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Preface

China is recognized worldwide as one of the centers of origin of viticulture. And the history can be dated
back to 9,000 years ago. China had its heyday in the Han and Tang dynasties, so did viticulture and enology.
Entering the Yuan dynasty, however, the wine industry began to decline due to recession of economy out of years’
of wars. The Ming dynasty saw the highly development of agriculture, but wine production was on constant
decline, and moved to its nadir because of the onerous tax systems and series of other problems. Hence, China’s
wine history was disrupted. In contrast, wine industry was rapidly developing in Western Europe, and its
production increased rapidly.

From the late Ming dynasty and the early Qing dynasty to the establishment of the People’s Republic of
China, wine industry came to a standstill and faltered. After the founding of PRC, grapes and wine industry still
fluctuated at a low level because of the weak economic development and people’s low living standard. Wine
production increased slowly and reached 78 thousand tons till 1980.

The real rapid development of Chinese wine industry started after the adoption of reform and opening up
policy. With the implementation of the policy, the economy began to recover fully, people’s living standard was
gradually improved, and people had more and more demand for wine. This promoted the development and
prosperity of grapes growing and wine production. Especially when entering into 1990, both of them experienced
a rapid development. By 2010, China’s wine industry, little known to the outsiders before, is now gaining a higher
status in the word, with an annual output leaping to 1088.8 thousand tons, 14 times of that in1980. According to
the statistics of the international Organization of Vine and Wine, China’s wine production has scaled to the world
top sixth, and its consumption ranked fifth in 2009. At present, China has become the world’s fastest growing
country in wine industry, and a focus by wine producing countries and consumers in the world.

At the same time, we must clearly realize that wine industry is a sun-rising trade whose rapid development
follows the advance of economy and the improvement of people’s living standard. Theory of wine production
originates from original vineyard, in which no chemical synthesis fertilizer and pesticides are to be applied, the
natural growth patterns are to be followed, cleaner production is to be implemented. Also good safety production
rules and recycling production pattern should be observed integrating organic concept with low-carbon views to
avoid environmental deterioration. The concept of green, pollution-free, and organic wine production and so on is
formed thereafter. Based on this idea, sustainable production and management pattern for wine production is to be
explored. The development of small wineries into big industry becomes a trend in the domestic field of food
production. More and more enterprises have advocated the “low carbon” concept by using various technologies
and methods. However, the reality is not at all optimistic. Production in some areas can practice the concept
seriously, while that in some other regions is more impetuous and blundering. This kind of blindness and
flippancy is caused by people’s blind following of the trend, lack of regulatory measures and immaturity of
consumer psychology.

Another prominent contradiction China is confronted is that the productive capacity of the domestic wine can
not meet the growing needs of domestic consumption. Taking the year of 2010 as an example, the export volume
of China’s wine was 1361.4 thousand liters, and the export value 23780.4 thousand dollars. At this same period,



imports volume amounted to 28.34 thousand liters, imports value 77004.4 thousand dollars. The volume and value
of import were respectively 208 and 32.38 times to those of the export. It is shown that the major problem that
China’s wine confronts is trade-dumping and sustainable development.

Therefore, how to overcome the questions in wine development and promote the healthy and fast
development of it becomes a major issue which we need to discuss and resolve urgently. For this reason, the
seventh international symposium on viticulture and enology will invite domestic and foreign experts in grape and
wine to discuss the front and hot issues of wine industry development concerning the subject of “organic and
low-carbon wine industry” in depth, and to promote the healthy, orderly and sustainable development of the grape
and wine industries.

Secretary-general of ISVE
Vice-President of Northwest A & F University, Honorary Dean of College of Enology
Director of Sci-Tech Development Centre of Vitiviniculture in Asia, OIV

Dr. Li Hua
Mach 26th, 2011



10.

11.

12.

