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Effects of Salt Stress on Growth and Photosynthetic Traits of Canola Seedlings. LIU Guo-hong', JIANG Chao-
qiang® , LIU Zhao-pu' , LIANG Ming-xiang' , YIN Xiang-zhen' , ZHENG Qing-song' (1. Jiangsu Provincial Key Laboratory
of Marine Biology, College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095,
China; 2. Tobacco Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China)

Abstract: A pot experiment was carried out using canola in sand culture to explore effects of 10 and 30 days of NaCl
stress (0, 50, 100, 200, 300 mmol - L™") on biomass, chlorophyll ( Chl) , net photosynthetic rate (P, ) , stomatal con-

ductivity (G,), intercellular CO, concentration (x;) , transpiration rate (R, ), moisture utilization rate (E, ,) and stoma-

tal limitation (L,) of canola seedlings. Results show that NaCl stress decreased significantly plant dry weight, especially
when the salt was high in concentration and existed for a long time; with increasing NaCl concentration, chlorophyll ( Chl)
content and Chl a/Chl b ratio both displayed a variation pattern of ascending first and descending later, and peaked under
the stress of 200 mmol - L™ NaCl ,for 10 days and under the stress of 100 mmol + L.™' NaCl for 30 days. P,, x, and L_ in

G,, x; and

n>o

canola leaves growing under the stress of 50 and 100 mmol + I.™' NaCl stress were not much affected, but, P

no

R, were markedly decreased when the stress was higher, however, in this case, E_ , and L_ increased significantly. Corre-

w,u

lation analysis indicated that biomass (dry weight) of canola was insignificantly related to Chl content and Chl a/Chl b ra-

tio, but significantly and negatively related to Na*, Cl~ content, E_ , and L , and significantly and positively related to

root/shoot ratio(R/S), K*, Ca’* content, K*/Na*, Ca’*/Na" ratio, K™ and Na™ selectivity ratio [ S(K* ,Na* )],
Ca’* and Na® selectivity ratio [ S(Ca** ,Na* )], P,, G., x,

and R,. The findings indicate that in seedlings under the

stress of 200 mmol - L™' NaCl for 10 or 30 days, or 300 mmol - L.™' NaCl for 10 days, stomatal limitation was the major
restraint of photosynthesis. But when the stress was increased to 300 mmol + L' NaCl for 30 days, both stomatal and non-
stomatal limitations played important roles in restraining photosynthesis. Na*, CI~, K* and Ca’* contents, E, , L., R/S,

w,u
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K*/Na*, Ca®*/Na*, S(K*, Na*),S(Ca’* ,Na*), P,, G., x, and R, can all be regarded as indexes for evaluation

of canola in salt adaptability.

Key words: canola; seedling; salt stress; photosynthetic trait; stomatal limitation
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Fig.1 Effects of NaCl with different concentrations for 10 and 30 d on

plant dry weight and root/shoot ratio of canola seedlings
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Fig.2 Effects of NaCl with different concentrations for 10 and 30 d on chlorophyll
content and chlorophyll a/chlorophyll b ratio of canola seedlings
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Table 1 Effects of NaCl with different concentrations for 10 and 30 d on Na*, K*, Ca’*and Cl~ contents, K*/Na*, Ca**
/Na*, S(K*,Na*) and S(Ca’* ,Na*) in leaves of canola seedlings

v ¢(NaCl)/ BT/ (mmol - g7') K*/Na*  Ca**/Na* S(K*, S(Ca%t
d (mmol « L) Na* K* Ca’* Cl~ AL LU AE Na™®) Na*)
10 O(XHHR) 0. 15¢ 0.92° 0.74° 0.26° 6.16° 4.92° 0° 0°
50 1.47¢ 0.72" 0.71% 1. 50¢ 0. 49" 0. 48" 8.21¢ 9. 48
100 1.55¢ 0.67" 0.59" 1.73¢ 0.43" 0. 44" 14. 43" 17. 58"
200 1.90" 0. 49¢ 0. 44¢ 2.29" 0.24¢ 0.23° 15.85° 18.75°
300 2.78° 0. 364 0.36° 2.62° 0.134 0.13¢ 13.05¢ 15. 68°
30 O(XFHR) 0.16° 1.02° 0. 68° 0.18¢ 6.57° 4. 40" 0° 04
50 1.52¢ 0.75" 0.56" 1. 60° 0. 49" 0.37° 8.03" 7.22°
100 2.06° 0.55¢ 0.50" 2.28b 0.27°¢ 0.24°¢ 8.93° 9. 63*
200 3.63" 0. 264 0. 24¢ 3.67° 0.07¢ 0.07¢ 4.83¢ 6. 11"
300 3.81° 0.19¢ 0.19¢ 3.78" 0.05¢ 0.05¢ 4.92¢ 5.98¢

M BT LT BT R — SR SN RN R R R A B AR AR 22 R i (P <0.05) .

