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Table 1 Effect of fertilization method on major nutrient elements in composition of HAs

Ab g JCE & & Element content (% )

Treatment N C H 0
FD 4.09 +0.07a 51.04 £0. 16cd 4.30 £0.09¢ 40.57 0. 35a
CK?’ 3.82 £0. 13¢ 51.97 +0.08a 4.51 0. 11b 39.70 +0. 24ab
NPK?’ 3.96 £0.09b 51.64 +0. 12b 4.98 £0.21a 39.42 +£0.31b
M*) + NPK?’ 3.97 £0. 11b 51.72 +0.08b 4.86 0. 14a 39.45 +£0.41b
S°) 4+ NPK*) 3.86 +0. 08¢ 51.39 +0.07¢ 4.64 0. 15b 40.11 0. 22a
M*) + NPK?) +R®’ 4.08 0. 15a 51.81 £0. 09ab 4.81 +0.12a 39.30 +0.27b

H:1) F: KM ;2) CK: 4519 33) NPK AR IR ;4) Mo A HLIE;5) S A5 FF;6) R fE . [l — 0 E K AL B 9 R W] F 8RR P B 2 578 p <
0. 05 i3k 5] i Z K, R[] Note: 1)F; Fallow; 2) CK: Control; 3) NPK: Chemical fertilizer; 4) M: Organic manure; 5) S; corn Stalk; 6) R

Rotation. Different letters within the same column indicate significant difference at p <0. 05 according to LSD test. The same below
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JIEAb BRRR R AL B B MERR N & i e PR ER S R R SR (AR R RS AR E
AbFE L AN AR O R MERR C & AR B E it H A MUIE SR T S ERR H R 2 T
40. 66% ~43. 71% Z ], 5% B DX AR [, & Ak 23 s ME BERT RN . A FE L7 s MERR O & &
e C & IR TIR ST PRIR A E R A HLIE  ASLIREAF 48.70% ~ 53. 15% 22 i, 5 B IX A EE
SRR, EMERR C % i 5 X IR RGE AL IE AR [, 4 m AL BUEHERR O i R R AR B REAIR, Ho 2 S 1k
BEFRERE, MEFAHEZRARE, ARKE BEKT. MRIN 5 B A LIS &b 2 R AR
AE 7 2 E HERR H & A LR AE 3. 06%~3.98% 2 MRJE W& K T2t (b IR A RS FRAL B, fhobml WL,
], S B XAH B, B A A B 3w MERR H & i EARER AN (XHIR X)) , 30T s MERR C H N
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Table 2 Effect of fertilization method on major nutrient elements in composition of FAs

b B JLE % i Element content (% )

Treatment N C H 0
F 3.84 £0.05a 43.71 £0.98a 3.75 £0.08b 48.70 £1.56¢
CK 3.13 £0. 11¢ 40.66 £1.02¢ 3.06 £0. 11d 53.15 £1.47a
NPK 3.46 £0.07bc 42.19 £0.85b 3.37 £0. 16¢ 50.98 £1.69b
M + NPK 3.58 £0.09b 43.63 £1.23a 3.91 £0.21a 48.88 £1.77¢
S + NPK 3.49 +0. 12be 41.22 £0.91be 3.94 £0. 12a 51.35 £1.54b
M + NPK + R 3.71 £0. 13a 43.52 £0.78a 3.98 £0. 15a 48.79 £1.82¢

