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ABSTRACT

In the current practices, farmers typically rely on the traditional method paper-based for
farming data records, which leads to human error. However, the paper-based system can
be improved by the mobile app technology to ease the farmers acquiring farm data as
all of the farm information will be stored in digital form. This study aimed to develop
a smartphone agricultural management app known as Padi2U and implement User
Acceptance Test (UAT) for end-users. Padi2U was developed using Master App Builder
software and integration with the multispectral imagery. Padi2U provides recommendations

based on the Department of Agriculture’s

(DOA), such as rice check, pest and disease

ARTICLE INFO control, and weed management. Through
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the Padi2U, farmers can access the field
data to understand the crop health status
online using the Normalised Difference
Vegetation Index (NDVI) map derived
from the multispectral images. The NDVI
is correlated to the Soil Plant Analysis
Development (SPAD) value, corresponding
to R =0.4012. UAT results showed a 100
percent satisfaction score with suggestions
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were given to enhance the Padi2U performance. It shows that Padi2U can be improved
to help farmers in the field monitoring virtually by integrating multispectral imagery and
information from the field.

Keywords: Chlorophyll content analysis; multispectral imagery; smart farming; smartphone application

INTRODUCTION

Agriculture is one of Malaysia’s most significant sectors as it contributes to the country’s
economy. Smart farming is the idea of enhancing farm management by implementing
technology as part of routine farming activities (Muangprathub et al., 2019). For
instance, the application of the Internet of Things (IoT) (Jaiganesh et al., 2017) in smart
agriculture would provide information on farm management in terms of plant and pest
control based on the data collected from the site (Khanna & Kaur, 2019). A significant
aspect of agricultural management is the monitoring of crop growth and output during the
developmental stages. It helps the farmer to introduce timely measures at the end of the
season that ensure maximum yields. In addition to ensuring successful farm management
through the smart farming system, the inclusion of technology in agriculture has been
shown to save costs by agronomists (Sushanth & Sujatha, 2018). In the agricultural sector,
agricultural innovations have been used to assist farmers in their farm management, such
as image analysis (Razali et al., 2009; Hudzari et al., 2010; Ishak & Hudzari et al., 2010),
Unmanned Aerial Vehicle (UAV) technology (Liu et al., 2018), sensor technology (Nam et
al., 2017), Global Navigation Satellite System (GNSS) (Guo et al., 2018), GIS (Zhang &
Cao, 2019), and smartphone application technology (Bueno-Delgado et al., 2016). These
innovations have been developed to help farmers track and control their crops at home or
in the workplace. UAYV, for example, is useful for monitoring the entire plantation whereby
the farmer may individually observe and examine the crop (Abdullah et al., 2019). In
addition, the smartphone app is also useful in introducing farmers to digital agriculture
in which farmers can obtain information about crops and manage their field according to
the crop status.

The Normalized Difference Vegetation Index (NDVI) created by multispectral UAV
is a plant health indicator that is used to quantify the condition of vegetation in order to
assess plant germination and its productivity (Rosle et al., 2019). NDVI values vary from
-1 to 1, whereby -1 means non-living things, while 1 applies to living things (Christensen,
2019). Furthermore, it has been used to determine crop health status via the detection of
chlorophyll content in the crop (Rosle et al., 2019). Smartphone apps have been widely used
for different functions in agricultural management. For paddy, the existing system uses the
Internet of Things (IoT) and smartphone technology for field management (Kularbphettong
et al., 2019). Online at Sawah application shows high acceptance by the users as it is
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efficient, easy to learn and satisfactory to use (Simorangkir et al., 2018). Another mobile
app, Aptani (Siahaan & Wijaya, 2018) was tailor-made for farmers to provide planting
techniques of paddy and methods of controlling pests and diseases in paddy. An automated
irrigation system for paddy was also developed in a smartphone app (Barkunan et al., 2019).
I-PEDIA is an app developed to identify paddy diseases (Majid et al., 2013). SmartSPAD
is another app used in agriculture and it estimates the chlorophyll content (Vesali et al.,
2015). Insect Shot is an app that can monitor the brown planthoppers in the paddy field
(Watcharabutsarakham et al., 2016). Table 1 shows a summary of the mobile application for
agriculture. Based on our review and knowledge, most of the agriculture apps developed
limited to one crop management element compared to Padi2U app developed consists of
all elements in crop management.

