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The impact of precipitation changes on carbon and nitrogen storage and retention
rates in desert steppe ecosystems
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Abstract: As an important contributor to carbon and nitrogen sinks in terrestrial ecosystems, grassland ecosystems
play a crucial role in regulating global carbon and nitrogen sources, sinks, and cycling processes. This ongoing
experiment is located on temperate desert grassland in Yanchi County, Ningxia, on the southern edge of the Mu Us
Desert. The experiment treatments simulate five levels of precipitation using rain shelters and manual water
replenishment (33%, 66%, 100%, 133%, and 166% of natural precipitation, coded as R;;, Ry, CK, Ry, Rig,
respectively). Here we report changes in vegetation, soil carbon and nitrogen storage, and retention rates from 2018

to 2024 under the different precipitation regimes. After this six year period of precipitation control: 1) The carbon
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and nitrogen storage of surface soil (0—10 cm) has responded more than at depth to changes in precipitation;
decreased precipitation has led to a decrease in surface soil carbon and nitrogen storage with this effect increasing with
the number of years. Conversely, increased precipitation has led to increased surface soil carbon and nitrogen
storage. 2) Increased precipitation has led to increased, vegetation carbon and nitrogen storage and this effect has
significantly increased over time. 3) Under water addition treatment, the proportion of vegetation carbon storage in
the total carbon storage of the grassland ecosystem shows an upward trend over time, peaking in 2024; while the
opposite (depletion) has occurred in the 33% and 66 % precipitation regimes. Therefore, an increase in precipitation
contributes to an increase in carbon and nitrogen storage and sequestration rates in vegetation and soil components of
this ecosystem, while a decrease in precipitation exacerbates carbon and nitrogen loss. These research results provide
quantitative data and enhance understanding of the response patterns of key links in the carbon and nitrogen cycling
process of steppe ecosystems in response to precipitation change.
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Table 1 Annual precipitation of Yanchi County, Ningxia
from 2018 to 2024
Ay Year [% 7K f& Precipitation (mm)
2018 360.0
2019 323.1
2020 205.2
2021 226.0
2022 313.2
2023 264.1
2024 332.4
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precipitation in desert steppe for 40 years (1981-2020) and
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Fig.4 Impact of precipitation changes on soil total nitrogen storage in different soil layers
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Table 2 Impact of precipitation changes on soil organic carbon and total nitrogen sequestration rates

BekkbrE  LJRBEE A HLR [ R 8 A U e R
Precipitation  Soil depth Soil organic carbon sequestration rate (g-m *+a ') Soil total nitrogen sequestration rate (g-m™ *+a ')
gradient (em) 2018—2021 2021—2024 2018—2024 2018—2021 2021—2024 2018—2024
Ry, 0~10 —1.6640.03b —0.64+0. 06a —1.15+0.02ab —0.1940. 00a —0.2740.01a —0.2340.00a
10~20 0.53+0.04a —3.5640. 08¢ —1.5140.04b 0.03=+0.00b 0.20+0.01a 0.1040. 00b
20~30 —0.39£0. 05a —0.7340.03a —0.5640. 02a —0.09+0.01a —0.10£0. 00a —0.09£0. 00a
Rys 0~10 —1.3640.04b —0.6140.02a —0.9940.03ab —0.2740.03a —0.1340. 00a —0.2040.01a
10~20 —1.56+0. 04a —1.5440. 03a —1.55%0.02a —0.46+0.01a —0.18+0.01a —0.27£0.01a
20~30 0.01£0.06a —1.4940.09b —0.75%+0.02ab —0.1540. 00a —0.1240. 00a —0.13£0. 00a
CK 0~10 —0.2640.02b 0.39+0.02a 0.1740. 02ab —0.0940.01b 0.07=+0.00a 0.0240. 00ab
10~20 0.48=£0.04a —0.05%0. 04a 0.32£0.02a 0.07£0.01a —0.50£0. 02¢ —0.2240.01b
20~30 1.1140. 06a 0.22+0.01a 0.6540. 04a 0.08=£0.01a —0.0540. 00a 0.0240. 00a
Ry 0~10 1.6940.03c 3.57£0.01a 2.63£0.02b 0.16+0.01b 0.35+0.01a 0.2640.01ab
10~20 —0.6140.03c 3.02£0.05a 1.324+0.01b 0.16£0.01a 0.09£0.01a 0.1240. 00a
20~30 1.164+0.02a 1.3340.07a 1.2440.05a 0.02+0.00a 0.04+0.01a 0.0140. 00a
Rigs 0~10 1.9640. 08¢ 5.56+0.05a 3.76=£0.03b 0.27£0.01a 0.05£0.01b 0.1640. 01ab
10~20 —0.7940.07c 5.2040.02a 2.39£0.03b 0.06=+0.01a 0.14£0.01a 0.0740. 00a
20~30 1.2540. 04b 2.32+0.04a 1.78+0.01ab 0.10£0.00a 0.12+0.01a 0.1240. 00a

F PR P I AR E R 22 R A o [T S )N TR SRR AR [ R R [l — b 2 P A [ Ak BRAR 45 22 (8] A7 7 W 25 2% 57 (P<<0. 05) . The data
in the Table are showed as mean value +standard error, the same below. Different lowercase letters in the same row for the same precipitation gradient

indicate significant differences among different treatment years in the same soil layer (P<Z0. 05).

