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Abstract—  

Determination of starch concentration in grapevine woody 

tissues is pivotal to optimize some vineyard management 

techniques. Analytical assays represent the most reliable 

approach but nevertheless they are time-consuming. This study 

reports preliminary results on using imaging to estimate starch 

concentration in woody tissues stained with the Lugol’s 

solution indicator in Vitis vinifera L.. One-year-old shoots (cv 

‘Primitivo’) were sampled in winter time and forced to sprout 

inducing a starch depletion. The measured starch ranged from 

approx. 0.1 to 14.4 % (DW). Parallel image-based and 

analytical starch concentrations data (n =42) revealed that R 

(red), G (green) and B (blue) color channels were highly 

predictive across three phenological stages (r= - 0.92), rising 

the imaging technique proposed as a promising tool to estimate 

the starch content. 
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I. INTRODUCTION 

Photoassimilates are stored as starch in chloroplasts and 

then in woody tissues of the plant when photosynthetic rate 

exceeds metabolic demand [1], [2]. In grapevine, the 

accumulation of excessive photoassimilates is reported to 

begin soon after bloom, when starch concentration increases 

in the parenchyma cells of all perennial organs (i.e. root, 

trunk, cordon), reaching the maximum level around harvest 

[2][6]. The starch stored in these organs ensure winter 

survival through respiration maintenance, frost resistance, 

embolism refilling and membrane stabilization [7]. In 

spring, the starch is remobilized to support bud-break and 

growth of vegetative and reproductive organs [4][5]. Hence, 

the quantification of starch content into woody organs 

before the beginning of the growing season is of great 

interest for the source-sink regulation between vegetative 

and reproductive organs, especially early in the vegetative 

season, when young shoots organs (leaves inflorescences, 

and stem) depend on the stored reserve substances.  

Starch concentration might be assessed by different 
chemical methods [8]. Recently, NIR spectroscopy, 
reflectance spectroscopy on iodine-starch complexes, and X-
ray microCT imaging, were developed [9]-[11] as rapid 

procedures for the estimation of carbohydrates concentration 
in grapevine tissues. 

Although imaging is increasingly employed as non-
destructive method also for analytical determinations [12], 
none of these studies have considered the use of imaging 
approach for estimating the woody starch content in 
combination with a starch colorimetric indicator. 

Lugol’s iodine solution is a starch indicator widely used 
to determine, for example, the starch in apple fruit [13, 15]. 
Hence, this study examined whether imaging may be used as 
an affordable method to estimate the starch concentration in 
Vitis vinifera L one-year-old shoot samples stained with 
Lugol’s solution.  

II. MATERIALS AND METHODS 

The experiment was carried out in the 2022-2023 
dormant season, on one-year-old shoots of ‘Primitivo’, an 
early ripening grapevine cultivar. About 42 one-year-old 
shoots, bearing 2 clusters per shoot, with similar diameter of 
the internode included between the 2 clusters and with at 
least 15 lignified internodes, were collected in a commercial 
vineyard (Basilicata, South Italy).  

At the sampling time (half January 2023), three one-year-
old shoots were immediately used for image capture, and 
chemical analysis. The remaining shoots were forced, at 
25°C temperature, to produce rooted cuttings by immersing 
their base in tap water. Cuttings progressively and 
differentially sprouted out, generating new roots and growing 
shoots during the following months.  

Once the buds/shoots were at 00, 11, and 14 BBCH 
phenological growth stages [14] (Figure 1) at least three one-
year-old shoots were processed for chemical and image 
analysis. 

From each one-year-old shoot, three to five internodes 
were selected starting from the basal internode until the top 
of the shoot. The basal internode was that bearing the cluster 
the previous season. Each internode was cut into two parts: 
one half was used for imaging, preparing a thin woody 

section (∼ 4 cm2 area) using a penknife. The other half was 
sealed in a plastic bag and stored in a -80°C refrigerator, 
freeze-drying and then stored under vacuum until chemical 
analysis. 

