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Abstract

Influence of various light intensities with various photoperiods on metabolism and growth on two variety
of lettuce plant were evaluated in this studies. Light emitting diodes (LEDs) were selected as source of
light in four different intensity i.e., 200, 230, 260, 290 pumol'm-2-s-1 PPFD, with three different
photoperiods (light/dark) 18/6 (1 cycle), 9/3 (2 cycle), and 6/2 (3 cycle) were used in experiment.
Maximum plant height and fresh shoot weight was observed in treatment combination of 290-9/3 (light
intensity-photoperiod), while longest root and its fresh weight with maximum dry leaf weight were
recorded in plants grown under treatment 290-18/6. But maximum dry root weight, maximum number of
leafs and largest leaf area were recorded in treatment combination of 290-6/2. By this we can conclude
that use of 290 PPFD of light at 6/2 photoperiod is most energy efficient method to grow lettuce using
LED light in plant factory.
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Introduction

Plants grown in artificial environment condition with artificial light have several potential
assistances like maximizing photosynthesis rate, use of higher yield verity, favorable
environment condition, less use of natural resources and etc (Kozai et al., 1999) 24, Vertical
farming in plant factory is the one of the most advance and protected horticulture practice that
currently are used in world. Lettuce of different verity, water cress and escarole have very high
market demand mainly due to mixed salads (Carlo et al., 2009) . Lettuce is one of the most
successfully grown crop in plant factory system. Only in United States 2001 to 2006 [,
lettuce was grown on 121,000 hector per year with market value of 2 billion USD which make
it one of the most valuable fresh vegetable in their country (USDA, 2007). Growth of every
plants are affected by some basic factor which are nutrient, temperature, humidity, and light
(Savvas and Passam, 2002). Growth cycle of plants are affected by many environmental factor
out of which one light intensity is considered as important factor (Inada and Yabumoto, 1989)
(231, According to (Hunter and Burritt 2004) [ growth of lettuce are promoted with increase in
light intensity and it is also believe that extra growth promoting agents only work effectively
in certain range of light intensity (Li and Kubota, 2009) 281, So to obtain maximum yield and
economic benefit as well as quality products close control environment for production is
preferred, in which optimizing light intensity seems important. Previous studies had showed
that increase in light intensity has significant positive difference in growth biomass and also
increase activity of anti-oxidative enzyme and mild stress in lettuce (Fu et al., 2012) ['). There
are three key components of light condition which effect the growth of plants they are light
quality, light intensity, and photoperiod (Bhargaw and Chauhan 2020) ™M Light requirement to
plants depend highly on plant species, cultivar, different growth stages, environment condition
and according to yield and quality of products. So in coming future it is required to focus on
detailed studies on light behavior and their effect on physiology on plant to obtain high and
qualitative products in a close plant factory or for vertical farming. With the development of
light emitting diodes (LED), light efficiency, and their physiological effect on plants had
revolutionary changed worldwide. LEDs has the capacity of providing precise light spectrum
and close illumination. It is clear that light intensity can positively affect photochemical
accumulation (Fe et al., 2012) [l but light quality and there are complex and mixed results are
very often reputed (Li and Kubota, 2009) %1, Change in light spectral trigger different
photosynthetic and morphogenetic response that can vary among different plant species. With
this photo responses this technology has gained popularity among cultivars to obtain desired
yield and specific quality.
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Material and methods

