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EFFECT OF FLAT COVERS AND PLANT
DENSITY ON YIELDING AND QUALITY
OF KOHLRABI

Anita Biesiada

Chair of Horticulture
Wroclaw University of Environmental and Life Sciences

Abstract

Kohlrabi is a fast growing, cool season vegetable cultivated primarily for its enlarged
stem, which is rich in nutritional components, especially vitamin C and potassium. In two
factorial experiment conducted in 2004-2006 there was estimated the effect of plastic co-
vers (perforated plastic film, non woven agrotextile) and plant density (20x15, 25x20 cm)
on yield and nutritional value of kohlrabi cultivated in spring season. The significant hi-
ghest early and marketable yields were obtained from plots covered with agrotextile. The
higher density of plants resulted in increased kohlrabi yield. Kohlrabi cultivated under co-
vers had lower level of dry matter, reducing and total sugars. There was not observed the
effect of covers on vitamin C concentration. Kohlrabi grown in spacing 20x15 cm conta-
ined higher amount of nitrates, vitamin C and reducing sugars in comparison to spacing
25x%20 cm.

Key words: kohlrabi, flat covers, spacing, yield, nutritional value.

WPLYW OKRYC PLASKICH I ROZSTAWY NA PLON
I JAKOSC KALAREPY W UPRAWIE WIOSENNEJ

Abstrakt

Kalarepa jest rosling klimatu umiarkowanego o krétkim okresie wegetacji, uprawiang
gtownie dla jej smacznych, soczystych, zgrubialych pedoéw bogatych w sktadniki odzywcze,

dr hab. Anita Biesiada prof. nadzw., Chair of Horticulture, Wroclaw University of Environ-
mental and Life Sciences, pl. Grunwaldzki 24 A, 50-363 Wroclaw, Poland, e-mail:
anita.biesiada@up.wroc.pl



168

w tym witamine C i potas. W do$wiadczeniu dwuczynnikowym przeprowadzonym w latach
2004-2006 oceniano wptyw okry¢ ptaskich (folia perforowana, wloknina polipropylenowa)
irozstawy (20x15, 25%x20 cm) na plonowanie i warto$¢ odzywcza kalarepy w uprawie wio-
sennej. Wykazano, ze zastosowanie okry¢ ptaskich zapewnilto istotnie wiekszy plon wcze-
sny i handlowy zgrubien. Najwiekszy plon zgrubiern uzyskano ostaniajac rosliny wiokning
polipropylenows. Wigksze zageszczenie roslin w rozstawie 20x15 cm umozliwito uzyskanie
istotnie wiekszego plonu kalarepy, a jednocze$nie zmniejszenie jednostkowej masy zgrubie-
nia. Okrycia plaskie przyczynily sie do spadku zawarto$ci suchej masy, cukrow redukuja-
cych i ogotem, lecz miaty maly wplyw na zawarto$¢ witaminy C w czeSciach jadalnych.
W kalarepie uprawianej w rozstawie 20x15 cm stwierdzono wigksza zawarto$é azotanow,
witaminy C oraz cukréow redukujgcych niz w rozstawie 25x20 cm.

Stowa kluczowe: kalarepa, okrycia ptaskie, rozstawa, plon, warto$¢ odzywcza.

INTRODUCTION

Kohlrabi, which belongs to an agriculturally important family of
Brassicaceae, is a fast growing cool season vegetable crop. It is valued for
its sweet taste and crisp and juicy texture of a turnip-like edible stem,
which contains 6.2 g of carbohydrates, 1.7 g proteins and 3.6 g dietary
fiber in 100 g of fresh matter (USDA National Nutrient Database 2006). It
is also a source of vitamins (vitamin C — 65 mg, thiamin — 0.05 mg, niacin
— 0.02 mg, riboflavin — 0.02 mg, pantothenic acid — 0.65 mg, vitamin By —
0.15 mg and folate 16 pug)) and minerals: potassium — 350 mg, phosphorus —
46 mg, magnesium — 22 mg, copper — 0.13 mg and manganese — 0.14 mg
(KunacHowicz et al. 2004). Its young leaves, which are richer in vitamins
and minerals than stems (120-200 mg vitamin C, 3 mg f-carotene, 1.5 g
fiber, 3.6 mg iron and 500 mg calcium per 100 g of f.w.), are used in West-
ern Europe as a component of salads or cooked like spinach (BieLka 1968,
NurzyNska-WIERDAK 2005).

Kohlrabi is a short growing season vegetable, which can be eaten fresh
all year because it can be grown for early, summer and autumn market
supply. Nowadays there are many cultivars which can produce high yields
of good quality stems suitable for fresh market as well as for freezing
(VanPARYS 1999, 2000, Biesiapa, Korota 2007).

Kohlrabi can be grown from seeds, but more frequently it is cultivated
from transplants, especially for early market supply. In that case, plants are
covered with plastic flat covers to create favourable conditions for growth
and development of field grown vegetables, to accelerate harvest by 7-10
days and to improve the quality of crop (FELczyNsKI 1995, RUMPEL, GRUDZIEN
1996).

The quality of vegetables grown in the open field and under flat covers
is quite similar (Swek, LiBik 2005). CaPEcka et al. 2003 did not observe any
significant changes in the chemical composition (sugars, vitamin C, fiber,
thiocyanates) of Japanese radish cultivated under covers.
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The aim of the experiment conducted in 2004-2006 was to evaluate
the effects of flat covers and planting density on yielding and nutritional
value of kohlrabi.

MATERIAL AND METHODS

A field experiment was established in a two factorial split-plot design
in four replications. The first factor involved two types of flat covers:
non-woven polypropylene agrotextile P-17 and perforated PE film (with
50 holes per 1 m2). The second factor was plant spacing: 20x15 and 25x20
cm. The plot area was 1.8 m2.

The seeds of kohlrabi cv. ‘Dworsk«ego’ were sown to multicells filled
with peat substrate. Individual cells of plug trays contained approximately
76.2 cm3 of substrate. Four weeks old, well hardened transplants were plant-
ed in the first decade of April on plots supplied by ammonium nitrate in the
dose of 100 kg N-ha'l. Flat covers were used after planting of seedlings and
removed 5 weeks later. The kohlrabi was harvested four times at one week
intervals, starting at the beginning of June, when the size of kohlrabi stem
reached over 3 cm in diameter.

Each time, the total yield of plants (tubers and leaves) and marketable
yield of tubers were evaluated. Plants from the first harvest were included
in the early yield.

Fresh kohlrabi stems were assayed for vitamin C (according to PN-90/A-
-75101/11), total and reducing sugars (according to PN-90/A-75101/07) and
dry matter (according to PN-90/A-75101/03). Nitrates were determined by
the method described in PN-92/A-75112. The content of macronutrients: phos-
phorus, potassium, magnesium and calcium was determined according to
Nowosielski method.

The results were analyzed with a standard statistical procedure and the
least significant differences were calculated by Tukey’s test at @=0.05.

RESULTS AND DISCUSSION

The data of the study presented as the means for three years showed
that plant protection with flat covers was favourable for kohlrabi yield
(Table 1). The significantly highest total yield of leaves and stems was ob-
tained when plants were covered with non woven agrotextile, followed by
treatment covered with plastic film and control. Early yield of kohlrabi stems
in treatments with both flat covers was significantly higher than the con-
trol. The early yield of tubers obtained on plots covered with plastic film



170

Table 1
The effect of nitrogen fertilization on yielding of radicchio (kg-m3)
Mean
. Total yield weight
Type of cover Spacing tubers+ Marketable Early yield | of tubers in
(cm) yield .
+leaves early yield
(g)
20x15 95.9 4841 5.83 175.3
Control
25%x20 79.6 41.39 4.63 177.3
Mean 87.75 44.90 5.23 176.3
20x15 1104 56.47 7.38 193.5
Agrotextile
25%x20 93.8 51.76 6.89 235.3
Mean 102.1 54.12 7.13 214.4
20x15 104.0 53.63 7.80 199.8
Perforated foil
25%20 85.3 42.82 7.19 249.5
Mean 94.65 48.22 7.50 224.7
20x15 103.4 52.84 7.00 189.5
Mean
25x20 86.23 45.32 6.23 220.7
LSDa=0.05
for cover 8.31 3.11 0.56 13.56
for spacing 9.22 4.75 0.59 16.27

was on average 7.50 t-ha’l, thus not considerably different compared to
the treatment covered with plastic film — 7.13 t-ha'l.

On the plots with flat covers, the plants grew better, which resulted
in higher mean weight of one tuber in the early yield than in the control.

The use of both types of flat covers for five weeks considerably in-
creased marketable yield in comparison to the non-covered control. The
highest yield of kohlrabi was obtained on plots covered with non woven
agrotextile — 54.12 t-ha'l. The use of plastic film was less efficient, pro-
viding yield of 48.22 t-ha'l, while in the control treatment the marketable
yield decreased to 44.90 t-hal.

Similar relations were observed by RumpEL and GruUDZIEN (1993), who
found better effects obtained with non-woven flat cover in comparison to
plastic film in early cabbage production, but in the studies conducted by
Rexkowska et al. (1995) and RuMpPEL and GRUDZIEN (1996) no significant differ-
ences were observed in yield of early broccoli and melon covered with non-
woven agrotextile and plastic film. ADAMCZEWSKA-SOWINSKA (1996) stated that
in the cultivation of leek for early cropping, the use of flat plastic film with
was more advantageous than that of non-woven agrotextile.
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Significantly higher early yield of edible parts of kohlrabi was ob-
tained in the treatment with plant spacing 20x15 cm, in comparison to
the spacing 25x20 cm. It is in agreement to DoBroMIiLSKA (2005). According
to the author, increased fennel planting density resulted in higher yield
of the bulb, despite its lower unit weight.

CaPEcka et al. (2000) noted a lack of negative effect of flat covers on
nutritional value of daikon radish. In the present experiment, too, only
a negligible effect of covers on vitamin C concentration was noticed. Howev-
er, the dry matter content of edible parts of kohlrabi covered with both
materials was lower than in the control treatment (Table 2).

Table 2

Effect of flat covers and spacing on nutritional value of kohlrabi grown for spring cropping
(mean for 2004-2006)

) Nitrates Dry Vitamin C Reducing Total
Spacing -1 sugars sugars
Type of cover (cm) (mg-kg matter & 8
fm.) (%) (mg-ke'! f.m.)

20x15 860 8.91 835.3 33.0 38.0
Control

25x20 720 9.93 684.8 30.5 34.0
Mean 790 9.42 760.0 31.7 36.0

20x15 740 8.64 739.9 32.0 3.35
Agrotextile

25x20 700 8.39 868.8 23.5 26.5
Mean 720 8.51 804.4 27.8 30.0

20x15 780 8.34 792.7 32.5 32.5
Perforated foil

25x20 630 8.48 704.3 26.0 28.0
Mean 705 8.41 748.5 29.3 30.3

20x15 793 8.63 809.3 31.8 33.3
Mean

25x20 683 8.93 754.3 26.7 30.8
LSDa=0.05

for cover 46.7 0.78 71.3 1.2 1.9
for spacing 58.5 0.85 82.4 1.5 1.2

The level of reducing and total sugars in kohlrabi was the highest in
the control treatment (31.7 and 36.0 mg-kg! f.m. respectively), while in
tubers of plants covered with non- woven agrotextile and plastic film, it
decreased to 27.8 and 30.0 and 26.7 and 30.8 mg-kg! f.m., respectively.

The tubers of kohlrabi grown at the spacing of 20x15 c¢cm contained
considerably higher amounts of nitrates, vitamin C as well as reducing
and total sugars than those grown at the lower planting density.
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CONCLUSIONS

1. The application of flat covers with perforated polyethylene film and
non- woven polypropylene agrotextile provided significantly higher early and
marketable yield of kohlrabi in comparison to the non-covered control.

2. The planting of seedlings at a higher density resulted in a significant

increase of early and marketable yield as well as a decrease of mean weight
of kohlrabi tubers.

3. The application of flat covers resulted in less dry matter. reducing
and total sugars, but had little effect on the level of vitamin C in edible
parts of kohlrabi.

4. The stems of kohlrabi grown at the spacing of 20x15 cm contained
more nitrates, vitamin C as well as total and reducing sugars in comparison
to those grown at 25 x 20 cm.

REFERENCES

AbpAMCZEWSKA-SOWINSKA K. 1996. Badania nad opracowaniem technologii produkcji pora na
zbior wczesny. Zesz. Nauk. AR Wroctaw, Rol., 68: 11-26.

BieLka R. 1968. Feldgemiisebau. VEB Deutscher Landwirtschaftverlag. Berlin.

Biesiapa A.. Korota E. 2007. Evaluation of some kohlrabi (Brassica oleracea var. gongylodes
L.) cultivars for early cropping. In: Spontaneous and induced variation for the genetic
improvement of horticultural crops. P. Nowaczyk (ed.) Univ. Press Univ. of Technology
and Life Sciences in Bydgoszcz, 39-44 pp.

Capecka E., Stwek P., LiBik A. 2000. Wplyw oston do przykrycia ptaskiego na zawartosé
wybranych sktadnikéw organicznych w zgrubieniach rzodkwi japoriskiej. Ann. UMCS
Sect. EEE, 8: 103-109.

DosromiLska R. 2003. Wplyw metody uprawy i rozstawy na plonowanie fenkutu uprawianego
w szklarni nieogrzewanej. Zesz. Nauk. AR Wroctaw, 515 : 103-109.

FeLczyNskl K.1995. Wplyw ostaniania witékning na plonowanie kapusty pekiriskiej w uprawie
wiosennej. Mat. Konf. Nauka Praktyce Ogrodniczej, AR Lublin, ss. 625-628.

Kunacaowicz H. Napowna J., Iwanow K., Przvcopa B. 1997. Wartosé odzywcza wybranych pro-
duktow spozywczych i typowych potraw. PZWL, Warszawa.

NurzyNska-WIERDAK R. 2005. Plon i skiad chemiczny lisci kalarepy w zaleznosci od odmiany
i rodzaju nawozenia azotowego. Zesz. Nauk. AR Wroctaw, 515: 379-385.

PN-90/A-75101/03 Oznaczenie zawartosci suchej masy.
PN-90/A-75101/07 Oznaczenie zawartosci cukrow.
PN-90/A-75101/11 Oznaczenie zawartosci witaminy C.
PN-92/A-75112 Oznaczenie zawartosci azotanow.

Rexowska E., Orcowskr M., Stobkowskl P., DoBromILSKA R. 1995. Wplyw stosowanych oston oraz
metod produkcji rozsady na wielkosé i jakosé plonu brokuta wioskiego. Ogoln. Konf.
Nauk. pt. Nowe technologie a jakosé plonu warzyw. Wroctaw, ss. 79-82.

RumpeL J.. GrupzieN K. 1993. Wplyw oston z wiékniny polipropylenowej na plonowanie
weczesnego kalafiora i kapusty. Ogoln. Symp. pt. ,Nowe rosliny i technologie w ogrodnictwie”,
Poznan, ss. 56-58.



173

RumpeL J., GRupzIEN K. 1996. Mozliwosé polowej uprawy melona w Polsce. Ogoln. Symp. pt.
»,Nowe rosliny i technologie w ogrodnictwie”, Poznan, 24-29.

Stwek P., LiBik A. 2005. Wply oston z folii i wiékniny w uprawie selera naciowego na wielkosé i
Jakosé plonu. Zesz. Nauk. AR Wroctaw, 515: 483-490.

USDA National Nutrient Database for Standard Reference. Release 19. 2006. http:/
www.nal.usda.gov/fnic/foodcomp

Vanpearys L. 1999. Cultivar choice for supply to the vegetable processing industry. Provincial
Onderzoeks-en Voorlichtingscentrum voor Land en Tuinbouw. Beitem-Roeselare, 410:
1-4.

Vanparys L. 2000. Cultivar choice of kohlrabi for marketing for fresh market. Mededeling-
Provinciaal Onderzoek-en Voorlichtingscentrum voor Land-en Tuinbow. Beitem-Roese-
lare, 415: 1-4.






dJ. Elementol. 2008, 13(2): 175-180

THE EFFECT OF NITROGEN
FERTILIZATION ON YIELD AND QUALITY
OF RADICCHIO

Anita Biesiada, Eugeniusz Kolota

Chair of Horticulture
Wroclaw University of Environmental and Life Sciences

Abstract

In a field experiment conducted in 2005-2006 the effects of the rate and method of nitro-
gen fertilization on yield and chemical composition of cv. Indygo radicchio cultivated for sum-
mer cropping were studied. Nitrogen was used in a single pre-plant dose or in two rates: as a
pre-plant and top dressing application conducted at the start of head formation in the total
amounts of 50, 100, 100+100, 150, 100+50, 200, 100+100 kg N-ha'l. The highest yield and
accumulation of nitrates were achieved in the treatment with 100+100 kg N-ha'l . The content
of nitrates in radicchio leaves varied from 1,070 to 1,350 mg-kg! f.m. for the nitrogen rate of
200 kg N-ha'l supplied in one pre-plant dose, and from 1,160 to 1,380 mg-kg! f.m. when the
same rate was applied in two doses. The method of nitrogen fertilization had little effect on P
and Mg concentration. Potassium and calcium level in leaves of radicchio decreased at higher
nitrogen fertilization rates.

Key words: radicchio, nitrogen fertilization, yield, nitrates, macroelements.

WPLYW NAWOZENIA AZOTEM NA PLONOWANIE I JAKOSC
CYKORII TYPU RADICCHIO

Abstrakt

W doswiadczeniu polowym przeprowadzonym w latach 2005-2006 oceniano wplyw dawki
i sposobu nawozenia azotem na plonowanie i sklad chemiczny cykorii typu radicchio odmiany
Indygo uprawianej na zbior letni. Azot stosowano w calo$ci przedwegetacyjnie lub w dwdéch
dawkach przedwegetacyjnie i pogltownie, w ilosci 50, 100, 50+50, 150, 100+50, 200, 100+100 kg
N-hal z uzyciem saletry amonowej. Istotnie najwiekszy plon gléwek w doswiadczeniu, lecz

dr hab. Anita Biesiada prof. nadzw., Chair of Horticulture, Wroclaw Uniwersity of Environ-
mental and Life Sciences, pl. Grunwaldzki 24 A, 50-363 Wroclaw, Poland,e-mail:
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rowniez najwiekszg zawarto$¢ azotanow w liSciach, uzyskano wnoszac N w dwéch dawkach
przedwegetacyjnie i pogléwnie w ilosci 200 (100+100) kg N-ha'l. Zawartosé azotanéw po zasto-
sowaniu N w caloéci przedwegetacyjnie byla nieco mniejsza i wahata sie od 1070 do 1350 mg-kg!
éw.m., za§ w przypadku dzielenia dawki N na dwie czeéci wynosita 1160-1380 mg-kgl §w.m.
Sposob wnoszenia azotu mial maly wptyw na zawarto§é P i Mg. Poziom potasu i wapnia w li-
Sciach radicchio malatl pod wptywem wzrastajacych dawek N.

Stowa kluczowe: radicchio, nawozenie azotem, plon, azotany, makrosktadniki.

INTRODUCTION

Radicchio is a form of chicory (Cichorium intybus var. foliosum Bisch.),
known also as red chicory or Italian chicory. The most popular types of this
leaf vegetable are Radicchio di Treviso with loose upright heads and Radic-
chio di Chioggia with round dense heads (ILLerT 2004, HirL 2004). Edible
burgundy red colored leaves with white midribs have a low content of pro-
tein 1.4 g of and carbohydrates 4.5 g in 100 g of fresh matter. While consid-
erable amounts of fiber (0.9 g), vitamins A (27.0 IU), C (8-14 mg), B4 (0.1 mg),
niacin (0.3 mg), carotenoids such as lutein and zeaxantin (8832 ng) as well
as macro- and microelements: phosphorus (40 mg), potassium (302 mg), zinc
(0.6 mg), cuprum (0.3 mg), iron (0.6-1.5 mg), selenium (0.9 pg). It also con-
tains anthocyanins belonging to flavonoids that have numerous health bene-
fits (Custi¢ and Tora 2000, Custi¢c et al. 2000b, USDA National Nutrient
Database 2006).

Radicchio is often eaten raw in salads, but in Italy it is usually grilled
in olive oil or mixed into dishes such as risotto. Also salad mixes sold in
supermarkets and grocery stores often contain some radicchio. It adds vi-
brant color to mixes of head lettuce and romaine. Served alone, radicchio is
slightly bitter because it contains sesquiterpene lactones, but when mixed
with other salad greens, its tangy taste is muted (HiLL 2004). In Poland,
radicchio is a rather unknown vegetable, cultivated sometimes on a small
scale in home gardens.

Less attention has been paid in literature to the relationship between
nitrogen doses and methods of fertilization versus the yield of this vegeta-
ble. Also, the question of its tendency to accumulate nitrates in edible parts
of this type of chicory is insufficiently recognized.

Most of the data indicate the advantageous reaction of this plant to
intensive nitrogen fertilization. (Custi¢ et al. 1994, OsiNca 1997, CusTi¢ et al.
2000a, ReicH and CorreEy 2002). The aim of the experiment established in
2005-2006 was to investigate the effect of doses and methods of nitrogen
fertilization on yield and quality of radicchio chicory.
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MATERIAL AND METHODS

In a field experiment on radicchio, nitrogen was supplied in a single
pre-plant rate of 50, 100, 150 and 200 kg N-hal or was divided into pre-
plant and top dressing treatments: 50+50, 100+50, 100+100 kg N-ha'l. In all
the treatments ammonium nitrate was used as the source of nitrogen. Trans-
plants of cv. Indygo radicchio chicory were produced in a greenhouse. The
seeds were sown on 24 April in multicells filled with peat substrate. Individ-
ual cells of plug trays contained approximately 76.2 cm3 of substrate. At the
end of May the seedlings were planted out into the field at a spacing
30x20 cm. A one factorial experiment with seven treatments was established
in four replications, with a plot area of 1.8 m2.

During the harvest in the first decade of August, the total and marketa-
ble yields of heads were determined. The content of nitrates (potentiometri-
cally), dry matter (according to PN-90/A-75101/03 method), and total and
reducing sugars (according to PN-90/A-75101/07 method) were determined in
edible parts of the heads. The content of macronutrients: phosphorus, potas-
sium, magnesium and calcium was determined according to Nowosielski
method.

The results were analysed with a standard statistical procedure and the
least significant differences were calculated by Tukey’s test at ¢=0.05.

RESULTS AND DISCUSSION

Nitrogen fertilization significantly influenced the yielding of radicchio
in both years of the study. In the treatments with one pre-plant dose, the
highest yield of heads was obtained when nitrogen rates increased to
150-200 kg N-hal. The response to this method of nitrogen feeding was
more pronounced in 2005 because of the more favourable rainfall distribu-
tion during the growing season.

The nitrogen fertilization with a dose of 200 kg N-ha'! supplied in two
rates as pre-plant and top dressing appeared to be more efficient for the
plant growth and assured significantly higher total and marketable yields of
heads in comparison to a single pre-plant application. These results con-
firmed the previous finding of Osinca (1997), who noticed that in radicchio
rosso the highest yield of quality class I+II was provided in a treatment
where a total dose of 150 kg N-hal was divided in two rates: pre-plant
50 kg N-ha'l and supplementary top dressing of 100 kg N-hal.

CustiC et al. (1994) did not observe significant differences in yield of
radicchio chicory under different nitrogen fertilization. The results of our
experiment are in agreement with Custi¢ et al. (1994, 2000b), who found
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Table 1
The effect of nitrogen fertilization on yielding of radicchio (kg-m?

N Rate Total yield Marketable yield

(kg-ha) 2005 2006 mean 2005 2006 mean
50 4.53 4.24 4.39 3.86 3.32 3.59
100 5.49 4.45 4.97 4.58 3.38 3.98
150 5.72 4.62 5.17 4.73 3.57 4.15
200 6.37 4.56 5.46 5.66 3.37 451
50+50 5.56 4.65 5.10 4.68 3.45 4.06
100450 6.62 4.77 5.69 5.39 3.85 4.62
100+100 6.98 5.29 6.14 5.92 4.29 5.10
NIRa=0.05 0.32 0.37 0.39 0.47 0.37 0.44

that a dose of 200 kg N-hal was too high for radicchio when supplied in
a single pre-plant dose.

The nitrogen fertilization influenced the content of nitrates in edible
parts of radicchio (Table 2). At 50 kg N-hal the level of nitrates in leaves
was 375-493 mg-kg'! f.m. Intensive nitrogen fertilization at 200 kg N ha'l
caused an increase in nitrates up to 1,160-1,380 mg-kg™! f.m. in both years

of the experiment

Table 2
The effect of nitrogen fertilization on content of nitrates and macronutrients
in radicchio leaves

N Rate (mgl-\II?g?)ll\I’,m,) P K Mg* Ca*

(kg-ha™h 2005 2006 mean for( ;)?05—2006
50 375 493 0.44 5.42 0.23 0.37
100 896 776 0.49 5.22 0.24 0.35
150 961 998 0.50 5.12 0.25 0.32
200 1350 1070 0.49 4.80 0.20 0.28
50+50 728 630 0.57 5.12 0.23 0.29
100+50 1200 910 0.48 5.08 0.24 0.30
100+100 1380 1160 0.49 5.26 0.24 0.27
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When nitrogen was split into pre-plant and top dressing fertilization,
the concentration of nitrates was higher than when it was applied in a sin-
gle pre-plant dose.

CustiC et al. (1994) stated that radicchio has a rather limited tenden-
cy to accumulate nitrates and, at the rate of 160 kg N-ha’l, the level of
NO;s-N did not exceed 1,000 mg-kg! fm. This agrees with the results of
our experiment, which showed that the content of nitrates in edible parts
of radicchio was considerably lower than admissible amounts for salad
vegetables in Poland, equal 2,500 mg NO3-kg'1 f.m. According to Custic¢ et
al. (2003), the effect of weather conditions on accumulation of nitrates in
radicchio plants may be stronger than that of differentiated organic and
mineral fertilization.

The nitrogen fertilization had a negligible effect on the concentration
of phosphorus and magnesium in radicchio leaves. The content of phos-
phorus in leaves varied from 0.44 to 0.57% d.m. and magnesium from 0.20
to 0.25% d.m. The calcium concentration decreased under heavy nitrogen
fertilization to 5.42 % in the treatment with a nitrogen dose of 50 kg
N-ha'l and to 4.80% when the dose of 200 kg N-hal was used.

