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Changes of sugar contents in different tissues and cell structure in two

grape (Vitis vinifera L.) varieties under low temperature stress
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('College of Life Sciences and Technology Gansu Agricultural University Lanzhou 730070 Gansu China Northwest Institute of Plateau
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Abstract: Objective To study the changes of sugar contents in different tissues and cell structure of two
grape varieties with different cold-resistance under cold stress. Methods The pot—cultured cuttings of
Beta’ which is usually ultilized as rootstock with cold—resistance and‘ Cabernet Sauvignon’ that is one
of the wine grapes with low—temperature sensitivity were used as experimental materials. The changes of
soluble sugar content stem anatomic structure and ultra—structure of wine grape organ under low temper-
atures were investigated. Results® Beta’ and Cabernet Sauvignon’ adapted to low temperature by in-
creasing sucrose contents. The response of the soluble sugar to low temperatures occurred in leaves first
then in stems and in roots finally. On the anatomic structure of stems * Beta’ had smaller cell more
cell layers and thicker cuticles and the starch accumulated earlier and more. However *  Cabernet Sauvi-
gnon’ had larger cell fewer cell layers and thinner cuticles and the starch accumulated later and less.
On the ultrastructure of stems cell with the increasing of stress duration * Cabernet Sauvignon’ stem

cells suffered more seriously. The chloroplast membrane of Cabernet Sauvignon’ was broken and the par-
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tial chloroplast thylakoid disintegrated and loosed after 6 d low temperature stress. And some organelles
degraded. Multi—-membrane structure arranged like concentric circles were found in cytoplasm of partial
Beta cell. Conclusion In short there was obvious difference in anatomic structure and ultrastructure be-
tween Beta and Cabernet Sauvignon under low temperatures and the physiological response in soluble
sugar accumulation of different organ was different as well which provided the cell evidence for the cold-
resistance difference among different grape varieties.
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Table 1 Changes of soluble sugar content of Beta’ and Cabernet Sauvignon' under different low temperature stress duration
mg-g"
Beta Cabernet sauvignon
Carhohydrate Organ  0d 2d 4d 6d 0d 2d 4d 6d

Root 4.76+0.16 Be/Bb 6.04+0.22 Bb/Bb 12.28+0.41 Aa/Aa 12.79+0.45 Aa/Bb ~ 3.1120.20 Bb/ Bb ~ 4.06+0.23 Bb/Ce 3.04+0.29 Bb/Ce 10.12+0.77 Aa/Bb
Sucrose Stem 3.87+0.16 Dd/Bc  5.91+0.25 Cc/Bb 8.97+0.42 Bb/Bb 12.49+0.24 Aa/Bb  6.42+0.20 Cd/Bb 7.82+0.49 Cc¢/Bb 9.16+0.35 Bb/Bb 12.66+0.30 Aa/Bb

Leave  13.18+0.46 Cc/Aa  16.56+0.38 Bb/Aa  12.80+0.23 Cc/Aa 24.53+0.54 Aa/Aa 11.26+0.57 Dd/Aa  13.6£2.22 Cc/Aa 17.83+0.57 Bb/Aa  25.80+0.48 Aa/Aa

Root 7.82+0.47 Bb/Bb  7.40+0.68 Bb/Ch 11.07+0.48 Aa/Bb 7.82+0.75 Bb/Ce 3.24+0.35 Bbe/Bb - 5.41+0.33 Aa/Ce 3.83+0.63 ABb/Cc  2.37+0.21 Be/Ce

