Attachment B: Prediction of Vine Phasic Development

Knowledge of the phases of vine development, or phenology, forms the basis for predicting the suitability of different climates for viticulture.  In particular it allows determination of issues such as:

· Is the growing period sufficiently long to allow maturation of fruit?

· Is the temperature excessively high during maturation?

· Is the early season frost risk undesirably high? 

· What grape varieties are most suitable for the climate?

Predictions of phasic development for crops such as wheat are accurate to around 3 days over the plant life cycle.  The level of knowledge for vines is much lower, partly due to a lack of research, and partly because vines are perennial.  Growth of wheat commences with planting but there is no such reference for the commencement of growth for vines.

The following summarises results of analyses of data on dates for stages of vine development for different viticultural regions of Australia.  These analyses were directed at providing an independent check on the reliability and applicability of results obtained using other approaches and procedures.  The other approach is the use of homoclines.  The main other procedure is Gladstones (1992) model for predicting the maturation date from temperature and latitude. 

Predictive Models 

The means used to predict the dates for stages of vine development such as budburst, flowering, veraison and harvest include:

1. Assume budburst occurs when the average temperature reaches 10 degrees, and flowering at 20 degrees.

2. Use of a set number of days for each interval.

3. Calculate the cumulative temperature above a specified threshold.

Cumulative temperature is referred to here as Heat Degree Days (HDD), and was introduced to viticulture by Amerine & Winkler (1944).  It represents the summation of average daily temperatures for different phases of vine development, and different grape varieties have different HDD requirements to achieve full maturation.  The HDD requirements are low for early season varieties and high for late varieties.

Gladstones used the HDD approach to predict harvest dates across Australia and applied several adjustments to better relate predictions to observations.  The adjustments addressed factors such as latitude (daylength), continentality in temperature (day-night temperature difference), and soil conditions.  He also applied a threshold to upper temperatures to address the lower effectiveness of higher temperatures.  

The basic HDD relationship assumes no physiological activity below 10 degrees, and equal increase in activity with increase in temperature above this point.  Gladstones applied the equal increase from 10 to 19 degrees, but limited the maximum heat accumulation for any day to 9 degrees.

Applicability of Models

The applicability of these approaches can be illustrated by reference to published data for budburst, flowering and harvest for the Shiraz variety grown in different viticultural regions in Australia (Coombe, 1988).  Table 1 shows that the temperature at which budburst occurs ranges from around 11 to 15 degrees centigrade, and that flowering always occurs below 20 degrees.  The first model is inapplicable.

Table 1 also identifies that the number of days between budburst and flowering is not constant but ranges between 54 to 77.  It also identifies that the HDD over this period is not constant and ranges from 216 to 468
.  None of the general predictors is reliable when applied across a wide range of climates. 

Table 1.  Date (days after August 31), average daily temperature at budburst (degrees C), period from budburst to flowering (days), and the base 10 Heat Degree Days for the period from budburst to flowering for viticultural areas across Australia.









Coonawarra
Griffith
Loxton
Eden Valley
Rutherglen

Date
16
19
8
20
25

Temperature 
11
13
12
12.8
13.2

Period 
75
55
56
66
59

HDD 
233
291
216
392
364









Tabilk
Swan Hill
Canberra
Ensay
Cessnock

Date
28
17
40
33
15

Temperature 
13.1
13
13.9
12.3
15

Period 
64
60
61
70
54

HDD 







383
364
406
337
385









Adelaide
Mildura
Nurioopta
Swan Valley


Date
5
12
8
8


Temperature 
12.8
13.5
10.9
14


Period 
77
54
73
62


HDD 
468
319
311
396


Models for Other Crops

The model used by Amerine & Winkler represented the then current model applied to most annual crops but with a 10 rather than 6 degree baseline temperature.  The relationships used by Gladstones are the same as Amerine & Winkler for low temperatures but includes a modification applied to corn at high temperatures.  There is no increase in the rate of maturation above 19 degrees (each day above 9 degrees contributes an equal .  However, Gladstones applied additional adjustments, mainly for latitude and continentality.

The most detailed work on phasic plant development has been conducted on wheat and this identifies generally that:

· Temperature and daylength affect the rate of development.

· The effect of temperature is non-linear with a decreasing rate of increase at higher temperatures (higher temperatures are less effective).

· Longer daylengths produce a higher rate of development (result in a given temperature being more effective).

The critical aspect is that physiological development, or aging, does not depend on production or photosynthesis.  The size of the plant or amount of leaf are irrelevant.

These results reflect empirical observations rather than knowledge of mechanisms.  It is generally believed that development is under hormonal control and is mediated by the production of abscisic acid in the roots.  This hormonal control makes it independent of photosynthesis and hence the size of the plant.

The lack of knowledge of mechanism means that different empirical approximations can be developed to give an apparently correct answer.  Historically it has been assumed that the base temperature for vine growth is 10 degrees.  This continues to be used despite evidence that, similarly to other plants, a 6 degree baseline is more realistic (Moncurr et al., 1989).   However, the HDD requirements have calculated assuming a 10 degree baseline.  The HDD requirements would have to be adjusted if the baseline is changed.  

Predictions Based on the Data of Coombe

Analyses have been applied to the Coombe data to determine the applicability / relaibility of existing models.  These analyses have not yet been completed but relationships identified in the data allow prediction of the dates of different stages of development with a good level of reliability.    These are addressed for budburst, flowering, and harvest (maturity) for the Shiraz variety.  Shiraz was chosen due to its common occurrence in Australia, and its potential in Turkey due to climatic constraints and market acceptability. 

Additional data to that given by Coombe were obtained for Canberra (ACT) and Ensay (Victoria) in association with viticulture site selection studies undertaken by ERIC. 

The dates in the illustrations relate to the southern hemisphere.  The results for predictions have been adjusted to the northern hemisphere.
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The relationship between the budburst date and average September temperature is given in Fig. 1.  Four outlying points areas were removed from this plot.  The relationship provides a high level of predictability for the date of budburst from the average monthly temperature.

The number of days from budburst to flowering for Shiraz in the data of Coombe averages 63 and ranges from 52 for Cessnock to 77 for Nurioopta.

Flowering

Statistical Analysis
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The date of flowering is not well predicted by any single factor but can be reasonably predicted from the budburst date and the average November temperature (Table 2).   This is the least reliable of the predictions but still accounts for almost 80% of the variance.

HDD

The results in Table 2 have uncertain reliability outside the range of conditions under which the observations were made.  An alternate means of predicting flowering was therefore investigated based on Heat Degree Days (HDD).

The observations in Table 1 identify that a one degree increase in temperature produces a lower increase in plant development at 20 degrees than at 10 degrees.   The results in Fig. 1 were used to establish the relationship between the rate of increase in temperature and the rate of plant development.  Applying this temperature correction to the data identifies that an average of 202 Heat Degree Days (HDD) is required for the vine to develop from budburst to flowering.

Harvest

Statistical

The harvest date can be predicted from the flowering date as indicated in Fig 2.   This has been presented as a single linear equation due to the high percent variance accounted for (92%), but the data split into two populations.  Warm areas are harvested at maturity whereas the harvest  at cool areas can occur when grapes are not fully mature.

