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Abstract carotenoid to the total carotenoid contents of kale leaves
was 51.4 for lutein, 4.44 for zeaxanthin, 2.76 for a-carotene,
and 41.4% for [carotene. Total carotenoid contents
showed a significant reduction from 7 days (1,037.2 mg/kg
dry wt.) to 10 days (887.8 mg/kg dry wt.) in WS treatment.
The lutein content did not show a significant difference in
WW between 7 and 10 days after treatment but showed a
significant difference in WS treatment. The a-carotene
content showed no significant difference between the
treatments. However, zeaxanthin content was higher during
4-10 days and [-carotene content was lower during 6-10
days in WS than in WW on each harvest day. In WW, the
proline content showed no significant difference, but in
WS, the proline content started to increase at 7 days and
almost doubled in 10 days.

CONCLUSION : The marked increase in zeaxanthin and
proline contents in kale leaves indicated that the two
phytochemicals are associated with drought tolerance in the
plant.

BACKGROUND : Environmental stress has a major effect
on the growth and yields of vegetables, and can
significantly affect nutritionally important phytochemicals,
causing large economic losses.

METHODS AND RESULTS : The present study was
aimed at exploring the effects of water stress on the
carotenoid and proline contents in kale leaves to understand
drought tolerance of kale plants. Kale was randomly
divided into two groups at 57 days after sowing (DAS). One
of the groups was well-watered (WW) and the other was
water stressed (WS). Harvesting of kale leaves was started
one day after treatment (58 DAS) and continued for 10 days
(~67 DAS). We investigated the status of plant growth (leaf
number, length, width, fresh weight) of kale throughout the
study. Carotenoid (lutein, a-carotene, zeaxanthin, [S-carotene)
and proline contents were analyzed by high-performance
liquid chromatography (HPLC). Our results showed that
the total carotenoid contents ranged from 926.0 to 1,212.0
mg/kg dry wt. (at 3 and 2 days, respectively) in WW Key words: Carotenoids, HPLC analysis, Kale, Proline,
treatment and 887.8 to 1,157.4 mg/kg dry wt. (at 10 and 4 Water stress

days, respectively) in WS treatment. The ratio of individual

M E

*Corresponding author: Sun-Ju Kim
Phone: +82-42-821-6738; Fax: +82-42-821-7142; OO0 (Brassica oleracea L. var. acephala)d OO0 (B.
E-mail: kimsunju@cnu.ac.kr

97



98

Lee et al.

0
NH,

Glutamic acid

(o]
o o @]
HQ/L/\l/LOH _— OH > CHJ\OH
NH; =N NH
5C

O
OH
P2C

Ornithine 2

1

P Proline

Fig. 1. The proline biosynthesis in plants (modified from Delauney et al, 1993).
P2C, delta-pyrroline-2-carboxylate; P5C, delta-pyrroline-5-carboxylate.

oleracea)d OO OO0 OOOO, OCOO0O OO 0OOOO
0 (Balkaya and Yanmaz, 2005). 000, 000, 0000,
00000 00 000 0000 000 00 ooo oo
0 OO0 O0O0O(Brassicaceae)d OO OOOOO OO B
oleracea D000 000, 0000, 00000 OO OO
(Podse-dek, 2007). OO OO 0OOOO OOOO pO0O
0 000 O0O(USDA, 2002), 00000 OO0O oooo
0000(glucosinolates, GSLs) OO OO O0OO0O0O OO
(Schmidt et aZ, 2010). OO OO O, OO0, OoOOO O
00 O00O0O(Heo et al, 2015).

000000 (water/drought stress)d OO0 0000
00 00000 00 ooob 00 ooooog. oo o
000 OoO Ooooo Ooo ooobooo oo booo
0 00000O. 000 000 ooo 0ooo Ooog ooo
00 000 0000 000 000, oo oo ooo o
00000 00000 00Ok et al, 2005; Xiong ef al,
2006). DOOOO0OO OO OOOO OO O(species), O
0 00O 000 00 00 O oo,00 Oob boo bo
000 OoO0O(@ray, 1997), 00O 000 00O 00O OO
O OO0 OO0 0O00(Zhy, 2002). OO COOO OOO
0000 U0 OO0 OO0 O00(Seki et al, 2007), OO
(mild) 0000000 OO0 0000 OO0 OO0 OoO0O0O0O
00 000 0O00OD.000 OO0O(severe) DOOOOO O
0000 000 OO0 OO0 00 0000 (Finkelstein ef
al, 2002). OOO0OOOO OO OO0 OOO OOO OO
0 000 000000 (phytochemicals)DO OOO0O0
0,000, 0000(Abscisic acid, ABA) 00O O0O.

