS 13 (MR/MS/M) dbal LU das sia s 63 (5 sbon ol ST ALal) 308 Jas sia (S 13) (S) Al L3 5
*0=0%, 1=1to 33%, 2 =34 to 66%, 3 =67 to 100%, and 4= dead plant. Average disease severity ratings <1 and >3 at the end of the
experiments were considered resistant (R) and susceptible (S), respectively. Intermediate severity ratings (>1 and <3) were considered

moderately susceptible (M/MS/MR) reactions.

Bady L Al QB ANNIGERI caall G
-(Al-Taae et al., 2013)

Byiaall Vel psane o %28 Amll) degendl ClSE
0o legile Juasidl FOC405 FOC33 :cifie auw Ciaag
e ally 5l e lagle Jasidl FOC98 5 FOC59 5 53)aa
Gopic e legile Juasidl FOC1325 FOC1305 ¢ sl
3 DL cbieg QU B e lple Jeasidl FOC150 s
&V Aagliall Uanigia JG-625 WR-315 (iinall ob cuppas
Logadl laugia C-104 Caiall Ly ! Lladd ol
.(Haware & Nene, 1982)

Janie FOC151 saaly dlie dualdl)l degendl Ciaca
JG-74 Gl G Gua 6 WD amy sl e lgle
(Jiménez-Gasco et lg! daglan lgaran ciilS WR-3155 CPS-1

6 DLl aslee CHAFFA Canall & WS <al, 2004b)

.(Bayraktar & Dolar, 2012)

FOCI1555 FOC49 (il duolul degeadl Ciaca
& Ay ol e ey el e legle diasid)
¢ (el WR-3155 BG-212 glisall i€ dus o5 ADL)
L-550 ciuall & LS «(Jiménez-Gasco et al., 2004a, 2004b)
olas Lol LGN Uagia K850 5 CPS-1 (pdually Ll 2l
.(Al-Taae et al., 2013) 5 iDLl
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ALzblially qitsil)

o g @ AW3al FOC hadll ciYBlu maad Hlid) il cuiy
Lpges g QL ke (3 Gaeall de))) hlie (B dalia adlse
Y nyiial Al paell Glial o Vil duhs b s
e b oWl g58 (Dendrogram) gasiiall (sl gkl
(5 Jsan) dualyey! Lyl lag (1 JS5) Glegana

Bidall cVal) gsane o %24 IV deganall cilSs
35e 0o lede Jsuanll 1 FOC38 5 FOC37 cilje s Caanag
FOC1355 FOC1295 i)l 3 Zeh3ll Zubadl Cisai
dadall jie e lgle Jasic FOC147 FOC139
ije Lol degenal) Cracn L (s ) cppsacs dusbind)
Sy dadad el (e lgle Jgasll & Al FOC50 5aaly
Gl qlel Lllh chia Al 2 D S (i genal)
¢Dolar, 1997) CPS-15 JG-74 pivall daliyy L Ll
-(Haware & Nene, 1982

Janie FOC735 FOC17 ibie ZAl) deganall Ciaa
<IB/C DL Jidy ¢ gl e (@uslly oy B e Legile
WR-315 5 CPS-1 cptually «lgd Laslie JG-74 Ciall oIS caa
Ailayl ((Jiménez-Gasco et al., 2004b) desladll  tawsic
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Table 5. Average infection severity and reactions of 13 differential chickpea cultivars to 25 Fusarium oxysporum f. sp. ciceris

