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Abstract Fertilizer tree technologies such as inter-
cropping, relay cropping, improved fallows and biomass
transfer have been promoted as sustainable, low-input
alternative or complimentary inputs to inorganic
fertilizers in Malawi. However, research into the long
term effects of their adoption on household food security
and poverty reduction is limited. This study examined
whether these technologies contribute to rural house-
hold of subsistence farmers in terms of food security and
livelihoods improvement in two districts of Malawi. The
study shows that fertilizer tree technologies increase
crop production and provide additional income to
households through sources such as sale of agroforestry
tree seed and fuelwood. The choice of the technologies
is driven by the size of the land holdings and more
benefits are associated with large land holdings. While
fertilizer tree technologies contribute to the reduction in
hunger months, this is usually compromised at the
household level by the inability to achieve livelihood
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security, absorb and cope with shocks and overall
improved welfare.
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Introduction

Agriculture is the primary livelihood strategy for 85%
of the rural population in developing regions (Dixon
et al. 2001). In Africa, and particularly southern
Africa, the main constraint to agricultural productivity
is soil nutrient deficiency, especially nitrogen and
phosphorous (Sanchez et al. 1997; Scoones and Toul-
min 1999). The situation in Malawi presents a unique
challenge to improvement of agricultural productivity.
The country relies heavily on agriculture, which
contributes 36.3% of the GDP and 90% of all foreign
exchange earnings. The smallholder agricultural sec-
tor is responsible for approximately 70% of the
country’s agricultural output while the estate sector
makes up the remaining 30% (Harrigan 2008).
Increasing populations, decreasing land holdings,
declining soil fertility, and declining maize yields
have led to chronic food insecurity for the majority of
Malawi’s rural poor. According to Sanchez (2002),
Malawi’s food deficit is directly related to poor crop
production, rather than inadequate distribution. There
is simply not enough food being produced.

@ Springer



458

Agroforest Syst (2010) 80:457-465

Agroforestry research in southern Africa region
has focused on soil improving agroforestry technol-
ogies and the adoption and scaling-up of these
practices is the main thrust of the ongoing research
(Akinnifesi et al. 2008). These agroforestry technol-
ogies are currently commonly termed ‘fertilizer tree
systems’. Fertiliser tree systems involve soil fertility
replenishment through on-farm management of nitro-
gen-fixing trees (Mafongoya et al. 2006). The differ-
ent fertiliser tree systems that have been developed
and promoted in southern Africa in the last two
decades include sequential tree fallow, annual relay
intercropping, Gliricidia intercropping and biomass
transfer and these have been described extensively in
literature (Akinnifesi et al. 2008, 2010).

Recent research has explored the role of various
cultural, environmental, political, and economic fac-
tors that affect the adoption and scaling-up of these
agroforestry technologies (Ajayi et al. 2007a; Keil
et al. 2005; Phiri et al. 2004; Thangata and Alavala-
pati 2003) with the aim of understanding the complex
interplay of biophysical and socio-economic factors
that influence farmer adoption. These studies have led
to a greater understanding of farmer decision making
and have allowed research and extension personnel to
evaluate dissemination efforts to better facilitate
farmers and increase the numbers of adopters.
However, despite the amount of both biological and
socio-economic research being done, there is little
information both globally and regionally regarding
how fertilizer tree technology adoption affects farmer
livelihood decisions (Ellis et al. 2003; Sunderlin
et al. 2005). For example, Place et al. (2007) con-
ducted an extensive survey on the impacts of
fertilizer tree technologies on the rural poor in
western Kenya and found that adoption increased
social capital of some farmers but also that the
increased productivity of an adopting farmer could
stir up jealousy among non-adopters. Furthermore,
they concluded that the full potential of fertilizer tree
technologies to reduce poverty may not be realized if
farmers do not have the initial resources to fully
implement and maintain the system. Thus, there is a
need for more research into the long term effects of
fertilizer tree technology adoption on livelihoods and
sustained poverty relief.

