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Symbiotic Compatibility and Growth Promotion Effect of Nitrogen Fixing
Rhizobia on Hainan Vegetable-type Soybean
ZHU Jiahao'*, JIAO Jian’, PU Yi’, LIN Qingxi*, LIN Shan'?’

(1. Sanya Institute of China Agricultural University, Sanya 572024, China; 2. College of Resources and Environmental Sciences, China Agricultural
University, Beijing 100193, China; 3. College of Biological Sciences, China Agricultural University, Beijing 100193, China; 4. Ledong Lyusheng
Agricultural Development Co. , Ltd, Sanya 572500, China)

Abstract: In order to screen the soybean rhizobium with high compatibility and strong nitrogen fixing ability with the main
vegetable soybean varieties Liusi, Cuilyubao and Tiedou in Hainan Province. In this study, 8 strains of rhizobium isolated
from different ecological regions were selected for culture and screening using low nitrogen vermiculite substrate cultivation
method. Stem and leaf dry weight, leaf SPAD value, root dry weight, root nodule dry weight, root nodule number and other
indexes were determined, and structural equation model analysis and correlation analysis were conducted to evaluate the effects
of different rhizobia on the growth of vegetable soybean. The results showed as follows: (1)There were significant differences
in the growth promotion effects of different varieties of vegetable soybean inoculated with different rhizobia. The effects of
inoculation with CCBAU 25435 on the stem and leaf dry weight, leaf SAPD value and other growth indexes of vegetable
soybean were significantly increased by 80% and 112% compared with those without inoculation with rhizobia. There was no
significant difference or even slightly better than the highly effective nitrogen-fixing rhizobium USDA 110 widely inoculated
internationally. (2) Leaf SPAD value, root dry weight and nodules dry weight had significant positive and direct effects on the
formation of shoot dry weight, among which leaf SPAD value had the highest influence weight, and nodules number indirectly
promoted the formation of shoot dry weight through the first three factors. (3) The number of nodules and dry weight of
nitrogen-fixing rhizobia of medium-effective and high-efficient nodules were significantly higher than those of ineffective
bacteria, while the dry weight of unit nodules of efficient bacteria was significantly lower than that of medium-effective
bacteria. This study revealed the relationship between root nodule traits and plant growth. The root nodule biomass was not
strictly positive correlated with the nitrogen-fixation promoting effect, and the nodule number could better reflect the nitrogen-
fixation promoting effect than the dry weight of the nodules. The screened efficient nitrogen-fixing rhizobia provided high-
quality rhizobia resources for the development and application of rhizobia agents in Hainan area. The highly efficient nitrogen
fixing rhizobia screened in this study provided high-quality rhizobia resources for the development and application of rhizobia
agents in Hainan.

Keywords : screening of rhizobia; symbiotic compatibility ; nitrogen fixation capacity ; nodule traits ; structural equation model
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Table 1 Two-factor variance analysis of the effects of soybean varieties and rhizobia strains on soybean
vegetative growth and nodulation (n=7)
BRREMTE MR T SRR
i , HBRART . 5 BRI TR
B3| Dry weight of SPAD {4 Dry weight of Nodulation
Dry root weight Dry weight of
Type stem and leaf SPAD value nodulation per number per
per plant/g nodulation/mg
per plant/g plant/mg plant
AR Cultivar 4.44" 91.09 " * " 8.827 " " 42.26" " 47.98 """ 8.47% "
PR Rl Strain 28.72% " " 147.45* " 6.35" " " 100.15*** 58.60" " " 71.84* "
AP x BEFP Cultivar x Strain 2.95% " 9.01™" " 2.26" " 9.33*** 2.34"" 43,65 %"

H: . P<0.05;"".P<0.01;""". P<0.001,
Note: *. P<0.05; **. P<0.01;***. P<0.001.
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Note : Different capital letters in italics indicate significant differences between

different strains (n =21), different capital letters in normal body indicate significant

differences between different strains of the same variety (n =7), different lowercase

letters indicate significant differences between different strains of the same variety

(n=7) ,and the significance level is P <0.05.
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Fig. 1

