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Research Progress in Diversity of Endophytes Microbial Communities
Isolated from Desert Plants and Their Strengthening Effects on

Drought and Salt Tolerance in Crops

YIPARE - Paerhati ZULIHUMAER - Rouzi TIAN Yong-zhi ZHU Yan-lei LI Yuan-ting MA Xiao-lin

( Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, Key Laboratory of Special Environment Biodiversity
Application and Regulation in Xinjiang, School of Life Sciences, Xinjiang Normal University, Urumgi 830054 )

Abstract: Endophytes symbiosis is an important strategy for desert plant to resist to extreme environments. Endophytes promotes the
drought resistance and salt tolerance of host plants, and can also improve the stress resistance of non-host crops in the similar way, which is
expected to solve the problem of grain yield reduction in extreme environments. This paper summarized the species of endophytes from desert
plants and the diversity of their host plants in recent years. From the physiological level of plant-microbial symbiotic interaction ( hormone,
metabolite, antioxidant and osmotic potential regulation ) to the molecular ( enzyme and gene ) level, it systematically analyzed the
mechanism of synergistic drought resistance and salt tolerance of endophytes on host and non-host crops. Combined with the research progress
of desert plant endophytes engaged in by our research group for many years, on the basis of obtaining a large number of strains with growth
promoting and stress resistance function and exploring their mode of action, we put forward positive alternative schemes for desert ecological
vegetation restoration and agricultural sustainable development.

Key words: desert plant ; endophyte ; crops ; drought and salt tolerance ; genes associated with stress
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RS, BREMERMIm KA, Ea R ERA
R fEHLAIA V) 228 o AR AL TR A
thZ WAL B B R B L, SR
AR S RGEUE T —F . B 1866 4£42
ALY N A (endophyte ) M4 2414 155 4F B,
XFN AT RN . ZhAE M H S 1 2 ROC R B
H ¥ 70 2 2 0T, XL FUE W e, R4
AT S R — B Bl 4 BRI A T T A 2H
LA E N, A5RE YA 8RR,
FEXFHYIER . U . U S B S SR
f—2mk gy L KRR, RAMRA LR
B S A Pl AR S R AR S FTAEAR |
£ qE, RS T2 AV E AU P E T
TR, HZ R K Rt R R R LR A
A, HRTC7EHEAR, BA . KA RIEY.
R EEEEE 30 ZUTREYI TR R T ARG LA . Al
WA EN B 150 2 BN AT, BT
HahnaE ERISR S AR AERKE T2 E FT
3 HiL 7 255 2 R v R o BRSO R T i
Z0rEs AT 5 R A i FRE T AR ) A A TR0
INEE KRR RS R D o
PO AT ER B YA AR B e e AR o
DU IX A A N A TR TR A 7, A B R
V(R I DN 7T =k - § B % 7 O Al e X A 1 Y
FHE TR TS gy, IREREZ S, fFEKE
FHA IR A DR PR R £ ) AR HR AR H K i

ARSI 2 AR T 52 T b XA ) N A R
(R 43 1 M S AR AR AL b9, BT &0 1
DR EE T RN (U3 [ E T NI Rt 7 U
SERYIRNAETE, IR T HORIE . R S b
BliiE 5t A $h i AR A A oy FOLE, R T
KA TR VEAR ) N A= TR A o 288 B LA AR vk i F
UM o A SO e AR N A TR R 28 K A8 A
ZHREE . N A TR A T2 R AR 3R AR Y R A
ERPE AL BEA T LRk, LA R Al 2 6 ] 47252 % e
PRI I 5
1 TEEEMNEREFESFYE

TG AEY) F ORI mlR . TR L A
R F TR SR T AR A AR RAR Y, PSR R

Bl HL L RIARAE . [ 2012 4E RISk, XS BREY N
A i S SR EAE L ORI T e s T, R
] 0 37 T AR P P A TR AR I AR TR B B L A
NN PEAERg, ARTENSAE NZE=D 50
Z RSB B N AR, XA T
29 14 R 25 Mo Ho, DL RMEPIRGE 1 i
%, W15 H % ( Glycyrrhiza uralensis Fisch ) ol %
FE K 22 2% ( Ceratocarpus arenarius) ', £k b 59 3%
(Suaeda salsa ) ">, BELEH] (Alhagi sparsifolia ) 2l
J& Wg 5 ( Chick peas ) BB W B (Ammodendron
bifolium ) RN ) ( Pterocarpus indicus Willd. ) B
B %% (Lotuscorniculatus L.) **,  H W & % Bl 48
Y, WIEHBR B (sacsaoul ) ' *'. 5 A 25 ( Salicornia
europaea L. ) 2 b ( Agriophyllum squarrosum L. )o
A0 i A5 5 R 4 22 2% ( Teucrium polium )
Vb # (Artemisiaarenaria DC.). J&§ & Bl #) 2k 1%
7 ( Rosemary ) B A % (Salicornia sp.) 2
#H 7 BV B (Seriphidium santolinum ) 0L
25BN i BB (Eragrostis minor) . 45
Bl #8 & ( Phoenix dactylifera 1.) SO R g
1 40 ( Lycium ruthenicum ) "' % W) Bt 2 # £
Wi ( Tamarix ramosissima ) ”N\ PN (I[N 4
+ AL B 2R AT 3¢
( Lepidium perfoliatum L. ) S RAR E R ( Sorghum
bicolor) "' AEEREY) ( Cullen plicata Delile ) R
AT RN UE,  MTEBAB ) b o3 B T bk 32 2
AR NI, R
L1 AtmE

PN A A LT A1 B A R AR I, Bom EOR
MREZ, Ak, MORREMAYMR, ZE. . 2R
SEHF TR AN AR R AR T, A PR
AT R JE (Bacillus) RIEH %, AL A H 25 AT
( Bacillus subtilis ) ", %6 /N2 JFF 7 ( Bacillus
pumilus ). B RKZFHFFIE ( Bacillus megaterium ). i
VER ZEHFTF I (Bacillus amyloliquefaciens ). 4K 2
O FF B ( Bacillus licheniformis ). 5% Wy 35 28 7 ¥ /&
( Bacillus mojavensi ) R FMEIZEAIFT A ( Paenibacillus
xylanexedens ) & 53 A, f#BE A W ( Pseudomonas
frederickbergensis ), i H. i ( Pseudomonas sp. ).

