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Recent research works highlighted large variability in rotundone concentration - the main compound responsible for peppery aroma in red wines - within a 
vineyard block associated with variation in land underlying the vineyard (1) and vine water deficit (2). This study aims at determining practical ways and setting 
up a methodology to map rotundone spatial variability.

u	Experimental vineyard: The experiment was carried out on a 0.41 ha Guyot trained Duras vineyard from the South 
 West of France planted in 1999 
u	Climatic background: The vineyard was located in an area under oceanic climatic influence with normal annual rainfall  
 and mean air temperature of 638 mm and 12.9°C, respectively. The 2014 vintage was characterized by an extremely 
 rainy summer (160mm of rain between bunch closure and full veraison)
u	Sampling optimization protocol: Vineyard sampling was optimized (3). Variability in vine architecture of the plot   
 was assessed through 25 measurements of trunk circumference (TC),  a variable reflecting vine response to water 
 and mineral deficits since plantation (4). Data were spatialized through the kriging method. On the basis of the three 
 classes of TC obtained, six smart points of 50 vines were positioned - with A and B corresponding to high, C and D 
 to average and E and F to low TC classes - and monitored independently (see map on the right). The six smart 
 points represented 17.5% of the whole block area
u	Nitrogen uptake, water status and vine performances: Nitrogen status was characterized through i) petiole analysis 
 on a average sample of 50 basal leaves and ii) 50 measurements (1 per vine) of Dualex®, a fluorescence based 
 sensor which allows the calculation of a chlorophyll ratio named NBI®. For each smart point, stem water potentials 
 (Ψstem) were measured at 4 time points and yields at harvest (kg/vine) were monitored. On each smart point, pruning wood weights (PWW) were 
 measured through manual weighing during winter dormancy.
u	Fruit composition and rotundone: Conventional enological parameters and δ13C were determined at different time points. Rotundone determinations 
 and sensory analysis on a 5-point rating scale were conducted in wines prepared by minivinification techniques (60 L tanks)
u	Statistical treatment: Analytical data were treated through PCA, ANOVA for those with replicated measurements (Ψstem, NBI, yield and PWW).

MATERIAL AND METHODS

DIFFERENTIAL HARVEST: SELECTING WITHIN-
VINEYARD AREAS TO PRODUCE WINES WITH 
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RESULTS AND DISCUSSION

CONCLUSIONS

The present works allowed to set up a methodology for assessing rotundone spatial distribution through the smart point method. Our results suggest that a 
link exists between rotundone in wine and plant architecture (TC) and that this cost-effective indicator can be used to approach rotundone spatial distribution. 
Our study also highlights the sensitivity of rotundone to fine variation of grapevine water status.
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The PCA plot shows that smart points C and D have more similarities with smart points E and F and should be 
merged with the low TC class when considering selective harvest. Linear regression models (n = 6) indicate 
that rotundone is correlated with variables related directly or indirectly to water deficit such as Ψstem at bunch 
closure (r2 = 0.75), at harvest (r2 = 0.87), weight  
of 200 berries at harvest (r2 = 0.85), malic acid a t 
mid-veraison (r2 = 0.76), δ13C at mid-veraison (r2 = 
0.93) and at harvest (r2 = 0.82), which is consistent 
with previous observations (2).

u	Results overview
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u	Nitrogen uptake, water status, vine 
performance, fruit quality, rotundone and 
sensory analysis

Water deficit and differences between the smart points were weak which is consistent with the 
hypothesis that low water deficit leads to low spatial contrast (5). Indicators used in routine and well 
known by winegrowers such as yields at harvest, fruit quality, nitrogen uptake through petiole analysis, 
pruning wood weights did not allow to discriminate the smart points from an agronomical standpoint 
while better results were obtained with TC, Ψstem and NBI. Ψstem especially at bunch closure, 
allows a perfect discrimination of the smart point according to TC classes. Variables measured on 
fruit at harvest were similar between the smart points with the exception of Total Acidity (TA), Yeast 
Assimilable Nitrogen (YAN) and rotundone. For the pepper aroma compound, average values of 94.5, 
60.5 and 61 ng/L were measured in wines from the high, average and low TC area respectively. At 
tasting, significant differences were noticed between the wines for the peppery score. Our results 
suggest that it is possible under Atlantic conditions and during vintage with low water deficit to 
produce two wines from the same vineyard block, differing only by their rotundone concentration 
and peppery atribute.

