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Effects of Salt Stress on Seedling Growth and Photosynthetic Characteristics

Glycine gracilis

LIU Yu-lan, CHEN Dian-yuan, YUAN Ming-hao, DUAN Kai-huai, LI Wan, ZHANG Guo-yin,SUN Tang-yu

(School of Plant Science, Jilin Agricultural Science and Technology University, Jilin 132101, China)

Abstract: This study examined the effects of various salt stresses ( NaCl: Na,SO, =1:1 F1 NaHCO;: Na,CO; =1:1) on the
plant growth and photosynthetic characteristics of small soybean variety Dongnong 690. The result showed that the low concen-
tration of neutral salt accelerated the growth of Glycine gracilis to a certain extent, while alkaline salt didn’t induce obvious re-
sistance, the high concentration of salt stress restrained the growth of Glycine gracilis. Under the condition of two kinds salt
concentration higher than 60 mmol-L ™" stress, compared with the control , the growth and photosynthetic characteristic of plant
changed significantly. Each value of root length, root nodule bacteria number, leaf area, fresh and dry ratio, net photosynthet-
ic rate( Pn) , stomatal conductance( Gs) , transpiration rate( Tr) , and stomatal limitation value( Ls) of small soybean were sig-
nificantly negatively correlated with two kinds of salt stress. Chlorophyll content was negatively correlated with neutral salt

stress and negatively correlated with alkaline salt stress. Leaf extracts relative conductivity and intercellular CO, concentration

(Ci) were significantly and positively correlated with two kinds of salt stress.
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FhEHE 500 mL ERPSUE . FRALER 3 WA, Fh a1
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=0.984,%2) o AHICAE ST SR /IR R B4 bR
1255 P FAS [ 2 U 0 Fih 3 349 S8 A Wb 3 67 A G (e
=-0.992,P <0.01;r,,,. = —-0.921,P <0.01,
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FEH R I AR B, /IR R S 40 v AR K R
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420 mmol - L™ AP AR & f K, Wt 3 v e 45 4b
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LITETARAC 55 P iR ol A0 24 S I S AR G (e =
-0.926,P <0.01;r,.,.. = —0.994 P <0.01,%3),
FEPPEER I E AL BT /NRL R T 4 AR R B AL
Wi 6 e i ) P B S IS T v I AR AT P 3, R Uk
J¥ 4 20 mmol - L™ AR R A $iBe 22, W 3 v T AL
TN, BEPEER AL BETR  /NRE K K 4 AR
PR AR B T 36 Y 3 1 T i S AR R B, P AR R 7E
Ve B A 140 mmol - L™ i 24 15 B R ARAE, o £k o X
FEZL AR T 22.8% , B M 26 Lk X HE 41 B IR T
39. 8% , B 8 T (9 AR I8 A B0 E A T e e R
oip i Ak FERLZEL 35 B P 2 o MR RS T 1% 41 i 1
Forb P 2R 0 2 (Yo = — 0.039x + 21,517,
R*=0.904;y,... = —0.061x +20. 117 ,R* =0. 904,
F VM 2) o WL AH BT AT HUINRL K S 4
R PR A T P 6 3 359 S W 38 3 A O (et =
-0.951,P <0.01;r,,. = —0.951 ,P<0.01,%3),
F 1 digEhBMa X/ S AR R R

Table 1 Effects of neutral salt stress on growth traits

of Glycine gracilis

ik e PR K R AR
Concentration of neutral Plant height ~ Root length Rhizobium number
salt/ (mmol - 1,7 /em /em /A

CK 27.2 aA 23.8 bB 20.6 bB
20 26.4 abAB 25.8 aA 22.0 aA
40 25.6 beBC 23.1 ¢BC 20.1 bB
60 25.0 cdCD 22.8 ¢CD 18.8 cC
80 24.5 deCD 22.1dD 18.1 dCD
100 23.8 efDE 20.4 eE 17.7 deDE
120 23.0 {E 19.9 efE 17.1 eE
140 21.6 gk 19.5 fE 15.9 fF

[AF B R A R/NG FREFRR 257 B3 (P <0.05) , ARKE
FRFTR R R (P <0.01) , R,

Different capital after the same column data mean significant differ-
ence (P <0.05) and different capital mean very significant difference ( P

<0.01), the same as below.

