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Table 1  Fertilizer application rate for different fertilization treatments of the long-term fertilization experiment

b3 HFEMYMIALE Fertilizer application rate for each cropping (kg hm=2)
Treatments N P, 0y K,0 42 Pig manure
CK — — _ _
N 60 — — _
P - 30 — _
K — — 60 _
NP 60 30 — —
NK 60 — 60 _
NPK 60 30 60 —
2NPK 120 60 120 —
NPKOM 60 30 60 1 500
L - — — 1 500
T “—" &R 0;Note; “—" is 0

1.3 TEHARESUE

F2010 4E 6 AR 0 ~20 cm #HZ 0 H4E, 4
AS/NK R R AR IR AD KRR A TC R A8 R
PUip e s s AT R 2 mm 5

A I H I R R U kAT, e
HLER (SOC) : H, S0, - K, Cr, O, ZMIn#A ; 3 P:A Hl
B (LOC) : (1:3) H,S0, - (0.2 mol L™")K,Cr,0,4}
B AR P o LR E Rk . A AR
B —EHBA P L 3k 280 A AL N B — K HE
SEREEE  pH LA (H,0,1:2.5) ; 43 FH B 155
it (CEC) : L%,
1.4 TEBNRSE

AT BT A 4 B 4 R A Six RN
Elliot 2> {55, JFMAE B2 (1) . BARA 3R
.

FREL 50 ¢ B (T, JF 2 000 pm i)
T250 pm G, IEmE R IIA EA R 4 mm 1Y
BEEEER 50 L, K 0 12 A 2 1 2RI K R (AR

FERCATED) A 50 K. K <250 wm AORE S B
Wit 53 pm BT FUEA IR AL R, Oy RS, O
B IEER . DREETE 250 wm G5~ b A4 B A AL A0RL
HHLHI(cPOM,250 ~2 000 pum) ,PREELES3 umifiF I
AR AT R AR (mM, 53 ~250 pm) , <53 pm A4
IRV RL + BERL(s + ¢ M, <53 um) , S FRH BERL,
W25 o FE R B4R &P F 50C UL FREE
PRECE IR B A R AR (mM) 5 g (110°CHE+) T
100 ml 2B H AT % E 4 1.85 ¢ em 7 [
Nal % 35 ml, 3 K5+, L FEIE 83 30 Ik, 2
J5 FEA 15 ml Nal ¥ ok 25048 1 35 T R BE  7E
3500 r min~' F B0 10 min, ¥ bW A4
0.45 pmJERIT 8, JE I E 40 (G (HEAE )
FIBEESUERS I, e Nal IS8, T35 Nal I
AIVEORL ( ARE RISCRI ) | 98 5 T 28 87K o e g A I
BIRE D 3 ~4 YR, 124153 BV A ok 1A SR A ) 440 ks A5 AL
P)(POM) , H5EAF A E 20 pm T 7 I,
TR YE 3 ~4 YR SRGTE 50 ml RN 0. 5% 1) HMP
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B PR HURI PSR (51 H Six F)

Fig. 1  Physical fractionation scheme to isolate organic matter fractions (modified from Six et al. "'
1 : HMP hexametaphosphate , 75 fi i 2 £ ; cPOM : coarse particulate organic matter , K540 A #1 )5t
(250 ~2000 wm) ;s +c_M: silt plus clay fraction within macroaggregates , K F A4 P9y br Al AL 2H 43
( <53 wm) ;mM; microaggregates within macroaggregates , i 8 T < A J 44 PN 59 4 AT R 44 (53 ~ 250
um) ;fPOM:; fine inter-microaggregate POM , {3 [4] R4 1a] Y 41 0k A AL ( < 250 pm) ; iPOM_mM;:
fine intra-microaggregate POM within macroaggregates , BLH T 141 44 Hh Sl 11 3R A% P 190 4 5047 A5 HL S5

(53 ~250 pm) ;s + c_mM: silt plus clay fraction within microaggregates occluded within macroag-

