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Abstract

Influence of dieback disease on the soil chemistry and the morphological,
biochemical, and molecular characteristics of bacteria isolated from the rhi-
zosphere of mango plants was studied. The soil samples collected from the
rhizosphere of the healthy and dieback-affected mango plants were analyzed for
their physicochemical parameters and biochemical characteristics of bacterial
isolates. The dieback disease resulted in a significant decrease in pH, water
holding capacity, organic matter, total nitrogen content, available phospho-
rus content, and available potassium content. The number of bacterial isolates
showing oxidase production and lactose and sucrose fermentation was increased
while the number of those showing urease and hydrogen sulphide production
was decreased in the rhizosphere of diseased plants. The genus Bacillus showed
maximum prevalence (97%) among the identified genera of rhizobacteria. Eight
bacterial species were found to be absent and eight new species appeared in the
rhizosphere of diseased plants. The study would be a significant contribution
to the literature regarding the dieback mango disease and its relationship with
soil composition and its microflora.
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Introduction. The rhizosphere of plants provides a diverse atmosphere for
the interaction and growth of microbial communities [1]. The plant root exudates
and nutritional composition of the soil significantly affect rhizospheric soil com-
position and microbial growth and reproduction. The interactions between the
plants, microorganisms, and the prevailing environmental factors may be benefi-
cial or harmful to the plants [2]. The nutrient deficiency and some other factors
such as drought, lack of shade, drying winds, and microbial infections make plants
more vulnerable to the attack of fungal pathogens resulting in a quick decline of
plants also known as dieback disease [3].

Mango, botanically known as Mangifera indica L., is under serious threat of
quick decline or dieback disease in Pakistan and other mango producing countries.
This disease is known to be caused by the fungal pathogens Botryosphaeria ribis,
Lasiodiplodia theobromae, and Ceratocystis fimbriata [4]. Previously, studies have
been reported on the detection of dieback disease in mango, its effects on the
biochemical and phytochemical composition of mango stem bark [5].

However, limited information was found on the impact of dieback disease on
bacterial population and soil parameters of mango plants. Therefore, the present
study was designed to evaluate the effect of dieback disease on the physicochem-
ical parameters and bacterial population in the rhizosphere of mango plants in
Southern Punjab, Pakistan.

Materials and methods. Soil samples were collected from the rhizosphere
of healthy (n = 8) and dieback-affected mango plants (n = 8) at a depth of 20
cm followed by analysis of soil parameters, isolation of rhizobacteria. The pH of
the soil-water suspension (1:1) and electrical conductivity (EC) of the aqueous
extracts were determined by the previously reported methods using a pH me-
ter (Jenway 3540, Fisher Scientific, Leicestershire, UK) and EC meter (Chemtrix
70, Chemtrix Inc., Hillsboro, USA), respectively [6]. The water holding capac-
ity (WHC), organic matter (OM) total nitrogen content (TNC), available phos-
phorus content (APC), and available potassium content (AKC) of the soil were
determined by standard protocols [7–9].

The suspension of rhizosphere soil sample (10 g) in sterile ringer solution (90
ml) was homogenized at 300 × g for 10 min using a shaker-incubator (Labtech
LSI-3016A, Namyangju-City, Kyonggi-Do, Korea). The rhizobacteria were iso-
lated from the solution by serial dilution (10−1–10−6) technique, cultured, and
purified using the method described earlier [10]. The purified bacterial colonies
were preserved in 50:50 w/w nutrient-glycerol broths at −70 ◦C. The morphologi-
cal features of different colonies were examined under a light microscope (Olympus
CH-2, Microscope Central, Feasterville, Pennsylvania) while the biochemical tests
were performed following the previously reported standard protocols [11].

The DNA was extracted from the bacterial isolates grown in LB broth in the
shaker incubator at 300 × g and 37 ◦C, for 18–24 h using a DNA extraction kit
(Vivantis Technologies, Selangor Darul Ehsan, Malaysia). The amplification of
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bacterial-specific 16S ribosomal RNA gene was performed by polymerase chain
reaction (PCR) in a thermal cycler (Sure Cycler 8800, Agilent Technologies, Inc.,
Santa Clara, USA) using universal primers derived from the Escherichia coli 16S
rRNA sequence using the protocols described earlier [12]. The sequence analysis
of the purified PCR products was performed by Macrogen Inc. (Korea) using
Sanger sequencing techniques. The sequences of the 16S rRNA gene were aligned
manually and compared with the new homologous 16S ribosomal RNA sequences
available on the basic local alignment search tool (BLAST) in the National Cen-
ter for Biotechnology Information (NCBI) database [13]. The 16S rRNA gene
sequence was deposited at the Gene bank and is accessible under the accession
numbers MK467575 to MK467574S.

