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Table 1. Comparison of means of growth inhibition by Tukey test in dual culture method

I1SO N Mean Tukey Grouping I1SO N Mean Tukey Grouping
281 3 89.523 a 392 3 51.903 Pighrjsotkulvmgn
272 3 89.047 ab 393 3 51.430 Pighrjsotkuwlvmn
260 3 81.430 cab 340 3 51.427 Pighrjsotkuwlvmn
418 3 74.283 cdb 341 3 50.003 Pigrjsotkuwlvmn
420 3 68.093 Cde 390 3 50.000 Pigrjsotkuwlvmn
416 3 67.620 Cdfe 395 3 50.000 Pigrjsotkuwlvmn
421 3 66.667 Cdfeg 353 3 49.523 Pigrjsotkuwlvmn
425 3 65.713 Hdfeg 398 3 49.047 Pigrjsotkuwlvmn
262 3 63.813 Ihdfeg 383 3 48.097 Pgxrjsotkuwlvmn
422 3 62.857 lhjdfeg 339 3 48.097 Pgxrjsotkuwlvmn
348a 3 62.380 ihjdkfeg 331 3 48.093 Pgxrjsotkuwlvmn
436 3 61.907 Ihjdkfeg 346 3 47.617 Pgxrsotkuwlvmn
413 3 61.430 lhjdkfleg 334 3 46.663 Pgxrsotuwlvmyn
424 3 60.953 lhjdkflemg 348b 3 46.190 Pgxrsotuwvmyn
423 3 60.950 lhjdkflemg 350 3 45.713 Pzgxrsotuwvyn
428 3 60.950 lhjdkflemg 332 3 45713 Pzgxrsotuwvyn
427 3 60.000 Ihjdkflemgn 335 3 45.713 Pzgxrsotuwvyn
417 3 60.000 lhjdkflemg 329 3 45.713 Pzgxrsotuwvyn
439 3 60.000 Ihjdkflemgn 336 3 44.763 Pzgxrsotuwvy
432 3 59.047 Ihjokflemgn 380 3 44.763 Pzgxrsotuwvy
429 3 59.047 Ihjokflemgn 352 3 44.283 Pzgxrsotuwvy
433 3 58.573 Ihjokflemgn 338 3 43.333 Pzgxrstuwvy
387 3 58.570 lhjokflmgn 397 3 42.860 Zgxrstuwvy
437 3 58.097 Pihjokflemgn 326 3 42.857 Zgxrstuwvy
431 3 57.617 Pighjokflemgn 313 3 41.907 Zxrstuwvy
430 3 57.143 Pighjokflemgn 391 3 40.477 Zxstuwvy
409 3 56.667 Pighrjokflemgn 327 3 40.000 Zxtuvy

415 3 55.240 Pighrjsokflemgn 323 3 39.997 Zxtuwvy
426 3 55.240 Pighrjsokflemgn 320 3 39.047 ZXuwWvy

382 3 54.760 Pighrjsotkflemgn 322 3 38.097 ZXWVY

438 3 53.810 Pighrjsotkuflemgn 325 3 38.093 ZXWvy

384 3 53.810 Pighrjsotkuflemgn 321 3 36.667 ZxXwy

379 3 53.810 Pighrjsotkuflemgn 389 3 33.333 Zxy

414 3 53.333 Pighrjsotkuflemgn 385 3 31.907 Zy

388 3 52.857 Pighrjsotkuflvmgn 354 3 30.953 z

330 3 52.383 Pighrjsotkulvmgn - - - -

AN ezt pelans 53 (613 me (oM (S 2hn O &S ol b slales
Treatments having at least one similar letter do not show a significant difference at P=0.01 level.
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Figure 1. Hyphal coiling and hyperparasitism of Trichoderma on S. sclerotiorum (slide culture method): A) T.
harzianum, B) T. atroviride, C) T. viride, D) T. pseudokoningii, E) T. citrinoviride, F) T. reesei (x 400), Scale bars =1 pm

