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THE EFFECT OF NITROGEN FERTILIZATION
AND IRRIGATION ON YIELDING AND NUTRITIONAL
STATUS OF SWEET BASIL (Ocimum basilicum L.)

Anita Biesiada, Anna Kus$
Wroclaw University of Environmental and Life Sciences

Abstract. Sweet basil (Ocimum basilicum L.) is an annual plant belonging to the plant
family Lamiaceae. There are many varieties of basil, with leaves of colour from green to
purple and with small white or pink flower. In field experiment conducted in the years
2007-2008 there was investigated the effect of nitrogen fertilization in the doses of 50,
150 and 250 kg N-ha™'and irrigation on yielding and nutritional status of basil of ‘Red
Rubin’ cultivar grown from transplants. Basil positively responded to irrigation and the
increase in its yield under the influence of irrigation amounted from 97.37% to 25.36% in
subsequent years of cultivation. Also the dose of nitrogen did advantageously affect basil
herb yield. The highest yields were recorded at the dose of 150-250 kg N-ha™. The high-
est amount of nitrates ranged from 697.00 to 938.00 mg'kg' f.m. was determined in
plants fertilized with nitrogen dose of 250 kg N-ha™. The level of macroelements de-
pended both on irrigation and on nitrogen doses. Irrigation caused decreased amounts of
phosphorus, potassium and calcium, while content of magnesium increased. The highest
quantities of phosphorus and magnesium were obtained at nitrogen dose of 150 kg N-ha™,
while for the highest values of potassium and calcium nitrogen dose was 250 kg N-ha™.
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INTRODUCTION

Sweet basil (Ocimum basilicum L.) is a well-known and appreciated spice and me-
dicinal plant [Omer et al. 2008]. Apart from biologically active compounds, such as
volatile oils, tannins, terpenes, flavonoids or glycosides, it is also a valuable source of
macro- and micro- elements [Kohlmiinzer 2003].

Rich chemical composition, as well as unique taste and flavor have recently gained
basil its considerable position and wide-range use in Polish cuisine. Basil's leaves are
used as spices both when fresh and after being frozen or dried.
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For cultivation purposes there is utilized basil featuring large, intensive green or
purple leaves containing anthocyanins [Echeverry 1990]. The degree of plant supply
with nitrogen is a major factor regarding yielding and affects the quantity and composi-
tion of volatile oils [Daneshian et al. 2009, Politycka and Golcz 2004]. Anthocyanins
level depends, among others, on nitrogen content and its deficit usually leads to accu-
mulation of those compounds [Taiz and Zeiger 1998]. The content of macroelements in
basil is also related to climatic conditions and cultivation treatments, including irriga-
tion and the terms of harvest [Daneshian et al. 2009]. However, so far there have not
been elaborated precise data regarding standard contents of mineral components in basil
governing plant appropriate growth and high yield of good quality herb.

The aim of research conducted in the years 2007-2008 in Department of Horticul-
ture at Wroclaw University of Environmental and Life Sciences was the assessment of
the effect of nitrogen fertilization and irrigation on yielding and the nutritional state of
field grown basil.

MATERIALS AND METHODS

Field experiment was carried out in Research Station in Psary near Wroclaw, on
a clay soil of pH = 6.9, containting 1.8% humus, 40 mg P, 150 mg K, 90 mg Mg in
1 dm®. In two factorial experiments the first factor were nitrogen doses: 50, 150 and
250 kg N-ha™. The _source of nitrogen was ammonium nitrate. The second factor in-
volved irrigation, applied weekly, to the part of plants, each time using 20 mm precipi-
tation and the remaining part of plants constituting control treatment with no irrigation
introduced. Field experiment followed a split-plot pattern, with three replications con-
sisting of 12 plots, each of 4.05 m” area.

Basil seeds of ‘Red Rubin’ cultivar were sown on 14™ April in a greenhouse to mul-
tipots filled with peat substrate. After a month plants were placed under a foil tunnel,
which contributed to seedlings hardening. Six-week old ready transplants were planted
at the end of May in 45 x 22.5 cm spacing, to the plots entirely fertilized before plant
growing period.

Herb harvest took place twice when inflorescence shoots occurred-for the first time
in the half of July and, again, on 9" September. Each time all the above ground plant
parts were cut at the height 67 cm, leaving lower, lignified shoot parts. When harvest-
ing, there were determined yield of herb and there were also collected plant material
samples to be subjected to laboratory analyses. In basil leaves originating from the me-
dium part of shoots there was assayed nitrates content using an ion-selective electrode,
while after drying at the temperature of 40°C in the extract with 2% acetic acid there
was determined potassium and calcium content according to flame photometry method,
as well as magnesium content with the use of colorimetric method.

