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HWE . LIFRE T4 K (Glycine soja Sieb. et Zuce. ZYD 03262) ML A1 K G (Glycine max (L.) Merr. T 11 5 ) H5L56 4t
BEGEITIISE 2 FhR AR A B (R A X R[] BE NaCl(0,100 F1 200 mmol/L)LI;ﬁE@ﬂﬁﬁj,ﬁﬁ 2 F R G EEHAIXT NaCl By
JEA RO 1) 2 S RALEE 25 5L . NaCl AbBRSE BEAB RIS 2 Al R G RERR I R 9065 3R (Pr) (PSR KOG F RO (Fu/Fm) |
PS T SEFR AR (D ) RIS 3R P A0 W fab BAARK 17 EL A KA ZZ B . (FR  NaCl a6 b5k 55 K045 1 14 40 il 24
R T HFAE RO WP AE R R 19 Na® 5 8 Na™/ K B0 S 350K T R 2 T P A R AR P i) Na™ & 5 200 Bl g Tk B
KT, XA 100 #1200 mmol/L NaCl Zb¥E 2 Fh K G (14 B A 5 0, BF 242 R T Fo/ Fm Dy BT 16 4 S R P 2 H
(RC/CS) MOLAL A TEREFREL(PI) BT B MR BE A W 35 K TR R S o 1 Na® & Bl i 38 g TR R, XS4 3R] 5
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Different response of photosynthetic apparatus between wild soybean ( Glycine

soja) and cultivated soybean ( Glycine max) to NaCl stress

XUE Zhongcai, GAO Huiyuan” , LIU Jie
State Key Laboratory of Crop Biology, Shandong Key Laboratory of Crop Biology, Shandong Agricultural University, Tai'an 271000, Shandong, China

Abstract; Photosynthesis is the sole source of crop yield, so to understand salt resistance mechanism of photosynthetic
apparatus is of paramount importance in improving salt resistance of crop. In this study, in order to explore the different salt
resistance mechanisms of photosynthetic apparatus between a salt resistant wild soybean ( Glycine soja Sieb. et Zucc. ZYD
03262) and a salt sensitive cultivated soybean ( Glycine max (L. ) Merr. Shanning 11), we investigated the responses of
whole plants and detached leaves of the two soybean plants under treatments with different NaCl concentrations (0, 100,
200 mmol/L). The results shown that the photosynthesis ( Prn) , the maximum photochemical efficiency of PSII ( Fv/Fm) ,
the actual photochemical efficiency of PSII (@, ), the chlorophyll content as well as plant growth were all decreased in
the two soybean plants by the treatments with different concentrations of NaCl. However, the inhibition of the NaCl on
photosynthetic apparatus was more severe in the cultivated soybean than in the wild soybean. The Na® contents and the ratio
of Na’/K" in leaves of the wild soybean plants were significantly lower than those of the cultivated soybean, while the Na*
contents in roots of the wild soybean were higher than those of the cultivated soybean, which indicates that the wild soybean
can prevent more Na® from getting into photosynthetic mesophyll cells. This fact may partly account for the less inhibition of
the photosynthetic apparatus in the wild soybean plant under NaCl stress. To elucidate whether the photosynthetic apparatus
of the wild soybean is more tolerant to Na® in photosynthetic mesophyll cells, detached fully expanded leaves of the two

soybean plants were directly subjected to NaCl solution to eliminate the difference in their selective effects of Na™ in their
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roots and stems. It is unexpectedly noticed that the Fv/Fm, the @, , the active PSII reaction centers per excited cross
section (RC/CS) and the photochemical performance index ( PI) decreased more significantly in detached leaves of the
wild soybean than those of the cultivated soybean. The ion analysis showed that the Na* contents in detached leaves of the
wild soybean were higher than those of the cultivated soybean when the detached leaves were treated with 100 and 200
mmol/L NaCl. These results demonstrate that the photosynthetic apparatus in the wild soybean is not more salt tolerant than
in the cultivated soybean. It is the lower Na® contents in photosynthetic mesophyll cells of the wild soybean plant under
NaCl stress that ensure the photosynthetic apparatus in the wild soybean to retain higher photosynthetic performance under

salt stress, which is one of the mechanisms to keep higher salt resistance in the wild soybean than in the cultivated soybean.

