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Effects of Calcium on Carbohydrate Metabolism of
Potato Virus-Free Seedlings under NaCl Stress

WEI Cuiguo' ,CHEN Youjun? . MENG Meilian'* , SONG Shuhui' , XIAO Qiang' , REN Shaoyong'
(1 College of Agricultural,Inner Mongolia Agricultural University, Hohhot 010019, China;2 College of Life Science, Inner Mon-
golia Agricultural University, Hohhot 010019, China)

Abstract: The effects of CaCl, of 0,5,10,15 and 20 mmol « L' in the culture medium on the carbohydrate
metabolism and enzymes of potato variety of ‘Kexin No. 1” were investigated under 0,25,50 and 75 mmol + L'
NaCl stress. The results showed that: (1) With the increase of NaCl stress concentration, the contents of
starch, sucrose, glucose,fructose and total soluble sugar in leaf of potato virus-free seedlings decreased con-
tinually. Sucrose synthetase (SS) and sucrose phosphate synthase (SPS) activities were significantly re-
duced. The activities of neutral invertase(NI) and acid invertase(Al) in leaf elevated in the range of 0~50
mmol ¢« L7, and then declined. (2) Under NaCl stress, adding proper amount of CaCl, significantly in-
creased starch,sucrose, glucose and total soluble sugar contents, significantly reduced the activities of NI
and Al,could effectively alleviated the inhibitory effect of the salt stress on SS and SPS. (3) There were a
negative correlation between sucrose content and Al activity, there were a significant negative correlation
between sucrose content and NI activity, and there were significant positive correlation between sucrose

content and activities of SPS and SS. These results indicated that exogenous calcium could regulate enzyme
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activity change,ameliorate the potato virus-free seedlings direction of carbohydrate metabolism under salt

stress,enhance plant carbon synthesis and osmotic adjustment,and reduce salt damage.

Key words: potato;calcium; NaCl stress;carbohydrate metabolism
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Table 1 The effect of calcium on starch content of potato virus-free seedling leaves under NaCl stress/(mg -+ g ')

NaCl #k Ji CaCly ¥ J¥ Concentration of CaCly/(mmol « L™ 1)
Concentration of NaCl
/(mmol « L™ 1) 0 5 10 15 20
0 260.52£6.68c(a) 317.07£8. 12b(a) 356.59£8. 65a(a) 334.22+9. 79ab(a) 286.00£10. 84c(a)
25 236, 14£6.56b(a) 281.66+7.03a(h) 298.94+14, 21a(b) 275.69+38. 89a(h) 238.24+11.92b(b)
50 205.00£12. 23b(b) 220.20£10. 88b(c) 252.97£4.76a(c) 219.35£12.17b(c) 208.99£19. 88b(bc)
75 183.51%6.58c(h) 210.23+12. 80be(c) 236.65+3. 70ab(c) 247.17%4.01a(he) 188.08+11. 36¢(c)

T AT 455 AN TR 7 B 7R 45 A0 31 2 5335 0. 05 1 K [MF45-5 AR IR 7 B 7R NaCl 4 B[R] 22 554 0. 05 8 FKF; F .
Note: Different letters in the same line outside the brackets indicate significant difference among Ca treatments at 0. 05 level; Different letters in the same column
in brackets indicate significant difference among NaCl treatments at 0, 05 level; The same as below.
x2 FXNCIBHETDRENSEMTAEREENF N

Table 2 The effect of calcium on sucrose content of potato virus-free seedling leaves under NaCl stress/(mg + g~ ')

NaCl ¥ J& CaCly ¥ J# Concentration of CaCl;/(mmol « D]
Concentration of NaCl
/(mmol « L™1) 0 5 10 15 20
0 34,4840, 25¢c(a) 37.5040.65b(a) 40, 06£0. 54a(a) 37.29£0. 36b(a) 35.96+0. 43bc(a)
25 28.3041.51b(h) 29.67+1.69b(h) 32,5440, 41a(b) 28.1041.02b(h) 23.46+0.97c(b)
50 23.30£0.83b(c) 25.00%1. 26b(c) 27.93£0.41a(c) 23.74%0.54b(c) 20.16%0.91c(c)
75 19.794£0. 65¢(d) 21. 8140, 35be(d) 22.54£0.33b(d) 24.76£0.17a(c) 21.9240. 73bc(be)

