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Table 1 Basic information of the experiment plots of the study

i B b (5273 EZE2

Code Sampling site Altitude/m Latitude-longitude grid
S1 P4 22 AT Nancui village 1102 26° 25" N, 105° 95" E
S2 F-FER} Pingzhai village 1102 26° 26" N, 105° 81’ E
S3 K3 A} Shuidongkou village 1102 26° 18’ N, 105° 93’ E
S4 7 B R Sulv village 1102 26° 24" N, 105° 90’ E
S5 ¥3% 1, Gouchangtun village 1098 26° 42" N, 106° 25" E
S6 IRPH Leping village 1098 26° 38’ N, 106° 25’ E
S7 Br#EF Xinzhai village 1098 26° 32’ N, 106° 25’ E

1.2 16S rRNAEREY &, XEHERUF

K EHEDNA#RBOAF & (L K E R
ARAT ) BT IEFEALSDNA, £55M1000
JEIE ( B oA B s A BR A vl ) I 2
1% B G W5 B8 s v Uk R I )5, I DN A [RTIBCR 3 & [m]
e, F-20CHAAF&H .

DIAEEU) S DNAH A, R H]116SrDNA V3-V4
X4 ( Bl T A TRERRSARAR) -
338F: (5-ACTCCTACGGGAGGCAGCAG-3') ,
806R: (5'-GGACTACHVGGGTWTCTAAT-3")
HEATPCRY Y ( WA 2 L & AR A A ) .
PCRJZ N £ : 94CHI A4 min, 94 °CAS %
30 s, 55CIE K30 s, 72°CHEH45 s, 3571
F, BIG72CHEM10 min, PCR™Y) R G
PEEEREDNA B & ( TIANGEN) [=li H 1
Z, M QubitZé e it & Ge Xt Ml ™ Wy k17
O, SFRIEA A FFESPCR B ™ ),
Fh) 4t v 38 U P SC%E, TlluminaHiseq 2500 4L
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2%, IHOTUSH FJE .

FHQIIMEFHEAT o ZREVE T, WHGFH
6% . Chaold8%. WHEMHF . RHQIIME
¥R, M UniFrace ik difr B £ HE1E
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K Vegan B AFE 17 LAY A 43 F1 ( Canonical
Correlation Analysis,CCA ) . ff FHRAR- iR 55 [H
T 5P E A HT

2 45 R
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X (MERBH0.877) , TFEAE R 5H S w2
WEIEME (HXERBN0.811) , IHZREdH
ZHl S AR PR A A LT B IR A OC (AH R AL
$490.770 ) , ATETERES LA VLR . 4R S hE R
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Table 2 Ecological characteristic of the rhizosphere soil of Chinese yam

s SATHLBR 2R

Code  Total organiccarbon/(g-kg™) Total N/(g'kg™)

ik A el
AlkalyticN/(g-'kg™)  Available P/(mg'kg™) Available K /(mgkg™)

