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B N T RA I NE A NE ok Bt Y 1 B TR SR, R s R T U058 5 a IR BN BARALAE XS i3 - &, 3
FRAR PR oA B R VR AR S . 2R, SR 5 a SR FEAHUIEBEALAE, 3% pH $2& 1 0.13~0.25, LA HIR.
TR BRI RS BB B T 2.1%~62.2% 5.8%~86.0%H1 0.4%~103.1%, #IEAEEACALILL IR IFEZ (Capsella bursa-
pastoris)F= B T 4.0%~14.8%, 10 75% B AL ELEL 50% & AL BEA BT FRAIC - ok B AR B AR AL RE AL 1 1) - 438 B B Sobs. Shannon.
Ace Fl Chao REY T AL AL AL ER, HLITBL 75% 8 AR AL I A iy o R S A B AR AL 235 [ AIC 1 3% rh AL 1818 (Nitrolancea)
WA TR B J& (Amycolatopsis)~ % 5l 18 J& (Gemmatimonas) 5 WI=E B, 3N T £F 4k 2 B B8 18 B (Planifilum . Saccharomono-
spora)f)EJE . ZHEHHIRE. Tlumatobacteraceae. Methyloligellaceae Z5[WFE S HIEAR . £ AHURAIEA B2 FIHH >k
P W, SRS AALIE ] B 1 IR AL BT, TR 1 3R Al i B S5 A 2 e, & B B AT DR
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Effects of Continuous Biochar-based Fertilizer Replacement on Soil
Properties and Bacterial Community Structure in Vegetable Garden

. . . * . . . . .
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(1. Agricultural Ecology Institute, Fujian Academy of Agricultural Science, Fujian Key Laboratory of Agricultural Ecological Process of Red Soil Mountain,

Fuzhou 350013, China; 2. Institute of Soil and Fertilizer, Fujian Academy of Agricultural Science, Fuzhou 350013, China)

Abstract: In order to understand the field long-term effect of biochar-based fertilizer instead of chemical fertilizer,
the vegetable yield, soil physical and chemical properties and bacterial community structure with biochar-based
fertilizer replacement for 5 consecutive years were studied by localization experiment. The results showed that
soil pH increased 0.13-0.25 after 5 years, and the contents of organic matter, alkali-hydrolyzable nitrogen and
available phosphorus in soils increased 2.1%-62.2%, 5.8%-86.0% and 0.4%-103.1%, respectively. The yield of
Capsella bursa-pastoris with biochar-based fertilizers increased by 4.0%-14.8% than that of the control, but the
yield under 75% replacement was lower than that of 50% replacement. The indexes of Sobs, Shannon, Ace and
Chao of soil bacteria with biochar-based fertilizer were higher than those of chemical fertilizer, and those under

75% replacement were the highest. Compared to chemical fertilizer, the abundances of Nitrolancea, Amycola-
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topsis and Gemmatimonas with biochar-based fertilizer decreased significantly, and the abundances of

cellulose-degrading bacterial increased, such as Planifilum and Saccharimonadales. There were significant

correlations between the abundances of Gemmatimonas, Ilumatobacteraceae, Methyloligellaceae, and soil total

nitrogen, total phosphorus, organic matter. Therefore, the replacement of continuous biochar-based fertilizer

significantly improved soil physical and chemical properties, and caused the changes in bacterial community

structure and diversity. Appropriate replacement of biochar-based fertilizers could increase vegetable yield, but the

effect of long-term continuous application on soil pH and C/N should be paid attentions, so as to avoid excessive

application inhibiting nutrients uptake and utilization by crops.

