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ABSTRACT

The ‘Spartacus’ F, sweet pepper was grown in a plastic tunnel on rockwool during 2006-2008. A fertigation
technique was used for water and fertiliser application. The tunnel was divided into two parts covered with
different plastic films. The first part of the tunnel was covered with a film that transmitted less light than the
film covering the second part. In both parts of the tunnel, the plants were divided into two groups. One group
of plants was fertilised with just nitrate nitrogen (100% N-NO,) and the other one with three forms of nitrogen
(N-NO,:N-NH,:N-NH, in a ratio of 50:13:37). Fruits were harvested mature green and red. Concentrations of
nitrate and ammonium ions as well as total nitrogen and free amino acids were analysed in the plant material.
Nitrate and nitrite reductase activities were also investigated, and dry matter content and soluble sugars were also
determined. Higher light intensity increased nitrate concentration in red pepper fruits but decreased ammonium
ion content. These tendencies were not as obvious in green fruits. In most cases, red fruits fertilised with three
nitrogen forms accumulated more nitrates than those fertilised with N-NO,. This observation was similar in
the case of green fruits. In most cases, pepper fruits accumulated more ammonium ions in the case of N-NO,
fertilisation than when three forms of nitrogen were applied, but the differences were not always statistically
significant. Higher nitrate reductase activity was observed in the case of better light conditions as well as mixed
nitrogen fertilisation in red pepper fruits. No differences were observed in the case of nitrite reductase activity
between fruits harvested from various treatments in red and also green fruits, with some exceptions. The green
fruits of pepper had higher nitrate reductase activity than the red ones. It can be summarised that various light
conditions influenced the nitrogen metabolism of pepper fruits as well as the different nitrogen forms applied
with fertilisers.
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INTRODUCTION

Sweet pepper is becoming more and more popular
in Poland, and because of its chemical composition
it is very beneficial for the human diet both as a fresh
and processed vegetable. Pepper fruits are rich in
vitamins, minerals, carotenoids and phenols (Wien
1997, Wall et al. 2001, Kotton et al. 2011). There is
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e-mail: koltona@ogr.ar.krakow.pl (A. Kotton).

plenty of information about the effects of growing
and storage conditions on the health promoting
compounds in pepper fruits. But there is a lack
of information about fruit nitrogen metabolism
influenced by selected environmental factors.

Plant nitrogen metabolism might be considered
as nitrogen acquisition, reduction, transport, storage
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and incorporation into organic compounds. Nitrogen
istakenup mainly by theroots as nitrate orammonium
ions as well as its organic form (urea). These forms
of nitrogen can be changed and transported to fruits
or transferred without changing forms. Nitrogen in
fruits can be accumulated as ions (nitrate, nitrite
or ammonium) or organic compounds (like amino
acids); however, it may also change during fruit
development and maturation.

The main steps of nitrogen metabolism are the
accumulation of ions, reduction of nitrates and
introduction of ammonium ions in amino acids.
All of these processes are influenced by many
factors such as nitrate, nitrite and ammonium
ion concentration in cells, amino acid and sugar
accumulation or environmental factors — mainly
light conditions (Campbell 1999, Glass et al. 2002,
Stitt et al. 2002, Lillo 2004).

The aim of the presented study was to evaluate
the effect of various light conditions and fertilisation
with different nitrogen forms on some aspects of
nitrogen metabolism in sweet pepper fruits grown
in a plastic tunnel on rockwool.

MATERIAL AND METHODS

The ‘Spartacus’F| sweet pepper was grown in 2006-
2008 in a high plastic tunnel located at the Faculty
of Horticulture of the University of Agriculture in
Krakow in three growing cycles. The tunnel had a
dimension of 50 x 9 m. Every year, 774 plants were
cultivated during the experiment in 12 gutters. The
tunnel was covered with a double layer of plastic
film and divided into two parts. The first part of the
tunnel (A) was covered with a film that transmitted
less light than the film covering the second part
(B). Analysis of both plastic films was done using
a LiCor Li1800 spectroradiometer when the films
were clean and at the end of experiment. At the
beginning, film A transmitted nearly 10% less light
in the range of 400-700 nm than film B (Tab. 1).
What is interesting is that the biggest difference in
transmitted radiation between both films was in the
range of 400-500 nm. At the end of the experiment,

the differences were smaller because of dust and
other pollution. An analysis of the radiation inside
and outside of the tunnel on a sunny day with a
LiCor Li1800 spectroradiometer was also done in
2008 (Fig.1).

