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225, SAEBIEE IR X ROC S E Tk 2
£ TYKE N IR, TEESTRNRK
At s Xt A HLAE X ROC & #1482 T+ )% v T
T 1 YV P R T DX, SRR T H X Y 1.8 fiF. B
I, HEAEXT ROC 75 2 1 5 W 77 76 3 — E AN /2
Pk, 5 AR A EVOE N R SR ROC & &
ISR, RS HRR B T — P LK
e S HEAT I DX B, B, A R A2 X
S A MR S AR BR ], A T RGENEA
[ 4514 HEREXT ROC 1 & A 52, 250 1] FH 3 26 4H
X0 S ORI ST AT KA A B A o B 38 i X
B & 2% SCHRB0HE A US4 IV B, SR FH 3K 543 AT 1)
Ji ¥k, FETR TS R it A A BE A R R A
2 T MR XF ROC & &2 By 5%, I ) BE AL AR
MR 1 4 A Rk il FH e . 39 Jo R A<k 2 1R X
ROC #& IR BE iy sT k%, Sk B ROC 7 1= 1) Al 457
SRAF R, IR0 78 AOR AN A SRR 4 T PR BRI
R

1 #REFE

L1 Bk i

T R G4BT RE X 3% A& B ROC & 2 1 52
W, AWFFELL W EgR T 5 AE LR
“BEAE” Ry R OCHEIR], R R IR “2000—
2022 4F7 , DRI . 4E . HEE2EAR . Web of
Science Fll Science Direct 25 3CHRZUIE 72 %) 48 56 SCHk
TR . e SCHk AR R (1) [A]—ialie s 2t
TR AL BREE AT AL, AR FRH i FHARAE (R
M. W, BRACFNZE Gl A B R IR AE ) s HL
B sl HLICHLECHE ) , X IRAUN ARREE, H
B — A B R B = 35 (2) ROC A
FETTIRYN 333 mmol/L I SR FRET ik (3) IR
LR, AL I A A AR S AR K
TR L R B AR A VLR . 2R pH; it
FEHE it A R ARSI Ri F 5 (4) AbEAL TRy
AR 2E F N AE MU HE H 2455 A AR J AR A
5 (5) FrA Rk e g . S e 78 B
LR R ISCHR, 7 378 HEHRAEA

X T B R e DR 3R, ARl SR e B
DLEAT oA, Ho, RN < 8. 8 ~ 17
S17°C 5 SRR S W S U T AR RS
¥ H A3k < 600, 600 ~ 1200 F1 >1200 mm; 4FE1
ABARAT N 3H, HI< 120, 120 ~ 240 F1>240

ke/ (hm® « 4F ) 005 - HERI #6920 #6545 1 B R
Y8 A 45— b S A 3SR bR P &
gy, HHEAPURSE—%. —HNERE (530 gkg),
=2, MUK (10 ~ 30 gkg), HAASG N
Bz (< 10gke); LA GE—N. —YNFEE
(>15gkg), =2, MYHTE (075 ~ 1.5 gkg) ,
THFANHEANRZ (<075 gkg); +HEpH N
MRtk +1% (pH < 6.5) . Wi+ (6.5<pH < 7.5)
Fmsi e 3% (pH>7.5) 12,

AP TR BB AR B B R R SR, T
Bl A i AR rp SR SR b R B R DA R R
XA, WERA GetData Graph Digitizer 2.24 3
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VERROVAE, FFTE 95% EAFIXIA] (95%CI ). TEit
SELmE 1 LR, 70 A e b AN S SR 1 S B T
TR S PAGE, QRN AR IE 45 5 2 () %A
S, Bl P =005, P<50%, % [ 5 2w A A
(FEM ), S WNIBEHUEOS R (REM ), Hir,
RR AT

RR =M,/M, (2)
Kb, M, 5 M, 5y 5 R Ak B4 R R IR 20 1) S 2

B, 7EArdfirh, 204 RR XL, R AR
XTEE R H (InRR ) > S iejit JE X ROC % 1 1 5%
WARRRE, Fmia (3) g e,
InRR =In(M,/M, ) =InM, — InM, (3)

