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‘Telling our story’ — are we telling the right
one?

» Regional differentiation is becoming de rigeur in the Australian
wine sector as is the notion of winemakers ‘telling their story’

» MVGWTA website: “Relax among beautiful undulating hills dotted with
vineyards sweeping down to pristine, sun-drenched beaches”

» But is sub-regional differentiation so wise ?

» Assuming that you don’t want to compete with your friends and
neighbours, what is its objective ?

» If within-vineyard variation is as potentially significant as within-region
variation, do we risk sending a very confused message (or simply one
thatisn’t true !) ?

» What does all this say about terroir ?
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MclLaren Vale variation




Terroir is not just about soil (or wine)

> Soil (and geology)

» Climate
» Controls phenology and especially ripening and its timing

» Viticultural and winemaking practices that may be steeped in
tradition /social importance

» Appellation d’Origine Controlée et les Cahiers des Charges

» Historically, in the ‘old world’, vines were never produced on land
suitable for growing food

» Cheese

» Terroir generally considered and researched on a regional basis

» Problematic for various reasons including contributing to uncertainty
about the role of soil (and other factors)

» Understanding of vineyard variability can offer some useful insights
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Brancott Estate, Marlborough, New Zealand
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Brancott Estate, Marlborough, New Zealand

ect the viney

Fid B¢ i SRR T
) LRl NG Y e | 98

from this vineyard 'm'oSt'r'_e.fI

g s 7 o -
r R Y 4

.‘Does the wine produced
*in'terms of: L W N N
“» thedominantgravellysoils? = = = =
» the silty hollows which dissect them ? = & 3 G
¢ » . some integration of the two ? b T .

e “rad

ard

¥

X f,

s
o
A
b
-

St o 4o
4 f-..'; . '-". .
ey BYBERCL
L L
> ._'r- 9 -




Brancott Estate, Marlborough, New Zealand

Suppose a wmemaker wins a trophy for a wine made from a 20 t

parcel harvested from within this block on a night when 100 t were
harvested using more than one machine, and that the prize was
awarded because the judges considered the wine to “reflect the

terroir of the region”.

What should the winemaker do next year ?

How should they ensure that the gravelly and S|Ity soils are reflected ,
in the same way in next year’s potentially prize winning parcel (and do
they need to ?), given that the precise location of the prize winning '
parcel was not recorded and there is a 30% difference in predlcted :
y|eId between the two years ? 5 - h
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Soil colour variation — Clare Valley
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St Emilion, France
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Stoneleigh — Squire Vineyard
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Average PCD '\ =
(2006 and 2007)

PCD 2006 Tg . A PCD 2007
(25 Feb) b (18 Feb)
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Crop Circle sensing

Squire D canopy vigour

(Assessed using Crop Circle
- ie side-on - 20 March, 2007)

Crop Circle PCD
(mid canopy)
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Crop Circle as a predictor of brix in juice
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Predicted brix (similar analysis done for pH, TA)
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Winemaker survey — quality at harvest
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Juice score

—mn:-

Optimum 22.5
Weighting, w (%) 49.3 27.7 23.0

Juice score = f{brix,, pH,, TA,}
Brix, pH, TA = f{PCD¢,, circiet

» Crop Circle data can easily be collected, or...

» A transect of Crop Circle data could be used to calibrate
remotely sensed imagery.
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Predicted Juice Score
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Stoneleigh, Marlborough - summary

» In a vineyard under uniform management, the expression of
terroir is seen to be variable in both space and time

» What are the implications of this for the terroir of Marlborough when
considered at the regional scale ?

» Understanding this variation nevertheless opens up
opportunities for optimising decisions such as the timing of
harvest

» Development of the juice index was seen as a useful way of
characterising fruit quality

> It would not be difficult to generate similar indices for say, McLaren Vale
Shiraz
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Understanding vineyard variation and wine
quality implications — Deakin Estate

Zones / Sample areas
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Zonal differences in vigour and yield

Table 1. Mean zone vields (t/ha) and plant cell density (PCD) values for the low and high zones
over the course of the study.t+

