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Abstract. A two-factorial experiment was conducted in 2012-2014 in a greenhouse owned by
the Department of Horticulture at the University of Warmia and Mazury in Olsztyn. The experiment
had a randomised block design with three replicates. The first experimental factor were six botanical
varieties of basil: sweet basil, Thai ‘Siam Queen’ basil, Greek ‘Minette’ basil, purple basil, lemon
basil and cinnamon basil. The second experimental factor was container size and the number of plants
per pot: 0.7 dm® container with one plant per pot, 3.0 dm® container with one plant per pot, 3.0 dm?
container with four plants per pot. In successive years of the three-year experiment, between 22 and
24 February, containers filled with organic substrate (sphagnum peat) were placed on movable tables
in the greenhouse, depending on pot size (0.7 and 3.0 dm®). Once-over harvest of basil herbage was
carried out between 17 April and 7 May. The plants were cut at 5 cm above the substrate surface.
Total yield and marketable yield were identical because no mechanical damage to leaves or symptoms
of leaf diseases were observed. The content of dry matter, total sugars and L-ascorbic acid in basil
herbage was determined. Basil ecotype had a significant effect on leaf greenness index, fresh herb-
age yield, dry herbage yield, and on the content of dry matter and total sugars. Growing basil plants
in 3.0 dm® containers, with four plants per pot, contributed to a significant decrease in fresh and dry
herbage yields, in comparison with the remaining treatments.
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INTRODUCTION

Basil is grown in tropical, subtropical and warm temperate climates. The world’s
largest producers of basil include Indonesia (Asia), Egypt and Morocco (North Africa),
as well as France, Spain and Hungary (Europe) (Jadczak et al. 2006). Numerous
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basil varieties are cultivated. Basil leaves, used for seasoning, have a strong spicy
aroma and a slightly sour taste. Basil is added to various dishes to enrich their flavour
(Majkowska-Gadomska et al. 2015). Basil leaves are used to flavour soups, sauces,
marinades, cheeses, meat and cured meat products, patés, tomatoes, pickled cucum-
bers, canned foods and liqueurs (Nurzynska-Wierdak 2012, Fraszczak et al. 2015).
In the experiment the best known varieties of basil in the Polish market were used.
The production of plants in containers under cover is one of the branches of green-
house vegetable production, providing an opportunity for additional income for the
producers. Studies on the interdependence between substrate volume and plant char-
acteristics have shown that the use of too small containers in the production reduces
the yield and its biochemical quality (Fraszczak and Knaflewski 2009).

The aim of this study was to determine leaf greenness index, yield, content of dry
matter, total sugars and L-ascorbic acid in six botanical varieties of basil grown in
a greenhouse in containers of different sizes, with a different number of plants per pot.

MATERIAL AND METHODS

A two-factorial experiment was conducted in 2012-2014 in a greenhouse
owned by the Department of Horticulture at the University of Warmia and Mazury
in Olsztyn (NE Poland). The experiment had a randomised block design with three
replicates. The first experimental factor were six botanical varieties of basil, char-
acterised by different morphological traits: sweet basil, Thai ‘Siam Queen’ basil,
Greek ‘Minette’ basil, purple basil, lemon basil and cinnamon basil. The second
experimental factor was container size and the number of plants per pot: 0.7 dm’
container with one plant per pot, 3.0 dm® container with one plant per pot, 3.0 dm®
container with four plants per pot.

In successive years of the three-year experiment, between 22 and 24 February,
containers filled with organic substrate (sphagnum peat) were placed on movable
tables in the greenhouse, depending on pot size (0.7 and 3.0 dm®). Four basil seeds
were sown, and one (strongest) seedling was left per pot at the two (three)-leaf
stage. Thinning was not conducted in the treatment with four basil plants per pot.
Experimental unit area was 1 m%, and each replicate consisted of sixty four 0.7 dm®
containers with one plant per pot, and twenty five 3.0 dm® containers with one plant
per pot or four plants per pot.

Greenhouse conditions were adjusted to the growth stage of basil plants. The
recommended cultivation practices for basil were applied during the growing sea-
son (Kotodziej 2010). Individual weeds were removed, moss buds were removed
from the substrate surface, and organic substrate was aerated using a three-pronged
cultivator. Chemical crop protection agents were not applied during the experiment.
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Yellow sticky traps were placed over the containers to control the number of pests
(greenhouse whiteflies, Sciaridae). Encarsia formosa (3 insects per m”) was used
for biological control of greenhouse whiteflies.