B =X

Contents

The System of Climatic Index for Chinese Viticulture Zoning

P R 2 S DRI AL FEATAA BR e e eeeeereereermeeneemeemmenneiniineineans 45 M MG (D

AR MY A A 2 P R 28 5 R A o 1 I It

The Research Progress in White Agriculture and Sustainable Development Model of Vineyard
.......................................................................................... T oM APEREE O3 B (14)

Developing a Sustainable Wine Industry in the United Kingdom

%%%@Fﬂﬁgﬂjﬁ#éﬁﬁ@ ........................................................................ Chrls Foss(lg)
The Condition Analysis and Countermeasures Research of China’s Organic Wines — Based on Grand Dragon
o AT AL 26 00 A FEIAR 3 AT ———LL “ BB Ty eeememeeeeeeeneeneeeees HRE M 5 B EC26)

TR AR R A A A R IR B e e S T 5

Research on the Current Situation and Developing Strategy of Wine Industry in Ningxia China
...................................................................................................... o B B (34)

FISEVA D F Y6 52 A A R b AR

Growth-delayed Grape Cultivation Techniques in Sunlight Greenhouse:«««++«««++++++++: WA 5K g (39)
1 2 R AR ) e AR A
The Development and Change of the Viticulture Posture in Chinasssss««ssssseeeeeseeeses E I A S Q¥ )

A7 T AR 5 2 A A 2 e - SRR 1 Bh AR AT 9
Study on the Dynamic Changes of Soil Enzyme Activities in Vineyard With Different Cover Crops
.................................................................. B BRSO F ik A 1k (49)
XA A 4 R R R 9 A0 R AR I PR S
The Effect of Cadmium Stress on Ultraweak luminescence and Mitochondria Characteristic of Grape
LLEAY/EG -+ e soeeeseseenncsseeseccautnscescccaccassssscssttsasssssssssssstsasssssssssossssssssnnssncns EB,J\Z]S *ﬁ,{;@gﬁ (59)
2 T AR B AR G R A AT A B A2 A e R 1R 3k 73 #
Spatiotemporal Expression of Nine Floral Genes during Flower Differentiation and Development of Treated
Winter Buds of Grapevine in Growing Season
...................................................... Yoot BB g 2o = kEY (67)
TSI A DCAN[RIE A AR PN AR 26 7 B s i ST 7K 23R 83 1) S
Effects of the Different Irrigation Treatments on the Fruit Yield, Fruit Quality and Water Use Efficiency
of Thompson Seedless Grapevings:«««««++««-eseeeeeeeeeeees SR RO BREE Ak TRIDHE(T6)
VRS 7] 2] SR I M RS E B AN vk R T 9k e
Phenolic Maturity and the Estimating Methods of Winegrapes : A Review
.......................................................................................... X]J j@ EE, Z'E XU@% (82)

_1_



L [ A R AR 28

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

26.

27.

JUAN 1 26 dt R s 2 DUORPE I EL AR

Comparison of Cold Resistance of Branches among Seven Grape Varieties
.......................................................................................... XU j]ﬂ % ﬁ]] e ﬂg (92)

Study on Quality of Dry Red Wine Made From Merlot Grapes Harvested at Different Ripeness Grade

A JEEARE AN [) 308 B8 SR ST LL A I ST (AT I weeveeeeeeememmmmmmmmennenes skARIC FHPRA) TKZAENE (98)

Changes of Grape Leaf Growth and Anatomy in Response to Root Restriction

R I R S0 i e e AR S R R G5 R ) g e --- - )R AR 45 %) Charles FForney  F1HF (108)

Changes of Grape Root Growth and Anatomy in Response to Root Restriction

HUS BB A BT R A KB TR G RN oo e Bk TAHCE (116)

17 el U 7 HE M e AR BIF S C kg

Progress in Study of Vineyard Regulated Deficit Irrigation

...................................................... EEK BB W kRS B o il (123)

TR BN A 2 1 S5 RN I ST

The Advancement and Comprehensive Effects of Grafting Techniques on Viticulture

...................................................... EEA V5 AR kRS EMHME X E (129)

