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1.1 #HREXHER

R E R T MR B A T A B LR LR, T
TR AR BETR, HA B TP D g L I b
J& T B P DX, A A I A R Rl v 2 KU
EXREA C, EYBKE676.5 mm, I H M
2 491 h, TFAYIA125 d. 4 582y 15 b
RIKFE . BHERXAEFTRMT . ALK& &
10.36 ~22.54 g kg™', pH 5.40~5.91, BEX
0.101 ~0.295 mS em™', BEELA . A RCHE A S
HRMINA23 ~ 1175, 15.3 ~31.0F146.5~111.0
mg kg™ RHERYFAE DL,

F1 ARFARFERBEHIEEKRFR

Table 1 Basic situations of the studied paddy fields different in cultivation history

FEAFR b P TR B Ji R
Cultivation history (a) Geographical location Altitude (m) Surrounding
5 E 125° 41’ 22" , N43° 02’ 39" H391 i
20 E 125° 41’ 20" , N43° 01’ 24" H391 oA 5 e I
50 E125° 36" 21" , N43° 03’ 09" H392 i

1.2 REHE

VEEETF BRAEFRAT 905 a. 20 a. 50 afRGH Ky
WX G o & RAE ST JLAE KRS SR 35 DRk
5187, MR T HWIFURIRRL, # A, e
BLEEAR —F, 2014455 H 2 H #E47 - HEAE 5 R4
BEREAHAR3A M (LB ) fEhEE, AW
HeBELIE G B, WA — e . SRR E
O~ 15 em, 15 ~30 em, LFEHTFISEE 2 [ 4R K
T, 2 mm. 0.25 mmif 45 o
1.3 mMESHENE

TR OKE®EY R (WSS ) | W @
(HA) . &HM® (FA) FEIHE (Hu) HEH
R G B U BRI FRIGE0.25 mm i A9 KA
FHES cFELE T, MAS0 mIZEM K I
A1, F (70 £2) CHEBEAKEIRG & Ik 5 HU

h, BRI L WCAWSS, B L T A
30 ml 0.1 mol L”' NaOH+Na,P,0,iE & W,
(70+2) CHE/KBRG I h, 2.0 050
IS WONIER YR (HE) , FH0.5 mol L™' H,SO,¥
FpHHN1.0~1.5, (70+2) CHHEIREKEH PR
1~2h, FESRE, LWERNFA, VIR NHA,
B TR R F Hu

HA Y 32 ORI 216 R FHTHSS & PE4R B0 2,
FREC2 mmifii £FE100 ¢ T2 500 mlBEESH A,
Al mol L'MJHCIHEpH A 1 ~2, JIEL h,
0.1 mol L'MHCIHH EHRAX LK1 10, FE3hBE
BT h, REE.G, S8 EER, M1 mol L'
NaOHH AL JEULUE (pH=7) , &L h, H
0.1 mol L™'AYNaOHNF UL TE vh E B ES A, I
FARA LKL 10, HPRARASA, B K
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HE L, i LW Y (HE) , H
6 mol L'AYHCHH ZHERpH=1.0, & 12~ 16 h, {&
HELDE A2 LW, FHSIE MHA . FH0.1 mol L7
FKOH fEHAI I ABRKCL, HKHE R
0.3 mol L™, #E 1hj5, ML, A LER.
6 mol L™'HCIIH 47 B W pH=1.0, JH&E12~ 16
h, B#ECEF I LR . 30 mIHCL (0.1
mol L") +HF (0.3 mol L") RIWHARET Y F G
B Wi BTSSR BEHA TR

- 3 p HA H 52 258 03] SR FH R A7 3 A Rl R 2R AN
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53T
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PQ CHARLIR 5 J6 5 5 1 L 491 ) B HA AT Bl
fiie & i S HAFIFA T A ALK & & Z A HeAE s HY/C

HHHATEICE SRR Z I AlgK({E
A IS B W) VS WA B K 400 nmAT600 nm AW A
Xz 2%

FExcel 2007 %5045 247 73 A FAEIEL, HISPSS
AP LSDIL ST B 22 5T

2 RS 1HE

21 ARARFERBATERARBLMROTHL
AN TR T B A B AR P 4 9 LR B o LR 2
20 0L, BT RAFERRSE M, RZ 1 (0~ 15
em) BIpHHJF RS alf 195,798 % FIEZEIF 20 a
I A95.49, HSFREIFRS aF20 alf] Z 5 EA L
Z, THIFR20 aff0.187 mS em ™' BF FIFEIT
B50 alf#90.360 mS em™', WEKZEHHE (15~ 30
em) pHESE NG FAHBHRHESERE, 7
KA MR F)Z . BHIFRS ~50 a, :HpH
M SR EFb . HEpHA LT RE R TR
I BE & + BRI AR A pH R R, I BI5
1 F K W K S SO E A B IR RS RE T T
(HY) , il HYERR BT, +3 pH LT £
e SR HIEE B IR bR, B LA
MIT R kA (Rok)

