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Abstract

Aims Microbia biomass and their stoichiometric characteristics not only are important parameters of soil nutri-
ent cycling, but also can contribute to prediction of climate changes, improvement of model accuracy, and under-
standing of terrestrial nutrient cycling. Our objective was to investigate microbial biomass carbon (MBC), micro-
bia biomass nitrogen (MBN), and microbial biomass phosphorus (MBP) concentrations and their stoichiometric
characteristics in a pine wetlands in the Three Rivers Sources Region.

Methods Using data from 50 sites, we explored MBC, MBN, MBP, their stoichiometry and their relationships
with the controlling factors of alpine wetlands in the Three Rivers Source Region.
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Important findings Our results showed that 1) MBC, MBN, MBP concentrations were 105.11, 3.79, 0.78 mmol -kg >,
respectively, and MBC:MBN, MBC:MBP, MBN:MBP, MBC:MBN:MBP were 50.56, 184.89, 5.42, 275:5:1, re-
spectively. 2) Soil physical and chemical properties could significantly affect MBC, MBN and MBP concentra-
tion. Soil moisture had significantly negative effects on both MBC:MBN and MBC:MBP, while soil density had
positive effects on both MBC:MBN and MBC:MBP. Soil total nitrogen content had negative relationship with
MBC:MBP, while having weak effects on MBC:MBN. Soil physical and chemical properties also had weak ef-
fects on MBN:MBP. 3) Generally, soil microbial community composition had significant effects on MBC, MBN
and MBP concentration. Soil microbial community composition had similar effects on MBC:MBN and MBC:MBP.
Total phospholipid fatty acid (PLFA) content, gram-positive bacteria, gram-negative bacteria, bacteria,
actinomycete, arbuscular mycorrhizal fungi concentration, and other PLFA content had negative effects on
MBC:MBN and MBC:MBP, while fungi:bacteria had positive effects on both MBC:MBN and MBC:MBP, but
fungi had weak relationships with both MBC:MBN and MBC:MBP. Except for arbuscular mycorrhizal fungi,
MBN:MBP had weak relationships with soil microbial community composition. Soil physical and chemical
properties, and soil microbial community composition had significant effects on soil microbia biomass and their
stoichiometric characteristics in Three Rivers Sources Regions in the alpine wetlands, which are greatly helpful
for deeply understanding of terrestrial high atitude nutrient cycling.

Key words Qingzang Plateau; alpine wetlands, microbial biomass; stoichiometric characteristic; microbial
community structure
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TIRGEY Y R LR YEIR S PR IV SEEACRR IR A R A MV S5 R K 2T (Chen et al,

BSAY, HHAGLE BBUR 5%, L35 (C). A
(N). BE(P) 2 e R AEY L ERL 22 R A I R v 4
% F [ UK Bh /E ] (Powlson et al., 1987; Li et al.,
2014). RAEAED A EIRMBC) 5 -8 PR
FLBIAS 2% (Zhou & Wang, 2015), {HA A4
VIR AN AT S 389703 Je - 3R (L AL AVE 3R, 1
SETRIE Y 1) BB, 6 TI0 AA AR  Xo) B
ARG AR S AR e VAT B B G
B K/EFH (Medlyn et al., 2015). fA0EE XN, P
I E T LR R EN, PE R, HE Sk
#AE K (Attiwill & Adams, 1993; Frossard et al., 2000;
Heuck et al., 2015). MBC. AMAEYEZ(MBN)
VR A= 2 0 2 (M BP) IR B2 1) EL AR AT 1 A 34 W =
R4y BRI B Z Fe bR (Cleveland & Liptzin, 2007),
XA SRR P 70 BT 58 RN M 2 A i th A
B RATR TR S BRI (Chen et al., 2013).
CATT ARV, FEERRRE, FMES RGN
A A R4 MBC:MBP. MBN:MBPAIIMBC:
MBNZ3 51y 74.0. 47.3. 8.94114.9. 8.2. 8.3 (Cleveland
& Liptzin, 2007). 42 RGRH AR 2T HAH
I A B At R, EXERE L, O
BT 5 8 e S ) e € TR R 1y 9 B ) [ MBC:MBNN:
MBPZ 5 N81:6:14148:5:1, HAk A1+ BASMEZ 3]+

2016), fij =y FEVR HL AR 25 R G N T e iR E
TSI (I ZE40%%, 2004), AR 7T i oA WLk,
5 RS R 5 B AR AL 2 T B R AR A 42 R
E VIS pi