Image acquisition, processing, and data extraction 



Sections were manually stained for 2 minutes using a 
0.3% I2/1% KI Lugol's iodine solution according to [2]. 
After the reaction, each sample was placed on the base of a 
stand holder covered with a red paper as background. A 
Nikon D5100 digital camera (16.9 megapixels) was hold to 
the stand to have the 40 mm lens (AF-P DX Nikkor 18-55 
mm, f/3.5-5.6 G VR, Nikon, Tokyo, Japan) positioned 40 cm 
away from the sample. The stand holder was enclosed in a 
0.8 × 0.8 × 0.8 m portable photo studio box (Ombar 
Photography Light Box) equipped with led 5500K, 100 
LEDs. Images were captured in JPG format and a X-Rite 
ColorChecker Classic color card (Grand Rapids, MI, USA) 
was used to ensure white balance.  

In each image, the area of the woody section 
corresponding to the parenchyma rays (see the yellow-edged 
part of the section in Figure 1B: Region of Interest) was 
segmented and processed to extract the red (R), green (G), 
and blue (B) mean values, using the open-source ImageJ 
software [16]. The R, G, and B values were used to calculate 
the grayscale (RGB) with the following equation: RGB = 
(R+G+B)/3. 

 

Figure 1: Phenological growth stages and BBCH code [15] of the 
buds/shoots when the thin woody sections, obtained with a penknife and 
stained for two minutes with Lugol's iodine solution, were used for image 
acquisition. Workflow of the image analysis: (A) imaging of the stained 
woody section, (B) segmentation of the woody Region of Interest (ROI) 
(edged in yellow), (C) extraction of the R, G, and B mean pixel values.  

 

Enzymatic starch analysis 

Starch analysis was performed by enzymatic hydrolysis 
which is the preferred methodology according to [17], using 
a commercial enzyme assay kit (K-TSTA, Megazyme 
International, Bray, Ireland). Starch concentration was 
determined according to the procedure outlined in the kit 
[18], with few adjustments according to other methods 
applied in Vitis vinifera L. lignified tissues (e.g., cane, 
cordon and trunk [19] 20]). 

The amount of starch per each sample was calculated as 
‘g/100g’ of dry weight in woody stem. The glucose/GOPOD 
standard curve was calculated after the measurement of 
absorbance (‘Multiskan GO’ Spectrophotometer, Thermo 
Fisher), using the fitting linear equation (R2 = 0.9998).  

Statistical analysis 

One-way ANOVA was used to compare data of starch 
concentration and R, G, B (RGB) pixel values of the three 
growing stages and the Duncan’s test as a post-hoc test for 
multiple comparisons, p-values <0.05 were considered 
significant. The correlation between RGB pixel values and 
the paired starch concentrations were appraised through the 
Pearson’s correlation test. 

 

III. RESULTS AND DISCUSSIONS 

The presented study documents the correlation between 
the mean RGB pixel values and starch concentrations 
measured in woody shoots during different phenological 
growth stages. 

At bud dormancy, BBCH 00 stage, the stained woody 
sections have shown the typical dark-blue colour reported 
also by [2]. Although eye-based differences were difficult to 
assess comparing sections at BBCH 00 and 11 stages after 
Lugol’s iodine solution staining, the RGB analysis revealed 
they were significantly different (Figures 1, 2), also 
according to the starch analytical determination (Figure 3). 
Instead, differences in colour were visible among BBCH 14 
stage and the two previous BBCH stages. Image 
segmentation shows significant increments in R, G and B 
components and mean RGB from BBCH stage 00 to 14 
(Figure 2). The increment in R, G, and B components 
corresponded to a decrease in the blue-dark coloration of the 
Lugol-stained section predicting the decrease in starch 
concentration of the tissues, as already reported by [12] 
[2][11]. 

 

Figure 2. R, G and B single color channel values and mean RGB pixel 
values (±SD) of the ROI during the three phenological growth stages. 
Comparing the same color channel value or RGB mean value across the 
phenological stages, different letters indicate significant differences 
(p<0.05). 

