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The monitoring and management of vine water stress is a major issue for many vineyards. A method based on the observation of shoot tip growth makes it possible to determine the water stress of plants without the drawbacks of standard instrumental methods. However, this "shoot tip" method is rarely used in the field, as observations and index calculations need to be done manually. Therefore, while the data collection can be relatively quick, data interpretation is not well supported. This article presents a mobile application, 'Apex', developed to answer this challenge. The Apex application allows a simple and fast recording of observations and a pooling of spatialized observations. The developed application makes it possible to envisage the collaborative water stress monitoring with crowdsourcing observations.

Introduction

Many authors have demonstrated the significant role of water status in vine behaviour and berry composition [START_REF] Cifre | Physiological tools for irrigation scheduling in grapevine (Vitis vinifera L.). An open gate to improve water-use efficiency? Agriculture[END_REF]. Monitoring vine water status is of importance for yield and quality management purposes. The vine water status naturally changes over time according to the climatic characteristics of the season. In addition, many authors have shown that it presents a significant spatial variability at different scales: at the within field level [START_REF] Tisseyre | Precision viticulture and water status, mapping the pre-dawn water potential to define within vineyard zones[END_REF], at the vineyard level [START_REF] Taylor | A comment on inter-field spatial extrapolation of vine (Vitis vinifera L.) water status[END_REF]) and at the regional scale [START_REF] Baralon | SPIDER: spatial extrapolation of the vine water status at the whole denomination scale from a reference site[END_REF]. Characterizing the temporal and the spatial variability of vine water status is therefore of paramount importance at these different scales to provide the wine industry with relevant decision support tools: either for irrigation scheduling or for other management practices in the case of non-irrigated vineyards.

Several standard instrumental methods have been proposed to measure plant water status [START_REF] Acevedo-Opazo | Is it possible to assess the spatial variability of vine water status?[END_REF]). However, these are not easy to obtain, since they are manual techniques requiring heavy materials and specific skills. These constraints make systematic spatio-temporal vine water status measurements difficult to carry out and time-consuming. In order to overcome these constraints, simple alternative approaches have been proposed [START_REF] Acevedo-Opazo | Is it possible to assess the spatial variability of vine water status?[END_REF]). Among them, the shoot tip index (STI) proposed by [START_REF] Trambouze | The shoot tip method: a practical tool to evaluate the vine growth status[END_REF] and Rodríguez-Lovelle et al. (2009) is of interest as it is based on simple observations of vine shoots. Although more imprecise than standard methods, it has the advantage of being easily achievable without expensive equipment and by inexperienced operators. This method is therefore interesting to monitor temporal and spatial changes in vine water status when several operators may be involved (workers, growers, advisors) in collecting observations. However, the STI method has some limitations that limits its dissemination: i) it requires the observers to count the Apex (end of shoots) of approximately 50 shoots and to class them into three different classes (full growth, moderate growth, growth stopped), ii) the STI needs to be calculated based on the Apex observations and then iii) the observed STI value needs to be recorded and transferred to a database with additional information, like the time and the location of observation. Although simple, these different operations can be cumbersome because they require information to be recorded and a calculation to be made in the field. The aim of this article is to present a mobile application, called ApeX, whose purpose is to tackle this issue by providing a simple tool for: i) collecting Apex notations, ii) calculating STI, iii) geo-referencing and timing STI observations and iv) sending STI observation to a server.

Materials and methods

The specifications of ApeX were defined by involving the end-users in development and the developments followed the precepts of UX Design [START_REF] Hekkert | Vision in design: A guidebook for innovators[END_REF]). This step made it possible to highlight the characteristics that defined the technical choices of the application. The main ones are summarized hereafter:

 Dissemination: The application must be widely deployable to different organisations and stakeholders (growers, advisors, etc.) whose smartphone (model, operating system, etc.) may be different,  Accessible: Users are not necessarily familiar with professional applications.

