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ABSTRACT

Coconut is cultivated in Nigeria particularly inetfSouthern part mostly as economic crop.
However, in recent years coconut production has loeethe decline due to lethal yellowing
disease (LYD). This poses a threat to coconut sahdustry, and consequently to coconut
growers in LYD endemic zones. This study is aimedstertaining the economic cost of
lethal yellowing disease on cocon@ofos nucifera) yield in LYD endemic zone in Nigeria.
Secondary data spanning 10 years, 2000 to 2010used for this study. The data was
obtained from the records of Plant Breeding DivisidNigerian Institute for Oil Palm
Research (NIFOR) Benin City, Edo Stat®rdinary least squares (OLS) method was
employed. The software used for analysis was EvieResults obtained from the regression
of the data indicate that expected annual yieldisgdased palms (EAYDP) and price per unit
nut (PUN) are significant determinants of economost of coconut production in the area
and that LYD is a major threat to coconut produttiti is recommended that campaign on

how to prevent and control the incidence of LYD wddoe conducted regularly by extension

workers to reduce the incidence of the diseasademic zone.

Keywords: Coconut, lethal yellowing disease, ecoicaust, NIFOR

INTRODUCTION



Agriculture is a major sector of the Nigerian eamyp providing employment for about 70

per cent of the Nigerian population mainly in ruc@mmunities and accounts for over a
quarter of the national Gross Domestic Product ()5DPhe palms industry constitutes a
significant part of the agricultural sector of taeonomy. It provides food and raw materials
for the social confectionery, personal care prosluntustry and employment. The palm
family includes oil palm, coconut palm, raphia padmd date palm. Rural communities in
South-East, South-South, and parts of South-WekMiddle belt regions of Nigeria depend

on the palm industry for their livelihood. The cacb palm is an important economic crop in

these parts of the country.

Coconut palm, Cocos nucifera L, otherwise known as the ‘Tree of Life’ becauseitsf
versatility as seen in its many uses, is a valuadmestic and export commoditfhe
coconut grove populations in the country are edsohaat 13,615 ha with over 2 million
coconut trees providing livelihood for over 30,0Afal families for whom coconut is a

source of food, income, wood fuel, building materigink etc. [19].

The term coconut can refer to the entire coconlihp# is derived from the wordoco in
Portuguese and Spanish, meaning “head” or “ skfilm the three indentations on the
coconut shell that resemble the facial featuress jpdir of eyes and the nose. It is successfully
grown in the tropic and sub-tropic areas, hencerrefl to as ‘King of the Tropical Palms’.
There are different coconut varieties and theydivaled into two major groups, the ‘Tall’
and ‘Dwarf cultivars. Both cultivars can hybridiz® produce intermediate forms [1].
Coconut varieties include the West African tall, adfvgreen, Malayan dwarf yellow,
Malayan dwarf red and hybrid coconut. They are réaiéer areas where they have been
grown long enough to have developed distinctiverattaristics associated with these areas

of the world [23].



Every part of the coconut palm, from the rootshe trown of leaves, is useful and many
value added products are derived from them. legarded as one of the most important
plants to humans around the world particularly igeé¥ia where the coconut tree is planted as
a mark of human birth. The tradition is still beimgctised in some rural areas of the country.
The nut or meat is a source of food, provides aitraus supplement for body fluids and
minerals, mainly potassium. The liquid endospermal$® a medium for in-vitro storage of
semen and it is a growth regulator of plants [ER]pra, the dehydrated meal or endosperm of
the nut is a source of oil. Coconut oil is alsodusepremium cosmetics and pharmaceutical
industries. The material that remains after theiogxtracted from copra is called coconut
cake or meal and is used as animal feed. Cocomlit ishused directly as fuel, filler, and
extender in the synthesis of plastics and prodacésated charcoal, household articles and
various distillation products such as tar, woodispind pitch. Coir, a coarse fibre from the
husk of the nut has various domestic and indusisak. Coconut root is brewed and used in
folk medicine, for example, as a cure for dysenteAgro-forestry uses of coconut palm
include coastal stabilization and windbreaks. $patontributes to aesthetic landscapes, home
beautification for both tourists and locals; andyies employment and income for coconut
farmers. The economies of several natiares mainly dependent on their coconut industries.