Plant Culture

Two verity of Leaf lettuce (Lactuca sativa L.) Locarno and
Romane were used in this trial. Seeds were sown in 156 cell
plug trays of oasis cubes and they were kept moist with
reverse osmosis water of TDS 25 * 5. Seeding were grown in
growing chamber for 10 days with temperature 20 °C + 2,
humidity level of 80 £ 2 with 24 hours light (C1200H3, FC
Poibe Co Ltd., Seoul, Korea)., Light emitting diodes were
used as source of light in ratio (red: blue: white - 8:1:1) (GT
RBW, FC Poibe Co., Ltd., Seoul, Korea) for 15 days ounce
seeds are fully germinated and 150 pumol.m2s' PPFD was
maintained. After 15 days of germination ounce seedling had
developed 3-4 true leave they were transplanted at 20cm * 20
cm of density in a close chamber plant factory and they were
grown for next 40 days under controls environment.
Temperature of close chamber was maintained at 21 + 1°C
and Humidity of 70 = 10% was maintained throe out growing
phase. Plants were supplied nutrient water of TDS 750 to 780
and Ph. was maintain “between” 6.5 to 5.5 (Sonneveld and
Straver, 1994) [0,

Light, photoperiod and regimes

Light emitting diodes (LEDs) were used as source of light for
lettuce in mixture ratio 8:1:1 of red, blue, and white (RBW)
with (0.5 W per LED chip) placed 20 cm horizontally above
the plants in control environment. Four different adjustment
of light was made by increasing or by decreasing the light
source from the plants to make four different light intensity of
(200, 230, 260, and 290 pmol.m2st) With the help of digital
photometer average PPFD was maintain (LI1-250A, LI-COR
Inc., Lincoln, NE, USA). Carbon dioxide concentration in
close environment was maintain at 500 pumol.mol? during
entire life cycle of plants. Three photoperiods were used 18/6
(1 cycle), 9/3 (2 cycle, and 6/2 (3 cycle) (light/dark). 12
different treatments on two lettuce verity are combination of
photoperiod and PPFD were expressed as 200- 6/2, 200- 9/3,
200- 18/6, 230- 6/2, 230- 9/3, 230- 18/6, 260- 6/2, 260-9/3,
260-6/2, 290-6/2, 290- 9/3, and 290- 18/6.

Table 1: Spectral characteristic of the mixture of red, blue, and
white LEDs.

Photon flux density (umol.m.sX PPFD)
Light Source|300-400 nm|400-500 nm|500-600 nm|600-700 nm{700-800 hm
RBW=8:1:1 2.70 24.44 12.15 98.71 1.96
Mixture of RBW lights present in single chips is of 0.5 W per LED
chip.
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Plant measurements and sampling

Plant growth characteristics, such as root length, plant height,
fresh weight of plant, dry weight of plants, leaf area, number
of leaf, chlorophyll contain were measured ounce in 5 days
during whole life cycle of plant. All the data were collected
by labeling the plants and same labeled plant were used to
collect data every time to avoid error. To measure leaf area
leaf area meter was used (LI1-3100, LI-COR Inc., Lincoln, NE,
USA).  Chlorophyll ~ contain  was  measured by
spectrophotometer (SPAD- 502 Plus, Konica Minolta Sensing
Inc., Osaka Japan). Dry weight of samples were measured
after drying tissues for 72 hours in drying oven (FO-450M,
Jeio Technology CO., Ltd., Seoule, South Korea) at 80 °C.

Experimental Design and Statistical Analysis

To get better results this experiment was repeated three times
with completely randomized design and 15 seedling were
used in each treatment of both two verity treatment were
randomly mixed between replication to minimize position
effect. All the data collected and were analyzed by using
SPSS software. The results outcome were subjected to an
analysis of variance (ANOVA) and Duncan,s multiple range
test.

Results and Discussion

Growth and development of lettuce plant was significantly
affected by light intensity and photoperiod as mention in
(Table 1). Plant height, fresh weight, dry weight, root length
was observe significantly lower in treatment 200-9/3 in
compare to other treatment. Minimum dry root weight was
observed in treatment 260-18/6. Mitchell et al., 1991; Tibbits
et al., 1983) % 41, Possible reason for this may be due to
stress observed shoots and also trend observed of decreasing
shoot weight from 200 to 260 umol.m2.s? PPFD, but still it
can’t be Sayed exactly because slight downward trend for root
is brought about. It was observed that plants grown under
higher light 290 pmol.m™ had showed better results in
compare to other kept under lower light intensity (Knight and
Mitchell, 1983a) [*°: It was observed that maximum plant
height and fresh shoot weight was recorder in treatment 290-
9/3. Maximum dry root weight was observed in treatment
290-6/2 and maximum fresh root weight was observed in
18/6. With this observation we had consulted that higher light
intensity with long photoperiod such as 18/6 had greater
impact on growth of plant as we had observed that
combination resulted in higher fresh and dry weight which as
consider as a major factor of growth at inertial stage of plant
(vande Vooren et al., 1986).

