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Abstract. The experiment with cucumber of the variety 'Matilde F1' was conducted in an 
unheated foil tunnel in the years 2004–2005. The plants were grown in containers of the 
capacity of 10 dm3 filled with transitional turf, limed to the pH of 6.0. In our studies we 
assessed the effect of foliar feeding with Plonochron fertilizers (potassium, magnesium, 
calcium) and of the differentiated rhizosphere nitrogen fertilization. (1.0 and 1.5 g N·dm-3) 
upon the yield, as well as contents of mineral components in cucumber leaves and fruits. 
The cucumber fruit yield was found to be significantly greater if the plants underwent 
foliar feeding with Plonochron fertilizers, as compared to control plants. The greater fruit 
yield (4.30 kg·plant-1) was given by plants fertilized with a higher nitrogen dose  
(1.5 g·dm-3 of substratum). Fruits of cucumber undergoing foliar feeding with Plonochron 
fertilizers contained significantly more vitamin C, as compared to control plants. The 
leaves of plants fertilized with a higher nitrogen dose were reported to contain more total 
nitrogen, potassium and calcium.  

Key words: cucumis sativus, foliar feeding, nitrogen fertilization, total fruit yield, fruit 
nutrients 

INTRODUCTION 

Foliar feeding is the best way of supplying the plants with the nutrients they lack, 
mainly because of the quickness and effectiveness of action. [Marciniak and Hetman 
2008, Koco� 2009, Kosterna et al. 2009]. Premsekhar and Rajashree [2009] believe that 
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in intensive plant growing technologies this procedure becomes an indispensable com-
plement to rhizosphere fertilization due to the risk of processes occurring in the root 
environment that could decrease the accessibility of nutrients. Szewczuk and Micha�oj� 
[2003] emphasize that foliar feeding should be applied as a supplement to basic soil 
fertilization in the periods of increased nutrient requirements or, in the case of problems 
with their accessibility, in the root environment.  

An important parameter, determining the effectiveness of foliar feeding, is the kind 
of fertilizer used. In this procedure specialized and technologically advanced fertilizers 
should be used. They should contain nutrients in the forms that could be easily assimi-
lated by aboveground parts of the plants [Vibute 1998]. 

The aim of the conducted studies was to determine the effects of foliar feeding with 
three Plonochron fertilizers: potassium, magnesium and calcium, at differentiated levels 
of rhizosphere nitrogen fertilization (1.0 and 1.5 g N·dm-3 of substratum) upon the crop-
ping and chemical composition of 'Matilde F1' cucumber leaves and fruit. 

MATERIAL AND METHODS 

The experiment with the cucumber of the variety 'Matilde F1' was conducted in unheated 
foil tunnel in the years 2004–2005, in spring-summer period (07.05–09.07.2004 and 16.05– 
–18.07.2005). The plants were grown in transitional peat, limed to pH 6,0, with the use of 
chalk fertilizer. 10 dm3 substratum fell upon each plant. The experiment was established in 
complete randomization system, in 8 repetitions. One plant constituted a repetition.  

Differentiated nitrogen doses were applied in our studies – 1.0 and 1.5 g·dm-3 of 
substratum, as well as foliar feeding with potassium, magnesium and calcium Plono-
chron. Foliar feeding of plants with Plonochron fertilizers was performed 8 times, every 
seven days, starting from the third week after planting (27.05.2004 and 03.06.2005), 
applying 2% solution of operating liquid. The composition of Plonochron fertilizers is 
contained in table 1. The controls were plants sprayed with water. 

Table 1. Composition of Plonochron fertilizers used for foliar feeding of cucumber plants 
Tabela 1. Sk�ad nawozów Plonochron stosowanych do dokarmiania pozakorzeniowego ogórka 

Part of nutrients in the fertilizer, % 
Udzia� sk�adników pokarmowych w nawozie, % Plonochron 

N P K Ca Mg B Zn Mo Cu Mn Fe 

Potassium 
Potasowy 10 - 30 - 2 0.03 0.01 0.006 0.02 - - 

Magnesium 
Magnezowy 7 - - - 12 0.01 0.03 0.001 0.02 - - 

Calcium 
Wapniowy - - - 9 2 0.01 0.01 0.001 0.005 0.01 0.02 

 
In the experiment, the following rhizosphere fertilization was applied (g·dm-3 sub-

stratum): 1.0 or 1.5 g N (ammonium nitrate 34% N), 0.6 g P (superphosphate 20% P), 
2.6 g K (potassium sulphate 41.5 % K), 0.6 g Mg (magnesium sulphate 9.6% Mg). Mi-
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croelements were applied once before planting, in the doses of (mg·dm-3 substratum): Fe 
– 8.0 mg (ferrum citrate), Zn – 0.80 mg (ZnSO4 × 7H2O). Mn – 3.64 mg (MnSO4 × 
5H2O), Mo – 0.52 mg ((NH4)6Mo7O24 × 4H2O), B – 2.42 mg (H3BO3), Cu – 13 mg 
(CuSO4 × 5H2O). During the experiment the contents of nutrients in plant root environ-
ment was maintained within ranges recommended for cucumber growing in peat sub-
stratum [Dobrza�ska 2003].  

