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With increasing social concems for healthy food, the studies on the cultivation of crops to increase accumulation
of functional metabolites in crops have been investigated. Accumulation of the metabolites in crops is highly
affected by various types of stress, such as nutrient deficiency, water deficit (WD), extreme temperature and
UV-B radiation as well as their own life cycle. This review summarizes the previous studies on the effects of
environmental stresses, especially WD and UV-B radiation, on accumulation of functional metabolites in
crops. UV-B radiation and WD during specific period (mainly at maturation stage) activates the adaptation
and/or defense system in crops, thereby increasing biosynthesis of the metabolites. Although WD and UV-B
radiation tend to decrease in crop yield, the decrease can be compensated by the production of high value crops
having high content of functional metabolites.
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Introduction

A AAARL QI 1 st 9 A7e] F419] omafjch
& Wt oA S s atool e A 2 A%l 5
Aol aytE Vel 7|54 dAFE2 (functional meta—
bolites) 5= THFO R T3t AESof #3st A-s0] X3
Z]a1 It} (Han et al,, 2012; Jang et al., 2015; Lee et al,,
2014a; 2014b; Qin et al,, 2015), ZH=o]l TRl 7154 TiAt
248 o, A8 A5 Fol Wy RS U E Bl of
],]E} 1—0P U]-Oﬂz’ zﬂ—-_nL tﬂ—ﬁ]. dt:k;qo]. 8 = Azt 7H
Aof §-2l5}c} (Chenard et al,, 2005; Dai and Mumper,
2010; Duthie et al,, 2000), th&%] E2 2= flavonoid, antho—
cyanin} Z-2 #| =4 31$HE (phenolics), carotene, lycopene
1} -8 712 E| o= A 3}$HE (carotenocids) 0] 91O,
olgfgt 7|54 HAEEES F& oy Ao vhg T
S50 9t} (Akerstrom et al., 2009; Chenard et al,, 2005;
Kopsell et al,, 2007; Lim et al,, 2016; Reif et al,, 2012;
Soubeyrand et al,, 2014),

220] 7]%54) QAFEALS ALESISFEA (phytochemical)
B2 JREY, o= ZHEA Wel 23k thAHEE (secondary
metabolites) & A 5= 4= 52,1 L AR 9] 22} YA EAS AR
A Foll A, 2go] G, L, B L A
QA (Fig. 1) 59 2Eg|2o] thgsh= 2ol = AAPH
o}, 22 AEE A RG-S SR o] B Rl At o

EA AN S o] 2HE0] Hhg-om A oS o jlew, o]
= AHEo] AEg 2o whE FAE Qe th-ssk] Sl
Zlo]t} (Shao et al., 2008). &3], & & Y tAH=E

#1
Activation of defense system

#2

Plant shoot

Plantroot

(metabolic pathway)+ ZHE—A w27 F5]
of P WA HEZ mu|3k 0] 24 #skd x|2te
ol ZkE AR Tkl Aldsl o

[e] il

-

(Becatti et al,, 2009),
2 ol B 2% 4 o)
(DI, deficit 1rr1gat10n) H“ﬂ% 25137 QU
2 A
e A TR
U}, 3 DIE A8 &8st Aag s
2 Aule 4= AT} (Stefanelli et al,, 2010; Va
2012). Al DI HH o= RS Ma)E AR} %5& =z
Aof| Wzbo} w=Zdle] WLAAAN 7| EAEEE ZFasht
G o) B4 g SRe R (PR,
partial root zone drying) ¥} 2)55 AEH| Ao ofjst ZE 7
o] 2A A IRHERE 21517 9 4 AT B AL
A7)0 TFo 2R B0l L F LS o] B o]LeF Aoku} 4~
2} FAS =ol= AR (RO regulated deficit irrigation)
o] Qlom ol ol BN A= Wl & olFaES
S A1t} (Conesa et al,, 2016; Costa et al,, 2007; Ripoll
et al., 2016). 3HH, 22 -)IL]:# -‘?—}‘ 27401]/\1 el G P s

sHA AEY A
A RS A 7lr:} (Rebey et al,, 2012) 1&1 o ze
A4tol| DIE A 43] &E3tthH = o] §a& St oAl &
zx% ol U]—A}g].p:kﬁ cH = xl-g_,] %7\1 oﬂ LA A og
& 4= 9t} (Ripoll et al., 2016).

A€ (UV, ultraviolet)> ZHgo] wheh UV-A (315-400

Solar UV-B radiation

Artificial UV-B radiation

Water deficit stress

Fig. 1. Conceptual figure of plant response to environmental stresses (water deficit and UV-B radiation).
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nm), UV-B (280—315 nm), UV-C (200—280 nm) =& F-EZ]
=4, o] & UV-B= Ao =dshe AA sjdEAtold
A2 0.5%2 HFHR AN e BEE AASA, 2F
AEZo) Qo] opeFet vhs-=2] Ylo] Hr} (Becatti et al.,
2009; Gil et al,, 2012), UV-B= At & 0 7 o S==0] 2+
ol A= o= DNA, 214, e 2zul, ok 7|+
Foll S | ARt Be 2AIAE o7 |sh= T A=A
Eo) 4B 2/ £4ke] flelo] Hrh (Berli ot
al., 2012; Gil et al., 2012). UV-Bo|| oJ3t AEg AL 2h2
o] Wol 4|2 B485o] 12 22) W tocopherol, polyamine,
flavonoid®} -2 22} thAkE A o] £2& WstA|YIe), ol
ek 52] W3k= ROSO| th-8-dh= A= Sall 2HEAl
3L 9] £ARS- HFX| 31T} (Fichholz et al., 2011; Hectors et al,
2014; Nenadis et al,, 2015), o]&} Zro] UV-B AEH| A= 4=
& SEY AL nRT AR 75/ A S STiet 2
= FH4 aaols 384 S e

