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M 2003 4ETF 417, R AT GPS JE i £ AR 7E j At T
PR BB N B8 B v A HLAC 7 (1182347 ~ 1199147

E,31°23" ~31°48" N) BEHL 9 A~ b B A £ 31 W i
KB (1), A mE L 0.5 hm?, i + 0
F R U AR A SR . Ak JE
oy 25 KA AR BE K i 1037 mm, AR R,
i 15.5 °C4EH H MR 2 146 h, 50 HF GG T, 45 Hb 3k
A PSR A g sk, - HE SR A B AR, 2003 4R
A HIEHFZE (0 ~20 em) Y EEAR TR PET L3R 2,
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Table 1 Different crop layouts and management modes

Pk HA M P 2 B B T HLAE
Planting patterns Latitude and longitude of each plot Management mode Crops
OR 31°35'10"N, 119°03'55"E Z A HVIE R R A PLIE, Efk e s, AR, 8 N8 b AR,
31°35'10"N, 119°03'58"E B AT R A PYLLAN 55 3% , BN, R 4 AR 1Y
31°35'12"N, 119°04'01"E Vi
ZH 31°35'24"N, 119°04'01"E [A] | [7] |

31°35'25"N, 119°04'03"E
31°35'29"N, 119°04'04"E
CN 31°35'45"N, 119°04'07"E
31°35'44"N, 119°03'59"E
31°35'36"N, 119°04'03"E

RGN ACHEF A 25 2 AL 25 B A [

1) OR, A ML &% H Fp A 4 2 (2003 4E R4S H HLIAGE) 5 OR stands for organic cultivation in open field ( certified organic since 2003) ; ZH, A #L K
B b AR X (2006 4E #4545 HLIAGIE ) 5 ZH for organic cultivation in greenhouse ( certified organic since 2006) ; CN, % M A4 #% 2 ; CN for conven-

tional cultivation. | [i] The same below
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Table 2 Soil physical and chemical properties as affected by cultivation mode

A A A HLEK A R A B L
P
* Bulk density Organic carbon Total N Total P Available P Readily available K pH
Planting patterns R : : | : .
(gem™) (gkg™) (gks™) (gks™) (mg kg™") (mg kg™")
OR 1.64 £0.04 9.34 +£0.49 1.31 +£0.12 0.21 0. 04 19.35 £2.98 148.8 £13.1 5.86 £0.09
ZH 1.65 £0.01 9.22+0.10 1.29 +0. 17 0.18 £0. 01 17.95 £1.70 143.8 +16. 1 5.79 £0. 04
CN 1.67 £0.02 9.27 £0.23 1.36 £0.07 0.19 £0. 05 18.40 £0.71 138.5 £23.6 5.82 +0.21

1.2 R®iE

Ak B R 3 RBP4 LR BB R
4 (A HLEEHLFI T OR 22755 A HLCH AR 20
FR) A — A HUGE A RBE SR 4L (CN) L
2006 4F 335 HLIAIE B J B RIS ZH 159 56 7
5 T 2003 4E 31545 HLIAE 1 5 B A MK OR,
o4 AT 0 S 5 A7 WL A B 1 3o 0 X B
Rk

4 8 He ¥4 R IUR A 19 77 2% RO 2 5 1 9 2
W 1, OR A ZH Hi 04 HLIE (5 2800 B8 =
0.5 x 10" CFU g~ A7 WL # ik =250 g ke~ AL A

612.5 mg kg ', pH 6. 24 ) &4 5 BB A DL &
A B INIE Y, AR B R B SR T B 7.5
hm =%, I FLICHE (R Ak 2 80 S, SR FH B 3R AR
it B I6 0 B . CN AR A% X 32 2 FH JR & (N,
46% ) I WEIRES ( P05, =16% ) F AL ( K,O0,
50% ), 4 B 2R 6% SR it AL i Dl 200 ~ 400 kg hm ™
A W R EE 10 0.35: 0.15 [ L] it I
LR S NSRRI TE 3 9 &
SR (& o A7 R ) o AR R
7 AR — 2
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AWFFE A 2004 AEFFAG , BERG—4F T Rk e
R FHAR AL e 8 ~ 10 D RAE AL, KRB0 ~20 em L
ERY A IR G 5 5 B I ok AT R DR B
Tkg 7o 47 AR 4900 M 5230 %5, 1 AR I T JF LB
YA ZR Bk 5 W 2o 0 25 H o

