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Development of an ecological strategy for the control of downy mildew (Pseu-
doperonospora cubensis) in cucumber cultivation (Cucumis sativus L.)
Julio Gabriel-Ortega1*, Edwin Pereira-Murillo2, Fernando Ayón-Villao3, Carlos Castro-Piguave4, Isaías Delvalle-García5, José A. Castillo6*

Introduction
Cucumber (Cucumis sativus L.) is the fourth most impor-

tant vegetable in the world1. It was originated in India, where 
two botanical cultivars arose in the Himalayas, the domestica-
ted (Cucumis sativus var. sativus), and wild cucumber (Cucumis 
sativus var. hardwickii Royle, Alef)2. Cucumber is a short-cycle 
crop (3-4 months) that could be grown in the open field, or un-
der greenhouse conditions3. Although the cucumber can be re-
produced by vegetative propagation, it has substantial genetic 
diversity because it also spreads sexually4. Current cultivars 
show a remarkable variety of agricultural features, including 
the color, shape, rib, diameter, spines, and the brightness of 
the fruit and the overall resistance to stress. Some cucumber 
cultivars are well adapted to specific environments because 
of genetic selection5. In Ecuador, this vegetable is cultivated in 
the warm valleys of the Andean mountains and the dry tropics 
of the coastline corresponding to 87.20% and 12.80% of total 
land devoted to this vegetable, respectively6. The Ecuadorian 
production reaches an annual average of 3,045 tons, from an 
area of 364 hectares with an average yearly growth of 1.03%6.

Various diseases affect cucumber. Among the most critical 
conditions is downy mildew caused by the oomycete Pseudope-
ronospora cubensis, which is one of the most severe threats to 
cucumber production worldwide and in Ecuador. It is spread in 
temperate and semiarid regions, and the pathogen infects plants 
of all ages, although the disease is more severe at early stages. 
Usually, the disease infects foliage, causing a reduction in early 
photosynthetic activity, which affects plant development, dela-
ying growth, and reducing yield. The inflicted chlorotic lesions 
on the leaf surface could progress until they become necrotic, 
engaging the entire leave, which may die within days after the 
infection7. The disease cause premature defoliation and then the 

sunburn of the fruit due to overexposure to direct sunlight. In the 
United States, host resistance in past decades successfully con-
trolled the downy mildew; however, the pathogen has overco-
me this resistance and now has become a very severe threat to 
cucumber growers, mainly because it is also evolving fungicide 
resistance8. In Ecuador, the disease severely affects cucumber 
production damaging more than 60% of the output7,9.

The application of chemical pesticides is the most com-
monly used control method, either through using contact and 
systemic fungicides or the combination of both10. However, 
the new trends are directed towards the integrated pest ma-
nagement (IPM)11, which includes the application of alternative 
products such as resistance inductors (i.e., Trichoderma atrovi-
ride)12,13 or beneficial microorganisms such as Bacillus subtilis, 
Pseudomonas fluorescens, Derxia gummosa and Trichoderma 
harzianum12,14. These microorganisms show the potential to 
interact with local microflora, and usually, their products are 
biodegradable in situ to non-toxic compounds by environmen-
tal organisms. The search for new and varied products of na-
tural origin for disease management programs represents an 
essential alternative in sustainable agriculture15. Therefore, the 
objective of this work is to develop an ecological strategy for the 
control of downy mildew (Ps. cubensis) in cucumber farming.

