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i ZE: [FF] LEETNMRYAERFENIZREAI—, HHNAELATEEZR M
Bk, RBAKKLE, ERALARNHAAS 2R ZEFT2EL. [8 6] HAANZIER
WERBRZ DB OA L AT ORAFHEES 2 RAARGRAZR, 4 %8s 2RI F R AR
BEEMF I, [FF] RAAREEANERREATSBEAAE AT F@ L2420 Fik L NaCl
AT ERMFTHLEARSELRGALALR,; ARNBESFS TEMFALE SO T ETTHiL
Fey A L H AT Z S ﬁ-”r RRRAT . il "%k L BR (indole-3-acetic acid, TAA)Z = Sk H AR fE
AFRAFN; RAZBRBIRR B LGN AL AF A NaCl A A T2 2 RAMF ARG ARK.SPAD
{8 B A AL B A= 7 —B% (malondialdehyde, MDA)% 69 % 761, # -4 A A B A 4T3 5 2R A & 35 2R 69
F S RPAERIRA T A S BIFE 25 MMAL AR, AP AN A AFH DYMT7 42 DYM11 £ 0.15 mol/L
NaCl M8 Faf 2 RAF TR L LA ZEFRBHR, HRAFE 0%, BAVEFE,TAMFEL, B
# DYM7 # LBk % Fa(Setophoma terrestris), @ 4k DYM11 4% & I B-#5 36.(Exserohilum rostratum),

HBEA AT, FEBIR. 20 TAA B9887; /£ NaCl M8 F, 2H 4 DYM7 = DYMI1 4 3232 5
TERGHKSGARK, FIRZ T A AL AL B (superoxide oxidase, SOD)Aw it A k4 B
(peroxidase, POD)& 1, ML T MDA 4 %. ZH 4 DYMI1 &6y 2R a9 LT EF3TF T 24
MRBEEFRST 1643%F 22.17%. [£#] Hidey WA A HETR G ERRENEEF . 3 Aoik
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Isolation of endophytic fungi from the roots of maize in the
saline-alkaline land in Huanghua and screening of strains
improving salt tolerance and growth of maize

ZHANG Jing', ZHANG Teng', XIAO Yaopeng', GE Shen’ao', XU Lu', LIU Xueying’,
HOU Lifeng '?, ZENG Fanli'"*

1 College of Life Sciences, Hebei Agricultural University, Baoding 071001, Hebei, China
2 State Key Laboratory of North China Crop Improvement and Regulation, Hebei Agricultural University,
Baoding 071001, Hebei, China

Abstract: [Background] Soil salinity is one of the main factors affecting maize yield, and
endophytic fungi can significantly improve the resistance and growth of plants. Studying the
endophytic fungi of maize is of great significance to increase maize yield. [Objective] To study
the growth-promoting effects of endophytic fungi isolated from the roots of maize growing in
the saline-alkaline land in Huanghua and the growth-promoting effects of the fungi on maize
plants, so as to provide a theoretical basis and material support for increasing the maize yield in
saline-alkaline land. [Methods] The tissue culture method was used to isolate endophytic fungi
from the roots of maize. The seed soaking experiments were carried out to screen out the strains
capable of promoting the germination of maize seeds under NaCl stress. The strains screened
out were identified by morphological observation and molecular biological methods and
characterized for the growth-promoting properties such as phosphorus- and potassium-solubilizing,
indole-3-acetic acid (IAA)-secreting, and siderophore-producing abilities. Pot experiments were
conducted to evaluate the effects of the strains on the biomass, plant height, root length, SPAD
value, superoxide oxidase (SOD) activity, peroxidase (POD) activity, and malondialdehyde
(MDA) content of maize plants under NaCl stress. [Results] A total of 25 strains of endophytic
fungi were isolated from the roots of maize, among which the strains DYM7 and DYMI11
significantly promoted the germination of maize seeds exposed to 0.15 mol/L NaCl, with the
germination rate reaching 90%. DYM?7 was identified as Setophoma terrestris and DYMI11 as
Exserohilum rostratum, both of which had the abilities of solubilizing potassium, producing
siderophores, and secreting IAA. Under NaCl stress, strains DYM7 and DYMI1 increased the
plant height, root length, and SOD and POD activities and reduced the MDA content of maize.
Moreover, strain DYM11 increased the aboveground dry weight and underground dry weight of
maize plants by 16.43% and 22.17%, respectively, compared with the control. [Conclusion]
The endophytic fungal strains capable of improving the salt tolerance and growth of maize by
increasing the antioxidant enzyme activities, root length, and plant height, and decreasing the
MDA content were screened out in this study. This study provides a theoretical basis and material
support for the application of beneficial microbial in coastal saline-alkaline areas in improving the
salt tolerance and yields of crops.