LOT 3 & olskes o 3y Aoy O 5 48 Ol
4 Sl S ol el (Gl 0 93 g 4 Goabe
Oljee S8l 3 e 2T 5 Sl o S (slajles
Soloy Dk (Bl )3 (Ghley £ 85 WS 1 53 S len &)
(Y Jgd) s sy 5 bl 55 (S olow ks 565 5 s
g5 Ol 28 53 Ly S5 5 slad 5 5 Shes oy 70
Comax 2 5 (olew Sdd Olje S8 goley
PAS272 PASBL  Gljles 5 oy Sl
sy P.AS420 , P.AS418 P.A.S262 [P.A.S260
O 51 g 5 Azl i Sils 257706 dals b S
P.A262 P.A260 P.A272 P.S281 sl ks
e S0 e dals b awlis 4> P.A420 ,P.A418
sy ST 5 a6 O paST ol oy Sl
5 8l 3 Golen (owd DAL 5 By Ol 35 3
IV ST o 53 (6)l3 smn e IS oS glacS
J.uig,.w\;:swﬂ.wb sy salel slasles
&8 SIYVY wlas T viridae <8 51 Y9+ wlis Ole oyl

L35 T, harzianum « § i taalus ai 5 T. reesei

P.S418 L Jles O Jl s 5 do s Vo b ote dals Jlog
e o3 AYY Ol « (T harzianum <& ;)
g8 o3 Ol e Lisls O & 5 55 Sles ¢ 59 Ol
(s B3 Ol e Cp S 48 sls Olis wle 53 (golaw o
S 5 ASEE skl 4 Glee Bl > goley
Y Ol 4 (T. harzianum <5 ;) P.A.S281
sloled 4 Glae Ble 55 Golay ¢y ke 5 Ao
5D P.S272 (T. reesei 48 ;) P.S262 (e aals
&5 595 »)P.5420 4P.S418 (T. harzianums $
Loy Ol 3y dos Vov Ol 4 (T, harzianum
55 Gl Ss & sl Ol b, s (ol od
308 Olsn & 5 4 PASBL 5 15 56 slajlas
23 Solowy Dl oy i g wdls |y Ol op S Ao y3 A
590 Ol 4 5 4 P.SAL8 Jlag 5 oo el gl les
23 Soless S35 D oy ST e el 03 55 A3 OV
4 4 PAS8L 5 2576 lajles 4 Glae
Golen Sl doys Ol e o i 9 Ao 3 F 5 Y/9F 0150
45 4 P.SA20 5 Cote ali olales 4 Glate Bl o



e a3l o3l IS 64 Sy 6ol e Sl omeli sl 5 e (5 S0 L

S. sclerotiorum g Trichoderma Caiseo (gladyloe b ouds jlowd (S4Ble 9 G 3 50 (S 3low DAl 9 £499 o 38 (WSl —Y Jouo
Table 2. Means of disease incidence and disease severity percent in inoculated leaves and stems with
Trichoderma spp. isolates and S. sclerotiorum

Treatments Symptoms on leaves Symptoms on stems
Disease incidence Disease severity Disease incidence Disease severity
P.S260 65 37.3 93.3 53.3
P.A.S260 43.3 14 60 22.6
P.S262 75 41.3 100 50.6
P.A.S262 51.6 18 66.6 17.3
P.S272 73.3 43.6 100 52
P.A.S272 41.6 9.6 33.3 8
P.S281 58.3 32.6 93.3 45.3
P.A.S281 33.3 8 13.3 4
P.S418 93.3 57 100 61.3
P.A.S418 36.6 9.3 26.6 8
P.S420 86.6 53 100 65.3
P.A.S420 58.3 18 46.6 16
FUNGICIDE 25 5.6 13.3 2.6
PO.CHECK 100 95.3 100 96

