H 48k A5 B R AR K FZR B AR ERO Vol. 48 No. 5
2020 £ 5 H Journal of Northwest A&F University(Nat. Sci. Ed.) May 2020

% 2% H4 BB A : 2019-11-04  15.57 DOI:10. 13207/j. cnki. jnwafu. 2020, 05. 014
% 2% H4 Bk < http: //kns. enki. net/kems/detail/61. 1390. s. 20191101, 0929, 028. html

pH X T2 IR X £ 352 40 1 B 3% 45 4 R 52 i
FRE TS DR 5

CHRA= 2B a RART RS BRI BE . b AZAL . St §i1{ 554300)

[# ZE] (MY 5 pH B 1 5040 8 7 45 0 S 5 T3S B G &, 38 v 3 ot & R R
AEHUE R FRAKHE . [J7 34T 72 300 hm® FEARIE 43 3 R &A% pH X (pH<C5. 5) . pH X (5. 5<<pH<(6. 5) . & pH
IX (pHZ=6. 5) (i FE MR X K, B 853 5 305 (Hlumina HiSeq) £ A, 4047 76 HUR X - 38 40 5 BF 9% 19728 4k , I % 40
HEVR 454l S S 1 A M BT AT T OUAR - BT RR DG R 4 17 o K45 2R T 4T 16S rRNA B D% (50 5 14 pH ()
BAMRIGFHIERER UEHL N y=0.098 3242. 997, R*=0.832 9, w5 pH X + LA 117K F L0 5 40w 1 B 1Y
FEEMZEME, B pH A C/N BA RSB IEAR M. K TA ] (Actinobacteria) | i % 7 ['] (Cyanobacteria)
FNERE ] (Firmicutes) & B AU X SN PR HER 19 3 RALHTE I S AT A TE T 63. 120 ~75. 2% . JUR MM 4
Bor, 3 pH C/N AR NG P A s K SR B T 83. 3% M BEIE AR fk , Bl T AEABURR X+ 38 41 B % 75 25 1k 1%
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Effect of pH on soil bacterial community structure in
root zone of prickly ash

HOU Jianwei® , XING Cunfang®, DENG Xiaomei’, CHEN Fen®

(a College of Agroforestry Engineering and Planning .b Personnel Department , Tongren University , Tongren,Guizhou 554300 ,China)

Abstract: [Objective] This study investigated the structure of bacterial community and its relationship
with soil chemical properties in prickly ash orchard with different pH to provide basis for improving soil
quality and promoting growth of prickly ash. [Method]) Soil samples were collected from root zone of prick-
ly ash in low pH zone (pH<{5.5) ,middle pH zone (5. 5<XpH<C6.5) and high pH zone (pH=>6.5) in the
300 hm?® prickly ash garden. High-throughput sequencing (Illumina HiSeq) technology was used to analyze
the changes of soil bacterial community,and redundancy analyses and correlation analysis were conducted

between bacterial community structure and soil physical and chemical properties. [Result] The gene copy
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numbers of bacterial 16S rRNA (y) had a good fitting relationship with soil pH (x),and the fitting curve
was y=0, 098 3x+2.997 with R? of 0. 832 9. The richness and diversity of dominant bacteria flora at phy-
lum level were relatively high in the high pH root area of prickly ash,and it had a strong positive correla-
tion with pH and C/N. Actinobacteria, Cyanobacteria and Firmicutes were the three dominant bacteria in
the soil of prickly ash root area,occupying 63. 1% —75.2% of all phyla. Redundancy analyses showed that
soil pH,C/N ratio,available N,available P and available K were main environmental factors on soil bacteri-
al community structure,totally explaining 83. 3% of the community changes. The influences of the factors
were in the order of soil pH > C/N > available N > available P> available K. The correlation analysis
showed that soil pH in the root area of prickly ash had negative correlation with relative abundance of
Bacteroidetes, but had significant or extremely significant positive correlation with relative abundance of
Cyanobacteria, Cyanobacteria, Firmicutes, Proteobacteria and Gemmatimonadetes. Soil C/N had significant
or extremely significant positive correlation with relative abundance of Actinobacteria,Cyanobacteria, Chlo-
roflexi, Bacteroidetes and Firmicutes. Soil available N was significantly positively correlated with relative a-
bundance of Actinobacteria and Chloroflexi,soil available K was significantly positively with relative abun-
dance of Proteobacteria, while soil available P was positively correlated with relative abundance of Cya-
nobacteria and Firmicutes. [Conclusion]) Soil pH,C/N,available N, available P and available K had great
impacts on the changes of bacterial community structure. As the primary factor,soil pH changed the com-
munity composition and diversity of soil bacteria in the root zone of prickly ash.