Keywords: saline-alkaline land; endophytic fungi; salt tolerance; growth-promoting; maize
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TR TR — KA APt 52
AR BRDRE AN Y DR o 1 1 e R A e B e 1t
FEANL, RAGKRTSEE . YR ILE EERY
R¥Fm N, FRE KGR M RIS, X Epr
TSGR v o 4 v K™ o 2 o ARl A= 7
HR R AR R DR A ) — o R R A DAy R e
A5 BRI, T SR s ORI AE, X T
TR SR A FRIRE X A, g
1o B AR R R AR AR R K o AE
FE) S e, E i YA A IE A A B ERE
FEE RS RAYIIET, B AR AR IR
AR R BT, R Y it
TR Ay S o 00 1 A0 M 2 ik 8 JH 3 52 0 A 245 3K
Z—. CAWFFERVIRY N A B R E 5 -5
Wk A S T 2 M DA M R, 42
fifl B 2 14 B A e A TR SR ARO0 PN AR ELR B, X
T4 58 K S AR A R T 52 R AR e K
BEREH,

HETHIETE B AR 29H 100 R4 E
TP, Xy A L 2 AR T AR A R
BN, JFEAST YAV RREEY. 2
A B R W R IR R R A7 AR 1 22 0 N A FL R E
BH , SEAHAIIE R A A PR A 1 TS = 7,
I Hoax 28 N A= L A -5 A 3t [ Al A v
W N REE RO P A L AE S A A
TER SR, mT LU S s el . B AE o
ENCEIRRE E N 7= LSy (T 2 (RO
BRI AR SR AR A I R R s A
xRN BT RE T, 3R A A AR A
T3 P 2 A B R N A L R
r AR N R AR R AL R . B BT
20 M R P A Ry ) EE 2y 5 RN, AR R
AT IR AN, L AN 25 1 £
A, BRI R, T R 2
FE A5 S A 14 A B R A U A, BRI

SFUEER A0 25 F T 43 i SR BRFER B (Epi coccum
spp.) . M % K 4% (Trichoderma spp.) . ##%
(Rhizoctonia spp.) . i % 1% (Aspergillus spp.) B i
FERRALPREIRAAN T, RIL b ) R .
Al SRS R B, TEER A R 0 A A
(Semphylium lycopersici)t 7] % fif £ /i 38 747 >k
HIEE o SEbn b, YN AR AR SR A A
HAWHFE YR Z R0 R R A
SEYIRE. R, TR e R i X A AR PR 3R
Hh 3 B N AR LR 7 R A 4R R R OK S A
YK R Eh R Ty, H AR Gk Z DA

P 52 Eh e e i A R —
) Y Y S T DX T () ] - B R A 1 L Y
Xz —U0 Hoh Gk R X R 4 1 2
LGS A ST DR B T AR A A X ROk
MR ZR 43 Ui 1B 6 R K A1 e B B A FH Y
WA ER, JFUEKRSNAERRFA LR A
AR, 20 BT N A RN R R AR R A T
ERAORI R o DL 8 2 HAA AR R A0
RERE, BRFCHAEERAEAEET 46 & B oKt £ e
PERY A ThRE . 7o R N A2 B A
AR XA Kk 35 S Eh R Al T 2Lk e
PETRFP SR IR, Ry i v ER B AR ) TN
A B IRAZ IR R R S P, AR R
TV B A R I S 2 K s