Year 2004 2005 2006 2007

Zone PCD Yield PCD Yield PCD Yield PCD Yield
High 156 22.2a 127 18.9a 151 24.6a 2215 19.2a
Low 109 17.4b 38 15.5b i 20.8b L5353 14.9b

tNote that these are the means for zones delineated by k-means clustering of the available yield and PCD data. In any given year, yields
followed by different letters are significantly different (P < 0.05) based on a test of significance using the median kriging error (Taylor et al.
2007). This test can not be applied to PCD as this is not kriged. The difference in magnitude between PCD in 2007 and other years is a
simple reflection of a different stretch being applied to the data by the commercial provider. All PCD values are dimensionless.
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Wine sensory analysis

» Low and high zone wines were significantly different each year
> P<0.01in 2005, 2007; P< 0.05 in 2006

» 16 aroma and 15 flavour attributes used in descriptive analysis

» Of these, significant differences were identified between the wines for
5 aroma and 10 flavour attributes

> Low zone wines were generally more fruity in terms of both
flavour and aroma

» Low: ‘red berry’, ‘red confection’ and ‘floral’ aromas; ‘red confection’,
‘fresh berry’ and ‘dried fruit’ flavours

» High: ‘olive’ and ‘meaty’ aromas; ‘stalky’ flavours

» Wines derived from different zones within the same uniformly
managed block are sensorially different

» How and why ?
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Chemical analysis (Paul Boss, CSIRO)

>

56 volatile compounds were found to occur at significantly
different concentrations in the headspace of the wines

» SPME-GC-MS

All but 4 of these showed significant between-vintage
differences

» Complicates understanding of between zone differences

» Wine chemistry changes during ageing ? Seasonal differences ?

21 compounds were at significantly different concentrations in
the headspace of low compared to high wines

» 10 of these had higher means in wines from one zone compared to the
other across all 3 vintages

Overall, low zone wines have higher concentrations of a range
of volatile compounds which may have led to higher fruit-
driven sensory descriptors.

aren Vale Terroir | Rob Bramley | Page 27




Chemical and sensory analysis
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Figure 3. Partial least squares analysis of the wines. Small black circles represent the volatile composition loadings (x matrix), the black
squares represent the flavour sensory attribute loadings and the black triangles the aroma sensory attribute loadings (y matrix), and the large
rectangles represent the sample scores for PC1 and PC2. Aroma attributes are in italics and denoted by ‘(a)’, and the flavour attributes are

in regular typeface.
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Differences in fruit and vine attributes varied
from year to year — but there were significant
zone effects

Table 4. Zone and seasonal effects on fruit and vine attributes.

2005 2006 2007 Zone Year Intt+

Low High Sigt Low High Sigt Low High Sigt Low High Sig:t 2005 2006 2007 Sigf Sigt

Harvest date 27/02 07/03 — 21/02 02/03 — 08/02 28/02 — — — — — — — - =
Bunch wt (g} 68.4 741 ng 797 1123 % — — 740 9323 = g1 08P — EEE
Mean berry 0.89 090 ns 1.03 1.07 ns 089 094 ns 09 097 ns 089" 105 091° #* pg
wt (g)
Bemries/bunch 76,9 825 ns 773 1049 ¥ — — Tl 937 # g7 9L.0° — i
“Brix 25.0 241 o245 246 ns 242 226 246 238 R 45 Dq5r 23db ¥R b é ?
pH 347 357 ¥ 3.53 3.52  ns 331 322 = B4 T ms 353 353 3260 e am °
TA {g/L) 671 798 % 639 694 * 805 809 ns 7.05 7.62 F 7270 6.66° 807F T g
Colour (mg/g 1.35 123 s 1.28 0.88 ** 140 126 ns 24 112 =% 120 1080 1337 =#= %
berry wt)
é Phenolics (au/g  1.24 115 * 1.40 1.07 ** 156 142 * lag 1201 == 1200 124° lagr e Em
berry wt)
Pruning 277 373 * 180 220 ns 145 289 # 190 204 e 325 198 J1g> = ng
weight (g)

HInteraction, zone x year. tSignificance of difference where *#%, ** * and ns denote P < 0.001, P < 0.01, P < 0.05 and not significant, respectively. In the analysis of
between-year dilferences, numbers lollowed by different letters are significantly different.
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Vine and grape nutrient status

» Significant zonal differences in petiole nutrients (2006-07)

» N lower in Low zone (P<0.05); both zones below the level considered
adequate

» Klower in Low zone (P<0.001); but at an adequate level

» B lower in High zone (P<0.001); marginal in High, adequate in Low (cf B
toxicity in cereals in Mallee swales; no salinity impacts evident)

