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ABSTRACT 

Background: The use of fungicides in order to man-

age plant diseases can potentially pose a risk to the 

environment which could lead to adverse impacts to 

human health. An alternative practice for efficient 

plant protection need to be found. Nevertheless, the 

positive effect of host nutrition to disease incidence is 

well documented for many crops. This study exam-

ined the efficacy of N and K fertilization compared to 

fungicide applications in controlling downy mildew 

of cucumber plants. The relationship between disease 

intensity, soil nutrients’ and cucumber leaves was 

also assessed.  

Methods: Cucumber plants grown in pots were treat-

ed with two N levels (200 and 300 ppm) and three 

levels of K (200, 300 and 400 ppm) along with two 

applications of Aliette 80 WG (protective and cura-

tive action) in a randomized block design. Inocula-

tion of cucumber leaves with Pseuperonospora cu-

bensis was carried out. Downy mildew development 

assessed at various intervals along with soil and leaf 

nutrient status of the plants. Experimental data were 

submitted to ANOVA. 

Results: The results demonstrated that downy mil-

dew declined with increasing rates of K when N ap-

plied in low levels while at high N dose disease was 

elevated as K was increased. High disease severity 

was observed in cucumber plants grown under low 

levels of N and K, at early growth of the pathogen 

while at late disease stage, high rates of both N and K 

exhibited increased infection. Even though the pre-

ventative fungicide application gave best control of 

downy mildew, its effectiveness on inhibition of P. 

cubensis growth did not differ from the impact of 

fertilization with low N and high K doses, as disease 

was spreading.  

Conclusion: This work concluded that the applica-

tion of N and K through inorganic fertilizers to cu-

cumber plants had a suppressing effect on downy 

mildew disease. The positive impact of the correct 

management of nutrients could make integrative 

plant nutrition an essential component in sustainable 

agriculture. 
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INTRODUCTION 

Downy mildew of cucurbits caused by P. cubensis is 

a destructive worldwide-distributed disease not only 

in under cover crops but also in the open fields [1]. 

This ‘high risk’ pathogen possesses high evolutionary 

potential, therefore rapidly overcomes the host re-

sistance and fungicides efficacy and in consequence 

the disease management becomes difficult [2]. In ad-

dition, to improve resistance to downy mildew in cu-

cumber is arduous due to environmental variability 

and a narrow genetic base in cucumbers [3,4]. Alt-

hough breeding programs to increase the level of re-

sistance to specific races of P. cubensis in Cucumis 

melo and Cucurbita spp., were efficient, resistant cul-

tivars of cucumber plants has not been effective yet 

[5].  

 

Consequently, the use of fungicides is considered the 

most effective control method of cucumber downy 

mildew. It is often carried out an aggressive program 

of repeatable fungicide applications [6]. Protectant 

fungicides applications are necessary especially dur-

ing humid weather however, they are less effective 

when used on susceptible varieties or under high dis-

ease pressure [4]. Both protectant and systemic fungi-

cides should be used in combination in order to de-

crease disease intensity [7].  

 

Systemic fungicides are highly effective even at low 

concentration levels [8] and succeed even complete 

disease control [9]. However, they have a single-site 

mode of action and therefore at a greater risk, control 

failures due to the development of resistance in the 

pathogen population. P. cubensis resistance to specif-

ic fungicides after their continuous use under high 

disease pressure have been well documented [10]. 

Moreover, fungicides have negative impact to the 

environment, may be toxic for non-target microor-

ganisms and cause water pollution [8,11] as well as 

influence the biochemical reactions and fertility of 

soil [12]. 

 

Considering the fungicide resistance in P. cubensis 

seems to be frequent and ubiquitous, environmentally 

acceptable alternative approaches become a key com-

ponent for the management of downy mildew. On the 

other hand, the impact of host nutrition to disease 

incidence is recognized for many crops [13, 14, 15] 

but the knowledge for downy mildew of cucumber 

plants is limited. More specifically, fertigation with 

high N and P and low K resulted in less downy mil-

dew development on muslmelon while its low nutri-

tional status predisposed plant to infection by P. cu-

bensis [13]. In addition, high levels of P decreased 

disease intensity whereas low P doses along with N 

and K elevated downy mildew severity. Moreover, 

micronutrients Cu and Zn had negative impact on 

disease incidence of cucurbits [16]. Interactions of 

nutrients with regard to disease impact on plants has 

been also reported [17]. In some cases, nutrients sup-

ply resulted in remarkably control of plant diseases 

which was slightly less effective when compared with 

the efficacy of chemical control [18]. Thus, in an in-

tegrated disease management program, host nutrition 

via inorganic fertilization might be quite important.  

