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EFFECT OF SOIL AND PLANT COVERING AS WELL
AS SOWING TERM UPON FENNEL BULB
NUTRITIONAL VALUE

Marzena Blazewicz-Wozniak
University of Life Sciences in Lublin

Abstract. Fennel (Foeniculum vulgare var. azoricum Mill.), despite its high dietary value,
is not a very popular vegetable in Poland. It bulbs constitute a low-calorie food, abundant
in vitamins and mineral salts. They also contain, though in smaller amounts, the essential
oil, determining the use of fennel fruit in medicine. In the field experiment with fennel
growing the influence of soil mulching and flat plant shielding, as well as sowing term
upon the nutritional values of two fennel cultivars, was examined. The studies covered
3 kinds of covers (covering the soil with black polyethylene film PE, covering the soil
with black polypropylene unwoven PP 50 g m™ and flat covering of plants with white
unwoven PP 17 g m™ (the controls were plots without covers), 3 sowing terms directly in
the field, 2 cultivars (Rudy F, and Zefa Fino). The applied covers did not significantly af-
fect the nutritional value of fennel bulbs. The bulbs of plants from June sowings contained
the most protein, total nitrogen and nitrate nitrogen, as compared to earlier sowing terms.
The most dry matter, vitamin C, sugars,0 phosphorus and potassium were determined in
fennel bulbs from May sowings. The least protein, sugars and potassium was contained in
plant bulbs from April sowings. The bulbs of Rudy F; cultivar were more abundant in
protein, phosphorus and calcium than those of Zefa Fino cultivar. The cultivars did not
differ in dry matter, nitrate, vitamin C, total sugars, fibre and potassium contents in the
bulbs.
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INTRODUCTION

Fennel (Foeniculum vulgare var. azoricum Mill.) is not a very popular vegetable in
Poland. Nevertheless, its fruit is commonly used in medicine for manufacturing prepara-
tions soothing indigestion ailments, especially for children and elderly persons. Fennel,
however, is a valuable vegetable of high dietary value. Its bulbs constitute a low-calorie
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food, abundant in vitamins (C, By, B,, B¢, K, PP, B-carotene) and mineral salts (potas-
sium, calcium, magnesium, sodium and phosphorus). In 100 g of fresh bulbs protein
constitutes from 1.0 to 2.4%, total sugars:1.2—-3.0%, fibre 0.5-1.1%, fat ca. 0.3% [Men-
carelli et al. 1996, Dobromilska 1999, Elmadfa et al. 2003]. The bulbs also contain,
though in smaller amounts, essential oil, determining the use of fennel fruit in medicine.

The aim of the conducted studies was to determine the effect of soil mulching and
flat plant covering, as well as sowing term upon the nutritional value of two fennel
cultivars.

MATERIAL AND METHODS

The field experiment with fennel growing was performed in the years 19982000 in
Felin Experimental Farm of the University of Life Sciences in Lublin on fawn soil,
formed of medium loam. In the cultivated layer of soil (020 c¢cm) the following were
determined (mean values): 16.14-16.99 mg P, 25.72-29.48 mg K and 6.65-8.28 mg
Mg 100 g of soil. The experiment was established with the use of completely random-
ized blocks methods, in 4 replications. The surface of plot for harvest was 3.2 m?.

The following factors were taken into account in the studies: 3 kinds of covers —
covering the soil with black polyethylene film (PE), covering the soil with black poly-
propylene unwoven (PP 50 g m?) and flat covering of plants with white polypropylene
unwoven (PP 17 g m™ — Agryl P17), as well as control (without covering); 3 terms for
seed sowing — April, May, June; 2 cultivars — Rudy F, and Zefa Fino.