 

In this experiment, during bud-break and early shoot 
growth stages the starch localized in the parenchymatic rays 
rapidly declined from 12.89 ± 1.18% to 1.16 ± 0.57% 
(Figure 3). Comparisons of our results with others are 
difficult due to variable outcomes in starch concentration 
related to analytical methods used [8]. However, the starch 
concentration at dormant stage was similar to that found by 
[2] [3], but lower than that in [11]. Moreover, in our 
experimental conditions starch concentration in one-year-old 



shoots decreased from dormant stage (BBCH = 00) to first 
leaf unfolded (BBCH = 11), while, in field-grown vines, the 
starch concentration would increase because of the 
mobilization of starch accumulated in trunk and roots [2].  

 

Figure 3. Starch concentration (±SD) in the internode of one-year old shoots 
of ‘Primitivo’ grapevine cultivar, in three phenological growth stages. 
Different letters indicate significant differences among phenological stages 
(p<0.05). 

 

Data of starch concentration analytically determined 
versus RGB were significantly correlated (r= - 0.916, 
p<0.05) (Figure 4), pointing out the worth of the imaging 
approach in quantifying the starch in woody tissues as a 
suitable alternative to analytical assay. However, more 
efforts are required to achieve a reliable image-based model 
able to predict the starch concentrations. 

 

Figure 4. Scatterplot between RGB pixel values and starch concentration 
(g/100 g of dry weight) analytically quantified (r= - 0.916) in cv ‘Primitivo’ 
one-year old shoots. 

 

In conclusion, this study preliminary documented the 

tight correlation between the starch concentration and RGB 

values in grapevine woody samples. Development of non-

destructive starch determination methods would contribute to 

digital agriculture supporting vineyard management 

techniques such as pruning schedule, mineral nutrition and 

source-sink manipulation. 

 

Acknowlegement:  

We would like to thank Caterina D’ambrosio and Donato Melfi from the 

‘Centro di Ricerche Metapontum Agrobios’ (Metaponto (MT), Italy) for 
the technical support in the starch analytical determination. 

Founding: This study was carried out within the Agritech National 

Research Center and received funding from the European Union Next-

GenerationEU (PIANO NAZIONALE DI RIPRESA E RESILIENZA 
(PNRR) – MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.4 – D.D. 

1032 17/06/2022, CN00000022, CUP: C33C22000250001). This 

manuscript reflects only the authors’ views and opinions, neither the 
European Union nor the European Commission can be considered 

responsible for them. 

 

REFERENCES 

[1] A. Carmi, I. Shomer, “Starch Accumulation and Photosynthetic 
Activity in Primary Leaves of Bean (Phaseolus vulgaris L.)”, Annals 
of Botany, 44 (4): 479-484, 1979. 

[2] C. Zapata, E. Deléens, S. Chaillouc, C. Magné, “Partitioning and 
mobilization of starch and N reserves in grapevine (Vitis vinifera 
L.)”, Journal of Plant Physiology 161: 1031–1040,  2004.  

[3] C. Zapata, E. Deléens, S. Chaillouc, C. Magné, “Mobilisation and 
distribution of starch and total N in two grapevine cultivars differing 
in their susceptibility to shedding”, Functional Plant Biology, 31: 
1127-1135, 2004.  

[4] L. E. Williams, “Grape”, In: “Photoassimilate distribution in plants 
and crops: source-sink relationships”, edited by E. Zamsky and A.A. 
Schaffer, Marcel Dekker, INC., New York (USA), 851-881, 1996. 

[5] T. R. Bates, R.M. Dunst, P. Joy, “Seasonal dry matter, starch, and 
nutrient distribution in ‘Concord’ grapevine roots”, Hortscience 
37(2): 313-316, 2002. 

[6] G. Lebon, G. Wojnarowiez, B. Holzapfel, F. Fontaine, N. Vaillant-
Gaveau, C. Clément, “Sugars and flowering in the grapevine (Vitis 
vinifera L.)”, Journal of Experimental Botany, 59(10), 2565–2578, 
2008. 

