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Table 1. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae on defense hormone contents in vegetative growth fresh weight of cucumber plants inoculated with the

pathogenic fungus Rhizoctonia solani.
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Plant jasmonic acid hormone content
(mg/1 g fresh weight)

Plant salisylic acid content
(mg/1 g fresh weight)

OBl il ps O sl Rl &5y O aall i) as O sl Bl &5y
With pathogenic Without pathogenic With pathogenic Without pathogenic CBlalaall
fungus fungus fungus fungus Treatments
0.0000 0.0000 0.0000 0.0000 Control L)
0.0042 0.0000 0.5516 0.5136 Gm
0.0000 0.0000 1.2078 0.3698 Bs
0.0000 0.0000 0.5516 0.3909 Th
0.0035 0.0000 1.2842 0.6395 Gm + Bs
0.0074 0.0036 0.7281 0.6177 Gm +Th
0.0000 0.0000 1.8658 0.6642 Bs+ Th
0.0025 0.0000 1.6616 0.8908 Gm+ Bs+ Th
1.731 Ll Jal sl 2.898 ke ¥ Jal sal) & sixa (8 Ji
Biological factors Biological factors %5 Jlaial (5 slea die
0.865 2 el kil 1.449 el il 5D AP=005
Pathogenic fungus Pathogenic fungus
92.44 Interaction Jal) 4.098 Interaction Jalal)

0=no germination
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Table 2. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae (Gm) on enzyme activity of polyphenol oxidase (unit/g fresh weight) in cucumber plants inoculated with the
pathogenic fungus Rhizoctonia solani.

Enzyme activity (unit/g fresh weight)

(b0 009 E/83 ) (a3 Jalil)

With pathogenic fungus @ aall Jhill aa Without pathogenic fungus @ eadl shill ¢ g8

Duration (day)  (ps) dxiad < jid) Duration (day) (ps2) 4xiajl <l jidl) Aalaal)
Mean Jaxall 20 15 10 5 Mean Jixall 20 15 10 5 Treatments
0.000 0.000 0.000 0.000 0.000 0.1889 0.1809 0.1885 0.1915 0.1946 Contro] 2aLill
2.3233 3.5538 3.3835 1.7556 0.6004 0.7228 0.8786 0.8634 0.8132 0.3359 Gm
1.2521 1.4622 1.4409 1.1369 0.9682 0.7027 0.8755 1.3011 0.4058 0.2285 Bs
1.4763 0.532  0.6399 1.1978 3.5355 0.5605 0.4682 0.4666 0.4666 0.8406 Th
2.0805 34778 1.7404 1.6522 14516 0.6080 0.3238  0.6582 0.7509  0.6992 Gm + Bs
2.6137 33714 3.0674 2.0307 1.9851 1.2217 2.0626 1.3346 1.2631 0.2265 Gm + Th
1.4976 2.0626 2.3119 1.2525 0.3633 0.2883 0.3222 0.2386 0.2412 0.3511 Bs + Th
1.2242 0.3192 0.6262 0.7311 3.2201 1.2087 1.2509 1.3163 1.1491 1.0716 Gm + Bs + Th
1.8461 1.6513 1.2196 1.5156 0.7953  0.7959 0.6602 0.4935 Mean Ja=all
1.0584 ALaY) ol gall x (i yaal) hadll 0.7484 Ll dalsall e (5500 58 i
Biological factors x Pathogenic fungus Biological factors %5 Jwia] (5 sisa
1.4968 Lla¥) Jal gall x A 3 ) 0.7484 el il x dgia 3 el yidl) LSD at P=0.05

Biological factors x Duration Pathogenic fungus x Duration

21168 Al Jal sall x Aia 30 il il x (ya saall ylaill 0.3742 o aall k)

Pathogenic fungus x Duration x Biological factors Pathogenic fungus

0.5292 Al <l il

Duration

0=no germination sl Al) Jgeas a2 =)
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Table 3. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae (Gm) on chitinase enzyme activity (unit/g fresh weight) in cucumber plants inoculated with the pathogenic
fungus Rhizoctonia solani.

