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Physiological response of Trichoderma asperellum to Na™ stress
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Abstract: [Background] Trichoderma asperellum agent has been widely used in biological control and
secondary bioremediation of soil secondary salinization, while less is known about the salt-tolerant
mechanism and salt accumulation potential of this strain under stress of salinization. [Objective] This
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research aimed to reveal the physiological response of Trichoderma asperellum CTCCSJ-W-SBW10264
(T264) to Na'-induced oxidative stress and the Na* adsorption and accumulation characteristics of this
strain. [Methods] Gradient concentrations of Na™ in broth were designed as stress factor in fermentation
experiment of strain T264, then mycelia samples at different culture stages were collected for the
measurement of cell oxidative damage indices including H,O, content and malondialdehyde (MDA) level
together with the activity of cellular antioxidant related enzymes. [Results] Result of Na* stress cultivation
experiment indicated that T264 could survive with Na* concentration of 1.22 mol/L, and the growth of
T264 was not significantly inhibited with Na* concentration lower than 0.25 mol/L. The results of study on
oxidative damage and oxidative damage responses revealed that the higher Na* concentration lead to the
higher cellular oxidation level (MDA content). Moreover, with the accumulation of MDA and H,0, in
hyphae of T264, the activity of antioxidative damage enzymes in cells was also increased significantly.
After Na" treatment for 24 h, the activities of peroxidase (POD), superoxide dismutase (SOD) and catalase
(CAT) were respectively highest under the Na* stress of 0.5, 1.0 and 1.22 mol/L, respectively, which were
36.66, 3.34 and 233.3 U/mg. The experimental results of Na" adsorption and accumulation characteristics
showed that hyphae of T264 had a strong adsorption capacity for Na'. After being cultured in the
0.05 mol/L Na* environment for 72 h, the surface Na* adsorption capacity of mycelia was 1 347.6 mg/g,
and the internal Na" accumulation capacity of mycelia was 218.6 mg/g. The remove rate of Na* in the
culture medium reached 32% through surface adsorption and internal accumulation of T264 mycelia.
[Conclusion] This experiment showed that the antioxidant damage-related enzymes of T264 play an
important role in its resistance to Na’ stress, and the strain T264 has a strong adaptability to high
concentration of Na" and an efficient adsorption and accumulation effect of Na* in the environment.
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Figure 1 Growth curve of Trichoderma asperellum T264
TE: BRZEMRIRARUEN 2 (n=3)
Note: The error bar represents standard deviation of three
replicates (n=3)
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Figure 2 Effect of Na* stress on the growth of T. asperellum
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Note: The result of two-factor ANOVA showed that the interaction effect of cultivation time and Na* stress on mycelium fresh weight

was significant (P<0.001). Therefore, two-factor interaction between cultivation time and Na“ stress was used to describe the ANOVA
results. Different lowercase letters above the bars represent significant difference among treatments at the 0.05 probability level, n=3
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Figure 3 Effect of Na* stress on mycelium H,0, (A) and MDA (B) accumulation
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Note: The result of two-factor ANOVA showed that the interaction effect of cultivation time and Na® stress on mycelium H,O, and MDA
content was significant (P<0.001). Therefore, two-factor interaction between cultivation time and Na" stress was used to describe the

ANOVA results. Different lowercase letters above the bars represent significant difference among treatments at the 0.05 probability level,
n=3. 12 h: Samples collected 12 h after Na" stress treatment; 24 h: Samples collected 24 h after Na" stress treatment
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Figure 4 Effect of Na" stress on T. asperellum protein content (A), SOD activity (B), POD activity (C) and CAT activity (D)
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Note: The result of two-factor ANOVA showed that the interaction effect of cultivation time and Na" stress on mycelium protein content
SOD, POD and CAT activity was significant (P<0.001). Therefore, two-factor interaction between cultivation time and Na* stress was used
to describe the ANOVA results. Different lowercase letters above the bars represent significant difference among treatments at the
0.05 probability level, n=3. 12 h: Samples collected 12 h after Na" stress treatment; 24 h: Samples collected 24 h after Na" stress treatment
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EBRRIRF 33%, FZAE 72 h B R L AN E T2
B A 32%.
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Figure 5 The extracellular adsorption (A) and intracellular accumulation (B) of Na* by Trichoderma asperellum T264

