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JE AR B X = HA 2548 1) 1 A 5% H s 2 W,
i, T, AUFFRHITRE ST, Rk
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INZRERE N, INAGE B 0K G YRR AR DR, %
100 = 40 = 45/ LLBIEA . HEGI R BT AL A PLUIEE
FACLSE R R bn e, B A A 2 350 40 JFH e A A 4
NEF S, YA YR A2 758 kg hm™,

T IERES T 20134E8 A 72 A/ X R F s B
FEREBZE T (0~20 em) , RE)GHEAASE
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Table 1 Physical and chemical properties of the soil relative to treatment

AL R g

ah pH ok
SOC Total N Total P Total K Available N Available P Available K
Treatment (H,0) . . » . » . » Clay (%)
(gke™) (gkeg™) (gke™) (gkg™) (mgkeg") (mgkg”) (mgkeg")
oM 8.40b 10.64a 1.13a 0.68a 19.10a 16.75a 21.43a 244.9a 14.77a
NPK 8.44b 5.76b 0.66h 0.64a 18.94a 9.82b 12.27b 210.6b 15.08a
CK 8.73a 3.98¢ 0.44c 0.47h 18.76a 7.46b 1.03¢ 69.69¢ 14.63a

e FSIARR/NG FRER R AL B 22 53 W (p< 0.05) Note:
difference at 0.05 level

1.2 HARD BiREFNG L

H A () £ BN 4 4k 2 B8 E PR S 58 W) T 2% &
(THSS ) HiPreston% 22 k. BERWTE: %+
W1 10 (w/v) JINAFEEGHO0.1 mol L™ NaOH +
0.1 mol L™ Na,P,0 iR AW, Eilh FIR#E16h, B

Different lower-case letters in the same column mean significant

O BVEW . ZREF R, HIE 06,
PBEOWRIRIEEIpH A1 ~2, I F#E12~16 h,
BB HUUIE . 43 9H0.5 mol L' NaOHAI6 mol L™
HCIR EHm-UiiE, HREOWILE, RAURE
B HA . MIHAFEHHF : HCl (1% : 1% ) IR&
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WAL SR EBRT YR, RIGEERE RN HN35 ps. CSASDDEOAREE 5 0] Lk — 2 X
PEEBOCWOI R YEpH, W UR TR 13 B 2EEHA SRR F ki (0C,0) , EHARFE I Dy 40

1.3 SHNE uso FTAFEM B I 2 400 ~ 8 192,
JLERHM: C. NFHE=EHITESPHL (Vario CH,—only B3 g iR 4 AR . % B i 938 XA

micro cube, Elementar Analysensysteme GmbH, 7 - i (CP/TOSS ) Kk 2 . P4
) ME, Ko EAE800 Chid hillsE, OfFi KA AR L Ml N E] 270 50 ps, {HES —ANE
P25 T LA 40 ps AR ARSI ] o 7 A 121 3% Y 22

SUCME: MITHR M- R ST /R CHMCHE RERI BT ¥ (55, JFA D&k
( Flash-2000 Delta V ADVADTAGE, 8B K CHJES. FrARESAHRKREC1 600 ~2 048,

IR ) MERREMFIN Z HE, DUPee Dee Belemnite TERE b A FE L (A/0-A) | FFHEEMELK

(PDB) MgtRifE. 8" CHEATHF I HIEALRAH  Phis%k (HD) W7 R A I T .

51 B R A/O-A = (80 ~44) / (864 ~93) (1)
BRI R - AR CAZ R L 41 SE 56 43 M1 7E Bruker FFERE = (8162~113) / (8162~0)  (2)

Avance 400G ILHRAN 58, >R A SRR HI = [ (80~44) + (8113 ~142) ] /

o, 4 mm¥EF o CCHARIN LR R A 100 MHz. [ (344 ~113) + (3142~220) | (3)

ARWFFE PR FBINMREE AR AL 55 LR JLF . DA B8 b g RG34 SR 34 F Ak PTG R

“C multiCP/MAS NMR: M@ERiA. BMA AR AR B G 45 o
FENT R A 14 kHz, FZMEHRI0.1 ms, ff 2R 4ER 5[]
0.35 s, 90° "ClkTE4 nus. KiEREF G mAIE 2 45 R
WA (<3%) , SH0gEESRD . AR

