SIFT DESK

Anastasia Papadaki et al.

SDRP Journal of Plant Science (ISSN: 2573-7988)

The impact of potassium on downy mildew of cucumber
and its leaf/soil nutritional status.

DOI: 10.25177/JPS.3.1.1
Received Date: 28™ Nov 2018

Research

Copy rights: © This is an Open access article distributed under the terms of

Accepted Date: 10™ Dec 2018
Published Date:17" Dec 2018

International License.

@il

Anastasia A. Papadaki*, Eirini Papazoglou, Kalliopi Ladomenou
Department of Agriculture, School of Agriculture Food and Nutrition, Technological
Educational Institute of Crete, 71004, Heraklion, Greece.

CORRESPONDENCE AUTHOR
Anastasia Papadaki.

Tel. number: +302810379424, mobile: +306938721900, fax number: +302810318204,

E-mail: apapadaki@staff.teicrete.gr

CITATION

Anastasia Papadaki, The impact of potassium on downy mildew of cucumber and its
leaf/soil nutritional status.(2018) SDRP Journal of Plant Science 3(1) p:133-139

ABSTRACT

Background: The interaction of plant nutrition and
disease development has been well documented. Po-
tassium (K) application has been widely recognized
to decrease disease incidence in many host plants.
However, contradictory reports about its impact on
plant diseases have been ascertained therefore further
research is needed for each host-pathogen system.
The objective of the present study was to examine the
effect of K levels on downy mildew severity and as-
sess their impact on soil and nutritional status of
cucumber plants.

Methods: K (200-700 mg L") was applied to plants
grown in pots under greenhouse conditions through
fertigation, according to a randomized block design
with four replicates. Nitrogen (N) and phosphorus (P)
were given to plants at stable concentrations. The
cucumber leaves were inoculated with a zoospore
suspension of Pseudoperonospora cubensis, the caus-
al agent of downy mildew. Leaf and lesion area as
well as nutrients in plant tissues and soil were deter-
mined.

Results: Plants treated with 300 and 400 mg L™ of K
demonstrated the lowest downy mildew severity.
Above these rates, K supply led to downy mildew
increase in cucumber leaves. The cubic regression
curve can be fitted to the disease progress for downy
mildew, irrespective of K doses. Leaf and soil nutri-
ent content appeared to affect infection and leaf size.
Reduced concentration of soil NH4-N was noticed in
fertigation levels of 300 and 400 mg L' K and the
lowest Mn content appeared in leaves of cucumber
plants grown in 400 mg L' K.

Conclusion: The suppression effect of K on downy
mildew had an optimum limit and beyond this, dis-
ease spread was observed. K enrichment of soil via
potassium nitrate fertilizer could be considered as an
efficient method for the control of downy mildew of
cucumber plants.

Key words: disease control; lesion area; macro- mi-
cro- elements; Pseudoperonospora cubensis
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INTRODUCTION

Downy mildew is known to be one of the most de-
structive diseases of cucumber crop, threatening its
production and causing significantly economic losses.
The obligate biotrophic oomycete P. cubensis is re-
sponsible for this disease and it has been reported in
over 70 countries [1]. According to researches, 100%
decrease of production yield can occur without the
use of fungicides in young cucumber plants, while if
fungicides are applied one week after the symptoms
appearance, yield is reduced at about 50% [2].

In order to control P. cubensis spread, a lot of fungi-
cides are used worldwide, however, the oomycetes
develop resistance to them quite quickly [1]. There-
fore, to reduce the use of chemicals, research interest
has been focused on alternatives such as enhancement
of the plant immunity [3]. Also, priority is given to
methods that decrease plant disease spread and pre-
serve safety for the human health [4]. Nutrients can
affect the development of a disease by affecting plant
physiology or pathogens, or both [5]. K has a vital
role to the plant’s metabolic process as it possesses a
regulator of many different physiological pathways
[6] and it is correlated to the development of the epi-
dermal cells’ thickness. The crop responses to K are
generally not as clear as those of N and P [7].

Even though the function of K in the plant’s system
seems to be well understood, there are many contra-
dictory results of the way it affects the development
of a disease. K is generally reported to reduce plant
infection, although in other investigations it seems to
intensify the disease symptoms. For example, K lim-
ited the growth of P. cubensis on cucumber [8] and
increased the resistance of grapevine against P. viti-
cola [3]. Sweeney et al. demonstrated that K fertilizer
suppressed leaf rust severity of wheat [9]. A benefi-
cial impact of NPK fertilizer against both a faculta-
tive and an obligate parasite on maize plants was also
observed [10]. Furthermore, downy mildew of soy-
bean decreased linearly with increasing K rate [11].
Similar conclusions have been obtained in the case of
isabgol, where K found to reduce downy mildew se-
verity [12]. Wang also outlined that the apple tree had
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a higher resistance against Valsa ceratosperma with
the K supply [13].

