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Symbiotic Compatibility Among Eight Elite Soybean Rhizobia Strains and Twen-
ty-seven Soybean Cultivars from Different Planting Regions

WU Hui, ZHONG Zhe-dong, FAN Wei, PENG Ya-qi, DU Si, CHEN Da-song, WANG Xue-lu, LI You-guo
(Huazhong Agricultural Univerity, College of Life Science and Techonology/State Key Laboratory of Agricultural Microbiology, Wuhan 430070, China)

Abstract: Soybean is an important oil crop as well as a high-protein grain and forage crop, possessing symbiotic nitrogen fixa-
tion ability with rhizobia. Over the last decade, China’s new soybean varieties have been updated quickly, resulting in its poor
matching with lag-behinded soybean rhizobia strains and therefore demonstrating null efficiency with inoculated rhizobia in ag-
ricultural field. To study on the compatibility and matching ability between rhizobia and soybean varieties, and screen the elite
thizobia strains with high nitrogen fixation efficiency and a broad-host range is of importance. It can provide elite strains and
practical guides for rhizobia inoculant production and application in a specific region of China. This paper selected eight soy-
bean rhizobia strains including six fast-growing soybean rhizobia previously isolated in our lab and two slow-growing soybean
thizobia Bradyrhizobium japonicum, TA11 and USDA110, as controls, and twenty-seven soybean cultivars to carry out the
matching experiments. The compatibilities between soybean rhizobia and soybean cultivars were characterized through pot sand
nodulation experiments. Plant shoot biomass and height above ground, nodule number, fresh weight and nitrogenase activity
were measured, and the data were analyzed using SPSS. It showed that nodule nitrogen fixing efficiency was significantly dif-
ferent among the tested rhizobia and soybean cultivars. Plant biomass was positively correlated with other indexes. Eight tested
rhizobia were found to be compatible with twenty-four tested soybean cultivars in China. Plant biomass was significantly in-
creased for inoculated plants relatived to that of the non-inoculated ones. In addition, the strains of HNO1, GR3, HH29 and
HH103 demonstrated high nitrogen fixation efficiency no less than that of USDA110. These strains are potential merit strains to
be applied in Norheast China, Valley of the Yellow and Huaihe Rives, Valley of the Yangze River, and Southeast China. A-
mong the twenty-seven soybean varieties/lines, Zhongdou 39, BD2 and Tianlong 1 showed higher biomass when inoculated
with eight tested rhizobia. In addition, we have obtained an outstanding pair of with higher symbiont efficient Zhongdou 39-
GR3, which will be applied in Valley of the Yangze River; the best compatibility of soybean-rhizobia in Norheast China, Val-
ley of the Yellow and Huaihe Rives, Southeast China respectively were Liaodou 14-HNO1, Xudou 14-HNO1, BD2 -HNO1 as
well. Our study elementary identified the compatibility between elite soybean rhizobia tested and major cultivar of different
planting region in China. The results provide the rhizobia resources for inoculant production being supposed to match a region-

specific soybean cultivar. Further investigations are need to evaluate and confirm the elite rhizobia strains that can compete
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with indigenous rhizobia strains and demonstrate practical higher nitrogen fixation efficency in the field soils.

Keywords: Elite rhizobia strain; Glycine max; Soybean major cultivar; Compatibility; Symbiotic nitrogen fixing efficency
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%1 4{#ixXZ Soyben cultivars tested

KERX KEAF Kl FA I FLA ) 59t HRLE
Region Soybean cultivar Source Type Plant stage (month. day) Podding habits 100-seed weight/g
ZRACHLIX iT % 14 Liaodou 14 iIF Liaoning 7K Spring soybean  3.21 ~3.31 45 fR Semi-determinate 9.88

Norheast China 2K 14 Suinong 14 JKVL Heilongjiang 7+ K & Spring soybean ~ 4.21 ~4.30 WA7KR Semi-determinate 14.98
BRI I #:5 14 Xudou 14 VL5 Jiangsu B KT Summer soybean 6.1 ~6.15 A KR Semi-determinate -
Valley of the Yellow % 17 Xudou 17 VL9 Jiangsu B K. Summer soybean 6.1 ~6. 15 4 P Determinate -
and Huaihe Rivers &5 18 Xudou 18 VL7p Jiangsu B K& Summer soybean 6.1 ~6. 15 AR Determinate -
#:5.20 Xudou 20 VL5 Jiangsu B KT Summer soybean 6. 11 ~6. 15 AR Determinate -

#1579 % Jidou 9 V4t Hebei X K Summer soybean 6.11 ~6.15 74 KR Semi-determinate 21.15

#7712 Jidou 12 L Hebei X K/ Summer soybean 6. 11 ~6. 15 4 B Determinate 17.13
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KEKX KE b P37 3 I FAAE Y g3 M ERLE
Region Soybean cultivar Source Type Plant stage (month. day) Podding habits ~ 100-seed weight/g
#7517 Jidou 17 Wt Hebei HRaBRy B2 A0 B Semideterminate 17,22
Summer/Spring soybean or 6. 1 ~6. 15
L nfS8 Ji nf58 74t Hebei B KT Summer soybean 6.1 ~6.15 G4 FR Semi-determinate 13. 88
£ 3 Niumaohuang 73t Hebei B K Summer soybean 6.1 ~6.15 A BR Semi-determinate 16. 62
HP117 ydt Hebei K K Summer soybean 6.1 ~6.15 £ BR Determinate -
¥592116 Zheng 92116 ji[Fg Henan X K& Summer soybean 6.1 ~6. 15 AR Determinate 13.29
7DD P75 Shaanxi ¥ K. Summer soybean 6.1 ~6.15 A BR Semi-determinate 11.24
HERL9 5 Weike 9 LI %% Shandong B & T Summer soybean 6.1 ~6. 15 £ B Determinate 25.26
%77 10 % Shengdou 10 1| %% Shandong ¥ & Summer soybean 6.1 ~6. 15 47 B Determinate 29.84
Fr i 35 Zhonghuang 35 Jt A Beijing  E K& Summer soybean 6.1 ~6. 15 AR Determinate -
W1#5 13 Zhonghuang 13 Jb&L Beijing B K& Summer soybean 6.1 ~6.15 A BR Semi-determinate 22.94
KT 21001 Mengl001 %% Anhui ¥ K5 Summer soybean 6.1 ~6. 15 47 B Determinate -
Valley of the KR 1 5 Tianlong 1 #Idt Hubei  E K Summer soybean 6.1 ~6.15 [ Determinate 16. 24
Yangze River K 2 %2 Tianlong 2 Wit Hubei  # KT Spring soybean 6.1 ~6. 15 47 BR Determinate -
1539 Zhongdou 39 4t Hubei F K& Spring soybean 4.1~4.8 AR Determinate -
th 7 41 Zhongdou 41 #Jt Hubei 3 KT Summer soybean 5.21 ~5. 31 JFR Indeterminate 21.54
Hi i 43 Zhongdou 43 W4t Hubei 3 KT Summer soybean 5.21 ~5. 31 AR Determinate -
Smf;ijﬂc[zhina BD2 Guang;;ii;ﬂlgzhouﬁkﬁ Spring soybean  3.21 ~3.31 4 i Determinate -
& 4} Abroad BX10 LYY Brazil - 5.21~5.31 47 B Determinate -
Willimus 82 FE American - - - 17. 68
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W LA — RN RE A, 5 A BF RN AR EM R, 19:1055 14;23: KFE2
2.27.BD2;28. 3 nf58;1; HNO1;2: GR3; 3. HH29,;4 . ZX20;5: HH103 ;6. SMHI2; 7. USDAL10;
8.TAll,