£3 X NCIBETORERSEHHETESENRT

Table 3 The effect of calcium on glucose content of potato virus-free seedling leaves under NaCl stress/(mg e+ g ')

NaCl ¥ & CaCl, #JE Concentration of CaCl,/(mmol « L™
Concentration of NaCl
/(mmol « L™1) 0 5 10 15 20
0 13.21£0.91c(a) 14.45+0. 62c(a) 16.51£0. 65b(a) 17.84%£0. 64ab(a) 18.36+0.53a(a)
25 12.26£0. 79c(a) 13.73£0. 67hc(ab) 15.39£0. 71h(ab) 17.3140. 75a(a) 18.25+0. 39%a(a)
50 11.70+0. 09c(a) 12.99+0. 71be(ab) 14.23+0. 26b(b) 17.34+0. 54a(a) 17.99+0.56a(a)

75 9.0520. 50d(h) 12.04%0. 33c(b) 14.1240. 96b(b) 17.1140. 46a(a) 17.0740. 18a(a)
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Table 4 The effect of calcium on fructose content of potato virus-free seedling leaves under NaCl stress/(mg « g ')

NaCl ¥ &

Concentration of NaCl

CaCly ¥ J# Concentration of CaCly/(mmol « L™ 1)

/(mmol « L™1)

0

5

10

15

20

19.3840.89c(a)
17.16£0. 33b(b)
14,6840, 13bc(c)
14.95%1. 09a(c)

15,500, 45d(a)
15. 1440, 41c(a)
13.9640. 20c(a)
15.6240. 94a(a)

13.4540. 83e(ab)
12.77+0. 58d(b)
13.2940. 54c(ab)
14.95%0. 28a(a)

£S5 B NaCIBMETORERSEMH TR MMEESENTM

The effect of calcium on total soluble sugar content of potato

virus-free seedling leaves under NaCl stress/(mg -+ g ')

0 26.6440.79a(a) 22.0940.97b(a)
25 21.0940. 36a(b) 20,4240, 58a(b)
50 17.09£0. 03a(c) 16.18£0. 61ab(c)
75 12.51£0. 43b(d) 13.16£0. 41b(d)
Table 5
NaCl ¥

Concentration of NaCl

/(mmol « L™ 1)

CaCl, #¢J# Concentration of CaCl,/(mmol « L™1)

0

5

10

15

20

0 83.2220.78b(a) 85.9720. 75ab(a)
25 72.69x1. 44c(b) 76.650. 18b(b)
50 63.23£2.37c(c) 69.210.96b(c)

75

54.51£0.69b(d)

56. 2411, 20b(d)

88.53£0. 42a(a)
81.34£0. 90a(h)
75.61+£1. 31a(c)
59.33£0. 83a(d)

86.20+0. 44ab(a)
78.4510. 38ab(b)
70.8141.50b(c)
61.7641.05a(d)

84.9920. 24b(a)
76.3920. 30b(b)
65.53£1.33c(c)
59.92£0. 55a(d)
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Table 6 The effect of calcium on NI activity of potato virus-free seedling leaves under NaCl stress/(mg =+ g '+ h™')
NaCl #k Ji CaCly ¥ J# Concentration of CaCly/(mmol « L™ 1)
Concentration of NaCl
/(mmol « L™1) 0 5 10 15 20

0
25

1.66+0.47a(c)
L9941, 05a(be)
6.80+0. 78a(a)
4.48+0. 99a(ab)

SRS

3%

50
75

[N )

19. 6740, 72ab(b)
21.66+0. 98a(b)
24,48+1. 31ab(a)
21.8340.57b(h)

17.5240. 32b(b)
20. 3410, 94a(a)
21.99%1. 22b(a)
20.01£0. 16b(ab)

18.02+1. 22b(c)
21.83£0. 42a(h)
24,6440, 43ab(a)
19.1840. 95b(c)

20. 3441, 05ab(b)
22.32+1. 46a(b)
25.80+0. 73a(a)
21.66+1.35b(h)

R7 X NaClEME T DHEBREEM H ALBERIX I

Table 7 The effect of calcium on Al activity of potato virus-free seedling leaves under NaCl stress/(mg+g '+ h ')

