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Abstract: As a critical driving factor of ecosystem, precipitation plays a key role in shaping ecological landscape pattern in
desert steppe. However, the response and adaptation mechanism of ecosystem nutrient cycle on precipitation remain unclear

due to the complexity of spatio-temporal precipitation variation. In this study, soil-plant-| microbial C, N, P and their
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stoichiometric characteristics in different rainfall zones in the Darhan Muminggan Joint Banner were analyzed to investigate
the nutrient utilization strategy of desert ecosystem driven by precipitation. The results show that, the mean TOC, TN, and
TP contents of soil in different rainfall zones are 13.39 g/kg, 1.27 g/kg, and 0.46 g/kg, respectively. The mean soil C :N :
P ratio is 28.9:2.7:1 in the study area, which is mainly controlled by P. The soil C, N and P contents in different rainfall
zones in the study area shows a decreasing trend with the decrease of precipitation gradient. The C :N, C :P, and N : P
ratios also indicate a decreasing trend with the decrease of precipitation gradient, which mainly reflects the difference of
organic matter accumulation and mineralization ability in different rainfall zones. The mean microbial biomass C, N, and P
contents in different rainfall zones are 0.37 g/kg, 0.022 g/kg, and 0.0039 g/kg, respectively. The mean C :N :P ratio of
soil microbial biomass is 108.6:5.6:1 in different rainfall zones, which shows a C enrichment. The soil microbial biomass
N :P ratio declines with the decreasing of precipitation. The mean C, N, and P contents of plants in different rainfall zones
are 39.15% , 2.24% , and 0.33% , respectively. The mean plant C :N :P ratio is 117.4:6.7:1, which presents a limitation of
C and N or a enrichment of P. The climatic reasons caused a relatively high P content in the environment of the study area.
The P content of plants increases gradually with the decrease of precipitation. The plant C :N, C:P and C :N :P ratios in
different rainfall zones show a decreasing trend with the decrease of precipitation. The N :P ratio of plants is more narrower
than C:N and C :P ratios. The C:N and C :P ratios of Stipa breviflora are apparently higher than those of Stipa krylovii,
which exists in the enclosed area. Under the same hydrothermal and nutrient conditions, Stipa breviflora shows a higher
nutrient use efficiency ( CUE), and therefore, is more suitable to survive in the harsh desertification environment.
Compared with microorganism, the C:N, C:P and C :N :P ratios of plants are more narrower, and thus are more suitable as
predictors of nutrient limitation. A significantly positive correlation at P<0.01 is found between C and N contents in soil,
which has a correlation coefficient of 0.98. The plant N and P show a significantly positive correlation (P<0.05) with their
correlation coefficient of 0.90. Among soil, plant, and microbial biomass in the study area, soil N has a significantly
positive correlation ( P<0.05) and a significantly negative correlation ( P<0.05) with plant C ( correlation coefficient 0.84)

and P ( correlation coefficient —0.82) , respectively. The rest do not reach the significant level.

Key Words: soil-plant-microbial ; stoichiometric ratio; precipitation; desert steppe
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breviflora) AKHRK ( Kochia prostrata) (TGt FaF ¥ ( Cleistogenes songorica) B3 (Allium ramosum ) 55 , #3 R IR E
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Fig.1 Topographic overview of the study area
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x1 RESTIEVMAR
Table 1 Soil mechanical component in each sampling site
HLHEZH B Mechanical component

FE RIS ki Sand MERL Silt Hiki Clay JBEkE Colloid
Sampling site (>0.05 mm) (0.01—0.05 mm) (0.001—0.01 mm) (<0.001 mm)
It 5 EL B8] Proportion/ % I i EL 5] Proportion/ % Ft % EL A3 Proportion/ % T i L6 Proportion/ %
1 67.37 3.09 25.39 4.15
2 76.03 7.07 13.19 3.72
3 76.27 11.07 6.11 6.55

R2 RELABKE TEAINRSE EHMER

Table 2 Precipitation, organic matter contents, and constructive species

y . X g/:\/i; 517 E=N j:a“ HLE/\E \
B g L ARSI K iﬁ%ﬁA Fiay SERERD
Sampling sit Rain stati Mean annual Organic matter Constructive Species
dmp mg site am station precipitatign/m]‘n conlen[s/( g/kg) onstructive prLle
1 ECEOX 282.9 35.9+2.2a SRS
2 EpL3i 244.0 20.3+1.3b K i fik
3 b EA S A 160.4 13.3x1.1¢c Ak

R K B4 S 1960—2013 AR AR BIMH ; - A HUBBAE - F AR HERR (n = 6) ; [AIFI PR NG FRER IR 22 52 .35 (P<0.05)

