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Abstract: Changes in precipitation are affecting the dynamics of C, N, and P in ecosystems, which are coupled within
plants, microbes, and soils. Therefore, studying the responses of C :N :P stoichiometry in plants, microbes, and soils to
changing precipitation levels are significant for elucidating how biogeochemical cycling responds to global climate change.
Based on a two—year simulated experiment of precipitation change in a desert steppe in the Ningxia region, which was
conducted from May 2014 to August 2015 and included five treatments (50% reduction in precipitation, 30% reduction in
precipitation, natural precipitation, 30% increase in precipitation, and 50% increase in precipitation) , we measured the

levels of C, N, and P in plants, microbes, and soils, and explored the C :N :P stoichiometry in these three components of
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plant—soil systems. Meanwhile, plant communities were investigated and soil water contents, pH levels, and temperatures
were monitored. Through the correlation analyses between soil indices and plant and microbe indices, the indications of soil
C :N :P stoichiometry for the growth and nutrient conservation of plants (uptake and resorption) and the growth of microbes
were estimated, respectively. The results showed that 1) two years of precipitation treatments altered the C : N : P
stoichiometry in green leaves of plants and the influences were different among species. Generally, a 50% reduction in
precipitation increased the N and P uptakes in green leaves of Lespedeza potanimill and P uptake in green leaves of Artemisia
scoparia , whereas both 30% and 50% increases in precipitation decreased the N uptake in green leaves of A. scoparia. Both
30% and 50% increases in precipitation increased the C :N in green leaves of A. scoparia, whereas only a 30% increase in
precipitation increased the C :N in green leaves of Sophora alopecuroides. Both 30% and 50% increases in precipitation
reduced the N :P in green leaves of A. scoparia, whereas only a 30% increase of precipitation decreased the N :P in green
leaves of Pennisetum centrasiaticum. In contrast, two years of precipitation treatments had lesser effects on the C :N : P
stoichiometry in senescing leaves of the studied species. 2) Reduced precipitation decreased microbial biomass C, N, and C
N, whereas increased precipitation stimulated an increased microbial biomass accumulation. However, a 50% increase in
precipitation inhibited the C accumulation of microbes and thus reduced the C:N. 3) Two years of precipitation treatments
had little effect on the soil C :N :P stoichiometry ( except soil organic C and C :N). Increased precipitation improved the soil
water availability, and thus stimulated the growth of plants and microbes. 4) During 2014—2015, a relatively stable soil C :
N :P stoichiometry could not indicate the nutrient limitations for plant growth and microbe reproduction. The self-adjusted
nutrient conservation strategy, specifically in increased leaf nutrient uptake when supplied with low precipitation, and
enhanced leaf nutrient resorption when supplied with high precipitation, probably explains the high adaptation ability of L.

potaninii in response to precipitation change.

Key Words: changes in precipitation pattern; ecological stoichiometry; microbial biomass; nutrient conservation; plant

community structure
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NP (A2 AR (HIERN 50% 485 7481 C P WX AR T C N s/ (HINT & T EE
C:N MR 50% 485 7% 57 C:N J8FH 30% 4K T H% C:N,

22 FEWXTHAEY R C N bR R R R

55X REAH G, SESE P AT IR RN (30% 11 50% ) 525 RN T HRUEYE C (R 1), MHILZ N BT 30% i 4 &
TR C HIEE S0% EE Y C BT 13.62% ; SR 5, 2k 4 Nt o4 o 2 086 i g 386 (E 80 R
FHE TR AL FT HAE AR 35 (P>0.05) . Z3EE ¢ N ARfRAR s OS2 IR, S 0 C N 7E Wa AbE R
FIH F AR, 2o w8 B IR Y S R MR BE R IR T CoN,
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Table 1 Effect of precipitation treatment on microbial biomass C :N stoichiometry

WEYIHEFR Microbe indices/ ( mg/kg) wi w2 w3 W4 w5

A H C Microbial biomass C 96.83+8.22b  127.56+13.72bd  174.13+15.77a  242.75+12.29¢ 150.42+6.21ad
T 5 N Microbial biomass N 6.378+1.15a  10.06%3.56ab 10.37+2.39ab 11.91+2.55h 12.22+3.55h

A9 C N Microbial biomass C :N 15.94+4.18a 16.30+8.85a 19.03+7.09ab 23.34+8.18b 15.74+7.56a

W1 KM 50%, 50% reduction in precipitation; W28 30%, 30% reduction in precipitation; W3: [ #kF% N, natural precipitation; W4 .38 [y
30% , 30% increase in precipitation; W5 ;34 50% , 50% increase in precipitation ; /NG FREAX R FEFRAL BRI AR 1 22 57 B 1 FREARR R £ 57
3 (P<0.05)

