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Meta-analysis on responses of soil particulate organic carbon and

mineral-associated organic carbon to climate change

Chen Xiaohui, Li Yan, Li Yueyang, Yu Xinpeng, Qu Jiuqi, Yang Guang, Wang Mingxiao, Liu Lin
(College of Geography and Environment , Shandong Normal University , Jinan, Shandong 250000, China)

Abstract: [ Objective ] The relationship between climate change and soil carbon sequestration capacity to
reveal the effects of temperature, carbon dioxide (CO,) concentration, and precipitation on soil organic
carbon and its component pool were explored, in order to provide a theoretical basis for improving soil carbon
sequestration capacity in the context of global climate change. [ Methods ] Using a Meta-analysis, 44 relevant
studies were screened, and 281 research sample data were collected. Active and inert soil organic carbon
components were characterized by particulate organic carbon (POC) and mineral-associated organic carbon
(MAOC), respectively. The effects of climate change on soil carbon stocks and soil stability were analyzed.
[Results] @ Atmospheric CO, concentration and soil POC and MAOC content showed a significantly
negative correlation (p»<C0.05). POC content decreased with rising air temperature, whereas MAOC content

increased slightly. POC was more sensitive to changes in air temperature than MAOC. Soil POC was
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positively correlated with an increase in precipitation and negatively correlated with a decline in precipitation,

whereas soil MAOC content showed the opposite trend. @ The increase in air temperature and CO,

concentration as well as the decrease in precipitation reduced the concentration of the soil total organic

carbon, whereas the rise in precipitation increased the concentration of the soil total organic carbon. @ The

response of soil organic carbon and its components to changes in climatic factors was affected by soil depth

and soil type. [ Conclusion | The influence of climatic factors on the soil’s organic carbon and its component

content is clearly different. Moreover, changes in climatic factors reduce the storage or stability of the soil

organic carbon pool and weaken the soil carbon sequestration capacity.

Keywords: soil organic carbon; particulate organic carbon; mineral-associated organic carbon; elevated CO,

concentration; global warming; changes in precipitation
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Table 1 Basic information of test data under condition of temperature change
1 Y = 1A yE = /] =R =AY /5 YH fi8 § o
éﬁ % iﬁﬂ%%ﬁm g:';rg %E q:i?{ml/ i':l}% ki/ i);(/f_ijx/ Wﬁ/ml Eloj][l #ZI:E
By C mm cm g J& /°C
1 32.90°N 119.8°E 15.4 1106.5 0—20 1.37 1
2 31.95°N 118.85°E 15.4 1 106.5 0—20 2.27 1
B st o . , 0—10
37.83°N 114.68°E 12.2 530.0 10—20 5.00 8
4 33.56°N 89.95°E 15.7 90.04 0—20 5.00 2
[ -o o 0715
5 » 36.95°N 100.85°E 1.2 489.0 1520 2.00 2
6 it 30.41°N 91.08°E 1.3 476.8 0—15 3.00 1
7 37.41°N 109.51°E 9.5 525.0 0—5 1.34 4
8 31.16°N 115.51°E 13.0~15.0 1 510.0 0—20 4.00 4
9 ] 26.18°N 117.46°E 19.4 1 700.0 0—10 4.00 2
10 A 31.58°N 102.83°E 6.0~12.0 600.0—1 100.0 0—10 0.25 2
11 45.66°N 89.61°W 2.4 383.9 0—5 10.00 2
2 BAETUEFETREBEBELRER
Table 2 Basic information of test data under condition of precipitation change
i LA 4 g 7 YR /C O FREKE/mm RHEEE/om KRR/ Y FEARE
+40% 1
1 37.75°N 119.58°E 12.9 530~630 0—20 +60% 1
—40% 1
—60% 1
Hi b
+20% 1
2 36.21°N 103.78°E 8.4 263 020 +40% 1
—20% 1
—40% 1
o - o - 0720 0
3 41.76°N 115.83°E 2.4 384 20— 50 +30% 8
s —40% 3
4 - 36.21°N 103.78°E  6.3~7.1 263 —20% 3
5—10 +20% 3
10—20 +40% 3
5 37.41°N 109.51°E 9.5 525 0—5 +50% 4
6 35.90°N 84.33°W 11.2 136 0—20 +10% 1
29.65°N 109.68°E 1.5 21 a0 ’
7 b 9.65 09.6 11.5 00 0—10 —60% 3
. . 0—10 —30% 2
8 26.31°N 117.60°E 19.1 1630 10— 60 —60% 9
T B K AR R — 7 RN B K B R R R B K = B,
3 CO, EMEGTHRRHEFEELAER
Table 3 Basic information of test data under condition of CO, increase
+ 4 B 5 AR/ AR K TR CO, e IMIEEE/ .
=] g o 2 Q il =
i e i =2 C H/mm B /cm (pmol *« mol ") Pt
1 32.58°N 119.70°E 15.7 90.0 0—20 200 1
2 it 23.58°N 119.70°E 15.0 1 000.0 0—15 200 1
3 31.41°N 120.23°E 11.5 2 100.0 14—15 200 1
4 o 31.63°N 91.01°E —1.3 430.0 0—30 100 1
5 37.42°N 122.16°W 6.3~7.1 263.0 15—20 750 4
6 23.35°N 113.50°E 21.5 1 600.0~1 900.0 0—20 700 1
7 28.63°N 80.70°W 11.5 131.0 0—10 350 1
8 Aty 45.66°N 89.61°W 2.4 383.9 0—>5 200 1
9 31.41°N 103.53°E 9.3 825.2 15—30 700 4
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Fig.4 Response of soil organic carbon components to increasing

