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Abstract: Wine grape is the most sensitive to climate change. Agricultural climate resources are the key
environmental factors to the growth and development and fruit quality of wine grape. Under the background of
climate warming, it is significance to guide the reasonable distribution of wine grape by analyzing the agricultural

climate resources at Xichang of Sichuan Province. This study identified the change in agricultural climate resources
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and major agricultural meteorological disasters, based on the daily meteorological data from 1951 to 2018. The data
on the actual growth period of wine grape from 2016 to 2018 was collected from the experimental sites of wine
grape located at Xichang, an important wine grape growing region. We calculated the trend of heat, precipitation,
sunshine hours and agricultural climate disasters in annual and actual growth period of wine grape, and the
utilization of climate resources. Delayed germination of wine grapes refers to a cultivation technique to delays the
germination period of grapes by avoiding the rain during the ripening and harvesting, so as to harvest fresh wine
grapes in the middle of winter. Then we discussed the climatic feasibility of delaying the germination of wine grape
at Xichang. The simulated phenology was calculated by two ways respectively, refer to the average integrated
temperature with =10 ‘C is 3274.3°C-d as the required heat standard: (U the daily average temperature stable
passing through 10°C is the harvest period and ) the first frost day of each year was taken as the harvest period. The
date of germination start was calculated by inverse calculation, and the growth period of delayed germination was
obtained. In this paper, the results showed: the sufficient heat conditions, abundant precipitation resources and long
sunshine hours can meet the climatic conditions for the growth and development of wine grape. The thermal
resources for wine grapes had increased significantly (P<<0.05). Precipitation was abundant and concentrated in the
actual growth period. Although sunshine conditions could meet the actual requirements of wine grape but the
decreasing trend had been significant (P<C0.01) . At Xichang, the occurrence frequency of low temperature was
seven times one year. Excessive precipitation during the maturity period led to continuous rain disaster. Thus,
delayed germination can be adopted. The simulated growth periods by delayed germination resulted in sufficient and
consistent availability of precipitation resources meeting the growing water demand pattern of wine grape. Actual
growth requirements of local wine grapes were met, and the decreasing trend of sunshine resources were slower than
that in the actual growth period. The occurrence risk of agricultural meteorological disasters during the new growth
period were lower than that in the actual growth period and can possibly be used as an effective method to minimize
the impacts of agricultural meteorological disasters. In this study, we find that the delayed cultivation is one effective
way to avoid some meteorological disasters at Xichang, according to these two simulated schemes. During the
simulated growth period of wine grape, climate resources are feasibility, agricultural climate resources are rich and
the agricultural meteorological disasters are less.
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Fig. 1 Variation of the average/max./min. temperature and daily temperature range respectively in every year and growth
period(17 Mar.17 — 29 Aug.) at Xichang station from 1951 to 2018
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Fig.2 Variation of ordinal day ( a,DOY ) and duration days ( b,DUR ) and annual integrated temperature ( c,AAT ) of
daily-averaged temperature =0°C and 10°C at Xichang from 1951 to 2018
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Fig. 3 Variation of the first/last frost date and forst-free period at Xichang from 1951 to 2018
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Fig. 5 Variation of annual/growth period sunshine hours at
Xichang from 1951 to 2018
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Fig. 6 The match of the distribution of agricultural climate resources in different periods from 1951 to 2018 and the distribution of

agricultural climate resources during the actual wine grape growth period at Xichang from 2016 to 2018

