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Disease control/Moyens de lutte
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Abstract: Restrictions about the use of chemicals have limited the availability of control measures against plant-parasitic nematodes. The search 
for more sustainable approaches has focused the attention on biological control agents, such as Trichoderma species. In recent years, there has been 
a growing interest in the use of biopolymers for a wide range of applications. These polysaccharide-based compounds may be 20 good carriers of 
microbial agents or act as barriers against pathogens or pests for their ability to form coating films. In this study, we evaluated the combination of a 
biopolymer obtained from the leguminous plant Ceratonia siliqua and T. harzianum M10, T. atroviride P1 or T. longibrachiatum MK1, as root 
protector or adjuvant agents, for the management of the root-knot nematode Meloidogyne incognita. Coating tomato roots with the carob 
galactomannan biopolymer followed by soil application of selected Trichoderma strains reduced the root galling index caused by M. incognita and 
soil nematode population in comparison to untreated control under greenhouse conditions. 25 Scanning electron microscopy revealed that coated 
tomato roots were embedded within a polymeric material. The sedimentation test showed that the addition of this biopolymer retarded the tendency 
of Trichoderma spores to settle in the bottom of aqueous suspension. In conclusion, beneficial fungi combined or formulated with a biopolymer 
could represent a promising strategy to increase their activity in plant protection and enhance their proliferation or distribution into rhizosphere.

Keywords: carob, galactomannan polymer, Meloidogyne incognita, tomato, Trichoderma spp

Résumé: Les restrictions relatives aux pesticides de synthése ont limité l’offre quant aux moyens de lutte contre les nématodes phytopar
asitaires. La recherche pour des approches plus durables s’est focalisée sur des agents de lutte biologique tels que les espéces de 
Trichoderma. Récemment, il y a eu un intérêt croissant pour l’utilisation de biopolyméres, et ce, pour une grande variété d’applications. Ces 
composés à base de polysaccharides peuvent être de bons vecteurs d’agents microbiens ou agir comme barriéres contre les agents pathogénes 
ou les organismes nuisibles grâce à leur capacité à former des pellicules protectrices. Dans cette étude, nous avons évalué la combinaison 
d’un polymére obtenu de la légumineuse Ceratonia siliqua L. et de T. harzianum M10, T. atroviride P1 ou T. longibrachiatum MK1 comme 
protecteur de racine ou adjuvant afin de gérer le nématode cécidogéne Meloidogyne incognita. En serre, l’application d’un biopolymére issu 
du galactomanne de caroube sur des racines de tomate, suivie de l’inoculation du terreau avec des souches choisies de Trichoderma, a permis 
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de réduire l’indice de galles racinaires causées par M. incognita ainsi que la population de nématodes terricoles, comparativement à un 
témoin non traité. La microscopie par balayage a montré que les racines de tomates enrobées étaient couvertes d’un polymére. Le test de 
sédimentation a démontré que l’ajout de ce biopolymére a retardé la tendance qu’ont les spores de Trichoderma de se déposer au fond d’une 
suspension aqueuse. Pour conclure, la combinaison de champignons bénéfiques avec un biopolymére, ou la composition d’un tel produit, 
pourraient se révéler une stratégie prometteuse pour accroître leur action protectrice et améliorer leur prolifération ou leur distribution dans la 
rhizosphére.

Mots clés: Caroube, Meloidogyne incognita, polymére de galactomannane, tomate, Trichoderma spp.

