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Abstract: In Ghana, most of the farmers are engaged in small-scale rainfed farming where the success
is influenced by the prevailing weather conditions. Current Climate Information Services (CISs) only
provide information on rainfall conditions to reduce their farming vulnerability to climate extremes.
Access to other practical knowledge, such as soil moisture content would benefit farmers further
in the decision-making process. This study aims to assess the role of soil moisture information in
farmers’ agricultural decision-making and to understand how this information is being perceived,
assessed, and applied. Exploratory research, combined with field visits and farmer interviews, was
carried out in Gbulung, Napakzoo, and Yapalsi communities in the outskirts of Tamale, northern
Ghana in October–December 2021. Results show that soil moisture information is highly important
for activities, such as fertilizer application and sowing. Soil moisture information, however, is not
readily available to the farmers, causing them to rely solely on their indigenous knowledge to monitor
the soil moisture conditions. Our study reveals that developing a CIS embedded with soil moisture
advisory module (CIS-SM) will help farmers in conducting strategic and tactical decision-making in
their daily farming activities.
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1. Introduction
Agriculture across many regions in the global south, such as Africa, Latin America,
and South Asia, depend mainly on rainfed agriculture for their staple food production [1].
In Africa over 95% of agriculture is rainfed [2,3], contributing to 65% of the employment
and 35% of the gross domestic product (GDP, [4]) on the continent. The agricultural sector
provides income security for many African households, and Ghana is not an exception [5,6].
The economy of Ghana strongly relies on agricultural production that engages up to 50%
of the country’s workforce and generates nearly one-quarter of the nation-wide GDP [7,8].
Most of the farmers are engaged in small-scale rainfed farming, where their success is
affected by how they are able to match their decisions regarding farming practices to the
prevailing weather condition [9,10]. Therefore, accessibility of hydro-climatic information
services is of utmost importance for sustainable rainfed agricultural practices and leads to
higher yields and minimum risk of crop failure [10,11]
Some studies have shown that Climate Information Services (CIS) can help farmers
to reduce their vulnerability to drought and other climate extremes and allow them to
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maximize agricultural productivity [12–14]. The underlying assumption in the current
practices of CIS is that if location-specific, timely, and skillful information is provided to
farmers, they would be able to improve their farming practices [15–17]. This one-directional
model of providing CIS, however, has shown to be flawed as farmers tend not to trust
scientific information, which is dynamical weather forecasts, and experience difficulties in
interpreting and applying the scientific forecasts into daily farming actions. This is also
supported by farmers’ belief that their indigenous systems work better than the scientific
forecasts [18,19]. Efforts in training farmers to increase the uptake of CIS generally fail to
fully capitalize because service providers have little understanding of users and what drives
the use of indigenous forecasts [20–23]. The development of CIS, therefore, must be tailored
to smallholder farmers specific needs and involves user training for a better understanding
of the required technology [24–27]. Gbangou et al. [27] conducted an experimental coproduction of CIS in Ghana that involved a user-driven design and testing of information
and communications technology-based digital tools, such as using smartphones and similar
applications. They concluded that the co-production of a CIS promotes Ghanaian farmers
with access to as well as better understanding of weather and climate information, leading
to improved farming decisions.
Although CISs have been promoted in several countries, the up-to-date CISs, including
the FarmerSupport APP (https://play.google.com/store/apps/details?id=com.spacewek.
farmersupport accessed on 10 February 2022) only provide information on the recent
and forecasted meteorological variables, primarily precipitation and temperature [26–28].
Soil moisture that plays an important role in the soil-plant-atmosphere system is still not
well implemented in the currently available CISs. Some studies have documented the
importance of soil moisture on agricultural productivity e.g., [29–32]. They concluded
that the assessment of soil moisture is crucial to understanding the variability of soil
moisture and for optimizing crop production. The plant establishment and growth are
directly impacted by the soil moisture content and vice versa, soil moisture is also directly
influenced by the vegetation types and structure, causing temporal and spatial variations in
its values [33]. These show that soil moisture as a critical and complex variable in the soilplant-atmosphere system is a key component for better agricultural management practices,
especially in water-limited areas. For small-holder farmers, as this is the case for Ghana,
having access to soil moisture information when practicing rainfed agriculture helps in the
decision-making process and managing the effects of extreme weather events on agriculture
[34]. Moreover, soil moisture has longer catchment memory than precipitation, leading
to higher prediction skill than precipitation, which is essential for developing accurate
CIS [35,36].
In this study, we aimed to assess the role of soil moisture in farmers’ agricultural
decision-making and to understand how this information is being perceived, assessed, and
applied for agricultural practices, with a study case in northern Ghana. The ultimate goal
