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Identification of drought resistance of different wheat varieties at seedling
stage and functional analysis of rhizosphere microorganisms

WANG Anze', ZHANG Ali', DOU Songyan®, YUE Hong', SONG Weining'

(1. College of Agronomy, State Key Laboratory for Crop Stress Resistance and High-Efficiency
Production, Northwest A&F University, Yangling, Shaanxi 712100, China;
2. College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: The drought resistance of 20 wheat varieties at seedling stage was assessed, and a comprehensive
drought resistance index was calculated. The drought-resistant wheat variety ‘ Hanzhongbai’ was selected, and its
rhizosphere microorganisms were isolated and identified, resulting in 50 bacterial strains. After screening for drought
resistance, eight drought-resistant strains were identified, including two strains of Paenibacillus, two strains of
Pseudomonas, two strains of Stenotrophomonas, one strain of Staphylococcus, and one strain of Paraclostridium.
These eihgt drought-resistant strains were inoculated into the rhizosphere of the drought-sensitive wheat variety
‘ Chinese Spring’ , and physiological parameters including plant height, root length, above-ground fresh and dry
weights, and below-ground fresh and dry weights were measured under drought stress. The results showed that inoc-
ulation with Paenibacillus significantly improved all four physiological parameters of ¢ Chinese Spring’ compared to
the control group, with average plant height increasing by 5.71 cm, average root length by 2.28 c¢m, average fresh
weight by 0.0371 g, and average dry weight by 0.0118 g. This indicated that Paenibacillus significantly improved
the drought resistance of ‘ Chinese Spring’ wheat. Therefore, this study suggests that the microorganisms recruited

by the drought-resistant variety ‘ Hanzhongbai’ under drought stress could enhance the drought resistance of the
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drought-sensitive ‘ Chinese Spring’ variety. Paenibacillus showed promise as a microbial agent for boosting crop

yield and quality in arid regions.

Keywords: wheat; rhizosphere microorganism; identification of drought resistance; Paenibacillus
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Table 1 List of tested wheat materials

