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R (5], BTAAT A RE A & WX (4], R &P oA ERRLE 1.
1.2 BEfMAgL T E

FRE AP EMEMU 0.5mol /L Na,SO, K (pH7) B, 4k 48 5% & 1k M BE A DL 0.1mol /L
Na,P,0, % (pH13) $8 3, B AKT7 15 2 3 SURR [4]. 8242 W 91 S 8 ek I 14 404 B 3 S 4 T 3 3 SR
(6] #4E.

Rl ATAREAEHUEER

Table 1 Chemical composition of synthetic organo—mineral complexes

HEEEER LR 2 C/N

Complex type Organic C Total N

(g/ks) (g/kg)
HIK-Ca-H &1k 16.6 26 6.4
RIB-Fe—5& &tk 17.7 2.7 6.5
Bg-Al-E A& 18.0 2.8 6.4
FR-Ca-E &k 21.3 3.7 5.8
FH-Fe-EAK 274 7.6 3.6
FB-A-R A& 25.9 6.1 42

1.3 MEFHE

JB 7 IR i) T R LA AUAE Perkin Elmer Model 240-Cht SR B 34T L E, EMFM S B R A LR
W, W LT IR R,

DR RE BB RS S AN & BRI IR (6] Mk iy R E,

ST ANRT I B 2 - BRI — 8 B A B LR S, A 0.1mol/L NaOH #%5##, #R /5 A 0.1mol/L
H,SO /N0 pH 7, {178 5] 4 AR A0 B M AR VR 0B B4 9 BE 43 512 17.3mg/ LA 76.0mg/ L, 4% 10nm [H]
W& FE K 24 200~ 700nm Y B P 247 56 % B #0052, 6 % B A Shimadzu UV-120140 5656 B 3 FOER
lom WA L ARME, 26T E-B R iR, BEMRBBAER K 465nm f 665nm B #9368 5 2t
A E,/ EfH.

L1516 E R MRE - 1 171008 - KBr b, R K H 35 #1#%, 7E Nicolet 5 DX FT-IRAM &6 E T b
WE , P HE K 4000~ 400cm .

PC NMR 1% 8 52 - #RER 100mg 4 B2 20 & W B [E B9 T 2ml 0.5mol/L NaOD(50% H,O il
50%D,0) #, R A Smm F & & 7 Bruker AMS00 B3 9R A B2, °C B9 AR K 125.03MHz, Bk
A AST ERR TR E AR, B KRN 125, b F A B R KB E RS Hm e
i,

2 ST R Schimadzu DT-30B 2 ST I . #R IR 90 R B B W AR A 10mg, WSS FF
3% % 20C /min, 4# 4 2.5mm/min, 2 HEEH + 100pV.

FACHER WE : R I 5 AP —BRBRE M (0.2mol /L K, Cr,0,-1:1H,S0,) ZE [F ¥R (60. 80. 100. 120,
140,160 A1 180 ) T &k 6min, WE A R B BREE T B R B4, 25 BER AR,

LA %E : # Khanna and Stevenson 877 s 2,

SEREFHHWE: RABFRPEEMED,
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ME2HAUFH, SBEARPHEARASEEE ST EHEBETERAR
FHERAENEN, K EEE SR SR (HA) A EHR(FA)W CH NEESRKT
R ERE A ETHER (HA) MEWER (FA) MAEN O SEWAR. #LESE

F2 SEGPEERMTREAN (g/ke)

Table 2 Elemental composition of humus in organo—mineral complexes (g/kg)

TERE 45585 A1k Cabound complex SkiRsE 41K Fe/Al-bound complex
Elemental
composition AR (HAY) EHERR (FA) AR (HA2) HHERR (FA2)
C 466.6~501.9 269.4~421.8  508.4~562.1 368.9~423.5
H 31.6~47.3 343~484 39.9~51.4 41.0~55.3

