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A smartphone and tablet app has been developed by a team from The University of Adelaide enabling
growers to characterise the canopy architecture and leaf area index of their grapevines. The capabilities
of the app could see it become an important tool for growers, irrigation practitioners and scientists to
assess spatial and temporal growth and canopy architecture dynamics that can be associated with final
yield and quality of grapes.
INTRODUCTION

M

onitoring of canopy architecture in grapevines is
important for the assessment of growth, vigour and
light transmission to the fruit and flowers. Parameters
that reflect canopy development can be correlated to yield,
grape quality and productivity. One of the most important
parameters is leaf area index (LAI), which is defined as
total one-sided area of leaf tissue per unit ground surface
area (Watson 1947). This parameter is difficult to measure
or estimate, since it requires either labour-intensive direct
techniques, such as allometry, or expensive instrumentation for
indirect estimates.
Allometric, or direct measurements, give very accurate
LAI, but it requires stripping the whole canopy and scanning
every single leaf to obtain a total one-sided area of leaves
per unit area of soil. As such, this method is extremely time
consuming and destructive, restricting its use to the calibration
of non-destructive techniques. Indirect methods are based on
instrumentation that measure light transmission through the
canopy in the photosynthetic active radiation (PAR) waveband
(SunSCAN, Delta-T Devices Ltd, Cambridge, UK; AccuPAR,
Decagon Devices, Pullman, US). Others measure the gap
fraction for different zenith angles, such as the LAI-2000 and
2100 (Li-Cor, Lincoln, Nebraska, US) using five zenith angles
simultaneously, through a fish-eye light sensor, while the
DEMON instrument (CSIRO, Canberra, Australia) measures
direct beam radiation from the sun through a directional narrow
angle of view (Bréda 2003).
There are advantages and disadvantages of these methods
(Fuentes et al. 2008, Macfarlane et al. 2007a, Macfarlane et
al. 2007b, Pekin and Macfarlane 2009). Disadvantages include
cost of the instrumentation and the know-how required for
data capture and analysis. The most versatile and easy-to-use
method is digital cover image analysis, which only requires
common digital cameras. Image analysis can be performed
using Adobe Photoshop (Macfarlane et al. 2007b, Pekin and
Macfarlane 2009) or semi-automated and automated analysis
programs (Fuentes et al. 2008). This method has resulted in
highly comparable results with more established techniques
and in different plant species (Table 1). These results are soon
to be published in refereed journals.
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Table 1. Results comparing the cover photography method
with ground-truth methods, such as allometry, Li-Cor
2000 and satellite LAI estimations for forests (MODIS LAI).
Statistical analysis included the determination coefficient
(R2), the root mean square error (RMSE) and the slope of the
relationship (b).
Species

Comparison Method

R2

RMSE

Slope (b)

Allometry

0.97

11.5

0.99

Li-Cor 2000

0.91

7.39

0.98

Allometry

0.91

8.5

0.98

Grapevine
(Merlot)
Grapevine
(Chardonnay)
Apple trees
Eucalyptus trees

Li-Cor 2000

0.90

na

1.01

Eucalyptus trees

MODIS LAI

0.89

na

0.96

Monitoring LAI and other canopy architectural parameters
is important for assessment of vigour and water demands of
grapevines (Williams and Ayars 2005). Growers often seek to
alter vigour and growth patterns of grapevines by reducing
the amount of water applied. Excessive irrigation will result
in increased vigour, which can be measured as higher LAI
(Acevedo-Opazo et al. 2010, Esteban et al. 1999, Esteban et al.
2001). Another parameter that can be related to productivity
and quality of berries is canopy porosity fraction, which can be
increased by reduced water application. Berries with increased
sun exposure are generally higher in total soluble solids and
phenolic compounds, along with decreased acidity when
compared with non-exposed fruit (Bergqvist et al. 2001, Coombe
1987, Coombe and McCarthy 2000, Crippen and Morrison
1986a, Crippen and Morrison 1986b, Iancono et al. 1995).
There is generally considered to be an inverse relationship
between vigour and quality of grapes, which has been the main
subject for many experimental trials in the past. Furthermore,
monitoring canopy cover and LAI has been proposed for
grapevines as a way to accurately estimate crop coefficients (Kc)
for irrigation scheduling (Williams and Ayars 2005).
This paper describes the development of a novel canopy
architecture app (LAICanopy®) for smartphones and tablet
computers using their camera and GPS capabilities.
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APP DEVELOPMENT
The app basically consists of a program that can be
downloaded to a smartphone or a tablet computer to acquire
upward-looking digital images (Figure 1) that are analysed
using the methodology described in Fuentes et al. (2008). The
description that follows corresponds to the beta version, which
will be distributed to selected growers and institutions under
a beta version agreement between them and The University of
Adelaide. This testing will be performed in the 2012-13 growing
season.
Algorithms used in the app
The algorithms used in the LAICanopy® were: the fractions
of foliage projective cover (ff), crown cover (fc) and crown
porosity (O), which were calculated from Mcfarlane et al.
(2007b) as:

(1)

(2]

(3)
Where lg = large gap pixels; tg = total pixels in all gaps and tp =
total pixels.
LAIM is calculated from Beer’s Law.
(4)
Where k is the light extinction coefficient (0 > k >1).
And, the clumping index at the zenith, Ω(0), was calculated as
follows:

