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Abstracts

This study examined smallholder pineapple farmers’ experiences of climate variability and change in production, as well as ranked adaptation and information source
options using data from primary sources. The primary data consisted of a survey on pineapple growing in Awaé. The analysis revealed that pineapple farmers experience
climate variability and change evidenced mainly through irregular rainfall patterns (100%), excessive heat (97.14%), drying of streams (85.71%), and rising temperatures
(77.14%). These variabilities cause a change in color and taste (40.00 and 45.71% respectively), a reduction in fruit size and yield (68.57 and 100% respectively), and
consequently, a reduction in income from pineapple production. Farmers identify deforestation (54.29 + 0.51%), bush fires (34.29 + 0.48%) as the major causes of climate
change. Although the use of soil conservation practices (e.g. mixed and rotational cropping), bush fallow and crop diversification emerged as the three main adaptation
options employed by smallholder pineapple farmers, climate change has the potential to reduce pineapple production in Awaé. Therefore there is a need for future studies
to identify adaptation measures that will help improve pineapple production in the area. These farmers are willing to receive information commencement of rain, the
prediction of stopping rain, the impact, adaptation strategies, and mitigation strategies to climate change. They can be informed through phone text messages, television,
radio, and even demonstration methods for them to effectively follow up on climate change to better improve their pineapple production in Awaé.
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Introduction

Pineapple (Ananas comosus) is the most economically
important plant in the family of Bromedioideae [1,2]. It is the
third most important tropical fruit in the world after banana
and citrus. Pineapple contributes 8% of the world's fresh fruit
production [3]. FAOSTAT [4] reported that Thailand is the major
producer of pineapple, accounting for 13% of global production
followed by Brazil and Costa Rica. In Cameroon pineapple is
mostly produced in the Center Region (Bafia and Awaé) and
in the Littoral Region (Njombé) where it’s being exported to
nearby countries such as Equatorial Guinea and Gabon as well
as consumed and sold locally. The promotion of pineapple
production and export has been effective in improving rural
livelihoods through improved income to farmers and reducing
poverty, hence participating in the economic growth of the
country. This placed Cameroon as the 4™ largest producer of
pineapple in Africa with the production of 351,574 tons after
Nigeria, Kenya, and Angola [5,6] and the 1% in Central Africa
[7). Despite this ranking, many constraints are still facing
pineapple production in Cameroon such as climate change.

Climate change is a reality that has been confirmed by the
present enormous risk to agricultural production due to the
impacts on yields [8-10]. The challenges of climate variability
and change are complex to people’s livelihoods in Africa
[9]. Global future climate anticipated an increase in surface
temperature. More intense, and frequent extreme rainfall has
become unpredictable in nature, with the mean sea level on
the rise in most regions in the tropics [11,12]. The nature and
magnitude of climate change impacts on agriculture require
knowledge of possible adaptation techniques [8]. Rainfed
agriculture is sensitive to climate variability and change which
mostly have a negative impact on horticultural crop productivity
[13]. Especially pineapple which is very sensitive to climatic
variations as excessive heat and irregular rainfall result in low
productivity [14,15]. However, pineapple is a Crassulacean Acid
Metabolism (CAM) plant so it’s drought tolerant and therefore
well adapted to arid conditions although the growth is sensitive
to climate [16,17]. Nonetheless, the plant cannot obtain the
desired sizes needed for flower induction and growth [17]
under arid conditions. A rise in temperatures up to 4°C will
affect the agricultural industry, indicating that an increase in
temperatures and water stress are the major pathways through
which climate variability and change affect food security
resulting in retarded growth in plants or reduced crop yield
[18,19]. This situation will eventually affect the environment,
and human livelihoods [20]. These climatic uncertainties will
particularly affect smallholder farmers, whose livelihoods
depend on agriculture. The extent of climate change impacts
felt depends on the extent of adaptation response [9]. So
smallholder farmers have to struggle with the rising level of
uncertain conditions surrounding their production and limited
adaptive capacity [21]. This uncertainty in climate variability
and change has resulted in many adaptive measures to mitigate
the impact of climate change, hence helping rural communities
to better face extreme climatic conditions [20].

