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ABSTRACT

The portfolio model revealed that agroforestry farmérs allocated more land to agricultural
crops relative to forest crops in the ratio 80.7 to 19.3. The expected return was N1,316.63
for forest crops and N2,305.54 for agricultural crops per hectare. Various levels of
agricultural and forest crop .comlﬁz‘riaﬁons to reduce risk'to enterprise were made. Less risk-
aversed farmers will plant more of forest crops on their-agroforestry farms. The tolerable
minimum risk system is an agroforestry system in which 80% of the land is allocated to forest
crops ahd 20% is used for agricultural crops. A major constrain to higher earnings from
traditional agroforestry farms is that resoukces are not fully tapped as tree crops are largely
incidental to major agricultural crops. '

Key words:  Traditional Agroforestry, Optimal Farm Enterprises combination portfolio
o model analysis. :

INTRODUCTION - agricultural resources leading to maaSiVe

_ : environmental and resource degradation.

Recent developments in the field of In response to the dwindling productivity
agricultural resourceutilization have shown of land and resource degradation, research
that there is excessive pressure .on institutions like the International Council
resources of land,soil.water and forest. In for Research”in® Agroforestry (IITA) haye
developing nations including Nigeria, this recommended and promoted agrofrestry
has resulted from a combination of factors farming practices to replace the traditional
including increases in human population; methods of shifting cultivation.
inability to improve on traditional farming According to King (1979) "agroforestry is
practices of shifting cultivation; the a sustainable land management system
continued use of crude energy sapping which increases the overall yield of the
implements of hoes, cutlasses and fire; land, combines production of agricultural
unbriddled  mechanizalion;  increasing crops (including Lree crops) and foresl
urbanization and a stagnating economy plants and/or animals simullaneosly or
thal has forced over 80% of Lhe cilizenry Lo sequentially on the same unil of land, and
depend on these natural resources for applies management techniques thal are
sustenance. The implication of this has compatible with the cultural practices of

been in the unsustainable exploitation of the local population”. Agroforestry
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practices vary between cu]tures They

include the Nigerion Compound farms of ~~
the Igbos (Okigbo and Greenland, 1976); the . + ~
Kendy gardens of Sri Lanka (McConne] and. .

Dharmdpale-— 1978). i ‘the . Indonesian
,__.homesieads (Harwood ‘and-Price, 1976) as

well as olhers involving perennial cullure.”

v+ * Fach of these systems is based on an upper

storey of trees and palms thal may

produce timber.fruits. nuts, fuelwood and

shade; a middle. storcy of cecoa, coffec, .

fruits and spice bushes; and a ground

storcy of bananas, maizc, beans and root

crops (Watson 1983).
alley farming were recently introduce by
ICRAFF and IITA. 1977; Kang e af 1980).

A number of research work-have lent
strong support to the advantages of
agroforestry farming methods. Young

Alley cropping and

(1979).'pointed out' that they can check

erosion as well as he used in land
reclamation. Akobundu (1980) and Yemoah
el a"/(1935) reported that agroforestry is
cffective in+weed control. A number of
research. work have shown that weed
control constitute over 40% of farmers
operational cost (Akobundu 1980; Oluwasola
1993). Sumberg ef a/(1987) established
thet agroforestry systems replenish soil
fertility and thus make it more profitable
than traditional fallow systems,
In spite of the advaniages
agroforestry farms,

of

the system. Rather, farmers -have
continued to practice shifting cultivation
using traditional implements with their
attendant effects on natural resources.
The reasons for not adophng the
ICRAF JITA agroforeslry bybtem are: not Iax
fetched
(i) the supply of fuelwood which is one
~of the altractions of alley farming
. in Bast Africa is not in short supply

farmers have not
responded positively to all efforts to sell )

. more eff1c1ent “and relatively
cheaper and cleaner alternative
sources of enexgy

¥ Lhefe is Lhe possibilily for Lhe
cultivation of economic trees like
cocoa, coffee, citrus, kolanut and
mango which make the cultivation
of lcgummous trees unattractlvc

