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The influence of oxygen concentration in the atmosphere
on anaerobic metabolites produced by several apple cultivars

J. GoL1AS, A. NiEMmcova, L. SUDERLOVA, J. BaLik, J. VEVERKA, M. KYSELAKOVA

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na Morave,
Czech Republic

ABSTRACT: Storage of Golden Delicious, Jonagold, Melrose, Idared apples (Malus domestica Borkh.) in ultra-low oxy-
gen (0.9% 0,), anaerobiosis (0.2%0,) and regular atmosphere (21% 0,), plus 0.3% CO, and 0.03% CO, respectively, indi-
cated that an exposure to ULO suppressed the production of metabolic compounds such as acetaldehyde, ethanol and ethyl
acetate. Fruit tolerance to specific atmospheres yielding anacrobic products was determined. The tissue ethanol content in
ULO and RA atmosphere ranged from 40 to 112 mg/l and from 4 to 7 mg/l, respectively. The concentration of ethanol in
anaerobiosis (< 0.2% O,) reached 790-830 mg/lin 30 days. The oxygen stress also caused a high concentration of acetal-
dehyde (350 mg/l) after 30 days in anaerobiosis, the concentrations of this metabolite in ULO and RA being statistically
significant (P < 0.05) but fluctuating only in a narrow range of mg/l units. The presence of acetaldehyde in the fruit pulp
indicates a degree of injury by low oxygen which nonetheless figures at the concentration of 0.9% O, The gaseous meta-
bolites released across the skin were measured in pg/kg per h being captured in the sorbent and then gas-chromatograph-
ically analysed for acetaldehyde, ethanol and ethyl acetate. As their accumulation in the liquid phase leads to their release
into the environment, the variant RA could be dramatically distinguished from ULO and AN. There were only minimal
differences between ULO and RA in nonvolatile compounds such as sucrose, glucose, fructose and malic acid. Tukey’s
test could not distinguish between the means of individual cultivars and treatments. An increase in the consumption of

malic acid was identified between the ULO and the AN storage. Pulp firmness was depressed only in RA.

Keywords: Malus domestica; ethanol; acetaldehyde; ethyl acetate; low oxygen; firmness; emission of volatiles

Many apple cultivars are stored commercially for ex-
tended periods under refrigerated controlled atmosphere
conditions. Typically oxygen is lowered to 1-3% and CO,
allowed to accumulate to 1-3% depending on what culti-
vars are being stored. CA storage, in particular ULO, di-
minishes firmness, acidity, chlorophyll and sugar in the
fruit and reduces the incidence of some physiological
disorders in comparison with cold storage of apples
(BOHLING, HANSEN 1985; LITTLE, PEGGIE 1987; CHEN
et al. 1989).

The knowledge of the lower oxygen limit is critical for
optimising the gaseous storage of fruits. The optimum
storage atmosphere occurs just above the lowest achiev-
able level of aerobic respiration without development of
anaerobic metabolism. There seems to be an agreement
that reducing O, to levels that are as low as possible with-
out inducing fermentative metabolism would be desir-
able (GRAN, BEAUDRY 1993).

It is generally accepted that the optimal storage atmo-
sphere for a given temperature is at an oxygen concen-
tration above the point of the accumulation of products
of anaerobic respiration resulting in off-flavours. Low

oxygen limits of crops are typically reported in relation
to the external atmosphere often with ethylene, total vol-
atile evolution and fruit characteristic (LIDSTER et al.
1987; R1ZZOLO et al. 1997; HANSEN et al. 1992).

Ethanol is produced in ripening apples stored in the
air but the metabolic activity favouring the production
of ethanol increases during low-oxygen-induced anaer-
obic respiration. The fruit ethanol concentration can
increase several hundredfold depending on the duration
of anaerobic respiration and the variety of apples
(FIDLER, NORTH 1971; PATTERSON, NICHOLS 1988).
CAMERON et al. (1995) proposed the detection of etha-
nol would provide a sensitive technique for low oxygen
injury identification since there is a positive correlation
between quality deterioration due to low oxygen injury
and the headspace ethanol partial pressure. SMYTH et
al. (1999) demonstrated a biosensor for the detection of
gas phase ethanol. Hence low oxygen injury could be
detected indirectly in lightly processed cut vegetables
in modified atmosphere.

The purpose of this investigation was to determine the
effect of storage conditions, especially ULO, on the
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anaerobic volatiles production in the headspace evaluat-
ed through the skin of intact fruit and the same volatiles
accumulated in the fruit pulp. In addition, the effect of
the ULO-storage duration on the quality retention (sug-
ar, acidity, firmness of fruit) was determined.

MATERIALS AND METHODS

Fruit supply, initial measurement, treatment and stor-
age

Apple fruits of the cultivars Jonagold and Golden De-
licious were harvested at a climacteric stage monitored
by starch content. Immediately after picking, the fruits
were selected for uniformity and stored at 3°C for one
week (cv. Jonagold and Golden Delicious) and five
weeks (cv. Melrose and Idared) before the ULO atmo-
sphere and anaerobic conditions were applied. Fruits of
cv. Golden Delicious were sealed in the same storage
conditions in mid-storage..

Storage treatment

For the ULO storage, 40 kg of apples of each cultivar
were placed in a 1,050 | container. The AN storage was
carried out in a 500 | container with 25 kg of the cultivar.
There were three levels of oxygen (0.2% O, anaerobiosis
- AN), (0.9%0, ultra-low oxygen — ULO), (21% O, reg-
ular atmosphere — RA), each maintained to the nearest
£ 0.1% and combined with one level CO, (0.3% to the
nearest 0.1%), yielding 3 environments in a factorial ar-
rangement with 4 apple cultivars. To achieve the end con-
centration of O,, flushing with N, was carried out. The
storage temperature was 3°C.

Concentrations of CO, and O, were continuously mon-
itored by gas analysis (Arelco, ARC, France) connected
to a process computer. Gas concentrations were verified
every hour. After 30 days in gas storage, each chamber
was opened and a 40-kg lot (subsequently divided into
six replicates from each chamber) was transferred into
air atmospheres. Golden Delicious apples in the mid-stor-
age period were put into differential oxygen regimes for
30 days. Then they were stored in the air at 3°C. During
the following two months, they were analysed for the
content of metabolic compounds.

VOLATILE COMPOUNDS ANALYSIS

The experimental arrangement for trapping compounds
in a column with sorbent (Tenax GC) in a closed circuit
with the chamber represents a two-phase system. By re-
cycling the gaseous phase in one direction, volatiles from
apples can be transported by percolating gas in the trap-
ping column.

Headspace volatiles were measured by placing one
fruit in a spherical jar with about 500 ml volume with
6 replicates, passing storage atmosphere (ULO, AN)
through the jar with a velocity of 30 ml/min continual-
ly. For the sufficient trapping of compounds, 60 ml of
percolating gas was passed into the trapping column
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with 40 mg (£ 1 mg) of Tenax GC. Trapped volatiles were
thermally desorbed (130°C) in a chromatographic packed
column with Carbowax 20M on Carbopack AW. Quanti-
fication was achieved using flame-ionisation detection.
The mass of analyte in percolating gas is given by

W.=(4/4)c,v, (ng) (1)

where: A, A~ areas of the peak of the given compound and
the standard,
(o — concentration of standard (ul/l),
v - volume of standard (pl).

Quantification was done by the external standard meth-
od. Defined amounts of the analysed material and the
standard were separately injected. Subsequently, corre-
sponding chromatographic peaks were obtained by com-
paring the sizes.

The concentration of analyte in the percolating gas can
be written

c=wiv (ngh) (2

where: V- the volume of percolating gas via the trapping co-
lumn,

Production G, of the given compound was expressed
as the velocity of percolating gas (¥ 1/h) and mass of fruits
m (kg) placed in the spherical jar

G=c,Fim (ng/kgperh)  (3)

Quality evaluation of fruit

Six apples were removed from each chamber. Fruits
were individually analysed for skin and flesh firmness
(8 mm plunger) with two opposite measurements for each
fruit. In the fresh fruit, the following properties were
measured: titratable acidity (TA), soluble solids (SS), and
active acidity (pH). From homogenised frozen pulp, su-
gars (sucrose, glucose, fructose), and organic acids (mal-
ic, citric, succinic and acetic acids) were analysed by
HPLC of the aqueous extract from the pulp. Of all acids,
only malic and citric acids have been calculated.

Anaerobic compounds in the pulp

Acetaldehyde, ethanol and ethyl acetate in the frozen
pulp were analysed by GC (packed column with Porapak
P). 1 ul aqueous samples were injected in a sample block
fitted with Teflon, an inert material. Eight peaks from the
chromatogram were evaluated, three of them were quan-
tified with the external standard of these compounds
(acetaldehyde, ethanol, ethyl acetate) and expressed in
mg/l for each compound.

Statistical analysis

Six replicates were provided for each measurement
above, means and standard errors being reported in ta-
bles. The experiment was analysed as a factorial one
(treatment X variety x 14 parameters) using the analysis
of means and the analysis of multiple comparison. The
means were compared by Tukey’s test to separate treat-
ment means and variety means.
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Table 1. Anaerobic metabolic emissions (ug/kg per h) from 4 apple varieties after 30 days of storage in different oxygen regimes*

Treatment Jonagold Go}c!en Melrose Idared Tl}key's i
Delicious significance
Acetaldehyde (pg/kg per h) ULO 0.30 +0.05 0.81+£0.14 1.15+0.17 0.53+0.06 a
AN 0.51+£0.15 140+£023 1.53£0.19 098+0.10 b
RA 0.26 £ 0.04 023+0.02 044+£005 0.30+0.04 c
Tukey’s HSO significance a ab c ab
Ethanol (ng/kg per h) ULO 13.1+2.8 163+29 21.7+£2.8 113+£25 b
AN 126+29 162+24 22.7+1.6 13.0+2.0 b
RA 3.7£05 45+04 47+£0.3 3004 a
Tukey’s HSO significance a ab b a
Ethyl acetate (pg/kg per h) ULO 0.5+0.11 0.62+0.12 25+£022 0.80+0.08 a
AN 0.49 £ 0.09 0.79+0.13 1.04£0.19 2.04+044 b
RA 0.28 £ 0.05 028+0.05 144+0.23 0.78+0.12 a
Tukey’s HSO significance a a b b

*All fruits were stored at 3°C, CO, was in ULO and AN 0.2% O,, RA, regular atmosphere 21% O,
Values are means and standard errors of six replicate samples, each containing one apple (0.15 kg)

RESULTS AND DISCUSSION

ANAEROBIC METABOLITES RELEASED
THROUGH THE SKIN OF AN INTACT FRUIT
INTO THE ENVIRONMENT

The present method makes it possible to capture the
metabolites from intact fruits in two steps: first, the con-
centration in the percolating gas of the compound being
analysed is measured (equation 2), then these experimen-
tally obtained values: m - mass of the fruit in kg, and F —
the volume rate in 1/h serve to ascertain the production of
the compound being analysed as it is captured in the trap-
ping column (ug/kg per h). The volume of the percolat-
ing gas V passed through the concentration tube in ml
(equation 2) had to be tested in advance. The production
values of the respective metabolites in Table 1 are means
from 6 fruits with the standard deviation of the mean,
each measurement concerning only one fruit. Given the
mass of the adsorber (Tenax GC) in the trapping column
as 40 mg and the volume rate (F) 1.8 I/h, the volume of
the percolating gas (V) of 120 ml, or only 60 ml is com-
pletely sufficient to capture the analyte.

The concentration of ethanol in the percolating gas
from the variant RA was obtained by conversion of Ta-
ble 1 figures into the values corresponding to equation 2.
It oscillates around the level 4.1-5.2 pg/l (1.6-2.1 pl/l).
The ethanol biosensors (SMYTH et al. 1999) which were
designed for the detection of the oxygen stress of mini-
mally processed fruits and vegetables are capable of dis-
covering 10 pl/lin the gaseous phase at the temperature
of the sample 5°C.

The conservation version of the complete capture of
the compounds into the trapping column is a very effi-
cient means of relatively quick suction into the concen-
tration tube. The condition to be kept is, however, ad-
hering to the given volume rate (F) and the time of suc-
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tion through the tube. Should the compound be captured
up to the equilibration, then tens of litres of the ambient
atmosphere would have to be put through which would
make the verification rather lengthy. Apart from this
drawback, other aroma volatiles would be included and
their flushing into the analytic column would prolong the
analytic procedure.

If the values of the emission of the anaerobic metabo-
lites from intact fruits are processed by Tukey’s test, the
cultivars cannot be separated. On the other hand, the
metabolite productions from RA and ULO are clearly
distinguished from the storage in anaerobic conditions
(AN). Although our results were obtained at the close of
the storage period, the present method is capable of mea-
suring the emissions of the anaerobic respiration at any
time of the storage.

THE ACCUMULATION OF THE ANAEROBIC
PRODUCTS IN THE FRUIT FLESH

The increased concentrations of acetaldehyde in the
anaerobic conditions (Table 2) are several times above
both the normal oxygen-containing atmosphere (RA) and
that of oxygen at 0.9% (ULO). Tukey’s test confirms that
the technological variant AN is dramatically different
from ULO and RA. Comparing the cultivars, Golden
Delicious has a generally higher acetaldehyde concen-
trations.

PATTERSON and NICHOLS (1988) give the concentra-
tion of acetaldehyde from 4 to 9 pl/l after 14 days of expo-
sition in 0.5% O, On the other hand, the incidence of this
metabolite at 1% O, in the ambient atmosphere is totally
negligible. The concentration of ethanol in the studied cul-
tivars is easily comparable with that of acetaldehyde and
ranges between 700 and 830 mg/1. The conditions are very
similar (Table 2). Notice that technologically the two at-
mospheres ULO and RA are strongly different from AN.
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Table 2. Anaerobic metabolites in the flesh (mg/l) of apple varieties at the beginning of storage and in different oxygen regimes

after 30 days of storage*
Treatment Jonagold D(E;ﬁ]c‘ig:s Melrose Idared 1;?;:&.;2:13?
Acetaldehyde IN 0.6+ 0.1 1.1£0.5 08+0.2 09+0.1 a
(mg/l) ULO 02+0.1 0.6+0.3 1.1+0.1 0.8+0.2 a
AN 34+04 6.2+0.6 43+£0.6 29+03 b
RA 0.1+0.0 0.6+0.2 0.7+0.1 0.6+0.1 a
Tukey’s HSO significance a b ab a
Ethanol IN 4 £2 26+20 8+3 61 a
(mg/1) ULO 4116 112 + 58 8+2 13+2 a
AN 835+30 83135 693 £ 17 794 £29 b
RA 4+1 7+3 2+1 30 a
Tukey’s HSO significance a a a a
Ethyl acetate IN 2207 26+0.8 2.8+£0.8 0.3+0.1 a
(mg/l) ULO 14+04 2407 6.2+0.6 0.5+0.1 a
AN 13.6+ 1.7 145+19 8.6+13 1.8+0.5 b
RA 2205 1.0+0.2 2.6+0.5 0.9+03 a
Tukey’s HSO significance b b b a

*Storage conditions and statistical analysis were the same as indicated in Table 1
IN - initial storage. Values are means of six replicate samples, Tukey's HSD test P < 0.05

The ethanol point is defined as the production or con-
centration of ethanol (acetaldehyde) related to the lowest
oxygen content which does not yet lead to an increased
formation of both metabolites. The traces of ethanol in-
side the fruit pulp are normally identified at the begin-
ning of storage. They are at the level of a few units of
mg/1. The only exception is Golden Delicious, which has
26 mg/l.

However, in Spartan apples fruit ethanol content was
in excess of 20 mg/100 g and may have contributed to

the incidence of low-O, injury (LIDSTER et al. 1987). The
resultant low-O, atmosphere injures the stored apples
when acute levels of 120 mg/100 g (FIDLER, NORTH
1971) are reached.

The ripening of apple varieties in different oxygen
regimes

The main sugars were obtained using the method
HLPC in one measurement together with organic acids
from 6 replicated samples. The ratio of sucrose, glucose

Table 3. Sugar content (mg/l) at the beginning of storage and after 30 days in different oxygen regimes*

Treatment Jonagold D?:;)igzzs Melrose Idared 2?::&338
Sucrose IN 46,343 £3,046 32,884 + 1,652 19,036 £ 1,110 41,020+ 1,118 a
(mg/l) ULO 50,177 £+ 2,891 32,998 £1,186 17,951 + 483 37,635 £ 1,304 a
AN 42,328 £ 775 31,835+ 1,107 13,304 £ 1,834 31,813 +£725 a
RA 46,761 £2,237 34,060 £2,064 16,509 + 531 39,439 & 1,449 a
Tukey’s HSO significance d b a [
Glucose IN 11,561 £ 1,036 9,766 £ 502 20,621 £ 1,176 9,023 £ 351 a
(mg/l) ULO 16,692 + 1,264 11,139 + 641 21,543 + 840 10,072 £ 474 a
AN 14,041 = 1,088 11,864 + 553 20,893 + 507 9,980 % 390 a
RA 15,229 £ 1,601 9,481 +284 17,311 + 684 9,625 + 529 a
Tukey’s HSO significance b a c a
Fructose IN 69,048 £4,662 64,054 +2,780 70,420 + 1,218 63,319 £ 585 ab
(mg/l) ULO 78,500 = 1,766 65,862 % 1,781 68,304 £ 1,396 62,979 * 1,161 b
AN 72,116 £2,165 67,629 + 2,251 63,479 £ 3,673 60,752 + 1,397 ab
RA 73,215+£3,626 59,016 + 1,518 59,906 £ 1,604 60,704 + 1,891 a
Tukey’s HSO significance b a a a

*Values are means and standard errors calculated from six apples subject to treatment, Tukey’s test for variety and treatment, P < 0.05
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Table 4. Effect on pH and quality attributes - (titratable acidity as malic acid/l) and soluble solids content at the beginning of

storage and after 30 days of storage*

Treatment Jonagold Dquc!cn Melrose Idared Tl.lkc.y’s HAl
elicious significance
pH IN 3.03+0.03 3.27+0.02 3.07+0.02 3.04 £0.01 ab
ULO 2.96 +0.01 3.31+0.04 3.19+0.01 3.16 £ 0.01
AN 2.98 +0.03 3.34+0.02 3.21 £0.02 3.18+0.02 b
RA 2.98 £0.02 2.97 +£0.02 3.11£0.01 3.14+0.01 a
Tukey’s HSO significance a c b b
Titrable IN 0.60 + 0.04 0.42 +0.01 0.41 +0.03 0.59 +0.03 a
acid ULO 0.53 £0.03 0.42 +£0.02 0.41 +£0.02 0.51+0.02 a
(g/100 g) AN 0.53 £0.04 0.39 +£0.01 0.38 £0.02 0.50 £ 0.02 a
RA 0.49 +0.02 0.49 £ 0.02 0.43 +0.02 0.55+0.02 a
Tukey’s HSO significance b a a b
Soluble IN 14.2+0.4 12.0£03 12.1+0.2 123+0.3 a
solids ULO 14.9+0.2 124+0.2 11.9+0.1 12.3+0.2 a
(°Rf) AN 14.5+0.2 126 £0.3 11404 11.8+0.2 a
RA 14.6 + 0.4 146+0.4 11.1£0.1 11.7+0.2 a
Tukey’s HSO significance c b a a

*Storage conditions, sampling and statistical analysis were the same as indicated in Table 2 legend

and fructose was constant in the studied cultivars, fruc-
tose being prevalent (Table 3). During the whole experi-
ment, the reserve of sucrose was not consumed and so it
did not turn through enzymatic hydrolysis into simple
sugars. Only cv. Jonagold and Idared showed a higher
consumption of sugars in anaerobic conditions and ultra-
low oxygen, which corresponds to the Pasteur effect
(CHERVIN et al. 1996).

