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Abstract

:

The number of plants produced in horticultural substrates has increased over the last decade. These substrates are to have some physicochemical and phytosanitary characteristics that allow for optimal growth. Rhizoctonia solani JG Kühn is one of the root and hypocotyl diseases that frequently develops in seedbeds causing severe economic losses worldwide. The aim of this work was to evaluate the substrates and additives used in bean plantlets and the R. solani disease severity. The use of vermiculite or peat did not affect bean germination percentage, but peat promoted the development of the aerial part and vermiculite improved the growth of the root system. R. solani reduced bean germination percentage and bean growth in both peat and vermiculite. The presence of additives (bentonite and/or cornmeal) in the substrates (vermiculite or peat) reduced bean germination and development, favouring the severity of R. solani. However, the addition of cornmeal improves bean dry weight of the aerial part. So, whenever it is necessary to add additives to the substrates to improve the installation and development of a biocontrol agent, such as Trichoderma harzianum, the mix of peat and cornmeal would improve the development of both bean and biocontrol agent.
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1. Introduction


Every day, the number of plants produced in nurseries increases and they are transplanted both for small-scale production, or self-consumption, and for large-scale production. If the desire is to produce healthy plants free of phytopathogens starting from healthy and registered seeds, a substrate that reduces their propagation and development is needed. Integrated crop health management approaches, using both modern cultivars with resistance/tolerance to these organisms and technologies that stimulate root health and growth, accompanied by chemical, biological and cultural phytopathogen management strategies are needed for sustainable production.



Some growing media may have a lower risk because of the nature of their production. They may become contaminated or infested, depending on the type and composition of the substrate during the production process [1]. Knowledge about the relationships between plants, plant pathogens and antagonists, and about the physico-chemical properties of the soil, will help control diseases, reducing the use of chemical products.



Most potting substrates are a combination of organic (peat, bark, straw, etc.) and inorganic materials (vermiculite, perlite, clay, etc.). The addition of organic compounds, such as cornmeal, improves properties like water retention capacity, porosity and cation exchange capacity, also acting as a nutrient source for biological control agents [2,3]. Particle size distribution also plays an important role in adequate aeration of the plant root [4] and in the water-holding capacity of the media [5]. Some changes modify the dynamics of the nutrients in the soil, changing the availability of carbon (C), nitrogen (N), phosphorus (P) or sulphur (S) and therefore affecting plant growth [6,7]. Variations in soil microorganisms, soil enzymes, and soil substance turnover will also affect plant performance [8]. The use of substrate amendments, such as bentonite, increases soil water and nutrient holding capacities [9,10].



Inert substrates made with clay pellets, gravels, vermiculite and perlite present a lower risk of hosting pests and pathogens in plant production, than any substrate with peat, coconut fibre, bark, compost, vermicompost, wood chips, cork or moss, all which have greater phytopathogen development [11]. Nutrient availability is an important criterion for soil-borne saprotrophic phytopathogens to become prevalent in soils. Their possible outgrowth can be constrained by nutrients, space, etc. [12,13,14]. Crop soils are biologically active soils, with capacity to control pathogenic infections of plants, however, this capacity is lost or reduced in the substrate of a greenhouse. The use of natural products such as organic additives is a promising alternative for managing diseases and for promoting the development of other beneficial microorganisms.



Some studies evaluate the use of additives for massive production of biocontrol agents using products such as seeds of rice and rice husk (Oryza sativa L.), wheat (Triticum spp.), sorghum (Sorghum bicolor (L.) Moench), maize and cornmeal (Zea mays L.), millet (Setaria italica (L.) Beauv.), soya bean (Glycine max (L.) Merr.), chickpea (Cicer arietinum L.), cowpea (Vigna unguiculate Engl.), sunflower (Helianthus annuus L.), peanut (Arachis hypogea (L.) R. Wilczek) and other additives such as tea waste, saw dust, coir pith, bentonite, etc. [15,16,17,18,19]. Studies have verified that organic additives have been effective in the management of some key soil-borne pathogens such as Fusarium spp. [20,21], Pythium spp. [22,23], Rhizoctonia sp. [24,25].



