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Short Research Article

Sorghum farmers’ access to agricultural information
related to water stress adaptation strategies thragh
ICTs in the semi-arid region of Camerao

ABSTRACT

This article addresses the problem of farnarséss to agricultural information through
Information and Communication Technologies (ratBtephone, farm journals). The purpose of this
research work is to assess sorghum farmers' atré83s, and ICTs’ contribution to the diffusion of
agricultural information related to water stresagatdtion strategies. The study was conducted in the
Diamaré division from September 2011 to Decembé&#d2The choice of the study area and sites was
influenced by both ICTs’ access and sorghum pradudiasins. In all six hundred farms’ household
heads from twenty villages were randomly selectetisubmitted a questionnaire. The collected data
were analyzed using descriptive and inferentiaisites ( W Kendall test of agreement, chi-square
test). It appears that radio is the farmers’ maestduand most preferred ICT, while agricultural
magazines are perceived as the most effective i@@rims of dissemination of information related to
water stress adaptation strategies. The phone iiCth that has mostly contributed to the effective
diffusion of the water stress adaptation strategigsently in use by farmers. The ICTs’ featurest th
attract farmers include diversity of broadcast laages, diversity of agricultural information
disseminated, and ability to facilitate direct conmication between actors. To promote broad
dissemination of agricultural innovations throu@iTs, agricultural stakeholders must consider &l th
above results, while integrating farmers and jolistsin all phases of the process. The integration
the agricultural innovations’ diffusion through I€h the agricultural policies and the ITCs’ operat
agendas is a priority.

Keywords: Sorghum farmers, agricultural information, adaptatiwater stress, ICTs, semi-arid
region.

1. Introduction

This article addresses the problem of sorgfarmers’ access to agricultural information related
to water stress adaptation of these through IQTsrfhation and Communication Technologies), in
particular radio, and telephone and agriculturajazines in Diamaré division.

Agriculture is the main activity of the poptitas, while sorghums are the basis of their digt[P].
With the advent of climate variability, the engeratkagricultural water constraints have had adverse
effects on agricultural production and food neetdseting of people [3]. Rapid population growth has
aggravated the situation, and meeting the foodsabdolutely requires diffusion and adoption of
new and effective adaptation strategies. In thegs® of diffusion of these adaptation strategies,
almost all research confirms that traditional esten methods had very limited success [4]. This is
because more research has shown that there ng storrelation between the low adoption rate of
coping strategies, and the weak farmers' accasfotonation, mainly attributed to the traditional
communication channels [2]. Yet, since some tir@d;sl have proven to be powerful tools for diffusion
and adoption of innovations with many advantageshay are not only aimed to improve agricultural
production and post-harvest activities, but alseepty reduction in general [4]. It is in order tssass
the access of sorghum farmers to ICTs, and theibation of these ICTs to the diffusion of
agricultural information related to water stresagatdtion in the area, that we have decided to carry
out this work.

The choice of the study area was influenceddness to ICTs, while that of study sites was
influenced by both ICTs’ access and main basindymrtion of sorghum (rainy and dry season
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sorghum). In all six hundred farms household héams twenty villages were randomly selected and
submitted a questionnaire. The collected data aeedyzed using R and SPSS statistical software
tools, namely the descriptive statistics, W Kentksdt of agreement, and the chi-square test.

1.1. Objectives of the study

The overall objective of this research workoisissess sorghum farmers' access to ICTs, and
ICTs’ contribution to the diffusion of agriculturadformation related to water stress adaptation in
Diamaré division.

As specific goals, we want to:

-Identify the most used and preferred sorghammérs’ ICT;

-Evaluate farmers’ perception of the contribntof the different ICTs to dissemination of
agricultural information related to water stresagatdtion strategies;

-Estimate the correlation between on one hdradnumber of accessible ICTs and the frequency
of access to ICTs, and on the other hand, the fafragricultural knowledge improvement in relation
to water stress adaptation strategies;

-Evaluate the effective contribution of the KXb the dissemination of sorghum farmers’ curgent!
used adaptation strategies.

1.2. Research Hypotheses
To achieve the above objectives, we relied ondliewing research hypotheses:

H1: Radio is the sorghum farmers’ most used and pregerred ICT;

H2: Radio is perceived by sorghum farmers as tfieti@t has most contributed to the diffusion of
agricultural information related to water stresagtdtion strategies;

H3: The total number of accessible ICTs and thghaan farmers’ frequency access to ICTs on one
hand, and agricultural knowledge improvement iatieh to water stress adaptation strategies on the
other hand, are correlated,;

H4: Radio is the main ICT in the diffusion of wastress adaptation strategies currently used in the
area by sorghum farmers.

2. Methodology

2.1. Study Area

Diamaré division (Figure 1), which is our spuatea, is located in Cameroon Far North region,
between the 10 ° and 11 ° north latitude (10 080') and the 14 ° and 15 ° east longitude (1@ ° 3
'00'"). It is a semi-arid region with a long deason (between seven and eight months) and a short
rainy season, which is highly exposed to naturahhds (droughts, floods).
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Figure 1: Study area and sites

2.2. Choice of the study area and sites, and thersple

The choice of Diamaré division as the studaaould be explained by a good coverage of rural
areas by ICTs (radio, mobile telephone, agriculton@gazines), its central position which limits the
influence of neighboring countries ICTs, and thegiloility of obtaining climate data over a good
period of time.