In contrast, experiments about downy mildew of on-
ion showed that K in different application rates was
not effective in controlling the oomycetes Peronospo-
ra destructor [14]. Downy mildew in muskmelon was
more severe on the plants grown in elevated K con-
centrations [15]. Furthermore, K fertilization of
creeping bentrgrass crop enhanced the symptoms se-
verity of Microdochium nivale [16]. Additionally,
there are numerous host-pathogen cases in which the
unfavourable impact of K on plant diseases have been
documented [7]. Nevertheless, the relationship be-
tween P. cubensis and K nutrition of cucumber has
not been examined extensively.

The present research aims (a) to investigate the influ-
ence of various K rates in the fertigation on downy
mildew incidence of cucumber plants (b) to evaluate
the temporal disease progress curves and (c) to exam-
ine the impact of K on soil and leaf nutrient content.

MATERIALS AND METHODS
Experimental Design

Cucumber (Cucumis sativus L. cv. Knossos) plants
were grown under average minimum12 °C and maxi-
mum 34 °C air temperature during spring in a green-
house. Plants were grown in 7 L plastic pots contain-
ing a surface layer (0-20 cm) of soil [sandy loam,
pH=7.4, electric conductivity (EC) =2.6 mS/cm, total
calcium carbonate (CaCOs)24%] sieved at 4 mm par-
ticle size.

Six K treatments (200, 300, 400, 500, 600 and 700
mg L) were established in a randomized block de-
sign with four replicates. Each plot consisted of 12
pots, which were kept 50 cm apart, resulting in 288
pots in total. The distance between the plots was 80
cm and the replicates were 100 cm from one another.
The experimental concentrations applied to plants
following transplanting, through fertigation (500 mL)
according to the plants’ water requirements. N and P
were supplied to the above solutions in a stable con-
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centration (250 and 50 mg L™, respectively), so the
plants received a balanced nutrition. Ammonium ni-
trate (33.5-0-0), orthophosphoric acid (H;PO4) and
potassium nitrate (13.5-0-46.2) fertilizers were used
in relevant proportions to achieve the desirable con-
centrations. Standard cultivation practices were used
without any insecticide/pesticide application.

Pathogen Inoculation

All the plants were artificially inoculated with the
isolate P. cubensis. The inoculum (which was ob-
tained from freshly sporulated lesions on leaves, two
weeks after their inoculation) was adjusted to a con-
centration of 15x10* zoospores/mL with a hemocy-
tometer. The inoculation was performed by placing
five droplets (10puL each) of the above suspension on
the upper surface of the fully expanded leaf- fifth leaf
from the top of each plant (properly marked). The
plants were then kept in a humidity chamber (average
RH=95% and temperature at 25 °C) for 24 h in the
dark for successive inoculation. The cucumber plants
were transferred to the greenhouse in their final posi-
tions and a week later, the first symptoms were ap-
peared.

Measurements

Digital images of all the infected leaves [n=4 inde-
pendent leaves (in different plants) per treatment]
were taken 10 days after inoculation, considered as
the initial infection. Five series of images (samplings)
were made at 11, 12, 13, 15, 17 and 21 days post in-
oculation. Both total leaf and lesion area were deter-
mined in each sampling using special software
(Bersoft Image Measurement) and the results reported
as measured area (in cm?).

In order to conduct plant tissue and soil analysis, leaf
and soil samples (n=4, whereas each replication con-
sisted of a bulk of 10-12 leaves/soil from different
plants/pots respectively) were received two days be-
fore the plants’ inoculation. Wet oxidation was used
to determine the nutrients in the leaf samples. Both
ammonium and nitrate nitrogen of leaves were ex-
tracted with KCI while K was extracted from soil
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with ammonium acetate. The determination of ammo-
nium and nitrate nitrogen was made by using the di-
rect distillation method. Ca, Mg, Fe, Mn, Cu and Zn
were determined with atomic absorption, P by the
vanado-molybdo-phosphate yellow colour method
and K by flame [17].

