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HERE 0~20cm BIEAES, ME LERFAS R ESH. WA, LA THFEALERAH ML ELE, [#R] 5
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Effects of biochar-based fertilizer and organic fertilizer substituting chemical
fertilizer partially on soil microbial abundances and enzyme activities

REN Yi', JIANG Peikun', LU Changgen®, SHAO Jianjun’, ZHOU Xue’e’, CHEN Junhui'

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Main
Station of Agricultural Rural Ecology and Energy of Zhejiang Province, Hangzhou 310000, Zhejiang, China;
3. Tongxiang Agriculture and Rural Bureau, Jiaxing 314500, Zhejiang, China)

Abstract: [Objective] The objective is to provide a scientific basis for improving rice paddy soil quality and
for the application of new fertilizer, by investigating the effects of biochar-based fertilizer and organic fertilizer
substituting chemical fertilizer partially on soil nutrients contents, microbial abundances and enzyme activities,
and investigated the driving factors for soil enzyme activities. [Method] A field experiment was conducted in a

typical rice paddy located in Hangjiahu Plain, which soil is Qingzini paddy soil. Four treatments, namely no
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fertilizer control (ck), conventional fertilizer (CF), biochar-based fertilizer (BF) and organic fertilizer substitution
of 50% chemical fertilizer (OF), were laid out with the three fertilization treatments had consistent input of N, P
and K amount. The field trail was initiated on June 2019 and soil sampling were collectted on November,
2019. Topsoils (0—20 cm) were sampled to investigate changes in soil carbon and nitrogen fractions, bacterial,
fungal and archaeal abundances and enzyme activities involved in C, N and P cycling. [Result] Compared
with CF, BF and OF treatments had no effects on soil pH, total C and N, available P and K and nitrate contents,
but OF significantly increased soil ammonia and dissolved organic C contents. Compared with ck, OF treatment
increased the content of soil microbial biomass carbon (MBC) by 164%, bacterial 16S rRNA gene abundance
by 35% and fungal 18S rRNA gene abundances by 98% and fungi/bacteria ratio by 50%, while BF and CF had
no effects on them. The three fertilization treatments had no effects on the activities of B-glucosidase, [3-
xylosidase and Leucine aminopeptidase, whereas BF and OF treatments significantly increased the activities of
a-glucosidase (AG) by 111% #l1 136%, B-cellobiosidase (BG) by 77% #1 100%, B-N-acetylglucosaminidase
(NAG) by 109% F1 177% and acid phosphatase (PHOS) by 97% #1 199%, respectively. Redundant analysis
indicated that changes in soil enzyme activities were strongly dependent on the contents of soil ammonia,
dissolved organic C and N, and fungal abundances. [Conclusion] The application of organic fertilizer and
biochar-based fertilizer significantly increased soil enzyme activities involved in C, N and P cycling, with the
OF treatment further increased soil microbial abundance, which was beneficial for soil nutrient cycling. [Ch, 2
fig. 3 tab. 33 ref.]

Key words: organic fertilizer; biochar-based fertilizer; soil microbes; soil enzymes

e FH 8 R O [l SR R oK 2 1) o S 0 R T SR 0 W) AR SC B /B A5 ML B 4 it R 5 2310
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1.1 FEHbEER

FEHUA, T-WIVLAA A £ T B A 4E (30°32'N, 120°24'E). %X I8 THiFE W1, T8 I Ht 78 KU
SRR N 165 Co X H 1 KWRAKRE £, BHIEARMLAMTU T pH 6.22, &6k 14.50
gkg!. B 1.17g kg, W 056 g-kg!'. AW 4.90 mg-kg ', AL 119.00 mg-kg .
1.2 Rt