The choice of the study sites was mainlyetribby the major cereal crops. After targeting tkeénm
cereal crops (sorghum dry and rainy seasons), we ligted the 30 most suited production sites
(villages) per crop, among which we selected teaking in all twenty sites for the two main sorghum
crops (Figure 1). The sample choice, which wasit@iti since the beginning of sitting, was done
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according to the "probabilistic techniques"”, ite tstratified sampling technique," because of the
heterogeneity of the survey universe containingtarget population. After site selection, we have
listed all the names of the farms’ household hégdsite and then selected randomly thirty. Giving a
total of six hundred farms’ household heads. Adarducting focus groups in ten sites, including fiv
by crop, we submitted a questionnaire survey tdthesehold heads. The choice of radio, telephone
and agricultural magazines as ICTs of intereaissified by the fact that they are the most usetl, b
also the more accessible to farmers in rural areas.

The collected data were coded, counted areteshbn Excel and analyzed using R and SPSS
statistical software. Data analyzes focused onrgigs@ and inferential statistics, i.e. frequerssie
percentages, crosstabs, W Kendall test of agreeamehthe chi-square test.

3. Results and discussion

3.1. Sorghum farmers’ socioeconomic characteristics

The analysis of the collected data, couplati tie literary review, has enabled us to syntteesiz
the main socio-economic characteristics of thetsamyfarmers in the area.
In general, agriculture and animal husbandry agenthin activities of the people, and Diamaré
division is among the three most vulnerable divisito food insecurity [2];[6]. Priority is given to
cereals in terms of land and labor mobilization gjd sorghum (rainy and dry season sorghum), are
the staple diet of the people. The farms househeddls are mostly men, mostly aged on average
between 35 and 54 years [7], with an average ag8 gears in the Diamaré division. The average
household size which is about 9 people is higlegional average of 7 and a national average of 5.7)
These are mostly small farmers (100% < 10 ha) tla@@verage area planted of the rainy season
and dry season sorghum is respectively of about®&nd 1 ha. These are farmers who use a small
amount of agricultural inputs (FAO 2009), and hhweted access to agricultural extension services
(51.50%) and loans (43.50%). Cotton and onionltaenhly cash crops. To ensure their daily survival,
they practiced polyculture (93.80%), increased ineayenerating activities (65.50%) and practiced
subsistence agriculture (79%). The school enroltmege is the lowest in the country (57%), with
39.30% who achieved the primary, 17% the seconda Jess than 1% (0.4%) the higher education.
Health, road and school infrastructure are amoadéhst-off of the country.

3.2. ICTs’ general characteristics and sorghum farrars’ access

3.2.1. ICTs’ types, identities and general charactistics

Table 1 below shows the types of ICTs to whighare interested, in particular radio, telephone
and agricultural magazines, and their identities.

Table 1: ICTs’ types and identities

Types of ICTs

Radio stations Mobile phone Agricultural magazines
Radio stations Mobile phone networks Agricultural magazines
-FM Maroua -CAMTEL (CT Phone) -La voix du paysan
-FM Yaoundé -MTN -Infos CNPC
-FM Yagoua -ORANGE -Bulletin agricole du CDD
-Dana community Radio -NEXTELL -Bulletin d’'informations agricoles
-Meskine community radio INADES

-Mora community radio
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In all six radio stations, four telephone natke and four agricultural magazines were idertifie
While rural radios, usually private or semi-publiéth agropastoral aims, mainly diffuse agricultura
information, public radio stations broadcast a \enjted number of agropastoral emissions, oftethwi
the financial support of public, parastatal or ptesstructures. The nature or content of infornmatio
disseminated depends mainly on sponsors’ targefscitural magazines, in turn, generally belong
to private structures, mainly diffuse agriculturgbrmation to the rural public, with a content
emanating mostly from farmers’ concerns. Contrarthe southern region of the country or other
African regions (East, South) where there are feshwrganizations which receive information
relevant to their agricultural activities throughS as following contracts with mobile phone netvgrk
operators, dissemination of agricultural informattbrough phone in Diamaré division is still a
personal initiative.

3.2.2. Coverage of the study area by the differe€Ts

Figures 2, 3 and 4 below show the differemvecage conditions of the study area by radio, neobil
telephony and agricultural magazines.
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Figure 2: Coverage of the study area by radio

All study sites are covered by at least twdaatations, and a maximum of four radio stations.
Peripheral sites, especially those in the southeast appear to be better off than those in the
immediate vicinity of the regional capital Maro&& Maroua and FM Yaoundé radio stations are the
only to cover all sites.
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Figure 3: Coverage of the study area by mobile telephony

The coverage map of the study area by mol#pheny presents a maximum of four telephone
networks per site, and a minimum of three. Siteatied in the immediate vicinity of the city of Mae
seem better off, unlike the distribution of radiat®ns. This disparity in the distribution of tefene
networks has been caused by the absence of CAM&RLonk sites away from the regional capital
(rural area).
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Figure 4: Coverage of the study area by agricultural magazine

In terms of agricultural magazines, studyssitave coverage rates of between a minimum of one
magazine per site (majority) and a maximum of foer site, with a trend towards concentration of
sites better served in the western part of thesdini The SODECOTON magazine (INFOS CNPC) is
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the only magazine that covers all sites. This i fiuthe successful deployment of the structure tha
quadrille the whole division through its variousradistrative and technical divisions.

3.2.3. Sorghum farmers' access to the different ICS

In general, in order to understand farmerséss to the different ICTs, we relied primarilytero
types of analysis:

-The comparison of the global (overall) farsi@ccess to the various communication channels.
By global access to a channel, we mean here thkrtober of people with access to that channel.

