







	[image: images]
	Phyton-
International Journal of
 Experimental Botany
	[image: images]






DOI: 10.32604/phyton.2021.015109

ARTICLE

Suppression Effects on Pineapple Soil-Borne Pathogens by Crotalaria juncea, Dolomitic Lime and Plastic Mulch Cover on MD-2 Hybrid Cultivar

Luis Alfonso Aguilar Pérez1,*, Daniel Nieto Ángel1,*, Moisés Roberto Vallejo Pérez2, Daniel Leobardo Ochoa Martínez1, David Espinosa Victoria3 andrés Rebolledo Martinez4, and Abel Rebouças São José5

1Fitopatología, Colegio de Postgraduados, Montecillo-Texcoco, 56230, México
2CONACyT-Universidad Autónoma de San Luis Potosí, CIACYT, San Luis Potosí, 78000, México
3Edafología, Colegio de Postgraduados, Montecillo-Texcoco, 56230, México
4Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias, Veracruz, 94270, México
5Rebouças São José, A. UESB/DFZ, Vitória da Conquista, 95, Brasil
*Corresponding Authors: Luis Alfonso Aguilar Pérez. Email: aguilar.luis@colpos.mx; Daniel Nieto Ángel. Email: dnieto@colpos.mx
Received: 22 November 2020; Accepted: 26 January 2021


Abstract: The development and implementation of sustainable and environmentally friendly agricultural practices are indispensable as alternatives to pesticide use and to keep populations of soil-borne plant pathogens at levels that do not affect crop productivity. The present research evaluates the incidence of soil-borne phytopathogens on the pineapple variety MD-2, which was subjected to different treatments: Incorporation of Crotalaria juncea into the soil (organic amendment), application of dolomitic lime to soil (inorganic amendment), and the use of plastic mulch covering the soil. During the crop cycle (15 months), the following variables were evaluated: plant height (cm), fruit weight (kg·plant−1), crop yield (ton·ha−1), the bud root disease incidence caused by Phytophthora nicotianae, number of soil phytoparasitic nematodes and colony-forming-units (CFUs) of soil fungi and oomycetes. The results indicate that Crotalaria juncea treatment reduced the pathogen population (nematode and oomycetes) at levels that did not affect crop development, so that yield increased (18–20%). The incorporation of C. juncea into the soil as an organic amendment favors the populations of fungi disease suppressors (Trichoderma-Aspergillus). The phytoparasitic nematodes (Meloidogyne sp., Pratylenchus sp., and Mesocriconema sp.) and oomycetes (Phytophthora spp., and Pythium spp.) showed a reduction of their population levels by effects of organic amendment (C. juncea). The plastic mulch was also effective, probably due to the maintenance of optimal condition to crop growth and weed control. However, the dolomitic lime application had the poorest effect under the conditions of the study area on the variables analyzed. The described observations are characteristics of a system-based approach for the potential management of soil-borne pathogens of pineapple MD-2 in Veracruz, México.
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1  Introduction

Pineapple [Ananas comosus (L.) Merr.] is an important crop in México, and a significant increase in the production area has occurred, with 945,210 tons harvested from 42,679 ha in 2017 [1]. The most important cultivars are ‘Smooth Cayenne’, ‘Champaka’ and the MD-2 hybrid cultivar [2], but consumers prefer MD-2 because it shows superior organoleptic, color, firmness and appearance properties. However, MD-2 is highly susceptible to bud rot disease (BRD) caused by the oomycete Phytophthora nicotianae [3]. Other pathogenic microorganism of pineapple is the bacterium Erwinia chrysanthemi and the phytoparasitic nematodes belonging to the genera Helicotylenchus, Pratylenchus, Rotylenchus, Hoplolaimus, Criconemoides, Tylenchus, Ditylenchus and Meloidogyne [4,5].

The management of soil-borne pathogens is difficult and requires the use of synthetic chemical products for direct soil application or as a fumigant [6]. Nevertheless, the environmental degradation and human health risks associated with pesticides, the escalating crop production costs and pest resistance to pesticides, among others, are factors that have increased the interest in examining alternative approaches for management of soil-borne pathogens [7]. Integrated pest management (IPM) considers the incorporation of agricultural practices into the design and operation of cropping systems by integrating the use of biological, cultural and other control techniques in complementary ways, and IPM operates with pesticide application (action thresholds) only on an as-needed basis [8]. The management of soil-borne pathogens in pineapple crops, by means of the incorporation of organic and inorganic amendments combined with the use of plastic mulch, has high potential due to their properties, but the control efficiency is highly influenced by the soil features. Understanding the mechanisms involved in soil pathogen suppression in amended soils is essential to improve this method to obtain maximum control efficacy [9].