(5)
The clumping index is a correction factor to obtain effective LAI
(LAIe), which is the product of:
(6)
The clumping index describes the non-random distribution of
canopy elements. If Ω(0) = 1, it means that the canopy displays
random dispersion; for Ω(0) > or < 1, the canopy is defined as
clumped. Since grapevines are trained to obtain uniform rows,
this index should correspond to values close to 1. Therefore,
LAIM should be close to LAIe.
App basic functionality
After the LAICanopy is installed and launched, it presents a
basic menu with five icons, which can be seen in Figure 2 (see
page 58). The ‘home’ page contains basic information about The
University of Adelaide and the app. The ‘new’ menu is for new
measurements. The ‘settings’ menu allows the user to set up the
basic functionality of the app and analysis methodology. The ‘how
to use it’ menu contains information about how to use the app to
acquire images and to analyse them. Finally, the ‘about’ menu
contains information about the development team from The
University of Adelaide.
Settings menu
The settings menu consists of three options that need to be
defined by the user. The first setting option is ‘the gap fraction
threshold’. This gap fraction ranges from 0 to 1, or 0-100%. A
gap fraction of 75%, as seen in Figure 3 (see page 59) means that
if 75% of pixels from the sub-images corresponds to the sky,
V2 7N 6

Figure 1. Typical upward-looking image of a grapevine
canopy obtained using a camera from a smartphone or
tablet PC to be analysed by the app.
this sub-image is considered in the ‘large gap’ (lg) count for the
calculations in equation 2.
The ‘sub-division’ menu sets up the number of sub-images to
be considered for the analysis of gap size within canopies of an
image. The minimum sub-division option is 1x1, which will analyse
the image as a whole. A maximum sub-division option of 5x5 will
sub-divide the image in 25 sub-images. It is recommended to
use this maximum sub-division for higher accuracy (Fuentes et
al. unpublished). The ‘location service menu’ allows enabling or
disabling the GPS capabilities of the device. By disabling this service,
geo-location data will not be recorded in the analysis and mapping
data to have spatial assessment of a field will not be possible.
▶

Ferment Covers
Less Bugs
Grapeworks breathable ferment covers
keep out insects, birds
& contaminates.
Try one this vintage
from $19.50 +gst
Large range to suit
most open fermenters.
Non-breathable covers available.

EQUIPMENT & SUPPLIES

National: 03 9555 5500
NSW Sales: 0447 020 313
SA & WA Sales: 0401 560 550

W I N E & V I T I C ULTUR E JO UR N A L NO V EMBER/DEC EMBER 2012

E-mail: info@grapeworks.com.au
www.wine biz. com . au

57

V I T I C U LT U R E

CANOPY ARCHITECTURE

Figure 2. This figure (left) shows the icon of the app as seen in the iPhone 4S. The
figure on the right corresponds to the app and the main menu with the home, new
measurement, settings, how to use it and about pages.
New measurement menu
When selecting a new measurement
(Figure 4), a file name can be input per
image. A default date and time will be
assigned to an image and analysis if a
file menu is not entered. By tapping in
‘photo’, the app will present the options
for acquiring images using the frontal
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camera, back camera or file options
from the device (camera roll). The file
option allows the user to analyse digital
images previously obtained either by the
device’s camera, or images that have
been uploaded to the device from other
sources. The light extinction coefficient
(k) can be selected in this menu, which
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Figure 3. Settings menu showing
options for the gap fraction threshold,
image sub-division options and to
enable/disable the location services
from the device.
can be accessed from a table list that
can be populated by the user. In the
bottom part of this menu appears the
current latitude and longitude data. If the
‘no available’ message appears in this
section, it could mean that the location

V27N6

CANOPY ARCHITECTURE

V I T I C U LT U R E

service in settings is set as disabled, or
that there is no service at that particular
location from the carrier or phone
provider.
Outputs from the app
Once individual images have been
acquired and ‘done’ is pressed, an output
screen will show the results, as displayed
in Figure 5. The basic results obtained by
the app are: i) name of sample or species,
ii) calculated LAIM using equation 4, iii)
effective LAI calculated using equation 6, iv)
canopy cover (equation 1), v) crown porosity
(equation 2), vi) clumping index (equation
5), vii) date and time for image acquisition,
and viii) map showing location of image
acquired.
Mapping options
Besides the mapping option from
the app, which shows the location for
individual digital images and analysis
in a map, a comma-separated values
file (.csv) can be obtained, which can be
uploaded to the Irrigateway webpage from
CSIRO (http://www.irrigateway.net/tools/
du). This webpage was created to input
drip uniformity data and to map the data
using kriging interpolation techniques.
The user can paste the csv file from the

Figure 4. New measurement menu
showing file name, image source, light
extinction coefficient (k) and location.

Figure 5. Results output page showing
the name of tree or specie, calculated
LAIM, effective LAI, canopy cover,
crown porosity, clumping index, date
and time for image acquisition and map
showing location of image acquired.

app in the appropriate windows of the
CSIRO webpage. Once the form has been
completed and submitted, a PDF file is sent

back to the designated email as a report,
containing a map showing the spatial
variability of the data (Figure 6). Using this
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Figure 6. Example of spatial variability of LAI mapped using the Irrigateway tool
from CSIRO and by uploading data acquired by the LAICanopy® app.
tool, not only LAI can be mapped, but also
other architectural parameters, such as
canopy cover, crown cover, canopy porosity
and clumping index.
CONCLUSIONS
The LAICanopy app offers a versatile,
accurate and inexpensive tool to monitor
spatial and temporal variability of canopy
architecture parameters and leaf area
index within grapevine fields blocks.
Viticultural practitioners and scientists can
use this tool with comparable results to
other technologies available in the market
at a fraction of the price. This app will be
available in early 2013, when beta testing
will finish.
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