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Abstract 

Background Safe food free from diseases is the world’s goal. Excessive usage of chemical fungicides is considered 
the most important danger for the climate. Natural alternatives with low costs have become the best choice for sus-
tainable agriculture.

Results In the context of researching green materials instead of chemical fungicides, the fabrication of nano-
Sargassum vulgare and its composite with zeolite was carried out. Followed by an investigation of the efficiency of 
their extracts on controlling sugar beet root rot diseases caused by soil-borne pathogens Rhizoctonia solani (R. solani), 
Sclerotium rolfsii (S. rolfsii), and Fusarium oxysporum (F. oxysporium) throughout two successive seasons (2020/2021 and 
2021/2022) under greenhouse conditions. The structure and morphology of nanosargassum and its biocomposite 
were characterized by FTIR, SEM, EDX, Zeta potential, and size particles. The morphological structure of biocomposite 
was changed from tubularly structured into layers stacked on top of each other after impregnation of zeolite into 
S. vulgare, and its size was reduced from 85 to 50 nm, which was confirmed through size particle distribution. The 
biocomposite was the most effective one in managing root rot disease caused by R. solani. It reduces disease severity 
(DS) and disease incidence (DI) with efficacy (91.08% and 88.89%), respectively, compared to that recorded by com-
mercial fungicides (63.09% and 61.81%). In the same manner, the composite extract recorded the highest efficiency 
percentage in controlling the disease caused by S. rolfsii (76.04 and 55.27e was carried out. followed by an investiga-
tion of the efficiency of their extracts on controlling sugar beet root rot diseases caused by soil-borne pathogens 
Rhizoctonia solani (R. solani), Sclerotium rolfsii (S. rolfsii), and Fusarium oxysporum (F. oxysporium) throughout two 
successive seasons (2020/2021 and 2021/2022) under greenhouse conditions. The structure and morphology of 
nanosargassum and its biocomposite were characterized by FTIR, SEM, EDX, Zeta potential, and size particles. The 
morphological structure of biocomposite was changed from tubularly structured into layers stacked on top of each 
other after impregnation of zeolite into S. vulgare, and its size was reduced from 85 to 50 nm, which was confirmed 
through size particle distribution. The biocomposite was the most effective one in managing root rot disease caused 
by R. solani. It reduces disease severity (DS) and disease incidence (DI) with efficacy (91.08% and 88.89%), respectively, 
compared to that recorded by commercial fungicides (63.09% and 61.81%). In the same manner, the composite 
extract recorded the highest efficiency percentage in controlling the disease caused by S. rolfsii (76.04 and 55.27%), 
respectively, compared to fungicide (67.74 and 36.92%). All applied treatments considerably reduced DS and DI 
caused by F. oxysporum. At the same time, growth characteristics, sucrose, and TSS percentages of the root juice sig-
nificantly improved when the seeds were treated with the biocomposite extract.
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Conclusion The newly fabricated structure of biocomposite facilitates the movement of macronutrients from the soil 
into the seed, which in turn improves growth characteristics and the sucrose yield quality in root juice, which is one 
of the most essential characters to advance the sugar industry. Therefore, the biocomposite is recommended to be a 
biofungicide and biofertilizer.
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Graphical Abstract

Introduction
Sugar beet (Beta vulgaris L.) is the main source of sugar 
in the temperate zones, providing approximately 30% of 
the world’s annual sugar production [1]. Sugar beet is an 
indispensable and crucial sugar crop in Egypt; its area 
increases annually (to reach 234849.27 hectar) to bridge 
the nutritional gap. Egypt occupies seventh place globally 
in the productivity of sugar from sugar beet, producing 
11.704 million tonnes during 2019 (FAO, 2020). Improv-
ing the productivity of the sugar beet crop and its sugar 

juice quality is one of the priorities of the Egyptian state’s 
economic agenda.

Sugar beet root rot diseases lead to significant reduc-
tions in root yield as well as sucrose percentage and juice 
purity [2, 3]. In Egypt, the most destructive root rot path-
ogens are S. rolfsii, F. oxysporum, and R. solani. Fusarium 
root rot disease, caused by F. oxysporum f. sp. radicis-
betae, causes significant quantitative and qualitative yield 
losses due to reduced plant population, poor growth of 
plants, and increased impurities in the extracted juice [4, 
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5]. R. solani Kühn, a  soil-borne pathogen, dramatically 
affects sugar beet stands and yields, causing root and 
crown rot. Rhizoctonia root rot starts at or just below the 
soil line and sometimes lower on the tap root [6]. S. rolf-
sii appeared as the most destructive soil-borne pathogen, 
causing up to 50%–80% losses in crop yield and quality 
[7–9].

