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Abstract 
 
The effect of benzothiadiazole (BTH) and arbutin (ARB) on sugar metabolism and plant fitness in cucumber growing 
hydroponically in media with different doses of NO3

- and urea as nitrogen sources (100 % NO3
-, 75 % NO3

- + 25 % 
urea, and 50 % NO3

- + 50 % urea) was studied on the 7th and 14th day after the treatment. The glucose, sucrose, and 
chlorophyll (Chl) content, acid and alkaline invertases and lactate dehydrogenase activities, as well as leaf area of the  
3rd and 5th leaves were determined. Urea changed the plant sugar metabolism in a dose-, time- and leaf-age-dependent 
manners and influenced a cucumber response to the BTH and ARB treatments. The BTH caused a significant cessation 
of growth, a decrease in Chl content, a reduction of leaf area, and an enhancement of lactate dehydrogenase and alkaline 
invertase activities. In the older leaves of the BTH-treated plants, a high accumulation of glucose and sucrose was 
found. At the lower dose of urea, the metabolic changes were limited. In the ARB-treated plants, the Chl content 
remained unchanged in all the nitrogen variants. In these plants, decrease in glucose and sucrose content and in both 
invertase activities was observed mainly in younger leaves of the plants grown on the high dose of urea. The ARB 
improved the fitness of the cucumber plants grown in the presence of urea. 

Additional key words: chlorophyll, Cucumis sativus, invertases, lactate dehydrogenase, urea. 
 
 
Introduction 
 
Benzothiadiazole benzo(1,2,3)thiadiazole-7-carbotionic 
acid-S-methyl ester, BTH, a functional analogue of 
salicylic acid (SA), is well recognized as effective 
inducer of a systemic acquired resistance and is often 
used under field conditions to protect crop plants, 
including cucumber, from infectious diseases (Walters 
et al. 2005, Phuntumart et al. 2006, Sillero et al. 2012). 
However, in BTH-treated plants, reduction of growth and 
seed production were observed (Heil 1999). As BTH was 
found to cause growth cessation (Dietrich et al. 2004) 
without influencing photosynthesis (Šindelářová et al. 
2002), this effect was suggested to result from BTH-
triggered accumulation of defense-related secondary 
metabolites. This negative response depends on the 
developmental stage of treated plants as well as on the 
nitrogen supply (Dietrich et al. 2004, Walters et al. 
2005).  

 Most plant species can utilize both NH4
+ and NO3

- as 
nitrogen source (Nacry et al. 2013). In crop production, 
however, urea is often used as source of nitrogen. It is 
considered to be degraded by soil microbes to ammonia 
and nitrate which are taken up by plants. It has been 
reported that plants possess active and passive urea 
transporters and utilize ammonia liberated by the action 
of plant ureases (Torisky and Polacco 1990, Kumar and 
Kayastha 2010, Witte 2011). However, plant nitrogen 
nutrition based only on urea leads to a reduced growth 
and to symptoms of nitrogen starvation (Witte 2011) 
resulting from altered osmotic homeostasis or lack of 
signals for translocation of amino acids from roots to 
shoots (Gerendás and Sattelmacher 1997).  
 Vigour and fitness of plants are correlated with the 
efficiency of photosynthesis. Its rate was found to 
decrease with increasing nitrogen deficiency (Cruz et al.  
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2003, Li et al. 2013). In most plants, sucrose (Suc) is the 
transported form of sugars, however, cucumber 
synthesizes stachyose in mature leaves, and this oligo-
saccharide is primarily transported in phloem (Miao et al. 
2007). After long-distance transport to peduncles, 
stachyose is converted to Suc which is further catabolised 
to glucose (Glc) and fructose. Utilization of Suc as source 
of carbon and energy depends on its cleavage into 
hexoses catalyzed by sucrose synthase (EC 2.4.1.13) or 
invertase (EC 3.2.1.26) (Sturm and Tang 1999). Plants 
possess two main isoforms of invertase, acid invertase 
(AcIn) in vacuoles and apoplast and alkaline invertase 
(AlIn) in cytoplasm. The AcIn (β-fructo-furanosidase) 
cleaves Suc most efficiently at a pH of 4.5 - 5.0 and 
attacks the Suc molecule from the fructose residue. It also 
hydrolyzes other β-fructose-containing oligosaccharides 
such as raffinose and stachyose. The AlIn has an 
optimum activity at a pH of 7.0 - 7.8. In contrast to AcIn, 
AlIn is Suc specific (Sturm 1999).  
 Under aerobic conditions, leaves of many plant 
species contain a low content of a glycolytic pathway 
enzyme, lactate dehydrogenase (LDH, EC 1.1.1.27) 
(Sugiyama and Taniguchi 1997). The LDH catalyses a 
reversible reaction of lactate oxidation and pyruvate 
reduction (O’Carra and Mulcahy 1996). Its activity 
results in a decrease in the cell pH and creates conditions 