2 AFollA s AHE AEF 20 HQlo] H= 2 adl
T T2 UV-B A2 7F 2HEA] Wf 23} tia=E 4
A= P o & A 209 7k 8 AT EIES A
t}, o] F Eti® 5 ol g2 AlofE Sl 7]
AR o S wAE RS IR 1=

512} 5}

=}
Wi

ok R

=

[o

oo o

m \(

b
of M

38

o,

2 AEYH A0 oSt SAMEER FH (Effects of
water deficit on accumulation of functional metabolites)
T AE| 20 iRt A0 WS AHE F (species), A
RGTA, AEHA0) X2 A7k o] H-9-Er) (Shao et
al,, 2008), YRFA o8 A3t =30 5 AY AYE F
3 pR FEYS Hoke S Qlon), The) FuT 4ol
ZrasteEte Tl (sweetness), 115 (juiciness), 7 &k

s 54 9 71eA drked e S o 1,
_1

N
N
(o
o)

Vallverdu et al., 2012). ©]of tfgt -85S Table 1 & o}
o} g,

X2 LH AEHAO HEF  Veit—Kohler et al,
(1999)2 EutE (Lycopersicon esculentum Mill,) 2] 1}-Adr
= AZRRLE] B8 H o4 R -85F (maximum water holding
capacity) & 7|&22 70% g (271, 50% #2|ol9
o s W EAS BT, A7, 0% S8 A2l
oA Rzt P4akg, T B, vitamin O He %
Jhetel 3 A1) 57 S50l 7P BSIE Al et al

(2010)2 = AEY A A7t S5 (Zea mays L) A

o QA on WS AN, BFAT, E4 2.0l ¢
S Al SREE e gastein), ol w27 w
A 9 sk Fbe] ~pATo] iy SEEe 528
AN 7] Ao 7118k} (Ali et al., 2010). BFHO] flavonoid

2 Fedl, ol T4 e W s oA et
Holl oIzt flavonoid A7Hd Ftholl 7]Q1ghc} (Al et al.,
2010). Rebey et al, (2012)= A3} A2 9] SFAl G 2 AMRE
= AN (Cuminum cyminum L))ol W3t 2 AF A2 Al
TPC (total phenolic content)S H7}slth & ZHA
2= GO 100% = (2T, 50% < (MWD,
moderate water deficit), 25% 4~% (SWD, severe water
deficit 0= Helahct, ATan, Aul FHe] 2L o
Z519F MWDALOofli= SA1 A ZFo]7}F §I8IT), TPCE= tha-
of| v|al] MWDL} SWDol|A] 212} 43.77%, 15.28% 57151t
ol ZHEo] it 5T ol Asof Eigt e oA
ROSO| @< &l 'WAsh= Alet] AEd 2o tig-617]
el DA o &2 Atk s eEat wEgeh (Rebey
et al,, 2012), Oh et al, (2010)+= 58 AEH A 9] Sl= I A
Aol g A5 (Lactuca sativa 1.)9 #Hl=/d e 4
ascorbic acid, a—tocopherol $FeFS H7lslA Tt A2 7
F 65 5 8 A4 13] 4 ~E#|2 (OD, one—time
water stress) 2 5 & 33]of] Az =B AEFA 22| (MD,
multiple water stress)A] TPC7} t Lo B3] Ald=F =7}
sk3it). #l54d SkekE 5 chicoric acid= MD A 2] ofl= 25
sto] FHHE Lo OD AH2jtollA= ¥t gl 56
T AE |20 71850 phenylpropanoid 4 =9] S4l &
491 PAL (phenylalanine ammonia lyase)2] 4 <7} &
ZHE| Q= o= HlEd SRtEe =2 543 ekt (Oh
et al,, 2010), 3HH A5 B3} yHAs|A= OD A 27 A5
O AR, Aok gl YIS A Pk MD A <]
A5 oS ol TS AR S, dzo] skl
o}, a2ejug 2R WollA Ak o oS XI5
eE i 2B A APl A Sl ofddS A Y
£ 0 2 Z2]x]|o]of 3t} (Oh et al,, 2010), Galieni et al,
(2015)= 8 AEY|2of ot A3 (Lactuca sativa L) W
H54 e S Briekelt A4y, e R
22 HEl oA 38,9 g plant ' O.F T2 (91,0 g plant )
thH] 57% A5t o9} SHA| i AEH| A A 2l= TPC
of ke Fx] aFelt} 18L} bounds caffeic acid, caftaric
acid, chicoric acid, rutin &= )2 t8] G284 =
EQle}, of= thefRt ABE A, HIAER AE 2] o Al
EH O R polyphenolo] 4= A3k} yHAHE WA /=Y
o] k83l HHEC}H (Galieni et al., 2015). Stagnari et al,
(2014)= 48 AEG A0 o3t AN (Beta vulgaris var,
conditiva Alef.) ¥2]9] TPC Y betalains (betacyanin,

betaxanthin) TS B7151 A}, EFRASEFRL %

My o P
lo
ol\
N
3



412 Effects of Water Deficit and UV-B Radiation on Accumulation of Functional Metabolites in Crops: A Review

Table 1. Effects of water deficit stress on accumulation of functional metabolites in selected plants.

