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Changes in Soil Bacterial Commumty Diversity in Degraded Patches of Alplne Meadow

in the SourceArea of the Yellow River o T, 0V

SUN, Hua fang", LI'Xl lal , JIN Li-qun'"* | ZHAQ Yu rl}pg Ll‘ Cheng vi', ZHANG Jing", SONG Zi- hal} st Xlao ~xue' | 11U Kal .
(1. College of Agmulpﬁe and Ammdl Husbandry, Qitighai Um\erslty, leng 810016 Chinaj 2. Hudngvuan County Grassla dn.d Station, Xining 812100 Chmd 3s ngh‘al
Provincial Grassland Statlon Xll’lln" 810008, China) ,“" i f .

Abstract MlSeq sequencing | technology was used to 1mesl;gdte he bdctena] compositions and diversities of+activespatch, non-active patch, recovered patch, and hedlthv

alping ,meadows so as to understand the changes in soil bacterial communltv diversity'during altitude change and alpine meadow degradation. The relationship between bacterial
diversity and environnightal factors was analyzed using redundancy analysis ‘RDA_)_..-TBP results showed that the dominant bacterial phyla in the soil included Proteobacteria,

Actinghacteriota, and‘Acidol_)acteﬁota in the study areas. The dominant bacterial genera that were identified via the MiSeq were RB41, Sphingomonas, and Bradyrhizobium.

The relative’ abundance of these genera decreased with altitude increase and increased with the restoration progress of degraded patches but was significantly lower than that in
the alpiné meadow (P <0.05). The abundance of functional bacteria related to carbon fixation in degraded patches was higher than that in the healthy alpine meadow. The
bacterial Chaol index and species number in different types of degraded patches were significantly higher than those in the alpine meadow (P <0.05). The results of the RDA
suggest that biological soil crust coverage and total nitrogen were the main influencing factors on dominant bacterial phyla at the altitude of 4 013 m. Biomass, total nitrogen,
and pH had a great influence on the dominant bacterial phyla at the altitude of 4 224 m. Biomass and total potassium significantly affected the distribution of bacterial genera
at the altitude of 4013 m. Sedge coverage and available nitrogen were the main influencing factors on bacterial dominant genera at the altitude of 4224 m. Biological soil
crusts and pH had a great influence on bacterial diversities. The bacterial influence factors varied greatly at different altitude areas. Therefore, we should not only pay attention
to the effect of alpine meadow degradation but also consider the effect of altitude in the study of bacterial diversity changes.

Key words: bacterial community diversity; degraded patches; redundancy analysis (RDA) ; altitude; vegetation characteristics; soil physical and chemical properties
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Fig. 1 Three types of degraded patches and alpine meadows
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Table 1  Vegetation characteristics of different degraded patches at different altitudes
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TG BBER — — — — — —

4013 GBI BEE 45.83 +8.61bA 0. 00 £0. 00cA 1.67 £2.07cA  39.17 +12.51aA  9.00 £3.58bA  215.66 =75. 03aA
REBEH  46.17 +7.52bA  11.67 +2.58bA  35.83 £3.13bA  11.67 £3.88bA  9.67 £2.58bA  178. 05 +40. 76aA
FJERf  87.17 £5.95aA  29.25+2.23aA 48.17 +£5.15aA  39.77 +23.13aA  59.17 £10.21aA  186.53 +75. 48aA
T BB — — — — — —

40 IFUEBIBER 46.67£11.25bA 062 £0.69cA 0.92 £0. 8cA 44.33 £11.06aA  6.67 £2.94bA  106.89 £20-94bB
WA BEH  51.33 6. 06bA 10. 67 £2. 16bA 31 +£3.74bB 11. 83 £4. 49bA 9.67 £3.08bA 74 19";3|5. 36¢B
FFERf]  86.001.79aA  30.33 £4.76aA  52.33 +£3.93aA 41 £3:35aA | 59.17 £3.49aA _ 206:49 £ 14. 63aA