CO; concentration in different tested years

1
——————————— |
soC | ——e— (0.058,0.239)
5‘:3\ 1
& POC| (=2)  (0.162,0.122) 8 |
MAOC | i
__________ L 1
socC t (-0.078,-0.027) @+ |
= _
e} POC  (n=6) (0.122,p.363)————
MAOC —— (.0. 4342 -0.133)
g SOCr (n=7) e (0.014,0.119)
poC | (-0.582,-0.348) |
£ Maoc — e (-0.145,0.01)
_________ | 1

0.6 -04 -02 0 02 04
R AE(In R)

B 5 AEMETEFUERES I CO, iR E G 6 N 5
Fig.5 Response of soil organic carbon components to increasing

CO, concentration of different land use types

22 SEENNIEFIRESESSENZT

SOC,POC Fl MAOC X< 1 Tt = 4 i 17 24 1R
BB 6), AR T2 B35 b 13 SOC A POC &
g(—o.o74,—0.08><p<o.o5>,%ﬂﬁiii% MAOC &
B EB0.007) (p<<0.05),

(n=58) :
soc + +@— (-0.078,-0.069) i
1
1
1
i
1
POC |  +—@— (.0.088,-0.073) i
1
1
1
1
1
1
1

MAOC (0.0,0.014) —@—i

i
-0.10 -0.08 -0.06 -0.04 -0.02 0 0.02
N AE(In R)

Ee TEAVBREAHXNSEASKNE
Fig.6 Response of soil organic carbon and

its components to temperature rise

B B EXT SOC K H 41 43 % iR T 5 i by
B (D7) KB, 22 2 85 1w o 4 - e,

SARTFEE X SOC Fr 2 34 77 A8 W 3 51 % 0 (— 0,089,
—0.019,—0.124) (p<C0.05) ; £ JZ HHMFE)Z + 3 p
POC & ft o bl = T 5 1 F R (—0.172, —0.103) ,
M 4 3 MAOC & & B~ & i 8 fm (0. 053,
0.015) AR 7 . B 4 2 WR BE M 34 . SOC F1 POC
a0 R A T 28

HZEXE SOC Je 4% 21 43 X018 T 5 Wi 7 A1) 52 i)
PRI W (& 8) . Ml + 4 POC & &t 5 I+ = &2
BFERMAF(—0.072) (p<<0.05),SOC F1 MAOC &
G WY AR Ak R b+ 8 oh SR T S D
SOC #1 POC & & (—0.046, —0.172) (»<C0.05) , Ifij
fff MAOC % & & 2% 8 (0.053) (p <C0.05); #f Hb
3 POC F1 MAOC & & 5 S T = 3 522 1F 4 56
(0.061,0.079), 1 SOC 7% & 5 <+ & 2 A ¢

(—0.128),
____________ (n=13) !
m SOCT (-0.102,-0.075) @~ i
) POC [ ————— (-0.226,-0.119) |
MAOC | | ——e——(0.01,0.097)

——————————— - (n=7) !
It SOC r (-0A029,-0.009)mi
P POC (-0.115,-0.09) +@— :
“7 MAOC - (0.002,0.027)
BT - (n=9)

SOC @+ (-0.134, 0114).
E POC (0010113)|._._.
= MAOC (0. 029 0. 1|29)-—o—-

-0.25 -0.20 -0.15 -0.10 -0.05 0
X AE(In R)

B7 AEIERELEFNRASNSEASHI0EE

Fig.7 Response of soil organic carbon components to

0.05 0.10 0.15

temperature rise at different soil depths
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