for action of alcohol dehydrogenase (ADH), the terminal 
enzyme of glycolysis in plants under anaerobic 
conditions.  
 Arbutin (hydroquinone-β-D-glucopyranoside, ARB) 
is a natural phenolic glucoside synthesised by plants 
(Petkou et al. 2002) but its function is not fully elucidated 
(Suau et al. 1991). It has been suggested that in 
resurrection plants in a dried state, ARB protects 
membranes against destruction, e.g., by formation of 
complexes with fatty acids in their lipid bilayers (Frias 
et al. 2008), by inhibition of phospholipase A2 activity, 
and by its antioxidant activity resulting in superoxide 
radical scavenging (Oliver et al. 1996). On the other 
hand, ARB may be metabolised to hydroquinone (HQ) 
and then to benzoquinone (2,5-cyclohexadiene-1,4-dione) 
which exhibits antimicrobial activity (Jin and Sato 2003). 
It has been also shown that an elevated HQ content may 
enhance photosynthesis (Casano et al. 2000, Xu et al. 
2002). 
 The objective of the present work was to assess the 
influence of nitrogen nutrition on the effects of BTH and 
ARB on plant vigour and sugar metabolism. We 
examined cucumber leaves at different developmental 
stages from plants grown hydroponically in media with 
different concentrations of urea and NO3

-. 

 
 
Materials and methods 
 
Cucumber (Cucumis sativus L. cv. Polan) seedlings were 
grown hydroponically in a medium consisting of  
[mg dm-3]: N - 224; P - 39; K - 312; Ca - 160; Mg - 33;  
S - 44; Fe - 0.84; Mo - 0.98; Cu - 0.84; Mn - 8.4; B - 4.2; 
and Zn - 4.2. The plants were divided into three groups 
growing in the media containing the same nitrogen 
concentration but differing in the ratio of inorganic  
(NO3

-) to organic (urea) nitrogen. The N nutrition 
variants were as follows: 100 % NO3

- (100N), 75 % NO3
- 

and 25 % urea (75N), 50 % NO3
- and 50 % urea (50N). In 

order to limit urea degradation by microorganisms, the 
nutrition solutions were changed every day. The plants 
were cultured in a greenhouse at a temperature of 24 C, 
an air humidity of 60 %, a 16-h photoperiod, and an 
irradiance of 174 µmol m-2 s-1. Three-week-old plants 
from each group were divided into three subgroups: a 
non-treated control and plants sprayed once with BTH or 
ARB. The water solution of a commercial preparation 
BION 50 WG (Novartis Protection AG, Basel, 
Switzerland) containing 0.1 mM BTH as active 
ingredient or 2.0 mM water solution of ARB (Sigma-
Aldrich, St. Louis, USA) were used. The non-treated 
plants were sprayed with distilled water. On the 7th and 
14th day post treatment (dpt), the 3rd and 5th leaves (from 
the bottom) were taken for analyses. A leaf sample 
without main veins (0.5 g) was immediately 
homogenized in a mortar and pestle in 5 cm3 of an ice-
cold 0.05 M Na-phosphate buffer, pH 7.0, containing 
1 mM Na2EDTA and 1 % (m/v) polyvinylpyrrolidone. 

