Sk Qo3 ® G AF
¥ 5. 20212006065 AR 10759

BATREF
Rx & RwX

-
AN
[1540]

%, &

2y e

AMF #0 PGPR X3 #9042 41 5 1 = sl
B ARE R Mk

¥ L ¥ F A J%F B
¥ =+ HA B &
) T

o iE F AT R R B+
¥H L 2l g K K W5
A S e WA F
roox % K Em R FEER

HE - HEE - AT
2024 £ 07 A



EVALUATION OF THE EFFECT OF AMF AND PGPR ON SALINE-
ALKALI TOLERANCE AND GROWTH PROMOTION OF

LYCIUM BARBARUM SEEDLINGS

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Natural Science

By

Cheng Yuyao

(Microbiology)

Dissertation Supervisor:Prof. Sun Yan-fei

Lecturer Feng Li

July,2024



AT IR SR SV SO B 7 W % A P 2 A7 B

FALE IR G A B

ARNFTRIHEALR SRR IR S FRATHIBF 5 TAE R BB T SRR . 18
WhHn, KRR ELER I AONES, ARXTFEEEMNABERESIES T

FURR e TIASCHITFL M BB TR AT, BB CH e T R T
ipcen

s B R A, R 0P 7R ¢ H

i P4 ANL S B

BANFET BB TREGRRE ., EHEACHME, SREREE2M 8T
F 150 [ 2% 2 W ) B R LM S W8 SCH L TR RU ARG . A5 AU 22 i e R B
VEIRAFIF VBB R . T E AT B AT A K 2B 08 SO N 2 B B IR R 2 PR %5
A ALK S ALIR SCRIARREFIIN S0 AR R3S G008 MR 5 F A 2

wusws AE wn ews 7n g6

%umzfﬁ& Wi 2o T A ¢ R



e

F: FEPEALH X I ER B ™R, FRE R RNV R JE,  Shesh 1 i R AN B E 2
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EhIRAE T (R, o, SEMAEMER R E AR TR M, AT T R
AR BANE . PP FEFE KIS, P2 A E R BCR AN, DRI 55 SR U0 e #h A
RS A B R B RAAE AL . ARSCHET T EA L AR BR B (Arbuscular
Mycorrhizal Fungi, AMF) FIEYIMRFrMEAE (Plant Growth Promoting Rhizobacteria, PGPR) {E°N
T P B AR AT PR BR BB RE 7 LA S AR 2], A SR £ R B BE b 2 BT 9 I P B 5 Al

Titd: ARWPFUE AL G700 AL AT RS SR AN, X AT HEAT TR AS 58 A 16S rRNA J K1
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Abstract

Object: Soil salinization in Northwest China is serious, which seriously affects the development of
agriculture. The improvement and application of saline-alkali land is very important. Lycium barbarum L.,
as an important medicinal plant and edible plant, has certain ecological value and medicinal value.
Improving the salt tolerance of Lycium barbarum L.is of great significance to promote the sustainable
development of Xinjiang. Adding microbial agents can improve the saline-alkali resistance of plants and
promote plant growth. Among them, the promotion effect of compound microbial agents is often better
than that of single inoculation. However, due to the different types of microorganisms, different plant
species and different growth environments, the effects are also different. Therefore, it is necessary to
explore the excellent microbial combinations that can promote the growth of Lycium barbarum seedlings
under high saline-alkali stress. In this paper, the effects of Arbuscular Mycorrhizal Fungi (AMF) and Plant
Growth Promoting Rhizobacteria (PGPR) as microbial agents on the saline-alkali tolerance and growth of
Lycium barbarum were studied, which laid a foundation for the improvement of saline-alkali land and the
application of target microbial agents.

Methods: In this study, culturable bacteria were isolated and purified by traditional methods, and the
bacteria were identified by morphology and 16S rRNA gene sequencing. Single AMF was isolated by wet
sieving and sucrose centrifugation, and the ribosomal small subunit gene of AMF was sequenced and
analyzed. Different concentrations of saline-alkali gradients were set up to determine the saline-alkali
tolerance range of Lycium barbarum. The effects of single inoculation of PGPR and AMF and mixed
inoculation of dominant strains on the growth and defense ability of Lycium barbarum were studied.

Results: (1)The salt-tolerant range of Lycium barbarum was determined to be < 300 mM. After
isolation and purification, 293 strains of culturable bacteria were obtained, and 8 strains of PGPR with
multiple functions were obtained. They were identified as 5 types, Pantoea cypripedii, Serratia marcescens,
Enterobacter hormaechei, Priestia aryabhattai and Bacillus velezensis. Through Arabidopsis thaliana plate
experiment and Lycium barbarum pot experiment, it was found that after saline-alkali stress was applied,
Enterobacter hormaechei and Bacillus velezensis inoculated alone significantly promoted the plant height,
fresh weight and leaf area of Arabidopsis thaliana and Lycium barbarum. Comprehensive analysis of
Lycium barbarum growth indicators showed that B (Bacillus velezensis) could alleviate saline-alkali stress
to a large extent and promote plant growth. The indicators of Lycium barbarum improved the most when
the saline-alkali concentration was 100 mM.

