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Abstract: Microbiome engineering, which can improve the functional capabilities of
native microbial species under challenging agricultural ambiance, is an emerging bio-
technological strategy to improve crop yield and resilience against biotic and abiot-
ic environmental constraints. In this study, the microbial community structure in the
rhizosphere of 7 watermelon accessions was monitored using the soil dilution plating
technique on specific media. All accessions tested were screened for their root growth
before planting to select accessions with an improved root system. The fruit production
was determined at four months post-planting. The total soluble solids (TSS) content was
measured on flesh of sampled fruits. The dendrogram of hierarchical ascending classifi-
cation clustered watermelon accessions into two main groups. The 1% cluster comprised
two accessions P1 and P8 which were characterized by the highest abundance of acti-
nomycetes and Aspergillus spp. communities in their rhizopshere, the highest weight of
fruits with sweet taste. The current study clearly demonstrated that the soil microbial
community structure has been shaped by Citrullus lanatus accessions. Future water-
melon breeding programs will be focused on the selection of accessions that are quite
able to exploit these associated beneficial microbial communities for enhanced growth
and improved resistance to associated biotic stresses.
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known by its antioxidant and vasodila-
tation activities (Rimando and Perkins-
Veazie, 2005; Zamuz et al., 2021). Its
fruits contain a wide range of bioactive
compounds including glycosides, carot-
enoids, flavonoids alkaloids, carbohy-
drates, fatty acids, and essential oils (Tlili

Introduction

Watermelon (Citrullus lanatus [Thunb.]
Matsum. & Nakai) is an horticultural spe-
cies of the Cucurbitaceae family, widely
cultivated and consumed throughout the
world (Gonzdlez et al., 2020), with glob-

al annual planting covering more than 3
million hectares and production exceeding
100 million tons (Sorokina et al., 2021).
This species is a naturally rich source of
the non-protein a-amino acid citrulline

©®

etal., 2011; Zamuz et al. 2021). However,
watermelon fruit has undergone signif-
icant changes in quality traits, mainly
those associated with flesh color, texture,
nutrient and sugar content (Yuan et al.,
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2021). Therefore, developing varieties with
good yield, desirable fruit characteristics and
high nutritional value is a priority for water-
melon breeding programs (Chikh-Rouhou et
al., 2019).

Watermelon crop was highly affected by
climate change (Paroon et al., 2019). Its
fruit was predominantly composed of water
(>90%), therefore water and heat stress can
significantly affect fruit yield and quality
(Hatfield et al., 2008; Paroon et al., 2019).
The root system was the major plant organ
involved in water and nutrient acquisition
and uptake (Zhu et al., 2011). Thus, devel-
oping varieties with an improved root sys-
tem was critical for enhancing plant surviv-
al and performance of watermelon crops
during periods of reduced water availability
(Katuuramu et al., 2020; Luo et al. 2020;
Lombardi et al. 2021). Resilient root archi-
tecture could also be important for protection
of watermelon crops from root-associated
pathogens, such as Verticillium, Fusarium,
and root-knot nematodes thus allowing the
affected plant to grow optimally with mini-
mal decreases in their yields (Wimer et al.,
2015). A screening of root traits across C.
lanatus accessions can help identify superior
genotypes able to tolerate more and better bi-
otic and abiotic stresses.

