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A b s t r a c t

A study investigating the yield of field-grown tomatoes 
was conducted in 2007–2009 in the Garden of the Research and 
Experimental Station of the University of Warmia and Mazury 
in Olsztyn. The experimental materials comprised two toma-
to cultivars, ‘Bawole Serce’ and ‘Złoty Ożarowski’. Tomato 
plants were grown in bare soil and in soil mulched with black 
non-woven PP 50 fabric. Cultivar selection had a significant ef-
fect only on average early yield of ‘Bawole Serce’. The highest 
average early yield for three years of the study was recorded for 
‘Bawole Serce’ grown in mulched soil, while the lowest one for 
‘Złoty Ożarowski” grown in mulched plots. Tomato marketable 
yield was significantly higher in both treatments where ‘Bawole 
Serce’ plants were grown. Fruits harvested from tomato plants 
‘Złoty Ożarowski’ had a higher dry matter content. Soil mul-
ching significantly increased the dry matter content of ‘Złoty 
Ożarowski’ tomato fruit. The experimental factors had no in-
fluence on the concentrations of L-ascorbic acid, total sugars, 
and organic acids. Nitrate levels in tomato fruit were within per-
missible limits, and they were significantly affected by the cul-
tivation method and the method x cultivar interaction. Nitrate 
accumulation was reduced in tomato plants ‘Złoty Ożarowski’ 
grown in mulched soil.

Key words: Lycopersicon esculentum, cultivar, yield, mulching, 
dry matter, organic compounds, nitrates.

INTRODUCTION

Tomatoes (Lycopersicon esculentum Mill.) are 
grown and consumed throughout the world (B a b i k , 
1997). The increasing economic significance of toma-
to fruits is a consequence of their high biological va-
lue, specific taste and flavor as well as a wide range of 
uses and applications (K o ł o t a  and W i n i a r s k a , 
2005). In Poland, the total area of field-grown toma-
toes is 12,244 ha, with an estimated yield of 21.0 t 
per ha (Rocznik Statystyczny Rolnictwa, 2009). Soil 

mulching is particularly recommended for thermo-
philous vegetables. A protective cover is placed over 
the soil prior to planting out the seedlings. A variety 
of materials are used as mulches, including organic 
materials such as straw, hay, and compost, as well as 
synthetic materials such as wax paper and aluminum 
foil (W a g g o n e r  et al. 1960). Commonly applied 
mulches are also black PE sheets and black non-woven 
PP fabrics (S i w e k  et al. 2007). Biodegradable mulch 
films considered “environmentally friendly” can also 
be used, however the process of their decomposition 
poses the risk of soil contamination with heavy metals 
(S i w e k  et al. 2010). The benefits of mulching inc-
lude an improvement in soil texture and plant nutrient 
utilization (K o s t e r n a  et al. 2010; A d a m c z e w -
s k a - S o w i ń s k a  and K o ł o t a , 2010). Dark-co-
lored mulches suppress weed growth and contribute 
to eliminating the use of herbicides in vegetable pro-
duction (B u c z k o w s k a , 1999). In the cultivation of 
dwarf tomatoes, mulch can help keep fruit up off the 
ground, which ensures cleaner fruit and reduces the 
development of pathogenic infections (G a l a m b o s i 
and S z e b e n i - G a l a m b o s i , 1992). 

The objective of this study was to determine the 
effect of soil mulching on fruit yield and the nutritional 
value of field-grown tomatoes.

MATERIALS AND METHODS

A two-factorial field experiment was conduc-
ted in 2007–2009 in the Garden of the Research and 
Experimental Station of the University of Warmia and 
Mazury in Olsztyn. The first experimental factor was 
tomato cultivar – ‘Bawole Serce’ and ‘Złoty Ożarow-
ski’. The second experimental factor was cultivation 
method – tomato plants were grown in bare soil and 
in soil mulched with black non-woven PP 50 fabric. 
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Seedlings were grown in a greenhouse, in line with the 
generally observed standards for tomato cultivation. 
Seeds were dressed with Seed Dressing T and were 
sown in boxes for seedlings on 30 March. Each year, 
on 12 April, seedlings were planted out in 10 cm dia-
meter pots filled with peat substrate with the following 
chemical composition: N–NO3 

– 100; P – 80; K – 215; 
Ca – 1240; Mg – 121 mg × dm-3; pH in H2O – 5.9; salt 
concentration – 1.5 g × dm-3.

