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Changes in Contents of Chlorophyll and Free Proline
as Affected by NaCl in Rice Seedling

Kang Soo Lee*. Jong Sin Lee®. Sun Young Choi*

ABSTRACT : The changes in contents of chlorophyll and free proline in the seedling leaves of
ten rice cultivars as affected by salt stress were checked in order to obtain the basic infor-
mation on the judgement of the degrees of salt injury.

The difference in salt injury among the cultivars was clearly observed about 25 days after
6% salt treatment, Chlorophyll content was decreased in both Gayabyeo and Taebaegbyeo for
14 days after different salt treatment as salt concentration was increased and the decreased
tendency was much higher in Taebaegbyeo than in Gayabyeo over 0.4% salt concentration.
Chlorophyll content in Gayabyeo after 0.6% salt treatment was decreased slowly, while in
Taebaegbyeo, deminished very rapidly as time progressed, therefore it decreased by about 16%
in Gayabyeo and 67% in Taebaebyeo compared to the control at 20 days, respectively. The re-
lationship between chlorophyll content and the degrees of salt injury in ten rice cuitivars
showed significant negative correlation at 10 day after 0.6% salt treatment, Free proline con-
tent in Gayabyeo was increased gradually for 14 days after different salt treatment as salt be-
came higher, while in Taebaebyeo, it was increased rapidly under 0.6% but rather decreased
under 0.8% salt concentration, Particularly, it was much higher Taebaegbyeo than in Gayabyeo
under salt concentration from 0.4 to 0.6%. Free proline content in Gayabyeo after 0.6% salt
treatment was increased from 15 days, on the other hand in Taebaegbyeo, it was increased
from 5 days, but rather decreased from 20 days, and it was 6 times higher in Taebaegbyeo
than in Gayabyeo at 10 days. There was significant positive correlation between free proline
content and the degrees of salt injury in ten rice cultivars at 10 days after 0.6% salt treat-
ment. From the above results, chlorophyll and free proline content may be used as an indica-
tive character of intensity of salt stress as well as varietal difference in resistance to salt
stress in the seedling stage.
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Table 1. Composition of water culture sol-
ution in rice plant.

Element Reagent Concentration
{ppm)

N NH4NO3 40

P NaH2P04.2H20 10

K K2SO4 40

Ca CaCl; 40

Mg MgS04.7H20 40

Mn MnCl2.4H20 0.5

Mo (NH )6.Mo07.024.4H50 0.05
B H3BO3 0.2
Zn ZnS04.7H0 0.01
Cu CuS04.5H20 0.01
Fe FeCl3.6H20 2.0
Si SIO»(Waterglass) 50

e BoEmEg srinl, EoRER el
SRERE ESste REGIRET, KRR MEe
0.6%°] EoEEAA fiFe et KaWE EoE
1% 5H, 108, 158, 208, B5EER e
7+ rEpEEs Aol A B EE 148 ol
o} K@= E, 131 RKEF HEE 0.6%° By
BE 108 %ol K3 10E FES EEE A9t
A #HE FEGHY EEBRERSE BE
k2 rREste] ot Bkt E s

w0l /S Arnonjid o5t HIESIH
o sk proline®| &< Troll & Lindsley#
HYe wEsA RS HiEdl oste Rt
=3

—-179—



5, IRBEF) H# 200 mgs ¥ % MCW
(Methanol : Chloroform: Water=12:5:3, v/v)
SmlE Wil FifolA RES oS HEE Kz
K 8 mlE sl £238] B43 % 1097 &
5r8E(2000rpm) SFHTE 1 A5US HEREA &
7 JkE:E: 5ml$} Fresh acidic ninhydrin re-
agent(125mg ninhydrin : 3ml %E&E: : 2ml 6M
Orthophosphoric acid) 5ml & 23 Kkigol] A 45
S B ZiiolA ##HF ohS toluene(proline
B we) 5-20ml) S RITEHES % 3000 &
&3l spectrophotometer 2 520nmoll A #izE st
N ZiEIEM-S L-proline & AR

R H B

1. IER EBERRE

W EE el oM mEE BEE
l=dl oW ES ol 2R HiaEd A o
iAol St Aol ffEliol QoM 1 BE
ERE Z JUehl & RV sl A BEHES
seBsled ol EES BKE Zev odd ¢
gyt Tt HES TEHe shUE EEsta
Qe MBEEYREE FABEREFIANME At
Z2E il ghW mEiERES 'ty e
2& e miEM: BEe AES FRECRE #
3t

AHEIEE shod EEgkl o3 SiERT EER
ES BHE 28 238 19149 o] B i
Bt BagdssE BEREY =& RfEdA A