(2) The results showed that AMF significantly promoted the plant height, root length, biomass, leaf
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water content, proline, soluble sugar, chlorophyll content and antioxidant enzyme activity (SOD, POD,
CAT) of Lycium barbarum. When the saline-alkali concentration was less than 300 mM, A2 (Praraglomus
sp.) had the most significant effect on the plant height, biomass, soluble sugar, chlorophyll content and
SOD of Lycium barbarum, while A1 (Glomus Chenl14 DL-Glo31) had the most significant effect on the
root length, leaf water content, proline, POD and CAT of Lycium barbarum. In addition, the infection rate
of Al to Lycium barbarum was higher than that of A2.When the saline-alkali concentration was 300 mM,
the mycorrhizal dependence of AMF to Lycium barbarum was significantly higher than that of A2. The
study found that the A1l treatment group mainly showed a significant increase in soil acid phosphatase and
soil water content, while the promotion effect of A2 focused on a significant increase in soil total glomalin.
The overall results showed that A1 alleviated the persecution of Lycium barbarum under saline-alkali stress,
and had the best growth-promoting effect on Lycium barbarum under saline-alkali stress.

(3) By applying 300 mM saline-alkali stress, the effects of mixed inoculation of Al (Glomus Chenl4
DL-Glo31) and B (Bacillus velezensis) on the growth, mycorrhizal dependence, acid phosphatase activity,
glomalin, proline, soluble sugar, chlorophyll content and antioxidant enzyme activity of Lycium barbarum
were significantly higher than those of single inoculation of A1 and B. The results showed that B promoted
the infection of A1, the growth-promoting effect of mixed bacteria on Lycium barbarum was more obvious.

Conclusion: In this study, Al (Glomus Chen14 DL-Glo31) and B (Bacillus velezensis) suitable for the
growth of Lycium barbarum were screened out, indicating that PGPR and AMF species and plant types
were selective. The interaction between Al and B promoted the growth of Lycium barbarum, which was
mainly due to the symbiotic relationship between Lycium barbarum and Al. Al infected the roots of
Lycium barbarum, promoted the production of a large amount of acid phosphatase in the soil, increased the
content of glomalin in the soil, promoted the formation of soil aggregates, maintained the stability of the
soil environment, and maintained the soil moisture. B significantly increased the role of Al, improved soil
conditions, improved the antioxidant capacity and defense ability of Lycium barbarum, increased the
activity of antioxidant enzymes in the body, reduced cell permeability to maintain reactive oxygen species
in the body, and improved the saline-alkali tolerance of Lycium barbarum. The ability to promote the
development of Lycium barbarum under saline-alkali stress, make it possible for Lycium barbarum to grow
normally under high saline-alkali stress, and provide theoretical support for the development of microbial
compound bacteria. This study provides a basis for the breeding of Lycium barbarum varieties resistant to
high saline-alkali stress, and lays a foundation for targeted compound microbial agents in improving soil
fertility, promoting plant growth and increasing crop yield. At the same time, it can also reduce the

environmental and economic problems caused by excessive fertilizer input.

Key words: AMF; PGPR; wolfberry; saline-alkali stress; growth-promoting effect

v



JB T ettt r e r e aens I
ADSITACT ...t e e e e e e et e e e an—ateeeaaaeeeeataeeeaann 111
B ettt ettt ettt ettt nanes \Y
TFMETRIZE oot e et e e st ee e e et e e e e eee e, VIII
B 1B STBRZEIR oo 1
L L T T T B0 ettt 1
111 AR B 3 ER AT ..o 1

