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O DUMSERE A OIS, BF AR S it P A FE S B A SR AEAR B - 3 R R AR R s ), I RAE T
AR5 (CK) . i Tk 3 vhm*(BCL). Jili k¥ Fi% 6 hm?(BC2)FitiAE Y % 9 t/hm’(BC3)4 FRAERARAEHIPR 1, 247+
AR B AR PR - A MR S AR 2B Ak . SRR, AW it FH S 135 pH AR SR 3 5 R T 5.58% ~ 9.18% #lI
5.38% ~ 18.04%; 5 CK MHLL, AW mipnti Al LA LT . 2% . 28 WAFAFIA RS = BENN, H BC3 HINBCRELT,
B A= 9y it FH S B30 330 B i W B RRAIC. AE W B et FH S 35 RAIK T 77 85 78 |1 (Planctomycetota) . ZEEAHIE [ ] (Gemmatimonadota) |
JEEETE ] (Firmicutes) F#% 55 ] (Mortierellomycota)fH%F B, {HH4IN T F4E R J(Ascomycota) . ¥ 7L/K & [CH & (Skermanella) . &
HEFTTE JB (Bryobacter) . T72 1# @ (Chaetomium) . Sk R 55 J& (Cephalotrichum) . 4x1f1J&8 (Chrysosporium) FIHLIRFE 1 )& (Pyrenochaetopsis)
FIAXT S Sk, AW mchti AR TR bs A E M 2 RE AN iR E & 8, (MRS HE B F 8 B s . Ay ot .35
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Effects of Biochar Addition on Soil Physicochemical Properties and Rhizosphere Microbial

Community Structure in Cotton Fields
WANG Zhen'?, WANG Wenmin', GU Jiacheng'?, WANG Wei', CHEN Gang', CHENG Zhibo'*"

(1 College of Agriculture, Shihezi University, Shihezi, Xinjiang 832003, China; 2 Key Laboratory of Oasis Eco-Agriculture,
Xinjiang Production and Construction Corps, Shihezi, Xinjiang 832003, China)

Abstract: Focusing on the effects of biochar application on soil physicochemical properties and the microbial community in the
rhizosphere of cotton fields in Xinjiang, cotton rhizosphere soils were collected from four treatments: Control (CK), biochar 3 t/hm?
(BC1), 6 t/hm* (BC2) and 9 t/hm? (BC3). The changes in soil properties and rhizosphere soil microbial community structure and
composition were analyzed. After biochar application, soil pH and electrical conductivity (EC) decreased by 5.58%-9.18% and
5.38%-18.04%, respectively. Compared with CK, biochar application significantly increased soil organic matter contents (SOM),
total nitrogen (TN), total phosphorus (TP), alkali hydrolyzed nitrogen (AN), and available phosphorus (AP), among of which,
BC3 had the best effects, but biochar application significantly reduced soil potassium content. Biochar application significantly
reduced the relative abundance of Planctomycetota, Gemmatimonadota, Firmicutes and Mortierellomycota. However, the relative
abundance of Ascomycota, Skermanella, Bryobacter, Chactomium, Cephalotrichum, Chrysosporium, and Pyrenochaetopsis were
increased. In addition, biochar application reduced microbial diversity and bacterial richness but increased fungal richness in the
rhizosphere soils. Applying biochar significantly affected the community structure of rhizosphere soil microorganisms, especially
fungi. Soil EC, available potassium (AK), and pH were the main factors affecting the rhizosphere soil microbial community. In

conclusion, biochar application can improve the physicochemical properties of cotton field soil, thereby affecting the composition

O#-4TH . ERH KRBT H (32001488, 32360806) 1A 1] T KA T AEQIHHKR P A A T H (CXBJI202103)¥E 8 .
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EZ R THRQ000—), B, BN, Wi, FERM SIS SRR E 5 5. E-mail: 13797416972@163.com
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and structure of rhizosphere soil microbial communities, and 9 t/hm biochar application is recommended in this experiment.