HI R E 4 096 2.1 KEEMRTHATZRERFRMENT L
W AHR (DD) FHAR . e A SR % H5CKAM L, OMFNPKA A FERHE - HAM

MRk (AR Fak ) Rl shik (AL SERRIWHE  C, HINFMOS RS (%£2) , HHOMANPK
) L BRI 68 ns, HABLEFmultiCP/  AFRAH/C. O/CHI (N+0) /CHEI XS, A
MAS. FrfFE S R R4 096, OMFINPK AL # 5] #H 22 A K. (Hj e /S HAHHE

CSAHAR : sp’ 2L S LMk Msp’Zefb i35 8 AR/, KR, OMMINPKALHLZ 8] (98 "C
BRAES90 ~ 120 X HRAN XA 4RI, FIFH F kb EHAO B T, (HECKA I3 5B K3 .12 %0
CSAFEAR W LUK I FE 55 X ok, CSA-UEDERT  3.88%0.

R2 AELAEEHARMTEAR (RS « BFILMBEAERS

Table 2 Elemental composition (ash-free ) , atomic ratio and isotopic components of thehumic acids in the soil relative to treatment

e JLR T (LK) BT L ;
1 37°C
Weight % on ash—free basis Atomic ratios
Treatment (%o )
C N H 0 H/C 0/C (N+0) /C

oM 53.3 5.6 5.6 35.5 1.27 0.50 0.59 -25.99
NPK 53.8 5.3 5.7 35.3 1.27 0.49 0.58 -25.23
CK 55.8 5.0 5.6 33.7 1.20 0.45 0.53 -22.11

2.2 KHEEER THABRMEBBEENC multiCP/ 8129, 5105, 873, 856H1830, X1 (8% B AE ]
MAS NMRE]E4FE T 1k RIHRE (COO/N=-C=0) . W% (aromatic
K1 AE EHA multiCP/MASA ik & 1% (M C-0) . &M (aromatic C) . 5%k (anomeric
gk ) FIARR M ARRE 3 (KZR) o kA C, Hhe TR E R T EKRE S ) . bk E\HE
Al HA R A R . 8173, 8153 (O-alkyl) . H#E + AR (OCH/NCH)
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1 3 COON-C=0
2 Wi Aromatic C-O
3 ¥ # ik Aromatic C
4 5Lk Anomeric C
5 fe k3t O-alkyl

6 A+ %5t 2k OCH/NCH
7 ek Alkyl
8 B+ 75 & ik Aromatic C—C
9 JRJf -5 KM OC,0

10 F 43 OCH,

E1 HARmultiCP/MAS”C NMREG ( BALk ) FBMARRS 5 (KL )

Fig. 1 Multiple cross-polarization/magic angle spinning “C NMR specira ( black lines ) of HAs, combined with their corresponding

dipolar dephasing subspectra ( gray lines )

FbERE Calkyl ) 5 104 B AHF% 13 ) 32 o R BT
T ok AR Sk i R IR S, AR E . B
e . BB Fax . AEFT AR (0C,)
EmF 5k (0C,0) .« FAE, HIEMER
H3E

1 HA 2k B % ) f R IR R I 1 7283040, H
P oA e 0 R 8173, T TES220 ~ 18855
SRR, R DA, 51204031
BRI I B MG S, HOMALBE A IgAK, 1M
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Waag, MINPKAR BRI AR (L RNBH B . 2 AR 4 AR
REFRIS , W+ HABRAES220 ~ 142N k(5 5 HL A AR
Gb, Ffb A s 5 YRR R R R, R
TEFERLZ 0 Tk o o 812940 11 16 355 43 B 41K
BRI Z AR 75 FRfE 5 Mo113 ~93Fl
393 ~ 64MfF 5 IR B YRR AR, FRITIX W IX 5k
R S AR A B AR BTk s e R X B 83071823 4k
AT B 1) SR P SR L (5, Ho A MLIE Js
R LI E S0, MNPKANERAR L /N

2.3 OMAFANPKALTEHA BYIE 12 15k B 1L 45 1E

KM S, SCKAEL, OMALBEAHA 2K E
AR, TINPKAR 25 A /N . At B
FVE AR RS B v AN AR X 28113 ~ 93 11 53k e Fl
FEW; SRR TR R U, WS ERR
TRHBFEY . R T HE— 25 X 5 35k 1 Fh 25 4 # 9R
AR, EPEOMMNPKF A3, FIFHCSA
FICH,—only 3% 4 5 B R #4702, 25 2R an k(2
Fi7s o