00 OOo0O0O00O0 OO 4000 OO OO OOO O
0000 polyene chain OO 1500 000 OO0 OO0
000 (Hirschberg, 2001). 0000000 6000 OOO O
00 000 0000, 0000(1ycopene), 4-0000 O
O hydrocarbon 0000 OO0(utein), O0OOO0O
(zeaxanthin)d 0000 xanthophylld OO0 (Jaleel ef
al, 2009). 0000 0000000 OO0 isopentenyl

pyrophosphate (IPP)0 OO 4000 phytoene OO0 O
0000 O0000(Fig. 2). Phytoenel OO0 00000
0 00 000 000000 0ooo,000 0o 0oo o
00 000 0000 0000, p0000 0000, a
0000 0 000 000 000 000 0oooo ooo
0(@®), 40000 000 000 000 OD0O0DO0 0o
00(@). 000 000 0000 o0o0oOoooo ooo
0000 (nmeoxanthin)(@)0 000000000 OO0 O
00000 (violaxanthin)(@')O xanthoxinO O 0000
(®, ®) 00 000 00 ABAD 0O0O0DO(@)(Seo and
Koshiba, 2002; Ha et al, 2012).

000 0000000 OO0 0ooo oo oo oo
0 00 00 000 oo0ooo, 0 00 o0o oooo.
0 00000 000 000 OO0 DoOoooD oo ooo
0000 00000 0000.0 0 ooooooo o o
00 00 0 00000 000 Oooo. 00 0ooo oo
00 00 000 00O O00U0 00O oo0o ooooo
00 000 0000 OO 000 DoO0Oo Oobo ooo o
000 00 000 DO0O0O00@Mong, 2009). OOOOO
00 00000 000 00D ODooooo oo oooo
0 000 0000 00 00 000 O00(Hare et al,
1998). 0000 0000 0000 (glutamic acid)(1.1)0
0000 (ornithine)(1.2)0000 OO00OO, OOOO OO
(00, 00O, 00)0OO OO0 DODoOOOoooOo oooo
(Delauney, 1993)(Fig. 1).

0000 — P5C (delta-pyrroline-5-carboxylate)

—000 1.1
0000 — P5C/P2C (delta-pyrroline-2-carboxylate)
— 000 12)

0000 000 00 O00(compatible osmolytes)d O
(Kishor ef al, 1995) 00 O0O0O0 OO0 0000 OO
OO0 (Mansour ef al, 1998) 000, 00O OO0 OO
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Fig. 2. The carotenoid biosynthesis in plants (modified from Bartley and Scolnik, 1995).

000 (Verbruggen et al, 199¢), OO0 000 0000
00 0000 Peng ef al, 1996; Bartels and Sunkar, 2005).
00 00 000 0000 (Rajendrakumar ef aZ, 1994), O
000 000000 Rudolph et al, 1986). 00 00O, O
U0 odb oob obobo 0ob obob oob ooooo
0 00 00000 000 000 O00(Verbruggen et al,
1996).

doooonD oobod 0 0 ABAOOO O0Odog o
0 000 0000 00000 OO0 Uoooo ooooao
0 000 0000 (Finkelstein ef al, 2002). 00O OO
000 00 ABAO 00O, 000 OO 0OOO OO ooO
U bodobd oo bd, ubd 0o 0o 0o oo go
O O0O(Seo and Koshiba, 2002). ABAO 00O OO0 O
U oood dbd oo Oob oo oob oo oo boo
0O 0 000 00O(Bray, 1997), OO0 OO0 OO OO
00 000 000 00,000 0000 Oo0oOoOo ooao
00 (Zhu, 2002; Bartels and Sunkar, 2005). OO O0O0O
0 ABAUO 00O 0UO0OOOODO O OOO0OO ODObOODOOO
00 000 xanthoxind OO0 0000 (Fig. 2)(Seki et al,
2007).