of this study is to obtain farmers’ perception of the use of soil moisture information in their
daily farming practices that will lead to co-production and co-creation of CIS-SM. There are
four main research questions addressed in the study: (1) what are the socio-demographic
characteristics of farmers participating in this study in the Northern Region of Ghana,
(2) what agricultural information do these smallholder farmers receive? (3) how important
is this information for their day-to-day farming activities? and (4) what is the role of SM
information in agricultural decision-making among small-scale rice farmers in northern
Ghana? To answer these questions, we adopted an exploratory research design, combining
field visits and farmer interviews including questionnaires [37–39]. These will be described
in section two where we present the study location, data, and methods. The results are
presented in section three, followed by a discussion on the findings in section four. Finally,
we conclude the findings in section five.
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2. Materials and Methods
2.1. Study Area and Site Selection
Our study was carried out in the Northern Region of Ghana, which is in a tropical
Guinea Savannah Agro-Ecological zone, characterized by a single rainy season. This region
is ranked as highest in terms of rice production in Ghana and many smallholder farmers
engage in rainfed agriculture. A few irrigation schemes in the region also grow rice during
rainy season, with supplementary irrigation and vegetables in the dry season [40]. Total
annual rainfall is around 1250 mm [41], with a six-month rainy season in a year, from May
to October, and a six-month dry season that ranges from November to April [42]. The
unimodal rainfall, other harsh climatic parameters, and poor soils quality negatively affect
agricultural production [43,44]. Temperature in the northern Ghana is higher, compared
to the southern part of the country. The lowest minimum daily temperature is around
15 ◦ C and is mostly recorded in August, while highest maximum daily temperatures can
reach up to 42 ◦ C and are recorded in March or April, with a mean annual temperature
of 28.3 ◦ C [45]. It is projected that the area will experience a decrease in rainfall frequency,
increase in daily temperatures, and increase in rainfall intensity by the year 2050, which
may put food security in this region at risk [46].
The field research was conducted in three communities, namely Gbulung in Kumbungu district, and Nakpanzoo and Yapalsi in Savelugu district in the outskirts of Tamale,
which is the capital of the Northern Region of Ghana (Figure 1). Field work has been done
in the period October–December 2021. Most inhabitants in the Kumbungu and Savelugu
districts are of Dagomba ethnic group (80% of the total population), who derive their
livelihood from crop farming and livestock rearing, while other ethnic groups, such as
Gonja and Ewe, settled in the area and live from fishing industry along the White Volta
River [45]. In the Kumbungu district, some farmers also get benefit from the Bontanga
decentralized irrigation scheme (470 ha), managed by communities at the local level. The
Bontanga irrigation is built on the tributary of the White Volta River with a total discharge
of 11 million m3 per annum [47]. Farmers in the Savelugu district also irrigate their farms
using water from the tributaries of the White Volta River. In general, there are three groups
of farmers in our study areas i.e., those on irrigated farms, rainfed farms, and farmers
cultivating both irrigation and rainfed farms. Besides rice, other crops, such as maize,
pepper, soybean, and groundnuts, are cultivated in Kumbungu and Savelugu districts.
The vegetative cover is typical of Guinea Savanna with isolated trees and tall grass.
The soil generally consists of the sandy loam type, except in the lowlands, where alluvial
deposits are found. Subsistence agricultural production is the main economic activity of the
districts and is highly seasonal. The trees found in the area are drought resistant and hardly
shed their leaves completely during the long dry season. Most of these are of economic
value and serve as important means of livelihood, especially for women. Notable among
these are Shea trees (Vitellaria Paradoxa, used for making shea butter) and Dawadawa (Parkia
Biglobosa), that provides seeds used for condimental purposes and many other locally used
products [48].
2.2. Data Collection
The primary data were collected through reconnaissance field visits, participatory
interaction with farmers, and semi-structured personal interviews and questionnaires (see
Supplementary Materials) with a total of 49 farmers located in three communities, namely
Gbulung (16 farmers), Nakpanzoo (17 farmers), and Yapalsi (16 farmers). Interview and
questionnaire consist of questions related to demographic information of farmers, the
availability of water including soil moisture, weather, and agricultural-related information,
and indigenous knowledge. Moreover, we also asked farmers about information needs for
agricultural decisions making and the availability of water and weather forecast data. The
latter was focused more on the soil moisture information availability from different sources
as perceived by farmers. The evidence collected helped to understand the need for soil
moisture information in the selected farmers’ group.
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We collected soil data by taking soil samples to the laboratory for future use and
also carried out gender segregated focus groups (FGD) to discuss the importance of soil
moisture and to train farmers on how to estimate soil moisture on the field, using the feel
and appearance method [49]. The FGDs are still on going and will finish at the end of rainy
season in the year 2022. The outcome of the FGDs will be presented as endline study after
all the FGDs and trainings are completed e.g., [23].