Key words: Vegetable garden; Biochar-based fertilizer; Chemical fertilizer; Soil; Bacterial community

WE AN A = A K, 2019 4F 3R A H
ARG T2 8N 5.404%107 to 3T AR BEE AT
I ABOR e, R E AR e B R 2 I
PRI, H 5 R IA E FMH AR AR ORI 22
o JEHGR X SRAE N RAFRALARAEY), 1997—2018
FERE G LML R 602.6 kg/hm?®, 523
FRAEDIR 1.8 51 fE X0 Hbr , NIRBEB A
77, S Tt A 2R LA A REASE FH AN v 7% 40 1
R IARHR S Ml A Fee i 75 fifp e 1) 2 2 i)

AR FENEAE A —Flogr BUAERL, d i st %
PRAG IR R A I, AR TR S
X543 R R 2803 DL R R R i e, A
K % 52 AR 5 R A I Tz S R 5T R 2
VIR FENE R A R B TEHUIE . REEA VUL K
FERMEEE, v H T KEEYKFE(Oryza sativa)
FoK(Zea mays)~ /NZZ (Triticum aestivum) LA N BTt Bx
R, VEVIRIH R ARRBUN IE RS RN, HA
FERR TR R B R HE SRR B, HE AT
H A B FIE A e o R P A PR X A, G FH ]
N VA AT) i A R4 o A Ak SR R VR P A K
TG RBCR S HMIE, ARl TSR
RHK, Hilt— LRl AT R 1E
L B WU 5 il DA S 338 S5 M 1 R AR e 14 7 T K
FEEBERY, K2R 2 s 1158
{ERFCRE M BURIEARE. B R, AR i H
P 7 5 pH AFESR AP, AR 250
PESE ] TR M RIS B ) A A AR, e ] E
Tk W B 77 43 Bl R g O A e s e i 2R TR
BAYIRBSF AR, AReiEEMAE KK
T2, R BN PT LUK A AWk FE HUAE Y B AR
e REIVER, AR T4 AR R Rk AE P IR 57 4 A
AW R, AR SO 5T AR A A B AR AL RE DR it
FH T S ] = 398 % 5 RN 2 B B VR S5 R IR IE B N

SEAE PR BRI A R G 5
1 MRV

1.1 ¥

T 56 i A7 TR A AR AR I T VR 1 (25°25" N,
119°36' E), J& WG~ %, 30 18.8 C, 4
BRI 365 d, FEFEIKE 1350~1 500 mm. 3N
Ft, AUFEE 1.37%, &% SRAams
B8 0.09%. 0.06%A1 2.51%, WA A X
AR E B2 A 42,00 35.2 71 193.04 mg/kg, pH
1H 6.85. IRIG AW IR FHAEAE 5E7E 500 C N 2L A
7%, HANEK . 2R B2 S &5 508 566.1.
10.2. 2.5 f14.7 g/kg, pHMH 9.31. mIEFHLALHTE
SRR RAE MU R EG AR, A AR
& P20s Fl K20 15 8505 538 9% 1.4%- 3.4%
#11.8%, pH7.8.
1.2 A%t

HH [A) ke R F B R R B AL R X i, Hhik 4 4
bR, RIRFEAC B ARAALEE 258 0 (HF). 25%
(B1). 50% (B2)F1 75% (B3), FRAbFE 3 NMINXEE,
NXTEAN 8 m?e H A FIEHE W, AREHE
9 180 kg/hm?e ALRE PR3 I IR A5 A1 &AL
B . HF 2 EE AL AR 5 AR PR 3R 390 kg/hm? i
TEIRAS 750 kg/hm?, SAL4H 220 kg/hm?. B1. B2 fll
B3 RbER 43 R A B 1 R A LR B AR 224,
W AN R 5B L B R A RO AR BR B AN A2 o RIETT
46T 2017 4 3 AN, EAEREBSEMNTE, 1
(3 H—7 AP H H Z (Ipomoea batatas), 57
(9 H—IR4E 1 A)FMEFS R (Capsella bursa-pastoris),
TAERAL 1 Ko
1.3 HEENE

T 2021 4F 1 H, REEA/DNX A4 R E
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753, PRI S AT 7 2 IE .
1.4 HIREMBAE B