Enzyme activity (unit/g fresh weight) (b GJ9 /838 9) (¥ Lidl)
With pathogenic fungus (& el shill 2a Without pathogenic fungus o2 aall jhadll & 93

Duration (day) (ps2) el < jidl) Duration (day) (ps) de3) < il idalaall
Mean Jixall 20 15 10 5 Mean Jixall 20 15 10 5 Treatment
0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000 0.0000  Control 2Ll
0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 Gm
0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 Bs
0.0145 0.0000 0.0000 0.0578  0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 Th
0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 Gm + Bs
0.7132 0.0000 0.1249 0.7258  2.0019 0.0989 0.0000  0.0000  0.3955  0.0000 Gm + Th
0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000  0.0000 Bs + Th
0.3903 1.1996 0.3619 0.0000  0.0000 0.0000 0.0000  0.0000  0.0000 0.0000 Gm-+Bs+Th
0.1499 0.0061 0.0097  0.2502 0.0000  0.0000  0.0494  0.0000 Mean Jaxall
2.0562 AlaY) Jol gall X i yaall ladll 1.4539 e Jalgall die (g gina 8 i
Biological factors x Pathogenic fungus Biological factors %3 Jwia) (s sivwe
2.9079 AilaY) Jal sall x dgia 3l ol il 1.4539 o yaall Hladll x 4y 3l el gl LSD at P=0.05
Biological factors x Duration Pathogenic fungus x Duration
41125 &bal) el gall x a3l @ i) X (o peall shadl) 0.7269 o aall hadll
Pathogenic fungus x Duration x Biological factors Pathogenic fungus
1.0281 Aia I ol _yal)
Duration

0=no germination
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Table 4. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae (Gm) and there interaction on total phenol content (mg/g fresh weight) in shoots of cucumber plants inoculated

with the pathogenic fungus Rhizoctonia solani.

(0 B/ie) Al oY gl e ) (s gina
Plant content of total phenols (mg/g fresh weight )

Junall O yaall il s o yaall kil ¢y sy Alalaal
Mean With pathogenic fungus Without pathogenic fungus Treatment
0.362 0.000 0.724 Control 2Ll
1,267 1.616 0.918 Gm
1.434 1.489 1.378 Bs
1.743 1.898 1.587 Th
1.797 1.989 1.605 Gm + Bs
1.644 1.664 1.624 Gm +Th
1.716 1.775 1.656 Bs + Th
1.649 1.676 1.621 Gm + Bs + Th

1.513 1.389 Mean Jaxal)

1.122 Biological factors i) Jal sall
0.287 Pathogenic fungus el kil
1.587 Interaction

%S Judial (5 siass e (5 sixa 38 Jil
LSD at P=0.05
Jelill

0=no germination

sl cls) Jsas a2 =0

(2017) 2 2 (35 alaa oy al) Sl i g Alaa 98



G s o(15) o) wie Al ddee 3 550 e 4l L ans
(47 623) :U.\Lu &;ILA&\JJ 4:\.\.\4 L &= C\_‘ltuﬂ 534

A (50 S5
B. subtilis + G. mosseae alas (348 6 J gl b i) a5
4 Je T harzianum + G. mosseae Aaxa s T. harzianum +
239.1 5239.3 legad U ¢y ) ApeS il Cuan oD laal)
Dbl e 8 edlebeall dpilly WL ) e ciafal 25 Sk
A8 Jde B subtilis + G. mosseae dalra (8585 238 ¢ ya yadll
el 3 0Sa 1918 L JISU (gl e il 5 Dalal
Jhal) s 8 A i gyl S 5al ) of 4 i Y Lea
Finioaal) o il Ala 1) o jmy mseddl il 3y die Las ¥
3 et (0 (IS (5 A1 (Lo pely ilebaall s il 3
Ll of LS LAy S je i A delaal) el ) Lol

it sl 21 335 ) o bl 8 il Gaas 500
8 <l ((24) Balali s Hadi oSI L 13 5 4yl oYLy ddag yal)
(43 <19 c6) gl Lﬁﬁi kL\Lua“)J

Gl (e (5 i) & ganal) (5 sina
R. solani (a yad) kil 3ga s xic 48 5 Jsaall & il g
Dkl bl 50al o el 8 el a5 (8 0k ) Cilias
S B subtilisildae < s 385 A85aY) Jo) sl dlalaall daiis
«Sla (s ¢ e 18318 L cpialll 58 5 (IS Y e ldlaall A8
s T, harzianum + B. subtilis + G.mosseae ‘as Wl
Jl 52l 3,08 iS5 cala 05 5§ fae 12,468 525 ourll 3S 5 J4
Jgag e de (Ja bl G ogull 385l Je sy
B. subtilis +G.mosseae lalas A el aal ol
+ G. mosseae Aldaa W .Cila ) §/ie 13,192 ) clias
11.989 g5 sladll s cpiall 5 5 J& cidaid T harzianum
§fin 11,373 salal dlebra wo &jadly dllis Gls ()5 § /e
aaLal Alalae s e 0S5 Al O abadl) A3 dowtly Wl il (43
Ay sina Gl 8

