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EFFECT  OF  DIFFERENTS   TYPES  OF  POTASSIUM 
FERTILISATION  ON  THE  CHEMICAL  COMPOSITION  
OF  LEAVES  AND  FRUITS  OF  GREENHOUSE  
TOMATOES  GROWN  IN  VARIOUS  SUBSTRATES 

Zbigniew Jarosz 
Agricultural University in Lublin 

Abstract. In the experiment with greenhouse tomato cv. ’Cunero F1’ the effect of nutrient 
liquid with or without chlorine on the chemical composition of leaves and fruits was in-
vestigated. In research rockwool, peat and sand substrates with fertigation system was 
used. The experiment showed higher potassium, calcium, magnesium and chlorine leaves 
content in tomato fertilized nutrients liquid with chlorine. Kind of potassium fertilization 
had no significant effect on the chemical composition of tomato fruits. Lowest witamin C, 
total nitrogen and potassium content in fruits of tomato grown in sand substrate was de-
tected, compared with peat and rockwool 

Key words: greenhouse tomato, fertigation, kinde of potassium fertilization, dry matter, 
vitamin C, chemical leaves composition 

INTRODUCTION 

Fertilisation of plants with potassium chloride or potassium sulphate is not irrelevant 
for plants due to significantly different physiological functions of anions that are 
brought into the substrate. According to Michałoj� [2000] anions, that accompany po-
tassium, influence both the chemical composition of the plant and the quality of the 
crop. The research of Chapagain et al. [2003] shows that the application of potassium 
chloride instead of potassium saltpetre with greenhouse tomatoes improves the quality 
parameters of their fruit. Dorais et al. [2000] and Hao et al. [2000] also identified 
a positive impact of potassium chloride on the quality of fruit when they applied this 
fertiliser in order to increase electric conductivity in the plant root area. 

Michałoj� [2000] reports that fertilisation of vegetables with potassium chloride or 
potassium sulphate has a significant influence on the nitrate composition of plants. In 
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the author’s opinion this issue should be regarded as a decisive factor of the crop qual-
ity. Nurzy�ski [1994] follows by adding that nitrates are good and sensitive indicators 
of the content of nitrogen in plants. Thus, the type of potassium fertiliser that is applied 
can be misleading in assessing the nitrogen content in plants. 

The conducted research was to show the influence of chlorine and non-chlorine fer-
tilisation on the chemical composition of leaves and fruit of the tomato variety ‘Cu-
nero F1’ grown on rockwool, transitional peat and sand. 

MATERIALS AND METHODS  

The influence of chlorine and non-chlorine fertilisation on the chemical composition 
of leaves and fruit of the tomato variety ‘Cunero F1’ was tested in the greenhouse envi-
ronment in the research conducted between 1999 and 2000. Plants were grown on 
rockwool (Grodan), transitional peat and sand containing 98% of sand fraction  
(1,0–0,1 mm) and 2% of dust fraction (0,1–0,02 mm). The plant growing was conducted 
with the use of drop fertilization system and irrigation with a closed fertilizing circuit, 
without re-circulation. The composition of alimentary solutions and basic methodical 
assumptions of research were discussed in the first part of the study [Jarosz 2006]. 

Levels of plant supply in alimentary elements were estimated on the basis of analy-
sis of representative samples of leaves taken in the beginning, in the middle and at the 
end of their fruiting. The first leaf above the second, the fourth and the sixth fruit-
bearing cluster was an indicator. Total amount of nitrogen was measured (by Kjeldahl 
method)), and in 2% extract of acetic acid – nitrate nitrogen (by Bremner method), 
sulphur and chlorine (nephelometrically). Having burnt the material in the oven (in 
temperature 550°C), phosphorous was marked (calorimetrically), potassium, calcium 
and magnesium (by ASA method). Fruit for analyses was collected in the phase of full 
ripeness, in the half of fruit-bearing period (the third-fourth cluster). Fruit belonging to 
commercial crop (with the diameter above 35 mm) constituted a representative sample 
(6–7 items). In fresh product there were marked – dry mass (weight), the vitamin C by 
Tillmans’ method and carbohydrates in total by Schorl-Regenbogen method. Marking 
of nitrogen in total, potassium, calcium and magnesium in fruit was done in the same 
way as in the analyses of leaves. 

Statistical summary of the results was done using a method of analysis of variations 
at average values. The differences were evaluated with Tukey’s test HSD at the signifi-
cance level of α = 0,05. 

