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Abstract

Ethephon is used to accelerate fruit ripening on plantations with well-developed plants which have formed a large quantity
of fruits. The aim of the study was to determine the effect of ethephon on the chemical composition of the fruits of seven
cultivars of processing tomato (‘Rumba’, ‘Hubal’, ‘Sokal’ Fi, ‘Mieszko’ Fy, ‘Polset’ Fy, ‘Hysioux’ F; and ‘AF1120’ Fy), applied to
the plants when most of the fruits had reached the mature-green stage. The study was conducted during three consecutive
years, characterized by different weather conditions. Meteorological elements, i.e. air temperature and precipitation totals,
were monitored in the experimental station in MydIniki, near Krakow, Poland. Ethephon was found to have a beneficial effect
on the content of extract and soluble sugars of the harvested tomatoes and on their acidity. Dry matter and lycopene levels
were not dependent on the use of this compound, while the ascorbic acid content was reduced by the procedure. The chemical
composition of the tomato fruits differed significantly in consecutive years of the study, which confirmed the weather impact
on fruit quality and on the varied responses of different cultivars to use of ethephon. The tested cultivars were also compared
in terms of their suitability for processing. The ‘Hubal’ cultivar had the highest content of dry matter, extract, soluble sugars of
all the cultivars tested. The highest level of lycopene was noted for the tomatoes of the ‘Rumba’ and ‘Sokal” F, cultivar, ascorbic

acid of the ‘Rumba’ and the highest acidity for ‘AF 1120 F,.
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Introduction

In the cultivation of tomatoes the application of ethephon
(2-chloroethylphosphonic acid) during the mature-green stage
accelerates fruit ripening. It decomposes to ethylene, with the
rate of decomposition depending on pH, temperature,
concentration, and the degree of penetration of the tomato
tissue (Saltveit, 2005a). When the fruits reach the breaker stage,
internally synthesized ethylene sustains its own synthesis and
stimulates ripening, even when the external concentration of
ethylene has dropped to zero. Ethylene, produced
autocatalytically as a result of expression of two key enzymes
ACC syntase (ACS) and ACC oksydase (ACO) (Lelievre ez
al., 1997) in climacteric fruits, is received by receptors activating
hundreds of genes, leading to chlorophyll degradation and

synthesis of other pigments (carotenoids and anthocyanins),
conversion of starches to sugars, and production of aromatic
compounds and numerous secondary metabolites (Payasi and
Sanwal, 2010). Changes in the firmness of tomatoes under the
influence of ethephon should be associated with an increase of
the activity of polygalacturonase and degradation of
protopectin in cell wall (Li ez al, 2016).

Under the optimal temperature conditions, application of
ethephon to the plants is not considered essential, but it seems
to be necessary in cooler years (Gonzales, 1999). Tomato fruits
treated with ethephon are harvested several days earlier and the
harvest window is considerably reduced (Logendra ez 4., 2004).
Depending on the amount applied (500-1,000 ppm) the
acceleration ranges from 2 to 6 days (Moniruzzman er 4l
2015). Factors determining the response of the plant to
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ethylene are its species and cultivar, stage of development,
cultivation techniques, stress factors, the concentration of the

ent, exposure time, temperature and humidity (Saltveit,
1999). The use of ethephon reduces the susceptibility of the
fruits to Botrytis cinerea, as it increases their resistance to disease
(Wangaeral,, 2011).

Harvesting of tomatoes, during the green or breaker phase,
yields a product of inferior flavour, because the content of acids
is higher and the content of sugars is lower than the optimal
level. The red phase is considered to be the best time to harvest
of the fruit (Beckles, 2012). During ripening of tomatoes from
the mature-green phase to the red-ripe phase, there is an
increase in the content of extract, reducing sugars, organic acids,
ascorbic acid and lycopene (Saltveit, 2005b), as well as in
antioxidant activity (Ilahy ez 4/, 2011).

