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Study on enhancing drought resistance in wheat using the
rhizosphere growth-promoting bacterium XNT6-1

CUI Tianjiao, XV Hong, LI Quanshun, XIONG Qingzhen, LIU Huawei
( College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Fusarium proliferatum XNT6 — 1, obtained from the rhizosphere isolation and identification of
‘Tongmai 6’ in the previous stage, was used as the experimental strain. Tongmai 6 was used as the material for the
seed germination test, with four water treatments applied through a pot test involving artificial weighing and water
control ; normal watering (no drought, ND), low drought (LD), moderate drought (MD), and severe drought
(SD). The effects of strain XNT6—1 on drought resistance of wheat seeds and seedlings were studied by analyzing
seed germination and seedling physiological and biochemical characteristics under drought stress. In vitro, XNT6-1
was found to have a strong drought tolerance and the ability to produce iron carrier, amylase, protease and lipase.
Under certain drought conditions, the leaf length and root length of wheat seed at the late stage of germination were
significantly increased by 20.4% and 17.1%, respectively, after soaking in XNT6-1 culture medium. Under mod-
erate drought stress, XNT6—1 inoculation significantly increased fresh mass, dry mass, plant height and root length
of wheat seedlings by 16.0%, 20.8%, 19.5% and 23.2% , respectively. Under severe drought stress, XNT6-1 in-
oculation significantly increased fresh mass, dry mass, plant height and root length of wheat seedlings by 36.0%,
47.0%, 32.4% and 37.3% , respectively. The rhizosphere growth-promoting bacterium XNT6-1 plays a significant
role in alleviating drought stress in plants and is an excellent strain for drought resistance and growth promotion,
with promising agricultural applications.
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Note: Different lowercase letters in the same figure indicate significant differences between treatments (P<0.05). The

same below.
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Fig.3 Effects of inoculation on seed germination under drought stress
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234 BHRAMNYGREABEFLGYw HKT
AL, B T 5 8RR B 3G 0, N2k B A%
LA RS PRI R R R B 2 o, B KA T
R S E XN 0 R i 45 P AR TS MY TE
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Jei /NAZ I R R SR AL B AL (SOD ) Rl Ak
fiti (POD) IEME /3 FIREAR T 7.4%F1 14.6% , i %84k Sl

-

A A B C R D PR B R L =3 By

W A~H 3R E 0% 5% . 10% ,15% ,20% ,25% ,30% ,35%

PEG 1) PDA H53RILIE T, a~h REEFRILR A, B G M B L R
Note: A~ H is the front side of PDA medium containing 0% , 5%, Note: A Nitrogen fixation; B: Dissolving phosphorus; C:
10%, 15%, 20%, 25%, 30%, 35% PEG, and a~h is the back side Phosphorus solution; D ; Iron-producing carrier; E: Release potassium;

of the medium.

B 1 HE# XNT6-1 EEARIRE PEG B

F: Amylase production ; G ; Protease production;I: Lipase production.

PDA 4R R EK SR B2 B XNTo-1 B HEBE &
Fig.1 Growth of fungal XNT6-1 on PDA plates containing Fig.2  Detection of the growth-promoting
different concentrations of PEG ability of fungal XNT6-1

CK 27 4 Inoculation CK  £:F 4 Inoculation CK ¥ 4 Inoculation CK 27 4 Inoculation

(A) IE7 BeK B RETE (©) T+ (D) EJL T
Normal watering Mild drought Moderate drought Severe drought

4 EEXEERRENME

Fig.4 Effects of inoculation on seedling growth phenotype

R EEMYHZE ERE TRE KSNRKBZME

Table 1  Effects of inoculation on stem diameter, fresh mass, dry mass, plant height and root length of seedlings