Key words: prickly ash;soil pH;bacterial community;soil physiochemical characteristics;high-through-

put sequencing

W (Zanthoxylum bungeanum maxim. ) J& 2%
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B 2,290 2. 24% . 3 pH X IEMAE K K
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BAHRRARM T HAK . Y14 pH(EN 6. 5~8. 0 I,
AT LUE R A KA T K pHEN 7.0~7.5 1
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HE(pH {H A 4. 66 ~5. 60) 4 Bt . 2% & My 557 R A
AR A iR A R A R B o A
SFUIE R 15 AR R e AL I 1 3 W] L R M L R
M2 I RE % . 35 (2 HE A AR AR A AR A 1 HE W T
R BLR R R R, 8 B US4 L pH B AT
S L S G5l A W ) R A5 R SO R R SR . Y
pH fE7 4. 0 I, ASI 1 1] 9 L3 B Bl s 24 pH 42
P E] 10,0 M JEERE T ) B O R AR, A AT
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TWESE 25 AR ) R i 32 2 52 o) L S A W 9 Y
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A R AU AE B Z RN . IR pH AH T L
SRR MR R R R AR T R A
K AT pH R 5 e AR KR R A
WA RN R Z — i SRR Y L BA
B AR PR . ATl A RE B i R 50 A
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HETR BT I H A S0 - 452 w85 A5 BURS 7 e R i S a2 TG 49
IIARA BN s A S FEAR AR 2 4F i AE M R 2
i b o pH AEHAR IX R 0 5 LAl 2 1R o Ja o
5 38 7 (THumina HiSeq) $2A , 73 Hr 4 3 240 1 7
¥ A5 R R A R 2 R 48 2 AR B RS BRI T
R R S 5 28 0 2 43 DX 1o AT Oy 2 8 6 el 1 8
T LA R Al R AR ARG AR A B B A A

1 bR
1.1 I HER

TR0 b A R BB M A 7 T B R 2018 AR
FEAEMUE - 51129 300 hm® RAHZEEE R 1.5 m X 2
m, IR Sy B, pH (H R 4. 5~7. 0, i #EAE
Yo EoK . M E Ol A 2 KU R I AR AR
SRR 13~17 “Cs LR 295 ds AR5 H RR B 4L
1045 ho Horp B B4R (4 —9 H) 735 h, & 24 (10
H—W4E 3 J)310 h,

1.2 RBRARRFGE
1.2.1 EHK%E % pH<5.5.5. 5<<pH<6.5 Al
pHZ=6. 5. %8 3 N A L 58 pH 19 4845 1F i
55 4 A5, 2 BHE VRN pH X pH X AR pH X, H:
Mo BRA A R LR 1.

1 IHEREMAFEEHENHECE
Table 1  Geographical locations of prickly ash
garden of soil sample collection

KR H . R& £

T i/ m = e

Sampling . East Northern

oL Elevation . .
position longitude latitude
ik pH b 553.5 108°13'13"  28°12'54"
Low pH area

':F' pH IZ — o ! " o 1= nlt
Middle pH area 605. 5 108°12°58 28712°50

= pH X 374.3 108°13'32"  28°11'37"