Analysis of the interval between flowering and harvest identifies that the average interval is 120 days, ranging from 110 days to around 130.  Some of the shortest intervals are associated with hot areas and long intervals with cool areas, but there is no clear relationship.  

The small variation in the duration of the interval from flowering to harvest, +- 10 days, allows prediction of harvest dates from flowering dates.
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Application of Predictive Equations to Turkey

The equations in Figs 1, 2 and Table 2 have been applied to stations in the study region to test the relationships with results mapped using the Gladstones’ calculations.  On a regional basis the climate stations are located in warmer areas.  The results are given in Table 3.

Table 3.  Predicted dates for budburst, flowering and harvest for Shiraz based on temperature data for Canakkale, Lapseki, and Intepe Turkey.










Budburst
Flower
Harvest
Total


Date
Date
Days
Date
Days
Days








 Statistical






Canakkale
April 18
June 4
47
September 22
110
157

Lapseki
April 22
June 12
51
October 2
112
163

Intepe
April 9
May 29
50
September 15
108
158









HDD/ statistical






Canakkale
April 18
June 14
57
6 October
115
172

Lapseki
April 22
June 18
57
11 October
116
173

Intepe
April 9
June 6
58
24 September
111
169








Gladstones






Canakkale



October 1



Lapseki



October 10



Intepe



October 8



Comparison of Results

The results for the statistical analysis appear low as all periods from budburst to flowering are below the range observed in Australia.  This likely reflects the higher summer temperatures in Turkey.  The low value for this period produces low values for the period between flowering and maturation.  

The HDD calculations take better account of temperature differences between Australia and Turkey than statistical functions and this is reflected in the duration of the period between budburst and flowering.  The 57 days is less than the Australian average of 63, reflecting the hot summer temperatures, but is well within the observed range of 52 to 77.

The improvement in the prediction of flowering date translates into an improvement in the prediction of the duration of the period between flowering and harvest.  The range of 111 to 116 days is within the observed Australian range of 110 to 130 days.  The period is shortest for the warmest locations. 

Comparison between the HDD/statistical predictions and those using Gladstones model indicate that the predicted harvest dates are between 1 and 5 days shorter with Gladstones.  The predicted dates are similar.

The differences between predictions can arise from several reasons but are likely due to the differences in the handling of high temperatures.  The HDD/statistical results should be most reliable.
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Fig. 2 Relationship between the harvest and flowering dates for Shiraz.








� EMBED Excel.Sheet.8  ���





Fig. 1 Relationship between the date of budburst and average September for Shiraz.
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Table 2.  Multiple Linear Regression predicting the flowering date from the budburst date and the average November temperature.





Flowering Day = 71 – (3.45 November Temperature) + 0.67 Budburst Date)


Flowering Date = Days after 31 October


Budburst Date = Days after 31 August


Coefficient 	SE 	t


Constant			71		22.3	3.2


November Temperature	-3.45		1.12	-3.09


Budburst Days			0.008		0.21	3.2


N = 14, R2 = 0.78, F 19.6,  P = 0.0002








� The values calculated using the procedures of Amerine & Winkler and Gladstones are effectively the same for these examples 
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ChartShiraz

		0.0909836066

		0.0459016393

		0.1114754098

		0.0868852459

		0.0754098361

		0.0554098361

		0.0989071038

		0.0573770492

		0.0967213115

		0.0680327869

		0.0819672131

		0.1013114754



slope (temp change/days)

budburst temp

Coombe (Shiraz budburst temp v slope) (station data)

15.025

14.0286885246

13.1459016393

13.8143442623

12.5221311475

12.9559016393

12.5390710383

10.8983606557

13.193442623

11.3430327869

12.3155737705

12.4727868852



Shiraz

		

		Shiraz												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.250		15.025		18.025		20.550

		31.6		115.95		swan valley		4						12.950		14.350		16.000		19.050

		34.28		146.05		griffith		4						10.100		12.700		16.100		19.800

		34.23		142.22		mildura		4						11.425		14.075		17.150		20.375

		34.63		140.63		loxton		4						10.750		13.050		15.950		18.700

		34.93		138.58		adelaide		4						11.820		13.510		16.000		18.610

		36.05		146.47		rutherglen		4						9.033		11.550		14.567		18.183

		34.48		139.02		nuriootpa		4						9.550		11.300		14.100		16.850

		35.37		143.58		swan hill		4						10.650		13.000		15.950		19.200

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.925		11.275		13.350		15.175

		37		145.17		tabilk		4						8.850		11.250		13.750		16.700

		34.99		149.03		canberra		4						7.290		9.940		13.030		16.200

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

								aug		-15.5		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500		7.2900

								sep		15		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500		9.9400

								oct		45.5		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500		13.0300

						Grad aug-sep						0.09098		0.04590		0.08387		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581		0.00000		0.04355		0.07742		0.08548

						Grad sep-oct						0.09836		0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672		0.00000		0.06803		0.08197		0.10131

						days from 31 aug						15		8		19		12		8		5		25		8		17		20		16		28		40

												30.5		23.5		4		27.5		23.5		20.5		10		23.5		2		5		1		13		25

						T @ bud						15.025		14.029		13.146		13.814		12.522		12.956		12.539		10.898		13.193		0.000		11.343		12.316		12.473

						cessnock						0.09098		15.025

						swan valley						0.04590		14.029

						griffith						0.11148		13.146

						mildura						0.08689		13.814

						loxton						0.07541		12.522

						adelaide						0.05541		12.956

						rutherglen						0.09891		12.539

						nuriootpa						0.05738		10.898

						swan hill						0.09672		13.193

						eden valley

						coonawarra						0.06803		11.343

						tabilk						0.08197		12.316

						canberra						0.10131		12.473





ChartGrenache

		

		0.0459016393

		0.1114754098

		0.0868852459

		0.0754098361

		0.0554098361

		0.0989071038

		0.0573770492

		0.0967213115

		0.0680327869



slope (temp change/days)

T @ budburst

Coombe (Grenache budburst temp v slope) (station data)

14.212295082

13.368852459

13.6405737705

12.5221311475

12.9559016393

13.1325136612

11.1852459016

12.5830645161

12.0233606557



Grenache

		Grenache												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.2500		15.0250		18.0250		20.5500

		31.6		115.95		swan valley		4						12.95		14.35		16		19.05

		34.28		146.05		griffith		4						10.1000		12.7000		16.1000		19.8000

		34.23		142.22		mildura		4						11.4250		14.0750		17.1500		20.3750

		34.63		140.63		loxton		4						10.7500		13.0500		15.9500		18.7000

		34.93		138.58		adelaide		4						11.8200		13.5100		16.0000		18.6100

		36.05		146.47		rutherglen		4						9.0333		11.5500		14.5667		18.1833

		34.48		139.02		nuriootpa		4						9.5500		11.3000		14.1000		16.8500

		35.37		143.58		swan hill		4						10.6500		13.0000		15.9500		19.2000

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.9250		11.2750		13.3500		15.1750

		37		145.17		tabilk		4						8.8500		11.2500		13.7500		16.7000

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk

								aug		-15.5		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500

								sep		15		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500

								oct		45.5		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500

						Grad aug-sep								0.04590		0.08387		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581				0.04355

