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Abstract

Photoradiation plays a major role in plant growth processes, especially photosynthesis and nutrient uptake. Light
intensity and photoperiod affect temperature and caused more transpiration in plants, which influences nutrient
uptake. This study aimed to examine the effects of photoradiation on the growth and K, Ca, and Mg uptake of
lettuce (Lactuca sativa L.). Lettuce was hydroponically grown in a walk-in growth chamber, and the experiment
was performed using eight treatments with eight replications. A combination of eight fluorescent lamps was used
to provide a photon flux density of 128+20 umole m™ s for 15/15 minutes, 45/15 minutes, 345/15+15/15
minutes of black UV, and 345/15+15/45 minutes of black UV of light/dark periods. A combination of ten
fluorescent lamps was used to provide a photon flux density of 194+28 umole m™ s for 30/30 minutes, 15/15
minutes, and 45/15 minutes of light/dark periods and 24 hours of light period. Continuous illumination with
higher light intensity gave the greatest shoot fresh weight, plant height and number of leaves. Whereas a shorter
photoperiod and lower light intensity gave the lowest shoot fresh weight. Shortened UV light radiation gave
better result in lettuce growth performance such as shoot fresh weight, plant height and number of leaves. UV
light also damaged the lettuce leaves. The leaves turned brown (brown spot) at the tip of the old leaves. Molar
concentrations of K, Ca and Mg in the lettuce leaves were in the order of K > Ca > Mg for all of the treatments.
The steep gradient and highest K accumulation at bottom leaves were found at lower light intensity and short
photoperiod (15/15 minutes of light/dark). Extended photoperiod improved K and Ca movement and reduced K
and Ca accumulation in the bottom leaves. High K in the leaves reduced Ca uptake. Continuous illumination
with higher light intensity resulted in the lowest concentrations of K, Ca and Mg. The mole ratio of K/Ca
decreased from the top to bottom leaves, whereas the mole ratio of K/Mg tended to be stable except in the
treatment with lower light intensity and short photoperoid. The best growth performance was found in the
treatment with consistent K/Ca ratio.

Keywords: photoradiation, light intensity, nutrient uptake, soilless, lettuce
1. Introduction

Urban farming provides fresh food to customers, reduce loss of products and reduce cost of transportation.
However, the cost and limitations of land areas can be minimized through intensive cultivation. Growing plants
under controlled environment have a number of advantages, such as higher quality of yields, shorter production
periods, and smaller labor force, relative to conventional growing systems (Kozai, 2013; Kang, Krishna Kumar,
Atulba, Jeong, & Hwang, 2013). The fresh weight of turnip can be increased by more than 10 times within 1
week when it was grown under a continuous illumination of 237 pmol m” s™ and elevated CO, concentration to
2100 pL L™ (Ikeda, Nakayama, Kitaya, & Yabuki, 1988). Sunlight is unsuitable for multilayer cultivation and
has various limitations such as its limited availability only in the daytime and its inconsistant intensity. Plants do
not require the whole spectrum. Infrared produces heat, therefore a cooling system has to be installed in tropical
greenhouses. Artificial light from high-pressure Na lamps, fluorescent lamps or light-emitting diodes (LEDs)
have to be introduced to solve such problems. Responses to continuous illumination depend on plant species.
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The reproduction cycle of long-day plants can be accelerated by extended illumination, but short-day plants do
not respond in the same way. Extended photoperiod may cause leaf chlorosis and growth reduction in some plant
species. Accumulation of starch and soluble carbohydrates occurs under continuous illumination, which possibly
related to photooxidative damage of sensitive plants. This damage can be prevented through temperature
alternation (Sysoeva, Markovskaya, & Shibaeva, 2010). Increasing light intensity from 200 pmol m™ s to 290
umol m™ s increases fresh weight, leaf area, and number of leaves of lettuce grown under mixed LEDs (8:1:1 of
red:blue:white) and 500 pmol mol™ CO, (Kang et al., 2013).

Lettuce is not indigenous to tropical region. It is typically grown in low temperature and low light intensity
(Frantz, Ritchie, Cometti, Robinson, & Bugbee, 2004). Increasing the growth rate of plants by raising
temperature and light intensity tends to elevate Ca requirement. Ca is supplied to new emergent leaves through
the xylem depending on the transpiration rate. New lettuce leaves are generally located in the interior of older
leaves. Therefore, the transpiration rate is restricted and Ca deficiency is easily occured. Barta and Tibbitts (2000)
demonstrated that Ca deficiency (tipburn) of lettuce occurred only at young leaves enclosed by surrounding
leaves and are consequently not exposed to light and ambient atmosphere. The increase in Ca concentration is
more rapid in light exposed leaves than in enclosed leaves. Necrosis first occurs at the leaf tip, where Ca
concentration decreases to around 0.4 g kg dry weight. Frantz et al. (2004) demonstrated that the tipburn of
lettuce can be eliminated by aeration onto meristems.