1 )m|ﬁjj:§$ﬁﬁg,%$|ﬁjﬁfg}7§$ﬁlﬁjﬁfﬁ%%ﬂﬁmﬁﬁﬂgﬁéﬁ@%( P <0.05) , AFV/ING SR HIRNEHRA Iﬁlﬁfﬁ%ﬂifﬁﬁﬁ?ﬁﬁ{@ﬁﬁﬁ
BE(P<0.05), FRl; “—" Fnik B TMPAFHE  © lg 1\ ey 4

:
.
¥

%2 TRBAPREAREAHERLREER

— } Table 2 Soil 'chemi¢al pi;Jpenjtills gf-'ifi-ffderent degraded pat(.:hﬁs’ at different 1altitu(.ie.sn

/Epff)Z/m I ﬁ}f}%’?ﬁfﬂiﬂ T J w(TN,)l J.aa-)f‘(q‘fil ‘-.__.-'.. w(TKf)l a;.(.‘,l\‘IHA‘+ _}\1) | b = w(AP),l e
d = N /sks 45k < /gkg Jmgskg ! ¢ /mg-kg

WAHE [ 1.01£0.52cA | 0.74£0:23cB 7 24.38 £6.64aA M. 1652 2bA 12,12 £0.52aA  6.900. 32a’

rofs  AFIREIRE TT1.07 £0.25¢B 1. ?9"16. 3gbB' | 23.62£4.33aA 111922, 68bA  '0.56£0.10dB 668 +0. {5aB
‘ WA 0 1.77£0.38bA | 1.964£0. 58aAl’ 26,12 £3.41aA 14408 £2.79bA  0.910.08cB  6.62 =0. 17aB
(gEng | 304%0.36aA  2.25:0.058A |_27.4%%1.84aA  20.02£5.95aA  1.27:0.27bB  6.47 £0.36aB
B | 0.63 £0.63cB 1712 0. 13bA==223. 66 0. 86bA 4. 87 +0. 46¢B 1.67 £0.47¢B 7.15 £0. 20aA

423 AEESBE 1,08 £0.21bB 1.56 +0.12aA  26.83 +1.65aA  8.40+1.77bB  2.65+0.20bA  7.19 +0. 13aA
U OREBEEE 0.99 £0. 17bB 1.49 £0.03aB  23.50£0.28bB  11.23+1.45bB  2.77+0.19bA  7.11 0. 17aA
TROERM] 2.66+0.52aA  0.96+£0.06bB  22.14+0.54¢B  21.75+3.43aA  6.01£1.29aA  6.77 +0. 1bA

2.2 AN[FEIEEHAS R ERIBE e + A Y OTUs %4 FEBE A RRAE UL I 3. DNHR AT AN () V4R AN R BRE e

=T

FIFH Venn B (1 2) AR A R
RLER AL BE P OTUs BB 22 S AN B &, 23 50l R
8 224 HI8 155 . MF 3k 4 013 mAib iy = 2518 1k B e
i FE R ) A 41 OTUs Bt £, M3 1924,
YIFH OTUs BEAY 38.81% [ K 2(a) ] 14Kk4 224 m
A AN OTUs B i /b, 2 7624, o5 40 A
OTUs S 4K10 34.03% [ 2(b) 1. B MR B9 15,
TG SHBEHAA () OTUs 4 Fag @i, 454 013 m
FNE S BEH A 40 OTUs 7 395 4, (5417 OTUs
S 4. 80%, Bl i B T, 1 S BEHCM AT (1) 41 T
OTUs %k &= 34 m Ry 570 4>, 5 40 B OTUs &L & 1Y
7.02% . K2 BEHE AR TG o) BE B = 9E R f) pk A
OTUs 4 L4k A8 AL AR AN B 4.
2.3 AR[ENGHRAN R ARG A e 20 TR 1 75 454

