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Effects of different UV-B levels on the growth, photosynthesis
and pigments in cucumber(Cucumis sativus L.)
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Abstract

To investigate the effects of different UV-B levels on plant growth, cucumber plants were subjected to three levels
of biologically effective ultraviolet-B(UV-Bgz) radiation [daily dose : 0.03(No UV-B), 6.40(Low UV-B) and 11.30
(High UV-B) k] m?, UV-Bg] in the growth chambers for 3 weeks during the early growth period. High and low
levels of UV-B irradiation drastically decreased both dry weight and leaf area, but increased specific leaf weight of
cucumber. Plants subjected to UV-B resulted in 30% and 20% reduction of photosynthesis rate by high and low
UV-B, respectively. However, respiration rate was not affected by the UV-B. With increasing UV-B intensity, total
chlorophyll contents were decreased linearly, while the contents of flavonoid were increased linearly. These results
suggest that the present levels of UV-B may affect the growth of cucumber plant compared with a UV-B-free condi-
tion. It is likely that the growth of cucumber will be affected by enhanced UV-B due to ozone depletion in the near
future.
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UV-B 4% ¥37F 201(Cucumis sativus L) A4, 384 2 ¥id vxe 4%

Bk olye}l FFA T g3l Yehdth Lolg o] §E
Murali®} Teramura®] J%z} T-& o83 3 59 4dd
M UV-Bl Wi#t 57 54 Aot e ez B
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AEE UV-BY 9% H3E AAIAY Bolste 5
g& /A Ytk 9F B9, 4 FAY F7ke UV-BY
A 83 7]@d] UV-BY AFFSE o459, UV-R
+&329 flavonoide #e4& &k UV-BY 83 7
ne AYHoZRY HEde g% Fso,

#A7tA) UV-B F717} 218 ulXe dal dein &
& A7t BaHo] gich agu, o) 97 fFE
1ddH02 & UV-B(UV-By © 11 k] m™ day™* o4
sl #Y=en, o) ARE ATH#ATAZA
AN F71h g vXe 98 Htel o]gdhe AL
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AAQ Ag9 A wre-E ojsatr] Y3, UV-B A&
walol Ago] AR vt BAE 20] HES o83ty
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B Yo FA] AEE 201 (Cucumis sativus L. cv. Shi-
moshirazu jibaikyuuri) & ©]43tATh Qo] FAHE 143t
25T # Fejo A dolAZl ¥, 500 gof HLEE(N : P,O
s K,0=0.21:041:038)% B& FehaE LE(TH
100 cm?, Z°] 6 cm)oll 17044 }E3a] 4G o] &9
21¥7]144(2m deep X 2m wide X 1.8m high) oA 4
F AFh 43713 WS 2Ee H(7A]~184)°] 25
T, ¥(18A]~7AD 0] 20C HoH, FEE Fopt 33 70
5% & FASAT

UV-B fast

E 490 AHS-E UV-B A} A€ Kim 59 I3 =
ot 2pojA RA FXE A3l 39AY UV-BLFAE,
A({E)UV-B, (B UV-B] 24t 48& +439°. UV-
By #PozA #9M FEL(Toshiba sunlamp : FL 20

SE)E AHEEA 4 Hel T UV-B &4} ZA< 879
A PJz2 FAH glon o] AYM FEE UV-B
(280~320 nm) FG# Tt ojye} UV-C(200~280 nm)
a9 & Tsta 7] @i, FHHFAE T4 0.
13 mm9 Mylar D B5& =Ll 7ol 313 nm ©]3}e]
A ME AAGen, TUV-B AFFle FA 013
mm& cellulose diacetate WES #xo| 7¢} 200 nm
ojgte] AL AAsAT} & AUV-B A FolE Hx
9} cellulose diacetate B& Aojol] 2148 34 HE o]
UV-BY #g S90Hd 1). °)% ZEL Fo o &
BHo2 1599 13 n#slgch UV-B A 35 3Y
FRE 19 647410 :00~16: 00) & 357 5334
on A YL} AEA ele] HAHL A FAA) wet 40
emE FAAZTH UV-BY ZEE 2344 (MSR-7000,
OptResearch Co., Tokyo, Japan) 2 Z%43}o], Calldwelld]
& AAE UV-BY AHESA JEFF(UV-By: | biologica-
lly effective UV-B) 2.2 $Hatsle] Yehioh.
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Fig. 1. Spectral irradiance of bare ultraviolet lamp, No
UV-B(Mylar D film-filtered), Low UV-B(cellu-
lose diacetate film plus white shading cloth-filte-
red) and High UV-B(cellulose diacetate film-fil-
tered) treatments under the UV-B irradiation sys-
tem. Measurements were taken at a distance of