-The comparison of these farmers’ accesseaadaliffierent ICTs according to a certain number of
criteria, including the frequency of access tol®€s, the number of accessible ICTs, the identity o
ICTs, and the broadcast languages of agricultafatination.
The following Figure 5 gives an idea of the farmegisbal access rate to the various communication
channels.

Figure 5: Sorghum farmers’ global access rate to the commatinit channels

Overall, interpersonal channels remain the mesti communication channel. According to the
WB (World Bank) and IFPRI (International Food PgliResearch Institute) cited bjeinzen-Dick et al[8], recent studies
have shown that among these interpersonal chanqmadi¢c extension services through field visits,
remain the main distribution channels for agricutinformation, despite the important role playsd
private services and community networks. This isedegical in that this group of communication
channels begins its influence from the first moraaitour existence.
Among the ICTs, radio appears as the main IC{Eims of use or farmers' global access to
communication channels, followed by the phaveinzen-Dick et al[8] believe that it is the first form of electreni
communication for the poor because it allows theroross the barriers of isolation and illiteracy.
Indeed, according Fraser and Restrepo Estrd@h in terms of access to ICTs in general, radithe most accessible medium
(82.10%), followed by agricultural journals (58.9D&®d then television (29.20%), the phone has not
been included in their study.
In terms of farmers’ overall access to ICTg¢f@re, radio appears as the most used ICT by
farmers.
The following tables 2, 3, 4 and 5 present sasively the results of the comparison of different
farmers' access to ICTs according to the frequefiegcess, the number of accessible ICTs, the
identity of accessible ICTs, the broadcast langsadegricultural information.
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Table 2: Percentage of farmers' access to ICTsdiogpto their frequency of access

Frequency of Frequency of Frequency of access
access to radio Percentage access to Percentage to agricultural Percentage
stations (%) phone (%) magazines (%)
networks
. . 1 jr/semaine .

1 jr/semaine 14,35 02,53 1 fois/an 52,51
2 jrs/semaine 16,01 2 jrs/semaine 05,98 2 fois/an 20,67
3 jrs/semaine 23,49 3 jrs/semaine 07,36 3 fois/an 12,29
4 jrs/semaine 18,10 4 jrs/semaine 09,88 4 fois/an 08,38
5 jrs/semaine 09,81 5 jrs/semaine 32,64 5 fois/an 06,15
6 jrs/semaine 10,60 6 jrs/semaine 24,37
7 jrs/semaine 10,29 7 jrs/semaine 16,55

Both for radio, as for agricultural magazinteg majority of farmers belong to the lowest asces
frequency bands. As for radio, it could be thatrfars lack time to devote to listening, especidltgs
they do both various income-generating activit@esurvive. According té\ssigbley[11] andEmenyeonu Nnamdi0], the main
reasons for the talk radio access frequency aregmithers, broadcast schedules agricultural
information, the low involvement of farmers andrjaealists in the choice of themes and program
development, low purchasing power, lack of timentnitor the radio, the lack of interest, lack of
electricity, maintenance of the inability of th&lias, but also the character informal broadcasting
contracts. According to the results obtained-bgser and Restrepo Estrd83 the main reasons explaining the low access
frequency to radio are among others in order ofirigmce, the low purchasing power, the lack of time
to monitor radio, the lack of interest, the laclet#ctricity, and the radio maintenance disability.
terms of agricultural magazines, the problem wdnddt several levels: the unavailability of
magazines over a good period of time during the f@wing delivery problems (roads, number of
subscribers), lack of financial means to acquireenfiequently the magazines, language and
translation constraints, especially for SODECOT@Naultural newsletter (INFOS CNPC), which is
freely distributed yet. According to the resultsaibed byFraser and Restrepo Estrd8 the main reasons for the fable frequency
of access to agricultural magazines are amongtharder of importance, illiteracy, lack of acees
and low power purchase.
Concerning telephone contrary, the access eatehigher for the higher frequency bands. That
means the time spent by farmers who have accéskephone, to access information is more
important than the one spent to access informatimugh radio or agricultural magazines. Logically,
if there is a linear relationship between the tspent to access to agricultural information and the
amount of information received, the phone wouldrode radio and agricultural magazines in the
dissemination of agricultural information. This tbe explained by the facts that unlike radio and
agricultural magazines rather transmit informatitie, phone allows both transmitting and receiving
the information needed in a short period of tinés Lised to solve all socio-economic activities
concerns, hence the high utilization rates.

10



228 Tableau 3: Frequency of farmers' access to ICTerdot to the number of ICTs

Number of radi Access Number o Access Number o Access
stations Frequency Phone Frequency Agricultural Frequency
networks magazine
1 162 ! 55 ! 94
2 313 2 127 2 37
3 4 3 223 3 22
4 2 4 30 4 16
5 1 5 10
229
230 The percentage of farmers with access to @l sunaber of radio and agricultural magazines is
231 important. As for radio, it could be justified egthby the nature of the information sought by fasme
232 (which are broadcasted by these radio stationg onlynformation broadcast languages, or the ease
233 of access to these radio stations. For the agni@allimagazines also, this could be explained elier
the nature of the information provided or by theeeaf access to these magazines. Contrary, for the
234 phone, the interest shown by the majority of fasiera large number of telephone networks could be
235 explained either by the coverage of the area laygelnumber of telephone networks or by the fact
236 that they are looking for specific benefits offel®dphone networks operators.
237