S1 18.12 + 0.63¢ 2.72 £ 0.08bc 78.63 £ 3.15de 13.58+0.41g 194.21 + 3.88¢
S2 15.43 £ 0.46d 1.95 + 0.04e 75.04 £ 1.50e 21.71 £ 0.65¢ 286.33 +8.59b
S3 18.25+0.73¢c 2.54 +0.05d 82.15 +2.46¢cd 15.89 + 0.48e¢ 312.54 +9.38a
S4 29.11 +1.16b 2.86 +0.09b 101.43 +3.04a 30.62 + 0.92a 291.67 £ 8.75b
S5 18.67 + 0.56¢ 2.56 +0.10d 87.81 £2.63b 25.33+0.76b 310.52+6.21a
S6 18.67 + 0.93¢ 2.69 +0.08cd 86.53 + 3.46bc 14.69 + 0.44f 292.68 + 8.78b
S7 36.11 £ 1.08a 3.59+0.11a 98.21 £2.95a 17.59 +0.53d 198.51 +5.98¢c
G5 o E AL A i Catalase HEBEFSucrase iR fifiPhosphatase ki Urease
Code pH /(ml-g™"-30min™") /(mg-g™-24h7") /(mg-g™'-24h7") /(mg-g™"-24h™")
S1 6.12+0.12a 0.45+0.01d 3.23+0.10e 4.33+£0.13b 0.69 £ 0.02b
S2 5.58+0.11c 0.53+0.01c 3.02 £0.09f 3.26+0.07d 0.29+0.01f
S3 498 +0.10d 0.52 +0.02¢ 4.21 +£0.08¢c 3.18+0.10d 0.65+0.01c
S4 5.37+0.11c 0.69+0.01a 6.08 £0.12a 6.57+0.19a 0.95 +0.02a
S5 5.84+0.17b 0.59+£0.01b 4.36 +0.09¢ 3.64+£0.07c 0.58 £ 0.02d
S6 5.57+0.11c 0.58 +0.02b 3.96 +0.08d 3.51+0.07c 0.46+0.01e
S7 5.36+0.10c 0.58£0.01b 5.52+0.11b 2.57 +0.06e 0.63 +0.02¢

e R—3BFEARNG FRFRRERBFH (P<0.05, n=3) . [ Note:Different lowercase letters in the same column

indicate significant difference at 0.05 level.The same blow

2.2 HFHENEESEIT
o R ek . R, R TANEEAR
Wit ML ik B 1) A5 350 4 i X o7 ) s Bl £k o B, 4%

REWIHREN P C T, T TIEgai.
1E97 % ALKV T O TU#E AT 4 W {5 B 4 it 4
Pro BT AR T “T17 AFr X2 . g
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Table 3 Nutrient contents in rhizome of Chinese yam /(g-100g™")

%5 ATVA LA TEH L2 kS
Code Soluble sugar Starch Rough polysaccharide Crude protein
S1 13.01 £ 0.39cd 31.71 £ 0.95b 19.56 + 0.59ab 5.34+0.16¢
S2 12.35+0.37d 24.56 £ 0.74¢ 19.23 + 0.57abc 4.28 +0.12¢
S3 12.55 +0.25d 24.90 £ 0.75¢ 18.97 + 0.56bc 5.55+0.17¢
S4 14.17 £ 0.43b 26.47 +£0.79d 20.26 £ 0.61a 7.29+0.21a
S5 13.61 £0.41bc 33.21 £0.99a 18.74 + 0.54bc 4.84+£0.15d
S6 12.36 £ 0.37d 25.42 +0.76de 18.35+0.53¢ 7.15+0.14a
S7 15.95 +0.48a 29.85+0.89¢ 20.20+0.61a 6.37+0.19b

TR R AT, WX FEERT1%MEFEAT, 4
SIRARIETTT (31.0% ) . SR (22.8% )
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17T (1.1%) o MWEHE a5 /el i, AZTE 1,
LRI MR AT I . R R FA e (A X
>5% ) , BT FEEHRTS%, &1 875
85.1% 5 BLAMA & BT HXF 3= B /N F 1% 1) HoAth
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M. A JE” K LT, TR R
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PR TAREAR LA K 2 B0 [R) 0 40 D %, (R A
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U T REE S R Z R S T
T A3 BT IA R AR IR 5 7 A B S 1 20 D A U 5 A8 A A
22 5 SRR AT fE S LM A K
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A8 B Wy B BRI R s,
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B R AR M AR B . Chao 148 B fif 545 B
HR I 2R, AN RSO, X R4
Pl Z2 FEPE SR BEAT LB, 45 R ERWISS . S6. STiX
SMMEAR A BB FE R . MY
A, S1. S2HISAREAMAE— /K5 MS3FE
R EREERE . S SYE SRR LKL
Tl . DA PR R I 2 RE PR AR A B TR T AR AR
G R3ANG. GAH T R, BRI
Chao | 48 ORI - HE 0 98 Bl 05 14y | 38 AH 56 (G
ZH N -0.644"F1-0.506" ) , ULHATEILZ54R