WAk, PRER S R R A V. AE W, A
NG RR,, . RR,, BIbRMERR (S) DL 95% CI %40
TR
SD;  SD?
—+
n(lMi ncMﬂz
W, =1/V (5)

(4)

Viere =

m ki

m ki
RR.. =Y Y Wrr,[ S

i=1 j=1 i=1 j=

W, (6)

> YW, (7)

95%CI=RR,, +1.96S(RR,,) (8)
X (4) o, SD;/ A1 SD? 4R FALBRAL st B4 A
FRUEZ 5 ny Al n, 5300 Fs Ab BRAEL RN BB ZH A REAR KR
RAONE A AR E 228N, 3 FC A B, AR i iy
Lt (A FHEARXT T X RG340 ) B H: 95%CT n]
DL (e™7-1) x 1009% e Ffl ™, 2ok Bt &
T, FoRAXTIEZUAHLEL, AEEZIXT ROC AR fL TG
BE, BFRA BEEE (P<0.05) 2
AR MetaWin 2.1 #E4T Meta 2047, iz
Excel 2016 #4748 S 15048, JH SPSS 20.0 11 LSD
ki T R T, R BEALERA T VL 5B 45
X ROC Fr i ry AR BTk

2 HERESH

2.1 AFEEAEAFET ROC & &H2E 5

it A ALIEAL BE R ROC 5 2 3 & T AN IE
Flits AL AR AL R ( P<0.05 ), 111 it JH A BE AN it A
WER ROC I EZES (£ 1), AL,
FAALRE A1 A7 HLAE 4 BE R B9 ROC 7 & 248 43 5 A
2.77. 3.05 #14.72 g/kg,

S(RR,,) = 1/

®1 FEEELETHESSUANBRNSE (gke)

. 5 S HLER
AT e AP

FEAL 102 175 203
FEIE 2.77b 3.05b 4.72a
TE 211 2.58 3.39
{08 1.78 222 0.17
358 375 7.98 17.75
Flen:| 022 ~ 1176 035 ~ 1529  0.69 ~ 35.61

I ARVNG FRFRIR A PR 22 53 35 (P<0.05),

22 AFEALAEE T ROC & H M2 5

EATALAR L, it I g 2 B = ROC 1Y%
(P<0.05), HJiti HA HLAEXT ROC & 1Y $2 7 i i
(70.1% ) W& THEMEANE (17.7% ), 21k
JE 4.1 4% (P<0.05) (K 2), ANRFEHAHZEA &
T, iACHfE B ROC 15 . it AL AR EE
HHUEITE R AR >240 ke/ (hm® + 4F ) BF%F ROC
F 5 R TR B B (28.6% M1 81.1% ), B &
T A # A & 120 ~ 240 ke/ (hm® - 4E ) (8.9% #il
59.7% ) A< 120 kg/ (hm® + 4 ) ( 14.8% F1 36.9% )
K-, Al —JtE AL T J5 W A A% A E= X ROC (1)
PEFHIRBEAAAAE L 22 5

O NEVS AL @ FHUIEVS ANHiAL
P<0.05

AR AR o~ (175)

AHUE i (203)

AR | <0 o PO
(kg (ha? - 4E)] (20)
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e (58)

>240 —o— (71)

P<0.05 | e (121)
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K+ pH T, JEHEXT ROC & & 1Y 45 T} iR B8 A7 AE
BEZER (E3), YA PR &= at, i
FALREXS ROC & w2 THIRE e = (46.7% ), W
EEmTAIR S P EMER N (12.0%
6.5% ), JEWIHZIAETER 25 X T A
BLIER UG, 4 E A HL & s = i, HXT ROC
SR ETHIEE R (87.0%), BE & ALK
SERPEFHLE (522%), BE5HEYURSEP%
)14 (73.0% ) 25 A RE, AFEEEGTEHK
FF, AR ROC S BN mMAEREER . 5
ERGTETH (164% M 67.1%) MFEF (12.7%
F158.8% ) W) IEM L, 7E4 A& k= i 11
it A6 IR 5 A5 HLAE X ROC 7 8 1 32 T I 3 o
fm (35.1% F192.9% ), Ti7E4 A & A8 - 1
v it AR AR A HLIE X ROC & 5 4 52 THIE i 14 5
SRATEEENHIELREZS ., A1 pH £
PFR, BT AR, iR FAE PLAE R ] L
i ROC (1) & i, Pk 48R it A 16 I
ROC & (2 THIE E (34.8% ) W& KTk L
H (16.6% ) Stk 1-4% (10.4% ) ; T A PUE
XFROC 7 i i 42 R B2 72 A 7] 4% pH R JC i 3
25t

