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ABSTRACT
AN ECONOMIC ANALYSISOF SMALLHOLDER CASHEW DEVELOPMENT
OPPORTUNITIESAND LINKAGESTO FOOD SECURITY IN MOZAMBIQUE'S
NORTHERN PROVINCE OF NAMPULA
By

Paulo Nicua Mole

Cashew is among the leading export cropsin Mozambique. However, very littleis
known about the costs and returns to cashew production for the millions of smallholders who
produce it and depend upon it as a source of income and food security. In addition, thereisa
cashew productivity decline at the farm level that cannot continue to be ignored. This study
gathered detailed input/output data through multiple visits to 40 smallholder cashew households
in three different regions of Nampula, currently the most cashew producing province of
Mozambique. Additional data was drawn from secondary sources to construct crop budgets
which fed into a smallholder linear programing model to examine strategies to improve cashew
productivity and management practices in a context of awhole-farm system.

The findings highlight a number of issues. First, smallholders as a group who grow
cashew need to be subdivided into more homogeneous target groups: 1) those who have a
relatively small number of cashew trees, have lessland in total and on a per hectare labor adult
equivalent basis, but who are relatively labor abundant; and 2) in contrast, there is another group
who seem to own relatively larger land holdings, have relatively more trees, but lack labor (or
resources) to engage in more labor intensive and profitable cashew technologies. Second, high
tree density and relatively small amounts of |abor allocated to cashew (and not all at the right

time of the growing cycle) seemed to be critical factors associated with low cashew productivity.



The conflict between the use of labor for cashew tree management and disease control, and for
activities needed on food crops suggests that the lack of reliability of rural food markets, cash
earning opportunities, and the low economic incentives for cashew producers are forcing farmers
to set priority on food cropping activities, thereby shifting labor for cashew activitiesto later in
the agricultural season. Third, the relative profitability of marketable food crops and the
importance of food security concerns have an impact on smallholder choices. Resultsindicate
that labor constrained farmers required much higher incentives for the adoption of more
integrated approaches to cashew improvement than less labor constrained farmers. Finally,
profitability and efficiency of improved technol ogies and management practices could increase,
if farmers were able to identify better and with lessrisk, which of their existing trees should get
agiven technology package. Specific research in this regard will help farmers to reduce the risk
of investing in uneconomic trees or in an incorrect technology package.

It is concluded that improved technol ogies and management practices examined have a
potential to raise on-farm cashew productivity. However, this needs to be accompanied by a
stronger institutional and market reform investment program to improve incentives to cashew
growers, and make investmentsin rural infrastructure, research and extension services in order to
bring about the expected increases in cashew productivity to raise smallholder income, improve

food security conditions and reduce poverty.
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CHAPTER 1
INTRODUCTION
1.0 Introduction

Mozambique has a long history of cashew nut production. Since the arrival of the Portuguese
in East Africa, cashew has spread for over 500 years either naturally or through smallholder's
cultivation along the coast in a belt of about 2,000 km North and 200-300 km inland on sandy
soils. Asasmallholder crop, cashew is both grown monocropped and inter-cropped with food
crops such as cassava, peanuts, and beans and other tree crops.

Cashew, exported both in raw and processed forms, is among the leading export cropsin
Mozambique. For years, cashew has also facilitated a growing processing industry that
generates employment, particularly in the provinces of Nampula and Zambéziain the North, and
Gaza and Inhambane in the South. However, war and economic crisis in the last two decades
had an adverse impact on Mozambique's cashew production, and particularly high quality
cashew output (see Figure 1-1). Asaresult, Mozambique s competitive position in the world
market for processed kernels has weakened in favor of Indiaand Brazil, other major producers
and exporters. On other hand, M ozambigue continues to be an important source of supply of
unprocessed cashew for Indian processors, and very recently for Vietnam (CWG statistical
report, 1999).

Given the continued declining trend in cashew production, since 1995 there has been along

policy debate in the sub-sector, focusing primarily on processing and
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3

advantages/disadvantages of export taxation of raw nuts as part of a package of economic
measures in the current economic recovery program. The World Bank and International
Monetary Fund have pressured for liberalization of domestic agricultural pricesincluding
cashew. In 1988, first liberalization steps were taken, although the government continued setting
cashew reference prices at the producer level which were most often not effective due to the high
cost of cashew marketing. However, since then increased demand for raw cashew nuts both for
domestic processing and exports, have increasingly put pressure on Mozambique's limited
supply, particularly in years of bad weather asit happened in the 1998-9 crop year. With
increasing concerns about government policies and the continued declining trend in the cashew
sector, in 1995 a cashew working group (CWG) involving the government, donors and the
private sector was created to discuss the sector's constraints and prospects. In the meantime,
institutional efforts were undertaken in 1997 to create an institutional framework for the cashew
industry (INCAJU) which in 1998 took acrucial step towards the formulation of a cashew
production master plan.> Yet, INCAJU’simportant challenge remains as, figuring out the factors
responsible for the productivity decline at the farm level, and finding ways to solve these
problems and facilitate economic development of the cashew industry as awhole.

Furthermore, for INCAJU and the sector as awhole, the fundamental and complex policy

chalengeis how to structure technology options (available particularly to smallholders), market

! The government’ s goal for the cashew industry is its development to improve smallholder’s
income and food security condition, as well as fostering international competitiveness of cashew
nuts and by-products through the rehabilitation and expansion of the current cashew orchard,
industry and marketing system. Towards that goal, INCAJU objectives areto achieve a
sustainable increase of smallholder’s raw cashew nut’s output and quality which contribute to
the growth of their income and to the country’s trade balance of payment (INCAJU, 1998).
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rules and industry coordination arrangements to provide the type of policy induced incentives
and improve capabilities for smallholder cashew producers to improve both quantity and quality
produced from either existing or newly planted cashew trees. These challenges extend equally to
the cashew processing industry which needs to adjust and restructure itself to improve its
productivity and management in order to be able to compete internationally. Understanding
these challenges at the smallholder production level requires obtaining comprehensive farm
level insights, evaluating returns to smallholders’ resources, particularly labor time allocated to
different competing enterprises, under aternative crop production technologies and institutional

arrangements.

11  Problem Statement

A competitive cashew industry with improved domestic processing requires not only cost
effective processing technologies, but most importantly reliance on domestic sources of supply
of raw cashew nuts at prices that allow competitive processing for the world market. Otherwise,
the domestic processors must have sufficient purchasing power to afford imports of raw cashew
nuts from other producing countries.

Efforts by the government of Mozambique to liberalize agricultural prices and to alter policy
on exports of raw cashew nutsis part of an overall strategy of seeking to provide incentivesto
smallholder producers, and restructure the domestic processing industry. The measures were
expected to gradually improve competitiveness among actors in the cashew industry toward what
it once had been --- one of the world leaders in production and exports of processed cashew

nuts. However, in attempting to pursue these goals, policy makers have been focusing primary
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attention to (1) pricing policy and export taxation, and (2) measures to increase domestic
processing capacity and improve its competitiveness. This policy orientation isbasically driven

by two assumptions:

(1) given the current structure of production, marketing, processing and exports, there would be
an effective price transmission from the external trade of raw cashew nuts down to the
smallholder cashew producers as aresult of reduced distortions (taxes) on exports and the

increased demand from both domestic and foreign cashew processors;

(2) under the current marketing structure, smallholders could respond to improved prices, and
thus increase cashew output and quality, aswell asimprove their welfare as their share of the

export price increases.

