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Abstract 

Pickling cucumbers are highly important both for fresh consumption and for canning industry. This study aimed to 
compare differences in yield and quality of eight pickling cucumber cultivars, including ‘Cor 12004’, ‘IGG 2010’, ‘IGG 2020’, 
‘SM 5322’, ‘SM 5323’, ‘Zayin 201’, ‘Zayin 175201’ and ‘Trilogy’. The cucumber cultivars were laid out in a high tunnel crop 
and evaluated for vegetative traits (i.e. vine length, nodes per vine and branches per vine), yield attributes (i.e. fruits per main 
stem, average weight of fruit and fruits weight per plant) and fruits quality components (nitrate, phosphate and potassium mg 
kg-1). The results showed significant differences (P<0.05) in vegetative traits and yield attributes among cultivars. The analysis 
of correlation coefficients revealed that total yield (kg ha-1) was positively correlated with two out of three vegetative traits 
(with exception nodes per plant) and with all yield attributes. The highest total yield (101.17 t ha-1) was reached by ‘SM 5322’ 
cultivar, followed by the ‘IGG 2010’ and ‘SM 5323’ cultivars. The nitrates content in fruits, assessed on three categories of 
length (6-9 cm, 9-12 cm and >12 cm), revealed a declining value with increase in the cucumber length. The study findings 
suggest that irrespective of the cultivar, the amount of nitrate was higher in shorter cucumbers (6-9 cm length) although all 
recorded values (between 192.7 and 364.3 mg kg-1 fresh matter) being under maximum accepted limit concentrations. The 
amount of phosphate was higher in medium to long cucumbers, while the amount of potassium was higher in shorter 
cucumbers. 
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Introduction 

Cucumber (Cucumis sativus L.) is the fourth most widely 
cultivated vegetable crop after tomato (Lycopersicon esculentum 
Mill.), cabbage (Brassica oleracea var. capitata L.) and onion 
(Allium cepa L.), (Shetty and Wehner, 2002; Shu et al., 2016). 
The soft and succulent pulp of cucumbers is used as either fresh 
(Shetty and Wehner, 2002), processed or cooked with other 
vegetables (Nwofia et al., 2015), while the immature 
cucumbers are used in pickles (Ahmed et al., 2004). Cucumber 
has a low caloric value (15 kcal 100 g-1) but it is a moderate 
source of vitamins (A, C, E, K and B complex) and a good 
source of minerals (K, Ca, P, Mg, Fe, Na and Zn) (USDA 
National Nutrient Database for Standard Reference, 2016). 

Due to its high content of water (95.23%) and good mineral 
balance, cucumber plays an important role in maintaining body 
hydration and as a natural diuretic (Jilani et al., 2009). 
Cucumbers may also protect against digestion disorders such as 
gastric hyperacidity and constipation (Rahman, 2008). 
Cucumber can be highly useful for both high and low blood 
pressure conditions due to its high content of potassium (147 
mg 100 g-1 fresh matter), (Ahmed et al., 2007). This discussion 
highlights the importance of considering potential variation in 
potassium and phosphorus content among different pickling 
cucumber cultivars. 

In Romania, the total land area cultivated with vegetables, 
including open field, greenhouses and high tunnels crops, was 
150.000 ha in 2014.  Total cucumbers production reached 
181,000 tons in the same year, representing approximately 5% 
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Considering the high demand for pickling cucumbers in 
Romania and the scarce availability of Romanian cultivars 
recommended for protected cultivation, the present study 
aimed to assess eight foreign cucumber cultivars with respect to 
their yielding capacity and quality under modern high tunnels 
crops. More specifically, the aim of this study was to correlate 
specific vegetative and yield traits with each other and with 
total yield in order to identify highly yielding cultivars and to 
determine the nitrate, phosphate and potassium contents of 
cucumber fruits as qualitative attributes. 

 

Materials and Methods  

Experimental design 
The experiment was conducted in 2015 in a high tunnel at 

the Vegetable Growing Department of Horticulture Faculty, 
University of Agricultural Sciences and Veterinary Medicine, 
Bucharest. Eight foreign pickling cucumber hybrids (i.e. ‘Cor 
12004’, ‘IGG 2010’, ‘IGG 2020’, ‘SM 5322’, ‘SM 5323’, ‘Zayin 
201’, ‘Zayin 175201’ and‘ Trilogy’) were cultivated on a 
chromic luvosol in short term crop system and assessed as 
morphological traits, yielding capacity and fruits quality. The 
experiment was implemented in a randomized complete block 
design with three replications, each consisting of 15 plants. 
Cucumber seedlings were produced in a nursery starting at the 
end of February, by sowing the seeds in pots of 10 cm diameter 
using a peat based mixture. Prior to the establishment of the 
experiment, the soil was fertilized with 20 tons ha-1 composted 
manure and prepared by tilling, weeds removing, laying out of 
drip irrigation system, and mulching with plastic sheet. 

The seedlings were planted on the 8th of April in rows at 80 
cm apart and at 50 cm between plants on a row, to result in a 
density of 2.5 plants m-2 and 25,000 plants ha-1, respectively. 
During the cropping season, 2 g per plant complex fertilizer 
11:11:21 (N:P:K) was applied as fertigation, followed during 
the intensive fructification period with a supplement of 0.6 g 
calcium nitrate for each plant. Other cultural practices such as 
gap filling, trellising cucumber vine with string, pinch out of 
side branches after 2 leaves, drip irrigation and protection 
against diseases and pests were carried out throughout the 
cropping season. Fruit harvesting started at the end of April 
and was done gradually once every two days, as the majority of
fruit reached approximately 3 cm in diameter, and continued 
until the beginning of July.  
 

Plant sampling and biometrical determinations 
Biometric measurements concerning plant growth (i.e. vine 

length, nodes per vine, branches per vine) and fructification (i.e. 
number of fruits on the main stem, average weight of fruit, 
fruits weight per plant, total yield) were performed during 
cropping season. Five randomly selected plants per plot were 
chosen in the beginning of cropping season to determine 
growth parameters. Measurements of growth parameters were 
recorded 7 weeks after planting. Cucumber vine length was 
measured by using of flexible tape rule while number of nodes 
per vine and number of branches per vine were determined by 
visual count. Among the yield component, number of fruits 
per main stem, average weight of fruit and fruits weight per 
plant were also determined for five sampled plants per plot by 
counting or weighting the fruits with an electronic scale, 
respectively. Total yield was the sum of all harvests during the 
vegetative period. 

of the EU production (INSSE, 2015). According to Scurtu et 
al. (2016), high protected cultivation area will expand from 
7,500 ha currently to 20,000 ha in 2020. To enhance the 
economic feasibility of growing pickling cucumber under high
tunnels necessitates the use of high yielding cultivars (Wehner, 
1989), improved diseases resistance (Peterson, 1975), and 
improvement of cultural practices (fertilization, irrigation etc) 
(Shetty and Wehner, 2002; Jilani et al., 2009).  The use of high
tunnels for vegetable crops continued to expand over the past 
five years (Lamont, 2009) due to the low start-up and 
operating costs, and the quick rate of return on investment. 
They are also more accessible than greenhouses to small 
farmers.  

The advantages of high tunnels include season extension 
(Lamont, 2005), greater and more predictable yield, improved 
cucumber quality, and protection from wind, insect and 
rainfall adversities (Wien and Pritts, 2009), potentially 
reducing foliar diseases (Orzolek et al., 2004). Câmpeanu et al. 
(2013) stated that the assortment of cucumbers has evolved 
over the past years due to increasing the number of gynoecious 
pickling cucumber cultivars which present parthenocarpic 
fruiting, while being very productive. Moreover, according to 
Scurtu et al. (2016), an important result of the Romanian 
vegetable research is the creation of tastefully vegetable 
cultivars, including cucumbers. Unfortunately, the spreading of 
cucumber cultivars in production ranges from 5% for cultivars 
recommended for protected cultivation to 90% for cultivars 
recommended for open field cultivation. Therefore, the use of 
imported cucumber cultivars for protected crops represents a 
viable solution. However, current literature indicates that 
cultivars’ production performance varies with the climatic 
conditions (Ahmed et al., 2004; Tuzel et al., 2005), place of 
cultivation (open field, high tunnels, greenhouses) (Sharma et 
al., 2000), growing season (Nwofia et al., 2015) and technical 
practices (Singh and Ram, 2012). It is important therefore to 
identify cucumbers cultivars best adapted to cultivation in our 
country. 

Being a natural component of vegetables, nitrate is 
considered one of the most important factors influencing 
vegetables quality (Tamme et al., 2010). In the human 
organism nitrates are degraded into nitrites which have higher 
toxicity compared to nitrates (Susin et al., 2006). As vegetables 
and fruit are rich in nitrate (Gorenjak and Cencic, 2013), a 
large proportion of the human dietary nitrate exposure (as 
much as 60-80% according to EFSA, 2008)) arises from the 
consumption of vegetables and fruit. Generally, vegetables 
consumed as roots, stems or leaves are considered to be more 
susceptible to nitrates accumulation, whereas those consumed 
as fruit are less susceptible to nitrates accumulation (Zhou et al., 
2000). Cucumbers are classified as low nitrates concentration 
(200-500 mg kg-1) (Santamaria, 2006; Lidder and Webb, 
2012). In a study performed by the Scientific Panel on 
Contaminants in the Food chain, requested by European 
Commission (EFSA, 2008), cucumber was found to contain 
the third lowest median concentration of nitrate (156 mg kg-1), 
after the legumes and bulb vegetables. However, the nitrates 
content in vegetables can vary within species and cultivars 
(Blom-Zandstra, 1989). Thus, selection of cucumber cultivars 
which accumulate less nitrates may significantly reduce the 
nitrates’ consumption by humans (Umar and Iqbal, 2007), 
adding value for vegetable products (Santamaria, 2006). 
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Fruit sampling and analysis 
Cucumber fruits were sorted on three levels of length (6-9 

cm, 9-12 cm and >12 cm) according to the commercial quality. 
Five fruit samples for each of the three quality levels were taken 
in the maximum fructification period in order to determine 
some quality parameters (nitrate, phosphorus and potassium 
contents of fruits). Cucumber fruits were washed and then 
grounded in order to obtain the analysis sample and afterward 
the clear filtrate.  

The assessment of nitrates concentration (NO3) was based 
on nitrites measurement levels, after reduction with cadmium 
powder, using the spectrophotometric method with Peter-
Griess reagent. The nitrites resulted after reduction react in an 
acidic medium with sulfanilic acid to form an intermediate 
diazonium salt, which coupled with alfa-naphthylamine leads 
to a purple colored azo compound, with maximum absorption 
at λ=520 nm. Simultaneously two determinations were 
conducted, one for total nitrites (obtained after nitrate 
reduction to nitrite) and one for nitrites. The difference 
between the two results was used as a measure of the nitrates 
content.  

The phosphorus and potassium were determined through 
extraction with acetic acid 2% in an extraction ratio of 1:20. A 
sample of 5 g fruit was grinded with quartz sand and animal 
charcoal, followed by addition of 100 ml acetic acid 2% and 
filtration through a qualitative filter in an Erlenmeyer glass. For 
phosphorus determination at 0.5 ml extract 8.5 ml of distilled 
water, 1 ml Duval reagent and 1 ml ascorbic acid 1% was 
added, followed by boiling in water bath and determination 
with Spekol spectrophotometer at λ=720nm. The obtained 
values were compared with a standard scale. Potassium content 
was determined directly through flame photometric method, 
and the results were compared with a standard scale. The 
agrochemical methods of analyses, used for quality parameters 
determination, are in accordance with the methods agreed by 
National Institute for Agrochemistry, Pedology and 
Environmental Pollution, Bucharest, Romania. 

 
Statistical analysis 
The obtained results for vegetative traits, yield attributes, 

total yield and cucumber fruits quality parameters were 
statistically analyzed by using Duncan’s multiple range test, 
while correlation coefficient analysis was performed in order to 
evaluate the relation between vegetative traits and yield 
attributes. 

 

Results and Discussion 

Vegetative traits  
Statistical analysis of the means for the measured 

parameters showed that there were significant differences in 
vegetative traits and yield attributes among the studied 
cultivars. 

The vegetative traits of the five pickling cucumber cultivars 
which were assessed in this study are presented in Table 1. The 
vine length varied from 186.0 cm to 220.6 cm, the highest value 
of this trait being recorded for ‘SM 5323’ and the lowest for 
‘Cor 12004’. Cucumber vine length varied significantly 
(P<0.05) among assessed cultivars only for ‘SM 5323’, ‘Trilogy’ 
and ‘Cor 12004’. The vigorous vegetative growth of all cultivars 
might be determined by enhanced daily split application of 
fertilizers during all vegetative period, observation which is in 

line with that reported by Bindiya et al. (2012). The number of 
nodes per vine ranged from 28.8 to 33.5 but the differences 
among cultivars were not statistically significant (P>0.05). The 
number of branches per vine within vegetative traits ranged 
from 2.2 for ‘Trilogy’ to 9.6 for ‘SM 5323’, suggesting 
significant differences (P<0.05) among all studied cultivars.  

 
Yield and yield components 
The evolution of total yield and yield attributes of the five 

studied pickling cucumber cultivars are presented in Table 2. 
The number of fruits per main stem ranged from 22.7 for ‘Cor 
12004’ to 42.0 for ‘SM 5322’. ‘SM 5322’ yielded the highest 
number of fruits per main stem but was closely followed by 
‘IGG 2010’, the difference between the two cultivars being not 
statistically significant.  

The average weight of fruit was comprised between 57.1 g 
for ‘Cor 12004’ and 69.5 g for ‘SM 5322’, revealing a significant 
(P<0.05) variation among cultivars, with the exception of ‘Cor 
12004’ and ‘IGG 2020’. The fruits weight per plant ranged 
from 1.84 kg to 4.01 kg, being the highest for ‘SM 5322’ and 
the lowest for ‘Cor 12004’.  

It is evident from the data presented in Table 1 and 2 that 
cultivar ‘SM 5322’ revealed significantly different vegetative 
and yield traits such as number of branches per vine, fruits per 
main stem, average weight of fruit, fruits weight per plant as 
compared with all the other tested cultivars. ‘SM 5322’ reached 
the highest total yield (101.17 t ha-1) followed by ‘IGG 2010’ 
and ‘SM 5323’, while the lowest total yield (48.07 tha-1) was 
obtained by ‘Cor 12004’ cultivar. These differences were not 
statistically significant, however. The higher yield of ‘SM 5322’ 
could be attributed to a higher number of fruits and a higher 
average weight of fruit compared to the other cultivars, findings 
which are in agreement with Hochmuth et al. (2004) that 
reported that different cultivars of cucumbers resulted in 
different yields. The difference in vegetative and yield traits 
among cultivars may be due to their genetic composition 
and/or to their ability to perform well in a new environment, 
(Eifediyi and Remison, 2009; Ene et al., 2016). 

 
Correlations of vegetative traits and yield attributes 
In order to identify highly yielding pickling cucumber 

cultivars, correlations among vegetative traits, yield 
components and total yield were performed since they are 
considered important in indirect selection of genotypes for 
yield improvement (Machikowa and Laosuwan, 2011).  

Table 1. Vegetative traits of five pickling cucumber cultivars in high 
tunnel crop 

Cultivar 
Vine  length  

(cm) 
Nodes  

per vine (no) 
Branches  

per vine (no) 

‘Cor 12004’ 186.0 d 28.8 a 3.0 g 

‘IGG 2010’ 203.8 bc 30.9 a 8.9 b 

‘IGG 2020’ 202.8 bc 29.5 a 4.8 f 

‘SM 5322’ 211.5 ab 32.0 a 8.1 c 

‘SM 5323’ 220.6 a 32.8 a 9.6 a 

‘Zayin 201’ 202.6 bc 30.8 a 6.5 d 

‘Zayin 175201’ 206.8 bc 32.1 a 5.7 e 

‘Trilogy’ 197.8 c 33.5 a 2.2 h 

Note: values followed by the same letters not significantly different at P≤0.05, 
according to Duncan’s test 
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The results of the correlation coefficients (r) among studied 
traits of the five pickling cucumber cultivars assessed in this 
study are presented in Table 3. The vine length was positively 
and distinct significantly correlated with number of branches 
per vine (r=0.804) and positively significant correlated with 
average weight of fruit (r=0.721), fruit weight per plant 
(r=0.740) and total yield (r=0.754). Similar results were 
obtained by Ene et al. (2016) which attributed the superior 
performance in total yield of some cucumber cultivars to their 
longer vines and higher number of branches. In this study the 
number of branches per plant revealed also a very significant
positive correlation with average weight of fruit, fruits weight 
per plant and total yield, results which are in agreement with 
those obtained by Cramer and Wehner (2000). 

The data presented in Table 3 emphasize that the total 
yield per hectare was positively correlated with all yield 
components, namely fruits per main stem, average weight of 
fruit and fruits weight per plant. Moreover, the specialty 
literature recommends selecting for yield component (Uguru, 
1995) in the selection of genotypes instead of the total yield, 
which is considered a complex quantitative trait, considerably 
affected by environment (Cetin et al., 2009). Thus, besides the 
cultivar which reached the highest yield in this study, good 
choices can be the cultivars which exhibited a big number of 
fruits per main stem, high average weight of fruit and high fruits 
weight per plant. 

 
Cucumber fruits quality 
Pickling cucumbers are widely consumed as fresh or 

processed products, thus assessment of nitrates content, as an 
important indicator of their quality, should be taken into 
consideration due to their potential impact on people health 
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(Susin et al., 2006). Various studies have reported the nitrates 
content of cucumbers resulted from field crops (Mahmoud et 
al., 2009), protected crops (Ruiz and Romero, 2002; Tamme et 
al., 2010), different growing seasons (Tamme et al., 2010), 
different time of harvest (Amr and Hadidi, 2001) and 
domestic or import supply (Tamme et al., 2010). 

Considering the great importance of pickling cucumbers 
for internal supply and as export commodity, both for fresh 
consumption and processing industry, it was considered 
necessary to assess the nitrates content depending on fruit size, 
such as they are classified according to commercial quality (6-9 
cm, 9-12 cm and >12 cm) and according to recommendation 
for use – consumption or processing, respectively.  

Maximum limit concentrations for nitrates of leafy 
vegetable (lettuce, spinach and rocket) grown in open air or in 
protected crop and depending on harvesting time, were 
established by the EU by Commission Regulation (EU) No 
1258/2011. However, concentration limits for other highly 
accumulating nitrate vegetables (celery, Chinese cabbage, red 
beetroot, parsley etc.) or for widely cultivated vegetables 
(tomato, onion, cabbage, cucumbers etc.) were not developed. 
Nevertheless, the nitrate maximum accepted limits in 
cucumbers have been standardized by W.H.O as 700 mg kg-1

fresh product, according to Mahmoud et al. (2009).  
 The nitrates content of cucumber fruits of the cultivars 

evaluated in the experiment ranged from 192.7 mg kg-1 for ‘SM 
5323’ and fruits over 12 cm length to 364.3 mg kg-1 for the 
same cultivar and fruits with 6-9 cm length (Table 4). The 
results are in agreement with published data related to nitrates 
content of Estonian cucumbers compared with imported 
products, with mean values of 335 mg kg-1 and 240 mg kg-1, 
respectively (Tamme et al., 2010).  

The nitrates content revealed a statistical significant 
(P<0.05) decrease as the fruit length increased, the highest
values being obtained for fruits with 6-9 cm length, irrespective 
of the cultivar. Comparable results were obtained by Beis et al. 
(2002) which reported higher nitrate content in younger leaves 
than in older leaves in spinach. The mean nitrates content by
cultivar in this study, irrespective of the fruit length, ranged 
between 219.8 mg kg-1 for ‘Cor 12004’ and 283.6 mg kg-1 for 
‘SM 5323’. The variation of nitrate content among cultivars 
was statistically significant (P<0.05). In an experiment with 
kale Korus and Lisiewska (2009) found that the compared 
cultivars differed significantly in their nitrates’ content. 
However, Amr and Hadidi (2001) in an experiment with two 
cultivars each of squash, cucumber, and tomatoes grown in 
polypropylene-covered greenhouses found that cultivar had a 
significant effect only on the nitrates content of tomatoes and 
squash. Conversely, Behr and Wiebe (1992) stated that the 
nitrates content of butter head lettuce (highly susceptible to 

Table 3. Correlation coefficients between vegetative and yield traits of five pickling cucumber cultivars in high tunnel crop 

Traits 
Vine  

length 
Nodes 

per vine 
Branches   
per vine 

Fruits per  
main stem 

Average weight 
of fruit 

Fruits weight  
per plant 

Total  
yield 

Vine length - 0.590 0.804** 0.571 0.721* 0.740* 0.754* 

Nodes per vine - - 0.215 0.716* 0.213 0,429 0.426 

Branches per vine - - - 0.517 0.938*** 0,886*** 0.907*** 

Fruits per main stem - - - - 0.547 0,796** 0.785** 

Average weight of fruit - - - - - 0.941*** 0.942*** 

Fruits weight per plant       0.998*** 
* = significant at 5%; ** = significant at 1%; *** = significant at 0.1% 
 

Table 2. Yield and yield attributes of five pickling cucumber cultivars in 

high tunnel crop  

Cultivar 
Fruits per 
main stem 

(no) 

Average weight 
of fruit  

(g) 

Fruit weight 
per plant  

(kg) 

Total  
yield 

(t ha-1) 

‘Cor 12004’ 22.7 f 57.1 f 1.84 e 48.07 d 

‘IGG 2010’ 40.9 a 66.1 c 3.70 b 97.30 a 

‘IGG 2020’ 28.9 e 56.7 f 2.11 d 55.57 cd 

‘SM 5322’ 42.0 a 69.5 a 4.01 a 101.17 a 

‘SM 5323’ 35.0 c 68.0 b 3.54 b 93.27 a 

‘Zayin 201’ 32.0 d 61.0 d 2.65 c 69.13 b 

‘Zayin 175201’ 33.3 cd 59.3 e 2.54 c 67.20 bc 

‘Trilogy’ 38.4 b 53.5 g 2.26 d 58.30 bcd 

Note: values followed by the same letters not significantly different at P≤0.05, 
according to Duncan’s test 
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nitrates accumulation) depends on the highly different nitrates 
uptake of the cultivar. Moreover, Umar and Iqbal (2007) 
recommend the selection of vegetable cultivars that accumulate 
less nitrates or the breeding of cultivars which do not 
accumulate nitrates, even under heavy nitrogen fertilization, in 
order to reduce nitrates consumption by humans through 
vegetables. 

Phosphorus has important roles in photosynthesis, 
respiration, energy storage and transfer, cell division, cell 
enlargement and several other processes in the plant (Tirasoglu 
et al., 2005). Adequate phosphate is essential for plant growth 
and it is also vital for early root formation.  

