+ 1 (Soils), 2024, 56(4): 776-787

DOI: 10.13758/j.cnki.tr.2024.04.011
REK, EEY, BEUL, & SFEIRP ISR 2L IR B A 1 55 N I A T e GE ) 2R R TE 25 A RE . 13, 2024, 56(4): 776-787.

ARFEMAREEM IR AN FEE L IERMED S #Fit
e R s R m”

ﬁ:zﬁkl, HEM, BERE, kil 25487, 2 W, 2 %! kiR E &
//\/%

(1 Pk PR 2 A i SR B8 2 e A b A T8 2R LBk b (75 T S0 2/ MO s8R L R TR S Rty , SEBH 1108665 2 B Bl A ht
Jy, ILTEH 123100)

T OE: TR T SRR R AN SR - A R, SRR R AR SRR, 4y 5K 350, 550, 750 C
S R R ) B T KA FE AN A REARS FF 25 9 S5 o S i B AE H -4 P 5 3% 60 A 360 d, SR Tllumina Novaseq $ AR 44T T HXH
FH - M52 200 TR R B 2 R VR 250 R 25 SR S i o S5 SRR . SN AL A B 3R 360 d MMEAE H AN
FE R oK R R AT A W I B v e B 5 3 P AN T O 5 20 97 B TR T ] (Planctomycetes) . 4845 T[] (Chloroflexi)
FIRLLE B T (Actinobacteria), =398 o L TR B v Wil 25 VR o0 A4 49y I e 35 9 B TA] B4 | JHC = 60 88 R 2 0 k38 B SE BAIC S T v )
ey RHOPILSE RN T E T (Ascomycota) FI4H T F ] (Basidiomycota); FHEBLKF- W fh B H 2S5k b £
I 4 75 5 1] (Chytridiomycota) Al B2 ] (Mucoromycota) . $53% 60 d B, IS 550 “C 2L 15 B 5 KRS F1 A2 1) I e b BB v 4 1 A
NN ESER I P E S Ve S vy s N EAS (Y ) T o S RACE 7D 102 ) L N <P/ 7 o0 N i < v S G A e = 47 4
VIBEE S . 5 b, BRI L3P, 5 ERFEFAMRRA L, AKREFEFE AW BRI 360 d J5 $ 7 - et P 2 Bl R
WhF, AR FA R IR S U M R M R R, AR AR R S W BETR A5, LR KRR RS AR A
W) I3 2 Uk X B TR AV S R B S )

KR AW ZURIEE; MEYBIELH; MY 2R

HESES: S156 MEIRER: A

Effects of Adding Different Types and Pyrolysis Temperatures of Biochar on Soil Microbial

Diversity and Community Structure in Paddy Fields
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Abstract: To further explore the differences in the effects of raw materials and pyrolysis temperature of biochar on soil
microorganisms, an open-air pot culture experiment was used, in which maize straw biochar and rice straw biochar made at pyrolysis
temperatures of 350, 550, and 750 C were added to paddy soil for 60 days and 360 days, respectively, and the Illumina Novaseq
technique was used to analyze their impacts on the diversities and community structures of bacteria and fungi, as well as differential
microorganisms. The results showed that both types of biochar cultured for 360 days improved the richness and diversity of bacteria
in paddy soil, with rice straw biochar showing the most significant improvement. The dominant groups of bacteria in soil were

Planctomycetes, Chloroflexi and Actinobacteria. With the extension of biochar culture time, the richness and diversity of fungal
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communities in soil showed a trend of first decreasing and then increasing. The dominant fungal groups in soil were Ascomycota and
Basidiomycota. After 360 days of cultivation, the species richness at fungal family level was more uniform, and Chytridiomycota and
Mucoromycota were commonly detected in soil. After 60 days of cultivation, corn straw biochar at 550°C pyrolysis temperature had
the best effect on improving the richness and diversity of bacteria and fungi. The addition of rice straw biochar at different pyrolysis
temperatures led to different dominant categories of fungal community, changing the structure of soil microbial community. In
conclusion, in paddy soil, compared with corn straw biochar, rice straw biochar has a better effect on improving soil microbial
diversity after 360 days of application. The type of biochar raw material is an important factor affecting soil microbial diversity, and
pyrolysis temperature can affect microbial community structure, especially the influence of rice straw biochar pyrolysis temperature
on fungal community structure.