The rhizosphere was defined as the soil re-
gion under the influence of root exudates and
associated soil microorganisms i.e. root mi-
crobiome (Philippot et al., 2013). The estab-
lishment of plant-rhizosphere microbiome
interaction is highly influenced by the host
plant and soil properties (Zhu et al., 2011;
Li et al. 2021). Plant microbiota influenc-
es both plant health and productivity and is
considered nowadays as a second plant ge-
nome targeted in many breeding programs
(Berendsen et al., 2018). Members of plant
microbiome can be recovered from the soil
(Walsh et al., 2021) and/or seeds (Jonkers
et al., 2022). The interactions between these
microorganisms might regulate several phys-
iological processes in the host (Andreote et
al., 2014). The understanding of the func-
tional roles of these communities in plant
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health and development and in the evolution
of plant phenotype (White et al., 2019) has
gained growing interest in agriculture’s inno-
vated breeding strategies (Wei and Jousset,
2017). In fact, plants can actively recruit
soil microbial community for positive feed-
backs, but the underlying mechanisms and
plant traits that drive microbiome assembly
and functions are largely unknown (Pérez-
Jaramillo et al., 2016). Plants employ diverse
mechanisms to modulate their microbiome
including structural modifications, the exu-
dation of secondary metabolites and the coor-
dinated action of different defense responses
(Rolfe et al., 2019). Root-derived exudates,
apart from supporting microbial prolifera-
tion in the rhizosphere, are also responsible
for the formation of distinct microbial as-
semblages between plant and the rhizosphere
(Pascale et al., 2020). Some of the root-asso-
ciated microbiota can assist plants in nutri-
ent assimilation, leading to the enhancement
of their growth and defensive potential, but
others can be detrimental for plant health and
responsible of various soilborne diseases (De
Coninck et al., 2015). Furthermore, soil mi-
croorganisms are indirectly involved in the
determination of fruit quality (Reganold et
al., 2010). Indeed, differences of rhizospher-
ic and endophytic bacteria are recruited by
different watermelon phenotypes relating to
rind colors formation (Xiao et al., 2022). The
knowledge of the rhizosphere microbiome,
offering genetic variability to plants, opens
up new horizons for plant breeding that could
usher in cultivation of next-generation crops
depending less on inorganic inputs, resistant
to diseases and resilient to climatic changes
(Gopal and Gupta, 2016).

In this study, the potential influence of rhi-
zosphere microbiome assembly and func-
tion on watermelon breeding will be dis-
cussed through the establishment of ben-
eficial interactions with the rhizopshere
microbiome. Therefore, this study aimed to
select the most productive and sweet taste
watermelon accessions among seven test-
ed, to determine their associated culturable
soil microbial community and to search for
an eventual link between root growth, fruit
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production and quality and their associated
microorganisms.

Material and methods
Plant material

Seven (07) watermelon (Citrullus lanatus)
accessions are used in this study (Chikh-
Rouhou and Garcés-Claver, 2021). They
were obtained from the Cucurbitaceae breed-
ing program at the Regional Research Centre
on Horticulture and Organic Agriculture
(CRRHAB), Chott-Mariem, Tunisia. For
each accession, seeds were sown in cell trays
and maintained at 25°C under greenhouse
conditions. At the two-true-leaf growth
stage, they were further transplanted (end of
March) to an open field at the experimental
station of Sahline, Tunisia (N35° 45’057,
E10°42°39”).

Experimental design

Watermelon seedlings were transplanted
into rows with a distance of 120 cm between
seedlings within the same row and 80 cm be-
tween rows. The experimental design was a
completely randomized block design. Two
replicates of six seedlings each were used
per accession tested. They were subjected to
agricultural practices commonly adopted by
farmers in the region and irrigated and fertil-
ized as needed.

Soil sampling
Composite soil samples from each replicate
were collected at the initial state (before
planting) (Table 2) and four times post-plant-
ing i.e. at 30, 60, 90, 120 days post-planting
(DPP). At the initial state, ten soil cores were
removed and were combined to make one
composite soil sample. After planting, three
soil cores (7 cm in diameter x 15 cm in depth)
were removed from the rhizosphere soil of
each sampled plant and were combined to
make one composite soil per accession. Two
replicates were considered for each soil sam-
pling. Once brought to laboratory, soil sam-
ples were passed through a 2-mm sieve to
remove rocks and large organic debris. They
were stored in plastic bags at 10°C until use.

Two subsamples were processed from each
soil sample.

Determination of soil pH and
electrical conductivity (EC)

Each composite soil sample was air-dried
and suspended into distilled water (1:10 soil
dH,O! ratio). Soil filtrates obtained by fil-
tration through Whatman paper No. 1 were
analyzed for the determination of their pH
and EC using a glass electrode (VWR sym-
pHony®) and a digital conductivity meter
(HANNA®), respectively.

