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Abstract
Objective

The production of siderophore and cellulase by Trichoderma species is one of the effective indexs
in plant growth, effective control and management of pathogens as well as application in industry.
Therefore, primary screening of best isolates is very important based on the defined indicators.
Materials and methods

In this study, the optimal conditions for the qualitative and quantitative production of siderophore
and cellulase were investigated using test plate method for the initial screening of 27 Trichoderma
strains. For measuring cellulase enzymes (Endoglucanase, exoglucanase and beta glucosidase),
the reactive dyes phenol red, Congo red (0.5, 0.05 and 0.015%) were used at pH levels of 4, 5, 7
and 9 with carbon sources including Avicel, CMC and cellobiose. Quantitative measurement of

cellulase was investigated using the dinitrosalicylic acid method. Screening of Trichoderma


https://orcid.org/0000-0002-6469-1010
https://orcid.org/0000-0001-8665-1098
https://orcid.org/0000-0002-8791-7756
https://orcid.org/0000-0003-3055-4744

strains for siderophore production was studied by CAS agar method as mycelial culture and crude

extract in a well method.

Results

The results of this research showed phenol red 0.015% under pH5 is the best reagent for detection

of cellulase, Because of there is no inhibition on mycelial growth and the purple zone diameter is

clear. In quantitative cellulase assay, the highest enzyme specific activity is related to T.

harzianum CT-763 with 3 U/mg. T. atroviride CT-482, CT-473 and CT-865 were known as active

strains in siderophore production, which were able to produce two types of siderophore,
hydroximate and catechol. The results of siderophore production in liquid medium using the well
method showed that T. afroharzianum CT-891 has the highest siderophore production by creating

a halo zone of 1.2 cm, while T. harzianum CT566 produced the lowest amount of siderophore

without creating halo.

Conclusions

Considering the application efficiency using of siderophore and cellulase in sustainable

agriculture and importance of the role of Trichoderma species in production these metabolites,

the well method for siderophore and dinitrosalicylic acid method for cellulase detection
suggested. In this study T. atroviride and T. harzianum species had the highest production in
siderophore and cellulase, respectively.
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axdlbao w43 03wl 3,40 Trichoderma aiss Condd .Y Jgan

Table 1. List of Trichoderma species used in this study

alis .S &5 CURCNLY PR CURESNLY ©o5
Strain Species Strain code Species Strain code Species
code
CT-865 T. atroviride CT-722 T. harzianum CT-792 T. guizhouense
CT-482 T. atroviride CT-655 T. harzianum CT-936 T. aureoviridis
CT-937 T. guizhouense CT-634 T. harzianum CT-489 T. harzianum
CT-731 T. harzianum CT-862 T. harzianum CT-4817 T. afroharzianum
CT-734  T. pseudoharzianum CT-473 T. atroviride CT-977  T. afroharzianum
CT-612 T. virens CT-031 T. atroviride CT-891 T. afroharzianum
CT-447 T. afroharzianum CT-9715 T. virens CT-763 T. harzianum
CT-055 T. afroharzianum CT-062 T. virens CT-203 T. harzianum
CT-566 T. harzianum CT-773 T. afroharzianum CT-873 T. harzianum
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5 9999y g § OAd ogad cpl 335 bl ale plo jl 5ok T.atroviride a8 4 sl CT-865
A8 L i 4 alis aw ol Sud a8 ld He8g)0 AJgT gale; )0 Jlb el lgie 4 a5 by podiise A5 5l i
Qs £o8 4 din bals plo jogas )0 g s balis o 0 1) jeds i Wlg b o glo VY g Y/TY V/¥Y
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s9so lls Gt b (290 05 S5y 4 0ud g slayghs)ds g5 4 i 395 L ol Sl al &S Sps 0 3
ol ol 53,8 b wlgn a8 lole o w5 (698 palcblaw Jg)5l pg,S Jlasl 4l <l (Milagres et al. 1999)
Gl bl A8 (6)589) e Cuols O (glosle o flie )3 laee () 35S0 SOy yus cl o el St |y W
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T. T. harzianum (CT-763, CT-634, CT-566) .T. afroharzianum (CT-055, CT-891) laalus &5
3 5939, Laad T. guizhouense (CT-792, CT-937) 4 T. pesudoharzianum CT-734 wvirens CT-9715
T. harzianum (CT-655, CT-489, CT-862, CT-722, CT-731) (claalis ¢ 35,5 uJg |, ClauSsyhn g5
s T.aureoviridis CT-936 , T. atroviride CT-031 .T. afroharzianum CT-977 T. virens CT-612

(Y Jgao) 25390 TMuS 915 95 51 y999 )00 g5 4y 218
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Table 2. Evaluation of selected Trichoderma strains based on siderophore production and
intensity of reaction in Chrome Azurol S (CAS) agar medium

