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Abstract 
Smartphones have advantages over specialist systems for extending crop monitoring, 

including ubiquity, price, user familiarity and ease of implementing updates.  

This project evaluated a range of smartphone based tools for measuring vine water status. 

Irrigation deficit treatments were applied to grapevines in the Riverland of South Australia. 

Water status measurements from smartphone based sensors were benchmarked against 

conventional methods including stem water potential and stomatal conductance. 

A thermal infrared camera system was selected as the most accurate and robust option for 

development into an app, which was tested by viticulturists in 2017. 
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Executive summary 
 

Smartphones contain a variety of sensors that have the potential to monitor the surrounding 

environment and provide an aid to decision making across a range of industries, from 

medicine through to agriculture. Smartphones have several advantages over specialist 

monitoring systems, including ubiquity, price, user familiarity and the ease of implementing 

updates. They also contain sufficient computing power, so the analysis and support software 

can be contained within the phone.  

 

A range of methods has been developed for the assessment of vine water status – however 

none currently meets the affordability, portability and ease of use requirements for wide scale 

adoption. A wide range of sensors could potentially be interfaced with smartphones to assess 

vine moisture status. The aim of this project work was to evaluate a range of smartphone 

based tools for measuring vine water status, leading to the development of the most 

promising tool into a smartphone application that can be easily used by vineyard managers. 

 

Systems that were evaluated included: 

• An infrared camera that is integrated into or connected directly to the smartphone and 

 uses established techniques for the analysis of thermal imagery to assess water status; 

• A portable Near Infrared spectrophotometer that interfaces with the phone and 

 measures reflectance across relevant wavelengths for the calculation of water status 

 indices; 

• A 3D camera that is integrated into or connected to the phone via Wi-Fi and can use 

 image analysis to assess the shape or orientation of the leaves; 

• A microscope attached to the smartphone camera or as a separate portable unit that 

 can be used to measure stomatal number and aperture and then calculate stomatal 

 conductance. 

 

A trial site with a range of irrigation deficit treatments applied to Chardonnay and Cabernet 

Sauvignon grapevines was established in the Riverland of South Australia. Water status 

measurements from the smartphone based sensors described above were benchmarked 

against conventional methods including mid-day stem water potential and stomatal 

conductance. 

 

The thermal infrared camera system, measuring the Crop Water Stress Index (CWSI), was 

selected as the most accurate and robust option for development into an app. The app was 

tested during the 2017 growing season to demonstrate its accuracy and confirm that the most 

appropriate indices were being used. User acceptance testing was also completed by 

viticulturists to assess its utility with further improvements being made during the season 

based on feedback from this testing. Positive feedback on the utility of the app was received 

from the beta testing group. Over the 33 days of formal assessment, the CWSI, as calculated 

by the app, had a strong relationship with the reference methods of mid-day stem water 

potential (R2 = 0.62) and stomatal conductance (R2 = 0.74). 

 

There is a range of scenarios where CWSI could be used to inform irrigation scheduling, 

which could complement or replace existing soil moisture monitoring systems. Regular 

assessment of the CWSI in a vineyard will help develop an understanding of what values to 

expect from different blocks or varieties. If the target is to maximise vineyard yield then 

water stress needs to be avoided, while not applying excessive water. Checking the CWSI 

immediately prior to applying irrigation would confirm that no stress had occurred. 

Preliminary estimates suggest that a CWSI of less than 0.7 recorded from a shaded canopy on 
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a hot day, or 0.5 on a cooler day would indicate vines are well irrigated. If the target is to 

optimise quality and minimise water use as part of a regulated deficit irrigation strategy, then 

the CWSI could also be used to inform irrigation decisions. If the vines are being maintained 

at a moderate water deficit (for example during the post flowering period) then irrigation 

could be withheld if the CWSI is below approximately 0.8 assuming very hot weather is not 

forecast. Tracking the CWSI over time may give a viticulturist more confidence to extend the 

period between irrigation applications. Soil moisture monitoring systems are normally point 

based at a limited number of sites across a vineyard; it is uncommon for all the blocks within 

a vineyard to be covered. The thermal camera is very portable and can be used to compare 

different parts of a block and across blocks. This system provides an easy opportunity to 

check sections of a block that may not be receiving enough water, and benchmark these 

against the section adjacent to the soil moisture probe. 

 

If the app is developed further and maintained so that it can be used by the wine industry, 

then the savings in water applications are likely to occur as growers will be able to easily 

assess their vineyards irrigation needs. Fruit quality will also potentially be improved through 

the better management of regulated water deficit, and by applying strategic irrigations to 

maintain canopy health and avoid defoliation. 

 

This project was completed as a collaboration between the South Australian Research and 

Development Institute (SARDI) and the University of New South Wales (UNSW). The 

measurement of vine water status was completed by SARDI at the Loxton Research Centre, 

and the image analysis and app development were completed by UNSW in Sydney. 
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Background 
 

Smartphones contain or can be attached to a variety of sensors that have the potential to 

monitor the surrounding environment and provide an aid to decision making across a range of 

industries, from medicine through to agriculture. Smartphones have many advantages over 

specialist monitoring systems including ubiquity, price, user familiarity and the ease of 

implementing updates; they also contain sufficient computing power, so that the analysis and 

support software can be contained within the phone (Ozdalga et al. 2012). 

 

A range of methods has been developed for the assessment of vine water status – however 

none currently meet the portability and ease of use requirements for wide scale adoption. 

Measures of water availability in the agricultural environment are important both for the 

efficient use of a valuable and increasingly scarce resource (e.g. Gerten et al. (2011)) and to 

produce high quality produce (Fereres and Evans 2006). There is a wide range of plant and 

soil water status assessment systems available for commercial use in Australia (Charlesworth 

2005, White and Raine 2008), with soil based sensors being by far the most popular in 

Australian viticulture where use is reported by more than 60% of growers (Green and 

Griffante 2009). Soil based systems are often preferred in the commercial environment 

because of their robustness, few maintenance requirements, familiarity among users and 

suppliers and low skilled labour requirements once installed (Charlesworth 2005). 

 

An easy, portable and cost-effective system for the direct and real-time assessment of vine 

water status remains a challenge for all agricultural industries (Jones 2004). As water 

resources become scarcer, the use of irrigation to optimise yield and quality will only 

increase in importance to the industry. Plant based monitoring systems are often used in a 

research context, but unfortunately their application to commercial production has been 

limited (Naor 2006). The direct indication of plant water status and ability to avoid symptoms 

that result in a reduction in productivity or quality are key positive attributes of measuring 

plant water status (Jones 2004). In addition, most soil based sensing systems, especially those 

designed to measure to a depth (1m and below) relevant for perennial crops, are point based 

and do not allow variation across an orchard or vineyard to be easily assessed. Plant based 

sensors are often far more portable as they can be easily moved between plants. 

 

Water potential (pre-dawn, leaf and stem) as measured by the Scholander pressure chamber 

(Scholander et al. 1964) is the most widely accepted direct sensing method (Jones 2004). 

There are several limitations to the commercial use of this technique in Australian viticulture, 

including the extensive labour requirements, operator safety, inconsistency between operators 

and the requirement for leaf pre-bagging. 

