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AXREYHR TR -—BREX#AZEER SN BEARBHBOERE A H.EEE KL
HEA%MTE. R EP: (1) B 0.1mol/L NaOH  0.1mol/L NaOH + ¢.1mol/L Na,P,0,
BAKESBENRES (M) MRES () BERFTSOLARLIE o8 A5 58
BOREmM#AS. ZitaEBR H SHESS. BERBHENERX, SRANSERDHE
A%, H, N SRGEE2REEEHEX.MSHESE%. BERBE ABEX, TERBIEN
BEEAEEER (M) 5 oH REHBREVEILEER R Q) RESE AR (H) W
BEHRTRESEER () WHEH. MESHESBERE LML GEN St eH A
THETEDEEMER, ) REBUYHCRARPENESEERS. BREEANEHE
FEhES 0B EREANEER RESNEELERE SNEER.

XEA  HASEERLBREVE,HEL,. LB

EEX, REMRIETEGTUBHNERER S RELES BREATMELEABIEHAE
BREEA T MESKREBRHARNKEY, BRXEEENRES RS SIENA £ #
— SRR, BEE 40 £/, EH(1943)HLL 0.05mol/L HCl B4E, 4R GLL 0.004mol/
L NaOH ISR RMEF,4kH 0.025mol/L H,SO, %43 ,F L) 0.0lmol/L NaOH %
ERBEYZ ZHARENEAERY . BREHERBIF TR (1961)%H 0.1mol/L
NaOH J 0.1mol/L NaOH + 0.1mol/L Na,P,0O, B&# 2 BIX e - RESET EHiEE 8,
REMNESROE, HL 5B ANEMERY, Mckeague % (1971), Arshad £(1972)
ARE 0.1mol/L EMBMHENAHESEBREREMNET "%, Bruckert (1979) i 4 %
Fi 0.1mol/L Na,B,0,(pH9.7) Mg & - h &2 “iE4: (mobile)” B4, REH 0.1mol/
L Na,P,0, E#“JEiFH: (immobile)” E 41K, B5 A 0.1mol/L NaOH(pHI12) &2k
BEA-BHERRERESNE A, Schnitzer 1 Schuppli (1989) BH HIES K
A REIFEEYIE, 4 0.1mol/L Na,P,0, 15 & B “EA"HAENE, H
0.5mol/L NaOH B L“WE"HIR" . ERE, BRIRQITS)BESEMMBMI R Y4,
(1) 0.1mol/L NaOH 2B BRI, (2) 0.1mol/L NaOH~0.1mol/L Na,P,0,
BERERRSESEHEIG 3) MERBABRFMMBRELERER 8 4 & B M E;
(4) REHNEFERBERE ERE983)% %k ikiT T ik, 8 H A 0.1mol/L NaOH
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% 0.1mol/L NaOH+0.1mol/L Na,P,0, B & ¥/ Bl E LR BN SRS RER, &
BARERAEESBHERY, XCBIFS MR ERRA, HREEHR S R
FEREIE R B EHLE Y, A, BRAFEFECLVH TEASREREEREY
AHEES FRREVHRESN, BERATRZ™ENOX S, RETARA “&
BE” CHRIEHET VMR RT RS TESENX S EERENER. RN, XTEHSE
PSS & AR IO AL E M AR E R, MfiE—E BB LIRS TR R R RKR %
AR ST HE B — 1 AR et 3R X 4 O = H I TE R AE & 2R H P RO BR A R I A B AN
ERRFIEE T RERETIR,

—. H R 57 &

BER TR ARAATRE S R HASEHERAERBER—REEGHE,B5EM 0.1mol/L
NaOH(pH12.4) REALE L#, AEERETEREATG, BRBIMNESEER (H), &5
HEIREH A 0.1mol/L NaOH + 0.1mol/L Na,P,0, B&HK (pH ELL.BRRBESEEELE,EE
HEREEEER, BRESVBESEER (), BEEANEESKER (), FaELER
TN A FHH:(1983) % BN ERSEFOLEY ERE ER -HEREDS, NENSER. HE
SR HERAE SR, LR BEEMTERLE 1.

