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Table 1. Antagonistic activity level of the bacterial bioagent
Bacillus subtilis.

L) a8
(%) i i i Sradial)
Inhibition Aalail) Alladl) 4a 0 Serial
(%) Antagonistic activity level No.
%0 Not effective dé e 1
%20-1  Slightly effective Alladll 8
%50-21 Alledll Jass gia 3
Medium effectiveness
%90-51  Effective Jlad 4
%100-91  Very effective ladld 5

Cladtiy Jsda Ol (A JLAD ab dla) Bad b cilalaal) il

sl mlaa Gy (AgiSeld) LAl
Lpte 8 Afieall andl slisl e AKaudUl) gl 8 et @il
= psall Pl daladad) dbldlas ¢ ga oS cdacl)3 Sigaid)
Jah Captain F1 (pagll Jlenials lalaa] cul€y <2023 iyl
o Ak B m e S e (g3 e 18545 slad i3 ol
Bang JS Craca L€ 360 23g 10101 duwsy Gugailly gl aba
36 IS g ganall) il Sa AN Alelaa 12 dlss lils 10 duayas
@) 3G ALK Lolphall leladll et 385 (Alalas
Go2 Al Bang US) i) e bt S e Baecally Lol
e 40 il ais e Haly il G dilally (il 5 lgie 88
a2 dldee S dalue il Gusy o 50 AVl baall (g
Clidis 5a/E 10 @l QA o o Jsanall Hladll ¢l Casasl
5add il sl AL Cagll Aty Tacssl) il () Aaglaie
Captain (pagl) sd o)) . (Montealegre ef al., 2010) €1=‘i 4
eaall ) g3 ey posad dasg (Sl & ) g AF1
by cauadaill JalS (Cucurbita moschata) Asa)
Noor ez al.,, ¢Moradipour et al., 2010) Slalll palaill 42yl
o) b Seegreen F1 (uagl) Jlaxials Lulill yaill <dis . (2019
o 1 Gmpm chlus ) pa)V) ciedd el Baal degyie st
ilise 5 aa cJsaanal) Loxdl o 80 (9als duacsa (p dilisdlly
50 da Bremse Cual ) JAde (B a2 g ) by e ]
G5 Laiilly )l il e b 3e e @) Anshases Calasy il
oot 25 dlien =iy ¢ ATy agnl O pm 50 dlsasy dlasa S
i L gyaly Abli gu aw 40 5 Al dilag ol il lad
Aalas ) ,Sa DM ALK Al piall e Wadl) araas (385 ol

(2026) 2 23 44 aa Ayl il L5 Adae 212



el Jpeal o LAl Jina ol paalsi 25 Cun caualail) dlalaa
ok Al Hiddne i Hladl) Ll Lusal

e il 5 e dug el cliall dalaiall bl Qs o3
Captain F1 (pagll (gsall (3slly L) 825 Cuadiely cdlalaa S
.Seegreen F1 (nagll aafgll clall Jualag Ll 50d

A Jualally ggaad) Cosh dobia) Jalaa olial) Bad i
goanall o LYl Jalaay imgll DI LYl 50k b
ad) oLl ) ooasall bl Gis Captain F1 cpsell (93l
Ol (ans elal ae (4-0) (2022) Al-Abbas & Salih
s Aades g3 =0 Gua o] JSAD b daalgll (abeY) g
Aoy allidly - shal) sl psdall Gsk =1 i sl sl
=2 cae 10 o Jil iy ol Ao v L) =58 ae %251
T8 e %50-26 Ly allpialy Galall all Gl 3l ol
) sl yaall sk =3 oz ol Aidaie die ae 20-11 ks lad)
ye ae 20 e ST by BLdl 258 ae %7551 Ay alliidls
%100-76 sy allyialy Sl Gsllls H3ad) (g =4 ¢zl dakaie

bl Gige xa

Oonell () Jal&lh bl (hg) sl Oyl s 2
leaalatiy clibal) adsy SLEY) dyag uaiill dlsje xie Captain F1
e Jlasials () bl dlgle il L) e as ISa
s Seegreen F1 (pagll Lba] dalan auiil Locaills Wl . 35 7<)
.(2010) Taheri & Tarighi 4 Ll 53l sl aludl 33y (1S