RESULTS 

In the research significant differences in the chemical composition of tomato leaves 
were identified depending on the factors under tests (tab. 1). Higher levels of potassium, 
calcium, magnesium and chlorine were found in leaves of plants fertilised with a feed 
containing chlorine in comparison to non-chlorine fertilisation. The influence of the 
applied substrate on the chemical composition of leaves was  not  revealing.  Regardless 



Table 1. Effect of types of potassium fertilizing on the nutrients content in tomato leaves (% d.m.) 
Tabela 1. Wpływ rodzaju nawo�enia potasowego i podło�y na zawarto�� składników pokarmowych w li�ciach pomidora (% s.m.) 

Substrate 
Podło�e 

(A) 

Potassium fertilizing 
Nawo�enie potasowe (B) 

N-total 
N-ogółem N-NO3 P K Ca Mg S Cl 

with chlorine 
z chlorem 2.96 0.96 0.83 4.42 5.41 0.59 1.63 1,19 Rockwool 

Wełna mineralna without chlorine 
bez chloru 2.95 1.02 0.82 4.41 5.26 0.55 1.84 0,59 

x for (dla) A  2.96 0.99 0.82 4.41 5.33 0.57 1.73 0,89 
with chlorine 

z chlorem 2.88 0.90 0.78 4.46 5.36 0.47 1.57 1,15 Peat 
Torf without chlorine 

bez chloru 2.89 0.96 0.86 4.43 5.23 0.42 1.77 0,57 

x for (dla) A  2.89 0.93 0.82 4.44 5.29 0.45 1.67 0,86 
with chlorine 

z chlorem 2.85 0.71 0.67 4.42 5.12 0.49 1.50 1,24 Sand 
Piasek without chlorine 

bez chloru 2.95 0.68 0.83 4.18 4.90 0.41 1.82 0,52 

x for (dla) A  2.90 0.69 0.75 4.30 5.01 0.45 1.66 0,88 
with chlorine 

z chlorem 2.90 0.85 0.76 4.43 5.30 0.52 1.57 1,19 x for B 
x dla B without chlorine 

bez chloru 2.93 0.88 0.84 4.34 5.13 0.46 1.81 0,56 

LSD0,05 for , NIR0,05 dla: A 
 B 
 A×B 

n.s. – ni. 
n.s. – ni. 
n.s. – ni. 

0.20 
n.s. – ni. 
n.s. – ni. 

n.s. – ni. 
0.08 

n.s. – ni. 

0.13 
0.08 
0.24 

0.24 
0.17 

n.s. – ni. 

0.11 
0.06 
0.14 

n.s. – ni. 
0.14 
0.23 

n.s. – ni. 
0.12 

n.s. – ni. 
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of the type of potassium fertilisation, the highest content of nitrogen in total, nitrates, 
calcium, sulphuric magnesium and chlorine was found in leaves of plants grown on 
rockwool. The highest level of potassium (4.44% dry mass) was in leaves of plants 
grown on peat. The lowest content of nitrates, phosphorous, potassium, calcium and 
sulphur was found in tomatoes grown on sand. The statistical analysis showed an 
equally significant interaction among the factors under tests with regards to the content 
of potassium, magnesium and sulphur in leaves. 

A slightly higher content of dry mass, the vitamin C and sugars in total was identi-
fied in the fruit of tomatoes fertilised with a feed containing chlorine in comparison to 
the fruit of plants fertilised with a non-chlorine feed; however, these differences were 
not significant (tab. 2). As assessed, regardless of the type of potassium fertilisation 
applied, the content of dry mass was at the similar level of 6.94% for plants grown on 
rockwool, 6.73% on peat and 6.52% on sand. The fruit of tomatoes grown on peat and 
rockwool contained significantly more of the vitamin C than the fruit of plants grown 
on sand, whereas the content of sugars in total in the fruit of tomatoes grown on the 
substrates under tests was similar and ranged between 3.16% and 3.28% of fresh mass. 

