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Effects of land use change on soil organic carbon:a review
CHEN Zhao"* LU Changhe" " ,FAN Lan'*,WU Hong'"

1 Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract: As the largest carbon pool of terrestrial ecosystems and is the main container and carrier of carbon sequestration
in the terrestrial ecosystem, soil plays an important role in the global carbon cycling. Soil organic carbon (SOC) covering
more than half of the carbon storage in the soil carbon pool is an important contributor to the variation of atmospheric CO,
concentration. To measure and evaluate the quantity and dynamic change of SOC is essential for understanding soil carbon
sequestration processes, and thus the global carbon balance.

Land use/cover change affects not only the concentration and distribution of SOC directly, but also the characteristics
of SOC indirectly by influencing the factors of SOC formation and transformation, and further influence greenhouse gas
emissions and carbon flux in the terrestrial ecosystem. Literature results reveal that conversion of farmland to forest or
grassland usually leads to the net SOC sequestration, while reclamation of grassland or forestland generally decreases the
SOC concentration. Conversion of forestland to grassland is most likely to decrease the net SOC sequestration rate.

Land management activities affect SOC balance due to fertilization, irrigation, direct additions of C in organic
amendments, and the amount of carbon left after biomass removal activities, such as crop harvest, timber harvest, fire, or
grazing. Decomposition largely controls C outputs, as highly influenced by changes in moisture and temperature regimes,
and the level of soil disturbance resulting from the management activities. In most major agricultural, silvicultural and
pastoral systems, recommended or good management practices such as fertilisation, irrigation, conservation tillage
(minimum and no-tillage ) , and retention of plant residue, commonly led to the SOC increasing. On the contrary,
traditional management measures such as conventional tillage, cleaning for natural vegetation, whole tree harvest practices,

severe fires, long-term heavy grazing, and pest outbreaks, decrease C inputs and thus SOC storage in most cases.
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Land use changes at present or in the past are critical in determining the distribution and size of global or regional
terrestrial carbon sources and sinks. Accurate estimations of land use/cover composition and changes in the terrestrial
ecosystem are increasingly important not only for estimating the carbon balance but also for mitigating climate changes and
guaranteeing food security. Studies on SOC storage and its dynamic change caused by land use change are important to
deepen the understanding of relationship between land use and global climate change. By literature review, this paper
summarizes major research progresses on the effects of land use change on SOC at home and abroad, explaining the process
and mechanism of SOC change induced by changes of land use and land management mainly in farmland, forest and
grassland ecosystems. Further, it summarized characteristics, applications and existing problems of two principal research
methods, 1. e., experimental methods and model approaches. Finally, research trends on the effects of land use change on

SOC are overviewed.
Key Words: land use change ;land management change ;soil organic carbon
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Table 1 Changes in SOC storage induced by land-use conversion
SOC ¢ " Net SOC .
LRI ELL A Ne Rt 24300

sequestration rate

Land use changes Mg € b a1 Uncertainty References
e > A BEEAVEHD Arable to ley: arable rotation 1.6 — [23]
et —>FHL Arable to grassland (50 a 35 a) 0.3—0.8.0.63 — [22]
A > FH Arable to grassland(15—25 a) 0.3—1.9 +0.6,110% [24,2]
el =K A% Arable to permanent pasture 0.27 — [25]
Al > BhHh Arable to forestry (50 a) 0.26—0.35 — [26]
At —>HH Arable to forestry (25 a) 0.3—0.6 >50% [24,2]
A<= HHh Arable to forestry 0.5—1.4 >50% [25]
HH - A Grassland to arable(20 a) -0.95 +0.3, 95% CI [29,28]
>4 Grassland to arable -1.0— -1.7, >50% [24,2]
HH - 1ML Grassland to afforestation (90 a) 0.1 +0.02, 95% CI [29]
i > M Grassland to afforestation (14—53 a) -0.18—0.23 — [30]
HH - 1ML Grassland to afforestation (10 a) 0.5—0.7 — [31]
TR~ F L Moorland to grassland -0.9—-1.1 — [29]
B4 H Forestry to arable -0.6 — [24]
ML =>4 i Forestry to arable(45 a) -0.2 — [2]
Mith = ELHE Forestry to grassland -0.1 +0.1,95% CI [29]
cHs—> B4 Forestry to grassland (8—25 a) ~0.9—0.91 — [32]
P> FHb Forestry to grassland (80 a) 0.15—0.22 — [32]
e~ 4 Hi Peatland to cultivation -2.2— -5.4 — [33]
B b 4% L (IR B FEHF ) Wetland to arable (temperate and boreal ) -1.0— -19 — (9]
TR % Wetland restoration 0.1—1.0 — [9]
FAHb b BRE B PK 5 Revegetation on abandoned arable 0.3—0.6 >50% [34]
A% 17 1) B ML S AL BE K 5. Revegetation on wetlands from arable 2.2—4.6 >50% [35]
FHEG 1735 LT A K B Revegetation on wetlands from grassland 0.8—3.9 >50% [35]

