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Effects of endophytic fungi on drought stress
tolerance of silage maize seedlings
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Abstract: To study the effects of endophytic fungi on growth of silage maize seedlings and obtain excellent
strain enhancing the drought tolerance of silage maize seedlings, 8 strains of endophytic fungi isolated from the roots
of three strong xerophytes ( Tetraena mongolica .Ammopiptanithus mongolicus . Potaninia mongolica) planting in West
Ordos and Piriformospora indica of model species of endophytic fungi were selected as test materials to inoculate into
the roots of silage maize seedlings. After two weeks under severe drought stress simulated with PEG6000, the physi-
ological and biochemical indexes of the seedlings were measured and the drought resistance coefficient was calculat-
ed. Then the effect of inoculating endophytic fungi on drought resistance of silage maize seedlings was evaluated u-
sing principal component analysis method. The results showed that all strains invaded the roots of silage maize seed-
lings to form symbiosis, but the infection rates were very different between different endophytic fungi strains. There

were significant differences in 13 physiological indexes between non-drought stressed and drought stressed group in

s B #8:2021-12-08 &3 B #§:2022-01-12

B2 HE ARB2ARETH (31960346) ;b Bk K205 A GIF T H (YCX21019)

TEHE R LXEWR(1996-) , %, i TR W5 A B9 i e A 452 E-mail ; wyn9129@ 126.com
BASVEE XA (1973-) 3 BEPT RV 202, FENFRAEY SHY EAEDIR . E-mail :1j17523@ 126.com



46 T T XA TS

5540 45

the uninoculated plants (E—=) , such as aboveground fresh weight, leaf relative water content, chlorophyll content,

root volume, root surface area, root fresh weight, root dry weight, root dry matter content, Pro content, MDA con-

tent, CAT activity, SOD activity and POD activity. The principal component analysis based on 13 physiological in-

dexes demonstrated that only 4 endophytic fungi ( Am04, Tm36, Tm02 and Piriformospora indica) improved the

drought resistance of silage maize seedlings. The strains Am04 was the best. However, the other 5 endophytic fungi

(Pm53, Tm30, Pm38, Pm06 and Pm57) did not improve the drought resistance of silage maize seedlings. There

was no correlation between infection rate and most physiological indexes of drought resistance. Therefore, different

endophytic fungi strains had different effects on the drought resistance of silage maize seedlings. The strain Am04

improved the drought resistance of silage maize seedlings better than others.

Keywords : endophytic fungi; strong xerophytes; silage maize; seedling; drought resistance
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Pm57+D" Pm53+D"

Pm38+D" Pm57+D"

Pm06+D" Am04+D" Tm30+D"

Tm36+D" Pm06+D" Am04+D" Tm30+D" Am02+D"

TE B R EA A O B B AP B EERUB I ; Pm38 : Bl P9 42 BL T Pm38; Pm57 Bl P Az EL T Pm57; Pm5S3 . B 4 A LT
Pm53; Tm36 ; £ P 2 BB Tm36; Pm06 ; 3750 PN 2L L Pm06; AmO4 ; 427 P2 B Am04; Tm30 ; 358 P A5 E B Tm30; Tm02 ; 42 il
AAETE Tm02; D . TS a3 D AE T R A 1, 515,

Note:E-: not inoculated with endophytic fungi; E+ : inoculated with Piriformis indica; Pm38: inoculated with endophytic fungi
Pm38; Pm57: inoculated with endophytic fungi Pm57; Pm53: inoculated with endophytic fungi Pm53; Tm36: inoculated with endophytic
fungi Tm36; Pm06: inoculated with endophytic fungi Pm06; Am04; inoculated with endophytic fungi Am04; Tm30; was inoculated with
endophytic fungi Tm30; Tm02: was inoculated with endophytic fungi Tm02; D* . was a drought stress treatment, D™ : was a non-drought
stress treatment, the same later.

