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Abstract The study aims to analyze the past and future climate trends and their impact on cashew
nuts yield in Benlie linear adjustment with the time seriesanalgsisducted to assess trends

of climatic factors and their effect on nut yields. Future climate has been generated using the
downscaling method bdseah General Circulation Models (GTRMEWYAGCM3 and CNRM

CM3. Aorrelation analysis between thaticlidata of the last 10 years and the cashew nut yields
obtained was performed to assess the effect of each clinfdie fastidts indicate that rainfall

and temperature are marked by very remarkalneuatéiuctuations. The last thrgediveere

significantly warmer than previous. The evolution of the average rainfall and temperature between 1970
and 2015 showsianreasing trend with rates ranging from 0.02% to 24%. The studied GCMs predict
a decrease in the amount of rain up to £2%llgsp the period from August to October by 2050. All
GCMs agree on the occurrence of an increase in mean temperatureft@@be ordsen 30%

viz 4.02C by 2100. the cashew nuts yields obtained on the last ten cropgpahpvseason
regressive trend in Centre, South and/Nsthwvith a regression rate ranging from 1.33% to 9.14%,

while it exhibian increasirigend in Noithast with a growth rate of 0.Th%.rainfatlid not

influence the annual nuts production her8amne but the mean temperature of August and
Potential Evapotranspiration (#ENpril have negative influence. The R square varies from 64% to
92%. From these results we can conclude that, rainfall from August to September (except South
regim), mean temperature BB@ are the main factdhet determine cashew productivity

(P<0.01 to P<0.00he Tmplementation of adaptation strategies is essential.
KeywordsBeninCashewClimatiwvariaitity, GCMsNutsyieldTrendanalysis.
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INTRODUCTION 2010). SuBaharan Africa (SSA) snotited
as one of the most vulnerable retpons

s s e o imale changsinga o, 2005)Accordng
9, b o0 Schlenker and Lobell, (204i@ce it

security challenge (Prettyal, 2003). By maintains the highest proportion of

2050 the world will need to increase crop malnourished populations in the \&odd:

production to feed a projected nine billion__.. : )
X : ._national economies &aighlydependenon
people, in the face of changing consumption

patterns, the impacts of climate change ané‘eg}g;\ljletrre'rimﬁﬁl\srgl?ﬁe r;eggrﬁ@uggntiir:nt also
growing scarcity of water and land (Beddington yp ' J
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is already arid and the smallholder systemsuts; really exists since 2000 in Benirx(Lacroi
that dominate the agricultural landscape hav2003). This sector now accounts doeat

very limited capty to adapt (Meret al, share ithe country expproducts just behind
2011).According to theourth Assessment cotton (Tandjiekpon, 20d#&hiet al, 2013,
Report of the Intergovernmental Panel orBalogouet al, 2014). Despite the importance
Climate Change (IPC@g average rate of of this crop for millions of people and
warming over the past fifty years, in the orddrouseholds in Africa and Benin in particular,
of 013C per decagdealmost doubled and despite an increase in cashew production,
compared to that of the last hundred yearshe sectoris subjeed to negative effects of
(IPCC, 207) For illustration, IPCZD0O7) combined climatic factors (Balogbuad,
indicates that Africa is one of the most2014). Climate variabilityhich is of great
vulnerableegiondo climate change although concerrfor farmers in general and especially
the continent emitess greenhousgas for cashew nut producers, adveaffelyts
responsible for global warming. West Africarop yields througkimpact on growth and
which includes Benin, recorded a drastic drogevelopment of plants (Adeisipl, 2012;

of 20 to 40% of the precipitation in the periodsuka Yahaya, 2012). The stuilhe afnpacts
19311960 and 194890 and a drop in the of climate change on the cashew tree was
flow of the mamnning watef 40 to 60% made in Cote d'lvoire and Ghana to anticipate
since 1970 yegi®CC, 200.RResearchem the consequencesisfdisturbance on tree
climate change and particularly on rainfalproductivity (Weidinger and Tandjiekpon,
variations show that Benin had a bad2014).But in Benin, no study hd®en
distribution of rainfattermesulting in a 40%  conducted y& assess the effects of climate
reduction of flows (Gnanglé,)2@t8jections variability on cashew nut produ@adibgoun
madeby the international scientific communityet al.,2016)in ordeto implement adaptation
give theextentof the sks of climate change strategieso theeffects of climate change on
on agriculture and ecosystetsording to cashewrees. This study aims to analyze the
several climate scenaribssé risks include past and future climate trendghendlikely

decrease inyields ofcrops in rainfed impact on cashewnuts yield in Benin.
agriculturap t050%by 2020 and an increase  Specificallyit aimsi) analyze past trends

in, arid and seraridareafrom5 to 8%by (197€015) and future and iaterual
2080(IPCC, awra). Accordirtg Yaiet al variability of climatic factors (temperature and