K AR, BE 4 NARBR . XFHIR ORBEAE, ck). W ALMEIE (CF). A& ILHE (BF) 54 ML
50% {LIE (OF) Zb3H . J5 3 A BA T AR F R - 8 A—3, Hrb: & 270 kg hm *(LAAET), BEAE 75
kg-hm (L AL 85T), FAE 150 kg- hm (LLAEALERIT). DL BF Ab B A B 7500 8% A W bRifE, CF Al
OF | AJG TR A RER IR E . BEEmIE . A iirbsn, fRIESIZmIZ . B, A mAHS . R
FBERLIX 4331, A F/NX A 8 mx4 m, TR 3 K. /NX [ FHKIRIERGIT, ARIES/NXOR B
CF F11 OF AbF 43 2 YKHAE, 50% 1ERFERE, 50% 1R MBI, &b PEERHEAL 77 5840~ . CF Ab BRIl T
%2 750.0 kg-hm >, 45 5% @5 AE 125.0 kg-hm 2 /F S FEAE i A, ## IR £ 290.3 kg-hm?, & 1L # 24.2
kg-hm™ E 38 A i A ; OF &b ECKE S k7 U (% 2 A 50.00 g-kg ™', &M% 1.09 g-kg', 0.83 g-kg) %
2700.0 kgehm 2, FHEEBEAL 62.5 kg hm 2 fE R FEALHE A, H IR 290.3 kg-hm 2, S AL 196.2 kg hm 2 ff:
B ALHEA o BF ZbH R IEAE (18-5-10, % 15 % T ARFEFF ) ZHerm mt Bh FEREFFRHE A IR ARl 25, 1B
RHENEFE 1500.0 kg hm > —IRPEMEA o LUK R AP A #EE 18, 2019 4F 6 1 14 HIt AT, 6 J1 16 HEE
K, 6 H 27 HIBIE, 11 H 4 HlGR ., BEBHSAE0ME, £ /NX H S R i 5 2 1 —3 .
1.3 TERESHFHERS W

TAKREBOGR I E AN T “S” TERFED:, BEPLRAE 10 1K)Z (0~20 cm) TR, TERIREG
FE o HHERES T 2 mm 050 BR A BREAR R BRI, IS5 R 3 0y — T CE T 4 C vkARfEfE, L
W22 3 A e e SR M, — 040 E T -70 °C UKAfEAY, T T HEA DNA $#2H, 40kt
i TR 5 T Rt A B o

T AN RS S IR e . 1458 pH (ECR A pH 3T FOKBTRE LG 1.0:2.5 M 48 Bk
MR KHIUE ML (Vario EL T, Elementar, fE[E) i ; A %W RI 0.5 mol- L BRIR E AR, 4H
BRPULL e 5 AR B PR B IR 4, SOOI o B AR A (NHL-N) FE A A (NOs-N) R H
2 mol- L' SUALEIREE, Wahadr e . WA PR (DOC)., W FIESA (DN) R EFKERE, &
A LB 3 HTAL (H A B EE 2 1)) PG o WAl A HLAL (DON) i i 1 AL 5 B A A S A & S Y 2216

1.4 11E DNA REIFARHEE PCR

FREL0.35 g BTG B9 H3ERE S, R 13 DNA #2057 & (DNeasy PowerSoil® Kit, QIAGEN,
FE), HulW 41T 1% DNA # 8. $2 HUS (19 DNA HHE il & %5 5b 53 )6 )% B 3 (NanoDrop One,
Thermo, ¢ [&) Ml & Huk BE 4L, (RAFE T—20 °C . AWFFE 4590 FH 51 ¥y %t 338F 1 518R! . NSIF Fi
FungR!"™ | 344F F1 517R!" XT4H A 16S rRNA FEH | ECTA 18S rRNA FEH FI T 18 16S tRNA JE[H £ it 17
ERHT. IR ZR T . 2xSYBR Premix Ex Taq 10 pL(TaKaRa, H7A), 10.0 pmol-L™" b 371 F 5|
Y145 0.5 uL, P DNA 1.0 uL, JCRAGEIK 8.0 Lo FUki KAnifE fhZe i il 1E S IR W0 047, bRl
L NFEIE 3IRER, WESH, RMAEZINEE R PCR L (CFX96™ Real-Time System, Bio-Rad, 32
E) Liffr.
1.5 TEEEMENE

FIFHRALAR O ETEP WIE o- AT (AG) . B-HIZWE TG (BG). £F4E Wi /KMl (CB). AREM
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B (XYL), & RE IS (LAP). N-2 3 -B-D 2 345 4 BT B (NAG) FI R 1 05 IR il (PHOS) 45
7 25 ARG A SIS . DL 4R H 3745 5K (MUB) Ml 7-8 3 -4-H 5L F G R (MUC) %
SEhRIC A B M Bl 5 P S N Y, i MUB Fl MUC %8G50 B (028 4k S Wi v . 3896 6 g %
M8 22 R i, 2 IhBEREFRIY (Synergy™ H1, Biotek, &) 7EZEGI &G 365 nm FIAS
P 450 nm FINE, BEEHEEA R nmol- g '+h . BTSRRI BTG M2 RO, MELAZES
SRR, AT ST R R A% LT P-4 {E R B BV ) - S R 1
1.6 HELIESSITHHT