F2 WEERNER/IMEE SR EIKE R
Table 2 Effects of alkaline salt stress on growth traits

of Glycine gracilis

TR e P i< IR R A
Concentration of alkaline Plant height ~ Root length Rhizobium number
salt/ (mmol - L") /cm /cm /A

CK 27.2 abA 23.8 aA 20.6 aA
20 26. 8 bA 23.0 bAB 18.2 bB
40 27.7 aA 22.7 bB 19.4 cC
60 24.6 cA 21.8 ¢C 15.2 dD
80 24.5 cdA 20.9 dD 14.8 dD
100 24.1 cdA 19.8 eE 13.4 eE
120 23.7 dAC 19.1 {fE 13. 0 efEF
140 22.9 eC 18.1 gF 12. 4 fF

*3 FAEHEES/MIXZHEEREROBE XS
Table 3 Correlation analysis between two kinds of salt stress

and growth characters of Glycine gracilis seedlings

PR LSS IR 2L
Jb B
Plant height Root length  Rhizobium number
Treatment
/em /em /A
R
-0.992" " -0.926" " -0.951*"
Neutral salt
-0.921"" -0.994" " -0.951""

Alkaline salt

THERBME R BFM(P <0.05), " " KRB EZ W R FAM K
(P<0.01), M,

* represent the values were significant correlated (P <0.05), and

* " representthe values were extremely significant correlated ( P <

0.01), the same as below.
21.2 EsHAERTER TRELS T T
Yo ARstd 3 ey AL fEH PRI AL FE R, N
7 K GV B I AR S B P 2 v B A T v e
T o BAR A A H . FEH B R 40 mmol - L™ Aif Bk
1 T 28 dy N =B R R4 E PR 1 i Y ] BLE A L
IR G &Iy T PR I TR S P 2 VR A T v
MRS, BIRPER LR S 140 mmol - L™ B} £ 34 5]
S AIAE, mh Pk ER oor B AH AR 29. 4% |, Bl MEER T XF
HELH RRA 34. 5% (y,. = —0.437x +187. 161 ,R* =
0.896;y,... = —0.465x +179.999  R* =0. 980, % 4
I S5) o AT AH A5 B AT /KL K 5 40 P Rk
T R 5 8 o s T 20 359 2 W S A 2R (et =
~0.947,P <0.01;r,,.. = =0.990,P <0.01,%6) .
MRS EEEY LS R EE R, Ge
BRI A G P 0 A K, R R e I
TEER 7 PR AT N R T
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G R SRR EN A 2RSS
RS FEVRIE N 40 mmol - L™ i -4 3R 55 it fik
R AT E =R DONGE R TR EE NI SER IS NS TN
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e, WEE T BA (Yewa = —0.0327x +
39.905,R* =0.707 ;e = — 0. 040x +39.375, R®
=0.885,3 4 Mk 5) . o AHOCHE S #r o] J /N ki
KRGYHHaR & & 5 b vk ihbhe 2 5% fHSC,
EGHRPE R 30 A 0 AR OC (1 = — 0. 841,
P <0.05;r,. = —0.941 ,P <0.01,%6),

Tt LT R SRR RR R B R T T
AR REOL, ST s AR R AR EE A R
AT /IR T A)y 1 LU B I 8 5 A 1 5
ST FRARA . e 20 mmol - L~
N YR S = R i SER S U AN i NI R4 BT
A L S 30 B 0 R R 5 U A A e, P bR
FEHEE A 140 mmol - L™ I 343K B R AARAH , 46 Hb

