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ABSTRACT: Five cultivars of leaf lettuce (Lactuca sativa L. var. crispa) — Bergamo, Dubécek, Frisby, Lollo Rossa and
Redin — were evaluated in two-year experiments carried out at the Faculty of Horticulture in Lednice (Mendel University
of Agriculture and Forestry in Brno). Experiments were conducted in two trial years, 1998 and 1999; the lettuce was
cultivated in three seasons: spring, summer and autumn. After the harvest, contents of following nutrients were evalu-
ated: vitamin C, minerals (K, Na, Ca, Mg), fibre, dry matter and nitrates. The weight of leaf rosette was also recorded.
The contents of selected substances and weights of leaf rosette were ranged as follows: vitamin C (65 to 302 mg/kg),
potassium (2,394 to 6,477 mg/kg), sodium (39 to 223 mg/kg), calcium (200 to 755 mg/kg), magnesium (110 to 413 mg/kg),
fibre (4.98 to 12.22 g/kg), dry matter (59 to 140 g/kg), nitrates (293 to 3,817 mg/kg) and the weight of leaf rosette (164 to
502 g). A significant influence of cultivar was found in the case of K, Na, and Ca content, as well as in dry matter and
weight of leaf rosette. The growing season affected significantly all the evaluated substances, except for fibre. The year
of cultivation affected all the evaluated parameters but Ca. It appears from the results that the contents of monitored

substances were significantly influenced by cultivar as well as by growing season and year.
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The consumption of vegetables in the EU coun-
tries has already exceeded 130 kg per person a
year. In the Czech Republic the consumption
has increased from 66 kg in the 1990s to 80 kg at
present. It can be presumed that the consumption
of vegetable in the Czech Republic will gradually
increase and will approach the values reported in
the rest of the EU. The requirements of consumers
also increase and the producers try to meet them.
A significant influence of vegetables on human
health is being emphasized and the demand for leaf
vegetables rises; it concerns mainly head, ice-berg
and leaf lettuce and Chinese cabbage but also some
other, less available species.

The leaf lettuce has been gaining more and more
popularity among consumers and occupies a stable
position in the assortment of leaf vegetables. This
lettuce does not form any solid heads but only a
group of leaves of various shapes and colours (red,
reddish, green, yellow). Owing to this composition,
leaf types of lettuce should contain more fibre, min-
erals and vitamins than head lettuce (RYDER 1999).

The content of nutrients is dependent on growing
conditions, namely: temperature (KARMAS, HARRIS
1988), nutrition and means of fertilization (Ducsay,
VARGA 2003; PREMUZIC et al. 2004), irrigation (PAN-
CHAL et al. 2001; RaADOVICH et al. 2005), cultivation
methods (WORTHINGTON 2001) and, last but not
least, cultivar (PETRIKOVA, POKLUDA 2003; GHE-
BRAMLAK et al. 2004).

MATERIAL AND METHODS
Characteristics of cultivars

Bergamo - type of Lollo Bionda lettuce, fresh
green colour of strongly crimped leaves, leaf rosette
has globular shape (ANoNYMOUS 2000).

Dubacek — cultivar registered in 1986 (Moravo-
seed, s. r. 0., Mikulov — Muslov); lettuce for cutting
of oak-leaf type, with light green, strongly lobed
leaves, highly resistant to bolting, suitable for spring,
summer and autumn outside growing (ANONYMOUS
1999).
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Frisby — cultivar recorded in 1996; leaf lettuce
suitable for outside growing. Leaves are green,
slightly serrated with fine nerves. Cultivar is resistant
to bolting (KELLER et al. 1996).

Lollo Rossa — attractive red-brown lettuce of Lollo
Rossa type. Strongly crimped leaves make compact
rosette. Suitable for spring, summer and autumn
crop (ANONYMOUS 1998).

Redin — cultivar registered in 1996 (Moravoseed,
s. I. 0., Mikulov — Muslov); lettuce with red, inten-
sively lobed leaves (oak-leaf type) and good resist-
ance to bolting, suitable for spring, summer and
autumn outside cultivation (ANONYMOUS 1999).