R AREAREREHTIEERBUERMOTL

Table 2 Basic physico-chemical soil properties of the paddy fields different in cultivation history

PR R 5% B A B
Cultivation history Depth pH Electrical conductivity Readily available N Available P Readily available K
(a) (em) (mSem™) (mgkg™") (mgkg™") (mgkg™)
5 0~15 5.79 £ 0.10be 0.206 + 0.005¢ 106.5 + 4.0ab 42.1 £ 3.1be 22.7+1.9d
15~30 5.89 +£0.11ab 0.153 £ 0.008d 105.6 + 1.9 34.7+3.4d 34.6 £ 3.7be
20 0~15 5.67 £0.10cd 0.187 = 0.009¢ 84.7 £ 3.4¢ 457 +3.2b 32.9+1.9¢
15~30 5.80 = 0.11be 0.149 = 0.005d 81.9+1.5¢ 36.1 £ 3.2¢d 38.0 = 1.9ab
50 0~15 5.49+0.11d 0.360 = 0.030a 112.7 £5.5a 51.8+4.2a 34.6 + 1.4bc
15~30 6.09 +0.14a 0.327 +0.022b 107.0 + 8.9ab 37.1£2.7cd 39.7+ 1.4a

W P « b2, F—dh EHE/NG FRAAEZE T B, p<0.05. FEINote: Means = standard deviation. Different

lowercase letters in the same column represent significant difference, p <0.05. The same below

HR2m 0L, B RAER M I, K2
(0~15 cm) HIEHAA ST HEHITRS alf19106.5
mg kg /D EIFR20 alif84.7 mg kg™, fEIF R
50 afif X FJFZE112.7 mg kg ' H2ERMEBE; A5

TN QIR 1 B B R . WK )E (15~ 30
em ) THEGHACE L A ROBE R A ) R AR AR
ARFZEME . FBHIFRS ~50 a, HHEHEMEA.
AR TN A N T 0.24% . 15.8% .
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ToRBEK, AT B 5 B 2 138 b 4 o 1 4 fi
IR it A i 23 4 e B Tk 7
22 AEAEREREHIEEGNREBERAK

BTk

AN ) I B AP B3 A FH - 48 % 6 5 Jo 4 4 1) A AL
WA 3, BRI, 38 5 R 4 5 A Hu
A, A B SE REEmNT0% L L, HIK
FHHASFAH 5 IL20% A4, WSSEEER/AZ L
1%. FiEFFRAERMIE N, RZE (0~15 cm) +
BEA P S P RS alf (14,11 ¢ ke ' W3 LT+
EIFR20 afif(919.83 ¢ kg™', 7EFFR20 aZ50 alf
EZRANEE; WSSHE ., FAGHE; HAGRENFR
5a%50 alll ZF W ARE; Huf il JF RS alif
6.8 g kg_lfk%iﬂ‘iﬁ;%ZO afify11.5 g kg_l,
EFFR20 aZE50 all ZFHARE. TRZ
(15~30cm ) 34 PR LA K 45 J65 58 0T 4 4 % ot

AR RZHFE . FEHFRS ~50 a, WSS,
HA . Hu& #0948 m45.1% . 22.1% . 69.8% .
73.1%, FASGE FIHE11.0%, X al e h T /50
WU R, T BRI A HLAR 5 = I,
PR — B R G, HER R A ek,
A P A BLRR B30, TR R B ek T A
W RRAS, A AW R 1 T ol Y IR A
M RE A, DT 4 A BLAs o0 il Re g o, 1
SERA HLBR & TR T, SR R
JRAS 45y (WSS, HA, FAMIHu) AHLEK & EZ
A g B AL AT ((83% ~92% )
UL R Z RN J— T, FHEHIFRS50 a
55 atfith, HHERAAHRIEINEL6.6 ¢ kg™’
JEFE R WSS FA . HARHaE & 250k
0.08. -0.16, 1.41f15.02 g kg™', HIEE }6.35
g kg™, A HLERIE EA96% , Ui A2 R 2
BN