http : //pedologica. issas. ac. cn



712 + b

51 %

¥

(5 LA, 0O A 35 48 T e, B A 0 MR R 1Y 4R
ERERESE5R . 25 350 T X RE 4R T L e w R R C
NH &8 KR O i, St HALEAR L, 5 AT ik
PR X 4 4 MR T 1R 1042 A S 3 9 1R T Ab,
X CLO N [ B BF 0 AR IR B AR i
FIA BLAE A B3 xF - 38 & MERR o C VHLO N o ] 45 22
35O T P A Ak B
2.2 AEBEBAXMETEEERLIIIERIE
M1 AT UL AN [ 55 S D5 5K 30 HA Z05Me g A1
oL, WA [ 15 IE 755X - 3 HA S5k A, HoA — 2L
P (HAE AL BE HA F 3 26 450 AiF W5 Wi 0 5 B2 A7 i) 2
ZE5 XKW ARG E 7 5 e 51 1 HA 2445
Fy ol E RE A KR R A . AN TR B A O 53X
T HA KA AR Y L AR O W i i R
3 409 em "' (BRAKALA 1 P -0 JE A i U5 1 Aol 45
#=5h) 2 931 em ' (RIS H h C-H 4R IR D) |
0.85 2963
0.80
0.75
0.70
0.65
0.60
0.55

0.50
0.45

% W B BE Absorbance

0.20
0.15
0.10
0.05
0.00

2600 em ™ (FRFEEAY RN 1 720 em ™ (RIEHY
C =0 ffgifiRzh) .1 626 em ™" (RERER ' COO-fy J Xt
PR PR3l ) 1 558 em ' (ZFERR A N-H B4R ) |
1414 em ™" (B S5 b B LA B SE A 25 FE R 3h)
1 401 em ' (BRFREL F COO-Iy A TEHES) .1 231 em ™
(R e h-OH 1y 72 JB ¥k 3 A1 C-O ff 45 #= 2 ) .
1043 em ™" (BiK Ak & W0 85 22 0 465 4 v C-O fif 45 % 3
R ALY Si-O Mhgidksh) K 471 em ™' (LT P
Si-0 4R sh) , LA L% E HJE #4253k 101,
R sl DO I QO R A = R
3540 cm ' .1 820 cm ' A 860 em ! AWk B AE
WRAC A, , 28 = a5 T A B4R N $E 4%, [ K3 000 em ™
11480 cm ™" Jub W WSCARR A5 E by 58 FEE AR A ) IR AL 5 (
T AR A DR b JE Al R oS 0 5 R AR A X K
P X R DS B T S e 7 12 A B A, ORI AR Sy i
AR WA, R ) T JEL Al A oA 0 5 5 ) DG B B )

1720 1 626

040} 5
0.35

030 4

0.25

4000 3000

2 000 1000

P %L Wavenumbers (cm™)

W 1 BH; 2: KE; 3 KB 40 BHUEHEEHRAE; 5 AHUEHLIE; 6: REFFHLIE. T Note: 1:
CK; 2:F; 3: NPK; 4: M+NPK+R; 5: M+NPK; 6: S+NPK. The same below

1 RREIEAE 5o 4 4 HA 0500 i

Fig. 1  Fourier infrared spectra of soil humic acids as affected by fertilization method
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Fig. 2 Fourier infrared spectra of soil fulvic acids as affected by fertilization method
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Table 3 Relative carbon contents (% ) of different functional groups of soil FA calculated by * C-NMR spectra

Ke I e LBk 55 % B ¥ A .
b B ) FEE
Alkyl-C Alkyl-0-C Aromatic-C Carboxyl-C
Treatment Aromaticity
5=0~50 3=50~110 85=110 ~ 160 3 =160 ~200
fK R Fallow 12.26¢ 30. 46b 41.47a 15.81¢ 49.26a
Xt #8 Blank 22.55a 24.88cd 26.93b 25.64b 36.22¢
NPK 18. 82b 21.75d 30. 79b 28. 64b 36. l4c
M + NPK 12.17¢ 26.52¢ 36.92ab 24.39b 43.13b
S + NPK 11.20c¢ 39.92a 5.98¢ 42.90a 10.42d
M + NPK + R 12.33¢ 33.83b 39.42a 14.42¢ 46. 06ab

o 58 o A B R F 9 - A A TR L K B
f PRIk 2 8, AR IS HORG X £ FA 197 C-NMR A 5¢
GERFW]H I FEEN 10%~40% o AW
GEORTE A5 Rt AL AR X+ HE FA B 55 75 4
Bh 36.22% F1 36. 14% | jifi F 26 A0 K IR LA & 8 1