Immediately after centrifugation (20 000 g, 4 C, 20 min) 
the supernatant was used for measurement of enzyme 
(LDH, AlIn, and AcIn) activities as well as protein 
content.  
 For chlorophyll (Chl) determination, frozen leaf tissue 
stored at -20 C was extracted three times with 80 % 
(v/v) acetone and centrifuged at 33 000 g for 15 min. 
After measurement of absorbance of the supernatant at 
663.2 nm and 646.8 nm using a spectrophotometer 
(Unicam UV 300, Thermo Spectronic, Cambridge, UK), 
Chl a and Chl b content was calculated according to the 
method of Wellburn (1994). The leaf area of the 3rd and 
5th leaves was assessed on the 14th dpt by a computer 
method of image analysis (Gocławski et al. 2012). 
 The Glc and Suc content was determined in the 
extract obtained from a fresh leaf sample (0.5 g) after 
triple extraction with 80 % (v/v) ethanol. The ethanolic 
extract was evaporated to dryness at 50 C and the 
residue was resolubilized in distilled water. The content 
of sugars was assayed using a commercial enzymatic test 
(Roche Diagnostics, Basel, Switzerland) and expressed in 
micrograms per milligram of protein determined in the 
extract used for enzyme activity by the Bradford (1976) 
method with bovine serum albumin as standard. There 
was no significant difference in the protein content 
among the experimental variants.  
 Invertase activity was determined according to Miller 
and Ranwala (1994). A reaction mixture consisted of 
40 mM Suc and a 50 mM Na-acetate buffer (pH 5.0 for 
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AcIn and pH 7.5 for AlIn). When the extract was added, 
the reaction mixture was incubated at 37 C. After 
30 min, the reaction was stopped by heating at 90 C for 
5 min. The amount of Glc released was determined as 
described above. One unit of invertase activity was 
defined as the amount of enzyme that catalyzed the 
production of 1 µmol of Glc per min. 
 Lactate dehydrogenase activity was measured by 
decrease in absorbance at 340 nm resulting from 
oxidation of NADH (ε = 6.22 mM-1 cm-1) according to 
Sugiyama and Taniguchi (1997). An assay mixture 
consisted of a 50 mM K-phosphate buffer (pH 7.25), 
0.5 mM NADH, 4 mM sodium pyruvate, 2.3 mM  

4-methypyranozole, and 2.3 mM NaCN. One unit of 
LDH activity was the amount of the enzyme that 
catalyzed oxidation of 1 nmol of NADH per min. 
 The results presented are means of 8 to 10 inde-
pendent experiments. Sample variability is given as the 
standard deviation of the mean. The significance of 
differences among the mean values for the non-treated 
and treated groups, among the 75N or 50N nutrition 
variants in relation to 100N, as well as the significance of 
time course changes (in relation to 7 dpt) were 
determined by the non-parametric Mann-Whitney rank 
sum test (STATISTICA software, v. 10, StatSoft). 
Differences at P < 0.05 were considered as significant. 

 
 
Results 
 
Urea supplied to the nutritional solution changed the area 
of both the 3rd and 5th leaves of the non-treated plants 
(Table 1). The 3rd leaves were largest in the 75N plants, 
their area was 17 and 33 % greater than in the 100N and 
50N, respectively. In the plants from both urea variants, 
the 5th leaf areas were smaller by 20 - 25 % than in the 
100N. Among all tested variants, the smallest leaf area  

(3rd and 5th) was observed in the plants treated with BTH. 
The 3rd leaves achieved from 30 to 60 % of the area of 
those from the non-treated and ARB-treated plants. These 
differences were also visible in the 5th leaves. In the 
BTH-treated plants, the addition of urea to the growing 
medium significantly decreased the area of the 3rd leaves  
(Table 1). 