( Euphorbia trigonas ) N
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= BB B FH ( Pseudomonas brassicacearum ). Ji,
1Z W ( Pantoea agglomerans) RN AN 7R
( Enterobacter cloacae )" %5 [RBHE 7T [ ( Kosakonia
cowanii ). B T5 W I (sinorhizobium meliloti ) [26]\
55 A ( Brachybacterium saurashtrense ). B 5. Jifd
R ( Staphylococcus sp.) 20 S A AR
Sie Ay h AR R B . TERAEYh 2 R B
il 129 s DL E R AR, DUBCRIR AR . R
FrEJE (Agrobacterium ). ZEEAFHE . #HZER S
( Staphylococcus ). MR E ( Rhizobium ). WA )&
( Enterobacter ) 3839 BHRE .
12 AAAR

AR LR N A AT ST Rk, TEARARL
HYh Wt %, A AL ) IR 2 W S5
B M, B P A T I S A A 5 ) A T R
#. HETEAE 80 248 290 ZRARAFHEY) T A& B
WA ER, KREZHEEE T TFREEA (Ascomycetes )
AT A2 2L [RE, MSEBEREY) T oy B P 2
H W2 UL+ % W AR A B H I (Dark septate
endophytes ) I 7, FARHEIERE ( Frusarium ).
BNNEEIE ( Stemphylium ) JEFEREE (Aureobasidium ).
MR (Aspergillus ) VN 2515258 ( Phoma ) %517,
HRJEWE T ( Thermomyces.lanuginosus ) B
BT f8 % ( Neocamarosporium chichastianum ). #r
I £ & ( Neocamarosporium goegapense ). 5
( Periconia macrospinosa ) SR
1.3 AAEKLKRA

P R TR 7 1 ELAT I P VA
P, RO 2 T T it s R B e 2, DAEERE
W& ( Streptomyces ) FEFC22 T ( Streptoverticillum ).
Wi sh i £k W J8 (Antinoplanes ). 5 & K H )&
( Nocardia ) ./N¥RIEE & ( Micromonospora VI LR
SR, AT h 43 B T A T B A, LB
HwE . i RIREE ( Nocardiopsis ). FATCHL R A
J& (Amycolatopsis ) $ R I B
2 FEEMMEENEERERERENG

B0 &L e =20

TR AER T R MR R R B R,

il A A e F AR AE B N R . TE TR

FER I T, WA KR TSP Bty 2 2
M2y, ZERFRrB, T RIERBLREIL TR RS
EHNTT IR TR T B & s FELTE B, B
KA Rt s BE IS, bR
R LA R fof T FR T R, 0 s R i
AL TG BRSBTS R R RS
MR B, AR R R R T
KREAFER, LHZAEREENE (L) E9
J U RO A K R P ARAESE A B FIRE,
AP AE A N WXELUAEAE . SR S AR AN [F] Y
&, AT TR AR ) B A s TGHURR A BR R
Py A AL I AL ARG (catalase, CAT). 144k
Wit ( peroxidase , POD Y FrEER ( peroxiredoxins,
PRDX ) FIZ B H K (glutaredoxins, GSH) 253 %
AT P B Ko /N o3 7B 35 T W ROk 4E4F A B R
17100, sy AT B A IR B B an . AL
() 1) 2 O KA, R 5 oA Wt A S 2R ) AR B
Ui, FEY)A A PP PR 52 b X e R 25
SE L U RO ) 7 A A R K8 3 T T ) B
S S O P A R e R
el VA R S A BRI E RO . SRS TER
T A AR ARG A D B 5 T o 7 336 855 f 3 O
(F1)

TR ERHAFEREY R, sk
FEMTA TR R ICE R A O it X es
Yy N A T A2 SR A BT LR A F A B T ek
BT RXAEWEES, I RAROREEmA, yfRolkn]
Frei R et B 2R R BN, SRk 9T rykEE
SERRAE . AN RN F 77 X, Rl oA
KA AT 32 W i T S FOER R A AE P BE 5, iy HE v 28
RN TE RIS A Fritk— Y . I, REER)
XS XIS [ R Rl v N AR R EA T R B, A
RS E SN AR YA AL, T R IR AEY) AR
PAHRBERT SR
21 REHDAERRGE LR RAED T

At

FeBAE ) N A T e E B RE ) . TR
BAEY o B RN AR R M E R R L R
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DA « WRZRIAERSE - Sl N A T 2 R E S HEE s R AL AN R E RO BT TSI 03

HRRY R B ORIE R Y RWOKRE TS, TR 1 32 AR
A7, BN, JE/NEERRTE . RERECE . ARG
602 FRT S A T A e o WA S B S R
BAFSEY B A AR AR AR YRR AR T R
[FIEE, Sd k4= 78 RN 22 ( phenylalaninammo-
nialyase, PAL ). A 1k W I AL il (super oxide
dismutase, SOD ), CAT. POD. % 1 kit £k 4
fif} ( glutathione peroxidase, GPX ) % [if§ 1Y i 4 ok 34
s HOOH T R T 32 6E )0 J34b, 218 (Pantoea
alhagi ). B RZFHUFF B S5 Tl 7 AR gk A st
S MR RIS R0 AL AN A L gk
AR S A K R T R IR B A 52 7
WE 1 PR, WIEEAYI R 708 1 6 BR T N
AU A A AT AE KRR . ACC AT
TEMEAILT R MRE S L, PR . %
R E (Kocuria sp. ) FE R EZFHIAT B ARSI by
TR, AL SRR YRR i A IR AR K2
RS