e bHE 4B R P HhE 4B FhEE
No. Name of materials Material category No. Name of materials Material category
1 S2PHZLZ 1 Chongyanghongmai 1 BT %E M Al Variety 11 Fi¥ % Heshangmai 17 Al Landrace
2 #4¢ 10 5 Guinong 10 FE A Variety 12 414 % Hongdongmai M5 P Landrace
3 #2154 9706 Junxiao 9706 HE M Pl Variety 13 2146 % Honghuazao 7 Al Landrace
4 N 11 Neimai 11 HE Pl Variety 14 # K Huangshuibai M J5 wh P Landrace
5 % th 23 Taizhong 23 HE T Variety 15 2292/ NE Lanxizaoxiaomai 77 @ Fh Landrace
6 FE3with 1 %5 Tuokexun 1 §%E TPl Variety 16 7Sk Liuzhutou W77 & Fh Landrace
7 P& 2208 Xinong 2208 HE S Variety 17 =i~} Sankecun M7 PP Landrace
8 A 45 Zangdong 4 B E Al Variety 18 [F % 3/N3 Tongjiabaxiaomai #1757 fFh Landrace
9 % /IN# Chunxiaomai H 75 Landrace 19 24 Xianmai 75 i Landrace
10 I Hanzhongbai 75 A Landrace 20 H[E#F Chinese Spring 7 A Landrace
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Table 2 Different characteristics of wheat materials under different treatments
P AR PH RL AFW BFW ADW BDW
Treatment Material /(em - plant™)  /(em - plant™) /(g - plant™) /(g - plant™) /(g - plant™) /(g - plant™)
. A | . 41.50+1.87hi 21.08+5.09bed 1.5753+0.3090hi  0.3393+0.0789fg  0.1417+0.0273hij  0.0226+0.0044efg
Chongyanghongmai 1
PeAe 10 5 Guinong 10 61.00+2.35ab 22.60+2.07be 2.9957+0.7225cd  0.4948+0.1090cde 0.2937+0.0712bc  0.0440+0.0064b
{215 9706 Junxiao 9706 41.18+2.93hi 17.70+1.03d 2.2042+0.5759fgh  0.3390+0.1307fg  0.2066+0.0536efg  0.0307+0.0089cde
NZZ 11 Neimai 11 59.38+2.99abc  20.28+1.79bcd  4.6935+0.5635a  0.7659+0.1694a  0.4399+0.0665a  0.0643+0.0120a
&123 Taizhong 23 47.60£4.10fg  21.40+3.58bed  2.1968+0.7714fgh  0.31920.1350g  0.1662£0.0619ghij 0.0195:0.0062fgh
FE5EE 15 Tuokexun 1 53.00+2.00def 32.40+3.65a 3.2488+0.4984bc  0.5041+0.0652bcd  0.2718+0.0515¢d  0.0338+0.0056¢
PE4 2208 Xinong 2208 36.02+2.751 19.60+4.93bed 1.2640+0.4854ij 0.2880+0.0939gh  0.1120+0.0347jk  0.0162+0.0047gh
W45 Zangdong 4 57.40+8.17abed  20.40+2.61bed 2.1892+0.5091fgh  0.4871+0.1124cde 0.2049+0.0512efg  0.0311+0.0065¢d
FH/INAZ Chunxiaomai 55.88+2.45bcde  20.48+1.47bcd  3.7415+0.5230b  0.6353+0.0694ab  0.3483+0.0486b  0.0498+0.0077b
payiit WHH Hanzhonghai 27.40+16.10j 17.20+2.28d 0.6824+0.7325j 0.1581+0.1522h  0.0634+0.0658k 0.0114+0.0104h
CK 2 Heshangmai 62.72+0.74a 23.24+3.63bc 2.1332+0.3663fgh  0.3462+0.1224fg  0.1727+0.0313ghi  0.0226+0.0072efg
21457 Hongdongmai 46.60+3.65gh 20.80+6.30bed 1.2655+0.5816ij 0.2604+0.1646gh  0.1183+0.0348ijk  0.0179+0.0105gh
2146 Honghuazao 59.50+1.87abc 18.62+1.18cd 2.1731£0.2133fgh  0.4865+0.0540cde 0.1870+0.0165fgh  0.0268+0.0033cdef
HEKH Huangshuibai 53.32+0.66def 22.70+1.82bc 2.0132+0.2282fgh  0.2801+0.0656gh  0.1763+0.0209gh  0.0193+0.0033fgh
2EBUINE Lanxizaoxiaomai  51.24+2.18efg 20.28+5.06bcd 2.3164+0.37%0efg  0.2974+0.0778g  0.1878+0.0316fgh  0.0210+0.0051fg
753k Liuzhutou 54.20+4.63cde  21.12+4.76bcd  2.4504+0.6311def 0.3879+0.1303defg 0.1999+0.0547efg  0.0230+£0.0075defg