High pH area

T 2019-02-10 75 4> B 3 128 B A 3T 19 18
R R R B0 XF 42, 0~5 em + 2 A9 4 B B W) 2% 5 K&

U8 V5 0 TURE 710 ) B3 o R R 8 A 6 ABURRE A0 % AR
KRB FET 10,20 A1 30 em {7 254 5~20 cm +
2 A AR A AR IR A 6 M A CRAERT A pH
400 L3R A7 pH 3t (Agripheno, 38 [ED I 30 R # £
pH) K B R 48 H AR 21 B O iZ MR A 1 N FE S,
HELERAE 10 MR AL B AR X 1 FE L B i A0 B A 10
WHEK . TIERE R TR B B4, 30 T
—80 CukARAT T LG BEE 053015
—#B4r T AT KT BB, 4 5 FL4R 2 A 0. 15
mm §i o FH e A0 2 1 e
1.2.2 MERBL5FF SRR HIT
M5 N E R AR E Z LW E, 2 P&
K FARBEPT L (ki L 4 K & 8% B KO B 32
W 4 C 5 5ok B IR A0 AN I 1 0 5 i N
o OR B BOL I AR P ECR A Aot
BETH 0 R L A K R A KORE O BE vk L pH
KA AHEBBEAMENE.C/NH2CH52 N F§
B[y =

2 B8 T 2 2 vk R O
(Illumina HiSeq) M 407 16s rRNA J& K £ D1 % .
B A .OTU $ & . Reads . F 5 JE 55 (ACE
I Chaol) . Z 4% 14 35 % (Simpson #1 Shannon) DL &
AHXT B
1.3 HELESHH

FIHT SAS 9. 0 i 4% B 4 4k B A7 J7 22 00 A
(ANOVA) F#H & 73 #r (CORR) . ] Excel 2007
AR 8 (5 X H] 2 1B 2l CANOCO 4. 5
R A A S B S S A TR TR 2 AR R AT T
AT (RDA) .

2 AR5

HWMREAR pH LA HFER
FEAR XA A pH R P TR AS R L3 2.

2.1

K2 MREARE pH LEAZERSHT

Table 2 Analysis of soil chemical properties of prickly ash root zone with different pH values

SR b 5 &C/ &N/ 2P/ £ K/ % N/ HE P/ HA K/
Samplin (l):ilion pH (ge kg 1) (g+ kg 1) (g kg M) (ge kg 1) (mg e+ kg 1) (mg e+ kg™ 1) (mg+ kg 1)
DAmMPpIng pos Total C Total N Total P Total K Available N Available P Available K
fit pH X 4,9840.25 ¢ 9.70£0.86 b 1.48+0.56 a 0.604+0.02b 11.92+0.87 b 53.43%5.33 ¢ 1.0740.02 ¢ 90.22+8.19 ¢
Low pH area
‘fP.pHR 5.8040.31b 10.134+0.98ab 1.30%0.08 b  0.57£0.06 b 12.23+1.11b 62.22+4.87b 1.63£0.15b 96.41£5.73 b
Middle pH area
y%.pHIA 6.714+0.30a 10.33%+1.15a 1.26£0.11b  0.6840.05a 12.74%0.73a 68.51£5.0la 1.7940.23a 108.66410.32 a
High pH area

TEAEARKON 30 Ao [ 5 8 )5 AR AN ] /N5 7 Rk 3 7 4 B ) 22 e 3 (P<<0. 05) . T &[] .

Note: The number of sample is 30. Different small letters mean significant difference at P<Z0. 05 level among treatments. The same below.

17 2 AT, 48 pH A2 Al i 25 5 mi AR BUAR X

THER SR TR SR, M ARSI R S BN E .
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4 CEF AR m pH X > pH X > K
pH X, iMa N FRHRIZ:; & P M4 K HFEHES
pH X3k 2| 5 KAE, 705 &y 0. 68 F1 12. 74 g/kg. B
FEE T pH XAL pH X, X HIEAHOTEE &
M5 B NP A s K5 & s 2R K
WHERH K pH X > pH X > pH X,3 -4t 3
[i) 22 5 ¥4 38 W 3 K SF- (P<<0. 05)

2.2 TEWMIREXAE pH £HME 16S rRNA EHF

rRNA ZFE$E N HCH 2. 78X 10° ~6. 45X 10° g ',
Hr @ pH X 540 16S rRNA KL 45 D ¥
Z FHMEN 5. 71X10° g HOER H pH X, P
A 4. 76 X 10° g "5k pH X &b, FHHE N
3.39X10° g ', 48 pH(x) 541 % 16S rRNA Jt
R4 DUE ) i & 2 - y = 0. 098 32 +2. 997,
R*=0.832 9, UL WAL HUAR X T 4 16S rRNA K&
K48 DUE S + 4% pH B ARG n A Gk HIEE +

