hEIRIE RS 2025,45(9): 5014~5024 China Environmental Science

SENMIB, T RAE AR AR BRI £ KRS A2 SR RV IR RO, [T]. T EEREERRE, 2025,45(9):5014-5024.
Gong Y S, Ding M, Li S, et al. Regulatory effects of coated biochar-based fertilizers on chemical properties and microbial communities in paddy red soils [J].
China Environmental Science, 2025,45(9):5014-5024.

BRI B AL LD MK FE £ L F MR R W YR TR B R

ZEMIE, T LA WL (Rt S U S BRI S YT FE AT 210095)

FEZE: B0 3 9 U7 L0 AR L (KR s, KRB RS AT by e 5, AR AL IR AR A PRk R 6 T B NIE, BT HLTEA LR L NE(BBOF) M TEH LR HEIE(BBF),
T B AR HH RS 7 HOW AN W pHL R, A [FIFR 43 R (C)Y 5 G KT 1 38 4 2 M ORI A ) DA B /K R ™= e 14 53R 6 DA RILIERH(CF ) Jhy ) TR, 18

i HA%IE I (BC). BBOF Al BBF 3 Fif s 4k HIL 45 SR W1, BBF 15 BC 7 H ] B H B — & A4 01, L of BBF %™ i = 2850 W] AR THEH],

ARG - J 1 o RS AN 55 BBOF 5 BC 7RSSR PE(WA)RIRIRYE Cd v 34/ T A3 (SA)H B2 485 T pH A LA HUEK & 5. (P<0.05), K HL ) RL4T

T PR R ] Al 285 AL (LA 59 R AIG 77 43 1 BB (LN A S WD S A B0 4855 40 o5 WA P BT b e PR AR B A BARTET WA b P A A LA

BT AL & 1 (P<0.05), B B T SA 18 & 1:(P<0.05), ] RS T LN b EGS EAEAS ZUK P, BC A FLEHE & T LN L rfdi i &

HF(P<0.05). 3 e TSR b B AL BRI AT U e A LG BC, A M i kD M 5 B, AR T 338 Cd i N Sfctr, FoAT T8 8 (R P58 2 A M A R RV 23

AT 2 WY, = T i A BB 0 = M TR VR TG R R (P>0.05), (EXS A TR AR VR 7 AR IR 45 0N, R i TR D BC>BBOF>BBF, -1 438 7 A 1 1 52

LN>SA>WA. BC 5 BBOF ¥ /5 I HBL, B 225 5 b 7 K5 3K 1 | ] (Myxococcota)  H B4 4k 1] (Methylomirabilota). BRHFF 1% | J(Acidobacteria)2% e i

["TLA & Rokubacteriales_unclassifiedv DRAEFGEK T Anaeromyxobacteraceae). 1% /: 4R I8 4 #H(Bradyrhizobiaceae) F i {X. 15 iE 4 Bl (Nitrospiraceae) 5 T fig
T BRI AR X 22 B, 3% P %5 7 | J(Planctomycetota) . Subgroup 7 unclassified Fl1Z5ERT B} (Isosphaeraceae) (1A % 32 5 (P<0.05) A e 5 LA 7 Hr & W,
BN BT 25 A A g N VAR 5 L A A P TR DR 5 AR T g o A R VR AR AL O SRS R T AN IR, 2 A (WA ) «  HLBR (SA) RIS B U(LN) 52,
W Kb B VR 424 F BAT I SR I L SO P 25 L i A HLTE AL AT 7 5 R 23 MK AR LIRS 4 A R P A E v Oy TR I — e A3, &

BARE TR EH N (R198 00, A0 38 OR B A AT A 8 — R R,
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Regulatory effects of coated biochar-based fertilizers on chemical properties and microbial communities in paddy red soils.
GONG Ye-sha, DING Min, LI Shuo, JIANG Jing-yan" (College of Resources and Environmental Sciences, Nanjing Agricultural
University, Nanjing 210095, China). China Environmental Science, 2025,45(9): 5014~5024

