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110016; 3. L TFA AR ERHE S A R0 F S 5285, 107 W 110016 )

 OE: TP A DRRE AR R e S EERE LA, R Meta 43417k BEOFE SN H]
MHRIL=A GITH. B . BRITE) #H2 (0 ~ 20 em) HHEEGHLR (SOC) EEMERT RN, 85
ANV B . ARSI LR AR B SR AT A . BRI ISR . BRI, IR R T 2R T
B, GRS AEAE B 25 5. SAICAR LG, AT N i A HASMAS N ZEAE I RE 6 1o 4 THBEZ SOC & &
304% ~ 42.7% FE K= 4 41.9% ~ 50.5%; ZEHEHEFH 10 ~ 20 4F B FHTHHEZ SOC &4 43.7%, = 204F %
PETFFOKR = 90.6% . HEUEALACAH L, 385 A0EDG . SRR 50% ~ 80% FLIE (EuitE FHFR AN ) 435
W EHEZ SOC Bl 61.2% F1 57.7%. &ML 540N ESR4it FH it ELESE I FoR ™ i, SAEALH L, 76 St
# (K,0) <300 kg/hm’, Eitif i (P,05) < 200 kg/hm®, B (N) 4 100 ~ 300 2= 400 ke/hm’ i i 41
FEEKP R, SRR ARG S B R ACR, R 2 ~ 5°C. FHREKE 400 ~ 500 mm B, $i5+
SOCRURHAE; 4FHRI S ~ 8C, AFEHFEKE 500 ~ 600 mm AT+ FK = BRBUR AL, Hhoh, TG IR
PR A R T SOC 3N, #I4h SOC < 15 gkg. MA < 0.5 ghkg. BEA < 100 mg/kg. A< 20 mg/kg. WA
100 ~ 200 mg/kg I, ZEALHEH T SOC 7] BN 25.9% ~ 84.4%, % b, i FHZEACRI Bt AR AL =4 A& H SOC
TG EK R AAREEE X, @RI R T ISR A e T, RIHTE I A P R 2 R B
HOPECHEZENE S Rk . 7 A

KR FEICEH; LRI Meta 73007 EKFIME; RIL=%

RI=H (LTH. SHE. BRITA) Nl
T AR A e, R YRR B
WA R 1 SR, BB 2R A TR 4L
SHNB LR R, OS8R TR K
HEAF R R, XM e
AR B A FEE 2 e AL (SOC) R+
HEIE J BB 22—, SOC Mtk R EY = By
2 FaEm K BA R S ARk, BB A
A 7 A HER A st A T B SR A
TR 2146 FFT S AR5 P AL AT T LA )45 3 14
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SYHIfE S KA SR, — RIS
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FE AL jita I XT SOC FAE $y 77 it 1) 52 i) A1, 23 Fifi
ANTA] S T AR A A B B TR 2 1 A Ak T AR
e o ERSE O BESE R B, W) HR SOC i
IRAYG 48, LR AR R AN XT3 . 24k A 4G SOC
FrE e I T R R RR R, AR SOC [E R R
ST ARV, SOC & sy B B 5 17 2 4% H
WU SOC 5 1 48 vy 5 2 #5300 B 3R FIEL I, SOC
5 5ot T, BN, SOC &
B R EP AR . g Y
Meta A 58 T 16 o R AS [R] 3t [X SOC 735 8 % 40 4%
FENEAE N A ML RHIE R e Ry, & BRAR AL il X
0 ~ 20 em TJEIRER SOC WK AL TIEL . FI7 .
ARG 4 A X, HLAS 1 3w h pH {E < 6.5
i, HA HLYRHG S A9 SOC 3 KR T +
HEWIh pH AT 6.5 ~ 7.5 5 > 7.5 BFAIEK K