Figure 1. Map showing locations of the study area in northern Ghana. Gbulung community is located
in the Kumbungu district, northwest of Tamale, the regional capital, while Nakpanzoo and Yapalsi
communities are located at the Savelugu district north of the Tamale.

2.3. Data Analysis
In this study, exploratory research approach [37,38] involving survey, interviews,
and group discussions was adopted. We believe that soil moisture provides valuable
information that is strongly related to crop growth in addition to climate. Thus, we used
exploratory research to gain insight into how soil moisture information is being perceived,
assessed, and applied for daily agricultural practices. We applied the purposive sampling
method, also called judgment sampling, in selecting the farmers for interviews, group
discussions, and training [50,51]. In each community, we have tried to include female
farmers as much as possible to achieve gender balance among respondents.
Data analysis was performed in two stages, first translating the data from interviews
and questionnaires to an excel spreadsheet for further analysis and second, interpreting the
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data into key themes of interest. All figures were plotted using Python 3.7 software. We
grouped the themes into five sections, e.g., 3.1 to 3.5. Translating data included cleaning
information from interviews and questionnaires, transcribing the audio recordings, and
editing field notes [52,53]. Interpretation of the data was based on how information was
perceived by the farmers. For that reason, farmers were asked to consider how their
answers reflect the available information in the existing systems and their needs.
3. Results
3.1. Socio-Demographic Characteristics of Respondents
Analysis of farmer’s characteristics, such as gender, age, household size, education, land
ownership, animal husbandry, off-farm income, and the farming experience was carried
out for each community (Table 1). We conducted interviews with 16–17 farmers in each
community to get an equal number of respondents. Although we have tried hard to get
gender balance in the respondents, 4 or less female farmers participated, with the highest
female participation in Gbulung (4 female farmers), followed by Yapalsi (3 female farmers)
and Nakpanzoo (2 female farmers). The main reason is that farming activities in this part
of Ghana are dominated by men [54]. Men are responsible for land preparation. Planting is
sometimes done by both men and women while fertilizer and pesticide application are male
jobs. Women normally do weeding and sometimes it is executed more than once. Harvesting
is carried out manually using sickle, where women also take part or by rented machinery.
Winnowing is a women’s job as well as parboiling and marketing. If woman has a farm, which
is usually given by male relative, she will hire men to do operations described as male above.
Another reason is that women have limited access to land, labor, and capital due to cultural,
societal, and institutional restrictions [55,56]. A study by FAO [57] also shows a significant
gender disparity in land holdings, with male farmers having 3.2 times more small farms than
females and 8.1 times more medium to large farms (of 5 acres and more).
Most participants’ have age ranging from 35 to 44 years old, which is represented by
5 farmers in each community. The highest number of older farmers with age groups ranging
from 55 to 64 years old is found in Yapalsi (3 farmers). In general, farming activities are
dominated by farmers aged 25 to 54 years old, which are of the working-age category [58].
In terms of household size, there is a difference in the number of households in each
community. In Gbulung, many households have a number of people between 6 and 13
(8 respondents) while the majority of households in Napakzoo have between 6-9 people
(6 respondents) and either 14 to 17 or >21 people in Yapalsi (5 respondents each). The
average household size in our study areas is 12 people, comparable to other studies in the
study area [59]. The education level of farmers varies from no formal education (illiterate) to
tertiary education level. More than 50% of farmers (>8 respondents) in three communities
are illiterate, which is comparable to the statistics for the district of 69.2% [60].
In Gbulung and Yapalsi, less than half of the interviewed farmers work on their
own farms but rather on the farms that belong to their household or clan head. Many
of them also do animal husbandry, mainly rearing sheep and goat (>12 respondents).
The non-ownership of farmland in these communities might explain the high number of
respondents that are also working in the off-farm and non-farm sectors as their side jobs,
such as carpenters, butchers, mobile money agents, storekeepers, fishermen, and traders
(>10 respondents). It is vice versa situation in Nakpanzoo, where around 13 farmers work
on their own farms and only 5 farmers have side jobs as bread sellers, butchers, teachers,
and masons. This indicates that farmers who do not have their own farms tend to have
secondary jobs outside farming activities. Similar to Gbulung and Yapalsi, more than
13 farmers in Nakpanzoo do animal husbandry rearing mostly small ruminants. The experience in farming differs across three communities. The less experienced farmers (10 farmers)
are found in Gbulung, with experience in farming mostly less than 10 years. Whereas the
most experienced farmers are found in Yapalsi (more than 20 years of experience, counted
from 7 farmers). Most farmers in Nakpanzoo (7 farmers) have farm experience between
11–20 years.