This perspective of smallholder cashew production and marketing is reliant on the view that
" getting the price right” will change relative prices for smallholders |eading them to reallocate
resources in favor of cashew production, and thereby increase cashew production and improve
guality. Yet, these assumptions lack empirical support. In fact, evidence suggests that output
has not responded in spite of an upward trend in producer pricesin the last three cashew
marketing seasons (1996-99). The farmer’s share of the export price has been fluctuating
between 44 to 52 percent (MAP/MSU Flash 9P, June 1997; and Mole and Weber, 1999), but

whether cashew output and quality levels are beginning to follow the same trend is not yet clear.
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As Reardon and Vosti (1987) pointed out, when agriculture is profitable it does not mean that
household’ s choices on investments/practices occur automatically, particularly in the presence of
constraints such as credit and lack of information. Economic policies, whether sectoral or macro
are necessary, but not sufficient, and “ getting prices right” in particular does not provide answers
to al policy issues. Thisincludes questions such as whether farmers want or can adopt and
maintain new technology for given investments and practices, and which appropriate price
policy can promote such investments/practices.

While research work with respect to the real effects of cashew export policy changes on
cashew producer pricesis underway, consistent empirical evidence and analytical insight to
inform smallholder adoption of new technologies and improved management practices to
increase cashew production and quality under the current sub-sector setting is scanty and it is
hard to generalize over all possible smallholder cashew production areas. As Figure 1-1 above
has shown, and economic agents observation suggests, raw cashew nut output in Mozambique
has, in fact, declined over the years. Among other factors, the decline is related to abandonment
of many cashew trees, war, economic crisis and the lack of agronomic research and effective

extension efforts (ACIANA, 1995; and MAP, 1995).

1.2 Resear ch Questions and Objectives

Thereis ageneral lack of micro data on costs and returns to smallholder resourcesin
Mozambique. Analysis of the effects of alternative policies and production technologies are
hard, if not impossible, under this setting. Asaresult, this study will utilize existing and

generate additional micro data on smallholder cashew production to answer the following
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research questions: isit financially attractive for Mozambican smallholder farmersto expand
production and improve quality of cashew nuts? If so, what are the investment decisions and
available alternative technological options smallholders need to consider in order to achieve the
expected cashew production increases and quality improvements? What incentives and
institutional support will be required for smallholders to adopt these alternative and new
technologies in an environment where cashews are not the main crop?

Given the dynamic changes in the economy of Mozambique and taking into account the
potential contribution of the cashew industry to export earnings, studying the economics of
smallholder cashew production isacrucial factor in establishing a strategic cashew industry
development plan that has the potential to improve income and food security of about a million
of smallholder cashew producers.

There are gaps in knowledge on smallholder cashew producer’ s behavior in Mozambique,
and on the extent of smallholder’s potential response and capability to respond to changesin
policy incentives. Thus the overall objective of this dissertation is to evaluate cashew production
profitability relative to other smallholder cropping activities competing for the same scarce
resources. An estimate of farm level cashew production costs and returns to smallholder’s
resources under alternative production technologies and policy incentives will: 1) shed light on
the potential trade-offs farmers face and synergies possible when choosing among cashew and
other competing enterprises for resources; and 2) inform implications for potential output and
guality improvement and overall income generation. Specific objectives of this dissertation
include:

1. characterizetypical smallholder cashew producers in terms of size, composition, gender,

production systems, agricultural practices, relative labor, land and capital requirements
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and the relative importance of cashew in the household’sincome. This should help in

creating atypology of cashew farmersin the study areas,

2. ldentify the problems and constraints to smallholder cashew production;

3. ldentify and measure the determinants of financial and economic profitability of
smallholder cashew production vis-a-vis other crops in the farming system. Profitability
assessment should consider relative input and output prices and relative yield estimates

in the calculation of returns and economic cost of labor and land for different enterprises.

Evidence from the profitability assessment should take into account the current smallholder
multi-cropping system in Mozambique and be able to inform questions about potential cashew
supply response or the lack thereof, and about the opportunity cost of labor time and land
allocated between food and cash cropping activities, particularly for households which are
already labor and land constrained.

4. Evaluate cropping mixesin acontext of atypology of cashew farmers. Thisevaluation
will be conducted through alinear programing model considering alternative
combinations of resource levels and use, resource requirements and goals, as they are

affected by aternative policies and technological options; and

5. discuss policy implications resulting from a sensitivity analysis of the impacts of
aternative policy and technological options on production of cashew vis-a-vis other

crops.

It is hypothesized that for Mozambique to meet the increased demand for raw cashew nuts to
satisfy demand both from domestic processing and exports will require considerable increased
productivity from smallholders. Productivity increases in turn, will require incentives and

possibly new inputs including new cashew varieties and different practices and investmentsin
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new technologies to shift current production functions upwards. Moreover, as Ali and Byerlee
(1991) have pointed out, if with current or new technologies, more productive use of farmer’s
available resources and inputs provide significant opportunity to improve productivity, then a
case can be made for stronger institutional support through investments in input delivery,
infrastructure, extension and management services, and education that promote efficient use of

resources at the farm level (p.2).

1.3  Historical Background on Cashew Production Structure and Exportsin
M ozambique

Cashew production is mainly dominated by dispersed smallholders along the coastal areas of
Mozambique and in afew areasin the country’ sinterior. Some commercial companies hold a
few plantations, but mostly and very recently as on-station trial fields to support smallholder
cashew production in concessions areas for other cash crops such as cotton. The next section
explains the historical setting of the current smallholder cashew sector as well as Mozambique's

cashew production and exports.

1.3.1 The Smallholder Cashew Sector

The historical success of Mozambique's cashew production and exports has been largely
attributed to replanting. Production levels reached in the early 1970s are reported as having been
the result of new plantings that occurred between 1950s and 1960s which are believed to have
stopped after 1965. Given the lack of replanting, the existing stock of cashew trees has aged

over the years and its productivity declined (Nomisma, 1987, and Prasad et al., 1997). Total
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cashew production declined from over 200,000 tons/year in the early 1970s to about 45,000 tons
in 1998 (Figure 1-1).

Mozambique was a pioneer in establishing the first African cashew nut processing factory on
an industrial scalein 1960. To guarantee planting and sufficient supply of raw cashew nutsto
the emergent processing sector and to facilitate consequent export earnings from the value added
kernels, from 1920s throughout 1960s colonial authorities efforts were concentrated in high
density populated regions. In these regions, a network which often involved traditional
authorities (mwenes and régulos), rural shop owners and colonial policy makers was established
under the later known policy as “medida cem-por-cem’? (Régulo Milapa, 1998, personal
communication).

Under this policy, smallholders were given 5 to 7 hectares of land and it was mandatory to
plant cashew trees (mandatory planting) on one hectare at a given spacing. Traditional chiefs
had the responsibility to oversee the planting and maintenance of the trees, and report to the
colonial authorities observance of the policy. In this process, coercion and violence were used.
The strategy was later extended to include cashew planting on any fallow land which did not
have cashew trees at a given point in time.

In addition, traders willing to open shopsin rural areas received economic incentives such as
tax breaks, and were required to grow cashew trees around their shops (DPA & P, 1995).

Further expansion of cashew treeswas, and still is, aresult of spontaneous trees growing out of

fallen nuts (Nomisma, 1987).

