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NA 422 69 & 4547403 5 F NN 432, FHE® RSB R R AN ZAMRITIZR S ERBEN, 54
13 5 & ARG B RBEE M by REAT 49 42.07 C,H, nmol/(g-h) B 238 /nF) 221.78 C,H, nmol/(g-h), FH&
14 5%& 2 & 40.60 C,H, nmol/(g-h) 2 3% mm %) 109.78 C,H, nmol/(g-h), & F & &2 &1 33.41 C,H, nmol/(g-h)
2 F ¥ m3) 643.15 Co;H, nmol/(g-h). BEFARBAS THmF= s BEARAER, EFHH 145
38 F AR R E, WAL 323%. [446] QHCD22 HAART 48 A kA BARE & B o) — N FF
Rhizobium indicum, B —&aydtF 1, R EPEMNBRBRATUARZRZ 6T, LHEFT
FHRABDEZ RN THREE, BRABEGEA *.
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Abstract: [Objective] To analyze the genetic diversity of Vicia faba Rhizobium in arid region of
Qinghai, so as to obtain the Rhizobium strain with drought tolerance and matching V. faba varieties and
thus promote the application of drought-tolerant Rhizobium of V. faba in arid region of Qinghai.
[Methods] With the strain QHCD22 isolated from the arid region of Qinghai as the research subject,
species identification and phylogenetic analysis were performed by morphology, physiological and
biochemical characteristics, Biolog microbial identification system, 16S rRNA gene sequencing and
whole genome analysis. Further, polyethylene glycol (PEG) 6 000 simulated drought stress, pot
experiment and field plot trial were used to evaluate the drought resistance of the strain. [Results]
Strain QHCD22 belonged to Rhizobium indicum. With the increased addition of PEG 6 000 to yeast
mannitol agar (YMA) broth medium, the strain had an intermediate lethal osmotic potential under
medium PEG concentration. But the number of viable strains increased under higher PEG concentration
(osmotic potential of —0.6 mPa), and the turbidity of the strain rose from 61.48% to 69.42%, showing a
strong drought tolerance. Pot experiment revealed that V. faba inoculated with the strain had higher
plant height, GW/DW ratio, nodule number, nodule fresh weight, SPAD values, leaf relative water
content (RWC), proline (PRO) content, superoxide dismutase (SOD) activity and root vatality
(triphenyltetrazolium chloride, TTC) than that non-inoculated. In addition, under the condition of
normal water, the indexes of the inoculated V. faba were higher than those of non-inoculated. The field
plot trial indicated that the nitrogenase activity of strain QHCD22 was significantly elevated.

Specifically, the nitrogenase activities of Qinghai 13 variety, Qingcan 14 variety and Maya variety
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ranged from 42.07 to 221.78 C,H4 nmol/(g-h), 40.60 to 109.78 nmol C,H4 nmol/(g-h), and 33.41 to
643.15 C,H4 nmol/(g-h), respectively. Rhizobium inoculation promoted the increase of V. faba yield,

with Qingcan 14 variety having a significant increase of 32.3%. [Conclusion] Strain QHCD22
belonged to Rhizobium indicum, which had certain drought-tolerant characteristics. The study

confirmed that Rhizobium inoculation could improve the drought tolerance of V. faba, especially the

drought-sensitive V. faba variety. Therefore the strain had potential application prospects.

Keywords: Vicia faba; Rhizobium; phylogeny; drought tolerance evaluation

#r5 (Micia faba L.)J& SRR AL W R 72
GWERR, ERMRE. B, AlE . R
I LB = 35 AR A T R R A 28 B A 7
AR G EE A, FE AR IR AR
“Br AT R kA EEEN . IR
(Rhizobium) & — 2 4% [ & K S A
5 5 BRI AR R O R R R
a-Fl B-AETE AT, H 5 GRMEYIAR BAE T L)
7 B8 25980 1 e A 1R R Ok i b A S R G 1 e
60%Lh A, A M TTER 30%-50%1 &
F A A E R b Rk RN, &
7 - AR AR A A R R I g A R T DA
A AR bl /D AERL LA it Y, 14 n 3R g
o R - RSSOl S ak  IR AE A K
Ji ik AL E Y AR W TR IR SRR e AR A
Az DG E L [P 08003 1 )RR R TR e 1 g A [ 4
M ELRAE, MR MR A RO 2z —PL,
A A e, R R0 gt
BAE L w g U G R Y e R AR R
KA R IRE, BT RMEY B, 48
R B, PRI IR T, s AR it
F 58 AR B DLARGE , BN E B A AR A i

T 5 U A M A= 7 R0 R A M P RS
JR () — AN T U ()80, 5 1A g D ARl X 515
JEH . W RIAE . AR LRI S
I RMEY B A R R G ST T R A R R
S, (H5 % R g, AR AR £