1 FEMETHEMANEEREX B E KL &M R TERS #0m
Fig.1 The morphology of aboveground part and underground part of silage maize seedling

inoculated with endophytic fungi under drought stress
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Fig.2 Effects of endophytic fungi on the drought resistance
coefficient of fresh weight and relative leaf water content of
the aboveground part of silage maize seedlings

inoculated with endophytic fungi
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Fig.3 Effect of endophytic fungi on the drought
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silage maize seedlings inoculated with endophytic fungi
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Fig.5 Effect of endophytic fungi on the drought resistance coefficient of osmotic adjustment

of silage maize seedlings inoculated with endophytic fungi
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Table 1  Correlation analysis of various drought resistance coefficient
I g . N .
i AH:HE LIEZS S - *E%E REEE RTE *Eiﬁ Pro MDA CAT SOD POD
e ST EKE i AR mR BER o e o Ny Ny
i Ground Relative Root Root Root Root Root dry ' = A L
Index Chlorophyll fresh dry Y Pro MDA CAT SOD POD
fresh  leaf water volume  surface . . matter .. .. ..
. content weight weight content content activity activity activity
weight  content area content
WEHASE
Ground fresh weight ’
I AR 5 7K
Relative leaf water content 0-45 100
AR R
Chlorophyll content 0.18 0.29 1.00
i)
R -0.18  0.03 0.03 1.00
Root volume
jn)
REEH 0.09  0.19 0.17 0.84** 1.00
Root surface area
M6 B
Root fresh weight 0.61 0.44 0.35 0.10 0.07 1.00
*Eﬂ:i' 0.71*  0.40 0.56 -0.15 0.03 0.87** 1.00
Root dry weight
- A~ L
R 0.35 0.41 -0.13 0.19 0.54 -0.24 -0.08 1.00
Root dry matter content
P =N
Pro F 051 055 0.42 0.8 047 029 049  071° 100
Pro content
A~ L
MDA & X 0.36 -0.30 0.12 0.36 0.43 0.03 0.14 0.22 0.28 1.00
MDA content
=y
CAT {H. f'é 0.13  -0.04 -0.11 0.03 0.41 -0.27 0.04 0.68* 045 0.22 1.00
CAT activity
S0D {Eﬁ 0.27 -0.11 0.37 -0.17  -0.03 0.35 0.66" -0.03 040 031 050 1.00
SOD activity
POD ﬂu:l& 0.61  -0.10 -0.04 0.23 0.44 0.44 0.44 0.12 0.07  0.51 0.25 020 1.00
POD activity

% P<0.05, % = 4 P<0.01,

Note: * means P<0.05, * * means P<0.01.
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R2 BERMERENERSFHIE.FER
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Table 2 Principal component eigenvalues, variance contribution
rate, cumulative contribution rate and component loading

matrix of drought resistance coefficient

AR R FISr AT
Drought resistance coefficient Principal component variable
of each index F1 ? F3 F4 F5
4 SHUA MR
i&#nﬁ/}ﬁﬁ 0.779 -0.251 -0.001 -0.074 -0.503
Fresh weight on the ground
I Ak
. X ekt 0476 -0.164 -0.725 0.363 —0.154
Relative leaf water content
42 At
P 0463 -0.353 -0.096 0.156 0.650
Chlorophyll content
i |
RAB 0223 0581 0255 0.646 0247
Root volume
= Sa)
$Ej&_ﬁ/£\ 0528 0.692 0.102 0406 0.157
Root surface area
HREEE . 0.633 -0.597 0.140 0.354 -0.107
Root fresh weight
*E"T“E 0.793 -0.588 0.072 -0.046 0.048
Root dry weight
T i

0466 0.678 —0.478 -0.178 -0.227
Root dry matter content

e
Pro vt 079 0195 0437 ~0.080 0.187
Pro content
MDA i 0462 0361 0.585 -0.094 0.065
MDA content ’ ’ ' ) ’
,CAT (ﬁﬁ 0400 0.561 -0.094 -0.628 0.041
CAT activity
=
S0D (u@ 0546 0241 0223 -0.588 0.402
SOD activity
POD (Efﬁi 0.577 0.095 0.609 0.053 -0.440
POD activity
e
 ERAREE 4266 2742 1826 1662 1247
Principal component eigenvalues
INTERIRZ /0
ﬁiﬁ‘mﬁﬁ(?//o 32.812 21.096 14.049 12.784 9.589
Ingredient contribution rate
ST %

