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Effects of Biochar Dosage on Soil Fertilization, Bacterial Community Structure and Function,
and Crop Biomass in Newly Cultivated Land

LIU Xiaoxia', JIN Bingjie’, ZHANG Min®, WU Dongtao*, NI Zhihua'"

(1 Cultivated Land Quality and Fertilizer Administration Station of Zhejiang Province, Hangzhou 310020, China; 2 Key
Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen, Fujian
361020, China; 3 Laboratory of Recycling and Eco-treatment of Waste Biomass, Zhejiang University of Science and Technology,
Hangzhou 310023, China; 4 Soil Fertilizer and Plant Protection and Energy Sources Station of Lishui City, Lishui, Zhejiang
323000, China )

Abstract: In this study, cabbage and the newly reclaimed field were used as the test materials, a pot experiment was conducted, in
which five different biochar dosages (B0, 0%; BS, 0.5%; B10, 1.0%; B20, 2.0%; and B40, 4.0%) were setup, soil
physicochemical properties and the growth of cabbage were determined, bacterial community structure and function were

explored by high-throughput sequencing technology. The results showed that there were significant variations in cabbage growth
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and soil physicochemical properties under different treatments. Compared with B0, B10 significantly increased plant height,
aboveground biomass and root weight, the contents of soil organic carbon, total nitrogen, available potassium, pH, and CEC, while
significantly reducing the root shoot ratio. Biochar treatments (BS, B10, B20, and B40) significantly increased a diversity indices of
soil bacterial communities, including Chao 1, Observed species, and Shannon, these diversity indices exhibited significant positive
correlations with aboveground biomass and root weight of cabbage, the contents of soil organic carbon, total nitrogen and available
potassium, pH, and CEC. Biochar significantly modified the structure of soil bacterial communities by influencing soil properties
such as CEC and pH, both bacterial communities and their metabolic functions were strongly associated with aboveground biomass
and the root shoot ratio. LefSe analysis indicated that the increase in biochar application promoted the number of key indicator
species that contribute to the variations in soil bacterial communities, and many of these species showed significant correlations with
cabbage growth metrics. The indicator species identified by were dominantly from bacterial groups such as Bacteroidia and
Pseudonocardiaceae under B0, while the indicator species in biochar-treated soils were mainly copiotrophic bacteria, belonging to the
phyla Acidobacteriota, Actinobacteriota, Chloroflexi, Myxococcota, and Proteobacteria. The dominant indicator species were
Chitinophagales and Blastocatellia under B10, while Alphaproteobacteria, Burkholderiales, and Rhizobiales under B40. Moreover,
biochar application had a significant impact on the metabolic functions of soil microorganisms in terms of amino acids,
carbohydrates, and lipids. B10 significantly increased the metabolic functions of amino acids and lipids while significantly
decreasing the metabolic functions of carbohydrates. In conclusion, biochar application can improve the physicochemical properties
of newly reclaimed soil, enrich the bacterial community, and promote crop growth. Considering the cost of application and the
amelioration effect, it is recommended to use a biochar dosage of 1.0% for the newly reclaimed fields.

Key words: Biochar dosage; Newly cultivated land; Bacterial community; Crop growth
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*1 EYRRAENHEEKHFMW
Table 1 Effect of biochar dosage on cabbage growth

JUBL = (cm) M b ARAE W (/) AR i (/7)) R L

BO 2260+1.92b 106.03 £3.18 b 3.58+£0.19b 0.034 +0.003 a
BS5 30.40+£2.79 a 124.69 +14.93 b 3.73+£0.14b 0.030 £ 0.003 ab
B10 31.80+290a 186.63+19.24 a 452+028a 0.024 +0.003 ¢
B20 2770+ 2.11a 159.45+27.47 a 449+ 044 a 0.027 +0.001 be
B40 27.80+2.78 a 175.96 =21.63 a 446+043a 0.026 + 0.003 be

T FSER G /NG PR R s A A B E] 22 57k P<0.05 B KF, T,

2.2 EYBux AEXHEEH i TR NS RN

TSR R AR TR LS R
EmEY =R AR R 2 AT, AR R
DR T AR . R R D
pH Fl CEC, (HURZZM 484 350 & /K 7. ARIRA:
Yy e R AL RS TR], BS A B G
T -3¢ pH A1 CEC, {H-HEH PR . 2E RS &

