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ABSTRACT

St. John' s wort (Hypericum perforatum L.) is a medicinal plant widely used for
treatments of neurological disorders, depression, etc. Recently, studies have reported the
production of St. John's wort plants under controlled environments with artificial light as a
promising technique to standardize and enhance the growth and medicinal contents. The
present study investigated the effect of the light quality of fluorescent lamps on the
growth of St. John" s wort plants. The seedlings with 6-8 unfolded leaves were grown for
28days under blue and red lamps in growth chambers under controlled environments.
Dry weight of plants grown under the red lamps was greater compared with that of
plants grown under the blue lamps. The CO2 absorption rate of plants grown under the
red lamps was similar to that under the blue lamps. Absorption of red light (600-700 nm)
by leaves was lower than that of blue light (400-500 nm). Leaf area, number of unfolded
leaves, number of branches from the main stem, and number of nodes of plants grown
under the red lamps were greater than those of plants grown under the blue lamps.
These findings demonstrated that the difference in dry weight of plants grown under
these conditions was not due to the spectral characteristic or photosynthetic ability of
leaves but due to the amount of light actually absorbed by the leaves. In conclusion,
controlling the light quality can be an important technique for enhancing production of St.
John' s wort plants.

Keywords : Artificial light, controlled environment, Hypericum perforatum,
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Table 1: Spectral characteristics of light sources with sharp
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cut filters.
Blue Red
fluorescent fluorescent

lamp lamp

Photon flux (umol m?s™)
300-400 nm (UV) 0.8 0.2
400-500 nm (B) 209.6 1.0
500-600 nm (G) 34.4 42.8
600-700 nm (R) 6.0 206.2
700-800 nm (FR) 6.4 27.3
R/FR (600-700nm/ 700-800nm) 0.9 7.5
Phytochrome photoequilibrium* 0.7 0.8
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*The value of phytochrome photoequilibrium was calculated
using the equation proposed by Hanyu et al. (1996).
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Fig.3 : CO= absorption rate of St. John's wort plants
grown under blue and red lights. Different letters
indicate significant differences between the
treatments at P<0.05 as determined by T-test.
Each bar represents mean +SE of 5 replicates.
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Fig.1 : Leaf, stem and root dry weights of St. John's
wort grown under blue and red lights. Different
letters indicate significant differences between the
treatments at P<0.05 as determined by T-test. Each
symbol represents mean=SE of 8 replicates.

Fig.4 : Increases in the leaf area of St. John's wort
over time under blue and red lights. Different letters
indicate significant differences between the treatments
at P<0.05 as determined by T-test. Each symbol
represents mean x=SE of 8 replicates.
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Fig.2 : Spectral characteristics of St. John's
wort leaves. The data are expressed as the average
value of 8 replicates.
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Fig.5 : Specific leaf area of St. John's wort grown
under blue and red lights. Different letters indicate
significant differences between treatments at P<0.05
as determined by T-test. Each symbol represents mean
+SE of 8 replicates.
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Fig.6 : Number of unfolded leaves per plant (A), number of branches from the main stem per plant (B), stem
length (C) and number of nodes (D) of St. John's wort plants grown for 28 days under blue and red lights.
Different letters indicate significant differences between the treatments at P<0.05 as determined by T-test.

Each bar represents mean£SE of 8 replicates.
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Effect of Light Period Longer than Critical Day Length after

Heading on the Growth and Development of Rice under
a Controlled Environment
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ABSTRACT

Rice varieties have been genetically modified to produce pharmaceutical proteins in
seeds. Such production requires pharmaceutical proteins to be expressed in high
concentrations and to remain stable. This can be achieved by controlling the growth
environment by using a closed plant production system. In order to produce large
amounts of pharmaceutical proteins, one must determine the environmental condition
required to increase the growth of plants or the concentration of pharmaceutical
proteins in seeds. The present study focused on determining the conditions for
optimizing the growth of plants. Rice is a short-day plant. When the light period is
constantly controlled such that it becomes longer than the critical day length, flower
formation is delayed and growth period is prolonged, with no effect on the promotion
of photosynthesis. Therefore, if the light period is regulated to exceed the critical day
length only after the heading stage, enhanced photosynthesis would be achieved
without the inhibition of flowering. The present study investigated the effect of light
period on the growth and development of rice after heading. Rice plants at 65 d after
germination—just after heading—were grown in growth chambers for 46 d under 3
different light periods (12, 16, and 20 h d-!) under controlled environments. The
number of tillers observed when the plants were grown under 16 and 20 h light d-!
was greater than that observed when the plants were grown under 12 h light d-1, but
the highest number of ears were observed when the plants were grown under 12 h
light d-!. The shoot dry weight of plants grown under 12 and 16 h light d-! was
greater than that of plants grown under 20 h light d-!. The ratio of seed dry weight to
shoot dry weight and the number of ripe seeds also increased when the plants were
grown under a shorter light period. These findings suggested that when the light
period became increasingly longer than the critical day length, the rice plants showed
a tendency to promote vegetative growth over reproductive growth even after the
heading stage. In conclusion, after the heading stage, a light period shorter than the
critical day length is suitable for the growth and development of rice.