40 cm from the ultraviolet lamps.
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UV-B ZAt] 9§ Qo] A& A% b3 ALY
Aate, dFd Aoz 7 Ay 6MAE FY3od A
=% ¥ 99Fe ARG guEde Uy 37
(AAC-400, Hayashi Denko Co. ILtd., Tokyo, Japan)E
ol g3t FA3IP oM, & AEAE B33t 70T
727 AXA F AEFE SR

ZA F, 2 AEd 127088 e s

5 4454 71(LCA3, Analytical
Development Co. Herts., England) & ©1-8-3}o 2} 713 ¢
TET A9 FUE AAE ddez 2A 10004 114
Atolol ZA3tg{u}.

Mol Y

UV-B7} 49 m& Jes =AY} 918, 352k
UV-B ZAt ¥ 9 10 em?9) A 32494 A3F3ld 99.5%
ethanololl 43 4T & AejA 48Xt F&3 %) A
&9 242 spectrophotometer(UV-1200, Shimadzue
Co., Kyoto, Japan) & ©] 43l &4 as} bo| et
< Knudson 59 "1l w2t 649 nm 2 664 nmollA
FEEE 28 FFS ZAEATY, carotenoid FHS
Lichtenthalar®] ¥} @z} 470 nm, 649 nm, 664 nm
o ¥R 8 2% IS 2AEIYY. UV-F5EHQ
flavonoid® Caldwell 59} Wil wel 3% 334 nm
ol FARIPH.

Aot o @

Zt A E dY HT UV-Bee FE EAHE T 0.03
K m?, AUV-B ZAIFIA 6.40 k] m?, TUV-B ZAHT
A 11.32 K m2o]PtHE 1). 2 4FoA2 UV-By
ZEE Bjorm¥ Murphyo =@ ojs) AAstd, 1UV-B
ZATAMS] BEE Mg AT 2LEFY ¥ 35% #HA
Ao Ao =@dhs UV-B 3ol 4830, AUV-B A
ToX e UV-B A5E A Aol M9 £@sh= UV-B
ol &y

274 / A4 #4831 A

Table 1. Average daily integral of UV-Bg” during the
irradiation period. The UV-B irradiation was
conducted for 6 hours daily(from 10 : 00 to

16 : 00 h).
Treatments Mean daily integral UV-BBE(k] m?)
Control 0.03
Low UV-B 6.42
High UV-B 11.30

2 UV-B™ : biologically effective UV-B radiation

UV-B ARz Q0] A29 A% oA 2 FH3 g
2} (chlorosis) S Yot 29 £9 2~3Y 32y 3
A vk o] i yeitow, Jdo] i) w3
A AT o E At o] PuslEge AQoMe A
& vehdA ggron, A 1894 713 A Jela,
T Ader 2E4E Aie FaHUt UV-B 9
3 P EYL F 5o 4R AEoM BusHo) gloy,
ot A& wAUZ dside LA A Lo

UV-B 24 7HA] 3 134 21302 7t Y 67iAS
AFHst] AEFE AR A, UV-B RAMAIZHY A3
ot & 24 JEeH, 357k UV-B Ao 93
IUV-B HeolA o 63%, AUV-B AelolA 2k 40% 9
g HYtH(1y 2). 385 UV-B 2ZAH o8 2
Byed, 352 Uv-B M & 2uv-B A
% 60%, AUV-B HelolA ¢ 39% 9] F4E BY
5 #ad vsd %S e 2Y 2). o9