2.3 FEWIXS 4 C N P Akt AR R 5

HESEPPAEEEIXS 4E C NP AR R RS AN (] 3) - S0 BRAR LA, BR T 36T 30% &8t m 1+
B C N Ab SR FEHE IR AR S M AR B K, P RIEANLC 2 N 2 P C:N . C:P FIN:P
3 91H 3.53 o/kg .0.45 g/kg 0.36 g/kg.7.94 10.03 F11.26,
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Fig.1 Effect of precipitation treatment on C :N :P stoichiometry in green leaves of the five species
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Fig.2 Effect of precipitation treatment on C :N :P stoichiometry in senescing leaves of the four species
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Fig.3 Effect of precipitation treatment on soil C :N :P stoichiometry
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W, ASBEE DR S0% & 48w TR AT AR N R P DL B S0 P EREEE 01, 5 AR o 45 R —
BT BT (3091 50% ) B E REAR TR Ak N R EE | TR A A A R AR A KK A B R 22 A% ,
BH AR Z L 2R KR 9 N LR SRR MR . ARG 37 0 e BE R AE T R0 A 7 i o [l
FEorHIRE ST LA A I 53 70 Tk BE R I 7 SR a0 I v o RORUBE e 7 A 2 W, 1 R/ B BE AL A i N
VIR FE LIRS H A I P vl R DU S R AR A R O A5 R L R K R BE O I v i 58 AE B3 (Stipa
Purpurea) fitt N & BEIFAT R BUH W 8 3420 L AR g b DR X LA PR A i N AT P LCRE 3
Ml AN AHSE T — @ R L TR AT LR RLAG I N R P ORISR (18] 2) o £ G ORE WA
AR A TR TSR SRS R RE B . TR, TR O3 PR SRS A 325 T D R I 48 o ) % 0 B ORI 18
IR (97 0 B RE T , T REBRGE T 2R BT e AV h USSR A 8
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Table 2 Effects of precipitation treatment on soil water content, pH, temperature, inorganic N, and available P

+HEERR Soil indices W1 W2 w3 W4 w5

135K Soil water content/ % 4.15+0.33b 6.87x1.14ab 7.76=0.767a 9.15+0.42ac 9.85+0.74c

+3% pH Soil pH 8.47+0.03a 8.48+0.01a 8.48+0.02a 8.69+0.04a 8.77£0.07a

+ IR Soil temperature/ ( °C) 29.50+0.70a 29.43+0.90a 29.96+0.47a 29.94+0.49a 30.24+0.47a

1€ NH} -N Soil NH}-N/(mg/kg) 3.10+0.07a 3.13+0.06a 3.03+£0.02a 3.22+0.07a 1.33+0.13b

3 NO5-N Soil NO5-N/(mg/kg) 3.30+0.02a 3.37+0.08a 3.19+0.04a 3.16+£0.23a 0.59+0.02b

HIEHEL P Soil available P(mg/kg) 3.00£0.30ab 3.27£0.09a 3.06£0.10a 2.23£0.45b 1.02£0.04c¢

N AL T T B 22 55 B R ) B 2 7 95 ( P<0.05)
*3 L1 CN.PUFRTEFTESENFREYISRAEXYE
Table 3 Correlations between C :N :P stoichiometry in soils and indices in both plants and microbes, respectively
THAHLC  EEAEN RSP
ik EELN Soil Soil Soil THECN  hEEC:P THEN:P
Species Indices organic C/ total N/ total P/ Soil C:N Soil C:P Soil N :P
(g/kg) (g/kg) (g/kg)

T R/ (g/m?) ns ns ns 0.494 ¢ ns ns

L. potaninii £kt N/ (mg/g) ns ns ns ns ns ns
Lkt P/ (mg/g) ns ns ns ns ns ns
Hitt N/ (mg/g) ns ns ns ns ns ns
A0 P/ (mg/g) ns ns ns ns ns ns

FORMRR B S R/ (g/m?) ns ns ns 0.462 " ns ns

A. melilotoides 2 N/ (mg/g) ns ns ns ns ns ns
kit P/ (mg/g) ns ns ns ns ns ns

WEE Y/ (g/m?) ns ns ns 0.458* ns ns

A. scoparia £t N/ (mg/g) -0.483" ns ns -0.630" ns ns
k- P/ (mg/g) ns ns ns ns ns ns
A N/ (mg/g) ns ns ns ns ns ns
At P/ (mg/g) ns ns ns -0.518" ns ns

S R/ (g/m?) ns ns ns ns ns ns

P. centrasiaticum £t N/ (mg/g) ns ns ns ns ns ns
it P/ (mg/g) ns ns ns 0.507 " ns ns
it N/ (mg/g) ns ns ns ns ns ns
it P/ (mg/g) ns ns ns ns ns ns

