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Effect of the accumulation and distribution of carbohydrates
of potato seedling under low magnesium stress
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ZHOU Xiao-jie', YU Bin', ZHANG Feng'
(1. Gansu Key Laboratory of Crop Improvement and Germplasm Enhancement ,Gansu Provincial Key Laboratory of Aridland Crop
Science, Lanzhou ,Gansu 730070, China; 2. College of Horticulture, Gansu Agricultural University, Lanzhou, Gansu 730070)

Abstract;: Potato cultivars “Atlantic” plantlets in vitro were cultured on liquid MS medium with low-Mg”* con-
centration (0, 188,375,750,1 500 pmol - L™"). Physiological and morphological indexes were determined after
20 d culture and showed that under non-Mg”" treated condition, the total chlorophyll content, chlorophyll a content
and chlorophyll b content, root/shoot ratio, total root length, root surface area, root volume, lateral root number of
plantlet in vitro were the lowest. Compared with the control, the above indexes were decreased by 42.3%, 40.8%,
46.2% , 96.4% , 63.9%, 54.1%, 82.4% and 89.9%, respectively. The average root diameter and Chla/Chlb
reached the maximum level under non-Mg™ treated condition and compared with the control were increased by
16.7% and 9%, respectively. The starch content in shoots and the sucrose content, fructose content and soluble

sugar content in shoots and roots were highest under non-Mg>* treated condition, and compared with the control

these indexes were increased by 58.5%, 54.8%, 59.7%, 25.9%, 22% , 46.7% and 54.7%, respectively. The
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starch content in roots was lowest under non-Mg”* treated condition and compared with the control were decreased
by 32.8%. The correlation analysis indicated that there existed a strong negative linear relationship between Mg”*
concentration and starch content, fructose content, soluble sugar content in shoots, respectively. These results indi-
cated that under the treatment of Mg deficiency, a large amount of carbohydrate was accumulated in shoots where-
as less exported to roots. The lateral root number and root/shoot ratio were reduced, and the root system formation
was totally inhibited. Under low Mg™* concentration of 750 wmol - L' treatment, the chlorophyll content of plantlet
in vitro increased and more carbohydrate was translocated to roots. The root/shoot ratio increased and the root sys-
tem formation was promoted. These physiological and morphological indexes under 750 wmol - L' treatment of Mg™*

had no difference from that of normal Mg** treatment condition (control). The MS medium containing 750 pmol -

L™ Mg®* was also beneficial to growth and development of potato plantlet in vitro.

Key words: potato; plantlet in vitro; lowmagnesium stress; root morphology; carbohydrates
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Table 1  Components of different culture media

i BRI/ (umol - L71) IRy

Treatment Mg” concentration Medium component pH
1 0 MS-MgS0, - 7H,0+MgCl, - 6H,0(0g) +K,S0,(5.22¢) + bk 3% 5.8
™ 188 MS-MgS0, « 7TH,0+MgCl, - 6H,0(0.76g) +K,80,(5.22¢) +EEM 3% 5.8
™ 375 MS-MgS0, « 7TH,0+MgCl, - 6H,0( 1.52¢) +K,80,(5.22¢) +EEME 3% 5.8
T4 750 MS-MgSO, - 7H,0+MgCl, + 6H,0(3.05g) +K,80,(5.22¢) +#EMi 3% 5.8
CK 1500 MS-MgS0, - 7H,0+MgCl, - 6H,0(6.09g) +K,80,(5.22¢) +1M 3% 5.8

1.4 #HiEabE [T B2 i ae T Eh 4% 248 v i 4 R | AT

R 3 WHE L, Bt A B DOV B{E < bR o 132
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Duncan K22 57 i 25V | i 35 /K P<0.05,
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(T1) DA ERAF W A4 K Chla AT Chlb 75 3
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Table 2 The effects of low-Mg™ concentration on chlorophyll content of potato plantlet in vitro
Ak M2RR a &/ (mg - g7') M4 b Fit/(mg - g7") MR AR/ (mg - ¢7") M2RER o/ 5K b
Treatment Chla Chlb Chlorophyll Chla/Chlb
T1 0.471+0.030d 0.163+0.034d 0.634+0.004d 2.89+0.017a
T2 0.542+0.017¢ 0.201+0.032¢ 0.743+0.016¢ 2.70+0.025a
T3 0.545+0.053¢ 0.202+0.023¢ 0.747+0.064¢ 2.69+0.028a
T4 0.682+0.009h 0.258+0.042b 0.940+0.038b 2.64+0.012a
CK 0.796+0.014a 0.303+0.048a 1.099+0.061a 2.63+0.023a