Abstract: In view of the characteristics of Ultisols (red soils) in southern China, this study developed two types of rice-specific
biochar-based fertilizers (BBOF: bio-organic-inorganic biochar-based fertilizer; BBF: inorganic biochar-based fertilizer) using rice
straw biochar as the base and coating technology. Pot and field experiments were conducted to evaluate their effects on soil chemical
properties, microbial communities and rice yield under different pH value, nutrient statuses, and cadmium (Cd) pollution levels.
Conventional fertilizer (CF) was used as the control, with three carbon treatments for experiments: direct biochar application (BC),
BBOF, and BBF. The results showed that both BBF and BC improved rice yield under field conditions, with BBF enhancing the three
key yield components; however, BBF had limited effects on soil improvement. BBOF and BC significantly increased soil pH and soil
organic carbon contents(SOC) in the weakly acidic (WA) soil and the strongly acidic soil (SA) with Cd pollution(P<0.05),
demonstrating effective acid regulation and carbon sequestration, but had limited effects in low-nutrient acidic (LN) soils. The impact
of carbon treatments on soil nutrients varied with soil type: in WA soils, all three treatments significantly increased available
phosphorus (AP), available potassium (AK), and dissolved organic carbon (P<0.05); in SA soil, AK was significantly reduced
(P<0.05); and in LN soil, ammonium nitrogen(NH, ~N) and nitrate nitrogen levels were notably altered, with BC also significantly
increasing AK content (P<0.05). Other soil properties showed no significant response to biochar treatments. Compared with BC,
biochar-based fertilizers reduced the amount of exogenous biochar applied and thereby decreased soil Cd input, indicating higher
environmental safety. Microbial community analysis revealed that none of the biochar treatments had significant effects on fungal

communities (P>0.05), but all affected bacterial communities, with an impact intensity order of BC>BBOF>BBF and a soil bacterial
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communities response order of LN>SA>WA. Both BC and BBOF regulated bacterial communities in a similar way by significantly
increasing the relative abundances of key phyla (Myxococcota, Methylomirabilota, and Acidobacteria) and important functional
families (Rokubacteriales unclassified, Anaeromyxobacteraceae, Bradyrhizobiaceae, and Nitrospiraceae), while significantly
decreasing the relative abundances of Planctomycetota (phyla level) and Subgroup 7 unclassified and Isosphaeraceae (family level)
(P<0.05). Correlation and redundancy analyses indicated that shifts in soil bacterial communities were closely related to changes in
soil chemical properties, with different driving factors identified across soils: AP in WA, SOC in SA, and NH,-N in LN. This
suggests that the regulatory effects of carbon treatments are highly soil-dependent. In conclusion, the bio-organic-inorganic
biochar-based fertilizer demonstrated advantages in improving soil environmental conditions and regulating microbial communities

in rice-growing red soils, showing potential to replace direct application of biochar. However, its yield enhancement effects and

application strategies require further study and optimization.

Key words: coated biochar-based fertilizers; red paddy soil; microbial community; soil chemical properties
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Table 1 Physical and chemical properties of test soils

i AR SR R EASE SR At e
3 pH JoU i
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
WA 621 1727 224 041 997 9.53 27.80 71.53 ZilE+
SA 531 2123 264 149 5039 1472 7.53 2807 i+

LN 636 891 0.83 0.25 2.5 1.05 696 7144 IE+

1.2 B KL

AR IR S 3 IR CR(E A B, N:P,O5:K,0=
15:15:15) JRZE . KRR AEYIOR BC(HILIME
FRM A TREA R A F AL TC. Ny P,0s. K0
TEDHHN 28%.0.4%. 1.5%A1 3.9%,Cd 4 8.18mg/
kg), LRI T BC [ il 1 A0 B L. 2k i 5
I 20%BC AR A I8 il R R HETEH LA
BBF(TC. N. P,0s. KO F&EDIHHM 7% 12%-
9% 11%, /> 8EAKREA KSR E. H5%,Cd N
1.6mg/kg), Fl 10% )5 #AAH HUIEEABC IR EETCH LA
HUAE BBOF(TC. N. P,0s. K;O F &N 6%-
12%-+ 9%F1 11%,H:Ath 7] BBF,Cd 4 0.8mg/kg). [ ]
PRI T AR S Al A T R BENERL 7, BBF 1 BC
SR E 30% (TC=9%,N+P,05+K,0=32%),
BBOF ' BC FIFHUIL & &I % 20% (TC=7%,
N+P,05+K,0=28%); N:P,05:K,0 b {1l i 22 & /K F
AKFTRELA] 1:0.5:0.8. [F] I, 3L T8 41 A WA
45 JL A LU S B R e /D e 7 R AR 1 3
CH, A1 NoO [N, 2T 5 X et 45 st o A
I FH R I B A1 A B e B I 3 R 58 B, >R FH e
PE IR 05 B A A Rt HEDRE S8R 3R AT~ U A B Ak
B, DL 0 G 2R 8RR I RE O e BRI L o R
J5,28d FEEBHOR sk I 80% 4 65% A