On the other hand, crop monitoring and management will be very useful from the
multispectral imagery UAV that can be generated NDVI analysis for health status in the
field. Ideally, trends in the future are crop monitoring using [oT and smartphone is one of
the common platforms for everyone that can help farmers monitor the crop in an effective
way. Thus, this study’s objectives were to develop a smartphone app known as Padi2U for
agriculture and analyse the relationship between Normalised Difference Vegetation Index
(NDVI) generated from UAV and chlorophyll content measured by Soil Plant Analysis
Development (SPAD) meter at the ground.

Paddy (Oryza sativa) is one of the main crops in Malaysia’s agriculture sector (Hassan
et al., 2019) and grows rice in this country for stable food. Depending on environmental
factors and paddy variety, the complete paddy growth cycle is 120-150 days (Yuzugullu et
al.). The paddy growth begins with the flooding of paddy fields for a few weeks before the
paddy is transplanted onto the field (Yuzugullu et al., 2017). The first stage of paddy growth
is vegetation, whereby germination occurs to initiate the panicle formation (Yuzugullu et
al., 2017). The paddy production enters the second stage, the reproductive phase when the
panicle successfully forms from the tiller base. At this phase, flowering begins and it enters
the stage of maturation (Yuzugullu et al., 2017). Grain filing is done at the ripening stage
and excess water in the field is drained to facilitate the harvesting process (Yuzugullu et al.,
2017). With total plantation areas of 686,050 hectares, paddy is the most planted crop in
Malaysia. Nevertheless, its production is low (Hassan et al., 2017), likely due to the limited
amount of fertiliser used (Fatah et al., 2017), excessive pesticide usage (Fatah et al., 2017),
climate change (Alam et al., 2019), ineffective irrigation system (Ibrahim & Alam, 2016),
Inappropriate technology practice (Hassan et al., 2019), poor farm management (Norasma
etal., 2019), unsatisfactory soil conditions (Yusofet al., 2019), disease and pest outbreaks
(Yusofet al., 2019) and the output of farmers (Yusof et al., 2019; Alam et al., 2019). Such
circumstances cause Malaysia’s rice sector to be at a critical point. As a result, to satisfy
local demand, Malaysia still needs to import rice from other countries, such as Thailand
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and Vietnam. Such circumstances cause Malaysia’s rice sector to be at a critical point. As
a result, to satisfy local demand, Malaysia still needs to import rice from other countries,
such as Thailand and Vietnam.

It is difficult for many rice farmers to conduct crop monitoring and sampling, soil
testing, and maintenance of equipment in the paddy sector. In current practice, farmers
usually rely on paper-based records to keep all the field data, which is inconvenient as it can
be time-consuming for the farmers, subsequently lead to poor management. The optimum
planting time is also difficult to predict, apart from tackling any pests and diseases in the
plantation (Fountas et al., 2015).

Table 1
Mobile application function and type of crop

Mobile Application Crop References
Diagnose disease Cassava Mwebaze and Owomugisha (2016)
Coffee Manso et al. (2019)
Tobacco Valdez-Morones et al. (2018)
Corn Simorangkir et al. (2018)
Paddy Nasir et al. (2018)
Pest monitoring Paddy Watcharabutsarakham et al. (2016)
Field management Paddy Kularbphettong et al. (2019)
Planting technique Paddy Siahaan and Wijaya (2018)
Irrigation system Paddy Barkunan et al. (2019)
Chlorophyll content Corn Vesali et al. (2015)
measurement

MATERIAL AND METHODS

The study area located at Ladang Merdeka, Kampung Lundang Paku, Ketereh, Kelantan,
Malaysia with total area 20 acres (Figure 1). Rice variety planted at this site known as
PadiU Putra developed by Universiti Putra Malaysia (UPM) researcher. This paddy variety
resistance to leaf blight disease was planted by broadcasting on 30th January 2019.