A R R T E 5 A LR A AL
LW AR R pH I E 275 SCEk[ 11 ] 5 &
Y8 I B8 5 ) 4 ORI 43 85 5 MR Kumada 261 9 7 3%
FH 0.1 mol L”' NaOH +0. 1 mol L. Na,P,0, B &K
( pH = 13) E Jy 4% B 5 2 J; w] 48 B8 46 9
(HE) (B RR (HA) B9 & ik it R H] 556 TR 40 1 (8
e BR (FA) & B iR 28 02 4R 7

AR I LR 1 Ol A M BT SR AT O e
(722N BG5BT ) L A6 TR B8 ( AlogK)
R B, /B R FoRT Horh AlogK i i
2 (B B ) £E 400nm WE O 1 XF & (logK) 5
600nm W 't {F 1) X K (logK) 1 Z 16, E,/E {6 2
BOR (B0 LR ) 7R 9 < 465nm 5 665nm b 73 531 il
SE 1Y WO R 1Y He A o
1.4 ZIELIE

e di >k SPSS 16. 0 #E47 J5 22 534, [F] i J1) Ex-
cel 2003 2K,

2 4 R

2.1 AEAMEEXATEbTIEENHRSENTH

AN [ o A A X5 ) - A LB A FR R
5 (3R 3) Won, 5 2004 4EAH L, & 2012 4F OR A
HURK 2 115 I 34.53% , 22 53k 4 i & K (p <
0.01) ;1M ZH 75 A B4 07 01 - A Hlak & &A%,
283 = AR HE 4 ) (2004—2006) J5 , 1358 A BLAK 3
B ,2012 4E 45 2004 AEHE N 125. 0% , 22 S 4 g 3%
(p<0.01) ;1M CN £ 2012 4F 1 58 A HL K & 2 48
2004 AEALHE N 11.11% , 22 % K5 2% OR Ml ZH
BUR & S 0R B KT CN, 36 3 1 W 45 S 3k ]
VL 11 ,2004—2006 4F (8] 3 Ff FoAf 452X F 19 A
MLBs & i ¥ 00 3 22 55, & 2008 4F )5 ,0R \ZH 11y
THEA PR & At CN, 22 5 8 (p <
0.05) , - 576 A HLANFE AL F R B AT+ A AL
f i FLER o

2004—2008 4F, OR + 34 PLAk & & & T ZH,
2008 4FJi5 , AH 4 T R B R) B4 A OR, A il Ao i) 45
F0) ZH B A Lk & G AL, 2 2012 4R
PLANAE 6 4E 19 KB ZH G HLaR & 5 2 B 3
o TAHLRAE 9 4F YR X OR(p <0.05)
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Table 3 Change in soil organic carbon content in the top soil as affected by cultivation mode

HITE e - 47 L A & Soil organic carbon contents (g kg ')
Planting patterns 2004 2006 2008 2010 2012
OR 11.41 £0. 51aA 13.23 £0. 87aA 13.21 £0. 62aA 14.49 +£0.42aA 15.35 +£1.41bAB
7ZH 9.29 +1.89aA 10.94 + 1. 36aA 12.99 +£2. 18aAB 15.53 £1.39aA 20.90 +£3.45aA
CN 9.00 £0.97aA 10.53 +2.26aA 10.72 +1.42bB 10.32 £0. 63bB 10.00 £ 1. 10¢B

7 s ] — 3 s KNG FRER TR 0 B 7R 7E 0. 01 F1 0. 05 /KF 2273 B 3#  Note: The different uppercase and lowercase letters in the same col-

umn mean significant difference at 0. 01 and 0. 05 levels

2.2 AE#MERXTHEEERARREFEEWL
2.2.1 A ARRRSE ST b 0 B 5T A% A o0 Bk
MAEAE S SR S e A LR B B 2 R
O3 R R VE 22 52 A Al o PO R B AR T, R
SR AL A5 WO (HA) L LR (FA) W iR
(HM) o HA 255 5 v fe 35 BR B9, HORR E 85 FA 22
/N BRI, R BH 1 S i i, N A A IR
REBER L FA G FREUN SRR AR
JEB R BERIE R HA (9 — 24 ot , SO HA 23 i 19
— % 7Y, A8 HA B9 BUR FIHE B b R OB
TR