The first number on the bottle represents soybean cultivars, the second number on the bottle repre-
sents soybean rhizobia. 19: Liaodou 14; 23 Tianlong 2; 27; BD2; 28 Ji nf58; 1. HNOIL; 2. GR3;
3. HH29; 4. ZX20; 5. HH103; 6: SMH12; 7. USDAIL10; 8.TAll.

Bl MREXEREESKELERRENKEEKRKSE

Fig. 1 Representatives of varied plant growth during the elite soybean

rhizobia and soybean matching experiments
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Table 2 Plant shoot biomass of different soybean cultivars when inoculated by different

elite soybean rhizobia strains

(g#")

KE KEHEE Soybean thizobia
Soybean cultivar CK HNOL GR3 HH29 7X20 HH103 SMHI2 USDA110 TAll
HH 14 Liaodou 14 2.5440.96a  4.59%0.77¢  3.30£0.35ab 3.58+0.55abc 3.17#0.58ab 3.1420.69ab 2.79+0.29a  2.93+0.53a  4.16£0.66 he
Yok 14 Suinong 14 2.70£0.58a  2.97£0.32ab  3.30£0.53ab 3.40£0.77ab  2.56£0.46a  2.62£0.26a  4.75:0.57¢  3.74£0.62b 3.12:0.48 ab
BH 14 Xudou 14 2.78%0.71a  6.79£1.06c 3.95+1.69ab 5.67+0.58bc  4.86+0.54hc  5.250.93hc  4.28+0.58ab 5.82£0.65hc 4.96+0.93 he
BE 17 Xudou 17 2.47£0.60a  4.76£1.05hc  5.07+0.65he  5.560.34¢  3.79£0.52h  4.4520.50hc  4.27#0.64bc  5.59#0.56¢c 3.97+0.73 b
#E18 Xudu 18 3.9£0.81a  6.09£0.76cd 5.63+0.89cd 5.350.56 hed 4.59+0.30 abc 5.32+0.64 bed  4.09£0.42ab  5.630.59 cd  5.220.21 hed
BE2 Xudou20  3.99%0.63a  6.05t115ah 7.01+0.96b 4.87+1.05ab  5.43£0.69ah 6.72£2.45h  5.84%0.57ab  5.09£0.97ah 5.34+0.56 ab
WHOE Jidm9  249:0.61a 5.22+1.51be 565:1.06c 405+0.9abe 3.41£0.56ab 4.16+1.33abc  3.83£0.93abc 3.271.22ab 3.21+0.75ab
HWH2Jidu 12 3.37+0.47a  5.06+0.64h 4.15:0.90ab 5.0420.68h  4.08+0.72ab 4.02+0.71ab 2.78+0.28a  4.04+0.54ab 4.86+0.77b
HO 1T Jidou 17 3.02:0.33a  473:0.60h 2.87+0.37a 531x0.72h  3.41+0.64a 246+0.38a  2.53:0.55a 5.60+1.29h  481£0.81b
TE 058 Ji nf58 2.78+0.4la  3.31£0.87abc 2.9540.33abc 3.81£0.50cd 2.42:0.44a  2.56+0.30a  3.31£0.32abc 4.610.67d  3.65+0.33 be
4% Numaohuang ~ 2.69#0.44a  5.32:1.17¢  5.10£1.29¢  4.89:0.72bc  3.11£0.46a  4.5320.86hc  5.44%0.78¢c  516%0.34¢c  3.64+0.41 ab
HP117 3.59£1.16a  6.0420.77d  4.91£0.58 abed 4.57£0.39 abed 4.18£0.83 abe 5.40£0.91cd  3.3320.68a  5.15+0.72 bed 4.34£0.74 abe
92116 Zheng 92116 3.0540.50a  5.86«1.04h  5.98+0.82b  5.82:0.74h  3.09%0.37a  485+1.02h  3.07+0.6la  5.58+1.22h  4.67+0.34 b
7DD 2.49£0.33a  4.20£0.85ab 3.9#1.42ab 3.86:1.62ab 4.060.65ah 4.58+1.10b  2.90%0.67ab 4.37£1.38ab 2.72+0.55 ab
YERLOE Weike 9 3.37£0.66a  5.79£1.20b  5.30£1.13ab 5.01£1.27ab  458£0.51ab 5.52£1.27ah 4.72£0.43ab 6.22£1.27h 4.83:1.34ab
ZE 105 Shengdou 10 4.70£10.73a  6.46£0.15b  5.32£0.97h  6.30+0.80b  3.61+0.66a  5.11£0.98ah 6.14£0.95h  6.14£0.95h  5.32:0.86b
1% 35 Zhonghuang 35 2.15+0.64a  3.3640.37hed 3.10£0.83 abc 4.40£0.70de  2.65+0.55abc 4.22+0.51 de  2.35£0.39ab 4.93:0.86e 3.5320.45¢
13 13 Zhonghuang 13 4.22+0.66a  7.4121.09¢  7.531.09¢ 8.29:0.45¢  4.180.88a  6.72£0.93he  6.3920.73bc 7.17+1.60¢c  4.93£0.73 ab
21001 Mengl001  4.00£0.50a  5.07£0.41be 5.75:1.04c 4.18%1.59abc 2.6420.96a  4.60£0.38abc 3.360.84ab 5.37£0.98be 4.0721.22 abe
FHE1E Tianlong I 2.0840.30a  4.9221.02¢d 4.6420.38cd 4.2120.90cd  3.980.64be  5.00£0.54d  2.9%4£0.77ab  3.7120.60 be 3.92£0.36 bed
RBE2 % Tianlong2  2.40£0.36a  4.52+1.10h  3.98:0.43b  3.8320.52h  2.22:0.49a 467+1.12h  463+1.15b  3.45+0.46ab 3.31£0.80 ab
1739 Zhongdou 39 2.29+0.49a  4.92+0.43hed 5.88+1.09d  4.37:0.38hc  3.88+0.35h  463:0.59he  4.67+0.41be  5.30+0.62cd 5.12£0.74 cd
741 Zhongdoudl  4.02+1.44a  6.20£0.10b  6.03£0.93ab  5.32£0.92ah  5.16+1.0lab 426+1.41ab 597+1.07ab 4.72+0.99ab 4.86+0.52 ab
1543 Zhongdou 43 3.92+0.66a  3.8840.89cd 7.79:1.29d  8.20£0.75hc  6.54+0.63b  5.7720.67cd  7.78+0.82bed 6.79+0.80be 6.02£1.14 b
BD2 3.03£0.50a  7.15%#1.76¢  6.11£0.29bc 5.21£0.80bc  3.18£0.64a  6.19x1.41he  6.19£1.32bc  6.24£1.23bec  4.2520.48 ab
BX10 1.89£0.41a  415£0.59abe 2.26%1.27a 3.06:1.43a  2.6820.71a 270x1.12a  5.26:1.27h¢ 5.72:1.86c 3.40£1.30ab
Willimus 82 2.48+0.40a  3.67:1.03cd 2.4740.30ab 2.51£0.35ab  2.16£0.31a  3.490.59bed 2.99%0.50 abc 4.35£0.45d  3.37£1.06 bed
RZH CV 0.24 0.23 0.31 0.27 0.28 0.25 0.32 0.21 0.19