Data Acquisition

Image Acquisition. Aerial imagery was collected using a DJI Phantom (Shenzhen DJI
Sciences and Technologies Ltd., Guangzhou, China) and a multirotor UAV, XR q350 pro
mounted with multispectral sensor Parrot Sequoia (Parrot, France, Paris) (Figure 2).
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Ladang Merdeka, Kampung Lundang Paku
Ketereh, Kelantan, Malaysia
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Figure 1. Paddy plot study at Ladang Merdeka, Ketereh, Kelantan.

Figure 2. A multirotor UAV, XR 350 pro.
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The flight altitude was 70 m with a 2.13 cm/pix of spatial resolution. Aerial images
were collected for different paddy growth stages starting at 12 Day After Planting (DAP),
23 DAP, 36 DAP, 55 DAP, 69 DAP, 75 DAP, 94 DAP, 104 DAP, and 118 DAP (Figure 3).

Figure 3. A pilot controlled the UAV with remote control from ground.

Ground Control Point (GCP) was placed at the corner of the paddy field for the
georeferencing process (Figure 4). Before fly the UAV, the sensor was calibrated using
white panel references provided by the Parrot Sequoia. Data collection was conducted in
the morning from 8:30 am to 11:00 am.

Figure 4. The GCP placed at the corner of the paddy field.
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Chlorophyll Concentration Measurement

The leaf chlorophyll concentration measured on fully expand leaf by using a hand-held
device known as SPAD-502 meter (Konica Minolta Sensing, Inc., Osaka, Japan) based on
the leaf transmittance wavelength measurement for red (650 nm) and infrared (940 nm).
This device used to measure the concentration of the chlorophyll in leaf in the safest way
and without causing destruction to the leaf sample. The SPAD meter reading was taken
at the midpoint of the leaf. Ten SPAD meter readings at each points were averaged to
represent the mean SPAD readings. The ground data collection began on 22nd February
2019 (23 DAP), 7th March 2019 (36 DAP) and 26th March 2019 (55 DAP) (Figure 5).

Figure 5. Ground data collection process.

There were eight polyvinyl chloride (PVC) poles about 1 meter height were placed
randomly at eight different location around the paddy field area (Figure 6).

Eight points were marked to collect the ground data and at each points ten readings were
measured and recorded by using the SPAD-502 meter (Figure 7). The ten leaves sample
were taken within 1 meter radius from the PVC poles. The SPAD data collection point were
made based on NDVI classification representing the different ranges in its value. The points
were used to validate the NDVI value, which had represented the features in the study area.
However, due to time constraints and limited human resources and equipment, the study
only managed to collect a small number of SPAD data. Therefore, for future research, it
is advisable to increase the number of SPAD data to increase accuracy.
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Figure 6. The PVC pole use as marker for ground data collection.

Legend
A SPAD reading points

01@0 40 60 80 100120 140 160 -

Figure 7. Eight points marked on the map for chlorophyll content data collection.

The ground images captured with high-resolution Canon camera PowerShot SX260
HS (Canon, Japan, Tokyo) (Figure 8).
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Figure 8. Data collection for ground data images using Canon camera PowerShot SX260 HS (Canon, Japan,
Tokyo).

Image Processing

Image processing process began with import all raw images into Agisoft Photoscan
Profesional software (Agisoft LLC, St. Peterburg, Russia) for mosaic and align images to
produce an orthomosaic image by using Structure from Motion (SfM) algorithm (Figure 9).
The orthomosaic image was then processed in ArcGIS 10.1 software, Arc Map to calculate
the vegetation index value and produce the map.

