INFLUENCE OF LIGHT WAVELENGTHS ON GROWTH OF TOMATO
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Abstrak
Telah dilakukan penelitian tentang pengaruh panjang gelombang cahaya terhadap laju
pertumbuhan dan karakteristik klorofil-a pada tanaman tomat. Panjang gelombang cahaya
yang digunakan pada penelitian ini adalah 450 nm, 470 nm, 550 nm, 650 nm dan 680 nm dengan
intensitas masing-masing 1000 lux. Penelitian dilakukan mulai saat pembibitan dari hari ke-0
sampai dengan hari ke-18 dan fase pertumbuhan dari hari ke-19 sampai dengan hari ke-53. Saat
pembibitan, penyinaran dengan panjang gelombang 680 nm mempunyai laju pertumbuhan
paling besar dibandingkan dengan panjang gelombang lainnya bahkan lebih besar
dibandingkan dengan pembibitan dibawah sinar matahari (dialam bebas) khususnya pada
hari ke-1 sampai dengan hari ke-8. Laju rata-rata pertumbuhan dengan penyinaran panjang
gelombang ini sekitar 1,11 cm/hari. Sedangkan pada fase pertumbuhan penyinaran dengan
panjang gelombang 680 nm tidak memberikan efek yang berarti, sebaliknya laju pertumbuhan
paling besar pada fase ini terjadi pada penyinaran dengan panjang gelombang 650 nm.
Kenyataan ini juga diperkuat dengan pengambilan data klorofil-a. Berdasarkan data yang
diperoleh, laju pertumbuhan dan kadar klorofil-a dari penyinaran dengan panjang gelombang
650 nm masing-masing adalah 0,07 cm/hari dan 7,784 mg/L. Berdasarkan data-data pengamatan
menunjukkan bahwa pertumbuhan tanaman tomat membutuhkan panjang gelombang berlainan
yang merupakan fungsi waktu.
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1. Background light duration, also environmental factor such as time
Sunlight consists of about 4% ultravioletof the dayseason, geographic location, atmospheric
radiation, 52% infrared radiation, and 44% visiblegases and moisture, clouds, smoke, dust, and other
light (Mooreet al., 2003). The wavelengths of visible pollutants in the ajitopography are involved.
light lie from about 390 nm to 760 nm thatis justa  Plants can synthesize food directly from
small section of the entire electromagnetic spectrumorganic compounds, known as autotroph. Plants
of solar radiationVisible light corresponds roughly use carbon dioxide and water to produce sugar and
to the photosynthetically active radiatiodf® from oxygen, necessary food through a process called
400 nm to 700 nnbftp://Amww.cropsreviewecom/light-  photosynthesisTo conduct this process required
guality.html 2012). The light can be reflected, the energy from sunlight.
transmitted or absorbed. Only light that is absorbed  Light directly influences plant growth by
can have an effect and the visible light that isnducing photosynthesis and feeding plants gyer
reflected is the one that is perceived by the nakdelants are dependent on light to generate food,
eye. induce the growing cycle and allow for healthy
The wavelengths with primary importance indevelopmentithout light, natural or artificial, most
photobiology are ultraviolet (UV), visible light, and plants would not be able to grow or reproduce,
infrared (IR).According to Devlin (1975), the photosynthesis would not occur without the energy
wavelengths between 300 nm to 900 nm are capaldbsorbed from sunlight and there would not be
of affecting plant growth. Howeveit is not light enough oxygen to support life.
quality alone that affects plant growth processes. Photosynthesis in plants can occur because of
Other properties of light including light intensity andpigment of chlorophyll which is used to capture light.
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Jones (2003) showed, total absorption of light by  Photosynthesis only takes place in cells which
chlorophyllis not the same at all wavelengths due thave photosynthetic pigments which called
chlorophyll contain several pigments. Urbonaviciutehlorophyll. Chlorophyll contains several pigments
et al (2007) showed that lettuce growth was bettesuch as chlorophyll-a is particularly absorbing blue
when illuminated with combined spectrum (one irto violet (400-500 nm) and red light (650-700 nm) and
red region, 650 nm and another in short-wavelengtthlorophyll-b, which absorb blue and orange light
region, 500 nm, 460 nm or 365 nm) in respect t¢600-650 nm). Chlorophyll-b reflects light yellow-
illumination using conventional lamps. Meanwhile,green. Chlorophyll-a has direct role in the light
Tucker (1976) found that 5 minutes period far-redeaction, while chlorophyll-b is not directly involved
illumination immediately following a 16 h photoperiodin light reaction (Govindjee and Braun, 1974). Schmid
from fluorescent tubes could completely suppresseat al, (2001) shown that, the absorption maxima of
side shoot growth in young tomato plants whichight-harvesting complexes (LHCs) between 645 and
made photosynthesis process more efficient. Othé60 nm can be generally attributed to chlorophyll-
experiment on tomatoes conducted by Decottau whereas the absorption between 660 and 680 nm
al. (1991) found that treatments of tomatoes with redrises predominantly from chlorophydl-and
light generated a shorter transplant that produceberefore both chlorophyll species contribute to
more flowers earlieThere was no residualfe€t of absorption around 660 nm. Krasnoviesyal (1953)
this light treatment of tomato transplants orstudied of chlorophyll-a in living plants and aqueous
subsequent plant growth or fruit production. Basedreen extracts has revealed the presence of 2 forms
on the above descriptions, problems can befthose pigments. They form with absorption peaks
formulated of how each wavelengths of light affecat about 673 and 683 nm which occur in various
the rate of growth and chlorophyll-a content ofproportions. Meanwhile, Jeanette and French (1961)
tomato plants. For the problems, there are necessatyown that whe&uglena gracillisis cultured with