In Poland, tomatoes for processing are grown in the open
field, not only for economic reasons but also due to the better
quality of the fruit produced. Dumas ez a/. (2003) report that
field-grown tomatoes usually have more lycopene and vitamin
C than tomatoes grown under cover (in tunnels or
greenhouses). Annual production of field tomatoes in Poland is
400,000-500,000 tonnes (Kmiecik and Lisiewska, 2000). As
weather conditions have a decisive influence on tomato
ripening, they should be harvested by mid to late September,
before the onset of autumn frosts (Rozek e al, 2011).
Ethephon is used to accelerate fruit ripening on plantations
with well-developed plants which have formed a large quantity
of fruit. The preparation is applied once, when 5-15% of fruits
on the plants are in the pink or turning stage and 50-70% is in
the mature-green stage. Tomatoes for processing are harvested
in the red-ripe stage. Acceleration of ripening with ethephon
affects the chemical composition of fruit (synthesis of sugars
and organic acids, flavour and aroma) (Kenavy ez 4/, 2008,
Payasi and Sanwal, 2010, Dhall and Singh, 2013). Many
authors also emphasize the varied reactions of different
cultivars to the use of ethylene (Orfowski ez 4/, 2005).

The aim of the study was to determine the effect of
ethephon on the chemical composition of the fruits of seven
processing tomato cultivars applied to the plants when most of
the fruit had reached the mature-green phase and to compared
their quality with the quality of tomatoes not treated with this
compound.

Materials and Methods

Experimental procedures

The experiment was conducted in an open field at the
Experimental Station of the Department of Vegetable and
Medicinal Plants in Mydlniki, near Krakow, Poland, in the
years 2009-2011. Tomato plants were cultivated from
transplants. The seedlings were planted at 80 x 60 cm spacing
at different times each year, depending on weather conditions
—21.05.2009, 29.05.2010, and 16.05.2011. May of 2010 was
extremely wet (302 mm of precipitation), which delayed
planting. During the growing season the typical treatments,
such as weed management and chemical protection against
diseases, were carried out according to current
recommendations. The experiment was set up as a split-block
design with four replications. Each plot had an area of 57.6 m’.
The mature fruit was harvested on 7.09.2009, 14.09.2010 and
30.08.2011.
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Plant material
In 2009 five cultivars of processing tomato, Rumba’ and
‘Hubal’ (Ozaréw), ‘Sokal’ Fi and ‘Mieszko’ F; (PlantiCo), and
‘Polset’ F1 (Bejo Zaden), were studied. In 2010 and 2011, the
cultivars ‘Hysioux’ F; and ‘AF1120° F; (Western Seeds) were
additionally introduced to the study.

Ethephon application procedures

Ethephon was applied as an aqueous formulation of the
active ingredient of Agrostym 480 SL (Bayer SAS). The
ethephon present in Agrostym 480 SL in an acidic
environment is constant. In the plant tissue, where the pH is
higher, it is decomposed to ethylene. Two weeks before
harvesting half of the plants of each cultivar were sprayed with
Agrostym 480 SL (3 1 ha') and half were left as a control
without spraying,

Meteorological background

Meteorological ~elements, ie. air temperature and
precipitation totals, were monitored on the experimental plots.
Data on daily precipitation totals, the number of days with
precipitation, and mean air temperature, as well as long-term
data from 1981-2010, were obtained from the nearby Krakéw-
Balice meteorological station (Table 1).

The year 2009 was the most favourable according
temperatures and sum and the frequency of precipitation
compared to the period of 1981-2010.

Analysis of chemical composition
Twenty red-ripe fruits were collected for analysis from the
marketable yield of each cultivar of the ethephon and control
treatments. The content of chemical components of the
tomato fruits was tested in three replications. The following
parameters were determined:
¢ dry matter (% FW) was determined by the oven-dry
method (Pijanowski ez al., 2004).
¢ total acidity (% FW) was determined by the titration
method using sodium hydroxide (Pijanowski ez 4L,
2004).
¢ lascorbic acid (mg%) was determined according to
Tillmans by titration of extracts with indophenol
solution (PN-71/A/75101).
¢ extract (°Brix) was determined with a WYA Abbe
refractometer in juice squeezed from the fruits (PN-
90/A-75101/02).
¢ soluble sugars (% FW) were analysed by the anthrone
colorimetric method (Yemm and Wills, 1954)
following extraction with ethyl alcohol, and their
extinction was determined with a UV-VIS Helios 3
spectrophotometer.
¢ lycopene content was determined only in 2009 and
2010 by HPLC-UV. Lycopene was extracted with a
mixture of 100 ml methanol and 100 ml chloroform;
after separation of phases the chloroform phase was
collected. The extract was evaporated under a stream
of nitrogen at the lowest possible temperature and
chromatographic analysis was performed in a high-
pressure liquid chromatography kit by Thermo
Separation. Lycopene content was calculated by the
external standard method using integration software
in conjunction with a high-pressure  liquid
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Table 1. The characteristics of the air temperature and the precipitation in Krakéw-Mydlniki

