ST 3R] AnA AIE (2003)
Korean Journal of Environmental Agriculture Vol. 22, No. 3, pp. 185-191

HAS
gk AEAeAked 3R]
(20033 34 149 A4, 2003

52

R

AE, 712120007

6 249 <r)

Parameters on Physiological Responses of Soybean (G/ycine max Merr.) to Salinity
Sang-Uk Chon and Jong-Hwan Park” (Biotechnology Industrialization Center, Dongshin University, Naju 520-
811, Korea, "Green 2000, Dongshin University, Naju 520-811, Korea)

ABSTRACT : The mechanism imparting salt tolerance to crop plants remains still unsolved, although soybean
has been classified as a susceptible plant to NaCl. To determine optimum parameters on physiological resp-
onses for improving sensitivity of salinity in breeding program, soybean (Glycine max Merr., cv. "Gwan- gan'")
plants were grown in a greenhouse, treated 20 days after emergence for 7 days with NaCl at 0, 30, 60, and
90 mM, corresponding to electric conductivity of 1.2, 4.4, 7.3, and 104 dS/m, respectively, and assessed 30
days after treatment. Chlorophyll contents were significantly decreased by NaCl (0.4~1.0 mg/g) compared to
control (1.2 mg/g). Photosynthesis rate by NaCl treatment at 0~90 mM at flowering stage was ranged from
5.0 (control) to 9.6 nmol/m’s. Oxygen for respiration was consumed from 5.4 to 9.7 umol/ m’/s so that the
ratio of O, (evolution:consumption) was increased with the increase of NaCl, indicating that O, consumption
seems to go beyond O, evolution. Water potential of leaf at vegetative stage IT was ranged from -0.6 to -1.8
MPa and the highest level was observed at mid-day. Water potential by salt stress was decreased with range
of -2.1~-2.7 MPa compared to control. Transpiration was decreased from 17% to 20% by NaCl stress. Water
vapor diffusing resistance of intercellular air space was affected significantly, increasing up to 16~24% com-

pared to control
reduced absorption of N, P, K, Ca’™’, and Mg’

by NaCl treatment. Salt-treated soybean tended to accumulate Na', specially in root, with
g " contents. Free proline content of soybean leaf as affected by

different NaCl concentrations was increased 4.2 times (184~434 Jg/g) more than control. NaCl also increased
activities of nitrate reductase and peroxidase by 28~161% and 3~22%, respectively. The results show that
physiological characteristics of soybean plants during assay were useful as the best parameters of salt stress or
salt tolerance test to improve sensitivity in screening and breeding program among cultivars or germplasms.

Key words: physiological characteristics, salinity, soybean,
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2 8 Fusol sion] SRAde A RAge

7135 Hdsle A 58 g zos B 2a3)
2 Yok Gamer 5% Lynchd} Lauchli® ko) ofs)
A2 Gask K'e) §57} Asis Gouia 5% G2, K
2 Mg'E 4% o3 471 AsiEa Bud v gk
AEEEZE YA ol QAT gAZ JuA]d oz}
A A proline &2%e] W3}l Fo] 83 Ay} 5 9
25 Bad b b, @9 Nitrate reductase 849 jsh
NaCl?—] A 8kL- Misrad} Dwiverdi®o] ¥ y1oj 4 93819350l
=Rl QlojA AR wEe] Fk) wi @4e ey
os}t W Bourgeais-Chaillou 5%l oJahd 2 Qoix
NaCl2: G322 odolat Welold ot 2AE Atk

ikd Byt ok

AHepEFel Wy 84
W HES sl
AR Moo 7 ExE 8]—— 45 o]
EAOF k= Ao] dAly Py %*%f?} Holgo] #
%‘Qoizll’ AL Zﬂ*ﬂi **HL 1 o3}
o[ gt

Y A 4
s mE o] A kg aga Yol 4
proline®] 3¢ ¥ 84848 FAMEIYTH

THHZ=Z4
£ e Adisa g aeiae) fuled
FPsiglon, AEASEE FEATHA UBEL Sz
o2 AEH FAsdlA Azt 7Fsd BAES FAsH
LEGOE Z7E AR} FEBL2AWS23H)o] 2 cm Zlo]&
AFste] FEY 28R 6535 YKAA AP A5 A
ot AHIE N, PO ¥ KOS fa4rog zzf 10a% 4,
7 3 6kge AF MR ALY B AR A B9k
9] =2 383 thg Table 13} 2tk
EF] g o Nadg olgsld 238 3 209 #)
of o]FolRu HWAEER 12, 44, 73, 104 ds/mo) %
8= 0, 30, 60, 0 mMe] NaClg 45502 797} 72} 2%)
Stk Al F 309 A e we geda B4 x

