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Soil' Bacterial Communltles in the Upper Reaches of the Helhe River

WANQ Zhu,, LU Yang® WANG Fang, WANG Yl dheng k
(State Kev Ldbordtmy f Simulation dnd Regulation of Water Cycle m”T{ner-Bdsm.-—'Chmd Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract, The process of interaction between the plant and soil microbial communities holds the key to understanding the hiogeochemical cycle and preserving the stability of
vegetation  €cosystems. Owing to this significance, the primary goal of this research was to give a starting point and reference methods to restore local vegetation. The vegetation
distribution in the mountainous area of the upper reaches of the Heihe River Basin had notable vertical zonality, which was characterized by five typical vegetation types,
including cushion vegetation(CV) , herhage meadow( HM) , forest steppe( FS) , mountainous steppe( MS) , and desert grassland(DG). The organization and diversity of soil
bacterial communities in various vegetation types were examined using high-throughput sequencing techniques in both the winter and summer seasons. Sampling sites were
chosen in each of the five common vegetation types in turn. Additionally, based on the FAPROTAX database, the predicted functions of microbial communities were evaluated
for different vegetation types and seasons. The redundancy analysis and structural equation model were also used to investigate the primary environmental elements and uncover
the mechanisms affecting the soil bacterial populations. The findings revealed that; (D) the physical and chemical properties of soil differed significantly among vegetation types
and seasons, and the property indices varied dissimilarly with depth. Tn particular, the soil water content(SWC) and nutrient content of total organic carbon(TOC) and total
nitrogen(TN) were significantly higher in forest grassland( FS). @) The divergences of a-diversity indices among seasons( P <0.03) were greater than that of vegetation types
(P>0.05). The Chaol index measuring the abundance of the bacterial community was higher in winter. According to the Shannon index, the species of the bacterial
community were dispersed in a “W” shape in the summer and a “hump” form in the winter with altitude. ) The predominant phyla of the bacterial community, composed of
Acidobacteria, Proteobacteria, and Actinobacteria, did not significantly differ from one another. However, the organization of the hacterial community presented a significant
variation seasonally at the genus level. @) The primary functions of the soil bacterial population, which largely consisted of chemoheterotrophy, nitrification, and acrobic
ammonia oxidation , were not significantly different among vegetation types and seasons. (3) The key factors affecting soil bacterial communities at the genus level varied
significantly among seasons, with soil temperature(ST) , total organic carbon(TOC), and pH in winter and soil water content(SWC) , carbon-nitrogen ratio( C/N) , and pH
in summer. (6) Synergized by interrelated environmental factors, soil physical and chemical features exerted a more direct impact on the diversity and functionality of hacterial
communities compared with vegetation types, including significantly changing the abundance of Acidobacteria and Bacteroidetes , as well as the role of nitrification and ammonia
oxidation. Hence, improving the carbon and nitrogen contents in soil nutrients would help to enhance the diversity and function of bacterial communities. The findings of this
study provided a model for determining the mechanism of regional vegetation degradation and preserving the stability of alpine ecosystems in this area by revealing the seasonal
distribution pattern of bacterial communities and the key biological processes beneath the typical vertical vegetation band in the upper reaches of the Heihe River.

Key words: soil bacterial community; function prediction; vegetation types; seasonal dynamics; the upper reaches of the Heihe River
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Soil physiochemical properties at different depths of sampling sites and analysis of Pearson correlation
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Fig. 2 Venn diagram of soil bacteria under different vegetation types
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EERZLL i SUER S ON LRI STt

ZREMETR B R (R 2) , 1340 B R I F
JEARE IR E 0.99 DL b, Ui BT RE A Ay - S AR
B AS AT e b R R R B S B Chaol |

Shannon F1 Simpson f5§ £33 B /R 4 F . 24
PEFI SR FEN LR RE LTS THEE(P
<0.05) , TMiAEH S A ) o W] 8 22 5. v & 2= 4
TR 22 FF 1 B Y AR AT 52 < B U B0 A, K 2= Bl
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Table 2 Seasonal differences in soil bacterial diversity index

