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Diversity and influencing factors of bacteria in rhizosphere
and non-rhizospher e soil of Picea purpurea at different
altitudesin the upstream of Taoheriver

GAO Bengiang*, QI Rui? ZHAO Yang? LI1U Ting? LI Bo% CHEN Xuelong?®, ZHAO Yanli?,

CAO Jiahao!

1 Ingtitute of Forestry Science of Bailongjiang in Gansu Province, Lanzhou 730046, Gansu, China
2 Gansu Bailongjiang National Forest Ecosystem Research Station, Zhouqu 746300, Gansu, China

Abstract: [Background] The natural forest dominated by Picea purpurea plays an important role in
maintaining ecological security in the upstream of Taohe river. It is still unclear how altitude influences
the bacterial diversity and nutrients in rhizosphere and non-rhizosphere soil of P. purpurea, and how the
altitude, soil nutrients, and bacterial diversity interact with each other. [Objective] To explore the
community structures of bacteria in rhizosphere and non-rhizosphere soil of P. purpurea and the
influencing factors. [M ethods] Illumina MiSeq was employed for sequence analysis of the rhizosphere and
non-rhizosphere bacteria in the natural P. purpurea forest at different elevations in the upper reaches of
Taohe river. The changes of soil physical and chemical factors and bacterial diversity with altitude were
analyzed. Correlation and redundancy analysis was performed to elucidate the effect of some
environmental factors on bacterial community. [Results] The nutrients of rhizosphere and non-rhizosphere
soil samples of P. purpurea increased first and then decreased with the rise of altitude. The intergroup
difference was significant for rhizosphere soil nutrients (P<0.05) but insignificant for non-rhizosphere soil
nutrients (P>0.05). The rhizosphere species diversity index (H), evenness index (E), richness index
(Chaol/ACE), and number of operational taxonomic units (OTU) demonstrated a unimodal trend with the
increase in atitude. The non-rhizosphere bacteria diversity showed a bimodal variation trend with the rise
of elevation. Bacteria diversity was in close correlation with soil nutrients, particularly in positive
correlation with organic matter, total nitrogen, and available nitrogen (P<0.05) but in negative correlation
with pH and available phosphorus (P>0.05). The community structures of bacteriain the forest at different
elevations were highly consistent. A total of 7 159 bacterial OTUs were identified from 30 samples, which
belonged to 37 phyla. The dominant bacteria phyla were Actinobacteria, Proteobacteria, Acidobacteria,
and Chloroflexi, respectively. The response of different bacteria phyla to soil nutrients was different, and
organic matter, total nitrogen, and available nitrogen were in positive correlation with Proteobacteria
(P<0.05). [Conclusion] Composition and diversity of rhizosphere and non-rhizosphere soil bacteria of P.
purpurea are significantly influenced by soil physical and chemical factors. The driving effects of
environmental factors such as atitude and hydrothermal conditions on plants and soil are important
reasons for the stable bacterial community structure. This study is expected to help gain a clearer insight
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into the variation of soil bacteria diversity of P. purpurea and the driving mechanism, which is expected to
provide areference for natural forest restoration in the upstream of Taohe river.

Keywords. upstream of Taohe river; Picea purpurea; soil nutrients; rhizosphere and non-rhizosphere;
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12 (Picea asperata)<5, #EAMFI - 2AT VR 5 RE
+(Ribes glaciale) , # &z #F(Potentilla glabra) F1 4
R 2.4 (Lonicera ferdinandii)% .,

12 #HAHREMTIEHARRE

2021 4 7-9 A, 1E 5 MR A I E
20 mx30 m IFETT (3 1) BEEE T IE SRAHYIRE
EIRARGFIECEH , Il skilgdk . 36 AR bR 55
Bhr. AR (mean temperature, MT)F14E
V- 1 % /K (mean  precipitation, MP)3 T # A
WorldClim 43R 5% 2 (http://mww.worl dclim.
org), =s[a]43HF% A 30 arc-seconds (—1 km).