Table 2: Effect of photoperiod and light intensity on growth and development of Lakorno lettuce in control environment.

(wl;l:ghl:llzn ;_eln;::t'):/D) Tl?gfg(;/%e;rlﬁ? plarg:rIs;] gth Lenggzln:))f root Fresh weight (Gram) Dry weight (Gram)
shoot root shoot root
200 18/6 15.65 £ 0.3 41.14°+1.2 63.94°+ 2.0 9.72°+ 5.22%+ 0.78>d +
9/3 13.659+ 0.3 33.68%+ 0.8 50.96°+ 1.9 9.26"+0.2 2432+ 0.0 0.75%+ 0.0
6/2 1545+ 0.4 35.93%°+ 0.9 63.29%°+ 3 10.94%+ 0.4 3.9+ 0.0 0.8°+ 0.0
230 18/6 17.58%+ 0.4 43.97°+ 2.0 67.6%7+2.2 14.49°+ 0.9 3.86%+0.1 0.87 %"+ 0.0
9/3 15.669+ 0.3 41.48*+1.3 64.85"+ 1.8 13.42*4+0.4 | 3.28%+0.1 0.91°+ 0.0
6/2 16.79°+ 0.4 39.339+ 1.3 61.11%+2.8 9.7+ 0.2 2.74%+0.0 0.83*+0.0
260 18/6 15.23°+ 0.3 40.14%+ 0.9 54,734+ 2.8 9.42%+ 0.4 3.47%7+ 0.0 0.62°+ 0.0
9/3 16.25+ 0.4 41.8%+1.2 60.68%+ 2.5 11.03%f+ 0.7 2.747£0.1 0.8b £ 0.0
6/2 17.42¢+04 41.44*+2.0 66.58%° + 3.0 17.68%+ 0.9 2867+ 0.0 0.71+ 0.0
290 18/6 19.559+ 0.5 4583+ 1.2 105.66™ + 3.8 16.8%+0.8 4.52%7+ 0.2 0.94%¢+ 0.0
9/3 19.959+ 0.5 43.13%°+1.9 106.48%°+ 3.9 16.91°+ 0.8 5.05°+0.1 0.96+0.0
6/2 19.55'+ 0.4 45.14°+ 2.4 100.91°+ 3.8 16.992+ 0.9 5.73%+0.1 1.17°+ 0.0
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Table 3: Effect of photoperiod and light intensity on growth and development of Romane lettuce in control environment.