Management of root rot diseases caused by soil-borne 
pathogens is the most difficult aspect because of the wide 
host range and presence of resistant survival structures, 
which frequently survive for a long period in soil. Using 
chemical fungicides for controlling such pathogens was 
the predominant method [10, 11]. But on the other side, 
the application of such chemical fungicides, as well as 
chemical fertilisers, causes environmental pollution, the 
emergence of resistant pathogens, and different health 
hazards to humans and other living organisms [12]. 
Environmental pollution is considered the most impor-
tant cause of climate change, which is one of the most 
important recent challenges. Therefore, finding natural 
alternatives that are safe and eco-friendly has become an 
urgent need [13]. The recent trend is to use algae, sea-
weeds, and natural clay as sources of eco-friendly bio-
active compounds for controlling plant pathogens [14]. 
Seaweeds are considered a reservoir of bioactive com-
pounds such as terpenoids, polyphenols, and lipophilic 
polysaccharides with several biological activities [15]. 
Crude extracts of seaweeds exhibit various biological 
activities such as biostimulant, fertiliser, and antimicro-
bial properties. Aqueous extract is considered to be the 
most cost-effective, safe, and eco-friendly one for releas-
ing micro- and macro-elements from biomass [16]. Thus, 
an improvement in germination parameters was detected 
after treatment with an aqueous extract of Sargassum 
sp., which qualifies it to be a promising biofertilizer [17].

Recently, it has shed light on the potential of nanofer-
tilizers compared to other traditional ones. It was shown 
that they have a role in reducing environmental pollution, 
achieving sustainable agriculture, and ensuring a favour-
able environment for microorganisms, in addition to 
their ability to improve crop yields, decrease production 
costs per unit area, and facilitate storage [18]. Moreover, 
the usage of natural clays such as zeolite in different agri-
cultural applications is attracting new research interest. 
Natural zeolites represent a broad range of microporous, 
crystalline aluminosilicates, inert, and nontoxic spongy 
minerals with physical and physicochemical properties 
that enable them to be used in various fields, such as agri-
culture [19].

Aluminium-rich zeolites are often used as desiccants. 
Moreover, the application of zeolite against soil-borne 
pathogens is considered a new disease management strat-
egy [20]. Zeolites are  described as natural carriers that 

have a molecular sieve action due to their open channel 
network [21].

All previous findings emphasized the importance of 
using zeolite in agricultural applications due to its ability 
to act as a barrier against various pathogens and a car-
rier of various fertilisers, with a focus on environmental 
safety to ensure sustainable agriculture.

Our work aims to fabricate and characterise a novel 
biocomposite consisting of S. vulgare in nanosized and 
zeolite forms and investigate its potency in controlling 
sugar beet root rot diseases, as well as improve its growth 
characteristics and yield quality under greenhouse 
conditions.

Methodology
Preparation of the tested bioagents
S. vulgare was kindly supported by the National Institute 
of Oceanography and Fisheries
A natural zeolite sample was delivered from a zeolite 
mine in the Al-Ahyuq area southwest of Taiz city, Repub-
lic of Yemen.

Nanosargassum and biocomposite
Using a PQ-N2 planetary mill (Across International Sup-
plies Lab Equipment, USA) and agate balls (each 6 mm in 
diameter and 180 g, with a nanosargassum to ball mass 
ratio of 1:10), the ball-milled nanosargassum was cre-
ated. The ball-milling machine operated in the air for 
6 h at a speed of 600 rpm. Based on the ideal conditions 
described in the literature, these synthesis conditions 
were chosen [22].

Additionally, for preparing the biocomposite, equal 
amounts of zeolite and nanosargassum were ground in a 
mortar and then dissolved using an ultrasonic cleaner in 
50 ml of distilled water for four hours. After filtering the 
biocomposite and repeatedly washing it with methanol 
and water (1:2), we finally dried the final product for an 
entire night at 60 °C.