32.812 53.908 67.956 80.740 90.329

Cumulative contribution rate
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Fig.7 Infection rate of endophytic fungi in

the root system of silage maize seedlings
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Table 3 Principal component score, comprehensive score (F) and goodness

ranking of silage corn seedlings with different treatments

EWasiE

F 54543 Principal component score PN
ik Pn'ilci al HE#
Treatment P Rank
Fl 2 3 F4 Fs component
composite score
FEFP B Am04
Tnoculated with strain Am04 3.27 ~0.30 0.1 1.61 0.02 131 !
FEFEIFR Tm36
Inoculated with strain Tm36 0.20 2.07 0.74 0.37 0-80 0-80 2
AR Tm02
Inoculated with strain Tm02 2.23 ~0.23 ~0.20 -7 0.67 0.63 3
E+
Inoculated with strain 1.59 1.69 -1.08 -0.83 -0.72 0.60 4
Piriformospora indica
. £- 1.36 -2.03 -0.02 -0.03 -0.61 -0.05 5
Not inoculated
?ﬁﬂﬁﬁ Pm-53 -0.39 -1.45 1.47 -0.71 0.14 -0.32 6
Inoculated with strain Pm53
FEFI R PR Tm30
Inoculated with strain Tm30 177 0.42 0.71 0.59 0.60 0.41 7
FEFP TR K Pm38
Inoculated with strain Pm38 ~1.88 1.00 0.48 ~0.28 -0.61 ~0.47 8
RN PmO6
Inoculated with strain Pm06 1.69 0.20 0.54 0.24 0.61 0.64 ?
HMR PR PmS7 -2.95 -0.98 -1.41 0.20 0.30 -1.45 10

Inoculated with strain Pm57

+ 5 AR BEZH RIOR $2 3+ 5 AL BEZH 45 A PR A
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ZIE) 2% AR bR Xof (B, DATTAR e Fh 2 il 9 A LT
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A S 2 A G W AF YRR B 4 O ik kA
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[Fil 4 B Ak R ) 5 Bl B/ A T S S (R i
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Table 4 Linear regression analysis diagram of infection rate,
drought resistance coefficient of each index and

principal component comprehensive score

£zt LM Linear fitting

Index R? P

i b AR TR R A
Drought resistance coefficient 0.027 0.647
of fresh weight on the ground

AR B K B 5 R A
Drought resistance coefficient 0.035 0.604
of relative leaf water content

R A LR R
Drought resistance coefficient

-0.125 0.647
of chlorophyll content

HRRFRPT R R
Drought resistance coefficient 0.065 0.477
of root volume

S AT RE 54
Drought resistance coefficient 0.157 0.257
of root surface area

HRAE T R KL
Drought resistance coefficient 0.346 0.043
of root fresh weight

RTEIF R
Drought resistance coefficient 0.211 0.182
of root dry weight

WP B R AL
Drought resistance coefficient 0.392 0.053
of root dry matter content

Pro T PR REL
Drought resistance coefficient 0.175 0.229

of Pro content

MDA & i R
Drought resistance coefficient 0.210 0.183
of MDA content

CAT S PEHT R R 2K
Drought resistance coefficient 0.146 0.276
of CAT activity

POD i HEHT 54X
Drought resistance coefficient 0.038 0.589
of POD activity
SOD i PEHT - R EL
Drought resistance coefficient 0.015 0.737
of SOD activity
FEWA LR AT
Principal component 0.156 0.259

composite score

PP AE T I LA 4 b S R R P i B 5 e R R
I, ARG I Y B, & BN B AL TR Al 7E B
FHIE KRG AR AP YR YR YR 5 A 70% , 7
Hh 8 BRI AR B BT T E K R R 0 P 3547
YeAANTE 20% ~50% 2 0], RGeS &bl
FE YU R B ER ST IR G AR o T Sk [l )5
30T, F B R AR P P R A G R YR Z A
ELRANERFR (P<0.05) , UL AR s HUE N A4 A

RIS AR R R 2 2, 9 AR PR AL AR P 1 A
Pyiet | TR R S OR P B AL TR | AL I 28 P A ECTR Y
B S4B T BE S PN AE L TR XA ) 800

) TGS JUlR 36 B, 2 DS T T X Jlp 360 A8 S g
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A b 2 RIS R A R Bt A R OK
PE L FORAEAR AR AR R S AR R A AR R AR K A+
Yy o SRR 5 () B w5 A R A PR Ao A Ak A Tl O 1 3
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4 45 e

FHPI A BCRAAR A BN B2 BT J60 RN 23 25 F T ibE 5
BAMPRZRR 8 RN B EHEANE I E KRG, i
HHRBRBIRER AT E ARG R R IE A HAR
AR 2R, HR YRR ZH T Rk A B bR =2 (1]
ToAHME s 56 F 13 AR AR AT 550 Hr,
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