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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. Athree-year field trial with three treatments: no biochar application (B0), low biochar application
(10 thm?, B1), and high biochar application (20 t-hm?, 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 t-hm?, 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% com-
pared to treatment BO. 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 B1. 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 BO, 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 BO, 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-hm2 (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-
2 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.
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Wa) AT AL BT 20 e RT3 3 A FRISY, R B S M SR e e AL iR, BB B AT RO UR PR AL )R 6T R Bl v 1
W = T PR R A LR A A PR B S B AR, R 3B g 2 N ) 1 B R AR ), X Ly
PRI RIA R T S W A 3R ) A S T AR O FR b o (BN AE A Bt N S AR L SR AR o A B SR AR R
PN 398 AT SR AT R 2 B AR B TR S g v 3B eV SR T R IRA IR, BRI, T R A
BTN b SRR [X A% HH 33 A SRR U e v . SR AR R B S I S LR S BT 5 B B
X

AW FEET @ ARG, 7 e LR X 22 H it AR B ARV R . ATE R (BO) « AEVIBUR
Jiti Fi 10 t-hm2 (BL1) AW wiEH 20t-hm? (B2) =45 HIEFIRMEEHIK. &% MEMAEYEKR
B HA KB FIERE R 1284k . I 16S rRNA JERAIAEEREIRG X (ITS) il E il 724 A,
T T SR A ) e A X 2 RV L R o AT, AR T AR B R it FH IS S AR ) 22 R I AR A S Hx
e A RAR IR B 5 & B i A IS BRE PRS2 . BAERE AN (1D ANEA IR X+
e FRARA WUBR B W& B e 2 (20 AR A 5T o it FH ot - 35 (31 SR A4 N RIS A= WD B 9 4 )
FISEIE BT 2 (3) AN[F) A= o o B nf 4 398 [ SR AA N U= I 2 A e R A T el 38 2 BF L N vRI AR o
DRAEVE XA FH 3 H3ge Sy . 4R T g R [ e 55 77 T ) R J9) 2 PR 3 P 5 P B8R0 R B0 S 9

1 #RES 5k

1.1 RIE AR
AW FRAEFIBLEE R AR XA 6 BEE KR (42°45'—45°29'N, 89°13'—91°22'E, #4k1 760 m
) BT, ZHX R TR A KRS R, SRR /K E265.6 mm, TR RS C PR R AR IR
3°C, FEML3d. WG LNV, RO, fERE R R G K E TR L,
TIERIRAG VN KL, pH 8.25, LIERAFR G E: 2% 1.149-kg?, 4&#51.23 9g-kg?, 4:1#28.16
g-kgt, HHLF20.85g-kgl, BlfE%E61.02 mg-kg?t, HRU#18.54 mg-kglt, #HA4M147.0 mg-kgl.
* 1 BEABR KNS T RIEEN

Table 1 Distribution and stability of soil mechanical aggregates

B %4k 4ii Aggregate distribution

AbEE 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

Bl 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

¥: MWD, FHEEHR; GMD, JUTFIER; B0, AHiEYs; Bl, 10thm2ZEW#, B2, 20thm 25, SR FR/NG FRERRALEL
Bz 5753 (P<0.05) . F[FA. Note: MWD, mean weight diameter; GMD, geometric mean diameter; B0, no biochar applied; B1, 10 t-hm~ 2 biochar;

B2, 20 t-hm~ 2 biochar. Different lowercase letters in the same column mean significant differences between treatments (P<0.05). The same below.

1.2 X3eMHY

BIF 5T FT FH KA FE A 0 e ) ) e AR AL B Bt A BRA B L 7R 1 ToKFEFT & T
. MR, T450 CHIPRESIE NGRS h, AHERRFELIF, $%430.05~2.00 cmIBTREIR = i o
FrA3 7 %IpH9.3, 4%21.8 g-kgl, BlfEES5.4 mg-kgl, £ 3#200.9 mg-kgt. [EEm S EN68T g-kgl,
2hx757.6 g-kgt, KRG EN206 g-kgt, K451106 g-kgls
1.3 3Gt

