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(1 P E S A RHEBEIASE S BT T AO AR AT X O SR BRI T SEB0 S, W 5711015 2 BRI N —R B K2
Bi, MIBVIRIK 1633195 3 SUMIREREANL TOGF &by, BB 550025)

 E. DPGERE AR, RIS NG IEIR2S CORF TR - E M K S N HRSE 2R AS [t (0% . 2% 5%(wiw))
Xof M AN G IR R . SRR OBSIR 35 d S, MFRTE/K AR RRE 2% A1 5% MEFes B4R T 88 pH, B4
M 20%. 39% F1 31%. 32%. M5 TIEAREHGIER N 121% F1 75%, FRVEGRRREET LA 10% 1 49%, BotEmRRBES P4
39% 1 39%; WK T BRERG ML 12% F145%, BRYEBEIREHEEREAT 3% M 14%, BiESIREE MR 133% 1 105%. @it
2% M 5% MRFEmT, AT HEEANEE A B A T RS B MEAL, (R KA., &R ASTE AT ) (Proteobacteria) . 2 BRI ]
(Gemmatimonadetes) F1V% & I | ] (Planctomycetes)FJEHE &, YEIRA BN 2% . 54%, 51%. 47%F1 94% . 82%; /K T RRFFH ]
(Acidobacteria) . JEEER[](Firmicutes)FHUFT & ] (Bacteroidetes) = N, BEIR/H0 3%. 20%, 14%. 18%F1 38%. 37%; [HiGf
USRI K T 39640 751 ] (Basidiomycota) ERE T, FEIR/MIN 68% . 70%F1 68% . 76%, I HL#/K Fa## 1] (Chytridiomycota)
ML 25 ] (Rozellomycota)=F BN, ST 45 SR 7T R RE e Ag F 43980 R R A Ry 4R {52
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Effects of Coconut Shell Biochar on Enzyme Activities and Microbial Community in Tropical

Paddy Soil Under Different Water Conditions

ZOU Ganghua', ZHAO Fengliang', LAN Xuecheng' 2, WU Tianhao"*

(1 Environment and Plant Protection Institute, Chinese Academy of Tropical Agricultural Sciences | Key Laboratory of
Low-carbon Green Agriculture in Tropical Region of China, Ministry of Agriculture and Rural Affairs, Haikou 571101, China;
2 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China; 3 Center for
Research and Development of Fine Chemicals, Guizhou University, Guiyang 550025, China)

Abstract: Tropical paddy soil samples were collected, and the effects of different application rates of coconut shell biochar
(0%, 2% and 5% (w/w)) on soil properties and microbial communities under aerobic and flooded conditions in 25 °C were
studied by the incubation experiment. The results showed that, 1) after 35 day-incubation, 2% and 5% coconut shell biochar
improved soil pH under both aerobic and flooded conditions, which increased by 20% and 39%, 31% and 32%, respectively.
Under aerobic conditions, soil urease activity increased by 121% and 75%, acid phosphatase activity decreased by 10% and
49%, and alkaline phosphatase activity increased by 39% and 39%; Under flooding, soil urease activity decreased by 12% and
45%, acid phosphatase activity decreased by 3% and 14%, and alkaline phosphatase activity increased by 133% and
105%. 2) When adding 2% and 5% coconut shell biochar, Shannon index of soil bacteria and fungi decreased under aerobic
conditions, but increased under flooding. Under aerobic conditions, the abundances of Proteobacteria, Gemmatimonadetes and
Planctomycetes increased by 2% and 54%, 51% and 47%, 94% and 82%, respectively. Under flooding, the abundances of
Acidobacteria, Firmicutes, and Bacteroidetes increased by 3% and 20%, 14% and 18%, 38% and 37%, respectively.

Meanwhile, the abundance of soil Basidiomycota decreased under aerobic and flooded conditions, which decreased by 68%
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and 70%, 68% and 76%, respectively, and the abundances of Chytridiomycota and Rozellomycota increased under flooded

conditions. The research results can provide data reference for the improvement and promotion application of coconut shell

biochar in tropical paddy soil.

