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Raster graphic ampelometric software was not exclusively developed for the estimation of leaf area,
but also for the characterization of grapevine (Viti vinifera L.) leaves. The software was written in C++
programming language, using the C++ Builder 2007 for Windows 95-XP and Linux operation systems. It
handles desktop-scanned images. On the image analysed with the GRA.LE.D., the user has to determine
11 points. These points are then connected and the distances between them calculated. The GRA.LE.D.
software supports standard ampelometric measurements such as leaf area, angles between the veins and
lengths of the veins. These measurements are recorded by the software and exported into plain ASCII text
files for single or multiple samples. Twenty-two biometric data points of each leaf are identified by the
GRA.LE.D. It presents the opportunity to statistically analyse experimental data, allows comparison of
cultivars and enables graphic reconstruction of leaves using the Microsoft Excel Chart Wizard. The GRA.
LE.D. was thoroughly calibrated and compared to other widely used instruments and methods such as
photo-gravimetry, LiCor Li3100, WinDIAS2.0 and ImageTool. By comparison, the GRA.LE.D. presented
the most accurate measurements of leaf area, but the LiCor Li3100 and the WinDIAS2.0 were faster, while
the photo-gravimetric method proved to be the most time-consuming. The WinDIAS2.0 instrument was
the least reliable. The GRA.LE.D. is uncomplicated, user-friendly, accurate, consistent, reliable and has

wide practical application.

INTRODUCTION

Ampelography means morphological characterization of
the grape (Vitis spp.) organs such as canes, shoots, leaves,
flowers, bunches, berries, seeds, etc. The term was first
used by Sachs in the middle 17* century (Viala & Vermorel,
1905). It represents the study most commonly used today in
cultivar identification and differentiation (Truel, 1985; Marti
et al., 2007; Santiago et al., 2008), canopy management
(Poni et al., 2008), comparison of rootstock effects (Bica et
al., 2000), environmental impacts (Ferrini ef al., 1995) and
even in the history of art (Gago et al., 2009). A sub-section
of this science is ampelometry which is based on the nominal
characterization of grapevine leaves. According to Goethe
(1887) the most important characteristic of the grapevine
leaf (Vitis vinifera L.) is the angles between the veins. Ravaz
(1902) categorized the cultivars into 10 classes according
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to these angles. In the 20™ century, the study was extended
and applied to several cultivars by Andrasovszky (1926) and
Galet (1988).

There are significant differences between cultivars in
characteristics such as leaf area, length of the veins, ratio
between the veins, angles between the veins and in the length
of the petiole (Németh, 1966). These characteristics proved
to be appropriate to differentiate between grapevine cultivars
(OLV, 2001).

Until now these measurements were either done
manually or required a complicated software environment
such as Autocad (Alessandri ef al., 1996), Digital Image
Processing System MIP 1.4 (MICROM) (Martinez &
Mantilla, 1995) or the SuperAmpelo software, also based
on digital reconstruction and characterization (Soldavini
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et al., 2009). Martinez & Grenan (1999) made graphic
reconstructions of grapevine leaves according to these
measured characteristics.

The determination of leaf area is generally considered
a basic measurement in grapevine research and normally
provides information regarding the growth conditions and
physiological status of the plant. Several direct and indirect
methods can be applied to determine leaf area. For reviews
about methods and devices, see Bréda (2003), Jonckheere
et al. (2004), Costenza et al. (2004) and Zheng & Moskal,
(2009). In this study, direct leaf area measurement methods
are examined. One of the earliest techniques for leaf area
determination is the gravimetric method, which involves the
correlation between the weight of a predetermined area of a
leaf (LMA — leaf mass per area) and the weight of the whole
lamina. The disadvantage of this technique is the variability
of the leaf mass, which may cause inconsistent results.
Another gravimetric method is photo-gravimetric estimation,
which is based on the correlation between the mass of the
photocopy of a unit area and the weight of the photocopy of
the object. This technique requires the same type (weight) of
paper for all objects. For large quantities of measurements,
laboratory instruments, such as the scanning planimeter Li-
Cor Model: Li3100 (Li-Cor Corp. Lincol, Nebrasca, USA)
or PC-connected systems, like the WinDIAS2.0 colour
conveyor image analyser (Delta-T Devices Ltd., Cambridge,
UK), which can record images to a computer, can be used.
These techniques have proven themselves to be useful in
grapevine research (Smith & Kliewer, 1984; Intrigliolo
et al., 2009) and in other fields of horticulture (Tsialtas &
Maslaris, 2007; Klamkowski & Treder, 2008). Caldas et al.
(1992) used a hand-scanner and pixel based software for
the estimation of the area of grapevine leaves. According
to their results, the digitalized leaf area measurement was
less expensive and faster than traditional gravimetric and
planimetric methods. Guisard & Birch (2005) used a flatbed
scanner in their experiment for the digitalization of collected
leaf samples. Individual leaf areas were estimated with the
ImageTool3.0 (University of Texas Health Science Centre,
San Antonio, Texas, USA). The evaluation of the scanned
leaf area measurements were time consuming, but the ability
to reuse and share the “samples” justified the time required.