Therefore, the aim of the present study was to evaluate the suppression capacity of organic and inorganic amendments and the use of plastic mulch cover on the populations of soil-borne pathogens of pineapple MD-2 under the edaphoclimatic conditions of a producing area from Veracruz, Mexico.

2  Material and Methods

2.1 Experiment Establishment

The research was conducted in the locality of Juan Rodríguez Clara in Veracruz State; this community is located at coordinates 18° 1’ 11.62” N and 95° 24’ 4.31” W and an elevation of 124 meters above sea level. A split-plot experimental design was used, the replications consisted of four beds (experimental unit) per block and the treatments were the following: (1) Dolomitic lime (DL) incorporated into the soil as inorganic amendment, which was identified as the main plot; (2) The incorporation to soil of Crotalaria juncea L. (CJ) as organic amendment and (3) The use of black plastic mulch (PM) covering the soil, these were identified has the subplot factors. Control treatments were included in the experiment (Non-DL, Non-CJ and Non-PM). Each experimental unit (crop bed) consisted of two double-rows of 20 m long. The pineapple plantation was conformed to ‘suckers’ (vegetative material) of the pineapple variety MD-2, and the suckers (820 g on average) were planted in double-rows with a spacing of 0.45 m between rows and 1.25 m between beds. Dolomitic lime (DL) [CaMg (CO3)2] was applied at a dose of 2 ton·ha−1. C. juncea (CJ) was previously planted in rows spaced 0.80 m, with 20 kg·ha−1 of seed, and after 138 days (flowering stage), was incorporated into the soil by two harrow passes. The mulch consisted of black plastic 0.4 mm thick.

2.2 Crop Management

The fertilization program was applied according to the recommended doses in the region, and considering a density of 45,000 plants·ha−1, the formula used was 14-8-14-4 g per plant for the elements nitrogen (N), phosphorus (P), potassium (K) and magnesium (Mg). The fertilizers mixture was divided into four applications according to the phenological growth stage of the plant: one application at the time of transplanting, two applications during the vegetative phase and the last during fruit development. Micronutrients were also applied at doses of 46, 35, 20, 40 and 8 g per plant of Zinc (Zn), Boron (B), Manganese (Mn), Copper (Cu) and Sulphur (S), respectively. Calcium carbide (CaC2) was applied for floral induction, with three applications at three-day intervals at a dose of 2 kg dissolved in 180 L·ha−1 of water, and 60 mL of the solution was applied to the bud per plant. Pest and weed control were performed according to the technical recommendations for the region [10].

2.3 Plant Height and Crop Yield

The plant height was measured quarterly from transplant (6 measurements) to harvest, and each evaluation included ten plants per experimental unit (40 plants per treatment). During the harvest, the fruit weight average (FWA) was determined per experimental unit, and crop yield (CY) expressed as ton·ha−1 was also calculated by the following formula:


CY=FWA∗45,000
(1)

2.4 Disease Incidence and Pathogen Identification

The Bud Rot Disease (BRD) incidence (Inc) was determined by visual detection of symptomatic plants (leaf chlorosis, apical necrosis and the plant bud becoming water-soaked and rotten with a foul smell), and 30 plants were examined per experimental unit. The observations were carried out monthly and it during a period of time of 15 months. The incidence was calculated according to the formula:


Inc(%)=(Symptomaticplants/30)∗100
(2)

The identification of the causal agent of BRD was carried out by analyzing 30 pineapple plants randomly selected with typical symptoms. Then, 30 fragments (one per plant) of partially rotten tissue from the plant bud were disinfected in 30 mL of 3% sodium hypochlorite solution for three minutes, they were rinsed three times with sterile distilled water and dried with absorbent sterilized paper. Subsequently, the tissue was seeded in a selective medium (PARPH) for oomycetes [3]. The Petri dishes were kept at room temperature (22° to 24°C), and monohyphal cultures were obtained as described by Espinosa et al. [3]. Identification was performed using the [11] keys, with 100 measurements of the reproductive structures (sporangiophores, sporangia and chlamydospores). Additionally, pure colonies were molecularly analyzed by extraction of genomic DNA using the CTAB method [12]. PCR amplification was performed by analyzing the internal transcriber spacer (ITS) regions of fungal ribosomal DNA (rDNA) with the oligonucleotides ITS6 (5’-GGAAGTAAAAGTCGTAACAAGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) according to Bowman et al. [13]. PCR products of expected sizes (900 bp) were purified and sequenced. The BLASTn algorithm was used to search the NCBI GenBank database [14] to confirm the taxonomical assignment of sequence.