Pathogens
Three root rot pathogens; Fusarium oxysporum f.sp. radi-
cis-betae,  Rhizoctonia solani  and  Sclerotium rolfsii  that 
cause severe diseases of sugar beet plants were obtained 
from Maize and Sugar Crops Diseases Department, Plant 
Pathology Research Institute, Agricultural Research 
Center, Giza, Egypt. The fungal isolates were transferred 
to potato dextrose agar (PDA) medium for further study.

Inoculum preparation
Five mm agar mycelia discs from a 7-day-old culture of 
each pathogen were inoculated in sterilised 500-ml glass 
bottles containing 150 g of sorghum seeds and incubated 
at room temperature (27.5 °C) for 15 days until sufficient 
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growth of the fungus was captured. Thereafter, the con-
tents of the bottles of each fungus were poured out and 
mixed separately to get homogenized inoculum. Soil 
infestation was carried out by adding fungal inoculum 
to sterilised potted soil at a rate of 2.5% (w/w). Pots (No. 
40) were then moistened with tap water for 5 days before 
planting to permit the pathogens to establish themselves 
[23].

Preparation the aqueous extract of different treatments
100 g of different treatments (S. vulgare, nanosargassum, 
and biocomposite) were added to 1 L of distilled water 
and then shaken for 15  min, followed by autoclaving at 
121 °C for 1 h at 1.21 kg/cm2. The resultant hot extracts 
were filtered through Whatman No. 40 filter paper. The 
filtrates (extracts) were designed as stock solutions to 
investigate their potency in controlling sugar beet root 
rot diseases [24]

Greenhouse experiment
The experiments were carried out under greenhouse con-
ditions for the growing seasons 2020–2021 and 2021–
2022 at Sids Agricultural Research Station, Beni-Suef 
Governorate, Egypt.

Seeds of the sugar beet cultivar Toro cv. were chosen 
for all experiments according to their susceptibility to 
soil-borne fungal pathogens. Prior to use, seeds were first 
rinsed with tap water, surface sterilised with 5% sodium 
hypochlorite, and rinsed three times with sterile distilled 
water. After that, seeds were coated with the extracts of 
different treatments, i.e., Sargassum vulgare, nanosargas-
sum, and biocomposite, by addition of Tween 20 (0.5 ml 
per 100 ml) for 8 h. Seeds rinsed in distilled water acted 
as a control. On the other hand, seeds are also coated 
with the commercial fungicide Metalaxyl M and flu-
dixonil (1  cm/kg). Then, the seeds were planted in pots 
under greenhouse conditions; ten seeds per pot and three 
replicates were used for each treatment.

Disease assessments
After 150  days of planting, Disease severity (DS) and 
Disease incidence (DI) were measured on all sugar beet 
plants for each replicate. Root rot severity was scored 
according to [25] with the following rating scale:

0: Healthy sugar beet plant.
1: No internal browning, with superficial lesions 

(< 25%).
2: Slight internal browning (25–50%) surface covered 

with cankers,
3: Moderate internal browning (50–75%) cankers,
4: Severe internal and external (> 75%) browning.

Where, n is No. of plants in each numerical rate (r0….
r4) and N is the total No. of plants multiplied by the max-
imum numerical rate r4.

The disease incidence and efficacy were calculated as 
following:

Determination of the growth characters& yield quality
After 150 days, sugar beet plants were collected and the 
following parameters were measured: Total weight of 
plant (g)/plant, root weight (g)/plant, root length (cm)/
plant, and root diameter (cm)/plant, according to [26]. 
The determination of sucrose percentage and total solu-
ble solids (TSS) was done according to [7]

Statistical analysis
Data were analyzed statistically using Package for the 
Social Sciences (SPSS) software for Windows version 
25.0. All comparisons were first subjected to one-way 
analysis of variance (ANOVA) test and the least sig-
nificant difference (LSD) was calculated at p = 0.05. 
The significant differences among treatments means 
were determined with Duncan’s Multiple Range test at 
P ≤ 0.05 [27].

Disease severity = Sum
(

n × r0
)

+

(

n × r1
)

+ . . . . +
(

n × r4
)

/4 N × 100

Disease Incidence (DI) % =No. of infected plants

/Total No. of plants × 100

Efficacy% = (Control− Treatment/Control) × 100

Fig. 1 FTIR of nanosargassum and its bio composite with zeolite
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Results and discussion
Characterization of biocatalyst
Functional group determining tool
Infrared absorption spectroscopy is used to charac-
terise functional groups on the surface of biocatalysts, 
and the resulting spectra are shown in Fig. 1. The FT-IR 
spectrum of nanosargassum reveals an absorption peak 
at 3404 cm1,  which corresponds to the amine group 
(-NH) stretching and the hydroxyl group (-OH) of phe-
nolic groups [28]. While the band appearing at 2935 
cm1 was related to the alkyl (CH) group stretching mode, 
the absorption band shown at 1620 cm1  is ascribed to 
O–H vibration. In addition to the strong peak appearing 
at 1420 cm1, this  is owing to the C-H mode. The band 
is around 1040  cm1 and was possibly caused by C-O 
stretching vibrations [29].