<l actamicro@im.ac.cn, & 010-64807516

(TR A B A bR U, X RN IR A o
REZ2 T I T S ORI AT, $E P RN 5 1 oA
Sy RN PN S I C A S o N & 74
JE TR INARE, b T R AR X A A
PRI S FA N A= 7™ BE 0 8 s B AL 13T 1)
U o BN DX PN R A RO AR R AR AR A A
M DX a5 A i DX A AT AL DX A R bk, DRI A
o SRR IRS TR ) e v, 20 R AL R R IO ) 3
SOE B . AT SR s 4 R R
MO WY F AR B RHMEY B,
1T eF A T BRRE X D (0 2 MR R W) i B A R
BRI A L S WL ARG, R B P A A
AR A 1 A st A Al Z R R R
GekERUPIE T, N A AR T B A
T WA 2 A AT BT AR ALY,
S B X i T R X e S ARR TR 43 S b oL
B 5 S HTil PR S ARGE D o AT DL PR
B R AR B 75 1 T 544 X ) — ki VR T
FEEFZT, 3 HOB S HHE . A FAEALAFAE . 537
AWt o BN LUK ST SR B i
KRG LT RO, FE— il b 20
(o] 3 A AL T 574 A 30 A BRI A R P sl
X T AR A [ 42 36 2 i 8CR A SE EAT 5
Wk, O E A SRR R G AT LR R
FENA, R T 5 X A A e A
e ERINI, RIEEYIE BRI, HEBEK
b AT Hp2 K SR SR BEROAR SCHE



ZEPRA | WUEYSR, 2022, 62(10)

4033

WL

1.1 RIE

B MR . QHCD22, %Mk A I 4
B AR A i 28 AR A5 ) — bk 22 O HLIR TR PR
S XN22PT, REEHLE . HIEAE T
B BAEZINENER, ik 2 619 m, &
101°32'54.8", £HiF 36°47'28.9", FkEHAMRBrR 1
IR bR 1,

SR H )R 1 A R A AR
13 SR HWEE IR X F A m A«
14 57 25 14 VE R A X 35 S, #4 h
BRMB B it “H A RE R
BRSSP T A X E R SR,
BB Rt

P S PRI PE T D kRS
FETT A AP B B TR ) A S 00 28 AT
BReA MR (1S . RDN-1000E-2), TAES
A IOERE 16 h, JERREREE A 90-100 pmol/(m*s),
W EE R 20-23 °C; M EHE 8 h, WEH
16-18 °C; HI AR A T 18 AP BEVEY T
RIGIEH T, HIEELMECY pH 813, AWML
5 16.65 g/kg. 4> N 1.20 g/kg .4 P,0s 2.11 g/kg.
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BEEMER YMA SRR F LGSRk T
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PRI 1) 4 20 PR NG D R AL A, 43 A A e 4 20 ik g
U B R AIE o
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R (L) A R R])DIZ U Bk DNA, 6 e
FE I 26 BE . DL DNA S, AN 16S rRNA

Table 1  The results of physical and chemical index of rhizosphere soil sampled

Total N/ Total P,Os/ Total K,0O/ Hydrolyzable N/ Avialble P/ Avialble K/ Organic matter/ Total salt/
(grkg)  (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) eit (g/kg)
1.37 2.12 24.85 85.00 3.60 179.00 17.94 8.45 0.82
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jspeciesws/#home) %t T8 AR #4742 3k K 20 7 24 %
2 L1 (average nucleotide identity, ANI){E
8T i GGDC (genome-to-genome gistance
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L-BRZEHE . AT . 1%7LEREN . HEEfIRR . D-2
IR . D-ILALEE | D-1T 88 B . D-FIH{ABE . myo-
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MR, LAER 2R . L- 24, SR . HIRIN.
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BT R B SR g o A 25 R (B D FIRE iR =<
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5 ML I8 77 J8 (Rhi zobi um) H 5 At 3/ 2% 0 78 i 15 2
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3AZHJUEVO016. i1 35k (http://www.ezbiocloud.
net/eztaxon/) -5 B I 20 B vk 217 )% 51 EE X (B
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The fatty acid components of strain QHCD22.
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K A5-MiSeq Fl SPAdes XF 2[4 3k FE 41 )
DU PP B 1467 7 AR P 2ke , A4 2 contigs il scaffolds.
XIS B A PFRELE A TN R UL, JTf8T Pilon
AT HATIREEAOE . ] PGCGAP AR5
HAEPHNIEAT Prokka R, HREME K15
Pk QHCD22 B FEFE 41K /NHR 7 592 996 bp,
GenBank & [H #2550 gil1111589425, GC 7%
BN 60.8% (F£ 2), FENARESREER
(Rhizobium)JE: A —3 .

