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ABSTRACT

Cowpea, is the most leguminous cultivated in thenidipality of Lokossa as a source of protein arghiicant
energy for populationsThis study is aimed to analyse impacts of rainfalliability on the cultivation of Cowpea in this
municipality. So the methodology is essentiallydzh®n documentary research and field work baseth@rpurposive
sampling method taking into account 235 farmerse Tén-day, monthly and annual data of 1981-2011 ramtfall
agricultural statistics of 1995-2011 were used ideo to analyze the agro-climatic conditions, thraniguin climate
balance, and also the water balance of the Cowpltimation to verify the critical phases of thislitue. The analysis of
data shows that the period (1981-2010) dry seasmbecoming more important than wet season. Indeedyater needs
are not sufficient throughout cowpeas ‘cycle during years considered. In 1981, apart from the dhivg period where
the availability exceeds of 1.73 mm with a quiteklaf rain in the lifting period, the other phasssdevelopment of
cowpeas were submitted to deficit watkr.the light of these various comments, the cropstrategies developed by
farmers are the adoption of new varieties of crefth short cycle (80%), the association of cultu@® %), the
redevelopment of the agricultural calendar (90%ltuces of off-season (3%), rituals to exorcise ¢k spells to improve

agricultural production.
KEYWORDS: Lokossa, Rainfall Variability, Cowpea, AdaptatioihSirategy
INTRODUCTION

Agriculture in tropical Africa is still heavily degmdent on seasonal or annual rainfall regimeshéndieveloping
countries in general and those of sub-Saharan&fnicparticular, agricultural development is coesed a priority sector
(Atchadé, 2007). In Benin, agriculture occupiesrangnent place in the economy; employs about 70%hefactive
population (MAEP, 2009). In rural areas, the maiutivity is subsistence agriculture for self-constimp highly
threatened by bad weather that make uncertainudiynial production (Séidou, 2012). This variatigroften characterized
by an increase in temperatures, a reduction oatheunts of annual rainfall and the number of ddysioa (Mingnannou,
2011). Indeed, in the South of the country, exdbptcoastal area where the trend is the increasainfall, there is a
deficit, and a shortening of the second rainy sedB@&NA-BENIN, 2007), who has also the yields of trder of 600 to
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700 kg/ha in this area for corn, which is not oektremely low, but could fall further as a resultcbmate disturbances
more frequent. In this context, the producers ef Municipality of Lokossa associate this cerealeguminous such as
cowpeas to improve their diet and their agricultymaoductivity (Adjahossolet al. 2009). In fact, the cowpedjigna

unguiculata (1) Walp., is one of the main global food legumis. It is grown on more than 9 million hectaregtia

Tropics (Pasquet and Baudoin, 1998) and offerstagource of relatively cheap protein for the mijosf West African

consumers on low income. Apart from its nutritiomalue where it is consumed during the field woyktee producers of
the Municipality of Lokossa as source of proteird amergy, this culture is also used for the inauciteremonies and
rituals. For its culture, Cowpea only requires mperature range between 25 and 28 ° C and a airifaD0 to 800 mm.
The growth cycle is about 70 days. West and Ceafirida covers about 80% of the area of Cowpedeworld, Nigeria
is the largest producer of cowpeas in the worldddsb the biggest importer. Niger is the seconddstr producer in the
world. Other producers of the ECOWAS are, in ordimportance, Burkina Faso, Mali, Benin, Ghanagd,oSenegal
and Cote d'lvoire (Langyintuogt al, 2003). Cowpea is produced mainly in the aridrinteof the West Africa due to its
drought tolerance and less pressure from insedtsese areas. Thus, in the Municipality of Lokos3awpea production
is declining and strongly influenced by the climaigoration despite the availability of cultivabdend and exploitable
water resources based on field investigations. Bhisly is a contribution to a better understandifighe impacts of

rainfall variability on agricultural production, agll as developed in the common coping strategies.
STUDY AREA

Lokossa is one of the six municipalities of the Brement of Mono. It is between 6 ° 35' and 6 °M@&i'th latitude
and between 1 ° 34'5 "and 1 ° 55' longitude. Tiraatk is of subequatorial type and is also calduhiat beninien”. It's a
warm climate marked by relatively high humidityjnfall ranging between 900 and 1100 mm per yealuiing seven
months of rains that extends from March to July Andust to November (Municipality, 2011). Accorditg data from
ASECNA, monthly average rainfall of the districtdEbimodal type with two peaks; one in June (158rh), the other in
October (129 mm). The lowest levels of this sedss between 17 mm for the month of December andnra7for the

month of January.