2000 OO0 OO0 OO0 OO0 oOoOoOoOoOo oo oo
U0 00 0obo oo bobobobo oo gog go
00 00.00 00 000 000 0ooo oo ooog o
god odb 0o bo bob ooubo boboob go.

ood 000 ooooooo oooo ocogoooo o
ud ouo ooo ooo ggu oooooo,ooooo
oo goooo.

Mz ¥ U

Alet

Dicholormethane (CHCl)O Merck KGaA (Dermstadt,
Germany) 00 00000, ethyl acetate (CH:COOC,Hs)O
Burdick & Jackson (Ulsan, Korea) OO OOOOO.
Borate buffer (0.4 N in water, pH 10.2), OPA reagent
(conc.), FMOC reagent (conc.), 22 amino acid 0000
Agilent Technologies, Inc. (Santa Clara, CA, USA) 00O O
0OO0d. aCarotene, [Scarotene OO0OO Wako Pure
Chemical Industries, Ltd. (Osaka, Japan) OO OOO0O0O.
Ethanol (C;HsOH)O hexane (CeHi4)( Fisher Scientific
Korea, Ltd. (Seoul, Korea) 0O O000O0O. Methanol
(CHsOH)O ].T. Baker Chemical Co. (Phillipsburg, NJ,
USA) 00O 00000, potassium hydroxide (KOH)O
Daejung Chemicals & Metals Co., Ltd. (Siheung,
Korea) 00 O000O0O. Sodium phosphate monobasic
monohydrate (NaH,PO, H;O)O lutein, zeaxanthin [
000 Sigma-Aldrich Chemical Co. (St Louis, MO,
USA) OO0 00000, trichloroacetic acid (CCl,COOH)O
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Samchun Pure Chemical Co., Ltd. (Pyeongtaek, Korea) [
0 ooooo.

AL o Y ~EAE A X2

000 OOTBCD OOOOO(Asia seed Co., Ltd.,
Seoul, Korea)JO OO0O0OO, OO0 OO0@OOOO OO
0)d0 20150 80 1900 OOOOO. 000 OO00(plug
tray 720)0 000 OO0OHigh, (O) 00O, 00,00)0 O
0O 0 00 000,00 00 00 00 000 0o oo
00 000 000 Ooobob. 00 oobo oo oo oo
00 00 00 00 0O 000 0o 0o oo oooo o
00 0,000 0 00 000 000. 00 0 210(days
after sowing, DAS)0 120 00O O 000 OO0 9 00O
0000 00 000 00 000018 ecmx18 cmx20 cm)
0 000O00. 000 200 00 0 o000 ooo oo
0.0 0000 000 000 00 00 249C, 00 20%,
00 321 pmol-m?-s'000. OO0O0OOOO 57 DASO
O 0000 000 (well-watered treatment, WW)O OO
00000 (water stressed treatment, WS)O 00 WW O
0000 00 bO0OO ooo oooo, ws ooooo
0000 00O0. 00 00 10 00 58 DAS(1 day)0O
WW 0000 WS 0000 100 O OO O 100(58~67
DAS) 000O0O0O. 00000 O 6700000, OO0 OO
00 0oooo@o, 00, 00, 0o0) ooo o, 2T O
O 000 000 (SFDSF 12, Samwon Freezing Engineering
Co., Busan, Korea)d 0OO0O0 00000 ODOOOO O
0 000 oooobo ooooo.

FI2E|L0|E =&

000000 00 0O 000 O 0ooooo ooo oo
00 0D0000(Kim ef af, 2015). OO0 OO 500 mgO O
000 50.0 mL-Falcon tubed 00 ethanol (5 mL)O O
0 0,0000(vortex) 00 ODODOO(75C)00 500 OO
000. 80% KOH (1.5 mL)0 00 00 0000(@5C)0
0 1000 D0000.00 000 00-05C)0 00 10
0 000 0O0000. 000 000@R5 mL)J hexane
5 mL)0 OO0 0000 O 0, 0000000 rpm, 3
min)000. 000 O0Ohexaned)d 0000 0000
000 000.0 000 0000 030 00 oooo o
0000 00 0000.00 0000 00 0oo@ot)o
000 00, dichloromethane: methanol=50:50 (v/v) 1
mLO 00 sonicator00(0 300) ODOOCOOO. OOOO
000 045 um hydrophilic PTFE syringe filter(0 O 13
mm)0d 00 O, HPLCO 00O vialOO 00 HPLCO O
oood.