{5 1 JSpeciesW'S W3 (http://jspecies.ribohost.
com/jspeciesws/#home) X # Kk EFT ANI {5
Pr(fif 2), PRI AR QHCD22 5 & AIF
Rhizobium indicum FA23" () ANT {4 95.10%.
WE P, YR E R A R AN {H=95%.
R, Bk QHCD22 5 R. indicum Jy [d] —Ffi .
i /| GGDC (genome-to-genome distance
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QHCD22

Rhizobium leguminosarum USDA 23707 (MRDL01000029)

NS U RIS MBI EE A AR AT \ AR S e AV

Rhizobium hidalgonense FH14" (KJ921034)

on

e Y ettt S b i)

—
0.000 5

Rhizobium changzhiense WYCCWR 11279" (MH778807)
58 ,7 Rhizobium sophoriradicis CCBAU 03470" (RQIH01000042)

B2 ETF MLZEMER 16S rRNA EEFII RS L FHRKE
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences using ML method. Only bootstrap values=50

are shown above nodes. The serial numbers of strains are in parentheses. The number on the branch is

bootstrap. Scale for evolutionary distance.

x2 REEREERBAHEXER

Table 2 Genome-wide information of the rhizobia strain

Feature Contigs Total bases/bp GC/%

CDS mRNA

tRNA rRNA

Total 130 7592 996 60.8

7237 1 49 3

calculator 2.1, http://ggdc.dsmz.De/ggdc.php#) 7317,
[Fl—~y#tal DDH fH =70% 4 [ —Fl, Ftk
QHCD22 5 &t FF R indicum MCC 39617
Y 3 DR 2H 7 41 EL 3 ) DDHAER 79.2% ([t 3% 3),
[7] Fsf 5 A [ A oA = 7 1) 4 i R 2 2 5 A Ak
B 3), RS HEAFEK R indicumMCC
39617 R K[l —43 3%, b —FSL & QHCD22

J& T R indicum,
2.2 EHRIBHEIEN
2.2.1 E# PEG 6000 fif 2 140

B ARTE PEG 6000 5% T fE 15 1 5 o X
STV TR FARE, PRI AR Sk, Ll
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Figure 3 Genome-wide phylogenetic tree of the rhizobia strain. Bootstrap confidence =50% are given at

the branching points. The scale bar represents 1% nucleotides substitutions. Branch point number stand for
reliabilities. Superscript T indicates the strains are type strains.
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Figure 4 Growth model of the rhizobia strain.
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Table 3 Morphology and physiological index of rhizobia inoculation on faba bean under drought stress

Plant Fresh Number of
. GW/D Fresh root Plan total RWC/ PRO/ SOD/(U/ TCC/
Treatment height/ . root nodules SPAD
Wratio . nodule/g  N/% % (U/mg-prot) mg-prot) [mg-(g-h)]
cm weight/g (per plant)
NN CK 79.33® 6.54* 580°  13.00¢  0.34% 23.11° 32.40%  78.48" 67.15™ 609.72* 0.002 8°
DS 67.13° 6.14° 3.10¢  5.33¢ 0.27° 16.34 25.85%  56.52° 50.14¢ 535.78° 0.001 0°
QHCD22 CK 80.30® 7.12® 11.07° 55.67° 0.55° 25.68° 38.88%  78.56° 94.88%° 726.75* 0.008 6°
NA DS 80.33® 7.56° 7.77° 4567  047° 19.36° 4920°  78.75* 115.19%™  737.45* 0.003 0°
ACCC  CK 80.00® 7.68° 7.90° 31.67° 0.51° 28.64° 39.15%  74.27° 118.60% 621.99* 0.008 1°
15854 DS 82.77% 7.63* 5.60° 27.00*  0.43%® 18.08° 43.86" 76.62* 151.91° 650.36° 0.002 7°
NA

NN: non-nodulated; NA: nodulated+active; CK: water; DS: drought stress; SPAD: SPAD values; RWC: relative water content;
PRO: proline; SOD: superoxide dismutase; TCC: triphenyltetrazolium chloride. The same letter in the same column indicates
no significant difference, different letters in the same column indicate significant difference, small letters indicate significant

difference at 0.05 level.
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5 TEREBERLEMESERKIN

Figure 5 Effects of rhizobia inoculation on the growth of faba bean. NA-a: faba bean inoculated of
Rhizobium; NA-b: root of faba bean inoculated of Rhizobium; NN-a: faba bean non-inoculated of Rhizobium;
NN-b: root of faba bean non-inoculated of Rhizobium; DS: drought stress 3 d; CK: normal water.
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