O UIEVSAHEAL e HHUIEVS AL

AT o P<0.05 (|}
(g/kg) <10 ———{26)
)
1030 . (1303
>30[, (26)
______ P<0.05 _ _ _ —_®-__-_________(40)
g <0.75 S P<0.05 (24)
(ghe) S Eﬁl))
0-75~1.5 —— (102)
—O0— (40)
| Mlpco0s - e (55)
43 pH <65 =0= P<0.05 Eggg
—O—1 (42)
6.5~7.5 ° (43)
oA (87)
>7.5 —— (122)
1 P<005I 1 1 1 1 1

=20 0 20 40 60 80 100 120
SENAPIREBITHRE (%)

B3 AETEERTEENTESSNLENRSE/2ME
T pH 2 ZE N AR P AEASHEHIAIERS ROC & THIREE 225

2.4 KRS FREAEXT ROC & & A5
SRR AR H, AN [ A0 2 0 T it AR 24 e
FTFROC &8 (P<0.05) (B 4), A[E AR5
AT, WA X ROC 7 &t /Y £ T iR B2 A7 7 b 3%
25, (EAEIIE 8 ~ 17°C 1y X it AL I % ROC

SRR TR E R (214%), BERE THEY
H>17CHIX (8.0%), (HEFE < 8CHH
X (20.5%) ZRARE; 5o, TEELR< 8C
1 1, X i FH A AILAIE X ROC & 1 109 52 T i B i s
(92.0% ), J3r AR S17°CHHIX (352% ) 5
R 8 ~ 17CHHLIX (75.2% ) 19 2.6 Fil 1.2 1%,
H=4%zZmM2ER 0%, NREBEKSKET, et
ROC & & W4 T B2 A7 7E 35 25 o TEAR P /K
600 ~ 1200 mm f% 1 DX jifii H AL AE X5 ROC 7% 4 9 £
FHIEE R (42.5% ), B3 T < 600 mm FHLIX
(13.0% ), BAEAEFE/K < 600 mm A 1L X 5 >1200
mm LK (11.1% ) ZRAEE; EFERK< 600
mm {3 X it F A HLAEXT ROC 25 & A H2 T e iy
(753%), W& T >1200 mm i HL X (52.9% ) ,
H5 600 ~ 1200 mm BYHLIX (71.5% ) 254
iTE
O fLHEVSANHEAE ~® FHAEVS AL

AR o P05 (6s)
() <8 e (76)
—0— (71)

8~17
i (89)
—o— (39)

>17
_______ p<005s —e— _______(3%)
AEREIK 600 O P<0.05 (100)
(mm ) = — i (124)
—0—i (33)

600~1200
——— (42)
—0—i (42)

>1200
; P<0.05 —— . (37)
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SRR BARTHIERE (%)

B4 ARSEFHTHIENTESSULENHRSENRN

2.5 KR EXT ROC &I kg

A AR DG BT (/&S FTEL 6) Al it AR AR b
T, 458 ROC map L AR . ARRK . 4w
fpH, HIEVIGRA SR AR A A LR
e 7 LU A7 AE S 25 AR GG R (P<0.05), H ROC M
N A5 A A A A A - A BRI S R b
LR PEIE ARG, A VUIRALEE TR, 43 ROC i hif
SRR A H I R A SR WA,
5 AR R A = R LR R R A AE 3 A 1 A
KXKFR, HEEW G pH NG, AL AR ARG
(E7) =M, AL EETT, TR ZEXT ROC &
BT SRR R (52.6% ), JE SN R 5Tk R
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T ARAE
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20 30 40
HEE (%)

HEAAALAL

ARG R

0 10 20 30 20
HEE (%)