There is a need to develop strategies for the control of 
Ps. cubensis in an ecological and environmentally friendly 
way, thereby safeguarding people's health, and contributing 
to reducing production costs due to the lower application of 
pesticides. Here, we present preliminary data on the use of a 
combination of chemical fungicides and microorganisms sui-
table for control of Ps. cubensis in cucumber production under 
greenhouse conditions16.
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Abstract: Downy mildew is a severe disease of cucumber worldwide. The oomycete Pseudoperonospora cubensis cause it and 
once it is established in a region, the infection spreads rapidly, causing significant loss of yield and fruit quality. The objective of the 
research was to develop an ecological strategy for the control of downy mildew in cucumber. The treatments were arranged in a 
completely randomized experimental design with an alternation of chemical and biological fungicides. The treatments were: T1: 
systemic fungicide (Ridomil Gold, 2.5 g/l) alternating with a contact fungicide (Bravo 2.5 ml/l), T2: CustomBio 5 (Bacillus-based 
fungicide, 3ml/l), T3: control (water), T4: Trichoderma sp. (3 ml/l), T5: systemic fungicide (Ridomil Gold 2.5g/l) alternating with 
CustomBio 5 (3 ml/l), and T6: systemic fungicide (Ridomil Gold 2.5g/l) alternating with Trichoderma sp. (3 ml/l). The following 
variables were evaluated: stem thickness, plant height, number and weight of fruits, yield, the area under the relative progress 
curve (AUDPCr), and economic analysis of each treatment. The results showed that the best treatments were T1 and T6, with 
an AUDPCr of 11.89% and 12.10%, respectively. Treatments T6 and T1 showed the best yield, as well. The profitability analysis 
showed that all the alternatives were profitable with a Benefit/Cost>1 ratio. However, the treatments T6 and T1 were the most 
useful. We recommend this control strategy to reduce the use of chemical fungicides and, at the same time, obtain an efficient 
control of the disease, which guarantees a significant yield of high-quality fruit.
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Materials and methods

Study site
This investigation was carried out from June to November 

2017 in the ‘Puerto La Boca’ community in Manabi province, 
Ecuador (1°18'20''S, 80°45'42" W, 53 m altitude).  Its climate 
has of 24.8°C and 298 mm of average temperature and an-
nual rainfall, respectively, corresponding to dry tropical forest 
ecosystems.

Treatments, growth conditions and research 
management

Sexual seeds of the hybrid Humocaro were pre-germina-
ted in blotting paper moistened with distilled water. The seeds 
were placed in a closed environment with white light, RH > 
80% and a temperature of 20°C±2. For the transplanting of 
the seedlings, plastic trays with 128 alveoli (15 x 20 10 cm/
alveolus) were used. The seedbed was prepared with topsoil 
(60%), Biocompost (30%), and Earthworm Humus (10%). The 
pre-germinated seeds were transplanted and then sprayed to 
field capacity. Nine days after the seedlings were put on plastic 
trays, they were transplanted to soil beds (36 x 1.20 x 0.60 
m), containing topsoil supplemented with Biocompost in a 3:1 
ratio. The transplant was performed to holes 0.15 m deep, 
at a distance of 1.2 m and 0.20 m between rows and plants, 
respectively, totaling 12 rows. Each experimental unit had an 
area of   26 m2 with 55 plants/units. The total area of   the expe-
riment was hosted in a 500 m2 greenhouse with a photoperiod 
of 12h light:12h dark, an average temperature of 22°C, and 
RH>60%.  The chemical fungicides and biological organisms 
that we tested in various treatments are described in Table 1. 
The organic fungicide CustomBio 5 contains five species of the 
genus Bacillus (B. subtilis. B. laterosporus. B. licheniformus. B. 
megaterium y B. pumilus at 8x108 CFU/ml) and is produced by 
Ecuadorian company Naturalite S.A., Guayaquil, Ecuador. 

The treatments followed a completely randomized design 
(DCA)17, and the experimental units of each treatment con-
sisted of 330 plants, totaling about 1980 plants. Twenty-five 
random plants were chosen from each experimental group in 
each treatment for evaluation.

Response Variables
The area under the relative disease progress curve (AU-

DPCr) was calculated using five affected leaves of the upper 
middle third of the plant and a -100% damage scale18.

Stem diameter (SD, in mm) was measured with a Ver-
nier caliper at 30 cm from the ground when the crop had 50% 
flowering.  Fruit weight (FW, in g) was measured by weighting 
fruits in each harvest. The number of fruits (NF) was measured 
by counting all fruits of each harvest. The number of not-set 
fruits (NNSF) was assessed, by counting the number of dead 
fruits in each treatment.

Plant height (PH, in cm) was measured when the plant 
had 50% of the flowering.

Profit/cost analysis was estimated using the methodolo-
gy suggested by CIMMYT19 that analyzes all the benefits and 
costs of the different treatments.