The aim of this study was to develop pixel based software
to enable easy and accurate detection of differences (leaf area,
angles between the veins, length of the veins etc.) between
scanned leaf samples. The GRA.LE.D. (GRApevine LEaf
Digitalization) software was developed at the Department
of Automatization and Physics and the Department of
Viticulture at the Corvinus University of Budapest, Hungary.

MATERIALS AND METHODS

Description of the software

The GRA.LE.D. software was developed in C++
programming language using the C++ Builder 2007 rapid
application development tool (Embarcadero Technologies,
USA). A screenshot of the user interface is presented in
Fig. 1. Images of leaves are processed against a white
background. A white background was selected because it
is the default colour for scanners and provides sufficient
contrast with leaves.

Use of the software

Calculation is based primarily on the selection marks placed
by the user (Fig. 2). Eleven specific locations along the
perimeter of the leaf are used. Euclidean distances between
these marks and the tangent of lines crossing the base
point and vertices are calculated. Distances are expressed
in mm utilizing the resolution (dpi) of acquisition. Angles
between vertex directions are expressed in degrees. The
visible leaf area (cm?) is also calculated using an image
processing routine. The automatic segmentation uses the
global threshold, i.e. 86% of maximum intensity value. The
summary report is saved in regular ASCII text files, which
can be imported into spreadsheets and statistics applications.
The biometric data given by the GRA.LE.D. is shown in
Table 1.

Calibration of the software

The area measurement setting of the GRA.LE.D. was
calibrated and verified. For repeatability of the calibration,
an ordinary credit card, with size 85.60 x 53.98 mm (3.370
x 2.125in) (3 3/8 x 2 1/8 in), patented by the ISO/IEC 7810
standard as ID-1, was used to compare the GRA.LE.D. with
the photo-gravimetric method and with two widely used
laboratory instruments, the Li3100 (Li-Cor Corp. Lincol,
Nebrasca, USA) and the WinDIAS2.0 (Delta-T Devices
Ltd., Burwell, UK). The area of the card was measured 5
times with each instrument.

The digital calibration and measurement of the
object was done with the ImageTool free image software
(University of Texas Health Science Center at San Antonio).
Recently developed software offers image analysis functions
such as distance, angle and gray scale measurements (area).
The object was digitalized by using a CanoScan4400 (Canon
USA Inc.) desktop scanner with 300 dpi resolution.

Copies of the object for the photo-gravimetric
measurements were made with an Aficio 2018 (NASHUA)
copier, cut-out and weighed with an analytical balance. The
weight of the cut-out pieces were normalized to the weight
of lcm? of the same paper as provided by the manufacturers.

Testing of the software

GRA.LE.D. was tested on 50 grapevine leaf (Vitis vinifera
L.) samples, obtained from the germplasm collection of
the Department of Viticulture and Enology, University of
Stellenbosch (Stellenbosch, South Africa). The aim of this
study was to verify the sensitivity of the GRA.LE.D. to
leaves with different sizes and shapes. For this, 50 samples
were collected randomly from at least 30 varieties. It was
not the aim of this study to take the age of the plant, the leaf
position or the variety into account. Samples were exclusively
collected to prove the area measurement sensitivity of the
GRA.LE.D. compared to other laboratory instruments such
as the Li3100 and the WinDIAS2.0 according to the protocol
of the manufacturers (Li-Cor, 1987; Delta-T Dev., 2009).

In addition, the leaves were scanned with the
CanoScan4400, at 300 dpi. ImageTool and GRA.LE.D. were
used to measure the area of each sample. The particular
ampelometric measurements were also made using
GRA.LE.D., referencing the 11 points on the digitalized
leaves. The data was compared to the angles and lengths
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Screenshot of the user interface of the GRA.LE.D.

measured with the ImageTool.

Photocopies of the 50 leaves were made with the Aficio
2018. Leaf shapes were cut out, weighed and normalized to
the original weight of the paper (data not shown).

Graphic reconstruction

Graphic reconstructions of the leaves were made with the
Microsoft Excel Chart Wizard. The veins were represented
with a Radar Chart and the angles between the veins with a
Pie Chart.

Statistics

Leaf area measurements made with the different instruments
and software were compared and statistically analyzed with
STATISTICA software (www.statsoft.com, Inc.).

RESULTS AND DISCUSSION

Calibration

An ordinary credit card with unit area was measured with
the forementioned techniques and the data compared
(Table 2). The photo-gravimetric technique was slow and
difficult, compared to the other methods. The Li3100 and the
WinDIAS2.0 needed less time for the measurements, but the
accumulation of dirt on the recording surface may increase
the actual leaf area being measured and therefore lead to 0
inaccuracy. The measurements closest to the patented size of
the card were given by the GRA.LE.D.

Leaf measurements

All 50 leaves were scanned (photocopied) using a
CanoScan4400 scanner at 300 dpi resolution, the images
cut out, measured and saved as JPEG files. Areas of the

FIGURE 2
The 11 specific points on an average Vitis spp. leaf selected
by the user of the GRA.LE.D. to calculate the biometric data
of the lamina.
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TABLE 1

The 23 biometric data points and the user-defined points on the lamina and the petiole in the GRA.LE.D. environment, with the

relative OIV (2001) codes.