(2014),the diagnosis dfffects of climate rainfall) in the major production areas of
change shows that aggological zones of cashewn Benin; ani) inwestigate probable
central and northern Benin; very favorablempacts of observed recent and predicted
areas forcashewgrowing, arg¢he most future climate change on cashet n
vulnerable tolimatiaisksincludingirought, production in Benin.

late and heavginfaland floods. EXPERIMENTAL

StudyArea

eﬁ1estudy was conductethe aredavorable

to cashew production as described by
Tandjiekpon, (2018xcording to the author
cashew igultivatedn four areas in Benin,

A . namely thenhigh favorableproduction zone
Hammecet al, 2008; Yabet al, 2013. In located primarily in the Department a& Collin

Benin, cashew tidtionstarted in years
. : ; and the Southern parts of Bddgpartment
1966 whenit wasintroduced as afforestation . A
the medium favorable production zone

tree. This role evolved and cashew nut trees
are not planted and exploited for the economrepresented Blorth Borgou, North Donga and

value of the nuisit the cashew sector which l§outmf Collins Department, thddwarable

based entirely on the production of cashev{[/)rOOIlJCtlon zonecludingZou and Plateau
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In fagtCashew is among the first nut crops
exported in the world with 5.35 million hectar
of plantation in 20(FAO, 2014)lts
production casignificantly contributsdtve
the economic, social and eowmental
problems in the wofiivomolet al, 2008;
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Departmentand southern Alibori and the
marginal production zone accoufded
extremeorth and extreme south of BEmén
highfavorale production area has a Sudano

Guinean climate with two rainy sefsons ; . -
. analyzing the impacts of climate change could
April to July afidmOctober to November. It .
notbe met Actuallythere is no accurate and

is a transition zone between the climate of the . )
South and the North (Balogoual, 2014). reliable data on the production afasew

. . : . nutsin Beninas the available statisfat in
This area Is fu_IIy occupied by |eaupical the agriculturséctodid notake into account
ferruginous soils or depleted (INE2®B).

We also find black and waterlogged soils in thCeaSheW (INSAE, 2009). Thaissurvey

: conducted among 217 farnodrsthe all
valleys of rivers and streams that tbess rowingareas (Figure 1) to anafee r s ©
area. SoutBBenin area (loproduction area) 9 A g

belongs to the Guinean zone (67°°250'N) perceptioon the effect of climatic factors on
(Gnar?glé et a, 2012). This area is cashew trese and adaptationsstrategies

characterized by a bimodal rainfall with ari. doptedallowed us tcestimate cashew
y roduction aradea under harvestowgr the

annual average of 1200 mm; the averag st tencroppincseasos These da were
temperature varies between 25 and 29 ° C and. PPING . ;
used to determine the yields cpmrping

relative humidity between 69 and 97%. LateritiC :
. . . : : seasonThe real areas considered were those
soils are either deejth marginal qualiAs

. : correctedonsiderinthe gap betweastated
for the Ndrwest regiofmediunfavorable .
production area) a?}d(The Northeady (fair databy farmerand measured data with Global
favorable production area), théwave a Position System (GPS mark Garmin eTrex 20)

Sudanese climatiype These areas are from a sanwlof fiveproducers per village

mainly dominated by tropical ferruginous SOiI(SBalogouet al.2016).
with highly variable agronomic characteristicStatistical Analysis
These ails have fine clagandy texture. Mean standardized anomaly indices and
Lateriticsoils and waterlogged smiés also past climate trends
found ithese areas (INRAB95). To reduce errors from data related to the
measures and better visualized the dry and wet
periods, high and low temperaturedsperio
the Mean standardized anomalyliRdirefe
calculated from the formillarpposed by
Lamb (1982):

Xi- Xm

Cashew nutyield data collection

In Benin, informat@rmcashew nytroduction
from 1985 to 20i5not available. Therefore,
the requirement of WNMD year®f data)n

ClimaticdataCollection

Meteorologicdiata (mamum and minimum
temperature @} Rainfall (mm) and potential
evapotranspiratidtE(l) were collected the
synoptic station of RSECNAAgence pour

la Sécurité de la Navigation Aérienne en IP=—— @

Afrique et a Madagastacated aBohicon _ _ S ) .
(Southrn zone: low favorableproduction With Xi (mm) = anr_1ua| rainfall or temperature in
area); Sav (zone centrehigh favorable =~ Mm or °C respectively, (im) = the mean
production area): iNlagou (Northwest zone: ann_ual rainfall or temperatloJre over the study
mediunfavorablgroduction area) afandi period (196015) , u = standar
(zone northeastow favorableproduction ~ annual rainfall totals or annual mean
area). The Figure 1 presents the geographitemperature over the s_tudy period. Similarly, in
map and the distribubémainfall towatie order to study the stationary characters of the

Meteorological Organization (WMO), theflimatic variable per zone, the linear
recommendations of climate analysis are takefdjustment with the time series analysis, and
into account when the data collected on climaf€cisely the trend analysis were performed