» Mn higher in High zone (P<0.01); adequate in Low

» Vine nutrition generally only considered from a vine health /
crop production perspective

» Scant attention paid to the possibility of a fruit quality or wine sensory
impact in the literature

> At harvest, grapes in the Low zone contained higher (P<0.001)
concentrations of Ca, Mg and B, and lower Na, P, S, Fe and Mn
(all P<0.001 except Fe — P<0.05)
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Soil Properties

» Duplex Calcarosols — sandy topsoils of varying depths (20-70
cm) over calcareous clay subsoils
» Major zonal differences reflective of topsoil depth and texture

» High zone soils have higher clay contents, especially in their poorly
drained subsoils and higher B, Na, Cl

» High zone EC_, (4 dS/m) might be expected to cause a 25% drop in
production (but no evidence of salinity or B impacts in petiole data and
no salinity impact evident in wines)

» Shallow Low zone soils have higher carbonate contents closer to the

S u rfa Ce o EC, (dS/m; EM38) Sample areas
[ 1<045 Ciow
[ 1045-050 [IHigh

[ 0.50-0.55
[ 0.55- 0.60
I 0.60-0.65
I 0.65-0.70
I 0.70-0.75
I 0.75 - 0.80
Il > 0.80
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Integrating vine and soil data

> 2006 data used

» Minimal between zone difference in brix
> Stepwise linear diagonal discriminant analysis (Mary Barnes, CCl)
» Minimal inter-annual effects on soil properties assumed

» Clear discrimination between Low and High zones
» 100% discrimination by berry phenolics alone

> After removal of berry phenolics, zones were discriminated by bunch
weight and extractable Fe at 30-40 cm depth (higher Fe in High zone)

» Drainage effect ?
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Integrating wine and soil data

> Problematic due to lack of replication
» Soil and vine nutrient data not replicated across years
> In any given year, wine sensory and chemistry only available for 2 zones

» So we cheated ! (advisedly)

» Wine data from High zone repeated 9 times (9 target vines) and 12 times
for the Low zone

» Sensory and wine chemistry assigned to y; soil grape and vine assigned
to x; analysis of simple x-y relationships

> Accepted that P values and R? not statistically valid but some apparently
strong relationships identified that would be worthy of further more
robust study

» Several attributes of apparent importance

» x: Soil Fe and Mn, berry phenolics

> V: ‘red confection’, ‘fresh berry’ and ‘floral’ aromas; 2-nonanone, ethyl
decanoate
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Given the importance of Fe as an enzyme co-factor and to enzyme
function via Fe-S clusters, is it possible that between zone
differences in Fe availability are impacting on the production of
compounds which confer the red confection character ?
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Deakin Estate summary

» In a vineyard under uniform management, zones identified on
the basis of differences in soils, vine vigour and yield produced
wines with different chemical and sensory characteristics

» Some suggestion of the possibility of specific soil attributes leading to
specific wine attributes

» Soil fertility / vine nutrition maybe more relevant than suggested by
previous studies

> But a lot of additional work required to enable understanding of what is
going on

» Clearly, terroir varies at the within-vineyard scale

Aust. J. Grape and Wine Res. 17, 217-229.
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On-the-go sensing of crop quality

Force/

TAYLORS
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Precision Viticulture is about understanding vineyard variability
and so making better management decisions

1. Observation

The primary sources of
information are either a
yield map (left) or a
remotely sensed

image (right)

Supplementary sources of information are
invaluable. These may include: remotely
sensed imagery (above), a digital elevation
model (below), soil mapping (grid, EMI,
gamma radiometry, GPR), soil and tissue
testing and vine and fruit assessment.

How precision
viticulture works

C

3. Targeted management plan

eg selective harvesting, targeted application
of irrigation water or fertilizer, differential
pruning, crop thinning or inter-row e e ey

management. ﬁi&%ﬁ@ﬂ 2

— 1

2. Evaluation and interpretation
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Thanks to mare than 15 years of research, MULTIPLE]
of constitutive and induced polyphenclics and chiar
muitiple excitations to measure various compounds i
MULTIPLEX® 2 is the appropriate tool to easily monit,

MULTIPLEX" 2 measures:

- Anthocyanin content. Epidermal Visible
absorbance by FER method.