® 1 IRPREEXEUENELSER.B.F5OHER (e/ke)

Table 1 Content of free, amorphorus and complex forms of

Fe, Al and Ca in soils (g/kg)

Sanﬁﬁ“%m. Fe,» Fe, Fe, Aly Al, Al, Ca,
1 5.37 0.55 0.21 1.92 1.01 0.48 0.87
2 9.27 0.76 0.45 1.95 0.89 0.81 1.16
3 10.92 0.72 0.38 2.40 0.76 2.60 1.11
4 8.48 0.53 0.10 1.47 0.61 0.20 1.07
5 10.95 0.39 0.13 1.39 0.48 0.31 1.05
6 6.43 0.85 0.48 1.32 1.40 0.59 0.95
7 21.29 0.99 0.31 4.00 0.53 0.42 1.10
8 29.92 0.43 0.44 4.73 0.66 0.49 0.97
9 17.79 3.13 2.41 6.00 0.98 1.38 0.51
10 31.19 0.30 1.02 3.57 0.98 1.35 0.05
11 38.89 2.64 7.54 12.25 2.25 4.04 0.01

12 81.34 0.97 1.09 11.28 0.92 0.70 1.08
13 49.52 0.41 4.02 8.53 0.79 1.65 .12

1) BpiE do, PABIERRBHE . EEEENE G,

T ERE W

(—) ZEERERDYERR
A+ M ERE SRR L, R ERER, QFERE DERLKE
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RIS, oH {EHM 4.01 LT 8.30%, MK 2714, & LBMEAEARNEEESLE
BAMESR, RHEE 0.1mol/L NaOH REFMEREAER (H) REERAKRERKN
RESEHER (H) S&BRENELBRE EALEE 2 8% 7.69—51.05% A1 1.51—
34.18%, HrhEdk+dey H, HE KT H, 4, H/H, 2tk 3.28—33.81, ik 4

2 IBREAESHBERGASR(L LMBFIRE%)

Table 2 Composition of combined humus in soils (9% in total organic carbon of soil)

pag | ERE H, H, H, HobH, | oyog |HUGE - HD
Sample No. Total C (%) Yo (90)
1 25.1 7.69 34.18 58.13 41.87 0.22 18.37
2 19.9 12.66 30.75 56.59 43.41 0.41 29.16
3 27.8 17.80 29.89 52.31 47.69 0.59 37.32
4 17.4 9.94 15.86 74.20 25.80 0.63 38.53
5 5.6 10.45 3t.52 58.03 41.97 0.33 24.90
6 17.6 17.65 18.39 64.05 35.95 0.96 49.10
7 9.7 15.98 1¢.07 64.95 35.05 0.83 45.58
8 4.9 27.35 8.33 64.32 35.68 3.28 76.57
9 15.8 26.85 5.69 67.46 32.54 4.71 82.51
10 5.4 29.07 7.41 63.52 36.48 3.92 79.69
11 21.8 51.05 1.51 47.44 52.56 33.81 97.31
12 16.6 38.67 4.22 57.11 42.89 .16 ¢0.16
13 21.4 42.47 1.64 55.89 44.11 25.90 96.28

R RAAEAMAESEEREHRHERAXR

Table 3 The regression correlation between combined humus and soil binding materials

MIER S S et EEY:p ] r{E
Combined humus Binding materijal Regression equation r value
pHV y = 77.4401 — 8.5422x« ~0.9024%%
BESL (Fe )V y = 11.4482 -+ 0.4942x 0.7883%%
H, BEEE (Al)Y y = 7.938 + 3.3618x 0.9288%%
FHpEEED y = 36.9431 — 0.8422r —0.7664%*

K (<1pm)» y = 7.5254 + 0.0540x 0.4530
pH" y = —27.9405 4+ (.9843x 0.8272%%
PEELE (Fe)V y = 25.8782 — 0.3985x —0.7135%%
H, WEAS (ALY = 27.6557 — 2.4432x —0.7710%*
Ak g = 2.7850 + 0.9273x 0.9643%*

B (<lpm)Y y = 24.8686 — 0.0296x —0.2782

pHY y = 50.5003 4 1.5579x 0.3216

BEHRYE (Fey)) y = 62.6854 — 0.0961x —0.2995

WHEAE (Al y = 64.3339 — 0.8607« —0.4648

THHE D y = 60.2719 — 0.0851x —0.1516

R (<lpm)b y = 67.6060 — 0.0244x —0.4004

D BHEE # = 2=13=2=11, r, 0 = 0.684 r,,, = 0.553 K XHREMIHLATHOE hEr 78 0 0,5
H11,

D AHE n—1=10~2=38, Toor = 0.765, ry 5 = 0.632, B 10 MNAERE 3 MERELE,
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kit H, ANRTREET H: d, H/H, ZH2% 0.22--0.96, REEREREH
SEEE (H) WART H, f H, 4,5k 11 SRLOHEN, & LEEESRERPEE
SEERIT SN EIEET 50%,