Ca uptake is not only affected by transpiration environment, but antagonistic effects of K*, Mg*" and NH," in
culture solution also. Barta and Tibbitts (1991) found that Mg concentrations in tipburn leaves are higher than
those in non-tipburn leaves, and Mg is negatively correlated with Ca. Increasing of K/Ca ratio in a culture
solution decreased Ca concentrations in both leaves and roots of chicory. Increasing the ratio above 6/3 reduces
yield and causes physiological disorders because of Ca deficiency (Zamaniyan & Motallebic-Azar, 2012). The
symptom of Ca deficiency (blossom-end rot) in tomato grown by rockwool culture increases as Mg
concentration increases in a low Ca solution, but not in a high Ca solution (Hao & Papadopoulos, 2003). The
present study was conducted to examine the effects of photoradiation on the growth and K, Ca and Mg uptake of
lettuce.

2. Materials and Methods

The study was conducted under controlled growing condition using lettuce (Lactuca sativa L.) as a test plant.
Lettuce was grown by a deep flow technique (DFT) in a 54 cm width, 60 cm length and 10 cm depth of growing
basin. Plant roots were immersed in a nutrient solution having a depth of 8 cm. The solution was aerated via a
couple of 25 cm air diffusers and circulated around the roots by using an aquarious pump. The composition of
nutrient solution was: N (13.50 mM NO; and 0.90 mM NHy"), P (1.50 mM), K (6.00 mM), Ca (4.50 mM), Mg
(2.00 mM), S (2.45 mM), Fe (45.00 uM), Mn (10.00 uM), Cu (0.75 uM), Zn (1.80 uM), B (35 pM) and Mo (0.25
uM). The initial pH of the solution was about 6.5. The electrical conductivity (EC) of the solution was maintained
at 2.0£0.2 dS m™. Growing shelves were vertically installed inside a growth chamber. Light source supplied by
white fluorescent lamps and black UV light at 8 light treatments (Table 1). The lamps were installed 30 cm
above growing panels. LeKise fluorescent lamps (28 W T5 2800 lumen) and black UV lights (Akoda BLB
40/T10—40 watt—48 inch black light tube) were used. A combination of 8 lamps provided photon flux density
of 128+20 pmole m™ s, and 10 lamps provided 194+28 pmole m™ s above the growing panels.

2.1 Plant Culture

Lettuce seeds were germinated on cocopeat. When the first true leaves emerge, half strength nutrient was
supplied before transplanted. The seedlings were transplanted on a growing panel of 20 cm X 20 cm density at 21
days after germination. The growth chamber was maintained at 16+1 °C and 68+7% relative humidity (RH).
Temperature above the growing panels was measured daily. Plant height was measured weekly, and number of
leaves were counted weekly. The lettuce was harvested at 43 days after germination.
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Table 1. Number of lamps, mean light intensity, and photocycle of illumination for each treatment

Number of lamp Intensity Photocycle (on-off)
Treatments (mean£SD) Fluorescent uv
Fluorescent uv (umol m™ 5™ Light Dark Light Dark
1 10 0 194428 30 min 30 min - -
2 10 0 194428 15 min 15 min - -
3 8 0 128+20 15 min 15 min - -
4 8 1 128420 345 min 15 min 15 min 15 min
5 10 0 194428 45 min 15 min - -
6 10 0 194+28 24 h - - -
7 8 0 128420 45 min 15 min - -
8 8 1 128420 345 min 15 min 15 min 45 min

2.2 Leaf Sampling and Analysis

After lettuce was harvested from the growing bed, the roots were removed, and their fresh weight was measured.
Leaf samples were separated into 10 to 15 sections counted from the top leaf to the bottom leaf because of the
different number of leaves. The samples were packed into paper bags, dried in a hot air oven at 65 °C for 1 week,
ground, and pass through a 1 mm sieve for nutrient composition analysis. Dried samples of 0.25 g were digested
in 125 mL erlenmeyer flasks with 10 mL of mixed HNO; and HCIO, (2:1) until clear solutions were obtained
and later cooled down to room temperature. Digested samples were then diluted with de-ionized water in 50 mL
volumetric flasks. The concentrations of Ca, Mg and K were analyzed by using an atomic absorption
spectrophotometer (Soil and Plant Analysis Council, 1998).