FH TP A ) E e ) e 2R LU A R, i DA
T 45 M I AR b 2 52 AU AE 0 A ) & A SR T R AR
(Fanin et al., 2013; Mouginot et al., 2014). 7 = i
1 FEH M BC:M BP = 22 57 21 it A= W) T 45 14 (1) 5
Wi, 17 A5k A A T 435 R0 5 MIBC:MBN PR 52 M) A 6t 43¢
§5(Chen et al., 2016). [FIff, fEAFRIIAZS RG220
o, SRR S R IR A YAk 2 B AR
RN R, e mEREAES ARG, E2
FCRHPER . 2 IRBAPER . HE . AR E .
JIC 24 T I R R HG Atk 188 I T D7 R (PLIFAY) 3 & 38 1T A
2 MBNMBR, T 75 = FE B S A RS,
A BETE 45K 5 MBNIMBP [ A 6 52 2R &
(Chenetal., 2016). ZMblh, X} 3% + 5 JE 3Bk b A BF
TR, YA R ERMBC:MBN. MBC:MBP
FIMBN: MBPYJARA &3 120 (Li et al., 2019). =
TEIR I = TEAEZS R Gk et AH ELAE T R R A 4 Bk
ARG, HIERHEE T S e R, S TERLH
TR YD REVR S M A W A ) i e F Ak 2 v B RFAE
(RS M) 75 AR5 FH T v TR v A T A
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Xu %5 (2013) Wt 7t K B, £ & Bk R E I,
MBN:MBPF# 75 25 & (1) 5 i & in,  1fi Cleveland #1
Liptzin (2007)IAF 72 22 B, MBN:MBPJE % 26 15 (1) 4%
R BA BAME, —HEW R ROARFEEN T X
WO T B . AR TR, TR YN I
I 4340 F UK (Cleveland & Liptzin, 2007). 3
H WLk & MBC ) # Z K i (Mooshammer et al.,
2014), H 385 MU B A 1R i 7 14 (Jobbégy &
Jackson, 2000), [AltAN A X IHMBCH] et B A 1R
it thah, HimlmE AR RR LIEA
BRI O ERAL A8 I8 oA — 8 HRP IR E, i JE R

Aoy FEVEE I\ - A ML 5 B TR PSE 48 v 1

AT AR R 7R ¢ 58 & (Yang et al., 2008;
Nieetal., 2021). [AUt, #RFCFIEIRHAETS Rg0 1458
WA A& K A= R s R = A Bh T
B U b R Y DX I A ) B ER A AR PR RRAE,
R g XS S (1 1) o B R 2 ) s S

G e i BRI e e AT AR B K B R AL,

B2t S = (B RSE, 2017), R FREE
B2 (NS ZI5E, 2012). SZABRRA AR
MR IREIH, 2% XIS R AR T RIZ AR ik, AP
AR FIAE B K B 4r 918L0.05 C-a#110.2 mm-10 a*
[ (M 704, 2018). 32 A BRETFE 5L,
988 A M (X ) S R 0T A R 9 7.55 kg-hm - at
(LU & Tian, 2007), H KRG HE AL RF L8 N
(Liu et al., 2013), i Ab5 iR i )5 15 1 ) = VT35
X, 405k, SR 715 °C, b4
BEE03 C. M/AKEME &S, FHHE
1.35 mm-a*, H.20034F LA P 7K B0 i (103 15 4
TNk (Z8 K30, 2014) . 75 =TI & AR AR 75 5t
N, B BB CIEMA YA Y E R g
TR R 2 . AR 78S A = VL = R
iy Ry E b A S R4 EMBC. MBNAIMBPIH)
TR, BE W =k X & S HMBC.

