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3- Potato dextrose agar
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1- Gas chromatography—mass spectrometry(GC/MS)
2- Solid phase extraction



WY agil glacatslio olulid g gzl sl

(¥%) o5 5 s bl

dlan 4 936 (sl lisd galis lulind g 7f y A5l
Lo yu 93 55

ale gl glacglie olulid § glseul jolate 4
Lo ol (V) olilbSen 5 Jlig gy by ilbae bopdsSs 5
o g ams pbe ) pPDB 008 ooy - ple 2188
S om 59y ¥V b ool S ] 55 LoyagSs 5 alis 09, g 45y
@B galuwgdy glie b ol S il 45 0 YO glod 3 (4l
Gl glo g Blo )l olesd yosly JEE L Us Lyl s cos sy
S 0T il dpd g3 (glod 3 (gam sl )y Capx 0l
5 295 3 P9y bl aasil slacdgle gl s
el Jsikio 5 )5S0 JT elo M ) oolizal b (YY) oK
S Fleg)S IS olfiws gl glacdgblie ololis cax 5
A5 odlaswl 3

Sl BL Slo el (g9 5 a8 boydsSs 5 dlan ) 0oy
JBI 1 39 e A SiiS g (o yme )3 dtin S Sde 4
Slyte 59 dw (b Jplie P dlewgas 9 85 )18 (b5
ojlac ;3 dgg0 Jgilio Dgu Cl)zm)l OT 0550 b|9a G s J‘L‘“‘S?"
s ol )S ol a3 e slos b MS cow 66y, Lawgs ¢ Juols
“Cglio glolis cus Juobs (glogrd 50,8 ojlas I (g)lade 0
e (A) b B)F ez (B leg)S S olKud 4 She (sl
o AlaS g 5| ol 2,18 0395 0)las 51 syt psliie
Jolee 1o W0 5 Ve B slacdale 5 a0l joue 9,500 +/VY
Slaals jloy cas 3)5 aws (el PDA - Jlie b b 4yl
e bso Uy syl jhie T ao s ¥e g Ve e clacdale
Caad Suwd ¢ gl laoxo yiuy jI o A 03litwl s yiwl PDA
el &% 5l s g (5500055 015 ol 4o 0 YO lod b 5515l
L g s pSojlasl S Lo g)l5 a5 jlad 5 g ISl Wi oljee
Sled 1 51 SWI05k sopd Coles 3 0 Auslie dals Jlag
B > 05l b dnwlxe G Jgey3 bl ke opl )3 )3 lew
5 ool cwty slaosls g plosl )1, S5 aw b olas WalS 25k
Jlain! o jd oSSl (laials wis 905l 51 onlinl b clislojl
M8 olel Jebos g 455 5,90 SAS 153l o5 alwgas dop> S
£byS

Sl 423 Be 5l ieS hor dai b 49l glacglie
S 5leg,S 5LS olKiws s Headspace SusS jl salaul L

099 3 (V) yimmts 5 omed 029) ool gl ol 52
)L sl S a8 g g bas il eolitul pa gy, laSiuis
EB)5 58wl 3 LeydgSu 5 b ool Sl 9 Vb 3 5 lew
Ll dgdae (o3 oLl b a5 5118 0 g9y lacsiuis 90
zors g oad glad JolS joboas )l bazme b B0 95 L)
slaa ol glajlas 1005 (pSele @)l 418 bS5
Lo ()l S 1 (sl Sis o) LydsS 5 aplix 5l onlizs
Lo U y9lusSSl o s Gig, b s edliwl PDA i
ad el A% 1 s g 00 (61055 25 il d > YA L)
whlizee (glaylass )> g)lSl s (e 5 )5 o )6 45
F S5k aopd coles )3 b duglie wald Jlogi L g (550101
g dlome S Jg0 b ubislyy Cae nl 3 S lery ol A,
Lol )y S5 aus b bols SelS” o B 3 cygmg] 05 ol
(V) s