For example, copra is Vanuatu’s major export [22].

It is, however, observed that there has been andgeah productivity of coconut due to
biological, social and economic constraints. Okthd.YD seems to the most serious because
of the direct damage it inflicts on plantings afgbahe uncertainty and loss of confidence in
investment in replanting and rejuvenation of tirgéapopulations of older palms [7]. Indeed,
in recent years, coconut cultivation has encoudterestrong phytopathological constraint

generated by the LYD [2].



The problem of lethal yellowing disease dates tac&ver a century in the Caribbean. The
devastating epidemic outbreak of lethal yellowingedse in the Caribbean occurred after the
Second World War. It has spread all over the Ca@obregion, including Cuba, the

Bahamas, Haiti, the Dominican Republic, Mexico,riela, and Texas [14].

Lethal yellowing disease also extended to the Afmiccontinent. The first reliable
reference to this disease in Tanzania was in 180w early outbreaks were reported in
the first two decades of the 20th century in theakawe, Rufiji and Kilwa districts. Lasting
outbreaks were not reported before the 1940s whenmodest early groves had been
greatly expanded. It occurs in almost the entirestal coconut belt of mainland Tanzania
but tends to be absent or less active in grovebduiinland [21]. Since 1988 it has also
been observed on the Island of Mafia near the Traamacoast. In Mexico, in 1982, the first
affected coconut palms were observed in CancunlsladMujeres, from where it spread
along the coast to Yucatan, Chizen Itza and Telchhe first cases have also been observed

in the city of Merida country.

According to [8] LYD was first reported in Nigeria 1917 as Awka Wilt at Akwa in the

former Eastern Region, now Anambra State and oM@05diseased palms were destroyed
in the course of the epidemic. The disease spreadsy. It has been estimated that the
disease spreads at a velocity of 50km per year hwhiay have enormous economic
consequences for the country affected [5]. Itsdapiread has destroyed millions of coconut

palms in endemic zones.

The destructive nature of LYD on this multi- puspopalm is, therefore, of great concern to
coconut farmers. Its potential to eradicate theonat palms threatens the economy of
affected area [12]. Hence the need to ascertairt¢baomic cost of the impact of LYD on

coconut yields in the disease endemic zones ofrMig€o the best of our knowledge, it was



observed that there is an information gap in thesaspecially in the Nigerian agricultural
sector. This research intends to bridge that gapviayuating the economic cost of LYD on
coconut yield in LYD endemic areas of the count§onsequently, we aim to contribute to

the body of knowledge in this area of study.

The Objectives of the Study

The general objective of this study is to: ascaerthie economic cost of LYD on coconut

yield in LYD endemic zone of Nigeria.

The specific objectives of the study include thiéofeing:

l. To assess the effect of LYD on coconut yield

Il. To determine the economic cost of LYD on codoproduction

BRIEF LITERATURE REVIEW

Coconut,Cocos nucifera production is under the threat of lethal yellowiigease in endemic
zones of Nigeria. A number of studies have shdven LYD poses a great threat to coconut
growing countries’ economies. According to [3] Ethyellowing disease has destroyed
several thousand hectares of coconut fields irefitdemic areas including Nigeri&ince
1980, the disease has gradually spread to Edo alid Btates [8]. It has also spread to other
parts of the country and was detected in a tenaheatoconut plantation in 1995 when a
general survey was conducted [188].2006, 98.8% of the West African tall (WAT) palnms
the same field had died, while 72% of the dwarfietéegs were lost [17]. Further studies

carried out in the country show that LYD destroyeginy coconut palms in endemic zones.

The disease was first observed in Ghana, a Westahficountry (where it is also known

as Cape St. Paul Wilt) at Weh, near Keta, in 1821951, the epidemic had spread
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rapidly to the north-east of Keta and by 1970 thst\majority of palms in the Weh-Cape
St. Paul and Tegbi areas had been destroyed. Le#iialving disease has caused the
region to lose its status as one of the three n@joonut growing regions in the country.
For the remaining two major coconut growing regiom&hana (Western and Central),
the disease had devastated about 5,500 ha of dodarmus leading to economic

hardships for thousands of farmers whose livelihdegends on the palm [4]. Also,

about one million coconut palms were destroyed iwiB0 years [6]. The spread of the

disease still continues.