So many studies have shown that knowledge of smallholder
farmers on adaptation strategies can be used as baseline
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resources in developing adaptations planned and help to
inform development policy and decision-making process
[22-24]. Adaptation involves an adjustment in the social and
economic structures by stakeholders in response to actual
or expected climate and its effects [11]. Climate vulnerability
is often high in the developing world, therefore adaptation
is recognized as an essential intervention that can be used
to address the threats posed by climate change and thereby
increase household resilience and food security [25,26].
However, farmers’ adaptation practices are closely linked to
their awareness and perception of climatic variability changes
[27-30]. Individual farmers within communities can only
implement adaptive strategies to climatic variability if they
can perceive changes in the climate [30]. Smallholder farmers
need to use an adaptation approach to cope with the effects of
climate change [9].

Studies have shown that adaptation to climate change is very
important to farmers because without adaptation strategies
farmers will become more vulnerable and will severely affect
agricultural production [31]. Studies have reported that the
most frequently used adaptation practices by farmers are the
use of irrigation, farm diversification, crop diversification,
improved crop varieties, change of planting dates, and income-
generating activities [32,33]. Although smallholder farmers are
likely to be seriously affected by the effects of climate change
due to their incapability to adequately adapt to the adaptive
strategies [33], only a handful of the farmers take advantage
of the adaptation option [22]. This might be a result of a lack
of information resources related to climate variability and
adaptation measures.

Iwuchukwu & Udoye [14] reported that the majority of the
farmers are aware of climate change through newspapers and
radio. Farmers need to identify climate change information
in order to provide them with specific climate change
solutions to cushion, mitigate and adapt to climate change
for improved yield and ecosystem balancing [14]. Smallholder
farmers especially pineapple farmers need information on the
prediction of the starting of rain as well as adaptation strategies
to climate variability.

Hence, this study was conducted to specifically ascertain
pineapple farmers’ perceptions, evidence of climate change,
and sources of information on climate change and adaptive
strategies for the improvement of pineapple production in
Awaé, Cameroon.

Materials and methods
Description of the study area

The present study was based on survey data from pineapple
farmers in the Awaé municipality in Cameroon, located in the
Mefou- Afamba Division in the Center Region of Cameroon. It is
located at longitude 3° 52’ 59.88" N and latitude 11° 52" 59.88" E.
This region falls under the Humid Forest (bimodal rainfall)
Zone (Figure 1) with an altitude ranging from 400 to 1,000 m,
an average rainfall ranging from 1,500 mm to 2,000 mm and
a mean annual temperature of 21°C + 2.4°C, characterized by

Citation: Tchoupe MC, Monono EY, Assonwa E, Liengu Monono KH, Mbomi ES (2023) Smallholder farmers’ perception on climate change, information needs and
adaptation strategies for improved pineapple (Ananas comosus) production in Awaé Cameroon. Open J Environ Biol 8(1): 001-009.

DOI: https://dx.doi.org/10.17352/0jeb.000033



P PeertechzPublications

Awaé

Figure 1: Location of Awaé and Agro-ecological zones in Cameroon.
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activities such as plantain, cassava, banana, maize, cocoyam,
sweet potatoes, cocoa, oil palm, rubber, coffee, maize, cocoa,
oil palm, fruits, poultry, pig, fisheries, small ruminants [34].
This zone is characterized by a four-seasonal climate, with
rainfall over 1,500 mm and a maximum of two dry months [35].

Mefou- Afamba Division, is on the central axis connecting
Douala to the border with the Central African Republic, about
50 km from Yaoundé. It is a big crossroad in the region of the
Mvele ethnic group. It is often used as a rest area for travelers
going to Akololinga, Ayos, or lomié towards the border, in the
eastern region. It is known for its main production of pineapple.

Survey design

A two-stage sampling technique was used to collect cross-
sectional data from smallholder pineapple farmers across Awaé
Municipality. The first stage involved a purposive sampling of
the study areas and the second stage was the employment of a
random sampling technique to select the various respondents
for the survey.

A total of 36 smallholder farmers were randomly selected
for the interviews. This was done to achieve a sample size
of 30 respondents intended for this study as explained by
Mason [36] who reported that 30 respondents seem to be an

ideal sample size for the most comprehensive research or
Ph.D. thesis although studies with fewer respondents such
as 10 can still produce applicable results. Semi-structured
questionnaires were used to investigate how farmers perceived
changes in temperature and rainfall, causes and effects,
information sources, and adaptation practices being used by
pineapple farmers to climate variability. Data collection was
done with the aid of pretested structured questionnaires to
correct any inconsistencies. Data collected were mainly on the
socio-demographic characteristics of the respondents, climate
variability and its related impact on pineapple production as
well as adaptation strategies of smallholder pineapple farmers
and their information need to climate variability and change
in Awaé.