St
Crops 188 Plant parts Functional metabolites Effects References
treatments
Violaxanthin, antheraxanthin, zeaxanthin,
Barley 2 . Marok et al.,
RDI Leaf lutein, (3-carotene, a-, y-tocopherol, glu- Increase
(Hordeum vulgare L.) . . . 2013
tathione, ascorbic acid
Cumin o Rebey et al.,
) . RDI Seed TPC Increase
(Cuminum cyminum L.) 2012
Durum wheat RDI Cereal 1) Carotenoids 1) Increase Fratianni et al.,
(Triticum durum L.) 2) Total tocols (tocotrienols, tocopherols) 2) Increase 2013
Grapevine ‘ Anth'oc'yanir?s (delphinidin, petu.ni.din, ellarin et al.,
o RDI Berry skin malvidin, tri-hydroxylated malvidin-, Increase
(Vitis vinifera L.) . o . 2007
petunidin-, delphinidin-3-glucosides)
Grapevine RDI, Flavonols, flavan-3-ol, stilbenoids, Conesa et al.,
o b) Berry . 9 Increase
(Vitis vinifera L.) PRD anthocyanins, SPC 2016
Lettuce
. RDI Leaf TPC Increase  Oh et al., 2010
(Lactuca sativa L.)
1) TPC
Lettuce ) . . . . 1) No effect Galieni et al.,
. RDI Leaf  2) Phenolics (bounds caffeic acid, caftaric
(Lactuca sativa L.) . L. . . 2) Increase 2015
acid, chicoric acid, rutin)
Mai 1) Phenolics 1) Decrease
aize
RDI Seed oil 2) Tocopherols (a, v, 6) 2) Increase Ali et al., 2010
(Zea mays L.) .
3) Flavonoids 3) Increase
1) Leaf, .
Peanut ) Lea . 1) Increase Aninbon et al.,
. RDI Stem Phenolics
(drachis hypogaea L.) 2) Decrease 2016
2) Seed
Red beet RDI Root 1) TPC 1) Increase Stagnari et al.,
(Beta vulgaris var. conditiva Alef.) 2) Betalains (betacyanin, betaxanthin) 2) Increase 2014
Tomat Veit-Kohler et al.,
omato . . RDI Fruit Vitamin C Increase “ <
(Lycopersicon esculentum Mill.) 1999
Tomato . Stikic et al.,
. . PRD Fruit  Lycopene No effect
(Lycopersicon esculentum Mill.) 2003
Tomato RDI Fruit 1) Vitamin C 1) Increase  Favati et al.,
rui
(Lycopersicon esculentum L. Mill) 2) Carotenoids (lycopene, [3-carotene) 2) Increase 2009
Tomato . . Pernice et al.,
. RDI Fruit Carotenoids Increase
(Not available) 2010
Patane and
Tomato . L .
. . RDI Fruit Vitamin C Increase Concentino,
(Lycopersicon esculentum Mill)
2010
Tomato . . Wang et al.,
. . RDI Fruit  Lycopene and vitamin C Increase
(Lycopersicon esculentum Mill) 2011
Tomat Lahoz et al.,
omato . RDI Fruit  Lycopene No effect anoz ¢ a
(Solanum Ilycopersicum L.) 2016
Tomat 1) Lutein 1) Decrease Rivoll et al
omato oll et al.,
RDI Fruit ~ 2) [3-carotene 2) Increase P

(Solanum Ilycopersicum L.)

2016

3) Ascorbic acid 3) No effect

“RDI: regulated deficit irrigation, YPRD: partial root zone drying, 9TPC: total phenolic content, YSPC: soluble phenolic content

7} WHC (water holding capacity)2] 100% (W100), 4~

gl 2] 2] 7= WHC 50% (W50), WHC 30% (W30) 212133k,
ASLAT}, TPCE= W00 ThB] W300l|4] 58%, W500] 4] 86% %

2B 7lsHin, ol 4R PALZF 2 phenylpropanoid 7

2820] TS AT Aol 7]ela Aolct (Stagnar et
al,, 2014). o|2} §7, W100 thH] betacyanin -2 W500]]
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A 52%, W30l 4 47% 2715} 3L, betaxanthin $F-S W50
of| x| 70%, W30°4 69% S7I5k3AEt. o= AEA 7159
2] AL Sl AFEE R 0] 7|8 5= betalains7} 252