i 4 A, WO AF H OR \ZH (CN By - 38 & 5L
BRTE (Cpy) i 42T L0 43 308 15.7% ~ 19.2%
12.8% ~20.2% 17.3% ~19.9% ; BB (C,, )
EARR B R 13.4% ~ 15.7% | 13.2% ~
16.3% 11.7% ~13.7% ,3 FAHIEL T T BOHEE +
B AT PEIUE T A Y DL BLR A TR . Hod
i BRI 20 1, OR (ZH (CN % [ 1 J8 5 i 41 o7
T i 4 LU 91 327 o il b AR AT PR ZE K 5 0 O P 2
SO SRE/N o T  4 Hp RT B IO AR T R R (C )
FEIX 3 A AR AR X b 35 Bl A AR AT IR AE K A BT R
PSS A PR & & AR %, N



5 11 ¥

ERAE AN A AR ST S 9 5 5 2 0 e 1 3 A5 Ak

89

2004 4E % 2012 4 ,CN . ZH H1 OR f +3E C,, & &4
SIBAIN 12.15% 86. 17% 1 13.82% ; + 4 C,,, & it
Ay BN 14.91% (152. 8% F1 17.87% 5 C,, & £ 4%
BN 10. 40% 42.55% Fi 11.42% , CN 4 HE g 5
JoT Bl AT 20 3 B o B BEOAR B 8 ZH OR [8/)h, ZH |
OR 1 ¢ J&& 58 J57 4% 2H 43 7E 2012 4E % 2004 4E 447 2
w L IFA I E RS (p <0.05) 53 4h, ORZH A
CN 1 Cyp M 2010 4EJ5 22 5 5 % (p <0.05) ,Cypy A
2008 4F G2 R B E (p <0.05),C,, & 2012 4F 2% 5

% (p<0.05), MUILAEH, &t # K mf A A A [
Pk A X, M 4 T 40 ik i S R K
X OR \ZH, 7£ 2004—2006 4 [a] , 45 AL #H 4
B (9 OR W] 2 U 78 07 50 SR A e BL R 19 Bk %
FAA WL AEBR A8 09 ZH 75,15 OR M1 ZH fiy a2
B B I R0 R 1 B A 22 S W R OR W
Z2 5278 /N JF N 2008 AFFFE UG ZH 1 B T 4 43Rk

HEOR & o
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Table 4 Trend of the change in variation of the relative contents of soil humus components as affected by cultivation mode
P T AR MBS 5 B LR
Extractable humic substance carbon Humic acid carbon Fulvic acid carbon
Planting year Planting pattern
(kg™ (gke™) (gke™)
2004 CN 2.88 +0.33bA 1. 14 £0. 20bA 1.73 +0.26bA
ZH 3.11 £0.58bA 1.23 £0.33bA 1. 88 +0.24abA
OR 3.98 £0.35aA 1.79 £0. 15aA 2.19 £0.21aA
2006 CN 3.41 £0.55aA 1.31 £0. 15bA 2.10 +0.23aA
ZH 3.76 £0.54aA 1.57 £0. 29. abA 2.19 £0.32aA
OR 4.23 +£0.29aA 1.98 £0. 16aA 2.25 £0. 13aA
2008 CN 3.48 £0.38bA 1.47 +0. 16bB 2.07 £0.24aA
ZH 4.24 £0.76aA 2.12 £0.32aA 2.12 £0.20aA
OR 4.11 £0. 28abA 1.98 0. 10aA 2.12 £0. 16aA
2010 CN 3.02 £0.30bA 1.21 £0. I1bA 1.79 £0. 16bA
ZH 4.23 +0.76aA 2.18 £0.23aA 2.04 +0.23abA
OR 4.22 +0.24aA 1.94 +0. 08aA 2.28 £0. 15aA
2012 CN 3.23 £0.21cB 1.31 £0. 14¢B 1.91 £0. 14bA
ZH 5.79 £0. 74aA 3.11 £0. 16aA 2.68 +0. 14aA
OR 4.53 £0.20bAB 2.11 £0. 08bAB 2.44 £0.15aA

R — 20 [ — 454 R TEA R KNS 7Rk 5 2R AL BRAE 0. 01 A1 0.05 /K 2253 8 3% Note: The different uppercase and lowercase

letters in the same column mean significant difference in the same year at 0. 01 and 0. 05 levels