to do research on the precise light wavelength t@ht of low intensity (a. 250 ft-c), an absorption band
chlorophyll-a photosynthesis process, thuat 695 nm was formed about 20% of the total
increasing the rate of plant growth especially ochlorophyll absorption in the red region.

vegetative phase. This study uses tomato plant which  The reactions of photosynthesis can be divided

is short-life plant species and rapid harvest. into two main parts: light reactions and dark reactions
(not requiring a light but require carbon dioxide),
2. Basic Theory Lakitan (2001). Light reaction is a process to produce

Photosynthesis is a biochemical process bXTP (adenosine triphosphate), the unit of eyer
plants and algae to produce energy utilizatioexchange in the cells and reduced the NADPH
(nutrition) by utilizing the light engly. The primary  (nicotinamide adenine dinucleotide phosphate). This
processes of photosynthesis, the conversion ofaction requires water molecules. While in the dark
electromagnetic engy (light) into chemical engy, reaction (Calvin cycle) occur reactions that form the
are mediated by an integral membrane proteirbasic ingredients of sugar from Cand enegy (ATP
pigment complex called the reaction center (RC) iand NADPH). The energy used in the Calvin cycle is
which a sequence of photoinduced electron anabtained from the light reaction (Raven and Johnson,
proton-transfer reaction take plagémost all living  2002).
things depend on energy produced in In the leaf, the light absorbed by chlorophyll
photosynthesis. Photosynthesis is also producingolecules and collected at the reaction centers.
most of the oxygen found in Earshatmosphere. Plants have two types of pigments which active as
Photosynthesis is one way of the organism toeaction center or photosystem, that is photosystem
assimilate carbon where carbon-free, (Red into Il and photosystem |. Photosystem Il consists of
sugar as engy storage moleculeAnother method chlorophyll molecules that absorb light at
is through chemosynthesis, which carried by numbevavelength of 680 nm, whereas photosystem | at
of bacteria. Photosynthetic reaction is as follows: 700 nm (Raven and Johnson, 2002). Both
12H0 +6 CQ+light » CH,,0,+60,+6 HO (1) photosystems will work simultaneously in the

photosynthesis.
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Photosynthesis begins when light ionizes theource light used was Halogen lamp, Philips, W00
chlorophyll molecules in photosystem I, makingSelection of = 1 month age was based on preliminary
them release electrons that transferred along thesearch results that there were 2 phases of growth
electron transport chain. The energy of theske. the first phase (germination phase) from age 0 to
electrons is used for photophosphorylation whici8" days that have higher growth speed than the
producesATP. Reaction of photosystem Il causessecond phase (vegetatif phase) from adetd $3¢
deficiency of electrons that must be replacedays. So this study tried to improve the second
immediately In plants and algae, the electromphase, which was set at the age of‘3fay of
deficiency is filled by electrons from the ionizationtreatment performed. Each dayadiation time was
of water that occurs simultaneously with thelO hours, starting from 07:00 to 17:00 local time.
ionization of chlorophyll. The results of water
ionization are electrons and oxygéit.the same 3.4. Observation
time, light also ionizes photosystem |, releasing  There were two types of observation in the
electrons which are transferred along the electrastudy that was observation of the height of plant
transport chain which ultimately reduce NADP intoand the contents or concentration of chlorophyll-a
NADPH (http://www.cartage.og.lb/en/themes/ of plant leaves measured by WJs
sciences/botanicalsciences/photosynthesispectrophotometefThe height of plant was
photosynthesis/photosynthesis.h#f12). measured by milimetre scale started from the surface
of soil to the top of / shoots of plants.