Key words: Biochar; Pyrolysis temperature; Microbial community structure; Microbial diversity

YT AR HRERS 4R = AR ) T A it AR oR AR sl , HR AT 75 5 W i
B LA S A AR, E SRS FRZE BRI AORRIERIRIR, 35 T po R, Bl s i i At e
FEIRRZ — YT RAR G AR, BYHE 1K, R R BT n, Bk bz
PEF R B R, A SRR LB R as . AR TR A5 IR % A /N
FFEARRE AR, WY TR pH>T, X SHH S IKFE(Cs VED) A K (Cy VEP AT HB AN )
WRIRER  BERRER S ML W A0 P TFgR R, RIRIRR I AR 9 0 0 5 3 T A 0 2 O B S T) e
ARV 5 e SRR S R i A S, WK Sy . S S RCR AR A 2 U, BN R TR B A S5 Ak
FLREIRL . FLEREE . S5 B IR LA Bk fl 7= 3R 450, REAZ YA R A T A T R, AT (R 9 25 4 1 A
A R RS B S IR TR A O, R I B LN e e R
AR LR ANSE , ZEARIR AR R A r= i A P e, 1R BT UL AHIFFE R FH K R ORAEFF 0 SRR
B TR S RME YR, MifE=550 CR@IR Wl AW, ety SRR H bk ks, oF
JEN AR IR AE Y T, FEPH S AR % T AN R IR A R B A 2 T VA %o A P -
A K, pH L HE A W ARV R VE 25 R (R B2 i, AU A el s e -

AV S RGP EEMLUSER Y E L HREH L RE AR BRI — e B %
b SR I AN 2 Ui NN X L e TR s X ol b s
FIST. AR B L s R s L PR R
MAEYNASA, AE RS ER EEMAEYNEZ 11 HRRER
BEVES MO gT e, 0t My nT LA ok A i AT I T2k BH ARl R 27 B A 56 i b (41.82°N,
A TR E IR, AR B LB HE AT 123 57°B)HE4T . %L M b JEIR A, 7 TR L E R
DAIE 38 5% M A ) B i 7K 4 B SR BRI i Ak A v TR 0 M T L VT e Y 2 R S A
AT BUE A W REE S NI BUIREE R W gEhE 78 B, EREW, LHETH, F
WA R, HARE2ZE S K, AT HIEMAY) PSR Y 7.9 C, 4EEKE 574 ~ 684 mm, £4F
PRI, A Meta M7 200, {2 A I BE JCFEW 147 ~164d,10 C LA AR 3 300 ~ 3 400 C,
AR R A TRE R b SRR W 0 2R A Y VEI AT 130 ~ 150 d, EW A B WY
FEERTY, 300 ~ 600 C RIS, EWFR 207 C, EKFBHEKETEY 547 mm, & EAEYE
B EARGFRE] TS B , T>700 CRIEH K ik 58k 1T 7944 10 BH 1 1 SR 248 19 75
A RERPIAY AU, SRR +452(42.08°N, 123.30°E), M5 HakEZ A Tk
JERALE, e rh RSO ROARXT E N BRBUEY 2 MR E WA, B R R, AL
FEVETE 650 CRUFIRIERUR M AEMRBIBINGEH g 1 s,

F1 HiIAHEEARELMER

Table | Basic physiochemical properties of tested soil
pH HHUIK(2g/kg) 5 (g/ke) A (g/kg) A (g/kg) Bl fif 2 (mg/kg) H R (mg/kg) JE R (mg/kg)
6.55 14.33 1.47 3.47 19.65 96.85 22.76 125.88
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1.2 REFZITESHERREE

AR5 R 8 KA 7280, % HEA A
[l 72U Cs o Co FPVEY RS FF 15 2 SR A4 ek il B
WA T . FEORFEFFAED R (M) . KRS FF A=
JF s (R) o I A 9 J5 o 359 76 24 iR 40 0 R T
(350 °C). T2(550 °C). T3(750 C)MIRALI T4
) T (A A B ) SR F 4 E VAR A IRA D,
IR C. N &RIE 2 fin. #HERKRIEEN
IIN ) (TR BN 1%), K5 A5 1 (0 AS 6] A ) R
BB STHIR A BIKAS L, FELORE A4 5t e Ry

SR (CK). F4h%E 1 10 kg, #Fh 3 7OKRERT, &K
3 B, FERG SRR P ORRFIR K2R 3 em, DIREE
TS KREE . T 2021 4F 4 A 28 H ¥ LEY 5
BISHRARHE £, JEF Y HSETEKEE, 25
Bk AE, IERFE 60 d(F, K75 )AI 360 d(S,
B AR S)E T IR RS . EHERERCRA 0 ~
20cm 1JZ, RGP IR RS0, BAERS
BIspe N BB, A T UK PR IRAS P9 el 52
WE, T 80 C vKFfRAE, . AR A
d X o ARG AN 2R 3 R o