Production of Cowpea in Municipality is mostly dome hydromorphicoriron baring soils.
METHODOLOGICAL APPROACH

The climate data used concerns the amounts ofathidecadal, monthly and annual potential evapsipaation
and relative humidity (1980-2010), decadal, monthaliyd yearly rainfall of pluviometric station of Losa and
pluviometric station of Bohicon being closest te #iudy area. They have allowed to appreciatedinéatl variability; the
evolution of the moisture and encrypt the waterdseef the culture of Cowpea. So, to better undedsthe influence of

climate variability on the production of cowpeatitical data of the “CARDER” have been collected.

Similarly, the demographic data of the “INSAE” carh households have allowed to develop samplingrof
households and target groups surveyed. Surveyedefarare indigenous people practicing the cultdir€amvpea and
being aged of at least 40 years. To achieve thésptirposive sampling method was adopted. The Npality of Lokossa
has 8570 farm households, and a sampling of 23kuiyral households was realized. Thus, eleven {dllages /
neighbourhoods have been visited. Several techsiqnel tools have been selected and adopted. Amitreg direct

observation and semi-directs interviews, the metbifoguota, the Active Participative research mettfodus groups has
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been made in some visited neighbourhoods/villagsisg a questionnaire, addressed to the resouagdepeuch as: The

District Chief or the wise men.
Methods

Climate variability has been characterized from tiiethods of descriptive statistics such as: thennaesl the
standard deviation for the calculation of anomaligse humidity index (HI) and agroclimatic stresdéx (ASI) were used

to assess the agricultural climatic condition @& #mvironment to study and have respectively aaudta:

HI = (XP/ZETP) x 100 and ASI (%) = XETP>YETR)YETP] x 100 with P = seasonal precipitation in mm,

ETP= potential evapotranspiration in mm, ETR = Reapotranspiration

The collected data were processed by using thel 200 software. Deficit and surplus of 1971-2010mal
years have been identified by considering thatetiedeficit when the value of the reduced centgagalis less than-1 and

surplus when it has a value of + 1.
Potential Climatic Assessment of the Study Area

The climate balance is obtained by the differenawben the total rainfall offal and the value of

evapotranspiration (ETP), which is the surplus laiée for recharging the ground water and the fidiigsin, 2001).
The formula of the climate balance is the following
Bc = P — ETP with Bc the climate balance in mm Brtdtal rain in mm
Bc< 0; the balance is in deficit; Be 0; 0, the balance is in surplus;Bc = 0, the balaizxstable

Cowpea Water Balance Assessment

The crop water balance determines the water neédsops during their development through the caltur
coefficient (Kc); determined experimentally for bacariety relatively to their phenophases. For stisdy the second
decade of the month of April is the reference chdee growing cowpeas which is the period limitsgfedlings for the
majority of producers of the Municipality of Loka@ssThe first step was the calculation of the watemand of crops
which translates as the product of the culturaffagent to the ETP of each phenophase during #getative (ETP x Kc).
Then the balance sheet of water of the Cowpea stableshed by taking the difference between theipitation (P) of the

period and the water demand corresponding.

RESULTS AND DISCUSSION
Precipitation Anomalies

Figure 1 has shows the precipitation indices ofMlumicipality and translated strong Interannualiafaitity in the
amount of the rainfall. The analysis of figure al® pointed out of the study period alternating geaf deficits
(1981,1982, 1983, 1984, 1986, 1992, 1994, 1998020001, 2002, 2003, 2004, 2005, 2007, 2010) awcesx(1987,
1989,1995, 1996, 1997, 1999, 2006,1997, 2009).

The period is then characterized by consideratsi@ability in the evolution of precipitation. Butig worth noting

the large number of deficit water years fifteen)(a§ainst eight (08) excess water years.

Whether 50% of deficit water years against 26, @f%xcess water years. This condition will affeotdoubt the
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yields of cowpeas in the Municipality of Lokossa, $he climate parameters such as the potentigdatranspiration

(ETP)-based method of Franquin and decadal raiafalclimate parameters which determine agroclorssasons.
Determination of Agroclimatic Season
Figure 2 has indicated agroclimatic season in I88icit water year in the municipality of Lokossa..