In both parts of the tunnel, under both plastic
films, the plants were divided into two groups: the
first one was fertilised with only nitrate nitrogen
(100% N-NO,) and the second one with three forms
of nitrogen (N-NO,:N-NH,:N-NH, in a ratio of
50:13:37). Mineral nutrients were introduced in the
concentration recommended for pepper cultivation
in a solution (in mg dm3: N = 150-155, P = 55-
65, K =180-210, Ca = 145-185, Mg = 30-35, pH =
5.0-5.8, EC = 1.9-2.3). The nutrient solutions also
contained microelements in mg dm~: Fe =2, Mn =
0.4-0.55, B=0.27-0.40, Zn = 0.32, Cu = 0.04-0.07,
Mo = 0.05.

Because of various light conditions and different
forms of nitrogen, four treatments were applied in
the presented experiment:

1. tunnel A (covered with film transmitting less

light), N-NO, fertilisation, 189 plants
2. tunnel A, N-NO,/N-NH,/N-NH, fertilisation,
189 plants

3. tunnel B, N-NO, fertilisation, 198 plants

4. tunnel B, N-NO,/N-NH,/N-NH, fertilisation,
198 plants.

The fruits of sweet pepper of the 4™ internode
were harvested at two maturity stages: mature
green and red. At each maturity stage, 30 fruits per
treatment were harvested (10 from each gutter).
The blended fruit material (only the flesh) was used
for chemical analysis. The concentration of nitrate
and ammonium ions were detected using an Orion
920A+ ionometer. Total nitrogen was estimated
using the Kjeldahl method. Free amino acids
were analysed using a ninhydrine reagent method
(Yemm et al. 1955, Sun et al. 2006, Wang 2012).
For the determination of dry matter, plant material
was dried at 105°C. Nitrate (NR) and nitrite (NiR)
reductase activities were measured using the
Buczek method (1976, 1984). Soluble sugars were

Table 1. Light transmission through plastic materials covering tunnel

Material covering tunnel

Light transmission (%)

Type Age 400-700 nm 400-500 nm 500-600 nm 600-700 nm

A 63.7 59.5 64.5 67.3
new

B 73.1 72.4 73.0 73.9

A 57.1 51.7 57.9 61.9
used

B 60.1 55.4 60.8 64.1
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Figure 1. Spectral irradiance in an open area (outside of tunnel) and transmittance of radiation through plastic material

covering tunnel: A and B (inside)

determined using an anthrone reagent method
(Yemm and Wills 1954).

All analyses were made in three replications.
The results were statistically evaluated using
ANOVA and the Fisher LSD test for the significance
p = 0.05. Homogenous groups are represented by
the same letters. Pearson’s correlation coefficient
was calculated for selected parameters for the
significance p = 0.05.

RESULTS

Green pepper fruits accumulated similar amounts
of nitrate ions independent of either light
conditions or nitrogen fertilisation (three year
averages). Considering each year separately, mixed
fertilisation (with three forms of nitrogen) increased
the accumulation of nitrates in green fruits. This
was also observed in the case of red fruits (Tab. 2).

Light conditions had no effect on nitrate
accumulation in green fruits; however, in the
case of red fruits, higher light intensity increased
nitrate concentration. An effect of nitrogen forms
on ammonium ion concentration in green pepper
fruits was observed only in 2007, but the effect
of mixed nitrogen forms was opposite on that
parameter in both light conditions. In the case of
red fruits treated with the mixed nitrogen form, an
increased concentration of ammonium ions was
observed only when fruits were harvested from the
tunnel covered with plastic transmitting less light.
A higher intensity of light decreased concentration
of ammonium ions.