[FIRE, Bl fE 50 B N AR O R e
FOHIEREY) ) R RIS R IRE.
B, MIEEAEY A ( Nitraria tangutorum Bobr ),
PRAR R 185 140 P A A T 4 TR BB A 1 R0 L VA A
PARARKER, IR R SIS S
TP (AP, MeRE R kTR
it e D /D RELRR T I S T A . Hoh,
A BE ML TR ( Sphingomonas aquatilis ). H £ H3 8 7
( Rhizobium halotolerans ) i 7] 38 1 41 # £ KAR Br 1
YRS 2 REVE R R i B ia 7, 1R
B2 P9 A TR L K R bR e S AR T, 4R
W AR K AR T 5 RIS, B3 N AR T IS
Al R AR KL Mg FI P &, SEDEE
VER B A T, A e AR AR B ARG 22 i 1
0 BRST R B, R A P A R A
(Alternaria ). #EJI W& ( Fusarium ) $& 5 T /NEAE
TEEE T RS ERRE ) . PR ALY EEE PG
SR, PRI XS BR  AFIRER, AT
INFZIHLRERE ' ST R SRR A K
SAEYIHOR TR ZEH O B IS B Y
B 25T ( Bacillus megaterium ) FIARTER 2F fOFF
Tl A A B o D SR S PR B A A AR S, O

R A B A A SR B AR R R A 2
FELF BT I V29D 2 FELAT R0 W] 42 i T Al 301 %
40%-50% "'
22 LB N AT 38 EBORAF 6 a2k

At

ER B B T HE PR FRO6 K 0 AR R R
FHREST 7, s TR A A T S B R T 3
AREYE 7 IR, KI5 BRI SR B Tk Sy
R AN AN AR SO T RE T, IR Tl & . 3
W R AR K R L R AN B RE S TR s A e SR
a2 U7 AR R SR A R
PSR R B B W R (iR
R AIVEMERE . TR — RIS ) RN Xt A A
5 0 A AT B A R AR R Y
WK RE S 1B i, WIMEZR (3-indoleacetic acid |
TAA) JEliB i 2 1) — 2SN A TR R HEGR . N AR TR
L7 A TAA BAR VA TR A R, Em e i
WIFERR A R AR ML BRI AN, RN R
WL = LA (ethylene, ACC) R4 & T ARAE
ERIE TR BBl ST A1 FR I ( Klebsiella
sp- ) FIRLELE e E ( Kosakonia cowanii ) PAEASIRE TR ,
AT EE R A TAA T R4 & B
R 0

LY N AR TR D AR A W (e R 38 R i a2
A s, 0T B, e AR B T R A R
R P R 52 0 AL AIL ) 6 A T BAT R B R 52
PR o TR R BB AS B P v B Y 2 AT
Wi (Bacillus altitudins ) 1A 3l ¥F ( Acinetobacter
nosocomialis ) TEERWIIA T, XF/NFZFhF 1) & 25 K1Y
ARV L 2B FTEBR . MR R
T BN T RN SR AR L BB S R R K T AEAR
[FER M IE T By w R % IRZER s AR A Y,
AR 185 R ER A A TE RE . 34k, MUY
YRR B IR T ( Streptomyces ambofaciens ) 38
T 1) H 2R Ay R A BT A2, e T
B ACC AR TR A AT LLGE 1 R R 208
JRAR B KRR PR 7,

Zibpng, TR AR B T RS
B A KR RE RS R DA ) 2B A KBl i) I A TR 5



94 4 % ¥ A @ 48 Biotechnology Bulletin

2022,Vol.38,No.12

U5, HAPSE B RS [ - 5, (HH SR TR
e TR AL A K . WA R L
U RIS A T, EAEAS R 2,
A B H A A i /e R AR TS, X T
15 A (JCHRAAEY ) T S Rt A —E
AOPE VR L,
3 s5REEYREENNERERREE

A EER

TET S alERa T, A AT AR
IO PR DG PR 114 238 SR E - AE ) 1w AR AN A= i T
gy, PTG SR i 3 RO PR EEE I AR AE 1 1 45
N A T AR AT AR O T RE L IR, MR e AR A
P A A TR TR A R SR R A i A A sl TR R
[RJEST, %t A A o 7 P2 TR IR 4 R AR SC R TR S A5 5
T FEAAT B TR Y T AR R

DA A TR T DA RAS AR vl IS0 S A DG R DR ) R 38
Timmusk 28 " 3738, 76T F W8 F R T A A
RS T R R R ERDIS BRI, iR
e O T A SZ B8 0. AR TR T S AR AR )
BEER L . R, mIk R . Wi ES A, L
TG AR AT T 1 DR v
IR 2 G G A b AR DG TR R SR Al R A )
AR 0 A, B RS DR 40 B A A T R
SRHYBELAL, 91 a0 2 B REL B 2 B T F) et T i DXL P H
BRI R T R A SR, T ] 4938 18 3 2 fifp vl 45
Fraf 00, A R S A A A 42 (trehalose
biosynthesis pathways ) B2 530 8 ) N B R 3
PR, G4E 6- BERRIEE NS5 UBEHER otsA/otsB .
AR FRLER ( Pseudomonas ) WISERZLH, K T
SUE WA RIRAR, TreS Fl TreY-TreZ 342 1, HF
GERW, T BRI DR ) el 8 W] 4t vy K A
TEAEAE WA T IO 32405 2 Bikk Pantoea WG %
B ( lipopolysaccharide, LPS) AR waa G Bk
STEUANTE LPS Z5H 78k, 1% 5 (A B R B RN
SEFAE/NEARTREYRE ) B TR, fE/NEBU R RE
FAFR, I, LPS & BAMKE A waa G fEXIH
PRAE T S0/ N DU OB R T

