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The Decomposition Characteristic of Crop Straws and Their Released Dissolved
Organic Matter Properties
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(1. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 2. Key Laboratory of Arable Land
Conservation (North China), Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

Abstract: [ Objective ] It is an essential prerequisite to understanding the environmental behavior of straw carbon in farmland
soil to understand the decomposition characteristics of crop straw and the properties of dissolved organic matter (DOM) released.
However, the information on straw decomposition characteristics obtained from relevant studies needs to be more comprehensive
and requires further investigation. [ Method ] In this study, the straws of corn, wheat, soybean, and rape were laboratory
incubated for 69 days. The two-dimensional -correlation-Fourier transform infrared spectroscopy (2D-COS-FTIR),
ultraviolet-visible spectroscopy (UV-Vis), three-dimensional excitation-emission-matrix spectra (3D-EEM), and parallel factor

analysis (PARAFAC) were employed to monitor the changes in the components of straw during decomposition (0-69 days), as
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well as the humification characteristics of their released DOM. [ Result ]The results showed a double increase in corn, wheat, and
corn straws during their decomposition period, and all four straws reached maturity at 65-69 d. At the end of decomposition, the
mass loss rates of the four straws were 56.8 %(rape), 51.1 %(corn), 48.5 %(soybean), and 44.0 %(wheat), respectively. Although
the decomposition order of different substances differed in the four straws, the decomposing intensity of functional groups on the
surface of the corn, wheat, and rape straw exhibited the same order (C=0 > O-H > -CH, > -COQ") but the soybean straw showed
a different order. The dissolved organic carbon (DOC) content released by the corn, wheat, soybean, and rape straws gradually
decreased and was stable at 69 days of decomposition, of which the DOC content was 23.6, 12.2, 17.2, and 10.7 mg-g’1 biomass,
respectively. During the decomposition, the SUVA,s, value and aromaticity of DOM released from decomposed corn and soybean
straws gradually increased, and the E,/E; value gradually decreased. In contrast, those in wheat and rape straws showed a
fluctuating trend. At the end of the decomposition, the aromaticity of DOM released from decomposed corn, wheat, soybean, and
rape straw was 20.58, 10.55, 17.45, and 8.32, as well as the E,/E; value being 3.27, 4.29, 3.16, and 5.77. In addition, the
aromaticity of maize and soybean straw DOM was higher than that of wheat and rape straw, and the E,/E; value showed the
opposite trend. The 3D-EEM results showed that though the DOM composition in the four crop straws varied, a similar
conversion was observed from protein-like substances ( I +11) to humic-like and fulvic-like substances (Il+V). Four
fluorescence components in the straw DOM identified by the parallel factor analysis model showed similar results. Finally, the
humic-like substances (C2 and C4) comprised 35.0%—41.9%, and the fulvic-like substances (C1) accounted for 19.9%-42.9%. In
contrast, the protein-like substances(C3)only accounted for 10.0%-29.4%. [ Conclusion ] Our study revealed that the
decomposition of straw and the content of its released DOM were influenced by the type of crop, while the substance degradation
strength and transformation pattern remained consistent.

Key words: Straw decomposition; Dissolved organic matter; 2D-COS-FTIR; 3D-EEM; Parallel factor analysis(PARAFAC)
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Fig.3 2D-COS-FTIR analysis of maize, wheat, soybean and rape straws with synchronous (a, ¢, €, and g), and asynchronous (b, d, f, and h ) spectra

%2 AEIFEFTPERRITIE th YRR 5K e 1 o (E L& e R I e

Table 2 The response order of characteristic peaks in the 2D-COS spectrum during the decomposition of different crop straw