Key words: Coconut shell biochar; Soil moisture; Paddy field; Enzyme activity; Microbial community
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2T Es , RS H R A AR RS SRR VR L %A
KRG RS FE AL, - 5962 B0 e 4k K o Rk
A, LB 3270 008 >R P WERE bk, 3 b1
B 5UIR S . Morugan-Coronado 251 A 7k 43 & i
SO P A R AR L R D R G 40 T
Huang 1% BLK > & BEXT 138 pH A B35 0 ;
Mohamed % PV& BHL 4 587K 435 46 i 4 3 BRI
IR it % S0 i 5 4R A S S 9 4 5 1T Wang AT Lul)
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A A 1 [ AR SO 0 , 3 e AR ARG PRI 4 2k
1, XA RSP RIFE S DRI EZE 0, Novak 45
KO A W e AT v 2 At (Ultisols) #1528 4+
(Aridisols) it 7K fE F1, [H SO R Rl e 56 A A i
TR RE T 5 o Li SV 98 2 0 A 0 50 it PR3 in + 4984
BB . 5 3B AR 5 % 48, B 3T 3wl
NRIG AR YR B, ANp £ K m3hn., Gul %Pt
Meta 5341 & St A 49 S0 o A7 By 42 7+ 4% pHL FH
B A i AR W 1 DL R S5 A . W 450
1 Du OSSN A A W 5 it P 8 2 - S R
P, JRHUR N R 1 SR R T RS FH K o8 B K
T b X FE SR AR VR S Rk 1, i 3 — B
B IE] PR 7K A RN R K i Z RS, R K RGP SRS, AR
W) I3 i it FH Xof e P = 398 S5 RN A2 ) B S i) T i
FEAEZESE o AR ST X LR (R MR 574, ol o5
(A R LA VR 200 R R S A A 1
ATREEARCR . L, B A T ARG SRS VR
3, ARSI T % B FARTEA IR o3 S A FIRR 5 1
FH 7K P %o e HH - SRR B | S 1 LA Rk
SERRSEIR , U e e AR R X B HE S g FH R R R
W S v

1 #BERE

1.1 RIEw

- B R S T R A T B VL e b
FF(110°05'8.8"E, 19°46'55.4"N), %M X SRy
PAFERAME, ERERZ AN, £F0W, WEE
BAETAE 5—10 Ay, FHFEKEN 1 786 mm, 4
¥R 23.8 °C, HIEBIELIEAERIKRE L, A
e %R XA LK RV E 7 R, K
FEFEIIFE 6—9 1, BRAFMEDI N 10 H Z2BH4ES H .

TSR f5 /K FEFPAE TR AR JZ(0 ~ 20 cm)
TR, EREE RN ARKT, PR AR A iR
Je PR L0 o A= ok SRR R 52, RS S T
PR L 23 SO (B TLEE 1200 °C)FE il B 25 451
T R(700 °C) 2R 4, FHELZEAE 10 °C/min, R
BfE] 1 h, FREE FREZE 100 °C IR, FTIFRA0
H ARV A B 25 1 o -SRI 5E Ak = S HAE M o DL
1,

F1 TIEAMWMERIBLIER

Table 1 Physicochemical properties of tested soil and coconut shell

biochar

LR FEH+ LRI HR5E
pH 4.7 pH 9.6
H 5% (uS/cm) 399 L4538 (uS/em) 720
HHLIE (g/kg) 13.0 T 7 (g/kg) 611
CEC (cmol/kg) 3.71 CEC (cmol/kg) 25.9
HRLA (mg/kg) 76.6 A it (glke) 4.8
R (mg/kg) 104.0 KA (glke) 202
BRI (mg/kg) 161.9 He 2 A (m?/g) 82.8
JE b 4 7 (g/kg) 346

1.2 ERNEF

R 2 mm G0 KRS R R B 5
TR ST AR IR IR Y AR Bk R E R R AT T
R, B TR IR R PR 20 8 (R 25 °C,
FXHRE 95%), FFREHRIEEMRA T, R
RS K SRR IR A B0 3 AN B, RIS IR ¢ iy
Xf BEARBR(BCO)Y ., WIN 2% AYAERFE ic(BC2)FIER N 5%
(RHR5E 5 (BCS), RRALEE 3 NEA . FREL 100 g FikE
Fr FAEE T 250 mL (9 TR IR, S IAE B S AR
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FERFLAIIRA] , Fh K B 3R 75 PN A ZE IR /K v+
FEZE 2 em K2, MY EEE&HE KM ER),
BT 25 °C Hi IR TP ROEEE IR 35 do BEIRGE R, REE
TR E pH FUEGE (DRI . R ol 1 R P B 1R
fitf), ¥ LREET —20 °C VKA T 5E L RE
TETE S5