R3 FEARFEREATEREBERASBNKRSE

Table 3 Organic carbon contents in the soil and various fractions of soil humus in paddy fields different in cultivation history

TFRAFEIR o FHLFR Organic carbon (gkg™)
o RAEGRIE - - —
Cultivation history Bt KM BT LR AR R
Depth (em )

(a) Soil Water-soluble substances Fulvie acid Humic acid Humin
5 0~15 14.11 £ 1.52b 0.134 £0.074a 2.893 +0.428a 2.225+0.494b  6.842 +1.193b
15~30 14.90 + 0.66b 0.138 £ 0.056a 3.161 £+0.470a  2.609 £0.577b  7.159 = 1.774h
20 0~15 19.83 + 1.86a 0.143 +0.093a 3.084 +0.089a  2.460 + 0.338hb 11.46 £ 0.83a
15~30 21.00 £ 1.92a 0.144 £ 0.039a 3.204 +1.838a  2.630 = 1.251b 11.51 £ 0.20a
50 0~15 20.05 +1.22a 0.172 £ 0.094a 2.628 +0.547a 3.381 +0.053b 12.06 £2.67a
15~30 22.03+2.12a 0.259 £ 0.094a 3.106 £ 0.323a 4.825 +0.743a 12.18 +3.10a

23 ARARFREHITIEPQERMTK

PQ {H WHAEE TR (HA+FA ) TPy Hufl,
S i M A T R 4 ) — S EH B bR, HE
MR, HAG RS, PR, o Famse
Ze, EhRMOEE YL BRI R AR BR A 4
PQEM AL, MEHRTTLIE I . FfiE - RAE R
Hahn, #RZE (0~15 cm) HIEPPQEEIRS aF
20 aZ M2 AN, fEJFR20 aZ50 alb] g K H
LREE, TEZE (15~30 cm) HHEAPQE L
MBS ERIZMAE ., HHEFRS ~50 a, LHEPQ{EHN
K, TEFFES0 abfit HIEJE LT e, BE TR
AR PR IMHA IR B HCR K FRA, 5T SR B0 5

FAR TP HA LG By, A AR B T . X ]
RESAE R IA FARE RS, 558
b SRR A S
24 ARAREREHITIEEEREAS AIgKER
T
AlgKAA f2& 53 45 16 T 50 5 52 % A AL 72 B2 1) 4
bR DL e R (RO B AR B AR I ) 5 4
STALgKAEAR AL . AR AT UL, Bl & FF B AR B Ay 3
Jn, )2 (0~15 cm) WSSHIAIgKE I IF S5 afif
B0.675 F =TI B 20 alt#90.496, FFE S50 afif
T ZE0580HERMERE; FAMAIK{EHH TR
5 afifi91.194 L EFF R 20 afif191.230, FFES50 a
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.y Oo0~15cm
§ W 15~30
= ~30 cm
=

0 1 I
5 20 50

JFRAEFR Cultivaton history(a)
e W— R 2RENEFHARNREERRE, p<0.05. T

[i]Note: Different lowercase letters of the same soil depth in the

graph represent differences at the p <0.05 significance level. The
same below
K1 AR[REIT BARBR RS T PQIE Y A2 4L

Fig. 1 PQ of the paddy soil as a function of cultivation history

BF R FE20.907 H2E M8 R HARAlgKETE
FFRS aZ50 alf] 2R HEARE, FEIZ (15~30
em ) WSSIALgKAE Je ki /N5 38 K H 22 5 W 3%
FAMAIgKEAETT RS aF20 alf] 22 VAR B E,
I E20 abf By 1.120 F 2 IF R S50 alif40.895H.
EZRMERFE; HAMAIgK{EIEIT RS a% 50 alf]
SYEARE . BEHIFRS ~50 a, WSSHIAIgK(E
BN, FAFHAMAlgKAE /) o X J& BT 45 8 5
JOT 453 ) 4 45 R il 2 O B AT B AR Ak i AR £k BT 5
EE
2.5 AEFEEREHETIEPHE TRARNTIL
T 3R AL 4 B 2 ) DB S o 235 ) R IO B 1T
o REENTEZ . H/ICHIO/CREFRIEHAL
G EMAEACRRE e bR . md X TRy, wl
L fRT B4 S DR I 9 5 T B 4L R S A A L ks

