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Distribution pattern and influencing factors of nitrogen-fixing
microbial community in the rhizosphere of Pueraria lobata
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Changsha 410125, Hunan, China
2 Hunan Institute of Plant Protection, Hunan Academy of Agricultural Sciences, Changsha 410125, Hunan, China

Abstract: [Objective] The aims of this study were to clarify the spatial pattern of the nitrogen-fixing
microbial community in the rhizosphere of Kudzu (Pueraria lobata), and to explore the relationship
between environmental factors and the spatial pattern. [Methods] A total of 17 rhizosphere soil samples
were collected from Hunan, Jiangxi, and Guangxi province, where Kudzu was widely distributed. The
physical and chemical parameters of the samples were measured by routine methods, and the
composition and diversity of nitrogen-fixing microbial community was performed by high-throughput
sequencing of nifH gene. Multivariate statistical analysis was used to explore the relationship between
the composition of the nitrogen-fixing microbial community and environmental factors. [Results] The a
diversity of nitrogen-fixing microorganisms were not significantly different among three sampling
regions. The composition of nitrogen-fixing microbial communities were similar in the same sampling
region, while were quite different among three sampling regions. It indicated that biogeographical
pattern of nitrogen-fixing microbial community was existed. The predominant phylum of nitrogen
fixing microorganisms was Proteobacteria, whose relative abundance accounted for more than 60%. At
the order level, the species that could be annotated mainly belonged to Rhizobiales and Burkholderiales.
The relative abundance of Rhizobiales was highest in Jiangxi, while the relative abundance of
Burkholderiales was highest in Hunan. pH, exchangeable calcium, total potassium, elevation and
annual mean temperature were the main factors that influenced the composition of nitrogen fixing
community. Burkholderiales was positively correlated with pH, exchangeable calcium and total
potassium; while was negatively correlated with the ratio of carbon to nitrogen. Rhizobiales was
positively correlated with total potassium and the content of sand, while was negatively correlated with
pH, exchangeable calcium, elevation and annual mean temperature. [Conclusion] There was no
significant difference in the o diversity of nitrogen-fixing microorganisms in the Kudzu rhizosphere soil
across different geographical regions; while a clear biogeographical pattern of nitrogen-fixing
microorganisms was existed. The spatial pattern of the community was jointly affected by the
geographic and soil factors; in addition, the effects of the same environmental factor were distinct for
different nitrogen-fixing microbial populations.
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F1 RELHIERER
Table 1 The geographic information of sampling sites

Sampling region Sample ID  Longitude Latitude Elevation/m Annual mean Annl.la.l )
temperature/°C precipitation/mm
Hunan HNO1 E113°08'48.56" N28°01'33.95" 83 18.4 1534
HNO02 E113°10'36.85" N27°56'37.48" 55 18.6 1411
HNO03 E113°19'13.35" N27°46'47.31" 81 18.6 1454
HNO04 E113°01'27.63" N27°40'39.56" 79 18.5 1394
HNO5 E112°43'45.94" N28°13'10.41" 74 18.2 1296
HNO06 E113°17'18.45" N28°18'07.07" 61 18.3 1309
Jiangxi JX01 E116°15'11.66" N28°18'04.39" 57 18.7 1713
JX02 E116°34'03.95" N28°16'40.01" 70 18.8 1730
JX03 E116°41'41.38" N28°07'04.34" 37 19.2 1814
IX04 E116°54'52.73" N28°04'14.76" 92 19.1 1701
IX05 E117°05'45.05" N28°27'47.76" 89 18.8 1 885
Guangxi GXO01 E108°0420.62" N24°53'06.37" 556 18.9 1816
GX02 E107°51'49.79" N24°41'16.91" 260 20.7 1220
GXO03 E108°09'46.90" N24°38'35.39" 292 20.4 1 541
GX04 E108°2402.03" N24°55'49.43" 465 19.2 1 648
GXO05 E108°29'56.78" N24°40'14.08" 305 20.2 1485
GX06 E108°19'33.41" N24°44'45.67" 326 20.1 1 687

1.2 H&EaH

FREC0.5 ¢ +-3%, K E.ZN.A.” soil DNA
kit (Omega Bio-tek, Norcross, GA, USA)EF;EI‘;ER
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Bt , %b ddH,O % 20 pL. PCR F i 55144 -
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KA S ) 17
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Fz2 nifH EEASEENFHER
Table 2 Summary of nifH sequences

Sample Optimized Effective c

ID sequence® sequenceb OTUs Coverage
GX01 17 696 12 554 429 0.991
GX02 24 409 17 214 532 0.989
GXO03 12 733 10 760 293 0.996
GX04 17 855 13519 451 0.992
GXO05 14 263 12 655 387 0.995
GX06 22 816 17 386 387 0.991
HNO1 11599 9257 329 0.995
HNO2 15413 11972 325 0.995
HNO3 13 087 10 938 298 0.997
HNO04 10 890 8997 118 0.999
HNO5 14 684 9 954 426 0.994
HNO6 17 009 14 002 518 0.992
JX01 14 390 12 674 224 0.997
JX02 21 494 16 351 247 0.994
JX03 17 861 16 369 391 0.995
JX04 20 551 15915 476 0.993
JX05 14 232 12 275 374 0.996

a: paired-end reads were merged and this sequence defined
as optimized sequence; b: excluded chimeric sequences and
other low-quality sequences in the optimized sequences, and
then obtained effective sequences; c: operational taxonomic
unit (OTU) defined by the boundary of 97.7% identity.