Introduction

Under Directive 2009/128/EC, the European Community 
has deeply restricted or revised the use of pesticides in plant 
protection focusing the attention on more sustainable 
approaches. The root-knot nematode (RKN) Meloidogyne 
incognita (Kofoid & White) Chitwood is the most wide
spread and damaging plant-parasitic nematode for a wide 
range of economically important crops in Italy, including 
tomato plants (d’Errico et al. 2014, 2016; Landi et al. 
2018). Different methods have been developed and used 
to manage RKNs, but chemical control still represents the 
most efficient strategy under high infestation levels 
(Giacometti et al. 2010; d’Errico et al. 2011a, 2011b, 
2017a, 2017b). However, this approach has become 
a source of public concern for several toxicological and 
environmental reasons, that necessitate reduced reliance on 
conventional pesticides (Lamichhane et al. 2016; d’Errico 
et al. 2018). Various non-chemical strategies, including 
crop rotation, soil solarization, plant resistance, biofumiga
tion, organic amendments, cultural practices and applica
tion of biological control agents (BCAs), have shown 
a considerable potential to keep nematode population 
below damaging levels (Sharon et al. 2001, 2007; Zasada 
et al. 2010; Soppelsa et al. 2011; Mocali et al. 2015; Marra 
et al. 2018). Worldwide researches suggest that nematode 
control can be achieved using integrated measures (Zasada 
et al. 2010; Sokhandani et al. 2016; d’Errico et al. 2019). 
Among BCAs, fungi belonging to the Trichoderma genus 
are known as broad-spectrum plant protection agents and 
growth promoters (Lorito et al. 2010; Woo et al. 2014; 
Lombardi et al. 2018), acting with different mechanisms 
(Howell 2003; Harman et al. 2004; Vinale et al. 2008; 
Marra et al. 2019). However, the type of formulation 
greatly affects the distribution and the efficacy of spore- 
based bio-products, i.e. by improving the contact with the 
plant tissues and protecting them from micro- 
environmental factors (Schroer et al. 2005).

The use of plant-derived polymers in agriculture is attrac
tive because they are biocompatible, biodegradable and 
renewable. However, the application of these polymers is 
mainly adopted in the pharmaceutical sector (Satturwar et al. 

2003; Perepelkin 2005; Chaurasia et al. 2006; Malafaya 
et al. 2007; Chivate et al. 2008). Polymeric materials can 
be used as stabilizers, film-coating formers, thickeners or 
viscosity enhancers, delivery systems, suspending agents, 
bio-adhesives, etc. (Guo et al. 1998). Beneficial agents can 
be mixed with adhesive polymers, including methylcellu
lose, xanthan gum, chitosan, latex derivatives and synthetic 
adhesives to produce seed or root coatings (Brownbridge 
et al., 2012; Benhamou et al. 1998; Tefera and Vidal 2009; 
Colla et al. 2015; Ruiz-de-La-Cruz et al. 2017). In this study, 
the possible agricultural applications of a polymer obtained 
from the leguminous plant Ceratonia siliqua (L.), com
monly known as carob tree and widely distributed in the 
Mediterranean basin, have been investigated. This natural 
product consists of a galactomannan polymer composed of 
1,4-linked D-mannopyranosyl units and every fourth or fifth 
chain unit is substituted on C6 with a D-galactopyranosyl 
unit (Beneke et al. 2009). The mannose/galactose (M/G) 
ratio differ according to the species (Neukom 1989; Reid 
and Edwards 1995; Beneke et al. 2009). Galactomannans are 
water soluble hydrocolloids which form highly viscous, 
stable aqueous solutions weakly affected by pH changes 
(Glicksman 1963; Neukom 1989; Kök et al. 1999). To the 
best of our knowledge, combination between this specific 
galactomannan polymer and Trichoderma species has not 
been investigated.

Specifically, our work aims to evaluate the efficacy of 
Trichoderma spp. combined with the carob biopolymer 
to control RKNs infestation in tomato plants and evalu
ate the feasibility of their applications. Thus, the biopo
lymer was tested: (a) as a root coating for three 
Trichoderma species in M. incognita naturally infested 
soil; and (b) for effects on spore sedimentation and 
survival in laboratory tests, indicating potential for use 
as an adjuvant in fungal formulations.

Materials and methods

Biopolymer studies

Experimental procedure for the production of galacto
mannan. Brown beans collected from C. siliqua were 
processed by milling the endosperms to obtain a flour. 
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The polysaccharide extraction was performed using etha
nol and distilled water. Seeds were removed from the 
pods, cleaned and mechanically crushed in a blender. 
Then, the endosperm was suspended in ethanol (EtOH, 
purity 99.8%, Riedel-de Haën, Germany) in a proportion 
1:3 (v/v, seeds: EtOH) at 70°C for 15 min. The ethanol 
was decanted and distilled water was added in 
a proportion of 1:5 (v/v, endosperm: water). The suspen
sion was left to rest for approximately 24 hours. 
Subsequently, water was added (1:10 v/v, suspension: 
water) and the solution was mixed in a blender for 5 min.

