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1.1 XM

R oL T B RN, H A PR
PRBTMARNE L, ZEEE TR SR BRERT
ERAS Mg, F K E 605Smm, FHBE 13.9C, K
BA5E AR 36 IF 46 F 1989 F Rk, R E Ek—% /)
EtEr R, RERIFMEE LREIK 5.83 g kg™ '\
4N 0.445 g kg' &2 P(P05)9.51 g kg™' L BB
K(K,0)78.8 gkg ™', pH 8.65, Lk N #P,(HE K.
1.2 X388

KB B35 (D IE#AE R NPK(NPK) . (2) L2 B

¥l NP(NP) .(3) A LR E AL AE B &£ (1/20M)
(4B PLAE(OM) . (5) 1L AEH PK(PK) . (6) 1L HE
B NK(NK)FI(DA AR (CK) 3 7 Mb 3, B3 4
WHE. BHLRAAES. hFEREIRE BN
AR IR R AN EMNER
FRE MAERADEES ZBEMA, UF]E A
e A YLIE B R R M 3R 4 i AL BEAS A8 IE
WHEERE,OM M 1/20M FMALAE P FI{LAE K )
B 5% 45 kg hm™2 115 kg hm ™ 2F1 20 kg hm ™ * .80
kg hm™2,0M 1 120M BFFEA VLEH A + R H
LB B K295 514 8 077 kg hm~*Fll 3 643 kg hm 2.
L e B B At AR B 8) I %R 1o

®1 ABABMARSEREHE

Table 1 Fertilization rate and timing in the experiment

. . RE B Wi
N fertilizer P fertilizer K fertilizer
Crop Fertilization time . N
(N kg hm~?) (P,05 kg hm ) (K;0 kg hm %)
L6 A L&) 90 75 150
Basal fertilization { early Jun.)
IL: * MalZP
BRECT AT A 60 0 0
Topdressing ( Late Jul )
®IEC10 A LA 60 60 150
W& Basal fertilization (early Oct.)
Wheat #BIEG A LA 90 0 0

Topdressing ( early Mar. )

1.3 THMAMEKRERRERSF

I/ X B R M e B R AE SCHK 17 1 R4 R
W, RS BT 1989 4E M 2002 4N E A
AL LA REHE (0~ 20em) T3, BRRNTAH
GRAESREER LS LA VLB R E TR
L7240 HBAVNREE). HEAHURE TR
KATHFIT. DEEBRAZ S, 81N PR RE
kgt EXEBNNERES K, FEREKE, A
TR R B SF RN TFRBERAS L8
AR RN E YRS R, SHRBMN
1989 FIF 4 & & 2002 4, & 13a A 8] . EBRYOIE R
FH 13a #9F 2148 .
1.4 NNOMIRERSH

FHBESFEAMERRERE NO, HHHS
Mgk 18RI, MFHETE, MES/NXE
WATIE K B RBEME (0.3mx 0.3m) , BT E K/ E

RIBIAR/ BT A R B BB AL, IR AN S em. RAHH
FORAEHEH PVC SR B A, fEFE T A (Al BF 1 A —
BB ERBRARSIL, EREBIES 7d W8 X#
T—RRBE BRI ER S EERE 23K BE
KUBEBHE d 1 RURDEZESLHE 2 1 K
A HERBTRI Y L 2 K., REEECRSBERTR
BEMEZE | JF K % $, A Soml FE S M R4+
FERSILALEA RT3 3 K, BF /L 20 ml
SHMEAEBL 18 m ESHHN, BHESHERE 4
W AHNERFHRARSHESH 0,10,20 F 30 min
#HAT,

REMBES LB EILREH#ITAH . N,OM
W B P 5% B S A8 1 734 { ( Shimadzu GC-14B) i#
1o RRS RONI, BT KA I 88 (ECD) . Bt
7 807100 H Porapak RUMEFEFE . SEREDS R 2R
LA B S FEAE B IR B 43 50 A 1 100°C 300°CH 65C . &
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HEt B (95% B + 5% B, Rk K 40
ml min~' WARSENR KK, N0 KR &6t
M 3.7 mine N0 ARMES R B A EF & b 7B
FERTIR At A A M A A A I A Y e T AR 3
BRI SR AR

NOBEHEARXN:

F=px V/AxAc/Atx273/(273 + T)