						Grad sep-oct								0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672				0.06803

						days from 31 aug								12		21		10		8		5		31		13		10				26

														27.5		6		25.5		23.5		20.5		16		28.5		25.5				11

						T @ bud								14.212		13.369		13.641		12.522		12.956		13.133		11.185		12.583				12.023

						cessnock
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						mildura						0.08689		13.641

						loxton						0.07541		12.522

						adelaide						0.05541		12.956

						rutherglen						0.09891		13.133

						nuriootpa						0.05738		11.185

						swan hill						0.09672		12.583

						eden valley
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ChartShirazFl

		0.0909836066

		0.0459016393

		0.1114754098
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slope (temp change/days)

T @ flower

Coombe (Shiraz flower temp v slope)  (station data)

14.1606557377

14.0516393443

12.4868852459

13.162704918

12.1073770492

12.2918032787

11.7131147541

13.0483606557

12.2614754098
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15.2645901639



Shiraz Fl

		Shiraz Fl												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.2500		15.0250		18.0250		20.5500

		31.6		115.95		swan valley		4						12.9500		14.3500		16.0000		19.0500

		34.28		146.05		griffith		4						10.1000		12.7000		16.1000		19.8000

		34.23		142.22		mildura		4						11.4250		14.0750		17.1500		20.3750

		34.63		140.63		loxton		4						10.7500		13.0500		15.9500		18.7000

		34.93		138.58		adelaide		4						11.8200		13.5100		16.0000		18.6100

		36.05		146.47		rutherglen		4						9.0333		11.5500		14.5667		18.1833

		34.48		139.02		nuriootpa		4						9.5500		11.3000		14.1000		16.8500

		35.37		143.58		swan hill		4						10.6500		13.0000		15.9500		19.2000

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.9250		11.2750		13.3500		15.1750

		37		145.17		tabilk		4						8.8500		11.2500		13.7500		16.7000

						canberra		4						7.2900		9.9400		13.0300		16.2000

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

								sep		-15		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500		9.9400

								oct		15.5		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500		13.0300

								nov		46		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500		16.2000

						Grad sep-oct						0.09098		0.04590		0.08525		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581		0.00000		0.04355		0.07742		0.09968

						Grad oct-nov						0.09836		0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672		0.00000		0.06803		0.08197		0.10393

						days from 31 oct						6		9		13		5		3		21		23		20		16		35		30		31		37

												21		24		28		20		18		5.5		7.5		4.5		0.5		19.5		14.5		15.5		21.5

						T @ flower						14.161		14.052		12.487		13.163		12.107		13.959		12.292		11.713		13.048		0.000		12.261		12.520		15.265

						cessnock						0.09098		14.161

						swan valley						0.04590		14.052

						griffith						0.11148		12.487

						mildura						0.08689		13.163

						loxton						0.07541		12.107

						adelaide

						rutherglen						0.09891		12.292

						nuriootpa						0.05738		11.713

						swan hill						0.09672		13.048

						eden valley

						coonawarra						0.06803		12.261

						tabilk						0.08197		12.520

						canberra						0.10393		15.265
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slope ( temp change/days)

harvest temp

Coombe (Shiraz harvest temp v slope) (station data)
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Shiraz Har

		Shiraz Harvest

												Nov		Dec		Jan		Feb		Mar		Apr

		32.9		151.35		cessnock		4				20.55		22.68		23.75		23.50		21.78		18.18

		31.6		115.95		swan valley		4				19.05		21.85		24.25		25.65		23.10		18.90

		34.28		146.05		griffith		4				19.80		22.68		24.20		24.18		21.18		16.40

		34.23		142.22		mildura		4				20.38		22.90		24.40		24.23		21.25		16.88

		34.63		140.63		loxton		4				18.70		21.02		22.68		22.68		20.05		16.32

		34.93		138.58		adelaide		4				18.61		20.66		22.47		22.75		20.55		17.34

		36.05		146.47		rutherglen		4				18.18		21.53		23.33		23.33		19.85		15.40

		34.48		139.02		nuriootpa		4				16.85		19.05		21.20		21.25		18.75		15.20

		35.37		143.58		swan hill		4				19.20		21.85		23.40		23.35		20.55		16.30

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4				15.18		17.35		19.58		20.03		17.45		14.30

		37		145.17		tabilk		4				16.70		19.50		21.10		21.10		18.45		14.40

		34.99		149.03		canberra		4				16.20		19.05		20.56		20.48		17.74		13.38

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

		0-14		j-f						Jan		23.75		24.25		24.20		24.40		22.68		22.47		23.33		21.20		23.40				19.58		21.10		20.56

		14-43.5		f-m						Feb		23.50		25.65		24.18		24.23		22.68		22.75		23.33		21.25		23.35				20.03		21.10		20.48

		43.5-74		m-a						Mar		21.78		23.10		21.18		21.25		20.05		20.55		19.85		18.75		20.55				17.45		18.45		17.74

		74-		a-m						Apr		18.18		18.90		16.40		16.88		16.32		17.34		15.40		15.20		16.30				14.30		14.40		13.38

								Grad f-m				-0.0585		-0.0864		-0.1017		-0.1008				-0.0746		-0.1181		-0.0847		-0.0949				-0.0873		-0.0898		-0.0929

								Grad m-a				-0.1180		-0.1377		-0.1566		-0.1434				-0.1052		-0.1459		-0.1164		-0.1393				-0.1033		-0.1328		-0.1430

						days from 31 January						26		51		32		30				38		44		36		38				71		65		74

												12		7.5		18		16				24		30		22		24				27.5		21.5		30.5

								T@Harvest				22.7983050847		22.0672131148		22.3444915254		22.611440678				20.9601694915		19.790960452		19.3855932203		21.0720338983				14.6098360656		15.5950819672		13.38

								cessnock				-0.058		22.798

								swan valley				-0.138		22.067

								griffith				-0.102		22.344

								mildura				-0.101		22.611

								loxton

								adelaide				-0.075		20.960

								rutherglen				-0.146		19.791

								nuriootpa				-0.085		19.386

								swan hill				-0.095		21.072

								eden valley

								coonawarra				-0.103		14.610

								tabilk				-0.133		15.595

								canberra				-0.143		13.380





Sheet2

				Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		SV		Coon		Griff

		ShirazD		75		55		56		66		59		64		60		61		70		54		77		52		73		62

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		Area 10 Total		233		291		216		392		364		383		364		406		337		385		468		363		311		396

		Area SL		158		126		104		207		175		195		184		168		176		115		252		130		245		148

		Area 10 Base		75		165		112		185		189		198		180		238		161		270		216		493		66		248

		SL		0.056		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092		0.077

				1.65		2.28		1.85		3.1		3.3		3		3.1		2.8		2.5		2.1		3.2		1.98		3.4		2.4

		Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3		16.4

		Area 10 Total		241		353		253		392		364		383		364		406		337		385		468		511		311		396

		Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		17.1		16		16.98		14.3		16.4

		Diurnal Bud		10.3		13.8		14.6		11		12.2		10.1		12.6		13.2		12		14.7		10.4		13.6		11		8

