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The endophytic fungus Trichoderma harzianum affects the growth
and physiological characteristics of Camphora migao seedlings
under drought stress
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Abstract: [Objective] To investigate the mechanism by which the endophytic fungus Trichoderma
harzianum Rifai help the seedlings of the rare medicinal plant Camphora migao (H. W. Li) Y.
Yang, Bing Liu & Zhi Yang to defend against drought stress. [Methods] We simulated different
drought stress gradients using the potted weighing method after inoculation of C. migao seedlings
with T. harzianum via rhizosphere injection and investigated the plant growth, physiological, and
biochemical indexes. [Results] Under different drought conditions, inoculation with 7. harzianum
significantly increased the growth indexes such as biomass, plant height, and root growth of
C. migao seedlings, compared with the uninoculated control group. Furthermore, 7. harzianum
significantly increased the activities of antioxidant enzymes and the content of osmotically
regulation substances, reduced the malondialdehyde content, and elevated the content of
photosynthetic pigments in the seedling leaves, which effectively mitigated the drought stress
effects on the growth and development of C. migao seedlings. [Conclusion] 7. harzianum
improved the physiological responses of C. migao seedlings to drought stress by regulating osmotic
balance and maintaining the stability of antioxidant system.

Keywords: Trichoderma harzianum; Camphora migao; drought stress; growth and development;
physiological metabolism
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Figure 1

with T. harzianum; B: Inoculated with 7. harzianum.
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Figure 2 Changes in growth and root system of Camphora migao seedlings inoculated with Trichoderma

harzianum. A: C. migao seedlings not inoculated with 7. harzianum; B: C. migao seedling not inoculated with

T. harzianum on the left, C. migao seedling inoculated with 7. harzianum on the right; C-F: Scans of the root

systems of C. migao seedlings not inoculated with fungi under CK, LD, MD, and SD conditions, respectively;

G-1J: Scans of the root systems of C. migao seedlings inoculated with 7. harzianum under CK, LD, MD, and SD

conditions, respectively. CK: No drought stress (control group); LD: Light drought stress; MD: Moderate drought

stress; SD: Severe drought stress.
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Figure 3  Growth characteristics of Camphora migao seedlings after inoculation with Trichoderma harzianum
under drought stress. A: Plant height; B: Ground diameter; C: Crown width. CK: No drought stress (control
group); LD: Light drought stress; MD: Moderate drought stress; SD: Severe drought stress. Different lowercase
letters indicate significant differences between different inoculation conditions under the same drought stress
condition (P<0.05), while different uppercase letters indicate significant differences between different drought

stress conditions under the same inoculation condition (P<0.05). The same below.
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Table 1

Camphora migao seedlings under drought stress

Effect of inoculation with Trichoderma harzianum on branch, leaf, and root characteristics of

Treatment Degree of Branch Leaf Root
drought  Branch number Branch length ~Leaf number  Leaf area Average root  Main root
stress (cm) (cm?) diameter (mm) length (cm)

NM CK 3.60£1.14Ab 9.9242.36Bb  23.60+1.14Cb 33.87+1.68Bb 1.60+0.05Bb  38.62+1.31Ba
LD 5.00+1.00Aa 14.72+1.41Ab 30.40+1.14Ab 39.65+1.52Aa 1.83+0.07Ab  45.14+1.64Aa
MD 4.00+1.00Aa 10.92+1.20Bb  27.20+0.84Bb  32.92+1.29Bb 1.87+0.09Aa  39.40+2.72Bb
SD 2.20+0.84Bb 8.62+1.58Bb  21.00+1.00Db 17.60+1.86Cb 1.63+0.06Bb  32.88+1.94Cb

T. harzianum  CK 5.60+1.14ABa  13.7240.55Ca  33.20+1.30Da 38.36+1.60Ba 1.96+0.12Aa  33.26+1.31Cb
LD 6.40+1.82Aa 16.52+0.76Aa  38.00+1.58Aa 40.75+2.08Aa 1.97+0.10Aa  39.64+2.19Bb
MD 5.00+1.00ABa  14.74+0.67Ba  35.40+1.14Ba 38.92+1.09ABa 1.67+0.07Bb  42.92+1.19Aa
SD 4.20+0.84Ba 11.16+0.72Da  31.20+£1.48Ca 23.85+1.58Ca 1.99+0.14Aa  38.30+1.45Ba

CK: L TFWHaiidl); LD: BETFMha; MD: thETFINA; SD: EE TN . ARVNE FREORF—T 51
A AR RPRA Z 7122 53 B35 (P<0.05), AR FRERR [Al— e BERR ST AR T 5 a2 2 7] 22 53 .35 (P<0.05).