The plants were managed in conductor system. Fruit picking was performed twice 
a week, determining total yield (kg·plant-1) and mean fruit weight of (g). All the mainte-
nance works were conducted in accordance with recommendations in force.  

Leaves for the analyses were collected in the middle (21.06.2004 and 27.06.2005), 
as well as at the end of fructification (09.07.2004 and 18.07.2005). The youngest, fully 
grown leaf with petiole was designed for analysis. Total nitrogen was determined in 
leaves (by means of Kjeldahl’s method), and after mineralization by means of “dry” 
method (temp. 550°C), phosphorus (by means of colorimetric method with ammonium 
vanado-molibdate), as well as potassium, calcium and magnesium, using ASA method 
(Perkin Elmer, Analyst 300). 

The fruit for analysis was collected in the middle of fructification (01.07.2004 and 
07.07.2005). In the fresh material dry matter was determined with the use of drier 
method, vitamin C with the use of Tillmans’s method (PN-A-04019 1998), and total 
sugars – with the use of Schoorl-Regenbogen method [Rutkowska 1981]. Having dried 
the fruit, we determined total nitrogen (by means of Kjeldahl’s method), phosphorus, 
potassium, calcium and magnesium – using the same methods as in leaf analysis. 

The statistical workout of the results was conducted with the use of variance analy-
sis method on mean values, using Tukey’s test for difference assessment, at significance 
level of � = 0.05. The results contained herein are mean values from two years of studies. 

RESULTS AND DISCUSSION 

Undoubtedly, the advantages of foliar feeding, compared to typical rhizosphere fer-
tilization, include high effectiveness of the procedure, quick responses of the fed plants 
and high degree of contributed nutrient utilization [Premsekhar and Rajashree 2009]. 
Among many factors determining the yield-creating effect of this procedure, the most 
important ones seem to be the composition and properties of the applied fertilizer 
[Jaskólski 2007].  

In the conducted studies we found significantly higher total fruit yield of cucumber 
that had undergone foliar feeding with Plonochron fertilizers (4.11–4.31 kg·plant-1), 
compared to control plants, sprayed with water (3.60 kg·plant-1). These results are con-
current with numerous studies confirming the growth of plant yield after the application 
of foliar feeding procedure [Dzida and Jarosz 2005, Mengel 2002, Szewczuk and 
Micha�oj� 2003]. According to Batra et al. [2002], the yield-creating effect of foliar 
feeding should be explained with greater effectiveness of photosynthesis. The nutrients 
supplied to above-ground parts of the plants easily and quickly penetrate into their cells, 
simultaneously activating the processes related to the production and transport of as-
similates. These authors emphasize that the increased cropping of foliarly fed plants 
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takes place as a result of increased number of fruits or unit weight of the usable part. In 
the authors’ studies tendencies were reported to the increase of mean weight of one fruit 
in plants, which underwent foliar feeding with Plonochron fertilizers, however, these 
results were not statistically confirmed (tab. 2). 

It is worth paying attention to the statistically significant growth of total fruit yield 
of the cucumber that underwent rhizosphere nitrogen fertilization in the dose of 
1.5 g·dm-3 substratum (4.30 kg·plant-1), as compared to fertilization with this component 
in the dose of 1.0 g·dm-3 substratum (3.78 kg·plant-1). This result should be referred to 
the total nitrogen content in plant leaves (tab. 3), which significantly increases from 3.33% 
d. m. to 4.32% d. m., together with the increased rhizosphere dose of this component from 
1.0 to 1.5 g·dm-3 substratum. The significantly increased plant yield, as well as the increas-
ing nitrogen content in cucumber leaves, influenced by increasing rhizosphere fertiliza-
tion, confirm the thesis that foliar feeding is necessary only in combination with full basic 
fertilization [Micha�oj� and Szewczuk 2003, Premsekhar and Rajashree 2009]. Foliar 
feeding should be applied preventively, as a procedure eliminating hidden nutrient insuffi-
ciencies, often occurring in intensive growing technologies [Koco� 2009].  

The statistical analysis of results obtained in the conducted studies, revealed signifi-
cantly higher dry matter contents in fruit collected from plants fed with calcium and 
magnesium Plonochron (tab. 2). In the available literature reports on the effect of foliar 
feeding upon the participation of dry matter in usable parts are divergent and the conclu-
sions on lack of significant influence of this procedure upon the examined parameter pre-
dominate [Biesiada et al. 2000, Dzida and Jarosz 2005, Micha�oj� and Konopi�ska 2009].  

