TR A SR IR Nov. 20, 2021, 48(11): 4156—4166
Microbiology China DOI: 10.13344/j.microbiol.china.210203

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

A REIEM BB ZEAF RS £ R RO R mER
BwE' WE' @B BKE BT IEE' RRE” R

| MR REFPGEFEYI2ABE R 1T 570208
2 MR REIRIFFBE MRS W 570208

B OB IFRI AT CRAARTATT T NG LERE. [B 6] RBtEE R T ) a8 BH
RaREGR, [5F] REERLREFT B LR, ARNSRERAR 3 AR REL.
FATG A £ B BRI 5 74T HL2. 4 5 @R HL3) G B &b -5 18 A AL 3k B 3 H1 R 69 £ A AL
Jest Sk FAAMA KA R T SRR IHEHRGHH. [£X] ‘54JCBE&\$3‘€(CK)7FE]% 76 A 4 A AR
WG E TG AR, BEE MG ECFT. £, R). TECT. £ AR)F D P REEFHEK
ot kAL R KA R RE), SR E(CK)ARL, i%ﬁifmﬂawﬁiﬁ CIERIE F SR R A
FE; BB B ERANICLIZNYDG REENRE, AL ZKC) WY FIE R R RSF, £
KA EMAIIELEZ(KY. KN, LY), iR H 83.5%. MASM A, LERRHBLE

ERA)VSELHHRAHE. AVUL. pH EMEF AMEX XA (P<0.001), HEERBIFL T EZRE EA4
% £ A (P<0.05), 5XREZREEAME X ZP<0.01). [£56) 568 L WH IR TIL U K A
¥, BRERE, SSEFTCRAABRIFOGR, THEE = bR L ERELAS,

KBEIR: BT, SER, EMAIE, LGS

Effect of different biological organic fertilizers on the growth of
pineapple under continuous cropping and the heart rot

TANG Haozhen' HU Yinghong' REN Zeguang' YANG Shuyu' ZHAO Yan™
WANG Beibei' ZHANG Xiaobo? RUAN Yunze'

1 College of Tropical Crops, Hainan University, Haikou, Hainan 570208, China
2 School of Tourism, Hainan University, Haikou, Hainan 570208, China

Abstract: [Background] The soil-borne heart rot is common in pineapple production. [Objective] This
paper aims to enhance the cultivation and disease prevention of pineapple under continuous cropping.
[Methods] Soil was collected from the orchards with continuous pineapple cropping for pot experiment.
With three substrates (coir, peat soil, rapeseed cake), biocontrol strains (Bacillus subtilis HL2,
Streptomyces HL3), and commercial organic fertilizer, different biological organic fertilizers were
prepared and the effect of them on the plant growth and heart rot of pineapple was investigated. [Results]
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Compared with CK (chemical fertilizer only), the biological organic fertilizers promoted the growth of
pineapple plants, significantly increased the fresh weight (leaf, stem, root), dry weight (leaf, stem, root),
and longest leaf length, and reduced the incidence of heart rot. Among the biological organic fertilizers,
KC (80% organic fertilizer + rapeseed cake + HL2) demonstrated the best control effect, followed by KY
(80% organic fertilizer + coir + HL2), KN (80% organic fertilizer + peat soil + HL2), and LY (80% organic
fertilizer + coir + HL3) with the control rate of 83.5%, respectively. However, YJ (organic fertilizer only)
showed the poor control effect. Correlation analysis showed that the content of the soil pathogen
(Phytophthora nicotianae) was negatively correlated with actinomycetes, organic matter, and pH
(P<0.001) but positively correlated with soil available potassium content (P<0.05) and the incidence
(P<0.01). [Conclusion] In a word, the biological organic fertilizers promoted the growth of pineapple
plants and decreased the incidence of heart rot. These results can serve as a reference for the healthy

development of pineapple industry.