In Togo where LYD is called Kaincope disease, al&fy000 palms, 70% of the coconut
groves were destroyed. Lethal yellowing disease daased severe losses in the coastal
coconut belt of Tanzania mainland, where it hasadiabout 38% of the coconut groves

[21].

Mozambique’s coconut industry has been signifigaatifected by LYD, threatening the
livelihoods of about 1.3 million people who depeowd coconut as their main source of
income and nutrition. The country was formerly arfethe world’s largest producers of
coconuts. According to [11], Mozambique producegrapimately 62,000 tons of copra,
dried coconut meat, which was used for export, ppdduction, and local consumption.
Today, reports estimate that as much as half ofcthentry’s coconut trees have been
destroyed by LYD, making it impossible for her tastin the same level of production,
export and income. The Zambezia and Nampula presinaf the country are currently
affected by LYD and the potential for rapid sprefdhe disease would mean that more than

50% of the coconut production could be lost by 2[¥15

The disease destroyed about 300,000 coconut palrivBami, Florida, USA in less than 5

years [16]. The disease invaded Key West, Flomddné 1930s and wiped out about 75% of



the coconut palms before it subsided in 1965. jteaped in Key Largo in 1969 and on the
Florida mainland, in Miami, in 1971. By 1973 it hggdread northward along the east coast to
Palm Beach County. In 1983, the epidemic had dgstfean estimated 100,000 coconut
trees. In the late 1980s, lethal yellowing diseappeared on the South-Western coast of
Florida on Estero Island near Fort Myers and remhighly active, killing many of the older
coconut palms and palms of other species [13].dlatbllowing disease spread to Honduras
in 1995 and destroyed 70% of the country’s origipapulation of coconut trees [20]. As
reported by [10], coconut output from the Caribbeagion declined from 504,877 tons in
2008 to 410,395 tons in 2009 as a result of stoamaye as well as the wave of lethal

yellowing disease.

It has also been observed that foliar yellowing aelleps on other palmsCaryota mitis
(clustering fishtail palm),Dictyosperma album (hurricane or princess palm)ivistona
chinensis (Chinese fan palm), andrachycarpus fortunei (windmill palm). In contrast,
successively younger leaves turn varying shadeedifish-brown to dark brown or grey in
other palm species, such @slonidia merrillii (Christmas palm),Borassus flabellifer
(palmyra palm), Chrysalidocar pus cabadae (cabada palmPhoenix spp. (date palm, Canary

Island date palm, wild date palm) aveitchia arecina (Montgomery palm) [13].

On the whole, LYD has a devastating impact on cot@nd incurs economic cost on

growing countries’ economies.

METHODOLOGY

Study Area



The study was carried out at the Nigerian Institiate Oil Palm Research (NIFOR) Main
Station, Km 7, Benin-Akure Road, near Benin City,aocampus of 1735 ha. The institute, a
research centre established in 1939, has enorménastructure developed over a period of
about 75 years, comprising laboratories, officddigs, engineering workshops, library, oil
mills, over three hundred units of residential esusnd municipal services such as water
supply scheme, electricity power generators, médailities and primary schools. The
Institute’s human resource consists of researchnssts, laboratory and field technical
support staff, administrative and accounting stiffary staff, health care workers, clerical

and field labour. Currently, the Institute has fssafength of 1,704.

Research on coconut started in 1963 and a CocosggdRch Substation was established in

the main coconut growing area at Abia near Baddggps State in 1978.

Study Design

The study design employed is the degree of prevalef various coconut varieties to LYD

in Nigeria.

Duration of Study

The study reviews coconut production in NIFOR fainae period of 2000 — 2010.

Data Collection

The secondary data was obtained from the recordBlarit Breeding Division, Nigerian

Institute for Oil Palm Research (NIFOR), Benin CiBdo State.

Data Analysis



Collected sample data was analyzed using EviewsdlQadinary Least Squares (OLS)

method was employed to estimate the model.

The Model Specification

Model 1: Economic Cost (EC)

Suppose every coconut tree planted and tendedvesrand produces at its natural rate then
the economic benefits of such a tree would be binBut if such a tree is diseased then
there would be loss in yield, loss in the tree paipon, loss in the expenditure of time and
efforts used in cultivatiorin this study, the first model seeks to find owg ttost of Expected
Annual Yield of Diseased Palms (EAYDP), Price paritNut (PUN) and the Ratio of

Diseased Palms to Total Number of Palms (RDPTNP).