NaCl ¥ J& CaCly ¥ J#F Concentration of CaCly/(mmol « L™1)
Concentration of NaCl
/(mmol + L™1) 0 5 10 15 20
0 94,5441, 75a(c) 91.98+1.33ab(c) 88.25+1.13b(b) 92, 4740. 76ab(h) 93,2341, 71ab(b)
25 107, 4140.79a(b) 99.66+1.85b(b) 92.26+1.29c(b) 94, 4041, 03be(h) 98. 4142, 29b(h)
50 116. 74+ 1. 40a(a) 113. 2843, 49ab(a) 100.56+2. 05d(a) 104.57£2. 22cd(a) 108. 0344, 46bc(a)
75 90.81£1. 18a(c) 82.16+1.36b(d) 80.02+1.33b(c) 79.7442.07b(c) 81.75+1.54b(c)

%8 4§53t NaCl fri T4

RERSEM R SSEEHNIME

Table 8 The effect of calcium on SS activity of potato virus-free seedling leaves under NaCl stress/(mg =+ g ' « h™!)

NaCl ¥ i CaCly ¥ J#¥ Concentration of CaCly/(mmol « L™ 1)
Concentration of NaCl
/(mmol « L™ 1) 0 5 10 15 20
0 12.784£0.52c(a) 14, 6640. 38h(a) 16.82+£0. 44a(a) 13.85%£0. 47bc(a) 12.37%+0.83c(a)
25 11.97+£0. 38b(ab) 12.5140. 58ab(h) 13.99+0. 51a(b) 12.2440. 71b(b) 11.2940. 74b(ab)
50 10. 75£0. 26b(b) 11.43%0. 49ab(be) 12.64£0. 46a(h) 11.70£0. 81ab(h) 10.08£0. 35h(b)
75 8.3340.46b(c) 10.22+0. 40a(c) 10.75+0. 56a(c) 11.70£0. 35a(h) 10.75+0. 51a(h)
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Table 9 The effect of calcium on SPS activity of potato virus-free seedling leaves under NaCl stress/(mg e+ g ' « h™!)

NaCl ¥ ¥ CaCly ¥ J# Concentration of CaCly/(mmol « L™ 1)
Concentration of NaCl
/(mmol « L™1) 0 5 10 15 20
0 12.7840.52d(a) 15.6140. 46b(a) 17.90+£0. 22a(a) 16.14£0. 34b(a) 14.12+0. 22c(a)
25 11.2940. 26¢(h) 13.7240. 40b(b) 15.07+£0. 26a(b) 13.99+0. 26ab(b) 12.10£0. 67c(b)
50 11.02£0. 26b(b) 11.9740. 70b(c) 13.18£0. 60a(c) 11.56£0. 40b(c) 9.2740.49¢(c)
75 9.00+0.16c(c) 9.95+0. 26bc(d) 10. 75+0. 26ab(d) 11.83+0. 34a(c) 9.6840. 46bc(c)
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Table 10 Correlation analysis of potato virus-free seedling leaf carbohydrate
content and its glucose metabolism enzyme activities
Hi g *’fﬁ?’f‘ﬂc%?ﬁﬁ @‘Eﬂf%ﬁ&?ﬁﬁ ﬁ*ﬁﬁﬁﬁ%(ﬁ@ BEWEBERR O AR T P
Ttem Neutral invertase Acid invertase Sucrose sypthetase Sucrose phosphate
activity activity activity synthase activity
JEH) & i Starch content —0.779* —0.197 0.925** 0.972**
HEWE 2 B Sucrose content —0.691"* —0.110 0.906 " * 0.925**
i %G B P i Glucose content —0.370 —0.162 0. 350 0.351
S BE it Fructose content —0.226 0.101 0.532* 0. 404

TEeox Hox % 235178 0,05 710, 01 ARV (AR 56 2 35 1k

Note: * and * * denote significant correlation at 0. 05 and 0. 01 levels, respectively.
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NaCl rift $2 5 7 5 8% 5 35 ¥ A NI A AT 5
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£ 0.25.50 mmol « L™" NaCl i F &0 10 mmol
« L7 CaCl, , L B AE 75 mmol « L™ NaCl ifp38 F 4
15 mmol « L™ CaCl, , ¥4 REAE A7 3 2% fifk £ 381 51
) S A R OK A A W i SO PR A R AR
A R W I JSHT 4 Bk K A 5 1 ARG~ A 3 T
ENISERZ 85

VWSS BA B R 8 T A 12 R 1Y RE

S % ik
[1] LIU G H(IEAE). Research progress in mechanism of plant resistance to salt stress[J]. Journal of Anhui Agri. Sci. CLZEAR N B .