Key Words:; salt stress; wild soybean; cultivated soybean; photosynthesis; Na® contents; salt resistance

IR TR AR & R E RN RZ — | SRR 7% (17 4, 20% FHR B H T 50% 1 I b
ZENER A AR ELREE Tk 5 & SR A s T AL 4K, R Bk BB AR i, BFSTIER, +
b pibE S B E M R Fiba Y SEREYOE A RE T BEAR MEY B R RS

B RGAE N ERATAEY AR EY , & T P BT A, AE R B A T, = e W AR BT Ak
TR R G SR ST DL pi s S e B A 2 X, 1 AR A R G R KE iR 48 A, —

S AR BT SRR GHE, R R EREREES, MHRA &5 EOd e Jurt
SRAEHE AR R LA RO R MR RN B a0 b (0 S A R UR, T LA i R 5 R s A R Rl R A | i
P ofe bl 5555 25 [ AL, 1y ] T K i R ) 0 T DA v K R R TR, R R AR K R A R
KT I AR AR 7 AR M DX 114 2R 25 B9 £ K T ( Glycine soja Sieb. et Zuce. ZYD 03262) , EAG BB OHIE M, R B
FE B DER AR K E AU RA R, ZEERMa T, PrEh B 2R K S I Y REMOSOR L B s80R LU SO &l R 1
B TR RGO SRR A K AR SR 0 R SRR R AL AR DG A R T AL o A B,

AR SIS VEHUAR B B A2 R RN AR Ak 55 K 52 ( Glycine max (L. ) Merr. T 11 5) A SZEG A58} 43551 EE K
FE AR B AN KSR 2 Rk E6 S MU X NaCl 36 i 1 (4 22 52 FIHLEE, 38 1 20 Mol & HLF 19 56 RE
W A R AL 2= SR S 0 rf Na® 5 i 2 (B 5C 2R 18 B B A R O AR ARG B WL AE NaCl BhE T 4EREE & T
PRI , A0k — A5 BR A B A= K5 AT ER LB RN AR 3 A R o W R A R A 5 R S R I |
1 #R5H®
1.1 SR

ARSI DA IR ER B b P AR 5 A TR T RN AR K S R R S S B A L, R T L R Ak R
SEIRE (ARG 0—1200 wmol - m™ s~ | JRLEE 20—28°C ) , A 1 & i K 1 5 MEAT TH TR 2, F& AP T 25 em x
40 emPYAEZEH A HEE TR A 9eib il Hoagland B FRIEIGSR . FF—H =B e 2RI R TS5
1.2 SCiabH

SEEG— P FRNC BN WV BE 1Y) NaCl 9, A0 BV W T NaCl AR RIS 50 mmol/L i 35 55 rh 1Y
NaCl Fe AW FE 53124 :0,100,200 mmol/ L, X A AR AR 47 FBiba0 A 34, H A 3 () 45K FH AR Y F 2 b o e ith
I KRR K 2 5O AR EE NaCl 198 R Mk 2 A 05 Lk 2R OB K AL | sl S dh 2 T R
B AN 15d S5, X BoR 58 SR I iR AT 45 T AR A

SRS T APk JURRAS B BT AR R SRR G K LA S EAS bR S8 e R Il | ET R 41
B3 4L, 3R A 0,100,200 mmol/L NaCl W H, LAZK R B R XUBs 38 m 22 St 8, s 28 1 1,
NaCl BEZERE 5 A, TEF96(20 pmol »m™s™" ) FALEE 3h, SRJFKEMH7E 200 pmol - m ™ s™' Y& N ALEE 2h Ji5,
FEM R H Y Na* i DL SRR 9B,

1.3 SERE
1.3.1 ARSI E
Zoak 15d AbBRSS 0 B A= R SRR ES KGRk & 5 [RISE, AL AR (LI-3000A , LICOR,, & ) 5 5¢
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S JRIF Ry AR, A E R 3 IR,
1.3.2 M F AR KR i s

PEHSE 4 Tt I HAE 5 (FW) s TEZEIR/K ThIR I 240 5 |, e M A e 2 (TW) 2R JG 7E 80°C T HE = 1E

AR T RE (DW) o AR AT AR K R (RWC) B E S 4 1R,
RWC(% )= (FW-DW)/( TW-DW) x100
1.3.3 MRS EAIE

% Armon'" BT BRI 0.1 g, BT 20 mL 80% MR AL IR R 48h, HLAIIRTS 2 vk, 50 F
TaKH,OREMWETHNEER S . FH UV-1601 (S5, HA) 40683510 E 7E 663 646 470 nm Zb (1)
OD fH. A T HEBRM A 7K SR -2 22 5 2t (0 52 M, AR P 5 7K B i i o 400530 T o TR o T
SRR
1.3.4 SRS E I E