A lot of soil-borne pathogens cause root rot disease in common bean and are a major constraint to bean production world-wide. Root rot diseases cause seedling death and poor seedling emergence. Disease incidence during flowering and pod fill results in the most significant yield reductions. In common bean, the primary diseases and pathogens associated with root rot include Fusarium root rot, caused by Fusarium solani (Mart.) Sacc. f. s, phaseoli (Burkholder) W. C. Snyder and H. N. Hans; southern blight, caused by Sclerotium rolfsii Sacc; Pythium root rot, caused by several species of Pythium spp. Pringsh; Aphanomyces root rot, caused by Aphanomyces euteiches f. sp. phaseoli W.F. Pfender & D.J. Hagedorn and f. sp. pisi W.F. Pfender & D.J. Hagedorn, and Rhizoctonia root rot, caused by Rhizoctonia solani JG Kühn [26,27,28,29].



The last phytopathogen, R. solani (Teleomorph: Thanatephorus cucumeris (AB Frank) Donk), is a necrotrophic soil pathogen, which frequently develops in seedbeds and has a worldwide distribution that causes vast economic losses all around the globe [30,31,32]. R. solani attacks plants of almost any age leading to a variety of symptoms in plants [33,34]. Infection of the plant occurs through wounds or by the coating of an organ by the mycelium, which tears the cuticle and penetrates the epidermis. This pathogen is more aggressive at temperatures between 15 and 18 ºC and in moist soil. It causes seed rot and damping-off of seedlings, as well as stunting, yellowing, and death of younger plants. It appears in the roots and stems showing red-brown lesions which may enlarge to girdle the stem, killing roots and weakening the top of the plant. Infected plants may be stunted, and leaves may turn yellow and die [35].



Until now, mass production of biocontrol agents has been evaluated using substrates enriched with different additives. However, the effect of these additives in the development of a pathogen is unknown. It is for that reason that the aim of this work is to determine the influence of horticultural substrate and additive combinations in the development of bean plantlets and in the pathogenicity of R. solani.




2. Materials and Methods


2.1. Rhizoctonia Solani Isolate


R. solani R43 was used in this study, taken from the collection of “Pathogens and Antagonists” of the Laboratory Diagnosis of Pests and Diseases (University of León, León, Spain). It is an isolate collected from the production area of the Protected Geographical Indication (PGI), called “Alubia La Bañeza–León” (EC Reg. n.256/2010 published on 26 March 2010, OJEU L880/17), without any genetic manipulation.




2.2. Substrates and Bioassays


Bioassays were performed in climatic chambers in order to test R. solani activity. Peat (Pindstrup Peat 32, Pindstrup Mosebrug S.A.E., Sotopalacios, Burgos, Spain) and vermiculite (Verlite®, Vermiculita y derivados, Gijón, Spain) and their combinations with the additives cornmeal (C) (Fioretto®, Biemme, Saluzzo, Italy) and bentonite (B) (Bengel®, Agrovin, Ciudad Real, Spain) were tested in this bioassay and their characteristics are described in detail by Mayo-Prieto et al. [36]. Theses substrates and additives were disinfected by autoclaving at 120 °C for 1 h on 2 consecutive days. Eight different treatments (combinations of substrates and additives) were evaluated using ten polypropylene pots (1 L capacity) used per treatment (Table 1), meaning 10 repetitions per treatment.



Each pot was watered with 250 mL of water prior to inoculation. Each pot was inoculated with a 50 mL suspension of R. solani R43 by a surface irrigation (5 Petri dishes/water litter) [37]. For inoculation of the control, only PDA medium was used without any pathogen in all combinations of substrates and they were placed in the same climatic chamber as the substrates with the pathogen. Pots were kept in a growth chamber for 8 days at 25 °C/16 °C (day/night), 60% RH in the dark.