Key words: Cotton straw; Biochar; Soil physicochemical properties; Rhizosphere microorganisms; High throughput
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A I R R A ) ST — 2 A5 AN R U BT R
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J . AR IR ORIy A R X AR
i RERSREAK LT pH, 2K . 2N4e
Bty AT st AR S SR TR e e
YA R R, Ak, Bai 4NEE Meta
SR R I AU R A ) B e S (AT 3438 7 25% /e
A, T AR R 38T FH A W 3 PR

R W AR k3 SRR R R A R
PRI 6 HUE 25 A 5 AN T 2R TS, AR
PRk o Fge o v R 0 1, o2 - Sk W i
TRERAY X I A IFTE LB, AKAEAS FE A W o s
Xof KT AR B A B = B AT e, (F 233 5 el - A P
A I ] 22 A AR o 4 1 T L R AV 25 MUYy ok
ol AT A 9 J5 it T 4 388 0 6 K AR B = SRR AT B 11 AH
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o Ko} I St P 1 O A 5 AR B B2 A A 11
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1 #REIE

1.1 IR

RE T 2021 4F 5 A FE AT F R M e A5
BEH(44°19'N, 86°03'E)iEAT, 12 X Jag HiL A i) Yt 47
KEGPESE, Wk 404 m, 4EXIR 7.4 °C, AFEREK
206 mm, M 168 ~ 171 d, 4EZE K& 1 600 mm.,

PEXHHEOIRE L, 2021 AFEGRT T AR (LM
WF.: +3%pH .55, SR 0.15mS/em, AV
10.43 g/kg, BHfE 34.15 mg/kg, ARWE 20.74 mg/kg,
BT 309.31 mg/kg.
1.2 REigit

R E 4 M OAREAEYTRCK); Q)i
YT B 3 hm*(BC); Qi ¥ i % 6 t/hm® (BC2);
@AY Fise 9 thm*(BC3), R MbRE 3 kER, 3t
12 4/NK, BAVNKIER 15 m?, /NMXBEHLHES
FAFEBZNH 150 thm® & A AE(N-P,0s- K,0 BLHtH
18-46-0)E A HEAE . 7EAH IR I WAL T A AERS FF,
TE 500 C&AF T Bl s AE D B e . AW BT
FIFEAAL 2Tl . pH 10.13, AHL 277.11 g/kg,
SE . SREMAE R 9.21, 1.52 F11 56.82 g/kg.
Y FE S TARAEIEFET S 0 ~ 20 em #F 2 L EIEHHR
Gro WEME T BT T, A EF W 8 ~ 9 Ik,
SAIHMER N 6 300 mP/hm? ., AR AERRRE SR FH 24 Mk Y
WA =4 6 477, SRR 74,
S A R 355 A PR it 5 20 R T — B
1.3 H#mRESMZE
131 FEACRE RIERRMASREET 20224E 7 A
14 HitA7, BADNXBEYLERE 3 A8, ALECRE
X 0 ~20 cm 244, KB PR AL
Hesede i, SRR 0.2 mm 7, T 3L
PERTIIIRE o 7380, B/ N IXBEMLIERS 5 MRATAEATAR
KR CBHRIE” WERARAR PR AR, o R
WS, BT —80 IR VKA TR BRI
¥ DNA $2 B Ilumina Miseq /&5 i &0 15
1.3.2  HHERAL R R 2 e R AL O 2
MR (e idr ) U0 3 pH(E KR LE 11 5)
H pH iH(PHS-3C, LWgRIEAES), HEHIME; L
e AR EC, LARBEL 1 5):RAHRFEMN
(DDS-11A, LigARHMUER A, hEHIE; L35
HLBT(SOM)K FH H A% R FR 25 A o 5 U2 E(TN)
KH H,SO0, THAE VLR MEIE ; HIELH(TP)R
FH NaOH J&ml—£HEA BT L Lk e 5 T+ 2B (TK)R
FH NaOH J& fif— K I GEE VRN AE 5 1 00 A (AN)R
FH B Y B0k I 5 A S0 (AP) SR A 0.5 mol/L
NaHCO; 22 -FHEA BT L A e 5 B (AK)R
F NH4OAc 2 38— K I G 2

