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JEAAETL Bt . H3E R R E T8 LR B Ly 2R
d BAJRIEEEN 50 em, BTN HER . SR HOIR A R R
FRAE . =10 CAEF-HH AR 2 700 °C, 4R 533
mm, JCF 135 do K It 24 AN AL ER L ADF g IR o
CK, NPK, M #il MNPK A~ A, 3 IRE R . BA/NX
AL 36 m”, 1979 4@ ik g Z AP A E ) /N2, FEAFE
SR 2 1, RKME AR R F /N2 (1980 )R G- £ oK

BAEDTE, EARNEAEY A i AR 2 W3R 2. AALIE el
2, HAiE R 75 kg » hm * (952 18 600 kg « hm™ ) jifi i »
B AR TR I FRWRE REA . D E P ALK (O . AN, B
(P,O;) FAH (K, O) & fE 43 Wy 163.6. 5.8, 6.5 f1 9.0 g »
kg o AL BEL BP IR R BK it B (R OK ZE AR 50 % ki
50% FRBIW OB A, ZE KR ZE (N 46%), #E &
SRR S (P, Os 46 %), AR MR ER M (K, 0 50%) .,

1 A EEERER(1979 F)
Table 1 Basic properties of soil tested (1979)
A B/ 2R/ W/ 2/ HRCA/ B/ AL/ u
(g kg V) (g kg V) (g kg V) (g kg ) (mg + kg 1) (mg* kg D) (mg kg™ 1) p
15. 50 1.47 1. 07 25.16 151. 1 51.0 200. 0 7.2
T 1979 48 9 7 R 1A & 4521
Note: Results of soil samples collected in September 1979
F2 KEAEMKBERLERERS
Table 2 Fertilization and fertilizer application in long term positioning experiment
e i & N/(kg « hm™% « y= 1) i P2Os/(kg « hm 2« y= 1) it #7 BE K, O/ AHHLAE/
INE KRE ESPN Ur = N ESPS (kg + hm™2 « y=1) (t+ hm™?%)
CK 0 0 0 0 0 0 0 0
NPK 150 75 150 75 150 75 75 0
M 0 0 0 0 0 0 0 18. 6
MNPK 150 75 150 75 150 75 75 18. 6

i CK FRAHEN s NPK RR i A B0 s M R A HLUIE ;s MNPK 278 A HUIL B it %085 #0 ALIL CT 7D

Note: CK means no fertilization; NPK means nitrogen, phosphorus and potassium fertilizers applied; M means organic fertilizer applied;

MNPK means organic fertilizer with nitrogen, phosphorus and potassium fertilizers applied (the same below)

1.2 TEHRRE

6 B 199 5 07 35 6 3o BE A HE (CKO » A HLAE (MD TG AL
RE S8 40 E i (NPKD , A HLIE 5 J6 ML IE 4 6% 49 Bid 7t (MN-
PK) . HEREFCRET 2012 4R CEAD . SR S BIELRE, b
W5 & SRIEHE N 0~20 cm,
1.3 MEBMBSEAE
1.3.1 43 Hu #2544k

FREGE 0. 25 mm PR+ 10 ¢ F 100 mL &0 EH,
Jin 80 mL ZEME/KIEIN 24 h B0 J5 7 & LW, bk ikt
2%, MBOERMA 8 mL % 0.1 mol » L' NaOH ¥
W, 24 h 5B EE R R (HE, 7 F4HE FA f HA),
ERE MW EFERIOEE ORI I 508 i BRI K Ik
AR N 0.5% . 2.5% . 5%, 10% ., 20%, 30% il 410 % (¥
HCI-HF B & WA H 7, 7, 11, 6. 4, 2 F1 1 . &K
B 12 h, N2 5 LA b B AL B0 G R A V0 R B A PR, Al IS Y
FA 200 IR AR TR LK, e FZE WK E T C1 &M
(AgNO; K36, BLR % T, B84a Hu®
1.3.2 MRAA»HAE

(1) R AR A LB R B A BILER 23 BT A (CTOCO Wl 7

(2) 215163 (IR) 43 #7 g ] 26 [ NICOLET-EZ360 £1 4k
JEREAL, HHEEE Jy 4 000~400 em ™', R A KBr FE f 2% I
E. B EIA VR MR EE A G TG . Mg /hF
2 pm, SR 43 R AiE B e SR R B HE A LR L R