The phosphate content of fruits in this study ranged from 
179.8 mg kg-1 for ‘Zayin 175201’ and fruits over 12 cm length 
to 312.2 mg kg-1 for ‘IGG 2020’ and fruits with 6-9 cm length 
(Table 5). These results are in agreement with those of Ward 
and Miller (1970) who reported that P and K were present in 
small cucumber fruits in relatively high proportion, while 
values declined rapidly to constant levels as the fruits size 
increased. However, if the phosphate content of fruits for each 
cultivar is analyzed, only for ‘IGG 2020’ and ‘Zayin 175201’ 
the phosphate content decreased as the fruit length increased. 
Conversely for ‘Cor 12004’, ‘IGG 2010’ and ‘Zayin 201’ the 
phosphate content increased as the fruit length increased while 
for ‘SM 5322’, ‘SM 5323’ and ‘Trilogy’ the phosphate content 
of fruits was higher in medium sized fruits.    

Potassium has a significant role in the synthesis of amino 
acids and proteins (Malik and Srivastava, 1982) and a key role 
in stomata’ functioning thus helping plant to use water more 
efficiently by promoting turgidity to maintain internal pressure 
(Tirasoglu et al., 2005). 

The potassium content of cucumber fruits (Table 6) 
ranged from 5210 mg kg-1 for ‘SM 5322’ and fruits with 9-12 
cm length to 6700 mg kg-1 for ‘IGG 2020’ and fruits with 6-9 
cm length. Five of the studied cultivars (i.e. ‘IGG 2010’, ‘IGG 
2020’, ‘Zayin 201’, ‘Zayin 175201’ and ‘Trilogy’) revealed high 
potassium content in fruits with 6-9 cm length, two of them 
(i.e. ‘SM 5322’ and ‘SM 5323’) in fruits over 12 cm length 
while one of them (‘Cor 12004’) in fruits with 9-12 cm length. 
The evolution of potassium content of cucumber fruits 
according fruit size was in agreement with Ward and Miller 
(1970) but the obtained values were considerably higher than 
those reported by Gajc-Wolska et al. (2008).  

Conclusions 

Three of the studied pickling cucumber cultivars revealed 
high yields (‘SM 5322’, ‘SM 5323’ and ‘IGG 2010’). These 
yields were not significantly different among them but were 
significantly different from the yield of all the other tested 
cultivars. The same cultivars revealed the best values for yield 
attributes (fruits per main stem, average weight of fruit and 
fruits weight per plant). These findings suggest that these three 
cultivars can be good recommendations for the Romanian high 
tunnel protected crops. Considering the high amount of 
nitrates observed with the small sized fruits (6-9 cm) and the 
high demand of the canning industry for this cucumber size 
category, the sampling and testing of cucumber large batches 
before processing is a major concern. The high amounts of 
phosphorus and potassium revealed in cucumber offers them 
firmness, long shelf life and carriage resistance. 
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‘Cor 12004’ 195.7 ef 202.3 ef 205.3 e 201.1 D 

‘IGG 2010’ 256.7 cd 264.03 cd 296.3 ab 272.3 B 

‘IGG 2020’ 312.2 a 303.0 a 278.2 bc 297.8 A 

‘SM 5322’ 250.4 d 262.3 cd 208.3 e 240.3 C 

‘SM 5323’ 185.2 ef 201.3 ef 198.7 ef 195.1 D 

‘Zayin 201’ 193.7 ef 198.5 ef 202.5 ef 198.2 D 

‘Zayin 175201’ 204.5 e 200.3 ef 179.8 f 194.9 D 

‘Trilogy’ 200.4 ef 202.3 ef 195.7 ef 199.5 D 

Fruit length average 224.9 X 229.3 XY 220.6 Y  
Note: values followed by the same letters not significantly different at P≤0.05, 
according to Duncan’s test 

 

Table 6. The potassium (K) content of pickling cucumbers depending 

on fruit size (mg kg-1) 

Cultivar 
Fruit length (cm) Mean per 

cultivar 6-9 9-12 >12 

‘Cor 12004’ 5520 h 5920 f 5520 h 5653.3 D 

‘IGG 2010’ 5510 h 5420 hi 5310 ijk 5413.3 F 

‘IGG 2020’ 6700 a 6620 ab 6510 bc 6610.0 A 

‘SM 5322’ 5510 h 5210 k 6020 ef 5580.0 E 

‘SM 5323’ 5720 g 5340 ij 6010 ef 5690.0 D 

‘Zayin 201’ 6500 c 6230 d 6050 e 6260.0 B 

‘Zayin 175201’ 6020 ef 5700 g 5800 g 5840.0 C 

‘Trilogy’ 5700 g 5250 jk 5375 i 5441.7 F 

Fruit length average 5897.5 X 5711.3 Z 5824.4 Y  

Note: values followed by the same letters not significantly different at P≤0.05, 
according to Duncan’s test 
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Abstract 

The increased interest in organic tomatoes production demands breeders to develop new cultivars, which besides suitability 
in low-input production system and marketable quality, have to exhibit high nutritional value, including health-promoting 
compounds. In this respect, this paper aimed to assess and compare the nutritional value of four Romanian tomato cultivars, 
two with determinate growth (‘Argeș 11’ and ‘Argeș 123’) and two with indeterminate growth (‘Costate 21’ and ‘Ștefănești 
22’), created and recommended for organic production in open field and protected cultivation. The tomato cultivars were laid 
out in a high plastic tunnel crop and the tomato fruits were evaluated as chemical composition, being determined the following 
parameters: moisture, ash, soluble solids, pH, acidity and content in some antioxidant compounds, such as vitamin C, 
polyphenols, flavonoids, anthocyanins, lycopene and β-carotene. Considering some chemical parameters important in 
revealing tomato flavor, such as soluble solids, pH and acidity, ‘Ștefănești 22’ cultivar showed the best ratio among them. The 
differences in antioxidant composition among cultivars were not statistically significant (P>0.05) for most of the analyzed 
parameters, with the exception of lycopene content which showed significant variation. Thus, ‘Costate 21’ showed the highest 
amount of lycopene within indeterminate cultivars (17.49 mg 100 g-1 FW), while ‘Argeș 11’ showed the highest amount of 
lycopene within determinate cultivars (13.92 mg 100 g-1 FW). According to the nutritional value of cultivars assessed in this 
study, ‘Costate 21’ is the best recommendation for greenhouse cultivation while ‘Argeș 11’ is the best recommendation for 
open field cultivation. 

 

Keywords: anthocyanins, β-carotene, flavonoids, lycopene, organic farming, tomatoes, vitamin C 
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Introduction 

Vegetables are complex source of organic compounds, 
minerals, vitamins, phytoncides and antimicrobial substances 
important to the human body. Their high nutritional value but 
low energy contribution and the variety of biological 
phytonutrients recommends them as important part of a 
balanced diet (Butnariu and Butu, 2015; Duma, 2015).  

Vegetables quality is a complex issue but the standards of
quality, established globally by the Codex Alimentarius of the 
Food and Agriculture Organization (FAO) and the World 
Health Organization (WHO), refers only to features 

concerning market value of vegetables. Although maximum 
limit concentrations for nitrates and pesticides are included, 
important internal quality traits of vegetable products such as 
texture, flavor and health-related compounds are not 
considered (Rouphael et al., 2012). However, in the last years 
consumers demand determined breeders to breed and farmers
to select cultivars which besides high productivity and market 
requested quality (i.e. size, shape, colour, freshness, absence of 
defects etc.) have to fulfill requirements for a good taste, high 
minerals content and bioactive compounds (i.e. vitamins, 
health-promoting compounds), thus cultivars with a high 
nutritional value. 
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More than 95% of cultivars used in organic vegetable 
production are bred for the conventional high-input system, 
thus lacking important traits required under organic low-input 
sector (Murphy et al., 2007; Lammerts et al., 2011). 
Considering the scarce availability of Romanian vegetable 
cultivars, including tomato, researchers plan to increase in the 
next five years the vegetable assortment by regeneration of local 
varieties, creation of new hybrids recommended for protected 
cultivation and creating varieties for traditional culture and 
organic production (Scurtu et al., 2016)). In this respect at 
I.N.C.D.B.H. Stefănești, Argeș, four tomato cultivars (‘Argeș 
11’, ‘Argeș 123’, ‘Costate 21’ and ‘Ștefănești 22’) recommended 
for organic farming were obtained and grown in a high plastic 
tunnel, in 2014, in order to be evaluated as yielding potential, 
diseases tolerance and behaviour at low fertilization inputs. 
Considering that nutritive value represents a useful approach in 
selection of cultivars with better health-promoting properties, 
this work aimed to evaluate the chemical composition of the 
tomato fruits from these cultivars, being determined the 
following parameters: moisture, ash, soluble solids, pH, acidity 
and content in some antioxidant compounds, such as vitamin 
C, polyphenols, flavonoids, anthocyanins, lycopene and β-
carotene."  

 

Materials and Methods  

Plant material  
Four tomato cultivars, two with determinate growth

(‘Argeș 11’ and ‘Argeș 123’) and two with indetermined 
growth (‘Costate 21’ and ‘Ștefănești 22’), were grown in 2014 
under organic and low-input production conditions in a high 
plastic tunnel at I.N.C.D.B.H. Ștefănești, Argeș. One kg of 
healthy fruits, free of defects, uniform in size and harvested at 
red ripe stage for each cultivar, randomly selected, were 
collected for analysis.  

Tomato fruits were washed and wiped with a paper towel, 
then cut into slices and transformed into a homogeneous mash 
with a vertical mixer. The samples were stored at -4 °C until to 
perform all analyses.  
 

Chemical substances 
Polyphenols (gallic acid), flavonoids (catechins) and Folin-

Ciocalteu standards were purchased from Redox Bucharest -
Sigma Aldrich, Dako, Epp. Romania. Methanol, ethanol, 
acetone, hexane, sodium hydroxide, sodium carbonate, sodium 
nitrite, hydrochloric acid, potassium iodide, starch, potassium 
iodate and aluminum chloride were purchased from Merck 
Romania SRL. 

 
Chemical analysis and equipment 
The moisture (water content) was determined 

gravimetrically by drying 1 g tomato in an oven at 105-110 °C 
for 2 hours (AOAC, 1999) and expressed as g 100 g-1 FW. The 
ash content was determined by calcination of residue (resulted 
after extraction of water content) for 4 hours at 550 °C 
(AOAC, 1999) and expressed as g 100 g-1 DW. Soluble solids 
were determined using a Kruss DR201-95 refractometer and 
the results were reported as ºBrix at 20 °C (AOAC, 1999). pH 
was measured by the squeezing of tomatoes, using a multimeter 
C-561, after calibration of the apparatus with solutions of pH 7 
and 4, respectively (AOAC, 1999).  

Tomato (Lycopersicon esculentum L.) is the most widely 
cultivated and the second worldwide consumed vegetable 
(FAOSTAT, 2013). It is consumed fresh, cooked or after 
processing in a wide range of products (canned tomato, tomato 
juice, ketchup, pasta, sauces and soups). Tomato has a high 
content of water (94.52%) and a low caloric value (18 kcal 100 
g-1) but it is a good source of vitamins (A, C, K, E and B 
complex) and minerals (K, P, Mg, Ca, Fe, Na and Zn) (USDA 
National Nutrient Database for Standard Reference, 2016). 
More specifically, tomato is the third source of vitamin C in 
our diet and the fourth for vitamin A (due to its content in β-
carotene and to the large amount consumed) while potassium, 
phosphorus, magnesium and iron, among the minerals, are 
implied in the normal activity of muscles and nerves (Bhowmik 
et al., 2012).  

Tomato is an important source of antioxidants such as 
polyphenols, ascorbic acid, tocopherols, β-carotene and 
lycopene which are not compulsory in diet but, when present 
in sufficient level, prevent chronic diseases through the 
inhibition of the harmful effects of free radicals (Mostapha et 
al., 2014). Tomato can provide an important proportion 
(85%) of antioxidants in the human diet through carotenoids 
and phenolic compounds (Aoun et al., 2013; Liu, 2013). The 
most important natural antioxidant present in tomato is 
lycopene (Brandt et al., 2006) which represents 90% of the 
total carotenoids and which is responsible for the deep red 
colour of ripe tomatoes and their derived products (Ibitoye  et 
al., 2009; Ilahy et al., 2015). The dietary intake of lycopen has 
been reported to be associated with decreased risk of cancer and 
cardiovascular diseases (Soares et al., 2014). The lycopene from 
tomato is a highly available source since, in contrast with other 
phytonutrients, does not decrease by tomatoes processing, but 
rather significantly increases. Moreover, there are studies which 
report that the bioavailability of lycopene in heat-processed 
tomato products is higher than in fresh tomatoes (Abushita et 
al., 2000; Bhowmik et al., 2012).  

The world total land area cultivated with tomato in 2013 
(FAOSTAT) reached 4.7 million ha. Considering the total 
land area cultivated with tomatoes in 2015 in Europe (De 
Cicco, 2016), Romania, with 24,300 ha, occupies the third 
place after Italy (107,200 ha) and Spain (58,200 ha), even if 
followed them at high distance, but it is situated before 
Portugal (18,700 ha), Greece (17,200 ha) and Poland (13,800). 
Unfortunately the situation is not the same when referring to 
the production quantity, where the leading countries are Italy 
(6.410 Mt) and Spain (4.839 Mt) followed by Portugal (1.407 
Mt) and Greece (1.086 Mt).  

Romania with 464,500 tons was surpassed even by 
Netherlands, which harvest 890,000 tons from only 1,800 ha. 
This is due, on the one hand, to the small average area assigned 
for growing vegetables in Romania (0.3 ha), which is under the 
EU average (1.7 ha) and means vegetable farms with less than 1 
ha. On the other hand, the outdated technologies and 
production methods besides the lack of highly yielding cultivars 
well adapted to cultivation in our country should be 
considered. A good solution for small vegetable farms in 
Romania could be the organic production since it does not 
imply high technological investments (Saracin, 2016). 
Moreover, organic vegetables production under protected 
cultivation (greenhouse, high tunnels) has potential for out-of 
season market supply (Tuzel et al., 2001).  
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The acidity was determined by titration of the tomato 
samples with a solution of NaOH 0.1 M (AOAC, 1999), 
using the bromothymol blue (as indicator) and the results were 
expressed in g L-1 citric acid.  

Vitamin C was determined by iodometric method
(AOAC, 1999). In a volumetric flask, over 5 g of tomato puree 
was added solution of hydrochloric acid 2% up to a final 
volume of 100 mL. After 15 minutes of extraction, the mixture 
was filtered and 5 mL filtrate was put in an Erlenmeyer flask of 
100 mL, followed by adding 5 mL of distilled water, 3 mL 
solution of potassium iodide 1% and 2 mL of starch 1%. The 
obtained sample was titrated with a solution of potassium 
iodate 0.0017 M, freshly prepared. The content of vitamin C, 
expressed in mg 100 g-1 FW, was determined based on the 
volume of potassium iodate used for the titration, according to 
the mass of tomato from each sample. The blank sample was 
prepared under the same conditions as tomato samples.  

Quantitative determination of polyphenols was performed 
by spectrophotometric method using a UV-Vis spectro-
photometer PerkinElmer Lambda25. The methodology 
proposed by Singleton and Rossi (1965) was respected. The 
principle of method is based on forming a blue colored 
compound between phosphotungstic acid and polyphenols, in 
an alkaline medium. For analysis, a methanolic extract of 
tomato with concentration 1 mg/mL was used. The 
concentration of polyphenols was calculated using the 
calibration curve, performed under the same conditions as the 
sample, using the absorbance values at the maximum 
absorption, located at 750 nm. To obtain the calibration curve, 
a stock solution of gallic acid with concentration of 100 mg/L 
was used. 0.5 mL of the methanol extract of tomato was added 
to a 10 mL flask containing 5 mL of distilled water and 0.5 mL 
of Folin-Ciocalteu reagent. After 5 minutes of rest, 2 mL 
solution of sodium carbonate 10% was added, then diluted 
with distilled water up to the final volume of 10 mL. After 2 
hours of rest, absorbance of the samples was measured and the 
concentration of polyphenols was estimated. The content of 
polyphenols was expressed as mg gallic acid equivalent (GAE) 
100 g-1 FW. 

Quantification of flavonoids was performed by spectro-
photometric method using a UV-Vis spectrophotometer 
PerkinElmer Lambda25. The methodology proposed by 
Zhishen et al. (1999) was respected. The principle of method is 
based on the formation of a yellow-orange-colored compound 
by the reaction of flavonoids and aluminum chloride. For 
analysis, a methanolic extract of tomato with concentration of 
1 mg/mL was used. The concentration of the flavonoid has 
been calculated using the calibration curve, performed under 
the same conditions as the sample solutions, using the 
absorbance values of the maximum absorption, located at 510 
nm. To obtain the calibration curve, a stock solution of 
catechin with concentration of 100 mg/L was made. 1 mL of 
methanolic extract of tomato was added to a 10 mL volumetric 
flask containing 4 mL of distilled water and 0.3 mL of sodium 
nitrite 5%. After 5 minutes of rest, in the volumetric flask was 
added 0.3 mL of aluminum chloride 10%. After 5 minutes, 2 
mL solution of sodium hydroxide 1M was added and was 
diluted with distilled water up to the final volume of 10 mL. 
The solution absorbance was measured at 510 nm. Flavonoid 
concentration was estimated using the calibration curve of 
catechins and, finally, the content of flavonoids was expressed 
as mg catechin equivalent (CE) 100 g-1 FW. 

Quantitative determination of anthocyanins was 
performed by spectrophotometric method using a UV-Vis 
spectrophotometer PerkinElmer Lambda25. The 
methodology proposed by Distefano and Cravero (1989) was 
used. Anthocyanins extraction was performed with dilute 
hydrochloric acid 1%, at 70 �. The clear supernatant was 
cooled and passed to a 1000 mL volumetric flask. Other 3-5 
extractions were made up to the complete decolorizing of the 
tomato fragments and the supernatant was collected each time 
in the volumetric flask. Quantitative determination of 
anthocyanins was accomplished by measuring the optical 
density of the supernatant sample at 520 nm and the result was 
expressed as cyanidin-3-O-glucoside equivalent mg 100g-1 FW. 

Quantitative determination of carotenoids (lycopene and 
β-carotene) was performed with a UV-Vis spectrophotometer 
PerkinElmer Lambda25, based on the methodology proposed 
by Zechmeister and Polgar (1943).  

For extraction of the two compounds, 1 g of tomato puree 
was used, which was added over 25 mL mixture of solvents 
(hexane: ethanol: acetone in 2:1:1 volume ratio). The mixture 
was stirred for 30 minutes at 1500 rpm and then was added 10 
mL of distilled water and stirring was continued for another 10 
minutes. After 15 minutes of rest, the phases were separated. 
The concentration of carotenoids, expressed as mg 100 g-1 FW, 
was calculated using molar extinction coefficients of 184900 
M-1cm-1 at 470 nm and 172000 M-1cm-1 at 503 nm for 
lycopene (Rubio-Diaz et al., 2011; DeRitter and Purcell, 1981), 
while 108427 M-1cm-1 at 470 nm and 24686 M-1cm-1 at 503 
nm for β-carotene in hexane, respectively (Zechmeister and 
Polgar, 1943). 

 
Statistical analyses 
The reported results represent means of triplicates for all 

chemical parameters. The data were processed by analysis of 
variance (ANOVA) and the mean values for all determined 
parameters were separated with Duncan’s multiple range tests 
at 5% level of probability. 

 

Results and Discussion 

Some chemical parameters of the analyzed cultivars, such as 
moisture, ash, soluble solids, pH and acidity are presented in 
Table 1. 

The water content of ripe tomato fruits is high (around 
94%) offering them freshness and crisp texture at harvest time, 
having important hydration effect on human body. The water 
content of the four cultivars assessed in this study ranged from
93.22% for ‘Ștefănești 22’ to 95.14% for ‘Costate 21’, results 
which are in agreement with those reported by Hernandez 
Suarez et al. (2008) and Gupta et al. (2011). However, no 
significant differences among cultivars were observed (P>0.05). 

The ash content in tomato fruits ranged from 6.5% for 
‘Ștefănești 22’ to 9.5% for ‘Costate 21’. Higher ash contents 
were revealed in ‘Costate 21’ from indeterminate cultivars and 
in ‘Argeș 123’ from determinate cultivars, both with significant 
differences (P<0.05) as compared with the other two studied 
cultivars. These results are close to those reported by Gupta et 
al. (2011) in two tomato cultivars grown in North-Western 
India (7.21% and 7.24%, respectively) and by Pinela et al.
(2012) in four tomato cultivars grown in North-Eastern 
Portugal (values between 5.4% and 7.4%).  
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Soluble solids (SS) is one of the most important quality 
factor for most fruits and represents a great part (75%) of the 
total solids (TS) content in tomatoes, being an indicator of 
sweetness, since reducing sugars (glucose and fructose) are the 
main soluble components of tomatoes (Malundo et al., 1995). 
Organic acids, lipids, minerals and pigments are the remaining 
soluble solids besides a very small quantity of sucrose. The total 
solids of tomatoes consist also of insoluble solids (ISS) (25%) 
which include proteins, cellulose, hemicellulose, pectins and 
polysaccharides, which determine fruit juice (Aoun et al., 
2013). Salunkhe et al. (1974) and Moneruzzaman et al. (2008) 
reported the increase of soluble solids content with the 
tomatoes ripening and maturation, because of the 
polysaccharide biosynthesis or degradation. The amount of 
soluble solids of the four studied cultivars ranged from 3.4 °Brix 
for ‘Argeș 11’ to 4.8 °Brix for ‘Ștefănești 22’, being comparable 
with the results obtained by Aoun et al. (2013) and Duma 
(2015), who reported in different tomato cultivars values 
between 2.02 and 4.57 °Brix and between 4.6 and 6.3 °Brix, 
respectively. When comparing the soluble solids content
among the assessed cultivars, only small variation can be 
observed, the highest and statistical significant difference being 
obtained in ‘Ștefănești 22’.   

pH and acidity are important parameters for assessing 
tomatoes’ quality. The pH for the analyzed cultivars ranged 
from 3.88 to 4.16, the obtained values being very close and 
included in the optimum pH range (3.7-4.5), reported by 
Sulieman et al. (2011). The same author specifies that the 
optimum pH range is considered to be a limiting factor for the 
preservation and storage of tomatoes in the form of tomato 
pasta, while Foolad (2007) states also that lower pH (<4) 
reduces the risk of pathogen growth in tomato products. The 
evolution of pH during storage of fruits for two weeks under 
ambient conditions was also considered in this study, and the 
results are showed in Fig. 1. One week after harvest, pH values 
for all cultivars were included in the optimum pH range but 
two weeks after harvest, pH values exceeded the upper limit. 
The increased pH values are due probably to tomatoes' altering 
at two weeks after harvest. These results show that tomatoes 
should be consumed fresh, within two weeks from harvest. 
Statistical significant differences in pH only for ‘Argeș 123’ and 
in acidity only for ‘Stefănești 22’, as compared with all the other 
tested cultivars, were recorded.  