		Bud SL		0.04		0.083		0.07		0.067		0.87		0.06		0.077		0.01		0.08		0.093		0.07		0.09		0.057		0.047

		Bud SL		0.04		0.083		0.07		0.067		0.87		0.06		0.077		0.01		0.08		0.093		0.07		0.09		0.057		0.047

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		SL		0.056		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092		0.077

				Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		SV

		Sept T		11.05		12.6		12.7		12.4		12.2		11.2		13		9.6		10.9		13.5		15.05		11.6		11.3		14.4

		Bud Days		16		19		8		20		25		28		17		40		33		15		5		12		8		8

		Oct T		13.3		16.1		15.6		15.1		15.4		14.9		15		12.6		13.3		18.1		15.8		16.7		14.1		16

		Nov T		14.7		20.2		18.2		18.2		19.1		16.9		19.2		15.1		15.3		20.8		18.7		19.5		16.9		19.1

		Flow Int		75		55		56		76		59		64		60		61		73		52		77		45		73		62

		Nov T		14.7		20.2		18.2		18.2		19.1		16.9		19.2		15.1		15.3		20.8		18.7		19.5		16.9		19.1

		Flower Days		30		13		3		35		23		31		16		38		45		6		21		5		20		9

		Harvest Day		63		32				68		44		65		38		75		75		26		38		30		36		51

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		8 Mid		4.65		7.28		5.85		5.1		5.3		5		6.1		5.8		6.8		6.43		4.8		8.98		5.4

		8 total		383		401		328		524		482		511		484		526		477		401		622		467		457		520

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9		14

		Area 10 Total		233		291		216		392		364		383		364		406		337		293		468		363		311		396

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9		14

		6 Tot		533		511		440		656		600		639		604		650		627		509		776		467		557		644

				Grif		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		SV

				12.6		12.4		12.2		11.2		13		9.6		10.9		13.5		15.05		14.4

				19		20		25		28		17		40		33		15		5		8

								Coon		Lox		Grif		Cnb		Swan Hill		Adel		Nurio

						SL		0.04		0.07		0.083		0.09		0.077		0.07		0.057

						Bud T		11		12		13		13.9		13		12.8		10.9

						Shiraz D		75		56		55		61		60		77		73

						1		2500		1729		1458		1849		1870		1989		1685

				Lox		2		2025		1429		1205		1573		1571		1666		1359

				Mil		3		1600		1157		976		1320		1298		1372		1067

				Ces		4		1225		914		771		1089		1052		1106		811

						5		900		700		590		880		831		868		590

						6		625		514		434		693		636		660		404

						7		400		357		301		529		468		480		253

						8		225		229		193		387		325		329		138

						9		100		129		108		267		208		206		57

						10		25		57		48		169		116		112		11

						11		0		14		12		93		52		46		0

						12				0		0		40		13		9

						13								9		0		0

						14								0

						15





Sheet2

		



Flowering Date (Days from November 1)

Harvest Date 
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Harvest Date (Shiraz)



Sheet1

		Shiraz		Temp		Area		Area						Coona		Grif		Coon		Griff		Loxt		Loxt		Mild		Ces

		Budburst				Coon		Griff						11		13		11.8		12.6		12		12.6		13.3		15

														16		19		25		16		8		16		13		15

				13				0						0.44		0.83		0.44		0.83		0.66		0.66		0.076		0.079

				12				12				1		2270		1735		2651		1621		1833		2039		1990		2481

				11		0		48				2		1841		1458		2182		1354		1515		1702		1680		2139

				10		23		108				3		1445		1200		1760		1110		1227		1396		1396		1822

				9		91		192				4		1134		976		1382		891		970		1121		1138		1532

				8		205		301				5		818		771		1057		696		742		875		906		1265

				7		363		433				6		568		590		765		525		547		660		701		1025

				6		568		590				7		363		433		524		378		379		475		522		810

				5		818		771				8		205		301		328		255		240		320		370		620

				4		1134		976				9		91		192		178		156		136		196		243		456

				3		1445		1200				10		23		108		74		81		60		118		143		316

				2		1841		1458				11		0		48		15		31		15		48		70		202

				1		2270		1735				12				12		0		4		0		9		22		114

												13				0				0				0		1		50

												14														0		13

												15																0

						Shiraz														Sem

						Coon		Grif		Loxt		Ces		Mild						Coon		Grif		Loxt		Ces		Mild

				1		2270		1735		1833		2481		1990						2651		1735		2039		2481		1990

				2		1841		1458		1515		2139		1680						2182		1458		1702		2139		1680

				3		1445		1200		1227		1822		1396						1760		1200		1396		1822		1396

				4		1134		976		970		1532		1138						1382		976		1121		1532		1138				Slope

				5		818		771		742		1265		906						1057		771		875		1265		906

				6		568		590		547		1025		701						765		590		660		1025		701												Slope		Offset

				7		363		433		379		810		522						524		433		475		810		522										Sem HDD		0.0117		8.6

				8		205		301		240		620		370						328		301		320		620		370										Shirax HDD		0.0249		5.1

				9		91		192		136		456		243						178		192		196		456		243

				10		23		108		60		316		143						74		108		118		316		143

				11		0		48		15		202		70						15		48		48		202		70

				12				12		0		114		22						0		12		9		114		22

				13				0				50		1								0		0		50		1

				14								13		0												13		0

				15								0														0

																										Coon		Grif		Loxt		Mild		Ces						Coon		Grif		Loxt		Mild		Ces

																								Slope		0.059		0.124		0.09		0.096		0.093				Slope		0.059		0.124		0.09		0.096		0.093

																								ShirazD		75		55		56		54		52				SemillD		73		51		53		58		51

																								Bud Base		11		13		12		13.3		15				Temp		11.8		12.6		12.6		13.3		15

																								Area 10 Total		241		353		253		458		511

																								Area SL		166		188		141		280		251		0.0117		Area		157		161		141		161		121

																								Area Base		75		165		112		178		260		8.6		Area Base		131		133		138		191		255

																								Area 10 Total		241		353		253		458		511		88%		Area Total		288		294		279		352		376

																								Bud Base		11		13		12		13.3		15				Temp		11.8		12.6		12.6		13.3		15

																								T reduce		2.4		3.4		4.4		4.9		6.4

																								Area 8.5 base		288		248		196		260		338		0.0111

																								Area SL		166		188		141		280		251		7.6

																								Sum		454		436		337		540		589		53%

																								Bud Base		11		13		12		13.3		15

																								Area 5 B		450		440		392		448		520		0.0122

																								Area SL		166		188		141		280		251		4.8

																								Sum		616		628		533		738		771		62%

																								Bud Base		11		13		12		13.3		15

								Shiraz		Bud		5 deg										Sem		Bud		8 deg

								Coon		Grif		Loxt		Ces		Mild

						Days														Days						Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		S

						HDD														HDD				ShirazD		75		55		56		66		59		64		60		61		70		54		77		52		73

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Area SL		124		126		104		207		175		195		184		168		176		115		252		130		245