Estimation of soil microbial
community structure

General populations of culturable soil micro-
organisms (bacteria, actinomycetes and fun-
gi) were determined using the soil dilution
plating techniques on various agar media.
For each subsample taken from each com-
posite soil, 10 g were added to 90 ml of ster-
ile 0.2% water agar, vigorously stirred for
30 min, serially diluted and a-100 pl sample
was plated on specific agar media (Larkin
and Honeycutt, 2006). Three replicates of
one plate each were used for each soil sub-
sample. Colony-forming units (CFU) were
counted to estimate the microbial density on
each selective medium per 1 g of fresh soil
(Marin et al., 2013).

Root growth and fruit
production parameters

The maximum root length and the root fresh
weight were determined before planting.
The average fruit weight was noted at the
last harvest (four months post-planting). The
root growth parameters and the average fruit
weight were determined for three randomly
sampled plants.

Determination of total

soluble solids (TSS)
Total soluble solids (TSS) content was
measured by cutting a wedge of flesh and
squeezing the juice into the prism of a dig-
ital refractometer (Atago PR-100, Tokyo,
Japan). Three replicates were used per each
accession.
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Data analysis

Data were analyzed using Statistical Package
for the Social Sciences (SPSS) software for
Windows version 16.0. Data for pH, EC of
soil samples and rhizosphere microbial pop-
ulation counts were analyzed according to a
completely randomized factorial model with
two factors (Accessions tested x Sampling
times). As for root growth, fruit production
and TSS parameters, data were analyzed ac-
cording to a completely randomized design.
Experiments were repeated twice. Means
were separated using Tukey test to identify
significant pair-wise differences at P < 0.05.
For an overview of watermelon accessions
distribution, and to explore soil microbial
community contributing to classification, a
Principal Component Analysis (PCA) and a
dendrogram of hierachical ascending classi-
fication were performed.

Results and Discussion

Variation of soil pH and EC

ANOVA analysis of pH and EC values of
the rhizosphere soil collected around the
seven watermelon accessions varied sig-
nificantly (at P < 0.05) depending on ac-
cessions tested, sampling times and their
interaction (Table 1). The highest pH val-
ue (6.79) was recorded in the rhizosphere
of P16 accession followed by 6.69 to 6.72
in the rhizosphere of P8, P14 and P15 ac-
cessions. The pH values were significantly
1-1.01 times higher at 60 and 120 DPP than
at 30, 90 DPP and initial state (before plant-
ing) (Table 1). Regarding EC, the highest
values (0.48 and 0.52 dS m') were record-
ed in soil samples collected from the rhi-
zopshere of P2 and P6, respectively. As for
the sampling time effect on this parameter,
the EC of the rhizosphere soil associated to
the seven watermelon accessions was 36.5-
40% and 50-52.7% higher at 90 and 120
DPP than at 30 and 60 DPP, respectively
(Table 1). Significant increments of the rhi-
zosphere EC values of 38.4-41.8% were re-
corded at 90 and 120 DPP compared to the
initial state soil (before planting).
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Table 1. pH and electrical conductivity (EC) of
soil samples removed from the rhizosphere of
watermelon plants depending on accessions test-
ed and sampling times.

Accessions* (Acc)+ pH EC (dS m")
P1 6.53d 0.39 bc
P2 6.59 cd 048a
P6 6.62c 052a
P8 6.69b 029¢e
P14 6.70 b 0.35¢cd
P15 6.72b 041b
P16 6.79a 0.33d
Sampling times (ST)++
0 DPP” (before planting) 6.64 b 032b
30 DPP 6.62b 0.33b
60 DPP 6.70 a 0.26¢
90 DPP 6.64 b 052a
120 DPP 6.71a 0.55a
Source of variation P-values
Acc P <0.001 P <0.001
ST P <0.001 P <0.001
Acc x ST P <0.001 P <0.001

*Accessions (for all sampling times combined) followed
by the same letter are not significantly different according
to Tukey test at P < 0.05.

* Sampling times (for all accessions combined) followed
by the same letter are not significantly different according
to Tukey test at P <0.05.