Add
images

Align
images

Build
orthomosaic

Export
orthomosaic
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Data Analysis

Vegetation Analysis for Different Vegetation Indices. NDVI is vegetation index was
chosen to measure the crop health by using its algorithm formula (Equation 1). There are
two bands used to calculate the NDVI value, Near Infrared (NIR) band (770-900 nm)
and red band (630-690 nm) based on the absorption in the red caused by the pigmented
of chlorophyll and reflection in the infrared due to the structure of the leaf cellular. This
NDVI calculation process conducted by using Arc Map software (Esri, California, USA).

NDVI = (NIR — Red)/ (NIR + Red) (1

Where

NIR = reflection value of near-infrared band

RED = reflection value of red range of the band

Statistical Analysis between Vegetative Indices (NDVI/ NDRE/ SAVI/ OSAVI) with
SPAD Readings

The statistical analysis conducted using Microsoft Excel between vegetation index NDVI
values from multispectral images analysis in ArcMap correlated with leaf chlorophyll
concentration result obtained from the SPAD meter reading. The Pearson correlation
analysis used to get the correlation analysis and regression value between the NDVI and
chlorophyll concentration. The root mean square error (RMSE) was calculated to predict
how dispersed the NDVI values from SPAD reading using Equation 2.

Z?Ll(Predictedi— Actual;)?

RMSE = \/ - (2)

Where
Predicted, = The predicted value for the ith observation

Actual, = The observed (actual) value for the ith observation
N = Total number of observations

Padi2U Mobile App Development

The development of Padi2U involved four stages, namely early design phase, research
design phase, research development phase, and research implementation phase.

Early Design Phase. The early design phase aimed to identify the problems faced by the
farmers. They were found to have difficulties in finding information about their crop and
farms. The information was scattered in many different platforms.

Research Design Phase. The research design phase designed the content of Padi2U. Based
on the problems identified in the first phase, the content to be included was information of

818 Pertanika J. Sci. & Technol. 29 (2): 809 - 836 (2021)



Smartphone Application Development for Rice Field Management

agriculture agency, variety of paddy, planting schedule, weather, site information, drone
images including multispectral images and red green blue (RGB) images, pest and disease
information, supplier contact information, and farmer report form.

Architecture of Padi2U Application. The architecture of Padi2U consisted of three layers:
Presentation Layer, Business Layer, and Data Access Layer (Figure 10). In the Presentation
Layer, users can view the Graphic User Interface (GUI) of Padi2U and make their decision
based on listed examples of Paddy Disease on the menu. The Business Layer is where all
the workflows of the app and the actual business of the app take place. Lastly, the Data
Access Layer consists of data utilities and access and functions as the back end of the app.
For example, if a user requests for disease information, the Business Layer will connect the
user to the disease GUI. The database of the disease menu is stored in the Mobile Builder
Apps located in Kuala Lumpur, Malaysia.

Presentation Layer

Business Layer

Data Access Layer

Figure 10. Architecture of Padi2U mobile app.

Padi2U App Menu. The menu and content in the Padi2U app (Figure 11).

Research Development Phase. This phase started with data collection followed by the
installation process and system configuration. All the information were analysed and
arranged in the database using the Master App Builder software (Malaysia, Kuala Lumpur).
The menus were first created before the information was uploaded onto the menus according
to the design. The information was in the form of text and images. All the imagery and
analysis based on the multispectral and NDVI map were stored in the Padi2U database
using Master App Builder software.
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Figure 11. Padi2U app main menu.