The evolutionary history of the bacterial isolates was determined by the
Neighbour-Joining method [14]. The computational analysis of the evolutionary
distances was performed as the number of base substitutions per site using the
Maximum Composite Likelihood method [15]. The evolutionary analyses were
conducted in molecular evolutionary genetic analysis (MEGA X) software.

Statistical analysis. The results of the physicochemical parameters and
bacterial population of rhizosphere soil were presented as mean ± SD of ten repli-
cates and the means were separated by Tukey’s multiple range tests using one-way
analysis of variance (ANOVA) in SPSS statistical software.

Results. The texture of soil samples collected from the rhizosphere of both
healthy and dieback-affected mango plants was found to be silty clay loam. The
pH, EC, and WHC of rhizosphere soil obtained from the healthy and dieback-
affected mango plants were found to be 6.12 ± 0.74 and 7.72 ± 0.71, 1.51 ±
1.14 and 2.12 ± 0.36 µS cm−1, and 21.41 ± 4.20 and 41.3 ± 4.72%, respectively.
Organic matter, TNC, APC, and AKC of the rhizosphere of the healthy and
dieback-affected mango plants were found to be 1.19 ± 0.37 and 2.02 ± 0.24%,
0.11 ± 0.09 and 0.23 ± 0.08 mg kg−1, 0.28 ± 0.08 and 0.07 ± 0.02 mg kg−1,
and 4.50 ± 2.20 and 13.4 ± 2.72 mg kg−1, respectively (Table 1). The bacterial
population in the rhizosphere of the healthy and dieback-affected mango plants
was found to be 29.98± 6.59 and 33.10± 3.80 10−4×CFU/g soil, respectively. The
analyzed physicochemical parameters except for EC of the rhizosphere of healthy
and dieback-affected mango plants were statistically different (p < 0.05) with
relatively higher values of pH, WHC, OM, TNC, APC, AKC in the rhizosphere
of healthy plants.

Morphological and biochemical characteristics of bacteria. The ma-
jority of the bacterial colonies in the rhizosphere of healthy and dieback-affected
plants were observed as broad (46–47%) and opaque (100%) with irregular colony
shape (26–56%), smooth texture, and entire margins (83–100%) and Bacilli cell
shape (78–97%) and cream colour (44–46%) (Table 2). The number of bacterial
isolates with orange-brown colour and those possessing gram-negative staining
and spore-forming abilities was increased in the rhizosphere of dieback-affected
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T a b l e 1

Physiochemical parameters and bacterial population in the rhizosphere of healthy
and dieback mango plants

Parameters Healthy
mango plants∗

Dieback-
affected
mango
plants

Sum of
Squares

Mean
Square F -value p-value

pH 7.72 ± 0.71 6.12 ± 0.74 10.24 10.24 19.50 0.001∗∗

Electrical conductivity
(µS cm−1)

2.12 ± 0.36 1.51 ± 1.14 1.50 1.50 2.09 0.170

Water holding capacity
(%) 41.3 ± 4.72 21.41 ± 4.20 1586.03 1586.03 79.27 0.000

Organic matter (%) 2.02 ± 0.24 1.19 ± 0.37 2.73 2.73 28.2 0.000
Total nitrogen content
(%) 0.23 ± 0.08 0.11 ± 0.05 0.048 0.048 6.45 0.024

Available phosphorus
content (mg kg−1)

0.28 ± 0.088 0.07 ± 0.02 0.170 0.170 26.11 0.000

Available potassium
content (mg kg−1)

13.4 ± 2.72 4.50 ± 2.20 315.06 315.06 51.36 0.000

Bacterial population
(10−4 CFU∗/g)

33.1 ± 3.80 29.98 ± 6.59 39.69 39.69 1.37 0.261

∗CFU: Colony forming units, ∗∗The values are significantly different at a 95% confidence level
(p ≤0.05) using Duncan’s multiple range tests

plants. The rhizosphere of healthy mango plants also showed the presence of
Klebsiella, Paraclostridium, Enterococcus,and Acinetobacter morphologies while
that of dieback-affected plants showed Pseudomonas, Staphylococcus, Enterobac-
ter, and Pelagirhhobacter morphologies.