Note: AAT is integrated temperature (‘C-d), PRCP is precipitation(mm), SH is sunshine hours(h).
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Fig. 7 Statistic results of meteorological disaster indices in growth period at Xichang from 1951 to 2018
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Table 1 Observation results of wine grape growth period and agricultural climate resources in each period at Yuehua

experimental station, Xichang, in 2016—2018

T H Item

A Year

V¥4 Average

2016 2017 2018

W =BT a4 K (H=H) Germination-twig starting growth (mm-dd) 03-26 03-26 03-17 03-23
HiZE-HR 45 HAEK (H-H) Germination-twig ending growth (mm-dd) 05-02  04-27  04-19 04-26
e (H—H) Beginning flowering (mm-dd) 05-03 0428  04-20 04-27
Z4¢ W (H—H) Ending flowering (mm-dd) 05-16 05-15 05-10 05-14
RS ERK-TFFA G (J-H) Fruit development - starting maturation (mm-dd) 05-17 05-16 05-11 05-15
FIER-E5 O (H—H) Fruit development- end maturation (mm-dd) 0824 0829 0828 08-27
W 20T AE KT B B Integrated temperature in germination-twig growth (°C « d) 702.1 582.5 623.0 635.9
FFAEI G B AL Integrated temperature in flowering stage (C * d) 308.7 353.5 440.3 367.5
F S A K~ IS ) B Integrated temperature in fruit development-maturation  (°C « d) 1964.9 23532 24947 2271.0
A S2 bR T WS SI AL Integrated temperature in growth stage (°C + d) 29757  3289.2  3558.0 32743
B ZE— BT A A= K WIB% 7K 2 Precipitation in germination-twig growth (mm) 47.8 100.6 23.3 57.29
FFAEI 47K &t Precipitation in flowering stage (mm) 12.7 36.5 274 25.6

JSEAE K- R IR /K #: Precipitation in fruit development-maturation (mm) 657.5 608.3 772.5 679.5
17 2 b A= WIBE /K £ Precipitation in growth stage (mm) 718.0 745.4 823.2 762.2
W 2= A A= K H BN %5 Sunshine hours in germination-twig growth (h) 253.1 193.0 290.9 245.7
T4 H # i 22 Sunshine hours in flowering stage (h) 111.9 149.5 159.7 140.4
PSR K- H B 4L Sunshine hours in fruit development-maturation (h) 4447 536.9 580.1 520.6
17 525 2 7 W1 H I N8 Sunshine hours in growth stage (h) 809.7 879.4 1030.7 906.6
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Note: The simulated phenology was calculated by two ways respectively, refer to the average integrated temperature with =10 C is

3274.3°C-d as the required heat standard: @ the daily average temperature stable passing through 10 °C is the harvest period and @) the

first frost day of each year was taken as the harvest period. The date of germination start was calculated by inverse calculation, and the

growth period of delayed germination was obtained.
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Fig.9 Variation characteristics of precipitation in wine grape growth period (a) and month (b) after two delayed germination
schemes from 1951 to 2018
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Table 2 Statistics results of main agricultural meteorological disasters in wine grape growth period after two delayed

germination schemes from 1951 to 2018

KEFM FE B R BME GEGD UHUHL
Disaster Average Max (year) Low (year) Times/years
S2PsE W] Actual growth period I 35.7 36.4 (2012) 35.1 (1958,2006) 9/68
I 9.9 13.9 (1959,1960,1968,1972---) 5.9 (1988) 247/68
I 171.4 412.1(2014) 40.6 (1953) -
v 1.1 4.0 (1965,2004) 0(1951,1953,-++) 72/68
J7%— Scheme 1 1 354 35.5 (2009) 35.2 (2009) 2/68
1I 13.5 13.7 (1957) 13.2 (1965) 4/68
I 44.0 134.0(1955) 1.1 (1972) -
v 1.1 3.0 (1952,1965,1966,1993) - 74/68
J7 % Scheme 2 1 - - - -
1I 133 13.9 (1957) 12.7 (1989) 7/68
I 11.1 56.9 (1955) 0 (1959,1968,1986,1995,2012,2014) -
v 0.85 3.0 (1965,1966) - 58/68

B AT SR CCOY, TR CC), I AMAIHMEKE (mm), IV ALEEHENWIKE, —RraRKEEKE,

Note: I is high temperature during flowering(‘C), 1I is low temperature during flowering(‘C), III is rainfall in mature period (mm), IV

is times of continuous rain during whole growth period, — is no disaster occurred.
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