A0 i A SR T 2 S 10 R IR

Utilization on Vitis davidii Foex Germplasm Resources in Hunan

------------------------------ AT BENT REDOE XIRE PMIRLL EER g% FHOUIR (136)

T 5L FE 0 $4fr L e R AR L TR T 2 I AR TR

Discusstion on Characteristics of Abnormal Late Frost and Defensive Measures of Wine Grape in

Manasi County, Xinjiang ............................................................ % Eﬁ gjﬁﬂfﬁi i%ﬁsﬁ (142)

Determination of Different Grape Varieties Pollen Viability

NIRRT 2 P AERD AL T GE e eeevmvmeeeerssmnnnees PHER BNy S 4 RN 5 (148)

Preventing Hydrogen Sulfide Formation during Wine Fermentations

......................................................................................................... Linda F Bisson ( 153)

Metabolic Basis of Differing Ethanol Yields in Saccharomyces
....................................................................................... Yeun Hong Linda F Bisson(154>

AT IN 1) 5 7 e T O P AR RE

Maceration time and Antioxidant Activity of Wine «««--«+++eeeeee SOV B & TERGE 24 6 (155)
A FREIVERED) R BOCEE 2 451 (T-RFLP) HORBIFFTHE i

Progress of Terminal Restriction Fragment Length Polymorphism Analysis
...................................................................................................... N UL XIIEBR (163)
L B TN

The Technology of Musalais, a Traditional Alcohol Beverage, in Xinjiang
.................................................................. KENE W Bk OS4SR ESN % IF (169)
75 17 2 P A AR AR TR U

Prevention of Wine from Oxidative Browning: a Review
.................................................................. el EW] T AR BIR K A B (175)



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

TR A VU AR TS A 2 119 it I 1) 552 )

Influence of Different Freezing Treatment to the Peel on the Quality of Grape Wine

...................................................................................................... ?J&QIZI}JK % EP//7J (188)

The Sapid Role of Peptide Fractions Resulting from Yeast Autolysis

A A S e D A TR Virginie Moine-Ledoux (193)

Metabolomic Analysis of Brettanomyces bruxellensis Strains Grown in Wine and Defined Medium
........................................................................... CM Lucy Joseph Linda F Bisson (200)

FEREDIERE S, C MDC S 214 25 15 A P S 19 J5i 114 532 Wi

Effect of Engineered Yeast (S.C MDC.) on the Fermentation and Quality of the Red wine

.................................................................. JRER W W sk M ORME & (201)

W) 12 T2 DR T 2 B TR T TR A I L 2 2%

Optimizing Acetic Acid Fermentation Conditions from Grape Pomace by Response Surface Analysis

.............................................................................. BN BRATE IMVEM XIETE (208)
Capabilities of Muscadine and Merlot Wines in Reducing Cholesterol Oxidation
JE T 2 Y R 56 2 0 2 10 PR AL ] B S A KT BE o ovememmemmemmemeseeneeeens H ¥ £ R (215)

IR B IR R AT [ T 40 5 R P R I R 20 R 52

The Comparison of Aroma Components in Wines from Cabernet Sauvignon Grapes with Different

Maturity in Cahngli COUNLY=sesreserssroseossessansunsnunnutietiuttestaoteseecans % N EFXE FEakHE (223)
ANTR] P AR A T it AT 3R A U 5T

Study of Leaching Aroma Components from Oak Products with Different Origin
.............................................................................. ZEAE A 433 ok 2= i@ (230)
PR P R A %5 SR SR US> GCIMS J3#

Aroma Components Analysis of Two “Hutai-grapes” by GC-MS
...................................................... s Bk FO4 A 4 LEE E 4 (237)
BT SR 21T R A0 U B

Analysis of Aroma Components in Dry White Wine of Xingjiang Hetianhong
.............................................................................. WMidker O S g SkiEr (243)
HPLC-ELSD 7347 i 4 14 7 OB 47 2 B A0 SR I 5T