Ab 3 IKATAL 2 eyl 73 i< fif i TR
Treatment Water treatment Stem diameter/mm  Plant height/cm  Root length/cm Fresh mass/g Dry mass/g
1EH HE7K Normal watering 1.30+0.17a 28.30+2.84ab 14.40+1.12a 0.30+0.02ab 0.038+0.003a
CK BT 5 Mild drought 1.06+0.15bc 27.20+2.09ab 12.98+1.00ab 0.29+0.03ab 0.032+0.002abc
HEEF 5 Moderate drought 0.93+0.18¢ 21.50+2.68cd 10.33+1.21cd 0.22+0.01bc 0.025+0.003be
HET5F Severe drought 0.95+0.06¢ 17.88+1.99¢ 8.58+0.83d 0.15+0.01d 0.017+0.003d
1EH HE7K Normal watering 1.33+0.13a 29.85+1.52a 14.00£0.75ab 0.32+0.01a 0.037+0.003a
HEA BT 5 Mild drought 1.11+0.13b 27.88+1.70ab 14.48+1.31a 0.28+0.03ab 0.033+0.001ab
Inoculation tHEE 5 Moderate drought 0.99+0.12bc 25.70+1.94bed 12.73+0.53bc 0.26+0.03abc 0.029+0.002bc
T 5 Severe drought 0.98+0.06bc 23.68+2.72d 11.78+1.05bc 0.21+0.01¢ 0.025+0.002¢

T R TR P AR e 2, [RBTG5 B R A 31 ) 22 57 35 (P<0.05)
Note: Values in the table are mean#standard deviation, and different lowercase letters in the same column indicate significant differences between

processes ( P<0.05).



B RS /N PRI A B XNT6—-1 $2

e/ NEPURERT ST

91

g

g

(m

4 Fad i

431

Chlorophyll a content

I

SODiF P SOD activity/(U = g )

(=2

~

o

)

o

> .

3T ()

ab

bed

t/(mg

b content

LD MD SD

b i Water treatment

ND
K5y

a
I hc,
3r
0

CK

K /J‘/L‘J‘V.

de cd
I | I
MD SD

Water treatment

15T
(©)
~c12F
w8 ab
« =
28 I
=2 ol
\:LE) 6 1 ¢
%5 I
e
%E 31
0
ND LD MD SD

K 73 Ak #E Water treatment

W J: 14 41 Inoculation

5 BEMAHMEE b MBHERRSENIME
Fig.5 Effects of inoculation on the contents of chlorophyll a,chlorophyll b,and total chlorophyll in seedlings

- 40
30T () (B)
~ 24r —
= g 30T
5 a 4 L2 a
S 18t I 2 a £ S b b
2 I = : d cd © i oL
< b b =} L e
. 2 b b z wZ 20 e 1
o 121 o1 =
— Ny O
E 2
> 3 #H= 10 F
T 0.6 3
[
0 0
ND LD MD SD ND LD MD SD
7K 73 kb #E Water treatment 7K 73 kb 3 Water treatment
6.0r 40
(€) (D)
P ~ | a
20 :JJ 30 I
05 ch- )
a8 ==
=5 S0k be
lﬂ 2 -v< I C
4.8 S
B2 &= L
b g2 1ol
E 2 . '
0
ND LD MD SD MD SD
7K 73 kb # Water treatment K5y /L‘H! Water treatment
CK B % 1% 41 Inoculation

1000

®©
(=3
S

(=N
(=
IS

400

o
(=3
S

6 EEXNAEATRERE TEEES MR N (MDA) 22K

Fig.6  Effects of inoculation on the contents of soluble sugar, soluble protein, proline and malondialdehyde MDA in seedlings

(A)

a
L b i)
c
_ ¢y
ND D D SD

7K 43 4k 3 Water treatment

PODiF £ POD activity/(U = g )

500

~
=
(=]

w
o
(=]

&)
o
(=]

o
(=]

(B)

—_—
—_—

be b be
I c
d d
J
ND LD MD SD

7K 43 4k ¥ Water treatment

CK L RE]
B7 BENSEASLEEENZm

100
©)

80

CATi% 1 CAT activity/(U

SD

LD MD
7K 43 4b FE Water treatment

ND

41 Inoculation

Fig.7 Effects of inoculation on antioxidant enzyme activity in seedlings



92 T XA 5T

543 4

(CAT) WEHETHE T 44.4%, TEPETRELAMLT, 5
RELA L, W 5 /N2 it /7 (%) SOD Al CAT
PRSI T 18.6% F1 135.5% , POD 3% P F#EAR T
41.9%, FEHEETRFMT, SREEMH I, BR5
/N g SOD Al CAT i M7 B T 17.9%
F1119.3% ,POD AKX T 52.9%, XLLg5 KM+
AT R R P BT A A B 1 T LA [ R
P, N TTTBE AR B s 1