FERFARAE S 14550 m KFRER VAR ARG 15 m B8 1 mx1 m FE 7, T 3ERE S CREETTIE AR
10 cm FRJJAE 1 mx1 m BET7 P 4 XA AMIHGIE 5 AN IRERZE 0—15 em HAERA, T4 C NP
BIRITE, MUY S RS ORAE D A ] SRR B 0B & - SR i S B S BR A AR R AR R AT LAY
T AR AR IEA A RARAT (2—4°C ), KRS UG R F B0 i = HIWIRE SR T
2R 5 HURE T D AR g FRAE R 3800 25 BRI VR W) I B At iy 1] S e = A T Ak 5
1.3 FRAIRS ik

(1) +3E C NP ik

FEA SRR R RE SR S0 B 2 T R PR A AL B, SR FH DU 403 A5 2% R 5 i 8 ¢ N
P BME, FEINIRSRAET | At o ) F B R B — B R I VRSB HHEA LR (TOC ) |, 22 4% 1) A% R A1 FH B 2 K
FRUEIR RO E D LIRE S A SS (AR AR TR AT 1Y 22 (44 H TOC, H3EA A (TN) S HR(H) 717—2014 + 3
Frat ARIE IR RHBLA RN E . HIE2EE(TP) 2 GB/T 9738—2008 k2712l I AK AN 7 ) Il 2
) R i AR - B R D E

(2) e ¢ N P Iy ik

BN SRR U SRR S TR S I0 E 2 FE A R B S AL B |, SR FH U 43 A5 B2 o ) 35
C. NP M, B AR 07 5 85 2 Ml K Y 50% 4547 7R 2800 N T3 M e B vh Wi 3% 1 %, 3k
YA b (MBC) | 3 RUE YA P A (MBN) A+ 36 E o A ik i (MBP ) SR &5 78R $E ik it 742
Hom

(3) HE¥) C NP Ry e

TS SR S5 R I RE SR LA Th 65°C HET- 2555 48h , By S5 b 07 , SR FH DU 40yt A5 332 RE S C N
P A, Y C R EKRRA A -k Y N FIHY P S BE(NY/T 2017—2011 4 P4 .
e A OIS ) SR FH T B0 AR A — AR BT L (sl i |
1.4 Bdi b3 5 430y s

K H Excel 2013 i1 SPSS Statistics 19 XPEEIEAT WAL B AT, AR FR 0 R R R E T £ 5
BT (one-way ANOVA) #1725 50007, 22 8 L8R T LSD ¥, 38 MY UEW Y& C N P il o/ke.,
FA3HT R Pearson ¥, ABFFEH B EKFH o =0.05, 2 BEKFEH « =0.01,
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2.1 AFEFHEWEHE C NP EKHAA R

WFFEIX + 4 C N P & B RE RS B AR A UL IR 2, N [RI Hery +38 TOC P38 i 13.39 ¢/kg, AN IRIHT HE
i EHETOC F 8/ T 7.53—20.90 g/kg, +3 TN F-X& &4 1.27 ¢/ke, NI AT 14 TN &84 T0.67—
1.93 ¢/kg, WEFEIX L3 TP F-H 5 &0 0.46 o/ke, AIRIM A+ TP 24T 0.31—0.66 g/kg, WFFE XA
[ R FEHT 143 C:N C:P N:P C:N:P b2ttt b W3R 3, ARl &t 2% 4% C :N Ll 10.5, 158 C :P
Fefil ok 28.9, 3 N :P Ll 2.7, +3% C:N:P HLfi ol 28.9:2.7:1,
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Fig.2 Variations of soil C, N, P contents with precipitation gradient
TOC, 3 EA P Total organic carbon of soil; TN, 1344 Total nitrogen of soil; TP, e Total phosphorus of soil. % 7 bric %
IRBEZES (n=6) ,/NEFHEEEKTEN 0.05, KEFEEFEKFE R 0.01

®3 TEWEHLE CNPUFIHEL

Table 3 Soil C, N, P stoichiometry in the different precipitation zones

i B MZ A =
Preciﬂ?aﬁ:r: Zones Mff jnﬁf%pifp/lll:lli)n €N Cip NP CiN:P
R~ 282.9 11.0£0.2a 34.3+2.0A 3.120.1a 34.3:3.1:1
H R 244 10.5£0.1a 25.5+0.7B 2.4+0.1b 25.5:2.4:1
WHRL 160.4 9.5+0.9a 23.6+0.9B 2.5+0.3ab 23.6:2.5:1
CV/% 7.5 20.5 14.3 —