Bean seeds of “Canela” variety were surface sterilised (sodium hypochlorite 1% for 3 min and in distilled water for 6 min). After 8 days of the inoculation of R. solani R43, three seeds were sown in each pot (10 pots/treatment). The culture was maintained for 45 days with a photoperiod of 16 h light, 25 °C/16 °C (day/night), 60% RH and brightness of 3500 lux. Irrigations were performed every 4 days with about 250 mL tap water/pot [37]. A nutrient solution was added on the 2nd–4th week [38].



Bean germination percentage was evaluated 12, 17 and 24 days after sowing. Plants were then removed 45 days after sowing and the following parameters were evaluated: disease severity percentage in the aerial part (1: without chlorosis; 2: 1%–10% of the leaves with chlorosis; 3: 11%–25% of the leaves with chlorosis; 4: 26%–50% of the leaves with chlorosis; 5: more of 50% of the leaves with chlorosis; 6: plant of bean without leaves; 7: dead plant of bean; 8: dead plant after the germination), wet weight and dry weight (72 h in an oven, 82 °C) of the aerial part and root system.




2.3. Statistical Analysis


Bean germination percentage and disease severity percentage data were transformed by the formula (x + 0.5)1/2. Square-root transformation is appropriate for data consisting of small whole numbers, for example, data obtained in counting rare events, such as the number of infested plants in a plot and for percentage data [39,40]. Combined analysis of variance was performed using the general linear models (GLM). Orthogonal contrasts were used for additive to isolate treatment effects [41]. For the control without additive, the contrast was without additive versus cornmeal, bentonite and cornmeal-bentonite. For the additive the contrast was cornmeal-bentonite versus cornmeal and bentonite. The last contrast was cornmeal versus bentonite. All analyses were performed using SAS version 9.4 software (SAS Institute Inc., 2015, Cary, NC, USA).





3. Results


3.1. Germination


Analysis of variance shows highly significant differences in pathogen and additives for germination percentage at 12, 17 and 24 days after sowing. However, there are not significant differences between substrates for germination percentage (Table 2).



The Table 3 shows the orthogonal contrast among additives. Contrasts show highly significant differences for germination between the control and all additive combinations (control versus B + C + BC). However, the rest of the orthogonal contrasts for germination among additives [BC versus (B + C) and B versus C] are not significantly different (Table 3).



The Figure 1 shows the germination percentage and removed seeds percentage after 24 days of sowing for substrate, pathogen and additives. The two tested substrates (vermiculite and peat) do not affect the germination percentage for either removed seeds percentage. However, the pathogen, R. solani has reduced the germination compared with control, increasing the removed seeds. The addition of cornmeal and/or bentonite to the substrates has reduced the germination percentage.




3.2. Disease Severity


Analysis of variance shows highly significant differences in pathogen and additives for disease severity. However, there are not significant differences between substrates for disease severity (Table 2).



The Table 3 shows the orthogonal contrast among additives. Contrasts show highly significant differences for disease severity between the control and all combinations of additives (control versus B+C+BC). However, the rest of orthogonal contrast for disease severity among additives (BC versus B+C and B versus C) are not significantly different.



Symptomatology of the aerial part has not presented significant differences between peat and vermiculite. Nevertheless, the presence of R. solani in the substrate has caused an increase in the disease severity in the aerial part being significantly different to the control plants. The addition of cornmeal and/or bentonite to the substrates has increased the bean disease severity relative to the control (Figure 2).




3.3. Dry Weight


When the dry weight of the aerial part has been analysed, bean plants in peat have been significantly larger than those in vermiculite. The presence of R. solani has caused a decrease in the weight of the bean aerial part. In regard to the additives, the greatest bean dry weight of the aerial part was found when cornmeal was in the substrate. Bean plants grown in the substrate with bentonite and cornmeal have shown the smallest bean dry weight of the aerial part (Figure 3).



Analysis of variance shows highly significant differences in pathogens, substrates and additives for the dry weight of the bean root system (Table 2).



Orthogonal contrasts of the dry weight of the bean root system have shown highly significant differences between control and all additive combinations and between bentonite and cornmeal separately as well as bentonite and cornmeal combined (BC versus B + C). However, there were not significant differences found between bentonite and cornmeal (B versus C) for bean root growth (Table 3).