gregates , AL T K A SRR iR A SR A Y A R AR ( < 53 pm)
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1T it Ak 3 L Rt L5 R 1) pH A2 AR A XA TR
R, Z0M KRB, N JE(N NP NK,NPK 2NPK)
AEFE pH P48 CK A9 (1% 0. 08 ~0.34) Tt P
K F1 OM (42, pH ¥4 CK & (& 0.06 ~
1.09) . AIUL, 3T 25 465K i i - SR A iy = 22 s A
EHARHEZER, T 86%~96% , i 2N B9/E FHAL Ky
4%~14% , T P AEAR i SR Ak, 22 Y i
FASEEREIE . 48 2 A A2 i & o AUFE it A ALAE
T B0 T A B4 (43 88 = 16. 3% ~ 19. 4% Fi
0. 7%~12.0% ) , Ifij HoAth it AE AL v 2 R %, 40 7
BT A FTREAR (N FE 14.3%~ 18.8% ) , [A] 4%
PEVLAE T s R — 3, APUIEAEER) CEC 3
o T HA A AL B 5 2NPK R FRA At it 10 IE &b B3
(] A il S Ak B ) 08 A J8 3 2 5, X 5 LAl i 9 3 X
CISEROBIF 9T 45 LA — 20 AT HUAE b B X 4
BRI IEAS I ), X AT RE 2 B T A HLIE B 5 B
gy (AN EOE> <0 8

SR I IARTAH G (9. 39 ¢ kg "), SFAi it FH Ak
JEARF (NPK , 2NPK ) Fljifi A5 HLAE &b L ( NPKOM |
OM) HHEAHLAR & 825 T 3. 9%~ 28.9% ,NK 4t
FHARAE AN K HoAth 45 b 2 - AT HLAR & /R % T
4.9%~15.0% ,Herp CK AbBRF [ e B e K, 16
A B R T F BRSO T TC A AT TR (B
£ NPK 2NPK NPKOM A1 OM 2840 ¥ rp i 25 5 T
CK b (p <0.05)

I ) it A Ak BB X K = i B S IR K, 25
EE K B it =4 (1986 ~ 2010) 4 LA 2NPK Al
NPKOM Ah 34 A 85z iy , 2K ™ d 19 I~ 6 i S Ak
H(NPK,2NPK) > —Jujfi L AL # (NP NK) > —JC
JEAEALBE (N P AT K) > CK ZbFHE XA [ jit A Ab 33
TR K 7 R Y AR R AE DL AT AT R B, CK AR FURN
—JCtE A AL B K AR S R ACROR RO
$60. 6% , M E KK 63. 7% ; Hk Ry — e e, 1 °F
it A LA B Jiti A AL AE f Ak B K 7= i A S R A
BAK(21.3%~38.7% ), &5t ki, rmah
A SRR B UM (r = —0.8477),S0C Al
LOC ¥ 5 F KA =it 2 35 1EAH ¢ (2 R B
B r=0.88""filr=0.74"), Kk, KA X
O kg S it A L B A AR B it 45 HILAE , Dawe 4505
IRFRAAR R S5 e, ARV, AL S
ARNERC G it 3 AT 98 4% A NE X - 3 4 B I3 174 A
RS, S = AT ) RN S BLAE P 38 7= 1 A ARG
P T A PR AR R T+
A AU &, 3 ] DU o (2 VR PR FR A K Rl

st e PR AT HLRR A RS AT AR T
ATy,
2.2 KHEBHERE AL IE 3T T IEF YRR E R RN

JR i Y AL o 5 A IR ALK R
(E2), TEHEEAIRELR Y, 5T WaEE 0
AU LT, H s + e mM il s + ¢ M H1fY
LIRS 4350 o5+ 58 HURR 2 1 319% ~ 53% N
28% ~ 38% , H: ¥k S~ fPOM Fl iPOM _mM, 43 51l /5
8%~ 15% 1 7% ~ 21% , cPOM 4 ML 2H 43 Fe A%,
N 5%~ 12% . M, 13 A SR AR B9 A LK (fPOM
iPOM_mM F1 s + c_mM Z Fll) % 4 38 506G HLAR 1Y
50% LA F(57%~66% )

Jite A ) B S AR T A% b A AL PR 1 A
5 CK AR, A3 HLAC Ab 2 5 2 5800 T 184% ~ 225%
[ iPOM_mM 21 436k ; XF 0 ) 45 & 5 19 A WLAR & A
HH B AR IR0 T 5% 1K) s + c_mM YA HLER , T 0%
WHEINT 1%~2% 1 s + c_M, & TCHLUIE L3 A
AL A, A — T it A 82 v %) s B8 I T — T it
HE T oo it AR P it I, (65 1 2, T
HUACAL B 5 PR AR T s + o M 404301 & it (19% ~
39% ) . FAFIEEREY, JE L SA VLK S POM
A B 3 LA e mM A AL G 41 35 5 4 Sk 2 1F A G
(FERB N r=0.88""Fl r=0.81""), 15
s + c_MA SR A AR (p >0.05) .