N 24.7~37.4 10.9~16.5 38.9~493 19.2~257
O+S 425.1~472.8 523.4~671.3 347.2~410.7 495.5~565.4

Z 1] B PO B R R R CAK 2 5 4 B — T
S8 NE 1 HER, PFHEERNT
HC/HILERBEAEH, HEHAK,
M C/NLA O/CIRFLNAEHEER,
HPmaE S BEAR C/NLF
THEREARANNAE. XELBIFM
HEakhWmER BRESREE
AR, B RALZE B R E R

tE

Ratio

CH oN 0/C(X10) O/CIRF Lol S B 3 Y Fi o 1

Bl Sk Ak REANCH SEERAMER, BERNAFIHER
b, C/NELFIO/CEE (F-#48) TEHXAAZSK T EEAERAN

Fig.l The average ratios of C/H, C/N and O/C of AR E AR, BT REMER
humus in Ca— and Fe/Al-bound complexes Euﬁ%%EQW(HI\Z) %ET%%E

A (HA), BYREFBEN AL, TTEHERORE BRE RENMSREYUSER S
HEFA)HERTHRERE KA.

B/ B WERR (HA/FA) LR —TUR BB BRI S8, T B R R .
DAEMBR T, BARABHIBX 4 HEESRMEERE 54, AN EETHES
oA, BEAM HA/FAILER ZRBEDS > BMESH G > G, HhEE LR
A BT, Ui HA/FASE SRR BN X R ILRER. EERESENGERES
PR BAE S4TSR B L, BIK 25 BRSSP B BB HA/ FALUE B T8k
BREAK BUELHNELERTHRNGER, I TH-PHAAREREE 5K
BRI HA/FALE, RATRA T AL A RE A K, ETEH L X0 N5H. igH
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Table 3 Content of oxygen—containing functional groups in humus (mmol/g)

HFEIEEE SRS K BERE Sk
Oxygen-containing Ca—bound complex Fe/Al-bound complex
functional groups AR (HA) B HERR (FAL) B (HAY) EHR (FA2)

BERE 52~7.2(6.4)" 6.4~12.4(10.3) 5.8~9.0(7.1) 7.8~ 11.0(9.1)
B OB 2.3~3.6(3.1) 8.4~10.4(7.7) 2.5~5.5(3.8) 5.8~8.2(6.7)
[ E2E5 2.3~3.8(3.3) 2.0~3.8(2.7) 2.4~3.3(3.0) 1.7~2.8(2.4)
®OE 2.0~5.2(3.6) 22~3.8(3.3) 1.8~3.42.5) 1.4~2.6(2.1)

1) 5SS RBENTHE

F4 ATIEHEEUGPEERMHAFALLE

Table 4 HA/FA ratio of humus in synthetic organo—mineral complexes (%)

Hakgr HA FA HA+FA HA/FA
Complex type (C%) (C%) (C%)
Bk-Ca-E & 8.79 43.92 52.71 0.20
HS-Fe-E & & 13.24 29.01 4225 0.46
HK-A-E &% 9.12 33.76 42.88 0.27
FH-CaR A 12.35 28.73 41.08 0.43
F-Fe-H &4 14.05 29.26 43.31 0.48
FEB-A-E S 11.27 3221 43.48 0.35

BREMESE IEHSERILE 4.

MR AWERTURH, ALREH RO HFRG, HUREE &K+ B R K HA/FA
WA A B F, T E 28K HA/FALLEBK, XK BNERE S AR RIEN—
BERE, WENHABRAR, t2E K HA/FALE, SRR E 5585 4 K2 [
X RR, XR—E LR P HIAN AR E &2 B HA/FA G KR AR JE A BT 7E.

2.2 HFMR

22,1 SSMFWGTE Y B R LE 5 5 (200~ 400nm) A1 AT I (400~ 800nm) X6
BB R CER R R R A GE W OV, RS AR, R — T, R
GEEEHRE. R, ARESERPEER, RRGEESEEJ,/ DAFHRERT
Y B THMPROZR]. B2 WA BRATGRESAKTHHERERERE KD
WY B ER A AR DL SR AT IO, (BRTE W EBRKRTEH, MIGEE & R =
BREOLEENETSREBE A P8 EHERR, X5 R T X PR E A iR T
SFEMMERRERE XN, T EEHSBRANZEHRRMMEERYEEARKEL
FFE.

