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FIEARSE, SRS TIORRDIT B RERIAES >2 mm KL A RIR B EADG, 1hAh, C1 A C2 A 4R w1 N i, 45 1,
A R BEAR T+ B AL B P SRR 0 S A, AR T R R R AT AL, P R EERE T, SHEYE —E MRTROR
KR AT RN SR SRR KA R A

HRESHES: S153.6+22 XEkRERD: A

Effects of Biochars Application on Humus Composition and Water-stable Aggregates

Distribution of Black Soil

WANG Qi', ZHU Yingxue', XU Lianzhou', CHEN Baiyang', MA Xianfa'", YUAN Ye?, GAO Shan®, JIAO Yusheng?, HU Jijun*
(1 College of Resource and Environmental Science, Northeast Agricultural University, Harbin 150030, China; 2 Mudanjiang
Tobacco Science Research Institute, Harbin 150076, China; 3 China National Tobacco Corporation, Heilongjiang Province,
Harbin 150010, China; 4 Dongning Branch of Mudanjiang Tobacco Company, Mudanjiang, Heilongjiang 157011, China)

Abstract: To investigate the effects of biochars on humus composition and water-stable aggregate characteristics in the
tobacco-planting black soil region of Northeast China, three treatments including low quantity of biochar(5 t/hm? C1), high
quantity of biochar (25 t/hm?, C2) and no biochar application (CK), were setup in 2019 to 2020 in the field, the composition of
soil humus and the distribution of water-stable aggregates were analyzed, and humic acid chemical structures were determined
with Fourier transform infrared spectroscopy (FTIR) and "*C nuclear magnetic resonance spectroscopy ('?*C-NMR). The results
showed that C1 and C2 reduced fulvic acid by 16.90% and 40.85%, significantly increased the content of humic acid by 14.86%
and 33.78%, respectively, the proportion of humic acid in soil humus also significantly increased. FTIR and *C-NMR analyses
showed that C2 decreased the Il90/160 absorption peak intensity ratio of soil humic acid and the ratio of aliphatic
carbon/aromatic carbon by 11.82% and 13.04%, respectively, suggesting the application of high quantity of biochar could enhance
the aromatization degree of humic acid and reduce the proportion of aliphatic structure. The addition of biochars increased the
proportion of soil large aggregates (>0.25mm), and C2 had the most significant effect. The content of humic acid was
significantly positive correlated with the content of 0.25-2 mm aggregates, and the characteristics of aliphatic functional groups
of humic acid molecules were significantly positive correlated with >2 mm size aggregates. C1 and C2 also significantly

increased the yield of tobacco leaves. In conclusion, biochar can improve the content and structure of humic acid in soil humus,

OR4WH: BT ALETHH (1451ZD005 ) FH AL AHIFI H (2018230000270008 1) Bl o
* JHIRAE#H (mxf7856@163.com)
EZRIA . THA998—), Z, BBILERLN, WA, FENE LA PRI L. E-mail: wangqiqi0306@163.com
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which is conducive to the formation of soil aggregates, improve the potential of soil carbon sequestration, and also have a positive

impact on the crop yield.

Key words: Biochar; Humus composition; Humic acid structure; Spectral analysis; Water-stable aggregates
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I XA T RS VT R 2 F 5 T 52 P i
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X ZHHEF
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BRI R (B LAk & i1 ], g/kg) B i e R A &
BEERERAMMIGET B R i R R A R S AR
ZEWIEAFE]

AR (1418 HL 2T ARG (FTIR) AN PC Rt LR
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2 ERE50H

21 TEBEERAS

HHER 1 AT, SN A ) 5 o b BT g 0 1 AR
R EF M E R ARE; M5 CK ML, BF
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Table 1 Contents of soil humus components with different amounts of biochars

Qb T3 R (g/kg) HAKRR (g/kg) & HL R (g/ke) BB (g/kg) PQ fH (%)
cl 1.44+0.03a 0.85+0.04 b 0.59+0.06 a 565+1.15a 59.31+3.65b
c2 1.41£0.08a 0.99+£0.03 2 0.42 £0.05b 6.50£0.58a 7028 +1.96 a
CK 1.45+0.06 a 0.74 £0.04 ¢ 0.71+0.08 a 497+0.28a 51.06+3.70 ¢

T SR R/ NG B3 m AN R A B A 22 5 7E P<0.05 K23, T,

2.2 TEEMEERRIIMNLIE K E B BT

WE 1 s , AN )4 B A R 7 2T /M I 4
2920, 2 850 cm (IR H KL), 1620 cm '(O5FF
C=C), 1 720 cm'(RIEFHY C=0 fHJ&), 1 170,
1040 cm ' (ZHESIRIE C-O MR sh) b AT o),
VEHUIE AL 2 9202 850 em ' AR ARG R B BE H (1%
Wi, P A1 620 om ! AR TS AR B BE T AW
IFLA Loso/Tiero MRS 5 LU AIE A 13050 8502 i 7
PR B MR 5S iAR k. H3R 2 A, 5 CK b3
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H C2 b3 SRR Tooo/ I 620 WS A5 LUAEL B2
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FIEFAIR I E S PC NMR g, AT h 4
A EFRFERIX, BIBEIEIR X (0=0 ~ 45), KefEik X
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(0=160 ~220)"°1, W& 2 Firzs, B A0 AR 4 oAb B
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1 AERAEXYRRLIE T IEREERAILIINLIL

Fig. 1 Infrared spectra of soil humic acid treated with different
amounts of biochars

*2 AFRAEEYRRCENTIEAYRAIMEEE
M W W By 48 3o 52
Table 2 Relative intensities of main absorption peaks of soil humic
acid treated with different amounts of biochars

Ab I Lozo/I 1620
1620 cm 2850 cm” 2920 cm”
Cl1 5.83b 21.56 a 26.96 a 832a
C2 6.78 a 21.35a 24.72 a 6.79 b
CK 6.18 ab 20.92a 26.50 a 7.70 a

g L1920/ 11620=(12920112850)/ L1620
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Fig. 2 NMR spectra of soil humic acid treated with different
amounts of biochars
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Table 3  Carbon relative contents of soil humic acid functional groups treated with different amounts of biochars
pusiil B KRk SRS I AR WHERR ek ApEERR O RIREROT AR BUKER/EK K
Cl1 24.72 b 15.55a 28.89a 30.84 b 1.62b 1.39a 1.16 a
C2 2498 b 9.57b 28.81 a 36.64 a 2.6l a 1.20b 1.16a
CK 26.04 a 10.78 b 26.72b 36.46 a 242a 1.38a 1.12a

T R IBUKRR/ K Be=(o S0+ 05 T30 )/ (Be SRR -HR LR ) o

x4 TERASEYFRLIET TIREARMKES LLHI(%)

Table 4 Proportions of soil aggregate components under different amounts of biochars

Qb3 >2 mm 1 ~2mm 0.5~ 1 mm 0.25 ~ 0.5 mm <0.25 mm
Cl1 1.03+£0.18b 6.57 £ 1.47 ab 12.61+1.04 a 1540+ 0.56 a 64.39 + 3.20 ab
C2 233+036a 8.37+0.27a 13.40+ 048 a 13.70+£0.51b 62.19+0.36b
CK 1.87£0.52 ab 487+1.31b 890+1.15b 14.67 £ 0.16 ab 69.69 +£2.76 a
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Fig. 3 Dried matter weights and yields of flue-cured tobacco under
different amounts of biochars
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Fig. 4 Correlations between humus components and aggregate content of each particle size
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