ARk, 7 “MFELE” WNART, KILES
TR YK, 577 R BB AR, P54
I, 2021 FARILHL X AR V5 7= A ik 3.244 t, I
A FEAPTTIE R 660 J7 hm® AOAFHL AR oKk 12, 4%
1M, SBARGINA & & 25 ARSI, 1L
TTRMENAAESRERTEE =8N
10%, MICHEET “FhFRBIYS” AR >, 1k,
H R X 2R AR A=A 2% R 49 o FE A8t A
RN Meta 234 /0 i 4 VI L Y A9 Meta S AT
A BB A A AR X A E 15 S 4 A F Y
FEN it S b . L, XHARIE =44 T Meta 2347,
RAA 35T F-HA R ZERO N FF e e <R
I N £ [ B TS £ 285 NG K L7 B e o W BN N 3
EFEWEZ 4, RTIRRWERE, £K, SOC &7
SrVERARIL =8 FEREEY S5 m B e &
KEEMEE, ZHX ] ZEACHH T IR bR A
KHFTPEIE SCART 8%, W e PEAT Meta 43 BT B F

AR, IEAh, IR T S SRS X 2R
it PSR . PR LA R, TR R 2 At
BN R R & L ARG T Meta 23 M7
e, ORI =4 K AR 2800 it 4 HS
Jiti Xt B2 SOC FNF K 7= i B s, [R) s 2 R 3R 4
D] 2 06} 2N it FFIA55007 A B2 ] o 35 A B S B T P
A AARIESCHR, BI85 AT Meta 2087, LA
W R RG] AR . At A7 B
FEAC SRR Bt AR . B . B DI
AN TR 3 B B8 45 0 3 e 25 A0 it T AR b =4 k2
SOC K¢ B A= B H5E I

1 #MRE5FE

11 Bt e

L “BHLAEEFEAE ( organic fertilizer or manure ).
T+ HEA PR (soil organic carbon ) . E K (maize or
corn )’ A5 OCHE], FEHE I (CNKI) . Web
of Science AT SCHRKE 2, B T AU SCHR 2L 5 4L
i I A5CPE SR, Wi B 2010 4F 1 7 2 2023 4F 11
HATF R F A TR S, SCHR T 244 B8 DL bn o
KAy (1) WGP EARIE =AW H AR
IS (2) MHCHR bR 2 /046 £k ™ & sl iF 2
(0 ~ 20 em) SOC ik, H AT Ui s Ui s 53045
5 (3) R ELEE = 2; (4) I EREEL
B, ORPER AL (CK) ARy Ig ) i (5) B
SOC Ry IR, RAEAEY) N R L =8 R 2AEY
(DLEXK, MERFE, HIEFIEAREEY, A
YRR KB /N X SOC B S i ML — 3,
WA IS AT BE 22 AR SCHRI I, PRI T F A A
Yok Nz B R Y SOC = s )5 (6) TEH:
TR, I Ras s . FEFE AR, BT E
P, FLORIE LA SOk 24 F L BRIBUR DG B s St

137 2%, BEARIE . HIX A LA K 38 AP
WL 1,

PEHUE IR R CERZER], 2RI T
il AN N . ZEACHE AR B A
JaBER . ) . RUREER CEXYRKE . R
i) . HEREE (FHZ2AREG soc, B, E
R BRE ., HACE SR AERRE ) 3 AN T ok ]
AR ZE A it FH AN [ A B 25 1 X BE 2 SOC &% 2 Sk
K mpysgm; Kb, [RERER S HIERREGT
J B R Z AT A . FEFRI B AR S B AE L
FbntfEz I, X LAEZRIE R 2 s, SR
Engauge Digitizer #1715 B b X T SCHk i
Rbrme2s, B EARAERESE, RAASOTE;
Horpr SD bRiEZ, SE MARHERR, n WAbHNER
B A SCIR IR Ik 2 bR R A bR 2, 3
TR E G 10% A ARE2E Y, ek
A B A MLBE RS, Al Bemmelen 255 2 %k
0.58 133 SOC {5 ',

1.2 FdRAb S 53 by

it MetaWin 2.1 7347, ZEREHLALN BLAL R L
SRR i (InRR ) #E1T Meta 43 #7. 7E45 HIRL
NAESZEGIRI T 22 )5, AT WA 3B 3RAT SRFRALUN
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R 1 Meta S4BT A B9 SCHK

