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EXECUTIVE SUMMARY

There is evidence from different agroecological systems that
frees on farms are beneficial to households and communities.
They contribute to improved soil fertility, higher crop yields,
and increased agricultural production by helping control soil
erosion and replenishing soil organic matter and nutrients. Tree-
based systems (TBS) of agriculture help diversify the sources
of income and they assist in building household resilience to
shocks [whether weatherrelated or otherwise). When planted
at a cerfain scale, frees can also help reduce runoff and
flooding and help recharge groundwater and maintain stream
flow. However, agricultural practices seldom consider the
inclusion of trees.

In 2012, there was anecdotal evidence from international
nongovernmental organization [NGO) partners, extension
agents, and others that farmers had infroduced trees info their
agricultural lands in many areas of Malawi, primarily through
the practice of farmermanaged natural regeneration (FMINR).
The area of agricultural lands with trees was increasing while
national forest cover has been decreasing af an alarming rate.
It was estimated that there are more than 155,000 hectares of
crop fields under Faidherbia parklands (which is 20 percent of
the tofal arable land). VWhen sampling 9,242 square kilometers
(924,200 hectares) of cropland area in five targeted districts
of Malawi for onfarm tree cover density, it was found that only
3 percent had no tree cover.

The increased numbers of trees in agricultural landscapes
raised inferest because it gave the government the opportunity
fo increase food security and reduce the number of people
living in absolute poverty. Second, it was also of inferest
because of the potential of these free-based systems to help
government reduce its spending on the Farmer Input Subsidy
Program (FISP), which in 2014/15 accounted for 10 percent
of all expenditures under the national budget and 70 percent
of the Ministry of Agriculture’s expenditures. Third, the adoption
of TBS was of interest for the confribution these systems could
make fo building resilience of rural households and reducing
the annual 1.7 percent of gross domestic product that is lost
fo droughts and floods; in addition, about 265,000 people
fall info poverty because of the fragile natural resource base
for their livelihoods. Fourth, understanding what is enabling
greater adoption of TBS in Malawi could offer insights into the
question of how to promote adoption af scale of systems that
confribute fo food security, resilience to climate change, and
mitigation of carbon emissions.

Malawi has a population of 14.9 million that is landlocked
and vulnerable to natural shocks. The maijority of the poor
population live in rural areas. Agriculture is the backbone of
the economy, with 85 percent of employment and 80 percent

of foreign exchange from this secfor, and smallholders are
responsible for more than 80 percent of Malawi's agricultural
production, although production systems are predominantly
subsistence farming. Agricultural crops and maize are crifically
important o the Malawian economy and to the livelihoods of
most people. Llow agricultural and maize productivity, however,
leads to the high incidence of poverty and to national and
household food insecurity.

The scope of this study is to improve understanding of the
key factors that drive the adoption of TBS at an increasing
scale in Malawi in order to increase the effectiveness of
interventions designed to help poor rural farmers with food
and energy security. The study aims to inform efforts to extend
and accelerate the adoption of TBS across the landscapes of
Malawi where erosion is a severe challenge, especially in the
Shire River Basin.

Farmer-Managed Natural
Regeneration

FMNR is a rapid, low-cost, easily
replicated approach to restoring and
improving agricultural, forested, and
pasture lands. In Malawi, Rhoades
(1995) found increases of 4-53 percent
in maize yields under Faidherbia
compared with systems without
Faidherbia that have no tree cover.

Approach Used

The methods used focused on generating information on the
benefits of free-based systems, the extent of adoption of FMNR,
and the institutional, policy, household, and biophysical factors
that have influenced the successful adoption at scale of FMINR
on agricultural lands. The instruments included surveys, spatial
imagery, consultation with technical specialists, and field visits.
The data and information that form the basis for this work
include both primary and secondary sources.

The data collection and analysis were conducted in five selected
districts in Malawi (Balaka, Blantrye, Dowa, Salima, and
South Mzimba) and focus primarily on TBS established through
FMNR. The selection of sites was done following consultations
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with partners and sfakeholders to identify the target areas for
more in-depth analysis of the adoption of TBS. The districts were
selected to provide information from different parts of the Shire
river catchment and also districts with different environmental
and farm size conditions. The selection of target districts for
the mapping component and a more indepth analysis of the
adoption of TBS and carbon stocks were informed by the
Food and Agriculture Organization data on land cover, which
provided the context for the distribution of cropland in Malawi.
Household data, due to logistical constraints, were collected
only for Balaka, Blantyre, and Dowa.

Extent of Tree-based Systems in Five Districts

The results by district of the mapping of onfarm tree cover
density using imagery dated from 2013 to 2014 provide a
baseline of onfarm tree cover for this time period. This work
found that 67 percent of total cropland in the districts had tree
cover of 1-10 percent. Dowa in the central region had the
highest percentage of cropland under such tree cover (Dowa
being a district where there have been multiple NGOs and
project interventions related to sustainable land management,
and there are numerous smallholder farmers and significant
charcoal harvesting).

Whr are Tree-based Systems Being Adopted at
Scale?