[F] —HE AN R 2R R ORTE P <0. 01 KP4 23, F I,

Different letters following the mean values within each row indicate very significant differences at P <0.01. The same below.
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Table 3 Relative ratios of increased plant shoot biomass between experiment and control groups

for different soybean cultivars when inoculated by different elite soybean rhizobia strains

KA KIEGARIETH Soybean rhizobia

Soybean cultivar HNO1 GR3 HH29 7X20 HH103 SMHI2 USDAL10 TAll
L5 14 Liaodou 14~ 1.8020.3 ¢ 1.30 £0. 14 ab 1.41£0.22 abc  1.25+0.23 ab 1.24+0.27 ab 1.10£0.11 a 1.15+0.21 ab 1.64 +0.26 he
2% 14 Suinong 14 1.10£0. 12 ab 1.22+£0.2 ab 1.26 £0.29 ab 0.95£0.17 a 0.97£0.1 ab 1.76£0.21 ¢ 1.39£0.23 b 1.16£0. 18 ab
%5 14 Xudou 14 2.44+0.38 b 1.42£0.61 a 2.04£0.21 ab 1.75£0.19 ab 1.89+0.33 ab 1.54£0.21 a 2.09+0.23 ab 1.78 +£0.34 ab

%5 17 Xudou 17 1.93£0.43 ab 2.06 +0.26 ab 2.250.14b 1.54+0.21 a 1.80£0.2 ab 1.73 +0.26 ab 2.27+0.23 b 1.61£0.29 a
75 18 Xudou 18 1.56+0.2 ¢ 1.44 £0.23 be 1.37£0. 14 be 1. 18 £0.08 ab 1.36 £0. 16 he 1.05£0.11 a 1.44 £0.15 be 1.34 £0. 06 abc

%520 Xudou 20 1.52+0.29 a 1.80+0.24 a 1.22+0.26 a 1.36£0.17 a 1.68£0.61 a 1.46£0.14 a 1.27+0.24 a 1.34£0.13 a

HE 95 Jidou 9 2.10£0.61 ab 2.27+0.43 b 1.63£0.4 ab 1.37£0.22 ab 1.67 £0.54 ab 1.54 +0.38 ab 1.31£0.49 a 1.29£0.3 a

3512 Jidou 12 1.50£0.19 b 1.23£0.27 ab 1.50£0.2 b 1.21£0.21 ab 1.19£0.21 ab 0.82+0.08 a 1.20 £0. 16 ab 1.44+0.23 b
BLE 17 Jidou 17 1.57£0.2 be 0.95£0.12 a 1.76£0.24 ¢ 1.130.21 ab 0.81£0.12 a 0.84+0.18 a 1.85+£0.43 ¢ 1.59 £0.27 be

3 nf38 Ji nf58 1.19£0.31 ab 1.06 £0. 12 ab 1.37 £0. 18 be 0.87£0.16 a 0.92£0.11 a 1.19+0.12 ab 1.66£0.24 ¢ 1.31£0.12 b
AL Niumaohuang 1,98 +0.44 ¢ 1.90 £0. 48 be 1.82£0.27 be 1.16£0.17 a 1.69+0.32 abc  2.02£0.29 ¢ 1.92+0.12 he 1.35+0.15 ab
HP117 1.69+0.22 ¢ 1.37£0.16 he 1.27£0.11 abe ~ 1.17£0.23 ab 1.51£0.25 be 0.93£0.19 a 1.44 £0.2 he 1.21£0.21 ab
#9216 Zheng 92116 1.93 £0.34 b 1.96£0.27 b 1.91£0.24 b 1.01£0.12 a 1.59£0.34 b 1.01£0.2a 1.83+0.4 b 1.53+0. 11 ab