e A 1 T Hh o 2 2 ety =i YRR SR (%) 275 3k
1 S 122° 07" E, 42° 12’ N ¥+ Tk 3 [24]
2 Ly 123° 23" E, 41°32' N HhRIE Tk RE 2 [25]
3 K 124° 88" E, 42° 40' N 2t K 5 [26]
4 E0N 124° 48' E, 43° 30' N wt /S 10 [4]
5 bk 124° 57 E, 42° 57 N m1 ok 3 [27]
6 RN 124° 48’ E, 43° 30' N At E¥N 6 [28]
7 AR 124° 57" E, 42° 57 N B Tk 4 [29]
8 BN 125° 00" E, 43°30' N B N 8 [18]
9 A 124° 48" E, 43° 30' N B Tk 4 [30]
10 bk 122° 02" E, 44° 13' N N ESN 1 [31]
11 I 126° 50' E, 45° 51' N 2t ESP/S 6 [17]
12 IR 126° 36' E, 45° 43’ N 21t Tk 5 [32]
13 RIEIT. 126° 28' E, 45° 51' N At E N 5 [14]
14 RIEIT. 125° 27" E, 49° 33’ N Bt INAE 4 [33]
15 BT 125° 27" E, 49° 33 N B /N 4 [15]
16 BIRIT 125° 03' E, 45° 39’ N N K 6 [34]
17 2y AR 125° 03' E, 45° 24’ N N /S 4 [35]
18 BT 126° 38' E, 47° 26' N wAt E/N 5 [36]
19 HIEIT. 126° 38’ E, 47°26' N 21t B Y NS) 4 [37]
20 RIEIT. 126° 38’ E, 47°26' N B INEE 1K 4 [38]
21 IEIT. 126° 38' E, 47° 26' N Bt U\ A YN 4 [39]
22 EIEIT. 123° 23’ E, 45°25' N 21 ok 10 [40]
23 BRI 126° 38' E, 47° 26' N ARt B VNS 12 [41]
24 BRI 126° 55' E, 47° 27" N Bt U A% YN 18 [42]
{8 5 95% & 5 [X.[a], 2% Ji Graphpad Prism 9.5 #F 1T R2 RREEH
AMREIZ], BRARE Y, N O REARSL, AR EAINES E T BEZ soC Ak
FRNAE (%), #EAE XS 0 RAHzE, Wi AERIRE K Nfs=1502 N=53 Nfs=1492 N=49
FHEE T AMEAE AR, 2 F 2 45 1F B XTH#FZ SoC & RO Nfs=3169 N=50 Nfs=1527 N=49
EECEARR A A R BRI EAS 0 B socC Nfs=1206 N=64 Nfs=2139 N=46
FAZZ, RIS 3 O, A X ) 5 kN {4 YUl A Nfs=1115 N=59 Nfs=3096 N=46
>0, VLIRS LEASHEATARER, 24b 30 5 545 T-H5 - N0l Nebh 38 Nedd
TR R SOC F T A A 4B ]2 TRLMREE  Nocl3%6 Nedl  Neckls Ned

AL BEROVAE 95% EARIX I H &, WIZRIAE B

. o (20 g 53 Pk e Nfs=832 N=52 Nfs=1088 N=39
b : o AT Mg, L ,

B .3 22 57 T B, L Q fi BRI Nfs=783 N=50 Nfs=811 N=35
AR F B, 4 P<0.05, WIULHI 4R 778 & 5 e

RS SR Meta 2007 5 26015, S JH 26 52 NEREE Nfs=3432 N=85 Nfs=3248 N=51
4 BRETER B TR P 1 () %%%Tcég FENHE AR RR Nfs=5668 N=84 Nfs=2150 N=52
B, NG > SN + 10, TIEBTE & it 1 ORI Nfs=265 N=16 Nfs=306 N=21
HNGs N A B N R R AR, £ RN He o] Nfs=2885 N=69 Nfs=701 N=31
SR T A B PR 2 K T AR SOC SR i (N) Nfs=3878 N=83 Nfs=1417 N=50
fedr i R, B R ESR, ik Tk MERE (P,05) Nfs=3663 N=74 Nfs=921 N=39
IRt o AN (K,0) Nfs=3994 N=74 Nfs=742 N=37
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TERR TGO b, S P 5 1
BFNCEATA AL 3753 AT E A At fn
fill BRSNS IS T B, MR AR R i
PRI S 2N [ i T ] &L B
B, BN, PO, KOo XTHS, HHEREE
W, SRACE ZE AL B A AL AL b i, RP Substitute ratios