The objectives of this research were (a) to study the 

main effects and interaction of nitrogen and potassi-

um fertigation levels with regard to downy mildew 

emergence (b) to investigate the potential impact of 

the nutrient content in the soil and cucumber leaves 

on P. cubensis development (c) to examine the dis-

ease progress (d) to assess the effectiveness of a sys-

temic fungicide in controlling the disease (e) to com-

pare fungicide application and N, K fertilization rela-

tive to P. cubensis response. 

 

MATERIALS AND METHODS 

Experimental Design 

A 2x3 factorial experiment with four replicates and 

eight pots per plot, was established under greenhouse 

conditions. Two N levels (200 and 300 ppm) and 

three levels of K (200, 300 and 400 ppm) plus two 

fungicide treatments (protective and curative applica-

tion) were applied to cucumber plants (Cucumis sa-

tivus L.) grown in 7 L pots. These concentrations of 

N and K considered slightly below and above ordi-

nary rates applied for cucumber cultivation. The culti-

var Knossou, susceptible to P. cubensis was used. 

Soil was sandy loam with the following characteris-

tics, pH=7.4, EC =2.5 mS/cm, total CaCO3 25%. 
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Nutrients were supplied via fertigation (0.5 L per 

plant) and the systemic fungicide Aliette 80 WG 

(fosetyl-Al) at the recommended dose (2g L-1). Cu-

cumber plants treated with this fungicide 24 hours 

before inoculation with P. cubensis (preventative ac-

tivity) and 24 hours after symptoms appearance 

(curative action). To accomplish the combinations of 

N and K doses, the fertilizers ammonium nitrate (33.5

-0-0) and potassium nitrate (13.5-0-46.2) were used in 

appropriate proportions. P was added to the above 

nutrient solution at constant concentration (50ppm) 

via orthophosphoric acid. Cucumber plants treated 

with fungicide were fertilized with standard solution 

contained N 100 ppm, P 50 ppm and K 200 ppm. All 

agronomic practices for the experimental units were 

kept uniform. 

 

P. cubensis inoculation 

Cucumber leaves were collected from the open fields, 

rinsed with tap water to remove sporangia, sealed in 

plastic bags to maintain 100% RH and placed in an 

incubator at 20°C for 12 h. The newly produced spo-

rangia were gently brushed into distilled water to 

make a sporangial suspension. The inoculum was ad-

justed to15x104 sporangia ml-1 with a hemocytometer. 

Cucumber plants grown in pots under greenhouse 

conditions, were artificially inoculated by placing five 

droplets of P. cubensis spore suspension on the upper 

surface of the fifth leaf from the plant apex.  

 

Disease assessment and nutrient determination 

Leaf and lesion area caused by P. cubensis on cucum-

ber leaves were digitally assessed at daily basis after 

appearance of the disease symptoms. The results were 

reported in cm2 as measured area. To examine the 

effect of nutrient content to downy mildew incidence 

soil and leaf samples were received two days post 

inoculation of cucumber plants with P. cubensis. Am-

monium acetate method was used for the soil K. NH4-

N and NO3-N was extracted with KCl and determined 

through direct distillation method. P was determined 

photometrically, K by flame photometer and the rest 

leaf nutrients were analyzed after wet oxidation with 

atomic absorption spectrophotometer [19].  

Statistical analysis 

Data obtained were subjected to analysis of variance 

(ANOVA) according to randomized block design 

(eight treatments) as well as individually (six factorial 

treatments) to detect interactions between N and K 

levels. Means were compared by Duncan Multiple 

Range Test (DMRT) at the significant level p=0.05. 

To evaluate the development rate of leaf and lesion 

area regression analysis was carried out. Pearson’s 

Rank Correlation was performed in order to examine 

the relationships among the variables.  

 

RESULTS 

N and K main effects on cucumber leaf and lesion 

area  

Figure 1 depicts the main effects of N on leaf and 

infection area caused by P. cubensis on cucumber 

leaves. Both N fertigation doses resulted in the largest 

leaf area in the second disease screening compared 

with the others (Figure 1A). N level of 300 ppm sig-

nificantly increased the leaf size in almost all the as-

sessments (day 11, 16, 20 post inoculation). Disease 

severity increased in both N doses with time. The 

downy mildew infection was significantly increased 

under the higher N concentration than the lower N 

level in the day 16 and 20 (Figure 1B).  