= Lpagsa b dalua i s glacud galie i1 gy pa -
Solass slag 8 S 3w
sl 09y @y S 4dl I 5yt e bl S 9
A5 asl y PDA Llie e g9, T. atroviridae (6022)
He 00 e gl 6 S ple )l 5> el Ll 0o
o3l i8S yyil | PDB ¢y oy — Sy le i Lo
A VEEN Lo g eSw byly 5 e glie b > i
Ve Oae dn (S)Ucelw VWY g 58 sl VY Loyl s g 01,8 5l
el Blo JES 51 Lyl o g 5 33 (5514085 )
a2)d 55 sbed ) Jols o)luas 5 b oy Hoe (laz ojled
ozl cddglie (YF) Wb ()l el Y oy ol )5 ol
A gloecbale ad byl (9)See VY Herihie 3k alisga,
ag Joyiwl PDA Jlie by b 4l Jolwe doypd Yo o Y-
shie Ol Mo ¥ g Yo Ve lacdale jlaals Hlod cas 05
3Linl 5 g 1 030l o sl PDA _Jlié Lasoes b s e
039y &= 45 | e e b JlaB 4y ola o 3 S Lo
03131, (595 (slacSuits J1 Sy yo e 3 9 b Sl slag )8
a5 Ay plad b 4SS5 ke Jles o gl 8
Y sbed 3 S 5l g 9y e «g Sl Mg Glise 9 2B
o) by 5l (Sabjlh aoyd 5 o pSojlul ol S tlw a0 YF £
e 5 e Sy ey 3o 28L5 & o oy o
oty glmodls 15 plool S5 s b dolss Mol )b 6
o > Sl (laialy wix 903 51 ookl b wslivlejl ) osal
b g 4o )90 SAS I3l o dlewgey a0y S Jles]

1- One-fifths strength potato dextrose broth
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1- Agitator Temperature
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Figure 1- Dual culture of Trichoderma isolate (right disc in a and c) against S. sclerotiorum (left disc in a) and M. phaseolina
(left disc in c) in comparison to control (b and d)

M. phaseolina g8 &b, plpm 45 boydgSs 57 alua diclw VY 5 EA Y€ (lojod Cuis 41,8 scdailio (Sui ik o s (usbo -Y Joua
Table 1- Mean inhibition percent of Trichoderma isolate volatile metabolites in 24, 48, 72 h and Co-cultures on M. phaseolina

Olojod Cuis Std aslw Y€ Cuis Std aslw LA Cuis Std aslw VY cuis Std
Co-culture 24h culture 48h culture 72h culture D
o 48.57b 8.78 90.00a 0 90.00a 0 85.71a 0
Treatment
el Oc 0 0c 0 0c 0 Oc 0
Control

Ll gas (P<0.01) Hls sime BMB] (glyly g yb 13 S jiiin By Ly ol
Numbers followed by the same letter are not significantly differentns (P<0.01)

g Sl adgi g 45y sy cdislo (d) VY 9(0) £A «(D)YE4() Hlojod S 3 Loyd95y 5 sl 13 scdgbio 51 —F JSW5
(€) 2L L amulis 4> M. phaseolina

Figure 2- Effect of Trichoderma isolate volatile metabolites in 24(b), 48 (c), 72 h (d) and Co-cultures (a) on M. phaseolina
colony growth and sclerotia production in comparison to control
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S. sclerotiorum
Table 2- Mean inhibition percent of Trichoderma isolate volatile metabolites in 24, 48, 72 h and Co-cultures on S. sclerotiorum

Olojod Culs Std wslw Y€ cuis Std wslw EA Cuis Std wslw VY culs’ Std
Co-culture 24h culture 48h culture 72h culture
T 33.33b 10.94 100.00a 0 90.00a 0 90.00a 0
Treatment
el Oc 0 0c 0 0c 0 Oc 0
Control

LSl gad (P<O.01) Hls pimo BMBT (glyl> g yb p3 S i Bgp> |y dlacl]
Numbers followed by the same letter are not significantly differentns (P<0.01)
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Figure 3- Effect of Trichoderma isolate volatile in 24(b), 48 (c), 72 h (d) and Co-cultures (a) on S. sclerotiorum colony
growth and sclerotia production in comparison to control
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Table 3- Effect of different concentrations of Trichoderma isolate non volatile metabolites on M. phaseolina
(1) K25 13 53 0 s il (mm) 55 b8 ofilbe (0 SN ofle
Concentration of extract in each plate (%) Mean of colony diameter (mm) Mean of inhibition percent