The conducted studies revealed significantly higher contents of vitamin C in  
the fruit of cucumber that underwent foliar feeding with Plonochron fertilizers  
(10.47–10.62 mg·100 g f. w.-1), as compared to control plants, sprayed with water  
(9.42 mg·100 g f.w.-1). This is concurrent with the results of other studies, which re-
vealed the advantageous influence of foliar feeding upon vitamin C contents in usable 
parts of the plants [Biesiada et al. 2000, Micha�oj� and Konopi�ska 2009, smole� and 
Sady 2009]. Wierzbicka and Kuskowska [2002] emphasize that the contents of this 
important antioxidant in edible parts is a significant parameter of the values of fruit and 
vegetables designed for direct consumption. With reference to the data from literature, 
the results obtained in the authors’ own studies prove the correct biosynthesis of vitamin 
C in the fruits of cucumber growing in particular objects [Biesiada et al. 2000, Wierz-
bicka and Kuskowska 2002]. According to many authors, a factor that significantly 
decreased the contents of vitamin C in usable parts of the plants may be increasing the 
doses of mineral, and especially nitrogen, fertilizers [Biesiada et al. 2000, Wierzbicka 
and Kuskowska 2002]. The statistical analysis of results obtained in the presented stud-
ies did not reveal significant differences in vitamin C contents in cucumber fruits, de-
pending on nitrogen dose (1.0 or 1.5 mg·dm-3).  

The contents of nitrogen, phosphorus, potassium, calcium and magnesium in the 
leaves of cucumbers growing in particular study objects (tab. 3) indicates correct nutri-
tion of the plants with these components [Babik et al. 2005, Bergman 1992, Manolov et 
al. 2005]. Significantly more total nitrogen (4.32% d.m.), potassium (2.83% d.m.) and 
calcium (4.59 % d.m.) were found in the leaves of cucumbers fertilized with a higher 
nitrogen dose (1.5 g·dm-3). 
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Except total nitrogen, no significant differences were found in the contents of exam-
ined mineral components in cucumber fruits, depending on the studied factors (tab. 4). 
Similar contents of nitrogen, phosphorus, potassium, calcium and magnesium in cu-
cumber fruits are reported by other literature sources [Górecki and Danielski-Busch 
2009]. This proves that there are no abnormalities in the fruit development of plants 
growing in particular study objects.  

The results obtained in the presented studies prove the usefulness of potassium, 
magnesium and calcium Plonochron fertilizers in growing cucumbers under shields 
with the use of organic substrate. 

CONCLUSIONS 

1. Significantly greater yield of fruit was found in cucumber plants, which under-
went foliar feeding with Plonochron fertilizers, as compared to control plants, sprayed 
with water. 

2. Significantly greater fruit yield was collected from plants fertilized with a higher 
nitrogen dose. 

3. In the fruits of cucumber, which underwent foliar feeding with Plonochron fertil-
izers, significantly more vitamin C was found, as compared to control plants. 

4. In the leaves of plants fertilized with a higher nitrogen dose, more total nitrogen, 
potassium and calcium were reported. 
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WP�YW  DOKARMIANIA  POZAKORZENIOWEGO  NAWOZAMI  
PLONOCHRON  (K, Mg, Ca)  ORAZ  ZRÓ�NICOWANEGO  NAWO�ENIA 
DOKORZENIOWEGO  AZOTEM  NA  PLON  I  ZAWARTO��   
WYBRANYCH  SK�ADNIKÓW  W  LI�CIACH  I  OWOCACH  OGÓRKA 

Streszczenie. Do�wiadczenie z ogórkiem odmiany 'Matilde F1' przeprowadzono w nie-
ogrzewanym tunelu foliowym w latach 2004–2005. Ro�liny uprawiano pojemnikach 
o obj�to�ci 10 dm3 nape�nionych torfem przej�ciowym zwapnowanym do pH 6.0. W ba-
daniach oceniano wp�yw dokarmiania pozakorzeniowego nawozami Plonochron (potaso-
wy, magnezowy, wapniowy) oraz zró�nicowanego nawo�enia dokorzeniowego azotem 
(1,0 i 1,5 g N·dm-3) na plon oraz zawarto�� sk�adników mineralnych w li�ciach i owocach 
ogórka. Stwierdzono istotnie wi�kszy plon owoców ogórka dokarmianego pozakorzenio-
wo nawozami Plonochron w porównaniu z ro�linami kontrolnymi. Wi�kszy plon owoców 
(4,30 kg·ro�lina-1) wyda�y ro�liny nawo�one wy�sz
 dawk
 azotu (1,5 g·dm-3 pod�o�a). 
Owoce ogórka dokarmianego pozakorzeniowo nawozami Plonochron zawiera�y istotnie 
wi�cej witaminy C w porównaniu z ro�linami kontrolnymi. W li�ciach ro�lin nawo�onych 
wy�sz
 dawk
 azotu odnotowano wi�cej azotu ogó�em, potasu i wapnia.  
 

S�owa kluczowe: Cucumis sativus, dokarmianie pozakorzeniowe, nawo�enie azotem, 
plon ogólny owoców, sk�adniki od�ywcze owoców  
 

Accepted for print – Zaakceptowano do druku: 21.12.2009 