Analysis of Fructose, Glucose, Sucrose in Wine by High Liquid Chromatography with Evaporative Light
Scattering DeteCtOr cceceereereeceeresttitittitiitiitiittittittttieies %mﬁ*ﬁ i% ‘]E ﬁ:IZ’S i%/&ﬁﬁ (247)
SR - LR R T ok R PG PG R T B Qs o AT A 9

Carbon Metabolic Mechanism of Malolactic Fermentation by Oenococcus oeni in Wine
...................................................................................................... Eg % WJ’WI (252)
HPLC U i 45 W5 R FH R 1L B R AU RS B 5 1 T 5T

Research on High Pressure Liquid Chromatography Method of Benzoic Acid, Sorbic Acid, Saccharin
SOIUM IN WWINE ceeceeeeeceennnnennetetuttitttttttttettetteietscscecnnonscnsnns ﬁ{%%?{‘)f( %i\iﬂﬂ e ﬂg (260)
N 28 T2 AL B RS BR T 20 A 4 1 7 U 9 GCIMS 3t

Analysis of Aroma Compounds in Cabernet Sauvignon Dry Red Wine Made with Flash Evaporation
Technology by Gas Chromatography/Mass Spectrometry
.................................................................. sl AR X4EdE FOFT okzig (268)

_3_



L [ A R AR 28

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

54,

A2 AR RISOR ] RIS

Winery Recycling and Using of Carbon Dioxidg:««++++++++++ss=seees KL w1 W Mgken sk #(274)
v s L2 A 2 S R 2808 e ) B AT 9k e

Development and Research Progress of High-\Voltage Electric Field in Grape and Wine
.............................................................................. E'ﬁﬁ T # E A TR (280)
ANV B N B VRNV NBIF TSRk

Research Summary of the Agricultural Robot and Grape Operation Robot
.............................................................................. % E% ;{gg%z 1%2[7{_5@1 g{{gj_ﬁﬂ[g (284)
2R A A W P ML B 2 B 5 A

Analysis of Grape Wine Industry Chain in Thailand and Its Reference to China
...................................................................................................... ﬁa{*}_ IBE% (291)

o [ A M L 25 T T 4 IR PR 2RI T ST e eeeeeeeeeeemeemmemnemmensnseaas XAE EEE s (296)
o T T 57 G I T R A R A

Study on the Development Strategies of China Wineries Green Marketing System
.......................................................................................... %Iiﬁ %;%:—E;? %L/&\QI (301)
ST AR =748 5y V- 5 e A 2 0 3 T 2 R

By Establishing the Third-Party Trading Platform to Promote Wine Circulation Market’s Change from

IMESS 1O IMAtUI@ == e eeeereeseneereeeeuteetetttteteeieisescsesnnnnssascncescascaccans Iﬂjgg %Eﬁ% *ﬁ%ﬂ)ﬂj(:ﬂO?)
LIS 1 o 2 T B SO S R PR 3 T 28R TBLR 2E

The Research of Perceptual Paradigm to Build the Main Factors of the Wine Tacit Culture——Based on
Husserl’s paradigm .............................................................................. *@%DM ﬁﬂf\% (314)
e T UH 2l O BURFAE AR 435 BT 9 —— LA b 22 T i A

Wine Advertisement Design Based on Consumers’ Psychological Features: the Case Study of Xi’an

MarKet «eceececeeeeeeeeeseeteiieiieininnnnnenncencaecaecaceees %LSEFI% 5‘3%}%} %‘f%% Eﬂzfi? ;]%ﬂ]y[j(:;lg)
R 2R T 5 PR R 3 B 2 A AIE ST

Study on the Process of Neutralizing and Degumming of Grape Seed Oil
.............................................................................. WER AT REE ks (326)
e CO M 2 b PR [ 068 A7 27 SR S5k it 3 FR) 5 1

Effects of High CO, Package on Quality of Kyoho Grape during Storage
.................................................................. AT REM Ik P KEW  ZE S (333)
AR 22 R AR OT R AR BRI 5T