During seedling production, 2% Ekosol U was 
applied twice to the leaves. Seven days before the 
planned transplant date, the seedlings were hardened 
off by reducing watering and providing good air circu-
lation. One day prior to the planting out of seedlings, 
non-woven fabric was spread over the soil surface 
and openings were made in the fabric. Seedlings were 
planted in the openings towards the end of May, at a 
spacing of 100 × 50 cm. Ten seedlings of each cultivar 
were planted in each plot with a surface area of 15 m2. 
The plants were pruned for one stem, and were suppor-
ted with stakes. In the first week of August, the plants 
were topped, leaving two leaves above the fourth clu-
ster. Soil moisture deficits were compensated for by 
sprinkling irrigation.

The experiment was carried out in a split-plot 
design, in three replications. Tomatoes were grown 
in hortic anthrosol containing 2.8% humus in the plo-
ughing layer, with pH in H2O – 7.1, salt concentra-
tion – 0.36 g × dm-3 and the following nutrient content: 
N-NO3 – 34; P – 90; K – 194; Ca – 2880; Mg – 146; 
Cl – 16 g × dm-3. Nitrogen was applied up to a level of 
120 mg × dm-3 so as to meet the species’ requirements 
(S t a r c k , 1997). Weather data were provided by the 
Hydrological and Meteorological Station in Olsztyn. 

The harvest began on 28 July and ended on
7 September in 2007 and 2008, and on 21 September 
in 2009. Early, marketable and total yield were de-
termined for both cultivars (Commission Regulation 
[EU] No. 46/2003). Early yield comprised fruits ha-
rvested during the first three harvest series, marketable 
yield consisted of healthy fruits more than 3.5 cm in 
diameter, and total yield comprised all harvested fru-
its. Fifteen ripe tomato fruits were picked (20.08) per 
treatment to determine dry matter content – by dry-
ing the collected plant material at 105oC to constant 
weight (PN-90/A-75101/03), L-ascorbic acid – by 
the Tillmans method modified by Pijanowski (PN-
-90A-75101/11), sugars – by the Luff-Schoorl method 
(PN-90/A-75101/07), organic acids – expressed as ma-
lic acid equivalents, as described by Pieterburgski, and 
nitrates – by the colorimetric method with the use of 
salicylic acid (K r a u z e  and D o m s k a , 1991). The 
total sugar to organic acid ratio and the ascorbate index 
(an indicator of the levels of ascorbic acid and nitrates, 
IAN) were also calculated.

Tomato yield and nutrient content values were 
subjected to an analysis of variance. The significance 
of differences between means was determined by Tu-
key’s test at  = 0.05.

RESULTS AND DISCUSSION

Plastic mulch is used in large-scale production 
of thermophilous vegetable crops (Candido et al. 
2006; G i a n n o c c a r o  et al. 2008; V e t r a n o  et al. 
2009). In the region of Cracow, black PE sheet and 
black non-woven fabric used as mulches increased 
soil temperature during the day by 3–4oC and 1–2oC 
on average, respectively (S i w e k  and L i b i k , 2005). 
Soil mulching is particularly recommended for ther-
mophilous vegetables in areas characterized by less 
favorable weather conditions (M a j k o w s k a - G a -
d o m s k a , 2010). The geographical regions of Poland 
differ with respect to prevailing climatic conditions 
(G r a b o w s k i  et al. 2007). The local climate in War-
mia and Mazury is quite severe and much colder, com-
pared with other regions (K o źm i ń s k i  and M i -
c h a l s k a , 2001). The annual precipitation amount, 
although greater than in adjacent areas, is insufficient 
to meet crop water demand. In addition, short wet and 
dry spells alternate in the region of Warmia and Mazu-
ry (G r a b o w s k a  et al. 2004).

Over the experimental period, weather condi-
tions varied insignificantly during the tomato growing 
seasons (Figs 1, 2). In the warmest year 2008, the 
average temperature in the tomato growing season re-
ached 16.2oC, while in the coldest year 2009 the mean 
temperature was 15.8oC. The highest rainfall total was 
in 2007 (481.6 mm), and the lowest precipitation amo-
unt was recorded in 2008 (242.4 mm).

The key to high tomato yields is the selection of 
appropriate cultivars, recommended for open ground 
(A k i n t o y e  et al. 2005; A d a m c z e w s k a - S o -
w i ń s k a  and K o ł o t a , 2007). In the present study, 
two tomato cultivars differed significantly only with 
respect to early fruit yield (Table 1). An analysis of the 
means of three years of the study revealed that cv. ‘Ba-
wole Serce’ produced significantly higher yield during 
the first three harvests (14.9 t × ha-1) than cv. ‘Złoty 
Ożarowski’. The obtained yield values are comparable 
with those reported by A k i n t o y e  et al. (2005) as 
well as A d a m c z e w s k a - S o w i ń s k a  and K o -
ł o t a  (2007) for tomatoes grown in open field with 
organic mulches. Substantially higher fruit yield of 
field-grown tomatoes was obtained by K o ł o t a  and 
W i n i a r s k a , (2005), but the cited study was carried 
out in a much warmer region of Poland.