(p;:)glr:llzn :in;ggD) T:;gﬁ%%e;r'%j plarzié:ﬁ;\ gth Leng;cgn?)f root Fresh weight (Gram) Dry weight (Gram)
shoot root shoot Root
200 18/6 20257+ 1.1 | 49.213¢+1.1 88.91°+ 3.8 13.12°+ 0.4 | 7.017°+0.2 1.05°+ 0.0
o\3 17.1%¢+ 0.8 40.312+ 2.1 70.34%+ 3.2 11.86°+ 0.2 3.33*+£ 0.1 1.01+0.0
6\2 20.1°+ 0.9 43.11%+ 2.2 87.6+3.8 14.31%+0.2 | 5.26%+0.2 1.08%¢+ 0.0
230 18/6 22.85%+1.2 | 52.11%+ 15 92.64*+ 3.5 19.25%%€+ 0.4 | 5.11%%+0.1 117+ 0.0
o\3 20.24%+ 0.7 49.777£ 2.0 91.79%+ 2.9 18.199+ 0.3 4.422+£0.0 1.229+ 0.0
6\2 20.9¢7+ 0.8 47.2%7+ 2.1 84.55%+ 2.8 13.58°+0.2 | 3.69°+0.1 1.12%+ 0.0
260 18/6 19.79°4+ 0.9 | 48.16°+1.8 77.62°+ 3.6 13.182+£ 0.6 4.52°+0.2 0.83%%€+ 0.0
o\3 20.8°+ 0.6 50.02¢+ 2.0 83.91°¢+ 2.6 13.98+0.2 | 3.69°+0.0 1.08%+ 0.0
6\2 222+ 1.0 | 49.72%+1.9 91.2°£3.2 23.54%c+ 12| 3.76%+0.2 0.95%¢+ 0.0
290 18/6 25414+ 1.1 | 54.9+2.2 143.922+ 4.6 23.11°+1.3 | 6.01°+0.3 1.26%+ 0.0
93 25.93%+0.8 | 51.75%+3.0 147.07°+ 4.7 | 2367%+14 | 6.819+0.3 1.29°+0.0
6\2 25.667+0.3 | 54.12%c+ 2.8 140.27°+ 3.9 13.7%9+ 0.5 7.77%+0.2 157+ 0.0

The mean followed by different letters are significantly different at p< 0.01 according to tukey LSD for separation of mean

Increasing photoperiod had been always a better option for
lettuce cultivar to obtain higher yield (Koontz and Mitchell,
1986) 22, Increase in dry weight and better growth rate of
lettuce (Knight and Mitchell, 1983b) % under light source of
LEDs. Leaf length was highest recoded in 290-9/3 and
minimum in treatment 200/6. If we observe table number 1
than we can conclude that plants under higher light intensity
had resulted in better growth at both shot and longer
photoperiods. Plants at lower light intensity 230 or 260
umol.m2.s* PPFD with shorter photoperiods 9/3 and 6/2
(light/ dark) resulted in slight reduction in growth rate but
chlorophyll content were higher. No change in chlorophyll
contain is a different aspect which need to be investigated
further at anatomical structure change at the leaf level of the
plant. Blue and red lights are readily absorb by plants, so
absorbance of light is high and reflection is relatively low in
these ranges of spectrum (Kim et al., 2004; Klein, 1992;
Smith, 1993) [16 18 391 peak blue and red light emission
coincide closely with the absorption peaks of chlorophyll a
and b, and wavelengths are of maximum photosynthetic
efficiency reported by (McCree, 1972) 1. According to
(Amasino, 1996) B! cryptochrome and phytochrome photo-
receptors, which promote the expression of genes that change
the fate of shoot apical meristem from vegetative growth to
reproductive development. Among all light mixture (red, blue,
and white) red light spectrum has maximum photon flux as
mention on (Table 1). According to Mor et al. (1980) 2 most
effective light in transport of assimilates to shoot tips is red
and it also promote shoot sink activity by increasing the
unloading process. Blue and Red light have greater impact on
plant growth because they are the major source of energy or

photosynthetic CO, assimilation in plants. Studies showed
that combined blue and red LED light were proved to be an
effective light source for many plant species including lettuce
in a control environment (Dougher and Bugbee, 2001; Hanyu
and Shoji; 2000; Kim et al., 2004., Lian et al., 2001) [ 9 16. 28],
Many studies had been conducted on lettuce to check various
environmental factor like temperature, light quality spectral,
intensity and duration are most important factor affecting
plant growth and development (Inada and Yabumoto, 1989)
(13 Many researcher had reported that high light intensity
usually promote the growth of lettuce (Pavlou et al., 2007) (341,
Apart from growth many more character of lettuce also get
affected positively from high light intensity (Knight and
Mitchell, 1983a; Mitchell et al; 1991; Tibbits et al; 1983) [**
8L 41l Knight and Mitchell, 1983a, 1988 1% 21 reported earlier
that high energy light result in increase in dry weight and
plant growth of lettuce in growing chamber. But resent studies
had also shown that growth is still effective under light
intensity high as 889-932 umol.m2s? PPFD (Knight and
Mitchell, 1983a, 1983b) ['* 201, But some of the studies had
reported that saturation point of lettuce is between 500-520
umol.m2.st PPFD (Li and Gong, 2002).

