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Accurate evaluation of soybean rhizobia preserved in the
Agricultural Culture Collection of China

HAN Jiacheng'**, ZHU Hongtu'**, YANG Fu'”, GUO Jie'?, MA Xiaotong'?", ZHANG Xiaoxia'™*"

1 State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China, Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing, China

2 College of Life Sciences, Northwest A&F University, Yangling, Shaanxi, China

3 National Collection of Agricultural Microbial Resource, Beijing, China

4 National Center of Technology Innovation for Comprehensive Utilization of Saline-alkali Land, Dongying,
Shandong, China

Abstract: Soybean (Glycine max) is an important cereal and oil crop in the world, and the supply-
side structural reform in the agricultural sector requires an increase in the planting area of high-
quality edible soybean. Due to the inherent characteristics of arable land resources in China, the
domestic production of soybean is far from self-sufficiency, and there is an urgent need to increase
the planting area and production of soybean domestically, reducing the dependence on imports.
Rhizobia are the earliest developed microbial fertilizer, while their application area is limited in
China. [Objective] To select suitable strains from the stored rhizobia to provide germplasm
resources for alleviating food issues. [Methods] We reviewed taxonomic status of rhizobia
preserved in the Agricultural Culture Collection of China over decades based on the 16S rRNA and
recA gene sequences. The hydroponic nodulation test was carried out to assess the nodulating and
soybean growth-promoting effects based on comprehensive consideration of the nodulation rate,
nodule number, nodule weight, plant height, and dry weight. [Results] A total of 213 strains of
soybean rhizobia were activated and identified, including 156 strains of Bradyrhizobium, 48 strains
of Sinorhizobium, and 9 strains of Rhizobium. Among them, 149 strains were able to nodulate with
soybean cultivar selected in this study, and 43 strains significantly contributed to the growth of
soybean plants.[Conclusion] This study further clarifies the taxonomic status of preserved soybean
rhizobia and evaluates their nodulating and plant growth-promoting effects, providing abundant
microbial resources for the development of soybean rhizobia-based agents.

Keywords: Glycine max; rhizobia; nodulating and growth-promoting effects; germplasm resources
of rhizobia
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Table 1 Preservation information of rhizobium in store