AL ‘oo=

e A% ae vE 088 35709 UV-B(13.0 K m
2 @) A¥oA o 20% 9] HEF E GUF #AE B

Dai 59 A#e F& 0183 UV-B(11.6 k] m? d) 4
HellA o 30% AT g¥A 2 AEF TAE A A
Y AR & ZAE JEITH?, b AE %
ol UV-BY W Aol qad Jeg yehgon,
Qo Wy FHoh UV-B digt A4Ae) L oz
bttt 18 2 A¥dAel dEF 2 gEAL UV-B
2w 37 wet 2 2AE Yer e, 53] AUuV-B
ANz BAGE f3 74E Jepd Zog Bl
@2 AQaeolNg 8 UV-Bo JHME Q0] B2
A& A9 4T B e Aoz AlgdEnh
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Fig. 2. Effects of UV-B irradiation on dry weight of
whole plant and leaf area of cucumber. Each va-
lue is the mean of 6 plants and vertical bar rep-
resents the standard error for the mean. Statisti-
cally significant differences between the means
are indicated by “*”(p<0.05).

A7 HE F& UV-B dE F§ Ee Wolrlgs 7t
AL ek dE 5o o FA 7ol A% Uv-B FH49
AA 9 o Txysle] 93 =39 HAG T 2L §
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11%% 6% 9 3718 B, UV-B Z7io ©& g3H9
3718 et (ad 3). 4349 7k Uv-BY B
Fol & + v A& Ui7|#d UV-BY 22%E &9
FE 98E 3, £ g3 S ©E uv-F4EA &
7He 7Fsdl g AR HuHo| it ol 4%

B9 F7h= F& o843 Mirecki®} Teramura? 4@
HE o]43% Kim 59 A4FoNE BiFo] glod Uv-
Bo] iz 429 FEj A worg oz Alg€gs®. 1z
U A AR 2 Ay wWilE Jepe
shoot/root H]&& UV-B Ak 93 #ase %S B
Ao BAH Fode A2 3).
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Fig. 3. Effects of UV-B irradiation on specific leaf wei-
ght and shoot : root ratio of cucumber. Each va-
lue is the mean of 6 plants and vertical bar rep-
resents the standard error for the mean. Statisti-
cally significant differences between the means
are indicated by “*”"(p<0.05).
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ol &% AP o 20~30%9] FHA JA7F RiH o
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FHA Ade A5A ARFQ FHeT okl 71F
(stomata) o] & 7FsAol Utk F& ©]4§ Ben-
nettd] A & o|8% Teramura £ AN UV-
Bl o3 A vt o T 9 AN At
o] Higo] glrper”. ae £ AN 357k UV-
B ZA) g F4te) wishke JeEhA FPTH(E 4).
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Fig. 4. Effects of UV-B irradiation on photosynthesis
rate and transpiration rate of cucumber leaves.
Each value is the mean of 12 plants and vertical
bar represents the standard error for the mean.
Statistically significant differences between the
means are indicated by “*”(p<0.05).
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H5FE 0|43 Brandle 59 A¥H AulErE o143
Tevini $¢ APAAE UV-BI 9% F34 Asls} 71F
B9} fdo] Qe Aoz BaFoe] Irhse whalA
Uv-Ba 9 713 A#9 82 FAAS ] QA gt

249 93 2 AFA JAE UV-BY AFHQ 3
oz vedt HE 0|83 AYoA UV-B ZAM
9% G484 e a7 g54 99T BHA 8Y
o) Ayt Bage] kY. B Ao A UV-B 2AM 9
3 d54 a% by Hgoe sl oY, F 424
FFE JUV-B AeoA % 20%, AUV-B AN oF
14%9 A8 B, UV-B 371 e 249 3718 o
EIATHE 2). 84t YAURE F5de 3 784
o]EE, UV-B ZAl A% |54 FFel Fae 484
Agt 2 AEAAY AJZ o]fHE 7HsAol vk 28
U = & F FE84249 carotenoid #EollE UV-BY
% Wste JehtR] oFei(AE 2).