The highest chlorophyll value (SPAD) was observed in plant
treated with light intensity 260-18/6 and lowest in the
treatment of 200-9/1. The value of chlorophyll (SPAD) did
change significantly in all treatment. Photoperiod can be
easily control in totally control environment using artificial
lights. High PPF and lengthening the photoperiod have been
resulted in better gain in weight if plants therefore affording a
means of reducing the length of production cycle.

Table 4: Effect of photoperiod and light intensity on growth and development of Lakorno lettuce in control environment.

Light intensity Photoperiod Leaf Leaf Width Leaf No. of leaves Chlorophyll
(umol.m?s*PPFD) | (light/dark) Length (cm) (cm) (cm?/ plant) ) (SPAD)

200 18/6 11.28"+ 0.2 13.15°+ 0.3 1,042% + 20 11.01°+ 0.5 20.02+0.3

93 12,119+ 0.4 13.27%+0.2 8309+ 15 1259+ 0.2 18.35% + 0.4

6\2 13.06%+ 0.2 14.09°+ 0.3 909°+ 13 1259+ 0.4 18.69%+ 0.4

230 18/6 12.69%+ 0.4 14.75°+ 0.2 925%+ 20 11.3%+0.3 19.59+ 0.4
93 12.06%+ 0.3 14.49% + 0.4 1,007%¢ + 31 12.49+ 0.4 21.38%¢+ 0.2

6\2 11.84°+ 04 14.64°+£ 0.2 692% + 21 12.8%+ 0.4 21.44%9+ 0.4

260 18/6 11.76%€+ 0.3 13.719+ 0.3 1,015%7+ 34 13.39+£0.2 21.68%+0.2

9\3 12.49%+0.2 14.71°+ 0.4 818%+ 25 12.9%+ 0.5 18.81%+ 0.4

6\2 12.592+0.2 14.04%+ 0.2 1,162% + 29 12.8%+ 0.4 20.3%+0.2

290 18/6 14.41%+ 0.4 16.45%7+ 0.4 1,476% + 4.1 15.00'+ 0.4 19.03%+ 0.3

93 14.45°+ 0.4 16.00°+ 0.3 1,223%+ 32 14.69£0.3 20.11%+ 0.4

6\2 14.13%9+0.3 17.06%+ 0.3 1,557+ 28 15.99+ 0.2 20.89+ 0.4

The mean followed by different letters are significantly different at p< 0.01 according to tukey LSD for separation of mean
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Table 5: Effect of photoperiod and light intensity on growth and development of Romane lettuce in control environment.

Light intensity Photoperiod Leaf Leaf Width Leaf No. of leaves Chlorophyll
(umol.m?.s*PPFD) | (light/dark) Length (cm) (cm) (cm?/ plant) ) (SPAD)

