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THE RESPONSE OF LETTUCE TO FLUORESCENT
LIGHT AND LED LIGHT RELATIVE TO DIFFERENT
NITROGEN NUTRITION OF PLANTS

Edward Borowski, Barbara Hawrylak-Nowak, Stawomir Michatek

University of Life Sciences in Lublin

Abstract. In two successive pot experiments with lettuce cv. ‘Kroélowa Majowych’, con-
ducted in a phytotron, this study investigated the effect of cool white fluorescent light
(FRS) at a PPFD 200 pmol'm™?'s” and red-blue LED light at a PPFD of 200 and
800 pmol-m™:s™ on photosynthesis, yield, leaf area, SLA, and the content of photosyn-
thetic pigments, total N and nitrates. Experimental plants were grown in sphagnum peat
supplemented with full-strength Hoagland’s solution at the beginning of the experiment.
10 days after plants were pricked out, 4 experimental series were made which differed in
the form of N supplied to the growing medium at a rate of 420 mg (2N): 1) Hoagland’s
solution (control); 2) Hoagl + 2N-NO;; 3) Hoagl + 2N-NH,; 4) Hoagl + 2N-NH,/NO;.
The obtained results showed that the lettuce leaf yield under FRS light was distinctly
higher than under LED light at a PPED of 200, and in particular at 800 pmol-m~-s™". Be-
sides, the leaves grown under FRS light showed a significantly thinner leaf blade (SLA)
and a lower content of photosynthetic pigments, total N and nitrates. The photosynthetic
rate was higher under LED light relative to FRS light. Different nutrition of plants with
N-NO3, N-NH,4 and N-NH,/NO; had a similar effect on the yield and analysed traits of
lettuce leaves, regardless of the type of light and the level of irradiation with LED light.
LED lamps seem to be a very promising light source for plants, but they require further
research on how to adapt the spectral distribution of light to their requirements.

Key words: spectral composition, Lactuca sativa, yield, leaf area, SLA, photosynthetic
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INTRODUCTION

Light is the only source of energy for the process of photosynthesis, but it is also an
important impulse for the growth and development of plants. It has been long known
that plants respond not only to the intensity of light, but also to its spectral composition.
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The generally known, but still intensively studied, effect of the spectral composition
of light on the processes of photosynthesis and photomorphogenesis in plants is the
basis for constructing more and more perfect artificial light sources. LED (Light Emit-
ting Diode) light is a new light source developed during the last dozen or so years. Ac-
cording to Morrow [2008], the LED lighting system has several unique advantages over
existing horticultural lighting such as the ability to control the spectral composition, the
ability to produce very high light levels with low radiant heat output, and the ability to
maintain the necessary level of radiation for years without lamp replacement. Morrow
[2008] as well as Hyeon-Hye Kim et al. [2004] also claim that LED diodes are safer to
operate than electric lamps because they do not have glass envelopes, do not contain
mercury, have a low weight and volume as well as a durable design, and are easily inte-
grated into digital control systems. An important advantage of LEDs, in particular in
Polish conditions, is their low power consumption compared to fluorescent lamps or
HPS (High Pressure Sodium) lamps [Wojciechowska 2013].

The research conducted on lettuce has shown that it grows well under cool white
fluorescent lamps but much worse under LEDs that emit red light. To improve plant
growth under such conditions, it is necessary to supplement red light with blue light
[Sharkey and Raschke 1981, Bula et al. 1991, Barta et al. 1992, Hoenecke et al. 1992,
Okamoto et al. 1997, Yorio et al. 2001]. As reported by Mortensen and Stromme [1987]
as well as by Schuerger et al. [1997], blue light is a growth inhibitor and induces
changes in plant morphogenesis. Because this light is strongly absorbed by photosyn-
thetic pigments [Hyeon-Hye Kim et al. 2004], a question arises how large blue light
supplementation should be. In their study on lettuce seedlings, Okamoto et al. [1997]
found their dry weight to be the highest at a red/blue PPFD ratio of 72/8, whereas Ho-
gewoning et al. [2010] found that for cucumber it could not exceed 50%.