A2 Stoll ] 225l Aufolct (Stagnari et al., 2014)

et al., 2009), EZt H|HE} 57|11 Abo] 9] it AES
E=Auio] 2715 H2A7Y s ke S
Z AT} (Ojeda et al,, 2002). Stikic et al, (2003)%= Eu}
¥ (Lycopersicon esculentum Mill,) o] T3t PRD A 2|1
AAIEISIEE, PRD A 2= Bi2]E 2502 thro] P
719} A7) E bl ARk ARAgE (84 30% A%t
A&, A E-S Fgote] 1097 A2gt £ 10¢ o]
Foll= Nt = A2fsieiet, A2, BvbE v o) A
< 252t PRD A 2oflA] 23t 2ol 5 UEhfiA] 23te
o, & =2 PRD A 2]5LollA] =3kt Lycopene ©9] 7
91 YaT9} PRD Helo|A] Rol3 ol LiehA] 2t
T}, Castellarin et al. (2007)-2 3% (Vitis viniferaL,)o] tj
sff Aw7} Wl & HlelE T= A7 2 A A (ED,
early deficit) ¥ H|g|& 25 & 8 A *]7| (LD, late
deficit)et A3}, 428H7] k2 )27, ED, LD A&7l A
77} 6,73, 6,48, 5,62 kg grape vine o]H, Hujjo] FAl=
Z}7} 1,11, 1,06, 0,969 g o= LERETE o]} 3|, 2 23
Ae]E &3l anthocyanin AH/dol ¥olshs thadet aa
S (F3H/DFR/UFGT/GST) 2] W&o] 22 wo] Z=77 U
anthocyanins (delphinidin, petunidin, malvidin, tri—hydroxylated
malvidin—, petunidin—, delphinidin—3—glucosides)2] 3}
o] Sti=l=dl, 53] ED7} LD A& ® = anthocyanin A3}
3 SR & Y UERH, g4 AR AR 7
AL Aol AEFom JIFe U

2 FAth (Castellarin

et al., 2007). Favati et al, (2009)-2 EW}E (Lycopersicon
esculentum L, Mill) A5 A7 2t S 7o s
Ak, A/dNgt Aol A Fulf =S At (B
100% A ] & Ful o] w|#HFHEl 50% A e))= ZAN (5=
SAHAA 1005 At v]aE of el 90% ololm,
vitamin C ¥ lycopene, B—carotene 5 7}ZE|0|=A 3}
=9 ol ARMIN7E Aol Blsl =& ol
T}, Pernice et al, (2010)2 EulE A8l A] 2k} (fruit setting,
42 109 ) 5 2ebl Hel, Agws) A (152 18] 200
m’ ha 4, % P7HF 1200 m’ ha), AAEN HE) 1%L 1
3] 200 m’ ha "4, & F7HaF 2400 m’ ha )3}o] FHAtSHEA

A& Brrelelt), A2, Fal Aes ErkES k2
B o] =A| SRhE ohE SR AlRME 7 v £
Aof| o)} oF7]= abscisic acid =717} o2 # (ethylene) &Y
ol FFE FAL o] W 7hEE| o] =A| S Aol
Z)=] Qi) (Pernice et al,, 2010), Patané and Consentino
(2010)-2 EU}E (Lycopersicon esculentum Mill,) Aul A
T8 ABSHA A AgE WAl whE A-E UG A, 1)
9] vitamin C g AFHE B 4 oA =T
53] 72l7] AEF A SR 50% A 257t (100%
Aol vlsl ==t F 7, AT ol 2ot
2}o] ¢1o] vitamin C 3HEFO] 14,09 mg 100 g FW o]l A] 39,51
mg 100 g FW &2 Zo =it} E3F Wang et al, (201 &
W& (Lycopersicon esculentum Mill,) Au] A] AYSoHAE
(T1: ZAAI7] 1/3 =30, T2: FAA]7] 2/3 =3,
T3: 708t W A A7) 1/3 22, T4: 70SF 9 oA
9 A7) 2/8 N, TS s E A7) 1/8 i,
T6: < 9 A7) 2/3 ) TN ool WE
FHEE 5= BrIeksich AtAT, wolE W AR~

£’ 270l A T3, T5, T62] lycopene, vitamin C 352 tf
Zto] Blsf 9.8~29.6%714] F7FsHATt. o|eh -2 A=
2 Aol w2 g 3 ST EvHES] lycopene &
FZ AR Aato|oh (Wang et al., 2011), EHH, GHZ o]
- THA o tisl W Al 7|9} = A5/ 0] STk ] o
2ol vitamin C&} lycopene®] B4 HAA|71A ==,
T3, T5, T62] 739 A o] Yo} vitamin C2} lycopene =
A Zojol] QL FUL Aol STt (Wang ot al.
2011), RFH= 100% #HO] 79 o] gt 21sa
(shading effect)S SA|Z| 22 vitamin C2} lycopene $+
Fo| At & 6. & Folx|A| Et} (Toor et al,, 2006; Wang et
al,, 2011), 1222 Wang et al, (2011)2 & 2 &aF 4
&, 2 4 55 1EE o 2 WS AiEer
A A4 1/3 iz 2/3 W P2 Sl A F
3}t Conesa et al, (2016)-2 & X% (Vitis vinifera L)
Al Al 2T (SR 110% #7H), RDI (Hl2lE o] %
th2-9] 50% TH), PRD (H[&|E o]F th=79] 50%5 H-
e A7), NI (PN, A 9 &7 El
Aol W2 2Fa A N Aol w75 A o
B71skE), A Z21 flavonols, flavan—3—ol, stilbenoids,
anthocyanins, SPC (soluble phenolic content) $F&F-e ~5
A9 Aol A FHE e, 53] PRD A& 9] AL 7|5
A oA o et vHE 2 AeE debhed,
RDI2} PRD A 2lol 4] 25l 4-Hefo] Fshelehs PRD 7|
2|7} = 72 9] anthocyanins®} resveratrol 2] $HaF2 T
=0)= A 0 Z UERITE Ripoll et al, (2016)-2 ENFE (Solanum
Iycopersicum L) I 9] B ThAH(cell division (CD), cell
expansion (CE), maturation (MT)]2 22| 60% $~=2