 
Table 1. Areas [cm2] of 3rd and 5th cucumber leaves 14 d after treatments with benzothiadiazole (BTH) or arbutin (ARB). Means  
SD, n = 8;  indicates values significantly (P < 0.05) different from non-treated plants; # indicates significant differences between 
75 % NO3

- + 25 % urea (75N) or 50 % NO3
- + 50 % urea (50N) variants compared to plants grown in 100N for a given time point. 

 

Nutrition Non-treated BTH ARB 
3rd leaves 5th leaves 3rd leaves 5th leaves 3rd leaves 5th leaves 

100N 126.729.35 84.431.66 75.4018.3 26.227.43 129.18.39 55.1511.03 
75N 148.445.84 68.177.37 44.934.60# 25.438.14 127.416.16 67.7223.11 
50N   99.516.94 64.1217.96# 39.942.50# 16.375.40 109.110.94 56.0418.22 

 
 In the non-treated plants, the content of Chl a or Chl b 
was similar in all N nutrition variants (Fig. 1). The 
treatment with BTH decreased the Chl content in both 
older and younger leaves. The lowest Chl a content was 
observed in the 50N, it was about 60 and 50 % of the 
control on the 7th and 14th dpt, respectively. In the BTH-
treated plants, these values were higher by about 10 % in 
the 75N than in the 100N. In the ARB-treated plants, the 
significant differences in Chl a content were observed 
only in the 3rd leaves of the 75N variant on the 14th dpt 
(126 %) and in the 5th ones of the 100N on the 7th dpt 
(115 %) in comparison to the non-treated plants 
(Fig. 1A,C). The addition of urea to the growing medium 
augmented the negative effect of BTH on Chl b content 
in the 5th leaves on the 7th dpt (Fig. 1D). 
 We observed that urea modified Glc and Suc content 
in the leaves of the non-treated plants (Fig. 2). The 
highest Glc content in the 3rd leaves was observed in the 
plants from the 75N medium and in the 5th leaves in the 
plants from 50N medium (Fig. 2A,C). The high dose of 
urea (the 50N) decreased the Suc content at both time 
points in the 3rd non-treated leaves by more than 30 % in 

comparison to the 100N and 75N (Fig. 2B). In the  
5th non-treated leaves, the Suc content was similar in all 
nitrogen variants except the 50N where its content on the 
14th day was higher by about 37 and 32 % in comparison 
to the 100N and 75N, respectively (Fig. 2D).  
 Benzothiadiazole increased the Glc and Suc content in 
both examined types of leaves regardless of the type of N 
nutrition. Two weeks after the BTH application, a 
massive accumulation of Glc and Suc took place in the 
3rd leaves (Fig. 2A,B). In comparison with the respective 
controls for 100N, 75N, and 50N, the Glc content was 83, 
88, and 250 % higher, respectively (Fig. 2A), and the 
content of Suc 113, 59, and 125 % higher, respectively 
(Fig. 2B). On the 7th dpt, BTH induced the accumulation 
of Suc only in the older leaves of the 50N plants (192 % 
of the control). However, in the BTH-treated 3rd leaves, 
the rate of Suc accumulation between 7th and 14th dpt 
diminished with the increasing urea concentration in the 
medium. On the 14th dpt, the Suc content was by 192, 
124, and 73 % higher than on the 7th dpt for the 100N, 
75N, and 50N, respectively (Fig. 2B). A reverse trend 
was observed in Glc accumulation. In the 3rd leaves, the 
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Glc content on the 14th dpt was 79, 108, and 136 % above 
values observed on the 7th dpt for the 100N, 75N, and 
50N, respectively (Fig. 2A). The influence of BTH on Glc 
and Suc content was observed earlier in the younger (5th) 
leaves than in the older ones, but this effect also 
depended on the type of N nutrition (Fig. 2). In the  
5th leaves on the 7th dpt, the Glc content was above the 

control level only in the 100N (84 %) and 50N (54 %) 
(Fig. 2C). On the 14th dpt, only in the 75N leaves, the Glc 
content was different (lower by 32 %) than in the non-
treated ones. A similar observation was made for Suc, but 
its accumulation on the 7th dpt was found only in the 
variants with urea (Fig. 2D).  

