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PHENOTYPING TRIAL 2013 

PROTOCOLS FOR PHENOTYPING BERRY ENOLOGICAL TRAITS 
 
 
0. CULTIVARS SELECTION 

 
Select only accessions identified and characterized (or in progress to be) in the framework of the 
Working group 1. 

 

 
 
Note on cultivars selection. The 2012 year of work gave us important results concerning the 
methodology, especially thanks to the large partners’ participation. 

 

For 2013, to better describe and appreciate the phenotype, we still need replications (the same 
genotype should be studied in different environmental conditions, e.g.: site, year). Thus, all the 
participants are kindly encouraged to repeat the analysis of the same accessions phenotyped in 
2012. Of course, additional accessions could be included to enlarge studied germplasm. If, for 
specific reasons the whole 2012 study cannot be repeated, we encourage the replication of at 
least some of accessions included in the 2012 phenotype records. 

 
 
General remarks based on previous year experience 

 

• Please, when sampling, be sure to select only bunches fully developed and free from any 
possible symptoms of diseases. 

 

• Anthocyanin  analysis  should  be  performed  only  on  pigmented  grapes,  while  total  phenolic 
analysis are recommended to be done also on white cultivars. 

 

• We highly suggest to perform a complete record of all the indicated variables, with the purpose to 
limit the incomplete data. 

 

• Please, avoid template modification 
 

• Finally, we remind that the methodological uniformity is mandatory. For any doubt, do not 
hesitate to contact us. 

 
 
 
1. PRELIMINARY RECORDS AND ACTIONS 

 
1.1 Evaluation of yield vs. leaf area balance and possible bunch thinning 

 
For each accession plot, before veraison, make an estimation of the yield vs. leaf area ratio. Count 
the bunches and estimate the leaf area of the plot. 
• Yield (Y) = n° of bunches x expected bunch weight (see OIV 502 descriptors for a guide) 
• Leaf area (LA) = [canopy height (m) x plot length (m) x leaf layers] – canopy open space (m2) 

 
If the Y/LA exceed 1 kg / m2 consider to remove a part of the bunches to lower it in the optimal 
range of less 1 kg of grapes per square meter of leaf area. 

 

 
 
1.2 Evaluation of the proper bunch microclimate 

 
For a proper grapes ripening: 
• in cool climate bunches should be sun exposed, if not remove leaves; 

 
 
Info: Osvaldo.Failla@unimi.it, Laura.Rustioni@gmail.com 
http://www.diprove.unimi.it/GRAPENET/index.php 
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• in warm climate bunches should be shaded by one leaf layer, if not please sample leaf shaded 

bunches. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Around veraison the 
evaluation of the yield vs. leaf 
area balance and of the proper 
microclimate around the selected 
bunches for samplings should be 
done. 

 
1.3 Early selection of representative bunches 
At the end of veraison select at least 9 representative bunches among the ones fully developed in 
comparison to the expected varietal identity. Mark the bunches with a label. 

 
1.4 Definition of ripening time 
Follow weekly the sugar content by refractometric measures by collecting at least 50-100 berries 
from non selected bunches. 
The full  ripening  should  be  defined  when  the  concentration  of  sugars  tends  to  reach  stable 
values and just the first berries, by visual and tactile assessment of firmness and consistency, 
show initial symptoms of  dehydration. Sampling may be anticipated to commercial harvest in 
relation to specific grapes attitudes (e.g. table grapes) or in case of risk of grapes mold decay. 

 

 
 
2. SAMPLING AND ANALYSIS AT RIPENING TIME 

 
2.1 Eno-carpological traits 
• Bunch weight (6-9 representative bunches, see below) 
• In triplicate on ten berry samples: 

• Total whole berry weight (see below) 
• Berry length and width (see below) 
• Total skins weight (see below) 
• Total seed number and weight (see below) 

 
2.2 Eno-chemical traits (in triplicate) 

• Juice sugars (by refractometer) 
• Juice acidity (by titrating with NaOH 0.1N) 

 
2.3 Phenolic analysis. 

• Skins total antocyanins (by spectrophotometer, only on pigmented grapes) 
• Skins total polyphenols (by spectrophotometer, also in white cultivars) 
• Seed total polyphenols (by spectrophotometer, also in white cultivars) 

 
 
 
 
 
Info: Osvaldo.Failla@unimi.it, Laura.Rustioni@gmail.com 
http://www.diprove.unimi.it/GRAPENET/index.php 
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Collect the 6-9 representative bunches. Divide them in 3 samples of 2-3 bunches each. Arrived in 
the lab, weigh each bunch. 

 
From each of the three sample, separate 10 non deformed and normally sized berries taken from 
the middle part of the representative bunches, for the phenolic analysis (to be sure, it’s better to 
keep 15-20, in case of problems). Keep the replications separated. 
Press the rest of the samples (keeping the replications separated) to obtain juice for the sugar and 
titratable acidity content. 