The chlorophyll content of basil leaves was measured three times during the
growing season, with the Konica Minolta SPAD 502 Plus chlorophyll meter, be-
ginning in the first ten days of April, at 14-day intervals. The measurements were
performed on three youngest fully developed leaves of 10 plants selected randomly
in each treatment. The results of measurements were averaged.

Once-over harvest of basil herbage was carried out between 17 April and 7 May.
The plants were cut at 5 cm above the substrate surface. Total yield and marketable
yield were identical because no mechanical damage to leaves or symptoms of leaf
diseases were observed. Basil herbage was dried in a thermal dryer, in accord-
ance with Polish Standard PN-85/R-87017 as amended by Polish Standard PN-ISO
6754:1999, and air-dry weight was determined.

Laboratory analyses of basil herbage were performed after harvest. Fresh basil
herbage was collected from each replicate to prepare 0.3 kg bulk samples per treat-
ment and to determine the content of:

* dry matter — by drying the plant material to constant weight at 105°C (Dry
matter determination by the gravimetric method, PN-90/A-75101/03);

 total sugars — by the Luff-Schoorl method (Determination of the content of
sugars and reducing sugars, PN-90/A-75101/07);

* L-ascorbic acid — by the method proposed by Tillmans and modified by
Pijanowski (Determination of vitamin C content, PN-A-04019:1998).

The results regarding the yield and nutritional value of basil were processed
statistically by analysis of variance (ANOVA). Coefficients of correlation and
determination were calculated for selected parameters. The significance of differ-
ences between means was estimated by Tukey’s range test at oo = 0.05.

RESULTS AND DISCUSSION

The yield and biological value of basil are largely determined by the rate of
photosynthesis which is affected by green leaf pigments, in particular chlorophyll.
Numerous studies have demonstrated a close correlation between leaf greenness
index and nitrogen content of leaves, which is responsible for biomass growth (Wu
et al. 2007, Vrbnicanin et al. 2012). According to Wu et al. (2007), chlorophyll con-
centrations are influenced by environmental conditions, crop type and cultivation
regime. Khalil et al. (2010) reported an increase in the concentrations of photosyn-
thetic pigments (chlorophyll and carotenes) in response to increasing soil moisture
content and foliar application of ascorbic acid. Kopsell and Kopsell (2005) dem-
onstrated that field conditions had a beneficial influence on the concentrations of
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chlorophyll @ and b in four basil varieties, whereas greenhouse conditions con-
tributed to an increase in chlorophyll content of leaves only in two purple basil
varieties. In a study by Politycka and Golcz (2004) in basil var. ‘Dark Opal’ the
levels of all photosynthetic pigments were higher than in our study. The average
values of the leaf greenness index, determined for three years of the study, varied
significantly depending on the experimental factors (Tab. 1).

Table 1. The effect of basil ecotype, container size and the number of plants per pot on leaf greenness
index (SPAD)

Pot volume (dm?) /

number of plants in pot Mean of 2012-2014

Varieties of basil

Sweet basil 0.7/ 1 pc. 22.93
3.0/1 pe. 28.30

3.0/4 pcs. 28.47

Mean 26.57

Thai ‘Siam Queen’ basil 0.7/ 1 pc. 26.70
3.0/1 pe. 34.10

3.0/4 pcs. 30.83

Mean 30.54

Greek ‘Minette’ basil 0.7/ 1 pe. 19.13
3.0/1 pe. 23.50

3.0/4 pcs. 24.90

Mean 22.51

Purple basil 0.7/1 pe. 31.43
3.0/1 pe. 33.10

3.0/4 pcs. 38.87

Mean 34.47

Lemon basil 0.7/1 pe. 23.57
3.0/1 pe. 31.63

3.0/ 4 pcs. 26.30

Mean 27.17

Cinnamon basil 0.7/1 pe. 26.40
3.0/1 pe. 29.57

3.0/4 pcs. 30.40

Mean 28.79

Mean for pot volume (dm?) / number of plants in pot 0.7/ 1 pc. 24.81
3.0/1 pc. 30.03

3.0 /4 pcs. 29.96

LSD o = 0.05 for:

varieties of basil (a) 2.88
pot volume (b) 2.81
interaction (axb) 1.70

An interaction between the experimental factors also had a significant effect on
leaf greenness index which was the highest in purple basil and the lowest in Greek
‘Minette’ basil (significant difference of 34.7%). Basil grown in 3.0 dm® contain-
ers with one plant per pot had the highest leaf greenness index, and slightly lower
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SPAD values were noted in basil grown in 3.0 dm® containers with four plants
per pot. The value of leaf greenness index was lower by 18.12% in basil grown in
0.7 dm® containers. The best variant was growing purple basil in 3.0 dm® containers
with four plants per pot, and the worst — growing Greek ‘Minette’ basil in 0.7 dm’
containers. Cinnamon and Greek ‘Minette’ basils were characterised by the highest
fresh herbage yields (Tab. 2).