1.3.3 /EY) DNA BRI T FR R A S5 fef
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DNA $EHURIIN P Hy 15655 A= Wy 2 25 R A BR 2
R . EARPRVEUNR . ] DNA Isolation Kit 157 &,
UL B ORalifk T3 & DNA, DL 515F/907R
NEIYIHEAFT PCR §7 1 16S rRNA [ V4 ~ V5 48X,
FHIE )5 %) ITSTF FiJ2 Im] 5|49 ITS2R jiit PCR 471
FLIE ITS1 X, PCERL S, H Hlumina 75 #4700
J, MEAEEE RIS PP P TR, fERIE
o LBR AR, RIE TR P A RS T3 2610
OTU (Operational taxonomic units), OTU MAHRIME
HHN 97%.
1.4 HURQESSHR

RIGBAE R SPSS 26.0 HEf7 BN )5 504
(ANOVA), JfH Duncan 353170 FH [H] 25 S50 TRAL
AH 53T R Pearson #HIC &%k R H Sigmaplot
12.5 Ml Canoco 5 #FATk#EabHIAIZIE], R KM

Excel 365 #HATHE 1153 FIZAE il . Mantel test 734
Wk RIET “Vegan” HLSCHL, FHfA: Y@ AKF-HIXT
FBE >1% R EREAN, EY o 2R
Ey S AN

2 HBREHSH

2.1 TEBAERMOTE

HHEFAEPE R AL IR 1| . 5 CK MLL, %
Yo AN 13 pH . EC, TK Fll AK Y235 FR%
(P<0.05), HIMEFRHEIIAE BC3 8¢ BC2 AbFiAT, A=4)5
AL FE 418 SOM TN Fll TP &t i & 14 n(P<0.05),
H=F & E7F BC3 AbFirpiksl k. 5 CK Mk, &
YIS FH 2 (P<0.05 & FHAK BRI T HEs =%
H, H BC3 ZbPRRETIRCREST. BC1 Fl BC2 Ab#f 435
EIKE(SWC) B E(P<0.05){Ik T CK F1 BC3 AbFH,

F1 EWMBURIERN TIRE LR

Table 1  Soil physicochemical properties under biochar application

AL TR bR CK BC1 BC2 BC3
pH 8.06+0.04a 7.61£0.06 b 7.33+0.09 ¢ 732+0.12¢
EC (uS/cm) 316+6.08a 295+5.13 b 259 +8.54 ¢ 299+436b
SOM (g/kg) 11.22+0.69 ¢ 13.70 £ 0.53 b 12.88+0.32 b 15.15+0.26 a
TN (g/kg) 0.35+0.03¢ 0.42+0.02 b 0.41+0.03 b 0.54+0.01a
TP (g/kg) 1.17+0.04 b 1.26 = 0.09 ab 134+0.09a 1.38+0.04 a
TK (g/kg) 2241+053a 20.78 £0.12 b 21.60+0.35b 20.79+0.56 b
AN (mg/kg) 35.55+2.49 ¢ 36.54+2.51 ¢ 4030 +0.41 b 4570+ 138 a
AP (mg/kg) 2278 +1.20b 2536+232b 31.40+0.15a 33.32+225a
AK (mg/kg) 469.92+10.10 a 450.19 + 13.63 ab 324.80 + 15.47 ¢ 433.71+4.63b
SWC (%) 1457+0.32a 13.55+£0.10b 13.77+0.50 b 15.06+0.26 a

T RPBHEAPIIME £ FEZRE( =3), R RS 7 BEAR [R5 7R Ab B ) 22 55 12 25 (P<0.05).