Climatelata were therefore collected over four@dhd O'Connell (1993). This trend has been
decads from 197®2015. assessedtaking into account regression
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equations and determination coefficient R
(Rimet al.2011).
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Figure 1Mapof theStudyarea

Estimation of average vyields and average value was calculated per year and
Investigation of Impacts of climatic zone and values of yields of cashew nuts
variableson cashew nut production above 120% or below 8804the average

We investigate the probableelationship value were eliminated to minimize data
between the climate variability and change anhriability (Balogatral, 2016). Then, a new
trend of cashew nut yield over the past temeans were calculated based on the selected
croppingeasos in order to revélaé impact yields and considered as average yields of the
of climatic variabtescastewproductio.he year in the zone. These yield average values
estimation of the annual average amount oivere submitted to two ways analysis of
cashew nuts produced was done by groupingariance considering the zone and the
data of each region considering each year. Aproduction year usir§fatistical Analysis
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System (SAS v 9.2) packadbe.mean from  statisticalmethod from General Circulation
this analysis for the ¢evppingeasoawere Models (GCMs). This technique was developed
finally consideredperforma tend analysis by the CSAG (Climate Systems Analysis
taking intaccount the precision parameters Group) in South Africa, and used by &luhire
such as the mean absolute error (MAPE) il (2014)n facttheGCMwere used because
percentage the mean absolute deviation they have large resolutions (hundreds of
(MAD) and the root mean square deviatiokilometes)compare tRegional Climate Model
(MSD) series estimated and compared with thH@&RCM) with low resoluticaisoifttens of
observed valuesand the determination kilometers) (llunggal 2008). The method of
coefficient®Ro fully appreciate the meaning of downscalingstatistic requires data from

the trendA correlation analysis betwiben different sources: observationsgreahgsis of
climat data of the lasén yearsand the all data and the data out of the M&& out
cashew nutyietls obtained according to of the MCG in 2050 and 2100 were obtained
Oguntundest al. (2014)was performetb from World Climate Research Program

assess the effect of edanatidactor on the (WCRP) Phase 3 of the Coupled Model Inter
nut yield in eaajrowingarea. Then the comparison Project (CMIP3) -Ntadel
climaticlatawhich are correlated with cashew Database using the emissions scenario of
nut yield were submitted to multiple greenhouse Gases (GHG) A2 of the IPCC
regression in order to describe theSpecialReport. GCMbave been used in
relationships between climatic factorsseveralrecent studies (Muhéteal, 2014.)
influencing t he mo s tand cseverdl erasearchu teatérsluding e | d .
Multiple linear regression method assumes th&@CCMACGCM3 (Canadian Centre for Climate

the relationship linear and the eddft Modelling and Analys&oupled Global

values of the dependent variable extracte@limate Model (Canada)) and ii: <CNRM

from normal distributions are independent dfCentre National de Recherches

the same variance asftiilwing theoretical Météorologiques (CNRM), Métwe

modelifj: (Francg) The relative differendR) (of
Y=ak+akt+ast...+@n+b (i) monthlyvalues wascalculatedusing e

Where Y i h e cashew X% nu tfolodving fogrmuig. d ; X

X3, ..., X denotdhe explicative variables; _PF- PI

&, &, &, ..., @ are regression caréints and DR = Pl *100 (i)

b is the constant valaepositiveign of the  \where, PF iginfall (mm) temperature)
regression coeféint means that an increase in 2050 and 2100 and Pl is the initial rainfall
in the value of the explicative variablgmm) or initial temperatu@d ¢f the relevant

causes an increase in the dejsnt reference 2015.

variable and vice versa péart of explicative

information {X %, % .. X) was RESULTS AND DISCUSSION

measured using the multiple determinatiofemporal analysindProgressive trend of
coefttient R and the adjustment climatic parameters

determination coefficient (A®j)RMore R Interannual fluctuations of rainfall in cashew

is near to 1, more the adjustment is bette§rowingareaswereremarkably highith a
meaning that the information considered by thg,ccession of dry periods and wet periods
model is important. (Figures -8). A long dry period was clearly
Future Climate Change Scenarios observed since 20itDSave and Bohicon

In order to predict the future trend of climat€Figure 2 and 3), the deliegsignificantly
change, the daily data of rainfall and More pronounced in 2013 while the wet period

temperaturfom 1970 to 2015 were used to observebtietwee2007and 201ih Natitingou
generate the trend at two levels nagely —€xperienced a aefin 2018nd2015 (Figure
2050 and by 2100.Thefuture climate has 4). In Kandi therewasa rainfall deficit from
been generated using the downscalin92012t° 2014 (Figuré. HHowevenver all the