Figure 1. Main effects of N levels on leaf (A), lesion 

(B), caused by P. cubensis on cucumber plants grown 

in fertilization combinations of N and K. 

 

K fertigation level of 200 ppm resulted in the greatest 

leaf size of cucumber plants with statistical signifi-

cant differences among K treatments in all the assess-

ments (Figure 2A). The infection intense increased 

with time (Figure 2B). The results indicated that K 

application at 200 ppm resulted in the highest infec-
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tion in the day 11 and 13 whereas significant reduc-

tion of lesion area was noticed in the last two assess-

ments.  

Figure 2. Main effects of K levels on leaf (A), lesion 

(B) area caused by P. cubensis on cucumber plants 

grown in fertilization combinations of N and K.  

Figure 3. Interaction of N and K levels with regard to 

the leaf and lesion area caused by P. cubensis on cu-

cumber plants at different stages of disease develop-

ment (a-d: disease assessment at day 11, 13, 16, 20).  

 

Interactions of N and K  

Figure 3 shows the interactions of N x K fertilization 

regimes for the variables leaf and lesion area of cu-

cumber plants during the days of assessment. K dose 

of 300 ppm decreased the size of leaves under both N 

concentrations, at day 11 and 13 with statistical sig-

nificant differences (P=0.01) only at day 13. Leaf 

area was significantly reduced as K levels in soil 

were increasing when cucumber plants fertilized with 

200 ppm N in comparison with 300 ppm N, at day 16 

(P=0.05) and 20 (P=0.001). 

 

Strong N x K interaction (P=0.001) was ascertained 

for lesion area caused by P. cubensis in all the days 

of screening (Figure 3). The infection intensity on 

cucumber plants grown under 200 ppm of N de-

creased with increasing K levels in the fertigation 

whereas higher N dose had adverse impact on downy 

mildew disease.  

 

Impact of fungicide on leaf and lesion area  

The area of cucumber leaves was not statistically sig-

nificant different in both fungicide applications in all 

measurements (Figure 4). A slightly reduction ten-

dency of leaf area observed in both treatments at the 

last assessments. Cubic model was best fitting the 

data obtained from leaf area development with time 

under fungicide treatments.  

Figure 4. Development with time of leaf area of 

cucumber plants treated with fungicide pre and 

post inoculation with P. cubensis.  

 

Preventative and curative activity of fungicide Aliette 

was tested against downy mildew of cucumber plants 

(Figure 5). Infection caused by P. cubensis was oth-

erwise developed when fungicide applied protective-

ly than after the symptoms appearance. The pre-

inoculation addition resulted in a rather stable pro-

gress of disease severity, slightly increased in the last 

day of assessment (Figure 5). In contrast to this, 

downy mildew increased in cucumber plants treated 

with fungicide after symptoms appeared.  
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Figure 5. Downy mildew progress on cucumber 

leaves under preventative and curative fungicide ap-

plication.   

 

Effectiveness of fungicide and nutrient fertigation 

against downy mildew  

ANOVA according to randomized block design was 

executed and results obtained are presented in Table 

1. Cucumber plants fertilized with N 300 ppm and K 

200 ppm had the largest leaf area although clear sig-

nificant differences were noticed only in the day13, 

when compared with the other fertigation regimes and 

the fungicide applications. 

Findings also indicate that protective fungicide appli-

cation to plants suppressed significantly the infection 

with regard to the rest treatments, in day 11 and 13 

post inoculation. Nonetheless, fungicide used prior to 

infection with P. cubensis, gave the best disease con-

trol, though the differences compared to fertilization 

with N 200 ppm and K 400 ppm were not significant 

at the last two days of assessment (P=0.05) (Table 1). 

The curative fungicide application resulted in less 

efficient control of downy mildew relative to interme-

diate fertilization regime (low N plus high K dose and 

high N with low K dose), in day 11 and 13 (Table 1). 

In day 16 post inoculation with P. cubensis, lesion 

area of plants treated with fungicide after symptoms 

emergence was not significantly different when com-

pared with that of cucumber plants grown under N 

200 ppm - K 300 ppm and N 300 ppm - K 200 ppm. 