TE: W R I 200 a 1R, B 75 I 1R A0 B k3 1) 38 TE A TR BT 22 3 i 4 5 T W B RN P g 7 SRR S i . 2 (P<0.001),,
] S P 5 17 P 1) R 0 30 R 3R 58 A PR 7 22 0 2R, AR 181 BT ING S B0RTE P<0.05 K225 B3, n=3
Note: The result of two-factor ANOVA showed that the interaction effect of cultivation time and Na* stress on mycelium extracellular

adsorption and intracellular accumulation of Na* was significant (P<0.001). Therefore, two-factor interaction between cultivation time
and Na" stress was used to describe the ANOVA results. Different lowercase letters above the bars represent significant difference among

treatments at the 0.05 probability level, n=3
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Figure 6 Removal rate of Na" by Trichoderma asperellum
T264

W W R 20 a5 SRR, B35 0 R A 3a i 38 BAR
XS R SR TP S 1 R BRI i 3 (P<0.001), (R 8 5
s TE] R 28 R TR 28 58 A FH A R 7 22 i s S, AEB R B
NEVNG FHFRIRTE P<0.05 BKFE 2573 83, n=3

Note: The result of two-factor ANOVA showed that the
interaction effect of cultivation time and Na® stress on Na*
removal rate was significant (P<0.001). Therefore, two-factor
interaction between cultivation time and Na™ stress was used to
describe the ANOVA results. Different lowercase letters above

the bars represent significant difference among treatments at the
0.05 probability level, n=3
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Figure 7 Correlation among oxidative stress and antioxidants brought by Na stress

W A 12h g B: 24 h g iR . BIERMITRERAEM R R BB A,
**%, P<0.001). H,0,: W% H,0, FlE & ; MDA: F#2 MDA Fl& & ; Protein: @%Eﬁ@ﬁ

SR RN B (> P<0.05; **. P<0.01;
; SOD: Wi R%E T264 Ly SOD

MG ; POD: AL AR: T264 i)y POD Mg ; CAT: BRAIAE: T264 JflN CAT Hiik

Note: A: Correlation analysis of 12 h result; B: Correlation analysis of 24 h result. The correlation coefficients are indicated by color
intensity and the significance levels are marked with asterisk (*: P<0.05; **: P<0.01; ***: P<0.001). Abbreviations are as follows: H,0,:
Mycelium H,0, accumulation; MDA: Mycelium MDA content; Protein: Mycelium protein content; SOD: SOD activity; POD: POD

activity; CAT: CAT activity
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S RAT LUR B, BT T264 WP LG RS
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Ab 33 25 00 AR Ab T R R R A R T B g
(&1 3 A 4)Ff- fib 25 52 e A 25 B 1A 1 E 8 A G (T 2)0
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Al RE#A L 1.22 mol/L (& 4D).

A WHATT S SOD ., POD il CAT X 3 FifiiAfk
fitg D1 R4 P s (]G0 ey A Jlh 2 S 350 ) AR 00 43 T
SIBO HAH AT 5, BRI B T264 X4k in
(it 37 B{ELIRAI 1Y) POD il T BEPE T i R RR BT 4
LTt 22 GEi 32 FE K, FF 25 T264 X 4l
JohiE T 2R 1R 2 T ba X T264 K
ML RN, it 0.5 mol/L AYEN a2
FMWIELLE K, XAWRIEH POD B4 2 111
Tiif 52 B — 20, AR T PR G 2R GonT 4 25 - A i
ZSE LR T264 A< B %GR JHN 0 1 it 32 1 i A
R AN, B 7 A HTAE R, A b
24 hJ5, BEEMETWENTS, CAT BE AW
FhiE, (HJER 22 MDA & e, X 3T
WA CAT AR5 ph e VAR B 0 8 7 i 2 B0 AR 25
W 22 A AR S RANE Y, FTRETS 22 POD &5 CAT B
[l /E FH AL [R]85 bR i i rp BB b o T il —
HENUE LA A AR, T T B3 Ao A 3 o AT S
W TR AT SR A0 A 85 1A 22 S [F] S RE bt S AL il
o] 388 555 A B IMVE R () HCAE Eh A 30 R B AL
A