The acidity level in tomatoes is associated with the sensory 
attributes, such as flavor and astringency. Citric acid is the most 
abundant acid from tomatoes and contributes most to acidity 
(Aoun et al., 2013). Acidity values for the four tomato cultivars 
ranged from 4.73 g L-1 for ‘Argeș 123’ to 5.87 g L-1 for 
‘Stefănești 22’. These results are in agreement with those of 
Aoun et al. (2013) who reported values of titratable acidity 
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ranging between 2.9 and 7.9 g L-1 in an experiment with 
traditional varieties of tomato grown in Tunisia. If considered 
that titratable acidity has no significant effect on tomato flavor 
unless pH is low, as stated by the same author, it seems that 
‘Stefănești 22’ is the most flavored cultivar because it has the 
highest content of SS, the lowest pH and the highest acidity.  

Tomatoes have antioxidant features due to the presence of 
some bioactive compounds, such as vitamin C, polyphenols, 
flavonoids, anthocyanins and carotenoids (Cernîşev and 
Şleagun, 2007), which are considered indicators of health, thus 
operating as biomarkers of food quality. Since the level of 
bioactive compounds can vary with genotype (Slimestad and 
Verheul, 2009) it was considered necessary to study the 
antioxidant compounds content in the tomato fruits of the 
tested cultivars in order to determine their health benefit 
attributes.  

Vitamin C is a major natural antioxidant in tomatoes, 
which react with oxygen, thus removing it in a closed system. In 
the analyzed cultivars, the vitamin C content ranged from 
22.61 mg 100 g-1 FW in ‘Argeș 11’ to 32.21 mg 100 g-1 FW in 
‘Costate 21’ (Table 2). The result is in line with that reported 
by Ilahy et al. (2016) who revealed a vitamin C content ranging 
from 22.18 to 27.16 mg 100 g-1 FW. No significant variation in 
vitamin C content among cultivars was revealed, with the 
exception of ‘Costate 21’ which for the result is comparable 
with open field grown tomatoes, even if the tested cultivars 
were grown in high plastic tunnel. The evolution of vitamin C 
content in tomato fruits during two weeks of storage under 
ambient conditions is presented in Fig. 2. Higher decrease in 
vitamin C was revealed by ‘Argeș 11’, ‘Argeș 123’ and 
‘Ștefănești 22’ with 50% at 7 days after harvesting and 75% at 
14 days after harvesting, while lower decrease was recorded in 
‘Costate 21’ with 35% at 7 days after harvesting and 65% at 14 
days after harvesting, respectively. The observed decrease of 
vitamin C content during storage is a result of ascorbic acid 
degradation due to oxidation under the presence of oxidizing 
enzymes. These results are in agreement with findings of 
Christakou et al. (2005) who reported a decrease of vitamin C 
content in melon during storage period. In an experiment with 
fresh market tomatoes harvested at mature green stage, Tigist et 
al. (2013) reported an initially increase of vitamin C content 
during storage under ambient conditions (approximately for 
three weeks) followed by a subsequent decrease.  

Tomato fruits are rich in polyphenols and flavonoids, 
compounds of high interest in the food industry and the 

Table 1. Some chemical parameters in tomato fruits of the four assessed 

cultivars 

Variety 
Moisture 
(g 100 g-1 

FW) 

Ash 
(g 100 g-1 

DW) 

Soluble 
solids 

(°Brix) 

pH 
at 20 ºC 

Acidity 
(g citric acid 

L-1) 
‘Costate 21’ 95.14 a 9.5 a 3.7 b 3.88 b 5.01 b 

‘Argeş 11’ 94.92 a 7.1 b 3.4 b 3.88 b 5.01 b 
‘Stefănești 

22’ 
93.22 a 6.5 b 4.8 a 3.87 b 5.87 a 

‘Argeş 123’ 95.12 a 8.9 a 4.1 ab 4.16 a 4.73 b 
Note: values followed by the same letters not significantly different at P≤0.05, 
according to Duncan’s test 

 

Fig. 1. The evolution of pH during storage of tomato fruits for 
two weeks under ambient conditions 
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medical field. Phenolic compounds are a class of antioxidants 
that prevent oxidative damage to lipids, thus increasing the 
nutritional value of the food. They possess a broad spectrum of 
biochemical activities such as antioxidant, antimutagenic and 
anticarcinogenic (Nakamura et al., 2003). Flavonoids are a 
group of phenolic compounds that are low present in tomatoes 
compared with other vegetables (Lammerts et al., 2011). 
Polyphenols content in analyzed tomatoes ranged from 1992 
mg GAE 100 g-1 FW in ‘Argeș 123’ to 2178 mg GAE 100 g-1

FW in ‘Argeș 11’, while the content of flavonoids ranged from 
194 mg CE 100 g-1 FW in ‘Argeș 123’ to 347 mg CE 100 g-1

FW in ‘Costate 21’ (Table 2). Martinez-Valverde et al. (2002) 
and Mechlouch et al. (2012) obtained similar results. High 
polyphenols content was submitted by ‘Argeș 11’ followed by 
‘Costate 21’ and ‘Ștefănești 22’ but differences among these 
cultivars were not statistically significant. Flavonoids content 
was not significantly different among cultivars, with the 
exception of ‘Costate 21’.  

Anthocyanins, which belong to flavonoids class of 
compounds, are soluble pigments of large spectrum, 
responsible for the colour (red, orange, purple or blue) of 
flowers, fruits and vegetables. They are odorless substances, but 
helping taste with a moderate astringent sensation. At the 
investigated cultivars were found anthocyanins content
between 13.66 mg cyanidin-3-O-glucoside equivalent 100 g-1

FW in ‘Costate 21’ and 22.85 mg cyanidin-3-O-glucoside 
equivalent 100 g-1 FW in ‘Argeș 123’ (Table 2). These results 
are comparable with those of Jones et al. (2003) and Mes et al. 
(2008), who reported anthocyanin content between 7.79 and 
41.5 mg 100 g-1 FW in different tomato genotypes. Cultivars 
with determinate growth revealed almost double anthocyanins 
content than cultivars with indeterminate growth, the 
differences between the two types being significant (P<0.05). 

Carotenoids are natural pigments present in red-orange 
vegetable products. Carotenoids act as antioxidants, fighting 
against free radicals, thus working against premature ageing and 
appearance of blemishes on the skin. Lycopene and β-carotene 
absorb light in the 350-550 nm region of the visible spectrum. 
The characteristics of the absorption spectra of the two 
carotenoids dissolved in hexane are showed in the literature 
(Zechmeister and Polgar, 1943; DeRitter and Purcell, 1981; 
Zang et al., 1997; Takaichi, 2000). The UV-Vis spectra of the 
two carotenoids have three absorption peaks located at 443, 
471 and 502 nm for lycopene and 425, 450 and 478 nm for β-
carotene. It is known that the maximum absorption at 360 nm 
indicates the presence of lycopene cis-isomers. Fig. 3 indicates 
the UV-Vis absorption spectra of the tomatoes supernatant, 
obtained by extraction of carotenoids with mixture of hexane, 
ethanol and acetone. 

Analyzing the UV-Vis absorption spectra of the tomatoes 
supernatant, the content of those two carotenoids was 
calculated. The lycopene content in the analyzed cultivars 
ranged from 8.84 mg 100 g-1 FW in ‘Argeș 123’ to 17.49 mg 
100 g-1 FW in ‘Costate 21’, while the β-carotene content 
ranged from 0.45 mg 100 g-1 FW in ‘Costate 21’ to 1.88 mg 
100 g-1 FW in ‘Ștefănești 22’ (Table 2). Similar results were 
obtained by Abushita  et al. (2000), Martinez-Valverde et al. 
(2002) and Helyes et al. (2012). The lycopene content was 
significantly different among the studied tomato cultivars 
(P<0.05), higher contents being revealed in ‘Costate 21’ from 
indeterminate cultivars (17.49 mg 100 g-1 FW) and in ‘Argeș 
11’ from determinate cultivars (13.92 mg 100 g-1 FW). The 
highest content in β-carotene was recorded in ‘Ștefănești 22’ 
(1.88 mg 100 g-1 FW) followed by ‘Argeș 123’ (1.63 mg 100 g-1

FW) and ‘Argeș 11’ (1.45 mg 100 g-1 FW), even if the 
differences among these cultivars were not significant. 

Table 2. Some antioxidant compounds in tomato fruits (mg 100 g-1 FW) of the four assessed cultivars 

Variety Vitamin C Polyphenols Flavonoids Anthocyanins Lycopene β-carotene 
‘Costate 21’ 32.21 a 2061 b 347 a 13.66 b 17.49 a 0.45 c 

‘Argeş 11’ 22.61 b 2178 a 222 b 22.77 a 13.92 b 1.45 b 
‘Stefănești 22’ 22.89 b 2028 ab 206 b 14.23 b 11.17 c 1.88 a 

‘Argeş 123’ 22.81 b 1992 c 194 b 22.85 a 8.84 d 1.63 ab 
Note: Polyphenols are expressed as mg gallic acid equivalent (GAE) 100 g-1 FW; flavonoids are expressed as mg catechin equivalent (CE) 100 g-1 FW; anthocyanins are 
expressed as mg cyanidin-3-O-glucoside equivalent 100 g-1 FW. Values followed by the same letters not significantly different at P≤0.05, according to Duncan’s test 

 

Fig. 2. The evolution of vitamin C (mg 100 g-1 FW) during 
storage of tomato fruits for two weeks under ambient 
conditions 
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Fig. 3. UV-Vis spectra of tomatoes supernatant 
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Conclusions 

Tomatoes are rich source of minerals, vitamins and 
antioxidants. Tomato cultivars assessed in this study revealed 
variation in chemical composition but statistical significant 
differences (P<0.05) were found only in lycopene content. 
Since cultivars were grown in the same environmental 
conditions and cultural practices it can be concluded that 
variability in chemical composition has depended on cultivar. 
‘Costate 21’ with high content of antioxidant compounds, 
especially vitamin C, phenolic compounds and lycopene,
represents a valuable cultivar for improving dietary antioxidants 
supply in our diet. 
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Abstract. The reasoning of this study is the idea that the a priori condition for greening the food 
consumption is an informed product choice. The research aims at identifying if consumers can make 
an informed product choice using organic food label. A probabilistic survey on the Romanian con-
sumers of organic food from the North West Development Region was carried on. This reveals that 
the label reading behaviour of tested consumers is largely adopted and strongly focused on health 
and product quality – ingredients and expiration date were consulted by 55 and 69% of consumers, 
respectively. There is a statistically significant difference according to education level in the strength 
of beliefs concerning the truthfulness of the information on the organic food label (p < 0.05). Trust in 
organic food certification must be enhanced, as almost half of the respondents (44.3%) believe that 
not all the information on organic food labels is true and another high share (38.6%) does not know 
what to believe. One third (32.6%) of consumers uses the right criterion to identify organic food.

Keywords: label, law, organic food, consumer behaviour.

AIMS AND BACKGROUND

Products are often seen as the cause of resource depletion, energy consumption 
and emissions during their production, and to all these challenges organic farming 
is an effective solution to provide a sustainable agriculture1, being able to offer 
long-life circle products. The multi-dimensional environmental profile of products 
offers interesting opportunities to environmental policy makers2. Environmental 
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policy instruments based on product, so-called ‘product policy instruments’ are 
techniques focusing on the use of goods as a means of preserving the environment. 
They enhance the making and consumption of ‘green products’, through market 
mechanisms that are designed to ‘activate’ an informed consumer3. The organic 
label is one of ‘new’ environmental policy instruments emphasising the role of 
information about environmental impacts associated with the production, distri-
bution, consumption and/or disposal of a commodity4. One of the most important 
decision makers in environmental policy product is the consumer, without whose 
interest in protecting the environment, all these techniques would collapse and 
become sterile. 

As a result of the above, the present study places the consumer at the core of 
guaranteeing the right to information in the organic food sector. The objective of this 
research was to investigate consumers capacity to make an informed product 
choice using organic food labels. To this purpose, the authors evaluated consum-
ers trust in and knowledge about these labels. Insights on (general) food label 
reading behaviour can help to better understand the organic food label behaviour, 
consequently, the study approaches this aspect as well. Additionally, organic food 
label behaviour can impact on the need for availability of basic products in organic 
form, an issue the paper tries to cast light on.

EXPERIMENTAL

The research is based on survey with the following characteristics: sample size – 420 
persons, geographical coverage – the North-west Development Region of Romania, 
sampling method – probabilistic, stratified (by county, gender and age), interview 
type – face-to-face. The demographic variables taken into account included gen-
der (male and female), age (18–25, 26–35, 36–45, 46–60 and > 60 years old) and 
education (below college and college/ postgraduate studies). Data analysis was 
carried out in Excel and SPSS version 21. The Mann-Whitney U test was used to 
compare differences regarding an ordinal variable between two groups; Kruskal 
Wallis test was applied for more than two groups. The relationship between two 
ordinal variables was investigated using the Spearman rank order correlation. The 
level of statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION 

Food label reading behaviour as a premise for understanding organic food consum-
ers. Labelling is one of the instruments helping consumers to make a well-founded 
choice, being, undoubtedly, one of the most important techniques of environmen-
tal product policy. Food label reading behaviour is scarcely investigated within 
the Romanian market. One of the basic information related to it is the type of 
information searched for on the label, indicating the interest for one or another. 



 
1113

Therefore, consumers were asked: ‘What information do you usually read on the 
food label?’ The most frequently consulted pieces of information on food labels 
were ingredients and expiration date (55 and 69% of consumers, respectively), 
proving a high interest for the quality of food (Fig. 1). This is a strong premise for 
creating and consolidating the concern for organic sector, as a carrier of health 
benefits. Equally, the focus on additives indicates the preoccupation for a healthy 
diet (Fig. 1). One piece of evidence of the ecological consciousness is the presence 
on the unaided awareness list of the GMOs (Fig. 1). This concern is justified in this 
case, as in Romania, between 2007 (the year of the accession to EU) and 2014, the 
areas cultivated with genetically modified maize MON810 (the only genetically 
modified variety allowed in the EU) increased by 132%: (from 332.5 to 770.7 ha)5. 
Overall, 99.52% of consumers read at least one piece of food label information.

Fig. 1. Proportion (%) of consumers reading a specific type of information on food label

Fig. 2. Proportion (%) of consumers having a specific degree of agreement with the necessity to 
amend the law to impose the presence on the market of all basic products in organic form

Empirical evidence from the Romanian organic food market shows the lack 
of the basic products (fresh fruits and vegetables, milk, bread and especially meat) 
in most supermarkets or specialised shops. In order to evaluate consumers interest 
in organic products for all basic food, they were asked to indicate their agreement 
or disagreement with the statement: ‘The law should be amended to impose the 
presence on the market of all basic products in organic form too’. The question 
was not intended to create the background to support a legal initiative, due to 
practical constraints (economic – low income and a supply that can not provide 
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high quantities at present; social – awareness on organic food benefits is not high 
enough; environmental – certified areas complying with environmental requisites 
are less than the necessary, due to social and economic reasons), but to characterise 
consumers attitude towards healthy and environmentally friendly product choice. 
Most consumers (73%) claimed they considered it was necessary to amend the 
law in order to ensure the existence on the market of all basic products as organic 
choice (Fig. 2). This result is an indicator of consumers need to make a free choice 
between organic and non-organic food (which is lacking at the present) and also 
of the potential demand level of organic basic food.

The reference in the question regarding the law was made with the purpose to 
obtain a more accurate image of the need for all basic food in organic form, starting 
from this premise: the mentioning of the law intervention (in securing the existence 
on the market of basic products in organic form) will make the subjects to better 
weight their answer options compared to the situation when they would simply 
be asked if they wanted basic products in organic form on the market (conclusion 
based on the results of a pilot study of 50 persons).

The authors tested if there was a difference in the strength of belief that the law 
should be amended, according to each demographic variable taken into account: 
gender, age, and education. Thus, the strength of the belief that it is necessary to 
change the law in order to ensure the existence of organic food on the market for 
all basic foods differs according to the age, χ2(2) = 12.245, p = 0.016 (Table 1) 
with mean ranks of beliefs that the law should be amended by age categories of 
beliefs indicated in Table 2. Consumers between 36–45 years of age represented the 
group with the strongest beliefs that the law should be amended in order to impose 
the presence on the market of all basic products in organic form, while consumers 
between 18–25 years of age declared the strongest disagreement with this idea.

Table 1. Kruskal Wallis test results for differences in agreement level to change the law according 
to age groups: chi-squared statistics, degrees of freedom, statistical significance of the test

Test statisticsa,b

LawEcoOption
Chi-square 12.245
df  4.000
Asymp. sig.  0.016
a Kruskal Wallis test; b grouping variable: age.
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Table 2. Mean ranks for Kruskal Wallis test results for differences in agreement level to change the 
law according to age groups

Ranks
age N mean rank

LawEcoOption 18–25 182 191.73
26–35  90 211.76
36–45  57 248.17
46–60  58 220.72
 > 60  33 227.61
Total 420

People with lower education have stronger agreement levels than people with 
higher education with respect to the fact that the law should be amended in order 
to insure the existence of organic food on the market for all basic foods (Table 3).

Table 3. Mann Whitney U test results for difference in agreement level to change the law according 
to education level

Test statisticsa

LawEcoOption
Mann-Whitney U 16923.000
Wilcoxon W 55704.000
Z –2.533
Asymp. sig. (2-tailed) 0.011
a Grouping variable: education.

A correct purchasing decision is preceded by the accurate identification of 
organic food. The criteria consumers use to recognise organic food is an indicator 
of their awareness level of the organic logo existence, design, and meaning. This 
study highlighted two groups of consumers: those who mentioned the correct 
criterion (they looked for the organic logo or read the label) and those who men-
tioned the wrong criteria (colour, smell, taste, size, seller advice, etc.). With one 
third of subjects knowing how to identify organic food (Fig. 3), the situation can 
be considered satisfactory, as the knowledge of the EU organic logo is 79% at EU 
level6, where most of the population belongs to states with older EU membership 
and vaster free market experience.

Fig. 3. Proportion (%) of consumers using the right/wrong criteria for the identification of organic food
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Fig. 4. Proportion (%) of consumers having a specific degree of trust in the truthfulness of the in-
formation on the organic food label

There is no statistically significant difference (p > 0.05) in the knowledge of 
the criteria for the identification of organic food according to any demographic 
variables (gender, age, and education).

Interweaving information law with consumers capacity to identify organic food 
label and with their trust in it. Informed product choice is a prerequisite for the 
greening of consumption7. As Weil et al.8 have shown in the context of information 
policies, whether and how information is used depends on its incorporation into the 
complex chains of comprehension, action, and response. For information to affect 
user’s decisions, it must be provided in a useful format, a timely manner, and in 
a location where users can find it8; furthermore, access to information represents 
one of the most powerful mechanisms for environmental protection9. All these 
prerequisites have to do with the existence of a coherent and clear legal framework. 
At the foundation of the European environmental policies, there is the European 
Action Programmes (EAP), viewed as soft law instruments. Despite their fragile 
character, it is believed that such normative manifestations may have an important 
role in facilitating the states attitude towards accepting change, fostering science 
progress, promoting cooperation, and sustaining the further development of legal 
binding tools10. The EAP had a key role in opening the prospects for green economic 
measures. The fourth EAP, 1987–1992, highlighted the importance of developing 
a policy to support clean products. Subsequently, the Council Resolution of May 
7, 1990 pleaded for the elaboration of a regulatory act regarding the Community 
eco-label11. Consequently, with its commitment to alternative instruments, the 
fifth EAP (1993–2000) conferred great importance to the ecological label, which 
was configured as a crucial element for consumers to unchain the mechanisms 
and market forces12. In order to turn the Union into an efficient resource-element, 
green and competitive low-carbon economy, the seventh EAP aims to ‘establish a 
more coherent policy framework for sustainable production and consumption’13. A 
decisive step to be taken in this direction is to review product legislation in order 
to improve environmental performance.

The first piece of Union legislation on organic production was adopted in 
1991. Then, the EU passed the organic EU Regulation 2092/91 and set standards 
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with major implications for international trade. They covered not only production 
standards, but also those regarding labelling and inspection14. In 2004, the Com-
mission adopted its first European Action Plan for Organic Food and Farming, to 
promote and strengthen the organic sector. On January 1, 2009, the completely 
revised Regulation on Organic Production EU Regulation (EC) 834/2007 (Ref. 15) 
and its implementation rules came into force. Some of the major changes referred 
to the fact that the EU logo became mandatory for pre-packaged products produced 
in the EU from mid-2010 onwards. This is an important achievement, since for 
consumers the presence of the EU organic logo on food labels is the main means of 
identifying organic products. The organic logo on food labels is intended to convey 
information to consumers about the phases that had been followed to protect the 
environment. If consumers value these steps, they may be willing to pay a price 
premium for the product to which the eco-label has been attached, thereby creating 
a ‘market’ for environmental protection16. Other changes include the introduction 
of the indication of origin and the labelling of organic ingredients for products that 
are mainly non-organic. In 2014, the Commission adopted a proposal for a new 
Regulation of the European Parliament and of the Council on organic production 
and labelling of organic products, repealing Regulation (EC) No 834/2007. The 
proposal aimed at removing obstacles that hindered the sustainable development 
of organic production in the Union and improving consumer confidence in organic 
products. The 2014 Action Plan for the future of Organic Production in the European 
Union stresses out that the risk of losing consumers confidence is one of the major 
challenges of the organic sector. One of the most important features which separate 
organic agriculture from conventional agriculture is that organic agriculture is under 
control in every stage of production17. In fact, labelling schemes depend entirely 
on public trust18. This is why fraudulent behaviours and intentional violations 
are one of the main factors that can affect consumer confidence. In March, 2015, 
the National (Romanian) Authority for Consumer Protection made an extensive 
campaign of controls on how the legal provisions of the marketing and labelling 
of organic food are fulfilled. Around 308 economic operators were verified, out 
of which for 150 (49%) there were found infringements of the legal provisions 
in force19. The assumption behind eco-labels is that environmentally responsible 
consumers can make informed purchasing choices based on product-related envi-
ronmental information7. For this reason, it is important what the consumer should 
consider about the accuracy of the organic label information. In fact, one of the 
biggest hindrances that limit the development of the organic sector in Romania, 
being it food or non-food, is the reduced consumption of these products, which 
derives largely from consumers lack of information about their health benefits. 
For this study, consumers were asked to show their agreement with the statement: 
‘The information on the organic food label is true’. We found that almost half of 
the interviewed consumers (44.3%) believed that not all the information on organic 
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food labels was true and another high share (38.6%) did not know what to believe 
(Fig. 4), indicating a lack of trust in organic food certification.