DL RS R B, B ) N A e T 5 S
3B A5 XS ECRVE A KA REHET,

PE— 278 A S AN R R 2 TR AR A T A LR
BEE T AEA, A v T T DX AR W A S
PRt T H U
4 RE

e [ 5 T S M DR AR 4 e AT
g2 Y, AESIRBEMEES . AR ARG, KL
WK, iRl B eI . B Ak, W%
VR 0 FE AR R SRR, ]
TR X — ER R e R A R, B
WHSEEIYRY], PR R G T R A SR
Fr Z AR 7k o SEAE oA W e RS fie A ) 7
S PREE,  FLAEY) S T M A 0 A R A R T
EBRGRE RN EERRZ — T Wb, ki
MBFTE R, ST A AR B T TR AR AR
PR PT e ERBOR I . IR, 2R T 26
TR TR, RIS 1 T AR TRl
PLH, A BT ReR R AR ST, I RN R
53 IR YR 111 I Y = rre e ot L 1 R B S E e T A PN
SR HAR A BT R A A SR S IR
(AR H0 10 23 T AL B . RO d 2o B ]
4. Fesrd, U RERRAZ A0, 4G
AR ER S AT LA L, AR S SR
PRI A5l SRR R D A3 o A
FERIP TR R, R A AR TR 1 e TR X A
PP AT ST TE

& % x ok

[ 1] Dai AG. Drought under global warming : a review [J]. WIREs
Clim Change, 2011,2 (1) : 45-65.

[ 2 ] Mishra AK, Singh VP. A review of drought concepts ( Review ) [J].
Journal of Hydrology. 2010, Vol. 391 ( No. 1-2) : 202-216.

[ 3] Lai CG, Zhong RD, Wang ZL, et al. Monitoring hydrological drought
using long-term satellite-based precipitation data [ J ] . Sci Total
Environ, 2019, 649 : 1198-1208.

(4] ke 0T, R, & M A ROTT SR [ ] . 4R
A, 2010,25 (2) : 226-234.

Hu GP, Zheng XF, You MS, et al. Recent advances in research on
endophytes [ J ] . Fujian J Agric Sci, 2010, 25 (2) : 226-234
[5] SO0 MR . K . 55 L IEAEE N AME Y AR 1) AR P T 1k



FHFEA -

2022.38 (12)

BAZRIG$E55 « FElURe ) N A T 2 R SO s RAE DT AN RO o5

PSR (0] . szl , 2007, 38 (11) : 1750-1754.
Jia L, Chen SY, Zhai YG, et al. Recent advances in studies on
endophytes and their associated bioactive products [ J ] . Chin
Tradit Herb Drugs, 2007, 38 (11) : 1750-1754.

[6 1 VFBIRL. F AR R T 5555 N AR 40 TR 1 2 RE RSB S fie A
BIIRERTF [ D ] . dEat - PRl |, 2014,
Xu MS. Culturable bacterial community compositions from seeds of
tomato and rice and function of plant growth promoting endophytic
bacteria [ D | . Beijing : China Agricultural University, 2014.

[7] BSCH . NIRRT S AR I [D ] . M
5 R AUINER , 2014.
Tong WJ. Analysis of endophytic diversity and growth promotion
potential of Dendrobium loddigesii Rolfe [ D | . Nanjing : Nanjing
Normal University, 2014.

[ 8] SCHENS , iKFMR  FiE A, & A N AR TRl R
Wtk [1] . el BoR 5564 , 2011 (6) : 52-56.
Guan YQ, Zhang BJ, Han JC, et al. Research progress on application
of plant endophytic actinomycetes in agriculture [ J ] . Agric
Technol Equip, 2011 (6) : 52-56.

[ 9] Strobel G, Daisy B, et al. Natural products from endophytic
microorganisms [ J | . J Nat Prod, 2004, 67 (2) : 257-268.

[ 10 ] Xie ZC, Chu YK, Zhang W], et al. Bacillus pumilus alleviates
drought stress and increases metabolite accumulation in Glycyrrhiza
uralensis Fisch [ J ] . Environ Exp Bot, 2019, 158 : 99-106.

[ 11 ] WIeFs, AT, PM . 55 . A BRI HE FOR 4 d BT AL A
58 (1] R4, 2017,36 (11) @ 1556-1565.

Hu ML, Zheng Y, Sun X, et al. Effects of endophytic fungi on
drought resistance of maize seedlings [ J ] . Mycosystema, 2017,
36 (11): 1556-1565.

[ 12 ] Larran S, Simén MR, Moreno MV, et al. Endophytes from wheat as
biocontrol agents against tan spot disease [ J ] . Biol Control, 2016,
92 : 17-23.

[ 13 ] 5RkeIUstE , JAHa2E | 45 . AEPIN A BN T4 3 G i LRI
Wt [1] . Rl b, 2018, 46 (6) 1 17-22.
Zhang KX, Tang YK, et al. Research progress on application of
plant endophytes in remediation of environmental pollution caused
by harmful metals [ J | . Jiangsu Agric Sci, 2018, 46 (6) : 17-22.

[14] R, UEFMT, sKANTR , &5 . TORNEANT SR UETE it e
[J]. AW, 2019, 41 (5) : 390-396.

Yang FZ, Wu XY, Zhang RY, et al. Research advances on

endophytic bacterial resources in maize [J] . Biotic Resour, 2019,
41 (5): 390-396.

[ 15 ] AHERE | OKMIE IR - Bk Ty B B0 A 0F T AR AR R

WA 0 RO B S i [ ] . R B
LB, 2018,27 (3) : 18-24.
Zhu YL, Adali M. Effects of endophytic bacteria on seed
germination and main carbohydrate contents in Ammodendron
bifolium under osmotic stress condition [ J ] . J Plant Resour
Environ, 2018,27 (3) . 18-24.

[16 ] AR . ARTOMLN A TR 20 1 . AR FIRRE 2 (2 AR B4 T

FE LD ] P . PRPGITI R , 2018.
Zhu YL. Isolation and identification of Ammodendron bifolium
endophytic bacteria and the effects of selected isolates on host
seed germination, initial radicle growth and osmotic stress
tolerance [ D | . Xi’an : Shaanxi Normal University, 2018.

[ 17 ] Zhu YL, She XP. Evaluation of the plant-growth-promoting abilities
of endophytic bacteria from the psammophyte Ammodendron
bifolium [J ] . Can ] Microbiol, 2018, 64 (4 ) : 253-264.