1.3 MEFHZE

K AR BT VR, 3 pH FlIH %
43 SR pH TR SR A (R KR L 1 2 2.5),
FRACACR AR WO I R |, A7 850 R FH IR 2 M =
PEARBAPT L RN, BEACESR ) 4 BRI AR — K
JEEERRIN A, A AR A A R A Ak M #Ra
AE, RIERTHCR A LS A e, bR I O
FES BRI +5EBH B F 258 8 (CEC)
FH = EAMAN GBS OG R EEI E (H 889—
2017)1, HBFe s pH lE S EARHE GB/T 12496.7—
19994 vy S SR ) T H 3 3RS0 5, AR 7 R
JCE TN 5E (EA2400-11, PerkinElmer), #F5E5¢
CEC Mg 5 4 —5, Koy FIH 535D 2 (GB/T
12496.3—1999)!%) 5 A=Wy i 3¢ 7 3R by 4t s LB 00 o o
it SRR FORHY FOAR 5 b 3% i AR R P L 2 S
(ASAP 2460, Micromeritics),

- S MR P R &0 e (0 A IR N Es R
ARG RATD), ARIEEGAF S U, e
W AR AR K 578 nm A R B K A PR 2 7 A 1Y)
S MR, T MR M IR Il e A R R —
BK A BRI RIS IR S N, DK 660 nm &b
S B 4] A ol BV R R M A R A Al 0 42 A
TP PR v, - AF e ol 2 A AL B TR 2R — K A=
R PR A 8, B 7E)E K 660 nm b
094 Sl I I e 310 2 0 S P o8
AR WA 2 L DA DU BTG (BTN 1) 1| A= B AR e 17
A BRAFNIEAT B Y, 5 E.ZN.A1 1 DNA

X £(D4015, Omega, Inc, USA)EE+IEMAEY)
S DNA R H 519 341F(5-CTACGGGNGGCWG
CAG-3")#l 805R(5'-GATCACHVGGGTATCTAATCC-
3NV, HE B 5 ITSIF12(5-GTGARTCA
TCGAATCTTTG-3")F1 ITS2(5'-TCCTCGCTTATTGAT
ATGC-3")i#47 PCR 9" 355 P41 PCR ¥R H] 2%
Tl b BE s B Uk Ab B, JF A AMPure XT beads
(Beckman-Colter Genomics, Danvers, MA, USA)4li
1k, FIA Qubit(Invitrogen, USA)E &, IMijmiEid
FABCIN IR A P B AR ey A RS A2 459 Tlumina
NovaSeq ¥ & AT , &5 T15 2 BFRAE 751 Fn
F 5 RAK AT UL W) 2R R R 54 BT
1.4 HESH

FF A BRI Excel 2013 BRPFHREBE, J7 254007
KA SPSS 19.0 #F17, £ KA Duncan &,
FHEAKF R P<0.05,

2 HBREHSH

2.1 5 pH FBEEE M

FIRINRFE pe s 35 35 d 5, WK FIFA ST
SR P A TR T A O R R JDR IR M A 2
5, (HH#K T H5E pH 38w TR BInise s
UK T 14 pH #RIE TR (R 2); S5tk
M 2% H9INZE 5% B, 450~ 148 pH 462 i 2
Fhim, MK 158 pH FHEEAR % . R IniRsT s
HOMGF AT HIEMRBEGPE , K T MRS PE A
Bt AR TE R FH N 2% 38 5%, XHEFECT DRE IS T
PEGEVE R, 1 K T MR 0% e 0 o A FH 20 348
o GRS P e R B 2 5% B -4
T A 3 R G 2 S 3 A BB o S X 4 4 48
BRI TG 1 eV FMEN (.35, WK T A FH
B A PR Tl T 1 20 S S B s o LA 25 SR R A X
FH 4338 pH FIREGE HAT PR B2 S 850K 352 m

F2 TEKSFHTRMBTRE LT pH FIEGE

Table 2 Soil pH and enzyme activities after coconut shell biochar addition under different water contents

K53 2% A% T HePET BCO BC2 BC5

P4 pH 526+0.10 ¢ 6.33+0.06 b 7.31+0.09a
i it 3% 133.0+28.8b 2944+17.1a 232.7+48.6a

T P Tl 2 g 0 2 122+0.89a 11.0£1.12a 621+125b

T e il 0 1 1.12+0.22a 1.56£0.28 a 1.56 +0.67 a

Ak pH 575+0.17b 757+0.11a 7.58 +£0.05 a
JOR M 161.0+382a 140.9 + 28.8 ab 88.8+22.7b