Agronomy 2022, 12, 541

6 of 18

Table 1. Characteristics of the respondents.

Variable

Gbulung
N = 16

Gender
Male
12
Female
4
Age
<25
3
25–34
5
35–44
5
45–54
3
55–64
0
Household size
2–5
1
6–9
4
10–13
4
14–17
1
18–21
4
>21
2
Education
Illiterate
8
Basic
3
JHS
1
SHS
3
Tertiary
1
Land ownership
Yes
7
No
9
Animal farm
Yes
13
No
3
Off–farm income
Yes
10
No
6
Farm experience
1–10 year
10
11–20 year
5
>20 year
1

%
75
25
18.8
31.3
31.3
18.8
0
6.3
25
25
6.3
25
12.5
50
18.8
6.3
18.8
6.3
43.8
56.3
81.3
18.8
62.5
37.5
62.5
31.3
6.3

Nakpanzoo
Variable
N = 17
Gender
Male
15
Female
2
Age
<25
0
25–34
5
35–44
5
45–54
5
55–64
2
Household size
2–5
1
6–9
6
10–13
2
14–17
1
18–21
2
>21
5
Education
Illiterate
9
Basic
6
JHS
1
SHS
1
Tertiary
0
Land ownership
Yes
13
No
4
Animal farm
Yes
14
No
3
Off–farm income
Yes
5
No
12
Farm experience
1–10 year
5
11–20 year
7
>20 year
5

%
88.2
11.8
0
29.4
29.4
29.4
11.8
5.9
35.3
11.8
5.9
11.8
29.4
52.9
35.3
5.9
5.9
0
76.5
23.5
82.4
17.6
29.4
70.6
29.4
41.2
29.4

Variable

Yapalsi
N = 16

Gender
Male
13
Female
3
Age
<25
3
25–34
1
35–44
5
45–54
4
55–64
3
Household size
2–5
0
6–9
3
10–13
0
14–17
5
18–21
3
>21
5
Education
Illiterate
10
Basic
3
JHS
1
SHS
0
Tertiary
2
Land ownership
Yes
7
No
9
Animal farm
Yes
12
No
4
Off–farm income
Yes
11
No
5
Farm experience
1–10 year
5
11–20 year
4
>20 year
7

%
81.3
18.8
18.8
6.3
31.3
25
18.8
0
18.8
0
31.3
18.8
31.3
62.5
18.8
6.3
0
12.5
43.8
56.3
75
25
68.8
31.3
31.3
25
43.8

3.2. The Available Weather and Water-Related Agricultural Information
Most farmers in the studied communities claimed that they have access to agricultural
information that plays role in their farming decision-making (46 farmers). They have
received information primarily from radio (36 respondents), followed by television (TV,
21 respondents), extension agents (18 respondents), peer farmers (17 respondents), Non
Governmental Organizations (NGOs, 10 respondents), and through mobile phone (6 respondents) (Figure 2a). Each farmer can choose from more than one source of information,
which explains the total of respondents for more than 49 respondents. Radio was chosen as
the main source of information because community radio was specifically developed to
create a platform for information sharing and discussion related to the local agricultural
economy. Commercial radio, on the other hand, provides limited agricultural information,
which comprises only 10% of the station’s programs [25]. This indicates that community
radio plays an important role in disseminating agricultural information in Ghana. Although
46 farmers either owned mobile phones or have at least one family member who owned a
phone, only 6 farmers claim that they receive agricultural information via mobile phone.
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Figure 2. Agricultural-related information received by the smallholder farmers and their dependency
on weather and water information for farming decision-making. (a) Source of information, (b) type of
information, (c) frequency of information received by farmers, dependency on water (mainly runoff
and residual water content) and weather information.

We also noticed that information on crop variety is the most received type of information in the three communities, obtained from different sources (41 respondents, Figure 2b).
Weather forecasts are placed second, claimed by 32 respondents, followed by water availability (25 respondents), input prices (25 respondents), disease control (23 respondents),
market price (22 respondents), and soil moisture (11 respondents). Water availability means
runoff from higher parts of the valley into the rice farms and also residual soil moisture.
Here, it is clearly seen that soil moisture status as the key variable for plant growth is not
well disseminated to farmers. More than 29 respondents stated that they do not always
obtain agricultural-related information (Figure 2c). Figure 2c also shows the dependency of
farmers on water and weather information for agricultural decision-making. The majority
of farmers reported that they either always or often depend on the water and weather
information (35 and 32 respondents, respectively). None of the farmers stated that they do
not depend on the water information and only one farmer stated that he rarely depends
on the weather information. Figure 2c clearly indicates the need for water and weather
information for agricultural decision-making but this information is not well distributed.
Figure 3 shows the farmers’ perception of the quality of weather and water information
and the significance of this information for their daily farming activities. We grouped farmer
perception based on the importance. Many farmers declared that information on water
availability and the weather forecast is important, with a total of 38 and 42 respondents,
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respectively, and none of the farmers declared this information is not important to them
(Figure 3a). Total respondents for each variable are less than 49 farmers, because several
farmers did not provide an answer. The quality of water availability information, in general,
is good and excellent as it was claimed by 14 and 15 farmers, respectively (Figure 3b). More
than 20 respondents said that the quality of the weather forecast is good. Only 8 farmers
stated that the quality of the weather forecast is excellent.