=it Sankecun 59.92+2.48abc 21.98+2.30bed 2.6482+0.3709cdef 0.5825+0.1097bc  0.2341+0.0336def  0.0329+0.0051c
[l RN Tongjiabaxiaomai 61.80+3.63a 24.00+5.39b 2.9566+0.7636cde  0.4970+0.1062bcd  0.2501+0.0662cde  0.0301+0.0074cde
2837 Xianmai 55.54+2.68bcde  20.16+4.28bed 2.1941+0.7127fgh  0.4690+0.1629cdef 0.1725+0.0550ghi  0.0263+0.0087cdef
HIE# Chinese Spring  57.0048.72abede  21.37+3.66bed  1.774040.6404ghi  0.3560+0.1155¢fg  0.16290.0601ghij 0.0216::0.0053(g
J3 1 Total 52.11+10.34 21.37+4.49 2.3358+1.0152 0.4147+0.1768 0.2055+0.0946 0.0282+0.0139
AL 1 . 38.02+1.01i 20.28+2.14cde  0.7938+0.1651gh  0.2214+£0.0294fgh  0.1253+0.0155f  0.0296+0.0044ef
Chongyanghongmai 1
A 105 Guinong 10 47.50+1.22efg 28.20+2.71b 0.8052+0.2210gh  0.4797+0.0354¢ 0.1643+0.0145de  0.0514+0.0051bcde
RI5E 9706 Junxiao 9706 41.10+5.63hi 17.30£0.97¢ 1.8958+0.3159¢  0.7184+0.1162b  0.2616x0.0510b  0.0756+0.0137ab
NZZ 11 Neimaill 58.90+1.34a 19.50+1.94de 2.3453+0.3243b  0.8305+0.1067a 0.3842+0.0319a  0.0833+0.0101a
a3 Taizhong 23 39.70+1.82i 20.70+2.91cde 0.9350+0.1663efg  0.2954:+0.0386ef 0.1374+0.0189def  0.0286+0.0095¢ef
L7 15 Tuokexun 1 46.70+1.7%fg ~ 35.80+1.48a 1.1372+0.2072def  0.3986+0.0835cd ~ 0.2121+0.0336c  0.0466+0.0067cdef
PhA 2208 Xinong 2208 32.48+1.205 19.40+4.55de 0.9000+0.1325fg  0.3800+0.0474d 0.1203+£0.0170f  0.0285+0.0038ef
45 Zangdong 4 47.80+1.35¢f 20.30+5.22cde 0.9502+0.1049defg 0.2545+0.0428fgh  0.1515+0.0292def 0.0377+0.0063def
F/INAZ Chunxiaomai 57.40+2.07a 19.00+1.65de 2.6372+0.1431a  0.7564+0.0691ab 0.3806+0.0256a  0.0672+0.0072abc
= B Hanzhongbai 38.25+8.851 19.38+4.68de 0.8918+0.5025fg  0.3831+0.1361d 0.1475+0.0828def 0.0468+0.0118cdef
Drought 2 Heshangmai 53.70+1.60b 23.08+3.33cd 0.8310£0.1172gh  0.1877+0.0458h 0.1341+0.0138ef  0.0262+0.0038f
AES Hongdongmai 45.00+4.76fg 19.75+4.72cde 0.5990+0.3853h  0.2326+0.0895fgh ~ 0.1282+0.0505¢f  0.0363+0.0127ef
465 Honghuazao 48.44+1.50de 20.70+5.91cde 1.2056+0.1191de  0.2705+0.0376fg 0.1462+0.0241def  0.0289+0.0043ef
# /K Huangshuibai 48.62+0.96de 22.32+4.59cd 0.9792+0.1697defg 0.1882+0.0298¢h  0.1274+0.0137ef  0.0221+0.0017f
2R FLNE Lanxizaoxiaomai 44.34+1.31gh 23.34+2.28cd 0.9472+0.3049defg 0.1894+0.0434gh 0.1324+0.0212ef  0.0249+0.0050f
Sk Liuzhutou 48.90+1.51cde 20.38+4.46cde 1.1690+£0.2549def  0.2154+0.0428fgh ~ 0.1468+0.0333def 0.0275+0.0023ef
=i~} Sankecun 47.46+2.30efg 22.44+1.40cd 1.1237+0.1773def  0.3564+0.0254de 0.1731+£0.0159d  0.0359+0.0026ef
[RIZ I/ N Tongjiabaxiaomai  49.70+1.64cde 24.50+3.04bc 0.9953+0.37%4defg 0.4339+0.1444cd 0.1755£0.0619cd  0.0466+0.0141cdef
287 Xianmai 51.66+3.36bed  22.36+8.11cd 1.1125+0.0963def  0.2569+0.0498fgh  0.1334+0.0129f  0.0625+0.0780abcd
rh[E% Chinese Spring 51.99+3.33bc 19.38+3.15de 1.2220+0.2118d  0.3640+0.0750de 0.1499+0.0261def  0.0290+0.0051ef
J3t Total 46.99+6.97 21.95+5.29 1.1825+0.5557 0.3719+0.2009 0.1774+0.0825 0.0418+0.0247

