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1. Introduction

Monitoring land and water resources is important for both 
sustainability and disaster prevention. For example, it is advan-
tageous to know the salinity of water supplies in real-time which 
enables water managers to take the appropriate remedial 
measures, e.g., changing the mixture of fresh water resources 
of different salinity to meet the water quality standards such 
as the salinity level. Some water resources in Tunisia occasion-
ally do not meet the salinity levels required for their intended 
use (agricultural, industrial or domestic uses); thus, these water 
resources are mixed with other water resources with lower salin-
ity levels to dilute the high salinity and help the delivered water 
that meet the water quality standards. Through daily field moni-
toring of apples in Aomori, Japan, Kish et al. (2010) found a 
relationship between the time of harvest visually determined by 
experienced farmers and the apple color as described by the 
red-green-blue color description model (Doi et al. 2010). Ac-
cording to these authors (Kish et al, 2010), the best harvest time 
was objectively determined through real-time remote monitoring 
of apple colors. 

Combining the latest data acquisition and distribution tech-
nologies (Lewis 2004) may enable us to remotely monitor what 
is happening at agricultural production sites (Vellidis et al., 
2007; Wang et al., 2006) and water resources (Kashef et al., 
2006). This concept of minimizing the time lag before taking 
optimal actions and maximizing the quantitative accuracy was 
well established early this century (Berger et al., 2002). Nev-
ertheless, there are only a limited number of case studies on 
the effectiveness of this technology in areas of agricultural pro-
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Abstract

The management of remote natural resources, e.g., land and 
water resources, requires frequent visits to these sites which 
could be costly in time and resources. Telemetry technolo-
gies help monitoring, observing and analyzing data at a dis-
tance; they use advanced information and communication 
protocols and have been applied to different applications 
including agricultural fields. The objective of this study was 
to evaluate the performance of a new telemetry technology, 
a field network system, to remotely monitoring natural re-
sources (a citrus grove in the governorate of Nabeul and the 
dam of Joumine in the governorate of Bizerte) in Tunisia. 
The field network system, installed in these two remote loca-
tions and powered with solar panels, run well during the test 
periods. Although the system sent data daily, data transfer 
stability was a challenge that should be further studied and 
improved. The manuscript further reports on the quantitative 
and qualitative performance of the system in Tunisia. Over-
all, the field network system is a tool that could be used for 
different applications by researchers, agricultural producers, 
water resources managers, and policy makers. 

Key words: Arid and semi-arid regions; information-and-com-
munication technology; real time monitoring and decision mak-
ing; wireless communication network.



duction and water resources management. The main reasons for 
this delay in using these technologies are i) the power require-
ments of the computing devices for these technologies, and ii) the 
dependence on direct cable connection to transfer large data 
packets (Fukatsu and Nanseki 2009). 

We developed a new telemetry system (an information and 
communication system), hereafter called the “field network sys-
tem,” that overcomes these two major limitations and is used for 
monitoring remote sites. The field network system can send daily 
(or sub-daily) data from the field to any place that is covered by 
mobile phone or Internet services. The basic module of the sys-
tem consists of a computer, a data logger, and a mobile phone. 
This system can log and transfer data for water level, water and 
soil electrical conductivity, air temperature, wind speed, wind di-
rection, optical image, humidity, precipitation, soil moisture, soil 
temperature, and solar radiation. The objective of this study was 
to evaluate the performance of a new telemetry technology, a 
field network system, to remotely monitoring land and water re-
sources (a citrus grove in the governorate of Nabeul and the 
dam of Joumine in the governorate of Bizerte) in Tunisia. 

2. Materials and Methods

2.1 Research Sites

The field network system was installed in two sites; the first site 
is a citrus grove near the city of Nabeul (36° 59’ N, 9° 36’ E), the 
governorate of Nabeul, and the second site is Joumine dam (36° 
59’ N, 9° 36’ E) in the governorate of Bizerte. Both sites started 
operating during the month of September 2010. Mean annual 
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precipitations are 400 mm (Nabeul) and 550 mm (at Mateur, 
7 km from Joumine dam), and mean annual temperatures are 
190C (Nabeul) and 180C (Mateur). The citrus grove is part of 
an experimental site related to a reclaimed water project that 
was established in the late 1980’s (Mahjoub et al. 2009), while 
Joumine dam was completed in 1983. Data were acquired over 
a 48-day period (September 14 – October 31 2010 for the 
citrus grove) and over 18-day period (September 15 – October 
2 2010 for Joumine dam). In the citrus grove site, additional 
optical images were obtained on November 27, December 13 
2010, and February 15 2011. 

2.2 The field Network System

The field network system was developed by X Ability Co., 
Ltd., Tokyo, Japan (Mizoguchi et al., 2010a). The basic module 
consisted of a small PC (Linux box), a data logger, and a mo-
bile phone that were connected to a small camera (Mizoguchi 
et al., 2010b). At Joumine dam, a Davis weather station (Davis 
Instruments Corp., California, USA) was wirelessly connected to 
the basic module. The weather station collected air temperature 
and solar radiation data. The computer was configured to send 
collected dataset every 24 hours through the Tunisian Telecom 
mobile phone service to an Internet server. The system operated 
for 30 minutes every day to minimize power consumption. An 
optical image of each site was captured at 12.05 from the citrus 
grove and at 13.10 from Joumine dam every day and was sent 
over the mobile phone service to an Internet server. Electricity 
at each site was supplied by a compact 6W-0.35A solar panel 
(Figure 1).