%E
=

Degree of salt injury

® Hangangchalbyeo ¥ Taehaegbyeo

A Tamjinbyeo Dongjinbyeo

¥ Hwacheongbyeo Singwangbyeo
Hwaseongbyeo

6 ® Jungweonbyeo Gayabyeo

HP3319-2wx—6-20-1

0 . 1 1
5 10 15 20 25 30

Days after salt treatment

S

Fig. 1. Degrees of salt injury in ten rice
cultivars as affected by salt stress
from the 14th day after germination,
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Fig. 2. Changes in chlorophyll content of the
seedling rice leaf as affected by salt
stress for 14 days from the 14th day
after germination,
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Fig. 3. Changes in chlorophyll content of
seedling leaf as affected by salt
stress from the 14th day after germi-
nation,

7} 22 kEH oA ZA Epsted T Rkl 2
BE EAISE Qone EEmigo) g% &
BHAEZE FBHAEAAY v WEERRE
SR 2RSS BEHTSFUE THeEC) Ao
AzbEc), o)} RANESle] HEETEC] EHEFRS &
BAxD HEEMEEES REM 2RE 2o EH
ol #isE3ty) siA e EmERE M) 0.6% LIk
o] ¥jojof & A 2t}

8, wEko] and BWoRE BE =5
22 EEiio] LBTSFE WA H o ne
Ao} Fl—3 S RP e, olgt 2& HRTS
2 2o gL oo st BaHE AL of
ol fEipREAEC] BMERlel UEhE —iil B
go| oy} MAE I HrE WA e EHEFE

%0 Chlorophyll content (mg /g dry weight)

3

Lk
1 Control {
T Salt treat. E
BT 1= B

ol CELL &
HS HCDJ T

SK TB HK

7 HP G.Y LW
Variety

Fig. 4. Changes in chlorophyll content in the
seedling leaves of tenrice cultivars as
affected by salt stress for 10 days
from the 14th day after germination.
H.S: Hwaseongbyeo,
H.C: Hwacheongbyeo,
D.J: Dongjinbyeo,
T.J: Tamjinbyeo,
HP: HP3319—2wx—6—20—1,
G.Y: Gayabyeo,
J.W: Jungweonbyeo,
S.K: Sinkwangbyeo,
T.B: Taebaegbyeo,
H.K: Hankangchalbyeo.
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Fig. 5. The relationship between salt injury
and chlorophyll content in seedling
leaves of tenrice cultivars as affected
by salt stress for 10 days from the
14th day after germination,
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Fig. 6. The accurmnulation of free proline con-
tent in leaf of rice seedling as affec-
ted by salt stress for 14 days from
the 14th day after germination,
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Fig. 7. The accumulation of free proline

content in leaf of rice seedling as af-

fected by salt stress from the 14th

day after germination,
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Fig. 8. Changes in free proline content in
seedling leaves of ten rice cultivars as
affected by salt stress for 10 days
from the 14th day after germination,
Symbols are the same as in Fig, 4.
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Fig. 9. The relationship between salt injury
and free proline content of ten rice
cultivars as affected by salt stress for
10 days from the 14th day after ger-
mination,

ER AL AL Byl Mo 2= o]
ok3l fhfgo] 73k MfER T} proline &E ko] ¥
ko) o] RIRAE EEAE o FEHEEo) whel s
o] grmo)t 98 A 2tk

R 0.6%090 A1 R 100 %o RiEpl
proline?] Z®&E 23 gAlARW SEFIAME
mfEo] Wl 0.12mg~0.26mgo) &EAH 6sia
B Eo A= 0.24mg~2.69mg2) #HEE e
B mTEo] o]5to] sk Prolined] &&o) EEE L
I TEREe aEd el 24 g kavs
BT R e EEE vk 2tzb 2.47mgxt

2.69mgl 2 T7 14.6/%9 20.91F7A] HEinshed
thE GfEol v)sle] Y53]) B o] TEE U

0.6% EEpEEEOlA 108 #<] Ri#Erm| ## pro-
linea& 7 B4R 250 140 EHAAS EEE
gEeoke] BARE 17 9diA HH Bk FEMR
IE2) AEREA (r=0.7945)BA%7}T Qo BERE F
%2 prolined@ol Eshizul, olsh pe HRE
proline?] £E9 AEEx v MfER mEHEE
= s e WEENS BBRS Aoz Azts
U EERETR 14H %) BEEEE 0.49) 0.6%°1AM 2ot
0.8%°0 4 fFEEER7T A1 =, 0.6% W)
A R & EE 208 #7140 Al sty KA
HE EHE 158 7R e =& ke
swslthyl 2% FHdste] § SiEfClA e
proline®] FE2H7} EH 108 3 15A#%ET K
#2089 o HA JeEhd Ao wol EEFEAd
o1& fEEAfER Q) Wl prolinegE o] Aol
HEG] ARG O BERDAT FEET
5 glo] ki BB EEG% Bl S R
B EmEe SESIEES Ugdlo Fem &
7 EEE