Data from household surveys conducted in Dowa, Balaka,
and Blantyre districts revealed that respondents received
several benefits from managed trees on farmland: fuelwood
(54 percent), soil fertility improvement (16 percent], and the
use of frees for poles (17 percent). The high percent response
for fuelwood is consistent with energy use patterns in Malawi.
A large majority of rural households depend on biomass as a
source of energy for cooking, heating, and firing brick ovens.

There are also public benefits derived from the inclusion of
frees in agricultural landscapes, including carbon storage. The
baseline carbon stock assessment for the year 2000 was used
as a staring point for estimating how much carbon is being
stored in frees on farms in Malawi for the five disfricts mapped
as part of this assessment (representative of the years 2013-14).
Using some assumptions regarding carbon stored for different
free densities, the study found that the fotal area of cropland
assessed stores about 21.4 million fons of carbon'. Assuming
the same proportions of free cover density classes across all 4.8
million hectares of cropland, then Malawian farms stored about
110.2 million tons of carbon. If all farms across Malawi were
to adopt TBS at a density of at least 15 percent, then they could
store 190.9 million fons of carbon [an increase of 73 percent),
which is equivalent to 700.5 million tons of carbon dioxide.

Respondents indicated that the main advantages of growing
frees from natural regeneration compared with planted trees
were that there was no cost of raising and transplanting
seedlings (40 percent) and the trees had a better chance of
survival. Use of FMNR also fits the household labor resource
constraint that several households face.

Correlations among variables that were thought to influence
farmers’ decisions to plant or protect trees on their cropland
found that attending training on the use of TBS, the existence
and effectiveness of local bylaws, the soilfertility-enhanced
effect of trees on their land, and the provision of incentives all
resulted in an increase in the number of frees on households’
crop fields. The study also found that many farmers leamed
about FMNR and other TBS either from government extension
officers (agricultural and forestry extension personnel] or
from NGOs promoting the practice, or they came across it
themselves through selfexperimentation. Many farmers are
also aware of bylaws, and it was the effectiveness with which
they are enforced that made the difference.

Figure: Comparison of Area of Cropland per Tree Cover Density Class for Each District

No tree cover

Very low (1-5%)

Low(6-10%)
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200 400 600 800 1,0001200
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1. It is worth noting that this figure deviates from what is reported in the Malawi NDC, which states that the current level of tree planting and natural or assisted regeneration

sequesters approximately 0.9 million CO,e annually.
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A regression analysis to identify what factors were statistically
significant in explaining household adoption of FMNR as
measured by whether the household reporfed the presence of
more frees on their farm today than 10 years earlier found that
farm income, soil conservation, village bylaws, and agricultural
extension are statisfically significant and had the expected
type of influence. Greater farm income resulted in fewer trees
planted; this could be a result of risk aversion or because these
households have other ways of accessing wood energy and
fertilizer. Households that increased frees on their cropland all
practiced soil conservation, operated under effective village
institutions, and had access to extension.
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What Is Hindering Further Adoption of Trees in
Agriculture Landscapes?

The biggest challenges faced by farmers in growing and
increasing the number of trees on their fields are theft of the
frees and free products (44 percent), damage fo frees by
fire (23 percent), and damage by livestock and people (13
percent). The biggest challenges faced by farmers in managing
a free-crop intercropping practice in a field included excessive
shading crops (42 percent], lack of knowledge of best free
species fo grow (17 percent], destruction of crops by people
collecting tree products (14 percent), and lack of knowledge
on how to best manage treecrop inferactions (14 percent).

Most farmers (54 percent) indicated that they did not receive
external support in the form of incentives to encourage adoption
of TBS. Yet 46 percent of respondents reported receiving
free inputs [e.g., seeds and seedlings, mineral fertilizers),
equipment [e.g., watering cans), food (food aid/ support
programs), and cash to encourage them fo plant, protect, and
manage frees on their farms. Survey respondents indicated that
the institution most effective for facilitating the management of
trees on farmers’ fields was the Villoge Headman when she/
he has an inferest in natural resource management issues (36
percent)]—that is, the village head participates in a Village
Natural Resources Management Committee and is involved in
enforcing bylaws.

The study also identified where, in the mapped districts, there
was room for greater outreach on TBS via the government
extension services [see subdistricts colored red in the map).

Whly Continue to Promote Tree-based Systems in
Malawi?

The government of Malawi could meet its energy and food
security needs in multiple ways. Tree-based systems promoted
through FMINR offer a low-cost solution that should be included
in the basket of approaches the government adopts to meet
its fargets. Households adopting TBS have identified improved
access to wood energy and greater soil fertility as some of
the key benefits. The TBS also generate other longterm (less
visible] benefits both at the household and national level, such as
greater carbon sequestration, improved soil quality, and greater
biodiversity. If the Farmer Input Subsidy Program aims to continue
reaching approximately 1,544,400 households and they all
adopt Gliricidia/maize infercropping sysfems, the potential fofal
annual savings are estimated at $71 million. If annual FISP costs
remain relatively constant at $141-151 million from 201013,
these savings would nearly halve FISP costs.
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INTRODUCTION

Trees are found on croplands around the world. This phenomenon
of agroforestry, defined as tree cover on agricultural land of
greater than 10 percent, according fo some esfimates is found
on more that 43 percent of all agricultural land globally, where
30 percent of rural populations live (Zomer et al. 2014). Based
on Zomer et al. (2014), this represents over 1 billion hectares
of land and more than Q00 million people. Yet few of the
agricultural production systems that we examine consider the
role of trees on farms or, in places where they have a positive
benefit, how to scale up these production systems.