HEEE 5 a REEEEAULIL/E, T 2021 4 4 A4
FIRIR /N X N PLeS” B 2 R AR EE 0~20 em &
FE, LRV G A, IREFE S ST A
PR ] S

pH K pH i+LIKEE 2.5:1 BEEIE, 4%
TERHIUIRE B A E, AYLURS ERHESR
BRI BRI 2k e v, WA A R B -
H3BOs WS e 25 AT A R0m R H A B bt L £
%, AR K B el
15 LIEEREM ST

K FH 3% DNA #2507 &(Omega Bio-tek Inc,
Doravilla, GA, USA)#g HU = e 1 3 4H 74 [ & DNA,
F 1%B e b e i B vk A ) DNA ()it &, R J5 1% %
R E AR R BR 2], L Illumina MiSeq
- & AT o & R A 4 AT
1.6 HiEALHE

BT Bl R HE A ERAREARA
F) B 2 M 25 (https://www.i-sanger.com) 4T . £
IR SCRESEISI I, BT AT LA e MEAR T )
e AT AR A0, Horh 2R H (a-diversity)
FF mothur version v.1.30.1 (http://www.mothur.org/)
T8 Qiime THECRH p-ZAEMEBE S HRE, DL R G
& 1EEl; MM Heatmap B S BV RH R 1
& pheatmap package HE {1 77v% . i 4 9] 1 bh AR
K B IRL R 5 243 BT (One-Way  ANOVA) A 78 [ A%

1 LML

Table 1 Soil physic-chemical properties

FIHS 56 (Kruskal-Wallis H test) o B8 fif 25 14 5 e 5 1 77
THR FH Network I ] 267541 A1 ERL K] 22 AH S
W28 AT IHEAT 23 AT o IR R - SR I 20 AT R FH BR IR R
k. HT Spearman 25 AH K REUHIE 1 FEREERT
50 J& 5 M85 T I AH S P Heatmap KU,

2 SR

2.1 FREEMRL

HF.B1.B2 #1 B3 AbHE 5552 7 &5 7N 27.93
29.06+ 32.07 1 30.94 kg/hm?. I HUE A b
B AL I AL PR (HF) S AN FRE FE 4R & 1 3 &,
9 4.0%~14.8%, HA1 L B2 AL # IR SRR, H B2
LbFR I 2% T HF 4bFE(P<0.05), {H HF. B1 1 B3
AL FR A 2 F AN B 35 (P>0.05). B2 4bFELE B3 Ak
RIS 3.7%, AH P 1A] (1) 22 7 AN i 3 (P>0.05)
2.2 TR BN

SR IERE 5 a )5, SR I pH E R
WAL AEAL ISR T 0.13~0.25, Hirh Bl A B2 4b¥i S
HF K3 ] ) 22 502 2.3 7K P (P<0.05). 3 1 A A,
W& pIEIE SRR N, L3RR, BUR. &
B AR, BARA. A, B SRR HE,
HAop AR S =N T 2.1%~62.2%, %N
T 13.3%~48.9%, TfAE S EeE 1 5.8%~86.0%, H
WS EIRE T 04%~103.1%, B2 f1 B3 4bFH 5 HF
] 1) 25 S 5338 . 2 7K P (P<0.05), HF 5 B1 AbFE ] ()
ZE AR E ;s (BT R ) AR B K

4%, Total = 41 Total 44 Total TR (mg/kg) B (mg/kg) R (mg/kg)
it " ; HHUR 1% . ; . .
Treatment p nitrogen Organic matter phosphorus potassium Alkaline hydrolyzed Available Available
/% /% /% nitrogen phosphorus potassium
HF 6.84+0.04b 0.12+0.01¢ 2.06+0.09c  0.12+0.01c 2.58+0.03b 76.93+7.68b 101.13+8.38b 193.04+16.21b
Bl 6.97+0.06a 0.14+0.01bc 2.10+£0.24c  0.11£0.01c 2.64+0.09ab 81.40+9.62b 101.57+17.35b 198.93+9.83a
B2 7.03£0.07a 0.15+0.01ab 2.82+0.17b  0.14+0.01b 2.72+0.02a 111.30+7.73a 164.37+24.00a 228.75+18.96a
B3 7.09+0.09a 0.18+0.01a 3.34+0.22a  0.18+0.01a 2.76+0.06a 143.07+£11.92a 205.40+33.38a 235.894+23.74a