FI2E|0|= HPLC 24
YMC carotenoid C30 column (250x4.6 mm LD., particle
size 5 um)d 000 HPLC (Perkin Elmer Flexar, Inc.,

MA, USA)D O00000. 00000 OO0 O0(detection
wavelength) 454 nm, 00 (flow rate) 1.0 mL/min, OO
00(column temperature) 40C0O 00000, OO0 O
O 0000 100yl OODODO. OO0 DOO A [water:
methanol=25:75(v/v)]0 B (ethyl acetate)d OO0OO
0o000. 00 000 00 BO 0DOOO0O 000 60%0
oo0O0 400 70%00 00000.900 75%0 OO0
0 20000 O00000.2300 100%00 0000 2800
O Oo0OoOO, 28100 60%0 OOO OOOO 35000
0o0000(@ 0000 350).400 000000 oooo
oo@oo, 00ooo, «000, pFooo)o oooo
HPLC 00O 000 OO0 O0O0OO0 OO0 OO0 00 OO0

0000 00 0 HPLC 000 Agilent Technologies
00 000 000 O000(MHenderson et al, 2000). 00O
00 100 mgh 0000 2.0 mL-Eppendorf tubel 00
5% trichloroacetic acid 000 12 mLO OO O, 0000
100 00O000. 00 0 0000(@5,000 rpm, 15 min,
4C)00 0000 D0OO0O00. D00 00O 045 um
hydrophilic PTFE syringe filter(O0 13 mm)0 00O O,
HPLCO vialdO OO HPLCO OOOOO.

ZE2I HPLC 24

Zorbax Eclipse AAA Analytical (150x4.6 mm 1D,
particle size 5 um)d OO0 1200 series HPLC (Agilent
Technologies, Inc., Santa Clara, CA, USA)O 0000
O0.00000 0000 262 nm, 00 2.0 mL/min, OO
00 40C0O 0O00O0O0. 00 1.0 wlD OO0 ODODOO
10.0 uL O0O0O0O0O, 00000 borate buffer 2.5 uL,
OPA 0.5 uL, FMOC 0.5 pL, water (J 0 0) 32.0 uLO OO
O000. 000 000 A[40 mM NaH,PO,, (pH 7.8)]0
B(acetonitrile: methanol: water=45:45:10)0 O0O0O0O 0O
Jo00d. 00 000 Oob0 BO DODOOD OO0 0%0 OO
00 19000 0000 0O,21.100 57%0 000 000
00. 21.e000 100%0 O0O0O0O 25000 OOOOO.
25100 0%0 000 0000 30000 ooooo@ o
000 300). 0000 00000 000 HPLC peak O
U0 oo oobdo bbb ooo ob googog.

SAHEA

HPLCOO 000 Microsoft Office Excel 20100 00O
00 000 00 000 0000 00 (m=3)0 oooo
(SD, standard deviation)d O00O0O0O. 0000000 IBM
SPSS® version 210 OOO0 0000 0000 (one-way
ANOVA)O 00000, 0000(post-hoc analysis)d O

ooO@o 005 00O OO0 Tukey OODOOODO.
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Table 1. Plant growth of kale leaves treated with well-watered (WW) and water stress (WS)