[18 ] Li YT, Cheng C, An DD. Characterisation of endophytic bacteria
from a desert plant Lepidium perfoliatum 1. [ J ] . Plant Protect Sci,
2017,53 (No. 1) : 32-43.

[ 19 ] Tian YZ, et al. Exploring the structural changes in nitrogen-fixing
microorganisms of rhizosheath during the growth of Stipagrostis
pennata in the desert [ J ] . Biosci Rep, 2021, 41 (4):
BSR20201679.

[20 ] Tian YZ, Ma XL, Li YT, et al. Relationship between microbial
diversity and nitrogenase activity of Stipagrostis pennata
rhizosheath [ J | . J Cell Biochem, 2019, 120 ( 8 ) : 13501-13508.

[21 ] W16, FRT , INAL, 4 . 5 Fh AR ELRN R B 51
WA fEm [1] . w2018, 16 (1) : 28-35.

Hu ML, Zheng Y, Sun X, et al. Effect of five endophytic fungi on
the growth of maize seedlings under drought stress [ J ] . J Fungal
Res, 2018, 16 (1) : 28-35.

[ 22 | Zhang L, Zhong J, Liu H, et al. Complete genome sequence of the

drought resistance-promoting endophyte Klebsiella sp. LTGPAF-
F [J].J Biotechnol, 2017, 246 : 36-39.

[ 23 ] Hosseyni Moghaddam MS, Safaie N, Soltani J, et al. Desert-adapted
fungal endophytes induce salinity and drought stress resistance in
model crops [ J ] . Plant Physiol Biochem, 2021, 160 : 225-238.

[24 ] 222055, 55 RV PN AR T PR DT BRI 1 R G5 PR A 4 T



96 4 % ¥ A @ 48 Biotechnology Bulletin

2022,Vol.38,No.12

PokFR (1] RAAERSR , 2010,21 (4): 1021-1025.

An DD, et al. Anti-microbial activity of endophytic actinomycetes
isolated from Ammodendron bifolium and their antagonism to
endophytic bacteria [ J ] . Chin J Appl Ecol, 2010, 21 (4) .
1021-1025.

[ 25 ] Zahra T, Hamedi J, Mahdigholi K. Endophytic actinobacteria of
a halophytic desert plant Pteropyrum olivieri : promising growth
enhancers of sunflower [ J ] . 3 Biotech, 2020, 10 (12): 514.

[ 26 ] Noori I, Etesami H, Najafi Zarini H, et al. Mining alfalfa ( Medicago
sativa L. ) nodules for salinity tolerant non-rhizohial bacteria to
improve growth of alfalfa under salinity stress [ J | . Ecotoxicol
Environ Saf, 2018, 162 : 129-138.

[ 27 ] Jha B, Gontia I, Hartmann A. The roots of the halophyte Salicornia
brachiata are a source of new halotolerant diazotrophic bacteria
with plant growth-promoting potential [ J | . Plant Soil, 2012, 356
(1/2): 265-277.

[ 28 | ALKahtani MDF, Fouda A, Attia KA, et al. Isolation and
characterization of plant growth promoting endophytic bacteria from
desert plants and their application as bioinoculants for sustainable
agriculture [ J | . Agronomy, 2020, 10 (9 ) : 1325.

[29] Razzaghi Komaresofla B, Alikhani HA, Etesami H, et al. Improved
growth and salinity tolerance of the halophyte Salicornia sp. by co-
inoculation with endophytic and rhizosphere bacteria [ J ] . Appl
Soil Ecol, 2019, 138 : 160-170.

[30 ] SRHERN , B8, Shes , &5 . —MRHEARP I A VE R
AHE SR (] TR 2016 (2) @ 19-22.
Song YY, Yang Z, Ma XY, et al. Isolation and identification of
a strain endophytic fungi made plant growth promoting from sea

buckthorn [J ] . Liaoning Agric Sci, 2016 (2):19-22.

—
(98]
—_

[

Cherif H, Marasco R, Rolli E, et al. Oasis desert farming selects
environment-specific date palm root endophytic communities
and cultivable bacteria that promote resistance to drought [ J ] .
Environ Microbiol Rep, 2015,7 (4 ) : 668-678.

[32] 08T . B JUAN AL TiE B AR BRARCAE MR S AR [T R
W e PEATEREDISE [ D] BEAST « Bl R,
20009.

Wang WX. The characteriestics of rhizosphere microorganisms,
isolation and analysis their activity for plant growth-promoting
of endophytic diazotrophic bacteria from typical desert plants in

Xinjiang [ D | . Urumqi : Xinjiang Agricultural University, 2009.

[ 33 ] Eke P, Kumar A, Sahu KP, et al. Endophytic bacteria of desert
Cactus ( Euphorbia trigonas Mill ) confer drought tolerance and
induce growth promotion in tomato ( Solanum lycopersicum 1..)[ J .
Microbiol Res, 2019, 228 : 126302.

[ 34 ] Singh RP, Jha P, Jha PN. The plant-growth-promoting bacterium
Klebstella sp. SBP-8 confers induced systemic tolerance in wheat
( Triticum aestivum ) under salt stress [ J ] . J Plant Physiol, 2015,
184 : 57-67.

[ 35] Ali AH, Radwan U, El-Zayat S, et al. The role of the endophytic
fungus, Thermomyces lanuginosus, on mitigation of heat stress to its
host desert plant Cullen plicata [ J ] . Biol Futura, 2019, 70 (1) :
1-7.

[36 ] Besil, XUHETE X . B ACC SR L A B % P A 20

WS SR ROLAE WS [T] . B YIA, 2010, 50
(11): 1503-1509.
Teng SS, Liu YP, Zhao L. Isolation, identification and
characterization of ACC deaminase-containing endophytic bacteria
from halophyte Suaeda salsa [ J ] . Acta Microbiol Sin, 2010, 50
(11): 1503-1509.

[ 37 ] Yaish MW, Antony I, Glick BR. Isolation and characterization
of endophytic plant growth-promoting bacteria from date palm
tree ( Phoenix dactylifera 1..) and their potential role in salinity
tolerance [ J | . Antonie Van Leeuwenhoek, 2015, 107 (6) :
1519-1532.