Effects of inoculating rhizobia on shoot dry weight of

three soybean varieties
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Fig.2 Growth of soybean Liusi, Cuilyubao and Tiedou after rhizobia inoculation
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Note : Different lowercase letters indicate significant differences between different strains of the same variety (n=7,P <0.05) ,

and different capital letters indicate significant differences between different types of rhizobia (P <0.05).
B3 HEMIREEYNI A M@MEAXELTE EHTEMMNA SPAD EH0
Fig.3 Effects of inoculating rhizobia on total dry weight,shoot dry weight and

leaf SPAD of three soybean varieties
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Table 2 Two-factor variance analysis of soybean varieties and rhizobia group types on nodulation

traits and root growth of soybean

- BARRAR R KL BRI T AR T HABRAR Hb [ HLF
T Nodulation number ~ Dry weight of nodulation ~ Dry weight of per ~ Dry root weight T HE
e
w per plant per plant/mg nodulation/mg per plant/g S/R
Al Cultivar 19.06" " * 9.61*"* 73.87" %" 6.39"" 321270
82 A Grouping type 81.46" " 96.04* "~ 34.11**" 17.68 "~ 71.19 "
fnfl x 257! Cultivar x Grouping type 1.70" * 14.06"** 96.81" "~ 4.58"" 3.57""

H:*.P<0.05;"".P<0.0l;""*. P<0.001,
Note: . P<0.05; **. P<0.01;* " ". P<0.001.
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Table 3 Effects of inoculation with different types of rhizobia on nodulation traits and root growth of Liusi,
Cuilyubao and Tiedou
o - BARRARIRIEL ﬁiff;% HNARE T HUBRAR T @Lﬂ?
. Grouping type Nodulation number nodulation per Dry weight per Dry root weight P H(E
per plant plant/mg nodulation /mg per plant/g S/R
Ayl AN - - - 0.75 +0.05 aA 1.25+0.06 ¢B
Liusi T 12 £3 bAB 5.86 +1.44 cB 0.47 +£0.03 cB 0.57 £0.04 bcA 1.41 +0.03 ¢B
TR 75 £3 aA 163.76 £7.02 aA 2.27 +0.12 aAB 0.51 +0.02 cA 2.00 +0.05 bAB
R 73 +5 aA 92.69 +6.38 bA 1.35+0.07 bB 0.65 +0.03 abA 2.35+0.07 aB
AT AR - - - 0.53 +0.04 abB 1.60 £0.08 cA
Cuilyubao T 17 £2 bA 91.00 +8.23 bA 5.82 +0.55 aA 0.44 +0.02 bB 1.90 +0. 13 beA
TR 71 +4 aA 124.94 +5.16 aB 1.86 +0.08 bB 0.52 +0.01 abA 2.16 £0.05 bA
AR 79 £5 aA 84.21 £5.69 bA 1.08 £0.05 cB 0.60 £0.03 aA 2.83+0.14 aA
7352 AT - - - 0.66 +0.06 aAB 1.62 +0.06 beA
Tiedou P | 5+1bB 5.42+0.38 cB 1.04 £0.07 ¢B 0.65 +0.02 aA 1.38 £0.06 ¢B
TR 47 £4 aB 121.50 £6.79 aB 2.50 0. 13 aA 0.49 +0.02 bA 1.82 +0.08 bC
R 45 £2 aB 90.30 +3.96 bA 2.01 +0.08 bA 0.59 +0.01 abA 2.12 £0.04 aB

U RO R A R INE FRER IR R — iR A [R) 2 BRI 1 0] 22 7

B (P<0.05),

F (P <0.05) s AIRRE TR 7] — S BRI R A ) i ol ] 22 5

Note: Different lowercase letters after the number indicated that there were significant differences among different types of rhizobia under the same

variety (P < 0. 05); Different capital letters indicated that there were significant differences among different varieties under the same type of

rhizobia (P <0.05).
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Fig.4 Dynamic changes of SPAD value of Liusi leaves

after inoculation with different types of rhizobia
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coefficient,and the depth of the color represents the strength of the correlation (red indicates positive
correlation , while blue negative correlation) .
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Fig.5 Color scale diagram of correlation between growth indexes and nodulation

indexes of three soybean varieties (n =189)
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