AR fRFSEIEBIMNA N, B Additional ratio, FEAEE
FHAERR Y ARFEAEEL, Bl Year, JEZE NACRA,
HIV Nitrogen, i b PAC e, B Phosphorus., Jifé
R KACZEEE, B Potassium (363 ), S AEKZEL
b, AEHREK R R AUERRKE, B Rainfall, 4F
YIS TACRAE Y AR, B Temperature (32 4 ),

*3 BEERHESA
e o S o
FtALAL 0 AR<30 Y<10 0<N < 100 0<P < 100 0<K < 100
12 + e 0<SR < 50 AR = 30 10 < Y<20 100<N < 200 100<P < 200 100<K < 200
ABZE + AL 50<SR < 80 Y =20 200<N < 300 200<P < 300 200<K < 300
425 + RAE 80<SR < 100 300<N < 400 300<P < 400 300<K < 400
HABZEIT + fRAT 400<N 400<P 400<K
F4 SERRHESE TIEN R B, B00A B TNAUREA, ]I
AR (mm) R (C) Total nitrogen, FRHH L H1 pH AR IRHHZL, I Potential
400<R < 500 T <2 of hydrogen, ] &fi + 578 B fiff 20 AN 182 B i AL,
S00<R < 600 et < 5 Hll Available nitrogen, #J4f +3EE %W AP (A
2, Bl Available phosphorus, %] U A A
600<k = 700 <r=s AK ARFEHEZ SR, B Available potassium ( £5)
F5 TERRHESA
Tt e B b -E R GV GRREEER it Iy R SEY Gl Pt AT HLER b -
(g/kg) ( mg/kg) (mg/kg) (mg/kg) (g/kg) PR B 3
0<TN < 0.5 0<AN < 100 0<AP < 20 0<AK < 100 0<S0C < 15 pH<7
0.5<TN < 1 100<AN < 200 20<AP < 40 100<AK < 200 15<80C < 30 7<pH<S8
I<IN < 1.5 40<AP 200<AK < 300 8<pH
1.5<TN 300<AK
N TR, 50% ~ 80% A& 1L i 542
THEZ soc i (K1),
2.1 EHPFZEX SOC E N 5 268 55 A0 BE S0 N 5% o A b, R

ZENL AR, Bir A A7 PR IS IE ) o 25 5 B
JZS0C & s ML T < 104E, 10 ~ 204F i # 18
THHEIZ SOC % h 27.2%, HERFE 51 Bk Bt 1L A,
HA 2535 W R FHHRZ SOC Frar; A H T Hith
RERIZET, A2l AE & $2 THEZ SOC &
ARV, ARSI S < 30 1= 30 t/hm® 2
1E ) g R B2 SOC; BRIGA HLIEEL (0% ),
AN AE L (35 1 0 k2 SOC, H L

S

< 200 kg/hm® B FRFHHZ SOC S, Bt R
BR > 300 kg/hm®, H A%t 44 0 25 4R THHEZ SOC
i, MEAEE > 100 kg/hm® IHHZ SOC $2T15CHR
W HAHEE T < 100 kg/hm®, 100 ~ 200 kg/hm®
FRTHZ SOC Fi 28.5% (F12),
22 MREERZEXT SOC &8

FESE SRR R, AR R K AT
400 ~ 600 mm HFZEALHIEHTAT i P THBHZ SOC &t
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| Q (4li)) =27.75 @ LIEATHLE

T
Y=20 pogo01 } —e——(N=16/27.0% ) BAMEL] (%)
\ | IEPC- e
10<Y<20 | } ——e——1(N=10/43.7%)
oroo TR e )
3 nbQ (i) =169.33 (N=12/4.85% )
e P<0.01 }—;—.—{
e - } ——e——i (N=10/18.8%)
RFEHLIE | W (-0
I
AL | ——e——1(N=11/69.0% )
HAZEAHLL - e (N=18/12.1%) NERE

AR=30 | Q (&) =1.02
P>0.05
AR<30 |

80<sR<100 | Q (4ilH]) =92.65 ——e——1 (N=6/16.3%)