We need better information about the density of frees on
cropland and the adoption at scale of treebased systems
(TBS] in rural areas for a number of reasons. Trees on farms
confribute to improved soil fertility, higher crop yields and
increased agricultural production by helping fo control soil
erosion and by replenishing soil organic matter and nutrients.
Trees and shrubs on cropland can provide beneficial shade
for crops and livestock, as well as increased production of
fodder for livestock, firewood, poles and construction wood,
and nonimber forest products such as edible leaves and fruits,
honey, fibers, and gums. In addition to their contribution to
increased food, water, and household energy security, TBS

can be a source of increased rural incomes and can help
diversify the sources of income of rural households in ways
that enable them to adapt to climate change and become
more resilient fo shocks. They help mitigate climate change by
sequestering carbon in the biomass of frees above and below
ground. They also have a role in resforing and sustaining
crifical ecosystem services that benefit rural households and
the general population by reducing runoff and flooding and
helping fo recharge groundwater and maintain stream flow,
while also reducing pressure on natural forests and conserving

biodiversity.

This report summarizes an assessment of the adoption of
TBS in agricultural landscapes of Malawi. Its main purpose
is fo examine what is driving this frend and to identify key
pathways and  strafegies fo facilitate the process. The
assessment is designed to inform current efforts to rehabilitate
fargeted catchments in the Shire River basin and to inform
decision makers with an interest in promoting sustainable
land management and improved agricultural practices that
boost yields and income while generating multiple ecosystem
benefits.




BACKGROUND

Malawi is a small country with one of the lowest per capita
incomes in the world. It has been characterized by alternating
periods of good policy and policy reversal. The economy
is only sfarfing fo be stabilized affer reforms in 2012. The
population was 16.4 million in 2013 (WDI 2015), making it
one of the world's most densely populated countries. Malawi
is landlocked, has unexploited natural resources, and is highly
vulnerable fo natural shocks, being regularly subject to droughts
and floods.

The majority of the poor in Malawi living in rural areas,
making rural growth through agricultural transformation critical
as Malawi strives fo reduce the number of people who live
in absolute poverty. Agriculture is the backbone of Malawi’s
economy, accounting for about 85 percent of employment
and about 80 percent of foreign exchange, about 60 percent
of which comes from tobacco alone (World Bank 2012 -
CAS). Smallholders are responsible for more than 80 percent
of Malawi's agricultural production, but production systems are
predominantly subsistence farming. Investment in productivity
enhancements is minimal.

Agriculture and maize are critically important to the Malawian
economy and fo the livelihoods of most people. Low agricultural
and maize productivity, however, leads to the high incidence
of poverty and fo national and household food insecurity. A
large number of poor people plant very small areas of land
without using organic or inorganic fertilizers. This results in low
yields, which in turn further reduces households” abilities to buy
inputs. Most farmers are also not able o buy inputs on credit

because of the poorly developed credit market (Dorward and
Chirwa 2011).

Increased use of inorganic fertilizers and of hybrid and open
pollinated maize varieties are options for increasing maize
productivity. However, farmers' financial constraints have limited
widespread use of fertilizer on maize (Dorward and Chirwa
2011). Malawi has a Farm Input Subsidy Program (FISP) that
aims to reach 1.5 million beneficiaries. FISP has been credited
with improving food security in Malawi. The scheme, however,
is widely considered to be inefficient and a heavy burden on
the national budget. It has had repeated expenditure overruns
and poor value for money. In 2014/15, expenditure on
FISP accounted for 10 percent of all expenditures under the
national budget and 70 percent of the Ministry of Agriculture’s
expenditures, exceeding initial budget allocations by 26
percent. Even with these investments in FISP, in 2015 Malawi
recorded one of the worst harvests on record due to erratic
rainfall. Reforms of the FISP have improved ifs effectiveness.
Nevertheless, recent evidence indicates that the scheme has
effectively served as an extremely expensive and inefficient

cash fransfer program, and the poorest households—such as
those with insufficient land or labor to use fertilizer effectively —
would be best served through alternative social safety programs
specifically tailored to meet their needs effectively.

Most rural  households depend on rainfed subsistence
agriculture for their livelihood. The impacts of climate change
and high population growth, as a result, have a high probability
of making them more vulnerable. On average, each year 1.7
percent of gross domestic product is lost fo droughts and floods
and about 265,000 people fall into poverty (World Bank
2012). Resilience to disaster and climate risks is particularly
important for the rural households who depend on the fragile
natural resource base for their livelihoods (World Bank 2012).
Climate shocks have direct impacts on agricultural productivity
and rural vulnerability and wear away the productive assets of

the poor (World Bank 2012).