7 FERALETR&EEN LIRS AEUEVBRRAHREE

1 1.65 %, it A LI AL B R, R &R X
ROC & 22T DT RN 65.4%, 4y HRAMER R
RV BRI R TR Y 2.9 A1 3.6 fi5, BRI,
AR 8 A HLAR AL BE R X% ROC & B TH £ 25
i PR F- 20 R R 2 AR IR S A HUIE AL FE T,
- ST HLBR I I L R ROC & 48 T 10 BTk e i
= (18.3% F136.0% ), fEjti HALIEALPE T, + 1
pH X} ROC & - THY STmkR K 17.1%, [ALEHE
AHUEAEIETAA 11.5%,

3 it

3.1 AFEEALAFEXT ROC 75 5 15200

ROC & i 5 R0V 45 B i 5C R % V), 32t e
M R 0 AR R B, 5N AR A
Fb, it AR RE @ 3 B = ROC B9 & i, X 5 A
2 OV g 4 SR — B, H i D R i I
B 6] 30 N T 3 SOC fE A, 1R EE T Sy
BRAR ) A3 BT A e Ak, DT 388 i = 39847 BILAR 1) 7%
O A LR S RS ROC & R B E
FASE 2 R BBk A B BN T ROC
S A . e A PLIE X ROC & & 14 42 T I
JE (70.1% ) B3%&m TAeie, 2 Hee (17.7%)
1) 4.1 f o X AT REE A HLIEA B & A R
SOC, Jifi A 4585 I VE A IR B E D WOSCR B
HFT A+ SoC B E, SOC iy B T 1 1
H ROC 1A B AR AR A AT LR VE M 4 i TE L3R
gy, B, it A HLIEXT ROC &5 4 ) $2 7 i P
ER AL, Ak, B AERNE & 3, ROC

A SRR B ERTE, X5 L% Ml Yang % Y
FIRFFEEs R —8, HIRF AT RS oM R 0 4
AEA K, TR ASE I T - 3ESME IR A
Bl 25 AR AR B3, AN 1% A B e
AN, e T AP AR, AR EE T
ROC &1 B E T .
3.2 A[E| TR REAEXT ROC 5 & 150
T8 FR IR B TR Y L R B SR T
2, 2 HERIMELRY R, BRI L1
HE S KR EEAN Rz — P70 RIS Rk,
FEFE S & AR H 3 i A X ROC & 2 A £ i
JEREE TR SRS L, SR Y
AR, IR G BN £ e X +
5 SRR PP T B d 3 R TR A B A e A
TARE A, X SR AL AL, HIFERE R
TGRSR BRI A G, HE, RIS
AT, FRABENRE IR, VEYIXT IR A K
FEwm, X IERER A RO R BRI
F, SR RE AR, VEPIRT £ HER 1K
R, TG AR 2 B B s ), Lk, 2
HERHIEA SR = 1 4 s, YERIS AR R 431
TR, SRR 9 Pt o i 5 W, 2
HE T HERR RS ) R R, FEAHLETAN
SRE R LS, ROC EFRARME, MY
WARXT 5, R REAS AL E Sl A 1 & & AR
T, SN I MR, PO IR P O
PO (R BE T MR B R RIS, AT
JEE T ROC M B AR A BILJST RN 42 L& 1 5 1)
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T3, ROC B aMixtim, HAvEwiEtit
A5, PR LA TG AE X ROC 5 2 ) $2 7
JE O AN, A LTI A A AR R B
AR B KRR K RE S Y, REAS R b
SOC B, DI A5 - 1 v 5 40 ot ) 5 e A
FEEE, RN 3T ROC & B4R THE A5
AN, M TR, A ALAE AR AT AR
HEPRoKRE ) . BGE T A L SR EER AR IR
{OF/25 e | S ok o NIZi =27 N D R e .
W A SIS E , NI B 42 e 4 AL
Fri, R R O 1 R ROC S MR T AY
Ao
3.3 NSRS FEAEXT ROC & HAYH IR