I 5 pH B8 i g ok .
Hi P 1 Al L AERUR X AN [R) pH LA R Y 16S
7_
Y $=0.098 3x+2.997 R .
T R’=0.8329 _/_‘/,,_>__<
o0 _ L —
*w 5F L _ = e
.2 —"] =
o a (1 A — -
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=
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1 EMARX e 16S rRNA ERPEN S 3 pH I L R

Fig. 1
2.3 THWIREXAE pH TENAESHHE

97 Yo ARABL IR ) P 51 T AR — A OTU L FE0F 5% IX.
TEAUR X 3 4~ pH A4b 1 4 8 vp 3 53 o L 40 o 3 7%
(43 A s FE R A5 A ROF 51 598 974 %, B R Ik
95. 2% KB TR IR Z A EM R, &
3HLAL3 A pH A 3 OTU ¥k 2 752 ~
3689, pH ARIX -4 16S rRNA 1 OTU
B E & T b pH X AL pH X, 34 57 53 51 4

Relationship between 16S rRNA gene copy number of soil bacteria and soil pH in root zone of prickly ash

25.1% 1 34. 0% v pH 51k pH # X + 3 16S
rRNA ZEH Y OTU #2555 4k B 7K.

ANTF] pH MR X A0 TR 1 F & AR SO 2 A
FEH (R 3 F W, pH BENS 5 40 B 5 10 5
Z RV AR R EE R pH A KNI 22 57 1 3
FirE pH R X £ ) Chaol, ACE, Shannon I
Simpson 4 ™8 EC B AR pH AR X 15855 51 $2
BT 21.4%,6.3%.,45. 6% M 7.4%,

x3 EMMEXARE pH TEMAE 16S rRNA EFHE OTU # . Reads . F EEMSHMEEH

Table 3

OTU number,Reads number, richness and diversity index of 16S rRNA genes of soil bacteria with

different pH values in the root zone of prickly ash

4k 3 OTU %t Reads %k F & & Richness ZAEE Diversity
Treatment Number of OTUs Number of Reads Chaol ACE Shannon Simpson

fik pH I 2 7524163 b 52 39142 782 a 2187+174 ¢ 2 533+166 a 6.03+£0.74 ¢ 0.903 440.061 a
Low pH area
f pH X _ _ _

. 2948+198 b 55 036+2 911 a 23344209 b 2 6284155 a 7.33+£0.52b  0.956 34+0.077 a
Middle pH area
ﬁApHIZ 36894221 a 56 105+3 127 a 2 6554180 a 2 693+213 a 8.78+0.76 a 0.970 140.056 a
High pH area

XEAEUR XA [A] pH - S A0 % 2 R S &
AL A VE B AT TUA 0 B - S5 R AN 2 B . il 1A
2 Al L, pH 5 - AN R B v 19 22 R 45 2 (Simpson

F1 Shannon) F1 F 455t (ACE F1 Chaol) #4 & Ml 4%
PRI IEA R KX ZR, H 3 C/N 5 ACE fil Chaol #
KRBT il 148 pH F1 C/N 2 2028 + 3 41 15
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Fig. 2 Redundancy analyses (RDA) of correlations
between soil parameters and bacterial community

diversity in the root zone of prickly ash with different pH

2.4 HWMREAE pH TERPAHHFFAHNK
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[ ] (Firmicutes, 13.4%~ 16. 1) 4t & 1§ ']
(Chloroflexi, 10. 5% ~ 11. 7%) . 2 & & ] ( Pro-
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ota, 0. 7% ~ 2. 0%) . B8 #F # '] ( Acidobacteria,
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0.4%) . A% pH LA X 4 398245 BB ] AHUURE 7 1)
B A 3 B s b pH KR pH X s o pH B
MR X A SEFRAT TR 1] A AR O 32 B s T = pH X5 35
pH FERUR X 4 R 1] W B T T R BE R ]
AT 1) 2R R D A SR TR D R R S R A
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e pH $& & TR AT T TR AR B B4 10 A
HE 3T A X 3 B 2 R B pH X (98, 7%6) >
B pH X (92. 6 %) >1{% pH X (83.9%),