 

Alternative measurement techniques including infrared cameras and leaf NIR spectrometry 

have been researched; however, we are not aware of any commercial systems that are 

available in these areas. The cost of hardware and specialist systems is a likely impediment to 

their development. Smartphones are a ubiquitous business tool and are the ideal mount for a 

plant based water sensor, given their portability and ease of access to software updates. They 

are generally equipped with high resolution cameras, or can have specialist sensors such as 

microscopes, stereo cameras, thermal cameras or spectrometers attached.  

 

The development of a smartphone based system to assess water stress in vines would promote 

the broader uptake of water stress monitoring across the viticulture industry, potentially 

improving water use efficiency and fruit quality. We investigated four smartphone based 

systems, to determine their viability to assess vine water status. 
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Spectroscopy 
 

Near infrared (NIR) spectroscopy is a commonly used, non-destructive method to analyse 

components of agricultural and food products (e.g. Cozzolino et al. (2006)). The NIR region 

of the electromagnetic spectrum (730–2300 nm) contains wavelength ranges that are affected 

by the sample water content or concentration. These include strong NIR absorption bands of 

water around 1400–1440 nm and between 1900 to 1950 nm, which have often been applied to 

the quantitative analysis of water content in food (e.g. Cozzolino et al. (2006)). Wavelength 

bands related to water have also been utilised in NIR reflectance with proximal and remote 

sensing applications to determine water content and water status of plants (e.g. Peñuelas et al. 

(1993)). De Bei et al. (2011) evaluated the measurement of the water status of grapevines 

using a spectrophotometer; compared to midday leaf water potential measured on an adjacent 

leaf on the same shoot. The NIR showed good predictive ability for stem water (Ψstem) 

potential for each of the three grapevine varieties assessed, suggesting that NIR can be used 

as a simple and rapid method to detect grapevine water status. Unfortunately, the equipment 

used to complete this analysis was very expensive (more than $25,000), meaning that it is not 

easily accessed by growers. 

 

Camera based leaf angle 
 

The canopy morphology (leaf orientation and angle) changes as water stress develops in 

grapevines (and most other plants). Experienced managers can tell if irrigation is required 

based on observation – however this is largely intuitive with no direct relationship between 

canopy appearance and water stress. Research in the 1970s demonstrated a relationship 

between the angle formed between the leaf midrib and the petiole with vine water stress 

(Smart 1974); however, collecting these measurements was very onerous. Stereo vision 

makes use of the disparity between two offset cameras to build a depth map which represents 

the scene in three dimensions as viewed from the perspective of the camera. More recently a 

stereo camera and a local edge detection algorithm were used to make simple measurements 

of leaf angles (relative to the ground) and these were used as an indication of water stress 

(Mizuno et al. 2007). Image analysis of photos collected by a smartphone may be able to 

determine these leaf traits in real time based on the angle or the cupping of the leaves.  

 

Stomatal aperture 
 

The stomata are the pores on the leaf that regulate the gas flow (stomatal conductance, gS) 

and control photosynthesis and transpiration. Under water stress conditions the stomata will 

close to prevent the leaves desiccating. The stomata are small and cannot be seen with the 

naked eye. Currently, stomatal number and aperture are assessed by taking an imprint of the 

leaf and analysing this under a microscope in the lab, however these measurements aren’t 

used for irrigation scheduling Sadras et al. (2012). Stomatal number and aperture have also 

been assessed directly (usually in the lab) using a camera mounted in an optical microscope 

(Kappen et al. 1995). There is a variety of high powered magnifying attachments (up to 200x) 

available for smartphone cameras that may allow images of suitable quality to be collected so 

that stomatal aperture, and the proportion of closed stomata can be assessed in the field. If the 

area of the open stomata pores, relative to the image (or leaf) area is known then the gS can be 

calculated (Lawson et al. 1998), if this method is to be used successfully then a sampling 

regime to overcome the impact of stomatal patchiness would also be needed (Düring and 

Stoll 1996). 
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Thermal imaging 
 

An alternative plant based method of assessing water status is based on the measurement of 

water use by the plant. This is assessed as gS to water vapour or the transpiration (similar to 

evaporation) of water from the leaf/canopy. This can be completed by using a porometer or 

other devices that can directly measure the gas exchange of individual leaves; however, the 

logistics of measuring individual leaves across a canopy make these methods difficult (Costa 

et al. 2013). As a surrogate for the direct measurement of water loss by leaves, leaf (or 

canopy) temperature can be measured, based on the principle that the reduction in 

temperature is proportional to the amount of water lost from the leaves and the associated 

evaporative cooling. On this basis when the stomata close, transpiration stops, and the leaf 

temperature increases; when the stomata open, transpiration increases and canopy 

temperature drops (Brown and Escombe 1905). 

 

The principle that infrared thermometry can be used as an indicator of plant water stress was 

first developed in the 1960s (Tanner 1963), and the technological improvements over the last 

50 or more years has allowed the refinement of these techniques for the assessment of plant 

water status. Infrared cameras are now available that are integrated into or able to be 

connected directly to the smartphone. These systems can potentially be used to assess the 

irrigation requirements of crops and meet the portability and ease of use requirements for 

wide scale adoption. Solutions have been developed that allow gS to be estimated directly 

from canopy temperature and a range of other meteorological inputs (Guilioni et al. 2008, 

Leinonen et al. 2006). In addition, simple indices have been developed that can convert the 

canopy temperature measurements into a value suitable for irrigation scheduling, such as the 

Crop Water Stress Index (CWSI). 

 



10 

 

Project Aims and Performance targets 
 

This project aimed to evaluate a range of smartphone based sensing systems and to develop a 

system that can assess vine water stress in an accurate and reproducible manner. This method 

would be developed into a smartphone application and user acceptance testing completed to 

integrate the preferred technology into a tool to assess vine water status. 

 

The project was split over two seasons; the first season focused on assessing the hardware 

and software options for each of the four proposed techniques: 

 

• Spectrometer (SCiO molecular sensor) 

• 3D Camera based leaf angle (Stereo camera system; GoPro and Fujifilm FinePix 

Real 3D) 

• Stomatal aperture (Smartphone based microscopes, ProScope Micro Mobile, 

ProScope EDU and ProScope HR2) 

• Thermal Camera (FLIR One and Seek). 

At the end of the first season the accuracy of each of the techniques was assessed, and the 

preferred candidate technology selected based on accuracy and ease of use. Measurements 

were conducted at the SARDI Loxton Research Centre and image analysis was completed at 

the UNSW in Sydney. Development of the beta version of the app was completed by a 

contractor working with the UNSW. 

 

The preferred assessment system (the FLIR One, thermal camera) was chosen on the 

completion of the first season of assessments. During the second season the technique was 

validated based on measurements taken from vines at the Loxton Research Centre. The image 

analysis process and calibration of the results against standard methods were refined by 

UNSW. Beta testing of the application was completed by potential users across a range of 

regions and varieties and feedback on the app utility and how it could be improved was 

sought. The app was improved during the season based on feedback from the beta testers. 
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Method 
 

Four methods of estimating vine water status, that could potentially be based on a 

smartphone, were compared to stem water potential (Ψstem, measured with a pressure 

chamber), and stomatal conductance (gS, measured using a porometer). 