PO AT D0 5 A i A Ah 3 FL , 4% TG AL AE 4L 34
Xf BTSN [ AT HLBR FE (BR s + c_mM Fb) JC .35
S 1A HUIE AL BRXT iPOM _mM B JZE FR) 52 i B K
TREZWFFEHME , A AL AE 58 52 A R AR AR 4
BEEER ER Y AR B0 FLY BRN A ERURL E A
TR 3 A T 2223 R e AT ML A Ak B AT L 4 A
iPOM_mM B & i, cPOM J& T # A% 47 19 K A1 A
PR A SR A 22 [) ) REL SR A5 ML, 558 ) % 40 i, T
B S T RS2 ESE N 2R ) T4, i A £
A ML T AR
2.3 KHIMGEIEAIERT T AN AR ERA T

Zoat 59 d W E NAFAREESR, IR CR AP +-
1) R 3 FE IR Y CO,-C 1) BRI F) 79. 3 ~
270.1 mg kg ™', i AR 4 94.3 ~358.3 mg kg ™',
M AR HA 58.8 ~205.9 mg kg ™', M3 1]
DAF Y []— i AT A 31 v, AS ) 4 384 #1122 1) J)
BRI R R A ) 4 5 17 ] —Ar %+ 64 L
I, R TR AR AR B R 384T MUK A 8 75 o 1,
FeE s A E — B 2 S, R LT, 5
CK AbFEAH HE , A7 MLAR AL B+ SERFI RS CO,-C B
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o 1 cPOM 0 fPOM £SJiPOM mM [ s+c M stc_mM
a
S5 l abc
V]
2 l abed
= 7 ] abed
o 4 ; ] bed
i) A C
o 7 % % 1 a
g gﬂ 2 7 j 7 bed a
5] ] c ]
sE, b/ d7 % d a
E R 7 ] g 4
£ 7z % ] 7 %
"H ] b ] a
g ‘I
s 2 a
ab
ab b ab ab
ab
| b b b ab
b
b b b
O 2 sl 2 L —
N K NP NK NPK 2NPK  NPKOM oM
Kb 3 Treatments
P2 AN [ AL AR BT - SFEAN TR A AL 2R AT B 75 &k )52 )
Fig. 2 Effects of long-term fertilization on carbon concentrations of different soil organic carbon pools
T 2 [ — B RS [R] B 7R A [ it AT AL B =2 ) 22 5 g 2 (p<0.05) SR 2L N EE I FR IR 2E (n =3) Note: Values fol-
lowed by a different lowercase letter for the same organic carbon pool of different treatments are significantly different. Bars represent
mean standard error (n =3)
F3 Rt MEAREURSHIFHBIFRER CO,-C RRME(CO,-C) REFRH
Table 3 Cumulative CO,-C of soil, microaggregate and silt and clay respiration (CO,-C,) and half-life time (¢,,,)
JF+ Soil (<2 000wm) AR mM (53 ~250 pm) MHKL s + ¢ M ( <53 wm)
gz}
i CO,-C, C0,-C,/S0C L CO,-C, C0,-C,/80C ly) CO0,-C, C0,-C,/S0C i
Treatments
(mg k™) (%) (vear) (mgkg™") (%) (vear) (mgkg™") (%) (year)
CK 79 0.99 53 94 2.04 278 59 1. 86 655
N 85 0.97 80 96 1.95 119 62 2.53 218"
P 84 0.95 200 110 2.39 80" 78 3.10 35"
K 109 1.23 219 104 1.78 104 85 3.32 63
NP 132 1.49 225 109 1.79 197 86 3.87 94
NK 106 1. 19 141 109 1.83 64 79 4.11 204
NPK 127 1.43 72 118 1.58 526 78 3.62 190
2NPK 138 1. 56 39 147 2.47 50 83 3.46 113
NPKOM 270 3.04 25 358 4.99 18 206 6.44 93
oM 203 2.28 37 287 4.20 28 163 5.08 91

D)W T p> 0.05, RS MR(n=3);p>

0. 05 the data is excluded for discussion
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SRR R, I HH ) i AR A AR N 9 2
WA (R 25 ~ 37 a), H U N1 i AL (NPK
2NPK) , I HL B 25 it AE 5 35 T, 5 LR ) &1 5 o R
Jpe o S AR DA K o it A A A ] G R
18 PR, EMERE T, 5 CK M, 2
A HLACALFE Y (OM NPKOM ) JE %% R 5 ok, > 22 10
B (18 ~28 a) . [ 2NPK F1 NK AbFEAL , HoAth it AT
Qb PP e R R 3 A 1 o A, Herp NPK A 3
() S e R 1% R RS, A ML AR 38 18
5 ~29 %, TEMS BRI K Kb B A J& 5% o R ae e,
PR (2 63 a) , AU Z , T
AL A CK AL BRI