Meteorological elements Years May June July August September
1981-2010 14.0 16.8 18.8 18.2 13.5
Mean temperacure (°C) 2009 13.5 16.0 19.9 18.7 15.1
2010 12.8 17.5 20.7 18.4 12.1
2011 12.7 18.6 17.9 19.4 12.4
1981-2010* 81 87 88 77 63
L 2009 106 140 83 53 35
Total precipitation (mm)
2010 302 122 110 138 82
2011 49 41 163 37 14
1981-2010* 12 12 13 11 10
. L. 2009 17 21 15 10 11
Number of days with precipitation 2010 27 13 13 7 18
2011 11 14 22 10 6

Note: 1981-2010 - the mean values are given from IMGW Krakéw-Balice station, values from the years 2009, 2010 and 2011 come from measurements conducted at the

cxpcrimcntal station Krak(’)W—Myd_lniki.

Table 2. Changes in dry matter content (% f.w.) in tomato fruits after ethephon application

. 2009 2010 2011
Culeivar Control Ethephon Control Ethephon Control Ethephon
Rumba 5.92 bed 5.71 abc 4.30 ab 4.65 be 5.41ab 5.12a
Sokal F, 5.40a 5.69 abc 4.88¢ 482c 6.03 de 5.68 bed
Mieszko Fi 5.53 ab 6.15de 499c¢ 5.01c 5.86 cd 5.54 abc
Hubal 5.60 cd 6.53¢ 491c 490 c 6.05 de 5.99 de
Polset F, 5.54 abc 5.85 bed 421a 4.65 be 5.46 abc 5.54 abc
AF1120 F, - - 5.46d 490 ¢ 6.55f 6.34 f
Hysioux Fi - - 476 ¢ 491 ¢ 5.72 bed 5.75 bed
Mean 5.69 A 5.98 B 479 A 4.803 A 5.87B 571 A
Note: Values marked with the same letter within the same years and means for years do not differ significantly (Tukey’s HSD test, p < 0.05)
Table 3. Changes in extract content (% fw.) in tomato fruits after ethephon application

Cultivar 2009 2010 2011

Control Ethephon Control Ethephon Control Ethephon
Rumba 493b 4.85b 3.89a 4.15 be 4.65 ab 4.55 ab
Sokal F, 440a 4.70b 419cd 3.89a 4.95 be 4.63 ab
Mieszko Fi 430a 520¢ 419cd 440¢ 4.75 abc 4.50a
Hubal 523 ¢ 5.80d 459 f 439¢ 5.65¢ 5.60 ¢
Polset F, 4.43a 523 ¢ 3.84a 4.00 ab 5.45 de 4.85 abc
AF1120 F, - - 459 f 4.68 f 5.50 de 5.40 de
Hysioux Fi - - 4.34 de 4.30 cde 5.10cd 4.90 abc
Mean 4.66 A 5.16 B 423 A 426 A 5.15B 492 A

Note: Values marked with the same letter within the same years and means for years do not differ significantly (Tukey’s HSD test, p < 0.05)

chromatograph, taking into account the size of the
weighted sample, the volume of extract collected and

the degree of dilution of the sample.

Statistical procedures

The results were statistically analysed using the analysis of
variance for double classification by Tukey’s HSD test, with p
< 0.05 in Statistica Software. The differences in the chemical
composition of the tomato fruits following application of
ethephon (mean for years and cultivars), in each year of the
study (mean for cultivars and ethephon) and each cultivar
(mean for years and ethephon) were determined by Tukey’s
HSD test for unequal N. This test was chosen because the
number of cultivars was not the same in each year of the study.