AT EEH ) E,/E R ABEAEER S —DiEis, HRGRERY. FSREAK
MEBBE A HEMME UMK E,/E HUEEZHK, H E,/E b 174k 536 % E
MR A R —B, mBtd, HA M E/ELN 372, BT HA,M 3.63, T FA K
E,/ BN 7.43, & T FAKY 7.70; I3 A R ER, H HA . HA,. FA fl FA ) E /E,
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Fig.2 UV-visible spectra of humic acid and fulvic acid in the complexes of black soil

tor 3124 4.89.4.28.11.75 1 13.00. E/E i@ % REEHKBEM S HEYNRARE, B
HEERE AT HWHBERARSNHESEMBEHEARE, B BRI U EEE 448
mEEERS.

222 B AHSBIERERXPRESEFEEBMARMENE - X5,
EHEBREE Y, 1610~ 1650cm ™' H B G5 & C = C) MR, M 1700~ 1730cm ™'
BOREC=OMR) WA 555, & HEBR &% 1700~ 1730cm ™' B %38 T 1610~
1650cm ™ " Br i (A 3), X 5 BB B b #0745 R 58 & — B 76 1400~ 1430cm ~ "B BE (8
BRCHZE ), EHFBR LL S BRIR &6, 7E 1610~ 1650cm ™ 'K B G5 &K C = C), HA,j& T
HA, R SRERVHRE ELZHITHERALEY, T FE — KB EHEBRN FARKS T FA,
RAFBHRASYETR IR L,

223 BEIERERE  ERERELSRME T EOEE MR, E R LR R R
BC-NMRAE i 4+ 4 A X35, HH 0~ 50ppm B Rk 2 5% K 8, 50~ 105ppm B2 & Fh bt
EABNES, —BABKEEY, 105~ 170ppm Bt — M 0 35 & i i X 35K, 170~ 200ppm Bt
BEENERR BRI LEHRERXE. £5RRIEHARC-NMREEHITES

RS MWER"C NMRE#HHRAEBINSTH
Table 5 Type and distribution of C in *C NMR pattern of humus.

B8 PRI keEC Ki#.C HEC BEC feke  Fpm”
Humus Alkyl C O-alkyl C Aromatic C Carboxyl C Aliphatic C  Aromaticity
(0~ 50PPM) (50~105PPM)  (105~170PPM) (170~200PPM) (0~ 105PPM) %
HA, 16.22 14.38 53.81 15.58 30.60 63.75
HA; 5.50 11.98 65.18 17.35 17.48 78.85
FA, 14.76 15.67 51.33 18.25 30.43 62.78
FA. 13.95 41.22 27.67 17.17 55.17 33.40

1) FHE=-FEC GFECHEKEC)
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Fig.3 Infrared spectra of humus in Ca~ and Fe/Al- bound complexes of black soil
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(HA) , T 5 58 E HERR (FA ) B35 (L BE R TR BB EHERR (FA,).

BRI B IR, SR A R b i B T TR R AR B A A R B T R A LAY
MW ERARK, LRERGMS FEREZEIMAS LEAEEER. REBHRAH
oA BT AN [E], (B = Fh 0 Bk i W 52 45 R B AE S — B,

2.3 UMK

231 Aa@EE ARESEPEERNHRSBFERRIARY Y, XK

R % B R DTA #1 BR T 7€ 100C 247 (95~ 120C ) H — B 7k R #ide 51, — fig 2E

360C 24 (340~ 380C ) — R R B, 3B % £ 2 HA B HA BT, FEBRIEHE 445~

560C Z [, HH HA, X — i B X B & T HA, H B ik sy 58 B 2 HA, K T

HA,. M5+, HAZE 730CERH — R RB#&, T HA MIABE.
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Fig4 DTA curves of humus in Ca— and Fe/Al-
bound complexes of yellow brown soil
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Fg.5 Oxidative curves of humus in organo—mineral complexes
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Bl 0.2mol/L K,Cr,0,~1: 1F,SO, 77 FHR B #4557 4% 1y g I 75 A2 138 7 1 45
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Fig.6 Titration curves of humus in Ca— and Fe/ Al-bound complexes of black soil in the presence of
metal ions. HA;: Ca—bound humic acid, FA: Ca-bound fulvic acid, HA,:Fe / Al-bound humic acid, FA,:
Fe / Al-bound fulvic acid.
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&%), Fet pH T8, B, 8 WHER Bd B P pH BT A SRS MEAr S, &R
B PR MEFA YL R R M g pH ALK R, Brid, o] 185 5 B & R B F R i 7F
TERIRAET, WRE B A0 A i e M 28-S O A W B0 RV B I A R 4 B e Y 07 2%