Oct. Jour. Env. Res. V{#):181197
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growingareas,the average precipitation level Togo between 1976 and 1977. According to
showed increasing trdredween 1970 and Humeet al (2005), rainfall and temperature
2015 for the fourth meteorological stationsare the main climatic factors which affecting
However, trendgereless linear ardid not agricultural production systems {8aBaban

have defined pattern regarding the Africa. Intemnual variability of climate
determination coefficieritsvitch are loim parameters is a major constraint for the
all these caseghe analysis of climate data for sustainable development of raagfécllture

the annuaheantemperature recorded in the in this region. Our findings revealed a
synoptic stations skdwa gradual rise from  significant variability rainfall deficit across
1993 to th@resent (FiguresbP The last cashew tree growing areas. Thus, in the South,
fifteenyeas (2002015) were significantly the years 1976, 1982, 1983 and 2001, in the
warmer thahepreviouperiodsand thig/as Centre, the years 1977, 1982, 1983 and 2005,
more significant in @enter(RR = 0.62; P in the Northweshetyears 1977, 1983 and
<0.05) and Northwest£R).55; P <0.05) of 2000 and in the North East, the years 1973,
Benin (Figure 3 and@)mate variability and 1983 1988, 1993 and 2001 experienced
change, its impacts and vulnerabilities aresignificant rainfall decrease. Yabi and Afouda
growing concern worldwide @Riahi2011). (2012) also noted that the 19180 and
Rainfall and temperature are very important98061990 years recorded a significant rainfall
climatic factors affecting agricultural producticsteficit (19731977, 1982, 1983, and 1984)
in a region or even a couSeyeral authors  nationwide. Moreover, in the last decade, year
also reported similar resultSulBSaharan 2010 was particularly rainy with flooding cases.
Africa (SSAlLokeet al, 2013; Badjaet al., According to MEPN (2011) and etolkab

2014; Eziet al.,2014; Oguntundeal.2014; (2013), the increase in rainfall combined with
Balogoumet al, 2016). According to Bhavnani the reduction in the number of rainjeddys

and Vordzorgbe (2008),-Zaiaran Africa  to cases of flooding in particular those
had experienced significant drought in 1986bserveth2010

1987 and 199B92 and especially Benin and

Rainfall trend Model (Bohicon)
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Figure 2Interannual variability and trend of rainfall and temperature at Bohicon from 1970 to 2015
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Figure 5Interannual variability and trend of rainfall and temperatiendi from 1970 to 2015

Future Climate Change Scenarios decreasetrees in the amount of falh
Tables 1 and 2 show, respectively, values da#specially in thperiod oAugust to October
relative difference in rainfall and temperaturévegetative period where castemgdmore
obtained for the near future (2050) and distantater) as welkin a near and distant future.
future (2100) fromoth GCMs including  Comparison of the two horizons, shows that the
CCCMA_CGCM3 and CRNM_Cmaltww, amount of wateill be significantly reduced by
mediumand high favorablecashewgrowing 20501tan2100. The annual rainfall experience
areasin BeninAll GCMsstudiedpredict a a decline in the near futwheen in2100,
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models pdict an increase the amount of  According to the same report, regarding the
water whateverthe production area. temperatures, projections indigatecrease
Concerninpetemperaturall oilGCMs agree in all regions of Benin, by02Tus, the

on the occurrence of an increaseean highest increase in temperature will average
temperature up to about 20% in the future with.27°C compared to the reference peried 1971
reference to the base 2015. In the South, th2000 while the lowest increase in temperature
model CCCMA predicted a highean will average 2.6°C in the seutbst. Since,
temperatureduring the periodof August the increase in temperature generally results in
Septembedctober (8.3% and ¥kl 2050 an increasef the potential evapotranspiration,
and 2100 respectivgly whilethe CRNM this process could lead under certain conditions
modé predicthigh mean temperatdeging to water deficit. In Bangladesh, eRiral.

the periodf MayJune July(7.9% and 154 (2011), obtained a temperature increase up to
respectively 8050 and 2100). thre other 2.9°C in 2070 horizon. According tetHahn
growin@reas, albf themodels agree on the (2009), recent progressivere@ases in
occurrence of a significant increase in thdemperature, results from global warming
average temperatudeiring the period of caused by a rapid increase in the concentration
Novembddecembelanuary(Tabls 1 and of greenhouse gases since the industrial era. In
2).Muhireet al.(2014) found similar results in early May 2013, the atmospheric concentration
Rwanda using the CNBRWB in their of carbon dioxide ¢C@as reached 4ppm
projectiorProjected rainfall established by the causing a tempena incease ranging from
MEPN (2011), in the southern region of Benig.5°C to X (Ralph, 2013). According to
(at latitudes lower thatN), until 2100, there  Davies et al. (2010), an increase in
could be invariable annual rainfall compared @tmospheric concentration of carbon dioxide
the reference period 12000. By 2100, (CQ) would force a rise in global average
beyond this latitude (7.5°N), a slight increassurface temperature of 2°C to 4°C by 2100.
up to more than 13% and 15% in rainfalAccording to Muheteal (2014)he increase
compared to the reference period will ban temperature playedital role in increasing
observed ithe North West and North East aridity, which may lead to occurrence of
Benin, respectively. A seasonal scale, changafrought along with land degradation, reduction
in precipitation for the peoioklarckApri in water resource and a decline in agricultural
May during which coincides with the onset giroduction resulting from failure and
the cropping season, would be almostdestruton of crops. However, the increase in
negligible in both sub regions of the South biemperature can lead to an increase in rainfall
20%. However, in the Centre and North, asince the warming of the atmosphere could
slight increase in rainfall will be observed, andontain a lot of water (IPCC, 2007b), with high
it can reach 16% by 2100 in the North Easkvapotranspiration rate.
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Figure 6.Cashew nuyields trend according to production area
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Tablel. Relative difference of Igoduction area for temperature and rainfall generated by GCMs
for 2050 and 2100 horizon through CCCMA_CGCM3_1 and CRNM_CM3