e M FIEFREL EZERCE ﬁ‘]’f‘”&"?'ﬁ’ﬁ”ﬂ( ‘I)']'Jﬁ)?‘{‘%)f{
(Chaol) ('Shannon) ( Simpson ) (Good’s coverage)
CV 1017.04 £89.5Ab 5.53 +0.06Aa 0.991 8 £0.00Aa 0.9931 +0.00Aa
HM 1167.98 +57.8Aa 5.69 £0.34Aa 0.9912 +£0.01Aa 0.9924 +£0.00Aa
X7 FS 1150.48 +40.4Ab 5.87 £0.07Aa 0.9945 £0.00Aa 0.9923 +0.00Ab
MS 1157.22 +73.9Ab 5.78 £0.15Aa 0.9932 £0.00Aa 0.9924 £0.00Aa
DG 1077.55 £65.2Ab 5.74 +0.02Aa 0.9932 +0.00Aa 0.9932 +0.00Aa
CV 890.34 £19.0Ba 5.50 +0.05Ba 0.990 2 +£0.00Ba 0.993 8 £0.00Aa
HM 870.22 £45.7Ba 5.21 £0.16Ba 0.9795 £0.00Ba 0.9938 £0.00Aa
HF FS 863.30 £40.5Ba 5.53 +£0.01Ba 0.9910 £0.00Ba 0.9939 +0.00Aa
MS 843.17 £39.1Ba 5.40 +0.12Ba 0.987 7 £0.00Ba 0: 99.4 1__1*0’700Aa
DG 953.86 +9.9Ba 5.69 +0.08Ba 0.992 4 +£0.00Ba 0. 99.2 8_;_.(’7:-‘00A_b

D) BEA I « bRl s RIS RTS S B RVING SRR SRR AR 253 AN [ B B 2 T - e A T 224 4 A A Dunear}.&“‘imﬂ?ﬁﬁ

2R (P<0.05) L

3.3 LA RN A |

168 rRNA 7S5 5L | A P

i dh 26 118 44544 HUT 1), OTU I SUAERE R
99. 929 45 X T4l g 40 B B, 0-08% Jgiti T AT,
0. 03% i RFHN A 5 LRI gkl 58 o 31

] 88 4L 177 1 285 FHAN 465 IR HEA R AL
#195/595 4 AU 91 Hrh 99. 9% B oy KA B

0. 1% i 5 0. 049% (75 2 1 51 A 2 FL 1A 1]
KI5y b 25 1T, 73 4. 146 H | 185 BHFI 224
J&. & B TSEAGETT . MRS K1 RE v 4%
LK 3.

RS X A5 A 2SR - S 4 TR AR G = B HE 44 i
S HETTIRIE 3 (a)] ¥ hBF E T
( Acidobacteria) . ZEFE T | ] ( Proteobacteria) | R TH
[T ( Actinobacteria ) . 3 OR g ]
( Gemmatimonadetes ) FIFUFT 5 ] ( Bacteroidetes ) , 43
B AT I 31.3% , 29.5% ., 14.8% ., 6.7%
6. 5% . 4 T A 7% 2H A Z= 71 1) 22 53¢ 2 238 (P <
0.05) , PLFhT 126 M A X = B2 7E 4 R A T 5 2.
FRATI T IRV TR T VR A B XL 3, & B
=P BOAH X 5 B f KA 73 AL T AR AR B L (FS,
72.7% ) FIEEARAEHE (DG ,58. 8% ).

AWK AR 2 R T 0. 3% B S 40 T 7
TR R [ 3(b) ], & F 2 =0 A X =F B2 HE
T 2 LA E NN -8 JE i ( a-Proteobacteria)
FHE 25/ V% TR 44 ( Blastocatellia) , FHXT 42 BERT 5 AL
R N A 40 35 R #1171 _Subgroup _6 . y-& JE B 49

r pu—
i P
| &

f i

( 7—Pr0teob.eicteri% )%ﬂ ﬁ&éﬁ%éﬂ ( Actinobacu;ria)' 4

HE24 0 PR P T o e A ) B 3
(c) ] 28 B LR 5 1 1 2% 57 3 Bk U
(40 1 20 (R %) ) 67, 8% ~ 78. 5% 41, RB4I
A ELZ T AN A v O R R, & R AR
R ﬁ@?ﬁﬂi]{ﬂz’%*ﬁil‘ J& ( Pseudarthrobacter) | £1.
I B & ( Rubrobacter) . ZEAAFT B & ( Bacillus)
i 2 5 5B T R ( Sphingomonas ) 55, B AL HE S A
i B B B )& ( Sphingomonas ) | il Ak 12 g 1 )R
( Nitrospira) ., 1S- 44 _ Proteobacteria F1 {5 5.} B J&
( Pseudomonas ) 55 2 PR HE75 2H Rl 7 AT B IS 280 ] f7) 2R
KR, I TR (MS) 5T BE R (DG ) 4] Y 41
TRIAE P AR DL di 1, 2% 20X A e 2 8 b 2 LA
R (Bacillus ) FHXF 42 B2 5 ARARF R (FS) FHUR
TR (CV) WP B OE S 230 g 3L AT 15w
( Solirubrobacter) 1 MND1 _Proteobacteria ; T M\ & ]
(HM) 5 A A 9 A A Y 25 5 B K IR 4T @ ik
W & ( Pseudarthrobacter) . 3% 1 )& ( Massilia)
FN#E 0+ IR R ( Flavisolibacter ) 5. BRI, -4
20 R ) AR v 2R 2 ] Y 22 5 R T R e S Y ) £
225 WIS E G RAR , AN 7KV B0 A TR A v 2L
FEZET [E] A 22 5 SN B . 1L b T R SR (MS ) R TR
HE (DG ) (20 R RV 2 B s BE AR B
3.4 HIEANGERES SR A AH S A