MBNFIMBPIK & J HoAL 2 1 BAFE, RAEY)
RS AR A H IR S . . Ak
REAAE YN 75 = FE R HMBC. MBNAIMBPIK
J&E R AR 2T AR A S

1 MRFEE

11 HREXEEREEMIEE
VLRI AL T el SRR, AT SRR
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TRV AR, B2 g rh AR KBS o =YL IR X
WEAR, WA BEARZ, Tk ATz,
Tt AR R R MR s 1 X, VR S T AR
£7.33 x 10° km?, BB E K e TR ECR
RIRGHY, FI5HK4 000 mA A . Hd BB AR T
TR T-2.5%, 724 [ 55 A7 2 fx e I b X (Z8 K0T,
2014), —VLIRHbIE)E, SNSRI Z R, A
Fe s AR, SRR E, R REST
4x, TEAE 2 FEVECRY 7 T BA 828 2 S (58 K,
2014). T =VLY5H X B E= R HE, 3R E 12000
FERL = YLYR H AR RS X, 20194 7. —YLIR
[ R N Bl o 7 2 0 A RO s Ay 2% [X 3 ) = A 4 2
R ZPIZH & 5 (Kobresia capillifolia). 1y il &
(K. pygmaea) Fili&4: & # (K. humilis) AL 34 Fh, =
VLR E X 4R G Bl N3 3356 564 m, K HB 4 1 [X i
RAEA4000 mLh |, PR N-5.6-3.8 C, FF%
JK BN 262.2-772.8 mm, =B A e A Ay 1 FE
+ o mnbEE L, mLEE RS, T40R, =0T
5 DX AL 3 T v o SRR X A LOSE 38 I I B2 A K,
N0.33 C; KT YR DX 398 I s 5 A T VAT RS N, A
0.30 C; WVRVLIR X GRS, R0.27 C (F
KA, 2014) .

2019-20204E7-8 H , Mo} =TI 1) v 2 ) A9
HBEAT Y AMR A, R AT LR, £ =TIE X
MHIRRSE. 2. 2. Bk, B, k2. B2,
HiE, EH. P35, ARG, b, 2. [FE. 5t
B~ PEEE R AELTAN B, A bB0At, b
FEE P18, MIEIRH32 .
1.2 MBC. MBN. MBPKE. WMEMBEEMN
XA FRAT E

FEANPEHLCAE 3 0-10 cm3ERE S, JRAIEN
LA o SRR O 2 P o Frb— 0y B A,
BHARFEA COKEH, wRIsSLEfE, FRER I
(IR AR, 1 FLAR2 mmif, TRAIIEE = T X
T4 IR K E KL 24T 40%01) 3 RN 5K &
EWNEFEIOR, B BIRE N25 C (Chen et al.,
2016). MBCHIMBNK FE (113l € SR FH Al B 25 1077
. SRS MG, HF 4 0.5 mol-LT!
K SOHL, %4 FH &) 7524 hJ5 0.5 mol-L™
K2SO 428, C. N& &=tz 7 #r{X (PE-2400 11,
Perkin-Elmer, Boston, USA)lI5E . LAEE 2K 41K
WA TARINMCENS &M M, HPFMBCAH
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Fig. 1 Distribution of sampling sites across the alpine wetlands in the Three Rivers Sources Region.

MBN 735l 4t — H % 1k 5 %00.45F10.5401 5, I5E &
MBCHIMBNIK & . MBP# & il e i f2H, 75 #2
5MBCHIMBN I F2AH A . %) T 78 5 R EZ& )
3R, K105 mol-L™ NaHCO; (3574 (14
L) = L20)3e i, HiEAePEEH LEIENE. B
FH 0401 % 40 2 H0 72 4= FIMBPHK F% (Chen et al.,
2016).

oA B v 5 R P PLIFAYE I 58, R B 2
T T R E T, SR H R g2
WAL 2:1:0.8) ik FE L, BRI, NKT, &
5V A e i e A, DL BEBESE, N T PR3,
FH B R RV (AR AR L 1 2) VA s B B Ak, B R
FAHE 1 —— I B FH R (GC-M S)ill 7 1 4 5
Tl A AR I P i, 759 39 AR 2 o vy sk g B I R 2
BRI A B — N AN R IR T R ) A
Fh, Hor18:2w6cH 7~ L (Frostegérd et al ., 1993),
2% G PE M R E A5 14:0. 115:0. a15:0. i16:0.
al7:.0fi17:0; == [RPAPER 2 16:1w7e, cyl7:0.
18:1w7. 18:1w5. cy18:0fllcy19:0; 16:1wscH K~
DA B MR FL T 10-methyl16:0.  10-methyl17:0 F1
10-methyl18:0f0 3 T 4k i 3, HoAth PLPA 3= 2260, 4%
14:0, 16:0, 16:1 20H, 16:1w9c, 17:1w8c, 18:1w9cHl
18:3w6c2% (Frostegérd & Baéth, 1996).

