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EIbE, MARR MR SEBB TS, X TR
FH A [m] O B2 4 BR - 98 HL A 4% K 7 o 20 4y AR Ak 0
5%
KRR EE R EY, IREREE
PR R ok B FARICHLIX . R b X 1
FUSBR R E it 667412hm® ( Hb B Jp T4 ik
#53342hm*, H ARG TH K R66/Chm®) , HIE
SRR A A A, (FR RS T RAERR
FHRZ MW MR, JF 0 R
F 7K R Rt 4 R 58 & SRR R el R . 7R IR
MR AR B b, R MR AGBR E E R Ty .
JE 3 A C O, 1 HE S 0 45 an g i A%, [ PN AR X e B
FEE/D, BT LA AR AL b X A - S A 55 A KR
o KAE R BRI T RIEAR T, R LR
TR Ty B A, R A o SR A A
A I B B A R Ay, R AR T B K A R
JEE E VR U R R AT ) o
bro ERmARHAERRGEWN AT, FEAILEW

OM AL R COL M P2 A i ) . T i
i A AL & S AR e, X TR s A A L
HOBEUR . SEIAEYI R OC B AR 7 L SR B g DL &
RIS A B AT B0

LR i

1.1 #HREXH#HR

R RE S MO B TR LR IR, AT
TR AR BT, A BT D e 4 L b
J& T bz 2f L DX, A il R R v 2 KL
YR IRA C, FHFEKE676.5 mm, FHH B
2 491 h, TFAYIA125 d. 458270k w5 bE
RKR . EHEARERNT . ALK S &
10.36 ~22.54 g kg™', pH 5.40~5.91, fFX
0.101 ~0.295 mS em™', FEALA . A RS AR
GRMINA23 ~ 1175, 15.3 ~31.0F146.5 ~ 111.0
mg kg™'o HHERYIAREI KL,

x1 FEFAREREHIEEKRFR

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

FRAFER b 3 A TR RE Jii A7
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 T A b 5 A H
50 E125° 36’ 21" , N43° 03’ 09" H392 g H

1.2 REHE

VEFETT BRAEFR 4359105 a. 20 a. 50 affgH K
WX G o & RAE ST LA KRS SR 358 DRk
5187 , WA T HAWIFIRIERL, # A, MR
BLIEAR —F, 201445 H 2 H 47 B 3ERE SR 4R
VEBEAHSR3 A M (LA HEE) fEhEZ, G40
HBEHLE I ANFE S, AN — DR . REEIRE
MO ~15 em. 15~30 em, AR E H KX
T, 332 mm. 0.25 mmifi£5H .
1.3 MESHENE

T BOKEEY R (WSS ) | # R
(HA) . EHER (FA) FSISE (Hu) HEH
FREH G EE U R FREGE0.25 mm i A K
HHES cFELE T, MAS0 mIZEM K I
A1, F (70 2) CHEEKEIRG & IR EU

h, B0 FTAEIE FERCAWSS, ] B0 oA
30 ml 0.1 mol L' NaOH+Na,P,0, /B &,
(70 +2) CHEEABIRGIB h, 20050
FYERCHIEFY R (HE) , JH0.5 mol L™ H,SO,M
FpHH1.0~1.5, (70+2) CHHIRAK WAL
1~2h, FEIRE, LWERNFA, VLR RNHA,
B0 I SR DAL Hu

HA 42 ORI 4610 R FHTHSS 58 P42 Bk 112,
FREL2 mmfi +FE100 g T2 500 mlBE IS A,
Al mol L'"AYHCIfipH A 1~2, JLEL h, A
0.1 mol L'AYHCIA ZEH A +/KIH1 : 10, B
BT h, REEG, R LER, M1 mol L'
NaOH™ A g0 5003 (pH=7) , BLEL1 h, M
0.1 mol L™'AYNaOMKF UL IE sh EHE B M, If 74
ERALAKEL 10, PTRARK, B _HMK
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HE L, i LW E Y (HE) , H
6 mol L™'WYHCIHH ZHERpH=1.0, HTE12~16 h, {&
HEDE R LW, IS MHA . FH0.1 mol L
MIKOHE fFHAJE N A B AKKCL, fff K™V B R
0.3 mol L™, i 1h/5, ML, B LER.
6 mol L"'HCIIH Y R WpH=1.0, K &E12~ 16
h, @S ECERH FE®. H30 mlAYHCL (0.1
mol L") +HF (0.3 mol L") RIWHARET Y F G
S B, Wi, BTSRRI HA TR

- 18 p HAHTHL 5 23243 0310 SR RS 3 TR S 32 AY
Mg, ToKHRT 2.5, HRUECR MR Bk
A SR R PR iR S — AR B P Lt i s AR
R B SR R — K e R