& @raal) gganall o dumyall alel) el s ve
3a A3lGal) dlalae b LYl 35as (e 3B (5301 & panall ani
daa gy byl =0 o) Gus e Aab) el ddle
ostall (S O e %2514 gled 5 Ehs¥) bl =1
%50-26 Ao Ll g Bhs¥) hieal =2 ¢%25-1 Ao Lelizals
Ghs¥) Jhieal =3 %5026 Luy Lelliialy Hsdall Sia oh5 aa
Ly lellialy el Qb Osh ae %T75-51 dusy ledsids
st g %100-65 anis Welsnds 3hsY) Jbieal =4 ¢%75-51
dalee Caumg (2 USE) %100-76 dusy \@llialy Hsdall ol
sl gl e (1923) Mckinney dlslae (385 4lay)
S b Alaall Ll £ sane

Leis ) X Aa )3

X Aa gaiall liLall I sl
el ol i e
3 Jarass cagd) IS Aabeall ciblall KN Jealall Jans s 3
bl e o Laguta 35 cona o ol

100x = (%) Hal! Jalxe

213 Arab J. Pl Prot. Vol. 44, No. 2 (2026)

aaly asy Bl 08 sysall ) (sle /e 1.5 45 agall S50
+ dudll J8 dele Chaal aal dlewd) Jolaas cbpaldl Hoda jed +
LS5+ il e Loge 15 20 Joladl) (50 e 100 o bl o
+ dabne Ao+ B8 o Laga 21 3ap Jglaall (o o 150 5 o)
Cus cpapall + (Humzine) cijagell dalas (7) ¢grkd -G
sl 3SH) isall Gomme Jolaa oo da 50 dila) uas
D5t et +oaaly agn Al 8 Bl I (ebe ad E1S 4
Sl et i) (U8 e L G 32l Jslaall uiiy sl iyl
Gl b+ B e Lo 15 2 Jobad) e Jao 100 4
C ) Hiaiee L5+ B8 e Loy 21 e slaall e Jo 150 2
+ Chitosan Jglss + B. subtilis LyaSll (a1 dlalas (8) ¢(5)kad
Hsall ) QlasulSll Jolae e o 50 ddla] Cosi Cum ¢yl
ciadill) (6Kl el Chall) Hsds jee +asly g Judll 8
O e 100 3 lall i + il U8 dele Choat saal (Jladl
15 2 (Oslall 8 e 1000 Ladiall Caaaill) GlusulSll Jslas
Losa 21 20 Jsladll g Ja 150 2 o) IS5 + (il (50 Loso
il a1 dlelea (9) f(oplad Wl + Adina dup + BAN (e
Je 50 48la) cuat Gua ¢y yedl) +Trafos-k Jslse + B. subtilis
pox LAl dB 5sall ) psnalisd) Cudugd Blall sleadl Jolae o1
(Jladll Capaill) oSl Gladlls HLAN ol Heds et + asl
QL sledl Jglae el s + 8 U8 dele Chas 50l
Lo 15 20 Jo 100 pansy (omsall SR assalisdl Cubungh
a5 il G Lo 21 ans Jsladll il bS5 + Judl) e
LSl Ja1s delea (10) ¢yl Ul +iabes L5 + Ja 150
50 A8l caat Gus ¢ gayeall + Humzine Jslss + B. subtilis
+ aaly agn Al 8 Hoall ) ihsal Gomue Jolae oo de
s (Jladll Ciudall) (S Gsleally SLAN ol gia et
@snnaal) Jolaa (0 o 100 o bl s + J3dll 8 de b Caal
303 Jolaall e Jal 50 5 Al LS5 + Ll e Lo 15 an
Plant Alelas (11) ¢(gyhd # 1l + dabas duji + Jidl) (1o Lagy 21
S e Je 50 ddlia) co Gua ¢ yaall + Growth Cleaner
asm Ll 8 gyeadl ) (sle jad 0.6/de 1) Jslaals aasall
(Nano root gel) sl Jall 5 dasdlall iyl dilia) + aaly
Plant growth Jiladl Jslaas SLall ol Hsda s ¢(3)5a /£2)
e de 100 o olil) aw + 8l J8 delu Cual 324l cleaner
O Jal50 5 aad) DS+ B8 (e Lags 15 3 anis Jladl)
(12) toobd & +adins L + Sl o Lags 21 2np Jolad)