Jo
ur

na
l o

f 
Su

st
ai

na
bl

e 
W

at
er

sh
ed

 S
ci

en
ce

 &
 M

an
ag

em
en

t -
 IS

SN
 1

94
9-

14
25

. P
ub

lis
he

d 
By

 A
tla

s 
Pu

bl
ish

in
g,

 L
P 

(w
w

w
.a

tla
s-

pu
bl

ish
in

g.
or

g)

Jo
ur

na
l o

f 
Su

st
ai

na
bl

e 
W

at
er

sh
ed

 S
ci

en
ce

 &
 M

an
ag

em
en

t -
 IS

SN
 1

94
9-

14
25

. P
ub

lis
he

d 
By

 A
tla

s 
Pu

bl
ish

in
g,

 L
P 

(w
w

w
.a

tla
s-

pu
bl

ish
in

g.
or

g)

Figure 1.  The basic module part of the field network system at a cit-
rus grove near the city of Nabeul, the governorate of Nabeul, Tunisia
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3. Results and Discussion

At Joumine dam site, images were collected daily. The images 
show the weather conditions of the site at the times the pho-
tographs were taken (Figure 2). On September 24 2010, the 
weather was cloudy, and the temperature dropped compared 
to the previous day. The photographs can show changes of the 
water level in the dam. The photograph of October 1 shows a 
decrease of the water level in the dam. As a result, more rocks 
are shown than during the photographs of September. Greater 
changes in the water level could have been seen if the observa-
tional period included the dry summer and wet winter periods.

There were days when we didn’t have photographs because 
of unsuccessful data transfers. At the dam site, we downloaded 
images on ten occasions: nine in September (15, 19 - 22, 24, 26, 
27, and 30) and one on October 1 during the monitoring period 
following the installation of the field network system. There were 
some computer software glitches such that the personal com-
puter sometimes did not recognize the camera. Another possible 
explanation for the unsuccessful image data transfers could be 
some limitation of the mobile phone network in the area. This 
network could have been too busy to properly transfer the data 
information. Another possible cause could be the size of the im-
ages being transferred (each image was around 14,000 bytes). 
Image data transfers may have taken longer than that required 
for temperature and solar radiation data, allowing for inter-
ruptions during data transfers, as indicated on Oct. 25 in Figure 
3. These possible causes of unsuccessful data transfers will be 
investigated in order to make future data transfers successful.
In monitoring land and water resources, the field network sys-

tem can integrate additional variables, e.g., soil moisture, soil 
temperature, and electrical conductivity of water and soil. For 
example, remotely monitoring the salinity of water resources en-
ables water resource managers to determine the optimum ratio 
of dilution supported by the quasi-real-time data. An electrical 
conductivity probe can be connected to the basic module, which 
enables the monitoring of the electrical conductivity at an offsite 
location. Water level can also be monitored by adding a water 
pressure sensor to the basic module. The system established for 
this study is cost-effective and versatile because the basic parts 
were assembled by our research team though the aforemen-
tioned errors remain to be further investigated.

In the citrus grove near the city of Nabeul, the monitoring was 
relatively more successful than that at the dam site (Figure 3). 
Within a month following the installation of the field network sys-
tem, the system successfully transferred 23 images for 23 days. 
This is relatively a more successful data transfer; it demonstrates 
that the failure of the PC to recognize the camera cannot be the 
sole cause of the failure of the data transfer from the dam site. 
The location of the citrus grove is more favorable for data trans-
fer than the dam site because this area has much better mobile 
phone network coverage due to the booming economic activities 
of the region such as tourism in the region of Hammamet. We 
targeted a single citrus tree to monitor changes in fruit size and 
color as a function of time (Figure 4). If we set color invariants as 
the color standards, the fruit growth and changes in fruit color 
will be quantitatively measured by analyzing the images, as in 
the case study conducted by Kato et al. (2012); their research 
found that the best time for apple harvest in Aomori prefecture, 
Japan could be objectively determined by profiling the fruit 

Figure 2. Changes in captured images, air temperature, and solar radiation at a citrus grove near the city of 
Nabeul, the governorate of Nabeul. The images were of the underlined days. 
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Figure 3. Daily-captured images of a citrus tree in the experimental field in Tunisia. The images were transferred to a 
server so as to be available through the Internet.
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color based on a color model (Doi et al., 2010). As in the case 
of the apple, using color invariants, it is expected that a relation-
ship could be established between changes in citrus fruit quality 
and environmental factors such as air temperature (Doi, 2012). 
As in Aomori, Japan, it seems that this telemetry technology, the 
real-time monitoring of land and water resources, can be ap-
plied in Tunisia to meet some of this country’s local needs. In 
Aomori, the experienced farmers asked for the aforementioned 
new application of the field network system when transferring 
their knowledge to younger people. As in this case, new applica-
tions may result from communication with farmers as well as land 
and water resource managers. For this reason, we would like to 
introduce the field network system to those who are facing issues 
and/or needs in land and water resources management. 

4. Conclusions

This study enabled us to evaluate a new telemetry technol-
ogy and to identify the technical problems that must be solved 
before the advantages of the field network system can be fully 
utilized. Nevertheless, supported by wireless communication and 
low power consumption, the field network system can automati-
cally send acquired data from rural areas if there is reliable 
mobile phone service coverage in the area. Therefore, devel-
oping, improving, and technically extending the field network 
system is valuable in terms of regional and socioeconomic de-
velopment (Adinarayana et al., 2008).
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