Secondary data was based on a review of relevant sources
such as publications, journals, books, and annual reports
in order to know strategies used by smallholder farmers in
adapting to climate variability in pineapple farming.

Data analysis

Data were entered and analyzed using Minitab version 17.
Frequencies, percentages, and means are the basic descriptive
statistical tools used to represent smallholder farmers’
perceptions of climate variability/change, information
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needs, and adaptation strategies for improved pineapple. In
determining farmers’ perceived importance of adaptation
practices and information needs using Weighted Average
Index (WAI) analysis because it takes into account the relative
importance or frequency of some factors in a data and improves
on the data accuracy. In this study, the WAI was used to rank
the effects of climate change on pineapple performance, and
the environment. Similarly, the WAI was applied to the rank
farmer-perceived rate of occurrence of weather extremes
(i.e. dry spell, drought, and flood), information needs, and
adaptation. Respondents were asked to score the weather
extremes based on a 0-3 Likert scale (i.e. in terms of ‘high’,
‘moderate’, and ‘low’). The WAI was then estimated using the
formula below as described by Ndamani & Watanabe [37].

F2W2 + F1W1+ FOW0
F2+ F1+FO0

WAI =

SFiWi
WAI =
>Fi

Where F = frequency of response; W = weight of each score; and
i = score (3 = highly important; 2 = moderately important; 1 = less
important; o = not important).

Results and Discussions

Socio-demographic characteristics of pineapple far-
mers

The socio-demographic characteristics of the respondents
are presented in Table 1. All (100.00% =+ 0.00%) of the
pineapple farmers were male and about 48.57% + 0.51% of
them were within the economic active age of 18 to 60 years.
This is encouraging, as it would ensure sustainability and
the continued existence of the pineapple industry. This result
indicates that pineapple farming in Awaé is gender biased.

The pineapple farmers interviewed had different levels of
education (Table 1). Williams, et al. [10] reported that diverse
educational levels of farmers give them the ability to willingness
and capability to adopt technologies including measures in
adapting to changing climate. Generally, education broadens
one’s point of view about life and helps to understand the
social, political, economic, and cultural issues in society [38].

In Awaé 28.57% + 0.46% of the pineapple farmers had
more than 10 years of pineapple farming experience. According
to the results, the majority (40.00% + 0.50%) are novice
pineapple farmers, as they had been farming pineapple for 1-3
years with little knowledge regarding pineapple cultivation
compared to other farmers who had more than seven years’
experience (Table 1). Williams, et al. [10] reported that farmers’
knowledge and skills of farming practices are gained through
production practices which can influence their ability to adapt
and cope with growing conditions including climate variation.

Farmers always come together to facilitate their activities
and to share common goals. This coming together is called
cooperatives or associations. The results showed that
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51.43% + 0.51% of the pineapple farmers were members of a
cooperative while 48.57% + 0.51% were not involved in any
cooperative. Those pineapple farmers who were members of
the cooperative had access to loans (23.53% = 0.43%), and
hence had the ability to cultivate more than 7 hectares. The
majority (77.14% + 0.43%) of the pineapple farmers did not
have extension contact and had less support from research
and development (R&D) institutions (91.43% + 0.28%). The

Table 1: Distribution of respondents according to pineapple farmers’ characteristics
(n =35).