2 Medida cem-por-cem refers to the system used to allocate the mandatory one hectare (100 x
100) determined by the colonial authorities by which trees cashew should be planted by a given
smallholder (field group interviews, 1999).
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In addition to the above strategy, traders/wholesalers supplied food stuffs and manufactured
goods that were often used in cashew transactions, as much as in other crop marketing. These
consumer goods, mainly cloth and footwear, sugar and illumination oil were imported directly by
colonial cashew authorities and distributed to wholesalers, then to rural traders who sold to
farmers. It iswidely believed that this collapse of the rural marketing system due to the fight for
independence and later civil war is one of the principal cause of the current low level of
marketed surplus (Hilmmarson, 1995; DAP& P, 1995, and Deloitte and Touch, 1997). Itisaso
believed that smallholders lost confidence in the marketing system as a source of supply of other
goods for which cashew income was spent. However, government officials at the provincial
level also suggest that the after independence replanting failure resulted from the complete
exclusion of traditional authorities in cashew development strategies. Efforts at developing
projects to promote cashew tree planting did not succeed because smallholders became

suspicious and fearful that the government would later nationalize the trees (DPA & P, 1995).

1.3.2 Mozambique's Cashew Production and Exports

In the early 1970s M ozambique exported about 140,000 tons of raw cashews, that is about 37
percent of world production and also exported about 30,000 tons of processed kernels, a4l
percent share of world processed cashew nuts exports (see Figure 1-2, below). Its most direct
competitor, India, produced about 87,000 tons of raw nuts. During that period, Indiawas less of
competitor in the world cashew market. With increased supply of raw nuts and limited

processing capacity worldwide, prices of raw cashew nuts at that time declined.
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In the seventies, however, increased processing capacity in major cashew producing
countries such as Brazil, India, Mozambique and Tanzania shifted demand for raw cashew nuts
upward, resulting in higher raw nut prices. In thelate seventies and earlier eighties, production
of raw nuts and exports of processed cashew nuts declined rapidly in Mozambigue due to the
war and economic crisis which led to awidespread lack of incentives to take care of the ageing
and diseased stock of cashew trees. Thisled to adeclinein total cashew production, and
particularly high quality cashew output in Mozambique. In the meantime, faced with structural
constraints, the domestic processing technology became obsol ete and unable to compete in the
world market. 1n 1992 with liberalization of agricultural prices, export of raw cashew nuts were
again alowed. This hasincreased the pressure on the domestic processing sector, who faced
with liquidity constraint could not compete with exporters for raw material. In the world market,
the expansion of processing capacity increased demand for raw nuts worldwide. This scenario
has not changed substantially yet, even with new entries such as Vietnam into cashew
production. For instance, given the limited domestic supply of raw cashew nuts for its growing
domestic processing industry, India ---the current world largest raw nut importer --- continues to

import substantial quantities of raw nuts from Mozambique and Tanzania.

1.4 Organization of the Dissertation
This dissertation is organized in eight chapters. The first chapter introduces the dissertation

with highlights of trends in the cashew industry. In addition, it presents the research
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Figure 1-2 Exportsof Raw and Processed Cashew Nutsin Mozambique, 19961-98
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problem statement on smallholder cashew production in Mozambique, research questions and
objectives of the study. Historical background is also provided for the current smallholder
cashew sector and the trends of both exports of raw and processed kernels in Mozambique from
1961-1998. The chapter concludes with the dissertation organization. Chapter Two provides
details of the research methodol ogy, including geographical area of the study and the sample
selection method, a brief description of the survey instrument used, and an overview of
cooperation efforts with partners in cashew research in the study area, and in Mozambique in
genera. In Chapter Three adecision treeis presented, and smallholder challenges and
investment strategies in different alternatives available to increase cashew production and quality
areexplored. A summary of perceived feasible alternatives is provided. Chapter Four describes
the characteristics of the sampled smallholder households, and devel ops a typology of cashew
farms as aframework of analysisin forthcoming chapters. An econometric model was used in
Chapter Five to explore the determinants of cashew tree productivity in the study area. Insights
from this model help to understand the crop enterprises budget summaries of smallholder
resource use in various crops, and the returns to land and labor presented in Chapter Six.

Chapter Seven develops a smallholder cashew household linear programming model to explore
an alternative technology and management practices to current practices under resource and food
security constraints. Finally, the dissertation ends with a summary of findings and policy,

research and extension implications of the findings in Chapter Eight.



CHAPTER 2
RESEARCH METHODOLOGY

2.0 Introduction

In the Northern province of Nampula, agriculture is predominantly smallholder athough
some commercia farms can be found, particularly in cotton production areas. The province of
Nampula produces and markets more than 50 percent of total national cashew output ( Table 2-
1), and holds about 39.8 percent of the total national cashew orchard (Strasberg, Mole and
Weber, 1999).

The following sections describe the geographical coverage of the study, the sample selection
methodology, and the survey instrument used to gather primary smallholder data. Cooperation

with other cashew researchersin Mozambique is briefly outlined.

2.1 Geographic Coverage

The cashew belt in the Northern province of Nampula has a great agro-ecological variation
and offers adiverse agricultural potential. The study areaincludes two main agro-ecological
zones within the cashew belt: the inland medium altitude and the coastal low-altitude areas. In
these two areas, the selected districts and villages represent three cashew producing areasin
Nampula province with different cashew production potential and agro-ecological
characteristics. Despite the variations in cashew production potential one can argue that these
districts represent well the distribution of cashew production within the province ranging from

the Mogovolas the number one producing district of Nampula (and in Mozambique as well)

15
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Table2-1 Proportion of National Cashew Marketed Surplusin Three Most Important Cashew Producing Provinces,
1987-97.

1987-8 1988-9 1989-0 1990-1 1991-2 1992-3 1993-4 1994-5 1995-6 1996-7
Province ( percent)
Nampula 55 78 68 55 63 75 90 52 55 78
Inhambane 18 6 9 10 6 4 - 18 13 8
Gaza 20 8 14 23 13 8 - 24 15 6
The 3 Provinces 93 92 91 87 81 88 90 94 84 92
Total (‘000 tons) 44 50 22 31 54 24 30 33 67 36

Source: Deloitte and Touche (1997).
___________________________________________________________________________________________________|
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In addition to labor and land, an important household asset is the number of cashew trees
they own. The data shows that the average number of total trees owned is about 63, of which 38
are located on pure stand fields while 25 are on fields with different food crop mixes.® The
distribution of cashew trees per household across districts is different and statistically significant
between the districts of Moma and Nacaroa, and the latter with the district of Mogovolas.
Households in the district of Momatend to have more cashew trees, both in total aswell as
under monocropped and mixed cropped fields, than the districts of Mogovolas and Nacaroa.
Based on field indicators, the districts of Moma and Mogovolas have more cashew trees per
hectare than the district of Nacaroa, both on under mono- and mixed cropping fields. That is,
accounting for the current number of cashew trees and the size of the machamba that a
household own and number of cashew trees on it, the density is higher in Moma and Mogovolas
districts. However, these observed differences on density are only statistically significant
between the districts of Nacaroa and Moma on mixed cropping fields. Note that a high density
for any given field means that shaded land areais greater and cultivation of other crops more
limited. A word of caution isthat one must keep in mind that Nacaroa District represents
cashew growing areas with low potential for cashew production and the district of Moma despite
its large number of cashew trees per household, has the smaller number of householdsin the

sample.