Despite that the addition of blue light clearly improves lettuce growth, but still it is
not as good light as cool white fluorescent light [Yorio et al. 2001]. This suggests that
other colours of light also affect the growth and development of lettuce plants. Accord-
ing to Hyeon-Hye Kim et al. [2004], adding green light to red and blue LED lighting
had a significant role. Green light added to the other colours at an appropriate propor-
tion increases light penetration inside the leaf rosette [Klein 1992, Smith 1993], thereby
improving the penetration of carbon into the lower leaves [Sun et al. 1998]. The role of
yellow light in lettuce growth is not clear, either. In their research using HPS and MH (metal
halide) lamps, Dougher and Bugbee [2001a, 2001b] found yellow light (580-600 nm) to
inhibit lettuce growth, whereas Hogewoning et al. [2010] did not find such a correlation.

Apart from PAR radiation, light sources used in horticulture usually emit small
amounts of UV radiation and far-red light. Senger [1984] claims that the effectiveness
of UV light in triggering some responses in plants can match that of blue light. But the
addition of far-red light (735 nm) to both red light [Schuerger et al. 1997] and blue light
[Sun-Ja Kim et al. 2004] had an adverse effect on the growth of pepper and chrysan-
themum plants, respectively.

The intensity and spectral composition of light affect plant growth and development
through their effects on a number of different processes, also including nutrient uptake
[Hogewoning et al. 2010]. In this context, their effect on nitrogen uptake seems to be
particularly interesting, since this nutrient is taken up as NO;, which requires subse-
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quent energy-consuming reduction, or as NH," ready for direct amination of keto acids
[Borowski 1994a, Borowski 1994b, Borowski and Blamowski 1995]. The study on
cucumber conducted by Hogewoning et al. [2010] shows a relationship between the
ratio of blue to red light and the nitrogen content in leaves and their photosynthesis.

Because the use of LED diodes gives the possibility of adjusting both radiation in-
tensity and the spectral composition of light, the aim of the present study was to com-
pare the response of lettuce fed with nitrogen in the form of NOs~, NH," and NH,/NO;
to LED light relative to cool white fluorescent light.

MATERIAL AND METHODS

The results presented in this paper are derived from two experiments carried out in
a phytotron at an air temperature of 22/18°C (day/night), a relative humidity of 70%,
and a 14-hour day length. The first experiment was conducted between 21 March and
29 April, while the second experiment between 11 October and 14 November 2013.

In both experiments, lettuce plants were grown under two light arrays; one of them
consisted of 12 Philips 58 W fluorescent lamps, each emitting white light, whereas the
other one was composed of 32 diode lamps, each of them containing twelve 1 W LED
diodes emitting light of three colours — 8 diodes emitted red light, 3 blue light, and
1 white light. In the first experiment, the light arrays emitting two types of light were
placed at a height of 24 cm from the leaf tips; as a result, the irradiation of plants with
fluorescent light was about 200 pmol-m?>s”, whereas with LED light about
800 pmol'm™s”". Due to a narrow stream of light from the LED lamps placed low
above the plants, each pot was illuminated with a stream of light from one lamp. In the
second experiment, the LED lighting array was positioned at a height of 55 cm from the
plants, with the irradiation at a level similar to that emitted by the fluorescent lamps.
The spectral distributions of light obtained from both types of lamps, as determined
with a USB4C00684 spectrometer, are shown in Figs 1 and 2.

