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WA, ¥t MABLE LHETOEERBAMEDIRERY, EARIERN &
4B RR (HA) M B iR H(ALI-H) MARXT S B3N, RIEREEK (n H)ZE, 5% H(ArH)
Mt BA M2 IHERISFE (faH) FFH, M FBHA PAE&K Ali-HS Ar-HE H(E 30,
Bl &4 TREHEAL., H 3 (PM) LLEXFH (CO)MBE (RS SRA LAY ES AT
HA Hlgmd, BT EXRAEREEL T HAK-H) & BHMEM, M CSH RS FERHA
ERIBA LAY He-CH) 3 & B7E. BFRERY, HATE DMSO-d,fl NaOHd,
BRI AT K H-NMREE, THENANRMEL. B'H-NMRERMSH g L EA
WA HA S5 45 89 28 L B 8 P C-NMREE 4 6] {8 0 5 3%

*@i ALK, SEEEH, 'H-NMR

HREFL IR (NMR) B BN A RIR AN G EHHR BRI —, TEXRHE
TIA MR B 5T P R R A HORBTIZ. RAOTH APC-NMREE A BT S 1 A A TLER
R+ HA SR EM e, EPC-NMRAENE EBE. H&. TEAR
K. FBEET AL LB P A8 3T L BRT R B E . 'H-NMR# R 52 5 327K i A
WA T, B EEA (&K% 10ppm), RHEMEEELD; HHMAH-NMRA
BEEEME HA M5 &, {Bxt B EM X B AR HA 2 REBT RS, 'H-NMRRA
Hht. BRAMAESHERMOMA, FTUAELERRT HA ¥R, SR AR
FUC-NMRUE % % # R A B RS £07, BF 5 A H-NMRE A8 xF LB #L 3% AR B 45 b 3
HA Z [BM £ R, HEBMAR DEANEENLE,. EnEfRELRIENR
HAER K, FREBCARENITIA,

WeHE B 1995-08-21; WFIEHR HM: 1996-09-06
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SO A 3R KHE R e . KRR BBk RY¥, A CK. 0:-1(18.7t PM" / hm’)
MO, _,(37.4t PM/ hm’), AR CK t3# & BIHHR AR 8 M4b3 (0. 10, 30. 50. 70g CS”/
kg #130.50.70g PM / kg); ¥ 1R BT T4 RUM¥Bt, & CKH 0,(75t PM/ hm’)2 M bH; KA
TR BT THERMBIAN, A CKH 0,(3.750 RS / hm*)2 MEE, i T 0 iF4n 155 WA,
1.2 HAKSMHSENNESE

HA f30.1mol / L NaOH $#2H, s ATERaifl, ELARHIHETy B A0 BT & HA 65 A o = 7 3.

HA #¥WH'H-NMR#E Varian FT-80A{(2% EWIE, 'H&ILIRMAE N 79.542MHz. JTE T FREL
35mgHA #3 # T 0.5m! /X = H L (DMSO-d,) 2 3mol / LNaOH-d, (I DO ), MBS %
WA 24 /et B0 (16000rpm, 30 5+81) G #% HA BHBIA Smm B P H™. xT DMSO-d &K
&, 4#F i D,O@OuD Fi/GERE FME MK H-NMR; *f T NaOH-d BRIRLE, RM—KWE. B
A'H-NMRR A bk s R BT 6 B (R REENT )5 2 88, BKe3EiR 2 4 B) 8 90° bkt A1 DO S ™A
P RMHME, B 7 WERFAMMBEL, 2 BEx BRSNS, 850 S8R0 m Rk km
FERE RS E RS S HRBGER 100%, #HieB@&R 48 HAK-H), BKEawFHERESO.
NAZEH C E# H(a—CH) M5 &5 P8 H(A-H) 82 7518 4 51%E 4 0.5~ 2ppm, 3~ 6ppm 1 6~
10ppm. AEMEHHBSESS HEMN % RXRRAENHHEM TR, HERTENSA SO HEREN
5 0.1%. AXHPHIREK H(AlI-H) 18 Alk-HMloa-CHZ M, HARUHKE XHITHEH EHER XER
iR,

2 ZER5E

2.1 HEXE
2.1.1 DMSO-d &/ R L+ HA ) H-NMRIF R~ &40 5 13 HA ' H-NMR¥ IL &
1. BB 1A R, 7 HA®'H-NMRIEE A -, W& HA RAMHUNSEHEAT. 5
—HiH, FEREEEERE EFRATER, RAARHE T8, ARLH HA PEERAH
A 3 & B I A F,

& 1 % Oppm f#1/)5ide Ay 0 B BB A% (TMS) #9155 . 2.5ppm 2 DMSO-d i % 7%, &
BT 2~3ppm ZHMHERFES.