x SOC [E AR MG, IEEF R SOC BN, Tl I8 b ; C1( confidence interval) ; EAF X [A]; = = +Hu R FHAR L DT R 4EE0, Ao e, 248
— B XA G AR i 25 G

FE I L AL XF SOC S BT AL B0, (BTSN 8, 02 B X R S Y b DR A 25 R % i
ATAYEST G 7 SR A M 55 4 B P B VA AR X, BT A BURK B b e S A b 2 i SOC BRARTT B b e
ARECEIE SOC N0 HLA g HEAR R R A= R LU A0 X TARE A T SOC MR A7 s 7EAR
PR LR LI DX, A 82 E 5T T AU T L bk DR 5 213 o X SRR 11 XRS5 H Al = b 0] 28 78 2 1]
FET SOC FERYFZIR , G5 R R RIRMREL AL N AR AR (BN TAR) R BE sl s, R R SOC #RK IR
TR AR AR N TR R RS SOC ot BLRRAG, (B 5% A2 E MRS SOC R 20 A b R e
AR N TG SOC A ird s ARZAE W T 3 A L1 S X A AR bR AR AL SOC 5
S IR X AR S b | b — g 2 S SR T SOC ikt (R 1 P 7 AR 7K R 4 S R et R i
2 fd SOC BRAR' , AEAH N TR LR b TR 7K G SR K e T e SOC $i i | B ok be
FISEHIN SOC Aol ) (U A /K L Sy SR EIEE SOC ol TR 7675 8w JoL i JE IX., AR bk
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N TR R AR 23 SOC T R+ S A s i A SOC 75 348 ) A bR Bk A AR b (il
SOC BN bk B A AN SOC 35 R R 330 AE A AR AR A IR RE 022 A G g ARl DX A [ R 11
FUHESY i T B AT AN Y S BCE , X 4 R P Y b 28 B AL AR X SOC PR M B R Al A 0
RT3 2 G T A A MR A S RS A — SRR AR
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Table 2 Land use change and soil organic carbon storage in China
I A S IX SOC Fr il L AE b -
ARSI A il 5% 3k
Typical ecological SOC content/ (kgC/m*) or
Land use changes . References
zones densitychanges
TR CETRIX S ->EH(15 a) 0.17% (0—70 cm) [40]
Temperate arid and A HL > BRI (25 a) AHI->TEEHL(25 a) 1.77% .0.98% (0—20 cm) [39]
semi arid areas P> (1 a5 a.10 a) -1.45% .-2.91% ,-3.54% (0—20 cm) [37]
-5.38—-5. 05kgC/m’
BB M (10 a) FEBE R >4 HL(10 - ° X 38
R B~ A (10 a) FEBLEF 4010 a) 0. 97kgC/mr(0—100 cm) [38]
TR IR R X EHI -SRI (19 a) FHESFHI(19 a) HH->HK  1.15%—1.39% 1.05% —1.45% . [43]
Temperate humid and ~ H5(19 a) 1.06% —2.28% (0—20 cm)
semi-humid areas IKH->5EH(18 a) KH-KFEH(18 a) T~
K18 2) F Mo KM (18 2) 0.44% .0.35% .0.357% .0.337% (0—20 cm) [46]
UMM RAERR - B > A TAR (25  -0.632% .-0.369% 0. 567% 0. 304% [42]
a) HHL-> N TAR(2S a) (0—110 cm)
K=K B (14 a) KT ->BFREH (9 a) K o
(14 2) 0.073% .0.367% 0. 717% (0—20 cm) [44]
MR R R Ak R (21 a) ORF M (FHE) > BH (21
[X Subtropical humid —a) FEHE->HMh(8 a) AHb—>FEIHI(21 a) AH—~> -2.421% .-0.945% ,-0.28% 1. 754% . [51]
R S -2.473% (0-20cm)
and semi-humid areas {175 (21 a)
WM N TAHAR(15—50 a) IKAEMSHEARIR (>  -0.461—-1.591% 0.279% . [41]
50 a) IKAFR->FR A ~1.189% (0—10cm)
RIS NTHARCGREM) (20 a) RIS HE -3.08—-3. 504 kgC/m? 4. 082 kgC/m* | (4]
(20 a) \REM B (7 a) -5.103 kgC/m?(0—20 cm)
KH -5 K H->HRH(4—5 a) KRH >S5 -0.562% (0—20 em) ,-0. 435% (0—20 cm) | (45
(4—5 a) -0.127% (0—35 cm)
T A R FE X Fih >4 H (30 a) \EHHEIR AL (VK (30 a) -8.9 kgC/m? ,~16 kgC/m*(0—70 cm) [50]
The Qinghai-Tibet A~ N TAHAR(S a) AcHI>PREE FEHL(S a) 0.419 kgC/m? 1. 280 kgC/m*(0—20 cm) [49]
Plateau AR Filh (25 a)  HIRMSHEM(25 a) (AR -0.498% 1.611% ,-2.071% , (48]
P> NTHAR(25 a) AR HHHD (>15a) -3.21% (0—20 cm)
R . R .
AMMATH(S ) RIS ATHQS 2) g 500 =9.07% .~11.392% (0—20 cm) [47]