Duration of

Treatmnet water stress Leaf Leaf Leaf Fresh Dry Water
(days) number length (cm)  width (cm) weight (g) weight (g) content (%)
1 14+1.5abc 26.9+2.5a 18.8+0.7a 113.3+8.1a 129+0.7a  88.6+0.2a
2 12+0.0c 26.0+1.8a 18.9+0.3a 123.6+14.4a 14.5+2.2a  88.3+0.6a
3 14+0.0abc 26.2+0.8a 19.2+0.5a 117.4+14.5a 11.7£3.3a  90.1+1.6a
4 14+1.5abc 25.7+0.8a 18.7+1.2a 135.3+3.4a 149+19a  89.0+1.3a
WW 5 14+1.5abc 26.0+0.9a 17.5+4.7a 120.9+8.6a 16.0+5.4a  86.8+4.1a
6 15+1.5abc 25.1+1.4a 17.8+1.9a 121.0+£21.0a 15.0+2.8a  87.6+0.5a
7 17+0.6a 25.6+1.1a 18.2+0.3a 143.1+12.3a 16.7+2.1a  88.3+x0.4a
8 13+1.2bc 24.5+2.3a 18.3+1.2a 117.8+8.7a 15.7+2.2a  86.7t1.1a
9 16+0.6abc 24.0+0.8a 17.4+1.8a 145.3+15.5a 17.8+0.4a 87.7+1.1a
10 16+0.6ab 259+2.5a 14.7+5.6a 151.5+24.0a 189+3.0a  87.5+0.3a
1 13+1.0a 24.6+0.8ab 16.8+0.5a 86.6+14.2a 10.8+1.7a  87.5+0.6a
2 12+0.6a 25.6+1.4a 17.9+1.2a 85.7+8.2a 10.9+0.4a  87.2+0.8a
3 13+0.6a 24.0+1.8ab 16.9+1.9a 73.5+11.7ab 11.0+2.5a  84.8+3.5ab
4 13+2.1a 24.1+2.0a 16.4+1.7a 66.8+16.4abc 11.8+2.4a  82.2+0.8ab
WS 5 13+1.2a 22.3+0.8ab 17.0+1.8a 62.6+26.6abcd 12.7+3.8a  78.1+9.1ab
6 13+1.5a 24.4+1.1ab 16.4+1.6a 55.7+11.1abcd  10.4+1.2a  81.0+2.4ab
7 13+0.6a 21.2+2.0b 15.0+1.0a 40.5+4.9bcd 9.1+09a  77.6+1.2ab
8 12+0.6a 23.2+0.2ab 15.7+0.6a 43.8+5.3de 94+1.5a 78.2+5.3aaa
9 12+0.6a 21.4+0.4b 14.9+1.4a 33.1+8.2de 8.6+1.2a  72.9+8.6bc
10 13+0.6a 22.2+0.5ab 14.2+0.6a 26.3+2.6e 9.9+0.5a  68.2+4.5¢

“Within each column, values followed by the same letters are not significantly different at P<0.05, using Tukey’s

multiple range test (11=3).

Zo Yo%
Alolo] Ax

WW 000 (well watered treatment, WW)O 67 DAS
(10 days)d 0 OO0 OO0 1600000, OO 259 cm,
00 147 cm, 000 1515 gdO0O(Table 1). WS OO0
(water stress treatment, WS)O 00O 130, 00 22.2 cm,
00 142 em, 000 263 gODOO0. WW O0O00O00 O
OO0 OO0 ooooOoOoo booo Do ooo boobo
ooo.wsoooo oo, 00, boooo ooo ooo
0 0000 OOooo booooo obo oobooo bo
00 OO0 booo,ww Obooo boooo oo oo
000.wsOoo00O 00000 3 daysiO Ww 000
00 000 bOo0o0O ooooobo ooo ooob oo
00 0000 000 0000, 10 days (68.2%)00 00
000. 000(Pinus densiflorad 00 OO0 OO0 OO
0 000 00 000 0oooo o,00 oooo ooo
000 000(Shoot)d OOO(Root)d O(S/R)I OOO
O00@Kim et al, 2014).

SHAEDY AN M2 FIRE|LO|E &2

00 0000 0D0Oo0o0OO0 400([@0o0o, 0ooog, a
-000, f000)0 DO0000.0 000000 oo oo
COOoo0~000)0 wwooooo 9260 (3 days)~1,212.0
(2 days), WS OOO0ODO 887.8(10 days)~1,157.7 (4 days)
mg/keg dry wt.OOO(Table 2). 0 OOO0OOO00O OO OO
000 00 OO0 000 000OG14>4000@414)>00
000@44)>a000276%) DOO0O. WW OOO0OOO
0 000000 000 0000 00 000 oooo o
OO0 000D O0b0.wsOoOoobOoo 7daysiiO OO0
O 000 0000 10 daysDOO WW OO0OO0O00 O
19.2% 00000. 00 OO0 000 00 000 00 oo
0 000 O0000(Lirodendron tulipifera L.)0 000
0 000000 OO0 00000(Kim and Han, 2015).
000 000 (Populus cathayana)d 00 00O OO0 O
000 00000 0000 000000 0ooo e OO
00000 0,0 0D 00oO00bO Oooo O 160 OOO
OO0Xiao ef al, 2008), OO0O0O OO OO0 OO OO O
O(Lactuca sativa L.)O 000000 OO0 O0ODOOO
O 140 00000 (Kang and Park, 2013).