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

The weather conditions varied in the years of study (tab. 1). During the plant grow-
ing period mean air temperatures were favorable and relatively higher in both years of
experiment than long-term average temperatures. Mean precipitation levels in May and
June 2007 were higher than long-term average ones but in 2008 there was noticed
a strong drought. Rainfalls in July and August of both years were sufficient for basil
growth but in September there was observed low level of soil humidity.

Table 1. Mean temperatures and precipitation totals during the experimental period
Tabela 1. Srednie temperatury i sumy opadéw podczas trwania do§wiadczenia

Average Average sum of monthly Deviation from average sum of
Total monthly A e
monthly L precipitation in the years ~ monthly precipitation in the
precipitation
temperature . 1981-2000 years 1981-2000
Month ‘ . Miesigczna suma L . .
o Srednia tempe- . Srednia wieloletnia tempe- of examination
Miesiac . opadow . , Lo L
ratura miesiaca mm ratura miesigczna Srednia wieloletnia miesigczna
°C 1981-2000 suma opadow 1981-2000
2007 2008 2007 2008 mm mm
May 1590 16.00 53.40  1.40 14.2 57.1
Maj
June 1970 2070 101.10  23.50 16.9 78.7
Czerwiec
July
i 2030 21.70 108.30 285.70 18.8 90.8
Lipiec
August 19.70 2030  60.60  96.60 18.0 64.0
Sierpien
September 1395 1460 19.88  27.80 13.6 50.6
Wrzesien

Both nitrogen dose and diversified moisture level did affect yield size of basil herb
(tab. 2). Total yield obtained from irrigated treatments was significantly higher than that
coming from not irrigated ones and it amounted 6.02 kg'm™ in 2007 and 2.57 kg'm™ in
2008, while the data dealing with not irrigated treatment amounted 3.05 and 2.05 kg'm™
respectively. Yield increase as a result of irrigation ranged from 97.37% to 25.36% in
the years of the experiment. Also Yassen et al. [2003] recorded advantageous reaction
regarding plant yielding under the influence of irrigation.

Nitrogen dose did affect basil herb yield in both years of the experiment as well.
In 2007, in the first cut, the increase in nitrogen dose from 50 to 150 kg N'ha™ provi-
ded for yield increase even by 63.90%, while further increase in nitrogen dose to
250 kg N-ha™ resulted in yield increase by 11.46%. Similarly, in the second cut in the
treatment fertilized with nitrogen dose of 150 kg N'ha' herb yield was higher by
54.02% in comparison to that obtained at nitrogen dose of 50 kg N-ha™', while further
increase in N level brought about yield decrease by 8.94%. In 2008 the highest yield of
basil herb was obtained due to plant fertilization in the dose of 150 kg N-ha™" and rang-
ing from 1.34 kg'm™ in the first cut to 1.79 kg'm™ in the second cut. In treatments with
most intensive irrigation basil gave the best yield at nitrogen dose of w 250 kg N-ha™.
Positive response of basil to nitrogen fertilization was also reported by other authors
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[Santos et al. 1998, Golcz et al. 2006, Sifola and Barbieri 2006]. Similarly, Sifola and
Barbieri [2006] proved that basil reacts advantageously to intensive nitrogen fertiliza-
tion. According to their results, under the influence of gradually increasing N doses up
to 300 kg N'ha”, in the conditions of drip irrigation, there was obtained significant
increase in fresh matter yield of above ground plant parts and leaves-up to 43.1 t-ha.
Yassen et al. [2003] reported the highest basil herb yield (23.2 t'ha™) in treatments fer-
tilized with the highest nitrogen dose amounting 120 kg N-ha™. In climatic conditions of
Poland better production effects are provided by basil cultivation from transplants.
Plants obtained in this way characterize higher number of inflorescences and larger leaf
blades, as well as they provide higher herb yield [Jadczak et al. 2006]. In research by
Seidler-Lozykowska et al. [2009] basil cultivated from seeds yielded, depending on its
stand, within the range 0.37-3.47 kg'm™, while in our research at different weather
conditions, when cultivated from transplants at two herb cuts there was obtained total
yield amounting on average 2.65—4.34 kg-m™.

