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Effects of maize stalk biochar on humus composition and humic acid structure in black soil

MENG Fan-rong, DOU Sen”, YIN Xian—bao, ZHANG Ge, ZHONG Shuang-ling

(College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract : Biochar has showed to increase soil organic matter content. However, how biochar influences soil humus composition and humic
acid(HA ) structure is not well understood. Here a pot experiment was conducted to examine the effects of applying maize stalk biochar on
humus composition and humic acid structural characteristics in black soil. Four treatments, namely CK and three rates of maize stalk biochar
(equivalent to 6 t*hm™=,12 t*hm™? and 24 t-hm™) were employed. Results showed: (1) Applying maize stalk biochar greatly improved soil
organic carbon(SOC) at the third year. At the third year, biochar at 6, 12 and 24 t+hm™ increased SOC by 3.61%, 13.40% and 30.64%,
enhanced water—soluble substances(WSS) by 30.88%, 86.29% and 116.18%, and elevated humin content by 5.44%, 19.46% and 51.16%,
respectively, compared with CK. The content of HA was 7.89%, 13.60% and 25% greater, whereas that of fulvic acid(FA ) was 13.11%,
24.60% and 45.90% lower than that of CK, respectively, in 6 t*hm=,12 t-hm™ and 24 t-hm™ biochar treatments.(2) Compared with CK,
applying maize stalk biochar for three year reduced H/C mole ratio by 0.01%, 0.03% and 0.05%, and O/C mole ratio by 0.05%, 0.11% and
0.17%, respectively, in 6 t+hm=,12 t~hm™ and 24 t+hm ™ biochar treatments. The relative intensity of 2920 ¢cm™ increased by 0.38%,
0.41% and 0.49%, while that of 1620 cm™" increased by 0.94%, 0.24% and 0.39%, respectively, in 6 t*hm>,12 t-+hm~ and 24 t -hm™
biochar treatment, compared with CK. Maize stalk biochar applications improved HA degree of condensation, lowered HA oxidation, in—
creased HA aliphatic and aromaticity, complicated the structure of HA.
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PQ {0 HA FEJE MR i befs, 2 S A HL
JEFEACFEEIFE R . NFE 2 AT LUIE Y, B A= e
Jita P R TG, 12338 PQ {E N CK 1) 48.30%47 5]
Wk P6 Y 53.72% P12 1) 58.43% Fl P24 1y

2 ERAEMRRN T EEBERASBVREN &SR0
Table 2 Relative content of each component of

soil humic substance

QbFR Treatment WSS/%  Hu/% FA/% HA/% PQ/%

CK 5.33 57.60 19.12 17.87  48.30+2.60d
P6 6.72 58.62 16.04 18.61  53.72+0.01c
P12 8.70 60.68 12.72 17.90  58.43+0.80b
P24 8.77 66.29 7.88 17.00  68.26+1.53a

*® | BAERBFEDRRN TREERSES RENTIN

Table 1 Effects of maize stalk biochar on TOC of every component of soil humic substance

AL Treatment SOC/g-kg™ WSS/g-kg™! Hu/g- kg™ HA/g kg™ FA/g kg™
CK 12.76+0.34¢ 0.68+0.27¢ 7.35+0.34¢ 2.28+0.10¢ 2.44+0.15a
P6 13.22+0.47bc 0.89+0.21bc 7.75+0.20¢ 2.46+0.02b 2.12+0.02b
P12 14.47+0.64b 1.26+0.30ab 8.78+0.40b 2.59+0.06b 1.84+0.01¢
P24 16.76+0.61a 1.47+0.22a 11.11£0.22a 2.85+0.01a 1.32+0.09d

T+ CK ORI A W5 5 PO P12l P24 F/ R AR B BEHE M SIATE T 6,12 t-hm™ Al 24 t-hm . [FFIAR A FREFORAEFRAIE R B3 (P<

0.05), N,

Note: CK represents no biochar application, P6,P12 and P24 represent biochar rates equivalent to 6 t+hm™,12 t-hm™ and 24 t-hm, respectively. Differ—

ent letters in a row indicate significant differences between treatments(P<0.05 ). The same below.
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25 Absorbance

biochar application rates at 6 t*hm™,12 t-hm™,and 24 t-hm™, respectively

B 1 REEYEEAEXERK T HA 5N iR 20m
Figure 1 Effects of maize stalk biochar applications on FTIR
spectra of HA in black soil
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TR W3 HA S50 F PR A5RSS . 4R ER W, i
Fﬁd_f‘%ﬁﬁ}ﬁ ) j:i% HA E(J I292(}/11720 iFl] I2920/11620 [:[:’fﬁﬁ
1o, HL 1620 em™ AW HSCIEAR X 5 J3E (9% )3 56k , i W it
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Table 3 Effects of maize stalk biochar applications on elemental composition of humic acid in black soil

AR Treatment FIOLR /g ke JFEIREE
C H N 0+S 0/C H/C C/N
CK 554.10+5.03d 44.73+0.45b 38.00+0.27¢ 363.17+5.10a 0.49+0.01a 0.97+0.02a 17.01+0.08b
P6 577.35+2.32¢ 46.22+0.22a 39.27+0.61b 337.15+2.12b 0.44+0.01b 0.96+0.01ab 17.15+0.29b
P12 605.16+2.79h 47.38+0.24a 40.55+0.62a 306.91+2.79¢ 0.38+0.01¢ 0.94+0.01b 17.41+0.28b
P24 639.10+8.61a 48.91+0.15a 41.45+0.96a 270.54+9.21d 0.32+0.02d 0.92+0.01c 17.99+0.33a

R4 HEMEYFRRITEH 5 HA B FTIR ¢t 3 E IR IIEHE X 38 BE 1 2400

Table 4 Relative intensity of main absorption peaks of FTIR spectra of HA in black soil under different biochar rates

X5 & Relative intensity/% Fe A Ratio
KbPR Treatment
1620 cm™ 1720 em™ 2850 cm™ 2920 cm! Taoo/ 1720 Lo/ L1620
CK 16.08+0.05¢ 12.48+0.66a 2.11+0.07d 3.26+0.03d 0.43+0.02d 0.33+0.01d
P6 17.02+0.05b 9.78+0.35¢ 2.50+0.11¢ 3.64+0.02¢ 0.63+£0.01¢ 0.36+0.01c
P12 17.26+0.07b 6.78+0.11b 2.88+0.08b 4.05+0.09b 1.04+0.01b 0.41+£0.01b
P24 17.65+0.25a 5.09+0.15d 3.20+0.11a 4.54+0.06a 1.52+0.06a 0.44+0.01a
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