C:N.C:P N:P L2 it W F I EH AR EDR (n= 6) ;RIS ARR/NG TR 3R8 2 53 1.3 (P<0.05) | [A 51 oA Al K5 5 R0 22 5
B3 (P<0.01);CV, A5 FREL Coefficient of variation
MAE R R C N P S AR CRE  WH9E X 1 C NP 5 6 Bl K 5 s 2 5 0 3 B el 94,
3 C N SRR A I R K (P<0.01) o BVAOKRT  BF5TIX 135 C N P & i A8l 32 K L M I e
WFFEIX C:N,C:P NP LA C:N:P I IFERE K S/ D IR S B TR, MR &7 14 C:N . C:P,
NP B SRR KT, 135 C N L filis A RasE | 32 Rk A8 A i 52 B/
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2.2 A[FFEW SEMAEYAEY R C N P HARS R T

WX T IEREY) AR Y C NP & R KRS A2 A WL IR 3, R [R) T B fF MBC P23 #04 0.37 g/kg,
AFEFE MBC & f#47 T 0.23—0.50 g/kg, MBN “FEXJ& &K 0.022 o/kg, A [F] [ 545 MBN & &4/ F
0.014—0.030 g/kg. BFFE X AR [AIFI A MBP S35 7 4 50.0039 ¢/kg, AN [A Hi 4 MBP & # 4 T 0.0027—
0.0046 g/kg, FFFEIX AR 4 MBC :MBN ,MBC :MBP \MBN :MBP MBC :MBN :MBP fk2&3 15 L WL 3% 4, AN
[7] W 7B BE 13 MBC :MBN EL 6514 19.9, MBC :MBP [Lf517% 108.6, MBN :MBP LLf5i >y 5.6, MBC :MBN :MBP Lt
%4 108.6:5.6:1,,

0.8 + ab

0.6 |-

—_—
)

A Y ) MBC

Microbial biomass carbon/(g/kg)

04 T
02 J
AhiB R T EA
& 0.05 - 2 0006
%Z g a a
% % 0.04 - a % \§ 0.005 [ ]
S o . = 2 l
®E ol [ % g 0004 - l
ﬂ@ @ ab =5 0003 | a
#E o002} i &2 z
D b 8 E 0002 -
#H = i J_ + 5
g5 001F . €E o001 |
S °
= 8
E 0
EEIL HRE WL R B R W B
TR Precipitation zones

3 TEMEMEYE C NP SEREBEKEHETL
Fig.3 Variations of microbial biomass C, N, P contents with precipitation gradient
MBC, Y)Y hk Microbial biomass carbon; MBN, f#(2E#)4E ¥ % Microbial biomass nitrogen; MBP, 344 E ¥ 585, MBP Microbial

biomass phosphorus

x4 TRWEFLEMEMENE CN.PUFITER

Table 4 Microbial biomass C, N, P stoichiometry in the different precipitation zones

i A ZAF K

Precipitation zones Mean annual precipitation/mm MBC : MBN MBC : MBP MEBN = MBP MBC : MBN: MBP
EEi . 282.9 13.0+0.9a 90.7+28.6ab 7.0%2.8a 90.7:7.0:1
EB 244.0 35.7+12.1a 185.2+40.4a 5.240.5a 185.2:5.2:1
R 5 A 160.4 11.0+5.2a 50.0+17.6b 4.6+0.4a 50.0:4.6:1

CV/% 69.1 63.8 225 —

MBC, 54 9 4= W) f:5% Microbial biomass carbon; MBN, fifl 24 41 4= ¥ 5 % Microbial biomass nitrogen; MBP, fil 2 9 4= ¥ 5 B Microbial
biomass phosphorus
HRHE C NP BRI R B9 SR A Y N P B K I 25 T B 0
AR AR A, BFSE X IR A W A S i L B ORI AR R AN TR RR T A AR RS R &
MBC :MBN .71 MBC :MBP L% MBN :MBP H f3i] 5 5% HLAT 5K (1% 8
2.3 A[FEFEWHEY) C N P KA L
WFFE XAHY) C N P 7 it i FE OB B AR AL RRAE WLIE 4, R [R NP C X &5k 391.5 ¢/kg, AR
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Y C T AT 356.2—436.0 g/kg, H¥ N EXE RN 22.4 o/ke, RRINRHALY N FEAT 16.3—
33.1 g/kg, WSS X AR EAALY P FH &8N 3.3 g/kg, ARFHEWHY) P SENT 2.5—4.2 o/kg, W5
AN[E RS AR C:N L C:P N :P C:N:P fb2Fi it L3R 5, AR B XA C N Hefdil s 17.5 454 C
P I 117.4 /8% NP Ll 6.7 /8% C:N:P LBl 117.4:6.7:1,