Figure 3. Farmer perception on (a) the importance of weather and water-related information and
(b) the quality of weather and water-related information. Acronym Imp stands for important.

Crop variety and input price were chosen as the second group of important information by farmers, after water availability and weather forecast (Figure 3a). From a total of
44 farmers, 93% of farmers said that information on crop variety is important. However,
only 78% of farmers (28 farmers out of a total of 36 respondents) said that input price
information is important, which shows the lowest percentage of farmers chosen for important information after disease control (84% or 21 out of total 25 respondents). Information
regarding input price and crop variety has good and excellent quality, as declared by
22 (65% of respondents) and 36 farmers (82% of respondents), respectively (Figure 3b).
Soil moisture was only selected by 19 farmers as important information in agricultural
decision-making, which is the lowest, compared to others. Result indicates that farmers
lack awareness of the importance of soil moisture in agricultural practices.
3.3. The Available Soil Moisture Information Related to Agriculture
In the previous section, only a few farmers stated that soil moisture is an important
variable for farming decision-making. However, in farmers examination regarding their
awareness of the soil moisture concept, all participants confirmed that they are aware of the
concept of soil moisture. More than half of the farmers (29 respondents) do soil moisture
measurement by feeling the soil by the hand and smelling the soil (Figure 4). Half of the
farmers (24 respondents) measure the soil moisture at the root zone and the rest at the
surface. In general, farmers measure the soil moisture by several methods, such as touching
the ground if it is wet or dry, squeezing the soil to extract water from the soil, measuring
the stickiness of the soil, and using the cutlass method. These methods, however, will only
give an indication of the dryness or wetness of the soil and not details required for more
precise decisions in farming.
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Figure 4. Information related to soil moisture measurement: (a) percentage of farmers measures
soil moisture by feeling, (b) percentage of farmers measures soil moisture by smell, and (c) depth of
measurement.

About 46 respondents use soil moisture information obtained from their own measurements and from other sources, such as NGOs, extension agents, and peer farmers
as an indicator for agricultural activities at various stages in rice production. In general,
farmers declared that soil moisture information is significantly important in almost each
rice production stage. During land preparation, about 21 and 16 respondents feel that
information of soil moisture is very important and important, while information on soil
moisture is even very and extremely important during sowing as it was said by 23 and
17 farmers, respectively (Figure 5). For fertilizer application, more than half of the respondents (26 respondents) stated that information on soil moisture is very important,
and 15 respondents stated extremely important. A higher number of farmers indicated
that soil moisture information is important and very important for weed control and to
determine the rice varieties, with a total number of respondents of 39 and 30, respectively.
The majority of the farmers (24 respondents) do not know the importance of soil moisture
in pest control. At the harvesting stage, 19 farmers indicated that soil moisture information
is important, and 17 farmers indicate that it is not important.
3.4. The Importance of Forecast Information and the Needs
In this section, farmers’ perception of the importance of forecast information was
evaluated. 28 farmers agreed that forecast information is needed and 17 farmers stated that
forecast information is indispensable (Figure 6a). The majority of the farmers (21 respondents) are interested in receiving forecast information with a lead-time of two to three days
in advance while 8 farmers demand forecast information with a lead-time of one day and
one month in advance (Figure 6b). Figure 6c shows forecast information needs of smallholder farmers in the three communities. As expected, almost all farmers (47 respondents)
require rainfall forecast information. Information on soil moisture forecast is placed as the
second demanded forecast, with 43 farmers opting for this information. 30 farmers are
interested in temperature forecasts while only 8 and 3 farmers opt for humidity and storm
forecasts, respectively. Here, our results agree well with Kumar et al. [23] where rainfall
and temperature forecasts are mostly demanded by the farmers. The frequent natural
disasters that challenge the farming activities in the study regions are flood and drought
(interview results, 2021).
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Figure 5. Farmers’ perception on the importance of soil moisture in farming decision-making stages.
Acronym impt stands for important.