TE A E/NE FRERIRTE P<0.05 K225 8% . PH.RL,AFW BFW ADW . BDW 33l F /- Wi g ARG 3t b 30 0 3t T PP o 3 b 30

THE W, R,

Note; Different lowercase letters indicate significant differences at the P<0.05 level. PH, RL, AFW, BFW, ADW, BDW represent height of plant,

root length, fresh weight of above-ground part, fresh weight of below-ground part, dry weight of above-ground part, and dry weight of below-ground part,
respectively. The same below.

x3 HNEMREERFTES N
Table 3 Variance analysis of traits of tested wheat materials
Wi H Ttem PH RL AFW BFW ADW BDW
FH#} Material 31.813%* 8.491°* 22.913%* 23.846" ¢ 33.406"* 9.655"*
AbFR Treatment 76.194" " 0.995 360.264 " * 10.136 " * 22.949* % 43331
AL Ab B Material X Treatment 4.387" " 0.651 5.733* " 6.647" " 3.127" 1.782"

s Fl o x AMRIFERTE P<0.05 Fl P<0.01 K5 R B2 Fikh -y FIH,

Note: # and * * indicate significant differences at the P<0.05 and P<0.01 level, respectively. The F-values are presented in the table.
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x4 BBRTERNTERERNISE Enhydrobacter J& T & J& ( Enterobacter ) . ¥ T 1 J&
Table 4 Drought stress response index of ( Flavobacterium) . v¢, 5 1A 1 J& ( Klebsiella ) . Kosakonia
each individual physiological index B HHAATEE ( Paenibacillus ) . 2. AT R ( Pan-

#4 %} Material PH  RL AFW_BFW ADW BDW toea) Paraclostridium J& [REAMIFE & ( Pedobacter) 5%

L1 - N .
Chongyanghomgmai 1 0910 0:962 0.504 0653 0.884 1.308 L& ( Pseudomonas) , FE 4 1 2} 14 J& ( Psychroba-

$4¢ 10 2 Guinong 10 0.779 1.248 0.269 0.969 0.560 1.167 cillus) RN & ( Ralstonia) (£1ER T J& ( Rhodococ-

S e 0 7 040 200 156 0 R Sy KRR Sl
&1 23 Taizhong 23 0.834 0.967 0.426 0.925 0.827 1.472 rium) 5 % BR I8 ( Staphylococeus ) e A& P i &
i | B T

RS okt 01 M 050 0 O 1 (o) R DA i)

W% 4% Zangdong 4 0.833 0.995 0.434 0.522 0.739 1.211 XS IX 50 PR 4 B HEAT 7R S8 E A Y i) g
7 0 0T 0 L0 1193 e A0 AT
FIi% % Heshangmai  0.856 0.993 0.390 0.542 0.777 1.160 RIS 8 pRa i B A 7 P 1k fig (CFU> 5%

2147 Hongdongmai  0.966 0.950 0.473 0.893 1.083 2.028 108) H: ) TR, . Paenibacill
£14¢ . Honghuazao  0.814 1.112 0.555 0.556 0.782 1.077 )”‘EP@‘% PR 2F AL ALHT W ( Pacnibacillus)