T
P<0.01 }
50<SR<80 [ } (N=3/65.2%) —————@————
I
0<SR<50 | | —e—(N=10/8.98% )
I
o | | o i(N= %
o ‘ o (NTTR) SIBRERAIELH (%)
-40 -20 0 20 40 60 80 100
VA (%)
1 #E SOC & =342 P8 i A A Rz
N T -
| Q (4if)) =851 ~ @ LA
400<K | pe0.05 _ (N=0) REANELA] (% )
300<K <400 o (-0 [ RIES e
|
200<K <300 | f—o——(N=4/10.1%)
|
100<K <200 | } —e—1 (N=7/16.4%)
0<K<100 | | ot (N=26/6.56% ) fyjin et it (ke/hm? )
400<P . 1 (N=2/15.2% )

|
L i
Q (i) =13.94 |
300<P=<400 | P>0.05 —F—e——1 (N=3/10.9%)

|
200<P<300 | } —e— (N=5/16.9%)
100<P<200 | } —o— (N=8/12.4% )
0<P<100 |- im (N=21/5.00%)  fpe SEHLAAMERE R (Ke/hm? )
s00N [Q (A =1475 | e (N-u226%) |
P>0.05 }
300<N<400 | e (N=5122.8%)
200<N<300 | }»—0—1 (N=6/22.2% )
100<N<200 |- i —e— (N=19/32.2% )
0<N=<100 | }

o (NTRE) i e (kehm?)

L
-60 40  -20 0 20 40 60 80 100 120
VA (%)

B2 #E SOC &EXTHEIE R4 N R

AT 500 ~ 600 mm, 400 ~ 500 mm K ZEALiE 1
i E AR TR SOC & 16.9% ., MAEH IR T
2 ~ BCHIEEN i HIFT 2 $E FH k2 SOC &rat; AH
T -1 ~ 2L %5 ~8%C, 2 ~ 5°C F ZE0 it /1
i TE 2 SOC B 5 22.7% ~ 32.8% ((K13),

1E IR IR BA M B AR AR, ZEAE R X
BHZ SOC & i M AR 32 2 i 50 . S 046 +
S B 100 ~ 200 mgrkg I 20Tt FH 7] I 3
$EFBEZ SOC & i HorPAH L 7200 ~ 300 mgke,
100 ~ 200 mefke B 2% 0 e FH 2 35 45 &5 T 8k J2 SoC
5 205%. YW AG T AR S RO < 40 mkg
B 26 A it FH AT i 2 42 )2 SOC & it A LT
— 242 —

20 ~ 40 mgkg, < 20 mg/kg A 2 A0t FH i F IR T
BFJZE SOC & & 183%, HI 4 1 HE il fift A& & 2 < 200
mg/kg B 25 I it FH AT b 25 4 B2 SOC & o5 AH L
T 100 ~ 200 mgkg, < 100 me/kg I 28 A it FH . & 2
F+THEZ SOC &1 159%. EATE HHEpH F, 20
Jiti FH ¥4 0T 42 AR THREZ SOC & i Hoh A HE T pH
< 8, 7¥ pH>8 Aifjite FHZE AL v] i 2 THFZ SOC 75 &
425% ~ T49%, FEACHEFIXTHEZ SOC R RAURIA %
F| G EAS SOC Frat iy, TR A S
< 05 gkg, WIH SOC < 30 oke B, FEALERT]
WERTHIZ SOC & s MLLT 15 ~ 30gke, < 15¢
kg ISR 8 R THIEZ SOC & 338% (&1 4),

Q (4tia)) =11.09 | @ LuHLH:
P<0.05 | ML (% )
600<R <700 ‘ (N=0) RS
I
I
I
I
500<R<600 |- I ——e——(N=34/19.1%)
|
I
I
I
400<R<500 - } (N=15/39.2%) ————&¢———
B SRR K (mm)
Q (4Hlia) <3236 |
serss | 7001 | e (N1E168%)
I
I
I
I
2<T<5 [ | (N=19/43.3% ) F——"—0—"H
|
I
I
I
-1<T<2 | ’_‘—.—‘\ (N=14/7.93% )
I
} ‘ U (O)
-20 0 20 40 60

MR (%)