2.5 Quantification of Colony-Forming-Units (CFUs) of Fungi and Oomycetes

The counting of colony-forming-units (CFUs) of soil fungi was carried out for each treatment in 10 g of composite sample of soil mixed in 90 mL of sterile distilled water in a flask. Subsequently, serial dilutions up to 10−3 were obtained from the soil suspension, and 0.1 mL of the supernatant suspension was seeded in PDA-PS medium [potato dextrose agar (DB-Bioxon®, USA), with 0.5 mL of Penetrex-F® (FAGRO, Mexico), 0.01 g of streptomycin and 0.0075 g of tetracycline hydrochloride]. Petri dishes were incubated for seven days at room temperature (22° to 24oC). The CFUs of the isolated fungi were counted, based on 10 replicates (Petri dishes) per treatment, and the identification of the isolated fungi was carried out at the genus level using the taxonomic keys of Barnett et al. [15] and Gallegly et al. [11].

2.6 Quantification of Phytoparasitic Nematodes

Soil samples around pineapple roots were taken from each block every three months at a depth of 20 cm in a systematic zig-zag pattern, and 10 subsamples of 100 gr were collected per experimental unit (40 per block); subsamples were placed inside a strong polyethylene bag and homogenized to obtain a composite sample (CS). The nematodes were extracted in 300 g CS by the sieving-centrifugation method [16]. The nematodes were identified to the genus level according to their morphological characteristics [17] and they were quantified.

2.7 Statistical Analysis

The results were subjected to analysis of variance and Tukey’s range test (p ≤ 0.05) using the statistical analysis software SAS® [18].

3  Results

3.1 Plant Height, Fruit Weight and Crop Yield

The pineapple plant height did not show statistically significant differences during the evaluation at one (p = 0.275), three (p = 0.292) and six months (p = 0.332) after treatment application. However, during the subsequent evaluations at 9, 12 and 15 months, the taller plants were those from blocks where plastic mulch (PM) was used, which showed height increases of 16, 19 and 20% (for each evaluation) (p < 0.0001), contrary to the observed results in blocks without plastic mulch cover (Non-PM). The same behavior was observed when C. juncea was incorporated into the soil (CJ) because it showed height increases at 9 (20%), 12 (5.5%) and 15 (18%) months, respectively (p < 0.0001). No statistically significant differences were observed in plant height by incorporating dolomitic lime into the soil (DL) (Tab. 1).

Table 1: Effects in plant height (cm) of pineapple MD-2 during the crop growth. Dolomitic lime incorporated as inorganic amendment into the soil (DL), C. juncea incorporated as organic amendment into the soil (CJ) and plastic mulch used as row cover (PM). Control treatments: Non-DL, Non-PM and Non-CJ
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The fruit weight showed statistically significant differences (p < 0.0001). The plastic mulch (PM) when used as a cover produced fruits 8.6 % heavier (1.64 kg·plant−1) compared with the treatment without plastic cover (1.51 kg·plant−1). The incorporation of C. juncea into the soil (CJ) produced fruits of 1.68 kg·plant−1, but the absence of this organic amendment (Non-CJ) produced fruits of 1.46 kg·plant−1 (15% less than CJ treatment) (p < 0.0001). In addition, the incorporation of dolomitic lime did not have a significant effect on fruit weight (Tab. 2). The yield increased simultaneously for the same treatments, which showed yield values of 76.21 ton·ha−1 for CJ and 73.62 ton·ha−1 for PM, but Non-CJ and Non-PM produced 65.9 and 67.96 ton·ha−1 (15.6% and 8% lower), respectively. Finally, the incorporation of dolomitic lime to the soil (DL) showed a marginal yield increase of 2.3 % (Tab. 2).

