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Abstract: The change in precipitation pattern and increase in atmospheric nitrogen deposition are two important aspects of
global change. Both of them closely relate to soil resource availabilities, plant growth, microbial activity, etc., and further
posing profound influences on the carbon dynamics in plant-soil systems. Being one of main grassland ecosystem types in
northwestern China, desert steppe is limited by soil water and nitrogen availabilities and thus is sensitive to the alterations in
precipitation pattern and nitrogen deposition. However, the studies on how the carbon dynamics in desert steppes respond to
the two global change aspects are still lacked, especially in those located in Ningxia, northwestern China. To deeply
understand the influencing mechanisms of the alterations in precipitation pattern and nitrogen deposition on the ecosystem
carbon exchanges in desert steppes, a field experiment was conducted in a desert steppe of Ningxia in 2017. The experiment

involved five precipitation treatments (50% reduction, 30% reduction, natural, 30% increase, and 50% increase) and two
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nitrogen addition treatments (0 and 5 ¢ m™ a”' ). The temporal dynamics of net ecosystem carbon exchange ( NEE),
ecosystem respiration ( ER) , and gross ecosystem productivity (GEP) were monitored from May to October of 2019. Their
relationships with plant community composition and soil properties were analyzed as well. The daily and monthly dynamics of
NEE, ER, and GEP increased first and then decreased. NEE was shown as net ecosystem carbon absorption during the
whole growing season. Under 0 and 5 g m™ a™' of nitrogen addition, the decreasing precipitation significantly reduced NEE
ER, and GEP (P<0.05) , while 30% increase in precipitation significantly promoted the three indices ( P<0.05). Between
the same precipitation treatments, nitrogen addition also greatly increased the three indices, especially under the treatment
of 50% increase in precipitation. The net ecosystem carbon absorption ( represented as-NEE), ER, and GEP were
positively related with plant community biomass, Lespedeza potaninii population biomass, and Astragalus melilotoides
population biomass. The three indices also enhanced with the increase of Patrick richness index and Shannon-Wiener
diversity index. The results above indicate that decreasing precipitation reduces soil water and nutrient availabilities,
inhibits plant growth, and thus limiting ecosystem carbon exchange. An appropriate increase in precipitation can promote
plant growth and species diversity through increasing soil water content, stimulating soil enzyme activities, regulating soil C
‘N : P stoichiometric balance, etc., consequently improving the ecosystem carbon sink function. Nitrogen addition also
promotes ecosystem carbon exchange. However, its interaction with precipitation is not clear after nearly 3-year experimental
treatment. Therefore, a long-term observation is needed for further deeply exploring. The results of this paper will provide

data supports for the global networking experiment on ecosystem carbon cycle under global change.

Key Words: changing precipitation regimes; atmospheric nitrogen deposition; ecosystem carbon exchange; plant biomass ;

plant species diversity; soil properties
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1.1 XA

UL THE R 1367 m (97 E [0l F iR X3t BV 68 £ 1 2€ 7 FHERE RE N (37.80°N, 107.45°
E) . ZEFEFIHE 1998 T 46 Bl dt, 2 8 s i ) SRR 2007 65 i il T, B A A R A B MR
e : AFXIREKI N 289.4 mm, KR RN, HE SRR 15% 8 EA KM 4—9 H; £
ZRR 2131.8 mm; RSN 7.7 C, 1 ACFHRE-8.9 C, 7 HFHREN 22.5 °C, HIEBMZ N
WL, PROKORIERETI5S, H pH s (R 1) o I HAE P FE VR S5 A0 T 00, M)A il L — AR R 2 AR A RO
R E, WKL T (Lespedeza potaninii) \FEAMEIR B EE (Astragalus melilotoides) 5 ( Pennisetum centrasiaticum) |
W )X ( Cynanchum thesiodes ) K B&F & ( Cleistogenes squarrosa ) | % 5. ( Sophora alopecuroides ) , F 3¢ K &%
( Euphorbia Esula) £t 5 ( Stipa capillata ) FF IR Z8 M) 14 ( Heteropappus altaicus ) 55

F1 kB RMERIKIE R 0—20 cm LB IER

Table 1 Soil physical and chemical properties in 0—20 cm soil layer of experimental field before precipitation and nitrogen addition treatments

A LB e R0 AR AR buyy gz
H Organic Total Total Ammonium Nitrate Available
b carbon/ nitrogen/ phosphorus/ nitrogen/ nitrogen/ phosphorus/
(g/'kg) (g/'kg) (gkg) (mg/kg) (mg/kg) (mg/kg)
8.85+0.01 3.70+0.11 0.48+0.00 0.34+0.01 1.83+0.07 9.96+0.59 2.55+0.29

1.2 kit
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Vol g K e A B = AR T LA R TR 1 VG b DX P 58 A 285 DX o K 8 o o 2 3 A 25 DX D (R A A TR
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FREGSEIN . RS, KRR /INX BRI T LN (0 Al PR s i /0 ok, 5—8 H & H A w2 meiti 21/
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Table 2 Experimental treatments and their abbreviations in the text
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treatments precipitation precipitation precipitation precipitation precipitation
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Fig.1 Experimental design
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1.3 HEA I S5
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1.3.2  Hi¥5 3R Rl R
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m) FREASCEE Y S MR AL AS , Y DR AR N A 5T P B, R b AR Pk
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RET i, BTk ik e
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TR, AN NBERLE 3 A, BOE AR ST, SRR ERHAT SKENE . BARM T 2 mm
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Fig.2 Temporal dynamics of ecosystem carbon exchange under changing precipitation and nitrogen addition