£ HA B 0.8 1 1. 2ppm L H BREAFZHNRRES, 2 53B T HREREP KR
RAEMRTEFERED HOREY, XU HA PEAEERRM— (CH) —%W /¥ 0.8
M 1.2ppm M55 BARERMEE, BEAVBERXEMESHHIE. Alk-HA M5 8 M
—CH,—5—CH It (n ) K 1. AR 1 TR, AF 1 HA K Ak-HRHATEA
11.5~22%, X5 Grant(1977) FifRE MR ALY. 5 LM% L, %A PM{# HA

1) PMIUERESE, TR 2) CSHREEXRH, TR 3) RSIUEMBE, TH.
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B Alk-HAHX S &30, 1N 9~38%. {B1E
Kkfgt b, A RS 5 HA B Alk-HAE T & &KX
Wi BT TR, WRENR 6%. FHEMEBHABEER
xH, FAXHEFHER, ARLETHEH
FTHNOHFEARE XY, X -HRERHA,

PMAR T HA #F Alk-HH & BESE, XFRE
5PMAGEHELH Alk-HAE %Y. Alk-HA
SHEBNES, SHEEMEH PMME HA B E 0a
RER—BHY., TXEPM, £ RS HHEME
THEHAFTHRESETEASS L, BERHAHAn
FON RO, BRI, HHEE W 6~ /\/u\j\\/\o

18%.

6~ 10ppm A MM ILKRGES (B 1), £
&f Ar-HAER H(e-H) B FTER. xF T Ar-H3kK
B, HIESHS, HEIRHI10~27%GR 1),

L N s A "
10.0 7.5 5.0 2.6 0

HAEPC-NMRE EH, Ar-CHMIT T EN 21~ AELB (o)
32% (Kr3) 71 30~40% Ok 1) '"H-NMR+ Chemical shift (ppm)

Ar-HEVHMEEH, FERFFFR LM HEEH

BAR., WMAEPC-NMRIK &, 129~ 133ppm #J O,_, ¥ (Brown soil) O, ¥ 1 (Meadow soil)
= 2503 & 5 3 — COOH 58— COOMe BUAX #Y O, 7kRit (Paddy soil) O, , ¥ (Brown soil)
Ar-CY, 7 Ar-H9, 6.7 1 7.1ppm &b B4~ b CK2 #+ (Meadow soil) CK3 KA £ (Paddy soil)
BAEHES, 5" C-NMRE ¥ A9 121 F1 CK, 5 Brown soiD)

131ppm W5 EHIF Y, #& B 121 A (31ppm A1 HERE T HA 8'H-NMP

FIYI R HED, 6.7 A1 7.1ppm ALBY R GBS BN 5 i# (DMSO-d,)
—OH 8{—OR Z AL EAE. i Ar-HA S E Fig.] The 'H-NMR spectra .of HAs in soils of
R P EE 8] B9 Ac-HY, 8. 1ppm &bAY 4 ) 3 5 the field experiment

%—COOH % o~CH=X 55—COOH. —COH. COOR I #9451 Ar-HE k. 56 A4 HLIE
BG ArHIH & B — BRI N TFHRNBEE, BER S~16%. BRI IEANELE HA
MEEEMBRESBHN_HZ NS ETH, SR C-NMRE A48 -5,

B E—B 3~6ppm), BARTEMBHLRES, FERE34 37MH
4.4ppm ZbHIME, XE(ES FEXRATERC LM HEle-CH, 1 R—O—CH,(n = 1~3),
BBk sms", LT EEERAPRAKNTTR, ik TR, & 1% HAK
o—CHEIMIXT & B R 47~55%, HPLE@LHERE. £KkBLLE, A RS #«CHIHE
SEREE, BERN12%. BESHEAESS L L, EHAPMRMEc CHHETERA T®
MEEEE < 4%). RSHo-CHHEXNSBRERNFEE, THRERFHARSNITHERR
k.