Variable Frequency Percentage (%) * SD
Age (years) <
18-35 17 48.57 +0.51
36-60 17 48.57 +0.51
261 1 2.86+0.17
Gender
Male 35 100.00 + 0.00
Female 0 0.00 +0.00
Educational level
Basic 1 2.86+0.17
Secondary 18 51.43 +0.51
University 16 45.71 +0.51
Years in pineapple farming
1-3years 14 40.00 + 0.50
4-6years 4 11.43+0.32
7-10years 7 20.00 £ 0.41
>10 years 10 28.57 £0.46
Farm size (ha)
1-3Ha 7 20.00 +0.41
4-6Ha 15 42.86 + 0.50
7-10Ha 7 20.00 +0.41
>10Ha 6 17.14+0.38
Farmer Cooperative membership
Yes 18 51.43 £ 0.51
No 17 48.57 +0.51
Access to loan/credit facilities?
Yes 8 23.53+0.43
No 26 76.47 +0.44
Access to market?
Yes 35 100.00 + 0.00
No 0 0.00 £ 0.00
Yes, which market?
Local 22 62.86 +0.49
Local & International 13 37.14+£0.49
Access to Agricultural Extension Agents(AEA)
Yes 8 22.86 +0.43
No 27 77.14£0.43
Access to R&D
Yes 3 8.57+0.28
No 32 91.43+0.28
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majority (42.86% + 0.50%) of the farmers had an average farm
size (less than 6 ha) indicating they operate on a medium scale
level (Table 1). Studies have shown that there is a significant
positive relationship between farm size and income generated
from pineapple cultivation implying the higher the farm size,
the higher the income generated from pineapple cultivation
(38,39].

All the pineapple farmers had access to markets. The
majority (62.86% = 0.49%) of the farmers sell their fruits
locally while the remaining percentage sell their fruit locally
and internationally. This indicates that pineapple farming
is a profit-making venture and sustainable for smallholder
farmers.

Awareness and evidence of climate change

All the pineapple farmers in Awaé are aware of climate
variability and change (Table 2). Climatic variation poses a great
threat to agriculture and its activities [10]. During the survey,
pineapple farmers reported that climate variability and change
are evident as there is excessive heat, irregular rain, abnormal
rise in temperature, and drying up of streams. The farmers
mentioned that their growing areas had been experiencing
periods of irregular rainfall (100%) as indicated by the drying
up of streams (85.71%), especially during the past decade.
Farmers also mentioned the rise in temperature (77.14%) that
led to excessive heat (97.14%) causing physiological stress to
pineapple indicating climate change (Figure 2). It is evident
that when farmers are aware of and witnessing climate change,
they are likely willing to be informed or accept technology
related to climate change [14,30].

The majority (68.57% + 0.47%) of the respondents agreed
that they had access to information sources which is why they
are aware of climate variability and changes. In addition to
obtaining information on climate change via friends, radio, and
television [14,40], internet access via mobile phone (58.33% =
0.50%) had been their great source of information on climate
variability since they can access weather apps on their phones
(Table 2). They complained that it is difficult for them to get
information from television (16.67% + 0.38%) since they spend
most of their time at the farm and hence get access to television
only at night.

Farmers’ perception of the impact of climate change on
their pineapple

Climate variability and change may have both positive and
negative effects on agriculture, though there are indications
of more negative impacts in the long term, and may affect
sustainable production and productivity efforts by farmers
[10,41].

Pineapple crop is more sensitive to variations in weather
patterns brought about by changes and variability in the
climate system. According to the pineapple farmers in Awaé,
some of the impacts of the variation in climate on production
include a reduction in fruit size, reduction in yield, reduction
of income from pineapple, change in color, and change in
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taste. Pineapple farmers confirmed that climate change
greatly reduced yield (100%), and pineapple size (68.75%)
and changed the taste. The farmer reported that the decrease
in yield and size had greatly reduced their sales, hence the
reduction of their income (91.43%) (Figure 3). This was similar
to the results of other studies that showed similar effects of
climatic variation on pineapple production in Nigeria, Uganda,
and Ghana [10,14,30,42,43].

Farmers’ Perceived causes of climatic variability on pi-
neapple farming

Most of the pineapple farmers attributed climate change to
anthropogenic causes while 8.57% + 0.28% of the pineapple

Table 2: Distribution of the respondents on awareness and sources of information
on climate change (n =35).

Variables Frequency Percentage (%) £ SD
Awareness
Aware 35 100.00 + 0.00
Not aware 0 0.00 +0.00
Access weather information
Yes 24 68.57 + 0.47
No 11 31.43+0.47
Yes, where is your information?
Telephone 14 58.33+0.50
Radio 6 25.00+0.44
Television 4 16.67 £ 0.38
Irregular rain .
Excessive heat 07.14
Harmful gas

Severe flooding

Strong wind
®No = Yes
Drying up of streams
Increasing Temperature
Increasing rainfall 71.43
0.00 20.00 40.00 60.00 80.00 100.00 120.00

Percentage (%) of Pineapple farmers'