Table 2. Effect of types of potassium fertilizing and substrates on the dry matter, vitamin C and 
total sugars content in tomato fruits 

Tabela 2. Wpływ rodzaju nawo�enia potasowego i podło�a na zawarto�� suchej masy, witaminy 
C i cukrów ogółem w owocach pomidora 

Dry matter (%) 
Sucha masa (%) 

Vitamin C (mg·100 g f.w.-1) 
Witamina C (mg·100 g �w.m.-1) 

Total sugars (% f.w.) 
Cukry ogółem (% �w.m.) 

types of potassium fertilizing – rodzaj nawo�enia potasowego (B) Substrate 
Podło�e 

(A) with 
chlorine 

z chlorem 

without 
chlorine 

bez chloru 

x for A 
x dla A 

with 
chlorine 

z chlorem 

without 
chlorine 

bez chloru 

x for A 
x dla A 

with 
chlorine 

z chlorem 

without 
chlorine 

bez chloru 

x dla A 
x for A 

Rockwool 
Wełna 
mineralna 

7.44 6.45 6.94 23.77 20.42 22.09 3.85 2.47 3.16 

Peat 
Torf 5.87 7.60 6.73 20.19 24.9 22.54 2.96 3.60 3.28 

Sand 
Piasek 6.98 6.05 6.52 20.07 16.45 18.26 3.35 3.05 3.20 

x for B 
x dla B 

6.76 6.70  21.35 20.59  3.39 3.04  

LSD0,05 for, NIR0,05 dla: A 
 B 
 A×B 

n.s. – ni. 
n.s. – ni. 
n.s. – ni. 

3.78 
n.s. – ni. 

7.86 

n.s. – ni. 
n.s. – ni. 

0.35 
 
The conducted research did not show a significant link between the type of potas-

sium fertilisation appplied and the content of nitrogen in total, potassium, calcium and 
magnesium in tomato leaves (tab. 3). Regardless of the type of potassium fertilisation 
applied, the highest levels of these components were found in plants grown on peat. The 
fruit of tomatoes grown on sand contained the lowest levels of nitrogen in total (1.91% dry 
mass), potassium (3.49% dry mass) and calcium (0.14%). The content of calcium and 
magnesium in tomato fruit did not statistically differ depending on the type of substrate. 



Table 3. Effect of types of potassium fertilizing and substrates on mineral content of tomato fruits (% d.m.) 
Tabela 3. Wpływ rodzaju nawo�enia potasowego i podło�a na zawarto�� składników mineralnych w owocach pomidora (% s.m.) 

N-total, N-ogółem K Ca Mg 

types of potassium fertilizing – rodzaj nawo�enia potasowego (B) Substrate 
Podło�e 

(A) with Cl- 

z Cl- 
without Cl- 

bez Cl- 
x for A 
x dla A 

with Cl- 

z Cl- 
without Cl- 

bez Cl- 
 x for A 
x dla A 

with Cl- 

z Cl- 
without Cl- 

bez Cl- 
 x for A 
x dla A 

with Cl- 

z Cl- 
without Cl- 

bez Cl- 
x for A 
x dla A 

Rockwool 
Wełna mineralna 2.26 2.36 2.31 3.88 4.35 4.11 0.15 0.15 0.15 0.12 0.14 0,13 

Peat 
Torf 2.72 2.59 2.66 4.35 3.89 4.12 0.17 0.15 0.16 0.16 0.15 0,16 

Sand 
Piasek 1.95 1.88 1.91 3.55 3.42 3.49 0.15 0.13 0.14 0.12 0.16 0,14 

x for B 
x dla B 

2.31 2.28  3.93 3.89  0.16 0.14  0.13 0.15  

LSD0,05 for: A 
NIR0,05 dla B 

A×B 

0.23 
n.s. – ni. 
n.s. – ni. 

0.57 
n.s. – ni. 
n.s. – ni. 

n.s. – ni.  
n.s. – ni.  
n.s. – ni. 

n.s. – ni.  
n.s. – ni.  
n.s. – ni. 
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DISCUSSION 

From numerous researches it is clear that the application of chlorine in fertilisation 
of tomatoes has an important influence on the feeding of plants and the biological qual-
ity of fruit [Bishnu et al. 2003, Dorais et al. 2000, Nurzy�ski and Michałoj� 1998]. 
According to Michałek [1995] the usage of chlorine reduces the total content of nitro-
gen in plants. This is not confirmed by the research as the type of potassium fertilisation 
had no significant impact on the level of this component in leaves. Additionally, the 
total content of nitrogen in tomato leaves in the presented research ranged from 2.85 to 
2.96% in dry mass which is assumed to be the correct level of plant feeding with this 
component [Atherton and Rudich 1986]. 

Nurzy�ski and Michałoj� [1998] draw attention to a significant reduction of the con-
tent of nitrates in tomato leaves resulting from fertilisation with potassium chloride. 
This is also confirmed by the research conducted by Bishnu et al. [2004]. Although in 
the presented research fewer nitrates were identified in leaves of plants fertilised with 
a feed containing chlorine in comparison to non-chlorine fertilisation, the differences 
were not supported statistically. 