2.2.2 N[E MR 8 B 5 2 AR A L 41
AR Al > 38 B B o 2 73 ik % R 19 2 e 1 4% 2 oy
AR AR EE 51t 2 B — SE R PR R A (R 4) .
B, mT U i B AR Cyp /oy 8 PQ (R 3 AT i 4
X L 9 A8 A B . €/ Cry B8R PQ E 1 S i 41
AT JEE A 5 A, 2 A0 e S I A T SO 5 ) — A
HER AR, PEBOR, WY BORR R o T
Ko U g Al TR

B LA ST Cy/Cr fl PQ LAY 224
HFEEA —F, o OR\ZH (CN | C,\,/Cp {E 73 51
4 0.82~0.93.0.65 ~1.16.0. 65 ~0. 71, PQ {H 435

7 0.45 ~0.48 .0.39 ~0.54 .0.39 ~0.42, 0 %1 OR,
CN 1+ 48 C,,,/C H1 PQ {E Fifi 75 Bl A AT B A9 4E < A8
L BE s /N, ZH + 4 C,,, /C, H1 PQ {H B 25 P AT AR
BIL ) SE < A5 A W 3 AH 6T 3K, X2 T ZH A AL
KM X, A8 VR 00 &, B4R i A 09 A HLIE &
K BOE B A 52 1 58 T 2, A A T - 588 58 Y
SH A Ak, i T 4R S R AR Y B, ORVZH )
Ciun/Cpy B PQ HI & T CN, BN R I 220 Wi 45 2R
W ,OR Fl CN 1y C,,,/C,, M PQHZEF R FE (p <
0.05) ,ZH £ 2008 4EJ5 5 CN £ 53 B2 (p <0.05) ,
DL b U B A LR R A 3R A A LR A A b
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Fig. 1 Trend of the variation of relative proportions of the soil humus components as affected by cultivation mode (a. C,,/Cy,, b.PQ)
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Fig.2 Trend of the variation of optical density of the humic acid as affected by cultivation mode (a, E,/Eg; b, AlogK )
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Fig.3 Trend of the variation of optical density of the fulvic acid as affected by cultivation mode (a, E,/Eq; b, AlogK )
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DYNAMIC CHANGESIN HUMUS COMPOSITION IN VEGETABLE SOILS
DIFFERENT IN CULTIVATION MODE

Chu Hui' Zong Lianggang'" Wang Zhangyi' Xie Shaohua' Yang Ni' Luo Min’
(1 College of Resources and Environmental Sciences ,Nanjing Agricultural University , Nanjing 210095 | China)
8 ying Ag: y ying
(2 Organic Food Development Centre ,Minisiry of Environmental Protection , Nanjing 210042, China)

Abstract A long-term (9 years) field observation was carried out in the Plank Organic Farm in Nanjing to study dy-
namic changes in soil organic carbon and soil humus composition in vegetable soils different in cultivation mode (organic
field, organic greenhouse and conventional field). Results show that the 9 years of vegetable cultivation increased soil or-
ganic carbon (SOC) from 11.41 to 15.35 gkg™', from 9.29 t020.90 g kg ™' and from 9.00 to 10.00 g kg ', humic acid
carbon(C,,) from 1.79 to 2. 11 gkg ', from 1.23 to 3. 11g kg ' and from 1.14 t0 1.31 g kg ™', and fulvic acid carbon
(C,,) from2.19 t02.44 g kg™, from 1.88 t0 2.68 g kg ' and from 1.73 t0 1.91 g kg ', in the organic field, organic
greenhouse and conventional field, respectively. The increases in the soils under organic cultivation either in open field or
in greenhouse were significant, but not so in the soil under conventional cultivation. C,,/C,, ratio and PQ value are two

important indicators characterizing quality of soil humus, and were both higher in the soils under organic cultivation than
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in the soil under conventional cultivation. E,/E ratio and AlogK value of soil fulvic acid increased, too, in all the soils,
but the increase grew more significant with age of the vegetable cultivation in the former than in the latter. Aromaticity of
the soil humic acid displayed a trend of declining first and then rising, which was not so significant in the soil under con-
ventional cultivation. All the findings indicate that long-term organic cultivation may not only be conducive to SOC accu-

mulation, but also promote the process of soil humification.

Key words Organic farming; Soil organic carbon; Humus; Humic acid; Fulvic acid; Dynamic changes
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