B~ 198 v 2 BT T 110 22 R M R 1l IR Tl TS M A R
AL

B MMM, PCoA (Principal
coordinate analysis ) J&%E T UniFrace () 344543
B, AT B s A R RE it s A= W a2k Ak b AR
st K2R TR B 2P S AR
FROE STBRME , HSS. S6. STREAR M B BE £ K1k
Hi71.44%, NWEFFZHMERN TETTME, 5o
FEPE 3B 25 R AH B B
2.4 EEFES

K FILESS e 43t AN [] 28 1 vh At 3 32
ZRRHER R . MEI3an]F, BRFZER (S2) b
O MEATEZ AW F AR & 25, Hrb
A . S R . AR W I [ 2 )
R EZEN, U LSRR T - e
TR A R 2P . 30K T A A T A6
AFEFEARPWTIT, . B, B BAKFRZERER
HPHE B KR, Horp s RS B T3 2 3 %
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TR (S6) LTS HEATREMERER, A
HHAREARKZ S, 52RO SR
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25 HEET. REBLXYRSTEAEDFHS

Eiliok s P
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B D_0_ Bacteria; D_1__Gemmatimonadetes
®m D_0__ Archaeca; D_1__Thaumarchacota
B D_0_ Bacteria; D_1__Firmicutes
i D_0_ Bacteria; D_1__Becteroidetes
i D_0_ Bacteria; D_1__Actinobacteria
0 D_0__Bacteria; D_1__Acidobacteria

% D_0__Bacteria; D_1__Chloroflexi

W D_0__ Bacteria; D_I__Proteobacteria
|| I | | i D_0__Bacteria; D_1__Nitrospirae

mmmmmmmmmmmmmmmmm

BT S EEATET KRB R AR X B2 A8

Fig. 1 Relative abundances of the species of bactera in the samples at the phylum level in bar chart
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Fig. 2 Sample principal coordinate analysis
T4 oBHMERST
Table 4 Statistics of a diversity indices
G M2 2 1 4 435 % Shannon index Chao 14844 7 %5 % Coverage/%
Code Observed-species Chaol index
S1 926 6.71c 1553.89d 96.77
S2 1032 6.89¢ 1335.16d 96.72
S3 1946 8.52b 2895.44¢ 96.02
S4 878 6.55¢ 1580.75d 97.59
S5 2679 9.28a 3982.12a 94.78
S6 2696 9.20a 4017.82a 94.87
S7 2302 9.18a 3561.95b 94.56

Elabh RS E RS S W . A7 W 5TOC.
AK. TN. APHIpHIXSFREE K F 5 IEA G 1R
Fr S5pH. APEGAHK, 5TOC., AKZIEAHX,
i — 20 U W - p HLK - J2 5% ) - 18 40 0 R 4 AT
1) R BB S 72—, H AR 5% otk
OUEYE B - B AR 2, TR TS
PR, ARSI R A OG5 AN AR T e

EARSG, BEW T e b i A 20 T e Al i R R TR 4B Y
[, AT REXT 3 A 3R o0 5 7 A — S
w1

JUFh - 3R 53 B AL T4 5B, AR EL Z [R] A9 AH
KNERBAGE ([E14b) o PEFERHEAr i 2R 25
SRR S IEAN OGO AR 5 AT 1 -5 R I L2 5 1E
KRR R, A5 A Sl TG s i PR e
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t: unculturedbacterium
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: Clostridia
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a3 3: Rhodospirillales

: Sphingomonadaceae
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: Comamonadaceae