Number Time Source of strain Number Time Source of strain

E. fredii ACCC 151767  2012.04 Changsha, Hunan, China
ACCC 15061 1989.05 No record ACCC 15177  Norecord Changsha, Hunan, China
ACCC 15067 1989.04 America ACCC 15178 2017.12 Changsha, Hunan, China
ACCC 15068" 1989.04 Shangdong, China ACCC 15179  19%4 Changsha, Hunan, China
ACCC 15069* 2021.10 America ACCC 15180 1994 Changsha, Hunan, China
ACCC 15070% 1989.04 Henan, China ACCC 15182*  No record Changsha, Hunan, China
ACCC 15071% 1989.04 Henan, China ACCC 15184 Norecord Changsha, Hunan, China
ACCC 15072 1989.04 Henan, China ACCC 15185"  2018.02 Changsha, Hunan, China
ACCC 15075 1989.04 Henan, China ACCC 15186" 1996 Changsha, Hunan, China
ACCC 15076" 1989.04 Henan, China ACCC 15187" 1994 Changsha, Hunan, China
ACCC 15077 1989.04 Shanxi, China ACCC 15189" 1995 Jingong, Jiangxi, China
ACCC 15082* 1989.04 Jiangsu, China ACCC 15190 1995 Jingong, Jiangxi, China
ACCC 15084"  1989.04  No record ACCC 15191" 1995 Jingong, Jiangxi, China
ACCC 15085" 1989.04 Changping, Beijing, China ACCC 15192" 1995 Jingong, Jiangxi, China
ACCC 15086"  2003.01 Changping, Beijing, China ACCC 15193" 1995 Changsha, Hunan, China
ACCC 150907 1989.05 Lingxian, Shandong, China ACCC 15194" 1995 Changsha, Hunan, China
ACCC 151017 2003.01 Changping, Beijing, China ACCC 15195% 1995 Changsha, Hunan, China
ACCC 15102 1989.05 Lingxian, Shandong, China ACCC 15196" 1995 Changsha, Hunan, China
ACCC 15104" 2003.01 Manasi, Xinjiang, China ACCC 15197" 1995 Changsha, Hunan, China
ACCC 15106" 2003.01 Ningxia, China ACCC 15198" 1995 Nanchang, Jiangxi, China
ACCC 15107* 1990.11 Lingxian, Shandong, China ACCC 15200 1995 Nanchang, Jiangxi, China
ACCC 15108" 1989.03 Jiaxiang, Shandong, China ACCC 15201 1995 Nanchang, Jiangxi, China
ACCC 15109" 2003.01 Lingxian, Shandong, China ACCC 15202" 1995 Jingong, Jiangxi, China
ACCC 15117 1989.05 Changping, Beijing, China ACCC 15203*  Norecord Jingong, Jiangxi, China
ACCC 15118* 2003.01 Changping, Beijing, China ACCC 15204% 1995 Jingong, Jiangxi, China
ACCC 15119* 2002.12 Changping, Beijing, China ACCC 15205 1995 Jingong, Jiangxi, China
ACCC 15120 2002.12 Changping, Beijing, China ACCC 15206 1995 Futian, Fujian, China
ACCC 151217 2002.12 Changping, Beijing, China ACCC 15212" 1995 Futian, Fujian, China
ACCC 15123" 2003.01 Changping, Beijing, China ACCC 15214" 1995 Futian, Fujian, China
ACCC 15125% 2003.01 Changping, Beijing, China ACCC 15215% 1995 Futian, Fujian, China
ACCC 15126" 1989.05 Lingxian, Shandong, China ACCC 15216 1995 Futian, Fujian, China
ACCC 15127* 1989.05 Lingxian, Shandong, China ACCC 15217% 1995 Futian, Fujian, China
ACCC 15129" 1989.05 Lingxian, Shandong, China ACCC 15218" 1995 Futian, Fujian, China
ACCC 151307 1989.05 Lingxian, Shandong, China ACCC 15220"  2010.10 Huiyang, Guangdong, China
ACCC 15131% 1989.05 Lingxian, Shandong, China ACCC 15221%  2020.01 Huiyang, Guangdong, China
ACCC 15132 Norecord Lingxian, Shandong, China ACCC 15222% 1995 Huiyang, Guangdong, China
ACCC 15133" 1988.11 Manasi, Xinjiang, China ACCC 15223% 1995 Huiyang, Guangdong, China
ACCC 15139* 1989.05 Manasi, Xinjiang, China ACCC 15224 1995 Huiyang, Guangdong, China
ACCC 15140* 2003.01 Manasi, Xinjiang, China ACCC 15225% 1995 Huiyang, Guangdong, China
ACCC 15142" 1988.11 Manasi, Xinjiang, China ACCC 15226" 1995 Huiyang, Guangdong, China
ACCC 15143" 1989.05 Manasi, Xinjiang, China ACCC 15228" 1995 Huiyang, Guangdong, China
ACCC 15145" 1989.03 Jiaxiang, Shandong, China ACCC 15229" 1995 Huiyang, Guangdong, China
ACCC 15147 2003.01 Shanghai, China ACCC 15230 1995 Huiyang, Guangdong, China

B. japonicum ACCC 15230" 1995 Huiyang, Guangdong, China
ACCC 15005" 2003.01 America ACCC 15231% 1995 Huiyang, Guangdong, China
ACCC 15006" 1994 Heze, Shandong, China ACCC 15235" 1995 Huiyang, Guangdong, China
ACCC 15007* 2003.01 No record ACCC 15238" 1995 Huiyang, Guangdong, China
ACCC 15018* 1990.11 Shenyang, Liaoning, China ACCC 15239" 1995 Huiyang, Guangdong, China
ACCC 15020" 1990.11 Guizhou, China ACCC 15241%  2017.05 Huiyang, Guangdong, China
ACCC 150217 1991.01 Shangdong, China ACCC 15242 1995 Ningming, Guagnxi, China
ACCC 15022-1"  1982.12 Shangdong, China ACCC 15243 1995 Ningming, Guagnxi, China
ACCC 15022-2"  1982.12 Shangdong, China ACCC 15245" 1995 Meizhou, Guangdong, China
ACCC 150237 1985.04 Guizhou, China ACCC 15246" 1995 Meizhou, Guangdong, China
ACCC 15027* 1982.12 America ACCC 15247" 1995 Meizhou, Guangdong, China

