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ABSTRACT

Grapes are one of the most important fruit trees both domestically and globally. Recently,
changes in plant phenology and frequent low temperatures due to climate change are

increasing the possibility of damage to grape shoots in spring, which is a serious threat to
grape production. This study was conducted to investigated the severity of shoots damage
and the change of free sugar content in the plant organs by phenological stage, especially,
from germination to leafing period. Furthermore, in order to compare the cold hardiness
among grape varieties including ‘Campbell Early’, ‘Kyoho’ and ‘Shine Muscat’ widely grown
in Korea, lethal temperature (L750) and free sugar content by grape variety were analyzed.

Shoot damage by low temperatures continued to increase as the phenological stage progressed
gradually, from the bud burst to the fourth leafing stage. On the other hand, the free sugar
content of each organ except leaves continued to decrease, showing pattern to similar to cold
hardiness. This indicates a close relationship between free sugar content and cold hardiness.
In terms of cold hardiness comparison among grape varieties, ‘Shine Muscat’ showed the
highest cold resistance in the leafing stage with the lowest LT5, and the highest total free
sugar content. Next was ‘Kyoho’ and ‘Campbell Early’. There are clear differences in cold
hardiness depending on the variety. However, it is not the same at all growth stage. It may

change according to phenological stage and influenced by free sugar content at that time.
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(a) It begins to dry out with
browning from the edge of the
leaf, and then veins.

(b) Withering proceeds from the
youngest leaf located at the tip of

(c) Finally, all parts of the shoot is
dead with browning.

Fig. 1. Symptoms of shoot damage at leafing stage in ‘Campbell Early’ grapevine caused by low temperature.
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Table 1. Shoot damage occurrence by temperature under phenological stage in ‘campbell early’ grapevine

Phenological stage

Shoot damage occurrence(%)

-6C -4C 2T 0C
Bud burst 65.2 13.6 0.0 0.0
Ist leafing 100.0 63.6 18.2 0.0
2nd leafing 100.0 100.0 20.0 0.0
3rd leafing 100.0 100.0 333 0.0
4th leafing 100.0 100.0 25.0 0.0
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Fig. 2. Change in sugar content of shoot according to leaf development in ‘Campbell
early’ grapevine. Total sugar(D) is the total amount including the amounts
of fructose(A), glucose(B) and sucrose(C).
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Table 2. Comparison of cold hardiness at leafing stage among three grape variety

Variety LTio(C) LTso(C) LTo(T)
Campbell Early -2.3 -2.5 -2.7
Kyoho 2.4 -2.6 -2.8
Shine Muscat -3.2 -33 -3.5
Table 3. Sugar content of shoot at leafing stage among three grape variety
. Sugar content(mg/g D.W.)
Variety
Fructose Glucose Sucrose Total
Campbell Early 3.45 b* 4.00 b 297 a 1041 b
Kyoho 5.33 ab 12.27 a 0.56 ¢ 18.17 a
Shine Muscat 6.54 a 1340 a 1.54 b 21.49 a

* Mean separation within each column by least significant difference test, P=0.05.
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