Fructose Stem 4.05+0.27 Ab/Cce 8.66+0.96 Aab/Bb  14.88+4.19 Aa/Aa 14.11+0.43 Aa/Bb  8.66+0.71 ABa/Bb  6.24+0.49 Bb/Bb 8.98+0.61 ABa/Bb  9.78+0.59 Ba/Bb
Leave 17.26£0.26 Cc/Aa  27.01£0.78 Bb/Aa  14.01+0.68 Dd/Aa 40.64+0.78 Aa/Aa 15.26+£0.58 Cc/Aa 23.45+0.48 Bb/Aa  32.67+1.09 Aa/Aa  32.68+0.79 Aa/Aa
Root 0.86+0.18 BCh/b 0.35+0.04 Ch/Be 1.53+0.18 ABa/b 1.84+0.29 Aa/Bb 0.43+0.05 Bb/Ce 0.81+0.36 ABb/Bb  0.49+0.18 Bb/Ce 1.69+0.21 Aa/Be
Glucose Stem 1.12£0.24 Ab/a 1.47+0.20 Ab/Ab 2.88+0.17 Aa/a 3.51+0.18 Aa/Aa 7.61+0.18 Bb/Aa 8.85+0.21 Aa/Aa 5.78+0.29 Cc/Bh 3.61+0.39 Dd/Bb
Leave  0.76+0.24 Bce/b 2.16£0.26 ABb/Aa  1.79+0.32 Bh/b 3.24+0.30 Aa/Aa 3.82+0.19 Dd/Bb 7.34+0.18 Ce/Aa 17.77£0.53 Aa/Aa  9.83+0.20 Bh/Aa
P=0.01 P=0.05 “or
Duncan “or Duncan

Note: The different capital and small letters indicate significances at 0.01 0.05 level respectively. The letters at the right of /" represent the Duncan’
s new multiple range analysis of sugar contents of the same grape cultivar same low—temperature treatment and different tissues the left of /" show the

analysis of sugar contents of the same grape cultivar same tissues and different low—temperature temperature.
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a. x200  b. x200 c.
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Explanation of plates

Influence of cold stress on anatomical structure characteristics of grape stem. The arrow points to starch grain  a. Control Beta cortical cells X200
b. Control Cabernet Sauvignon cortical cells X200  c. Control Beta starch grains in xylem X1 000  d. Control Beta starch grains in phloem X1
000 e. Control Beta starch grains in pith X1 000  f. Control Cabernet Sauvignon starch grains in xylem X1 000 g. Control Cabernet Sauvignon
starch grains in pith X300  h. Control Cabernet Sauvignon tyloses i.4 °C/2 d Beta starch grains in xylem x1 000 j. 4 °C/2 d Beta starch grains in
phloem %300 k. 4%C/2d Cabernet Sauvignon starch grains in xylem X1 000 1. 4 °C/4 d Beta tyloses and starch grains in pith X300 m. 4 C/4 d

Cabernet Sauvignon tyloses and starch grains in phloem X1 000 n. 4 °C/6 d Beta starch grains X300 o. 4 °C/6 d Cabernet Sauvignon starch grains in
xylem X1 000
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a. x8K b x4K  c. x20K d.4C/2d
X20K  e. 4 Cl4 x8K 1.4 °C/4 x8K g 4 C/4 x8K  h.4 C/4d X30K .4 C/4d
x40K  j.4C/4d X20K k.4 C/4d x20K 1.4°C/6d x8K  m. 4°C/6d x8K .4 %C/6d
x4K 0. 4C/6d x20K p. 4°C/6d x20K q. 4°C/6d x30K 1.4°C/6d x30K  Ch.
Cl. CW. M. MM. Pm. Sg. T. V. Le.

Explanation of plates

Influence of cold stress on cell ultrastructure of grape stem. a. Control Beta cells X8K  b. Control Cabernet Sauvignon cells x4K  c. Control Beta
cells x20K  d. 4 C/2 d Cabernet Sauvignon cells x20K  e. 4 “C/4 Beta cells x8K  f. 4 °C/4 Beta cells X8K  g. 4 °C/4 Beta cells X8K  h. 4 C/4
d Cabernet Sauvignon cells X30K  i. 4 °C/4d Cabernet Sauvignon cells X40K  j. 4 °C/4 d Cabernet Sauvignon cells X20K k. 4 C/4 d Cabernet Sau-
vignon cells X20K 1. 4 °C/6d Beta cells x8K m. 4 °C/6d Beta cells X8K . n. 4 °C/6 d Beta cells x4K 0. 4 “C/6 d Cabernet Sauvignon cells X
20K . p. 4 °C/6 d Cabernet Sauvignon cells X20K  q. 4C/6d Cabernet Sauvignon cells X30K 1. 4 °C/6 d Cabernet Sauvignon cells x30K  Ch.
Chloroplast Cl. Chloroplast lamellae  Cw. Cell wall M. Mitochondria MM. Multi-membranes structure Pm. Plasmolemma Sg. Starch grain T. To-
noplast V. Vacuole Lg. Liposome grain.