Keywords: artificial light, controlled environment, hydroponics, seed production
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5WREeHN SV T (FPLEBEX-L. AIFE
(KR Z AL BB RISRIP DIEE R HE
(Table 1 ZFERE L Ul BB REEEIE
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(FBRIODTTEICHE BABR DB ERIFIRER
ED1/MERELE U BIER 7B EICRER
EMD1/2.3/48. 21 BELIEIIRERE U
fe . FIEERIE7HCEICRETIRUTE,

Table 1: Composition of the standard nutrient

solution.
: Element
Chemical -
Element compound conéznqut/Btlon
N NHsNOs 42.0
P NaH2PO4 - 2H20 27.9
K, S K2SO4 35.1,24.8
Ca CaClz - 2H20 18.0
Mg MgClz - 6H-0 22.2
Fe Fe-EDTA 3.8
ESA=ER

FERXIFRAER1 2. 168 K0U20h d- 13X
EUICHBRELTESZYIATILINSA
K=>7(MT150FCEH-WW/BUD. BI&E
B ZRBLUIIO—Fv)U(3A b
~O>3HM-MLATEY /JGRITZE (M) ARICH
BEEZI1S3EG/meCUicdY T =28
UL JO0—RAF v ) \NDRERGEFS
'3 (BBHA/BEHR) 28C/24°C. B mE L DPPF
800 umoal m=2 s-1,CO2BE 1000 umal
mol-'& Ufc BB R REEEIFRIP D TAIC
eV GUBRFRIGIS DIEERIFIRERED1/2
e L EHBRRIRR7HB(C1/43. 1488
BEIFAKEKE Ul IBEREIEG7HZ 1A
Z)ILEULAHBITEERZEML. 7HEBIC
EERUI,

HERFIRERE2. 39D KU46HBICEAER
X 1OfEMADER. 7884, th_FEB - 2= ¥VE4D
B REWHD XOMREZAIE U K/ 1
ER L (FRSENez & /it FEREE) 8 E
Ufc. sl BRX D EEEDZ=E. LSDEZ
WTB% ANV TIRE LT,

fERDIUEER

g 32~46HBEDEHRZAZD DELH(E
BHHR16H5 KU 20h TR EF DD FEEUF
12h TREHED (Fig. TABXUB). Hig#

ABHBEDEMESEF12.16BKL0U20h0
ZTNZEN72.7.30.8BK023.2%&E7%0.,
12h CREHF ST HRERABHED12.16
BRU20nDFEHIFZENZN.B8.9. 458K
UB.8CTHofc. AERRBRIDEF3.9T
Hofcled 1 2hiFHEFERICEEUICDTD
BHRZEDIFIEMBEKLU20NFRE LIS
[FORFIFEAEREDIIED DI EZERU
TV LUIERD (HREBICHEE LTI DIC
FHERBINENFELUCEE R 5ND. S0
HAD % 32HB LI DEMS JUTEHI(E
BREZ(EHESNED ofc. KR 14HBE
CTHEBEERICEBICHEBRERERNTFET
BDICHHEMHHERRICITON. 2T DHUEN
LI &EER SND Hit%R32HBLIEIIIEE
BOVKEBAKICHE S TH S 18U LB LT
BO . RAFHTHD 168KV 20nTHIEE
BHRDREBRDIB(CKDETER RN EST
SN AT OPMEINULIEN Dfc EER BN B,
Tl EBRENMBIESNIAD DDHNED D
el EFFDEEDBERPDORERD
MBEL Wl &b HRR%32~46HE
D16H KLV 20hDFEENEI LIEh ofc&
EABN5,
HiiE%32~46HBDEEZHTZD Dt EEB
TYMEIF12ELV 1B TCRELDIEDDH
&Hole(Fig. 2A)  ZRHADHTERI2HELL
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32 39 46
Days after heading

Fig.1 : Number of tillers (A) and ears (B) of rice
plants at 32, 39, and 46 d after heading. Different
letters indicate treatments that were significantly
different based on the LSD test (P < 0.05). Each
symbol represents mean + SE of 10 plants.
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Fig.2 : Shoot dry weight (A) and seed/shoot ratio
(B) of rice plants at 32, 39, and 46 d after heading.
*The ratio of seed dry weight to shoot dry weight.
Different letters indicate treatments that were
significantly different based on the LSD test (P <
0.05). Each symbol represents mean = SE of 10
plants.

