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Effects of bio-organic fertilizers on pineapple heart rot and bacterial
community structure
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Abstract Heart rot is a common soil-borne disease in the pineapple industry, but the situation can be alleviated
by the application of bio-fertilizers with beneficial microbiomes. Clarifying the controlling mechanism of bio-
organic fertilizer on the high incidence of heart rot is critical in monocultural pineapple cropping patterns. In our
study, the soil of continuous cropping pineapple orchards was collected. Three types of carriers (rapeseed cake,
peat soil, and coconut bran), biocontrol strains (Bacillus subtilis HL2 and Streptomyces strain HL3), and organic
fertilizer (YJ) were composted into different bio-fertilizers (KC, KN, KY, LC, LN, and LY), which were used in
pot experiments. The controlling effect of the bio-fertilizer was determined based on the response of pineapple
heart rot and bacterial communities to different fertilizing methods. Our results revealed that the incidence
of heart rot in bio-fertilizer KC was the lowest, which decreased by 20% and 13.3%, respectively, compared
to HF (chemical fertilizer, 16-16-16) and YJ (organic fertilizer). The richness and diversity of soil bacterial
communities in all biofertilized treatments (KC, KN, KY, LC, LN, and LY) were significantly higher than those in
HF. However, the a-diversity indices of the bio-fertilizers (KC, KN, and KY) were higher than those of LC, LN,
and LY, and the bacterial community composition was significantly different. The bacteria GP4, GP6, Bacillus,
and Azohydromonas were enriched in KC, KN, and KY, while the relative abundance of Streptomyces increased
significantly in LC, LN, and LY. Furthermore, Spearman correlation analysis showed that the relative abundance
of these bacterial groups was significantly negatively correlated with the incidence of pineapple heart rot. In
summary, the application of bio-organic fertilizers can decrease the incidence of pineapple heart rot by altering
the soil bacterial community structure and stimulating beneficial soil microorganisms, which is important for
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reconstructing the ecological balance in continuous pineapple orchards.

Keywords pineapple heart rot; bio-fertilizer; bacteria; community structure
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Fig. 1 Disease incidence for pineapple using different
cultivation methods. HF: Chemical fertilizer (16-16-16); YJ: Organic
fertilizer; KC, KN, KY: Bio-organic fertilizers with Bacillus HL2; LC,
LN, LY: Bio-organic fertilizers with Streptomyces HL3. Different
letters represent significant differences among different treatments (P
<0.05).
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Fig. 2 Bacterial alpha diversity in different samples. HF: Chemical fertilizer (16-16-16); YJ: Organic fertilizer; KC, KN, KY: Bio-organic
fertilizers with Bacillus HL2; LC, LN, LY: Bio-organic fertilizers with Streptomyces HL3. Different letters indicate significant differences at the 0.05

level based on the analysis of variance.



A AT B X 38 5 8 . A R0 - 0 BT v 485 A A S

Vol. 28 No.6 Dec 2022

0-10 I5ERMANOVA: R2=0.284, P=0.00] 4,
_ R HF
X ovd
S 0.05 KC
E o R = KN
~ ’q L X J = KY
S W ‘ +LC
© 0.00 [----mmmmmmm oo + LN
= ; . JY
= :
il : ]El

-0.05 o if

0.2 0.1 0.0

F:AEFR PCoA 1 (46.75%)

E3 EHTFBray-CurtisiE & ME B % F LIRS (PCoA) MBS
THESDH (PERMANOVA) . HF: =i A E: Yd: HHLE; KC. KN,
KY: HL2A9H HUIE; LC. LN, LY: HL3ZAEY A HLIE.

Fig. 3 Principal coordinate analysis (PCoA) of total soil microbial
community and permutational multivariate analysis of variance
(PERMANOVA) based on the Bray—Curtis distance. HF: Chemical
fertilizer (16-16-16); YJ: Organic fertilizer; KC, KN, KY: Bio-organic
fertilizers with Bacillus HL2; LC, LN, LY: Bio-organic fertilizers with
Streptomyces HL3.
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Fig. 4 Distribution of bacterial phyla ( A) and their relative abundance in different treatments (B), and genus (C) and their relative
abundance(D). HF: Chemical fertilizer (16-16-16); YJ: Organic fertilizer; KC, KN, KY: Bio-organic fertilizers with Bacillus HL2; LC, LN, LY: Bio-
organic fertilizers with Streptomyces HL3.
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Otu68 Phylum_Acidobacteria class_Acidobacteria_Gp6 genus_Gp6

Otu70 Phylum_Acidobacteria class_Acidobacteria_Gp4 genus_Gp4

Otu26 Phylum_Proteobacteria class_Gammaproteobacteria order_Xanthomonadales family_Rhodanobacteraceae genus_Dyella

