563 % 453 + 5 o iR Vol. 63, No.3
2026 45 A ACTA PEDOLOGICA SINICA May, 2026

DOI: 10.11766/trxb202502250084 CSTR: 32215.14.trxb202502250084
WAEE, BIE, EE, B80T, KO H, KA. AW BT ARG 22 A S AT SRR MR T AR AR AL B R A S A A T[], 3
24, 2026, 63 (3): 968-980.

MENG Xiangrui, YANG Weijun, WANG Zi, ZHAO Lining, ZHANG Liyue, ZHANG Jinshan. Effects of Three-year Biochar Application on
Microbial Community Structure and Carbon-Nitrogen Distribution in Soil Aggregates of Wheat Fields[J]. Acta Pedologica Sinica, 2026, 63( 3 ):
968-980.

SMRxER=FREZHILBEARRHEYEZEEHE
URBED

ERE, HIAE, £ M, BT, KIHA, Kéw

OBl R 2epe, S8 AT 830052 )

~

B NIRRT A SR XA S (R A RN o AR5 S A A ) 6 3, AN A ) Ak ( BO )
RAEW s (10 thm2, B1) S@Eis il (20 thm2, B2) =AM, RG8 50T AE Y 5 4398 A SRR S 245
TR B B E R PR S R FR S 45 SR, LR TSI 10 thm 2 FE G IS5 7 IRCR e . BAREE, KT 2 mm
FVINT 0.25 mm BURCH A BLER & BERIAE YT s iR 52 o KT 2 mm - SRR B1ARES BO 42T 44.05%,
/NF0.25 mm PERGRAT HURRBE A 90 50 ¢ it FH 22 58 B HE R REmRa3, 78 B1 k8RR 2 mm R4 A= ) e
FHEHEIN RS EFHE FREM S, 78 Bl kB m; AL, PR R, A& KT 2 mm f12~025 mm
VR RA  Yr . CEERR, BRI/ T 025 mm SRR YA Y A [RINE, = A SR A R 1 24 b
Y R PSS, E=FEIRAT Bl 5 BO AH LLIRER SRR 14.53% . 5.43%F1 1.08%; i AL A BHE Bl 4504
TikEE R, SRR BO $5 10.64% . 21.43%H1 23.4%; ARG MBS TR, (AR R KT, (R
TRURBER o i FHA: W e 4 s 1 HIEAN A RAVA 1Y o 286 (54K (Shannon ) #1 Chaol #5%1), HARIE/E HBE M40k
PN, BAE 10 thm? (B1) Ji A FUCGERURE NI, ML T, APIFR EH o 2RSS B AL
PRI, Shannon F8EUUME A $ETt, Chaol FEEURAAN WL, R ELTRRE X A= 9 005 FH (4w o AN A28 PR URR . AR
BSEINTASIE BT . PERIER 1155 25 AN PR A T4 A 1, (AR R AR P S it FH 2 T, SR SR A i ) i T
25, WEHIAEY R T4 A AT 2 mm Al 2~0.25 mm R P AN R R 5 42, B1 AL BO Ak RV R R 43 4R
15 28.68%F11 24.54%, L TR, (EAHIESAE T, M 10 thm 2 A4 (B1) Al 7E4R i 22 398 P SR AR R 4 o0 | 10
[T 25 A WIS

KB BB TIEBIRK; BUEYIRRERSH . TR RIKIRE

HESES: S156 XHRFRERRD: A

* ER ARPIEHESIE (32260326 ), HEHLEH /R AR X R IREA TR IRAABE (2023TSYCCX0085) FHMAL (/&)
Pl ARIKZTTH ( XJARS-01) ¥ B Supported by the National Natural Science Foundation of China ( No. 32260326 ), the Tianshan
Talents-Youth Talent Project of Xinjiang Uygur Autonomous Region, China ( No. 2023TSYCCX0085 ) and the Modern Agriculture ( Wheat )
Industrial Technology System Project of Xinjiang Uygur Autonomous Region, China ( No. XJARS-01 )