102

Lee et al.

1
!
i s 3
1 1
! 4
L]
o~
-
< . ' .
E‘ w.ww‘ﬂl LA TP L VL W A R — Ui s sty
2
7 1
= ’
-+ |
R 1
E §
4
2
* .

VR i, S

Retention time (min)

Fig. 3. HPLC chromatogram of four carotenoid standards and kale. Peak 1, Lutein; 2, Zeaxanthin; 3, a -Carotene; 4, B

-Carotene.

Table 2. Carotenoid contents (mg/kg dry wt.) of kale leaves under well-watered (WW) and water stressed (WS)

conditions
Duration of Lutein Zeaxanthin a-Carotene [-Carotene Total
water siress
(days) wWwW ws ww ws wWwW ws ww ws ww ws
1 514.4537.1 aa) 545.6+27.4 ab 89.1£18.0 2 70.4£18.2 abe 23.6£2.3a 26.6%6.4a 388.7+85.2 ab 458.5+82.8 ab 1015.8+78.6 ab 1101.1£117.3 ab
2 571.7£39.7 a 575.4+14.8 ab 65.5+33.1ab 23.1%6.5cd 35248.1a 288+l4a 539.6£79.5a 451.4+6.7 ab 1212.0495.5a 1078.7+20.4 ab
3 552.9£31.0a 566.4+27.1 ab 15.6£6.7b 33.4£13.0 bed 21.3£7.1a 32.7H4.2a 336.2£99.6 b 504.6£38.4 a 926.0+140.2 b 1137.1£32.1 ab
4 554.7x116a 584.1£209 a 41.1£9.4 ab 75.0£24.1 abe 31.7£2.1a  286£5.1a 506.5+40.7 ab 469.7+£17.2 ab 1134.1£55.3 ab 1157.4£30.1 ab
5 550.0x16.2a 525.6+10.1 ab 26.7£12.0b 43.1£17.6 abed 26.748.3a 27.4464a 402.0+89.5 ab 425.2+80.9 ab 1005.4+117.1ab  1021.4+£79.7 ab
6 548.0£14.6a 555.2+20.7 ab 229+6.5b 91.0£10.7 a 30.8£2.0a 29.0£28a 463.5£27.5 ab 440.6+26.7 ab 1065.1+41.3 ab 1115.9+59.4 ab
7 557.9£16.3 a 528.8+12.0 ab 29.3£30.1b 84.4£28.0 ab 384+48a 242£20a 538.0£74.4 a 399.7+63.8 ab 1163.5£55.1 ab 1037.2£78.4 ab
8§ 5305£9.0 2 561.6+57.5 ab 2344510 43.8415.0 abed 32.04£3.0a 26848.1a 466.5+20.2 ab 420.8+106.5 ab 1061.4+£36.9 ab 1053.24157.0 ab
9 557.6+278a 532.2+35.9ab 24.3£145b 46.8+13.6 abed 33245.1a 214#58a 512.6+72.0 ab 350.6+77.5 ab 1127.6£91.8 ab 951.1+130.2 ab
10 556.7£11.2a 497.5246.0 b 40.0£13.9 ab 49.0£6.9 abed 31.0£1.0a 40.6£45.22a 470.5+47.8 ab 300.7=46.1 b 1098.3£53.1 ab 887.8x133.0 b
Ave 550.4+15.1 547.2+25.5 37.8+22.9 56.0£20.8 30.4+5.2 28.6+5.0 462.4£67.7 422.2+73.5 1080.9+84.3 1054.1+99.3

“Within each column, values followed by the same letters are not significantly different at P<0.05, using Tukey’s multiple range test

(r=3).