KBr B3, JELIFES ¢ KBr=1 + 200 iy L6 il . 76 35 34 BF ¢k b
RIS KA. BL 4000, 2 000 Fl 860 em™ ' Ab ARy R A
Bl 3 SR E AR AR AT RO B A . I LA
L. WERT, AR RN 4 em 1,

) AN BT 43 M 2R T AS 8 it TA-60 B 22 #4 43 A A
AE 5 JE R AR B A 3 X A i AT 25 A0 AT (differential
thermal analysis, DTA) Fl1#4 & 43 # (thermogravimetric anal-
ysis, TG 8{ TGA);

(O FZS" C Bl 2L IR D3 R B 12 BrukerAV400 B4
3L IR IR 32 I 28 U AR JBE /1 i CCPMAS) AR, ©C
4R A Ay 400. 18 MHz, BEAA A BEMH 4 8 kHz, il it 7]
Hy 2 ms, JEAIER TNy 3 s, Fdi iy 3 000 4>, A E
FAAMNbR 2, 2- 7 H Bk-2- 1 I e -5l R A (DSS) A% 1E . B3 T FR
B A BB 45 il 45 2 TR AR X 2 o R Ak 2 6 B IXC A1 R 43
T AR 7 S AR T AR B A B .

1.3.3 HKFEHRI

£LA0 61 43 B R Al Nicolet Omnic 8. 0 £kt &4 #E3E
PR 3 3% (CPMAS ** C-NMR) 5% fil MestRe Nova % b 4 {43
B o Zead 43 B 42 BUUE B0 J5 R - Mlicrosoft Office Excel 2010
1 Origin 8. 0 ¥ #E4T £ ¥ Ab B AN 22 8], Origin 4 4 “ A-
vailable Data” ¥t 4% DL L& Ml 26 & i 77 s #4722 1, SPSS
19. 0 GE vk 43 310 % B0 647 22 5 58 3 MR A 36 (RS 75D A
KorHT.
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2.1 KHEETELRERES HuBiRAINK®REE

25 FW (3% 3), MNPK, M Hil NPK jiti A2 &b 3 + 545 Bl
kol 14.79, 14.50 f1 14.39 g » kg™ !, & CK & #4341
P 19.2%, 16. 8% 11 16. 0%, #hfRAbH 5 CK 22 57 W 3
(p<<0.05), FWTCIL A LIS HLIE BE e 38 I B0 i A AL F
BTt Ak B 5 AS i A Ah 3 e v R HLRR & L. B LUA LG
AU i it 185 o 5 R ey 3 o R b AS ) it A A it 4 - 3€ Hu
4 e A AL 3R] 0 AR AR AR TR (R, A% A 2R + 3 Hu P

2.2 REEETRLIAHRHARERSN
4 Hu 922 00 47 DTA B B R A [t JIE Ak
LA L AV G R e v IR D v L A 0 R L A A 0

TE 65 °C o HR ARG E 340~ 345 °C 2 ] » = R CH G 7E 485
~515 °C Z[8], MNPK Fl NPK jfg I b B8 + 88 Hu #9 thi ik
FRIEIRER R 345 C R MAL Bl g 5 o 515 °C
Hk CK 4B 500 °C.

2012-Hu 485

> MNPK
¥ i K/NIUF 5 NPK>CK>M>MNPK, 4 H 2 7] 2% 7 § "
AN B (p<<0.05), +3 Hu di YLK LI B 7R . #5010 4 R
) HE CK AL FEF B, Hop MNPK it I 4b 28 5 {6 . NPK ji NPK
AE 4b 3 v F it A AL AE Ak B CK

®3 TEEELEZRL: HuERFIREE
Table 3 Hu carbon and organic carbon content in black soil

under different fertilization treatments

0 100 200 300 400 500 600
Temperature/'C

1 FEMEELLESEL Hufy DTA # 4k

Fig. 1 DTA curves of black soil Hu under
Py RN e Hu ﬁ?}%ﬂﬂylji/ HUUJZE/I ﬁﬁomﬁ?)“% different fertilization treatments
(g kg ) (g kg ) /%
CK 6.65+0. 4a 12.41+£0.11b 53.59 o .
st BBUMIUR 025 B (e DR, R M b
2012 4% NPK  6.8840.3a 14.39+0.12a  47.81 N M*KE%$ AR ”%(% RE, AFIRERLEL
(2012) M 6.64+0.4a 14.5040.20a  45.79 SR AL Sy Hu SN AP AE—5E /9 22 5% . M, NPK AT MN-
MNPK  6.3540.3a  14.79-0.18a  42.93 PR IE4b e CK AL 3G SR FAHE i e CKC Ak 3153 53 42

e AN RVING T8 2R A [ it N Ab 21 1) 26 5 5. 3% (p<<0. 05) CF [
Note: different lower-case letters indicate significant differences

among different fertilization treatments .05 e same
g diff. t fertilizat treat ts (p<<0.05) (th