**DPP: Days post-planting.

The rhizosphere was largely influenced by
the plant genotype via root activities (York
et al., 2016). Indeed, living roots release a
wide range of organic compounds to the soil
that transform the physicochemical proper-
ties of the rhizosphere (Cant6 et al., 2020).
Indeed, plant roots and associated microor-
ganisms can also alter rhizosphere pH via re-
dox-coupled reactions (Canarini et al., 2019).
Edaphic factors of soil such as pH, EC, tex-
ture and salinity are important determinants
of community structure and diversity of soil
microbiome (Min et al., 2016).

Variation of the culturable
soil microbial structure

The number of bacterial, actinomycetes and
fungal colonies growing from plated soil
samples varied significantly (at P < 0.05)
upon tested watermelon accessions, sam-
pling times and their interaction (Table 2).
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Table 2. Culturable microbiome population densities in soil samples (log CFU g! of fresh soil) re-
moved from the rhizosphere of watermelon plants depending on accessions tested and sampling

times.
Culturable microbiome

(log CFU g"fresh soil) Bacteria Actinomycetes  Fungi Asp:;gillus Tr icI;(:;erma F u:ng"ium
Accessions” (Acc) * ' ) )
P1 549¢c 3.71a 3.99ab 3.09a 1.53b 0.65a
P2 5.89a 3.60 abc 3.75bc 221ab 0.67 bc 1.04 a
P6 5.69 abc 343 cd 350¢ 2.08 ab 0.84 bc 040a
P8 5.81ab 3.66 ab 352¢ 2.05ab 040c¢ 0.60 a
P14 5.59 bc 3.48 bed 3.65¢ 2.35ab 0.90 be 040a
P15 5.76 ab 3.56 abcd 402a 225ab 294 a 023a
P16 547 ¢ 3.37d 351¢ 1.78 b 0.67 bc 0.62a
Sampling times (ST) **
0 DPP™ (before planting) 6.15a 3.26¢c 3.53b 1.60b 0.76 a 0.89 ab
30 DPP 5.15d 3.26¢ 349b 045¢ 143a 1.33a
60 DPP 5.62c¢ 367b 3.67b 2.02b 1.25a 0.30 be
90 DPP 5.61c 357b 392a 348a 1.15a 0.28 be
120 DPP 5.82b 3.96a 392a 3.75a 1.07 a 0.10¢
Sources of variation P-values
Acc P <0.001 P <0.001 P <0.001 0.05 P <0.001 0.44
ST P <0.001 P <0.001 P <0.001 P <0.001 0.27 P <0.001
Acc x ST P <0.001 P <0.001 P <0.001 P<0.05 P <0.001 P<0.05

* Accessions means (for all sampling times combined) followed by the same letter are not significantly different accord-
ing to Tukey test at P < 0.05. **Sampling times means (for all accessions combined) followed by the same letter are not

significantly different according to Tukey test at P < 0.05. "CFU: Colony forming unit.

The population of culturable bacteria esti-
mated on soil samples collected from the rhi-
zosphere of the accessions P2, P8 and P15
were significantly (1.07, 1.05-1.06 and 1.04-
1.05) more abundant than those of P1 and
P16 accessions (Table 2). Concerning the
effect of the sampling times, bacterial col-
onies recovered from the rhizosphere of all
watermelon accessions noted at 30, 60-90,
and 120 DPP were 16.2, 8.6-8.7 and 5.3%
significantly lower than those recorded at the
initial state, respectively.

Actinomycetes community was abundant
on the rhizopshere of the accessions P2, P8
and P1 which was significantly 6.3, 7.9 and
9.2% higher than P16 accession, respective-
ly. For all watermelon accessions, the actino-
mycetes population was 7.3, 9.8, and 17.6%
significantly higher at 120 DPP than at 60,
90 and 30 DPP. The actinomycete population
was 17.6% significantly higher at 120 DPP
compared to the initial soil state (Table 2).

The total culturable fungal community es-
timated on the rhizosphere of P1 and P15

“*DPP: Days post-planting.
accessions was 8.5-12.2 and 9.2-12.9% sig-
nificantly higher than the remaining acces-
sions (P6, P8, P14, P15, and P16), respec-
tively (Table 2). Fungal colonies recovered
from the rhizosphere of all watermelon ac-
cessions at 90 and 120 DPP were 7.3 and
11.8% significantly higher than those recov-
ered at 30 and 60 DPP. The fungal communi-
ty was 10.9% significantly higher at 90 and
120 DPP than at the initial soil state (before
planting).