Table 2: Fruit weight (kg·plant−1) and crop yield (ton·ha−1) obtained from pineapple MD-2. Dolomitic lime incorporated as inorganic amendment into the soil (DL), C. juncea incorporated as organic amendment into the soil (CJ) and plastic mulch used as row cover (PM). Control treatments: Non-DL, Non-PM and Non-CJ
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3.2 Pathogen Identification

The main oomycete isolated from the symptoms of bud rot disease (BRD) corresponded to Phytophthora nicotianae Breda de Haan (1896) (=P. parasitica), according to their morphological characteristics [11]. The oomycete in V8-medium developed colonies with rosette-shaped cottony growth, coenocytic mycelium with arachnoid growth, predominantly oval-shaped sporangia with pronounced papilla of 44 μm in length, 35 μm in width and the presence of intercalary and terminal chlamydospores of 28 μm in diameter, which is in accordance with the results reported by Espinosa et al. [3].

The PCR amplicons obtained from 15 isolates were of the expected size (~900 pb). The isolates were identified by sequencing the ITS region surrounding the 5.8 rRNA gene [13] and through a search for homology at DNA sequencing level with BLASTn in NCBI [14]. The isolates analyzed were classified to Phytophthora nicotianae (NCBI Accession Number: KJ562359), and the percentage of homology was superior of 99.6% when comparing with the reference sequences (NCBI Accession Number: KR827692, GU111682 and JF792541). The results obtained were in accordance with previous studies [3,19].

3.3 Bud Rot Disease (BRD) Incidence

The disease symptoms of BRD were observed from the fourth month. The treatment where C. juncea (CJ) was incorporated into the soil showed statistical significant differences (p = 0.04) when the crop reached the fifth month of growth. The same trend was maintained in subsequent evaluations (6 to 15 months), and the CJ treatment showed the lowest final incidence (9.8%) (p < 0.0001); nevertheless, the higher incidence values were observed in DL (17.8%) and Non-CJ (17.5%) treatments (Tab. 3). The plastic mulch did not affected the incidence of BRD, but the DL treatment showed an increase of the disease incidence.

Table 3: Bud rot disease (BRD) incidence (%) caused by P. nicotianae during the crop cycle of pineapple var. MD-2. Dolomitic lime incorporated as inorganic amendment into the soil (DL), C. juncea incorporated as organic amendment into the soil (CJ) and plastic mulch used as row cover (PM). Control treatments: Non-DL, Non-PM and Non-CJ
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3.4 Colony-Forming-Units (CFUs) from Fungi and Oomycetes

The fungi isolated from the soil samples were identified as Cladosporium spp., Aspergillus spp. and Trichoderma spp., and the oomycetes Phytophthora spp. and Pythium spp., these results were according to their morphological characteristics [11,15]. The treatments evaluated affected the CFUs counts, the fungal genera Cladosporium spp., Aspergillus spp. and Trichoderma spp. changed their population levels by treatment, because Trichoderma sp. increased the CFUs at the end of the experiment by 11–13% as a result of the effect of DL and PM treatments, but the organic amendment (C. juncea) resulted in an 47% increase in CFUs of Trichoderma spp. CFUs showed a similar behavior to Aspergillus sp. counts: the CJ treatment induced an increase of 54%, but DL and PM treatments showed an increases of 38 and 25%, respectively when compared with controls. Cladosporium sp., did not show significant changes in the CFUs count by effect of PM and DL treatments, but the CJ treatment presented 54% higher CFUs counts of this fungus. We noted a statistically significant reduction of CFUs counts of the oomycetes Phytophthora spp. and Pythium spp. with the incorporation of C. juncea (CJ) by about 33%, this from the third month until the end of the crop cycle. The use of plastic cover reduced the CFUs counts about 35%, but the inorganic amendment (dolomitic lime) don’t showed significant statistical differences on the CFUs counts of these oomycetes (Tab. 4).

Table 4: Colony-forming-units (CFUs) of fungi and oomycetes obtained from soil after treatment applications: Dolomitic lime incorporated as inorganic amendment into the soil (DL), plastic mulch used as row cover (PM) and Crotalaria juncea incorporated as organic amendment into the soil (CJ). Control treatments: Non-DL, Non-PM and Non-CJ
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3.5 Quantification of Phytoparasitic Nematodes in Soil

Three genera of phytoparasitic nematodes were identified as Meloidogyne spp., Pratylenchus spp., and Mesocriconema spp., according to previous reports [20]. Population dynamics presented particularities according to the genera of nematodes. Populations of the genus Meloidogyne spp. at the beginning of the experiment ranged between 37–45 individuals per analyzed soil sample (IAS). With respect to Pratylenchus spp., the initial populations were 7–13 IAS, whereas Mesocriconema spp. had a population density of 227–410 IAS.