3 0w

A A TR 3 i 1 A i S AU A
AR W M R R A 2 R
BLHI L AR ) A A T v P vk, U AE T 5245
Joihit 25 T IR B 2 AR AR AL, A, PGPR
I RS B AE R SRR T FR | I R e
RO, B3O A1E TR0, 3G SR AE 1 1 Bt 3 B
J3200 ) ARBFIE LI, H R XNT6—1 B 46 77 8k
ARG L BT 7, X LT REA BTGB Y 1
AR IREE . [FIET, XNT6—1 76 &5 W BE PEG e T4
PREFAER RV E A BRI 200, 25640
FEEEH,XNT6-1 1] Gl i 2 E AR R & B ok 18 =i fE
WHET 550 F RS R g 1, BEAk, XNT6 -1 fig
SRR AR R B 2R, A B TR
B HLIT0E P18 1 R R A AR A TR L LA
RIS BN Bk XNT6—1 X TS E T
AT WS N g ) B 2D FTA

T 38 2 5 B0 AW R B B K oy
WA PRI X | = B PR Ol b 1 AR 95 35 TR 4K i, 7K 43
HMELLUE AR PGPR S HHEYIR R A H
KA T 7K A3 16 W SR FH BB T, 28 A vh K 43
ZAPRM AR AR P, BATR I 5%
PEG-6000 X} 8 & Y £ I 52 i A6 X 8¢ /0N, i
10% PEG-6000 &b H X 5~ % 7= A= 1 i 3 52
X—ZE R UL PEG-6000 I % 114745 1k RE % A8 S50
PIAS )5 E 1 T 38 2R 5%, 5% PEG-6000 HE )
5 B o R A 5, R A LA S R R B
1M 10% PEG-6000 ¥ B idi H, il G & i 55 Fh -1 77
(38 FUMA 25 1, (B3R B A, XNT6 -1 7EFh ¥
KA FE I AE T A R, 3 mT BB 2 3l B
IS AHAS D 22 AR AE P T R Z R AE s T R
PRI & 5R AEAE K 4 188 2 st A 0 1 ) St
Hok, XNTo-1 BRI &5, 2 iR K AR &
FHEIN(P<0.05) , %0 M, 2 4 i o FN 1 o

AT T W E BN (P<0.05) . X — G K AE
KA Z R ST XNT6-1 7] BE S i fE EAR 2 fif
JRE LA 58 B - K 4 AR BURE T, i B L BT 47 b 3 S
HH,

FEYIAE A R B I 300 8 38 1 52 0 R 4 g ) L
HRET, T R U FEARIR G T,
N FE T 50 A T /N Wi A W) Az AR A
R R £ A KARAR S IE W Pk W& 594k, i e )
TR /N B0 e K Fe B AR LA X/, X w]
ABJER BE T 5h0 X /N2 Iy 8 00 43 3 /0N (45 3
AEAZIE 1 AR A FE KOR AR IE M 3 A K, T8
JoR 38 4 S O v B R T RE W 38 R, A A v
XNT6-1 &, /NAZ 4y bk ey AR S5 00T R 2 3%) ik
Eiem, BV RE XNT6 -1 BEGB (2 F T 2 Wria T /NE
A, R R TR R
B E" B E5CEE R L b K Bt B, AE 3
it S8 K- R 2R XNT6 -1, /N 2 it 4 2%
a MERE b USSR O R WA Y B 3
PETE AE AR R R A P 4R T, LR R AT R R
XNT6-1 HA =R AR R 7, R A% T B AE 1 Wi ik
JUR IR v il v R S A ARTE . 2
F4GE B, T 28 &0 T, PGPR AT LLRZ Wi 15
A AR P R A 8 15 R YT R A R RS
ARG LSRR, B G T R AN E, i
MR RN BB Y S RS T
VLB TS o 30 2 B S5 AR B B Y T % )
A, FEREEIIA R, XNT6— 1 35 %25 i 2 55 ] %
PEME S 2 S A L A A 0 0 i E T W aa T
XNT6-1 F2 ik P oy TV 1k 2 1 DA S 2R 5 o
IR R AR P PR R A S T R TE R
T AT AP BR A T 7E 5 ol A B 7
R EBEIR D X ER W TR RS,
ARG, W A5 2 5 FT A W A 208 R A
YR BT EALEE ST PGPR LB AR A N
G TE, AR, R AL AR AL SOD fil CAT
TEPER TARZELL, POD F ik FARERA, X
AR N B XNT6-1 32808 i B s Al B4 SOD
FCAT 3 19 il 1) 2R 3 > 1755 HL 7 A 8y 1) B 40
Pk, 25 LAl AL, T SR 7 R 4 B
AR e 8 g D) /N 22 7 A 17 T
2% 1 PGPR Ak XNT6-1 7£— EF2 & I RE W 2% i
T 53 S5 AR R B