AR . AN [A) 2 R BEHe 4 40 4 ] /K SR X

AR 1A T ] ( Proteobacteria ) | FUZE T[]
( Actinobacteriota ) FI112 #1 % '] ( Acidobacteriota ) , H:
i $R 4 013 m Y =y 2€ 5] 1Y AH X R R 2 0 Ry
27.78% . 22.57% M1 22.48% . WG s B | AE 1 2 3
ORI S BEHR R T80 2 T 1T ARDRT 3 B2 AR T e FE B
ERAF R T TAHNS B e T e e kTR, &
BARFANDAT 1A A AR A AER AR G = B R A
TR 5. BB R T & ARTR s REH | K5 Bk
H e FE LA ASTE B 1 T ARXS =F BEXS I V4R 4 224 m73
949 29. 16% , 30. 63% F1 28. 62% . BRIKE BEHLA),
A 2SR B B s 2k A DA X 3 B I Vi AR v T AR
K. o be kI, B AR TR, 25 28 BB 1 TR T T
I TARRT = BEREAI , e rh 36 S BRI R 16 S B 2 A
225K KA 224 mBb X ()35 ShBE BRI R 1 B B
P RRAT T [ JARN 3 2 2805 T 454 013 mith X )
[F S TUBEHR 2 6% .
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Fig. 3 Relative abundance of bacteria at phylum level
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T FER i — 2, VR4 224 m 115 S BB AR AR
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Gl S8R REHS  E15 5 AR 9
wHin(p <e’,959 JE A T ChioT A4, A¥Tobly
%ﬁmrﬁmwy& éﬂsnzl Chaol %049} %ﬁﬁ%ﬁ
ﬁ@ftP <0. I05)

MR S B 5 7 9 ﬁ&ﬁm@“

EPi%%ﬁdm;mﬁ&Lﬁ%ﬁmﬁﬁf
4013 mﬂﬁﬁm%”{ﬁmﬁﬁﬁnﬂlﬁ(ﬁm%mﬂﬂ*
%ﬁﬁﬁ%ﬁﬁ%ﬁaéﬂ;mum 4ozf»mn
:m%75%@%ﬂmf§*wﬂ%ﬁﬁ#mWﬁV
ﬁ@%ﬁﬂ?mﬁﬁﬂﬁﬁzﬂﬁwﬁﬁuw
0.05). [F2E ?Iﬁ{ﬁ’] Shannod FI Simpson ?b%%f(@

CMﬂ%ﬁm%ﬁﬂdﬁUEwﬂﬁaﬁﬁﬁ LT R . 4
. | ;s ey
‘ ’ fl'l'-.‘ - Table 3 Soil chemical propertles of different degraded patches at different altitudes
?@}ﬁ/m BEHL A Chaol #8%L Observed_species 5% Shannon $8%% Simpson F5 %L
TE SRR 5020. 41 £287.23aA 3402. 12 £156. 19aB 9.93 +0. 17aA 1.00 £0. 00aA
4013 ARG BB 4417.75 £267. 23bA 3088.75 +161.63bA 9.73 +0. 16aA 1.00 +0. 00aA
PR BEER 3940. 66 +490. 90cB 2765.20 +305. 13cB 9.44 £0.42aA 0.99 £0.0laA
e FE B ) 3737.26 +342.20cB 2641.82 +235.31¢B 9.41 £0.23aA 1.00 £0. 00aA
TE SRR 5052. 88 +181. 83aA 3860.07 £51.27aA 10. 10 £0. 03aA 1.00 £0. 00aA
4204 ARG Sh B 4133.16 +144.27cA 3148.52 £72.76cA 9.56 +0. 03bA 1.00 +0. 00aA
PRI B 4657. 54 £224. 96bA 3486. 61 +142. 19bA 9.69 +0. 14bA 1.00 £0. 00aA
e FE ) 4 625.57 £270. 59bA 3433.49 +216.67bA 9.35 0. 39bA 0.99 0. 0laA
2.5 AN[FEZEBUBES A+ A RS DI RERRIE WAE DG A A F B o 2 e TIE S B (P <0.05) ,