B9 700 2. 16800.6% . LT AR) A UL M 1 NPK i
JEAR B2 b 3 Fu BEGS 23 fif A HLDE & 8w . Pl AV
U 24 Hu I 5 #4584 & & /9 = & . M. MNPK #1 NPK

below) Jita Ak B CK 175 A [m) i B2 38 i, ML it IS Ak 38 35 fin B 22
55 27. 9%, HyJE MNPK i JE AL R 55 6. 726 5 45 i It Ak
BRI/ R A K /D NPK>CK>MNPK >M, {t% NPK
Fl CK 4b 3 3% JEFE B 4y Hu 0y IS HEMR L .
%4 TEMELEEL HufyR5H#
Table 4 Reaction heat of Hu in black soil under different fertilization treatments
A b 1?5 ‘?ﬂaﬂl\% IR i“ / T‘Jh‘%ﬂﬂl% @?ﬁfﬂl%ﬂ/ T%_/nﬁ'll“% 5 TR f‘\/ SRR f“/ 4'%‘\%]’%‘1/
i/ C (k] » g™ i/ C (k] «g™H i/ °C (kJ«g™H (k] + g1 R
CK 65 —0.33 340 2.69 500 7.55 9.91 2.81
2012 4F NPK 65 —1.28 345 2.16 485 7.24 10. 12 3. 35
(2012) M 65 —0. 35 340 3. 44 490 7.78 10. 87 2.26
MNPK 65 —0.28 345 2.87 485 7.38 9.97 2.57

2.3 KHEMETEL Hu i FTIR 454
Bl 2 s . SR TH B4l 4> Hu i 0% i 3= 2 7E 3 400
em ' (—NH,, —NH ##5). 2 920 cm ™' (Jg 1% —CH,—
HM—C—H 1448 3sh) . 2 850 em™ ' (—CH,). 1 620 cm™!
(C=C, BRI ). 1520 cm ' (R I 4 i 45 48 20D .
1420 cm "Ah (B C—H IR . 1 240 em ' GREE LR
C—O M43 . 1 030 em™" £ 45 4b W Wi g OB sl g e C—O
gk 3D & . Hu i1y IR B35 B A AR RRAE . {5 02 0558
AIF] o A [ S AL R 4 Hu 7E 2 920 em ' (IR R 2R 1T )

1620 em ' GF F SO AR 3 I A R B 150 B 43 v B i
RO FEHR Z . A HEACAL #AE 1 520 A1 1 420 cm '
B G, R R R A R S AW RS
YIRS AERE . W, 1030 e HEBIRE, RIS R BN, £
W25 . 214N R RS0 2 920 A1 2 850 em ™ R 3 JH A T
B WAy . 1620 e "R F FE LS. BT AT 4347 £
¥ Hu 457254k, LA 2 920/1 620 F1 2 920/2 850 LA 1% %
JIg i 0 i e e 9 14 B

MRS AES . 5 CK AL, 2 920/1 620 H HH M
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B AREUT 5 MNPK>M>CK> NPK, 2 8] A A1LAC 1 A
HLICALIE ALt 249 77 $2 % + 4% Hu 9 2 920/1 620 HofH . H AR
Wtk R, 05 A MR A . R (R i AT Ak R - 8 Hu 9 2 920/
2 85018 1 &5 L7 i M>>NPK >MNPK > CK, % B jifi it 7
PASE N 458 Hu 27 b R REE K2 1 L), 56 3 AL AE 3 Jin Ee
Bl de v
2.4 KHABEERTELHEELN CPMAS “C-NMR i i

HHE

& 3 5 Hu [ E 7 CPMAS “C-NMR %%, A %145y
A EERHIER, B C K (0~50 ppm) ., k4 C X (50~
110 ppm) ., 3% C X (110~160 ppm) FflFEIEL C X (160~ 200
ppm) T AF o 18] AS 5] i JE 4 B A B 4 Hou Bk 3 C Wi o £
BLAE 29~30 ppm d ok B, S K HE BE AR IR 68 SR 25 4 TP Y
W Co Hu iybe s C ik =246 73 ppm i, HJE A
oKt &9 C i, 5% C X, 128~132 ppm FEEH

HEERR Co BT FIRBTR s e C X, ERAE 5 HBAE 170
~172 ppm, NEEHIEEE C 1R .