K 3 A — Ay L ERE S AT, PR AR AR A
ZWT L2 mmii; A 7> BN LT RS
T E RS2, 35 S 0 R R R R B
(753, REDERE S P IR Bk, X HAR f5 IRE
BB L 60 H 0, 94 5 A8 FH V2 TR TR & 2R BE AT

11008 i, HIEANE 2= CINITTE 2B GE -
48 R R 8 B K 43 A R B R R A
M5E o
1.3 HEHHh

T SRIEAR M RS, 2 RMBC. MBNAI
MBPI FE 21T 19454k, N T 8 g’ 4k 5 MBN I
MBPJK <0, ¥ ALHTH A K10, [FFEH, tH
MBC:MBN, MBC:MBPHIMBN:MBP#{TIgiE L, .
FHA ST A RS 5650 A0 ) v FE R Hh (FF A &2 32) F
f FE L] (FEAS 2 18) FIMBC. MBNAIMBPIK i
HAbZ i E LT LR, FI 2 BAAE BB
(p < 0.05), LIEFACKHIEM AR KLY
MBC. MBNAHIMBP#K E f HAG 2 1 8 11 58 72 R H
/N AR R BB AT G (p < 0.05).

2 4

21 BEEMMBC. MBNFMMBPKRE RELF
ITEXR

VLR E R IEMBC. MBNAIMBPHK ¥
43 51°9105.11. 3.79410.78 mmol-kg™; MBC:MBN,
MBC:MBPHIMBN:MBP%} 5 450.56. 184.894115.42,
MBC:MBN:MBP}4275:5:1. = VL5 X & i+
HEMBCIKJE i3 = T = 2€ 5 (p = 0.000 4), MBN
(p = 0.60)HIMBP (p = 0.14) ¥k /i 7E 1 F€ 25 fa) 1 15 F€
M2 [ JC 23 72 5, = 6t H3EMBC:MBN (p =
0.000 02)HIMBC:MBP (p = 0.03) &t 3 1 T e ZE 2 e,
MMBN:MBP (p = 0.15)7E i FE i Hb Al 15 FE R4 2 [1]
2 AR .
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F1  @FEES RGN ERRRHAES RGN TIRREY Y 8T EARHIE (P Y F195%01 B A5 X [H])
Table1l Stoichiometric characteristics of soil microbia biomass (results are shown as means and 95% confidence intervals) in alpine ecosystems and global
biomes
TR MBC MBN MBP MBC:MBN ~ MBC:MBP ~ MBN:MBP MBC:MBN: %k
Vegetation type MBP Reference
TR FERLAT) 49.25% 3.40% 0.55% 14.53% 117.02% 8.13% 118:8:1 VNS
Alpine meadow [38.92-61.58] [2.83-4.12]  [0.42-0.69] [12.76-16.17] [79.22-168.91] [5.64-11.79] This study
EFEIR 105.11° 379 0.78% 50.56" 184.89° 5.42° 27551 ERTiT
Alpine wetland [81.33-133.33] [2.58-5.16] [0.55-1.06] [37.33-65.33] [156.25-213.18] [4.22-6.89] This study
X 335 324 0.70 10.23 480 468 4794681  Chenetal.,
Alpine meadow [30.1-37.2] [2.69-3.89] [0.61-0.80] [9.77-10.96] [43.8-52.6] [3.98-5.50] 2016
RS 135 1.00 0.17 13.49 80.0 6.03 81.3:6.03:1  Chenetal.,
Alpine steppe [11.9-15.4] [0.79-1.29] [0.14-0.20] [12.02-15.14] [71.4-89.5] [4.79-7.41] 2016
SRR T 1114 19.3 24 95 130.7 357 131:14:1 Xuetal.,
Global wetland average  [84.4-147.0] [14.5-25.9] [1.1-54] [7.7-11.8] [62.1-275.0] [14.0-91.2] 2013
PR 56.7 75 13 7.6 424 5.6 42:6:1 Xuetal.,
Global average 2013
82.3 109 14 8.6 59.5 6.9 60:7:1 Cleveland &
[69.2-97.7] [9.1-12.9] [1.1-1.6] [8.3-89] [55.9-63.1] [6.5-7.3] Liptzin, 2007

MBC, WAEWEMER; MBN, HUEMAEMEE; MBP, MAEMAEER. ARG FEAURZ R R % (p < 0.05).
MBC, microbia biomass carbon; MBN, microbial biomass nitrogen; MBP, microbial biomass phosphorus. Difference lowercase |etters mean significant differ-

ence (p < 0.05).