Figure 12 shows the software of Master App Builder (Apps Master Builder, Malaysia,
Kuala Lumpur) that contains the design of the mobile app, colours, and features. The
developer chose one of the design that was suitable and easy to use. The features for the
menu originated from a custom page where the text and images were uploaded according
to the template. The features on the custom page could also be rearranged based on the
content of the menu. For example, under the Drone Images menu and Field Problem menu,
the feature chosen was Gallery because this menu could store a lot of pictures and it also
enables the users to have a better view by zooming into the images. As for the weather menu,
its features were designed specifically for the forecasting of weather. Next, the section on
Supplier Information applied the contact information feature while Farmer Report used
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a form- based feature that allowed the users to fill in the form before submitting to the
back end users. During the development process, the developers could view the app being
developed by installing the previewer from the Google Play Store on their smartphone. By
filling up the login information, the preview page would be able to show the developers
how the app operated on the smartphone before being published.

. v ) nn

MY APPLICATIONS ol s
G " T

{I"e’ PADI2U | . —

Figure 12. Mobile app development software, Master App Builder (MAB) (Apps Master Builder, Malaysia,
Kuala Lumpur).

Research Implementation Phase. The final stage involved the research implementation
in which all the functions in Padi2U were developed and tested on the users. Padi2U used
Malay, the local language to enable a better understanding of the programme, especially
among farmers.

User Acceptance Test (UAT). The UAT was conducted among 13 respondents at
Pertubuhan Peladang Kawasan (PPK) Sungai Ketereh, Kelantan (Malaysia) (Figure
13). The respondents selected and decided by the agriculture officer of PPK Sungai
Ketereh. Descriptive statistics was used to describe the socio demographic profiles of the
respondents. The respondents consisted of farmers, agriculture officers, clerks, and students,
and their age ranged from 19 years old to 40 years old. All of them were smartphone
users with different operating systems, i0S, and Android. Most the respondents used the
mobile app from their smartphones. They tried out the Padi2U app before answering the
questionnaire. The questionnaire is divided into two parts, Part A and Part B. In Part A,
the question more on respondents’ details such as occupation, age, smartphone user, type
of operating system, internet user, time spent using the smartphone, and preferable to use
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the website or mobile app from their smartphone. In Part B, the questions about the mobile
app interface, the information in the app, and its performance. They were also encouraged
to provide any recommendations to improve the app.

B
Figure 13. The respondents testing the Padi2U during UAT.

RESULT AND DISCUSSION
Chlorophyll Content and Vegetation Index Analysis

The average of SPAD readings and NDVI values shown in Table 2 shows data obtained
from data collection on 22nd February 2018 (23 DAP), 7 Mac 2018 (36 DAP) and 27 Mac
2018 (55 DAP). The SPAD values are the measurement of chlorophyll concentration in the
leaf measured by a hand- held and non-destructive device, SPAD 502 meter. The trend of
SPAD values is increasing over the time from 23 DAP to 55 DAP (Table 2). This shows
that the chlorophyll concentration is increasing and photosynthesis activity is increasing
as the paddy plant grow into different growing stages (Liu et al., 2019). The NDVI values
shows the lowest value at 23 DAP around 0.1 because at early rice growth stage, the
canopy area of the paddy crops were small and the reflectance caused by the water and
soil surface. The NDVI measurement is sensitive to the canopy structure and content of
photosynthesis chemical (Gamon et al., 1995). The development of leaf canopy and the rate
of photosynthesis were related (Gamon et al., 1995). However, NDVI increased as the plant
growth at 36 DAP and 55 DAP. The increase value of NDVI is caused by the development
of panicle on the top of the leaf canopy (Casanova et al., 1998). The increasing in value of
NDVl is caused by the application of fertilizer and it is the management recommendation
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to apply fertilizer (Guan et al., 2019) after seeding stage and at the tillering stage (Casanova
et al., 1998).