® Note that a recent report indicates 60 cashew trees per household in the province of Nampula
(World Bank, 1998), where the current study took place.
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4.1.3 Cropping Systems and Patternsof Land Use

On all the fields recorded, nine crops were listed either sole cropped or found in different
crop mixes. Overall, 40.2 percent of all fields had food crops and no cashew, and 51.5 percent
of all fields had a cashew tree on them. As Table 4-2 shows manioc, peanuts and cashew were
grown either sole cropped or in combination with other crops. On average, sole manioc,
peanuts and cashew accounted for about nine percent, four percent and 24 percent of al fields,
respectively. There was no significant statistical differences across districts/agr.-ecological
zones with respect to the proportion of fields under pure standing crops. Mixed manioc with
peanuts, beans, and with beans and peanuts accounted for about 12.1 percent while mixed
cashew cropped with either manioc or manioc and beans or manioc and peanuts or manioc,
beans and peanuts accounted for atotal of 27.2 percent of al fields. Across districts/agr.-
ecological zones no significant statistical differences were observed in terms of relative
dominance of agiven food crop mix and these food crops with cashew as represented in Table 4-
2. Minor crops such as sorghum, millet, and rice were grown on about seven percent of the
fields while vegetables accounted for eight percent of all fields. The reminder were fields either
in fallow or abandoned.* The districts of Moma shows a statistically significant larger share of
fields with manioc and peanuts, and a lower share of fields with manioc and beans than the
district of Nacaroa. No fields with vegetables were recorded in the district of Moma, and no
statistically significant differences were found on the proportion of fields either in fallow or

abandoned across districts/agr.-ecological zones.

* Abandoned fields are portions of land that at a given time period a household do not consider
suitable for growing crops, often set aside for some reason such as crop rotation.
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Table 4-2 Cropping Systems per Household by District in Surveyed Cashew Areasin
Nampula, 1998

DistrictsAgro-Ecological Zones Typical
Indicators Household
Nacar oa Mogovolas Moma
Cropping Syssems e percentage of fieldswith ----------
Pure Stand Cropping
Manioc 5.6 13.9 6.1 8.9
Peanuts 7.0 31 0.0 41
Cashew 19.7 24.6 33.3 24.3
Mixed Cropping
Manioc and Beans 7.0 6.2 3.0 5.9
Manioc and Peanuts 14 6.2 12.1 53
Manioc, Beans and Peanuts 0.0 31 0.0 12
Cashew with Manioc 85 4.6 3.0 5.9
Manioc and Beans 9.9 31 3.0 5.9
Manioc and Peanuts 5.6 10.8 12.1 8.9
Manioc, Beans and Peanuts 7.0 4.6 9.1 6.5
Minor Crops 14 10.8 9.1 6.5
Vegetables 155 4.6 0.0 8.3
Fallow 9.9 4.6 6.1 71
Abandonment 14 0.0 3.0 12
Number of Fields per Household 4471 4.065 4,133 4.2169

Total Number of Fields

Source: Smallholder Cashew Production Technologies Survey, Nampula, Mozambique, 1998/9.
Note: There were 40.2 percent of al fields with food and no cashew, whereas 51.5 percent of all recorded
fields had cashew trees on them.

Table 4-3 shows the relative importance of the cropping systems both in terms of percentage
of households that cultivate a given crop or crop mix, and the land area allocated toit. In
general, in the province of Nampulathe farming system is diversified and based on arange of
cereals, root crops, fruits and vegetables. Overall, 83 percent of all households interviewed had

cashew planted with either one or more food crops. On average, about 30 percent of all
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Table 4-3 Production Systems and Patterns of Land Use per Household by District in
Surveyed Cashew Areasin Nampula, 1998

Districts/Agro-ecological Zones Typical
Indicators Household
Mogovolas Moma
Nacar oa
Cropping Systems e percentage of households with ----------
Pure Stand Cropping
Manioc 18.8 50.0 25.0 29.6
Peanuts 313 125 0.0 19.1
Cashew 56.3 81.3 100.0 72.8
Mixed Cropping
Manioc and Beans 313 25.0 125 25.2
Manioc and Peanuts 6.2 25.0 50.0 209
Manioc, Beans and Peanuts 0.0 125 0.0 3.8
Cashew with Manioc 375 125 125 24.7
Manioc and Beans 43.8 125 125 27.8
Manioc and Peanuts 25.0 43.8 50.0 35.8
Manioc, Beans and Peanuts 313 18.8 375 28.7
Minor Crops 6.3 375 357 222
Vegetables 56.3 125 0.0 314
Patterns of Land Use Ha per Household ---------------
Food Crops only
Cultivated Area 0.81 1.46 0.53 0.95
Manioc 0.16 0.47 0.13 0.25
Peanuts 0.16 0.09 0.00 0.11
Manioc and Beans 0.20 0.12 0.03 0.14
Manioc and Peanuts 0.03 0.25 0.25 0.14
Manioc, Peanuts and Beans 0.00 0.13 0.00 0.04
Minor Crops 0.00 0.27 0.12 0.11
Vegetables 0.26 0.14 0.00 0.17
Cashew
Mono-cropped land area 0.75 131 1.16 101
Mixed cropped land area 1.29 1.04 1.00 1.16
Manioc 0.50 0.25 0.19 0.36
Manioc and Beans 0.47 0.41 0.13 0.38
Manioc and Peanuts 0.13 0.27 0.31 0.21
Manioc, Beans and Peanuts 0.20 0.11 0.38 0.21
Fallow land 0.44 0.31 0.19 0.35
Abandoned Land 0.03 0.00 0.06 0.03
Number of Households 16 16 8 40

Source: Smallholder Cashew Production Technologies Survey, Nampula, Mozambique, 1998.
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househol ds had manioc, 19 percent had peanut and 73 percent had cashew undersole cropping.®
Differences in relative importance of sole cropping were statistically significant between the
districts of Nacaroaand Moma. In thelatter there were more households cultivating sole
cashew and no peanuts. Mixed cropping of two or more crops was also observed. The most
common mixes were of manioc and peanuts (21 percent), manioc and beans (26 percent) manioc,
beans and peanuts (29 percent) and cashew with one, two or more crops. The major cashew and
food crop mixtures were: cashew/manioc, cashew/manioc/beans, cashew/manioc/peanuts and
cashew/manioc/beans/peanuts.

One important fact to note is that sole cropped cashew is less common in the district of
Nacaroa. Note also that there are more households growing cashew in combination with
manioc, and manioc and beans than in other two districts. Thisisnot surprising. Asalow
potential areafor cashew production, one would expect that the few trees that a household may
own would be under mixed cropping, particularly with the most common crops such as manioc
and beans, if the hypothesis of higher yield under mixed cropping holds. Thus this might be
both aresult of households having less cashew trees, and households been located in less
favorable conditions for cashew tree growing.

In the surveyed villages of Nacaroa District, cashew is often grown with manioc, and with
manioc and beans, whereas in Mogovolas District villages cashew is commonly grown with
manioc, and manioc and peanuts. In the district of Moma, cashew appears often in manioc and

peanut fields as well as in combination with manioc, beans and peanuts. However, despite this

> Invast parts of Nampula province, peanuts are a cash crop, although they are also consumed
at home.
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diversity, statistically significant differences on the relative importance of mixed cropping could
only be found between the districts of Nacaroa and Mogovolas with respect to the manioc and
cashew crop mix. Minor crops such asrice, sorghum, millet and maize were cultivated by 22
percent of all households while 31 percent had also grown vegetables. Differences on these
crops were found to be statistically significant between the districts of Nacaroa and Moma.