24 R - /NFEARBRAEAE B XNT6-1 42 /NPT IS 93
[10] e, WA, TA, A R AL TR L

4zt B

TEARTRIMRE PEG-6000 L+ 245 BT, XNT6
-1 R R AT 268 07, HAX bk A 7= gk aiihk
VEM G B B SR B SRR AT ), E R
BT 24T, B bk XNT6-1 & fh b B RE % 15 3%
I N R T & R R AR B T R
i, T RR R 6 AR A Y 4 K B AT R
il & BUAE AR TR XNT6— 1 F N FH BE %3 i $2 /N 42
Mg it aR R B i B aE W S i DL h R AL B
e m /N Y TR ae T, Bk, AR BT i 4
AT XNT6-1 1B A W 1 A R, A B A
A e R BB AE R

2 £ X Wk

[1] ZHIJJ, ZENG J, WANG Y Q, et al. A multi-omic resource of wheat
seed tissues for nutrient deposition and improvement for human health
[J]. Scientific Data, 2023, 10(1) : 269.

[2] HURA T. Wheat and barley; acclimatization to abiotic and biotic stress
[J]. International Journal of Molecular Sciences, 2020, 21(19) : 7423.

[3] EMRAN M, IBRAHIM O M, WALI A M, et al. Assessing soil
quality, wheat crop yield, and water productivity under condition of
deficit irrigation[ J]. Plants, 2024, 13(11) ; 1462.

[4] RYU M, MISHRA R C, JEON J, et al. Drought-induced susceptibility
for Cenangium ferruginosum leads to progression of Cenangium-
dieback disease in Pinus koraiensis[ ] ]. Scientific Reports, 2018, 8
(1) 16368.

[5] KANYENJI G M, OLUOCH-KOSURA W, ONYANGO C M, et al.
Prospects and constraints in smallholder farmers” adoption of multiple
soil carbon enhancing practices in Western Kenya[ J]. Heliyon, 2020,
6(3): e03226.

(6] . FRERMARN LZRPEILHE )], TRBXARIIITE,
2023, 41(3) : 2-4.

SHAN L. Issues in dryland agricultural research in China[ J]. Agricul-
tural Research in the Arid Areas, 2023, 41(3): 2-4.

[7] SALLAM A, ALQUDAH A M, DAWOOD M F A, et al. Drought
stress tolerance in wheat and barley: advances in physiology, breeding
and genetics research[ J]. International Journal of Molecular Sciences,
2019, 20(13) : 3137.

[8] HWe:, MAK, 5k, 4. Wil PeERF1 JENIE R AL AR IR Y)
SAK Tt WL L) ]. Al BLEESE, 2023, 36(5) : 83-90.

GE X L, DU J J, ZHANG L, et al. Improvement of drought tolerance
of PeERF1 transgenic populus alba X populus glandulosa ‘84K [ J].
Forest research, 2023, 36(5) : 83-90.

(9] 20, B, £R—, & NPT R S RET]. T3
HIX AT, 2023, 41(3) ; 11-20.

LI L, MAO X G, WANG J Y, et al. Progress and prospect of wheat
research on drought resistance[ J]. Agricultural Research in the Arid
Areas, 2023, 41(3) : 11-20.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TR ], L3, 2023, 60(6) : 1555-1568.

MA Y, CAOM Y, SHI X ], et al. Functions of plant growth-promo-
ting bacteria and their application in sustainable agriculture[ J]. Acta
Pedologica Sinica, 2023, 60(6): 1555-1568.

JEERIN, B, B, A RARER LA B I A R U
[J]. HCEAEER, 2023, 50(2) : 644-666.

ZHOU Y F, BAI'Y S, YUE T, et al. Research progress on the growth-
promoting characteristics of plant growth-promoting rhizobacteria [ J ].
Microbiology (Reading, England), 2023, 50(2) ; 644-666.

ZHU Y X, WANG Y, HE X L, etal. Plant growth-promoting rhi-
zobacteria: a good companion for heavy metal phytoremediation[]].
Chemosphere, 2023, 338; 139475.