Figure 2: Farmers’ evidence of climate ¢ e (in %).
Increase rate of pest/deseases
Change in colour

Change in taste

mNo ®Yes
Reduction in income
Reduction in fruit size
Reduction in yield 100
0 20 40 60 80 100 120

Percentage (%) of pineapple farmers

Figure 3: Farmers’ perception of the impact of climate change (in %) on their

pineapple.
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farmers don’t think climate change is either caused by human
activities or natural causes (Table 3). Anthroprogenic activities
such as deforestation (54.29% # 0.51%) and bushfires (34.29%
+ 0.48%) were said to be the main causes of climate change
(Table 3). Deforestation activity is largely perceived as for
the purposes of fueling wood, charcoal, and farm expansion,
while bushfires are believed to be caused by the ‘negligence’
of hunters, cigarette smokers, and some farmers. This study is
similar to the findings of Ndamani & Watanabe [20]; Kusakari,
et al. [44] who reported that farmers’ perceptions about the
causes of climate change are mostly centered on human factors
(i.e., deforestation and bushfires).

Adaptation strategies for pineapple production in Awaé

Results from this study show that smallholder pineapple
farmers in Awaé have devised several practices and measures
for coping with the effects of climate variability and change
to adapt to this phenomenon. We used Garrett'"s Ranking
Technique, to rank the results of measures used by the farmers
as adaptation measures during pineapple production (Table 4).
Twelve (12) adaptive strategies (factors) were examined, the
use of soil conservation practices such as mixed and rotational
cropping had the highest weighted average index (WAI) of 2.60,
which was considered the main adaptation strategy used by
pineapple farmers in adapting to climate variability and change
(Table 4). The practice of bush fallow, crop diversification as
well as irrigation systems on their farms were the next top three
measures ranked after soil conservation practices by farmers
in Awaé (Table 4). Soil conservation practices are practiced by
farmers in order to prevent soil degradation and build organic
matter, increasing soil structure and rooting depth [45].
Results in Table 4 show a positive effect of climate change
awareness on soil conservation practices. This indicates the
fact that soil conservation is more likely to be practiced among
farmers with strong climate change perceptions compared
to those with moderate climate change perceptions. This is
parallel with the findings of Adger, et al. [46] who suggested
that awareness and perception of climate change impacts
have a positive and significant impact on the farmers’ choice
of adaptation options including soil conservation practices.
But this contradicts previous studies of Antwi-agree, et al.
[30] who reported that soil conservation has a negative and
no significant impact on farmers’ awareness and perceptions
of climate change adaptation. Apart from soil conservation
practices, the other factors fall under the broad theme of crop
diversification, which is a combination of practices that seek to
stabilize production and to a large extent income of farmers.
This result also suggests that the pineapple farmers’ awareness
of climatic change has a positive effect on the probability of
farmers adopting crop diversification as an adaptive strategy
to climate change. This is contrary to previous studies of
Williams, et al. [10]; Antwi-agree, et al. [30] but similar to the
studies of Lakhran, et al. [47] who suggested that perception
and knowledge of climate change issues encourage farmers
to adopt climate change adaptation strategies including crop
diversification.

The measure ranked as the least effective adaptation
strategy used was water conservation practices such as
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Table 3: Farmers’ perceptions about the causes of climate change.

Cause Variable Frequency Percentage (%) * SD
Deforestation 19 54.29 +0.51
Bush fires 12 34.29+0.48
More than one cause 1 2.86+0.17
Gods/ancestral spirits 0 0+0.00
Do not know 3 8.57+0.28

Table 4: Farmers’ ranking of adaptation practices in Awaé (Number of respondents
= 35).

Highly Moderately Less Not

Adaptive Measures : . WAI Rank
Important important important Important
Use of soil conservation
practices (e.g. mixed 21 14 0 0 260 1
and rotational cropping)
Practice bush fallow 19 16 0 0 254 2
Crop diversification 20 3 12 0 223 3
Use of irrigation 14 14 4 3 211 4
Use of i d
-se ot improve 12 16 1 6 197 5
pineapple varieties
Changing the date of 1 8 16 0 18 6
planting
M tint imal
ovemen |n'o anima 14 4 12 5 177 7
production
| i f
ncrease production o 17 0 9 9 171 8
crops
Shift from pineapple
production to other non- 15 1 10 9 163 9
agricultural enterprises
A i f i
doption 0' organic 8 9 15 10 123 10
farming
R i f pi |
eduction o Plneapp e 5 9 2 7 114 11
farm size
Water conservation
practices such as 0 8 22 5 1.09 12