AHFLF R NO-NHEBGE R, B pgm 2 h~ 50
PRHERET NO-NHE L, 1.25 kg m >3 VEFR
SANERZEER(n ;A IRSBEENL
BEA(m?) ;Ac HEAREEE 2 (pIL 1) ; At 6 fa] 4]
B (h) ;T AHRBENBEHNIBEE(C).
1.5 i N,0 REHSHRHITE

M= D (Fui+ F)/2 x (- 1) x 24

M 5 N,O ZIRHE R, 846024 N,0-N kg hm > h™';
F 2l N,O HEHGE B, 2 4 N,O-N kg hm > h™ 51 4
REERE ¢ O KA Bt ] B A S R (d) o

2 4 R

2.1 mEAEXLMEN CHERNRMW

W 2002 FE/NEFHERTHHZ 1380~ 20 em) B L
CEBMEMAELI K 1989 FRRIA IR AL C &
BH+HEATETES Ba#HE L EAHEH C TR

B, g RR(R 2), HIMHE A T 0 PR
B0, A SMNRAVEINA RS PLAEAL AR B
ERTHEEA AVEHENER U EERHES
PLBR BRI N, R Z 3290 8R = Y NK.PK FI4 i fE
CK B T AN KBRS k. +WABREER WA
VIR NO HEB =4 B3N, R Ipcc™p
R EERET,L lmol CO, BIMIEMREN 1,N,0 K
296, LAFATT H [E] 2 NO 4 HE R AR, i E
13a KA RIHEACH 4 FBHR + X KR Co, BITERT (R
2). OM F11/20M .NPK 1 NP % /i1 F#f )2 L G YLk
BRI, 7T AL N0 HER= 4 iR 80 , (B Ak
BEAFEERRKNMER, OM B2 T HimRE BT
Hhn &k B 8731 kg hm™2, i & T 1/20M &Y 3 934
kg hm ™2 ARGEBR T HOBRAERIT , BHZE T M E KK
BT RIThEE, T E X F T M Th BEREE R A
ZEBERKYEEHFIE, T NPK $H2 TIEA LRGN A s
TEHA NO HEB BT = A MBER N, R KSR
FEAEKNIR, 13a RITKI T THY T CO,-CHEN
236 kg hm ;NP RE 0 M H L MR, BB/, W
%t F NK.PK 7 CK, i T2 A HLBfE B MR REAR
AEHEIH 14 N,O HEBCAT 7= A4 W IR = R0, A R A I B
BHEAVEIR KB TRESEARE, Hd NK
& PK, R PIEEEBER Y + B KIBE
BN SARTR ) TIRR

®2 HEIHAN CEARBREBEMNOR

Table 2 Accumulation of soil organic C 1n plough layer (kg hm™2) and corresponding flux of N,O emission

EHH C EME Accumulation of organic
23 Treatment

N,O HE B & Flux of N,0 emission

{8 %W Net greenhouse effect

carbon( kg hm~?) (N,O-N kg hm~%a™!) (C kg hm™?)

oM 10 149 + 590a 0.86 8 731
1/20M 5 286 + 648b 0.82 3934

NPK 1 034  428¢ 0.77 - 236

NP 1011 +329¢ 0.59 38

NK -2 822+ 147 0.59 -3792

PK - 650 + 474d 0.14 - 881

CK -2618+4lle 0.15 -2865

EFIPARTFHAREREN0SEREEKRY. “+ " HEXEC,“-"NBHC,
BRERNY = FAIKEHR - 13x296x N,O-NHH B /14x 44 Note: The different letters that follow the digits indicate significant difference at p

=0.05." + "means fixation of carbon and “ - "means release of carbon. Net greenhouse effect = Accumulation of orgamic carbon — 13 x 296 x amount of N,O-