1A

1.1 #m

2022 4% 7 F T A6AS v M T B AT A
FH(38°27'N, 117°47'E), @i fi s BURE R EE &
KM R FE A, R EFA) A+ BE SR B 3 PNT
Combi5000 5 RAEHER FE L 0.1%, £ KAR
RAEMATCTE A E4%, (R 2 5 0] 52 90 =
ITERMARNE BRI % E ., TEREX
Tt =7 9T g 4 T oIl 03 A BR A D
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1.2 HEFRE

Ty 4% 2 78 7 W B I8 (potato  dextrose agar,
PDAY SR IE, Ut R AR A &K
B335 B (King’s B medium, KMB)Z:2% k[ 18]
Pic il 5 7 f# JCHL#E [E11£& (norganic phosphorus agar,
NPA)H: F5 5L P ] {4 85 57 5L (PDA $5 37 5k —
M /> B KB AR, 5 — MM G )
ZCHR[19]8CH s 8K S (chrome azurol S,
CAS)HEFRHELS % SR [20] il .
1.3 FERFIFNE

Salkowski [tk 22 SCHR[18]BCH; HiA
WA Sy B oM el B REAEAREESRAR T
FEAR LA AS A BR /A F] 3 ScanMaker 1800 Plus
AL, EdEh SRR R A s WinRHIZO
K 8T 240, Regent Instruments £ BR/AF;
Yo ORI R A AR T BOR 2 AR MR
B AR St s, REMARE; L+
AR T, b B R A AT PR 2 A
SPAD-502 Plus, /e 3EREIAIMA REE(H )
ARAT; WK, BEHES A R
A PCRAX, AR A fir B2 27 di () A BR
YNSSTIS
14 ERIRERAEEEWSBEK

WURAFE EKRM R VES, BYAL 0.5 cm /MEg,
G TAEG Y 75% 20 3 min J5 0
IRV, 3%UC AR BRI 2 min J5 JC IR K BE
BT PDA B dkrh 27 CRIEH SR, FF4 KM
g2, [AlEE, U200 pL AR RS e C K,
URA T PDA i FR 5.4 xf B, i OR BT 20 s T b
VIR RN AT o BB B Y T 22 5L e B
B PDA R Fr BL AT R SR alifl .
1.5 WEEBHEAE NaCl B T3 ERKMT
A %& B 52 i

B 73 85 B P AR LA T (9 mm) JECA A
I mL ER/KHE.LE T, BB 50 Hz

W 60 s, FHLH/KERZR 20 mL, K £ AKF
TIRFPALEE 12 ho Bl RHR PG A9 EOKFI 15
ET i E TAMZEA R RIS, DSa
0.5% NaCl F1 1% NaCl [ JC p& /K ik Jilra8 Ak 2
DLTCT KA BE L 78 12 h Y6 HE/12 h BES IR =
R TR R SR . DR PR K LT 0.1 cm
KR ZFERRE, LB I SRR IR A 0 & 25,
A 5 R IHIEAE NaCl Wl R % 5 R Fh 1l &
HA SRR N A A
1.6 NEERENEE