500
a a
-— 3 b
400 | ¢ _
o
<300 |
=
I3)
& 200 |
H
100
0
kE KT By #%
Eg &2 HE KB
#Y K®E  KE 5
BqS5 W3 S =
3 & 3 g
& 3 % E
15 S 3
35 - a
a 4 - 1
30 b 1
’s l N b
~ B b ~ — 1
£ ; b £ !
& 20— I E)
P £ 2f
S 15 R
= 10 =
1 -
5 -
0 0
= = S ] = = & &
8T wE  £3 S 8T wgE  £3 S
& 5 ® s S = ® 5 ® s S, 2
3 & 3 g 3 Sy 3 g
£ 5 3 E £ 5 % E
5 S 3 5 S 3
144 Plants
E 4 1% C.N.PEEFEMEKBETL
Fig.4 Variations of plant C, N, P contents with precipitation gradient
x5 AEWMEWEY CNPLFETEL
Table 5 Plant C, N, P stoichiometry in the different precipitation zones
7. il E=N
HH4) Plants ST LIRK AR/ mim C:N c:p N:P C:N:P
Mean annual precipitation
JHAEEE S Stipa breviflora 282.9 22.1£2.3a 151.2£12.0a 6.8+0.2a 151.2:6.8:1
v [CEFSF Stipa krylovii 282.9 20.1+1.6a 138.7+0.6a 6.9+0.6a 138.7:6.9:1
AKHRK Kochia prostrata 244.0 19.4+0.1a 109.8+1.2b 5.7+0.1b 109.8:5.7:1
WFHE Allium ramosum 160.4 13.1+1.4b 98.8+7.6b 7.5+0.2a 98.8:7.5:1
CV/% 20.7 19.6 11.6 —

PR N AR TR & 32 B 3% 00 R SR ms | 38R LU AR AF R BRI SR RIS A28 AS [R] TR Ay
YRR RIS AR BIABOCA BB, 750 & B AE T B 7 e, WARRIN R Y C N C:P
GNP A Ok R BEE KR PR R C N C:P A C:N P Ab2Ei i e B R, Rl n]
F A NP % C N FIC P H B R 2R
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2.4 LIEHY-HCEY C NP CR

WX L A AE A & C N P AHC KRR ILE 6, AF 48 C N P Z[E], H3E C A1 N [l 5 AW
FIEMEER (P<0.01) M REUR 1K 0.98; HARIR S B EKF, BFEIX LR/ EDEY R C NP 2
[ A AR DG I AR B B 2 K -, BFSE XA N ORI P 22 ) AT & B IEAH G OC R (P<0.05) , AHC R ECH
0.90 ; Hipr ARk 3] i E MK,

®6 TE-EY-MEMEME CNPHEAXXE

Table 6 Correlation between C, N, and P of soil, plants, and microbial biomass

251 C N FHSHE C.P AHXCE NP AHCH:

Type Correlation between C and N Correlation between C and P Correlation between N and P
+3E Soil 0.98 ** 0.64 0.61
A=A P Microbial biomass 0.67 0.10 -0.25

W) Plants -0.30 -0.67 0.90*

Frp = FOR UM RN =" MR IEME s # FRA KK RIB B R EKCT-(P<0.05) , #* FIoR AR KRIBFIN B #KF-(P<0.01)

W X 3 A SeE ez E ¢ N P AHEXRRNE 7, HESMAEYZEN C N P HXERE
IRE R K, 7 HIESREY) C N P AUAHSEC R T, £ N S5 C P 43701 52 35 1A G N 5 35 0k 5%
(P<0.05) , M R K435 M 0.84 F1-0.82, WX SHY C NP Z I BYF I R IR K H) i & 1
K

®7 1EEY MEVEYEZE CNPEAXXR

Table 7 Correlation of C, N, and P between soil, plants and microbial biomass

e WHEILE T4 ) Microbial biomass A4 Plants

Type Nutrient element MBC MBN MBP C N P

+ 3 Soil SOC 0.67 0.61 0.01 0.59 -0.59 -0.51
TN 0.53 0.58 0.04 0.84" -0.61 -0.82"
TP 0.60 0.55 0.25 0.58 -0.54 -0.65

[CGR7 MBC — — — 0.52 -0.26 -0.34

Microbial biomass MBN — — — 0.59 -0.01 -0.36
MBP — — — -0.31 -0.28 -0.05

SOC, +3EA HLEK Soil organic carbon; TN, 3445 Total nitrogen; TP, 1348 Total phosphorus
S