The significant increase of the content of potassium in leaves of plants resulting 
from fertilisation with chlorine also needs to be emphasised in the research. Most 
probably it is a consequence of the tendency of plants to keep the balance between 
cations and anions. The intake of large numbers of chlorine anions is balanced with 
a higher intake of cations, including potassium. According to Bishnu et al. [2003] and 
Hartz et al. [2001] the increased level of potassium in tomatoes improves the quality of 
fruit significantly. In the conducted research no important influence of the type of potas-
sium fertilisation on the chemical composition of tomato fruit was identified. 

Nurzy�ski and Michałoj� [1998] proved the increase of the content of calcium in 
tomato leaves in the fertilisation with a feed containing chlorine in comparison to non-
chlorine fertilisation. This is also supported by my own research. Lopez et al. [1998] 
emphasises that the increase in the concentration of sulphates in the substrate may cause 
a reduction in the content of calcium in tomato leaves due to the precipitation of insolu-
ble calcium sulphates in the root area of plants. The same researchers report that this 
may lead to a high decrease in the content of calcium in tomato fruit. In this research, 
although it has been shown that the level of calcium in the fruit of tomatoes fertilised 
with a non-chlorine feed is lower, the differences, however, have not be supported sta-
tistically. 

Bishnu et al. [2004] proved that the application of potassium chloride in the fertilisa-
tion of tomatoes may cause a lack of magnesium in plants. It is assumed that the lack of 
this macro component takes place when its level is below 0.4% in dry mass. This has 
not been confirmed by my research where a significantly higher content of magnesium 
was found with the application of KC1 feed. 

According to Lopez et al. [1996] tomatoes are sensitive to sulphur deficiency. In the 
opinion of Atherton and Rudich [1986] the content of this component in tomato leaves 
should range between 1.0 and 3.2% in dry mass. It needs to be emphasised that despite 
different concentration of sulphates in the applied feeds, the content of this component 
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in leaves of tomatoes grown in the researched substrates was between 1.50 and 1.84%, 
which is at the optimum level. 

The conducted research did not show a significant influence of the potassium fertili-
sation on the content of dry mass, vitamin C and sugars totally in tomato fruit. The 
results are confirmed by earlier researches performed by Nurzy�ski and Michałoj� 
[1998] and Nurzy�ski et al. [2001] where there was no important link between chlorine 
and non-chlorine fertilisation and the biological quality of tomato and pepper fruit. 
According to Kowalska [1996] the content of the vitamin C in tomato fruit depends 
mainly on the physical properties of the substrate (water capacity, absorbing capacity) 
and also on the quantity and form of nitrogen. My research showed significant differ-
ences in the content of the vitamin C in fruit depending on the type of substrate which 
may be related to the differences in the physical properties of the applied substrates. 

CONCLUSIONS 

1. Higher levels of potassium, calcium, magnesium and chlorine were identified in 
leaves of tomatoes fertilised with a chlorine feed. 

2. The applied type of potassium fertiliser had no significant influence on the chemi-
cal composition of tomato fruit.  

3. The lowest levels of vitamin C, nitrogen totally and potassium were found in the 
fruit of tomatoes grown on sand. 
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WPŁYW  RODZAJU  NAWO�ENIA  POTASOWEGO  NA  SKŁAD  
CHEMICZNY  LI�CI  I  OWOCÓW  POMIDORA  UPRAWIANEGO  
W  RÓ�NYCH  PODŁO�ACH 

Streszczenie. W do�wiadczeniu z pomidorem odmiany ‘Cunero F1’  uprawianym 
w szklarni badano wpływ po�ywki zawieraj�cej chlor oraz bezchlorkowej na skład che-
miczny li�ci i owoców pomidora. Badaniami obj�to ro�liny uprawiane w wełnie mineral-
nej, torfie i piasku z wykorzystaniem kroplowego systemu fertygacji, bez recyrkulacji po-
�ywki.  
Stwierdzono wy�sz� zawarto�� potasu, wapnia, magnezu i chloru w li�ciach pomidora 
nawo�onego po�ywk� zawieraj�c� chlor, w porównaniu do nawo�enia bezchlorkowego. 
Rodzaj nawo�enia potasowego nie wpływał istotnie na skład chemiczny owoców pomido-
ra. Najwi�cej witaminy C, cukrów ogółem, azotu ogółem i potasu odnotowano w owo-
cach pomidora uprawianego w torfie. 
 
Słowa kluczowe: pomidor szklarniowy, fertygacja, rodzaj nawo�enia potasowego, sucha 
masa, witamina C, skład chemiczny li�ci 
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