There is a statistically significant difference (p < 0.05, Table 4) in the strengths 
of belief that is necessary to change the law in order to ensure the existence of 
organic food on the market for all basic foods, according to the agreement level to 
the fact that all the information on the organic food label is true, χ2(2) = 9.955, p 
= 0.041 (Table 4), with mean ranks of beliefs that law should be amended by cat-
egories of beliefs about the truthfulness of organic food label indicated in Table 5. 

Table 4. Kruskal Wallis test results for differences in agreement to change the law according to 
trust level in organic food label information: chi-squared statistics, degrees of freedom, statistical 
significance of the test

Test statisticsa,b

LawEcoOption
Chi-square 9.955
df 4.000
Asymp. sig. 0.041
a Kruskal Wallis test; b Grouping variable: InfoLabelTrue

Table 5. Mean ranks for Kruskal Wallis Test results for differences in agreement to change the law 
according to trust level in organic food label information

Ranks
LawEcoOption InfoLabelTrue N Mean rank

strongly disagree 58 228.76
mostly disagree 128 224.51
undecided 162 192.10
mostly agree 56 201.16
strongly agree 16 251.25
Total 420

Consumers showing the strongest disagreement regarding the necessity to 
modify the law in order to ensure the existence of organic food in the market 
for all basic foods are those with no opinion concerning the truthfulness of the 
information on the label. The lack of knowledge about the organic label could be 
a driving factor for the lack of interest in securing the existence of basic food in 
organic form. Therefore, steps are needed to be taken to allow consumers to access 
information that helps them to make purchasing decisions that reflect their values 
and to use the marketplace as an instrument for shaping the world as consumers 
as well as citizens20. Consumers having the strongest beliefs that the information 
on the organic food label is true are the ones with the strongest beliefs that the 
law should be amended in order to ensure the existence of organic food on the 
market for all basic foods. The trust in the label (certification process) is therefore 
a stimulating factor for (potentially) higher consumption of organic food.
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The authors also tested if there was a difference in the strength of beliefs 
that the information on the organic food label was true according to demographic 
variables. There is only one statistically significant difference (p < 0.05): people 
with higher education trust more the information on the organic food label than 
people with lower education.

Taking into account the results for all variables (recognition of organic label, 
trust in organic label, type of information read on the food label and need for 
basic products in organic form), it can be concluded that consumers capacity to 
make an informed product choice using organic food labels is medium to high, at 
an average level of 55.52% of its ideal potential (32.6% use the right criteria to 
identify organic label + 17.1% trust the organic label + 99.5% read at least some 
information on the label + 72.9% agree with the idea of ensuring on the market 
basic food products in organic form)/4 = 55.52%).

From a practical perspective, in addition to stricter controls and national infor-
mation campaigns, increased competition among labels (national, EU) will require 
tighter criteria and might, therefore, help to alleviate many of the problems gener-
ated by labelling schemes and increase the overall credibility of the labels21. Labels 
become substitutes for our senses and our first-hand knowledge. They provide us 
with ‘mediated transparency’22. Unfortunately, it is only a shallow transparency. 
The truth is, consumers have little opportunity to gain insights into the numerous 
circumstances in the production and distribution process of organic food and it is 
imperative to reveal more about what lays behind different products23–25. Follow-
ing the new framework on accreditation and market surveillance in the European 
Union, according to Regulation (EC) No 765/2008, accreditation represents now 
the key instrument to demonstrate technical competence of conformity assessment 
bodies, such as control bodies in the organic sector.

CONCLUSIONS

Environmental protection issues interfere, directly or indirectly, with all society 
activities, becoming an important part of the economic and social policy of every 
state. By integrating small scale food production with environmental considera-
tion, organic farming has been promoted, at the political level, as one of the most 
trusted forms of manifestation of sustainability, as it harmoniously combines 
economic, social and environmental aspects. Along the production-consumption 
chain, consumers play their role including through organic food label behaviour, 
which deep knowledge can be a key factor for the development of organic farming.

The label reading behaviour of consumers from North Western Development 
Region of Romania can be characterised as largely adopted (99.52% usually read 
at least one piece of information of the label), and strongly focused on health and 
product quality (as the most frequently encountered pieces of information read 
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on food label are ingredients and expiration/production date). A very large share 
of consumers (73%) feel the need of having the opportunity to choose between 
conventional and organic food for all basic foods, by means of law intervention, 
a positive attitude from the point of view of organic food development potential. 
Awareness on how to identify organic food is high, with more than one third of 
consumers (32.6%) using the right criterion (logo, label) to identify organic food. 
Trust in organic food certification is low, as only 17.1% of consumers believe that 
the information on the organic food label is true. Trust in the truthfulness of the 
information on the organic food label varies according to education (people with 
higher education trust it more than those with lower education). 

The findings of the study show that further measures must be implemented 
to ensure consumers access to information that would empower them to make the 
right purchasing decisions and to diminish their deception with the organic food 
sector. While organic food labelling generally complies with law requirements, a 
tighter control on the certification procedure is required to reinforce consumers 
trust. The insights from this research can be converted into effective legal, politi-
cal, and economic key tools for developing and implementing enforceable laws 
and integrated policies, consistent with the principles of sustainable development.

Acknowledgements. Part of this paper was elaborated within the Romanian National Programme 
(PN II) Capacities, Module III Bilateral Cooperation Romania–Wallonia (WBT), research project 
title: ‘Identification of the opportunities for promotion and development of organic agriculture in 
Wallonia and North-West of Romania for the sustainable development of rural space’.

REFERENCES
1. E. TOK, F. PEKER, Y. KURUCU, H. H. TOK, H.H., E SAYGILI: Environmental Management 

Determining and Mapping the Potential Organic Farming Areas in Istanbul. J Environ Prot Ecol 
14 (2), 675 (2013).

2. F. OOSTERHUIS, F. RUBIK, G. SCHOLL: Product Policy in Europe: New Environmental 
Perspectives: New Environmental Perspectives. Kluwer Academic Publishers, 1996.

3. G. SCHOLL: Product‐oriented Environmental Policy in Europe. Eur Environ, 4 (5), 8 (1994).
4. K. M. R. TAUFIQUE, C. SIWAR, B. TALIB, F. H. SARAH, N. CHAMHURI: Synthesis of 

Constructs for Modeling Consumers’ Understanding and Perception of Eco-labels. Sustainability, 
6 (4), 2176 (2014).

5. infOMG – Information Center about Genetically Modified Organisms – Situation in Romania; 
at http://www.infomg.ro/web/ro/Situatia_in_Romania.

6. European Commission: Impact Assessment Accompanying the Document Proposal for a Regu-
lation of the European Parliament and of the Council on Organic Production and Labelling of 
Organic Products, amending Regulation No XXX/XXX of the European Parliament and of the 
Council [Official Controls Regulation] and Repealing Council Regulation (EC) No 834/2007. 
COM (2014) 180 final, SWD (2014) 66 final, 2014.

7. C. LEIRE, A. THIDELL: Product-related Environmental Information to Guide Consumer Pur-
chases – a Review and Analysis of Research on Perceptions, Understanding and Use among 
Nordic Consumers. J Clean Prod, 13 (10), 1061 (2005).



 
1121

8. D. WEIL, A. FUNG, M. GRAHAM, E. FAGOTTO: The Effectiveness of Regulatory Disclosure 
Policies. J Policy Anal Manage, 25 (1), 155 (2006)

9. R. M. PETRESCU-MAG, I. Gh. OROIAN, A. DRAGAN, I. V. PETRESCU-MAG: Access to 
Environmental Information, a Key Tool for Ensuring Eco-transparency: Proactive Disclosure 
as Reflected in Romanian Legislation. AES Bioflux, 6 (1), 76 (2014)

10. R. M. PETRESCU-MAG: Organic Farming Legislative and Policy Guidelines within Romania-
Wallonia Research Joint Project. AAB Bioflux 1–100, Cluj-Napoca, Romania, 2013.

11. Council: Council Resolution of 7 May 1990 on Waste Policy (90/C 122/02). 1990.
12. A. M. MORENO MOLINA: Community Environmental Law. Institutional Framework, Sectoral 

Regulation and Enforcement in Spain. Marcial Pons, Spain, 2006.
13. E European Parliament, Council: Decision No 1386/2013/EU of 20 November 2013 on a General 

Union Environment Action Programme to 2020 ‘Living Well, within the Limits of Our Planet’. 
2013.

14. B. HUBER, O. SCHMID, G. NAPO-BITANTEM: Standards and Regulations. In: The World of 
Organic Agriculture. Statistics and Emerging Trends 2011 (Eds H. Willer, L. Kilcher). IFOAM 
& FiBL, 2011, 68–77at <http://www.organic-world.net/fileadmin/documents/yearbook/2011/
world-of-organic-agriculture-2011-page-1-34.pdf>.

15. Council: Council Regulation (EC) No 967/2008 of 29 September 2008 Amending Regulation 
(EC) No 834/2007 on Organic Production and Labelling of Organic Products. 2008.

16. C. BRUCE, A. LAROIYA; The Production of Eco-labels. Environ Resour Econ, 36 (3), 275 
(2007).

17. E. OLHAN, Y. ATASEVEN: The Implementations of Inspection and Certification System in 
Organic Farming. A Case Study of Turkey. J Environ Prot Ecol, 11 (2), 675 (2010).

18. H. NILSSON, B. TUNCER, A. THIDELL: The Use of Eco-labeling Like Initiatives on Food 
Products to Promote Quality Assurance – Is There Enough Credibility? J Clean Prod, 12 (5), 
517 (2004).

19. ANPC – Authority for Consumer Protection; at http://www.anpc.gov.ro/articol/625/produsele-
alimentare-ecologice-verificate-de-anpc.

20. D. CONNER, R. CHRISTY: The Organic Label: How to Reconcile Its Meaning with Consumer 
Preferences. J Food Distrib Res, 35 (1), 40 (2004).

21. H. KARL, C. ORWAT: Environmental Labelling in Europe: European and Lational Tasks. Eur 
Environ, 9 (5), 212 (1999).

22. M. KLINTMAN, M. BOSTRÖM: Transparency through Labelling? Layers of Visibility in Envi-
ronmental Risk Management. In: Transparency in a New Global Order: Unveiling Organizational 
Visions (Eds C. Garsten, M. Lindh de Montoya). Edward Elgar Publishing, Cheltenham, 2008, 
178–197.

23. M. BOSTRÖM, M. KLINTMAN: Eco-Standards, Product Labeling and Green Consumerism. 
Palgrave Macmillan, New York, USA, 2011.

24. A. POPA, M. DRAGHICI, M. POPA, P. NICULITA: Consumer Choice and Food Policy. A 
Literature Review. J Environ Prot Ecol, 12 (2), 708 (2011).

25. N. ALTUG, O. CETIN: Consumer Perception about Food Safety: an Empirical Investigation. 
J Environ Prot Ecol, 8 (3), 671 (2007).

Received 22 February 2016 
Revised 13 May 2016



 

 

 

 

 

 

Extraction and Characterization of Phenolic Compounds from Rose Hip 

(Rosa canina L.) Using Liquid Chromatography Coupled with 

Electrospray Ionization - Mass Spectrometry 

Andreea STĂNILĂ, Zoriţa DIACONEASA, Ioana ROMAN, Nicușor SIMA,  

Dănuț MĂNIUŢIU, Alin ROMAN, Rodica SIMA* 

University of Agricultural Sciences and Veterinary Medicine, 3-5 Mănăştur, Cluj-Napoca, 400372, Romania; andreea.stanila@usamvcluj.ro; zorita.sconta@usamvcluj.ro; 

ioana.roman@usamvcluj.ro; nicusor.sima@usamvcluj.ro; dan.maniutiu@usamvcluj.ro; raoul.roman@gmail.com; rodica.sima@usamvcluj.ro (*corresponding author) 

 

 

Abstract 

Wild berry are a rich of natural compounds which provide them high antioxidant potential. The compounds which 
provide them these proprieties are known to be vitamins, flavonoids, anthocyanins and phenolic acids. The aim of this study 
was to extract, identify and characterize bioactive compounds from rose hip (Rosa canina L.) currently found in Romania. A 
qualitative high-performance liquid chromatography coupled with electrospray ionization mass spectrometric (ESI-MS) 
detection in positive ion mode has been used to identify phenolic compounds from rose hip crude extract. The chromatograms 
revealed the presence of a large number of compounds (19), identified and grouped as phenolic acids and flavones/ols, flavan-
3-ols and also anthocyanins. Based on obtained results these berries can be highly recommended as part of our diet. Also this 
finding represents a contribution to the chemical characterization of phenolic profile of rose hip. 

 

Keywords: anthocyanins, flavonoids, HPLC, phenolic acids, rose hip 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

The genus Rosa L. (Rosaceae) covers more than 100 wild 
species and thousands of cultivars, which are widespread and 
grow in the north part of Europe, Asia, Middle East and North 
America (Rehder, 1940; Gu et al., 2003). Rosa canina L. (rose 
hip) is an important berry for food industry due to its rich 
chemical composition. The small berries are an important source 
of colour, flavours and bioactive compounds with potential 
health benefits (Hvattum, 2002; Wu et. al., 2005; He et al., 
2010; Jodee et al., 2011; Rugină et al., 2012; Tayefi-Nasrabadi et 
al., 2012; Widen et al., 2012; Dulf et al., 2013; Yang et al., 2015). 
Rose hip contains compounds with antioxidant potential such as 
ascorbate, ß-carotene, glutathione, a-tocopherol, anthocyanins 
and other phenolics (Ercisli, 2007; Nojavan et al., 2008; Tozzi et 
al., 2008; Tumbas et al., 2012; Czyzowska et al., 2015). So far, 
fruits of Rosa canina L. (Rosaceae), rose hips, are known for their 
high content of vitamin C and for their great flavour. Rosa canina
L. grows naturally in Romania and, as reported previously, fruit 
and flavoured teas are very popular in many European countries 
(Pękal et al., 2011). Rose hip can be consumed in both raw and 
dried state, being used in the herbal tea for flavour and a natural 
dose of vitamin C. The chemical composition of rose hip has 
been very rarely evaluated in comparing with other berries 
containing similar compounds. The polyphenols contained 

by rose hip are a large group of secondary metabolites. They are 
widely distributed in vegetables and berries ranging from simple 
molecules, such as phenolic acids, to complex molecules with 
numerous phenolic groups, e.g. acylated flavonoid glycosides, 
proanthocyanidins or tannins. Polyphenols occur primarily in 
conjugated form, linked to sugars moieties, and to other 
compounds, such as carboxylic and organic acids, amines, lipids 
and even to other polyphenols (Bravo, 1998; Guimarães et al., 
2013). 

Rose hip consumption has been associated with preventive 
and therapeutic proprieties against a wide range of degenerative 
diseases, including the inflammatory arthritis disorder, 
rheumatism, gastrointestinal disorders or cancer (Larsen et al., 
2003; Rein et al., 2004; Christensen et al., 2008; Fujii et al., 2009; 
Andersson et al., 2012). In a recent study Widen et al. (2012) has 
evaluated erythrocyte antioxidant protection of rose hips. They 
have investigated the degree of amelioration of oxidative damage 
in an erythrocyte in vitro bioassay by comparing the eMects of a 
reducing agent on erythrocytes alone with the effect on 
erythrocytes pretreated with berry extracts. The obtained results 
revealed that the maximum protection against oxidative stress, 
59.44%, was achieved when incubating the cells with the first
eluted meta-phosphoric extract. Removal of ascorbic acid from 
this extract increased the protection against oxidative stress to 
67.9%. These results clearly indicate that rose hips contain a 
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were colourless. The acidic condition was created in order to 
prevent anthocyanins from degradation. The obtained extracts 
were filtered through multiple layers of cotton and concentrated 
at 35 °C under reduced pressure (Rotavapor R-124, Buchi, 
Switzerland). Thereafter, it was dissolved in a known amount of 
acidified water, filtered through 0.45 µm Millipore filter and 
analyzed by liquid chromatography. 

 
HPLC-DAD/-ESI-MS identification of anthocyanins, flavonol 

glycosides and phenolic acids  
Samples were analyzed on an Agilent 1200 system equipped 

with a binary pump delivery system LC-20 AT (Prominence), a 
degasser DGU-20 A3 (Prominence), a diode array SPD-M20 A 
and an UV–VIS detector (DAD). Volumes of 10 µl were 
injected on an Eclipse XDB-C18 (5µm, 150x4.6 mm) column. 
The mobile phase consisted in: solvent A - bidistilled water and 
0.1% formic, B – acetonitrile. The gradient elution system 
started with 10% B for 9 min. The percent of B increased to 12% 
at 17 min and continued up to 25% B at 30 min, between 
minute 30 and 50 the percentage of B being 90%. DAD 
recorded full spectra. In-line MS data were recorded by directing 
the LC flow to a Quadrupole 6110 mass spectrometer (Agilent 
Technologies, Chelmsford, MA) equipped with an ESI probe. 
Flow rate was 0.5 ml/min and column temperature was 
maintained at 25 °C. The chromatograms were monitored at 
280, 340 and 520 nm, respectively. The compounds 
identification and peak assignments were done based on their 
retention times, UV-VIS spectra and also compared with 
standards and published data. As a confirmation the samples 
were analyzed by HPLC-ESI-MS. The measurements were 
performed in the positive mode with an ion spray voltage of 
3000 V, and a capillary temperature of 350 °C. Data were 
collected in full scan mode within the range 280 to 1000 m/z. 
Identification of anthocyanins, flavonol glycosides and phenolic 
acids was carried out based on molecular mass determination, 
masses and occurrence of fragments, elution order and literature 
data reported previously (Koponen et al., 2007; Adam et al., 
2013; Guimarães et al., 2013). 

 

Results and Discussion 

Rose hip (Rosa canina L.) varieties were not extensively studied, 
due to this fact the present study relieved that they are a rich source 
of anthocyanins, flavonol glycosides and phenolic acids. The 
identification of phenolic compounds present in rose hip crude 
extract was performed by comparing their UV-Vis spectra with 
published data and available standards, as well, trough HPLC-
DAD-ESI/MS. A total of 19 different types of phenolic 
compounds were identified in crude extract. The main classes of 
phenolic compounds identified were grouped in phenolic acids 
and flavones/ols, flavan-3-ols and also anthocyanins. HPLC profile 
of polyphenols was recorded at three wavelengths: 280 nm for 
phenolic acids, 340 nm for flavan-3-ols and 520 nm for 
anthocyanins. The obtained chromatograms with each identified 
peak are showed and discussed below. 

 
Phenolic acids and flavones/ols 
In crude extract of rose hip, hydroxycinnamic acids were the 

major class of phenolic acids which is in agreement with 
literature (Hvattum, 2002; Guimarães et al., 2013). Peak 
assignments of the different identified compounds are presented 

promising level of clinically relevant antioxidant protection 
(Widen et al., 2012). Another published study reports that the 
rose hip fractions rich in flavonoid inhibit cell proliferation in 
HeLa, MCF7 and HT-29 cell lines (Tumbas et al., 2012). The 
potential health benefits of rose hips are due to the polyphenolic 
compounds found in these berries that are mainly flavonoid, 
phenolic acids and anthocyanins.  

Since these classes of compounds are normally found as 
complex molecules in natural sources, several techniques have 
been developed for their separation and identification: mass 
spectrometry (MS) is the most used with several techniques, such 
as electrospray ionization mass spectrometry (ESI-MS), liquid 
chromatography coupled with mass spectrometry (LC/MS), 
matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) coupled with mass 
spectrometric (MS/MS), high performance thin layer 
chromatography (HPTLC) and also nuclear magnetic 
resonance NMR (Nawwar et al., 1994; Wang et al., 1999; Reed 
et al., 2005; Mandal et al., 2008; Ferrari et al., 2011; Savage et al., 
2011; Hingse et al., 2014; Ali et al., 2015; Jin et al., 2015). Being 
one of the most common fruit used in our country as herbal tea, 
the proposal of this work was to characterize their chemical 
profile. Therefore, the objective of the present study was to 
identify individual phenolic compounds in rosehip using the 
HPLC-ESI-MS.  

 

Materials and Methods  

Plant material 
Fully ripened rose hips (Rosa canina L.) from spontaneous 

flora of Transylvania (Cluj, Feleac) were harvested during the 
months of September and October 2011. Samples were 
randomly collected from several plants and the form and variety 
of biotype to be analysed was taxonomically classified after a 
preliminary botanical identification. The identified sample was 
Rosa canina var. lutetiana f. flexibilis. Rose hips without calyxes 
were washed with water and kept in a freezer at ˗20 °C prior to 
the analysis. 

 
Chemicals 
All solvents, reagents and standards used to perform the 

experiments were of analytical grade. Methanol, formic acid 
(purity 98-100%) and hydrochloric acid 32% were provided by 
Sigma-Aldrich (Darmstadt, Germany). Anthocyanins standards, 
cyanidin-3-O-glucoside chloride, cyanidin-3-O-galactoside 
(purity 90%), cyanidin-3-arabinoside (purity 97%), cyanidin-3-
O-glucoside (purity 95%) and cyanidin (purity 95%) were 
purchased from Polyphenols (Norway) while phenolic acids as 
gallic acid, protocatecuic acid, chlorogenic acid, catechin, caffeic 
acid, vanilic acid, rutin, ellagic acid, p-coumaric acid, ferulic acid, 
myricetin, tilirosid, quercetin and kaempferol were all purchased 
from Sigma-Aldrich, Darmstadt, Germany.  

 
Extraction of polyphenolic compounds from rose hip 
The method used to obtain crude extract rich in phenolic 

compounds was done according to previous studies with minor 
modifications (Cuevas-Rodriguez et al., 2010; Rugină et al., 
2012). Berries samples, 1 g each, were grounded using an 
ultraturax (Miccra D-9 KT Digitronic, Germany) and weighed, 
followed by addition of 10 ml of acidified methanol (0.3% HCl 
(v/v)). The extraction process was repeated until the samples 
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in Table 1. The analysed crude extract was characterized by the 
presence of a large number of phenolic acids and flavones/ols, 
more specifically 14 individual compounds (Fig. 1).  

Quercetin derivates which have λmax around 355 and an 
MS fragment at m/z 301 were mainly identified in rose hip crude 
extract (peak 1, 3, 4, 5, 6, 14). Structure, fragmentation, full ESI-
MS and spectra of quercetin is showed in Fig. 1.  

Detected quercetin derivates were assigned to quercetin 
pentoside ([M-H] at m/z 435); peaks 3-6 ([M-H] at m/z 479) 
were tentatively identified as quercetin hexuronide, quercetin 3-
O-glucoside, quercetin glucuronide and quercetin hexuronide. 
This identification of quercetin glycosides was done based on 
process of releasing a 301 (m/z) ion fragment in the MS/MS 
spectrum. 