Results

The average dry matter of the harvested tomatoes after
spraying with ethephon was 5.1% higher for the cultivars in

2009, unchanged in 2010, and 2.7% lower in 2011. The
response of individual cultivars to the use of ethephon varied.
The content of dry matter, after spraying with the preparation,
increased in the fruits of the ‘Mieszko’ F1, ‘Hubal” and ‘Polset’
F1 cultivars in 2009, and in ‘Rumba’ and ‘Polset’ F1 in 2010,
but in 2011 the treatment did not increase dry matter in the
fruits; in fact, a decrease in dry matter was noted in the ‘Sokal’
F1 and ‘Mieszko’ F1 cultivars (Table 2).

Content of extract, after spraying with ethephon, increased
by 10.7% in 2009, remained unchanged in 2010, and decreased
by 4.5% in 2011. In 2009 application of ethephon caused an
increase in extract in the fruits of most of the cultivars
examined, while in 2010 an increase was noted only in ‘Rumba’
and ‘Mieszko’ F fruits. In 2011 no effect of ethephon on this
trait was observed, with the exception of Polset’” Fi and
‘Hysioux’ Fi, in which a decrease in extract was noted in the
fruits from the sprayed plots (Table 3).

Differences noted in the content of soluble sugars in the
fruits of individual cultivars were depending on the application
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Table 4. Changes in soluble sugars content (% f.w.) in tomato fruits after ethephon application
Culsi 2009 2010 2011
wevar Control Ethephon Control Ethephon Control Ethephon
Rumba 1.98 be 229 bed 1.32b 1.59 ¢ 125fg 1.11 bed
Sokal Fi 1.64 ab 1.07a 1.96 fg 1.35b 1.02 ab 1.12 cde
Mieszko Fi 1.90 be 2.14 bed 1.82 cdef 1.69 cde 1.24fg 127¢g
Hubal 1.98 be 2.81d 2.19¢g 1.72 cde 1.28¢ 1.14 cde
Polset F; 1.89 be 237cd 0.98a 1.88 cf 1.05 abc 1.21 efg
AF1120 F, - - 1.78 cdef 1.61 cd 1.17 def 1.13 cde
Hysioux Fi - - 1.74 cdef 1.84 def 1.08 be 0.96a
Mean 1.88 A 213 A 1.68 A 1.67 A 1.16 A 1.14 A
Note: Values marked with the same letter within the same years and means for years do not differ significantly (Tukey’s HSD test, p < 0.05)
Table 5. Changes in total acidity content (% f.w.) in tomato fruits after ethephon application
Culei 2009 2010 2011
wievar Control Ethephon Control Ethephon Control Ethephon
Rumba 0.35¢ 0.34 be 0.44 ef 0.40 cde 0.32a 0.35 ab
Sokal Fi 0.35¢ 0.38d 0.34a 0.39 bed 0.38 abc 0.38 abc
Mieszko Fi 0.29a 0.34 be 0.35 ab 0.37 abc 0.34 ab 0.35ab
Hubal 0.32b 0.32b 0.42 def 0.39 bed 0.38 abc 0.40 be
Polset F; 0.32b 045e 0.53h 045 fg 0.38 abc 0.40bc
AF1120 Fy - - 0.45 fg 048 g 042 051d
Hysioux Fi - - 0.42 def 0.40 cde 0.42c 0.38 abc
Mean 033A 0.36B 042 A 041 A 038 A 040 B
Note: Values marked with the same letter within the same years and means for years do not differ significantly (Tukey’s HSD test, p < 0.05)
Table 6. Changes in L-ascorbic acid content (% f.w.) in tomato fruits after ethephon application
Cultivar 2009 2010 2011
Control Ethephon Control Ethephon Control Ethephon
Rumba 20.50 ¢ 22.25de 27.63h 26.55h 27.25¢ 25.65 de
Sokal Fi 17.10b 16.75 ab 24.13g 14.90 abc 22.10¢ 26.65 de
Mieszko Fi 1522a 18.15b 14.25 ab 17.78 ef 24.35cd 24.50 cd
Hubal 23.13 ¢ 20.20 ¢ 23.60g 23.78¢ 19.50 b 15.25a
Polset Fi 20.50 ¢ 21.20cd 13.90a 15.93 cde 2335cd 25.65 de
AF1120 F, - - 16.70 def 16.20 cde 31.85f 22.10c¢
Hysioux Fi - - 17.23 ef 15.50 bed 23.05¢ 17.20 ab
Mean 19.29 A 19.71 A 19.63 B 18.67 A 2449 B 2229 A