SEATRIG R BENLIX i, BE3MNEMFR & AR (BO) « AMFHK10t-hm? (Bl
) AEVIFER20thm?2 (B2) » &/DNMXHANIM? (3mx3m) , =REE, FLOAN/NX. AWHE % 12021
AN A L — RS H, JE 2. AR 28258 kg-hm2 (4END , H,
50% ML AN, T 4350% 5 BIFE /NS IR T AR Za U Re: A thiB it . F/NER M Ak
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mMHTE3TS, T 2023441 K H20 cm®EAT IR FE, FEFhE R A 450 5Pk H A) B B Y S5 K H
R E IR R — 3
1.4 HIEFARARER TGS

BANERAM B8 H 1 H) , ZBRIBEESA EEAIRKEEYE, KA “S” R RBFEEE/NX ik
HU 5 ANHURE i, fEREANEORE A FH ELA% 8 om 1 45 7E 0~30 cm L 285 HUEFE, FRK pTE LRI 53550,
JRON AR IR AR 7 1B 5256 2 o 183 4 R 1Y)77 438 7 k04 03 B L =R A1 R AR R ST (52 mmy 2~0.25 mm,
<0.25mm) . tREEER =G, MRRELEBEE TES L, REL Lk Hif+3, KyGsEd 2mm
A10.25 mm LEbER, AT, BEA 2~3 min, # 8 1 min, W20 i 435 F A5 5
FREE, ORI A RIRAR A AR 3 8 73, — 40 IAE-80 “CEBAKIR VKA 1 F T B 5 I A 4
DNA #2575 —#50 F 100 H 3 A b 75 03 4R b A M Fa A
1.5 HIEUZE S

AWK H2S04-KoCro07 SMMAGEN 8 s A 5K A B E YL IKE Z0ENE, FEH A3
PLRERIL (KDN-520, KEFEI, Liff) #4700 4. I8 REREmEAI RBP4 2 Bk A 3,5- & /KR
EU 8RR ZR T A0 S BRAA bL il e, RO FE 38 A BIOLOG MicroStation 244 (GEN 111 2,
FED sl g S S S R e R R e VR IE o TUAEM AR R (MBC) MIGIUEM Y&
A (MBN) KA & ; E725—KoSOs $EBUEIRIBUS, 8 FH WV PEDR 200 21X (Multi N/C 3000, fHE[E) i
ITIGE . BT E JTE R BRI E DRI 2 (IR Hr) B8,
1.6 HIEWEINZE

TIEEAZ T KA Gz 2 I WA ARG IR A7 #7520 M. i TGuide® S96 #A1E
+358/35F DNA $2HURAFI G CREBEAEDHEAR (b5 BIRARD $EE A0 5 A E 5 2 DNA. 4175 16S
rRNA JER ) V3~V4 5738 X % 51 #0%t 338F (5'-ACTCCTACGGGAGGCAGCA-3)#1 806R (5'-GGAC-
TACHVGGGTWTCTAAT-3") #17 PCR ¥ 1. HE N REFFEX (TS) rRNA EF X EERH 517 1TS1
(5-CTGTCATTAGGGAGAGAGA-3") F1 ITS2 (5-GCTGCGTTCTTCATCGATGA-3") #47 PCR ¥ #. ¥~
B=1E lumina MiSeq 7 & Eidf A7 sp@ M7, DA€ IR0 B A LW AR I FE S 2R, 58
G, TE 9T%MIMLERME T, FIFH USEARCH R P SR NEAE 2K ot (OTW) , BB TH
X EEAK T 0.005% A OTU. T SILVA 554 e, lid A% 7 11X (Ribosomal Database
Project, RDP) 4328 88x%F OTU AARFFHIHEAT LA 50 K58, I3RS & OTU MK E R, R
A B RIE AL (CNCB) B PR % (GSA) #idafE, &5 4 PRICA049190.
1.7 BUEALIE

KH SPSS 25.0 AT HHuab, WL RFERTTZE 5T (one-way ANOVA) 5 X (Duncan)
ZE L, KA [E B B AN ) 2 5 B (P<0.05) o o ZREMES 7 H QIIME2 F1 Origin 2021 %
RS EIR . RA TR (PCoA) 70t B ZAEME. KA R ) “igraph™ A (0 AT i i /R &
(Spearman) AHMEM T, THERZEY) OTU Z I BIAH G, M BA B (JR>0.6, P<0.05)
) OTU ZIB FIAH SHEM 25 o e fa R R A iR “igraph™ A A0 T B P I 2% 40 4 2 8