It is interesting that the mean nitrate reductase
activity in green pepper fruits was independent of
experimental factors, but in the case of red fruits,
better light conditions induced activity of this
enzyme especially in the case of mixed nitrogen
fertilisation. In plants grown in the tunnel covered
with plastic transmitting less light, mixed nitrogen
fertilisation increased nitrate reductase activity
in green fruits only in 2007. In the case of green
fruits fertilised with N-NO,, better light conditions
increased activity of that enzyme in 2007. In
2006, only better light conditions increased nitrate
reductase activity in red fruits. The same effect of
light on that enzyme in red fruits was observed in
2007 and 2008 in the case of plants fertilised with
N-NO,. An increase of nitrate reductase activity
as an effect of mixed nitrogen fertilisation was
observed in 2007 in the case of red fruits harvested
from better light conditions and in 2008 in the case
of red fruits harvested from the tunnel covered
with plastic transmitting less light. The activity of
nitrite reductase was higher than nitrate reductase
and independent of testing conditions in both types
of fruits. During 2007, a higher light intensity
decreased the accumulation of total nitrogen in
green pepper fruits; however, this was not as evident
in 2008 (Tab. 3). An opposite observation was
recorded in 2007 in the case of red fruits: better light
conditions caused higher nitrogen accumulation.
The concentration of free amino acids in green and
red fruits did not depend on the tested conditions
(three year averages).
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There was no influence of the investigated
factors on dry matter content in green and red pepper
fruits (Tab. 3). Soluble sugar concentration did not
depend on light and fertilisation in green fruits
except in 2007. Green fruits obtained from plants
fertilised with three forms of nitrogen and grown
under higher radiation accumulated more sugars in
2007. The same tendency was also observed in the
case of red fruits.

In the case of green fruits, a significant
correlation was found between the average
concentration of nitrates and ammonium ions (r
= 0.61), activities of nitrate and nitrite reductase
(r = 0.64), concentration of soluble sugars and
free amino acids (r = 0.69) as well as free amino
acids and dry matter content (r = 0.61). In the case
of red fruits, the only significant correlation was
found between the average concentration of soluble
sugars and free amino acids (r = 0.90).

DISCUSSION

As a generative organ, the edible part of pepper
fruit does not accumulate large amounts of nitrate
(Santamaria 2006, Majkowska-Gadomska et al.
2009). In the presented study, the concentration
of nitrate in pepper fruits was on the low level
acceptable in a human diet. In previous studies, some
researchers observed an effect of nitrogen fertiliser
form on nitrate accumulation in plants (Santamaria
2006). In the present work, pepper fruits collected
from plants fertilised with three forms of nitrogen
accumulated more nitrates in comparison to those
treated with only N-NO,. Chohura and Kotota
(2011) found a lower concentration of nitrates in
radish roots when ammonium nitrogen was used
as related to nitrate nitrogen application. In the
present study, the application of three nitrogen
forms decreased or increased the concentration
of ammonium ions in pepper fruits. So the results
obtained in the present paper are controversial and
difficult to be explained.

The nitrogen form in fertilisers may affect the
activity ofnitrate reductase in plants (Wojciechowska
2002). Ammonium addition may enhance the
activity of nitrate reductase as compared to nitrate
only fertilisation (Leleu and Vuylsteker 2004). The
reduced form of nitrogen in plant feeding could
stabilise the activity of that enzyme. However, the
influence of nitrogen form on nitrate reductase was
not observed in pepper fruits. Similarly, the effect
of tested nitrogen form on nitrite reductase activity
in pepper fruits was not noted. According to Lea
(1997), nitrate ions may stimulate both of these

enzymes and, because they were present in both
nutrient solutions, no effect of nitrogen fertilisation
was found.

Total nitrogen concentration in pepper fruits
was similar in the case of both nitrogen treatments.
Bar-Tal et al. (2001) observed that nitrogen content
in pepper fruit was independent of its form used in
fertilisation, similarly as in the presented study.

The concentration of free amino acids, dry
matter and soluble sugars in pepper fruits was
also unaffected by nitrogen form. This fact may
show that both kinds of nitrogen feeding could
be useful in the case of sweet pepper cultivation,
although some authors observed a toxic influence
of ammonium ions on that plant (Schnitzler et al.
2004). An increase of dry matter content in pepper
fruit as an effect of reduced nitrogen forms in
fertilisation was observed by Bar-Tal et al. (2001).

Green pepper fruits accumulated similar
amounts of nitrate ions during cultivation in both
tested light conditions. However, the stimulation of
nitrate accumulation was observed in the case of red
pepper fruits harvested from plants radiated with
light of a higher intensity. Different results were
reported by Caruso et al. (2004), who observed
a reduction of nitrates in pepper at better light
conditions. According to Prieto et al. (2007), higher
light intensity could stimulate the accumulation of
nitrogen in pepper. Lower ammonium content in
pepper fruits in the case of higher radiation was also
observed in the presented experiment.