+ MIHA/EH Corresponding author, E-mail: 1984 ywj@163.com
EZ IS HAEE (2000—), B, Bsmbrghge A, WEurond, EENEEYARE A . E-mail: mxr766618615@163.com
ke H Y1 2025-02-15; WeEBROR H: 2025-10-29; M % H (www.cnkinet): 2026-01-30

http://pedologica.issas.ac.cn



31 FARE S AR BRI AR5 A2 T S PR AR A Wt v 2 h e A Bt R o3 A 969

Effects of Three-year Biochar Application on Microbial Community Structure
and Carbon-Nitrogen Distribution in Soil Aggregates of Wheat Fields

MENG Xiangrui, YANG Weijun’, WANG Zi, ZHAO Lining, ZHANG Liyue, ZHANG Jinshan
(College of Agronomy, Xinjiang Agricultural University, Urumgqi 830052, China)

Abstract: The aim of this study was to explore the long-term effects of biochar on improving soil fertility in farmland in the
northern Xinjiang irrigation area. A three-year field trial with three treatments: no biochar application (B0), low biochar
application (10 thm 2 B1), and high biochar application (20 t-hm 2, B2), was conducted to systematically analyze the effects of
biochar on soil aggregate carbon and nitrogen components, enzyme activities, and microbial community structure. The results
showed that when the biochar application rate was 10 thm™, it exhibited the optimal soil improvement effect. Specifically, the
organic carbon content in aggregates larger than 2 mm and smaller than 0.25 mm demonstrated an upward trend with the
application of biochar. Among them, in the aggregates larger than 2 mm, the organic carbon content in treatment B1 was
significantly increased by 44.05% compared to treatment B0. In the aggregates smaller than 0.25 mm, the organic carbon content
initially increased and then decreased with the application of biochar, reaching the maximum in Bl. Also, the total nitrogen
content in aggregates larger than 2 mm first increased and then decreased with the application of biochar, reaching the highest
level in B1. Furthermore, the findings indicated that the application of biochar increased the microbial biomass carbon and
nitrogen in aggregates larger than 2 mm and in the range of 2~0.25 mm, while reducing the microbial biomass nitrogen in
aggregates smaller than 0.25 mm. Meanwhile, the urease activity in all three types of aggregates showed an upward trend with the
application of biochar. Under the three aggregate conditions, compared to B0, B1 increased the activity of urease by 14.53%,
5.43%, and 1.08%, respectively. In addition, catalase activity was highest under the B1 condition, increasing by 10.64%, 21.43%,
and 23.4% compared to B0, respectively. Although sucrase activity slightly decreased, it still remained at a relatively high level,
ensuring the supply of carbon sources. The application of biochar significantly enhanced the a-diversity (Shannon and Chaol
indices) of the soil bacterial community. This promoting effect was strengthened as the aggregate particle size decreased.
Moreover, under the application rate of 10 t-hm™ (B1), the improvement effect was relatively balanced. In contrast, the impact of
biochar on the a-diversity of fungi was relatively weak. The Shannon index only increased slightly, and the Chaol index showed
no significant change, indicating that the fungal community was less sensitive to the application of biochar compared to the
bacterial community. Under the conditions of this study, applying 10 t-hm > of biochar(B1) can increase the content of carbon and
nitrogen components in soil aggregates of wheat fields while enhancing the abundance of beneficial microbial communities.

Key words: Biochar; Soil aggregates; Microbial community structure; Soil aggregate carbon and nitrogen
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Table 1 Distribution and stability of soil mechanical aggregates

Rk Aggregate distribution

AbFE Treatment MWD GMD
>2 mm 2~0.25 mm <0.25 mm

BO 46.96%a 37.56%b 15.95%a 1.39a 1.57a

B1 46.37%a 37.60%b 16.02%a 1.39a 1.16a

B2 38.86%b 42.66%a 18.48%a 1.30a 1.07a

H: MWD, FHEEEE; GMD, JUF¥ER; B0, AiiEYs; Bl, 10 thm>4¥%:, B2, 20 thm? Bk, [FFIAR
ING FRER R AL FR] 22 55 B3 ( P<0.05). T [Al. Note: MWD, mean weight diameter; GMD, geometric mean diameter; B0, no biochar

applied; B1, 10 thm? biochar; B2, 20 t-hm? biochar. Different lowercase letters in the same column mean significant differences between

treatments ( P<0.05) . The same below.
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KT 2 mm F B MBC & 2 B % A5 W) 5 7% (1)
it FHEE RN 2 LTS, 7F B2 ikl s(E, 5 BO
AR A, Bl Al B2 AbBERAM BIR R 7.22%F0
11.07%; 2~0.25 mm A RAAEF/NT 0.25 mm AR 4K
H MBC % 1t W& A5 ) S50 e it FH St e A ka4,
H B1 AR B it i 2 AR T /N T 0.25 mm
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34.01%.