Global Circulation Models (Low production area of cashew)

Bohicon (South Zone) Kandi (North-West Zone)
CCCMA_CGCM3_1 CRNM_CM3 CCCMA_CGCM3_1 CRNM_CM3
Mean Precipitation (%) | Mean Precipitation (%) | Mean Precipitation (%) | Mean Precipitation (%)
Temperature Temperature Temperature Temperature
Mois/ (%) (%) (%) (%)

Pério 2050 2100 2050 2100 |2050 2100 2050 2100 |2050 2100 2050 2100 2050 2100 2050 2100
de

Jan 659 1254 100 100 |6.89 1667 -100 2644 1736 2436 - - 1531 21718 -

Fev 221 894 9164 3670 [475 19 1740 89 873 2436 363 1490

Mar 212 828 3034 10420 |371 11.02 3217 12169 [ 701 965 -2275 6613 [435 2094 4475 10028

Aprl 665 1370 4043 4384 (883 1731 6156 7778 |-291 345 10928 48470 |-222 675 8855 10623

May 208 830 959 0695 488 1570 4044 -596 |-1667 1065 994 789 |-1292 -340 -3203 2304

June 410 1174 868 4185 |866 1675 4087 1084 |-1521 -838 6304 5190 |-1108 412 7470 3106
Jy 667 1193 7640 -2258 [10.47 1480 9863 -2632 |-836 518 5111 1222 |-734 -390 12492 2386
Aug 988 1373 1223 6798 (1082 1578 1661 7383 [223 443 6935 6671|051 552 8485 -50.85

Sep 894 1288 7319 7685 |681 1655 -68.15 5366 |019 390 -2618 15801 |-358 585 -2391 18573

Oct 596 1253 -5083 3967 [452 891 -2660 8442 |321 861 8946 5499 |-204 2210 -H4.88 -15.15
Nov 196 1261 -100 10937 (917 1638 -622 5469 |598 2635 - - 864 2626 - -

Dec 078 1023 048 1287 2063 3890 1822

FMA 368 1031 -3091 822 |576 1341 -355 183 |428 1239 2884 3986 (192 142 4443 585

MJ 428 1066 9183 -2589 |79 1575 6635 -15.04 |-1341 807 914 106 | -1045 -391 5686 2599

ASO 826 1305 216 1618 [7.38 1375 2571 2142 |188 562 151 144 |47 1116 132 991
NDJ 311 1179 2667 312 551 1497 2641 975 | 1465 26.54 1408 1741 -

ANN 483 1145 1075 041 (664 847 757 261 |18 942 1029 1298 |09 972 1475 108

FMA FebruarMarckApril; (Period of fruitidh)l MayJuneduly (Period of end of fruition and beginning of production
cycle)ASQO AugusSeptembeDctober (VegetatReriod)NDJ:= Novembédecembetanuary (Period of flowering);
ANN Annual

& Southern Zone B Zone Centre B North East Zone ONorth West Zone

Mean standardized anomalies

Cropping season

Figure 7Variability in cashew nuts yieltscording to climatic gradient
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Table 2Relative difference of High and medium production area for temperature and rainfall
generated by GCMs by 2050 and 2100 horizon through CCCMA_CGCM3_1 and CRNM_CM3

Global Circulation Models

Natitingou (Nord-West: Medium production area of cashew) Savé (Centre : High production area cashew)
CCCMA_CGCM3_1 CRNM_CM3 CCCMA_CGCMS3_t CRNM_CM3
Mois/ Mean Precipitation (%) | Mean Precipitation (%) | Mean Precipitation (%) | Mean Precipitation (%)
Pério  Temperature Temperature Temperature Temperature
de (k) (h) (h) (h)
2050 2100 2050 2100 (2050 2100 2050 2100 |2050 2100 2050 2100 2050 2100 2050 2100