(1555)
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ACCC 15028" 2003.03 No record ACCC 15248% 1995 Guangxi, China
ACCC 15032* 1990.11 America ACCC 15250 1995 Fujian, China
ACCC 15033%  2003.01 America ACCC 15251% 1995 Fujian, China
ACCC 15034" 2003.01 America ACCC 15252% 1995 Fujian, China
ACCC 15035 2003.01  America ACCC 15254" 1995 No record
ACCC 15036" 2003.01 America ACCC 15255% 1995 Changsha, Hunan, China
ACCC 15037 2003.01 America ACCC 15256" 1995 Nanchang, Jiangxi, China
ACCC 15038"  1990.11  America ACCC 15257" 1995 Futian, Fujian, China
ACCC 15039 1990.11 America ACCC 15258" 1995 Ningming, Guagnxi, China
ACCC 15041 2001.04 America ACCC 15259" 1995 Meixian, Guangdong, China
ACCC 15042" 1991.03 America ACCC 15260 1995 Changsha, Hunan, China
ACCC 15043* 2003.01 Australia ACCC 15262% 1995 Changsha, Hunan, China
ACCC 15043 2003.01 Australia ACCC 15263 1995 Changsha, Hunan, China
ACCC 15044 1990.11 America ACCC 152647 1995 Changsha, Hunan, China
ACCC 15045"  1985.04  America ACCC 15269" 1995 Changsha, Hunan, China
ACCC 15046" 2003.01 Argentina ACCC 15273" 1995 Nanchang, Jiangxi, China
ACCC 15047 1991.01  America ACCC 15275" 1995 Nanchang, Jiangxi, China
ACCC 15049 1990.11 America ACCC 15276" 1995 Nanchang, Jiangxi, China
ACCC 15051 2020.06 America ACCC 15277" 1995 Jingong, Jiangxi, China
ACCC 15052 1990.11 Yulin, Guangxi, China ACCC 15279%  2003.01 Futian, Fujian, China
ACCC 15053 2003.03 Wuhan, Hubei, China ACCC 15280%  2003.01 Futian, Fujian, China
ACCC 15055% 1982.12 ‘Wuhan, Hubei, China ACCC 15281%  2003.01 Futian, Fujian, China
ACCC 15057% 1991.01 Argentina ACCC 152827 2003.01 Futian, Fujian, China
ACCC 15058" 1991.01 Argentina ACCC 15283%  2003.01 Futian, Fujian, China
ACCC 15059* 1990.11 America ACCC 15284*  2003.01 Futian, Fujian, China
ACCC 15060* 1990.11 New Zealand ACCC 15285%  2003.01 Futian, Fujian, China
ACCC 15062 2003.01 America ACCC 15289%  2003.01 Ningming, Guagnxi, China
ACCC 15063 1990.11 Liaoning, China ACCC 15291%  2003.01 Ningming, Guagnxi, China
ACCC 15064" 1982.12 India ACCC 15293"  2003.01 Meixian, Guangdong, China
ACCC 15065" 1990.11 America ACCC 15402 Norecord Guangzhou, Guangdong, China
ACCC 15081% 2003.01 No record ACCC 15601%  2001.04 America
ACCC 15083 2003.01  No record ACCC 15603"  1991.01  America
ACCC 150957 1990.11 America ACCC 15605%  1991.04 America
ACCC 15096  Norecord America ACCC 15606" 2003.01  America
ACCC 15097 1991.01  America ACCC 15608"  1990.11  No record
ACCC 15150" 1996.06 Wuxuan, Guangxi, China ACCC 15610 2003.01 America
ACCC 15156" 1994 Nanchang, Jiangxi, China ACCC 15611%  1982.12 No record
ACCC 15157" Norecord Nanchang, Jiangxi, China ACCC 15617  2006.12 Inner Mongolia, China
ACCC 15158"  Norecord Nanchang, Jiangxi, China ACCC 15618  2006.12 Inner Mongolia, China
ACCC 15159% 1994 Jingong, Jiangxi, China ACCC 15619%  2006.12 Inner Mongolia, China
ACCC 15161 Norecord  Futian, Fujian, China ACCC 15620 Norecord Inner Mongolia, China
ACCC 15162" 2018.01 Futian, Fujian, China ACCC 15621"  Norecord Inner Mongolia, China
ACCC 15163" 1994 Futian, Fujian, China ACCC 15622%  2017.12 Inner Mongolia, China
ACCC 15164 No record Huiyang, Guangdong, China ACCC 15623 2006.12 Inner Mongolia, China
ACCC 15165" 1994 Huiyang, Guangdong, China ACCC 15624"  2006.12 Inner Mongolia, China
ACCC 15166" 1994 Ningming, Guagnxi, China ACCC 15627  Norecord Inner Mongolia, China
ACCC 15167% 1994 Ningming, Guagnxi, China ACCC 156307 2006.12 Inner Mongolia, China
ACCC 15168" 1994 Nanning, Guagnxi, China ACCC 15631"  2006.12 Inner Mongolia, China
ACCC 15169* 1994 Nanning, Guagnxi, China ACCC 15632"  2006.12 Inner Mongolia, China
ACCC 15170" 1994 Nanning, Guagnxi, China ACCC 15633"  2006.12 Inner Mongolia, China
ACCC 151717 1994 Meixian, Guangxi, China ACCC 15634"  2006.12 Inner Mongolia, China
ACCC 15172" Norecord Changsha, Hunan, China S. meliloti
ACCC 15173 Norecord Changsha, Hunan, China ACCC 15094"  1990.11 Gagong, Xizang, China
ACCC 15175 2018.04 Changsha, Hunan, China ACCC 15660  Norecord Zhenyuan, Gansu, China