F4 TRFERFIRTEHLIIEALgKE

Table 4 ALgK of paddy soils different in cultivation history

TFRAE RAEVRIE AleK
Cultivation history Depth IKEE Y R =R i
(a) (em) Water—soluble substances Fulvic acid Humic acid
5 0~15 0.675 +0.059a 1.194 £ 0.149ab 0.645 + 0.080a
15~30 0.508 + 0.024bed 1.043 £ 0.165ab 0.610 £ 0.074a
20 0~15 0.496 +0.010cd 1.230 £ 0.296a 0.634 +0.010a
15~ 30 0.482 +0.014d 1.120 £ 0.121ab 0.605 +0.011a
50 0~15 0.580 + 0.070h 0.907 £ 0.091ab 0.617 +0.008a
15~ 30 0.568 + 0.041bc 0.895 + 0.086h 0.601 +£0.013a
*5 ARFAREMBHITIFEHATREAMBT L
Table 5 Elemental composition of HA in paddy soils different in cultivation history
FRER R
Cultivation history ~ Depth L . L : L 0 L C/IN H/C o/c
(2) Cem) (gke™) (gke™) (gke™) (gke™)
5 0~15 51.96 3.726 4.389 31.99 13.81 0.861 0.462
15 ~30 53.95 3.856 4.123 29.75 15.26 0.858 0.414
20 0~15 50.73 3.528 4.272 32.73 13.86 0.835 0.484
15 ~30 53.57 3.809 3.983 30.00 15.69 0.853 0.420
50 0~15 51.00 3.527 3.982 33.02 14.94 0.830 0.486
15~30 53.58 3.611 3.672 30.39 17.02 0.809 0.425
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(15~30 cm) HHEHARH/CH /NI FH,
O/CEMRMEH, FBHIFRS ~50 a, HHEHAW
H/CH/IN, O/CHER o Ui W] it 25 1 B AR BR A9 3 i
HAR48 & BRI AAL BRI K, a5 1) &2 2%
e e o E—2 U T HA Y B U 1 B4 B4 1 38 i

Sit T E RERI S Ak . ANEI2E tHHARYIR K3 5
A AL B FFAE , W [F] T RAE PR AR L R 2
(0~15cm) FIFEZ (15~30 em ) HAZ I EHA
FEAR—HUN G5 o MiAE R Le AR I W s B A AN
)RR 0 22 5, I T HARA R 19 45 44 BT e BE
ISR A 22, BE T RAERMIG I, RKZ5TE
FIZMHATE2 920, 2 850, 1720, 1 620 cm™'Z5kb
Wezh kB, BUTHARRN G B CH, (R . fEE

(977 i Asfk, RasE v 0 C—Hf R | BRIEMC=0MAIRNEM . F7&FC=CHi
2.6 A[E %Eﬁﬁﬁiﬁmiiﬁﬁﬂﬁiﬁaﬂ?l‘ﬁ'ﬁ {-pkiNia %jﬁﬁij%ﬂidﬁﬂ’“ﬂg‘”
T SR 2141 O 1 1 28 A RO T HARH R Y M E B BUF R 6 R AT AT LU A DT B
8 |l 3 %g §
Z b Z
i e
3 3

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000
W% Wavenumbers (cm™)

4000 I 3I500 I 3(I)00 . 2I500 . 2(I)OO . 1I500 . lOIOO
W% Wavenumbers (cm™)
A B
HE: FAL BAUERARIF RAFRFEHERR (0~15 em) SWRZ (15~30 em) LIEHAMLIMDERE (IR) B, 1. 2, 3UEIFR
BRSNS a, 20 a, 50 alJZLAMETE Note: Letter A and B represents IR of the HA in the topsoil (0~ 15 em ) and subsoil (15 ~30
cm ) , respectively, as a function of cultivation history, and 1, 2 and 3 represents, respectively, 5a, 20 a and 50 a in cultivation

history
E2  RN[RIJT R ARG H - HA R 560

Fig. 2 IR spectrum of the HA in the paddy soils different in cultivation history

*6 A EFFERFEMRFEHTIEHAMIREIE EZWMGIERIEXRE (FER)