A PR 5 3 AT 13 2 AR g PR 5 v 54 AT
FF R TAE P oEUR, DR ZERR i 45 Hh A A I R
WA ELAT iR PP AR R A AR AL A B

AHIEGE T IE FH ) A6 AR 5 TR AR 43 5 [k FH T
T ] 5 J 30 AT A AR B T B2, k1 434 ¢
T—RRIG RS T28 RYER a2 PEAF T 2 1,
7£ 0.2 mol/L AN IME 2514 T T28 P 22 A= K e
il 66.7%, TIEHES TR L 0.8 mol/L B T28 11y
AR TR 2T, AL 16 14 i £k AR 5
IR BERSTE R 1 mol/L AN A FREE rh A K,
i HEEAR T 0.5 mol/L Ad bt %o AR K TG A S
THIVER . BLAh, XTI EE T264 ffELhGE T T
R MR, LA IR 0.05 mol/L 4
T EBRAGET] 32%. PopaElOe T AR
T FE B A IR B E R E Y R B it
FARS KA WA AT LU 0-10 cm 35w
21% . SR F i 25 P TS P AR B B P Y
MR, BiAIATS T264 XF£h A Ay i 32 B
e 3k AN [] 2R AR 23 B A R A R T bk
T A 02 A i LA T & AR W48 2R R R T
b AFAE (0 1 o Jim T R L A R B e
B A 50) , alad HH )l 6 P Hox - SR i fh e
(1 i B AR B L oh e Ra s 1R, 55—,
BT AR AR B AR A BRI AR, b7 1R R
PR 52 550 b 3 301 HE 0 o TR 22 SR S S A
T RBRR T BER )8

B2, ARG T — MR R S R 2 N
BT 30 A A FRALA L 3% TR Rk B4 S T B A
BEHEeT), Rt — D5 ORE R SR UL LA K T
AR R IE A AR T e S5 S
B KA

REFERENCES

[1] Zhou D, Lin ZL, Liu LM, Zimmermann D. Assessing
secondary soil salinization risk based on the PSR
sustainability framework[J]. Journal of Environmental
Management, 2013, 128: 642-654

[2] Ghassemi F, Jakeman AJ, Nix HA. Salinisation of Land and
Water Resources: Human Causes, Extent, Management and
Case Studies[M]. Australia: CAB International, 1995

[3] Yu HY, Li TX, Zhou JM. Secondary salinization of
greenhouse soil and its effects on soil properties[J]. Soils,
2005, 37(6): 581-586 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR A BRAATE O RS0 B A= B AL

33

(4]

[3]

[6]

[7]

(8]

[°]

[10]

[11]

[12]

RUGYE, 54T, R, il TR AR B b B X+
HEPk A2 [J]. 1%, 2005, 37(6): 581-586

Shen WS, Ni YY, Gao N, Bian BY, Zheng SN, Lin XG, Chu
HY. Bacterial community composition is shaped by soil
secondary salinization and acidification brought on by high
nitrogen fertilization rates[J]. Applied Soil Ecology, 2016,
108: 76-83

Munns R, Cramer GR, Ball MC. Interactions between rising
CO,, soil salinity, and plant growth[A]//Luo YQ, Mooney
HA. Carbon Dioxide and Environmental Stress[M]. San
Diego: Academic Press, 1999: 139-67

Arora S, Vanza M. Microbial approach for bioremediation
of saline and sodic soils[A]//Arora S, Singh AK, Singh YP.
Bioremediation of Salt Affected Soils: An Indian
Perspective[M]. Cham: Springer, 2017: 87-100

Song YZ. Study on application of microbiological fertilizer
afforestation on songnen plain saline alkali land[D]. Harbin:
Doctoral Dissertation of Northeast Forestry University,
2009 (in Chinese)

REL. WY IEARE RN BT ik b 385 AR o A 1 B
FE[D]. MA/REE: ARIEMROL KA1 2407 15 3¢, 2009

Wei WL, Luo XL, Li L, Zhu YM, Fan WJ. Cassava yield,
and soil physical and chemical properties under different
application rates of soil conditioners[J]. Journal of Southern
Agriculture, 2017, 48(4): 623-627 (in Chinese)

Thise, DXk, A5, RHM, BERE. TIERENA
[Fi) P Xof A S 77 A - AL PR A 2 R [9]. R sl
244, 2017, 48(4): 623-627

Tripathi P, Singh PC, Mishra A, Chauhan PS, Dwivedi S,

Bais RT, Tripathi RD. Trichoderma: a potential
bioremediator for environmental clean up[J]. Clean
Technologies and Environmental Policy, 2013, 15(4):