[ 38 ] Hallmann J, Quadt-Hallmann A, Mahaffee WF, et al. Bacterial
endophytes in agricultural crops [ ] ] . Can J Microbiol, 1997, 43
(10): 895-914.

[ 39 ] Surette MA, Sturz AV, Lada RR, et al. Bacterial endophytes
in processing carrots ( Daucus carota L. var. sativus ) : their
localization, population density, biodiversity and their effects on
plant growth [ J ] . Plant Soil, 2003, 253 (2 ) : 381-390.

[40 ] R . 25 IR N AE LR P BUR R S i [T ] . T Y
242, 2018,37 (1) : 1-13.

Guo SX. The recent progress and prospects of research on
endophytic fungi in medicinal plants [ J ] . Mycosystema, 2018, 37
(1):1-13.

[41] T# %, #Mbefh, tRag . 25 HAEY N A B A D e O 52 ik
J& L[] . EEZSAR . 2013, 41 (3) : 168-171.

Ding CH, Du XW, Xu Y. Progress of study on function of

endophytic fungi from medicinal plants [ J ] . Acta Chin Med



FHFEA -

2022.38 (12)

BAZRIG$E55 « FElTRe ) N A T 2 R SO s RAE DL AN RO o7

Pharmacol, 2013, 41 (3): 168-171.

[42 ] 64, a0less , Bkl . RN AR TR MR ST T
AP 3E Al , 2015, 42 (2) : 349-363.

Wang ZW, Ji YL, Chen YG. Studies and biological significances of
plant endophytes [ J ] . Microbiol China, 2015, 42 (2 ) : 349-363.
BEYLV WA ET | ARIR L SF A OANT AR B A S A
WEPEGHT [ ] . R, 2014,22 (1)« 188-193.

Bi JT, Pan RX, Li L, et al. Isolation and microbial inhibition

[43

[

activity of endophytic fungus from Cynanchum komarovii [ J | .
Acta Agrestia Sin, 2014,22 (1) : 188-193.
[44] Tl FEZ , IMEIL , 5 . —BREFIRA SRR 55 VR 3L
WA ELTA Stagonospora sp. BIURGACH =4 [T] . W,
2020,39 (3): 581-588.
Xu ZL, Wang YD, Sun BD, et al. Secondary metabolites of an
endophytic fungus Stagonospora sp. inhabiting in desert plant
Bassia dasyphylla [ ] ] . Mycosystema, 2020, 39 (3) : 581-588.
PR, FEZ , XMWRsE, 5F . —WRRRAESTR B TR
% W A ZL B Rhinocladiella similis *R 4% F R K36 4 B AL A4
[J] . HPIAR L 2020, 39 (3) : 589-598.

[45

[

Li LY, Wang YD, Liu ZL, et al. Resorcylic acid analogs from
the desert plant endophytic fungus Rhinocladiella similis [ ] ] .
Mycosystema, 2020, 39 (3) : 589-598.
[ 46 ] )y . RSB R €A B A A U R0 2 R A R
PEDFSE [D ] RE - bR, 2020.
Hou LF. Species diversity and salt tolerance of dark septate
endophytes in three desert plants [ D ] . Baoding : Hebei
University, 2020.
[ 47 1 SRIRBE . 2 DU 5P SRR A% €A T PA) A LT 22 R B HL T
DTS [D ] RE - ITIEREE |, 2018.
Zhang LL. Species diversity and drought resistance of dark septate
endophytes in the rhizospheres of different plants in Anxi extreme
arid desert [ D | . Baoding : Hebei University, 2018.
[48 ] BUIT . 458 45 . JURMEFAE 25 TR W P A T2k B 1 38 4% 22 4
PERBURETEYE [T] .m0l R4 , 2011, 29 (2) : 225-
229, 279.
Zhao K, Xu K, et al. The genetic diversity and antibiotic activity of
endophytic actinomycetes from medicinal plants in Sichuan [ J ] .
] Sichuan Agric Univ, 2011,29 (2) : 225-229, 279.
ChN BTS2 AR P9 A O T 22 R 0BT B P
BHREPFIZHIIZE [D ] BHIR - BEHARS: , 2020.

[49

[

Ma LR. Diversity analysis of endogenous actinomycetes of Xinjiang
characteristic medicinal plants and multi-phase classification of two
new Streptomyces species [ D ] . Ala’er : Tarim University, 2020.

[50 ] dHadn . B Ay | 45 B 13 iR i r AR Py A ik i 2 4
PR BT PO L T ). 85 AR %40, 2020, 32(3 ): 1-13.
Lei YJ, Xia ZF, et al. Diversity and antimicrobial activity of the
endophytic actinomycetes from the root of 13 desert plants in
Xinjiang [ J ] . J Tarim Univ, 2020,32 (3): 1-13.

[51 ] #RESXS , &5 . 7 L FH L [ SRR DX T N AR TR 2 A1
ST [T] A, 2015, 42 (6) : 990-1000.

Qi HX, et al. Diversity and distribution of endophytic actinomycetes
strains in Sophora alopecuroides L. from Baijitan Nature Reserve of
Ningxia [ J ] . Microbiol China, 2015, 42 (6 ) : 990-1000.

[52] El-Shatoury SA, El-Kraly OA, Trujillo ME, et al. Generic and
functional diversity in endophytic actinomycetes from wild
Compositae plant species at South Sinai - Egypt [ J ] . Res
Microbiol, 2013, 164 (7) : 761-769.

[ 53 ] Natsagdorj O, Bekh-Ochir D, Baljinova T, et al. Bioactive
compounds and molecular diversity of endophytic actinobacteria
isolated from desert plants [ ] ] . IOP Conf Ser : Earth Environ
Sci, 2021, 908 (1) : 012008.

[ 54 ] Carvalho M, Matos M, Castro I, et al. Sereening of worldwide
cowpea collection to drought tolerant at a germination stage [ J ] .
Seci Hortie, 2019, 247 : 107-115.