N TiHE HA M35 & (faH), RATH A HELE DMSO-d, '/ HA & MA D,O 5
ME —K'H-NMR 3%, 48 0AE 2.
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Table 1 The relative contents of various protons in HAs from soils of the
field experiment (‘H-NMR in DMSO-d,)

D087 mD0fE
Before adding D.O After adding DO
HA n” Alk-H  o«CH’  Ali-H”  ArH Ali-H  Alk-H  ArH .
0.5-2ppm  3-6ppm ete. /ArH THEY gz
6—10ppm Exchange Exchange
rate rate
PR CKy 3.07 20.0 49.0 69.0 12.2 5.65 33.5 332 43.6
0-, 3.12 21.7 495 71.2 11.6 6.14 46.6 20.7 435
012 2.89 220 48.1 70.1 10.3 6.81 40.0 435 395
EHLCK:  4.00 11.5 54.9 66.4 22,6 2.94 45.2 41.6 50.9
O 3.51 15.9 527 68.6 200 3.43 459 26.0 49.7
KFEECK: 380 154 47.0 62.4 26.5 2.35 46.1 37.7 56.0
O 3.10 14.6 52,6 67.2 222 3.03 46.6 27.0 55.5

D BERSTEHEN 100%;
2) B 1~2ppm 1 0.5~ 1ppm B EHZ it H;
3) BEREEEMEMBRERKER + DO Iy EK;
4) Ali-H = Alk-H + o—CH;
5) Alk-HEX#%E = (i1 DO HIf5 Alk-Hifx &2 % / i1 D,0 & Alk-HM & &) x 100;
6) Ar-HX## = (il D,O Rl/F Ar-HMIX & ®Z % / i1 D,O /T AHif X & &) x 100;
7) faHEAR: faH = {{(C/H) - X' x H"ali] / (C/ H)} —f 0, THS. Ho X =05, C/HHNARM

C

R, H"ali A DO JEBx Ar-HEASMIETE Ho f N EBEI TSR,

COOH

HE 2/ R, fnD,0JE HA# Ar-HH Alk-HI {55 B B W5, 3~ 6ppm K155
EHE, JFLE dppm Kb H B — KR Ok i) . XiEH Ar-HM Alk-H& A —&F 5 7 8 D,0
LERE HENER MR T K, AE 1T, 3% HA B A-HER R E K 34~ 47%;
Ar-HIHE R 21~42%, WHXHAZLE, FEEY., T AcHEHR (R LB«
-H, 8.1ppm Wf55), XL HN HARBERENBRE LMY HY, £
AEEEER LM HEASER CAHMIMN Ar-HE, HPURARMELFHHHRET
AR !,

B3} Alk-HE D,O XML, HIREERER. BRREF (1981) V70 E 8 AR
A K £ HA 89 'H-NMRiEBf, 52 30 fm D,0 /& Alk—HAH 3 & & 7 5 B 10.09% #0
7.83% W02 6.88% 1 6.04%, W0 08 B4 B R 32% F 23%. AT BE K 1R A R
it b, Al-HEAKTHEH DO Tk, RAEER HAA S Ar-HA #EH D,0 X #.
XF HA * Alk-Hin D,O G & BB AKIAR, URAEFH#—LHI%R.

mD,0JE 34, 3.7 44ppm MIESART, EENB KLY HHBEE H Al
#D,0 3# A BB T 035 H {5 S Bk e HE 35 #Y L[ 45 2R

B 'H-NMRE B A7 53 A 45 R el 8 B 80 55 & (faH) 9 43.6~56% (R 1), AR
FEERBIPC-NMRESR & 10% 24, WTHER X 24 0.5 8/AMRE., X BEFFLEHS

1) BREEZ, 1981, MREMKELIREENTRIL, 288 - KEHBRFRSVLL, 35~40H,
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C/HMBERE, WRU—CH—NE&GE), ARR 05", (B HA FREH —
WA SR RB S (WA E HHERX), SEEERERSINAE, MEEZ

EF nfiN3~4, RHAKEKFHEHZR—CH—, ﬁﬁﬂi&ﬁ—c’:H—, BEEZ CEEES
C). XEERSHEZRAM I C/ HEE/RELRE > 0.5, BRI H-NMRAI"C-NMREFrillig 35 & &
ZETUHED, X =06 BFSEHEER. RINMEFR X =06, REIEAZTHE
HBAHLIE R R.