CONCLUSION

1. The highest yield of radicchio heads was obtained when a dose
of 200 kg N-hal was supplied in split treatments (100+100 kg N-ha1).

2. Radicchio fertilized with 200 kg N-ha'! supplied in a single pre-plant
dose had a lower concentration of nitrates in leaves, ranging from 1,070
to 1,350 mg-kg! fm, whereas the split application of the same amount
of nitrogen increased their level to 1,160-1,380 mg-kg! fm.

3. The method of nitrogen application had a negligible effect on the con-
tent of P, K and Mg. The calcium level in radicchio leaves decreased under
heavy nitrogen fertilization.

4. The concentration of phosphorus in leaves of radicchio varied from
0.44 to 0.57%, potassium from 4.80 to 5.42%, magnesium from 0.20 to
0.25% and calcium from 0.27 to 0.37%.
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Abstract

In a field experiment conducted in 2004-2006, the influence of the harvest term on yield
and crop quality of cv. Lukullus Spinach beet was examined. Seeds were sown to the field in
the second decade of April and after thinning left at a spacing 45x25 cm. First harvest of leaves
was conducted in mid-July and 2 subsequent harvests occurred in two week’s intervals. The
content of dry matter, vitamin C, phosphorus, potassium, calcium and magnesium were deter-
mined in samples of leaf blades and petioles.

The results proved that the yield of Spinach beet increased from 42.46 tha'l in the first
term of harvest to 72.04 thal and 105.61 tha'l in the subsequent terms. Delayed harvest date
appeared to be beneficial for the content of dry matter and vitamin C, and resulted in the
decrement of the amounts of potassium and magnesium as well as in the accumulation of
nitrates in plants. Plants harvested later also contained a lower level of phosphorus in leaf
blades.

Generally, higher amounts of dry matter, potassium and magnesium were observed in leaf
blades, while petioles contained more phosphorus, calcium and nitrates.

Key words: Spinach beet, term of harvest, yield, nutritional value.
WPLYW TERMINU ZBIORU NA PLON I WARTOSC ODZYWCZA
BURAKA LISCIOWEGO
Abstrakt

W latach 2004-2006 badano wptyw terminu zbioru na wielko$¢ i jako$¢ plonu buraka liscio-
wego odmiany Lukullus. Nasiona wysiewano w drugiej dekadzie kwietnia i po przerywce pozo-
stawiono w rozstawie 45x25 cm. Pierwszy zbior roslin przeprowadzono w drugiej dekadzie lipca,
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a kolejne dwa w odstepach dwutygodniowych. Podczas zbioru pobierano oddzielnie préby lisci
iogonkow liSciowych, w ktorych oznaczano zawarto$é suchej masy, azotanow, witaminy C, P
iMg, Ki Ca. Wyniki badan poddano analizie statystycznej za pomoca testu -Duncana na pozio-
mie istotnosci «=0,05.

Wykazano, ze w miare opdzniania terminu zbioru plon buraka liSciowego wzrastatl §rednio
z 42,46 thal w pierwszym terminie do 72,04 t-hal po dwéch tygodniach i do 105,61 t-hal przy
zbiorze najpézniejszym. Zaréwno w blaszkach, jak i ogonkach lisciowych zawartosé azotanow,
potasu i magnezu oraz fosforu w blaszkach lisSciowych zmniejszala si¢ w miare opézniania ter-
minu zbioru. Przedtuzenie okresu uprawy przyczynilo si¢ do wzrostu zawartosci suchej masy
zaréwno w blaszkach, jak i ogonkach liSciowych, a takze witaminy C w blaszkach liSciowych.

W blaszkach liSciowych buraka liSciowego stwierdzono wigeksze nagromadzenie suchej masy,
K i Mg, natomiast w ogonkach lisciowych — wigkszg zawartosé P, Ca i azotanéw.

Stowa kluczowe: burak liSciowy, termin zbioru, plon, wartosé odzywcza.

INTRODUCTION

Many species of vegetables, including Spinach beet, can be harvested
at various phases of maturity which depends on requirements of the sell-
ing market and consumer preferences. Delayed vegetable harvesting time
usually entails higher crop yields as well as changes in chemical composi-
tion. This, however, does not always result in improved nutritional value.
Some research conducted on this subject has demonstrated that as the
harvest time was postponed, dry matter content increased in leek and
kohlrabi but decreased with zucchini fruits (Biesiapa et al. 2007). Earlier
harvest time had a favourable effect on the level of vitamin C, as well
phosphorus and potassium, but involved higher accumulation of nitrates
(BouNER et al. 2005, Kozik 2006).

The goal of the research was to determine the effect of harvest time
on crop yield and nutritious values of Spinach beet (Beta vulgaris L. var.
cicla L.).

MATERIAL AND METHODS

Field experiments were carried out in 2004-2006 in the Vegetable and
Ornamental Plants Research Station of the Department of Horticulture in
Wroctaw University of Environmental and Life Science, on soil containing
60 mg P-dm™ and 200 mg K-dm™. Pre-sowing fertilization with nitrogen at
150 kg N'ha'l was applied. Seeds of cv. Lukullus were sown in the second
decade of April at a spacing 45x25 cm. After emergence, at the phase of
2-4 true leaves, thinning was completed with one plant left in each spot.
The first harvest of the plants was conducted in the second decade of July,
and two subsequent harvests were conducted at two weeks’ intervals.
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Whole leaves (blades and petioles) were recognized as marketable yield of
plants. During the harvest, samples of edible parts were taken for deter-
minations of dry matter (drying at 105°C), nitrates (reflectometric meth-
od), vitamin C (Tillmans’s method), P and Mg (colorimetric method), K and
Ca (photometric method). Results of the study were evaluated statistical-
ly using the t-Duncan’s test at the significance level ¢=0.05.

RESULTS AND DISCUSSION

Crops of Spinach beet in subsequent years of the experiments were
considerably dependent on the harvesting time. As means for the 3 year
period, the plants picked up in the earliest term yielded at the level of
42.46 tha'l. Delaying the harvest by two and four weeks caused essential
growth of the crop quantity up to 72.04 thal, to 105.61 thal (Table 1).
Similar dependencies were found by DypucH and Janowska (2004) in leafy
parsley and by REkowska and Stopkowski (2005) in corn salad.

Upon the data of chemical analysis for the three years of experi-
ments, it can be concluded that average dry matter contents in leaf blades
was much higher than in petioles (Table 1). Similar dependencies were
indicated by DypucH and NaJjpa (2005) as well as by Kmiecik et al. (2005)
in their research on celery and dill. It was observed that along with a delay
of harvesting time, the level of dry matter was increasing considerably
both in blades and leaf petioles. In leaf blades its level was growing from
10.93% to 15.09%, and in leaf petioles from 7.42% to 9.61%. Significantly
the highest dry matter contents appeared in leaf blades of plants picked
up in 2006 in the second and third term of harvest (15.51% and 16.17%
respectively), and the lowest one also in 2006 in plants collected in the
first term (9.60%).

Evaluation of the nitrate level in leaf blades and petioles demonstrat-
ed considerable differences between the harvesting times (Table 1). Sig-
nificantly the highest quantities of nitrates appeared in leaf blades of
plants picked up the earliest term (869 mgkg! fresh weight). In plants
from the remaining two harvest times, no significant differentiation in
contents of nitrates was observed, as they equalled 420 and 276 mgkg!
fresh matter respectively. On average, in 2004-2006, the lowest level of
nitrates in leaf blades was determined in plants picked in 2005 in the
third term (160 mg'kg! fresh weight), and the highest one in plants har-
vested in 2004 in the first term (1260 mgkgl). Similarly to the blades,
a significant effect of the harvest time on nitrate level was observed in
leaf petioles. In plants picked in the earliest date, their level was the
highest (4079 mgkg! fresh weight), being much lower for the second term
harvest (3348 mg'kgl), and the lowest in plants picked in the third term
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Table 1

Yield of Spinach beet and content of dry matter and NO4N in relation to the term of harvest
(mean for 2004-2006)

Dry matter NO4 N Vitamin C
1 (mg-100 g
Year Term of | Yield (%) (mg-kg™ f.w.) f.w.)
harvest | (t-ha'l)
blades | petioles | blades | petioles blgdes
petioles
I 36.24 11.47 7.52 1260 3953 49.52
I 62.23 12.19 8.21 379 2445 51.07
2004
II1 99.67 15.33 9.44 277 878 53.75
66.05 13.00 8.39 639 2425 51.45
I 45.42 11.73 7.58 540 3383 29.60
9005 11 75.57 13.35 9.20 330 3300 30.91
II1 110.52 13.78 9.58 160 463 44.55
77.17 12.95 8.79 343 2382 35.02
I 45.73 9.60 7.14 808 4900 35.00
9006 11 78.32 15.61 9.13 550 4300 36.50
II1 106.62 16.17 9.81 390 1000 43.33
76.89 13.79 8.69 583 3400 38.28
I 42.46 10.93 7.42 869 4079 38.04
Mean 11 72.04 13.72 8.85 420 3348 39.49
111 105.61 15.09 9.61 276 780 47.21
73.37 13.25 8.63 522 2736 41.58
LSDa=0.05 for:
term of harvest 16.18 1.00 1.06 181 424 4.20
years n.s. n.s. n.s. 181 424 4.20
interaction (I x II) n.s. 1.73 n.s. 314 734 n.s.

(780 mg'kg! fresh weight). Significantly lower contents of nitrates in leaf
petioles was observed in plants grown in 2004—2005 (2425 and 2382 mgkg
1 fresh weight), and the higher in 2006 (3400 mgkg). The results confirm
research by other authors, who proved that the nitrate level decreases along
with a delay of the harvest time (BouNER et al. 2005, Kozik 2006), and
accumulation of nitrates in leaf petioles is usually much higher than in
blades (KmIkecik et al 2005).

The harvest time delay had a significant effect on the contents of
vitamin C in leaf blades of Spinach beet. Plants picked in the latest term
demonstrated a higher level of vitamin C (47.21 mg-100 g1 fresh weight)
than those in the remaining periods (38.04-39.49 mg-100 g'! fresh weight).
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In 2004, the level of vitamin C in leaf blades (51.45 mg-100 g1 fresh weight)
was significantly higher than in 2005-2006 (35.02-38.28 mg-100 g1 fresh weight).

The level of phosphorus in leaf blades was decreasing along with
a delay in harvest time. In plants picked in the earliest time, the level of
phosphorus was 4.1 gkgl, while in the subsequent periods it decreased
down to 3.3 gkg! and 3.0 gkg! (Table 2). No significant effect of this
factor on the phosphorus level was found in leaf petioles. It is worth
noticing that higher contents of this component appeared in plants grown
in 2004 and 2006 (4.0 and 3.8 gkgl), and lower in 2005 (3.2 g'kg1).

Significant effect of the harvest time on potassium contents was ob-
served both in leaf blades and petioles. The highest level of this element
in leaf blades occurred in plants picked in the earliest term (61.2 g'kgl),
while those coming from the remaining two periods did not differ from
each other considerably (53.8 and 49.9 g'kgl). The significantly highest
amounts of potassium in leaf petioles appeared in plants picked in the
earliest term (65.6 gkgl); in the crop from second and third term this
level dropped down to 54.9 g'kgl, and 39.5 g'kgl respectively. The high-
est level of potassium in leaf blades and petioles was observed in plants
grown in 2004 (62.3 and 65.8 gkgl respectively), and the lowest one in
2005 (47.5 and 41.0 gkg'L).

The harvesting time did not have any effect on the level of calcium in
the plants, although the influence of this factor on the level of magnesium
was significant. Both in leaf blades and petioles, as the harvest time was
postponed, the magnesium contents was decreasing from 6.9 gkgl of dry
matter down to 3.9 gkg!in blades and from 2.7 to 1.8 gkg! in petioles.

CONCLUSIONS

1. Delayed harvesting time of Spinach beet resulted in enhancement of
crop yield and contents of dry matter in leaf blades and petioles, as well as
vitamin C in leaf blades. Simultaneously, a decrease in the level of nitrates,
K and Mg in leaf blades and petioles and of P in leaf blades was observed.

2. Spinach beet leaf blades contained more dry matter, K and Mg,
while leaf petioles were richer in P, Ca and had over 5-fold more nitrates
compared with the blades.
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Abstract

Greenhouse experiments with tomato were conducted in the years 2004-2006. The aim
was to study the effect of nutrient solution pH on the availability of phosphorus in soilless
culture of tomato. Tomato plants were grown on mats made of shredded rye straw, and on
slabs of peat and rockwool. The plants were fertilized with a standard nutrient solution of
different pH: 4.5, 5.0, 5.5, 6.0 and 6.5. Such different pH levels of the nutrient solution used in
soilless culture modified the pH of the root growth zone. This effect was more evident in
rockwool than in the organic media (especially straw). The phosphorus content in the root zone
was closely associated with the pH value of the supplied nutrient solution and the kind of
growing medium. Considerably lower concentrations of phosphorus were recorded in the orga-
nic media (straw, peat) than in rockwool. As the pH level of the nutrient solution increased, so
did the pH of the root zone, whereas the amount of available P-PO, decreased. The course of
these changes was similar in all the substrates. However, the dynamics of the changes was
weaker in the organic media. With an increase in the pH of the nutrient solution, the average
phosphorus content in tomato leaves decreased. The P-PO, concentration was higher in the
leaves of tomato plants growing in rockwool compared to those in the organic media. A signifi-
cantly higher marketable yield was obtained from tomato plants cultivated in rockwool than in
the organic media. For all the growing media, the highest yield of tomatoes was obtained after
feeding the plants with the nutrient solution of pH 5.5.

Key words: pH, nutrient solution, phosphorus, straw, peat, rockwool.
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WPLYW ODCZYNU POZYWKI NA DOSTEPNOSC FOSFORU
W BEZGLEBOWEJ UPRAWIE POMIDORA

Abstrakt

Badania prowadzono w warunkach szklarniowych w latach 2004-2006. Celem badan byto
okreslenie wpltywu odczynu pozywki na dostepnosé fosforu w bezglebowej uprawie pomidora
w podtozach organicznych i inertnym. Uprawe prowadzono w matach wykonanych z rozdrobnio-
nej stomy zytniej, w workach z torfem oraz w welnie mineralnej. Rosliny nawozono standardo-
wymi roztworami pozywek o zréznicowanym odczynie (pH): — 4,5, 5,0, 5,5, 6,0, 6,5. Zroznicowa-
ny odczyn pozywki stosowanej do upraw bezglebowych na podlozach organicznych, szczegdlnie
na stomie, w mniejszym stopniu modyfikowal pH Srodowiska korzeniowego niz na welnie mine-
ralnej. Zawartosé dostepnego fosforu w srodowisku korzeniowym byta Scisle zwigzana z odczy-
nem dozowanej pozywki oraz podiozem uprawowym. Zdecydowanie mniejsze zawartosci dostep-
nego fosforu oznaczano w podlozach organicznych (stoma, torf) w poréwnaniu z welng mineralng.
Wraz ze wzrostem pH pozywki, wzrastato pH $rodowiska korzeniowego oraz malata zawartosc¢
dostepnego fosforu. Przebieg tych zmian byt podobny zaréwno w podtozach inertnym, jak i orga-
nicznych. Tempo tych zmian bylo wolniejsze w podiozach organicznych. Wraz ze wzrostem pH
stosowanych pozywek malata §rednia zawartosé fosforu w liSciach pomidora. Wyzszg zawartosé
P-PO, w liciach pomidora stwierdzono na wetnie mineralnej. Na welnie mineralnej uzyskano
istotnie wyzszy plon handlowy pomidora w poréwnaniu z plonem z podtozy organicznych. Naj-
lepsze plonowanie pomidora, niezaleznie od stosowanych podtozy, stwierdzono w przypadku sto-
sowania pozywki o pH 5,5.

Stowa kluczowe: pH, pozywka, fosfor, stoma, torf, welna mineralna.

INTRODUCTION

In soilless culture of tomato, mineral, organic and inert growing me-
dia are used. The pH of the root zone affects the availability of nutrients
taken up by plants (NELsoN 1991). In organic-mineral substrates, the ef-
fect of pH is greater than in soil (PETERSEN 1982, quoted by NELson 1991).
According to many authors, nutrient solution used to cultivate tomato in
rockwool should have a pH of 5.5-6.0 (SoNNEVELD 1991, MIcHALOJC,
NurzyNskr 2002, Komosa et al. 2004, Dysko, KowaLczyk 2005, KOwALCZYK,
Kaniszewskt 2005). In inert substrates, the availability of some nutrients
depends directly on the pH of the root zone. In soilless cultures with
organic substrates, the pH of the nutrient solution is modified not only by
the plants and the changes in the surrounding environment (as is the
case of inert substrates), but also by the organic matter of the substrate
used. Babora (2002) reports that the specific adsorption of molybdate,
phosphate and sulphate ions decreases as the pH increases, whereas their
immobilization occurs in an acidic environment. The pH of a growing me-
dium has the greatest influence on the availability of phosphorus, manga-
nese and iron (KowaLczyk, KaniszEwskr 2005, KowaLczyk et al. 2006). Phos-
phorus is an element which occurs in forms that are strongly dependent
on environment pH. In the root zone, active phosphorus can be found as



191

PO4'3, HPO4'2, and HyPO, ions. Most phosphorus is taken up by plants in
the form of the two latter ions. The largest amounts of phosphorus avail-
able to plants grown on inert substrates are present in nutrient solutions
that are slightly acidic (pH 5.0). In alkaline and highly acidic solutions,
retardation takes place, i.e. a decrease in the concentration of available
ions. A literature review indicates that the experimental work on the
effect of nutrient solution pH has involved mainly inert substrates, and there
have been no reports concerning organic growing media.

The aim of this work was to determine the effect of nutrient solution
pH on the availability of phosphorus in soilless culture of tomato grown in
organic and inert substrates.

MATERIAL AND METHODS

The work was carried out under greenhouse conditions in the years
2004—2006. The experiment was set up in a two-factorial design, in an inde-
pendent system with four replications. The experimental factors included:

a) growth substrates — peat, rye straw, rockwool;
b) pH of nutrient solution — pH of 4.5, 5.0, 5.5, 6.0, 6.5.

Shredded rye straw was used to make cultivation mats in the shape
of 100 cm long x 20 cm wide x 10 cm thick slabs. Mats of the same dimen-
sions were also made of peat. The inert substrate used in the experiment
was ‘Grodan-Master’ rockwool in 100x20x7.5 cm slabs. Each slab of
a substrate was used to grow 3 tomato plants of cultivar Blitz F;. The ex-
perimental plot size was 3 m2. The plants were planted in a permanent
place of cultivation in early April and grown in an extended cycle until mid-
October. The required pH of the nutrient solution was obtained by adding to
water 65% HNO; and 33% HCl. The amount of acid needed to bring the
nutrient solution to the required pH level was determined on the basis of
a water acidification curve, with the nitric acid used to fix the pH at 6.5,
while the other acidification levels were achieved with the hydrochloric acid
(so as not to vary the nitrogen content in the experimental combinations).
After seedlings had been planted, regular fertigation was carried out, adjust-
ed to climatic conditions and plant growth stage. For irrigation, water of the
following composition was used (in mg-dm™3): HCOg4 — 349, N-NOg — 0.25,
N-NH, - 0.05, P - 0.05, K — 2.72, Ca — 101, Mg — 15.0, Na — 10.5, C1 — 12.9,
S-SO, — 33.5, Fe — 0.042, Mn — 0.022, Cu — 0.020, Zn — 1.680, B — 0.025; EC
— 0.56 mS-cml, pH — 7.2, total hardness — 17.6°dH. Parameters of the ap-
plied nutrient solution: pH 4.5-6.5, depending on the combination; EC 2.0-
-3.0 mS-cml; composition (mg:dm3 ): N — 200-260, P — 40, K — 220-380, Mg
— 60-80, Ca — 180-200, S-SO, — 80, Fe — 2.5, Mn — 0.8, B — 0.43, Zn — 0.33,
Cu — 0.1, Mo — 0.05. While growing the tomato plants, the concentration
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of the nutrient solution was maintained at EC = 2.3-2.8 mSem when the
weather was sunny, at EC = 3.0 mSem! when it was cloudy with low light
levels, and at EC = 2.7-3.0 mS-em™! during vigorous plant growth and harvest.
During the initial period of plant growth, until the third or fourth fruit cluster
had set, the nitrogen content in the nutrient solution was at alevel of
260 mg:dm3. Then the level of nitrogen was lowered to 200 mg-dm3. Tomato
fruits were picked twice a week. Marketable fruit yield was recorded.

Samples of the solutions from cultivation mats were analysed for phos-
phorus content once every fortnight. The samples for chemical analyses were
taken after the second watering cycle from in between two plants in the
centre of the mat. Chemical analyses for phosphorus content in the leaves
were carried out 3 times during the cultivation period: when the third clus-
ter was in flower, at the time of picking the third fruit cluster, and 2 weeks
before the end of cultivation. For that purpose, the fifth leaf from the top of
the plant was taken as a sample. pH was measured with an ORION pH
meter, while P-PO, concentration was determined by means of an Atom
Scan 16 plasma spectrometer. The results were processed statistically using
the variance analysis method. Mean values were compared with Newman-
Keuls test at p=0.05. The changes in phosphorus concentration in the culti-
vation mats and its dependence on pH were determined using the methods
of correlation and linear and parabolic regression (PIELAT, VisCARDI 1988).

RESULTS AND DISCUSSION

The pH value of the nutrient solution delivered to the tomato plants
had an effect on the pH changes in the root zone during the cultivation
period. The average pH values presented in Table 1, which represent the
samples of the nutrient solution taken from the cultivation mats, are
a general indicator of the response of the root environment to the applica-
tion of the nutrient solution at different pH levels. There was a weaker
response to the variations in pH of the supplied nutrient solution in organic
substrates, straw in particular. Because of its very good buffering proper-
ties, straw maintained in the root zone a high pH level with very little
variation. In the peat substrate, the changes in pH were also very small, as
both low and high pH levels of the nutrient solution only slightly changed
the pH of the root zone only. In rockwool, however, the changes in pH of
the root zone depended on the pH of the nutrient solution. Low pH of the
applied nutrient solution (pH 4.5) was found to maintain the pH in the root
zone at a level of 5.8, whereas high pH (6.5) sustained a level of 7.5.

The available phosphorus content was very closely associated with
the pH of the nutrient solution being supplied and the growing medium
used (Figures 1-5). Regardless of the pH value of the applied nutrient
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Table 1

The effect of pH of nutrient solution on the pH of root zone
of tomato (2004-2006)

pH pH of root zone
of nutrient
solution straw peat rockwool

4.5 7.1 6.4 5.8
5.0 74 6.5 6.0
5.5 7.5 6.7 6.2
6.0 7.6 6.9 6.7
6.5 7.8 7.2 75

solution, the least variation in the available phosphorus content was found
in the solution taken from the cultivation mats made of straw. Over the
whole period of tomato cultivation in straw, the least amounts of phos-
phorus were measured when the nutrient solution had a pH of 6.5. The
dynamics of the changes in the phosphorus content in straw was described
by rectilinear regression lines. With the nutrient solution of pH 4.5, the
phosphorus content in the solution sampled from the straw mats increased
during the cultivation period, whereas at pH 6.5 it showed a downward
trend throughout the whole period of cultivation. A comparison of the
substrates used in the experiment reveals that the least amounts of avail-
able phosphorus were found in straw. Compared to straw, there was great-
er availability of phosphorus in the peat substrate. In this substrate, the
highest phosphorus amounts were measured when the pH of the nutrient

P-PO, (mg -dm™®)
140

120 1 (1) straw r = 0.30
] (2) peat r = -0.53
100 (3) rockwool r = 0.66

80 1
] @)

S Rt e
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2 4 6 8 10 12 14 16 18 20 22 24
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0

Fig. 1. Changes of P-PO, concentrations in root zone of tomato
at pH 4.5 of the nutrient solution
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Fig. 2. Changes of P-PO, concentrations in root zone of tomato
at pH 5.0 of the nutrient solution
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Fig. 3. Changes of P-PO, concentrations in root zone of tomato
at pH 5.5 of the nutrient solution

solution was 4.5, and the lowest when the solution pH was 6.5. The changes
in the phosphorus concentration in the root zone in the peat substrate
proceeded in a similar way for the nutrient solutions with pH 4.5, 6.0,
and 6.5, and were represented by a straight line. In contrast, the changes
for pH 5.0 and 5.5 were described by a parabolic curve. It should be
noted that the course of the changes in the phosphorus content did not
depend on the stage of cultivation at the pH levels used and was of no
statistical significance. When the pH of the applied nutrient solution was
6.5, the highest availability of phosphorus in all the substrates used was
found in peat. In rockwool, the pH of the nutrient solution significantly
changed the amounts of phosphorus available to plants. The resulting par-
abolic regression lines clearly demonstrate a significant relationship be-
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Fig. 4. Changes of P-PO, concentrations in root zone of tomato
at pH 6.0 of the nutrient solution
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Fig. 5. Changes of P-PO, concentrations in root zone of tomato
at pH 6.5 of the nutrient solution

tween phosphorus concentration in the root zone and plant development
stage when the nutrient solution was used at pH 5.0, 5.5, and 6.0. At
these pH levels, the highest amounts of available phosphorus were found
in the middle of the plant cultivation period. At pH 4.5, the trend curve
for the phosphorus content in rockwool was similar to the curves ob-
tained at pH 5.0, 5.5 and 6.0, but the changes were not proven statistical-
ly. The lowest concentrations of phosphorus in rockwool were recorded
when the pH of the applied nutrient solution was 6.5. At pH 6.5, the
phosphorus content in the various cultivation mats (straw, peat, rockwool)
can be described by 3 parallel straight lines displaced, on average, by about
15 mg P-PO,dm™ relative to each other, with the lowest values recorded
for rockwool, and the highest for peat. When the nutrient solution was sup-
plied at pH 6.5, higher levels of phosphorus in the growth substrates were
measured at the beginning of the cultivation period, and then, as the plants
developed, these values decreased. MicHAL0J¢ and NURzyNski (2002), and
KowaLczyk and Kaniszewskl (2005) during the cultivation of tomatoes on
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rockwool, also found a significant drop in the levels of phosphorus in the
root zone at high pH values of the nutrient solution. In the experiments
by Dt Riusck and ScHREVENS (1999) with pure nutrient solutions, the effect
of pH on phosphorus levels was rectilinear in character.