Research needs to explore beyond improved fallow
technologies, maize yields and adoption rates to
investigate the resulting livelihood impacts of
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fertilizer tree technologies. With the current emphasis
on scaling-up agroforestry adoption, it is important to
revisit farmers who are well-established in their use of
agroforestry systems to investigate how (or if) the
technologies have facilitated any shift in their liveli-
hoods that would indicate progress along the path of
wealth creation and a permanent migration out of
poverty. This study investigated the linkages between
fertilizer tree technology use and poverty reduction in
farming households of central and southern Malawi
by assessing food security, asset status, and household
income generating activities. The research focused on
four specific objectives: (i) evaluate changes in food
security resulting from increased yields associated
with fertilizer tree technology adoption; (ii) determine
if there is a pattern of fertilizer tree technology
adoption and changes in household assets; (iii)
determine if fertilizer tree technology adoption has
allowed households to diversify their income gener-
ating activities; (iv) determine if fertilizer tree tech-
nology adoption has an effect on the household’s level
of vulnerability and its ability to absorb and cope with
various household and environmental shocks.

Methods
Data collection

The study was conducted in Rural Development
Programmes in two districts of Malawi, Kasungu
(S 13°2/0”, E 33°29'0”) in the Central region and
Machinga (S 14°58'00”, E 35°31’00”) in the Southern
region. The sites, communities, and individual house-
holds were selected using purposive sampling strate-
gies (Babbie and Mouton 2001) based on information
provided by the project staff and local extension
officers. In total, 131 household interviews were
conducted, 65 from Kasungu and 66 from Machinga.
Farmers were selected on the basis of length of
agroforestry use; having been adopters of the fertilizer
tree technologies for at least 5 years.

Data analysis

Household characteristics such as number of house-
hold members and landholding size were summarized
using descriptive statistics. Frequency tables and
descriptive statistics were used to identify and
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evaluate trends in the agroforestry technologies use,
crop production, shocks, assets, and income. Sign and
Signed Rank Non-parametric (also called Wilcoxon
Matched Pairs test) analysis was used to test for a
change in the crop yield and asset variables between
pre- and post-adoption (Clewer and Scarisbrick
2006). The test for equality of proportions was used
to examine the probability of an increase in income
amount, number and type of income sources, and
maize yields as a result of the technologies adoption.
Logistic regression was used to identify which
continuous input variables caused significant changes
in the odds for the response variables. Chi-square
analysis test was used to determine if there was an
influence of the addition of agroforestry related
activities on both the amount and number of sources
of household incomes.

Results
Household characteristics

The average household size was 6.5 members and the
majority of households (80.9%) were headed by men
(Table 1). All households were subsistence farmers
and diversified their livelihoods through crop sales
and off-farm labor wages. The average farm size in
Kasungu was 1.88 ha of which 0.28 ha was under
fertilizer tree technologies. In Machinga, farm sizes
were significantly smaller (¢ value = 1.75, P < 0.01),
averaging 0.91 ha. Consequently, area under fertilizer
tree technologies was also significantly smaller in
Machinga than Kasungu (z value = 4.81, P < 0.01),
averaging 0.16 ha.

Household use of fertilizer tree technologies

In general, respondents had adopted at least one of
the fertilizer tree technologies for a period of 5 years
(Table 2). There were no significant differences in
years since adoption between the sites either by
technology or by maximum years since adoption. The
most frequently reported technology in both districts
was intercropping (86%), followed by relay cropping
(50%) and biomass transfer (50%). Only 35% of the
respondents reported using improved fallows.

In Kasungu, 66% of respondents cited Tephrosia
vogelii Hook f. as the preferred agroforestry species

Table 1 Household average characteristics

Household size Kasungu® Machinga P value

6.4 6.5 0.77
% Male headed households 80 81.8
Farm size (ha)* 1.9 0.9 <0.01
Area under fertilizer 0.3 0.2 <0.01

trees (ha)*

* Indicates a significant difference between site values

? Figures in brackets are standard deviations

for intercropping followed by Gliricidia sepium
(Jacq.) Kunth (26%) (Table 3). Those practicing
intercropping in Machinga predominantly used Leu-
caena leucocephala (Lam.) de Wit (34%), followed
by Tephrosia (31%). Sesbania sesban (L.) Merr was
the preferred species for relay cropping at both sites,
followed by Gliricidia in Kasungu and Senna spp. in
Machinga. Approximately 79% of those using
improved fallows in Kasungu and 69% in Machinga
favored Tephrosia. This was followed by Gliricidia in
Kasungu (10%) and Leucaena (19%) in Machinga.
Sesbania and Gliricidia were the two most commonly
grown species for biomass transfer systems at both
sites. However, in Kasungu 73% of those using
biomass transfer reported using Sesbania followed by
Gliricidia (28%) while in Machinga Gliricidia was
the preferred species (77%) followed by Sesbania
(12%) and Senna (12%).