R X F LA R AR PR 12(S), Hk
FETUCE 3 HURE A, I AR 0-20 em 3%
FEA, MPRT(R): 7EAE T NBEHLER 3 BRAEK
KN—FWER B2, T L JZIRE 10-20 cm 1)
AR F-FRATAR , R BT & AEATAR i B8, SR
FREAHE ) - BERD AR PR 1 458 . HoRAR 15 1y
HEZR AL AT 15 (AR Bs LA N . IR
AT RIS R PRER O3 s —2 T R A AR S A
WA 2 mL RAEE, ORAF T/ INEDR R T 1]
SIS WAL, T RUE VR TR 2 AR
5 2P AR AT B 520 = A AR KT S A
b, T g A B e o Hedr, AL
(soil organic matter, SOM)K FH = 4% B2 4 25 12
PSP e, 4K (total nitrogen, TN)R
HLICZE B E , 4#i(total phosphorus, TP)¥
FHBI R - = R T - FH AL L 0, Bl

*x1 HHELRESE
Table1l Basicinformation of the sample plot

(available nitrogen, AN)R B ARY HLM E
A % (available phosphorus, AP)% F ik 2 24N
V2 B AR T EL (o I
1.3 FERFIFLIE

E.Z.N.A.® Soil DNA Kit, Omega Bio-Tek /%
Fl; AxyPrep DNA Gel Extraction Kit, Axygen
Biosciences/\ ) . Quantus™ Fluorometer ¢ 1T,
Promega /A Al o
1.4 T1EH G DNA IBEUR I 10 5

MRS LA FREC 05 g, ]
E.Z.N.A.® Soil DNA Kit 25 DNA, 3% F 1%
BN AR EE e FL UK AG ) DNA &, NanoDrop2000
il DNA ¥ Fafifs . R 338F (5-ACTCCT
ACGGGAGGCAGCAG-3)#il 806R (5-GGACT
ACHVGGGTWTCTAAT-3)5 | #1%} 4l 4 16S rRNA
FEH V3-V4 ] AR X #E1T PCR #7314 . PCR J v 4%
4::95°C 3min; 95°C 30s,55°C 305s,72°C 45,
27 MEFR; 72 °C 10 min; 10 °C {#4%. PCR 2
W4 & . BxTransStart FastPfu2E ik 4 ul,dNTPs
(25mmol/L) 2 uL, F. TS5 umol/L)4%
0.8 uL, TransStart FastPfu DNA E4 7 0.4 ul,
FiH DNA 10 ng, #M2E ddH,0 % 20 ul ., ffi ] 2%
BrIREE I HL Tk A1 AxyPrep DNA Gel Extraction
Kit [ 3f-2ifk PCR 7=#, ¥ H Quantus™
Fluorometer #¢ i 7RI A & G f i MiSeq
S . 7E 1llumina MiSeq PE300 V-5 #4710 &
D (i35 5 AR W R 25 RH A RS F))

SRR (737 Ho PR AR ERE PR Mo e
Sample Altitude  Location Mean Mean Stand density Slope
plot No. (m) temperature (°C) precipitation (mm) (stem/hm?) (®)
WG 2846 35°31'67"N, 102°71'25"E 2.70 539 3050 405
DY 2955 34°35'80"N, 103°53'45"E 2.46 633 2000 30.0
KC 3041 34°41'13"N, 103°29'08"E 224 625 1483 36.0
LW 3164 35°24'63"N, 102°71'25"E 181 576 2200 28.0
GZ 3255 34°34'73"N, 102°68'76"E 1.66 637 2 067 34.5
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1.5 HIEAIE

JEU LR I 80 4 fastp™® K 14 R 4
FLASHY S {8545, UPARSE %4 4% 97%
() ARARLJEE X5 91 3R 47 43 26 8 /E LT (operational
taxonomic unit, OTU)%2S; FlH RDP classifier
X B RPN BEAT IR 3 281 R . R Silva s
JEA TR XS . AR
HEV& F 8 452 Chaol: Spaci=Sobstny(n—1)/
2(ny+1);
ZFEPEFREL Shannon-Wiener (H): H=—2P; InP;;
REPE 5] BEF8 88 Shannon even (E):  E=H/H ma;
Coverage &S FEA SUERHE 358 . C=1-n/N,

K Sheo FALTTAY OTU %45 Sobs A Wi
FH OTU % n y HA— 67511 OTU %H 5
N A S5F 5 H) OTU S H . S Sy Sehr iy
#Hy OTU % H, Pi=ni/N (PR | M55
o7 BT RS RSB L, R AR T S OTU i
TP EL, N BT, Hme NIEKHY)
FhZHEAEFEEL, Hma=InS,

BE M FHEE SPSS 24.0 MEATEIESE
I, BUSE bR ZE RN, SR FE 2
#*2 ARISHRERZERMRSIFERIFLERS

43 HT (one-way  ANOVA) G 56 A [R] 1 44 Ab BT AR
P55 AR 1357 43 () 2 5 LA ;. Pearson AHG
RBOE AR A ) Z R 5 L L
Rl Z MRl A A DG E o 0 e/ i 2 22 577 (L east
significant difference, LSD)X} Shannon, Chaol.
ACE. Shannon even #il Coverage %5 o ZFEVEFS
BHAT2H R) 2 SR A 50 , 4G 30 RN PTA 75 45 A M 20 TR
Wa T B 2. 5 YR E R, I
K H Origin 2019b #F4: & . >k Fl CANOCO 5.0
HEAT T4 53 (redundancy analysis, RDA), 3t
IR B FN 130 i WAl A W A 0 A ) 5 T ol
R 155 (V3.3.1) pheatmap fuiilfE heatmap &,
Pearson #HJC R Ek A 40 R fF I Wy Fh 55 1 g
A R[] AH Sk