(i)  rigid cultural pructlccs which -
introduces an element of risk in the -
adoption of an unknown or untested -
farmmp, prac’uces to peasants and

(iv) the. fallure to mcorporate farmers -

preferences in the development of .~

the \ystem

In South Western ngerla is the
traditionally cultivated cocoa farms. Alvim
and Nair (1986) pointcd out that traditional
cultivation of cocoa farms present an
agroforestry system. 1t is shade tolerant

and is grown in association with other ..~

species either in selectively cleared Iorest
or more commonly with food crops that

- - provide early shade until the shade treeq

~planted along with cocoa take over as the . -
- upper storey. ‘
home with this and thus. encouraging the = -
farmers to combine it with food cropsisa . ..

Peasant farmers are at’

sure way of checking the current wave of ™

deforestation, land and soil degradatlon

However, the risk involved in ‘terms-of

variability in income and, the profitability
of 'such. an- enterpnse must be ‘carefully ‘

dnalybed Lo-ensure thal they are capable of

, attractmg <ma]] scale farmers
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This paper is thus aimed at,
1. evaluating the economic performance of
agroforestry farms;
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2. showing how to reduce risk in the -

variation of cxpeeled incomc from
traditional agroforestry farms using the
pertfolio model;

3 suggesting the optimum number
and level of oplimum
choice/combination of enterprise.

ME’I’HODOI.OGY

This study was conducted in Ondo State
of Nigeria between 1991 and 1992, The
state has a total land area of 20,595 km®
out of which 3298.2 km?* or 16.9% is pul
under settlement development:iourism and
agriculture. In addition there are fallow
lands swamps and water bodies of rivers
and lakes. The population of ‘the state

increased from 2.7 million in 1963 to 3.9 -

Jlion by 1991 (C.HN. 1994). This thus -
oy ( ), This thus _standard devxatmn

increases the. popu}atlon density from 131
persons per km® to 189 persons per km®

The arca is intcnscly cultivated for both
food and tree crops. A major problem
arising from this is soil erosion. Millions of
Naira have been expended to combal
erosion in various parts of the state, all of

proposed by Blundon (1985

Portfoho theory is used by decision ;.
makers to sclect  among alternatwc_
possibilities with outcomes’ expressed by
probability distribution so as to maximize .-
expecled  ulilily in  an  uncerlain
environment (Dillion 1971; Arrow 1974). The
nel presenl values in equaLmn_n(Z) are
future estimates of revenues and cost
which are subject to risk and can be
expressed as standard  deviation (or
variation) from the expcctcd cstimatcs.
Thus the risk of the agroforestry system as

§ can be
specn’led as

b

(wioi Yy # E‘" wiwj 0_”)

- where

which points to need for agroforestry -

development to chevk

degradation.

resource

o, is the risk represented by

oi is variance of the -expected net
income of agricultural crop‘b.‘

913, L ‘
is covariance of the net income of
the agricultural and forest crops

w; fraction of land planted to crop j
v 1, and j arc as dcfined above.

L ’I‘here were two main ¢onstraints to an

Data were obtained from ninety farmerq :

from three local government areas viz Ekiti
West, Ekiti South West and
Irepodun/Ifelodun using  structured
questionnaire. The data were analysed using
the portfolio model analysis. The model is
specified as
ENPV = WNPV, + (I-W;) NPV;
where

ENPV is expected net present value.

NPV is nel presenl value.

W, 1s fraction of land planted to crop 1.

i is agricultural crops.

] is forest plants.

nnnnnnnnnnn
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-"e_xhaushve,deve_lopment of the portfolio
- model as is possible in financial economics.