Lettuce seedlings, cv. ‘Krolowa Majowych’, which were at the first true leaf pair
stage, were pricked out into ¢ 18 cm pots, four seedlings in each pot, filled with
a growing medium (manufactured by the company Hollas) composed of sieved and
milled sphagnum peat with the addition of Hydro fertilizer, chalk, and washed fine
quartz sand. Next, 32 pots were placed under fluorescent light and 32 under LED light.
After 4 days, Hoagland’s solution, 1% ferric citrate solution and A—Z micronutrient
solution (2 cm® of each) were supplied to the pots. After the next 7 days, three lettuce
seedlings were removed, leaving one seedling for further growth, and 4 experimental
series were made under either of the types of light used. Each series consisted of 8 pots
(treated as replicates) differing in the form of nitrogen added at a double rate relative to
its amount of 210 mg N-NO; contained in Hoagland’s solution: 1 — Hoagland’s solution
(Hoagl.) — control; 2 — Hoagl + 2N-NO; (plus 420 mg N in the form of Ca(NOs), and
KNO;; 3 — Hoagl + 2N-NHy (plus 420 mg N in the form of (NH,4),SO,); 4 — Hoagl +
2N-NH4/NO; (plus 420 mg N in the form of NH4NO3) (tab. 1). Thus, the ratios of nitro-
gen supplied to the growing medium as NO; or NH," in the successive experimental
series was as follows: NOs/NH, — 1/0; 3/0; 1/2; 2/1.
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Throughout the entire growth period, the growing medium moisture content was
maintained at a level of 80% FWC (field water capacity) by watering the plants with
distilled water to constant weight. After 6 weeks of plant growth, the photosynthetic rate
was determined in the middle leaves of the rosette in 10 replicates using an LCA-4 gas
analyser. During recording, the temperature in the leaf measurement chamber was
approx. 25°C, whereas the PAR flux density was similar to that used during plant
growth. Then, in leaf samples collected from the middle of the rosette, the photosyn-
thetic pigment content was determined in 4 replicates according to Arnon [1949], while
the nitrate content according to Cataldo et al. [1975]. Measurements of total plant leaf
area and mean leaf blade weight per 1 cm? (specific leaf area — SLA) were also made in
4 replicates; twenty ¢ 21 mm disks were cut with a cork borer from different aged
leaves in each plant and their total area and weight were determined, and subsequently
the weight of all leaves in each plant. The attempt to measure the total leaf area using
a laser scanner was unsuccessful, since the surface of the leaf blades in plants grown
under high intensity LED light was too folded. The above-ground parts of plants were
separated from the roots, dried at a temperature of 105°C and total N content was de-
termined in the leaf dry matter obtained using the Kjeldahl method.

The results of the analyses and determinations presented in this paper were subjected
to analysis of variance for two-way cross-classification. The significance of differences
between means was determined by Tukey’s confidence half-intervals at a = 0.005.

RESULTS

The results presented in Table 1 show that in the first experiment the leaf yield ob-
tained under fluorescent light (FRS) was 2 times higher than under LED light, while in
the second experiment it was about 1.6 higher. Regardless of the type of light, in both
experiments plants fed with Hoagland’s solution produced the lowest yield, but a sig-
nificantly higher yield was obtained in plants additionally fed with a double dose of
N-NH,, and the highest one in plants supplied with an equivalent amount of N-NO; or
N-NH4/NO;s. The situation with total leaf area was similar as in the case of lettuce yield,
since in the first and second experiment it was about 2.9 and 2.3 times higher under
FRS light compared to LED lighting. Increased fertilization with nitrate nitrogen, am-
monium nitrogen or nitrate/ammonium nitrogen significantly increased the total leaf
area in the first experiment only in relation to plants supplied with Hoagland’s solution
(control). But in the second experiment, only plants additionally fed with N-NO; were
characterized by a significantly higher value of the trait in question (tab. 2).

Unlike in the case of leaf weight and area, the specific leaf area (SLA) for plants
grown under LED light was on average higher by 47.5% than under FRS light for both
experiments. In the first experiment, the study found no significant differences in the
value of the indicator in question resulting from nitrogen nutrition. In the second ex-
periment, however, the leaves of control plants showed the lowest value of SLA, a sig-
nificantly higher value of this measure was found in plants fertilized with N-NO; and
N-NH4/NOs, and the highest value in those fed with N-NH, (tab. 3).
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Table 1. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
fresh weight yield of lettuce leaves (g-plant™)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A

Hoagl. 89.7 522 709 a 97.9 67.7 82.8a
Hoagl. + 2N-NOs 132.2 58.4 953 ¢ 140.7 78.1 1094 b
Hoagl. + 2N-NH, 115.7 56.1 859b 125.2 72.6 98.9b
Hoagl. + 2N-NH4/NO; 130.6 59.3 949 ¢ 132.4 81.6 107.0 b
Mean for B 117.0b 56.5a 124.0b 75.0 a
LSD for A x B 16.6 23.1

Values followed by the same letters are not significantly different

Table 2. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
total plant leaf area (dm? plant™)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A

Hoagl. 492 21.9 355a 54.7 29.0 418a
Hoagl. + 2N-NO; 722 213 46.7b 74.4 29.4 51.9 ba
Hoagl. + 2N-NH, 62.3 20.9 41.6b 66.6 26.5 46.5a
Hoagl. + 2N-NH,/NO; 64.8 21.0 429b 66.9 26.9 469 a
Mean for B 62.1b 213a 65.6 2 279a
LSD for A x B 8.9 11.2