10 62.33 a 2.52 1095b 3.59

20 44.00 b 8.71 3747 a 13.02

30 36.00b 3.60 48.57 a 5.15
(control) sals 10 70 a 0 0b 0
(control) sals 20 70a 0 0b 0
(control) 1sls 30 70 a 0 0b 0

Ll gas (P<0.01) lo sizo BMB] (g)l> g yb 13 S o By > L sl
Numbers followed by the same letter are not significantly differentns (P<0.01)
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Table 4- Effect of different concentrations of Trichoderma isolate non volatile metabolites on S. sclerotiorum
() Suiss 2 40 0 las clalé (mm) &8 5 yhad Wle Std SN,50 o s (1WSle Std

Concentration of extract in each plate (%) Mean of colony diameter (mm) Mean of inhibition percent

10 50.00 b 2 28.57 ¢ 2.85

20 36.33 ¢ 3.21 48.09 b 4.59

30 21.00d 3.60 69.99 a 5.15
(control) sals 10 70 a 0 0d 0
(control) sals 20 70 a 0 0d 0
(control) sals 30 70 a 0 0d 0

LSl gad (P<0.01) ls sime BMBT (ghyl> g yb j3 S i By |y sl
Numbers followed by the same letter are not significantly differentns (P<0.01)
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Table 5- Effect of different concentrations of Trichoderma isolate secondary metabolites extracted from mycelial mass on M.

phaseolina
(%) souss y» 2o las clils (mm) &y a8 ;xSke Std S5k vy (ke Std
Concentration of extract in each plate (%) Mean of colony diameter (mm) Mean of inhibition percent

5 2833 Db 5.02 59.52b 13.02

10 12.00 ¢ 2.86 82.85a 5.15

15 8.67c¢ 2.18 87.62a 3.59
(control) uals 5 70 a 0 Oc 0
(control) sals 10 70 a 0 Oc 0
(control) sals 15 70 a 0 Oc 0

Kbl gas (P<0.01) ls sime BMBT (glyly g yb 13 S jidio By |y Sl
Numbers followed by the same letter are not significantly differentns (P<0.01)

S. sclerotiorum ol 13 b y3950 5 alas (2,8 0395 51 o] 50wl 4l gl cilisre gredale 51-T Jouo
Table 6- Effect of different concentrations of Trichoderma isolate secondary metabolites extracted from mycelial mass on S.
sclerotiorum

(%) Suiss 2 4 0 )las clalé (mm) &5y yhad WSibe Std S9,1050 w0y (il Std
Concentration of extract in each plate (%) Mean of colony diameter (mm) Mean of inhibition percent

5 10.67 b 1.15 84.76 b 1.65

10 Oc 0 100.00 a 0

15 Oc 0 100.00 a 0

(control) sals 5 70 a 0 Oc 0

(control) sals 10 70 a 0 Oc 0

(control) sals 15 70 a 0 Oc 0

Ll gas (P<0.01) lo sizo BMB] (g)l> g yb 13 S o By > L sl
Numbers followed by the same letter are not significantly differentns (P<0.01)
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Table 7- Identified compounds in secondary metabolites of T. atroviridae(6022)

Category Volatile metabolites® RT(min)  Area (%)
Iso Amyl Alcohol(HS) 7171 10.71
Alcohols 2-ethyl-1-Hexanol(mass) 18.145 0.20
1-Pentanol(HS) 10.113 9.37
n-Decane(N) 10.035 9.58
Isodecan(N) 10.307 13.46
Docosane(mass) 46.265 0.02
Dodecane(N) 16.802 16.55
Eicosane(mass) 42.563 0.02
Heptadecane(mass) 36.435 0.03
2,6,10,14-tetramethyl- Heptadecane(mass) 30.851 0.01
Alkanes Hexadecane (M) 27.164 8.97
Hexadecane(mass) 34.171 0.05
2,6,10,14-tetramethyl- Hexadecane (M) 21.692 7.2
2,6,10,14-tetramethyl- Hexadecane(mass) 38.803 0.01
Nonadecane(mass) 40.622 0.02
Octadecane(mass) 38.584 0.04
n-Pentadecane(M) 24.835 23.47
n-Pentadecane(mass) 31.780 0.04

