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Abstract: This paper reviews the threat of citrus pathogens during citrus production, with a focus
on two pre-harvest diseases, citrus leaf spot, caused by Alternaria alternata (Fr.) Keissl. (1912) and
brown rot, caused by Phytophthora citrophthora (R.E. Sm. and E.H. Sm.) Leonian, (1906) as well
as green and blue mold post-harvest disease, caused by Penicillium digitatum (Pers.) Sacc. and P.
italicum Wehmer, (1894), respectively. Furthermore, it reviews the role of soluble silicon, Si nutrition
in biotic stress mitigation and potential mitigation mechanisms. Previous studies on the use of Si
fertilizers have focused on high accumulator Si crops. These have demonstrated the potential of Si to
reduce the occurrence of biotic stresses, which takes place through both physical and biochemical
mechanisms. However, few studies have demonstrated the potential of Si to mitigate biotic stress in
citrus, or the mechanisms involved. There is a clear need for studies on the impact of Si on various
stress biochemical pathways in plants generally, and specifically for citrus due to the huge loss
caused by pre- and post-harvest pathogens. This will assist in deepening our understanding of the
pathophysiology which is essential to develop resistant cultivars.

Keywords: Alternaria; citrus; Phytophthora; silicon

1. Introduction

Citrus is a major fruit crop in terms of volume produced and extensive cultiva-
tion worldwide. Citrus fruits contain many nutritional components beneficial to human
health [1–3]. Citrus global production is significantly increasing, and many varieties are
grown commercially in more than 100 countries. It is the third-largest horticultural in-
dustry after deciduous fruits and vegetables [4]. In 2016, global citrus production was
about 131 million tons of fresh fruits [5]. However, citrus is a host of many pests and
pathogens that cause disease such as anthracnose which has huge impact on the citrus
production around the world, which significantly reduce crop productivity and quality [2].
Citrus post-harvest losses are estimated to reach up to 50% [6], which may be caused by
several post-harvest diseases. Green mold, caused by Penicillium digitatum (Pers.) Sacc.
and blue mold, caused by P. italicum Wehmer are the two main sources of citrus fruit
decay [7]. Penicillium digitatum can account for a yearly loss of up to 90% of the total
citrus post-harvest losses [8,9]. Other common post-harvest diseases of citrus fruit include
stem-end rot, caused by Lasiodiplodia theobromae (Pat.) Griffon and Maubl.), sour rot, caused
by Geotrichum candidum var. citri-aurantii (Ferraris) Cif. and F. Cif. as well as brown rot
caused by Phytophthora citrophthora (Sm. and Sm.) Leonian [7].

Pre-harvest infections are mainly caused by pathogens such as Phytophthora species,
and Alternaria citri Ellis and Pierce [10–13]. This review, focus on the control of two pre-
harvest diseases, leaf spot caused by A. alternata and brown rot caused by P. citrophthora
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as well as two post-harvest diseases, blue and green mold caused by P. Italicum and P.
digitatum respectively. This is because they cause significant loss to citrus production and
there is Si related research conducted to address this issue [1,8–13].

Silicon (Si) is the second most abundant element in the earth’s crust after oxygen [14,15].
These two elements are combined in silicates and aluminosilicates of rocks, clays, and soil
minerals [16]. It is also the only element that does not damage plants when applied in
excess [17]. Silicon does not cause any environmental hazard as its large surface area allows
binding to cations which results in silicates formation and no leaching into the soil [18].
Despite its abundance in soils, it cannot be utilized directly by plants [19]. Plant-available
Si, referred to as soluble silicate, is found in the soil solutions in non-dissociated form of
monosilicic acid (Si(OH)4) in a concentration range of 90–150 mg L−1 in soils with a pH
lower than 8 [14,15,20]. The availability of Si in soil solution is reduced significantly by the
increase in pH, organic complexes, the presence of aluminum, iron, and phosphate ions,
temperature, weathering processes that affects the adsorption/dissolution reaction and
soil moisture [14,21–23]. The low levels of plant-available Si under the above-mentioned
limiting factors warrant Si fertilizer in crops that benefit from Si uptake to improve their
quality and yield under abiotic and biotic stress conditions [1,14,17,24]. There are many
Si sources available for agriculture production and stress mitigation. However, very few
manufactures provide regulations guidelines and adherence to international standards
Table 1 presents more information on the availability, regulations, and costs of Si.

Table 1. Silicon fertilizer products information.

Product Name Available Si (%) Regulations Manufacturer Website
Cost/ha in Citrus

Orchards Monthly
Application

AgSil K 50 21% Si
Non-toxic agricultural input with

no MRL requirements
(Reg. No. B3756, Act 36 of 1947

Madumbi.co.za (accessed
on 20 June 2021) U$2

Si granules 98–99% Si

Products standardized according
to FDA guidelines.

SAR Agrochemicals and fertilizers
Pvt. Ltd, Pune, India.

www.saragro.co.in/
silicon-product.html

(accessed on 20 June 2021)
U$1.64

AgSil 21 26.5% silica liquid No regulations issues SO certified
(9001; 14001; 18001; 45001; 50001;

22716) low hazard to water

www.pqcorp.com
AgSil 25 21% silica liquid
AgSil 16 53% silica hydrous powder

MRL: Minimum Residue level.

According to the widely accepted definition of mineral essentiality by Arnon and
Stout [25], Si was not initially defined as an essential element for higher plants (vascular
plants). This definition was proposed for revision by Epstein and Bloom [26]. However,
the ’essential’ nature of Si to plant survival is still in controversy. While there is a lack
of evidence for silicon’s role in normal growth and development of plants when absent,
there are many examples of plant responses when Si is added [14,24,27,28]. Several studies
have demonstrated that Si exhibits numerous effects on plant growth and development
surpassing any other non-essential plant nutrient, this highlights the fact of Si underap-
preciation [14,22,29,30]. Therefore, Si was reclassified as an essential element for higher
plants [31].

Many studies have shown that Si enhances the yields of many crops, especially
when they are grown under abiotic (temperature, water, and salinity stresses) and biotic
stress [14,29,30]. Silicon fertilizer has been found to enhance disease resistance in many
cases [32–35].

Plant surfaces, below and above the ground, serve as a protective barrier between the
plant interior and the environment [36]. The cell wall, with its cuticle, constitutes the first
line of defense against attacks from insects, fungi, and bacteria. Bacteria and fungi break
through the defense by chemical means, whereas pests, including phytophagous insects,
mainly utilize stylet to penetrate plants [14].