WS Wi/ (g/m?) ns ns ns 0.613* 0.625* ns

S. alopecuroides Zxm N/ ( mg/g) ns ns ns ns ns ns
Lkt P/ (mg/g) ns ns ns ns ns ns
A N/ (mg/g) ns 0.597* ns ns ns ns
#him P/ (mg/g) ns ns ns ns ns ns

[pER7] AEY R C/ (mg/kg) 0.509 * ns ns 0.736"* 0.590 ** ns

Microbe WA= N/ (mg/kg) ns ns -0.485" ns ns ns
YR C:N ns ns ns ns ns ns

* 1 3RS 2 MK P/ T 0.05 100015 ns {03 B KA T 0.05
REFR LS A FNDBER SCSEMETR AR , O H AT LIS A 7 0 BRAEAE PR N AT P R8s 0) . S YR —

T, 22 MR LR TR N A P R

Ki‘ﬁﬂ UM IR LA PRI C N R C 2P IR/ BB T RO A T S i A B 2

TN, USRS PARPE R X IR I C NP RS IR (B2 A I N AT Pk B SRR, C N
C =P N2 B BB R A0 T S A e R i E R A BT SE B E A BT, TR CN R C P
PTE F 7553 A I R 3 DRI TAT L D45 SRR 1 2 R AR T R ot i Bt A AR SE
K B TRREAR T8 B 2RI NP YT 30% FEAIR T REERI N <P BRI 1Y R Al BE 2 IRl P b N 32 BR
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M, 5 L SRS RAREY . AL R C NP AR A DL S R B T ST S Rt
N 1P IR AR A T L S R T e S o S ek I B AT — 7 BT I (R AR € NP
72K 28 5 3 B T BB

R4 TEEKE TV NREZP SEMMMEMIBIROEXNE

Table 4 Correlations between water content, inorganic N, and available P in soils and indices in both plants and microbes, respectively

. sk j:f%éﬁzki i% NHj-N i% N(?E-N ‘ ifgﬁéﬁl p
Species Indices Soil water Soil NH;-N/ Soil NO3-N/ Soil available P/
content/ % (mg/kg) (mg/kg) (mg/kg)
4 HF W/ (g/m*) 0.640* -0.650 " -0.690 ** -0.716**
L. potaninii 2kt N/ (mg/g) -0.721* ns ns ns
Lt P/ (mg/g) ns ns ns ns
Hitt N/ (mg/g) ns ns ns ns
#i P/ (mg/g) ns ns ns ns
FERMRR 3 S YR/ (g/m?) 0.605 ** -0.636** -0.665** -0.763**
A. melilotoides ¢t N/ (mg/g) -0.581" ns ns ns
&t P/ (mg/g) -0.505* ns ns ns
e YR/ (g/m?) 0.538 " -0.500" -0.505* -0.568 **
A. scoparia £kt N/ (mg/g) -0.633"" ns ns 0.583"
£kt P/ (mg/g) -0.588*" ns ns ns
A N/ (mg/g) ns ns ns ns
Hitt P/ (mg/g) -0.544"* ns ns ns
2 W/ (g/m®) 0.520" ns -0.463 * -0.583**
P. centrasiaticum 2t N/ (mg/g) -0.476 " ns ns ns
it P/ (mg/g) ns ns ns ns
Hint N/ (mg/g) -0.734" ns ns 0.634"
At P/ (mg/g) -0.762"* ns ns 0.735*"
WET R/ (g/m?) 0.694 ** ns ns ns
S. alopecuroides 2k N/ (mg/g) ns ns ns ns
it P/ (mg/g) ns ns ns ns
A N/ (mg/g) ns ns ns ns
At P/ (mg/g) ns ns ns ns
WEY AR C/ (mg/kg) ns ns ns ns
Microbe P E N/ (mg/kg) ns ns ns ns
WAEYE C N ns ns ns ns

s T A3 IR S K S /T 0.05 F110.001 5 ns AR 3 3 K KF 0.05

3.2 [FEMEBCVEXRAEYE C N AL RRE AR

Tl e 2 A HLUT IS PR o, R /NS e T R E g SR R AN ML RE ST . B2
M ol A 9 A A7 A PE R T B2 N R (R R B S22, A SR WP S AP AR R AN E IR . 38 WU, A=)
i CMIN 5 EHOKMEMSK, AOFFE BRI HCE Y C 1N IR IS (BT 50% HEY
T CBIEWFERTAL B T 13.62% , 3% AT RESE P o i T IR My AR A7 7 € N Sa 4, ELAR S - 5
FEEANE TR AR B E i CORN BRSO AL T S AR A T K oy R T
HLAR e 7 N A AR N AT R TR T e R K g A2k T R E i ¢ F N BRR | 5 DI
FELRISAN T ORI 3k e ok T i ) S B TR R AR 0 A A P 0 A2 BEL A5 | R RS ) T A=
i CHMEGERD,, ZHAEYE C M N AR SRR i 220800 A A A Y C N BB, 5
Chen S5 FH06 F 1 76 8 o FE REJE 173 A RAE RIS A AR A ALY SR C N RAE % I 7% ) 43
fpd B N BRGS0 EL R L C N, D, SR AR S R U R C N AR AR b 2 Xf - N