Bean plants had a significantly bigger root system in vermiculite than in peat. The presence of R. solani caused a decrease in the bean root weight. In regard to the additives, bean plants in substrates with additives had a significantly lower root weight than the control. Bean plants grown in the substrates with bentonite and cornmeal showed the smallest bean root weight, as well as significant differences with the control substrate and with bentonite or cornmeal separately (Figure 4).





4. Discussion


In horticulture, a lot of plants are produced in mineral and organic substrates. This market is directed towards the pursuit of a substrate that produces healthy plants without the need for any synthetic plant protection chemicals. For that reason, the search for combinations of substrates and additives is important to achieve this goal. A problem is that different substrates can promote not only the development of the plant, but also the growth of beneficial or harmful organisms. Soil-borne plant pathogens infecting plant roots are one of the biggest problems the world of agriculture faces because of the reduction in yield and quality of the crops. An example of one of these phytopathogens is R. solani which causes an economically harmful disease on a range of agricultural crops [42]. This study has evaluated the development of bean plants in substrates with different additives and how they affect this pathogen that can decrease bean production between 5% and 60% [43,44]. Results show that R. solani caused a reduction in germination compared to the control. This is because the bean seeds and young bean plants are more susceptible to it than adult plants [35]. Adult plants suffered a reduction in the production of dry matter with the aerial part and the root system having developed less than those of control plants. In others works, bean plants inoculated with R. solani have also had a significative reduction in their growth [37,45].



In our study, the interaction between pathogen and substrate has not been significative in disease severity, indicating that neither peat nor vermiculite have modified the development of the bean plant or the symptoms produced by R. solani. In the work of Cohen et al. [46] they observed that the incidence of the disease caused by Fusarium oxysporum f. sp. melonis in melon plants was higher in plants grown in peat or peat mixed with sand than in those developed in a combination of peat and pearlite. In another study, Campelo et al. [47] studied the effect of Sclerotinia sclerotiorum and R. solani in bean plants sown in vermiculite where the first pathogen reduced the development but Rhizoctonia presented low pathogenicity both in the aerial part and in the root system.



R. solani as pathogenic fungi, are particularly sensitive to certain management practices, such as fertilization, and the C contents [48]. Harries et al. [49] studied some tobacco soil and its influence in the development of R. solani. They determined that high levels of clay, pH, organic matter content and physical stability were associated with low R. solani inoculum potential in tobacco soils. It has been observed that suppression of R. solani growth is negatively correlated to pH. A range in soil pH of 4.5–6.5 appears optimal for mycelial growth of R. solani which produces damping-off [49,50,51]. In our work, the pH of the substrates varied between 5 and 7, so this range could have promoted the development of the R. solani, increasing its pathogenicity. The extent and rate of fungal growth may also depend on the soil porosity limiting the spread of the hyphae of a phytopathogen when the space is restricted [52,53], but developing rapidly in porous sandy soil [54].



Moreover, adding cornmeal to the substrate promoted R. solani development because of it acted as a source of carbohydrates, increasing the C concentration, like it does in fields with the remains of vegetable matter. For example, when cereal or leguminous flours were incorporated to the substrate mixture, they increased the production of Penicillium conidia [55]. However, in another study, high organic matter and clay contents have also been related to soil suppression of Fusarium or Pythium [56,57].



The presence of an inoculum of a phytopathogen, a susceptible host and certain environmental conditions (soil, temperature, humidity, etc.) are all necessary for an infection [58]. One way to control of this process is practicing crop rotation, where a resistant/tolerant plant is sown, reducing the amount of inoculum. Another way to achieve this is modifying the soil or substrate in a way that favours the development of biocontrol agents. For this, biocontrol agents can be added to the substrate mixture. If a substrate is enriched with additives that provide a source of energy for the development of beneficial organisms, it will reduce the use of synthetic chemical products, therefore producing safer foods for the consumer and for the environment. In substrates with cornmeal, Trichoderma has shown higher rates of development than without this additive. Moreover, its growth has been higher whenever it has been inoculated into a mixture with peat and not vermiculite [36]. There are some studies where the use of additives has promoted the development of both the plant and Trichoderma. Martinez-Media et al. [15] checked that the formulation with bentoniteand vermiculite and Trichoderma was effective in enhancing plant growth and reducing the incidence of Fusarium wilt in melon plants. In another work, Bernal-Vicente et al. [16] tested some formulations with Trichoderma as liquids with spore suspension, guar gum or carboxymethylcellulose, and solids with bentonite, vermiculite and wheat bran; they verified that substrates with bentonite and vermiculite were the most effective treatments against Fusarium wilt on melon plants and resulted in the greatest plant weight.