#K 1 Huangshuibai ~ 0.912 0.983 0.486 0.672 0.723 1.144 (27( Paenibacillus_1) F1 28 ( Paenibacillus_2) ) .2 tk
Ny : e
Ld;‘%f/'{l\fldi 0.865 1.151 0.409 0.637 0.705 1.185 R HLf B & ( Pseudomonas) (32 ( Pseudomonas_1) Fll
AanNXx1zaoxie & e
ANHSk Livzhutou 0902 0.965 0.477 0.555 0.734 1.198 37(Pseudomonas_2) ) 2 #RHkE FL LR I8 ( Stenotro-
jm“f Sankecun 0.792 1.021 0.424 0.612 0.740 1.089 phomonas) (48 ( Stenotrophomonas_]) ﬂ:‘[] 49 ( Stenotro_
=] r‘*iﬂ = e e
,[‘Olfﬁlbﬁﬁ;fnai 0.804 1.021 0.337 0.873 0.702 1.552 phomonas_2)) . 1 ¥k % 5K % J& ( Staphylococcus )
. 7. N [ETON
47 Xianmai 0.930 1.109 0.507 0.548 0.773 2.376 (47) F1 1 ¥k Paraclostridium J& (30) . iX 8 FRAH I
#1[E 4 Chinese Spring  0.912 0.907 0.689 1.022 0.921 1.345 F T G432 YL sn i
1.4F — e — e
! K PH —0.046 0.89 0.78 0.94 0.85
1ol
0.8 b
127 RL —0.10 0.012 —0.017 0.16
1.1+
1.0¢
0.9 5 =
1.2 A AFW 0.85 0.94 0.81
0.8
8
0.4 S o A
2>0 L o o o /\ BFW 0.86 0.80
st .
0.5F 800 o !
20F ADW 0.89™
1.5F . .
10k o oo I ° 8
0.5 -] \?"’f‘?\v B
4.0
BDW
3.0 ﬂ
20 °°° ° o
1.0 L T RE T ey AR d A . =]
oo —~aMTa © — o T OO ®S AN NSO M S Moo n S Snomnon o
SO - — - — — S S = - o = I =T —_ N = = NN o <

£ :PH RL AFW BFW ADW .BDW 73513 Rk e AR M b 36 o 3t A fif o b B30T M Rl T, AR R
SIATER R AEXS F LG L FERT AL 22 A8 AT 100 e U e T R X A B A A S R G AR B R 3 KT
(MBS FIR) 5 = = # FIRTE P<0.001 /K EAFAE B35 22 5 5 ARARA L A BN 45 BAIURE B B9 S Mk S BT

Note; PH, RL, AFW, BFW, ADW, BDW represent height of plant, root length, fresh weight of above-ground part, fresh weight of
below-ground part, dry weight of above-ground part, and dry weight of below-ground part, respectively. The distribution of each variable is
displayed on the diagonal. The two-variable scatter plots with fitted lines are displayed at the lower left of the diagonal, and the coefficient
values and significances are displayed on the upper right of the diagonal. * * * indicates significant differences at the P<0.001 level. The

values on the coordinate axis represent the drought stress response index ( DRI) of each individual indicator.
1 EATUEHRE X AR

Fig.1 Correlation matrix of individual indicators
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x5 BMHBEEER,NE,u(X),56E
Table 5 Comprehensive index, weight,u(X;),

and comprehensive value of each wheat material

B N sfeJm R
FE Comprehensive Subordinate
Material index function value b

PCA1 PCA2 u(X,) u(X,)