R EERRZYE(FAREICIEIN T B[N
B BEADBMEFEEE CHolc.IN
(FIBERPDORERDEEL THED . . SHER
XOFERENBIRE CTHolcfchEEZS
Nd.LIcho T g% 32~46HEDER
BRX(Dith FERRzMEDA/)\BERIF32HE
FISRESN AERDERICITTON TV
HiE% 1AHBEF COAEMEDKENKE
WEEZ 5NDFEEPPFIFBEHARVNEGE
AKTHoEICHINDS T, i EEYEF
12h(CEENT1Bh CREIEE. 20h T/NEHE DT
CENS. HIER 148BF COREBFOE
AEENBENRVGEE FUREHERIEN
Do RDEFICHEREYHERT DN
BRRENMK NI 2T EN S AEER CTIF
HPRWVIFEEITHREMEMHNERL. LG
BORENVE T~ UIcAIREMN B Do

8% 32~46HB DR/ EEBLEIE. 120 T
K.20hTI\EFE o1z (Fig. 2B). CHUSith AR
TZYENIEERX CREE Cholelchhh
DS T EESDD DIREHN 12h TK,
20hT/NEE Tz (Fig. 3) /b TH D HER
EEMDOBAIR DD EEIGDRMIC L O TKE
BB EAETUTVDBREED 12,
1868 KUV20hZENZN72.7.63.9B KU
14.5% C12h CKR.20hT/I\EFHTHD. C

PPl 1= o

NoDIENSBHIINRIEDIFENLEME
YORINDELRDEA U EIER R K DRE
WMRMBESNS CEZRL TS HIEE
S2HBLEICHUNTC, 12hFFgEniEmL T
BEFTHHEMUIED Dfc. UL UK/ HEE
BREEDMERMICIEINL THD ADZEED OFY
NDESRDEA TVNDEB X S5NSD.—/7.16
BRU20NISHth Bz ENRERIITIEML
TLDH\EHBIUR/ b EEBLFIENL T
WEWT ED B BRIT DDFEEICHKERE
YHMERSNIZEEZ 5ND,

IR CIEBEATFRICTEV B Z S DTz 1 2,
186B RV 20NDIKLEDBREAN A RDEBIC
NIFTHEZREUCHER. LB CHE
HRFEERLODRLEDEEEIEHRL DR
BRRDNBRSNDICHINEIFEMUIEL
CEFT DRV CTRRAENNEN T
BDEDNTRENICAMATIE12h TEHE
BEGHLOBRSEDREED INEDR
BARITTE DT 12 KD BEVERICT D&
TIRSERHNMENNT MDD DD B
([CHEMEN R T D EICKD TR
AT DR DHD.SEF12h&DH
BV BRI LR DA ROEBICRIFTTHE
ZHE U HiR R ORE/FBRZ B U0,

= a )
3 300 Sterile
g b Ripe
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Light period 12 16 20

(hd™)

Fig.3 : Number of ripe and sterile seeds of rice
plants at 46 d after heading. Different letters
indicate treatments that were significantly different
based on the LSD test (P < 0.05). Each bar
represents mean of 10 plants.
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Effects of Ultraviolet Light on Growth,
Essential Oil Concentration,
and Total Antioxidant Capacity of Japanese Mint

Shoko Hikosaka, Kasumi Ito and Eiji Goto

Graduate School of Horticulture Chiba University
Matsudo 648, Matsudo, Chiba 271-8510 Japan