ZDD 1.69+0.34 a 1.60+0.57 a 1.55+0.65 a 1.63+0.26 a 1.83£0.44 a 1.16£0.27 a 1.75£0.55 a 1.09£0.22 a

HERL9 5 Weike 9 1.72£0.36 a 1.57£0.33 a 1.49£0.38 a 1.36£0.15 a 1.64+0.38 a 1.40£0.13 a 1.85+0.38 a 1.43£0.4 a

%5105 Shengdou 10 1.37 £0.03 b 1.13£0.21h 1.34£0.17 D 0.77£0.14 a 1.09 +0.21 ab 1.30£0.2 b 1.30£0.2 b 1.13£0.16 b
i 35 Zhonghuang 35 1.56 £0. 17 ab 1.44 £0.39 ab 2.05+0.33 be 1.23+0.26 a 1.97+0.24 be 1.10£0.18 a 2.30£0.4 ¢ 1.64 +£0.21 ab
3 13 Zhonghuang 13 1.76 +0.26 ¢ 1.79+0.26 ¢ 1.97£0.11 ¢ 0.99£0.21 a 1.59£0.22 he 1.52£0.17 be 1.70£0.38 ¢ 1.17£0.17 ab
% 1001 Mengl001 1.27£0.1 be 1.44£0.26 ¢ 1.05 £0.4 abe 0.66£0.24 a 1.15 0. 1 abe 0.84£0.21 ab 1.34 £0.24 be 1.02 £0.31 abe
K15 Tianlong 1~ 2.36£0.49 ¢ 2.23+0.18 be 2.02£0.43 be 1.91£0.31 ab 2.40 +0.26 he 1.41£0.37 a 1.78 £0.29 ab 1.88 +0.17 ab
K25 Tianlong2  1.88 £0.46 be 1.66 £0. 18 be 1.60£0.22abc ~ 0.9320.2a 1.87£0.47 bhe 1.93£0.48 ¢ 1.44£0.19 abe  1.38+0.34 ab
115 39 Zhongdou 39 2.15 £0.19 be 2.57+0.48 ¢ 1.91+0.16 ab 1.70£0.16 a 2.02+0.26 ab 2.04£0.18 ab 2.32£0.27 bhe 2.24£0.32 be

Fi5 41 Zhongdou 41 1.54£0.25 a 1.50+£0.23 a 1.32£0.23 a 1.28+0.25 a 1.06+0.35 a 1.48£0.26 a 1.17£0.25 a 1.21£0.13 a
F15 43 Zhongdou 43 2.01£0.23 b 2.11£0.33 b 1.69 £0.19 ab 1.49£0.16 a 2.01£0.19b 1.75+0.21 ab 1.66 +0.21 ab 1.55+0.29 ab
BD2 2.36£0.58 ¢ 2.01£0.1 be 1.72£0.27 ab 1.05+0.21 a 2.04 £0.46 he 2.04 £0.44 bhe 2.06£0.41 he 1.40 £0. 16 ab
BX10 2.20£0.31 ab 1.19£0.67 a 1.62 £0.76 ab 1.42£0.37 a 1.43+£0.59 a 2.79 +0.67 ab 3.03£0.98 b 1.80 +0.69 ab
Willimus 82 1.48 £0.41 ab 1.00£0.12 a 1.010.14 a 0.87£0.12 a 1.41+0.24 ab 1.20£0.2 a 1.76£0.18 ¢ 1.36 +0.43 he

TREKCY 0.20 0.26 0.20 0.25 0.25 0.32 0.25 0.19
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Table 4 Plant heights of different soybean cultivars when inoculated by elite soybean rhizobia strains(cm)

K KIGTHYRT Soybean rhizobia
Soybean cultivar CK HNO1 GR3 HH29 7X20 HH103 SMHI12 USDAL10 TA1L
i1 14 Liaodou 14 20.50£2.93 ab 24.83+3.24b  21.50£1.26ab 19.50+1.5ab 22.00+7.37ab 22.33+1.25ab 21.50+1.26ab 16.67+2.05a 20.50 +1.26 ab

%4k 14 Suinong 14 24.50 +3.59 bed

BT 14 Xudou 14 19.32£2.82a
E17 Xudou 17 19.60 +2. 58 aby
#7518 Xudou 18 17.00£2.1a
520 Xudou20 24.28+1.23a
HET95 Jidu9 30.86+3.82a
ST 12 Jidou 12 27.40 £2. 94 abe
T 17 Jidou 17 17.47£1.26 ab
Faf58 Jinf58  19.00£1.63 ab
4% Niumaohuang 21.83£1.34 a
HP117
#9216 Zheng 92116 29. 34 £5.46 ab
7DD 20.83£2.97 ab
HERL9 5 Weike 9 32.06+3.98 a
%1510 5 Shengdou 10 25.40 +3.56 ab
1% 35 Zhonghuang 35 17.50 £2. 12 a
1% 13 Zhonghuang 13 27.82 £2.75 ahe

% 1001 Meng 1001 35.60 £5.74 bed

23.00 + 1. 63 bed

46.12£3.73 d

21.20£3.71 ¢

37.204.02d

32.90 +5. 54 be

39.30+5.42 be

34.60 £2.42d

25.02+3.25¢

20.83+1.95b

34.00£2.77 b

41.00£12.28 hed52.52£2.88 ¢

43.58+5. 14 ¢

30.00 +5.66 d

43.44+5.75¢

34.60 +4.84 ¢

21.58 +0.89 be

43.62+3.49 ef

38.30 £5.57 d

26.00 +2. 58 cde
26.06 +5.55 be
35.60+3.26 d
25.40 £2.42 be
41.120.87 ¢
41.76 £2.16 ¢
33.60+3.5 ed
20.10+3.58 b
19.33£1.6 ab
31.83+3.34b
37.98 +6.79 be
37.08 +£2.31 be
28.17+4.78 od
35.00+2.99 ab
27.40 +4.59 ab
17.8+1.77 a
35.10£4.46 de