IR, R, TR MIRPRAEA: RO/ AR R A I
BUTHERGBISCIE R ). BeAEH, 2001, 35(9) ; 21942203,

WEN H W, YANG B, WANG D S. Research progress on promoting
growth and drought resistance of wheat by plant growth promoting rhi-
zobacteria[ J ]. Journal of Nuclear Agricultural Sciences, 2021, 35
(9) : 2194-2203.

XUMEEE, JEfREE, M, S TORMRETUR CA R P A B
AAUEHURBITE ()], T EBE R aRRE) , 2021, 51(9):
1339-1349.

LIU Y X, LONG J M, WANG J R, et al. Effects of five dark septate
endophytes isolated from deserts on growing wheat under drought
stress| J ]. Science in China(Series C), 2021, 51(9): 1339-1349.
AR, MR, HRE. IMARBR LA B A R S A A R [ ).
PRI R, 2004, 44(4) ; 28-35.

SI C C, LINY, SHANG T Y. Isolation and promoting characteristics
of the rhizospheric bacteria of Camellia oleifera Abel[]]. Journal of
Central South University of Forestry & Technology, 2024, 44(4):
28-35.

e, B2, SRR, A 2 RRITHAELIA 4355 % KO il
TEPERIFELT]. Bl A, 2017, 54(7) : 1278-1283.
YANGHM, YINY L, SHI Y W, et al. Isolation, identification and
enzyme activities of two thermotolerant fungi[ J]. Xinjiang Agricultural
Sciences, 2017, 54(7) . 1278-1283.

AR5, A TSR R S (M. bR, AP RRA, 2000,
62-174.

70U Q. Experimental guidance of plant physiology [ M ]. Beijing:
China Agriculture Press, 2000 62-174.

T, MOy, MRS, A5 KRR 2R AR TRV Y 40 8 e
FALEAEIOEE (D], PEAbARARBIE o2 240 ( A AR B2 R
2023, 51(1): 31-39.

DONG M, SHI L Q, XIE Z X, et al. Isolation, identification and
growth promotion of endophytic nitrogen fixing bacteria from rice roots
[J]. Journal of Northwest A&F University( Natural Science Edition) ,
2023, 51(1): 31-39.

LI H P, HAN Q Q, LIU Q M, et al. Roles of phosphate-solubilizing
bacteria in mediating soil legacy phosphorus availability[ J ]. Microbi-
ological Research, 2023, 272, 127375.

PR, RO, TKRRESE, S5 BREURAEFR BTSSRI e
PRI e E R [ 7], M BR Bl 5 PR 5T 2 4, 2023, 45(6):



94 T 51 X AR5 5543 %
1330-1340. [25] DIETZ K J, ZORB C, GEILFUS C M. Drought and crop yield[J].
LI'Y X, SONG LT, ZHANG Y Q, et al. Review onthe application of Plant Biology, 2021, 23(6) : 881-893.
siderophores in environmental pollution and resource utilization[ J]. [26] 3%, BPkA, ki, S TRPREXHEER IR R AR
Journal of Earch Sciences and Environment, 2023, 45 (6): %ﬂiiﬂﬁhl&ﬁ’]ﬂ‘ﬂﬂﬂ} PEAUAA2EAR, 2018, 38(4) : 741-749.
1330-1340. PENG L, YANG B Y, ZHANG G, et al. Seed germination and seed-

[21] AJRHA - BJPARIL, 2, JHETE, & faHhs Y X AR TURR ling growth physiological characteristics of polygala tenuifolia willd.

BRAT REFE M R A R S BRI [ T, W2k, 2018, 45 under drought stress [ J ].Acta botanica Boreali-Occidentalia Sinica,
(7). 1416-1425. 2018, 38(4) . 741-749.
ALIMUJIANG M, CHU M, TANG Q Y, et al. Community [27] BANU S, YADAV P P. Chlorophyll: the ubiquitous photocatalyst of
composition and functional characteristics of bacteria in the nature and its potential as an organo-photocatalyst in organic
thizosphere of Kalidium foliatum from the radiation polluted area[J]. syntheses[J ]. Organic & Biomolecular Chemistry, 2022, 20(44) .
Microbiology (Reading, England), 2018, 45(7) . 1416-1425. 8584-8598.

[22] W%, Jrak, I, S5 DEMIEGSS R ITE S I SR [28] YANG T, MA S, DAI C C. Drought degree constrains the beneficial
PRAGLTT. TLVE VI R 2% 2 4l ( B R B 22 B, 2019, 43(5) . effects of a fungal endophyte on Atractylodes lancea[]]. Journal of
496-500. Applied Microbiology, 2014, 117(5) ; 1435-1449.

