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Abstract: In order to evaluate the effect of different improvement measures on the diversity of rhizobium of soybean ( Glycine
max) in the abandoned land of ionic rare earth mine, nifH-PCR-DGGE was used to manifestate the diversity of Rhizobia. The
results of denaturing gradient gel electrophoresis ( DGGE) fingerprint showed that there were differences in the number, the
positions and the brightness of bands depended on different restorative treatments, which showed that different soil amendments
had a significant effect on the community structure of Rhizobium. The number and diversity index of bands of T4 treatment
(fertilizer + biochar + deactivator) were highest, it was best to improve the diversity of rhizobium of soybean. The results of
cluster analysis showed that 7 treatments could be divided into four groups, CK was group 1, T1 and T2 were group 2, T4 and
TS were group 3, T3 and T6 were group 4. The combination of biochar and passivator, the combination of bacterial manure
and earthworm had the more significant effect on increasing the diversity of rhizobia in root nodules of soybean. According to
sequence comparison and phylogenetic tree, soybean is mainly lived in symbiosis with Bradyrhizobium , and also coexisted with
Sinorhizobium in the abandoned land of ionic rare earth mine of Meizhou, Guangdong. There was significant positive correla-
tion between the diversity of rhizobium and soil cadmium content, and negative correlation among the diversity of rhizobium
and soil organic matter, nitrogen, phosphorus and other nutritional indicators, which suggesting that rhizobium may play an
important role in improving the cadmium tolerance of soybean.
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Table 1 The dosage of reagent in each restorative treatments

Ab P AL =Wy p BlAL el LR
Treatment Fertilizer/ (kg+m~2)  Biochar/(kg-m~2) Deactivator/ (kg-m ~2)  Bacterial manure/(cfu-m~2) Earthworm
CK - - - - -
T1 2.5 - - - -
T2 2.5 3 - - _
T3 2.5 - 0.2 - _
T4 2.5 3 0.2 - -
T5 2.5 - - 10" 30
T6 2.5 3 0.2 10" 30




14 X B4 AN ] Bl R A PO AN 85 5 AU ™ B 57 b R AR TR 2 AR P A R ) 79

1.4 Ak

L4 1 AR A2 fff R4 B A ARE T o i A
WA O REI BB D, B AIREUE TS ,4°CTR
TR PR PRI R 52 K, F 95% CBHEU 30 s,
PR 0. 1% HeCl, K G , FITCH K bk 5 3, BT
#Ho

1.4.2 By kAR B3 R R4 s i
X7 & (OMEGA HP Plant) $2 HUAR 9 4> 5 K 41
DNA, F0.8% ~ 1.0% B 5 W % 5 K6 56 DNA Jfi
i, R nifHl PR % 5 51 9, POLF-GC ( CGC-
CCGCCGCGCLLLGLGLresseeseseeceeeasee-
CCTGCGAYCCSAARGCBGACTC )/AQER ( GACGAT
GTAGATYTCCTG) " A5 44 514 h 2k T A4
AR B A A BRA A G e SOV FRIF Ry :94°C
4 min AR ;94°C 0.5 min,48°C 1 min,72°C 0.5 min,
35 ANEHR; T2°C IE A 10 ming Jy Be K JE R/
360 bp,

1.4.3 THAE BRI E K (DGCE w k) H 400 ng
PCR 7= W) K iy, SR F D-Code 58 722 46 I 5 4 k17
DGGE Lk, It FSR N A4 Tk Feie B I ok 35y 8% (T
e = SN e =37.5:1) , AR VEFRIHR By 35% ~
65% (100% (1) 25 P51 4 40% F i .7 mol - L™ JR
%), 7E60 V HLJE T ,60CfE#, 1 x TAE i+
HLUK 16 h, HLUKSERESE , A AIK P pEIRe , SR 5 R
Pttt & EB 4 b, #5K E 448 30 min, UVI
BEGAE,

P DGGE 3G A AR 4507 , AR R A S5l
SERHYT T BN, 2R AR RFERI A v E . 78 #E AT
Lt Ab B 5, #F NCBI( National Center for Biotech-
nology Information) % %4 47 Blast F X} LA 52 BE Ak
RSB, A MEGA 7. 0 M R G K B,
FER A ITOL M3k (https://itol. embl. de/ ) X HE{k##)
e
LS HURESMH

DGGE [E{4k H] Quantity One # £ 47 %54k
PO AL B3 8, T3+ 53 2 AR P48 B, A1 T AR R
PEJE B4, 38 53 UPGMA ( The Unweighted Pair Group
Method with Arithmetic Averages) J5 %X} /A [a] it B 1
TEHEAT R 2600 M. AR S5 DNA J7 51 28 DNA-
MAN FAE#EA 70128 Xt SR 5 R MEGA 7.0 8/
WHERGEKEW,

TR - FHZHEMIEE(H) = - X P,(InP,),
A P =n/N,n, 2y DGGE B3 i i J5a0 g%
JE N Jg 4R 2k W 8 T 1Y) G

Simpson ZFEHEIEE(D) =1 - X P},

Pielou 5] 580 (EH) = H/LnS, H i Z#4

FRHL, S A PB4 R H o
2 HREHH

2.1 KE nifH £E PCR R

R niftl BTN A 551 %) POLF-GC/AQER *f
KM 4 36 [ 41 DNA i 15 9 88, fr 15 7= 91 A
0.8% ~ 1. 0% BRI WHEE L UK A TR (T 1) o &5
IR, Y ¥ 7 BER/INE R 360 bp , 471G 7 ) T
LI RE Y =Ee AL 51

1 FEAETXEREE nifd EE R REXE
Fig. 1 Electrophoretogram of the nifH fragment of

soybean rhizobium in different restorative treatments
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Fig. 2 The DGGE fingerprint and schematic map of the amplified fragments of nifH

x2 ARABRLETAERERESHFEELH

Table 2 The diversity index of soybean rhizobium in different restorative treatments

bR AR TR~ e AR 2L Simpson Z AR EK Pielou #52 BE#5 44
Treatment Richness Diversity index Simpson's diversity index Pielou’s evenness index
CK 14 2.2563 0. 8848 0. 8550

Tl 15 2.3299 0. 8877 0. 8603

T2 15 2.2819 0.8714 0. 8426

T3 16 2.3337 0. 8839 0. 8417

T4 23 2.8580 0.9291 0.9115

TS 20 2. 6763 0.9177 0.8934

T6 13 2.1165 0.8335 0. 8252

2.3 DGGE Ei&ER LS
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Table 3 The similarity index of soybean rhizobium in different restorative treatments

AbH Treatment CK T1 T2 T3 T4 T5 T6
CK 100
T1 55.8 100
T2 60. 3 83.0 100
T3 45.1 67.7 56.4 100
T4 26.9 54.1 42.0 72.3 100
T5 38.4 61.1 50.5 82.7 82.9 100
T6 18.7 S51.7 37.4 78.5 71.2 69.0 100
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Fig. 3 Clustering analysis of DGGE fingerprint of soybean rhizobium

in different restorative treatments
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Table 4 The correlation index between the diversity index and soil chemical properties

i H . AL E 2k AR S
Items P Organic matter Total nitrogen Total phosphorus Available phosphorus  All cadmium
AL Conelation coefficient 0. 381 -0.204 -0.826 -0. 145 -0.097 0. 959
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