: Oxalobacteraceac

: Burkholderiales

: Betaproteobacteria
== b0: Deltaproteobacteria
mm bl: Pseudomonadales
E= b2: Xanthomonadaceae
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= b4: Gammaproteobacteria

b) 34k 7337 B Data cladogram
¢ a) NLDAZHTER, i 2 R 1 E 3 M A L0 2 oA AR T A TR 2R . b) Sho M ARAS T B E VS e 1T 2= 0w (EORh ) 19
%é&%ﬂf:?r, AL G 732 ACF B RER AR B i — A /NE B RIZOKT R —A 028, NN BINZEIE, 25 E AT
FAKE- o3BT, B B AR /N SARXS RN IE 5 AN ) (8 23 2 FHAS [ (R 062 DX 53, JHG PP A [ 980 T 68755 0 3 7 A AR N I3 62
2 551 vk B R SR RO 2R, (3T R RN AR TR T A 2E T A R B AR A U E 35T Note: a) shows results of LDA
analysis, and bacterial groups with significant effects among the two plots through linear regression analysis. b) shows differences
in classification level from phylum to genus (or species) in classification of soil bacteria in the six samples, and in the diagram on
the right are listed names of bacterial groups at different classification levels. Each small circle in the figure represents a taxon at a
set classification level. The concentric circles from inside to outside represent classification trees at different classification levels.
Different groups are coloured differently, indicating that the microbial groups plays an important role in the group correspondingly
colored, while yellow dots represent the microbial groups that do not play any important role in all the groups
K3 WERESIT AR

Fig. 3 Statistics chart of microflora
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® Bacteroidetes ® Diapherotrites ® Hydrogenedentes @ Proteobacteria ® WS2
© Bathyarchaeota @ Elusimicrobia © Ignavibacteriae ® Peregrinibacteria ~ ® WS6
® BRC1 .Euli;/archaeota ® Latescibacteria ® Planctomycetes ~ ® WWE3
® Caldjserica ~ OF ® Lentisphaerae ©® SBR1093
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b)

a), FEAS S HALFEFRAH & HT CCA analysis of sample andphysico-chemical indices; b), 4H@RESS5HILIEAR . BEIGTE AR 2SR &
A& Correlations of bacteria community withphysico- chemical indices, enzyme activities, saccharide content in rhizome

‘?I~ IR Sk RoR AR (SRR ) , @k IEL R R A IR K S W R A A A DG R, Bk, BEWIARDGEE R
BE J#’J*‘FZIHJﬂ’J%Wi}tﬂﬁlﬁi’%Tﬁ%ﬁ LB AR IE ARG, B AR G, WSk AR e (LA

E"J+ FRMAM T ) ARRIENREEL N F 5 WA OCHE RN, Jeftk/N, MOCHME; 2L, TOCK/R BATHL, AN RHL A

A, APERI/RA MM, AKE/REN, CATER/RSE AR, InvertaseR/R NI, UreasefR/RIKEE, Phosphatase & n iR i,

Solublesugar# /s A] {E LM, StarchF/RIUEHT, Roughpolysaccharide® /R~ £ H# Note:

factors, and length of the line with an arrow denotes extent of the correlation between environmental factors and bacterial species.

Arrows in the picture mean environmental

The longer the arrow, the closer the relationship. The angle between environmental factors and bacterial species is acute, signifying
positive relationship, otherwise, negative relationship. The angle between the line with an arrow and bacterial species (with the cross
in the center being the vertex of the angle) suggests extent of the relationship. The sharper the angle, the closer the relationship, and
the duller, the looser. TOC stands for total organic carbon, AN for alkalytic nitrogen, AP for available phosphorus, AK for available
potassium, CAT for catalase, invertase for sucrase
K4 2R Pr SR SR bR 5 FEA S A0 B P CCAZM T
Fig. 4 CCA analysis of soil physicochemical indexes and bacterial communities in yam rhizosphere
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Genetic 16S rRNA Diversity of Soil Microbes in Rhizosphere of Chinese Yam
and Its Influencing Factors

