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Molecular Characteristics of Soil Dissolved Organic Matter in Response to
Decomposition of Organic Fertilizers from Different Sources

CHEN Liming', WU Yueying', LI Caisheng', WU Zhipeng'’, HUANG Cheng', JI Hengkuan', HOU Zhengwei',
FU Chuanliang’, ZHAO Yidong®, WU Weidong'

(1. College of Tropical Crops, Hainan University, Haikou 570100, China; 2. Institute of Agricultural Environment and Soil, Hainan Academy
of Agricultural Sciences/Hainan Scientific Observation Station of Cultivated Land Conservation of Ministry of Agriculture and Rural
Areas/Key Laboratory of Cultivated Land Conservation in Hainan Province, Haikou 571100, China; 3. Soft X-ray Experimental Station,
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

Abstract:  Objective Dissolved organic matter (DOM) derived from organic fertilizers may provide new insights into the
potential applications of different commercial organic fertilizers. Method Herein, four different sources of organic fertilizers
(biochar, WSB; sheep manure, SM; seaweed, SW; shrimp peptide, SP) with soils around the Changhua mine site were used to
carry out a three-month incubation experiment. The subsequent effect of organic fertilizer amendment on molecular
characteristics of soil DOM was investigated using multivariate spectral analysis. ~ Result Compared to the control, soil DOM
concentrations significantly increased in response to organic fertilizers amendment during the whole incubation period, exhibiting
the lowest increment in WSB treatment and the highest increment in SW treatment, respectively. The excitation-emission matrix
with parallel factor (EEM-PARAFAC) showed that WSB increased the proportion of humic-like fluorophore of soil DOM while
fulvic acid-like fluorophore decreased during the whole incubation period. Also, SM, SW and SP amendments lowered the
proportion of microbially-transformed humic-like fluorophore and increased the proportion of fulvic-acid like fluorophore during
0-45 days, but increased the proportion of refractory humic-like fluorophore during 45-90 days. Two-dimensional correlation
spectroscopy analysis on Fourier-transform infrared (2D-FTIR-COS) spectroscopy revealed that aromatic/carboxylic acid groups
of soil DOM in the control and SP treatments and alkene/polysaccharide groups in the added WSB, SW and SM treatments had
the fastest responses over time, respectively. In addition, Si-O-Al signals from soil nano-minerals functional groups exhibited a
distinct response over time in the added WSB and SP treatments. The carbon near-edge X-ray absorption fine structure (C 1s
NEXAFS) analysis showed that compared to control, the added WSB increased the proportion of oxygenated aliphatic fractions
but reduced aromatic/phenolic fractions of soil DOM after incubation. Also, SW increased the proportion of aromatic and
carbonyl fractions but reduced aliphatic and oxyalkyl fractions while SM and SP increased the proportion of phenolic, aromatic
and aliphatic fractions but reduced the proportion of carboxyl, oxyalkyl and carbonyl fractions. =~ Conclusion The results of this
study can enhance our understanding of how the decomposition of different sources of organic fertilisers affects the molecular
characteristics of soil DOM. This is essential for assessing the ecological effects of the application of commercial organic
fertilisers in soils.

Key words: Organic fertilizer; Soil dissolved organic matter; Molecular characteristic; Multivariate spectral analysis
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1.1 BEHFRRXERERENLHERNE

T B X T R A HLIE T 34 1o BURE 8 A 1R
Fohth b, dedEELA RN Y DU AR A R) St U5 RS A A AL
JE . FEMZRT . BEA, o 1 mm 0, A A4S
BT R . B ALIE Y A A
PR 2 IR A HLAE E AR NY525-2012020 pUflfr AL
FES Fig EL A I Y S S AR BRAL PR R AN 1 T .

F1 NEmEaNEMERELER

Table 1 Basic properties of tested organic fertilizers

3 fRTFR R0 APk A Jey et

Sources Name pH OC/% TN/% TP/% TK/%
FEY SR IR Y A HLA SW 7.29+0.01 25.20+0.63 2.17£0.18 1.30+0.31 0.70+0.14
YRR LHAHLAL® SM 7.12 £0.00 14.85+5.41 1.22+0.14 1.43+0.19 2.4120.25
R IR B HR A AL SP 7.21+0.01 14.55+0.97 1.09+0.07 1.03+0.05 2.72+0.08
INETEFF 500°CHIAE B e e ® WSB  10.40+0.01 58.95+0.97 0.87+0.12 0.45+0.03 4.52+0.10

(D Seaweed, @ Sheep manure, 3 Shrimp peptide, @ Wheat straw derived biochar.

1.2 TEHAREREREBLERNE

KA BTN A A B E By
X JE3 ( 19°19'38"N, 108°42'0"E ) %K )JZ T3 (0~
20cm ), RH “S” RFELRAE MG, WA
Ja BBRRBURLZ Y 5 B2 T, i 2 mm fiigs .

PR+ AT TR A 3Rk ) B
W o il R AR O . A LR
18.01 gkg ', &%& 0.17 gkg', &® 022 gkg ',
4 8.43 gkg', pH 6.18, PHE F3c#ii: (CEC)
7.77 cmol-kg ', HHEFH WS FHE L
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T+ TR SRR, B 1) B
xR (A PLAE ), 2k CK; 2) #in 50 gkg
FIEZAA PR, 08 SM; 3) BN 50 g-kg ' A IAE
AU, 38k SW; 4) BN 50 gkg ' MERECA HLAE,
ICA SP; S U 50 g-kg ' BIA M AR, ic A WSB;
B =R AHUIRS RIS MR A4, FEH
KRR H KRR 70%, 7E (2545) C4&
PR, TSR 0. 5. 15, 45, 90 KHUE,
BRS04, o HEEE DOM ik, #Ho
HERE T RTEOFEED 2 mm R, 5777 B
- fh 3 R Ak £
1.4 11 DOM A RAIREN R RAE

13 DOM I ¥ (1448 BU S 1R 2 el el 2 P41
%, PR30 g HIETELOE T, InAEZK 150 mL
(wiv, 1:5)RG. FraMT 25 CREIRIRG 48
(180 rmin") WOEIRY 24 h, ZRJELL 4 000 rmin”'
B0 20 min. b VRS AR DR R B AR RO T
0.45 pm JEME . R HE B MGREDOGAE A T 4°CRYVKAR LA
=250 . PR DOM 3 Tl # R R A
BiRrEA PR (DOC), i TOC 43#r{ ( TOC-V
CPH, HAZH) M.