Table 2
The average of SPAD and NDVI values for 23 DAP, 36 DAP and 55 DAP

23 DAP 36 DAP 55 DAP
SPAD values 17.41 25.38 37.49
NDVI values 0.10 0.39 0.58

Rice Growth Stages Relationship with SPAD and NDVI Value

The values of SPAD increased as paddy growth into different stages (Figure 14). The
highest SPAD reading was at 55 DAP, 37.49 due to high chlorophyll content in the leaf
and its thickness (Miah et al., 1997). The values of NDVI increased as paddy growth into
different stages (Figure 15). The NDVI value at tillering stages at 23 DAP was close to
zero because of low vegetation cover at this stage as the paddy leaf area was still small that
only water and soil could be seen (Wang et al., 2011). As the paddy grow, the chlorophyll
content increased with its ability to produce high biomass and high photosynthesis rate
(Hassan et al., 2009) and influenced by the NIR absorbance.

There are three main rice phenology stages vegetation stage, reproductive stage and
ripening stage (Raza et al., 2019). At vegetation stage it takes about 20 days or it can be
different depending on paddy variety. The process involved in these stages is germination to
panicle initiation. Paddy height, leaf area will increase gradually and active in tillering. The
transition from vegetation stage to reproductive stage after the number of tillers achieved
its maximum. At reproductive stage, it takes 30 days from panicle initiation to flowering
and plant during this time become sensitive to stress. After flowering process, it will enter
the last stage of paddy development which is ripening stage. In this stage, filling process
takes place until it becomes mature. It takes about 35 days and paddy leaf become dry and
turn to yellow colour. The grains are fully developed, and the upper leaves become dry
and the panicle will bend downward.

SPAD Value and NDVI Value Relationship

At early growth stages, the chlorophyll content increases and absorption of light energy is
close to the correlation line due to strong absorption of red and strong reflection of NIR. The
high reflectance energy transmitted on the uppermost layer of the leaf and reflected from
the second layer of the leaf is not fully transmitted back to the first layer of the leaf (Roy,
1989). Based on statistical analysis, the regression values between NDVI with the SPAD
value, fitting R =0.4012 (Figure 16). Meanwhile its correlation values are 0.6334 (Table 3)
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Figure 14. Rice growth stages and SPAD meter values.

Panicle mitiatio

Stem elongation

g
W

0.1 Tillering

13 DAP 36 DAP 55 DAP
Day After Planting (DAP)

Figure 15. Rice growth stages and NDVI values.

with its root mean square error (RMSE), 0.0844. According to McHugh (2012), a correlation
values ranged from 0.60 to 0.79 can be considerate as moderate with percentage of data that
are reliable is 35% to 63%. We were unable to obtain a higher regression and correlation
values due to small number of samples size and in future research it is recommended to
increase the number of samples. From the analysis, NDVI show an acceptable correlation
and regression value because NDVI sensitive to detect changes in serious water shortage,
nutrient deficiencies and pest or disease attack. There is strong correlation between NDVI
and SPAD at the early reproductive stage and reproductive stage (Guan et al., 2019).
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Figure 16. The regression values between SPAD with NDVI value.

Table 3
The correlation values between SPAD and NDVI
SPAD NDVI
SPAD 1
NDVI 0.633418 1

Spatial Interpolation

The highest predicted value represents by green colour and for the lowest predicted value
in red colour. Table 4 shows spatial interpolation of NDVI map and SPAD map of study
area. The value range of NDVI value at 23 DAP, 36 DAP and 55 DAP was -0.64 - 0.73,
-1 — 1 and -1 — 1. The value range of the SPAD value at 23 DAP, 36 DAP and 55 DAP
was 0 — 24, 0 — 40 and 0-40.

Padi2U Mobile Application

The interface of the Padi2U smartphone app main menu successfully developed (Figure
17). Padi2U consisted of 14 menus. The different menu and their descriptions are outlined
(Table 5).

Under the Drone Images menu, all the images were arranged according to the day of
planting. To view the development of paddy growth for the whole season, the users just
need to slide to the next image. The drone images were split into two types of images,
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namely RGB images and the map of NDVI. The index reading referred to the health status
of plants and RGB images represented the true colour images for the users to compare with
the NDVI map so that they could correctly identify the location (Figure 18).