Keywords: pineapple, heart rot, biological organic fertilizer, biological control

W NFRREL, SR RBLEL(Bromeliaceae) WAL )&
(Ananas)ZFEHANY), RHEBNPAIKRZ —.
KETR, WM. T, =/, MEMGEES
(AR ) MR E G T XM, Hdr, iR 5 Ak
Pl EERRRIAECY 1.28 J7 hm®, L4y
14.65%, 724t 45.19 J7 t, 4R 20.93%%.,

AR B AT 2 R s, JE e
RS ENTR AW N 5 1%/ N £ B R X (=Y = WD W9 Y
R AR AR 2, ™ R R Y 7 R o
Foip s A Horp S Rk B
AP EENER, RN E O N,
R H e R R B 2R R
TR EDS, TR TR )R
PRI, VR M X SR IR R R, ™ I AT A
50%LA BABERS . Bt Rk, sk 0
s Y BB BT B T JE B

Xz E BTG, BRI E R s R
HEAT TAROCHESY, Hh it FARIE | miififez . +
Bk RS I BIA A m E ER ,
(B 3ok 5 it FH A0 I8 B A 245 oy 3 7 - S PR B 9
LI, 8 Al AR 77 v i 4 T 558 A 0 R B BT 3
T, o AR W BORJR B IR A% AR A
PR T, B XA B I 0 R B
5% 3 B A v AR X SO TR M BE 5 5 (Phytophthora
nicotiana) ) % & F1 AL 7 T ¢ WA A4 iy B 1171

1713 5% A= A AR S 95 200 T s 14 Bl 2 0F 2 v R
DUARIE . P, ARBFSOR AR BT HA R |
SAFDF L P85 ) AR a2 38 A AL A k&
PERAR B SAE DA AL, 8 i = AR T
A= AT HILAE Xof 92 A A AR 947 35 280 G o )
BOR, VU AR i 2 el 4 S 52 Mg 2 A
FRARMEBS A, AR MLIE R HE) N 2 E
Befith

1 #etShE
1.1 ##

HE 5t 9 & A R Ol <4 3 (MD-2)”, i iR
24, iR TR0l A BRA FIR

K FHEOR AT R B+, RA
VR A L AT BR A R A 3 A, iR
B E>5x10° CFU/g. T IEIEA LR . pH
458, AHUR SR 0.73%, A 73.01 mgke, A
Yt 89.06 mg/kg, HAER 21.55 mg/kg.

HE R S EHE A RS EZEA PR, NS
TSR T A AR, A HLTT>45%,
BIEIT(N+P,03+K,0)>6%.

e AE YA HUIE S B AT HER, R X g 80 5
997 DA AT (R 5 R ) S S R PV PR R o 2 4
¥ (Bacillus subtilis) HL2 FI5E 2 I (Streptomyces)
HL3 (78 B8 SR AR 205 A 16 B A ARG 20 B s 00T
FE T AR AE$E AL ) 43 500 2 ol 28] 28 o A LI

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4158 A

Microbiol. China

TR B 2R (BBBE . SEAFIE . TRk )& Ik
i A e W 30 d T A, Herp R A A LIS AN
) F 28 A CRIBBR . SR . U ok ) 0 il 4 B
4 HBNRE, KB IARTERH 50 L/t i) 42
ol 2810 3 S 0 A 7 T e I, e 2 v T T o T
107 AL B AR . ARSI T . A
MLF>46.5%, 5 N 2.63%. P,052.61% . K,0 1.91%,
K5 28.9%.

P R IE S B K Z B = n 2 A,
N:P,05:K,0=16:16:16,
1.2 Rt

TR = AR T 2017 4F 12 A 20 H % 2018 42
5 1 20 HTEWERA SRAREE A6 B FEAE 220K I
POl 2 UHEY) AR B O R TR = N3 T, il
I 8 MR 1), AR 30NEE, B
PRA At 5.0 kgo BN LM 1% (50
AGHUESA YA HUAE, AIE AL B ) R B 5
25 AN o 284S d SR, BREUEA 1K,
SRR IAE, R AR IEAE R,
1.3 MBEMNERAZE
1.3.1  HIEBAMHERNE

T IERAE TR (pH . A ML . AR . AL
BELOBEAR DI E ik S e B gk

1 Xwae

S ) 1,
1.3.2 TIEALEFREMEERNE

K AR B A LY, ) g nT g
AT . TUVA . R TR R A (AR g R TR ) B
PEATINAE o ANTARE IR R A LB B3R, 30 oC B
F% 24 hy; EEBIER &IP3 28 oC
FR3R 72 hy IR (IR R R T ) B SRR A b
Ryl 28 oC 535 72 hy AR HEIET R GG
— SRR 08 °CHEFR 72 he B SRR R
M b T8 %) TRV B 4t J g e T - T B TR Vi 4L
(Colony Forming Unit, CFU), A CFU/g T +3FR.
133 REAFRERNE

