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o (NB) o
R CIE1976 NS-800 (
N s : D653 : 10%) . 1
. mm (50 C), 1~2 ¢ ,
° s 0~100,
=100— o
1 pH 1:2.5 o
o TOC (
11 HT 1300, Jena, ; . 1100 C) ;
(113. 99° (10%) , (50 C) ,
E, 33 47°N). (115. 47°E, 33. 32°N) L 724
(116. 12°E, 33. 28°N) (0~40 cm) » (LW, LB, B NB
. e (Bruker Avance 400 MHz ) .
. . 200~ 300 m? 100 . 3g 100 mL , 50 mL
i HF Q2%; V/V), 1h, 3000r e min ! 20 min,
. , , HF , 9
, 1, 5 X1h,3 X16h,1 X64h,
s 100 o
1 BC (CP MAS) , 4 mm
Table 1 Soil basic physical and chemical properties ’ N
for the soil samples used in the study 100 MHz, 14 kHz, 0.35 s, 90" "C 4 ps.
/ / / X
PH O (ke 7 o ( . Ultima 1V, ; . Cu 40 kV,
XP 7834007 17440 2 48 7+0.5 30 574403 40 mA; : 27~ 80% : 1%« min" ") .
TH & 1540 06 13 5+0. 1 39 9+0.5 25 55.9£0. 2 Mg*" s s , X
LX 80840 02 13 04+0. 1 42 2+0. 3 31 57. 640, 2 N
. XP, TH LX . 1.3
(0~40 em) ; n=3, SPSS 21. 0
Note: XP, TH and LX refer to the topsoil layer (0~40 cm) in Xi- Pearson 5
ping county of Henan Province, Tai-he and Li-xin county of
Anhui Province, respectively; n=3. The same below ,
L2 ’
(—80 C) ) ,
(1.8 g+ cm™) R
(0. 5% W/W) (53 pm), 2
. >53 pm
(MOM; <53 pm) bl 21
- ’ ’
MOM (<53 « D, ,
pm) [ (W), (LW)] .
[ LB, B (NB)]. . 5 2,
1:20 MOM . (LB, B, NB)
21. 5 kHz 300 mA 30 min ; <53 pm (W, LW, LB, B NB)
s 10 min, (150X g)5 R ;
min, (1 250X g)5 min, (3 900X g)30 min, >53 pm N s (LW, LB, B
(W), (LW) . (LB) NB) s ,

(B) , (50 C) . ¢ D,
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2 N N
Table 2 Extraction amount, blackness, the organic matter and smectite contents
of different components in the Calci-Aquic Vertisols
>53 pm (W) (LW) (LB) (B) (NB)
XP /% 6. 1£0. 1 27.1£0. 2 30. 0£0. 2 15. 3+0. 3 13 4%+0. 1 8 1£0. 3
54, 4+0. 5 32.54+0.1 36. 6+0. 2 5L 7+0. 1 6L 9+0. 5 69. 00 1
/(g kg b 28 7401 4. 3401 21.5+1 3 26.5+0. 2 22.3+0. 1 11 4401
/% 0 0 4 37 48 100
TH /% 6. 601 41 14+0. 9 26. 5£0. 8 10. 2+0. 2 10. 640, 1 5 0%+0 1
56. 4+0. 2 36.4+0. 2 41, 9+0. 1 49, 7+0. 7 60. 0+0. 2 63 4+0. 3
/(g kg 1) 23.0+0. 4 5 640 2 19. 71 1 19. 1+0. 2 16. 7+0. 3 12. 8+0. 4
/% 0 0 5 62 66 72
LX /% 6. 710 2 48 240. 3 10. 9+0. 1 16. 5+0. 3 1L 3+0. 1 6. 40, 2
52.5+0. 1 3L 3401 35 8+0. 2 55. 0+0. 1 63. 3401 68 1+0. 2
/(g kg™ b 23.4+0. 2 3340 2 19. 240. 6 27.1+0. 3 18 5+0. 3 13. 540. 2
/% 0 0 6 50 65 100
2.2
1 (XP, TH, LX)
(LW, LB, B NB) “C CP/MAS NMR
, (44 ~0 ppm) ., (113 ~ 44
ppm) . (162 ~113 ppm) (220 ~ 162
ppm)4 , /
(188~162 ppm) (220~188 ppm).,
(CHs) [(CH.), 1.
(O-alkyD) . (Aro-
matic C) . (COO/N—C=0)
s (OCH,;/NCH) .
(Di-O-alkyD) (Aromatic C—O)% 121
2, (LW, LB, B NB)
> B s NB
2 LW, LB, B NB)
1 (XP, TH, LX)