 

 
Fig. 1. The content of chlorophyll (Chl) a (A,C) and Chl b (B,D) in the 3rd (A,B) and 5th (C,D) leaves of cucumber plants grown in 
100 % NO3

- (100N), 75 % NO3
- + 25 % urea (75N), and 50 % NO3

- + 50 % urea (50N) nutrition media and treated or not with 
benzothiadiazole (BTH) or arbutin (ARB). Mesurements were done on days 7 and 14 after treatment (dpt). Means  SD, n = 10. 
* indicates values significantly different (P < 0.05) from non-treated plants for a given time point; # indicates significant differences 
between the 75N or 50N nutrition variants compared to the 100N; ^ indicates values on the 14th dpt significantly different from those
on the 7th dpt for a given nutritional variant.  
 
 In the ARB-treated leaves, the Glc and Suc content 
changed mainly in the plants growing on the urea-
containing media. In the older leaves, no changes in Glc 
content were observed when compared with the control 
(Fig. 2A). In the ARB-treated 5th leaves, the Glc content 
was similar to the control except the 50N where it 
decreased on the 14th dpt (Fig. 2C). A significant increase 
in Suc content in the ARB-treated 3rd leaves was 
observed only in the 50N (the 7th and 14th dpt by 60 and 

40 %) and 100N (the 14th dpt by 25 %) (Fig. 2B). In the 
3rd leaves of the ARB-treated plants, the Suc content 
increased between the 7th and 14th dpt by 33 - 40 % for all 
examined variants. A similar tendency was found in the 
5th leaves (Fig. 2D).  
 The AlIn activity significantly increased in the 3rd and 
5th leaves of the BTH-treated plants (Fig. 3A,D). Urea 
added to the medium stabilized the AlIn activity (no 
change between the 7th and the 14th dpt) whereas in the 
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100N on the 14th dpt, the AlIn activity was higher by 
70 % than on the 7th dpt. In the 5th leaves, changes of the 
AlIn activities were similar to those in the 3rd ones, i.e., 
the AlIn activity was higher on the 14th dpt than on the  
7th dpt, especially in the 100N plants (Fig. 3D).  
 The urea application did not significantly influence 

the AlIn activity in the non-treated plants except the 
younger leaves from the 50N in which on the 7th dpt it 
decreased by 40 and 23 % and on the 14th dpt it increased 
by about 40 and 80% as compared to the non-treated 
100N and 75N plants, respectively (Fig. 3A,D).  

 

 
Fig. 2. The content of glucose (A,C) and sucrose (B,D) in the 3rd (A,B) and 5th (C,D) leaves of cucumber plants grown in 100 % NO3

-

(100N), 75 % NO3
- + 25 % urea (75N), and 50 % NO3

- + 50 % urea (50N) media and treated or not with benzothiadiazol (BTH) or 
arbutin (ARB) for 7 and 14 d. Means  SD, n = 10. For other details see Fig. 1. 
 