Table 2 shows the number of respondents receiving soil moisture information, the
importance of soil moisture information, the farming decision stage, and the importance
of soil moisture forecast in each community. Only a small number of farmers in Gbulung
receive soil moisture information and therefore, farmers in this community do not feel that
soil moisture information including forecast is important. On the contrary, many farmers in
the Yapalsi, who receive soil moisture information, stated that soil moisture information is
important. Many of them also indicate the importance of soil moisture forecast. Our result
shows that the more farmers receive soil moisture information, the more important soil
moisture information and forecast are to them.
Table 2. Soil moisture information received by farmers and the importance of soil moisture in
each community.

No

Variable

Gbulung

Community
Nakpanzoo

Yapalsi

Unit

1
2

Altitude
Soil type
Farmer received
SM information
Importance of SM
information
Farming decision
stage
Importance of SM
forecast

139.0
sand, silt

115.4
sand, silt

117.0
sand, silt

m
-

6.3

29.4

31.3

respondents

31.3

35.3

50.0

respondents

Fertilizer

Sowing

Sowing

-

81.3

88.2

93.8

respondents

3
4
5
6
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Figure 6. (a) Farmer’s perception on the importance of forecast information, (b) the percentage of
forecast lead-time needs by smallholder farmers, and (c) forecast variable needs of smallholder farmers. R stands for Rainfall, T stands for Temperature, H stands for humidity, S stands for storm, and
SM stands for soil moisture.

3.5. The Indigenous Soil Moisture Knowledge
During interviews, farmers listed some indigenous agro-meteorological indicators
based on insect behavior and meteorological parameters, such as intense heat, wind,
mosquito, ants, and caterpillars. Some local indicators to predict rainfall occurrences are
described as follows: the occurrences of intense heat, the wind blowing towards the East,
many mosquitoes appearing, and ants carrying eggs uphill indicate that a rainy event is
foreseen in hours. The presence of caterpillars means that rain might stop for a while. One
farmer mentioned that drought might occur if they see snails seal their shells. We can relate
the prediction of rain events to wet soil and vice versa for drought. Based on interviews,
nevertheless, farmers indicate how they monitor the soil moisture condition using the
indigenous knowledge.
Table 3 presents several indigenous indicators used by farmers to monitor local soil
moisture conditions. These indicators were collected based on explicit interviews and
discussions focused on soil moisture with experienced local knowledge farmers (only a
few of them). Here, farmers use indicators based on plants and animals to indicate the
status of the soil and relate them with agricultural activities. Four plant species and one
animal were mentioned by the farmers during interviews. If they see small animals (e.g.,
cat) that can completely hide behind the Gbingbane plant at the start of the rainy season,
then sowing/planting activities can be carried out. Another indicator for sowing activity
is by observing the fruits of the Shea tree. When the Shea fruit starts ripening, then it
indicates a good time for sowing. Observing a Karifi Maalam plant is useful to determine
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the specific types of crops for planting (i.e., groundnuts, maize, and rice) while sowing
any type of crop can be performed based on an observation of the Dawadawa tree. The
presence of earthworms indicates a good timing for sowing, associated with the prediction
of a rain event.
Table 3. Documentation of local indicators to monitor soil moisture conditions.

No

Name of Indicator

Indicator Signal

Period/Month

SM Status

1

Gbingbane plant (at maturity stage)

Onset of the rainy season
(April/May)

Soil ready for
ing/planting

2

Shea tree (Vitellaria paradoxa)
Karifi maalam plant

When poultry, or small animals (cat) can hide behind shrub without being
seen
Immediately after the
fruits start ripening
1. When it starts to fruit,
2. When its fruits starts
ripening. From the start
of ripening to fully ripe
fruits
Immediately when harvest of ripe fruits starts

Onset of the rainy season
(April/May)
Rainy season (May/June)

Soil ready for sowing/planting
1. Good for sowing of
groundnuts and maize, 2.
Good for planting of rice

Rainy season (May to
June/July)