Statistical analysis
We performed an analysis of variance to test hypotheses 

about the fixed effects of treatments and the comparisons of 
means to determine the response of the best treatment using 
SAS University software, Cary, NC.  For this, we contrasted 
ways using one degree of freedom and α=0.01. Likewise, the 
analysis of variance allowed estimating the variance com-
ponents for random effects.  The comparison of means was 
performed using the multiple Tukey tests at α = 0.05, and the 
association between the variables studied were analyzed using 
Pearson's correlation test17.

Results
Before the analysis of variance, analysis of normality and ho-

mogeneity of variances of the variables and the treatments were 
made. This analysis showed that the variables AUDPCr, NF, FW, 
and NNSF were not normally distributed, so the data was transfor-
med to square root to normalize it. For AUDPCr, severity data were 
arcsine transformed17.

The analysis of variance of the following variables, AUDPCr, 
SD, NF, and FW, showed that the coefficients of variation (CV) 
are within the ranges allowed for this type of research (CV of 

Plants were fertilized with Biocompost Organic Fertilizer 
(Organicgreen S.A., Ecuador) (50 g/hole), and EcoFungi (Eco-
Microbials, Florida, USA) a mix of mycorrhizae (20 g/20 l of wa-
ter) and Starlite bioregulator (Organicgreen S.A., Ecuador) (50 
ml/20 l of water) applied to the ground at the first day of trans-
planting and along the crop cycle totaling six fertilizations.

Nine harvests were made at intervals of four to five days 
for each one. This began when the cucumber fruits presented 
the right color and size. The second, third, fourth, fifth, sixth, and 
seventh applications of the treatments were performed at 27, 
34, 41, 48, 55, 62, and 68 days after the transplant, respectively. 
In total, seven crops were made throughout the crop cycle.

7.61 to 35.43%) (Table 2). Highly significant differences were 
observed at the probability of p <0.01 for all the variables eva-
luated. This result indicates that at least one of the treatments 
was different from the others (Table 2). The analysis of variance 
of the variables NNSF and PH showed that the CV, are within the 
ranges allowed for this type of investigation (CV from 8.08 to 
29.44 %) (Table 2). Highly significant differences were observed 
at the probability of p <0.01 only for PH. This indicated that at 
least one of the treatments is different in PH. In contrast, there 
were no significant differences in NNSF (Table 2). 

The analysis of means performed by the Tukey test at p <0.05 
probability for the variables AUDPCr, SD, NF, FW, NNSF, and PH, 

Table 1. Treatments analyzed in this work.
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different from the T2 and T5 treatments. The T3 treatment was 
not statistically different from the T2, T5, T6, and T1 treatments for 
this variable. Regarding the FW, the T4 treatment was significantly 
different from the T3, T6, and T1 treatments at p <0.05 probabili-
ty. The treatments T2, T5, and T4 were not significantly different 
from each other, nor treatments T3, T2, T5, T6, and T1. Concerning 
PH, it was found (Table 4) that treatments T3, T2, T5, T4, and T1 
were not significantly different from each other, but were signifi-
cantly different from the T6 treatment. There were no significant 
differences for NNSF for any of the treatments. The Pearson's co-
rrelation analysis (Table 4) showed a high and significant negative 
correlation for AUDPCr concerning to NF (-0.94) and FW (-0.94). 

The profitability analysis (Table 5) showed that, in general, all 

showed significant differences in all cases except for NNSF, where 
all treatments are statistically equal (Table 3). 

The best disease reduction was achieved with treatments 
T1 and T6 relative to T3 (control), observing AUDPCr of 11.89%, 
12.10%, and 29.84 %, respectively. It is worthy to note that other 
secondary diseases caused by different fungi were also controlled. 
Regarding the SD, results indicate that the T4 treatment showed a 
higher diameter (36.80 mm) compared to the T1 treatment (32.01 
mm), being significantly different at a p<0.05 probability. The T3 
and T6 treatments were statistically the same instead;, treatments 
T4, T2, T5, and T6 were not statistically different from each other. 
About NF, the T4 treatment was significantly different from the T3, 
T6, and T1 treatments at p <0.05 probability, but not substantially 

Table 2. Analysis of variance for AUDPCr, SD, NF, FW, NNSF and PH in cucumber plants, Puerto La Boca, Ecuador, 2017.