S E 1

Chongyanghongmai 1
B4 10 5 Guinong 10 —-1.715  2.650  0.000  1.000 0.665
215 9706 Junxiao 9706  2.932 -0.488  0.485  0.236  0.320
P 11 Neimai 11 0.063 -0.783  0.186  0.164 0.171
£ 71 23 Taizhong 23 -0.718 -0.568  0.104 0216 0.179
FE# 1 5 Tuokexun 1 -0.939  0.986  0.081  0.595 0.422
7G4% 2208 Xinong 2208  0.931 -0.422 0276  0.252  0.260
4 45 Zangdong4 -1.328 -0.329  0.040 0.275 0.196
#F/NE Chunxiaomai  1.003 -1.285  0.284  0.042 0.123
I Hanzhongbai  7.865  1.181  1.000  0.642 0.762
¥ Heshangmai  -1.303 -0.353  0.043  0.269 0.193
414737 Hongdongmai 0.480 -0.717 0.229 0.180 0.196
£TE R Honghuazao —1.147  0.898  0.059  0.573 0.401
# K Huangshuibai —0.883 -0.537  0.087  0.224 0.178

ERNE
Lanxizaoxiaomai
75HESk Liuzhutou
=i~} Sankecun

-0.541 -0.755 0.123 0.171  0.155

-1.224 1.432 0.051 0.703  0.485

-0.988 -0.724 0.076  0.178 0.144
-1.486 -0.045 0.024  0.344 0.236

RZIVNE )55 o125 0058 0385 0.276
Tongjiabaxiaomai
28 Xianmai -0.050 1.190 0.174 0.644 0.487
"FEZ% Chinese Spring  0.204 -1.456 0.200  0.000 0.067
AL E Index weight(w,) 0.335 0.665
0.8 [ 0762
0.7 0665
"%ﬂg 0.6 1]
Zzcs ™
S,_g Q905 0487 0485
;jg 2 _§ 04 e
45 = 0320
*®5S8 0276
i g% 0.3 % 0236 100
S ga 021 = O'm0‘17‘)(117%'171()1<5o144
o — 0123
0.1 H H Htw{ﬁ

(=}

10 2 19156 13 3187 17128 11 514 4 116 9 20
b B Variety

2 BEMBEEnEEN(DE)
Fig.2 Comprehensive drought tolerance (D value)

of various materials

25 MEBEHKX HEE IRENNFIE
X R YA A R R © T E R N IR
FAhIa b B I X SR A VIR AT I A, AR B IS 1Y
Bl (% 6) MR R AL R F (K 4) AT X
RRALHR | Paenibacillus_1 . Pseudomona_2 Stenotroph-
omona_2 X} HEFR /N ARAC S 90 R #0545 i

Paraclostridium . Staphylococcus F1 Stenotrophomona _1
B TR i (N P A Stenotrophomona _ 1 y |
Stenotrophomona_2 Wit YL REtE $2 & © h E & /N &
FR T, Pseudomona _ 1 WA Ye IF R e BLH B g 1Y 2
Sk,

SRR AL AL BEAR L, AN TR R AR ),
B/NEMRE I RERT, BARIE , 18 Stenotroph-
omona_I MZYALBET , ¢ hEE NIRRT
11.36 cm, . 3 = T-BR Stenotrophomona_2 #h ) H A
AREREL, SRTIAEARA 5, HUA Paenibacillus _2
(RGP EORAC 35 i, LA TR Ak A P 0 IRUAH L
T % 5, WAM, FE Paenibacillus _1 132 Y b #
T, P EE AR W EK T E R Paenibacillus_2  Par-
aclostridium , Pedobacter . Staphylococcus I Stenotroph-
omona_I FZYREIRAE ¢ v [EIAR /N2 e Jo AR T
B —5, Hikk , Paenibacillus _2 Fl
Stenotrophomona_1 HJAL PR 5 E WE N T < v (B &
Bt R T B B BT E IR IR B B 2K
A2, Pseudomona_1 Fl Pseudomona_2 HJAL S
BOP A IR B R, RS T R R A TR
B MHR IR B 0 K, BN TR TR PR B9 f= G <
B /INAE AR R AEAR 7 A T A R R BE O 52, 9K
MTE Paenibacillus_2 WJALFETR | < ER iR SR
BUIC R &, bk iy AR | 5 o 0 o B 2 A u
A RERS (K 5), X451 3R0], 75T R i
ZMETR |, Paenibacillus_2 FIAR YL RENS 1 2 18 5 ¢ v [&]
BN RIHURAE T A