L2 BZEHIRERE oo 3

1.1.3 MEEM I CAMFE) TAIA oo 4

1.1.4 FEPIHRBRAEAETE (PGPRD fAIAT woveeeeeeeeeeeeeeeeeee e 4

L2 B PIAMIFFEIERRE oo 7
1.2.1 AMF [E PYAMIFTEBERE oo 7

1.2.2 PGPR E PUAMIFTEIEIE oo 9

123 THAEBE TN oo 11
LRI = T = OO OO 12

LA TTETE TS oottt 13

LS BEREELE .o 13

55 2 & M #h 5 PGPR (1) 73 55 ST HIACAR AR R AT HT oo, 14
0 N =SOSR 14
22 FRIEIA oo, 14
220 TEIERIRE oo 14

2.2.2 FBALZE TLIRTI oo 15

2.3 AR V2% ettt 15
2.3.1 {fi ERBHAE A A1 B IR BRI oo 15

232 IR TR AT I AERGIN ..o 15

2.3.3 MITH IR T AW TE oo 16

2.3.4 M ERBTAR AL B PRI T e 17

2.4 BRI T AL TR oo 18

2 S B B T et 18
2.5.1 it 3 58 PGPR AJ BEFRGH R 73 BT oo, 18



2.5 2 T BB PGP R T B oo et e e e e e e e e s e e e e e e ene 19

2.5 3 FAET T TARIRIG oo 20
2.5.4 MIFCZEFRAINIR .ot 24
2.6 BTG /NG e 35
55 3 T MIFC AMF (12 B 00 SR HIRC AR AR R 3 HT o 38
T8 =TSO OO 38
B2 TRIEAIEE ..ot 38
320 EIEREBE o 38
3.2.2 BB TZIRT oo 38
33 A R T V2% ettt 39
3.3.1 AMF 20 BLEETE oo 39
3.3.2 AMF FIATHEAETRIG oo 39
34 BRI HT AL T oo 40
S R T ettt 40
3.5.1 AMF 00 T A ZEZETE oo 40
3.5.2 FBIA T AMF SFHIFC AT oo 41
3.5.3 EhBsHE T AMF X AT B AR KAF BEFIREI ..o, 45
3.5.4 EHHIIA T AMF BITEFETEFIL oo 46
3.5.5 R IE T AME ST 3B FEFREEIA oo 47
3.5.6 ERHIWME T AMF RHIFCHTIEFEARTZI ..o 49
3.5.7 ERHTIAE T AMFE T3 20 HT v 53
B0 BT TN e 54
% 4 75 PGPR A AMF VR FIAC IR ZE ZEERPPUT oo 57
BT T T oottt 57
B2 TRIEITIE <.ttt 57
B2.1 FITERIRE oo 57
4.2.2 FTALRE FLART oot 57
B3 FRIETTTE <ottt 57
A4 BIHEIHT G AETE oo 58
B B R T ettt 58
4.5.1 EhHIPIE T VRA AL FERMIAC A KT oo 58
4.5.2 FROIIE T VR A AL B HAC B AR AR FE T REIE o 59
4.5.3 FhHHME T VRS AL BAEMIAT H R E T oo, 60
4.5.4 ERHIHE T VR A AL TG HIAT IS AR oo 61

VI



4.5.5 EhEg e TR A AL EEXTMIFC HTBFEFREZI oo 61

A6 TGN ettt 64
B S B BEIR BT oo 66
5L BT ettt enans 66
S2TBEE oo 67
BEZE TR oottt 68
B 31 ettt 80
BB oottt n e 99
DB TTAT ettt 101

VII



RS

fote 2

] 5 JESLAFR AR
PGPR Plant Growth-Promoting Rhizobacteria YRR A4
AMF Aarbuscular Mycorrhizal Fungi M H IR E
mM mmol/L ZEIREETE
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R i - RO P i e o 22 S R 6 6 119l 23S N S (Y = oS R B2/ e
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M i BAAESAE, X TR RE W TG K ORI A0 AR 2 R A E A
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1.1.1.3 BIEEFHUNREE

FRBIH O AR A A B REIR e BRI e R, B S IR X K
WA, 3 AR Y E TRV IR A AN T DA S 3 B0 TR, SR A RSLR M, SR AA
AR, A AMIREE ARG BANE, SEE R NN, R G A, SEIEYIR E
Bgz, MMAL ., SERERMMMEZE, EYH IR EREIK. A& SHER
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PRARMIRE, SECRALEM, BIOCEERGES, WA AN, B PR T
XS R A A A ST S ) COL MR [RII &6 i aE S M i 4144 ) SOD. CAT Al POD
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TR EEEBKVERAR, o 7 R I REM A A . R A DU o
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e BRI R, HExSESETIL
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BRBAR RFE L REA 1 J5A A SRS, I i IR & RO (1 R R 22—

1.1.1.4 TEEF UK R

W BAEAE A FIRE L IR R AL ), Eh B PR ) 1 BB A A JE . FEHT R ER
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171 56 Yo - 8 e S o 9 o R TRURT e P A ZE DB RE STV R R A ot 35 v £ 0 1Y
WS S AR, RN 25 & A HUIL EGE LIRBOA S, R BB al 8. MED



