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Short-term degradation of vermiculite modified rice straw biochar in soils

WANG Rui'?, LIU Yuxue®™, GAO Chengxiang®, HE Lili**, WANG Yuying®®, LU Haohao™, YANG Shengmao®*", LIANG Zongsuo'’

(1. College of Life Sciences and Medicine, Zhejiang Sci—Tech University, Hangzhou 310018, China; 2. Institute of Environment, Resource,
Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Engineering Research Center of Biochar of
Zhejiang Province, Hangzhou 310021, China)

Abstract : Stability is the basic premise for biochar use as a mode of carbon sequestration. It is of great practical significance to explore the
degradation characteristics of biochar in soils. In this study, rice straw and vermiculite were chosen as the biomass and mineral
modification material to produce biochar, and the stability of the produced biochar was analyzed. Lab incubation experiments were carried
out to study the short—term degradation behavior of biochar and its influencing factors. Results showed that the C content of biochar

increases with an increase in carbonization temperature. After vermiculite modification, the C content of biochar reduced by 20.3%~32.6%.
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When the carbonization temperature increased from 300 °C to 700 °C, the dissolved organic carbon (DOC) of biochar first increased and

then decreased, with the maximum value at 400 °C and the minimum value at 700 °C. Vermiculite modification reduced the DOC content of
all biochar. With an increase in carbonization temperature, the H/C of biochar decreased. The H/C of modified biochar was lower than that
of unmodified biochar. Compared with 300 °C biochar, the thermal mass loss of 700 °C unmodified and modified biochar decreased by
56.1% and 56.8%, respectively. Vermiculite modification reduced the thermal mass loss by 14.8%~45.6%. All biochar was mainly
composed of aromatic C, O-alkyl C, and alkyl C, among which the content of aromatic C was the highest. With an increase in carbonization
temperature, the aromatic C content in biochar increased, while the O—alkyl C and alkyl C contents decreased. Vermiculite modification
increased the content of aromatic C. Compared with red soil, the C content of biochar in paddy soil was lower. Compared with flooding
conditions, the C content of biochar under drought conditions was lower. These results indicate that vermiculite modification reduces the
content of C in biochar and increases the stability of biochar. Compared with red soil, the C degradation of biochar in paddy soil is faster.
Compared with flooded conditions, the C degradation of biochar under dry conditions is faster. Vermiculite modification is the primary
factor affecting the degradation of biochar in the soil, followed by soil type and water condition.

Keywords : biochar; modification; stability; soil; carbon sequestration
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Table 1 Basic physical and chemical properties of soils

A AL AL

1% el T 2 ; ; , §s¥id S
Soil pH Total N/(g-kg™) Total P/(g-kg™") Total K/(g-kg™) AleldbliP/ AleldbliK/ Organic “,IIdHGI/ Total C/% Total H/%
(mg-kg™) (mg-kg™) (g-kg™")
14 5.89 1.13 0.540 7.94 9.74 118 8.07 1.80 0.725
Kigt  7.04 1.11 0.730 13.22 90.37 179 15.17 1.10 0.533
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Figure 1 Thermogravimetric curves of BC and MBC prepared at

different temperatures
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Table 2 Basic properties of BC and MBC prepared at different temperatures

e P aww podtmegn  OF W 0% we ot GNP g
BC300 5.56 18.7 4.74+0.78 46.8 5.25 44.9 1.36 0.74 2.13 0.0121
BC400 7.04 20.3 5.53+0.67 53.6 5.16 37.8 1.16 0.53 3.36 0.0139
BC500 7.96 22.4 4.32+0.26 54.2 4.14 37.6 0.92 0.52 5.09 0.0199
BC600 10.17 26.7 3.36+0.20 56.6 3.12 36.5 0.66 0.49 15.96 0.0201
BC700 10.47 28.2 2.39+.020 56.7 2.85 36.5 0.60 0.48 16.29 0.046 2
MBC300 6.06 433 4.17+0.74 37.3 3.97 51.1 1.27 1.02 3.30 0.0171
MBC400 6.88 454 4.51+0.54 36.5 3.46 52.2 1.14 1.07 3.63 0.0190
MBC500 7.85 534 3.48+0.13 39.6 3.02 49.0 0.91 0.94 5.56 0.021 4
MBC600 9.74 55.7 3.23+0.07 38.4 1.79 49.6 0.56 0.96 18.10 0.0329
MBC700 9.86 60.5 2.54+0.25 38.2 1.64 50.4 0.51 1.02 17.40 0.046 8
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R3 AERLEELBCFMBCHIREARE (%)
Table 3 Thermal loss mass of BC and MBC with different
temperatures (% )

