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Effects of Combined Application of Biochar and Organic Fertilizer on Soil Properties,

Enzyme Activity and Bacterial Community Structure

LU Chenni', XU Zaimeng', FEI Bingyan?, ZHAO Chuan®, CHEN Gui', LI Jianqiang®"

(1 Jiaxing Academy of Agricultural Sciences, Jiaxing, Zhejiang 314016, China; 2 Pinghu County Plant Protection and Soil
Fertilizer Technology Promotion Center, Pinghu, Zhejiang 314200, China)

Abstract: This study explored the effects of combined application of biochar and cow (N), sheep (Y) and pig (Z) manures in
different proportions. The field experiment was carried out in Xiuzhou District of Jiaxing City, soil physicochemical properties,
enzyme activity and bacterial community structure were determined and compared. The results showed that the treatments of
biochar with manure increased soil pH and organic matter content by 4.34%-16.24% and 18.70%—-46.28%, respectively,
compared with CK (no biochar and manure), and also significantly increased the contents of soil total nitrogen, alkali
hydrolyzable nitrogen and available phosphorus, among of which, N50 (50% cow manure and 50% biochar), Y25 (75% sheep
manure and 25% biochar) and Z50 (50% pig manure and 50% biochar) treatments had better effects. Different treatments had
different effects on soil enzyme activity, generally, Y25 had the best effect on improving soil enzyme activity. Biochar with
manures increased soil bacterial diversity, among of which, N50 significantly increased soil microbial diversity and changed soil
bacterial communities, and the bacterial communities under N50, Y25 and Z50 were the most different from CK. Soil pH and
total nitrogen were the main environmental factors affecting the variation of bacterial community structure. In conclusion, N50,
Y25 and Z50 are recommended to be used in facility soil due to their better effects in improving soil quality.

Key words: Biochar; Livestock manure; Soil amendment; Soil enzyme activity; Bacterial community structure
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TR RV = B K FERE FFAE M B0 5 2 FER RN 5 2%
1IR3 5 F20 A 2 T A2l
GAERE FEEEW A 2GR0 A FRA R

BER 3. EEEE N 0~ 20 cm #F)2 1A FE
fEPERT A . pH 5.93, HLS% 559 uS/em, A ML &
54.4 g/kg, LA A 3.80 g/ke, Bl A it 336.2 mg/ke,
BRWs S 116.1 mg/kg, HEALHIEH 1070 mg/kg.

HERVEY . B3, MACRFEDGE, MFadeF A
WA PR F A
1.3 Rt

RIS E 3 MANUIERE, a4 IR
%, AVESAEY RG99 1, 3: 1/
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Table 1  Fertilizer treatments and basic properties of materials

is:] AHHLAE HHLAL A=W 5 e YR EAPE T
(Fmtt, %) (i, %) pH HHR o5 Feor ot
(%) N(%) P,05(%) K,0(%)

CK - - - - - - - -
N10 % 90 10 7.34 55.33 1.23 0.54 0.75
N25 42k 75 25 7.5 45.15 1.23 0.73 1.18
N50 43 50 50 7.55 39.45 1.27 1.12 1.55
Y10 E 90 10 8.35 38.38 2.48 242 2.66
Y25 F A 75 25 8.33 38.50 2.17 221 1.71
Y50 Fk 50 50 8.32 35.60 1.90 1.74 1.78
Z10 bR 90 10 6.81 44.98 1.79 0.57 0.55
725 bR 75 25 6.88 38.91 1.73 0.75 1.06
750 B 50 50 7.08 34.77 1.56 1.11 1.48
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Table 2 Effects of combining application of biochar and organic fertilizer on soil physiochemical properties
Ab ¥ pH A LB (g/kg) LH(ghkeg) WA (mgke) AHBE(mgke) WA (mgkg) HLFHRuS/em) B TAcHE
(cmol/kg)