Table 4
Spatial interpolation of NDVI and SPAD map

DAP NDVI map SPAD map

23

N

.
A = ¥

w

L “ |
- 4

SPAD
. 4 SPAD point

NDVI value SPAD valnes
<VALUE> <VALUE>
W 061008 1 0000204806 - 4799160198
[ -003-0.08 [ 4.799160199 - 9.692212754
[TJoos-018 [19.692212755 - 13.45609934
Bl o1s-031 [ 13.45609935 - 167495001
o307 I 16.74950011 - 23.99408177

36

~

+ ¥
B |

4 u \F 8 u W
4 4

SPAD

sPaD
+ SPAD point

SPAD values abenl o
iy SPAD values

<VALUE>
1 0.000221903 - 8940115772 I 0,000221603 - 840115772
I £ 940115773 - 1819369013 [ £940115773 - 18.19369013
l:l 18.19369014 - 25.09466083 [771 1519369014 - 2509466083

25.09466084 - 3089774984 [0 25.00466084 - 30 89774984
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Table 4 (Continued)
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Figure 17. Main menu of Padi2U mobile app.

Pertanika J. Sci. & Technol. 29 (2): 809 - 836 (2021)

827



Nor Athirah Roslin, Nik Norasma Che’Ya, Rhushalshafira Rosle and Mohd Razi Ismail

Table 5
Padi2U menu description

Menu Description

PadiU Putra Details about PadiU Putra

Agriculture Agency Details about KADA

Location Details about project site

Planting Schedule Details about activity

Drone Images RGB and NDVI map

Field Problems Field problem images

Paddy Diseases List of diseases in paddy and method to control
Paddy Pests List of pests in paddy and method to control
Paddy Weeds List of weeds in paddy field and method to control
Weather Forecast Details about weather

Supplier Details Details about agriculture supplier

Yield Harvested Total of yield harvested

Notification Notify user of any latest news

Farmer Report User can send report about crop or field

Ladang Merdeka Tok Lebir 1}._.
Keluasan: 7.78 hektar Ladang Merdeka Tok Lebir
Tarikh: 11 Feb 2018 Keluasan: 7.78 hektar
Harl selepas semal: Hari ke-12 Tarikh: 11 Feb 2018
Hari selepas semai: Hari ke-12

Index Tumbuhan

Sihat

W Tidak Sihat

Umur pokok: 12 hari

Figure 18. The drone images of multispectral image and RGB images.
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Next, the pest and disease information menu provided photos of the disease, symptoms,
and methods to control the disease (Figure 19). The pest images were difficult to find due
to the poor weather condition and inappropriate time during the site visit. Thus, some of
the images used were from reliable external sources. From the images, users were able to
recognize the pest found in the field. Padi2U also provided recommendations on how to
control the pest and disease in the field.

< Penyakit Bintik Daun

- Bintik-bintik perang pada dawn dan biji padi yang
menyebabkan kualiti pedi menurun.

- Penyakit ini menyerang pada semua peringlkat
pertumbuhan padi.

- Angin
- Biji benih yang dijangkiti

Easdah kawalan
- Menggunakan variati yang tahan penyakit terutamss

Figure 19. The symptoms caused by disease infection on the crop were shown in the app.

Lastly, the farmers could also send feedbacks or reports via the app (Figure 20). They
just needed to fill in their personal information such as name before they submit the report
details including photos. Therefore, Padi2U could be used by farmers and non-farmers
who want to learn about agriculture and paddy crop management.

This study outlined the successful development of the Padi2U app for the Android
operating system. In the future, the app can also be developed for the iOS system using
the same method. The Padi2U app is different compared to existing mobile apps because
it includes drone images of RGB images and multispectral images. Currently, there is no
mobile app that contains drone images like Padi2U. Most of the mobile apps developed
used satellite images for monitoring (Herrick et al., 2016). By comparison, images captured
by drones are more realistic and clearer with higher resolution than satellite images (Khaliq
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< Maklum Balas

Laporan Petani

Figure 20. Farmer report form details in Padi2U app.

etal., 2019). In addition, most of the currently available mobile apps focus on one specific
management aspect, such as pest and disease management (Johannes et al., 2017), irrigation
system (Kodali & Sarjerao, 2017) and soil study (Stiglitz et al., 2017). In contrast, Padi2U
covers all the management aspects in paddy cultivation, including planting schedule, pest
management, disease management, weed management, weather forecast, farmer report,
and yield harvest information.