Terms of leaf lettuce growing

Spring term — sowing: mid February, outplanting:
end of March, harvest: early May.

Summer term — sowing: end of April, outplanting:
early June, harvest: mid August.

Autumn term — sowing: early July, outplanting: mid

August, harvest: end of September.

Field experiments were carried out in the years
1998 and 1999. The lettuce was cultivated on the
field in Lednice (Mendel University of Agriculture
and Forestry in Brno) situated 164 m above sea level.
Lednice lies in the southeastern part of the Czech
Republic with a warm and dry climate and light soil.
Its average annual precipitation is 524 mm, precipi-

tation during the vegetation period is 323 mm and
average annual temperature is 9°C.

The experiments were set in a randomized block
design with three replications and plots of 12 m?.
Lettuce was cultivated according to the recom-
mended technology (MALY et al. 1996). Standard
fertilization (on the basis of soil sample tests results),
irrigation and weed control practices were used. The
transplants were planted in the following spacing:
0.25 x 0.30 m (Dubécek, Redin) and 0.20 x 0.25 m
(Bergamo, Frisby, Lollo Rossa). The lettuce was harves-
ted in a phase corresponding to CSN 46 3132 standard
(for lettuce) — minimal weight of leaf rosette 150 g.

The analyses of nutrients contents were performed
after harvest. A mixed sample was done from three
plants of each repetition.

Methods of determining contents

Vitamin C (L. — ascorbic acid) — determined by the
Tillmans titration method.

Minerals (K, Na, Ca, Mg) — determined by means of the
capillary isotachophoresis method on IONOSEP
900.1.

Fibre — a method according to Henneberg-Stohmann.

Dry matter — direct sample dried at 103 + 2°C.

Nitrates — lon selective electrode by Senkyt (ISE).

The results of nutrients content and weight of leaf
rosette were statistically evaluated by an analysis

Table 1. Nutrients content in fresh matter and weight of leaf lettuce rosette (1998)

Cultivar Vltacmm [;(i)ltj: Sodium cCu;l; Ni?frr:- Fibre matrZer Nitrates IEZ?irgok;Z?tfe Cultivation
(mg/kg) time
(mg/kg) (g/kg) (8)
Lollo Rossa - 3,746 70 363 146 6.74 70 3,817 198
Redin - 4,165 76 319 152 6.56 79 2,717 347
Bergamo 242 2,971 56 293 119 6.63 71 3,250 288 spring 1998
Dubacek 255 3,094 49 238 122 5.54 71 2,983 271
Frisby 278 3,251 66 239 156 5.56 70 3,300 234
Lollo Rossa - 3,388 107 449 132 10.71 100 1,193 336
Redin - 2,895 46 423 138 6.19 59 1,423 424
Bergamo 111 2,600 59 273 112 12.22 118 887 387 summer 1998
Dubacek 130 2,770 39 306 115 7.58 81 1,807 428
Frisby 151 2,758 63 325 114 11.02 104 1,043 351
Lollo Rossa - 2,517 48 440 131 7.13 74 1,883 216
Redin - 3,711 49 410 122 5.64 68 1,643 328
Bergamo 117 3,272 65 483 138 6.66 67 1,883 297 autumn 1998
Dubacek 116 3,062 46 261 120 6.12 73 2,327 302
Frisby 65 3,579 51 475 235 5.17 60 2,200 326
— not set
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Table 2. Nutrients content in fresh matter and weight of leaf lettuce rosette (1999)

