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Abstract:  Objective Soil aggregates, subjected to the joint impact of soil biological and non-biological factors, play a crucial
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role in determining soil functions and ecosystem services. Soil microorganisms are one of the most active biological factors that
affect the formation of soil aggregates. This study is aimed to explore long-term effects of biochar application on stability of
paddy soil aggregates in paddy soil at two locations from abiotic and biological perspectives. Method From two long-term field
experiments under the wheat-rice rotation system, located in Jurong and Nanjing, separately, 3 and 5 years old in history, and
consisting of two treatments each, i.e. CK (Conventional fertilization) and AB (Conventional fertilization + biochar), soil samples
were collected after harvesting wheat in the annual rice-wheat rotations for particle size fractionation of soil aggregates using the
wet sieve method, and for analysis of contents of organic carbon, total nitrogen and total phosphorus as well as abundance of soil
microorganisms (bacteria, fungi, arbuscular mycorrhizal fungi, archaea and actinobacteria) in each fraction of soil aggregates
using the quantitative PCR technique. Result Treatments AB in the two field experiments were significantly higher in macro
aggregate ratio (R-g,s) and field soil water holding capacity after biochar getting aged in situ, and exhibited increase trends in
both mean weight diameter and geometric mean diameter (P>0.05). Soil nutrient contents (SOC, total phosphorus) and soil
microbial abundance in soil aggregates changed significantly, too. Compared with Treatment CK, Treatment AB was 93.0% and
61.5% higher in content of macro aggregates, respectively, in the Jurong and Nanjing experiments, but exhibited a decreasing
trend in both the 0.002-0.053 mm and <0.002 mm fractions of soil aggregates; besides, Treatment AB was significantly or 26.3%
and 26.9% higher in SOC content of the bulk soil, 72.4% and 52.3% higher in SOC content of the macro aggregates, and 20.8%
and 30.0% higher in SOC content of the micro aggregates, respectively, in the Jurong and Nanjing experiments, significantly
higher in fungi abundance of the bulk soil in both experiments, significantly or 25.4% higher in total phosphorus in the Nanjing
experiment; and also exhibited an increasing trend in abundance of the arbuscular mycorrhizal fungi and archaea(P>0.05).
Correlation analysis showed that the soil aggregate mean weight diameter was very significantly and positively related to macro
aggregate ratio, SOC content, abundance of fungi and arbuscular mycorrhizal fungi(P<0.01). The total phosphorus content and
archaea abundance were significantly and positively correlated, with correlation coefficient being 0.641 and 0.646, respectively.

Conclusion Aging biochar improves soil pH, field water holding capacity, other physical and chemical properties, increases the
proportion of 0.25-2 mm macro aggregates, SOC and total phosphorus content, and stabilizes soil aggregates. Moreover, it
increases abundance of the soil microbes in the rice fields in Jurong and Nanjing to a varying degree. Aging biochar is beneficial
to the growth of soil microorganisms, increases the abundance of fungi and arbuscular mycorrhizal fungi, promotes the formation
of soil aggregates, and indirectly improves the stability of soil aggregates. To sum up, biochar demonstrates sustained effects of
increasing macro aggregate ratio, carbon and phosphorus contents, and fungal, arbuscular mycorrhizal fungal and archaeal
abundances, and improving soil aggregate stability during the wheat season of the rice-wheat rotation system.

Key words: Biochar; Aggregate; Stability; Microorganism
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H 3L Gk 5195 (5-3") P RE E = BN
Target gene Primer Sequence Amplicon size/bp Reference
Eub338f CCT ACG GGA GGC AGC AG
4l Bacteria 290 (27
Eub518r ATT ACC GCG GCT GCT GG
NS1 GTA GTC ATA TGC TTG TCT C
H# Fungi 350 [28-29]
1TS4 TCC TCC GCT TAT TGA TAT GC
AMV4.5NF AAGCTCGTAGTTGAATTTCG
IBHIR A AMF 258 0]
AMDGR CCCAACTATCCCTATTAATCAT
A109f ACKGCTCAGTAACACGT
AN Archaea 790 31
ARCHO915r GTGCTCCCCCGCCAATTCCT
F243 GGA TGA GCC CGC GGC CTA
TR Actinobacteria 289 1321
R513 CGG CCGCGG CTG CTG GCA CGT A
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Table 2 Effects of in situ aging biochar on soil physical and chemical properties
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/( mSm') /(gem?) Roo2s Recovery

/ (gkegt) / mm /mm
CIE CK 5.29+0.02d 46.2+0.3b 1.25+0.05a 215.5+ 14.7b 0.11+0.02b 0.04+0.01b 0.07+0.02b 0.96+0.03a
Jurong AB  5.48+0.03c 39.5+1.1b 1.18+0.04b 250.5+4.8a 0.18+0.04ab 0.05+0.01b 0.13+0.03ab 0.96+0.01a
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Nanjing AB  5.85+0.05a 109.8t11.0a 1.21£0.02ab 246.5+16.7a 0.24+0.06a 0.07+0.02a 0.19+0.05a 0.97+0.01a