3. Experiment
Plant height
3.1. Seed and Plant Media Preparation The observations of plant height was done
Tomato seeds obtained from suppliers oevery morning. The results were average height of
special store seeds. The type of tomato used pgants in each sample.
Tomato San MarindPrior to seedling, tomato seeds
were soaked in water for + 8 houkamixture of soil, Concentration of chlorophyll-a
manure and compost which kept in 11 pieces of The measurements of the concentration of

polybags was used as plant media. chlorophyll-a were performed twice. First, at th&42
day old plant or 10 days after the plant were irradiated
3.2. Cultivation of Seedlings and second, at the 88ay old plant or 11 days after

Tomato seeds that have been soaked for +tBe first chlorophyll measurement. The
hours were planted on plant media. Each mediuconcentrations of chlorophyll-a were measured using
was planted with 12 seeds of tomato with distandgV-Vis spectrophotometer DMS 7The absorbance
between seeds was * 3 cm and then, covered the topasurements for each sample were performed 3
of each sample with plant media for small amountsimes equallyThen the concentration of chlorophyll-
Out of 11 samples, 7 of which were kept outside the calculated by Jeffery and Humphrey method
room and 3 of them were kept in the laboratory fofRupiasih, 2007):
light treatment: irradiated with 650 nm and 680 nn€CHL a(mg/L)=11.93F,-1.93E,, (2)
light using transmitted glass filters, and one sample
was kept in the wild as control. On the third dag ~ Where:
tomato seeds were starting to germinate. E,,, = the absorbance at wavelength of 647 nm

E,., = the absorbance at wavelength of 664 nm
3.3. Samplereatment

Treatment of samples involved soil types usedl. Results and Discussions
fertilization and watering were the same for all
samples. Six samples that were kept outside tifel. The Gowth of Dmato
laboratory room were transferred into the laboratory The measurements of plant height were
after + 1 month ages (32 days) and then irradiafgerformed starting on thé"3intill the 53’ days and
with light of 450 nm, 470 nm, 550 nm, 650 nm and 68¢€he results are plotted in Figure 1 and 2. Based on
nm respectively using transmitted glass filters. Theach graph, there were created linear equations using

340



Hery Suyanto, dkk. : Influence of LightVavelengths on Growth ofdmato

L X .
Fliess 2, v = Q0L 255 + X 2144

g Ki=008s]

Averioe bzl (o

e — Pham 1 #e 0 entil the 1B days
= Phase I thve 19 ontil the 3™ days
i = T T T -
il 14 il | 1 K ult] 0
ey

Figure 1. Graph of average height of tomato as function of time for tomato grown in the wild
(or under direct sunlight).

linear regression method which were used to. Phase 3 (the 32— 53¢ days, with radiation
determine the growth rate of tomato plant, also treatment) =450 nm), the growth rate was 0.04
presented on the both figures. cm/day
Figure 1 shows that, there are two phases of
growth i.e. the first phase called germination/  Furthermore, with the same method the data of
seedling phase, starting on th@ @ntil 18" days growth rate of tomato plant with various wavelengths
and the second phase called vegetatif phase, startingatments presented Table 1. In general, based
on the 19 until the 53 days. The first phase hason Figure 1, there are two phases of growth rate of
larger growth rate, 0.23 cm/dagompared with the tomato plant that are Phase 1, from 0 t6da/s and
second phase, 0.02 cm/day Phase 2, from the T@ay until the 53 day At Phase
Based on those results, further investigatiod, the plant growth rapidly with average rate of 0.22
was focused on improving the growth rate in them/dayWhen entering Phase 2 (vegetative phase),
second phase and was began on the &y by the phase of development of roots, stems and leaves,
exposing the plant to monochromatic light i.e. 45@he average growth rate was slower than at Phase 1
nm and the results is presented in Figure 2. i.e. 0.02 cm/daylo overcome the growth retardation
Figure 2 shows that, the effect of radiatiorin this phase, it was given a special treatment to the
treatment that is monochromatic light: 450 nm startinglant starting from the 32day by irradiating the
on the 32" day These treatments were resulted th@lant with monochromatic light, namely; = 450

growth rate of tomato in 3 phases such as: nm,A, =470 nmA, =550 nmA, = 650 nmj_ =680 nm

a. Phase 1 (the'3- 18" days), the growth rate and polychromatic light, and the data obtained were
was 0.21 cm/day stated as Phase 3.