HF. Bl. B2. B3 /AR pmmIEEERMALEER 0. 25% 50%. 75%:

[E 5 5 J5 AN [F) /NG - RER IR 22 7 W3 (P<0.05). ]

HF, B1, B2 and B3 represent 0, 25%, 50% and 75% nitrogen replacement of biochar-based fertilizer, respectively. Data followed different letters within column

indicate significant differences at 0.05 level. The same below

2.3 LI Z R

o ZFEVES T RARAGR 2), T3 TEN Sobs.
Shannon. Ace 1 Chao #5434 LL B3 /¥ &, H
& J5 %349 B3>B2>BI1>HF. Simpson %Ll B1 4t

M, H Bl 5 B2, B3 AbH A2 R4k B 2K
F(P<0.05). 775 FF 0L HE db¥d e, H5 B3 408
() P 22 S 1. 3 7K P (P<0.05)

Xt F p-Z ¥EtE, £ F Bray-Curtis 5% ) PCoA
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SAATRE, AR AL EE S T SRR A A B G £ T 1] (Actinobacteriota) ZZ AT | J(Proteo-

(PERMANOVA, P<0.05). Jifi It &b 25 e % file e i i 2
B ZE R 29.1% (K 1: A). HRHERILAE ALY
BB REATEAT 041, REENEH AR (1
X} fifE R T AR L R e R 22 5 1) 34.0% (] 1: B
2.4 HIEEBRYMA RS T

TETTKE BB 2: A), #4038 438 32 B 35

R 2 IR IR LR 2 AR R AR

Table 2 Changes in species richness and diversity indexes of soil bacteria

bacteria). JEEEEE [](Chloroflexi)s ERATF B 1(Acido-
bacteria). JEEERH [ ](Firmicutes). fFF B 1] (Bacte-
roidota). % FLHfI [ J(Gemmatimonadota). Myxoco-
ccota fll Patescibacteria, 2R B 1 AT ]S
JEEEGR ]S BRATE T 5 80.7%PA F. B2 5 B3
Qb 3R () A TR T T AN = B HF A0 B 3 3 B AR T