JAN 2534 1530 A8 385 - - 4 14 579 1489

FEV 2026 3182 3% 75 1637 2785 100 100 |166 925 16111 20023 [395 1031 -100 12523

MAR 1227 2313 320 680 |1622 2936 100 15023 |10 820 -1087 4289 421 1032 4420 56.34

APR 1622 2317 4935 -4959 11835 3055 -6663 4438 |545 1314 -2069 438 | 881 1675 631  -163

WA 1481 211 4934 7606 | 1866 3193 267 3486 |025 636 363 2088 (409 1420 -17.08 15.32

JUN 1584 2435 524 2414 |2636 2960 3396 1498 [327 1036 7038 13650 646 1479 17637 125.22

UL 1672 2167 2185 2780 | 1793 3724 14342 1464 [543 1119 8684 2657 (728 1340 28077 4177

AUG 2003 2330 2305 6366 |17.96 2498 2849 6101 (926 1295 1545 7759 | 889 1373 422 6780

SEP 1908 2440 -66.69 -1640 | 1517 2683 6228 -10.73 |651 1169 -7085 902 529 1528 -77.01 1280

OCT 188 2516 4513 1630 |1413 2312 -108 16023 {537 1168 -7902 -1740 |357 794 4396 1776

NOV 2415 2852 -100 1536 |274 3042 167 15001 |549 1175 9781 5023 |91 1655 -3148 -1.12

DEC 2687 3099 075 3523 - 056 904 -1I.21 1259

FMA 1625 2604 3555 1647 | 1696 2925 -1688 196 |274 102 2985 825 |566 1246 5007 67.98

MA 1586 2227 2198 1267 (2098 3292 6002 1151 |282 95 629 6398 |594 1413 7003 3292
ASO 1936 2429 2059 126 | 1562 2498 1172 1696 |7.06 1211 -2491 2066 [692 1232 2892 231
NDJ 2612 2494 -3333 1845 (2766 3463 056 10 |52 1073 -326 674 |456 1468 -1049 037
ANN 194 2439 -135 650 12031 3045 45 991 1445 1064 1034 1364 1552 134 139 806

FMA FebruarpMarckApril; (Period of fruiti)d MayJuneJuly (Period of end of fruition and beginning of production
cycle)ASQ AugusBeptembedctober (Vegetative Peridid)l;= Novembddecembetanuary (Period of flowering);
ANN Annual

Trend and variability in cashew nuts yields  duringhe period 202911 in athe gowing

The variability and trehdashew nadigelds areas. Decline in ashew nutisld have
inallgrowin@reas are presedtin Figures 6 become moreoticeablever the last three or
and 7. Across all the growiagas inter fourcroppingeasosin tle Southern, Central,
annual fluctuations gfelds were very and West whitee Nortiast zoneecorded

remarkable with succession of periods of goats lowest production in the firstdropping
and poor production. Anrazhew nuis season$20052006; 2068007 ad especially

yieldsover thdast tercroppingeasos have in 2002008). Thawasthe consequence of

a regressive tremdCentreSouth and North climatic variabilitySimilar results were
Westwhile ishowedn increasirtgend in the obtained on mango tree in Kenya (Matkenzi
North- East Howevelthe yield decline was al.,2013). In Nigeria, Ogountehat(2014)
more significait the Centre {R= 0.69; P also obtained a remarkable -anteral
<0.05) with decreasingate of 9.14%while fluctations and a downward trendanfdc s
trendswereless linear andid not have a yields in Ondo State in the last 30 years.
definegatternn theothergrowingreaswith Nonlinearity trends and -arieval

regardingp parametersuch as MAPE, MAD fluctuations observed tlire yields inthe
and MS@vhichwerehigh and the coefficients tropical regions result from the fact that the

of determinations whigkre all low. The crop productivity, notably the festitrehis
lowest rate of decline (1.33%) was observed megion is highly vulnerable to-aimtesml
the northwesHowever, theest yieldsver climate  variability and -sedgsonal

the lasten croppingseasos were recorded (Ogountundeet al., 2014). According to
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Oyekaleet al.(2009), this reductionthe

the increaseftemperature tise main climate

productivity of fruit trees in general and cocofactor which affectsthe cashew nuyield

and cashews in particular, result
inappropriate climatic factors.
Association betweerashew nuts yields
andannual climatic variables
The evolution of climatic
(temperature and rainfaitjvé® 1970 and
2015, showedan increasingrend inall
productioareasand especially in the last ten
years.The jelds obtained in thkast ten
croppingseasos in response to rainfall and
the annuaimean temperature in southern
Beninarea (Figur8, 9 revealedhat,the
meantemperatun@asnegatively correldte
=-0.62;P <0.05 Withyields obtained in the
lastten agricultural seaspms ighe fact that
the evolution @lashew nutgields in ib
region has a downward trergbpears that

fromHoweverin theCenter(r = 0.83f <0.05);

Nath East and Northwest (FSgiré), the
rainfallvaspositivelgorrelated with yiellfs.
these areas, rainfall amounts are not sufficient

parametersto coverplantwaterrequiremeniTherefore,

adaptatiorstrategies need to be developed
orderto allow trees tanagehe effects of
the variability of these climatic fadmors.
generakhroughout the northern regietd
was not significantly correld@e®d.05) with
the annuatlimaticdata. Other parameters
include the correlationsashew nuts yields
with monthly rainfall datapnthly potential
evapotranspiratioand monthlymea of
different temperatures arequired to
understand the most critical periods for the tree
during the year.