2.4 A[ERE NaCl 33 P, .G, .x; #1 R, B0

50,100 mmol - L~"'NaCl i1 10 #130 d, 3¢
P, 5%REH 25 B R 8 35,200 mmol - L' NaCl i
HAMSE P, B TR, 4300 T FE 16% F1 27% ,300
mmol + L™ NaCl Wit 413 3% P, 53 5 F ¥ 47% F
43% (F2) . W~ A NaCl v B A3, i
¥ G, ¥R R R ,50 100,200 300 mmol - L~
NaCl £ 3 10 d, ¥k G, 7351 bb Xt B 2H T R 9%
23% 62% F1 85% , Ab 3 30 d, Mtk G, 4 51K K&
15% 29% 64% F172% (£ 2) ;50,100 mmol « L™
NaCl 330 10 F130 d, y 3¢ x, 5 X4 22 5 ¥R 0
2,200 mmol + L~'NaCl flf Hi03E «, B3 F I, 7
W R 15% F118% ,300 mmol - L' NaCl Jifrif1 26
3% x, 43R % 28% F1119% . 50 mmol + L™"NaCl i
1810 130 d, 3% R, 55X R4 22 KA 03 i
NaCl ¥ JE ) FF, H R, ¥ 82 T %, 100,200,300
mmol + L~"NaCl £b38 10 d, k5 kk R, 439 F % 18%

38% F166% ,4bFH 30 d, 435I T 19% 51% F157%

(£2).

2.5 A[ERE NaCl 3tim3Ert f E, F1 L, 9300
50 mmol - L.”'NaCl Jif}38 10 #1130 d,iM3K E, 5

X HRZH 25 SRR B 2, 45 NaCl ¥k et —25 7, 1
E, 395 50,200 mmol « L™ NaCl i if1 £H il 3¢
Ew,ul—? 300 mmol - L~'NaCl ffpifi 20 25 B R 2 (%
2), 50,100 mmol - L™'NaCl ffrif1 10 #130 d, i
WeREE M A= i L, 50 B A B 22 R R i
F b NaCl ¥k B2 938 0, 3L L, 35 18 334, 200
mmol - L™'NaCl 3 30 d #93h3¢ L, 5 300 mmol -
L' NaCl e 4 /i) 22 3R ik B B K P (% 2) .
2.6 HEHETRENEXEGERDANEHMIE
kRN HE M HT

3 Al g, kT Ba S Chl & &  Chl a/
Chl b LB EI TCAHSCH:, 5 Na™ (C1” & &L, E,  Fl L,
[ 52 f 2 A OG (P <0.01) , 55 e, K™ (Ca® &
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f#,K*/Na* Ca®* /Na* [fl,S(K* ,Na*),S(Ca’",
Na®),P,,G xR [A] 2 B FIEAHC (P <0.01),
4 a[,P, 5 Chl a/Chl b K*/Na® Ca®*/Na”
HWAERITCAR G , 5 CL™ & hr Al i W3 A G (P <

0.05),55 Na* &kt E,, L, 5 EFAHKE(P<
0.01) , 5HIEH ,Chl K™ Ca® # 4, S(K* ,Na™),
S(Ca® ,Na*), G, xR [A 58 FEME(P<
0.01),

&2 AREIRE NaCl 8 10 #0130 d Xtim3k4h e P, G, xR, .E,, ,F1 L HISHT
Table 2  Effects of NaCl with different concentrations for 10 and 30 d on P,, G, x;, R, E, and L, in leaves of canola

seedlings

v ¢(NaCl)/ P,/ G./ %/ R,/ E, ./ L/

d (mmol - L") (wmol - m™2+s7) (mol + m™2+s7")  (pmol + mol ') (mmol - m~?+s~") (wmol - mmol ") %

10 O(XtHR) 19. 376" 0. 836° 298. 653° 9. 144° 2.119° 24.007°
50 19.984% 0.763% 289. 350° 8. 741% 2.286° 26.374°
100 20. 451° 0. 646" 286. 123 7.497" 2.728" 27.195¢
200 16. 368" 0.315° 255. 143 5. 640° 2.902% 35.078"
300 10. 249¢ 0. 1261 216.253¢ 3.131¢ 3.274° 44.974*

30 0(XHH) 23. 058 0. 688* 293.710° 6.367° 3.622¢ 25.265"
50 24.457° 0.587" 291.180° 6.101* 4.009" 25.908"
100 20. 769" 0.491° 288.223° 5.157" 4.027" 26. 661"
200 16.773¢ 0.2474 240. 853" 3.103¢ 5. 406° 38.714°
300 13. 139¢ 0. 190¢ 236.753¢ 2.752¢ 4.776" 39.757°