XTHRZH BEAIR T 20. 0% , B 1 6 L X B A BRI T
28. 0% , Gk e T A 6 L R T A
SOSL TN TR SN I STERS VAN v NI B 7/ )i a8 -4 O]
il A T R M8 (e = — 0. 000 32 +0. 257,
R =0.888;y 1 = —0.000 5x +0.248 ,R* =0.993,
FAMFRS) o I AHICHE ST A] /IR R ST LY
STV R 38 5 S A 2 A G (7 e = — 0. 942,
P<0.01;r,,,..=-0.997 P<0.01,%6),

P ER I 38 X6 /N R K240 1 I e AN A X
FE 258 04 52 AR L 0 5 00T o 0 300 R B T 34
BT AR TEHR B R 140 mmol - L™ i I A 4
R DO NN S = WL R N E A S
T1. 4% , B V£ £h Lo X B2 48 5 78.6% (¥ =
0.001 2x +0.308 1,R* =0.951;y,.:. =0.001 4x +
0.306 7,R* =0.971, 34 FFEKS5) . @it A EHET
AT/ INKE R K2 &)y P i e AR BORE X FL S 3 5 T b
AR 308 1 A 2 TEAH C (7 = 0. 975, P <0. 01
Faatine =0. 986 P <0.01,36)
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Table 4 Effect of neutral salt on single leaf area, chlorophyll value, DW/FW and relative conductivity

of Glycine gracilis

R

Concentration of neutral

FRR I TR

LIEZS S gy THELL

AR H AR

Single leaf area/cm” Chlorophyll content DW/FW ratio Relative conductivity
salt/ (mmol -L™1)

CK 175.0 bA 38.2 bBC 0.25 abAB 0.28 fE

20 178.5 abA 39.8 aAB 0.26 aA 0.34 eD

40 180. 1 aA 40.5 aA 0.24 abcABC 0.36 deCD
60 169.5 cB 37.8 bC 0.23 bedABC 0.39 ¢dBCD
80 154.0 dC 37.1 beCD 0.23 bedBC 0.41 beABC
100 140.5 eD 36.9 beCD 0.23 edbed 0. 44 abAB
120 130. 8 {E 35.8 cdDE 0.22 deCD 0. 44 abAB
140 123.6 gF 34.9 dE 0.20 eD 0. 46 aA

xS WEERMNNMIZEKHERMAAIHEERE.TEL EXNESEHNHMN
Table 5 Effect of alkaline salt on single leaf area, chlorophyll value, DW/FW and relative conductivity

of Glycine gracilis

B

Concentration of alkaline

FARR TR

WER R ThELE

LEROEERE S

Single leaf area/cm” Chlorophyll content DW/FW ratio Relative conductivity
salt/ (mmol -L™")
CK 175.0 aA 38.1 bAB 0.25 aA 0.28 gF
20 171.2 abAB 39.4 aA 0.24 abAB 0.35 {E
40 167.9 bB 37.8 beB 0.23 bheBC 0.37 efDE
60 152.6 ¢C 37.1 edBC 0.21 ¢dCD 0.40 deCD
80 141.9 dD 36.9 dBC 0.21 deCD 0.43 cdBC
100 134.6 ek 35.8 eC 0. 19 efDE 0.46 bcAB
120 121.6 {F 34.4 (D 0.19 fE 0.47 abAB
140 114.6 G 32.9 gE 0. 18 {E 0.50 aA
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Table 6 Correlation analysis between two kinds of salt stress and the single leaf area,

chlorophyll value, DW/FW and relative conductivity of Glycine gracilis

b3 FRR TR RS s T AART
Treatment Single leaf area/cm” Chlorophyll content DW/FW ratio Relative conductivity
btk -
-0.947" " -0.841" -0.942" " 0.975**
Neutral salt
e _ .
-0.990" " -0.941"" -0.997 " 0.986 " "