200 18/6 13.53+ 0.3 15.12+ 0.3 13547+ 41 12.11%+ 0.2 24.02°+1.1

93 14.53% +0.5 15.26%+ 0.2 1079°+ 32 13.75%+ 0.4 22.02%¢+ 0.9

] 6\2 15.67%+ 0.3 16.299+ 0.2 1182%+ 34 13.75%9+ 0.4 22.43%+0.8

230 18/6 15.22¢+0.2 16.96° + 0.3 12020 + 29 12.43%+0.2 2351+ 1.2

93 14.47%+ 0.4 16.66°+ 0.3 1310%f+ 28 13.64%+ 0.2 25.66%+ 1.3

6\2 14.2°+ 0.4 16.83%*°+ 0.4 9002+ 24 14.08°+ 0.4 25.73*+ 0.9

260 18/6 14.11°+ 04 15.76"+ 0.2 1319°+ 21 14.63%°+ 0.3 26.022+£0.9

9\3 14.98%+ 0.3 16.912+ 0.2 1063%+ 31 14.19%€ + 0.2 2257+ 1.1

6\2 15.17°+ 0.3 16.14°+ 0.3 1511+ 21 14.089+ 0.2 24.36%°+ 1.0

290 18/6 17.29°+ 0.4 18.917°+ 0.2 1919%+ 49 16.5%+ 0.3 22.84"+ 0.9

93 17.34*+ 0.5 18.4%+ 0.2 1590% + 51 16.06%°+ 0.4 24.1%b 4 0.8
6\2 16.952+ 0.5 19.61°+ 0.1 2024 + 61 1749°+ 1.1 24.96"4+ 0.7

Chlorophiyl contain

30
20 2.
10

18/6 9\3 6\2 18/6 9\3 6\2 18/6 9\3 6\2 18/6 9\3 6\2

3.
200 230 260 290
4,
Locarno Romane
Fig 1: Chlorophyll fluorescence as affected by light intensity and
Photoperiod of lettuce. 5
Total fresh weight
180 6.
160
140
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100 7.
80
60
40 8
20
0 9
18/6 9\3 6\2 18/6 9\3 6\2 18/6 9\3 6\2 18/6 9\3 6\2 '
200 230 260 290
Locarno Romane
10.
Fig 2: Higher light intensity effect the total fresh weight of lettuce.
Conclusion
If we conclude this study than we came to a result that plants 11

under treatment 290 (umol.m2.s"* PPFD) with 6/2 (light/dark)
photoperiod had better growth. But if consider results obtain
at lower light intensity than treatment 230 (umol.m2.s"* PPFD
with photoperiod of 18/6 and 9/3 (light/ dark) had best results. 12
Even results achieve by this combination provide good
growth but still lower than high light intensity combination. In
treatment 290-6/2 and 230-18/6 more growth was observed of
shoot and dry root weight which are the factor affecting
growth and transplanting and harvest. This experiment had 13

~358 "%

The mean followed by different letters are significantly different at p< 0.01 according to tukey LSD for separation of mean

showed that lettuce show high growth rate in high light
intensity with shoter photoperiod. Hence this can help to

60 obtain goal to produce better quality lettuce.
50
Reference
40 1. Bhargaw A, Chauhan P. Analysis of soilless farming in

urban agriculture. Journal of Pharmacognosy and
Phytochemistry 2020; 9(3):239-242

Ali MB, L Khandaker, S Oba. Comparative study on
functional components, antioxidant activity and color
parameters of selected colored leafy vegetables as
affected by photoperiods. J Food Agric. Environ. 2009;
7:392-398.

Amasino RM. Control of flowering time in plants.
Current Opin. Genet. Dev. 1996; 6:480-487.

Carlo F, R Youssef, C Mariateresa, R Elvira, B Alberto,
C Giuseppe. Yield and quality of leafy lettuce in response
to nutrient solution composition and growing season. J.
Food Agric. Environ. 2009; 7:456-462.

Dougher TAO, B Bugbee. Differences in the response of
wheat, soybean and lettuce to reduced blue radiation.
Photochem. Photobiol. 2001; 73:199-207.

Fu W, P Li, Y Wu, J Tang. Effects of different light
intensities on anti-oxidative enzyme activity, quality and
biomass in lettuce. Sci. Hort. 2012a; 39:129-134.

Fu W, P Li, Y Wu. Effects of different light intensities on
chlorophyll fluorescence characteristics and yield in
lettuce. Sci. Hort. 2012b; 135:45-51.
Fuleki T, FJ Francis. Quantitative
anthocyanins. J. Food Sci. 1968; 33:72-77.
Hanyu H, K Shoji. Effects of blue light and red light on
kidney bean plants grown under combined radiation from
narrow-band light sources. Environ. Control Biol. 2000;
38:25-32.