Table 6 Relative intensities of the main absorption peaks in IR spectrum of HA ( Semi-quantitive ) in soils different in cultivation

history
TPRAER  RERE
3400 2 920 2 850 1720 1 620 1450 1230 2920/2 2920/1 2920/1
Cultivation Depth : . . . . . .
(em™) (em™) (em™) (em™) (em™) (em™) (em™) 850 720 620
history (a) (em)
5 0~15 39.35 2.85 0.58 2.31 3.88 1.23 6.99 4914 1.234 0.735
15~30 38.44 0.72 0.19 2.16 5.85 1.20 5.52 3.789 0.333 0.123
20 0~15 37.74 1.04 0.21 0.90 1.64 1.07 3.24 4.952 1.156 0.634
15~30 75.13 1.15 0.24 4.96 9.56 2.20 10.47 4.792 0.232 0.120
50 0~15 14.20 4.97 1.33 4.71 8.36 0.49 6.56 3.737 1.055 0.594
15~30 68.18 1.30 0.34 8.60 11.7 3.35 15.73 3.824 0.151 0.111
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Composition of Humus and Structure of Humic Acid as a Function of Age of

Abstract

Paddy Field

LIU Xin DOU Sen'

LI Changlong WANG Peiyu

( College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China )

Relative to dry land, paddy field originally referred to artificially irrigated fields, where

either paddy rice or upland crops were planted. Now only the field where paddy rice or some other aquatic

http: //pedologica. issas. ac. cn
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plants are planted is called paddy field, or rice field. Different from the orginal paddy field, it has ridges to
store water. In South China, paddy fields are not only long in cultivation history but also be vast in area and
studies on such paddy fields started quite earlier and are great in volume both at home and abroad, but only
a few has been reported on paddy soil in North China. Rice is the main grain crop in China. A large proportion
of the total grain output in this country comes from Northeast China, where the paddy fields reach over 66.7
billion hm” (including 53.3 billion hm’ in Heilongjiang, and 6.6 billion hm® each in Jilin and Liaoning)
and occupy an important position in the rice cultivation area of the country. However, the rice fields are
mostly short in cultivation history and most of the paddy fields were turned from upland fields, and what’ s
more, some of the paddy fields were turned back into upland fields again due to incomplete water conservancy
facilities. During this kind of irregular changes, the soils in the fields would certain change in carbon fixation
capacity, soil fertility and CO, emission. But little has been done at home and abroad on how they evolve.
Therefore, the study on paddy soils in Northeast China is of great significance. Rice yield depends mainly
on soil fertility, of which soil organic matter is an important component. Soil humus, being an important
component of the soil solid phase material, plays a huge role in the genesis and development of soil fertility,
and hence is also an important indicator for soil fertility. It does not only influence productivity of the farmland
ecosystem, but also have a great impact on CO, concentration in the atmosphere through decomposition of soil
organic matter. The study on how soil organic matter in the paddy field varies in content and composition is
very important to making full use of land resources, realizing quality crop production, increasing grain output
and being friendly to the environment.

Paddy fields different in cultivation history (5 a, 20 a and 50 a ) in Qingshan Village, Chaoyangshan
Town of Panshi City in Jilin Province, were selected as subjects for the study on changes in content of soil
organic carbon (SOC ) , composition of water soluble substance ( WSS) , fulvic acid (FA) , humic acid

(HA ) and humin ( Hu ) , structure of HA and content of soil nutrients as a function of cultivation histroy.
Results show that with rice cultivation going on from 5 a to 50 a, changes occurred in the surface (0~ 15
cm ) and the subsurface (15 ~30 e¢m ) soil layers. (1) The electric conductivity increased by 74.8%
and by 113.7% respectively and soil available nitrogen, available phosphorus and available potassium by
0.24%, 15.8% and 29.7% and by 0.24%, 6.92% and 14.7%, respectively , while soil pH remained almost
unchanged; (2) Total soil organic carbon increased by 42.1% and by 47.9%, respectively, and WSS,
HA and Hu increased by 28.4%, 51.9% and 76.2% and by 28.4%, 84.9% and 70.1%, respectively, while
FA decreased by 9.2% and by 1.74%, respectively, which indicates that rice cultivation in paddy field favors
accumulation of organic carbon in the soil; (3) HA/ (HA+FA ) ratio (PQ) increased, indicating that
humification of the soil is intensified; and . (4) H/C, AlgK, E2 920/1 720 and E2 920/1 620 of HA all
decreased, indicating that HA in the soil is enhanced in aromatization and condensation and becomes more
complicated in structure.

Key words Cultivation history; Paddy fields; Soil organic matter; Humus constitution; Humic acid;

Structural properties

(RfE4HiE: » #)
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