The pH of the supplied nutrient solution, as well as the kind of sub-
strate, produced significant variations in the nutritional status of tomato
plants in respect of phosphorus (Table 2). With increasing pH of the nu-
trient solution, the average phosphorus content in the tomato plants fell.
Similar results were obtained by Komosa et al. (2004), and KowALCzYK,
Kaniszewski (2005) while growing tomatoes in rockwool at different pH val-
ues of the nutrient solution. The highest levels of phosphorus were obtained
in the plants grown on rockwool. The lowest phosphorus content of 3.3 g-kgl
d.w. was found while growing tomatoes on peat supplied with the nutrient
solution of pH 6.5. According to Apams (1996), a concentration of P<0.2%
d.w. in the leaves indicates phosphorus deficiency in the plant.

Table 2

The effect of pH of nutrient solution and type of growing medium
on the P content (g-kg? d.m.) in tomato leaves (2004-2006)

pH Growing medium
of nutrient

solution straw peat rockwool x
45 4.20 3.83 5.47 450 a
5.0 3.90 4.07 5.33 443 a
55 3.73 3.60 4.80 4.04 ab
6.0 3.77 3.60 4.63 4.00 ab
6.5 4.07 3.30 4.07 381b
x 3.93b 3.68b 4.86a -

Means followed by the same letter are not significantly different at p = 0.05.

On the basis of the experimental results it was concluded that both
the pH of the applied nutrient solution and the kind of substrate used
had a significant effect on the size of the marketable yield of tomatoes
(Table 3). However, no evidence of a combined effect of solution pH and
the type of substrate was found in this respect. The highest marketable
yield was obtained when tomatoes were grown on rockwool. This yield
was significantly higher than the yields obtained from cultures on the
organic substrates (straw, peat). Comparing the different pH values of
the supplied nutrient solution, irrespective of the kind of a substrate
used, the highest marketable yield was obtained at pH 5.5. The marketa-
ble yield obtained with the nutrient solution of pH 5.5 was significantly
higher in relation to the yield obtained at pH 6.5, but it did not differ
significantly from the yields obtained at pH 4.5, 5.0, and 6.0. Similar re-
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Table 3

The effect of pH of nutrient solution and type of growing medium
on marketable yield of tomato cv. Blitz F1 (2004-2006)

pH Yield (kg-m™)
of nutrient
solution straw peat rockwool x

4.5 39.97 38.31 45.63 41.30 ab
5.0 37.14 40.84 46.14 41.38 ab
5.5 41.58 41.87 47.53 43.66 a
6.0 39.01 40.87 45.32 41.73 ab
6.5 36.47 38.25 39.23 37.98b
x 38.83b 40.03 b 44.77 a 41.21

Means followed by the same letter are not significantly different at p = 0.05.

sults were obtained by CHoHURA et al. (2004) while studying the effects of
solution pH (at the same levels as in this experiment) on tomato cultures
grown only on rockwool. KowarLczyk (2003), who cultivated tomato on rock-
wool, obtained a significantly lower marketable yield after using a nutri-
ent solution with a high pH value (pH 6.5). In the experiments by WIiL-
LUMSEN (1980) with tomato aquacultures, different pH levels (4.5-6.5) of
the nutrient solution were not found to have an effect on marketable
yield. However, nutrient solution pH of 4.5 was found to reduce fruit size.

CONCLUSIONS

1. Different pH levels of the nutrient solution used in soilless cultures
with organic growing media, particularly straw, modified the pH of the root
zone to a lesser extent than in an inert substrate (rockwool).

2. The concentration of available phosphorus in the root zone was close-
ly associated with the pH level of the applied nutrient solution and the kind
of a cultivation substrate used. Less available phosphorus was found in or-
ganic substrates (straw, peat), more in rockwool.

3. With an increase in pH of the applied nutrient solution, there was
a drop in the average phosphorus content in leaves of tomato plants. Higher
phosphorus levels in leaves were found in tomato cultures set up on rock-
wool than those on organic substrates.

4. Irrespective of the kind of substrate used, the best yielding of to-
mato plants was obtained at pH 5.5 of the nutrient solution. A significant-
ly higher marketable yield was obtained from plants growing on rockwool
than on organic substrates.
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COMPOSITION OF RADICCHIO HEADS
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Abstract

The aim of the experiment, conducted from 2005 to 2006, was to determine the effect of
planting date (spring, summer/fall) and method (seedlings, direct sowing) on the content of dry
matter, selected organic components and nitrates in the heads of Italian chicory radicchio, cv.
Palla Rossa 3. Statistical analysis revealed that both experimental factors had a significant
effect on the content of dry matter and simple sugars in the edible parts of radicchio. Dry
matter content was significantly affected by planting method, while the concentration of total
sugars — by planting date. Chemical analysis of the harvested plant material indicated that
radicchio grown in the spring contained more dry matter, L-ascorbic acid, simple sugars and
total sugars. Plants obtained from seedlings accumulated more L-ascorbic acid and simple su-
gars, whereas those grown from directly sown seeds contained more dry matter and total
sugars. The nitrate content of radicchio heads was found to be significantly dependent on both
experimental factors. A significantly higher (by over 33%) concentration of nitrates was recor-
ded in the edible parts of radicchio grown in the summer/fall. The impact of planting method
on nitrate content was less noticeable, but radicchio plants grown from directly sown seeds
accumulated more nitrates (by almost 11% on average) than those obtained from seedlings.
The interaction between the analyzed factors had a significant effect on the bioaccumulation of
dry matter, L-ascorbic acid, simple sugars, total sugars and nitrates.

Key words: radicchio, planting date, planting method, nutritive value, nitrates.
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ZAWARTOSC WYBRANYCH SKEADNIKOW CHEMICZNYCH W GEOWKACH CYKORII
RADICCHIO W ZALEZNOSCI OD TERMINU I SPOSOBU UPRAWY

Abstrakt

W latach 2005-2006 oceniano zawarto$é suchej masy, wybranych sktadnikéw organicznych
i azotanow w gltéwkach cykorii radicchio odmiany Palla Rossa 3 w zaleznosci od terminu i
metody uprawy. Cykorie uprawiano dwiema metodami — z rozsady przygotowanej uprzednio w
szklarni oraz z siewu bezposredniego w pole — w dwéch terminach — wiosennym i letnio-jesien-
nym. Analiza statystyczna wykazata istotny wpltyw obydwu analizowanych czynnikéw doswiad-
czenia na zawarto§é¢ witaminy C i cukrow prostych w czesciach jadalnych cykorii. Na ilosé
zgromadzone]j suchej masy istotnie wptyneta metoda, natomiast cukréw ogétem — termin upra-
wy. Przeprowadzone po zbiorze badania chemiczne materiatu roslinnego wykazatly, iz zawarto§c
suchej masy, kwasu L-askorbinowego, cukréw prostych i ogétem byta wigksza w gtéwkach cyko-
rii z wiosennego terminu uprawy. Ro§liny uprawiane z rozsady zgromadzily wiecej kwasu L-
askorbinowego i cukrow prostych, natomiast uprawiane z siewu bezposredniego — wiecej suchej
masy i cukréow ogotem. Na gromadzenie azotanéw w giowkach cykorii istotny wpltyw wywarty
obydwa analizowane czynniki. Istotnie wiecej azotanéw (o ponad 33%) oznaczono w czeSciach
jadalnych cykorii radicchio uprawianej w terminie letnio-jesiennym. Wplyw sposobu uprawy na
badany czynnik nie byt tak wyrazny — rosliny z siewu bezposredniego zgromadzily srednio pra-
wie 0 11% azotanow wiecej niz uprawiane z rozsady. Wspoétdziatanie badanych czynnikéw na
bioakumulacje suchej masy, kwasu L-askorbinowego, cukréw prostych i ogétem oraz azotanow
bylo istotne.

Stowa kluczowe: cykoria radicchio, termin, metoda uprawy, wartos¢ odzywcza, azotany.

INTRODUCTION

The pattern of vegetable consumption per household in Poland indicates
a clear dominance of a few species only. The intake of leaf vegetables, known
for their high nutritive value and health-promoting properties, is well below
the recommended levels. The optimistic news is that the area under vegeta-
bles — including less popular species — continues to increase steadily. This is
of paramount importance, since too low food variety and dietary diversity
contributes to a higher incidence of civilization-related diseases (NALBORCZYK
1999, Apamczyk 2002, DypucH, Naipa 2005). Of particular note is Italian chico-
ry — radicchio, widely appreciated for its specific, slightly bitter taste and
very attractive appearance. The red and white leaves of radicchio make an
excellent base for salads.

The aim of the study was to determine the effect of planting date and
method on the content of dry matter, selected organic components and ni-
trates in the heads of Italian chicory (radicchio).
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MATERIALS AND METHODS

The study was conducted during the years 2005-2006, at the Experi-
mental Garden of the University of Warmia and Mazury in Olsztyn. Italian
chicory (radicchio) cv. Palla Rossa 3 was grown in the spring or in the sum-
mer/fall, by two methods: from seedlings produced in a greenhouse over
four weeks, and from seeds sown directly in the field. The experiment was
performed in a randomized complete block design, in three replications. Plot
area was 1.8 m2 . Twenty seedlings were planted per plot, at the 30 x 30 cm
spacing. Both in the spring and summer, seeds were sown and seedling
April and 31 July 2006. Radicchio heads were harvested from particular treat-
ments once only, in a period from 4 to 27 July and from 20 to 27 October
respectively.

Fresh plant material was collected from all treatments to determine the
content of: dry matter — by the gravimetric method (according to the Polish
Standard PN-90/A-75101/03), L-ascorbic acid — by the Tillmans method modi-
fied by Pijanowski (PN-90/A-75101/11), total sugars — by the Luff-Schoorl
method (PN-90/A-75101/07). After harvest samples of the edible parts of veg-
etables were dried at 65°C in a KBC G 65/250 drier and ground in an elec-
tric mill. Nitrate concentration was determined by the colorimetric method,
with the use of salicylic acid (Krauze, Domska 1991). The percentage content
of N — NOg was calculated according to the following formula:

X=a-100 - b1,

where:
a — deviation from the standard curve, mg N-NOg;
b — sample weight;

100 — expressed as percentage.

The results were verified statistically. The significance of differences
between mean values was estimated by Tukey’s test at a significance level
of @ = 0.05.

RESULTS AND DISCUSSION

Chemical analysis of the harvested plant materials indicated that plants
grown from directly sown seeds contained significantly more (almost 1.5-
-fold) dry matter than plants obtained from seedlings. The differences were
more noticeable in the summer/fall. A higher dry matter content was deter-
mined in the leaves of plants grown in the spring compared to those har-
vested in the fall (8.15% vs. 7.87% on average), but the effect of planting
date on dry matter content was not confirmed by the statistical analysis.
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L-ascorbic acid concentration in radicchio heads ranged from 46.4 to
144.5 mg-100 g'l. Similar results were reported by Rozek (2002). L-ascorbic
acid content was almost twofold higher in plants grown in the spring. Radic-
chio grown in the spring accumulated also more simple and total sugars —
on average by 55.9% and 39.4% respectively. Other authors also reported
higher concentrations of vitamin C and sugars in spring-grown leaf vegeta-
bles, such as lettuce (MaJkowska-GapoMska, WIERZBICKA 2005b), Chinese cab-
bage (KrgzEL, Korota 2003), leaf mustard (CaPecka 2006) and lamb’s lettuce
(ADAMCZEWSKA-SOWINSKA, Korota 2000). Plants obtained from seedlings accu-
mulated more L-ascorbic acid and simple sugars, whereas those grown from
directly sown seeds contained more dry matter and total sugars (Table 1).

Table 1

The content of dry matter and some chemical components in radicchio heads
(mean for years 2005-2006)

Planting Method Dry matter | L-ascorbic acid | Simple sugars | Total sugars
date (%) (mg-100 g (g-100 g (g-100 g}
Sprin seedling 6.960 144.5 2.210 2.447
pring direct sowing 9.340 93.7 1.747 2.270
Mean 8.150 119.1 1.978 2.358
Summer - seedling 5.800 68.7 1.320 1.500
-autumn direct sowing 9.930 46.4 1.220 1.883
Mean 7.865 57.5 1.270 1.692
Mean seedling 6.380 106.6 1.765 1.973
direct sowing 9.635 70.0 1.483 2.077
LSD 5
I term of cultivation n.s. 2.08 0.072 0.111
II method 0.552 2.08 0.072 n.s.
Ix1II 0.780 2.94 0.101 0.157

Statistical analysis revealed that both experimental factors had a sig-
nificant effect on nitrate accumulation in radicchio heads. A substantially
higher concentration of nitrates was determined in the edible parts of
radicchio plants grown in the summer/fall compared to those grown in
the spring (1534.7 mg-kg! fresh weight vs. 1130.2 mg-kg! fresh weight
on average). These results are consistent with the findings of Jaworska
and Kmiecik (1999). The cited authors demonstrated that spinach grown
in the fall contained nearly 16-fold more nitrates in comparison with spin-
ach grown in the spring. Their observations were confirmed by KREZEL
and Korora (2003) for Chinese cabbage, by WiErzBicKA et al. (2002) and
MaJjrowska-Gapomska, WIERZBICKA (2005a) for lettuce and by FRaNckE (2005)
for Eruca sativa. The above is a consequence of, among others, much low-
er light intensity in the fall. According to SADE et al. (1995), insufficient
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daylight always leads to excessive nitrate accumulation in crops. A signifi-
cantly higher concentration of nitrates was recorded in the edible parts
of radicchio plants grown from directly sown seeds. The interaction be-
tween planting date and method was statistically significant. However,
the average nitrate content of radicchio heads did not exceed the maxi-
mum permissible limits set for green vegetables (Journal of Laws No. 2 of
2005, item 9) — Table 2.

Table 2

Nitrate content in heads of cichory radicchio cv. Palla Rosa 3 as dependent on cultivation
time and methods (mg N-NO- kg'1 fm.)

2005 2006 Mean
Method
spring
Seedling 1013.7 1221.7 1117.7
Direct sowing 1312.0 968.2 1142.6
Mean 1162.9 1095.0 1130.2
Summer — Autumn
Seedling 1509.7 1310.4 1410.3
Direct sowing 1893.6 1417.7 1660.0
Mean 1701.7 1364.1 1534.7
Mean seedling 1261.7 1266.1 1264.0
direct sowing 1602.8 1193.0 1400.9
LSD
I term of cultivation 13.6 20.0 10.0
II method 13.6 20.0 10.0
IxII 19.2 28.3 14.1
CONCLUSIONS

1. Chemical analysis of the harvested plant materials indicated that rad-
icchio grown in the spring contained more dry matter, L-ascorbic acid, sim-
ple sugars and total sugars.

2. Plants obtained from seedlings accumulated more L-ascorbic acid and
simple sugars, whereas those grown from directly sown seeds contained more
dry matter and total sugars.

3. A significantly higher (by over 33%) concentration of nitrates was re-
corded in the edible parts of radicchio plants harvested in the fall. Radicchio
plants grown from directly sown seeds accumulated more nitrates (by
almost 11% on average) than those obtained from seedlings. The average
nitrate content of radicchio heads did not exceed the maximum permissi-
ble limits set for green vegetables.
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EFFECT OF A SUBSTRATE ON YIELDING
AND QUALITY OF GREENHOUSE
CUCUMBER FRUTIS

Janina Gajc-Wolska, Dawid Bujalski,
Agnieszka Chrzanowska

Department of Vegetable and Medicinal Plants
Warsaw University of Life Sciences - SGGW

Abstract

Cucumber has high climatic demands especially in relation to temperature. Humidity,
air temperature and UV light intensity are main factors affecting cucumber crop quality
and quantity. Due to the instability of the above during the changing seasons in Poland,
all-year-round cultivation of cucumber is difficult. In our experiment we used three types
of substrates: rock wool, perlite and wood fibre. Cucumber cultivation was carried out in
three times of the year. These two were main changing factors of the experiment. Our
research proved that the best quality cucumbers was obtained in the second cultivation
period — between April and August, due to the optimum climatic conditions for that spe-
cies. The type of a substrate also affected the quantity of crops — the highest crops were
on wood fiber, slightly lower on perlite. Higher content of dry matter, vitamin C, total su-
gars, calcium and phosphorus was observed in cucumber fruits from summer cultivation
and a high content of nitrogen and potassium was found in cucumber fruits from autumn
cultivation.

Key words: rock wool, perlite, wood fiber, term cultivation, chemical composition.
WPLYW PODLOZY NA PLONOWANIE I JAKOSC OWOCOW
OGORKA SZKLARNIOWEGO
Abstrakt

Ogorek jest gatunkiem o wysokich wymaganiach klimatycznych, szczegélnie w stosunku
do temperatury. Temperatura powietrza, wilgotnosci, oraz natezenie napromieniowania sg czyn-
nikami wplywajacymi na plonowanie i jako$é owocow. Zmienno$¢ parametrow w ciggu roku w

dr hab. Janina Gajc-Wolska, Department of Vegetable and Medicinal Plants, Warsaw Uni-
versity of Life Sciences, Nowoursynowska 159, 02-776 Warsaw
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Polsce utrudnia uprawe caloroczng tego gatunku. Do$wiadczenie prowadzono w catorocznym
cyklu produkeyjnym, w trzech terminach uprawy, z zastosowaniem trzech podtozy: welny mine-
ralnej, perlitu, wtékna drzewnego. Termin uprawy oraz zastosowane podloze byly glownymi
czynnikami do$wiadczenia. Najwieksze plony oraz najlepszej jakosci owoce otrzymano w drugim
terminie uprawy (kwiecien — sierpien) charakteryzujacym si¢ optymalnymi warunkami dla tego
gatunku. Na wielko§é plonowania miato réwniez wplyw zastosowane podtoze. Najwieksze plony
otrzymano w uprawie na wldknie drzewnym, nieznacznie mniejsze w uprawie na perlicie. Naj-
wigksza zawarto$¢ suchej masy, cukrow ogétem, witaminy C, wapnia i fosforu mialy owoce
ogorka z uprawy w terminie letnim, a wyzsza zawartos$¢ azotu i potasu owoce z uprawy w ter-
minie jesiennym

Stowa kluczowe: welna mineralna, perlit, witékno drzewne, terminy uprawy, skiad
chemiczny.

INTRODUCTION

Cucumber is one of the vegetable species which are often grown un-
der covers. Production profitability is conditioned by the volume of yield
per 1m? of surface. Yielding in turn depends mainly on the time of culti-
vation and the substrate type used. The main advantage of growing vege-
tables on inert substrate is high yielding. The most popular substrate in
cucumber cultivation is rock wool, which is difficult to utilize (BENoIT,
CrUSTERMANS 1998). Thus, investigations are carried out on the usefulness
of other substrates, both natural (organic, mineral) and synthetic (PirOG
1999, SHINOHARA i in. 1997, Komosa 2005), such as perlite, wood fibre or
polyurethane foam. MaARTYR (1982), WiLsoN (1984) i OswigciMSKI (1996) rec-
ommend growing tomato and cucumber in perlite placed in polypropylene
sacks of 40-60 dm?3 capacity. This conclusion results from the investiga-
tions carried out by ScuNITZER et al (1996) on wood fibre, which showed
that the greenhouse cultivation of cucumber in hydroponics gave yields
comparable with those obtained on other substrates. Compared with oth-
er species cultivated under covers, cucumber fruits have the highest con-
tent of water (96-97%), the lowest energy value (about 56 kJ (14 kcal) per
100 g of fresh matter) but are rich in mineral salts (KuNnacHowicz et al.
2005).

The aim of the present investigation was to assess yielding and fruit
quality of cucumber fruit in the all-year-round cultivation on rock wool, per-
lite and wood fibre.

MATERIAL AND METHODS

The investigations were performed in the greenhouse of the Department
of Vegetable and Medicinal Plants, Warsaw University of Life Sciences
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— SGGW in 2006. They were performed on two greenhouse cucumber
cultivars (Pacto F; by De Ruiter Seeds and Melen F; by Enza Zaden)
cultivated in an all-year-round production cycle on three substrates: rock
wool (Grodan), perlite (Pelar Poland) and wood fibre (Steico).

Times of cultivation: 1 — spring sowing 21.12.2005, planting 27.01.2006,
folding up 24.04.2006; 2 — summer sowing 29.03.2006, planting 25.04.2006,
folding up 7.08.2006; 3 — autumn sowing 12.07.2006, planting 8.08.2006, fold-
ing up 22.11.2006.

For each cultivation period seedlings were produced in blocks of rock
wool. Substrate for the cultivation of seedlings was prepared from single
fertilizers according to the standard recommendations for this cucumber
growth stage. Plants were grown as one shoot and during the cultivation
they underwent systematical clearing (removal of side shoots and low leaves)
and shoot lowering. During the vegetation fruits were picked successively
and the total yield was determined (kg-m2).

Chemical analysis of fruits included the determination of dry matter by
drying at 104°C, the content of vitamin C by the titration method, total
sugars by Luffa-Schoorl’s method and the contents of basic macroelements:
N was determined by the flow method at a wavelength of 560 nm, P was
determined by spectrophotometry at a wavelength of 460 nm, whereas K
and Ca were assayed by the flame method using a flame photometer.

Statistical analysis of the test parameters was done with the help of
Statgraphics Plus programme. Detailed comparison of means was performed
by the Tukey’s test at =0.05

RESULTS AND DISCUSSION

One of the essential factors in vegetable cultivation under covers is
the season. This is connected with climatic conditions, especially irradia-
tion intensity. Light deficit causes a decrease in the number of fruits set
and their proper growth. Under optimum cultivation conditions, plants
are better developed and they yield earlier (MEDRANO et al. 2005). Our
results point to the fact that the time of cultivation significantly affected
yielding. In summer, which is characterized by high irradiation intensity
(97 sunny days), the yield was much higher than in spring (37 sunny
days) and autumn (38 sunny days) — Table 1. The investigations by VERw-
ER (1978) and Os (1981) as well as PiréG (2001) prove that in cucumber
greenhouse cultivation, the type of a substrate used is not insignificant.
The results of the present investigations prove that the highest yield was
obtained from the cultivation on wood fibre, slightly lower yield was char-
acteristic for plants grown on perlite and the lowest yield was obtained
on rock wool (Table 1). According to Komosa (1994) the quality of cucumber
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Table 1
The total yield of fruit (kg~m'2) — mean for two cultivars
Substrats
Terms
rock wool perlite wood fiber mean
Spring 9.612 b* 9.610 b 11.95a 10.38
Summer 2452 a 28.63 a 27.10 a 26.75
Autum 12.42 a 14.18 a 13.24 a 13.28
Mean 15.51 17.47 17.43
* values with the same letter do not differ significantly at a = 0.05
Table 2
The content of dry matter, vitamin C, total sugars in cucumber fruit (mean for two cultivars)
Substrats
rock wool perlite wood fiber
Terms 7 o [ vitaminC | total dry | vitaminC| total dry | vitaminC | total
matter sugars | matter sugars | matter sugars
(g100gh| (mgkg) | gkeh) |(@100gh| (mgkg!) | (gkgd) |(@100gh)| (mgkg?) | (gkgd)
Spring 3.220a* | 0.067b 932b | 3.240a | 0.071b | 871b | 3.121a | 0.067b | 931b
Summer | 3.850 a 0.108 a 1661a | 3.561a | 0.118a | 1510a | 3.932a 0.112a |1821a
Autum 2.840 b 0.076 b 1220 e | 2.9216 | 0.091b6 | 1271a | 3.012a | 0.09115 | 1142 a
Mean 3.330 0.084 1271 3.240 0.093 1217 3.355 0.090 1298
* see Table 1
Table 3
The content of phosphorus and calcium (g‘kg'l) in fruit cucumber (mean for two cultivars)
Substrats
Terms rock wool perlite wood fiber mean
P Ca P Ca P Ca P Ca
Spring 0.639 a¢*| 0.080a | 0.628a | 0.060a | 0.592a | 0.067a | 0.619 0.069
Summer 0.541b | 0.053b | 0.585b | 0.053ca | 0.523a | 0.061a | 0.549 0.056
Autum 0.488b | 0.053b | 0.536b | 0.047b | 0.459b | 0.047b | 0.494 0.049
Mean 0.556 0.062 0.583 0.053 0.524 0.058 - -

* gsee Table 1
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fruits depended, to a high degree, on substrate, fertilization and the state
of plant nutrition. The present investigations revealed that the time of
cultivation is another very important factor of fruit quality. Higher dry
matter content, vitamin C and total sugars were characteristic for fruits
obtained in the summer harvest (Table 2). Fruits picked in the spring time
showed a higher content of calcium and phosphorus and fruits from the
autumn cultivation were richer in nitrogen and potassium (Tables 3 and 4).

Table 4

The content of nitrogen and potassium (g-kg™1) in fruit cucumber (mean for two cultivars)

Substrats
Terms rock wool perlite wood fiber mean
N-NO4 K N-NO4 K N-NO4 K N-NOg4 K
Spring 0.492 b*| 0.716 a | 0.391b6 | 0.701a | 0.564b | 0.706 @ | 0.482 0.707
Summer 0.359b | 0.725a | 0.472b | 0.737a | 0.431b | 0.754a | 0.420 0.738
Autum 0.741a | 0.768a | 0.548a | 0.743a | 0.672a | 0.743a | 0.653 0.751
Mean 0.530 0.736 0.470 0.727 0.555 0.734 - -

* gsee Table 1

CONCLUSIONS

1. Low intensity of irradiation during spring time was a significant
cause of much lower yielding as compared to summer and autumn culti-
vations.

2. The substrate used in the experiment was a factor affecting the
yielding volume. The highest crops were obtained from plants cultivated
on wood fibre and perlite.