																								Area 10 Base		75		165		112		185		189		198		180		238		161		178		216		493		66

																								SL		0.044		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092

																										1.65		2.28		1.85		3.1		3.3		3		3.1		2.8		2.5		2.13		3.2		1.98		3.4

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3

																								Area 10 Total		241		353		253		392		364		383		364		406		337		458		468		511		311

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3

																								8 Mid		4.65		7.28		5.85		5.1		5.3		5		6.1		5.8		6.8		6.43		4.8		8.98		5.4

																								8 total		349		401		328		524		482		511		484		526		477		401		622		467		457

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								6 Tot		591		511		440		656		600		639		604		650		627		509		776		467		557

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								8 total		349		401		328		524		482		511		484		526		477		401		622		467		457

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3
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Summary

		

		station data

								Shiraz						Grenache						Shiraz						Shiraz

								T change@bud				T@budburst		T change@bud				T@budburst		T change@flower				T@flower		T change@harvest		T@harvest

		cessnock						0.0980		14.7000		15.025								0.091				14.161		-0.058		22.798

		swan valley						0.0459		13.4000		14.029		0.046				14.212		0.046				14.052		-0.138		22.067

		griffith						0.1115		13.7000		13.146		0.111				13.369		0.111				12.487		-0.102		22.344

		mildura						0.0869		13.8000		13.814		0.087				13.641		0.087				13.163		-0.101		22.611

		loxton						0.0754		13.2000		12.522		0.075				12.522		0.075				12.107

		adelaide						0.0554		10.2000		12.956		0.055				12.956								-0.075		20.960

		rutherglen						0.0989		13.8000		12.539		0.099				13.133		0.099				12.292		-0.146		19.791

		nuriootpa						0.0574		10.9000		10.898		0.057				11.185		0.057				11.713		-0.085		19.386

		swan hill						0.0967		12.6000		13.193		0.097				12.583		0.097				13.048		-0.095		21.072

		eden valley						0.0860		11.4000		10.800

		coonawarra						0.0680		10.3000		11.343		0.068				12.023		0.068				12.261		-0.103		14.610

		tabilk						0.0820		12.7000		12.316								0.082				12.520		-0.133		15.595

		canberra						0.1013				12.473								0.104				15.265		-0.143		13.380

		Ensay

						intercept						11.967						12.416						12.1				25.409

						R Sq						0.04						0.019						0.0415				0.222

								Shiraz						Shiraz

								T change@bud		Diurnal T		T@budburst		T change@flower		Diurnal T		T@flower						Diurnal T		T@flower

		cessnock						0.9800		14.7000		15.025		0.091		14.500		14.161						14.500		14.161

		swan valley						0.0560		12.8000		14.029		0.046		15.800		18.800						15.800		18.800

		griffith						0.1115		13.7000		13.146		0.111		15.000		12.487						15.000		12.487

		mildura						0.0869		13.8000		13.814		0.087		14.800		13.163						14.800		13.163

		loxton						0.0754		13.2000		12.522		0.075		15.200		12.107						15.200		12.107

		adelaide						0.0554		10.2000		12.956		0.050		12.800		18.900						12.800		18.900

		rutherglen						0.0989		13.8000		12.539		0.099		15.200		12.292						15.200		12.292

		nuriootpa						0.0730		10.9000		10.898		0.057		14.000		11.713						14.000		11.713

		swan hill						0.0967		12.6000		13.193		0.097		15.200		13.048						15.200		13.048

		eden valley						0.0880		11.4000		11.130		0.094		15.000		16.200						15.000		16.200

		coonawarra						0.0680		10.3000		11.343		0.068		13.500		12.261						13.500		12.261

		tabilk						0.0820		12.7000		12.316		0.082		14.500		12.520						14.500		12.520

		canberra						0.1013		13.8000		12.473		0.104		14.300		15.265						14.300		15.265

		Ensay						0.081		12.2		12.5		0.07		13.4		17.4						13.4		17.4

										early oct						Mid dec

								T change@bud		T@budburst						Diurnal T						T change@flower		Diurnal T				T@flower

						Ces		0.09		15.03						15.05				cessnock		0.09		14.50				14.16

						Grif		0.11		13.00						13.70				swan valley		0.05		15.80				18.80

						Mil		0.09		13.81						13.80				griffith		0.11		15.00				12.49

						Lox		0.08		12.52						13.20				mildura		0.09		14.80				13.16

						Ruth		0.10		12.54						13.80				loxton		0.08		15.20				12.11

						Nur		0.07		10.90						10.90				adelaide		0.05		12.80				18.90

						SH		0.10		13.19						12.60				rutherglen		0.10		15.20				12.29

						EV		0.09		11.13						11.40				nuriootpa		0.06		14.00				11.71

						Coon		0.07		11.34						10.30				swan hill		0.10		15.20				13.05

						Tab		0.08		12.32						12.70				eden valley		0.09		15.00				16.20

						En		0.08		12.50						12.20				coonawarra		0.07		13.50				12.26

						Can		0.10		12.47						13.80				tabilk		0.08		14.50				12.52

						SV		0.056		14.03						12.80				canberra		0.10		14.30				15.26

						Adel		0.0554		12.96						10.20				Ensay		0.07		13.40				17.40
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slope (temp change/days)

budburst temp

Coombe (Shiraz budburst temp v slope) (station data)

15.025

14.0286885246

13.1459016393

13.8143442623

12.5221311475

12.9559016393

12.5390710383

10.8983606557
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Shiraz

		

		Shiraz												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.250		15.025		18.025		20.550

		31.6		115.95		swan valley		4						12.950		14.350		16.000		19.050

		34.28		146.05		griffith		4						10.100		12.700		16.100		19.800

		34.23		142.22		mildura		4						11.425		14.075		17.150		20.375

		34.63		140.63		loxton		4						10.750		13.050		15.950		18.700

		34.93		138.58		adelaide		4						11.820		13.510		16.000		18.610

		36.05		146.47		rutherglen		4						9.033		11.550		14.567		18.183

		34.48		139.02		nuriootpa		4						9.550		11.300		14.100		16.850

		35.37		143.58		swan hill		4						10.650		13.000		15.950		19.200

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.925		11.275		13.350		15.175

		37		145.17		tabilk		4						8.850		11.250		13.750		16.700

		34.99		149.03		canberra		4						7.290		9.940		13.030		16.200

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

								aug		-15.5		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500		7.2900

								sep		15		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500		9.9400

								oct		45.5		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500		13.0300

						Grad aug-sep						0.09098		0.04590		0.08387		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581		0.00000		0.04355		0.07742		0.08548

						Grad sep-oct						0.09836		0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672		0.00000		0.06803		0.08197		0.10131

						days from 31 aug						15		8		19		12		8		5		25		8		17		20		16		28		40

												30.5		23.5		4		27.5		23.5		20.5		10		23.5		2		5		1		13		25

						T @ bud						15.025		14.029		13.146		13.814		12.522		12.956		12.539		10.898		13.193		0.000		11.343		12.316		12.473

						cessnock						0.09098		15.025

						swan valley						0.04590		14.029

						griffith						0.11148		13.146

						mildura						0.08689		13.814

						loxton						0.07541		12.522

						adelaide						0.05541		12.956

						rutherglen						0.09891		12.539

						nuriootpa						0.05738		10.898

						swan hill						0.09672		13.193

						eden valley

						coonawarra						0.06803		11.343

						tabilk						0.08197		12.316

						canberra						0.10131		12.473
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slope (temp change/days)