541-550

Liang R, Sun XP. Trichoderma harzianum control
efficiency on grape diseases and soil salinization[J].
Northern Horticulture, 2016, 40(23): 108-110 (in Chinese)
BRI, IVBTT-. W SR T T B 6 A e 5 M a5
1k[3]. dLJ5RE 2, 2016, 40(23): 108-110

Li Z, Guo K, Wu XQ, Chen Q, Li JS, Yang HT. Impacts of
Trichoderma  harzianum LTR-2 on  salt-tolerant
physiological characteristics of peppermint (Mentha piperita
L.)[J]. Shandong Science, 2014, 27(4): 17-24,41 (in Chinese)

B, WL, KRBT, PR, D, R, m SRR

LTR-2 o HURE S04 Tt & 2 BRG0S0, 1L 52,
2014, 27(4): 17-24,41

Xiang J, Chen JS, Xia XX, Liu K, Li SG, Gu JG. Molecular
regulation of Trichoderma harzianum ACCC32527 response
to NaCl based on transcriptome and metabolome analysis[J].
Scientia Agricultura Sinica, 2019, 52(12): 2079-2091 (in
Chinese)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

mZA, BREOW, EEE, X, S, BeR]. ETE
ST-A QMR A 43 AR 55 ACCC32527 XiF NaCl it 943
T[] T EgRFRE, 2019, 52(12): 2079-2091

Li QX. Research on preparation and application of
Trichoderma asperrellum capsules agent on reduce heavy
metals[D]. Tianjin: Master’s thesis of Tianjin University of
Science and Technology, 2018 (in Chinese)

M. BRARRRE E S R BT & S FHESEID]. R
He SRR R L2283, 2018

Luo LX, Sun TH, Jin YH. Accumulation of superoxide
radical in wheat leaves under cadmium stress[J]. Acta
Scientiae Circumstantiae, 1998, 18(5): 495-499 (in Chinese)
TALH, IVERHT, BTH AR WE TN R A T
B AR BUR[I]. FREERLA27 4R, 1998, 18(5): 495-499
Song DJ, Li H, Yu ZL. Effect of Na* ion implantation on
SOD, CAT, POD activity of different radiosensitivity
microorganisms[J]. Acta Biophysica Sinica, 1998, 14(2):
325-330 (in Chinese)

KIETE, 240, RS, Na B T AR [R5 S U
A R AL LR (SOD) . 3 AL AU (CAT) Flid
LW (POD)E RS2 [I]. A Hl-E 4, 1998, 14(2):
325-330

Adesemoye AO, Adedire CO. Use of cereals as basal
medium for the formulation of alternative culture media for
fungi[J]. World Journal of Microbiology and Biotechnology,
2005, 21(3): 329-336

Zhao SG, Shamoun SF. Effects of potato dextrose broth and
gelatin on germination and efficacy of Phoma exigua, a
potential biocontrol agent for salal (Gaultheria shallon)[J].
Canadian Journal of Plant Pathology, 2005, 27(2): 234-244
Huang C. Enhanced treatment of lead-contaminated
agricultural wastes by white-rot fungus and its resistance
analysis[D]. Changsha: Doctoral Dissertation of Hunan
University, 2017 (in Chinese)

WO R LR AL AL B T YRl I W B TR BT
PEHLBEBESE[D]. Kb IR R 20 5, 2017

He C, Wang WQ, Hou JL. Advances in mechanism and
application of Trichoderma viride on biodegradation and
biological control[J]. Journal of Microbiology, 2019, 39(3):
122-128 (in Chinese)

PO, EI0A, R, SR YRR
1) 52 MR AL B 5 P A o R (0], TR R Ak, 20109,
39(3): 122-128

Chen J. Trichoderma biology and application—review and
prospect[J]. Mycosystema, 2014, 33(6): 1129-1135 (in
Chinese)

BRflE, AREEH A= 5 0 A S — Bl 5 R 23],
244, 2014, 33(6): 1129-1135

Yuan Y, Wang YC, Han YZ, Zhang JH, Zeng B. Adavance

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



34 (DGR ESTE(

Microbiol. China

of application of Trichoderma in agricultural produce[J].
Jiangsu Agricultural Sciences, 2018, 46(3): 10-14 (in
Chinese)

w8, ERR, R, Kk, Bk RERERL S
Ry FOFIEHE RE D). TLAR AR R, 2018, 46(3): 10-14

[22] Nongmaithem N, Roy A, Bhattacharya PM. Screening of
Trichoderma isolates for their potential of biosorption of
nickel and cadmium[J]. Brazilian Journal of Microbiology,
2016, 47(2): 305-313.