iseil Sobs &% Shannon 5% Simpson 5% Ace FREL Chao 1531 B
Treatment Sobs index Shannon index Simpson index Ace index Chao index Coverage
HF 1 585.0+270.57b 5.821+0.345b 0.009+0.003a 1 889.9+334.9b 1 914.0+340.24b 0.989+0.001a
Bl 1 685.0+181ab 5.760+0.183b 0.010+0.002a 2 096.9+177.1ab 2 111.7£167.45ab 0.988+0.002ab
B2 1976.7+155.47a 6.181+0.094a 0.005+0.001b 2 436.5+180.44a 2 425.1+149.96a 0.986:+0.001bc
B3 1983.3+186.83a 6.226+0.236a 0.005+0.001ba 2 457.1£161.79a 2 453.6x172.17a 0.984+0.001¢
PCoAon OTU level PCoAon OTU level
A R*=0.372 3, P=0.037 000 B R*=0.352 1, P=0.083 000
i e HF 02k |
L 1 B1 ) 171 |
03 B3_I : B2 ¢ i
! B3 |
02k 1 01f %@2_‘
- l s i
S ol 1 2, B3 3 & :
8 . 1 o OF-f==== ?1;2 B B
N n .BZ_S i $13 ! N
S ookl AT W22 ] S ! PEE
S ! B3 2 = ok :
NITERSS o | 2
-0.1F ; P! ;
4 02 |
—V.ir 1
-02F JIF2 ; ’B3_1 E
-03 I : 1 -03 1 L : I I 1 1
-0.4 -0.2 0 0.2 0.4 -0.2 -0.1 0 0.1 0.2 0.3 0.4
PCI (29.05%) PC1 (33.97%)
Bl 1 HHERERE PCoA+Adonis 7247, A: FLALEE; B: MR E,
Fig. 1 Principal coordinate analysis (PcoA) and Adonis analysis of soil bacteria community. A: Fertilization; B: Biochar dosages.
100 A 100 "
P _ B Actinobacteriota n A\'acgrdioiaies
;\? I $—— e __ M Proteobacteria : ﬁﬁhm f’f""’%}O_KF_CM“
ERN Rl T “© e
- aiella
_§ m Firmicutes - 232:1?%}2;2’27;2;@255; aceae
= Bacteroidota ] S\[armo_rfﬁla
_E' G - adot: m Streplomyces .
S 60 BV 60} — o sy
E W Patescibacteria e - — : f'n’g:: o 7%17 lel;:‘nnmaumonadaoeae
» EEREEL T
: v = — Hi
Q — | ] W Mycobacterium
£ — B w Microvirga
20 20 _ — 10! _{ norank o__Gaiellales
m norank_{__ norank_o_ norank_c__Gitt-GS-136
i £ B i
'T;H: m others
0
HF Bl B2 B3 0 HF Bl B2 B3
Kb P Treatment Kb P Treatment

& 2 T 1TIA)REB) /KT - e 4 i 74 45 4

Fig. 2 Soil bacterial community structure based on phylum (A) and genus (B) levels
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17.4%M1 15.3%, TIERFFEI]. JEBEET 1A Myxoco-
ccota [FAHNTFEE 73R = T 61.5%H 38.4%- 40.4%
1 48.4%- 20.0%F1 34.9%.

FEJEAKY b, P IR b LR R 790 J&
(E13: A), &AFRALE & HET 8 B3>B2>B1>HF .
Hrpa N ICEEA 517 )8, HF AEMA 1
20, Bl N 168, B2 N 18 J&, B3 N3l JE.
£ KB & (Nocardioides, 5.33%~8.66%) ¥ % 5 510
B J& (Sphingomonas, 4.04%~7.42%)- JG30-KF-CM45
(3.35%~6.00%) 3412 F Z )R HB wIE . Frittz 4h, HF
KR AW JBIE A Vicinamibacterales (3.35%)« K
A M B & (Marmoricola, 2.86%) M5 1 J& (Strep-
tomyces, 2.77%)%5 (K 3: B); Bl AH LA T #FB#
J&(Arthrobacter, 3.24%)- Roseiflexaceae (3.13%)#

Bl B2 ® HF
® Bl
o B2
B3
B3

& 3 TR KPR venn Bl(A)FIFLA YIRN L0 1E1(B)

norank_f Vicinamibacteraceae: 2.94%

norank_f norank_o_ norank ¢ KD4-96: 3.03%

norank_f norank_o__Vicinamibacterales: 4.76%

KD4-96 (2.96%). B2 #1 B3 kb3 {ik A o6 ) K i &
(Gaiella, 2.94%~2.98%) (& 2: B). HF 1 B1 43+
JEE S5z v PR TR JE D9 U I TR S B T R R e A
JG30-KF-CM45; B2 Ak F1 = 2 fz e (O v TR R
JG30-KF-CM45B3 il KD4-96; B3 AbFAif+ K
J& - Vicinamibacterales FI¥H R B F I H J& . 1EJR/K
P R 2R T7 250 HT(One-Way ANOVA)A Tukey-
Kramer fr50 3 81, 4 A0 16 AL & (Nitrolan-
cea) VHEE LUK R & (Gracilibacillus)« ) TCH R
J&(Amycolatopsis)~ Luedemannella. Turicibacter-
Angustibacter+ JG30-KF-CM45 1 Dyella )3 FEA71E
22 75 5 (P<0.05), 1M 5 B J B & (Gemmatimonas)
Planifilum » lamia 1 Saccharimonadales /)= J& 177
W3 25 22 57 (P<0.01).