P T [l —RAE IR SRR — R, SRIET A
[ RAE XA RE S0 3 5, 3 AR IR IR T W] —
SR DX [ B WDV G5 AR RL, FAAE D]
4 DX 0 A R (BT 1)
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F1 795 A~ (K 2A) R YA B AE R G A
AR5 B B AR B g v [ AU ) E R
FAIE W '] (Proteobacteria) (>60%), 71 /MA
20%Z A ) OTU JLik RS, X UL L3 {328
TG R RR R B RE R, ARk
— 5. FEHKF B, EER A
Y1 FEIHE T E H (Rhizobiales)FIA v K
W H (Burkholderiales); TEFPKY-F, SR
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Table 3 o diversity of diazotroph community in different sampling regions

Diversity indices Guangxi Hunan Jiangxi
Richness

Sobs 413.17+£79.52a 335.67+134.43a 342.40+105.27a
ACE 456.38+95.24a 355.33+145.74a 365.80+106.95a
Chaol 455.97+93.76a 354.80+143.83a 367.94+106.60a
Evenness

Shannoneven 0.76+0.06a 0.73+0.07a 0.77+0.08a

o diverisity

Shannon 4.58+0.41a 4.17+0.56a 4.48+0.61a
Simpson 0.03+0.02a 0.05+0.03a 0.03+0.02a

Data are means+SD (n=3). Different lower-case letters in the same row show significant differences of the mean by LSD test

(P<0.05).

1 HERRIIZERRFBEDEZGFXTEER 100 B OTUs)# [E

M Guangxi
M Hunan
Jiangxi

Figure 1 Heatmap of diazotroph community (the 100 most abundant OTUs) in Kudzu rhizosphere soil.
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Figure 2 The variance analysis of nitrogen-fixing microbial community. A: at the OTU level; B: at the order

level.
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Table 4 Soil physicochemical properties in different sampling regions

Soil properties Hunan Jiangxi Guangxi F P

pH 7.20+0.60a 5.25+0.25b 7.44+0.49a 32.631 0.000
Sand/% 45.41+11.28a 51.26+11.78a 28.70+6.39b 7.775 0.005
Silt/% 33.77+6.62ab 26.42+8.92b 38.44+2.02a 4.976 0.023
Clay/% 20.81+5.62b 22.324+6.85b 32.85+7.30a 5.791 0.015
SOC/(g/kg) 13.40+7.37b 10.73+5.75b 39.06+14.58a 13.472 0.001
TN/(g/kg) 1.27+0.54b 1.08+0.57b 3.70+1.18a 17.808 0.000
C/N 10.14+1.84a 10.01+1.35a 10.47+1.82a 0.108 0.898
TP/(g/kg) 0.45+0.15b 0.51+0.21b 0.83+0.20a 7.209 0.007
TK/(g/kg) 17.074£5.66a 13.7245.01a 7.25+£3.06b 6.775 0.009
AN/(mg/kg) 83.33+51.99b 92.00+30.07b 284.33+106.18a 14.377 0.000
AP/(mg/kg) 9.37+14.13a 5.06+6.08a 13.90+17.72a 0.552 0.588
AK/(mg/kg) 161.83+113.62a 80.20+42.25a 183.334+85.07a 2.045 0.166
Ex-Ca/(cmol/kg) 9.33+£3.29a 3.72+2.44b 11.43+4.22a 7.106 0.007
Ex-Mg/(cmol/kg) 0.72+0.47a 0.524+0.29a 1.77+1.74a 2.205 0.147
A-Mo/(mg/kg) 0.13+0.11a 0.18+0.07a 0.20+0.17a 0.451 0.646

Data are means+SD (n=3). Different lower-case letters in the same row show significant differences of the mean by LSD test
(P<0.05). SOC: soil organic carbon; TN: total nitrogen; C/N: ratio of carbon to nitrogen; TP: total phosphorus; TK: total
potassium; AN: available nitrogen; AP: available phosphorus; AK: available potassium; Ex-Ca: exchangeable calcium; Ex-Mg:

exchangeable magnesium; A-Mo: available molybdenum.
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Figure 3 Redundancy analysis (RDA) between the
diazotroph community at the order level and
environmental factors. Tem: annual mean
temperature; Ele: elevation; Ex-Ca: exchangeable
calcium; AP: available phosphorus; AK: available

potassium; C/N: ratio of carbon to nitrogen; TK:
total potassium.
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