 

Trial site and sampling regime 
 

Trial vines were located at the Loxton Research Centre, and consisted of a plot of Cabernet 

Sauvignon managed to four irrigation levels (namely 100%, 75%, 50% and 12.5% of 

evapotranspiration throughout the season), and a plot of Chardonnay both fully irrigated 

(100% evapotranspiration) and a deficit irrigation regime imposed two weeks prior to the first 

assessments of vine water status. Measurements of vine water status were collected on the six 

treatments (four Cabernet Sauvignon and two Chardonnay) on five dates during February and 

March 2016 (season one) and 33 dates between December 2016 and March 2017 (season 

two). On every date, reference measures including gS (porometer) readings from four shaded 

leaves and Ψstem (pressure chamber) from three leaves per vine were collected (see below). 

During season one, vines were assessed using the four potential analysis methods, 

spectrometer, 3D Camera based leaf angle assessment, imaging of stomatal aperture and 

thermal imaging of canopy temperature (more details on these methods are provided below). 

The aim of sampling across a range of dates was to provide a wide range of weather 

conditions so the robustness of all techniques could be assessed. 

 

Reference methods 
 

Two standard measures of vine water status were used. Measurements of Ψstem were made 

using a pressure chamber; model 3000 (Soil Moisture Equipment Corporation, Santa Barbara, 

CA, USA) with the standard analog gauge replaced with a 0-5 MPa digital gauge (DG 25, 

Ashcroft, Stratford, Connecticut, USA). The method of Choné et al. (2001) was followed; 

briefly, leaves were enclosed in an aluminium foil covered bag for at least one hour prior to 

measurement so that leaf water potential could equilibrate with Ψstem. Measurements of gS 

were made using a SC-1 Leaf Porometer (Decagon Devices, Pullman, Washington, USA), 

following the operating instructions for this device. 

 

Spectroscopy 
 

The SCiOTM Pocket Spectrometer (Consumer Physics, Tel-Aviv, Israel) uses the Bluetooth 

protocol to communicate with a smartphone, which acts as a controller and provides access to 

the internet for cloud based data analysis.  The SCiOTM was used to capture reflectance 

responses across a narrow band of wavelengths (740 to 1070 nm) from ten leaves on each 

treatment vine on each data collection date during season one. A white tile was used as a 

backing for the leaf, as results varied when different backing materials were used. The 

resulting spectral signatures were analysed against Ψstem and gS using the proprietary 

multivariate statistical software on the SCiOTM Lab website 

(https://sciolab.consumerphysics.com/). For this analysis, wavelengths in the 870-1000 nm 

range were used and the spectra were pre-processed by subtracting the minimum values and 

then taking the second derivative prior to calculation of the partial least squares regression. 

The Water Band Index was also calculated based on the reflectance at 970 nm divided by the 

reflectance at 900 nm (Peñuelas et al. 1993) and this was compared to the results from the 

reference methods. 

 

https://sciolab.consumerphysics.com/
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Stomatal aperture 
 

Three microscopes that could be attached to a smartphone were trialled, the ProScope Micro 

Mobile (80x magnification), ProScope EDU (300x magnification), and ProScope HR2 (400x 

magnification). The microscope systems were all manufactured by Bodelin Technologies 

Wilsonville, OR, USA. The Micro Mobile was able to use the smartphone camera, while the 

other systems used their own cameras as well as lighting and optics. There are many similar 

products on the market, unfortunately most have exaggerated magnification and resolution 

claims that include the size that the image will appear on a computer monitor. There was a 

delay in the delivery of the highest resolution microscope, so as a substitute, nail polish 

stomatal peels (Gitz and Baker 2009, Meister and Nordenkampf 2001) were collected from 

leaves so the image analysis and sampling regime could be further developed if this approach 

appeared promising. The images of the stomatal peels were analysed using a cascade object 

detection algorithm; in this case the Viola-Jones face detection algorithm was retrained to 

detect stomata (Viola and Jones 2004). Cascade object detection is well suited to this analysis 

as it assumes that a large proportion of the image does not contain the object of interest and 

the aspect ratio does not change significantly. Once the Regions of Interest (ROIs) containing 

the individual stomates had been identified, the ROIs were binarised and skeletonised to 

detect the actual pore. More detail on the analysis method is presented in Jayakody et al. 

(2017), please refer to the Communications section. 

 

3D Camera based leaf angle 
 

The three-dimensional images were taken with two GoPro Hero3+TM cameras mounted in 

the 3D Dual Hero System (both GoPro, San Mateo, California, USA) and linked to a 

smartphone to provide a viewfinder capability. Images were also collected using a FinePix 

Real 3D camera (Fujifilm, Minato, Japan). The leaves were displayed with a black cardboard 

backing with a hole to allow the petiole through. The black backing ensured the leaves were 

easily distinguishable from the background and a scale was included to allow the leaf size 

and shape to be calculated. Two methods were trialed in order to measure leaf shape or 

cupping. 

1) The scale-invariant feature transform (SIFT) algorithm was used to identify and 

match the location of features (nominally the leaf edges) between the two leaf images. 

This technique relies on identifying the same location on each of the paired images to 

calculate their locations in three dimensions.  

2) A Structure from Motion (SfM) technique (Zhang et al. 2016) was used to develop a 

3D point cloud from the pair of stereo images. The point cloud was then examined to 

determine the degree of cupping.  

 

Thermal imaging – Season 1 
 

Two smartphone based thermal camera systems, the FLIRTM One (Wilsonville, Oregon, 

USA) and the SeekTM Thermal (Santa Barbara, California, USA) were benchmarked against a 

professional thermal camera (FLIR B365, FLIR Wilsonville, Oregon, USA) during the first 

season. The SeekTM Thermal had a 206 x 156 pixel resolution sensor, a 36° diagonal field of 

view and a manual focus lens. The long wave infrared sensor had a range of 7.5 to 14 μm and 

the camera could measure over a temperature range of -40oC to 330oC. The SeekTM 

application allowed the user to move between an image from the smartphone camera and the 

thermal image to make orientation easier (Anon 2015a). The FLIRTM One (Wilsonville, 

Oregon, USA) thermal camera was selected for this project, it has a 160 x 120 pixel 

resolution. The system includes a second VGA (640 x 480 pixel resolution) camera mounted 
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adjacent to the thermal sensor, and software that generates an overlay which defines the 

border of the objects in the image making it easier to orientate and focus. The camera has a 

long wave infrared sensor with a range from 8 to 14 μm and the lens has a field of view of 

46o horizontal and 35o vertical. The camera measured over a temperature range of -20oC to 

120oC (Anon 2015b).  

The crop water stress index (CWSI) was calculated based on the equation modified from Idso 

(1982) by Jones (1999) for the use of wet and dry reference leaves: 

 

CWSI = Tcanopy - Twet 

     Tdry - Twet 

 

Where Tcanopy is the shaded canopy temperature (oC) obtained from the thermal image, and 

Tdry and Twet are the reference temperatures (oC). Tdry was initially obtained by painting the 

abaxial side of the leaf with petroleum jelly (Tdry(pet)) (Vaseline, Unilever, London, U.K.) 