Meloidogyne spp. showed a reduction of IAS during the second and third evaluations (3, 6 months) due to the effect of the treatments PM (22% and 15% reduction) and DL (24% and 43% reduction) when compared with controls (Non-PM and Non-DL) (p < 0.05), but the most effective treatment was Crotalaria juncea used as organic amendment (CJ), which reduced 60% of Meloidogyne spp. IAS during the 15 months of evaluation. Pratylenchus spp. was not affected by PM and DL from the ninth month to the end of the experiment, but the CJ treatment reduced 68% of the IAS of Pratylenchus spp. during the crop season. Mesocriconema showed variable behavior; the DL treatment resulted in reductions of 46%, 26% and 29% of IAS during the second, third and fourth evaluations, respectively, but no statistically significant differences were observed during the last two evaluations. The effect of PM on Mesocriconema was variable, but the effect of CJ was similar to the observation for Meloidogyne and Pratylenchus because the nematode (Mesocriconema sp.) showed an average reduction of 60% of IAS during the experiment.

Finally, Crotalaria juncea amendment (CJ) maintained lower populations of Meloidogyne spp. (232 IAS), Pratylenchus spp. (187 IAS) and Mesocriconema spp. (392 IAS) at the end of the experiment, in contrast to non-incorporation of C. juncea (Non-CJ) for Meloidogyne spp. (568 IAS), Pratylenchus spp. (677 IAS) and Mesocriconema spp. (755 IAS). The DL treatment showed similar number of IAS at the end of the experiment, so non effects were observed (Tab. 5).

Table 5: Nematode counts of Meloidogyne spp., Pratylenchus spp., Mesocriconema spp., after soil treatments: dolomitic lime incorporated as inorganic amendment into the soil (DL), plastic mulch used as row cover (PM), Crotalaria juncea incorporated as organic amendment into the soil (CJ). Control treatments: Non-DL, Non-PM and Non-CJ
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4  Discussion

The diseases management of soil-borne pathogens must considers different control strategies, and the present research describes the potential utility of organic and inorganic amendments and the use of plastic mulch. The treatments showed different effects on the variables evaluated; the incorporation of C. juncea into the soil and the use of plastic mulch favored an increase in the fruit size and yield of the MD-2 pineapple variety. Rebolledo et al. [2,21] reported that plastic mulch generates higher relative growth rate, leaf area and dry matter accumulation in pineapple plants. In addition, Perez et al. [22] showed that fruits of pineapple cultivar Smooth Cayenne increased weight when plastic mulch was used, because soil moisture increases, temperature is more stable, the evaporation is lower and weed control, among others [23]. The incorporation of dolomitic lime did not show important effects, although [24] mention that liming increases nutrient uptake by adjusting soil pH, which changes soil structure and infiltration rates; however, these effects are variable according to the agroclimatic zones.

Phytophthora nicotianae was identified as the causal agent of bud rot disease (BRD), the typical morphological features and the molecular analysis (homology at DNA sequencing) confirmed the etiology of the disease (NCBI Accession Number: KJ562359), similar results reported [3,19]. The incorporation of C. juncea reduced the incidence of BRD by up to 44% in comparison with the control treatment (Non-CJ); moreover, this condition was observed from the fifth month of crop development. Different authors mention that the incorporation of organic amendments into the soil can stimulate the development of beneficial microorganisms, because they modify different soil characteristics, including the structure, particle aggregation, pH, salinity, carbon dioxide, oxygen and other chemical compound levels [25], thus affecting the entire structure of the microbial community in the soil ecosystem [26].

The incorporation of C. juncea increased soil population levels of fungi disease suppressors such as Aspergillus spp., and Trichoderma spp., but the phytopathogens Phytophthora spp., and Pythium spp. populations decreased. Khan et al. [27] mentioned that Aspergillus spp., Penicillium spp. and Trichoderma spp., are a complex of fungi that can control other soil pathogenic fungi such as Fusarium oxysporum, Macrophomina phaseolina, Pythium aphanidermatum, Rhizoctonia solani, Sclerotinia sclerotiorum and Phytophthora spp. In addition, Trichoderma spp. is frequently used as an antagonistic controller of phytopathogenic microorganisms [28]. Harman et al. [29] mentioned that Trichoderma spp. efficiently controlled the pathogens Rhizoctonia solani, Pythium ultimum and Sclerotium rolfsii. Native Trichoderma spp. isolates are more effective in inhibiting the development of Phytophthora nicotianae in pineapple [30]. The cover crops when are incorporated into soil, increases the microbial populations, but the use of Crotalaria has an additional suppressive effect by reducing the damage caused by oomycetes and nematodes [31].