Values followed by the same letters are not significantly different

Table 3. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
specific leaf area — SLA (mg -cm™)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A

Hoagl. 15.7 242 199a 17.9 23.1 20.5a
Hoagl. + 2N-NOs 17.6 27.3 224a 18.9 26.6 22.7b
Hoagl. + 2N-NH,4 18.7 28.5 236a 19.8 30.7 25.2 be
Hoagl. + 2N-NH4/NO; 17.9 27.0 224a 18.8 27.0 229b
Mean for B 17.5a 26.7b 18.8 a 26.8b
LSD for A x B n.s 3.63

Values followed by the same letters are not significantly different
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Table 4. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
leaf total N content (% D.W.)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A
Hoagl. 2.32 2.86 2.59a 2.25 2.72 248 a
Hoagl. + 2N-NO; 3.92 4.83 437b 3.85 448 4.16b
Hoagl. + 2N-NH,4 4.62 5.94 528¢ 441 5.53 497 ¢
Hoagl. + 2N-NH4/NO; 4.12 5.06 4.59b 4.02 4.87 4.44b
Mean for B 374 a 4.67b 3.63a 4400
LSD for A x B 0.66 0.72

Values followed by the same letters are not significantly different

Table 5. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
leaf nitrate content (ug NO5-g™ F.W.)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A

Hoagl. 602.2 856.1 729.1a 510.5 839.6 675.0a
Hoagl. + 2N-NOs 1848.7 31772 2512.9d 1746.6 2674.3 2209.4d
Hoagl. + 2N-NH, 712.7 2068.7 1390.7 b 856.3 1847.4 13519b
Hoagl. + 2N-NH4/NO; 1675.0 2569.4 21222¢ 1307.5 2245.8 1776.7 ¢
Mean for B 1209.6 a 2167.8b 1104.7 a 1901.8 b
LSD for A x B 489.3 479.5

Values followed by the same letters are not significantly different

Table 6. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
leaf photosynthetic pigment content (mg-dm™)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A
Hoagl. 1.40 0.77 1.08 a 1.70 1.89 1.79a
Hoagl. + 2N-NO; 1.95 091 1.43b 2.10 2.23 2.16b
Hoagl. + 2N-NH,4 2.34 1.34 1.84 be 3.25 3.10 3.17d
Hoagl. + 2N-NH4/NO; 1.93 1.16 1.54b 2.16 2.70 243 ¢
Mean for B 1.90b 1.04a 230a 248b
LSD for A xB 0.26 0.41

Values followed by the same letters are not significantly different
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Table 7. Effect of different nitrogen nutrition, type of light and level of LED light irradiation on
leaf photosynthetic rate (umol CO,'m™>s™)

First experiment Second experiment
Nitrogen nutrition (A) type of light (B) mean type of light (B) mean
FRS LED for A FRS LED for A
Hoagl. 4.14 5.48 4.8la 4.24 9.80 7.02a
Hoagl. + 2N-NO; 5.89 8.41 7.15¢ 6.28 13.43 9.85d
Hoagl. + 2N-NH,4 5.22 6.95 6.08 b 5.43 10.56 7.99b
Hoagl. + 2N-NH4/NO; 5.95 8.23 7.09 ¢ 5.40 12.03 8.71c
Mean for B 530a 7.27b 534a 11450
LSD for A x B 0.92 0.90

Values followed by the same letters are not significantly different

The yield, total leaf area and SLA in the leaves grown under FRS light at an irradi-
ance of 200 pmol-m™-s™' showed a slightly higher value in the first experiment than in
the second one. But the yield and leaf area for plants grown under LED light at an ir-
radiance of 200 umol-m™s (second experiment) was higher respectively by 32.7% and
31.0% than at an irradiance of 800 pmol-m™-s" (first experiment), whereas the SLA
showed an almost identical value (tabs. 1, 2, 3).
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Fig. 1. Spectral distribution in relative energy of LED-s lamps
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Fig. 2. Spectral distribution in relative energy of the fluorescent lamps (FRS)

In both experiments, the total N content in the leaves of plants growing under LED
light was significantly higher than in the case of FRS and besides this content in the
leaves at increased irradiation was higher by 0.27% compared to lower irradiation. Both
in the first and second experiment, the leaves of plants additionally fed only with the
ammonium form of N accumulated most nitrogen, while N accumulation was signifi-
cantly lower when plants were fertilized with the nitrate form and the nitrate-ammonium
form. The leaf nitrogen content in control plants was nearly half lower (tab. 4). Plants
under LED light contained not only significantly more total N, but also more nitrates
than those growing under FRS lamps. The high irradiation with this light promoted NO;
accumulation in the leaves (first experiment). Regardless of the type of light used in the
experiments, however, plants additionally supplied with this form of nitrogen contained
most nitrates, whereas a significantly lower amount of nitrates was found in plants fed
with NH4/NOj and the lowest one in those fed with NH4. The nitrate content in the
leaves of control plants was on average 3 times lower (tab. 5).

