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Characterlstlc& of Bulk and Rhlzosphere Soil in Sprmg and Summer in the Alpine

We,tlands of the Qinghai- Tibet Platedu ’
LI Yusgian' - MAJtin- wei' “* GAO Chao' , HUO Shou-liang” XTA Xmg hu1

(1. School ofEnvironment; Beijing Normal University, Beijing 100875, Chlna, 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research
Academy-of Environmental Sciences, Beijing 100012, China)

Abstract: Denitrification is a key process in the nitrogen cycle of ecosystems. Most existing studies of nitrogen emissions and denitrifying hacterial communities are carried out
in ecosystems with significant human interference, yet few focus in natural ecosystems with low human disturbance. Here, the denitrification rates and characteristics of nirS-
type denitrifying bacterial communities in rhizosphere and bulk soils from alpine wetland plants at different altitudes ( Tangke, Jiuzhi, Maduo, and Dari)and seasons( spring
and summer)in the Yellow River source region of the Qinghai-Tibet Plateau were investigated. The "N isotope tracer technique was used to estimate the denitrification rates,
and high-throughput sequencing technology was used to determine the composition and relative abundance of nirS-type denitrifying bacterial communities. We also investigated
the environmental factors ( temperature and altitude ) and soil physical and chemical properties ( pH, soil organic carbon, ammonia, nitrate, and nitrite ) controlling the
denitrification and related microorganisms. The results show that the denitrification rates of alpine wetland soils ranged from 0.80 to 14.98 nmol-(g-h) =", and the
contribution to the total N, production ranged from 11.23% to 71. 16%. The soil samples from Tangke,, Jiuzhi, and Dari showed higher denitrification rates in rhizosphere soils
than the corresponding bulk soils(P <0.05). Proteobacteria was the most dominate denitrifying bacteria phylum. At the genus level, unclassified Proteobacteria (2. 86% -
29.41% )showed the highest relative abundance, indicating that unique unidentified bacteria may dominate denitrification in these wetland soils. The genera with the next
highest relative abundances were Pseudomonas (2. 45%-26.52% ) and Cupriavidus(0%-34. 14% ). Distance-based redundancy analysis showed that the community structure
of the nirS-type denitrifying bacteria was mainly affected by altitude, pH, and nitrite concentrations; Pearson correlation analysis showed that denitrification rates and the
Shannon index are significantly negatively correlated with soil pH (P <0.05), and the relative abundance of the main denitrifying bacterial genera were influenced by
temperature and soil pH(P <0.05). This study provides valuable insights for understanding the nitrogen cycle in the unique alpine wetlands of the Qinghai-Tibet Plateau.

Key words: alpine wetland; rhizosphere; denitrification; nirS; community structure; environmental factor; redundancy analysis
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Table 1 ~ Environmental conditions and dominant plant species at the sampling sites along

an altitudinal gradient and among seasons on the Qinghai-Tibet Plateau
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Fig. 1 Location of sampling sites in the alpine wetlands

of the Yellow River source region on the Qinghai-Tibet Plateau
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Table 2 Rhizosphere and bulk soil physicochemical properties of alpine wetlands along an altitudinal

and gradient and among seasons on the Qinghai-Tibet Plateau

F RBEMLE  HHERm pH SOC/% NH"'N_I NOs N NO, N
/mg-kg /mg-kg ! /mg-kg ™!