2006,34(23):6 111—6 112(in Chinese).

[2] ZHAO Z GG HE).LU J Mt ##§). Progress or research in plants salt tolerance[ J]. Journal of Changchun Teachers College (1 3 i
L BEF ) . 2002,21(1) :51—53(in Chinese).
[3] SILVAJV B,OTONI W C.MARTINEZ C A,et al. Microtuberization of Andean potato species (Solamun spp.) as affected by salinity
[J]. Sci. Horti. ,2001,89(2):91—101.
[4] PATELL R M,PRASHER S O,DONNELLY D.er al. Effect of initial soil salinity and subirrigation water salinity on potato tuber yield
and size[ J]. Agricultural Water Management ,2001,46(3) ;231 —239.
[5] CARLOS A M,MOACYR M,ELISONETE G L. In vitro salt tolerance and praline accumulation in Andean potato (Solamun spp. ) diffe-
ring in frost resistance[J]. Plant Sci. ,1996,116(2) ;177 —184.
[6] LEVY D, TAIG C C. Differential response of potatoes (Solanum tuberosum L. ) to salinity in an arid environment and field performance of
the seed tubers grown with fresh water in the following season[J]. Agricultural Water Management ,2013,116.:122—127.
(7] Mzl EG X RS A A S RS B X RS R TR, M5 R IML Jb a0 B2 H itk . 1994489 —499.
[8] WANG F(¥ ) ,WAN SH B $%) . MENG Q Wi JK1F) s et al. Regulation of Ca?" in plant response mechanisms under salt stress
[JJ. Life Science Research (V£ A BL2£WF5E) »2012,16(4) :362— 367 (in Chinese).
[9] LAUCHLI A. Calcium,salinity and the plasma membrane[ M]//LEONARD R T, HEPLER P K. Calcium in Plant Growth and Develop-
ment, The American Society of Plant Physiologists Symposium Series,1990,4:26—35.
(10 SRIEZE. 5 % R Wbt T 7K i 4l 1 46 5 22 A 19 3800 ML BLAIE 52 [ D], 1 5t < B it ROl K 2% 2004,
[11] YANG F J( A%, L1 T L(ZEXKF) . ZANG ZH JOFE BT set al. Effects of timing of exogenous calcium application on the alleviation
of salt stress in the tomato seedlings[ ] ]. Scientia Agricultura Sinica (W [E M FF2%) ,2010,43(6) ;1 181—1 188(in Chinese).
[12]  EEE. 45 B8 R0 NaCl Wi T B4 8 A KRN FRAR ML 1 2 ma LD, WP RS 4 « 9 58 Rl K%, 2011,
[13] MADORE M A. Carbohydrate metabolism in photosynthetic and non-photosynthetic tissues of variegated leaves of Coleus blumei Benth
[J]. Plant Physiology +1990,93:617—622.
(140 JAMTEE SRIRTE . A P04 Rk ohal s M 0 s LML/ /vl BB 2 e b 0 0 A LA 9 o v T A B S AR 4 A6 1 2 i 0 4 v L
5 BhAE AL 1999127 — 128,
(151 2 3R AMEZ e RS E T 8R40 8 06 28 SRR IR A 3662 e A BIF 5 [ D). R 5L« 1 0 4Rl K%, 2006,
[16] BRER BT, 205 MY A 2 948 S G 4 O LM, Jbst: S 307 kL . 2009: 103 — 104
(171 mR R A A 2 S g 8 (M. JU Rt 5 S5 40F kL . 2006105 — 108,
[18] LUO Y(® ). Sugar metabolism and related enzymes in plants[J]. Journal of Wenshan Teachers’ College (31l 5 45 & Bl 2 45 2

42),2004,17(2) :155—159(in Chinese).