Head white cabbage was the forecrop for fennel. Before winter the field underwent
deep ploughing, and in spring it was harrowed. Then it underwent cultivator tillage and
additional cultivations. Fertilization was applied before sowing in the following
amounts: 80 kg N (ammonium saltpeter), 35.2 kg P (triple superphosphate) and 91.3 kg K
(potassium salt) per 1 ha. The seeds were sown in rows, every 40 cm, in nests (in twos),
every 20 cm in a row. After the plants formed 2 proper leaves thinning was performed,
leaving one plant in a nest. April sowings were performed as early as possible, however,
in the year 1998 the spring weather course caused delay in sowings. PP17 unwoven
plant covering was removed after about 4 weeks from the beginning of seedlings. The
terms of sowing, removing PP17 unwoven and harvest were presented in table 1.

During all the study years fennel bulbs were analyzed considering their nutritional
value. Straight after harvesting the bulbs, dry matter contents were determined in the
fresh material of usable parts of the plants, with the use of drier-scales method; vitamin
C contents — using Tillmans’s method; the contents of reducing and total sugars — using
Schoorl-Regenbogen method. Also protein and total N contents were determined using
Kjeldahl’s method on Kjeltec System 1002 Distilling Unit apparatus; N-NH, and
N-NO; — in 2% extract of CH;COOH with the use of Bremner’s distillation method in
Starck’s modification; phosphorus — colorimetrically; potassium and calcium — with the
use of atomic absorption method (ASA); crude (raw) fibre contents — using Kiirschner-
-Scharrer’s method.
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Table 1. Time-table of more important works in cultivation of fennel from sowing in the years
1998-2000
Tabela 1. Terminarz wazniejszych prac w uprawie fenkutu z siewu w latach 1998-2000

Year Sowing term _Replova]l Of. PP17 Haryf:st
Rok Termin siewu Zdjgcie wtokniny PP17 Zbidr
A B A B
I-6.05. 6.07. 61 7.08. 92
1998 II-27.05. 21.07. 57 21.08. 87
111 - 17.06. 11.08. 55 2.09. 76
1-27.04. 8.06. 41 20.07. 83
1999 II-26.05. 8.07. 41 16.08. 80
111 - 22.06. 15.08. 53 9.09. 78
1-26.04. 12.06. 46 19.07. 85
2000 II-24.05. 19.07. 55 16.08. 83
111 - 21.06. 7.08. 46 5.09. 75

A — Date — Data; B — Days after sowing — Dni od siewu

The obtained results were statistically worked out with the use of variance analysis
method. The significance of differences were determined with the use of Tukey’s confi-
dence intervals with significance level p = 0.05.

RESULTS

The fennel bulbs contained on average 6.37% of dry matter (tab. 2). The dry matter
contents assumed values ranging from 4.96 to 8.38%. No significant effect of the ap-
plied covers upon this parameter was found. Significant differences occurred between
sowing terms. Significantly the greatest dry matter contents occurred in the bulbs from
May sowings (6.97% on average). The least dry matter was contained in the bulbs of
plants from June sowings (6.03%). The examined fennel cultivars did not differ as to
the dry matter contents in the bulbs.

In the fresh bulb weight 796 mg-100 g protein was determined on average (tab. 2).
Significantly the greatest amount of protein was reported in the bulbs of plants from
June sowings (863 mg-100 g f.w.), whereas the smallest amount was in the bulbs of
plants from April sowings (688 mg). The bulbs of Rudy F, cultivar were more abundant
in protein (822 mg-100 g f. w.) than of Zefa Fino cultivar (770 mg).

In the fresh weight of fennel bulbs we determined on average 127.4 mg-100 g
N- total, including 13.9 mg N-NOs;, and the examined cultivars did not differ as to the
contents of nitrates. The most total nitrogen (138.0 mg) and nitrates (23.7 mg) were
contained in the bulbs of plants sown in June. The least N-NO; was determined in the
bulbs from May sowings (7.3 mg).