£3 BAR ERMEEXIEEANESRZEHTIHRMNTIN
Table 3 Effects of precipitation, nitrogen addition, and their interaction on ecosystem carbon exchange
225 YF Difference source AR df NEE ER GEP
7K AL PR Precipitation treatment (o) 4 118.816 °* 76.413 " 199.137 **
RISIMALHL Nitrogen addition treatment () 1 233.957 " 58.426 " 401.467 "
R K B A AL FE Interaction of & and B 4 5.090 " 1.767 4.598*

NEE: %S RGEHACH: Net ecosystem carbon exchange; ER: ARG Ecosystem respiration; GEP; MR RGA TSI Gross ecosystem
productivity; FHEHE A FAE, = = = 450 WK/ T 0.05 F10.01

22 BEKEARA S RAS T A2 25 R GRS S A A Wy i b 2 RV S 2R
~NEE Hl GEP 25 4= A3 7 AR AR B FC R AR W it LUK AR ) AP e B 3 IR AR (815, P<

http ; //www.ecologica.cn



16 RV A K 5 SRR IO S e i A 25 R BB A 4 A S 6685

<@ WINO -y W3INQ -m WSNO —— WINS —»— W3N5 —a— W5N5
<0 W2NO - WANO —o— W2N5 —a— WA4NS
& 2 r & 2 r
g g
ﬁﬁ ol ﬁ's 0t
=5~ 5~
T Rel,
B 2l B2 2t
K5E 8EE
e 4 e 4
¥ g ﬁ 8 g
#H Lz N
*ﬁz §\ 6l i&’ §\ 6L
O [
8 r 8 -
E_ 7] T
gE7 of EET o
Zq L = &
gdg S BoE syt
WED 4 ¥ E3
928 e
i‘H 8{’ TH" 8\\"
8 2t g 37
1 2
= 12 = 14p
Z Z
)5 _ 10} RE 12t
2L ol B2 0] T T
%"\"j Soq E_j g 1
3 3 +—1
382 4t 7862 6 <
fg 8\ gg 8\ + %
T2 27 Y2 4 1
2 ] T L
o} )
0 I I I I I 2 I I I I I
7:00 9:30  12:00 14:30 17:00 7:00 9:30  12:00 14:30 17:00
15 1] Time i ] Time

B3 BAREMERNTESRERIHBBIT

Fig.3 Daily dynamics of ecosystem carbon exchange under changing precipitation and nitrogen addition

0.05) . ER H4AF FEARBRIRE B BF 30 BEFa 7 RORh A W LA R AR W AP TE B B B SE &R (P<
0.05).

-NEE .ER Hil GEP ¥J5 Patrick F & FEFEE LA I Shannon-Wiener Z IR AL R &R (1H 6,
P<0.01), Bl =34Bfi#5 Patrick =F & FEFE 2L I Shannon-Wiener ZAEME 5 5004 34 i imi 8 in
2.3 BEKEARAERIN T AR R GRS 5 M BT U 4 i

Xof A 25 FR G S 4 5 ) b 25 110 L IR B ) K B BERR SR C N AR 2R C P 2k Mk
Yy RERERHSPE A DL (K 4 A7) o Hoh, -NEE 5 38K BRI EHG L (C N B C P
BRI PR A HLOR BRI IR G, 5 IR U EY BB R BRI T ER 5ZH R ; GEP 5
W - SR I I T 4 B 2l 2 AP ) L 3 T R A OGO R

R4 ESRGERIBEIEERAKRS PR LIEERNEZHRE

Table 4 Significance test of each soil property in redundancy analysis of ecosystem carbon exchange and soil properties

5% Index SWC PA C:N EC TN C:P, TP MBP SA soc  C:P, AP NP, UA NH}
F 10.4 9.0 7.8 7.7 7.6 6.4 5.6 5.2 4.0 39 2.7 2.2 1.6 L5 1.1
P 0.002  0.002 0.002 0.006 0.004 0.010 0.010 0.012 0018 0032 0.08 0.126 0.208 0.244 0.354

SOC; - HEA HLBR Soil organic carbony TN : 344 Soil total nitrogen; TP +-4E48 Soil total phosphorus; C:N,: 14§ C:N Soil C:N; C:P_; 13 C:P Soil C:P;
MBP . {4 ¥4 8% Microbial hiomass phosphorus; C P, : HZEHIHE C 2P Microbial biomass C:P; N:P_ . ¥4 N :P Microbial biomass N :P; NHJ; 3£ 4% Soil
ammonium nitrogen; AP; +3EHW Soil available phosphorus; EC; t-3EH1 55 Soil electrical conductivity; SWC; 3% 7K Soil water content; SA; - SERERRET
Soil sucrase activity; UA; TIEMRERGVE Soil urease activity; PA: TIEBFERFHGE Soil phosphatase activity; F /N 1.0 A9 1584 BRI
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Fig.6 Relationships between ecosystem carbon exchange and plant diversity
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