3. Cucumber fruits obtained from summer cultivation were character-
ized by the highest content of dry matter, total sugars, vitamin C, calcium
and phosphorus and a higher content of nitrogen and potassium was ob-
served in fruits from autumn cultivation.
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Abstract

The studies were carried out in the years 2003 and 2004 in the Laboratory of Plant Raw
Material Processing and Storage and in the Department of Vegetable Crops of Agricultural
University in Szczecin. The aim of the experiment was to estimate the biological value, and
suitability for freezing and freeze-storage of tarragon (Artemisia dracunculus L.), hyssop (Hysso-
pus officinalis L.) and chervil (Anthriscus cerefolium L.) were carried out. The chemical analy-
sis were carried out in a raw, frozen and stored material. The determinations included the
content of dry matter, total ash, total nitrogen, nitrates, vitamin C as L-ascorbic acid, titratable
acidity, total sugars and crude fibre. Among tested in the experiment species the highest amo-
unt of dry matter, total nitrogen and nitrates was noted for hyssop. Chervil was characterized
by a high content of total ash, total sugars, titrable acidity and L-ascorbic acid. The highest
content of crude fibre was found in tarragon. After freezing the level of dry matter, total ash,
total nitrogen, crude fibre, total sugars, titrable acidity and L-ascorbic acid decreased. The
samples of herbs were frozen and stored at -25 + —27°C for 6 and 12 months. Twelve-month
storage had a significant influence on the further decrease of the content of total nitrogen,
titrable acidity and L-ascorbic acid. Tested in the experiment spice herb cultivars showed a go-
od ability for freezing and long-period cold storage. The dry matter loss after twelve month
storage was on average 1.5%. According to the color, taste and aroma the highest quality after
twelve month cold storage was noted for chervil. However, better preservation of L-ascorbic
acid was found for hyssop and tarragon.

Key words: tarragon, hyssop, chervil, biological value, freezing, freeze-storage.
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OCENA WARTOSCI BIOLOGICZNEJ ORAZ PRZYDATNOSCI
DLA ZAMRAZALNICTWA WYBRANYCH GATUNKOW ZIOL PRZYPRAWOWYCH

Abstrakt

W latach 2003-2004 oceniano wartos¢ biologiczng Swiezego ziela oraz wplywy zamrazania
izamrazalniczego przechowywania na zawarto§é wybranych sktadnikéw chemicznych w zielu
bylicy estragon (Artemisia dracunculus L.), hyzopu lekarskiego (Hyssopus officinalis L.) oraz
trybuli ogrodowej (Anthriscus cerefolium L.). W materiale dos§wiadczalnym (Swieze ziele) ozna-
czono zawarto$é: suchej masy, popiotu ogélnego, azotu ogdlnego, azotanow, kwasu L-askorbino-
wego, cukrow ogétem, btonnika surowego oraz kwasowo$¢ ogélng. Oprécz surowca Swiezego
ocenie sktadu chemicznego poddano réwniez surowiec po zamrozeniu oraz po 6 i 12 miesigcach
zamrazalniczego sktadowania. Sposréd ocenianych w do§wiadczeniu gatunkow zidt istotnie wigk-
szg zawartoscig suchej masy, azotu ogolnego oraz azotanéw wyrézniat sie¢ hyzop lekarski. W przy-
padku trybuli ogrodowej wykazano wysoka zawartosé¢ popiotu ogélnego, cukréw ogétem, kwasu
L-askorbinowego oraz kwasowosé ogélng. Najwyzsza zawartosé¢ blonnika surowego stwierdzono
natomiast w przypadku bylicy estragon. Po zamrozeniu surowca odnotowano straty w zawarto-
$ci: suchej masy, popiotu, azotu, btonnika, cukréw, kwasowosci ogélnej oraz kwasu L-askorbino-
wego. Zamrozony produkt byt przechowywany przez 6 i 12 miesiecy w komorze zamrazalniczej,
w temp. —25 + —27°C. Po rocznym okresie zamrazalniczego sktadowania obserwowano dalszy
spadek w przypadku zawartosci azotu ogolnego, kwasowosci ogélnej oraz kwasu L-askorbinowe-
go. Oceniane gatunki zi6t przyprawowych wykazaly dobra przydatnosé do zamrazania i dtugo-
trwatego zamrazalniczego przechowywania. W dobrym stopniu zachowaly swdj charakterystycz-
ny aromat, barwe, a ubytki suchej masy nie przekroczyly 1,5%. Uwzgledniajac cechy
organoleptyczne, najlepszg jakosé po 12 miesigcach zamrazalniczego przechowywania miata try-
bula ogrodowa, natomiast lepiej zachowywaty kwas L-askorbinowy hyzop lekarski oraz bylica
estragon.

Stowa kluczowe: estragon, hyzop, trybula, warto$¢ biologiczna, zamrazanie, zamrazalnicze
przechowywanie.

INTRODUCTION

Spice herbs are very important components of our food as they improve
its taste and give a characteristic aroma. The main chemical compounds of
spice herbs are essential oils, alkaloids, tannins, glycosides, phytoncides, sac-
charides (basic component of dry matter), organic acids, vitamins and min-
erals (SEIDLER-L.oZyKOWSKA, KaZMIERCZAK 2002).

The essential oil content in hyssop leaves varies from 0.3 to 1%, while
in its inflorescences from 0.9 to 2% (WoLski et al. 2006). Tarragon herb
contains from 0.6 to 1% of essential oil, depending on the time of harvest
(OLszeEwska-KACZYNSKA, SUCHORSKA 1996).

The results of many studies proved that fruits and vegetables are the
best sources of antioxidants in our diet. These substances protect the organ-
ism by neutralization and disposal of cancerogenic free radicals. Lately, the
presence of many efficient antioxidants has been detected in numerous herbs.
In marjoram, ginger and pepper there are phenolic diterpenes, phenolic
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acids, flavonoids. OszmiaNsKl and LAMER-ZARAWSKA (1996) suggest that die-
tary fibre, folic acid and chlorophylline play a protective role in many can-
cer illnesses.

Increased environmental contamination has raised levels of chemical
impurities in soil, drinking water, agricultural yields and also in herbs.
Among such impurities are nitrates and nitrites (WIERZCHOWSKA-RENKE et
al. 1994). Many studies have been conducted, both in Poland and abroad,
on the influence of the intake of nitrates and nitrites with daily diets on
the health of adults, small children and infants. Nevertheless, we still
lack enough data on the content of nitrates and nitrites in herbs. The
growing interest in herbal medicine or in world cuisine as well as easier
transportation have enriched the assortment of herbs available in our
country. However, we should remember that except medicated compo-
nents, herbs may contain nitrates and nitrites, which are easily extracted
and passed to water solutions (WIERzcHOWSKA-RENKE et al. 1994).

We use fresh or dried spice herbs. Fresh herbs are more valuable than
dried ones because they contain vitamins and high quantities of oils. The
latest method of herb storage is freeze-storage (GrzEszczUK et al. 2005).

The aim of the experiment was to compare the biological value of
some spice herb species (tarragon, hyssop, chervil) and to estimate their
suitability for freezing and freeze-storage.

MATERIAL AND METHODS

The experiment was conducted in the Laboratory of Processing and Storage
of Plant Raw Material of the Agricultural University in Szczecin in 2003-2004.

The research material was produced at the Horticultural Experiment
Station in Dotuje, which belongs to the Department of Vegetable Growing of
the Agricultural University in Szczecin. The material consisted of three spice
herb species: tarragon (Artemisia dracunculus L.), hyssop (Hyssopus offici-
nalis L.), chervil (Anthriscus cerefolium L.).

The chemical analyses of raw, frozen and stored plant material included
determination of the content of dry mattter (drying at 105°C to constant
weight), total ash (incineration of samples in 500°C), total sugars (by the
method of Luff-Schoorl), vitamin C as L-ascorbic acid (by the method of
Tillmans), titratable acidity (KrELowska-Kutas 1993), total nitrogen (by the
method of Kjeldahl), nitrates (by colorimetric method, ZaLEwski (1971) and
crude fibre (KLEPACKA 1996).

Before freezing, the plant material was fragmented to small pieces (about
1 cm long) with a steel knife. Then the samples were packed in 0.05 mm
thick polythene bags, 500 g of herbs each. Frozen samples were stored in
a freezing chamber at -25, -27°C for 6 and 12 months.
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The results of each year were subjected to an analysis of variance.
The means of two years were separated by the Tukey’s test at p=0.05.

RESULTS AND DISCUSSION

In the present work significant differences occurred in the chemical
composition of the three species. Significantly more dry matter, irrespec-
tively of the processing stage, was noted for chervil (on average 15.07%)
and hyssop (on average 14.92%) — Table 1. The content of dry matter in
tarragon herb was significantly lower, on average by 1.78% in comparison
with chervil and hyssop. The level of dry matter in the raw herbs of the
test species was assessed as low. MARTYNIAK-PrzyBYszEwskA and WOoJCIE-
cHOWSKI (2004) claim that tarragon herb contains 21.9% of dry matter.
SANCHEZ-CASTILLO et al. (1995) assessed 23.4% of dry matter in mint herb
and 27.5%. d.m. in leaves of leafy parsley. Jabpczak (2007) determined
18.85% of dry matter for savory and MARTYNIAK-PRzYBYSZEWSKA and Wo-
JciEcHOWSKI (2004) cited the following shares of dry matter: 12.5 for basil
%, 25.6% for oregano, 22.9% for marjoram and 21.0% for thyme.

Among the herb species analysed in the present experiment, tarragon
had a significantly lower content of total ash and total nitrogen. The high-
est amount of total ash was determined for chervil (on average 2.67%),
while the highest content of total nitrogen appeared in hyssop (on average
0.95%). Moreover, hyssop was characterized by a significantly higher level
of nitrates, on average by 402.59 mg NaNO3-kg'1 f.m., in comparison with
chervil and tarragon, which in turn did not differ significantly in this re-
spect. However, it was noted that the content of nitrates in raw hyssop
herb was not high: 1,317.16 mg NaNO;-kg'! fm. (i.e. 961.43 mg N-NO;- kg'! fm.).
According to the Decree of Health Minister of 13 January 2003, the level of
nitrates in dill leaves, for example, should not be higher than 1,500, and in
frozen spinach must not exceed 2,000 mg N-NO3-kg‘1 f.m. SEIDLER-
-Lozykowska et al. (2007) determined 2,522.80 mg N-NOg kgl fm in basil
herb. WiErzcHOWSKA-RENKE et al. (1995), who analysed dried, packed herbs,
found assessed for example: 15,820 mg KNO3-kg‘1 d.m. (i.e. about 1456 mg
N-NO3-kg‘1 fm.) in mint herb, — 16,919 mg KNO; (i.e. 1557 mg N-NOg) in
salvia and and 3,821 mg KNOs (i.e. 352 mg N-NOjy) in lemon balm.

Determination of the crude fibre content in the plant material showed
the highest crude fibre amount in tarragon, lower — in hyssop and the low-
est one — for chervil (Table 2). The content of total sugars was significantly
higher for chervil, 0.5% more than in tarragon and 1.15% more than in
hyssop. Significantly higher levels of titratable acidity was noted in chervil
and tarragon (on average 0.31% citric acid), and lower in hyssop (on aver-
age 0.24%).
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Table 1
The content of dry matter, total ash, total nitrogen and nitrates in the fresh,
frozen and stored frozen plant material (mean in 2003—-2004)
. Stage Dry matter Total ash | Total nitrogen Nitrates
Plant species | processing (mg NaNO4 kg1
(%)

A 13.40 1.41 1.16 688.79

B 13.07 1.34 1.14 1161.75

Tarragon C 13.12 1.34 0.57 650.70
D 13.27 1.36 0.57 617.29

mean 13.21 1.36 0.86 779.63

A 15.35 1.84 1.29 1317.16

B 14.91 1.81 1.25 1275.01

Hyssop C 14.59 1.80 0.63 943.57
D 14.82 1.79 0.63 1121.77

mean 14.92 1.81 0.95 1164.38

A 15.13 2.66 1.20 629.56

B 14.91 2.58 1.17 604.67

Chervil C 15.14 2.56 0.63 844.03
D 15.11 2.87 0.61 897.48

mean 15.07 2.67 0.90 743.94

A 14.62 1.97 1.22 878.50

Mean for B 14.30 1.91 1.19 1013.81

processing

stage C 14.28 1.90 0.61 812.77

D 14.40 2.01 0.60 878.85

LSD g for:

species 0.28 0.07 0.02 241.60
processing stage 0.15 0.07 0.01 182.15
interaction 0.27 0.12 0.02 315.50

A — raw material

B — directly after freezing

C — frozen material after 6 month storage
D — frozen material after 12 month storage

Chervil was also characterized by a higher content of L-ascorbic acid,
on average by 10.98 mg-100 gl fm. in comparison with hyssop and by
28.10 mg-100 gl compared with tarragon. L-ascorbic acid content in the
raw herb of chervil was very high — 104.34 mg-100 g1 fm. The amounts
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Table 2

The content of crude fibre, total sugars, titratable acidity and L-ascorbic acid in the fresh,
frozen and stored frozen plant material (mean in 2003-2004)

Titratable
) Stage Crude fibre | Total sugers acidity L-ascorbic acid
Plant species of processing (% citric acid) | (g 100-g'1)
(%)
A 1.99 0.89 0.30 35.64
B 1.95 0.98 0.26 6.60
Tarragon C 1.98 1.10 0.34 4.08
D 2.00 0.99 0.29 3.66
mean 1.98 0.99 0.30 12.49
A 1.63 0.34 0.21 63.60
B 1.63 0.37 0.24 22.20
Hyssop C 1.77 0.37 0.29 17.72
D 1.83 0.28 0.23 14.94
mean 1.72 0.34 0.24 29.61
A 1.32 1.70 0.40 104.34
B 1.23 1.13 0.39 32.22
Chervil C 1.31 1.69 0.26 17.34
D 1.29 1.44 0.25 8.46
mean 1.29 1.49 0.32 40.59
A 1.65 0.98 0.31 67.86
Mean for B 1.61 0.83 0.30 20.34
processing
stage C 1.69 1.05 0.30 13.05
D 1.71 0.90 0.26 9.02
LSD . for:
species 0.14 0.02 0.05 3.98
processing stage n.s. 0.01 0.03 3.53
interaction n.s. 0.02 0.06 6.11

A — raw material

B — directly after freezing

C — frozen material after 6 month storage
D — frozen material after 12 month storage

of L-ascorbic acid determined for hyssop (63.60 mg-100 g! fm.) and tar-
ragon (35.64 mg-100 gl fm.) were also high. MARTYNIAK-PRZYBYSZEWSKA
and WodciecHowskl (2004) cited a lower level of vitamin C for tarragon
(9.8 mg-100 gl fm.). For the other herb species, for example basil, savo-
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ry or marjoram, their results varied from 11.9 to 19.9 mg-100 gl fm.
CaPEckA et al. (2005) reported a higher content of vitamin C for herbs of
Lamiaceae family — from 23.1 to 53.2 mg-100 g1 f.m.

Among the test spice herb species, chervil was characterized by a high
biological value. In comparison with tarragon and hyssop, it contained more
dry matter, total ash, total sugars, titratable acidity and L-ascorbic acid.

Freezing and freeze-storage had a significant influence on the chang-
es of chemical composition of the three herb species. There were statisti-
cally significant differences in the content of all the compounds deter-
mined in the experiment, except crude fibre. Directly after freezing, most
chemical parameters decreased, for example: dry matter — by 0.32% on
average, total ash — by 0.06% f.m., total nitrogen — by 0.03% f.m., total
sugars — by 0.15% fm. and L-ascorbic acid — by 47.52 mg-100 g1 f.m.
Changes in titratable acidity were not statistically significant, while the
content of nitrates significantly increased in comparison with the raw
material (on average by 13.35%). A similar direction of the changes in
nitrates was noted by LisiEwska and KMmikcik (1997), who proved that freez-
ing and three-month cold storage of leafy parsley leaves resulted in an
increased content of nitrates. However, further storage (6 and 9 months)
caused a decrease of the level of nitrates.

In the present study, after 6 months of freeze-storage further de-
crease in dry matter, total ash, total nitrogen and L-ascorbic acid content
was observed. Also, the level of nitrates significantly decreased — on aver-
age by 204.04 mg NaNO:,)-kg'1 f.m., in comparison with the material ana-
lysed directly after freezing.

After 12 months of cold storage, the content of total nitrogen, total
sugars, titratable acidity and L-ascorbic acid significantly decreased.

Freeze-storage of the test spice herb species had a pronounced effect on
the changes in the content of L-ascorbic acid. Its concentration decreased by
81%, after 6 months and by a further 6% after 12 months. Similar data are
given by LisitEwska and KMiecik (1997).

The spice herb species examined in our experiment proved to be suit-
able for freezing and long-period freeze-storage. They preserved their char-
acteristic aroma and colour very well. The loss of dry matter did not
exceed 1.5%. The best colour, aroma, taste after 12 months freeze-storage
were noted for chervil. This species was also characterized by good pres-
ervation of dry matter, total ash and total nitrogen. However, tarragon
and hyssop were better at preserving the content of L-ascorbic acid. More-
over, these two species were characterized by some desirable changes in
the content of nitrates. At the beginning of the freezing process, the level
of nitrates increased only to gradually decrease later, falling by 10.4% in
tarragon and by 14.8% in hyssop herb after 12 months of storage, in
comparison with the raw material. In chervil the content of nitrates was
constantly increasing, rising by 29.8% after 12 months of freeze-storage.
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CONCLUSIONS

1. Among the test spice herb species, the highest biological value of
the raw herb was assigned for chervil.

2. Freezing and freeze-storage had a significant effect on changes in
the chemical composition of the plant material. In tarragon and hyssop
herb, changes in the content of most of the parameters we observed were
desirable ones.

3. After 12 months of freeze-storage, chervil’s quality improved ac-
cording to the organoleptic characteristics (colour, aroma, taste).
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Abstract

The aim of the study was to estimate the influence of a sowing date (10 April, 25 April
and 10 May) on the quantity and quality of the yield of tarragon grown for a bunch harvest.
The yields of tarragon plants were assayed in 2004-2006. Chemical analyses were made in the
years 2004 and 2005. In the dry plant material, the content of macro- and microelements: total
nitrogen, phosphorus, potassium, calcium, sodium, magnesium, manganese, zinc, iron and cop-
per was assessed. Moreover, the content of essential oils in dry plant material was estimated.
In the raw plant material, the content of L-ascorbic acid and the scavenging effect on DPPH
radical were measured. It was proved that the sowing dates had a significant effect on the yield
quantity. Significantly higher yield (424.5 kg-100 m2) was obtained when seeds were sown on
10 May. The yield significantly decreased when seeds were sown on 10 April. The test sowing
dates had no significant effect on the biometrical characteristics of tarragon plants during the
harvest; only the leaves were significantly wider when the earliest sowing date was used. The
yields were characterized by a high content of mineral compounds. However, the content of
iron was twice as high in 2004 as in 2005. Also, the content of zinc and copper was higher in
the first year of the study, respectively by 87.2% and 76.9%, compared with the yield obtained
in the year 2005. The content of essential oils (mean for years of the study) was 0.59%, that of
L-ascorbic acid was 10.08 mg-100 g1 f.m. and the scavenging effect of tarragon herb on DPPH-
radical was 26.74%.

Key words: tarragon, yield, macro- and microelements content, essential oil, L-ascorbic acid,
DPPH percent inhibition.
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WPLYW TERMINU SIEWU NASION NA WIELKOSC I JAKOSC PLONU BYLICY
ESTRAGONU (ARTEMISIA DRACUNCULUS L.)
UPRAWIANEJ NA ZBIOR PECZKOWY

Abstrakt

W latach 2004-2006 badano wptyw terminu siewu nasion (10 i 25 kwietnia oraz 10 maja)
na wielko$¢ i jako$¢é plonu bylicy estragonu, uprawianej na zbior peczkowy. W czesci laborato-
ryjnej badan (2004 i 2005), w prébie zbiorczej — ze wszystkich zbioréw i terminéw uprawy —
oceniono zawarto§¢ makro- i mikrosktadnikéw: azotu ogélnego, fosforu, potasu, wapnia, magne-
zu i sodu oraz cynku, manganu, zelaza i miedzi. Zawarto$§é olejku eterycznego oznaczono w
powietrznie suchym zielu metoda destylacji probki surowca z woda. W §wiezej masie ziela wy-
konano oznaczenie zawarto$ci kwasu L-askorbinowego oraz aktywno$¢é zmiatania rodnikéw
DPPH.

Wykazano, iz badane terminy siewu wptynety istotnie na wielko$¢ plonu ziela estragonu.
Istotnie najwiekszy plon (424,5 kg-100 m2) otrzymano z wysiewu w najpézniejszym terminie
(10 maja). Plon ten istotnie zmniejszal sie wraz z przyspieszaniem terminu siewu, tj. do ok.
10 kwietnia. Terminy siewu nie mialy istotnego wplywu na parametry biometryczne roslin w
czasie ich zbioru, jedynie szerokos¢ lisci byta istotnie wieksza w przypadku najwczesniejszego
terminu uprawy.

W uzyskanym plonie estragonu stwierdzono wysoka zawartosé sktadnikéw mineralnych,
zblizong w poszczegélnych latach badan. Najwieksze roznice wystapity w zawartosci zelaza, kto-
rego w roslinach w 2004 r. byto ponad dwukrotnie wiecej niz w kolejnym roku badan. Rowniez
w tym roku odnotowano w estragonie znacznie wyzsza zawarto$¢ cynku (o 87,2%) i miedzi (o
76,9%) w poréwnaniu z zebranym w 2005 roku.

Zawartosé olejku eterycznego (Srednio w latach badan) wyniosta 0,59%, kwasu L-askorbi-
nowego 10,08 mg-100 g1 §.m.), a zdolnosé redukcji rodnikéw DPPH ksztaltowata sie na pozio-
mie 26,74%.

Stowa kluczowe: bylica estragon, plon, makro- i mikrosktadniki, olejek eteryczny, kwas L-
askorbinowy, procent inhibicji DPPH.

INTRODUCTION

Tarragon (Artemisia dracunculus L.) is a perennial herb with slender,
branched stems. It grows up to 150 cm and has narrow, dark green leaves
(SzczycLEwWsKA 2002). Tarragon is native to a wide area of steppes and wharves
along the rivers of Ukraine, Caucasus and moderate climatic zones of Asia
and North America. In Poland, tarragon grows only in the culture. The
aroma of tarragon is produced by essential oils in the herb’s leaves. The
content of these essential oils is about 0.8%. Apart from essential oils, tar-
ragon herb contains tannins, bitter principles, vitamins and minerals.

Fresh tarragon leaves have a very strong flavour and aroma. They pre-
serve well the taste and aroma whether they are frozen or used to flavour
oil and vinegar (Japczak, GrRzEszczUK 2005).

The aim of our experiment was to estimate the effect of a date of sow-
ing seeds on the quantity and quality of tarragon yield.
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MATERIAL AND METHODS

The experiment was carried out in 2004-2006 at the Department of
Vegetable Crops of the Agricultural University in Szczecin. The aim of this
study was to estimate the effect of a sowing date on the quantity and quali-
ty of the yield of tarragon grown for a bunch harvest.

Three dates of sowing were examined: 10 April, 25 April and 10 May.
Sowing ration was 10 kg-ha'l. The experiment was established in rand-
omized blocks with four replications. The field was prepared according to
agronomic recommendations for this species. Mineral fertilization was quan-
tified according to the results of chemical analysis of the soil. During the
growing season, the crop management treatments were carried out. These
included mainly irrigation, weeding and soil cultivation.

The tarragon plants were harvested when they reached the height of
about 40 cm and their shots were not lignified. The yield was harvested
four times. The plant shots were cut 5-10 cm above the soil surface. After
the harvest, the quantity of the yield was assessed. Moreover, measure-
ments of the following morphological features were taken: shots length,
bunch mass, leaf mass in the bunch (10 shots), length and width of leaf
blade, and the participation of leaf mass in the herb mass. Also, the content
of dry matter was determined in the yield of each harvest.

In the years 2004 and 2005 the laboratory part of the experiment was
conducted. It was based on a representative sample consisting of the sam-
ples of all sowing dates. Total nitrogen was determined according to Kjel-
dahl’s method, phosphorus by colorimetric method, potassium, calcium and
sodium by flame photometry and copper, zinc, manganese, iron and magne-
sium using the method of atomic absorption spectrophotometry (AAS)
(KrEcowska-Kuwas 1993). The essential oils content was determined in aerial-
ly dried herb with the use of distillation of the sample mixed with water in
Deryng’s apparatus. In the raw herb, L-ascorbic acid was assessed by the
method of Tillmans. The scavenging effect of fresh tarragon herb on DPPH-
-radical was determined according to the method of YEN 1 CHEN (1995). The
results were statistically evaluated by the analysis of variance. Significance
of the differences was tested by Tukey’s test at p=0.05.

RESULTS AND DISCUSSION

Results of tarragon yielding (total yield) are presented in Table 1.
Statistical analysis showed a significant effect of the sowing dates on the
quantity of the yield. In the years 2004 and 2005 the highest yield (311.9
and 572.5 kg 100 m™ respectively) was obtained from the last sowing date,
while the smallest one (150.0 and 305.0 kg-100 m™ respectively) appeared
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Table 1
The yield quantity of tarragon grown for a bunch harvest
) Yield
Sowing (kg 100 m2)
date
2004 2005 2006 2004-2006
10 IV 150.0 305.0 476.6 310.5
25 IV 288.5 367.2 375.9 343.9
10V 311.9 572.5 389.0 4245
Mean 250.1 414.9 413.8 359.6
LSD ¢=0.05 19.41 30.9 67.5 19.12

when tarragon seeds were sown on 10 April. In the last year of the study,
the yield obtained as a result of sowing on 10 April was significantly high-
er (476.6 kg-100 m2) than the yields obtained from the next two dates of
sowing.

The mean results obtained from all of the years of the study proved
that, similarly to the first two years of the experiment, significantly lower
yield occurred for the sowing date of 10 April (310.5 kg-100 m™) and that it
was increasing when the sowing date was postponed. When tarragon seeds
were sown on 25 April, the yield was 343.9 kg-100 m2 and when they were
sown on 10 May it rose to 424.5 kg-100 m™. Japczak (2007) also proved
a significant effect of a sowing date on the yield of savory grown for a bunch
harvest. In this case, the highest yield was obtained when seeds were sown
on 25 April. Whereas in the study concerning basil grown for a bunch har-
vest, it was found that the date of sowing had no significant effect on the
quantity of the marketable yield of the herb (Japczak 2007).

Independently of the dates of sowing, the mean yield obtained in the
first year of the study was 39.7% lower than the yield obtained in 2005
and 39.6% lower than the yield in 2006.