2.3 Data Analysis

Completely randomized design was used in this study with 16 seedlings per treatment. The replications were
randomly mixed to minimize position effects. Data were analyzed on the effect of treatments on the physical
parameters of plant growth and nutrient concentrations in plant tissues using one-way analysis of variance
(ANOVA). Mean differences were determined by Tukey’s honest significant difference test. The terms were
considered significant at P < 0.05.

3. Results and Discussion
3.1 Effect of Photoradiation on Temperatures

Temperature is a plant growth factor that can induce stress in plant when it is too high or too low. Although room
temperature was maintained at 16 °C, the temperature above the growing beds differed because of the influence
of light intensity and photoperiod. The highest temperature was observed in TS and T6 (28 °C; Figure 3). The
lowest temperature was observed in T3 (16 °C). Overall, the treatment with a long light period and high light
intensity tended to have a high temperature, and vice versa. T6 with the highest treatment temperature resulted in
the highest fresh weight of lettuce (156 g). TS has the same temperature as T6 and yielded lettuce with a fresh
weight of 93 g. This variation was due to their different photoperiods of light and dark. T6 had 24 h of
photoperiod, whereas TS5 had 45/15 minutes of light/dark photoperiod. Numerous studies have found the effects
of temperature on the performance and quality of plant growth. In a study on young tomato, Heuvelink (1989)
found that growth conditions at a constant temperature of 24 °C produced fresh weight of almost four times
higher than that of 18 °C, as well as the leave area. Gazula et al. (2005) found that regardless of the lettuce
cultivar (Lotto, Valeria and Impuls), temperature-affected anthocyanin and chlorophyll b concentrations were
lowest, intermediate and highest at 30/30 °C day/night, 30/20 °C day/night and 20/20 °C day/night respectively.
RH does not affect physiological plant processes, such as photosynthesis or biomass partitioning, except under
extreme situations. According to a review on the effects of RH on horticultural crops, the RH of 55 to 90% at
20 °C vapour pressure deficit slightly affects the physiology and development of horticultural crops. RH lower
than this range may induce plant water stress, which affects plant growth. Higher RH levels cause growth
disorders and promote diseases (Grange & Hand, 1985). In the present study, RH was maintained at 63+7% data
were taken daily to monitor RH levels in the growth chamber (data not shown).
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Figure 1. Temperature above growing panels

3.2 Effect of Photoradiation on Lettuce Growth

Lettuce showed different responses to photoperiod and light intensity (Figures 2, 3, and 4). The fastest increase
in plant height was observed in the T6 with higher intensity and continuously illumination (Figure 2). The
increase in photoperiod significantly increased plant height and number of leaves both of lower and higher
intensity. The plant height in T3 with lower intensity was greater than that in T2, whereas number of leaves in
the former was smaller than that in the latter. When the photoperiod was extended to 45 minutes every hour, the
plant height and number of leaves were more significantly reduced in T7 with lower intensity than in T5 with
higher intensity. Internode elongation at lower intensity can be reduced by extending the photoperiod. The
number of leaves in TS5, T6 and T8 were not significantly different. The result indicated that introducing dark
periods for higher intensity did not affect leaf emergence, and the number of leaves could be increased by
extending the photoperiod under low light intensity conditions. Plant growth in T3 was vertically elongated, and
the leaves were not developed perfectly. The plants grown in low light have been frequently shown to be more
susceptible to photoinhibition than plants grown under high light intensity (Long, Humphries, & Falkowski,
1994).

The highest fresh weight was found in the longest photoperiod and higher light intensity (T6, Figure 4). The
fresh weight was higher under a long photoperiod than under a shot photoperiod at lower intensity (T3, T4, T7
and T8) and higher intensity (T1, T2, T5 and T6). The fresh weight did not significantly differ between short and
long dark periods (T1 and T2, respectively). An extended photoperiod has resulted in an increase in fresh weight
for various lettuce cultivars (Koontz & Prince, 1986). Previous studies showed that increased light intensity
usually promotes the growth of lettuce (Hunter & Burritt, 2004; Li & Kubota, 2009). Numerous studies reported
that the biomass of lettuce increased with extended photoperiods (Ikeda et al., 1987, 1988; Koontz & Prince,
1986). Kang et al. (2013) showed that maximum light intensity support the increase in plant growth at both short
and long photoperiods. In the present study, the lowest fresh weight was observed in T3 with the lowest light
intensity and photoperiod.
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Figure 2. Hight of lettuce measured every week after transplantation
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Figure 3. Number of leaves of lettuce counted every week after transplantation
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Figure 4. Fresh weight of lettuce measured at harvesting date
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3.3 Effect of UV Radiation on Plant Growth