The fennel bulbs contained on average 8.71 mg-100 g of vitamin C in fresh weight
(tab. 3). No significant effect of the experimental factors upon that feature was found.
Neither the contents of raw fibre in the bulbs were modified by the factors of experi-
ment nor it was 0.567 g:100 g”' . w. on average.
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Table 2. Contents of dry matter, protein, total N and NO;-N in fennel bulbs in years 1998-2000
Tabela 2. Zawartos$¢ suchej masy, biatka, azotu ogétem i N-NO; w zgrubieniach fenkutu w latach

1998-2000
Nutrient in mg 100 g f.w.
Factors gl rc}ilran;t;:g Sktadnik w mg 100 g §.m.
Czynniki % Protein Total N NO;-N
Biatko N ogdtem N-NO;

Control — Kontrola 6.51 794 127.0 12.8
Kind of covering PE 6.37 784 1255 15.8
Rodzaj okrycia PP50 6.24 812 129.9 14.2
PP17 6.37 795 127.2 12.7
Term of sowing I 6.13 688 110.1 10.7
Termin siewu 11 6.97 838 134.2 7.3
111 6.03 863 138.0 23.7
Cultivar Rudy F, 6.40 822 131.6 13.5
Odmiana Zefa Fino 6.35 770 123.3 14.3
Year 1998 6.27 649 103.9 7.3
Rok 1999 6.59 772 123.6 14.5
2000 6.26 967 154.8 19.8
Mean — Srednia 6.37 796 127.4 13.9

LSDO_(]S for: — NIR0,05 dla:
coverings — oston n.s. n.s. n.s. n.s.
sowing dates — termindéw siewu 0.31 57.2 9.16 4.44
cultivars — odmian n.s. 38.1 6.11 n.s.
years — lat 0.31 57.2 9.16 4.44

PE — black film — czarna folia; PP50 — black unwoven — czarna widknina; PP17 — white unwoven — biata
wioknina
n.s. — no significant differences — roznice nieistotnie statystycznie

The total sugars content was on average 2.65 g-100 g, out of which 2.33 g were re-
ducing sugars (tab. 3). No influence of covering the soil and plants upon the contents of
total sugars and monosaccharides in fennel bulbs. However, significant differences
occurred between sowing terms. The most total sugars were determined in the bulbs of
plants from May sowings (3.01 g), and the least from the sowings performed in April
(2.35 g). The bulbs of Zefa Fino cultivars contained more sugars than those of Rudy F,
cultivar.

In the fresh weight of fennel bulbs we determined on average 31.8 mg P, 420.0 mg K
and 33.6 mg Ca (tab. 4). No significant effect of the applied covers upon the contents of
these nutrients in the bulbs was reported. The most phosphorus and potassium were
contained in the bulbs of plants from May sowings. The contents of calcium did not
depend upon the sowing term, although slightly more of that component was deter-
mined in the bulbs from June sowings. The bulbs of Rudy F, cultivar accumulated sig-
nificantly more phosphorus and calcium than these of Zefa Fino cultivar.

The contents of nutrients in the bulbs were modified by the weather course in the
subsequent study years. In the year 1999 the bulbs contained the most of dry matter, but
the least vitamin C, sugars, phosphorus and calcium. In the year 2000 the bulbs were
characterized by the largest contents of protein, total nitrogen, nitrates, vitamin C and
total sugars, whereas in the year 1998 they accumulated the most phosphorus and calcium.

Acta Sci. Pol.



Effect of soil and plant covering as well as sowing term upon fennel bulb nutritional value

7

Table 3. Contents of vitamin C, reducing and total sugars and crude fibre in fennel bulbs in years

1998-2000

Tabela 3. Zawartos¢ witaminy C, cukrow prostych, cukrow ogoétem i wldkna w zgrubieniach

fenkutu w latach 1998-2000

Factors
Czynniki

Vitamin C
inmg 100 g f.w.
Witamina C

wmg 100 g’ §$.m  Cukry redukujace Cukry ogélem Wiokno

Nutrient in g 100 g f.w.
Sktadnik w g 100 g §.m.