The strains marked with “#”  were conducted in nodule experiments.
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ERE TAEG IR 75% BRI RR AT
BROKs TR LA SR, R LT AN in i
AR T , RV Y I TR K TR 2 A 2 A T
Ui LA, T IC B T 24 T o

(R S RO L S S A
(bean sprouts extract medium, BSE)"?. H g5/
B 10.0 g, MgSO,4-7H,0 0.2 g, NaCl 0.1 g,
K,HPO,4 0.5 g, CaCl, 0.1 g, 1% H3BO; 2.0 mL,
1% Na;MoO,4 2.0 mL, & ZEH(500 g ¥ G 28 /4¢8 0
ZEH 1 500 mL /K Z& ¥ 30 min, DUJZ 20 A0 o JE
2 WEZE 1000 mL) 1000 mL, BifE 20.0 g,
F 4% pH, 115 °CK T 20 min, PRA= AR H 5D
T H &% B mE Bk 3R By 5% 3 (yeast extract
mannitol agar, YMA): H & B/ 10.0 g, BELE
¥ 1.0 g, MgSO,7H,0 0.2 g, NaCl 0.1 g,
K,HPO, 0.5 g, CaCO; 3.0 g, 1% H;BO; 2.0 mL,
1% Na,MoO, 2.0 mL, Zifig 20.0 g, 4k pH,
115 °C2K I 20 min. FH JC % 5 WG 1 TC R 7K
TREN, FEWATH VR TR, i
JC TR 5 I G o P AR A2 TR S A 1 R 0
TRA], BT 30 CCIHIR R FRAE EHOLRE I 3-5 d,
HERARE . RBGEER &Lk, B2
IR o KLl IR R MR AN 2] BSE/YMA
RHATH, 4 CUKFEIRATEH
1.3 EHREEE%

K FH A0 B 55 R 2 DNA 2 BGR ) & [ AR 4
AR (650 A PR A THE U A0 B R Y R 2

PCR JZ W {K % (50 pL): DNA ## 6 uL,
. F U5 ¥ (10 pmol/L) 4 2 uL, ddH,O
15 uL. 2xTag PCR StarMix [FEHE 52 (G549
Bl A B2 A 25 uL. FH G A 51 4 27F
(5'-AGAGTTTGATCMTGGCTCAG-3" ) Fil 1492R
(5'-GGTTACCTTGTTACGACTT-3" ) §" 1 16S
rRNA JEQ, P8R 94 °CHUZE P 10 min;
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94 °C7AE1E 30's, 55°CiEk 60s, 72 °CIEAH 90 s,
TEER 30 U 72 CCASEAH 10 min, JHEFRPES P
41F (5'-TTCGGCAAGGGMTCGRTSATG-3" ) il
640R (5'-ACATSACRCCGATCTTCATGC-3")¥"
4 recA, PISTERE: 95 °CHiZAEYE 2 min; 95 °C
APk 45 s, 58 °CiEk 30s, 72 °CHEfH 90s, 7
35 %K 72 °CASEff 7 min,

PPk A T AR TR B R
2y | . 16S tRNA 3[R ¥ 51 #E %2 =
EzBioCloud %% 4§ /% (https://www. ezbiocloud. net/)
PEAT RN L XY, recA ¥ 3 #E32 2 NCBI H Y
GenBank %% i J% (https://blast. ncbi. nlm. nih. gov/
Blast.cgi)if 17 BLAST 434 tbXt, XF bgh A rh
] HiL 7Y 1% 32 9 0 K P 0> (http://ectee. whu. edu. cn/
portal/dictionary/index) & ] R bk H S04 . EA%TC
W BB AR 2 4 °C YMA i #1-80 °CH il
4 M . M MEGA-X 4B # 1 (neighbor-
joining method )} & R4 & FH .