El2aF 1 26 4 Bk K115, AR S HAb B35 19 2
ZNTIE L E2b AR 21 CSA S A F1OMAINPK &b
FAHATES 1054034 7R B AR A S iR e, R AF
5Lk, HOMANBERIHAZ CSAIAE J5 810504
Mei 2, R X IR & A — 353 05 & ik s T AE
NPKAN# Az (5 S TR & . ik 538105
U 7 AE A i L TP S OMAR B 55, I £E CSA KL h
THEMY . CSARNE LM AR S 7E856 . 330
S234bFk B A7 3K (K 2eFE2g) L A Bl)E N
AR, R M, MAES113 ~ 934k R
WANB A TE, R A AL & A R AR R
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Fig. 2 MultiCP/MAS NMR spectra of humic acids and selective functional group carbon spectra
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REZWRFRES, 56142 ~ 113 FI7 5K |
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AL NS30R W H I, I OMARFRHA /) 856104
BLEENPK I .
2.4 KR THASG WA ESHFETL

F 4 Bk 11 35 1A A A % 151 3% P 13 2 HA 45 B fig
VA B 1) S S A BT 25 38 (363) A 4G A B i Al R
AIELLE, Hs113 ~ 93 FH o Fkik, FHEmTE
AR T8142 ~ 113X 4],

HR3FTHHAG M e R i, 4
We24.1% ~ 26.3%, HR 5142 ~ 11375 Ffik
(18.7% ~23.0% ) . %% (13.3% ~14.6% ) .

BRE (11.0% ~12.3% ) M &AW H#
(10.0% ~11.7% ) , ik, 8113 ~ 93Kk . HH
FERPRAEES R EAL, e 1.4% ~7.5%. 54
TAEAR LY, it AE R T AR A 6 4% i e L 9140 9
RIEMS142 ~ 11305 Tk, & 1 s fhsa i n
f LEBALFES 113 ~ 9305k . e U HE Al HY AU + 75 b
5, HLBRJE A I A1t A HILIE X A 25 #) f ei 72 22 L
NPKAE K . 8142 ~ 11375 & L F{br 32, I
Fb 5] A9 A AR 2 B2 05 Bl s | e, iR B 0%
Tk LB AR fb 5 /0N o o S 3R L 81 %) 38 78 O MLAh 2L
o R B P R e A, I 7ENPR AR B
T AR TR B Lk . 564 ~ 441X I8 P it A HILAC 7]
I 358 i Y 43 R e 5 A A X ER ) 5 T N PROAE

R3 HAREMLF IR X (85 & 2B X Ll

Table 3 Relative percentages of spectral regions assigned to different functional groups in the humic acids (%)

8220~ 6188~ 5162~

3142 ~ 113 393 ~ 64 364 ~ 44 344 ~0
188 162 142
FARE + o Ut kil
Ab P EFEF BT 8113 ~ Bt B O~alkyl C
. AR Bk . OCH,/NCH
Treatment i KL fj AR R A1 93 HoE Sk
COO/N- Aromatic AR
C=0 Aromatic Aromatic Total e A i AR 411 Alkyl C
=0 C-0 AT
C-C C-H ABROC, fOCH Total  OCH, Total
NCH
oM 1.4 11.0 7.0 8.6 101 187 75 1.4 13.0  14.4 4.1 117 158  24.1
NPK 1.4 11.7 5.7 10.8 94 202 6.1 2.7 11.9 146 4.0 100 140 263
CK 1.5 12.3 5.6 9.8 131 229 57 1.0 123 133 1.9 105 124 262
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H189%

#4 RIEmultiCP/MAS “C NMRFCSAF ARi+E LY
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Table 4 Relative percentages of aromatic and anomeric in HAs
assessed with the multiCP/MAS “C NMR and CSA filter ( % )
F5 7k Aromatic C

LU3E B | i o Sk
BEHER A o
Treatment B Aromatic Anomeric C
Aromatic C-H  Total
C-C
oM 8.9 14.5 23.4 3.6
NPK 11.1 11.5 22.6 4.3
201
1.5+
2
2
- 1.0+
=
0.5
0.0

HE

T B g B XS e AR Ak, i AE JS HA R A/
O-A. 5 EMBUKMEREEELE T2k, HE3
LA, AJO-AFIE KPR ECR B CK > NPK >
OM I RLAE, 15 BH it NE B3 AR T A3 AL 6tk 114 43 f 722
B K PERFIE . HA FEE ARt 55 & ERAMH
0.29 ~ 0.33, Jifi I J5 75 F i s A B .