Table 2. The effect of basil ecotype, container size and the number of plants per pot on fresh herbage
yield (kg m™)

3 -
Varieties of basil Pot volume (dm?) / number of plants ~ Marketable yield of herb

in pot fresh air-dry
Sweet basil 0.7 /1 pc. 1.49 0.16
3.0/1 pc. 1.44 0.24
3.0/4 pcs. 0.95 0.15
Mean 1.29 0.18
Thai ‘Siam Queen’ basil 0.7 /1 pc. 1.39 0.14
3.0/ 1 pe. 1.94 0.19
3.0/4 pcs. 0.93 0.12
Mean 1.42 0.15
Greek ‘Minette’ basil 0.7/1 pe. 2.00 0.20
3.0/1 pe. 1.91 0.23
3.0/4 pcs. 1.35 0.14
Mean 1.75 0.19
Purple basil 0.7/1 pe. 0.87 0.09
3.0/ 1 pc. 1.19 0.12
3.0/4 pcs. 0.92 0.09
Mean 1.00 0.10
Lemon basil 0.7/1 pe. 1.29 0.17
3.0/1 pe. 1.29 0.19
3.0/4 pcs. 0.60 0.09
Mean 1.06 0.15
Cinnamon basil 0.7/1 pe. 1.89 0.21
3.0/1 pe. 2.09 0.23
3.0 /4 pcs. 1.31 0.14
Mean 1.76 0.19
Mean for pot volume (dm?) / 0.7/ 1 pe. 1.49 0.16
. 3.0/ 1 pe. 1.64 0.20
number of plants in pot 3.0/ 4 pes. 1.01 0.12
LSD a = 0.05 for:
varieties of basil (a) 0.32 0.04
pot volume (b) 0.23 0.03
interaction (axb) 0.10 0.03

The yields of Thai and sweet basils were lower by 19.3 and 26.7%, respectively.
Purple and lemon basils had the lowest fresh herbage yields. The amount of sub-
strate in a container had a significant effect on basil yield. A significant decrease
in fresh herbage yield was noted when four basil plants were grown in 3.0 dm’
containers. The highest fresh herbage yield was achieved when cinnamon basil
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was grown in 3.0 dm® containers with one plant per pot, and when Greek ‘Minette’
basil was grown in 0.7 dm® with one plant per pot. These treatments contributed
to a 71% increase in yield relative to lemon basil grown in 3.0 dm® containers
with four plants per pot. The dry herbage yields of five botanical varieties of basil
were comparable, only purple basil was characterised by lower dry herbage yield.
Analysis of the interaction between the experimental factors revealed that sweet
basil grown in 3.0 dm® containers with one plant per pot had the highest dry herb-
age yield. Purple and lemon basils grown in 0.7 dm® containers with one plant per
pot and in 3.0 dm® containers with four plants per pot were characterised by the
lowest dry herbage yields (62.5%). Our results are consistent with the findings of
other authors (Nurzynska-Wierdak et al. 2012) who reported that larger containers
contributed to higher yields of culinary herbs and spices. The dry herbage yields of
the analysed basil varieties were lower than those reported by Nurzynska-Wierdak
et al. (2011a), but higher than those achieved under field conditions in warmer re-
gions of Poland (Biesiada and Ku$ 2010, Roston et al. 2011).

Spice plants have desirable chemical composition and deliver numerous health
benefits: they enhance the appetite, stimulate digestion and facilitate nutrient ab-
sorption (Jadczak and Grzeszczuk 2008, Kudetka and Kosowska 2008). Dry matter
content is an important indicator of the biological value of basil (Tab. 3). The av-
erage dry matter content of basil herbage, determined for three years of the study,
was the highest in cinnamon basil grown in 3.0 dm® containers with one plant per
pot, and the lowest in Greek ‘Minette’ basil grown in 0.7 dm® containers (30.0%
decrease). A similar dry matter content of basil was reported by Dzida (2010b),
at 28.42 to 29.15% on average, whereas lower values were noted by Nurzynska-
Wierdak et al. (2011b) at 10.50 to 17.48%.