UV-§5E8329] flavonoide A AS F4389 FRAA
59 UV-B BH71#E AYJHo2He HIdle 982
S, UV-B ZA o) B A8 E9A flavonoid
& F7F B glen, UV-Be g A& 4 A4
%9 flavonoid ¥+ IHI #AAo) gl Aoz ¢
A YUoP, B AgdA UV-B ZAM 93 IUV-B A
Zoll A ¢ 19% AUV-B AelA o 14% 9 UV-FFE
A 3718 BHHE 2). 8% uv-§4839 ke
UV-Bol| thgt 21&¢| 337 dojurgo g AlgHy, §
& o] &% 3579 UV-B(11.3 k] m? day-1) ZAF 43
oA ¢ 20%9 UV-FFER 718 2 A /AR
AR5 HoFa Yo, 2 £ 4Py Uv-F5-E
A Z7k= UV-BY 98 flavonoid®) ATA 224 9%
ARG G54 b o9 Addd F7Hd sHeAe] 9l
th & o ZUV-B A9 A% % 1129 W F
7t s 19% 9} UV-F584 3718 Byon, AUV-B
A9 AL F 6% AFY Ftol dhs) 14% 9} UV-F
FEA 3718 B4 o9 £& dFH Fvie) ©hE Uv-
FrEA ke HE o148 Kim 59 AFdME Bu
5o} qio}e.

ol4e A%z E u UV-B RAR= 0] 48] IAH
A% A4 € FUsiALS do} Zow, 1 9 AxE
UV-B 7= wet F71she Ao2 yeidt. malq dx



UV-B %= 937} 201(Cucumis sativus L) A%, 384 2 M4 vlals 93

Table 2. Effects of UV-B irradiation on pigments of cucumber leaves. Each value is the mean of 6 plants. * represe-

nts significant difference at p{0.05.

Treatment
No UV-B Low UV-B High UV-B
Total chlorophyll, 45 cm™ 46.4%1.8 40.4+1.3* 37.01£2.4*
Total carotenoid, 4g cm* 6.01+0.2 6.210.3* 6.310.2%
UV-absorbing compounds, Asss cm™ 2.0%0.1 2.3+0.1 2.410.1

Ao T@3hs B UV-BAl Y3iME 20] 4B A%
gAY FFE WA YE Ao Ay, A iy F
9z AdolA GAEE ¢ 10% 9 &2 Zhavd 9
A= oa A%38E vebd Aoz Alsd:

Q o

UV-B Z= #37} 289 AR vXe 98& 24K}
7} 13k, R0)2 o] g3l 357 3vA9 UV-B[YY ¥
7 UV-B®; £42](0.03), HUV-B(6.40), ZUV-B(11.
32) K m?] RA A¥E FP3}AT 37N UV-B =
Aol o8 AEF 2 g¥3L TUV-B A9 AUV-B A
oM zzt 60% 9} 40% HE2 TaE BPou, dF
H Z718Ih UV-Boll 93 UV-B AeldlA o 45%,
AUV-B HEA & 37% 9 FRAEEY ZAE Y
Hovt FAE LY wWshs veA gtth & 484 §
F& UV-B Z=9 F7td we} adged, uv-+E
A9 flavonoid®] #FS JUV-B AN ¢ 19% A
UV-B HolA o 14% 9 2718 BTt o439 F3=
2 o UV-B ZAks Q0] &9 FHT A% AHE et
Wen, 1 9&e UV-B FEd uet 7k babA
A A7 £G3E Y UV-Bo YA E Q0] 4EL
Jge w1 e Ao Azgy, FY e 0ES
Zad JHNE ASFHNE Jepd o2 AlgET
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