(Idso 1982, Jones 1999). Twet was the temperature of leaves regularly sprayed with water and 

a little dishwashing soap during measurements (Twet(leaf)). 

Images were collected from the shaded side of the canopy for all measurements, as this 

allowed the assessment of vine water status across a wider range of conditions, especially 

intermittent cloud cover. The canopy temperature and the wet and dry reference temperatures 

were manually selected using the rectangular or circular selection tools respectively, and 

extracted from the images using the FLIR ToolsTM software. 

 

Thermal imaging – Season 2 
 

During the second season the application development and further validation of the methods 

focused on using the FLIRTM One thermal camera. Applying water or petroleum jelly directly 

to leaves was unlikely to be a practical option for growers, so a range of fabric references was 

tested as alternatives to real leaves. This also allowed the reference surfaces to be coloured, 

which made them easier to identify in the images. Tdry was replicated using a red fabric 

reference surface (Tdry(fab)) similar to Maes et al. (2016), but coloured red, a detached leaf 

(Tdry(leaf)) was also trialled. Twet was also replicated using a fabric reference surface (Twet(fab)) 

again similar to Maes et al. (2016), and coloured red. A fabric wick was submerged in a 

bottle of water to ensure that the Twet(fab) remained moist. A range of terrycloth fabrics was 

evaluated for the Tdry(fab) and Twet(fab) during initial testing and significant differences in the 

relationship between fabric and leaf based reference surfaces were observed. To have a 

consistent supply of fabric that could be easily accessed by growers or researchers we 

selected a towel that was distributed globally (Fräjen, IKEA, Leiden, Netherlands). 

Other temperature based indices of crop water status are available, and these were also 

assessed during the second season. These indices are potentially more accurate under humid 

conditions or would allow water stress to be assessed without the need for the Tdry or Twet.  

 

The CWSI can be rearranged as proposed by Jones (1999) to give the conductance index (Ig): 

 

Ig =  Tdry – Tcanopy 

 Tcanopy - Twet 

 

Where Ig is proportional to the gS and therefore decreases as the stomata close and the 

differential between the Twet and the Tcanopy increase. The Ig is more sensitive to changes in 

plant water status when the water deficit is low, making it suitable for use in humid 

conditions or where less water stress is present (Jones 1999). 
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A series of formulae has also been derived from the basic leaf energy balance (Jones et al. 

2002) to calculate gS directly from canopy temperature and a combination of environmental 

variables and reference leaf temperatures (Guilioni et al. 2008, Leinonen et al. 2006). These 

formulae potentially offer the advantage of allowing plant water status to be calculated based 

on meteorological parameters (collected by a weather station adjacent to site) without the 

requirement to erect the wet and/or dry reference surfaces.  

 

The first formula is calculated directly based on canopy temperature and environmental 

parameters (net isothermal radiation, wind speed, air temperature and relative humidity), 

(Leinonen et al. 2006): 

 

gs(no ref) =                                                                       1                                                           . 

                -ρ x cp x rHR x (s(Tcanopy-Tair)+D)/(ϒ(Tleaf-Tair) x ρ x cp -rHR x Rni))-raW 

 

Where ρ is the density of air (kg.m-3), cp is the specific heat capacity of air (J.Kg-1.K-1), s is 

the slope of the curve relating saturated water vapour pressure to temperature (Pa.oC-1), rHR is 

the parallel resistance to heat and radiative transfer (s.m-1), D is the air vapour pressure deficit 

(Pa), ϒ is the psychrometric constant (Pa.K-1), Rni is the net isothermal radiation (the net 

radiation for a leaf at air temperature (W.m-1) and raW is the leaf boundary layer resistance to 

water vapour (s.m-1). 

 

The second formula avoids the need for the measurement of absorbed radiation by using Tdry 

(Leinonen et al. 2006): 

 

gs(dry) =                                                                       1                                                           . 

            -ρ x cp x rHR x (s(Tcanopy-Tair)+D)/(ϒ(Tleaf-Tair) x ρ x cp x (Tcanopy-Tdry)))-raW 

 

Complementing the above calculations; gS can also be calculated based on environmental 

parameters and the wet and dry reference surfaces. The most appropriate formula for 

grapevines assumes the reference surface is wet on both sides and the leaves are 

hypostomatous (stomata on the lower side) (Guilioni et al. 2008). 

 

gs(dry&wet) =                                                    1                                                        . 

                (raW/2 + (s/ϒ) x rHR) x (Tcanopy - Twet)/(Tdry – Tcanopy) - raW/2 

 

For the automatic detection of the canopy temperature and wet and dry reference 

temperatures, the images were analysed as follows. The thermal image in the proprietary 

FLIRTM MSX format was processed using a 7 x 7 pixel gaussian smoothing filter to reduce 

noise. A binary reference mask corresponding to the red areas in the RGB image (the wet and 

dry references) was generated by converting the RGB (Red, Green, Blue) image to HSV 

(Hue, Saturation, Value) format and selecting the red portion of the image as having values, 

H: 328 – 366, S:  0.47 – 1.0 and V: 0.21 – 1.0. Noise (random variation across the binary 

image) was removed using two series of filters of different sizes. A 5 x 5 pixel erode filter 

and then a 7 x 7 pixel dilate filter were used to remove speckles followed by a 11 x 11 pixel 

erode filter and a 9 x 9 pixel dilate filter to close any gaps. The filter was also applied to the 

thermal image with a 15-pixel inset to avoid errors due to poor focus of the thermal image or 

misalignment of the original RGB and thermal images. The thermal data in the wet and dry 

references were divided into contours at 0.1oC intervals and the warmest (dry reference) and 

coldest (wet reference) section of the image, that was greater than 50 pixels in size, was 

selected.  
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To calculate the canopy temperature a second binary mask was created from the thermal 

image. All sections of the image that contained temperatures that were hotter than the dry 

reference and cooler than the wet reference were excluded (Fuentes et al. 2012). The image 

noise and potential errors due to poor focus were managed using the filters and inset 

described above. Both filters were applied to the RGB image, so it could be displayed on the 

screen of the smartphone to allow the user to check that the filter had worked correctly and 

highlighted the wet and dry references. Originally a slider bar was provided to allow the 

upper and lower temperature thresholds to be adjusted to better define the portion of the 

image that was considered canopy; however, this feature was found difficult to use by the 

user acceptance testers (see below). The canopy was occasionally not well defined in test 

images so an additional binary filter, to exclude the background (non-canopy) from the image 

was added. The filter was based on a Naïve Bayes classifier trained on the RGB images of the 

canopy. This is a supervised classification technique for constructing classifiers of a 

probabilistic graphical model. The canopy temperature was automatically calculated from the 

remaining portion of the image once the masks were used to exclude the image background 

and the reference surfaces. Once again, a 15-pixel inset was used to avoid errors due to poor 

focus of the thermal image or misalignment of the original RGB and thermal images. 