& ) aias Whatman no 1 gadyll 3y Jleaialy Llsl)
Aoy ©Sal BRI Slea Jlasials Mg da 10 aaas lid)
) aeaeS Ll )l il 38T 5185 5 saals 42 550 4000

.(Hassan & Aldoury, 2018) asxY) 4lled

4dladll )% —Peroxidase (POD) ai¥ dusgill Adladll juai
(1982) Hammerschmidt e al. 4a;kl Gy POD Y sy
Je 0.1 2« HyO: 5 Guaicol guie Jslas (e da 2.5 zhan clldy
G & cAusgyaall COLalaall (g Alelee IS AlA a1 il (ge
il GLLl Sl Al delitl Bsl egenll aloci
- uagili 470 dage Joha xie (UV-Visible Spectrophotometer)
Aadall vie seball ciayla 5 A2E) 3 52 o] (0 am el sl
sl Do) Adbadl) Ciim L jha A2l dic Byl (e FIA)

2 Alsled)

X s guiall Apealaia¥) 3 (3l

S Jeliill ana R
oabaial) Jalae X ) (8 3Ll =(Ja/33s 5) Ay 1Y) Alladl)
$Y sl

Bradford &yl Uas I (gl 585 o8 = AU cpig pl) s
Al deadl Gl dilladd kil Sl Jlasials (1976)
Brilliant &iva (30 Jo 2.5 dilaly S5 5l (BSA)
A iy Baal Adjall Bis 4s)) aie Coomassie blue G-250
Cisng ¢ sl 595 dnge b o Afipual) draliaidl] Cind
a8 5 (Specific enzymatic activity) e gill Z\:aaf)'.'&\ i) laaay

3l dlaleall

LaayiV) Aladl) =( (3959 dofB2ng) e sil) Adladl)
(o) Ol 5:S5/(af322)

<1)3 —Poly Phenol Oxidase (PPO) as¥ e gill dlladl) a8
= (1965) Mayer er al. Ziylal Gy PPO ayi¥ daarily) dlladl)
iasili 495 asall Jshall vie ddsuall dualaia¥) (uld Pl
& Chatechol Jslaa e o 2.5 e sSadl Jelall Luldd
Coon Laaii) Adledl) 3,8 Alales JST a3 i) (e Je 0.1

Lol Cplalel)

auxl 4llad )28 —Chitinase (CHI) a3 dusgil) Audladl) yads
e Je 0.4z« (1988) Boller & Mauch 4aka s CHI
(Vs 1) Sodium acetate Jslas (s o 0.01 5 ai¥) )
23 (&= 10) (Colloidal chitin) (gg =l Gl 4 da 0.1

Gl Ala) Bad i (A Jesiedl (4-0) (ol pldl 1 Jo&
il JLall Glasiy ) s3a (a5 (i e Captain F1 OLS (paa

R. solani =4 (e
Figure 1. Scale (0-4) used to assess disease severity of
cucumber hybrid Captain F1 with root and crown rot disease
caused by R. solani.
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Figure 2. Disease severity scale used to assess infection of
cucumber hybrid Seegreen F1 with R. solani, the causal
agent of root and crown rot disease grown in the plastic
house.
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on the growth of the fungal isolate Rs14 of R. solani on PDA
and after different incubation periods.
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Ciglis dgay 8 . (ahee sle) LA Aldlan o laygay ciging ¢ gl
cAyiall LAY) 8 5apmall Al A Syall i I saill de e

PDA =3 bl JeR. solani shill Rs14 332l gai anili 38 B. subtilis strain HA-1 LosSal) cilidas dluls 535 2 Jgaa
Table 2. Effect of B. subtilis strain HA-1 on inhibition rate of the growth of isolate Rs14 of R. solani on PDA medium.