No significance of the differences between cultivars could
be established by Tukey’s test (P < 0.05). Between the tech-
nological variants, a significant change was the loss of fruc-
tose in AN storage and of glucose in the normal atmosphere
(RA). BRACKMANN et al. (1994) reports that the ULO stor-
age in combination with higher CO, was the most efficient

of all tested storage conditions in retaining soluble solids,
acidity, flesh firmness and green skin colour.

Soluble solids — SS (Table 4) were obtained in fresh
mass. According to this parameter a slight drop occurred
in anaerobic conditions but, on the whole, the differenc-
es between technological variants were not statistically
separated.

The contents of organic acids in apple varieties

The prevailing acid occurring in fruits is malic acid,
there is also a minimal presence of citric acid (Table 5).
The results obtained through the method HLPC were
checked by establishing titratable acidity in values
g/100 g as given in Table 5. The metabolic consumption
during the experiment was high only in Golden Delicious

Table 5. Content of malic and citric acids in the flesh of apple fruits at the beginning of storage and after storage in different oxygen

regimes*
Treatment Jonagold Diﬁtgzzs Melrose Idared :l:;:nyf;scalﬁg
Malic acid (mg/l) IN 6,939 +479 5,525+133 5,065 + 264 7,265 + 231 b
ULO 6,084 + 375 5,303 £ 256 4,952 + 166 6,332 + 181 ab
AN 5,446 + 221 5,066 £ 112 4,443 +£231 5,680 + 170 a
RA 5,689 + 165 4,227 +£250 4,740 + 241 6,565 + 245 a
Tukey’s HSO significance b a a b
Citric acid (mg/l) IN 67+6 52+3 30£3 33+4 b
ULO 3246 32+4 24+2 40+5
AN. 25+4 305 315 215 a
RA 40+7 398 33+4 41£5 ab
Tukey’s HSO significance b ab a ab

*Storage conditions, sampling and statistical analysis were the same as indicated in Table 2 legend
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Table 6. Firmness of subepidermis, skin and flesh at the beginning of storage and after 30 days of storage in different oxygen

regime*
Treatment Jonagold D(z;)i:g::s Melrose Idared ];?g?’f;f::jlieo
Subepidermis (MPa) IN 0.31 +£0.04 0.30 £0.02 0.31 +0.06 0.55+0.07 a
ULO 0.27 £ 0.04 0.29 +0.05 0.30 £ 0.04 0.63 + 0.05 a
AN 0.38 +0.04 0.26 £ 0.05 0.23 £0.03 0.51 +£0.05 a
RA 0.32+0.03 0.34 £0.05 0.25 +0.03 0.48 +2.04 a
Tukey’s HSO significance a a b
Skin (MPa) IN 0.94 + 0.05 1.04 +0.03 1.17 £ 0.02 1.01 £ 0.02 a
ULO 1.05 + 0.04 0.92 £ 0.04 1.05 +0.04 0.86 = 0.15 a
AN 1.11 £ 0.05 1.00 +0.05 0.97 +0.03 0.93 +0.03 a
RA 1.08 + 0.05 1.01 £0.05 1.00 £ 0.04 0.80 £ 0.03 a
Tukey’s HSO significance b Ab b a
Flesh (MPa) IN 0.75 + 0.04 0.79 £ 0.02 0.84 + 0.04 0.79 +0.02 b
ULO 0.82 £ 0.04 0.78 £ 0.03 0.74 £0.02 0.74 £ 0.02 ab
AN 0.82 +£0.03 0.81 +0.04 0.82 +£0.02 0.73 £0.03 b
RA 0.75 £ 0.04 0.78 4+ 0.03 0.70 £ 0.03 0.61 +0.02
Tukey’s HSO significance b ab a

*Values are means and standard errors from 12

(two repli

in the variant RA. A statistical significance was attribut-
ed by Tukey’s test only to the different values of malic
acid between Idared and Jonagold on the one hand, and
Golden Delicious and Melrose on the other. The con-
sumption of acid is statistically significant for all variet-
ies but there is a difference between AN and RA.

The actual contents of citric acid are between 30 and
70 mg/l. They do not respond to metabolic processes.
pH-values oscillate in a narrow range.

Firmness of apple fruits in oxygen regimes

Three parameters could have been identified on the
basis of the deformation curve obtained by stressing an
intact fruit with slow deformation indentation by means
of a plunger 8 mm in diameter. Integrating strain and
penetrating length, one obtains the subcutaneous (sub-
epidermal) injury which is measured before the skin is
pierced. Subepidermal injury is statistically non-signifi-
cant (Table 6). The firmness of the skin is not affected by
oxygen contents and it is comparable for AN and ULO
storage. Statistically significant losses of firmness were
observed in the pulp of the fruits stored in the regular
atmosphere (RA).

Changes of anaerobic metabolites after storage in low
oxygen
During storage not only ethanol, but also acetaldehyde
as ethyl acetate levels can increase. Low oxygen or high
CO, concentrations in parenchymal tissues are well
known to produce such accumulations, hence increases
in acetaldehyde and ethanol are often taken as an indica-
-tion of fermentation in the tissues. In anaerobic condi-
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for each fruit), storage conditions are the same as indicated in Table 2

(mg/)

6'0 t(days) g

Fig. 1. Content of acetaldehyde of cv. Golden Delicious apples
under ULO (0.9% O,) and RA (regular atmosphere 21% O,)
regimes at 3°C for 76 days. Each point is the mean of 6 repli-
cates. Vertical bars indicate standard error

40

c
(mg/l)
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20 A

104§ -

0 20 40 60 t(days) go
Fig. 2. Effect of O, levels on ethanol content in the pulp of cv.
Golden Delicious apples at 3°C for 76 days. Ambient atmosphere
is the same as Fig. 1. Each point is the mean of 6 replicates.
Vertical bars indicate standard error
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Fig. 3. Effect of O, levels on ethyl acetate content in the pulp of
cv. Golden Delicious apples at 3°C for 76 days. Ambient atmo-
sphere is the same as Fig. 1. Each point is the mean of 6 repli-
cates. Vertical bars indicate standard error

400
c
(mg/l)
300

200

0 20 a0 g0 T(¥s) go
Fig. 4. Effect of exposure to the indicated level of O, at 3°C for
30 days, followed by 76 days on acetaldehyde content of cv.
Golden Delicious apples. Each point is the means of 6 repli-
cates. Vertical bars indicate standard error. Arrow indicates the
date of transfer to air

tions, the production od acetaldehyde is high: more than
300 ml/I were produced in 30 days. The subsequent
aeration of the fruits caused this high concentration to
drop to 60-70 mg/1 (Fig. 4). In spite of this, the eventual
concentration was still higher than the measured in the
same variety kept in ULO and RA (Fig. 1).

The concentration of acetaldehyde in the parenchyma
of apple fruits can be used as a diagnostic for finding out
the time point of the transition from basic metabolism to
pyruvate metabolism and a glycolytic end-product. In the
senescence which is concurrent with low but still enough
oxygen not to trigger the production of the mentioned
metabolites, the values of acetaldehyde in the variant ULO
are always statistically higher, confirmed at P <0.05, com-
pared with the fruits constantly stored in RA (Fig. 1).

Acetaldehyde is more toxic for the parenchymal tis-
sues than ethanol (CHERVIN et al. 1996). Acetaldehyde
is also associated with browning and softening disorders
in the fruit. The evidence of acetaldehyde suggests that
its accumulation is a result, rather than a cause, of tissue
disorganisation (SMAGULA, BRAMLAGE 1977).
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Fig. 5. Amount of ethanol cv. Golden Delicious apples under
anaerobic environments (0.2% O,) at 3°C for 20 days, 29 days
respectively, followed by 70 days and 76 days, respectively in
air. Each point is the means of 6 replicates. Vertical bars indi-
cate standard error. Arrow indicates the date of transfer to air.
Apple in term onset immediately stored, mid-storage about
3.5 month in air
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Fig. 6. Ethyl acetate concentration in pulp of cv. Golden Deli-
cious apples exposed to anaerobic environment (0.2% O,). Ver-
tical bars indicate standard error. Arrow indicates the days of
transfer to air

The concentration of ethanol in the fruits which were
constantly kept in anaerobic conditions has a linearly in-
creasing course in time with slight differences only in
the velocity (Fig. 5). Consequently, the oxidation of eth-
anol in the fruits exposed to a regular oxygen atmosphere
is either rather slow (Fig. 5 — onset) as in the case of
fruits treated with ultra-low oxygen immediately after the
harvest, or the ethanol quantity hardly changes at all
(Fig. 5 — mid-storage) as in the case of fruits that have
previously been kept only in cold storage for 3.5 months.
PATTERSON and NICHOLS (1988) suggested that ethanol
levels decrease within a week in the air at 20°C, follow-
ing 14 weeks in experimental atmospheres.

The technological variants ULO and RA can easily be
identified according to the increased concentration of
acetaldehyde and ethyl acetate (Figs. 1 and 3). It is possi-
ble to conclude that the concentration of oxygen in the
ambient atmosphere at a level of 0.9% does not physio-
logically harm the tissues of apples by producing in-
creased quantities of acetaldehyde and ethyl acetate.

87



References FIDLER J.C.,, NORTH C.J., 1971. The effect of periods of anaer-
obiosis on the storage of apples. J. Hort. Sci., 46: 213-221.
HANSENK., POLL L., OLSEN C.E., LEWIS M.J,, 1992. The
influence of oxygen concentration in storage atmospheres
on the post storage volatile ester production of Jonagold ap-

ples. Lebensm. Wiss. u. Technol., 25: 457-461.

LIDSTER P.D., LOUGHEED E.C., McRAE K.B., 1987. Ef-
fects of sequential low-oxygen and standard controlled at-
mosphere storage regimens on apple quality. J. Amer. Soc.
Hort. Sci., 112: 787-793.

LITTLE C.R., PEGGIE L.D., 1987. Storage injury of pome fruit
caused by stress levels of oxygen, carbon dioxide, tempera-
ture, and ethylene. HortScience, 22: 783-790.

PATTERSON M.E., NICHOLS W.C., 1988. Metabolic response
of Delicious apples to carbon dioxide an anoxic and low-
oxygen environments. HortScience, 23: 866-868.

RIZZOLO A., VANOLI M., CISAI C., FADANELLI L., 1997.
Ultra-low oxygen storage of apples cv Golden Delicious.
Istituto sperimentale per la valorizzazione technologica dei
prodotti agrocoli, 20: 31-38.

SMAGULA J. M., BRAMLAGE W.J., 1977. Acetaldehyde ac-
cumulation: is it a cause of physiological deterioration of
fruits? HortScience, 72: 200-203.

SMYTH A.B., TALASILA P.CH., CAMERON A.C., 1999. An
ethanol biosensor can detect low-oxygen injury in modified
atmosphere packages of fresh-cut produce. Postharvest Biol.
and Technol., 15: 127-134.

BANKS N.H., DANZIE B.K., CLELAND D.J,, 1993. Reduc-
ing gas exchange of fruits with surface coatings. Postharvest
Biol. and Technol., 3: 269-284.

BOHLING H., HANSEN H., 1985. Untersuchung iiber das La-
gerungverhalten von Apfeln in kontrollierten Atmosphéren mit
sehr niedrigen Sauerstoffanteilen. Erwerbsobstbau, 27: 80-84.

BRACKMANN A., STREIF J., BANGERTH F., 1994. Ein-
fluss von CA-bzw. ULO-Lagerbedingungen auf Frucht-
qualitiit und Reife bei praklimakterisch und klimakterisch
geemteten Apfeln 1. Auswirkung auf Farbe, Fruchtfleischfes-
tigkeit, Saure und lsliche Trockensubstanz. Gartenbauwiss.,
59: 252-257.

CAMERON A.C., TALASILA P.C.,, JOLES D.W., 1995. Pre-
dicting film permeability needs for modified-atmosphere
packaging: a case for sense and respond packaging of lightly
processed fruits and vegetables. HortScience, 30: 25-34.

CHENPM., VARGA E.A,, MIELKE E.A.,, DRAKE S.R., 1989.
Poststorage behavior of apple fruit after low oxygen storage
as influenced by temperatures during storage and in transit.
J. Food Sci., 54: 993-996.

CHERVIN CH., BRADY C.J., PATTERSON B.D., FARAG-
HER J.D., 1996. Could studies on cell responses to low ox-
ygen levels provide improved options for fruit storage and
disinfestation. Postharvest Biol. and Technol., 7: 289-299.

GRAN CH.D., BEAUDRY M., 1993. Determination of the low
limit for several commercial apple cultivars by respiratory quo-

tient breakpoint. Postharvest Biol. and Technol., 3: 259-267. Recenea 2T July 2001

Utinek koncentraci kysliku na tvorbu anaerobnich metabolitii p¥i skladovani jablek

ABSTRAKT: Skladovani odrid jablek Golden Delicious, Jonagold, Melrose, Idared (Malus domestica Borkh.) v ultranizké
koncentraci kysliku (ULO: 0,9 % O,), v anaerobnich podminkéch (An: 0,2 % O,) a v normélni atmosféte (RA: 21 % 0O,)
s pfidanim 0,3 % CO, nebo 0,03 % CO, ukézalo, Ze vystaveni plodi atmosféte ULO potlatuje vytvifeni metabolitil jako etanol,
acetaldehyd a etylacetat. Byla zjidtovana tolerance plodii na jednotlivé atmosféry vedouci k tvorbé anaerobnich zplodin. Kon-
centrace etanolu v anaerobnich podminkach uloZeni (< 0,2 % O,) doséhla za 30 dnii 790-830 mg/l. Kyslikovy stres za 30 dnii
v anaerobnich podminkéch rovné&Z vyvolal soub&Zné vysokou koncentraci acetaldehydu (350 mg/l). Pfitom byly koncentrace
tohoto metabolitu v ULO a RA statisticky rozliSeny (P < 0,05), ale pohybovaly se v izkém rozmezi jednotek mg/l. Obsah
acetaldehydu v ovocné pulpé indikuje stupeii podkozeni nizkym obsahem kysliku, ktery se viak stale nachazi v koncentracich
0,9 % O,. Pres slupku uvoliiované plynné metabolity, hodnocené v pg/kg za h, byly zachyceny do sorbentu a nésledné plynové
chromatograficky stanoveny na obsah acetaldehydu, etanolu a etylacetitu. V disledku toho, Ze nahromadéni téchto metabolitl
v kapalné fazi vede k jejich ¢asteénému uvoliiovani do okolniho prostiedi, se vyrazn& odliduje varianta RA od ULO a An.
Tukeyovym testem nejsou rozlideny priiméry odriid a oSetfeni. Vys$i spotieba kyseliny jableéné byla rozpoznina mezi uloZe-
nim metodou ULO a AN. Ke sniZeni pevnosti stanovené méfenim duzniny do$lo pouze v normalni atmosfére.

Klitova slova: Malus domestica; etanol; acetaldehyd; etylacetat; nizky obsah kysliku; pevnost plodu; emise tékavych latek
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Evaluation and prognosis of stored vegetable losses

K. Kopec', M. VAL$ikoVA?, J. BARTOS®

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2Vegetable Research Institute, Nové Zdmky, Slovak Republic
3Vegetable Producer’s Union, Olomouc, Czech Republic

ABSTRACT: Reduction of losses during vegetable storage can advance the economics of production and utilization of
these important foodstuffs. The results of many years of research into the evaluation of losses in basic species of vegeta-
bles (cabbage, kohlrabi, carrots, parsnips, celeriac, onions, garlic), numerically and graphically elaborated, lead to the
conclusion that the course of these losses during storage can be generalized by a polynomial quadratic third grade equa-
tion. This equation is valid regardless of preharvest factors (variety, conditions, method and date of harvest, growth sound-
ness, etc.) or postharvest factors and storing conditions (pit, cold-storage room or ventilated warehouse). Graphs present
time curves of the loss process under optimal and even substandard conditions. From this equation or from graphical
presentation we can determine the prognosis of further losses and in combination with prices it is also possible to deter-
mine an economically acceptable date for unloading. Designed methodology of determination and evaluation of losses are
applicable to total quality management according to ISO series 9000, alternatively to determine the critical point of ex-
posure for the technology of vegetable storage.