22 SEEMIFBEWFEXMBC, MBNFIMBP
REREMFTEXLRNEN

PR IS KR . R AN B R
J 19 Y8 B 23 5l N 23%-73% . 0.73-12.17 g-kg ™Al
0.23-1.26 kg-m 2, “FHIHE 4> 3 448%. 4.24 g-kg *Fil
0.72 kg-m 2, -4 A 45 E AT DL 2 ir EMBC.
MBNAIMBPK & (K2). HIES/KEMIEENES &
5MBC. MBNHMBPK & 2 [Al 47 4F 2 35 1EAH G K
Z(p<0.05), 113 E 5MBC. MBNAIMBPIK &
ZIRAFE R AR R (p < 0.05). HIEE/KES
MBC:MBNFIMBC:MBPZ [H] 471 & & A R K R,
1M 3% % . 5 MBC:MBNFIMBC:MBPX. [a] /7 {F &
F FMK XK R(p<0.05), LN EMNMBC:MBP
ZMAERERMHRRKLR@P < 005), M5
MBC:MBN Z [A] I FH OGO AN 3 (p > 0.05). 353
AR5 MBN:MBPIRI S A B 2 (p > 0.05)(1&13).
23 SEECHHEYIELEHIMBC. MBNF
MBPiRE R EAF I+ 2 X RZRF

TR S PLFA B & HE 22 QPR . 22
PCBHPER . BUBA . R B AR GRS R B A 3
i PLFA 75 & DA A BB 41 18 EL 1 3 L 40 3l 2 34.70—
183.67. 5.70-29.90. 6.51-37.09. 0.65-7.29. 1.06—
11.88. 0.59-5.95. 17.45-99.52 nmol-gF10.04-0.23,
51 43 ) v84.76. 14.98. 17.77. 2.60. 4.22. 1.84.
43.41 nmol -g " #710.08.

BRI S, WCEYBE 45 5MBC. MBNAI
M BPK E [ A AE i 35 A G PE(K14) . SPLFA S &
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Wt RPAPER . L IRPATERE . 200, . R
P AR AR BB TR AL A PLFA T 5 & 5 MBC.
MBNHMIMBPI BZ 2 (B fE4E IEAH GG &R, Hh
BRI X MBINAS B2 B/ AR R 8L 55 (p < 0.05); 1T
FLH A EAIMBC. MBNAIMBPIK 5 2 [AI {775 2. 3%
ik &, HdhxfMBCH B HI1E FIAHA B85 (p <
0.05)( Kl 4) » Tl A W B ¥ 45 44 F MBC:MBN
MBC:MBPI#)C R 2 MM, SPLFAS B, 2K
PHIEBE . SE2 IR . 4058, TRk . AR AR
BB Wk B RO fth PLRFA 4 & 5 MBC:MBN Al
MBC:MBP [ {7 1E & % FAH K K R (p < 0.05), 1M
H 4% 5MBC:MBNAIMBC:MBP [A] fE7F & 3%
IEFER G R (p < 0.05), HRHKEE5MBC:MBNA!
MBC:MBPX [f]f{jx R A EZ(p > 0.05). FEMFL
LB 41, MBN:MBPAI AE W i S5t 2 18] o i
F M (p > 0.05)(KI5).
3 g
3.1 MBC. MBNFIMBPKE & HL it S45E
VLY PR IMBCI ¥ 9105.11 mmol kg™,
HARREH111.4 mmol kg LR EE R, Hi
T ARt A 5 RGP M 956.7 mmol kg™ (Xu
et al., 2013)F182.3 mmol-kg™ (Cleveland & Liptzin,
2007). [AJHF, 1ZfE K T 75 5 A s 7 5 11
33.5 mmol-kg il 5 ZE#E 5 (1713.5 mmol-kg™ (Chen
etal., 2016). FHANFRARE AP EZE IR,
AR LR £ S 3 L IEMBCIR FEE (1 2 et . RIB )
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3.0r r ry=-0.56x+2.33
R*=0.27,p<0.05
t% e :
L5 y=15Tx+1.18 T * y=006x+166 I
R?=0.81,p<0.05 R?=0.41,p<0.05
1.0 . . . ) . ) . . ) . : '
M y=-0.89x + 1.98
| o &=023,p<0.05
% . .. '. o
- L]
° ® 4 ®
- o Ld °
® o
05 2 ® y=2.09x+0.35 -, y=0.07x+1.03 - * .
0 R*=0.49,p<0.05 R?2=0.19, p <0.05
20 r r y=-0.85x + 1.31
R*=0.31,p<0.05
1.5 . L .
g 10} .
w05t F
ot . y=222x—0.35 L e y=0.09x+0.33 F
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Fig. 5 Effects of soil microbial community structure on microbial biomass stoichiometry in alpine wetlands in the Three Rivers
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