03 (2l pll &S 059 o e (1 Jgdr) Ll OLLS
2 sl 5 Aals) gy 3550 alesT slaos 8 o
Slsled & Glate ls gine M Jili 05057 ol
Sl L& sy 26 5 e aals PLAS28L
oMl Cie Jale  P.S420 P.S272 ([P.S418
5055 Olpe o i (¥ J i) Lisls OLES 1 (gl sme
5 BAals) sy 550 GEWST Slaes 3 o 53 a4y
Glaze ls gme M| ol O 55T bl llajleg
S 5y PAS2BL 5 e dals (S 2,6 slasles &
Lals OLE 1y (6l sime US| ke ali 5 P.SA18
Slaes S o 3 ) &S 05y op ke (F Jsdx)
05051 bl s c(ba)les s LAALE) ) 5 5550 slesT
(e Wl Gl & Gl s ine O3St il
P.S M8 slasles L« 55 PASBL 5 iS55
DL 1 ol me sl e dals 5 P.A.S260

(¥ Jsd) wsls

Olo p e dy90 SgIB G105 5T
GBI Lyl 53 13157 ols™ =5 59999 59
U Dl 3550 53 il 42 sk ol
53 b s, slajles o &S 035 5 5 O)s
O jen o b 513 3 s (613 onn B Y el
g op bl ey S 3 Wy gl
Ol il 0sa3T el s dajles 5 Ladals)
P.ASAL8 P.AS272 clajles 4 Gl s ins
L& sy iS7o6 wls 5 PAS281 P.AS260
(F ) sl LS 1y (g,ls gne CoDst] St ali
Ses S m 02 2l plU 5 05y Ol o e
03057 ool o llasles 5 dals) gy 350 LiulejT
4 Gl Codyl G4 L gme IO filus
(el (S PAS28L sl
P.S418 cla)ls L 5 55 P.AS272 4, P.A.S260
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Table 3. Grouping treatments based on traits studied by LSD method

T M1 t Grouping T M2 tG T M3 tG T M4 tG T M5 tG
P.A.S272 70.48 a P.A.S281 25.01 a P.A.S281 12.60 a FUNGICID 3.81 a N.CHECK 1.98 t
P.A.S418 69.48 ab FUNGICID 24.42 ab N.CHECK 12.32 a N.CHECK 3.78 a FUNGICID 1.92 a
P.A.S260 66.45 cab N.CHECK 24.13 ab FUNGICID 12.11 a P.A.S281 3.78 a P.A.S281 1.91 a
P.A.S281 66.23 cadb P.A.S260 23.02 cab P.A.S272 11.38 ab P.A.S420 3.53 ab P.A.S272 1.88 ab
FUNGICID 65.90 cadb P.A.S272 22.78 cadb P.A.S420 10.80 cb P.A.S260 3.52 cab P.A.S262 1.74 cab
P.A.S420 64.80 cedb P.A.S418 22.46 cdb P.A.S262 10.47 cb P.A.S272 3.45 cadb P.A.S420 1.65 cadb

P.5281 64.20 cedb P.A.S262 22.06 cedb P.A.S418 10.46 cb P.A.S418 3.45 cadb P.A.S418 1.62  cadbe
P.S272 63.73 ced P.A.S420 21.42 ced P.A.S260 9.75 cd P.A.S262 3.34 cadbe p.5281 1.46  cfdbe
P.A.S262 63.08 ced P.S262 20.41 ed P.S5262 8.87 ed P.S5420 2.79 cfdbe P.S272 1.38 cfde
N.CHECK 62.93 ced P.S260 19.55 ef P.S260 8.70 fed P.S281 2.77 cfdbe P.S5262 1.35 cfde
P.S260 62.26 ced P.S281 17.47 of p.S281 8.41 fed p.8272 2.72 cfde P.S420 1.27 fde
P.5418 60.81 edf P.CHECK 16.25 [¢] P.CHECK 7.78 feg P.S5262 2.64 fde P.S260 1.25 fde
P.S5262 59.63 ef P.S420 16.22 g P.5420 7.61 fthg P.S260 2.59 fe P.CHECK 1.23 fde
P.S420 56.63 f P.S272 15.05 gh P.S§272 7.31 hg P.CHECK 2.46 f P.A.S260 121 fe
P.CHECK 45.73 g P.S418 13.10 h p.S418 6.42 h P.5418 2.09 f P.5418 1.05 f