In 2007, soil mulching contributed to a signi-
ficant increase in early yield of ‘Bawole Serce’. In 
2009, a greater yield-increasing effect was noted in the
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control treatment. The significant decrease in early 
yield of tomato fruit in the mulched plots, observed in 
2009, could be due to limited access to water in July, 
which was very dry. The average early yield for three 
years of the study ranged from 10.5 t × ha-1 in the con-
trol treatment to 14.5 t × ha-1 in mulched plots, but the 
noted differences were statistically non-significant. In 
2008, marketable yield of tomato fruit was by 12.4 t × 
ha-1 higher in non-mulched soil. The average differen-
ce determined for the three-year study period reached 
10.6%, but it was statistically non-significant. In 2007 
and 2009, mulching had a significant effect on total 
yield. The average difference over three years of the stu-
dy was 9.9% to the advantage of tomato plants grown 
in mulched plots. Previous research has shown that 
mulching enhances the yield potential of tomato plants 
as it increases soil temperature around the root system, 
supports weed control and suppresses the growth of 
soil pathogens (B u c z k o w s k a , 1995; K o ł o t a  and 
W i n i a r s k a , 2005; K a r o l e w s k i  et al. 2008). 

The interactions between habitat factors are an 
important consideration in plant production (S i w e k 
and L i b i k , 2005; W i e r z b i c k a  and M a j k o w -
s k a - G a d o m s k a  2005), particularly in thermophi-
lous vegetable growing (K o ł o t a  and S ł o c i a k , 
2003; M i c h a l i k , 2007). In the present experiment, 
the cultivation method x cultivar interaction had a si-
gnificant effect on early and marketable yield of toma-
to fruit. The highest early yield (mean of three years) 
was noted for ‘Bawole Serce’ grown in mulched soil, 
while the lowest one for cv. ‘Złoty Ożarowski’ grown 
in mulched plots. Tomato plants of cv. ‘Bawole Serce’ 
produced the highest average marketable yield when 
grown in control plots, and the lowest one when grown 
in mulched soil, but this trend was not validated sta-
tistically. Tomato plants ‘Złoty Ożarowski’ grown in 
mulched soil tended to produce a higher total yield. Si-
milar relationships were observed by W i e r z b i c k a 
et al. (2003) for cucumbers grown in soil mulched with 
black PE sheet in the Warmia region. 

Tomatoes are widely consumed around the glo-
be due to their flavor and nutritional value. The flesh 
of ripe tomatoes contains valuable organic and mineral 
compounds whose concentrations vary depending on 
cultivar, growing conditions (M a r t y n i a k - P r z y -
b y s z e w s k a , 2000; K o ł o t a  and W i n i a r s k a , 
2005; M a j k o w s k a - G a d o m s k a  et al. 2008), 
and the degree of ripeness (Z a d e r n o w s k i  and 
O s z m i a ń s k i , 1994). 

The main components of the edible parts of 
vegetables are water and dry matter. The processing 
suitability of plant materials is largely determined 
by dry matter content. In this experiment, dry matter 
concentrations in tomato fruit varied significantly de-
pending on the cultivar and the cultivar x cultivation 

method interaction (Table 2). A comparison of the ana-
lyzed cultivars showed that tomato fruits of cv. Złoty 
Ożarowski harvested from control and mulched plots 
were characterized by a higher dry matter content than 
tomato fruits of cv. Bawole Serce. The dry matter con-
tent of the latter was lowest in the control treatment. 
The obtained results are consistent with the findings 
of R o ż e k  (2001), M a r t y n i a k - P r z y b y s z e w -
s k a  (2000), W i n i a r s k a  and K o ł o t a  (2007), 
and M a j k o w s k a - G a d o m s k a  et al. (2008). 
The biological value of the edible parts of vegetables 
is determined by L-ascorbic acid levels which, accor-
ding to K u n a c h o w i c z  et al. (2006), should oscil-
late around 23 mg × 100g-1. In the present study, the
L-ascorbic acid content of tomato fruit ranged from 
27.7 mg 100g-1 to 32.9 mg × 100g-1, and it was not 
significantly affected by the experimental factors. The 
flavor and processing suitability of tomato fruit are also 
dependent on the concentrations of sugars and organic 
acids. Increased sugar levels improve the flavor of fru-
its and vegetables as well as the functional properties 
of tomatoes (K u l k a  and R e j o w s k i , 1998). The 
total sugar content of tomato fruit ranged from 3.4 g × 
100g-1 to 4.6 g × 100 g-1, and organic acid levels varied 
from 0.7 g × 100 g-1 to 0.8 g × 100 g-1 (Table 2). The 
noted differences were statistically non-significant. 
The total sugar to organic acid ratio in tomato fruit su-
itable for direct consumption ranged from 4.4 to 5.8, 
and it was close to the minimum value for good quality 
raw material intended for processing (6–10) (Z a d e r -
n o w s k i  and O s z m i a ń s k i , 2004).