Keywords: vegetable; equation of losses; storage prognosis; cabbage; kohlrabi; carrots; parsnips; celeriac; onions; garlic

The transformation of national economy and transi-
tion to market economy make it necessary to consider
all the possibilities of cutting production costs and in-
creasing economic effectiveness and at the same time
improving the quality of products (KOPEC 1997).

One of the effective ways to increase general produc-
tion at low-cost is the utilization of reserves in grower
technology and reduction of losses during harvest and
postharvest operations and vegetable storage. Accord-
ing to qualified evaluation these reserves and losses are
always high and represent on average one quarter to one
half of the currently achieved crop. In some cases they
can be even higher (SALUNKHE, KADER 1998).

DEFINITION OF LOSSES

Losses usually occur in the final phases of production
and are defined as negative deviations in the quantity
and quality of final products. In a wider sense (besides
losses in the final product) there is also damage to growth
during vegetation, possibly damage to useful waste. Da-
mage also leads to losses of quantity and quality, but
mostly it is not possible to anticipate them (hailstorms,
vernal slight frost, high occurrence of pests, etc.).

Underestimation of losses is mostly due to lack of
exact data. Analysis of the extent of losses is lacking,
there is no stable method of assessing them. Losses dur-
ing storage are determined only by a qualified estimate.
Detailed complex analysis of their cause is also missing.
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For evaluation of losses a sufficient number of infor-
matory sources is essential,

We have worked out a method for judging the proba-
ble development of losses during storage of some sorts
of vegetables and also the possible causes of these loss-
es. We assumed that storage was frequently a necessary
operation, which makes it possible to market short-term
harvest crops over a longer period of time and especially
to overcome the time discrepancy between supply and
demand (VALSIKOVA, KOPEC 1999).

MATERIAL AND METHODS

We assessed the following vegetables: onion from
seeds and bulbils, garlic from spring and autumn plant-
ing, parsley (root), carrots, celeriac, kohlrabi Gigant,
white cabbage.

Before storage we used a three-point scale to evaluate
preharvest factors: variety applicability, harvesting con-
ditions, method and date of harvesting and disease oc-
currence. Further we evaluated storage conditions (pit,
air-cooled warehouse, cold-storage room).

During storage we checked weighed samples, inserted
in piles or pallets, namely in relation to of losses of weight
and quality. Representative average samples in reticular
bags were first weighed, provided with large labels on
a long piece of string placed visibly outside the pallets or
piles of vegetables. The label included the name of the
sample, storing (and control) date, quantity and further
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Table 1. Relevancy of individual storage loss causes

Cause of losses Onion Garlic Carrots  Parsnips Celeriac  Cabbage
Bad state of health in growth +++ + 4+ +++ ++ +
Wrong date and mode of harvest ++ + ++ ++ + +H++
Excessive damage during harvest ++ + i+ ++ +++ ++++
Failure to discard damaged products +++ + + ++ ++ -+
Incorrect postharvest treatment ++++ ++++ ++++ ++ ++ +
Incorrect storage conditions ++ +H++ +H++ +H++ -+ -+
High level of unsaleable goods +++ + +H+ + + +H+
Total low level of quality care ++++ ++++ ++++ 4+ +H++ ++++

details. In the course of storage we took out samples one
by one, evaluated losses in quality and weight and pro-
cessed the results statistically and graphically. For equa-
tion calculation we used a computing programme. The
size and number of samples were established according
to the sort, size of stored batches and the presumed du-
ration of storage, namely:

For determination of losses in stored onion we insert-
ed into each batch of onion in piles or on pallets an ade-
quate number of samples (usually 10) in reticular bags
containing 10 kg, and every month qualitative and ma-
terial changes were checked three times.

For garlic we inserted into the pallets of each section
(1 t) 2 kg samples in reticular bags and evaluated in
quadruplet repetition once a month.

Carrots and parsley (roots): 15 samples of 3 kg each
were put into each storage batch in reticular bags and
their qualitative and quantitative changes were evaluat-
ed two or three times in the course of storage. Celeriac
was evaluated likewise with samples of 30 roots.

Control samples of cabbage were inserted in six retic-
ular bags containing 10 heads each, individually num-
bered on the stalks. Every 6 weeks we took out 2-3 bags,

evaluated the quality and weight of every head and put
the bags back.

RESULTS

Hundreds of dates on the dynamics of losses during
storage, obtained by assessing the crops, can be general-
ized by regression behaviour, which is characterized by
a common polynomial third order quadratic equation:

y=a+bx®*+cex+d

The equation is valid regardless of preharvest factors
and storage conditions even for different vegetable sorts.
Particular causes of loss were established according to
growing practice and the results of extensive research in
previous years (BARTOS et al. 1988; KOPEC et al. 1997,
VALSIKOVA et al. 1996-1998, and others).

Some results are plotted in diagrams. Curve A (the low-
est) represents development of standard (unavoidable) loss-
es under optimal growing and storage conditions. Curve B
represents losses in better storage conditions (air-cooled
storage-rooms, pits), curve B1 to B4 and C represent run-
ning losses affected by inferior growing conditions.
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DISCUSSION — determination and adherence to exact harvesting dates

From the analysis of results we defined the principal
preharvest factors which decide on the level of storage
losses (see Table 1):

— suitable composition of type and sorts (for gradual
and single harvest),

— selection of special varieties with long-term shelf life,
suitable for the given locality and growing method,

— appropriate cultivation (growth density, irrigation),

— reliable preservation of healthy state before harves-
ting,

and directive harvest operations,

organization of harvest with complex continual ma-
terial flow,

optimal utilization of harvesting machines and their
tuning so as to minimize damage to crops,
harvesting in optimal soil and weather conditions,
careful preparation of crops for storage (for example
predrying of onions),

choice of suitable storage methods (cold-storage),
rapid introduction and constant adherence to storage
regime for the given species or variety,
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— current evaluation of losses in each particular post-
harvest operation,
— timely unloading.

During storage the losses in weight and quality must
be expressed in the price, which can change in the course
of storage. However, there need not be incurred econom-
ic losses. Losses can be divided into unavoidable (stan-
dard) and superfluous. Unavoidable losses are caused by
physiological processes which proceed in live crops.
Superfluous losses arise through non-performance of
technological discipline, but also as the result of un-
favourable climatic conditions. Total losses can be suf-
fered in disastrous situations when some factors exceed
the critical point (high temperatures resulting in over-
heating, wilt, total mechanical damage, failure of ser-
vice, etc). It is not always possible to anticipate them.
All losses can further be divided into losses through neg-
ligence and accidental ones, and the measure of negli-
gence must be judged individually. These losses have

garlic from bulbils plan-
ted in autumn

a wide range of causes. Microbial losses increase expo-
nentially during storage.

Suitable storage conditions must be ensured by:

full and timely sanitation of all storage areas and
equipment,

constructional and technological adaption of ware-
houses, especially improved heat insulation,
individual elements (or whole systems) of automatic
regulation and recording of storage conditions (tem-
perature, humidity, air composition and airing),
rapid cooling of crops before storage,

technological discipline and adherence to operating
rules, prescribed for the given storage subject,
organizational steps destined to improve work
achievement and observance of operational discipline
(training, perks, etc).

The actual losses should not be higher than those giv-
en in the cited equations (norms) of weight losses dur-
ing each month of storage. The equation parameters must
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be experimentally set by the above method for each par-
ticular warehouse and factor, results of several year’ ob-
servation analyzed and then used as limits. Thus the
actual cause of losses can be determined and cut down to
achieve the required economic effect.

CONCLUSIONS

This method enables us to assess whether the losses
were accidental or due to negligence. Further it is possi-

Fig. 6. Losses in stored
parsley (roots)

ble to determine outlines for reducing losses during stor-
age in the given locality. From the equation and from
graphic illustrations of standard (unavoidable) and max-
imum losses it is possible to make the prognosis of dy-
namic loss increase and with respect to prices also
economically acceptable terms of unloading. The sug-
gested method and mathematical model of loss evalua-
tion are perspectively applicable to a system of quality
management according to CSN ISO series 9000, to de-
termine the critical point of endangered quality during
the technological process of storage.
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Fig. 7. Losses in stored
celeriac
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Metodika hodnoceni a prognézovani ztrat skladované zeleniny

ABSTRAKT: Omezeni ztrat béhem skladovani zeleniny mizZe zefektivnit ekonomiku produkce i zpracovani téchto vyznam-
nych potravin. Viceleté vysledky hodnoceni ztrat zdkladnich druhl zelenin (cibule, ¢esnek, mrkev, petrzel, celer, zeli, ked-
luben), zpracované Ciselné a graficky, vedou k zavéru, Ze prubéh téchto ztrat béhem skladovani 1ze zevieobecnit polynomickou
rovnici tfetiho stupné. Tato rovnice plati bez ohledu na pfedskliziiové faktory (vhodnost odriidy, podminky, zptsob a termin
sklizn&, zdravost porostu) anebo na skladovaci podminky (chladirensky ¢i vétrany sklad, krecht). Kfivky zndzorfiuji &asovy
priib&h ztrit za normalnich i nestandardnich podminek. Z t&chto rovnic nebo z jejich grafického vyjadreni lze prognézovat
dalsi vyvoj ztrat. Také je mozné s pfihlédnutim k cenovym zménam uréit ekonomicky pfijatelny termin vyskladnéni. Navr-
Zen4 metodika stanoveni a vyhodnoceni ztrat miZe byt uplatnéna pro komplexni Fizeni jakosti v souladu s normami CSN
ISO fady 9000, event. ke stanoveni kritickych bodl v technologii skladovéni zeleniny.

Kli¢ova slova: zelenina; rovnice ztrat; progndza skladovani; zeli; kedlubny; mrkev; petrZel; celer; cibule; ¢esnek
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Using image processing and analysis techniques for counting apple
fruits in the orchard

D. Stainko, M. LAKOTA

University of Maribor, Faculty of Agriculture, Maribor, Slovenija

ABSTRACT: Counting objects by using blob analysis technique was found to be a very practical method for determining
the number of apple fruits in specified digital pictures captured under natural lighting conditions by CCD camera. The
RGB and IHS palettes were applied to each picture before being analysed by edge detection and blob analysis procedures
processed by our own programs developed in G-language. Fruits of all colours were successfully detected in the pictures
captured on the bright sunny side of the apple tree. However, pictures including red fruits had to be converted to hue im-
ages by implementing THS palette before being further analysed. Counting the red fruits on the hue images converted
from the pictures captured on the sunny side of the apple trees indicated a very close correlation to the manually counted
fruits (R?= 0.89), but counting little yellow and green-yellow fruits has been less successful because the pre-processing
could not sufficiently remove the noise. The edge detection method did not produce better results but required more pro-

cessing time in comparison with blob analysis; therefore it can be accepted for precise measurements of objects only.

Keywords: RGB, IHS palettes; apple fruit counting; edge detection; blob analysis

The question of future yield and its quality has always
been a crucial problem for apple producers and the basis
for prediction of prices and storage capacities for apples
in the ULO refrigerating chambers. Since 1989, the yield
has been estimated using the Winter method which cal-
culates on the basis of the counting and measuring of
fruit samples that are additionally corrected for the plant
age, health and rootstock type. However, the differences
between the calculated and measured yield have varied
up to 4 tons per hectare depending on the year, apple
variety and orchard age, so that a significant loss of prof-
it is induced when the production was overestimated.

The main objective of this paper is to research and eval-
uate a new approach to yield prediction which is based
on the machine vision and image processing that estab-
lishes the capturing procedure from the pictures in the
apple orchard taken under natural light conditions, and
to investigate the best analysis techniques for counting
immature apple fruits that would provide better yield es-
timation.

REVIEW OF LITERATURE

Practically no research has been reported concerning the
use of image analysis techniques for counting fruits on
apple trees in the orchard under natural lighting conditions.
The reason for sparse research in this field of image anal-
ysis can be deduced from the following citations.

According to PETERSON et al. (1999) lighting is a crit-
ical part of image processing and is particularly difficult
when operating outdoors. Therefore a fibre-reinforced
drapery was installed on the apple harvesting robot to
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block the influence of natural light conditions, but, in
turn, created a need for artificial lighting.

When harvesting the cucumbers, a colour difference
between leaves and ripe fruits was so close that the only
imaging technique capable of detecting cucumbers was
the use of the near infrared range (NIR) frequencies
(KOLLENBURG-CRISSAN et al. 1998). It was determined
that the reflectance of fruits in the near infrared range
was different from that of their leaves.

KONDO et al. (1998) also mentioned that the testing of
three different strawberry harvesting robots showed the
need for an artificial light source although the ripe fruits
were red in colour.

For counting the particles or cells in blood samples the
blob analysis procedure was reported by HANKS (1997)
to be very successful but it depends on the quality of
image pre-processing techniques and the objects investi-
gated.

METHODS

Colour images were captured with a charge coupled
device (CCD) digital camera, KODAK DC290 with
1,792 x 1,200 pixel resolution in the Faculty’s five-year-
old apple orchard planted with the varieties Golden Deli-
cious and Jonathan on the M9 rootstock.

One series of 50 pictures was captured on the sunny
side of the trees and another on the shadow side both
from the distance of 3.0 m at an angle of 90 degrees to
the planting row. Concurrently, the fruits were manually
counted on the photographed trees and the results were
compared with the machine analysis.
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For image digitalisation and processing Labview
IMAQ Vision Software has been used on a Pentium II
350 MHz Intel processor with 64 Mb RAM. Images were
directly transferred from the CCD camera to the comput-
er through the USB port.

IMAGE PRE-PROCESSING

Since it was impossible to block the sunlight on all trees
in the orchard, every digital image should be pre-pro-
cessed to suppress undesired distortions or to enhance
features important for further analysis. In the first step,
the RGB and IHS palettes were applied for researching
the effect of the basic colour areas of red, blue and green
on the image histogram and the inspection of objects.
The RGB palette yielded three images in the red (R),
green (G) and blue (B) colours which were also the basis
for calculating the IHS palette that produced images for I
(intensity), H (hue) and S (saturation) according to the
following equations from SONKA et al. (1998):

_R+G+B
3

I

2r-G)+r-B)]

H=cos™

[(R—G)’ +(R—B)(G—B)%:l

—1——3~min(R;G; B)
R+G+B

In the second step, from every new image, a histogram
was processed and analysed according to the frequency
of pixels for each value level. Only images consisting of
outstanding picks in the histogram were selected for the
thresholding procedure, which fragmented the image into
object region and background region. After this process,
all pixels that fell in the interval background were given
the value zero and became black in the binary image.
Otherwise, the threshold interval was given the value one
and became white.

Two different methods, i.e. the edge detection and the
blob analysis procedures, were used for counting fruit-
lets in the processed binary images.

The edge detection pre-processing procedure is based
on the different gradient operators that define region
boundaries in the image. There were three parameters —
contrast, width, and steepness of pixels that affected the
quality of calculations. The blob analysis procedure is
based on a blob which was defined as a group of con-
nected pixels that have the same intensity and represent
an object displayed in the image, HANKS (1997). Before
getting blobs, the binary image was filtered using a spe-
cified number of 3 x 3 erosions to remove noise and the
connectivity — 4 function for determining whether an
adjacent pixel was the same or different particle. The
particles kept after the procedure were exactly the same
as those detected in the original image.
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SEARCHING AND COUNTING PROCEDURE

Once the particles were detected in the binary image,
atemplate of a fruit object was selected from the image by
using a pencil tool to explain to the computer what to
search for and count. The matching process labelled the
image to give each object in the image a unique ID before
performing the operation. The searching analysis pro-
cessed with the implementation of the outside contours of
the object known as the mask. Due to the heterogeneous
shape of particles, the mask tolerance must be determined
for increasing the efficiency of the procedure.

For all image analyses our own programs called
APPLESEARCH, APPLECOUNT, and APPLEFILTER,
were designed and written in the G-language developed
for National Instruments® program packages Labview
5.0.1 and IMAQ Vision 4.1.1.

Statistical analysis for the regression equations be-
tween all machine counting results and manually count-
ed immature apple fruits was developed by applying an
SPSS Package Program.

RESULTS

THE EFFECT OF THS SEGMENTATION ON THE
IMAGE ANALYSIS

The efficiency of the analysis procedure for detecting
objects in the images depends very much on the bright-
ness conditions of the sunlight while capturing pictures
in the orchard.

According to the pre-processing procedures required,
three types of pictures were classified on the basis of
the grey image histogram. The pictures with Golden
Delicious fruits captured on the sunny side of the
trees were already acceptable for further analysis and they
were just converted into grey images before
final analysis. The second group of pictures in-
cluding Jonathan apple fruits captured on the sunny
or shadow side of the trees required transformation
to the hue images by implementing the IHS palette
which proved the most appropriate for further analysis
(Fig. 1).

However, the use of RGB and IHS palettes in pictures
including Golden Delicious fruits captured on the sha-
dow side of the trees neither affected the quality of the
pre-processing nor increased the correlation to the man-
ually counted fruits. For improving the image quality, an
artificial light source needs to be used in future research
so that the correlation between manual and machine
counting would be closer.

COMPARISON BETWEEN EDGE DETECTION
AND BLOB ANALYSIS

As seen from Figs. 2 and 3, the difference between edge

detection and blob analysis results depended very much
on the remaining information in the binary image after
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the thresholding process succeeded in converting the grey
image to the binary image.

The edge detection method was discovered to be very
sensitive to all small light intensity differences between
pixels. Each determined contrast between pixels was de-
tected as part of a new object and the procedure produced
five times more objects in the same image than the blob
analysis. Therefore, the new image included a lot of un-
usable edges that decreased further processing effective-

P (=3

Fig. 2. Binary image after
= blob analysis (left) and

edge detection analysis
- (right)

"
b

ness by consuming too much time. However, this meth-
od was selected as very useful for calculating the width
or area of certain objects needed for calculation of fruit
growth because it contains very clear edges.