Madumbi.co.za
www.saragro.co.in/silicon-product.html
www.saragro.co.in/silicon-product.html
www.pqcorp.com
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Silicon physiological resistance in biotic stressed plants is expressed by (1) The increase
in the activity of defense-related enzymes, such as polyphenoloxidase, glucanase, peroxi-
dase, and phenylalanine ammonia-lyase (PAL); (2) increase in the activity of antimicrobial
compounds, such as phenolic, flavonoids, phytoalexins and pathogenesis-related (PR)
proteins in plants; and (3) The regulation of host resistance by signaling hormones, such as
salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) [24,27,28,32,37,38]. Soluble Si ap-
plications as a pre- and post-harvest treatment have provided control of fungal pathogens
of many crops [1,33,38,39] (Table 2). Studies in monocots (rice and wheat) and dicots (cu-
cumber) have shown that plants supplied with Si produce enhanced levels of phenolics and
phytoalexins in response to fungal infections, such as those causing rice blast and powdery
mildew [33,40–42]. In rice, disease resistance has been associated with Si, which produces a
physical barrier for penetration of the mycelia of the fungus due to increment in the density
of silicified cells in the epidermis of leaves [37]. In an experiment on rice infected with
Magnaporthe grisea (Hebert) Barr (rice blast), disease expression was reduced by increasing
the plant’s Si content, with a substantial decrease in lesion length, rate of lesion expan-
sion, and infection area [42]. Si fertilizers prime plant resistance mechanisms, resulting in
the elevated production of lignin, phenolic compounds, and phytoalexins [14,15,43]. For
example, Zhang et al. [43] found that Si fertilizer stimulated the production of phenolic
compounds in rice plants affected by sheath blight (Rhizoctonia solani Kuhn). In cucumber
plants, proteins associated with resistance reactions such as chitinases, peroxidases, and
polyphenoloxydases increased in roots infected and colonized by Pythium [33,40,44]. These
biochemical responses are induced by soluble Si, suggesting that soluble Si may play an
active role in improving host resistance to diseases by stimulating or priming defense
reaction mechanisms [17,33].

Table 2. Si uptake in plants and its mechanism in alleviating biotic stress.

Biotic Stress Crop Treatments Si Effects under Stress Reference

Crown and root rot
Pythium ultimum Trow Cucumber Potassium silicate

(KaSil, 23.6% SiO2)
Increase in β-glucosidase activity and

fungi-toxic aglycones Chérif et al. [40]

Powdery mildew Podosphaera
fulginea Braun and Takam. Cucumber Potassium silicate

(K2SiO3)
Peroxidase, polyphenoloxidase and

chitinase levels enhanced
Fawe et al. [33];
Liang et al. [44]

Rice blast (P. grisea) Rice (0, 50, 100 and
200 mg L−1 Si) Fortification of cell wall Kim et al. [45]

Fusarium wilt Fusarium
oxysporum f.sp. cubense Snyder

and Hansen
Banana

K2SiO3
(0, 490 and 7840 mg L−1

Si) and inoculation
ofnon-pathogenic F.
oxysporum strains

Combination of silicon and
non-pathogenic F. oxysporum strains

reduced the rate of infection, inhibiting
hyphal growth

Kidane [46]

Dry rot of potato tubers
(Fusarium sulphureum Schltdl.) Potato Sodium silicate

Fungitoxic effect by the thickening of
the hyphal cell walls, cell distortion,

and deposition of electron-dense
material in hyphal cells.

Li et al. [47]

Fusarium wilt Fusarium
oxysporum f. sp. vasinfectum

Snyder and Hansen)
Cotton Potassium silicate Increase in phenolic content and lignin

formation Whan et al. [48]

Blumeria graminis f. sp.
tritici Speer Wheat K2SiO3

Disease in resistance correlated with a
reduced expression of gene induced by

the pathogen.
Chain et al. [49]

Brown rust Puccinia
melanocephala Syd. and Syd.

Sugarcane
(Saccha-
rum spp.
hybrids)

K2SiO3

Si deposited in the lower epidermis,
the upper epidermis and the

mesophyll reduced rust infection.
Naidoo et al. [50]

Bacterial wilt
(Ralstonia solanacearum

(Smith) Yabuuchi)
Tomato Silicon Induced changes in gene expression

which prime host resistance. Ghareeb et al. [51]
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Table 2. Cont.

Biotic Stress Crop Treatments Si Effects under Stress Reference

Bacterial wilt
(R. solanacearum) Tomato Silicon + rhizobacteria

The up-regulated genes were involved
in signal transduction, defense, protein

synthesis and metabolism, while a
large proportion of down regulated

genes were involved in photosynthesis,
lipid metabolism.

Kurabachew et al. [52]

Bacterial wilt
(R. solanacearum)

Sweet
pepper Calcium silicate

Increased production of chitinase,
superoxide dismutase, ascorbate,

peroxidase, β-1,3-glucanase, lignin and
total protein.

Alves et al. [53]
Dallagnol et al. [54]

Tobacco ringspot virus Tobacco Potassium silicate Si
(0, 0.1 and 1 mmol L−1)

Enhanced Si levels delayed
development of systemic

ringspot symptoms,
Zellner et al. [55]

Bacterial speck
(Pseudomonas syringae

van Hall)
Tomato

Supa Silica (SS)
(Agrichem; 23.7% K2O +

10% Si, pH 9.42)

Increased activity of peroxidase,
polyphenoloxidase and glucanase Andrade et al. [56]

Anthracnose
(Glomerella graminicola Politis) Sorghum Calcium silicate Si plus fungicide reduced anthracnose

severity by 90% Resende et al. [57]

Blast (P. oryzae) Wheat Silicon

Partly decrease the negative effects of
salinity by increasing SOD and CAT
activities, chlorophyll content and

photochemical efficiency of PSII, but
reduced H2O2 and MDA

Cruz et al. [58]

Bacterial fruit blotch
(Acidovorax citrulli

Williams et al.)
Melon Silicon

The significant increase of Ca and Mg
in Si treated melon inhibited

bacterial botch.
Ferreira et al. [59]

Brown spot (Cochliobolus
miyabeanus (Ito and Kurib.)

Drechsler ex Dastur)
Rice Silicon

Si application increased
photorespiration rates, and enhanced

disease resistance, maintaining
photosynthetic activity.

Van Bockhaven et al. [60]

Fawe et al. [61] reported that the application of Si on cucumber stimulated an auto-
defense mechanism via gene expressions that enhanced the expression of proteins respon-
sible for the transformation of soluble Si to insoluble SiO2 at the site of the attempted
penetration of fungi into epidermal cells. Silicon is known to be involved in cell-wall
reinforcement, and to enhance plant resistance to insect pests by providing a mechanical
barrier against probing and chewing insects [17,62]. However, the exact nature of the
interaction between the soluble Si and the biochemical pathways of the plant that leads
to disease resistance remains unknown, although several possible mechanisms have been
proposed [1,14,24,27,33,35,38,43,46,57,63–65].