The suitability of fruits for processing or fresh 
consumption is also determined by the presence of 
nitrates, regarded as undesirable mineral compounds 
in fruits. The average nitrate levels in tomato fruit re-
mained within permissible limits (250 mg NO3

- × kg -1

fresh weight) (Journal of Laws No. 2, item 9, 2005). 
Cultivar had no significant effect on the nitrate content 
of tomato fruit, which was significantly affected by 
the cultivation method and the method x cultivar inte-
raction. Tomato fruits of ‘Złoty Ożarowski’ harvested 
from plants grown in mulched soil had the lowest ni-
trate concentrations, whereas the highest nitrate levels 
were found in tomato fruits of this cultivar harvested 
from control plots. Previous research has shown that 
nitrate levels may be a genetic or varietal feature, but 
they can also be considerably modified by environmen-
tal conditions and agronomic factors (S a u l l, 1990; 
R o ż e k , 2000; W o j c i e c h o w s k a  et al. 2000).

The nutritional value of vegetables may be eva-
luated based on the ascorbate index. As demonstrated 
by P o k l u d a  (2006), the value of the ascorbate index 
depends on plant species, cultivar and growing con-
ditions. According to L a c h m a n  et al. (1997), the 
value of the ascorbate index (IAN) should be higher than 
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1. In a study conducted by the cited author, the average 
values of IAN were as follows: pepper – 106, cabbage 
– 1.54, parsley – 1.33, celery – 0.15. In the present 
experiment, the values of IAN in tomato fruit ranged 
from 1.6 to 2.3. Tomato fruits of ‘Złoty Ożarowski’, 
particularly those harvested from control plots, had 

more desirable values of the ascorbate index. ‘Bawole 
Serce’ also responded positively to cultivation without 
mulching, since better light conditions supported vita-
min C accumulation and a reduction in nitrate levels 
(R o ż e k , 2000; B i e s i a d a , 2008; G a j c - W o l -
s k a  et al. 2008).

Table 1
Total and marketable yield of field-grown tomatoes in 2007–2009

Cultivar
Cultivation 

method

Early yield 
(t × ha-1)

Marketable yield
(t × ha-1)

Total yield 
(t × ha-1)

2007 2008 2009 Mean 2007 2008 2009 Mean 2007 2008 2009 Mean 

Bawole Serce

Control
Mulch

5.1
18.4

20.4
35.0

5.9
5.0

10.4
19.4

7.1
4.7

53.0
42.0

26.7
24.7

28.9
23.8

17.6
38.8

64.9
58.1

35.5
33.1

39.3
43.3

Mean 11.7 27.7 5.4 14.9 5.9 47.5 25.7 26.3  8.2 61.5 34.3 41.3

Złoty Ożarowski

Control
Mulch

3.8
15.1

13.8
11.6

14.2
 2.5

10.6
 9.7

11.0
21.3

50.0
36.2

16.5
17.5

25.8
25.0

 22.9
 63.1

68.5
47.8

38.6
31.9

43.3
47.6

Mean 9.4 12.7 8.3 10.1 16.1 43.1 17.0 25.4  43.0 58.1 35.2 45.4

Average for culti-
vation method

Control
Mulch

4.4
16.7

17.1
23.3

10.0
3.7

10.5
14.5

 9.0
13.0

51.5
39.1

21.6
21.1

27.3
24.4

20.2
51.0

66.7
52.9

37.0
32.5

41.3
45.4

LSD0.05
 

Cultivar n.s. 7.4 n.s. 4.7 4.6 n.s. 5.6 n.s. n.s. 4.9 n.s. n.s.