This year recorded a very bad distribution of jpiation. Dry periods correspond to the secondadecof May,
in the second and third decades of June, in thensedecade of July to September and in the thichdke of the month
from September to May. It lasts so 290 days with periods of drought of twenty days during the yaseason and the
other 70 days during the dry season of 70 days.rélatgively wet period was then recorded sixty-f(6&) wet days. So it

is a stressful condition for the harmonious develept of the plants.

Figure 3 shows the agro climatic seasons in exeassr year 2009. However, the excess water yed009 has
caracterized by 70 days of humidity, among whidty {{50) days were well distributed during the dresiny season with

a break of twenty days in May and twenty (20) hudags badly distributed to the last season.
Analysis of the Agro climatic Conditions and CowpedVater Balance

Figure 4 shows inter annual fluctuation of humidityd stress agroclimatic indices in the Municiyahith a peak
observed in 2009 reflecting an excess of humidityhie soil. The lowest value is recorded in 198Rcéng high water
demandfor most cultures in the study area. The waterrzaaof cultures during these critical years of difi(1981,
1987) or excess (2000, 2009) indicates about thditon crops in these periods. The following tatveces the need and
the Cowpea water balance according to its cycldesklopment. According to the analysis of thiseaf@lable 1) which
presents the evolution of deficits or excess inmeavwater, water balance varies with each phasewflopment of the
studied cultures. Similarly, the water demand & @owpea is not sufficient throughout the cycledefrelopment of

culture for the years in question.

Apart from the flowering period, all other phaséslevelopment of culture have experienced seri@fiits in
water whether in year deficit (1981, 1987) or exc€000, 2009). The work carried out by Doukpol61(®) in Central
Africa has shown that the ten-day periods from 19980 and 1981-1990 are distinguished by markeiditef
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Figure 1: Precipitation Index of the Municipality of Lokossa, Source: ASECNA, 2013
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Figure 2: Agroclimatic Seasons in 1981 Deficit WateYear, Source: ASECNA, 2013
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Figure 3: Agroclimatic Seasons in Excess Water Ye&009 at Lokossa, Data Source: ASECNA, 2013

On the other hand, the last two ten-day period9@2000 and 2001-2010) are characterized by amatien of
the excess and deficit water years, but with aixegalominance of excess rainfall that began inghedy 2000s.Explained
by the fact that the performance of cowpeas inM@icipality of Lokossa in Benin is spent duringstiperiod of 303 kg
/ha in 1998 to almost 600 kg/ha in 2007 accordinthé statistics of the Ministry of Agricultureydistock and fishing. In
1981, Cowpea has experienced deficit in all phegiold phases, except at flowering or availabilitprenthan 1.73 mm
with a total lack of rain. In add, this crop evendondition of water stress accumulated most ofviiser needs in the
tissues during the first 30 days of the cycle ofadepment at the expense of growth in height ofptlaet (Uarrota, 2010;
Paul de N'Gbhesset al., 2013). What explains its great adaptability i@as of low rainfall (Barrost al. 2007). In 1987,
the deficit is 35.8 mm at heading. In excess (20C0)pea respectively recorded a deficit of 23.2 amd 68.8 mm lifting
and maturity. Indeed the good vegetative dgwelent largely determines the final yield, a stress dyrftowering
lengthens the male flowering interval / female féwimg, decreases in flower fertility and inducesrdibn of ovules, then
the grains. If the crop is suffering during theigrfilling, it's the weight of grains which is dexased. In Nigeria, Yamusu
et al., (2015) confirmed that only 5 drought days impdategatively on the yield of crop. In conclusibpdric stress will

always have negative performance on the yield oegprdless of the period where it occurs.
RAINFALL AND YIELD OF COWPEA

Figure 5 shows the relationship between the yidldCowpea and the precipitation during 16 yearsthe
aggregate, the two studied parameters preseniathe pace, which implies the existence of a relatignbetween two

variables. To an amount of rainfall of 1348,6 mmi 897, the performance was 1 366 kg/ha. Undemdiatadf 993,4 mm
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in 2004 a performance of 1 011 kg/ha was registeire®010 (year deficit), performance decreasessid@nably and
reached 629 kg/ha.
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Figure 4: Evolution of the Agroclimatic Indices inLokossa, Data Source: ASECNA, 2013