238 Tableau 4: Frequency of farmers' access to ICTsrdiow to ICTS' identity

Radio stations Frequency Phone Frequency Agricultural Frequency
of access networks of access magazines of access
FM Maroua 480 MTN 397 La voix du 87
paysan
FM Yaoundé 317 ORANGE 419 Infos CNPC 97
Meskine community Bulletin du
02 NEXTELL 259 01
radio CDD
Bulletin
FM Yagoua 06 CAMTEL 31 00
agricole
INADES
Mora community 6
radio
Dana community 01
radio
239
240 FM Maroua and FM Yaoundé appear as the mosestgd radio, probably because of their ease

241 of access, as when referring to Figure 2 dealinly sites coverage by radio, it appears that they ar
242 the only radio stations that cover the entire staida. For the phone, apart from CAMTEL network, al
243 the others are well solicited because they aresadde in the majority of sites. NEXTELL network

11



244 particularly, has been quickly adopted in a shertqal of time by a large number of farmers, propabl
245 because of some of its advantages, but esped&tgcessibility even in the remotest areas. Among
agricultural magazines, “INFOS CNPC” of SODECOTOMIdLa Voix du Paysan” of SAILD are the

246 only real sources of farmers’ agricultural inforinat The magazine “La Voix du Paysan” is surely
247 imposed for its diversity and quality of agriculilimformation, well appreciated by most of thenfers,
248 while “INFOS CNPC”, which broadcasts mainly infortiom related to the cotton cultivation, and to a
249 lesser measurement to cereal crops, has becomeagt®@ssible due to its strong extension and its
250 free distribution by SODECOTON agents, crisscragsire entire study area.

251

252 Tableau 5: Frequency of farmers' access to ICTerdow to broadcast languages

Radio Frequency of Phone networks Frequency of Agricultural Frequency of
stations access access magazines access
French 1 French 5 French 74
Local Local languages Local languages
99 162 24
languages
French and French and French and Local
381 268 138
Local Local languages languages
languages
253
254 Languages are another very important aspeagridultural information dissemination through
255 ICTs towards farmers. Whether for radio, telephonagricultural magazines, the majority of farmers

256 are more interested in ICTs that provide accesgtizultural information both in French and local
languages. That means the more an ICT provide sitoésformation through a variety of languages,

257 the more it will be sought. Between ICTs that dissete information either in French or in local
258 languages, farmers prefer those broadcasting al languages. This could be justified by the low
259 rate of school enroliment of people in the reglodeed,Meinzen-Dick et al[8] believel that local languages and

260 expressions are the raw material that feeds contgnradios; they are the cement of cultural
261 diversity, which is as important to the future sua¥ of humankind as biodiversity.

262
263 3.2.4. Order of preference of ICTs by sorghum farmies

264 We sought here to know the order of prefergmaated by farmers to the various ICTs, in order

265 to understand their real motivation and the maifsiGeatures they need.

266 The results of the order of preference fontaigous ICTs by these farmers are listed in Table 6
below.

267

268 Table 6: Order of preference of ICT given by farsner

Codings ITC Preference Mean Rank Test
Rank
PRERADIO Prefer Radio 1,65 1 N 600
PRETELEVI Prefer Phone 2,10 2 W of Kendalk ,096
PREREVAG Prefer Khi-square 115,358
2,25 3
Agricultural Degree of freedom 2
magazines Asymptotic Significance ,000

12
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Radio appears as the farmers’ preferred |IChérarea, followed by phone, and agricultural
magazines.

We tried to look for the three main reasongf@ference of radio compared to the other ICTs,
and the results are shown in Table 7 below.

Table 7: The three main reasons for the preferehtiee radio

Order of
Codings Reasons for the preference Total iImportance
Radio broadcasts information in different local 300 1
RADILO languages
RADDI Radio broadcasts a variety of information 206 2
Radio broadcasts a variety of information in 94 3

RADIDILO different local languages

An analysis of the reasons given by farmeestifies two main advantages offered by the radio
compared to other ICT that are sought by thesedeamthe diversity of information dissemination
languages and the diversity of information disse@d. According to innovations’ diffusion and
adoption theory of Everett Rogers, there are thraim groups of factors that explain the rate of
diffusion and adoption of an innovation in a comityiover the time:

-the innovation’s characteristics (relativerantage, compatibility, complexity, ability to teand
observability);

-the social system or users’ characteristicgn@n, cog32nitive and material resources),

-the communication channels (ICTs or mass medierpersonal channels) [11].

The radio is considered here as a communicatiannel, and its main features interesting
farmers include: the diversity of information disgeation languages and the diversity of information
disseminated. The preference by farmers of ICTsdisaeminate information both in French and
local languages (Table 5) is quite justified. Theme appears particularly more solicited than the
other ICTs by those farmers who favor informatigntenge in local languages. In addition to the
variety of information dissemination languagessthfarmers are also looking for ICTs that broadcast
a variety of information.

Since radio appears as the most used (Figuaad)he farmers’ most favorite ICT (Table 6), we
can conclude that our hypothesis H1 holds, anldeefore accepted.

4. Water stress and sorghum farmers’ adaptation stitegies

Despite the many similarities in terms of dratigach locality is a unique case, because the
impacts of the drought vary depending on regiocalland national vulnerabilities and adaptation
options available to reduce it [13].

Table 8 below summarizes the water constraingendered by climate variability in the rainy
season and dry season sorghum production, andpiegcstrategies used by farmers.