2 4 R

2.1 YRR AEN T IEARKRBREMMEIEMERT S EFM

K 2 A7%1, 78 BO &4+ F, AHUIKTESAE/NT 0.25 mm H A&, 2~0.25 mm HIERMAKKZ,
KT 2 mm HR D AP it AR 5E /KT 2 mm BIERARA 2~0.25 mm HIREA VLK S =,
PR AR AR AR R A SIUAE B2 264 T AN S BB 2 5, S5 BO AHEL /3742 1 76.60%F1 41.28%. A
JR RN T 0.25 mm BIRAG IS B R, 78 Bl 4&/F AR AE. VIR it X+
BHRAEESENEMALE, H2~0.25 mm FIRAEA/NF 0.25 mm FIRAEE S EME LYK
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P 2 ETHES, KT 2 mm R E2E S BEMAE LY UM 2% LTS TRERES, £ BLEH
e N 2 mm SRR B BE A BUR it BRI g ok, 3L, B1 ORI B2 ¢ BO APyl 2
Tt 42.07%F1 127.91%.

KT 2mm HZ AR MBC & & REE AP TR it B m & _EJhEads, 78 B2 k3 E1E, 5 BO
St BAZLAH L, B1 A B2 AbFR 4 JR i 7.22%F1 11.07%: 2~0.25 mm [FZRARFI/NF 0.25 mm [F 5K 4k+ MBC
R A TR F ] SRR S, Hoh BL AEY IR it B R 2 RS T /T 0.25 mm 15 4RH MBC
i, Bl ACHEAHSK BO B FH K 34.01%.

*® 2 FREMIBRREAFZH T HIREARE OCy TN MBC. MBN & CIN
Table 2 OC, TN, MBC, MBN and C/N of soil aggregates under different biochar application conditions

A IR R Ak

Treament  soilaggre- (;'; N / (g:z N CIN vBc ven MBC/MBN
gates /(mg-kg™) /(mg-kg™)

BO >2 mm 5.97+0.03d 1.27+0.11a 4,73+0.42d 105.35+12.59abc 6.92+0.72b 15.2+0.46a
2~0.25 mm 7.93+1.63c 0.92+0.04c 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+.98hc 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+0.47hc 1.21+0.10ab 6.95+0.96¢ 93.3746.90bc 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 0.99+0.03bc 10.78+1.61a 117.0149.15ab 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 1.22+0.01ab 8.15+1.42bc 117.92+17.69ab 8.05+1.17ab 14.63+0.07a

7E: OC, AN TN, £%; MBC, WUEWEWED: MBN, SUEVIEYER: FFEHE G A /NG 7 RERRTE A A A B B S Aok A% 1] 2%
FiE¥ (P<005). F[H. 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.
2.2 =W BUR AEX IR F RAEEE MRS

£ 2~0.25 mm IR B4R, BREEEVEREE A FUR IR RN R & T &, Horb B2 AR IR
PEw T BO AbEE 28.26% (14 1la) o MBS MEREE £V BUR (it H] 255 ETH R BRIk s, /£ Bl
SRAFNIE B ey, Bl AR TIRPIIRAR 3 Mhigd EALEERG P> B R T BO AL 10.64%. 21.43%7
23.40%. fEEVIFUR MRS (B2) I, HIERIRA 3 Fokig thid S b Al s vE & B R, 5 BO
FHEL 53 PG 23.40%. 19.05%F1 19.15% (&l 1b) o JREME MGG Vil A= P R It ) 52 R By, 2B
Ji A it P XS KT 2 mm B AR AT 2~0.25 mm 315 4 A BERERE A5 R TC 2 520, (E/NT 0.25 mm A
HH TR RS R B A TR RO 52 35 T P, SLrh B2 AT BO AbEEF#IX 23.53% (& 1o)

10 7]
o) g

e A 5 b) & \ A
[ I8 ! B2 !
1.5F a c B . a
B be 8 ?
. be be b ab b
o —~ 6l )
ko 1.0+ c o
d 2
2 < 4
- =
0.5}F
2L
0.0
2~0.25 mm <0.25 mm =2 mm 2~0.25 mm <0.25 mm =2 mm 2~0.25 mm <0.25 mm
EiE e v [Eif s v [EiR 2t RS
Aggregate particle size Aggregate particle size Aggregate particle size
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E: B REFRENSERENZEREE (P<0.05) ; NEFRON&BIREMAEM TR ZFE% (P<0.05) . FA. Note: In the fig-
ure, 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.