FriIERL & 5 G rhr e N IRSEFNE AT AR E (A
PR FNER NY/T3041-2016) .
1.3 KW

TRIRI T 2023 4F 6~10 H 75 R mt R ML R 2E
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Ik, LA FH [A) A B i 2 2 b s A P AT

FOKFEBGERI R 23R )2 -3 5 (0~20em), H T
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Table 2 Fertilization schemes in pot and field experiments

KRR KPR pisE B s MR (kg/hm?) i Sy BEAL A
CF AR FE 250 40% HEME(15-15-15) 30% JRFE  30% IKFE(15%)+ZANE(15%)
P BC W FOR HAE A 250 7.5thm’BC+R B 80% ML H . 30% JRZE 30% JRE(15%)+E A IE(15%)
BBOF  BIELHLAHLIE 250 60% BBOF 20% K% 20% K Z(10%)+BBOF(10%)
BBF IRFETCHLUIE 250 60% BBF 20% WRE  20% bKF(10%)+BBF(10%)
CF LA X FRL 150 50% HAH 50% JR#E 38% KCl
. BC AW 5k LA 150 7.5thm BCHEBE I 80% % HUIEHIRE  50% JR% 38% KCl
FH [R) R 56
BBOF  AEETHAHUIE 150 100% BBOF - -
BBF IRFETCHUIE 150 100% BBF - -
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Fig.1 Rice yield of different treatments in pot and field trials
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Table 3  Yield components of rice in field trials

A3 TRES/mY) R ThiTi(e)

CF 392.89+48.08a 108.25+8.84a 20.77+0.28a

BC 395.78+50.12a 125.42+6.11a 20.47+0.17a
BBOF 424.67+35.03a 109.08+8.45a 20.80+0.06a
BBF 453.56+25.18a 116.82+11.91a 20.87+0.09a

VEBUE A 4 £ it . [ 31 ] — AN ] 52 B 2 7 A (] A 22 )
X5 B (P<0.05).

2.2 N[F) R AL T - Ak 2 R A 5
AT ¢ Ak B ts) — Fob = 984k 2 2 TP S W) L 3%
4. BBOF 1 BC & & T WA f1 SA 13 pH 1§

A SOC(P<0.05), % It [ 47 (1) 1 18 [ e 2SR LN

+-#1,BBOF 1 BC 4b2E[) SOC & CF #E kR
IHERA AR B 22 R K (P>0.05). BBF U7E
S B O R T B A R AN R AR TR R T
Ifi,WA 1+ BBOF #1 BBF AbF &N T DOC
T E(P<0.05), = MR B B E T T AP, AK
HH(P<0.05).SA =, = Floi Ab BE ) I 25 BAAG T
AK FH(P<0.05).LN = rf i JE 0 b #1 { 2518 n 7
NH, N FI NO; -N 55, BC AL HL ) W W hn T AK
T (P<0.05).7E Cd #L S U5 1, WA - BC 4b#E T
FZHRTE T £4E Cd BE(P<0.05), 1M A FE AR =+
HErp R BN Cd AP, R U RIS
i