13
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Table 8. A: Water stress (constraints) engendeyeditmate variability in the production of rainy
season and dry season sorghum

Rainy season sorghum Dry season sorghum
Water stress Total Percentage Total Percentage
(%) (%)
Late rains 300100 29799
Early cessation of rains 300 100 293 97,67
Poor spatial rainfall distribution 299 99,67 299 99,67
More frequent and long dry spells 300 100 300 100
Flooding of crops 300 100 294 98
General decline in the total amount of 299 99,67 296 98,67
rainfall
Rapid drying of water sources (ponds, - - 300 100
rivers, lakes, wells)
Rapid drying and hardening of soils - - 292 97,33
Light rains at the beginning of the rainy - - 297 99
season
Absence of heavy rains at the end of - - 297 99
the rainy season
No haze during cold seas - - 299 99,67

Most of the water constraints mentioned hgréabmers are drought-related, not excess water
(flooding): drought is therefore the primary waséess limiting agricultural production in the area

All the three known forms of droughts are esgnted here:

-the meteorological drought (late rains, grglis, reduced total amount of rainfall, early etism
of rains);

-the agricultural drought (fast drying anddering of soils, no haze during cold season);

- the hydrological drought (rapid drying oftemsources).

According to the FAO and the National Drougthitiyation Center (NDMC), when all these three
types of droughts occur anywhere, automaticallgicgzonomic drought appears there as their logical
consequence.

All water constraints affecting rainy seasorgbum also affect dry season sorghums. This
reflects the strong dependence of dry season sorginuthe meteoric waters. The multiplicity of
water constraints affecting dry season sorghunuéstd the diversity of water resources (meteoric,
surface water, ground water) necessary for theiyotion.

Similarly, the high rate of perception of waséress by farmers reflects both the breadth apthd
of these constraints, but also the perfect undeigig of phenomena by farmers who master their
environment. This confirms once again as statedrodokoun[14], that in general, farmers’ communities thaté
close ties with their environment have a perfeavidedge of the climate, its manifestations and

14
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consequences. Moreover, these farmers are amomgotstevulnerable who are living in fragile

ecosystems like Sudano-Sahelian area perceive matueal phenomena going on in their

environment [15];[16].

To continue to ensure their survival, farmerthis region have adopted or developed a variety o

coping strategies, which are summarized in Talidel®w.

Table 9. A: Sorghum farmers’ adaptation stratetfiesater stress and their adoption rates

Adaptation strategies
Sowing early matured varieties
Sowing or transplanting early
Sowing of drought resistant crops

varieties
Diversification of crops varieties

Change of crops or crops varieties

Labor of plots and mounding of plants
Temporary or permanent transfer of crops
Making of racks or bunds
Organic or inorganic fertilizer input
Diversification of income-generating
activities
Crops diversification
Multiplication of weeding
Sowing of molten seed holes or dried
plants
Rocky bunds
Late sowing or transplanting
Deepening piles
Purchase or request of nurseries
Scaling of nurseries over the time

Organic or inorganic fertilization of

Rainy season sorghum
Total Percentage

13143,67

178

178

94

105

234

170

103

271

195

268

123

166

05

15

(%)

59,33

59,33

31,33

35
78
56,67
34,33

90,33

65

89,33

41

55,33

01,67

Dry season sorghum
Total Percentage

17%8,33

139

194

182

25

96

30

203

82

141

272

20

05

125

129

104

203

107

(%)

46,33

64,67

60,67

08,33

32

10

67,67

27,33

47

90,67

06,67

01,67

41,67

43

34,67

67,67

35,67
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nurseries

Cleaning and deepening of ponds - - 131 60,33
Water research over long distances - - 95 31,67
Fertilization of transplanting water - - 06 02

Observation of adaptation strategies in ussdoghum farmers raises three main points:
-the farmers in the area use a variety of copirgjesgies that are mostly traditional;
-use of irrigation, which is nevertheless #aative coping strategy for both rainfed crops aing
season crops, is not part of the farmers’ copirggesgies in the area, while droughts are the major
water stress, far ahead of flooding [15]; [5].
-adoption of adaptation strategies by farnerelatively low, except for some two or three
strategies; Obviously, accordingltthemachena and Hasgdi7], and ther¥esuf et al[5], all of the case studies conducted in develgpi
countries have noted that there is a serious atitapteficit.

Overall, we can classify these coping stra®bioth on the basis of farmers' practices antian t
of agricultural research. Depending on the angkawhers' practices, we will quote rankings done by
[18], then by Bryant et al., André et al., SennalgetOuranaos, Adjamagbo et al., Rousseau et al.,
and Dia Toure, cited by [19].On mntrary, depending on the angle of agriculturadaesh, we have the
grouping suggested by [20].

On the basis of farmers’ practicBiemachena and HassA8] estimatd that there are basically two types of strategies in
agricultural production systems:
-the first is the increased diversificatioatthorresponds to the adoption of production aativi
that are drought tolerant and resistant to thestraks, who value the amount of water available and
the ambient temperature and other factors, asasedltivities related to their efficient management
-the second strategy focuses on managemettiqasthat include avoiding crops critical stages
of plant growth not coincide with adverse weath®rditions such as droughts offseason (modification
of the crop cycle, change of planting and harvestiates).

Bryant et al., André et al., Senna et al., @acs, Adjamagbo et al., Rousseau et al., and Dia
Touré, cited by [19]Meanwhile, estimatethat farmers adaptation strategies to climateabdlity can
be divided into three main groups based-ahre [19]

-the choice of crops (species, varieties);

-the changing practices (irrigation and dra@amplyculture, changes in cropping calendar);

-the modification of income generating-activitiesafts, farming, trade ... etc).