RNy Jbl@aujw,b@“qm:slgsﬁuqf&‘};\bpéu,@ 5ol 0l Oy Slio Kl 55150 4an s .4:.:’)&5;))'}:M5‘4.:;’)}5QjJ:M44&|}Ar|Ll&5Q)’J:M3 ul,nru;l;g;,:MZ‘tw,t:Ml‘u)t.,:: T

MZ1: height, M2: fresh weight of aerial, M3: dry weight of aerial, M4: fresh weight of root, M5: dry weight of root. In all cases, the average traits are expressed and treatments having at least one
similar letter do not show a significant difference at P=0.05 level.
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Table 4. Eignvalue, Proportion, Cumulative and coefficients eigenvectors related to traits studied

Traits Prinl Prin2

Dry weight of aerial 0.30 =27
Height 0.25 0.49

Fresh weight of aerial 0.30 -.19
Fresh weight of root 0.31 -.20
Dry weight of root 0.27 -.29
Eigenvalue 9.15 113
Proportion 0.76 0.09
Cumulative 0.76 0.85




Y

WAA Olils oY 05le FY o (g5 55LS” oode aloes) (i 30lE

ST Lyl yh 30 (w2 90 SBC Lo (g (Suod il yo -0 J3u
Table 5. Correlation coefficients between traits studied in greenhouse condition

Traits Dry Height  Fresh  Fresh weight Dry weight
weight of weight of root of root
aerial of
aerial
Dry weight of aerial 1
Height 0.54* 1
Fresh weight of aerial 0.95** 0.56* 1
Fresh weight of root 0.93** 0.60* 0.91** 1
Dry weight of root 0.90** 0.51* 0.78** 0.84** 1

n.s., * and **: not significance, significance at the 5% and 1% probability level, respectively
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Abstract
Background and Objectives
Crown rot disease caused by Sclerotinia sclerotiorum, is one of the major diseases of canola
worldwide. Biological control is a control method in agriculture for living organisms,
especially fungi and bacteria, and is used in order to control plant damages caused by
harmful factors.
Materials and Methods
In this research, we evaluated the effect of seventy one isolates of Trichoderma spp. against
S. sclerotiorum using various in vitro methods including dual culture and slide culture
methods. Based on the obtained results of in vitro studies, six Trichoderma isolates and
Tebuconazole fungicide were selected in order to study their potentials for controlling the
crown rot disease in greenhouse. For this purpose, rapeseed petals were inoculated with S.
sclerotiorum and inoculation of suspensions of Trichoderma isolates was done after
inoculation of pathogen and also before and after its inoculation and then the severity of the
disease was determined in the studied treatments.
Results
Based on obtained results, in dual culture, ARCTr281 (T. harzianum) was the most effective
isolate for inhibition of mycelial growth. In hyperparasitism test, all isolates of T. harzianum
hade successful performance in controlling the pathogen and coiling of Trichoderma was
observed around the hyphae of S. sclerotiorum. Lowest disease incidence and severity of
disease was observed in the negative control (without Sclerotinia and Trichoderma).
Inoculated fungi in two stages, effectively were able to reduce the incidence and severity of
disease in leaves and stems that ARCTr281 (T. harzianum) was the most effective fungus
under greenhouse conditions. Also, the use of Trichoderma isolates in two stages in presence
of pathogen caused an increase in height, fresh and dry weight of the shoot and root under
greenhouse conditions. Analysis of variance and comparing the average characters by Least
Significant Difference (LSD), Duncan and nonparametric method showed significant
difference between used fungi in dual culture and greenhouse studies.
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Discussion

According to the results of biocontrol studies under laboratory and greenhouse conditions,
ARCTr281 and ARCTr272 fungal isolates belonging to T. harzianum were the most
effective antagonists for control of canola's crown rot disease. The results of this study

indicated that different isolates of Trichoderma can be considered as potential antagonists
for the management of canola's crown rot disease.

Keywords: Biological control, crown rot, Sclerotinia sclerotiorum, canola, Trichoderma
isolates
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