Benefits and challenges of fertilizer tree
technologies

Of those practicing intercropping, improved soil fertility
was the main benefit identified at both sites (Table 4).
Both Kasungu (45%) and Machinga (30%) residents
who used relay cropping identified construction mate-
rials as the most important benefit. For Kasungu
adopters of improved fallows, 28 and 24% identified
seed production and increased yields as the greatest
benefits, respectively. While in Machinga, increased
yields was the most commonly reported benefit (31%)
followed by improved soil fertility and fodder produc-
tion (19%). In Kasungu, 58% of those using biomass
transfer reported that wood for construction materials
was the greatest benefit. In Machinga, 31% of the
respondents reported that construction materials and
improved soil fertility were the greatest benefit to
biomass transfer (Table 4).
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Table 2 Percent of respondents reporting fertilizer tree technologies and the associated number of years in use

Technology Kasungu Machinga Whole sample

% n Mean years (SD) % n Mean years (SD) % n Mean years (SD)
Intercrop 85 55 4.5 (1.5) 94 62 4.9 (1.3) 86 113 4.7 (1.4)
Relay crop 45 29 4.4 (1.2) 56 37 4.7 (1.5) 50 66 4.6 (1.4)
Improved fallow 45 29 4.9 (1.3) 24 16 4.8 (1.4) 34 45 4.8 (1.3)
Biomass transfer 62 40 5.2 (1.5) 39 26 49 (1.4) 50 66 5.1 (1.4)

Note: % = percent of respondents reporting use; n = number of respondents reporting use; mean years = average number of years

the respondent has been using the technology

Table 3 Percent (%) of respondents from Kasungu (K) and Machinga (M) using agroforestry species for various fertilizer tree

technologies

Species Intercropping

Relay cropping

Improved fallow Biomass transfer

Kasungu Machinga

Kasungu Machinga

Kasungu Machinga Kasungu Machinga

Tephrosia vogelii 66 31
Faidherbia albida (Delile) A.Chev. 7 27
Leucaena leucocephala 34
Gliricidia sepium 26

Sesbania sesban 2

10
86

3 79 69 0 0
0 0 0 0 0
14 19 0 0
8 10 6 28 71
57 7 6 73 12

Table 4 Percent (%) of respondents who identified various benefits to fertilizer tree technologies in Kasungu and Machinga

Benefit Intercropping Relay cropping Improved fallow Biomass transfer
Kasungu  Machinga ~ Kasungu  Machinga  Kasungu  Machinga ~ Kasungu  Machinga

Soil fertility 60 63 21 22 17 19 18 31

Seed sale 18 5 3 0 28 13 5 0
Construction material 13 8 45 30 21 6 58 31

Yield improvement 6 11 14 22 24 31 8 12
Fuelwood 2 7 14 5 0 6 13 15
Fodder 0 5 0 5 3 0 0 0

Good crop quality 0 2 3 16 0 6 0 12

Other 2 0 0 0 7 0 0 0

In Kasungu, labor requirements were the most
frequently identified challenge to intercropping (33%)
followed by a lack of training (22%, Table 5).
Browsing was identified as the biggest challenge to
intercropping by 29% of those using the technology in
Machinga, followed by labor requirement (23%).
Browsing and pests were the most commonly identi-
fied challenges for relay cropping in Kasungu, with 31
and 24% of users identifying these challenges,
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respectively. In Machinga, labor demands (24%),
followed by a lack of training and the lag time between
technology implementation and the resulting effects
on crops (16%) were the challenges most commonly
associated with relay cropping. At both sites, lag time,
followed by jealousy from neighbors were the two
most noted challenges to improved fallows. Similarly,
lag time and lack of training were the most commonly
identified challenges to biomass transfer at both sites.
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Table 5 Percent (%) of respondents who identified various challenges to agroforestry technologies in Kasungu and Machinga