Tl 4 giad) Al () B axiondl) Sl Jana ¢ A laal) il s 50 el 80
Inhibition rate (%) Average colony diameter (mm) Dilution of bacterial suspension Serial No.
100.00 a 0.00 f 10" 1
100.00 a 0.00 f 102 2
66.85b 29.83 ¢ 107 3
4444 c 50.00d 10 4
26.11d 66.50 ¢ 107 5
13.33 ¢ 78.00 b 10 6
0.00 f 90.00 a 107 7
0.00 f 90.00 a 108 8
0.00 f 90.00 a 107 9

0.00 f 90.00 a 1010 10
0.00 f 90.00 a Control 2aLall 11

%65 Jainl (5 siasa e 3 s3n]) 23xia (K00 JLA] e & sina (358 L a5 Y 2 penll ol 3 Agiie s Lo T ol
Values followed by similar letters in the same column are not significantly different according to Duncan's multiple range test at P=0.0.
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-(De Bona et al., 2021)
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ol -(Mohammadi ef al,, 2019) <l sai (yeny Las g2t
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-(Fuet al, 2024) Js)
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O Al 5ad 8 Al clladl il (4 sas) @bl
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(Glhe JS el ALY 5ad it (8 COlebeal) poes o
ahias ol (% 76.66 Lgad cualy ) Linsal 5)lad) dlales 43)lae
Plant growth cleaner dlalas 1l ¢ bl 2 LAl dlales (o Lsina
Wlsie sl Glal) 28 8 (goina paliadl )l A
Lk pe Usine cadlidly oY) 2Ll dlles 43)ke %10.83
Ak ge cad Ly (Uniform el dlas elials c klagl)

i 4 710 Sl cadnl) Aol dilu @lu) @S
<)% .(Ruiz et al., 2014 ¢Al-Maaroof & Saber, 2019) _;skal)
Caiiay abd) Sl daphl Gy Jledll Cadasll $,a<0) 8l
tKowalska-Krochmal ef al., 2021) Jb Shal JdalaS L)
Bl iy syl 556 Gagads L . (Sangoyomi, 2004
@sime sl A @l GlasulSl Jolae 5805 es of (2 0S8
%5 Jlisl (g5l die (g5ie S R. solani Hhill je sad A
SSY) g ol 8 s3a 3000 52000 <1000 811 calS
50 AY) Sl @l Ly L% 100 llaie Jayd dowy ddeld
¢58.88 auy gaill Jana (yalids) ) (gulall 8 632 500 5 100
(%0.00) L2 dlelaos injlia ¢ Jsill e %20.55 539.99
Lyl culS gaill L Ak of ) Ao cladyn oyl (4 <)
Ao ldl) s2a (g)a3 3 .(Mohammed e al., 2019) 5SAl 82b) ae
@hill DNA Lall aaSy dphdll ddall Sl lpa) )
¢El-Hadrami et al, 2009 ¢Abdulhameed et al. 2025)
-(Mei et al., 2015
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Figure 4. Effect of different concentrations of chitosan

solution on the growth of isolate RS14 on PDA.
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Figurs 5. Effect of chitosan solution concentrations on

inhibition of the growth of isolate Rs14 on PDA medium.
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53 (Kamel & Taher, 2021) lges S duegyls sloand)
e Gianco F1 LAl (pas s ol (2021) Bayoumi et al.
Jgall Seaia dleas Super 5 Cobalt 3 Ferro dusgll Jyay!

oAV Lphall caleaYls casylisl s asilet il

prlaall JAaall Lall Luall & jdll 5 dad s Al jeladll 6 &
O 5345l (D 5 C <B <A) Seegreen F1 Jball (paa Ll
sl cagyl 3 (H 5 G ¢F ¢E) prbaall & Seegreen F1 LAl

SE ) 3 R solani bdll Rs14 Al A lual)
Figure 6. Morphology of the local mountain gourd root
grafted with Seegreen F1 cucumber hybrid (A, B, C, D),
compared to the ungrafted cucumber hybrid Seegreen F1
roots (E, F, G, H) under artificial inoculation conditions with
R. solani isolate Rs14 in the plastic house.