{81 CIRAS-2 HUEHE RO A E FH I % 2 45 ( PP-Systems , 26 [F) Wl 5 K G 09 S AR #0250, 1E 360
pmol/mol ¥ CO, ¥ FT 1200 pmol -m s~ IR T, M YA (Pn) , K EHF(E) , AL T (Gs) M4l
JTEI B CO, MBS (Ci) , R Ab B & 4 Yk, I B 68 | CO, MR BEF4F CIRAS-2 M¥EE Tl R Gtk AT H shiz il
1.3.5 MERIOCSENINE

FIFH FMS-2 ik b i 6l X284 (Hansatech , % [E) WE Fo Fm Fm' Fs %5635, #40 R BEIE LY 20
min J& , 5 5/ NI Fo , e KA Fm I PS T R 2ERCR (Fo/Fm) o F£4E 1200 pmol « m ™ s™ S5 il
SE Fm' Fs, T @py = (Fm'=Fs)/Fm'SFEGCER T PS TP EALEBR (D ) P,

1.3.6 PEHEMERER IO ST 2E 2 ilE

i 5 SE/E S A 20 min, 2RJ5 FH Handy PEA 322380 % ¢ A0 ( Hansatech , 9 [F]) I 2 I - PR A28 38 90
6T 22k (ONIP #hR) o OJIP #Zk H1 3000 pwmol - m™ s~ Wk OGS, 2605 Sid 32 M 10 s JF
U, Z s 853 DS ARIAR S R AR 10° N5 . F JTP-test HEAT40 0 OJIP i Sl 2k I A LI
KNSHL .

B TE A TR PS TR H LR H (RC/CS) : RC/CS = oPo + (V]/Mo) - (ABS/CS)
AU ZEPERESR B (PI) : PI = (RC/ABS) « [@Po/(1 — @Po)] + [WEo/(1 - WEo) ]
1.3.7 Na'Fl K* & &89 &

TR AS G , B AP 3 PRAE AR, I ZE 087K ok 5—6 WK KA 25 43 JF 7E 105 C 2575 30 min
J&i, T 80°C ML EAEE AR A T E , ARSI T IS MR TR 25 5o o6 & R Fr DL RS2 86 —
H I R, 10 mL YRESER A 3 mL = SR TE =R T T S FAKER ZE 20 mL, HE TR0k
JEH(AA6300, By, HAS) JIISE Na™fl K* &),

1.4 HdEabag

H Microsoft Office Excel 2003 1 SPSS16. 0 {4 &b B 22 Ge % B A 748 14, SigmaPlot 10. 0 &,
2 LGHER
2.1 NaCl Jipi6n % B Az G RN E K G A R A= K AR

Zoid RNRIHRBE NaCl Ab3E 15d &, 85 A K S RN AR 35 R 5 4 Ak v A0 1o AR 56 BERE L, #8852 81 B8 3 A P o
ERARSE KGR B R EE LU A KT Ry ™, A K o bk v A T AR 23 3 R B T 24.00% ,56. 01%
F145.63% ,73.89% , i HF A= R G435 R T 13.24% ,42.16% F119.59% ,36.21% (£ 1),

2.2 NaCl JHfp3f 0B AR SRR 3SR SLAE AR it 7 AR 5 7K St 52 T

200 mmol/L [ NaCl AbF X B A K G b - Fr A X 7K 95 035 ), T K =k B A 5k B 0 R

BT 20.92% (K1),
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F1 AEIRE NaCl BB E 15d /5, XM EFEKXE (6. sga) FFIEKXE (6. max) SRR FAERAI 0T
Table 1 Changes in plant heights and leaf areas of the wild ( G. soja) and cultivated soybean ( G. max) plants after treated with different

concentrations of NaCl for 15 days

WA K G. soja BHEK T 6. max
NaCl 4b ¥ — ! - . -
NaCl treatment/ ( mmol/L) PRiEs LR B AT AR

Height/cm Leaf area/cm? Height/cm Leaf area/cm’

0 102.00+2.83 a 10.62x1.35 a 25.00+0. 86 a 22.87+4.76 a
(100.00) (100.00) (100.00) (100.00)

100 88.50+6.36 b 8.54x1.74 b 19.00+1.73 b 12.44+1.58 b
(86.76) (80.41) (76.00) (54.37)