TK LisliZ 7.68 +0.27 4.80+1.13 4.09 +0. 47 3.52+0.28 0.292 +0. 036

AERER 7.73 £0. 11 3.64 £0.31 8.75+1.78 1.34 £0.26 0. 189 +0. 017

17 PR 7.74 0. 15 5.34 +0.54 5.48 +1.38 5.73 £0.79 0.204 +0. 076

H® AEARBR 7.89 +0. 48 4.64 +0.33 7.05 0. 87 0.55 +0. 03 0. 094 +0. 020

MD PR 7.62 +0.09 4.29 £2.34 9.64 +2.82 0.98 +0.22 0. 104 +0. 056

HEARFR 8.05 +0.07 5.88 +1.26 14.25 +3.37 0.87 +0. 09 0.212 0. 046

DR PR 8. 14 0. 12 5.56 +0. 02 9.85 +0. 86 7.63 £0.96 0. 125 +0. 065

E=iHUN 8.19 0. 02 3.36 0. 12 10.04 £1.78 2.50 0. 62 0. 496 +0. 052

TK ity 7.42 +0.03 5.10 0. 14 8.18 1. 14 33.22 +2.37 0.038 +0. 005

AR FR 7.53 +0.04 3.75+1.77 8.83 +0.46 9.80 +1.33 0. 628 +0.024

7 PR 7.30 £0.92 4.39 +0. 81 8.18 +0.75 7418.39£2.54 0. 042jt0 002

e LB 7.57£0.05  3.81x0.48 14. 86 £1. 05 0.78 +0.25 0. 03*940 005

MD Jiclizs 7.82 +1.07 o 4.93 +0.99 2.64 +0. 627 4,46 +0. 14 0. 944 =0, 9}0

LR 8.00+0.69 = 4.72+0.31 11.93 §1i21 ?.17 +0.07 0 bzsjgﬁ 008

DR LA 8,04 +1.53 5.39£1.33 13. 74/« 3.02 | 0.28+0.05 0. 103 £0. 036

JEHR PR §10+0.45 , 3.65+0.78 11.58 +1. 417 0,17 +0. 04 0.028 £0.002
n%*ﬂﬁ%mﬁ¥mﬁiﬁ@mim |y L~ > o )
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2 2 2 2 9 2 3 2
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Fig. 2 N, production rates through denitrification in the rhizosphere
and bulk soil samples of alpine wetlands, and denitrification

contributions to N, production in spring and summer

i%&ﬁ%Liﬁ@%lm 7.13 nml+(g+h) "L
E@E%ﬁ%i%&mwﬁi&@ﬁom~
14. 98 nmol-(g'lg,) LT R, %éﬂlgé JZ
f1 -t S S R T o R v . SR A ) 32 B0 9L LA S
JEEH S R R T B R Al R S R R
FER BEIEAC(FEFMICEHRE0.67,P<0.05; &
T ZE0.68,P <0.05). N[FZT,TK, JZ, DR
i DXAR B B il Ak R I 2 R T AR AR PR 48 (P <
0.05) , 1 MD =5 FE 0% AE AR R 1 498 1% SO m fb ik % L
HRPREE R (P < 0.05) , 3¢ BB A I AR 4 AR s 1 A

AT RE FLARAR B 5 38 A RO AR AR . JRL PR T R R A
PIAR Z I A B T AR R AR AR B R
FEAR T RS AT, (HX 28 S A A i AR A
ﬁﬁﬁmﬁjﬁﬁﬁwﬁi%%&TE£Mf%%

PR [l MR ZR AW LA KA LA B T A 23 S S
m%®h1ﬁ%%ﬁ”1l%MW%ﬂﬁﬁﬁi%

1) JS2 il A3 R A
HZE EERT SRR BTk R 11.23% ~
25%%-E§.mﬁMD%#ﬁﬁi%ﬁm%ﬁ

SR B TR R AT A 69. 48% Fl 71, 16%, Hihx
SRR S SRS AL B TTER R 13.95% ~ 37.34% . AR
WFFE B S A Ak o7 Bk R A 2 B A9 AF 52, 0 B Y ]
U RS P B T kR R 21, 9% 0 | K FE
(87.8% ~ 99.8% )" 1 & ¥ 5 30 W UL AL
(27% )" 45 T S A BESE T R 1L K AR
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SEh X LT RN TR E A, B ik
568 s R TR R 5% ] BB IR o] 1 i A 40 A1 19 2 R AT
PE R HFR S T NO, (A B, RIS 2 53U Y
it 2 2 R T 5 I R % RS R NO, IR IF
ANEZBR D) 7 1 DR A AR A A TR AS 25 32 31 B dd 410
il , B AL B A RCR AL,
2.3 AHACTUE DI REIE S5 14