BAERH SPSS 26.0 Giit o, SR ZE )7 225317 (one-way ANOVA) FIXS 1574 (Duncan) £ 5 HiL
R 5 AN [] Ak B ) 178 22 5 J 28 M (P<<0.05) o AH S 43 AT R FH K2 R 38 (Pearson) AH 5G 70 Mt vk 1141 W08 Kz 56 ff
FEREME . TURHT (RDA) T RIS - PR K 7% 3l 16 vE A b i B35 v, PRI R B Lol 220
HT (one-way PERMANOVA)(999 YR B 4 56) FH 3B it JE Ack B8 X = Sl 7% 14 5% g 1%) Jed 314 (P<<0.05)

2 HREHN
2.1 AREIHEAEAMIE X 154k 221 R B B2 0

M2 1A 5 ck ML, TEK RS 45 b A AL BE X 4008 pH, AR . . A RLHE . SERCE IR
BAWTEW, BEBEFP T HI3E S AR5 (P<0.05); 5 CFAMFRAHLL, BF MR ERES T+
HE R TR 41 (P<<0.05), $RERIEEE N 20.2%; 3 Pt LA BRI S T IR AT 5, Hirb CF.
BF il OF 4Zb B2 &5 5 5 7351 K 84.1% . 83.4% 1 150.7%

®1 AEEEAER HENYFE RN

Table 1 Effects of different fertilization treatments on soil chemical properties

AP pH Bk kg @R/(gkeg) AHRBE(mg kg M /(mg-kg!) MEAZE/(mg-kg') HEZE/(mg kg
ck 6.24+027a 13.97+1.16ab  1.93+0.23 a 9.58+0.36 a 139.59+1.06 a 1.18+1.08 a 5.25+2.08 ¢
CF 6.20£026a 1297+0.15b  223%0.15a 10.77+1.19a 157.28+15.69 a 2.86+0.85a 9.67+0.96 b
BF 6.1140.10a 15.57+1.18a  227+042a 11.9442.43 a 133.90+28.88 a 2.09+0.82 a 9.63+2.03 b
OF 6.23+0.15a 14.27+124ab  2.30+0.20 a 11.2840.43 a 128.97+28.15 a 237+1.16 a 13.17£1.60 a

LT Bl I AR o RPN [N 5 B2 n 25 A0 B ] 22 57 8 35 (P<<0.05)

22 AREEEX T EAAEENHR. ESREDFEENMm

2 2 T L. BF Ml OF AL BE X 5) B AL S5 (ROC) TR, [H I 48 5 1 I M A ALK B 43 %1
(P<<0.05), H OF AbFE#E 0% B & T BF 234 ; {V OF AbPH R 38 & T VAt HLA (DON) Flisi A= ¥ 4=
Y&tk (MBC) Jit 2 53 50 (P<<0.05), 4215 W& B2 53 91l 35 136.6% Fl 164.0%. H1& 3 Al WL 5 ck #HLL, X
OF Ah P 4 25 4 /51 1 4 B AN B R =F B M ECTA/Z AT L (P<<0.05), $2& = iR B2 0 34.9%, 98.3% Fil 50.0%;
CF 1 BF &b FEX 40 B ANt B = B T RZ ], {2 CF AbFR R E RN T B R F % (P<<0.05).

x2 AEERLE T ERFEFIE (DOC). BHEEFIE (DON) MEWEMER (MBC) FffLE
MEMER (MBN) RESEHIZ T
Table 2  Effects of different fertilization treatments on soil dissolved organic C and N, microbial biomass C and N contents

SRR EU/(mg kg ™)

BB RS MBC/MBN
AR Bk BEA IR Sy A LIS A= e A YRR

ck 354.49+64.31 b 17.51+4.42 b 3.97+0.02 a 90.36£26.55 b 17.0643.93 a 5.6842.62a

CF 414.7+27.81 ab 17.51+2.88 b 3.75£0.26 a 123.63+42.63 b 21.27+5.48 a 6.25+2.84a

BF 484.19+50.53 a 15.0243.34 b 4360.5a 117.64440.05 b 23.4746.62 a 5.43+2.92 a

OF 520.11£65.57 a 41.09+11.84 a 4.14+0.38 a 238.29+102.01 a 26.79+8.02 a 9.09+3.79 a

VLI Bl R PR EbRERE . RISl AR R A AL PR R 22 57 1 35 (P<<0.05)