Rural households also face challenges with access o energy.
The national electrical energy system is accessible to less
than 1 percent of the rural population and is considered to
be unreliable. From 2008 statistics (cited in Gamula, Hui,
and Peng 2013), about 90 percent of Malawi’s population
uses wood for fuel and charcoal production, meeting 88.5
percent of the country’s energy needs. Despite biomass being
the major energy source in the country, very litlle is being done
fo improve its supply and the efficiency of its use (Gamula, Hui,

and Peng 2013).

At the same time, Malawi’s forest cover has been decreasing
at an alarming rate. The growing population expands the land
area under culfivation and exploits forests and woodlands
for firewood and charcoal production. Deforestation, soil
erosion, and sedimentation form the most serious threats
fo the environment and natural resource base in parts of
the country like the Shire River Basin, which has seen an
increased incidence of erosion, runoff, and flash floods. The
high loads of sediment deposited in river beds, reservoirs, and
floodplain wetlands are affecting irrigation canals, fisheries,
and hydropower. Silt loads, sedimentation, eutrophication,
biological confamination, and effluents are increasingly
degrading water resources.

A recent study in Malawi by Johnson, Jacob, and Brown (201 3)
showed that net forest cover loss over time was associated
with reduced dietary diversity and a lower consumption of
vifamin A-rich foods among children. This point was reinforced
by other scholars who similarly concluded that tree cover was
more important than forest cover, as frees on farms are an
important source of food, fiber, energy, and income, even fo
individuals who had access to a communal forest. The need
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for biomass (for energy and organic fertilizer) and for better
management of watersheds points fo the importance of tree
based systems in Malawi to address agricultural and energy
constraints in the short and medium term. TBS can also lower
the cost of subsidy programs such as FISP and improve their
reach. In Malawi, if FISP continues to reach approximately
1,544,400 households and they all adopt Gliricidia/maize
infercropping systems, the potential total annual savings are
estimated at $71 million. If annual FISP costs remain relatively
constant at $141-151 million from 2010-13, these savings
would nearly halve FISP costs.

Farmer-Managed Natural Regeneration

Tree-based systems will need to be an important part of any
solution being considered to improve both food and energy
security in Malawi. TBS are not new in Malawi or elsewhere.
Litle attention is paid fo the growing trend of more farmers and
communities choosing to increase the stock of trees on their
farmlands and elsewhere. In Malawi, farmers receive support
from a network of pariners, many of whom were tapped
for this study. The network includes institutions whose focus
includes sustainable intensification of agricultural production
for increased food security, erosion control and watershed

four seasons in Zambia

7000 T
. Under

[T OQutside
6000 - )

5000
4000 A

3000

Maize yield (kg/ha)
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Box 1: Farmer-Managed Natural Regeneration

FMNR is a rapid, low-cost, easily replicated approach to restoring and improving agricultural,
forested, and pasture lands. In Africa, some of the species that farmers grow and manage on
their farms are a source of high-quality fodder (leaf and pods) for livestock (e.g., Faidherbia
albida, Piliostigma thonningii, and Leucaena spp.). Trees on range or grazing lands provide
shade for animals and reduce heat stress, thereby contributing to increased animal productivity.
It has been shown that maize yields increase by up to 200% when grown on fields with trees,
including Faidherbia (Garrity et al. 2010). Long-term studies have also shown that growing maize
in landscapes with trees helps to stabilize yields (Sileshi, Debusho, and Akinnifesi 2012). Such
systems help build resilience to the negative impacts of climate change and variability. Mature
Faidherbia trees can sustain unfertilized maize yields of 2.5-4 metric tons per hectare, which is
200-400 percent more than the national average (see Figure) (Shitumbanuma 2012).

Mean yields of maize under and outside canopies of Faidherbia albida over

(Source: Shitumbanuma 2012)

2007/8 20089 2009/10 2010/11

Agricultural Season
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management fo sfabilize hydropower production in the Shire
River Basin, and sustainable landscape management for climate
change adaptation and resilience. Pariners and stakeholders
include the Department of Forestry and the Department of Land
Resources Conservation of the Government of Malawi, Total
land Care, and the United Stafes Agency for Infernational
Development, as well as the Shire River Basin Management
Program supported by the World Bank and others.
FarmerManaged Natural Regeneration

Growing and managing frees from natural regeneration—
farmermanaged natural regeneration (FMNR)—is a viable and
relatively inexpensive option for reforestation and for increasing
the number of trees available in various landscapes compared
with planting trees, especially in challenging environments
such as drylands (see Box 1).

Farmers in Malawi have a long history of leaving desired frees
on farmland and actively managing them (Dewees 1995). In
Malawi, Rhoades (1995) found increases of 4-53 percent in
maize yields under Faidherbia compared with systems without
Faidherbia that have no tree cover. Another commonly found
species in such systems is Gliricidia sepium. Gliricidia is an
exofic nifrogendixing tree species that is recommended for
infercropping with maize and managed as a coppice. Maize
yields are consistently higher in years of normal, drought, and
excessive rainfall in Gliricidiamaize intercrops with or without
mineral fertilizers (Makumba et al. 2006). Soil moisture content
in tree-based systems such as Gliricidia-maize intercropping

systfem has been shown fo be higher compared with a sole
maize cropping system [Makumba et al. 20006). Studies in
Zambia and Malawi indicate that infercropping maize with
frees can increase rainwater use efficiency and ensure stable
yields over a longer period (Sileshi et al. 2011, 2012).