3 i ®

3.1 KEIFEAE T E T HA ST E A NS CIE RS20
TG 2 A A HE AT B A BT B2 M A 10

A B 5% e WA 00 it JIE DT 2 A HLIERE IR T HA R C
T, W TNROS R (£2) , SRERE D
Tt gz e f s O BRI 4 SR — B, A NI
NP KA 4 jitis FH AR B AS il JE X6F RESE i 1 3 v i 4
RAAMA TR (FR1) , X8 &0 0T e
Ji B A 2o AR I T R N A i L R
HAM (N+O ) /CIGAEIE M, RIS i, X
Ft AL J5 HA B K P48 BRI — 80w (B13) 5 it
WM HE S5 HA B PR o, (RATRE )y Sk ok

[FI A HA B H/CHE TN . O/CHE I, 2 B HAf A AR 2
SARRREERI N, AN R AR JE HA R

0OOM
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mCK

Tt Bt AR LA A/O-A  J575 % Aromaticity BARPEHRE HI

ZEFEAE Structural characteristic

K3 R[EACFRATHAMIA/O-A . 2575 BE FIgi K Ve 48 5028 4k

Fig. 3 Variations of A/O-A, aromaticity and HI of humic acids under different treatments
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it AE T BOH A B[R] AL 2R 20 0 B 22 S o sk R
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HLAE LA B A HLAC B it 46 AE 5] BE dL G HA 9 8 G 2
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Structure of Humic Acid in Fluvo-aquic Soil

Abstract

XU Jisheng" > ZHAO Bingzi'" ZHANG Jiabao'
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[Objective] Fertilization has become increasingly common to increase soil organic matter
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(SOM ) content and improve soil fertility. Research suggests that fertilization promotes production of humic
acids ( HAs ) , one of the most important component of SOM. However little is known about the quantitative
effects of fertilization on structural characteristics of HAs. Based on the long-term field fertilization experiment
in Fegnqiu of Henan, effects of application of organic manure ( OM ) , chemical fertilizer ( NPK ) and
nothing ( CK ) on structure of HAs in fluvo-aquic soil were assessed. [Method] Soil samples were collected
from the surface soil layers of three treatment plots, i.e. OM, NPK and CK, of a long-term winter wheat

( Triticumaestivum L. ) -summer maize ( Zea mays L.) rotation experiment in Fengqiu, China. HAs were
exhaustively extracted from the soil samples with a combined 0.1 mol L' NaOH and 0.1 mol L' Na,P,0,
solution and obtained through precipitation after acidification with 6 mol L' HCL. HF : HCl (1% : 1% )
solution was then used to purify the HAs obtained. In the end, the purified HAs were characterized with
advanced solid-state ’C nuclear magnetic resonance ( NMR ) spectroscopy coupled with elemental analysis
and isotopic analysis ( 8°C) . The NMR techniques included multiple cross-polarization/magic angle spinning

( multiCP/MAS ) , dipolar-dephasing (DD ) , chemical-shift-anisotropy ( CSA ) filter and spectral
editing of immobile CH, and CH. [Result] Results show that long-term fertilization changed the element
compositions, 8"C ratios and carbon functional groups of HAs, particularly significant in Treatment OM,
and increased saturation degree, oxidation degree and polarity of HAs, but decreased condensation degree of
HAs. The decrease of HAs in 8"°C values indicated incorporation of new organic carbon into HAs. Advanced
NMR techniques revealed that HAs in fluvo-aquic soil were composed predominantly of aliphatic compounds
with alkyl being the highest in percentage (24.1% ~26.3% ) . OCH; and NCH signals both resonated around
864 ~ 44, while the latter was prominent in proportion. Besides, the proportion of nonprotonated carbon was
very low in anomeric and O-alkyl. Among the aromatics of HAs, they were dominated with protonated carbon
in 6142 ~ 113, while only a little aromatic carbon existed in 8113 ~ 93, which cannot be detected with the
routine cross-polarization/magic angle spinning ( CP/MAS ) NMR. It was also found that long-term fertilization
reduced the percentages of COO/N-C=0 and aromatic carbon of 8142 ~ 113, but increased the percentages of
O-alkyl and OCH;. Moreover, application of organic manure also increased the proportions of aromatic C—O0O
and NCH, but decreased that of alkyl. [ Conclusion]) In conclusion, all the findings in this study indicate
that HA structure tends to be less hydrophobic with decreasing degree of decomposition. The application of
either OM or NPK increases the content of carbohydrates in HAs. The application of OM also increases the
contents of lignin and peptides, but decreases the content of lipids. The study also suggests that the advanced
NMR techniques could provide great insight into HA structure and mechanisms of HA formation relative to
fertilization pattern.

Key words Humic acid; Advanced nuclear magnetic resonance; 3C; Elemental analysis; Organic

manure; NPK fertilizer
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