Suitable for any type of
crop

Earth worms on the earth
surface after it rained indicate effective rainfall

Rainy season

Soil is suitable for sowing since moisture is related to rainfall

3

4

5

Dawadawa tree (African
Locust tree-Parkia biglobosa)
Presence of Earth worms

sow-

4. Discussion
4.1. Opportunities to Develop Mobile-Based CIS
Many farmers in the Gbulung, Nakpanzoo, and Yapalsi communities located in the
northern region of Ghana indicated that they receive agricultural-related information
mainly from radio (total of 36 respondents, Figure 2). Our study also shows that 94%
of farmers (46 respondents) interviewed have access to mobile phones. However, only
around 6% (6 respondents) receive agricultural information via mobile phone. We then
pursued more detailed information about mobile phones use, such as Short Message
Services (SMS), phone calls, and apps to obtain agricultural information. It turns out that
35% of respondents (17 respondents) obtain agricultural information by receiving SMS and
call from agricultural extension officers and no one uses the apps and internet. A similar
conclusion is found in central Kenya where 98% of farmers own a mobile phone but only
around 25% of farmers use the mobile phone to access information about agriculture and
livestock [61]. This condition is contradicted with Kumar et al. [23,62] study in Bangladesh.
In their studies, 54% of farm households have access to smartphones but more than 50% of
farmers prefer information and communications technology (ICT)-based platforms (e.g.,
smartphones and apps). In addition, a study by Gbangou et al. [54] in Ada East district
Ghana also concluded that the use of ICT-based tools such as smartphone apps is highly
relevant for dissemination of forecast data. In general, results from those studies show the
need for ICT-based tools including CIS for improving agricultural decision-making and
reducing climate-related risks.
The high number of farmers who owned mobile phones in our study areas and
elsewhere in the world opens a new opportunity for mobile-based CISs in agricultural
decision-making. This is supported by large-scale investment in ICT infrastructures across
Africa, the drop in smartphone cost, and better telecommunication connectivity and internet
access in rural areas [63,64]. Climate Information Services have the potential to complement
the currently inadequate/less effective extension services, especially to ensure that smallholder farmers have access to agricultural-related information [65]. The developed CIS,
however, must be tailored to smallholder farmers specific needs, involving co-production
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and co-creation of information systems and followed by the end-user training for a better
understanding of the required technology [24–27].
4.2. The Needs for Weather and Water-Related Agricultural Information
Our results clearly indicate the need for water and weather information for agricultural decision-making among farmers but this information is not well disseminated
(Figures 2 and 3). More than 28 respondents confirmed the importance of water and
weather information in their daily farming activities and none reported this as not important. Besides, farmers also need advisory services and other information such as input
prices, crop variety, disease control, market price, and soil moisture for precise agricultural
decision-making e.g., [66–68].
The majority of the farmers (21 respondents) reported that they prefer information
on weather and water forecasts with a lead-time of two days to three days in advance
(Figure 6b). Our results differ from previous studies in Northern Ghana showing that the
most desirable forecast lead-time is one month [69,70]. They argue that one month leadtime can significantly inform farmer decision-making as part of preparatory arrangements
before the season begins. A lead-time of three months is of least relevance for farmers
because of much greater variation in expected seasonal conditions and also the fact that the
majority of farmers do not consider farming activities three months in advance, as this is
also found in our study. A baseline study conducted by Kumar et al. [23] in Bangladesh
concluded that more than 40% of the farmers in the lower Bengal delta demanded weather
forecasts with lead-times of one week and two weeks. In our study regions, one week and
two weeks forecast lead-times are only required by 19% (9 respondents) and 2% of the
farmers (1 respondents), respectively.
The short forecast lead-time chosen by farmers is practical for daily farming activities.
However, it is too short for strategic agricultural decision-making and management. For
example, when the soil is slightly moist and the three days forecast predicts no foreseen
rain events, farmers might apply fertilizer. Yet, the fertilizer application is not optimal if
rain occurs on the fourth day, which will wash away the fertilizer from the soil. Here it
should be noted that farmers in our study areas are not familiar with forecast time scales for
more than one week, as indicated earlier. Many farmers receive agricultural information
including forecasts from radio and TV (Figure 2a), with a lead time of up to three days [28].
The use of weekly, bi-weekly, and one month forecasts is suggested for better agricultural
decision-making although traditional farmers usually do not take decisions for more than
one to two weeks in advance [23,70]. Three months or (sub)seasonal forecast will be useful
for strategic agricultural planning such as the selection of a more profitable crop variety
that fits well with the forecasted seasonal weathers, either drier or wetter than normal in
the coming months. The choice of the forecast lead-time also needs to consider the accuracy
of the forecast. The weather forecasts have higher skill for short lead-time and the skill
deteriorates with longer lead-time [71,72]. FGD and training will hopefully increase the
awareness of farmers on forecast lead-time and may change farmers’ perspectives on the
need for soil moisture information.
Soil moisture as one of the most important variables that strongly influence plant
establishment and growth was only selected by 19 farmers (39%) as important information
in agricultural decision-making (Figure 3). Lack of soil moisture information received by the
farmers is conjectured as the main reason why soil moisture information is less important
variable when it comes to agricultural decision-making compared to others (see also Table 2).
Almost all farmers (43 respondents) demanded soil moisture forecast information, after