Viscosity test

The viscosity of 1% galactomannan polymer solution (w/v) 
in water was tested at 25°C and pH 6.0 by a ‘Visco Star R’ 
(Opto-Lab, Modena, Italy) rotational viscometer. This tool 
allows the determination of the viscosity of products based 
on the rotational principle. It consists of immersing a rotor in 
the material to be tested and rotating it at a constant speed. 
Resistance generated by the sample on the viscometer rotor is 
directly proportional to its viscosity. Using a microprocessor, 
the viscometer determines viscosity directly in digital form, 
expressed in centipoises (cps; mPa * s). The apparent visc
osity was calculated using the constants provided by the 
manufacturer and six different shear rates (rpm), and values 
were expressed as cps. On the basis of preliminary results, 
the minimum quantity of galactomannan polymer showing 
significant effect was selected for our experiments.

Spore sedimentation test

The biopolymer was also evaluated for the feasibility to 
retard sedimentation of T. harzianum strain M10 spores 
in water suspension (spore emulsifier). Sedimentation 
was recorded using the method described by Peters and 
Backes (2003). Thus, the biopolymer was added at dif
ferent concentrations (0, 0.1, 0.3 and 0.5%; v/v) to dis
tilled water. Spore suspensions were applied to obtain an 
initial concentration of 1 × 108 spore mL−1 and stirred in 
a 13.0/13.5/6.5 cm (l/w/h) flask until spores were equally 
distributed in the mixture. The effect of the biopolymer 
on spore sedimentation was estimated by sampling 1 mL 
of the suspension from a depth of 2 cm at 0, 10, 15, 30 
and 60 min after stopping the agitation. Fungal spore 
concentration was counted using a Bürker chamber 
(Knittel, Germany). This experiment was replicated 
four times and repeated twice.

Determination of fungal colony-forming units

The survival of T. harzianum strain M10 spores in aqu
eous solutions containing galactomannan at different 
concentrations was determined. After one week in solu
tion, an aliquot of solution was collected from each 
biopolymer concentration (0, 0.1, 0.3 and 0.5%; v/v). 
Detection and quantification of fungal colony-forming 
units (CFUs) was conducted using standard techniques 
by serial dilutions. The total number of fungal CFUs 
was estimated on Rose Bengal-Chloramphenicol agar 
(HiMedia Pvt. Ltd., Mumbai, India) supplemented 
with 0.1% (v/v) Igepal (Sigma-Aldrich, Milan, Italy). 
A 100 μL aliquot of each solution was spread on the 
surface of the solid media and plated in three replicates. 
The CFUs were counted after incubation for 3–7 days at 
25°C. This experiment was repeated twice.

Greenhouse studies

Trichoderma strains and culture conditions. The antag
onistic fungi T. harzianum Rifai strain M10, T. atroviride 
Karsten strain P1 and T. longibrachiatum Rifai strain 
MK1 were maintained on Potato Dextrose Agar (PDA, 
SIGMA, St Louis, MO) slants at 25°C and sub-cultured 
bimonthly. Conidia were collected by adding sterile dis
tilled water (10 mL) to each Petri plate and scratching 
the agar surface with a sterile spreader. After removing 
the fungal biomass, spore concentration was counted 
using a Bürker chamber and adjusted to 1 × 108 

spores mL−1. Conidial suspensions were stored at 4°C 
until use.

Chemical nematicide

A commercial preparation of fosthiazate 150 g L−1 

(Nemathorin® 150 EC; Syngenta) was used as standard 
control and applied to the soil at the dose of 10.0 L ha−1 

(recommended dose from the manufacturer).

Pot experiments

The biopolymer solution was applied as root dipping in 
order to coat and fix fungal spores to the plant tissue. 
The experiments were conducted in a greenhouse 
(located in Portici, Naples, south Italy) using pots 
(14 cm ø) filled with homogenously mixed sandy clay 
loam soil (pH 7.5) containing 1% organic matter (w/w). 
The initial nematode population from naturally infested 
soil was extracted by sieving on cotton-wool filters for 
48 h at room temperature (Cobb 1918) and then second 
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stage juveniles (J2s) of M. incognita were counted (40 
J2s per 100 cm3 soil).