Cultivar Vltacmln Ps?lt;i_ Sodium CCIS; Ni?flr:_ Fibre ma:tyer Nitrates l:g?r%iteftfe Cultivation
(mg/kg) time
(mg/kg) (g/kg) (8)
Lollo Rossa - 3,725 84 250 176 10.94 118 607 234
Redin - 5,035 54 247 110 6.11 73 1,423 423
Bergamo 222 3,554 53 274 114 7.62 89 867 213 spring 1999
Dubacek 216 3,791 47 204 116 4.98 62 1,330 466
Frisby 174 3,691 57 250 171 6.70 74 1,333 246
Lollo Rossa - 3,343 107 425 126 9.39 96 570 277
Redin - 3,594 68 337 184 7.65 73 293 502
Bergamo 138 2,495 80 238 154 8.89 80 385 283 summer 1999
Dubacek 110 2,394 49 200 120 7.24 73 480 459
Frisby 182 3,370 73 358 226 7.73 84 610 297
Lollo Rossa - 6,477 223 419 345 9.38 140 1,083 164
Redin - 6,088 106 522 380 7.48 125 1,110 245
Bergamo 179 5,205 107 662 380 8.05 120 1,043 187 autumn 1999
Dubacek 199 5,974 138 755 413 8.98 131 1,423 284
Frisby 302 5,751 141 506 371 8.73 128 1,133 175
— not set

of variance with determining significance at level
P =0.05 and P = 0.01, using the statistical program
Unistat (version 5.1).

RESULTS AND DISCUSSION

Differences of nutrients content and weights
of leaf rosette in relation to year, term
of cultivation and cultivar

Vitamin C

Comparing the three vegetation terms in 1998 the
highest content of vitamin C (278 mg/kg) was found
for cv. Frisby cultivated in the spring time (Table 1).
In 1999 the highest content of vitamin C (302 mg per
kg) was also reported for cv. Frisby but cultivated in
the autumn time (Table 2). The differences among
cultivars were not statistically significant (Table 3).
Significant differences in vitamin C content among
lettuce cultivars were found by PETR{KOVA and Po-
KLUDA (2003) and among Chinese cabbage cultivars
by MaLY (2003). In 1998, the contents of vitamin
C were statistically higher for lettuce cultivated in
spring than in autumn and summer; the lowest level
of vitamin C was reported for lettuce cultivated in
autumn.

In 1999, the levels of vitamin C were statistically
higher for lettuce from the autumn and spring veg-
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etation period compared to the summer period (Ta-
ble 4). There are significant differences in vitamin
C contents between 1998 and 1999 for lettuce cul-
tivated in the autumn time (Table 5). The content of
vitamin C is significantly influenced by various veg-
etation factors and by the time and year; it is impos-
sible to decide which period is the most suitable for
lettuce cultivation with respect to the content of vita-
min C, since the conditions in individual vegetation
periods differed. Temperature, humidity, sunshine
and other conditions in the vegetation period play an
important role in vitamin C production. A significant
influence of weather condition and geographical
latitude on vitamin C contents is documented by
HARDH (1971) in HAGG et al. (1994). The authors
listed significant differences of vitamin C contents
in particular years of cultivation depending on the
weather conditions and other vegetation factors.
The authors reported also the influence of latitude
on the content of vitamin C in lettuce; the lettuce
cultivated in northern areas exhibited several times
lower levels of vitamin C than lettuce cultivated in
southern areas.

Minerals (K, Na, Ca, Mg)

Content of minerals in leaf lettuce ranged as fol-
lows: potassium (2,394—6,477 mg/kg), sodium (39 to
223 mg/kg), calcium (200-755 mg/kg), magnesium
(110-413 mg/kg) (Tables 1 and 2).
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Table 3. Effect of cultivar on statistical differences in nutrients content and the weight of leaf lettuce rosette
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Potassium

In 1998 the highest level of potassium was found
in Redin cultivated in the spring time — 4,165 mg/kg
(Table 1); in 1999 it was cv. Lollo Rossa cultivated in
the autumn time 6,477 mg/kg (Table 2).

The content of K in leaf lettuce recorded in this
study is higher than in the experiments of RUBATZKY
and YAMAGUCHI (1997) cited by RYDER (1999).