In this study, the selection of these concentrations for bentonite (5%) and cornmeal (2%) is a result of a previous work, where the variations of these additives changed the development of bean plants. When these concentrations were increased, bean plants had a stunted development of both the aerial part and the root, promoting the development of saprophytic fungus and bacteria in the substrates and increasing their compaction (unpublished data).



The aerial part of the plants developed more in peat than in vermiculite, while the radicular system was greater in vermiculite than in peat. In this study, the incorporation of additives provided greater consistency and hardness to the substrate, reducing bean germination. Undoubtedly, the addition of additives caused significant differences in the development of the plant. The aerial part developed more with cornmeal than with bentonite or with both. This did not happen in the case of the root system, where all additives caused a significant reduction in its dry weight.



MacNish [59] found that compaction of soil had no effect on dry root weights of wheat plants grown for 21 days, but higher levels of compaction following the mixing of soils decreased the dry root weights of the plants. The reasons for this behaviour have not been explained through experimental data but it has been suggested that factors such as release of nutrients, changes in gas exchange or changes in microbiological activities are possible causes of this behaviour [54].



A non-autoclaved substrate has microbiota that counter the effects of a pathogen. Adding additives promotes the development of microorganisms, both pathogenic and not pathogenic. Biological agents restrict the development of a phytopathogen. Therefore, it is convenient to add not only additives but also biocontrol agents to the substrates in order to favour their installation and to control its pathogens. For example, bean seeds coated with Trichoderma and in a substrate with additives (bentonite and cornmeal) did not decrease their size in the presence of R. solani [37]. Nevertheless, it is important to keep in mind that additives used to promote the development of biocontrol agents may also affect the growth of some pathogens and some crops.




5. Conclusions


Bean germination percentage was not affected by the use of either vermiculite or peat, but peat promoted the development of the aerial part and vermiculite improved the growth of the root system. R. solani reduced bean germination percentage and bean growth in both peat and vermiculite. The presence of additives (bentonite and/or cornmeal) in the substrates (vermiculite or peat) reduced bean germination and root development, favouring the severity of R. solani. However, the addition of cornmeal improved bean dry weight of the aerial part. Therefore, whenever it is necessary to use additives in the substrates to improve the installation and development of a biocontrol agent, such as T. harzianum [36], the mix of peat and cornmeal would improve the development of both the bean and biocontrol agent.
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Figure 1. Germination percentage and removed seeds percentage after 24 days of sowing for substrates, pathogen and additives. Blue colour represents the substrates; orange colour represents the presence or absence of R. solani; green colour represents the types of additives; solid colour represents germination and with striped colour represents removed seeds. Bars of the same colour followed by different letters (small letter for germinated seeds and capital letters for removed seeds) are significantly different (p ≤ 0.01). 
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Figure 2. Disease severity in aerial part at 45 days after sowing for substrates, pathogen and additives. Disease severity scale: 1, without chlorosis; 2, 1%–10% of the leaves with chlorosis; 3, 11%–25% of the leaves with chlorosis; 4, 26%–50% of the leaves with chlorosis; 5, more than 50% of the leaves with chlorosis; 6, plant of bean without leaves; 7, dead plant of bean; 8, dead plant after the germination. Blue colour represents the substrates; orange colour represents the presence or absence of R. solani; green colour represents the types of additives. Bars of the same colour followed by different letters are significantly different (p ≤ 0.01). 
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Figure 3. Dry weight of the bean aerial part for substrates, pathogen and additives. Blue colour represents the substrates; orange colour represents the presence or absence of R. solani; green colour represents the types of additives. Bars of the same colour followed by different letters are significantly different (p ≤ 0.01). 