Note: Values marked with the same letter within the same years and means for years do not differ significantly (Tukey’s HSD test, p < 0.05)

Table 7. Changes in lycopene content (% fw.) in tomarto fruits after

cthephon application

Cultivar 2009 2010

Control Etephon Control Etephon
Rumba 241.5d 222.1 abed 1582 ¢ 211.9d
Sokal Fi 244.0d 2404 cd 128.1 abe 127.9 abe
Mieszko F; 192.2 abe 222.2 abed 1525 be 133.1 abe
Hubal 196.6 abed 225.5bcd 149.4 be 156.5¢
Polset F, 1882 ab 174.7 a 170.6 cd 93.8a
AF1120 F, 170.0 cd 168.6 cd
Hysioux F, 169.2 cd 108.2 ab
Mean 2125 A 2170A 1569B 1429 A

N()tCI VﬂlllCS marl{cd Wlth [hC same lcttcr within tllﬁ same yCﬂl'S ﬂﬂd means F()l’

years do not differ significantly (Tukey’s HSD test, p < 0.05)

of ethephon (Table 4). In 2009 the fruits of the ‘Hubal’ and
‘Polset’ Fi cultivars, taken from the sprayed plots, had higher
content of sugars than the control fruits. In 2010 an increase in
sugars was noted in the fruits from the ‘Rumba’, Polset’ F1 and
‘Hysioux’ F, cultivars sprayed with ethephon, while a decrease
was noted in the case of ‘Sokal’ F; and ‘Hubal. In 2011
ethephon stimulated production of more sugars in the fruits of
the ‘Sokal’ Fi and Polset’ Fi cultivars. On average for all
cultivars, spraying with ethephon did not affect the content of
soluble sugars in the tomatoes in any year of the study.

After application of ethephon the total acidity of the
tomatoes increased by 9.1% in 2009 and by 5.3% in 2011, but
remained unchanged in 2010. In 2009 the total acidity of the
fruits increased in response to ethephon in three of the cultivars
tested (‘Sokal’ F, ‘Mieszko’ Fi and Polset’ 1), in 2010 only in
‘Sokal’ F1,and in 2011 only in ‘AF1120’ F; (Table 5).

The use of ethephon did not affect the content of ascorbic
acid in the tomatoes in 2009, but in 2010 and 2011 it caused a
reduction on the level of 4.9% and 9.0% in comparison to the
unsprayed tomatoes. Acceleration of tomato ripening thanks
to the application of ethephon caused varied responses in
individual cultivars. The level of ascorbic acid increased in the
sprayed fruits in 2009 of the Rumba’ and ‘Mieszko’ Fi
cultivars, in 2010 of ‘Mieszko’ F; and ‘Polset’ F; cultivars, and in
2011 of ‘Sokal’ F1 and ‘Polset’ F; cultivars, as well (Table 6).

The effect of spraying the tomatoes with ethephon did not
significantly influenced the level of lycopene content in the
tomatoes harvested in 2009, but it caused an 8.9% decrease in
the content of this pigment in 2010. The level of lycopene in
the fruits of individual cultivars in 2009 was not dependent on
application of ethephon. In 2010, however, it increased in
response to ethephon in the fruits of the ‘Rumba’ cultivar and
decreased in the fruits of the Polset’ Fi and ‘Hysioux' Fi
cultivars (Table 7).