In terms of hectarage, land allocation varies according to the relative importance of each crop
and crop mixes. Data shows that 87 percent of all households had, on average, cultivated land
area of about 0.95 hawith food cropsaone. Sole crop manioc and peanuts, and mixed crop
manioc with beans and peanuts, minor crops and vegetables were cultivated on areas that vary
between 0.11 to 0.25 hectares. Of this area, sole cropped manioc, and manioc mix with beans,
and peanuts occupied alarger portion. With respect to cashew land area, each household had
approximately two cashew fields. On average, the land area for pure stand cashew was about
1.0 hawhile mixed cropped cashew was cultivated in about 1.2 ha per household. Cashew and
manioc accounted for 31 percent of the cashew mixed cropping area while cashew mixed with
manioc and beans accounted for 32.8 percent, and the reminder 37 percent equally distributed to
mixed cropping with manioc and peanuts, and with manioc, beans and peanuts. Land allocation
across districts varies significantly with respect to a small number of crops and crop mixes.

This might be due to less differences in crop orientation. The number and type of crops grown
in each agr.-ecological zoneissimilar. Significant statistical differences were found only with
respect to land area allocated to mixed cropping of manioc and peanuts, and minor crops
between the districts of Nacaroa and Moma, and Nacaroa and Mogovolas with Nacaroa villages

allocating less area to these combination of crops.
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The agro-ecological zone analysis above |leads to the conclusion that households in low
potential areas such as the district of Nacaroa have less cashew trees per household than those in
more favorable districts of Mogovolas and Moma. Most of these cashew trees are under mixed
cropped fields.  Since these households allocated relatively higher land area to mixed cropping
of cashew and food crops, this suggests that with fewer trees per household, householdsin these
areas may be following an optimal strategy by inter-cropping cashew with food crops.
Maximizing food crop area by planting a small number of cashew treesin agiven field allows
more food production, and better and more regular care of thetress. In the following sections
we build on these differences and similarities of patterns found at the agr.-ecological zone level

in developing aframework of analysisfor typical smallholder cashew farmsin the study area.

4.2  Towardsa Typology of Smallholder Cashew Farmsin Northern Mozambique

This section attempts to create a typology of cashew farms by grouping cashew producing
households by an aggregate measure of land and own labor availability ---household land per
adult equivalent. The goal isto establish the context within which the next chapters will
evaluate the economics of alternative technological options available to each group of farmersto
increase cashew production and quality.

The development of atypology of farms, particularly with respect to an important asset such
as cashew trees for rural households, is an opportunity to explore household diversity, assess
their potential responses to policy and to the necessary institutional and technical support needed
to improve farming productivity. Cashew trees are productive assets and provide a significant

portion of smallholder household income. Previous studies have shown that in the research area,
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24 percent of the income comes from sales of cash crops, including cashew (Marrule et al., 1998;
and Strasberg, 1997). Cash crops, and the number of cashew trees a household own plays an
important factor in the differentiation among households in the smallholder sector. The typology
approach to smallholder economic analysis has been used in different occasions and for different
purposes (Simler, 1994; Bossier et al. 1994; Sebillotte 1994, and Laurent et al., 1998). The
literature stresses the need to analyze diversity in the context of relating economic processes and
technical change. For instance, David (1988) stresses this relationship as path dependency, the
irreversibility of the innovation process and “technological trgjectories’ which constraints
smallholder's flexibility for conceiving and adopting innovations.

The typology groups cashew farmers by the land area available to each adult labor equivalent
in the household taking into account the characteristics aready analyzed above. It must be
noted that the scale of cashew production as determined by land and labor available is the
characteristic of interest. Agro-climatic conditions affect the degree of adaptability of cashew
and thus yields, whereas the land and labor determines the scale and management of the cashew
orchard.® In Tables 4-4 and 4-5 below, each tercile identifies implicitly one scale type of
smallholder cashew farm. Thus, terciles one, two and three will represent alow, medium and

high land to labor adult equivalent (L-AE) ratio smallholder cashew farm. In addition,

® Soil typeis thought to be the most limiting factor for production than rainfall. Northwood
(1962) pointed out often cashew is planted on sands which are insufficiently fertile for annual
crops. Cashew issuitablein red fertile sandy loams with sufficient drainage where it produces
economic yields. Lack of water isafactor in yield reduction. Long periods of below average
rainfall affect a number of trees which loose leaves and production may reach up to 40 percent
less the normal. Under good rains production can double from 8 pounds per tree, when trees
recover their vigor. Dry season storms during flowering and fruit-settling period/season also
reduceyields. Ingeneral in warmer, more humid and higher rainfall (40-50 inch.) areas cashew
grows faster and produces heavy yields when management is good.
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householdsin the low L-AE farm category will be considered as relatively poor, particularly
with respect to the land area per adult equivalent as compared to households in the upper farm
categories. All the analysisto follow is based on afull sample of 40 households and statistical
analysisis conducted within the standard 95 percent confidence interval. The next section
presents farm type characteristics with respect to demographics and structure of the households
within it, resources, and cropping systems all of which are based on a pooled sample and

stratified as explained above.

4.2.1 Household Size and Structure

Table 4-4 presents a summary of statistics pertaining to the three types of smallholder
cashew farms. low, medium and high categories. A typical cashew farmin thistypology has a
household of about 4.2 members, of which 0.8 infants, 1.3 children, 0.9 adult males 1.1 adult
females and 0.4 aged members. Across farm category comparisons indicates that households in
the low L-AE farm category are statistically larger than the medium, but not statistically
different from the households in high L-AE farms. In general low L-AE farmstend to be led by
significantly younger heads of households and to have dlightly more children and aged members
than other farms.  Although the dependency ratio is higher on high L-AE farms, the burden for

low L-AE farmsis high given the limited resources available to them to feed alarge household.’

" A poverty report "Pobreza em Mogambique: Perfil, Determinantes e Implicagdes para as
Politicas', Ministério do Plano e Finangas (1998) indicates that poor households tend to have
more children and infants than other households. That is, there is a high dependency ratio among
the poor, given that the number of adultsin the household is not significantly different across
groups.
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Table4-4 Sizeand Structure, and Resour ce Availability for Low, Medium and
High L-AE Smallholder Cashew Farmersin Surveyed Cashew Areasin
Nampula, 1998

Smallholder Cashew Farm Category by Typical

Indicators Land per Adult Equivalent (L-AE) Farm
Low Medium High
Demogr aphics
Household Size 5.0 3.6 3.8 4.2
Household Composition
Infants 11 05 09 0.8
Children 18 11 0.9 13
Adult Males 11 1.0 0.8 0.9
Adult Females 11 11 11 11
Aged 0.3 0.4 0.2 0.4
Age of the head of household 411 46 59 48
Resour ces
Labor Adult Equivalent 273 2.40 1.92 2.38
Land Area per Household (ha/hh) 2.65 3.35 4.65 3.49
per Labor adult equivalent (ha’hlag) 0.95 1.39 257 1.59
Cashew Trees per Household
Total 48 73 69 63
in Monocropping 24 51 39 38
Density (trees/ha) 45 46 37 43
in Mixed cropping 24 23 28 25
Density (trees/ha) 22 28 27 25
Number of Households 13 15 12 40

Source: Smallholder Cashew Production Technologies Survey, Nampula, Mozambique, 1998.
. _________________________________________________________________________________________________________________________|

Aswill be shown below, these younger households tend to be resource poor in terms of total

land and cashew trees across farm types.