Reducing sugars

Total sugars

Fibre

Control — Kontrola 8.86 2.32 2.64 0.585
Kind of covering PE 8.66 2.30 2.62 0.572
Rodzaj okrycia PP50 8.02 2.35 2.64 0.569
PP17 9.28 2.31 2.68 0.545
Term of sowing 1 8.77 1.97 2.35 0.570
Termin siewu I 8.88 2.63 3.01 0.608
11T 8.47 2.35 2.57 0.525
Cultivar Rudy F, 8.87 2.24 2.56 0.558
Odmiana Zeta Fino 8.54 2.40 2.73 0.577
Year 1998 8.67 2.48 2.73 0.563
Rok 1999 791 2.14 2.49 0.575
2000 9.54 2.40 2.69 0.564
Mean — Srednia 8.71 2.33 2.65 0.567
LSDO_os for: — NIRO,OS dla:
coverings — oston n.s. n.s. n.s. n.s.
sowing dates — terminéw siewu n.s. 0.17 0.23 n.s.
cultivars — odmian n.s. 0.12 n.s. n.s.
years — lat n.s. 0.17 0.23 n.s.
* Denotations as in table 2 — Oznaczenia jak w tabeli 2
Table 4. Contents of P, K and Ca in fennel bulbs in years 1998-2000
Tabela 4. Zawartos¢ P, K i Ca w zgrubieniach fenkulu w latach 1998-2000
Factors Nutriept in mg 100 gll fw
o Sktadnik w mg 100 g™ §.m.
Czynniki
P K Ca
Control Kontrola 323 418.9 35.0
Kind of covering PE 31.6 421.4 33.1
Rodzaj okrycia PP50 31.2 414.7 32.1
PP17 319 424.8 343
Term of sowing I 30.0 404.9 32.5
Termin siewu I 35.8 434.6 325
111 29.4 420.5 359
Cultivar Rudy F; 33.4 420.9 35.6
Odmiana Zefa Fino 30.1 419.0 31.7
Year 1998 34.8 404.9 40.0
Rok 1999 28.5 434.6 26.8
2000 32.0 420.5 34.1
Mean — Srednia 318 420.0 33.6
LSDO_05 for: — NIRO,OS dla:
coverings — oston n.s. n.s. n.s
sowing dates — terminéw siewu 2.23 13.7 n.s
cultivars — odmian 1.48 n.s. 2.5
years — lat 2.23 13.7 3.7

* Denotations as in table 2 — Oznaczenia jak w tabeli 2
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DISCUSSION

The bulbs of fennel obtained from field crops in the years 1998-2000 contained on
average 6.37% of dry matter and 127.4 mg N-total, 31.8 mg phosphorus, 420.0 mg
potassium, 33.6 mg calcium and 0.567 g raw fibre in 100 g fresh weight. The deter-
mined values are confirmed in literature [Koudela and Petiikova 2000, Wierzbicka and
Kuskowska 2002, Elmadfa et al. 2003]. In 100 g edible part of the bulbs we determined
on average 8.71 mg vitamin C, 2.65 g total sugars, 2.33 g reducing sugars and 796 mg
protein. In the assessment of vitamin C level there occur differences between authors,
and even in different works of the same authors. Koudela and Petiikova determined in
fennel bulbs 147-157 mg-kg™ [2000] and 87-347 mg-kg™ [2008] vitamin C w in fresh
weight, Wierzbicka and Kuskowska [2002] 8.6 mg-100 g, Dobromilska [1996, 1999],
3.18-4.40 mg:100 g, and Lipska-Szpunar [1992] 12.75 mg-100 g'. According to El-
madfa et al. [2003] in 100 g of fresh bulb weight there are 93 mg ascorbic acid, 2.4 g
protein and 2.8 g assimilable carbohydrates, as well as more dry matter (14%) and cal-
cium (109 mg).

The applied covers did not significantly affect the contents of dry matter, vitamin C,
nitrates, potassium, calcium, total sugars, monosaccharides and fibre in fennel bulbs.
The bulbs of plants grown without covers contained a little more dry matter (6.51%)
and fibre (0.585 g 100 g) than those from covered objects. Also in the studies con-
ducted by Dyduch and Najda [2005] the celery plants grown on plots mulched with
black PE foil and black PP unwoven contained less dry matter than on the uncovered
control. According to Siwek [2002], the plants growing on mulched plots contain
smaller amounts of certain active substances, due to greater tissue hydration.