Carbohydrates are a source of energy, but plant foods low in carbohydrates are
a part of healthy and low-calorie diet, which is an important consideration for regulat-
ing blood glucose levels in patients with type 2 diabetes. According to Szostak and
Cichocka (2008), and Dzida (2010a), basil is one of such plants. A statistical analysis
of total sugar content of basil herbage revealed that it was affected by both experi-
mental factors. Lemon and Thai ‘Siam Queen’ basils had significantly the highest
concentrations of total sugars, whereas cinnamon basil had the lowest total sugar con-
tent. An analysis of the effect of container size on total sugar content of basil herbage
indicated that it was the highest in basil grown in 3.0 dm® containers with one plant
per pot, but no significant differences were found relative to basil grown in 0.7 dm?
containers. Basil grown in 3.0 dm® containers with four plants per pot had significant-
ly the lowest concentration of total sugars (8.0%). Growing lemon basil in 0.7 dm?
containers with one plant per pot contributed to the accumulation of total sugars,
whereas cinnamon basil grown in 3.0 dm® containers with four plants per pot had the
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lowest total sugar content. Similar results were reported by Majkowska-Gadomska
et al. (2015) for greenhouse-grown basil fertilised with Florovit. Field-grown basil
analysed by Borowy and Matela (2012) had lower total sugar content.

Table 3. The effect of basil ecotype, container size and the number of plants per pot on dry matter,
total sugar and L-ascorbic acid content

5 - —
Varieties of basil Pot volume (dm®)/  Dry matter  Total sugar L-ascorbic acid

number of plants in pot % g100g ' fm. mgl100g! fm.

Sweet basil 0.7/1 pe. 16.99 8.6 12.47
3.0/1 pe. 17.00 93 10.05

3.0/ 4 pes. 17.78 8.9 10.53

Mean 17.26 8.9 11.02
Thai “Siam Queen’ basil 0.7/1 pe. 16.59 10.2 14.72
3.0/1 pe. 19.18 10.9 13.75

3.0/ 4 pes. 18.08 9.7 12.55
Mean 17.95 103 13.67

Greek ‘Minette’ basil 0.7/ 1 pe. 15.33 9.7 14.11
3.0/1 pe. 19.05 10.7 12.03
3.0/ 4 pes. 20.39 9.7 13.16
Mean 18.26 10.1 13.10

Purple basil 0.7/1 pe. 15.60 10.3 11.70
3.0/1 pe. 16.89 10.6 11.99
3.0/ 4 pes. 16.40 8.5 13.14

Mean 16.60 9.8 12.28

Lemon basil 0.7/1 pe. 19.17 11.4 12.08
3.0/ 1 pe. 20.79 103 15.17

3.0/ 4 ps. 20.10 10.5 13.81

Mean 20.02 10.7 13.69

Cinnamon basil 0.7 /1 pe. 20.50 9.5 14.92
3.0/ 1 pe. 2191 8.8 15.29
3.0/ 4 ps. 20.83 7.7 10.26
Mean 21.08 8.7 14.06

Mean for pot volume 0.7/1 pe. 17.36 10.0 13.30
(dm?) / number of plants 3.0/1 pe. 19.14 10.1 13.05
in pot 3.0/ 4 pes. 18.93 9.2 12.24
LSD a=0.05 for:

varieties of basil (a) 1.05 1.5 ni.
pot volume (b) 1.19 0.8 1.03
nteraction(axb) 1.31 0.2 0.09

Spice plants are a rich source of natural antioxidants capable of neutralising
free radicals that have adverse health effects. This group includes organic acids,
vitamin C (L-ascorbic acid), provitamin A (B-carotene), phenolic compounds and
anthocyanins (Szajdek and Borowska 2004). L-ascorbic acid, which is a major di-
etary antioxidant, exerts its antioxidant effects through conversion of the reduced
form to the oxidised form (Capecka et al. 2005). The results of studies investigating
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the L-ascorbic acid content of basil herbage are inconclusive. In a study by Borowy
and Matela (2012), the concentrations of L-ascorbic acid in field-grown basil
ranged from 44.9 to 75.8 mg 100 g! fresh weight. Sweet basil grown in contain-
ers had lower L-ascorbic acid content which varied from 22.0 to 25.0 mg 100 g
fresh weight on average, depending on the rate of CaCO; (Dzida 2010a). In another
experiment conducted by the cited author (Dzida 2011), the average vitamin C
content of purple basil fertilised with nitrogen ranged from 15 to 19 mg 100 g
fresh weight.