3 Wit

3.1 R[EIFE R AR

SER P EARRSER C N P AR L L 8. Cleveland Fl Liptzin FF58 B3, MW AR R BE R, 31
C:N:P fFAE— N AR A B 186:13:11" ) Tian 2571 R 4x 8 — vk MR A BOsil A 1w [ 2384 4~
HHER I, A T A E R [ MK LB AR RS C NP AR S R Ak e, A TR
T C:N:P BN 60.0:5.2:1, AWF5E XA THEB R HLIX , C N P Ll 28.9:2.7:1, #23F Tian 54T D
TEHBIX 32.0:2.6:1 19 C:N:P LB, 5Bk EAS R 3 XA b, A58 R A BARAY C N =P L], il 53
Mr PSS IX A 3E C NP R B P s 4E4RAE, 3 P &8 FE 2 i B R KA B Bl 7 il £
T AR B B S 52 BN [] 1l DX (K IR B  XGER 45 ) (MU AL A 90 L 260 3l 45— R A IR & 5P
HWIREAF X C:P NP I ZEHIAR K, WF5R X BER G ) AH , 2 4E R KD, B AR H ERE X
FPAAGE A — D7 IR T B XA, 55— IR T P G 2R AR BRIk B 461 2 | R I 7 4 AN [ A< 4
M eh B RN € P NP LR

FHEE PR R A HURTEAE Y S 5 T 0L S ISR EE A VE R 45 S0 R 7 % 5 i A g A=
AR SRR BN R W5 X AR oK A b i 300 mm TR FEE] 150 mm, KRR
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JE R A AN [ A AR DR e, BRI e R A AL S i, R R N REORIE T RUEM S S
MR OV, LLBERR A IR R RR . AIET 2 AT LR T BRI SEIX A C N SR Y
SRR B3 (P<0.01) o WSS REORT , “F K B sh et sk, L3 P 5+ 4 C N BRI
AN, B A R KA/ S 8] 25 58 B, P 3R At T A A8 ELARUE | Wil A 7 72 A 9 0 Bl e Rt
N o MAFTE XA RS 39 C N P A=A R AR (3R 3) RV 8 C N S A8 IRAR K (AR T - 4
C:P AN :P L], £ 8 C:N Fef BAT LY LEBIOC & I B T e A=y (R Gl ) %) 3 far 40
JRH SRR SR T SRR R RS RS R, M C 0N T2 AR AR R R B d ) A
ARARR R AN, 1 C N B BA R R R SR R I RE T iR AT R A M TR KT R T
TE—E R LAR/R AT SRR ARAERT 15 ¢ N AR B PYS  BASRE  BFSEIX C N P AR2Ai Tt sz ek
S AR | BERE KA R L B el N Y R B DR DR S A W T, — i, A KA B 3 B T RS X AN [
HIXAH IR K CRE S 22 57, F R MAE LI C N B i iy 225 b 55— J5 T, 8K SR 5 X ol = B o /Y
AL FIRIEAE P2 e e A -3 iy P 3

%8 2XKE5PEARRASEMERLIE C NP LFITELL X7

Table 8 Soil C, N, P stoichiometry of global and different climatic regions in China

XI5 Regions C:N C:P N:P C:N:P
2FR(F44) Global average 14.3 186.0 13.1 186.0:13.1:1
HE (SF-44) China average 11.9 60.0 5.2 60.0:5.2:1
FIFEHLIX Alpine region 13.6 62 5.9 62.0:5.9:1
T VDB X Temperate desert region 12.2 32 2.6 32.0:2.6:1
PHE T P L IX Tropical and subtropical region 12.1 78 6.4 78.0:6.4:1
WFFEIX The research area 10.5 28.9 2.7 28.9:2.7:1

3.2 AW EAEYE Y R E TR R

SER P EASFE M X A AR R C N P e e LR 9, BN A X AH L, F 5T X MBN
MBP Ho 55 4R 22 48 MBN :MBP HfI 313 3% 192200, (H B A #6m1) MBC :MBN 1 MBC :MBP HL ],
FIHHE R C EERS  BMEAE SR C FIHZCE(CUE, Carbon use efficiency ) , 34 WK B /N
IR B A RGP TR BRI AL 5y IR AR 2 - A MU A FE AL 4 AR BR LA K g i
W9 IX I E Y AR Y C b 3 TOC B HBIN 1.89%—4.27% ,“FYME K 3.04% (U EY A )i N 4%
TN LB 1.269%—2.94% ,F-34{E 8 1.68% , W AEW Y& P o5 13 TP A LLHBIH 0.56%—1.48% ,F-34{H A
0.90% . 54 FE N [F] H X AH B, A S U S E Yk i C© el (B /N R E W A i NP
Eeg >

®9 2KSHEREMELIEMEYEYE C NP LETHE LIS LE 102

Table 9 Microbial biomass C, N, P stoichiometry of global and different climatic regions in China