IS REN, BERNGAESSLEREEE, H Af H, 4K H |
SH51TE pH ERBENERAERMIEAERX, XA KRB T AR L SRR Bk
BEBESTIEONEGETANERFEEAERNER ARRIE H A H. 54
MBS YRR M RFEE—ERXRA (& 3), At H, 5HBESSEMEESERER
BENERX, SXHESERDPEAMESR, H, BAR, 5SXEREEREEEMX,
HipE Ak, ERERBERANER, X5 H, 1 H, B oH EHNBHHE—, pH &
&, BB R kB8 AL AT SIS LU B AR AR, X MME LA R TR H, HBEE-F
RE AN R, BREL P, A RMERE, R BEADR FZENKRE YR, XEF 5
H, BHER-TREAERNER, XEGAREWRSVEELME L ERHERNE L
Ao REMBBETHETERNREYR, BX3LERER H, 11 H, SHSEH%
BAREOMRME, RESEER H, SEES%.HE, TRESEENSBSHETEN
WX,

(=) 44E5RERNABAR

FR4FHTRESNRESEER PSR (HA) MEHE R (FA) HEREEL
{E(RIHAE L HA/FA), RATATLIRE, &F L SARESRERY , £ 2ROLANR
THAg, HA/FA HBIR, 76 0.13—0.59 2|, B T 11—13 S=F-Lifsh, KA
U HA/FA LR ZBIARK, BE—ENME, 11—13 51 HA/FA L HRNBR RS
TEPGHEHACHEERSHR RESBERY, HEEKEL R 7, H HA/FA [
BT 0.5, f0 B 4677 F RX A K -+ S0 B T SR i ng s X o rh At

x4 IMESSEERYARARGE L HAFNKRNS%)
Table 4 Compsition of humic acid(HA) and fulvic acid(FA) of soil combined humus

(% 1in total organic carbon of soil)

. H, H, H, + H,

Sample No. HA FA HA/FA| HA FA HA/FA| HA FA HA/FA
H 2.11 5.58 0.38 16.64 17.69 0.93 18.75 23.27 0.81
2 2.06  10.60 0.19 | 18.8¢  11.91 1.58 | 20.90  22.51 0.93
3 5.21  12.59 0.41 | 18.67  11.22 1.66 | 23.88  23.81 1.00
4 2.76 7.18 0.38 10.46 5.40 1.94 13.22 12.58 1.05
5 1.21 9.24 0.13 | 26.97  4.55 5.93 | 28.18  13.79 2.04
6 3.28  14.37 0.23 8.10  10.20 0.79 | 11.38  24.39 0.47
7 278 13.20 0.21 773 11.34 0.68 | 10.51  24.54 0.43
8 3.27  24.08 0.14 3.47  4.90 0.71 6.74  24.98 0.27
9 6.65  20.20 0.33 278 2.91 0.69 0.43  23.11 0.41
10 4.63  24.44 0.19 1.85  5.56 0.77 6.45  30.00 0.22
1 18.95  32.11 0.59 0.50 1.01 0.50 | 19.45  33.11 0.59
12 12.83  25.84 0.50 175 2.47 0.70 | 14.58  28.31 0.52
13 14.39  28.08 0.51 0.89  0.75 1.19 | 15.18  28.83 0.53
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H,ESESNERN LSS, EMLERESEERYN HA/FA LR TRES R
JEMRHS HA/FA, XRPIMESNRESRERNSERAHERAN, RESEERNE
HBR, MBS SRERNS LERS FREX, BB K.

%5 TRAESERAROAXILHA/FAIS5LE pH JOREHFAMERRXR"
Table 5 The regrssion correlation between the HA/FA ratio of combined humus on

the one hand and the pH and binding materials of soil on the other"

HA/FA pH RBEHR I !

pH or binding material Regression equation r value

pH y = 0.5690 — 0.0392x —0.3716

e ARk (Fey) y = 0.2355 4 0.0035x 0.5033
H, HmEAE (Al y = 0.1887 + 0.0286x 0.7082*
2k 4E (Ca) y = 0.3747 — 0.0042x —0.2991