- B R A R A LR R T E AR R B A Ik
HA . FA. WSSH A HLER R H B HETOC-VCPHAY
W72 . HARY TR H Bk AR E 7 Vario ELTITER
SR SE , LEAMEIE KB JE R Y LR
NICOLET-AV3608IZL ARG iEAY bl , 44
H14 000 ~ 400 cm™, I XFAH R A W SO UG A7 2 5
53T
1.4 KB

PQ (BB & A BT ) ) (E S HAH A L
& SHAMEA A PR S & Z A HAE; H/C

HNHAMEICR Sk EY R EZ L ; ALgK(E
g 65 B ) OV WRAE I 1K 400 nm 1600 nm Ak WG (E
Xz %% .

HlExcel 200755 84l 47 70 B AAEE], FHSPSS
AP LSDRE AT 1k 25 00 T

2 HPRS1HE

21 ARARFEREHTIEERBUERMOTH
N T) T B A7 R AR HH 4 R A B A Jo L 352

B2, BT RAERRSE M, RZHE (0~ 15
em) WpHHJF RS alf1y5. 798 F FIEZEIFR20 a
Bf95.49, HSRAETFRS a$20 af] ZRHEAR
F, TiHITFR20 af0.187 mS em ™' B%E FIFEIT
B50 afif190.360 mS em™ . WEZ+HE (15~ 30
em) pHESLE TG EHBHRHERERE, BT
RAMCHEFR LR . FBHIFRS ~50 a, HHEpHA
MR LT, R pHAS L T B S th T2 T B4
Wik A 3 AT A pHIE TR, 7EJF RS
T 0 K S SO AR A Y R I AR T
(H") , ffi+3ER AR, +3E pH LA 0. +
e SR TR bR, B S R
M kA (Rok ) A

R2 ARAREREHITEEAREUERMETL

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

T B AEKR RAR TR A AR AR A
Cultivation history Depth pH Electrical conductivity Readily available N Available P Readily available K
(a) (em) (mSem™) (mgkg™) (mgkg™) (mgkg™)
0~15 5.79 £ 0.10be 0.206 + 0.005¢ 106.5 + 4.0ab 42.1 +3.1bc 22.7+1.9d
; 15~30 5.89+0.11ab 0.153 + 0.008d 105.6 = 1.9b 347 +3.4d 34.6 +3.7be
0~15 5.67+0.10cd 0.187 £ 0.009¢ 84.7 +3.4c 45.7+3.2b 32.9+1.9¢
20 15~30 5.80+0.11he 0.149 + 0.005d 81.9+1.5¢ 36.1 +3.2¢cd 38.0 = 1.9ab
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 FME L, R—FPhEHEENE FECR LR BE, p<0.05, FANote: Means = standard deviation. Different

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

R2m 0L, FEJFRAER M m, £2
(0~15 cm) HIERIAST EHITRS alf19106.5
mg kg /D EIFR20 alif(84.7 mg kg™', fEIF R
50 alif X FFE112.7 mg kg ' HESPERE,; H

Tl R B OB Y S R . R E (15~ 30
em ) THEHACA L A RO R A 1 AR AR
AR FZEME . BHIFRS ~50 a, HHEHEHMA.
AR N R B A G N T 0.24% . 15.8% .
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29.7% . M5 AT BE SR AE B A HE7E T B A X A
TR, TETF R A5 B 1 58 b4 BT 4 45 fi
TR A B it A 3 43 o e ke 7
22 AEAABREREHIESNREBAERAK

BTk

AN T) S B A4 FR e T 4 398 R T8 9 Jo 201 43 1 A AL
e Er e W3, R TTIL, R IEAYE A 414 LA Hu
hFE, APLRS RS IESRNT0% L, HIK
FHHASFAL I 520% 44, WSSE /b2 ki
1%, FiEFFRAERMIEM, 2 (0~15 cm) +
BAWR SR HITRS alf 191411 g kg ' BF BT}
ZEIFR20 afif1919.83 g kg™', 7EFFER20 aZE 50 ald]
ZRAEE; WSSEH®E ., FAFE; HAGEAETR
5a%50 alf] ZH M AR E; Ho &P RS alif
96.8 ¢ kg™ B # LI EIFE20 alifi911.5 ¢ k™',
EIFR20 aZ50 alfl ZEFHARE, WREZE