The roots of tomato (Lycopersicon lycopersicum L. cv. 
Roma) seedlings, at the two true-leaf stage, were immersed 
in the biopolymer solution (0.3% v/v) for 30 min and air- 
dried for 20 min before transplanting. Then, seedlings were 
transplanted into pots and soil inoculated with spore sus
pensions (50 mL of 1 × 107 spores mL−1). The experiment 
consisted of nine treatments: (1) T. harzianum strain M10; 
(2) T. atroviride strain P1; (3) T. longibrachiatum strain 
MK1; (4) T. harzianum strain M10 plus biopolymer root 
coating; (5) T. atroviride strain P1 plus biopolymer root 
coating; (6) T. longibrachiatum strain MK1 plus biopoly
mer root coating; (7) biopolymer root coating; (8) chemical 
control (nematicide); (9) untreated control (water). The 
experiment was carried out using a completely randomized 
block design with 16 replications per treatment and 
repeated twice. Nematode infestation parameters were cal
culated on each replication pot. Ordinary flood irrigation 
was provided according to the crop water requirements. 
After 60 days from transplanting time, plants were removed 
from the pots and the roots were washed to remove soil 
residuals. Root galling index (RGI) was evaluated for each 
plant using a 0–10 scale, where 0 = no galling visible, 
1 = 10% of the root system galled, 2 = 20% of the roots 
galled, etc., and 10 = 100% galled roots. Final soil nema
tode population was determined as reported above.

Scanning electron microscopy

Six tomato seedlings from the same block of plants used 
for pot experiments were utilized for Scanning Electron 
Microscope (SEM) images. To investigate the ultrastruc
ture of the upper surface of the biopolymer (0.3%) on 
roots, samples (c. 5 × 5 mm) were fixed with 2.5% 
glutaraldehyde in 0.1 M phosphate buffered saline 
(PBS, pH 7.4) at 0–4°C for 24 h. Each sample was rinsed 
three times in PBS and slowly transferred through 
a short alcohol series (70%, 85%, 95% and 100%), 
before drying with CO2 at the critical point in a critical- 
point dryer EMITECH K850 (Emitech, Ashford, UK). 
The dry tissues were then mounted on aluminium stubs 
and coated with gold/palladium in an agar sputter coater 
B7340 040 (Agar Scientific Ltd, Stansted, UK). 
Representative specimens were examined with a Zeiss 
EV040 SEM. Images of tomato roots are presented at 
a magnification of 310 × and 307 × (treated and 
untreated roots, respectively), accelerating voltage of 
20.00 kV, current of 10 mA and focal length 
(15.00 mm < WDL < 18.00 mm). Tomato roots without 
biopolymer coating were used as controls.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) 
followed by Student Newman Keuls multiple compari
son (SNK) test using SPSS software (SPSS Statistics, 
v. 21 for Windows). Analyses of the pooled data were 
done only if there was no significant heterogeneity 
between the repeated experiments. Data were expressed 
as mean ± SD (standard deviation) and the level of 
significance was set at p < 0.05.

Results

Biopolymer studies

Viscosity test. Viscosity values for 1% galactomannan poly
mer solution in water were dependent on the rate of share as 
seen in Table 1. In general, viscosity values were inversely 
proportional to share rate with a decrease in values (8 cps) 
from 10 to 20 rpm. The viscosity values decreased (9 to 23.5 
cps) gradually from 20 rpm to 100 rpm.

Spore sedimentation test

The galactomannan solution was tested to evaluate the 
effect on sedimentation of T. harzianum strain M10 spores 
in water suspensions. Figure 1 shows that the biopolymer 
used at the highest tested concentrations (0.3% and 0.5% v/ 
v) retarded the sedimentation of fungal spores in water after 
60 minutes. Conversely, the concentration of spores 
detected in water control or in the presence of 0.1% (v/v) 
biopolymer was significantly reduced (p < 0.05) after 
60 minutes. As there were no significant differences 
(SNK’s test: p = 0.26) between repeated experiments, 
analyses were done on the pooled data.

Determination of fungal colony-forming units

The survival of T. harzianum strain M10 spores in aqueous 
solutions containing different concentrations of galacto
mannan was determined after an incubation time of one 

Table 1. Viscosity values expressed in centipoises (cps; mPa*s) of 
1% galactomannan polymer aqueous solution measured at 25°C 
and pH 6.0 according to share rates (rpm).