WM, RS SR & A AR AR
o PEERARHEBLEN . BN MR S, RigE
HoM eI, 1690 d IR, AR
o RS
B = i R R

AEBUR )= 752%2 fj;gfiﬁﬁz )

1.3.4 #EHKKERINE

A 140 dJF 0 SR EE M R 5 A R
AR AR T KR D
KOMTE; BB MRBGRIBUR . 25, o, Xffif &

100 ;

100,

Table 1 Treatments in different methods

AbFH Treatments F4 4} Materials
KY T it e A ALHE 80%+HHIRHE 20904 B 2 ALAT B (HL2)

80% organic fertilizer+20% coconut bran+Bacillus subtilis HL2
KN A i 3B AT HLIE 80%+TR A+ 20%+HA 5 2 AL AT 14 (HL2)

80% organic fertilizer+20% peat soil+Bacillus subtilis HL2
KC Tl i A HLIE 80%+SEAT D 20%+4H 5L ZE A AT B (HL2)

80% organic fertilizer+20% rapeseed cake+Bacillus subtilis HL2
LY 5 i1 A HLAE 80%+HBHE 20%0+4i 25 1 (HL3)

80% organic fertilizer+20% coconut brant+Streptomyces strain HL3
LN i i 38 A HLAE 80%+UR 5 L 20%+% B3 1A (HL3)

80% organic fertilizer+20% peat soil+Streptomyces strain HL3
LC T G A HLAE 80%+3RATF I 20% -+ 25 1 (HL3)

80% organic fertilizer+20% rapeseed cake+Streptomyces strain HL3
YJ T8 i 38 A3 HLAE Organic fertilizer
CK H 4B Chemical fertilizer (16-16-16)
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Figure 1 Correlation between soil physiochemical properties and microbial quantity

. OM: AHLFT; AP: AW, AN: A AK: #8#; Phy: MAFEHE; Fun: HB; Bac: 41E; Act: JUZH. *: 1
0.05 ZKF-CRUM) R EASE; **: 78 0.01 KU FREHSC; ***: TE 0.001 ACF-CRU) b B & A0

Note: OM: Organic matters; AP: Available phosphorus; AN: Available nitrogen; AK: Available potassium; Phy: Phytophthora
nicotiance; Fun: Fungus; Bac: Bacteria; Act: Actinomycetes. *: Significant correlation at the 0.05 level (bilateral); **: Significant
correlation at the 0.01 level (bilateral); ***: Significant correlation at the 0.001 level (bilateral)
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Table 4 Correlation between the number of soil culturable microorganisms and the incidence

it H e AL 2 i) L V3RS

Item Actinomycetes Phytophthora nicotiance Bacteria  Fungus Incidence rate
UL Actinomycetes 1 —0.616** 0.222 0.159 —0.400%*

YK EREEE Phytophthora nicotiance 1 —0.305 —0.293 0.805%*

YA Bacteria 1 0.178 —0.020

E. 1 Fungus 1 —-0.300

KI% % Incidence rate 1

TE: % A8 0.01 KGRI ARG *: 7 0.05 ZKT-ORUI) b 2405

Note: **: Significant correlation at the 0.01 level (bilateral); *: Significant correlation at the 0.05 level (bilateral)

Ty, o, x5, xp ZIEIBEA LR, AR
MHARYEGIFE L, ZouEETE F AR
) P<0.05, BIRUILG ARG, RERMT AR,

i bRk, ZIchlH R 1y=3.366-0.063x,—
0.131x,+0.070x5—0.058x7 f5 & & R I bR, %7
BAAGIE . misdEfbnl a2 EGR 6)nT
PIEH, AZAS & x1. xa. xs. x7 XS RE y I B3
YER 4y )2 Pi=—0.323 . P,=—0.668. Ps=0.355.