K1 A FEAE TR 200 T TR E R AR 2 5 (e BRAE (Ure) , b. id%ALERE (Cat) , c. JEHERE (Inv) )
Fig.1 Differences in enzyme activity of soil aggregates under different biochar application conditions (a. Urease (Ure), b. Catalase (Cat), c. In-
vertase (Inv) )

2.3 £YIFIK A X TR R R L A RS20

K Spearman AHSGHERT A 7T b 5 B AR T S E DAL AT 204, R AT TR & 2K 1 Bk # AR
EERT+ A A E AR A (B 2) o TP I E 38 1], 99 44, 292 H . 604 F}.
1162 J&, HAA B w11 (21.21%~21.73%)  JHE R[] (19.41%~21.24%) « BRFT 1] (17.22%~18.96%)
FERMIEET] (12.4%~13.73%) « 4R35 EE 1] (10.59%~11.84%) AMHETT CPHFERT 5%) . HA
1717, 56 40, 142 H. 336 £}, 860 J&.

5 BO AHEL, it FH AR o vy 38 oK 2 B S G KT ORI R . AR 1T TRk T AT
B BEA 2BV BUR Rt 2256 BT R BRI &S, 78 B AP UR i & T ik B, MRS E T
2 SR [TRE A AR BOR BT BN B SRR R ) O TR T] (72.92%~76.26%)
HF-18 ] (9.59%~14.87%) 4 785 ] (2.58%~3.36% ). 77 1 | ] (1.18%~5.51%) . BR¥E [ [ 1 (1.35%~2.08%),
Horp, FEET A TEEE BRI 2N RS, £ B2 MUK E M ERIRIK, #ilsE
I e [ TAIERFE B B AV BOR B0 5206 LT T N RRRpEass, 78 BL AW UK E Mk HR & .

FUBACT M5 it AR5 R [RIRE T35 0K 2 KT SR A v Ja /KT RO = o 2 B T S D i iR
B, LR 6.30%~10.56%, R TN ER JE . 2 AR B R AT ZE P 8K AT I BE AR R UK
it 2 BT, fE B2 ik B, 20 I R BEE AV BUR Mt R 258 ETHE TRERES, 7 Bl
BEIEE . LA B TR (3.14%~14.81%) A fUEE (1.71%~13.30%) , LI FLp#
VR JE AT RN LS A0 A S S B At i e AR = BE R A A o it P 1 v Ab AR BOR
REEAEE AR AR .
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= 2 SU1E( ) Chloroflexi = v %;!ﬂl(jfas.:l.mmywm
E.‘g 40%[ ZEHHLE T Gemmatimona: Eg 20% B %;;;5 < )]r:In mm}]’]cota
E . Fi3R 7 Myxocoecota E ki) ortierellomycota
B 5511 Proteobacteria
20% 20%
BOWO B1WO0 B2W0 0 BOWO BIW0O B2W0
434 Group 4340 Group
c) |/ . d) |
0%} J& Genus sovk J& Genus
. Sl R Aeromicrobium . TR Acremonium

. ek i g Alternaria
i )8 Aspergillus
W% B Botryotrichum
EICE I Chaetomium
Hiflu )& Cladosporivm
#ARfJE Filobasidium

. Wi ff1 5 it Mortiereila
Wi15E)R Podospora

. AL 2 Pseudogymnoascus

. LM IR Altererythrobacter
U RS Bryobacter
i TG 8 Garella
LF S IR Gemmatimonas
BRI g Jamia
LR e 8 Nitrospira

B st F CEUR Nocardioides

I o Rubrobacter

. BIE Y TS Sphingomonas 20%[

=2
2

60% [

0%} 40%]