Challenge Intercropping Relay cropping Improved fallow Biomass transfer
Kasungu Machinga Kasungu Machinga Kasungu Machinga Kasungu Machinga
Labour 33 23 3 24 6 13 15
Training 22 11 10 16 19 20 23
Land area 15 10 14 14 14 19 5 19
Pests 11 7 24 5 3 0 10 0
Jealousy 9 11 7 5 31 19 8 12
Browsing 7 29 31 5 3 6 15 0
Lag time 4 3 10 16 35 31 28 27
Seed 0 0 0 3 0 3 0
Other 3 0 14 0 0 4

Shocks and coping strategies

There was a significant (P < 0.05) crop loss in
Kasungu (91%) compared to Machinga (33%). There
was also a significant difference in the number of
respondents reporting theft (P < 0.05) accounting for
43% of respondents in Kasungu compared to only 15%
in Machinga (Table 6). Labor shortage significantly
affected 55% of the respondents in Kasungu while

Table 6 Percent of respondents reporting various shocks

Shock Kasungu ~ Machinga ~ Whole sample
Hunger* 48 86 -

Crop loss* 91 33 -

Illness 62 53 57

Death 5 0 2

Theft* 43 15 -

Structure loss* 11 0 -

Labor shortage* 55 20 -

Job loss* 8 0 -

* Indicates a significant difference (Fisher’s exact P
value < 0.05) between the sites and means could not be pooled

illness affected more than 50% of the respondents at
both sites. Hunger was the most frequently reported
shock and was significantly higher (P < 0.05) in
Machinga (86%) than in Kasungu (48%).

Selling physical assets was the most common
coping strategy for all shocks (Table 7). In response
to hunger, both sites resorted to selling assets
(>90%); and in Kasungu selling labor was an equally
important response (90.3%). Interestingly, migration
and selling labor accounted for 53-55% of the
response in Machinga district. In Kasungu, selling
assets was also used as a response to loss of crops by
71% of the farmers. When faced with illness, selling
physical assets was again the most important coping
strategy at both sites (96%); while selling crops was
another important coping strategy in for nearly 80%
of the respondents in Kasungu.

There were no significant differences between
sites in relation to theft coping strategies. When
recovering from theft, 79% chose to sell physical
assets, 63% hired out labor, and 50% sold crops
(Table 7). Labor shortages were dealt with through
the sale of assets in both Kasungu and Machinga; and

Table 7 Percent (%) of respondents employing various coping strategies in response to shocks in Kasungu and Machinga

Coping strategy Hunger Crop loss

Illness Theft

Labor shortage

Kasungu Machinga Kasungu Machinga Kasungu Machinga Kasungu Machinga Kasungu Machinga

Selling assets 90 100 71 36
Selling labor 90 53 0

Migration 0 55 0 5
Selling crops 19 2 0

100 79 80 89 100
0 68 50 0 0
3 0 20 0 0
20 46 60 71 4
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selling crops was also an important coping strategy in
Kasungu.

Sale of crop produce and sources of income

A Student’s ¢ test revealed that households from
Kasungu showed a significantly more diverse income
portfolio than those from Machinga (P < 0.01). The
average number of income generating activities for
any given month in Kasungu was 7.83 (+1.03) while
in Machinga the average number of activities for a
given months was 4.67 (£0.98). Overall, crop sales
(non-vegetables) were the most frequently reported
(92%) and highly valued source of income (Table 8).

Table 8 Percent of respondents for the for the various income
sources

Machinga  Kasungu Whole sample
(n = 66) (n = 65) (n =131
%o % %
Income source

Sell crops 96 89 92

Off-farm wages 71 91 81

Sell wood 33 72 53

Sell AF seeds 6 80 43

Tobacco 44 40 42

Sell vegetables 12 48 30

Sell maize 3 52 28

Sell crop seeds 0 11 5

Other 0 3 2

Pension” 0 1

Sell other® 0 1

# TIndicates only one household reported this sources of
income

This was followed by off-farm wages (81%) and the
selling of fuel and/or construction wood (53%),
agroforestry seeds (43%), tobacco (42%), vegetables
(30%) and maize (28%).

Since adoption, 50% of the respondents reported an
increase in the number of income sources while 47%
said the number of sources had remained the same.
While overall there was no significant increase in the
number of income sources from pre- to post-adoption;
separate analysis by district showed that 86% of
respondents in Kasungu reported that there was a
significant (P < 0.05) increase in the number of
income sources following fertilizer tree technologies
adoption (Table 9).Similarly, only households from
Kasungu showed a significant increase (P < 0.05) in
the amount of income (Table 9).