4.2.2 Land, Labor and Cashew Trees
In previous sections it was suggested that land, labor and cashew trees make a difference

among smallholdersin rural areas. The average farm size in this typology is 3.49 hectares per
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household. However, there are significant differences in farm size across farm categories.
Households in the low L-AE farm category own statistically less land areain total, and more
labor per adult equivalent. Asaresult, these households also have significantly lessland per
adult equivalent. With respect to cashew ownership, atypical smallholder cashew farm owns on
average 63 cashew trees of which 38 are on pure stand fields and 25 are on fields with food
observable at the cropping system level. That is, farmsin the low L-AE category have
statistically less cashew trees under monocropped fields than medium and high L-AE category.
Note that while low L-AE farms have the same proportion of their trees under both cropping
systems, other farm categories have more trees under monocropping. Note also that mixed
cropped fields have fewer cashew trees across farm types. Furthermore, the data shows no
significant statistical differencesin tree density across farm categories, except between cropping
systems whereby monocropped fields have a higher density than mixed cropped fields across
farm categories. This shows that farmer’ s attitude towards risk can effect cashew's relative
importance within the farming system.2 To maximize space for food crops in cashew mixed
cropping fields, having fewer trees per land areais an important strategy for more diversified
agriculture, particularly where land accessis a problem. This suggests that production of more
food crops, for say, food insecure households forces an optimization of space on existing plots.
With missing food markets for some of these farmers, food security can only be guaranteed with
own production. If households have constrained access to land, fewer cashew trees on agiven

land area may be an optimal strategy.

8 Note that small farms allocated a smaller proportion of land area devoted to cashew
production to monocropped cashew than any other farm type (28.5 percent as opposed to 58.2
and 48.9 percent for medium and large farms, respectively).
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An analysis of household member’ s participation in agricultural activities shows that 61
percent for all membersin low L-AE farm category participate in cashew and other agricultural
activities compared to 70 percent in medium to high L-AE smallholder farms (Table 4-5). Thus,
the implication of the above findings would suggest that with relative excess of labor and low
participation in agricultural activities, household members on small scale farms have the
potential to participate in rural labor markets, particularly in working for better off farms which
lack labor to take care of their cashew trees.

To summarize, the data shows that relatively poor cashew farmers tend to have less land per
labor adult equivalent and fewer cashew trees across farm categories. That is, relatively poor
cashew owning households are characterized by relatively less land and cashew trees, and
relatively more labor. In contrast, there are households in the high L-AE farm category that are

relatively better off in terms of land both in total and on a per adult equivalent basis.®

4.2.3 Cashew Cropping Systems
Table 4-5 shows that sole cropping of food crops is mainly in manioc and peanuts, whereas
mixed cropping places cashew with manioc, beans and peanuts. On average about 30 percent

and 19 percent of the households cultivate manioc and peanuts, respectively, as sole crops.

® Similar analysis within each agro-ecological areas shows that across these areas farmersin the
high potential zone are relatively better off in terms of land both in total and on a per adult
equivalent basis. However, these farmers have less labor force per household when compared to
farmersin low and medium potential areas. With exception of Moma, low potential areas and
poor households have less land and cashew trees, but relatively more labor and thus less land
per adult equivalent. In addition, given the low number of cashew treesin low potential zones,
for the households in this area poverty seems to be pervasive because cashew cannot contribute
to income as a cash crop, as much asit doesin high potential areas..
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Table 4-5 Patterns of Land Use Low, Medium and High L-AE Smallholder
Cashew Farm Categoriesin Surveyed Cashew Areasin Nampula,
M ozambique, 1998/9

Smallholder Cashew Farm Categories by Land Typical

Indicators per Adult Equivalent (L-AE) Farm
Low Medium High
Cropping Systems e percent of households with -----------
Sole Crops
Cassava 85 335 50.4 29.6
Peanuts 255 20.3 10.2 19.1
Cashew 745 85.3 56.8 72.8
Mixed Crops
Manioc and Beans 25.5 22.2 29.2 255
Manioc and Peanuts 14.2 13.2 37.7 20.9
Manioc, Beans and Peanuts 53 0.0 6.4 38
Cashew with Manioc 255 25.6 229 24.7
Manioc and Beans 41.1 9.0 33.1 27.8
Manioc and Peanuts 379 485 19.1 35.8
Manioc, Beans and Peanuts 31.2 27.8 26.7 28.7
Minor crops 209 20.7 254 222
Vegetables 426 14.7 36.9 31.4
Patternsof LandUse e Hectares per Household ------------------
Food Cropsonly
Cultivated Area 0.68 0.78 147 0.95
Manioc 0.09 0.28 0.40 0.25
Peanuts 0.13 0.13 0.05 0.10
Manioc and Beans 0.10 0.17 0.16 0.14
Manioc and Peanuts 0.07 0.09 0.28 0.14
Manioc, Peanuts and Beans 0.05 0.00 0.06 0.04
Minor crops 0.09 0.07 0.18 0.11
Vegetables 0.15 0.04 0.34 0.17
Cashew
Mono-cropped land area 0.49 1.36 122 1.00
Mixed cropped land area 1.23 0.98 1.27 1.16
Manioc 0.29 0.43 0.35 0.36
Manioc and Beans 0.41 0.09 0.67 0.38
Manioc and Peanuts 0.22 0.31 0.08 0.21
Manioc, Beans and Peanuts 0.31 0.15 0.17 0.21
Falow Land 0.19 0.20 0.69 0.35
Abandoned Land 0.04 0.04 0.00 0.03

Source:  Smallholder Cashew Production Technologies Survey, Nampula, Mozambique, 1998.
]
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Cashew is also grown as a sole crop by about 73 percent of the households. Few low L-AE
farms grow sole manioc and few high farms grow sole peanuts and these differences are
statistically significant. However, mixed cropping manioc with beans, and cashew with one or
more food crops is statistically more common in low L-AE farmsthan it isin medium to high L-
AE farms. It was also observed that mixed cropping of manioc with beans and peanutsisless
common than any other combinations across farm categories. One possible reason for thisis
given that peanuts are a cash crop and have a shorter cycle, farmers may be forced to reduce the
long cycle bean density in order to maximize returns to resources for the shorter cycle peanut
crop. Thissuggest that farmers may be willing to forego beans to maximize space for peanuts,
by growing mixes of either manioc with beans and no peanuts, or manioc with peanuts and no
beans.

With respect to mixed cropping of two or more crops, the most commonly found are manioc
with beans(26 percent), manioc and peanuts (20 percent), and cashew with
one, two or more crops. The major cashew crop mixes are often cashew, manioc and peanuts
(36 percent), cashew, manioc, beans and peanuts (29 percent), cashew, manioc and beans (28
percent), and cashew and manioc (25 percent). With exception of mixed cropping of cashew
with manioc and peanuts, low L-AE farms seem to be more likely to mix crop cashew than high
L-AE farms. Asfor minor crops such asrice, sorghum, millet and maize no statistically
significant differences across farmer categories are observed.

In terms of hectarage, an average cashew farm would have 0.95 ha under food crops alone.
Of these amounts of land, peanuts would account for 0.10 ha while sole manioc, the main crop in

the study area would take up to 0.25 ha, and its combination with either beans and/or peanuts
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would occupy 0.42 ha. Finally minor crops like sorghum, rice and millet and vegetables are
grown in areas of 0.11, and 0.17 hectares per household, respectively. The data shows that, in
terms of acreage, high L-AE farms allocated far more land to food crops with no cashew than
low L-AE farms. These differences are statistically significant. In addition, of the total area
devoted to food crops and no cashew, sole manioc ---the main staple food, in the study area--- is
the larger portion in high L-AE farmsthan it isin low L-AE farms, followed by vegetables, and
the combination of manioc and peanuts, and manioc and beans.