ZHANG Hongxia"> ZHANG Shuya' ZHANG Yutao"’ ZHANG Tianyuan’
(1 College of Chemistry and Chemical Engineering, Anshun University, Anshun, Guizhou 561000, China )
(2 Engineering Technology Center of Control and Remediation of Soil Contaminationof Provincial Science &
Technology Bureau, Anshun University, Anshun, Guizhou 561000, China )
(3 Wuhan Benagen Technology Solutions Company Limited, Wuhan 430070, China)

Abstract [ Objective ] Chinese yam (Dioscorea opposita) is a parannial herbal liane popular as
vegetable in this country. Its tuber is consumed as both food and medicinal herb for its functions of anti-
oxidation, anti-aging, immunity regulation, blood sugar reduction, etc. Soil ecoenvironmental factors and
soil nutrient status are major factors affecting growth and quality of the plant. Soil microbes, in particular,
participate in recycling of carbon, nitrogen and some other nutrient elements in the soil, flowing of energy,
formation of soil humus, shaping and amelioration of soil structure. This study aims to explore relationships
of the soil bacterial community in the rhizosphere of yam with soil nutrients and contents of saccharides
in the tuber, and to elucidate major soil ecological factors affecting nutrient accumulation in yam tuber,
in an attempt to provide certain reference for development of yam-specfic bio-manure and assessment of
soil environment for cultivation of the plant. [ Method ] Seven samples of rhizosphere soil and rhizomes
of 2-year old Chinese yam plants were collected for analysis of composition, abundance, Alpha diversity,
Beta diversity and bacteria diversity of soil microbes with the aid of the high-throughput sequencing
technology, and for analysis of relationships dominant soil bacterial groups and soil microbial community
in rhizosphere with soil chemical factors and saccharides in root with the canonical correlation analysis
method. [ Result ] Results show that Shannon and Chaol indices were significantly and negatively related
to soil phosphatese activity; proteobacteria, chloroflexi, acidobacteria and actinobacteria were the dominant
bacterial groups in the rhizosphere of Chinese yam; soil pH was an important factor affecting structure and
distribution of the soil bacterial community; acidobacteria and nitrifying spirulina was related to sucrase
and urease activities in soil; archaea and chloroflexi was positively related to soil organic carbon and
nitrogen; soil carbon, nitrogen nutrient was positively related to soluble sugar, crude polysaccharides and
starch in the root of yam. Chloroflexi and Thaumarchaeota, dominant soil bacterial groups were positively
related to total organic carbon, total nitrogen, AK, AP and phosphatase activity in rhizosphere soil, and
to content of starch and crude polysaccharide (spearman correlation index is 0.54, P<0.01 ) in tuber, too,
which indicate that the above-mentioned chemical properties plays important roles in growth of the plant;
Acidobacteria was negatively related to soil pH, AP and catalase and positively to total organic carbon, AK
and invertase activity in soil, and negatively related to crude polysaccharide in tuber, too; Nitrospirae and
Actinobacteria was positively related to activity of urease and catalase, and negatively to phosphatase and
sucrase; Proteobacteria and Nitrospirae was positively related to soluble sugar and negatively related to
crude polysaccharide. [ Conclusion ] All the findings demonstrate that the dominant bacterial groups in the
rhizosphere of Chinese yam are proteobacteria, chlorobacteria, acidobacteria and actinomycetes; Soil pH

is an important factor affecting structure of the soil bacterial community.Acidobacteri and nitrospira may
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improve carbon and nitrogen levels in the soil through stimulating the activity of sucrase and urease in soil;
archaea and chlorobacteria promotes TOC and AN recycling in rhizosphere soil and increase TOC and AN
nutrient supply in the soil, which in turn promotes accumulation of soluble sugar, crude polysaccharides and

starch in rhizome of yam.

Key words Chinese Yam; Rhizosphere soil;Bacterial community; Diversity; Correlation
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