P, ELEEAR; G, LR v W] CO, WREE; R CHZEMSHEAR; B, KRR L oy LRI,

R3AIE 30 d FHEBRAETRES SIEFRERHE X ES T

Table 3 Correlation coefficients between each index and dry weight of canola seedlings

L7 LIPS EELTD AHIC R AL L7 FHOC R AL bR AR AL

R L 0.754 "~ Ca®* frim 0.993 ** S(K*,Na*) 0.951*~ x; 0.915**

Chl &t 0.373 Cl- &8 -0.901 ** S(Ca** ,Na*) 0.970** R, 0.887 **

Chl a/Chl b [t{ -0. 464 K*/Na* [L{H 0.712** P, 0.807 ** E, . -0.867""

Na* & -0.985** Ca?* /Na™ [WE 0.718** G, 0. 865 ** L, -0.915**
K* & 0.981**

P, NECEER; G AL ; NN CO, WIZ; R NZEEER, E, KRR L Oy SALIREME, » + FIR7E o« =0.01

K EBEMK . n =30,

&4 30 d BB E P, SEIEREEXES

Table 4 Correlation coefficients between each index and net photosynthetic rate of canola seedlings

L7 LEPEY ' 7D LIPS eIz FHOC R AL EEL7 AR AL

TRt 0.807 ** K* & 0.711** Ca**/Na* [UfH 0. 405 x; 0.779**

HR 56 0.926** Ca®* i 0.848 *~ S(K*,Na*) 0. 650"~ R, 0.961**

Chl % i 0.748 ** Cl™ & -0.591* S(Ca** ,Na*) 0.784** E, . -0.726"*

Chl a/Chl b [¥{H -0.046 K*/Na* [L{H 0.391 G, 0.870** L, -0.779**
Na* Zri —0.749 "

P, L E AR G N AL x NANMLE CO, WRIE; R OCHZEMEAGE, SR AFINRECR; L R LIREIE . = H1 o = 05878

a=0.05 Fll a =0.01 /K | BEMHL, n=30,

3 e

AR A SR R A o e R R e SRR i
Y Myl sE AL T 50,100,200 mmol - L' NaCl iy
T SRk e R B TR . SR b
AHEE, 100,150,200 ,250 1300 mmol - L™ NaCl 4k
T 24 b N, bR BRI

EHEE T, 5XT A A, 50 mmol - L' NaCl i
iH 10 d, VSR AE AR T B REAR 21% , 1k 22 30
d, TR PR 16% , & WIFf & FE PR A9 2R Tl S X
50 mmol - L™'NaCl it (Pt 76 42 57 , X AR ml i S
EMAEARAE Y ) PR AR B — e BT BB T
W AR P A ER 43 5100 mmol - L™ NaCl fifr i@t 10
d, IR L AR R T BRI 35% , AL 3 30 d, )5



-162- 4 R I B O N 7 N~ = O

28 %

AL 36% , 35 B Bl R R A9 A2 1, il 32X 100
mmol -+ L' NaCl [kt AP 4k 3578 — & i 7K 3F- 5200
mmol - L. "' NaCl i1 10 d, JHSE 4 R AR T I
1 56% , &b BH 30 d, T i B A 75% , 32 B 200
mmol + L™"NaCl A iy 361 7™ 5 410 1 T 3 8 A8 0k 19 28
KRB ; RIffi25 300 mmol - L™'NaCl 4b 7
30 d, JHSAEARAK R RE WS A7 5 , 26 A I 3% g 2R3 1
S EA e T AR P . %6 45 A R, Ab B
10 d, 2 AE FRAR 56 LU Bt NaCl i B 14 388 i it — 2L A
Ry e $, S AN [R) ok B Ak B ) 22 5O OR
5 MNP 30 d, MERRAR 6 e S ST i BRI A AR Ak
B X FRWTE— i A RS A R S A
BE T 4 i A F AR AR A9 AR K, X B o e gt
ISHIE