Some important facts in Table 4-5 worth mentioning are the fact that where peanuts are
grown sole, low L-AE farms allocated more land than high L-AE farms. However, when
peanuts are mixed cropped either with manioc or manioc and beans high L-AE farms allocated
more land than low L-AE farms. Furthermore, where cashew is mixed with any other crop other
than peanuts, high L-AE farms allocated more land area than low L-AE farms. Whereas where
peanuts and cashew are mixed with any other crop, low L-AE farms allocated more land area.
High L-AE farms also allocate more land area to both mono- and mixed cropping of cashew than
smaller farms. Given that high L-AE farms have also a larger area devoted to food crops alone,
they have alarger total area on food crops which suggests that they are likely to produce more
food than low L-AE farms. Asfor low L-AE farmers peanuts are the only cash crop these
farmers can grow with the limited land area they have available. However, given that cashew
provide cash at a period when peanut harvest and marketing are over, afew trees scattered in a
small plot, may be sufficient to cover for some liquidity constraintsin times of difficulties. This

explains part of the peanuts vs. cashew orientation differences between low and high L-AE
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farms. Land infallow and abandoned do not show any significant statistical difference across
farm groups. Thisisto be expected given the scarcity of land and difficultiesin accessto land.
In summary, it seems clear that mixed cropping and particularly of manioc with beans and
peanuts, and combinations of either one or two of these crops with cashew is more important for
low L-AE farmsthan it isfor other farm categories. The extent of importance of mixed
cropping by poor househol ds supports the observation that with a smaller landholding,
diversification is a common mechanism to reduce risk of crop failure. That is, given the smaller
total land area, the opportunity cost of land on mono-cropping istoo high. Risk reduction can
only be dealt with by mixed cropping to meet household needs in food consumption. Interms
of land use, there are no significant differences in the number of fields per household within and
across agro-ecological zones although the farm sizeis smaller for poor households than for less
poor households. Land and number of cashew trees per household are positively correlated.™
That is, farmers with more land have more cashew trees, particularly treesin pure stand fields.
Nonetheless, it isimportant to note that despite this positive correlation between land area and
number of cashew trees, the density of cashew treesis very different on both monocrop and

mixed crop fields across all farm categories.

% Thisfinding is consistent with national statistics which indicate that in Nampula for instance,
on average farmers with fewer cashew trees per household fall mostly within the smallest farm
Size category, likewise farmers with more cashew trees tending to fall within bigger farm size
(Strasberg, Mole and Weber, 1998).
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4.3 Conclusions

This chapters has provided background information on atypical cashew producing household
in the study area. The description of the farming system in cashew producing zones has been
presented and provided sufficient information to develop aframework of analysis of the
smallholder cashew sector.

The typology developed above suggested that there seemsto be micro level diversity among
smallholder cashew farming households, and this will likely have important advantages for
policy making and strategy design. The diversity results from the skewed distribution of
economic status of farmers particularly with respect to access to productive assets such land and
cashew trees. Recognizing this diversity and keeping in mind that there are no universal
solutions, but arange of policy targets and technology options, may help avoid the exclusion of
some farmers due to ignorance of their specific constraints.

It was noted that central to this typology approach was the amount of land area per adult
equivalent which defined the smallholder farm categoriesin thisanalysis. Differences across
groups in resource endowment, including the number of cashew trees by cropping system, the
number of cashew trees owned, and differences across potential zones for cashew production
were examined. The analysis has shown that there are variations in household land and patterns
of land use, as well as |abor availability both across agro-ecological zones and across farm
categories. Animportant conclusion to this analysisisthat poor farmers who are often small by
the number of cashew trees, have often lessland in total and in per labor adult equivalent basis,
but they are relatively labor abundant. The degree of members participation in cashew and

other agricultural activitiesin low L-AE farms suggests that households on these farms have the
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potential to participate in rural labor markets given their relative labor surplus and high
dependency ratio. That is, with relatively larger household size and potential for bigger labor
force, low L-AE farms have more members to feed for the same number of adults who are able
to participate in agricultural activities than relatively larger farms. Asaresult, with lessland
and less cashew trees, low L-AE farm are more vulnerable and |ess capable to engage in riskier
activities.

Overall, the typology analysis above seems to suggest that the degree of farmers
differentiation is not determined solely by differencesin agro-climatic conditions, but by
constrained access to resources such as land as suggested elsewhere.  With limited land, more
trees can be brought into production by increasing the density whether fields are sole cropped or
mixed crop which may limit food production in mixed cropped fields. The next chapter builds
on the patterns observed above and develops a model to estimate cashew yield per tree. The
model will provideinsightsin per cashew tree yield differences across farm categories, densities,
and cropping systems. These insights will help in devel oping the framework to analyze the
profitability of crop enterprises as they form the basis for the examination of farmer's potential

technological options to increase cashew production on existing fields.



CHAPTER 5
FACTORSAFFECTING SMALLHOLDER CASHEW TREE PRODUCTIVITY IN
NORTHERN MOZAMBIQUE

5.0 Introduction

Cashew (Anacardium occidentale) is a native of Southeastern Brazil from where it was
introduced during the 16™ century to other countries. Today, the largest world producers are
India, Brazil, Mozambique and Tanzania. To alarge extent, cashew was initially planted for
purposes of checking erosion on the coastal areas in India (Sekar and Karunakaran, 1994), and in
Mozambique (Leite, 1995), but later it became an important crop, particularly for poor farmersin
rural areas (Tsakiris, 1967; Leite, 1995; and Ramalho, 1963). Cashew possesses genotype and
phenotype characteristics which makes its yield variability between trees and seasons one of the
most difficult factorsin research, particularly in breeding and improvement of cashew
management practices (Neto and Caligari, 1997). For instance, research on-station with clones
and individual treesin Mozambigue and Tanzania has shown that relatively higher cashew yield
variances are associated with seasons of decreased management, whereas low variability is
positively correlated with 'good' years.! These insights suggest that improved management
practices can be highly rewarding, despite natural and biological variations across trees and
seasons (Neto et al, 1994).

This chapters presents four yield models which examine hypothesized factors affecting

cashew treeyields in smallholder fields in Northern Mozambique. A brief survey of relevant

! Trial findings from the Ricatla Cashew Research station in Mozambique, and the Naliendele
Agricultural Research Institute in Tanzania.

70
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literature is presented exploring the determinants of cashew tree productivity, followed by a
theoretical and empirical model specification, and then estimation, and analysis. The chapter
ends with conclusions on the relevant factors affecting cashew tree productivity and implications

for research, and for farmers' incentives to invest more resources into cashew production.

51  Theoretical Review

Despite the profuse nature of cashew flowering, the yield potential of a cashew tree can be
observed from the degree of flowering and fruiting.? There are, however, a number of genotype
and environmental factors that influence tree yields, including soil fertility, moisture,
management, and pests. There seemsto be little, if any, variations in genotype factors among
smallholder cashew trees, whereas, environmental factors vary across different agro-ecologiesin
Mozambique. Cashew, adrought tolerant crop isgrown in avariety of agro-ecological
conditions. Often, cashew isfound planted on poor soils not suited for other crops. Aslong as
soils are deep and freely drained, cashew responds favorably to high levels of organic matter and
mineral nutrients. In these soils, cashew growth is distinctive, and mature tree yield differences
are less marked because trees can send their roots further down for nutrients (Northwood, 1962;
and Opeke 1982).