The sowing dates used in the experiment had no significant influence
on the biometrical characteristics of tarragon plants (Table 2). Only the leaf
blade was significantly wider (1.15 cm) when the date of sowing was the
earliest, but the difference was significant only versus 10 May. In Poland,
herbs are usually available as a dried product. In general, the value of
dried herbs is much lower than fresh one (Japczak, Grzeszczuk 2005). It is
so because essential oils occur on the leaf surface. Another reason is that
there are changes in the content of vitamins, mineral compounds, en-
zymes, colors and other biologically active compounds when herbs are dried.
One of the main factors which determine the quality of raw material is the
percentage leaf mass in the total herb mass (Japczak, Grzeszczur 2006).
SucHoRSKA-ORLOWSKA et al. (2006) found significantly higher amounts of mi-
croelements in spice herbs than in their shots. In this study, the contribu-
tion of leaf mass in the herb mass was on average 68.6%.
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Table 2
Biometrical characteristics of harvested tarragon plants grown
for a bunch harvest (mean for the years 2004-2006)
Participation
. Shots . Bunch mass| Leaf mass | of leaf mass
Sowing lenght Leaf length | Leaf width (10 shots) (10 shots) | in the herb
date (cm) (cm)
(cm) (g) (g) mass
(%)
101V 43.0 8.93 1.15 130.7 89.6 68.5
25 IV 45.9 7.93 0.93 122.6 84.0 68.5
10V 45.1 7.30 0.70 123.8 85.3 68.9
Mean 44.7 8.05 0.93 125.7 86.3 68.6
LSD «=0.05 n.s. n.s. 0.38 n.s. n.s. -

n.s. — non-significant differences

Macro- and microelements level in the yield of tarragon were similar
in all the years of the research (Table 3). The highest differences were
found in the iron content: in 2004 it was two-fold higher than in the next
year of the research. Moreover, in the same year the content of zinc was
87.2% higher and that of copper 76.9% higher than in 2005. The amounts
of microelements determined in the experiment were close to the data
given by SucHORSKA-ORLOWSKA et al. (2006).

Table 3

Content of dry matter, macro- and microelements in the yield of tarragon

Years Dry Content of macroelements Content of microelements
of the | matter (g-kg!dm.) (mg-kg™! d.m.)

study | (%) N P K | Mg | Ca | Na | Mn | Zn | Fe | Cu
2004 1490 | 23.0 | 44 | 370 | 14 9.0 0.3 | 22.0 | 745 | 212.8| 184
2005 1596 | 36.0 | 43 | 481 | 15 | 143 | 05 | 21.6 | 39.8 | 99.2 | 104
Mean 1543 | 29.5 | 4.35 | 4255 | 1.45 | 11.65| 0.4 | 21.8 | 57.15| 156.0 | 14.4

In the tarragon yield, the content of essential oils was on average
0.59% and the content of L-ascorbic acid reached 10.08 mg-100 gl fm.
The scavenging effect of tarragon on DPPH-radical was 26.74% as an av-
erage of the three years (Table 4).
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Table 4

The content of essential oils, L-ascorbic acid and scavenging effect on the DPPH
radical in the yield of tarragon

Years of the study

Content of

essential oils

L-ascorbic acid

Scavenging effect
on DPPH radical

(%) (mg-100 g f.m.) (% DPPH)*
2004 0.56 9.60 17.30
2005 0.62 10.56 36.19
Mean 0.59 10.08 26.74

* 400 times dilution in 70% methanol

CONCLUSIONS

1. The sowing dates had a significant effect on the yield quantity of
tarragon. Significantly higher yield was obtained when seeds were sown on
10 May. The yield of tarragon significantly decreased along with accelerat-
ing of the sowing date up to 10 April.

2. There was no significant effect of a sowing date on the biometrical
characteristics of tarragon plants. Only the leaves were significantly wider
following the earliest sowing date.

3. Tarragon herb is characterized by a high content of mineral com-
pounds. Their level was similar in all the years of the study, except iron,
zinc and copper. The amounts of these compounds were higher in the first
year of the analyses.

4. The content of essential oils in tarragon herb was on average 0.59%,
that of L-ascorbic acid was 10.08 mg 100 g'! fm. and the average scaveng-
ing effect on DPPH-radical was 26.74%.
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Abstract

The effect of nitrogen fertilization on microelements (iron, manganese, copper and zinc)
content in the yield of onion (Allium cepa L. var. cepa Helm.), top onion (Allium cepa var.
proliferum Targioni-Tozzetti) and shallot onion (Allium cepa L. var. ascalonicum) was examined
in a three-year field experiment conducted at the Vegetable Experimental Station in Dotuje.
Urea, ammonium nitrate and calcium nitrate were applied in two different nitrogen doses: 100
kg N-ha'l and 200 kg N-ha'l. The bulbs were planted in field at the beginning of April. The
planting density was 30 x 5 cm (onion) and 30 x 10 cm (top onion and shallot onion). During
the growing season, the soil tillage and plant cultivation treatments were conducted according
to standard methods. Onion and shallot onion were harvested during the last days of July or
the first days of August, after 75% of the plants had bent leaves. Top onion was harvested at
the end of September. The content of microelements in dry matter of the analyzed plants was
determined by atomic absorption spectrometry, after wet mineralization of the samples in a mi-
xture of concentrated nitric and perchloric acids mixed in a 3:1 ratio.

The applied nitrogen fertilization significantly affected microelements in all the tested
onions. The content of iron and manganese in onion bulbs increased with the increasing
nitrogen doses, while that of copper and zinc decreased. The analysis of the results led to
a conclusion that a significant effect on the chemical composition of yield produced by onion,
top onion and shallot onion was produced by the applied nitrogen dose but not its form.
The content of microelements and extent of the changes caused by the nitrogen fertiliza-
tion depended on the tested type of onion.

Key words: nitrogen fertilization, microelements content, onion, top onion, shallot.
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WPLYW NAWOZENIA AZOTEM NA ZAWARTOSC MIKROELEMENTOW
W WYBRANYCH ODMIANACH BOTANICZNYCH CEBULI

Abstrakt

W trzyletnim doswiadczeniu polowym przeprowadzonym w Warzywniczej Stacji Doswiad-
czalnej w Dotujach badano wplyw nawozenia azotem na zawarto$¢ mikroelementéw (zelaza,
manganu, miedzi i cynku) w plonie cebuli zwyczajnej (Allium cepa L. var. cepa Helm.), cebuli
pietrowej (Allium cepa var. proliferum Targioni-Tozzetti) i szalotki (Allium cepa L. var. Ascaloni-
cum). Zastosowano nastepujace nawozy: mocznik, saletre amonowa
i saletre wapniowa w zréznicowanych dawkach nawozenia azotem — 100 i 200 kg N-ha'l.
Cebulki wysadzano do gleby na poczatku kwietnia w rozstawie 30 x 5 c¢cm (cebula zwyczaj-
na) i 30 x 10 cm (cebula pietrowa i szalotka). W okresie wegetacji roslin wykonywano
standardowe zabiegi pielegnacyjne i agrotechniczne. Cebule zwyczajng i szalotke zbierano
w ostatnich dniach lipca lub pierwszych dniach sierpnia, kiedy ok. 75% roslin miato zata-
many szczypior. Cebule pietrowa zbierano w koncu wrzesnia. Zawarto$¢ mikroelementow
w suchej masie badanych ro§lin oznaczano metoda absorpcyjnej spektrometrii atomowej,
po weczesniejszym zmineralizowaniu probek w mieszaninie stezonych kwasow azotowego(V)
i chlorowego(VII) zmieszanych w stosunku 3:1.

Nawozenie azotem spowodowalo istotne zmiany zawarto$ci mikroelementéw w plonie
wszystkich badanych odmian. Pod wplywem wzrastajacych dawek azotu nastapilo zwiek-
szenie zawartoSci zelaza i manganu oraz zmniejszenie koncentracji miedzi i cynku.

Analiza statystyczna wynikow wykazala, ze czynnikiem istotnie odpowiedzialnym za
zmiany w sktadzie chemicznym cebuli zwyczajnej, cebuli pietrowej i szalotki byla zastoso-
wana w nawozeniu dawka azotu, a nie rodzaj uzytego nawozu. Zawarto§¢ oznaczanych
mikroelementow oraz zakres zmian spowodowanych nawozeniem zalezaly od badanej od-
miany botanicznej cebuli.

Stowa kluczowe: nawozenie azotem, mikroelementy, cebula zwyczajna, cebula pietrowa,
szalotka.

INTRODUCTION

Owing to their nutritional, medicinal and taste values, bulbous vegeta-
bles are among the most popular vegetables in Poland. Although mainly
used as seasoning vegetables, bulbs make an important contribution to man’s
diet, having many vitamins, flavonoids, macro- and microelements. There is
a direct relationship between microelement nourishment of plants and health
of plant consumers (Ruszkowska, WoJCIESKA-WYSKUPAJTYS 1996).

Microelements, being components or activators of numerous enzymes,
play a catalytic role in many life processes and are necessary for correct
growth of humans, animals and plants. Such elements as iron, manganese,
zinc or copper participate in photosynthesis, decarboxylation, processes of
nitrogen fixation, metabolism of carbohydrates and proteins.

Among all the factors which intensify plant production, nitrogen fertili-
zation is the most effective method. However, during intensive fertilization
amounts of macro- and microelements taken up by plants may differ signifi-
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cantly. Changes in the composition of microelements in a plant can accel-
erate or inhibit certain physiological processes. As a consequence, the
plant’s is disturbed, leading to depressed yield or its reduced nutritional
value.

The aim of the present study was to determine the effect of several
forms and doses of nitrogen fertilizers applied in field cropping of onion
(Allium cepa L. var. cepa Helm.), top onion (Allium cepa var. proliferum
Targioni-Tozzetti) and shallot onion (Allium cepa L. var. Ascalonicum) on the
content of some microelements like iron, manganese, copper and zinc ab-
sorbed by the plants.

MATERIAL AND METHODS

An experiment on three types of onion: onion, top onion and shallot
onion, was carried out at the Vegetable Experimental Station in Doluje in
2000-2003. The onions were cultivated on post-marshy soil (classified as
typical black earth, of soil quality class IIIb) of pHy 6.6-7.2. The experi-
ment was set up in a randomized block design in four replications on 2.7 m?
(1.8 x 1.5 m) plots, and included the following factors:

18t factor — forms of nitrogen fertilizer (urea, ammonium nitrate and
calcium nitrate);

2nd factor — nitrogen dose (100 and 200 kg N-hal).

Each year before planting onion bulbs, the soil in all the experimental
plots was fertilized with an identical dose of phosphorus (80 kg P-ha'l) and
potassium (200 kg K-hal). Then, single applications of nitrogen, in different
forms and rates, were applied. Onion bulbs were planted in early April at
30x 5 cm (onion) and 30 x 10 cm (top onion and shallot) spacing. During the
vegetative growth, the soil tillage and plant cultivation were conducted ac-
cording to the specific recommendations for each variety. The plants were
harvested when ca 75% of the plants’ leaves began to wilt. The harvest date
thus determined took place in late July or early August, depending on the
weather conditions. Top onion was picked up in the last days of September.

From the marketable yield, about 2 kg of fresh onion bulbs was sam-
pled randomly. After removing the shells, the bulbs were cut, dried at
60°C and ground to obtain uniform, representative material for chemical
determinations. Total content of microelements in dry matter was deter-
mined by atomic absorption spectrometry following wet mineralization of
the samples in a 3:1 mixture of concentrated nitric and perchloric acids.

The results were analysed statistically by means of two-factor vari-
ance analysis in a system of randomized blocks with one test field. Signif-
icance of differences between means was estimated by Tukey’s test at
significance level a=0.05.
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RESULTS AND DISCUSSION

Nitrogen fertilization affected significantly the content of microele-
ments in yields of bulb onion, top onion and shallot. Increased rates of
nitrogen resulted in higher amounts of iron and manganese but depressed
quantities of copper and zinc (Table 1). Increased content of iron and
manganese in nitrogen-fertilized onion has been observed by CooLoNG et
al. (2004). According to these authors, nitrogen fertilization also induced
higher zinc content in onion while leaving the copper content unaffected.
However, other studies on nitrogen fertilization of other crops (Czupa
1986, Sawicka 1996) prove that high dosage of nitrogen decreases the
concentration of copper and zinc in the plants they examined.

The authors’ own studies demonstrate that the three types of onion
responded differently to the applied nitrogen fertilization. An average con-
tent of iron in onion, top onion and shallot was similar (41.86, 39.24 and
43.70 mg-kgl d.m., respectively). The fertilization treatments increased sim-
ilarly the content of iron in onion and shallot. Bulbs of these onion species
collected from the fertilized fields contained on average more iron than bulbs
from the test field (by 11.6 and 10.9%, respectively). Regarding top onion,
nitrogen fertilization increased the iron concentration by 14.5% on average.

The highest content of manganese was found in shallot (on average
10.36 mg-kg! d.m.), and the lowest one - in top onion (on average
7.50 mg-kgl d.m). Nitrogen fertilization raised the manganese content on
average by 16.6% in onion, by 19.8% in top onion and 20.4% in shallot (as
compared to the test field).

Statistical analysis of the results proved that the content of iron and
manganese in dry matter of onion, top onion and shallot significantly in-
creased following the application of higher nitrogen doses, being independ-
ent from the form of the applied fertilizer. The nitrogen dose of 200 kg
N-ha'! helped to increase the iron content (compared to the test field) by
13.8% in onion, by 20.3% in top onion and by 15.6% in shallot. The same
nitrogen dose raised the manganese level by 24% in onion and by 27% in
top onion and shallot.

Likewise, copper and zinc in onion, top onion and shallot were affected
by the nitrogen dose and not its form. The content of copper and zinc in dry
matter of the tested plants diminished significantly due to the increased ni-
trogen doses, whereas the form of nitrogen fertilizer had no particular effect.

The average amounts of copper in onion, top onion and shallot were
similar: 6.02, 6.45 and 5.14 mg-kg! d.m., respectively. The biggest modifica-
tion in the content of this element caused by the nitrogen fertilization
occurred in top onion, and the smallest one — in shallot. The higher ferti-
lization rate of 200 kg N-hal decreased (compared to the test field) the
copper content in top onion by 29.1% and in shallot by 16.6%.
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The three types of onion plants were highly diverse in zinc concentra-
tion. The highest content of this element was found in top onion (on aver-
age 50.40 mg-kg! d.m.), followed by shallot (on average 35.07 mg-kg! d.m.),
and onion (on average 26.06 mg-kgl d.m.). In the analysed onions, nitro-
gen fertilization caused similar reduction (compared to the test field) in
the zinc content (by, on average, 16.1% in onion, 17.3% in shallot and 18.75
in top onion). The zinc content in dry matter of bulbs from the fields ferti-
lized with 200 kg N-hal was 21-23% lower (depending on the type of
onion) compared to the zinc content found in dry mass of bulbs from the
test field.

The three types of onion plants responded differently to nitrogen fer-
tilization, which confirms earlier observations by LaNcasTER et al. (2001),
ABBEY et al. (2002), Arivama et al. (2006). The largest variations in the
content of microelements caused by the applied fertilization occurred in
top onion; however, the levels of microelements were either similar or
lower than those observed in the two other types of onion.

It should be noted that the changes in the accumulation of microele-
ments due to the nitrogen fertilization in onion, top onion and shallot did
not deteriorate their biological value, since the determined concentrations
of the microelements were within the threshold limits set for foodstuffs
(Regulation of the Minister for Health of 13 January 2003, published in the
Journal of Law no 37, of 4 March 2003).

CONCLUSIONS

1. Increasing nitrogen fertilization raised the content of iron and man-
ganese and decreased the amount of copper and zinc in bulbs of all studied
onions.

2. Content of microelements in onion, top onion and shallot significantly
depended on the applied nitrogen dosage but was independent from the fer-
tilizer form whereas (urea, ammonium nitrate and calcium nitrate).

3. The types of onion plants differed in the modifications of the content
of microelements content caused by nitrogen fertilization.

REFERENCES

ABBEY L., Jovce D.C., AKED J., SMitH B. 2002. Genotype, sulphur nutrition and soil type effects
on growth and dry-matter production of spring onion. J. Hort. Sci. Biotech., 77(3):
340-345.

Arivama K., Nisuma T., Nopa T., Kaporura M., Yasul A. 2006. Effects of fertilization, crop year,
variety, and provenance factors on mineral concentrations in onions. J. Agr. Food
Chem., 54(9): 3341-3350.



233

CooronGg T.W., KopseLL D.A., KopseLL D.E., RanpLE W.M. 2004. Nitrogen and sulfur influence
nutrient usage and accumulation in onion. J. Plant Nutr., 27(9): 1667-1686.
Czusa R. 1986. Zmiany zawartosci sktadnikéw w roslinach uprawnych na terenie kraju w zalezno-

$ci od nawozenia. Mat. Symp. Wplyw nawozenia na jakosé plonéw. Olsztyn, 24-25 czerwca
1986, 1: 34-42.

Lancaster J. E., Farrant J., SHAW M. L. 2001. Sulfur nutrition affects cellular sulfur, dry
weigh distribution, and bulb quality in onion. J. Amer. Soc. Hort. Sci., 126: 164-168.

Regulation of the Minister of Health dated 13 January 2003, published in the Journal
of Law no 37, of 4 March 2003).

Ruszrowska M., Wouscieska-WyskupaiTys U. 1996. Mikroelementy — fizjologiczne i ekologiczne
aspekty ich niedoboréw i nadmiaréw. Zesz. Probl. Post. Nauk Rol., 434: 1-11.

Sawicka B. 1996. Wplyw niektorych czynnikéw agrotechnicznych na zawartosé cynku i mie-
dzi w bulwach Hellanthus tuberosus L. Zesz. Probl. Post. Nauk Rol., 434: 231-235.






J. Elementol. 2008, 13(2): 235—244

EFFECT OF DRIP IRRIGATION

AND CULTIVATION METHODS

ON THE YIELD AND QUALITY
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Abstract

In the years 2005-2007, research work on the influence of surface and subsurface
drip irrigation on the yield and quality of roots of parsley grown on ridges and on flat
ground was carried out. Irrigation water was supplied via drip lines, which in subsurface
irrigation were placed at a depth of 50 mm below the surface of the ridges, along the
centreline between two rows of plants. In the case of surface irrigation, the drip lines
were placed on the surface of the ridges between two rows of plants. Irrigation started
when soil water potential was between -30 and -40 kPa. Nitrogen fertilizers (100 kg-ha™)
were applied in two doses. The first dose was applied pre-plant, while the second one was
delivered by fertigation. In the control treatment without irrigation, the second dose of
nitrogen was applied by broadcasting. Both surface and subsurface irrigation used in the
cultivation on ridges and on flat ground had a significant effect on the marketable yield
of parsley roots. However, no significant differences in the yield between surface and sub-
surface drip irrigation were found. The yield of non-marketable parsley roots in flat culti-
vation was twice as high as that in ridge cultivation. Parsley plants cultivated on ridges
produced significantly longer, better-shaped storage roots compared to those cultivated on
flat ground. Surface and subsurface drip irrigation significantly decreased the total N and
K content in parsley roots.

Key words: root parsley, cultivation method, drip irrigation, fertigation.
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WPLYW NAWADNIANIA KROPLOWEGO I METODY UPRAWY NA PLON
I JAKOSC KORZENI PIETRUSZKI

Abstrakt

W latach 2005-2007 badano wptyw nawadniania kroplowego powierzchniowego i podpo-
wierzchniowego na plonowanie korzeni pietruszki uprawianej na plaskim gruncie i na redli-
nach. Nawadnianie prowadzono z uzyciem przewodow nawadniajacych, z wewnetrznie wtopiony-
mi co 35 cm emiterami z kompensacjg ci$nienia, ktore przy nawadnianiu podpowierzchniowym
umieszczono na gltebokosci 50 mm, posrodku dwoéch rzedow roslin. Nawadnianie rozpoczynano,
gdy potencjat wodny gleby wynosit od -30 kPa do -40 kPa. Nawozy azotowe (100 kg N-ha'l)
wprowadzano w dwéch dawkach: pierwsza zastosowano przedwegetacyjnie, drugg podano przez
fertygacje. W kontroli druga dawke wniesiono w nawozeniu posypowym. Nawadnianie kroplowe
powierzchniowe i podpowierzchniowe zastosowane zaréwno na redlinach, jak i na ptaskim grun-
cie powodowato istotny wzrost plonu handlowego korzeni pietruszki. Natomiast nie stwierdzono
roznic w plonie pietruszki po zastosowaniu powierzchniowego i podpowierzchniowego sposobu
nawadniania kroplowego. W uprawie pietruszki na redlinach udziat korzeni nieksztattnych w plo-
nie byt 0 100% mniejszy w poréwnaniu z uprawg na plaskim gruncie. Pietruszka uprawiana na
redlinach wytwarzata dtuzsze korzenie spichrzowe, o lepszym ksztalcie w poréwnaniu z uprawa
na ptaskim gruncie. Nawadnianie powierzchniowe i wgtebne powodowalo istotny spadek zawar-
tosci azotu ogolnego i potasu w korzeniach pietruszki.

Stowa kluczowe: pietruszka korzeniowa, metody uprawy, nawadnianie kroplowe, fertygac-
ja.

INTRODUCTION

Root parsley (Petroselinum hortense ssp. microcarpum Hoffm.) is one
of the basic spice vegetables in Poland. The total area under its cultiva-
tion is around 7 000 ha, which is around 3% of the total land area under
vegetable crops. Yields of root parsley are relatively low and on average
amount to 15 t-ha'l. The reasons for the low yields include poor germina-
tion rate caused by unfavourable weather patterns, particularly the dis-
tribution of precipitation (infrequent rainfall during germination and field
emergence) and lack of irrigation. Root parsley, like other small-seed root
vegetables cultivated by direct sowing, requires the soil to have the opti-
mal moisture content during germination and emergence. Lack or excess
of precipitation at that time causes the top layer of the soil to dry up or
become waterlogged, the soil surface becomes encrusted and more com-
pact, which reduces the rate of germination or even, in extreme cases,
halts it altogether (Brazewicz-WozZniak 1997). Dry weather or excess wa-
ter at the time when the storage root is forming and growing (July, Au-
gust) are also responsible for poor yields. The shape and size of parsley
roots change considerably in response to the way parsley plants are culti-
vated (RumpPEL, Kaniszewski 1994). Cultivation on ridges or ploughing pri-
or to sowing have a favourable effect on the yield and shape of parsley
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roots (Brazewicz-Wozniak 1998, 2003). When the moisture content in the
soil is not right while the main root mass is growing, the number of
forked and deformed roots increases. According to Kaniszewski (2006), it
is necessary to start irrigating parsley plants when soil moisture falls to
60 — 65% FWC.

The aim of the experiment was to compare the effects of surface and
subsurface drip irrigation on the yield of root parsley plants grown on ridg-
es and on flat ground.

MATERIALS AND METHODS

The work was carried out in the years 2005-2007, in an experimental
field of the Institute of Vegetable Crops in Skierniewice, on a podsolic soil
containing 15-17% of leachable components in the Ap layer (0-25 c¢cm) and
1.15% of organic matter, with a pH of 6.8 in HyO. The experiment was set
up in a two-factorial design (cultivation method, irrigation system) in 4 rep-
lications. The size of each experimental plot was 10.8 m?2 (2.7 x 4 m).

Experimental treatments:

1) cultivation on ridges — subsurface drip irrigation,

2) cultivation on ridges — surface drip irrigation,

3) cultivation on ridges — no irrigation,

4) cultivation on flat ground — subsurface drip irrigation,
5) cultivation on flat ground — surface drip irrigation,
6) cultivation on flat ground — no irrigation,

Irrigation was set up with drip lines, which in subsurface irrigation
were placed 50 mm below the surface of the ridge, along the centreline
between two rows of plants. In surface irrigation, the drip lines were
placed on the surface of the ridge between two rows of plants. The dis-
tance between the centrelines of the ridges was 67.5 cm. Seeds were
sown on the ridges at arate of 50 per 1 running meter, in 2 rows 10 cm
apart. The same procedure was applied on flat ground. The irrigation
system was equipped with a Dosatron proportional fertilizer feeder. Irri-
gation times were determined by means of a Watermark moisture meter
made by Irrometer. Irrigation began when soil water potential was be-
tween -30 and -40 kPa. Potassium fertilizers (200 kg-ha! K,0) were ap-
plied pre-plant on a one-off basis. Nitrogen fertilizers (100 kg N-ha'l)
were delivered in two doses. The first dose of 50 kg-hal was applied pre-
plant, while the other half was applied in the form of a solution via the
fertigation system. In the control combinations, without irrigation, the
second dose of nitrogen was delivered by broadcasting. Fertigation with
nitrogen finished at the end of August. Broadcasting of the second dose
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of nitrogen was carried out in the second half of July. In the successive
years of the experiment seeds of cv. Berliner parsley were sown on 16, 9
and 22 May, with harvest taking place on 18, 12 and 17 October, respec-
tively. The basic information on soil moisture and watering rates is pre-
sented in Tables 1 and 2. Samples of roots for analyses were taken at
harvest time. Concentrations of mineral elements (P, K, Mg, Ca) in pars-
ley roots were determined by emission spectrometry using an ICP plasma
spectrometer. Total nitrogen was determined by Kjeldhal’'s method. The
results were evaluated statistically with an analysis of variance. Mean
values were compared with Newman-Keuls test at P=0.05.