The increase in nitrogen dose resulted in higher nitrates content. The lowest values
regarding these compounds were determined at nitrogen fertilization dose 50 kg N-ha™
(284-619 mg'kg' fm.) and the highest ones were recorded for 250 kg N-ha’
(661-1047 mgkg" f.m.). The results of the experiment point out to the fact that basil is
a plant of moderate tendency to nitrates accumulation, lower than dill and lettuce
[Dziennik Ustaw, 2003]. In pot experiments conducted by Hochmuth et al. [2003] ni-
trates level in basil fertilized with N P K ranging from 0 to 600 g'pot” it amounted from
290 to 2500 ppm, and when cultivated in standard medium solution it equaled
1900 ppm. According to the results by Seidler-Lozykowska et al. [2009], basil coming
from different stands contained highly diversified nitrates level within the range
487-5250 mg-kg" d.m. The results of experiments by Majkowska-Gadomska et al. [2009]
showed that nitrate content of edible parts of basil was affected also by planting time.

In the experiment there was recorded considerable effect of diversified soil moisture
on nitrates content in basil herb (tab. 3). Higher amounts of those compounds were
accumulated by plants originating from not irrigated plots. Nitrates level in the first-cut
— herb in regularly irrigated treatment amounted average 454.3 mgkg” f.m., while in
the conditions of reduced moisture it increased to 599.6 mg'kg" f.m. In the second cut
for treatments without irrigation those values ranged from 665.00 mg'kg™ f.m. in 2007
to 902.00 mg'kg™! f.m. in 2008, while in the irrigated ones those values equaled 435.33
and 712.33 mgkg” f.m respectively. According to Majkowska-Gadomska et al. [2009]
red basil had higher level of nitrates in leaves in comparison to green basil.

There could be also noticed some effect of diversified soil moisture on phosphorus
content in basil herb (tab. 4). In irrigated treatments there was usually recorded decrease
in this component content. The lowest amount of phosphorus, ranging 0.43% in 2007
and 0.37% in 2008, featured herb from the first cut. More considerable effect on phos-
phorus content belonged to nitrogen fertilization. The highest amount of phosphorus
was accumulated by plants fertilized with nitrogen in the dose of 150 kg N-ha™.

Potassium content was affected both by diversified soil moisture and by the dose of
nitrogen. In basil herb grown on irrigated plots potassium level showed lower values. In
2007 the increase in nitrogen dose caused increased contents of this element both in the
first and in the second cut. The highest amount of potassium (5.48%) was recorded in
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plants harvested on 15™ July at nitrogen dose 250 kg N-ha™. In 2008, in the second cut,
the highest potassium content was found at fertilization with 150 kg N-ha™', while in the
first cut there was not recorded any directed tendency.

Table 3. Effect of nitrogen dose and irrigation on nitrates content in sweet basil herb, mg-kg™ f.m.
Tabela 3. Wplyw nawozenia azotem i nawadniania na zawarto$¢ azotanow w zielu bazylii pospo-
litej, mg'kg™ §.m.

Factors [eut Mean Il cut Mean
Czynniki I pokos Srednia I pokos Srednia
2007 2008 2007 2008
50 284.00 314.00 299.00 411.50 619.00 515.25

I — dose of nitrogen, kg N *ha™
I - dawka azotu, kg N ‘ha’!

LSD a=0.05
NIR o = 0,05

150 416.50 473.00 444.75 558.50 755.50 657.00
250 661.00 733.00 697.00 830.50  1047.00  938.75

13.6 16.9 11.6 12.7

irrigation

II — irrigation nawadnianie

II - nawadnianie  without irrigation
bez nawadniania

373.33 435.33 404.33 535.33 712.33 623.83

534.33 578.00 556.17 665.00 902.00 783.50

LSD a=0.05

NIR 0 = 0,05 213 17.2 24.7 19.7

Except for plants harvested on 15" July 2008, there was observed the increase in Ca
content in plants originating from not irrigated plots. The term of herb harvesting did
also influence on calcium level (tab. 5). Higher amounts of calcium were found in plants
from the second cut. There was also proved significant effect of nitrogen fertilization on
calcium accumulation by basil plants. The increase in nitrogen doses caused Ca en-
hancement from 1.81% to 1.97% in 2007 and from 1.82% to 2.00% in 2008, which
apparently confirms the statement quoted above. There was observed a slight effect of
irrigation on magnesium content in red basil herb, in 2008. In irrigated treatments the
mentioned content marked increased, but in 2007 there were found negligible differ-
ence. In not irrigated plots the content of Mg was slightly higher in 2007, while in 2008
no significant differences were found. Similarly, nitrogen dose affected magnesium
content only to a low degree. In the literature there cannot be found detailed information
about the effect of the examined factors on plants nutrition regarding such elements as
P, K, Ca and Mg.