In addition to soil type, rainfall level and its distribution along the season are important
factors thought to affect yield. High rainfall in general is good for cashew, but at specific timesit

isnot particularly favorable due to the easy development of fruit rot under high rainfall and

2 On average, at agiven flowering period, only one tenth of flowering setsto yield fruits (Ohler,
1994; and Opeke, 1982).
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humidity conditions.® At the same time, lack of water can reduce yield. Long periods of below
average rainfall make cashew trees |oose their leaves and production can be up to 40 percent less
than normal. With good rains trees recoup vigor and production can double. It is reported that
rainfall levels must be around 900-1,100 mm annually and must also be evenly distributed over
the nine to 10 months of its growing season (Opeke, 1982). Despite fruit rot and the high
probability of Helopeltis attack due to extra moisture during the wet season, varying rainfall
patterns seem to some extent to be related to the biennial bearing characteristics of older cashew
trees. Another critical natural factor for cashew development is direct insolation, clear or
cloudless skies. While these factors favor cashew production, excessive overcast skies and wind
storms, have a negative effect on cashew yields (ibid.).

An additional natural factor with some effect on yield and harvest timing is altitude. Higher
altitudes seem to put back the main harvesting period by about one to two weeks. Altitude above
1,200 m have a negative impact on yields (ibid.). Note that one of the sites for the present
research (Nacaroa) is located in such an area where cashew harvest starts as early as July-
August. The cashew biological cyclein the study area starts with the red flushing of new leaves
on about June/July, followed by panicle emergence from July onwards. Some late flowering is
observed in October which leads to the second flowering and expansion of the harvesting period
to late January. However, harvesting startsin late September and early October, and persist

throughout until February, with afirst nut production peak between October and November, and

% Often the fruit rot before ripening as aresult of fungal damage, particularly in high rainfall
areas. This conditions has been known as fruit rot.
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second in January. According to Nathaniel (1994) the apple quality of the second flowering
season is usually poor, which suggests that the nut quality may be of poor quality as well.

The major difference in cashew tree yields, however, seems to come from differencesin
temperature along the season and across regions, rather than from altitude. Under improved
management practices cashew grows very fast and produces heavy yields in warmer, more
humid and higher rainfall areas. It seemsthat ideal temperatures are in the range of 24 to 29
degrees centigrade with a maximum of 35 degrees centigrade, despite the fact that dry season
storms during the flowering and nut/fruit settling period may reduce yield in these areas. Given
that often these climatic conditions are found in the coastal areas of Mozambique, it has been
suggested that the coastal areas are potentially the most suitable areas for cashew production
(Northwood, 1962; Opeke, 1982; and Jeff Hill, 1998, personal communication). However, as
reported earlier, under this environment Helopeltis attacks are frequent and this requires
prevention measures. Hence it is necessary to study whether the additional gainsinyield in
these locations may outweigh the cost of preventing or fighting the insect.

Asit wasin Tanzania, improvementsin tree and field management practices will have the
most significant influences on tree yield and overall production in the next five yearsin
Mozambique (Topper and Caligari, 1998; and INCAJU, 1998). However, it seems unlikely that
improved management practices will have significant impact on yield, if disease control
strategies are not in place. The negative effect of disease incidence on yield is compounded by
planting density and spacing, particularly high grouping density when trees mature at irregular
spacing (Tsakiris, 1967). For example, yields at close spacing of 20 ft. by 20 ft. are higher in the

first fruiting years, but decline considerably over the years as trees become | ess vigorous and
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canopies compete with one another. The main reason is the excess demand for evapo-
transpiration over water availability, as competition for water and nutrients rises, and canopies of
adjacent trees overlap (Dagg and Tapley, 1967).* As the canopies overlap, fewer panicles and
thus nuts are set and increased shading improves powder mildew disease (PMD) survival
conditions (Topper et a., 1999).

These findings suggest that spacing and thinning, and thus labor into these activities, are
crucial factors/determinants of cashew yield. It also indicates that pest and disease are two other
factors with strong negative impact on yield. Research has shown that PMD incidenceis
probably the most serious disease in cashew production, and the primary cause of low yieldsin
Mozambique.® In addition to PMD, there are cashew trees which apparently are not affected by
PMD, but have negligible yields due to what is known as “black panicle syndrome” (BPS).
Flowers from trees affected by BPS are borne on long, thin, and blackened panicles with few
lateral branches of pale colored leaves. Flowers dry out naturally to a brown color, rather than
grey/black asisthe case of PMD attack (Topper et al, 1999).

Other factors which contributes to low yields in the study area are fire and sucking pest
damage from Helopeltis spp. Damage from fire is also considered to be a major problem and to

some extent has a strong negative impact on new cashew planting, given the lack of sufficient

* It has been estimated that lateral spread of the cashew root system is approximately twice that
of the canopy ground coverage, and for a six-year old tree the root system would interlace at 40
ft intervals and meet at 50 ft. (Tsakiris and Northwood, 1967).

°> PMD spores are wind-spread and germinate at humidity of 90-100% and at an optimum
temperature of 26-28°C. PMD develops annually as an epidemic during the dry season
(Castellani and Casulli, 1981). The disease affects young growing tissues on all aerial parts of
the tree, but the most serious effect comes from infection of the flowers which are often killed by
the disease failing to set nuts. Diseased trees often produce very little or have no yield at all.
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economic incentives and institutional innovations within the current legal system to better
enforce property rights, and thereby provide incentives for newer smallholder tree investments.
Hel opeltis damage causes black lesions on panicles and new shoots which leads to its death and
thusyield loss. It isbelieved that thereisahigh level of PMD incidence and other diseases
across most of Mozambique' s cashew growing areas, and there seems to be relatively little
variation within villages in the study area. The potentially major differences might be across
agro-ecological zones, especially in areas with great variation in rainfall patterns and
temperature (Jeff Hill, 1998, personal communication).

The following section presents results and estimates of cashew tree genotype factors
contributing to yield from on-farm control and treatment trees in several sitesin Nampula

Province as well as estimates from our survey sites.

52  On-and Off-Farm Parameter Estimates

This section estimates yield per tree based on panicle and nut counts. First, results from
experiments (both on- and off-farm trials) in Nampula province are presented and serve the
purpose of comparison with results from panicle and nut counts from our survey. These
indicators are drawn from research undertaken by Topper, Caligari and Bobotela (1998-99)
under financial and material support of the AMIS I project of the USAID mission in Maputo,
Mozambique, with field technical supervision from the World Vision NGO.

Table 5-1 shows mean values of actual yield from the trial sites, and three parameter
measurements that are used to estimate per tree yield based on nut counts. The three parameter

estimates are the mean canopy diameter, mean nut count per square meter, and the mean nut
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weight of clean nuts all taken from sampled treesin on- and off-farm site experiments, and the
survey areaof this study.

Experiment subjects were common trees from Nassuruma, Geba and Monapo districtsin
Nampula Province, with the exception of one trial in Monapo which involved Brazilian dwarf
varieties. Common or traditional isthe current cashew variety owned by al the smallholder
subjects of thisresearch. The datathat is most relevant and comparable to this study is from the
experiment in Monapo where yield is an estimate based on similar data collection and
computational methodology. Datafor yield estimation was collected using the square meter
method. A sguare meter frame is built and randomly placed on the northern and southern sides
of the canopy of each sampled tree to record inside the square the number of panicles and nuts
the tree was able to set.

Two samples were taken twice from each tree from the onset of fruiting to the peak harvest
period. In addition, measurement of the canopy diameter is recorded and used later to estimate
the tree yield.

Two adjustments in yield cal cul ations were made, given the natural and significant
variability in yields per canopy surface area from trees within a given field, even under disease
control, good management, and sparse tree planting. First, cashew nuts do not yield evenly
across canopy surface, and secondly not all the nuts set have the same probability of maturing.
These adjustments need to be reflected in yield calculations. Following research advice, two

adjustments were made in our calculations at the 75 percent chance for both surface coverage