T BUEJE A R FREFRORAL BRI AR P<0.05 FAAERE 2R, T,

Note: Values followed by different letters mean significant difference at P<0.05 between treatments, the same as below
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F123.232 mg - o' HERE S EASL S 2R oE 2 —
B0, T Ab 3 TR 5 553 02 T2 T3 T4 Kb BEFIXT
FEALPEAY 1,19 1.22 12345 F0 1.13 £ FobE & &40
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Table 3 The effects of low-Mg®* concentration on starch, sucrose,

fructose and soluble sugar content of potato plantlet in vitro

Ib3 TEN i RERE & i FHE R AR
Treatment Starch content Sucrose content Fructose content Soluble sugar content

T1 22.257+0.602a 0.042+0.002a 5.030+0.096a 17.260+0.480a

" T2 22.117+1.180a 0.019+0.002b 3.748+0.198b 16.489+0.175a
SJXE(T); T3 13.877+0.174b 0.018+0.002b 3.470£0.535b¢ 16.518+0.593a
T4 13.162+0.623b 0.016+0.002b 3.171£0.329¢ 16.872+0.713a

CK 9.243+0.909¢ 0.019+0.004b 2.029+0.024¢ 12.782+0.547h

T1 5.852+0.305d 0.025+0.002a 5.509+0.222a 23.232+1.618a

T2 8.352+0.685ab 0.021+0.001b 3.401+0.070b 16.404+1.044b

Rtit T3 7.289+0.940bc 0.021+0.001b 2.667+0.179¢ 12.366+0.996¢
T4 6.728+0.508cd 0.021+0.002b 2.869+0.108¢ 15.574+0.672b

CK 8.713+0.550a 0.022+0.001b 2.934+0.032c 10.533+1.150¢

23 REMEXNSHREBRERRE LN

Shy I B 5 T AR A T AROEL LI DG R, T e
TARMREEE T B8 H IS MRE, 4528
IN(FRA) DA LA Y e FE T AR
T1 AbBERF BRI Sy S AR AE, 4301 R 112.33 12,85 ¢
SR, AT RRIY 47.29% 1 64.5% , 5 T2 RbFEE AR
B, BEEBEME T, DA A T e A Y
fief 7 RN T L e T4 AT 6 F T E Yk

BRAG, 23R 255.57 .21.81 g - k', SRR L
FSt, DREE TR R EEM T HAE T
AR PR e/ ME 43R0 2.25.0.11 g - Bk, SRR
B 13.4%F1 2.2% , 5 T2 T3 T4 ZbFFIXH IR 25 5
=, SRERE AR LA T1 AL 0.91, bl
FHEWRIE TS MR B G R, T2 T3 T4 Ab B X
WEAOARTEE LA T1 AbBRAY 25 28 27 17511 28 %,

®4 REMENIRIFAEEHE, TEMRE LK

Table 4 The effects of low-Mg®* concentration on fresh weight, dry weight

and root/shoot ratio of potato plantlet in vitro

s #WEE/ (g - Bk Fresh weight/g/ (g « plant™") F&E/ (g ¥k") Dry weight/g/(g « plant™") e
Treatment 221 Shoot R Root 2204 Shoot R Root Root/shoot ratio
Tl 112.33+11.03¢ 2.25+2.05¢ 12.85+1.63¢ 0.11+0.10b 0.91+£0.37b
T2 134.67+13.26bc 27.18+7.14b 13.81£2.92¢ 3.21+0.61a 23.26+3.15a
T3 163.01+21.59b 39.57+11.39ab 15.93+2.14bc 4.04£2.03a 25.38+3.21a
T4 255.57+28.71a 59.28+15.48a 21.81+3.56a 5.35+2.17a 24.53+3.68a
CK 238.02+27.02a 59.01+15.31a 19.92+3.37ab 5.06+2.04a 25.43+3.39a
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Table 5 The effects of low-Mg™ concentration on root morphology of potato plantlet in vitro

Qb MR/ em HRF WY em? B AR/ mm HRAREY em? ML
Treatment Total root length Root surface area Average root diameter Root volume Lateral root number
T1 28.02+28.36b 4.63+3.18b 0.54+0.026a 0.0075+0.008h 1.25+1.05¢
T2 81.74+18.73a 10.75+1.65a 0.41+0.018b 0.0380+0.018a 21.00+10.46ab
T3 82.69+17.28a 10.78+1.53a 0.44+0.043b 0.0506+0.033a 22.40+16.68ab
T4 85.69+20.99a 10.94+1.86a 0.41+0.036b 0.0476+0.010a 29.80+11.84a
CK 77.63+19.19a 10.09+1.90a 0.45+0.033b 0.0426+0.014a 12.40+8.87bc

B REMETOREREERS(A,TI A, B T2 43, ¢, T3 43, D, T4 463, E,CK)
Fig.1 The effects of 10w-Mg“ concentration on morphology of potato plantlet in vitro (A, T1; B, T2; C, T3; D, T4; E, CK)
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Fig.2 The correlation analysis between carbohydrates and Mg®* level of potato plantlet in vitro
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