[23] Alothman ZA, Bahkali AH, Elgorban AM, Al-Otaibi MS,
Ghfar AA, Gabr SA, Wabaidur SM, Habila MA, Ahmed
AYBH. Bioremediation of explosive TNT by Trichoderma
viride[J]. Molecules, 2020, 25(6): 1393

[24] Wang QQ, Dou K, Chen J, Jiang XL, Yang HT, Wang W.
The standards and methods for efficient evaluation of
tolerance of antagonistic Trichodema strains[J]. Chinese
Journal of Biological Control, 2019, 35(1): 99-111 (in
Chinese)

ESRS, S, RE AR, HAEF, 56 @bk
A B R0 P 1B 0 15 D Y . o B
%, 2019, 35(1): 99-111

[25] Angelova MB, Pashova SB, Spasova BK, Vassilev SV,
Slokoska LS. Oxidative stress response of filamentous fungi
induced by hydrogen peroxide and paraquat[J]. Mycological
Research, 2005, 109(2): 150-158

[26] Xiao SS, Wang J. Relationship among generation rate of
superoxide, resistance of rice to blast fungi and activation of
inducible  phenylalanine ~ ammonia-lyase, chitinase,
B-1,3-glucanase[J]. Chinese Journal of Rice Science, 1997,
11(2): 93-102

[27] Ghorbanli M, Ebrahimzadeh H, Sharifi M. Effects of NaCl
and mycorrhizal fungi on antioxidative enzymes in
soybean[J]. Biologia Plantarum, 2004, 48(4): 575-581

[28] Zhu XH. Study on characteristics of denitrification
performance and antioxidant enzyme system of HN-02
bacteria under salt stress[D]. Chengdu: Master’s thesis of
Chengdu University of Technology, 2015 (in Chinese)
ARIGEAE. HN-02 B Bt B RE 5 BT AU AL A 38 0F £k 3 o i

FRIEATSE[D]. ALER: BCERHEE TR M- 24 78 3¢, 2015

[29] He QY, Xiang SH, Wu P, Wang SH, Li ZP, Zhu CW, Zhang
XH. Effects of salt stress in soybean (Glycine max)
isoenzyme of POD, SOD and CAT[J]. Journal of Anhui
Science and Technology University, 2015, 29(3): 10-13 (in
Chinese)
fIRIT, MR, R, ERAE, ARIEM, BUES, ke
4. EhMHaxikE POD, SOD 1 CAT [Al TR
TRRHRE 2 B 24, 2015, 29(3): 10-13

[30] Verma S, Mishra SN. Putrescine alleviation of growth in
salt stressed Brassica juncea by inducing antioxidative
defense system[J]. Journal of Plant Physiology, 2005,
162(6): 669-677

[31] Hashem A, Abd_Allah EF, Algarawi AA, Aldubise A,
Egamberdieva D. Arbuscular mycorrhizal fungi enhances
salinity tolerance of Panicum turgidum Forssk by altering
photosynthetic and antioxidant pathways[J]. Journal of Plant
Interactions, 2015, 10(1): 230-242

[32] Tugay TI, Zheltonozhskaya MV, Sadovnikov LV, Tugay
AV, Farfan EB. Effects of ionizing radiation on the
antioxidant system of microscopic fungi with radioadaptive
properties found in the Chernobyl exclusion zone[J]. Health
Physics, 2011, 101(4): 375-382

[33] Schimel J, Balser TC, Wallenstein M. Microbial
stress-response  physiology and its implications for
ecosystem function[J]. Ecology, 2007, 88(6): 1386-1394

[34] Yin DC, Deng X, Zheng Y, Song RQ. Effects of salt-alkali
stress on growth and nutritional metabolism of Trichoderma
harzianum T28[J]. Journal of Beijing Forestry University,
2014, 36(5): 109-116 (in Chinese)
FRNN, A, KB, K. B s AL T28
i A B AR R 3], dbstpol Ka%244ik, 2014,
36(5): 109-116

[35] Zafra G, Moreno-Montafio A, Absalén AE, Cortés-Espinosa
DV. Degradation of polycyclic aromatic hydrocarbons in
soil by a tolerant strain of Trichoderma asperellum[J].
Environmental Science and Pollution Research, 2015, 22(2):
1034-1042

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