FhiFF 2 [0 S i NG 4
Straw type Synchronous spectrum Asynchronous spectrum Order
BN @ (1030, 1600) >0 ¥ (1030, 1600) >0 1 030 before 1 600 cm™
Corn @ (1030, 2918) >0 w (1030, 2918) >0 1 030 before 2 918 cm™
@ (1030, 3230) >0 ¥ (1030, 3230) >0 1 030 before 3 230 cm™
@ (1600, 2918) >0 (1600, 2918) <0 2 918 before 1 600 cm
@ (1600, 3230) >0 ¥ (1600, 3230) <0 3 230 before 1 600 cm™
@ (2918, 3230) >0 P (2918, 3230) >0 2918 before 3 230 cm'
INAZ @ (1030, 1600) >0 ¥ (1030, 1600) <0 1 600 before 1 030 cm™!
Wheat @ (1030, 2918) >0 P (1030, 2918) >0 1 030 before 2 918 cm™!
@ (1030, 3230) >0 ¥ (1030, 3230) >0 1 030 before 3 230 cm™!
@ (1600, 2918) >0 ¥ (1600, 2918) >0 1 600 before 2 918 cm'
@ (1600, 3230) >0 ¥ (1600, 3230) >0 1 600 before 3 230 cm™!
N @ (1030, 1420) >0 ¥ (1030, 1420) <0 1 420 before 1 030 cm'
Soybean @ (1030, 1600) >0 ¥ (1030, 1600) <0 1 600 before 1 030 cm™
@ (1420, 1600) <0 ¥ (1420, 1600) >0 1 600 before 1 420 cm'
g @ (1030, 1600) >0 ¥ (1030, 1600) <0 1 600 before 1 030 cm™!
Rape @ (1030, 2918) >0 ¥ (1030, 2918) <0 2918 before 1 030 cm'
@ (1030, 3230) >0 ¥ (1030, 3230) <0 3 230 before 1 030 cm™
@ (1600, 2918) >0 ¥ (1600, 2918) <0 2918 before 1 600 cm''
@ (1600, 3230) >0 ¥ (1600, 3230) <0 3230 before 1 600 cm™
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Fig.4 The content of dissolved organic carbon ( DOC ) released from

varied decomposing times of the corn, wheat, soybean, and rape straw

P (1), BN R SRS FT 78 J8 i ik
P A W R A B T R L R . RS SEDTHACH
T A6 T SUVA,s, {8 R BRI AT RE 2 B THUED)
KA A BT AR 58 T Y A, T TE S i s
99 B PR AR U T BE 5 pH Y R AIR AL 2 T DOM By 25
BB AU FLid #8245 56, SUVA,q H—5 DOC
T 4 R 1 T Sl S AR N 1 o RS R £ SUVA,¢ fH Fl
SUVA,s, [H 2 IAH R A #a# (£ 3 ), XKW DOC 1Y
JF AR B 5 FLm K A o i A DA G . I Ah,
£ 254 nm i1 365 nm AL IR H ( Eo/E; ) 5 DOM
B o F i A EPY ARFgE T, KRR E DOC
W) Eo/Ey (¥ 2 IREARA - E, Thi/NE Fl e+
DOC 1) Eo/E5 (HWIZFRI I T ¥ ah Bk (£ 3), XM
SUVA,sq TH IS AL BIE ALY, HE—2B Ui T /)
22 FHIM SR FEAE S figp ach A2 vh G2k W R R 1 & 2 T

F3 EK.NE. KEHFET A EEREERE TR HE DOM EELIER

Table 3 The humification properties of DOM released from varied decomposing times of the corn, wheat, soybean, and rape straw

FhEFF AL JE& et a] SUVA,s4/ SUV A/ J5 A
Straw type Decomposition time/d (Lmg'Cm") (Lmg'Cm") B Aromaticity/%

5P N 0 0.78 0.71 4.90 6.29
Corn 4 1.31 1.25 3.01 9.67
19 2.40 2.26 3.11 16.51

31 2.92 2.77 3.06 19.78

69 3.04 2.90 3.27 20.58

N 0 1.17 1.14 3.46 8.79
Wheat 4 2.17 2.04 3.19 15.06
19 1.69 1.62 2.72 12.08

31 221 2.11 2.83 15.34

69 1.45 1.41 4.29 10.55

K 0 0.53 0.52 4.59 4.76
Soybean 4 0.93 0.89 2.69 7.24
19 1.61 1.52 2.97 11.54

31 1.99 1.91 2.77 13.95

69 2.55 2.45 3.16 17.45

3 0 0.95 0.91 3.50 7.37
Rape 4 1.31 1.25 2.94 9.68
19 1.48 1.41 2.87 10.72

31 1.39 1.34 2.90 10.18

69 1.10 1.07 5.77 8.32
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Fig. 5 The composition of dissolved organic matter ( DOM ) released from different decomposing times of the corn, wheat, soybean, and rape

straw as determined by fluorescence spectrometry
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Fig. 6 Four fluorescence components in the straw DOM identified by the parallel factor analysis model
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decomposed at 0, 4, 19, 32, and 69 days
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