PRS0 P AR FLETE 27 CRRREEESE 14 d,
Al BB % ) PR T PN A LR Y R TR
TE A RAORTE 5L

MV U TR 2214, R CTAB
PRI L A AL A SRS 1TST (5'-CT
TGGTCATTTAGAGGAAGTAA-3)#1 ITS4 (5'-GG
TTACCTTGTTACGACTT-3")i#:47 PCR ¥,
PCR JUWAAZ (20 pL): dNTP (10 mmol/L) 0.4 pL,
0.5% BSA 0.6 pL, 10xLong PCR Buffer 2 pL,
Pfu+Taq (5 U/uL) 0.2 uL, b FilE5145(10 umol/L)
% 1 L, DNA #iH7(50 ng/uL) 1 uL,ddH,0 13.8 uL.
PCR JZ i 14 95°C 5 min; 94°C 305, 55°C
30s, 72°C 1 min, 3t 34 K#E#F; 72 °C 5 min,
¥ PCR 3 r= Wik A A T A ) TR (L) B
A BRZA F AT o R e i AR 8 45 SR AR
GenBank #0417 HLXT . A MEGA X
¥ maximum likelihood MLYRZ X B, H
JE{E R 1 000,
1.7 AEERENERENESHT
1.7.1 BEHREEREEE SR E

W 0 e B A N AE ELRR R 2= NPA KRR 3
b, 27 °CHEFE S do B SR A AR I
B, 2R FH 1 58 L3k 43 i) ) s o P AR
(D)FNTR V4 ELAR (), ML D/d He AR A0 25 0 ik
FLAT VA BTG P A T AR Y
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1.7.2  BEHRAR SR B S1H00 E

Y U 225 2] P9 DA A TR T A A R
H b, 27 °CHEZR 8 d, HAE SR, DIRZAEK
W WAIBE . WIRIES N E L8R, WET
i TR 22 068 5 BT K 0 R A R A KRR, B
e LA A S A T R
1.7.3  BHHF 1AA BRI E

K Salkowski H (o EAT N A4 B
TAA REJTR9INRE o K A T EhAiE A= RE 7 P A= B
W RS RN B B S (R (1.5 g/L)FIR
THFYIR KMB i3, 27 °C. 120 t/min $2
PR¥EFR 6 d AT A B AW T 12 000xg
B0 10 min, B 1 mL FIEWROIMA S m & bkt
G, WAL #E 30 min, WELHE @SB
Pl 1 mL JCHE/KF KMB 3572 50 A =44k
R ETRAE N BAMEXT IR, DL 1 mL TAA FRiER
(10 pg/mL)INA & 5 S A4 Eb (B PR X B,
A S WK R B A TRE TR A, G
I3 US| SR N FIE(H), S Z AT Lids
b TAA il 0.5, 1.0, 5.0, 10.0, 15.0, 20.0 mg/L
PIARIEE , ¢ b 6 5 2 E 530 nm AR SE
JE(DAZEIRK & 2 b i ), THEA H br o
LR, K ROEEE T EIMHOOCE T K
530 nm bW OD f, fCAMRHEMZITE & A,
1.7.4 BRI NN E

W 0 1E B A N AR B I (9 mm)#EFD T
CAS [EA$EFRE I, HHE 3R, T 28 °ClHE
F% 5 d, WAL TR AR S R 75 H BAS (o ik 2 Ik 2 1
FR 738 S 43 I 2k AR A4 Bl LA (D)
IR EAR(d), M D/d Ll 0 ik =ik
BRI R,
1.8 NaCl B THEEREN EREKREK
A

AR IR E 2 MRE, 0 EE
FhALBREEFI R DYM7, DYM11 IR AL HE)

F1 NaCl il 40 (0% NaCl #1 0.1% NaCl), NaCl
oAb P S AR SR A b - 39 SR YR

K SN ) — 1 S OR B AR YA
70%Z 5% 3 min, 2.5%KSEBREH 10 min JE17
WKW, BE AT MK AR 3 K.
W KB R P2 SR 4R 15 25 3k b (L
RaEELEK), T 27 )CHIEEREIR. i
T & Ja BEAL PR BE TG TS Y H A 38 [R] 9 2y i
T sL 80 . R EA B+ 57 i BIARLEL 11
IRAIVE R R

TSR 400 g IRGIEFTINA T KR 2k
e, R 2 AN EAR 9 mm ) N AR B A
BT RERR EZE, REHES 200 g AT,
R AL BN 2 A HAE 9 mm R£AKAT
I L) PDA $557 5 o 19 25 B ALEZ D FAH 7]
M) 3 BREKRA W . PP A EOK M bR & TR
27 °C/22 °C CGRR/RIE) DGR 14 h/d (B JE 60% .
SRR 0-12 000 1x AYTELE .