After incorporation of zeolite into the nanosargas-
sum matrix, there are mixed bands between nanosar-
gassum and zeolite, and a red shift appears at 3426 cm1, 
which corresponds to the hydroxyl group (-OH) of phe-
nolic groups. The band at 2929 cm1  that was thought 
to be the stretching vibration of  CH2 groups proved the 
strong connection between algal function groups and 
active molecules of zeolite [30]. The absorption bands 
of the composite were seen at approximately 1000–1660 

cm1, and zeolite significantly boosted the intensities of 
the nanosargassum characteristic peaks. The develop-
ment of the novel biocomposite is confirmed because 
both the band shift and band disappearance are consist-
ent with information gained using other characterization 
techniques.

SEM–EDS analyses
The surface morphology of nanosargassum and biocom-
posite  was examined using scanning electron micros-
copy (SEM) coupled with EDS  as  represented  in  Fig.  2. 
The percentage of surface elements in nanosargassum is 
in the range of 38–40% for C, 40–43% for O, and about 
4.74% for Ca and traces of As and Na and Mg elements, 
making it a promising carbon-rich matrix. Nanosargas-
sum has an interconnected tubular-shaped structure with 
no pores or cavities. Its surface morphology appears as 
agglomerated homogenous particles in a tubular struc-
ture. Their average size is 85  nm which  is shown in 
Fig. 2 a, b. While SEM of the nanosargassum/zeolite bio-
composite  confirmed that zeolite was impregnated as 
filler into the nanosargassum matrix, the surface mor-
phology of the biocomposite appears as a layered shape 
due to the addition of zeolite and their size particles were 

Fig.2 a, b SEM of nanosargassum, c, d, e SEM of biocomposite
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reduced to be 50 nm which was represented at Fig. 2c, d 
[31]. The layers stacked each other on the nanosargassum 
surface, which was observed in Fig. 2e. The hierarchically 
structured biocomposite surface area, which in turn facil-
itates the transfer and diffusion of macromolecules into 
the plant matrix,

The EDS analysis of the sargassum/zeolite biocompos-
ite was as follows: 60.5 wt% O, 10% C, 5% Al, 17.6 wt% Si, 
1.05 wt% Mg, 1.3 wt% K, and trace metals. We noticed 
that the percentage of Al and Si content increased as a 
result of the good incorporation of zeolite.

The zeta potential of the algal surface is an impor-
tant parameter because it influences the interaction 

Fig. 3 zeta potential of nanosargassum(a) biocomposite(b)
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between the algal cells and gas bubbles during attach-
ment. Figure 3 depicts the surface charge of suspended 
materials in water in a neutral medium. It was found 
that zeta potential is related to the synthesis methods 
of materials and the zeolite content in these materials. 
The nanosargassum has a negatively charged surface at 

-34.4  mV in neutral medium, as represented in Fig.  3 
a. Generally, the negative zeta potential of the micro-
algal cell is caused primarily by dissociated carboxylic 
groups at the cell surface. [32]. A zeta potential that is 
highly negative indicates that the algal cells are stably 
dispersed in the surrounding medium. Moreover, this 

Fig.4 size particle distribution of nanosargassum (a) and biocomposite (b)
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negative value was due to deprotonation of surface 
functional groups that caused anionic characteristics in 
the algal cell wall (carboxylic, phosphoric, phosphodi-
ester, hydroxyl, and amine), and the microalgae cell also 
produces large amounts of protein and sugar in or out 
of the cell membrane, which can enhance the surface 
electronegativity [33].

The addition of zeolite induced a lowering of the neg-
ative surface charge to -21  mV at neutral medium, as 
observed in Fig.  3b. This behaviour was attributed to 
the coverage of zeolite on the nanosargassum surface. 

