HEZAZA33A] (]. Bio-Env. Con.) 8(2) : 108~114, 1999

Effects of Light Intensity and Nutrient Level on Growth and
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Abstract

This study was conducted to investigate the optimum environment for leaf lettuce
(Lactuca sativa L. var. crispa) in a plant factory to increase mass—production efficiency of
quality leaf lettuce. Transpiration rate and CO; assimilation rate were increased with
increasing the photosynthetic photon flux density (PPFD). The highest fresh weight
and dry weight were observed at the PPFD of 200 and 300 xmol m™s™, respectively.
The optimum aerial environment for the growth and quality of leaf lettuce in the plant
factory was determined to be over 200 gmol m %™ for PPFD. Although the interaction
between light intensity and nutrient level was not significant, the lettuce growth was
the best under electrical conductivity (EC) of 1.8 mS cm’ at high light intensity (250
gmol m?™) and EC of 24 mS cm' at low light level (150 gmol m'Zs™),

respectively.
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Introduction

A plant factory is a facility aimed to
produce standardized, clean and quality
horticultural products through optimization
of the environment and the improvement
of working efficiency. The optimal
control problem is to decide set points
of light intensity, temperature, relative
humidity (RH) and CO: concentration
which maximize the fresh weight of the
plant. Specially, light intensity was
significantly contributed to the lettuce
growth. Light intensity, light quality and
photoperiod are the essential factors for
the growth of the plants since the light
is used as an energy source of the
photosynthesis.

Optimal light intensity, an essential
factor for the growth of the plants, is
proportioned to solar radiation, stomatal
aperture, transpiration rate and photosynthetic
rate up to saturating light intensity.
Many studies reported that higher light
intensity promoted growth rate (Michell
et al, 1991; Knight and Mitchelll.,, 1983;
Tibbits et al, 1983). Iketa et al. (1988)
have been analyzed the combined effects
on environmental factors on stomatal
resistance and CO2 compensation point
of lettuce and turnip grown at 137~316
zmol m™? s Other factors that effect
on plant growth in a plant factory are
light source and light quality. The
growth of the plant under the
wavelength of 400 nm, an ultraviolet
ray region, was inhibited (Milthorpe and
1979).
reported on increased plant growth by
improving light quality (Knight and
Michell. 1983; Masamoto, 1992; Park et

Moorby, Studies have been

al,, 1992; Yukitsugu et al., 1993). Until
now. environmental control technology
was partially developed in a horizontal
field under natural condition. However,
plant factory is an automatic and
artificial growing system that can be
mass-produced the high quality lettuce.
plant
needed

conditions and

For practical factories, more

studies are concerning the
environmental other
factors to product the lettuce. Therefore,
the purpose of this studv was to
determine optimum light intensity and
nutrient level condition for growth of

leaf lettuce in a plant factory.
Materials and Methods

Leaf lettuce (Lactuca sativa L. var.
crispa cv. Grand rapids) was grown
under different PPFDs of 100, 150, 200

2 -1 .
) which were

and 300 pmol m’
maintained by controlling the distance
between the plant and the lamp. Light
was supplied by the metal halide and
the high pressure sodium lamp. Light
intensity was measured at the top of
the plant using portable quantum sensor
(Skye Instruments, SKP 2200). CO.
concentration of 1500 mg L was
treated to leaf lettuce in the controlled
Other conditions, temperature
and RH, were maintained at 22/20C
(day/night) and 70X5%, respectively.
Electrical conductivity (EC) and pH
were adjusted to 1.8 mS cm™! and 58%

rooms.

0.2, respectively.

Another experiment was conducted to
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investigate the interactive effect between
PPFD and EC level on the growth of
reddish leaf lettuce. In this case, reddish
leaf lettuce (Lactuca sativa L. var.
crispa cv. Ttuksom) was grown under
different PPFDs of 150, 250 #mol
m?s? with nutrient levels with EC

values of 1.2, 1.8 and 24 mS cm’™.

Growth characteristics such as the
number of leaves, leaf length, leaf
width, leaf fresh weight, root fresh

weight, leaf dry weight and root dry
weight were measured. Relative content
measured with
(Minolta,
Anthocyanin content was

of chlorophyll was
portable chlorophyll
SPAD 502).
measured with a UV spectrophotometer
at 530 nm after leaf lettuce being
extracted with 5 m of 1% HC ¢ ~-MeOH
at 4C in the dark room on the 30th
day from the transplant.

meter

Transpiration rate, CO; assimilation

rate and stomatal resistance of the
plantlets were observed with a steady
state porometer (LI-COR, Li-1600) and
a portable photosynthesis system (LI-COR,
LI-6200).

Means were obtained from 4 samples
and mean differences were analyzed
using analysis of variance procedures
(ANOVA) by statistical analysis system
(SAS) program.

Results and Discussion

Increased rates of transpiration and
CO: assimilation were observed in the
leaves applied with PPFD over 200 g«
mol m’s™ (Table 1). Effect of PPFD
and EC on CO
transpiration rate of the leaf lettuce was
not found (Table 2).

assimilation and

Table 1. Effect of light intensity on transpiration rate, CO; assimilation rate and
stomatal resistance of leaf lettuce ‘Grand rapids’ on the 16th day from

treatment in the plant factory.

PPFD Transpiration rate CO; assimilation rate Stomatal resistance
(pmol m* s™) (pg cm™ s™) (p#mol m™ s™) (s cm™)
100 2.65b° 6.28a 1.53a
150 2.90ab 6.99a 1.20a
200 3.46ab 8.05a 0.55a
300 3.87a 8.42a 0.74a

? Mean separation within rows by Duncan’s multiple range test, significant at
5% level.