In trying to identify the influence of fertilizer tree
technology adoption on income, there was no signif-
icant probability that this increase was the result of
any single agroforestry related activity. Among those
reporting an increase in the number of sources of
income, agroforestry seed/seedling sale was the only
single activity found to make a significant contribu-
tion; which when combined with sale of fuelwood
and crops were responsible for 100% of the reported
increases in the number of income sources.

General perception of fertilizer tree technologies

Farmers mentioned the need for some form of
additional support, such as training or access to
inputs (75%), followed by the desire for new
agroforestry species (24%), and field trips (22%)
(Table 10). Additionally, a significantly higher per-
centage of respondents from Machinga (88%)

Table 9 Test for equality of proportions showing changes in number of income sources and income amount from pre- to post-

adoption in Kasungu and Machinga

% Reporting (n = 65) Kasungu

% Reporting (n = 66) Machinga

% Reporting (n = 131) whole sample

Number Amount Number Amount Number Amount
Increase 86 74 17 46 51 60
Stayed the same 12 23 82 53 47 38
Decreased 2 3 2 2 2 2
Di 0.862 0.738 0.167 0.455 0.51 0.595
P value <0.01 <0.01 2.0 1.539 0.793 0.029

Tests the hypothesis that the probability that a household would report an increase was the same as the probability that the household

would report no increase. Ho:Pjpcrease = 0.5; Hl:Pijcrease # 0.5
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Table 10 Percent of responses in various concluding com-
ments categories

Comment Kasungu Machinga Whole sample
(n = 65) (n = 66) (n = 131)

New species 26 23 24

Support* 62 88 -

Field trips 20 24 22

Markets 11 7

Satisfied 8 2

* Indicates a significant difference (Fisher’'s exact P
value < 0.05) between the sites and means could not be pooled

identified the need for support compared to those
from Kasungu (62%, P < 0.05).

Perceived support needs were divided into the
following categories: education and training; more
agroforestry seeds; access to clean water; agricultural
inputs such as fertilizer and tools; and support during
hunger periods, in the form of either food or cash.

Discussion

There was in general an increase in yield with the use of
fertilizer tree technologies. The difference between
sites is likely due to the fact that respondents in
Machinga cultivate much smaller areas. In this study,
respondents only provided information about the rough
estimate of the amount of yield increase. There was no
baseline information pertaining to yields per hectare so
the reported increases cannot be extrapolated to kg per
hectare. However, maize yield increases following the
introduction of fertilizer tree technologies are consis-
tent with findings from other studies (Ajayi et al.
2007a, b). In this study, it was also difficult to attribute
all the yield increases to fertilizer tree technologies
since no data was collected on the use of inorganic
fertilizers among the respondents. In addition, the
current government fertilizer subsidy program supplies
100 kg of inorganic fertilizer to approximately 50% of
the smallholder farming sector (Malawi Ministry of
Agriculture and Food Security 2008) and it is likely
that some of the respondents in this study were
recipients of these subsidies. The use of both organic
and inorganic fertilizer options are complementary and
will contribute to increasing crop yields.

The crop sale as the largest source of income is
consistent with the Malawi Baseline Livelihood

Profiles (Malawi Vulnerability Assessment Commit-
tee (MVAC) 2005). The importance of off-farm
wages as a source of income between the months of
November and March coincide with the annual food
shortages and hunger periods experienced by many
subsistence farmers in Malawi. These months are also
times of high labor demand as it is during these
months that land preparation, land clearing, ridging,
and finally planting occur (Malawi Vulnerability
Assessment Committee (MVAC) 2005). However,
the additional income (either cash or in-kind) from
off-farm labor may be more critical to meeting the
household’s immediate needs. The study found that
the adoption of fertilizer tree technologies enhances
other income generating opportunities. The differ-
ences in the realization of increased income from
fertilizer tree technologies at the two sites may be
attributed to the fact that farmers in Kasungu were
cultivating larger plots; and therefore more respon-
dents used improved fallows and biomass transfer
than in Machinga, resulting in more income gener-
ating resources available to them. For example, the
use of improved fallows requires more land than relay
cropping due to the fact that an entire plot is removed
from food production for the duration of the fallow.
Because the entire fallow area is committed to the
growth of the fallow species, the resulting woody
biomass yield will be greater in these plots in a plot
where woody growth shares the same space as food
crops. Therefore, the resulting volume of saleable
wood will be greater from an improved fallow than
from a relay cropping system.