The use must be simple and user-friendly while maintaining the data integrity,  Offline mode: Network coverage is variable according to the areas of use, the application must operate in offline mode as well as in connected mode.

The developments followed the precepts of UX Design, which refers to a person's emotions and attitudes about using a product or service. User experience is dynamic over time due to changing circumstances of usage and changes to individual systems, as well as the wider usage context. User needs can be described in three ways: Why, What and How. "Why" corresponds to the motivations, values and vision of the context. "What" describes the features and functionalities necessary to achieve the "Why". And finally, "How" corresponds to the way of handling and aesthetics. As shown in Figure 1, the application design process follows an iterative cycle consisting of four phases based on Design-thinking methods:

 First phase consists of discovering user needs, requirements and constraints,  Second phase consists of imagining all the scenarios and solutions to meet the needs. At the end of this phase, all participants make a pragmatic choice on the new features to be added,  Third phase consists of offering the user a visual set that is both operational and functional. The aim is to combine comfort of use without losing efficiency,  Fourth phase consists of quickly implementing the chosen characteristics and performing tests in real conditions by the end user.

Unlike a traditional approach where a finalized solution is produced after the third phase, here the cycle will be renewed after a test period. This is needed because the user experience is dynamic and constantly changing over time. Four experts were integrated into the ApeX development cycles (6 complete cycles), these users were able to test and validate the various updates.

ApeX was developed as a hybrid app. A hybrid app is one that combines elements of both native and web applications. Hybrid applications execute within wrappers that are targeted to each platform, and rely on standards-compliant application programming interface (API) bindings to access each device's capabilities, such as embedded sensors, data, network status, like a native application. A hybrid app approach was chosen to facilitate the dissemination of the application across more than one platform, without having to re-implement it with each platform's language and tool set. 

Results

Application interface

The calculation page is divided into three areas (Fig. 3a): i) a list to choose the field that the observation is performed in. This list is ordered according to the user's GNSS position, ii) three buttons for shoot tip selection. This area takes up 70% of the screen for comfort of use. Each button has a different vibration to indicate user choice, iii) a dynamic counter at the bottom of the screen to allow the user to know the number of observations made. A long vibration of the phone indicates the achievement of the fifty observations necessary to calculate the STI. The STI button is only clickable after fifty observations to compute STI. The home page (Fig. 3b) navigates to the calculation pages and allow visualization of the results. For each field, the user can access i) the current growth rate of the vine (vigour), ii) the growth dynamics based on past and current growing STI rates and iii) a scale range of the current STI (water stress). To improve the quality of the user experience, other interfaces have been developed (instructions, contact form, field characteristics, etc…).

Spatial distribution of observations

More than 1500 sessions (each of 50 shoot observations), from 22 operators from 7 different companies (extension services, advisers and research institutes) were collected with the ApeX app during 2018. Figure 4 shows the sessions collected at two different scales: the within-field scale (Fig. 4a) and the regional scale (Fig. 4b).

Figure 3. Screenshot of both main interfaces of ApeX

At the within field scale, (Fig. 4a), the 50 observations were plotted to provide more detailed information on the monitoring that has been carried out. Some observations were positioned outside the fields. This result can be explained by the low quality of the smartphone's geolocation sensor but also by poor operating conditions (fast switching on of the smartphone, locations with poor positioning signal quality etc…). All together, these problems resulted in spatial outliers. It highlighted the need to identify and to correct outliers before the app is made available to professionals. At the regional scale, the data were collected mainly around the Mediterranean basin (Fig. 4b). This spatial distribution of the observations was mostly driven by the location of partners who were interested in using the ApeX application and for whom the monitoring of water stress is a major issue. Temporal distribution of observations Figure 5a shows number of sessions collected during the 2018 season for each twoweek interval. The first sessions were made at the beginning of June with about fifty sessions over the first two weeks. The number of sessions then increased sharply to ~400 over the same interval at the beginning of July. It then decreased during August, with only a few sessions during September and October. ApeX was predominantly used to decide the date of the first irrigation during the dry summer period when vine water stress reached critical values. In the Mediterranean region, this decision is usually taken in July. The increased and decreased number of observations corresponded respectively to the start and end of a period of risk for the vine. Most users who started using the application kept on using it during the season. This indicated that it met users' expectations and on the other hand that its usability was satisfactory to them. Figure 5b shows an example of the evolution of the STI indicator over the season in a vineyard. The STI was close to 0 on June 19 th , corresponding to significant vegetative growth and no water restriction. The STI increased steadily during June, as vine growth decreased with the occurrence of a significant water restriction. The STI then stabilized at around 60, indicating moderate to weak growth between mid-July and early September. Slight variations in the STI were observed during this period. This information, combined with agronomic expertise, could be used to identify periods of water stress as a decision support vineyard management.