- Flavonol content. Epidermal UV absorbance
by FER method.

- Chiorophyll content. Chiorophyll fluorescence
emission ratio.

- UV-excited Blue-Green fluorescence (BGF)

The advantages of the technology are:
- Simultaneous measurement of various compounds
- Non contact and fast measurement (less than a sed|
- Active sensing with measurement possible under a
- Non destructive measurement

- No preparation of the plant

- Portable device for field measurement

The phenolic maturity has a dilferent time course than t
anthocyaning in red beries and flavenols and chloroph
parameters and estimated indirectly.

However, polyphenols measurements are expensiva, |z
Polyphenols measurements can now be realized with &
With MULTIPLEX* 2 the monitoring of the phenolic mal

Anthecyanirs Exe
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Multiplex — Laboratory mode
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iplex — Laboratory mode
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... to the vineyards of South Australia

. £
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Multiplex experience — hand held

»> 2009

» Too cumbersome.
» Most values ‘off-scale’, leading to useless maps.
> Basically it didn’t work !

» 2010 - focus on anthocyanins

» Sensor modified to accommodate effects of higher ambient UV.
» Good calibrations obtained in lab and hand-held mode.
» Major focus in developing on-the-go capability.
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2010 — Padthaway

Yield 2004

PCD 2001

Yield 1999 <

Yield (tha) PCD
1999 2004 2006 B Low
<4 <8 <5 ]
I 4-55 8-11 5-6.5 [ Medium
C155-7 1M1-14 65-8 Y ]
T17-85 14-17 8-95 \,«3(; . High
@ 85-10 17-20 95-11

B 10-115 20-23 11-125
Bl 115-13 23-26 125-14
> 13 > 26 > 14
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Multiplex mounted on discharge chute (2010)
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On the go sensing of fruit colour during
commercial harvest




World first: Anthocyanins sensed on-the-go at
harvest — Taylors Wines, Clare Valley, 2010

Ferari

[ 1<0.8
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17 0.86 - 0.92
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B 0.98 - 1.04

-1.04-1.1 -, _ W#E
> 1.1

0 75 150 225 300 375 450 525 600 Metres

Aust. J. Grape and Wine Res. 17, 316-326.
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On-the-go sensor now commercially available

FOCe.  ‘QUALI-GRAPPE’
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Rotundone oo

YV VYV

YV VYV

AWRI

C15H220
Found in the skins of Shiraz berries

An ‘impact’ aroma compound 13

» > 75% tasters will detect its peppery character during sensory analysis,
even at very low concentrations

Detection threshold of 16 ng/L in wine
Discovered by AWRI team in 2008

Only compound identified to date in wine or in pepper which
has an obvious pepper aroma

The peppery character is considered desirable in many markets
and has been suggested as evoking the terroir of some cooler
climate Australian Shiraz

McLaren Vale Terroir | Rob Bramley | Page 50




Rotundone in plants / plant products

2500

2025

2000

1500

1000

Rotundone (ug/kg)

500

5 6 7 8 9 10 11 12
Product

Figure 2. Concentration of rotundone found in various plants and plant

products (ug of rotundone/kg of product, duplicate extraction and analysis,

mean result shown): 1, white pepper (Piper nigrum); 2, black pepper (P.

nigrum); 3, wine (Vitis vinifera cv. Shiraz); 4, grapes (V. vinifera cv. Shiraz); Wood, C. et al. (2008)

5, marjoram (Origanum majorana); 6, oregano (Origanum wvulgare); 7, J. Agric Food Chem. 56,

geranium (Pelargonium alchemilloides); 8, nut grass (Cyperus rotundus); 3738-3744.

9, rosemary (Rosmarinus officinalis); 10, saltbush (Atriplex cinerea); 11,

basil (Ocimum basilicum); 12, thyme (Thymus vulgaris).
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Figure 1. Results for commercial Australian winas where rotundons was presant

Jeffery, D.W. et al. (2009) Technical Review 180, 11-16. AWRI.
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Mt Langi vineyard — ‘Old Block’
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Mt Langi vineyard — ‘Old Block’

*Mt Langi - Old Block

Google earth
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Sampling design — 177 ‘target vines’

Vintage 2012

3 bunches per vine
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Rotundone was highly variable

Range of variation in concentration = 73-1082 ng/kg
Mean =399

Median =379

CV=54.1%

ASpread = 266%

Variation of the order of 15-fold, equivalent to more than 2.5
times the median value

YV V V V VYV VY

» ASpread (%) = 100 x (max — min)/median
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Rotundone is spatially variable

Rotundone (ng/kg)

<225

[ 1225-300
[ 1300-375
Bl 375 - 450
B 450 - 525
Il 525 - 600
Il > 600

100 125 Metres
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Other relevant spatial data (acquired pre-project)

a. N b.