Table 1

Monthly sum of rainfall in the vegetation period of parsley in Skierniewice

Rainfall (mm)
Years
Apr May June July Aug Sept Oct | Apr-Oct

Long-period 40 48 60 92 79 43 35 397
averages

2005 22.3 719 35.4 96.0 38.3 16.5 3.4 283.8
2006 45.9 44.0 35.5 16.7 141.4 22.9 18.8 325.2
2007 28.2 65.1 81.2 63.8 52.5 46.7 18.0 355.5
Mean of 3 years 32.1 60.3 50.7 58.8 774 28.7 13.4 320.5

Table 2

Seasonal irrigation rates applied for parsley (mm)

Years
Specification
2005 2006 2007
Surface trickle irrigation 242 118 125
Subsurface trickle irrigation 218 106 112

RESULTS AND DISCUSSION

The experimental results seem to indicate that the use of surface and
subsurface drip irrigation in the cultivation of root parsley on ridges and on
flat ground has a beneficial effect on the yield of parsley plants (Table 3).
The average marketable yield of parsley storage roots in the cultivation on
ridges was 15.47 t-hal for the three years of the experiment, and was
significantly higher in comparison with the cultivation on flat ground, for
which the average marketable yield was 11.96 t-hal. However, the differ-
ence in the total yield of parsley roots between the two cultivation methods
was not significant. This was caused by yield of non-marketable roots
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Table 3
Influence of cultivation methods and drip irrigation on root yield of parsley (2005-2007)
Cultivation Yield of parsley roots (t-ha’)
hod: Irrigation treatments
methods marketable |non marketable total
subsurface 17.77 5.50 23.27
surface 19.47 4.77 24.23
Ridges
without irrigation 9.17 3.43 12.60
mean 15.47 4.57 20.03
subsurface 12.23 10.13 22.37
surface 15.73 10.33 26.07
Flat ground
without irrigation 7.90 7.40 15.30
mean 11.96 9.29 21.24
Mean for irrigation treatments
surface 15.00 7.90 22.90
subsurface 17.60 7.60 25.20
without irrigation 8.60 5.50 14.00
LSD,_g g5 for:
cultivation methods (A) 3.22 3.26 n.i.
irrigation (B) 4.91 n.i. 5.76
interaction A (B) n.i. n.i. n.i.
B(A) n.i. n.i. n.i.

(deformed, forked and small roots) in the cultivation on ridges being signif-
icantly lower than in flat cultivation. In the cultivation on flat ground there
were twice as many misshapen roots as in the ridge cultivation. In both
plant cultivation methods, surface and subsurface drip irrigation contribut-
ed to a significant increase in marketable and total yields of parsley roots
in comparison with the non-irrigated treatment. No significant differences
in yield were found between the surface-irrigated and the subsurface-irri-
gated parsley plants. In both flat and ridge cultivation there was a noticea-
ble tendency towards achieving higher yields with surface drip irrigation
than with subsurface irrigation. Drip irrigation did not have any effect on
the size of non-marketable yield. Dysko and Kaniszewski (2007) found simi-
lar effects of the cultivation and irrigation methods on the yield of carrot
plants. According to Brazewicz-Wozniak (1998), the total yield of parsley
roots depends largely on the weather pattern during the vegetative period,
especially on the moisture content of the soil. Compared to the cultivation
on flat ground, parsley roots in the cultivation on ridges were found to be
significantly longer. The average length of a parsley root was 21.38 cm in
ridge cultivation and 17.26 cm in flat cultivation (Table 4).

Drip-irrigated parsley plants cultivated on ridges produced more slen-
der roots than those cultivated without irrigation. There was a negative
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Table 4

Influence of cultivation methods and drip irrigation on the length
and dry matter content of parsley roots (2005—2007)

Length of roots Dry matter
Cultivation methods | Irrigation treatments content of roots
(cm)
(%)
subsurface 21.37 27.99
surface 21.60 27.70
Ridges
without irrigation 21.17 26.99
mean 21.38 217.56
subsurface 17.00 26.26
surface 17.40 26.28
Flat ground
without irrigation 17.37 27.31
mean 17.26 26.62
LSD,_g g5 for:
cultivation methods (A) 2.24 n.i.
irrigation (B) n.i. n.i.
interaction A(B) n.i n.i.
B(A) n.i. n.i.

correlation between root diameter and root length. As the length in-
creased, there was a significant, linear decrease in the diameter of the
roots of the plants that were irrigated and growing on ridges (Figure 1).
On flat ground, however, irrigation contributed to a significant increase
in the thickness of roots, which grew longer (Figure 2). In the cultivation
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Fig. 1. Influence of drip irrigation of parsley cultivated on ridges on the root shape
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Fig. 2. Influence of drip irrigation of parsley cultivated on flat ground on the root shape

without irrigation, both on ridges (Figure 1) and on flat ground (Figure 2),
as the length increased, the root diameter also increased significantly. This
relationship was significant at ¢ = 0.01 for ridge cultivation, and at P = 0.05
for flat cultivation, and was rectilinear in character. In the estimation of
Brazewicz-WozNiak (1998), the shape and length of parsley roots are greatly
influenced by a soil tillage method prior to sowing, which changes soil den-
sity, porosity and compactness. Properly prepared ridges are able to main-
tain the same soil compactness across the entire profile, thus providing
root vegetables with the right conditions to grow in (BaBik, Dupek 2000). In
experiments on carrot, it was found that carrot plants cultivated on ridges
produced considerably longer roots than those cultivated traditionally on
flat ground (Dv$ko, Kaniszewski 2007). The cultivation methods and the
drip irrigation systems used in the experiment did not have a significant
effect on dry matter content in parsley roots (Table 4). EvErs et al. (1997)
found higher levels of dry matter in carrots cultivated on ridges compared
to those grown on flat ground. In the experiment by RoLBiECKI and
RzexkaNowsKl (1996), neither sprinkling nor drip irrigation reduced dry mat-
ter content in carrot roots. Different results, however, were obtained by
Dvsko and Kaniszewski (2007). Their experiment showed that dry matter
content in carrot roots decreased significantly as a result of drip irrigation.

The plant cultivation methods used in this experiment did not have
a significant effect on the concentration of minerals in parsley roots (Ta-
ble 5). Drip irrigation, both surface and subsurface, brought about a de-
crease in the total nitrogen and potassium content, but did not affect the
concentrations of phosphorus, magnesium or calcium in the roots. In the
cultivation of carrot plants, drip irrigation was also found to reduce total
nitrogen content in their storage roots (Dys$ko, KaNiszewski 2007).
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Table 5

Influence of cultivation methods and irrigation on the content of macronutrients
in parsley roots (2005-2007)

Cultivation Irrigation Macronutrients (g-kg™! d.m.)
methods treatments N P K Mg Ca
subsurface 12.8 2.74 26.09 2.42 2.95
surface 13.6 2.78 24.39 2.64 2.98
Ridges
without irrigation 17.1 3.18 32.38 2.63 3.26
mean 14.5 2.90 27.62 2.56 3.07
subsurface 13.6 2.97 24.93 2.43 2.86
surface 13.2 3.03 25.81 2.49 3.17
Flat ground
without irrigation 16.4 2.99 29.79 2.55 3.25
mean 14.4 2.99 26.85 2.49 3.09
Mean for irrigation treatments
subsurface 13.2 2.90 25.60 3.90 2.90
surface 13.4 2.90 25.10 2.60 3.10
without irrigation 16.8 3.10 31.10 2.60 3.30
LSD, g for:
cultivation methods (A) n.i. n.i. n.i. n.i. n.i.
irrigation (B) 2.4 n.i. 3.7 n.i. n.i.
interaction A(B) n.i. n.i. n.i. n.i. n.i.
B(A) n.i. n.i. n.i. n.i. n.i.
CONCLUSIONS

1. Surface and subsurface drip irrigation used both on ridges and on
flat ground caused a significant increase in the marketable yield of pars-
ley roots.

2. In the cultivation of root parsley on ridges, the percentage of mis-
shapen roots in the whole crop was half of that obtained in the cultivation
on flat ground.

3. The method of laying irrigation drip lines (surface or subsurface) did
not have a significant effect on the yield of parsley plants.

4. Longer roots of a better shape were obtained in the cultivation of
parsley on ridges than on flat ground.

5. Surface and subsurface irrigation both resulted in a decrease in the
total nitrogen content and potassium content in parsley roots.
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EFFECT OF NUTRIENT SOLUTION pH
REGULATED WITH HYDROCHLORIC
ACID ON THE CONCENTRATION
OF CI' IONS IN THE ROOT ZONE
IN SOILLESS CULTURE OF TOMATO
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Stanislaw Kaniszewski

Research Institute of Vegetable Crops
Skierniewice, Poland

Abstract

The experiment was carried out in a greenhouse in the years 2004-2006. Tomato
plants of cv. Blitz F; were fertilized with a nutrient solution of different pH: 4.5, 5.0, 5.5,
6.0 and 6.5. The required nutrient solution pH was obtained by adding adequate amounts
of 65% HNOg4 and 33% HCI. Nitric acid was used to adjust the nutrient solution’s acidity to
pH 6.5. Lower pH levels were obtained adding hydrochloric acid. The amount of the acid
needed to adjust the nutrient solution pH to a required level was determined against a wa-
ter acidification curve. Tomato plants were grown on organic media (peat and rye straw)
and an inert medium (rockwool). Changes in the Cl" concentration in the root zone during
the cultivation period depended on the kind of substrate and the concentration of chlorides
in the applied nutrient solution. In the straw substrate, irrespective of the applied nutrient
solution pH, higher concentrations of Cl" occurred in the early stages of cultivation. The
concentration of chlorides in peat and rockwool increased during the tomato cultivation
period at all of the applied pH levels of the nutrient solution. More chloride ions accumula-
ted in the growth substrates when the nutrient solution has lower pH. Higher Cl- concen-
tration was a result of larger doses of hydrochloric acid. However, when pH is regulated
with hydrochloric acid, the permissible chloride concentration levels in the applied nutrient
solution and in the root zone of tomato plants are not exceeded. As the concentration of
chlorides in the nutrient solution increases, so does the Cl- content in leaves of tomato
plants.

Key words: chloride, pH, hydrochloric acid, straw, peat, rockwool.
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WPLYW pH P(’)Z’YWKI’REGULOWANEGO KWASEM CHLOROWODOROWYM
NA ZAWARTOSC JONOW CI' W STREFIE KORZENIOWEJ W BEZGLEBOWEJ
UPRAWIE POMIDORA

Abstrakt

Badania prowadzono w latach 2004-2006 w warunkach szklarniowych. Pomidory odmiany
Blitz F; nawozono pozywka o zréznicowanym odczynie (pH): 4,5, 5,0, 5,5, 6,0, 6,5. Wymagany
odczyn pozywki stosujac dodatek 65% HNOg oraz 33% HCI. Ilos¢ kwasu potrzebnego do dopro-
wadzenia pozywki do wymaganego odczynu ustalono na podstawie krzywej zakwaszenia wody,
do pH 6,5 za pomoca kwasu azotowego, a dalsze zakwaszenie za pomocg kwasu chlorowodoro-
wego. Pomidory uprawiano w podtozach organicznych (torf, stoma) oraz inertnym (wetna mine-
ralna). Przebieg zmian stezenia Cl" w strefie korzeniowej w czasie uprawy pomidora zalezal od
rodzaju podioza oraz zawartosci chlorkéw w dozowanych pozywkach. W podtozu ze stomy, nieza-
leznie od pH stosowanej pozywki, wigksze zawartosci Cl” oznaczano w poczatkowym okresie
uprawy pomidora. Zawarto$¢ chlorkow w torfie i welnie mineralnej w przypadku wszystkich
badanych pozioméw pH wzrastala w trakcie uprawy. Wieksza akumulacje jonéw Cl- w badanych
podlozach stwierdzono po zastosowaniu pozywek o nizszych poziomach pH, w ktorych zawartosé
chlorkéw wynikajaca z wiekszej dawki kwasu solnego, byta wyzsza. Regulacja odczynu kwasem
chlorowodorowym nie powodowata przekroczenia dopuszczalnych stezen Cl- w pozywce oraz stre-
fie korzeniowej pomidora. Wraz ze wzrostem koncentracji chlorkéw w pozywce wzrastata za-
warto§¢ Cl” w liSciach pomidora.

Stowa kluczowe: chlorki, pH, kwas chlorowodorowy, stoma, torf, welna mineralna.

INTRODUCTION

Chlorine plays an important role in many physiological processes in
plants (e.g. it affects photosynthesis and water balance) and, although it is
considered to be a microelement, the average concentration of chlorine in
plants is 2-20 mg-g! of dry weight, which is a concentration typical of
macroelements (MARSCHNER 1995). For the optimal growth of most plant
species, however, the demand for chlorine delivered in fertilizers is only
0.2-0.4 mg-g ! d.w. (MarscHNER 1995). Plants take up chlorine from a varie-
ty of sources: fertilizers, atmospheric precipitation, irrigation waters or
polluted air. Consequently, toxic amounts of this element are more wide-
spread than its deficiency. Optimum concentrations of chlorine in hydro-
ponic nutrient solutions have not yet been established precisely. Until re-
cently, the recommended concentration of Cl” ions in nutrient solutions for
growing tomatoes in rockwool was 35 ppm in the applied solution and 70
ppm in the root zone. The latest reports suggest that proper fertilization
of tomato plants requires chlorine concentrations of 50 ppm in the nutrient
solution delivered to the plants and 100 ppm in their root zone, even though
the tolerance limit for chlorides in tomato is much higher (Jarosz 2006).
According to NurzyNski and MicHAL0J¢ (1998), the maximum concentration
of CI" ions in the root zone that will not affect the growth and yielding of
tomato plants can be as high as 1300 mg-dm™. To obtain the required pH
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level of a nutrient solution, nitric and phosphoric acids as well as modifi-
cations in the concentration of NH,* ions are most often used (WILLUMSEN
1980). In adjusting the pH of a nutrient solution, nitric acid can be partly
replaced with hydrochloric acid (especially when there are some problems
reducing the amount of nitrogen in the solution), which is also a source of
Cl- for plants. Paraporouros and ParARaJASINHAM (1998), who compared
the use of nitric, phosphoric and hydrochloric acids in the NFT method of
growing tomatoes, obtained the best yield improvement after stabilizing
the nutrient solution pH by means of hydrochloric acid.

The aim of the experiment was to determine the effect of a nutrient
solution pH adjusted with hydrochloric acid on the chlorides concentration
in the root zone and in tomato plants grown in inert and organic media.

MATERIAL AND METHODS

The experimental work was conducted in 2004-2006, in a greenhouse of
the Institute of Vegetable Crops in Skierniewice. The experiment was car-
ried out on Blitz F; greenhouse variety of tomato grown on Grodan Master
rockwool mats measuring 100 x 20 x 7.5 cm, and on mats of the same size
made of shredded rye straw and peat substrate. The experiment was set up
in a two-factorial design, in an independent system with four replications.
On each experimental plot 6 plants were grown. The plants were planted in
their permanent place of cultivation at the beginning of April and grown in
an extended cycle until mid-October. Nutrient solution pH levels of 4.5, 5.0,
5.5, 6.0 and 6.5 were obtained by adding nitric and hydrochloric acids to
water. The amount of acid needed to fix the required pH level was calculat-
ed on the basis of a water acidification curve. Concentrated nitric acid (65%)
was used to adjust the pH of the nutrient solution to 6.5, whereas the
lower pH values were achieved with 33% hydrochloric acid. The water used
for irrigation had the following parameters: composition in mg-dm™ — HCO4
— 349, N-NOg — 0.25, N-NH, — 0.05, P — 0.05, K — 2.72, Ca — 101, Mg - 15.0,
Na - 10.5, C1 - 12.9, S-SO, — 33.5, Fe — 0.042, Mn — 0.022, Cu — 0.020, Zn —
1.680, B — 0.025; EC — 0.56 mS-cm}; pH — 7.2; total hardness — 17.6°dH. In
the nutrient solution of pH 6.5, the concentration of chlorides was a result
of their presence in the water used for irrigation and ranged from 12 to
25 mg-dm. The concentration of chlorides in the nutrient solution whose
pH was adjusted with HCI was 138 mg-dm™ at pH 4.5, 130 mg-dm™ at
pH 5.0, 114 mg-dm™ at pH 5.5, and 60 mg-dm™ at pH 6.0. The amounts
of nutrients were as follows (in mg-dm™): N — 200-260, P — 40, K — 220-380,
Mg — 60-80, Ca — 180-200, S-SO, — 80, Fe — 2.5, Mn — 0.8, B — 0.43, Zn — 0.33,
Cu - 0.1, Mo - 0.05.
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The chemical analyses for chloride concentration in the solutions tak-
en from the cultivation mats were carried out once a fortnight. For this
purpose, samples of the nutrient solution were taken from between two
plants in the centre of the mat after the second watering cycle. The chem-
ical analyses for chloride content in leaves of the tomato plants were
carried out 3 times over the cultivation period: during the flowering of
the third cluster, while picking fruits from the third cluster, and 2 weeks
before the end of the cultivation period. For these analyses, the fifth
fully-developed leaf, counting from the top of the plant, was taken as a
sample. pH was measured with an ORION pH meter; Cl- concentration in
the solution was determined with an ion analyser with a selective chlo-
ride electrode, and the chloride content in the plants was determined
using the HPLC method. The experimental results were evaluated statis-
tically with an analysis of variance. Mean values were compared with
Newman-Keuls test at P=0.05. Changes in the concentration of chlorides
in the cultivation mats and their dependence on pH were determined by
the methods of correlation and linear and parabolic regression (PIELAT,
Viscarpr 1988).

RESULTS AND DISCUSSION

The chemical analyses of the solutions taken from the cultivation mats
revealed that the changes in pH in the root zone depended on the pH level
of the nutrient solution being supplied, the growing medium and the plant
development stage. How the pH of the root zone was changing, depending
on the pH of the nutrient solution and the kind of substrate used, can be
seen in Figures 1-3. The cultivation of tomatoes on straw, using the nutri-
ent solution of low pH, i.e. pH 4.5, 5.0, and 5.5, caused the pH in the root
zone to fall significantly, whereas at the higher pH levels of 6.0 and 6.5, the
pH in the root zone was high and did not change much over the entire
period of cultivation. As for the peat mats, when the nutrient solution was
supplied at the higher pH values of 6.5, 6.0 and 5.5, there was a significant
increase in the pH value in the root zone during the cultivation period
(Figure 2). The nutrient solution pH levels of 4.5 and 5.0 did not produce
significant modifications in the pH level of the root growth environment. In
rockwool, the nutrient solution pH levels of 5.0, 5.5 and 6.0 significantly
lowered the root zone pH during cultivation. However, supplying the nutri-
ent solution at a pH close to neutral (pH 6.5) or acidic (pH 4.5) did not
cause a significant decrease in the pH of the root zone (Figure 3). The
organic growing media, in comparison with rockwool, did not respond so
much to the different pH levels of the nutrient solution because of their
high sorptive capacity and some buffering properties. According to DEtcH-
NIK and WiIaTER (2002), organic matter has a stabilizing effect on soil pH.
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Fig. 1. Changes of pH in the root zone of tomato grown on straw medium depending on pH
of the nutrient solution (* significant at P = 0.05, **significant at P = 0.01)
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of the nutrient solution (* significant at P = 0.05, **significant at P = 0.01)

Changes in the Cl° concentration in the root zone during the cultiva-
tion period depended on the kind of substrate and the concentration of
chlorides in the nutrient solution supplied to plants. In the substrate
made of straw, the highest Cl- concentrations were measured in the early
stages of cultivation (Figure 4). Even at pH 6.5 of the nutrient solution
not adjusted with hydrochloric acid, the CI- concentration was high (around
200 mg-dm™ Cl). With time, the concentration of chlorides in the straw
substrate decreased. For the first 12 weeks of the cultivation, the CI
concentration in the root zone stayed at a similar level when the nutrient
solution was supplied at pH 4.5, 5.0 and 5.5. Later, however, the Cl- con-
centration showed more variation, increasing at pH 4.5 and falling at pH
5.5. The changes over time in the concentration of chlorides in the root
zone in the straw substrate followed parabolic regression curves, which
were significant at all of the applied nutrient solution pH values. Higher
chloride concentration in the root zone in the initial stages of cultivation
was caused by the leaching of chlorides from the straw. Straw of cereal
crops is rich in chlorides, on average 0.90% in dry matter (HouBa, UITTEN-
BOGAARD 1994).

In the cultivation of tomatoes on peat and rockwool, lower concentra-
tions of chlorides in the root zone, in all the cases, were found during the
early stages of cultivation (Figures 5 and 6). With time, the concentration of
chlorides in these substrates increased. In the experiments by NURZYNSKI
and MicHaLoJ¢ (1998) with tomatoes growing on rockwool, the concentration of
chlorides during the vegetative period also increased, reaching 450 mg-dm™ at
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the peak of fruiting. More Cl” ions accumulated in the root zone when the
nutrient solution was supplied at the lower pH values, carrying higher con-
centrations of chlorides, which was due to the larger doses of hydrochloric
acid used for fixing pH. The concentration of chloride ions in the straw
substrate, after using the nutrient solution at pH 4.5, 5.0 and 5.5, fell sig-
nificantly in the course of cultivation, and the regression trend lines ob-
tained for these pH values were not significantly different from one another
(Figure 4). Therefore, the pH of the nutrient solution, in this range, was
not found to have an effect on the concentration of chloride ions in the root
zone. In contrast, with tomatoes grown on rockwool, supplying the nutrient
solution at pH 4.5 and 5.0 resulted in a significant increase in the Cl- con-
centration in the substrate (Figure 6). However, the resulting regression
lines for the changes in Cl- concentration with time, analogously to straw,
did not differ significantly from one other. In the peat substrate, the trend
lines for chloride concentration changes were not significantly different only
for pH 4.5 and 5.0 (Figure 5). Lowering the pH of the nutrient solution
from 5.5 to 4.5 does not require as much hydrochloric acid as, say, adjusting
from pH 6.5 to 5.5. This is a consequence of the non-linear (logarithmic)
nature of the relationship between the pH value and the concentration of
H* ions. The CI- concentration in all the substrates and at all the pH levels
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used did not exceed the value of 750 mg Cl-dm™ given by Apams and
BaiLev-ANcuisH (1988), and quoted by PapaporouLos and PARARAJASINHAM
(1998) and Nuxkava et al. (1991). In the experiments by Jarosz (2006), the
Cl" concentration in a nutrient solution used for growing tomatoes was
120 mg-dm™, whereas the average chloride concentration in the root zone
was at a level similar to our results, reaching 427 mg-dm™ in rockwool,
and 396 mg-dm™ in peat. This means that by using hydrochloric acid to
regulate the pH of a nutrient solution, the permissible chloride concentra-
tions in the solutions used to fertigate tomato plants are not exceeded.
The use of hydrochloric acid to adjust nutrient solution pH, and at the
same time the CI- concentration in the root zone, had a significant effect
on the chloride content in tomato leaves (Table 1). A significantly higher
Cl" content (10.0 g-kg'! d.w., on average) was found in the leaves of toma-
to plants fertilized at pH 4.5-5.5 of the nutrient solution. The average
chloride content in the leaves taken from the treatment where HCl was
not used (pH 6.5), was 5.53 g Cl"-kg! d.w. The growing media used in the
experiment did not have a significant effect on the chloride content in
leaves of tomato plants. NurzyNski and MicHaLoJ¢ (1998), and CHAPAGAIN
and WiEsMAN (2004), using KCl and MgCl, to fertilize tomato plants in
soilless culture, also found that as the chloride concentration in the sub-
strate increased, the chloride content in tomato plants also increased.

Table 1

The effect of nutrient solution pH on the content of chlorides in leaves
(g-kgld.m.) of tomato (2004—2006)

Growing medium

pH

peat straw rockwool X
4.5 10.8 11.2 8.80 10.3 a
5.0 10.4 10.3 7.77 9.45a
5.5 10.2 12.1 10.2 10.8 a
6.0 6.44 7.86 7.92 7410
6.5 3.92 5.87 6.79 5.53 ¢
x 8.34a 944 a 8.29 a -

Means with the same latter are not significant at P= 0.05.

CONCLUSIONS

1. Changes in CI concentration in the root zone during cultivation of
tomato depended on the kind of substrate and the concentration of chlorides
in the nutrient solution supplied to the plants.
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2. In the substrate made of straw, irrespective of the pH level of the
nutrient solution being used, higher Cl- concentrations were measured in
the initial stages of tomato cultivation.

3. The concentration of chlorides in peat and rockwool increased in
the course of tomato cultivation at all of the applied pH levels of the
nutrient solution.

4. Adjusting pH by means of hydrochloric acid did not result in ex-
ceeding the permissible CI° concentration levels in the nutrient solution
or the root zone of tomato plants.

5. As the chloride concentration in the nutrient solution increased, so
did the CI" content in leaves of tomato plants.
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THE EFFECTS OF NITROGEN
FERTILIZATION ON YIELDING
AND BIOLOGICAL VALUE OF CHINESE
CABBAGE GROWN FROM SEEDLINGS
FOR AUTUMN HARVEST

Jan Krezel, Eugeniusz Kolota
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Abstract

In a field experiment conducted in 1999-2001 the effect of nitrogen nutrition on yield and
biological value of cv. Optiko Chinese cabbage grown from transplants for autumn harvest was
evaluated. Nitrogen was supplied in a single pre-plant dose in the amounts of 50, 100, 150, 200
kg-ha'l or in a split application: 100+50 or 100+50+50 kg-ha'l, with top dressing conducted 2
and 4 weeks after planting.

The results of the study did not show any significant response of Chinese cabbage yield to
higher nitrogen rates. The level of nitrogen raised from 50 to 150 kg-hal was favourable for
vitamin C and total sugars content, while the application of 200 kg-hal had a negative effect
on accumulation of these constituents. Split application of 150 and 200 kg N-ha-l resulted in
decreased vitamin C and dry matter contents in comparison to single pre-plant doses of nitro-
gen used in the same amounts. Plant heavily supplied with nitrogen contained the highest
level of nitrates.

Key words: Chinese cabbage, nitrogen fertilization, yield, nitrate content, nutritional value.
WPLYW NAWOZEN}A AZOTEM NA PLONOWANIE 1 WARTOéQ BIOLOGICZNA
KAPUSTY PEKINSKIEJ UPRAWIANEJ Z ROZSADY NA ZBIOR JESIENNY

Abstrakt

W doswiadczeniu przeprowadzonym w latach 1999-2001 oceniano wplyw nawozenia azotem
na plonowanie i wartosé biologiczng kapusty pekinskiej, odmiany Optiko, uprawianej z rozsady

dr Jan Krezel, Chair of Horticulture, Wroclaw University of Environmental and Life Scien-
ces, pl. Grunwaldzki 24A, 50-363 Wroctaw, e-mail: jan.krezel@up.wroc.pl
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na zbior jesienny. Poréwnywano obiekty nawozone azotem w postaci saletry amonowej przed-
wegetacyjnie w dawkach 50, 100, 150, 200 kg N-ha'l oraz w dawkach dzielonych 100+50 i
100+50+50 kg N-ha'l. Pogtéwnie nawéz wysiewano po 2 i 4 tygodniach od sadzenia

Stwierdzono bark istotnej reakeji kapusty pekinskiej na wzrastajace dawki azotu. Wzrasta-
jace dawki azotu (od 50 do 150 kg N-ha'l) przyczynialy sie do zwiekszania zawartosci witaminy
C i cukréw ogétem w gléwkach kapusty, natomiast zastosowanie 200 kg N-ha'l spowodowato
ich zmniejszenie. Zastosowanie azotu w dawkach dzielonych 100+50 i 100+50+50 kg N-ha! miato
wplyw na zmniejszenie poziomu witaminy C, azotanéw i suchej masy w roslinach, w poréwna-
niu z zawarto$cig stwierdzong w kapuscie nawozonej takimi samymi dawkami azotu tylko przed-
wegetacyjnie. Zawarto§é azotanow w glowkach kapusty pekinskiej wzrastata wraz ze zwieksze-
niem dawki azotu.