Outside crop fields, farmers also use FMNR techniques in
assisted natural regeneration of trees to resfore degraded
woodlands. The results of a recent survey of free species being
regenerated on farms in Dowa and Salima districts are shown
in Table 1. Farmers select specific species for various reasons,
including the ability to enhance soil fertility (such as Faidherbia)
or to produce fruits and fodder, to provide a supply of firewood,
poles, and timber, or to supply shade for people and animals.
Species are also selected because they provide ecosystem
services such as erosion control, watershed management, and
climate mitigation and adaptation. Farmers seem fo focus on a
few key management objectives and benefits when deciding
fo profect frees. Any additional benefits are incidental.

The spontaneous experimentation with and spread of FMINR in
Malawi among farmers and communities has been driven by
many factors, including declining soil fertility and agricultural
production; the need to halt and prevent soil erosion; a scarcity
of firewood, poles, and timber; depletion of and deferioration
in quality of grazing for livestock; and a reduced supply of
ecosysfem services such as water recharge for weflands,
reservoirs, and watercourses (Meijer ef al. 2015). Farmers
along the lakeshore and the Shire river valley districts in

Table 1: Diversity of Indigenous Tree Species Regenerated on Farms in Dowa and

Salima Districts

Salima District Dowa District

lonchocarpus capassa

Strychnos spinose

Sapium ellipticum

Markhamia obstusifolia

Albizia lebbeck

Azanza garkeana

Albizia zimmermanii

Piliostigma thonningii

Sclerocarya caffra

Combretum molle

Ziziphus mucronata

Acacia polyacantha

Adansonia digitata

Sterospermum kunthianum

Diplorhynchus condlocarpon

Annona senegelensis

Bauhinia pefersiana

Acacia myrtiflora

Llannea schimperi

Syzgium cordatum

Faidherbia albida

Rauwolfia caffra

Cussonia arborea

Source: Unpublished ICRAF 2011 survey data, Chitedze Research Station, Lilongwe, Malawi
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Figure 1: A Faidherbia albida Parkland in the Lakeshore District of
Salima, Malawi. The parkland contains a mixed age structure of frees, which is one of the

indications of confinuous active regeneration and management.
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Photo credit: Godfrey Kundhlande.

Malawi have long been aware of the soil fertility improvement
effects of indigenous trees such as Faidherbia and leave such
frees on farmland on purpose (see Figure 1).

The regrowth of trees on farmland and other landscapes
in Malawi may be driven primarily by the direct actions of
farmers and households as they seek ways to maintain
or increase the productivity of their farming system and to
meet their socioeconomic needs. In some parts of Malawi,
communities have successfully managed to regenerate frees on
their communal lands by simply applying the FMINR techniques
(see, for example, Figure 2). The communities often draw up
bylaws for managing the trees and define penalties (such as
fines) for those who violate the bylaws. Strong leadership,
consensus, and enforcement of the bylaws are key factors in
the successful management of frees on community lands.

Communities and households may be assisted or facilitated
through the efforts of various programs that work with farmers and
communities on sustainable natural resources management. An
example of such a program is the European Union—supporfed
Improved Forest Management for Sustainable Livelihoods
Programme. The program started in 2006 and is in ifs third
phase through 2018. It promofes community involvement

in forestry management, enhancing the govemance and
management of forest resources, improving service delivery
of extension services to forestadjacent communities, and
helping to develop viable and sustainable small and medium-
sized forestbased enterprises. Communities received help in
developing local resource management institutions, developing
forest and tree resources management plons, getting p|oming
materials and training in tree management, and becoming
linked to markets for tree products. The program also assisted
the government fo sef aside approximately 10,500 hectares of
customary forests for regeneration by the end of the first phase

of work in 2009.

The involvement of nongovernmental organizations (NGOs)
has also been an important driver for the spread of FMINR. Tofal
land Care (TLC), a regional NGO, has been implementing
FMNR projects over the years in various districts, including
projects on reforestation and community support in Mzimboa,
Mchiniji, Nichisi, and Rumphi disfricts on behalf of a tobacco
company that has operations in Malawi. The program aimed
fo help reduce deforestation by improving the economic use
and management of natural resources and to sustainably
supply wood energy and construction materials for household
use. The focus was on supporting and encouraging farmers fo
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Figure 2: Combining Assisted Natural Regeneration of Indigenous
Trees (in background) and Planting of Exotic Tree Species (in the
foreground) on Community Land o help increase the supply of fimber and non-imber
free products and environmental services in Kasungu district.

Wi o E -

Photo credit: Godfrey Kundhlande.

regrow frees on farms and other landscapes. TLC continues to
include FMNR in its sustainable natural resources management
initiatives in areas where it works in Malawi. World Vision
Malawi has also been an active promoter of FMNR. World
Vision has conducted frainings for farmers on how to manage
regrowth of natural trees on farms and on community land.