5a) o R b PR A 4% M b 65k it o B Ak # AT PR B8 i 52 30 35 PR AIC R 34 (P<T0. 05) 5 2021 AFAE 9 b T Bl i ot 0 3 3 T
2018 Fl1 2024 4= (P<<0. 001) 5 ¥ ¥ SR B fif B T 2021 A e, H 8 3% & T 2018 A1 2024 4F , 2018 4Rt & & & T
2024 4 (P<<0. 001, K 5b) o %t HEALFE |, 2018 4E i) A% 1k b b A % & 0 3% T 2021 1 2024 4£ (P<<0. 05) ; 4 9% Hb
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Fig. 5 Impact of precipitation changes on vegetation carbon storage
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Ry A0 FE R, 2018 AR AR W M | Uit 1 8 2 KT 2021 F1 2024 4E (P<C0. 001) ; 4 9l b N Uk 2 A0 R o 44 L s 2 B
Ab AR R 9 36 A0 £ 2 T #(P<<0. 001, & 6e) .

B AL BT, Ab SR Bl R R R R Y R T AR B IS ) (P<<0. 05) , B 5 % REAH L, BE % b
PR B A 35 B K 5t 10 5 S SRR R 0 e R I R ] SRR K A BT A B AR B M T Bk
A AR 2 S TR W (P<<0.05) , L 301 i 3 60 (6, 2 B B T 5 48 FRAE In , A8 0 1t 1 98 40 L R 181 4 e 7E Ab
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Table 3 Impact of precipitation changes on vegetation carbon and nitrogen sequestration rate
WiE 7K B g fHigA i dUERES A R 5 3k ¢
Precipitation Compartment Vegetation carbon sequestration rate (g+m “eah) Vegetation nitrogen sequestration rate (g+m “eah)
gradient 2018—2021 20212024 2018— 2024 2018—2021 2021— 2024 2018— 2024
Ry Hb I Aboveground  —1.58+0.1la  —2.334+0.21b —1.95+0.14ab —0.0940.00a  —0.10+0.0la  —0.1040.00a
b~ Underground 0.83+0.15a —4.154+0.10c —1.66+0.07b —0.04+0.00a  —0.15£0.00c  —0.0940.00b
R Hi |- Aboveground  —0.93+£0.25a  —1.6940.21b —1.31£0.13ab 0.09£0.00a  —0.16£0.00c ~ —0.0440.00b
b~ Underground 2.77+0.10a —1.9940. 19¢ 0.39+0. 06b 0.114+0.03a  —0.1240.02¢ 0.00+0.01b
CK Hi |- Aboveground 2.08£0.26a  —0.9340. 25¢ 0.5840.01b 0.01£0.0la  —0.21£0.00c ~ —0.10=40. 00b
b~ Underground 0.54+0. 21c 3.4340.13a 1.9940. 15b 0.05+0.00a  —0.104#0.0lc  —0.0240.00b
Ry Hi |- Aboveground 6.72£0.11a 1.0240. 24c 3.87£0.09b 0.2740.01a 0.01=£0.00c 0.14=0.00b
b~ Underground 10. 1040. 09a 6.3040. 70¢ 8.20+0.37b 0.41+0.01a 0.07+0.02¢ 0.22+0.02b
Ry i E Aboveground 6.5040. 19a 3.5940. 22¢ 5.0540. 21b 0.30+0.0la  —0.03+0.01c 0. 14+0.00b
b~ Underground 9.48+0. 26¢ 15.82=+0. 16a 12.6540. 21b 0.48+0. 08a 0.28+0. 10a 0.38+0.01a

[ A5 A i) /NG B F2 7 AR R R KRS BE R, A i it b st 358 90 AN [] Jab B4 003 22 i) 7 A i 3% 2% 5+ (P<C0.05) o The same row with different lowercase
letters indicates significant differences (P<C0.05) among different years in the aboveground or underground parts of vegetation under the same

precipitation gradient.
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3370 .66 F1 13306 B /K Ab BF , Ak B AT 3 AR 25 28 G0 ik ] 455 3 A2 9 35 KT 5 1 (P<<0. 05) 5 T 1 i K 4k 21
A BT AR S R G ik [ BOR K TS L (H 25 5O 3 (P=>0..05) 5166 Y0 BEZK B BE T, Ab BRAT 91 A 25 &R G b
[ R o R 2 /N TR 1 (P<<0.05) o A H b #9403 ok 7, B AR /K R BGI, A 285 R e ik [T R o 12 B FH R340 0
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Table 4 Impact of precipitation changes on ecosystem carbon and nitrogen sequestration rate

Reg 7K o 2 A 35 B GO R R A 7 B G A R R
Precipitation Ecosystem carbon sequestration rate (g-m *+a ') Ecosystem nitrogen sequestration rate (g+m “-a ')

gradient 2018—2021 2021—2024 2018—2024 2018—2021 2021—2024 2018—2024
R, —2.3140.37a —11.40+1. 70c —6.84+0. 74b —0.3940.03a —0.41-+0.02a —0.4140.01la
Ry, —1.10£0. 20a —7.3341.02c —4.2140.58b —0.670.37a —0.6520. 20a —0.640.07a
CK 3.5040.77a 3.0540. 46a 3.3740. 64a 0.13+0. 15a —0.80=0.13¢ —0.3140. 11b
R, 19.2640. 47a 15.2441.71b 17.2641. 03ab 1.0140. 21a 0.570.13b 0.7520. 03ab
Ry 18.66+1. 74c 32.4840.78a 25.62-+1.18b 1.2140.06a 0.51+0. 23¢ 0.86-£0.09b

[F] 47 AN [) /N5 57 B 3 7 A [R) B ZKOB B2 T, A [) b B8 4F £y 22 18] 47 78 1 3% 25 5% (P<<0.05) . Different lowercase letters within the same row indicate

significant differences among different treatment years under the same precipitation gradient (P<<0.05).
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