AHIFFE B SRR A (0 RO B LR 13 427 ~
24 843 %% SEYKE N 371 bp. H FEEAK T 5 Bl -7
Je ¥ 1R 97 % WARURE R4 T OTU (R, AR TRI 25 A1
VR = FE W AR PR 5 JE AR PR 3 nirS SRS Ak 1
W) o ZREVEFEEINGR 3 T/, Coverage $8 45 FE
SO R AR5 S FEA Y Coverage 18 il
0.97 ~ 1. 00, R B 3> 45 4% 0T FEAS v G A= W A v

#3 ARAFHMEEEHS R MRESIFRER nirs B EHLRARS FIEEY"

SEMIRSEFRAE L. ACE I Chao 45 %5 Bz e £ 2 ¥y 1
T BE BB R B TR 2 ey . BR T R A
K72 TK FIE ZE1 DR Ab, FoAR R A S ACE 5
#. Chao F8EUA OTU Ui 35 2 20 H AR B = F AR AR
PRt a3, Shannon 1 Simpson 8 550 5 WAL A W) BE
51 ZHEPE , Shannon 48 B0E K | Simpson 45 Z0H /)N
KU M. TK BAR PR - 2 FE I THE R
P, JZ. MD Fl DR B9 xR 1 38 2 ek 3 T AR AR i
THE XS E AL RO B T T
LU DXL S5 B A A ) i AR B 5 A AR B 1 338 3 A= W oy
REZFEME, & IUAE P AR Br 1 3R Tl A= 1 22 1 48 4K
KT A BRI L EREENFREHAT
T HAT ) W B ) - S AR W 2 A L TR AR
B JL R AT R 2 A 4 AR 2R I ) 88 1R O A B A
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Table 3 The nirS-type denitrifying bacteria co;;munity diversity index for rhizosphere and bulk Isoil of alpine wetland'é:... j-";‘
along an altifudinal gra(i;e.nt and among seasons on the Qi.r‘;ghai-Tib‘efJPI'ateau ' . o __,-"J
EEni %ﬁﬂﬂi' e ACE #8804 Chao 452 | Shantfon #5%{ | Simpson 4L E OTUs*,
2 e it [ A0ls8c 448.07c 4 ; adtan ) £40. 048 6b 353d( I
| JEMpR ~ 4 8607 34ah 859. 02ab © 4.195a 0.017 5d ;eI
y 1K, Wi |, lossterE  10sata S g 34a 4 poisi 737ab’s
e - AEARER | A 8;}. 84ab 816. 05ab o 14, 44p 0.049 7b 606h
- =MD iy 1420418¢ | 407.95¢ 4:33D 0. 030 4¢ 329d
v X AERER 312.17d 302. 00d 3. 86b 0. 042 4¢ 231e
| W b - 3. eo'ém:'__,,r“’ 445. 06¢ 4.11b 0. 043 9be 356d
r JEMR bR 274:96d 268. 58d 3.63¢ 0.061 4a 228e
TK idvN 370. 12¢ 370. 82¢ 3.90b 0.051 8b 297d
AEARFR 977. 52a 970. 13a 5.20a 0.0129d 676ab
17 PR 991. 88a 1013.09a 5.49a 0.0105d 777a
e AEARPR 716. 00b 716.77b 5.36a 0.0159d 676ab
MD MR 1038.37a 1032.71a 5.55a 0. 008 5d 778a
AERER 652. 87b 654. 16b 5.03a 0.0153d 543be
DR idiN 476.20¢ 457. 48¢ 3.99b 0. 049 2b 333d
AEARPR 711. 86b 719. 76b 3.93b 0. 063 6a 477¢

1) ARV S8R R Ab BRI () 25 57 B35 (P < 0. 05)

AT K& B Proteobacteria & 7 ik fe Ji o FE 10
TaErh FER RN, X SRR 4
SRR [ N AR T R ) JE T AR
PR AEARBR nirS BY S A A0 TR A 9 78 I8 7K1 E Y
AHXSFEBE a8 3 . B R 4328 1Y S Ak 41 T s
(uncultured denitrifying bacteria ) FIAH X} 3 B 78 T A
FEARHAN IR 1% W40 & A1, & L HEREAR & i
O — B ok 2> 28 19 2 B M B (unclassified
Proteobacteria ) , A0 X} 3= & 4 2. 86% ~ 29. 41%, H. %
ZU & TE S, U EHFF SR DR 13 )
PR EAR PR T e R AR F2 B 3K B T 29% LA | 3X
ot I = 9 e i e TN M S R AR E P R AT e A —