Stowa kluczowe: kapusta pekinska, nawozenie azotowe, plon, warto$¢ odzywcza.

INTRODUCTION

Chinese cabbage is a “long day” plant and for optimal development it
requires long period of light and high temperature during the initial phase
of its growth, whereas low temperature and short day are required at the
time of head formation (BaLvoLL 1995). Such optimal conditions usually oc-
cur in autumn (FeELczyNskl 1997). This vegetable can be also cultivated for
the spring or summer harvest, although then the risk of flower shoot for-
mation is greater. It can be reduced by choosing cultivars less susceptible to
bolting (StaucarTis and STARKUTE 1999, KrEZEL and Korota 2002, Karisz 2005)
and using flat plant covers during the spring period (BarvorLL 1995). Finally,
Chinese cabbage can be seeded directly to the field or grown from bare root
or potted transplants. For the spring harvest, however, it is particularly
suitable to grow Chinese cabbage from transplants, which can also be done
when cabbage is grown for summer and autumn harvest (MARTYNIAK-PRZY-
BYsZEWSKA 2000, Karisz and CEBurLA 2002).

This vegetable produces significant amount of leaf mass during a short
vegetation period, which raises its nutritional demand, including particular-
ly high nitrogen requirements. Unfortunately, high nitrogen intake is asso-
ciated with high accumulation of nitrates in the foliage (L1 Jun Lianc et al.
2003, WanG ZHENG YIN et al. 2003, KreZEL and Korota 2004, YE JiNG XUE et
al. 2004).

The goal of the present experiment was to evaluate the effects of nitro-
gen fertilisation on the yielding and biological value of Chinese cabbage
grown from seedlings for the autumn harvest.
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MATERIALS AND METHODS

The experiment was designed using the method of random blocks in
four replications, and it was performed at the Experimental Station of the
Horticulture Department UP, Wroctaw in 1999-2001. Nitrogen was used as
ammonium nitrate at the doses of 50, 100, 150 or 200 kg N-ha'l applied
prior to planting or in split doses of 100+50, 100+50+50 kg N-ha'l, applied
pre-planting and top dressing 2 and 4 weeks after planting the seedlings.
Phosphorus and potassium were applied according to the results of the soil
analyses to attain the levels of 60 mg P dm™ and 200 mg K-dm™ of soil.

Chinese cabbage (cv. Optiko) was planted using pot seedlings produced
in multicell trays. The seeds treated with fungicide Zaprawa nasienna T
(4g-kgl seed) were sown in the second part of July. The seedlings were
planted out in the fields in mid-August, at spacing of 45x30 cm. At harvest,
conducted in mid-October, total yield of aerial mass as well as total and
marketable yield of heads were evaluated. In addition, plant samples were
collected for determination of dry matter, sugars (Lane-Eynona method),
vitamin C (Tillmans method) and nitrates (calorimetric method).

The results were analysed using Tukey’s test at the confidence coeffi-
cient ¢=0.05.

RESULTS AND DISCUSION

As it is shown in Table 1, the highest yield of aerial mass, as well as
total and marketable yield of heads were obtained using the highest dose
of nitrogen applied in the amount of 100 kg-N hal prior to planting and
50+50 kg N-hal as top dressing at 2 and 4 weeks after planting (86.99,
56.44 and 49.14 t-ha’l respectively). The differences in the head yield, in-
cluding both the total and marketable yield, were not statistically signifi-
cant. There was, however, a tendency towards higher head yields when the
nitrogen doses had increased from 50 to 150 kg N-hal, but it was followed
by lower yields at 200 kg N-ha'l. Split application of nitrogen (100+50 kg N-ha'l)
did not modify yielding as compared to an analogous single dose used prior to
the vegetation period. At 200 kg N-ha'l, the change nitrogen application
from single pre-vegetation to split application (100+50+50) treatment slightly
enhanced the crop yield. These data are in contrast with those reported by
Wane ZHENG YIN et al. (2003), who observed increased yielding along with
enlarged doses of nitrogen up to 225 kg N-hal.

The highest percentage of marketable heads with respect to total yield
were found in the experiment with 100 and 100+50 kg N-ha'l (87.86%),
whereas the lowest performance was observed when using 150 kg N-ha'l
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Table 1

Effect of nitrogen fertilization on yielding of Chinese cabbage grown from seedlings
for autumn harvest

Share in total yield
Rate Total yield Total yield Marketable
of nitrogen | of aerial mass of heads yield of heads | 1 ayketable small non
(kg-ha'l) (t-ha'l) (t-ha'l) (t-ha'l) heads marketable
heads
50 77.01 52.36 45.99 87.84 7.91
100 82.12 55.50 48.77 87.86 7.19
150 84.85 55.69 48.46 87.01 8.50
100+50 84.54 55.38 48.66 87.86 8.67
200 79.82 52.01 45.55 87.58 8.83
100+50+50 86.99 56.44 49.14 87.07 9.62
LSD,_g o5 7.51 r.n. r.n. - -

before planting. The smallest percentage of small and not fully grown
heads in total yield occurred when using 100 kg N-ha'l (7.19%), whereas
the highest one after split application of 100+50+50 kg N-hal (9.62%).
A similar tendency had been observed and reported previously by KREZEL
and Korota (2004).

The mean weight of Chinese cabbage marketable head decreased grad-
ually with doses of nitrogen increasing from 100 kg N-ha'l to 200 kg N-ha'l
when used as single application treatments before planting (Figure 1). In-
terestingly, application of the same total amounts in split doses of nitrogen
(100+50 and 100+50+50 kg N-ha'l) resulted in an increased mean head
weight (657 g and 664 g respectively).

680 -
660 1
640 1
620 1| fi

600 {~

580 T T T T T 1
50 100 150 100+50 200 100+50+50

rate of nitrogen kgN ha

Fig. 1. The effect of nitrogen fertilization on mean weight of head
of Chinese cabbge grown from seedlings for autumn harvest
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Table 2

Effect of nitrogen fertilization on content of dry matter, sugars, vitamin C and NO,,
in Chinese cabbage grown from seedling for autumn harvest

Rate Reducing Vitamin C NO
. Dry matter Total sugars 1 31
of nitrogen (%) sugars %) (mg-kg (mg-kg
(kg-ha'l) ¢ (%) ¢ fresh weight) | fresh weight)
50 5.80 2.09 2.30 307.3 630
100 6.14 2.11 2.34 325.7 980
150 6.29 2.11 2.40 376.1 1103
100+50 5.61 2.12 2.25 328.9 1068
200 6.29 2.17 2.24 358.7 1186
100+50+50 6.14 2.19 2.28 336.6 1126

The dry mass content was the highest (6.29%) under a single applica-
tion of 150 and 200 kg N-hal prior to the vegetation period, whereas the
application the same amounts in split doses 100+50 and 100+50+50 kg N-ha'l
lead to significant reduction of dry matter (Table 2). The content of reduc-
ing sugars was not significantly affected by the dose or the term of nitro-
gen application, although a increasing tendency was observed with higher
doses of nitrogen. The total sugar and vitamin C content increased propor-
tionally to the nitrogen doses up to 150 kg N-ha’l, attaining 2.40% and
376.1 mg-kg! of fresh weight, respectively. The application of 200 kg N-ha'!
in a single dose before the vegetation period and in split doses (100+50 and
100+50+50 kg N-ha'l) caused reduction of total sugar and vitamin C levels.
The sugar content reported by StaucarTis and STARKUTE (1999), was signifi-
cantly higher, whereas the vitamin C levels were strongly reduced in com-
parison with the present study. The accumulation of nitrates increased with
increasing doses of nitrogen and varied from 630 mg kgl of fresh weight
after the application of 50 kg N-hal up to 1186 mg-kg! of fresh weight at
the dose of 200 kg N-ha'l. Such relations between nitrogen fertilization and
nitrates content are in agreement with previous reports of WANG ZHENG
YN et al. (2003).

CONCLUSIONS

1. An increase of a nitrogen dose from 50 to 100 kg N-hal caused
a slight but not significant enhancement of the yield of commercial heads
of Chinese cabbage. This effect was not observed at higher doses equal to
150 and 200 kg N-ha'l.

2. The highest content of dry matter and nitrates occurred after the
application of 200 kg N-ha'l, whereas the highest total sugars and vita-
min C were found in the cabbage after the application of 150 kg N-hal.
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3. The use of split doses of 100+50 and 100+50+50 kg N-hal caused
a higher reducing sugars content, but lower levels of vitamin C, nitrates
and content the dry matter compared to treatments with a single applica-
tion of 150 and 200 kg N-ha'! before planting.
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EFFECT OF SOIL SUBSTRATE
ON THE CHEMICAL COMPOSITION
OF FRUIT OF SOME TOMATO CULTIVARS
GROWN IN AN UNHEATED
PLASTIC TUNNEL

Joanna Majkowska-Gadomska, Anna Francke,
Brygida Wierzbicka

Chair of Horticulture
University of Warmia and Mazury in Olsztyn

Abstract

The effect of cultivar and soil substrate on the chemical composition of tomato fruit
was studied in an experiment conducted over the years 2004-2006 in an unheated plastic
tunnel. The experimental materials comprised eight tomato cultivars: Atut F;, Baron F,,
Bekas F,, Carmello F;, Gracja F;, Ognik F;, Stonka F;, Terra F;, as well as two types of
soil: peat substrate purchas and hotbed soil. Tomato fruit was assayed for the content of:
dry matter, L-ascorbic acid, total sugars, simple sugars, organic acids and nitrates. The le-
vels of dry matter and L-ascorbic acid in tomato fruit were found to be significantly depen-
dent on both the cultivar and the cultivar-substrate interaction. Cultivar Atut F; had the
lowest water content of fruit, while cv. Terra F; was the richest source of L-ascorbic acid.
The fruit of tomato cultivars grown in hotbed soil accumulated more dry matter. Hotbed
soil, compared to peat substrate, had a more beneficial influence on the concentrations of
sugars and nitrates in tomato fruit. The average N-NOj content of the fruit of the investi-
gated tomato cultivars was below the maximum permissible level, whose exceedance wo-
uld pose a hazard to human health. The fruit of all tomato cultivars accumulated more
nitrates when grown in peat substrate. The lowest nitrate content was recorded in cv.
Bekas F;.

Key words: tomato, cultivar, soil substrate, chemical composition.

Joanna Majkowska-Gadomska, Chair of Horticulture, University of Warmia and Mazury,
ul. Prawochenskiego 21, 10-957 Olsztyn, Poland, e-mail: Majkowska-Gadomska@uwm.edu.pl



262

WPLYW PODLOZA NA SKEAD CHEMICZNY OWOCOW KILKU ODMIAN
POMIDORA UPRAWIANEGO W TUNELU FOLIOWYM NIEOGRZEWANYM

Abstrakt

Badania wplywu odmiany i podloza zastosowanego w uprawie pomidora na skiad che-
miczny owocéw przeprowadzono w nieogrzewanym tunelu foliowym w latach 2004-2006.
Material do badan stanowilo osiem odmian pomidora: Atut F;, Baron F;, Bekas F;, Car-
mello F;, Gracja F;, Ognik F,, Stonka F;, Terra F; oraz dwa podloza: torfowe i ziemia
inspektowa. Owoce pomidora poddano analizie chemicznej na zawartosé: suchej masy, kwa-
su L-askorbinowego, cukrow ogétem i prostych, kwaséw organicznych oraz azotanéw. Po-
ziom zawartosci suchej masy i kwasu L-askorbinowego w owocach pomidora istotnie zale-
zal od uprawianej odmiany oraz jej wspotdziatania ze stosowanym podilozem. Najmniej wody
w owocach zawierala odmiana Atut F;, a najwiecej kwasu L-askorbinowego — odmiana Ter-
ra F;. Owoce z uprawy roslin w ziemi inspektowej nagromadzily wiecej suchej masy. Pod-
loze z ziemi inspektowej, w poréwnaniu z torfem wysokim, mialo réwniez korzystny wptyw
na zawarto$¢ cukréw i azotanéw w owocach pomidora. Srednia zawartosé N-NO; w owo-
cach badanych odmian pomidora byla mniejsza od dopuszczalnego poziomu uznanego za
szkodliwy dla zdrowia ludzkiego. Podloze torfowe mialo jednak wplyw na zwigkszone gro-
madzenie azotanéw w owocach wszystkich odmian. Najmniejszg ich zawarto§é odnotowano
w owocach odmiany Bekas F;.

Stowa kluczowe: pomidor, odmiana, podloze, sktad chemiczny.

INTRODUCTION

The increasing economic significance of tomato fruit is a consequence of
their high biological value, specific taste and flavor as well as a wide range
of uses and applications. Tomatoes are consumed throughout the year, both
raw (approx. 50%) and canned or processed, in the form of juice, paste and
concentrate (Statistical Yearbook 2005).

The chemical composition of tomatoes grown under protective struc-
tures may be controlled by selecting the appropriate substrate type and cul-
tivars marked by a high nutritive value of fruit (MARTYNIAK-PRzZYBYSZEWSKA
2000, KoBrYN et al. 2007, WiNIaRSKA, KoroTa 2007).

The objective of this study was to compare the chemical composition of
fruit of eight tomato cultivars grown in two types of soil substrate in an
unheated plastic tunnel.

MATERIALS AND METHODS

A two-factorial experiment was performed in an unheated plastic tunnel
at the Experimental Garden of the University of Warmia and Mazury in
Olsztyn, during the years 2004-2006, in a randomized complete block design,
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in three replications. The first experimental factor was eight tomato culti-
vars: Atut F;, Baron F;, Bekas F;, Carmello F;, Gracja F;, Ognik F;, Stonka
F, and Terra F;, and the second experimental factor was two types of soil:
peat substrate and hotbed soil.

Seedlings were grown in a hothouse. Seeds were sown each year in the
middle of March. Seedlings were planted in pots (10 cm in diameter), filled
with peat substrate or hotbed soil. The chemical composition of peat sub-
strate, saturated with mineral nutrients, was as follows: N-NO; — 100, P —
80, K — 215, Ca — 1240, Mg — 121 mg-dm3; pH in Hy0 - 5.9, salt concentra-
tion — 1.5 g-dm. Hotbed soil was a mixture of organic and mineral compo-
nents: N-NO; — 200, P — 390, K — 185, Ca — 2330, Mg — 284 mg-dm3; pH in
Hy,O — 6.9, salt concentration — 1.9 mg-dm3. In the first week of May
seedlings were planted in an unheated plastic tunnel, at the 100x50 cm
spacing, 5 plants per replication. Tomato plants were allowed to develop
one stem and six clusters. Cultivation was carried out in accordance with
the recommendations for tomatoes grown under protection.

Fruit were harvested from the third week of July to the middle of
September. A total of around 15 harvests were conducted each year. Fif-
teen ripe tomato fruit were picked per treatment to determine the con-
tent of: dry matter — by drying the collected plant material at 105°C to
constant weight, L-ascorbic acid — by the Tillmans method modified by
Pijanowski, sugars — by the Luff-Schoorl method, organic acids — expressed
as malic acid equivalents, as described by Pieterburgski, and nitrates —
with the use of salicylic acid.

The results were verified statistically by analysis of variance. The
significance of differences between mean values was estimated with the
use of Tukey’s confidence intervals at a significance level of 5%.

RESULTS AND DISCUSSION

The biological value of fresh tomato fruit is dependent on weather
conditions during the growing season, and on agronomic factors (MARTYNIAK-
-PrzyBYSzEWSKA, 2000, Korota, WINIARSKA 2005). According to HaLmann, Ko-
BRYN (2002) and NuUrzyNskI (2002), the most suitable organic substrates for
growing tomatoes under protection include: low-moor peat mixed with
pine bark, coconut fiber and straw. The present experiment revealed that
the chemical composition of the edible parts of tomato plants is affected
by cultivar, substrate type and their interaction (Table 1).

The dry matter content of tomato fruit ranged from 4.44% to 6.28%,
and it was significantly dependent on both the cultivar and the cultivar-
substrate interaction. The results are similar to those reported by Rozek
(2001), MARTYNIAK-PRzYBYSZEWSKA (2000) and WiNiarRskA and Korota (2007).
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Table 1
Chemical composition of tomato fruit — means of the years 2004-2006
Sugar .
Dry | L-ascorbic ono- Organic
Cultivar Substrate matter acid total saccharides acids
(%) | (mg-100 g
(g-100 g1

peat substrate 6.23 9.42 2.03 1.98 0.40

Atut F, hotbed soil 6.19 14.36 2.45 2.24 0.47

average 6.21 11.89 2.24 2.11 0.44

peat substrate 5.20 14.81 2.45 0.97 0.54

Baron F, hotbed soil 5.75 14.81 1.20 0.97 0.27

average 5.39 14.81 1.83 0.97 0.40

peat substrate 5.00 17.95 1.20 0.48 0.34

Bekas F, hotbed soil 5.75 13.46 3.30 2.24 0.60

average 5.38 15.71 2.25 1.36 0.57

peat substrate 4.44 14.36 1.22 1.20 0.60

Carmello F, hotbed soil 5.42 9.87 2.45 1.98 0.54

average 4.93 12.12 1.84 1.59 0.47

peat substrate 5.95 11.22 1.47 0.80 0.54

Gracja F, hotbed soil 5.58 14.36 1.72 1.62 0.47

average 5.77 12.79 1.60 1.21 0.50

peat substrate 5.19 13.46 2.03 1.72 0.34

Ognik F, hotbed soil 6.28 11.67 3.30 1.47 0.54

average 5.75 12.57 2.67 1.60 0.44

peat substrate 6.16 17.95 1.62 1.22 0.40

Stonka F; hotbed soil 4.72 11.67 3.30 2.24 0.27

average 5.44 14.91 2.46 1.73 0.34

peat substrate 6.02 15.71 1.72 1.62 0.40

Terra F, hotbed soil 5.94 18.85 2.24 1.20 0.40

average 5.98 17.28 1.98 141 0.40

Average peat substrate 5.52 14.36 1.72 1.25 0.45

g hotbed soil 5.68 13.63 2.50 1.75 0.44
LSD

cultivar 0.75 3.05 n.s. n.s. n.s.

substrate n.s. n.s. 0.44 0.37 n.s.

interaction 0.89 1.99 0.90 0.84 n.s.
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Fruit of cv. Ognik F; grown in hotbed soil had the highest dry matter
content, while fruit of cv. Carmello F; grown in peat substrate — the
lowest (4.44%).

L-ascorbic acid concentration in tomato fruit was also affected by cul-
tivar and cultivar-substrate interaction, and it varied from 9.42 to 18.85
mg per 100 g of edible parts. These values are similar to those reported
by Kunacaowicz et al. (2006), and the fact that particular tomato cultivars
differ with respect to L-ascorbic acid content has been previously demon-
strated by KoBryN et al. (2007) and Winiarska and Korota (2007). Fruit of
cv. Terra F; contained the largest quantities of L-ascorbic acid, and fruit
of Atut F; — the smallest. An analysis of the interactions between experi-
mental factors indicated that L-ascorbic acid concentration in the edible
parts of tomato plants decreased significantly in cv. Atut F; grown in peat
substrate, and it reached the highest level in cv. Terra F; grown in hotbed
soil.

The content of total and simple sugars in the edible parts of tomato
plants was significantly affected by substrate type and substrate-cultivar in-
teraction. In both cases the concentration of the above compounds in toma-
to fruit was higher in plants grown in hotbed soil and lower in those grown
in peat substrate, with the difference reaching 0.78 g-100 g for total sug-
ars and 0.50 g-100 g'! for simple sugars. An increase in the sugar content
of tomato fruit was noted in cv. Ognik F, Bekas F; and Stonka F;, grown
in hotbed soil.

The average organic acid content of tomato fruit, expressed as malic
acid equivalents, ranged from 0.27 to 0.60 g-100 g'!, but these differences
were statistically non-significant. Comparable amounts of organic acids were
reported by MARTYNIAK-PRZYBYSZEWSKA (2000) and Rozek (2001).

The average nitrate content of fruit of the investigated tomato culti-
vars was below the maximum permissible level, whose exceedance would
pose a hazard to human health (250 mg N-N03-kg'1 fresh weight) (Journal
of Laws No. 2 of 2005, item 9). Nitrate accumulation was influenced by
tomato cultivar and substrate type, and it varied from 52.6 to 193.5 mg
N-NO3-kg'1 fresh weight (Figure 1). Among the analyzed tomato cultivars,
the lowest N-NOj content was recorded in cv. Bekas F;, while the highest
— in cv. Gracja F;. A particularly small quantity of the above compounds
was observed in cv. Baron F; grown in hotbed soil, whereas cv. Stonka F;
grown in peat substrate was characterized by the highest nitrate concen-
tration. The effect of cultivar and substrate on nitrate levels in the edible
parts of vegetables has been previously described by Rozek (2000).
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Fig. 1. Effect of cultivar and soil substrate on the nitrate content of tomato fruit

CONCLUSIONS

1. The content of dry matter and L-ascorbic acid in the edible parts of
tomato plants was significantly affected by cultivar. The highest concen-

trations of dry matter and vitamin C were recorded in cv. Atut F; and
Terra F; respectively.

2. Hotbed soil, compared to peat substrate, contributed to a signifi-

cant increase in sugar concentrations and to a significant decrease in
nitrate levels in tomato fruit.

3. Substrate-cultivar interaction was found to exert a statistically sig-
nificant effect on the content of dry matter, L-ascorbic acid, total sugars
and simple sugars in the edible parts of tomato plants. Fruit of cv. Ognik
F; grown in hotbed soil had the highest content of dry matter and total
sugars, in comparison with the other treatments.
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Abstract

Eggplant fruits are known for being low in calories but rich in minerals, which is good for
human health. They are rich in potassium, whose content ranges from 200 to 600 mg K-100 g1
of fresh mass, depending on a cultivar. Eggplant fruits are also a source of magnesium, calcium
and iron. Research on the agro-techniques of eggplant culture in a plastic tunnel has implica-
ted that, on account of a very intensive growth of the plant, both plant pruning and training
have a decisive influence on the final amount of fresh mass. Since we lack information concer-
ning the fertilization recommendation for growing eggplants under a plastic tunnel, a study has
been undertaken to specify such nutritional needs of this vegetable. The aim of this work has
been to determine the influence of nitrogen forms and plant training methods on the content
of nitrogen, phosphorus, potassium, calcium and magnesium in eggplant fruits. The experiment
on cv. Epic F; eggplant was carried out in years 2004-2005, with eggplants growing in an
unheated plastic tunnel. The eggplants were cultivated in cylinder plastic wraps of 10 dm3 volu-
me, in peat. The experiment was carried out in two stages, in a completely random design,
with each stage examining different factors. The following factors were examined: I — nitrogen
forms: NH,* (ammonium sulphate — (NH,),SO, (20,5% N); NO3™ (calcium nitrate — Ca(NO3),
(15,5% N); NH, (urea — CO(NH,), (46% N), II — plant training method: natural form of the
plant, 3 shoots.

Nitrogen was used in the amount of 10 g N-plantl. Samples of fruits used for further
laboratory tests were collected in the 274 decade of August, in the middle of fructification. The
fruits were harvested at the marketable stage. N-total, P, K, Ca, Mg were determined in the
fruits. The results were elaborated statistically using analysis of variance. Generally, considera-
bly higher content of nitrogen was determined in eggplant fruits fertilised with the N ammo-
nium form; also the content of potassium and magnesium was much higher in comparison to

dr hab. Zenia Michalojé¢ prof. nadzw., Chair of Cultivation and Fertilization of Horticultural
Plants, University of Agriculture in Lublin, ul. Leszczynskiego 58, 20-068 Lublin
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the other nitrogen forms examined. Moreover, significant influence of the plant pruning
method on the content of the elements was found, independently of the applied nitrogen fertili-
zation.

Key words: eggplant fruits, nitrogen form, plant training, chemical composition.

ZAWARTOSC MAKROSKLADNIKOW W OWOCACH OBERZYNY
W ZALEZNOSCI OD FORMY ZASTOSOWANEGO NAWOZU AZOTOWEGO
I SPOSOBU PROWADZENIA ROSLIN

Abstrakt

Owoce oberzyny odznaczaja sie niska kalorycznoscig oraz korzystnym dla czlowieka skta-
dem mineralnym. Sg przede wszystkim zasobne w potas, ktorego zawartosé waha sie w zalez-
nosci od odmiany od 200 do 600 mg K-100 gl §wiezej masy. Sa réwniez 7rédtem magnezu,
wapnia i zelaza. W badaniach nad agrotechnikg oberzyny uprawianej pod folig wykazano, ze ze
wzgledu na intensywny wzrost ro§lin, zabiegiem plonotwoérczym ksztaltujacym ilo$¢ zielonej
masy jest ciecie i formowanie roslin. Z powodu braku informacji o zaleceniach nawozowych do
uprawy oberzyny pod ostonami, podjeto badania nad okresleniem potrzeb nawozenia tego wa-
rzywa. Celem pracy byto okreslenie wplywu formy nawozu azotowego oraz sposobu prowadzenia
roslin na zawarto$¢ azotu, fosforu, potasu, wapnia i magnezu w owocach oberzyny. Badania
oberzyny odmiany Epic F; wykonano w nieogrzewanym tunelu foliowym w latach 2004-2005.
Oberzyne uprawiano w torfie ogrodniczym, w cylindrach z folii sztywnej o pojemnosci 10 dm3.
Doswiadczenie dwuczynnikowe przeprowadzono w ukladzie kompletnej randomizacji. Badano
wplyw czynnikéw: I — forma azotu: NH,* [siarczan amonu — (NH,),SO, — 20,5% NIJ; NOg
[saletra wapniowa — Ca(NOg)y — 15,5% NI; NH, [mocznik — CO(NHy)y — 46% N1; II — sposobu
prowadzenia roélin: forma naturalna; 3 pedy. Azot zastosowano w ilosci 10 g N-roslina'l. Préby
owocow do badan laboratoryjnych pobrano w 2 dekadzie sierpnia, w polowie okresu owocowa-
nia. Owoce zbierano w fazie dojrzatosci uzytkowej i oznaczono w nich N-og., P, K, Ca, Mg.
Wyniki opracowano metodg analizy wariancji. Najwieksza zawarto$é azotu ogétem, potasu i ma-
gnezu stwierdzono w owocach ros§lin nawozonych siarczanem amonu, w poréwnaniu z pozostaty-
mi zastosowanymi nawozami. Ponadto stwierdzono wyzsza zawarto$é makrosktadnikéw w owo-
cach roslin prowadzonych na 3 pedy.