FRS light had a significantly more beneficial effect on the photosynthetic pigment
content in the leaves in the first experiment, whereas in the second experiment it was
LED light. Irrespective of the type of light, in both experiments lettuce additionally
fertilized with N-NH, contained the highest amount of photosynthetic pigments, while
this amount was significantly lower in plants fed with N-NH,/NO; and N-NO;, and the
lowest one when only Hoagland’s solution was used. However, regardless of the type of
light and the nitrogen form used, lettuce leaves in the first experiment contained a lower
amount of pigments than in the second one (tab. 6).

The photosynthesis rate of lettuce plants under LED light with a 4 times higher level
of irradiation relative to FRS light was higher by 37% than under fluorescent light (first
experiment), while at a similar level of irradiation (second experiment) by as much as
114%. The effect of different nitrogen nutrition of plants on the process of photosynthe-
sis was similar in both experiments. Additional nutrition of plants with nitrate N and
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nitrate-ammonium N had the most beneficial effect, but this effect was significantly
worse in the case of ammonium N. The photosynthetic rate was lowest in plants fed
only with Hoagland’s solution (tab. 7).

DISCUSSION

A comparison of the spectral distribution of LED light and cool white fluorescent
light shows substantial differences in light quality (figs 1, 2). The light emitted by LED
diodes, both at a high PPFD (800 umol-m™*s™) and a low PPFD (200 umol-m?s™),
contained the red and blue colours as well as trace amounts of other colours in the PAR
range. On the other hand, the light of fluorescent lamps showed rather proportional
percentages of individual colours with a small percentage of red colour relative to the
other colours. UV radiation and far-red light were also present in its composition. Given
this, it is difficult to explain the much higher leaf yield and the higher total leaf area
under FRS light than in the case of LED light, since red light is well absorbed by photo-
synthetic pigments and is the most photosynthetically effective compared to the other
colours [Yorio et al. 2001]. In their research on lettuce plants, other authors have also
found lettuce to show distinctly better growth under the white light of fluorescent lamps
than under LED lamps [Yori et al. 2001, Hyeon-Hye Kim et al. 2004].

Lettuce plants also exhibited a different response to LED lamps which resulted from
a different level of irradiation with this light and the changed spectral composition de-
pending at what height the lamps were positioned relative to plants. In the lamps used,
3 blue diodes and the white diode were placed in the middle of the lamp, whereas the red
diodes were placed around them. Therefore, in the first experiment (800 pmol-m?-s™)
with the low position of the lamps (24 cm from the leaf tips), the ratio of red to blue
light calculated from a comparison of the peak area in the 638—663 nm range for red
light and 428-453 nm for blue light was low (1.54), whereas in the second experiment
(200 pmol-m™-s™") with the high position of the lamps (55 cm), it was more than twice
higher (3.46). This appears to be the main reason for the low yield and small leaf area in
the first experiment compared to the second one. As shown by Mortensen and Stromme
[1987] as well as by Schurger et al. [1997], blue light is a growth inhibitor and induces
changes in leaf morphogenesis. It seems that the too high proportion of blue light in the
light of LED lamps placed above the plants caused violet colouration of the leaves in
10-day lettuce seedlings (phot. 1) as well as strong undulation, chlorosis and necrosis of
younger leaves at a later time (phot. 2). This could also have been caused by too high
radiation (800 umol-m?-s™") operating without interruption for 14 hours per day. Even
though the natural light often reaches a twice higher level of radiation in the PAR range,
it has a completely different spectral composition and operates with varying intensity,
depending on the time of the day and the degree of cloudiness.