Fz2 HEYRRE C. N EE(gky)
Table 2 C and N contents in tested biochar

E3ii] AR 350°C HfEIREE 550°C AR 750°C
C (g/kg) N (g/kg) C (g/kg) N (g/kg) C (g/kg) N (g/kg)
IKFEREFTFAE Y % (R) 417.22 3.88 444.15 4.18 615.34 4.67
FORFEFF A 5T e (M) 585.11 3.68 495.74 3.79 438.56 3.76

®3 FRLEHMRS

Table 3  Letter representation for different treatments

FiFRIN 8] (d) RPHEIE(C) FORTEFFAEY R KRERFF ALY BR

60 350 FMT1 FRT1
550 FMT2 FRT2
750 FMT3 FRT3
360 350 SMT1 SRT1
550 SMT2 SRT2
750 SMT3 SRT3

1.3 MEMHESFHE
1.3.1 B3RS DNA SRR FlF  DNA
PEHC. fiH] OMEGA 13 DNA 7| £(M5635-02)
(OMEGA Bio-Tek, Norcross, GA, USA)HEHEFERA
2] DNA FEA, 4351 F] NanoDrop NC2000 436G
#+(Thermo Fisher Scientific, Waltham, MA, USA)F13
U R S L KR 0 B B DNAL ) 50t R o o

PCR 43 : AW B A AR TE 16S rDNA (V3 ~
VA I AE X, 5| #¥): 338F(5-ACTCCTACGGGAGG
CAGCA-3'), 806R(5-GGACTACHVGGGTWTCTAAT-
3 HME bR E ITS1, 5% : ITS5F(5-GGAAGT
AAAAGTCGTAACAAGG-3"), ITSIR(5-GCTGCGTT
CTTCATCGATGC-3"), PCR /A Z 4l 'F : NEB Q5 DNA
EIRE R AR 0.25 pL, 5xReaction Buffer 5 uL,
5xHigh GC Buffer 5 pL, dNTP(10 mmol/L)2 pL, #&
Hx DNA 2 uL, IE514(10 pmol/L)1 uL, 54
(10 pmol/L)1 uL, 7K 8.75 uL. PCR KW FEF: 98 C
AR 3055 98 °C AEtE 155, 50 °C iHk 30s, 72 ‘CHE
#30s, PR 25~271K; 72 CH4F S min, § 19T

4°C 7. ¥ IGEANIETT 2% BiighEsE vk, DIHE
1 BeE H Axygen BERE IR E a1l B 9 7B

A Tlumina /A 7 /Y TruSeq Nano DNA LT
Library Prep Kit #4782, JE A7 SCERTR 5 it
B 1 puL %, 1E Agilent Bioanalyzer HL#% I Agilent
High Sensitivity DNA Kit X§ SCZEA# 2100 Gk, ik
A0 LA SO . A Quant-iT
PicoGreen dsDNA Assay Kit £ Promega QuantiFluor
X CEMRATE R, RUESCEITFREHRE 2 nmol/L
Phbo ka6 B9 SCZEfd H PE250 Tlumina NovaSeq
B XS AT

IR ) DNA S BUSIN 7 #0435 Fh R AR 5
PRI AT RS ] (P ) 78 B
1.3.2 FHRESHr RRESI ALY . it
UE L AWM PRHER R SRS L RE T DADA2 U
EUYHEAT o 2O T R, RISHUE N 100%,
Z a0 FF EA N ASV (Amplicon sequence
variants), X FAFEZGNEFH, 43500k H4 B R E
VBHEPEVE N ASV Jp RESE BT 9, RIURE
B PR RS . AP H BE T silva 132 B %2 (Release
132, http://www. Arb-silva.de), ELF5 H 3T unite 8
HPE )% (Release 8.0, https://unite.ut.ee/).
1.4 HiELE

K H SPSS 25.0 ATEAR IS o0, RATHLA
FE ML HE 7 25087 Fl Duncan 5 £ 5 LA AL B
] 22 5 b E R . SR IR AR 2 K = °F 65 (htps:/
www.genescloud.cn/) #4773 A2 H AT . AR
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JEIR N EBERT 10 S209PFh, FHRYRh g — 0255
other 2551, WIFHI(60 d Fll 360 d)45AbFHAH T ]2
BORSF-H 5050 R 37 FhoRD 35 A Hib, 5 FCK(33 F) .
SCK(30 FiNAbFRAR LY, FOKFNIK FEREFT A4 Bt e b 343
60 d B3N T 1 FpR1 2 A, 360 d B4R IR T
3FPA 6 Fl, AN 2 iR, AALEEIREE 1Y IR
# ] (Planctomycetes) . i%ﬁ% I"J(Chloroflexi) . itk
T [ J(Actinobacteria), X 3 FEFEH [ T7ER 37 60 d B
100
90
80
70
60
50
40
30
20
10