Otu46 Phylum_Proteobacteria class_Deltaproteobacteria order_Myxococcales family_Cystobacteraceae genus_Archangium

Otu1  Phylum_Proteobacteria class_Betaproteobacteria order_Burkholderiales family_Burkholderiaceae genus_Ralstonia

Otu5  Phylum_Bacteroidetes class_Chitinophagia order_Chitinophagales family_Chitinophagaceae genus_Hydrotalea -2

Otu19 Phylum_Proteobacteria class_Alphaproteobacteria order_Sphingomonadales family_Sphingomonadaceae genus_Sphingomonas

Otu30 Phylum_Bacteroidetes class_Chitinophagia order_Chitinophagales family_Chitinophagaceae genus_Chitinophaga

Otu12 Phylum_Proteobacteria class_Alphaproteobacteria order_Sphingomonadales family_Sphingomonadaceae genus_Sphingobium

Otu50 Phylum_Bacteroidetes class_Chitinophagia order_Chitinophagales family_Chitinophagaceae genus_Chitinophaga

Otu7  Phylum_Proteobacteria class_Gammaproteobacteria order_Xanthomonadales family_Rhodanobacteraceae genus_Dyella

Otu22 Phylum_Proteobacteria class_Betaproteobacteria order_Burkholderiales family_Burkholderiaceae genus_Paraburkholderia

Otu72 Phylum_Acidobacteria class_Acidobacteria_Gp3 genus_Gp3

Otu18 Phylum_Proteobacteria class_Gammaproteobacteria order_Xanthomonadales family_Rhodanobacteraceae genus_Rhodanobacter

Otu55 Phylum_Proteobacteria class_ Gammaproteobacteria order_Xanthomonadales family_Xanthomonadaceae genus_Chujaibacter

Otu25 Phylum_Acidobacteria class_Acidobacteria_Gp3 genus_Gp3

Otu94 Phylum_Actinobacteria class_Actinobacteria order_Streptomycetales family_Streptomycetaceae genus_Streptacidiphilus

_- Otu54 Phylum_Proteobacteria class_Alphaproteobacteria order_Sphingomonadales family_Sphingomonadaceae genus_Sphingomonas

Otu3  Phylum_Cyanobacteria/Chloroplast class_Chloroplast family_Chloroplast genus_Streptophyta

Otu502 Phylum_Proteobacteria class_Gammaproteobacteria order_Xanthomonadales family_Rhodanobacteraceae genus_Dyella

Otu594 Phylum_Proteobacteria class_Betaproteobacteria order_Burkholderiales family_Burkholderiaceae genus_Burkholderia

Otu43 Phylum_Proteobacteria class_Alphaproteobacteria order_Micropepsales family_Micropepsaceae genus_Micropepsis

I | Otu21 Phylum_Proteobacteria class_Alphaproteobacteria order_Rhizobiales family_Bradyrhizobiaceae genus_Bradyrhizobium

_- Otu581 Phylum_Proteobacteria class_Betaproteobacteria order_Burkholderiales family_Burkholderiaceae genus_Paraburkholderia

Otu36 Phylum_Actinobacteria class_Actinobacteria order_Streptomycetales family_Streptomycetaceae genus_Streptomyces

Otué  Phylum_Proteobacteria class_Alphaproteobacteria order_Rhizobiales family_Rhizobiaceae genus_Rhizobium

Otu4  Phylum_Proteobacteria class_Betaproteobacteria order_Burkholderiales family_Burkholderiaceae genus_Caballeronia

Otu9  Phylum_Proteobacteria class_Alphaproteobacteria order_Sphingomonadales family_Sphingomonadaceae genus_Sphingomonas

HF LN LY LC YJ KN KC KY
5 MEFEFEERISOMOTUR KN HF: =JCAN; YJ: AHUE; KC. KN, KY: HL2ZZEM A HLL: LC. LN, LY: HL3ZEM A HLAE.
Fig. 5 OTU cluster analysis of the first 30 bacteria abundance. HF: Chemical fertilizer (16-16-16); YJ: Organic fertilizer; KC, KN, KY: Bio-
organic fertilizers with Bacillus HL2; LC, LN, LY: Bio-organic fertilizers with Streptomyces HL3.
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Fig. 6 Spearman’s correlation coefficients between taxon (significant genera among different treatments) and PHRD incidence (colors
representing Spearman’s correlations). Dye: Dyella; Par: Paraburkholderia; Str1: Streptophyta; Rho: Rhodanobacter; Act: Actinospica; Ral:
Ralstonia; Sph: Sphingomonas; Eda: Edaphobacter; Hyd: Hydrotalea; Bac: Bacillus; Str2: Streptomyces; Azo: Azohydromonas. DI: Disease
incidence. * Significant difference at the 0.05 level; ** Significant difference at the 0.01 level; *** Significant difference at the 0.001 level.
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