Optimization of Ultrasonic Extraction for Vanillin from Oak Chip
...................................................... Frim EOWiOE 4%
LT Y XML 2k o T 2 S Ht 5T

Extraction Technology of Grape Seed Oil by Cellulase
...................................................... RS xZER k@A SRR A FE ZRIE (346)

g
2
e
R
=)

R (340D



The System of Climatic Index for Chinese Viticulture Zoning

The System of Climatic Index for Chinese

Viticulture Zoning

Li Hua'? Huo Xingsan' YoulJie' Wang Hua"*

(I College of Enology, Northwest A&F University, Yangling, Shaanxi, 712100; 2 Shaanxi Engineering Research
Center for Viti-Viniculture, Yangling, Shaanxi, 712100)

Abstract This study analyzes firstly the climatic index systems used in the viticulture zoning and
the climatic characteristics in China. It is shown that all climatic zoning index systems were based on
the Mediterranean and para -Mediterranean climatic conditions, therefore, not necessarily suitable for
the climate conditions in China, which are dominant with continental features. According to the climatic
characteristics in China and the grapevine growing requirements, the thermal index and water index for
viticulture climatic zoning in China were studied. A new zoning index system is established, with Frost-
Free Days (FFD) as the first index, Dryness Index (D/I=ETC/P) of growth season (1st, April-30th,
September) as the secondary index and bury line (mean lowest temperature below—15°C) as the tertiary
index. By applying this zoning system and using the daily climatic data of the past 30 years (from 1971
to 2000) provided by CMA through ARCGIS software, China could be subdivided into 12 viticulture
zones, which reflects well the actual viticulture regions in China.

Key words Grapevine Viticulture Climatic zoning FFD DI Bury line

1 Intr oduction

The zoning for grapevine cultivation is a scientific method for determining the suitable areas, based on the
results of integrated analysis comprising firstly evaluating roundly the ecological, social and economic conditions;
secondly analyzing the historical and actual viticulture condition in detail; thirdly comparing the positive and
negative factors and production potential as well as the problems existing M In specific geographical area, climate
is the key parameter to decide the suitability of grapevine cultivation and the category of wine (sweet wine,
sparking wine, dry red and dry white wine). Hence, the premise of scientific and reasonable grapevine cultivation

zoning is to set up a suitable climatic zoning index system adapting to Chinese climatic characteristic.

2 Chinese climatic characteristics

Affected by the layout of terrain, atmospheric circulation, the latitude situated and state of ground, the

*Corresponding author
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Chinese climate presents three characteristics: significant monsoon characteristic, notable continental climate and
multiple climatic types.
2.1 Significant monsoon characteristic

In the winter, China is prevailing of northwester and north-lean wind, while in the summer southeaster and
southwester from the sea dominant. Because the current from continent brings dry air and the current from sea
brings humid air, so most of the precipitation takes place from Match to September. The characteristic of monsoon
not only reflects on the changes of wind direction, but also on the variation of dry and humid periods in China'?!.
2.2 Notable continental climate

Compared to the areas of the same latitude, Chinese one is the coldest in winter, the average January
temperature of northeast is 15°C~20°C lower than other areas of the same latitude; while in Huanghe River and
Huaihe River watershed is 10°C~15°C lower; the southern of Changjiang River is 6°C~10°C lower; Southern
China costal areas are 5°C lower. But as summer referred, the temperature is much higher than those areas of the
same latitude (the desert areas are of exception), the average temperature of July in northeast is 4°C higher, north
China is 2.5°C higher, the mid-downstream of Changjiang river is 1.5°C~2"C higher'.