As for fungal community structure, cultur-
able Aspergillus spp., Trichoderma spp.,
and Fusarium spp. populations varied sig-
nificantly (at P < 0.05) in the rhizosphere of
watermelon plants depending on accessions
tested and sampling times (Table 2). Only
Trichoderma spp. population varied signifi-
cantly (at P < 0.05) upon tested watermelon
accessions only. For instance, the rhizospher-
ic Trichoderma spp. community associated
to P15 accession was 47.9 to 86.3% signifi-
cantly more abundant than the remaining ac-
cessions (Table 2). Concerning the effect of
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the sampling times (for all accessions com-
bined), Aspergillus spp. and Fusarium spp.
populations varied significantly (at P < 0.05)
upon this factor. Aspergillus spp. colonies
from the rhizosphere of all watermelon ac-
cessions noted at 90 and 120 DPP were 41.9-
46.1 and 87.1-88% significantly higher than
those recorded at 60 and 30 DPP, respective-
ly. Aspergillus spp. colonies recovered from
the rhizosphere of all watermelon accessions
were 54-57.3% significantly higher at 90 and
120 DPP as compared to the initial soil state
(Table 2). However, Fusarium spp. colonies
recovered from the rhizosphere of all water-
melon accessions was 77.4 to 92.4% signifi-
cantly higher at 30 DPP than those recovered
at 60, 90 and 120 DPP. Fusarium spp. popu-
lation estimated at 30 DPP was similar as
that noted at the initial soil state (Table 2).

The microbial community’s structure varies
significantly depending on plant species and/
or genotypes, growing in the same soil en-
vironment, and even on plant growth stage
(Compant et al., 2019). Some microbes have
a particular affinity for certain watermelon
accessions in determining rhizosphere com-
munities which can be explained by the vari-
ation in their root exudates composition. The
microbial rhizosphere assembly was extreme-
ly dynamic and mostly influenced by rhizo-
deposits that can act as major carbon sourc-
es for microbes (Kandaswamy et al., 2017).
Plant roots influence soil microbial commu-
nities leading to a very specific rhizosphere
microbiome characterized by a larger active
microbial community, but exhibiting reduced
diversity compared with bulk soil (Lopes
et al,, 2019). The rhizosphere composition
varied for the same plant species, according
to the available source of microbes in each
soil, possibly indicating that the functioning
of the rhizosphere components drives the
selection of the organisms (Andreote et al.,
2014). It was a strong interdependence be-
tween plant genotype and rhizosphere micro-
biome composition however, the plant genes
underlying this process was little unknown
(Jacoby et al., 2017). Canto et al. (2020)
highlighted the significant role of organic
acids and genes controlling their transport in
the establishment of the rhizosphere micro-
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biome. Additionally, plant life cycle imposes
a temporal pattern in exudates secretion that
sculpts the dynamics of its root-associated
microbiota (Edwards et al., 2018). Canto et
al. (2020) studies suggest the important coor-
dination between plant developmental stage
and changes in root-associated microbiota to
counterbalance plant immunity and nutrition
needs. Zhalnina et al. (2018) demonstrate
that the fluctuations in chemical composi-
tion of root exudates during plant growth re-
spond to the substrate metabolite preferences
of rhizosphere-associated microorganisms.
The relative abundance of bacteria, actino-
mycetes and Trichoderma spp. populations
shaped the 7 tested watermelon accessions
which let to explore accessions with highest
microbial community in their rhizosphere.
Yang et al. (2017) found that plant holobiont
including Trichoderma spp. and non patho-
genic Aspergillus spp. could act as key net-
work, thus reducing the chance of further
plant soil-borne pathogen invasion. A possi-
ble implication for breeding programs could
be the selection of accessions enriching less
pathogenic microorganisms and/or express-
ing a higher microbial diversity in their rhi-
zosphere (Compant et al., 2019).