Alkaline salt

2.2 AEKERBPEXNMMISHEFXSHER

=A )
2,21 ARAsmFE (P B Hoed R
(Pn) 2R WA CE fE S B A R,

PEERXS /KL 52 ¥ 0 T R A 52 0 2 BB A $h W B Y
B SE Tt i 5 AR, SR EE S 40 mmol - L7 Bl
R EOR, (HA 0 A L 22 5 A 25, SRk =60

mmol-L717%%ﬁﬁ§%%ﬁ7}ﬂilj\(y wa = —0.047x +
19.272,R* =0.831,% 7). BPk:EL /N T /%y'ﬁA

TR R4 M S A 2 i R v ) R T R AL, R
WP =40 mmol « L™ 64 3 R B8/ (Yawine =
—-0.074x +19.441 ,R* =0.938,3 8) . {EAH[F £hk
JET, rhvEER an A R 0y /R R T G R
(R RN SER LR TNIR R NI S DO AN Ty NI
FO G A I AE F 5 T b PR R i aa gb B,
T ) AR 8 R B el B AR A A S A BT
RIRGA H 2 5 T Fh £ i aE 34 2 0 2 6 A O
(ropw = —0.911, P <0.01;r,,,.. = —0.968, P <
0.01,%9),

2.2.2 ASLFE(Gs)#g AL hpEE XN G R
FLAT BE 5 M 2 B A R B2 A 1 hn S T v s AR
kR 7RV B R 40 mmol - L7 AL S B RO, (A
SXIREM 25 A R Tk E =60 mmol-L_l/ﬁ%L
S B B (Yo = — 0. 046x + 19.282,
0.879,387) . WstEER X /INRLEL ﬁ%‘LE'H”B’JE?ﬂI'J%
Wit 2 ¢ 35 14 0 1T ARG, Rk 2 140 mmol L™
SALS B o/, X BRUE /N 41.7% ( Y alkaline =
—0.074x +19.441 ,R* =0.938, % 8) ., 7EAH[EILh
JEE TR B R 38 X/ INR R AR AL B R AR e T
R 30 A P 38 A X PR b R B v S AL
FEE AR SCNE S A A R, AL BE S P AR R bk aa 1
B A (r ey = — 0. 938, P <0.01 ;7. =

s ! alkaline

-0.985,P<0.01,%9),

2.2.3  fala CO, R (Ci) ey T A WifhER bin xt
/KRR T HIR] CO, ¥ B2 %) 5% ik e T — 2, BIV Rl i 38
WL TR 2 S S RS 3 = R B Ak
140 mmol - L™ "5} g [6] CO, ¥& FF fie v , w3 He ot i
25 29. 1% , Bt 3k b X B 5 29. 9% (Yo =
0.694x + 266.236, B> = 0.917; yp.. = 0.692x +
269.31,R* =0.952,% 7 M4 8) . il K Hr
ALK ] CO, v FE 55 T A s 3 357 S i I
FIEAH K (7 = 0. 958, P <0.015 7, =0.976,
P<0.01,%9),

2.2.4 R E(Tr) ey T/ PR ER A XTIk
R 7 [P 232 (14 52 Wi S 422 IR I o T 3 i 5 179 34 ol
BWREAR S . AEM R Eh W BT, rh kSR i 4b
PRI/ INVAE K 25 17 3 232 1 T B i 2 A B
EINIUSIERS AN iy NI Y B e SR (S9RE e Rl R e N
AL B (¥ = — 0.012x + 3.885, R* = 0. 978 ;
Yakatine = — 0. 011x +3. 476,R2 =0.830,5%7 f1$8) .
3 A SR A3 AT AT /N K 7% T R T e R

38 1) S AR 2 A O (7 = — 0. 989, P <0.01;
Pt = —0.911,P <0.01,%9) .