Figure 3. Dry weight of the bean aerial part for substrates, pathogen and additives. Blue colour represents the substrates; orange colour represents the presence or absence of R. solani; green colour represents the types of additives. Bars of the same colour followed by different letters are significantly different (p ≤ 0.01).



[image: Agronomy 10 00707 g003]







[image: Agronomy 10 00707 g004 550] 





Figure 4. Dry weight of the bean root system for substrates, pathogen and additives. Blue colour represents the substrates; orange colour represents the presence or absence of R. solani; green colour represents the types of additives. Bars of the same colour followed by different letters are significantly different (p ≤ 0.01). 
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Table 1. Substrates and their combinations tested in order to R. solani pathogenicity.
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Substrate

	
Treatments




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8






	
Peat (%)

	
100

	
-

	
95

	
-

	
98

	
-

	
93

	
-




	
Vermiculite (%)

	
-

	
100

	
-

	
95

	
-

	
98

	
-

	
93




	
Bentonite (%)

	
-

	
-

	
5

	
5

	
-

	
-

	
5

	
5




	
Cornmeal (%)

	
-

	
-

	
-

	
-

	
2

	
2

	
2

	
2
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Table 2. Means squares of the combined analyses of variance for germination in 12, 17 and 24 days after sowing, disease severity 45 days after sowing, and dry weights of aerial part and root system.
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Source of Variation

	
d.f.1

	
Germination (%)

	
Disease Severity

	
Dry Weight Aerial Part (g)

	
Dry Weight Root System (g)




	
Day 12

	
Day 17

	
Day 24






	
Pathogen

	
1

	
23,361.122

	
***

	
16,673.610

	
***

	
18,062.500

	
***

	
35.685

	
***

	
1.071

	
***

	
30.719

	
***




	
Substrate

	
1

	
250.001

	

	
173.611

	

	
173.611

	

	
0.928

	

	
1.200

	
***

	
14.306

	
***




	
Additive

	
3

	
6601.854

	
***

	
6081.019

	
***

	
5599.536

	
***

	
5.871

	
***

	
0.234

	
***

	
21.382

	
***




	
Pathogen X Substrate

	
1

	
1361.112

	

	
3673.613

	
*

	
3062.502

	
*

	
0.243

	

	
0.051

	

	
0.026

	




	
Pathogen X Additive

	
3

	
1601.852

	

	
729.167

	

	
1081.019

	

	
0.077

	

	
0.029

	
*

	
1.683

	




	
Substrate X Additive

	
3

	
490.741

	

	
858.796

	

	
673.611

	

	
0.487

	

	
0.078

	

	
5.571

	
***




	
Pathogen X Substrate X Additive

	
3

	
1416.668

	

	
469.907

	

	
710.648

	

	
1.459

	

	
0.040

	

	
3.713

	
**








1 Degrees of freedom; * Significant at p ≤ 0.05; ** Significant at p ≤ 0.01; *** Significant at p ≤ 0.001.
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Table 3. Orthogonal contrast for additives in the parameters germination, disease severity 45 after sowing, and dry weights of aerial part and root system.
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Source of Variation 1

	
d.f.2

	
Germination (%)

	
Disease Severity

	
Dry Weight of Aerial Part (g)

	
Dry Weight of Root System (g)






	
Control vs. (B + C + BC)

	
1

	
<0.0001

	
***

	
<0.0001

	
***

	
0.0020

	
***

	
<0.0001

	
***




	
BC vs. (B + C)

	
1

	
0.3115

	

	
0.0797

	

	
0.2310

	

	
0.0013

	
***




	
B vs. C

	
1

	
0.3855

	

	
0.7853

	

	
0.0009

	
***

	
0.5666

	








1 B: bentonite; C: Cornmeal; BC: Bentonite and cornmeal; 2 Degrees of freedom; *** Significant at p ≤ 0.001.
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