Influenced by the continental climate, most area of China located at latitude of temperate zone or
semitropical zone, and the landform varies, always sunny and clear in spring and autumn, the daily range of
temperature is great, cold current is of high frequency. The process of spring warming up is fast, but not stable, the
cold air invades frequently and brings spring frost. The process of winter monsoon draws back and summer
monsoon northing last a long time, and repeats several times, which makes the spring temperature varies greatly,
and frost always takes place. As autumn referred, the temperature descents quickly 3,

2.3 Multiple climatic types

China, with a vast territory, reaching 53°N at Mohe in north, which belongs to cold-temperate zone, and 3°N
at Nansha Islands in south, which belongs to tropical zone, has many high mountains, deep valleys, hills and
basins. The area above 4500 m from sea leveling in Qingzang plateau is in winter all year long, but the islands in
South China Sea is always in summer, as the areas in central Yunnan Province referred, it’s always in spring, but

in the other parts of China, we can distinguish the four season clearly™.

3 The construction of thermal indexes

Suitable thermal accumulation is the basal requirement of plant survival. Grapevine is thermophilous plant,
which has high thermal requirement. Thermal conditions influence not only the length of phenophase, but also the
growth and the quality of grape and related products ). Therefore, thermal index is one of the decisive parameters
in climatic zoning for grapevine cultivation. The thermal parameter should first guarantee the suitability and then
the profitable viticulture in a specific area.

3.1 The analysis of thermal indexes

Now, there are 6 indexes (Tab.1) employed in grapevine cultivation zoning. After analysis the marginal
grapevine cultural regions using these index (Tab.2), we found that the index of accumulated temperature. index
of Branas. index of Huglin. LTI and index of mean temperature of the warmest month can’t ideally distinguish if
these area could grow grapevine economically and effectively. The index of Branas of the four region analyzed in
table 2 exceed 4.2, the index of Branas of Qiqihaer, Datong, and Huhehaote surpass 4.5, which inferred that the
late-harvest variety could be cultured; in these areas, both the accumulated temperature and the average
temperature of the hottest month surpass the minimum margin, which inferred that grapevine could be cultured.

_2_
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According to the standard of LTI, Harbin and Qiqgihaer of Henongjiang Province is excluded from

grapevine-cultivable areas, but Datong in Shanxi Province and Huhehaote in Inner Mongolia was considered

suitable for viticulture!.

Table 1 Summarization of thermal indexes

Index Founder Formula Note

X :The summation of temperature when daily
Index of Branas 6 .
Branas IRt)=X-Hx10" average temperature surpass 10°C
H: Illumination hours of the same time
T, average daily temperature surpass 10°C;T,;:

The highest temperature of the same time; K: (if

Index of Huglin Huglin H = (T ~10)+ (T ~10)] = 2} x K . . .
latitude is among 40— 50, the K value is among
1.02—1.06)
. Tean: average temperature of the warmest
LTI Jackson LTI =Tyo0n ¥ (60— N D

month; N: value of latitude

ST, Davitaya T=(t=10)C Date length: Apr. 1" Sep. 30"
R July in most areas of China, August in Costal
TWM Coombe Tmax
area.
ST, Amerine and Winkler I'= Z[(f 210)-10] Date length: Apr. 15 —Sep. 30

*% Ta: sum of active temperature; TWM: mean temperature of the warmest month; Y} Tal sum of effect

temperature. LTI: latitude temperature index.

Table 2 Comparison of thermal indexes in boundary regions of grapevine

Indexes The boundary Harbin Qiqihaer Datong Huhehaote
ST, 2800 2852.3 2822.4 2983.2 3025.8
ST, 945 1252.3 1222.7 1375.6 1421.4
TWM" 18 23 23.1 22 22.6
Index of Branas 2.6 4.2 4.5 4.5 4.9
Index of Huglin 1500 1820 1813 1923 1884
LTI 380 327.75 291.445 437.8 433.54

*YT,: sum of active temperature; Y T,' sum of effect temperature; TWM: mean temperature of the

warmest month; LTI: latitude temperature index.

But the results of studies on Frost-free period (FFP), Last frost day and Fist frost day of Huhehaote and
Datong in the past 30 years showed that, although the F/FP of these two area surpass 150d, but 12 of Last frost day
appeared after " May in Huhehaote and 16 for Datong, in last 30 years, which is too late as the buds, bursting at
20™ April in northern China, suffer from frost (Fig.1, Fig.2). In fact, these four areas mentioned above are not
suitable for viticulture.