 Changes of the AlIn activity caused by ARB, 
similarly as those by BTH, depended on the urea content. 
In the 3rd leaves of the ARB-treated 100N plants, the AlIn 
activity was significantly enhanced in comparison with 
the control (238 and 149 % on the 7th and 14th dpt, 
respectively) (Fig. 3A). On the 7th dpt, a marked increase 
in AlIn activity (244 % of the control) was found in the 
3rd leaves of the ARB-treated 50N plants whereas on the 
14th dpt, the activity of this enzyme was significantly 
enhanced in the 75N plants (168 % of the control). In the  
3rd leaves of the ARB-treated plants, the AlIn activity in 
the 75N variant increased between the 7th and 14th dpt by 
about 98 % whereas in the 50N, it decreased by about 

55 %. In the 5th leaves of the ARB-treated plants, urea 
changed the AlIn activity only on the 14th dpt as shown 
by its increase in the 75N plants (193 % of the control) 
and its decrease in the 50N (59 % of the control). In the 
100N plants, the AlIn activity decreased to 47% of the 
control value on the 7th dpt (Fig. 3D). 
 Urea did not significantly influence the AcIn activity 
in the non-treated plants (Fig. 3B,E). However, urea 
affected AcIn activity changes resulting from the BTH 
and ARB treatments (Fig. 3B,E). In the 3rd leaves of the 
BTH-treated plants, the AcIn activity increased on the  
7th dpt in all the N nutrition variants. On the 14th dpt, the 
AcIn activity in the 75N and 50N plants returned to the 
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control level whereas in the 100N, it exceeded the control 
value by 74 % (Fig. 3B). In the younger leaves of the 
BTH-treated plants, no changes in AcIn activity were 
found (Fig. 3E).  
 In the ARB-treated 100N plants in comparison to the 
control, a diminution in AcIn activity was found in the 3rd 
leaves on the 14th dpt (to 68 %) and in the 5th leaves on 

the 7th dpt (to 49 %). The high dose of urea (in the 50N) 
in combination with ARB enhanced the AcIn activity in 
the 3rd leaves on the 7th dpt (259 % of the control) and 
decreased it (51 % of the control) in the 5th leaves.  
 No influence of urea on the LDH activity was 
observed in the non-treated plants except for a 40 % 
decrease found on the 14th dpt in the 50N nutrition variant  

 

 
Fig. 3. The activity of alkaline invertase (A,D), acid invertase (B,E), and lactate dehydrogenase (C,F) in the 3rd (A,B,C) and 5th (D,E,F)
leaves of cucumber plants grown in 100 % NO3

- (100N), 75 % NO3
- + 25 % urea (75N), and 50 % NO3

- + 50 % urea (50N) media and 
treated or not with benzothiadiazol (BTH) or arbutin (ARB) for 7 and 14 d. Means  SD, n = 10. For other details see Fig. 1. 
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Fig. 4. The growth and metabolic effects of benzothiadiazol (BTH) or arbutin (ARB) on cucumber grown in 100 % NO3

- (100N), 
75 % NO3

- + 25 % urea (75N), and 50 % NO3
- + 50 % urea (50N) media. Urea in the nutrient medium modified the response of

cucumber to BTH and ARB with respect to plant fitness and sugar metabolism. The improved vigour of the ARB-treated plants 
grown in the75N medium could be attributed to a benefit of the low dose of urea to those plants. For simplicity of the figure, a non-
treated plant is not shown. 
 
(Fig. 3C,F). The changes in LDH activity appeared in the 
BTH-treated plants. In the 3rd leaves, significant increases 
in LDH activity (by about 68, 82, and 51 % in the 100N, 
75N, and 50N, respectively, in comparison with the 
control) were determined on the 7th dpt, but a week later, 
these values returned to the control levels (Fig. 3C). 

Similar changes were observed on the 7th dpt in all the 
variants in the 5th leaves, but on the 14th dpt, the LDH 
activity was still higher than in the control (by 39 % for 
the 75N and 90 % for the 50N) (Fig. 3F). The ARB 
application did not influence the LDH activity  
(Fig. 3C,F). 