Ampelometric character The character estimated by the GRA.LE.D. code OIV code Unit
GRA.LE.D. according to the points
Leaf area Surface, cm? 065 cm?
Length
Main vein N1 1-2 Main, mm 601 cm
Lateral veins N2 1-5 Length 1-5 602 cm
1-6 Lengthl1-6
Lateral veins N3 1-7 Length 1-7 603 cm
1-8 Length1-8
Petiole sinus to upper leaf sinus 1-3 Length 1-3 605 cm
1-4 Length1-4
Petiole 1-9 Length 1-9 cm
Petiole sinus 1-10 Length 1-10 cm
1-11 Lengthl-11
Opening of petiole sinus 10-11 Width 10-11 cm
Ratios
Main vein/Petiole 1-2:1-9 Main/Stem 093 %
Lateral veins/Upper leaf sinus 1-5:1-3 Top 5/3 094 %
1-6:1-4 Top 6/4
Angles
Main vein N1/Lateral veins N2 1-2/1-5 Angle 2-5 degree
1-2/1-6 Angle
Lateral veins N2/Lateral veins N3 1-5/1-7 Angle 5-7 degree
1-6/1-8 Angle 6-8
Lateral veins N3/Petiole sinus 1-71-11 Angle 7-11 degree
boarder 1-8/1-10 Angle 8-10
Opening angle of the petiole sinus 1-10/1-11 Angle 10-11 degree
TABLE 2
Validation of leaf area measurement of the GRA.LE.D. against commercial tools.
Regression model* .
Instrument/Tool R? RMSE AlIC Durbin-Watson
Slope Intercept
Li3100 0.969 2.332 0.9989 1.561 48.52 2.649
ImageTool 0.996 0.132 0.9995 1.091 12.76 2.155
WinDIAS2.0 0.759 -3.685 0.9087 11.747 250.37 2.503
Photogravimetry 1.037 1.526 0.9972 2.676 102.43 2.017
*N=50

digitalized leaves were measured using both the GRA.LE.D.
and the ImageTool software. In the case of the ImageTool, a
threshold could be assigned to the leaf area. The GRA.LE.D.
does not have this option, but automatically detects the leaf
area by the contrast difference between the light colour of the
background and the darker colour of object. When a “gray
border” was observed in the pictures after scanning, it was
removed with Windows PhotoEditor.

The results showed that the GRA.LE.D. measurements
correlated best with the leaf area of the 50 leaves, when
compared to the Li3100, the ImageTool and the photo-
gravimetry. WindDIAS2.0 measured significantly lower
areas for all samples (Fig. 3). The combined leaf area of
the 50 leaves was 5217.81 cm? (GRA.LE.D.); 5172.79 cm?
(Li3100); 5204.26 c¢m? (ImageTool); 5487.56 cm? (photo-
gravimetry) and 3774.63 cm? (WindDIAS2.0), which proved
that the GRA.LE.D. is as accurate in measuring leaf area as

other commonly used laboratory instruments (Table 2). In
case of the WindDIAS2.0, the discrepancy highlighted the
necessity of recalibration in order to get reliable results.

Graphic reconstruction

One average leaf was graphically reconstructed according
to the results obtained by the GRA.LE.D. The data of the
lengths of the veins and the angles between them were used
to create the picture of the relevant leaf (Fig. 4).

CONCLUSIONS

The leaf area measurement not only proved the accuracy
of the GRA.LE.D., but also highlighted the necessity of
recalibration of leaf arca measuring instruments. Graphic
reconstruction of the leaves proved that the biometric data
recorded by the GRA.LE.D. would be appropriate for
the detection and description of differences between leaf
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FIGURE 3
Differences between the measured leaf area of 50 individual leaves and the correlation of the results from the different

instruments with those obtained by using the GRA.LE.D.
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FIGURE 4
An average grapevine leaf (Vitis vinifera L.) and the graphic reconstruction of the lamina according to the data given by the

GRA.LE.D, with the angles between the veins and the lengths of the veins.

samples. Morphological differences between leaves can be
described with any long- and/or short-term experimental or
commercial vineyard practices.

Digital ampelometry can also assist molecular genetic
investigations, as reported by Parker and colleagues (2005)
who used both ampelographic and molecular (SSR) makers
to determine the connection between the ‘Cynthiana’ and it’s
supposed ancestor Vitis aestivalis Michx.

According to Ortiz et al. (2004) it is highly recommended
to use both morphological and molecular markers to detect
duplications, synonyms and homonyms in germplasm

collections. In their study, morphological (e.g.: shape of the
blade and length of the veins) and molecular (izoenzymes and
SSR) markers were used together efficiently to determine the
duplications in a Spanish gene bank during the establishment
of the base collection.

Since the canopy is central to the performance of the
grapevine, this software would greatly contribute to defining
implications of canopy microclimate, physiological and
viticultural performance of the vine and plant protection.

The GRA.LE.D. can be downloaded from the following
website: http://www.laaz.hu/hu/szoftver/graled
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