On the other hand, the blob analysis process after the
thresholding detected fewer objects than edge detection
(Fig. 3) but they were more appropriate for counting be-
cause they contained pixels with the same intensity, thus
being processed faster.
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b Fig. 3. Fruitlets after blob
: analysis (left) and edge
detection analysis (right)
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Fig. 4. Comparison of the capacity the
blob analysis procedure for detecting ap-
ple fruits
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OBJECT DETECTION

Statistical analysis of data that included the number of
manually counted (observed) fruits and predicted num-
ber of fruits processed by two different methods indicat-
ed a closer correlation between the predicted number of
apple fruits by blob analysis and the observed number of
apple fruits 2= 0.89 (Fig. 4) than the predicted number
of apple fruits based on the edge detection processing
R*=0.85 (Fig. 5). Better regression of the first procedure
was attributed to the compactness and equality of the bi-
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Fig. 5. Comparison on the capacity of the
edge detection procedure for detecting
apple fruits

40 50

nary images which excluded more noise and assured eas-
ier object detection and counting.

DISCUSSION

A new approach to counting fruits on apple trees in
orchard conditions has been considered in our research
by application of image processing and analysis proce-
dures. The implementation of RGB and IHS palettes for
suppressing undesired distortions and enhancing impor-
tant features in original images reduced the sunlight ef-
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fect on the captured pictures and affected the speed and
quality of the analysis. When counting the Jonathan fruits
all images were converted to the ‘*hue’ images by apply-
ing THS palette prior being analysed independently of
the light conditions. The detection of Golden Delicious
fruits processed in the pictures captured on the bright side
of the trees resulted in a very high correlation to the man-
ually counted fruits. However, when pictures were cap-
tured on the shadow side of the trees the image procedure
produced a very low correlation.

The comparison between the edge detection and blob
analysis procedure resulted in no differences in the fruit
detection, but the former method required more time for
processing and requires creating a template because it
produced three to four times more objects.

The developed vision system has proved a new proce-
dure for counting immature apple fruits in vivo for some
types of images of different apple varieties. To be used in
the whole orchard, the artificial light conditions should
be determined and evaluated in our future research.
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VyuZiti metod zpracovani a analyzy obrazu pro pofitini plodi v jablofiové vysadbé

ABSTRAKT: Specifické digitdlni snimky pofizené kamerou CCD za podminek pfirozeného osvétleni byly Gispésné pouzity
pro poéitani jablek ve vysadbé& pii vyuziti metody zjisfovani poétu predmétl pomoci analyzy shlukii. Pfed vlastni analyzou
pomoci metod uréovani obrysi a analyzy shluki byly u kazdého snimku pouzity barevné palety RGB a IHS a vysledky byly
zpracovany pomoci vlastnich programi vytvofenych v jazyku G. Zji§tovani podtu plodi viech vybarveni bylo ispésné na
snimcich pofizenych na oslunéné strané jabloné. Nicméné snimky, na kterych byly &ervené plody, musely byt pfed dal3i
analyzou pfevedeny na obrazy odstini pomoci palety IHS. Potitédni ¢ervenych plodit na obrazech odstini vzniklych pfevo-
dem ze snimkl pofizenych na oslunéné strané jabloné vykazovalo velmi t&snou korelaci s poéty plodil zjist'ovanymi pfi
ruéni sklizni (R*= 0,89), zatimco pocitani drobnych Zlutych a Zlutozelenych plodi bylo méné uspéiné, protoZe se béhem
ptipravného zpracovani nepodafilo v dostateéné mife odstranit $um. Lepsi vysledky nepfinesla ani metoda uréovéni obrysi,
ktera si navic ve srovnéni s analyzou shluki vyZzadala vice &asu na zpracovéni. Tuto metodu lze akceptovat pouze pro piesna
méfeni pfedméti.

Klitov4 slova: palety RGB a IHS; po¢itani jablek; uréovani obrysi; analyza shluki
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Factors influencing growth of sweet cherries in a dense planting

J. BLAZKOVA

Research and Breeding Institute of Pomology, Holovousy, Czech Republic

ABSTRACT: Selected characteristics and parameters were evaluated for 5 growing seasons in an experimental orchard
that was established in the spring 1996. It included four rootstocks (Colt, P-HL-A, P-HL-B and P-TU-2), three cultivars
(Kordia, Téchlovan and Vanda) and two different tree spacings (6 x 1 m and 6 x 1.5 m). Just after planting trees were cut
back, since that time they have not been pruned or trained any more. On the basis of presented results it can be estimated
that more than 50% variability of tree vigour was induced by rootstocks, up to 30% by cultivars and nearly 20% by differ-
ent planting densities. Regarding rootstocks a small part of this variability could be explained by a natural growth potential
that is typical of trees before fruiting, whereas the greater part of it was generated indirectly by differences in their produc-
tivity and cropping. Differences in yields between the cultivars were much less expressive. Differences in vigour of culti-
vars and in part also of the rootstocks were caused by differences in the length of shoots, in the rate of ramification, in the
crotch angles and in the strength of apical dominance, which influences distribution and length of shoots within the cano-
py. Both the length of shoots and rate of ramification were depressed in direction from the top of the canopy to its basis. In
middle and low parts of canopy they are also greatly influenced by shading. During the fruiting stage of trees, abundant
blossoming on the bases of the last year shoots also significantly reduces the rate of ramification. Excessive growth of
shoots on terminals, especially in the second year after planting on vigorous rootstocks requires attention during training
of trees.

Keywords: sweet cherry; rootstocks; cultivars; tree growth; dense planting; tree spacing; ramification; shading; correla-

tions

Present-day agricultural economics requires intensive
commercial sweet cherry growing on small trees that
come rapidly into production. It is necessary to get an
early return on capital and allow easy, and thus relatively
cheap, orchard management. Traditional sweet cherry
trees are large and difficult to manage. Especially hand
picking of fruits on them is very expensive and danger-
ous. Moreover plant protection against pests and diseas-
es on small trees is more efficient than that with large
trees. Finally, today in many areas sweet cherry orchards
show a shorter economic lifespan that allows growers to
profit from new cultivars.

Recent interest in growing sweet cherry trees which
produce quickly following planting, bear abundantly and
consistently thereafter and give rapid economic returns,
has stimulated interest in higher intensity culture (more
trees per hectare). For these reasons both rootstocks and
cultivars inducing weak growth vigour have been recent-
ly searched (RIESEN, WAGNER 1998; SANSAVINI, LUG-
LI 1996; SCHIMMELPFENG 1996; STRADA et al. 1994).

Knowledge of the fundamentals of the sweet cherry
tree’s growing habit in the new growing system and its
variability can provide a basis for the choice of the most
suitable cultivars and rootstocks, their proper spacing and
training. With these purposes the present research is car-
ried out, following on the studies of growth and ramifi-
cation with maiden sweet cherry trees in the nursery and

on the studies of behaviour of sweet cherry trees in
a very dense planting without any pruning (BLAZKOVA
1997, 1998, 1999).

MATERIAL AND METHODS

In the spring of 1996 an experimental orchard was es-
tablished at Holovousy using two-year-old trees with side
branches set at the height of 0.8—1.0 m. Three cultivars:
Kordia, Téchlovan and Vanda on four rootstocks: Colt,
P-HL-A, P-HL-B and P-TU-2 (Mazzard) were planted
in two blocks with spacings 6 x | m and 6 x 1.5 m. From
every cultivar, rootstock and spacing two replications
were used with 4 or 5 trees in each. Climatic conditions
of Holovousy are characterised by the average annual
temperature of 8.1°C and the average annual rainfall of
650 mm. The soil was medium loam sandy with rather
deep cultivated layer on gravelly substrate. The orchard
was located at the altitude of 280 m a.s.l. and it was sit-
uated on a very gentle slope facing north. Just after plant-
ing these trees were cut back (a reduction of branch length
was about two thirds), but since that time they have not
been pruned or trained any more. No irrigation was ap-
plied in the orchard. Clean strips were kept under trees
by contact herbicides whereas frequently cut sod was
kept in alleys between tree rows. Fertilisers were applied
according to soil analyses.

This work was supported by Grant No. 521/98/0525 of Grant Agency of the Czech Republic.
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Table 1. Selected characteristics of shoot growth in sweet cherry cultivars according to their position in canopy*

Position Aivcmge Avetrage Sha.r'e of last Average maxi- Average number Average number
Giltivar " within ength maximum year’s shoots mum number  of new shoots of new §hoots
Sy of shoots  length of shoots ~ without nfw of shqots on 'a]l last on gr(zwmg last
(cm) (cm) growth (%) per tip year's shoots year’s shoots
Kordia terminal 34.8 56.3 0 6.3 5.0 5.0
sub-terminal ~ 29.9 482 0 5.5 45 4.5
middle 233 46.8 4.6 3.7 1.9 1.9
low 18.2 36.5 38.9 1.2 0.6 1.0
total 26.5 46.9 10.9 3.7 3.1 32
Téchlovan terminal 40.4 67.3 0 6.8 5.5 5:5
sub-terminal  38.4 56.0 0 6.5 4.8 4.8
middle 29.1 48.5 13.6 3.2 1.9 22
low 19.6 37.6 42.6 1.3 0.6 1.1
total 31.9 52.3 14.1 4.0 33 35
Vanda terminal 42.2 59.7 0 7.3 5.9 5.9
sub-terminal  34.4 50.8 0 6.3 5.0 5.0
middle 25.5 44.8 4.7 4.3 22 2.3
low 16.5 34.7 27.5 1.7 0.8 1.1
total 29.7 47.5 8.0 44 3.6 3.7
Average 294 48.9 11.0 4.0 3.3 34
LS. (P =0.05) 3.6 75 10.2 0.5 0.4 0.3

* Values from all rootstocks

Several measurements or countings were done on ex-
perimental trees every year after the growing season:
number and length of all shoots according to their posi-
tion within the canopy, characteristics necessary for cal-
culations of canopy volume and trunk cross-section area,
blossom set, fruit set and yield in kilograms. During 2000,
the measuring of shoot length also angles between tips
of branches and imaginary vertical axis were estimated.
Furthermore in 2000 evaluation of “shading” conditions
in relation to growth of shoots was made on several trees
on Mazzard. In this case shoots were classified into
3 grades: 1. shoots in the upper fully lit parts of the can-
opy; 2. shoots in partially shaded areas between trees in-
side row; 3. shoots deeper inside canopy. All results were
processed by ANOVA and regression analysis.

RESULTS AND DISCUSSION

The rootstock has generally the greatest impact on tree
vigour after five growing seasons since planting (Fig. 1).
With all three cultivars trees on P-HL-A explicitly showed
the weakest vigour. Nevertheless, trees on P-HL-B grew
only slightly stronger. Unfortunately, only one cultivar
(T&chlovan) was evaluated on this rootstock. Trees on the
two remaining rootstocks (Colt and P-TU-2) grew vigor-
ously and on average there was no significant difference
between them. The differences between these two groups
of rootstocks were larger in the total length of shoots and
canopy volume and smaller in the case of trunk cross-sec-
tion area.
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The impact of cultivars on tree vigour was much less
pronounced in comparison to rootstocks. The most vig-
orous from them was Téchlovan followed by Vanda,
whereas Kordia produced relatively the smallest trees.
Canopies of Téchlovan were the largest but those of Van-
da were more compact and dense. These differences are
confirmed by previous findings (BLAZKOVA 1993). Con-
sidering particular combinations of rootstock and culti-
var the most vigorous were trees of Téchlovan on P-TU-2
and the smallest ones those of Kordia on P-HL-A.

Results of evaluation of tree vigour in this study were
to a great extent in agreement with results of evaluation

% o
a3 2
=B 3
&

P-HL-A
P-TU-2
Mean

Fig. 1. Tree vigour of cultivars and rootstocks according to
3 criteria
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Table 2. Selected characteristics of shoot growth according to their position in canopy in sweet cherries on different rootstocks*

Position Avacage Ave.ragc Shar‘e of last Ave:rage Average number  Average number
Risotatock: withit tength of maximum  year's shoots  maximum  of new shoots of new §hoots
length of  without new number of on all last on growing last
e Shopts () shoots (cm)  growth (%)  shoots per tip  year’s shoots year’s shoots

Colt terminal 39.7 70.2 0 7.1 5.6 5.6

sub-terminal 38.0 56.5 0 6.0 4.7 4.7

middle 26.2 44.4 7.0 4.4 1.8 1.9

low 18.2 35.7 42.6 1.3 0.6 1.0

total 30.6 51.7 12.4 4.2 33 34
P-HL-A terminal 35.9 51.0 0 6.2 49 4.9

sub-terminal 289 45.6 0 5.4 4.1 4.1

middle 21.8 41.0 19.4 3.2 1.5 1.7

low 129 294 62.7 1.5 0.4 1.1

total 249 41.8 20.5 3.6 2.8 3.0
P-HL-B terminal 352 54.6 0 6.0 4.8 4.8

sub-terminal 30.7 51.8 0 5:5 4.5 45

middle 26.4 483 59 3.0 1.9 2.0

low 22.0 46.5 326 2.0 0.8 1.1

total 28.6 50.3 9.6 3.6 3.0 3.1
P-TU-2 terminal 44.0 73.1 0.0 Tl 5.9 59

sub-terminal 34.8 56.2 0 6.7 55 55

middle 304 46.2 1.9 4.7 2.7 2.8

low 21.1 41.9 8.5 1.7 1.0 1.1

total 32,6 54.4 2.6 4.5 3.8 3.9
Average 293 48.8 10.9 3.9 3.2 33
I.S. (P=0.05) 3.9 11.2 12.9 0.7 0.5 04

* Values from all cultivars

of this material in the nursery (BLAZKOVA 1997). The
only distinct exception is however, the behaviour of
Kordia on P-HL-A. In the nursery this combination was
rather vigorous, whereas in the orchard it grew the most
weakly. This difference agrees with the results of a pre-
vious work (BLAZKOVA 1999).

The average shoot length with particular cultivars
roughly corresponds to their total tree vigour, though dif-
ferences in this parameter are relatively small (Table 1).
For tree vigour the shoot growth on terminals is decisive.
A difference between the maximum lengths of shoots
(mostly the strongest central elongation shoots) and av-
erage length of shoots (which includes all side shoots)
shows the strength of apical dominance. According to
this criterion Téchlovan had the strongest apical domi-
nance, followed by Kordia, whilst Vanda had the rela-
tively weakest apical dominance. Stronger apical do-
minance of Téchlovan relates to wider crotch angles of
setting side shoots or branches, which are characteristic
of this cultivar (BLAZKOVA 1997, 1998). The strength
of apical dominance is also related to a share of the last
year’s shoots without any new (elongation) growth.
These shoots are typical of the middle and lower parts of
canopy.

Both the average and maximum lengths of shoots were
depressed in direction from the top of the canopy to its
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basis. Still more emphatic, however, in this direction was
a decrease in the number of shoots that were set on the
growth axis. The rate of ramification was the highest with
Vanda, intermediate with Téchlovan and the lowest with
Kordia. Differences in length of shoots and rate of rami-
fication within canopy were explicitly determined by
angles between growth tips and the imaginary upright
position (Figs. 2-5). The more horizontal position of the
branch tips caused the production of shorter shoots in
more restricted number. This relationship can explain
weaker growth and limited ramification of Kordia. Shoots
of the cultivar (even on terminals) do not often grow up-
right, but they bend more or less aside.

Differences in the length and number of shoots between
rootstocks agree to their general vigour (Table 2). P-TU-2
(Mazzard) was the most vigorous but it did not differ sig-
nificantly from Colt. A weaker growth was shown by
P-HL-B and the weakest by P-HL-A. Colt had the largest
difference between maximum length of shoots and aver-
age length of shoots on terminals that indicated stronger
apical dominance. In spite of the vigour, the trees on Colt
are easier to manage, because the branch angles were great-
er and the trees were more compact according to canopy
volume. P-HL-A had the greatest branch angles and gen-
erated shortest shoots in the least numbers, particularly in
the medium and low parts of the canopy.
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Fig. 4. Dependence of the number of new shoots on angle be-
tween vertical axis and branch tip in Kordia cv.

From all rootstock and cultivar combinations the weak-
est shoot vigour was observed in Kordia on P-HL-A (Ta-
ble 3). From the point of view of shaping the tree into
a small canopy excessive strong growth of terminal shoots
in the second year after planting can be a problem. On
both vigorous rootstocks there were shoots over 1 m in
length produced (Table 3). As these very long shoots were
not shortened by a cut, side laterals later developed too
high on the axis. Moreover, blind wood frequently ap-
peared on lower parts of the axis in such cases. For these
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Fig. 3. Dependence of shoot length on angle between vertical
axis and branch tip in Téchlovan cv.
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Fig. 5. Dependence of the number of new shoots on angle be-
tween vertical axis and branch tip in Téchlovan cv.

cases, trees would have needed slight heading of shoots
by pruning, as it was recommended before (SOUTHWICK
et al. 1989).

Shading had a distinct influence on the length and num-
ber of shoots (Table 4). In conditions of slight shading
shoots were longer (significantly only with Téchlovan),
but after heavy shading shoots were markedly shorter with
all cultivars. Both levels of shading had a marked influ-
ence on decrease in shoot number of all the cultivars. The
heavier the shading was the stronger was this influence.