ABSTRACT

To study the effects of ultraviolet (UV) light on the essential oil concentration in
Japanese mint (Mentha arvensis L. var. piperascens), we exposed the plants to
different combinations of irradiation with a white fluorescent lamp (W), UV-A
fluorescent lamp (UVA; peak wavelength, 360nm), and UV-B fluorescent lamp (UVB;
peak wavelength, 306nm). Japanese mint transplants hydroponically grown from a
rhizome in a controlled environment were used as the plant material. Young plants
were cultivated in growth chambers [air temperature, 25/23C; photosynthetic photon
flux, 250 u mol'm=2s-!; COz2 concentration, 1000 x mol-mol-!] under the following light
conditions: W, W + UVA (2.0 mW-m-2, 315-400nm), W + UVB (0.5 mW-m-2, 280-350
nm), and W + UVA + UVB 25mW-m=2 280-400nm). The UV irradiation period was 2
h per day during the light period (12 h). After 7 days of irradiation, the plants grown
in different light conditions showed no difference in the number of leaves and leaf
area. The [-menthol and limonene concentrations and the total antioxidant capacity
(TAC) of the upper leaves of plants grown under the W + UVB and W + UVA + UVB
conditions were significantly higher than those in the upper leaves of plants grown
under the W condition. The upper leaves unfolded after the initiation of UV
irradiation; further, supplemental UV-B irradiation seemed to increase the essential oil
concentration and the TAC of the leaves. These results suggest that longer
supplemental UV-B irradiation of Japanese mint plants may increase the yield of
essential oils per plant by increasing the number of leaves that contain high
concentrations of essential oils.

Keywords : controlled environment, fluorescent lamp, irradiation, -menthol, limonene

INTRODUCTION

Mint oil, known as ‘menthol’ , is one
of the most commonly used essential
oils in the world. It is widely used in
the food and drug industries and in
Kampo medicine. Because of its
analgesic, antimicrobial, and cooling
effects, this oil is also frequently used
in the flavouring and pharmaceutical
industries (Sugaya and Sugaya, 2001).
[-Menthol is also one of the major
components in some Kampo medicines.
Japanese mint (Mentha arvensis L. var.

PPl 1= o

piperascens) plants produce the highest
concentration of essential oils among all
Mentha species. This oil is produced in
the leaves and contains I-menthol,
I-menthone, pulegone, and limonene
(Toriizuka, 2000). The surface of mint
leaves is covered by trichomes that
synthesize and accumulate the
essential oil. In Japanese mint leaves,
[-menthol is produced as a secondary
metabolite from limonene and pulegone
(Akhila, 1987). Further, several
antioxidant substances in mint species
are known to perform free radical-
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scavenging functions similar to those
performed by compounds such as
ascorbic acid, a -tocopherol, trolox, and
p -carotene (Pyo et al., 2004). The total
antioxidant capacity (TAC) can be
measured as the total activity of
antioxidant substances, and high TAC
values are thought to reduce the risk of
cancer (Pyo et al,, 2004).

Some previous studies on members of
the Lamiaceae family have reported that
light intensity, light period, and air
temperature influence the essential oil
content of peppermint (Clark and
Menary, 1980) and Japanese mint
(Duriyaprapan and Britten, 1982a; 1982b;
Nishioka et al,, 2008; Malayeri et al.,, 2010),
while ultraviolet (UV) irradiation
increases the accumulation of medicinal
compounds in sweet basil (Johnson et al.,
1999), rosemary (Luis et al., 2007), and
many other plants (Zhang and Bjorn,
2009). However, there is little information
on the effect of UV irradiation on the
growth, essential oil content, and TAC of
Japanese mint plants. To determine
whether UV irradiation can increase the
essential oil yield and TAC of Japanese
mint, we studied the effects of UV
irradiation on Japanese mint under
artificial conditions in this study.

MATERIALS AND METHODS

Japanese mint plants, including both
mother plants and experimental
(daughter) plants, were grown in a
controlled environment (photosynthetic
photon flux (PPF), 250 x mol'm-2-s-!;
lightperiod, 12h; air temperature

Table 1. Light conditions employed in the experiment

dark), 25/23C; CO, concentration, 1000
1 mol'mol-) using a hydroponic system.
Otsuka-A nutrient solution (Otsuka
AgriTechno Co., Ltd.) with pH 5.8 and
EC of 1.2dS'm was used to propagate
the plants. To ensure that the
experimental plants showed uniform
growth at the start of the experiment,
we propagated plantlets from pieces of
rhizome before the experiment. The
rhizome of the mother plant was cut into
pieces of equal weight (fresh weight,
0.5-0.9g) and cultivated in the hydroponic
containers until 10 leaves (5 nodes) per
plant had unfolded.