Other phenolic acids detected in rose hip crude extract were 
identified as 3-caffeoylquinic acid and coumaroylquinic acid 
(isomer 3-p) (peak 9, 12) based on the fragmentation patterns 
described previously by Clifford et al., 2006. Peak 10 ([M-H] at 
m/z 595) was identified as kaempferol rhamnosyl-hexoside.  

The obtained results are in agreement to available literature 
(Jin et al., 2015). However, to the best of our knowledge, this is 
the first report that relieved the presence of resveratrol in the rose 
hip crude extract (Fig. 1 at 280 nm).  

 
Flavan-3-ols 
Catechin (flavan-3-ols) is the most frequent form of flavanols 

that occurs in plants (Vagiri et al., 2012). The identified flavan-3-ols 
in rose hip crude extract are catechin and catechin hexoside, their 
galloyl derivates, according to their comparison with standards, 
published data and also confirmed by ESI-MS analysis. 

The presence of catechin in rose hip has been previously 
reported (Hvattum, 2002; Guimarães et al., 2013). We identified 
peaks 1 as catechin with ([M-H] at m/z 290). Their derivates were 
identified as catechin methyl gallate with ([M-H] at m/z 291) and 
catechin hexoside with ([M-H] at m/z 475). The HPLC-ESI-MS 
fingerprint from the rose hip crude extract is shown in Fig. 2. Peak 
assignments of the different identified compounds and their MS 
spectra are shown in Table 2. 
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Fig. 1. HPLC chromatogram of rose hip crude extract at 280 nm (A) used for recording phenolic acids and flavones/ols and mass 
spectrum under peak 14 (B) analysed with LC/MS using positive ESI 

 

Peak 
no 

Rt 
(min) 

λmax 
[nm] 

Molecular ion 
[M-H]+ (m/z) 

Tentative identification Identification type 

1 3.7 352 435/301 Quercetin-pentoside DAD/MS 
2 5.2 289 451/(289, 153, 137) Eriodictyol hexoside DAD/MS 
3 6.7 355 479/303 Quercetin hexuronide DAD/MS 
4 9.5 358 463/301 Quercetin 3-O-glucoside Standard DAD/MS 
5 10.0 354 479/301 Quercetin glucuronide DAD/MS 
6 10.2 355 479/301 Quercetin hexuronide DAD/MS 
7 10.4 298 347, 185, 163 Methyl gallate-hexoxid DAD/MS 
8 10.7 304 229 Resveratrol DAD/MS 
9 12.7 325 355, 180 3-Caffeoylquinic acid DAD/MS 

10 13.5 280 595, 287 Kaempferol rhamnosyl-hexoside DAD/MS 
11 16.3 250 340 566 Apigenin (+galactoside-arabinoside) DAD/MS 
12 16.9 250 363 340 Coumaroylic acid (isomer 3-p) DAD/MS 
13 17.2 348 701 Tilirosid Standard DAD/MS 
14 27.7 360 302 Quercetin Standard DAD/MS 

 

Table 1. HPLC-MS tentative identification of phenolic acids in rose hip crude extract 
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Recent performed studies relieved that rose hip contains 
significant amounts of phenolic acids with antioxidant activity 
(Roman et al., 2013), the major compounds being catechin, a 
proanthocyanidin monomer, a proanthocyanidin dimmer, rutin, 
quercetin galactoside, quercetin glucoside and cyanidin-glucoside 

352 

(Widen et al., 2012). The identified compounds in this study are 
in agreement with published data related to the phenolic 
compounds in rose hip (Hvattum, 2002; Widen et al., 2012; 
Guimarães et al., 2013).  
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Fig. 2. HPLC chromatogram of rose hip crude extract at 340 nm (A) used for recording flavan-3-ols and mass spectrum under 
peak 1 (B) analysed with LC/MS using positive ESI 

 

Table 2. HPLC-MS tentative identification of flavan-3-ols in rose hip crude extract 

 Peak 
no 

Rt 
(min) 

λmax 
[nm] 

Molecular ion 
[M-H]+ (m/z) 

Tentative identification Identification type 

1 12.2 280 290 Catechin Standard DAD/MS 
2 13.7 278 185 Dimmer Methyl gallate DAD/MS 
3 15.2 280 475 Catechin methyl gallate DAD/MS 
4 15.5 280 291 Catechin hexoside DAD/MS 
5 15.9 280 436, 175 ND  
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Fig. 3. HPLC chromatogram of rose hip crude extract at 520 nm (A) used for recording anthocyanins and mass spectrum under 
peak 1 (B) analysed with LC/MS using positive ESI 
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Paredes-Lopez O, Lila MA (2010). Characterization of anthocyanins 
and proanthocyanidins in wild and domesticated Mexican blackberries 
(Rubus spp.). Journal of Agricultural and Food Chemistry 58:7458-
7464. 

Czyzowska A, Klewicka E, Pogorzelski E, Nowak A (2015). Polyphenols, 
vitamin C and antioxidant activity in wines from Rosa canina L. and 
Rosa rugosa Thunb. Journal of Food Composition and Analysis 39:62-
68. 

Dulf F, Oroian I, Vodnar D, Socaciu C, Pintea A (2013). Lipid classes and 
fatty acid regiodistribution in triacylglycerols of seed oils of two Sambucus

species (S. nigra L. and S. ebulus L.). Molecules 18:11768-11782. 

Ercisli S (2007). Chemical composition of fruits in some rose (Rosa spp.) 
species. Food Chemistry 104:1379-84. 

Ferrari E, Foca G, Vignali M, Tassi L, Ulrici A (2011). Adulteration of the 
anthocyanin content of red wines: Perspectives for authentication by 
Fourier Transform-Near InfraRed and 1H NMR spectroscopies. 
Analytica Chimica Acta 701:139-151. 

Fujii T, Saito M (2009). Inhibitory effect of quercetin isolated from rose hip 
(Rosa canina L.) against melanogenesis by mouse melanoma cells. 
Bioscience, Biotechnology, and Biochemistry 73:1989-1993. 

Gu C, Robertson KR (2003). Rosa L. In: Team FoCe. Ed. Flora of China. St. 
Louis, MO: Missouri Botanical Garden Press. 

Guimarães R, Barros L, Dueñas M, Carvalho AM, Queiroz MJ, Santos-
Buelga C, Ferreira IC (2013). Characterisation of phenolic compounds 
in wild fruits from Northeastern Portugal. Food Chemistry 141:3721-
3730. 

He J, Giusti MM (2010). Anthocyanins: natural colorants with health-
promoting properties. Annual Review of Food Science and Technology 
1:163-187. 

Hingse S, Digole S, Annapure U (2014). Method development for 
simultaneous detection of ferulic acid and vanillin using high-
performance thin layer chromatography. Journal of Analytical Science 
and Technology 5:1-9. 

Hvattum E (2002). Determination of phenolic compounds in rose hip 
(Rosa canina) using liquid chromatography coupled to electrospray 
ionisation tandem mass spectrometry and diode-array detection. Rapid 
Communications in Mass Spectrometry 16:655-662. 

Jin H, Liu Y, Yang F, Wang J, Fu D, Zhang X, Peng X, Liang X (2015). 
Characterization of anthocyanins in wild Lycium ruthenicum Murray 
by HPLC-DAD/QTOF-MS/MS. Analytical Methods 7:4947-4956. 

Jodee LJ, Joshua AB, Joseph CS, Giusti MM (2011). Effect of black 
raspberry (Rubus occidentalis L.) extract variation conditioned by cultivar, 
production site, and fruit maturity stage on colon cancer cell 
proliferation. Journal of Agricultural and Food Chemistry 59:1638-
1645. 

Koponen JM, Happonen AM, Mattila PH, Törrönen AR (2007). 
Contents of anthocyanins and ellagitannins in selected foods consumed 
in Finland. Journal of Agricultural and Food Chemistry 55:1612-1619. 

Anthocyanins  
The anthocyanins profile obtained for rose hip crude extract 

consists in only one compound (Fig. 3). The chemical 
characteristics regarding the identity and mass spectrum of the 
anthocyanin found in the analysed sample is presented in Table 
3. 

 

Conclusions  

The present study provides for the first time information 
regarding the chemical composition of Rosa canina var. lutetiana 
f. flexibilis. In this study, 19 individual types of phenolic 
compounds were identified such as anthocyanins, flavonol 
glycosides and phenolic acids. Moreover, these results represent 
an important contribution to the chemical profile 
characterization of phenolic compounds using HPLC-ESI-MS 
and diode-array detection from rose hip crude extract. However, 
further studies are required in order to evaluate the percentage of 
each compound and their antioxidant potential. 
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Abstract
Cabbage is among the vegetables which can be found on the market throughout the year, greenhouse 

crop being a source of fresh cabbage in the cold season. The aim of this experiment was to study the 
in luence of planting density/plant spacing and additional fertilization on the yield and quality traits 
of greenhouse cabbage. The low plant spacing (50 x 25 cm) revealed the highest yields regardless the 
applied additional fertilization. Foliar fertilization with Ferticare (24:8:16) as split applications during all 
growing season, provided the highest marketable head weight, as well as the highest vitamin C content 
and total soluble solids content of cabbage heads. 

Keywords: fertilization, head cabbage, planting density, quality

INTRODUCTION
Head cabbage is an important source of 

carbohydrates, minerals, vitamins and volatile 
substances with antibacterial properties. Cabbage 
belongs to the group of vegetables high in vitamin 
C (Gould et al., 2006) and antioxidant potential 
(Nilsson et al., 2006). Greenhouse crops provide 
market with fresh cabbage in the cold season. 
The importance of cultivar in obtaining of high 
quantitative and qualitative yields with cabbage 
crops was emphasized by Poșta and Berar (2006). 
The head cabbage is a crop with high nutrient 
requirements to the nitrogen as well as potassium 
and phosphorus because it accumulates large 
vegetative biomass in a relatively short period 
(Atanasova et al., 2007). Besides cultivar and a 
balanced mineral nutrition, planting density is a 
very important factor which in luences the yield 
and quality of head cabbage. Increasing planting 
density in cabbage crop has the potential for 
increasing yield and pro it (Znidarcic et al., 2007). 
Moniruzzaman (2011) also shown that dense 
planting of cabbage seedling can produce higher 
head yield owing to the presence of more number 

of plants per unit area, although they produce 
smaller heads irrespective of varieties. The present 
study was undertaken to evaluate the in luence of 
additional fertilization and two plant spacings on 
the head yield and head quality of an early cabbage 
cultivar recommended for greenhouse crops.

MATERIALS AND METHODS
The research has been carried out in the 

greenhouses of Vegetable growing Department 
of UASVM Cluj-Napoca during January–April 
months, in 2011. The experiment was bifactorial 
and organized within a complete randomized 
block design with three replications. Tiara F1 
white cabbage was used as biological material. 
Experimental factors were represented by planting 
density/plant spacing and additional fertilization. 
The studied planting densities (62,500 pl ha-1 
and 81,250 pl ha-1) resulted from a constant 
distance between rows of 50 cm and from 30 
cm, respectively 25 cm spacing within row. Each 
experimental plot had 9.6 m-2 and consisted of 
60 plants respectively 78 plants according to the 
studied plant spacing. Seeding was done in cel 
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a Zeiss portable refractometer and the dry matter 
by drying of fresh matter samples for 48 h at 60°C 
in a drying oven.

RESULTS AND DISCUSSION
Among the important factors which can 

in luence the yields of greenhouse cabbage crops, 
the balanced fertilization and the use of proper 
planting density play an important role. In this 
trial plant spacing revealed signi icant effect on 
the obtained yield. Thus, as whitin row spacing 
decresed (from 30 cm to 25 cm), the obtained yield 
increased (Tab. 1), the increase being statistically 
distinct signi icant in comparison with control 
(high plant spacing). The obtained results are in 
agreement with the indings of Znidarcic, 2007.

The highest cabbage yield (49.63 t∙ha-1) was 
obtained in the variant with foliar fertilization. 
Besides its nutritive contribution, foliar fertiliza-
tion can determine a better utilization of radicular 
applied mineral fertilizers, as base fertilization, 
in the speci ic greenhouse agricultural fund 
conditions. Very signi icant yield increase (3.34 
kg∙ha-1) was also revealed with split application of 
mineral fertilizers, in moderate dose of 100 kg∙ha-1, 
during head formation. However, statistically 
signi icant increases of yields in comparison 
with control were obtained with all fertilization 
treatments (Tab. 2). 

trays in November 2010, transplanting in 10 cm 
diameter pots in December 2010 and planting 
of seedlings in the greenhouse soil in the end of 
January 2011. Base fertilization was done with 300 
kg ha-1 Complex III 15-15-15 NPK locally applied 
at seedlings planting time for all experimental 
variants. Additional fertilization comprised the 
split application of fertilizers with following 
doses and time of application: 1. unfertilized – 
control; 2. 100 kg ha-1 Complex III as topdressing 
during head formation; 3. 200 kg ha-1 Complex 
III as topdressing during head formation; 4. 1% 
solution of Ferticare (24:8:16) as foliar sprayings 
started at the beginning of intensive leaves growth 
and conducted all growing season at two weeks 
interval. Harvesting started in the beginning of 
April when the cultivar appeared to approach the 
technical maturity by the visual criteria. For each 
experimental variant samples of 9 heads were 
taken in order to determine the rosette diameter, 
the head weight, the head polar diameter and the 
number of leaves within head. Other samples of 3 
heads per variant were cut and split longitudinally 
in order to measure the core length and to take 
fresh matter samples for vitamin C, acidity, soluble 
solids and dry matter determinations. Vitamin C 
was determined by the iodate method and acidity 
by the titrimetric method, being expressed as malic 
acid. The total soluble solids was determined with 
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Tab. 1. Variation with density in the yield of greenhouse cabbage crop 

Planting density/Plant spacing Yield kg/m2 Relative yield % + Difference  Signi ication
62,500 pl∙ha-1 (50 x 30 cm) 41.85 100.0 0.00 Control
81,250 pl∙ha-1 (50 x 25 cm) 45.12 107.8 3.27 **

LSD (p 5%) 1.08
LSD (p 1%) 2.48
LSD (p 0.1%) 7.90

Tab. 2. Variation with fertilization in the yield of greenhouse cabbage crop

Additional fertilization Yield kg∙m-2 Relative yield % + Difference Signi ication
Unfertilized 39.91 100.0 0.00 Control
100 kg/ha Complex III (N:P:K 15:15:15) 43.25 108.4 3.34 ***
200 kg/ha Complex III (N:P:K 15:15:15) 41.16 103.1 1.25 *
1% solution of Ferticare (N:P:K 24:8:16) 49.63 124.4 9.72 ***
LSD (p 5%) 1.01
LSD (p 1%) 1.41
LSD (p 0.1%) 2.00



310

Bulletin UASVM Horticulture 71(2) / 2014

weight, the number of folded leaves and the core 
length (Tab. 4).  

In this experiment the rosette diameter varied 
between 56.5 cm and 63.9 cm and increased 
with increasing of plant spacing (Tab. 4). Taking 
into consideration that early cabbage grows 
in greenhouse in short day conditions it has to 
develop a width rosette in order to achive an as high 
as possible photosynthetic area (Cervenski et al., 
2012). Maintaining of high plant spacing (50 x 30 
cm) provided a better use of solar radiation, water 
and nutrients resulting in a greater head weight 
than in the variants with low plant spacing (Tab. 
4). In this trial the head weight varied between 
527.5 g and  651.5 g in low plant spacing variants 

Increasing of planting density from 62,500 
pl∙ha-1 at 81,250 pl∙ha-1 combined with split 
application of mineral fertilizers (Complex III 100 
kg∙ha-1 and 200 kg∙ha-1) or foliar fertilizers (1% 
solution of Ferticare) determined very signi icant 
yield increases of greenhouse cabbage crop as 
compared with control – unfertilized variant (Tab. 
3). It has to be remarked that only in case of split 
application of foliar fertilizers the obtained yield 
increased very signi icantly (between 8.78 – 12.49 
kg∙ha-1), regardless the planting density.

The combined effect of additional fertilization 
and planting density on the growth characters of 
cabbage was assessed through the rosette diameter, 
the polar diameter of head, the marketable head 

Tab. 3. Combined effect of fertilization and planting density on the yield of greenhouse cabbage crop

Variant Planting density Additional fertilization Yield
kg/m2

Relative 
yield

%
+ Difference Signi ication

V1 62,500 pl∙ha-1

Unfertilized
38.99 100.0 0.00 Control

V2 81,250 pl∙ha-1 40.82 104.7 1.83 *
V3 62,500 pl∙ha-1 100 kg/ha Complex III (N:P:K 

15:15:15)
41.38 106.1 2.39 **

V4 81,250 pl∙ha-1 45.11 115.7 6.12 ***
V5 62,500 pl∙ha-1 200 kg/ha Complex III (N:P:K 

15:15:15)
39.25 100.7 0.26 -

V6 81,250 pl∙ha-1 43.07 110.5 4.08 ***
V7 62,500 pl∙ha-1 1% solution of Ferticare (N:P:K 

24:8:16) 
47.77 122.5 8.78 ***

V8 81,250 pl∙ha-1 51.48 132.0 12.49 ***
LSD (p 5%) 1.43
LSD (p 1%) 2.00
LSD (p 0.1%) 2.82

Tab. 4. Combined effect of fertilization and planting density on growth characteristics of greenhouse 
cabbage 

Variant Planting
density Additional fertilization

Rosette 
diameter

 (cm)

Polar 
diameter of 

head
 (cm)

Marketable 
head weight 

(g)

Number 
of folded 

leaves

Core 
length 
(cm)

V1 62,500 pl∙ha-1

– control Unfertilized – control
57.7 11.8 619.9 35 6.4

V2 81,250 pl∙ha-1 56.5 11.9 593.8 33 7.0
V3 62,500 pl∙ha-1 100 kg/ha Complex III 

(N:P:K 15:15:15)
62.0 12.1 627.4 39 7.0

V4 81,250 pl∙ha-1 56.8 12.3 581.9 37 8.3
V5 62,500 pl∙ha-1 200 kg/ha Complex III 

(N:P:K 15:15:15)
57.8 11.1 555.3 37 6.5

V6 81,250 pl∙ha-1 57.0 11.2 527.5 33 7.3
V7 62,500 pl∙ha-1 1% solution of Ferticare 

(N:P:K 24:8:16)
63.9 12.0 678.0 41 7.5

V8 81,250 pl∙ha-1 61.5 12.2 651.5 39 7.8

SIMA et al



311

Bulletin UASVM Horticulture 71(2) / 2014

Vitamin C (ascorbic acid, AA) represents an 
important quality factor with antioxidant acti-
vi ty in many vegetables. Among Brassica vegeta-
bles, white cabbage is the poorest source of 
vitamin C (Wlodzimierz et al., 2010). However, 
in Romania white cabbage is the most cultivated 
and consumed species among Brassica vegetables, 
its contribution in human diet being important 
through the consumed quantity. In this trial the AA 
content varied between 26.10 and 49.63 mg/100 
g fresh matter, being higher in variants with high 
plant spacing and, thus, with better in lux of solar 
radiation, than in variants with low plant spacing. 
Considering the applied fertilization, AA content 
increased in variant with foliar fertilization, 
regardless the plant spacing. Similar effect was 
revealed by Atanasova et al., 2007. 

The evolution of the titratable acidity was 
similar with that of the vitamin C.  

The ratios of dry matter, soluble solids and 
insoluble solids varied with plant spacing and 
additional fertilization. As a result, the ratio of 
dry matter of cabbage grown at high spacing was 
higher than at low spacing while soluble solids 
was higher in the low plant spacing than in the 
high plant spacing. It has to be remarked that the 
maximum total soluble solids and the minimum 

and between 555.3 g and 678.0 g in high plant 
spacing variants, the upper values of head weight 
being obtained with foliar fertilization (Tab. 4). On 
the other hand there can be observed that the high 
marketable head weight obtained was not positive 
correlated with the marketable yield per hectare 
(Tab. 3). Thus, the greatest head weights resulted 
from increased plant spacing did not compensate 
the decresed number of plants per hectare, how 
was also mentioned by Semuli (2005).  

Low plant spacing (50 x 25 cm) in this 
experiment resulted in a lightly increase of polar 
diameter of head and core length (Tab. 4). Both 
growth characteristics can be correlated with the 
increase of obtained yield.  Znidarcic et al., (2007) 
had mentioned that core volume (estimated 
through con formula by using core length and 
core base width) was signi icantly increased by 
decrease of plant spacing. Cervenski et al., (1998) 
in their research results have found positive 
correlations between head weight and head height, 
respectively between head height and yield.

Increasing of plant spacings in greenhouse 
cabbage crop increased the number of folded 
leaves, an important characteristic which in luen-
ced the head weight (Tab. 4). Similar results were 
reported by Moniruzzaman (2011).

Tab. 5. Combined effect of fertilization and planting density on quality traits of greenhouse cabbage

Variant Planting
density Additional fertilization

Vitamina C
(mg/100 g 

fresh matter)

Titratable 
acidity

(% malic acid)

Dry 
matter

( %)

Soluble 
solids
(%) 

Insoluble 
solids
(%)

V1
62,500 
pl∙ha-1

– control Unfertilized – control
34.85 0.15 7.0 5.05 1.95

V2 81,250 
pl∙ha-1 26.10 0.13 6.2 5.13 1.07

V3 62,500 
pl∙ha-1 100 kg/ha Complex III 

(N:P:K 15:15:15)

49.63 0.17 7.6 4.62 2.98

V4 81,250 
pl∙ha-1 33.79 0.16 7.0 5.50 1.50

V5 62,500 
pl∙ha-1 200 kg/ha Complex III 

(N:P:K 15:15:15)

45.41 0.12 7.4 4.30 3.10

V6 81,250 
pl∙ha-1 38.72 0.10 7.0 4.56 2.44

V7 62,500 
pl∙ha-1 1% solution of Ferticare 

(N:P:K 24:8:16)

44.00 0.20 7.2 5.44 1.76

V8 81,250 
pl∙ha-1 42.24 0.13 7.2 5.80 1.40

The In luence of Technological Inputs on Yield and Quality Traits of Greenhouse Cabbage
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cabbage (Brassica oleracae var. capitata L.). Proceedings 
of 2nd Balkan Symposium of Field Crops 1:509-513. 

3. Cervenski J, Jelica Gvozdanovic-Varga, Svetlana Glogovac 
(2012). Variance components and correlations of 
agronomic traits among cabbage (Brassica oleracea var.
capitata L.) maturity groups. Genetika 44(1):55-68.

4. Gould S, Tkesslee DK, King CG (2006). Vitamin C content 
of vegetables, V. Cabbage. J. Food Sci. 1(5):427–434.

5. Moniruzzaman M (2011). Effect of plant spacings on the 
performance of hybrid cabbage (Brassica oleracea var. 
capitata) varieties. Bangladesh J. Agril. Res. 36(3):495-
506.

