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Spectroscopy and Spectral Analysis
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Fig. 1 HA and FA contents of soil under different

ratios of organic and inorganic fertilizers
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Table 1 Elemental concentration and atom ratio
of humic acids and fulvic acid
TESR/Y% [V
. TEEH/ N BE IR H

C H N O H/C 0/C C/N (N+O)/C
F3 51.61 5.53 31 37.55 1.29 0.55 11.34 0.63
HA  F2 49.20 5.29 01 40.50 1.29 0.62 11.46 0.70
F1 48.49 5.34 5.03 41.14 1.32 0.64 11.25 0.73

oo

F3 12.03 3.04 1.03 83.90 3.03 5.23 13.63 5.30
FA  F2 13.58 3.07 1.15 82.20 2.71 4.54 13.78 4.61
F1 10.80 3.09 0.95 85.16 3.43 5.91 13.26 5.99

oo
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IR spectra of HA under different ratios of

organic and inorganic fertilizers
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IR spectra of FA under different ratios of

organic and inorganic fertilizers
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Table 2 Ratio between main absorbance peaks of IR spectra of

HA and FA under different ratios of organic and inor-

ganic fertilizers

HA FA
pusil
3330 2930 1630 1030 2930 1710 1030 960
F1 0.53 0.41 1.00 0.84 0.17 0.16 0.60 1.00

F2 0.54 0.38 1.00 0.91 0.19 0.20 0.95 1.00
F3 0.56 0.42 1.00 0.91 0.21 0.21 0.74 1.00
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MAS 3 C-NMR 3§ it 45 {iF

— O I B T ) CPMAS ¥ C-NMR B340k 5 A4~ 1%
BIFEIRIX , 2Bl EE C X (60~50), £i% C X (550~110)
FA C X (5110~165), I C X (8165~190) Fi#k I C X
(5190~230) , & 4 3 HA 1y [H#& CPMAS ¥ C-NMR i,
N TR) it R A B B HA ZE 30 ppm &b WE Ui & B 8 9 HL 76 A [ &b
HUA] Y 22 3K, 30 ppm AR 2 4 4 b I 53R ot 2 5 4
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A CFIRRAK LAY Crd. 254 C X, 130 ppm F %
SRR AEFR P EEAM S F C; 150 ppm LK M 2 B & 5
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M43 14. 26 %0 F 28.54 %, ULHA F2 1 F3 #EREHE | HA
MM AL RS AR IS AL B, {H F2 A TR XT T HA B eI 1Y %
M) o 4 2

FA 5 HA #0324 B35 o KA R wT &40 5 A F %
AR (& 5), fEdedt C X, 20~30 ppm AL MR 3% T
SCHE RN EAE B SE CTT L e C X P 71 ppm NTRIKAL A C
I 0 . 126 ppm(F5FF C X)) B T 35 20 2 4 F 3 s WY 3
WA D5 A C ki, 176 ppmGRAE C ROMARMZRR
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Fig. 4 CPMAS "“C-NMR spectra of HA under different ratios

of organic and inorganic fertilizers
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Table 3 Intensity distribution in the CPMAS ' C-NMR spectra of HA and FA
under different ratios of organic and inorganic fertilizers

Ji i C L C & C BRI C Bk C N -

b7 , .

A 30~50  650~110  §110~165  8165~190  8190~230 Aliphaticity Aromaticity

F3 31. 45 24. 37 25.29 14. 55 4. 34 68. 82 31. 18
HA F2 30. 90 35.9 20. 87 7.64 4. 69 76.19 23. 81
F1 29. 85 22.65 26.23 16. 03 5.24 66. 68 33.32
F3 37.05 22. 38 21.59 13. 27 5.71 73.35 26. 65
FA F2 29. 45 28.59 21. 36 13. 36 4. 24 73.10 26.90
F1 36. 19 21.08 23.06 12.58 7.10 71. 29 28.71

Aliphaticity=C% (50~110)/C% (50~165) ; Aromaticity=C% (§110~165)/C% (§0~165)
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Spectroscopic Characteristics of Soil Humus Components Under Different
Proportions of Organic and Inorganic Fertilizers
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Abstract This study explored the effects of different proportions of organic and inorganic fertilizers on soil humus characteristics
based on the 16-year long-term localization experiment. The humic acid (HA) and fulvic acid (FA) components in the humus are
separated and purified, and studied the changes of HA and FA contents and structure utilized chemical analysis and various
spectroscopy techniques under three fertilization of F1 (70% chemical fertilizer -+ 30% organic fertilizer), F2 (50% organic
fertilizer+50% chemical fertilizer) and F3 (100% organic fertilizer). The results showed that the effect of F3 on improving HA
and FA content was better than that of F1 and F2 treatments, indicating that the higher application rate of organic fertilizer, the
higher content of soil humus components. Elemental analysis showed that different ratios of organic and inorganic fertilizers had
different effects on the content and atomic ratio of HA and FA. F2 and F3 both increase the degree of HA condensation, reduce
the degree of oxidation and polarity, and the effect of F3 is obvious; the application of organic fertilizer can also promote the
formation of nitrogen compounds in HA, and the effect is the best in F2; The application of organic fertilizer also increased the
degree of condensation of FA, reduced the degree of oxidation and polarity, and promoted the formation of nitrogen-containing
compounds, especially in the F2 treatment. Infrared spectroscopy analysis of humus showed that compared with F1, F2 and F3
increased the content of aliphatic compounds and carbohydrates in HA, and the carboxyl group and fat group content of FA also
increased, and it was the most significant in F3 treatment. F2 treatment reduced the content of fatty hydrocarbons in HA, and
the carbohydrates in FA reached the highest. " C NMR spectroscopy analysis showed that the application of organic fertilizer

increased the degree of aromatization of HA and FA and decreased the degree of aromatization in the three treatments, and the
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change of HA functional group in F2 treatment was significant, FA changed more obvious in F3 treatment. In summary, organic
fertilizer significantly increased the content of soil humus components and increased the degree of aromatization of HA and FA,

but the formation mechanism of HA and FA under different amounts of organic fertilizer was different.

Keywords Organic fertilizer; Inorganic fertilizer; Humic acid; Fulvic acid; Infrared spectroscopy; Elemental analysis; Solid

¥ C-NMR
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