2-methyl- Pentadecane(mass) 33.317 0.01
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2,6,10,14-tetramethyl- Pentadecane(mass) 36.574 0.02

Tetracosane(mass) 50.822 0.01

n-Tetradecane(M) 24.092 4.92

n-Tetradecane (mass) 29.245 0.02

4-methyl-Tetradecane(N) 23.788 3.33

3-methyl-Tetradecane(N) 24.092 1.67

Tricosane(mass) 48.350 0.01

2-methyl —Tridecane(M) 22.326 44.72
n-Undecane(N) 23.865 12.65

5-Allyl-2-norbornene(N) 12.5 4.82

Alkenes 2-Octene(mat) 43.891 0.01
1-Tetradecene(mass) 35.939 0.04

2-Tetradecene(mass) 40.669 0.01

Aromatic compound Xylen(N) 6.594 0.86
3-nitro-1,2-Benzenedicarboxylic acid (M) 44.778 7.77

Organic acids n-Hexadecanoic acid or palmitic acid (mass) 41.824 0.12
Octadecanoic acid or stearic acid (mass) 45.543 0.04

9- Octadecenoic acid (mass) 45.150 0.01

1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl 42.026 001

ester(mass)

Benzoic acid, 2-ethylhexyl ester (mass) 36.892 0.02

Dodecanoic acid, methyl ester (mass) 32.358 0.01

Hexadecanoic acid, methyl ester (mass) 41.136 0.04

Methoxyacetic acid, 2-tetradecyl ester (mass) 33.496 0.01

9,12-Octadecadienoic acid (Z,Z)-, methyl ester (mass) 44.411 0.06

Esters Octadecanoic acid, methyl ester (mass) 44919 0.01
cis-13-Octadecenoic acid, methyl ester (mass) 44.498 0.03
Bis(2-ethylhexyl) phthalate (mass) 54.229 19.74
Di-n-octyl phthalate (mass) 57.532 78.74

Phthalic acid, cyclohexylmethyl methyl ester (mass) 43.412 0.45

Phthalic acid, 2-pentyl 2-propy! ester (mass) 44.833 0.01

2-Propenoic acid, 1,7,7- exo-trimethylbicyclo[2.2.1]hept-2-yl 17.983 074

ester(HS)

Tetradecanoic acid, methyl ester (mass) 36.972 0.01

Sulphur and nitrogen compound 2-methyl- Benzenesulfonamide (mass) 35.211 0.01
Tricyclo[5.2.1. 02,6]dec-3-ene (N) 12.325 4.61

Cyclic compounds Bicyclopentane (N) 12.5 341
decyl- Cyclopentane(N) 21.905 2.04

Cyclotetradecane (N) 23.542 9.41

(R)- () - Cembrene(HS) 24.031 5.52

gamma.-curcumene(HS) 19.067 1.09

Epizonarene(HS) 19.261 3.54

Terpenoid italicene(HS) 21.130 0.25
dl-Limonene(HS) 12.627 7.65

Nerolidol(HS) 19.941 1.34

.beta.-Sesquiphellandrene(HS) 19.648 2.58

Zingiberene(HS) 19.319 1.08

"mass" 5 "HS" "M" ("N" (i ey osd g5l ()6 0395 jl pwimen 9 Headspace Suiss ¢ Jpilio 5 iS¢l J oMo b oS o8 5 ol slosl a0 ©
Nk e 5 S0k 09,5 yb 5 e Slgld b 0ad slulid Sl 5 0 L)
*To the end of each compound was extracted Via n-hexane and methanol, headspace technique and also from mycelial mass was
added "N", "M", "HS" and "mass". Identified compounds with higher frequency are shown in bold face type.
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