T @ budburst

Coombe (Grenache budburst temp v slope) (station data)
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Grenache

		Grenache												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.2500		15.0250		18.0250		20.5500

		31.6		115.95		swan valley		4						12.95		14.35		16		19.05

		34.28		146.05		griffith		4						10.1000		12.7000		16.1000		19.8000

		34.23		142.22		mildura		4						11.4250		14.0750		17.1500		20.3750

		34.63		140.63		loxton		4						10.7500		13.0500		15.9500		18.7000

		34.93		138.58		adelaide		4						11.8200		13.5100		16.0000		18.6100

		36.05		146.47		rutherglen		4						9.0333		11.5500		14.5667		18.1833

		34.48		139.02		nuriootpa		4						9.5500		11.3000		14.1000		16.8500

		35.37		143.58		swan hill		4						10.6500		13.0000		15.9500		19.2000

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.9250		11.2750		13.3500		15.1750

		37		145.17		tabilk		4						8.8500		11.2500		13.7500		16.7000

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk

								aug		-15.5		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500

								sep		15		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500

								oct		45.5		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500

						Grad aug-sep								0.04590		0.08387		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581				0.04355

						Grad sep-oct								0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672				0.06803

						days from 31 aug								12		21		10		8		5		31		13		10				26

														27.5		6		25.5		23.5		20.5		16		28.5		25.5				11

						T @ bud								14.212		13.369		13.641		12.522		12.956		13.133		11.185		12.583				12.023

						cessnock

						swan valley						0.04590		14.212

						griffith						0.11148		13.369

						mildura						0.08689		13.641

						loxton						0.07541		12.522

						adelaide						0.05541		12.956

						rutherglen						0.09891		13.133

						nuriootpa						0.05738		11.185

						swan hill						0.09672		12.583

						eden valley

						coonawarra						0.06803		12.023

						tabilk
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slope (temp change/days)

T @ flower

Coombe (Shiraz flower temp v slope)  (station data)
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Shiraz Fl

		Shiraz Fl												aug AT		sep AT		oct AT		nov AT

		32.9		151.35		cessnock		4						12.2500		15.0250		18.0250		20.5500

		31.6		115.95		swan valley		4						12.9500		14.3500		16.0000		19.0500

		34.28		146.05		griffith		4						10.1000		12.7000		16.1000		19.8000

		34.23		142.22		mildura		4						11.4250		14.0750		17.1500		20.3750

		34.63		140.63		loxton		4						10.7500		13.0500		15.9500		18.7000

		34.93		138.58		adelaide		4						11.8200		13.5100		16.0000		18.6100

		36.05		146.47		rutherglen		4						9.0333		11.5500		14.5667		18.1833

		34.48		139.02		nuriootpa		4						9.5500		11.3000		14.1000		16.8500

		35.37		143.58		swan hill		4						10.6500		13.0000		15.9500		19.2000

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4						9.9250		11.2750		13.3500		15.1750

		37		145.17		tabilk		4						8.8500		11.2500		13.7500		16.7000

						canberra		4						7.2900		9.9400		13.0300		16.2000

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

								sep		-15		12.2500		12.95		10.1000		11.4250		10.7500		11.8200		9.0333		9.5500		10.6500				9.9250		8.8500		9.9400

								oct		15.5		15.0250		14.35		12.7000		14.0750		13.0500		13.5100		11.5500		11.3000		13.0000				11.2750		11.2500		13.0300

								nov		46		18.0250		16		16.1000		17.1500		15.9500		16.0000		14.5667		14.1000		15.9500				13.3500		13.7500		16.2000

						Grad sep-oct						0.09098		0.04590		0.08525		0.08689		0.07541		0.05541		0.08118		0.05738		0.07581		0.00000		0.04355		0.07742		0.09968

						Grad oct-nov						0.09836		0.05410		0.11148		0.10082		0.09508		0.08164		0.09891		0.09180		0.09672		0.00000		0.06803		0.08197		0.10393

						days from 31 oct						6		9		13		5		3		21		23		20		16		35		30		31		37

												21		24		28		20		18		5.5		7.5		4.5		0.5		19.5		14.5		15.5		21.5

						T @ flower						14.161		14.052		12.487		13.163		12.107		13.959		12.292		11.713		13.048		0.000		12.261		12.520		15.265

						cessnock						0.09098		14.161

						swan valley						0.04590		14.052

						griffith						0.11148		12.487

						mildura						0.08689		13.163

						loxton						0.07541		12.107

						adelaide

						rutherglen						0.09891		12.292

						nuriootpa						0.05738		11.713

						swan hill						0.09672		13.048

						eden valley

						coonawarra						0.06803		12.261

						tabilk						0.08197		12.520

						canberra						0.10393		15.265
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slope ( temp change/days)

harvest temp

Coombe (Shiraz harvest temp v slope) (station data)
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Shiraz Har

		Shiraz Harvest

												Nov		Dec		Jan		Feb		Mar		Apr

		32.9		151.35		cessnock		4				20.55		22.68		23.75		23.50		21.78		18.18

		31.6		115.95		swan valley		4				19.05		21.85		24.25		25.65		23.10		18.90

		34.28		146.05		griffith		4				19.80		22.68		24.20		24.18		21.18		16.40

		34.23		142.22		mildura		4				20.38		22.90		24.40		24.23		21.25		16.88

		34.63		140.63		loxton		4				18.70		21.02		22.68		22.68		20.05		16.32

		34.93		138.58		adelaide		4				18.61		20.66		22.47		22.75		20.55		17.34

		36.05		146.47		rutherglen		4				18.18		21.53		23.33		23.33		19.85		15.40

		34.48		139.02		nuriootpa		4				16.85		19.05		21.20		21.25		18.75		15.20

		35.37		143.58		swan hill		4				19.20		21.85		23.40		23.35		20.55		16.30

		34.58		139.03		eden valley		4

		37.3		140.83		coonawarra		4				15.18		17.35		19.58		20.03		17.45		14.30

		37		145.17		tabilk		4				16.70		19.50		21.10		21.10		18.45		14.40

		34.99		149.03		canberra		4				16.20		19.05		20.56		20.48		17.74		13.38

												cessnock		swan valley		griffith		mildura		loxton		adelaide		rutherglen		nuriootpa		swan hill		eden valley		coonawarra		tabilk		canberra

		0-14		j-f						Jan		23.75		24.25		24.20		24.40		22.68		22.47		23.33		21.20		23.40				19.58		21.10		20.56

		14-43.5		f-m						Feb		23.50		25.65		24.18		24.23		22.68		22.75		23.33		21.25		23.35				20.03		21.10		20.48

		43.5-74		m-a						Mar		21.78		23.10		21.18		21.25		20.05		20.55		19.85		18.75		20.55				17.45		18.45		17.74

		74-		a-m						Apr		18.18		18.90		16.40		16.88		16.32		17.34		15.40		15.20		16.30				14.30		14.40		13.38

								Grad f-m				-0.0585		-0.0864		-0.1017		-0.1008				-0.0746		-0.1181		-0.0847		-0.0949				-0.0873		-0.0898		-0.0929