Better light conditions increased nitrate reductase
activity in red pepper fruits. Many researchers
have reported the positive effect of light on nitrate
reductase activity in plants (Neyra 1986, Marschner
1995, Kaiseretal. 1999, Lillo 2004). Light conditions
did not affect dry matter content in pepper fruits in
our investigation. An ambiguous effect of light on
free amino acid content and nitrogen concentration
was observed in this study. Higher radiation
increased the concentration of soluble sugars in
pepper fruits but differences were not significant
in every case. Wyzgolik et al. (2008) observed
a higher net photosynthesis of pepper plants grown
in better light conditions. This may explain sugar
accumulation in fruits grown in higher radiation.
A high positive correlation between radiation and
dry matter content in pepper fruits was observed by
Prieto et al. (2007). In addition, a high light intensity
increased sugar concentration in pepper (Caruso et
al. 2004). It can be summarised that various light
conditions influenced nitrogen metabolism of
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pepper fruits as well as different nitrogen forms
applied with fertilisers.

CONCLUSIONS

1. Higher light intensity increased nitrate ion
concentration and nitrate reductase activity in
red pepper fruits.

2. Three forms of nitrogen nutrients (N-NO,/N-
NH,/N-NH,) increased nitrate content and also
decreased ammonium accumulation in red fruits.

3. Nitrate ion accumulation was higher in the case
of mixed nitrogen fertilisation in green fruits.

4. The effect of the tested conditions on nitrogen
metabolism of pepper fruits was dependent on
the maturation stage.
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WPLYW ZROZNICOWANYCH WARUNKOW
SWIETLNYCH I FORMY AZOTU
NAWOZOWEGO NA METABOLIZM AZOTU
W OWOCACH PAPRYKI

Streszczenie: Papryke¢ stodka ‘Spartacus’ F,
uprawiano w latach 2006-2008 w tunelu foliowym
na wetnie mineralnej z wykorzystaniem systemu
do fertygacji ros$lin. Tunel byl podzielony na
dwie czesci: jedna czeS¢ byla pokryta folia
przepuszczajaca mniej swiatta niz druga czgsc.
W obu cze$ciach tunelu ro$liny podzielono na
dwie grupy nawozone réznymi formami azotu.
Jedna grupa dostawala azot wylacznie w formie
N-NO,, a druga grupa dostawata mieszaning trzech
form azotu (N-NO,: N-NH_:N-NH, w stosunku
50:13:37). W doswiadczeniu wydzielono zatem
cztery obiekty zroznicowane pod wzgledem
warunkow $wietlnych i formy azotu nawozowego.

Z roslin zbierano owoce dojrzate zielone i czer-
wone. W owocach oznaczono zawarto$¢ jondw
azotanowych 1 amonowych oraz azotu ogolem,
aktywno$¢ reduktazy azotanowej i azotynowej,
zawarto$¢ suchej masy, wolnych aminokwasow
i cukréw rozpuszczalnych. Lepsze warunki §wietlne
wplynely na podniesienie zawartosci azotandow w
owocach czerwonych papryki cho¢ zaleznos¢ ta nie
zawsze byla statystycznie istotna. Takiej zaleznosci
nie wykazano w przypadku owocéw zielonych.
W wigkszosci przypadkéw czerwone owoce
papryki pod wptywem nawozenia trzema formami
azotu akumulowaly wigcej azotandw niz podczas
traktowania roslin wylacznie N-NO,. Podobne
obserwacje zanotowano w przypadku owocow
zielonych. Srednia zawarto$¢ jonéw amonowych
w owocach zielonych i czerwonych nie byta zalezna
od badanych czynnikow do§wiadczenia. Czerwone
owoce zebrane z roslin rosnacych w lepszych
warunkach $wietlnych charakteryzowaly si¢ wyz-
sza S$rednia aktywnoscia reduktazy azotanowe;.
Srednia aktywno$¢ tego enzymu w owocach
zielonych byta na podobnym poziomie w kazdym
z czterech obiektow doswiadczenia. Aktywnos¢
reduktazy azotynowej byta na podobnym poziomie
we wszystkich badanych obiektach. Dodatkowo
zielone owoce charakteryzowaly si¢ wyzsza
aktywno$cia reduktazy azotanowej niz owoce
czerwone. Podsumowujac stwierdzono, ze zarowno
warunki §wietlne, jak i forma azotu nawozowego
modyfikowaly metabolizm azotowy owocow

papryki.
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