N emitted/14 x 44

2.2 MERMEMBEEKXRS CO, %N
HYEHERAREKRR CO, B RAVBRILY W

3P TARMGEAETHAEY P CHEHE,
MFEXRMNE, LFEREBAHSE - NPK F1 NP L K

KBLE MUIFE T CEEASRETHER. X AILMEIEER S8 1/20M 4 2249 B E % &



772 + %

2%

¥ iR

BH S NPK.NPHI 120M = HMERAEE,B
BEBTHRMAAVIELE(OM), MFFHRZH
NK .PK fl CK BB & C B F LR 4 405,
FRL BBk & B AR Bk B S EY KR
EMBRLFEBRETR., RENE NP MK F
S BIBERE  FFRLER A B M H I R T SR AN B B AR
AP, WiHRfAt%E N.PF KA T, /LAE NPK.NP
HALIE F A HUIEER & (1/20M) 1t B 89 VE P A BBk &
BETAVLE(OM) K. NPK,. NPl 1/20M By F K
MR SHKESTHNSEYEESKRERERN 41.92%.
42.19%F 42.19% , T OM 38 39.57% , 3% 5+ Gt = B4
4b7 PK.NK F1 CK 9 H B 5 2, 53 51 K 29.86% .
25.619% 1 25.00% , /& B A A E KA LR ML,
NPK .NP.1/20M.OM .PK \NK F1 CK % kb ¥ A7 6L & B%
BEh/hEZBEEmkEEDHA 39.26%.40.00% .
39.40% ,38.63% .37.15% .33.57% l 34.38% , i
RHBRSESHRNKSBERMER, AR NE
AEAbFE FEFFER AT S BE THHEHIE., mMRtE

BEN.PRKHMLHE  OMEHHEMBEY SEHT
NPK.NP #1 1/20M. Bt 855t AL E SR LE S A
PLERSHER FYRERSERE, I HE R K
W BT B R T A R G, W R TR A R AR TE3E
AORE R AH R, 35 2 ML 0E R R B R AE B I 2 B B 2
/T HL 4 BC B RS AT BB X B 2, 3 TR RS
B 80 VB AR X 55 T 2 R A o AL 2

ey LM A BB H A WA, — B1E
Wy K 0 () B 8 95 0 % RO S V30 B A AT R 2
TREYEKBIERRBERNF LY R, BRI
o RMAHBELH AGEYETRERANKE
(%£3), BIREBATN LHENAVNKRM LRGSR
2 DA fb 2 A K (NPK , NP) Fi 5 11 AE R4 A1 4k 2% BE B
BR&(20M AL ERZ, UL (OM)KZ,
AN it BB (CK) 0 3% 47 5k = 49 e AE 4L 3 (NK #l PK) &
> [ I MAVE 4 [ s B FGE o AR P A B T R Y
¥R, L NPK NP #1 1/20M £ % .0M ik Z,CK
I NK % PK HEFD,

®3 EHEHECR

Table 3 Amount of carbon fixed by the crop and distribution of carbon in different organs of the crops(C kg b *a ')

2

9 47 ALK B LA 3 R & it
Crop Trealment Amount of carbon in seed Amount of carbon in straw Amount of carbon in stubble Tolal carbon
o OM 2172+ 18a 2539 +6la 777 £ 6 5489 £ 72a
1720M 2675+ 37b 2707+ 27b 937 + 13a 6 340 £ 35b
I NPK 2717+ 17b 2 791 £ 61b 972 x 12a 6 481 + 103h
K NP 2 680 + 33b 2 686 + 82b 939 + 12a 6 352+ 120b
Maize NK 341 + 11c 869 £ 34c 122 + 9¢ 1 332 + 35¢
PK 528 + 26d 1 048 + 38d 189 + 4d 1 768 + 60d
CK 301 + 26¢ 793+ 54 ¢ 108 + 9d 1 204 + 88¢
S OM 1415+ 32a 1 694 + 28a 554 twl>3;v S 3”()6;75;A
1/20M 1 826 + 28h 2 091 + 46b 714 £ 11a 4 632 + 85
s NPK 1 873 = 13¢ 2162 + 9h 733 + Sa 4770 £ 18b
¥ NP 1 849 + 15be 2 048 + 25b 723 + 6a 4621 +41b
Wheat NK 240 £ 5d 380 + 18¢ 173 £ 7c 715 = 22¢
PK 441 £ 17e 572 + 14d 94 + 2d 1 187 + 38d
CK 229+ 16d 347+ 21e 90 + 6d 666 + 43¢

W AEFHRAREP 005 BFEER  Note:The different letters that follow the digits indicate significant difference at p = 0.05

3 i ®

3.1 TRAEVRERSHEEAN
BA E S A L #E 24 (UNFCCC) B = S 1k

C"EXIAKRS P ERBESAEWIR G
Pl . #% B UNFCCC *TB ESMARIL"ME X, 118
LG AR 14 R P R A AF B3 AR AT LA &
BT RIEM. #E IPCC 1996 EE H B8 M
O LR BRI BT -
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MFI B0 B L BRI B AL X R — IR
X R0 A I AR A RIS e AR A IR
BANT 2 KR Co L B4 T HIB KB