25 BT A F L AEAAR X - pH RS =
FCHCE AT W B A T TR RE TR ] VRS B I AR T
BT TR = B B AR W R 10, 9% ~22. 7%, T FL A I
PR = 2SR O 13, 9% ~85. 1%, 13d B A1 X
2 BB A 40 TR RE I 0T 8 pH B R R,

B i £k i 1] Actinobacteria;
JEEEW '] Firmicutes;
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Fig. 3 Relative abundance of top 10 phylum in the root
zone of prickly ash with different pH
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(r=—0.458), 5k % "] (Actinobacteria) . ¥ %
'] (Cyanobacteria) \ JEBE B ] (Firmicutes) . 2 &
[T (Proteobacteria) Fl 2 B }fd 7 [ ] ( Gemmatimon-
adetes) 2 B F MM B F EMHLLR., LEC/N Y
T2 B ] (Actinobacteria) | #% 3 & [ ] ( Cyanobacte-
ria) . 4 25 1 ] (Chloroflexi) . 8l #F #i '] (Bacte-
roidetes) 1 J& B% I | ] (Firmicutes) #}8 % £ 5 2 2 &
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Ot R IE A O &R (r 43 5 0. 646, 0. 515,
0.628,0.463 F10.590) ., BfE N 5@ T (Acti-
nobacteria) fl1%¢ 2 & ] (Chloroflexi) A X} F ) £ B
FIEAHKKER (r 5350 0,523 F1 0. 455), #aL K
5725 1 '] (Proteobacteria) A X} 3= & & i 3 1F AH
KXARGr=0.638), AP HEHKEI](Cyanobac-

teria) I JFEBE 1] (Firmicutes) A X F & 5 L % 1F 4
FKXFR G RN 0. 412 F 0. 475), L] L4 pH
o B A AR I A T R L R C/N X
R = J82 A5 ey 1A 10 5 200 1 1 AR A 2 W T
fift NG K ORI &L PO 2 BBV 15 LA 2% S
1@0

R4 EHREARpH LEMABHAEEH (VKPP EXNFESTRELFERHBXE

Table 4 Correlation analysis between relative abundance of advantage bacterial community (at phylum level) and

soil chemical parameters in the root zone of prickly ash with different pH

[igics . WA N AL K AP
Phylum pH C/N Available N Available K Available P
W ] Actinobacteria 0.615" 0. 646" 0.523* 0. 305 —0.496
W5 # ] Cyanobacteria 0.473" 0.515" 0.316 0.229 0.412"
JEERETE ] Firmicutes 0.504 " 0.590" 0.217 0.156 0.475"
425 % ] Chloroflexi 0. 545 0.628" 0.455* 0. 374 —0. 300
TS i ] Proteobacteria 0.497** 0.317 0. 267 0.638"* 0.224
B H ] Gemmatimonadetes 0.539" 0.409 0.377 0. 442 —0.305
R # ] Crenarchaeota 0.121 0.321 0. 264 0.159 0. 447
AT ] Bacteroidetes —0. 458" 0.463" 0. 440 0.466 0.154
HEH ] Armatimonadetes —0.213 0.317 0.197 0.275 —0.136
B2 FF 1 '] Acidobacteria 0. 342 0.415 0.158 0.236 —0.424
TEAEALCN 30 A0 * R BFM K (P<0.05),  * KRB F MK (P<0.0D),

Note: The number of sample is 30. * means significant correlation at P<C0. 05, * * means significant correlation at P<Z0. 01.
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0T 16S rRNA 2 K % 01 % ; Dempster 281890 %,
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Preb) fE % $2 im - E pHLL {H B0l £ A0 R 16S
rRINA KL K45 DUECREAR 5 1T N B IR M 338 vh 45
T A KR A SRS AT AR W T 34 AT AN [ R 4
FNATRE 16S rRNA B #5 DU %, Btk -4 pH 2
SO 20 B 16S rRNA KR P #5 DAL i 3 45 35 455 1A
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