Although UV radiation is known to be harmful to living organism, investigations on the effects of UV on plant
biology largely depend on the use of UV-B emitting lamps in both laboratories and field (Atwell, Kriedemann, &
Turnbull, 1999). In the present study, black UV light was added to T4 and T8 (Table 1). T4 and T8 were set with
the same intensity and photoperiod by fluorescent lamps, but they were given different black UV light
photoperiods. In comparison with T4, T8 showed enhanced fresh weight, plant height, and number of leaves. The
shortened black UV radiation promoted the growth performance of the plant (Figures 2, 3, and 4). T8 showed
physical damage in the form of the tip of the bottom leaves turning brown (necrosis). Several plant species were
reported reacts by changing of leaf color and form. At the onset, bronze or brown spots appear on the leaf surface,
and these spots later result in leaf chlorosis, necrosis, and desiccation (Dai et al., 1994; Visser et al., 1997,
Kakani, Reddy, Zhao, & Sailaja, 2003). UV-B radiation damages DNA, proteins, lipids and membranes (Hollosy,
2002). UV-B radiation directly and indirectly affects plants through various processes, including damage to DNA,
proteins, and membranes; alterations in transpiration and photosynthesis; and changes in growth, development
and morphology (Teramura & Sullivan, 1994; Jansen, Gaba, & Greenberg, 1998). However, plant response to
UV radiation varies depending on species or cultivars.

3.4 Concentrations of K, Ca and Mg in Lettuce Leaves

Concentrations of K, Ca and Mg in lettuce leaves are shown in Tables 2, 3 and 4, respectively. The
concentrations of all elements generally increased from top leaves to bottom leaves. The highest gradient of K
was found in T3, in which the plant received lower light intensity and short duration (6 h day™), whereas the
lowest gradient was found in T8 with a longer period of fluorescent illumination and shorter UV radiation. High
K concentrations in the bottom leaves were found in T3, whereas low concentrations in all leaf positions were
found in T6, in which plant received higher intensity and continuous illumination. These results indicated that
light intensity and duration affected K movement. High K accumulation occurred in at low intensity and short
photoperiod. K concentrations at the same position in T1 and T2 did not significantly differ, thereby indicating
that short and long duration of light and dark periods did not influence K uptake. The best growth performance
of lettuce was found in T6 with the lowest K. No symptom of K deficiency was found in any of the lettuce leaves
in this study.

Table 2. Concentrations of K in lettuce leaves growing under different light conditions (mean+SD: g kg dry
weight)

Leaf No. Treatments

(top to bottom) | 2 3 4 5 6 7 8

1 5343 5442 64+4 69+7 62+7 51+13 60+11 78+7
2 60+5 61t4 76+3 65+7 63+5 46+£5 60+7 81+11
3 66+5 67+5 84+6 68+5 65+4 45+7 6419 80+15
4 7345 74+6 99+9 69+6 68+3 48+2 66+5 89+12
5 7948 8242 100£6 778 78+9 50+6 71+£8 84+14
6 85+6 86+7 111+15 82+10 80+6 48+4 74+6 87+11
7 89+9 86+7 103£17 80+10 85+6 54+10 7348 88+5
8 90+7 92+5 116+17 86+9 8843 55+10 718 82+7
9 94+6 94+8 118+17 87+5 93+9 6014 7510 87+8
10 93+9 95+8 135+34 84+8 92+8 66=+13 78+9 89+12
11 88+8 98+14 65+12 75+10 82+13
12 89+6 1006 68+12 77£10 8615
13 87+13 99+18 72411 77+12 8249
14 84+11 9745 74+£15 74+11 91+9
15 87+10 91+16 7618 8245 83+9

The highest Ca concentrations were found at first to fourth leaves of T3, whereas they droped down to lower
than T1 and T2 after sixth leaf (Table 3). Ca is a divalent cation and has a less competitive uptake than K. Low K
concentrations in the upper leaves in T3 allowed a high Ca uptake, whereas high K in the lower leaves
suppressed Ca uptake. The highest Ca gradient was found in T2. By contrast, the lowest was found in T6. For the
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same light intensity, a long photoperoid tended to promote Ca uptake. Lettuce required less Ca for its growth in
case of higher intensity and continuous illumination (T6).