Share rate (rpm) Viscosity (cps)

10 330.0
20 322.0
30 313.0
50 302.5
60 289.0
100 265.5
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week. On selective media, the CFUs/plate of Trichoderma 
inoculum amended with the biopolymer at 0.1% and 0.3% 
were not different from the control (Trichoderma inoculum 
only). The CFUs (except for the biopolymer solution at 
0.5%) ranged from 1.3 × 104 to 2.9 × 104 among different 
solutions (Table 2). Interestingly, the highest number of 
fungal colonies was observed in the highest concentration 
(0.5%) of the galactomannan. The fungal concentration in 
biopolymer solution at 0.5% was 10-fold more than those 
observed in the less concentrated and water solutions, with 
counts ranging from 1.6 × 105 to 2.5 × 105 CFUs (Table 2). 
No significant differences (SNK’s test: p = 0.31) were 
observed between repeated experiments.

Greenhouse studies

Pot experiments. The use of a galactomannan biopolymer 
as root coating in combination with soil applications of 

different Trichoderma species, applied singly, was evaluated 
in reducing M. incognita infestation on tomato plants. 
Generally, no differences among treatments with 
T. harzianum, T. atroviride and T. longibrachiatum were 
observed. These Trichoderma species, applied to coated or 
uncoated roots, significantly (p < 0.05) reduced by 28% to 
38% the number of M. incognita J2s in soil in comparison to 
the untreated control (Fig. 2). Coated roots (without 
Trichoderma inoculum) caused no effect on soil nematode 
population, showing statistically similar results (p > 0.05) 
in comparison to the untreated control (water). Although, 
among treatments, the nematicide fosthiazate produced 
the maximum reduction in soil nematode population (up 
to 70%). Root coating plus Trichoderma inoculum sig
nificantly (p < 0.05) reduced the RGI by 40% (M10), 
42% (P1) and 39% (MK1) as compared to the untreated 
control (Fig. 3). Uncoated roots showed decrements in 
RGI values of 27% (M10) and 30% (both P1 and MK1) in 
comparison to the water control. However, no statistical 
differences in RGI values were detected between coated 
and uncoated roots. Fosthiazate treatment showed the 
highest RGI reduction (up to 75%). Interestingly, root 
coating with the biopolymer alone decreased RGI values 
(up to 20%) in comparison to untreated plants (water). 
No significant differences (SNK’s test: p = 0.40) were 
observed between the two repeated experiments.

Scanning electron microscopy

SEM analyses was used to display biofilm formation on 
tomato root surface. Images of uncoated roots in 

Table 2. Number of colony-forming units (CFUs) of Trichoderma 
harzianum strain M10 spores after an incubation period of one 
week in 0%, 0.1%, 0.3% and 0.5% galactomannan polymer aqu
eous solutions. Measurements are from two experiments with 
three replicates each. Different letters indicate significant differ
ences by the Student-Newman-Keuls test with p < 0.05.

Biopolymer
Trichoderma harzianum strain M10

concentrations (%) No. of CFUs

0% 1.3 × 104 – 1.8 × 104 a
0.1% 1.6 × 104 – 2.0 × 104 a
0.3% 1.9 × 104 – 2.9 × 104 a
0.5% 1.6 × 105 – 2.5 × 105 b

Fig. 2 Effects of root-coating with the biopolymer and inoculation 
of Trichoderma spores on second stage juveniles (J2s) of 
Meloidogyne incognita in 100 cm3 of soil. Values are means of 
combined results from two experiments with 16 replicates each. 
Different letters indicate significant differences by the Student- 
Newman-Keuls test at p < 0.05.

Fig. 1 Effects of different concentrations of the biopolymer on 
Trichoderma harzianum strain M10 spore counts in water. Data 
were obtained at different time points (5, 10, 15, 30 and 60 min) 
after the agitation was complete. Values are means of triplicate 
measurements of spores taken from suspensions at a depth of 
2 cm. Different letters indicate significant differences by the 
Student-Newman-Keuls test at p < 0.05.
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comparison to those coated revealed an entirely different 
appearance of root surface (Fig. 4a). The presence of the 
biopolymer resulted in a structure covering the surface of 
the later roots (Fig. 4b).