5 BO AT BE 2R B10 AFEHHEA MR . A
FE L0 B K 32 pH A1 CEC B &4, Hrb
THEANLER . 2R BT SEM CEC 414l BO
AEBRAR T 52.93%. 20.33%. 95.03% F 38.19%, +
1 pH % BO AP ES 0.61 NEANT ; ARSI w5 W
s, B20 Fl B40 Ab P 4 3EA MUK | AR A
pH it —24m, e &M CEC AR,
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Table 2 Effects of biochar dosages on soil physicochemical properties

Qb B LK (g/kg) A H (g/kg) AW (g/kg) B (2/kg) pH CEC(cmol/kg)
BO 937+052d 0.59 +0.02 ¢ 4133+297a 4530+3.83d 5.65+0.07d 432+0.78b
BS5 11.17+1.13d 0.64 +0.02 be 41.11+£4.61 a 58.50 £ 6.60 cd 6.14+0.19 ¢ 6.03+0.23 a
B10 14.32+0.69 ¢ 0.71 £0.05 ab 3896+191a 88.35+6.85¢ 6.26 £0.03 ¢ 597+0.34a
B20 22.81+227b 0.78+0.04 a 4541 +5.69a 129.20 £ 18.00 b 6.59+0.22b 6.33+£0.69a
B40 26.62 +2.40 a 0.76 £0.07 a 38.50+1.82a 252.40 +44.10 a 7.17+0.14a 6.53£0.16a

23 EYIRxAEXNHEM TIZEMABSHEN
=)

Sk B A 0 5 e P % B A b - S A R R TR
ZREPERFEN, X TR o ZREEE T T,
ZEIR (R 3K, M T BO XTHE, BS AbHE E R
T Chao 1, Observed species il Shannon F5%%, 1M B10

Faith’s PD. Observed species Il Shannon $5%(43 74
BO ZbFEHE ) 31.66% . 15.65% . 30.69% Fl 14.00%.

ARLEHG finA: Y Bk A, B20 Al B40 AbFEY Chao 1.
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Table 3  Effects of biochar dosage on a diversity indices of soil bacterial community

S, FEALEFTE 0.9872~0.997 8,

It

Ab 3 755K Chao 1 Faith’s PD Observed species Shannon Simpson

BO 84910+£3730a 1626.14+199.48 ¢ 11326 £9.38b 1619+198 ¢ 8.64+0.71b 0.9872+0.0147a
B5 82420+ 5393 a 1946.14+170.34b  122.73+£7.28 ab 1924+173b 944+£029a 0.9925+0.0029 a
B10 84570 £ 848 a 2 141.04 +£34.52 ab 130.99 +£4.90 a 2116+ 38ab 9.85+0.15a 0.9969+0.0012a
B20 84 943 £ 5899 a 2165.72 £ 5.00 ab 131.76 £5.17 a 2150+ 6ab 9.96+0.15a 0.997 8 £0.000 7 a
B40 86185+2019a 230024+137.96a 13441+9.61a 2285+143a 10.07+0.26 a 0.9976+0.0013a

24 PEBZFAMEEIEIEF
WA 1 fT7x, Adonis 1 Anosim T 4h 5360,
TR IS AN A A ) e A B TR AR R 25 5

PCoA 455368, PCoAl Fll PCoA2 4y Hlfitke T
AN TS AR S0 29.65% Fl 13.54%. A=W me
AbBE(BS . B10.,B20 il B40)5 BO AbF 2~ Ja] i B 45t

http://soils.issas.ac.cn



80 +

e %57 %

F AW 5 it FH ik 2 R T SRR R VR A A
B5 5 B10 AbMIEESH:E, 5 B20. B40 AbFHIE B4
WK, 2R WA DA R Vi 45 F B A A 0 o e FH £ 38 n
i E U

Adonis test: R* = 0.469" Anosim test: R* = 0.529"

02
= ’// - .
s |G * B0
s TG 510
~ g Y
> ol * B20
3 * B40
= 02

06 04 02 0 02

PCoA1 (29.65%)
Bl1 S¥REOELRAREEENERIN

Fig. 1 Difference analysis of soil bacterial community structures
treated by biochar
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Fig. 2 LEfSe analysis of bacterial communities under different treatments (LDA>3.0)
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