AR¥EFA 57 E OO W W, KR ATk R
49.26% . T BEFE T KA R A B A, FA 57 7 )%
BHETHE, mRALUED, FAFECEFEI/NT
R C ik, X SN A O DUIR R C 9 FE 1M
G EAREME L — 2. ARETIET AR L
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Fig. 4 Soil HA *C-NMR spectra as affected by treatment
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Table 4 Relative carbon contents (% ) of different functional groups of soil HA calculated by " C-NMR spectra
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b 5 ' ' s
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K1 Fallow 17.22b 26.42ab 41.93¢ 14. 43¢ 49.00c¢
X # Blank 10.96¢ 25. 44b 46. 82a 17.00a 55.42a
NPK 11.78¢ 27.68a 43.46b 17.08a 52.40b
M + NPK 18.52ab 25.15b 40.37d 15.96b 48.03¢
S + NPK 19. 68a 26. 40ab 39.61d 14.31¢ 46.22d
M + NPK + R 18.73ab 24.67b 42.02¢ 14.57¢ 49.19¢
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MORPHOLOGY OF HUMUS IN BLACK SOIL AS AFFECTED
BY FERTILIZATION METHOD

Wu Jinggui' Ren Jun'?  Zhao Xinyu' Li Jianming'
(1 College of Resource and Environment Science, Jilin Agricultural University, Changchun 130118, China)

(2 Research Center of Agricultural Resource and Environment, Jilin Academy of Agricultural Sciences, Changchun 130124, China)

Abstract To tackle the problems, such as declining soil organic matter content and degrading farmland quality in
the black soil region of Jilin Province, soil samples were collected from a 20-year long-term stationary field experiment on
fertilization at the Gongzhuling National Black Soil Fertility and Fertilization Efficiency Monitoring Base for analysis of
composition and morphological structure of soil humus by means of modern analytical methods, like NMR Spectroscopy and
IR Spectroscopy and exploration of their dynamic variation as affected by fertilization method. It was found that fertilization
methods had some significant effects on characteristics of soil humus in cultivated layers. In the field experiment, the com-
ponent of aliphatic structure in soil humic acid ( HA) increased significantly in Treatment S + NPK ( conventional NPK
plus incorporation of corn stalks) and Treatment M + NPK + R ( conventional NPK plus organic manure and crop rotation
the content of oxhydryl in soil HA increased obviously in Treatment M + NPK ( conventional NPK plus organic manure )
the content of free carboxyl increased too in Treatment S + NPK; the component of methyl, methylene and methenyl struc-
tures in fulvic acid (FA) increased obviously and free carboxyl did too in Treatments S + NPK, M + NPK and M + NPK +
R; and inorganic carbonate and silicate increased in the FAs exacted from the soil of Treatment NPK, which means long-
term application of chemical fertilizer may cause reduction of free FAs and exhaustive utilization of soil may lead to in-
crease in FA of iron-and copper-bounded or complexed form. Obviously, fertilization methods vary in effect on elemental
composition of HA and FA in black soil, and nevertheless all of them reduce HA C content and increase HA N content and
FA C, FA N and FA H contents and reduce FA O content. Treatments F ( fallow) and M + NPK + R increased soil HA N
content the most significantly, while Treatments F and S + NPK reduced soil HA C content the most significantly. Com-
pared with CK, Treatment F reduced soil HA H content markedly, while all the other treatments increased the content
markedly. F fertilization, regardless of method, reduced of oxidation degree of soil FAs. Obviously Treatments F', M +
NPK + R, M + NPK were better than treatment NPK in adjusting C, H, O and N components in soil FAs. It is, therefore,
concluded that elemental composition of soil humus can be regulated by using different fertilization methods.

Key words Black soil; Fertilization method; Humus characteristics; Elemental composition
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