No symptom of Ca deficiency (tipburn) was encountered in this study. Ca concentrations from the terminal
leaves to the bottom leaves in this study ranged from 4.8 to 27.3 g kg dry weight. The concentrations in the
terminal leaves ranged from 4.8 to 7.8 g kg™' dry weight (Table 3). A previous analysis of the entire leaves at the
time of the symptom development found Ca concentrations ranging from 0.5 to 1.7 g kg™ dry weight (Barta &
Tibbitts, 1986, 1991; Collier & Huntington, 1983; Collier & Tibbitts, 1984). However, the concentrations of Ca
associated with tipburn ranged from 2 to 10 g kg dry weight (Yanagi, Bullock, & Cho, 1983), which is
significantly higher than the minimum functional requirement of 1 to 2 g kg dry weight suggested by
Loneragan and Snowball (1969).

Table 3. Concentrations of Ca in lettuce leaves growing under different light conditions (mean+SD: g kg™ dry
weight)

Leaf No. Treatments

(top to bottom) | 2 3 4 5 6 7 8

1 6.5+£0.9 6.1+0.8 7.8+£0.9 5.5+1.1 4.8+1.0 5.5+1.5 7.0£1.2 6.8+1.4
2 10.2+1.3 8.2+1.2 12.5+£0.9 6.1£1.0 6.3+£1.4 7.5+1.2 8.4+1.3 8.0£1.8
3 11.6+1.6 9.8+1.0 14.1+1.0 6.9+1.3 6.9+1.7 7.5+2.1 9.6+2.0 8.7£1.9
4 13.2+1.4 11.6+1.2 14.9+1.0 7.3+1.6 7.4+1.5 7.8+1.3 10.1+1.8 9.7+£2.0
5 15.442.0 13.4+1.2 15.3+1.3 9.5£2.4 9.0+2.6 8.2+1.4 11.4£1.2 10.1£2.0
6 16.6+1.1 15.7£1.4 16.0+£2.3 11.3+£3.0 10.2+2.3 8.4+1.7 13.1+1.7 11.8+2.4
7 18.4+1.4 17.9£2.6 15.8+1.6 12.5£2.4 10.3£2.0 9.4+2.8 13.6£1.6 11.9+0.9
8 21.2+1.0 21.74£1.9 17.0£2.7 13.6£1.7 11.7£2.7 9.0+2.5 14.8+2.7 12.9+£2.0
9 22.4+1.2 24.6+1.6 17.8£3.4 15.2+3.2 12.8+3.1 9.9+2.1 16.7£1.6 13.542.0
10 23.5+2.0 27.3+2.7 18.0+£3.2 15.343.3 14.1£3.0 11.2+2.8 17.0£2.3 13.7£1.6
11 16.7+£2.1 15.8+3.0 11.1£3.3 18.3£2.3 15.0+2.6
12 16.4+2.6 16.7£2.5 10.9+1.0 19.2+3.3 16.3+£3.6
13 18.6+3.2 18.4+3.3 13.1£3.5 20.9+£2.5 16.5+3.5
14 19.0+3.1 17.8+£2.7 13.6+2.3 22.4+3.2 19.1+£3.8
15 20.4+3.0 19.4+4.1 13.5+£3.2 24.0+£2.9 18.6+4.5

The hightest Mg concentrations were found in the first to fourth leaves of T3 (Table 4), and they were declined
to levels lower than those in the bottom leaves of T1 and T2. The results indicated antagonistic effect of K on
Mg similar to that found in case of Ca. The most uniform distribution and less accumulation in the bottom leaves
were found in T6 which had the best growth performance. Mg concentrations in the upper leaves in T1 were
higher than those in T2, although both treatments received the same light intensity. Longer photoperoid of light
and dark periods promoted Mg uptake.