Analysis of the mean content of tomato components in
each year of the study reveals no difference in dry matter in
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Table 8. Changes in chemical composition of tomato fruits in years of investigation (mean for cultivars and ethephon objects)
Year Dry matter Extract Soluble sugars Acidity L-ascorbic acid Lycopene
(% fw.) (% fw.) (% fow.) (% fw.) (mg%) (mgkg")
2009 5.83b 491b 2.01c 0.35a 19.50 b 214.8b
2010 4.81a 424a 1.68 b 042c 19.15a 149.9 a
2011 5.79b 5.03 ¢ 1.15a 0.39b 2339 ¢ -
Note: Values marked with the same letter within the same components do not differ significantly (Tukey’s HSD test for unequal N, p < 0.05)
Table 9. The cultivar influence on chemical composition of tomato fruits (mean for years and echephon objects)
Cultivar Dry matter Extract Soluble sugars Acidity L-ascorbic acid Lycopene
(% fow.) (% fow.) (% fow.) (% fow.) (mg%) (mgkg")
Rumba 5.18a 450a 1.59 cd 0.37b 24.68d 216.21d
Sokal F, 5.42 be 4.46a 1.36a 0.37b 19.35b 204.15 cd
Mieszko Fi 551c¢ 4.56 ab 1.68d 0.34a 17.97 a 185.73 be
Hubal 5.72d 5.21d 1.85¢ 0.37b 21.62¢ 191.70 ¢
Polset Fi 521a 4.63b 1.56 bed 0.43d 19.21b 165.04 ab
AF1120 F, 5.81d 5.04 ¢ 1.42 abc 047 ¢ 19.96b 169.32 abc
Hysioux Fi 5.28 ab 4.66b 1.40 ab 0.41 ¢ 17.63 a 138.72a
Note: Values marked with the same letter within the same components do not differ significantly (Tukey’s HSD test for unequal N, p < 0.05).
Table 10. The ethephon influence on chemical composition of tomato fruits (mean for years and cultivars)
Object Dry matter Extract Soluble sugars Acidity L-ascorbic acid Lycopene
(% fw.) (% fw.) (% fw.) (% fw.) (mg%) (mgkg?)
Control 5.42a 4.68a 1.54a 0.38a 20.62b 189.6a
Etephon 5.46a 4.74b 1.59b 0.39b 19.82a 186.5a

Note: Values marked with the same letter within the same components do not differ significantly (Tukey’s HSD test for unequal N, p < 0.05).

2009 and 2011, but in 2010 it was average of 17.2% lower than
in the other years (Table 8). It was due to the unusually rainy
growing season in 2010, in particular heavy and frequent
rainfall during the ripening stage period. In that year the lowest
content of extract and ascorbic acid in the tomatoes were
observed as well: 15.7% and 19.1% lower than in 2011. The
highest content of sugars was noted in 2009; in 2011 it was
42.8% lower. The highest content of organic acids was
observed in the tomatoes in 2010, with 16.7% lower content
noted in 2009. The level of lycopene content in the tomatoes
harvested in 2009 was 43.3% higher than in 2010.

Comparison of the averaged results for the content of
individual components showed that the ‘Hubal’ tomatoes had
the highest content of dry matter, extract, soluble sugars of all
the cultivars tested (Table 9). The highest level of lycopene was
noted in the tomatoes of the ‘Rumba’ and ‘Sokal’ F; cultivar,
ascorbic acid of the ‘Rumba’ and the highest acidity in ‘AF
1120’ F; tomato cultivar was observed.

Analysis of the ethephon influence on the chemical
composition of tomato fruits show that the use of ethephon
had no effect on the dry weight of the tomatoes or the content
of lycopene in their pulp, but it did cause a 1.3% increase in
extract, a 3.2% increase in soluble sugars amount, a 2.6%
increase in acidity, and a 3.9% decrease in ascorbic acid level

(Table 10).

Discussion

Weather conditions have a significant influence on the
quality of processing tomatoes.

Content of dry matter is the primary criterion to assess the
suitability of tomatoes for processing (Zalewska-Korona and
Jabloriska-Rys, 2012). The higher content of dry matter, the
more product can be obtained from the same amount of raw
material. Changes in the content of this component after
application of the ethephon were a few percent in each year of

the study and did not display a uniform tendency. The mean
for all cultivars in each year of the study also did not confirm an
effect of ethephon on dry matter content of the tomato fruits.

Extract ranging from 4.80% to 8.80% f.w. is considered as
an indicator of good tomato quality (Moniruzzaman ez 4/,
2008). During ripening the ratio of extract to organic acids
increases; in fully ripe tomatoes it is about 16 and strongly
influences acceptance of flavour (Malundo ¢ 4/, 1995). In the
case of the cultivars tested in this experiment, the changes in
extract content due to application of ethephon were not
uniform, but the mean calculated for the study years and
cultivars indicates a small but significant increase in extract after
spraying, A study on the ‘Feuhong’ tomato cultivar showed no
effect of ethephon on extract content when it was applied
during the mature-green phase (Wanga ¢z al, 2011). Similar
results were obtained for ‘Hybrid 1001” tomatoes (Dhall and
Singh, 2013). Tomatoes of the ‘Laura” cultivar treated with
ethephon during this phase showed no changes in extract
content, but the higher content of this component was noted
when the fruits were treated with ethephon in the form of a gas
at the breaker stage (Logendra e 4/., 2004). In our experiment
the lowest content of extract was noted in the fruits of the
tomatoes harvested in the wet year of 2010, and the highest in
2011, characterized by high and frequent rainfall in July but a
very dry August.