 
 
Discussion 
 
Our study shows a dose-dependent effect of urea added as 
a partial nitrogen source on the non-treated cucumber 
plant growth. The highest urea concentration (50N) was 
more harmful resulting in a slower plant growth and a 
smaller leaf area as compared to the other two N nutrition 
variants. Moreover, among all studied non-treated 
variants, only the 50N plants exhibited disturbance of 
sugar metabolism, particularly in the younger leaves, with 
a tendency to accumulate Glc between the 7th and  
14th dpt. This accumulation was accompanied by an 
increase in AlIn activity, which can indicate acceleration 
of processes supplying carbon skeletons for NH4

+ 

assimilation or energy for adaptation processes which 
protect growing tissues and organs against an increased 
content of toxic NH4

+ ions.  
 It has been postulated that increased sugar content 
induces leaf senescence (Yoshida 2003). Glucose 
accumulation in cells induces expression of genes 
characteristic for nitrogen remobilization which is 
typically enhanced during senescence (Masclaux et al. 
2000). The 3rd non-treated leaves of cucumber from the 
50N nutrition medium exhibited symptoms, such as 
growth depression and accelerated yellowing, similar to 
those observed by Merigout et al. (2008) for Arabidopsis 
fed only with urea as nitrogen source. These observations 

may suggest that a high dose of urea accelerates 
maturation of younger leaves and senescence of older 
ones, but in contrast to the findings of these authors, we 
did not notice a decline in invertase activities, thus the 
observed changes might result from a high content of 
NH4

+ ions. Earlier, Jang and Sheen (1997) showed that 
the cellular Glc content does not determine senescence, 
and Loreti et al. (2001) postulated that some sugar-
response pathways may be regulated by the rate of fluxes 
rather than the absolute content of sugars and sugar 
metabolites. The non-treated plants from the 100N and 
75N variants did not differ significantly in the examined 
biochemical parameters. However, in the 75N plants, a 
better growth and vigour as well as a larger area of the 3rd 
leaves were noted. The lower dose of urea (75N) 
prolonged viability of the 3rd leaves because they tended 
to keep a relatively higher content of sugars and Chl a 
and b and exhibited a larger area in comparison with the 
plants growing in the 100N and 50N at the same time. 
 In the cucumber plants, the BTH treatment led to a 
decrease in chlorophyll content and to a reduction of leaf 
area, which could be due to the fact that BTH acted 
similarly as SA at higher concentrations, which reduced 
the activity of carbonic anhydrase and chlorophyll 
content (Fariduddin et al. 2003). In the cucumber plants, 
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BTH caused cessation of growth. This is in agreement 
with the observation of Lawton et al. (1996) that BTH 
causes biomass loss. In this study, the BTH-mediated 
limitation of plant growth might result from utilization of 
Glc and Suc for synthesis and glucosylation of secondary 
metabolites in older leaves because in these leaves, the 
high content of Glc and Suc and the high AlIn activitiy 
were found. These data together with the decrease in Chl 
a and b content seem to suggest that older BTH-treated 
leaves were not efficient exporters of assimilates to other 
organs among them to younger leaves.  
 The urea addition to the medium changed the 
response of the cucumber plants to the BTH application 
but in different manner in younger and older leaves. In 
contrast to the 100N, in the 75N and 50N plants, the 
application of BTH did not lead to increase in AlIn 
activity between the 7th and the 14th day of experiment in 
the 3rd leaves. This suggests that the response to the BTH 
treatment was delayed in the plants grown on the urea-
containing media. Moreover, the 100N plants exhibited 
the enhanced AcIn activity whereas those from both urea 
containing media did not. 
 Our study shows that in all the variants, the ARB-
treated plants exhibited a better vigour and fitness than 
the non-treated and BTH-treated ones. The higher Chl 
content in the ARB-treated plants than in the non-treated 
and BTH-treated ones and a similar content of Glc and 
Suc in the ARB-treated and non-treated plants suggest 
that the ARB-treated plants were most efficient at 
utilizing assimilates for their growth. Arbutin is a well-
known substrate for β-glucosidase, and the produced HQ 
could be involved in diverse processes. Hydroquinone 
can positively influence H2O2- and HQ-specific mito-
chondrial peroxidase, thus increase the efficiency of 
antioxidative protection in mitochondria (Hadži-Taśković 
Šukalović et al. 2007). Peroxidase with a high affinity to 
HQ was also found in thylakoid membranes (Casano  
et al. 2000). It was demonstrated that HQ acts as urease 
inhibitor (Pandey et al. 2005), thus HQ molecules 
resulting from ARB catabolism (Jin and Sato 2003) may 
limit urea hydrolysis and diminish the content of released 
ammonia ions. On the other hand, HQ may enhance the 
productivity of photosynthesis (Casano et al. 2000, Xu  
et al. 2002).  
 Assimilation of NH4