FE K Z 4 1HH, A 0.15 mol/L A9 NaCl
BEATERA AL RS 2 YRR, [RIR 1 d), i
A 0.1% NaCl, PIZEE/KMOs IR, NaCl Jia
AP R FORAR K & VI2-12 M EEF I A0 2
1.8.1 EXRESBIRME

SRR AL BN RR 2 N AR A 5 BoREKS
TKkkE, i SPAD-502 Plus Wi5E M A SPAD
o FfJE K ok AR 5800 ok, 3F
FRUR S 7K 1 VR AR 2R LARS bR ik B8 FEAE AR
RFE L5, FHROKAN TIFFRSEEE . I
Ve AR R CE T IS B ESFE AP,
ScanMaker i800 Plus 4 WFAHEHEIHR 2R IHF-554550
%R 300 dpi B EAKMRLEEIR . WinRHIZO
B R i RGEH T ot ks R R IEUR, JF 6
EAFIT FERMRLDRKEFEEREES
B AR TR A ORI AR A it SR R
2T Y (e 1 PR P A R R
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1.8.2 NaCl {8 T ERIANIERME

Wi A A Rk i e Pl A A IS R £ 7 R OK AR R
FTHUEAFE RIS, R 22 P 0 2 4R
Ak Ak i (superoxide oxidase, SOD)& 1, KM
AR LN E 1 A Y B (peroxidase, POD){
PE, SR TBA Fbtaykiile i — s, KRl
RIHEAR RTE 70 )C T TR EEEEE, WE
TR THE,
1.9 Zitath

F]FH Microsoft Excel 2022 %45} 52 56 B 4
P T FRE 25 P, i ] IBM SPSS Statistics 27 4K
XS A B R AT 5 o i . B BRI &R 2247
B Al fc /)N I 35 22 5% (least significant difference,
LSD)ik #4720 7] 22 5543 1 (P<0.05)

2 HZRE5OM

2.1 MNEEBREE NaCl BT EXRMF
A & BI38 RL

FEEORMR R 2L A5 51 25 RINAEFLE .
Bl NaCl Ve FERE, F KA T & R R I FEAL
e BT XYL, 7£ 0 mol/L NaCl ZbFE T,
Fikk DYM7, DYMI10 £1 DYM25 B 5 1ok
FhFHE &%, 4 NaCl e E A% 0.15 mol/L, A
Pk DYM7, DYMI1 i 338 5 5OKFF & 255K,
¥ 90%, Z5REHHE K DYM7 #l DYMI1 7
NaCl i8R x4 5 TR0 & HA B
(F 1), HM, FEkkDYM7 # DYMI1L #H T/
SRR, I HXT K AL A T R AR
22 AEEEEHRNESFEESER

itk DYM7 7F PDA ¥ 52 5595 5 d, WK
HARZ A 2.8 cm, FRLLEA, WLEUE, SER,
TR (E 1A). W 2ZR A, JEHE MR
i, BRE (K 1B). E#k DYMI1 #E PDA ¥ 3%
RS d, WEEAAN TS5 cm, JKER
B, SRR, UEDIR, RO 9 (El 10).