2.2.5 ASURRHBMA(Ls) 9 T AL PP ER XS/ INVRL G
SALBIR AR 4 52 e #4521 S
J AR, iR 76 e o 40 mmol - L~ A< FLBR il
{EEK, 5% B 22 5 83 (7 e = — 0. 002 +
0.280,R* =0.917, 32 7). Bt £k #£ & B 4 20
mmol « L ™" RS FL BRI B K, '?XTHﬁﬂ‘EtKEE#EZ%
(Yupine = — 0.002x +0.271,R* =0.952, % 8) ,

ﬁxﬂﬂﬁﬁlﬂ%ﬁﬂd}iﬁfwﬁﬁ%%BE%MEE‘J*H?‘&@%W
J AL PR A 55 79 ol Jolp 20 %) 2 A0 S 2 97 AH 56
e = —0.976, P <

neutra

0.01,%29),
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Table 7 Effect of neutral salt stress on photosynthetic characteristics of Glycine gracilis leaves

(pmol - m™ -s7")

oo
Neutral salt concentration Pn Gs Ci Tr Ls

/(mmol-L~")

CK 18.2 aAB 0. 60 abAB 282.8 {F 3.93 aA 0.24 bB

20 18.4 aAB 0. 64 abA 276. 8 gFG 3.63 bAB 0.25 aAB

40 19.0 aA 0.67 aA 273.5 oG 3.54 ¢B 0.26 aA

60 16.9 beBC 0.56 bcABC 308.2 eE 3.08 cC 0.17 ¢C

80 15.8 ¢CD 0.46 ¢dBCD 321.6 dD 2.92 ¢CD 0.13 dD

100 14.3 dDE 0.43 dCD 336.3 ¢C 2.67 dDE 0.09 eE

120 13.0 deE 0.40 dD 353.7 bB 2.46 deE 0.04 {F

140 12.8 eE 0.38 dD 365.6 aA 2.38 eE 0.01 ¢G

F8 WIEERMEX/MMIXEM KRS HERRm

Table 8 Effect of alkaline salt stress on photosynthetic characteristics of Glycine gracilis leaves

(pmol - m™ - s7")

TP AR v i
Concentration of alkaline Pn Gs Ci Tr Ls
salt /(mmol-L")
CK 18.2 aA 0.60 aA 282.8 oF 3.93 aA 0.24 bB
20 18.1 aA 0.56 aAB 272.1 hG 3.09 bB 0.26 aA
40 16. 8 bcAB 0.55 aAB 288.6 fF 2.78 ¢BC 0.22 cB
60 15.7 cdBC 0.43 bBC 315.4 ¢ 2.61 cdC 0.15 dC
80 14.8 dC 0.38 beCD 327.8 dD 2.58 cdC 0.11 D
100 12.6 eD 0.35 beCD 339.7 cC 2.41 dCD 0.08 fE
120 10.1 fE 0.30 cdCD 353.2 bB 2.36 dCD 0.04 gF
140 8.0 gF 0.25 dD 367.4 aA 2.04 D 0.007 hG

RO WHEMES/NMIXEREIERIEXES

Table 9 Correlation analysis between two kinds of salt stress and photosynthetic characteristics of Glycine gracilis

(pmol - m™> -s7")

Qb3
Pn Gs Ci Tr Ls
Treatment
ik
-0.911** -0.938** 0.958 * * -0.989** -0.958**
Neutral salt
TSR _
-0.968 " * -0.985"" 0.976 " * -0.911"* -0.976 " *
Alkaline salt

3 Zig5itie

3.1 B TERERFTENEL

e I — M AR AR W8 T, B R R £
TR 2 07 18T, T EL VAT A R4 SR
TP R LT 22 B —E R, Y
AICIRE IS , D5 FR R BB T BE 1 T . A
WFFEARR W AP PR ER R 0 R, /IR B R Bk
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