DL0

KELHA (CKa)

Da0

E@LHA (CKa)

8.1 1.28%7

L L 'y L A
10 7.8 5.0 2.5 [
B (ppm)
Chemical shift

HELB (ppm)
Chemical shift

H2 i D0 HiJE L5 HA 3" H-NMR B 3 1+ HA #'H-NMRi# (NaOH-d)
Fig.2 The 'H-NMR spectra of soil HAs Fig.3 The 'H-NMR spectra of HAs in the solution of
before and after adding D,O NaOH-d, from soils of the field experiment

MR AHLIEEE, 4533 HA B9 AI-HS B RIB M, 18E R 19~39%; {ExfKH LM
B+ HA KL, RRBRARmMEEY. B—FE, RAFIERE, Ar-HEZHRRE
1% (b O, AbFERRSN), WRHE N 8~38%. Alk-HA#HENRA, AIRERRT fedbtties
XBREOME, B —CH—REREN, 4XTEISBONVRKEL, EXFEERA R
B EEIEEACRIRE. X—AW 5 nlMEDE B/, T Ar-HE R HFERGHE
BHT HARSERRAEEN TR, RESEELD. X5 C-NMREMAL M B 8t
FLER—FCY, BAAVERE, HA® faH BB/, 18BN 1~10%. HAF Ali-HS
Ar—HREY LA R 2.35~6.87, MEFAAHNUER GBS, EEN8~29%(F1). XHHAEH
ML AR /5 HA MR IR e 0k,
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2.1.2 NaOH-d AR R L+ HA# 'H-NMR B %E7E NaOH-d, BH R4+ HA M
'H-NMRiE WL 3. EERN THWE 2.5ppm £ W, B FKERK (Sppm £H),
ERBAGHER. K 3R, K& (H)R Ali-HK, K%K (E) N AcHK. A
BRUE L, HAFLURRERAE, RAEESS. 7.2 M 6.5ppm 4F Ar-HEtRIE S, 5K
X, 0.8ppm M5 S 8K EH—CH,, 1.2ppm A—(CH,),—* HIES. AIEEG XA
RS BIEIR. TEAR L IREE B CK I 4.8% LFHB O, /Y 8.7%; (B % f + £ 34
MBD (% 2). H NaOH-d R A LWBM n{EN 1.1~ 1.6; (Alk-H + «—CH) / Ar-HlLk
69 1.5~2, Ht DMSOd AR A LM MEERB L, RHEFCRERE. HEMEIE
BIEHE B ELBES S DMSO-d BRI R 4%+ —H.

K2 LMHAREERTHHEN R (NaOH-d)

Table 2 The relative contents of various protons in HAs from soils of the field experiment
(‘H-NMR in NaOH-d,)

HCOO (%) Ar-H(%) o~CH(%) Alk-H(%) (Alk-Hra-CH) nfi

HA 8.35— 6.5—6.6ppm 33— 0.75—0.95ppm n value

8.55ppm 7.2—7.3ppm 3.75ppm 1.1—1.3ppm Ar-H

R CK, 0.67 4.55 2.52 477 1.60 1.60
Or-1 1.01 5.54 3.84 7.15 1.98 1.10
O 0.84 7.86 7.71 8.70 2.09 1.41
&4 +CK, 0.48 6.29 491 444 1.49 1.07
O 0.42 5.00 5.00 4.67 1.93 1.01

1.8, 2.1 1 2.4ppm B {5 5 & DMSO-d BRI R KA MER R @i 7. Hd 1.8 M
2. 1ppm §9Y3J& FJ B8 29 55 35 B 30 8O B R A 3 PR A E I o-CH, B —CH, % # H LA K BT
B EIB—CH; T 2.4ppm BY/IM5 S AT BB R 55 M B E I o-CH, B CH, LA R B I Z5 0 1
# a—CH",