&1 NaCl B TARIEMHRLE ERMFEALIER
Table 1 Maize seed germination under different strains
Qb3 0 mol/L NaCl 0.1 mol/L NaCl 0.15 mol/L NaCl

Treatment & 3£ KRR Voo
0 mol/L NaCl 0.1 mol/L NaCl 0.15 mol/L NaCl
germination  germination rate germination rate
rate (%) (%) (%)

CK 80+2b 75+3ab 204+2b

DYMS5 80+3b 70+2b 20+3b

DYM6 75+2bc 75+2ab 30+3c¢

DYM7 95+1a 70+3b 90+2a

DYM10 90+3a 80+la 60+2d

DYMI11 85+lab 75+3ab 90+3a

DYM13  75+4bc 70+1b 20+5b

DYMI16 85+lab 80+2a 25+3bc

DYM17 80+£3b 70+3b 20+3b

DYM19 75+1b 72+1b 15+1e

DYM20 78+1b 75+1ab 20+2b

DYM21  78+2b 75+1ab 18+1b

DYM22 80+3b 78+1a 30+2¢

DYM23  72+lc 79+1a 30+3c¢

DYM24  70+lc 75+2ab 25+4bc

DYM25 87+2a 83+2a 19+1b

DYM28  83«%l1b 85+1a 35+1c¢

DYM30 83+1b 80+2a 25+1b

DYM32 77+2b 724+2b 28+2¢

DYM34  75+2bc 74+1ab 30+2c¢

DYM35  7443bc 75+1ab 19+3b

DYM36  7243c 65+3c 25+3bc

DYM38  80+3c T7+1a 13+3e

DYM40  77+2c 73+2b 20+2b

DYM41 80+3c 81+tla 19£3b

DYM42  72+2¢ 68+1b 20+1b

[ SAS ] ING 5 BE R AN [ T RR AL BEFE P<0.05 K22 5+

&

Different lowercase letters in the same column indicated
significant difference in P<0.05 level between different strains.

P 22 Rk, RERRIE B AT WL, A IR

WEJE (Bl 1D),

23 EHKRITS FAISh R ARG A BEWRAE
AR F Pk DYM7 I DYM11 BB .

B, B 2 1 A 0 R A TR A5 I (8 1),

Pl NCBI $dsaEdfrHbxt, A MEGA #4%

REKEWE 2), KBRS LR E5HE(bootstrap
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Strain DYM7 |

Strain DYM11 §

1 E# DYM7 # DYMI1 HECEMBE LTS
Figure 1 Colony and mycelial morphology of strains DYM7 and DYM11.

ﬁ[ Setophoma syzygii (MZ064446.1)
99 Setophoma vernoniae (MT856215.1)

Setophoma pseudosacchari (MK539969.1)

90

| Strain DYM?7 (PP446644)

00
| Setophoma terrestris (OR539491.1)

ool Strain DYM11 (PP446646)

Exserohilum rostratum (MT322143.1)

Lasiosphaeria hispida (MT077142.1)

0.050

2 ETF rDNAITS FHHMEBHEL DYM7 1 DYMI1 24 LB/ 355k GenBank &2 43

SCm ERCAARERANE R s AR 0.050 AR HEALIE

Figure 2 Phylogenetic tree of strains DYM7 and DYMI11 constructed based on tDNA ITS sequences. The
serial numbers in parentheses are GenBank accession numbers; The numbers on the nodes indicates the
credibility; The scale data 0.050 represents the evolutionary distance.
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{EDMEK, FRn TR TEDEARE 25 E AR LRSI . I
R K EWAI LA 1 EK DYM7 5 Setophoma
terrestris A—35, FEHF LI B & A E)
100%. ZEG B I T Y 5EE, WA
ER K DYM7 b E W HL(S terrestris), B b
DYMI11 5 Exserohilum rostratum 3 -k— 2K 5L 7%
GIFIME =5 100%. 25 G TR AR TAEY)2:
WE, WIAHERE R DYMIL gl o™ B i A0 B
(E. rostratum),
24 AEEEEFRBERFHSER
24.1 BEHRBREEEE RN ELE R