Plastic mulch (PM) showed a lower effect in increasing the populations of suppressor fungi, such as Aspergillus spp., and Trichoderma spp., probably due to plastic mulch favors moisture retention, prevents soil compaction and maintains temperature conditions for root growth, which favor crop yield [32]. It is important to mention that the plastic mulch (PM) did not alter the incidence percentage of BRD caused by P. nicotianae. The studied area presented a soil pH of 4.92, and the incorporation of dolomitic lime apparently increased the incidence of the BRD. Soil chemistry greatly affects disease development, and soils at pH values of 5.5 showed a higher incidence of BRD [10].

Pratylenchus spp., Meloidogyne spp., and Criconemoides spp., are considered the main phytopathogenic nematodes affecting pineapple cultivation in México [20] and these nematodes were also identified in the present study. Crotalaria juncea affects the life cycle of these phytoparasitic nematodes [33,34]. Wang et al. [35] indicated that the incorporation of C. juncea into the soil significantly increased populations of competing bacterivorous and fungivorous nematodes and predatory nematophagous fungi. Additionally, the root and exudates from Crotalaria leaves contain allelopathic alkaloids such as monocrotaline and pyrrolizidine, substances that are toxic to various nematodes [36]. During the present study, the incorporation of Crotalaria juncea reduced the populations of Pratylenchus spp., Meloidogyne spp., and Criconemoides spp. in accordance with Wang et al. [37]. Additionally, the suppressive effect was maintained throughout the crop cycle (15 months). C. juncea had a greater effect on the populations of Pratylenchus spp., by reducing the population levels six-fold; but, Meloidogyne spp. and Mesocriconema spp. populations were only halved. The role of nematodes in the development of soil-borne diseases is well documented, because as a result of the nematode feeding process, the plant’s root system is damaged, thereby facilitating the introduction of other soil-borne pathogens, including Phytophthora spp. [9]. The organic amendment consisting of C. juncea incorporated into soil may reduce costs in the use of nematicides and the application of nitrogen fertilizers by increasing the nitrogen content [34,35].

5  Conclusions

The incorporation of Crotalaria juncea into the soil as an organic amendment showed good effects by reducing the incidence of bud rot disease caused by Phytophthora nicotianae and for maintaining low population levels of the phytoparasitic nematodes Meloidogyne spp., Pratylenchus spp. and Mesocriconema spp. The incorporation of C. juncea increased soil population levels of fungi disease suppressors such as Aspergillus spp., and Trichoderma spp. The reduction of population levels of soil phytopathogens and nematodes led to yield increases of 18–20%. The plastic mulch was also effective, probably due to the maintenance of optimal condition to crop growth and weed control. However, the dolomitic lime application had the poorest effects. The use of C. juncea and plastic mulch have potential utility for the management of soil-borne pathogens of pineapple MD-2 under the local conditions of the studied area. These are preliminary results, future investigations are needed.
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OEBPS/Images/tab-3.png
Treatments

Months after treatment application and incidence values (%)

1-3 4 5 6 7 8 9 10-15
DL 0 21A 4.6 A 10.6 A 12.6 A 16.1 A 17.8 A 17.8 A
Non-DL 0 28 A 4A 5.6 A 73 A 8.8 A 95 A 95 A
PM 0 3.1 A 4A 81A 10 A 125 A 14.1 A 14.1 A
Non-PM 0 1.8 A 4.6 A 81A 10 A 124 A 13.1 A 13.1 A
Cl 0 1.8 A 28 B 44 B 6.6 B 8.6 B 98B 98B
Non-CJ 0 31A 5.8 A 11.8 A 133 A 16.3 A 17.5 A 17.5 A

Note: Different letters indicate statistically significant differences between groups by Tukey’s test at p < 0.05.
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OEBPS/Images/tab-4.png
TRAT Months after treatment application
(CFUs-g soil ")