36.80 +7.79 bed

27.00 +3.06 de
26.60 +2.33 be
25.80 +2.93 be
22.40£1.62 ab
25.68 +3.36 ab
31.06+3.65 a
26.80 +1.33 ab
19.63£2.09 b
25.50+1.98 ¢
22.83+1.34a
31.50 +2.82 abe
42.84+4.88 ¢
22.67 +4.61 abe
34.14+4.96 a
24.80 +2.23 ab
22.00 +2.38 be
46.54+1.43 g

27.66 +3.77 ab

18.17+2.85a

27.70 +4.02 be

24.20 +1.33 abe

21.00£2.53 ab

27.32 £3.64 abe

33.02+2.17 ab

30.80 +2. 86 bed

17.42£1.75 ab

17.17+1.95 a

21.50+1.26 a

35.92 +4.91 abe

20.36+1.78 a

26.00 +2.52 bed

33.58+0.9 a

21.80£1.72a

19.33£1.82 ab

22.40£0.51 a

24.70£2.89 a

21.83+1.3 abe

41.24 £2.65d

30.20 £4.21 d

33.80+5.34d

36.34£7.35 de

35.26 £3.3 ahe

36.00£3.63 d

16.05 £1.51 ab

18.83 £1.34 ab

31.83+3.58 b

49.56 +4.23 de

36.24 £4.31 be

30.67+3.73 d

49.00£2.7 ¢

29.40 0.8 bhe

24.75£2.61 od

32.84 £4.81 cde

40.84+1.28 d

29.17+1.21 e
21.14+1.21 ab
18.00+4.82 a
16.60 £1.36 a
33.90 +2.22 cde
40.54 £5.9 be
21.40£1.02 a
14.58+0.6 a
20.33+1.7b
31.67+3.04 b
24.86+3.86 a
26.10£6.55 a
18.17+3.39 a
20.78+3.06 a
30.40 £3.72 be
16.58 1.3 a
30.98 +1.45 bed

22.18+1.92a

25.17+2.3 ede
31.72£3.01 ¢
26.00+1.79 be
31.00£2.28 d
22.60+2.37a
21.52+3.19a
34.40£3.38 d
20.13+3.55b
28.50+1.26d
23.17+0.69 a
43.10 +1.86 cde
42.16£5.61 ¢
31.00+3.21d
42.24 4.6 be
30.40 £3.72 be
25.58+2.74 d
38.57£2.63 ef

39.52+3.33d

20.17+1.95 ab
28.68 +2.66 ¢
20.20+2.23 ab
25.60 +4.72 be
23.08+1.92a
28.56+2.92 a
30.40 5. 08 bed
19.90 £0. 68 b
18.67 £1.37 ab
20.50+1.26 a
30.84+1.57 ab
25.36+3.72a
19.83£2.03 ab
34.22+2.63 a
24.8£0.75 ab
19.75£1. 15 ab
25.36+2.1ab

29.48 +5.05 abc
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KT KEAREIH Soybean rhizobia
Soybean cultivar CK HNOI GR3 HH29 7X20 HH103 SMHI12 USDAIL0 TALL
KEELS Tianlong | 123321142 22.5024.16cd 24.92+1.48 e  18.33+5.05bc 18.75+2.04 bed 23.67+2.72de 20.42£2.49 abed 15.17+2.54 ab  15.58 1.3 ab
KE2 5 Tianlong2 12.00£1.63a  23.00£2.77¢ 23.17+1L.77¢c  16.3322.49b 15.00£1.83ab 23.20£3.29¢ 21.00£2.77¢c 15.17+1.86ab 16.50£2.29b
1175539 Zhongdou 39 13.33+1.84a  26.58+1.67cd 28.00+2.84d  15.50+0.82ab 18.00£1.96b 22.67+3.68¢ 22.75+1.49¢ 16.92£0.61ab 18.17£2.11D
15741 Zhongdou 41 24.83£5.7ab  38.8326.87 cd 45.17£5.15d  24.50+1.38ab 27.00£3.37ab 30.83£6.69 abe 34.17£8.05bc 23.33:4.15a 23.33:2.29a
15743 Zhongdou 43 27.28+3.49a  54.83£9.96c 55.42£10.16¢ 27.00:2.31a 26.67+4.12a 39.50+8.88h 45.17+5.58bc 27.005.80a 24.67:2.49a
BD2 30.83£2.79ab  50.17+11.7lc 40.67+5.62hc 48.33:4.96¢ 25.00:2.94a 43.3327.80c 45.17:1.34c 44.50:8.66c 27.42:3.14a
BX10 19.25£3.84 abe  24.4243.36 be 18.42+4.94 abe 24.835.60c 16.50+L.70a 17.92£0.79ab 32.25:3.54d 32.75:3.13d 16.42£3.21a
Willimus 82 19.08+2.79ab  21.332£2.67be 17.58£2.17ab 18.17£1.49ab 15.25¢1.11a 18.67x1.84ab 19.672.61b 24.50£2.%4 ¢ 19.75:2.16b
BRFRCY  0.30 0.30 0.30 0.31 0.24 0.30 0.32 0.30 0.21
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Table 5 Root nodule numbers of different soybean cultivars when inoculated by elite soybean rhizobia strains ( 4>-# ')

Kb KEAREH Soybean rhizobia
Soybean cultivar HNOL GR3 HH29 7X20 HH103 SMHI2 USDAL10 TAll
{175 14 Lisodou 14 74.33£18.55be  94.67424.89 ¢ 75.67+13.56be  51.17£11.99ab 81.33£13.02bc 25.5+12.12a  S57.17£19.09ab  69.33 £15.00be

i 14 Suinong 14 83.17£13.67¢  76.17£7.01 ¢ 69.00 +13.03 be

38.33x11.12a

71.33+16.32 ¢ 49.00+10.17ab  52.50 +10.81 ab ~ 69.83 £16. 52be

T35 14 Xudou 14 41.80£9.97a  28.60£23.81a 43.20£10.57a 17.00£4.77a  36.00£6.51 a 14.00+2.83a  54.00+7.77 a 112.80 +125. 88a
E 1T Xudou 17 66.00£13.71h  57.60+12.14ab  62.80£5.23b  35.60£12.27ab 47.20+18.12ab 29.00£5.55a  51.00£12.20ah  63.60+24.50 b