First there was the difficulty of obtaining

‘accurate information on the proportion of
‘land used for each of the several products

on the agroforebtry farms as they were

intimately mixed. ‘Secondly, the farmers
had a combination ‘of crops which varied

from one farmer to-the other. The forest
crops includc kolanuts, walnut, citrus, oil
palm, forest trees and wildlife. Agricultural
crops were cocoa, plantain and yams.
Farmers chose some of these two groups
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and combined them variously on the
agroforcstry farm. '
To facilitate an easy and meaningful
analysis, the farm products were grouped
into two: foresl crops and agricullural
Crops.
The heclarage of land allocaled Lo Lhe

two groups as well as-the revenue. yw]ded,

were then estlmated

- RESULTS AND D]SCUSSION

The result from the analysis showed that -

the age-‘of farmers averaged 56.5 years
(Table 1). This has implications for risk

bearing and productivity as both tend to .

diminish with age. Seventy three or B1% of
the sampled farmers will at any given time
prefer to cultivate agroforestry farms that

The resulis of the portfolic model.

ana]yols arc summariscd in Table 2 to show .. ¢

income and. risk levels for various levels of
enterprise - combmatlon of forest: and
agricullural  crops in an dgwfmesh y
system. From the table, there are several

~decision rules thal can be followed Laking

cognizance of the return and risk values as
well as the level of risk-aversion of the
decision maker. '

Where the decision rule for cxample is a
straight choice between agricultural and

 forest crops, the farmer who is less risk

. planting “only agricultural crops.

has cocoa as the main crop. These factors.
are xmportant in irylnﬁ to recommend any.

agroforestry system in‘the study area.

Un the average B() Th of the cul‘uvated“

et

farmer were allocated to agrlcultural Crops.
notably cocod and plaintain; while the rest

19.3% went to forest crops. This pattern of

land allocation is quite understandable if it

is appreciated thal the . purpose of.
incorporating the forest erops into then_.
cocoa farm did not arise principally from.

economic or subsistence reasons, Rather,
they were meant to provide shade for the
agricultural crops (particularly cocoa)
against excessive sunlight, to protect them
against rain and wind storms and. to serve
as boundary plants.

Net earnings per hectare was #1.316.63
with a standard deviation of ~431.68 for
forest crops and §2,300.04 with a slandard
deviation of #937.58 for agricultural ereps.
The risk-income variabilily is thus 40.77%
for agricultural crops. Comparatively, the
forest products have a lower risk income
ratio of 32.8%.
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aversed may choose the alternative with
the highest pay off and thus specialize in
This
yields ;a net income of f#2.305.54 per
hectare. However, this amount provides the
highest risk per Naira value which is given
by the covariance of 0.41. A more
conservative farmer who is highly aversed
to risk may choose the alternative thal
offers the least amount of risk per Naira.
Thus, forest crops with an expceted income
of #1.316.68 and coefficient of variation of
0.33 will be planted: ovér the entlre
farmland.

The calculated coefficient of correlatlon..‘
between the forest and agricultural crops
was 0.3275. This provides a statistical
measure of the degree of independence
hetween the earnings from forest. and
agricultural crops. The low .correlation
coefficient value indicates that there 1s a

- weak correlation between the agricultural

and forest crops and suggest that
diversification belween the two groups
would be a useful risk reducing strategy.

Several decision rules can be used to
choose belween differenl levels of crop
combination(s) in the diversification
process.

When the coefficient of variation is used
as the basis of decision making, complete
specialization in  either forest or
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agrmultnralcrops -does not prov‘ide’ the
‘best’ decisfon stratcgy as they have high

risk pér Ndira value of earnings, being 0.41
for agricultbral crops and 0.33 for forest
crops, Of dll the combinalion levels II Lo X
in Table 2, the ‘efficient’. choice of forest
and agricullural crop combinalion s
~allocating B0% df the land to forest crops
" and 20% to agriculturel crops as this
yielded the lowest coefficient of variation of
029, . '
Another decision rule is selecting the

" alternative with the highest lower bound.

This rule is useful in a situation where the
farmer feels that a net return below &
certain level will be insufficient to meet
“'personal and family financial obligations. A
handy statistical measure of the lower
* hound is two stanidard deviations below the
mean in which case planting 607% of the
land with forést crops and 407% with
agricultural crops is "best” asit yielded the
highest lower bound pay-off value of
4670.35. Thus the diversification
alternative for traditional agroforestry
caused a decrease in expected earnings
which confirms Budowski's (1982) fear that
agroforestry is likely to show a slower
return when compared with annual crops.
However, it brought about a reduction in
the risk associated with the variability of
income.