SRR ) A B 5 A 1Y S A AL T R . AR B R
BRI & ( Pseudomonas, 2. 45% ~26.52% ) , N &
FEH A BN JE ( Pseudomonas) ££ TK Fl JZ A
X EESSN, T 7E DR Il MD FA. 4% 300825 7 5%
T3k U S SRUSIA DU A W D RS Tt
WA W) A bR U AR W, 3 kOB R W B
( Pseudomonas ) 72 Fe Al 30 S il Ak 18T I . A 2P i v )
( Pseudomonas ) +2& H 11 B 1 A4 S5 A Ak 240 T v B KA
HREZ —, AT LA RBRE RS R ER A, P e ] e X i
AA B KMEMS. FEF MD 01N H R
( Pseudomonas ) #XF 3 BE 1K, X 0] fig— 2 B A
BB ZE MD 11 S A 3380 T Ath bl . 204 7
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4o ?bﬁéﬁw%ﬂﬁwakg.gég%g;g
TK it prigh € 70 6 08 1 A0 0 = 1% 0
34. '141? M 23.12% . Wi Bl 5% %A 4k B Sulfuritalea
(0.04% ~27.46% ) 1 Sulfuritortus (0% ~ 23. 18% )
WRAR Y, Sulfuritalea 752 ZEAEA & AL
1= 10 Sulfuritortus TEHFZEFEA TR & TE 2 H
AR 18 b A AR X 32 B2 R T AR BR. H. unclassified
Nitrosomonadales 5 F{ B 2% (0. 01% ~ 10. 81% ) #H
MEEETHES (0% ~ 6.45%); Al kEHRE
( Paracoccus ) FIXT FEEHZ (0. 04% ~ 12. 66% ) 7 T
B2 (0 ~2.49% ). 3R FR ok 0 2k A A 40 T &
( Sideroxydans) ,1E X 2% MD FEAR Fr £ 38 v 9 AR XS =F
FERR R, 51, 64%, T H Ay - SR AR iR X 32 B
N0 ~2.45%.
2.4 FREIRH TR

K H 3 F B A9 90 4 4 B ( distance-based
redundancy analysis,db-RDA ) ¥ 5% 35 [ 1 (i35 |
T AN R (pH ., SOC, #EA . AA
LA SR MR E 2 nirS BSR4 YU HE
TR (& 4) . 453 R B, B2 — A 4k
PP b BARIEME R 43. 16%, B 05— —Hey
B ERRIEAE Y 42.26% . o B 2R R HERER

SR nirs B RSB ER A BN £

others
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| unclassified a-Proteobacteria
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Thiobacillus
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Sulfurimicrobium
Incertae Sedis
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Dechloromonas
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3. Song IR K B pH 5 nirS B SAY Ak
THEE W RETS L U DIARDE. NO, 2 nirS PR
TR, nirS BB 2 55 NO, 18 5L
AR RIS RS nirS ARG YT A
KO SRR 41 R P NO, BNt nirS U 2 i AL
A=) 55 Wl i DR ) PR 3R T T A0 3 X A B L IR
R R B DL R AR S AR 2 AR R S R R S T
T e

SR A FN TR | AEAY 2R W B TR
B D RFEZERR5ABEN T8 Pearson A CHE N
2% 4 Fr7R. unclassified Nitrosomonadales [ A X} =F &
SRR R B IEARC (P <0.05) , 5 1% pH
B ETAFE(P <0.05) . Paracoccus WX 5%
BE IR 52 5 3 R DG (P < 0.05) . S Ak % Al
Shannon #5505 + 3% pH B & A& (P <0.05),
Simpson S pH BEIEMEZ(P<0.05).
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Fig. 4 The db-RDA plots of correlation between the nirS-type denitrifying bacterial community

and environmental variables of alpine wetland soils on the Qinghai-Tibet Plateau ___.-“"“

EHEREERM T ERMLER, nirS i&iﬁ%ﬂﬂ@lﬁi%%ﬁE/}*HXTEFF*H-J+E’JE|E EREETFH Pearson 159@‘53‘1’5”