22 RETEMEWEZERNEN
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FH 4 25 52 0 7 55 A | ] (Planctomycetota) . 2F LI TR ]
(Gemmatimonadota) Fll J& BE [ | ] (Firmicutes) i A X} 3=
J .BC1 4L FR{# Planctomycetota Il Gemmatimonadota
BOFAXT £ FE AR BN T 4.79% F1 18.61%(P<0.05).
A W) 5 ¢ A A Firmicutes AT =E & 5.3 N %, BCI
FRERE R, 5 44.17%, {HREE AW i FH &
f44 N Firmicutes AHXS 4= B2 Wi 7H &

ANFE AR PR R A EW T FRE]
(Ascomycota) FI# 1% ] (Mortierellomycota)([¥] 1 B).
5 CK titk, WG Ascomycota X
JE 5 (P<0.05), i Mortierellomycota A X = &
) 52 2% B K . Ascomycota AH X} = B Y B K (H AN
Mortierellomycota AHXt=F & () /MEYY L BI7E BC2
b
2.2.2 YR AR PR - R P S oK AR
14 52 i) D RIS F RS JE AT 13 4
(K 2 A), Hh Pird lineage. Gaiella. %5 A%
(Streptomyces) . Hivi /RS K& (Skermanella) F1 & ¢
FF 04 J& (Bryobacter) 1AL BRIA] 22 57 8 2% (P<0.05). 5
CK # L, A=W it FIREAR T Pird_lineage . Gaiella
F1 Streptomyces WFIXTFFE ,BC2 b BE T Pird_lineage
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Relative abundance of soil bacteria (A) and fungi (B) phyla under different treatments (>1%)
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Fig. 2 Relative abundance of soil bacteria (A) and fungi (B) genera under different treatments
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T AR R N B

A= B it FH ik 2 50 L PR B S TR (Chaetomium)
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AR 25 (] 2B) Bt A= ) o o it FH 2 9 38
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Bk, H T E AR R R R BAE BC2 4b R
fry 1 BCL 4B Cephalotrichum A% FEEHE CK
BT 64.00% , {HFEZE A=Y 5 s it FH S,
Cephalotrichum FHXT - BEB W T B 5 Pyrenochaetopsis
A = 32 V0] it 5 A 40 Jo e it FH) ) 38 0 2t 41 s s
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23 WREITEREVYSHEEER

AN e) b BAR PR - 50 W o Z AR EAR L ISR 2
FR o A AR PR HHEA B Y Chao 155000 b 3 25
S, 3 BC2 4bFH 3 (P<0.05)1 1 T H R Chao
840, BC2 AbFE W ERRAL T4 ACE 48%k, (B4
FHM T HE ACE 1684 5 CK ML, MY
SR AR T 417 Shannon $5%%, H BC1 b3
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Table 2 Microbial a diversity indexes in rhizosphere soils under biochar application
b3 ATE BIH
Shannon Simpson ACE Chao Shannon Simpson ACE Chao
CK 623+0.02a 0.0054+0.000a 2753+45a 2706+34a 3.97+0.06a 0.036 6 £0.0037 b 395+£8b  399+8b
BCl 6.14+0.04b 0.0058+0.0003a 2734+48a 2682+34a 3.63+0.19b 0.0597+0.0196a  402+23ab 406+20b
BC2 6.11+0.05b 0.0062+0.0006a 2597+83b 2572+68a 3.76+0.20ab  0.0453 £ 0.009 8 ab 434+20a 437+17a
BC3 6.12+0.02b 0.0061+£0.0002a 2716+73ab 2686+46a 3.76+0.10ab  0.044 9+ 0.004 7 ab 389+ 15b 395+17b

T RPEIRATIE £ FiE2E(n =3), FIFEER/NG TR Rl 37m Ak R 22 53 .35 (P<0.05)

MR B ik W 0 A B f 22 4 KU 73 B (NMIDS)
FH (1 3), CK Fll BC3 MR Fr - 3E40 3 75 75 NMDS 1
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Fig. 3 Non metric multidimensional scale (NMDS) analysis of bacteria (A) and fungi (B) under different treatments
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Fig. 4 Mantel test analysis of soil physicochemical properties and rhizosphere soil microorganisms
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Fig. 5 Redundancy analysis (RDA) of soil physicochemical properties of bacteria (A) and fungi (B) at genus levels
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BAEXTFERE (& 1 B). #EdiiE, Ascomycota AJ DL i