According tdDingkuhn[20] the areas of agricultural researgbregroupedbased on thadaptation
strategies into four distinct types:

-the genetic adaptation (drought resistarietias, early maturing varieties);

-the agricultural adaptation (all adaptatitiategies related to crop management, which are the
most numerous);
-the geographical adaptation (temporary or permiamansfer of crops);
-the temporal adaptation (early sowing, late ptapthursery timing);

To this grouping proposed Byngkuhn[20], we could add the socioeconomic adaptatidve(dification of
income-generating activities).

Overall, it appears that all the coping stregegised by both dry season and rainy season
sorghum farmers are found in at least one of themeaping strategies’ groups described above.
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5. ICTs’ contribution to the diffusion of agricultu ral information related to water stress
adaptation strategies

5.1. Sorghum farmers’ perception of ICTs’ contribution to their access to agricultural
information related to water stress adaptation straéegies

In general, it has been shown that farmer®ssto new agricultural information plays an
important role in improving the adoption of agricwél innovations (Kabuli 2014). By agricultural
information related to water stress adaptatiortesgias, we mean all the agricultural information
diffused towards farmers for their adaptation taexatress; this agricultural information could fal
within the area of climate predictions, coping t&gées or post-harvest activities (food storage,
outlets).

The evaluation of ICTs’ contribution to diffaa of agricultural information related to waterests
adaptation was based on the estimation of theviollp two parameters:

-the sorghum farmers’ perception of the ovemahtribution of ICTs to their access to agricuiu
information;

-the sorghum farmers’ perception of the ofémportance of ICTs’ contribution to the diffusief
agricultural information related to water consttaiadaptation strategies.

The following figure 7 gives an idea of thenf@rs’ perception of the overall ICTs contribution
their access to agricultural information.

Figure 7: Farmers’ perception of the overall ICTs’ contitibn to their access to agricultural
information

A significant majority of the farmers (507/§0@cognizes that ICTs have contributed to their
access to agricultural information. According te tiesults of a study conducted by [20] in Kanoestat
in Nigeria, the vast majority of farmers survey@@.g0%) agree that ICTs contributed effectively to
diffusion of agricultural information in their lolity.

In terms of farmers’ perception of the ordeinaportance of ICTs’ contribution to diffusion of
agricultural information related to water stresapatdtion strategies, the results obtained with/the
Kendall test of agreement, are shown in Table 8vael
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Table 8. B: Farmers’ perception of the order of amignce of ICTs’ contribution to diffusion of
agricultural information related to water stresagatdtion strategies.

Farmers’ perception Mean rank Rank Test
Radio as main source of diffusion
N 600
2,78 3
Telephone as main source of diffusion
3,49 4 W of Kendalk ,403
Agricultural magazine as main source
2,13 2
of diffusion Khi-square 725,843
Interpersonal communication channels
1,60 1
as main source of diffusion Degree of freedom 3
Asymptotic
Significance ,000

Interpersonal communication channels, deshée many shortcomings, are recognized here as
the main provider of agricultural information reldtto water stress adaptation strategies. Clartte an
Akinbode cited by [10], after conducting a survayhwarmers in southern Nigeria, found that
interpersonal communication channels were the fee'npeimary source of agricultural information.

[4], in their work, went further by saying that tiit interpersonal communication channels, theeircl

formed by parents, brothers, friends, opinion leadentributes more to farmers' access to

agricultural information. In contrast to these tesswaccording to a study conducted by Monu and

Omole cited [10] with cocoa farmers in Nigeria, 76%armers said they had access to agricultural
information through radio, 51% through interperdammmunication channels, and only 0.8% through
television. Similarly, according to the work Bfngkuhn[20] in the Kano state (Nigeria), most farmers hadess
to agricultural information through radio (97.80%)hat is to say, therefore, that the importance of
communication channels’ contribution in general #@s in particular, to the dissemination of

agricultural information varies according to regmmlocality.

It is true according to the above results thdtio is both the most used (Figure 2) and thetmos
preferred ICT by farmers (Table 6), but in termsarfitribution to the dissemination of agricultural
information related to water stress adaptatiortegias, it comes after agricultural magazines. édde
according to the results obtained after a work Witlian farmers bylirza [4], the radio was recognized as
being more used than television, but has been nimed) at the same time as disseminating less
useful agricultural innovations as television. Ttxslld have two main possible explanations: either
radio broadcasts generally agricultural informatess that agricultural magazines (which is thecas
now, because the magazines essentially broadoastilagral information); or radio broadcasts less
than magazines, the agricultural information nedaetarmers; or the broadcasting information
format used by the radio does not interest farnt@sause according to the study conducteBibgkuhn[20]
in northern Nigeria, broadcast format is very impot (threads are preferred to interviews and
theaters). That means, access to an ICT by a isignifamount of farmers do not automatically
means that they have access to a large amountio@iagral information through it.

Since it is rather the agricultural magazitieeg are perceived by farmers as the ICT which has
contributed most to diffusion of agricultural infoation related to water stress adaptation strategie
we can say that our research hypothesis H2 iserdted, and is rejected.
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5.2. Relationship between the total number of accgible ICTs, the frequency of
access to ICTs and the improvement of agriculturaknowledge in relation to water

stress adaptation strategies

This is to find out whether there is a coriielatbetween the total number of ICTs accessible to
sorghum farmers, and their access frequency te #&Es one hand, and their agricultural

knowledge (related to water stress adaptationesfieg) improvement.

Table 9 below gives the results of the cotimtebetween the total number of accessible ICTh an
sorghum farmers’ agricultural knowledge improvem@nmtelation to water stress adaptation

strategies) using the chi-square test.