 
 
 
 
3 ANALYTICAL METHODS FOR THE JUICE SUGAR CONTENT AND TITRATABLE ACIDITY 

 
3.1 Sugar content Read by a refractometer. 

 

 
 
3.2 Titratable acidity 

 
In a baker put 7.5 mL of grape juice, then, add 
some distilled water and few drops of 
Bromothymol blue. Finally, proceed with the 
titration  using  NaOH  0.1  N  until  pH  7 
(measured by pHmeter or by Bromothymol blue 
indicator change of color). 

 
The mL of  NaOH used for the titration 
correspond to the juice titratable acidity 
expressed in g/l of tartaric acid (due to the fact 
that the equivalent weight of tartaric acid is 75). 

 
If you use the Bromothymol blue, you have just to add few drops. Because it is an indicator, an 
exact volume is not necessary. It is important to exactly measure the 7.5 mL, but to simplify the 
analysis, you can add pure water without any problem (for example, to allow the measurement with 
the pHmeter) after the sample measurement of 7.5 mL. Avoid the addition of too much water: a 
bigger volume need more time to stabilize the pH and complicates the analysis. 

 
If  you  use  the  Bromothymol  blue,  your  solution  is  at  pH  7  when  its  color  appears  green. 
This indicator appears yellow at acidic pH and blue at basic pH. 

 
Calibrating the visual detection of pH 7 by 
Bromothymol  green  color:  if  you  do  not 
have a pHmeter, the color can be checked 
using a tartaric acid solution. 

 
Prepare a 5 g∙L-1 solution of tartaric acid in 
pure water and titrate 7.5 mL. Adding 5 mL 
of NaOH 0.1N you will obtain a pH=7 and, 
thus, the reference “Bromothymol blue” 
green color. This method is valid also to 
check the NaOH concentration. 

 
The anthocyanins presence make a little 
bit more difficult to detect the change in 
color, but after few samples, you will easily 
succeed. 

 
 
 
Info: Osvaldo.Failla@unimi.it, Laura.Rustioni@gmail.com 
http://www.diprove.unimi.it/GRAPENET/index.php 
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3.3 Berry size, partition and analytical methods for phenolic content 

 
Sample preparation: each replication of 10 berries should be analyzed separately. 

 

 
 

Weigh the 10 berries. With a caliper measure 
length and width of each berry. 

 
Separate the 10 skins by squeezing the pulp 
in  a  baker  by  pressing  the  berry  between 
thumb  and  index  finger.  Dry  a  little  bit  the 
skins using a soft laboratory paper without 
losing the anthocyanins. 

 
Weigh the 10 skins. 

 
 
 
Put the 10 berry skins in 20 mL of chloridric ethanol (70% Ethanol, 29% water, 1% concentrate 
chloridric acid–37%) and leave in a dark place for one night. 

 
Separate the seeds from the pulp, of the same 10 berries.  Count the number of seeds.  Weigh 
the total seeds of the ten berries. Put them in 20 mL of chloridric ethanol (70% Ethanol, 29% 
water, 1% concentrate [37%] chloridric acid) and leave in a dark place for one night (16-19 hours). 
The next morning, separate the solid parts (skins or seeds) from the extracts and proceed with the 
assays. 

 
Note. 
When you start to prepare a sample, try to complete it as quickly as possible. Phenolic compounds 
oxidize  very  fast.  Sample  by  sample,  just  after  the  weighing  of  skins  and  seeds  put  them 
immediately in the chloridric ethanol. Do not worry if the extraction timing between the first and the 
last sample of the day differ for a few hours. Because we have to work with fresh samples during 
the 
short ripening time, the suggestion to optimize the work is to collect and prepare the samples in the 
afternoon, and do the analysis the next morning. If you prefer to perform the phenolic assays all 
together, you can freeze the extracts (after the separation of the solid parts) at -20°C for a few 
days to obtain a higher number of samples to be analyzed. 

 

 
 
Anthocyanin content. Read the absorbance of the skin extracts at 540 nm with 1 cm optical path 
(traditional cuvettes; because we work in the visible spectra, you can use the less expensive 
plastic ones). The maximum absorption signal of anthocyanins are obtained at a wavelength of 540 
nm in this solvent. The measurement at this wavelength will decrease the errors in the pigment 
content estimation. The blank is the extraction solvent (chloridric ethanol). 

 
To produce a measurement, you should first have an absorbance included in the range 0,3-0,7. A 
value of absorbance up to 1 is acceptable. If you have a higher value, dilute the skin extract with 
chloridric ethanol (70% Ethanol, 29% water, 1% concentrate chloridric acid–37%) until having the 
reading in the proper absorbance range. 