o AN [ Vg AN () 5 e - 9 41 B 2 il T & PR
(F£4) 144013 mAIRILBEH (3G shBEHL | AETE
ShBEH ARG BEH ) 38 b G 1 0 40 T 3 B 4
e B e 9 ) 0, S IR 4 224 m Ak (AR A B —
. T SN FOG A AR R 20 B T
R4 013 mif) 45 RBEH 2 0] 22 5 8 3% 14K
4224 mISSHBES R, 400 R 1.30% #1 1. 15%,
W E TR (P <0.05). HF4K4 013 mil %€
) RV AR BRI () B e AR A S 108 40 1 3 B e s
43514 0. 36% F1 0. 35% , kb 2 1= T 1% Sh BE B AR 7%
BIBEER (P <0.05) , ¥4k4 224 m i i F€ 5 ) B BeqQ

B =R BF e 2 0] 25 57 R 2. e Hr il B R oSk
TP R ALY G O DG B 40 = B R B, W 4R4 013 m
TE S BE LR AR 1 B BE B TR R (P <
0.05) , 1444 224 miy45 BB 2 (0] 22 701 3 1
PR T i 15 | A 20 [Tl 3% 48 A O 200 B =F JE B AR, AR TR
TREAR IR T 2 B B R e FE B ) Z ] 22 ¢ 3 (P <
0.05) , AN [a] ifg H %o S AR 15 AT R o 4 138 4 O 41 i
2 RAK. F BB 57 R G R 4l s
JE B TRE AR T v T T o, BRI SR B Ak | LA 2 AR R B
ZIRZEFRE (P <0.05). WK T 551K 2 BT
Al FE A v i B R AL R AR & R BE R A
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Table 4  Prediction of soil bacterial function in different types of patches/%
e N e N
i won ot e RIS s o omese meness o
IEEhBEH  0.45+0.02aA  1.31£0.05aA  1.12£0.03aB 1.27 +0.02abB  0.50 +0.02aA  0.34 £0.01bA  0.79 £0.02aA 0. 16 £0.0laA
4013 JEESIBESE 0.45+0.01aA  1.31£0.02aA 1.12+0.0laA  1.30 £0.0laA  0.50£0.00aA 0.34 £0.01bA 0.79 +0.0laA  0.18 £0.0laA
PREBEH  0.44 £0.01abA  1.28 +£0.04aA 1.13 £0.03aA  1.24 +0.08bB  0.49 +0.02aA  0.35+0.0laA  0.76 £0.03bA  0.13 +0.02bB
LM 0.43+0.01bA  1.28£0.02aA  1.11 £0.0laA 1.27 +0.0labA 0.49 +0.00aA 0.36 £0.0laA 0.75+0.01bA  0.13 £0.01bB
IEEhBEH  0.47£0.03aA  1.30£0.0laA  1.15+0.0laA 1.31 +0.01aA  0.47 +0.02aA  0.34 £0.00bA 0.75+0.02aB 0. 16 £0. 02aA
4204 GBI 0.43 £0.02bA  1.26 +0.05abB 1. 11 £0.05abA 1.29 £0.02abA  0.48 +0.02aA 0.35+0.02abA 0.74 +0.01aB  0.16 £0. 0laA
RIEBEH  0.43 +0.01bA  1.28 £0.02abA 1.12 £0.02abA 1.29 +0.01abA 0.49 +0. 11aA 0.35+0.0labA 0.75+0.03aA  0.16 £0.0laA
LM 0.41£0.01bA  1.23£0.02bB  1.09 +0.02bA  1.27 +0.02bA  0.50 +0.01aA  0.37 £0.02aA  0.71 £0.04aB 0. 18 £0. 03aA

FHICHN T 5 W2 T (P <0.05).
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Fig. 5 Results from RDA to explore the relationship among the bacterial diversity, soil properties, and vegetation characteristics
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