Variation of root growth
parameters, fruit production and
total soluble solids of fruit flesh
among watermelon accessions

Analysis of variance revealed a significant
(at P <0.05) variation of the root growth pa-
rameters, the maximum root length and the
root fresh weight, between the seven water-
melon accessions tested (Figures 1a and 1b).
The maximum root length recorded in the
accession P2 was 33.3 to 50% significantly
higher than that of the accessions P1, P6 and
P8 and similar to that noted in the accessions
P14, P15 and P16 (Figure 1a). The root fresh
weight of P14, P15 and P16 accessions was
significantly 52.2-54.6 and 60.6-62.6% high-
er than those of the accessions P2 and P6 and
similar to those of P1 and P8 (Figure 1b).

Bars sharing the same letter are not signifi-
cantly different according to Tukey test at
P <0.05. The maximum root length (a) and
the root fresh weight (b) were determined on
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Figure 1. Variation of root growth parameters, fruit production and fruit total soluble solids between

watermelon accessions tested.

watermelon seedlings before planting. The
average fruit weight (c) and the total soluble
solids (d) were determined at the last harvest
(four months post-planting).

Root architecture and anatomy traits are
starting to become an integral target of crop
breeding programs (Lynch, 2019; Lombardi
et al. 2021). Indeed, root phenotype has a
profound impact on plant fitness and it was
likely to be under strong selection (Schmidt
et al., 2016). In addition, root development
modifies soil structure around the root and
contributes to the formation and dynamic
of the rhizosphere in which the root-associ-
ated soil microbiome plays a crucial role in
plant growth and health (Canto et al., 2020).
Regarding the selection exerted in the rhizo-
sphere, a question that needs to be robustly
addressed remains concerning the selection
of the taxonomical affiliation of rhizosphere
organisms or their ability to perform specif-
ic roles when closely associated with plant
roots (Andreote et al., 2014). The variation
of the microbial structure and distribution in
the rhizosphere of tested watermelon acces-
sions may be explained by the differences
in their root morphology and the composi-
tion and content of their root exudates which
play a fundamental role in the recruitment of
plant holobiont.

The average fruit weight and the total solu-
ble solids (TSS) of watermelon fruits varied
significantly (at P < 0.05) among the tested
accessions. The highest average fruit weights
of 9.5 and 10 Kg were noted in the acces-
sions P1 and P8 whereas for the remaining
five watermelon accessions, this parameter
varied between 2.35 and 5.17 Kg (Figure
Ic). As for fruit quality, the TSS ranged from
2.56 to 9.8 °Brix for all tested accessions.
The highest TSS values of 9.46-9.8°Brix
were recorded in the accessions P1, P2 and
P8 followed by 8.5 °Brix recorded in P6,
then 6.83-7.26 °Brix measured in the acces-
sions P15 and P16 (Figure 1d).

The soil-associated microbiome plays a cru-
cial role in enhancing crop yield and fruit
quality (Bertola et al., 2021; Kumar et al.,
2022). The most studied nutritional functions
performed by rhizosphere microbiome are
phosphate solubilization, organic phosphorus
mineralization and siderophore production
(Lally et al., 2017). Moreover, production and
excretion of phytohormones by rhizospher-
ic bacteria have been reported to be associ-
ated to increased root surface area for more
nutrient and water uptake from the soil and
consequently enhanced productivity and add-
ed fruit nutritional values (Khan et al., 2020;
Bertola et al., 2021). Furthermore, suppres-
sion of soil-borne pathogens and resilience
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to water deficiency and salinity conditions by
rhizosphere microbiome indirectly enhance
crop productivity (Kumar et al., 2022).

Multicriteria analysis

The PCA analysis showed that three main
components accounted for most total vari-
ation of 76.08% (Table 3). PC-1 explained
36.14% the greatest relative influence for
the distribution of the accessions tested. The
most important traits related to this axis were:
Actinomycetes community, Aspergillus spp.
population, fruit fresh weight and TSS. The
most important traits of PC-2, which ex-
plains 22.36% of the total variation, were
fungal population, Trichoderma spp. com-
munity, and root fresh weight. For PC-3,
the traits were EC, bacteria community and
maximum root length (Table 3).