Few recent papers have reviewed Si role in biotic stress tolerance [27,28,65,66]. These
reviews have highlighted two mechanisms of Si protection against pathogens. Primarily,
Si fosters mechanical protection against several pathogens via three mechanisms. Firstly,
the deposition around the cell wall which prevents pathogen penetration. Secondly, the
strengthening of the cell wall by the silica deposited beneath the cuticle and forming double
silica layer. In addition, Si forms complexes with organic compounds in epidermal cell
walls which strengthens the plants mechanically [63,67]. Thirdly, a reduction in enzymatic
degradation by pathogens confers rigidity to the plant structure [65]. These mechanisms were
also found in cucumber [68]; rice [37,45,69,70]; tomato [51]; sweet pepper [71]; sugarcane [72].

Biochemical plant defenses can be induced by Si through activation of defense-related
enzymes, such as polyphenoloxidase, peroxidase, glucanase in infested roots, and salicylic
acid production [53,54,65,73].

To understand the interaction between silicon application and fungal resistance in
citrus, this review aims to (1) Underline the agricultural importance of silicon in plant
diseases; (2) Present several mechanisms of Si in reducing the effect of biotic stresses;
(3) Present pre-harvest diseases such as those caused by Phytophthora Spp. and A. alternata
in citrus; (4) Present post-harvest diseases such as those caused by Penicillium Spp.; and
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(5) Highlight Si involvement in citrus Phytophthora Spp., Alternaria Spp. and Penicillium
Spp. diseases mitigation and identify future research direction.

2. Phytophthora Diseases of Citrus

Phytophthora Spp. are important causes of soil and water-borne diseases in citrus [74,75].
Phytophthora Spp. are distributed worldwide and cause significant losses of citrus fruit in
the high rainfall subtropics, including the first- and second-largest global citrus production
areas in the states of São Paulo, Brazil, and Florida, USA [39]. The most prevalent Phytoph-
thora Spp. in citrus are P. nicotianae and P. citrophthora [76–78]. Phytophthora citrophthora R.E
(Sm. and E.H. Sm.) Leonian is a genus of microorganisms in the Kingdom; Stramenopile
order: Class Oocmycetes, which includes water molds, diatoms, and brown algae. Phy-
tophthora species resemble true fungi because they grow by means of fine filaments, called
hyphae, and produce spores [7].

Phytophthora nicotianae Breda de Haan is the main cause of root rot and foot root of
citrus trees in and tropical areas of the world [10,73,79]. It has been identified as the most
dangerous species infecting citrus plants as it causes both root/foot rot and may be spread
over the citrus tree canopy via water splash [76]. It is also the main Phytophthora species
infecting citrus in Brazil, Egypt, South Africa, and Tunisia [80].

Phytophthora citrophthora R.E. (Sm and E.H. Sm) Leonian causes both winter and sum-
mer root rot characterized mostly by brown lesions on the fruit which later turn into rot
and causes gummosis symptoms in Mediterranean climate [75]. Phytophthora citrophthora is
a major Phytophthora pathogen reported on citrus production in South Africa [78]. How-
ever, it is mostly restricted to the Western Cape province of South Africa, an important
commercial citrus producing region of the country [78]. Phytophthora citrophthora is more
virulent in Mediterranean climatic areas [81,82]. Its damage is mostly significant especially
when the roots of the affected citrus plant have a low resistance to fungal infections [82].

Phytophthora root rot affects all parts of the tree at different stages of development and
is especially harmful on young trees when citrus scion material is grafted on susceptible
rootstocks of Cleopatra mandarins and sweet orange [74,83,84]. Foot rot occurs when the
scion area of a grafted citrus tree near the ground is infected with P. nicotianae. This results
in lesions extending upward from the bud union on rootstocks, or up the trunk into main
branches [38,74,79,83,84]. Foot and root rot cause a severe decline in yield by slowing down
the production of new fibrous roots, stopping trees from maintaining adequate water and
mineral uptake. This results in the reduction of fruit size and yield, leaf chlorosis, loss of
leaves, and twig dieback [84,85].

Control measurements for Phytophthora Spp. root rot disease in citrus are fungicide
treatments such as Ridomil, Aliette and phosphite salts and the use of resistant citrus
rootstocks derived from breeding programs [85–87]. Both control techniques are expensive
and provide temporary resistance which will be reduced overtime due to susceptibility. The
fact that Si fertilizer can reduce root rot in avocado (Phytophthora cinnamomi Rands) suggests
that it might also have a similar role in controlling P. nicotianae infection in citrus [10,38,86].

Si has been effective in controlling cucumber root rot caused by P. melonis through the
increase in antioxidant activities [88,89].

3. Alternaria Disease

Alternaria Spp. are fungi in the Kingdom: Fungi, class: Dothideomycetes which
have been recorded to cause brown leaf spot and other diseases on several species [90].
Alternaria alternata ((Fr.) Keissl.) is the causal agent of brown spot, a fungal disease is
common in most humid and semi-arid growing citrus regions [13]. The disease may affect
tree growth, causes considerable crop loss, and renders fruit unacceptable to consumers
due to blemishes. Control of the disease is largely based on the spraying of large volumes
of fungicides regularly onto orchards to ensure good leaf coverage. However, high volume
sprays can result in excessive runoff from foliage and fruits, which is an economic loss
and presents risks for environmental pollution [91]. In Alternaria alternata fungicide spray
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program is difficult to implement as it is difficult to predict when the disease occurs due to
the short incubation period that varies from 24 h to 120 h [11]. This limits the effectiveness
of the fungicide as a preventative measure and periodic application can only reduce the
infection rate for a short period of time [91].

The leaves of mandarin (Citrus reticulata Blanco) trees subjected to Si nutrition for a
period of three months demonstrated a significant reduction in the severity of A. alternata
infections under controlled conditions in comparison with the control plants [92]. Mvondo-
She and Marais [93] reported that a double layer of Si was deposited in the epidermal
cell of citrus leaves using electron microscopy (Figure 1). This may explain the enhanced
resistance of the citrus plants exposed to Si treatments and show the potential role of
Si in providing protection to diseases [21,29]. The evidence of the role of Si in reducing
fungal infection rate suggests that it has the potential to reduce levels of A. alternata in the
pre-harvest situation [17,33,92]. This agrees with earlier studies in citrus that showed an
increased Si content in citrus leaves, localised in leaf epidermal cells, resulting in reduced
levels of insect damage and plant disease due to improved tree vigor [94,95]. In the post-
harvest situation, Tian et al. [96] demonstrated that a combination of sodium silicate as
a post-harvest and a yeast antagonist (Cryptococcus laurentii Kufferath C.E. Skinner. and
Rhodotorula glutinis Harrison.) as a pre-harvest treatment could control the diseases caused
by A. alternata in sweet cherry, peach, and jujube fruit, as it increased the population density
of the antagonistic yeast on the surface of treated fruit.
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Figure 1. Upper epidermal surface of Si treated citrus leaves examined under light microscopy, 100×
magnification: arrows in diagram mark silica granules in the epidermal surface; Si deposits in the
outer cell regions constitute the cuticle- silica double layer (SDL) (Mvondo-She and Marais [93]).