23 AREEETHEREETURERMEER
A 1A 5 ck Ml EL, BF Ml OF AbFEY4R & 1+ 1 o- B AW B (AG). £F4E Wi E% (CB). B-
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Table 3  Effects of different fertilization treatments on the gene abundances of bacteria, fungi and archaeal

A PG 5 YNER =EBE/(<10°F5 D - g7) B FLE/(<10%5 0L+ g7) TR FERE/(<10H DL - g ™) B /AR /(<107%)

ck 4.62+0.74 b 0.85+0.36 b 1.25+0.26 a 1.78+0.47 b
CF 3.61£0.72 b 0.27+0.03 ¢ 1.26+0.26 a 0.75+0.11 ab
BF 4.01+£0.98 b 0.67+0.33 be 1.35+0.43 a 1.89+1.43 ab
OF 6.24+0.32 a 1.68+0.33 a 1.89+0.42 a 2.68+0.39 a

LWL Bl I bR . R TRl 45 A LR 22 5 11 25 (P <<0.05)
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Figure 1  Effects of different fertilization treatments on soil enzyme activities
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T AR AN RS R s 3 i Ak FENE RE A P = A -4 pH DA SR A O i . R B B
FEH - it FH e BE AR (10 7 MRS - A LA L B . SR RCER S iR S T 37.55%~41.48%
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Zche + 18 pH DL R B A . A SRR A i W R, LB s SR ATt R 3 i g oK . A
R, EARGEU IR R . R A AR T A S R R AR T 30%~49% . AR, E AR
NS A HUIERRACER L RE AL B2 oK 0 25 50 398 pH ., BB . 2R, A RO A A B A, 4
RE5ZHARE AR X 0TRE S A FE R & L AR (R F 520 - e AR A G . ARWFIE R T
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REEBIRN TR BGE WA K . ABIFTE H e AL 8 LA S H: A= ) J5 e %) AR B 2 B I S50 (Aot 245
B, HHEMEH 1K, ATaet oy e e plak . AR IR0 ot 24 Wk, A PR
RHEY SRy EEORIR, AE BIEFR AL Ty i AR AT, A b A ML A R T DL R
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ML, SAINER TR A RN — 8. X T B N A AL R S AT SRR 5y, RS
et K, SEEZ A IR RY SR IE DT iEEdl st A 4, a0 R
FFEFA AL ARk FH AT 35 5 £SR3 5 &, 1O RO RS AT S A ML R B R Ve Ky . 27 4
R WY T A A MU B U 2R
3.2 REBRSEVRZEREBSSLAET 574 ¥ = BN EEE R 2200

ARG LI A FUAEE AR A N A P 650 3 5t v 7 A - S A= W A e L 40 1 R 1 1) 6 R
FRE, MR EAE A AR X HE N B BRI R - Ut AR o] B RS A Y A
T, W G Y B, A HLAR AR AR AT LA IR, 38 R A MLER A AUR
TR A P AR RN TE, IR R HESR oy R i s 2 P AR Pk RS R, IRAL A, 7E
IK RO BT ELA 5 s 7K A BB R B S U R 08, TR T H e A . R R ik
TECCE 1450 . Rk vk . 30 RIS O IRE A RS I E g Iz AR P (A X
I SE A AN P A S A O R A 0O S g P R 6 R GG AT Y R B . R BRAE DL R AR R 3
fE A o A IR RR e DT R e A R, E R IR X RN, MR, BREESEC Rk
e e SENC RGN T R AR AN TR L R AR EC TR R . A SR AT - S A P 4 s e R e e A 2 R
(WA MR ) . SR BEHCIR D RUK S BE ) S5 25 A 6 o ARBFFT I« e S A %o A4 ) 1 = 3
FEA A AR IR, 7T BB B R S AT it FH X LA 25 3B AR L 22 1) I R e 3 - HE0A B

AWFFE T, A BRALIE , e AR R A HLIE R AR AL I A B 6 3 3 v T 8 oA A I (AG).
LR 4 WK B (CB). N-Z It 3E-B-D 203 75 25 0 11 i (NAG) FIR PE IR B (PHOS) 1 HE, HAPLIEHE
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5 ) 4R 1 W] e 5 A SRS TR A AE W R AR L AR B SR BEICRRAE LA K - SR SR A RN — R R
AW A LIRS B T AG. CB. NAG #1 PHOS 161, 7] g5 7 SLAU it 32 & 7 3 nl i vE A HL
RS RA K. TURSIIIEEL . SR . WA AN EWFEE S CB. NAG. PHOS IEAf
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