Community Benefits of FMNR

While the motivation for profecting frees on community lands is
the need to increase the supply of wood for firewood, poles,
and timber, communities often realize later that a number of
other benefits are associated with the increase in the number
of trees on their lands. For example, the frees provide an
environment for growing mushrooms and wild vegetables,
products that contribute to improving the diversity of local
diets and can also be sold to eamn extra income. The supply
of indigenous fruits such as Uapaca kirkiana also increases,
contributing to improving nutrition, as such fruits are very high
in vitamins and often form the main source for micronutrients
among rural dwellers. Uapaca  kirkiana also  contributes
fo household income, as this is one of the most commonly
markefed indigenous fruit in Malawi when in season.

FMNR on farmland has the potential to supply wood energy
and charcoal sustainably, thereby reducing pressure on forests
and woodlands through increased wood supply on farms
(De Leeuw et al. 2014). The increasing scarcity of fuelwood
over fime is generafing incentives for farmers to plant and
protect trees on farms. Today, most farmers across the country
are managing free regrowth on their farms, which provide a
source of wood fuel, poles, and timber (see Figures 3, 4, and
5). Farmers use the firewood harvested from their fields to meet
their household’s energy demands, fo sell for cash income, or
sometimes to exchange for other goods and services. This is
a major benefit in a counfry where women spend nearly 2.5
hours per week looking for firewood and, in some cases, risk

being abused by forest guards (The World's VWomen 2010).
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Figure 3: Indigenous Trees (mostly Combretum spp.) Growing in a Field
Previously Planted in Maize, Dowa District. At some stage, some free branches are cut back
fo avoid excessive shading of crops, and old or dying frees are harvested for poles, fimber, and firewood.

)

Photo credit: Godfrey Kundhlande.

Figure 4: Regenerated Indigenous Tree Species in a Field Where

Tobacco Has Been Grown in Kasungu District. Although tobacco companies in
Malawi encourage farmers to plant and regrow frees, they discourage the practice on fobacco fields.

Photo credit: Godfrey Kundhlande.
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Figure 5: A Portion of a Farmer’s Plot Not Suitable for Cultivation was
Restored Using FMNR Techniques, Dowa District.

Photo credit: Godfrey Kundhlande.

Figure 6: Assisted Natural Regenerated Trees by Households in Goma Village, Kasungu
District, on Community Land. A long driedup wetland at the botiom of the hill was rejuvenated after free growth. The
improved water supply is enabling households to grow vegetables, maize, and fruits under irrigation and to infroduce fish farming.

AN

Photo credit: Godfrey Kundhlande.
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Visual evidence (see Figure 6] reinforces commonly cited
evidence from the literature that where communities protect trees
in watershed areas, this helps to increase water infiltration and
reduce erosion, leading fo the rejuvenation of watercourses,
reservoirs, and wetlands, and to raise the water table. This
increases water supply for household use and for use in other
productive activities such as micro-irrigation schemes and
gardening. The improved water availability enables production
of food crops, allowing for a variety of vegefables and fruits
fo be grown. In some areas, communities take advantage of
the availability of yearround water to engage in fish farming,
which provides both an important source of protein and a non-
fraditional source of income, especially for communities that
are far from a lake.

There are also public benefits to TBS in Malawi. The emission
reduction potential of crops intercropped with trees was
recently explored in Malawi using the Smallholder Agriculture
Monitoring and Baseline Assessment model. Results indicated
that the net impact of maize infercropped with G. sepium is the
removal of up to 31 metric tons of carbon dioxide equivalent
(CO.e) per hectare over a 20-vyear period relative to the
current (baseline) emission of 36 metric tons of CO,e/hectare,
which translates to an annual emission removal of 1.6 CO.e/
hectare (see Table 2 and Figure 7). The emission reduction
relafive to the baseline was dramatic during the first five years
and remained below or close to the zeroemission line during
the subsequent 5-20 year period.

Table 2: Estimates of Emission Mitigation Potential of Two Agroforestry Systems on
Selected Sites in Malawi

District Total (metric tons CO,e per hectare)  Annual (metric tons CO,e per hectare per year)
Karonga Cliricidiarmaize 40.5 2.0
Mzimba Gliricidia-maize 69.9 3.5
Machinga Giliricidia-maize 33.7 1.7
Zomba Gliricidiamaize 34.7 1.7
Mulanje Gliricidia-maize 31.1 1.6
Mzimba Tephrosiamaize relay 69.9 3.5
Kasungu Tephrosiamaize relay 9.4 3.5
Mchinji Tephrosiarmaize relay 72.2 3.6

Figure 7: Emission Reduction Potential of Gliricidia and Tephrosia in the Maize-Tree

Intercrop in Malawi
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JUSTIFICATION FOR THE STUDY

AND HYPOTHESIS

The uptake of FMNR across Malawi varies from place fo place.
Anecdotal evidence from local NGOs, extension agents, and
others indicates that farmers have adopted TBS in many areas
of Malawi, primarily through the practice of FMNR; however,
no organization has systematically documented the extent of
adoption or closely examined what is driving the change. No
systematic study has mapped the area of Malawi covered by
TBS. The area of cropland with regenerated trees as a result of
management actions of farmers (FMNR] in Malawi is also not
known, as records of this approach to land management have
not been systematically collected.