KTV B A X Ak DYM7 # DYMIL 43
fif T AL Y RE 1 AT AN . T Ak DYMT7 M
DYMI1 7E NPA #5585 FANTE GBI, 45
BRI E R DYM7 Fl DYMI1 ¥R H 4520 G
PLBERRE 1 (E 3).
242 HEHBEEEIHNELER

R 8 D X B R A 0 oA o e A R X T R
DYM7 1 DYMI11 Hyf@EEEE S #EA kel . Ptk
DYM?7 Fl DYMI11 7 fif 8t [l {435 52 3% 1 34 n]
SRR, 45 R R 2 SRS B A e e
Hrp bk DYM11 B $R8E /) 5 T R Ak DYM7,
4 d A8 mA KA m AR (B 4).
2.4.3 ERDH IAA BE BN EL R

K Salkowski EIEXH R DYM7
DYMI11 43 TAA FRE I HEATARSIN . L Hp iR ik
DYM7 #l DYM11 5 Salkowski b€ 2 1 J 43

Strain DYM?7 Strain DYM11

NPA ¢ '

3 E#¥k DYM7 1 DYM11 H) R R4 AL
Figure 3 DYM7 and DYMI11 dissolving inorganic
phosphorus capacity.

Strain DYM7 Strain DYM11

e —
o -\\ /_\ \\
: \ N
/ \I \

4 EH DYM7F DYM11 fiFH ¢ HEHE
AR A RO DX B
Figure 4 DYM?7 and DYMI11 dissolving potassium

solubilizing capacity. The blue frame is the potassic
feldspar powder distribution area.

il £ BB TR AR € (+-0) PR (1) (1 5A), 3R
W] 2 BRI ELA M TAA BIRE ST . MR HRA 6
PXTHIRE DYM7 #1 DYMILL 77 TAA A4 70
E, HAPREE DYM7 () IAA 728l 69.6 ng/mL
BEETHEE DYMI1 1Y 23.4 pg/mL, Z5HE
ARtk DYM7 =B K R EE B m (B S5).
244 BEHRFRBAEINNESER

K CAS ¥EXFHikk DYM7 fl DYMI11 fy7
BREARE 1A TR . TR DYM7 il DYMI11
FE CAS [E A 373 b 3] T8 il B I (9 4 2 €6 9
WRE, FW 2 MRNAE B H S R EUA R
1o AR W B bk D/d BT TR, BRAR
DYM7 iy D/d {H>4 2, Witk DYM11 1) D/d {EH
2.5, HA K DYM11 () D/ {E KT DYM7, ik
BBk DYM11 P2k A me 718 & (K 6).
25 HNEEREESN

KR M S 21 e X AP B AR DYM7 I
DYMI1 [ F R R AT N A BLIE 2 5 407 o 7
0%7F1 0.1% NaCl 5&14FT, #HMEHK DYMT7
DYMI11 ¥ LIE S T FORM R, v R B
(N A BB e T 25 R (B 7)o TEAR BRI BRI
KA R P ARMEERNZ YL L5 . 4R R, K
MR E A NAEREE DYM7 fl DYMIL 3
A LUESE T B ORMR RN, T BB S 4 2 FE 254
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Figure 5 Determination of IAA production ability
of strains DYM7 and DYMII1. A: Salkowski
colorimetric results (CK+: positive control; CK-—:
negative control). B: ITAA content. Different

lowercase letters indicate significant differences,
the same below.

A ( B

Strain DYM7

Strain DYM11

6 B4k DYM7 F1 DYM11 98k E KRRV RE
Figure 6 Ability of strains DYM7 and DYM11 to
secrete ferriferous carriers.

2.6 NaCl B T4 BEREX EREMRE T
2.6.1 BEkk DYM7 F1 DYM11 %t E KBk = F4R
A

FHEST X IRL, 1E 0% NaCl 14 F, B
Pk DYM7 F1 DYMI1 Fy3EAE (i) i 4 &
KR, AR T 6%A1 4.9% (F 8A, P<0.05).
£ 0.1% NaCl [l &, 42 Fh ##k DYM7 #l DYM11
1o 4 oA S ARG (] 8A 8B, P<0.05),
SARE T 9.4%. 10.8%, 18.1%. 62.2%., 4%
KW, 78 NaCl AT, #FER DYM7 Fi
DYM11 #xf £ AAERK BA B E R R
2.6.2 E#k DYM7 1 DYM11 X EREED
20