4. Green and Blue Mold

During post-harvest storage, citrus is subjected to biotic stress, making it susceptible
to green and blue mold which is caused by Penicillium digitatum (and P. italicum respectively.
Blue and green mold are known to be the pathogens that cause the most post-harvest
diseases [97,98].

These pathogens reside on healthy citrus fruits and penetrate the fruits through injury
caused by rough handling during harvest, transportation, and storage [99]. The economic
loss is enormous worldwide [64,97]. These pathogens are treated using systemic fungicides
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belonging to the groups of imazalil, benomyl, benzimidazole, and thiabendazole [7,100].
However, repeated use of these chemicals could reduce food safety and can encourage
fungicide-resistant strains through genetic mutations [1,99].

Research studies on green mold infection in citrus have shown that a combination of
potassium silicate pre-harvest treatment and the post-harvest control using yeast isolate
B13 or hot water were significantly reduced, or in some cases equal to control provided
by Imazalil in reducing green mold infection [1]. Abraham [1] showed that pre-harvest
Si applications improved the control of P. digitatum more effectively in Valencia than in
Navel orange. This demonstrated that the plant response to Si varies with crop genotype,
as reported by Rodrigues [101]. This disease control relied upon the regular drenching of
potassium silicate in the field [1]. Therefore, it can be inferred that Si protection is not related
to the total Si concentration in the root tissue but rather to the availability of mobile silicic
acid at the time of infection [93]. A similar study showed that pre-harvest applications
of K2SiO3 had the potential to protect citrus fruits (‘Delta’ Valencia, ‘Washington’ navel,
and Éureka’ lemon) from the post-harvest disease P. digitatum, although further research is
required to study the biochemical changes induced by silicon application [64,102].

5. Conclusions

There is growing evidence that Si can play an important role in enhancing the resis-
tance of many crops to pests and diseases, and tolerance of abiotic stresses. However, the
exact mechanism(s) by which it contributes to the physiological responses need further
investigation. Regarding Si in citrus disease mitigation, this review has highlighted studies
that have demonstrated the role of Si in enhancing host resistance via resistance priming
effects and by physical strengthening of the epidermal cells. Future studies will need to in-
vestigate the biochemical responses to Si treatment in plants infected with citrus pathogens.
This will pave the way to understanding the impact of Si fertilizer on gene expression and
confirm the role of Si in the management of metabolic processes in stressed plants.

Author Contributions: M.A.M.-S.: structure and wrote the manuscript. A.G., M.D.L. and A.R.N.:
provided critical review, and editing. All authors have read and agreed to the published version of
the manuscript.

Funding: Department of Science and Innovation (South African Government, Pretoria) Grant No.
DSI/CON C2235/2021.

Conflicts of Interest: The authors have no conflict of interest to report.

References
1. Abraham, A.O. Integrated Use of Yeast, Hot Water and Potassium Silicate Treatments for the Control of Postharvest Green Mould

of Citrus and Litchi. Ph.D. Thesis, UKZN, Pietermaritzburg, South Africa, 2010.
2. Jaouad, M.; Moinina, A.; Ezrari, S.; Lahlali, R. Key pests and diseases of citrus trees with emphasis on root rot diseases. Moroc. J.

Agric. Sci. 2020, 1, 149–160.
3. Liu, Y.Q.; Heying, E.; Tanumihardjo, S.A. History, global distribution, and nutritional importance of citrus fruits. Compr. Rev. Food

Sci. Food Saf. 2012, 11, 530–545. [CrossRef]
4. FAO. Food and Agriculture Organisation of the United Nations (FAO)—Statistical Pocketbook World Food and Agriculture. 2015.

Available online: http://www.fao.org/3/ai4691e.pdf (accessed on 20 June 2021).
5. Food and Agriculture Organization of the United Nations (FAO). FAOSTAT Database. 2016. Available online: http://faostat.fao.

org/site/291/default.aspx (accessed on 20 June 2021).
6. Janisiewicz, W.J.; Korsten, L. Biological control of postharvest diseases of fruits. Ann. Rev. Phytopathol. 2002, 40, 411–441.

[CrossRef]
7. Brown, G.E.; Miller, W.R. Maintaining fruit health after harvest. In Citrus Health Management; Timmer, L.W., Duncan, L.W., Eds.;

APS Press: St. Paul, MN, USA, 1999; pp. 175–187.
8. Macarisin, D.; Cohen, L.; Eick, A.; Rafael, G.; Belausov, E.; Wisniewski, M.; Droby, S. Penicillium digitatum suppresses production

of hydrogen peroxide in host tissue during infection of citrus fruit. Phytopathology 2007, 97, 1491–1500. [CrossRef] [PubMed]
9. Marcet-Houben, M.; Ballester, A.R.; de la Fuente, B.; Harries, E.; Marcos, J.F.; Gonzalez-Candelas, L.; Gabaldon, T. Genome

sequence of the necrotrophic fungus Penicillium digitatum, the main postharvest pathogen of citrus. BMC Genom. 2012, 13, 646.
[CrossRef] [PubMed]

http://doi.org/10.1111/j.1541-4337.2012.00201.x
http://www.fao.org/3/ai4691e.pdf
http://faostat.fao.org/site/291/default.aspx
http://faostat.fao.org/site/291/default.aspx
http://doi.org/10.1146/annurev.phyto.40.120401.130158
http://doi.org/10.1094/PHYTO-97-11-1491
http://www.ncbi.nlm.nih.gov/pubmed/18943520
http://doi.org/10.1186/1471-2164-13-646
http://www.ncbi.nlm.nih.gov/pubmed/23171342


Agronomy 2021, 11, 2198 8 of 11

10. Fourie, A. Biochemical Mechanisms for Tolerance of Citrus Rootstocks against Phytophthora nicotianae. Ph.D. Thesis, University of
Pretoria, Pretoria, South Africa, 2004.

11. Fourie, P.H.; du Preez, M.; Brink, G.C.; Schutte, G.C. The effect of runoff on spray deposition and control of Alternaria brown spot
of mandarins. Australas. Plant Pathol. 2009, 38, 173–182. [CrossRef]

12. Timmer, L.W.; Menge, J.A. Phytophthora-induced diseases. In Compendium of Citrus Diseases; Whiteside, J.O., Garnsey, S.M.,
Timmer, L.W., Eds.; APS Press: St. Paul, MN, USA, 1988; pp. 22–24.

13. Timmer, L.W.; Solel, Z.; Gottwald, T.R.; Ibanez, A.M.; Zitiko, S.E. Environ-mental factors affecting production, release, and field
populations of conidia of Alternaria alternata, the Cause of Brown Spot of Citrus. Phytopathology 1998, 88, 1218–1223. [CrossRef]

14. Epstein, E. SILICON. Ann. Rev. Plant Physiol. Plant Mol. Biol. 1999, 50, 641–664. [CrossRef] [PubMed]
15. Ma, J.F.; Yamaji, N. Silicon uptake and accumulation in higher plants. Trends Plant Sci. 2006, 11, 392–397. [CrossRef] [PubMed]
16. Birchall, J. The essentiality of silicon in biology. Chem. Soc. Rev. 1995, 24, 351–357. [CrossRef]
17. Ma, J.F.; Takahashi, E. Soil, Fertilizer and Plant Silicon Research in Japan; Elsevier Science: Amsterdam, The Netherlands, 2002.
18. Matichenkov, V.; Bocharnikova, E. The relationship between silicon and soil physical and chemical properties. Stud. Plant Sci.