%518 Xudou 18 64.00£12.63h  88.00£9.53 ¢ 7.20+11.07be  24.4026.70a  52.80+13.79b  23.00x4.56a  64.60 £9.58 he 68.60 +17.52 be
TRE20 Xudou20  46.60£22.19he  41.20+9.11 abe  46.40£16.84 be  20.40£6.41ab  40.80£11.39 abe 18.60+4.41a  61.00£10.66 ¢ 54.00+13.16 ¢

HE 95 Jidou 9 41.20£14.85ab  52.40+16.85b  29.80+14.54ab 14.60+8.48a  45.40:21.59b  14.60£6.89 a 34.80+9.87ab  41.00 +14.38 ab
35 12 Jidou 12 58.00+12.31c  24.60+5.99a  38.00+18.92abc 16.20+1.17a  48.60£15.81 bc 17.00+4.52a  33.80£10.4ab  48.20+8.13 he
B 17 Jidou 17 59.33+14.41be  62.50£11.70bc  75.67+13.56 ¢  11.17+6.82a  48.33£9.18b  20.50£6.90a  49.33£15.30b  50.0013.32 b
3 nf58 Ji nf38 23.50+11.70 ab  53.33+18.04 ¢d 68.67+11.01d 18.3321.70a  42.50+12.26 be  38.83£13.76 abc 39 +13.56 abc 60.83 +14.31 ¢
- # Niumaohuang ~ 68.50 £27.91 ab  57.67£26.16ab  91.00£24.87h  38.83+18.10a  72.17+24.34ab 41.17+12.77a  69.67+9.93 ab 57.33 +11.01 ab

HP117 50.40+11.48b  34.20+10.96ab 39.00+13.16ab 18.20+6.14a  44.20£17.78b  18.20£2.79a  43.00£6.45b 55.00+7.69 b
FP 92116 Zheng 92116  60.20£21.46 ab  58.00£25.59 ab  54.20£16.27ab 29.60+19.00a 45.60+21.77ab 28.40:4.36a  68.40:13.60b  66.60+10.37 ab
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KA KEAYEE Soybean thizobia
Soybean cultivar HNOI GR3 HH29 7X20 HH103 SMHI2 USDAL10 TAIl
ZDD 62.50+21.05ab 72.83+31.85b  55.50+34.63ab 35.00+14.79ab 51.83£21.47ab 201.83:5.34a  40.67£17.94ab  57.67+22.05ab
RO Weike 9 56.80£6.31ab  96.40£28.47¢  49.40+12.50ab 28.40£8.36a  50.2£17.92ab  31.6:9.33a 51+4.98 ab 65.6+18.64 b
%510 5 Shengdou 10 73.40+6.05h  80.00+20.39b  79.20+9.68 b 25.40+4.87a  77.2+11.91b  62.6+11.38b  62.6+11.38b 69.8+29.11'b
113 35 Zhonghuang 35 25.33+8.29ab  52.67£18.92¢  44.50£12.47hc  14.67+7.02a  45.83£10.61 ¢  12.33£3.09a 38.33£11.76 be 39 +6.11 be
§1% 13 Zhonghuang 13 73.00£15.74 b 59.60+19.56 b  63.20£21.08b  20.60£7.39a  61.8:16.53h  26:2.19a 61.6+4.13 b 79.2£18.31'b
1001 Meng 1001~ 61.20£3.43h  45.00£13.69b  44.80+17.88h  13.80z4.17a  46.4:9.22] 14.4£4.32a 51.6£27.88 b 43.8+10.87b
KW 15 Tianlong I~ 60.50£34.9be  68.67£26.20c  76.33£9.98be  26.67+7.36ah  63£13.84 he 16.33+6.70a  77£31.% ¢ 70.67 +24.64 ¢

KBE2 5 Tianlong 2~ 70.00£25. 11 be  45.00£14.78 ab  100.6717.71¢  23.17£10.57a  78.4£24.21be  47.17£17.46ab 87.67225.43 ¢ 72.83 +£8.90 be
§15.39 Zhongdou 39 47.00£4.04 b 58.83£8.97he  56.00£12.78 he 22.33£2.98a  66.33£8.63bec  25.177.0la 78+19.68 ¢ 65.83 +10. 84 be
"} 41 Zhongdoudl  70.17+15.60b  52.50+13.45ah  53.33£19.63ab 43.17213.38 ab 78 £24.21 ab 28+7.16a 60.17+36.21 ab ~ 60.5+20.01 ab
7§15 43 Zhongdou 43 55.83£11.08a  65.505.91h  71.00£13.32h  40.50£13.10a  71£16.62 b 40.83+13.61a  72.33:12.92b  68.5£15.39b
BD2 164.17£13.8d  70.50+10.14 b 81.00£8.567 he  36.17+8.63 a 150.5+17.91d  86.33+10.13bec  97.1748.53 ¢ 93.83+9.42 ¢
BX10 60.00+20.28 ab  54.17+29.38 ab  73.67+26.34ab 34.83+17.89a 83.83£35.52b 35.5+17.44ab  40.83:16.14ab  62.67+31.40 ab
Willimus 82 85.83+13.70¢  77.33x15.84c¢ 0 23.50+3.15ab  97.83x18.02¢  48.5£28.77h  46.67+10.56b  48.17£17.35b
BRERCV 0.39 0.30 0.34 0.38 0.37 0.54 0.28 0.24
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Table 6 Fresh root nodule weight of different soybean cultivars when inoculated by elite soybean rhizobia strains(g-#k ')