ko #EE Faste 2o 0.6%2 EaoEE
ol A EEREEFE 10H %9 sk} W5 Prolines] &
B RmEM MHEEREE YT e BEE
FiF o) maES o2 Azto] Hub K #HRE 100
g gt Bol7] W&ol o B Rfgolt fafE
S sl U8 MES HEVL dojor F A=
AZreln] Tty AdthEd oAM= EEE 2
et prolined] E82& 9ES KkED kEWSY &
BB o] f5A SR EtE oo sHalt)

wm r

W o) MM B HiES WEStIAF R akE
S k#tgEEste] BRI ol e
¥ 2 W prolined] &S ARSI ZEAX
of o3l mIEEMAEE oL BIRE sl T

1. EEREE 0.6%9] BaEmEia] <F 258 o] £
saE oloF FEEM =R sk Th

2. BEETEBR T HGHY SRS EEHE 1A
ke of KEpw oA BT REEECL oy
of uwhzl @k WASAEd T EAMERS 0.
4% LI BB i 2ok Kol A ZLA JE
ot

—183—



. 0.6%%] BEERE A EHFES SRS o] &8
Bl wet gl e mARE Beslt
Aed kgddye HARES Aon KM
208 #ollv fEEEO vsly HifHle oF
16%, KEdAME oF 67%7F 242 A HA
o},

. 0.6% Bl A KEE% 108 o) FIER HEkE
SR EERE(1-9) 99 Alolde FEMY
£ 9] #ABEo] TEE AT

. BRI o] ule} it prolined] &S RE
#% 148 ol M= BB} Topdd w
2} @ik st T kEwol e 0.6% 7k &
B3R 0.8%00 A= wAEAeH E3] 0.
428} 0.6%0°0 X KEu7l Mo 4%
3| Eo}.

. 0.6%9] A sG] 8 prolineo] &
22 fiffsodld= ER 158 %Y Bt
o} kpuoAE EE 5H #%5E &Esitr)
P 208 ol 258 BAHAeY EM 10
B #ole Kasiz) fifgsio] vlste] 64 Ll L
olvt =%

. 0.6% HEpEF 108 10l W proline?d] &>
BEiEprole] AlololyE HEW ES FERAC

L LlEe] BREE 2w v e BEEE) o
E EE 2 B proline B2 SIER mE
HREE HEE & A HiE U2 FHE
TFUE Ao A4

51 A 2 &k

1. &t 1984. Kzo] shiaseh &t RS
BE 9 wEREN I3 MR MERER K
B M-85

. Hanson, A. D. ,C. E. M. Nelsen and E. H,
Everson. 1977. Evaluation of free proline
accumulation as an index of drought re-
sistance using two constasting barely
cultivars. Crop Science. 17 : 720—726.

3. Hanson, A, D.,, C. E. M, Nelsen, A. R.

10.

11.

12.

13.

14.

15.

—184—

Pedersen and E. H. Everson. 1979. Ca-
pacity for proline accumulation during
water stress in barely and its implication
for drought resistance. Crop Science, 19:
483—493.

. BFXE - BERE. 1991, kTR WEEME R H

. EHFES. 23(1) 1 59-63.
IRRI. 1976, Laboratory Manual for
Physiological Studies of Rice. pp. 61 —66.

. BBER—. 1988, /KA T mYEEME BAEE RE S

#EEe] B mR. EeE KBk B2
i &

TR 1983, B RETT B KERES B
F 4wl £F vAe ¥E 2RER
KRR, BB,

k. 1986, FEMo] Lol BB o] +
g BB MY KEEF 2 K& wAe
W BRI KRB, WS

. ZEAEE. 1990. KR BEERE BE oA

Eoapr ol BREMART ER HEMS HERG -
g8 B A7 (Salt Stress Unit) 9] #208-. A&k
B KR, 205

BiREL. 1980, B TEE A BAE S RMEH
ERESE.

FhemBE. 1982, BB BT 7L KEE O] ROl S
9 £F 9 £ ol rIXE wE 2
BB KRB, IR 24

Singh, T. N., D. Aspinall, S. G. Paleg,
and S. E. Boggess. 1972. Changes in pro-
line concentration excise plant tissues.
Stress metabolism. Biol. Sci. 26 : 57—63.
Troll, W, and J. Lindsley. 1955, A photo-
metric method for the determination of
proline. J. Biol. Chem, 215 : 655—660.
#igasE. 1986. T ERE w2 ke
£F 9 ERE BeRS8 KBk, ELE
73R 3.

M4t - EigtE - TR - K=, 1988, Kigdl
B} shiol QlolA] EEKFEAE 3 RS
ulE GEEME KRS RER =R, BERBH
ZesmCEE. 30(30) 1 1—15.