=4
Table 4  Pearson correlation coefficients belween environmental variables and demm.ﬁcanon rates and nirS-type : i
denitrifying bacterial community dlversxt'y mdexes of alpine wetland soils' on/ ]he QinghaisTibet Plateau I ‘,.-'" i
i H R R RE il soc [0 NN Nop-N [ dNop R
R A R -0.377 0441 L 0578 -0.017 0,116 0.374 140,256
S i A BTk % . -0.173 0,464) iy Po;-rss -0. 2‘19‘,‘ 0. s ¥ 4 —0.085 -0 203
ACEARSL S ~0.408 0,800 4 —0.201 / T-0.4ip & -0002  _ -0l06d- y
Chiogil e | | ~0.413 . 0°410° " /7 -0.406 -0.207" ~0.435 o.ot1 " 20 070 2
Shannon 1% /. ¢ ~0.443 07‘,382 40536 0047 (f-07303| 0.019 .0 118+
Simpson #5%¢ || - 0. 404 —0.283 01 0.506" 0.052% 0.201 ~0.020 0. 052
ofUs 1 A ~0.431 Yojas3) I —0.459 —0.28"  F_0.37 0. 008 0. 146
unclSsified Protgobacteria =4 0.167 ~0.494 4 ' J’;,;‘Lﬁ 0.056 —0.134 7 Z0.135 0.351
Pseudgmonas. " 0. 180 £0.382° __0:198 0. 248 0.416 -0.158 0.235
Cupriavidug) 0.076 0.380  -0.019 0. 132 0. 080 0. 346 0.110
Sulfuritalea -0.366 0.152 -0.233 0.127 -0.304 0.392 -0.092
Sulfuritortus 0. 090 -0.443 0. 396 0.323 0. 069 -0.264 0.077
unclassified Nitrosomonadales -0.419 0.590 " —-0.543 " —-0.398 -0. 166 0.078 -0.045
Sideroxydans 0.338 0. 269 0.283 -0.317 0. 141 -0.156 -0.187
Paracoccus 0.117 -0.641* 0.251 0.252 0. 005 -0.300 -0.128
unclassified Rubrivivax -0.037 0.377 0. 227 0.234 0. 005 -0.314 -0.135
Pulveribacter -0.411 0. 105 -0.126 0.013 -0.267 -0.193 0.227

1) * ZFRAE P <0. 05 K- F B EAE,
PRBERL , 5 98 o I e FEVR M 1) 3 pH IR BPE |, 2 fiF
AL AR, RSN, B TTER /N, T SOC., B
AR HEEFAS SR 58X O AR A s
YIZ e 5 B LA R F2 2 R Ja s i 2 3%
X Jiao ZE BB FT A I TEAR T 21 (T 5T
YUY R WEKAR I nirS SRS AL AN B L 58 2L
ZENRE | pH M A 3 N ZE 2, M JEHLA
LA 2.

3 &g
(1) T 90 o Do 1 2 10t 4 398 S Al A 3 R [ Ay

0.80 ~ 14.98 nmol- (g-h) ~" #& ik | EH AR PR £
HERY i b %m?ﬂlﬁﬁlﬁrﬂﬁtﬁw <0.05); %

“ FRAE P <0.01 KT L BEHL

AAEXTE N, BB TTER A 11.23% ~71. 16%, T
BRI T HAl AR S ARS8

(2) i I 45 R s, 45 b SRR AR rhoAr
PR R 1Y R — oK 43 2 28 JE AT T (unclassified
Proteobacteria, 2. 86% ~29. 41% ) , H: Uk Ay {15 5 il B
J& ( Pseudomonas, 2.45% ~ 26.52% ) Fl 57 #i 1 J&
( Cupriavidus , 0 ~34. 14% ) . Vi B 3= 775 78 /=1 ot i 9%
b IX — R A BT S A AR AR T % 7T B A 45 A 1 oK
P E B R T

(3) fe FER I 14 S5 A AU 200 TR AP 7 45 #2523
g3, pH AN A Z BN (P <0. 05 ) 5 5 A
AT RE B AR 5 B2 52 2R EE A pH B 5200 5 SOC Al
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