The decision strategies open to the

~ farmer are illustrated in Figure 1 showing,.
““the expected incomes and the standard.
deviations of the crop combination levels; .

and Figure 2 showing the expected incomes
and risks in terms of the coefficient of
variation.  On these are shown the
maximum efficiency possibilily sel (curve
Q) and the risk-return indifference curves
of lwo decision makers. The decision
maker whose risk-return utility function is
“represented by I, I, (i.e highly aversed to

risk) would chog’s_e' to specialize or :'forest N

~crops-if-the choice Was limited td éne of
forest and agricultural .crop-and will thus
stay ofi risk-return utility curve 1, When
given the option of diversification between
lhe Lwg, he moves ~up -curve @ lo
. indifference curve 1, which becomes the
highest possible indifference curve as il is
tangential to the curve Q. Similarly, the
decision maker who is less risk aversed
with - ‘
I'. I indifference curves will move from Iy
(producing only aggicultural crops) to I',
The results prescnted show that the

~ criteria of expected returns, coefficient of

om

variation and the maximum lower bound
rule lead to different levels of forest and
agricultural crop combinations being
chosen.  The important :point is that
combinations of both- crops will always
~dominate complete specialization in one or
the other as long as-the returns from the
two are less than perfectly correlated. The
actual decision rule for a potential investor
will depend on the risk aversion level of the
decision maker. 2
. Figures 3 and. 4. show the application of
risk return, analysis to all combination of
assets as with an agricultura] enterprise in
which & limited resource(s) like cropland
has alternative uses.. The shaded area
represents the - opportunity set and it
contains.all possible combinations of the
risky farm asset. The efficient set consists
of asset portfolios thal are .dominant
_relative to the others résulting from the
fact that for any given level of expected
income, their risk is lowest; or ., for any
given level of risk their expected incomes
are highest. The efficient set will consist of
combinaliofis of risky assels because of Lhe
reduction in risk due to diversification
among individual asgels whose relurns are
not highly correlated. .
The optimal portfolio of the risky asset
is at point K which is the point of tangency
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~ between the efficient set and the highest

~attainablerisk-returnindifference curvel,,

Any combination level on I is inefficient
while that on 1, is: unattainable. The
elliciency sel curve in Figures 3 and 4
indicate that any addition of forest crop
from point I lo IX which is a progressive
substitution of forest crop for agricultural
crops is efficient. Beyond that level, the
curve bends back indicating increased risk
for & dcercasing incomec and thus any
combination within that area is clearly
incfficicnt. )

Point IX is important as it represents

the tolerable minimum risk system i.e. the
risk presented

which income is not lower than risk at that

“at which
-~ diversification is just efficient and for

level of crop combination. In the study

area therefore, the minimum risk system is
*one in which B0% of the land is allocated to
- “forest crops while the rest 20% is used for
agricultural crops.

RECOMMENDATION AND CONCLUSION.

" As shown in'the presentation of results,
- forest crops combined with cocoa could be
“a useful *risk reducing management
- strategy  especially ‘s income from cocoa
“are " controfled” by -exogeneous market
- forces. Field investigations showed.that a
lot of potential economic opportunities
were not tapped which reduced. net
earnings. It is therefore suggested that:

1. Since crops like pine-apple (Ananas
comosa) and walnut can do well in
traditional agroforestry, farmers should
see lhem beyond merely providing
refreshments in-between meals. They
should be exploiled and/or
commercialised. This they can do by
increasing their production especially as
their cultivation does not necessarily

ol -

reduce the number of cocoa trees
cultivable in the farm. S

2. Where the nature of the soil tnakes it
impossible Lo, adopl coca- dominaled
‘agroforestry but permits arable farming,
arable crops should be combined wilh
leguminons trees to ensure soil fertility
replenishment. The use of multipurpose
trees will encourage farmersto develop
such agroforcstry systcms. Trees like
Ahe locust bean ( Pardsz clappertomians);
shea butter ( Lvdyraspermum portr) and
kola nut when combined with food crops
will increase farm income. In addition
some tree species could be medicinal
while lepuminoustrees and litter fall will
enrich soil fertility.