1.4 &EEEstLg
141 WEREREFR

4H 4 A (g/L): KH,PO, 8.8, KCI 62.0,
MgSO,+7H,0 100.0., #1743 B (g/L): CaCl, 86.0.
414y C (g/L): MR 12.0, 44 D (g/L):
NaNO; 12.0, MnSO,-H,O 0.4, ZnSO; 0.1,
CuS0,4+5H,0 0.1, H3;BO;0.1, Na,MoO,0.02, fifi
FHIN 4 D25 RIR -G T RRE 200 1%, FI4K pH.
142 EFRFRESR

R AU AN L AT A5 L0 PY, A b B
W 3 REE . KB4 5T i 350 mmx40 mm
UEARSS, AT S AR T, B TR Ab
6] N BT 150 mm i “M” B, A E] AR AR 5
Fp - KNTE v RUINAL, B BE 4047 A
25 mm>200 mm R4 (E 1), B 38 I AGE =
ISAHT B IR, WA “M” IR IR
¥, FRRZESRIT, 121 °CKTH 30 min 451
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R, IR V7 BUNL, BEERISATIA
B, MEH O, fEE R 25-28 °C,
14 h/10 h G REEFRA 5%, g K LA
LI J5 fil R A 2, L TADAR I S B 17 150 b 7878 97
Mo 30dJEgitcmmai i,
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PARIE, Tl b 3B 220 AR K L i
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WE N 0=0.05,

2 BERE5AM

2.1 REEEMHEEEX
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Figure 2 Neighbour-joining phylogenetic tree based on nearly complete 16S rRNA gene sequences of a part of
rhizobium in this study.
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liaoningense). WENEREY, A 45 BRI
FERVIRITA(S. fredii), (510 93.75%, 2 BREHHETL
TEARIRE T (S. saheli) LA B 1 B 2& 3= AR AR I8 1 (S.
shofinae), WRIREJET, A 5 LRI (R.
viscosum) Fl 4 ¥k N 5l i 9 T |+ B (R
mongolense subsp. loessense), I35 B ETE
e ] AR ol 2 ) A R R e R EE O ) (http://
www.accc.org.cn/) B HT .

213 AV BARIRZHEE (R 1), H
17.37% WY MRK IR THEAL, FoI A B bk T2 2R IR
T8, E A 11.27%), B (11.27%)., & &
(9.86%). L 74 (9.39%). 1l 7R (8.45%). J 74
(6.57%). WS 1T(6.57%). LI (4.69%)%F 19 4~
AAIRK., BHRE).

22 SAREESENRERE G

AHIFFERR A PR A5 2 A2 A% 45 SR LA ST I 52
B iR, L 186 PRAR IR IR AT 450 SL 1
1A MU TR 138 Bk PR RS 43 tk. R
W%}%ﬂﬂ% SEH R, 3 R IR SE R,

— o3t 109 #k, 2 ERIE 77 B

TE MR 525 v S'ETME‘“J’*&%ﬂWE‘“”ﬁ
HHEART 10 AR, 4R 22 R aiT IR 2.

w2 ENEEREERGELS

55 — &8 4> 92 58 i 4 Y ACCC 15033, ACCC
15065, ACCC 15083, ACCC 15263 Fl ACCC
15611 45 5 PRI, AR 0 (P>0.23) R I8 ot J+t
(P>0.34)Z [0 i 3 25 575 o B S g i ik
i ACCC 15023, ACCC 15090, ACCC 15254,
ACCC 15276, ACCC 15279 F1 ACCC 15282 4
6 PRPE, AR Z A G B 2 F (P>0.45),
ACCC 15254 HyHLIE i it fie K, ACCC 15282 Ik
Z, BW Z 0\ % % 5 (P=0.141), ACCC
15254 FRRJRE 5 5Bk ACCC 15282 AMWHE KA
B3 2% 5(P<0.12), ACCC 15282 (ARG 5
HAl bk Z (8]0 2 2% 22 7:(P>0.10). 11 BRI HYSS
TR R 100%.
2.3 IREEMNAZEERRZ KRS
TS — A bR FE A, U ACCC 15611
(0.254+0.007) g Ab 1Y) T & & T CK (0.236+
0.042) g, {H2% 5K % (P=0.667), TE R4
FE R AR AR H . ACCC 15108 (0.414+0.010) g,
ACCC 15273 (0.409+0.178) g. ACCC 15118
(0.373+0.055) g 55 34 Bk AL B AY K TAR R T
= T CK (0.255+0.019) g, {H 2% 53R 1 3 (P>
0.06), A 27 ¥R B ANEE KR SAE BRI & = T CK