A SR>3t (45 a)

“ =" 7R SOC PE SR (Bl A o L) SR EE R R

M ] BRI AR AEA B0 SOC Y& 1 Mo A, i 8 i 5205 SOC B sUMEL AL A7 R AY 1A 1
AT R0 SOC S, QbR bR g o b A0 b — g 230 SOC RRAIR, S8 HLIEE IR, 15 Sl AR Wi A 7 ) R IR ( 0B
FPIREER) Wi/b T SOC g AdRoh , HYOR BI R R BUE , filt st 2 - Sl BE T P TR 1 SOC 730, ROk AR E
A B A ATE IR TR &R LR AR, SOC 45156 i 2 xR Bde 740 4 1 8 B e
Fe HOJSR 1SRRG R i A LR 1% B R A L, B RO R AR A I A S A bR
WAL SOC N, T 2RFEARLE KA, # T - A0 AY LU0 i ELJR e Bl , HA R AR R BB i)
FAAPAE LI AR 2 g N TR, HE SOC Pk S5t P 2 L U A AR, 30580 e T i RTER B2 A
VY 2 AR RIFD oMt SOC PR R FEARRT AR i IF B A — 1 0 T 236 SOC FEAIE,
JE PR TE B Sl b 1 e s 1) A SR T AU A L AR U 2l B T R SR AT B AN -
VIR A bl bk B b — B2 6 SOC $ i , 102 1l THbk |58 st U0 7 49y o R B 240 v EL ) 40 fi , L0
AUTTRS E PR R, T HBEE AR FEARP B A4 i, MR IR RE A | 13 B RIK 2345 LAGRAE, DT AR 1
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B R B EAE MEYRR AR | B S A LA AR I AE T Post A B T 4R 1
HAE X SOC S ARB YR I R T LR LA AT AT —A &84 A R ek 77 . O
B LIS ) A QFRAR 3 oA LB (R R AU HLBTZ 43 ) 19 53 i 80 5 DR A WL
- S T R A A TR 5 (ORI - S A SR AR P B0k A ML A ML 5 A R SR A DL B B VR
1.2.1 A