Table 9. B: Results of the correlation betweenttt@ number of accessible ICTs and the
improvement of sorghum farmers’ agricultural knodge (related to water stress adaptation

strategies)

Variable

ACCOAACH

(Improvement of agricultural
knowledge in relation to water stress

adaptation strategies)

Khi-square

468,490

Degree of freedom

The total number of ICTs accessible to sorglifamrmers in the area is highly correlated with the
improvement of their agricultural knowledge in teda to water stress adaptation strategies. Inrothe
words, the more a farmer has access to a large enuwfitCTs, the greater the chance or opportunity
to improve his knowledge related to water stresgptation strategies. This result is consistent with
that obtained byArodokoun[14] in his work carried out with cotton farmersrural areas of central Benin. It is
assumed in this case that all the ICTs accessilfiners in the area diffuse a large amount of
agricultural information in connection with watéress adaptation strategies.

Table 10 below shows the estimate of the catitel between the access frequency of farmers to
ICTs and the improvement of their knowledge reldtediater stress adaptation strategies using the

chi-square test.

Table 10: Results of the correlation between thghsom farmers’ frequency of access to ICTs and
the improvement of their agricultural knowledgeatet! to water stress adaptation strategies

Variables
FRERADIO
(Radio frequency access)
FRETELEP
(Access frequency the phone)
FREREVAG

(Frequency of access to agricultural

Khi-deux

295,954

364,875

541,176

19

Degré de
liberté

21

21

18

p-value

,000

,000

,000

p-value

,000
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The farmers' frequency of access to ICTsimahea is highly correlated to the improvement of
their agricultural knowledge in relation to watéess adaptation strategies. That said, most fretyue
a farmer has access to ICTs, the greater the ambagricultural information related water stress
adaptation strategies he acquires.

Since the Chi-square test confirms that tte taumber of ICTs accessible to farmers, as veell a
their frequency of access to ICTs are highly catesl to the improve of their agricultural knowledge
relation to water stress adaptation strategies;amesay that our research hypothesis H3 is verified
and therefore accepted.

5.3. Effective ICTs’ contribution to the diffusion of water stress adaptation strategies
used by the sorghum farmers

The estimate of the contribution of ICTs te thffusion of water stress adaptation strategies i
use in the area by the farmers consists of idengfthe ICTs that have been used to diffuse each
strategy, and its frequency of diffusion throughbteaf ICT, using crosstabs.

Table 11 below summarizes the diffusion freqiesof each adaptation strategies used by
sorghum farmers through each ICT.

Tableau 11: Diffusion frequencies of each adaptadicategies used by sorghum farmers through
each ICT

TIC Radio Téléphone Revues Canaux
Stratégies d’adaptation agricoles interpersonnels
Sowing early matured 15 208 18 318
varieties
Sowing or transplanting early 11 318 13 306
Sowing of drought resistant 23 375 22 275

crops varieties

Diversification of crops 14 275 14 144
varieties

Change of crops or crops 1 130 2 542
varieties

Labor of plots and mounding 21 328 8 130
of plants

Temporary or permanent 0 200 0 123

transfer of crops

Making of racks or bunds 5 306 5 351
Organic or inorganic fertilizer 9 347 3 339
input
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Diversification of income- 0 340 2 377
generating activities
Crops diversification 4 541 1 171
Multiplication of weeding 3 144 2 330

Sowing of molten seed holes

1 167 1 460
or dried plants
Late sowing or transplanting 1 140 1 200
Deepening piles 0 123 0 102
Purchase or request of 1 103 1 203
nurseries
Scaling of nurseries over the 1 203 0 110
time
Organic or inorganic 5 112 3 181
fertilization of nurseries
Cleaning and deepening of 1 177 1 94
ponds
Water research over long 1 20 1 0
distances
Fertilization of transplanting 0 0 0 5
water
Rocky bunds 0 0 0 5
482
483 Generally, interpersonal communication chanaelene hand, and the telephone on the other
484 hand, are the main diffusion channel of the adaptatrategies currently in use by sorghum farmers
485 in the area. It is also important to note that ofithe common link between the two main
486 communication channels is that they both favorafiexchanges between agricultural actors, more

than the others (radio, agricultural journals).ded, according tter-Réseauf22], during an innovation diffusion
487 symposium held from 22 to 26 March 2004 in Segoal{)Vall the participants particularly underlined
488 the fact that both interpersonal communication deénand ICTs should favor direct exchanges

489 between farmers, between innovation actors anddegtiarmers’ in order to facilitate dissemination
490 of agricultural innovations. Since direct exchanlgesveen actors are usually facilitated through the
491 use of local languages because of the illiteradh@fmajority of farmers, it is clear that interpamal

channels and telephone are the only channels thiatgbe such direct exchanges between actors.

492 Obviously, according t8a et al[23], rural farmers are illiterate and do need &litety communication
493 channels that take into account this aspect ottiechanges.

494

495
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For the interpersonal communication chanriels,quite logical they have contributed morertha
other communication channels to the disseminatf@ygacultural innovations. This is because, either
for farmers’ rates of access to communication cenror for the contribution of communication
channels to the dissemination of agricultural infation in related to water stress adaptation
strategies, they were ranked first by the farmiesording tolnter-Réseauf22], it is usually in the case of farmers'
agricultural innovations that interpersonal chaamdhy an important role in the diffusion procéHsis
seems to be the case as most of these copingy&msaseem to emanate largely from farmers’
initiatives.

We could say that interpersonal communicatitemaels constitute with the phone, one of the
most efficient in the dissemination of water stradaptation strategies in use by sorghum farmers in
the area.