rainfall forecast (47 respondents). Moreover, a higher forecasting performance is obtained
using the soil moisture than rainfall due to the catchment memory [35,73,74]. The use of
local knowledge to indicate the soil moisture conditions and relate them with agricultural
planning is already implemented in our study areas. Farmers usually observe some trees
and earthworms to indicate the wetness of the soils and time for sowing. We also note that
no indicator is specifically used to predict the wetness and dryness of the soil. Farmers link
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the prediction of rain events associated with the prediction of soil wetness. There are many
indicators that can be used to predict the rainy event, as found in literature [75–79].
4.3. The Needs for an Information Service Based on Soil Moisture (CIS-SM)
Although only a few farmers stated that soil moisture is an important variable for
farming decision-making, many of them are aware of the concept of soil moisture. More importantly, farmers do consider soil moisture conditions in almost each rice production stage,
from land preparation, sowing, fertilizer application, and even weed control (Figure 5).
Farmers also wanted the soil moisture forecast information alongside rainfall forecast
(Figure 6c). A CIS-SM that integrates the indigenous forecast knowledge with scientific
forecast knowledge is of utmost importance to support farmers’ decision-making. The
integration between indigenous and scientific forecast knowledge will increase forecast resolution and skills and reduce recurring tensions between the two knowledge systems [78,79].
The available CISs only provide weather and climate information and soil moisture
information is still not well implemented [26,28,80–82]. Development of CIS-SM remains
a challenge because of various reasons: (1) there are only limited in situ soil moisture
measurements across the globe, (2) weather forecast providers delivering soil moisture
forecast products are very limited, and (3) analyzing soil moisture forecast tailored to
specific locations and needs involves soil moisture modeling and measurements. There
are some ways to overcome these challenges, for example the use of a remote sensing
dataset e.g., [83,84] and a hydrological model e.g., [85,86] offers a new perspective for the
development of CIS-SM. Another method to forecast soil moisture in a specific location is
using a simple water balance model fed by weather forecast data and in situ soil moisture
measurements, for example using the feel and appearance method as introduced in our
study areas.
Developing CIS embedded with a soil moisture forecast advisory module (CIS-SM)
will also provide economic and environmental benefits for smallholder farmers practicing
rainfed agriculture. The CIS-SM will increase the smallholder farmers’ income because,
firstly, soil moisture forecast and advice can increase the annual yield by delivering information on actual and forecasted soil moisture conditions to avoid water shortage and/or
excess water. When the harvest exceeds the food requirements for self-maintenance of the
farmers and their families, smallholder farmers can sell the surplus to increase the farmer’s
capital. Secondly, adjusting agricultural practices based on the soil moisture condition allows farmers to spend less by avoiding re-sowing in case of failure, reduces use of fertilizer
and pesticide and aids timely harvesting [28,87]. We also notice that many farmers in our
study areas and in the sub-Saharan Africa, in general, have water pumps for irrigation [88].
CIS-SM is extremely important to these farmers because, with the right information, they
can economize the fuel costs by using the pumps at the right time e.g., when the soil is dry
and no precipitation is forecasted. The agricultural sector is currently responsible for 70%
of worldwide water abstractions [89]. The soil moisture forecast advising tool, thus, could
help smallholder farmers to increase the water-use efficiency of crops and in the end, will
reduce the pressure of agriculture on available water resources.
5. Conclusions
Smallholder farmers in Northern Region of Ghana are engaged with small-scale
rainfed agriculture and irrigation, where the success of their crops strongly depends on
agricultural-related information, including weather forecasts. Some agricultural information, such as water availability, weather forecast, input prices, crop variety, disease control,
market price, and soil moisture are obtained by farmers from many different sources. In
general, farmers identified that the quality of agricultural-related information received by
them is good. The main platforms where farmers receive agricultural-related information
are radio and TV, where Information on water availability, weather forecast, and crop variability are regarded as most important. However, farmers do not always receive needed
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information on the soil moisture. Soil moisture is thus selected as important information
only by a few farmers included in the study.
Our research highlights the role of soil moisture in daily farming practices. From
the field interviews and FGDs, farmers consider soil moisture conditions in the agricultural decision-making activities at every stage. Many farmers are of the view that soil
moisture information is highly important for fertilizer application, followed by sowing,
land preparation, and weed control. The information on soil moisture, however, is not
always available and even not accessible. Some farmers also rely on their indigenous
knowledge to monitor the soil moisture conditions, associated with the right timing for
sowing. Soil moisture forecast is ranked as the second critical information for farmers, after
precipitation. Our study reveals that soil moisture information is crucial for farmers to
conduct strategic and tactical decision-making in their daily farming activities. Moreover,
farmers show an interest in obtaining soil moisture forecast information that could help
them to increase the water-use efficiency and in the end, reduce the pressure on available
water resources for agriculture. The results, therefore, suggest that further development of
a CIS imbedded with a soil moisture advisory module (CIS-SM) is beneficial, particularly
since it is important to develop a robust CIS.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/agronomy12020541/s1, The Supplementary Information comprises questionnaire that was
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