1.5 DOM iRy RIE

FEHEAT =4O TG B Z 11, W45 15 57 101 1)
F2I DOM JEW 9 DOC e &M%y 10 mg-L™',
DL 3E A P Ao 0 I i R TT Lt . R R4 150 W
RARKT WO IR B 29 6 G BE T (F-320, K
REHE) AN, Wk Ex=200~450 nm,
KEHEK Em=230~650 nm ( Ex F1 Em Ay3G 1
WA 5 nm), BREETLE N 10 nm, HIHE RN
1 nm,

LIAMERER R DOM JEN % ,  DOM JET
BTEE, BUATH) DOM #£4 (1.0 mg) 5 200 mg
() KBr IR A OFEE 4 5), RS R o (A8 B AR
T HMEIEAL ( Spectrum 65, GBI F, 2
) 2, PR EEGEE 4000~450 em .

1.6 Bxififs X SHERIEHEELEH ( C 1s NEXAFS )

ST

TGOS [i) i AR b B 3% 228 90 Koid 2 mm B il £ 43¢
PES AV R TR , A e [ e e i 28 F b
A AR T B ( BSRF) (1) 4B7B Y6 2kl i 4 ik

I X SRR 40254 ( C 1s NEXAFS ) S,
PLAr I 3 RE S R B 4 A M OG5 B . IR it AT
AL FRER N 2.5 GeV, RN 156~250 m, K
FHAHL 77745 ( Total Electron Yield, TEY ) il &
RIS (B RE R 280~310 eV; figdt
AP 0.05~0.5 eV X FFLIEEER/N R 1 mm?),
AR TR 76 10 °Pa AU ELZS HABE FAREF 12 h, JF
FERE S A 2 T P A () B ) AR A SO .
1.7 MRS

AWF5EET MATLAB 2014b H1'f) DOM Fluor
T EA, RAFATHF5r8r (PARAFAC) X DOM
FEAK) EEM 64T 40 B o 78 P47 B F 40 Br
( PARAFAC ) B2 {if, HR4 Bahran 2521 )5 %2
E e 2 IE B B AL 3B

# FTIR J6i% 5 2DCOS M M4 &, Milikis
DOM FY 4L i A5 #4928 R IF (5 8, . 22T “2D shige”
BAF 2DCOS ( KPH#BER2:, HA) 40#r.
1.8 HESItHH

M SPSS 20.0 AT T, ISR R
h 3 REEREME . SRR R 7 225007 i
( P<0.05), NEXAFS i #4539 A ATHENA
(0.8.056 b ) 47 IH—1LAbPE, FEH Origin 9.0 #1T
SHELA, IR E R

2 4 R

21 MERAARREEVEELE DOM SE/3h

Jits AR IEA VUL, T3 DOM & pia
HLAE Rt s A i A8 Ak an & 1 B o it FH AT HLAE fE
EHOIN A4 DOM W&, Hri S (SW).
WRAK (SP). 3% (SM) AHUIER +1E DOM & &
BERETXE (CK) M AR (WSB) .
HARALHER 3 DOM & o il F7 A8 A g
Hrp CK Fl WSB 4 H Y DOM 5 5L il s F Rk, i
SW . SM Al SP AL B i) DOM &5 1 ) #& 4k 5L 5 F T
TR, SW I SP ALY+ DOM 5 = 7E5S 15
K BLE(E, 1 SM WIZESE 45 Kuf i IGEE . 7855
FREEH (55 90 X)) B, i AbFER) DOM Fr it /)
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between different times ( P<0.05 ); Different capital letters indicate significant differences between different fertilizer treatments ( P<0.05 ) .

The same below.

BT 25t A AR B A ] 2 fige i 40 - S iV A Bl (DOC) i

Fig. 1  Soil dissolved organic carbon ( DOC ) content in different degradation periods under different fertilization treatments
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KL 5hFIE ( 2D-FTIR-COS )
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RGP B, BT L AMGIGSE & Z4ER 00 b
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T 5 DOM Pl 1% 7 i [|] 28 4k (9 — 4 21 4h Ot 1%
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Fig. 2 Percentage of soil DOM fluorescence components in different degradation periods under different fertilization treatments
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Fig. 3 Synchronous and asynchronous 2D-COS maps generated from the 1 800650 cm™' regions of soil DOM FTIR spectra of different
fertilization treatments in different culture periods
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Fig. 4 Fine structure spectra of carbon near-edge X-ray absorption in soil DOM under different fertilization treatments
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Table 3 Deconvolution results for fine structure spectra of carbon near-edge X-ray absorption in soil DOM under different fertilization
treatments

Jifi AE A B W2 Bk X 384 FL 1) Proportion of absorption regions/%
Fertilization treatments Gl G2 G3 G4 G5 Go6
CK 12.81 7.33 23.82 18.70 22.35 15.00
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SM 12.68 14.87 26.24 15.11 18.27 10.82
SP 18.09 9.91 24.60 17.21 19.32 10.86
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