200 59.00+2.83 b 6.78+1.56 b 12.34x1.52 ¢ 5.98+1.74 ¢
(57.84) (63.79) (43.99) (26.11)

VST FRARLAR 1) v B A TR RE A 100% , Ah B0 RE R 19 7 5 R I T B4 B0 B ) FR P | 4 880 (Rl — 3 o, R ) ) /N g 2 () 36 R R Ab B 22
[B]3k B E M 25 5, P<0. 05

2.3 NaCl JWh3s ot 85 A Sk i A B A o7 M B I 1o 7 Ga

e A o b —— Gmax
Zeid 15d f9 NaCl B0 AL SRS BPE RBLRIBR & ) 4 a .

FHOEA R (P) B ER(E) KAL) HibE & 7 7~ b 2

LA FRVC I B B BN T W, 4R 28 5 200mmol/L NaCl o b

Rb BRI T 5 A ek TORATRE S, T A K T 47y o

SRYEFFAERT IR 36.2% (& 2) , [AIA, B K G0 Gs 60 -

Tl E A5 T A K I W P B, 2 ok 40 i 50

COL VP (Ci) (AL I AN ], NaCl Jrift b B0 87 2 S o 100 200

NaCl NaCl concentration/(mmol/L)
KL Ci AT (HR R R B S VR R R B2 T RE
El1 ARERE NaCl BrB4bIE 15d /5, B £ K E (6. soja) FI3RIE

M Ci H 2T, Ui ™ & NaCl ria xR K G o6 S (G, BRI oK R C) B
A FE B 00 ) 2 2 00 ) 1 PR Y6 B BE T BR DG A VR F G Fig. 1

Changes in relative water contents ( RWC) in leaves of

( Piz] 2 ) o the wild ( G. soja) and cultivated soybean ( G. max) plants after
2.4 NaCl Hﬂ‘iﬂ X‘_JLE” EE j( 5 %ﬂ ﬁ i% j’(_ﬁ*ﬁ Hﬁ IH“ H‘ @ % treated with different concentrations of NaCl for 15 days
A AR /NG SRk 22 () 3 7R B AR DR 0 R 8% X L TE A [ Ak 3L 2 1)

Z555F 15d 1) NaCl 58 b B85 | 5 7 e o RER B IR FEE S P<0.05, LU 4 E AR
G SRR S BE AL (R RO K E R T
MR E, WAEREHMERE a5 b AR A I 8L, Mk K2 WIREE NaCl v 5 i 38 Jin i K A%
(E3),
2.5 NaCl JBipifn %87 Az KOG FARES K AR MR I R A R0 9 5 e

200 mmol/L NaCl ZbFRJ5 , #e 3 K G S KOG 28 (Fo/Fm) I 19. 2% , 6 B AR R G 203 5200
2 Fh RGPS I SERR AL 2E R (D ) FR SR Bt 25 A B G FBE 358 T 320 4 1 B, (EUR AR 3 K G0 R R RR R T
JRE(E4)
2.6 NaCl JHpif %87 Az KGR K G AEAR AN R EB AL Na® Al K55 5t (1) 52 00

Lo AN FER I NaCl haf 5 , AR B R S M A K SR R Hh Na® & 76 4540 B P AR BE 2 Ak B 32 1 384 Jin
AW K S AR ARG K B E NaCl ¥ BE 3G IR BT 19, 76 57 A K b N i o, TR B, 4% 4 5 rh
) Na*/K* B %5 NaCl ¥ BE A3 s, E &k 5 R 38 i 58 S B . 7€ 200 mmol/L NaCl Jipil J5 7 A=
K G HFIE KGR Na* 43504 23.21 F118. 89 mg/g, 25 Na* 435 10. 22 F130. 03 mg/g, MiffH Na* 43
B4 2.17 A1 14. 65 mg/g, T 200 mmol/L NaCl Jiipifl J5 B A= K G AR, 25, mp o K* & &840 5 B BT T
38. 1% ,64.9% F1249. 8% ; MiARIG K A&# s KM S i #a B 2 TR (K 5) .
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4 —
1 —
5 ZZ77] G.soja a
a C— G.max
12 + b =~ 3 J}
- ”’ b
gwﬁ 9 - a a E L a
= e b
£g 6L £ 4
R3 a 5
= 1r
o 3+ b
0 L 0 [
0 100 200 0 100 200
a a
T
2200 & T 400 |- a
B =40}
& 150 XE 300 a
5 S ¢ > ; d
a
£ 100 a Z2 200
2 a 20
50 |- a b 100
0 [ 0
0 100 200 0 100 200
NaCl NaCl concentration (mmol/L)