Experimental design and statistical analyses Anal-
ysis of variance (ANOVA) was performed to detect
differences in disease incidence as well as leaf and
soil nutritional status between treatments. Duncan
Multiple Range Test (DMRT) was used for compari-
son between means at the significant level p=0.05.
Cubic regression analysis was used to model the leaf
and lesion area (including the 21™ day).

RESULTS AND DISCUSSION

Downy mildew and leaf development under potas-
sium fertilization

The infection area of cucumber leaves was signifi-
cantly different due to K levels in the fertigation
(Figure 1), however no correlation observed among K
treatments and the infection. The application of 300
and 400 mg L K resulted in the most statistically
significant decrease of lesion area with regard to the
rest treatments. The infection was enhanced in the
lower and higher K levels (200, 500-700 mg L™ re-
spectively). The highest K concentration (700 mg L™
K) provided the most severe disease spread, although
significant differences observed only at sampling 3
(Figure 1C), with regard to the rest of the treatments.
Statistically significant differences in lesion area at 21
days post inoculation, where the entire infected leaf,
did not occurred (Figure 1F).

The beneficial effect of K on the development of
plant diseases has been also ascertained for many oth-
er crops [18]. Furthermore, Amtmann et al. conclud-
ed that K supply lowered the severity of plant disease,
in most cases [19], although many researchers [9, 20]
indicated that the application of K led to disease re-
duction due to CI in the KCl fertilizer. In the present
investigation, K significantly suppressed the infection
caused by P. cubensis on cucumber plants when
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grown up to 400 mg L' K but beyond this level no
further decrease suppression was noticed. Likewise,
this threshold effect of K applications was stated by
Dordas probably due to promotion of thicker outer
walls of epidermal cells [5]. The significant increase
of the downy mildew disease at the higher K doses
(500 to 700 mg L") could be explained by possible
alterations in nutrient balance or the N: K ratio, as N
and P were given to cucumber plants at fixed concen-
trations of 250 and 50 mg L' respectively. The N: K
ratio was implicated in severity of many diseases
caused by various plant pathogens [20, 21].
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Figure 1. Effect of potassium levels on lesion area of
cucumber leaves at the six samplings (a-f; days 11,
12,13, 15,17 and 21).

Moreover, the importance of the K fertilizer type
used on plant disease development has been dis-
cussed [20]. Therefore, KCI reported to decrease in-
fection while similar rates of KNOs enhanced severi-
ty of maize stalk rot and K,SOy supply had little ef-
fect on it. The increase of downy mildew infection,
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found in treatments >400 mg L' K, which considered
above recommended rates for cucumber cultivation,
could be due to the KNO; applied although cucumber
plants belong to a different family group than maize.

Leaf area of cucumber plants did not show pro-
nounced significant differences due to K fertigation
treatments (Table 1). However, the application of 400
mg L' K formed the largest leaves in all the sam-
plings although statistically significant differences
were found only with the elevated K doses at the 3™
and 5" sampling (Table 1). Inorganic nutrient appli-
cation has been broadly considered to have a direct,
apparent influence in extending the leaf area of the
plants grown in soil [22]. Although an increasing leaf
area trend as the K dose was increased from 200 to
400 mg L™ was noticed, higher K applications to soil,
above the former threshold, tend to decrease the leaf
size of cucumber plants possibly due to the signifi-
cant extension of lesion area observed in these treat-
ments. This could be interpreted by the leaf shrinkage
as a consequence of high infected leaves.

Overall, the leaf size increased with time in all K
dose treatments. For this variable, the polynomial
curve showed the best fit in all the cases. The disease
progress (cubic described
(R?=0.99) as a consequence of different K doses and

curves model) are
in more detail their equations were: Y=-24.7+33.3x-
8.9x%+0.8x” for the 200 mg L' K; Y=-23.2+30.2x-
8.3x%+0.7x’ for the 300 mg L' K; Y=-22.5+29.3x-
8.1x%+0.7x’ for the 400 mg L' K; Y=-25.3+33.5x-
8.6x7+0.7x" for the 500 mg L' K; Y=-23.4+30.8x-
7.7x%+0.6x for the 600 mg L' K; and Y=-26.3+34.7x
-8.7x*+0.7x’ for the 700 mg L' K treatment. Thus,
both leaf and lesion area of cucumber plants, in-
creased with time, regardless of soil K level. The
greatest difference (up to 80.7 and 88.5 cm®) on day
21 in terms of leaf area produced and lesion area cov-
ered by infection was found in the 300 and 400 mg L~
' K application which highlights the slower lesion
growth when comparing with leaf development
(Table 1 and Figure 1).
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Table 1. Leaf area of cucumber plants grown in different potassium levels, post inoculation with P. cubensis.