XI5 Regions MBC :MBN MBC :MBP MBN :MBP MBC :MBN :MBP
4R Global 8.6 59.5 6.9 59.5:6.9:1
AFREH Global grassland 8.3 47.3 4.9 47.3:4.9:1
SBRFFMR Global forest 8.2 74 8.9 74.0:8.9:1
ifﬁeﬁiiliiassland 2.8 27.5 12 27.5:12.0:1
5 X The research area 19.9 108.6 5.6 108.6:5.6:1

AEFFE 2B | 3R Ut B A 25 T “ Redfield FbR” AORRE , S8R 2 b N R (homeostasis ) |, {H 1
BRI Y B X Al R A L TV PR AR A AR R, TER AR S R G, B TR 2R AR LA LY
FRMNZES, B C NP RARKMNA S, REME Y SREE S C NP ARSI T —E R A &
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PE T SRR TR AR AR 2 A4, DR R W R — 22 A9 3B P AR (non—homeostasis )
Sterner 1 Elser' ™ %t I JE 42 Hidtii& 1 “ You are what you eat” . 1F 42 H1 T8 2k 9078 F2 Wle A5 LA K Py 3 bt
TE A ML 0 52 2k | B R] A 26 R — s R EE A PN R AN AR, SRR Y AR M C N P LS K TE Y
RS R R A 8 FR o0 R URR

HRT, & T8 B 300 T HLE B F TS5 A 782017 BIVE 7E — Se 45 ) 45 0 F B9 UL 52 56 b, X MBC :
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SRS HA MRS AR E R, AR KL AN B EA LAIR R A C N Hel ™ Rk, w8 9 H:
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Fig.5 Fungi: bacteria ratio with precipitation gradient
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#F10 £HEHEREMBREY C NP LFETEEI L4
Table 10 Plant C, N, P stoichiometry of global and different climatic regions in China

[X 38 Regions C:N C:P N:P C:N:P

SEREEAEMIY) Global terrestrial plants 23.1 257.8 11.2 257.8:11.2:1
o E R AE S R GAEY) Grassland plants in China 21.7 292.0 13.5 292.0:13.5:1
zz ijfpﬁ:zﬁ%dbtiﬁﬁﬁ 26.2 240.0 9.2 240.0:9.2:1
FTER LAY Grassland plants in Xinjiang Province 16.8 228.4 13.6 228.4:13.6:1
ZRWFFE X The research area 17.5 118.6 6.8 118.6:6.8 :1

MR ER 2 A 2E T AR IE R , & NP Hi 25 501 R, (R A AR AT S 25 Rl Xl ) 1) o R 26 2 B
R C RIERE ST, FAEAHIRI K BB 485203 55 A T, S AR AT 5038 v DR AT SR B0 L B 8 1 35 40 RIS
PRI T O 3 B 745 BT A IR TR A A, Bt K o DA BT B, B 5 X A4 mT R A - 335 45 it Bl
2D XAARBLAE TSR A2 AT AR L, BRI C N P HA9 L R R AE 7540 R K/ € :N
C:P LBk B TR R NS eah, M4 T4 4 MBC :MBN \MBC :MBP \MBN :MBP L., i 5%
XA C N C:P NP HBIEA /NG AR, AR SR A et
34 HHHEY-MEY C NP KR

M A-5E C AN R IER T, H A BRI - HEA LS A8 Ak, AR [ 0 R 5N 2 A4 Sl A 00 0 2 A 1
AR 5 C N B TREM AR ML= e, 9 2 IR GR A HHOCE R (P<0.01) . HA B
RIRRMLALFERY N P, DIREMEICE N P 2 & U AU R MY R ZE ALY, I = F R ),
HAbAA T He s T R 2 5 T Bl by 7 3983 35 0 3R BRI A A I AR AR A

4 Lt

T USRS AR A AN [ R BRI A AR AL AR RIS A e T i DX 3K T
T R e O R R e, R T AN R A BB A R, X RS- -UEY ¢ NP B
FrICE BRSO A RRAE AT T 4007, K 22 5 WP 90 DX S 088 0 J5t 95 40 R S el Wl 35 10, A et
FECTWE DO R XA HLY R B AL RE ) 22 5, SCE 0 B B 5t B9 XA AR B T2 ma e A 33 Y
P S, PSRN 22 S B AR T A A R R L 2 BIPREE e B P AR R, DY
DAL B A P org AR BEG  URB H $tby MEAE  0 BR 5 s W MR AIL R 53— 7 T, 5 SR WA L BIERY
DAY BA BN AR B A i b, SR B BESR A AR R . ST =22, AR 7 2 T e 5 A 2 SRy L B i
SR GIR MR R T A T YRR

£ % 3Lk ( References) :

[ 1] Vitousek P M, Porder S, Houlton B Z, Chadwick O A. Terrestrial phosphorus limitation; mechanisms, implications, and nitrogen-phosphorus
interactions. Ecological Applications, 2010, 20(1) . 5-15.