2001, 8, 209–219.
19. Richmond, K.E.; Sussman, M. Got silicon? The non-essential beneficial plant nutrient. Curr. Opin. Plant Biol. 2003, 6, 268–272.

[CrossRef]
20. Jones, L.; Handreck, K. Silica in soils, plants, and animals. In Advance in Agronomy; Norman, A.G., Ed.; Academic Press: New

York, NY, USA, 1967; pp. 107–149.
21. Debona, D.; Rodrigues, F.A.; Datnoff, L.E. Silicon’s role in abiotic and biotic plant stresses. Ann. Rev. Phytopathol. 2017, 55, 85–107.

[CrossRef]
22. Haynes, R.J. A contemporary overview of silicon availability in agricultural soils. J. Plant Nutr. Soil Sci. 2014, 177, 831–844.

[CrossRef]
23. Jones, L.; Handreck, K. Studies of silica in the oat plant: III. Uptake of silica from soils by the plant. Plant Soil 1965, 1, 79–96.

[CrossRef]
24. Tubana, B.S.; Babu, T.; Datnoff, L.E. A review of silicon in soils and plants and its role in US agriculture: History and future

perspectives. Soil Sci. 2016, 181, 393–411. [CrossRef]
25. Arnon, D.I.; Stout, P. The essentiality of certain elements in minute quantity for plants with special reference to copper. Plant

Physiol. 1939, 14, 371. [CrossRef]
26. Epstein, E.; Bloom, A. Mineral Nutrition of Plants: Principles and Perspectives, 2nd ed.; Sinauer Associates, Oxford University: Cary,

NC, USA, 2005.
27. Wang, M.; Gao, L.; Dong, S.; Sun, Y.; Shen, Q.; Guo, S. Role of Silicon on Plant–Pathogen Interactions. Front. Plant Sci. 2017, 8, 701.

[CrossRef] [PubMed]
28. Zargar, S.M.; Mahajan, R.; Bhat, J.A.; Muslima Nazir, M.; Deshmukh, R. Role of silicon in plant stress tolerance: Opportunities to

achieve a sustainable cropping system. 3 Biotech 2019, 9, 73. [CrossRef]
29. Dorairaj, D.; Ismail, M.R.; Sinniah, U.R.; Kar Ban, T. Influence of silicon on growth, yield, and lodging resistance of MR219, a

lowland rice of Malaysia. J. Plant Nutr. 2017, 40, 1111–1124. [CrossRef]
30. Marodin, J.C.; Resende, J.T.; Morales, R.G.; Silva, M.L.; Galvão, A.G.; Zanin, D.S. Yield of tomato fruits in relation to silicon

sources and rates. Hort. Brasil. 2014, 32, 220–224. [CrossRef]
31. Liang, Y.; Sun, W.; Zhu, Y.-G.; Christie, P. Mechanisms of silicon-mediated alleviation of abiotic stresses in higher plants: A review.

Environ. Pollut. 2007, 147, 422–428. [CrossRef]
32. Fauteux, F.; Remus-Borel, W.; Menzies, J.G.; Belanger, R.R. Silicon and plant disease resistance against pathogenic fungi. FEMS

Microbiol. Lett. 2005, 249, 1–6. [CrossRef] [PubMed]
33. Fawe, A.; Abow-Zaid, M.; Menzies, J.G.; Bel-Anger, R.R. Silicon-mediated accumulation of flavonoid phytoalexins in cucumber.

Phytopathology 1998, 88, 396–401. [CrossRef] [PubMed]
34. Heine, G.; Tikum, G.; Horst, W.J. The effect of silicon on the infection by and spread of Pythium aphanidermatum in single roots of

tomato and bitter gourd. J. Exp. Bot. 2007, 58, 569–577. [CrossRef]
35. Sakr, N. The role of silicon (Si) in increasing plant resistance against fungal diseases. Hell. Plant Prot. J. 2016, 9, 1–15. [CrossRef]
36. Marschner, H. Marschner’s Mineral Nutrition of Higher Plants, 3rd ed.; Academic Press: London, UK, 2012.
37. Datnoff, L.E.; Rodrigrues, F.A.; Seebold, K.W. Silicon and plant disease. In Mineral Nutrition and Plant Disease; Datnoff, L.E., Elmer,

W.H., Huber, D.M., Eds.; APS Press: St. Paul, MN, USA, 2007; pp. 233–246.
38. Bekker, T.; Labuschagne, N.; Aveling, T.; Regnier, T.; Kaiser, C. Effects of soil drenching of water-soluble potassium silicate on

commercial avocado (Persea americana Mill.) orchard trees infected with Phytophthora cinnamomi Rands on root density, canopy
health, induction and concentration of phenolic compounds. S. Afr. J. Plant Soil 2014, 31, 101–107. [CrossRef]

39. Menzies, J.G.; Belanger, R.R. Recent advances in cultural management of diseases of greenhouse crops. Can. J. Plant Pathol. 1996,
18, 186–193. [CrossRef]

40. Chérif, M.; Benhamou, N.; Bélanger, R.R. Defense responses induced by soluble silicon in cucumber roots infected by Pythium
spp. Phytopathology 1994, 84, 236–242. [CrossRef]

41. Seebold, K.W. The Influence of Silicon Fertilization on the Development and Control of Blast Caused by Magnaporthe grisea
(Hebert) Barr, in Upland Rice. Ph.D. Thesis, University of Florida, Gainesville, FL, USA, 1998.

http://doi.org/10.1071/AP08095
http://doi.org/10.1094/PHYTO.1998.88.11.1218
http://doi.org/10.1146/annurev.arplant.50.1.641
http://www.ncbi.nlm.nih.gov/pubmed/15012222
http://doi.org/10.1016/j.tplants.2006.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16839801
http://doi.org/10.1039/cs9952400351
http://doi.org/10.1016/S1369-5266(03)00041-4
http://doi.org/10.1146/annurev-phyto-080516-035312
http://doi.org/10.1002/jpln.201400202
http://doi.org/10.1007/BF01349120
http://doi.org/10.1097/SS.0000000000000179
http://doi.org/10.1104/pp.14.2.371
http://doi.org/10.3389/fpls.2017.00701
http://www.ncbi.nlm.nih.gov/pubmed/28529517
http://doi.org/10.1007/s13205-019-1613-z
http://doi.org/10.1080/01904167.2016.1264420
http://doi.org/10.1590/S0102-05362014000200018
http://doi.org/10.1016/j.envpol.2006.06.008
http://doi.org/10.1016/j.femsle.2005.06.034
http://www.ncbi.nlm.nih.gov/pubmed/16006059
http://doi.org/10.1094/PHYTO.1998.88.5.396
http://www.ncbi.nlm.nih.gov/pubmed/18944917
http://doi.org/10.1093/jxb/erl232
http://doi.org/10.1515/hppj-2016-0001
http://doi.org/10.1080/02571862.2014.912687
http://doi.org/10.1080/07060669609500644
http://doi.org/10.1094/Phyto-84-236