Agliie cilayuy el 523 Jame b (ssine Gl COLelal
c ) ALl dllen 43lie %35.83-20.83 asan & Cangl
Liaf aonlail dlelas ciigin 3 cSeegreen F1 ,Lall s RN
s Laysn (Al (slae ISy (asalls Ll dalea (i &
PGC 5 obed) 2Ll dlalas sl D) moan o Ugins
oabel G lgle el o) Gus ((%6.66) LlaY) delaa b
dalaiag dpnulall diing (an) Lgigh ysda Cojadiy i palls iladll
el Al Ao Juy g pumal) ol £ ) dahiag alaily)
s o lly %10 Abaa) Jelrass aal) Aleles Lgils (6 JS3)
Wil dlelae @Sy Humzine 5 LSl dlales za Lgine
& 1:| 1sine Caias o1 lly s3j0e Humzine dllas o5 Chitosan
LS leleo Cagalin Laiy ealsall ks e Lyl i s Alalas
a8l Alelas e Ugina ciging (%28.33) s2jar US Chitosan
(%60.00) ay!
O iy A Al b g Aubal) ol il gan
Lmgl gl gyl e Sl 20 e LAl e s eln
oalesdl ) el Lyadll ddadl (C. maxima x C. moschata)
Ljlie %450 ke Jedll Gabyel Gluas lgulal 35 &
%7340 ailal 5ad cily ) axdae pll LAl s Al
Ciall el dlawy 3l i aby G Laglial) o cuw cuie
cpbill hgdll (e lasliy Limgd) gl Jsaal a3 clallly
Clandl ahaat e b (e I gl LAY Hias Al

&b Seegreen F1 Ul (a3 525U alimal) ey 5350 e il Ay 391 dlladll 3 e ) 305 Ay pom yasS) dlalaall imny L5 3 St

.R. solani »edll Rs14 41 3=l dacliall (5 saall Ca g,k

Table 3. Effect of some bio-chemical and agricultural treatments on the specific enzymatic activity of antioxidant enzymes in
cucumber hybrid Seegreen F1 under artificial inoculation with R. solani isolate Rs14.

(Cign /83 9) due i) Ay ) Alladl)
Specific enzymatic activity (Unit/g protein)

CHI PPO POD Treatment PANEIN]
0.750 h 0.65¢g 2.10h Negative control clladl aalall
1.02 gh 098 f 243 h Positive control c._\.;j.d\ aalid)
l.l16 g 2.50¢ 393 f Uniform pesticide Uniform-ne
1.63 f 141e 4.83¢ Bacillus subtilis

2.63¢ 2.01d 3.63f Chitosan

3.20d 1.13 ef 3.18¢ Trafos-k

2.66¢ 2.36¢ 3.03 g Humzinc

3.84c¢ 2.96b 7.63b ChitosantB. subtilis

414 ¢ 2.50¢ 5.58d Trafos-k+B. subtilis

5.10b 3.05b 8.11a Humzin +B. subtilis

6.08 a 3.82a 6.15¢ Plant Growth Cleaner

6.16a 3.16 b 7.26b Cucumber grafted on mountain gourd g 8l Je [LAN awmlai

%5 Jlial (geiue die dgaall daaie (K83 LA Cuus Dugies (B9 8 lgin 2263 Y dgeall udt B Agiliie g pa \gain Al ol
Values followed by similar letters in the same column are not significantly different according to Duncan's multiple range test at P=0.05.
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Table 4. Effect of some bio-chemical and agricultural treatments on severity of cucumber hybrid infection with root and crown
rot disease under artificial inoculation conditions with R. solani isolate Rs14.