Despite the gains in food security that may have
been brought about by an increase in crop yields, a
marked decrease in hunger periods, and in some cases
a more diversified income portfolio and asset inven-
tory, there was still an obvious lag in household
security, the ability to absorb and cope with shocks,
and overall improved welfare. When households live
on the margin of survival, livelihood strategies focus
more on addressing immediate needs and surviving
shocks than progressing out of poverty (Eriksen et al.
2005). The results revealed that when households
were able to increase their income, the added income
was reinvested into activities that support the house-
hold’s immediate needs, rather than invested in any
form of insurance. The use of various coping
strategies provides another indication of a house-
hold’s vulnerability. Ideally, households would have
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some form of insurance or “safety net” to rely on in
difficult times. However, in the absence of formal
security measures, households are likely to sell
productive assets, reallocate time to increase income,
or a previously non-working member may enter the
labor market (Jacoby and Skoufias 1997; Skoufias
2003) in response to unexpected challenges. It is not
surprising then that in this study, households at both
sites relied heavily on selling assets, crops, and labor
as a response strategy.

The reported increases in crop yield support the
basic premise associated with fertilizer tree technol-
ogies: that they improve soil fertility and results in
increased crop yields. Households overwhelmingly
identified improved soil fertility as an important and
crucial benefit to the technologies. This acknowl-
edgement points to the conclusion that farmers have
an understanding of the importance of soil fertility
and the currently low soil nutritional status in
Malawi. The other benefits identified by farmers,
such as the production of saleable seed and wood for
fuel or construction, are not surprising and are
common benefits identified in other areas in Africa
where fertilizer tree technologies are used (Ajayi
et al. 2007a, b).

The farmers felt improved access to other
resources can help them improve production. Con-
sidering the desire for more education and training at
both sites, and the perceived lack of formal training
and limited access to extension and support staff,
group membership may be beneficial to Machinga
and Kasungu residents. Group membership and
community support play important roles in farm
management decision making and the resulting
impact on welfare (Ajayi et al. 2003; Place et al.
2007). Furthermore, the networking associated with
group membership encourages dissemination of
training and education where access to government
extension workers is limited. It is apparent that
despite the repeated confirmation of the challenges
associated with land, labor, seed and training, little
has been done to find solutions to these issues.

Conclusion
The study shows that fertilizer tree technologies

increase crop production and provide additional
income to households such as sale of agroforestry
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tree seed and fuelwood. The choice of the technol-
ogies is driven by the size of the land holdings and
more benefits are associated with large land holdings.
While fertilizer tree technologies contribute to the
reduction in hunger months, this is usually compro-
mised at the household level by the inability to
achieve livelihood security, absorb and cope with
shocks and overall improved welfare. This may
suggest that while food security is paramount to
sustaining the livelihoods of smallholder farmers,
livelihood security and poverty reduction depend on
other factors other than increased food production.

References

Ajayi OC, Franzel S, Kuntashula E, Kwesiga F (2003) Adop-
tion of improved fallow technology for soil fertility
management in Zambia: empirical studies and emerging
issues. Agrofor Syst 59:317-326

Ajayi OC, Akinnifesi FK, Gudeta S, Chakeredza S (2007a)
Adoption of renewable soil fertility replenishment tech-
nologies in southern African region: lessons learnt and the
way forward. Nat Resour Forum 31(4):306-317

Ajayi OC, Akinnifesi F, Sileshi G, Chakeredza S, Matakala P
(2007b) Economic framework for integrating environ-
mental stewardship into food security strategies in low-
income countries: case of agroforestry in southern African
region. Afr J Environ Sci Technol 1:59-67

Akinnifesi FK, Chirwa PW, Ajayi OC, Sileshi G, Matakala P,
Kwesiga FR, Harawa H, Makumba W (2008) Contribu-
tions to agroforestry research to livelihood of smallholder
farmers in southern Africa: 1. Taking stock of the adap-
tation, adoption and impact of fertilizer tree options. Agric
J 3:58-75