								Grad m-a				-0.1180		-0.1377		-0.1566		-0.1434				-0.1052		-0.1459		-0.1164		-0.1393				-0.1033		-0.1328		-0.1430

						days from 31 January						26		51		32		30				38		44		36		38				71		65		74

												12		7.5		18		16				24		30		22		24				27.5		21.5		30.5

								T@Harvest				22.7983050847		22.0672131148		22.3444915254		22.611440678				20.9601694915		19.790960452		19.3855932203		21.0720338983				14.6098360656		15.5950819672		13.38

								cessnock				-0.058		22.798

								swan valley				-0.138		22.067

								griffith				-0.102		22.344

								mildura				-0.101		22.611

								loxton

								adelaide				-0.075		20.960

								rutherglen				-0.146		19.791

								nuriootpa				-0.085		19.386

								swan hill				-0.095		21.072

								eden valley

								coonawarra				-0.103		14.610

								tabilk				-0.133		15.595

								canberra				-0.143		13.380





Sheet2

				Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		SV		Coon		Griff

		ShirazD		75		55		56		66		59		64		60		61		70		54		77		52		73		62

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		Area 10 Total		233		291		216		392		364		383		364		406		337		385		468		363		311		396

		Area SL		158		126		104		207		175		195		184		168		176		115		252		130		245		148

		Area 10 Base		75		165		112		185		189		198		180		238		161		270		216		493		66		248

		SL		0.056		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092		0.077

				1.65		2.28		1.85		3.1		3.3		3		3.1		2.8		2.5		2.1		3.2		1.98		3.4		2.4

		Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3		16.4

		Area 10 Total		241		353		253		392		364		383		364		406		337		385		468		511		311		396

		Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		17.1		16		16.98		14.3		16.4

		Diurnal Bud		10.3		13.8		14.6		11		12.2		10.1		12.6		13.2		12		14.7		10.4		13.6		11		8

		Bud SL		0.04		0.083		0.07		0.067		0.87		0.06		0.077		0.01		0.08		0.093		0.07		0.09		0.057		0.047

		Bud SL		0.04		0.083		0.07		0.067		0.87		0.06		0.077		0.01		0.08		0.093		0.07		0.09		0.057		0.047

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		SL		0.056		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092		0.077

				Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		SV

		Sept T		11.05		12.6		12.7		12.4		12.2		11.2		13		9.6		10.9		13.5		15.05		11.6		11.3		14.4

		Days		16		19		8		20		25		28		17		40		33		15		5		12		8		8

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		15		12.8		15		10.9		14

		8 Mid		4.65		7.28		5.85		5.1		5.3		5		6.1		5.8		6.8		6.43		4.8		8.98		5.4

		8 total		383		401		328		524		482		511		484		526		477		401		622		467		457		520

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9		14

		Area 10 Total		233		291		216		392		364		383		364		406		337		293		468		363		311		396

		Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9		14

		6 Tot		533		511		440		656		600		639		604		650		627		509		776		467		557		644

				Grif		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		SV

				12.6		12.4		12.2		11.2		13		9.6		10.9		13.5		15.05		14.4

				19		20		25		28		17		40		33		15		5		8

								Coon		Lox		Grif		Cnb		Swan Hill		Adel		Nurio

						SL		0.04		0.07		0.083		0.09		0.077		0.07		0.057

						Bud T		11		12		13		13.9		13		12.8		10.9

						Shiraz D		75		56		55		61		60		77		73

						1		2500		1729		1458		1849		1870		1989		1685

				Lox		2		2025		1429		1205		1573		1571		1666		1359

				Mil		3		1600		1157		976		1320		1298		1372		1067

				Ces		4		1225		914		771		1089		1052		1106		811

						5		900		700		590		880		831		868		590

						6		625		514		434		693		636		660		404

						7		400		357		301		529		468		480		253

						8		225		229		193		387		325		329		138

						9		100		129		108		267		208		206		57

						10		25		57		48		169		116		112		11

						11		0		14		12		93		52		46		0

						12				0		0		40		13		9

						13								9		0		0

						14								0

						15
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Average September Temperature

Days after September 1

Days to Bud Burst (Shiraz)



Sheet1

		Shiraz		Temp		Area		Area						Coona		Grif		Coon		Griff		Loxt		Loxt		Mild		Ces

		Budburst				Coon		Griff						11		13		11.8		12.6		12		12.6		13.3		15

														16		19		25		16		8		16		13		15

				13				0						0.44		0.83		0.44		0.83		0.66		0.66		0.076		0.079

				12				12				1		2270		1735		2651		1621		1833		2039		1990		2481

				11		0		48				2		1841		1458		2182		1354		1515		1702		1680		2139

				10		23		108				3		1445		1200		1760		1110		1227		1396		1396		1822

				9		91		192				4		1134		976		1382		891		970		1121		1138		1532

				8		205		301				5		818		771		1057		696		742		875		906		1265

				7		363		433				6		568		590		765		525		547		660		701		1025

				6		568		590				7		363		433		524		378		379		475		522		810

				5		818		771				8		205		301		328		255		240		320		370		620

				4		1134		976				9		91		192		178		156		136		196		243		456

				3		1445		1200				10		23		108		74		81		60		118		143		316

				2		1841		1458				11		0		48		15		31		15		48		70		202

				1		2270		1735				12				12		0		4		0		9		22		114

												13				0				0				0		1		50

												14														0		13

												15																0

						Shiraz														Sem

						Coon		Grif		Loxt		Ces		Mild						Coon		Grif		Loxt		Ces		Mild

				1		2270		1735		1833		2481		1990						2651		1735		2039		2481		1990

				2		1841		1458		1515		2139		1680						2182		1458		1702		2139		1680

				3		1445		1200		1227		1822		1396						1760		1200		1396		1822		1396

				4		1134		976		970		1532		1138						1382		976		1121		1532		1138				Slope

				5		818		771		742		1265		906						1057		771		875		1265		906

				6		568		590		547		1025		701						765		590		660		1025		701												Slope		Offset

				7		363		433		379		810		522						524		433		475		810		522										Sem HDD		0.0117		8.6

				8		205		301		240		620		370						328		301		320		620		370										Shirax HDD		0.0249		5.1

				9		91		192		136		456		243						178		192		196		456		243

				10		23		108		60		316		143						74		108		118		316		143

				11		0		48		15		202		70						15		48		48		202		70

				12				12		0		114		22						0		12		9		114		22

				13				0				50		1								0		0		50		1

				14								13		0												13		0

				15								0														0

																										Coon		Grif		Loxt		Mild		Ces						Coon		Grif		Loxt		Mild		Ces

																								Slope		0.059		0.124		0.09		0.096		0.093				Slope		0.059		0.124		0.09		0.096		0.093