Seegreen F1 (¢!
Seegreen F1 Hybrid

Captain F1 (pagd)
Captain F1 Hybrid

Cl/as aldll Jals (%) AbaY) Jalase

(“L/8) gl 0S8

(%) oyl 52

Yield per plant Disease index Biological yield Disease Alalaal)
(kg/plant) (%) (g/plant) severity (%) Treatment
4.650b 0.00 g 21.21c 0.00 g Negative control bl aaLal)
2.656 ¢ 60.00 a 10.59 1 76.66 a Postive control s sall 2alE
4.526 be 10.00 ef 20.61d 13.33 f Uniform pesticide Uniform e
3.501d 28.33b 18.62 g 35.83b Bacillus subtilis
3.554d 28.33b 18.72 g 34.16 bc Chitosan
3.572d 26.66 be 18.23 h 30.83 c Trafos-k
4233 ¢ 18.33d 19.15f 25.00 de Humzinc
3.624d 16.66 de 18.85 fg 20.83 ¢ B. subtilis+Chitosan
3.474d 20.00 cd 18.77 fg 25.83d B. subtilist+Trafos-k
4.307 be 13.33 def 19.64 ¢ 20.83 ¢ B. subtilis+tHumzin
5.331a 6.66 g 22.66 b 10.83 f Plant Growth Cleaner
5355a 0.00 g 36.87a 0.00 g g Al e JLAN awmlas

Cucumber grafted on mountain gourd

%35 Juwial (5 sise 2ie 3 gaall aaeie S0 i) Caus Gy sine (358 L an 5 Y A 3 ganl) il Al g ya Lgaii 1 il
Values followed by similar letters in the same column are not significantly different according to Duncan's multiple range test at P=0.05.
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Figure 7. Symptoms of root and crown rot of cucumber in
the field, (A) A pulled seedling showing symptoms of root
rot and shriveling at the base of the stem, (B) An unpulled
seedling showing the same symptoms in the field, (C)
Symptoms of yellowing and wilting of a mature and
productive cucumber plant in the field, (D) Fruits showing
symptoms of belly rot.
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Abstract

Al-Kanaani, F.B., EM. Al-Maaroof and S.M. Ismail. 2026. Effect of Some Biochemical and Agricultural Treatments on
the Control of Cucumber Root and Crown Rot Disease Caused by Rhizoctonia solani in Plastic Houses. Arab Journal of
Plant Protection, 44(2):210-223. https://doi.org/10.22268/AJPP-001390

The study was conducted to evaluate the effect of root secretions, Bacillus subtilis HA-1 and chitosan on the growth rate of isolate Rs14
of R. solani in the laboratory, and to assess the potential of some biochemical and agricultural treatments on disease severity of cucumber
hybrids infected with root and crown rot disease incited by R. solani Rs14 isolate, in addition to their effect on some growth parameters under
plastic house conditions. The results obtained showed that grafting of hybrid cucumber on mountain honey gourd was the most effective in
significantly reducing infection, followed by the PGC treatment in both hybrids. The grafting treatment also resulted in the highest biological
weight for Captain F1 hybrid followed by the plant growth cleaner (PGC) treatment. Both treatments resulted in significant increase of
biological plant yield; with the grafting treatment caused a 101.60% increase compared to the positive control treatment and a 15.16% increase
compared to the negative control treatment, whereas the PGC treatment caused a 100.71% increase compared to positive control treatment and
14.64% compared to the negative control treatment. The specific enzymatic activity of the peroxidase enzyme increased more than two-fold
in the combined treatment of the bacteria + Humzinc and three-fold in the activity of the polyphenol oxidase enzyme, and the PGC treatment
was superior with an increase of approximately three-fold. There was a five-fold increase in the effectiveness of the chitinase enzyme in the

grafting and PGC treatments compared to the other combinations in the Seegreen F1 hybrid cucumber.
Keywords: Fungal diseases, soil-borne fungi, control factors, Cucumis sativus, Iraq.
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