Agronomy 2021, 11, 2198 9 of 11

42. Seebold, K.W.; Kucharek, T.A.; Datnoff, L.E.; Correa-Victoria, F.J.; Mar-Chetti, M.A. The influence of silicon on components of
resistance to blast in susceptible, partially resistant, and resistant cultivars of rice. Phytopathology 2001, 91, 63–69. [CrossRef]
[PubMed]

43. Zhang, G.; Cui, Y.; Ding, X.; Dai, Q. Stimulation of phenolic metabolism by silicon contributes to rice resistance to sheath blight. J.
Plant Nutr. Soil Sci. 2013, 176, 118–124. [CrossRef]

44. Liang, Y.C.; Sun, W.; Si, J.; Römheld, V. Effects of foliar-and root applied silicon on the enhancement of induced resistance to
powdery mildew in Cucumis sativus. Plant Pathol. 2005, 54, 678–685. [CrossRef]

45. KIM, S.G.; Kim, K.W.; Park, E.W.; Choi, D. Silicon-induced cell wall fortification of rice leaves: A possible cellular mechanism of
enhanced host resistance to blast. Phytopathology 2002, 92, 1095–1103. [CrossRef] [PubMed]

46. Kidane, E.G. Management of Fusarium Wilt Diseases Using Non-Pathogenic Fusarium oxysporum and Silicon. Ph.D. Thesis,
University of KwaZulu-Natal, Pietermaritzburg Durban, South Africa, 2008.

47. Li, Y.C.; Bi, Y.; Ge, Y.H.; Sun, X.J.; Wang, Y. Antifungal activity of sodium silicate on Fusarium sulphureum and its effect on dry rot
of potato tubers. J. Food Sci. 2009, 74, 213–218. [CrossRef] [PubMed]

48. Whan, J.A.; Dann, E.K.; Aitken, E.A. Effects of silicon treatment and inoculation with Fusarium oxysporum f. sp. vasinfectum on
cellular defences in root tissues of two cotton cultivars. Ann. Bot. 2016, 118, 219–226. [CrossRef] [PubMed]

49. Chain, F.; Côté-Beaulieu, C.; Belzile, F.; Menzies, J.; Bélanger, R. A comprehensive transcriptomic analysis of the effect of silicon
on wheat plants under control and pathogen stress conditions. Mol. Plant Microbe Interact. 2009, 22, 1323–1330. [CrossRef]

50. Naidoo, P.V.; Mcfarlane, S.; Keeping, M.G.; Caldwell, P.M. Deposition of silicon in leaves of sugarcane (Saccharum spp. hybrids)
and its effect on the severity of brown rust caused by Puccinia melanocephala. Proc. South Afr. Sugar Technol. 2009, 82, 542–546.

51. Ghareeb, H.; Bozso, Z.; Ott, P.G.; Repenning, C.; Stahl, F.; Wydra, K. Transcriptome of silicon induced resistance against Ralstonia
solanacearum in the silicon non- accumulator tomato implicates priming effect. Physiol. Mol. Plant Pathol. 2011, 75, 83–89.
[CrossRef]

52. Kurabachew, H.; Stahl, F.; Wydra, K. Global gene expression of rhizobacteriasilicon mediated induced systemic resistance in
tomato (Solanum lycopersicum) against Ralstonia solanacearum. Physiol. Mol. Plant Pathol. 2013, 84, 44–52. [CrossRef]

53. Alves, A.O.; Santos, M.M.B.; Souza, L.J.N.; Souza, E.B.; Mariano, R.L.R. Use of silicon for reducing the severity of bacterial wilt of
sweet pepper. J. Plant Pathol. 2015, 97, 419–429. [CrossRef]

54. Dallagnol, L.J.; Rodrigues, F.A.; Pascholati, S.F.; Fortunato, A.A.; Camargo, L.E.A. Comparison of root and foliar applications of
potassium silicate in potentiating post-infection defences of melon against powdery mildew. Plant Pathol. 2015, 64, 1085–1093.
[CrossRef]

55. Zellner, W.; Frantz, J.; Leisner, S. Silicon delays Tobacco ringspot virus systemic symptoms in Nicotiana tabacum. J. Plant Physiol.
2011, 168, 1866–1869. [CrossRef]

56. Andrade, C.C.L.; Resende, R.S.; Rodrigues, F.A.; Ferraz, H.G.M.; Moreira, W.R.; Oliveira, J.R.; Mariano, R.L.R. Silicon reduces
bacterial speck development on tomato leaves. Trop. Plant Pathol. 2013, 38, 436–442. [CrossRef]

57. Resende, R.S.; Rodrigues, F.; Costa, R.V.; Silva, D.D. Silicon and fungicide effects on anthracnose in moderately resistant and
susceptible sorghum lines. J. Phytopathol. 2013, 161, 11–17. [CrossRef]

58. Cruz, M.F.A.; Debona, D.; Rios, J.A.; Barros, E.G.; Rodrigues, F.A. Potentiation of defense-related gene expression by silicon
increases wheat resistance to leaf blast. Trop. Plant Pathol. 2015, 40, 394–400. [CrossRef]

59. Ferreira, H.A.; do Nascimento, C.W.A.; Datnoff, L.E.; de Sousa Nunes, G.H.; Preston, W.; de Souza, E.B.; de Lima, M.R. Effects of
silicon on resistance to bacterial fruit blotch and growth of melon. Crop. Prot. 2015, 78, 277–283. [CrossRef]

60. van Bockhaven, J.; Steppe, K.; Bauweraert, I.; Kikuchi, S.; Asano, T.; Höfte, M.; de Vleesschauwer, D. Primary metabolism plays a
central role in moulding silicon-inducible brown spot resistance in rice. Mol. Plant Pathol. 2015, 16, 811–824. [CrossRef]

61. Fawe, A.; Menzies, J.G.; Chérif, M.; Bélanger, R.R. Silicon and disease resistance in dicotyledons. Stud. Plant Sci. 2001, 8, 159–169.
[CrossRef]

62. Currie, H.A.; Perry, C.C. Silica in plants: Biological, biochemical and chemical studies. Ann. Bot. 2007, 100, 1383–1389. [CrossRef]
[PubMed]

63. Rodrigues, F.A.; Resende, R.S.; Dallagnol, L.J.; Datnoff, L.E. Silicon Potentiates Host Defense Mechanisms against Infection by Plant
Pathogens; Springer International Publishing: Cham, Switzerland, 2015.