AL
o
oM,
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2 RS aue Ay 1% 71 lutein $FE 4 (CD:
18.3, CE: 28,1, MT: 43,6%)3}1l, B—carotene $Fg-2 CD #]
gtol A SRkt 1y B 7hRE o= SRjtE,
ascorbic acid 52 & &7} A&S YeERYX] 93k (Ripoll
et al,, 2016).

raa
et al, (2013)-& FAY (Triticum durumL,) A8l A] T7Y (1),
T (NI, Q7911 5]-8)of| b2 Ake=4 ks 3
7¥gt A}, Simeto 50| NI 2715}ol|4] & 7= E| =0 =4
3kelE sleko| 15~20% =4, total tocols (tocotrienols X
tocopherols)2 10~15% ZHS H I3}t thE #££9]
5ol FFS WA kol Simeto FE4} F o] Rt
o= FHY FE9 ol AEA Y 2HE 229 AR
31k A8 Apolof 7] 1gktaL 33T}, Marok et al, (2013)
° W3] (Hordeum vulgare L.) 27l &% (Express, Saida)°]|
el A A7t 23 tiAEE ol mlAle FR=
BrFstodeh, A A el o 16 SHE AAISkIT
txo] A9 8YUt A4 B AAlstlen, +EAY
Al S 8Y SatHA Ysith A AT, tix
of B3l 22 A 2]Fof|A] violaxanthin, antheraxanthin,
zeaxanthin, lutein, 3—carotene, a—, v—tocopherol, glutathione,
ascorbic acid 30| Z713}3t} Express £59] 7S Saida
FE20]| H|3 glutathione} ascorbic acid THgFo] ¢ =ko
™, Saida &£9] 79 ascorbic acid TS 2510 1|3
A A Al gaslet, ol 2709 FARF Fol 7
2EY 2o tfsf| ohE FEE Lol 4ksl 712t glof
THEE HojEtt (Marok et al,, 2013). Aninbon et al,
(2016)-> W-F (Arachis hypogaea L..)°|| Tt Ajuf S0 4=

2 Ago] g3l 291 vl SIS Al AL 9%

2= B AEHAQ| HEF  Fratianni

2 WSk, AT, A e Y el ¢
HAG BAGl0] B Hs R FFE TAAA

o}, Sl 7)ol HlE SRbE el B SHE
o}, J2eEE gl ohE A=A W #Hlewd ok o
< FF, A=A B9, AR o wet 247 = A verd
t} (Aninbon et al,, 2016). Lahoz et al, (2016)2 &7 =
o] EulE (Solanum IycopersicumL,) ZZH Z 2o u|2|=
P B7IRE Adat, BEukE 3 W lycopene TR WY
o, Aol BARlo] S04 ol ufef ol Lrehiic,
lycopene Frgo] =2 2o A2zl FF-& WOl =2
Ag] ol Al lycopene®]| RobAl= ZFollrt ARbHow
#2A 2] (100% ETc)oF 4=+23 A2 (75%)7F lycopene 3
GHjol7} folat 2L ogen HTee] 10047} K 7
- lycopene gFgo] Al ko] 3l=t] o= 100% ETc
olite] WA Helr) & B LB ycopene TS
AN 7= 314 a7} (dilution effect)S -S-1¥HgIThal SFQATH

2 OAEA BB SR AL AE YRANE
= Q728 4 glov 8A W RoS 4L

S AkehA AEY A opy|Ritt, AE2 AEY A gieS
<]

AR, SEAEY AV Y A= 52 AR wt v
o2 yepytth, I8 B2 SujollA 715 tiikE

=
A o T s AR SR A EA s vt

it

UV-B AEF|A (Effects of UV-B radiation on accumula-
tion of functional metabolites) UV-BX ZHEA]| Ujof| A
ROSE AR 2 A EEAT) TS AR Aud s
£ olosln Age| olAAS Saslelel 48 27 ) 2
Z} AR S &£2S Gk}t (Eichholz et al,, 2011;
Martinez—Liischer et al,, 2015; Nenadis et al., 2015). 2=
O] Uv-Bol| tfgh HH A1 B SRk~ A|2£9] 3L (vacuole)
Woll A== UV-B FralteEs9] AR Stholw, o
A3t 3RtEl= 8 UV-BY| 2HE 24] 332 1A
7= Hl=4d ahEo] Atk (Berli et al., 2012), UV-B= &
2 A8} 1A Sepe] 74 o8 4 9LOL phenyl-
propanoid, flavonoid AJgHA] A= W B 71X] A FA[PAL,
CHS (chalcone synthase) 512 842 ZA1A A4 3,
E=dul] W flavonoid 32 =21t} (Alonso et al,, 2015;
Berli et al,, 2012), ©]of| thgt Wf-8-5-2 Table 2 & o2} 2,