NaCl e #E Chl 5 2, i Chl 43f# . NaCl
Joip i 5 25 AN /N 22 M PR 1) 2B K B Rt b Chl
=Y HEZEMTE T, B NaCl ¥ i8035
FEARM B 25 /N {HH: Chl 5 Chl a/Chl b {4
FE RN, AbFE 10 d B,200 mmol - L' NaCl &b
FRZA M 7 Chl &5 Chl a/Chl b HAE A K
{8 ; 4038 30 d i}, 100 mmol - L~'NaCl kbHHH =5
J Chl & & Chl a/Chl b FW{HY ik KIEH. FEH
NaCl ¢ & il 0F — A2 58, ISR 4 A Chl & &
Chl a/Chl b HAE 2 3 F %, 2N NaCl 7] LS
ESQE AU Nl - I N e 075y N N T @
Chl &at3in. K% NaCl v B i) i 2 14 i, Chl 4y
fifg S, Chl 2 i 1 TFHR00 BR B0 55 . Geit & B,
A 5 NaCl #e B X A R A4 Chl 25 8 52 i 0 41 18 4%
FAEA . 200 mmol + L' NaCl g 242 HE£h M i E 4
MK EEXTH Chl & & Al Chl a/Chl b
TeH B £ R R A AR AR A
R R HH R AL Chl & i B TR,
17— V4 B YU T PN 1100 Ak L b A4 it ) G 9 o 5%
[y Chl £ 48 Kot 4 fE 14 IE s ™ . PUSH-
PAM % 458,10 ~20 g - L™" NaCl i3 ] i A%
JKFE T B AE KA F Chl &R T, 2 BIEL
Joipie TR B Chl & i 0 AR fb 5 4R 2%, T L6 351
SN A S R 2 i . XA
— W, Chl a/Chl b AR F0 AR Sz e T 28 484K
FEE B T AR AT, R B ) ik /L B ARS T A A Xl
T WM | A sk AR o K i TG kR
SN AR 0L &, AT B SE REFE 1 A= 1k
SEREIRCR Y L b R s A R R Y Chl
i Chl a/Chl b FUAE , 3% TCEE XTI AE Eh 5 A5 14
A AR N HA L

VFE2FsE R, 58 HAAY AR, %R LYk
WEEFR R, i HAEY 9 T BT s A1 51R N
Na® Cl- &ESEHBEFHE" . HH K" Ca®*
B P P IR A 322 B R L ) 348 e 2 AT ) T 56 1 o
FHLHRNO L EHIIE R, A T R S
A Na™ (Cl™ i (] 2 W AR (P <0.01), 50t
FrK* Ca® Eria] 5 B MG (P <0.01) , FLA
S F B s T AR AR . S(K' Na ™) FiIS(Ca’"
Na * ) S BT JH S % 285 32 i ) AR O 1B B, G
BB, Z WX K Ca® pysk v K
WA R AR AL AR X KT Ca® i Wi A
Tia) 153 A R R e M DT A A< AR A P 1)
BT, I R A TR R L EH R
B, 5 A P 2L, R W30 T Tk SR RE A R R =
S(K",Na®) 1 S(Ca® ,Na™), A i H 0 F B % 4
FRE R R B TR, M A BT R A I K, S (KT,
Na™)FlS(Ca’ ,Na® )5, B4 K™ Ca®* ik
BEPEIZHIRE T TR AR AR A SZ I R B T

NZHEGT R, ER a8 2 el AR i T AR A
MR, TR B2 7 e & 1E
FH)SZ 46 32202 KR i v SAL 5 B2 sl F i (R 7
FETR R o A R 38 TR S R 9 S L R A
AEAALIRFNF DI RARZ . 38 T AR5 3 0 BUK,
JeA i BE Sk IR T AL, ok B AR AL
#1"7) {0 BRUGNOLI % (i se 6 W1, Eh i 410 T
SR G A I 22 S AL s e . 78 ER
R H ZE G A MR IR T AL R iR R IER
LR, Hfth 2 g i TR R g o 2EH
g SE A K R Wi R, 50 #1100 mmol - L7
NaCl ZbPREATHZELN T P, S5XFHRZH 2 (8] 22 7 50K 8.
2,200 A1 300 mmol - L™'NaCl &b ¥ 41 i 324015 P,
50T R A b 0 R R TSRS« BE P, 1R RE
MR MR, L, WA R B Th, ks 85 R BoR Bt 2
PSRN ERYS SRR i FAN ) SIENRT B el il E % I =
LR, ZEFH LI, K AR ME T, 300 mmol -
L~ 'NaCl AbHZH 32401 L, 5 200 mmol + .7 NaCl
AbFRLE [E] 22 S AN 1 3 T P, A — B R A, iX R W
%% 300 mmol - L."'NaCl 4b3 30 d B335 S VEH
ZE B EIHNW K TILHRZEMAEILEE 2 5
. EHELERCEEM SR Na® (C17 &
A A OC, JU R Na® & i, i 5 A
K* Ca®* &S B & IEAE (P <0.01) , KU
PRAY S FF A S5 Th S e G E B DI G, BRI,
WL P, 5 S(K™ Na® ) fl S(Ca®" ,Na™) [d]
5 IEAHOC(P <0.01)
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