64. Mkhize, N. Effectiveness of Pre- and Postharvest Silicon and Phosphorous Acid Applications in Inhibiting Penicillium Digitatum
on Citrus Fruit. Master’s Thesis, UKZN, Pietermaritzburg, South Africa, 2014.

65. Sakr, N. Silicon-enhanced resistance of plants to biotic stresses—Review article. Acta Phytopathol. Entomol. Hung. 2018, 53, 125–142.
[CrossRef]

66. Coskun, D.; Deshmukh, R.; Sonah, H.; Menzies, J.G.; Reynolds, O.; Ma, J.F.; Kronzucker, H.J.; Bélanger, R.R. The controversies of
silicon’s role in plant biology. New Phytol. 2018, 221, 67–85. [CrossRef] [PubMed]

67. Rodrigues, F.A.; Jurick, W.M.; Datnoff, L.E.; Jones, J.B.; Rollins, J.A. Silicon influences cytological and molecular events incompati-
ble and incompatible rice-Magnaporthe grisea interactions. Physiol. Mol. Plant Pathol. 2005, 66, 144–159. [CrossRef]

68. Samuels, A.L.; Glass, A.D.M.; Menzies, J.G.; Ehret, D.L. Silicon in cell walls and papillae of Cucumis sativus during infection by
Sphaerotheca fuliginea. Physiol. Mol. Plant Pathol. 1994, 44, 237–242. [CrossRef]

69. Chang, S.J.; Tzeng, D.D.; Li, C.C. Effect of silicon nutrient on bacterial blight resistance of rice (Oryza sativa L.). In Proceedings of
the Second Silicon in Agriculture Conference, Yamagata, Japan, 22–26 August 2002; pp. 31–33.

http://doi.org/10.1094/PHYTO.2001.91.1.63
http://www.ncbi.nlm.nih.gov/pubmed/18944279
http://doi.org/10.1002/jpln.201200008
http://doi.org/10.1111/j.1365-3059.2005.01246.x
http://doi.org/10.1094/PHYTO.2002.92.10.1095
http://www.ncbi.nlm.nih.gov/pubmed/18944220
http://doi.org/10.1111/j.1750-3841.2009.01154.x
http://www.ncbi.nlm.nih.gov/pubmed/19646050
http://doi.org/10.1093/aob/mcw095
http://www.ncbi.nlm.nih.gov/pubmed/27288509
http://doi.org/10.1094/MPMI-22-11-1323
http://doi.org/10.1016/j.pmpp.2010.11.004
http://doi.org/10.1016/j.pmpp.2013.06.004
http://doi.org/10.4454/JPP.V97I3.002
http://doi.org/10.1111/ppa.12346
http://doi.org/10.1016/j.jplph.2011.04.002
http://doi.org/10.1590/S1982-56762013005000021
http://doi.org/10.1111/jph.12020
http://doi.org/10.1007/s40858-015-0051-7
http://doi.org/10.1016/j.cropro.2015.09.025
http://doi.org/10.1111/mpp.12236
http://doi.org/10.1016/S0928-3420(01)80013-6
http://doi.org/10.1093/aob/mcm247
http://www.ncbi.nlm.nih.gov/pubmed/17921489
http://doi.org/10.1556/038.53.2018.005
http://doi.org/10.1111/nph.15343
http://www.ncbi.nlm.nih.gov/pubmed/30007071
http://doi.org/10.1016/j.pmpp.2005.06.002
http://doi.org/10.1016/S0885-5765(05)80027-X


Agronomy 2021, 11, 2198 10 of 11

70. Meena, V.D.; Dotaniya, M.L.; Coumar, V.; Rajendiran, S.; Kundu, A.S.; Rao, A.S. A case for silicon fertilization to improve crop
yields in tropical soils. Proc. Natl. Acad. Sci. USA India Sect. B Biol. Sci. 2014, 84, 505–518. [CrossRef]

71. Jayawardana, H.A.R.K.; Weerahewa, H.L.D.; Saparamadu, M.D.J.S. Effect of root or foliar application of soluble silicon on plant
growth, fruit quality and anthracnose development of capsicum. Trop. Agric. Res. 2014, 26, 74–81. [CrossRef]

72. Kaufman, P.B.; Dayanandan, P.; Franklin, C.I.; Takeoka, Y. Structure and function of silica bodies in the epidermal system of grass
shoots. Ann. Bot. 1985, 55, 487–507. [CrossRef]

73. Vivancos, J.; Labbé, C.; Menzies, J.G.; Bélanger, R.R. Silicon-mediated resistance of Arabidopsis against powdery mildew involves
mechanisms other than the salicylic acid (SA)-dependent defence pathway. Mol. Plant Pathol. 2015, 16, 572–582. [CrossRef]
[PubMed]

74. Graham, J.H.; Menge, J.A. Root health: Fungal diseases. In Citrus Health Management; Timmer, L.W., Duncan, L.W., Eds.; APS
Press: St. Paul, MN, USA, 1999; pp. 126–135.

75. Graham, J.H.; Timmer, L.W. Phytophthora Disease of Citrus. 2003. Available online: http://edis.ifas.ufl.edu (accessed on
20 June 2021).

76. Cacciola, S.O.; Magnano di San Lio, G. Management of citrus diseases caused by Phytophthora spp. In Integrated Management of
Diseases Caused by Fungi, Phytoplasma and Bacteria; Ciancio, A., Mukerji, K., Eds.; Springer: Dordrecht, The Netherlands, 2008;
pp. 61–84.

77. Erwin, D.C.; Ribeiro, O.K. Phytophthora Diseases Worldwide; APS Press: St. Paul, MN, USA, 1996.
78. Meitz-Hopkins, J.C.; Pretorius, M.C.; Spies, C.F.J.; Huisman, L.; Botha, W.J.; Langenhoven, S.D.; McLeod, A. Phytophthora species

distribution in South African citrus production regions. Eur. J. Plant Pathol. 2014, 138, 733–749. [CrossRef]
79. Graham, J.; Feichtenberger, E. Citrus phytophthora disease: Management challenges and successes. J. Citrus Pathol. 2015, 2, 1–11.