The existing zoning climatic indexes adopt on the accumulated temperature as thermal index. But
accumulated temperature is just the accumulation of temperature, as the summer in China is relatively hot
comparing to other areas of the same latitude, the variation of accumulated temperature with those areas of the

same latitude is not significant, and even superior to those. But it conceals the characteristic of continental climate
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of China, under which the temperature varies furiously in spring and fall, a relatively short frost-free season and
severe winter. So, it’s not suitable to use accumulated temperature to show the thermal condition of specific area
in China. For example, Harbin, locating at a higher latitude than Strasbourg (in France) (Fig.3), has a higher
accumulated temperature than Strasbourg, because the temperature in Harbin from May to August is higher than
that of Strasbourg. But at the same time, there are only 5 month whose average temperature surpasses 0°C in
Harbin, as Strasbourg referred, the average month temperature surpass 0°C yearlong with exception of January,
February and December. Strasbourg. Strasbourg is a famous wine region in France, but Harbin, which have lower
latitude and higher accumulated temperature, can’t grow grapevine economically.

The study on these above-mentioned indexes shown that, these international widely used indexes, such as
accumulated temperature indexes, index of Branas, index of Huglin, LTI and average temperature of the warmest

month, can’t effectively distinguish if those areas could culture grapevine economically or not.
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Fig.1 Comparison of mean month highest and lowest temperature between Harbin and Strasbourg.
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Fig.2 Distributing chart of the early and the end frost day of Huhehaote.
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Fig.3 Distributing chart of the early and the end frost day of Datong.

3.2 The new thermal index—Frost-free period (FFP)

FFD is the interval between the last occurrence of 0°Cand the first occurrence of 0°Cin autumn. The length
of FFD could decide if grapevine is suitable to plant and if the berries could fully matured. The accumulation of
carbohydrate in root, trunk and perennial organ after harvest is good for the plant withstand the winter coldness
and benefit the yield of next year. If the FFD is too short, the buds will suffer in spring frosts, and eventually
affect the grape berry set. The sharp decline of temperature in fall will reduce the synthesize capability of
carbohydrate and also affect the maturity of the berries. Early frost, which will make the leaves fall off earlier
rather than the natural step, declines the accumulation of sugar in berries and perennial canes. Sufficient frost-free
season is the guarantee of berries maturity, nutrition accumulation and safely live through the winter 6], The length
of FFD directly decides the length of growing season and the utility of thermal recourse.

The natural grapevine growing season should not shorter than 150d, and the late harvest varieties claim even
longer growing season. This study defined that the average FFD should not less than 150d, and the occurrences of
FFD shorter than 150d should not surpass 3 times in the past 30 years. Applied this standard to study the
suitability of viticulture in those 4 region, we found that the FFD could preferably distinguish the suitability of
viticulture (Tab.3). Based on the climatic data of China, the Software ARCGIS was adopted to map the
distribution of FFD in China. According to the map we find that the frontier of FFD is accord with northern limit
of Chinese viticulture (Fig.4). Each thermal index has its suitable climate type, as the continental monsoon climate
of China referred, FFD is the best thermal index to define the suitability of viticulture.

In our zoning, we subdivide the Chinese regions, by the values of FFP, into 5 zones, that is, zone
unsuitable to viticulture (FFP<<160d) and zones suitable to viticulture ( I, 160d<<FFP<180d; II, 180d<<FFP<
200d; I, 200d<<FFP<:220d; IV, 220 d<FFP). Among the zones suitable to viticulture, Zone II and III are he

optimum viticulture areas.

Table 3 Comparison of thermal indexes in boundary regions of grapevine

Indexes The boundary Harbin Qiqihaer Datong Huhehaote
Frost-free period (d) 150 154.8 156.1 154.6 157.1
frequency of frost-free period <150d(times) 3 13 9 8 6