3 30 8

ENGIE-FPAERE RN ¢ TR I e BTN
AR BE BT 324 AR BT R ok 4 [ 45 22 XA /)N
MBI AT THRTE, G5 R R AR N2 AL
AHE T e~ 5 52 B EE AN [R] A 0 S e
P ) R BRI, HX SeRAVRHIE 22 [ A7 A —E
ARSGIE (1) o CRIRT A ROBF Fe 2 SR — 20 &
WA A T2 RE /N2t e 5 1 ) e vl R ofE
PERE BR8N A A T R T B 2P R
B, R AR TS 0408 86 A 114 7512 %0 HHie 2647 70 A
fro YR RIS R G R AA R
IR T, PO AR 2R 5 AR B Bl A ) 4 e fih, £
ST SR KBTI FE/ N R I B, ST
S ARRMR S ARSI R B R AT UIAR R Rk
A Bl TR R UG 1 MR BE AT A R A R
T ARERPEARAE DT 0 b i EE 2, RN Al
PR AW AR Y S
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xo6 ERHER/NEZLEEIERYIE

Table 6  Physiological parameters for ‘ Chinese Spring’ wheat

inoculated with microorganisms

ENESES PH RL FW DW
Drought-tolerant /(em+ /(cm -+ /(g - /(g -

bacterial strain plant™) plant™) plant™") plant™)
30.0 8.5 0.2240 0.0401
CK 35.0 9.0 0.2396 0.0563
36.0 9.5 0.2448 0.0453
35.3 6.5 0.1734 0.0312
Lo 35.6 6.6 0.2073 0.0425

27 ( Paenibacillus_1)
42.5 7.8 0.2214 0.0483
43.3 10.6 0.2346 0.0587
36.0 9.5 0.2530 0.0523
o 37.3 11.6 0.2575 0.0524

28 ( Paenibacillus_2)
40.0 12.0 0.2790 0.0575
44.2 12.0 0.3035 0.0740
37.2 9.0 0.1881 0.0294
o 38.0 10.0 0.1994 0.0442

30( Paraclostridium )
38.5 10.1 0.2043 0.0445
38.6 13.1 0.2091 0.0493
38.0 9.0 0.1657 0.0199
38.0 9.9 0.1682 0.0307

32( Pseudomonas_1)
40.5 10.1 0.1723 0.0392
42.0 11.0 0.1839 0.0547
36.0 7.5 0.1409 0.0259
37.0 8.4 0.1576 0.0404

37 ( Pseudomonas_2)
38.5 8.8 0.1845 0.0441
40.0 9.3 0.2089 0.0441
35.6 9.8 0.1993 0.0353
38.0 10.0 0.2296 0.0432

47 ( Staphylococcus )
38.5 11.6 0.2515 0.0580
42.0 12.0 0.2621 0.0609
44.5 9.5 0.2604 0.0508
44.5 9.6 0.2981 0.0547

48 ( Stenotrophomonas_1)
45.5 9.8 0.3031 0.0608
45.6 10.8 0.3075 0.0612
39.5 7.9 0.1728 0.0335
40.0 8.5 0.2543 0.0471
49 ( Stenotrophomonas_2)