x5 ZREAEAERLCER

Table S Summary table of multiple regression models

Rl R R’ T# R*  ARdEIRZE  Durbin-Watson
Model Adjusted Standard
R’ error

1 0.843a 0.710 0.609 0.122 31

2 0.843b 0.710 0.625 0.119 74

3 0.843¢c 0.710 0.640 0.117 32

4 0.842d 0.710 0.654 0.115 09

5 0.841e 0.707 0.664 0.11342  1.696

Fo6 RESHIFRFMHER

Table 6 Model 5 regression coefficient output

P7=—0.296, 4 4~ FAZASRXTIN GRS 1g (8 y M E B
S, xo (AHLBOEREK, xs (ARWHIRZ,
5 =% xi (pH), SZMdR/ N x; (R 5D
3 e

AT A W 2R A A HLER AR (BB . S k7
B VR A ) R b A HLIRTR AR A R A
BE, o BIERN A AR VR B B 2F AT T R
B T ) AR A LR, b H 3mSR A
YR O R R A R . PR AR e
Jite P R i 5 38 A HLAE 5 AR By R AR R AT B HL2
RS 0 HL3)ZE K R Bl A5 1 2E P A7 LAE v]
AN IR B b i o S R R i A . b, it AR
AV SR, 25 ), RS T
CK (fLAE)ALBE , 136 BH A5 B 181 0 it A2 T35 Dt T
TS A R EEFVER, MM THAEK
K F A WA HUIE A2 SE4E 20 A K A S E R B

B i 1219 Z % bRz Bt R %L t BEE VIF
Model Partial regression Standard error Standard factor Significance

coefficient
i & Constant 3.366 0.020 167.888 0
X2 —0.131 0.039 —0.668 —3.335 0.002 3.702
X1 —0.063 0.031 —0.323 —2.050 0.050 2.289
X7 —0.058 0.022 —0.296 —2.636 0.014 1.161
Xs 0.070 0.030 0.355 2.326 0.028 2.153

. WEJG VIF A

Note: There is no value of constant in the multiple regression models
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2, Espinosa 2581 Shen 25047 % 95 3 5 At Ak
A3 BN R R AR bR . BRI, R
B 50 B 22 97 2R A 3 5 TR B Y
TR OE, ] RE I R ik A e B 8 R A R
P EEVER, Rt A i . PLE AR R
WAV T — 26 A5 50 , 15 TIEMA Y2 3

IZ T4 A R T LR 0 16 SRR ) A K
Yim 25003 3 B FLA 9 (Replant disease)BF 5% &
B, SR b AR R 0 39 b BE R T R O
SRTE 1)) A0 B R AR T EE AT BT R N . 2 eIl 4y
Briwos, B AR s B E A
HEAHLE . AR pH, b Pearson AHGHE
AT ERIT, 5 R R TR B R P A DG Y
ST HLER pH, Wang ZPOBFsRE ., 4
YAT HLAE AL #4359 pH ELAH Eb AR B Ab PR 5. 2 354
. Pan ZEPTVESE K B A A HLAE it A + 55
A MUT SRR, A A Y g
PRI A ELAE, A0S B o 76 A
T4 [R] 3R A28 AR K 5 ) 2 AR 0 8 el - ST W TR
ZEF AR A

SRR IR A T UE S Tt AR M ML RE NS
WAL 3 8 AT 355 o D B S, (EUR SR T A W R
TEAEHIE RN, He T RSyt — A i = 0
Tk, RGEWEFE T A AT LIS 8+ e
P BFRER AR AL . F B 9T & A A5 5
WECE 5EEMZBIR LR R IENE, X—558
B AR 9 3 i i T (R 8 ) R 0 G
i % S IEAH OGS IR A AT
4 4

(1) S1LRE L H (CR)M L, it F A= 9147 HLAE
Wb FRAEAR HE 3% SRR A, G R (0
LM, FEOF, ZE. R)A DK,

(2) S (CKMH L, it H AP A HLIE
Qb B S R AR AV O 0 S R 2% 5 it P T ot
ALY DB R T 2%, T AR A HLIE Ak
(KO A B 8O R e b, HOR AL PR KY . KN
LY, BiERCRYN 83.5%,

(3) AHICAM TR, R I B (R R R 1)
TSR . AR, pH B E AR
(P<0.001), 5 TR & & 5 W F IEAHDCC R
(P<0.05), 5KRpHELEEFIEMAHILKRP<0.01),
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