mulching

mulching (Table 4). Other measures such as reduction
of pineapple farm size, adoption of organic farming, and
shift from pineapple production to other non-agricultural
enterprises are adaptation strategies also found to be used by
smallholder pineapple farmers in adapting to the effects of
climate change and variability. Increasing pineapple production
farm size was among the least ranked adaptation measure. This
could be because farmers had difficulty predicting weather
patterns, especially rainfall hence affecting planting and other
operational activities during production. Williams, et al. [10]
reported that rainfall and temperature variations produce
a delay in pineapple growth and development, resulting in
increasing the cost of production of pineapple, which will
significantly affect crop revenue.

Climate change information needs of pineapple farmers

Information needed by pineapple farmers: All the pineapple
farmers agreed that they need information on the adaptation
strategies for climate change, as most of them also needed
information on mitigation strategies (91.43%) on climate
change (Figure 4). Most of the farmers want to understand the
commencement and prediction of the stopping of rain (65.71

Citation: Tchoupe MC, Monono EY, Assonwa E, Liengu Monono KH, Mbomi ES (2023) Smallholder farmers’ perception on climate change, information needs and
adaptation strategies for improved pineapple (Ananas comosus) production in Awaé Cameroon. Open J Environ Biol 8(1): 001-009.

DOI: https://dx.doi.org/10.17352/0jeb.000033



P PeertechzPublications

and 88.57% respectively), in other to understand the impact of
climate change on their pineapple (94.29%). The respondents
are questing for information on the commencement and
stopping of rain as a result of the agricultural system in
developing countries where agriculture solely depends on the
rainfed system and as such irregular rainfall had been cited
as one of the major pieces of evidence of climate change.
Iwuchukwu & Udoye [14] reported that pineapple farmers need
to fortify themselves with information related to rain in order
to cope with climate change occurrence.

Communication methods

From the information needed in Figure 4, pineapple farmers
strongly agreed that they would prefer most of their information
on climate change be announced on TV (100%), radio (71.43%),
through text message (100%), organized workshop/training
(68.57%) and demonstration method (82.86%) (Figure 5). In
their opinion they prefer this information be communicated
to them through their vernacular. Their preference for these
methods may be due to the fact that virtually all of them are
visible and practical in nature thus enhancing understanding,
retention, and probable application of knowledge gained
through them Iwuchukwu & Udoye [14]. In their opinion, they
prefer this information to be communicated to them through
their vernacular.

Conclusion

The study revealed that farmers are aware of climate

Use of weather measuring equipment
Adaptation strategies to climate change 100.00
Mitigation strategies to Climate change 91.43
Climate change impact on agriculture/pineaple 94.29
Prediction of stopping of rain
Prediction of normalization rain = Yes
Prediction of commencement of rain

Agriculture/Pineaple production contribution

Human being contribution to climate 60.00

0.00  20.00 40.00 60.00 80.00 100.00 120.00
Percentage of pineapple farmers

Figure 4: Pineapple farmers’ information needs on climate change (in %).

Formal eduction training
Organizing workshop/training

Text messages from phones 100.00

Announcement on radio

mNo
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Figure 5: Communication methods need on climate change (in %).
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change. Erratic weather patterns through floods, droughts,
and increase in temperature affect pineapple production and
yield. Access to weather information needs to be timely and
prioritized in other to help farmers in their decision-making
processes in pineapple production, thus helping reduce the
effect of climate change. The three most important adaptation
measures employed by the pineapple farmers included the
use of soil conservation practices (e.g. mixed and rotational
cropping), the Practice of bush fallow, and crop diversification.
These adaptation measures can negatively impact and reduce
pineapple production in Awaé. Future studies are needed to
investigate the susceptibility of the production system to
changing climate and to effectively identify exposure and
sensitivity of pineapple production to climatic changes for
the improvement and sustainability of the pineapple industry
in Awaé. This will help identify measures that will improve
the production of pineapple as well as promote adaptation
systems to fight climate change. Information on the prediction
of the commencement of rain and stopping of rain as well
as adaptation strategies to climate change should be made
available via TV and radio using their vernacular or still through
text messages on their phone.
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