 

User acceptance testing 
 

For user acceptance testing a system was distributed to 16 reviewers comprising the FLIRTM 

One and an Android Smartphone (A1601, Oppo, Dongguan, Guangdong, China). The 

application was configured to automatically synchronise measurements with a server every 

time the phone was connected to Wi-Fi (a SIM card was not installed), this allowed camera 

usage to be tracked and diagnostics easily provided for any user issues. The application and 

its instructions were refined and updated throughout the 2016-17 growing season, with 

updates to the software version uploaded to the phones when they were connected to Wi-Fi. 

Refinements included changes in the CWSI formula to account for differences between the 

Tdry(pet) and Tdry(fab), and Twet(leaf) and Twet(fab). Improvements to the system for the automatic 

delineation of the canopy (see above) meant that the slider bar to help exclude the image 

background based on temperature could be removed. After harvest the user acceptance testers 

were surveyed around the utility of the application and their intentions for further use if it was 

made publicly available (Table 1), this was followed up by a phone or in person interview. 
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Results and discussion 

 

Spectroscopy 
 

The SCiO was able to collect leaf reflectance spectra across the range of wavelengths from 

740 to 1070 nm including the range from 870 to 1000 nm which contains the region that is 

highly sensitive to water (Figure 1 and Figure 2). The app required a connection to the 

internet via a smartphone for the spectrophotometer to work effectively. Variable mobile 

phone coverage at the trial site Loxton sometimes limited the operation of the spectrometer, 

but overall the equipment performed adequately. The SciO software allowed the development 

of models by which spectrometer measurements were used to estimate measured parameters, 

in this case Ψstem and gS, and then analysed the relationship between the measured and 

estimated values. The partial least squares (PLS) model generated for the Ψstem (Figure 3, r2 

0.78) was much more reliable than the model developed for gS (Figure 4, r2 0.36). The model 

was less accurate low measured water potential values, with the estimated values remaining 

relatively high, indicating that the spectrometer was unable to differentiate MDSWP at values 

below -1.5 MPa. The relationships between Water Balance Index and Ψstem or gS was very 

poor, and this is unlikely to be a useful metric when collected using the SCiO (Figure 5 and 

Figure 6).  

 

 
Figure 1 

Reflectance spectra of Cabernet Sauvignon leaves collected by the SCiO and grouped by 

Ψstem. Spectra have been processed by subtracting the minimum values and calculating the 

second order derivative. 
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Figure 2 

Reflectance spectra of Cabernet Sauvignon leaves collected by the SCiO and grouped by gS. 

Spectra have been processed by subtracting the minimum values and calculating the second 

order derivative. 

 

 
Figure 3 

Relationship between the Ψstem measured using a pressure chamber and the estimated Ψstem 

based on leaf spectral reflectance collected by the SCiO for Cabernet Sauvignon. 
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Figure 4 

Relationship between gS measured using a porometer and estimated gS based on leaf spectral 

reflectance collected by the SCiO for Cabernet Sauvignon. 

 

 
Figure 5 

The relationship between the Ψstem measured using a pressure chamber and Water Band Index 

(reflectance at 970nm/900nm) measured using the SCiO for Cabernet Sauvignon and 

Chardonnay. 
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Figure 6 

The relationship between gS measured using a porometer and Water Band Index (reflectance 

at 970nm/900nm) measured using the SCiO for Cabernet Sauvignon and Chardonnay. 

 

Stomatal aperture 
 

Despite trialling three models of smartphone compatible microscopes; we were unable to 

directly collect images of suitable resolution and clarity in the field to allow the stomatal 

density and aperture to be analysed directly. While the stomata could be distinguished in the 

best example images (Figure 7), we struggled to collect images of this quality consistently in 

the vineyard. As an alternative, while higher resolution microscopes were being investigated, 

we collected and analysed stomatal peels. The analysis of images of stomata impressions in 

nail polish proved successful with a precision of over 90% recorded for test images. This was 

better than the 50-60% precision seen by other authors, and further details are presented in 

Jayakody et al. (2017), please refer to the Communications section. Unfortunately, until 

microscopes with higher resolution and better lighting systems are available for mounting on 

smartphones, this technique is not practical for field use. 
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Figure 7 

Example image of stomata on the underside of a grapevine leaf collected with a ProScope 

HR2. This image was collected in the laboratory under ideal conditions. 

 

 
Figure 8 

Example image of a stomatal peel collected using nail polish applied to a leaf and then 

photographed on a binocular microscope. 

 

3D Camera based leaf angle 
 

The scale-invariant feature technique (SIFT) used to determine sparse correspondences 

between the stereo leaf images failed to detect the leaves in this situation (Figure 9). The 

uniform black background was effectively featureless, meaning its position with respect to 

the camera could not be accurately characterised. The leaf itself was also relatively 

featureless, hence very few points on the surface could be correlated between the images and 

then used to obtain depth values that would have been an indication of cupping. While the 
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chequerboard pattern provided clear features, it does not contribute to measurement of the 

leaf. Hence this method was not effective for measuring leaf shape. 

An alternative method to estimate leaf shape using structure from motion was also tested. 

This generated a 3D point cloud for each leaf (Figure 10); the missing segments of the leaf 

are due to homogeneous surface textures causing the matching to be inaccurate (Zhang et al. 

2016). This process was also computationally expensive, taking several minutes per leaf as it 

employs a global matching algorithm. Unfortunately, when the leaves were profiled, the 

amount of cupping that was detected was quite small, even on the severely water stressed 

treatments (Figure 10). This suggests that insufficient differentiation between stressed and 

unstressed leaves could be observed by analysing the amount of leaf cupping. 

 

 
Figure 9 

Scale-Invariant Feature Transform feature matching between stereo images, showing lack of 

features detected on leaf. 

 

 
 
Figure 10 

Front (left) and side (right) view of the leaf image generated using dense stereo matching, 

note the very limited variation in depth in the side view image. 

 

Thermal imaging – Season 1 
 

Of the two smartphone based thermal camera systems used, the FLIRTM One provided images 

that were clear and easier to interpret compared to the Seek (Figure 10 and Figure 11). This 

meant that the temperatures of wet and dry reference surface temperatures were significantly 

easier to extract from the FLIRTM One images compared to the Seek images. The resolution 

of the professional thermal camera (FLIR 365) was significantly better than either of the 

smartphone based cameras (Figure 12), however the cost of these cameras is up to 100 times 
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the smartphone based systems and they do not contain the onboard processing capability to 

analyse the image and estimate water stress. 

 

The CWSI was calculated based on the Tcanopy, Twet(leaf) and Tdry(leaf). When these calculations 

were compared to the reference methods, Ψstem (Figure 14) and gS (Figure 15), they gave the 

most consistent and robust results. Therefore, this method was developed further during the 

second season to confirm its accuracy and utility. 

 
Figure 11 

Thermal image collected by the FLIR One camera, note the outline provided by the RGB 

camera which makes the thermal camera easier to orientate. (a) represents wet filter paper, (b) 

represents a wet leaf and (c) represents dry filter paper. 
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Figure 12 

Thermal image collected by the Seek camera. (a) represents wet filter paper, (b) represents a 

wet leaf and (c) represents dry filter paper. 

 
Figure 13 

Thermal image collected by the FLIR 365B camera, note the higher resolution provided by a 

professional camera. (a) represents wet filter paper, (b) represents a wet leaf and (c) 

represents dry filter paper. 
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Figure 14 

The relationship between Ψstem and CWSI as assessed during the 2015-16 growing season. 