The Mg concentrations in this study ranges from 2.6 to 7.3 g kg™ dry weight. The concentrations were lower
than those of K and Ca. The concentrations of Mg and K found in the leaves are typical for lettuce grown under
controlled environment conditions (Berry et al., 1981; Barta & Tibbits, 2000). Barta and Tibbits (1991) found
that Mg concentration is higher than Ca concentration in tipburned leaves in the range of 2.8 to 6.3 g kg dry
weight, with an average of 4.7 g kg™ dry weight. Mg concentration was fairly lower than Ca concentration
because of the absence of tipburn.
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Table 4. Concentrations of Mg in lettuce leaves growing under different light conditions (mean+SD: g kg™ dry
weight)

Leaf No. Treatments

(top to bottom) | 2 3 4 5 6 7 8

1 3.2+0.2 2.940.2 3.8+0.3 3.0+0.3 2.7+£0.3 2.9+0.5 3.3+0.5 3.7£0.3
2 4.0+0.4 3.240.3 4.9+0.5 2.6+£0.3 2.6+0.3 2.9+0.3 3.2+40.4 3.440.3
3 4.3+0.5 3.5+0.2 5.3+0.6 2.6+0.3 2.7£0.4 2.9+0.6 3.5+0.4 3.4+0.4
4 4.8+0.4 4.0+£0.4 5.5+0.6 2.6+£0.4 2.7+0.5 3.0+0.3 3.7+£0.4 3.4+0.3
5 5.3+0.6 4.4+0.2 5.2+0.2 3.0+0.6 3.0+0.7 3.1+0.4 3.9+0.4 3.7+0.8
6 5.6£0.3 4.9+0.4 5.1+0.5 3.7+1.0 3.4+0.6 3.1+0.4 4.4+0.5 3.8+0.4
7 5.7£0.3 5.4+0.6 5.1+1.0 3.4+0.5 3.2+0.5 3.4+0.8 4.5+0.5 3.8+0.2
8 6.3+0.3 6.3+0.3 4.8+0.8 3.7+0.3 3.6+0.6 3.2+0.7 4.7+£0.8 4.0£0.6
9 6.2+0.4 7.1+£0.8 4.8+1.0 4.0+£0.8 4.5£2.6 3.4+0.5 5.3+0.7 4.0£0.5
10 5.8+0.7 7.3+£0.4 4.6+0.7 4.0+0.8 4.0£0.5 3.7+0.6 5.3+1.0 4.0+0.4
11 4.4+0.5 4.5+0.7 3.7+0.7 5.5+0.9 4.4+0.6
12 4.1+0.5 4.6:0.4 3.6+0.2 5.6+1.2 4.5+0.6
13 4.9+0.8 4.9+0.8 4.0+£0.6 5.7+0.6 4.6£0.7
14 4.8+0.9 4.8+0.4 3.8+0.7 6.0+1.0 5.1+0.8
15 5.24+0.8 4.9+0.8 4.1+£0.8 6.0+0.8 4.7+£0.7

3.5 Distribution of Cation Ratios (K/Ca, K/Mg and Ca/Mg)

The mole ratio of K/Ca in the nutrient solution was 1.33, which was lower than the ratios in the lettuce leaves in all
of the treatments (Table 5). The mole ratios were found in the range of 3.5 to 13.5. The ratios in younger leaves
were higher than those in older leaves. These results indicated that K uptake in lettuce was faster than Ca uptake.
High mole ratios were found in the younger leaves of T4, T8, and T5. T6 which gave the best growth performance
showed a high mole ratio in the terminal leaf, whereas the raios in older leaves varied in a small range (5.9 to 6.5).
High light intensity and continuous radiation increased temperature and transpiration rate in the plants and the Ca
uptake in T6. Both high and low K/Ca mole ratios affected plant growth and development. Mortensen, Ottosen,
and Gislered (2001) found that decreasing of K/Ca in fertilizer composition from high to low (42:1 to 1:5) delays
the flowering of pot rose.

Table 5. K/Ca mole ratios in lettuce leaves growing under different light conditions (mean+SD)

