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Soil organic carbon mineralization and its response to precipitation gradients

during anthropogenic shrub encroachment in desert steppe

ZHAO Xiaoyu', CHEN Yanshuo', LI Zhigang', WANG Hongmei">” " ZHANG Zhenjie', LI Zhili', SU Rongxia',
ZHAO Yanan'

1 College of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China

2 Ningxia Grassland and Animal Husbandry Engineering Technology Research Center, Yinchuan 750021, China

3 Key Cultivation Laboratory of Ecosystem Restoration and Reconstruction, Ministry of Education, Yinchuan 750021, China

Abstract: To explore the impact of the anthropogenic transition from grassland to shrubland on soil organic carbon stability,
a nearly 40 years typical grassland-shrubland mosaic ( desert grassland, grassland edge, shrubland edge, shrubland) was
selected to investigate soil organic carbon mineralization and its response characteristics of the precipitation (+40% ,+20% ,
CK,-20%, -40%) by field in-situ observations combined with indoor incubation in the transition process. The main
results were that soil organic carbon, total nitrogen and total phosphorus contents were significantly reduced and the
cumulative soil organic carbon mineralization, the mineralization rate of soil organic carbon, carbon mineralization, and

microbial metabolic entropy all showed an increasing trend with the transition process. It increased by 26.6%, 27%,
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25.8% , and 26.8% in shrubland compared to desert grassland. The potentially mineralized carbon increased with transition
fluctuations and was significantly higher in shrubland than in desert grassland by 31.55%. Under different precipitation
gradients, the cumulative soil organic carbon mineralization in each transition site tended to increase with incubation time,
and the mineralization rate of soil organic carbon tended to decrease. However, soil organic carbon mineralization was higher
in shrubland and shrubland edge than in desert grassland and grassland edge. Soil organic carbon mineralization in
shrubland and its edge was more sensitive and cheerful in response to reduced precipitation. In a conclusion, microbial
mineralization of soil organic carbon was accelerated, and its capability of responding to drought was enhanced during these
vegetation shifts. The results suggested that the transition process enhanced the microbial mineralization of soil organic

carbon and its capacity to cope with drought, a capacity that perhaps came at the cost of higher microbial metabolic entropy

and CO, fluxes.
Key Words: desert steppe; anthropogenic shrub encroachment; soil carbon mineralization; precipitation gradient
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U RO 2 KU AP 1R 7.8 °C, AR/ 297 mm (1986—2021 4F) ,66.3% KK 4 e
7T—9 H (EFNXUIIE]) ,2020 —2022 4EAEH KRN 254 mm, BRI K 144 mm, 5 30 Z4-F
BIR KA L 73 5 R R T 14.5%F1 26.9% . WF5E X R IEES I FAE, ME ) 3L, 138Kk 70 & AR, b ok, +
HETURL (AR F B 43S R BN AR > KRS Bk Bk e (pH (R 7. 5—8. 5) 1" %I IX @ v A
WIS RV 24 5 AT UK (Agropyron mongolicum) K7 F ( Lespedeza potaninii ) JEE#H (Artemisia
scoparia) JEALEN T (Stipa breviflora) K155 (Stipa bungeana) JHi%: ( Leymus secalinus ) FIF L ( Pennisetum
centrasiaticum) %,@ﬁi*ﬁ% i%%w%(flrtemisia ordosica ) %, ZHL X T 20 a2 £ /N ETF R 4
( Caragana Korshinskii Kom ) HEA M KB, (A9 DX Il 7 1 500 J50AE e 4 W R 2B B R ARAE) S B, AR 9T X
Y9 48.5% W N T HEARTE 55 | TV B d e - PR ARk ) S e JE el 2
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Fig.1 Location of the study area and sites
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i R IERAEPET, 2 A TR AE 4 CTRIREIRAEIT T 10 d WM UCE A iR S =0 TR E 4 CF
Vo RAT B BN AT AERR A AL 7
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Table 1 Site description
R EALGE/%  BRHITEEE/ %  WENTEEE/ % YIrh s A
Site Grass coverage  Bare coverage  Shrub coverage Special number Dominant plant
e vk B ( Agropyron mongolicum ) | WAL EE ( Stipa
DG 71.25 28.75 0 25 breviflora) JEEE (Artemisia scoparia) HEFiTF ( Lespedeza
potaninii )
& (Polygala tenuifolia) FLI KK ( Euphorbia esula) |
GE 69.40 26.65 3.95 19 e i oo
AT AR R (Astragalus melilotoides )
T (C korshinskii) FIAGEF P & 1 74
SE 63.98 19.65 16.37 16 Fi & ( Caragana horshinskii) . RLAESH L X B WA
( Scorzoneradivaricata )
oL, 30.25 44.50 3148 15 A& TE MER (Setaria viridis ) 15 ( Euphorbia

humifusa )
DG T Bt Desert grassland; GE . B 1312 Grassland edge; SE:# M 1% Shrubland edge; SL:# MM Shrubland
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+40% ,+20% Xf MR -20% —40% , PUAREHLAS 6 4LACER 3 W& it 72 b B /KAr s b 3L TR 32 4
LR AR R K B R 302 mm, 7 O FHIRE /KR 69.18 mm 8 HSF-HIRE/K &l 68.6 mm , /N8 37 4 ] 4
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®2 mMEREEFRREMETHREIEEBENERTL
Table 2 Soil chemicophysical properties changes during the transition from desert steppe to shrubland