Also, the value of the conductivity was evaluated to be 
0.24 and 0.106 mS/cm for nanosargassum and its com-
posite with zeolite, respectively. The resultant values 
confirmed their noticeable stability without aggrega-
tion [34].

The incorporation of zeolite inside the nanosargas-
sum matrix decreases significantly the particle size of 
the composite, which was observed through particle 
size distributions owing to the porous layered structure 
and formation of bimodal size, resulting in a smaller 

Table 1 Evaluation of S. vulgare, nanosargassum and biocomposite extract potency on controlling root rot disease caused by R. solani 
under greenhouse condition

* Means ± standard deviation within a column followed by different letter(s) in the column are significantly different according to Duncan’s multiple range test at 
p < 0.05. Values are mean of three replicates for each treatment as well as the control

Treatment Disease severity Eff% Disease incidence Eff%

1st 2nd Mean 1st 2nd Mean

S. vulgare 11.11 12.50 11.8 ± 4.08b 70.82 22.22 66.67 44.44 ± 18.59ab 44.45

Nanosargassum 8.33 8.33 8.33 ± 5.27b 79.40 16.67 33.33 25 ± 17.08b 68.75

Biocomposite 7.22 0.00 3.61 ± 2.73b 91.08 17.78 0.00 8.89 ± 5.88b 88.89

Fungicide 17.36 12.50 14.93 ± 6.1b 63.09 44.44 16.67 30.56 ± 10.02b 61.8

Control 40.63 40.28 40.45 ± 3.09a 76.67 83.33 80 ± 7.64a

Table 2 Evaluation of S. vulgare, nanosargassum and biocomposite extracts potency on controlling root rot disease caused by S. 
rolfsii under greenhouse condition

* Means ± standard deviation within a column followed by different letter(s) in the column are significantly different according to Duncan’s multiple range test at 
p < 0.05. Values are mean of three replicates for each treatment as well as the control

Treatment Disease severity Eff% Disease incidence Eff%

1st 2nd Mean 1st 2nd Mean

S. vulgare 40.97 45.83 43.4 ± 4.58b 52.00 55.55 66.67 61.11 ± 8.24b 36.92

Nanosargassum 47.22 34.70 40.96 ± 8.77b 54.70 69.44 72.22 70.83 ± 6.72ab 26.89

Biocomposite 21.11 22.22 21.67 ± 7.2c 76.04 31.11 55.55 43.33 ± 16.22b 55.27

Fungicide 25.00 33.33 29.17 ± 7.68bc 67.74 38.89 83.33 61.11 ± 15.32b 36.92

Control 93.33 87.50 90.42 ± 4.58a 93.75 100.00 96.88 ± 3.13a

Table 3 Evaluation of S. vulgare, nanosargassum and biocomposite extracts potency on controlling root rot disease caused by F. 
oxysporum under greenhouse condition

* Means ± standard deviation within a column followed by different letter(s) in the column are significantly different according to Duncan’s multiple range test at 
p < 0.05. Values are mean of three replicates for each treatment as well as the control

Treatment Disease severity Eff% Disease incidence Eff%

1st 2nd Mean 1st 2nd Mean

S. vulgare 0.00 4.17 2.08 ± 1.08b 94.99 0.00 16.67 8.33 ± 8.33b 90.30

Nanosargassum 2.77 16.67 9.72 ± 5.96b 76.62 7.41 55.55 31.48 ± 17.31b 63.36

Biocomposite 7.23 4.17 5.70 ± 2.00b 86.29 24.78 16.67 20.72 ± 8.17b 75.88

Fungicide 10.42 5.55 7.99 ± 3.66b 80.79 19.44 11.11 15.28 ± 6.94b 82.22

Control 33.13 50.00 41.57 ± 6.82a 71.82 100.00 85.91 ± 7.19a
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particle size of the composite at Fig.  4a, b, which was 
consistent with the results of SEM [35, 36].

Disease severity and incidence
Evaluating the efficacy of sargassum, nanosargassum, and 
biocomposite as seed treatments of sugar beet seeds 
against root rot disease incidence was carried out in the 
greenhouse during seasons 2020–2021, and 2021–2022.