Moreover, in the last disease assessment, the above 

fertilization treatments had the lowest infection area 

than the curative fungicide supply. The results also 

revealed that the lowest rates of N and K significantly 

elevated downy mildew severity at day 11 and 13 

whereas at day 16 and 20 the highest N and K doses 

resulted in significant increase of infection (Table 1).  

Table 1. Effect of N and K fertigation and fungicide application on leaf and lesion area of cucumber plants. 

Means within columns followed by different letters are significantly different (Duncan, P=0.05). 

Treatments Leaf area (cm2)   

mg L-1     Days post inoculation   

N      K   11 13 16 20   

200 200 185.6 b 219.3 b 213.3 ab 207.3 ab   

200 300 162.9 c 207.7 bc 191.3 bc 175.0 d   

200 400 193.3 ab 210.4 bc 172.9 c 135.5 e   

300 200 200.7 ab 242.8 a 231.4 a 220.0 a   

300 300 186.3 b 204.8 bc 205.1 ab 205.6 abc   

300 400 195.8 ab 200.7 c 205.4 ab 210.3 a   

Preventative 
Fung. application 

192.4 ab 198.2 c 222.2 ab 190.9 bcd   

Curative 
Fung. application 

210.7 a 210.0 bc 214.1 ab 188.3 cd   

        Lesion area (cm2)   

200 200 5.404 a 31.5 a 45.5 b 59.5 c 

200 300 3.437 c 13.9 d 23.2 c 32.3 d 

200 400 1.525 d 12.8 d 14.1 d 15.3 e 

300 200 1.805 d 13.9 d 22.9 c 32.0 d 

300 300 3.046 c 15.3 d 47.4 b 79.5 b 

300 400 4.409 b 25.4 b 61.5 a 97.8 a 

Preventative 
Fung. application 

0.663 e 3.7 e 8.8 d 12.4 e   

Curative 
Fung. application 

2.815 c 19.4 c 29.8 c 59.1 c   
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Table 2. Main effects of N and K levels and fungicide applications on nutrient content in cucumber leaves and 

soil. Means within columns followed by different letters are significantly different (Duncan, P=0.05). 

Levels Macronutriens in cucumber leaves 

  ppm Ca 

 

Mg 

 

       K 

 

P 

 N % 

200  3.31 b 0.60 a 4.48 a a 0.75 a 

300  3.69 a 0.58 a 4.48 a a 0.66 b 

K         

200  3.49 a 0.58 a 4.33 b b 0.70 a 

300  3.44 a 0.58 a 4.39 b b 0.70 a 

400  3.56 a 0.61 a 4.72 a a 0.72 a 

Fungicide         

pre-inoculation 3.98 a 0.85 a 4.63 a a 0.81 a 

post-inoculation 3.80 a 0.71 a 4.79 a a 0.83 a 

 Micronutrients in cucumber leaves 

 Fe  

 

    Mn  

 

 Zn  

 

 Cu  

 N ppm 

200  170.1 a 70.7 a 25.8 a 52.0 a 

300  180.6 a 74.7 a 26.6 a 31.3 b 

K         

200  189.4 a 69.0 a 25.0 b 48.7 a 

300  167.8 a 75.1 a 25.5 b 30.9 b 

400  168.7 a 74.0 a 28.2 a 45.4 a 

Fungicide         

pre-inoculation 207.8 b 81.7 a 23.7 a 61.6 a 

post-inoculation 257.2 a 85.1 a 26.7 a 62.4 a 

 N in leaves Nutrients in soil 

N NH4-N  NO3-N  NH4-N  NO3-N  K 

 ppm 

200 42.8 a 51.6 b 14.2 a 28.5 b 430.9 a 

300 33.1 b 73.0 a 12.5 a 42.6 a 423.3 a 

K          

200 43.1 a 61.0 ab 11.0 b 36.9 a 372.1 c 

300 33.6 a 57.2 b 14.1 a 37.1 a 432.9 b 

400 37.1 a 68.7 a 15.0 a 32.7 b 476.3 a 

Fungicide          

pre-inoculation 16.4 a 58.4 b 12.8 a 14.3 a 393.6 a 

post-inoculation 19.9 a 75.1 a 13.3 a 16.1 a 409.0 a 
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Assessment of nutritional status of cucumber 

plants 

No correlation observed among treatments and infec-

tion, as well as between leaf or soil nutrients and 

downy mildew incidence of cucumber plants (data 

not shown). Table 2 presents the main effects of N 

and K rates and the impact of fungicide applications 

on nutrient concentration of cucumber leaves and 

soil. N level of 200 ppm significantly increased P, 

Cu and NH4-N leaf content when compared with the 

higher N dose. The opposite noticed for leaf Ca and 

NO3-N in both leaves and soil. No significant differ-

ences observed in all the other cases. Leaf and soil K, 

leaf Zn and soil NH4-N were significantly higher in 

level of K 400 ppm when compared with the other K 

rates whereas NO3-N content in soil was the lowest 

in this K application dose. The concentration of the 

rest nutrients did not statistically differ among K lev-

els applied to cucumber plants (Table 2). 