The majority of the bacterial isolates obtained from the rhizosphere of healthy
and dieback-affected mango plants showed the production of catalase (97 and
100%), oxidase (40 and 60%), urease (31 and 26%), lactose (83 and 89%), sucrose
(20 and 31%), hydrogen disulphide (9 and 3%) and indole (40 and 43%) and
fermentation of glucose (94 and 97%), citrate utilization (86 and 89%) and nitrate
reduction (94 and 95%), respectively. The number of oxidase producing and
lactose and sucrose fermenting bacteria was significantly increased while that of
urease and hydrogen sulphide producing bacteria was decreased in the rhizosphere
of dieback-affected plants (Fig. 1a–c).

Bacterial identification by 16S rRNA gene sequences. The 16S rRNA
sequences showed 36 species of bacteria isolated from the rhizosphere of healthy
plants and 35 species from that of dieback-affected plants. The sequences of the
16S rRNA gene of the bacteria isolated from the rhizosphere of healthy plants
were split into four monophyletic groups (MPG1-MPG4) along with the presence
of Klebsiella pneumoniae. The MPG4 was found to be the largest clade consist-
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T a b l e 2

Morphological characteristics of bacterial isolates obtained from rhizosphere of healthy and
dieback mango plants

Healthy plants∗

(n = 36)
Dieback-affected plants

(n = 35)
Tested
parameter Characteristics Number of

isolates (n) Percentage Number of
isolates (n) Percentage

Colony size
Large 17 47 16 46
Medium 12 33 12 33
Small 17 47 7 20

Colony shape Circular 16 44 14 40
Irregular 20 56 9 26

Colour

Cream 16 44 16 46
Blue green 5 14 3 9
Light yellow 6 17 6 17
Pink 3 8 3 9
Orange brown 2 6 4 11
Yellowish 4 11 3 9

Opacity Opaque 36 100 35 100
Texture Smooth 36 100 29 83
Margin Entire 36 100 35 100

Gram staining Gram +ive 29 81 26 74
Gram –ive 7 19 9 26

Cell
morphology

Bacilli 28 78 29 97
Klebsiella 3 8
Microbacterium 1 2 1 3
Paraclostridium 1 2
Enterococcus 1 2
Acinetobacter 1 2
Pseudomonas 1 3
Enterobacter 1 3
Staphylococcus 1 3
Pelagirhhobacter 1 3

Spore
formation +ive 26 72 29 97

ing of 12 species including three strains of Bacillus haynesii, two strains of each
of Bacillus mojevinsis, Bacillus amyloliquefaciens, and Bacillus subtilis, and one
strain of each of Bacillus velezensis, Bacillus tequilensis, and Bacillus austral-
imeris. MPG3 was the second largest group consisting of 10 species including
five strains of Bacillus paramycoides, three strains of Bacillus tropicus, and one
strain of each of Staphylococcus haemolyticus and Bacillus cereus. MPG2 showed
the presence of two strains of Bacillus tropicus and one strain of each of Ente-
rococcus faecalis, Bacillus oceandisediminis, and Paraclostridium benzoelyticum.
MPG1 consisted of three strains of Klebsiella aerogenes and one strain of each of
Microbacterium esteraromaticum, Acinetobacter pittii, and Enterobacter ludwigii
(Fig. 2a).

490 S. Ayyaz, M. A. Shad, H. Nawaz et al.



Fig. 1. Biochemical characteristics of the bacteria isolated from the rhizosphere of healthy
and dieback-affected mango plants: a) Enzyme production; b) Sugar fermentation; c) Other
metabolic activities. ∗CP: Catalase production, OP: Oxidase production, UP: Urease produc-
tion, GF: Glucose fermentation, LF: Lactose fermentation, SF: Sucrose fermentation, IP: Indole
production, CU: Citrate utilization, NR: Nitrate reduction, and HSP: Hydrogen sulphide pro-