EANBREHREXN AR L HRR SBERG
MAAT R THEIETXXHET TR, SRRETE
BT APERAERLENER S EARRERR
AL C &PV T SO A G2 BE R BTG
M RNAR MR, DREEX MR LR E2H
AL REHE ) RAEE + A LB AR Fr LA K BB A
FHE, WA PIREA N E —ERE FRE ALK
HER. BRMEARET I EAE, HHERERER
BEBRE5RENRE. A THMEERHE L EEE
IR AL SRIWERHATRERAO LR A
AHURAINIE IS B GRS T HA LK
1.%%[24~26]O

2 55 45 SR REIE 55 T i R A DLAE 5 A HLAE 1
BRI AR ARE L IEA L C IR, R AR 6
e AL 2 AR R T F 3 HLBR A B S i — =&
MR HIEA ., MFESEZ N T AP HA IR KE
Bk, ARHFESTEE, REEY-BEM 2T
BETHEEYRR YR TSI L kAR
2 =30 AHFFE T, NPK NP F1 1/20M B Y 7 &
BE mBETMALH L EENKRESEES. H
EWMREEEISNREBR A A, WA D) T A YLk
B EKIBUF A OM > 1/20M > NPK =~ NP > PK >
NK ~ CK, i i+ B B A B (IR B + B HLE#R) 2 5
% 9 408 kg hm™' a~'.5 315kg hm™* a~'. 1 705
kg hm™2a"'.1682kghm ?a"' 362 kghm *a™'.216
kg hm~? a” ' 198 kg hm™? ale T IA LK GE R OY
SRR B BIHEXTH, X3
PR Y=1.3231X-1942.7 (r=0.9840,n=7)
RRFESLEANRBERE (Y Sk AR
(X)# &% & . Graham e, ZEUT 10cm
WAV CHEMEYERBYH ARE MRS,
H e Y B &M T, R B LA YL 2
BT AR, Hokamata ZPHANERF MK
A5 T] DS G AR S R KR CO, IE. AR5
HAF 5L T X - A, B3 0 4+ R A B R i b 4R
VLB B 89 X%, Kapkivai ZPU KB RRB X
B, TEEA L CREBFEFRMER MK KU
i e AN CRERE  EAAVLIERM
AL H B0 5 B H SR AL AR D 49% , 1L AE #0  HL
EESHEAMERFLERAN CREED. EX

X—MEMEBRERE TMHIEE B AKIER
R H, bR S, B BHE R A 2 0 F IR Aot
TSR LEEV CHREK. HEBMAZH L
R K D AR EIESL T B A ST E L C &1
YEM o
3.2 REAESEZEEHNED
g BB B e S BB T BRI i SR A AR GE B
L+ EBEA S AN AR E X F
—AEFHEEDS, FREERRTRANEER
Wi, LR MSBERE, AERBUBRER(Y)
H5HEMAROMERRFE Y=1.3231X-1942.7 A]
EHEEANMBRMETLSRKBARMEREARN
BT AE. HEFREORSATERS T L%
BYLBRERM T EE. LEANBKED PR, L
FABEAANKNER, BESHMEEAEI C
fE R R ARE B N AL HE FH R R B9 N,O HE BT T
HEERMBRFEE— LR, 4 N0 R
MEREERN S TR MK CHEAFRRIKHERN
18 35 SN A 2B, R MR E SRR L He [
BESKIR", B ¥ H) = 2o 5 g, AMEE
SRNATE A AR b 1 A S M R B K IR M 4R R
HPLC e, R L BN R EE L& T LB
N,O HEJC, 6 + 58 IR Z 3L BIC (CO, [ A N,0
He & 8 D) A IR A B (ER AT BE R SE I
Y6 A VE R KR CO, [MA HLk1L & 1L
WXEIR, FEANABRT CELABRETHNE
W, MYBBRLS BERRBESREAIKE A
Rk, MMRBER N, BN ESERNEY
BeAs B AN TR K E 8 A 7= 0 ke k8 T
BB EE T DR IKF B e B L IRKS
AR MHER T LAY ER.
FRABHREBEMEEYEEEMLRKI CO W
feh AR EREFEYEE KK Co, M. 7
=B NPHMKERT,MERBLEER, BikE
BE T AL, 40t kX R & &
BRI TR S B R B, e A A HLAE /b & i
Ei B TR R, KX H A
PLBK 535 30 mg kg™ ', AT AR L L (L # R AE
ZHFA A ERKRTE, AT ,0M HE
MU RA 15 mg kg™, T HEARER T D T
AL IER B B, EEEmE LEAMAF, A
BAEMEYERUORESRES. MRS E
R, A RS L HFFRER, RERE.
EEEEYE C SBYRN, EFSHIEDF
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Tlk, AIX 5% IR, ¥4 e A AL 2 BB K s A PL A
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Z., EEBEAH NPH K, OM @3 EIHMT
RS TREENFE S, EEYREREK
B .OMRBEMF S AR EEYHTE,H5F oM
FF 0L 7 B FRE R B B A B B 0 T A 2 IR B B4
22 8 L0 A ALIE ARG B T EUIE 69 38 Al T e 2
EPHERKNEE, A EERBATWYHETRT, 1
Py A] LA A B 8 A Bl S A AT ORI R S L
FEFF AR 2R & ¢ B U5 AL 2 AR B Bk 27 BE R A HL
BEEAHANE, OMKZ, HEEMAEHEE C
R R A DL L 2 R R BC S R X
KR CO, IRBNER K. R ML E /DN EE
RFE FFBRR 10 B IR AL 38, J0I 4k 4 AE ) 58 WL RL 2
BRI B AN GEAER L RO ER S, R
FRMBREA R L EEHRERNXR, N+
T A5 B 0k 0 A9 R 2 R A2 R R B P b 2 FIE R i
AR, HRALEREYRABREESRE
fild 17 B B A7 100 A A2 AR KL B HL R - AE BL L & e
FARY AL, D\ 22 5 % 18 00 R 1 £ 5 ML F0 1k 2 AR Rt b
e AE 2