760 [T A i N // M= S 34 4

[19] FRANCOIS L E,DONOVAN T J,MAAS E V. Calcium deficiency of artichoke buds in relation to salinity[J]. Hortscience,1991,26:549
—553.

[20] XUXUGE 2% ,.YANGJ(H 1B).ZHENG G QU EF) set al. Sugars and sucrose-metabolizing enzymes in leaves of Lycium barbarum
L. under salt stress[J]. Chinese Journal of Eco-Agriculture (WP [H 24\ 2% 4R) ,2006,14(2) ;46 —48(in Chinese).

[21] KHATKAR D,KUHAD M 8. Short-term salinity induced changes in two wheat cultivars at different growth stages[J]. Biol. Plant,
2000,43:629—632.

[22] SINGH S K,SHARMA H C,GOSWAMI A M,et al. In vitro growth and leaf composition of grapevine cultivars as affected by sodium
chloride[ J]. Biol. Plant,2000,43:283— 286.

[23] KEREPESI I,GALIBA G. Osmotic and salt stress-induced alteration in soluble carbohydrate content in wheat seedlings[J]. Crop. Sci.
2000,40:482—487.

[24] CHEN SH Y(E/0#). Lipid peroxidation and plant stress[J]. Chinese Bulletin o f Botany (3@ ) ,1989,6(4) ;211 —217(in Chi-
nese).

[25] ZHENG Q SCEHFM) . WANG R L(E{=),.LIU Y LX) )& B ). Effects of calcium on ions absorption and distribution of cotton seed-
lings under salt stress[J]. Acta Photophysiologica Sinica (F§¥) 4 PE2#4%) ,2001,27(4) :325—330(in Chinese).

[26] SCHAFFER A A,PETREIKOV M. Sucrose-to-strach metabolism in tomato fruit undergoing transient starch accumulation[ ]J]. Plant
Physiol. ,1997,113.739—746.

[27] Bk v AR XA ERBOK S WIE R R 820 (D], w /R AR JL gl K%, 2006.

[28] LIW(ZE ).JIANGJ(ZE §,LITL(ZEX¥E). Effeet of salt stress on suerose metabolism of tomato seedlings[J]. Chinese Agricul-
tural Science Bulletin (Fp[E R %18 ) - 2005,21(12) : 184 —186(in Chinese).

[29] BJARKE V,LUBOMIR M. Changes in carbohydrate composition in wheat and pea seedlings induced by calcium deficiency[ J]. Plant
Physiol. ,1985,79:315—317.

[30] WEI M L,SUNG ] M. Carbohydrate metabolism enzymes in developing grains of rice cultured in solution with calcium supplement[]].

Crop Sci. ,1993,33:174—177.

FRRCGUEH F EREEARAN N N2 255 e

28 [ 5% o M R T A 8 ) | bR A A TR B v L BB 1T Y (DU P I R R A 0 ) T
2011 48 10 1 HESLHE . ey §F 5 DUE 19 44 3044 A0 fef §F 5 DU A9 B0 L it in) L 3 e i) B 2810 45 #RA
TREETHLE .

LOH DR P B I s A ) I s L R e M ER 2R . ERES . EMBEFEX
E.WEFNFZHEREHARS. 1. Li Hua(ZEHE) Dongfang Shuo (K 5 ¥#) .Zhang-Wang Shafang (K F
W5 . BEABEMEASH . RERBKRE. Wl: Wdng buzhang(EFK) | Li xiansheng(ZE54) .

2HMEBFNERMBEZEST . BEEFHFEKXE, W Bejing ShiCtaiii) . E¥ZUMMBEMATR
NDEZMBZNM BN LES . W . Heilongjiang (PR V1) .Santdnyinyue( = EI H) ,

3. GRS MBS DF o IR A B AU A L BB TR S i T E R E S EE R R AN EF Y
AAAEBRRAENME. W: WANGFUJINGDAJIE CEJFH K8 . i e, #h 58 17 “ B 507 DGE §F
B OFE BRI ECT AT R B BT R AR BT B T RLE . i er ling ling ba nian(Z OO J\4E) 635 fenji(635
IR

GE#Hra B