C
5 o
0.5 2012. Hou 8
~

40
850

1620
1520
1420
1240
1030

;

0.4 MNPK
3 0.31
=1

<
= 0.2
NPK

2
QQ“AN/\»fk_JL_JﬁMMV
CK
0.0 _M

-0.14

4000 3500 3000 2500 2000 1500 1000
Wave number/cm’

2 AEMIELESET Hu 52
Fig. 2 Hu infrared spectra of black soil under

different fertilization treatments

xS AFEEMELERST Hupy IR EEETZRWIEMNBEXRE/com™ (FEE

Table S The relative intensity of the main absorption peaks of IR spectra of Hu in black soil
treated with different fertilizers (cm™') (semi quantitative)
A Kb 3 2 920 2 850 1620 1520 1420 1240 1030 2 920/1 620 2 920/2 850
CK 1. 075 0. 620 3.729 0.903 0.702 0.211 2.191 0. 455 1. 734
2012 4 NPK 0.433 0.220 3.832 1.072 0.625 1. 305 0. 862 0.170 1. 968
(2012) M 1. 356 0. 455 3.718 1.471 0.508 1. 720 0.773 0. 487 2. 980
MNPK 4. 367 2.495 4. 106 0. 815 0.671 1. 210 1. 007 1.671 1. 750

i 2920/1 620 FUfE M 2 920+2 850 4R THI AL S 1 620 AL TR AL ELAE s 2 920/2 850 HUAE A 2 920 AbTRi AR5 2 850 Ab i B i He(E
Note: the value of 2 920/1 620 is the ratio of (2 920+2 850) area to 1 620 area; the value of 2 920/2 850 is the ratio of 2 920 area to 2 850

area

128.58
2012-Hu

73.44 3047

MNPK

M

NPK

CK

3(l)0 2150 2(l)0 1l50 l(l)O SIO 0 —éO
Chemical shift (ppm)
3 AEAEBAEELBHEKRAS Huly
CPMAS “C-NMR i i&
Fig. 3 CPMAS " C-NMR spectra of humus fractions Hu from

black soil under different fertilization treatments

BeABK EEORIRTHALER., 4R, BaMEREW
KA A e SRR BT, AN 3R 5 1l Bl A 0 A R T A K
&Y. M5 k. 8w bedk C/bi 4 C 2T T3 A
HURR J3 A8 i 52 F) SR B+ T T Ok S5 Il g 0 9 O s i A e 6
9 AR - FG (B /N 6 B A LB G o R R R AR . 05 R
BORWTARRE . BRI . 2 IR R S A R KM Y

JT s A R] RE SRR T A P AR o R A & e AR AR Y
Yyt B RGeS AR ke, TR 3R A X B A W R A kA
G, BUAMES B . O T E T B A £ Hu p 25 A8 1k
&2 C M HLAE AT 20 0, S5 SR W3R 6), AN [R) it JE b
A CK 48 Hu (i be 350k /%t A C He (3% . NPK js it
Ah PR 30,300, WEEER . &ML B b 4 Hu 85K
C/2E/K C o MNPK Jifi JE &b P42 =5 6. 6 %6 . 08 B Bz K s NPK
Jiti BB AL B 45 Hu (8K C/3E7K C HufE R CK BEAIK. AT
HLAE &b 31 8] 38 i -+ 45 Hu 1987k C/ 3K C h{H » AMNPK
Jiti A 4k e R NPK i JE AL B A A%, 22 57 8% . SiRAA PG

®6 FEMEICLEET HufEZE CPMAS
BC-NMR AR %EE CH%H
Table 6 Solid state CPMAS "* C-NMR C distribution in black

soil Hu under different fertilization treatments

b 3 T JE C/ e C ik C/3EK C
CK 0.76+0.01b 1.5140. 05¢
NPK 0.99+0. 05a 1. 4940. 12¢
2012 4F
0.94+0. 02a 1. 5540. 09b
MNPK 0.89-0. 03b 1.61+0.11a

e Bk C/3EK C=Ud C+35F O /Ul CHRIL O
Note: Hydrophobic C/hydrophilic C= (alkyl C+aromatic C) /(alkoxy
C+carboxyl C)



2198

S 4 BT

5540 &

HUAL L it mT LA 2 w8 L A BILRR AR S 1+ 10 -BR e g A Ak B A AL
JF o3 e e BE S0 AR PR CK R AT