300 gmol m™™". The highest
fresh weight and highest dry weight
were observed at the PPFD of
and 300 2!

g mol m °s ,
respectively. Little growth differences

increased with
increasing light intensity (PPFD)
(Tables 3 and 4). Leaf length, leaf
width, fresh weight and dry weight 200

Plant growth

increased with increasing PPFD up to
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Table 2. Effects of light intensity and nutrient level on transpiration rate, COq
assimilation rate and stomatal resistance of reddish leaf lettuce “Ttuksom’ on
the 30th day from treatment in the plant factory.

PEED BC Transpiration CO; assimilation Sto.matal
rate rate resistance
(zmol m™® s™) (mS em™) (g em”®s™ (pmol m*4s") (s em")
150 1.2 8.15 890 1.33
1.8 8.54 9.56 1.14
24 8.24 887 1.08
250 1.2 9.04 8.87 1.08
18 9.40 9.33 1.13
2.4 9.26 8.36 1.04
Significance
PPFD NS NS NS
EC NS NS NS
PPFD x EC NS NS NS
N5 Nonsignificant.

were found among the PPFDs of
150, 200 and 300 z#mol m™s™ (Table
3). But high
obtained at the ones grown over the
PPFD of 200 gmol m?™. On the
other hand, there has been a report on
the negative effect of high PPFD by
Tibbits et al. (1983) that the shoot dry
lettuce did

visual quality was

weight of ’'Grand Rapids’
not increase by raising PPFD from 320
zmol m%s™ to 720 xmol m%™. He

also reported that chlorophyll content

of leaf lettuce ‘Grand rapids’ was
higher at 700 gmo!l m™™ than that
of at 320 gmol m3™' A similar
result was obtained from this
experiment. Increased contents of
chiorophyll and anthocyanin were

observed as PPFD increased (Tables 3
and 5). The contribution of PPFD to

the plant growth was shown to be

significant but the growth of Ileaf
lettuce was not significantly different

with varying nutrient levels (Table 4).

The interactive effects of light
intensity and nutrient levels to plant
growth were not significant. Their
effects on the plant growth were
highly correlative except for root
weight. The plants grown under
different solution ECs and different
PPFD levels showed growth

differences. The best results of plant
growth expressed as parameters such
as leaf length, leaf width, fresh weight
and dry weigh of lettuce were
obtained in the solutions with EC of
18 mS cm™ at high light intensity
(250 xmol m™s™) and with EC of 24
mS cm™ at low light level (150 zmol

m%s™), respectively (Table 4).
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Table 3. Effect of light intensity on the growth of leaf lettuce ‘Grand rapids’
in the plant factory.

PPED . Leaf  Leaf Leaf wt. o Rt heade
( #mol ' length  width (g plant™) WV WE fresh wt,  COmen
m%sh leaves ratio (¢ plant™) of chlo'
(cm) (cm) Fresh Dry (%) gD rophyll’
100 113 20.42 138 24925 119 477 437 13.0c
150 130 18.4a 165 4078ab  2.19bc 537b 799a 16.7bc
200 14.0 179ab* 179 50.32a  282b 560b  10.10a 20.7b
300 13.1 13.1a 13.1 4375ab 3352 766a  10.44a 24.9a

? Mean separation within rows by Duncan’s multiple range test, significant at 5% level.
¥ Chlorophyll meter SPAD value.

Table 4. Effects of light intensity and nutrient level on the growth of reddish
leaf lettuce 'Ttuksom’ in the plant factory.

af Leaf Leaf wt Root w Leaf

(p,f ;121 ( "SEgn " II:;v-ZfS IeLnegth width (g plant ) (g pltant't[) drfb;ﬁ‘gt-
m’s ) (cm) (cm)  Fresh Dry Fresh Dry (%)
150 1.2 20.6 154 17.4 67.0 341 115 0.75 5.08
1.8 18.8 15.9 176 67.7 3.59 13.0 0.60 5.30
24 20.0 15.0 156 75.1 3.37 9.3 0.69 4.48
250 1.2 218 14.1 16.7 80.1 493 16.5 1.25 6.15
18 248 14.7 18.3 89.9 591 15.9 1.58 6.57
24 21.8 15.4 16.5 71.8 4.73 12.8 0.93 6.58

Significance

PPFD NS NS NS *k ok * *k NS
EC NS NS NS NS NS NS NS NS
PPFD X EC NS NS NS NS NS NS *k NS

NS=** Nonsignificant or significant at P < 0.05 or 0.01, respectively.

Table 5. Effects of light intensity and nutrient level on the relative content of
chlorophyll and anthocyanin of reddish leaf lettuce ‘Ttuksom’ in the plant factory.

PPFD EC Relative content Anthocyanin
(#mol em? s (mS cm™) of chlorophyll® content (z#g g’ FW)

1.2 16.33 18.8
150 1.8 19.43 19.6
2.4 18.63 29.2
1.2 18.35 31.2
250 1.8 20.03 329
24 20.98 339

Significance
PPFD NS *k
EC NS NS
PPFD X EC NS NS

NS%** Nonsignificant or significant at P < 0.05 or 0.01, respectively.

’Chlorophyll meter SPAD value.
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Consequently, the plant factory
enabled mass-production of high quality
leaf lettuce under much higher PPFD
than that of

lower PPFD. In the future, these results

(above 200 z#mol m™%s™)

will be successfully used to adopt a
control system of the growth environments
for high-tech horticultural production

facilities or plant factories.
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