Data presented in  Table  1 showed that  biocompos-
ite extract treatment was the most effective one used 
in controlling root rot disease caused by  R. solani 
and hence recorded a remarkable decrease in DS and DI 
in both seasons, revealing the highest efficacy (91.08% 
and 88.89%) compared to efficacy recorded by com-
mercial fungicide (64.09% and 61.81%, respectively). 
Furthermore, biocomposite extract was significantly 
superior for reducing root rot disease caused by S. rolf-
sii, with an appreciable reduction in DS and DI when 
compared with the other tested treatments as well as 
the control. It recorded efficacy of 76.04% and 55.27% 
compared to that determined by fungicide (67.74%) and 
36.92%, respectively (Table  2). It is a promising find-
ing, as root rot caused by S. rolfsii is a very destructive 
disease and commercial fungicides do not completely 
manage the disease.

On the other side, data established in Table 3 revealed 
that all applied treatments significantly reduced disease 
incidence and severity of sugar beet root rot caused by 
F. oxysporum compared with untreated control, but the 
plants treated with S. vulgare extract exhibited the high-
est noticeable reduction in DS and DI, with efficacy 
reaching 94.99% and 90.30%, respectively, as opposed to 
fungicide treatment (80.79% and 82.22%, respectively).

From previous data, it was clear that an extract of S. 
vulgare potentially managed root rot disease caused by F. 
oxysporum, R. solani, and S. rolfsii.

It is noteworthy that our findings are in harmony with 
previous studies [37, 38], which revealed that the aque-
ous extract of S. vulgare potentially inhibited the growth 
of F. oxysporum and R. solani.

Generally, the management of the disease can be a 
consequence of two possibilities: (1) a direct antifungal 
action over the phytopathogenic agent, or (2) promoting 
plant growth and activating the defence pathways of the 
plant [15].

The fungicidal activity of  S. vulgare extract could be 
attributed to the presence of bioactive compounds such 
as phenols, terpenes, fatty acids, and acetogenins, which 
act singly or in combination, changing the physiological 
status of the fungal cells by binding their protein mol-
ecules, behaving as chelating agents, altering structural 
component synthesis, and destroying or weakening the 
permeability barrier of the cell membrane [37, 39–41].

It is the first time to convert S. vulgare from its nor-
mal size to nanosized, providing brilliant properties to 
its activity, as shown in Tables  1 and 2. The nanostruc-
tured S. vulgare with an average size of 85 nm has a larger 
external and internal surface, a higher surface energy, and 
a shorter channel in comparison with the conventional 
microsized one. All these changes in their features make 
it expected to increase its antifungal activity.

The fungicidal properties of zeolite have recently 
attracted the attention of many researchers. Zeolite is 
considered a film-coating polymer, so it creates a barrier 
that prevents disease inoculums from directly contact-
ing the seed surface [42]. Huge amounts of silicon in the 
zeolite matrix improve the mechanical and physiological 
properties of plants,  enabling  them to overcome many 
biotic and abiotic stresses and enhance plant resistance 
to diseases caused by fungal pathogens [43].

Furthermore, zeolites are recognised as highly hydro-
philic sorbents because of their electrostatically charged 
framework and the abundance of extra-framework cati-
ons [44]. Aluminosilicate zeolites with larger pores pos-
sess a higher capacity for water than other types  [45], 
so zeolites prevent the formation of the liquid film of 
water that is necessary for spore germination of many 
fungal pathogens  [46]. Their high affinity for water is 
another potential advantage that makes them a promis-
ing biofungicide.
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Unfortunately, F. oxysporum in our study didn’t behave 
in the same manner and could tolerate a deficiency of 
water, as observed in Table  3,  and  S. vulgare  treatment 
without zeolite represented the most effective one.

The fungal membrane is the vital component for guar-
anteeing cellular stability, and any abnormalities occur-
ring at it can disturb cell stability, leading to a reduction 
in cell lifespan [47, 48], so it is considered an important 
target usually affected by commercial antifungal products 
[49, 50].

The proposed mechanism of antifungal activity of bio-
composite extract was illustrated as follows:

1) The antifungal potential of macroalgal extract might 
be returning to the fatty acids found in the extract of 
S. vulgare. Fatty acids, characterized by the presence 
of a methyl group at one end and a carboxyl group 
at the other chain end, allow their insertion into the 
fungal membrane, causing an increase in fluidity and, 
consequently, their permeability, modifying their 
conformational organisation, and culminating in cell 
death [15].

2) Its activity could also be attributed to the presence of 
fucosterol in S. vulgare extract, which is similar to the 
structure of ergosterol, a sterol in the fungal mem-
brane responsible for stability, deceiving the fungal 
membrane and interacting with it to disturb their 
normal regulation and increase the fluidity of the 
membrane components [48, 51].