Glucose content increases during ripening, mainly due to
conversion of starch; fructose also increases slightly, but there is
a pronounced reduction in saccharose content (Oms-Oliu ez
al., 2011). The content of sugars in the tomato fruits can be
influenced during the growing period by sunlight, temperature,
day length, availability of water, content of minerals,
fertilization methods, cutting techniques (Dorais ¢ 4/, 2008),
and even the harvest method (Jauregui ¢z 4/, 1999). The lowest
content of sugars was observed in the tomatoes in 2011 (with
unfavourable weather, ie. a wet July and dry August), and it
was 42.8% lower than in 2009 (with favourable weather
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conditions for tomato in these months). Spraying with
ethephon led to an average increase of 3.2% in the content of
soluble sugars in the tomatoes.

The main organic acids in tomatoes are citric acid and malic
acid, which are the most important contributors to the typical
flavour of the fruit (Salunkhe ez 4/, 1974). These acids
influence pH, which is a key criterion of the quality of tomatoes
for processing. In the case of homogenate, pH should not
exceed 4.5 (Anthon et al,, 2011). Optimal pH is considered to
be 4.25 (Arah ez al, 2015).

The most important factor influencing the pH of tomatoes
is temperature. Analysis of Feuhong' tomatoes showed no
effect of ethephon on the pH of the pulp when applied at the
mature-green stage, but fruit treated with ethephon at the
breaker stage showed an increase in pH (Wanga ez 4/, 2011). A
lack of effect of ethephon on the pH of tomato fruits has also
been reported by Renquist ¢z 4l. (2001). In our experiment,
after application of ethephon the average acidity of the
tomatoes increase of 2.6%. The highest content of organic acids
was noted in the fruits from the wet year of 2010, and the
lowest (16.7% less than in 2010) in the material from 2009, in
which the temperature and rainfall were closest to optimal.

The maximum content of ascorbic acid appears in half-ripe
tomatoes (the pink stage), after which it declines
(Moniruzzaman ez af,, 2008). Dhall and Singh (2013) report
that ethephon caused an increase in the content of ascorbic acid
and in titrimetric acidity. In our experiment the content of
ascorbic acid in tomatoes ripening under the influence of this
preparation was somewhat lower (on average by 1.3%). The
highest content of this vitamin was noted in the tomatoes in
2011, when it was dry during the ripening phase, and the
lowest in 2010, with high levels of rainfall during the ripening

hase.

d Lycopene content in tomatoes depends on weather
conditions during the growing season, the location where the
plants are grown, the cultivar, and the degree of ripeness.
Temperatures above 322 °C and delayed harvesting of
tomatoes lead to a decrease in the content of this pigment
(Garcia and Barrett, 2006). A similar result is observed in rainy
growing seasons (Helyes ez 4., 2014). In our experiment, in the
near-optimal weather conditions in 2009 the use of ethephon
did not affect lycopene content in the tomatoes, but in the wet
year of 2010 there was a significant but small decrease of this
component.

Conclusions

A beneficial effect of ethephon was observed in the content
of extract, soluble sugars and acidity in the harvested tomatoes.
The level of dry matter and lycopene did not depend on the use
of this compound, and ascorbic acid was decreased by its
application. The chemical composition of the tomato fruits
differed significantly between years of the study, confirming the
substantial effect of weather conditions on fruit quality and on
the varied responses of different cultivars to ethephon. The
‘Hubal’ cultivar had the highest content of dry matter, extract,
soluble sugars of all the cultivars tested. The highest level of
lycopene was noted for the tomatoes of the ‘Rumba’ and ‘Sokal’
F cultivar, ascorbic acid of the ‘Rumba’ and the highest acidity
for‘AF 1120’ F..
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