HIXFEEE (%)

(14 85 b B PR O = BEYE L300 R 2 29.33% ~ 32.60%
23.21% ~28.99%. 11.25% ~ 12.73%, TifER;FE 360 d
I A AL FE G A . 25.34% ~ 33.24% . 21.64% ~
32.30%. 17.72% ~22.53%, Hr, 5537 360 d J5 4%
JERPAT TSR 60 d BREINT 64.37%, MERATEAT 10
VIR T 44.51%, 7381, 550 °CALRIEEE iAW i e Ab 3
AR TR A TR R, 3 ARG X
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Fig. 2 Relative abundance of bacteria at phylum level under different types and pyrolysis temperatures of biochar
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AT E &N, {BIR 4 48 B FF(Anaerolineaceae) )
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AR = B e T HA AL B, 1597 360 d PR B
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Fig. 3 Relative abundance of bacteria at family level under different types and pyrolysis temperatures of biochar
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Fig. 4 Relative abundance of fungi at phylum level under different types and pyrolysis temperatures of biochar
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Fig. 5 Relative abundance of fungi at family level under different species and pyrolysis temperatures of biochar
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Simpson FEE(2E T L3 (P<0.05); FEKFEREFH4: W)
BALBRT, SRT1 AR HA 8RR, HAaF5tR
KR A5 o X HC T A B TR AN [ S b s A o e
S BN P 514K FCK L FR AbBE i /N T SR A
Fud B 4 DB b PR B AL 35—

YR BAL R T CK B, b FCK>SCK,

FM>SM, H¥A %25 (P<0.05)(K 4). ZHETT
25T RV, 25 Z PRI 5 BEFR R0 8000 73 7
IFa] b 2 S, A 0 o b 2 RN S I ] Y 58 A%
IVRURTE

£ 4 YAE 16S rDNA Illumina Novaseq = B S M FHIE R o SR
Table 4 Illumina Novaseq sequencing bacterial data and bacterial community o diversity indices based on 16S rDNA
FESRIA](d) Ab¥ FFHEL Chaol $5%% Observed_species Shannon F5%% Simpson FH%X
60 FCK  72888+4619Ca  3371+127ABa 3101=88 ABa 10.61+0.03 ABa 0.998 8 +0.000 1 Aab
FMTI  80990+3255ABCa 3741101 Aa  3409+76 Aa 10.76 £ 0.04 Aa 0.998 9+ 0.000 1 Aa
FMT2  86663+4312ABCa 3974+126Aa  3577+95Aa 10.8+0.04 Aa 0.998 9+ 0.000 1 Aab
FMT3  76687+6049 ABCa 3773+217Aa  3423+160 Aa 10.71 +0.06 Aa 0.998 7+ 0.000 1 Aab
FRTI  79381+7726BCa  4007+350Aa  3651+286Aa 10.77+0.08 Aa 0.998 8 +0.000 1 ABb
FRT2  74264+3942BCa 3619+167Aa  3341+137Aa 1066+ 0.05 Aa 0.998 4+ 0.000 3 ABb
FRT3  76805+3475BCa 3633+127Aa  3387+89Aa 10.78 +0.04 Aa 0.998 9+ 0.000 1 ABab
360 SCK  78046+2001Bb 1776+575Cc 1735+547Ce 9.95+0.29 Cc 0.998 3 +0.000 2 Cb
SMT1  79326+6034 ABb  2396+276 BCabc 23124256 BCabc 10.24+0.14 BCabc  0.998 4+ 0.000 1 BCb
SMT2  86706+5995ABab 21494203 BCbc 2096+ 188BCbc  10.16+0.11 BCbc  0.998 2 +0.000 1 BCb
SMT3  96884+5209 ABab 2779+260BCab 2680+224BCab  10.5+0.08 BCa 0.998 6+ 0.000 1 BCa
SRT1  101959+5175Aa 2728+271 ABab 2621 +236 ABab  1043+0.09 ABab  0.998 5+0.000 1 ABCb
SRT2  87065+5744Aab  3191+198 ABa 2978153 ABa  10.54+0.03 ABa 0.998 6+ 0.000 1 ABCa
SRT3  86506+3456Aab 3217+175ABa  2995+136 ABa  10.53+0.03 ABa 0.998 7+ 0.000 1 ABCa
TR 0.01 ns 435 536" 422 0.18 ns
SR 0.12ns 0.44 ns 0.6 ns 1.66 ns 291 ns
R 5.82° 52.18"™ 5046 55.78" 16.59™
AW TR~ g 3317 0.22 ns 0.27 ns 0.25ns 0.23 ns
AR EEFRRTR] 224 ns 726" 5.82" 6.29" 6.77"
SR = IR ] 0.7 ns 2.02 ns 1.93ns 1.76 ns 1.52ns
AT A< B P < B R ] 3ns 236 ns 2.18 ns 342 5.14”