3 C-NMR

Fig 2
Fig 1 " C-NMR spectrogram of organic matter of the extraction

components (XP, TH, LX) in the CA Vertisols

The relative content of various organic functional group-
sof the extraction components (including LW, LB, B
and NB) in the CA Vertisols
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. - LW 4 0%~ C 3,
10. 6%, 4. 0% ~5.3%, B LW 6. 0% ~ . - ) N
12.5%, 3. 7%~55%, NB , .
LW 13 6% ~15. 1%, 15. 0% ~17.1%. B . ) . -
LW 15. 5% ~2L 4%, 17. 1% ~25 0%, ,
3 (LW, LB, B NB)

Table 3 Correlation between the content of variousorganic functional groups and the blackness

of the extraction components(LW, LB, B and NB)in the CA Vertisols

/

XP 0. 933** 0. 229 —0. 799** 0. 924** —0. 130 —0. 797~

TH 0. 897** 0. 401 —0. 753*%* 0. 854** 0. 412 —0. 749~
LX 0. 853** 0. 317 —0. 867** 0. 963** 0. 036 —0. 795%*
= /( + + ) X100; 0. 05C*) 0. 01C* %)

Note: Aromaticity= Aromatic C/((Alkyl C+ O-alkyl C+ Aromatic C) X 100; The asterisk was used to indicate significant correlations at 0. 05

(%) and 0. 01 (% %) levels, respectively, the same below

23 o

s (UV-Vis)
4 (LW, LB, B NB)

Table 4 Correlation between the smectite and the various

organic functional group scontent of the extraction . . . tel . R
components (LW, LB, B and NB) in the CA Verti- , 200 nm R
sols
, (18]
XP 0. 765* * —0. 107 —0. 574 0. 796* * —0. 090 (14|
TH 0. 989* * 0.623*  —0. 941** 0. 893* * 0. 564
LX 0, 745** 0. 383 —0, 819** 0. 881** —0. 075 ’
L-s] ° .
24 B
5 [6-81
o s s
,
s o N
- ’ o
s . ’
: 1 C-NMR .
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5
Table S Path coefficients ofvarious organic functional groups and smectite affecting

the blackness of the extraction componentsin the CA Vertisols

/

/

(XD (X2) (X3) (X4) (X5) (X6) (X7
XP-T X1 0. 933* 0. 099 0. 669 0. 796 0. 043 0. 677 0. 716
X2 0. 405 0. 229* 0. 599 0. 462 —0. 028 0. 607 —0. 100
X3 —0. 780 —0. 171 —0. 799~ —0. 875 0. 024 —0. 796 —0. 538
X4 0. 803 0. 114 0. 757 0. 924* —0. 024 0. 748 0. 745
X5 —0. 311 0. 049 0. 146 0. 171 —0. 130* 0. 116 —0. 084
X6 —0. 792 —0. 174 —0. 798 —0. 867 0. 019 —1 797* —0. 527
X7 0. 713 —0. 024 0. 459 0. 735 0. 012 0. 448 0. 936*
TH-T X1 0. 897* 0. 201 0. 663 0. 718 0. 268 0. 653 0. 859
X2 0. 448 0. 401* 0. 641 0. 699 —0. 080 0. 644 0. 542
X3 —0. 789 —0. 341 —0. 753% —0. 812 —0. 123 —0. 749 —0. 818
X4 0. 753 0. 328 0. 716 0. 854* 0. 056 0. 715 0. 776
X5 0. 583 —0. 078 0. 225 0. 117 0. 412* 0. 209 0. 490
X6 —0. 782 —0. 345 —0. 753 —0. 815 —0. 115 —0. 749* —0. 813
X7 0. 886 0. 250 0. 709 0. 763 0. 232 0. 701 0. 869*
LX-T X1 0. 853* 0. 166 0. 837 0. 797 —0. 006 0. 728 0. 722
X2 0. 448 0. 317* 0. 596 0. 088 —0. 033 0. 636 0. 372
X3 —0. 823 —0. 218 —0. 867* —0. 744 0. 013 —0. 783 —0. 794
X4 0. 706 0. 029 0. 671 0. 963* 0. 010 0. 526 0. 854
X5 —0. 150 —0. 294 —0. 318 0. 268 0. 036* —0. 413 —0. 072
X6 —0. 781 —0. 254 —0. 855 —0. 638 0. 019 —0. 795* —0. 751
X7 0. 635 0. 122 0. 711 0. 848 —0. 003 0. 615 0. 970*