b. Phase 2 (the 19- 3T days), the growth rate
was 0.02 cm/day
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Figure 2. Graph of average height of tomato as function of time for tomato irradiated with
monochromatic light (& = 450 nm) started at thé @2y,

Tabel 1. The average growth rate of tomato plant (cm/day) as function of various wavelengths.

The average growth rate of tomato (cm/day)
Grown under the sunlight Grown under the various
directly (control) wavelengths treatments
Phase 1 Phase 2 A (nm) Phase 3
(the 39-18"days) (the 19-31stdays) (the 324-539days)
(cm/day) (cm/day) (cm/day)
0,21 0,02 450 0,04
470 0,05
550 0,04
650 0,07
680 0,06
Polycro matic 0.04

Table 1 shows that, generalthe growth rate development of flower buds, fruits and seeds are
of treated samples were greater than the sampujeing on.
without treatment (grown in the wild). The greatest  Based oable 1, the two greatest growth rates
growth rate was occuredXt 650 nm. This occurs in Phase 2 were at= 650 nm and = 680 nm. For
because of heating effect of wavelength 650 nm gayeeliminary study was tried to improving the growth
an additional effective energy used for the procesate in Phase 1 began omuftil 18" by exposing
of growth and photosynthesis. Entering thev@ek those wavelength, as well as polychromatic light and
onwards, the increasing of plant height also tendsin light directly as comparation. The results as
to slow down because at this age the plant enteshown in thelable 2.
the generative phase, where the formation and
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Tabel 2. The average growth rate of tomato plan#é.2. Concentrations of Chlorophyll-a

(cm/day) as function of various Data of chlorophyll-a concentrations obtained
wavelengths in the first phaseby measuring of absorbance at wavelength of 647
(germination phase) nm and 664 nm (French, C.S., and Huang, H.S. 1957).

The measurements were done 3 times at three stages,

The average growth rate of tomato in Phase 1| namely
(cm/day) 1. The first stage, before the samples were
exposed to light.
Grown underthe| A (nm)| (0-8" | (9"—18"| 2. The second stage, conducted after 10 days of
sunlight directly days) days) sample exposed to light (on 42 days age of
(control), (cm/day | (cm/day) plant).
(the 0 -18 days) 3. The third stage, conducted after 21 days of
(cm/day) sample exposed to light (on 53 days age of
0,21 650 0.01 die plant).
680 111 die
Polychrq 0.75 0.01 Figure 3 shows that the concentration of
matic chlorophyll-a was decreased in the third stage

compared with the second stage as well as the first
Based onTable 2, on germination phase,stage (6.669 mg/L). This was due to the occurrence
irradiation with wavelength of 680 nm has the greatesif chlorosis (yellowing leaf events) along with
growth rate compared to other wavelengths, evancreasing age of the plant. The graph also shows
greater than the germination under direct sunliglihat the highest chlorophyll-a concentration was at
(or in the wild), especially on the 0 day until tHe 8 wavelength of 650 nm, followed by 680 nm, 450 nm,
day, the average growth rate obtained wad70 nm and the lowest was at 550 nm. When
approximately 1.1 cm/day However after age 8 compared with control (in the wild) and
the plant died, this occurs because of heating effepblychromatic light, the sequence of chlorophyll-a
of wavelength of 680 nm and also 650 nm gave atoncentrations from the highest to the lowest one
additional effectiveless energy used for the processe as follows: 650 nm, polychromatic light (6.79 mg/
of growth and photosynthesis or it required another), 680 nm, 450 nm, control (4.79 mg/L), 470 nm and
wavelength. 550 nm (for the second stage) and 650 nm, 680 nm,

The chlorophyll-a data obtained are plotted in Figure 3.
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Figure 3. The average concentrations of chlorophyll-a as function of radiation wavelengths.
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polychromaic light, 450 nm, control, 470 nm and 550

nm (for the third stage). The concentration of

chlorophyll associated with the rate of
photosynthesis that occurs in plants. In the theory
stated that the maximum of chlorophyll-a

concentration obtained at red wavelengths (650-700

nm) and blue wavelengths (400-500 nm). Thos&

chlorophyll data obtained are agreed with the

spectrum of photosynthesis action (Jone M, 2003),

but the blue light effectiveless than red light. This is

because although the optimal blue light is absorbed,
but less energy generate heat effect for being used
for photosynthesis.

