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1. Introduction
The Chinese cabbage (Brassica rapa L. var. pekinensis (Lour.) Olsson) is the vegetable 
popular in Poland and other countries. It is very sensitive to tipburn injuries, which are 
physiological disorders connected with calcium and water deficiency [1 - 8]. The last 
investigations found that Biochikol 020 PC (the marketable preparation of chitosan) also 
decreased tipburn injures, but this incident was not connected with the increase of calcium 
content in leaves of Chinese cabbage [6]. It was very interesting and for this reason these 
investigations were repeated.

2. Material and methods
Seeds of Chinese cabbages Bilko F1 sensitive of tipburn [9] were sown in multipots 
(2 × 2 cm) in the warm glasshouse [10] in April 7th 2006. On April 22th seedlings were 
transplanted to bigger multipots (6 x 6 cm) and on  May 8th seedlings were transplanted to 
5 liter  pots in 11 replications. Pots were filled with peat substrate and it contained  following 
mineral nutritions in 1 dm3: 500 mg N-NO3, 259 mg P, 871 mg K, 450 mg Mg, 4291 mg Ca. 
The salinity of the substrate was 5.4 g NaCl/dm3 and pH was 6.5. On May 11th  Chinese 
cabbage was watered with 0.1% of insecticide Nomolt to control  cabbage fly (Hylemya 
brassicae) wivil betels (Ceutorrhynhus quadridens and Ceutorrhynhus sp.). Sprayings with  
Biochikol 020 PC were carried out 5 times: on May 25th, June 7th and 14th,  June 20th and 
27th. Biochikol 020 PC in concentration 2.5% was used instead of 0.1% chitosan calculated 
on dry mass.This preparation was diluted with tap water (pH 7.5) with addition acetic acid. 
Calcium nitrate fertilizer in concentration 1.5% and 0.02% foliar fertilizer Tytanit (0.85%Ti) 
were used also 5 times (Table 1). The observations of tipburn incidence were carried out 
from the half of June and  the scale 0 - 4 was used, similarly as in earlier experiments [6]. 
Every plant on June 16th received the top fertilization: 5 g amonium nitrate.
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Chinese cabbage plants in pots grew at strong solar irridiation (southern side of the 
glasshouse), where the temperature at sunny midday was 5-10 °C  higher than in open area. 
Chinese cabbage heads with wrapper leaves were harvested on July 5th. After harvest 3  leaves 
from every plant were taken for analysis of calcium and soluble fenols content [11, 12] .

3. Results and discussion
In summer 2006 the weather was not normal. At the beginning of June the weather was 
cloudy and foggy, the temperature at midday was about 20 °C and the humidity of area was 
about 100%. At the end on June and in July the temperature in the place of experiment was 
every day over 30 °C and sometimes was about 40 °C and the area humidity fell down to 
40%. It was the warmest June in the last 100 years. In these weather conditions 5 sprayings 
with calcium nitrate, Biochikol 020 PC or Tytanit used in different treatments were not 
effective and there tipburn appearance was similarly strong as in control plants (Table 1). 
Only  plants sprayed with 1.5% calcium nitrate and 2,5% Biochikol 020 PC or plants sprayed 
with mixture calcium nitrate and Biochikol 020 PC had significantly lower level of tipburn 
symptoms and in these treatments  the calcium content in leaves was the highest  (2.54% 
and 3.04%). The lowest content of calcium was i the control and in Biochikol 020 PC 
treatment, similarly as in earlier experiments [6]. These results are very important, because 
in the warm summer in whole our country also sprayings with calcium nitrate of red 
peper fruits or also tomato fruits were not effective in the control of  blossom-end rot- the 
physiological disorder connected with calcium and water deficiency in fruits [13 - 16]. 
During drought and hot weather the  physiological disorder  increased and the leaf 
fertilization with calcium nitrate is not effective. This situation was in 2006 and then only 
addition of Biochikol 020 PC to calcium nitrate solution will give  good results, because 
chitosan contained in Biochikol 020 PC chelated with calcium similarly as with other metals 
[17 - 19]. Probably during high temperature the complex chitosan and calcium penetrated 
leaves or fruits better than alone calcium nitrate. Also Biochikol 020 PC used as gel delayed 
drying up of leaf surface and this made easier the penetration of calcium in to leaf tissue. 
Biochikol 020 PC influenced also peroxidase activity [20] and it is conected with tipburn 
appearance. Results of tipburn control by use mixed calcium nitrate solution with Biochikol 
020 PC are very important for horticultural  practice.

It is interesting that spraying of Chinese cabbage with 3 compounds together (calcium 
nitrate, Biochikol 020 PC and Tytanit) were not effective: the tipburn injures were similar 
as in control plants, but rotting of cabbage heads was over 2 time more. The influence of 
Biochikol 020 PC on plants is different than influence of Tytanit, but  both preparations  
retarded powdery mildew incidences [21]. In our experiment there was the antagonism 
between these 2 preparations, when they were used together. The differences in the yield 
between  different treatments were to 15% (the control and Tytanit) but were not significant. 
It was found big differences in the content of soluble phenols in fresh matter of leaves. 
The highest content of soluble phenols was in control plants (1020 mg) and this date was 
significantly higher than in other treatments (Table 1). In the leaves of cabbage sprayed with 
Biochikol 020 PC  and calcium nitrate the content of soluble phenols was almost 2 times 
lower than in the control. Also  other authors [22, 23] found higher content of phenolic 
compounds in lettuce leaves with tipburn.
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4. Conclusions
When the temperature during whole days was over 28 °C only spraying with 1.5% calcium 
nitrate mixed with Biochikol 020 PC (concentration 2.5%) gave good effect in the control 
of tipburn injuries on Chinese cabbage. In this treatment  the calcium content in leaves was 
the highest (about 3.0% Ca in dry matter).
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