 

In general, leaf and soil nutrient content had not sta-

tistically significant differences due to fungicide ap-

plications except Fe and NO3-N of leaves which 

were lower in plants treated with fungicide prior to 

their inoculation with P. cubensis when compared 

with fungicide applied curatively (Table 2). 

 

Table 3 shows the effect of treatments analyzed as 

randomized block design on nutrients of cucumber 

leaves and soil. Leaf content of Ca and Fe was the 

lowest in treatments N 200-K 300, N 200-K 400 and 

N 300-K 200 ppm. K and NO3-N concentrations in 

leaves of cucumber plants significantly increased 

under both fungicide applications and higher doses 

of N and K. The combination of N 300 ppm with all 

K doses resulted in significantly the lowest P and Cu 

content in leaves. Mg in leaves increased and NO3-N 

in soil decreased in both fungicide applications when 

compared with the other treatments. 

Table 3. Nutrients in soil and leaves of cucumber plants grown under different fertilization regimes and fungi-
cide applications. Means within columns followed by different letters are significantly different (Duncan, 
P=0.05). 

Treatments Macronutriens in cucumber leaves 

N K Ca Mg K P 

ppm % 

200 200 3.90 ab 0.61 c 4.46 cde 0.71 cd 

200 300 3.16 c 0.60 c 4.50 cd 0.75 bc 

200 400 2.86 c 0.60 c 4.46 cde 0.78 ab 

300 200 3.09 c 0.55 c 4.19 e 0.68 d 

300 300 3.72  b 0.56 c 4.27 d 0.65 d 

300 400 4.25 ab 0.63 c 4.99 a 0.66 d 

Fungicide 

pre-inoculation 
3.98 a 0.85 a 4.63 bc 0.81 ab 

Fungicide 

post-inoculation 
3.80 ab 0.71 b 4.79 ab 0.83 a 

    Micronutrients in cucumber leaves 

N K Fe Mn Zn Cu 

ppm ppm 

200 200 234.3 ab 71.9 bcd 26.0 b 68.6 a 

200 300 134.8 d 72.8 bcd 25.7 b 30.1 c 

200 400 141.2 d 67.6 cd 25.7 b 57.2 b 

300 200 144.5 d 66.1 d 23.9 b 28.8 c 

300 300 200.9 c 77.4 abc 25.2 b 31.7 c 

300 400 196.3 c 80.5 abc 30.6 a 33.5 c 

Fungicide 

pre-inoculation 
207.8 bc 81.7 abc 23.7 b 61.6 ab 

Fungicide 

post inoculation 
257.2 a 85.1 a 26.7 ab 62.4 ab 
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DISCUSSION 

Findings revealed an interaction between N and K 

levels with regard to response of cucumber plants to 

P. cubensis attack and leaf area development. There-

fore, the size of the leaves was lowered as K in-

creased when N was applied at low dose, whereas it 

was not altered with increasing K level under high N. 

In general, leaf area growth is mainly influenced by 

nutrients and modified by N addition [20] however 

determination of leaf size is complicated and runs 

counter to prediction [21]. The results of the present 

study confirm that N and K combined at high levels 

was more beneficial in terms of leaf size, probably 

due to their implication in plant growth, as shown for 

other nutrient combination [22].  

 

Downy mildew severity was reduced significantly 

under low N as K rates increased while high infection 

was noticed under elevated doses of N and K. Interac-

tion between N and K application relative to plant 

response against pathogens has also been ascertained 

for other fungal infections. Prabhu et al concluded 

that fertilization with increased K had significantly 

linear negative response on rice blast only in the ab-

sence of additional N [23]. It is well documented that 

plant reaction against attack of pathogens is influ-

enced by nutrients availability and balanced nutrition 

[24,25].  