Alalal 53U 30 (5 x5 o) (Sa odled Aipsall il ¢ gum
Jsid (o W) bl (833050 ) oualll e Slal) (s siae

& e & Glomus mosseae (Gm) s Bacillus subtilis (Bs) «Trichoderma harizanum (Th) Al el sadlyd il Alalea 55,5 J g

.Rhizoctonia solani sa el Hhdl 3 ga g die (Gla )5 & /de) iall) (e JLAll Gl (5 padll & ganal)
Table 5. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae (Gm) and there interaction on lignin shoot content (mg/g fresh weight) of cucumber plants inoculated with the

pathogenic fungus Rhizoctonia solani.

(/&) Ol Ga S s sina
Lignin plant content (mg/g fresh weight )

Jaxall (2 aall bl g oasaall ) ¢y gy Alalaal)
Mean With pathogenic fungus Without pathogenic fungus Treatment
5.687 0.000 11.373 Control aL&l)
13.908 15.625 12.191 Gm
14.846 18.318 11.373 Bs
15.420 18.099 12.741 Th
15.062 16.932 13.192 Gm + Bs
13.484 14.979 11.989 Gm +Th
12.491 13.561 11.422 Bs+ Th
12.102 12.468 11.736 Gm+ Bs+ Th
13.748 12.002 Mean Jaxal)
1.989 Biological factors ~ &xa) Jal s2l) %35 Jlaial vie (5 sina 3 il
1.307 Pathogenic fungus U= eall kil LSD at P=0.05

3.698 Interaction Je il

0=no germination
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Table 6. Effect of soil treatment with the biological control factors Trichoderma harizanum (Th), Bacillus subtilis (Bs) and
Glomus mosseae and there interaction on shoot content of total proteins (ug/mg) in cucumber plants inoculated with the
pathogenic fungus Rhizoctonia solani.

(&a/p) £ 5 Sika) sl i g pall (ha Sl (g g
Plant content of total proteins (ng/mg )

Janal) 0 paall il aa 02 paall jhadl) ¢ g Alalaall
Mean With pathogenic fungus Without pathogenic fungus Treatment
58.77 0.00 117.53 2L Control
178.37 205.67 151.07 Gm
168.75 192.77 144.73 Bs
177.92 210.10 145.73 Th
197.90 204.00 191.80 Gm + Bs
207.54 239.10 175.98 Gm +Th
179.25 201.90 156.60 Bs + Th
211.03 239.30 182.75 Gm + Bs + Th
186.61 158.27 Mean Jaxal)

27.304 Biological factors 4! Jal s2l) § sina (38 Al

13.652 Pathogenic fungus s eall adll %35 Jial (s sl dic

38.614 Interaction Jelatl) LSD at P=0.05
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Abstract
Abed, R.M., H.M. Aboud and A.H. EI-Mousawy. 2017. The role of some fungal and bacterial biological control agents in
inducing resistance to the fungal pathogen Rhizoctonia solani in cucumber plants. Arab Journal of Plant Protection,
35(2): 93-102.

This study was carried out to investigate the mechanisms of induced resistance in cucumber plant against pathogenic fungus Rhizoctonia
solani by biocontrol agents Tricoderma harzianum fungus, Basillus subtilis bacterium and mycorrhizal fungus Glomus mosseae. The biocontrol
agents showed their ability to induce several mechanisms of resistance in cucumber plant against pathogenic fungus. The treatment with 7.
harzianum showed significantly increased polyphenol oxidase activity which was 10.6707 unit/g fresh weight. The G. mosseae + B. subtilis
treatment was superior to other treatments; it increased plant content of total phenol which reached 1.989 mg/g fresh weight. B. subtilis
treatment significantly increased plant content of lignin which was 18.318 mg/g fresh weight. The treatment with 7. harzianum + B. subtilis
showed significantly increase in plant content of salicylic acid hormone which was 1.8658 mg/g fresh weight. No jasmonic acid hormone
activity was detected in treated plants, and at low level in some treatments. The treatment with G. mosseae + T. harzianum + B. subtilis
produced the highest total protein content which reached 239.3 pg/mg.

Keywords: Biological control, cucumber, Rhizoctonia solani
Corresponding author: Rabab Majead Abed, College of Education for Pure Science, University of Diyala, Iraq,
Email: rabab.majead81@gmail.com
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