Table 2  Screening results of efficient nodulation rhizobium

Preservation number Strain Average number of root nodules ~ Average weight of root nodules (g)
ACCC 15033 B. elkanii 10.33£3.68a 0.078+0.009a
ACCC 15065 B. diazoefficiens 11.67+5.44a 0.092+0.028a
ACCC 15083 S. fredii 14.00£2.16a 0.090+0.008a
ACCC 15263 B. elkanii 9.67+3.09a 0.079+0.006a
ACCC 15611 B. japonicum 9.67+0.94a 0.082+0.002a
ACCC 15023 B. japonicum 14.67+7.32a 0.015+0.007b
ACCC 15090 S. shofinae 16.00+1.41a 0.017+0.002b
ACCC 15254 B. diazoefficiens 12.67+6.65a 0.060+0.017a
ACCC 15276 B. diazoefficiens 12.00+3.27a 0.020+0.007b
ACCC 15279 B. diazoefficiens 19.00+15.12a 0.018+0.011b
ACCC 15282 B. diazoefficiens 17.67+12.28a 0.039+0.024ab

Perform univariate ANOVA on the data after passing the Shapiro-Wilk test, #=3, multiple comparisons by the LSD. The data were

mean+SE, different lowercases represent significant differences in the treatment groups (¢=0.05).
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(20.87+1.89) ecm, H 1 ACCC 15055, ACCC

15243, ACCC 15197,

ACCC 15176, ACCC

R3 SVWRERBENKEHRSHIZIT
Table 3  Effects of efficient growth promoting rhizobium on soybean height

15206 F1 ACCC 15611 5 CK 2 57 i 3% (5% 3),
Hirp ACCC 15055 % I 35 Hb fie #F 48 #k A 4 (P<

Preservation number Strain Stem length (cm) Growth rate (%)
ACCC 15055 B. yuanmingense 30.63+0.82a 48.81"
ACCC 15176 B. diazoefficiens 28.35+0.35a 35.86"
ACCC 15197 B. elkanii 28.63+3.31a 37.22"
ACCC 15206 B. betae 26.00+1.42a 24.60"
ACCC 15243 B. elkanii 29.40+2.28a 40.89™
ACCC 15611 B. japonicum 25.80+2.05a 23.64"
ACCC 15006 B. diazoefficiens 36.46+1.67bcd 21.90"
ACCC 15007 B. elkanii 36.511.10bed 22.09"
ACCC 15085 S. fredii 38.70+4.05abed 29.42"
ACCC 15086 S. fredii 36.24+5.49bcd 21.18"
ACCC 15101 S. fredii 41.45+0.11abed 38.61°"
ACCC 15108 S. fredii 40.32+1.08abed 34817
ACCC 15118 S. fredii 37.41+0.44abcd 2511
ACCC 15119 S. fredii 36.99+0.22abed 23.69"
ACCC 15123 S. fredii 37.22+0.00abed 2444
ACCC 15131 S. fredii 36.93+2.79abed 23.50"
ACCC 15143 S. fredii 37.61+1.59abed 25.76"
ACCC 15147 S. fredii 37.09+4.30abed 24.03"
ACCC 15191 B. ottawaense 35.84+3.41d 19.86"
ACCC 15194 B. elkanii 43.00+2.80ab 43.80""
ACCC 15222 B. diazoefficiens 42.02+1.17abed 40.51™
ACCC 15225 B. elkanii 35.92+2.81d 20.10"
ACCC 15250 B. diazoefficiens 39.80+1.35abed 33.10"
ACCC 15252 B. diazoefficiens 42.83+2 81abc 4322
ACCC 15254 B. diazoefficiens 37.76+1.53abed 26.27"
ACCC 15262 B. elkanii 38.26+2.31abed 27.93"
ACCC 15264 B. elkanii 39.18+0.58abcd 31.03"
ACCC 15273 B. ottawaense 40.31+1.23abed 34.80"
ACCC 15275 B. ottawaense 39.88+1.33abed 33377
ACCC 15276 B. diazoefficiens 40.64+1.35abed 35.89""
ACCC 15279 B. diazoefficiens 39.76+2.26abed 32.94"
ACCC 15282 B. diazoefficiens 39.57+2.06abed 32317
ACCC 15285 B. elkanii 37.18+4.53abed 2432"
ACCC 15291 B. elkanii 38.23+3.83abed 27.85"
ACCC 15402 B. diazoefficiens 38.04+4.80abcd 27.19™
ACCC 15615 B. japonicum 43.37+0.65a 45.03™
ACCC 15622 S. fredii 38.90:£0.83abcd 30.08"™
ACCC 15623 S. fredii 40.30+2.12abed 34.77"
ACCC 15624 S. fredii 38.02:+2.56abcd 27.12"
ACCC 15630 B. elkanii 37.38+1.14abed 24.98"
ACCC 15631 R. mongolense subsp. loessense 36.04+2.82cd 20.50"
ACCC 15632 R. mongolense subsp. loessense 35.88+2.89d 19.98"
ACCC 15634 R. mongolense subsp. loessense 36.16+1.82bcd 20.93"