6. Nilsson J, Olsson K, Engqvist G, Ekvall J, Olsson M, 
Nyman M, Akesson B (2006). Variation in the content 
of glucosinolates, hydroxycinnamic acids, carotenoids, 
total antioxidant capacity and low-molecular-weight 
carbohydrates in Brassica vegetables. J. Sci. Food Agr. 
86:528–538.

7. Poșta Gh, Berar V (2006). Researches concerning the yield 
performances of the early cabbage hybrids cultivated in 
the ield conditions. Buletin USAMV-CN, 63:388-392.

8. Semuli KLH (2005). Nitrogen requirements for cabbage 
(Brassica oleracea capitata) transplants and crop 
response to spacing and nitrogen top-dressing. M. Sc. 
Thesis, University of Pretoria, 57 p.

9. Znidarcic D, Nina Kacjan-Marsic, Osvald J, Pozrl T, Trdan 
S (2007). Yield and quality of early cabbage (Brassica 
oleracea L. var. capitata) in response to within-row plant 
spacing, Acta agriculturae Slovenica 89(1):15-23.

10. Włodzimierz S, Domagała-Swiątkiewicz I, Rożek S 
(2010). Effect of nitrogen fertilization on sugars, ascorbic 
acid and phenolic compounds in white cabbage (Brassica 
oleracea var. capitata alba L.). Acta Sci. Pol., Hortorum 
Cultus 9(4):41-51.

content of insoluble solids, among which cellulose 
content, were obtained with foliar fertilized 
variants..

CONCLUSION 
Increasing of planting density in greenhouse 

cabbage crop determined very signi icant yield 
increases through a higher number of heads per 
unit area, although the reducing of plant spacing 
conducted to a decrease of marketable head 
weight.    

The highest cabbage yield (49.63 t∙ha-1) was 
obtained in the variant with foliar fertilization, 
but very signi icant yield increase (3.34 kg∙ha-1) 
was also revealed with split application of mineral 
fertilizers, in moderate dose of 100 kg∙ha-1, during 
head formation.

The increase of plant spacing in greenhouse 
cabbage crop increased the number of folded 
leaves, an important characteristic which 
in luences the marketable head weight.

The maximum total soluble solids and the AA 
content increased in variant with foliar fertiliza-
tion.
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 Abstract. The selection of hybrids with good yield potential has great importance in 

greenhouse tomatoes culture in order to improve the economic efficiency of this crop. Consumer 

interest in the quality of vegetable products also increased in the last years. In this experiment six 
tomato hybrids for fresh consumption recommended for greenhouse culture were evaluated as yield 

potential and quality of fruits. The evaluation of tomato fruits quality included appearance, firmness 

and chemical composition. The highest early and total yields were obtained in Menhir F1, Shanon F1 
and Monroe F1 and the best fruit quality in Monroe F1, Tolstoi F1 and Cronos F1.  

 

 Keywords: tomato hybrids, greenhouse, yield, fruit quality 

 

INTRODUCTION 

  

 Indoor production for fresh vegetables offers advantages compared to outdoor 

production with regard to quality assurance principally, because the products are not exposed 

directly to the rapid changes of climate conditions (Gruda, 2005). Greenhouse culture may be 

an alternative to the outdoor culture for high-value vegetable crops, including tomatoes, in 

actual climatic changes. An important role in the profitableness of this culture is played by 

using of some tomato hybrids with a big yield potential and a good quality of fruits. 

Alongside trade liberalization in the EU countries, Romanian vegetable growers have to 

compete with the other European vegetable growers. In these conditions, in order to obtain 

profitable yields, Romanian farmers need as many and as exact as possible information 

concerning the yield potential and the quality of fruits of tomato hybrids which are sold on the 

seed markets. 

 

MATERIALS AND METHODS 

 

 The research performed in the greenhouse of UASVM Cluj-Napoca in 2009 was 

organized as a mono-factorial experience, the experimental factor being represented by 

hybrid. Six tomato hybrids (Monroe F1, Marissa F1, Tolstoi F1, Cronos F1, Menhir F1 and 

Shanon F1) laid out in soil culture in greenhouse were evaluated as yield potential and quality 

of fruits. The experimental design was randomized blocks, replicated three times. The 

planting of transplants in soil was done at the end of January. Planting density was 31.250 per 

hectare. Usual technology for I
st
 cycle tomatoes culture was applied. Fruits were harvested at 

the appearance of red color in gel and pericarp tissue (M-4 maturity stage, by Kader, 2002). 

Observations concerning quantity and quality of yield at each harvest were done. Commercial 

quality of fruits was established by weighing of each harvest on three categories of fruits: 

extra (>100 g), first quality (50-100 g) and second quality (<50 g). Ten fruits per plot were 
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analyzed, evaluating the following characteristics: weight, shape and firmness – as external 

quality traits, as well as soluble solids content, total sugar, titratable acidity and ascorbic acid 

concentration – as internal quality traits. Observations concerning growth and fructification of 

plants were done before the beginning of harvesting and they were repeated once during 

fructification period.  

 

RESULTS AND DISCUSSION 

 

 The hybrids utilized in the experiment were of medium to strong vigor with good 

growth, flowering and fructification. Concerning the height of plants there were not recorded 

significant differences between hybrids all of them having a vigorous growth. Cronos F1 

recorded the highest number of leaves which means the shortest internodes and a high number 

of inflorescences (8.67). The mean number of fruits in the first seven inflorescences varied 

between 4.93 at Marissa F1 and 7.60 at Tolstoi F1 (Tab.1).   

 Fruit harvesting was started in the second decade of April and it was finished in the 

second decade of July. Early yield was considered being that one harvested till 31 of May. 

The analysis of variance (Tab. 2) shows very significant early yield increases for Menhir F1 

and Shanon F1 and very significant yield decreases for Monroe F1, Tolstoi F1 and Cronos F1 

in comparison with control (mean of the experiment).  
 

Tab. 1 

Growing and fructification features of six tomato hybrids cultivated in greenhouse 

 

Hybrid 
Plant height 

(cm) 

Number of 

leaves 

Number of 

inflorescences 

Mean number of fruits in the first 

seven inflorescences 

Monroe F1 248.33 32.00 7.67 5.60 

Marissa F1 231.67 31.33 9.00 4.93000 

Tolstoi F1 245.00 33.00 8.00 7.60*** 

Cronos F1 238.33 36.00** 8.67 6.40 

Menhir F1 243.33 31.67 7.00 5.63 

Shanon F1 241.67 31.67 7.67 6.13 

Mean of the experiment (control) 241.39 32.61 8.00 6.05 

LSD 5% 11.60 1.90 1.37 0.49 

LSD 1% 16.48 2.70 1.95 0.70 

LSD 0.1% 23.87 3.91 2.82 1.01 

  

 The results obtained for early yield were confirmed in case of total yield for Menhir F1 

and Shanon F1 with the highest yield increases and by Tolstoi F1 and Cronos F1 with the very 

significant yield decreases in comparison with the mean of the experiment. Unlike the early 

yield, Monroe F1 had a very significant total yield increase in comparison with control. It can 

be also remarked that most of the hybrids recorded total yields over 11 kg/m
2
.  

 The proportion of extra and first quality fruits from the total yield varied between 

87.31% at Cronos F1 and 94.44% at Shanon F1 (Tab. 3). With the highest proportions of extra 

and first quality fruits from the total yields Marissa F1, Monroe F1, Mehnir F1 and Shanon F1 

were remarked. The same hybrids recorded the highest proportions of extra and first quality 

fruits when reported to the control.  

 Tomato fruits quality was assessed by physical and chemical features. The main 

physical characteristics of tomato hybrids, followed in the experiment, are presented in table 

4. The mean weight of fruits varied between 88.20 g at Cronos F1 (very significant decrease in 

comparison with control) and 130.7 g at Monroe F1 (very significant increase in comparison 
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with control). According to the U.S. Standards for grades of fresh tomatoes (1991), as 

diameter, the fruits of Marissa F1, Tolstoi F1 and Cronos F1 are sized as small (5.40-5.72 cm), 

the fruits of Menhir F1 and Shanon F1 as medium (5.72-6.35 cm) and the fruits of Monroe F1 

as large (6.35-7.06 cm). The average height of fruits of the studied hybrids varied between 

48.22 mm at Cronos F1 and 52.8 mm at Monroe F1. The index of fruit shape was calculated as 

a ratio between the height and the diameter of fruit. Most of hybrids registered for the index 

of fruit shape very close values (0.88) by the mean of the experiment (0.86) being qualified as 

slightly flattened. The most flattened fruits were observed for Monroe F1 and Menhir F1.  

 The firmness of fruits was appreciated on a scale from 1 to 10 as good for all hybrids. 

The lowest firmness was recorded for Marissa F1 but all the other hybrids recorded values 

over 9 which mean firm flesh and thick pericarp, important characteristics for the fresh tomato 

recommended for consumption. 

 
Tab. 2 

Early and total yield of six tomato hybrids cultivated in greenhouses 

 

Hybrid 
Early yield Total yield 

Kg/m2 % +D Signification Kg/m2 % +D Signification 

Monroe F1 3.38 83.3 -0.68 000 11.60 106.9 0.75 *** 

Marissa F1 4.19 103.4 0.14 - 11.08 102.1 0.23 * 

Tolstoi F1 3.16 77.9 -0.89 000 8,22 75.8 -2.63 000 

Cronos F1 3.73 91.9 -0.33 000 10.40 95.9 -0.45 000 

Menhir F1 5.22 128.8 1.17 *** 11.74 108.2 0.89 *** 

Shanon F1 4.65 114.7 0.60 *** 12.04 111.0 1.19 *** 

Mean of the experiment 4.05 100.0 0.00 Control 10.85 100.0 0.00 Control 

LSD 5% 0.15    0.20  

LSD 1% 0.21    0.29  

LSD 0.1% 0.30    0.42  

 

 
Tab. 3 

Quality of yield of six tomato hybrids cultivated in greenhouses 

 

Hybrid 

Yield kg/m2 Ratio from the total yield: Extra + Ist 

quality in 

comparison 

with control 
Total Extra 

Extra+Ist 

quality 
Extra 

Extra+Ist 

quality 

Monroe F1 11.60 8.81 10.90 75.95 93.97 109.11 

Marissa F1 11.08 8.02 10.36 72.38 93.50 103.70 

Tolstoi F1 8.22 4.71 7.20 57.30 87.59 72.07 

Cronos F1 10.40 5.68 9.08 54.62 87.31 90.89 

Menhir F1 11.74 9.17 11.0 78.11 93.70 100.92 

Shanon F1 12.04 9.37 11.37 77.82 94.44 113.81 

Mean of the experiment   9.99   100.00 
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Tab. 4 
Physical characteristics of fruits at six tomato hybrids cultivated in greenhouse 

 

Hybrid 
Fruit weight 

(g) 

Fruit height 

(mm) 

Fruit diameter 

(mm) 

Index of fruit 

shape 
Fruit firmness 

Monroe F1 130.7*** 53.50* 66.21*** 0.81 9.1 

Marissa F1 96.200 50.18 57.24 0.88 8.80 

Tolstoi F1 91.2000 49.17 55.920 0.88 9.4 

Cronos F1 88.20000 48.220 55.3200 0.88 9.1 

Menhir F1 120.80*** 52.64 62.54* 0.84 9.6 

Shanon F1 99.40 51.34 58.38 0.88 9.6 

Mean of the experiment (control) 104.42 50.84 59.27 0.86 9.27 

LSD 5% 7.60 2.57 2.73 0.06 0.46 

LSD 1% 10.17 3.45 3.66 0.08 0.65 

LSD 0.1% 13.30 4.51 4.79 0.11 0.95 

 

 The values of the correlation coefficients of the physical characteristics which 

determine the commercial tomato fruit aspect (shape, firmness) and the biometrical 

characteristics which determine the yield potential (fruit weight, number of fruits in the 

inflorescences) are presented in table 5. They can be remarked very significant positive 

correlations between fruit weight and fruit height as well as between fruit weight and fruit 

diameter. The fruit height and the fruit diameter were also strongly positively correlated 

(r=+0.952***). Both fruit weight and fruit diameter were strongly negatively correlated with 

the index of fruit shape which means that the heaviest fruits had flattened shape. Fruit 

firmness is negatively even if not significantly correlated with index of fruit shape and fruit 

diameter which means that slightly flattened fruit are the most firm. The negative correlation 

coefficients among the mean number of fruits in the first seven inflorescences and fruit 

weight, fruit height and fruit diameter indicates that the higher the number of fruits in the 

inflorescence the lower the number of them. The firmness is also better in case of small to 

medium sized fruits than in case of large sized fruits. 

 

Tab. 5 
The correlation coefficient (r) of the physical characteristics of fruits at six tomato hybrids cultivated in 

greenhouse 

 

Correlated properties Fruit height Fruit diameter Index of fruit shape 
Fruit 

firmness 

Mean number of 

fruits in the first 

seven 

inflorescences 

Fruit weight 0.951*** 0.995*** -0.966000 0.151 -0.458 

Fruit height  0.952*** -0.8480 0.260 -0.505 

Fruit diameter   -0.968000 -0.035 -0.457 

Index of fruit shape    -0.035 0.352 

Fruit firmness     0.433 

r 5% = 0.754; r 1% = 0.875; r 0.1% = 0.951 

 

 The evaluation of tomato fruits quality supposes besides physical characteristics, 

which have visual impact on consumers, also internal traits which have organoleptic impact. 

The internal tomato fruits quality was assessed by content of chemical components as soluble 

solids, total sugar, titratable acidity and vitamin C (Tab. 6). Soluble solid content of fruits 

varied between 4.70% in Menhir F1 and 6.18% in Marissa F1. The same hybrids recorded the 
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lowest (2.53%) respectively the hyghest (2.95%) total sugar content. It has to be remarked the 

positive significant correlation (r = +0.795*) between soluble solids and total sugar content of 

fruits of the analyzed hybrids. Despite the fact that cultivars with high soluble solids have 

high sugar concentrations, soluble solids do not relate to a perception of sweetness by 

consumers. Soluble solids relate to the perception of fruit acidity, bitterness, astringency, and 

saltiness (Baldwin et al., 1991). Sourness assesed by titratable acidity (as % of malic acid) 

varied between 0.64% in Shanon F1 and 0.99% in Monroe F1. Many studies have shown that 

tomato flavor is related to the balance between sugars and organic acids (sugars:acids ratio) in 

the fruits (Auerswald et al., 1999). The correlation between total sugar content and acidity 

was positively (r= +0.450) for the analyzed hybrids even it was not significantly. With good 

levels of sugar and acidity, thus with greater sweetness, sourness, tomato-like character and 

flavor intensity were remarked Monroe F1, Tolstoi F1 and Cronos F1.  

 Unfortunately, the inverse relation between yield and total solids, respective soluble 

solids as major constituent of dry matter (Davies and Hobson, 1981) was found in the 

experiment through the negative correlation between fruits weight (as productivity character) 

and fruits soluble solid content (Tab.7). 

 Vitamin C is a health-promoting factor with antioxidant properties. Among the studied 

hybrids the highest content of vitamin C was recorded in Monroe F1, Tolstoi F1 and Cronos 

F1, the same hybrids with the best balance between total sugar and acidity.  

 
Tab. 6 

Fruit quality characteristics of six tomato hybrids cultivated in greenhouse 

 

Hybrid 
Fruit density 

(g/cm3) 
Soluble solids 

Total sugar 

% 

Titratable 

acidity (%) 

Vitamin C 

mg/100 g 

Monroe F1 1.02 5.60 2.80 0.99 20.77 

Marissa F1 0.97 6.18* 2.95 0.75 18.83 

Tolstoi F1 1.03 5.85 2.76 0.86 23.23 

Cronos F1 0.97 5.43 2.87 0.80 19.36 

Menhir F1 0.99 4.7000 2.53 0.72 19.01 

Shanon F1 1.02 5.43 2.58 0.64 16.02 

Mean of the experiment (control)  5.53    

DL 5%  0.58    

DL 1%  0.82    

DL 0.1%  1.19    

 

 
Tab. 7 

The correlation coefficient (r) of some physical and chemical characteristics of fruits at six tomato hybrids 

cultivated in greenhouse 

 

Correlated properties Fruit density Soluble solids Total sugar Titratable acidity Vitamin C 

Fruit weight 0.258 -0.447 -0.365 0.391 0.006 

Fruit density  0.012 -0.432 0.288 0.303 

Soluble solids   0.795* 0.273 0.273 

Total sugar    0.450 0.333 

Titratable acidity     0.757* 

r 5% = 0.754; r 1% = 0.875; r 0.1% = 0.951 
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CONCLUSIONS 

 

 The hybrids utilized in the experiment were of medium to strong vigor with good 

growth, flowering and fructification. Concerning the height of plants there were not recorded 

significant differences between hybrids all of them having a vigorous growth. 

 Menhir F1 and Shanon F1 can be remarked as earliness and yields which surpassed 4.5 

kg/m
2
. The same hybrids recorded the highest total yields. Despite the early yield, Monroe F1 

had a very significant total yield increase (0.75 kg/m
2
) in comparison with control. It can be 

also remarked that most of the hybrids recorded total yields over 11 kg/m
2
. 

 The index of fruits shape had very close values (0.81-0.88) for all hybrids, most of 

them being qualified as slightly flattened. The most flattened fruits were observed for Monroe 

F1 and Menhir F1.  

 Fruit firmness was negatively even if not significantly correlated with fruit shape and 

fruit diameter which indicates that slightly flattened fruit were the most firm. 

 With good levels of sugar and acidity, thus with greater sweetness, sourness, tomato-

like character and flavor intensity among the studied hybrids Monroe F1, Tolstoi F1 and 

Cronos F1 were remarked.  
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Abstract 

In the experiment carried out in 2009 at University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania, 
the influence of cultivation and fertilization methods on yield of eggplants grown in polyethylene greenhouse was investigated. In the 
experiment, the early and total yields, as well as yield quality were determined. For the plants cultivated in organic substrate the yield 
reached about 92.9% in the case of early yield and about 58.6% in the case of total yield in comparison with the plants cultivated in soil. 
The fertilization method influenced to a small extent the yield, however in the case of the early yield the organically fertilized plants 
showed decrease of the yield in comparison with chemical fertilized ones. In the case of total yield, no significant differences between 
objects fertilized with chemical and organic fertilizers were recorded. Both in the case of early yield and total yield, the best results were 
obtained for plants cultivated on organic substrate, irrespective the fertilization method. 

Keywords: eggplant, polyethylene greenhouse, cultivation method, fertilization

Introduction

According to literature data, eggplants can be culti-
vated with good results on mineral substrates-perlite or 
sand (Hamdy et al., 2004), as well as on polyurethane slabs 
(Benoit et al., 1990). Iapichino et al. (2007) studied pos-
sibility of eggplants cultivation in polystyrene slabs, while 
Pinker and Böhme (2009) elaborated greenhouse cultiva-
tion of eggplants in perlite, peat and with NFT systems. 
Gajewski (2009) reported the influence of growing medi-
um (coconut fiber, wood fiber and rockwool) on sensory 
quality and physical traits of eggplant fruit. Michalojć and 
Buczkowska (2008) showed the influence of different ni-
trogen fertilizers on eggplants yield, when cultivation in 
peat substrate was applied. Politycka and Golcz (2006) 
studied the possibility of peat and peat plus bark sub-
strates reuse in eggplants cultivation during 3 years. They 
reported that reuse of peat resulted in a decrease of yield 
while the reuse of peat plus bark substrate had positive ef-
fect on the yield.

The objective of this study was to evaluate the possibil-
ity of eggplants cultivation in containers filled with lim-
ited volume of different substrates. The method was not 
investigated yet in the case of Romanian climatic condi-
tions. The possibility of applying only organic fertilizers in 
order to reduce cultivation costs and to decrease the risk of 
nitrates accumulation in the fruits over the accepted limit, 
was also studied.

Materials and methods

The eggplant hybrid 'Madonna' F1 obtained from 
Dutch seed company De Ruiter Seeds, was used in the 
experiment. This hybrid is recommended for greenhouse 

cultivation. The plants are characterized with big vigor, 
have well developed root system, black colored fruit with 
few seeds and white fruit pulp. Medium weight of fruit is 
about 350-400 g. 

The bifactorial experiment was carried out in 2009 in 
polyethylene greenhouses at University of Agricultural 
Sciences and Veterinary Medicine Cluj-Na poca, Roma-
nia.

Factor A: cultivation method; a1-soil culture; a2-cul-
ture on organic substrate in polyethylene bags.

Factor B: fertilization method; b1-chemical fertilizer; 
b2-organic fertilizer. 

The four experimental objects are presented in Tab. 1.
Each experimental object had 4 replicates, the surface 

of experimental plot being about 9 m2. 
The experiment started on 14 of April, with seedlings 

produced in pots with 10 cm diameter, filled with nutri-
tive substrate. Plants of III and IV objects were cultivated 
on Klasmann peat substrate (T.S.3), to each plant its due 
being about 8 L of substrate.

Fertilizations were done once at two weeks for all exper-
imental objects. Plants of I and III objects were chemically 
fertilized with Complex III fertilizer (N:P:K 16:16:16), 
applied as 1% concentrated solution and plants of II and 
IV variants were fertilized with manure (N:P:K 2,5:1,2:4) 

Tab. 1. Experimental objects

Objects Cultivation method Fertilization method
I a1b1 in soil Chemical 
II a1b2 in soil Organic 
III a2b1 in organic substrate Chemical 
IV a2b2 in organic substrate Organic 
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Total yield
The results obtained in the case of total yield confirm 

those obtained in the case of early yield. Analyzing the 
unilateral influence of cultivation method on total yield 
of eggplants (Tab. 5), it can be observed that plants cul-
tivated in organic substrate, in polyethylene bags, showed 
significant increase of yield, about 58.6% in comparison 
with plants cultivated in soil.

It can be seen a little tendency to decrease of yield in 
the case of organic fertilization in comparison with chemi-
cal fertilization (Tab. 6).

Analyzing the interaction of experimental factors on 
total yield of eggplants (Tab. 7), it can be seen that plants 
from objects III (organic substrate culture, chemical fertil-
ization) and IV (organic substrate culture, organic fertil-
ization) gave the highest yield in comparison with control 
(soil culture, chemical fertilization).

Marketable quality yield

diluted with water 1:10. At each harvesting, yield was de-
termined by weighting for each object and replicate, being 
after calculated for 1 m2. 

Results and discussion

Early yield
Analyzing the influence of growing method on early 

yield of eggplants (Tab. 2) it can be noticed that yield of 
plants cultivated in peat substrate showed reached about 
92.9% in comparison with yield of plants cultivated in 
soil. 