Table 3. Selected characteristics of shoot growth in terminals of sweet cherries according to cultivar and rootstock interaction

Average Maximum length Average Average number
Average length f :
; maximum of shoots maximum of new shoots
Cultivar Rootstock of shoots Mo
length of shoots in 2" year number of shoots on all last
(cm) : ;

(cm) (cm) per tip year'’s shoots
Kordia Colt 37 59 105 7.5 5.8
P-HL-A 27 42 66 6.0 42
P-TU-2 40 68 102 5:5 5.0
Téchlovan  Colt 47 13 117 7.1 6.3
P-HL-A 35 57 59 5.4 4.5
P-HL-B 40 68 57 7.2 4.5
P-TU-2 46 77 114 7.5 6.5
Vanda Colt 45 63 110 7.4 6.1
P-HL-A 36 53 56 6.6 55
P-TU-2 45 61 107 7.8 6.2
LS. (P =10.05) 4.1 12.6 = 0.9 0.7
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Table 4. Influence of shading on the length and number of shoots
in the 5" year on P-TU-2

Average length

Cultivar  Shading of stioots:(em) Number of shoots
Kordia none 355 5:1
slight 38.4 2.3
heavy 20.2 1.4
LS. (P=0.05) Tl 0.6
Té&chlovan none 40.1 6.4
slight 46.9 1.8
heavy 19.9 1.5
LS. (P =0.05) 5.0 1.1
Vanda none 39.1 6.6
slight 41.9 3.7
heavy 18.4 2.0
LS. (P =0.05) 8.4 0.8
Table 5. Yields per tree (kg)
Rootstock Cultivar 1997 1998 1999 2000
Colt Kordia 0.2 1.8 4.8 9.1
Té&chlovan 0.1 0.6 2.0 8.7
Vanda 0.4 Ll 3.8 9.4
mean 0.2 1.0 3.2 9.1
P-HL-A  Kordia 0.6 2.2 35 10.9
Téchlovan 0.8 1.4 2.8 14.9
Vanda 1.0 1.7 4.0 114
mean 0.8 1.8 3.6 12.1
P-HL-B  Téchlovan 0.4 2 2.3 8.1
P-TU-2  Kordia 0 0.2 2:5 7.6
Té&chlovan 0 0.3 0.8 4.8
Vanda 0 0.42 4.2 8.4
mean 0 03 2.5 6.9
Total 0.4 1.2 3.0 9.7
LS. (P=10.05) 0.9 0.6 0.7 0.7

Total shoot length:
Canopy volume:

25
20

=5
10

2000

spacing 6 x | m
spacing 6 % 1.5m

Fig. 6. Influence of spacing on the total shoot length of Vanda
cv. on P-HL-A

Favourable influence of shading on restriction of vegeta-
tive growth of cherry trees has only a very short-term ef-
fect. If the corrective pruning does not follow soon, such
parts of the canopies suffer from progressive dieback as
was shown in the previous work (BLAZKOVA 1998).

Fruiting and yields were not primarily the main objec-
tive of this study, but since they influenced the growth of
sweet cherry trees to a large extent, they are given in Ta-
ble 5. P-HL-A was the most precocious rootstock with
the highest yields per tree with all three trialled cultivars.
Colt was more precocious than P-TU-2 despite nearly
the same vigour. Among the cultivars Vanda was the most
productive followed by Kordia, whereas productivity of
Téchlovan was remarkable only on P-HL-A.

The vigour of sweet cherry trees seems to be the most
influenced by fruit set and yield according to correlation
coefficients that were calculated between selected char-
acters (Table 6). Both the fruit set and yield are inversely
related to vigour expressed by length of shoots and their
number. Both these characteristics were also positively
correlated with the share of shoots without new elonga-
tion growth. But of the other correlations, the most inter-
esting is a negative relationship between flower set and
rate of ramification,

Table 6. Correlation coefficients between selected characters of sweet cherry trees

Character TLS MLS SSWNG MNSPT  ANSPT FLS FRS YKG FLSPY  FRSPY
TLS 1

MLS 0.66** 1

SSWNG  -0.71%% —0.74** 1

MNSPT 0.63** 0:39*  =0.32* 1

ANSPT 0.80**  0.70** -0.92**  0.51** 1

FLS -0.37* -0.42** 0.50*%* —0.45%* 0.52%* 1

FRS -0.66%* -0.51** 0.70** -0.27 -0.60%*  0.54%* 1

YKG —0.72%* -0.55** 0.64** -043** -0.62*%* 0.31* 0.64** 1

FLSPY -0.08 -0.16 0.25 -0.39* -0.30* 0.86%* 0.38% 0.05 1

FRSPY -0.25 -0.35 0.24 -0.14 -0.28 -0.08 0.04 0.23 -0.12 1

Notes: TLS - total length of shoots, MLS — maximum length of shoots, SSWNG ~ share of shoots without new growth, MNSPT - maximum
number of shoots per tip, ANSPT - average number of shoots per tip, FLS - flower set, FRS - fruit set, YKG - yield (kg) per tree,

FLSPY - flower set of previous year, FRSPY — fruit set of previous year

104

HORT. SCI. (PRAGUE), 28, 2001 (3): 100-105



The last factor being studied in this experiment was dif-
ferent tree spacings (Fig. 6). An increase of tree density per
unit of area by 50% decreased the total vigour of trees by
nearly 20%. This reduction of vigour is an effect of shading
and competition for nutrients and water supply.

CONCLUSIONS

Summarising the results, which were obtained in this
study, it can be estimated that more than 50% variability
of tree vigour was induced by rootstocks, up to 30% by
cultivars and nearly 20% by different planting densities
(Figs. 1 and 6). Regarding rootstocks a smaller part of this
variability can explained by a natural growth potential that
is typical of trees before fruiting, whereas the larger part
of it is generated indirectly by differences in their produc-
tivity and cropping. Differences in yields between the cul-
tivars were much less expressive. Differences in vigour of
cultivars and in part also of rootstocks are caused by dif-
ferences in length of shoots, rate of ramification, crotch
angles and strength of apical dominance, which influenc-
es shoot distribution and growth within canopy. Both the
length of shoots and rate of ramification are depressed in
direction from top of the canopy to its basis.

Differences in the length of shoots and rate of ramifica-
tion within the canopy are determined by angles of growth
tips with imaginary upright position. In middle and low parts
of canopy they are also greatly influenced by shading. Dur-
ing the fruiting stage of trees, abundant blossoming on the
bases of the last year shoots also sig- nificantly reduces the
rate of ramification. Excessive growth of shoots on termi-
nals, especially in the second year on vigorous rootstocks
requires attention during the training of trees.
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Faktory ovliviiujici rist tfe$ni v husté vysadbé

ABSTRAKT: Vybrané charakteristiky a parametry byly po dobu péti vegeta¢nich obdobi hodnoceny v pokusné vysadbé, ktera
byla zaloZena na jafe 1996. Tti odridy (Kordia, Téchlovan a Vanda) naitépované na &tyfech podnoZich (Colt, P-HL-A, P-HL-B
a P-TU-2) byly v této vysadbé vysazeny ve dvou riiznych sponech (6 x 1 m a 6 x 1,5 m). Po vysadbé byly stromky zp&né
sefiznuty, aviak pozdgji jiz nebyly upravovéany fezem ani jinak tvarovany. Na zakladé ziskanych vysledki 1ze odhadnout, Ze vice
nez 50 % variability ve vzristnosti stromi bylo indukovano podnozi, do 30 % odridou a témé&f 20 % rozdilnym sponem.
V pfipadé podnozi mensi podil této variability 1ze vysvétlit rozdily v ristovém potencidlu stromi pfed vstupem do plodnosti,
zatimco vét3i podil této variability byl vyvolan nepfimo rozdily v jejich vynosech a plodnosti. Rozdily ve vynosech mezi odriida-
mi byly mnohem méné vyrazné. Rozdily ve vzriistnosti odrid a ¢asteéné také podnozi byly zpisobeny rozdily v délce vyhond,
v intenzit& rozvétvovani, v thlech odklonu vyhont a vétvi a v sile apikalni dominance, kterd ovliviiuje rozmisténi a délku vyhon
v ramei koruny. Jak délka vyhonkd, tak i intenzita rozvétvovani jsou potlaovany ve sméru od vrcholu koruny k jeji bazi. Ve
stfednich a spodnich &dstech koruny jsou rovnéz zna¢né ovliviiovany zastinénim. Intenzitu rozvétvovéni po vstupu stromii do
obdobi plodnosti rovn&z vyznamné ovliviiuje intenzita kveteni na bazich jednoletych vyhoni. Nadmé&rny rist vyhoni na termina-
lech, zejména v druhém roce po vysadbé u stromi na bujné rostoucich podnozich, vyzaduje pozornost pti tvarovani stromi.

Klitov4 slova: tfelefl; podnoze; odriidy; rist stromi; hustd vysadba; spony; rozvétvovani; zastinéni; korelace
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The effect of various methods of thinning on the quality of apricot
fruits

B. Kr3kA, M. MOCICKA

Mendel University of Agriculture and Forestry Brno, Faculty of Horticulture, Lednice na Morave,
Czech Republic

ABSTRACT: The aim of this study was to analyse the effect of various methods of thinning on the quality of apricot
fruits. Hand thinning, thinning by pruning, thinning by pruning followed by chemical treatment and various methods of
chemical thinning were used on cultivars Hargrand and Lemira (1997) and Lejuna and LE-4725 (1998), respectively. Within
this two-year period of testing hand thinning was the most suitable method. Its suitability was mostly demonstrated by the
higher weight of fruits (+51% on average), improved attractiveness, increased percentage of extra large fruits, decreased
percentage of 2™ quality categories and by acceleration of fruit ripening. Soluble solids increased by 28% on average.
Thinning by pruning was completely unsuitable and no increase in fruit weight was observed. Its unsuitability was demon-
strated also by the lower attractiveness of fruits, decreased share of extra class and increased share of fruits of 2" category
of quality. The harvest time was delayed due to a decrease in soluble solids (by —~17% on average). In the case of cv. Har-
grand, no effects on fruit attractiveness, quality, and maturity were observed. The method of thinning by pruning combined
with the chemical treatment showed no positive effect either. Only in cv. Hargrand was a positive influence of the chemical
thinning with the product Racine demonstrated on the fruit drop by +9% when applied 20 days after the blossom in 1997.
Its efficiency was manifested as increased weight (by +47%) and attractiveness of fruits, and a higher share of extra class
fruits. Chemical thinning did not influence the fruit drop. Spraying 30 days after the blossom showed a negative effect on
fruit drop (+16% on average). This resulted in a decreased weight of fruits (by 24% on average), lower attractiveness, and
a reduced proportion of extra class fruits. The share of fruits of the 2™ class of quality increased. Based on the obtained
results it is possible to conclude that the hand thinning in apricots is the most efficient method of reducing fruit numbers.

Keywords: apricot; thinning; fruit quality; standards of quality

In apricots, a great variability in yields is caused by cli- Chemical treatment with NAA acids (SURANYI 1982)

matic conditions existing during the winter and early spring,
by too high harvests and also by some other factors.

An optimum yield and corresponding quality of the crop
depend on the numbers of fruits set on annual shoots within
the whole tree. Numbers of fruits and their uniform distri-
bution within the canopy should correspond with the num-
bers of leaves. VACHUN and JINDROVA (1976) mentioned
that altogether 10 leaves per one fruit are necessary for
anormal course of differentiation of flower buds and for the
development of each fruit in the cultivar Velkopavlovicka.

A decrease in too high numbers of fruits shows positive
effects on the growth of trees, fruit quality and formation of
flower buds in the next year. Thinning is important espe-
cially in cultivars showing a small variability in yields be-
cause it increases the proportion of extra quality fruits
(BLAZEK et al. 1983). Thinning will be necessary especial-
ly in the case of new cultivars that show a higher resistance
to frost on the one hand and a tendency to produce more but
smaller fruits on the other (SVOBODA 1999).

Hand thinning could become a routine method of reduc-
tion of fruit numbers in apricot orchards because it im-
proves the weight and quality of fruits and contributes to
more uniform ripening (SANSAVINI, GIANNERINI 1991).

or gibberellins (CLANET et al. 1983) has been described
as a possible method of thinning, but it is not reliable and
depends on air humidity and temperature too much.
SOUTHWICK et al. (1995) described another method
of preventing too high yields using a reduction of flower
buds by spraying the trees with 100 ppm of GA,, 2 to
6 weeks after the harvest. This treatment eliminated
chemical and/or hand thinning in cv. Patterson.

MATERIAL AND METHODS

The suitability of five methods of thinning for a reduc-
tion of excessive numbers of fruits was tested in differ-
ent apricot cultivars within the period of 1997-1998.

All cultivars were planted within the framework of pi-
lot experiments in the demonstration area of the Institute
of Fruit Growing and Viticulture, Faculty of Horticulture
at Lednice.

The experiment involved the following cultivars:

Lejuna — an early cultivar showing a tendency to too
high yields and small fruits (the average size of fruits
ranges from 35 to 45 g). This cultivar is suitable either
for direct consumption or for the freezing of whole fruits.

These experiments were supported by a Grant within the framework of Research Order of the Faculty of Horticulture of the Mendel

University of Agriculture and Forestry No. MSM 435100002.
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LE-4725 — a seedling originating from an open polli-
nation of the cultivar Lejuna. A very fertile hybrid, very
early, with a tendency to too high yields. Average weight
of fruits 40 g, the maximum weight as much as 57 g.

Hargrand — a Canadian cultivar, semi-early, with large
fruits of the weight 65-85 g.

Lemira — by 5 days earlier than Velkopavlovick4, frost-
resistant, fruit weight without thinning 50-55 g.

The experiment was established in 1993 on a flat plot
with degraded Chernozem, loamy with sandy subsoil.
Climatic conditions: average annual temperature (1901—
1990) 9.1°C, annual rainfall sum 495 mm.

During the winter 1996/1997, a marked damage of
flower buds was observed. In 1997/1998 season, the trees
were frost damaged in the period of flowering and after
the blossom. In 1998, the course of weather conditions
during the period of dormancy was very bad; January
was very warm nearly all month. A wave of frosts oc-
curred at the end of this month and this resulted in great
damage to flower buds.

All trees were trained to an open centre. Trees were
planted in rows with spacing 6 x 4 m. Rootstock is
M-LE-1 (an apricot seedling). Normal tillage were carried
out in this orchard during the whole experimental period.
Methods of thinning in 1997:

. hand thinning

. thinning by pruning

. thinning by pruning + chemical treatment

. chemical treatment 20 days after blossom (chemical

treatment A)

5. chemical treatment 30 days after blossom (chemical
treatment B).

— Control — variant without any thinning of fruits.

— Hand thinning was carried out 20 days after the end of
blossom. On long annual shoots, individual small
fruits were removed to the distance of 7-10 c¢m, on
fruiting spurs only 1 fruit was left.

— Thinning by pruning was carried out 20 days after the
end of blossom. Semi-scaffold limb branches with
small fruits, situated in morphologically identical parts
of canopy were shortened to a half so that the number
of fruits was also reduced to a half. Semi-scaffold
limbs were cut to wood of the age 2-3 years.

— Thinning by pruning + chemical treatment was car-
ried out 20 days after the end of blossom. Pruning was
the same as in variant without chemical treatment.
After pruning, experimental trees were treated with
Racine (conc. 0.15%).

BN -

Table 1. Evaluation of average fruit weight in 1997

— There were two variants of chemical thinning. Racine
(conc. 0.15%) was applied either 20 or 30 days after
the end of blossom (chemical treatments A and B,
resp.). Spraying was performed in morning hours.

In 1997, cultivars Hargrand and Lemira were used for
thinning of flowers and small fruits.

Individual methods of thinning were applied not only
on selected skeletal branches (that were used for the eval-
uation of general results) but also within the whole crown.
For each cultivar altogether 18 trees were selected and each
variant consisted of 3 trees (i.e. three replications).

Methods of thinning in 1998: _

All methods of thinning were the same as in 1997 with
the exception of variants with chemical treatments. In the
variant pruning + chemical treatment, Racine was applied
7 days after the end of blossom. In the case of chemical
treatment A, application of Racine was carried out al-
ready 7 days after the end of blossom and the variant B
was not used. For each cultivar altogether 15 trees were
selected and each variant involved also 3 trees.

In 1998, cultivars Lejuna and LE-4725 were selected
for the evaluation due to smaller damage of flower buds
and fruitlets by frost.

The product Racine, used in this experiment, has the
same composition as Atonik and contains an addition of
a—naphthylacetic acid (NAA).

Pomological characteristics — attractiveness and uni-
formity of fruits were evaluated using the method de-
scribed by VACHUN et al. (1991), in accordance with the
Standard CSN 46 3020 and also with the international
standard of OECD. The weight of fruits was estimated as
an average of 90 fruits from each variant (i.e. 30 fruits
from each replication). Fruits were weighed, their uni-
formity was rated, and expressed as percentage of con-
trol. Using 90 fruits of each variant, the following
parameters were evaluated: attractiveness of fruits, their
uniformity, and correspondence with standards. Dry mat-
ter content of fruits was measured by refractometry.

The results were statistically processed using a single-
factorial method of variance analysis. The significance
of differences was tested by means of intervals of confi-
dence at significance level of 95 and 99%.