EC. (mS/m)

[ <40 Bl s2-70
[ 40-475 @ 70-775
P a75-55- 1 > 775
Bl s5-625

Slope (%) Wetness

[ 1<2 Hl5-6 [ 1<3 HM:4-5
[ 12-31M6-7 Bl:-35Hls5-55
[ 13-4 7-8 B:s-+«l-55

C4-5 M >s 45
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k-means clustering — pre-project data

b. I

PCD EC, PCD EC, PCD EC, SI
[ ] 91 596a Bl 93 68.1a [ 1104 63.3a 8.2
[1173 50.8b [ ] 94 525b [ 1152 496b 4.4

[ 1177 50.1b

PCD EC, SI Wet

PCD EC, SI PCD Wet
[ ]104 635a 83 3.4 [ ] 92 64.1a 83 33
I 134 53.1b 3.4 N 3.5 [0 143 49.6c 46 35
[ 174 456¢c 5.9 W+E 1170 45 1162 54.4b 56 4.5
S 0 75 150 225 300 Metres
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Variation in berry rotundone concentration
and other vineyard factors

da. b.
PCD Rot
I 92 360

B 174 377

B 183 476

C. d
N
W<§}>E
S
E(;a Rot ECa RO'[ 0 50 100 150 200 Metres
[ 161.3a 264 . 170.0a 241
B 486b 479 [ |559p 294

B 47.8c 491
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Variation in berry rotundone concentration
and other vineyard factors B

f.

e.

PCD EC, SI Wet Rot

1106 636a 84 36 270
I 156 54.1b 3.4 3.8 312
B 145 475¢c 52 3.8 500

0 50 100 150 200 Metres

NN

EC. SI Rot
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B 5420 33 317
B 475¢c 52 500
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m%z
m
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Topography a key driver of rotundone
variation

EC. SI Rot

B 475¢c 52 500
[542p 33 317
[ |63.4a 84 268

Rotundone (ng/g)

[ J<225 M 450 -525
[ 1225-300 M 525 - 600 ™
[ 300 - 375 M > 600
B 375 - 450

Slope (%)
[ J1<2 lM5-6
 12-3Ms-7
13-4 7-8
E4-5 1>
EC, (mS/m)
[ <40 Bl c2s5-70 W
T 40-475 @ 70-77.5 ?$
B 475-551>775 K. @

B 55-625
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Figure 1. Results for commercial Australian winas where rotundons was presant

Jeffery, D.W. et al. (2009) Technical Review 180, 11-16. AWRI.
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Rotundone concentrations seem to be
higher in wines from cooler places
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Between season differences in berry
rotundone may be temperature-related

700

600 MUT (O)A
g 500 2002 17.3
(=}
f.;. 400 2003 19.6
5

00 :

2 ’ AArarat Prison
S 200

100

0_

Figure 3. Concentration of rotundone (ng/kg) in Shiraz grapes from six Wood, C. et al. (2008)
vineyards (A—F) over two vintages (2002 and 2003). Vintage 2002 was J. Agric Food Chem. 56,
widely regarded as being a more “peppery” year than vintage 2003 for 3738-3744.

Shiraz grapes in several wine regions in Australia.
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Spatial analysis of aspect is problematic !

Aspect (degrees)

Slope (%) Blo-225 B 2025- 2475

[ ]<2 Is5-6 B 225-675 [ 2475-2925

CJ2-3Ms-7 [675-1125 [ 2925-3375
%2_2=7és [ 112.5- 157.5 [ 337.5 - 360

= > -

[ 1575-2025

Degrees from north Aspect (radians)

B -4 I 0-0698 I 3.491 - 4.189
[ 145-90 P 0.698-1.396 [ 4.189 - 4.887
[ 190-135 [7711.396-2.094 M 4.887 - 5.585
> 135 © 12.094-2.793 M 5.585 - 6.283

[ 2.793 - 3.491 i
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Aspect (and its likely effect on temperature and/or
incident radiation) seems important !