KEmA KEHYFR Soybean thizobia
Soybean cultivar HNOI GR3 HH29 7X20 HH103 SMHI2 USDAL10 TAII
TH 14 Liaodou 14 0.50£0.12¢  0.500.12¢  0.42£0.07h¢  0.37#0.06abc  0.50+0.10¢c  0.21£0.09a  0.29£0.07ab  0.36+0.06 abc
S 14 Suinong 14 0.33£0.05abc~ 0.40£0.07¢  0.38£0.13bc  0.21£0.05a  0.2920.07abc  0.29£0.07abc ~ 0.24£0.05ab  0.25+0.05 ab
®H 14 Xudou 14 0.19£0.05a  0.1420.12a  0.37£0.08b  0.29£0.07ab  0.25£0.05ah  0.22+0.04ab  0.30£0.05ab  0.30£0.10 ab
WE 17 Xudou 17 0.38£0.05ab  0.27£0.08ab  0.41£0.05b  0.41£0.08h  0.270.04ab  0.28:0.07ab  0.29£0.07ah  0.240.08a
®E 18 Xudou 18 0.38:0.06a  0.40£0.13a  0.32£0.03a  0.42£0.20a  0.3420.07a  0.30:0.06a  0.38:0.09a  0.3920.06a
%E20 Xudu20  0.36+0.12a  0.36£0.10a  0.25£0.16a  0.31£0.04a  0.29%0.12a  0.28:0.08a  0.36:0.08a  0.31£0.07a
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gxo6
KA KEAYEE Soybean thizobia
Soybean cultivar HNOI GR3 HH29 HH103 SMHI2 USDAL10 TAIl
595 Jidou 9 0.33£0.10ab  0.4720.16 b 0.26£0.06ab  0.22+0.14 a 0.25£0.13ab  0.25+0.12ab  0.1720.06 a 0.21+0.08 a
3 12 Jidou 12 0.33£0.03ab  0.23+0.01 a 0.25£0.06 a 0.31£0.06 ab 0.28£0.07 a 0.27£0.05 a 0.28£0.02 a 0.40 £0.08 b
317 Jidou 17 0.36£0.07cd  0.23+0.04 abc ~ 0.46£0.08 d 0.16 £0.08 ab 0.19+0.03ab  0.12+0.03 a 0.34 £0. 14 cd 0.28 £0.07 be
3 nf58 Ji nf 58 0.19£0.04ab  0.22£0.06ab  0.38£0.07 ¢ 0.14£0.02 a 0.19£0.05ab  0.22£0.06ab  0.33£0.19 be 0.32£0.05 be
-3 Niumaohuang ~ 0.34£0.09 a 0.320.11 a 0.38£0.10 a 0.31£0.09 a 0.33£0.10 a 0.37£0.08 a 0.44 £0.07 a 0.34£0.07 a
HP117 0.20£0.06ab  0.24+0.07ab  0.26£0.07b 0.23 £0.06 ab 0.20£0.04ab  0.13£0.04 a 0.25£0.05 ab 0.21£0.05 ab
¥£92116 Zheng 92116~ 0.37£0.09 a 0.38£0.10 a 0.34£0.05 a 0.26 £0.08 a 0.23£0.09 a 0.24 £0.08 a 0.39£0.14 a 0.36£0.02 a
ZDD 0.31£0.06 a 0.36£0.12 a 0.32£0.15a 0.33+0.08 a 0.30£0.11 a 0.31£0.06 a 0.32£0.13 a 0.32£0.12 a
HEBL9 5 Weike 9 0.27 £0.06 a 0.33+0.08 a 0.27+0.10 a 0.28£0.03 a 0.30£0.07 a 0.31£0.06 a 0.29+0.07 a 0.32+0.09 a
%5 105 Shengdou 10 0.41£0.05ab  0.45£0.09b 0.51£0.07 b 0.28£0.08 a 0.40£0.11ab  0.440.04 b 0.44+0.04 b 0.40 £0.04 ab
11 35 Zhonghuang 35 0.24£0.03ab  0.26£0.08ab  0.39£0.08 ¢ 0.220.05 a 0.34£0.05bc  0.22+0.03 a 0.31£0.06 abc ~ 0.25£0.05 ab
11 13 Zhonghuang 13 0.64 £0.16 b 0.57+0.20 b 0.49+0.10ab  0.26 +0.08 a 0.40£0.08ab  0.610.11b 0.43 £0.08 ab 0.40 £0.07 ab
5 1001 Meng 1001 0.32+0.04 a 0.32+0.11 a 0.27£0.06 a 0.21£0.07 a 0.30£0.05 a 0.20£0.08 a 0.25+0.10 a 0.29+0.13 a
KW 15 Tianlong I~ 0.26£0.13 a 0.30£0.03 a 0.29£0.04 a 0.30£0.07 a 0.34£0.05 a 0.21£0.09 a 0.31£0.08 a 0.31£0.04 a
K25 Tianlong 2~ 0.35:0.13a 0.24£0.05 a 0.33+£0.05 a 0.22£0.06 a 0.25£0.06 a 0.30£0.11 a 0.31£0.06 a 0.20 £0.06 a
71539 Zhongdou 39 0.29£0.05 a 0.44 £0. 13 be 0.33£0.06ab  0.32+0.04 ab 0.33£0.05ab  0.36+0.04 abc  0.46£0.05 ¢ 0.38 £0. 06 abe
115 41 Zhongdou 4l 0.39£0.10a 0.39£0.08 a 0.33£0.09 a 0.43£0.11 a 0.29£0.14 a 0.43£0.11 a 0.34£0.07 a 0.34£0.10 a
11543 Zhongdou 43 0.570.15a 0.57+0.14 a 0.46+0.08 a 0.55+0.12 a 0.52£0.05 a 0.550.11 a 0.55+0.14 a 0.44£0.07 a
BD2 0.57£0.20ed  0.33£0.04ab  0.30£0.06ab  0.42+0.13 abed  0.60+0.16 d 0.50£0. 12 bed  0.38+0.06 abe  0.26+0.05 a
BX10 0.48+0.16 a 0.33+0.22a 0.46£0.22 a 0.26+0.09 a 0.46+0.22 a 0.33+0.12 a 0.34+0.10 a 0.34+0.13 a
Willimus 82 0.430.12 ¢ 0.37 £0. 06 be 0£0a 0.22£0.08 b 0.430.11 ¢ 0.32£0.14 b 0.300.07 be 0.26 £0. 11 be
BRERCV 0.31 0.30 0.29 0.31 0.31 0.38 0.23 0.20
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Table 7 Root nodule nitrogenase activity of different soybean cultivars when inoculated

by elite soybean rhizobia strains( wmol-h ™' -#% ')