2 HER54m

21 AEERERZEZRESIFRIRLIR
IR

MF 2 AL, AN Rk B SRR A2
WRER AU R W 2 % = T
JEAR PR (P<0.05) , P 138 pH FI2@k-F 2 {E 2

Table2 Soil nutrients in rhizosphere and non-rhizosphere of Picea purpurea of different altitude

FEH pH AL SOM 2% TN L8k TP AR A AN AR AP

Sample plot (9/kg) (g/kg) (9/kg) (mg/kg) (mg/kg)

LiElN WG 6.7+0.2a  168.57+5.42d 6.26+0.23d  0.77+0.04b  454.63+19.00d 27.39+1.36b

Rhizosphere DY 6.1+0.1bc 325.43+11.69a 9.50+0.28ab 0.43+0.01d 628.01+36.11a 17.37+1.68d
KC 5.8+0.3c  207.27+9.41c 0.18+0.34b  0.70+0.04c  616.45+50.06ab  18.44+3.24cd
LW 6.4+0.2ab 259.37+13.3%9b  10.05+0.42a 0.86+0.03a 554.80+32.34bc  33.19+1.62a
GZ 58+02c 262.82+9.52b 7.46+0.49c  0.26+0.04e 524.33+24.49c 22.12+1.80c
Mean 6.1+0.4 244.69+55.94 8.48+1.49 0.60+0.23  555.64+71.7 23.70+6.34

JEAMR PR WG 7.020.2a  101.34+4.46C 4.06x0.21c  0.79+0.01c  321.52+20.16b 18.74+1.29a

Non-rhizosphere DY  6.6+0.2ab 234.30+7.55a 8.21+0.69a  0.95+0.17b 573.53+41.52a 14.91+1.43ab
KC 6.7+0.3ab 151.79+8.64b 6.24+0.86b  1.20+0.04a 547.65+54.98a 17.97+4.06a
LW 6.9+0.2a 162.48+7.69b 8.06+0.34a  0.61+0.01d 535.86+23.10a 11.47+1.41b
GZ 6.4+0.1b 228.32+7.83a 6.49+0.42b  0.92+0.04b 574.14+32.03a 15.30+1.35ab
Mean 6.7+0.3*  175.64+52.08*  6.61+1.63*  0.89+0.20* 510.54+103.75 15.68+3.24*

e FSIARR/NG FR: R ke ) 25 57 .35 (P<0.05, n=3); *: #RFr5AEMRPRIYE2E 5T B3 (P<0.05, n=15)
Note: Different lowercase letters in the same column meant significant difference between plot (P<0.05, n=3); *: Significant
difference between rhizosphere and non-rhizosphere (P<0.05, n=15).
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il R B A e L e T LR Hb (P<0.05), B
FURMRI (LW)R B £ A 4R . 2RI 308 5 1
e, TERE KRR (WO R SRR B 3 1 A AL
BT AR AN A R LT A A b, (P<0.05)
A5 TR R AR A 5 i 25 57
—ERE SR AEASEHK,
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o] b i 55 SR 2 A2 AR B AR AR PR A 18 41
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TR o ZZAEEAE B BRSNS
S oA A B0 R G A (R ORI B KR
(P>0.05); ' OTU % H . H5)EEHa R
FREUE KC (3041 m)ikEliR &, F&E Chaol il
ACE 1541t DY (2 955 m)ik#lfry, WG F 5
TR E R T oAl 4 MAEHL(P<0.05), FEHIBR 1
g, OTU #H . MBI F g i e
PRI R4, 75 DY 18 2 d5 9 I 35 i A
FEHL(P<0.05); ¥5) 455025 55 A 1B 3 (P>0.05) .
AR AR PR SHAEMR PR o ZFEHFREZE A
% (P>0.05), {HYE KCHEMI RPN ER