In the light of all of the above, the higher efficiency of 
biocomposite treatment in controlling root rot disease 
caused by R. solani and S. rolfsii than that treated with 
S. vulgare or nanosargassum individually, as observed in 
(Tables  1, 2), becomes very logical due to the expected 
synergistic effect between zeolite and nanosargassum.

Sugar beet growth characters
Figures  5, 6, 7, and 8 demonstrated that root length, 
root weight, root diameter, and total weight significantly 
increased by all treatments compared with untreated 
ones when they were planted in soil infested with the 
tested pathogens in the two seasons. Generally, coating 
sugar beet seeds with biocomposite before sowing was 
the pioneer treatment in improving the growth charac-
teristics of sugar beet, which could be explained on the 
basis of the presence of different macronutrients in the 
extract of biocomposite, such as potassium, calcium, 
phosphorus, silica, and aluminium, as illustrated in the 
characterization part, which are considered key elements 
for the growth and productivity of the crop [52]. Potas-
sium, for example, plays a significant role in increasing 
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Table 4 Effect of the different tested extracts on the percentages of sucrose and total soluble solids (TSS) in the sugar beet root juice

* Different letter(s) in the column are significantly different according to Duncan’s multiple range test at p<0.05. Values are mean of three replicates for eachtreatment 
as well as the control

Treatment F. oxysporum R. solani S. relfosii

sucrose % TSS sucrose % TSS sucrose % TSS

S. vulgare 15.95a 16.65c 16.60a 18.20b 15.55a 16.80c

Nanosargassum 14.95a 15.90c 17.10a 19.00b 16.55a 18.90b

Biocompsite 16.85a 18.38b 17.95a 19.85a 15.30a 20.50a

Fungicide 14.00a 15.30c 16.25a 20.10a 15.98a 16.60c

Control 12.60b 13.10d 11.80b 17.33c 9.65b 5.60e
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the root elongation, depth, enlarging the root, and 
absorptive surface [53, 54].

Enhancement of the sugar beet growth characteristics 
is in full agreement with previous researchers [55–57]. 
They explained it on the basis of the presence of gibberel-
lin, cytokinins like growth promoters, phenylacetic acid, 
macro- and micronutrients in the extract of Sargassum 
sp., in  addition to the distinct new layered structure of 
the biocomposite, which enables the nutrients needed to 
transfer more efficiently, as illustrated in the characteri-
zation part.

Furthermore, zeolites form a permanent water reser-
voir, providing prolonged moisture habitat to the plant. 
As well as its cation exchange capacity, which is 2–3 
times greater than other types of minerals found in soil 
[58].

Root yield quality
Sucrose % & TSS %
As shown in Table 4, higher percentages of sucrose and 
TSS were recorded in the root juice of the plants previ-
ously treated with the natural extracts studied. The high-
est percentages of sucrose and TSS were detected in the 
root juice of the plants whose seeds were coated with bio-
composite extract before planting in soil infested with the 
soil-borne pathogens F. oxysporum, R. solani, and S. rel-
fosii (16.85, 18.38; 17.95, 19.85; 15.30, 20.50) compared to 
the control (12.60, 13.10; 11.80, 17.33; 9.65, 5.60), respec-
tively. In the same manner, a significant increase in root 
and sugar yield of sugar beet was previously observed 
when using zeolite under water-deficient conditions [59]. 

An increase in sucrose and TSS percentages is expected 
due to the extensive root system referred to above, 
through which the plant can deeply absorb water and 
nutrients from the soil, enhancing the plant’s ability to 
form more assimilates [60].

Finally, the biocomposite has a promising effect on 
controlling root rot disease as well as improving growth 
characters when applied it on the seed of sugar beet 
before cultivated in green house Fig. 9a, b.

Conclusion
A novel biocomposite was fabricated by incorporating 
layered zeolite into the S. vulgare matrix with a distin-
guishable layered structure, which makes the transfer 
of macronutrients into the root easier. It exhibited sig-
nificant potential in managing root rot disease caused 
by soil-borne pathogens in sugar beet plants. On the 
other side, it has a remarkable role in improving the 
growth character and yield quality of the tested crop. 
So that we are proud to find natural alternatives that 
can behave as a biofungicide and biostimulant at the 
same time, we consider it a step towards the green and 
fast transition as one of the outputs of COP27.
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