G U6 R PR AL (Y R A2 13 R AR, i A
W S it L 2 K S 2 JEC TR DA = JBE o i ey 0

Gaiella TEAWH + 0 A 7 104 25 EEZAE P,
AWEFE, AW BRI T Gaiella FHX FJE
(1 2A), [FIEE, A% 0 it P3N T BL0E ) 3 5 B
(£ 2), VLAY BTt AT BE 33 n A% 35 1k
"o Streptomyces TEXGIRAEYE TN . FEHAEYIE
K AR T B e 7 A B EEAERRT, AR
fr BC2 4bBfE Streptomyces X FEEERE M, A F|F
VEWIH K . Skermanella 5 pH, FHIREL. B, Wk, W
i 2 e e B A ] R R OB, RO e A W
it 24N Skermanella BIARXS=ERE, 10 BAAR H it
Y A R T 3SR FLR . Bryobacter AT
F= B2 Bl AR o it FH B B AT (A 24), iX
5 Zhou PR LE R —3, MfTIAN Bryobacter
MHES 5 TIEBE RGO 5 LA 2k & % DA
K, AL RDA ZrHrlIESE T iX— i (18] 5A).

AT LB, Chaetomium . Cephalotrichum Fl
Mortierella Z-AR s 13 TP i) 2 E H & . Chaetomium
ZRHIEHW, BA AR REMARTRRNGES, 7 H
SR A PR B, Chrysosporium J&:
LT A E R, T LR R A A KB ARBF
", EYEREH T Chaetomium F Cephalotrichum
RO 2 B i 2 T, AR T SR MR S A AR
K.

3.2.2 AW ETHE AR R A 3 A YR T i SR 3l B
¥ A Jo e it o) b S AR A ) 22 M R e 1) BF
SRAERIEA—E, B, Wang ZEPUVE B, AWk
it FH 25 3G N - S B AN R 1Y o Z2REE A
P 1 Wy i S (MBN) R AR 1) A 0 4 ik (MBC) 2 32 22
IRBHA T 1 Lin 50V B, A8 TR it A 2 AR+

A A, AUTEAPR S H 2 AU,
EC 5t &8A K, dmiy EC Al AE Ml
TIEMAEY R T, B EC MR R B0
7B ARSI S BC 5k 280 A o) s &2 f
KRF(K 5), AWBRIEH R #FBEK T EC, Wl
Yy s it I RERE AR 1302k 08, (R A o A0T
FERL, L5 AK SRR R v 2 ) T 2K )
WERZ—, YL AW S5 n] DL Bl 3R R
WA AR P - SR AR R v o G TRl Wi AR AL 3R Bl I
TR AMRRES, 1, Wang FEEH, RNE
KW BRI b, R LRI R A R
] b S A R 1 R R R AT R Y
w5 g et IR A B, IR | AL
I pH 250 7K R AR B - HJ BRI 7 ) S BRI A
Fi TV AF PR TR R b 1) A 0 B
g, RIERTATEA LR . pH MIEKRIE R
SRR BRI T 280, BRI R AR
Wy i )3 5 - S A AR B A A My R 2 55 I
RAK, AW m AR B A W 4 VR HIAIL ) 2 52 2%
g, A Z IR A RIS

4 Z5ig

AW it ] W 2 AR T 4 pHL BRI AL
PO, (HER S 7 HEANLR . 2R 2k, g
R RO &, SMAORE LY BOR i e T+
BEFR O 5 iE AR Bt FH AR B L 3 v L A R
A I(Proteobacteria) . AT [ ] (Acidobacteriota)
LR B 1] (Actinobacteriota), T EALHEFEI TN T
PEH | ] (Ascomycota) FI# {85 [ ] (Mortierellomycota) .
A= 5 it P 2 B AR B = SR 1 A 40 22 0 1 R 4 TR
FEBE, BSMERNFEE ., RS HY
BT pH 25 M AR PR - S SR MRV 1) 2 B K]
o BZ, AW AT AT - I8 T I kg AR
BRISCAE RIS 258, 456 - SN0 ) AR BRI YV
TR LA 9 t/hm? Sy Fre At P 42
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