I PET Soil property DG GE SE SL

+IEATE Bulk density/ (g/cm®) 1.410.18b 1.35+0.09b 1.42+0.05b 1.56+0.02a
R E Soil temperature/C 18.95+1.72a 19.78+1.73a 18.88+1.48a 18.79+1.54a
+ 47K > Soil water content/% 7.86+0.51a 6.67+0.33b 5.80+0.19h 3.53+0.41¢
pH 8.45+0.05a 8.12+0.01¢ 8.33+0.13b 8.34+0.01b
F ALK Soil organic carbon/ (g/kg) 8.52 +1.58a 5.66 £0.09h 5.83 +0.06b 4.18 +0.09b
2% Total nitrogen/ ( g/kg) 0.35 +0.00a 0.24 +0.01b 0.25 +0.00b 0.10 +0.00¢
4= Total phosphorus/ ( g/kg) 0.34 £0.00a 0.31 +0.00b 0.28 +0.00c 0.23 +0.00d
#EASA Ammonium nitrogen/ ( mg/kg) 3.67 £0.17a 2.86 +0.43a 3.68 +0.07a 2.89 £0.17a
Tl A% Nitrate nitrogen/ ( mg/kg) 2.53 £0.02a 2.43 £0.01b 2.40 +0.02b 1.69 +0.02¢
WA YA W) Microbial biomass carbon/ ( mg/kg) 96.94 +7.80b 132.68 +14.26a 145.00 £2.73a 59.98 +4.37¢

DG T B Desert grassland; GE ; F 135125 Grassland edge; SE: #EM 12 Shrubland edge; SL: # MM Shrubland ; A~ [A] 78RR [A— 38 AR AN

[RA: b P 19 22 57 8. 3 ( P<0.05)
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Fig.2 Variation of cumulative mineralization, average mineralization rate, carbon mineralization ratio, and microbial metabolic entropy

of SOC mineralization along transition sites
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5 DG GE

HHUERA 4L Z Soil C mineralization rate/(mg CO,-C g d™!)
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Fig.3 SOC cmineralization rates of the transition sites under different precipitation gradients

30 DG 30 GE
25 F 25
a a b
20 F 2 20
7 b . 27 37 '.
15 F 15 F c
d / d
d /
10 - 10 |- /
+40%  420%  CK  -20%  —40% +40%  420% CK  -20%  —40%

30F a SE 30 _4 a
b

2.5 - Z 7 c . .

20 | f% 2.0 - 27

d
1.5 - = 15 F
1.0 1.0 -
0.5 0.5
. /77 LA vy vl v

+40% +20% CK -20% -40% +40% +20% CK -20% -40%
&K A% B8 Precipitation gradient

N,
N
N

L4k & Cumulative soil C mineralization/(mg CO,-C/g T 1)

NN -

B4 HTEMARRKGETTEGIRERTLE
Fig.4 Cumulative mineralized amount of SOC in transition sites under different precipitation gradients
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WA 50 A R 0 I T IE K AL B (P<0.05) o Wl R AR BE AR, T S 2 b, B b ih 2 0 N3 %%
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Fig.5 Average carbon mineralization rate of the transition sites under different precipitation gradients
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Fig.6 SOC mineralization ratios of transition sites under different precipitation gradients
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Table 3 Kinetic parameters of SOC mineralization along transition sites under different precipitation gradients

WK b 2 B H A S Fitting parameter
Precipitation gradients Sample plot Co(mg/g) Cy/S0C (%) E(dY) R?
+40% DG
GE
SE 2.888+0.311 0.496 0.041£0.009 0.937 """
SL 3.013x0.309 0.72 0.042+0.009 0.939 """
+20% DG
GE 2.4120.278 0.426 0.030:0.006 0.967*"*
SE 2.638+0.286 0.453 0.040+0.009 0.938**
SL 2.978+0.273 0.712 0.042+0.008 0.954 """
CK DG 1.693+0.199 0.242 0.041+0.010 0,921 ***
GE 2.086+0.241 0.369 0.0340.008 0.954 """
SE 2.061+0.190 0.354 0.058+0.014 0.897***
SL 2.552+0.242 0.61 0.050+0.011 0.921***
~20% DG 1.126+0.083 0.161 0.077£0.017 0.885***
GE 1.210+0.207 0.214 0.082+0.010 0.903 ***
SE 1.731:0.169 0.297 0.071+0.020 0.828°**
SL 1.978+0.129 0.473 0.097+0.021 0.874***
—40% DG 0.972+0.060 0.139 0.140+0.033 0.806 ***
GE 1.119£0.065 0.198 0.119£0.025 0.859 ***
SE 1.465+0.071 0.251 0.138+0.026 0.887 ***
SL 1.845+0.143 0.441 0.097£0.025 0.821 "
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