3.4~3.7ppm MIE EBAB KU S MBS 5 O HHEM o-CHIIE S, £ DMSO,
BERNRATEFRRHBE-&, BELETRREGETH, FEERKH S0EERE,
3.4~3.7ppm HJIEHEIR, A XA (3.3~ 3.75ppm B2 {H) MR 0 BB HA 89 2.5%, 4+ 31
EBEF O, _ FO _,138%M77% HEFEEG L EHMMRL, X — 558 3EEx
Alk-HI & —F,

FEXEBFWARRKES, —4HR 6.5 7.2ppm, 5 DMSOd BEMR L FETH
—J3R. HEANEES, HFE HAM A-HES BN, M¥E4+ HA B, Bo—42
8.5ppm ZbRIRI%, X7E DMSO-d FRIMBAX AHE. *tF 8.Sppm LM gl e A U T
JLMIZE: © SCER=EMENSERTF @FEF)CT, @ HFFHRFNLHY;, @ &
NaOH-d %R R G 7= £ K BB F (HCOO ™)', WA T4 =R Al fete, B ik
A MR EWE B —t. 55— MEERREE DMSO-d'FRA 8.5ppm K55, &
8.1ppm ALMI{E SN DO % ; W NaOH-d, BRI R FL+, 8.5ppm MfE S ERXH
JERE TR EMEE., —BIAN, HAPEARBLOERFMERSY, I HA K
8.5ppm B {5 SR E MM — MR <1%, TWHHIFIEG ZHESEA S ma ., #H
HA BRAMATRE, BB7E NaOHd, T=EFL M FRE T (ATRERET AzhEk).
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Relative content of H

HHXE® (%)

Ali-H/Ar-H ratio

60 1
50
4
40 2
so}
20
3
10 " N i L " N N
0 10 20 30 40 5O 60 70
HilgH AR (g/ke)
Amount of organic
material added
1 a—CH(CS)¥# 3 Alk-H(CS)FE#F
2 «-CH(PM) 3¢ 4 Al-H(PM)$E3
B4 AHYRHES HAF HET
& BB m
Fig.4 Effect of organic material amounts on the
relative contents of different hydrogens protons
in the HAs
10r
o
x
T
{
L]
=
jas}
.
<
3 n i L i A P
0 10 20 30 40 50 60 70
HULGH AR (8/ke)

Amount of organic
material added

Be AHYHMEN HA + Ali-H/ Ar-H
A=A
Fig.6 Effect of organic material amounts on the
Ali-H / Ar-H ratio of HAs from soils of
the incubation experiment

n viue

1 i A A A Il A A
O 10 20 30 40 B0 60 70
HNG N AR (g/ke)

Amount of organic
material added

s HHYE AR HA PREEK (M) HER

Fig.5 Effect of organic material amounts on the n value

of HAs from soils of the incubation experiment

T0p
60
2
° 3
E ;:\j 50¢ 1
@
2%
3 4
9 ®
]
=
30 4
20 A i i L 1 I )
0 10 20 30 40 60 60 70

HE4H A E (g/kg)
" Amount of organic
material added

1 Ali-H exchanged (CS)##
2 Ali-H exchanged (PM)#3$
3 Ar-H exchanged (CS) F5#F
4 Ar-H exchanged (PM)#53%

K7 HHYRAE HA  HZH®REHER
Fig.7 Effect of organic material amounts on the H
exchange rate of HAs from soils of the
incubation experiment
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2.2 WRLAE

PR35 A E R FE AT (CS) A% 38 (PM) 35 5% 180 K )5, BAMIE T HA #9'H-NMR¥
(DMSO-d), HEHRALFUBIVE SEEARBMAL, XERAELT. LR EE
KRN G RN A D 28N faH KB 0E—ITE.

TEEE I CS Al PM JG 4 Alk-HAlo—CHA W5 A — B, CS # HA & Alk—Hi 48 %t
FEBY, «-CHEM; M PM R Alk-H¥0, o—CHE/ (B 4). 7 70g / kg F & BT,
CS AL E i Alk-HT B W& 5 38%, «—CH
EFA20%; T PMALFE § Alk—HE 1 0 g B
7 88%, o«—CHM > 20%. B L& CS,
R PM, H{EHHEB T Alk-H + a—CHE
EAMAI-COOMESERE MRS, WEN
2~ 14%.