2 AERE NaCl B2 15d /5, FFE K Z (6. soja) MFIZRE (G. max) RN EEZE(Pn) ,BBEE(E) , SALSE(Gs) F4HAaE
B CO,RE (Ci) L

Fig. 2 Changes in net photosynthetic rate ( Pn), transpiration ( £), stomatal conductance ( Gs), and intercellular CO, concentration
(Ci) in leaves of the wild ( G. soja) and cultivated soybean ( G. max) plants after treated with different concentrations of NaCl for 15 days

BT N 52 7F 1200 }Lmol’m’z' s~ ML FIETR 360 }Lmol’m’z' 57! COZ‘Fiﬁﬁi

-~ O wZzzz1 Gsoja 4r
1 Gmax a a
o a b ™ a a
E’ 15 a a 3 3r % FA ™ 71 b
5 b b 5
L
S w0t ? S 2t
&) / a
7
5rF ? b 1k
L1 1 ;
0 100 200 0 100 200
NaCl NaCl concentration/(mmol/L)

3 FEKE NaCl BB 4bIE 15d /5, FAEKXE (6. sojo) MFHIEKRE (6. max) EBHEMHBEHEZSEHTR
Fig. 3 Changes in chlorophyll content in leaves of the wild ( G. soja) and cultivated soybean ( G. max) plants after treated with different

concentrations of NaCl for 15 days

2.7  NaCl Jipia % B Az KOG RN K B AR 7 i 520

I AR R R SEE W LIE T B NaCl iR BE B3 hn B A2 RS0 b Na® & 28 2 v TR G Kot
A Na* &t (B 6) . B NaCl AR EE 3G, B4 KGN Fo/Fm @y AR 16 M09 B
DELH (RC/CS) MOGAL A REFEEL (P 1Y F REIRE 2L B R TG KRG A (B 7,8 8) ., XUt NaCl 4k
PR A= R B AR 7 S B RS P 0 7 A J 3 T X s i R 2 B AR e B LA R 5 3 R
3 itig

HCEEHIEM Y E KRB I BRI, 7RSSt AN R BE Y NaCl AR 15d J5 , A3 K A A4 K1)
B (9 505 B 3R S 28 5 T R A A PR B 38 I in 1 Bo , (EUR R 35 R G R BE AR B2 T 1 25, U NaCl
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1.2 G.soja 06
£ 10| L1 Gmax € o5
% E > F b g’ 0.4 T2
0.8 + e 0.4 a
0.6 ? ? ﬁ T a
6 R~ 0.3+
g g = )
04 | ? ? wﬁ 02k ? X
02 | 01}
L7 711 A
0 100 200 0 100 200
NaCl NaCl concentration/(mmol/L)

El4 AREIRER NaCl B4R 15d J5, FE K E (6. soja) MFRIERE (6. max) IR B RAXUZFEZR(Fo/Fm) 0 PS I LERFELZEL
B (P ) OZM
Fig. 4 Changes in maximal photochemical efficiency of PSIl ( Fv/Fm) and actual photochemical efficiency of PSIl ( @5y ) in leaves of

the wild ( G. soja) and cultivated soybean ( G. max) plants after treated with different concentrations of NaCl for 15 days

~ 40 - -
a V777] G.soja
g B+ a - - 1 Gmax
é a a a
5200 b i b I a
o2& a2 @ a a N =
25 - - - a
a a e
220 a - a - a a b
St b b b | 2 - 4 ‘
x a % %
- S/
i YiRIRATININ
0 [ ZIlIZ
a
6 - - L
¥
w5 4r B N
2z
2+ a a a 2 o - a
Las B B aa e b3 b
0 100 200 0 1oo 0 100 200

NaCl NaCl concentrati on/(mmoI/L)

B 5 ARERE NaCl BB X E##k 15d 5, FE KT (6. soja) FAFKIZEKRE (G. max) HRR Z M Na*  K* S 2K Na* /K IZ L,
Fig. 5 Changes in Na*, K* contents and Na*/K" ratio in roots, shoots and leaves of the wild ( G. soja) and cultivated soybean ( G. max)

plants after treated with different concentrations of NaCl for 15 days
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Fig.7 Changes in Fv/Fm and @ in detached leaves of the wild (G. soja) and cultivated soybean ( G. max) after treated with different
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