—— Rhizosphere

A B C 4200 - < - Non-rhizosphere
6.60 [ Ab 3200 ~ r
S 650 Aa 3000} Afe g 3900} A% b
S Ab Aa £
= 640 Ab Aab 5 2800( Aab S 3600! , Aab
S 630 Psilia WP = 2600 g Aab % ZRN Ab
g & 4 —a ] AN e
S 620 AL Fos Q,,’ 2400] Ac /" \a g 33001 7N AN
7 6101 ¥ el S 2200 N z 3000/ !
5] 2] { L4 U |
2 600} 2000 ¥ E 2700t ¥
8 590} ? S 1
s S 1sof - Za2400-
WG DY KC LW GZ WG DY KC LW GZ WG DY KC LW GZ
D E F
083 Aap Aa 0.98 1 Ab iy ABb 42000 Aa Ab
T o0 Ab L s 0.98 T 3900
: Ab . ___BCb Ab
£ o81) . Ab & OB Rop I T R = R A
= 080} w4 21 5 098 BYANA Q 3300F , 7/ ety
@ e v z \ Yt R = Acy ! &
2 079} G I S 097 N e g 3000 |/
2 078} 0.97 2700} ¥
m @
077t oo7p 2400,
WG DY KC LW GZ WG DY KC LW GZ WG DY KC LW GZ
1 TRBHBEERZERIRSERMRTIFEAREESHMER  AFHFHRRAE R 2Z 5 B F

(P<0.05, n=3), KEFER/RMPRTFEHME 225, /INEFEERRAEAL PR 1 FE 1 ] 22 5
Figure 1 Bacteria diversity index in rhizosphere and non-rhizosphere soil of Picea purpurea at different

atitude. Different letters meant significant difference between plot (P<0.05, n=3), uppercase letters stand for
rhizosphere, lowercase letters stand for non-rhizosphere.
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MR R (K 2), AR ERBZIZHE
AR PR iR, Sobs $5 %01 Shannon
BT V2, R ASE R e E R
TS 2 AT, ELSE s e 1 ki) BRI AR
SRR LA A v A A
23 IEFSTEFEHEEZHM < E/IE
KM

FHICAE T RS (G 3), LIV
ZHAES pH BIMSE, 5 RIS (R AP L)
BIREMSE, 5A WSS B3 (P>0.05),
Horp, ZFREMHFEEL(H)S TN AN 28 315X
(P<0.05); F & FF5%((Chaol fil ACE), OTU %k
H1Y SOM. TN. AN Z#k i % A1 5¢(P<0.01);

WA EARRB(E) S LR H T RRYARE
(P>0.05), T3gEFEowm R, IR AAHC
FEOR -
24 ZHRZEIRFSIERRTIFEMEIIK
S RE R A LA AR

TES IO EXTRE S TRl g1,
HAGIIT 7 159 MNH OTU, 1925k 37 1] 128 44
308 H 486 £ 862 Jg 1915 Ff. 11 1/KF L iR
(B 3), FE ] (Actinobacteria) . £JE
I ] (Proteobacteria) . FRFT % | ] (Acidobacteria) .
ST ] (Chloroflexi) . JEEE B[] (Firmicutes)fl
IAF ] (Bacteroidetes) 25 12 MY F = T
1% TR T T AL, SXEERT ] RIT 5 B A i

A 3500 B 70,
_65¢
— 3000 S 6.0 Z=
5 5
£ 5500 = xr
2 —— S 45
By  —
5 1500 _ — WG < 30 e WG
2 — DY = 25 — DY
2z 1000 f — KC g 20 — KC
A LW S 15 LW
0.5
0 T — — 0
\] \] Q Q Q \] \] Q Q Q Q Q Q Q Q Q Q \]
\) \) \) \) \) \) \) \) \) \) \) \) \) \) \) \)
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
RN N RN S N R R RN RPN N R NN
00 Py A W H
Number of reads sampled Number of reads sampled
2 AEPERERZHETERENHRFHLZ
Figure2 Rarefaction curves of bacteriain each sample soil of Picea purpurea at different atitude.
*3 ITEASEAFEHEEZHMEBEREXME
Table 3 Correlation between soil nutrients and microbial diversity
Item pH SOM TN TP AN AP
ZFEVETE %L Diversity index (H) -0.312  0.348 0.391* 0.010 0.429* 0.095
Chaol index -0.267  0.556** 0.718** -0.058  0.707** -0.084
ACE index -0.327  0.506** 0.655** -0.028  0.681** -0.097
¥4 FEFE 8 Evenness index (E) -0.199  0.051 -0.108 0.009 -0.029 0.163
Sobs -0.250  0.453* 0.689* * 0.004 0.658** -0.027

Note: *: P<0.05; **: P<0.01, n=30.
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Figure3 Dominant bacterial phyla detected from rhizosphere and non-rhizosphere soil bacterial community

in different biotope of Picea purpurea.
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