RESULTS AND DISCUSSION
As compared with the control, the highest increase in

fruit weight was observed in the variant with hand thin-
ning. For individual cultivars, statistical analysis indicat-

Cultivar Hargrand Lemira

Variant Fruit weight (g) Test criterion F % of control Fruit weight (g)  Test criterion F % of control
Control 54.58 100 54.12 100
Hand thinning 90.04 490.3" 165 58.77 18.8* 109
Pruning 57.78 8.6 106 50.44 15.3 93
Pruning + chemical  80.46 263.9" 147 50.12 4.1 93
Chemical A 59.77 29.2* 109 52.20 3.7 96
Chemical B 43.89 482+ 80 39.31 204.6™ 73
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Table 2. Evaluation of average fruit weight in 1998

Cultivar LE-4725 Lejuna

Variant Fruit weight (g)  Test criterion F % of control ~ Fruit weight (g)  Test criterion ¥ % of control
Control 26.06 100 19.02 100
Hand thinning 43.00 715+ 165 31.08 591.7" 163
Pruning 2494 0.8 96 20.54 7:2 107
Pruning + chemical 24.60 1.2 94 19.58 1.4 103
Chemical A 24.42 1.5 94 20.30 2.7 107

ed an increase ranging from 63 to 65%. In the case of cv.
Lemira this increase was only by 9%, but also this differ-
ence was significant. It is possible that in the control the
number of fruits could be optimal for the nutrition of
leaves (Svoboda, pers. commun. 1999). Thinning by
pruning did not show any positive effect on an increase
in fruit weight. However, no decrease in the weight of
fruits was observed either, probably due to the unsuit-
able time of pruning. When applied 20 days after the end
of blossom, pruning resulted in growth depression and
all metabolic processes were retarded (Svoboda, pers.
commun. 1999). In the variant thinning by pruning +
chemical treatment, growth depression occurred similar-
ly like in the case of pruning alone and the obtained re-
sults were similar like after thinning by pruning. In cv.
Hargrand, application of the product Racine 20 days af-
ter the end of blossom resulted in a loss of 9% of fruits
and a positive effect of this loss was reflected in an in-
creased weight of fruits by 47%, as compared with con-
trol. There was a highly significant difference between
the variants thinning by pruning and pruning + chemical
treatment in the cv. Hargrand. A possible explanation of
this fact is a larger assimilation area available for the re-
maining fruits. Application of Racine spray 7 days after
the end of blossom did not affect the weight of fruits.
Similarly like thinning by pruning, chemical thinning did
not show any significant effect on the average weight of
fruits either. A significant and positive effect on the
weight of fruits (by 9.0%) was observed only in the case
of cv. Hargrand. Application of Racine 20 days after the
end of blossom reduced the number of fruits by 8% and
increased their average weight (cv. Hargrand). On the
other hand, chemical treatment showed to be quite un-
suitable 30 days after the end of blossom. The loss of
fruits was reduced by 15-17% and this resulted in a re-
duced weight of fruits by 20-27%. The NAA-product
Racine influences the development of fruits in two ways.
When the endosperm is liquid, it causes the loss of fruits

while when it is hard, it prevents such a loss. Thirty days
after the end of blossom the endosperm was hard and for
that reason there was no loss of small fruits after the ap-
plication of Racine (Svoboda, pers. commun. 1999). The
application 7 days after the end of blossom did not result
in any loss, and, thus, an increase in the weight of fruits
(Tables 1, 2).

The variant of hand thinning influenced the attractive-
ness and uniformity of fruits, especially as far as the
weight of fruits and their coloration were concerned.
Thinning by pruning, on the other hand, resulted in
growth depression and thereafter in reduced attractive-
ness (pale coloration) and uniformity of fruits. No chang-
es in these two parameters were recorded only in the case
of cv. Hargrand. The variant of pruning + chemical treat-
ment improved attractiveness and uniformity of fruits in
cv. Hargrand due to their increased weight. In other cul-
tivars, the weight of fruits was reduced. Chemical thin-
ning A did not influence either attractiveness or uni-
formity of fruits. A negative effect was observed in chem-
ical treatment B. Attractiveness of fruits was decreased
due to their reduced loss and lower weight. As far as the
uniformity of fruits was concerned, it was improved in
cv. Hargrand while in cv. Lemira this trait was deteriorat-
ed. Reduced attractiveness was manifested in the reduced
weight and size of fruits (Table 3).

The highest increase in soluble solids was observed in
fruits after the hand thinning. Their contents were re-
duced by 19-34% (Tables 5, 6) and the harvest ripeness
was accelerated. On the other hand, thinning by pruning
reduced soluble solids by 12-26% and the harvest was
delayed. This could be explained on the basis of a re-
duced leaf area after pruning. No effect was demonstrat-
ed in cv. Hargrand. Similarly like in the variant of
pruning, also in the variant of pruning + chemical treat-
ment a highly significant and significant effect on the
reduction of soluble solids content was observed (by
12-29%). Chemical treatment A did not show any sig-

Table 3. Evaluation of attractiveness and uniformity of fruits in 1997

Cultivar Hargrand Lemira

Variant Uniformity (1-9) Attractiveness (1-9) Uniformity (1-9) Attractiveness (1-9)

Control 6 7 7 7

Hand thinning 9 9 8 8

Pruning 6 7 5 3

Pruning + chemical 8 8 5 3

Chemical A 6 7 7 7

Chemical B 7 5 6 5
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Table 4. Evaluation of attractiveness and uniformity of fruits in 1998

Cultivar LE-4725 Lejuna

Variant Uniformity (1-9) Attractiveness (1-9) Uniformity (1-9) Attractiveness (1-9)
Control 6 6 6 6

Hand thinning 8 9 9 8

Pruning 4 3 4 4

Pruning + chemical 4 3 4 4

Chemical A 6 6 6 6

Table 5. Evaluation of soluble solids in 1997

Cultivar Hargrand Lemira

Variant Soluble solids (%)  Test criterion F % of control ~ Soluble solids (%) Test criterion # % of control
Control 10.80 100 7.00 100
Hand thinning 12.83 35* 119 9.25 157+ 132
Pruning 9.50 14 88 5.16 120" 74
Pruning + chemical  9.70 10.6 90 5.00 999+ 71
Chemical A 10.90 0.1 101 7.30 3.1 104
Chemical B 10.43 0.9 97 6.75 4.6 97
Table 6. Evaluation of soluble solids in 1998

Cultivar Lejuna LE-4725

Variant Soluble solids (%) Test criterion F % of control ~ Soluble solids (%) Test criterion F % of control
Control 10.60 100 8.67 100
Hand thinning 13.33 128+ 126 11.67 162" 134
Pruning 9.33 32t 88 7.33 32* 84
Pruning + chemical 8.67 34* 81 7.67 18* 88
Chemical A 10.60 0 100 8.33 2 96

nificant effect on sugar content. In the case of the variant
chemical treatment B no effect on soluble solids was ob-
served either (Tables 5, 6).

When evaluating fruits according to commercial stand-
ards it could be observed that hand thinning increased
the share of extra large fruits and reduced the percentag-
es of those of the 1*and non-standard classes. This fact
was more explicit in the case of evaluation in accordance
with the Czech national standard (CSN) because it is
stricter than the international ones. In the case of cv. Leju-
na, there were no marked differences when evaluating
their fruits in accordance with the Czech standard be-
cause they are small, and although their weight was in-
creased, it did not reach the required size.

On the other hand, thinning by pruning reduced the
proportion of extra large fruits and increased the percent-
ages of the 1%, the 2" and non-standard classes of quality
due to growth depression. In cv. Hargrand these parame-
ters were the same as in the control. In the variant of
thinning by pruning + chemical treatment, the quality of
cv. Hargrand was improved due to an increased weight
of fruits. In other cultivars the share of extra large fruits
decreased and those of the 1%, 2™ and non-standard class-
es of quality were increased. Chemical treatment A did
not influence the percentages of the fruit size classes as
compared with the control. In the case of cv. Hargrand,

HORT. SCI. (PRAGUE), 28, 2001 (3): 106-111

the percentage of extra large fruits increased due to their
loss and increased weight, while that of the 1* class of
quality decreased. In 1997, chemical treatment B reduced
the proportion of extra large fruits due to a lower loss of
fruits and their reduced weight on the one hand, and in-
creased percentages of the 1*and, especially, the 2™ class
of quality on the other (Tables 7, 8).

It can be concluded that hand thinning is the most effi-
cient and positive but also highly laborious intervention.
The use of this method in apricots is not justified due to its
high costs (Svoboda, pers. commun. 1998). On the other
hand, thinning by pruning was shown to be completely
inefficient. SVOBODA (1997), however, mentioned that
thinning by pruning proved to be the best method of all as
far as the quality, weight of fruits, and the general condi-
tion of fruit-bearing wood were concerned. This observa-
tion concerned detailed spring pruning that was carried
out prior to the beginning of blossom. In our experiment
thinning by pruning was carried out 20 days after blos-
som. Thinning by pruning in combination with chemical
treatment gave similar results like pruning itself while
chemical thinning alone could be evaluated as inefficient.
In apricots, the reduction of fruitlets by chemical treatment
is not very elaborate, and for that reason it is mostly inef-
ficient (Svoboda, pers. commun. 1999).
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Table 7. Evaluation of fruit quality in LE-4725 cv. according to Czech (CSN) and OECD standards in 1998

Differences from the control (%)

Variant of thinning Quality of fruits CSN (%) OQECD (%) SN OECD
Hand thinning Extra class 6.67 5333 100 33.32

Fruit quality class I 83.33 46.67 100 -22.22

Fruit quality class II 10 -90

Nonstandard 0 0 0 0
Pruning Extra class 0 23.34 0 —41.65

Fruit quality class I 0 63.33 0 5.55

Fruit quality class Il 86.67 -13.33

Nonstandard 13.33 13.33 100 100
Pruning + Extra class 0 18.89 0 -52.77
chemical Fruit quality class I 0 67.78 0 12.97

Fruit quality class 11 86.67 -13.33

Nonstandard 13.33 13.33 100 100
Chemical A Extra class 0 38 0 -5

Fruit quality class I 0 62 0 3.33

Fruit quality class I 100 0

Nonstandard 0 0 0 0
Control Extra class 0 40

Fruit quality class I 0 60

Fruit quality class II 100

Nonstandard 0 0

Table 8. Evaluation of fruit quality in Hargrand cv. according to Czech (CSN) and OECD standards in 1997

. , -
Variaut of thinning. ‘Quality-of fruits ESN (%) OECD (%) Defleremoeylte ool O6)

CSN  OECD

Hand thinning Extra class 70 73.33 90.89 11.87

Fruit quality class I 28.88 26.67 —43.49 -22.56

Fruit quality class 11 1.11 -90.92

Nonstandard 0 0 0 0
Pruning Extra class 37.78 64.44 3.03 -1.69

Fruit quality class I 51.11 35.55 0 3.22

Fruit quality class II 11.11 -9.08

Nonstandard 0 0 0 0
Pruning + Extra class 66.67 68.89 81.81 5.09
chemical Fruit quality class I 32.22 3111 -36.96 -9.67

Fruit quality class II 1.11 -90.92

Nonstandard 0 0 0 0
Chemical A Extra class 43.33 67.77 18.16 3.39

Fruit quality class I 4333 32.22 -15.22 —6.45

Fruit quality class II 13.33 9.08

Nonstandard 0 0 0 0
Chemical B Extra class 20 58.89 -45.46 -10.16

Fruit quality class [ S1.1 41.11 -0.02 19.37

Fruit quality class II 28.89 136.42

Nonstandard 0 0 0 0
Control Extra class 36.67 65.55

Fruit quality class [ 51.11 34.44

Fruit quality class 11 12.22

Nonstandard 0 0
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Vliv riiznych zpiisobii probirky na kvalitu plodii merunék

ABSTRAKT: Cilem préce bylo zhodnotit vliv probirky plodi na kvalitu plod u merunék a vyhodnotit jeji a¢innost z hlediska
jednotlivych zplisobii probirek. Pokus byl zaloZen v poloprovozu merun&k na demonstraénim pozemku Ustavu ovocnictvi
a vinohradnictvi Zahradnické fakulty v Lednici na Moravé. V pokusu byly provedeny tyto varianty: ruéni probirka, probirka
fezem, probirka fezem v kombinaci s probirkou chemickou a chemické probirka a jeji varianty. Jednotlivé zpiisoby probirek
se porovnavaly s kontrolnimi, neprobiranymi stromy. V pokusu byly hodnoceny nasledujici ukazatele — hmotnost plodi,
atraktivnost a vyrovnanost plodi, jakost plodii a refraktometrickd sudina. Za dvouleté obdobi bylo zjiiténo: nejvhodn&j$im
zplsobem probirky plodd u merunék je rucni probirka. Vhodnost byla prokdzana ve zvy3eni hmotnosti plod v priméru
0 +51 %. Jeji udinnost se projevila také ve zvySeni atraktivnosti plodd, zvy3eni podilu vybé&ru a sniZeni L., II. jakosti plodl
predevsim u normy CSN a urychleni dozravani plodi, zvyseni refraktometrické susiny v priméru o +28 %. Pouze u odriidy
Lemira se zvysila hmotnost plodii prikazng pouze o + 9 %. Zcela nevhodnou se projevila probirka Fezem. Nebyl prokazan
vliv na zvySeni hmotnosti plodi. Nevhodnost se projevila také ve sniZeni atraktivnosti plodd, sniZeni vybéru a zvy3eni 1.,
1. jakosti plodi a nestandardu u norem CSN a OECD a oddéleni terminu sklizng, sniZeni refraktometrické susiny v priméru
0-17 %. U odriudy Hargrand nebyl prokazan vliv na sniZeni atraktivnosti, jakosti plodi a oddaleni terminu sklizné. Probirka
Fezem v kombinaci s chemickou neprokazala pozitivni vliv. Vlivem nepriikaznosti chemické probirky na propad plodi se
zavéry shoduji s probirkou fezem. Pouze u odridy Hargrand byl prokazan pozitivni vliv chemické probirky pfipravkem
Racine 20 dni po odkvétu v roce 1997 na propad plodli o +9 %. Jeji ucinnost se projevila ve zvySeni hmotnosti plodd
0 +47 %, zvy3eni atraktivnosti plodt, podilu vybéru a sniZeni podilu L. a II. jakosti plodii u normy CSN. Posttik sedm dni po
odkvétu v roce 1998 neprokdzal vliv na propad plodi. Chemické probirka neprokézala dobrou u¢innost na propad plodi.
Uginnost byla op&t prokézéna u odriidy Hargrand pfi posttiku 20 dni po opadu kvéti v roce 1997. Uginnost byla prokazana
ve zvy$eni propadu plodii o +8 % a zvy3eni hmotnosti plodii v porovnani s kontrolou o +9 %. Zvysil se podil vybéru a sniZil
se podil L. jakosti plodii u normy CSN. Naopak posttik 30 dni po odkvétu v roce 1997 prokézal negativni vliv chemické
probirky na zabrénéni propadu plodi v priméru o +16 %. Tento vliv se projevil ve snizeni hmotnosti ploda v priméru
0 ~24 %, snizeni atraktivnosti, sniZeni vybéru a zvySeni II. jakosti plodii hlavn& u normy CSN. Posttik sedm dni po odkvétu
vroce 1998 nemél pritkazny vliv na propad plodi. Je mozné konstatovat, Ze ruéni probirka je nejucinnéj$im zpisobem
probirky plodii u meruné&k. Na zakladé jeji vysoké pracovni ndroénosti, kterd je o +86 % vy33i ve srovnani s chemickou
probirkou, ji Ize doporuéit pro malopéstitele na malych plochich. Regulace ndsady plodii u merunék je nedofeSeny problém,
kterému bude nutné i nadale vénovat patfiénou pozornost.

Kli¢ovi slova: meruiika; probirka; kvalita plodl; norma jakosti
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Use of HPLC for rapid determination of vitamin C in garlic

R. PokLupa, K. PETRIKOVA

Mendel University of Agriculture and Forestry, Brno, Faculty of Horticulture, Lednice na Morave,
Czech Republic

ABSTRACT: Vitamin C determination is possible by different methods and high performance liquid chromatography (HPLC)
is one of the most important. An isocratic reverse-phase HPLC method of L-ascorbic acid determination in garlic was
tested. The column SGX C18 (150 x 3 mm) with 7 pm sized sorbent particles was used. The mobile phase consisted of
tetrabutylammonium hydroxide, oxalic acid and water. Six garlic varieties from 2 different localities were included in the
experiment. Samples were mixed with a mobile phase, filtered and centrifuged before analysis. The detection limit of this
method is 1 mg/kg of vitamin C. Mean retention time was 3.25 minutes, reproducibility was good with RSD (relative stan-
dard deviation) only 1.9%. The stability of vitamin C in samples mixed with mobile phase was given within 6 hours. Mean
vitamin C content in garlic was 315 mg/kg in fresh matter (f.m.). The mean lowest level was shown by variety Vladan
(273 mg/kg f.m.), while the mean highest one was found in Vekan (403 mg/kg f.m.). Using this method, it was possible to

quantify vitamin C in less than 18 minutes with precision and accuracy.

Keywords: HPLC; vitamin C; analysis; garlic

Vitamins belong to the nutritionally important sub-
stances of vegetables and vitamin C plays a major role
among them. Vitamin C content in garlic is very vari-
able, from 92 mg/kg f.m. (KOPEC 1998), through
312 mg/kg f.m. (ANONYMOUS 1999) to 665 mg/kg f.m.
(KONVICKA 1998).

Common and traditional Tillman’s titration method of
vitamin C analysis (DAVIDEK 1977) does not require any
special laboratory equipment, but its sensitivity and re-
producibility is mostly based on personal experiences
during the process of colour changes. One of the sensi-
tive methods is isocratic HPLC (VANDERSLICE, HIGGS
1993; CZERWIECKI, WILCZYNSKA 1999). ORUNA-CON-
CHA et al. (1998) used UV detection (254 nm) with C18
column. On the other hand, ROMERO et al. (1992) tested
NH, column of the size 250 x 4.6 mm. Optimal sorbent
size is in the range of 3-7 pm.

A mobile phase composed of 40 mM sodium acetate,
5 mM tetrabutylammonium hydrogen sulphate and
0.05% meta-phosphoric acid was used by BEHRENS and
MADERE (1992). ROMERO et al. (1992) used deionised
water with sulphuric acid (pH 2.2) and ALBRECHT and
SCHAFER (1990) mentioned a mobile phase prepared
from water solution of 5§ mM KH,PO, (pH 4.6) and ace-
tonitrile at a ratio 30:70 (v/v).

A constant temperature in the column system increas-
es reproducibility of measurements. PEREZ et al. (1997)
published the method with column temperature at 23°C.
Sample preparation must be rapid due to the low stability
of L-ascorbic acid. Its preservation with dithiothreitol
was maintained. Such samples can be stored up to 8 hours
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before analysis (MOSER et al. 1999). BENLLOCH et al.
(1993) found the good stability of vitamin C if samples
were extracted in acid conditions. Phosphoric acid pre-
vents the decay of L-ascorbic acid within a few hours
after sample preparation (GENNARO, BERTOLO 1990).
ALBRECHT and SCHAFER (1990) extracted vitamin C
from samples with 5% meta-phosphoric acid solution.

The length of analysis depends on the method and sam-
ple type. Total elution time of 22 minutes in strawberry
analysis was reported by PEREZ et al. (1997). Retention
time of vitamin C was 6.37 minutes if Spherisorb ODS
column was used (ROMERO et al. 1992). A commonly
acceptable detection limit is 0.8—1 mg/kg of vitamin C
(ALBRECHT, SCHAFER 1990; MOSER et al. 1999).