i (<lpm) y = 0.2533 — 0.0002x 0.1738
pH y = —2.1016 + 0.5546x 0.5588%

WEAE (Feg) y = 1.8857 — 0.0201% —0.3054

H, PEASE (AlD y=2.1087 — 0.1536x —0.4048
R (Cad y = 0.6417 4+ 0.0267x 0.7626*

R (<1lpm) y = 2.6488 — 0.0042% —0.3370
pH y= —0.6973 4+ 0.2240x 0.6746*

HEEE (Fes) y = 0.9203 — 0.0084x —0.3816

(H, + H,) BEASE (Al y = 0.9510 — 0.0509x —0.4005

L (Ca) y = 0.3517 4 0.0174x 0.7923%x
R (<lpm) y = 1.1640 — 0.0015x —0.3608

1) BRI FEHERRE 3,

R, ZABRERNABARS L EREERESDREMLE—BIXR (R
5), MR 5 AL MGABERK HA/FA WEFESHEESELMEX, 518 oH, I
ERRZHREEHBLRERXYE, RESKBERD HA/FA 5+ 5 ol fiss#e
FREPELMEX, MESHFESK EBREERX. XRATBREDRE VAN EEE
HRERNEAES, MA SR ELSESBERNSRER, AP R ESEEERMEREA
HOMNmA ERANEY, RESHERNEZRESSROENMESENE R
H,+H, p§ HA/FA th1 543 pH MIXHEMEEEEZENRBENEERX, M5
WFERGEHLTEEOERMEGE ), XTERALH oH AIXHESSRRE B E
BERHEHAREANEERR. 5 ERERPIHREHEAEBWAER B HA/FA
LSRN SBREABRENEXE,
(2) 48ERERDESRE

LS SEER —REEANERRRERER, RERNEBESMEHERS
B 4B, e R B . B 6 FR,58R 0.1mol/L NaOH BiE&HERM
EEIR, TS RIRDBIMIRIK. Carballas F(1979) 3 iE S AL HR B %Y
& BHEAY, AFERBRERNBERR (pH12.4) J Fe(OH), WEBRIR/N (Ksp=
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3 X107, REEXFERIMNRD, BEERBEMYREMEELGKIR, BF 6 h,
—& B 11.12,13 51384 NaOH REGEHEA—EBAL, RITED WinE
HEHELEERMA—EENR @I, RSB ERK, EZ8F. XEFMrhE
ERSERR -SSR RRETN . BORFENSS%AR, b —taE
YR FLEE R AIEEEREMAEETREN R, STEEEA IR b F g &%
B, it oS REZH, RERP AN SRS RBRENES LS THEREEREE
EMRE (r =0.9673**), XiHEAE 0.1mol/L NaOH "R B4 A 518 1 #l
WOMESHEEERENER, WRERL AP REKADNERTYRERER M
KT MR SR EM . B —E Rt IR, SRR A B IE R sh5h, 8@
THBR 1 ik 6 S RTTLIBIM, 0.1mol/L NaOH FIEMEEXRSK LI HE T
RELTEEBENEASE, MYRTHSEHE, SUBPEF R %H T, 0.lmol/L
NaOH b M MERAR,EEARE 0.1mol/L NaOH EHESHBHAREE £
RS SR KEEA-RERES®Y,
* 6 BEAPE.KSEANARHER (e/ket)

Table 6 Contents of Al, Fe, Ca and organic C in the extracting solutions (g/kg soil)

oy 0.1mol/L NaOH 0.1mol/L NaOH + 0.1mol/L Ns,P,0,
Sample No. Al Fe Ca C Al Fe Ca C
1 0.29 0.00 0.19 1.93 0.29 0.07 0.85 8.58
2 0.51 0.01 0.09 2.52 0.13 0.00 0.89 6.12
3 0.81 0.06 0.11 4.59 0.25 0.06 0.53 8.31
4 0.27 0.00 0.08 1.73 0.20 0.08 0.88 2.76
5 0.26 0.00 0.11 0.69 0.16 0.01 0.80 2.08
6 0.34 0.04 0.19 3.11 0.48 0.10 0.38 3.22
7 0.47 0.00 0.04 1.55 0.14 0.06 0.53 1.85
8 2.12 0.00 0.00 1.34 0.23 0.01 0.18 0.41
9 2.40 0.09 0.02 4.24 0.39 0.02 0.05 0.90
10 3.05 0.01 0.00 1.57 0.32 0.01 0.03 0.23
11 4.92 0.68 0.00 11.13 0.23 0.01 0.00 0.33
12 2.91 0.11 0.01 6.42 0.25 0.01 0.46 0.70
13 3.26 0.63 0.00 9.09 0.30 0.00 0.01 0.35