Economic cost in this study is hypothesized to henation of EAYDP, PUN, and RDPTNP.

In mathematical form the hypothesized relationshgy be written as follows:

EC=f (EAYDP, PUN, RDPTNP) - - - Q)
Where
EC = Economic cost

EAYDP = Expected Annual Yield of Diseased Palms

PUN = Price per Unit Nut

RDPTNP = Ratio of Diseased Palms to Total Numbdtas

In econometric form, the model can be expressddiiasvs:



EC= 0ot 01EAYDP+a,PUNA+asRDPTNR+U e - - - (2

Where

EAYDP, PUN and RDPTNP are the independent variadliesady defined for different time

period t

0, IS the intercept

a1, oz andos are the structural coefficients to be estimatad; a

Uy is stochastic error term

Froma priori expectation or consideration

ag, 02 andog s o,

Since increase in any of the explanatory variatigsy DP, PUN, RDPTNP) would increase

economic cost of coconut production as affectetdop.

Equation (2) is estimated for the four differentaout varieties studied.*

Model 2: Actual Output (AO)

Actual output is hypothesized to be a function ofal Number of Palms (TNP), Number of

Diseased Palms (NDP) and Price per Unit Nut (PUN)

*The four coconut varieties studied are West Afnidall (WAT), Green Dwarf (GD),

Malayan Orange Dwarf (MOD) and Malayan Yellow DwgvfYD).
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In Mathematical form the hypothesized relationshiy be written as follows:
AO= f (TNP, NDP, PUN) - - - (3)
Where
AO = Actual output
TNP = Total Number of Palms
NDP = Number of Diseased Palms
PUN = Price per Unit Nut
In econometric form, the model can be expressddiiasvs:
AO: =Bo +B1TNP+ BoNDP; + BsPUN + Uy - - - 4)
Where
TNP, NDP and PUN are the explanatory variableslfiberent time period t
Bo = intercept
B1, B2 andPs = the structural coefficients to be estimated
U = error term
From a priori expectation
Biand3s; 50, B2< 0

The actual output of coconut is expected to movéhensame direction as total number of
palms planted and price per unit nut. This is stabee the more the total number of palms

planted by the coconut growers, the more chancdwmwahg greater yield. Also, the higher

11



the price per unit nut of the produce the more nat@rowers are motivated to cultivate
more palms and thus there will be an increase tmahoutput. On the other hand, the higher

the number of diseased palms, the lower the aotutput of coconut.

Model 3: Logarithm of Economic Cost (LNEC) — Non-Lnear Cost Function

Using the logarithms of all the variables in eqoat(2), we obtain the econometric equation

to be estimated as follows:

Ln EG= 0o + a1iINEAYDP; + aoInPUN; + a3snRDPTNR+ Uy - - - (5)

Equation (5) is a “log linear” or “double log” spécation where In represents the natural
log. Note that using a double log specificationl#es us to directly obtain the elasticity of
the dependent variable (EC) with respect to eacth@fexplanatory variables in the model.
Therefores, a,, andazare constant elasticities which tell us the degferesponsiveness of
economic cost to changes in the explanatory vasabHencegn; gives the elasticity of
EAYDP with respect to EGy, gives the elasticity of PUN with respect to EC agdives the
elasticity of RDPTNP with respect to EC. The ordyndeast squares (OLS) regression
method can be used to estimate the model. Recall tthe Gauss-Markov theorem
demonstrates that, provided certain fairly genasalimptions hold, using the OLS regression
technique to estimate the parameters of a singletexn yields coefficient estimates that are
best linear unbiased (BLUE) and hence they poskesdesirable properties of unbiasedness,

consistency and efficiency [15].
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Model 4: Logarithm of Actual Output (LNAO) — Non-Li near Function of Output

Using the logarithms of the variables in equatid)) (ve obtain the econometric equation to

be estimated as:

Ln AO'[:B0+B 1In TNR, + Bz In NDP+ Bs In PUN + Uy - - - (6)

The coefficient$, B, andp; are the elasticities of actual output (AO) of cmebwith respect
to total number of palms (TNP), number of diseagabins (NDP) and price per unit nut

(PUN) respectively.