B3 HE SOC =X IEITHImm L

300<AK QAT =24.05 B (n=0) @ LTl
P

<0.01 | ML (%)
200<AK <300 I —e—i (N=13/3.47%) | REES CiTedy
I
100<AK <200 | | —e— (N=19/24.7%)
I
0<AK<100 [ 1 (N=3/25.9% ) )44 -1- HES8c A (mg/kg)

40<AP 1Q (AHIH)=30.58 gl (N=0)

P<0.01
20<AP<40 | | (N=22/6.92% )
0<AP<20 L } o (N=17126.5% ) WU LA (mg/kg)
100<AN<200 [Q(AURD=1139 | re-(N=23M26%) |
osan<ion |TO01 e (N0 AN (i |
8<pH Q(éﬂl‘ﬁl):w«;.lo} ——e——I (N=7/84.7% )
7<pH<8 | P<0.01 } —e— (N=17/29.6% )
pH<7 }b—.—l (N=18/5.61% ) TR
L5<TN [Q (£H[d))=179.11 } —o— (N=25/7.46% )
1<iN<Ls P00 | e (N=14/29.1% )
0.5<TN<1 [ *(NZOJ
0<TN<0.5 | | (N=7/84.4% ) ——o—— i HHEAL (g/ke)

15<SOC<30 [Q (4i))=69.29 |—e— (N=25/7.67% )

P<0.01
‘ e (N2IAAI%) s kBT (wke)

I

I

| !
-40 20 0 20 40 60 80 100 120 140
BRI (%)

4 BB SOC SEX TIEAIAIR L FREL B

0<SOC=15 |

S

(T
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2.3 EHEHHNEX TR R AT

FENE T AR R Y, < 10 4R 5 = 20 4F i F 4R T+
TRk AT < 104F, TR RAE = 20 4R
B EETE 28.3%., NERIE R, BRwg3E5 fIE AT
Jith, HAZEBI BRI FOk T, IR,
A 2 AR it BN < 30 A= 30 t/hm’ 14 1F 7] i 5
M) B oK =55 oA HLIEEA (0% ) 53R
HE LA > 50% B S 25 34 £ oKk 7= &, AR T
< 50% MR, TTAPUIEE (0% ) &8
TokrEE 42.5% (FE5),

Q (4li)) =17.25 @ £X
i &1 (N=19/90.6%) _ H¥ItLpi] (%)

T
Y220 [peool }
| | RiPS icisend
10sY<20 | f A i (N=3/39.8%)
\
y<10 [ } —e—1 (N=62/48.6% ) SRR (4

e [Q (AR =10.19

—————1 (N=29/72.6% )
P<0.05

]
|
|
L | }
|

80<SR<100 [Q (#lME)) =11.29 1 (N=16/64.7% )

——e——1 (N=25/60.5%)
ML [ e (N=8/247%)
\
SRR [ } ———e—— (N=18/36.5%)
| . | (N=5/76.4%
S [ | (N=S/T688 o
5 £l
AR=30 [Q (AW =039 | o 4 (N=8/419%)
P>0.05 |
\ ,
AR<30 [ [ e (NB/50.5% ) gt (vhm?)
77777777 - e )
1
|
|
|

P<0.05
50<SR<80 [ 1 (N=12/57.0%)
0<SR<50 [ ————— (N=12/21.1%)
|
o | I ——e—— (N=29/72.6% )
T EIRBARALILEL ] (%)
60 —40 -20 0 20 40 60 80 100 120 140 160 180 200

AL (%)
B 5 FERFEXFEALHE R E N R

TEZNE 5N Bt in 77 3 1 b, Y R i
< 300 kg/hm®, Bt i B < 200 kg/hm?®, i &
100 ~ 300 5 > 400 ke/hm® I} ¥4 i B 42 T £ oK 77 5
(E6),

2.4 PN FOK PR AR

A SR A B AR A I S i A 2 I it FE X K
PR R AR, Y AR B K &2 4b T 500 ~ 700
mm B FEA0 i 0 R T Bk Hod, AT
600 ~ 700 F1400 ~ 500 mm, 500 ~ 600 mm [% 7K
I 2L E S R T B OK i 38.4% ~ 41.9%,
TEAE RSO AL T -1 ~ 8°C I, & A0 e ] AT &
FERAEKRTE; HPMET-1~2CH
2 ~5%C, 5~ 8C TN B ERIA T K™ E
413% ~ 473% (K 7).,