A#| 2 Becatti et al. (2009)2 EH}E (Lycopersicon
esculentum L,)ol| A B33 UV-B A 2]7} BEntE Hujof 7}
EEol=A SRtE 4ol nAl= IS B B
g o] Aol ] =27 (mature green stage), HA17] (breaker
stage), ¥<:7] (red ripe stage)oll WS AF5to] TS
37Kt A3, UV-B Al glof| vl UV-B #|2]7} 27|
Aufjol| A & 7FRE]=0]=, lycopene, [3—carotene, lutein
ko] =9FT}. Becatti et al, (2009)+= UV-B A 2|7} o€l
e AT =N dufo 7hRE| ko] EA| SRHE S
FFE T, 2 FFolA= ol2fglh §hgo] thEA Yl
o o] UV=B7} g3l Ao ddit= 5352308 712 E
o|=A| IgHE ol Y & o STkl Skelt

Eichholz et al, (2011)2 UV-B A&7} 98] (Vaccinium
corymbosum L,) @] Fl=4 ShekE ol vA= J3F

oo

O
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Table 2. Effects of UV-B radiation on accumulation of functional metabolites in selected plants.

St
Crops ress Plant parts Functional metabolites Effects References
treatments

Arabidopsi a-ti herol, polyamine,

& I_OPSIS, . Artificial UV-B Leaf 0cOpherol, p .O vamine Increase Hectors et al., 2014
(drabidopsis thaliana) flavonoid
Barley . .

Artificial UV-B Leaf Anthocyanin, Flavonols Increase Bandurska et al., 2012

(Hordeum vulgare L.)
Blueb

ue erry Artificial UV-B Fruit Phenolics Increase Eichholz et al., 2011
(Vaccinium corymbosum L.)
G -t herol, y-ti herol

rtalp.)e o Artificial UV-B Leaf d-tocopherol, “y-tocopherol, Increase Gil et al.,, 2012
(Vitis vinifera L.) phytol
G ;

rfq.)ew?e. Solar UV-B Fruit Total anthocyanins Increase Berli et al., 2012
(Vitis vinifera L.)
Grapevine a-pinene, 3-carene,

. Solar UV-B Leaf . Increase Alonso et al., 2015
(Vitis vinifera L.) terpinolene
Gr%l;’)evi'ne' Artificial UV-B Fruit 1) Neoxanthin, B—'carotene 1) Increase = Martinez-Liischer et al.,
(Vitis vinifera L.) 2) Zeaxanthin 2) Decrease 2015
Mulb

uiberty Artificial UV-B Leaf Chalcomoracin Increase Gu et al., 2010

(Morus alba L.)

Strawberry tree

Solar UV-B Leaf
(Arbutus unedo) o -

1) Total flavanol
2) Quercitrin

1) D
) Decrease Nenadis et al., 2015
2) Increase

Sweet wormwood .
o Artificial UV-B Leaf
(drtemisia annua L.)

1) Carotenoid
2) Total phenolics, flavonoid,

1) Decrease Pandey and Pandey-Rai,

. 2) Increase 2014
anthocyanin

Tomato .
. Solar UV-B Fruit
(Lycopersicon esculentum L.)

Carotenoids (lycopene,
[3-carotene, lutein)

Increase Becatti et al., 2009

& Aol AEEAL 2] S8 F 30 cm Ae)
ofA] UV-BE A<= (0,075 Wh m 7)), 145 (0,150 Wh
gJ5ieh, A--23, UV-B A4
o s SRtEY d L
T8 UV-BE 2AF Asisie o 7 #=3dth o=
UV-B #|2]7} phenylpropanocid 7 =2] 4] G491 PALS]
F718 oprIsto] sl Al SeEe) ARAS T ERo R A
P o] FriEThaL sH3ich

Gil et al, (2012)-& LU (Vitis vinifera L) 2of tjjsk
UV-B oS Bobslslch AR HlT 05% o4 UV-B
T4 W HiAD, A42E0] UV-B (1641 8,25 uW em ), 114
9] UV-B (4417} 83 uW em )& 3}9100], UV-B 2] &
oz ofRlolah A4S AFSto] AR kS W7
sheith. gy, 4let AEHARRE 25 HEsh= g
AFs1Ad 9] diterpene E21Q1 a—tocopherol, y—tocopherol,
phytol& EELLE Qo] 14:20) UV-B7} A2l o] 27Hs
AT}, 314529] UV-B A1) 72 H4422] Uv-Be} sl o
v—tocopherol®] o]1QlofA] 1,9l Zof, Ad<Slof| A<= 3.3l
SH=Ee™, 2o} v Alof= of¥iglolA 3.68H, /3
Z=010j|A] 6,18l =]t} $1H, sesquiterpene (a—farnesene,

trans a—bergamotene)~=> o1 31} A<559] 7hof| ZFo]7F $13)

t}, Z]9F4 9] monoterpene?] a—pinene, terpinolene, carene
< UV-B AzjqtollA FEE A oU txoA= HEEA
Ut E3F o5 EAE o/, A5l 1l Atol= ¢l
o} Aj4520] UV-B 4217 o] 31520) UV-B Azl
A 2 ok o) 71 S715194ek, oh= 2 2ol ok UV-B
o U} ROS W40 <HE 27 o] A olukge] 2]
S 9l AlEaAE 2ahuA 27} thAE e Aol 2
AdstEl Zef| 7]¢let Axtott (Gil et al., 2012),