N TR i I N W 7 S LS i B T D
R ROC Fri . it AL RE AN HLAE 75 4F 253
< 8CHYHLIX X} ROC 7% & P $& THIR B e, %
TR S17C UMLK, X5 Qi % 0 BRgesh
ARRL; it AR AEAE AR 7K 600 ~ 1200 mm [t X X}
ROC &t 148 TR B fe e, T il FH AT MILAE A 4 R
7K >1200 mm Y IX fe i o HATBEAY I P i 4 2 i
BN AT ot B RS R gk, BE+t
SERAE MR RS P TR T s T 4
H ROC 1Yo fif 3, T S BUIE ALt F U5 X ROC
PR TR AL, Ok, FRKR S 474
WEVE ) R K & S8 3 ROC %5
T IRl K o R S B B2 3, ik
K EED 2D ROC S IEEY R INIKIR S5 T 5.
F4h, TR X ARy, A
il A —AE AL B —AE =2, X AP Bl
B2, R T 88l Yok i P i 4 e A 3R
PRZEH, I A BT R A R AL 0 B R
P AR /DT M X 32 B A 7R TR A9 R b b RN
PEILHIX, HRP A 2o —4E—2, XF 3Ry
P, HAMTAPTRMGRE Y, FWit, *f
ROC & & B L TR B 70 =1

4 Hig

Tt A AT DA 3 R ROC &, ot A HLIE
( PR S LA ) X ROC 7 5t Y 4 T i B 2 it i Ak
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Effects of fertilization on soil readily oxidizable carbon of croplands in China: a meta-analysis

HE Ning-bo" *, GAO Jing" >, SUN Nan’", LI Ran’, WANG Heng-fei' >, LU Jin-jing" >, XU Ming-gang" > *"
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu Shanxi 030800; 2. Shanxi Key
Laboratory of Soil Environment and Nutrient Resources, Shanxi Institute of Ecological and Environmental Technology,
Shanxi Agricultural University, Taiyuan Shanxi 030031; 3. State Key Laboratory of Efficient Utilization of Arid and
Semi-arid Arable Land in Northern China, Key Laboratory of Arable Land Quality Monitoring and Evaluation, Ministry of
Agriculture and Rural Affairs/Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural
Sciences, Beijing 100081 )

Abstract: As an important component of soil organic carbon, readily oxidizable carbon (ROC ) is closely related to soil
nutrient supply and plays an important role in improving soil fertility. Fertilization is one of the important measures to affect
soil ROC. The change law of ROC after fertilization under different soil properties and climate conditions was discussed,
which provided theoretical basis for rational fertilization and fertility improvement in farmland. 78 published literatures
from 2000 to 2022 were collected, and 378 groups of ROC content database were established under different fertilization
treatments. Meta-analysis was used to analyze the difference of ROC increase range among variable fertilization measures
in farmland soil of China, and the relative contribution of different fertilizer application rates, soil properties and climate
conditions to ROC enhancement was quantitatively analyzed by random forest. The results showed that: (1) Application
of organic fertilizer significantly increased ROC content, and the increase of organic fertilizer ( 70.1% ) was 4.1 times
than that of chemical fertilizer ( 17.7% ) . With the increase of organic fertilizer application rate, the increase of ROC was
gradually increasing. (2 ) Under different soil nutrient contents, fertilization significantly increased the ROC content, but
the increase of ROC in soil with low nutrients was significantly higher than that in soil with high nutrients. The application of
chemical fertilizers in neutral soil significantly increased ROC (34.8% ) compared to acidic soil (16.6% ) and alkaline soil
(10.4% ), while the application of organic fertilizers showed no significant difference in the increase of ROC. (3) Under
different climatic conditions, there were significant differences in the increase of ROC by fertilization, and the increase
of ROC by organic fertilizer application in cold and dry areas was significantly higher than that in warm and humid areas.
(4) Soil properties played a crucial role in the increase of ROC under fertilization conditions ( applying chemical fertilizer
and organic fertilizer ) . Therefore, it is suggested to establish a fertilization strategy with organic fertilizer as the core in
China, and select the application amount of organic fertilizer combined with chemical fertilizer according to local conditions
in order to improve soil properties, maximize ROC content and further improve soil fertility.

Key words: fertilization; readily oxidizable carbon; soil property; climate; meta-analysis