http ; //www.ecologica.cn



10 A E = 38 &

HERFIRE Y N 75 3K (8] 19 Bl 251l A SR
3.3 PEMIEUCEXN HHE C N P AAETH R RS R

ARG, AL L E 1998 4FFlE, AARREM T H AL C 4 N M4 P 439l 3.63 ¢/kg 0.46 g¢/kg
0.34 o/ke, B E THERMAESREMIRIAN, Li FRHALIKERVRIDVY L HHEAPL C 4 N fl4 P 4
BR 3.13 g/kg, 0.26 ¢/kg F10.14 g/kg' ™', Wen SEHFSE T — A T30 E VLIRSS T 4 0SB R, & B
HABEADL C 4 N AR EIE B4 9 1.62—2.01 g/kg 1 0.22—0.26 g/kg"™ LI 45 BUFSE K] B A
FIF /b AL C AR DY AT R3EA L C RFR 5 e — A X B /K, R 5 4 Y
FARBRIFIEA L IR L C AIFE AR IRARAR, I BR 1 T A 5% DX 38l 4 A K it ok 4 %%
B, BT R — AR E 1) R HE C IR BEAE A I PSR A8 A N DR AR T Ay P | 81 T 322 2 P A4 W9
XF 3 C NP sZm /N (E 3)  (HIEHT 30% i 48 7 HIEAHL C RN C 2N, 33X AT B SR [Ny 36 o 34 R A2
TREYIETE NI TS A R AL ¢ LR L SRR A g, B X NH;-N NO;-N FiE sk
P (52 ASBA S (H3ETR 50% BEFEAR T N AP At (2 2) o X — T il RE e T M2 T 250K A
ROPE WA 2E T A A= 4 DA RO 3857 53 WS FE . 59— T e X 5 D+ B BROK RIS B 22 1Y
AL, FELLIAERE R T 0 R A AR LA I S BOCHL N R P R RN
3.4 T C N P AL EE R A A K i F8 R 75 X

ET v E 4 CoN P BB EES T as A IR U R ZE 158 C N P W] LR G /R - 5857 43t
SeRBLY S L, 138 CoN P ATRE SRR SRR R Y A R B — R ORI, AR ST bR
B C:N IR A AR —BUNIEARSCHN e 58 C N =P s SAEY Y & F5 - 3L S 5
Sy AR GRS TS (23 M 4) , JREEHEN 50% i AR T 4% NH;-N NO;-N F#ERL P, (HXT + 14 N
4P C:P AN :P IFTCHA ek As o PRI, o S o 45 R AR XS E 1 3 € NP it i X R I ARER
LR R A SR 2 BRI, M LEZ N, RIS K A0 S AR A i 2B Rl skt NOFD PRI
FA GNP FpAG I N OFD P [l G 2R 56, 2 B 4 TR B 4 EoK R R AR KRR R R R R, 5
YIS A AN A i C RN 5 42388 C N P A7 — @ FERE AR DG | 175 138 5 K S AN 7E 1035 1 QK
X — 77 TS W T 2B ot HESR A RS 4 AR | 59— Dy T URIESE T i e R R K Ay Z R 5%
FIFARRLIR ARG, S5 2, Bl 13K o0 A R I, s s AR W e v rh R g I sl i v
i AR A R B W TR 5 A3 1 S A Bl 2 TR 2T T R 5 A - A - A 2 TR R A SRR AR AR T O

ok,
4 #ig

L5 LA BT AR S5 R R W XA I C N <P A/ (HIG SO 1AM s R A
A, ELHGRE R 52 B — e R RE A 28 S o DR R I B i P 3R B 48 R PR SR R 3R S [, T RE SR
BT AT XA S N RE ST o ESEPIAR T I XT £ C NP 2R/ (HIE TS T K oy
AR, TR RE TR A ORI E Y AR R IR T AR R HETCHL N ORI AL PRI FE A TSR
AR AU, , S ECCHL N FEAL P i AR, 1CsR I PN AR X AR 19 L4 C NP R REAR S T /s AL 2R
AP AR BRI 32 ROIRDL . ol TASBIE T U 4% R PIAT i ARl UL I 45 2R, TR 9392 R A8 2 52 AT B
SRR | PRI T 8 R A O, MBS s 1] R B IR A 7 R K R AR A X A - R -
AL C NP LA R R AL, I R0 13 C N P ALt PSR S YA AE KR AT AN
TEERAR
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