Intrasporangium: 1.52%,

thers: 47.69%
norank_f _67-14: 2.22% others °

Streptomyces: 2.26%
Marmoricola: 2.45%

norank_f Roseiflexaceae: 2.52%

Gaiella: 2.96%

norank_f JG30-KF-CM45: 4.99%
Sphingomonas: 5.77%

Nocardioides: 6.86%

Fig. 3 Venn diagram (A) of bacterial community and pie chart of common species (B) based on genus level

2.5 HIEERFLE M RER SARBL TN 43
HEIPEMI L o BT LW, B T YR A
2 643 MR 5K 4: A), HF. B1. B2 I B3 4b3
SR 617, 655+ 686 Fl 685 NI i, 5 4 M AbHEYy
IR LIA 55.3%, FA 754%MEAE 2 HA L
AL LA . 4 NAEE A 11 R IR 2%,
HAr Nocardioides (6.93%)~ Sphingomonas (5.99%)~
JG30-KF-CM45 (4.99%)- Vicinamibacterales (4.62%)-
Guaiella (2.86%)- Vicinamibacteraceae (2.84%)-Rosei-
flexaceae (2.55%)~ Marmoricola (2.42%)F1 Strepto-
myces (2.23%); 9 JEILLZIT 1%, HH Arthro-
bacter (1.71%)~ Intrasporangium (1.58%). Gemmati-
monadaceae (1.46%) Bacillus (1.23%)# 1 Mycobacte-
rium (1.01%). LA 20 JR#f 2 A0 - e 40 i B R

MR DB MG 2 TR (8] 4: B), W%
RN 19 AT AR 111 4530, U0 IR s A7 A
B HIEREME . Latescibacterota. Armatimonadota
Deinococcota. Acidobacteriota. Dadabacteria. NB1-j.
Nitrospirota. Entotheonellacota. RCP2-54. Myxoco-
ceota S5 [ T IRIAH SRR, 72 BEAN DR 19X 2% rp b X
fEH], H+h Deinococcota 5 HAth ] 2 fAH 5,
2.6 5IEHAT KRBT

IR R 10k B B 5 R 52 R 1) RDA 73 i R W,
RDA 1 i1 RDA2 flixof B S5 1 72 57 FRUARRE FE 233
36.63%M11 16.69%. HmRIEALE LR B2 Al B3 A&
H1 5 HF A1 B1 43 RDA 7 ) _Egi o 21 5:
A).Heatmap HH 5173 MR WI(& 5: B), Gemmatimonas
MRS 1% pH. 2% 2. AU, Rk,
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MO B AR AR ) BT 3 A SR (P<0.05);
Gemmatimonas -~ llumatobacteraceae . Methyloligellaceae
S B AT eRE S B B AR
4:(P<0.05); Microtrichales. Marmoricola~ Blastoco-
ccus~ Lysobacter. Xanthobacteraceae [ 5 1354

g__Intrasporangium  Gaiella
g norank_f ®G30-KF-CNI45 &_Sphingomonas
g_ norank_f noraBk o_ndrank ¢ TK10/ g_gorank__AKYG1722
Mycgbacterium

ik _{

g_ Nocardioldes
g_ norank_f__norank_o

g_ B s

Streptomyces

~

__noerank”f__Gemmatimonadaceae

g_ norank_{ SC-I-84

g_ Arthrobacter

& Bigldyrhizobiu norahg_{ norank_o_ C0119
g_ norank’ f _nora
g_ norank_® norank o_

g/ norank_f norank_o_ norank_c__Gitt-GS-136

g_ Blastococcus g_ Solirubrobacter

4 JLBLIE 48 (A) IR DG R 2% 1€ (B)
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