. The study showed that various Crops are
. found in the ftraditional agroforestry

farms. Going by the size of peasant

" farms, with the exception of one or two

--crops, others may not ‘occur in-
sufficient quality for ‘commercial
exploitation. It is’ therefore

... recommended that the number of crops

-.Z’f,f: in an agroforestry farm uhit: be limited
. .to @ manageable commercial quantity.

7%

. For exampie, from these groups'A to D;
. A= treé plants and walnut |
B = Cocoa .- SRR

C = Kolanut,/0il palm/Citrus/Mango
D= Plantain/Pine
apple/Yam/Cocoyam

a farmer may choose to combine crops in

A+B+one of C+one of D instead of having

all the crops in-a single farm.

In conclusion, it is hoped that greater
resources will be channelled inlo the
practice of traditional agroforestry systems
Uhal are in conformily with lhe cullural
practices of the local farmer. Theresource
endowment in the study area does not
favour the development of any other type
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of agroforestry. 1t is doubtful if farmers
will bc willing to plant lcguminous trees
with food crops in preference to cocoa,
kolanut and oil palm trees. The advantage
of fuelwood derivable [rom leguminous

trees/food crop agroforestry isnot likely to |

be allraclive in a foresl environmenl where
fuelwood is not in short supply and in a
country with = cheaper  energy-fuel
alternatives. :

Therefore, it is more worthwhile to
understand the traditional agroforestry
systems and find ways of improving them
with respect to the number and variety of
foodcrops that can be added into such
systems.
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© Table 1: Age Distribution of Respondents.

Ageof ~ Ekiti-West Ekiti
Respondents SouthWest
(Years) |

-~ Irepoduu/

Ifelodun

~ percentage

9-40 2. |
4150 i 9
51-60 10 12
61 70 7 6
71-00 -2

" No. of 0. 90
Respondents

Mean age of 55.10 , 56.8

a0

10

30

YA

- 96.5

8
333
35.6

23.3
44

©100.0

Respondents

Source; Fielkd Survey 1991/1992
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Table 2 Expected Returns, standard Deviations: (nefficients of variation and lower
Bounds for sclectcd Combinaticns of Forcst and Agri:ultural products in
Traditional Agroforestry

e ——

Combination Proportion 0. Ixpz .. Standard Cr:efﬁment — iower
Levels Cropland Returns Deviation  of Variation  Bound
(innoira)  (inNeira)  ( ; yp. (in Naira)
Forest  Agricul-  (KAB) (o MD) ) ' (EAB-
crops  lural 2 g AB)
{A) crops
(B - R
1 0.0 1.0 2305.54 937.58 0.41 430.38
] 0.1 0.9 2208.65 858.93 0.40 488.79
11 0.2 0.8 210775 782.61 0.37 542.53
v 0.3 0.7 2008.86 709.36 0.35 590.14
v 0.4 0.8 1909.97 640.24 0.34 629.49
Vi 0.5 0.5 1811.08 576.74 0.32 657.60
Vil 0.8 0.4 171219 H20.92 0.30 670.35
VIII 0.7 0.3 1613.30 175.50 0.30 662.30
Ix 0.6 0.2 15614.41 443.67 0.29 R7.07
X 0.9 0.1 1415.52 428.48 0.30 508.06
Al 1.0 0.0 1316.63 431.68 0.33 453.27

NOTE: At combination level 1. all the areas of the agroforestry farm is planted with
agricultural crops. At lcvelll, 10 pereen: of the agroforestry farm is planted to forest
crops while 90 nercent is rlantyed to agriculturel crops etc,
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