To provide supplemental UV
irradiation to the Japanese mint plants,
we used 2 types of fluorescent UV
lamps- a UV-A (peak wavelength, 360
nm) (FL20SBLB, Sankyo Denki Co., Ltd))
and a UV-B (peak wavelength, 306 nm)
(GL20SE, Sankyo Denki Co., Ltd.). In all
the treatments (Table 1), the main light
source during the light period (12 h) was
a white fluorescent lamp (W)
(FPL55EX-L, IWASAKI ELECTRIC CO.,
LTD. with a photosynthetic photon flux
(PPF) of 250 u mol'm-2-s-! that was
positioned at the top of the plants. At the
beginning of each light period, the plants
were exposed to UV-A and/or UV-B
irradiation for 2 hours. Young plants
were cultivated in growth chambers (the
environmental conditions in the growth
chambers were identical to those used in
the propagation stage) under the
following light conditions: W, W + UV-A
(WA:; 2.0 mW-m-2, 315-400 nm), W +
UV-B (WB; 0.5 mW-m=, 280-350 nm), and
W + UV-A + UV-B (WAB; 25 mW-m-2,

Main light condition®

Supplemental UV light condition®¥ (7 days)

Code
Quality/Intensity (PPF) Quality Intensity (mW-m)
W
WA White/250 UV-A 2
wB ( umol-m-2-s-1) uv-B 0.5
WAB UV-A + UV-B 2.5

z: We used fluorescent lamps providing white, UV-A (lamp peak, 360 nm) and UV-B (lamp peak, 306 nm) light.

Intensity was measured at the top of the plant.

y: Supplemental UV irradiation for 2 hours at the beginning of each light period.

PPl 1= o
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280-400 nm). In all the treatments, the
plants were exposed to supplemental
UV-A and/or UV-B irradiation for 7 days.
We measured the number of unfolded
leaves and the total leaf area on the main
shoot after 7 days of treatment.

Essential oil concentration (concentrations
of limonene, pulegone, I-menthone, and
l-menthol) was determined by a gas
chromatograph (GC-2014; Shimadzu
Corp., Kyoto, Japan) with a flame
ionization detector and a 60 m X 0.25
mm capillary column (Stabilwax; Restek
Corp., Bellefonte, PA). The samples were
obtained by hexane extraction of leaves
at nodes 3 (H), 6 (M), and 9 (L) from the
top (Fig. 1). The injector and detector
temperature was 240C. The gas
chromatograph apparatus was operated
under the following temperature
sequence: 70C for 10 min, temperature

Top of plant
¥

Node 9(L) :

Fig. 1: Mint leaves used for the measurements.

increase from 70C to 180C at the rate of
11Cmin -1, 180C for 25 min, temperature
increase from 180C to 220C at a rate of
4C min~!, and 220C for 5 min. The carrier
gas was He, and the flow rate was 0.8
ml'min =L

The TAC assay was performed using
the TAS kit (Randox Laboratories Ltd.,
Antrim, UK), which measured the
antioxidant capacity in terms of Trolox
equivalents. This assay is based on the
ability of the antioxidant molecules to
quench the long-lived ABTS [2,2% azinobis-
(3-ethylbenzothiazolone- 6-sulfonic acid)],
which shows absorbance at 734 nm, with
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid), a water-soluble vitamin
E analogue, used as a standard. The
results for TAC are expressed as u mol
of Trolox equiv-gl. For this assay, the
sample was extracted with 70% methanol
from the leaf at node 2 from the top.

RESULTS AND DISCUSSION

After 7 days of irradiation, the plants
exposed to different light conditions
showed no differences in the number of
leaves and the leaf area (Fig. 2). In all
treatments, the upper leaves (H) at nodes
2 and 3 unfolded after the start of the
treatment. The limonene and -menthone
concentrations in the M and L leaves did
not differ in the plants grown under
different light conditions (Fig. 3).
However, in the case of the H leaves
(node 3), limonene concentrations in the
plants exposed to WB and WAB
conditions were significantly higher than
those in the plants exposed to the W

25 7 After the treatment
Before the treatment

o 20 7
o I
& I I t
2 15 -
o
5 1o
S
>
Z

5 -

0

W WA WB WAB

200 -
£ 0! il l l |
=3
€
S
= 100 A
9
©
3 50 A
0
W WA WB WAB

Fig. 2: Effects of UV light on the growth of Japanese mint plant (n = 8).

Vertical bars indicate mean +SE.
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condition; the I-menthone concentration
in the H leaves showed the same
tendency. The [-menthol concentrations
in the M and L leaves did not differ
among the treatment groups (Fig. 4).
However, in the case of the H leaves, the
l-menthol concentrations in the plants
exposed to WB and WAB treatments
were significantly higher than those in
the plants exposed to W treatment. The
TACs at node 2 from the top of the
plants in the WB and WAB treatment
groups were significantly higher than
those in the W and WA treatment
groups (Fig. 5).