x4 TRLETHTIREFMER

Table 4 Chemical properties of soils under different treatments

| e oH ALK ﬂ“‘«"ﬁ'&ﬁm B AR R H % A |
(g/ke) fe(mg/kg) (g/kg) (mg/kg) (mg/ke) (mg/ke) (mg/kg) (mg/ke)
CF 6.3510.02c 16.37+0.20b 23.44£4.92b 1.71£0.06a 5.22%2.40a 1.39+0.39ab 23.87£1.90b 79.12+2.35¢c 0.54x0.21b
WA BC 6.7410.07a 20.78+136a 30.32£8.22b 1.99£0.09a 1.94%0.14a 0.771+0.12b 33.90£0.58a 98.42+2.24a 1.22+0.12a
BBOF  6.5320.09b 18.45+1.16ab112.1318.54a 2.05£02a 2.11£0.54a 0.911+0.03b 30.38%1.21a 87.57+1.80bc 0.58+0.07b
BBF 6.3910.06c 15.9420.15b 88.014+12.32a 1.66+0.07a  4.1640.73a 1.65+0.10a 30.24%1.77a 94.32+4.81ab_0.71+0.17b
CF 5.6120.05c 18.3510.32b 32.64£6.29a 1.69+0.05a 3.47+0.18a 1.97+0.11a 10.98£2.05a 74.73%+3.71a 1.5130.30a
A BC 6.2410.03a 18.86£0.11ab 20.99+1.52a 1.62£0.04a 5.63%+1.99a 2.28+0.8%9a 10.22%1.23a 37.50+2.19b 1.72+0.33a
BBOF  5.7410.04b 19.14£0.26a 23.41+3.56a 1.68+0.04a 4.32%1.32a 2.65+0.14a 9.55£0.99a 38.49%+1.69b 137+0.13a
BBF  5.65+0.10bc 18.33£0.10b 33.78+8.64a 1.63£0.02a 3.96+1.19a 2.19£1.02a 11.5841.53a 31.67+1.87b 1.36+0.27a
CF 6.84£0.04ab  13.06x0.87a 15.85:1.92ab 0.55+0.06a  6.79:0.20b  1.38+0.19b  7.26£0.82a 66.35£2.34b  0.24+0.08a
N BC 7.00£0.05a  13.90+1.01a 10.68+0.30c  0.56+0.04a  3.88+0.07d  1.47+0.15b  4.98+0.47a 153.86+4.85a 0.23+0.06a
BBOF  6.81£0.02ab 13.16£1.34a 17.81£1.33a  0.59£0.09a  8.33£0.18a 1.78+0.0lab 6.38+0.87a 75.33£12.45b 0.26+0.02a
BBF 6.74+0.09b  12.00£1.83a 12.00£1.45bc  0.52+£0.05a  5.57+0.49c  2.05£0.11a  5.70+0.82a 64.29+11.15b 0.23+0.01a

VBB~V S = B dEBR. [R5 [ — AN ) 7 RER R AN ] A 2R 22 57 2. 3 (P<0.05).

2.3 AR AR IS - G AE PR (1) 5 R
=M B A TR R A B AR TR
I "J(Proteobacteria) Ji{ZE [ ](Actinobacteria). %
FF 121 J(Acidobacteria). £%Z5 [ | ] (Chloroflexi). K
Bk [T (Myxococcota) 3 i ]
(Gemmatimonadota) F17% %3 B | ] (Planctomycetota) 55
B 2(a—c)), AR JE A7 TG 70% L E TR R &5
kF ,BBOF 55 BC AbFLTE 3 Fofi -39 v (1 40 VT 1 v 45
Foy 51 2 R B Al 150 P X A A Ack B GT A TRV ) 5%
Mg 5 Ay AL = b - S R A LR VR AL A T
I J(Ascomycota). $H¥ [ J(Basidiomycota) Fl 4 5
I'1(Zygomycota) 55, AN [m] b P (1) S 25 FLIL A — 5,
B¢ BBF 45 CF #c#%iT,BBOF 5 BC HUAHL.
Kruskal-Wallis #5645 5 75, AN [R] Ab 28 2

AR T AR 40 T TS ARG R, LA D - S
(Bl 2(a—c)), (B0 TR BT B (B 2(d-1),
P>0.05).AHLt CF Ab#, = Fpm b HE7E WA 1 {3
T AL B 1] (Methylomirabilota) I AH X =F &,
i BBOF 1A% T 23 /K F(P<0.05).7E SA 1=
PR AL BE 5 CF A LG B 88 0 T RGBR B T AT 3 2,
Hrf BC # BBOF ik 3| T i 7K-F-(P<0.05), % H'gs
I T 2 5 ) (LA AL B e 1T T ] (Nitrospirota) Al
[ 1B ] (Patescibacteria) /£ I Rl FENE S BC 2 [A]
A3 27 (P<0.05).LN i A8 2 520 X 4n
BB 2 o BC W B TR AT E 1
(Latescibacterota). AFALBRIERR ]\ FHLEAEAL BT
RTER TR RTERAT 1 1] IR AR X = (P<0.05),BBOF it
FHIN T B TE 1] ORGSR TV RIRR AT B A
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X B AR > T VR B AR = (P<0.05),
BBF {5 & 30 T RGER B T IR AH XS 32 5 (P<0.05), 1t

Wiy /0N.

HH BC X} 41 1 A S i B2 i ¢ K, BBOF /X 2 ,BBF 5%

(@) #ii ) 4 (© i
E 2.00
unclassified Armatimonadota Desulfobacterota
Verrucomicrobiota Nitrospirota ab  MBNTIS '
Patescibacteria Others ab  Latescibacterota 1.00
‘ Planctomycetota unclassified ab  Nitrospirota
Acidobacteriota - ab - Patescibacteria Verrucomicrobiota 0.00
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