Discussion

The development of ApeX followed the MVC pattern, in which the user (presentation), functional process logic (decision rules code), computer data storage and data access were developed and maintained as independent modules. This application architecture provided a flexible model and a reusable application. By segregating an application into tiers, it was possible to refine the existing model or add new ones based on shoot tip analysis, without having to rebuild the entire application. The specifications of ApeX were realized by involving the end-users and the developments followed the precepts of UX Design. This reduced development times by directly integrating feedback and requests for improvement. A suggestion form was added in the first version so that the user could feedback directly during use. Consequently, some changes were made, for example, vibrations during clicks were added to allow the user to feel actions without having to check the screen at each observation. This basic feature was widely appreciated, as it considerably increased user comfort. Users also felt involved in the application, which explains the success and the large amount of data collected during the first test season. The results of this study showed that the ApeX application allows the collection of observations on vine growth in a simple and rapid way. These observations were georeferenced and shared at different scales. This work assumed that the ApeX method has been validated by comparison with reference methods in previous work [START_REF] Trambouze | The shoot tip method: a practical tool to evaluate the vine growth status[END_REF]. New experiments will have to be conducted to validate whether the use of the ApeX application improves or alters the relationship with reference measurements. In this work, the use of the application was restricted to a limited number of users, but the number of sessions collected was still relatively large. When the ApeX app is freely released to the wider public, it should collect a very large number of sessions at very different scales. This wider use will be an opportunity to develop a tool to help monitor water stress at a large scale. However, it does raise the question of the quality of the data that will be produced by the application. This aspect is indeed a major challenge in the use of crowdsourced data [START_REF] Minet | Crowdsourcing for agricultural applications: A review of uses and opportunities for a farm sourcing approach[END_REF]). It will be necessary to set up mechanisms to characterize and improve the quality of the data collected. Finally, it seems relevant to study how this new data source, that provides data in large quantities of low to medium quality, can complement and enrich the reference data.

Conclusion

The ApeX application was developed to monitor vine water status using a simple and robust method that can potentially be used by stakeholders with very different skills. The application is free of charge. It is a novel decision support tool that can be an interesting alternative for small growers who cannot afford alternative commercial services. The version presented in this work is a first approach. However, after a first season of use, the results showed that users have adopted the application throughout the monitoring season. This indicated that it meets a need and that the interface is appropriate. The app can be used at the field or the within-field scale for temporal or spatio-temporal monitoring of vine water status. It can also be used at a regional scale by aggregating data, although one limitation remains the quality and imprecision of the information obtained with this type of approach.
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 1 Figure 1. This diagram shows the iterative design process to discover, define, design and develop a digital solution that meets user needs
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 2 Figure 2. Technologies used for the development of ApeX
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 4 Figure 4. Observations collected with Apex during 2018 in southern France, a) example at the within-field level, b) spatial distribution of measurements at the regional level.
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 5 Figure 5. Use of ApeX over the season and examples of results (June -October) (a) the count of sessions made each fortnight and (b) the average recorded STI at approximately weekly intervals in a field.
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