[7] A. Tixier, G. A. Gambetta, J. Godfrey, J. Orozco, M.A. Zwieniecki 
“Non-structural carbohydrates in dormant woody perennials; The tale 
of winter survival and spring arrival”, Front. For. Glob. Change 2:18, 
2019. 

[8] A. G. Quentin, E. A. Pinkard, M.G. Ryan et al., “Non-structural 
carbohydrates in woody plants compared among laboratories”, Tree 
Physiol. 35:1146–1165, 2015. 

[9] R. De Bei, S. Fuentes, W. Sullivan, E. J. Edwards, S. Tyerman, D. 
Cozzolino, “Rapid measurement of total non-structural carbohydrate 
concentration in grapevine trunk and leaf tissues using near infrared 
spectroscopy”, Comput Electron Agric 136: 176-183 2017. 

[10] L. Rustioni, A. Ciacciulli, L. Zulini, E. Zuliani, P. Sivilotti, J. C. 
Herrera, “Starch quantification in woody tissues by reflectance 
spectroscopy and on-solid iodine complexation”, Sci Hortic., 226: 
117-121, 2017. 

[11] J. M. Earles, T. Knipfer, A. Tixier, J. Orozco, C. Reyes, M. A. 
Zwieniecki, C. R. Brodersen, A. J. McElrone, “In vivo quantification 
of plant starch reserves at micrometer resolution using X-ray 
microCT imaging and machine learning”,  New Phytologist, 218: 
1260–1269, 2018. 

[12] P. Pathmanaban, B.K. Gnanavel, Shanmuga Sundaram Anandan, 
Recent application of imaging techniques for fruit quality 
assessment,Trends in Food Science & Technology,Volume 
94,2019,Pages 32-42 

[13] R. B. Smith, E. C. Lougheed, E. W. Franklin, I. McMillan, “The 
starch iodine test for determining stage of maturation in apples”, Can. 
J. Plant Sci. 59:725-135, 1979. 

[14] D.H. Lorenz, K.W. Eichhorn, H. Bleiholder, R. Klose, U. Meier and 
E. Weber, “Phenological growth stages of the grapevine (Vitis 
vinifera L. ssp. vinifera) - Codes and descriptions according to the 



extended BBCH scale”, Australian Journal of Grape and Wine 
Research 1, 100-103, 1995. 

[15] Cochran, B C, Deborah Lunday and Frank Miskevich. “Kinetic 
Analysis of Amylase Using Quantitative Benedict's and Iodine Starch 
Reagents.” Journal of Chemical Education 85 (2008): 401-403. 

[16] J. Schindelin, I. Arganda-Carreras, E. Frise, V. Kaynig, M. Longair, 
T. Pietzsch, … and A. Cardona, “Fiji: an open-source platform for 
biological-image analysis”, Nature Methods, vol. 9, no. 7, pp. 676–
682, 2012. 

[17] R. Rose, C.L. Rose, S.K. Omi, K.R. Forry, D.M. Durall, and W.L. 
Bigg, “Starch determination by perchloric acid vs enzymes: 
Evaluating the accuracy and precision of six colorimetric methods”, J. 
Agric. Food Chem. 39:2-11, 1991. 

[18] M.B. Hall, “Determination of dietary starch in animal feeds and pet 
food by an enzymatic-colorimetric method: collaborative study”. J. 
AOAC Int., 98, 397-409, 2015. 

[19] E. J. Edwards, A. F. Downie, P. R. Clingeleffer, “A Simple 
Microplate Assay to Quantify Nonstructural Carbohydrates of 
Grapevine Tissues”, American Journal of Enology and Viticulture 
62(1): 133, 2011. 

[20] S. Dayer, J. A. Prieto, E. Galat, P. J. Peña, “Carbohydrate reserve 
status of Malbec grapevines after several years of regulated deficit 
irrigation and crop load regulation”. Australian Journal of Grape and 
Wine Research, 19: 422-430, 2013. 

 

 