[ 55 ] Kozminska A, Al Hassan M, Wiszniewska A, et al. Responses
of succulents to drought : comparative analysis of four Sedum
( Crassulaceae ) species [ J | . Sei Hortic, 2019, 243 : 235-242.

[ 56 ] Tombesi S, Frioni T, Poni S, et al. Effect of water stress “memory”
on plant behavior during subsequent drought stress [ J | . Environ
Exp Bot, 2018, 150 : 106-114.

[ 57 ] Chaves MM, Oliveira MM. Mechanisms underlying plant resilience
to water deficits : prospects for water-saving agriculture [ J ] . J
Exp Bot, 2004, 55 (407 ) : 2365-2384.

[ 58 ] Osakabe Y, Osakabe K, Shinozaki K, et al. Response of plants to
water stress [ J | . Front Plant Sci, 2014, 5 : 86.

[ 59 ] Khan AL, Waqas M, et al. Plant growth-promoting endophyte
Sphingomonas sp. LK11 alleviates salinity stress in Solanum
pimpinellifolium [ ] ] . Environ Exp Bot, 2017, 133 : 58-69.

[ 60 ] Zhang SH, Xu XF, Sun YM, et al. Influence of drought hardening

on the resistance physiology of potato seedlings under drought



98 4 % ¥ A @ 48 Biotechnology Bulletin

2022,Vol.38,No.12

stress [ J ] . J Integr Agric, 2018, 17 (2) : 336-347.
[61

[

Tanveer M, Shahzad B, et al. 24-Epibrassinolide application in
plants : an implication for improving drought stress tolerance in
plants [J].Plant Physiol Biochem, 2019, 135 : 295-303.

[ 62 ] Chen C, Xin K, Liu H, et al. Pantoea Alhagi, a novel endophytic
bacterium with ability to improve growth and drought tolerance in
wheat [ ] ] . Sci Reports, 2017, 7 : 41564.

[63 ] Li X, He X, Hou L, et al. Dark septate endophytes isolated from a
xerophyte plant promote the growth of Ammopiptanthus mongolicus
under drought condition [ J ] . Sci Reports, 2018, 8 : 7896.

[ 64 ] Hassan SED. Plant growth-promoting activities for bacterial and
fungal endophytes isolated from medicinal plant of Teucrium polium
L [J].JAdvRes,2017,8 (6): 687-695.

[ 65 ] Chen Q, Tao SY, Bi XH, et al. Research progress in physiological
and molecular biology mechanism of drought resistance in
rice [ J ] . Am J Mol Biol, 2013,3 (2): 102-107.

[ 66 ] Zhang Q, Yu HQ, Sun P, et al. Multisource data based agricultural
drought monitoring and agricultural loss in China [ J ] . Glob
Planet Change, 2019, 172 : 298-306.

[67 ] RV . FERAEY A A N DAL I R A (D] 22
M 22K 2019.

Yan TZ. Effects of endophytic bacteria in desert plants on drought
and salt resistance of plants [ D] . Lanzhou : Lanzhou University,
2019.

[68 ] X3 . il A4 18 EF0801 X PEG Wil T /K RS 4l i i) 2% fit
R ID T TR - PRRHIBYE R , 2017
Liu QW. Alleviation of endophyte EFO801 from S. salsa to the
damage of rice seedlings under PEG stress [ D | . Shenyang :
Shenyang Normal University, 2017.

[ 69 JHRIGE S . iz P9 A= FURD /N DT SE LI [ D 1. JEst.

A RRABE , 2019.
Qiang XJ. Mechanisms underlying the effects of endophytic fungi
isolated from Elymus dahuricus on the drought resistance of
wheat [ D ] . Beijing : Chinese Academy of Agricultural Sciences,
2019.

[70 ] ik, THIAL, skt , 48 . R/ ZFFAT RO Faliih 11 &

Lo e s ()] J6rba 2, 2014 (15) 2 109-111.

Qu FB, Yu ML, Zhang ZQ), et al. Effects of Bacillus pumilus on seed

germination and seedling growth of tomato [ J ] . North Hortic,

2014 (15): 109-111.

[71 ] JRBEE ek, At . 55 . 2 AT IR O R a1 Al

T A LLBIES (Fe30) [T ] #2544
ARLER L 2004, 30 (6) : 603-610.
Su AD, Xie GL, Li B, et al. Comparative performance of Bacillus
spp- in growth promotion and ( suppression ) of tomato bacterial
wilt caused by Ralstonia solanacearum [ J] . J Zhejiang Univ
Agrie& Life Sci, 2004, 30 (6 ) : 603-610.

[ 72 ] Sanchez-Blanco MJ, Alvarez S, Ortufio MF, et al. Root system
response to drought and salinity : Root distribution and water
transport [ M | // Root Engineering. Berlin, Heidelberg : Springer,
2014 : 325-352.

[73

[

De Gara L, Foyer CH. Ying and Yang interplay between reactive
oxygen and reactive nitrogen species controls cell functions [J ] .
Plant Cell Environ, 2017, 40 (4) : 459-461.

g, SN, AR, S FhO XU R IR A B
m (3] R 2012, 51 (22) : 5099-5104.

Lu YJ, Gao CM, Zheng XF, et al. Effects of salt stress on

[74

[

germination of Arabidopsis thaliana seeds [ J ] . Hubei Agric Sci,
2012,51 (22): 5099-5104.

/N DRGAL , JEEGAE | 55 . AR AR IR RN RS i i 5
L1 ] . BlRE | 2006, 23 (10) : 44-49.

—
~
W

[

Yu XJ, Shi SL, Long RJ, et al. Research progress on effects of
ecological factors on seed germination [J] . Pratacultural Sci,
2006,23 (10) : 44-49.

[ 76 ] Paul D, Lade H. Plant-growth-promoting rhizobacteria to improve
crop growth in saline soils : a review [ ] ] . Agron Sustain Dev,
2014,34 (4): 737-752.