] — L A HLIR T, IR BT CO,-
C 1 SRR b7 A HLRR A9 H sk, AR R A 2 52
WM RARECR R R B X 1R i R
A (] M X B e RARSE . DL, FEAS TR %
T3 TEALE AL 3 (— Tt AL | — I A LA K P i
JEAE ) H3EFI R CO,-C Y B F & 3 L
BB Ee AN A AL AR B 1/2 ~ 173 T AH B 7Y
g A MU AL B 2 £ ~29 5,

5t BEAR EL , i P A7 ALAC S 2 4 s T R A L
Tk PR 1 JR 76 8 (34 % ~ 52% ), T A1 i3 A5 HILAE Ak
PRI A AL E B, — oo oo AL
Jiti, ALK BAR R T 7% ~20% ,fHIE M T
IR W T LS % ~2.4 15, it
S5, R 2 I S JE - v SOC #LOC B i
FAIENE(p >0.05) , 15 LOC/TOC Z [8] {1 Eb 5
WEMIEMIE(r=0.66"), "L A YL EES
LB (W 2 R LA B A ML P B 06, X R4y iR
FrtE— 2D AR, it AR 2 B A PR 1) A AL AN AY
ATV E AR B AL SR 43 1 HL 38 A DL E -
B R e AR S R, AR
BCAT A , %+ HEnF 0 BAT I JF4E g B 2
ISR A R, G IR IR D)

3 45 ®©

it A Ak 8 5 2T S R Ak R, DG L DAt 4
AbFE(N NP NK NPK 2NPK) 2 fb 72 B 5 5 5 1l A
HLUIE (NPKOM ,OM) it FHANME AT DAy 2z + 35 iR 1k,
AT AR K ) 7 Fa™

KWt AL 34 i T SOC A1 LOC 19 75 5, Horp U
NPKOM Ab3 i o 4 35, MG AT WLk P 3 o0 9, A7
MU B 32 55 T ¢POM  fPOM iPOM_mM 2H 73 B¢

B &, X 45 G B ALK (s + e_M.s + c_
mM ) JC I R 1 JCHLAE XS A HLBRZH 7 (BR s + c_
mM 453850 ) A B3

A B AL B ) 5 AT SR A v SOC 1Y i 38 %% e
1o, X 5 AT R ARTE L B & A O, HOROy
T TR R T A ] 2 AR AR AR 5 e o LR 1Y
M5 LOC/TOC 1Y L E 2 W 3 IE A ¢, i 5
SOC KRAAEE, MLl L, SoC W R AH 5k
HIRIAA &, 38 5 Bl 1 20 0 B M AT G, AR,
KRR SR T, SOC Ji AL ML 5 4 45 41 4y
B %) 6 R A Rl — 2R 5E

2 % X o
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EFFECTS OF LONG-TERM FERTILIZATION ON SOIL ORGANIC CARBON POOLS
AND THEIR TURNOVERS IN A RED SOIL

Abstract

Wang Xuefen" > Hu Feng'’

Peng Xinhua

Zhou Hu*  Yu Xichu®

(1 College of Resources and Environmental Sciences, Nanjing Agricultural Univeristy ,Nanjing 210095 , China)
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331717, China)

Effects of long-term fertilization on SOC pools and their turnover rates of a red soil were studied using soil

organic carbon (SOC) physical fractionation and chemical analysis methods. Results showed that balanced fertilization

(NPK,2NPK) and organic fertilizer application (NPKOM,OM) significantly enhanced maize yield and reduced the tem-

poral variation of yields,and increased the contents of SOC and labile organic carbon (LOC) as compared with control

(CK). Based on the five physically fractionated SOC pools,s + c_mM and s + ¢_M associated C accounted for 31%~53%
and 28%~38% of SOC, followed by fPOM (8%~ 15% ) and iPOM_mM (7%~21% ) ,and then by cPOM (5%~12% ) .,
Organic fertilizer application (NPKOM,OM) significantly increased POM associated C pools (cPOM fPOM and iPOM _

mM) , but had no significant effect on mineral associated C pools (s +c_M and s + c_mM). As a result,the turnover rates

of SOC were the fastest in the two treatments. The turnover rate was positively related with the ratio of LOC to SOC (r =

0.66" ) ,but not with SOC. We can conclude that the balanced fertilization and organic fertilizer application can improve

soil fertility but also benefit SOC accumulation.
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