The aim of this study was to test the rapid HPLC meth-
od of vitamin C determination in garlic by evaluation of
reproducibility, detection limit, vitamin C sample stabil-
ity and comparison of vitamin C content in selected gar-
lic varieties from two different localities.

MATERIAL AND METHODS

Plant material

The 6 following garlic (Allium sativum L.) varieties
were used in the experiments: Ropal, Vekan, Alan,
Vladan, Lukan and new breeding P10E (Ing. Kozék,
Pobézovice). Garlic was grown at two localities — at Led-
nice (Bfeclav district) from planting on November 12"
1999 and at Pravéice (Kroméfiz district) from planting
on November 6™ 1999, all in 4 replications. The plant
spacing was 0.3 x 0.1 m and the planting depth 80 mm.
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The common growing technology was applied. Garlic
was harvested on July 20" 2000, and then dried at 25—
30°C for 6 weeks. The storage temperature of 5-10°C
was maintained during 7 months of storage, until the time
of analysis.

Sample preparation

Each sample consists of 10 g of garlic cloves in fresh
weight. These cloves were collected from different plants.
All samples were prepared in four replications. After mix-
ing with mobile phase at a ratio 1-10 the samples were
filtered through mull, centrifuged in EBA 12 centrifuge
(Hettich, Germany) at 3,800 rpm for 10 minutes and
filtered through Milipore PTFE 0.45 pum filter. The pre-
pared samples were stored in dark at 5°C for maximally
2 hours until the analysis. The injected sample volume
was 20 pl.

Analytical conditions

Analysis by the method of RP-HPLC was performed
on Ecom apparatus (Ecom, Czech Republic) in isocratic
mode with analytical pump LCP 4000.11. The mobile
phase contains 0.01 M tetrabutylammonium hydroxide
(TBAH), 0.1 M oxalic acid and deionised water (10:20:70
—v/v/v). All chemicals were of analytical or HPLC grade.
The mobile phase flow rate was 0.5 ml per minute.

The column CGC Separon SGX C18 (Tessek, Czech
Republic) of the size 150 x 4.6 mm and pre-column
Tessek 30 x 3 mm were filled with the identical sorbent
sized to 7 pm. In-line filter 2 pm Tessek was included
before the column system. Detection was performed at
254 nm by UV-VIS Ecom detector LCD 2082.2. The
column oven Ecom was set to 30°C. The whole system
was equilibrated 4 hours before start of analytical works
except the detector lamp. Each analysis was performed
twice. A blank analysis was measured at each sample set.

A standard solution of L-ascorbic acid (of analytical
grade) dissolved in the mobile phase was prepared. Cal-
ibration curve was set from solutions of 10, 20, 50, 100
and 150 mg/kg of vitamin C. The sample with exactly
50 mg/kg of vitamin C for stability evaluation was stored
at 5°and 20°C and analysed in 1-hour intervals.

Evaluation of analyses was performed by software ap-
plication CSW version 17 (DataApex, Czech Republic).

Table 1. Mean retention time and vitamin C content in garlic

(mg/kgf.m.)

Locality Lednice Pravéice
Variety Rt(min) vitaminC Rt (min) vitamin C
Alan 3.28 351.5 be 3.23 3583 b
Lukan 3.29 320.3 ab 3.26 307.7a
P10E 3.24 343.3 abc 3.22 2798 a
Ropal 3.20 299.5 ab 3.25 2513 a
Vekan 3.25 400.5 ¢ 3.22 406 b
Vladan 3.28 276.5 a 3.25 269 a
Mean 3.26 328.0 3.24 302.8

Legend: Rt — retention time
Means followed by different letters are significantly different at P = 0.05
(Tukey's test)
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Fig. 2. Vitamin C stability in samples

Reproducibility (RSD — relative standard deviation) was
calculated from sets of 20 analyses in 4 replications.

RESULTS

The calibration graph based on 5 different concen-
tration levels of vitamin C results in a linear model
(y = 269.132x) with correlation coefficient 0.999 (Fig. 1).
The minimal limit of detection was 1 mg/kg of vitamin
C. Evaluation of L-ascorbic acid stability showed the
good ability of oxalic acid to protect it up to 6 hours with-
out any significant decrease in vitamin C content in sam-
ple. Fig. 2 shows average change of vitamin C content in
per cent and average percentage decrease in vitamin C
content. No significant effect of storage temperature was
observed.

A chromatogram (Fig. 3) displays a typical record of
garlic analysis. The second (the highest) peak is repre-
sented by oxalic acid from mobile phase and the third
peak is vitamin C. The other peaks remain unidentified.
The mean retention time of vitamin C was 3.25 + 0.05
minute and its total variability was 3% only. The total
elution time of analysis was 18 minutes. Reproducibility
of the tested method showed a very good value, with
RSD = 1.9%.
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Fig. 3. Chromatogram of garlic analysis

The mean vitamin C content in garlic varieties is shown
in Table 1. No effect of locality was found. On the other
hand, there was a significant difference among the variet-
ies. The highest vitamin C content was determined in vari-
ety Vekan (403 mg/kg f.m.) from both Lednice and
Pravéice locality; the lowest in variety Vladan (277 mg/kg
f.m.) from Lednice and variety Ropal (251 mg/kg fm.)
from Prav¢ice.

DISCUSSION

HPLC methods with detection at 254 nm are common-
ly used for vitamin C determination (PEREZ et al. 1997).
The same wavelength was also used in our experiments.
The tested analytical approach is fully comparable with
other approaches published previously (CZERWIECKI,
WILCZYNSKA 1999). The sensitivity of this method is
sufficient for analysis of vegetable samples (ALBRECHT,
SCHAFER 1990; ORUNA-CONCHA et al. 1998).

Samples were prepared by centrifugation and filtering
through millipore filters. Such approach shortened the
necessary time and contributed to vitamin C preserva-
tion. The evaluated method of preparation showed suffi-
cient stability of L-ascorbic acid. No significant vita-
min C loss within 6 hours was observed if samples were
stored at 5° or 20°C. A similar effect was reported by
GENNARO and BERTOLO (1990) in the case of phospho-
ric acid use.

The total elution time is influenced by sample type;
18 minutes were sufficient for garlic (PEREZ et al. 1997).
The obtained retention time of vitamin C (mean
3.25 minutes) is lower in comparison with ROMERO et
al. (1992). The use of column oven at 30°C increased
stability of results and also limited the variability of re-
tention time (PEREZ et al. 1997).
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The chosen calibration curve led to exact and highly
reproducible results. No serious interferences were ob-
served in analysed samples. The calibration was highly
precise, but due to the low vitamin C stability it is recom-
mended to make a new calibration for each new set of
samples.

No significant effect of locality was found. Variety is
an important factor influencing the vitamin C content.
The experimental garlic varieties showed good vita-
min C content in comparison with literature (KOPEC
1998; ANONYMOUS 1999).

CONCLUSION

The experiments demonstrated that the method of vita-
min C determination by help of SGX C18 column and
mobile phase consisting of tetrabutylammonium hydrox-
ide, oxalic acid and water is sufficiently sensitive. The
isocratic RP-HPLC UV detection at 254 nm results in
high reproducibility. The used extraction method with
oxalic acid in extraction solution was sufficient with re-
gard to the vitamin C stability in samples. The mean vita-
min C content of 315 mg/kg of f.m. represents a high
nutritive value of garlic and it was influenced by garlic
variety.
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Vyuziti HPLC pro rychlé stanoveni vitaminu C v ¢esneku

ABSTRAKT: Stanoveni vitaminu C se provadi riznymi metodami, mezi kterymi je vyznamna kapalinova chromatografie.
V laboratornich pokusech byla ovétovéna izokratickd RP-HPLC metoda stanoveni kyseliny L-askorbové v &esneku pfi pou-
Ziti kolony SGX C18 o rozméru 150 x 3 mm a zrnitosti sorbentu 7 pm. Mobilni faze byla sloZena ze smési tetrabutylamo-
nium hydroxid, kyselina §t'avelova a voda. Bylo hodnoceno 3est odriid ¢esneku ze dvou péstebnich lokalit. Vzorky byly
mixovény s mobilni fzi a po piedisténi bezprostiedn& analyzovéany. Z pokust vyplynulo, Ze detek&ni limit metody je 1 mg/kg,
dosazeny retenéni ¢as vitaminu C byl primémé 3,25 min, reprodukovatelnost metody byla 1,9 %. Vitamin C byl v pouzitém
extrak&nim roztoku kyseliny $tavelové stabilni aZ Sest hodin od pfipravy vzorku. DosaZeny primérny obsah vitaminu C
v &esneku byl 315 mg/kg &.h. Nejnizii obsah byl doloZen u odridy Vladan (273 mg/kg ¢&.h.), zatimco nejvyssi u odridy
Vekan (403 mg/kg &.h.). Testovana metoda vykazovala dostatecnou citlivost pro analyzu zeleniny, pfi¢emzZ stanoveni vitami-
nu C bylo provedeno b&hem 18 minut analyzy.

Klitova slova: HPLC; vitamin C; analyza; &esnek

Corresponding author:

Ing. ROBERT POKLUDA, PhD., Mendelova zemé&délska a lesnick4 univerzita, Brno, Zahradnicka fakulta, Valticka 337,
691 44 Lednice na Moravg, Ceska republika
tel.: + 420 627 34 01 05, fax: + 420 627 34 01 59, e-mail: pokluda@zf.mendelu.cz

HORT. SCI. (PRAGUE), 28, 2001 (3): 112-115 115


http://www.nal.usda.gov/fnic/
mailto:pokluda@zf.mendelu.cz

Artichoke and cardoon - vegetables of the future
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ABSTRACT: The review summarizes information and knowledge of biologically active substances, predominately with
hepatoprotective and hypocholesterolemic effects on the human body, of the genus artichoke (Cynara). This contribution
should draw attention to this pharmaceutically interesting plant, and initiate its utilization in the phytotherapy in the coun-

tries where this plant is less known.
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Artichoke (family Asteraceae), reported already in the
Herbarium by Mathioli (AMBROZ 1931), is an ancient
cultural plant with beneficial effects on the liver diseas-
es. This, in many countries less known plant was a favou-
rite vegetable in ancient Egypt 2,500 years ago. In antique
Greece and Rome it was considered as an aphrodisiac. In
the 15" century the artichoke became popular in Italy and
one century later also in Germany and Spain (MULLER
1867; LANSKA, ZEMINA 1998).

Artichokes are vigorous perennial herbs, growing up
to the height of 1.5 m and more in the temperate climate.
The plants have well developed roots and upright ribbed
stalks. Leaves have incised leaf margins and are alter-
nately arranged on the stem, or they form leaf rosettes.
On the top of branched flower stems are large anthodia
with blue-violet or white flowers blooming until August.
This vigorous herb resembling the thistle is not only
a delicacy, but also an attractive ornamental plant (PA-
VORDOVA 1997).

Artichoke probably originates from north Africa. This
thermophilous plant, sensitive to frost and mostly grown
in Spain, is possible to cultivate also in the temperate
climate, where the winter temperature falls deeply under
the freezing point. It needs to be cultivated at warm and
sunny places protected from frost and wind. Artichokes
need well cultivated soil, rich in nutrients. They can be
propagated vegetatively by cuttings or generatively by
seeds. In optimal conditions they produce heads during
4-6 years mostly in August (HOHNE, WILHELM 2000).

The flower heads of Cynara scolymus L. and leaves of
C. cardunculus L. are not only popular vegetables but
also sources of numerous biologically active substances.
The most important are derivatives of caffeic acid, fla-
vonoids, sesquiterpene lactones, coumarins, sterols, pen-
tacyclic triterpenes, anthocyanins (MULLER 1867,
PANIZZ1, SCARPATT 1954; CONSTANTINESCU et al. 1967,
BOMBARDELLI et al. 1977; GRANCAI et al. 1994a,b).

From the pharmacological point of view the most im-
portant group of biologically active substances is repre-
sented by derivatives of caffeic acid. In 1954 cynarine
from leaves of C. scolymus L. was isolated. The mole-
cule of this substance is composed of caffeic and quinic
acids (PANIZZI, SCARPATI 1954). Cynarine was later
identified also in C. cardunculus L. (GRANCAI et al.
1994a,b). Besides cynarine, in artichoke there are present
caffeic, 3-O-caffeylquinic (neo-chlorogenic acid), 4-O-
caffeylquinic (cryptochlorogenic), 5-O-caffeylquinic
(neo-chlorogenic), 1,3-dicaffeylquinic, and 3,5-di-O-caf-
feylquinic acids. The content of benzylcarboxy-acids and
flavonoids in leaves is dependent on their position and
collection time of leaves between 0.35-2.65% and 0.1—
1.0%, respectively. The decrease of flavonoids is charac-
teristic of the blooming time and formation of heads
(CONSTANTINESCU et al. 1967).

Flavonoids

A simple synthesis of cynarine stimulated the intensive
research of its pharmacological effects. The fact that cy-
narine is effective only in higher concentrations and its con-
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tent in plants is relatively low, indicates that artichoke leaves
contain also other biologically active substances. This find-
ing initiated the interest in substances similar to cynarine —
flavonoids (CONSTANTINESCU et al. 1967; EL-NEGOUMY
et al. 1987). In the leaves of C. scolymus L. luteolin glyco-
sides are present: luteolin-7-O-B-glucoside (cynaroside),
luteolin-7-O- B-rutinoside (scolymoside), and luteolin-7-O-
rutinozyl-4-O-glucoside (EL-NEGOUMY et al. 1987).
Sesquiterpene lactones

Quantitatively sesquiterpenes are the most abundant me-
tabolites of artichoke (2.43%). The main components iso-
lated from Cynara scolymus and Cynara cardunculus are
guaianolide and cynaropicrine (SUCHY et al. 1960;
SCHNEIDER, THIELE 1974a,b). Sesquiterpenes are present
only in green parts of the plant. However, their content in
the apical part of the plant, in leaf petiole and in buds is
lower (0.6% of dry weight) as compared with leaf lamina
(0.5-4.5% of dry weight). The level of these metabolites
depends also on the leaf ontogenesis. In young leaves ses-
quiterpenes are more abundant than in older ones
(SCHNEIDER, THIELE 1974). Sesquiterpene glycosides of
guaiane type (cynaroside A and 11 B, 13-dihydrodesacyl-
cyanopicrine-8-8-D-glucoside) in C. scolymus are additio-
nally present in C. scolymus (SHIMIZU et al. 1988). Besides
cynaropicrine, in the aboveground part of C. humilis L.
were ascertained also aquerine B, solstitialine, 13-acetyl-
solstitialine, 13-chlorosolstitialine, 3-acetyl-chlorosolstitia-
line, and 11,13-epoxysolstitialine (RHEIS et al. 1992).
Coumarins

Coumarins represent a minor group of secondary com-
pounds of artichoke. In the leaves of C. scolymus L. were
found esculin and scopoletin (HINOU et al. 1989), and in
unopened flowers or buds of C. cardunculus L. scopole-
tin and scopoletin glycoside (GRANCAI et al. 1994a,b).
Steroids and pentacyclic triterpenes

Steroids and triterpenes in higher plants belong to sub-
stances present in bound forms. Artichoke roots contain
pentacyclic triterpenes — taraxasterol, taraxasteryl-38-
acetate, and steroid B-sitosterol. In buds sitosteryl-38-
acetate and sitosteryl-3B-glucoside are also present, and
in the aboveground part of C. humilis L. campesterol,
B-sitosterol, sitosteryl-38-glucoside, stigmasterol, triter-
penes, taraxasterol, lupeol, B-amyrin, ursolic and olean-
olic acids were identified (RHEIS et al. 1992).
Saponins

The confirmation of saponins in the family Asteraceae
was proved by Japanese authors. In roots of C. cardun-
culus L. saponins of ursolic and oleanolic type were as-
certained (Cynara saponins A-J) (SHIMIZU et al. 1988).
Anthocyanins

In flowers as well as in leaves of C. scolymus L. antho-
cyanins (cyanidol-3-sophoroside, cyanidolglucoside, cy-
anidol-5,3-diglucoside, cyanidol-5-glucoside, and
cyanidol-3-caffeylsophoroside) were identified (FOURY,
AUBERT 1977).
Other substances

Besides the described substances, the genus Cynara is
rich in different acids: palmitic, stearic, linolenic and
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arachidic, further in tannins, mucilages, enzyme ascortinase,
and provitamin A and vitamin B (ELGAMAL et al. 1991).

PHARMACOLOGICAL EFFECTS

As already mentioned in the Natural Pharmacy, arti-
choke has hepatostimulative, choleretic, hepatoprotec-
tive, and hypocholesterolemic effects, and also positive
effects on liver regeneration. The water deproteinized
extract from C. scolymus L. leaves, perorally applied for
3 weeks after partial hepatectomy, stimulated the increase
in the weight of residual liver of rats, division and devel-
opment of cells (MAROS et al. 1966, 1968). The hepato-
protective properties of artichoke extracts were observed
on isolated rat hepatocytes (HOREJS! 1989). Among the
tested polyphenolic substances only cynarine and caffeic
acid showed hepatoprotective effects. All other deriva-
tives of caffeic acid-chlorogenic and iso-chlorogenic acid
were ineffective. The hepatoprotective effect can possi-
bly be explained by antioxidative properties of polyphe-
nols (ADZET et al. 1987).

Chlorogenic and caffeic acids inhibit the production of
triglycerides (TG), lipid peroxides (LP), total cholesterol
content (TC), glutamate-oxalacetate transaminase (GOT),
and glutamate-pyruvate transaminase (GPT) in the serum,
and also LP in the liver of rats fed with peroxidic maize
oil. High fat diet containing this oil induced hyperlipemia
with the increase in TC, TG, LP, free fatty acids (FFA),
accumulation of TC, TG, LP in the liver, and liver damage
with the increase in serum GOT and GPT. The results
showed two possible mechanisms of action of the caffeic
acid derivatives in the protection process. The inhibition
of LP production, and the inhibition of destructive pro-
cesses of lipid peroxides in liver cells. Chlorogenic and
caffeic acid cause a decrease in serum and liver lipids,
therefore their effect on lipid metabolism is supposed, e.g.
by inhibition of absorption in the intestine, by inhibition
of triglyceride biosynthesis in the liver, and by accelera-
tion of lipid transport in muscles (KIMURA et al. 1985).