& RPFESIR /NG TR R R — R R A B2 [0 22 53 B35 (P<0.05), AN [R) RS Rk WA I AR [l 160 A 00 o B B (£

FH2S TR Z Al 25 5 3 (P<0.05); ZRE T 225001, ns FaREIARE; *,

3k
N

*RFORISINAE P<0.05, P<0.01, P<0.001 K

2F; TR,
#*5 EB ITS #F Nlumina Novaseq =B =M FHIER o IR
Table 5 Illumina Novaseq sequencing fungal data and fungal community a diversity indices based on ITS gene
RESEHE (d) Qb AL Chaol 8% Observed_species Shannon F5%% Simpson 541
60 FCK 154550+ 13 148 Aab 490+ 103 Aa 470 + 101 Aa 33+09Da 0.609 7+ 0.105 8 Db
FMT1 16349143627 Aab 303 £40 ABab 279 + 37 ABbc 274+045Da  0.6703+0.069 2 CDab
FMT2 168520+3555Aa 492+78 ABa 456 + 70 ABab 3.7+0.41 Da 0.772 6 +0.048 3 CDab
FMT3  125796+15158 Ac 276 =51 ABb 259 + 47 ABc 298+036Da  0.7267+0.061 5 CDab
FRT1 92786+2113Bd 259+ 38 ABCb 252+37ABCc  3.93+035CDa 0.8438+0.029 1 BCa
FRT2 89324+2772Bd  327+56 ABCab  319+55ABCabc 3.44+042CDa 0.726 4+0.058 1 BCab
FRT3 142632+3800Bbc 411+53 ABCab  389+49 ABCabc 3.96+025CDa  0.807 2+ 0.030 8 BCa
360 SCK  72253+1753Bb  97+31Db 96+31 Db 475+£0.40BCd  0.920 7+0.030 4 ABb
SMTI 75578+4039Bb 143 +21 CDab 141 +20 CDab 55+0.19 ABbc  0.9551+0.007 4 Aa
SMT2 85272+6955Bab 123 +30 CDab 120 + 28 CDab 525+0.16 ABed 0.956 5+0.006 1 Aa
SMT3 90986+2870Ba 19546 CDab 191 + 46 CDab 5.74+0.26 ABabc 0.960 7+ 0.010 4 Aa
SRT1 94385+3400Ba 232+ 15BCDa 229+£15BCDa  631+0.13Aa  0.9714+0.0047 Aa
SRT2 74383+2408Bb  188+26BCDab  187+25BCDab  6.15+021 Aab  0.9603+0.0182 Aa
SRT3 76484+3130Bb  189+38BCDab  187+38BCDab  6.14+0.20 Aab  0.9752+0.002 3 Aa
RIS 347 0.23 ns 0.65ns 1451 347ns
SRR 0.13 ns 1.25ns 1.22ns 0.09 ns 0.13 ns
R ] 67.69™" 452™ 42.92™ 89.43" 67.69™
HE W) RIS < S 242" 1.72ns 1.43 ns 1.26 ns 242 ns
AW RTINS SE SR ] 1.78"™ 2.1ns 1.63 ns 0.03 ns 1.78 ns
SRR L <SR ] 0.01 ns 3.39" 348 0.56 ns 0.01 ns
HE TR IS < SRR B < B 7R ] ] 1.91 ns 473 437 2.45ns 1.91 ns
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FR<SR, HPFTER & 2R . ZHERITZ 0 iR, 5

FRBF 1] () O A T A HE bR TR i 3, ELE Y F
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Fig. 6 NMDS analysis of bacteria (A) and fungi (B) based on bray-curtis distance under different treatments
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Fig. 7 Heat map of top 20 species composition at bacterial phylum (A) and family (B) levels with biochar addition at different pyrolysis
temperatures
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Fig. 8 Heat map of species composition at fungal phylum (A) and family (B) levels with biochar addition at different pyrolysis temperatures
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