& BRI E A S A
K1 Pearson #HMEHT R (£ 3) , LA HIE
RB41 R4 5 R ERR BTG, HF R R HIE
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M. BT R E ( Pseudarthrobacter) 1- 225 5 RV
FUHOC X ENIE | EA Z=HE N f) (HM) T
BA S EBAL. RHTEE ( Pseudarthrobacter ) F J&
i A1 [ 18 3 (o) ], B Z 0 2 B 50 i R s

%ﬂl

(Sphingomonas) 5 H AR R EIEML, 5
B R LG 5 B 3 SRUAH O, 3 T e 38 7 T AR A A
FAYGNFENEL A (HM) T, 4 38 49 [ &R A] g ol
Sk, BRSO X B g

®3 FEEFTLEARABZEBAMNFES T EBUMR Pearson HX "

Table 3 Pearson correlation analysis of soil bacterial relative abundance and soil physical and chemical properties in different seasons

S B8 A e 2% 2 Ve i PR A PN
D Gl
others 0.511 -0.224  -0.899" 0.555 -0.904 " 0. 085 -0.441 -0.613
RB41 -0.096 -0.192 0. 676 -0.135 0.758 0.323 0. 189 0.221
Pseudarthrobacter 0. 498 -0.494  -0.607 0.626 -0.947" 0. 065 -0. 860 -0.620
g Rubrobacter ~0.201 ~0.439 0.710 0. 068 0.373 0.314 -0.325 0. 001
Bacillus -0.353 -0.324 0.127 0.280 -0. 464 0.114 -0.621 -0.357
Sphingomonas 0.293 -0.238  -0.500 0.368 -0.889"  -0.228 -0.732 -0.368
MNDI1 0.126 0.257  -0.219 -0.096 0.380 0.223 0. 685 0.057
Nitrospira 0. 670 0.067  —0.768 0.227 -0.175 0.147 0.302 -0.225
others 0.513 -0.546 0.041 0.496 -0.532 0. 862 -0.412 -0.678
RB41 -0.609 0.931°  -0.324 -0.844 0.859 -0.704 0. 645 A0.855
Sphingomonas 0.924* -0.573 -0.433 0.747 -0.529 (0,424 —0.851 :;; 0. 9:2"3
g Niropira -0.310 0.800  -0.535 ~0. 600 0.0, 10.566 0.326 /o 626
1S-44 -0.623 ~0.097 | 0.780 -0.197 -0.0137=  10.003 0.484 /0343
Pseudomonas 0. 601 0194 20440 0.316  -0223 0. 561 ~0.438 /—»6 562
Terrimonas ~0.345 ~0:166 - 0.680 -0.020 —ql3% _~10. 234, 0.272) & 0. .;5-2 /
MNDI , -0.745 10002 | ,0.837 -0.317 0.035. /0.0l 0.618 0. 505
1) = %ézhﬁ%# P<o 05}; MK%%%/T*EJQ‘#‘?’E&ﬁ:F‘ 0: 8' / [ o i r ') '
F < W." £ i * e | ¥ __.-"' “

%%@Jﬁ%%‘ﬂ/ﬂefiﬁ%ffﬁﬁ?lﬁﬁﬁm 5
*ﬁiﬁ( 3] 4) Z% RDA1 i1 RDA2! szﬁﬁlilgfigﬁ/
nmzra@%ﬁﬁmiﬁ 87.0% Eé‘%frﬁ@ﬁiﬁ

94: ~7% w’tj;lﬁ/ﬂn@( ST) | BATHLEK (T0E) zﬁﬂfi{/

W(TP)%?ZHH%Ai%fEQ R AR5 10 B b

101 @)y &%

RE4L 1 Rebrobacter
%Inr f
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; TN &% ; TP. &8 ; TOC. B4 PR
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140 ~50 em VREER 118, ALELRIBEEH T, BRI NI HE

K. if;eﬁfkﬁ @ﬁ%n%W(TP)ﬁﬁ4ﬂm*£ﬁiﬁ
ﬁ((JV)%n;%ﬂc}l:aJ?(FS)rhﬁcjimiﬁmm*ls%
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Fig. 4 RDA analysis of environmental factors and relative abundance of soil bacteria at genus level
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Fig. 5 Prediction and analysis of soil bacterial community functions in different seasons
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