Hunter DC, DJ Burritt. Light quality influences
adventitious shoot production from cotyledon explants of
lettuce (Lactuca sativa L). In Vitro Cell. Dev. Biol. 2004;
40:215-220.

methods for

. lkeda A, S Nakayama, Y Kitaya, K Yabuki. Effects of

photoperiod, CO2 concentration, and light intensity on
growth and net photosynthesis rates of lettuce and turnip.
Acta Hort. 1988a; 229:273-282.

. lkeda A, S Nakayama, Y Kitaya, K Yabuki. Basic study

on material production in plant factory - Effects of
photoperiod, light intensity, and CO2 concentration on
photosynthesis of lettuce. Environ. Control Biol. 1988b;
26:107-112. (in Japanese with English summary)

. Inada K, Y Yabumoto. Effects of light quality, daylength



The Pharma Innovation Journal

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

and periodic temperature variation on the growth of
lettuce and radish plants. Japan. J Crop Sci. 1989;
58:689-694.

Johkan M, K Shoji, F Goto, SN Hashida, T Yoshihara.
Blue light-emitting diode light irradiation of seedlings
improves seedling quality and growth after transplanting
in red leaf lettuce. Hort Science. 2010; 45:1809-1814.
Keller M, G Hrazdina. Interaction of nitrogen availability
during bloom and light intensity during veraison. II.
Effects on anthocyanin and phenolic development during
grape ripening. Amer. J. Enol. Vitic. 1998; 49:341-349.
Kim HH, GD Goins, RM Wheeler, JC Sager. Green-light
supplementation for enhanced lettuce growth under
redand blue-light-emitting diodes. HortScience. 2004;
39:1617-1622.

Kitaya Y, G Niu T Kozai, M Ohashi. Photosynthetic
photon flux, photoperiod, and CO2 concentration affect
growth and morphology of lettuce plug transplants.
HortScience. 1998; 33:988-991.

Klein RM. Effects of green light on biological systems.
Biol. Rev. 1992; 67:199-284.

Knight SL, CA Mitchell. Enhancement of lettuce yield by
manipulation of light and nitrogen nutrition. J. Amer.
Soc. Hort. Sci. 1983a; 108:750-754.

Knight SL, CA Mitchell. Stimulation of lettuce
productivity by manipulation of diurnal temperature and
light. HortScience. 1983b; 18:462-463.

Knight SL, CA Mitchell. Effects of CO2 and
photosynthetic photon flux on yield, gas exchange and
growth rate of Lactuca sativa ‘Waldmanns Green’. J.
Expt. Bot. 1988; 39:317-328.

Koontz HV, RP Prince. Effect of 16 and 24 hours daily
radiation (light) on lettuce growth. HortScience. 1986;
21:123-124.

Kopsell DA, DE Kopsell. Genetic and environmental
factors affecting plant lutein/zeaxanthin. Agro Food Ind.
Hi-Tech. 2008; 19:44-46.

Kozai T, K Ohyama, F Afreen, S Zoyabed, C Kubota, T
Hoshi et al. Transplant production in closed systems with
artificial lighting for solving global issues on
environment conservation, food, resource and energy.
Proc. ACESYS IlI Conf, 1999, 31-45.

Lefsrud MG, DA Kopsell, RM Auge, AJ Both. Biomass
production and pigment accumulation in kale grown
under increasing photoperiods. HortScience. 2006;
41:603-606.

Li Q, C Kubota. Effects of supplemental light quality on
growth and phytochemicals of baby leaf lettuce. Environ.
Exp. Bot. 2009; 67:59-64.

Li ZZ, SF Gong. Vertical column and system of
columnar soilless culture (SCSC) and its application to
cultivation of lettuce. Chin. J. Appl. Environ. Biol. 2002;
8:142-147.

Lian ML, HN Murthy, KY Paek. Effects of light emitting
diodes (LEDs) on the in vitro induction and growth of
bulblets of Lillium oriental hybrid ‘Pesaro’. Sci. Hort.
2002; 94:365-370.