Table 1: Evolution of Deficits or Excess in CowpesVater

Seedling
and Lifting

1 0 |19,6 1'?*’6 85,2 13,1 | 72,14* | 41,3 | 18,1 E;";,Z 62,7 | 18,13 | 44,6*

Flowering | 2 | 86,3| 84,6 1,73* |943| 56,1 38,2 | 63,4 | 73,8 | 104* | 64,3 | 76,23 | 11,9*

Fructificati 77,4 35,8 16,7
on 21219]993| L. 54,9 90,7 | s 85 | 101,8| 16,8 | 82 98,7 ot
20,7 68,8

Maturity 2 1526|733 78,4| 63,1 | 153* | 139 | 70,2 | .. 61,6 | 67,59 | 6***
Data Source: ASECNA, 2013 et LSSEE, 2004

D: ten-day periods; Deficit values; * excess values; P: precipitation (mm); BEC: water requirement of crops by

step of development (mm); Dec or Ec: deficit or excess water crops (mm)

It is the same for the years 2004 and 2005. Indawthade (2007) showed that the rainfall pejorateads to the
decline in the production of crops per unit areacddl with factors of climate, particularly rainfatriability, human
societies react not evenly, or more effective,ezithecause in the same group perceptions of thiatdey phenomenon,
either because the cultural and technical achiemé&smeary from one social class to another and dhice spatial and
temporal discontinuities in the mastery of the empuences of this phenomenon. In order to reversetrénd, and
reconnect with the noticeable increase in yieldsavfpea, several strategies and coping skills aveldped by the people
of the Municipality of Lokossa.

Indigenous Strategies Developed in the Study Area

As strategies, producers in marshy areas revehfadhey anticipate the dates of sowing, i.e. figr dccount of
the great season, all rain installed in Februagoisducive to the seed, the same for the shorbeedaigust is indicated.
Mulching of the soil is made with leaves of maizel £owpea. Which allows not only to slow the dryingof the ground

Impact Factor (JCC): 3.2816 NAAS Ratj 2.74
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but still Cowpea contributes to the enrichmenthaf $oil organic matter.
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Figure 5: Relation between the Precipitation and th Yield of Cowpea

In response to the declining agricultural yieldsl éime new climate context, producers have madehbée to
adopt in their cropping system of new crop vargeteoposed by the CSAE management agents. AccotdiB®% of
producers, varieties of Cowpea to short cycle aigth productivity are now adopted as a responséng¢oabove listed
elements. This includes varieties IT 81 D - 11378R E - 32; IT 82 D - 849; IT 81 D - 994; IT 89 K88, which are
increasingly cultivated in the middle of study. s&ms of combined crops produce the best yieldsupér area
(Adjahossouet al., 2009). In the Municipality of Lokossa, field wonlevealed that producers (15%) forfacing the
uncertainties of climate sometimes associate the cature to that of Cowpea to increase its pentmmce as shown in the
following picture. As confirmed by Paul do GBES$tal., 2013), Cowpea is a plant traditionally cultivaiadAfrica, in
association more often with other food crops sucaize, millet, sorghum, etc. The follow pictuh®ws the association
of maize and Cowpea in a field at Lokossa. Thigfiza is observed in almost all the villages inesrtb reduce the risk of
loss related to the weather, to ensure their fomtispecially to enhance their poorer lands. Covigpeaitable for cropping
systems available in many parts of Africa and repnés an important crop from the nutritional paht/iew. In addition
to protein-rich seeds, its tender leaves are coakeavegetable, and accompany grain-based disleetsips are fodder for
livestock. Associations of crops also depend onctiop water requirements. It should be noted tRitiag strategies at
the local level must be taken into account and wsédentify priority activities, instead of focugj on the development of
models based on scenarios to assess future vuilitgraind the long-term policy at national leveBgko, 2009; IPCC,
2012 quoted by Doukpolo, 2014).

Picture: Association of Maize and Cowpea in a Fieldt Lokossa; Photography: SESSOU January, 2013
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CONCLUSIONS

This study shows that the reduction or increasehef rainfall affects seriously the yield of cowpdasthe

Municipality of Lokossa. It is also noticed the aglin the start of the rainy season, the bad Higion of rainfall and

pocket of drought affects the length of growingssea This condition explained why the Cowpeas wdmand not

always be satisfied during the development of tlaatgn a comparison with requirements in watecmfp. But in taking

into account the specific properties of cowpeamfans of this Municipality were able to integratésticrop in their

different strategies for mitigation and adaptatiomrlimatic changes.
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