AR A RZA A . R RS ~50 a, WSS,
HA ., Hu& 0918 hn45.1% . 22.1% . 69.8% .
73.1%, FAGR FM11.0%, XAl fE2h T/ M H
ARk, AT B A HLRR & AR,
TR —EmTRE, AR R BA ek AR,
A B3P A LB 3G 0, R BB R ek AR T 4
IEERPIRAS , i At 7 T O 3 LAY IR R
W RE A, DN 4 S8 A MILBR 43 i il S 4 o, 1
HERA HLBR S TR0 O, SR R R A
JE#4H 5y (WSS, HA, FAFIHu) AHLBR S EZ
5 3 BA Pk AT ((583% ~92% )
UEHTI E R 2Z BN, iy — i, MEFRS0 a
55 atfith, HHELAHLRIIMEL6.6 ¢ kg™,
JEFE A /r WSS FA . HARIHuaE &t 2 50k
0.08, -0.16, 1.41f15.02 g kg™', EIEE }6.35
g kg™, HEAPLIRIE R N96%, 1B E R 2%

(15 ~30em ) 34 HURK DL K 45 J65 56 ot 20

oy i

Bl

®3 FAEARFREATEREBERASENKRSE

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

A HLH%Organic carbon (gkg™)

IR BT

Water-soluble substances

W

Fulvie acid

BRI

Humic acid

TR

Humin

I RAEKR -
Cultivation history R JR+
Depth (em )

(a) Soil
5 0~15 14.11 £ 1.52b
15~30 14.90 + 0.66b
20 0~15 19.83 + 1.86a
15~30 21.00 + 1.92a
50 0~15 20.05 £ 1.22a
15~30 22.03+2.12a

0.134 £ 0.074a
0.138 £ 0.056a
0.143 £0.093a
0.144 £ 0.039a
0.172 £ 0.094a

0.259 + 0.094a

2.893 +0.428a
3.161 +0.470a
3.084 +0.089a
3.204 £ 1.838a
2.628 +0.547a

3.106 + 0.323a

2.225 +0.494b
2.609 £ 0.577h
2.460 + 0.338b
2.630 £ 1.251b
3.381 +0.053b

4.825+0.743a

6.842 £ 1.193b
7.159 £ 1.774b
11.46 £ 0.83a
11.51 £0.20a
12.06 +2.67a

12.18 +3.10a

23 ARARFREHITIZEPQENT L

PQ fH WHATERF SR (HA+FA ) WAy L,
SR SR A T R A ) — S E B bR, (E
R, HAGEMS, PRk, 2 ramse
Je, SRRMEE YL ORI R AR BR AR A
PQEA AL, MEHR AT LIE 1. Bl - R AR R
M, #EZE (0~15 cm) HIEPPQEEIERS a B
20 aZ M ZZ A RE, fEIFR20 aZ50 alb]dy K H
EZREE, TEZE (15~30 cm) HEAPQEE L
MBS ERZME ., FHEHAFRS ~50 a, HHEPQEHN
K, FEFFRS50 afit HIESE AR Rm, MEFER
AEBR IS IMHA BTE BGHCR K FFA, 3 n] S0

FARR TP HA ) b, HIERE AR T . X AT
RESAE M E R IA TR RS, 538
D SRR S
24 ARFRERERAITIEREEREASALKER
i
ALgKAA J& 4 1 45 14 1) B 5 52 Z 78 A 2 2 Y
FebR 10 o KA R I B AT FRAE F M A R 4
STMALgK(EAE b . MR AT UL, BEE B AFE R 3
fn, 2 (0~15 em) WSSIJALgKE TS altt
B0.675 FFEEFF 20 alit#90.496, FFE S50 afif X
FAZE0.580H 2 R MR ; FAMALgKEMR R
5 afifA91.194 LA EFF R 20 afif#91.230, FES0 a
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70
60
50
a0k 0Oo0~15cm
B 15-30cm
30+
20F
10
0

5 20 50
T W=t 2RENSFHARNEZERBE, p<0.05. T
[F]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 AT AR FRAE [ PQIEL Y A2 1k

B FRE20.907 H2ZE SR T E; HARALgKEAE
FFRS aZ50 alf] ZRMHEARE, FEIZ (15~30
em ) WSSIJALgKHSE/NE K H2ZF B3 FA
MIALgKMETETF S aF20 alfi] 2 AR E, hTF
B20 alf A 1.120 FFEZRIF R 50 alif #90.895 H 25 5
P HAMALgKHAE T BS aZE50 alf] 22 5 A
W, FIMITRS5 ~50 a, WSSHIALgKEIEHN, FA
FIHA B ALgKAE IS /N o XS FH T 45 J 9 3T 2 29 19 3
THE MR TT R AEBRAS (L AL B s e g 1
2.5 TRABRERBEHIIEPHEB TEZAHRNT
TG ZR 20 14 A 2 0 W S 9 T 45 A R T e R
HMOREENFEZ—. HCHMO/CREFEIMFHAYE
G EMEAERE NS R, EEXTR S, W
L fAT B ) S0 T )68 5 AT RE A LR S5 Ak L &S