A HLR B B o £ 50O AT RUAE Pk G A7 JL R R PE 5
25 9L i 75 MO MINPK b B 7] 42 12 + 38 Hu i 2 920/1 620

POfE . HEPRRREIg 3 , 57 A dhod 55 . & C Bl LR Bl vr LA
FE T A R BR R, 45 5R BOR A HLIG ML AL B it AT LA 4R
o L AT LB RS SE P T B Ak A b B BIL B ) i AR R 0
. B Mg CK AR . BRI AL J5 3X AT LASg i £ 3¢ Hu
Bl B, {H 5 LA LB HE AR . R WY L A DL Ak
T o T M N SR A () 2 20 A L SR S B R R R
JB& 36 BT B — AL o AR AL R E

AT 22 WA BILTCALAL FC it AT LA R B 4R T A S sk A
AR, LU Hu BNR IR0 . $2 0 LA HURAR E 1. JF
(7 Pt 9T 1 22 b 56 0 2 B3 R TR L A T LA B o 0 ) S5 S S
B I 20 7 45 4 1) 8 AR AT

3 45

VA 2 2 0F 398 5 961 50 201 0 45 A O T 5 N B — 1) T 3k
T 1 2 OGS A HOR BBCE BT REAT R Bl BUAX A
O3B KT B L N B R (B C-NMRD % L 4L
S DI A A M R £ ) 32 T 21 I AE 5 45 A 1Y 43
B2 eh ) 3 TR A T 9 S £ i O TE L R OK T e
ST LA B A3 B AN T 2 Y A 3 R — k1] S ) e HE Dy 2k
TSI S B AL A & i AL SR AL . HRSRAFSAMT
WP A ) JE B I3 Hlu 413 5 5 45 F 728 (L LR AT e 2

BB AT LLRAE 13 Hu il A HLR S & 20,
ARWFFER B R, M A NPK Jifi IE 40 3 b 1238 Hu BE 48 73 %
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Spectroscopic Characteristics of Hu in Black Soil under Different
Long-Term Fertilization Treatments

ZHANG Jiu-ming" ?, LIU Yi-dan', ZHANG Yi-wen', CHI Feng-qin"' ", WEI Dan’* , ZHOU Bao-ku'"*, SU Qing-rui'' *,
KUANG En-jun"?, HAO Xiao-yu" ?, SUN Lei"?

1. Heilongjiang Academy of Agricultural Sciences Institute of Soil Fertility and Environmental Resources Heilongjiang Province,

Harbin 150086, China

2. Key Laboratory of Plant Nutrition and Soil Environment, Harbin 150086, China

3. Beijing Academy of Agriculture and Forestry Sciences Institute of Plant Nutrition and Resources, Beijing 100097, China
4. Resources and Environment College. Northeast Agricultural University. Harbin 150030, China
Abstract The importance and complexity of soil organic matter have been a hot topic both at home and abroad. As the main
body of soil organic matter, soil humus is an important material foundation of soil fertility and plays an important role in soil nu-
trient cycling and soil structure. Humin is an important component of soil humus, which accounts for the majority of soil organic
C and organic N. It is also a relatively stable humus component. Humin plays an important role in the fixation and availability of
nutrient elements (C, N, S, etc. ), soil fertility and ecological environment. Based on the long-term localization test of black soil
(which began in 1979), the variation characteristics of Hu molecular structure were analyzed by differential thermal analysis, in-
frared spectroscopy and nuclear magnetic resonance spectroscopy. The results showed that all fertilization treatments could sig-
nificantly increase the content of soil organic carbon, and organic and inorganic fertilizers had the most significant effect. There

were differences in Hu content among different fertilization treatments, but not significant. The thermal properties of soil Hu

showed that the decomposable organic matter and aliphatic structure were higher when organic manure was applied, while the
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decomposable organic matter and aromatic structure were higher when chemical fertilizer was applied alone. The infrared spectra
of Hu also showed that the ratio of Hu in soil increased by 2 920/1 620 with the application of organic fertilizer and organic-inor-
ganic fertilizer alone, and the aromaticity of Hu was weakened. The effect of applying organic fertilizer alone on increasing the
ratio of aliphatic chain hydrocarbons in Hu in soil was higher than that of other treatments. * C NMR spectroscopy analysis
showed that compared with CK, organic and inorganic fertilizers could improve the stability of soil organic carbon. while the de-

composition degree of organic matter increased and the stability decreased under the single chemical fertilizer treatment.

Keywords Black soil; Long term positioning test; Structural characteristics of Humin; Spectroscopic characteristics
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