B 6 HaT LU B, A R A R BR B A8 il S 0, R BB E AR UL U R,
MEABBRNBETIER. MEUMA=ZNEREE T pH THEEZ. FEEVIMBRE
MEER, NS R AR B B & 1 2 B R By, HLRE i SR B A A, K gk
BRESETHER (HA) BHRE AT HHE (HA)H BRN Rf i, kEEE 4K
i EHEER (FA,) SR AP EHR FA) B RBHZmE. MAERETEHREA
BIRER BL, & 7 R B A0 FH BRI SR AN ) T L A A 01, R LU HA F HA,, FA F1
FA,, ft4F HA # FA,%F Cu’* A 58 B R A

ZEYRE BRFHRTUERBEEFIYESRE THRS RN, REFEK
MAPMERETHHERAINDKRERE X (R6). UBTFXHRTFEHENEHFMHE
ARTHERTEYRS 2o WESHFRER, KERBE AT HER - In BS5YH
REFENEBETHERESATHER - Zn £aY, A&, EARESEPEHR - Zn
BEVHREFHERETERE KT EYUR - Zn B5Y. INMERE5 ERAFEME
TRHH R — B,

£6 TEREEEPTHA-ZnFFA-InHEEYHREEHR

Table 6 Stability constants of HA—Zn and FA-Zn complexes in different organo—mineral complexes

bt £yl Ryt YL HA-Zn FA-Zn
Soil type Complex type
B+ E21 0y Ry 3.18 3.17
gBEEsk 3.34 3.85
O 219 Rogry 3.24 3.14
BERESHK 3.65 3.42
3 4w

THEAHERRREREIT REARERLIENAIYT REAK K4S
HEkBEN 0% LA, MEAXEERERR, RASGFOSNIEEEF LESHHEE
BREE. HRXMEESERTHEEFZ4H XN, EARMER &, LR T
HHYREMAE, ERARETR ., RAOLER ¥ Na,SO, A NaOH + Na,P,0, 7 43 5112
BT XFREAERPOEHEYE, &3~ KAV H0E, B T ENERS. g &
XMHERFE HEHEHEG, FNERESRPEHRYRHA FA)N CHNEE
BT&aRE A kHEHEY R (HA,FA), T O M &BMAHR, B C/NHAM O/CHHT
ERERTREE. £ FEHFE, RERE 4K PHERKSLERTHRE S KT
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STUDIES ON ORGANO-MINERAL COMPLEXES IN SOIL
IX. CHARACTERISTICS OF HUMUS IN CALCIUM-BOUND AND
IRON/ALUMINUM-BOUND ORGANO-MINERAL COMPLEXES IN SOIL

Xu Jian—min Cheema S U. Yuan Ke—neng
(Department of Soil Science and Agrochemistry, Zhejiang Agricultural University, Hangzhou 310029)

Summary

Elemental composition, molecular structure, and physical and chemical properties
of Ca bound and Fe / Al-bound humus in soil were determined by chemical and
instrumental analyses. Results showed that the contents of C, H and N were higher in
Fe / Al-bound humus than in Ca—bound humus, while the ratios of C/H and C/N
were higher in Ca-bound humus. The aromaticity of humic acid in Fe / Al—bound
complex was higher than in Ca—bound complex, but that of fulvic acid was higher in
Ca-bound complex. Fe / Al-bound humus had the higher thermal stability and the
stronger affinity for coordinating metal ions than Ca—bound humus.

Key words Ca—bound complex, Fe/Al-bound complex, Humus