In both years, the levels of K were statistically
higher for lettuce cultivated in spring and autumn
compared to the summer time (Table 4). In 1998
the content of K was significantly higher in red
Redin cultivar than in Bergamo and Dubacek cul-
tivars.

The influence of year on K content was found
for lettuce cultivated in the spring time (Table 5).
Statistically higher content of K was found in cv.
Redin than in cultivars Dubécek, Bergamo, Frisby,
Lollo Rossa, and similarly for Lollo Rossa cultivar
in comparison with Dubdacek cultivar (Table 3). In
the summer term, the content of K was statistically
higher in Lollo Rossa, Redin and Frisby cultivars
than Bergamo cultivar, and in Lollo Rossa, Re-
din and Frisby in comparison with Bergamo and
Dubdécek cultivars (Table 3). In autumn cultiva-
tion time, the influence of year on K content was
considerable as well (Table 5). The higher content
of K for lettuce cultivated in the autumn time
compared to the summer cultivation was found by
PETRIKOVA et al. (2004).

Sodium

Sodium is usually in surplus in human nourish-
ment. Its low content in vegetables is therefore
viewed as positive. The Na content was in the range
from 39 to 223 mg/kg (Tables 1 and 2); majority of
values was lower than the level of 90 mg/kg, which
is listed by RuBaTzKY and YAMAGUCHI (1997) and
cited by RYDER (1999). The amount of sodium in leaf
lettuce was influenced by cultivar (Table 3), growing
term (Table 4) and year (Table 5). The lowest sodium
content was found in Dubécek (Table 1).

Calcium

In 1998 the highest content of Ca was found in cv.
Bergamo cultivated in the autumn term — 483 mg/kg
(Table 1); in 1999 Dubdécek cultivated in autumn
reached even 755 mg/kg (Table 2).

The results of this study show that the content of
Ca ranges from 121 to 755 mg/kg (Tables 1 and 2).
The values were usually lower than 680 mg/kg listed
by RuBATZKY and YAMAGUCHI (1997) and cited by
RYDER (1999). The content of calcium was influenced
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Table 4. The influence of cultivation time on statistical differences in nutrients content in leaf lettuce (1998-1999)
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by cultivar (Table 3), cultivation time (Table 4) but
not by year (Table 5).

Significantly higher content of Ca in head let-
tuce cultivated in the autumn time compared to
the summer time was shown by PETRIKOVA et al.
(2004).

Magnesium

In 1998 the highest content of Mg was found in cv.
Frisby cultivated in the autumn time — 235 mg/kg
(Table 1); in 1999 it was in Dubdcek cultivated also
in the autumn time — 413 mg/kg (Table 2).

The levels of Mg content ranged from 91 to
413 mg/kg (Tables 1 and 2), it is similar to the results
previously reported by Korec (1998) in head lettuce.
The amount of magnesium was influenced by culti-
var (Table 3), cultivation time (Table 4) and year of
investigation (Table 5).

Fibre

In 1998 the highest content of fibre was found in
Bergamo cultivated in the summer time — 12.22 g/kg
(Table 1), and in 1999 in Lollo Rossa cultivated in the
spring time — 10.94 g/kg (Table 2).

Neither the cultivation time (Table 4) nor the cul-
tivar (Table 3) influenced the content of fibre.

The levels of fibre content in cv. Lollo Rossa culti-
vated in spring were statistically higher in compari-
son with Dubécek cultivar (Table 3). The influence
of year on the fibre content was observed for lettuce
cultivated in the autumn time (Table 5).

The content of fibre (7 g/kg), reported by Ru-
BATZKY and YAMAGUCHI (1997) and cited by RYDER
(1999) is similar to the results of our experiments
(4.98 g/kgto 12.22 g/kg) (Tables 1 and 2). The higher
level of fibre content was noted in 1999 in compari-
son with 1998 (Table 5), which is related to different
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weather conditions in the trial years as well as to
some other vegetation factors.

Dry matter

In 1999, the levels of dry matter were statistically
higher for lettuce cultivated in the autumn time in
comparison with lettuce from the summer time
(Table 4).