 
Calculate the anthocyanin content using the following formula: 

 
Total anthocyanins (mg∙L-1) = E540, 1 cm × 16.17 × d 

 

Info: Osvaldo.Failla@unimi.it, Laura.Rustioni@gmail.com 
http://www.diprove.unimi.it/GRAPENET/index.php 
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where E540, 1 cm = absorbance at 540 nm; d = dilution 

 

Phenolic content of skins and seeds (to measure separately from the two extracts) 

Put in a 10 mL flask approximately* 2.5 mL of water and add 0.5 mL of (diluted**) 
extract. 

 
Notes 
* It is not important to measure exactly the volume; in the end the flask will be filled up to 10 mL. 
**At the end of the procedure your solution should have an absorbance included in the range 0.3- 
0.7. A value of absorbance up to 1 is acceptable. If you have a higher value, repeat the 
procedure with a diluted extract with chloridric ethanol (70% Ethanol, 29% water, 1% concentrate 
chloridric acid–37%) until having the reading in the proper absorbance range. 

 
Add 0.5 mL of Folin Ciocalteu (it is a mixture of phosphomolybdate and phosphotungstate which, 
reacting with the phenolic compounds, is reduced to obtain a solution blue in color). 

 
After 3-5 minutes add 2 mL of 10% Na2CO3 . 

Fill the flask up to 10 mL with water. 

After 90 minutes read the absorbance at 700 nm (compared with a blank made in the same way, 
but with water instead of the tissue extract). 

 
Total  polyphenols  will  be  calculated  as  catechin  (mg∙L-1)  applying  a  simple  mathematical 
formula: 

 

catechin (mg∙L-1) = 186.5 x E700 x 

d where E700 = absorbance at 700 nm; d = dilution 

 
4. FINAL REMARKS 

 
With this protocols one person well organized can manage to do around 7-10 accessions/day, 
thus, around 35-50 accessions/week. By collecting all the data we can express the results in 
concentration and amount on berry, skin and seed basis, as well as referred to berry surface and 
volume, in relation to different objectives (physiological / enological / descriptive). Anyway, please, 
keep all the data (absorptions, dilutions …) and not only the elaborated results. 

 
Inserting the data in the attached Excel file, you should directly have your results. Only the blue 
column needs to be completed, the white ones will be directly filled in. 

 
Additional column in the Excel template: in order to make easier the identification of possible 
synonyms, the "VIVC variety number" has been added in the template (to select it please see: 
http://www.vivc.de/). 

 

 
 
 
 
 
 
 
 
 
 
 
Info: Osvaldo.Failla@unimi.it, Laura.Rustioni@gmail.com 
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S u p p l e m e n t a l  T a b l e  ( S I 3 )

Agrometeorological indexes applied to meteorological series

Index Type Description Reference
Winkler Thermal resource Daily accumulation of thermal resources for plant development Amerine and Winkler 1944
Huglin Thermal resource Daily accumulation of thermal resources for plant development Huglin 1986
NHH Thermal resource Hourly accumulation of thermal resources for plant development Mariani et al. 2012

LHH Thermal stress Hourly accumulation of thermal conditions of stress due to under-
optimal temperatures Mariani et al. 2012

HHH Thermal stress Hourly accumulation of thermal conditions of stress due to over-
optimal temperatures Mariani et al. 2012

Water Water stress Daily accumulation of water stress condition (1-WLF) derived 
from a single reservoir water balance (AWC = 150 mm) Cola et al. 2014
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Supplemenal Figure (SI4): Frequency distribution of the traits: berry length; berry width; length/width; berry weight; % skin; % seed; 
skin weight; seed weight; number of seeds·berry-1; sugar content; titratable acidity; bunch weight.
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Supplemental Figure (SI4), continued: Frequency distribution of the traits related to the polyphenolic contents in grapes.
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Supplemental Figure (SI7): Regressions between climatic variables and traits, according to the simplest variance model (B): 
y = Single climatic index + error term. 3A: All cultivars; 3B: Red, black, blue black, dark red violet cultivars. 
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Supplemental Figure (SI7), contiued: Regressions between climatic variables and traits, according to the simplest variance model (B): 
y = Single climatic index + error term. 3A: All cultivars; 3B: Red, black, blue black, dark red violet cultivars. 
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Supplemental Figure (SI9): Distribution of the means, for each variety studied on multiple sites and years, adjusted by the complete 
model of variance analysis, with interactions. Model (C): y = site + year + cultivar + site * year + site * cultivar + cultivar * year + error 
term. 4A: All cultivars; 4B: Red, black, blue black, dark red violet cultivars.
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Supplemental Figure (SI9), continued: Distribution of the means, for each variety studied on multiple sites and years, adjusted by the 
complete model of variance analysis, with interactions. Model (C): y = site + year + cultivar + site * year + site * cultivar + cultivar * 
year + error term. 4A: All cultivars; 4B: Red, black, blue black, dark red violet cultivars.
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