In the present study, the content of L-ascorbic acid in basil herbage was af-
fected by container size, the number of plants per pot, and its interaction with
basil varieties. Growing basil in 3.0 dm® containers with four plants per pot led
to a 6-8% decrease in L-ascorbic acid concentrations In a previous experiment
performed by Majkowska-Gadomska et al. (2015), which investigated sweet basil,
Thai ‘Siam Queen’ basil, Greek ‘Minette’ basil and cinnamon basil, L-ascorbic acid
content was lower, from 9.5 mg 100g ' fresh weight in Greek ‘Minette’ basil to
11.27 mg 100 g' fresh weight in sweet basil. The concentration of L-ascorbic acid
was the highest in cinnamon basil — 15.29 mg 100g ™" fresh weight when cultivating
a single plant in 3 dm® of substrate, the smallest for single sweet basil cultivation in
a pot of 3 dm’— 10.05 mg 100g " fresh weight.

CONCLUSIONS

1. Cinnamon basil and Greek ‘Minette’ basil were characterised by significantly
higher marketable yield of fresh herbage.

2. Basil ecotype had a significant effect on leaf greenness index, fresh herbage
yield, dry herbage yield, and on the content of dry matter and total sugars.

3. Growing basil plants in 3.0 dm® containers, with four plants per pot, contrib-
uted to a significant decrease in fresh and dry herbage yields, in comparison with
the remaining treatments.
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PLON I WARTOSC ODZYWCZA BAZYLII UPRAWIANE] W SZKLARNI

Joanna Majkowska-Gadomska, Anna Kulczycka, Artur Dobrowolski,
Emilia Mikulewicz

Katedra Ogrodnictwa, Wydziat Ksztattowania Srodowiska i Rolnictwa
Uniwersytet Warminsko-Mazurski w Olsztynie
ul. Prawochenskiego 21, 10-957 Olsztyn
e-mail: majkowska-gadomska@uwm.edu.pl

Streszczenie. Doswiadczenie dwuczynnikowe przeprowadzono w latach 2012-2014 w szklar-
ni Katedry Ogrodnictwa Uniwersytetu Warminsko-Mazurskiego w Olsztynie. Pierwszym czynnikiem
badawczym bylo sze$¢ odmian botanicznych bazylii pospolitej: bazylia zielonolistna, tajska ‘Siam
Queen’, grecka (drobnolistna) ‘Minette’, czerwonolistna, cytrynowa oraz cynamonowa. Drugim
czynnikiem doswiadczenia byla uprawa roslin w doniczkach o zréznicowanej pojemnosci oraz licz-
bie roslin: 0,7 dm® z jedng rosling w pojemniku; 3,0 dm® z jedng roéling w pojemniku; 3,0 dm®
z czterema ro$linami w pojemniku. W kolejnych latach trzyletniego cyklu do§wiadczenia, miedzy
22 a 24 lutego w szklarni na stotach przesuwnych w zaleznosci od objetosci doniczek (0,7 i 3,0 dm?)
ustawiono pojemniki wypelnione podtozem organicznym, w ktorego sktad wchodzit torf sfagnowy.
Jednorazowy zbior ziela przeprowadzono migdzy 17.04 a 07.05. Rosliny $cinano w doniczce, na
wysokosci 5 cm od podtoza w doniczce. Nie zanotowano uszkodzen mechanicznych oraz choréb zie-
la, dlatego plon ogoélem byt taki sam jak plon handlowy. W bazylii okreslono zawarto$¢ suchej masy,
cukrow ogoétem i kwasu L-askorbinowego. Ekotyp bazylii pospolitej mial istotny wplyw na indeks
zazielenienia lisci bazylii, plonu §wiezego i powietrznie suchego ziela oraz suchej masy i cukrow
ogotem. Uprawa czterech roslin w pojemnikach 3 dm® istotnie wptywata na zmniejszenie ich plonu
Swiezego 1 powietrznie suchego ziela w odniesieniu do pozostatych obiektow badawczych.

Stowa kluczowe: Ocimum basilcum L., plon §wiezego ziela, plon suchego ziela, sucha masa,
sktad chemiczny