Leaf No. Treatments

(top to bottom) | 2 3 4 5 6 7 8

1 8.5£1.0 9.3£1.2 8.6£1.3 13.1+1.5 13.5+1.8 9.8£2.0 8.9+1.3 12.9+1.2
2 6.1£0.6 7.7+1.1 6.3£0.4 11.1+1.6 10.7+£2.3 6.2+1.1 7.5£1.4 10.2+1.8
3 5.9+0.7 7.0+£0.7 6.1+£0.5 10.2+1.5 9.6+£2.1 5.9+£1.2 7.1£1.6 9.1£1.2
4 5.7£0.7 6.6+0.5 6.8+0.7 10.0+1.6 9.7£1.9 6.4+0.9 6.9+1.3 9.6+1.3
5 5.3+0.3 6.3+£0.6 6.8+0.5 8.7£1.8 9.3£1.8 6.4+0.8 6.4+0.7 9.3+1.8
6 5.3+£0.5 5.6£0.2 7.2+0.9 6.9+1.6 8.3+1.3 6.1=1.1 5.941.1 7.5£1.5
7 4.9+0.4 5.0+0.7 6.8£0.9 6.7£1.2 8.7£1.3 6.1£1.5 5.6£0.8 7.6£0.6
8 4.3+0.3 4.4+0.3 7.1£1.6 6.6+0.7 7.9£1.5 6.5£1.5 5.0£1.0 6.7£1.5
9 4.3+0.3 4.0+0.5 7.1+£1.7 6.1£1.2 7.7£1.3 6.3£1.0 4.7+0.8 6.7+0.8
10 4.0+0.4 3.7+0.5 7.1£1.7 5.9+1.3 6.9+1.2 6.2+1.1 4.8+1.1 6.7£1.1
11 5.5+0.8 6.6+1.5 6.3£1.3 4.3+0.9 5.7£1.0
12 5.7£1.4 6.2+0.8 6.4+0.7 3.9+0.5 6.2+1.1
13 4.8+1.4 5.7+£1.4 5.9£1.2 3.7+0.8 5.2£1.0
14 4.7+1.1 5.7£0.9 6.3£1.4 3.5+0.8 5.0£1.0
15 4.5+1.1 5.3+1.1 5.9+0.9 3.5+0.5 4.8+1.3
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The K/Mg mole ratio in the nutrient solution was 3.0, whereas the ratios in the lettuce leaves of all treatments were
varies from 7.4 to 18.4 (Table 6), thereby indicating that K uptake was faster than Mg uptake. The K/Mg increased
rapidly from the upper leaves to the bottom leaves in T3, due to accumulation of K in the bottom leaves. The
accumulation may be occurred due to insufficiency of light energy and low temperature above the growing panel.
The K/Mg in T6 varied in a narrow range of 9.7 to 12.2 through all levels of the leaves. The K/Mg ratios in TS were
higher than in T6, and a large difference between the 2 treatments occurred in upper leaves. A short photoperiod of
T5 reduced Mg uptake and plant growth.

Table 6. K/Mg mole rations in lettuce leaves growing under different light conditions (mean+SD)

Leave No. Treatments

(top to bottom) 1 2 3 4 5 6 7 8

1 10.5+£0.5 11.5+£0.7 10.6+0.7 14.4+0.5 14.2+0.9 10.9+2.0 11.2+1.3 13.3£1.5
2 9.5+£0.6 11.7£0.8 9.6+0.8 15.9+1.0 15.3£1.9 9.7+£1.2 11.9+1.7 14.6£1.6
3 9.6+0.8 11.8+0.5 9.9+0.7 16.3+1.0 15.4+£2.0 9.9+2.0 11.8+1.8 14.7+£1.4
4 9.5+1.1 11.5+£0.6 11.2+0.8 16.9+1.7 16.1£2.3 10.1£0.9 11.3+1.3 16.1£1.0
5 9.4+0.6 11.6£0.7 12.0+£0.9 16.1£1.7 16.5+2.0 10.1£0.6 11.2+1.3 16.2+2.6
6 9.9£1.0 10.8+0.4 13.4+0.8 14.5+2.6 15.2+2.6 9.7+1.1 10.5+1.7 14.2+1.3
7 9.7+£1.2 10.0+1.0 12.942.2 14.8+2.0 16.6+1.7 10.2+1.9 10.3+1.5 14.6£1.3
8 8.8+0.5 9.2+0.4 15.842.9 14.6+1.2 15.8+2.7 11.0+2.2 9.6+1.9 13.2+2.4
9 9.5+£1.2 8.8+0.7 15.3+2.4 13.5+2.3 15.9+1.6 10.8+1.6 8.9+1.5 13.5+1.7

9.6£1.0 8.2+0.7 18.4+3.7 14.4+1.8 14.4+1.9 11.1+1.5 8.6+1.0 13.1+2.0
12.8+£2.2 13.8+£2.8 11.1+1.8 8.61.9 11.8+£2.1

[y
—_—

12 13.6+£2.3 13.6+1.1 11.9+1.9 8.0£0.9 13.1+2.0
13 10.5+1.3 12.0£2.5 11.442.0 8.1£1.5 11.2+1.8
14 11.9+2.4 12.7+0.9 12.6+1.7 7.4£1.6 11.4+2.0
15 9.9+2.1 11.1£2.6 11.5+1.8 8.6x1.3 11.1+2.2