S A A B e ) SR B SR N] A3 Oy R AR BT B R R (IR LR ) |
VEYIR B FNEAE R GRS EE (10 . SR SARBERH A5 1 ) JEIRAE BE, AR FEVEAED | B8k E L,
— AT SOC BRI, 32 J PR HARVE O X 2 MR - e AR 45 4 i - 398 38 B N & AR AR Ak, T4
PEFNE fhad R, -4 e v e A DL s R A LR ) bV AR RS, ik - 3R il RS FFIRBE B i HE K | B
BELA RS it , 25 BRAE D 5% B3 40 IR AN JC 7 T 46 A, LA Bl JBE 0 P 7% 1 3R] 56 359 ) 4 S98 ik 4 31U T
RO P R AR BRI AR AT AR ol FE AR N AR RO SRR MR R /D SBRSE | nT LB L B soc
e N (S A e UER K B i 0 ) | T 0= BUVASE 7 O R e o L e w2 = 5| WA
AL SE LS (1S K R AT SR AR i, AT SR A vl e AR R i, AT R T SOC JET
BRI, 248 G R E L 98 b X AR FH A 398 LT & 2 B W38 0, 5 10a AT R BBEZ SOC & &=
BN 7% —10% ', A HSE A HUAR 55 JCHLAC (4 B e 32 7+ 1 SOC A & it R fb i B i R e 1, PR kR
1 SOC HHL SOC BFEAL ™ KR PERFE 54 PR E MR 454 T B 4R T SOC , A LB % 1, 76 R
AN BRI F St i SOC /R, ASfinjits N AR Fe A . 18T o el 2 25 K 30 2 57 S 6 UL A g O 78
MR, LA R FHT Y B A S RS G PR RS FFIE I B s VEY A B AL R AR HLE & R
R VEWI A | 2 b 2 & 60% —70% 8% T HT 9L E |, SOC 2315 FA KA 5
1.2.2 i

ANTRI A ZRARAE FRIG o, WA A B R Rl i e 25 HEZK CRARASGE (4 S 4 JEOR B 4 oR AR
sk TG S (T Jobe B ) LA A #9455 SOC FE) | Hor R AR 5 kOB i ALK HL SOC sk
DREERN, — BN, BRI B ARG | R A Y R RS MR T K RN, 3
A W A SR N b 38 W3 AT BB SRRl SOC B2 /b | H 35 B SR A% 1 b b B fi - 35 22 55 1) -7
MRETH ARN IR F A R F RGN TT R AR, 358 45 Rl R BRARIBCIR B Af Ak SOC 23871
A R IR T AT SOC FSE I 22 S 70 4 Wik 3R G5 0 R, SOC RS A T B, 1B 45 AR ARk 3 i
Je X AR R G 5k R, U SOC 2 G 3 R KT B SR ARl M, B RS w1 I AR SOC R ER A I
72 U 25 B 5T R BAE RS SR R ORI AR MR 4K 106 d i, 384 HLITE 75 B2 50 0 R AIG 34. 7%
24.4% 7 AW R IL, T IHHF2 AR MRS H T 4 A H 33000 5 25 T At (RS 1 a Wi+
HEnF g ) 5 R ARG B e Y R AR X L R LD AR (RS 13 a (1 B ) ORI 2 B, A A
A T TR L R R 759% 7 33 B AR R AE A0 19 TT B3 SOC K i, HENT IR 1
FR NG, B B R] A4S, RO AR R 0 5, IR EE AT RE St S TR B TR O SOC A
TR B REIR , — B o, ARG BE K TP i B] AN 22 28 SOC Wi/, 1 s i B ke 0 234 SOC HY BAS ] i
BERY RO A B AR A SRS AT LA D SOC , s bk s A 5 7K A a0 KURD i T4 Ak
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Jiti FH A4 280 s i AN NPT LA A sl T BA A | 3 1T LA TS Bk % AR AR AR A% L BR AR MG £k, M i
Sef ACHI A FH B AT Rk
1.2.3 i

MR SOC JE 148 B il 5 A4S ke e IERHE B A Bt R A AL 3 A HEK | IR
7 B ) TR AR LA N G A TR AR 7 o O NS B VT R A e EE A T AR
— SIS T] 50 B A CHCER 22 1 i 2R )2 (0—30 em) SOC 1Y R [, HL 2B Ry i > 3 MO s e, i
K | FEE A OB SOC #in'™)  {Ed A RS % TR, 33 R TCHOA R B i e A AR S R R B
PRI A 5 8 i ok 2 | 2538 SOC™) s Fe b S TR A JRURN 3 iR A7 2 i %) S A7 X R W i % B, et 30
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