EHEEMNRE 0.1lmol/L NaOH EREEREXHE —EBB (76), MR BEE,
BIERD SRR ERREEEEM, BIRE —ERNRERYE, NBR &P ST 85
ARSI E NN ES, ZEERTEEHEX (r =0.8819%), XL EHHY
M SMEERMAERRT 0.1mol/L NaOH i, HERMIBESNEHEE, RE
FERBRA RS TRE"

2. R EEHER +184%0.1mol /L NaOH E2 5, (FEE /Y 0.1mol /L. NaOH+0.1
mol/L Na,P,0, BABRET B BSHEIENSBBIITR 6, HFREZN, HTHRR
#% pH BERMENER, $EEBIEFR, £F-S8H%EET oH T 3HNBREWR
HLEBAET, FLEBNABRERAK, WEAL B EAAEYE, SIREERHBRRE &
BHMBEHZE OB BREVHERE, XBIERRT—F 0.1mol/L NaOH B
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PR EEE, BT R RS R EA RO E SRR, BERE MR EER LTS
x, MRBEESEREOBE IR EP et — SR TRARNENBSERE SR
FREALLBIEBR/N, X4k 0.1mol/L NaOH EiJE, 0.lmol/L NaOH -+ 0.1mol/L
Na,P,O, BEBRAHERRDEHE—SRNS % BRESHNEETR.

BERERNE, R ZRBEREPHTX—F, AHERBEA M SN S S BM0
HmmAERMNES, BEERBEEMERE (r =09172%*, 2 =8), BRETHESE
PR BB S BB ENH A5 5 2 B E R E 2 THEX,BERE r 510 0.6457
A0 0.8349%, RIFEE R & w3 M2 IREA BN, BRI BAA P LS8N, militk
3, R 45 & B AR 5 BRI AR , BRI S 30 93 JRE 78 B 7 3 b B o5 AO LU B B AR, (EkED
MR ENARE L ESRBABERTEENSEE T, BIRARIER DA
=, FEFREFNEN I HRESEERSENGWOEAEEEER, R B
0.1mol/L NaOH #2H(f§ 0.Imol/L NaOH + 0.1mol/L Na,P,0, BE& Kk EiE X E BT
RESNEER.

= & B

i LRV AT DLBR ¥, A 0.lmol/L NaOH F1 0.lmol/L NaOH + 0.1lmol/L
Na,P,0, BABRELBRANESNRESEMEALR LERAAEBE FERENE Y
REEGEK, AP RERFIERBE BRI KCEAMEENENT REAK, MRS
FERHERE FERENEIE RE SEH iS5 JIE T 0.1mol/L NaOH FIIE & 12
BHBERAMSESURE S URERHTN, YR, B4R P H. Ebim AT NaOH i
BPREH, XERE RS REBRNBAERS LERSD TRIHEA, M 0.1mol/L NaOH
RENEEREESRR, XEEHERER ENERLSRERBLAER,BXE54E45
R RS PAREER,

BRI, THANT RE ST HUBER, RRARTESESHM R R,
BEXENRESEE FROMA KB ERAOFE , X MR L8R 785, Ml
RN L WMPEENRATNY BESGE MRS HEE DL RERIFIAR,

2 * x ™
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STUDIES ON ORGANO-MINERAL COMPLEXES IN SOIL

VII. FORMATION AND BINDING CHARACTERISTICS OF
SOIL COMBINED HUMUS

Xu Jianming and Yuan Keneng
(Zhejiang Agriculsural University, 310029)

Summary

HA and FA composition and binding characteristics of soil combined humus di-
fierentiated by the modified Hseung’s method were studied. The results obtained
are summarized as follows:

1. It was observed that with the rise of soil pH. there was a tendency to incr-
ease the loosely combined humus(H,) extracted with 0.1mol/L NaOH from soil and
to decrease the stably combined humus(H,) extracted sequentially by a 0.lmol/L
NaOH —+ 0.1mol/L Na,P,0, mixture from the residues. Statistical analysis showed
that H, was very significantly positively correlated to free Fe and Al but negatively
to exchangable Ca, and that H, was significantly positively correlated to exchangable
Ca but negatively to free Fe and Al. No significant correlation was found between
tightly combined humus(H;) and pH or various binding materials of soil.

2. The ratio of humic acid to fulvic acid (HA/FA) was lower in H, than in
H,. The former was positively correlated with free Al and the latter positively with
pH and exchangable Ca of soil.

3. Elemental analysis results of the extracting solution indicated that H, was
actually Al/Fe-combined humus with less Ca-combined humus, and H, was mainly
Ca-combined humus.

Key words Combined humus, Binding material, HA/FA, Metallic bond