Lin WP ERKBESREPREI CH™4E .
HAEMEAEA ST KA P E L C RS e
SEEEM 129%, M 1990 B 2000 4 6], B E K H +
HWEBESAK CO,MICMARREY, XTELH
THRE1ZUEHEEARKAAI CH L, &
X —4REEIIEFRERSGE LA, E5%
WHAAFER R B EEEBEN T L EAVEMN S
L VEVIRS A R E B IR B i i i B BB i ), +
MRS ESR DT Bk AR S
WA ESHRE L EREZEREE. B HE L
PR 13 A H W 23 WP b
HTEFEGOERERD™ERE. BEB, MR
FETEAY CHEE 30% ~ 40% , 2 EAUH 38 7T
RANA YL C 65 1Pe, HREA ML HE C B
NEXK. AEERNCNFEEFTUXR, BEFHK
T NKm, HEEEME, BHFETLETY
AL R IE K AR AT EE R, a0 SR Bk i 77
HRb W, AR T LR MRSEF L Co, B
IR ] Bk S A 3000
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CARBON CONTENTS IN SOILS AND CROPS AS AFFECTED BY LONG-TERM
FERTILIZATION

Meng Lei'*? Cai Zucong' Ding Weixin'
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 College of Agriculture, South China University of Tropical Agriculture , Danzhou , Hainan 571737, China)

Abstract A long-term stationary field experiment was carried out to study the effect of application of organic manure,

chemical fertilizers or their mixture on soil carbon storage and carbon fixation by plants. The experiment was designed to have 7

treatments: organic manure (OM), half organic manure plus half fertilizer N (1/720M), ferilizer NPK ( NPK), fertilizer NP

(NP), fertilizer NK (NK), fertilizer PK (PK) and control (CK) . The treatments, supplied with balanced nutrients of N, P and

K, showed a marked increase in the storage of soil organic carbon, while those deficient in nutrient supply a significant decrease.

Only in Treatments OM and 1/20M, where additional organic carbon was supplied, a net increase in organic carbon in the soil

was observed. The relationship between the storage of organic carbon ( Y) and the input of organic carbon( X) can be well de-

scribed by the following linear equation: Y =1.3231X - 1942.7 (r =0.9840, n =7) . Treatments NPK, NP and 1/20M were

the highest in both crop carbon fixation and organic carbon contents in crop straws and stubbles that can be returned to the soil .

So, if the fixed carbon in the straws and stubbles return to the soil, Treatments NPK, NP and 1/20M would have the biggest

storage of organic carbon in the experiment. However, the combined application of chemical fertilizer and organic manure is the

optimal for agricultural field based on economic consideration.

Key words Long-term plot experiment; Soil carbon storage; Global change