Results were collected from both Cabernet Sauvignon and Chardonnay (see methods for 

more details of the plant material). 

  
Figure 15 

The relationship between gS and CWSI as assessed during the 2015-16 growing season. 

Results were collected from both Cabernet Sauvignon and Chardonnay (see methods for 

more details of the plant material). 
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Thermal imaging – Season 2 
 

The selection of the canopy, so that Tcanopy can be determined, and the accurate assessment of 

Tdry and Twet are critical to the calculation of gs and the water stress indices. The application 

appeared to accurately select the canopy and the Tdry and Twet in almost all cases (e.g. Figure 

16). The reliability of the canopy selection was assessed by comparing canopy temperatures 

calculated from a manually selected portion of the canopy and the fully automated selection. 

A strong, 1:1 relationship, was seen between the manually selected section of the canopy and 

the fully automated method (Figure 17), this gave us confidence in the methods used to select 

the canopy. 

 

A second assessment was completed to determine the accuracy of using artificial Tdry and 

Twet as substitutes for leaves treated with sprayed water or petroleum jelly. The temperature 

of the Tdry(pet) was used as the benchmark comparison to the temperature of the Tdry(fab) and 

the Tdry(leaf). A strong relationship was seen between the Tdry(pet) and both the Tdry(fab) and the 

Tdry(leaf) (Figure 18 and Figure 19), however, this relationship was not 1:1 in either case. The 

relationship between Twet(leaf) and Twet(fab) was not as strong as between the dry temperature 

references, however the R2 was above 0.87 and once again, the slope was not 1:1 (Figure 20). 

As the relationship between the leaf and the fabric based Tdry and Twet was not 1:1, a 

correction factor was developed for use prior to the calculation of the indices so that the 

values were equivalent to those collected from the Twet(leaf) and Tdry(leaf). 

 

Indices calculated from the canopy temperature were compared to gS (Figure 21, Figure 22, 

Figure 23, Figure 24 and Figure 25) and Ψstem (Figure 26, Figure 27, Figure 28, Figure 29, 

Figure 30). The relationships between gS(porometer) and the indices was linear, while the 

relationships between Ψstem and the indices was best predicted using a curvilinear model. The 

CWSI showed the strongest relationships with both gS(porometer) and Ψstem (Figure 21 and 

Figure 26) and the relationship between gS(porometer) and the index was always stronger than 

the relationship between Ψstem and the equivalent index. This assessment confirmed that the 

CWSI was the best option for the assessment of vine water stress under the test conditions. 
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Figure 16 

Thermal image as collected by the FLIR One (top). A screen shot of image as displayed by 

the application showing the canopy demarcated using the thermal colours, the reference 

surfaces as green and the warmest and coolest points on the reference surfaces as the blue and 

red triangles respectively (centre). The RGB image of the canopy as collected by the VGA 

camera on the FLIR One (bottom). 
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Figure 17 

The relationship between the temperature of a manually selected section of the grapevine 

canopy (Tcanopy(manual)) and the temperature of the entire canopy selected automatically by the 

application (Tcanopy(automatic)). Dashed line is 1:1. 

 

 

 
Figure 18 

The relationship between the temperature of the leaf with the abaxial side coated with 

petroleum jelly (Tdry(pet)) and the temperature of a detached leaf (Tdry(leaf)) that was suspended 

in the canopy. Dashed line is 1:1. 
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Figure 19 

The relationship between the temperature of the leaf with the abaxial side coated with 

petroleum jelly (Tdry(pet)) and the temperature of a fabric reference (Tdry(fab)) that was 

suspended in the canopy. Dashed line is 1:1. 

 

 
Figure 20 

The relationship between the temperature of the leaf where the adaxial surface had been 

sprayed with water (Twet(leaf)) and the wet fabric reference surface (Twet(fab)). Dashed line is 

1:1. 
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Figure 21 

The relationship between gS of Chardonnay and Cabernet Sauvignon subject to a range of 

water deficit treatments (see text for details) and CWSI calculated from the average canopy 

temperature and the wet (Twet(fab)) and dry (Tdry(fab)) fabric reference surfaces. 

 

 

 
Figure 22 

The relationship between gS of Chardonnay and Cabernet Sauvignon subject to a range of 

water deficit treatments (see text for details) and Ig calculated from the average canopy 

temperature and the wet (Twet(fab)) and dry (Tdry(fab)) fabric reference surfaces. 
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Figure 23 

The relationship between gS of Chardonnay and Cabernet Sauvignon subject to a range of 

water deficit treatments (see text for details) and gs(no ref) calculated from the average canopy 

temperature and environmental parameters (see text for details). 

 

 

 
Figure 24 

The relationship between gS of Chardonnay and Cabernet Sauvignon subject to a range of 

water deficit treatments (see text for details) and gs(dry) calculated from the average canopy 

temperature, environmental parameters and the dry fabric reference (Tdry(fab)). 
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Figure 25 

The relationship between gS of Chardonnay and Cabernet Sauvignon subject to a range of 

water deficit treatments (see text for details) and gs(dry&wet) calculated from the average 

canopy temperature, environmental parameters and the wet (Twet(fab)) and dry (Tdry(fab)) fabric 

reference. 

 

 
Figure 26 

The relationship between Ψstem averaged from three leaves of Chardonnay and Cabernet 

Sauvignon subject to a range of water deficit treatments (see text for details) and CWSI 

calculated from the average canopy temperature and the wet (Twet(fab)) and dry (Tdry(fab)) fabric 

reference. 
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Figure 27 

The relationship between Ψstem averaged from three leaves of Chardonnay and Cabernet 

Sauvignon subject to a range of water deficit treatments (see text for details) and conductance 

index (Ig) calculated from the average canopy temperature and the wet (Twet(fab)) and dry 

(Tdry(fab)) fabric reference surface. 

 

 
Figure 28 

The relationship between Ψstem averaged from three leaves of Chardonnay and Cabernet 

Sauvignon subject to a range of water deficit treatments (see text for details) and gs(no ref) 

calculated from the average canopy temperature and environmental parameters. 
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Figure 29 

The relationship between Ψstem averaged from three leaves of Chardonnay and Cabernet 

Sauvignon subject to a range of water deficit treatments (see text for details) and gs(dry) 

calculated from the average canopy temperature, environmental parameters and the dry fabric 

reference (Tdry(fab)). 

 

 
Figure 30 

The relationship between Ψstem averaged from three leaves of Chardonnay and Cabernet 

Sauvignon subject to a range of water deficit treatments (see text for details) and gs(dry&wet) 

calculated from the average canopy temperature, environmental parameters and the wet 

(Twet(fab)) and dry (Tdry(fab)) fabric reference. 
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User acceptance testing 
 

Most users found the application simple to use and the instructions (Appendix 5) easy to 

follow. They generally felt that the results (CWSI) reflected the appearance of the vines or 

their other measurements of water status (primarily soil moisture content) (Table 1). 

Comments suggested that the unusually wet season in some locations meant that vines did not 

experience the usual level of water stress, which limited some of the opportunities to test the 

application (Appendix 5). There was less certainty about the utility of the CWSI for 

scheduling irrigation, but none of the testers disagreed with this question (Table 1). 