AP Biochar  300°C 400°C 500C  600°C 700 C
BC 75.4 68.8 59.0 35.1 33.1
MBC 43.5 37.4 38.6 29.9 18.8

A (50~109 wmol - mol™) 5 i B AT g i %2 (0~50
wmol - mol ) ZH A, H 5 Fhl & Ed . XULHAY
A B DT ARG o Bl AR IR R I, A= 9 e v
()5 5 Bk O e e B ka3, e AU 5 JE ERUAR A
U ) Fe BN T Rk A, XA T B e AR B Y
Thim, A B 9 55 B AL FR BE 3G, Fe e M3 0 . X
B TR AALIRIE (0~300 °C) 444, A
Py Ko RIS, D5 B AL S TE i B At
VLB S — 25 FF 155 (300~600 °C) , 35 B b 25 44 ik — 2 2
L, e 28 R R S 25 47, s R i T
K Z B o v % B e ) T RAAIG T e S 5 R
BRI 74 1 5 i, 3Kt 10 B S Ay SO 1T A= o
RS E T
2.2 AEHAIRE S FHEYRETIERHERER
AN R B AR B2 45 1 Tl 2 00 A= ) e A - 3 v iy
R A L AN 2 B 7 o A G 7E 300~700 CE4& 14 T
Tl 25 8 A A A 3, M A A A A BRI e
FEAR (P<0.05) o 33X 32 %2 55 J5L R A6 ) o 1 ke %+t AH
el 2w 4 R VR A B S A e (A Bk A T B
1%, FEH/C 5 F HeAE s A Ve I AR BTk (3R 2)
Uk B AR W e ke 22 e M BT i, 7 - S8 v A AR A 3
FERE RS, INEE S B 5 A LR 1 2 R i R g
ARSI T AR R E R (3.8 4) . KAk, A
Wy e B B %ot A HEG A ) 0 BE R AR DA R A 9 e s T
T8 A WL - T AR BT AR 0 ] A 4
FIREAR Ty — 5, AR R i I &2 IR R &5 &
R A Wy A AR A, DA A2 2 A 4 i i e
FRER0l AR TOPE AR R A L 8 A v AR 9 e DOC
T AR (R 2) , 1 DOC % =t M REAR 5 B

F4 AERLEERBCFIMBCHMEMEREALFLBIAE(%)
Table 4 Chemical shift and carbon assignment of BC and MBC with different temperatures (%)

e SR REMIL 21 #1JB Chemical shift and carbon assignment

Biochar  RICHR Carbonyl C JRELHK Carboxyl € ALK Phenolic . J57 Mk Aromatic C L4 O-Alkyl ¢ JEHALIRIIIKE Alkyl C
BC300 3.51 432 17.9 31.4 20.4 225
MBC300 5.37 7.73 14.1 277 215 237
BC400 4.00 6.20 14.6 24.6 29.0 217
MBC400 477 6.58 18.8 317 16.8 21.4
BC500 2.70 7.90 133 52.1 35 20.5
MBC500 4.86 5.93 16.4 53.4 1.8 17.6
BC600 0.15 1.85 10.8 775 4.1 5.6
MBC600 0.68 3.45 23 80.1 1.4 7.7
BC700 2.18 4.61 6.5 70.2 6.3 102
MBC700 237 5.26 72 77.0 39 42

1% WHART]
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Figure 2 Carbon content of biochar under different soil conditions
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Table 5 Univariate ANOVA of carbon content in different

biochar treatments
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Influence factor ~ 300C  400°C  500°C  600°C 700 °C
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Q o o Ko . o
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AR ISR B IR A S5 s CO AT it s %, P<0.001 5
##P<0.01;%,P<0.05;NS, P>0.05,

Note: A indicates soil type; B indicates water condition; C indicates
vermiculite modification; ***  P<0.001; **, P<0.01; *, P<0.05; NS, P>
0.05.
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