Table 1. The general properties of soil used in pot experiments

Avail. Ex. cation
CEC
PO (me/100 g)

I5HO) (%) (%) (ng/ky) (me/l0g K Ca Mg
623 065 008 76.2 109 063 53 72

pH OM TN

OM, Organic matter; CE.C,, Cation exchange capacity.

oy
Ak 2A)skg
HE0 et Yol £y W

HEA By £

FEL P 4 wEEE A T A 498 4 gH

£ F3lod 80% acetoneo] W %I{F Aol RS & 2P
A (Ultrospec 400, Pharmacia 3
T35 6487} 664 nmol| o Ztz} %@3@1 HE2 a9} be] 3
G TR 2ol ARSI

Chl. a= 1316 x A664 - 519 x Ap48
Chl. b= 2743 x AM8 - 812 x A664

ey Y SEH “’;‘c‘@
234 ¥ 3FHFS A Renk Brothers Model 10,

England)&- o8-8} 57 o}"ﬂﬁ‘r ghg-ze] @59 (05 mM
CaSO7t %3¢ 50 mM HEPES buffer pH 7.2) 3 nlE ¥
A7l W 3o §EURTS A F F A4S
773 6 mmz ddksle] 2FP2z 7o) & A9 1005
Y B4 7188 0625 M NaHCO, 100 ibe ¥a Be

ZAFete] FEA NS JIAAIA 1087 2l £

o 1

TS J12ae FAEL ol Oy/mY/s)S AEHAT 5F
e Be Al dsld WexE A WO ©u W

TR S o] BaTE G SHad e

&= potential, S4EF ¥ 718K

Pressure chamber (PMS, USA)E— olgdle] 7 ExdE=E
HEs AT o A 459 - potential & ZF3)3EY)
3] Z47H% qs et gasketoﬂ 714 chamberol] 11AA}71
T 4Es 7Iste] e wHd v12ete] 49 XM FE
e S ST 718ATL FHE Goll Steady
State Porometer (LI-1600, USA)Z 49 b8 A/HE(A 49)
o T #9l Ak ool chamber YOR F3}=E damp
o 719 AAAITL chamberg o] A 519l 2412 713
o 48 sl 19 WalE 2t 39 3 Ao
L AL 715 71 2 L AAFeE o) 22t
ey =g
20l gt F71012 22 |2l Proline &Y Y SAEY
e

FI0l=2 &

% Z]_/r_‘j/k(TN)o N ;q Tgﬁoﬂ% A T ‘% ].o:} 210
mLE semimicro-Kjeldahl flaskell %37 45% NaOH 10 mL-&
7k8kat $57] F5rell 93 SF3AAIL 57712 2% Boric acid
10 mLE ARESI3lor 006 N HSO:E Al #As)a
oHE Aol 2f8) Alaketaick

% = (T—B)XfXO.OSXI4XIOO/5DOXI/1OXIOO
FEFES mls,
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kel AFL FFEEAE 40T 723 KHPO, 0219%
g< F&ote] 400 mLe] ZR4) G885 mLe] HSOE
7FE & 1 L& wHEo] AME39]3, Vanadate®o}e 25 go]
ammonium molybdateE 400 mL 25759 885l w2 1.25
g9] ammonium meta vandateZ 300 mL Z82=o) L3)5)lw
250 mLe] HNO:E 71 o WZA)7|a & 38 34 1
mLE o] ARSI AEA #8100 mLE 50 mL mess
flaskol] #3}2 10 mL9 vanadate§H4S 715la 158 Foj
3 470 noll A FREE 298 3 0S Ho) s Aket

ek
ABSXSTD,/ABSx100,/0.5x2.29+10.000x 3] 4 ujj<== 9

K, Na', Ga, 9 Mg®" k& HSOIHO, 4] B8]
ol g3t NEE Hafolgi 2Me BT A
o itk AE 05 g& 100 mL micro-Kjeldahl flaskel] %2
3 3 HSO, 5 mLE 718} A2E FA oL Esjuld] T3
S 2T MR 71dske] Bajshas HO, 05 mLA Ho
HA AR eRE g9 YNog Bydlel A wrx Esjst
At Fl F WZAIF)AL No. 7 o7AE A 100 mL mess
flaskel] ofststa g Frjole- ol AT Aeke
AAEBEA (Perkin-Elmer 2380, USA)E |43l Ca¥'e
4227 nm, Mgx 2852 nm, K's A4 FA#0Z 768 nmo
A Na'e 4% A#oz 58 nmolN zZhzt 4w EF
TN SA3S Atk