Perform univariate ANOVA on the data after passing the Shapiro-Wilk test, »=3, multiple comparisons by the LSD. The data were
mean+SE, different lowercases represent significant differences in the treatment groups (¢=0.05), * represents significant differences

between treatment group and CK. *: 0<0.05; **: 0<0.01; ***: 0<0.001.
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0.001), AHIt CK #hmH & T 48.81% (% 3,
% 3A).

TESE HBr S8 b, 39 BR T AL BE A HE bR
BT CK, & ACCC 15117 (35.42+4.13) cm (P=
0.065)F1 ACCC 15619 (35.20+1.77) cm (P=0.076)
ACERAAERRSL , A MR SRS T CK 1A
¥ E R (& 3), Hr ACcc 15615, ACCC
15194, ACCC 15252, ACCC 15222, ACCC
15101 1 ACCC 15276 XAk 42 A=A F AR I 3%

(P<0.001), #H . CK 43 51 % h T 45.03%.
43.80%. 43.22%. 40.51%. 38.61%. 35.89%

(# 3, K 3B-3G).
24 WRERNSEMNEEFTHES
FITA TR B 259 R L 3% 4. ARAE TR R A 1l

L

| CK™ ACCC 15055

=
ACCC 15101 CK

E3 #EMERREREENAZKE

RANIE], K12 Az R TR R VA 2R O 18 A R R IR T
(slow-growing rhizobium), AR JF B & FIAR IR
P AR I 28 Oy B A B AR R T (fast-growing
rhizobium)., HRIEE5TR R AHIE R k4 25, D
W AT AN o AT, R TT ML IR AT 18] 1) 4590 D) hE 22
S, BT AR ULIE 4A L PRAR BRI TR R AR 45 R
REAR, BEMSLTR M PR & HE 33.33%, 66.67%
(P A BYAUE TR R DU B AR 5 ik 5 K 3k
HJE IR 18 A TR R A 1t 6.52%, 55.07%
F1 P 2B R AR R TR 25 R R IA B 100%. R 7 K
(Chi-square test)7& IR BRI 2 AL 5 4590 K 2 [A] A
AHH A0 37 (P<0.001), Pearson AHJ¢ Z 40 —-0.632
(P<0.001), BP9 A= AR I TR AH Lb R A= 70 AR I8
X e FR R AR, RS TR S e J Ak

Figure 3 Soybean growth inoculated with efficient growth promoting rhizobium. A: ACCC 15055; B: ACCC
15615; C: ACCC 15194; D: ACCC 15252; E: ACCC 15101; F: ACCC 15222; G: ACCC 15276.
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PESSIR o BIRR DR (] (P=0.225) SR MR A IR (P=
0.520) 545 A HARM ST, TOAHRME
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93 MRAUR R RERE IS IR Eibkim, b 41 BRIFA
BEMIEARCR(P<0.05), ARG P A IR Al