Fig. 1

PQ of the paddy soil as a function of cultivation history

®4 TRAFEREREHALEALgKE

Table 4 ALgK of paddy soils different in cultivation history

TFRAERR SRR ALgK
Cultivation history Depth IK B R B R R
(a) (em) Water—soluble substances Fulvic acid Humic acid
0~15 0.675 + 0.059a 1.194 + 0.149ab 0.645 + 0.080a
’ 15~30 0.508 + 0.024bcd 1.043 £ 0.165ab 0.610 £ 0.074a
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
0~15 0.580 + 0.070b 0.907 + 0.091ab 0.617 +0.008a
0 15~30 0.568 + 0.041be 0.895 + 0.086b 0.601 +0.013a
#5 AEFRFEREHITIFEHATREMRHIT N
Table 5 Elemental composition of HA in paddy soils different in cultivation history
FRAEW R
C H N 0
Cultivation history Depth B B B B C/N H/C 0/C
(a) Com) (gkg) (gkeg) (gkeg) (gkeg)
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
0~15 50.73 3.528 4.272 32.73 13.86 0.835 0.484
2 15~30 53.57 3.809 3.983 30.00 15.69 0.853 0.420
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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AR T B AR A B 4 b HA DT 2 4L i) A8 1k
AT LVE HHAM TR Aoy &, ROy & b
EFFRFRIEIM, £2 (0~15 em) H5WE)Z
(15~30 cm) FHEHARH/CHY /NI FH,
O/CEIERMEH ., BHFERS ~50 a, HIEHAW
H/CW/N, O/CHER . U W B A5 F B A FR iy 5
HA R 456 BE AR AL R 3 R0, 4y 4540 ) i 2%
T e . FE— U5 T HA Y I 5 1 0 R4 o 48 n
77 s Ak, A vk 0

Sit T E RERI S . MEI2E HHARIR E 35 H
A AL B RFAE U WA [F] T B AF FR AR H L R 2
(0~15cm) FAWFEZE (15~30 cm ) HAZ I HA
FEAR S5 o MTE RS RPAR I WSO B A A
AR A 25 5, UABH T HAAH R A9 45 #2050 FE fE
A A AR, BEE T RAFBR A, RZE5TW
FIZMHATE2 920, 2 850, 1720, 1 620 em™ 'S4t
JRh &2 Ak, AT HARR I R A CH2 MR | R
BEC—HMR | RIEMC=0MZEIRNEH . FHHFC=C

AR h 4 R AL T
M i BUR e AT AT LA A BT B

2.6 AREFEFRFEHTIRAYBLIILIENTIL
T EWHEIR LT AN ETE 09 A A BT T HA A Y

3400
1620
1230
3400
1720
1620

ol
-

g % HE Absorbence
% 3¢ i Absorbence

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

4000

A B

e EA L BASCERARIT RAERBIMERE (0~ 15 cm) HERZE (15~30 em) HHEHARLSMERE (IR) B, 1. 2. 3{URTTR
R4S a, 20 a, 50 afZLAMERE Note: Letter A and B represents IR of the HA in the topsoil (0~ 15 ¢m ) and subsoil (15~ 30
cm ) , respectively, as a function of cultivation history, and 1, 2 and 3 represents, respectively, 5 a, 20 a and 50 a in cultivation
history
K2 R[EDJT BARBRFE H AR ZLAMG1E

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

%*6 ARFAERFEMREHITIEHAMIRN IE FERIIERHEITEE (LER)
Table 6 Relative intensities of the main absorption peaks in IR spectrum of HA ( Semi-quantitive ) in soils different in cultivation
history
R RARIE
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)
0~15 39.35 2.85 0.58 2.31 3.88 1.23 6.99 4914 1.234 0.735
5
15~30 38.44 0.72 0.19 2.16 5.85 1.20 5.52 3.789 0.333 0.123
0~15 37.74 1.04 0.21 0.90 1.64 1.07 3.24 4.952 1.156 0.634
20
15~30 75.13 1.15 0.24 4.96 9.56 2.20 10.47 4.792 0.232 0.120
0~15 14.20 4.97 1.33 4.71 8.36 0.49 6.56 3.737 1.055 0.594
50
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 paddy field

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

plants are planted is called paddy field, or rice field. Different from the orginal paddy field, it has ridges to
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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 5a to 50a, changes occurred in the surface (0~ 15
cm ) and the subsurface ( 15 ~30 cm ) 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, E2920/1720 and E2920/1620 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

(RERE: » #)

http: //pedologica. issas. ac. cn