Correlation with annual rainfall
400
250 o i y =0.0373x + 27088
R2=0.0251
;‘6 >K>éK P X
= 250 [ ] )1.<-‘ .......... Boreeeeees L] il
= = e v =-0.0486x+ 30894
Z 200 o ‘m s R?= 0.067
2 B S -
= 150 L] o y =0.0602x + 115.58
> R2=0.187
@ 100
O
50
0 200 400 600 800 1000 1200 1400 1600
Rainfall (mm)
e South m  Centre North_West X North East
~~~~~~~ Linéaire (South) «seesee |inéaire (South) Linéaire (Centre) «seesee |inéaire (Centre)
Linéaire (North_West)  eseceeee Linéaire (North_West) Linéaire (North East) «eeceee Linéaire (North East)

Fgure 8 Annual variation of production with response to annual r&ofa20050 2015
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Fgure 9 Annualvariation of cashew nut production regarding annual temperature from 2005 to 2015

Association betweergashew nutsyields
and monthly climetvariables
Cashew nutsyields and monthly climatic

<0.05) and September-©.66; P <0.05) and
the potentiaévapotranspirationMdy (r =
0.70; P <0.05) and November-Qt78; P

variablegrom 2005 to 2014 were subjected t0<0.05) were negatively correlatedasitbw

correlation analysisordeito determine the

nutsyieldsFurhermorenithe Northwest area

level of association between yields and thémediunfavorableroduction ared cashe)y

climatic parameter§he summary dhe

the monthly rainfaliringhe last ten yeaob

correlatiobetween cashew nut yields and the Aprilwas negatively correlated (#0#865; P

climatic variables of South, Centre \Wstth
and North East zerd Beniris presenteit
Tables 3, 4, 5 anddspectivelyhe analysis
of these resubowedhat, in the South Zone
(low favorableroductiorarea), the monthly
minimum temperat(re-0.80; P €.01) and
meantemperatur¢r =- 0.72;P <0.05) of
August of last tesroppingseasos were
negatively andigsificantly correlated with
cashew nuyields (Table 3). iilarly, the
potential evapotranspiratioApril, May and
July (r =0.64; r =0.72; r =0.67,P <0.0p
respectivelyyerenegatively and significantly
correlated with theashew nuts yields
Concerninthe Central Zondighlyfavorable
production Area), the analy$isTable 3
indicatesalso that themonthly rainfatf

<0.05) with yields wttie one of September
is very decisiye= 076; P <0.0%pr cashew
Similarly, the minimum &ratpre of January
(r = - 0.64; P <0.05) andpotential
evapotranspiration March (r =0.66; P
<0.05), April (F&78; P <0.01), Mai {0.72;

P <0.05) and September {1.722; P &05)
were negatively correlated withcableew
nuts yielé. As for the asern zone Ipw
favorablegoroductiorarea), only thenonthly
rainfall cAugustvaspositively correlateih
cashew nut yigld= 0.65, p <0.05) while a
increase imwhe minimurtemperature (r =
0.71, P <0.05) anttan temperatudearimg
the month of July (r-=0.66;P <0.05)
negatively affedicashew nutgelds Similar
results were also obtained by Oguetuaide

August of each year are significantly and2014) in Nigeria on cocoa. In fact, a rise of
positively corredd (r = 0.78; P <0.01) with potential evapotranspiration accompanied by
cashewnut yields while rainfalNotember an increase in the average temperature during
are negatively (r-&:74; P <0.05) correlated the period from November to February
with  yields. Similarly, the minimum negatively affected the productivity of the
temperatures of February-Qt66 P <0.05), cashew and coco@es(Oguntundet al.,

June (r =0.74; P <0.05), July (100%64; P 2014).
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Table 3Correlation between cashewsgiteldandmonthly climatic variables

Cashew production Area
Climatic Month North East North West Centre South

factors r Prob r Prob r Prob r Prob

April - - -0.65 | 0.04 - - - -

August 0.65 0.04 - - 0.78 0.008 - -

Rainfall (mm)| September - - 0.76 | 0.01 - - - -

November - - - - -0.74 0.01 - -

Maximal (°C) July -0.71| 0.02 - - - - - -

Temperature| December - - - - -0.77 0.009 - -

January - - -0.64 | 0.04 - - - -

Minimal (°C) June - - - - -0.74 0.01 - -

Temperature July -0.71| 0.02 - - 0.67 0.02 - -
August - - - - - - -0.80 0.01

September - - - - -0.66 0.04 - -

February - - - - -0.66 0.04 - -

Mean (°C) July -0.66| 0.04 - - - - - -
Temperature August - - - - - - -0.72 0.02

March - - -0.66 0.04 - - - -
April - - -0.78 | 0.007 - - -0.64 0.04
ETP (mm) May - - -0.72| 0.02 | 0.70 0.02 -0.72 0.02
July - - - - - - -0.67 0.04

September - - -0.72 | 0.02 - - - -

November - - - - -0.70 0.02 - -

r = Pearsororrelation*Correlation significatiié=gt05 ** Correlation significatite@01

Climatic factors determinin@ashewnuts

production

The results of the multiglgressioanalgis
bet ween
factors from 20@o 20% are presented in
Table4. The August monthnynfaliand the
mean temperature of Jahg the most
climatic factors exgaitine