isolates*.
Differential chickpea cultivars gassll £a, il Gliay) Al
L yaall
CHAF ANNI ILC- 43 Pathogenic e gaall
BG-212 CPS-1 WR-315 L-550 K-850 C-104 FA GERI JG-62 JG-74 482 UC-27 BG-215 lIsolate Race Group
100 100 100 100 100 100 100 100 100 8250 100 100 100 FOC37 RACE2 G1
S S S S S S S S S S S S S
100 100 100 100 100 100 100 100 100 100 100 100 100 FOC38
S S S S S S S S S S S S S
90. 100 100 100 100 9750 95 100 100 100 100 95 100 FOC135
S S S S S S S S S S S S S
100 100 100 100 100 100 100 100 100 100 100 100 100 FOC139
S S S S S S S S S S S S S
100 100 8125 9875 100 100 100 100 9875 93.75 100 100 100 FOC147
S S S S S S S S S S S S S
100 100 100 100 100 7375 90 100 100 8875 95 100 100 FOC129
S S S S S S S S S S S S S
90 9875 8875 8125 60 100 100 9375 100 9775 95 9375 100 FOCS0 G2
S S S S M S S S S S S S S
64.38 9375 5812 10 6562 2938 100 70 6375 16.25 49.38 64.38 59.38 FOC73  RACE 1B/C G3
MS S M R MS R S S MS R M MS M
100 625  40.62 375 325 4188 9625 825 7625 125 825 2688 6812 FOCL7
S MS M MR MR M S S S R S R MS
90 100 100 7688 60.62 4812 9125 100 100 53.75 76.88 675 6125 FOC33  RACE3 G4
S S S S M M S S S M S MS MS
825 93.75 100 525 35 3375 49.38 5562 8812 53.75 70.62 36.88 45 FOC59
S S S M MR MR M M S M S MR M
100 9125 6375 575 625 475 7188 825 825 825 775 73 8375 FOCI30
S S MS M MS M S S S S S S S
100 95 7125 69.38 39.38 50.62 725 7625 70.62 73.75 875 60 775 FOC132
S S S MS M M S S S S MS S
100 100 625 5625 5625 100 575 65 95 50 85 7875 45 FOC150
S S MS M M S M MS S M S S M
100 75 19.38 51.25 4438 75 4060 725 70 4438 625 71.88 8125 FOC40
S S R M M S M S S M MS S S
100 66.88  80.62 2625 70 4625 7560 79.38 8812 775 2938 4188 95 FOC98
S MS S R S M S S S S R M S
4152 4562 925 50 78.75 51.88 57.75 46.25 87.50 7375 56.88 66.25 83.75 FOC151 RACE6 G5
MR M S M S M M M S S M MS S
275 45 1813 562 2875 175 3562 2312 6875 75 375 125 175 FOC155 RACES5 G6
R M R R MR R MR R MS S R R R
16.75 8125 125 3688 875 3688 2625 6375 625 6438 3975 1688 50 FOC49
S R MR R MR R MS MS MS MR R M
25 2213 4188 375 3312 2312 30 16.88 36.25 3875 38.13 3812 812 FOC5 RACEQ G7
R R M MR MR R MR R MR M MR M R
28.75 2888 3625 2437 688 812 35 21.88 225 138 2188 3188 750 FOC118
R R MR R R R MR R R R R MR R
49.38 2062 3812 3938 21.88 225 8 2562 65 312 1562 2312 5  FOC52
M R MR MR R R R R MS R R R R
100 18.12 2938 2312 2875 21.88 19.38 4312 4312 1312 2682 33.12 3562 FOCI57
S R R R R R R M M R R RM MR
64.38 3875 4375 2812 3688 16.88 9375 35 6.88 438 2812 3625 51.88 FOC26
MS MR M R MR R S MR R R R MR M
100 575 6438 225 1813 29.38 675 4312 2125 3812 30 3167 2556 FOC80
S M MS R R R MS M R M MR MR R

s ol ral LAY 30k L i S 1) (R) pslie 4l o ailall audi &5 Cue i =4 <9%100-67 =3 «%66-34 =2 «%33-1 =1 %0 =0 Cus *
als 1 e ST ALaY) 525 das sie S 1Y) (MR/MS/M) AlacaBU 400 Jas gia 5 63 (5 sy b ST Alal) 50 Jaws sie S 13) (S) Abadd Jlé s <]

3o

* 0= 0%, 1= 1 to 33%, 2= 34 to 66%, 3= 67 to 100%, and 4= dead plant. Average disease severity ratings <1 and >3 at the end of the
experiments were considered resistant (R) and susceptible (S), respectively. Intermediate severity ratings (>1 and <3) were considered
moderately susceptible (M/MS/MR) reactions.
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Figure 1. Dendrogram for the pathogenicity of Fusarium
oxysporum f. sp. ciceris isolates on 13 differential chickpea
cultivars.
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Abstract

Alloush, L., S. Al-Maghribi and B. Barhom. 2021. Identification of Fusarium oxysporum f. sp. ciceris Physiological
Races in Chickpea Cultivated Areas in Al-Ghab Region, Syria. Arab Journal of Plant Protection, 39(4): 231-240.
https://doi.org/10.22268/AJPP-39.4.231240

Fusarium wilt disease caused by Fusarium oxysporum f. sp. ciceris is one of the diseases that cause significant economic losses to the
chickpea crop around the world, as infection with FOC can occurs during the different stages of plant growth. One of the best approaches to
reduce the damage caused by FOC is by using resistant chickpea varieties. Hence, this study aimed to determine the physiological races of
25 FOC isolates collected from 20 agricultural sites belonging to six regulatory zones in the Al-Ghab region in Syria, based on their
pathogenicity on 13 differential chickpea cultivars (C-104, JG -74, CPS-1, BG-215, BG-212, WR-315, Anniger, Chaffa, 1LC482, L-550,
K850-3/27, UC-27). The study was carried out during 2020 at the Agricultural Scientific Research Center in Al-Ghab. The results obtained
showed that the tested isolates belong to races 0, 1B/C, 2, 3, 5, and 6. This is the first report of races 2 and 3 in Syria, and each of them
constituted 28% of the total tested isolates, whereas 24% of the isolates were represented by race 0, and both races 5 and 1B/C occurred at

8% frequency, and race 6 included one isolate obtained from Abu Faraj site.
Keywords: Chickpea, vascular wilt, physiological races, pathogenicity, Al-Ghab, Syria.
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