TR P 15 N it T 10.9+0.52a 10.6 +£0.31 ab 9.32+0.67b

T A 2 il 0 0.73+022b 1.70+£0.51 a 1.50 + 0.05 a

1 :BCO.BC2 HI BCS 73 HIF /RSN 0% 2% F15% HR5c e ab B8, "N R (A1 5 DR I 1 ol 22 ot AR P W R B ME B2 S (gl (g-d))
(umol/(g-d))Fl(nmol/(g-d)); [FATHME /NG F R RSB ] 22 57 3 (P<0.05)

http://soils.issas.ac.cn



528 +

e 5 56 %

22 MEMEENE

GF SR A 38 it MR e e 9 AV AR Y - 48 40 1 ) L
B OTU AR 3), R AN A EL 1
TR, SR HRNE 5% MBST AT A0 TR VR 5 R 5 B
i, FARIEEFRE 28%. WK N HRFT A it 4R = T
Fe FH - AN B R LB 2 R, B ARAR BN N Kt
2% BRI B¢ Xt S AKCIR 25 AR - $98 40 R R RV
ZREEIR R W L R, WK AR T AT R L £
REMEAR o T AR
23 HEEEREN

UF AR AR Rt R 5E 5 i e T 38 LU AR FE AT 1

I'T (Proteobacteria , AH XF & & 34.1%) . £ # [
(Chloroflexi, 18.6%) . Ji £& & '] (Actinobacteria ,
17.4%) . BAFTH T (Acidobacteria, 9.82%)F1%f Bl b4
["J(Gemmatimonadetes, 8.96%) 8 F (& 1), #/K T A
it BB 72 i Bk - 9 32 A0 A AR R AR G S B HET 544
T3, (HEEK T AR SR BE] R
JEBE ] (Firmicutes) FI AT B ] (Bacteroidetes) AH X
FREEEMRT AT, MZFRMEET] . BRATET] . FE
T 1] (Planctomycetes) . Patescibacteria . 18 & ]
(Verrucomicrobia) Fl1 filf £k B2 i€ 7 ] (Nitrospirae) #H X}
FER = TR T .

R3 FRKSFHETHRMBERELIRBEY o ZHM

Table 3 o diversity indices of soil microorganisms after coconut shell biochar addition under different water contents

Koy S el Abg Coverage OTUs Shannon
e il BCO 0.99+0.01a 980+2.52a 8.71+0.07 a
BC2 0.99+0.01 a 974+6.51a 8.69 +0.06 a

BC5 1.00 + 0.00 a 165+ 11.0b 6.27+0.09 b

HTE BCO 1.00 £0.01 a 256+£115a 3.99+0.14a

BC2 1.00 £0.01 a 206451 ¢ 3.49£0.09 ¢

BC5 1.00+0.01 a 238 +7.51b 3.66£0.02b

K L) BCO 1.00£0.01 a 2512+282b 9.71£0.04b
BC2 1.00 £ 0.00 a 2766+41.7a 10.1+0.15a

BC5 1.00+0.01 a 2708+24.7a 9.89£0.01b

HE BCO 1.00 £0.01 a 403£17.0b 5.68+0.06 b

BC2 1.00 £ 0.00 a 522+320a 6.08 £0.01a

BC5 1.00+0.01 a 504+ 18.0a 5.77+0.05b

:: Coverage NI FIREEFGAL, OTUs JFRVE/ZEMITHL, Shannon HFERIGE; FFIEHE/NG FBEA R 2R [ —K 43 &4 F 7l —

T AR 2 S0 A ) B 5 ¢ 45 Fon A L) 2 5 2. 25 (P<<0.05) o

sg=¢ 3¢
N B
g 80t
Bl
ﬁ 60
Z 40t
=
=
o 20+t
0 1 1 ]
BCO BC2 BCS
QbR

m Proteobacteria » Chloroflexi

Gemmatimonadetes = Acidobacteria = Firmicutes

B1 FRKSFETHRMEBTK

RS AT
100 -
2 % . . .
Bl
# 60
= 40t
=
W20+
0 1 1 J
BCO BC2 BCS
A

= Actinobacteria m Planctomycetes m Bacteroidetes = Patescibacteria

= Verrucomicrobia m Nitrospirae

fFHIRME R R E MR A FE

Fig.l Soil bacterial communities and relative abundances after coconut shell biochar addition under various soil water contents
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24 EHEBEEW
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KM FEEETE, 53] 19.6% , Ho At Fl B 40 A5 56 1)
(Chytridiomycota) . #%G T 1(Zygomycota) FIEKBE ]
(Glomeromycota) 3= B A MRIG AN, [F]IFHH B T 44T
WA E 2518 ] (Rozellomycota), BT K M4 T B H
R ZREEI R . RN 2% HRSERAT, WA T
TR TR TR, MRS FHAEE WS, 285
FERFIG R 5% B, IR0 N TR TR SO R
15, WK TR T B Ak 5 . RS AS IX i
SIS ZK 5 R AP T TR B SRR AT e /K BB
FEHCHN AL T Tl [ TR 25T T AR 2L

KRS
100 r —— N I

& 80t
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Fig.2 Soil fungal communities and relative abundances after coconut shell biochar addition under various soil water contents
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