K KA Soybean thizobia
Soybean cultivar HNOI GR3 HH29 HH103 SMHI2 USDAL10 TAIl
G 14 Liaodou 14 4.68+2.47a  5.51£2.60a  4.03%£1.97a  5.09:1.37a  539:1.83a  278:1.25a  3.06:1.08a 6.01£2.89 a
G 14 Suinong 14 0.76£0.33a  2.00£0.63ab  2.37+1.32ab  1.90%0.86ah  1.4840.87ab  2.98+1.31h  2.0840.50ab  3.00%1.51a
®E 14 Xudou 14 3.93+1.35a  3.27:2.38a  5.14%0.34a  9.52%451a  5.61%1.49a  9.35:243a  6.96+0.42a 4.46+1.23a
®E 17 Xudu 17 4.7920.96a  437£0.80a  4.62£1.87a  11.17:231h  6.80£2.10ab  8.19+2.64ah  576+0.26a 3.99£0.91 a
BT 18 Xudou 18 4.05£0.51ab  2.40£1.30a  2.75%0.33a  430£0.60ab  3.84+0.25a  3.39:0.73a  6.07+0.63b 4.60 £0. 64 ab
®E20 Xudu20  2.74£0.02a  420:0.30a  2.02£0.33a  4.60£1.33a  5.934277a  412:0.9%a  407:0.44a 4.33:0.492a
FHOZ Jidou9  2.48%0.15a  2.36:1.67a  1.97:211a  3.78:2.68a  281x1.74a  2.92:0.90a  0.8420.77a 2.07+1.13a
HT 12 Jidou 12 212£0.73a  290%2.23a  2.25#0.7la  5.91+1.22a  3.19:0.65a  7.12+3.26a  4.18:214a 3.99£1.34a
G 17 Jidou 17 4.60£0.65b  5.02£0.94b  5.05¢1L51h  2.29#1.14a  2.47+0.67a  1.75:0.72a  4.63+1.89b 2.98+0.93 ab
058 Ji nf58 21740.83abc  1.66£0.68ab  4.37+1.15¢d  1.30£0.99ah  0.88+0.44a  3.36:1.71bc  2.6321.56abed 4.72£2.03d
4% Numaohuang 248 +1.14ab  2.61£1.95a  3.59+1.52abc  4.59+1.50hc  2.44#1.14ab  3.77+1.60abc 6.0721.27¢ 3.91£0.83 abe
HP117 3.1641.72a  0.78:0.62a  1.6420.80a  2.74:0.58a  1.6420.9a  3.74:2.48a  1.82:0.25a 1.78£0.89 a
#9216 Zheng 92116 2.62+1.01a  4.08£0.53ab  2.79#1.56ab  8.83x1.65b  4.00£1.52ab  9.61£3.73b  8.77+3.22b 6.04 £1.41 ab
7DD 1.08+0.48a  1.23:0.34a  1.27£0.48a  1.78%1.07ah  1.82#0.51ab  3.11:1.62h  1.3220.56a 2.73£1.29 ab
HERLO B Weike 9 48721242 3.55:1.78a  5.33:149a  6.08¢3.23a  7.26%3.49a  11.37:231a 13.1126.82a  535:1.79a
ZE 105 Shengdou 10 10.3243.89a  7.15:0.89a  6.60£0.16a  8.29+1.44a  6.68+1.66a  10.211.72a  10.27£3.06a  5.65+1.49a
H1% 35 Zhonghuang 35 1.93+1.00a  2.52:1.87a 41422442  2.92:134a 2011452  3.07:0.9a  4.51:219a 4.00£1.53a
% 13 Zhonghuang 13 4,572,402 9.2749.46a  9.39#5.60a  11.95:1.33a  10.5624.24a  33.55:2.43h  11.44:1.71a  13.33%2.40a
1001 Meng 1001~ 4.25£2.05a  6.16%3.64a  0.6520.46a  6.70+4.31a  3.45:1.80a  8.47:409a  3.56:1.73a 8.83+2.36
FHE1 S Tianlong I 21121202 3.26%0.71ab  4.26+1.54ab  4.76+1.68b  4.271.12ab  3.03£1.21ab  3.83£0.96ab  3.47+0.52ab
FW2 S Tianlong2  2.34+1.18a  2.11£0.37a  3.30£0.88a  2.76+0.86a  2.67+1.67a  1.89+0.85a  2.41:0.36a 2.96£0.93 a
739 Zhongdou39  2.14+0.47a  9.77#4.05h  3.13%1.22a  468+210a  3.64:1.81a  512:0.69a  429:1.00a 3.7320.93 a
W7 41 Zhongdoudl  5.18%2.01abc  6.63%2.19bed  4.11+0.85ab  9.02£0.80d  7.3022.91bed  8.42£2.91¢cd  5.750.79 abed  2.98£0.70 a
743 Zhongdoud3  2.85:1.09a  2.62+1.63a  2.29#0.81a  5.60+1.40b  420£1.00ab  3.74+0.52ab  2.24:1.56a 272£1.08a
BD2 3.70+0.84a  5.55:1.64a  3.28%1.13a  529:1.19a  5.11:298a  3.49:1.64a  3.78:135a 4.68+1.74a
BX10 1.86£0.85a  1.50£0.83a  1.62%0.9a  298+1.38a  249:1.03a  3.10:1.07a  3.20:1.12a 2.29£0.72 a
Willimus 82 2.26£0.75h  Oa 0a 3.38£1.66b  2.38:1.51h  3.45:¢1.10b  3.10£0.80 b 3.68+0.88 b
BREH OV 0.55 0.63 0.56 0.54 0.54 0.9 0.62 0.52
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Table 8 The correlation analysis between the various indicators examined in this study

. N HRJe W it N M L3R4 i
A O MRS N bk :
Fresh nodule Biomass above
Nitrogen activity Nodule number Plant height

weight ground

[ Z B G P Nitrogen activity 1 -0.101** 0. 025 0. 008 0.070 "
AR R %L Nodule number 1 0.198 " * 0.111"* 0.177 " *
I8 4= Wi Fresh nodule weight 1 0.021 0.151**
KR Plant height 1 0.668 " *

b [ 355434 ¥ i Biomass above ground

1

TLAE0.05 KO BB EAEG; T AR 0.0 KT ARG,

*+ Significant difference at 0. 05 level, * * . Significant difference at 0. 01 level.
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