McCree KJ. The action spectra, absorptance and quantum
yield of photosynthesis in crop plants. Agr. Meterol.
1972; 9:191-196.

McDonald MS. Photobiology of higher plants. John
Wiley & Sons, Chichester, West Sussex, England, 2003.
Mitchell CA, T Leakakos, TL Ford. Madification of yield
and chlorophyll content in leaf lettuce by HPS radiation

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

~359 %

http://www.thepharmajournal.com

and nitrogen treatments. HortScience. 1991; 26:1371-
1374.

Mor Y, AH Halevy, D Porath. Characterization of the
light reaction promoting the mobilizing ability of rose
shoot tips. Plant Physiol. 1980; 66:996-1000.

Nhut DT, T Takamura, H Watanabe, K Okamoto, M
Tanaka. Responses of strawberry plantlets cultured in
vitro under super bright red and blue light-emitting
diodes (LEDs). Plant Cell Tissue Organ Cult. 2003;
73:43-52.

Pavlou GC, CD Ehaliotis, VA Kavvadias. Effect of
organic and inorganic fertilizers applied during
successive crop seasons on growth and nitrate
accumulation in lettuce. Sci. Hort. 2007; 111:319-325.
Perez-Balibrea S, DA Moreno, C Garcia-Viguera.
sprouts. J Sci. Food Agric. 2008; 88:904-910.

Raschke K. Stomatal action. Annu. Rev. Plant Physiol.
1975; 26:309-340.

Savwas D, HC Passam. Hydroponic production of
vegetable and ornamentals. Embryo Publications, Athens,
Greece. Scarth, G.W. 1932. Mechanism of the action of
light and other factors on stomatal movement. Plant
Physiol. 2002; 7:481-504.

Shin KS, HN Murthy, JW Heo, EJ Hahn, KY Paek. The
effect of light quality on the growth and development of
in vitro cultured Doritaenopsis plants. Acta Physiol.
Plant. 2008; 30:339-343.

Smith H.. Sensing the light environment: The functions
of the phytochrome family, p. 377-416. In: R.E. Kendrick
and G.H.M. Kronenberh (eds.). Photomorphogenesis in
plants. Kluwer Academic Publ., Dordrecht, 1993.
Sonneveld, C. and N. Straver. 1994. Nutrient solutions
for vegetables and flower grow in water or substrates. 8th
ed. Proefstation voor tuinbouw onder glas te Naaldiwjk.
no. 8, Holland, 1993, 45

Tibbits TW, DC Morgan, 1IJ Warrington. Growth of
lettuce, spinach, mustard, and wheat plants under four
combinations of high-pressure sodium, metal halide, and
tungsten halogen lamps at equal PPFD. J. Amer. Soc.
Hort. Sci. 1983; 108:622-630.

United States Department of Agriculture (USDA).
Vegetables and melons outlook. VGS-321/21 June 2007.
USDA Economic Research Service.
http://www.ers.usda.gov/publications/vgs/tables/
fresh.pdf. van de Vooren, J.,, G.W.H. Welles, and G.
Hayman. 1986. Glasshouse crop production, 2007, 581-
623. In: J. Atherton and J. Rudich (eds.).

The tomato crop. Chapman and Hall, London. Vlahos,
J.C., E. Heuvelink, and G.F.P. Martakis.. A growth
analysis study of three Achimenes cultivars grown under
three light regimes. Sci. Hort. 1991; 46:275-282.

Wheeler RM, CL Mackowiak, JC Sager, NC Yorio, WL
Berry, WM Knott et al. Growth and gas exchange by
lettuce stands in a closed controlled environment. J.
Amer. Soc. Hort. Sci. 1994; 119:610-615.

Yorio NC, GD Goins, HR Kagie, RM Wheeler, JC Sager.
Improving spinach, radish, and lettuce growth under red
lightemitting diodes (LEDs) with blue light
supplementation. HortScience, 2001.