Equations (2), (3), (5) and (6) are estimated u#iiegcollected data and the OLS regression

technique.

In summary, the following models are estimated:

Model 1

EC =f (EAYDP, PUN, RDPTNP)

Model 2

AO = f (TNP, NDP, PUN)

Model 3

Ln EG= oo + a1lNEAYDP; + a2InPUN; + a3slNnRDPTNR + Uy,

Model 4

LnAO; = Bo + B 1In TNR, + Bz INNDP+ Bs In PUN + Uy
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RESULTS AND DISCUSSION

Presented below is the descriptive statistics dhbées used in this study.

Table 1: Descriptive Statistics of Variables

STATS TNP NDP EO AO EAYDP PUN EC RDPTNP
Mean 4447500 258.3500 71160.00 29824.00 @083 64.00000 3177840. 50.95536
Mediar 394.5000 99.50000 63120.01 11200.0¢ 15920.0¢ 60.0000( 103840C 48.2007.
Maximum 895.000( 849.000( 143200.C 131680.C 135840.¢ 100.000( 13584001 97.9289!
Minimum 95.00000 0.000000  15200.00 1920.000 .00@000  30.00000  0.000000  0.000000
Std. Dev. 358.5735 293.4648 57371.76  38228.546954.37 24.79389  4228937. 33.95921
Skewnes 0.14259: 0.92778! 0.14259: 1.46758! 0.92778. 0.12244( 1.33330¢ 0.09447!
Kurtosis 1.19026: 2.36380! 1.19026: 3.87019¢ 2.36380* 1.82970! 3.36596! 1.62737!

Jarque-Bera 2.797066  3.206550 2.797066 7.810373.206550 1.191297 6.037315 1.599829
Probability 0.24695! 0.201231 0.24695' 0.02013° 0.20123¢ 0.55120! 0.04886° 0.44936

Sum 8895.000 5167.000 1423200. 596480.0 82672 1280.000 63556800 1019.107
Sum Sq.

Dev. 2442924. 1636311. 6.25E+10 2.78E+10 419E 11680.00 3.40E+14 21911.33
Observation 20 20 2C 20 2C 20 2C 20

Source: Author’'s computation using Eviews 7

The descriptive statistics shows the description of the mean, standard deviation and
normality test. The mean of TNP is 444.75, NDP has an average value of 258.35, EC over the
period is 3177840, PUN has average value of 64, the mean value of EAYDP is 41336, AO has
an average of 29824 and RDPTNP has an average value of 8.98. The standard deviation
shows that there was dispersion in the variables over the period of study. This means that
no single variable was constant over the period of analysis. The Jarque-Bera statistics shows
that the variables were normally distributed at 5% except for TNP, NDP and EAYDP over the

period analysed.
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Table 2: Model 1 - Economic Cost (EC) Analysis

Variable Coefficient t-statistic

C -202936: -3.21741.
EAYDP 86.50755 12.84347
PUN 39103.04 2.415098
RDPTNF -17098.6! -1.13867
R? 0.962210

_ 0.955125

R 2
f-statistic 135.798!
Durbin Watson Statist 1.92802(

With an R value of 0.962210, it is clear that we are ableexplain over 96% of the
systematic variations in the dependent variablepnBmic Cost (EC) by the three
independent variables, Expected Annual Yield ofesed Palms (EAYDP), Price per Unit

Nut (PUN), and Ratio of Diseased Palms to Total Hanof Palms (RDPTNP).

Overall significance of the model is impressive hwiE — statistic value of 135.7956
significant at the 10% level. This implies that iaehr relationship exists between the
dependent and independent variables taken togeffars, the hypothesis of a linear
relationship between economic cost and the repressannot be rejected. The Durbin —
Watson statistic value of 1.92802 suggests theraesef autocorrelation. Furthermore, the
estimated coefficients of EAYDP and PUN are cotyesigned and are significant at 10%
and 5% respectively. However, RDPTNP coefficienhorrectly signed and is insignificant

(not significantly different from zero).