[ 2] Elser]]J, Sterner R W, Gorokhova E, Fagan W F, Markow T A, Cotner J B, Harrison J F, Hobbie S E, Odell G M, Weider L. W. Biological
stoichiometry from genes to ecosystems. Ecology Letters, 2010, 3(6) : 540-550.

[ 3] Zhou X H, Talley M, Luo Y Q. Biomass, litter, and soil respiration along a precipitation gradient in southern great plains, USA. Ecosystems,
2009, 12(8) : 1369-1380.

[ 4] Joly F X, Kurupas K L, Throop H L. Pulse frequency and soil-litter mixing alter the control of cumulative precipitation over litter decomposition.
Ecology, 2017, 98(9) : 2255-2260.

[5] YanZ Q, QiYC, Dong Y S, Peng Q, Guo S F, He Y L, Li Z L. Precipitation and nitrogen deposition alter litter decomposition dynamics in
semiarid temperate steppe in Inner Mongolia, China. Rangeland Ecology & Management, 2018, 71(2) : 220-227.

[ 6] Yahdjian L, Sala O E. Size of precipitation pulses controls nitrogen transformation and losses in an arid Patagonian ecosystem. Ecosystems, 2010,

13(4) : 575-585.

http ; //www.ecologica.cn



4022 JAE = 40 4

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

LiGY,Himn HY, DuY, Hii DF, Xia J Y, Niu S L, Li X N, Wan S Q. Effects of warming and increased precipitation on net ecosystem
productivity: a long-term manipulative experiment in a semiarid grassland. Agricultural and Forest Meteorology, 2017, 232. 359-366.

Engelhardt I C, Welty A, Blazewicz S J, Bru D, Rouard N, Breuil M C, Gessler A, Galiano L, Miranda J C, Spor A, Bamard R L. Depth
matters; effects of precipitation regime on soil microbial activity upon rewetting of a plant-soil system. The ISME Journal, 2018, 12 (4) .
1061-1071.

FHL, W, MK, EWR, SR, B, TR EURIC IR A C N P AR R AR RS R, BT AR, 2018, 29(7) .
2286-2294.

WA, RIGIE, XIEA, B, W X B SR A YR 1 C NP AR IR S . AR IS AR, 2018, 38(15)
5362-5373.

FATHERD , B 52 RS, RS W S 2L SO R 45 FSTEBRT  HUAR B R BT RIE R L S BRI R A 20K, 2019,
38(09) :2603-2614.

R—JL, JTH, S, IR, A, XRESC, TRAE. SRt ks P kAR Ja) & Fmt 28 2R A FRIE—— DLk IR 225 W 22 1 5 T
M. HEZSEAR, 2019, 39(11) ; 3952-3966.

AL H A S5 ot LT BORBIE (55 ) . JEst: hEAR A, 2006.

Rk, MRS, BTGz, HASE. LI A RN E 7k KR, dbat. K4 h i, 2006.

- A IR, dEat, P EROl T B, 2002.

Cleveland C C, Lipizin D. C:N :P stoichiometry in soil; is there a “Redfield ratio” for the microbial biomass? Biogeochemistry, 2007, 85(3) :
235-252.

Tian H Q, Chen G S, Zhang C, Melillo ] M, Hall C A S. Pattern and variation of C;N ;P ratios in China’s soils: a synthesis of observational data.
Biogeochemistry, 2010, 98(1/3) ; 139-151.

ATHR, M, REWE, ST, bk, ST, ERHE. IR AR R B RAE Y R 130 C N (P A2 AL 1 AR 52
i, 2014, 25(4) ; 947-954.

JIESR, TGS, BB RGEEE LB D LS MY RAB LT OCR W, B AR, 2016, 40(12) ; 1257-1266.

W4, RITPY-, RIOK, BHiE, BRbk, M, AR, SRR iR F R AE R TA? bk 1 e A Bk LA+ S AR R, WiT R 224
Ol 5 EARERR, 2015, 41(2) : 160- 168.

Hao C, Zhao X R, Chen X J, Lin Q M, Li G T. Seasonal changes of soil microbial C, N, P and associated nutrient dynamics in a semiarid
grassland of north China. Applied Soil Ecology, 2018, 128 89-97.

Huxman T E, Snyder K A, Tissue D, Leffler A J, Ogle K, Pockman W T, Sandquist D R, Potts D L, Schwinning S. Precipitation pulses and
carbon fluxes in semiarid and arid ecosystems. Oecologia, 2004, 141(2) ; 254-268.

Yang Y H, Luo Y Q. Carbon: nitrogen stoichiometry in forest ecosystems during stand development. Global Ecology and Biogeography, 2011, 20
(2): 354-361.