Discussion

Galactomannan obtained from C. siliqua supported the 
performance of Trichoderma spp. in reducing root gal
ling severity caused by the root-knot nematode 
M. incognita on tomato plants. In our experiments, 
Trichoderma species and strains were selected for their 
well-known activity as antagonists, plant growth 

promoters and secondary metabolite producers (Spiegel 
and Chet 1998; Woo et al. 1999; Dababat and Sikora 
2007; Ruocco et al. 2009; Vinale et al. 2013). Results 
indicate that these Trichoderma species showed some 
potential in reducing root galling index and nematode 
density parameters as previously reported (Braithwaite 
et al. 2016). Soil nematode population was not influ
enced when the biopolymer was used alone, conversely 
RGI was significantly affected by root coating in com
parison to the untreated control. Likely, reductions in 
RGI values may be attributed to an inhibition of 
M. incognita J2s to penetrate into roots and successfully 
reproduce caused by the biopolymer film formation. We 
suppose that root coating allowed functionality and 
retention of the Trichoderma spores on the root surface. 
This observation could be in accordance to previous 
reports regarding the film-forming properties of various 
plant polysaccharides such as pectin, inulin and rosin 
(Beneke et al. 2009). Additionally, it is feasible that the 
root protection conferred by the biopolymer film forma
tion was probably useful to overcome the initial inactiv
ity of the fungal spores. However, further studies are 
required to investigate the presence of minor metabolites 
from seeds of C. siliqua and their effect on M. incognita.

SEM confirmed that the surfaces of coated tomato 
roots were morphologically different from those of 
uncoated roots. In fact, root coating formed 
a continuous translucent film showing a dusty appear
ance when dry. This feature may confer root tissue 
adherence for beneficial spore treatments. However, 
additional micro-plot and field experiments are necessary 
to recommend the use of these compounds in integrated 
nematode management systems.

Furthermore, our results also support the use of the 
galactomannan polymer as carrier for Trichoderma-based 

Fig. 4 Scanning Electron Microscope (SEM) images of: (a) tomato roots without galactomannan biofilm; and (b) tomato roots with 
galactomannan biofilm. Root surface morphology of the polymeric material magnified at 307 x in the left image, and at 310 x on the 
right image.

Fig. 3 Effects of root-coating with biopolymer and inoculation of 
Trichoderma spores on root galling index (RGI) caused by 
Meloidogyne incognita on tomato plants. RGI was evaluated 
using the 0–10 scale where, 0 = no galling visible, 1 = 10% of 
the root system galled, 2 = 20% of the roots galled, etc., and 
10 = 100% galled roots. Values are means of combined results 
from two experiments with 16 replicates each. Different letters 
indicate significant differences by the Student-Newman-Keuls test 
at p < 0.05.
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bioformulations, as the activity of the beneficial fungus 
towards M. incognita was not affected. Likely, the biopo
lymer may improve the rhizosphere colonization by plant 
growth-promoting beneficial microbes as reported for 
some organic soil amendments (Pérez-Piqueres et al. 
2006). Interestingly, the number of CFUs was higher on 
plates amended with galactomannan at 0.5%, whereas at 
lower concentrations of galactomannan fungal growth 
was not affected by the biopolymer. Our results demon
strated that the Trichoderma growth process was 
improved when the galactomannan was implemented. 
This biopolymer, used as adjuvant and/or additive in for
mulation, may have the function of immobilizing the 
beneficial spores around the rizosphere and create suitable 
environmental conditions for their development. In addi
tion, we found that the survival of fungal spores after 
incubation in an aqueous solution of galactomannan was 
preserved. These characteristics make this galactomannan 
polymer a valid formulation compound in order to reduce 
the fungal application density as previously observed for 
entomopathogenic nematodes (Ehlers 1996).

Additionally, the biopolymer retarded the sedimenta
tion of fungal spores over time increasing the viscosity 
of water. The viscosity of the recovered galactomannan 
is typical of a high molecular weight polymer (Robinson 
et al. 1982). This physical parameter seems to be 
strongly correlated with the prevention of spore sedi
mentation, provision of ideal conditions for host invasion 
and, consequently, efficacy of the formulation. However, 
the slowest spore sedimentation allows a more homoge
neous distribution of spores under field conditions.

Conclusions

Plants and their derivatives represent outstanding sources of 
natural compounds displaying multiple properties, i.e. film 
forming, stabilization of emulsions, etc. Here we provide 
evidence that a carob-derived biopolymer, mainly consti
tuted by galactomannans, may be utilized as an excipient 
in agricultural bioformulations (i.e. biopesticides or biofer
tilizers) for the effective delivery of beneficial microbes.
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