In the analyzed experiment, slightly more total nitrogen, plants from objects
mulched by PP50 unwoven accumulated protein and reducing sugars, and more vitamin
C was accumulated by plants from those covered by PP17 unwoven. More total protein
and sugars after soil mulching with black PP unwoven and PE foil was accumulated by
celery petioles in Najda’s studies [2004], whereas effect upon vitamin C contents was
ambiguous. Rekowska and Stodkowski [2005] reported lower vitamin C contents in the
leaves of European corn salad covered with unwoven, as compared to that grown in
open field. The salad covered with unwoven accumulated the least vitamin C, and the
most — that mulched with black foil [Wierzbicka and Kuskowska 2002]. Siti i in. [1994]
found the increased contents of N, P, K and Ca w in the leaves of peppers grown on
plots mulched with black foil. The greater contents of dry matter, total sugars and
L-ascorbic acid are related to high temperatures during the period of gaining harvest
ripeness [Wierzbicka 1999]. Gajc-Wolska et al. [2005] reported higher level of vitamin
C in the fruit of peppers mulched with straw than in those mulched with unwoven. As
Kalisz and Cebula [2001] report, the factor with the strongest effect upon the accumula-
tion of nutrients in Chinese cabbage heads was the kind of cover, which, however, was
strongly related to the grown cultivar. In the conducted studies the Rudy F; cultivar
conducted in its bulbs more protein, total nitrogen, phosphorus and calcium than the
Zefa Fino cultivar. No differences between cultivars were found, regarding the contents
of dry matter, nitrates, vitamin C, total sugars, fibre and potassium in the bulbs. Greater
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contents of dry matter and vitamin C in the bulbs of Zefa Fino cultivar than in these of
Rudy F; cultivar were reported by Koudela and Petiikova [2000].

In the case of vegetables whose edible parts are leaves, or their thickened bases, the
term of growing gains special importance. In autumn, as a consequence of worse light
conditions and lower temperatures, the plants accumulate more nitrates [Jaworska and
Kmiecik 1999, Serio et al. 2004]. The decreased light intensity, or shortening of the day
increase their accumulation in the plants [Lisiewska and Kmiecik 1991, Koudela and
Pettikova 2000, Sady 2000]. On the basis of the obtained results it was found that the
level of nitrates in the bulbs was not very high and it did not exceed the allowable stan-
dards. Similar results were obtained by Dobromilska [1999], who determined in fennel
bulbs 101-275 mg NOskg™ f.w., and in another series of studies: 752-798 mg NO5kg™.
Santamaria et al.[1999] determined in fennel bulbs from 107 to 769 mg NOskg™ f. w.
According to Koudela and Petiikova [2000] the bulbs contain 1515-1632 mg ni-
trates-kg” f. w.

In the conducted experiment the most total nitrogen (138.0 mg 100 g) and nitrates
(23.7 mg 100 g) was contained in the bulbs of plants sown in June (harvest in September).
The least N-NO; was determined in the bulbs of fennel from May sowings (7.3 mg 100 g™).
Many authors confirm that the level of nitrates in plants grows as the growing term is
delayed [Michatojé 1994, 2000; Sebeli¢ and Vedrina-Dragojevié 1999; Sady 2000;
Krezel and Kotota 2003]. A similar relationship was reported by Dobromilska [1999],
but in her studies the level of nitrates in fennel bulbs from June sowings was higher
(1527-1709 mg NOskg™). The increase of nitrate level in fennel petioles with the delay
of growing term was demonstrated by Matthius and Gysi [2001]. The least N-total and
protein was found in the bulbs of plants sown in April, and the least nitrates — from May
sowings (harvest until the 3" decade of August). Similar results were obtained by
Kmiecik et al. [2002] in growing dill.