1 3 6 9 12 15
Cladosporium sp. cl 0A 0A 85 A 87 A 85 A 117 A
Non-CJ] 0A 0A 22 B 85 A 70 A 60 B
PM 0A 0A 22 B 87 A 75 A 87 A
Non-PM 0 A 0A 85 A 85 A 80 A 90 A
DL 0A 0A 57 A 65B 52 A 60 A
Non-DL 0 A 0A 50 A 107A 102A 117A
Aspergillus sp. CJ 40A T7A 207 A 222 A 252 A 232A
Non-CJ] 75A 115A 82B 77 B 112B 107 B
PM 35B 65A 195A 192A 212A 195A
Non-PM 80A 127A 95B 107B 152 A 145A
DL 37A  T5A 215A 212A 252A 210A
Non-DL 77A 117A 75A 87 A 112B 130 A
Trichoderma sp. cJ 47A 117B 232 A 220A 247A 267A
Non-CJ] 62A 220A 107B 102B 115B 142B
PM 42A 115B 225A 185A 200A 217A
Non-PM 67 A 222A 115B 137A 162A 192 A
DL 52A 162A 195A 182 A 197A 220A
Non-DL 57A 175A 145A 140A 165A 190 A
Phytophthora sp. and Phytium sp.  CJ 62A 80B 85 B 117B 142B 162 B
(Oomycetes) Non-CJ] 72A 179A 282 A 277A 282A 242A
PM 67A 76B 140B 172A 175A 160 B
Non-PM 67 A 180A 227A 222A 250A 245A
DL 65A 85A 135A 137A 160B 155A

Non-DL 70 A 174 A 232 A 257A 265A 250 A

Note: Different letters indicate statistically significant differences between groups by Tukey’s test at p < 0.05.
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TRAT Months after treatment application
(Nematodes-300 g soil ")
1 3 6 9 12 15
Meloidogyne sp. CJ 35A 115B 235 B 246 B 202 B 232 B
Non-CJ 45 A 441 A 608 A 596 A 500 A 568 A
PM 37 A 243 B 386 B 420 A 363 A 441 A
Non-PM 44 A 313 A 456 A 422 A 339 A 360 B
DL 43 A 240 B 303 B 404 A 360 A 417 A
Non-DL 37 A 316 A 540 A 438 A 342 A 383 A
Pratylenchus sp. CJ 13 A 70 B 224 B 176 B 203 B 187 B
Non-CJ 7A 384 A 614 A 555 A 618 A 677 A
PM 7A 255 A 373 B 377 A 396 A 403 B
Non-PM 13 A 199 B 466 A 354 A 425 A 461 A
DL 13 A 152 B 310 B 353 A 446 A 461 A
Non-DL 7A 302 A 528 A 337 A 376 A 404 A
Mesocriconema sp. cal 320 A 149 B 255 B 273 B 274 B 392 B
Non-CJ 318 A 474 A 663 A 772 A 704 A 755 A
PM 296 A 232 B 463 A 586 A 488 A 585 A
Non-PM 341 A 391 A 455 A 459 B 490 A 563 A
DL 410 A 218 B 389 B 433 B 425 A 533 A
Non-DL 227 B 405 A 530 A 612 A 554 A 613 A

Note: Different letters indicate statistically significant differences between groups by Tukey’s test at p < 0.05.
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Treatments Fruit weight (kg-plant™') Yield (ton-ha™")

DL 1.59 A 71.67 A
Non-DL 1.53 A 70.05 B
PM 1.64 A 73.62 A
Non-PM 1.51B 67.96 B
cJ 1.68 A 76.21 A
Non-CJ 146 B 659 B

Note: Different letters indicate statistically significant differences between groups by Tukey’s test at p < 0.05.
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Months after treatment application

Treatments 1 3 6 9 12 15

DL 48.8 A 571 A 83.5A 107 A 1335 A 142.8 A
Non-DL 49.6 A 542 A 73.8 A 1023 A 111.7 A 140.8 A
PM 469 A 545 A 79.7 A 112.7 A 1335 A 155.1 A
Non-PM 514 A 56.7 A 77.6 A 96.6 B 111.7 B 128.5 B
CcJ 50.6 A 579 A 832 A 1142 A 1254 A 153.8 A
Non-CJ 47.8 A 534 A 74.1 A 952 B 118.8 B 129.8 B

Note: Different letters indicate statistically significant differences between groups by Tukey’s test at p < 0.05.