 

Principally, the role of essentials nutrients N and K is 

quite important relative to susceptibility of plants to 

diseases. Specifically, the growth of Phytophora in-

festans (Peronosporales), in potato plants was defined 

by N: K ratio [17]. In the current investigation, the 

high disease intensity observed in high K level was 

eliminated by low rates of N. Huber confirmed that 

the negative impact of high N levels to mildew dis-

eases could be countervailed by balanced rates of P 

and K [26]. 

 

Although leaf area of cucumber plants was not influ-

enced by any protective or curative application of 

fungicide, a decline of leaf size was noticed mainly 

for cucumber plants soil drenched with the chemical 

after the symptoms emerged. High disease pressure 

probably caused leaf shrinkage. 

 

The preventative treatment of the fungicide inhibited 

the fungus growth whereas curative supply only 

slightly delayed the disease development which was 

greatly increased with time. In addition, Fosetyl-Al 

did not suppress lesion expansion caused by the obli-

gate parasite Phytophthora citrophthora, when ap-

plied on curative basis [27]. The ineffectiveness of 

chemical control of foliar diseases when used after 

symptoms appearance compared to application at the 

latent infection period was reported [28]. However, 

Aliette was highly effective against P. viticola when 

applied in mixture with other chemicals [29]. 

 

Although, the protective use of fungicide controlled 

downy mildew markedly, its effectiveness was simi-

    N in leaves Nutrients in soil 

N K NH4-N  NO3-N  NH4-N   NO3-N  K 

ppm ppm 

200 200 51.0 a 56.6 c 11.3 b 30.6 c 381.6 cd 

200 300 28.1 cde 49.8 c 14.4 ab 28.7 c 437.2 ab 

200 400 49.3 ab 48.3 c 16.9 a 26.1 c 474.0 a 

300 200 35.1 bcd 65.4 bc 10.7 b 43.1 ab 362.7 d 

300 300 39.2 abc 64.5 bc 13.8 ab 45.4 a 428.6 b 

300 400 24.9 cde 89.2 a 13.1 ab 39.3 b 478.5 a 

Fungicide 16.4 e 58.4 bc 12.8 b 14.3 d 393.6 bcd 

Fungicide 

post inoculation 
19.9 de 75.1 ab 13.3 ab 16.1 d 409.0 bc 
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lar to that of combination rates N 200 ppm-K 400 

ppm, when the disease was extended. Thus, fungicide 

applied prior to inoculation with P. cubensis signifi-

cantly suppressed the infection intensity with regard 

to fertilization treatments only in low disease pres-

sure. Moreover, low Ν and high K fertilization regime 

led to the greatest leaf size of cucumber plants and 

strongly inhibited P. cubensis development compared 

to curative chemical treatment. On the contrary, ferti-

lizer application gave poor control of other foliar dis-

eases with regard to chemical supply under green-

house conditions [30]. Findings also indicated that 

low rates of N and K were ineffective in controlling 

downy mildew at the early stages of the disease pro-

gress. In contrast, at high disease pressure, increased 

infection was observed in cucumber plants grown 

under high levels of N and K. 

 

Leaf and soil nutrient of cucumber plants had not sig-

nificant differences in any fungicide application, ex-

cept concentration of Fe and NO3-N in leaves. In con-

trast, accumulation of Ca, P, Cu, NH4-N and NO3-N 

in leaves and NO3-N in soil showed statistically sig-

nificant differences due to N levels applied while K 

levels in the fertigation modified content of K, Zn, 

Cu, NO3-N in leaves and soil K along with both N 

forms. Given that no correlation was found between 

nutrients and disease progress, the above significant 

differences of nutrient content in leaf and soil among 

treatments implied an indirect influence on develop-

ment of leaf size and infection progress on cucumber 

leaves.  

 

CONCLUSION 

The results came out of this study demonstrated the 

significant role of the fertilizers ammonium nitrate 

and potassium nitrate in controlling downy mildew of 

cucumber plants. Moreover, increased K fertilization 

dose from 200 to 400 ppm decreased the infection at 

low N rate (200 ppm). Low levels of N and K resulted 

in high disease intensity at the primary stage of P. 

cubensis reproduction whereas as the disease was ex-

tended, high rates of N and K were ineffective of de-

creasing the lesion area on cucumber leaves. Disease 

was better managed by preventative use of Aliette 

than curative application. However, at high disease 

pressure the impact of fungicide on downy mildew 

was comparable to that of low N plus high K fertiliza-

tion regime. The inhibitory effectiveness of nutrients 

upon plant diseases makes inorganic fertilization a 

potential major component of an integrated pest man-

agement program. 
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