																								ShirazD		75		55		56		54		52				SemillD		73		51		53		58		51

																								Bud Base		11		13		12		13.3		15				Temp		11.8		12.6		12.6		13.3		15

																								Area 10 Total		241		353		253		458		511

																								Area SL		166		188		141		280		251		0.0117		Area		157		161		141		161		121

																								Area Base		75		165		112		178		260		8.6		Area Base		131		133		138		191		255

																								Area 10 Total		241		353		253		458		511		88%		Area Total		288		294		279		352		376

																								Bud Base		11		13		12		13.3		15				Temp		11.8		12.6		12.6		13.3		15

																								T reduce		2.4		3.4		4.4		4.9		6.4

																								Area 8.5 base		288		248		196		260		338		0.0111

																								Area SL		166		188		141		280		251		7.6

																								Sum		454		436		337		540		589		53%

																								Bud Base		11		13		12		13.3		15

																								Area 5 B		450		440		392		448		520		0.0122

																								Area SL		166		188		141		280		251		4.8

																								Sum		616		628		533		738		771		62%

																								Bud Base		11		13		12		13.3		15

								Shiraz		Bud		5 deg										Sem		Bud		8 deg

								Coon		Grif		Loxt		Ces		Mild

						Days														Days						Coon		Grif		Loxt		Eden V		Ruther		Tab(Dook)		SwanHill		Cnb		Ensay		Ces		Adel		Mild		Nurio		S

						HDD														HDD				ShirazD		75		55		56		66		59		64		60		61		70		54		77		52		73

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Area SL		124		126		104		207		175		195		184		168		176		115		252		130		245

																								Area 10 Base		75		165		112		185		189		198		180		238		161		178		216		493		66

																								SL		0.044		0.083		0.066		0.095		0.11		0.095		0.102		0.09		0.072		0.079		0.085		0.096		0.092

																										1.65		2.28		1.85		3.1		3.3		3		3.1		2.8		2.5		2.13		3.2		1.98		3.4

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3

																								Area 10 Total		241		353		253		392		364		383		364		406		337		458		468		511		311

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3

																								8 Mid		4.65		7.28		5.85		5.1		5.3		5		6.1		5.8		6.8		6.43		4.8		8.98		5.4

																								8 total		349		401		328		524		482		511		484		526		477		401		622		467		457

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								6 Tot		591		511		440		656		600		639		604		650		627		509		776		467		557

																								Area 10 Total		199		291		216		392		364		383		364		406		337		293		468		363		311

																								Bud Base		11		13		12		12.8		13.2		13.1		13		13.9		12.3		13.3		12.8		15		10.9

																								8 total		349		401		328		524		482		511		484		526		477		401		622		467		457

																								Mid T		12.65		15.28		13.85		15.9		16.5		16.1		16.1		16.7		14.8		15.43		16		16.98		14.3
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HDD (base 10)

Average Temperature (mid-period)

Shiraz Budburst to Flowering



Summary

		

		station data

								Shiraz						Grenache						Shiraz						Shiraz

								T change@bud				T@budburst		T change@bud				T@budburst		T change@flower				T@flower		T change@harvest		T@harvest

		cessnock						0.0980		14.7000		15.025								0.091				14.161		-0.058		22.798

		swan valley						0.0459		13.4000		14.029		0.046				14.212		0.046				14.052		-0.138		22.067

		griffith						0.1115		13.7000		13.146		0.111				13.369		0.111				12.487		-0.102		22.344

		mildura						0.0869		13.8000		13.814		0.087				13.641		0.087				13.163		-0.101		22.611

		loxton						0.0754		13.2000		12.522		0.075				12.522		0.075				12.107

		adelaide						0.0554		10.2000		12.956		0.055				12.956								-0.075		20.960

		rutherglen						0.0989		13.8000		12.539		0.099				13.133		0.099				12.292		-0.146		19.791

		nuriootpa						0.0574		10.9000		10.898		0.057				11.185		0.057				11.713		-0.085		19.386

		swan hill						0.0967		12.6000		13.193		0.097				12.583		0.097				13.048		-0.095		21.072

		eden valley						0.0860		11.4000		10.800

		coonawarra						0.0680		10.3000		11.343		0.068				12.023		0.068				12.261		-0.103		14.610

		tabilk						0.0820		12.7000		12.316								0.082				12.520		-0.133		15.595

		canberra						0.1013				12.473								0.104				15.265		-0.143		13.380

		Ensay

						intercept						11.967						12.416						12.1				25.409

						R Sq						0.04						0.019						0.0415				0.222

								Shiraz						Shiraz

								T change@bud		Diurnal T		T@budburst		T change@flower		Diurnal T		T@flower						Diurnal T		T@flower

		cessnock						0.9800		14.7000		15.025		0.091		14.500		14.161						14.500		14.161

		swan valley						0.0560		12.8000		14.029		0.046		15.800		18.800						15.800		18.800

		griffith						0.1115		13.7000		13.146		0.111		15.000		12.487						15.000		12.487

		mildura						0.0869		13.8000		13.814		0.087		14.800		13.163						14.800		13.163

		loxton						0.0754		13.2000		12.522		0.075		15.200		12.107						15.200		12.107

		adelaide						0.0554		10.2000		12.956		0.050		12.800		18.900						12.800		18.900

		rutherglen						0.0989		13.8000		12.539		0.099		15.200		12.292						15.200		12.292

		nuriootpa						0.0730		10.9000		10.898		0.057		14.000		11.713						14.000		11.713

		swan hill						0.0967		12.6000		13.193		0.097		15.200		13.048						15.200		13.048

		eden valley						0.0880		11.4000		11.130		0.094		15.000		16.200						15.000		16.200

		coonawarra						0.0680		10.3000		11.343		0.068		13.500		12.261						13.500		12.261

		tabilk						0.0820		12.7000		12.316		0.082		14.500		12.520						14.500		12.520

		canberra						0.1013		13.8000		12.473		0.104		14.300		15.265						14.300		15.265

		Ensay						0.081		12.2		12.5		0.07		13.4		17.4						13.4		17.4

										early oct						Mid dec

								T change@bud		T@budburst						Diurnal T						T change@flower		Diurnal T				T@flower

						Ces		0.09		15.03						15.05				cessnock		0.09		14.50				14.16

						Grif		0.11		13.00						13.70				swan valley		0.05		15.80				18.80

						Mil		0.09		13.81						13.80				griffith		0.11		15.00				12.49

						Lox		0.08		12.52						13.20				mildura		0.09		14.80				13.16

						Ruth		0.10		12.54						13.80				loxton		0.08		15.20				12.11

						Nur		0.07		10.90						10.90				adelaide		0.05		12.80				18.90

						SH		0.10		13.19						12.60				rutherglen		0.10		15.20				12.29

						EV		0.09		11.13						11.40				nuriootpa		0.06		14.00				11.71

						Coon		0.07		11.34						10.30				swan hill		0.10		15.20				13.05

						Tab		0.08		12.32						12.70				eden valley		0.09		15.00				16.20

						En		0.08		12.50						12.20				coonawarra		0.07		13.50				12.26

						Can		0.10		12.47						13.80				tabilk		0.08		14.50				12.52

						SV		0.056		14.03						12.80				canberra		0.10		14.30				15.26

						Adel		0.0554		12.96						10.20				Ensay		0.07		13.40				17.40
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T change@flower

Average Temperature (degrees C)

Rate of Temperature Change (degrees C/day)
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Diurnal T

Average Temperature (degrees C)

Diurnal Temperature Change (degrees C)
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Diurnal T

Daily Rate of Temperature Change 
(degrees / day)

Diurnal Temperature Change (degrees C)

Shiraz Flower
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