Comments from the interviews suggested that once the users became more familiar with the 

application and the CWSI as a method for assessing vine water status, the confidence in this 

technique would improve (Appendix 5). The primary areas of concern for the testers were the 

need to collect images from the shaded side of the row and the requirements to erect the 

Tdry(fab) and Twet(fab) in the canopy for each reading (Appendix 5). Several users suggested 

improvements to the mounting or display of the Tdry(fab) and Twet(fab) which are easy to 

implement. Others requested that a system be developed that does not require the reference 

surfaces. These methods were investigated further as part of this project (see above). Over 

80% of the testers would consider using the application in the future and recommend it to 

others to use (Table 1). 

 
Table 1 

Responses of beta testers to statements regarding the performance of the application and 

questions on intentions for future use. 

 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

The App was simple to use 0 % 0 % 0 % 75 % 25 % 

The methodology for using the 

app is clearly defined in the 

instructions 

6 % 0 % 13 % 56 % 25 % 

I was comfortable installing the 

reference leaves for each set of 

measurements 

13 % 6 % 25 % 50 % 6 % 

The CWSI results were what you 

expected 

6 % 0 % 19 % 63 % 13 % 

I considered the weather 

conditions when making 

measurements and interpreting 

results 

0 % 6 % 19 % 38 % 38 % 

The CWSI figures were useful in 

making irrigation decisions 

0 % 0 % 38 % 50 % 13 % 

Would you consider using the app 

in the future? 
13 % n/a 6 % n/a 81 % 

Would you recommend the app to 

others? 
0 % n/a 12.5 % n/a 88 % 
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Outcomes and conclusions 

 

This project has successfully evaluated a range of smartphone based methods to assess vine 

water stress quickly and easily in the vineyard. The most promising method was selected, and 

this was developed into a prototype smartphone application. The app was tested to 

demonstrate its accuracy and confirm that the most appropriate indices were being used. It 

was also beta tested by viticulturists to assess its utility with further improvements being 

made based on this testing. These were the broad objectives established in the project 

proposal. 

 

An easy, portable and cost-effective system for the direct and real-time assessment of plant 

water status remains a challenge for all agricultural industries. The system developed as part 

of this project offers the potential to meet these requirements. Traditionally the Australian 

industry has relied on soil moisture monitoring as it can give a direct measure of soil content 

and its relatively slow changes in response to rainfall, irrigation and water use by the vines. 

Plant based methods of assessing water status in contrast are often far more dynamic in 

response to the environment. They integrate the amount of moisture available in the soil with 

the environmental conditions to indicate how stressed the vine is ‘feeling’. Sudden changes in 

the environment such as an increase in wind or cloud cover can rapidly impact on these 

results. The CWSI is a direct measurement of the vine’s water status. This is a benefit as you 

can assess how the vine is ‘feeling’, based on the weather conditions as well as how much 

moisture is in the soil. It can also be a drawback as transient changes in conditions, such as 

scattered cloud, can influence the results; potentially increasing the variation between 

measurements. 

 

There is a range of scenarios in which CWSI could be used to inform irrigation scheduling 

that could complement or replace existing soil moisture monitoring systems. Regular 

assessment of the CWSI in a vineyard will help develop an understanding of what values to 

expect from different blocks or varieties. If the target is to maximise vineyard yield then 

water stress needs to be avoided, while not applying excessive water. Checking the CWSI 

immediately prior to applying irrigation would confirm that no stress had occurred. 

Preliminary estimates suggest that a CWSI of less than 0.7 recorded from a shaded canopy on 

a hot day, or 0.5 on a cooler day would indicate vines are well irrigated. If the target is to 

optimise quality and minimise water use as part of a regulated deficit irrigation strategy, then 

the CWSI could also be used to inform irrigation decisions. If the vines are being maintained 

at a moderate water deficit (for example during the post flowering period) then irrigation 

could be withheld if the CWSI is below approximately 0.8 assuming very hot weather is not 

forecast. Tracking the CWSI over time may give a viticulturist more confidence to extend the 

period between irrigation applications. Soil moisture monitoring systems are normally point 

based at a limited number of sites across a vineyard; it is uncommon for all the blocks within 

a vineyard to be covered. The thermal camera is very portable and can be used to compare 

different parts of a block and across blocks. This system provides an easy opportunity to 

check sections of a block that may not be receiving enough water, and benchmark these 

against the section adjacent to the soil moisture probe. 

 

If the app is developed further and maintained so that it can be used by the wine industry, 

then the savings in water applications are likely to occur as growers will be able to more 

easily assess if their blocks require irrigation. Fruit quality will also potentially be improved, 

through the better management of regulated water deficit, and by applying strategic 

irrigations to maintain canopy health and avoid defoliation. 
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Recommendations 

 

The application should be developed from a prototype to a commercial system with initial 

support for three growing seasons so the uptake by industry can be assessed. Currently only 

broad recommendations on the optimum CWSI values for specific target outcomes are 

available.  These targets are likely to vary between cultivars, wine styles and regions; and 

most growers will want to select and refine the target CWSI values to meet their needs. If the 

lack of specific recommendations on CWSI becomes an impediment to uptake, then regional 

associations could be supported to develop their own benchmarking programs. 
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Appendix 2: Intellectual Property:  
Identify the intellectual property and/or valuable information arising from the research.  
 
The Vine Water Stress App is potentially valuable as an easy, quick and portable method to assess 
vine water status using a thermal camera. However, it is an application of techniques (both the Crop 
Water Stress Index and the image processing methods) that are available in the public domain. 
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Appendix 5: Additional material  

 
Instructions for Smartphone Application 
The instructions provided to the beta testers for the use of the vine water stress app, as 

provided in January 2017. 
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Results of Beta Testers Survey 
 

Results of the survey of the beta testers of the application completed from the end of vintage 

2017. 
 

Q1. The App was simple to use 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
   12 4 

Percentage of 

people selected 
0 % 0 % 0 % 75 % 25 % 

 

Comment summary: 

• It's a good concept to link the management method to a smartphone. It's great. 

• The only negatives were: 1 the image editing tool. 2 the cumbersome nature of the 

reference paddles. 

• Some difficulty in reading with the grass in the background. 

• Can only take readings in the early morning or late evening because of row 

orientation. 

• The App was user friendly and found the majority of the time worked well. Feedback 

from other users at our site found the app was also easy to operate on the phone. 

• Easy to follow step by step. 

• The app was simple to use once played or used it, not clear at first. 

 

Q2. The methodology for using the app is clearly defined in the instructions 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
1  2 9 4 

Percentage of 

people selected 
6.25 % 0 % 12.5 % 56.25 % 25 % 

 

Comment summary: 

• Confused by choosing the shady part of canopy for measurement. 

• More direction on where to place the reference leaves would be good. 

• The editing tool (temperature adjustment bar) and how this works / alters your results 

was not clearly spelt out. 

• Very clear 

• As far as I know the current version did not have a section with instructions. The 

printed instructions were easy to follow. 

• Yes instructions detailed and pictures helped 

• Yes. Clear instructions. 