2 o

A

2| proline g2

Bates 5779] WS 7HAsH) WHsl G prolines &
etk AR A8 150200 mg? Permutit resin 1.5 g
AT Yo F MCW(Methanol : Chloroform : Water=12 : 5
03, v/v) €9 5 mLE ¥u ALoN it viad As
o S5 8 mLE FH7Ist £ 3 2000 rpmo 2 10871
A Tt 1 Aede niSHd &7 WxA 5 mLe}
ninhydrin reagent 5 mLE Wil $Zol|q AH&3] 4527 B
o A2dx Y73 T toluene 5 mLE F7} wuker & 30
T3 AL FREAZE 520 nmol|q ZYEack FFEA %
< Lprolineg AR5 Th

Table 2. Effects of NaCl on the chlorophyll content of soybean
treated with salt for 30 days

NaCl Chlorophyll (mg/g fw.)
concentration

(mM) a b Total
0 0.8970 0.3663 1.2633(100)"
30 0.8333 03730 1.1763( 85)
60 0.6167 02635 0.8792( 61)
P 0.3933 0.1467 0.5390( 48)

LSD (0.05) 0.2960 0.1870 05486

¥(): % to the control (0 mM).

Nitrate reductase (NR) % peroxidase (PO) &

& AFHSH FHFE AL ¥ Fol 1 mmyEE A
2 05 g& HlolAo] ¥x 01 M phosphate buffer(pH
75)9} AMEAA2) propanolS 3%7t HEE /1% & B
o3k Aao] 89S AAsl7] s aluminium foil 2 B-S 3}
I 012 30C 4ol 0BT WA F k2 15
mLE micropipette® 2 25l Al@ ol &7 vk 1% sulfa-
nylamide (CHsNoO:S)9F 0.02% N-(1-Naphthy)ethylenediam-
ine dihydrochloride (CoFhaN>2HCN)o] 4% 3 N HOL 1
mL o] BX|§ & FATAE o]-§3fe] 540 nmol A FF%
2 Z2gs1900] KNOZ #2842 s AFapad”. o
H POXE 01 M potassium phosphate buffer(pH 7.5) 94 mL
o 1% HO» 4 mLé} guaiacol 1 mLE 371sle] 48 & o] &
o} 3 mLE cuvettd] Bl HAG xaLMAEA 025 g&
01 mM EDTAE &3 50 mM potassium phosphate buf-
fer (pH 78)2 ZAY Z2&4 29 5 mLE vhgsle] 4T
oA 1587k 8000 g2 Y4l Eeg AFd) 100 uLE Hoi
4% F 25ColA 470 nme] FHF= WIS 187 SH39
th 1 mole?] tetraguaiacold] AAoll= 4 mole2] HOF B8
314 tetraguaiacol?] FFAIFE 470 nmoA 266 mM/ cm
o|%ick

i

|

0

M

L et
IR0l cifet Masix S wal
oS B
AE4E o b 283, F P mFN FHeY dga
3HF 1.26 mg/ghth 30~90 mMolXE ZHzt 1.2~04 mg/g
o8 AF =7} F/He Wet 3 Fo) A% 90 mM
FEoE g5 Feo] 52% Fagiri(Table 2)
L o BEY
2AFE olgde] AN 2AT A BT
@ A% tETE 2% MY 96 umolg Akl
AX= 30~9%0 mMof|A 7H2t 69~50 pmol&:
vEe] 371 et B Sl A4 7
25k @A EFe o277} 97 mmoldld] @A)l e
81~64 umolg AEs}e] O O] Bl 2429 5

[

382

¢

Table 3. Effects of NaCl on the photosynthesis and respiration
of soybean leaves treated with different NaCl concentrations
at the 50" day after emergence

conctﬁt(r:;tion Photosynthezsis Respiratiogl M
(mM) (umol Op/m/s)  (umol Op/m’/s) O, evolution
0 96 (100) 97 (100) 101 (200
3 69 (72) 81 ( 84) 117 (116)
0 61 ( 64) 76 ( 78) 125 (123)
%0 50 ( 52) 64 ( 66) 128 (127)

2(): % to the control (0 mM).
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TAoNM 16~27% F7Fh= 235 H$cHTable 3). wieh
A Gy AEsEel weh B 3FF 4] Hu)
48%9 3% FHAE o} FANA Aakd Ot 3F A&
2E O] Hol 2= A ] g o] & Aoz A
ZHE .