The bulbs from May sowings contained the most dry matter, vitamin C, sugars,
phosphorus, potassium and fibre. Majkowska-Gadomska and Wierzbicka [2005] ex-
plain higher contents of sugars in lettuce by lighter overcast. Also Bin and Royal [1997]
report that not only temperature is important for accumulating sugars, but also solar
radiation. It is confirmed by other authors, whereas the views on accumulation of vita-
min C, as well as P, K, Ca and Mg in vegetables, related to growing terms, are varied
[Michatoj¢ 1994, 2000; Jaworska and Kmiecik 1999; Kozik and Ruprik 2000; Krezel
and Kotota 2003]. In the studies conducted by Kmiecik et al. [2002], the most fibre was
contained in the petioled leaves of dill sown in May (harvest in June), and the least — in
those from August sowings (harvest in September). The case was similar with nitrogen
and protein contents. The increase of dry matter and protein contents, as well as the
decrease of L-ascorbic acid level in the petioles of leaf celery, as the vegetation went
on, were confirmed by Najda [2004], as well as Dyduch and Najda [2005].
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CONCLUSIONS

1. The applied covers did not significantly affect the nutritional value of fennel
bulbs.

2. Bulbs of plants from June sowings contained the most protein, total nitrogen and
nitrate nitrogen as compared to earlier sowing terms.

3. The most of dry matter, sugars, phosphorus and potassium was determined in
bulbs of May sowings fennel.

4. The least protein, sugars and potassium was contained in the bulbs of plants sown
in the first term.

5. The bulbs of Rudy F; cultivar were more abundant in protein, phosphorus and
calcium than those of Zefa Fino cultivar. The cultivars did not differ as far as dry mat-
ter, nitrates, vitamin C, total sugars, fibre and potassium contents in the bulbs were
concerned.
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WPLYW OSLANIANIA GLEBY I ROgL,IN ORAZ TERMINU SIEWU
NA WARTOSC ODZYWCZA ZGRUBIEN KOPRU WEOSKIEGO

Streszczenie. Koper wloski (Foeniculum vulgare var. azoricum Mill.), pomimo wysokiej
warto$ci dietetycznej jest w Polsce mato popularnym warzywem. Jego zgrubienia sa po-
karmem niskokalorycznym bogatym w witaminy i sole mineralne. Zawieraja rowniez,
chociaz w mniejszej ilosci, olejek eteryczny, ktéry decyduje o wykorzystaniu w lecznic-
twie owocow fenkutu. W doswiadczeniu polowym z uprawa kopru wioskiego badano
wplyw $cidtkowania gleby i ptaskiego ostaniania ro$lin oraz terminu siewu na wartos¢
odzywcza dwoch odmian kopru wloskiego. W badaniach uwzgledniono 3 rodzaje oston
(okrycie gleby czarna folig polietylenowa PE, okrycie gleby czarna wtdkning polipropy-
lenowa PP 50 g m™ i ptaskie okrycie roglin biata wiéknina polipropylenowa PP 17 g m™
(kontrolg stanowily poletka bez oston), 3 terminy siewu wprost na polu, 2 odmiany (Rudy
F, i Zefa Fino). Zastosowane ostony nie wplyngly znaczaco na warto$é¢ odzywcza zgru-
bien kopru wloskiego. Zgrubienia roslin z siewéw czerwcowych zawieraly najwigcej
biatka, azotu ogdtem i azotu azotanowego w pordéwnaniu z wczeSniejszymi terminami
siewu. Najwigcej suchej masy, witaminy C, cukréw, fosforu i potasu oznaczono w zgru-
bieniach fenkutu z siewéw majowych. Najmniej biatka, cukréw i potasu zawieraty zgru-
bienia roslin z siewoéw w kwietniu. Zgrubienia odmiany Rudy F, byly bogatsze w biatko,
fosfor i wapn niz odmiany Zefa Fino. Odmiany nie r6znily si¢ pod wzgledem zawartosci
suchej masy, azotanow, witaminy C, cukrow ogdétem, widkna i potasu w zgrubieniach.

Stowa kluczowe: Foeniculum vulgare var. azoricum Mill., odmiana, §ciétkowanie, wita-
mina C

Accepted for print — Zaakceptowano do druku: 3.03.2010
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