B FXTHELL, 7E 0% NaCl 4140 F, #hiE

7 B DYM7 #1 DYM11 RAEEMNE A ¥4, B: EHk DYM7. C: EFk DYMI11. H: H%2. #5

K79 50 pm

Figure 7 Observation of root colonization of strains DYM7 and DYMI11. A: Control. B: Strain DYM?7. C:

Strain DYM11. H: Hyphae. Bar: 50 pm.
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Figure 8 Effect of strains DYM7 and DYM11 on plant height and root length of maize.
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Figure 9 Effect of strains DYM7 and DYM11 on biomass of maize plants.

Pk DYMI1 XJ oK b 5 00 2 2 52 (B 9A, I B E (A 9A, P<0.05), E KkHb T
P<0.05), FoKHTfE , TEEERS, 0k EMH N TEEWEE, 0liEE T 16.43%7FH
BT 57.49%A01 17.7% (1 9B, 9D, P<0.05), #£  22.17% (&l 9C-9D, P<0.05). L4k, #£ 0% NaCl
0.1% NaCl AT, $EMEE DYMI1 XF Rk RFT, M ER DYM7 806 BRI 1K -
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&, TEZEERIRIE 9A. 9C, P<0.05), ¥iH
TETCER 0 451 T 2 Ak DYMT X £k |
W o A R R 00
2.6.3 Etk DYM7 #1 DYMI11 3t EKEHKRINE
LEstE IR R A B 22K SPAD MY

TE 0% NaCl s5FF, M TXT A, 5
Hk DYM7 5 DYMI1 J5 £ K4 & SOD Fil POD
TR G, 5 T 237.8%. 67.2%,
258.0%F1 32.3% (K 10A. 10B, P<0.05); %/
# bk DYM7 5 DYMI11 J5 KR MDA & &
EREAR T 35.16%F1 33.21% (& 10C, P<0.05);
HAV R PR DYM7 19 £k i - SPAD B 2 3% 2 5
T 15.79% (& 10D, P<0.05). 7E 0.1% NaCl ff}f
T, EME K DYM7 5 DYMII J5 KR % SOD
1 POD WM B, lis T 182.01%.

A 005 ®CK OStrain DYM7 ©Strain DYMII
-
2% s T = g
210 a a
2 L

B

59.01%, 209.35%F1 88.08% (/& 10A. 10B,
P<0.05), [AIfF, MDA &5 W R8T 17.22%H1
14.4% (& 10C, P<0.05). Z5H-%W, 7 NaCl
BT, Tk DYM7 Al DYMI11 3 a] 585 48
U AL BTG MEIEFRAR MDA 28, M E £k
HEAER W36 1 B

3 W54 ®

NAEBRZEYR RN ZEEE, Rl
BEWIRAE Y. C AR RIFEER 8 IR 5
N RFEEBEZ AR R M, FEA
FEREAE AP, Jent i ge sl B & B E KR R
NAE LR AN S, M0 B0 e v Y R B A LR
(Alternaria) . A% )& (Trichoderma) . k1% )&
(Cephalosporium) , 155 )& (Aspergillus) fll i 2 /&
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70} a ’

| — T
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Figure 10 Effects of strains DYM7 and DYMI11 on antioxidant enzymes and malondialdehyde content in

maize plants.
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PRIBR AN . EAh, Poveda 25U "FSY K B
Fl S terrestris 76 1E 7 S5 T BN A ) IR i 3%
Hi i UE BRI RN SEAR U TSR Y B AR
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WY ER AT SR, 55 285N E
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