EX, PM AR THMN HA B4+
M H, MAEFLEYEAEHTRSE HA P&
KAABYIH I H. XA ES B 5 E HA F
L e SHBEZHENELEREY TEHAK 2

AL B (/) BFUE)THMBEH LAY SERENARE

e g BIH X
g} L CS, BEPM, H5&E HA
EisEffctn:fii%izﬁffii B R S T AR I, [ BB
aromaticity of HAs from soils of the LG R AR A, o /D (F 5).

incubation experiment ﬂﬁﬁﬂlﬁ]ﬁ%%%ﬁ%%,
A, BTEMEE HEES M, #
Ar-HEBE L, WM AlI-HSE Ar-HR HLER S, PM L CS EX 7 EM/E A K (B
6). MHE CSTE>30g / kg AELG, Ali-H/Ar-HHWEAHRE, HERG&ETH %
Hit.

D0 J&, Ali-HS Ar-Hf #3845 H B IR 09 F b —, B Ali-HEK 32 #
M, T Ar-HE R HEREK (B 7). ¥2 PM I CSHERK, PM K 70g / kg A BB
Ali-HZZ #e 3 (1 5 i W8 BE 3% 43%, Ar-HZHSH THEEE N 53%. CS AR > 30g/ ke
Ja, ArHRXZXHEOHEAMBEE, 5 Ali-H/ Ar-HEE K AR 3R,

RIE H-NMRIG AL F BB BN E RTEE T E B faH f, Ko iEs 5 Hb
R —2, EAYEEEOSINmEE, Rt PME CSHERAMEE (ES), X5
HA TR AL EH R RE R B, th 5 C-NMRE £ Y4,

48
(
46t

44

421

Aromaticity
FEE(%)

40

38

36

3 /NG

1. ERAANERHE HA & Ali-HS 2, BEPE#TEEMES, ArHSE
W/, faH TR, HIS3 HA W5k,
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2. SEKFEFMLL, BEMF HABRLEER, EEEREMAKHYHEMSSE;

i ERFEF AN FER R B« CHY X & &,

3. HA 1€ DMSO-d, #l NaOH-d, % | & 45 89 'H-NMREK i, "L EARAM IR G638

ZHEMER.
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EFFECT OF ORGANIC MANURE APPLICATION ON STRUCTURAL
CHARACTERISTICS OF HUMIC ACIDS—'H-NMR
SPECTRA OF HUMIC ACIDS

Dou Sen
(Jilin Agricultural University, Changchun 130118)
Hua Shiying

(Jilin University, Changchun 130023)
Summary

In order to learn how the organic manure application influences the structural
characteristics of humic acids in soils, a comparative study was initiated by the
method of 'H-NMR spectra of humic acids separated from the soils (brown soil,
meadow soil and paddy soil) with and without organic manure applications (pig
manure, corn stalk and rice straw) in field and incubation experiments. The results
obtained are summarized as follows:

In the solvent system of DMSO-d,, the absorption peaks of 'H-NMR spectra were
0.8, 1.2, 34, 3.7, 44, 6.7, 7.2 and 8.1ppm. The absorption peaks of 0.8 and 1.2ppm
were the contribution of — CH, and polymethylene chain (—CH,—), in saturated
hydrocarbons respectively; the signals of 3.4, 3.7 and 4.4ppm were due to the H
connected with the carbons in carbonhydrate (¢—CH); and the peaks at 6.7, 7.2 and
8.1ppm were generally assigned to aromatic H and —COOH (Ar-H). In the solvent
system of NaOH-d,, signals at 1.8, 2.1, and 2.4ppm. were found. It was suggested
that these arise from protons attached to carbon « to aromatic ring or other
unsaturated groups and o«—CH or B—CH in indanes and tetralins of the humic acid.

Application of organic manures led to the increase in the relative content of
aliphatic H (ali-H). However, the methylene chains (n value) became shorter after
organic manure application. On the other hand, the content of aromatic protons (Ar-H)
and aromaticity (faH) in humic acids decreased because of organic manure application,
which resulted in the increase in the ratio of aliphatic H to Ar-H in the humic acids.
Results also showed that pig manure (PM) was more effective than corn stalk (CS) or
nce straw (RS) in raising the proportion of aliphatic chain hydrocarbons in humic
acids. Whereas CS and RS were more effective in increasing the relative content of
carbohydrates in humic acids.

Key words Organic manure, Humic acid structure, 'H-NMR