It is important to improve understanding of the key factors
that drive the adoption of TBS at scale in Malawi in order
fo increase the effectiveness of inferventions designed to help
poor rural farmers with food and energy security. The benefits
of extending and accelerating the adoption of TBS across the
landscapes of Malawi, especially in the Shire River Basin,
can also be positive for the country more broadly. By knowing
more about the current extent of TBS, areas with relatively low

free cover on farms can be targefed in order to extend the
benefits of TBS to additional households. With an improved
understanding of the key benefits associated with tree cover
on farms, interventions can be designed tfo leverage interest
in the types of benefits that motivate the increased adoption
of TBS. Interventions can also provide support in critical areas
fo overcome observed barriers to the further adoption of TBS,
including improved delivery of extension services and training,
increased access to markets for TBS products, clarification
of the rights fo trees, increased security of land tenure, and
strengthened local bylaws or other institutional support for
decentralized natural resource management.

Drawing on exisfing studies and frameworks on adoption af
scale, it is hypothesized that the major factors affecting the
adoption of TBS at scale include the role of strong local
bylaws governing the protection and use of trees across the
landscape, energy demand, and access to extension services
and other support.

Photo: World Agroforesiry Center
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METHODOLOGY

The methods used focused on generating information on the
benefits of FMNR; the extent of adoption of FMNR; data
collected from household surveys and other sources fo identify
the institutional, policy, household, and biophysical factors that
have influenced the successful adoption at scale of FMINR on
agricultural lands; and practical recommendations to facilitate
further adoption of FMNR in Malawi (the latter includes
stakeholder input). Spatial imagery, consultation with technical
specialists, field visits and mapping of the extent of FMNR
in Malawi, with more defailed analysis in selected districts,
were all done to assess how much FMNR has been adopted
at scale.

The data and information that forms the basis for this work
include both primary and secondary sources. Secondary
sources were used fo determine household-evel benefits from
the FMNR approach and other approaches fo setting up TBS,
including analysis of the contribution of FMNR to a “triple win”
of improved resilience fo climafe change, increased production
and improved food security, and sequestration of carbon, using
suitable proxy indicators. Stakeholders shared perspectives on
key benefits of TBS, including their role in providing firewood
and other forest products and in boosting crop production and
rural incomes.

The data collection and analysis were conducted in five
selected districts in Malawi and focus primarily on TBS
established through farmermanaged natural  regeneration.
The selection of sites was done following consultations with
partners and stakeholders to identify the target areas for more
in-depth analysis of the adoption of TBS.

The districts selected had a range of representative conditions.
This included landscapes characterized by agroforesiry
parklands dominated by F. albida, as well as landscapes with
higher and lower densities of a variety of native tree species
such as Piliostigma thonningii, Combretum molle, Markhamia
obtusifolia, Erythrina abyssinica, and introduced  (exotic)
species such as eucalyplus, leucaena, mango, moringa, and
Senna spectabilis.

The selection of sites was also influenced by the best available
data on land cover in Malawi as an imporfant inifial step
because of the specific focus on mapping frees on farms.
The land Resources Conservation Department (IRCD) was
involved in the development of a vectorbased map created

using the Mapping Device Change Analysis Tools software
of the U.N. Food and Agriculture Organization (FAO) and
publicly available landsat Enhanced Thematic Mapper and
Coogle Earth imagery (FAO 2013). This map was the best
available tool o help identify target districts for mapping and
fo isolate areas of farmland in Malawi to conduct the onfarm
free cover density analysis. The selection of target districts for
the mapping component and a more in-depth analysis of the
adoption of TBS and carbon sfocks were informed by the
FAO data on land cover, which provided the context for the
distribution of cropland in Malawi.

Five districts in three regions were the focus of the in-depth
analysis:

SOUTHERN REGION

* Balaka—Upper catchment area of the Shire River; relatively
drier part of Southern Region; medium population density,
with many parts of the district seftled relatively recently; poor
ferruginous soils, high temperatures, and low rainfall limit its
productivity; coffon is the main cash crop.

* Blantyre—Middle catchment area of Shire River; high
population density; traditional matrilineal inheritance of land.

CENTRAL REGION

* Dowa—Relatively wet; affected by charcoal harvesting;
representative of smallholder farmers in Central Region;
site of multiple NGOs and project inferventions related fo
sustainable land management.

* Salima—Dry lakeshore district; naturally occurring parklands

of £ albida.

NORTHERN REGION
® South Mzimba—Larger farm sizes; lower population density;
patrilineal inheritance of land.

Together, these five districts represent a variety of implementation
conditions for FMNR (see Figure 8). Balaka and Blantyre are
included fo provide information representative of the Shire River
basin, which is a farget area for this study due to the World
Bank's existing engagement in this region on activities focused
on improving land and water management for increased
climate resilience. Mapping was conducted to defermine the
extent of the TBS in the five districts and establish a baseline for
onfarm tree cover density.