duction

The bacterial isolates obtained from the rhizosphere of dieback-affected plants
were split into five monophyletic groups (MPG1-MPG5) along with the presence
of Bacillus pseudomycoides, Staphylococcus hominis, Pelagirhabdus alkalitolerans,
and Microbacterium esteraromaticum (Fig. 2b). MPG1 clade consisted of Pseu-
domonas plecoglossicida, Pseudomonas aeruginosa, and Enterobacter ausburie.
MPG2 was the largest group consisting of 13 Bacillus strains including three
strains of each of Bacillus haynesii and Bacillus subtilis, two strains of each of
Bacillus safensis and Bacillus amyloliquefaciens, and one strain of each of Bacillus
firmus, Bacillus oceanisediminis, and Bacillus mojavensis. MPG3 clade consisted
of one strain of each of Bacillus paramycoides, Bacillus tropicus, and Bacillus
bingmayongensis while MPG4 clade consisted of one strain of Bacillus tropicus
and two strains of Bacillus paramycoides. MPG5 was the second largest clade
consisting of eight species including four strains of each of Bacillus tropicus and
Bacillus paramycoides.

The phylogenetic analysis identified the genus Bacillus as the most prevalent
genus along with some other genera of bacteria with a relatively higher percent-
age in the rhizosphere of dieback-affected plants (97%) than that of healthy plants
(78%). The Bacillus clade of the bacterial isolates obtained from the rhizosphere of
healthy plants was subdivided into Bacillus Paramycoides (13.8%), Bacillus tropi-
cus (13.8%), Bacillus haynesii (8.3%), Bacillus subtilis (5.55%), Bacillus mojaven-
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Fig. 2. Phylogenetic tree of 16S rRNA gene extracted from the bacteria isolated from the
rhizosphere of a) Healthy and b) Dieback affected mango plants MPG: Monophyletic groups

sis (5.55%), Bacillus amyloliquefaciens (5.55%), and Klebsiella aerogenes (8.3%)
clades. The Bacillus clade of the bacterial isolates obtained from the rhizosphere
of dieback-affected plants was also subdivided into Bacillus tropicus (20%), Bacil-
lus paramycoides (20%), Bacillus haynesii (8.57%), Bacillus mojavensis (5.55%),
Bacillus subtilis (8.57%), Bacillus amyloliquefaciens (5.71%), Bacillus safensis
(5.71%), and Klebsiella aerogenes (8.3%) clades.

Discussion. The observed variation in physicochemical parameters of the
rhizosphere of healthy and dieback-affected plants indicated that dieback disease
has significantly affected the physical properties and nutritional composition of
the soil. However, the variance in physical properties and nutritional composition
of soil did not affect the overall population of bacteria in the rhizosphere of healthy
and dieback-affected plants. The decrease in the pH, WHC, OM TNC, APC, and
AKC in the rhizosphere of dieback-affected plants as compared to that of healthy
plants may be attributed to the altered root exudation affecting the physical
properties and solubility and availability of minerals and nutrients [16].

The observed variation in the morphology and biochemical parameters of the
bacteria isolated from healthy and dieback-affected plant rhizospheres may be as-
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sociated with the potential effects of dieback disease on the microbial population
present in the rhizosphere of mango plants. The presence of different bacterial
strains in the same clade suggested a close evolutionary association among these
strains. The long-term survival of Bacillus species in the soil may be attributed
to the formation of resistant-endospore and the production of antibiotics [17].
The disappearance of Bacillus velezensis, Staphylococcus haemolyticus, Entero-
coccus faecalis, Paraclostridium benzoelyticum, Acinetobacter pittii, Enterobacter
ludwigii, Klebsiella aerogenes, and Klebsiella pneumoniae, and the appearance of
some new species including Bacillus bingmayongensis, Bacillus pseudomycoides,
Staphylococcus hominis, Bacillus firmus, Pelagirhabdus alkalitolerans, Enterobac-
ter ausburie, Pseudomonas plecoglossicida, and Pseudomonas aeruginosa in the
rhizosphere of dieback affected plants may be attributed to the potential effect
of dieback disease in the rhizoflora of mango plants. The disappearance of the
native bacterial species and the appearance of new species in the rhizosphere of
dieback-affected mango plants may be correlated with the change in their root
exudates and soil chemistry [18].

In light of the above discussion, it has been concluded that the dieback disease
of mango plants significantly affects the soil chemistry and bacterial population.
The dieback-induced emergence of new species of rhizoflora may in turn affect the
susceptibility of the mango plant. The dieback disease-induced changes in soil
chemistry and bacterial diversity may also have ecological effects on the growth
and susceptibility of nearby plants. The study would be a valuable contribution to
the literature regarding the consequences of dieback disease on the soil chemistry
and bacterial diversity in the rhizosphere of mango plants throughout the world.
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