Regarding the unilateral influence of fertilization 
method on early yield (Tab. 3), it can be observed a signifi-
cant decrease of the yield in the case of organically fertil-
ized plants (of 0.44 kg/m2), in comparison with minerally 

fertilized plants. 
Analyzing the combined influence of experimental 

factors on early yield of eggplants (Tab. 4) it can be ob-
served that the best results were obtained from object III 
(organic substrate culture, chemical fertilization), with a 
significantly higher yield, reached about 113.3% in com-
parison with the control (variant I, soil culture, chemical 
fertilization).

Object IV (organic substrate culture, organic fertiliza-
tion) showed a positive influence on yield in comparison 
with the control. It was not recorded any significant dif-
ference between the yield of plants from the object II (soil 
culture, organic fertilization) and the control plants. 

Tab. 2. Unilateral influence of cultivation methods on early 
yield (till 31 of July) of eggplants (Cluj-Napoca, 2009)

Objects
Early 
yield 

kg/m2
% Difference 

±
Significance 
of difference

Cultivation in soil 1.70 100.0 - -
Cultivation on 

organic substrate 3.28 192.9 +1.58 **

LSD 5% 0.65
LSD 1% 1.19

LSD 0.1% 2.63

Tab. 3. Unilateral influence of fertilization method on early 
yield (until 31 of July) of eggplants (Cluj-Napoca, 2009)

Objects
Early 
yield 

kg/m2
% Difference 

±
Significance 
of difference

Chemical 
fertilization 2.71 100.0 - -

Organic 
fertilization 2.27 83.9 -0.44 0

LSD 5% 0.36
LSD1% 0.55

LSD 0.1% 0.89

Tab. 4. Combined influence of experimental factors on early 
yield (until 31 of July) of eggplants (Cluj-Napoca, 2009)

Objects Early yield % Difference 
±

Significance 
of difference

I 1.73 100.0 - -
II 1.67 96.5 -0.06 -
III 3.69 213.3 +1.96 **
IV 2.88 166.5 +1.15 *

LSD 5% 0.74
LSD 1% 1.28

LSD 0.1% 2.64

Tab. 5. Unilateral influence of system of culture on total yield 
of eggplants (Cluj-Napoca, 2009)

Objects
Total 
yield 

kg/m2
% Difference 

±
Significance 
of difference

Culture in soil 4.53 100.0 - -
Culture on organic 
substrate placed in 
polyethylene bags

7.19 158.6 +2.66 **

LSD 5% 0.68
LSD 1% 1.24

LSD 0.1% 2.75

Tab. 6. Unilateral influence of fertilization method on total 
yield of eggplants (Cluj-Napoca, 2009)

Objects Total yield 
kg/m2 % Difference 

±
Significance 
of difference

Chemical 
fertilization 6.19 100.0 - -

Organic 
fertilization 5.53 89.3 -0.66 -

LSD 5% 0.69
LSD 1% 1.05

LSD 0.1% 1.69
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Analyzing marketable quality yield (Tab. 8), it can be 
seen that the share of Ist fruit quality from the total yield 
was between 73.2% and 82.9%, without major differences 
among experimental objects. Object III (organic substrate 
culture, chemical fertilization) had most of the fruits of 
the Ist quality, respectively 6.43 kg/m2. The highest yield of 
Ist quality fruit was found for objects III and IV (185.8% 
and 154.0%, respectively, comparing with the control).

Conclusions

On the basis of the experiment it can be concluded 
that both early and total yield were influenced especially 
by cultivation method. Yield of plants cultivated in poly-
ethylene bags in organic substrate reached about 92.9% in 
case of early yield and about 58.6% in case of total yield in 
comparison with plants cultivated in soil. 

Fertilization method influenced especially early yield 
and to a smaller extent total yield. Plants fertilized with 
organic fertilizer showed lower early yield in comparison 
with minerally fertilized plants. Fertilization method had 
no significant influence on total yield. The highest early 
and total yield were obtained in the case of plants grown 
in organic substrate and fertilized with chemical fertilizer, 
as well as in the case of plants grown in organic substrate 
and fertilized with organic fertilizer. 
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Tab. 7. Combined influence of experimental factors on total 
yield of eggplants (Cluj-Napoca, 2009)

Objects Total yield 
kg/m2 % Difference 

±
Significance 
of difference

I 4.63 100.0 - -
II 4.44 95.9 -0.19 -
III 7.76 167.6 +3.13 ***
IV 6.63 143.2 +2.00 **

LSD 5% 0.96
LSD1 % 1.59

LSD 0.1% 3.00

Tab. 8. Marketable quality fruits of eggplants (Cluj-Napoca, 
2009)

Objects
Yield (kg/m2) Percentage of Ist 

quality fruits

Total Ist quality IInd quality From 
total

Given the 
control

I 4.63 3.46 1.17 74.7 100.0
II 4.44 3.25 1.19 73.2 93.9
III 7.76 6.43 1.33 82.9 185.8
IV 6.63 5.33 1.30 80.4 154.0
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Abstract. This paper presents the results of research regarding the influence of some technological 
inputs on greenhouse tomatoes yield and fruit quality. In order to establish how the fertilization and 
system of culture can influence the greenhouse tomatoes yield and quality, two systems of culture (in 
soil and in organic substrate) and different types of fertilization (basic and additional) were analyzed. 
Maximum early and total yields were obtained in case of organic substrate culture. Vitamin C, acidity and 
total sugar content of fruit increased with radicular+foliar additional fertilization. None of the nitrate 
values over passed the accepted limits of permission for greenhouse tomatoes. 
Key Words: Tomatoes, fertilization, organic substrate, fruit quality. 
 
Rezumat. În această lucrare sunt prezentate rezultatele cercetării privind influenţa unor inputuri 
tehnologice asupra producţiei şi calităţii fructelor la tomatele de seră. Pentru a stabili modul în care 
fertilizarea şi sistemul de cultură pot să influenţeze cantitatea şi calitatea producţiei de tomate de seră au 
fost studiate două sisteme de cultură (în sol şi pe substrat organic) şi diferite metode de fertilizare (de 
bază şi fazială). Cele mai mari producţii timpurii şi totale au fost obţinute în cazul sistemului de cultură 
pe substrat organic. Conţinutul fructelor în vitamina C, aciditatea şi conţinutul fructelor în zahăr total au 
înregistrat valori mai ridicate în cazul fertilizării radiculare+foliare. Conţinutul în nitraţi al fructelor de 
tomate nu a depăşit limitele admise pentru cultura tomatelor de seră.  
Cuvinte cheie: Tomate, fertilizare, substrat organic, calitatea fructelor. 

 
 
Introduction. Greenhouse tomatoes production involves a number of complex 
interactions between cultivar, environment and management of the crop, each of which 
plays a role in fruit yield and quality determination. Since many experiments have not 
revealed real differences between the product quality of vegetables grown in soil or 
hydroponically, soilless culture in greenhouse may be an alternative to soil culture for 
high-value vegetable crops including tomatoes (Schnitzler & Gruda 2003). Better tomato 
fruit quality can be obtained by direct measures such as an increase in the concentration 
of the nutrient solution, or a reduction of nitrate application rates. It is also necessary to 
adopt appropriate nutrient management practices (use of slow-release fertilizers, split 
applications, combining of radicular and foliar fertilization) which help to supply nutrients 
in quantities adequate to just meet crop demand and minimize losses, thereby increasing 
the nutrient use efficiency. The objective of the present study was to evaluate 
greenhouse tomatoes grown in soil and in organic substrate in order to establish how the 
system of culture and the management of technological inputs can influence yield and 
chemical properties of tomato fruit. 
 
Material and Method. The experiment was carried out in 2008 at the greenhouses of 
vegetable growing Department of University of Agricultural Sciences and Veterinary 
Medicine from Cluj-Napoca. The research was organized as a poly-factorial experience 
with three experimental factors: 1. system of culture: soil and organic substrate (made 
from 80% peat and 20% long duration follow soil + well decomposed manure); 2. basic 
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fertilization of soil and organic substrate with two treatments (simple doze and double 
doze); 3. additional fertilization consisted of radicular and radicular + foliar treatments.  
 Cronos F1 was used as biological material. The planting of transplants in soil was 
done at the end of January and the installation of plants at the final growing place, in 
case of organic substrate culture system, was done in the second decade of February. 
Organic substrate was placed in small capacity (8 L substrate/plant) polyethylene bags. 
Each bag was planted with one plant and drainage slits below each plant in the bag were 
cut to assure the drainage. Plant spacing was 0.40 m between plants and 0.80 m 
between rows for both system of culture, the plants density being about 32.000 plants 
ha-1. Two treatments of basic fertilization expressed as kg ha-1, in case of soil culture, 
and as kg m-3 of substrate, in case of organic substrate culture, were added to establish 
the simple doze (300 kg ha-1 Complex III – N:P:K 15:15:15  for soil culture respectively 
3 kg m-3 Complex III for organic substrate culture) respectively the double doze (300 kg 
ha-1 Complex III + 300 kg ha-1 Multicote IV N:P:K 12:0:43 for soil culture respectively 3 
kg m-3 Complex III + 3 kg m-3 Multicote IV for organic substrate culture). Additional 
fertilization was done with 1% Complex III (15:15:15) solution applied once at two 
weeks for all of experimental variants in case of radicular fertilization and with 0.5% 
Ferticare (10:5:26) solution, applied once weekly for half of the variants, which were 
supplementary foliar fertilized. The experiment was arranged in a complete randomized 
block design with three replications. The production system was managed following 
conventional technology for greenhouse tomatoes production in case of soil culture, 
respectively the technology established by Carpenter (1982) and adapted to our local 
conditions by Indrea (1990) in case of organic substratum culture. Fruit were harvested 
periodically, from 5 of May up to 10 of July, at full red stage, and classified as early yield 
(that one recorded till 31 of May) and total yield. Samples of whole fruit were used to 
determine the titratable acidity, total soluble solids, total sugar, vitamin C content and 
nitrates content. Recorded yield data were subject to analysis of variance. 
 
Results and Discussion. Greenhouse vegetables can be grown in various types of 
soilless media, as long as proper irrigation and fertilization is provided (Cantliffe et al 
2003). The same authors reported three times greater yields for muskmelon cultivated in 
soilless media than those obtained under field conditions. According to our previous 
studies (Apahidean 1998; Ganea 2003), peat and other growing media (mixture with 
perlite, volcanic tuff) which consisted of 50% peat, placed in big polyethylene bags (12 L 
substrate/plant), can be suggested to be used in tomatoes growing under greenhouse 
conditions with great influence on total yield (16-18 kg/m2). Organic substrate culture 
also provided total yields about 25-27 kg/m2 at greenhouse cucumbers (Măniuţiu 1998) 
and total yields about 7-7.5 kg/m2 at greenpeppers cultivated in polyethylene 
greenhouses (Bobăilă 2005). In this experiment the influence of organic substrate culture 
system on both early and total yield of tomatoes was very significant, the obtained yield 
efficiencies varying between 34.7% in case of early yield and 38.1% in case of total yield 
(Table 1).  
 A balanced nutrient supply is important for both yield and quality of greenhouse 
tomato, irrespective the nutrient source and system of culture. A combination of radicular 
and foliar fertilizers should be applied in order to prevent salt buildup, nutrient deficiency 
and excessive fertilizer runoff. Using of slow-release fertilizers respect better these goals 
and hold great promise for the production of solanaceous, especially tomatoes. Gezerel & 
Donmez (1988) comparing slow-release fertilizer (Plantacote) and conventional fertilizers 
at 100:80:90 kg/ha NPK have found that slow-release fertilizers produced 92 t/ha of 
tomato, compared to only 42 t/ha when ordinary commercial fertilizers were used. With 
respect to the influence of basic fertilization on yield of greenhouse tomatoes, grown in 
soil and in organic substrate (Table 2), the doubling of applied nutrient doze determined 
very significant total yield efficiencies (0.83 kg/m2) while the early yield didn’t swell 
spectacular, maybe even due to the using of a slow-release fertilizer (Multicote). Fruit 
development in tomato is often accompanied by the depletion of foliar potassium to the 
detriment of both the yield and the fruit quality. The foliar fertilization, done with a 
fertilizer with a high K ratio (10:5:26), determined distinct significant efficiencies of both 
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early yield (0.27 kg/m2) and total yield (0.32 kg/m2) in comparison with the variants 
which were radicular additionally fertilized (Table 3). Măniuţiu et al (2008) also reported 
that root and foliar fertilization determined positive significant yield differences (1.47 
kg/m2) comparative with root fertilization at greenhouse cucumbers. 
 

Table 1 
The early and total yield of greenhouse tomatoes as  

influenced by system of culture 
 

Early yield Total yield System 
of culture Kg/m2 % +D Signification Kg/m2 % +D Signification 

 
Soil – 

Control 
4.19 100.0 0.00 - 8.41 100.0 0.00 - 

Organic 
substrate 

5.64 134.7 1.45 *** 11.61 138.1 3.20 *** 
 
 

LSD 5% 0.14    0.30  
LSD 1% 0.32    0.70  
LSD 0.1% 1.00    2.21  

 
Table 2 

The early and total yield of greenhouse tomatoes as influenced by  
basic fertilization of soil and organic substrate 

 
Early yield Total yield Basic 

fertilization Kg/m2 % +D Signification Kg/m2 % +D Signification 
 

simple doze 4.79 100.0 0.00 - 9.59 100.0 0.00 - 
double doze 5.04 105.3 0.25 * 10.42 108.6 0.83 *** 

 
LSD 5% 0.16    0.24  
LSD 1% 0.26    0.39  
LSD 0.1% 0.49    0.74  

 
Table 3 

The early and total yield of greenhouse tomatoes as influenced  
by additional fertilization 

 
Early yield Total yield Additional 

fertilization Kg/m2 % +D Signification Kg/m2 % +D Signification 
 

radicular 
fertilization 

4.78 100.0 0.00 - 9.85 100.0 0.00 - 

radicular + 
foliar 

fertilization 

5.05 105.5 0.27 ** 10.17 103.2 0.32 ** 

LSD 5% 0.15    0.18  
LSD 1% 0.22    0.27  
LSD 0.1% 0.33    0.40  
 
 
Today, the orientation in horticulture world wide is geared to quality instead of quantity. 
Since many experiments have not revealed any real differences between the product 
quality of vegetables grown in soil or hydroponically, both high yield and good quality 
fruit could be obtained by using of soilless culture systems. Besides, Schnitzler & Gruda 
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(2002) reported that taste of some vegetable fruit such as tomatoes, cucumbers, melons 
etc., may be substantially improved in hydroponics by manipulating the nutrients 
concentration in the supplied nutrient solution.  
 In this experiment the tomato fruit quality was assessed by some chemical 
components as: soluble solids, total sugar content, malic acid and C vitamin content. 
Among fruit constituents, with potential hazard to consumer’s health, nitrates were 
determined. High dry matter or low water content of the tomato has been reported to 
affect fruit taste positively because the major components of tomato taste, especially 
sugars and acids, are more concentrated (Hobson 1988). The soluble solids content 
(SSC) represents approximately 75% of the total dry matter and they are comprised 
primarily of the reducing sugars and of 10% to 15% of citric and malic acids, being the 
major constituents which assure the nutritional value of tomatoes. The doubling of basic 
fertilization doze increased the SSC content in case of both culture systems but, as a 
whole, the SSC values recorded in case of organic substrate culture where lesser maybe 
because of the higher obtained yields and due to the reverse correlation between the 
yield and dry matter content of fruits (Table 4). Many studies have shown that tomato 
flavor is related to the balance between total sugars and organic acids (sugars:acids 
ratio) in the fruit (Auerswald et al 1999). Other studies have shown that K nutrition has a 
positive effect on fruit’s sugar and acid content. Of the nutrition factors, the soil K 
content most affects the total acid content in the fruit (Lacatuş et al 1994). Significant 
responses to high K rate of the foliar fertilizer, which was weekly applied, were observed 
for total sugar content of fruit in case of both systems of culture. Fruit titratable acidity 
was increased with the foliar fertilization and mainly due to the high K rate of applied 
fertilizer. Tomato fruit are also rich in anti-oxidant compounds that have been recognized 
as beneficial for human health. Among these, vitamin C is a health-promoting factor with 
antioxidant properties. Even if the antioxidant content of tomatoes may depend on 
genetic factors in case of a given variety it can varies according to the culture system. 
Vitamin C content in the fruit is also influenced by K supply. Higher vitamin C content 
was recorded in case of variants cultivated in organic substrate (19.42 – 24.28 mg/100 g 
fresh matter) and vitamin C content increased in case of foliar fertilized variants both for 
soil culture and for organic substrate culture (Table 4). The root-media temperatures in 
the organic substrate which were slightly higher (2ºC), especially in the beginning of 
culture, compared with the soil, may have increased the growth, yield and chemical 
constituents in the tomato fruits from this system of culture.  
  

Table 4 
The chemical features of greenhouse tomato fruit as influenced by system  

of culture and fertilization 
 

Variant Fruit quality 
System 

of 
culture 

Basic 
fertilization 

Additional 
fertilization 

Soluble 
solids  

% 

Total 
sugar 

% 

Titratable 
acidity 

 % 

Vitamin 
C 

mg/100g 
fresh 

matter 

Nitrates 
mg/kg 

radicular 6.05 3.7 0.42 18.65 52.23 simple 
doze radicular+foliar 6.48 3.9 0.47 22.33 54.56 

radicular 6.10 3.8 0.42 19.36 49.87 

Soil 
culture 

double 
doze radicular+foliar 6.55 4.1 0.54 22.88 53.68 

radicular 5.72 3.6 0.48 19.42 65.59 simple 
doze radicular+foliar 5.86 4.1 0.55 23.64 70.26 

radicular 5.90 4.1 0.54 22.04 79.41 

Organic 
substrate 
culture double 

doze radicular+foliar 6.11 4.3 0.58 24.28 83.44 
  
 
The major potential hazard to consumer health linked to fertilizers is the quantity of 
absorbed nitrogen and the way in which it is utilized in plant metabolism, mainly with 
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respect to the nitrates content of edible plant tissues. However, both these factors are 
better managed in hydroponics, since in the small volume of rooting medium the nutrient 
supply is more efficiently controlled through the composition of the nutrient solution. 
Nitrates can be reduced to nitrites which then react with secondary amines to produce 
nitrosamines under the influence of acids in the stomach (Craddock 1983). At 
greenhouse cucumbers production a positive effect of high K fertilization doze (0.30 mg 
ml-1) on uptake, translocation and reduction of NO3 in leaves as well as on translocation 
of amino acids towards the fruit was reported, thereby perhaps enhancing the maximal 
commercial yield (Ruiz et al 2002). High vitamin C levels in vegetables can also prevent 
the nitrosation reaction. In our experiment the recorded values of nitrates content of fruit 
were situated under normal accepted limits and they varied between 49.87 mg/kg and 
83.44 mg/kg even if they were a little bigger in case of organic substrate culture than in 
soil culture (Table 4). Nitrate ratios in the fruit increased with the foliar fertilization, even 
if they decreased with doubling of basic fertilization doze, in case of soil culture, maybe 
because from soil an important part of applied nitrogen is leached.  
 
Conclusions. Greenhouse tomatoes production in hydroponics system could be an 
alternative to the soil culture because it allows the possibility of improving yields and 
provides better direct inputs adapted to specific conditions of the system or substrate. 
The best result of experience with greenhouse tomatoes cultivated in comparative culture 
in soil and in organic substrate is that on organic substrate they can be obtained earlier 
yields than in soil, even for later set up cultures. Product quality is a complex issue. As 
well as visual characteristics, properties such as the soluble solids, total sugar, acidity 
and C vitamin content of fruit, which count for fruit flavor, must be considered. The total 
sugar content and acidity are the most important characteristics of tomatoes taste. Both 
characteristics recorded higher values in case of foliar fertilization and in organic 
substrate culture as response to high K rate of the applied foliar fertilizer and to a better 
management of nutrition. High vitamin C content was recorded in case of variants 
cultivated in organic substrate and it increases in case of foliar fertilization both for soil 
culture and for organic substrate culture. Nitrate contents of tomato fruits were a little 
bigger in case of organic substrate culture for all the variants but none of them over 
passed the accepted values for greenhouse tomatoes. 
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 Abstract. Important factors to be considered for growing tomatoes in order to obtain high 
and safety yield are variety, system of culture and fertilization. To establish how the fertilization 
managing can influence both yield and quality of greenhouse tomatoes grown on peat bags system, 
different doses and types of fertilization (basic and additional) were studied in this experiment. 
Two Dutch cultivars (Cronos F1 and Menhir F1) with high yield potential were used. Cronos F1 
recorded the best early yield (5.87 kg·m-2) and Menhir F1 the best total yield (13.06 kg·m-2). Foliar 
fertilization, done with a high K ratio fertilizer (10:5:26), once weekly applied, determined distinct 
significant efficiencies of early yield and significant efficiencies of total yield. Vitamin C, acidity 
and total sugar content in the fruit increase with foliar fertilization. None of the nitrate or nitrite 
values over passed the accepted limits of permission for greenhouse tomatoes. 
  
 Keywords: tomatoes, fertilization, peat bags, fruit quality. 
 