T potential, S H 7[SxE

FEAEo] WE F 19] water potential?] H3l= A2
oA 15 MPa A=Y GEFE 7l wet 79 Az
o2 kAl 30, 60 = 90 mMolA Zkzt 21, 25 2 27
MPag Hol G Aol w2 418 55 LEF0] =%
< & 5 AT (Table 4). B (4, 700 pmol/nr'/s) <.
T 2N ST AR Fihol wE F do) Faeke 74
Aol thHlste] 0 mM FEollA 2% A vha F4H4
e A Hls] 90 mMolA 48% SISk oH3 2
e G JFS B2 AEL gy Holu AYH ks
o] AFFE 3 potential, F4FF 2 7| FAGo] FtdTRe
o dass JASA .

Z1BATE WETA 459 S/molal FEFTtel wet
Z7kete] 90 mMo A= 566 S/moldch T1eiv} 71 @A sKst)
< FEEE E71 wet gl 64004 90 mM FEM
69 S/mZ, YAAZD)] A 394 S/molA 386 S/me.
2 & W3S HolX ¢skriTable 4).

Cuticle A3he A3t F4EAEde Al 29 FoA 71%
Aol 71 S WalE BYey ol A9 A7) 7)1F
o] o} A7|HTH AEFA L Fo] 71 Z7) WEQ] Ao
2 Az

%

HI0l et 771012 &2 |2l Proline B3 Y SAEY
3}

20129 e

Axo e GU=2T g ETIME 465 mgly
AR Aol 37.7~398 mgo 2 HE-Aeld] o3le 12~
13% A= A28l 3 Beles HdE g dxFiMe
28 mg, GETNME 182~231 mgo.& 17~35% 7143}

Table 4. Effects of NaCl on the water potential, transpiration,
and diffusive resistance of soybean leaves treated with different
NaCl concentration at the 30 days after treatment

Diffusive resistance

Nacl . Wate.r Transpiration (5/m)
Concentration  potential (ng/cnr/s) A o b
las Si
(M) (MPa) v "wv T owy
0 15 1B3 (1007 459 64 394
30 21 118 (8) 55 67 392
60 25 109(8) 596 68 390
0 27 104(78) 56 69 386

“Intercellular air space, "Stomata, Air boundary of leaf, (): %
to the control (0 mM).
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AR Bt Sl we) ol F4VE 4T W
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oL}, e tlEF 25 mgoll Hla), i 100 o)<
Z7}2 Bri(Table 6). Gouia V0] B3} v} )T Z7)0)
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A 0%7HAE Stk Bavt ol SEs Fi 3l
th K, G, Mg™9] 4% disxd met F5FA87 713
o 25 gy vt A @ ARt Aekd
o} of] APATe 2w G 98 G, K, Mge 3
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o)X ol
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AEAPel W proline®] Z2&2 FEEo Hl 3
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Table 5. Effects of NaCl on total nitrogen and phosphate
content of soybean leaves treated with different NaCl conce-
ntration 50 days after emergence

Nad TN (mg/g dw.) P (mg/g dw)
concentration
(mM) Leaf Root Leaf Root
0 $55a87  280a 610a 450 a
30 384b  194b 450b 140 ¢
60 ¥7b 182 b 420 200b
%0 98b  B1lab 430b  3200b

IMeans followed by the same letter within each column are
not significantly different at 5% level by DMRT.
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Table 6. Effects of NaCl on various ion concentration in
soybean plants treated with different NaCl concentrations at
the 45" day after emergence

fon concentration (mg/g dw.)

Na(l A

(mM) Na K Ca Mg"
Leaf Root Leaf Root Teaf Root Leaf Root
0 07b 251 2774 120a 138a 35a 159a 121a
0 09a M3c 27al0la 126b27b 131ab 107 ab
60 10a 191b 24b 81b 132a24b 128ab 94b
NV 09a Z2a 179a 70b 84b 25b 114b 55¢

IMeans followed by the same letter within each column are
not significantly different at 5% level by DMRT.
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Fig. 1. Effects of NaCl on free proline content of soybean le-
aves treated with different concentrations 25 days after trea-
tment (n=3).

25“ T T T L]
g 200 E
= =
B 45 %
o Q,
Z 100 T
[+] [+]
£ £
E s £

0 30 60 90
NaCl concentration, mi

Fig. 2. Effects of NaCl on activities of nitrate reductase (NRA)
and peroxidase (PO) of soybean leaves treated with different
NaCl concentrations 30 days after treatment (n=3).
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