RIAATHNRII T, TRITA RIS B ) e A=
FrtEm2e 5, AT R ILIE 4B, PRA: RUARIE 1A

T4 GESIRESERLD

Table 4 Summary of nodulation rate in nodulation experiment

Nodulation rate (%) Treatment
0 ACCC 15005  ACCC 15067  ACCC 15068  ACCC 15069  ACCC 15070  ACCC 15071
ACCC 15076  ACCC 15082  ACCC 15102  ACCC 15108  ACCC 15109  ACCC 15118
ACCC 15120  ACCC 15123  ACCC 15125  ACCC 15126  ACCC 15127  ACCC 15129
ACCC 15130 ACCC 15131  ACCC 15133  ACCC 15139  ACCC 15140  ACCC 15142
ACCC 15143  ACCC 15291  ACCC 15402  ACCC 15615  ACCC 15621  ACCC 15622
ACCC 15623  ACCC 15624  ACCC 15631  ACCC 15632  ACCC 15633  ACCC 15634
ACCC 15064  ACCC 15170"  ACCC 15196"  ACCC 15259*  AcCCC 15281*
33 ACCC 15007  ACCC 15101  ACCC 15104  ACCC 15106  ACCC 15119  ACCC 15145
ACCC 15147  ACCC 15273  ACCC 15280  ACCC 15284  ACCC 15610  ACCC 15619
ACCC 15620  ACCC 15627  ACCC 15630  ACCC 15022-1* ACCC 15022-2* ACCC 15027
ACCC 15042  ACCC 15157  ACCC 15158"  ACCC 15159"  ACCC 15163  ACCC 15215
ACCC 15241%  ACCC 15603"  ACCC 15606"
67 ACCC 15006  ACCC 15018  ACCC 15034  ACCC 15085  ACCC 15094  ACCC 15096
ACCC 15121  ACCC 15147  ACCC 15165  ACCC 15185  ACCC 15204  ACCC 15264
ACCC 15283  ACCC 15285  ACCC 15601  ACCC 15020  ACCC 15028  ACCC 15032"
ACCC 15035 ACCC 15046"  ACCC 15059  ACCC 15081  ACCC 15097"  ACCC 15150"
ACCC 15162 ACCC 15168*  ACCC 15176"  ACCC 15180  ACCC 15189  ACCC 15190"
ACCC 15193 ACCC 15195  ACCC 15198  ACCC 15238  ACCC 15248*  ACCC 15257"
ACCC 15258%  ACCC 15293
100 ACCC 15023  ACCC 15033  ACCC 15057  ACCC 15065  ACCC 15083  ACCC 15084
ACCC 15086  ACCC 15090  ACCC 15095  ACCC 15107  ACCC 15117  ACCC 15169
ACCC 15173  ACCC 15182  ACCC 15191  ACCC 15194  ACCC 15203  ACCC 15222
ACCC 15222  ACCC 15223  ACCC 15225  ACCC 15226  ACCC 15228  ACCC 15229
ACCC 15230  ACCC 15245  ACCC 15246  ACCC 15246  ACCC 15247  ACCC 15250
ACCC 15252  ACCC 15254  ACCC 15255  ACCC 15256  ACCC 15262  ACCC 15263
ACCC 15269  ACCC 15275  ACCC 15276  ACCC 15277  ACCC 15279  ACCC 15282
ACCC 15611  ACCC 15021*  ACCC 15036"  ACCC 15038  ACCC 15043  ACCC 15045

ACCC 15047*
ACCC 15166"
ACCC 15192%
ACCC 15216"
ACCC 15235"
ACCC 15605"

ACCC 15055"
ACCC 15167"
ACCC 15197"
ACCC 15217
ACCC 15239"
ACCC 15608"

ACCC 15058"
ACCC 15171%
ACCC 152027
ACCC 15218"
ACCC 15243"

ACCC 15060"
ACCC 15172%
ACCC 15206"
ACCC 15220"
ACCC 15251%

ACCC 15156"
ACCC 15186"
ACCC 15212%
ACCC 15221%
ACCC 15260"

ACCC 151617
ACCC 15187"
ACCC 152147
ACCC 15231*
ACCC 15289"

The strains marked with “#” were inoculated in the first part, while the left was inoculated in the second. The nodulation rate in
CK was 0 in both parts.

>4 actamicro@im.ac.cn, 7 010-64807516



a4 | AR, 2025, 65(4)

1679

== Slow-growing rhizobium

A 66.67 = Fast-growing rhizobium
60 55.07
g
Z 40
5
Z 25.36
[
£ 20 18.75
13.04
= ﬂ I@\ 8.33
o LI
0 33 67 100

Nodulation rate (%)

== Slow-growing rhizobium

B ol = Fast-growing rhizobium 61.54
51.85
S
% 40
=
s
g ” P 23.08
& L8l 12.96
1026
513
g <0.001 <0.01 <0.05 >0.05
P-value

E4 TRXBREREBREERLR. A: 490%; B: RASCREEME.

Figure 4 Comparison of nodulation and growth promotion between different kinds of rhizobia. A: Nodulation

rate; B: Significance of growth promotion effect.
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