A decrease in irradiation to about 200 pmol-m™-s” from the LED lamps, making it
equal to the irradiation of FRS light, distinctly increased the leaf yield and leaf area and
improved the appearance of the leaves (phot. 3). Nevertheless, the value of the analysed
plant traits still differed significantly from the parameters of the leaves grown under
FRS lighting. The reason could still be an inappropriate (too high) ratio of blue to red
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Phot. 1. 10-day lettuce seedlings in the first experiment

¥

Phot. 2. 6-week lettuce seedlings in the first experiment

light. Studies conducted with LED lamps show that red light alone is unacceptable for
the proper growth of lettuce [Bula et al. 1991, Barta et al. 1992]. To improve its growth,
blue light supplementation is necessary [Sharkey and Roschke 1981, Bula et al. 1991,
Barta et al. 1992, Hoenecke et al. 1992, Okamoto et al. 1997, Yorio et al. 2001]. How-
ever, a question arises what the ratio of red to blue light should be. Bula et al. [1991]
reports that in the case of lettuce cv. ‘Grand Rapids’ grown under red LEDs 10% blue
light supplementation was necessary for lettuce growth, while Okamoto et al. [1997]
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obtained the highest plant dry weight at the red/blue light ratio of 48/12. Cucumber
required much larger amounts of blue light. Hogewoning et al. [2010] report that with
an increasing percentage of blue light relative to red light from 7% to as much as 50%
the photosynthetic capacity increased, which was coupled with an increase in SLA as
well as in the content of pigments and nitrogen. In the light of the research on lettuce
conducted by other authors [Bula et al. 1991, Okamoto et al. 1997], this seems to be the
reason for the lower values of all the plant traits in question (except for the nitrate con-
tent) in the first experiment in relation to the second one.

FRS LED

Hoagl.+2NO; Hoagl.+2NO;

Phot. 3. 6-week lettuce seedlings in the second experiment

Nevertheless, the above discussion does not explain why in the second experiment
lettuce produced a higher leaf yield and the leaves had a larger leaf area under FRS light
than under LED lighting, in particular that the effect of types of light on the photosyn-
thesis was opposite (tab. 7). Comparing FRS and LED light (figs 1, 2), one can presume
that this was associated with the large proportion of green colour in fluorescent light,
which was almost absent in LED light. Light passes easily through leaves [Klein 1992,
Smith 1993], thereby increasing carbon assimilation in the lower leaves [Sun et al.
1998], and this can be important in the case of lettuce characterized by dense leaf ar-
rangement. Hyeon-Hye Kim et al. [2004] also confirmed the beneficial effect of a 24%
addition of green light to the red and blue colours. In the light of the literature, other
colours present in the cool white light of fluorescent lamps, and absent in the light of
LED lamps used, did not affect the growth of lettuce [Senger 1984, Schuerger et al.
1997, Dougher and Bugbee 2001a, b, Sun-Ja Kim et al. 2004, Hogewoning et al. 2010].
But the higher values of the other leaf traits in question under LED light compared to
FRS light in the second experiment could have resulted from the fact that the blades of
these leaves were thicker, hence the higher value of SLA and the higher photosynthetic

Hortorum Cultus 13(5) 2014



222 E. Borowski, B. Hawrylak-Nowak, S. Michatek

pigment content per area (tabs. 3, 6). But this did not apply to the total N and nitrate
content; the obtained results show that LED light with a high proportion of blue light
stimulates nitrogen uptake, which was also found by Hogewoning et al. [2010] in the
case of cucumber. LED light is also worth attention because, as shown by the present
study, LED lamps used 45% less energy than FRS lighting, which is also confirmed by
Wojciechowska et al. [2010].