T2 AEEMRRERAZFETIERAZEKR OC. TN. MBC. MBN X C/N

Table2 OC, TN, MBC, MBN and C/N of soil aggregates under different biochar application conditions

+- 1A B i
Qb3 oc/ TN/ MBC/ MBN/
Soil C/N MBC/MBN
Treatment (gkg") (gkg") (mgkg") (mgkg')
aggregates
BO >2 mm 5.97+0.03d 1.274+0.11a 4.73+0.42d 105.35+12.59abc 6.92+0.72b 15.2+0.46a
2~0.25 mm 7.93+1.63¢ 0.92+0.04¢ 8.72+2.16ab 101.41£12.22bc 7.87+0.56b 14.67+£0.55a
<0.25 mm 9.98+0.02ab 1.12+0.02ab 8.88+0.17ab 133.25+12.52a 7.65+0.80a 14.95+0.23a
B1 >2 mm 8.59+.98bc 1.31+0.16a 6.72+1.36¢ 112.96+11.73abc 6.90+0.66ab 14.33£0.77a
2~0.25 mm 8.31+0.47bc 1.21+0.10ab 6.95+0.96¢ 93.37+6.90bc 6.99+0.54b 13.37+£0.14b
<0.25 mm 10.64+0.94a 1.18+0.02ab 9.00+0.65ab 87.93+£10.96¢ 7.04+0.43b 13.33+0.26b
B2 >2 mm 10.53+0.93a 0.994+0.03bc 10.78+1.61a 117.01£9.15ab 8.92+0.93ab 15.33+0.52a
2~0.25 mm 11.20+1.01a 1.23+0.24ab 9.60+2.40ab 108.14+6.63abc 6.58+0.71b 15.37+0.38a
<0.25 mm 9.95+1.66ab 1.224+0.01ab 8.15+1.42bc 117.92+17.69ab 8.05+1.17ab 14.63+0.07a

d: OC, HHLE; TN, 2% ; MBC, UEWAEYEN; MBN, MAWEDEE;

[ F e J5 AN ) /NG 5 B R TE AN [] b PR

AR RA R 2253 5% (P<0.05), FHE. Note: OC, organic carbon; TN, total nitrogen; MBC, microbial biomass carbon; MBN,
microbial biomass nitrogen. Different letters following the same row of data indicate significant differences between treatments or aggregate

particle sizes ( P <0.05) . The same below.
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H R T T B AR R e 2 R R
# Hi B2 MH#% BO AbHFEAE 23.53% (& 1c),
2.3 AEYRUx AEX T EFE R E YA R RN
K Spearman AHIEVEXT AW FT b 4 e A AR
A ARG AT AT, I T TR S KSF L e #RAH
Xof = BE T B A P R B A L (18] 2), 15
AT SR AR 4t PR AL A 2] 38 177, 99 44, 292 H . 604 F} |
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ZiESEN A
Aggregate particle size

ZiESES e
Aggregate particle size

Zib4E N e
Aggregate particle size
T B RS TR A A R 22 57 835 (P < 0.05 )5 /NG 5By 25 [ SR AR A 9y JB i rb TR i 22 57 W35 (P < 0.05 ). R[] Note:
In the figure, uppercase letters indicate significant differences between aggregates (P < 0.05); Lowercase letters indicate significant

differences among biochar and aggregate treatments ( P < 0.05) . The same below.

BT R[A) T et FH A T HHE R IRE 22 5 (o RS (Ure), b, i %LARE (Cat), c. FEWEEE (Inv))
Fig. 1 Differences in enzyme activity of soil aggregates under different biochar application conditions ( a. Urease ( Ure ), b. Catalase ( Cat),

c. Invertase (Inv))
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Fig. 2 Differences in microbial species composition of soil aggregates under different biochar application conditions ( a. The composition of the

bacterial community at the phylum level, b. The composition of the fungal community at the phylum level, c. The composition of the bacterial

community at the genus level, d. The composition of the fungal community at the genus level )
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Fig.4 Microbial symbiosis network of soil aggregates under different biochar application conditions
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