W B LA ES R BR, n=3, RIR/NE FREFRRFGIEZ 722 5 B % ( P<0.05 ), Note: Data are displayed as mean

+ standard deviation, n=3. Different small letters indicate significant differences between different treatments ( P<0.05) .
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Fig. 1
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Effects of in situ aging biochar on soil aggregates and nutrient distribution

£3 REIBUEMRRN LIEMEWERE (g copies-g) RIFNE

Table 3  Effects of in situ aging biochar on soil microbial abundance (lg copies-g ™)

A Treatment

4l Bacteria

E 4 Fungi

AR BT AMF

W ANEE Archaea JiZEE Actinobacteria

CK
)% Jurong

AB

CK
4§ 5% Nanjing

AB

8.90+0.02¢
9.22+0.13b
8.95+0.13¢c

9.55+0.25a

8.40+0.14b
8.90+0.11a
8.44+0.20b

9.05+0.09a

6.89+0.19¢ 4.51£0.44c¢ 7.38+0.43a
7.21+0.07b 5.01+0.39b 7.81+0.20a
7.35+0.25b 5.03+0.05b 7.67+0.57a
7.67+0.40a 5.40+0.19a 7.81+0.02a

e BRI DSE SR 2E BR, n=6. NRE/NG FHRFRRARFAHEZ 0] 2257 B3 ( P<0.05). Note: Data are displayed as mean

+ standard deviation, n=6. Different small letters indicate significant differences between different treatments (P<0.05) .
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Fig.2 Correlations of mean weight diameter (MWD ) with soil nutrients (a) and microbial abundance (b )
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PRI SOC & i Ml Wl 5 i 5t 0 25 IE AR OCC 18] 2a0),
AW ] 5 A AR SE A, w5 A S fi
[T A 2 (3 w2 W T P SO 15 1L/ A
M5 . FEFEFNZE BRI LR Bk, ol i —
S B EE RSO A2V F A 4 co, HERET,
P v - R AR U A Ao iR - 9 AT R A
SEER, (A SRR FEZS e — 2, 18 i TR 22 R g

LRI WK A BRI 3 W LA R R R
RPN R TR AR R TGS, et A AL
BiA R, M ISR MAE ), 1R R E
PEEOT TR AR A R A B A G B X Y
WM L AR AP A 2 ol bt R A 401 2 U 7
3.2 TERUEWEEXRALE L &Y B R i

ERES+EARKREENXR

A W) S5 R A o e AR A SR BRSO R R R
Yyih sl , AR - e R R vE E R AR A
SRR, B ARAEY) Bk R W R I R R
ML EFEIREZM (R3). AHRENR, &
Wy 5 A TR 0 AR K A ( L-e 22 R 2 2k KT )
T DA S s SE R R R R R, DA 1 I 26 1 i
TEPER. Zhe IR gE R, A R E o H R
B BEM] (RER LS & A ) MR IT 44t + 1 f
KRR EAYFEr . Yao IR €& PCR &
B, AW oA e L R R R R T AR AT DA ek s - 4
WAMERKRE S, RFERHEZAERK, AR
PEUE R AP RO S H , IUAh,  ECTR R R R AR W o e
[ R ™ Watzinger SR BFSY KB, L E
FETERRPE RN + AR5 B8 R i sE i 2%, o
AW R RT IRVERL S+ pH S2MEE K, AR B X
PRt 9 HU A ARG . Zheng 2RI R R, BRYEAG M
S B R 4 RS, R TR D . X
Al B2 - BT Hb 5
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HEP R ARG A YA 43 F], ATE e A
I, RERE R FENEZ P, &
RIS F RO E R AR S R R E A
X%, MEZREHN 0.712 (1K 2b), ZEFE 5T K B,
BRVE AN B A AR A S P R R A R
HSE, T E R E RIS T E R EA A
Fo MR, MESECR R FYRERERS A
WHDCREN 0.890, SCHFAMFEEE R . [FINF, AL
B AR HL XA 5 R v AR AL s N R A, RE
155 80%LA LBl A= AH YL AL A 1A, BEAE A FIAE Y
S FEIAE IR AR 22, KB 22K T N i
BN AR IS FRo R, REEMmBE AR, MmiE
T AT A X A ) R AT 4T i L DA T AR T A SR
RS A % SESVE T, LR 22 A 5% S LA I Y
B (BREER ) MY TA AT 4 R Ak
s ke, N, B s T e i
$98 o0 BT R AR PR AR TR B R R AR R
PEFERE X 40k . AL BRI .

4 %5 i

LAY TR R 40 pH I R] K S B
PR, B 0.25~2 mm K RIKHLH LK SOC
Mawhara, e RER e, 28 PCR 45
WERW, M. BRI E A
ANFIRRBE 3G I . A Y ok A R T A
MA A, SN R AR AR L R, R g
HRAIE AL, [ H R R IR R e . 28 13
WY, ZARA Y 0k R4 e A 22 A0 AR 22 25 e SR AR
Foetk, Bomt ey EE.
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