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Changes in physiology and photosynthesis of Glycine soja
Sieb. et Zucc. induced by salt stress
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Abstract. Annual vine Glycine soja Sieb. et Zucc. is considered the ancestor of cultivated
soybean (G. max (L.)Merr.), but exhibits greater genetic diversity. At present, the G. soja
growth environment is under high-salt stress, but its photosynthetic performance under such
conditions remains unknown. In this study, we investigated the effects of salt stress on the
photochemical activity of G. soja photosynthesis based on prompt chlorophyll fluorescence and
modulated 820-nm reflection. Results showed that chlorophyll a content was significantly
reduced, and the chlorophyll fluorescence induction transient (OJIP) curve was significantly
changed in seedling leaves after salt stress treatment. The JIP-test parameters, including
performance indices such as Pl,zq and Pl, and energy flux parameters such as RC/ABS,
TRo/RC, ETo/RC, and REo/RC, were decreased, while Dlo/RC was increased. Quantum
yield and efficiency parameters, such as yEo, ¢Eo, 8Ro, and ¢Ro, were decreased in
seedling leaves exposed to salt stress. The shape of the MR/MR,, ratio curve changed after
salt stress treatment. Furthermore, changes in the MR/MR, ratio showed high correlation to the
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time intervals of chlorophyll fluorescence. Salt stress led to membrane lipid peroxidation in the
seedling leaves, resulting in a significant increase in MDA content, while relative water content
was significantly decreased. Thus, the seedling leaves adapted to salt stress by significantly
increasing osmotic regulators and antioxidant enzyme activities.

Key words: Glycine soja; Salt stress; Prompt chlorophyll fluorescence; Modulated 820 nm re-

flection; Photosynthetic mechanism
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Fig. 1 Glycine soja growth under salt stress



832 AL e o

5540 %

2.2 BMETHAXEHEHAHEESETWL
FIXHRAA L, 0.15 mol/L NaCl 4b¥ 7 d J5,
M F Chl a8 B ERAE, Chl b SEBEIE, H
Chi(a + b) &% A B %41k, 0.3 mol/L NaCl
W 3dM7dE, Chlasd®REERMI(P <
0.05) (Kl 2. A), {H 0.3 mol/L NaCl i kb3g 7
dJ5, Chib FI Chl(a + b) & EWIN(P <
0.05)(E 2. B, C). Chl a/b 7£ NaCl it 4b 3
3dJEmEAH TR, HEAEZE, NaCl ikt 7 d
JRi#E TR(P <0.05) (K 2: D),
2.3 HEMEITRERALIFSHHFH LRI
TEL 38 N WAL #E 5, PS IR N H 0 58 4
IEFFFRCIRES, BUR 2 7= ik B e A A, Q8%
SEREALT BEJE PS IR s (P, ) it K AR
WS, JEBMOR R Py ™, TR A B PGS
HE, Q8L RN Q,7, Bk = i BT, BEE
Q, ME, PS I REMIIGRE LABE 26 TE
REHL, O il BT, PR A P
SR, PSR ot 4b F 58 42 6 R FS . O-P B

3d 7d
161 O =
a @ a A
b b
2 1.2
()]
~
()]
@
E = o8 L
s O
e
T 044
0.0
22-
a a C
= a
g 2 a
> 204
£
~ 3 b
i =
41 O
) |
w 18
=
16 T T
cK 0.15 0.3
S

NaCl treatment / mol/L

ARVINE FhFFR A BREZE P < 0.05 KF F2RRE, T,

Be w7 PS IR GAL AR RE 128462 R
TEF RGN R s pe G s 2 e an & 3
Ro SXTERAAEL, NaCl Zb# T 9 OJIP e &
BB k4%, 0.3 mol/L NaCl 4b#H 3 d, IE{ERRIL T
W, Bz NaCl ¥k i FnAb B3 R] A9 386 i, OJIP il
ZHJ k(2 ms) ., | #(30 ms) ., P ri(FRKRFOL
H) R TR(E 3) .,
2.4 HETEHXELEMHFA JIP-test

XoF B R G 4 i R PR S O E AT JIP-
test K56, £h W8 T B K EL 41 A Plgg Al
Pl A AE B, I Bif 9 268 560 5 T ESF R] ) 8 o 1
ETRECE 4) 0 X ER e 55 o SO 22 0t 2 4L
REo/RC, 7£0.3 mol/L NaCl 4b¥8 3 d #17 d )5,
ST T 17.2% F1 32.6%, RC/ABS. TRo/RC
1 ETo/RC 7E 0.3 mol/L NaCl 4b¥ 3 d JEm&A T I,
0.3 mol/L NaCl #4b¥ 7 d J&, 48 B T T
9.2%., 18.3%M122.7%, SHAhZS¥HZ, 0.3 mol/L
NaCl Zb¥f 3 d #17 d Ji5, Dlo/RC 435I b X B 1 i
T 1% 120% (& 5. A), PSI 3ZHfil fiy f +F7

1.2
ab

0.8 1

Chlorophyll b

0.4 1

H42b /mg /g FW

0.0

2514

2.0 b b

ékEalb
Chla/b

CK 0.15 0.3

A
NaCl treatment / mol/L

Different lowercase letters within same column indicate significant differences at P < 0.05. Same below.