Concerning the phone, a synthesis of all tegipus results leads us to make the following
remarks:

-depending on the overall rate of use of comication channels by farmers (Figure 5), the phone
is the third communication channel, and the sedGfdbehind the radio;

-depending on the order of preference of IGiVen by farmers (Figure 6), the phone is the
second ICT behind the radio;

-depending on the order of importance of IG3®@itribution to the dissemination of agricultural
information related to water stress adaptatiorteggias (Table 8), the phone was ranked fourth,
behind all the other channels.

The fact that the phone has contributed csijomore than the other ICTs to the disseminatfon o
the adaptation strategies in use by farmers, calstiibe explained through the following elements
from the results of these analyzes:

-the frequencies of access to agriculturarimation through the phone are higher for the highe
frequency ranges (Table 2); meaning that the amafusgricultural information exchanged through
the phone by those who have an access, is veryriamtpwhich corroborates the results of the
correlation between the frequency of access to Eisthe improvement of agricultural knowledge in
relation to water stress adaptation strategies|éTHR).

-the frequency of access to agricultural infation is higher for large numbers of telephone
networks (Table 3); which means that the possidliof interconnections, and therefore the exchange
of agricultural information between stakeholdershia agricultural sector (farmers, extension agents
researchers) are more important with the phonehnthe other ICTs; which means once again
that the amount of agricultural information excheshghrough the phone by those who have an
access, is very important; which further corrobeséahe results of the correlation between the total
number of accessible ICTs and the improvement v€algural knowledge in relation to water stress
adaptation strategies (Table 9).

-the number of the most used telephone netigrthree for the phone, when it was only two,
both for radio and for agricultural magazines (EaB); which further corroborates the results of the
correlation between the total number of acces$ibles and the improvement of farmers agricultural
knowledge in relation to water stress adaptaticatexgies (Table 9).

-the most important use of local languageplimne users during agricultural information
exchanges (Table 5), reflects the large amountifofrnation exchanged, but also the ease (easy) of
the exchanges through phone.

Based on these analyzes, we could say thathibiee is the main ICT in the dissemination of
water stress adaptation strategies in use by sordgammers. Thus, our research hypothesis H4 is not
verified and is therefore rejected.

Conclusions

According to this research, the following clusions deserve special attention:

-radio is the most used and most preferredd€$orghum farmers, while agricultural magazines
are perceived by sorghum farmers as the most eféel@ T for dissemination of agricultural
information in relation to water stress adaptattmtegies;

-the total number of ICTs accessible to fasreerd their frequency of access to these ICTs
influence significantly and positively the improvent of farmers’ agricultural knowledge in relatimn
water stress adaptation strategies;
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550 -the phone is the most effective ICT in thesdmination of water stress adaptation strategies
551 currently in use by sorghum farmers;

552 -the main ITCs’ characteristics (features) saury sorghum farmers include the diversity of
agricultural information broadcast languages, tiwerdity of agricultural information broadcastedda

553 the capacity of facilitating direct exchange betwagricultural sector’s actors.
554

555 Recommendations
556 Since improvement of people’s food securitjhia study area requires absolutely massive access
557 of these sorghum farmers to ICTs, and intenseddfuof agricultural innovations to and between
558 farmers through ICTs, we recommend the followintjoeas:

-the radio operators should focus their agstipal broadcasts more on farmers’ real information
559 needs and conveniences (content, format, schedules)
560 -agricultural magazines operators, especihthge of “La Voix du Paysan”, should try to extend
561 their coverage in the rural areas, and proposacdite measures to farmers;
562 -mobile phone operators must work togetheh wie other stakeholders (farmers, researchers,
563 journalists, policy makers) to incorporate agriatal information’s diffusion in their agenda andlyg

activities, as it is done in southern Camerooneastern Africa;
564 -the dissemination of agricultural informatitmough ICTs in general (Radio, Telephone,
565 agricultural magazines) must incorporate the aspideinguage diversity and diversity of agriculiura

566 information, after having correctly identified faens’ real information needs and conveniences;
567 -the different stakeholders of the agricultsector, particularly farmers and journalists, tries
568 integrated into the wide agricultural innovatiod&semination process through ICTs, from the

diagnostic phase to the implementation throughrpten

569 -the rural areas’ rate of coverage by ICTsasthe agricultural information diffusion frequgnc
570 through ICTs, must be improved;

571 -agricultural information diffusion through T8 should be integrated into the national agricaltu
572 policies and the ICTs’ operators’ agendas.
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Abbreviations

FM: Frequency Modulation

INFOS: Informations (Information)

CNPC: Confédération Nationale des Producteurs denGtu Cameroun (National Confederation of
Cotton Producers of Cameroon)

NDMC: National Drought Mitigation Cent

CDD: Comité Diocésain de Développemebdidcesan Development Committee)
CRTV: Cameroon Radio and Television

RR: Radio Rurale (Rural Radio)

Ydé: Yaoundé (Cameroon Capital City)

BA: Bulletin Agricole (Agricultural Magazine)

SODECOTON: Société de Développement du Coton (Gatewelopment Corporation)
CAMTEL: Cameron Telecommunications

MTN: Mobile Telephone Networks

ORANGE: Cameroonian Mobile telephone Operator

NEXTELL: Vietnamese Mobile Telephone Operator setih Cameroc
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SAILD: Service d’Appui aux Initiatives Locales deeloppement (Local Development Support
Service’ Initiatives)

ICTWCC: Information and Communication Technologifgter and Climate Change

IDRC: International Development and Research Centre

CODESRIA: Conseil pour le Développement de la Regifeeen Sciences Sociales en Afrique
(Council for the Development of Social Science Redein Africa)
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