variation of cashew avislds irNorthEast

important

cashe

temperature arRET are the main factors

that
during

determine cashew
a YyeaResults othe statistical
w nut s 6 anglysie texkaled that,dthe tsdiwartabtes | mat |
provided highly sfgint information (P<0.01
or P<0.001) for the validity of the multiple
regression mode®ur findings revealed that

nuts

production

climatic factors th#te most affect the

productivity of the casheane

rainfall,

regionThe Sepimber monthly rainfall and the temperature aRT. In the central region the
PET of March are the most important climatianonth of Augustigical while tHa¢ptember

factors

influence on
praluction while the rainfall &I of

annual cashew nuts producfitee rainfall
have not influence the annual cashe nutsnvith a strong evapotranspiration
production in Southern zouke the mean
temperature of August BET of April h

productiorifhe R squaneriel from 64% to
92% (Tabld). From these resulise can
that,

conclude

explaining

the annual

rainfall

September (except South region),

t lndéhe noethern zoheiisovery cotital. Baigohne w
yields in North West region. In regard to Centia. (2016) reported similar results in the central
region, theainfall of August and the minimal and northern areas of Benin. However, the
temperature ofSeptemberhad positive

rainfall of November significafeigteaf the
cashew nutsperformance of cashdacording to the IPCC

report, the increase in temperature can lead to
November hadegative influence on the an increase in rainfall since the warming of the
atmosphere could contain a lot of water but this

rates.

Projections bthe various global circulation

models indicated a decrease in rainfall from
negative influence on the annual cashéw nut&ugust to October (cashew tree vegetative
periodl where cashew tree need more water
according to Ricau (2013) by 2050 and an
from August toincrease in temperature by 2100.

In the

mearabsence of ainsulation model which can
Oct. Jour. Env. Res. V{#):181197
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predict cashew ritelds taking into account availability of moisture is very low, mulching is
soil and climatic conditions, it is urgent taseful to conserve soil moisture for a long
implement adaptation strategies especially iperiod. Green leaves, dry leaves, early
the month of August in the central area and weeding and black polythene can be used as
September in the northern area and in April mulch and they are proven to efulus
southern area that wihtribute tmaintain conserving of soil moisture (Nastakd.,

soil moisturecontent and to reduce 1985). According to Rupa al. (2013),
evapotranspiration during periods of fruitingnulching, irrigation and green manures have
Climate change is threatening livelihoods of tHeeneficial effects on the moisture and
rural poor in Africa, particularly where soils antémperature of the soil and on cashew
climate are already marginal for production angroductivity. Dugué (2012) recommend the us
where farmers have limited access toof mulch when rainfall is erratic, or in small
agricultural knledge and technology. These amounts or in great intensity. In addition,
situations hamper their ability to adapt (Lobethicker is the spread mulch more is the residue
et al, 2008). According to Tidjani and left on the fields and hightreisoil organic
Akponikpé, (2012), adaptation strategies arearbon OG accumulation rate. Mulching
now the only means through which farmers cancreases theateriniltration ratd=specially
manage the effect of climatic variability. Inn dry areas, mulching has an important role in
Inda, Rupaet al.(2013) have shown that water conservation. This also reduces the
several strategies can be used to reduce theemperature, thereby slowing the rate of
vulnerability of the cashew tree to climatanineralization of the organic matter (FAO,
change. These include adoption of soil an@002). Mulching would then be pingop
water conservation strategies, mulchingstrategy to Yik reduction in cashew nut in
supplemental irrigation, drip irrigation,response to the decline in rainfall and increase
fertigation and carbon sequestration. When thim temperature.

Table 4Multiple regression resualhd their statistical teshowing the effect of climatic factors
on cashew productian Benin regarding ti@eographiarea

CONCLUSION one year to anoth&€he ladifteeryeas were

In conclusiorhet presenstudyrevealed particularlyarmer thathe previous periods
that rainfall and temperature from 1970 to 201&ndthere is an increasendin temperature
varied fromgrowingrea to another and from regardless of the production area. Projections
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