In the case of all the elements there was observed the effect of harvest term on their
content in basil herb. In leaves from the second cut, harvested on 9™ September, the
level of potassium and magnesium decreased, while the content of calcium and phos-
phorus increased. Similar correlation was noticed by Szewczuk and Mazur [2004] in
nettle. They reported that delayed harvesting resulted in decreased contents of phospho-
rus, potassium and magnesium. The level of macroelements also depends on other fac-
tors, e.g. the age of plants affects their chemical composition, which was confirmed,
among others, by Ruminska [1983] and Sanda et al. [2001]. In research by Jadczak et al.
[2006] the use of covers caused the decrease in nitrogen, potassium and magnesium
contents in basil.
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In investigation conducted by Seidler-Lozykowska et al. [2008] basil was cultivated
in the first year after manure application and the plant featured only higher potassium
content as compared to control not fertilized organically. However, the level of Ca, Mg
and P was higher in cultivated plants herb in the second year after introduction of ma-
nure fertilization. In the mentioned experiment P content ranged 0.55-0.57% d.m.,
K 3.56-4.47%, Ca 3.02-3.28% and Mg 0.52-0.77%. In our own research phosphorus
content was similar and ranged from 0.39 to 0.54%, potassium level was higher and
amounted 4.5-5.4% and calcium and magnesium content were lower almost by half:
1.6-2.08% and 0.20-0.28% respectively. According to the data by USDA [2009], Zen-
gin et al. [2007], Jadczak et al. [2006] average level of calcium in basil dry herb
amounts 2.0-3.36%, and that of magnesium 0.15-0.31% which can be compared to the
results obtained in our experiment.

CONCLUSIONS

1. Basil of ‘Red Rubin’ cultivar positively response to irrigation. Yield increase as
a result of irrigation ranged from 97.37% to 25.36%, depending on weather condition in
particular years. Irrigated plants contained lower amounts of nitrates, phosphorus and
potassium.

2. Basil is a plant featuring moderate tendency to nitrates accumulation. At nitrogen
dose of 250 kg N-ha™ nitrates content ranged from 830 to 1047 mg-kg” fm.

3. Optimum nitrogen dose proved to be 150 kg N'ha™'. In the conditions of irrigation,
plants advantageously reacted to intensive fertilization with nitrogen up to the dose of
250 kg N -ha™. The highest quantities of phosphorus and magnesium were obtained at
nitrogen dose of 150 kg N'ha™ while the highest values of potassium and calcium at
250 kg N'ha™.
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WPLYW NAWOZENIA AZOTEM 1 NAWADNIANIA NA PLONOWANIE
I STAN ODZYWIENIA BAZYLII POSPOLITEJ (Ocimum basilicum L.)

Streszczenie. Bazylia pospolita jest rosling jednoroczna nalezaca do rodziny jasnotowa-
tych (Lamiaceae). Istnieje wiele odmian bazylii, ktore charakteryzuja si¢ réznym zabar-
wieniem lisci (zielone, fioletowe) i kwiatéw (biate, r6zowe) W do$wiadczeniu przepro-
wadzonym w latach 2007-2008 badano wptyw nawozenia azotem, w dawkach 50, 150
i250 kg N'ha™! oraz nawadniania na plonowanie i stan odzywienia bazylii o czerwonych
lisciach uprawianej z rozsady. Bazylia dodatnio reagowata na nawadnianie, zwyzka plonu
pod wptywem nawadniania wynosita od 97.37% do 25.36% w kolejnych latach uprawy.
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Rowniez dawka azotu wptywala korzystnie na plon ziela bazylii. Najwigkszy plon odno-
towano przy dawce 150-250 kg N-ha™'. Najwicksza iloé¢ azotanéw odnotowano u roslin
nawozonych dawka 250 kg N-ha™'. Ich zawarto$¢ wahata si¢ od 697do 938 mg'kg' $.m.
Poziom makroelementow zalezat zarowno od nawadniania, jak i dawek azotu. Nawadnia-
nie powodowato zmniejszenie ilosci fosforu, potasu i wapnia, natomiast zwigkszenie
zawarto§ci magnezu. Najwigksze warto$ci fosforu i magnezu uzyskano przy dawce
150 kg N-ha™', natomiast potasu i wapnia przy dawce 250 kg N-ha™".

Stowa kluczowe: bazylia pospolita, dawka azotu, plon, azotany, makroelementy
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