4.

5. Conclusions
Based on the results and discussions above, it

is concluded that:

1. In general there are two phases of the growth
rate of tomato plant is Phase 1 (germination
phase) from 0 to ¥&lays and Phase 2 (vegetatif
phase) from 19to 53¢ days in which, the

References

growth rate at Phase 1 is greater than at Phase
2. To overcome the retardation of the growth
rate Phase 2, there were carried out irradiation
treatments on the plant with 450 nm, 470 nm,
550 nm, 650 nm, 680 nm and polychromatic light,
started on the 32day.

Treatment with 650 nm light is the most effective
radiation is used to accelerate growth in Phase
2 with an average growth rate of 0.07 cm/day
but less effective when used for germination.
For germination seeds directly illuminated by
680 nm light are most effectively used to
accelerate the germination rate i.e licfin/day
Maximum level of cholophyll-a of tomato plant
occurred at sample which irradiated by 650 nm
light compared to other irradiated samples,
where the concentration of chlorophyll-a is
7.784 mg/L for second stage (@@ay old plant)
and 4.789 mg/L for the third stage {&#ay old
plant).

Anonimous. 2012. Photosyntheskgtp://wwwcartage.og.lb/en/themes/sciences/botanical sciences/
photosynthesis/photosynthesis/photosynthesi€rtriine accessed dkugust &, 2012.

Dennis R., Decoteau and Heather H. Friend. 1991. Growth and Subséeicof Tomatoes following End-
of-day Light Treatment of Transplanksort Science6(12). 1528-1530

Devlin R. 1975Plant Physiology3rd ed NewYork, NY: 600 p.

Govindjee, and B.Z. Braun. 1974. Light absorption, emission and photosynth&¥iB. mhSewart (ed.)
Algal Physiology and. BiochemigtBlackwell Scientific Publication Ltd. pp 346-390.

Jeanette S. Brown and @a8y French. 196IThe Long \&velength Forms of Chlophyll-a, Biophysical

Journal\Vol.1, P539-550.

Jones, M., R. Fosber. Taylor, and J. Gregor)2003 AS Level and a Level Biolagyniveraity Cambridge

Press, Nework. p 21-213.

Krasnovksy A.A., and L.M. Kosobutskaya. 1958ifferent conditions of chlaphyll in plant leaves

DokladyAkad. Nauk, SSSR, No. 91383.

Lakitan, B. 2001Dasardasar Fisiologi TmbuhanPTKing Grafindo

Persada, Jakarta. p. 87.

Moore, R.W.D. Clark, and D.S/odopich. 2003Botany 2nd edNewYork, NY: McGraw-Hill companies, Inc.

p. 136-137.

Mulya, M. and Suharman. 19958nalisis Instumental Airlangga University Press, Surabaya. p71

Raven, BH., and @B. Johnson. 200Biology 6th ed McGraw-Hill. NewYork.

Rupiasih, N.N.. 2007solation and Characterization of Humic Acid (HA) from Different Sources and Its
Removal Using Artificial (Polysulfone Microfiltration Based) and Natural (Eichhornia crassipes)
Methods from Aquatic Environmefith.D. Thesis. University of Pune, India.

SchmidV.H., RThoméW. Rihle, H. Paulseiy. Kiihlbrandt, H. Rogl. 2001. Chlorophyll b is involved in
long-wavelength spectral properties of light-harvesting complexes LHC | and LHEBE Lett,

499(1-2). 27-31.

Tucker D.J. 1976. BEect of Fafred Light on the Hormonal Control of Side Shoot Growth inTiv@ato.

Ann.Bot40. 1033 -1042.

UrbonaviciuteA., P Pinho. GSamoliene, PDuchovskis, PVitta,A. Stonkus, GTamulaitisA. Zukauskas,
and L. Halonen. 2007. fefct of short-wavelenght light on lettuce growth and nutritional quality

Sodininkyste ir Darzininkyst@6(1). 157-165.

344