- e b A BT %A Y AR A 2 S e o 2
JE il FH 6 B K A 3G 7= AR Y ) 1h - AR Ry

S @k
HONSIAS2%) T kel (%)

T
400K | b —
Q (4lif)) =1.95 .
300<K <400 |-P>0.05 -0 |_[iEPS ciival
|
200<K <300 |- [ —e— (N=24/57.1%)
[
100<K <200 |- } e (N=9/77.2%)
0<K <100 | } 01 (N=38/66.5% ) fy i+ S} s it ( ke/hm? )
,,,,,,,,, L Gl RS L
400<p |t . 1 (N=3/45.2% )
Q (4] ) =9.22
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X BRI TC 0 R AR . R RER, 5
TAIIEER (0% ) M, MR ER LT LB
AT 50% ~ 80% sk AN AL I < 30 t/hm” I,
BEHK SOC P, E2EAEAER [, Du %"
A XF Ee 3 AN R ZE ARG A AR R (< 3. 3 ~ 10,
= 104 ), K IUKEGH A BR A3 m, SOC By
e, H3 ~105= 10FEAREES. Y§I
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Meta-analysis of maize yield and topsoil organic carbon response to manure application in Northeast China
ZHAO Zhe" > ?, SUN Shi-jun'", YANG Ya-li> *", XIE Hong-tu> *, ZHANG Xu-dong” * (1. College of Water
Conservancy, Shenyang Agricultural University, Shenyang Liaoning 110866; 2. Institute of Applied Ecology, Chinese

*

Academy of Sciences, Shenyang Liaoning 110016; 3. Key Lab of Conservation Tillage and Ecological Agriculture,
Liaoning Province, Shenyang Liaoning 110016 )

Abstract: To further apply manure properly and ensure the quality of the Mollisol in Northeast China as well as national
food security, this research conducted a meta-analysis to quantitatively investigate the effects of manure application on
the soil organic carbon (SOC ) content of the plow layer (0-20 cm ) and maize yield in Northeast China. The impacts of
different management measures, climatic conditions, and the initial physicochemical properties of the soil on the effect
of manure on improving SOC and maize yield were revealed. Compared with no fertilization, the application of the SOC
content was significantly increased by 30.4%-42.7% and maize yield was significantly increased by 41.9%-50.5% when the
amount of chemical fertilizer remained unchanged and additional manure was added. The application of manure for 10-20
years significantly increased the SOC content by 43.7%, and application of manure for = 20 years significantly increased
maize yield by 90.6%. Compared with chemical fertilization alone, the combined application of cattle manure and chemical
fertilizers significantly increased the SOC content by 61.2%; replacing 50%-80% of chemical fertilizers with manure (under
the condition of unchanged total nutrient application ) significantly increased the SOC content by 57.7%. The change of total
nutrient application of manure with chemical fertilizer significantly affected maize yield, compared with no fertilization, the
yield of maize was significantly increased when the total application amount of potassium (K,0) was < 300 kg/hm®, total
application amount of phosphorus ( P,05) was < 200 kg/hm’, and total application amount of nitrogen ( N) was 100-300
or = 400 kg/hm’. The change in climatic conditions also affected the effect of manure, with an annual average temperature
of 2-5°C and annual average rainfall of 400-500 mm, the application of manure had a better effect on increasing the SOC
content; with an annual average temperature of 5-8°C and annual average rainfall of 500-600 mm, the application of manure
had a better effect on increasing maize yield. In addition, when the initial nutrient content of the soil was low, that was
beneficial to the increase of SOC; When the initial SOC < 15 g/kg, total nitrogen < 0.5 g/kg, available nitrogen < 100
mg/kg, available phosphorus < 20 mg/kg, and available potassium 100-200 mg/kg, the application of manure significantly
increased the SOC content by 25.9%-84.4%. In conclusion, the application of manure was important to improve the SOC
content and maize yield in Northeast China. Manure application measures need to be considered in combination with different
meteorological conditions and soil properties, the long-term application of manure with chemical fertilizers in farmland with
low initial soil nutrients is a feasible way to increase SOC and yield.

Key words: manure application; soil organic carbon; meta-analysis; maize cultivation; Three Northeast Provinces of China
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