WW O0O00 000 000 0000 0o ooo oo
00 0D00.WSOOODO 000 000 oooo oo o
000 0000 WW O0O0O0O 00000 0 ooo oo
0 OO0 000.000 90 OO0 OO0OO OO ooo o
(Pisum sativum 1..) O 0 000000 OO0 OO, 00
00 00000 O 23.0% 00000 (Iturbe-Ormaetxe ef
al, 1998). ¢-0000 OO0 WW OOOO WS OOOO
0O 00 00/0000 00O OO0 0DOO00 oOoO. ww
0000 00000 000 2 days (65.5)0 3 days (15.6
mg/kg dry wt.) 0000 68.0% OO00O0O0O0O OO OO

00 00 00 378 mg/kg dry wtO O 00000 OO
0. Ws 0000 DO00OD00 000 3 days (334)00 4
days (75.0 mg/kg dry wt.) 000 0O 220 00000
0, 3 daysOO 10 daysOO OO0 00000 WW OO
000 0000 6 daysDOO WW 00000 O 4.00
0000 00 O OO0 0o00.0000000 0000
0 0DOO0D00O 000 480 00000 ((Iturbe-Ormaetxe
et al, 1998). WW 0000 4000 OO0 ‘MO OO0
000 DOODO0. Ws 000000 6 daysdO 10 days
00 000 0oobdo ww 0oooo ooogg, ooo
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Table 3. Proline contents (mg/100g fresh wt.) in kale
leaves under well-watered (WW) and water
stressed (WS) conditions

Duration of Proline
water stress
(days) Ww WS

1 2.33+2.45a" 1.52+0.24bc
2 1.50+0.87a 1.02+0.33c
3 0.68+0.30a 1.55+0.31bc
4 1.27+0.46a 1.49+0.51bc
5 0.95+0.08a 1.35+0.34c
6 1.10+0.29a 1.21+0.37c
7 1.10+0.06a 1.17+0.31c
8 1.12+0.21a 1.74+0.69c
9 1.63+0.43a 2.45+0.35b
10 1.98+0.11a 4.03+0.34

IWithin each column, values followed by the same letters
are not significantly different at 7<0.05, using Tukey’s
multiple range test (177=3).

00 00000 0000 000 o000 10 daysd 00O
WW 00000 36.1% D0O0O0O0O. 00 0000 00O
oooo oo 0O 00 p0O00 OO0 ooooo o
38.0% 00000 (Iturbe-Ormaetxe et al, 1998). WS [
000 0000 «000 00D 0000ooo oo oo
00 ooO. 000 ws oooo ooooo ooo 3
daysOO WW O0O0O0O 0000 0000, 000 00
0 6 daysUO WW OO0O0O0O O0O0O. 000000 00
00 0O 000 00 000 000 000000 ooo o
00 000 00 000 0DO0OFg. 2). «-0000 a0
000 O0O00O00 000D 0bO0o0 ooooooo o
0 00 000 00 0o00.000 poooo poooo
000000 D000 0bOobOob boooooo oo
00 000 0000,00 D0000D00 0D 0oooo
0 000 OO0 00000 ooooo.

LEAEH AN G2 ZE BY

ww Oo0o0 000 00 000 0.68 (3 days)~2.33
(1day) D000, WSOOOOOD 1.02 (2 days)~4.03(10
days) mg/100g fresh wt.0 OO (Table 3). WW 0000
000 000 bOooooo 0o 000 oboo ooo.
WS 0000 000 000 1 daydOd 6 days OO 1.02
(2 days)~1.55 (3 days) mg/100g fresh wt.OJ OO, 7 days
(1.17)00 10 days (4.03 mg/100g fresh wt.)OO OO0O
00 00000 0000 10daysD OO OOO.000 3
daysOO 10 daysO O OO0 00000 wsOOOO O
00 000 ww O0oooo o0od4d, 10 daysodo Ww
ooooo 0O 200 0O00O. 000000 00000 1

dayO 0 10 daysO OO0O0O0 O, WsOOOO OO0 O
oo 0 270 OoOoOOO. 00 000 oo 00 oooo
(Gicer arietinum L.) 0000 OO0 OO0 O00O0O0OO
oooooooo 0 100 00 00000Mafekery ef
al, 2010), 00 OO0O0OOOO OO DOO 0000 Do
O 000 00000 O 400 OO0 O00O0O0Xao et al,
2008). OO OO ws OOOO OO0 OO0 0OO 000
oodo oo ooooo ooo oooo, oo booo
000 00 OO0 0O00O0Xhao ef al, 2008)0 OO0 O
og ggo.
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