The levels of dry matter content were statistically
higher in cvs. Bergamo, Lollo Rossa and Frisby cul-
tivated in summer than in Redin, and there were
statistically higher levels of dry matter content in
cv. Bergamo and Lollo Rossa cultivars compared
to Dubdcek cultivar (Table 3). Statistically signifi-
cant differences of dry matter content were found
between summer and autumn growing terms (Ta-
ble 4). The quantity of light energy is listed by RE1-
NINK (1993) as a significant factor influencing dry
matter content in lettuce. In periods with higher
intensity of light a tendency to accumulate a greater

Table 5. Statistical differences in nutrients content between
two trial years: 1998 and 1999

Nitrates
Weight
of leaf rose

Fibre
Dry matter

Vitamin C
Potassium
Sodium
Calcium
Magnesium

1998

++

1999 ++

+ significant difference P = 0.05, ++ significant difference
P =0.01

The values used for statistical analysis are means from three
periods (spring, summer and autumn)
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Table 6. Meteorological characteristics of Lednice area in 1998 and 1999
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Air temperature

(*C)
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1999

1998 13.0 1.9 159 39.2 25.8 101.1 57.0 42.4 112.0 90.2 20.1 74 377.5 526.0

Precipitation

(mm)

14.1 2.1 32.7 37.7 98.0 108.2 31.6 36.2 13.0 46.1 32.7 344.4 486.5
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1999

54 105 146 170 248 235 217 257 123 82 71 36 1,255 1,748

1998

Irradiance period

(h)

31 52 135 192 224 203 260 222 191 126 41 54 1,293 1,731

1999

amount of dry matter was observed. LECLERC et al.
(1996) showed a negative correlation between dry
matter content and the weight of lettuce.

Nitrates

In 1998 the highest content of nitrates was found
in cv. Lollo Rossa cultivated in the spring time
— 3,817 mg/kg (Table 1), and in 1999 in Dubdacek
cultivated in the autumn time — 1,423 mg/kg (Ta-
ble 2).

The nitrates content ranged from 293 to 3,817 mg
per kg (Tables 1 and 2). In 1998, the levels of nitrate
contents were statistically higher for lettuce from
spring cultivation in comparison with summer time
(Table 4). In 1999, the levels of nitrates content were
statistically higher in autumn cultivation in com-
pared to summer (Table 4). Higher levels of nitrates
in lettuce from spring and autumn cultivation were
triggered by lower intensity of light if compared to
summer (KrRezeL, KooTa 2003). The influence of
year on nitrates content was statistically proved for
lettuce cultivated in spring as well as in summer and
autumn time (Table 5).

Weight of leaf rosette

In 1998 the highest weight of leaf rosette was re-
ported for cv. Dubdcek cultivated in summer time
—428 g (Table 1), and in 1999 for cv. Redin cultivated
in summer time — 502 g (Table 2).

The leaf rosette weights ranged from 157 to 502 g
(Tables 1 and 2). The differences were noted in cul-
tivars (Table 3) among cultivation seasons (Table 4)
and trial years (Table 5).

In 1998, the leaf rosette weight was statistically
higher in lettuce from summer cultivation than
from spring and autumn cultivation (Table 4).
The weight of leaf rosette of cv. Redin was statisti-
cally higher in comparison with Lollo Rossa and
Frisby cultivars (Table 3). In 1999, the weight of
leaf rosette was statistically higher for lettuce from
summer cultivation in comparison with autumn
cultivation (Table 4).