‘F‘Iﬁ]’i)

CK: No drought stress (control group); LD: Light drought stress; MD: Moderate drought stress; SD: Severe drought stress. Different

lowercase letters indicate significant differences between different inoculation conditions under the same drought stress condition

(P<0.05), while different uppercase letters indicate significant differences between different drought stress conditions under the same

inoculation condition (P<0.05). The same below.

50r [ TRoot

Biomass (g)

LD MD SD
Degree of drought stress
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IS [Al— T RAER, 7o R RIS AR
B, AR RS

Figure 4 Effect of inoculation with Trichoderma
harzianum on the biomass of Camphora migao
seedlings under drought stress. Same drought
treatment, left side not inoculated with 7. harzianum;

right side inoculated with 7. harzianum.
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Table 2  Effect of inoculation with Trichoderma harzianum on biomass allocation of Camphora migao seedlings

under drought stress

Treatment Degree of Whole Leaf biomass  Stem biomass Root biomass  Stem/leaf Root/shoot
drought  plant (g) proportion (%) proportion (%)  proportion (%) ratio (%) ratio (%)
stress

NM CK 26.07+0.99Bb  44.47+1.48Ba  26.98+1.66Aa 28.54+0.43Cb  60.82+5.58Bb  39.95+0.84Cb
LD 36.05£0.96Ab 39.60+0.81Ca  26.02+0.58Ab  34.38+0.54Ba  65.76+2.60Bb  52.40+1.26Ba
MD 26.29+0.84Bb  49.36+1.25Aa 15.25+0.72Bb 35.39+1.43Ba  30.92+1.67Cb  54.84+3.45Ba
SD 24.14+1.16Cb  35.64+0.65Da  26.25+1.29Aa 38.11£1.19Ab  73.69+4.33Aa  61.63+3.09Ab

T. harzianum  CK 36.30+1.18Ba  37.69+1.67Bb  27.37+1.06Ba 34.94+2.00Ba  72.73+4.22Ba  53.82+4.65Ba
LD 42.12+0.50Aa 36.45+1.10Bb  29.47+0.46Aa 34.08+1.23Ba  80.90+2.61Aa 51.75+2.84Ba
MD 33.43+1.38Ca  40.11+0.85Ab  28.35+0.80ABa 31.54+1.07Cb 70.70+2.63Ba  46.10+£2.30Cb
SD 32.27+0.70Ca  33.54+2.28Cb  24.60+1.34Cb 41.86+1.67Aa 73.77+8.68Ba  72.11+4.85Aa

FERM R IR R4 B 2R P RSB E KT
FHIG XA EE B KA DI 1 (P<0.05) . KA & By it
L3 a/b Z TR SR ZE AR, (B
b PR AR EE S A0 B2 DA R b B T S AR
TR a/b (A2 R(E 5).
25 FEMETREMSHENZSERTY
FaBTH

T ER B ST R R B 2R KA 4
T T Al PEME (soluble sugar, SS). AT VM AR
(soluble protein, SP). fifiZ /i (proline, Pro) FlAH X}
& JK & (relative water content, RWC) ;= 4 521
Bt T S Tt AR BRI, KA Sy 1 T A% T A
PRI ST TR . o, SS. SP Al Pro
RN ET2INan R RE, main
H Y RWC 7558 B2 1 5Pl i o iy o F RS 2%
K85 1) KA 40 B R A5 B R R 3 i 3 A
75 ) B R R TR A T Y oK
i 4l (P<0.05),  HAE AP SR E HER G
AREEAH SS. SP Ml Pro & fE 43I 4 & T 49.3%.
132.5% i1 80.7% (1] 6) Ky i 75 ifi %+ 5
TE B 37 1 5 ) 5 A 78 e e L A B X P B
AR B X T R A PR I N R ) A E
V&=L

26 TFEWETREBYENMALER
SAHEFN MDA S 2Tk

T A SR IE R, Kimgh
BT A TR T 05 R AR S B T R R AR
[y e, HL7E R T 52 W38 Bk B s K E .
PR T AR R KA, R s R E il
A 0k A Ak A (catalase, CAT) . i A AL W fiff
(peroxidase, POD) F1 i %A 1&. 4 17 £k, [# (superoxide
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94.9% 1 21.6% (P<0.05). KAmahifi o i o — &
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Figure 9 Spearman correlation analysis of various indexes of Camphora migao seedlings under drought stress.
A: Not inoculated with 7. harzianum; B: Inoculated with T. harzianum. The coefficients of the two indicators
range from 1 to —1, the closer to 1 means the stronger the positive correlation, the closer to —1 means the stronger
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is stronger (P<0.05).
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