[77] Qin Y, Druzhinina IS, Pan XY, et al. Microbially mediated
plant salt tolerance and microbiome-based solutions for saline
agriculture [ J | . Biotechnol Adv, 2016, 34 (7). 1245-1259.

[ 78 ] Razzaghi Komaresofla B, Alikhani HA, Etesami H, et al. Improved
growth and salinity tolerance of the halophyte Salicornia sp. by co-
inoculation with endophytic and rhizosphere bacteria [ J ] . Appl
Soil Ecol, 2019, 138 : 160-170.

[ 79 ] Sewelam N, Kazan K, Schenk PM. Global plant stress signaling :
reactive oxygen species at the cross-road [ J ] . Front Plant Sci,
2016, 7 : 187.

[ 80 ] Numan M, Bashir S, Khan Y, et al. Plant growth promoting
bacteria as an alternative strategy for salt tolerance in plants : a

review [ J ] . Microbiol Res, 2018, 209 : 21-32.



FHFEA -

2022.38 (12)

WAZRIG$E55 « FElhe iy N A T 2 R SO s R A e AT SRV E RS E R 99

[ 817 Szabados L, Savouré A. Proline : a multifunctional amino
acid [ J | . Trends Plant Sci, 2010, 15 (2) : 89-97.

[ 82 ] Slama I, Abdelly C, Bouchereau A, et al. Diversity, distribution
and roles of osmoprotective compounds accumulated in halophytes
under abiotic stress [ J ] . Ann Bot, 2015, 115 (3 ) : 433-447.

[ 83 ] Fahad S, Hussain S, Matloob A, et al. Phytohormones and plant
responses to salinity stress : a review [ J ] . Plant Growth Regul,
2015,75 (2) : 391-404.

[ 84 ] Chakraborty U, Roy S, et al. Plant growth promotion and amelio-
ration of salinity stress in crop plants by a salt-tolerant bacteri-
um [ J ] . Recent Res Sci Technol, 2011, 3 (11 ) : 61-70.

[ 85 ] Win KT, Tanaka F, et al. The ACC deaminase expressing en-

dophyte Pseudomonas spp. Enhances NaCl stress tolerance by

reducing stress-related ethylene production, resulting in improved
growth, photosynthetic performance, and ionic balance in tomato

plants [J].Plant Physiol Biochem, 2018, 127 : 599-607.

BRE . AR SAE R EEVE R ARG Y N A SH IR A TR G L 4

FESHXHERIIIEAEROR [ D] . fat : matgoll R | 2018,

Lv HL. Screening and identification of endophytic bacteria in eco-

[ 86

[

friendly salt-tolerant gramineous plants and their promotion effect
on crops [ D | . Nanjing : Nanjing Agricultural University, 2018.
[87

[

Liu YP, Cao LX, Tan HM, et al. Surface display of ACC deaminase
on endophytic Enterobacteriaceae strains to increase saline
resistance of host rice sprouts by regulating plant ethylene
synthesis [ J ] . Microb Cell Fact, 2017, 16 (1) : 214.

KR RER YT RS EAVEE (1] . ksl
P L 2004, 5 (3) : 268-270.

[ 88

[

Zhang HY, Zhu ZH. Research progress in drought-induced proteins
in plants [ J] . T Plant Genet Resour, 2004, 5 (3) : 268-270.

[ 89 ] Timmusk S, Wagner EG. The plant-growth-promoting
rhizobacterium Paenibacillus polymyxa induces changes in
Arabidopsis thaliana gene expression : a possible connection
between biotic and abiotic stress responses [J]. Mol Plant
Microbe Interact, 1999, 12 (11 ) : 951-959.

[ 90 ] Asaf S, Khan AL, Khan MA, et al. Complete genome sequencing

and analysis of endophytic Sphingomonas sp. LK11 and its

potential in plant growth [ J | . 3 Biotech, 2018, 8 (9 ) : 389.
[ 91 ] Duan J, Jiang W, Cheng ZY, et al. The complete genome sequence
of the plant growth-promoting bacterium Pseudomonas sp.

UW, [ J].PLoS One, 2013, 8 (3) : 58640.

—
O
NS}

[

Garg AK, Kim JK, et al. Trehalose accumulation in rice plants
confers high tolerance levels to different abiotic stresses [ J | . Proc
Natl Acad Sci USA, 2002, 99 (25 ) : 15898-15903.

[93 ] BB . S50 N A N TR Pantoea alhagi LTYR-11Z 1%

TE MIALAEDBURHLEI VO [D ] Bk« PHALRMRE
K2, 2017.
Chen CQ. The identification of a novel endophytic bacterium
Pantoea alhagi LTYR-11Z from Alhagi sparsifolia shap. and
dissecting mechanism underlying enhanced drought resistance in
crops [ D] . Yangling : Northwest A & F University, 2017.

[94] Eiffe. PETR. TR 530 B FZSMRIFE [T ]

TERHXAATSE , 1983,1 (0) : 11-24.
Wang Q. Distribution of the arid and semiarid areas in China and
their major climatic characteristics [ J | . Agric Res Arid Areas,
1983, 1 (0): 11-24.

[95] 2, BLaki , AMELS , 25 RET R XMYHT

J& L] HETPEE, 2010,30 (5) : 1053-1059.

SHLBRT S P

Li L, Jia ZQ, Zhu Y], et al. Research advances on drought
resistance mechanism of plant species in arid area of China [J].]
Desert Res, 2010, 30 (5) : 1053-1059.

[96 ] i3 . Fe [ T 5 AR A A2 LR B ()] .
AR, 1983,3 (4) : 357-365.

Li SY. Perspective of plant ecology in the arid land of China [ J ] .
Acta Ecol Sin, 1983,3 (4) : 357-365.

[97] By, HEaude, whJrhe - BURHR IR ), 45 . FREEIE T
AR5 16 EACSAR EAE IO IER (1] . AR,
2021,37 (3): 153-161.

Ma Q, Lei RF, Dilireba A, et al. Research progress on the symbiotic
metabolic of endophytes and plants under stress [ J | . Biotechnol

Bull, 2021, 37 (3): 153-161.

(i F4h)