On the average, a unit rise in EAYDP and PUN wantdease EC by approximately 86.51
and 39103.04 units respectively. This shows thatYBR and PUN are significant
determinants of economic cost of coconut productisraffected by LYD. By implication,
the amount of yield that would have been obtaifi¢ddare was no incidence of LYD would

be lost at the rate of 86.51. Also, the economist @rising from increasing unit price of
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coconut is at the rate of 39103.04. This is becalusdost in yield due to LYD would have

attracted such increase in price.

Table 3: Model 2 - Actual Output (AO) Analysis

Variable Coefficient t-statistic
C 6.51E-11 1.656360
TNP 160.0000 3.15E+15
NDP -160.0000 -2.26E+15
PUN -6.75E-13 -1.213842
R? 1.000000

_ 1.000000

R 2
f-statistic 5.42E+30
Durbin Watson Statistic 1.960328

Given the value of R it implies that 100% of the systematic variationshe regressand
(AOQ) are explained by the regressors (TNP, NDP, PUNKe F — statistic value of 5.42E +
30 is highly significant at 10% level, easily pasggithe significance test at the 10%
confidence level. Consequently, the hypothesis ofinear relationship between the
regressand and the regressors cannot be rejestedlidated). Thus, the estimated model
shows a reliable goodness -of - fit. The Durbinat¥én’s value of 1.96 suggests the absence
of autocorrelation in the estimated model. The nesteéd coefficients meet a priori
expectations and are highly significant at 10% llesseept for PUN. It shows that on the
average, a unit rise in TNP and NDP will increasd decrease AO by 160 and 160 units
respectively. We, therefore, conclude that TNP WBdP are significant determinants of AO

of coconuts in the area.
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Table 4: Model 3 - Logarithm of Economic Cost (LNEGQ Analysis

Variable Coefficient t-statistic
C -0.971360 -0.470167
LNEAYDP 1.216246 11.46380
LNPUN 0.551719 0.904972
LNRDPTNF 0.16968: 0.46276.

The estimated results of LNEC model further subssanthat of the EC model. It shows that
the elasticity of EC to EAYDP equals 1.21. This methat EC is elastic relative to EAYDP.

Furthermore, PUN elasticity of EC is 0.55 indicgtthat EC is inelastic relative to PUN.

Table 5: Model 4 - Logarithm of Actual Output (LNAO) Analysis

Variable Coefficient t-statistic
C 16.9168 3.60611
LNTNP 0.386767 0.798953
LNNDP 0.134842 0.396362
PUN -2.499259 -2.769229

The LNAO model reveals that the coefficients of éx@lanatory variables are not significant
except for PUN; which is significant at 5% levets value of — 2.499259 shows the PUN
elasticity of AO. In absolute terms, this valuegi®ater than unity, indicating that AO is

elastic with respect to PUN.
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CONCLUSION

The research demonstrates the economic costhail l¢llowing disease on coconut yield in
Nigerian Institute for Oil Palm Research. It isdant from the study that coconut production
level in the zone falls below its potential outpwer the period 2000 to 2010. The choice of
the estimation period was due to data availabifitthe zone. The shortfall in production is
consequent on the fact that the incidence of LYDhim zone led to loss of coconut palms.

The amount of nuts that would have been realizétkippalms were not diseased was lost.

Having demonstrated the economic cost of LYD onooot yield, it is recommended that
campaign on how to prevent and control the incidesfd_YD should be conducted regularly

by extension workers to reduce the incidence oflteease in the zone.
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APPENDIX

Table of Coconut Production, 2000 - 2010

YEAR COCONUT VARIETIES ~ TOTAL NUMBER OF PALMS NUMBER OF DISEASED PALMS

2000 WAT 676 98
2000 GD 95 0
2000 MOD 113 6
2000 MYD 895 72
2002 WAT 676 303
2002 GD 95 16
2002 MOD 113 39
2002 MYD 895 293
2004 WAT 676 480
2004 GD 95 29
2004 MOD 113 68
2004 MYD 895 474
2006 WAT 676 658
2006 GD 95 32
2006 MOD 113 101
2006 MYD 895 837
2010 WAT 676 662
2010 GD 95 49
2010 MOD 113 101
2010 MYD 895 849

Source: Plant Breeding Division, Nigerian Institute for Oil Palm Research (NIFOR), Benin City, Edo
State, Nigeria
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