TR, BT, WEYT, 2050H, S, TEGEE, STESE, M. 0 b S R A R R USRI AE. REHLAE R, 2013, 21
(6) : 1073-1079.

TR, BT, SRICE, FERU. mE KD TR B TR X b A S HURR R 1 5 e
2014, 25(2) ; 374-380.

FER, BEE, ZRIL, KIEE, AT, WL R KA B RRAEXT R A W A A S A AR A S . N A
AR, 2018, 29(1) : 247-259.

LiY, Wu]S, LiuSL, Shen J L, Huang D Y, Su Y R, Wei W X, Syers J K. Is the C:N:P stoichiometry in soil and soil microbial biomass
related to the landscape and land use in southern subtropical China? Global Biogeochemical Cycles, 2012, 26(4) ; GB4002.

)i

VAN 5Tt 85 R o S O 9. g P A A 2 4

Xu X F, Thornton P E, Post W M. A global analysis of soil microbial hiomass carbon, nitrogen and phosphorus in terrestrial ecosystems. Global
Ecology and Biogeography, 2013, 22(6) ; 737-749.

Zhou Z H, Wang C K. Soil resources and climate jointly drive variations in microbial biomass carbon and nitrogen in China’s forest ecosystems.
Biogeosciences Discussions, 2015, 12(14) ; 11191-11216.

AR, R4k, B A, VEDUM, FEEDE, WA, KRR I BRI AR A Oy 2O A ) A W R A 1 . AR AR
2006, 26(7) : 2261-2267.

AR, Frobk, WINE, TR, 2005, RAN. W Ak X R IR MR B AR 1 5 4458 5 R - M A S e
RHIE. ZE A2, 2017, 37(3) : 896-905.

Fanin N, Fromin N, Buatois B, Héttenschwiler S. An experimental test of the hypothesis of non-homeostatic consumer stoichiometry in a plant litter-

microbe system. Ecology Letters, 2013, 16(6) : 764-772.

http ; //www.ecologica.cn



12 4] R A SR SR [ A LA - TR ) € N P B A T R R AR 4023

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

Mooshammer M, Wanek W, Zechmeister-Boltenstern S, Richter A. Stoichiometric imbalances between terrestrial decomposer communities and their
resources; mechanisms and implications of microbial adaptations to their resources. Frontiers in Microbiology, 2014, 5. 22.

Sterner R W, Elser J J. Ecological Stoichiometry: the Biology of Elements from Molecules to the Biosphere. Princeton: Princeton University
Press, 2002.

JHIERR, FALTE. BAEWIX o R I Wi A 2t e A 2RI T L. AR 52431, 2016, 40(6) : 620-630.

Strickland M S, Rousk J. Considering fungal: bacterial dominance in soils - Methods, controls, and ecosystem implications. Soil Biology and
Biochemistry, 2010, 42(9) : 1385-1395.

He J S, FangJ Y, Wang Z H, Guo D L, Flynn D F B, Geng Z. Stoichiometry and large-scale patterns of leaf carbon and nitrogen in the grassland
biomes of China. Oecologia, 2006, 149(1): 115-122.

Han W X, Fang J Y, Guo D L, Zhang Y. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist,
2005, 168(2): 377-385.

W, ROH, SR, TR, R, TP, VSRR RINJUEY) LA S A A T R AR AR R B . AR 3SR, 2016, 36(14)
4363-4372.

AN, Tothn, ZFY, %, IMGEL P EZRBE IR SRR S RS 102 MEHEF T R Bk A B T i 2 G R, B AR
%4, 2012, 23(3) : 581-586.

W, Bk, B, Z0E. BEX R CON P AL A FR T W BCRRIE RS . N AR S A, 2013, 24(4)
893-899.

Giisewell S, Koerselman W, Verhoeven J T A. Biomass N:P ratios as indicators of nutrient limitation for plant populations in wetlands. Ecological
Applications, 2003, 13(2) . 372-384.

Koerselman W, Meuleman A F M. The vegetation N:P Ratio; a new tool to detect the nature of nutrient limitation. Journal of Applied Ecology,
1996, 33(6) : 1441-1450.

van den Driessche R. Prediction of mineral nutrient status of trees by foliar analysis. The Botanical Review, 1974, 40(3) . 347-394.

Zhang L X, Bai Y F, Han X G. Differential responses of N:P stoichiometry of Leymus chinensis and Carex korshinskyi to N additions in a steppe
ecosystem in Nei Mongol. Acta Botanica Sinica, 2004, 46(3) : 259-270.

Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30) : 11001-11006.

W, EAM. F-FREE R G i AU A A AL 2T i 2 B X PR DA (e W . RO 2B, 2011, 20(2) : 244-252.

http ; //www.ecologica.cn