Variable Period of 
measurement   P-values

Smart point

A ‘B C D E F
Nitrogen status (NBI) FCFSa 0.008 4.40 bb -c - 4.97 a - 4.72 a

Berry set <0.0001 4.63 d 4.99 cd 5.24 bc 5.33 abc 5.68 a 5.43 ab
Pea size 0.005 4.88 b 4.87 b 5.11 ab 5.44 a 5.50 a 5.44 a
Bunch closure 0.128 5.20 a 5.12 a 5.67 a 5.28 a 5.19 a 5.15 a
Veraison 0.068 5.12 a 5.11 a 5.63 a 5.49 a 5.39 a 5.63 a
Harvest <0.001 5.71 c 5.86 c 6.64 a 5.51 ab 5.36 ab 6.10 bc

Total N (% dry matter) FCFS -b 0.8 - - 0.9 - 0.9
Berry set - 0.6 - - 0.6 - 0.6
Pea size - 0.5 - - 0.5 - 0.6
Bunch closure - 0.5 - - 0.5 - 0.5
Veraison - 0.4 - - 0.5 - 0.5

Ψstem (Mpa) Bunch closure < 0.0001 -0.43 a -0.42 a -0.61 b -0.57 b -0.63 b -0.66 b
Veraison + 25 days < 0.0001 -0.43 a -0.39 a -0.55 b -0.58 bc -0.64 bc -0.67 c
Harvest < 0.0001 -0.56 a -0.54 a -0.91 c -0.72 b -0.82 bc -1.07 d

δ13C Bunch closure - -27.31 -26.77 -26.52 -26.46 -26.74 -25.91
Veraison - -27.45 -27.55 -26.63 -26.93 -26.92 -26.44
Harvest - -28.44 -28.41 -27.51 -27.59 -27.72 -27.31

PWWd (kg/vine) Winter dormancy 0.158 0.371 a 0.400 a 0.337 a 0.336 a 0.315 a 0.318 a
Yields (kg/vine) Harvest 0.194 2.81 a 2.91 a 3.48 a 2.87 a 3.03 a 2.61 a

Sugar concentration (°Brix) Grape at harvest - 21.4 21.4 21.6 21.7 21.6 21.9
TA (g/L H2SO4) Grape at harvest - 5.77 5.83 5.33 5.26 5.38 5.22
pH Grape at harvest - 3.02 3.01 3.03 3.03 3.03 3.06
YAN (mg/L) Grape at harvest - 103 89 133 135 114 119
Anthocyanins (mg/kg) Grape at harvest - 1036 1091 1077 1077 962 1092
Total Phenol Index (TPI) Grape at harvest - 94 97 92 92 86 97

Rotundone (ng/L) Finished wine - 86 103 50 71 75 47

Peppery score at tasting Finished wine 0.029 3.22 a 3.57 a 2.33 b 2.44 b 2.33 b 2.18 b
Acidity score at tasting Finished wine 0.930 2.22 a 1.78 a 1.89 a 2.00 a 1.67 a 1.78 a
Astringency score at tasting Finished wine 0.780 2.44 a 2.33 a 2.89 a 2.44 a 2.33 a 2.44 a

aFlower cluster with floret separation. bDifferent letters within the same row indicates means significantly dif-
ferent at P ≤ 0.05. cNot determined. dPruning wood weights.