Bandurska et al, (2012)-2 UV-B Z|2]o]| W= X 2] (Hordeum
vulgare L.) 59| 22} thAREE 2] A5-E AASHIH.
UV-B #g]= 25 Aww He] g i8] 24 kJ m ™~ day
FEOE 1Y AT 1097 AT, AT UV-B
2= RHE|o| A 4CL (4:coumarate—CoA ligase)d] TS
S A=Yl o]+ anthocyanin ¥ flavonol @] &2 1} o9
AL UERNTE E3) flavonoid S-S trans—CA (trans—
cinnamic acid) 258 4CLO| Fulj2H-g- 5ol sl A=
=4, °ol& 3l UV-B A2JoflA] anthocyanin®] a2
UV-B F-x]2]te} H|wg of UV-B A 2|7l A oF 4uff S-7,
flavonol e oF 38% 7} Z7151% Tt

Berli et al, (2012)= E= U5 (Vitis viniferaL, cv. Malbec)
o] dujj Z&lof gt gjg UV-B A&] (+UV-B)2} UV-B
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A 2] (-UV-B)oll Z+2Z} ABA (abscisic acid) 2]  (+) - F
(D)ol W& #Hl=4 sRtES Brbsksich Ay, ek 5
72 W 126 (4=8H & +UV-B/+ABA #2]7-2] & anthocyanin
A= ~UV-B/—-ABA A 2|7+ thH] 96,8%, 29.7% “53F3
o} +UV-B A8]&= 2E anthocyanin BJEA| (glucoside)S
Z A F O +ABA= ¥ nonacylated, total delphinidin,
cyanidin, petunidin, peonidin®]] ot S a3t el
Berli et al, (2012)& +UV-B2} +ABA A 2|7} H|g|E o] A 9]
anthocyanin Z 4ol 244 GRS Lepe] 28h 4714
=& 9] anthocyaning FAAXITHL 3H{T) ERE +ABA
9} +UV-BE= EZ X9 9] phenylpropanocid®} flavonoid Y gHd
AZe| AlE (PAL, CHYE BASHEO2A O 5]
gFe wgat s B3Rl BRS SOt 619
t} (Berli et al,, 2012),

UV-BE T 5491 87 Q4R |9 452 5% F
Al7E, AE, I Z40f Wl oh2 ) (Hectors et al., 2014),
Hectors et al, (2014)= ZH=9] UV-B A-3HH-3-2 H7l6H]
3l W7 1AN (Arabidopsis thaliana)ol] t3f UV-BE 124
A2 AR, 2, 8, 4, 8, 1297 A )l 247t A 25t
3L 20A17tE] BT |7F Sof| thAREE S ARSI ¢
T3}, UV-B -4 2] 9} Bl off UV-BA|2]i= a—tocopherol,
polyamine, flavonoid®] %2 7} Uehdeh 53], A%
3 Al a—tocopherol>- WHEA| 2 E|1L o]= A
% ZoE 3o} polyamine®] Aol QA|HOR W=
HEoict. B, flavonol & 24402 ZHEor}. of2]
22 AR Y] S el 2HE9] UV-Bof| thgt 452
o] T4l o, HHA o7 B AFZolA A==
LA gt £ A= 2Ha9] UV-B 2-3-Hg o] =
Ae oA Hd o vkl skelr
Nenadis et al., (20152 UV-B nZof wE Tt
(Arbutus unedo) 19| #l=/d okt =& 78kt o
TR WS UV-Bo] AAE (4.2~34.4kJ m ” day )
o8 =E5130S o) 99| F flavanol 9Hg- UV-B7} At
A e]7-e} Hlusto] ZHAaskgint, ol UV-B7} flavanol ©] A8
g Aot Tz Hololl FaFe 7] dlmelh A QloflA
quercetin®] HJEA|Ql quercitrin S F7FFA=T, ©]
+ quercitrin®] 2G5k =2 kAL a3t 9 UV-B AEH A
ofl thgt Fef A 2= W5 2H5A171= quercitrin®] 7]
BHAE ) (Nenadis et al,, 2015),

Alonso et al. (2015)= =2 (Vitis vinifera cv. Malbec)
1o thgt UV-B Q& AtollA] AHd UV-B A Al ¢l
monoterpeneA|E 2] a—pinene, 3—carene, terpinolene
& SUE Bastele), ol 2HEA7E Uv-Bel 25t &4
2|2x3fsl7] Qlel Ho s Sl Hl=3A| 21k (terpenes)
SHAIZI= F2b712ol AL skl
Martinez—Liischer et al, (2015)+= 4~ Z ZA3}o]A

d

o e o ol v
o

o

Mo mo o >

UV-Bo| Wt E= U2 (Vitis vinifera L, cv, Tempranillo)
28 Re-& AFtekqlt), =L Hull 2Raol| A e A4
%A 7|74 UV-BE 3422 (0, 5.98, 9.66 kJ m ~ day )of| =
SAF e, o7 20E A (285 oF 80%)
2 AW (BaRelel 50w sk, A7, Uv-B7}
A & AP ) LU 99 neoxanthing:
thA]71H, zeaxanthin =5 A FCE B—carotene
A% o5 e GoLoL UV-B M2l o) 2ok, &
3], Mgk &4 UV-B &< &9hE (MEUVAC, methanol
extractable UV—B absorbing compounds)¥} &AL 491
SOD (superoxide dismutase) = Zt]j%]3ich,