INTRODUCTION 
 
 Greenhouse tomatoes grown on peat bags system allows to increase early and total 
yield in comparison with conventional crop in soil. Because bags contain only a small 
volume of growth medium, they offer much lower water holding capacity and much lower 
buffering capacity than most soils regarding both major and minor elements. Therefore it is 
necessary to monitor continually the nutrient availability in the substrate and to adjust 
accordingly the composition of feed applied to it. The quantity of nutrients which should 
be applied also depends on the yield potential of the cultivar and growth conditions. 
Tomatoes need a continuous and steady supply of nutrients through additional fertilization 
throughout their life cycle because their vegetative and reproductive stages overlap. Since 
many experiments have not revealed real differences between the product quality of 
vegetables grown in soil or hydroponically (Schnitzler and Gruda, 2003) soilless culture in 
greenhouse may be an alternative to soil culture for high-value vegetable crops including 
tomatoes. Better tomato fruit quality can be obtained by fertilization measures such as an 
increase in the concentration of the nutrient solution, or a reduction of nitrate application 
rates. It is also necessary to adopt appropriate nutrient management practices (use of slow-
release fertilizers, split applications, combining of radicular and foliar fertilization) which 
help to supply nutrients in adequate quantities to just meet crop demand and minimize 
losses, thus increasing the nutrient use efficiency. The objective of the present study was to 
evaluate two greenhouse tomato hybrids grown in bags on organic substrate (mostly 
composed from brown peat) in order to establish how fertilization managing can influence 
yield and chemical properties of fruit. 
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MATERIAL AND METHOD 
 

 The experiment was carried out in 2007 at the greenhouses of Vegetable growing 
Department of University of Agricultural Sciences and Veterinary Medicine from Cluj-
Napoca. The research was organized as a poly-factorial experience with three experimental 
factors: 1. the cultivar – two Dutch cultivars (Cronos F1 and Menhir F1) being used 2. basic 
fertilization of organic substrate with two treatments (simple doze and double doze); 3. 
additional fertilization consisted of radicular and radicular + foliar treatments.  
 Culture was established in the second decade of February and was finished in the 
first decade of July. Seedlings were produced in pots with 10 cm diameter filled with 
growing medium. Tomato seedlings were transplanted in small capacity (8 l 
substrate/plant) black polyethylene bags on organic substrate in the beginning of January 
and they were placed at the final growing place in the second decade of February. Organic 
substrate was made from 80% brown peat and 20% long duration follow soil + well 
decomposed manure. Each bag was planted with one plant and drainage slits below each 
plant in the bag were cut to assure the drainage. Plant spacing was 0.40 m between plants 
and 0.80 m between rows, the planting density being about 32.000 plants/ha. Two 
treatments of basic fertilization expressed as kg∙m-3 of substrate were added to establish the 
simple doze (3 kg∙m-3 Complex III – N:P:K 15:15:15) respectively the double doze (3 
kg∙m-3 Complex III + 3 kg∙m-3 Multicote IV). Additional fertilization was done with 1% 
Complex III (15:15:15) solution applied once at two weeks for all of experimental variants 
in case of radicular fertilization and with 0.5% Ferticare (10:5:26) solution, applied once 
weekly for half of the variants, which were supplementary foliar fertilized. The experiment 
was arranged in a complete randomized block design with three replications. The culture 
was managed following the technology established by Carpenter (1982) and adapted to our 
local conditions by Prof. Dr. Indrea (1990). Fruit were harvested periodically, from 5 of 
May up to 10 of July, at full red stage, and classified as early yield (that one recorded till 
31 of May) and total yield. Samples of whole and fresh fruit were used to determine the 
titratable acidity, total soluble solids, total sugar, vitamin C content, nitrates and nitrites 
content. Recorded yield data were subject to analysis of variance. 
 

RESULTS AND DISCUSSION 
 

 Organic substrate culture is simple, relatively cheap, un-polluted and could 
represent an alternative at the classical culture system used in the present in our country. 
According to previous studies, only peat or peat mixed with other growing media (perlite, 
volcanic tuff) which consisted of 50% peat can be suggested to be used in tomatoes 
growing under greenhouse conditions (Apahidean, 1998; Ganea, 2003).  
 Using of some tomato hybrids with high productive potential and good quality of 
fruit can play also an important role for obtaining of high yield efficiencies. Both hybrids 
used in the experiment recorded early yields which outrun 5 kg·m-2. Cronos F1 (considered 
as control) recorded early yield efficiency about 3.9% respectively a distinct significant 
early yield increase (0.23 kg·m-2) in comparison with Menhir F1. As total yield Menhir F1 
recorded best results respectively a significant positive difference of yield (0.68 kg m-2) in 
comparison with control (Tab. 1).  
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Tab. 1  
The influence of hybrid on early and total yield of greenhouse tomatoes grown on peat bags 

 
Early yield Total yield 

Hybrid 
Kg/m2 % +D Signification Kg/m2 % +D Signification 

Cronos F1-Control 5.87 100.0 0.00 - 12.37 100.0 0.00 - 
Menhir F1 5.64 96.1 -0.23 00 13.06 105,5 0,68 * 
LSD 5% 0.07    0,59  
LSD 1% 0.16    1,36  
LSD 0.1% 0.51    4,33  
 
 When applying fertilizer to soilless media grown plant, the goal is to match the 
nutrient uptake of the crop as closely as possible to the amount provided as fertilizer. This 
will prevent salt buildup, nutrient deficiency and excessive fertilizer runoff. Slow-release 
fertilizers respect better these goals than usual fertilizers and hold great promise for the 
production of solanaceous, especially tomatoes. With respect to the influence of basic 
fertilization on yield of greenhouse tomatoes, grown in organic substrate, the doubling of 
slow-release fertilizer doze determined significant efficiencies of early yield (0.18 kg·m-2) 
but not of total yield (Tab. 2).  

 Tab. 2 
The influence of basic fertilization on early and total yield of greenhouse tomatoes grown on peat bags 

 
Early yield Total yield Basic fertilization 

Kg/m2 % +D Signification Kg/m2 % +D Signification 
simple doze 5.67 100.0 0.00 - 12.66 100.0 0.00 - 
double doze 5.85 103.2 0.18 * 12.77 100.9 0.11 - 
LSD 5% 0.16    0.24  
LSD 1% 0.26    0.40  
LSD 0.1% 0.49    0.76  

 
 Fruit development in tomato is often accompanied by the depletion of foliar 
potassium to the detriment of both yield and fruit quality. Foliar fertilization could resolve 
this problem and besides stimulates the intake of mineral nutrient by roots. In this 
experiment, foliar fertilization, done with a fertilizer with a high K ratio (10:5:26), 
determined distinct significant efficiencies of early yield (0.25 kg·m-2) and significant 
efficiencies of total yield (0.42 kg·m-2) in comparison with the variants which were only 
radicular additionally fertilized (Tab. 3).  
 Consumers are often disappointed with fresh tomatoes flavor and greenhouse 
tomatoes are often described as watery or tasteless. Moreover, they are rather skeptical 
when thinking of hidroponically produced vegetables. This attitude is mainly based on the 
assumption that the soilless cultivation of plants is based on the extensive use of 
“chemicals”, in contrast to the plants grown in soil which acquire “natural substances” for 
their nutrition. This belief contrasts obviously with the principles of the science of the plant 
nutrition. Besides, the taste of some vegetable fruit such as tomatoes, cucumbers, melons 
etc., may be substantially improved in hydroponics by manipulating of nutrients 
concentration in the supplied nutrient solution (Schnitzler and Gruda, 2002). 
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Tab. 3 
The early and total yield of greenhouse tomatoes grown on peat bags as influenced by additional fertilization 

 
Early yield Total yield Additional fertilization 

Kg/m2 % +D Signification Kg/m2 % +D Signification 
radicular fertilization 5.63 100.0 0.00 - 12.50 100.0 0.00 - 
radicular+foliar 
fertilization 5.88 104.5 0.25 ** 12.93 103.4 0.42 * 

LSD 5% 0.14    0.35  
LSD 1% 0.21    0.51  
LSD 0.1% 0.31    0.77  
  
 One of the easiest ways to improve tomatoes flavor lies within the root zone 
through managing of water and fertilizer inputs. In this experiment the tomato fruit quality, 
as influenced by fertilization managing, was assessed by some chemical components as: 
soluble solids, total sugar content, malic acid and C vitamin. Among fruit constituents, 
with potential hazard to consumer’s health, nitrates and nitrites were determined. The 
soluble solids (SSC) represent approximately 75% of the total dry matter and they are 
comprised primarily of the reducing sugars and of 10% to 15% of citric and malic acids, 
being the major constituents which assure the nutritional value of tomatoes. The doubling 
of basic fertilization doze increased the SSC content in case of Cronos hybrid but not in 
case of Menhir hybrid maybe because of the higher obtained yields in case of the last one 
and due to the reverse correlation between the yield and dry matter content of fruit (Tab. 
4). Many studies have shown that tomato flavor is related to the balance between total 
sugars and organic acids (sugars:acids ratio) in the fruit (Auerswald et al., 1999). Other 
studies have shown that K fertilization has a positive effect on fruit’s sugar and acid 
content (Lăcătuş et al., 1994). Significant response to high K rate of the foliar fertilizer, 
which was weekly applied, was observed for total sugar content of fruit in case of both 
hybrids. Fruit titratable acidity was also increased with the foliar fertilization and mainly 
due to the high K rate of applied fertilizer (Tab. 4).  
 Tomato fruit are also rich in anti-oxidant compounds that have been recognized as 
beneficial for human health. Among these, vitamin C is a health-promoting factor with 
antioxidant properties. Vitamin C is also very efficient at preventing the conversion of 
nitrate to nitrite in plant tissue and within the human body (Naidu, 2003). The antioxidant 
content of tomatoes may depend on genetic factors but it is also influenced by K supply. 
Higher vitamin C content was recorded in case of Cronos F1 variants (20.42 – 24.28 
mg/100 g fresh matter) and vitamin C content increases in case of foliar fertilized variants 
for both hybrids (Tab. 4). An important factor influencing the vegetables quality is the 
quantity of absorbed nitrogen and the way in which it is utilized in plant metabolism, 
mainly with respect to the nitrate and nitrite content of edible plant tissues. However, both 
these factors are better managed in hydroponics, since in the small volume of rooting 
medium the nutrient supply is more efficiently controlled through the composition of the 
nutrient solution. At greenhouse cucumbers production a positive effect of high K 
fertilization doze (0.30 mg·ml-1) on uptake, translocation and reduction of NO3 in leaves as 
well as on translocation of amino acids towards the fruit was reported, thereby perhaps 
enhancing the maximal commercial yield (Ruiz and Romero, 2002). In this experiment the 
recorded values of nitrates content of fruit were situated under normal accepted limits and 
they varied between 34.94 mg/kg and 40.70 mg/kg even if they were a little bigger in case 
of Cronos hybrid (Tab. 4). Nitrate ratios in the fruit increase with the foliar fertilization, in 
case of Menhir F1 which recorded also the highest ratios of nitrites. Both nitrates and 
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nitrites ratios in the fruit didn’t increase with the doubling of fertilization doze for both of 
the studied hybrids.  

Tab. 4 
The chemical features of greenhouse tomato fruit obtained from peat bags culture as influenced by 

fertilization 
 

Variant Fruit quality 

Hybrid Basic 
fertilization 

Additional 
fertilization 

Soluble 
solids % 

Total 
sugar 

% 

Titratable 
acidity % 

Vitamin C 
mg/100g 

fresh matter 

Nitrates 
mg/kg 

Nitrites 
mg/kg 

radicular 5.72 3.6 0.48 20.42 40.12 1.96 simple doze radicular+foliar 5.86 4.1 0.55 23.64 40.10 1.96 
radicular 5.90 4.1 0.54 22.04 40.70 1.98 Cronos F1 

double doze radicular+foliar 6.11 4.3 0.58 24.28 37.84 1.97 
radicular 5.54 3.7 0.40 20.24 34.94 5.96 simple doze radicular+foliar 5.50 4.1 0.43 23.23 37.80 3.97 
radicular 5.42 4.0 0.37 21.41 36.80 3.86 

Menhir 
F1 double doze radicular+foliar 5.58 4.3 0.45 23.92 37.53 3.94 

 
CONCLUSIONS 

 
 Greenhouse tomatoes production in polyethylene bags on peat or peat based mixture 
could be an alternative at the soil culture because it allows the possibility of improved 
yields and provides better management of inputs, adapted to specific conditions of 
substrate. As result of the experiment effectuated in 2007 at greenhouse tomatoes grown in 
peat bags system it can be concluded that both quantity and quality of yield were 
influenced by fertilization managing. Thus, the doubling of slow-release fertilizer doze 
applied as basic fertilization of organic substrate determined significant efficiencies of 
early yield. Foliar fertilization, which is an environmental friendly method of applying 
nutrients, proved also to be an important factor to achieve high yields and good quality 
fruit. Additional fertilization, done with a foliar fertilizer with a high K ratio (10:5:26), 
determined distinct significant efficiencies of early yield and significant efficiencies of 
total yield in comparison with the variants which were only radicular additionally 
fertilized, maybe even due to the fact that foliar fertilization stimulates the intake of 
mineral nutrients by roots. 
 Tomato fruit quality is a complex issue. The total sugar content and acidity are the 
most important characteristics of tomatoes taste. Both characteristics recorded higher 
values in case of foliar fertilized variants of both studied hybrids as response to high K rate 
of the applied foliar fertilizer.  
 Higher vitamin C content was recorded in case of Cronos F1 variants and vitamin C 
content increases in case of foliar fertilized variants for both hybrids. Vitamin C seems to 
be efficient at preventing the conversion of nitrate to nitrite in plant tissue and within the 
human body. The lowest ratio of nitrites in accordance with the highest content of vitamin 
C was recorded in case of Cronos F1. The recorded values of nitrates content of fruit were 
situated under normal accepted limits for all experimental variants. Nitrate ratios in the 
fruit increase with the foliar fertilization in case of Menhir F1. Both nitrate and nitrite ratios 
in the fruit didn’t increase with the doubling of fertilization doze for both of the studied 
hybrids.  
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Abstract

In the experiments effectuated in 2007, at the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Romania, 
in a “Venlo” type greenhouse, the fructification managing and fertilization of medium-long fruit cucumbers was studied.  During the 
experiment, observations regarding early and total yield as well as fruit commercial quality have been done. For the variant for which fruits 
were placed both on the main stem and on the shoots early yield efficiencies of 30.7% and total yield efficiencies of 22.9% were recorded 
in comparison with the variants for which the fruits were placed just on the main stem. The fertilization way influenced both early and 
total yield difference significant positive being recorded in case of root + foliar fertilization given the root fertilization. Under combined 
influence of experimental factors, both for early and for total yield, the best results were obtained by variant with managing of fructification 
both on main stem and shoots, root + foliar fertilized.

Keywords: medium-long fruit cucumbers, greenhouse, fructification managing and fertilization

Introduction

Medium- long fruit cucumbers spread in production 
in the Central and South Europe, inclusively as forced and 
protected crops, due to their lower temperature require-
ments in comparison with long fruit hybrids. On this pur-
pose parthenocarpic hybrids, bitter free, tolerant or resis-
tant at certain diseases have been created (Chaux and fory, 
1994).

In the specialty literature doesn’t exist a real difference 
regarding the fructification managing between long fruit 
and medium-long fruit cucumbers, fact which mattered in 
the approach of this study. 

Materials and methods

In the experiment was used Alamir f1, a cucumber 
hybrid with medium-long fruit, produced by Nunhems, 
a Dutch seed company. The fruits have 16-20 cm length; 
they are equable, dark green colored and easy striated. It is 
a hybrid which has resistance at thermal stress, poor light 
and resistant at powdery mildew and CMV.

To establish some technological sequences to medium-
long fruit cucumbers cultivated in greenhouse a bifactorial 
experiment has been organized in 2007 at University of 
Agricultural Sciences and Veterinary Medicine Cluj-Na-
poca, Romania. 

factor A: fructification managing: 
a1 – fructification on main stem
a2 – fructification on main stem and on fruit bearing 

springs
factor B: fertilization managing 
b1 – root fertilization
b2 – root and foliar fertilization
By factors combination have resulted four experimental 

variants presented in Table 1.
Each experimental variant has been placed in four rep-

etitions, the surface of experimental plot being 9.6 m2, with 
24 plants. 

Culture has been established in 27.02.2008 with seed-
ling produced in pots with 10 cm diameter. Pots have been 
filled with growing medium.

During vegetation period plants from variants I and II 
have yielded only on the main stem, with one fruit at each 
stem node. Plants from variants III and IV have yielded on 

Table 1 Experimental variants, Cluj-Napoca, 2007

Variant Fructification method Fertilization method
I a1b1 fructification on main stem root fertilization
II a1b2 fructification on main stem root and foliar fertilization
III a2b1 fructification on main stem and on fruit bearing springs root fertilization
IV a2b2 fructification on main stem and on fruit bearing springs root and foliar fertilization
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foliar fertilization have realized a yield increase distinct 
significant positive given the control (root fertilization). 

Analyzing the combined influence of both factors on 
greenhouse medium-long cucumbers early yield (Table 4) 
it can be noticed that variant IV (fructification on main 
stem and on fruit bearing springs + root and foliar fertil-
ization) has realized the best results with a yield increase 
about 59.1%, difference given the control (variant I – fruc-
tification on main stem and root fertilization) being very 
significant. 

Variant III (fructification on main stem and on fruit 
bearing springs + root fertilization) has registered a yield 
difference positive very significant given the control.

Variant II (fructification on main stem + root and fo-
liar fertilization) has not realized a significant yield differ-
ence given the control but still it realized a yield increase 
about 17.8%.

Total yield 
Results concerning total yield have confirmed the re-

sults obtained for early yield.

main stem and on fruit bearing springs. After plants have 
reached 1.5 m there has been left a lateral shoot to each 
stem node. The shoots have been pinched out after a fruit 
and a leaf. Phasial fertilizations with fertisoil 20:5:16 in 
concentration 1% have been applied two times per week 
to all variants. Variants II and IV have been also weekly 
fertilized with a foliar fertilizer ferticare 24:8:16 in con-
centration 0.5%.

Results and discussion

Early yield 
Analyzing the influence of fructification on the early 

yield (at 31.05.2007) at medium long fruit cucumbers 
(Table 2) it can be noticed that variants with fruits on 
main stem and on fruit bearing springs have realized yield 
increases of 30,7%, difference given the control (fructifica-
tion on main stem) being distinct significant. 

Regarding the unilateral influence of fertilization 
method on the early yield (Table 3) variants with root and 

Table 2 Unilateral influence of fructification method on early yield (at 31.05.2007) at medium-long fruit cucumbers, Cluj-Napoca, 2007
 

Variant Early yield 
kg/m2 % Difference + Significance of difference

fructification on main stem 6.23 100.0 - -

fructification on main stem and on fruit bearing springs 8.14 130.7 +1.91 **

 DL 5%         0.75
 DL 1%         1.38 
 DL 0.1%         3.05

Table 3 Unilateral influence of fertilization method on early yield (at 31.05.2007) at medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant Early yield 
kg/m2 % Difference + Significance of difference

root fertilization 6.45 100.0 - -
root and foliar fertilization 7.92 122.9 +1.47 *

 DL 5%       1.11
 DL 1%       1.67
 DL 0.1%       2.69

Table 4 Combined influence of both factors on early yield (at 31.05.2007) at medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant Early yield 
kg/m2 % Difference + Significance 

of difference
fructification on main stem + root fertilization 5.72 100.0 - -

fructification on main stem and on fruit 
bearing springs + root fertilization 6.74 117.8 +1.02 -

fructification on main stem + root and foliar fertilization 7.17 125.3 +1.45 *
fructification on main stem and on fruit bearing springs + 

root and foliar fertilization
9.10 159.1 +3.38 ***

 DL 5%                   1.33
 DL 1%          2.12
 DL 0.1%                    3.79
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from yield commercial quality analyze (table 8) it can 
be noticed that percent of first quality fruits was between 
74.23 and 79.02% without major differences between ex-
perimental variants. 

Variant IV (fructification on main stem and on fruit 
bearing springs + root and foliar fertilization) has regis-
tered the most first quality fruits (9.53 kg/m2).

Comparative with control the highest volume of first 
quality fruits was realized by variant IV with 150.31% due 
to higher yield realized by this variant.

Conclusions

After the experiment effectuated in 2007 on the medi-
um-long fruit greenhouse cucumbers culture the follow-
ing conclusions can be inferred:  

The early and total yield was influenced especially by 
fructification method but also by fertilization method. 
Under combined influence of both factors the best results 
concerning both early and total yield have registered by 
variant IV with fructification on main stem and on fruit 
bearing springs and with root and foliar fertilization. Vari-

Analyzing the unilateral influence of fructification on 
total yield at medium-long fruit cucumbers (Table 5) it 
can be noticed that variants with fructification on main 
stem and on fruit bearing springs have realized yield in-
creases about 22.9%, comparative with control (fructifica-
tion on main stem).

Under unilateral influence of fertilization method (Ta-
ble 6) it can be noticed that root and foliar fertilization has 
registered positive significant yield differences compara-
tive with root fertilization.

Analyzing the combined influence of both factors on 
greenhouse medium-long cucumbers total yield (Table 7) 
it can be noticed that, like in the case of early yield, vari-
ants IV (fructification on main stem and on fruit bearing 
springs + root and foliar fertilization) and III (fructifica-
tion on main stem and on fruit bearing springs + root fer-
tilization) have realized the best results differences given 
the control (variant I – fructification on main stem and 
root fertilization) being positive distinct significant re-
spectively positive significant.

Commercial quality of production

Table 5 Unilateral influence of fructification method on total yield at medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant Early yield 
kg/m2 % Difference + Significance of difference

fructification on main stem 9.08 100.0 - -

fructification on main stem and on fruit bearing springs 11.15 122.9 +2.08 *

 DL 5%         1.25
 DL 1%         2.30
 DL 0.1%         5.10

Table 6 Unilateral influence of fertilization method on total yield at medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant Early yield 
kg/m2 % Difference + Significance of difference

root fertilization 9.40 100.0 - -
root and foliar fertilization 10.84 115.3 +1.44 *

 DL 5%        1.10
 DL 1%        1.66
 DL 0.1%        2.66

Table 7 Combined influence of factors on total yield at medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant Early yield 
kg/m2 % Difference + Significance 

of difference
fructification on main stem +root fertilization 8.54 100.0 - -
fructification on main stem and on fruit bearing springs + root 
fertilization 9.61 112.5 +1.07 -

fructification on main stem +root and foliar fertilization 10.24 119.9 +1.70 *
fructification on main stem and on fruit bearing springs + root and 
foliar fertilization 12.06 141.2 +3.52 **

 DL 5%          1.65
 DL 1%          2.77
 DL 0.1%          5.37
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2003, Tratat de legumicultura. Ed. Ceres, Bucuresti.
Voican, V., V. Lacatus, 1998, Cultura protejata a legumelor in sere 

si solarii. Ed. Ceres, Bucuresti.
Dumitrescu, M., I. Scurtu, L. Stoian, Gh. Glaman, M. Costache, 

D. Ditu, Tr. Roman, V. Lacatus, V. Radoi, C. Vlad, V. Zagrean, 
1998, Producerea legumelor. Ed. Artprint, Bucureşti.

ant IV has registered an early yield increase of 59,1%, very 
significant given the control and a total yield increase of 
41.2%, distinct significant given the control (variant I with 
fructification on main stem and root fertilization).

Commercial quality of production was not significant 
influenced neither by fructification method nor by fertil-
ization method, percent of first quality fruits was 74.23-
79.02% from total. 

In conclusion, increasing of fruit charge by fructifica-
tion on main stem and fruit bearing springs, in conditions 
of a proper root and foliar fertilization that assures the nu-
tritive substances and intensifies the root absorption, will 
determine significant yield increases for both early and to-
tal yield.
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Table 8 Commercial quality of greenhouse medium-long fruit cucumbers, Cluj-Napoca, 2007

Variant 
Production (kg/m2) First quality fruits %

Total Ist quality IInd quality From total Comparative 
with control

I 8.54 6.34 2.20 74.23 100.00
II 9.61 7.18 2.43 74.71 113.24
III 10.24 7.83 2.41 76.46 123.50
IV 12.06 9.53 2.53 79.02 150.31


	10_ISI_Maniutiu.pdf
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	References