FERUE S
Relative abundance
LiEP ORI
Relative abundance

20%[

BOWO BIWO B2W0 BOWO BIWO B2W0

434H Group 434 Group

Bl 2 AFRAEMBUR G 2 AF T SRR AU EM R AR E R (o MEBET AL, b, SUMBRET VPR, . JIRRHE
JEACFARL, . HEREE BRSP4
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)
2.4 £ FRRAEXN HIRFAR B EMRE R SR
B0 43 Mt LI R AR PR RIS R L2 REE (B 3) T, 4H A Shannon $R 2 4 415 (A ki 4%
(RN 2 TR, HAERT 2 mm BIRARR 2~0.25 mm FIRARI42 K, 405 Shannon 8% 5 £ 4
(Rt 2 TS . 20T Chaol $R%ME HI SRR I Ik /N & FREE Y, TR AZHE Chaol FR85 K
RARMILL R FFEAR, ERBIERARS, 4H1E Chaol {HKEH AW UK It H B2 e, HAE B2 MR
Jit N E R Al . SRR R AR Z B E B Shannon F8E0C .35 % 5, k4% 1R R B Shannon 15
B sE LV ORI 23 ka3 SRR R IA 2 I8 R Chaol bt [ ARIAR 1IN 52 25
$Ew, KF 2 mm F/NT 0.25 mm B4R B R Chaol 8% A4 )5 5 it FH 52 S 38 5 PR e 24
£ BL AW BUR T B R IE S i, 2~0.25 mm BISRAR IEE A 2LV FUR ROE ] 235 5w, 72 B2 LY
W 2 A N ISR o
OTU /K-F-_EHJ PCoA FEA A A=W o o it 11 T o AN ) B 2 AR O AE AL SO F e R 5 (1] 3e,
K 3f) o {ELHT B 3g ATE] 3h R, 20 AR BT ARRF G OTU B ALY SR it )5 4 S DU ka3
FHTE B2 ARV it & N IA S s BB SRR A SRR R OTU s bl - 4 e 1 it i 5 R R
%, JHE B2 EYIFUR I B N IE BRI,

http://pedologica.issas.ac.cn



+ R

Acta Pedologica Sinica

10.1 2400
a) A b) A A
10.0 r R 2200 a
i -a == B
991 B - E 2000 F b b -
C - ab
98} b B ab
be b be S 1800 E
= be =]
E 907} . | c b £ El
@]
= E 1600 -
v 96t
95F 1400 -
04t 1200+
B0 Bl B0 BI B2 B0 BI B2 BO Bl B2 BO Bl B2 BO Bl B2
>2 mm &I:Znﬂ_ZS mm <025 mm =2 mm 2~0.25 mm <0.25 mm
B Treatment b7 Treatment
c)68r d) 380 403 Treatmen
Al 360 - A
A A a
6.6 . n = 340 +
320 - B
64t ab 300 c be .
e o b B 280 | w =
goz2t =260
“eof 220 — e <
- 2001 f .
= =
581 180
160 -
56 140
BO BI BO BI B2 BO Bl B2 BO Bl B2 BO Bl B2 BO Bl B2
>2 mm 2~0.25 mm <0.25 mm >2 mm 2~0.25 mm <0.25 mm
HbFH Treatment A1 Treatment
e) :
0.24
- B0
X - B1
3 - 82
© 001-
% e <025mm
2 A >2mm
| 2~0.25mm
-0.24
-04+4 . . : .
-0.25 0.00 0.25 0.50
PCoA1: 11.57 %

PCoA2:7.8%

0.0
PCoA1:13.39 %

04

http://pedologica.issas.ac.cn




+ 8 R
Acta Pedologica Sinica
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Fig. b) are bacterial a-diversity under different biochar application conditions; Fig. ¢) and Fig. d) are fungal a-diversity; Fig. e) is Principal Coor-
dinates Analysis analysis of soil bacterial community composition; Fig. f) is PCoA analysis of soil fungal community composition ; Based on -
diversity differences, the number of common and unique OTUSs in bacterial communities (g) and fungal communities (h).
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Fig. 3 Differences in microbial a-diversity of soil aggregates under different biochar application conditions
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Fig. 5 Microbial symbiosis network of soil aggregates under different biochar application conditions
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