HU R, FANG L L, FU M, et al. The screening, identification , muta- [29] 272, &P, XIBEEE, 5. TFMha FAG R ZERUFF i X oK
genesis and production optimization of a bacteria with a high-level Wt AR A AR IR [T ] PadbRE 2, 2023, 32(12) .
production of amylase [ J ]. Journal of Jiangxi Normal University 1964-1977.

(Natural Sciences Edition) , 2019, 43(5) : 496-500. LI A, SHUJ H, LIU X X, et al. Physiological and biochemical regu-

(23] FHFA. PPARBTETAE R BRI L0 ] B LETSEL D 1. BRI ) lation of Bacillus subtilis spores on leaves at seedling stage of maize
F Tl K, 2023. under drought stress [ J ]. Acta Agriculturae Boreali-Occidentalis
RAN 8. Application and mechanism research of lignocellulolytic en- Sinica, 2023, 32(12) . 1964-1977.
zyme-producing strains [ D ]. Zhuzhou: Hunan University of [30] Xate, akuchl, MIMe, & S R A A B Ry K A
Technology , 2023. AT )], AR, 2023, 43(24) ; 10042-10053.

[24] g%, Fral, THE, % W Pk E 4w T3 LIU Y, ZHANG L N, LIU X H, et al. Research progress from indi-
FhFag &R )], FiF, 2023, 42(11) ; 16-22, 29. vidual plant physiological response to ecological model prediction
WEI X, WEI X D, DING L L, et al. Effects of efficient siderophore- under drought stress [ J]. Acta Ecologica Sinica, 2023, 43 (24):
producing bacteria on germination of forage seeds under heavy metal 10042-10053.
stress[ J]. Seed, 2023, 42(11) . 16-22, 29.

(L#% 53 1)

[26] ALBASSAM B A. Effect of nitrate nutrition on growth and nitrogen ropuslittoralis Parl. potassium transporter gene, AIHAKI, in cotton
assimilation of pearl millet exposed to sodium chloride stress[J]. enhances potassium uptake and salt tolerance[ J ]. Euphytica, 2015,
Journal of Plant Nutrition, 2001, 24(9) . 1325-1335. 203(1): 197-209.

[27] FLORES P, CARVAJAL M, CERDA A, et al. Salinity and ammoni- [32] SHENKER M, BEN G A, SHANI U. Sweet com response to
um/nitrate interactions on tomato plant development, nutrition, and combined nitrogen and salinity environmental stresses[ J]. Plant and-
metabolites [ J ]. Journal of Plant Nutrition, 2001, 24 (10): Soil, 2003, 256(1) : 139-147.

1561-1573. [33] JIAJ, HUANG C, BAL J H, et al. Effects of drought and salt stresses

[28] VILLA-CASTORENA M, ULERY A L, CATALAN-VALENCIA E on growth characteristics of euhalophyte Suaeda salsa in coastal wet-
A, et al. Salinity and nitrogen rate effects on the growth and yield of lands[ J]. Physics and Chemistry of the Earth, Parts A/B/C, 2018,
Chile pepper plants [ J]. Soil Science Society of America Journal, 103; 68-74.

2003, 67(6) ; 1781-1789. [34] KA, BREL, HBEA, 4 AFEHER AR AL A ZE A

[29] FAROOQ M, HUSSAIN M, WAKEEL A, et al. Salt stress in maize: R[], TIPER R4, 2014, (6) : 1202-1206.
effects, resistance mechanisms, and management. A review[J]. Ag-
ronomy for Sustainable Development, 2015, 35(2) ; 461-481. Y X, CHEN Y, CUI A H, et al. The effects of different nitrogen ap-

[30] JAN A U, HADI F,MIDRARULLAH, et al. Potassium and zinc in- plication rates on cotton yield and nitrogen use efficiency[J]. Acta
crease tolerance to salt stress in wheat ( Triticum aestivum L.) [J]. Agriculturae Universitatis Jiangxiensis ( Natural Sciences Edition ) ,
Plant Physiology and Biochemistry, 2017, 116 139-149. 2014, (6): 1202-1206.

[31] LIUJF, ZHANG S L, TANG H L, et al. Overexpression of an aelu-