"

Note: * Direct path coefficients

[8] _
b o
[14]
o b
90 % s N N N
[14]
o b 9 b
[15
’ A N Y Y ’
/ s s ) .
b 4
o 9 A Y 9’
b N N
9 o o
N b N
’ > N -
o ,
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The Structural Characteristics of Organic-Inorganic Complexes and the
Mechanism of Its Influences on Soil Color in the Calci-Aquic Vertisols

GUO Cheng-shi'*?, MA Dong-hao' . ZHANG Cong-zhi' , ZHANG Jia-bao'* , CAI Taiyi"*, ZHOU Gui-xiang' . CHEN Jie!

1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China

2. University of Chinese Academy of Sciences, Beijing 100049, China

3. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China

Abstract  Soil color is an important physical property for studying the genesis, formation environment and fertility of the soil.
Generally, the soil with a higher organic matter content appears darker, but the soil color of the Calci-Aquic (CA) Vertisols with
low organic matter contents also appear very black. The results based on the traditional chemical extraction method of black
matters indicated that the combination of highly aromatized humus with soil particles makes the CA Vertisols appearing black.
However, the chemical extraction method only partially extracted the humus ingredients, and what is more important, it
destroyed the structure of organic matter and organic-inorganic complexes. The study on the black matter extracted from the CA
Vertisols by the physical extraction method without destroying structures of organic-inorganic complexes showed that the black
organic-inorganic complexes formed from smectites adsorbing organic matters were the decisive factor of the CA Vertisols ap-
prearing black. However, the effects of the structures of the organic matters absorbed by the smectites on the color of the black
organic-inorganic complexes remains unclear. Therefore, this study aims to explore the mechanism of these organic-inorganic
complexes appearing black from the structural characteristics of the organic matters in the black organic-inorganic complexes and
their relationships to smectites. Firstly, the physical method was adopted to extract the light-colored components (=53 pm par-
ticles, white (W) and light white (LW))) and black components (light black (LB), black (B) and nano black (NB)) from the
topsoil layer (0~40 cm) of the typical CA Vertisols in three sites of the Huang-Huai-Hai Plain in China. The blackness, organic
matter structures and smectite contents of the extracted components were then measured by Spectrophotometer, solid-state '*C
NMR spectrometer and X-ray diffractometer. Finally, correlation analysis and path analysis of smectites, organic matter struc-
tures and soil blackness showed that the direct and indirect effects through alkyl C, carboxyl C, amino C and O-alkyl C on soil
blackness are strong in all three soils, while both of the direct and indirect effects of aromatic C content and aromaticity on soil
blackness are weak. Besides, the direct and the indirect effects through carboxyl C, amino C and alkyl C of smectites on soil
blackness are also strong. Therefore, it is the carboxyl C, amino C, alkyl C and O-alkyl C, rather than the aromatic carbon and
high aromaticity in the traditional view, that determine the black color of the CA Vertisols were by being selectively absorbed by

the widely existing smectites in the CA Vertisols to form organic-inorganic complexes.
Keywords Black color; Organic-inorganic complexes; Smectite; Carboxyl/amino C; Alkyl C
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