8 1 & Yagik BT RSB HLT
EREXS B IR R B RE A AR, et TR, S TR B A
@Tj[ls]o

1.1.2 4B F

5405 NERRE BB ) NE AR FR) 22 2 M RTAEC AS M A 226 B 1) 5 (R 77 1T B 017 o
WA NEELR 4G — RS A IE AR E i, LA M ESCH YRR,
A=W A R B R IR S AR AL A, A SR P T R OV E Y RE S SRS R € I IERE RN, X
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1 8 XEkGRE BAFAFHEFMILT
Horb, e NN fE ) E KA OV BT, RN, TR 7R
PN T AR I T AE (R R 2B BB 35 B R b Tt R 4 5 & K B B AR A

1.13 A EREE (AMF) T

WE-MF M (Vesicular-Arbuscular Mycorrhiza, VAM) & —Fh o] ULEHE YR A
FEAE “UEE” (Vesicules) F1 “IAA;”  (Arbuscules) S5 AEHE . #H4 H# AE
WA=, HESIEHRAR SN, SER AR FER (Arbuscular Mycorrhiza,
AM) , MK EMREE (Aarbuscular Mycorrhizal Fungi, AMF) &2 5 s AR B AR (1
HE, ik, XREEFEEmANNERR, FERECVEBEMRFR, JFR&mHN
AMF3,

AMF {778 38 & R 7EfE ER A —DNE M, FOVE 28, w22 iR
AL, T AMAREN R, AR AN MR K JZ 4, S BUR RIS,
W JE KA N B 22 (G 22 My SC 22D, B 22 AN HE N &7 E A B 35 o 4
AMMLGE . AMF B 224 A\ 32 40 B o7 vb Ak i ad >RV 11 T2 4i M A Se I, PR M
¥ J FEl % (Periarbuscular Membrane, PAM) .

AMF e 548 KR Z 8 AL A, I0ae S HoAh B8Ry Cani e i A e 4
wD BAE, EEMRETT AR EEAER TR XE, AMF G888 @ — R H 22
2, AT DLEES AR, A BT IR IR AMIRER KTy, AMF EN SRR R R
FRRIEI0D | 358 E TR BN L HA A V)R AR R FE B R B A K. AT,
EATRNEAE Y o AR BE BT AL BRI R R, oG8 T RN TR, R T H
hIE T TN EAY) (ROS) 51K EA R A F R, (e EYa &1k
MR, REEDEEE R AP, RESENRE I 2 IFAE T ke, IS SE
Fo AMF LRI AR e, B7 1 ORI, NG AT AT 1 250w 1t 35 A 835
Ao AMF AR R R DG S A E VA= W0 B T E AT C B 2R HE U3, AMF £ B
T AHFE T REDONE R, wiAAEe, B ENIEEM AL P RA FERER,
FR SR, TSR TR, AMF MUSEI AR LA R R, b
55R5 T () A B b AR AE [R5 () B A 3L AR 5 R 3

1.1.4 HERFREER (PGPR) &Y

MRERGHTE (Rhizobacteria) &SR] MR AIF e TR A AN TE . Kk, 24
PR IR 2 B B, X AR T AT USRI S PR IR S I A S — SRR 1R 2
WA, 3 Se AR FEAF A, XA A g, taaHH



% 1 8 XEkimk AAFRFMLTFMILL
W, REEEYAE KR ER40E (Plant Growth Promoting Rhizobacteria, PGPR) J&{g it
TR AE K AR B 20 B PR IR /N TR 4o
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ZHAERALHEE MR ERAIE . PGPR B at SCRIE TR A KA R B, JF H
AFLLHE S SO T URR . IR K E AR INORUEWY . 35 PGPR LM
RIS M1 BURA S AR B e M SR AR D 20 Kt FH o PGPR &% — Ml 22 FAS [R] 1)
YERBLHIRAE R A, ZEHLHI A ALK BA EZRERH, g ins s Riios 2
S E 7R, s BT LR REE R, W W R R 15 A A5 1
J3 B 1 AR BT B G oK 38 s AL A7) i 6

PGPR RS CGEME A KIS, WIS P oREA, AR ails=n i
RO TRIR S, WA NR MAMEERREE . ke ia s 77 IR MY I 95 o ol — 2
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F, S srAE R SRR T 32 P s — LeHu A A SRS 3 Y 15 1) o 1) 7 AR AN Wk R s —
EAER, InaEAEY) B0 B8 68 /1 PGPR P74 EPS X -3 B SR AR O i B3 1 4%
fh, BGE T R, SEFERIE AN BERE, KT TN AR TR E, R
AZAZFH: PGPR A ACC it 2 By BEWs [£ A ACC #4238 ia-BH T IRAIZ, B 1 04
WARK CIRE &R R, BT iE . BRI 3 K A L&
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Fig.1-1 The growth-promoting effect of PGPR
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