The weights of leaf rosette for lettuce cultivated
in summer time were statistically higher for cv. Re-
din and Bergamo in comparison with Lollo Rossa,
Frisby and Dubdacek cultivars (Table 3). There were
statistically significant differences of leaf rosette
weight in cultivars grown in the autumn term;
higher weight was noted for Bergamo, Redin and
Frisby than for Lollo Rossa cultivar (Table 3). The
factors such as cultivation season, weather con-
ditions and cultivar influenced the formation of
phytomass of leaf rosette, which affected its total
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Table 7. Weight of leaf lettuce rosette (g)

Spring Summer Autumn
Cultivar
1998 1999 average 1998 1999 average 1998 1999 average

Bergamo 288 213 251 387 283 335 297 187 242
Dubécdek 271 466 369 428 459 444 302 284 293
Frisby 234 246 240 351 297 324 326 175 251
Lollo Rossa 198 234 216 336 277 307 216 164 190
Redin 347 423 385 424 502 463 328 245 287

weight. These results correspond to the results
listed by KRAKER (1994), i.e. leaf rosettes reach
weight up to 500 g.

CONCLUSION

The content of selected substances in lettuce and
the weight of leaf rosettes ranged as follows: vitamin
C (65 to 302 mg/kg), potassium (2,394 to 6,477 mg
per kg), sodium (39 to 223 mg/kg), calcium (200 to
755 mg/kg), magnesium (110 to 413 mg/kg), fibre
(4.98 to 12.22 g/kg), dry matter (59 to 140 g/kg), ni-
trates (293 to 3,817 mg/kg), and weight of leaf rosette
(164 to 502 g).

The cultivar of leaf lettuce influenced significantly
the content of K, Na, Ca, dry matter and the weight
of leaf rosette.

The cultivation season influenced all the evaluated
substances (besides fibre) as well as the weight of leaf
lettuce rosette.

The year of cultivation influenced all the evaluated
parameters, except for Ca.
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Nutricni latky u vybraného sortimentu odrud listového salatu
(Lactuca sativa L. var. crispa)

ABSTRAKT: Ve dvouletych pokusech, které probihaly na Zahradnické fakulté v Lednici (Mendelova zemédélska
a lesnickd univerzita v Brné), bylo hodnoceno pét odrud listového saldtu (Lactuca sativa L. var. crispa) — Bergamo,
Dubécek, Frisby, Lollo Rossa a Redin. Pokusy byly zakladdny ve tfech terminech (jarni, letni a podzimni) a ve dvou
pokusnych letech (1998 a 1999). Po sklizni byla hodnocena nutri¢ni hodnota: obsah vitaminu C, minerédlnich latek
(K, Na, Ca, Mg), vlakniny, susiny a obsah dusi¢nant. Byla také hodnocena hmotnost listovych razic. Byly zjistény
hodnoty obsahu vybranych latek a hmotnosti listové riizice v téchto intervalech: vitamin C (65 az 302 mg/kg), draslik
(2 394 az 6 477 mg/kg), sodik (39 az 223 mg/kg), vapnik (200 az 755 mg/kg), horcik (110 az 413 mg/kg), vldknina
(4,98 az 12,22 g/kg), susina (59 az 140 g/kg), dusi¢nany (293 az 3 817 mg/kg) a hmotnost listové ruzice (164 az
502 g). Prukazny vliv odridy byl zaznamendn v obsahu drasliku, sodiku, vdpniku, susiny a hmotnosti listové razice.
Termin péstovani prikazné ovlivnil v§echny hodnocené ukazatele s vyjimkou vldkniny, vliv roku nebyl prukazny
pouze u obsahu Ca. Z vysledkt je patrné, Ze sledované obsahové latky byly vyznamné ovliviiovany jak odriidou, tak
i terminem péstovani a rokem.

Klic¢ova slova: listovy salat (Lactuca sativa L. var. crispa); odridy; obsazené latky

Corresponding author:

Ing. MARTIN KOUDELA, Ph.D., Ceska zemédélska univerzita v Praze, Fakulta agrobiologie, potravinovych
a ptirodnich zdrojd, 165 21 Praha 6-Suchdol, Ceska republika
tel.: + 420 224 382 553, fax: + 420 224 382 557, e-mail: koudela@af.czu.cz

106 HORT. SCI. (PRAGUE), 35, 2008 (3): 99-106