Different nitrogen nutrition of lettuce plants did not have such a great effect on the
lettuce yield and leaf traits analysed as light. The significant differences in the values of
all the leaf traits analysed in the present study in control plants, as compared to the other
plants, resulted undoubtedly from the fact that the amount of nitrogen supplied to the
growing medium was lower by two-thirds. In the group of plants fed with the nitrogen
forms used, the significantly lower leaf yield in plants fertilized with N-NHj, relative to
those fed with N-NO; and N-NH4/NO; in the first experiment probably resulted from
the too low ratio of red to blue light or excessive irradiation with LED light. This
caused, due to chlorosis, necrosis and the holding and rolling of leaf blades, the exclu-
sion of a part of the leaf apparatus from effective photosynthesis and, as shown by the
results obtained, a decrease in the photosynthetic rate in the other regions of the leaf. It
could have resulted from insufficient production of carbon chains formed in this proc-
ess, which are necessary to assimilate N-NH, taken up. The presence of free NH," ions,
in particular in leaves, clearly reduces plant growth [Borowski and Blamowski 1995]. It
is worth noting that in the second experiment, with a PPFD reduced by about 4 times,
no significant differences were found in the leaf yield dependent on the nitrogen forms
supplied. At the same time, this is evidence that the high rate of photosynthesis taking
place in such conditions (tab. 7) was a sufficient source of energy necessary for NO3~
reduction and the incorporation of reduced N into amino acid synthesis. Despite, as it
seems, efficient metabolization of NO; ™ ions taken up, which is evidenced by the high
total N content in the leaves of these plants (tab. 4), they also contained certain amounts
of nitrates (tab. 5). This can be evidence of excessive nutrition of lettuce plants (a short
growing period) with this form of nitrogen. The presented correlations are confirmed by
earlier research on tomato [Borowski 1994a] and lettuce [Borowski 1994b].

CONCLUSIONS

1. Under FRS light, the lettuce leaf yield was distinctly higher than under LED light
at a PPFD of 200, and in particular 800 pmol-m™-s”. Besides, the leaves grown under
FRS light showed a significantly thinner leaf blade (SLA) and a lower content of photo-
synthetic pigments, total N and nitrates.

2. The photosynthetic rate was higher under LED light at an irradiance of 200 than
at 800 pmol-m™-s” and significantly higher under LED light relative to FRS light.

3. Different nutrition of plants with N-NO;, N-NH, and N-NH4/NO; had a similar
effect on the yield and analysed traits of lettuce leaves, regardless of the type of light
and the level of irradiation with LED light.

4. LED lamps seem to be a very promising light source for plants, but they require
further research on how to adapt the spectral distribution of light to their requirements.
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REAKCJA SALATY NA SWIATLO FLUORESCENCYJNE I SWIATLO
LED NA TLE ZROZNICOWANEGO ZYWIENIA ROSLIN AZOTEM

Streszczenie. W dwu kolejnych do$wiadczeniach wazonowych prowadzonych w fitotro-
nie z salata odm. Krélowa Majowych badano wptyw zimnobiatego $wiatta fluorescencyj-
nego (FRS) przy PPFD 200 pmol'm?s” i §wiatta LED o barwie czerwono-niebieskiej
przy PPFD 200 i 800 pmol-m™s" na przebieg fotosyntezy, plon, powierzchnie lisci,
SLA, zawarto$¢ barwnikow asymilacyjnych, N-ogolnego i azotanow. Rosliny doswiad-
czalne rosly w torfie wysokim zasilonym na poczatku do§wiadczenia pozywka Hoaglanda
o pojedynczej koncentracji. Po 10 dniach od zapikowania roslin utworzono 4 serie do-
$wiadczalne roznigce si¢ formg N dodanego do podtoza w dawce 420 mg (2N): 1) po-
zywka Hoaglanda (kontrola), 2) Hoagl + 2N-NOs, 3) Hoagl + 2N-NH,, 4) Hoagl +
2N-NH4/NOj;. Uzyskane wyniki wykazaly, ze plon lisci sataty przy $wietle FRS byt wy-
raznie wyzszy niz przy $wietle LED o PPFD 200, a zwlaszcza 800 umol-m™s”. Liscie
spod $wiatta FRS wykazywaly istotnie ciensza blaszke lisciowa (SLA), nizsza zawarto$é
barwnikoéw, N- ogdlnego i azotandw. Fotosynteza przebiegata intensywniej w $wietle
LED niz FRS. Zréznicowane zywienie roslin N-NO3z;, N-NH, i N-NH,/NO; wywierato
zblizony wplyw na plonowanie i analizowane cechy lisci niezaleznie od rodzaju $wiatta
i poziomu napromienienia $wiattem LED. Lampy LED wydaja si¢ by¢ obiecujacym zro-
dlem $wiatta dla roélin, ale wymaga to jednak dalszych badan dotyczacych dostosowania
rozktadu spektralnego $wiatta do ich wymagan.

Stowa kluczowe: jako$¢ spektralna, Lactuca sativa, plon, powierzchnia liScia, SLA,
barwniki asymilacyjne, N-catkowity, azotany, fotosynteza

Accepted for print: 15.09.2014

Acta Sci. Pol.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