W, it 9 oFgAHES] lojA o] UV-B A2] &8
B QT Guet al, (2010)= @32 HFe Aoz &

2 WA (Morus alba L,) 9] det UV-B A2 A+E 4=
yarqict. A2, UV-BE A 23S off U QlollA] 3
A4S UJEM= chalcomoracin®t 71 A-+%2121 moracin
No| ghafe 7424 0.818, 0,352 mg g O XA AT, Gueet
al. (0102 UV-B A2} orghze] A2 Fofet] Sl
AMgE 4= Qlokal Ea18l¢itt Pandey and Pandey—Rai
(2014)= UV-B A& A| /&L (Artemisia annua L.) 2] 22}
AR 22 AE AN 2T} UV-BL 2.8 Wm * 523
02 2A el T AL Q9] shRelol =) SE
L UV-B RA T o] sk, Aol EAa)
+ sesquiterpene#| G Q] artemisinine 7}ZE|=0|=A 3}
TE AW ANHEEE SRkt Uv-B Aof 9Jsf
artemisinin®] AJgHdo] LA A A 7R E] 0| =A| 3}
= o] Adid e g gastA Hokar sigick vh, 3 )
=4 31¥HE, flavonoid, anthocyanine UV-B F-*]2]2} H]
w3k o), UV-B 2417+ A2] T 7}7H97, 103, 15% 27161,
BAIZE 712 T 717t 98, 103, 4% F7}5}ATY, o= UV-B A
2o ©hE & H=Ad 3FHE, flavonoid, anthocyanind} 2+
< UV-B &5 &4 Aol 71Q1gtthal siele), kb, &
chlorophyll ?F-2 UV-B 3AIZF A 2| e = FoJ3t o
B 3asigled], oleh 22 AikE ST o, Lol o
g UV-B 3AI7I7HA] 9] 1o 22 7hHle AEH AR 218510
FHA 7179 42 gl & ek oby e} 23 thAREE 9]
252 ¥ oM mbaolekn B kL

M ol ofN

UV-B AEYA =gt UV-B == A ZEA] Y ROS
7h B Ele] ML) 52 oIsh A e ¢Sk
UV-Be| gk oA Al 243zttt o] of HAilstas 9
FiskEd S, UV-B SrafgtaEsol A9 Agd
TolAe A= ASHA 5 == HElE Al7]ol UV-BE
Aegro = Tale] tee] 7154 diEE 58S f
shaL Qirk, o] T2 749 Hubd o =g 1 ZAo] Fri=ut 2
=Y FFL}HS, UV-BY| 7, A7t 5o 2o whet
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A Am o2 dehgeh, TER G5 7164 Ak
Ch w2 AR 919t UV-B 282 o] 24
2 @7} o]0l T Sl Hgo] 7hs Y FloR W),

i

1E A

o

Conclusion

2 =Rl 3z (=8 9 Uv-B)Y Aloj7} 2
W 715673 tiaRE A o] gl w|x|= Gkl Het =] A3
AFAIES s, 7154 dAREA o - B E
RS $13t 712 AR R Egataiz) st At
S FE ASUAER 3 AEHA 2S 245t &
9] 7154 dAREA Sdof st AATES AAlekaL
ALt AEFF, FF, AEY A FE e W Ao et 2}
o7} Qo ZE-2 =B A 9 UV-B A 2]of digt 251
o]712te] E3ks Bl 24 tjaRE A o] TS F43] S
A7l A vebdc), vjE 5224 9 UV-B g
ol 22 gl o9 gE 2T S o ol 715 o
AR L] F2o] SuiE ARV AE Atolahs B
94 T AEQ BAA 7] S Bl SE5] Hebd
U= FEo & getEch % 7)1 e A e oRF e s
g AAES Qe A AT IES S-8-510] ol A

Abbreviations

4CL, 4:coumarate—CoA ligase

ABA, abscisic acid

CHS, chalcone synthase

DI, deficit irrigation

ED, early deficit

ETec, crop evapotranspiration

GST, glutathione S—transferase

LD, late deficit

MD, multiple water stress

MEUVAC, methanol extractable UV—B absorbing
compounds

MWD, moderate water deficit

OD, one—time water stress

PAL, phenylalanine ammonia lyase

PRD, partial root zone drying

RDI, regulated deficit irrigation

ROS, reactive oxygen species

SOD, superoxide dismutase

SPC, soluble phenolic content

SWD, severe water deficit
TPC, total phenolic content
trans—CA, trans—cinnamic acid
UFGT, UDP—glucose:flavonoid 3—O-glucosyltransferase
UV, ultraviolet
WD, water deficit
WHC, water holding capacity
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