Table 3. Contribution percentage and major
characters associated with the three first princi-
pal components of watermelon accessions

PC-1 PC-2 PC-3
E;‘g;ﬁ'lgggﬂﬁ}g°”'°" 36.149 22362 17576
cumulative 5,2‘)’P°”'°“ 36.149 58511  76.087

Traits Eigenvectors

pH -0.911 0.115 -0.157
EC 0.357 -0.305 0.740
Bacteria 0.222 -0.285 0.521
Actinomycetes 0.821 0.259 -0.174
Fungi 0.525 0.801 0.254
Aspergillus spp. 0.747 0.496 -0.137
Trichoderma spp. 0.173 0.773 0.244
Maximum root length -0.198 0.328 0.601
Root fresh weight -0.688 0.657 -0.246
Fruit fresh weight 0.662 -0.079 -0.702
Total soluble solids 0.694 -0.418 -0.055

Bold numbers refer to principal characters that contributed
to each principal component.

The dendrogram of hierarchical classifica-
tion (Figure 2) clustered watermelon acces-
sions into two main groups. The 1% cluster
comprised two accessions i.e. P1 and PS8
characterized by the highest presence of ac-
tinomycetes and Aspergilus spp. communi-
ties in their rhizosphere, the highest weight
of fruits with sweet taste. This cluster rep-
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resents a good source of fruit quality. Hence,
P1 and P8 could be selected as promising ac-
cessions for further breeding programs. The
2nd cluster contained 5 accessions, namely
P2, P14, P16; P15 and P6, which is further
divided in two sub-clusters (P2, P14 and
P16) characterized by the highest bacterial
population and the highest EC values in their
rhizosphere, the highest root length, and in-
termediate to lowest fruit fresh weight and
TSS fruit content. The sub-cluster (P6 and
P15) was characterized by the highest total
fungi and Trichoderma spp. populations in
their rhizosphere and intermediate fruit fresh
weight and fruit TSS content.

We suggested herein, that actinomycetes and
Aspergillus spp. communities in the rhizo-
sphere of the two most productive and sweet
watermelon accessions (namely P1 and P8)
may be involved, either individually or in
consortium, in promoting watermelon yield
and fruit quality via their direct or indirect
plant-growth promoting traits. The beneficial
effect of actinomycetes on plant growth and
health are demonstrated in various vegetable
crops (Chaurasia et al., 2018). Furthermore,
actinomycetes are known able to synthesize
of diverse secondary metabolites which al-
lows them to participate in the metabolism
of carbohydrates including polysaccharides
that are important in ripe stage of watermel-
on fruit (Saminathan et al., 2018). Aspergillus
spp. are multifaceted fungi that the plant
benefits with different manner such as plant
growth promotion and protection (Hung and
Rutgers, 2016). The rhizosphere microorgan-
isms could be attributed to the fruit’s ability to
use a wide variety of carbon sources such as
carbohydrates, amino acids, and lipids, which
could help resist different environmental
changes that occur during fruit development
(Xia et al., 2015). Indeed, an active microbi-
ome could play a major role in the cell wall
modifications process with their ability to
produce hydrolytic enzymes that are includ-
ing in de-esterification and depolymerization,
and consequently loss of galacturonic acid
and neutral sugars followed by solubilization
of oligosaccharides and remaining sugar resi-
dues (Saminathan et al., 2018).
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Figure 2. Dendrogram of hierachical ascending classification of watermelon accessions tested.

Conclusion

This study clearly demonstrated the signifi-
cant role of tested accessions in the variable
distribution of microbial community in their
rhizosphere leading to differences in fruit pro-
duction and total soluble solids of fruit flesh
between watermelon accessions. The two
most productive and sweet watermelon ac-
cessions P1 and P8 are quite able to exploit
and re-integrate their associated beneficial
microbial communities which will be consid-
ered in future watermelon breeding programs
to enhance watermelon fruit yield and sweet
taste into less productive and less sweet taste

accessions but characterized by their highly
resistance against soil-borne pathogens espe-
cially Fusarium oxysporum f. sp. niveum.
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