The limonene and [-menthol concentrations
and TACs in the upper leaves (H) in the
plants exposed to supplemental UV-A
and/or UV-B irradiation were significantly
higher than those in the plants exposed
to the W treatment. Consistent with
these results, previous studies have
reported that UV treatment causes an
increase in the concentration of secondary

metabolites such as the essential oils of
Mentha spicata (Karousou et al., 1998),
sweet basil (Johnson et al., 1999), and
rosemary (Luis et al., 2007). These and
our results suggest that UV irradiation
stimulates not only the production of
I-menthol, which is the target substance,
but also the production of intermediate
products (limonene and -menthone) in H
leaves. However, UV-B irradiation did not
increase the TAC of rosemary plants
(Luis et al., 2007). This finding suggests
that the responses to UV irradiation of
different wavelengths or the rates of
TACs in the essential oils were different
for different plants.

In a previous study on Japanese mint,
the concentration of essential oils
increased with an increase in the light
intensity; however, the essential oil
content per plant did not change
(Duriyaprapan and Britten, 1982b). Maffei
et al. (1999) also reported that the leaf
area and essential oil concentration of

Limonene

—~ 77 W
TE WA
& 61 WB
2 5 WAB
= 4 aa
% 1 ab I I
o 34
[0} b I I
5 24 4 Lol
c I :
-0

H M L

I-Menthone
© 77 W
IS WA
S 6 WB
g 5. WAB
g 44 H
3
e 274
2 27 I I
£ Il
g Iz pi

0
H M L

Fig. 3: Effects of UV light on the concentrations of limonene and menthone of Japanese mint plant.
Vertical bars indicate mean + SE. Different letters indicate significant differences among the treatments

at P < 0.05 by Tukey-Kramer’s test (n = 8).
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Fig. 4 : Effects of UV light on the concentration of
I-menthol of Japanese mint plant. Vertical bars
indicate mean + SE. Different letters indicate
significant differences among the treatments
at P < 0.05 by Tukey-Kramer’s test (n = 8).
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Fig. 5: Effects of UV light on the TAC of
Japanese mint plant. Vertical bars indicate
mean + SE. Different letters indicate significant
differences among the treatments at P < 0.05
by Tukey-Kramer’s test (n = 8).
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pepper mint (Mentha piperita L.) plants
grown under white fluorescent lamps with
supplemental UV-A (W+UV-A) were 1.6
and 1.2 times higher, respectively, than
those of the control (W), however, in pepper
mint plants exposed to supplemental UV-B
(W+UV-B), the leaf area and essential oil
concentration were 1.2 or 1.1 times higher,
respectively, than that of the control (W).
(Maffei and Scannerini, 2000). An assessment
of these results suggests that the light
intensity of supplemental UV irradiation
may affect the essential oil concentration of
mint plants; however, an optimal range of
light intensity may exist to maintain
sufficient plant growth and leaf area.

In our study, the intensity and total dose
of UV irradiation seemed to be within the
optimum range for promoting plant
growth, essential oil production, and TAC.
However, only the H leaves showed a
significant increase in the [-menthol and
limonene concentrations and the TAC
values under the W + UVB and W + UVA
+ UVB conditions. The upper leaves
unfolded after the initiation of UV
irradiation. Most of the essential oil in
Japanese mint leaves is reported to be
synthesized during the early period of leaf
growth (Duriyaprapan and Britten, 1982c).
Therefore, supplemental UV irradiation
treatments for 7 days increased the
essential oil content and TAC only in the
growing organs or the leaves that were
directly irradiated by UV light. Additionally,
these results suggest that a longer
cultivation period with supplemental UV
irradiation of the optimal intensity range
may increase the number of unfolded
leaves and the biomass that contains high
concentrations of essential oil, thereby
increasing the oil yield per plant. Therefore,
the plants should be exposed to different
combinations of intensity and duration of
UV light irradiation in order to determine
the ideal conditions for irradiation.

CONCLUSIONS

UV irradiation treatments for 7 days
increased the essential oil content and TAC
in the upper leaves of Japanese mint plants.
These results suggest that longer
supplemental UV-B irradiation of Japanese
mint plants at an optimal intensity may

PPl 1= o

increase both plant growth and the yield of
essential oils per plant by increasing the
number of leaves that contain high
concentrations of essential oils.
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