B2 #HEMNTFREHEMFHERSENIN

Fig. 2 Effects of salt stress on chlorophyll content in Glycine soja seedling leaves
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Fig. 3 Effects of salt stress on OJIP curve in Glycine soja seedling leaves

[d3d W7d
30.01 120
2 a a
ab
ab b ab ] b
20.01 8.0 1
c
8 c -
T £
10.0 4.0
00 T T OO T T
CK 0.15 0.3 CK 0.15 0.3
SRR
S sk ERERLL
NaCl treatment / mol/L NaCl treatment / mol/L

B4 MBI AT EME A LIS Pl BRI
Fig. 4 Effects of salt stress on performance indices (PIl) in Glycine soja seedling leaves

= =CK
@ (0.3 mol/LNaCl-3d

e 0.15 mol/L NaCl - 7 d

ETo/RC™ — "~ """~ "TRo/RC SRo '(1) Eo @ 0.3 mol/L NaCl - 7 d

5 MBI EF XS L& JIP-test SEAI RN
Fig. 5 Effects of salt stress on JIP-test parameters in Glycine soja seedling leaves



834 7R a1

5540 %

HARCES B ELE T A, SR, oPo,
yEo. ¢Eo, 8Ro fil eRo F#fk, H i eRo FREIE
JER K, 760.3 mol/L NaCl kb3 3 d #17 d J543
BTN 19.5%H138.4%, 0.3 mol/L NaCl - 3 d
F10.15 mol/L NaCl 4 ¥ 7 d J&, HAbfEbrmgA T
(< 3%), oPo SX ML E 25, 0.3 mol/L
NaCl 2b# 7 d J&, #Ebri R TR (P <0.05),
THEIEETE 14.9% ~ 28.2%(E 5; B),
2.5 HEPETEXEZZEMHF 820 nm X KK
T

FERRAE IE & AE K &, 820 nm St & 4 iff
L (MR/MRy) 2% TR EFryEH, NaCl 4t
PRAF B K T 41 820 nm Ot R ST it £k & 4F 3 ok
25K 6), 0.3 mol/L NaCl %f4b¥ 3 d i, MR/
MR & &8 K A= e 22, RN A (MR/MR,
RERY B ) 1 B AR S T R, B 3 e K S A B )
AT, 78 0.3 mol/L NaCl 4B 7 d )&, 124
(MR/MRq T+ B B ) 19 f e o5 S 35 R A, HLBbae
7 d J5 M MR/MR#iR1E B & F F% . {H 0.15 mol/L
NaCl #b¥ 7 d J5 MR/MR,, it 28 1k A 3 B A e A
A SR IS P A B, A2 AE B B T O 3
2.6 HMETHASLHEMFREETL

PP R G A 1 2 £ W ae 5 AR BEOK O & A 5 AR
fk, 0.3 mol/L NaCl kb3 7 d J&, MDA &4 i3

HIN(P <0.05) (KBl 7: A), [Imf, o dids
THEALEEETE, 0.3 mol/L NaCl 4b¥E 3 d 17 d
J&, SOD F1 POD i &R (P < 0.05) (K 7.
B. C), CAT M LR TFE, (B R 3E& T
XFH(P <0.05) (K&l 7: D), 0.3 mol/L NaCl 4bFg
7 dJE, PR R At B (P <
0.05), {H 0.15 mol/L NaCl &b i B K .40 1 %
TASAEAS 25 (&1 8)

3 g

3.1 HMEMNFAEHHEHHFHEREZSENFMM

MR R ATER R SRR, 52/ 008
YA VE AR 3R 55 i BB e hn 2 —"7), A
FARERN, B fE, BRELE M RS ERES
Wi E N, XM T Chl a A&, 1
NaCl fg#t 1 m-a = BTG P, 7EiG PR mENT
IS R o, SRR DIRELE 2, X2
MR BGE FHROEERRN, S50 CE> 1
F 1A (Atractylodes lancea (Thunb.) DC.) H )
AR —%, 1 Chl b B9 & 3N T RESZ i T8
W8 R Chi a il Chl b 646, ZEdREa F Chl
a/b Wi E TR, ULHHERALHFRAR T a2 ek
JEBCSTERE, TR IARBE R REE, BRI
FEWACR G Z B SrECRE ST, WIS BOLEE-H

o 30
SR

1.0025 e CK
o 0.3 mol/L NaCl - 3d
A 0.15 mol/L NaCl -7 d

0 0.3 mol/L NaCl- 7 d
1.0005 -

0.9985

0.9965

820 nmot HE 5 MR / MR,
Modulated reflection at 820 nm-MR / MR,

0.9945

0.9925 T

0.00001 0.001

T
0.1

i 1E] Time/ms

E6 HEMEXEFRELEMF 820 nm Stk 530 /15 th &m0 &0

Fig. 6 Effects of salt stress on modulated reflection kinetics at 820 nm in Glycine soja seedling leaves
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