• The instructions were easy to read and understand. 

• Well explained and easy to follow 

• Instructions were OK but always found a question of ‘how to do that’ 
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Q3. I was comfortable installing the reference leaves for each set of measurements 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
2 1 4 8 1 

Percentage of 

people selected 
12.5 % 6.25 % 25 % 50 % 6.25 % 

 

Comment summary: 

• Time consuming 

• It’s a two person job 

• Feels awkward to carry and install 

• Cumbersome if doing multiple sites. 

• Dry references is very sensitive – the slightest amount of moisture can affect 

• First time is a bit hard, once you work out the best way to place them this was not a 

concern. 

• Some difficulty in getting the references to sit upright and stay in the canopy 

• They should be smaller and attached to each other 

• Suggest creating a framework to hold both references, would make it easier and 

prevent the paddles twisting 

• It needed a bit of practice with sprawling canopy or traditional bush vine. Super easy 

on VSP and Scott Henry trellis. 

• I was comfortable with installing the references but sometimes the canopy got in the 

way of the references 

• Hard to attach to the large canopy with drooping shoots 

• It was a simple step 

• I was comfortable once a few bugs had been fixed with an upgrade 

 

Q4. The CWSI results were what you expected  

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
1  3 10 2 

Percentage of 

people selected 
6.25 % 0 % 18.75 % 62.5 % 12.5 % 

 

Comment summary: 

• This season was not helpful for the water stress testing. Most vines didn’t experience 

water stress. However in general results are good. 

• As a general rule yes. 

• Generally yes. Sometimes surprised to see stress when vines seemed OK. 

• Noticed there was a significant difference between taking photos in early morning and 

later afternoon. 

• The results matched the known dry patch and wet patch. 

• In case of weak vines tended to pick up a region on a healthy vine in next row. 
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• Had no confidence in the result. The plant looks healthy, but the app shows it had 

water stress. Maybe because the vine had small canopy. (Only used the app once in 

early stage) 

• Yes. 90% of the time the results were as predicted. 

• The CWSI figures were as I thought when looking at the vines during different times 

of the day and knowing the soil moisture levels. 

• It matched what we saw visually and on our soil moisture monitoring. 

• We are a cool site and so it was what we expected 

 

 

Q5. I considered the weather conditions when making measurements and interpreting 

results. 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
 1 3 6 6 

Percentage of 

people selected 
0 % 6.25 % 18.75 % 37.5 % 37.5 % 

 

Comment summary: 

• Restricted by time 

• Used on hot days >32⁰C 

• Considered the sun direction and sun movement 

• Tried in all weather conditions 

• I tried to sample in the morning, mid-afternoon then late afternoon. Windy conditions 

were found to be hard to capture good images. Tried the app in hot conditions (39 

degrees) and found the vines to be shut down, and this was to be expected. 

• I paid attention to cloud cover, rainfall and vine stress level. 

 

 

Q6. The CWSI figures were useful in making irrigation decisions 

 Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

No. of people 

selected 
  6 8 2 

Percentage of 

people selected 
0 % 0 % 37.5 % 50 % 12.5 % 

 

Comment summary: 

• It is a useful tool. However due to the very wet season, did not even turn the water on. 

If we irrigated I would have used this tool as a reference. 

• Season didn’t help for app testing 

• I think over time as I use the tool more often, then this will be the case.  At this stage 

it is similar to soil moisture monitoring which I use as part of the decision. 

• Did not use so much for irrigation rather to monitor stress of vines with root disease 

• If had chance to use more times, I would have a better understanding of the CWSI, 

and it could be useful in making irrigation decisions. 
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• Yes. I cross referenced with soil moisture results and they were as expected. 

• Quick & easy tool. 

• The CWSI figures were more of a confirmation on the duration of irrigation applied 

and the timing of the applications were correct as you could determine the amount of 

stress you are applying. 

• Our irrigation system runs 24hrs/day on continuous rotation. This region (Riverland) 

is hot and low rainfall, very limited options to change irrigation strategy. 

 

 

Q7. Would you consider using the app in the future? 

 Yes No Not Sure 

No. of people 

selected 
13 2 1 

Percentage of 

people selected 
81.25 % 12.5 % 6.25 % 

 

Comment summary: 

• Enjoyed using the app. 

• Yes, but the app needs more development. 

• The beauty of the app is you can measure the vines everywhere. 

• Definitely 

• Cheap, quick + easy. Good back up to soil moisture readings 

• Yes, definitely I would consider using the app in the future as long as the process in 

collecting wet and dry temperatures within the vines were easier. 

• Yes I can see a use for it to help in scheduling irrigation 

• Not relevant as our system can’t vary. Our block is big and the water is always on. 

• The app itself was good to use but it was the paddles that made it a bother to use as it 

took up time. 

 

 

Q8. Would you recommend the app to others? 

 Yes No Not Sure 

No. of people 

selected 
14  2 

Percentage of 

people selected 
87.5 % 0 % 12.5 % 

 

Comment summary: 

• Will be interested to see how the development goes. 

• Yes. Already have and will continue to 

• The app is a great tool to determine and to confirm the user’s observations and 

thoughts when determining whether to apply or hold off on irrigation. 

• I think the app would be great for growers with smaller areas to manage, and systems 

that have flexibility. 

• It can help young and inexperienced growers. 

• Simple, easy to use, instantaneous results  
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• That’s a yes/no as if the procedure changed involving the paddles. 

 

 

 

Q9. Do you have any suggestions for improving the app? 

• Once it’s calibrated for the site/manager, if the result number could come up in a 

colour code (colored bar) to indicate the stress level, it could be helpful. 

• If it works on iPhone, it will be great 

• Need to consider the orientation of the row to determine taking images in the morning 

or in the afternoon. 

• Need to modify the wet and dry references to make them easier and quicker to install 

on the vine. 

• Automated system to enable seeing progression through the day rather than a ‘point in 

time’ sample. Data logger system? 

• Fix both references into a frame. Easier to carry. 

• Maybe multiple wet and dry references can be fixed in certain spots rather than 

carrying them around. For example install them on the vine near a G-Bug system or a 

weather station. People can download the data and take a picture at the same time. 

This could help this app be more acceptable to the industry. 

• Suggest to create app that works without reference leaves. 

• Would like the app to locate the block by GPS. Once you take a photo, the block 

name automatically pops up. 

• The final version of the app should give users the opportunity to send the spreadsheet 

(.CSV?) with the results via email. 

• The final version should also have clearer clues about how to move from one screen 

to the other, e.g. how to move back from the results screen to the initial screen. 

• Too busy to have time to test it. Only used once during the season, weather during 

season not conducive to stress development, so limited feedback. 

• Multiple cameras in different sites to provide logging could be considered. 

• Need to have less error and lag when using the App. 

• Making the references smaller in size and with smaller water bottle would help with 

carrying and installing. 

• The app could send the image straight to the user’s computer with all of the 

information. Save time downloading the image from the phone. 

• Could temperatures of wet and dry references be pre-loaded in to the app to remove 

the need for adding the references to the canopy every time? 
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Appendix 6: Budget reconciliation 
The End of Project Financial Statement was submitted online via Wine Australia’s Clarity Investment 
Management System. 