Average for cultivation method 1.9 n.s. 4.5 n.s. n.s. 6.61 n.s. n.s. 13.7 n.s. 3.5 n.s.

Interaction 1.3 1.6 1.9 1.9 1.3 n.s. 1.9 1.3 9.5 1.8 n.s. n.s.

Table 2
Concentrations of organic compounds and nitrates in fruits of field-grown tomatoes.

Cultivar
Cultivation 

method

Dry
matter

L-ascorbic 
acid 

Total sac-
charides

Organic
acid

Saccharides/ 
organic acid 

Nitrate (V)
Ascorbate-

nitrate index

% mg×100g-1 g×100g-1 g×100g-1 - mg×kg-1f.w. -

Bawole Serce

Control
Mulch 

4.9
5.3

31.0
29.2

3.4
3.5

0.8
0.7

4.4
4.9

186.7
185.6

2.0
1.6

Mean 5.1 30.1 3.4 0.8 4.6 186.1 1.8

Złoty Ożarowski

Control
Mulch 

5.4
5.5

32.9
27.7

3.5
4.6

0.7
0.8

4.7
5.8

202.5
178.1

2.3
1.6

Mean 5.5 30.3 4.1 0.8 5.2 190.3 2.0

Average for culti-
vation method

Control
Mulch 

5.3
5.4

31,0
29.2

3.5
3.8

0.8
0.8

4.5
5.3

194.6
181.8

2.2
1.6

LSD0.05 0.2 n.s. n.s. n.s. n.s.

Cultivar 0.2 n.s. n.s. n.s. - 8.7 -

Cultivation method 
Interaction

0.2 n.s. n.s. n.s. 1.1
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Fig. 1. Mean temperatures over the experimental period – data provided by the Meteorological Station in Olsztyn.
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Fig. 2. Precipitation totals over the experimental period – data provided by the Meteorological Station in Olsztyn.

CONCLUSIONS

1. Soil mulching with black non-woven PP 50 fabric 
contributed to an increase in early yield of field-
-grown tomatoes ‘Bawole Serce’, compared with 
the control treatment. 

2. Fruits harvested from tomato plants ‘Złoty Oża-
rowski’ had a higher dry matter content. 

3. Soil mulching had no significant effect on the con-
centrations of the analyzed organic compounds in 
tomato fruit.

4. Nitrate levels in tomato fruit remained within per-
missible limits, and they were significantly affected 
by the cultivation method and the method x cultivar 
interaction.
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Plonowanie i wartość odżywcza
owoców pomidora polowego

(Lycopersicon esculentum Mill.)
z uprawy roślin na glebie ściółkowanej

S t r e s z c z e n i e

Badania nad plonowaniem pomidora uprawia-
nego w polu przeprowadzono w latach 2007–2009
w Ogrodzie Zakładu Dydaktyczno-Doświadczalne-
go Uniwersytetu Warmińsko-Mazurskiego w Olsz-
tynie. Materiał do badań stanowiły dwie odmiany 
pomidora: Bawole Serce i Złoty Ożarowski. Rośliny 
uprawiano bezpośrednio w polu oraz na glebie ściół-
kowanej czarną włókniną PP 50. Wybór odmiany 
miał istotny wpływ tylko na średni plon wczesny w 
uprawie odmiany Bawole Serce. Największy plon 
wczesny, średnio z trzech lat badań, uzyskano z ro-
ślin odmiany Bawole Serce uprawianych na glebie

ściółkowanej, natomiast istotnie najmniej owoców 
zebrano z uprawy roślin odmiany Złoty Ożarowski 
również w obiekcie ze ściółkowaniem. Plon handlowy 
owoców pomidora był istotnie większy w obu obiek-
tach, w których uprawiano rośliny odmiany Bawole 
Serce. Większą zawartością suchej masy charaktery-
zowały się owoce pochodzące z roślin odmiany Złoty 
Ożarowski. Ściółkowanie gleby w uprawie tej odmia-
ny istotnie zwiększyło poziom zawartości suchej masy
w owocach. Zawartość kwasu L-askorbinowego, cu-
krów ogółem i kwasów organicznych nie była uza-
leżniona od badanych czynników. Poziom zawartości 
azotanów (V) w częściach jadalnych analizowanych 
odmian pomidora nie przekraczał dopuszczalnej dla 
organizmu ludzkiego normy i istotnie zależał od spo-
sobu uprawy roślin i jego współdziałania z odmianą. 
Ograniczeniu gromadzenia azotanów (V) sprzyjała 
uprawa roślin pomidora odmiany Ożarowski Złoty na 
glebie ściółkowanej. 
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