The application of artichoke (C. scolymus L.) extract
induced choleretic and hypocholesterolemic effects in
rats. A significant increase in gall secretion after extract
application could explain the hypocholesterolemic effect
(LIETTI 1977).

However, the content of cynarine in artichoke extracts
is low and it is not present at effective therapeutic doses
(BOMBARDELLI et al. 1977).

Further studies showed the responsibility of taraxaster-
ol and B-sitosterol present in artichoke extract for the hy-
polipemic effect in guinea-pigs with hypercholesterolemia
induced by the nutrition (SCHMIDTOVA et al. 1998).
Favourable hypolipidemic and choleretic effects of cy-
narine were proved in clinical studies. Therefore the pro-
phylactic and therapeutic use of cynarine (2 x 250 mg
daily) is recommended in the case of different types of
dyslipoproteinemia (MONTINI et al. 1975).

The effect of artichoke extract against acute and chron-
ic metabolic diseases was observed. When perorally ap-
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plied (capsules with 320 mg of artichoke extract per day),
a positive choleretic effect and an increase in the portion
of all gall compounds were observed. The therapy in
which the artichoke extract is used for dyspepsia con-
nected with diskinesia of bile-ducts is recommended also
for long-term application (KIRCHHOFF et al. 1994).

Besides pharmacological effects the caffeic acid deriv-
atives play an important role in the protection of plants
against pathogens. It was ascertained that their concen-
tration is changing very quickly, e.g. the content of chlo-
rogenic acid from coffee (Coffea) can be doubled within
4 days after the infection (MOLGAARD, RAVN 1988).

Artichoke is a source of the reserve polysaccharide —
inulin used predominately by diabetics, because after the
consumption the level of glucose in blood is not raised.
Maybe the last but so far not mentioned characteristic of
the artichoke is its diuretic effect. We consider as a great
success of gene engineering the potatoes, the reserve
polysaccharides of which are starch and inulin. Inulin is
the reserve polysaccharide of the family Asteraceae. The
vegetables of this family (chicory, sweet potato, etc.) to-
gether with potatoes containing inulin as well, are a good
supplement to diabetic diet (CESKA, SOBRA 1992; PA-
VORDOVA 1997; HELLWEGE et al. 2000). The prepara-
tion, meeting also the requirements of a gourmet, was
described by numerous authors (MULLER 1867; PAVOR-
DOVA 1997; LANSKA, ZEMINA 1998; FRASEROVA 1999).
Drugs and food supplements

Significant pharmaceutical effects of artichoke have
stimulated many firms to produce drugs. Known for the
preparation of drugs with artichoke extract are: Kloster-
frau Artischocken Dragees, Kneipp Artischocke, Hepar-
SL, etc., in the Slovak Republic is available Cynarosan
and Cynalip, a novelty in Slovak pharmacies is Botadyn.
The use of artichoke in the production of liqueurs, e.g.
the liqueur Cynar, is also well-known.

CONCLUSIONS

Hypercholesterolemia (together with smoking and hy-
pertension) is one of the most risk factors for the origin
of atherosclerosis. Increased levels of cholesterol LDH,
apolipoprotein B-100, decrease in cholesterol HDL and
apolipoprotein A-1 are the factors accelerating the pro-
cess of atherogenesis. An effective decrease in the cho-
lesterol level leads to less frequent occurrence of
ischemic disease of the heart as well as to the regress of
atherosclerosis (CESKA, SOBRA 1992).

At present, besides synthetic remedies natural products
are used in the therapy. Besides their hypolipidemic ef-
fect, these natural products often show also hepatopro-
tective antioxidative effects demonstrated in experiments
on animals with liver damaged by different types of tox-
ins (FILIP 1994).

The study of secondary compounds of the genus Cy-
nara shows the great importance of caffeic acid deriva-
tives and flavonoids — compounds of polyphenolic type
for the therapy.
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The results of studies focused on the pharmacodynam-
ic effects of the tested compounds, predominately of caf-
feylquinic and dicarboxyl derivatives, document their
possible use for the treatment of cardiovascular system
(atherosclerosis, dislipoproteinemia), in the case of met-
abolic failures making use of their choleretic effect, and
in the prevention of liver damage caused by hepatotoxic
compounds.
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ABSTRAKT: Prehl'adny &lanok prinasa informacie a poznatky o biologicky aktivnych latkach, najmi s hepatoprotektivnym
a hypocholesterolemickym u¢inkom na l'udsky organizmus, rodu arti¢oka (Cynara). Cielom prispevku je obrétit’ pozornost’
na farmaceuticky zaujimavu rastlinu a na jej vyuzitie vo fytoterapii v krajinach, kde je tato rastlina menej znama.
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INFORNMAT

YDA A
It I TAL O E

K OSMDESATINAM ING. FRANTISKA MARECKA

Kdyz se nékdo dozije
80 let, pfipomeneme jeho ob-
divuhodnou svéZest a piejeme
mu hodné zdravi a eldnu do
dal3ich let. Malokomu se viak
podati, aby aktuélnost svého
pevného kofinku a ¢inorodos-
ti prokazal naprosto nezpo-
chybnitelnym, tplné cerstvym
dikazem. To se bezesporu po-
datilo Ing. FrantiSku Mareé-
kovi, ktery své Zivotni
jubileum oslavil 30. Eervence.

My vsichni, ktefi s nim
pfichazime po léta do styku,
vime, Ze je ,zahradnikem télem i dusi®. Sife jeho znalosti ze
viech zahradnickych oborli nema v nasi generaci, sméfujici
k &im dal vétsi specializaci, obdoby. Jeho univerzilnost a Siroké
praktické zkuSenosti z ného uéinily uznévanou osobnost, ktera
usiluje o viestranné povzneseni nejen Ceského zahradnictvi.
Jeho ochota a netinavna pracovitost v kolektivu i v Fidici praci
byla vzdycky povéstna.

Pripomeinme jen v hlavnich rysech jeho bohatou &innost
z dob, kdy Fidil rizné odborné komise, byl &lenem CSAV
a CSAZ, feditelem Vyzkumného tstavu rostlinné vyroby
v Praze-Ruzyni a potom Vyzkumného ustavu zelinaiského
v Olomouci, kdy organizoval fadu domaécich konferenci
a ucastnil se fady konferenci zahrani¢nich. Pfitom sta¢il pub-
likovat mnoho ¢&lanku, vydat nékolik knih a vyslechtit 11 ze-
leninovych odrid.

Predpokladem k této v3estranné &innosti mu dal jeho pivod
i Zivotni zku3enosti. Pochazi ze znamé rodiny se zahradnickou
tradici v Kuklenach u Hradce Krélové, jejimz se citil byt pokraco-
vatelem. Zd&deéné vlastnosti a rodinnd vychova ho vedly od mladi
k Sirokému zdjmu o vétSinu zahradnickych odvétvi, citu pro
aktudlni technologické problémy oboru a k ii¢asti na jejich fedeni.
Jeho otec byl nejen znamym novéatorem v oblasti bali¢kovéni sad-
by, pfedpéstovani sazenic na podlozkéach, konstruktérem sézeciho
stroje pro zeleninu, autorem rychlirenskych staveb z pafenistnich
oken, ale i tviircem sortimentové $kolky riZi a jejich $lechtitelem.
Byl také zakladatelem mistni druZstevni organizace pro odbyt ze-
leniny a vyrobni pomoc zelinafiim.

FrantiSek Mare&ek syn Sel ve §lép&jich svého otce se stejnou
vynalézavosti, proziravosti a uzite¢nou fantazii, pokud jde
o technologie budoucnosti. Ve VURV v Praze-Ruzyni, kde
prozil téméF cely sviij Zivot vyzkumnika, byl prvni, kdo po-
stfehl vyznam folii pro kryti zeleninovych kultur a muléovéni.
Zalozil tu také prvni pokusny jablofiovy sad s hustou vysadbou
vhodnych odriid na slabé rostoucich podnozich. Patfil k tém,
kdo mezi prvnimi poznali vyznam netypickych odrtd zelenin,
umoziujicich zadouci prodluzovani skliziového obdobi, jako
je ledovy salat Prazan, skladovatelna kapusta Langendijska,
pozdni kedlubna typu Gigant. Zabyval se nejen jejich
Slechténim, ale také semenafstvim, které bylo v tehdejsi dobé
pro zavedeni novych odriid rozhodujici.
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Vratme se viak k dnedku a dobé neddvné. F. Maredek kdysi
prohlasil, Ze jeho Zivotnim cilem je zaloZit védecky zahrad-
nicky Casopis a vydat Zahradnicky slovnik. Prvni &esky vé-
decky zahradnicky asopis se mu podafilo zaloZit v r. 1973 —
byl to Sbornik UVTIZ Zahradnictvi, dne$ni Horticultural Sci-
ence — Zahradnictvi, ktery pfeZil rizné obtiZna obdobi a letos
vychazi v 28. ro¢niku. Ani s druhym cilem to nebylo jedno-
duché. Zahradnicky slovnik naucny, ktery mél navézat na tradi-
¢i po generace vyborné slouziciho Kavinova Ovocnicko-
-vinarského a zahradnického slovniku z let 1934-1942, zatal
vznikat uz v r. 1990. F. Mare¢ek mu vtiskl $ir$i koncepcei, kterd
zékladni botaniku obohatila pfedev§im o moderni technologie
a o poznatky z biologie. Vyuzil svych neoby&ejné bohatych
osobnich kontakti a autority k vytvofeni kolektivu koordina-
torli jednotlivych obord, ktefi zpracovali heslafe a vytvofili uzsi
kolektivy autorli jednotlivych hesel a obrazové dokumentace.
Po celou dobu prace na slovniku byl F. Mare¢ek odbornikem,
jehoZ rukama prosla v3echna hesla a viechny obrazky a na
némz spoinula také odpovédnost za rozhodovani v kone¢né
fazi zpracovani slovniku v silné ¢asové tisni.

Pravé nékolikaletd prace na slovniku dokladala celému
kolektivu spolupracovniki, jak Mareckovy vlastnosti — ne-
Gnavnd pracovitost, trpélivost a zodpovédnost, zdvidénihodna
pamét’ a mimofadné stylistické schopnosti — vydrzely az do
soudasnosti, kdy se v poloviné roku 2001 podafilo dilo uzaviit
a vydat. Jeho rozhodnost a cilevédomost, spojend s citlivosti
v jednéni s lidmi, umoZnila dosdhnout jednotné koncepce a dat
vznik dilu, na které se mize dnes divat s opravnénym zadosti-
u¢inénim.

Zahradnicky slovnik nauény vznikal v dob& mimofadné kom-
plikované, v zahradnickém oboru plné zasadnich promén. Po
prvnich jednénich s tehdejdim Zemédé&lskym nakladatelstvim
a nasledném nékolikaletém odkladu se vydavani uskutegnilo
v dne3nim Ustavu zem&d&lskych a potravinafskych informaci.
Jedno Stésti v3ak pfitom slovnik mél: prace na ném se jako
hlavni redaktor ujal &erstvy penzista, ktery se rozhodl svou
nezdolnou energii pIn€ vénovat svému ddvnému Zivotnimu cili.
Na svou aktivni v§zkumnou &innost tedy navazal desetiletou
uspésnou &innosti na Zahradnickém slovniku naucném.

Pti pohledu na Mare&kuv Zivotni styl 1ze v&fit tomu, Ze pravé
¢inorodost je zdkladem zdravi i ve vysokém vé&ku. Jeho
nejblizsi spolupracovnici védi, Ze jeho Zivotni zdsadou je hes-
lo ,neduhy se 1é¢i pohybem*. A jina kategorie jeho pfatel miZze
i v leto3nim roce dosv&dgit, v kolika zahradach provedl kom-
pletni zimni fez stromi, kolik vlastnoruéné naroubovanych
stromkil rozdal a kolik zeleninovych, ovocnych a okrasnych
vypéstki roznesl pfatelim,

Picjeme oslavenci, aby pIné vyuZil uspokojeni z pravé
dokonéeného zasluzného dila, O nedostatek dalsich odbornych
kontaktd nemusi mit Zddné obavy — jako jedineény pamétnik
a zkuSeny praktik i vzdélany publicista zlstane stale vyhleda-
vanym rddcem a spoleénikem.

EvaPekarkova
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The responsibility for the contents of a manuscript rests with
the authors. The Editorial Board will decide on suitability for
publication, after considering the scientific importance and over-
all technical quality of the manuscript and the comments of the
referees.
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diskette with the complete text and including references, tables
and figure legends of graphical documentation should be pro-
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Manuscript should consist of the following sections: Title
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In Materials and Methods, the description of experimental
procedures should be sufficient to allow replication. Abbrevia-
tions can be used if necessary; first use of an abbreviation should
be just after its complete name or description. The Internation-
al System of Units (SI) and their abbreviations should be used.

Results should be presented clearly and concisely. In this
section figures and graphs should be used rather than tables for
presentation of quantitative values. A statistical analysis of re-
corded values should be summarized in tables.

The Discussion should interpret the results, without unnec-
essary repetition. Sometimes it is possible or advantageous to
combine Results and Discussion in one section!

If Acknowledgments are needed, they come next.

References used in the text consist of author’s name and year
of publication. The list of references should include only pub-
lications quoted in the text. These should be in alphabetical
order under the first author’s name, citing all authors, year (in
brackets), full title of the article, abbreviation of the periodical,
volume number, first and last page numbers.

Contact address should include the postal address, telephone,
fax and e-mail numbers of the corresponding author.

Tables and Figures shall be enclosed separately. Each of
them must be referred to in the text. Figures should be restricted
to material essential for documentation and understanding of
the text. Duplicate presentation of data in both tables and fig-
ures is not acceptable. All illustrative material must be of pub-
lishable quality. Both line drawings and photographs are referred
to as figures. Photographs should have high contrast. Each fig-
ure should be accompanied by a concise, descriptive legend.

Reprint: Ten (10) reprints of each published paper are sup-
plied free of charge.

POKYNY PRO AUTORY

Autor je plné odpovédny za plivodnost préace a za jeji vécnou
i formalni spravnost. O uvefejnéni prace rozhoduje redakeni
rada se zfetelem k lektorskym posudkim, védeckému vyzna-
mu a pfinosu i kvalité préace.

Rukopis musi byt zaslan vytidtény na papiru formatu A4.
K rukopisu je vhodné pfiloZit disketu s textem prace, popf. gra-
fickou dokumentaci pofizenou na PC (uvést pouZity program).

Védecka prace musi mit toto &lenéni: titulni strana, abstrakt
aklicova slova, uvod, material a metody, vysledky, diskuse,
literatura, koniaktni adresa, tabulky a obrazky v¢etné popisu.

Titulni strana musi obsahovat nazev prace, pIné jméno auto-
rl, nazev a adresu instituce, kde byla prace délana.

Souhrn musi vyjadrit viechno podstatné, co je obsaZeno ve
védecké praci, ma obsahovat zékladni Ciselné udaje veetné sta-
tistickych hodnot. Je uvefejiiovan a mél by byt autory dodén
v angliéting a &edting.

Klitova slova (keywords, index terms) se pfipojuji po vyne-
chéni tadku pod souhrn. Radi se smérem od obecnych vyrazi
ke specialnim; zaginaji malym pismenem a oddéluji se stfedni-
kem.

Uvod (bez nadpisu) by mél obsahovat krétky prehled dulezité
literatury vztahujici se k tématu a cil prace.

Materidl a metody: Model pokusu musi byt popsan po-
drobné a vystizné. Popis metod by mél umoznit, aby kdokoli
z odborniku mohl praci opakovat. Zkratky jsou pouZivany jen
pokud je to nutné; prvni pouZiti zkratky musi byt uvedeno
Gplnym popisem nebo vysvétlenim. Pouzivané mérové jednot-
ky musi odpovidat soustavé mérovych jednotek SI.

Vysledky: Doporutuje se nepouZivat k vyjadfeni kvantita-
tivnich hodnot tabulek, ale dat pfednost grafiim anebo tabulky
shrnout v statistickém hodnoceni naméfenych hodnot. Tato ¢ést
prace by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nélezy.

Diskuse obsahuje zhodnoceni prace. Je pfipustné spojeni
s pfedchozi kapitolou (Vysledky a diskuse).

Podé&koviani se uvadi pted ptehled pouzité literatury.

Literatura: Mély by byt citovény prace uvefejnéné v lekto-
rovanych periodikach. Odkazy na literaturu v textu se prové-
dé&ji uvedenim jména autora a roku vydani publikace. V Césti
Literatura se uvad&ji jen prace citované v textu. Citace se fadi
abecedné podle jména prvniho autora: pfijmeni, zkratka jména,
rok vydani (v zavorce), plny nazev préce, Gfedni zkratka &aso-
pisu, ro¢nik, prvni-posledni stranka; u knih je uvedeno misto
vydani a vydavatel.

Kontaktni adresa obsahuje vedle postovni adresy také Cisla
telefonu, faxu a e-mail adresu autora povéfeného korespondenci.

Tabulky a obrazky: Tabulky, obrazky a fotografie se doda-
vaji zvIadt a vechny musi byt citovany v praci. Akceptovany
budou pouze obrazky, které jsou nezbytné pro dokumentaci
vysledki a umoZiiuji pochopeni textu. Neni pfipustné doku-
mentovat vysledky jak v tabulkach, tak pomoci grafi. Viechny
ilustrativni materialy musi mit kvalitu vhodnou pro tisk. Foto-
grafie i grafy jsou v textu uvadény jako obrazky a musi byt
pribé&zné Eislovany. Kazdy obrazek musi mit stru¢ny a vystizny
popis.

Separaty: Autor obdrzi 10 separatnich vytiski publikované
prace.
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