Stowa kluczowe: owoce oberzyny, formy azotu, prowadzenie roslin, sktad chemiczny.

INTRODUCTION

Interest in eggplant cultivation and consumption has recently been grow-
ing in Poland. Eggplant fruits are low in calories and have mineral composi-
tion which is beneficial for human health. They are abundant in potassium:
from 200 to 600 mg K-100 g1 of fresh matter. They are also a rich source
of magnesium, calcium, and iron (HERRMANN 1996, LAWENDE, CHOWAN 1998,
KowaLskr et al. 2003, MarkiEwicz, GoLcz 2003, GoLcz et al. 2005).

Studies on agronomic aspects of covered eggplant culture have re-
vealed that as the plants grow intensively, the pruning and forming of
eggplants are the yield-forming operations that mostly shape the green
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matter quantity (AmMBROszczZYK, CEBULA 2000, 2003, Passarakri, Dris 2003).
There is little information in the available literature on nutritional re-
quirements of eggplants grown in covered culture. Up-to-date fertilization
recommendations for this vegetable are based on the tomato’s nutritional
needs (ULiNski, GrapS, 1998). At present, experiments have been under-
taken to evaluate fertilization requirements of eggplants with a view to
achieving quality yields (GoLcz et al. 2005, MicHALoJ¢, Buczkowska 2007).

The present paper aims at evaluating the influence of nitrogen form
and plant training on nitrogen, phosphorus, potassium, calcium, and magne-
sium content in eggplant fruits.

MATERIAL AND METHODS

In 2004-2005, trials on cv. Epic F; eggplant under unheated plastic tun-
nel were carried out at the Experimental Farm in Felin, University of Agri-
culture, Lublin. Potted eggplant seedlings were prepared in accordance with
the commonly accepted recommendations for this species. In both years,
plants were set under the covering at the beginning of June. The cultiva-
tion period from seed sowing until harvest was about 7 months (beginning
of March — mid of September).

Eggplants were cultivated in plastic cylinder wraps of 10 dm? volume on
horticultural peat (initial pHyy_o 4.6) limed with CaCO4 to pH 6.5. A two-
factorial experiment was set in a completely random design. Every experi-
mental object was represented by 8 experimental units.

The influence of the two following factors was studied:

nitrogen form: NH,* — ammonium sulfate [(NH,)5,SO, (20.5% N)]; NO4
— calcium nitrate [Ca(NOg),y (15.5% N)I; NH,, - urea [CO(NHy)y (46% N)I;

plant training system: natural form; 3 shoots.

Fertilization expressed in g-plant was: nitrogen (N) — 10; phosphorus
(P) — 7.0 as superphosphate [Ca(H,PO,), - HyO — 20.2% PJ; potassium (K) —
16 as potassium sulfate [K,SO, — 41.6% KI]; magnesium (Mg) — 7.0 as mag-
nesium sulfate (MgSO,-H,0 17.4% Mg). The microelements were applied
as: EDTA — Fe, CuSO,-5H,0, ZnSO,-7H,0, MnSO,-H,0, H3BO,,
(NH,)9Mo,0,,°-4H,0 at the rates recommended for peat substrates. When
preparing the growing medium, all the microelements, half a phosphorus
dose and 1/7 nitrogen, potassium, and magnesium doses were applied before
planting the seedlings. The remaining amounts of nitrogen, potassium, and
magnesium were subsequently sown in 6 doses every 10 days, while the
remaining phosphorus was added at the beginning of eggplant ripening.
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Plants were trained in two systems: in their natural form with no
pruning and with 3 main shoots left. The pruning was gradually performed
as the shoots were growing. Eggplant fruits were harvested at the mar-
ketable stage, i.e. when the skin was glossy, deep purple (the weight of
harvested fruits ranged from 250 to 300 g). The harvest repeated every
7-10 days since the end of July to the end of September.

Fruit samples for laboratory analyses were collected in the 274 dec-
ade of August, in the middle of fructification. The following elements were
determined after wet digestion: N — total with Kjeldahl’s method (Kjel-
Foss) and after dry combustion at 550°C; P — colorimetrically using am-
monium molybdenate; K, Ca, Mg — applying the AAS technique (Perkin—
Elmer). All determinations were made in 3 replications and the final
results of N, P, K, Mg, and Ca were expressed in g-kgl of dry matter.

The results were statistically processed using analysis of variance.
Significant differences were found by Tukey’s multiple confidence inter-
vals at 5% level.

RESULTS AND DISCUSSION

Total nitrogen content in eggplant fruits was from 17.7 to 22.1 g N-kg1
d.m. The nitrogen forms and plant training methods examined significant-
ly differentiated the level of nitrogen in eggplant fruits. Considerably more
nitrogen was found in plants fertilized with the reduced (N-NH,, NH,)
rather than oxidized nitrogen form (N-NOj) — Table 1. Higher conversion
rate of reduced nitrogen forms in eggplant can account for such
a dependence, which was confirmed by AsieGBU et al. (1991), GoLcz et al.
(2005), MicHaLoJ¢, Buczrowska (2007).

The content of phosphorus was from 2.7 to 2.9 g P-kg'l d.m. No signifi-
cant influence of the applied nitrogen forms on its concentration in egg-
plant fruits was observed. SEVIADER, MorstE (1982) found a similar content
of the element in their studies on phosphorus fertilization of eggplant.

The level of potassium ranged from 22.6 to 30.2 g K-kg'! d.m. and, like
nitrogen, was significantly differentiated by the experimental factors. Con-
siderably more potassium was found in eggplant fruits from plants fertilized
with ammonium sulfate (27.9 g K-kg! d.m.), as compared to those fertilized
with other nitrogen forms. Potassium is easily taken up and transported
within a plant, thus it is found in high concentrations in plants’ generative
parts. ABDEL HAFEEZ, CORNILLON (1976), Savvas i Lenz (1994), Russo (1996)
found similar or even higher levels of potassium in eggplant fruits.

The concentration of calcium level was from 1.2 to 1.7 g Ca-kg! d.m.
Significantly more calcium was found in plants fertilized with ammonium
sulfate, less in the objects where calcium nitrate was applied as a fertilizer.
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Table 1

The content of macroelements in eggplant fruits depending on nitrogen fertilization
and plant training method

Plant training Content of mineral elements (mg-kg'1 d.m.)
Nitrogen fertilization method

1* natural form
9% 3 stems N - total P K Ca Mg
1* 22.1 2.90 25.60 1.50 1.30
(NH 250, 2% 21.8 2.80 30.20 1.70 1.50
average 22.0 2.90 27.90 1.60 1.40
1* 17.7 2.60 24.60 1.30 1.30
Ca(NOg)y 2% 21.6 2.90 27.70 1.40 1.30
average 19.6 2.70 26.10 1.30 1.30
1* 19.8 2.70 22.60 1.20 1.10
CO(NHy), 2% 21.9 2.90 25.60 1.70 1.30
average 20.9 2.80 24.10 1.50 1.20
1* 19.9 2.70 24.30 1.30 1.20
Average 2% 21.8 2.90 27.80 1.60 1.40
average 20.9 2.80 26.00 1.50 1.30
%S]? p=0.05 for kind of nitrogen 1910 | n.s. | 2340 | 019 | n.s

ertilization

LSD p=0.05 for plant training method 1.290 0.130 1.610 0.13 0.19
LSD p=0.05 for interaction (a x b) 3.330 n.s. 4.130 0.34 n. s.

Magnesium content in eggplant fruits was similar to that of calcium:
from 1.1 to 1.5 g Mg-kg! d.m. No significant influence of the nitrogen
fertilizer on magnesium level in eggplant fruits was found. Tests by GoLcz
and MagrkiEwicz (2005) on eggplants cultivated on organic soils used sev-
eral times revealed similar calcium and magnesium levels.

Regardless of the nitrogen form applied, significant influence of the
plant training method on the total nitrogen, phosphorus, potassium, calci-
um, and magnesium contents in eggplant fruits was observed. Considera-
bly higher levels of these elements were found in fruits of plants trained
for 3 shoots than growing in the natural form. There are no data on the
influence of a plant training methods on mineral content in eggplant fruits
in available literature; nonetheless, AMBROSzczYK and CEBuULA (2000) dem-
onstrated that the regulation of fruit bud number trained for a single
shoot affected the biological value of eggplant fruits.



274

CONCLUSIONS

1. The highest concentrations of total nitrogen, potassium, and mag-
nesium were determined in fruits of plants fertilized with ammonium sul-
fate as compared to other fertilizers.

2. Higher contents of macroelements were found in fruits of plants
trained for 3 shoots.
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Abstract

Potassium is the main mineral component of potato tubers. With a high level of pota-
to consumption, the crop also supplies the human organism with magnesium and pho-
sphorus. The content of mineral components in potato tubers may change as an effect
of agro-technical factors. The aim of the study was to determine the effect of the type
of cover (perforated polyethylene film, polypropylene fibre) and date of its removal (2 and
3 weeks after plant emergence) on phosphorus and magnesium in tubers of early potato
cultivars (Aksamitka, Cykada). The potatoes were harvested 60 days after planting. Acce-
lerated plant growth under covering resulted in the phosphorus content in tubers of cv.
Aksamitka being 0.088 g kgl d.m. higher in comparison with thecontrol, but did not affect
the content of magnesium. With perforated film used to cover potato plants, an average
content of phosphorus in tubers was by 0.217 g kg'! d.m than when polypropylene fibre
cover was applied. The content of magnesium in tubers was on average 0.067 g kgl d.m.
higher under polypropylene fibre cover. Duration of the period when potato plants grew
under cover did not significantly affect the phosphorus and magnesium accumulation in tu-
bers.

Key words: early potato, perforated film, polypropylene fibre, phosphorus, magnesium.
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WPLYW STOSOWANIA OSLON W UPRAWIE ZIEMNIAKA NA WCZESNY ZBIOR
NA ZAWARTOSC FOSFORU I MAGNEZU W BULWACH

Abstrakt

Gléwnym sktadnikiem mineralnym bulw ziemniaka jest potas. Spozywanie ziemnia-
kow pokrywa réwniez czeSciowo zapotrzebowanie organizmu czlowieka na fosfor i magnez.
Zawartos¢ skladnikéw mineralnych w bulwach ziemniaka moze ulega¢ zmianom pod wply-
wem czynnikéw agrotechnicznych. Celem badan byto okreslenie wplywu rodzaju ostony (fo-
lii perforowanej, wiokniny polipropylenowej) i terminu jej zdjecia (2 i 3 tygodnie po wscho-
dach ro$lin) na zawartosé¢ fosforu i magnezu w bulwach wczesnych odmian ziemniaka
(Aksamitka, Cykada). Ziemniaki zbierano po 60 dniach od sadzenia. Przyspieszenie wege-
tacji roslin przez stosowanie oston spowodowalto zwiekszenie zawartosci fosforu w bulwach
odmiany Aksamitka érednio o 0,088 g-kg'l s.m. w poréwnaniu z uprawa bez ostaniania
ro§lin, ale nie miato wplywu na gromadzenie w bulwach magnezu. W przypadku stosowa-
nia folii perforowanej zawartoié fosforu w bulwach byla wieksza, $rednio o 0,217 g-kg!
s.m., niz przy stosowaniu wiékniny. Wiekszg zawarto$é magnezu, érednio o 0,067 g-kgl
s.m., stwierdzono po zastosowaniu wiékniny. Dtugos§¢é okresu okrycia roslin nie miata wpty-
wu na zawarto$é obu pierwiastkéow w bulwach ziemniaka.

Stowa kluczowe: ziemniak wczesny, folia perforowana, wiloknina polipropylenowa, fos-
for, magnez.

INTRODUCTION

Potato tubers contain over 1% mineral compounds, mainly potassium,
in fresh mass. With a high potato consumption in some countries, this crop
can also supply the human organism with magnesium and phosphorus. Two-
hundred grams of potatoes provide 8-15% recommended daily amount of mag-
nesium and 8-12% of phosphorus (KorLasa 1993, LeszczyNskr 2000). The con-
tent of mineral components in potato tubers depends on the genetic
characters of a cultivar, but may change under climatic and agro-technical
factors (CzeratA, GEADYSIAK 1995, Krikocka 2001, KoroDZIEICZYK, SZMIGIEL 2005).

Until now, studies on the effect of covers used in early crop potato
culture on the chemical composition of tubers have focused mostly on or-
ganic compounds (LAcHMAN et al. 2003, Wapas et al. 2003, 2007, DvorAx et al.
2006). The aim of the present study was to determine the effect of potato
plants being covered, for various lengths of time, on phosphorus and mag-
nesium in immature potato tubers.

MATERIAL AND METHODS

The effect of the type of cover (perforated polyethylene foil, polypropyl-
ene fibre) and the date of its removal (I — 2 weeks after plant emergence, 11
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— 3 weeks after plant emergence) on phosphorus and magnesium in tubers
of early potato cultivars (Aksamitka, Cykada) was investigated.

The study was carried out in the years 2002-2004 at the Department of
Vegetable Crops, University of Podlasie in Siedlce. The field experiment was
established in a split-block split—plot design with the control object not cov-
ered, on soil characterised by a low to moderate content of available potas-
sium and moderate to high content of phosphorus and magnesium, pHy;
6.1-6.7. In each year of the study spring triticale was grown as a potato
forecrop. Farmyard manure was applied in autumn, at a rate of 30 t hal.
Mineral fertilizers were applied in spring at the recommended rates of 60
kg N (ammonium nitrate 34%), 26 kg P (60 kg P,0O5, granular superphos-
phate 19%) and 75 kg K (90 kg K,O, potassium sulphate 60%) per 1 ha. In
the successive years 8-week pre-sprouted seed potatoes were planted on 9,
16 and 13 April. The potatoes were harvested 60 days after planting. The
content of phosphorus with vanadium-molibdenum colorimetric method and
magnesium with atomic absorption spectrometry (AAS) method were deter-
mined. The analysis of the results was conducted using the orthogonal con-
trast to compare the control with the test objects.

The most favourable weather conditions for early crop potatoes were in
a very warm and wet vegetation period of 2002 (Table 1). The year 2003
was warm but with the whole potato growth season was marked by season-
al drought. In contrast, the year 2004 was the coldest one with the least
rainfall from mid-May to mid-June.

Table 1
Mean air temperature and precipitation sums in the vegetation period of potato
Temperature (°C) Precipitation (mm)
Years
April May June April May June
2002 9.0 17.0 17.2 12.9 51.3 61.1
2003 7.1 15.6 184 13.6 37.2 26.6
2004 8.0 11.7 154 35.9 97.0 52.8
Mean 1981-2000 8.1 11.2 16.7 49.6 48.2 67.7

RESULTS AND DISCUSSION

The content of phosphorus in potato tubers ranged from 2.730 to
3.733 gkg! d.m.; that of magnesium varied from 1.267 to 1.670 g kg'! d.m.
(Tables 2 and 3). Irrespective of the potato culture method, most phospho-
rus and magnesium was accumulated by potato tubers in 2003 and 2004,
when drought occurred in the period of tuber formation and growth, which
was in contrast to a very warm and wet year 2002. According to CzEkAzA and
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Table 2
Phosphorus content in potato tubers (g-kg! d.m.)
Control Kind and date of cover removal Mean
Years Cultivar object perforated film polypropylene fibre for
no covering I I mean I I mean | €OVers
Aksamitka 2.967 2.967 | 3.000 | 2.983 | 2.767 | 2.933 | 2.850 | 2.917
2002 |Cykada 3.033 2.767 | 3.100 | 2.933 | 2.767 | 2.730 | 2.750 | 2.842
mean 3.000 2.867 | 3.050 | 2.958 | 2.767 | 2.832 | 2.800 | 2.879
Aksamitka 3.067 3.133 | 3.300 | 3.217 | 2.900 | 2.867 | 2.883 | 3.050
92003 |Cykada 3.100 3.267 | 3.130 | 3.200 | 2.833 | 2.870 | 2.850 | 3.025
mean 3.083 3.200 | 3.215 | 3.208 | 2.867 | 2.868 | 2.867 | 3.038
Aksamitka 3.133 3.400 | 3.733 | 3.567 | 3.333 | 3.400 | 3.367 | 3.467
2004 |Cykada 3.267 3.633 | 3.267 | 3.450 | 3.467 | 3.230 | 3.350 | 3.400
mean 3.200 3.516 | 3.500 | 3.508 | 3.400 | 3.320 | 3.358 | 3.433
Mean 3.094 3.194 | 3.255 | 3.225 | 3.011 | 3.010 | 3.008 | 3.117
LSDg
years = 0.146
comparison the control object with remaining (contrast) = n.s.
contrast x cultivar = 0.068
kind of cover = 0.159
date of cover removal = n.s.

GrADYSIAK (1995), phosphorus in potato tubers was negatively correlated with
the air temperature prevailing from plant emergence to flowering, while
magnesium was reversely correlated with the field water capacity from
flowering to the early canopy drying time, the finding which was confirmed
in the present study. According to other authors, potato tubers harvested in
a wet year contain more magnesium, whereas the accumulation of phospho-
rus does not depend on meteorological conditions (KOLODZIEJCZYK, SzMI-
GIEL 2005).

Stimulating plant growth by using plant covers resulted in increased
phosphorus content in tubers of cv. Aksamitka (by 0.088 g-kgl d.m., on
average) in a three-year period in comparison with the cultivation without
plant covering, but did not significantly affect the content of this element in
tubers of cv. Cykada. The use of covers in the early crop potato culture
slightly affected the accumulation of magnesium in tubers. The present study
showed a significant affect of the type of cover on phosphorus and magnesi-
um content in tubers. Phosphorus content was higher by an average of
0.217 g-kg'l d.m. over a three-year period when perforated film cover
was applied. The content of magnesium content rose by 0.067 g-kg1 d.m.
when polypropylene fibre cover was used. Polypropylene fibre plant cover
proved to be most effective in enhancing magnesium concentration in tu-
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Table 3
Magnesium content in potato tubers (g-kg! d.m.)
Control Kind and date of cover removal Mean
Years Cultivar object perforated film polypropylene fibre for
no covering I I mean I I mean | COVeTS
Aksamitka 1.267 1.300 | 1.167 | 1.233 | 1.367 | 1.367 | 1.367 | 1.300
2002 |Cykada 1.333 1.267 | 1.170 | 1.217 | 1.333 | 1.300 | 1.317 | 1.267
mean 1.300 1.283 | 1.168 | 1.225 | 1.350 | 1.334 | 1,342 | 1.283
Aksamitka 1.533 1.600 | 1.567 | 1.583 | 1.633 | 1.600 | 1.617 | 1.600
92003 |Cykada 1.567 1.567 | 1.500 | 1.533 | 1.533 | 1.670 | 1.600 | 1.567
mean 1.550 1.583 | 1.534 | 1.558 | 1.583 | 1.635 | 1.608 | 1.583
Aksamitka 1.500 1.500 | 1.500 | 1.500 | 1.500 | 1.533 | 1.517 | 1.508
2004 |Cykada 1.500 1.533 | 1.400 | 1.467 | 1.467 | 1.570 | 1.517 | 1.492
mean 1.500 1.517 | 1.450 | 1.483 | 1.483 | 1.552 | 1.517 | 1.500
Mean 1.450 1.461 | 1.384 | 1.422 | 1.472 | 1.507 | 1.489 | 1.456
LSDg
years = 0.081
comparison the control object with remaining (contrast) = n.s.
kind of cover = 0.028
years x kind of covers = 0.048
date of cover removal = n.s.

bers in the warm and moderately wet vegetation period of the year 2002.
With this type of cover, the average magnesium content in tubers was
higher by 0.117 g-kg'! d.m. compared to that in tubers grown under per-
forated film. Polypropylene fibre plant cover also created more favourable
conditions for potassium accumulation in tubers (Wapas et al. 2007).

The length of time when potato plants were covered did not signifi-
cantly affect phosphorus and magnesium accumulation in tubers (Tables
2,3). Prolongation of the perforated film cover period to 3 weeks after
plant emergence raised the phosphorus concentration in tubers but de-
pressed their magnesium content. However, the interaction between the
type of cover material and the date when the cover was removed was not
statistically confirmed.

The content of phosphorus and magnesium in tubers of very early
potato cultivars Aksamitka and Cykada was similar.
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CONCLUSIONS

1. Phosphorus and magnesium content in tubers was higher in years
with less rainfall in the potato growth season.

2. Plant vegetation being accelerated by application of covering resulted
in higher phosphorus content in the tubers of cv. Aksamitka, but had only
very weak effect on magnesium.

3. Phosphorus content was higher when perforated film cover was ap-
plied; magnesium accumulated best under polypropylene fibre cover.

4. Duration of the period when potato plants grew under cover did not
significantly affect the phosphorus and magnesium accumulation in tubers.
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16. Po recenzji Autor zobowigzany jest przesta¢ w 2 egzemplarzach poprawiony artykul wraz
z dyskietka, przygotowany w dowolnym edytorze tekstu pracujacym w Srodowisku Win-
dows.

Redakcja Journal of Elementology uprzejmie informuje, iz w 2006 r. wprowadzita opta-
te za druk prac.

Koszt wydrukowania maszynopisu (wraz z rysunkami, fotografiami i tabelami) o obje-
toSci nieprzekraczajacej 6 stron formatu A4, sporzadzonego wg nastepujacych zasad:

— czcionka: Times New Roman, 12 pkt, odstep 1,5;
— 34 wiersze na 1 stronie;

— ok. 2400 znakow (bez spacji) na 1 stronie;

— rysunki i fotografie czarno-biate

wynosi 250 PLN + VAT.

Koszt druku kazdej dodatkowej strony (wraz z rysunkami, fotografiami i tabelami)
wynosi 35 PLN + VAT. Koszt druku 1 rysunku lub fotografii w kolorze wynosi 150 PLN +
+ VAT.

Uwaga:
Z optaty za druk pracy sa zwolnieni lekarze nie zatrudnieni w instytutach naukowych,
wyzszych uczelniach i innych placéwkach badawczych.
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10.

11.

12.

Guidelines for Authors ,Journal of Elementology”

Journal of Elementology (a quarterly) publishes original scientific or clinical research as
well as reviews concerning bioelements and related issues.

Journal of Elementology can publish sponsored articles, compliant with the criteria bind-
ing scientific papers.
Journal of Elementology publishes advertisements.

Each article should be submitted in duplicate. An original paper should not exceed 10
standard pages (18 000 signs). A review paper should not exceed 15 pages
(27 000 signs).

The paper should be laid out as follows: name and surname of the author(s),
TITLE OF THE ARTICLE, the name of the scientific entity, from which the
paper originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS
AND DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and
Polish languages, min. 250 words. Summary should contain: introduction (shortly), aim,
results and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+)-kgl; kg-hal; mol-dm-3; g-kgl; mg-kg! (elemental forms should be used).

In the event of using an abbreviation, it should first be given in brackets after the full
name.

Tables and figures should be attached as separate files. At the top, to the right of a table
the following should be written: Table and table number in Arabic figures (in English and
Polish), in the next lines the title of the table in English and Polish adjusted to the centre
of the paragraph. Any possible explanation of the designations placed under the table as
well as a description of the table should be given in English and Polish. Numerical values
should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

Under a figure, on the left-hand side, the following should be written: Fig. and number in
Arabic figures, description and possible explanation in Polish and English.

References should be ordered alphabetically but not numbered. They should be formatted
as follows: Surname First Name Initial (capital letter) year of publication, Title of the
paper (italics). The official abbreviated title of the journal, volume (issue): pages from - to.
e.g. Kowarska A., Kowarskr J. 2002. Zawartosé magnezu w ziemniakach. Przem. Spoz., 7(3):
23-27.

It is allowed to cite papers published in electronic journals formatted as follows: Surname
First Name Initial (capital letters) year of publication. Title of the paper (italics). The
official abbreviated title of the electronic journal and full address of the website. e.g.
ANTONKIEWICZ J., JastEwicz C. 2002. The use of plants accumulating heavy metals for detoxi-
cation of chemically polluted soils. Electr. J. Pol. Agric. Univ.,, 5(1): 1-13. hyperlink ,http:/
www.ejpau.pl/series/volumeb/issuel/environment/art-01.html” http:/www.ejpau.pl/series/vo-
lume5/issuel/environment/art-01.html

In the text of the paper a reference should be quoted as follows: the author’s name and
year of publication in brackets, e.g. (KowaLskr 1992). When citing two authors, their sur-
names should be separated with a comma, e.g. (KowaLski, KowaLska 1993). If there are
more than two authors, the first author’s name should be given followed by et al., e.g.
(KowaLski et al. 1994). When citing several papers, these should be ordered chronologically
from the oldest to the most recent one, e.g. (Nowak 1978, Nowak et al. 1990, Nowak,
KowaLska 2001).
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16.

A paper submitted for publication should be accompanied by a cover letter from the head
of the respective institute who agrees for the publication of the paper and a statement by
the author(s) confirming that the paper has not been and will not be published elsewhere
without consent of the Editors of the Journal of Elementology.

Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor’s Secretary:

dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Michala Oczapowskiego 8, 10-719 Olsztyn
jawierz@uwm.edu.pl

dr Katarzyna Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
pl. Lodzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

The Editors reserve the right to correct and shorten the paper. Any major changes in
the text will be discussed with the Author(s).

After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.