Table 3. Analysis of means for AUDPCr, SD, NF, FW, NNSF and PH, Puerto la Boca, Ecuador, 2017.

Table 4. Correlation analysis.
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the alternatives were profitable with a benefit to cost ratio (B/C> 1). 
However, the treatments T6 (Systemic fungicide + Trichoderma sp) 
and T1 (Systemic fungicide + contact fungicide) were distinguished, 
as the most profitable with USD 1606 and USD 1600 respectively.

Discussion
The downy mildew of cucumber is traditionally contro-

lled with chemical fungicides; however, chemical control is 
not always feasible because of the high costs associated with 
the application especially for poor farmers of South American 
countries and the high environmental liabilities that the use 
of chemical fungicides means. In this work, we developed an 
ecological control strategy for Ps. cubensis based on the al-
ternation of systemic and contact fungicides and the replace-
ment of the contact fungicide by a microorganisms-based one. 
This strategy allowed satisfactorily controlling the pathogen 
and reaching a high production of fruits. Likewise, it helped to 
reduce production costs due to the lower application of pestici-
des. Although we present preliminary results, we undoubtedly 
think this is a promising strategy to control fungal pathogens 
in cucumber that can be adopted in IPM programs because of 
their affability with the environment and lost cost20,21. We also 
determined that all control alternatives evaluated here were 
profitable with a benefit/cost ratio greater than 1 (B/C> 1). Sti-
ll, particularly the treatments alternating systemic fungicide 
with Trichoderma, as well as systemic with contact fungicide, 
were the most profitable. This suggests that applying an eco-
logical strategy with microorganisms is useful and beneficial.

The contact fungicides that we used (Chlorothalonil), ac-
ted in the first hours after the application. Still, once oomycete 
penetrates the plant, systemic fungicides (Metalaxyl) should 
be used to control fungal infection because these are mobili-
zed in the internal tissues and organs of the plant after their 
application22,23. In our trials, the alternate form of Bacillus-ba-
sed fungicide (CustomBio 5) with chemical counterparts 
allowed reducing the use of pesticides at least 50% of the 
applications. The mode of action may rely on the production 
of antibiotic molecules because it is well known that the Baci-
llus species contained in CustomBio 5 are efficient producers 
of antibiotic molecules24,25 and antifungal volatiles26. Likewise, 
Trichoderma sp. worked properly when it was applied alone or 
in alternate applications with the systemic and contact fun-

gicide27. Adnan et al.27 mention that the species of the genus 
Trichoderma are the most commonly used antagonists for the 
control of plant diseases caused by fungi, due to their rapid 
growth in a large number of substrates, ample abiotic stress 
tolerance, quick ability to colonize, easy establishment after 
inoculation and sufficient capacity to compete for space and 
nutrients with pathogens. Besides, Trichoderma can stimulate 
plant growth due to its ability to produce plant growth regula-
tors, vitamins, and recycle nutrients such as P (phytate) and Zn 
in the soil28. In our experiments, the systemic fungicide did not 
harm Trichoderma since the applications were alternate, let-
ting at least one week pass between applications. Additionally, 
some Trichoderma strains show resistance or tolerance to fun-
gicides29,30, although this particular property was not tested in 
the Trichoderma strains used in this work.

Conclusions
Ps. cubensis is a significant fungal disease for cucumber 

farming in Ecuador and worldwide, causing the disease called 
downy mildew. Traditionally, the application of fungicides has 
helped to hinder the spreading of the disease; however, chemi-
cal control is not always feasible because of the high costs as-
sociated with the implementation of fungicides and the implied 
environmental damage. In this work, we developed an ecologi-
cal control strategy for Ps. cubensis based on the alternation 
of systemic and contact fungicides and the replacement of the 
contact fungicide by a microorganisms-based one. This strategy 
allowed satisfactorily controlling the pathogen and reaching a 
high production of fruits. Likewise, it helped to reduce produc-
tion costs due to the lower application of pesticides. Undoubted-
ly, this strategy constitutes an excellent alternative to control 
pathogens in cucumber, and it can be adopted in IPM programs 
because of their affability with the environment and lost cost
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