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Research progress on the distribution characteristics of crop straws and the preparation and application of
straw carbon-based fertilizers in China
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Tianjin University of Commerce, Tianjin 300134, China; 3. School of Science, Tibet University, Lhasa 850012, China; 4. Xinyuan Sunshine
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Abstract: In China, straw resources have great potential for utilization owing to high yield, rich variety, wide distribution, and high carbon
content. Straw carbon—based fertilizers can improve soil fertility and quality, and thereby increase crop yield, due to their high pore volume,
specific surface area, and cation exchange capacity. This article summarizes the distribution characteristics of crop straw resources, the
preparation techniques of straw carbon—based fertilizers, and their research progress in soil application in China. We aim to provide a
reference for the application of straw carbon—based fertilizers in agricultural production in China.
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Figure 1 China’s average annual output and proportion of various straws during 2015—2019
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Table 1 Analysis of six kinds of straw element composition

[10-11]

FEFF AP JCE 1 Element content/% Y1 Ji & 4t Substance content/%
Straw species C H 0 N S LS Volatile matter  [H5E i Fixed carbon  JK4) Ash content  AJii % Lignin
INZFEFT Wheat straw 4152 576 3624 061 024 66.60 17.78 9.6 14.4
IKFEREFF Rice straw 40.67 573 3230 080 0.01 63.82 15.69 15.29 8.9
FKFEFT Maize straw 41.67 591 4053 058 0.5 72.90 15.94 6.17 7.39
HRERE AT Sugarcane straw 484 6.5 452 — — 752 15.8 9 24.8
THISERS AT Rape straw 39.01 5.68 39.08 0.22 025 66.31 17.93 3.46 —
T EFEFF Bean straw 394 585 3742 06 0.2 66.31 17.08 5.01 —

R2 019 FREREDEF~ENEEI R
Table 2 Distribution of crop straw production in different

provinces in 2019 in China
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A=W R PERR T 2 B JFORV R A 5 ), FA i 451
WA E T EME R . Ham R E W o
R P PR IR IR A KO IE AR (R 4)
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1, — ¥ h 20~100 °C+min™, 52 i BE A 300~800 °C,
il 25 B4 A 90 e b 3 T RRURTI 75 e 4 o, 5 A 10
(i, pH L HG 2 DB RIS A5 AL R B i b, 7 %
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Table 3 The physical and chemical properties of main straw biochar in China

[10,14-21]

) T = =) =1 =) /l:{ IE\ L N /l:l 4
AR ol Wit WAkt wo ML o ALIEE L
) Carbon . Specific surface area/  Total pore volume/ .
Straw species Oxygen content/% Nitrogen content/% Ash/% s Y Pore size/nm
content/% (m*+g™) (em’-g™")
/N FEFT Wheat straw 51~53 7~12 0.3~0.5 11~16 4.14~72.98 0.005~0.01 1.6~2.8
IKFEFREFT Rice straw 76~82 14~19 1.7~2.0 28~31 19.25~183 0.008~0.026 4.7~13.7
FAKFEFF Maize straw 70~76 9~11 0.9~2.0 8~14 4.54~101.21 0.003~0.007 1.5~1.9
H EFRSFF Sugarcane straw ~— 59~69 3~11 0.65~1.5 5~10 28~110 0.007~0.012 12~24
WSS FF Rape straw 69 26 1.18 7~26 3.87~112 0.001~0.03 2~7
5 2AEFF Bean straw 76~80 2~13 0.53~0.74 13~17 5.3~83.05 0.095 5
http://'www.aed.org.cn —577—
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Table 4 Biomass products and physical and chemical properties of different biochar preparation technologies

[23-28]
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Pr tion technol Preparation  Residence Solid vield/% Liquid Gas production ~ Carbon pH Specific surface
reparation lechnology temperature/C time onayeidr yield/% rate/% content/% area/(m’+g™")
Pk B Fast pyrolysis 400~600 Is 12 75 12 74 7.7~10.1 40~45
18 A7 Slow pyrolysis 300~800  >5~30 min 35 30 19~25 95 5.0~10.1 2~180
P AL Gasification 750~1500  10~20s 10 5 85 45~80 NRA >170
KA Hydrothermal carbonization  180~250 1~12h <66 5~20 2~5 <70 6.3~6.6 6.6~25
[NZ& )i Ak Flash carbonization 300~600 <30 min 37 NRA NRA 85 NRA NRA

T : NRA A5 AR BRI -

Note: NRA means data is not easily obtained.
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Figure 2 Schematic diagram of straw carbon—based fertilizer
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Figure 3 Effects of straw carbon—based fertilizer on soil quality and crop yield and quality
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