43.0 10.0 0.2545 0.0478
45.0 11.0 0.2890 0.0551

FE AR B B 2 0 1) 40 55 %) 4 v i AR B 47
W R EEAENY . AR BRI RN A
A < DO AR B A %o B R A b [
BRI, FFGREE R, DUh D NE
TE S0 25 N 48 55 O AR B AR W vh A A 5
RR X SRR BERS DA © TR A /N Il T
J1 48 m AU, HAh, Barnawal 557 A5 & R
Arthrobacter protophormiae F1 Dietzia natronolimnaea
AR /N TR Eh M, T Bacillus subtilis 7] 3658 /N %
Xt S B 372, Khan 2550 BFSEALUESE T 1%
AW /INAE BT R HEVE T R AR A (n
) IIFSE b R BT AR B G MR I TR Y
FAEBL Y bR I 3 A JELRE T ) A B
AT RREAEDT /N WA DU TR B i 18
PRIFRER , o 4 BREAPURRRE, X R E R /N
AR £ T SR, Yang S0 ] T
Stenotrophomonas rhizophila , Xanthomonas retroflexus |
Microbacterium oxydans 1 Paenibacillus amylolyticus
MR AR YR T, & BT DL 25 32 i UL
IFTE 21 d T 55 RIAETG A (H Y 32 B B B bR 1 R
e f P50 WL B ) B AT T 4 T (ELAE P R
Paenibacillus yonginensis DCY84 RALR] DA = e
ITHIPTEE R RE S i X T 5 aE R0 E 45 R T
BTS2 . ASBIFSE [RIAE 1 H DT 5 I BR Stenotro-
phomonas 1 Paenibacillus , 317 HL = 42 J5 A B1H:
P 1/NE BT, 3T e h T AR S ) — A
& AEAS R AR B4R G0 T g AR T a2
PERISZ R AN [F] 33X 3 W AR PR A W 00 1 AR Y
Pravi Pk A TS e, 5 T AR S AR PR A YA
HARMAEAEY PSP B A, Z5 LRI BT

|"] Phylum
Actinobacteria
Bacteroidetes
Firmicutes

Proteobacteria

CFU
<5X%10°

B =sxa0

e R BRI R R TR AE T R0 T CRU BRIEBT AL, BT 1~ 50 UREIHR S5, AR
FIM LRI BMRAE SR A T CFU>5x10°, S22 W iy IR AR 38, V2L €8 Ay i e i A5 0 S B ok

Note: The figure comprises an evolutionary tree of strains, belonging to respective phyla, alongside a column chart

depicting colony-forming units ( CFU) under drought stress. Numerals 1 ~50 denote strain identification numbers. In the

column chart, red bars indicate CFU > 5x10° under drought stress for the respective strain, signifying strains selected as

drought-resistant, whereas gray bars denote CFU below this threshold.

3 EMRRGHUMREERARAAM(CFU)EH

Fig.3 Phylogenetic tree of bacterial strains and colony forming unit ( CFU) index
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B CK
W Paenibacillus 1

B3 Paenibacillus 2
B Paraclostridium
B Pseudomonas 1
M Pseudomonas 2
B3 Staphylococcus
8 Stenotrophomonas 1

B3 Stenotrophomonas 2

z = e 3
4 MEEKEL HESR MERE
Fig.4 Phenotypic characterization of ‘ Chinese Spring’ wheat infected by drought-tolerant bacterial strains
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Note: Different lowercase letters indicate significant differences at the P<0.05 level.
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Fig.5 Manifestation of phenotypic traits of ‘ Chinese Spring’ wheat infected by drought-tolerant bacterial strains
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ASMEH . AR FE R AAZ I 05 T8 b 1 D ey
P, YT R Y 5/ 2 U T S 28 A HIBL
i, IR ISE4™ BT 2 9 ], 6 o O 22 28 B ) /N 2 i
b, LS G AT i ol A2 A ARl ] R 2 2 7 R Y
VA REE7E 32 b S

4 %5 B

ABIFTE A B T EA R 22 X1 20 M/ A Rk
TPk BB R AR DO AT R AU R ¢
EH BT 2T Db E AN TR T IR
HRBRIA: P45 21 50 R STR 55 T 4 AT T T 26
DS RIS E 1S 5 8 MRYL Tk, PLRWKRIE
YR T R U E R N PR 2 B AR
AT AR EE A2, U HIE TR Paenibacillus_2
X HAS KA A R = EH
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