Nowadays, with the widespread use of the smartphone, the development of a mobile
app is becoming more relevant in many sectors, including agriculture. With this, farmers
can rely on faster data transmission for decision making on the management of pests and
diseases. The strength of Padi2U lies within the use of the local language, thus making it
more user- friendly for local farmers. Its focus on paddy and the specific area in Kelantan
would be beneficial for the users from that region. Nevertheless, there are some limitations
to this app. Firstly, the mobile app software requires regular updates. This can be time-
consuming and also interfere with the use until the update is complete. Secondly, it has a
slow response and often lags, thus requiring further improvement on the app. Furthermore,
the app is only applicable for paddy crop now.
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User Acceptance Test

The UAT was carried out using a questionnaire. A total of 13 respondents were involved in
this UAT. They were from various agricultural backgrounds such as agriculture extension
officers, farmers, and interns. The questionnaire was divided into two sections (section
A and section B). Section A captured personal information such as occupation, age, and
smartphone usage. Section B consisted of features of the Padi2U app such as the colour,
information, multispectral images, and satisfaction towards the app. The results were
analysed using Microsoft Excel. It showed that all the users had no problems while using
the Padi2U app. Thus, satisfaction rate was 100% (Figure 21).

Based on the result, the users showed a high percentage of satisfaction with the app.
The GUI of the Padi2U app was straightforward, easy to use, and user-friendly. The farmers
were also satisfied with the content regarding pests and diseases. However, they requested
for the app developer to include more information about pesticides and its application in
controlling pest and disease infection. Besides farmers, Padi2U can also be used by the
agriculture officers. It can act as a tool to distribute and receive information in real-time.
This app can also serve as a database on field information for paddy management.

User Acceptance Test Result

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Yes No

B User Satisfaction ~ ®Have Problem with the app

Figure 21. User Acceptance Test result showing 100% satisfaction rate towards the Padi2U app.

CONCLUSION

In conclusion, technologies used in agriculture such as UAV and smartphone app can
helped farmer to manage the crop. The multispectral UAV can be used to generate NDVI
map that can assist users to monitor and manage their field in effective way by using
smart phone at anywhere and anytime. The Padi2U app was successfully developed for
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paddy management based on the multispectral UAV and various data from the ground and
agencies. It has a complete set of information about paddy cultivation from plantation up
to harvesting. The NDVI map used in the app can assist crop growth monitoring and help
farmers to increase production. Besides, farmers can overcome pest, disease, and weed
problems at their farms by planning their actions based on the information in the app. This
user-friendly app also makes it very convenient for the farmers to manage their paddy
fields by providing information on the weather forecast, location to purchase agriculture
equipment. With the 100 percentage of Padi2U acceptance by the users, this mobile app is
proven to help the farmers manage their farms. By incorporating the feedbacks, Padi2U can
be improved to be a better and more efficient mobile app. The use of Padi2U app will be
useful to farmer and agriculture officer to manage the crop. However, this app needs real-
time data of the paddy field and updated into the app. The NDVI value has correlation with
the SPAD value, fitting R? = 0.4012 because NDVI sensitive to detect changes in serious
water shortage, nutrient deficiencies and pest or disease attack. Thus, this information can
be as an indicator to farmers to regularly monitor their crop status at the field in efficient
way. For recommendation, the number of samples needs to be increased in order to increase
the accuracies. This limitation due to less of human resources to collect the data. Future
research can apply the same method to develop a mobile app for other types of crops such
as corn and pineapple.
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