Concentrations of Ca and Mg in nutrient solution were 4.5 and 2.0 mmole-L™, respectively; yielding Ca/Mg ratio
of 2.25. The Ca/Mg ratios in lettuce leaves ranged from 1.1 to 2.5, and gradually increased from the top leaves to
the bottom leaves (Table 7). The Ca/Mg ratios in the upper leaves were lower than those in the solution. The results
indicated that Mg uptake in lettuce was faster than Ca uptake. An accumulation of Ca in bottom leaves increased
the Ca/Mg ratios above 2.25. The Ca/Mg in T6 tended to be lower than the other treatments except in the first and
second leaves. High light intensity and continuous illumination reduced Ca accumulation. At a high Mg supply,
leaf Mg concentration significantly reduced when Ca supply was also high. At a low Mg supply, Ca supply does
not significantly affect Mg concentration in leaves (Rios et al., 2012).

Table 7. Ca/Mg mole ratios in lettuce leaves growing under different light conditions (mean+SD)

Leave No. Treatments

(top to bottom) 1 2 3 4 5 6 7 8

1 1.2+0.1 1.3+0.1 1.2+0.2 1.1£0.1 1.1£0.1 1.1£0.1 1.3+£0.2 1.1£0.1
2 1.6£0.1 1.5+0.1 1.5+£0.2 1.4+0.2 1.5+£0.2 1.5+0.1 1.6+0.2 1.4+0.3
3 1.6£0.1 1.7+0.1 1.6+0.2 1.6£0.2 1.6£0.2 1.5+£0.2 1.6+0.2 1.6+£0.2
4 1.7£0.1 1.8+0.1 1.7+£0.2 1.7£0.2 1.7£0.2 1.6+0.1 1.7+£0.2 1.7£0.2
5 1.8£0.1 1.8+0.1 1.8+0.2 1.9+£0.2 1.8+£0.2 1.6+0.1 1.8+0.1 1.8+0.1
6 1.7+0.3 1.9+£0.0 1.9+0.2 2.1+0.2 1.8+£0.2 1.6£0.2 1.8+0.1 1.9+£0.3
7 2.0+0.2 2.0£0.1 1.9+0.3 2.2+0.2 1.9£0.2 1.7£0.2 1.940.1 1.9+0.1
8 2.0+0.1 2.1+0.1 2.2+0.2 2.24+0.1 2.0£0.2 1.7+0.2 1.940.1 2.0+£0.2
9 2.2+0.2 2.1+0.3 2.3+0.2 2.2+0.2 1.9+0.4 1.7£0.2 1.940.1 2.0+£0.2

2.5+0.4 2.3+0.2 2.4+0.2 2.3+0.2 2.1£0.2 1.8+0.2 1.9+0.1 2.14£0.2
2.3+0.2 2.1£0.2 1.8+0.2 2.0+£0.2 2.1£0.2

[
—_—

12 2.4+0.2 2.2+0.2 1.9+0.2 2.1+0.2 2.240.2
13 2.4+0.3 2.3+0.2 2.0+0.3 2.2+0.3 2.240.2
14 2.4+0.2 2.3+0.3 2.0+£0.3 2.3+0.3 2.3+0.2
15 2.4+0.1 2.4+0.2 2.0+£0.2 2.5+0.4 2.4+0.3
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4. Conclusion

A longer photoperiod and higher light intensity improved plant growth and development. These conditions gave
the greatest shoot fresh weight, plant height, and number of leaves. Whereas a short photoperiod and lower light
intensity gave the lowest shoot fresh weight. Shortened UV light radiation led to better result in lettuce growth
performance such as shoot fresh weight, plant height and number of leaves. UV light also damaged the lettuce
leave; that is, the tip of the old leaves turned brown spot. Molar concentrations of K, Ca and Mg in lettuce leaves
were in an order of K > Ca > Mg for all of the light treatments. The steep gradient and highest K accumulation in
the bottom leaves were found in lower light intensity (128 umol m™ s™) and short photoperiod (6 h day™).
Extended photoperiod improved K and Ca movement and reduced K and Ca accumulation in the bottom leaves.
High K in the leaves reduced Ca uptake. Continuous illumination at 194 pmol m? s resulted in the lowest
concentrations of K, Ca and Mg and the greatest growth performance. The mole ratio of K/Ca decreased from
the top leaves to the bottom leaves, whereas K/Mg tended to be steady except for the treatment of lower light
intensity and short photoperoid. The best growth performance was found in the treatment with a steady K/Ca
ratio.
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