Leaf area (cm’)

K (mg L™ Days post leaf inoculation
11 12 13 17 21
200 20529b"  247.07a 294.82ab  320.68 a 339.24b
300 205.48 b 247.71 a 298.18ab  316.09 a 33998 b
400 226.88 a 265.57 a 309.99 a 316.61 a 351.35ab
500 215.10ab  248.19a 291.62ab 298.76 ab  342.84 ab
600 210.88ab 24448 a 286.84 b 283.49b 364.77 a
700 21534ab  25245a 283.54 b 287.14b 332.21b

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

Soil and leaf nutrients accumulation

All nutrient concentrations in cucumber leaves were in the sufficient range except Mn and Zn which were be-
tween the low levels [23]. The results indicated that K supply rates did not markedly influence the content of
macronutrients Ca, Mg and P (Table 2) as well as the micronutrients Fe, Cu and Zn (Table 2) in plant tissues.
However, elevated K doses in soil (500, 600 and 700 mg L) slightly increased K concentration in plant tissues
[18]. K levels of 300 and 400 mg L™ (concentrations that reduced downy mildew severity) exhibited the lowest
NH4-N and NOs-N content in leaves, respectively, though no significant differences were found with regard to
the rest K application doses (Table 2). Although N generally is associated with increase of crop susceptibility to
pathogens, inverse relations with plant disease incidence has been reported [24]. Leaf Mn content was statistical-
ly decreased in the 400 mg L' K. Mn is among the most studied micronutrients with regard to its positive impact
on the reduction of plant diseases [25] however here it had adverse effect.

Table 2. Nutrient concentration in leaves of cucumber plants, two days before inoculation with P.
cubensis, grown in different potassium levels.

Nutrients in dry weight of leaves

K level
Ca Mg K P NH4N NOs;N

mg L % mg L

200 248 a' 095 a 467 a 047 a 11544 a 21850 c¢
300 208 a 085 a 480 a 046 a 93.17 b 259.38 abc
400 245 a 084 a 484 a 047 a 107.53 ab 210.96 c¢
500 271 a 095 a 515 a 050 a 107.48 ab 29295 ab
600 285 a 090 a 515 a 051 a 11726 a 29842 a
700 2.14 a 085 a 512 a 050 a 110.72 ab 239.37 bc
K level Fe Mn /n Cu

mg L' mg L

200 75.80 a 4099 a 14.85 a 8.72 ab

300 84.06 a 38.50 ab 1497 a 9.30 ab

400 74.77 a 3476 c 14.07 a 9.35 ab

500 73.52 a 37.13 bc 15.16 a 9.86 a

600 76.06 a 39.79 ab 1397 a 9.50 ab

700 73.92 a 38.03 ab 1542 a 822 b

" Means (n=4) within columns followed by different letters are significantly different (Duncan, P<0.05).
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Findings revealed that K concentration gradually increased in soil, with statistically significant differences for
almost all the treatments, as a consequence of the K fertigation levels (Table 3). Moreover, addition of K affect-
ed the NH4-N content in soil but not that of soil NO3-N. The concentration of soil NH4-N in the application with
300 and 400 mg L™ K was significantly decreased when compared with the other K doses (Table 3).

Table 3. Macronutrients in soil fertilized with different potassium levels
in cucumber plants, two days before P. cubensis inoculation.

K NH;N NO;N
K level B
mg L
200 190.86 d' 36.32a 36.83 a
300 236.55 d 2491b 32.87a
400 31230 ¢ 22.86 b 3426a
500 390.72 b 37.06 a 36.64 a
600 46498 a 40.30 a 3843 a
700 51694 a 39.16 a 3534 a

"'Means (n=4) within columns followed by different letters are significantly different (Duncan, P<0.05).

CONCLUSION

Overall, the K content in the fertigation found to play
an important role with regard to downy mildew infec-
tion, leaf size and nutrients content in cucumber
leaves and soil. K levels of 300 and 400 mg L™ in the
fertigation reduced downy mildew and lowered the
concentration of NH4-N in soil. Moreover, the use of
400 mg L' K decreased Mn content in plant tissues
and formed the largest cucumber leaves. Hence, K
fertilization with 300 and 400 mg L™ via potassium
nitrate is suggested for its suppressing impact on cu-
cumber downy mildew caused by P. cubensis.
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