[CrossRef]
80. Panabières, F.; Ali, G.S.; Allagui, M.B.; Dalio, J.D.; Gudmestad, N.; Kuhn, M.L.; Roy, S.G.; Schena, L.; Zambounis, A. Phytophthora

nicotianae diseases worldwide: New knowledge of a long-recognised pathogen. Phytopathol. Mediterr. 2016, 48, 159–188.
[CrossRef]

81. Alvarez, L.A.; Vicent, A.; de la Rosa, E.; Bascón, J.; Abad-Campos, P.; Armengol, J.; García-Jiménez, J. Branch cankers on citrus
trees in Spain caused by Phytophthora citrophthora. Plant Pathol. 2008, 57, 84–91. [CrossRef]

82. Schutte, G.C.; Botha, W.J. Phytophthora citrophthora trunk and branch canker on Clementine mandarins in the Western Cape
province of South Africa. Plant Soil 2010, 27, 215–220. [CrossRef]

83. Graham, J.H.; Timmer, L.W.; Drouillard, D.L.; Peever, T.L. Characterization of Phytophthora spp. causing outbreaks of citrus
brown rot in Florida. Phytopathology 1998, 88, 724–729. [CrossRef] [PubMed]

84. Graham, J.H.; Timmer, L.W.; Dewdney, M.M. Florida Citrus Pest Management Guide: Phytophthora Foot Rot and Root Rot; University
of Florida, IFAS Extension: Gainesville, FL, USA, 2012; Volume 156, pp. 1–6.

85. Graham, J.H. Root regeneration and tolerance of citrus rootstocks caused by Phytophthora nicotianae. Phytopathology 1995, 85,
111–117. [CrossRef]

86. Bekker, T. Efficacy of Water-Soluble Silicon for Control of Phytophthora Cinnamomi Root Rot of Avocado. Master’s Thesis,
University of Pretoria, Pretoria, South Africa, 2007.

87. Burger, M.C. Tolerance of Citrus Rootstocks to Root Pathogens. Master’s Thesis, University of Pretoria, Pretoria, South Africa, 2001.
88. Khoshgoftarmanesh, A.H.; Mohaghegh, P.; Sharifnabi, B.; Shirvani, M.; Khalili, B. Silicon nutrition and Phytophthora drechsleri

infection effects on growth and mineral nutrients concentration, uptake, and relative translocation in hydroponic-grown cucumber.
J. Plant Nutr. 2012, 35, 1168–1179. [CrossRef]

89. Mohaghegh, P.; Khoshgoftarmanesh, A.H.; Shirvani, M.; Sharifnabi, B.; Nili, N. Effect of silicon nutrition on oxidative stress
induced by Phytophthora melonis infection in cucumber. Plant Dis. 2011, 95, 455–460. [CrossRef]

90. Simmons, E.G. Alternaria: An Identification Manual; CBS Biodiversity: Utrecht, The Netherlands, 2007; Volume 6.
91. Timmer, L.W.; Darhower, H.M.; Zitko, S.E.; Peever, T.L.; Ibanez, A.M.; Bushong, P.M. Environmental factors affecting the severity

of Alternaria brown spot of citrus and their potential use in timing fungicide applications. Plant Dis. 2000, 84, 638–643. [CrossRef]
92. Asanzi, N.M.; Taylor, N.J.; Vahrmeijer, J.T. Can silicon be used to prevent Alternaria alternata in citrus trees? Technologie 2015,

48, 1–3.
93. Mvondo-She, M.A.; Marais, D. The investigation of silicon localization and accumulation in citrus. Plants 2019, 8, 200. [CrossRef]
94. Matichenkov, V.; Calvert, D.; Snyder, G. Silicon fertilizers for citrus in Florida. Proc. Fla. State Hort. Soc. 1999, 112, 5–8.
95. Matichenkov, V.; Bocharnikova, E.; Calvert, D. Response of citrus to silicon soil amendments. Proc Fla. State Hort. Soc. 2001,

114, 94–97.
96. Tian, S.; Qin, G.; Li, B.; Wang, Q. Synergistic effects of combining microbial biocontrol agents with silicon against postharvest

diseases of fruits. In Proceedings of the International Congress on Novel Approaches for the Control of Postharvest Diseases and
Disorders, Bologna, Italy, 3–5 May 2007; pp. 38–46.

97. Tian, S.; Torres, R.; Ballester, A.R.; Li, B.; Vilanova, L.; Gonzalez-Candelas, L. Molecular aspects in pathogen-fruit interactions:
Virulence and resistance. Postharvest. Biol. Technol. 2016, 122, 11–21. [CrossRef]

98. Wuryatmo, E.; Klieber, A.; Scott, E.S. Inhibition of citrus postharvest pathogens by vapor of citral and related compounds in
culture. J. Agric. Food Chem. 2003, 51, 2637–2640. [CrossRef]

http://doi.org/10.1007/s40011-013-0270-y
http://doi.org/10.4038/tar.v26i1.8073
http://doi.org/10.1093/oxfordjournals.aob.a086926
http://doi.org/10.1111/mpp.12213
http://www.ncbi.nlm.nih.gov/pubmed/25346281
http://edis.ifas.ufl.edu
http://doi.org/10.1007/s10658-013-0346-9
http://doi.org/10.5070/C421027203
http://doi.org/10.14601/Phytopathol_Mediterr-16423
http://doi.org/10.1111/j.1365-3059.2007.01702.x
http://doi.org/10.1080/02571862.2010.10639989
http://doi.org/10.1094/PHYTO.1998.88.7.724
http://www.ncbi.nlm.nih.gov/pubmed/18944946
http://doi.org/10.1094/Phyto-85-111
http://doi.org/10.1080/01904167.2012.676129
http://doi.org/10.1094/PDIS-05-10-0379
http://doi.org/10.1094/PDIS.2000.84.6.638
http://doi.org/10.3390/plants8070200
http://doi.org/10.1016/j.postharvbio.2016.04.018
http://doi.org/10.1021/jf026183l


Agronomy 2021, 11, 2198 11 of 11

99. Chen, P.-S.; Peng, Y.-H.; Chung, W.-C.; Chung, K.-R.; Huang, H.-C.; Huang, J.-W. Inhibition of Penicillium digitatum and citrus
green mold by volatile compounds produced by Enterobacter cloacae. J. Plant Pathol. Microbiol. 2016, 7, 339. [CrossRef]

100. Eckert, J.W. Dynamics of benzimidazole resistant Penicillium in the development of postharvest decays of citrus and pome fruit.
In Fungicide Resistance in North America; APS Press, American Phytopathological Society: St. Paul, MN, USA, 1988; pp. 31–35.

101. Rodrigues, F.A.; Datnoff, L.E.; Korndörfer, G.H.; Seebold, K.W.; Rush, M.C. Effect of silicon and host resistance on sheath blight
development in rice. Plant Dis. 2001, 85, 827–832. [CrossRef] [PubMed]

102. Mkhize, N.J.; Bower, J.P.; Bertling, I.; Mathaba, N. Response of citrus physiology to phosphorus acid and silicon as elicitors of
induced disease resistance. Acta Hort. 2013, 1007, 135–142. [CrossRef]

http://doi.org/10.4172/2157-7471.1000339
http://doi.org/10.1094/PDIS.2001.85.8.827
http://www.ncbi.nlm.nih.gov/pubmed/30823048
http://doi.org/10.17660/ActaHortic.2013.1007.12

	Introduction 
	Phytophthora Diseases of Citrus 
	Alternaria Disease 
	Green and Blue Mold 
	Conclusions 
	References