+ is an energy-consuming process. 
The enhanced LDH activity in the BTH-treated plants 
observed 7 dpt might result from disturbance of oxygen 
metabolism and a decreased ATP production. It has been 
shown that SA inhibits both cytochrome oxidase and 
alternative oxidase pathways leading to the inhibition of 
ATP synthesis (Xie and Chen 1999). Assuming that BTH 
acted in a similar way, we suggest that an insufficient 
ATP supply in the BTH-treated plants might result in 

transient cell growth arrest, especially in young leaves. 
Heil (1999) indicated that after some time, plants 
compensate the BTH-mediated growth inhibition. This 
process was also observed in our study (data not shown). 
Although the LDH activity was similar to the control in 
the BTH-treated 3rd leaves, it remained elevated on the 
14th dpt in the 5th leaves of the BTH-treated plants from 
the urea nutrition variants. It seems to indicate that in 
younger leaves, urea prolonged the BTH-mediated 
changes leading to an insufficient ATP content.  
 It is widely accepted that the fermentative pathway in 
plant cells starts when oxygen supply is drastically 
limited (Kato-Noguchi 2006, Mustroph and Albrecht 
2007). However, plant tissues have a propensity to drive 
themselves into anoxia. Plant tissues that have a high 
metabolic activity can become hypoxic even in a well 
oxygenated environment (Geigenberger 2003). A lowered 
oxygen content in a cell leads to coordinated inhibition of 
respiration and ATP biosynthesis (Klok et al. 2002) 
which subsequently results in a decreased activity of 
invertase whose genes are strongly repressed by low 
oxygen concentrations (Zeng et al. 1999). These and 
other processes connected with them might influence the 
primary metabolism. The increase in LDH activity in the 
BTH-treated leaves may indicate that supply of the 
oxidized form of NADH for the tricarboxylic acid cycle 
is inadequate and may limit carbon skeleton supply and 
mitochondrial respiration (Hodges 2002). It should be 
noted that LDH can also catalyze a reverse reaction 
depending on a pH value in cells whereas ADH cannot do 
it. Taking together, besides supply of the oxidised form 
of NADH and participation in ATP production, other 
functions of LDH, such as carbon skeleton preservation 
and regulation of pH value in a cell, should be also taken 
into consideration in the BTH-treated plants.  
 In conclusion, we found that the urea supply into the 
nutrition solutions changed cucumber sugar metabolism 
in a dose- and time-dependent manners and influenced its 
response to the BTH and ARB treatments (Fig. 4). In 
cucumber, BTH contributed to a significant reorgani-
zation in sugar metabolism. In the BTH-treated plants, 
the massive accumulation of Glu and Suc in older leaves 
correlated with the high AlIn activity and the lower Chl 
content, indicating their decreased capacity to export 
assimilates to other organs. This might be responsible for 
the growth arrest found mainly in younger leaves. This 
negative effect was not found in the ARB-treated plants. 
Moreover, the improved fitness of the ARB-treated 75N 
plants indicates that the low dose of urea in the medium 
was to their advantage. In our opinion, the use of ARB as 
natural compound which may improve growth and vigour 
of cucumber plants should be taken into consideration in 
a future study.  
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