Lo s bRl e g g ) S g gy 53 45 S8 4 lla
ol s 28894 &8 UiSly ©AS —TheTatio of halo zone to colony diameter in days post
° culture (cm)
Strain Color Siderophore  Reaction Y Y ¥ ) 5 v 590V SSlee
code change type intensity 2 3 4 5 6 7 Average 7 days

CT-055 @b SlewSgua
orange Hydroxamate

0 0.5 0.56 0.67 0.67 0.73 0.52
CT-655 29 SS9 S + 0 045 04 053 0.56 0.61 0.43
0

yeliow Carboxylate

CT-891 )b Ol g)du ++

: 0 0.83 0.8 0.8 084 0.55
orange Hydroxamate

CT-489 2); SHnS 58 + 0 0 038 05 0.58 0.69 0.36
yellow Carboxylate

CT-763 ESTIE OloguS 5y ++ 063 067 086 086 08 0.87 0.78
orange Hydroxamate

CT-031 > S g8 + 052 038 03 033 057062 0.45
yellow Carboxylate

CT-792 )b OloguS 5,400 ++ 1 09 08 1 09109 0.93
orange Hydroxamate

CT-473  ‘Orange and Joss +++ 20 25 25 25 25 25 2.41

Hydroxamate
Purple ar¥d Catechol

Ul 9 (20,6 ’ ..9)

CT-482 Orange and Joss +++ 16 20 23 25 25 25 2.23
Purple Hydroxamate
and Catechol

ol 9 (25,6 ’ 2

CT-865 ‘Orange and Joss +++ 10 15 1.8 20 20 20 1.71
Purple Hydroxamate
and Catechol

CT-9715 S OlogaS'g) A + 06 033 025 027 022033 0.33
orange Hydroxamate
CT-936 35 NS 52,8 + 0 0 022 042 043 08 0.31
yellow Carboxylate
CT-977 > S 525 + 033 1 091 1 1 1 0.87
yellow Carboxylate
CT-722 23 S 528 + 0o 1 1 1 1 1 0.83
yellow Carboxylate
cT-566 = Olog g0 + 0O 06 067 063 07308 057
orange Hydroxamate
CT-734 @b SlewSoia g 1 101 1 1
orange Hydroxamate
CT-731 ) S 528 + 0 0 025 0.45 0.54 0.53 0.3
yellow Carboxylate
CT-862 2 SS9 ,S + 055 026 02 02 038047 0.34
yellow Carboxylate
CT-937 S SlogS g)dem ++ 1 1 1 1 0.950.89 0.97
orange Hydroxamate
CT-634 )b OloguS 5y ++ 1 1 086 0.7 0.72 0.65 0.82
orange Hydroxamate
CT-612 355 SS9 )S + 0 0 0 033 04 045 0.26
yellow Carboxylate
u'.’l i i _ B _ B B B B
Control Blue
intense (g8 (+++) medium lww gie(++) weak cuxs(+)
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Figure 1. The color change created on the Chrome Azurol S (CAS) agar plates due to the
secretion of different types of siderophore by Trichoderma species (A) the yellow halo zone
of carboxylate-type siderophore in Trichoderma harzianum CT-722 (B) the orange halo zone
of hydroxymate-type siderophore in Trichoderma harzianum CT-634 (C) the purple halo
zone of catechol-type siderophore in Trichoderma atroviride CT-473

D99y 5l e e 4 139y (3900 (L a5y cyls BT by g5l pg,S ciS e g9y aaslis 5 Sy
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oo 4y (25,6 4 o] S5 5 J5SI 55 s85 e b B S & s 4y ol 3l laome S5 5 () UK ) 3905 0L |

13 Hexa Decyl Tri Methyl Ammonium bromide
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Figure 2. Siderophore production capability in Trichoderma atroviride CT-865 on Chrome
Azurol S (CAS) agar medium in (A) without presence of iron Fe3* (B) the presence of iron

FeClI3 with a concentration of 4mM
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Figure 3. (A) Qualitative evaluation of siderophore production on chrome azurol S (CAS)
agar plates using filtrate crude extract of Trichoderma strains by well test (B) Relative
comparison of siderophore production in Trichoderma strains. (Bars represent the amount

of variation between replicates)
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Figure 4. Qualitative evaluation of the production of cellulase enzymes in selected strains of
Trichoderma in culture medium method under different pH conditions using (A) phenol red
reagent: (a) pH5 - 0.015%, (b) pH5 - % 0.05, (c) pH4 - 0.5%, (d) pH5 - 0.5%0, (B) Congo red
reagent: (a) pH7 - 0.015%, (b) pH7 - 0.05%, (c) pH7 - 0.5%, (d) 0.5% - pH9
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Figure 5. Qualitative evaluation of the production of cellulase enzymes by Trichoderma
strains in the qualitative screening method by evaluating the halo zone diameter at three
days post culture
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Figure 6. Comparison of average cellulase specific activity of Trichoderma strains at 28°C
after seven days at 540 nm wavelength
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