Akinnifesi FK, Ajayi OC, Sileshi G, Chirwa PW, Chianu J
(2010) Fertilizer trees for sustainable food security in the
maize-based production systems of East and Southern
Africa. A review. Agron Sustain Dev. doi:10.1051/agro/
2009058

Babbie E, Mouton J (2001) The practice of social research.
Oxford University Press, Oxford

Clewer AG, Scarisbrick DH (2006) Practical statistics and
experimental design for plant and crop science. Wiley,
Chichester

Dixon J, Gulliver A, Gibbon D (2001) Farming systems and
poverty improving farmers’ livelihoods in a changing
world. FAO and World Bank, Rome

Ellis F, Kutengule M, Nyasulu A (2003) Livelihoods and rural
poverty reduction in Malawi. World Dev 31:1495-1510

Eriksen SH, Brown K, Kelly PM (2005) The dynamics of
vulnerability: locating coping strategies in Kenya and
Tanzania. Geogr J 171:287-305

Harrigan J (2008) Food insecurity, poverty, and the Malawian
Starter Pack: fresh start or false start? Food Policy
33:237-249


http://dx.doi.org/10.1051/agro/2009058
http://dx.doi.org/10.1051/agro/2009058

Agroforest Syst (2010) 80:457-465

465

Jacoby HG, Skoufias E (1997) Risk, financial markets, and
human capital in a developing country. Rev Econ Stud
64:311-335

Keil A, Zellers M, Franzel S (2005) Improved tree fallows in
smallholder maize production in Zambia: do initial testers
adopt the technology? Agrofor Syst 64:225-236

Mafongoya PL, Bationo A, Kihara J, Waswa BS (2006)
Appropriate technologies to replenish soil fertility in
southern Africa. Nutr Cycl Agroecosyst 76:137-151

Malawi Ministry of Agriculture and Food Security (2008)
Ministry of Agriculture and Food Security Agricultural
Development Programme Project ID Number: MASIP/
TA/ADP-SP 1901/14. Environmental and social impact
assessment final draft report. Lilongwe

Malawi Vulnerability Assessment Committee (MVAC) (2005)
Malawi baseline livelihood profiles: version 1

Phiri D, Franzel S, Mafongoya P, Jere I, Katanga R, Phiri S
(2004) Who is using the new technology? The association
of wealth status and gender with the planting of improved
tree fallows in eastern province, Zambia. Agric Syst
79:131-144

Place F, Adato M, Hebinck P (2007) Understanding rural
poverty and investment in agriculture: an assessment of

quantitative and qualitative research in western Kenya.
World Dev 35:312-325

Sanchez PA (2002) Soil fertility and hunger in Africa. Science
295:2019-2020

Sanchez PA, Shepherd KD, Soule MJ, Place FM, Buresh RJ, Izac
AN, Mokwunye AU, Kwesiga FR, Ndirity CG, Woomer PL
(1997) Soil fertility replenishment in Africa: an investment
in natural resource capital. In: Buresh RJ, Sanchez PA,
Calhoun F (eds) Replenishing soil fertility in Africa SSSA
special publication number 51. SSSA, Madison

Scoones I, Toulmin C (1999) Policies for soil fertility man-
agement in Africa. Department for International Devel-
opment, London

Skoufias E (2003) Economic crises and natural disasters:
coping strategies and policy implications. World Dev
31:1087-1102

Sunderlin WD, Angelsen A, Belcher B, Burgers P, Nasi R,
Santoso L, Wunder S (2005) Livelihoods, forests, and
conservation in developing countries: an overview. World
Dev 33:1383-1402

Thangata PH, Alavalapati JRR (2003) Agroforestry adoption in
southern Malawi: the case of mixed intercropping of
Gliricidia sepium and maize. Agric Syst 78:57-71

@ Springer



	Do agroforestry technologies improve the livelihoods of the resource poor farmers? Evidence from Kasungu and Machinga districts of Malawi
	Abstract
	Introduction
	Methods
	Data collection
	Data analysis

	Results
	Household characteristics
	Household use of fertilizer tree technologies
	Benefits and challenges of fertilizer tree technologies
	Shocks and coping strategies
	Sale of crop produce and sources of income
	General perception of fertilizer tree technologies

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