CK 560+003e 4859+3.17¢ 322+£0.05f 236.22+698d 99.00+1.55f 808.71+17.36¢ 399.12+3.00d 11.99+1.09d
N10 6.08+0.10c¢ 62.99 + 2.37 be 3.62+£0.08cd 317.39+4.18ab 112.07+2.93 ¢ 730.40+3.30e 391.45+6.03d 16.04 +1.38 abc
N25 599+0.07cd 58.76+2.12 cd 337+£0.03ef 242.59+3.75d 100.03+1.03f 618.83+2.00f 377.45+4.62d 14.74+0.97 bed
N50 6.38+0.08a 66.86 + 1.28 ab 3.79£0.06 bc 279.34+246¢c 128.04+5.77bc 785.96 £ 11.16 cd374.12 +£6.55 de 15.68 + 0.68 abc
Y10 6.03+0.03cd 57.68+1.07d 3.53+£0.06de 325.83+2.76a 128.45+295bc 878.71+7.58b 542.79+6.51a 15.31+0.70 bed
Y25 6.51+0.07a 71.08+ 123 a 399+0.06a 331.87+5.82a 119.14+1.40de 941.27+21.69a 537.45+4.51a 19.12+0.48a
Y50 6.15+£0.09bc 64.86+0.89b 3.78 £0.07bc 234.64+2.80d 121.78+3.11cd 888.77+820b 49545+10.97b 14.50+ 1.20 bed
Z10 5.85+0.03d 61.96+1.31bcd 3.61+0.14cd 251.47+2.00d 117.04+2.93de 623.21+33.75f 508.45+2.52b 15.51 £0.30 bed
725 5.85+0.13d 59.65 +1.09 c¢d 3.56+£0.03de 297.65+10.09bc133.92+1.68b 747.46+11.91de498.12+18.03b 13.62+2.63 cd
7250 6.32+0.04ab 70.49+1.56a 3.82+£0.06ab 330.66+18.90a 144.84+294a 801.27+11.16¢c 444.45+4.62¢c 1795+ 1.34ab

e RSN JE AR R ING Rk R b B E) 22 57 5 2 (P<0.05), FIHl.
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Fig.l1 Effects of combining application of biochar and organic fertilizer on soil enzyme activity
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122.41% ~ 158.31% #153.95% ~ 76.67%. & 1D
AT, A=W B e Bt A AUIE o 3985 S Ak Ul I 5
WA/, A Y25 Fl 250 AbFRER CK AbHTEPE 2 4
i, HAAR BRSNS

2.3 EWRREEEVIEX T EAES NN

EIEMEZAYERR, 5 CK 4, N50. Y10,
Y50, Z25 F1 Z50 ZbFR A AP EEEL . Chao 1 F8%
T, N50. Y10, Y25, Z25 il Z50 4bF (%) Shannon
FEECR Simpson FEECE E R . FEAALHEH, NS5O
AbFE) ) AP LELEL . Chaol $8%%. Shannon $5Z%FN

231 AEWFORECEA PLAEX AN B V% ZFErE Simpson T8 80 e, RIIAIKLS o N50 b2 A T
Mosgm MR 3 AT, TEARIAGET, HEAESE e RN R F R o 2R
*3 TEMAEFEEMSHEMEEY
Table 3  Soil bacterial richness and diversity index under different treatments
Qb PR LUBL B 2358 Chao 1 8% Shannon 5 %% Simpson F5 %%
CK 1838+99d 1910.1+£111.4d 9.503 +0.113d 0.996 6 £0.000 7 b
N10 2 144 + 135 bed 2204.0 £ 175.0 bed 9.739 £ 0.098 bed 0.997 3 £0.000 3 ab
N25 2192 + 214 bed 2 243.7 + 245.0 bed 9.753 £ 0.160 bed 0.997 3 £0.000 3 ab
N50 2840+ 174 a 3008.1+181.1a 10.173 £0.108 a 0.9980+0.0001a
Y10 24 343 + 24 be 2388.9+35.7bc 9.942 £ 0.023 abc 0.9978+0.0001a
Y25 2237 +250 bed 2259.4 £263.3 bed 9.901 + 0.217 abc 0.9976 £0.000 5 a
Y50 1887+94d 1907.7 £106.8 d 9.606 + 0.050 cd 0.997 3 £0.000 2 ab
Z10 1968 £39 cd 1992.8+37.3cd 9.670 £ 0.027 bed 0.997 3 £0.000 1 ab
725 2522+ 118 ab 2 625.6 £93.9 ab 9.987 +£0.139 ab 0.997 8 £0.0002 a
750 2408.5+15990b 2458.8+162.5b 9.942 £ 0.103 abc 0.9977+0.0001 a

A i B 2 4 R/ (NMDS) 25 51 i s (] 2), +
TR TR T A0 AN [ b PR ] 22 5 1 2 (stress=0.098 3).
CK A5 B it AL AL B A B 43 15, Hosp NTO
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PREF BSCIE, 7F NMDS1 flifffe &0 5, Ui 3
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JIES A B A [) ) T L f91) R S8 8 o5 72 4 8 4 R A 5 445
¥J(r=0.712, P=0.001),
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Fig. 2 NMDS analyses of soil bacterial communities
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Fig. 3 Effects of combining application of biochar and organic
fertilizer on soil bacterial community structure and relative
abundance of dominant bacteria at phylum level
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Fig. 4 Clustering heatmap of relative abundance of soil bacterial
communities at genus level under combining application of biochar
and organic fertilizer
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Fig. 5 Redundancy analysis of environmental parameters and
dominant bacteria of soil bacterial community
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