EC. SI fN Rot
[ ]e27a 81 9 280
Bl 5320 39 39 398 p
B s56c 49 168 474

Degrees from north

Blo-45

Rotundone (ng/g)
[ 1<225 M 450 - 525

; [ ]45-90
[]225-300 M 525 - 600 [ 90-135
[ 300 - 375 M > 600 I 135 - 180
B 375 - 450 )
Slope (%)
[ J<2 Hls5-6
[ J2-3Me-7
[ 13-4 7-8
[l4-51>8
EC, (mS/m)
[ ]<40 M o625-70 W
[ J40-475 @ 70-775 éﬁ
P 475-55 1 > 77.5 S =
B 55-625

Aust. J. Grape and Wine Res. 20, in press (available online — early view)
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2013 postscript...

» 2012 and 2013 were very different years.

» Mean rotundone concentrations:
2012: 399 ng/kg
2013: 10 ng/kg
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Patterns of variation in PCD were also similar

PCD imagery - Old Block 2013
Mt Langi Ghiran

2010

PCD

B Low

L]
[ Medium

]
B High

Both years clustered

| lLow [ lLow
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[ High [ Medium G
B High N [ C G Medium
0 75 150 225 300 Metres W+E B
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Rotundone concentration """ "ok 2042

 1<225
in 2013 was ~1/40 of — e
what it was in 2012, yet i
its spatial structure was i

. I > 600
essentially the same.

Rotundone (ng/kg) 2013
[ 1<75
E75-85
[185-95
Blo5-10.5
Bl 105-11.5
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=125
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k-means clustering of 2012, 2013 maps

a. b.
Even over two very contrasting years,
variation in concentrations of berry
rotundone (ng/g) follow similar patterns.

2012 2013 2012 2013

[ 1264 83 L1244 78
479 105 418 93
475 117

Accordingly, as seemed apparent in 2012,
rotundone variation in 2013 appears related
to variation in slope, aspect and soil properties.

N

we

S

2012 2013 EC, fN SI 2012 2013 EC, fN SI

0 75 150 225 300 Metres
— — ] [ 1282 85 61 14 71 1277 85 63 9 8.1
B 481 105 48 122 4.4 B 401 93 53 39 39

Bl 474 109 45 168 4.9
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Why the difference between years in rotundone
concentration ?

» Was 2013 hotter ? Ararat Prison Ballarat
> No! MIJT (°C) 2012 21.0 20.0
2013 19.6 19.1
> Was 2013 sunnier ? Ararat Prison Beaufort
> Y, | Jan Feb Mar Jan Feb Mar
es !
Solar Exposure 2012 26.0 20.4 16.5 25.3 19.1 16.4
(MJ/m2) 2013 27.6 22.7 17.4 27.5 22.0 16.6

» Were these differences
enough for rotundone conc to
differ by a factor of 40 ?

> Noidea!
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Rotundone

» Within-vineyard variation in berry rotundone concentration is
spatially structured

» and appears to be driven by variation in the land (soil, topography)
underlying the vineyard;

» But rotundone variation did not closely match variation in vigour
» seasonal temperature / solar radiation may well play an important role.

» This study highlights the potential opportunity, with further
understanding of rotundone biosynthesis, to use selective
harvesting and/or viticultural manipulation as a means of
influencing wine style — in this case the ‘pepperiness’ of Shiraz.

» Again, terroir appears to be spatially variable at the within
vineyard scale.

Aust. J. Grape and Wine Res. 20, 214-222 MOUNT LANGI GHIRAN

AWRI
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Soil, terroir, vines and wines

» Vineyards are variable

» Within vineyard variation is driven by variation in the land
(soil, topography) underlying the vineyard
» Elucidating the specific factors that impart specific effects on vines,
grapes and wines is a (highly complex) work in progress (which needs
funding !)
» Terroiris real !
> However, at least some of the elements of terroir are potentially
manageable
» So at what scale is terroir a meaningful concept ?

> In my opinion, when considered at its conventional regional scale,
terroir is a largely meaningless concept with a relevance that is mainly
confined to wine marketing (especially in the New World)

> However, at sub-block scale, an understanding of terroir could be a very
powerful tool in grape and wine production

» Such understanding may also provide winemakers with a more
compelling basis for ‘telling their story’
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