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Effects of wheat straw and its biochar application on soil physiochemical
properties and organic carbon fractions in flue-cured tobacco field

WANG Yi'*®, ZHANG Jun-qing', KUANG Shuai', GUAN En-sen’, ZHUO Qi-cui’, SONG Xiao-pei'?, LU Wei-long'?,
WANG Da-hai®, LIU Yue-dong'?, ZHANG Ji-guang'*
( I Tobacco Research Institute, Chinese Academy of Agriculture Sciences, Qingdao, Shandong 266101, China; 2 The Graduate
School of Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3 Weifang Tobacco Co., Ltd., Weifang, Shandong
262200, China; 4 Crop Research Institute, Shandong Academy of Agricultural Sciences, Jinan 250100, China )

Abstract: [ Objectives ] To understand the effects of wheat straw and its biochar on soil physiochemical
properties and organic carbon fractions to provide basis for improvement of flue-cured tobacco planting soil.

[ Methods ] A two-year field experiment was carried on the meadow-cinnamon soil in 2016 and 2017 in
Zhucheng, Shandong Province. Four treatments were designed, namely, chemical fertilizer alone (CK), chemical
fertilizer plus wheat straw (FS), chemical fertilizer plus biochar of 2.25 t/hm’ (FB1), and 4.50 t/hm* (FB2). At
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tobacco harvest, soil samples were collected in the plough layer (0—20 c¢m), and soil physiochemical properties
and contents of microbial biomass C (MBC), hot-water extractable C (HWC), labile organic C (LOC), light
fraction organic C (LFOC), and carbon pool management index (CPMI) were investigated. [ Results ] The TOC
contents in FB1 and FB2 was 74.9% and 116.0% significantly higher than that in CK, whereas no significant
difference was found between FS and CK. The variation trend of LFOC in the four treatments was similar to that
of TOC, and LFOC content in FB1 and FB2 was 154% and 326% significantly higher than that in CK. No
significant difference in HWC content was observed between FS and FB2, while HWC content in FS treatment
was significantly higher than that in FB1 and CK. In comparison with CK, HWC content in FS was increased by
107%. MBC content in FS and FB2 was significantly higher by 252% and 144% than that in CK, but no
significant difference was found between FB1 and CK. LOC content in FS was significantly increased by 68.9%
compared to that in CK, while no significant difference was found among FB1, FB2 and CK treatments. In
addition, wheat straw returning (FS) significantly decreased soil bulk density and increased soil water content and
soil available P content, which had a better effect on some soil physical and chemical properties than those of
biochar treatments. The FS treatment also had the highest value of CPMI, which was 73.5% significantly higher
than that of CK. However, the biochar treatments (FB1 and FB2) decreased or changed a little CPMI in
comparison with CK. [ Conclusions ] The continuous incorporation of wheat straw could increase the contents of
soil labile organic carbon fractions of MBC, HWC and LOC, improve soil physiochemical properties, whereas
wheat straw biochar could increase the stability of soil organic carbon, which is beneficial for the long-term stable
fixation of soil organic carbon.
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Table 1 Basic physiochemical properties of wheat straw and its biochar

ek - Sk (gkg) 2% (ghke) 2B (gke) 28 (wkg) &5 (gke) 2% (g/kg)
Material P Total C Total N Total P Total K Total Ca Total Mg
INAZFERF Wheat straw 7.62 395 0.977 11.84 3.57 2.32
FR W5 Wheat straw biochar 10.60 474 1.852 44.70 8.46 5.61
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Table 2 Physiochemical properties of soils treated with wheat straw and its biochar

b3 A (gem’)  HHESTUKE (%) PHEFACHE CEC 2R (gke) AW (mgkg)  HAH (mg/ke)
Treatment Bulk density Water content (cmol/kg) pH Total N Available P Available K

CK 1.19a 9.77b 26.6 a 7.84a 0.63 a 22.5b 229a

FS 1.03b 13.0a 279a 7.86 a 0.80a 41.1a 254 a

FB1 1.15 ab 10.5b 274 a 793 a 0.70 a 232b 247 a

FB2 1.13 ab 12.1b 28.1a 8.0la 0.69 a 374a 308 a

7 (Note) : [FFEHE G AFE/NG FHR-F R BLA 22 5 B3 Values followed by different small letters in a column indicate significant

difference among treatments (P < 0.05).
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Fig. 1 Total organic carbon content of soils treated with
wheat straw and its biochar in 2016 and 2017
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Fig.2 Contents of labile organic carbon fractions in soils treated with wheat straw and its biochar in 2016 and 2017
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Table 3 Pearson correlations among soil organic
carbon fractions

f&hr Index  TOC MBC HWC LOC  LFOC
TOC 1
MBC 0.255 1
HWC 0.041 0.621" 1
LOC 0.327 0.589"  0.716" 1
LFOC 0911 0232 0.026 0331 1
¥ (Note) : *—P <0.05; **—P <0.01.
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M FB2) ffik; 5 CKAHLIL, FSALEE LIfEN N T
40.9%, AWHAb I 43 FIREAR T 43.3% 1 57.9%;
FALFE) CPMI {H LA FS AR N e, 48 CK I 51
T 73.5%, HAEYRAIES CK 2R A HE .

3 e

3.1 FEFFREAEYREE A TIRIB T RIS

T EE W AN, RS R ERK
JE AL ISR E DA, R BRI R
& RS R OGE A B . AP, 5XF
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Table 4 Pearson correlation among soil organic carbon fractions and soil physiochemical properties
Bzt A TSR HEThE £ A A
Index Bulk density ‘Water content CEC Total N Available P Available K pH
TOC 0.000 0.175 0.350 0.013 0.258 0.499 0.480
MBC -0.755" 0.730™ 0.656" 0.620" 0.788™ 0.361 0.004
HWC -0.771" 0.621" 0.240 0.499 0.660" 0.017 0.123
LOC —0.674" 0.412 0.336 0.634" 0.419 0.257 0.072
LFOC —0.096 0.167 0.307 0.103 0.230 0.537 0.520
# (Note) : *—P<0.05; **—P <0.01.
%5 FISEYRTE TR IR IR R
Table S Carbon pool management index and related indicators of soils treated with straw and biochar
4y 4b3R LR B PTG BE B P LA R R PR
Year Treatment CPI L LI CPMI
2016 CK 1.00 b 0.099 a 1.00 a 100.00 a
FS 1.11b 0.098 a 0.99 a 109.77 a
FB1 1.14b 0.073 ab 0.73 ab 83.86 a
FB2 1.74 a 0.045b 045b 76.22 a
2017 CK 1.00 ¢ 0.090 ab 0.91 ab 88.71b
FS 121¢ 0.13a 1.28 a 15392 a
FB1 1.75b 0.049 be 0.51 be 89.55b
FB2 2.16 a 0.038 ¢ 0.38¢ 81.97b

¥ (Note ) : CPI—Carbon pool index; L—Liability of carbon; LI—Liability index of carbon; CPMI—Carbon pool management index. [F]31|%{
P AR F/ING AR R R — A R [RIAL B ) 2% 57 42 2% Values followed by different small letters in a column indicate significant difference among

treatments in the same year (P < 0.05).
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