] 6 TAKING TO SCALE TREE-BASED SYSTEMS THAT ENHANCE FOOD SECURITY, IMPROVE RESILIENCE TO CLIMATE CHANGE, AND SEQUESTER CARBON IN MALAWI



Figure 8: Districts Selected for Mapping
Extent of TBS Adoption in Malawi
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Householdlevel data and data from key informants were used
fo identify the insfitutional, policy, household, and biophysical
factors that have influenced the successful adoption at scale
of FMNR on agricultural lands in Malawi, along with analysis
of the main challenges fo further adoption at scale, including

key drivers and preconditions that enable scaling up. The
household surveys explored the benefits of TBS as perceived
by farmers, the management practices applied by farmers, the
institutional and policy factors affecting farmers’ decisions to
plant and manage frees, and other factors that have a bearing
on adoption. Of the five districts selected for the assessment,
Dowa in the Cenfral Region and Balaka and Blantyre in
Southern Region were selected for the household survey. The
selection of disfricts was aimed at covering a range of land
cover types, including the miombo and the thorn bush that are
common in Malawi.

The survey was implemented in those parts of the selected
districts where many farmers applied TBS pracfices at “large
scale.” To identify these areas, government extension officers
were consulfed and asked to provide a list of extension
planning areas (EPAs| and villages they regarded as hotspots
for TBS. From these lists, study villages were randomly selected
for inclusion in the survey. Within the selected villages, survey
households were randomly selected. A structured questionnaire
was administered in 305 selected households (105 in
Dowa, 100 in Balaka, and 100 in Blantyre) during face-
toface interviews. Farms of 100 households (50 in Balaka
and 50 in Dowa district) were assessed to defermine tree
species composition and diversity, free densities, management
practices implemented, location of frees on the farms, and
species preferences by farmers.

Some of the issues covered in the questionnaire survey relied
on farmers' recall, such as changes in crop yields and trends in
the availability of wood energy in past years. There are always
some challenges regarding the reliability of the resultant data.
The results of statistical analyses using such data may be
unreliable. In such cases, lack of statistical significance may
not necessarily mean that there are no changes. It may be a
reflection of how well farmers are able to recall past events
and processes.

It is important fo note that the study did not successfully obtain
geo-referenced household survey dafa, constraining  the
possibility of overlaying information on population, topography,
infrastructure, markets, and other key determinants with the free
density maps and of generating useful analysis of correlations.
Additional statistical analysis would most likely generate useful
insights. Moreover, the study did not include households outside
of the selected districts where adoption of TBS may have been
low, as the premise was to focus on what explained successful
adoption. There is merit in examining factors that influence no
adoption or disadoption, and the reasons for such behavior
from other studies are considered in the analysis to gauge the
validity of study findings.

TAKING TO SCALE TREE-BASED SYSTEMS THAT ENHANCE FOOD SECURITY, IMPROVE RESILIENCE TO CLIMATE CHANGE, AND SEQUESTER CARBON IN MALAWI ] 7



FINDINGS AND RESULTS

Importance of TBS in Malawi

TBS in Malawi include one or more of the following: farm
woodlofs, farmermanaged natural  regeneration,  planted
agroforests (G. sepium, F. albida, Acacia angustissima,
leucaena spp.), and improved shortrotation tree fallows.
The Faidherbia belt, an FMINR agroforesiry systems centered
on F. albida, covers the lakeshore belt, upper Shire Valley,
and the Bolero area in Rumphi district in northern Malawi. It
is estimated that there are more than 155,000 hectares of
crop fields under Faidherbia parklands? in Malawi in these
three areas. Outside crop fields, there are 31,784 hectares
of village forestry areas [out of the 891,300 hectares total
customary land) that have been registered and are at various
stages of assisted natural regeneration (Dr. Tembo Chanyenga,®
personal communication).

Trees on crop fields including nitrogendixing trees have been
shown to offer yield increases of between 50 and 300 percent
in associated cereal crops (Sileshi et al. 2010), providing
increased food security and helping build resilience to climate
change through improvement of soil fertility and moisture
refenfion and moderation of femperature. Trees used for soil
fertility improvement in Malawi are divided info three categories
(full canopy, coppicing, and non-coppicing) having different
growing duration and potential for biomass production. Full
canopy free species, such as F. albida, are managed at
10-15 percent crown cover, and these frees survive for many
years. Coppicing frees, such as G. sepium, A. angustissima,
leucaena spp., S. spectabilis, and Senna siamea are used in
permanent intercrops and are repeatedly cut back to avoid or
minimize competition with the main crop, and their nitrogen-
rich leaves are incorporated in the soil as green manure. Non-

coppicing trees/ shrubs are used in improved fallow rotations,
and these include Sesbania sesban, Tephrosia vogelli, and
Tephrosia candida, which are managed in a two-year cycle.

In addition to soil fertility enhancement and resilience building,
frees on farms have gained attention in recent years because they
can store significant quantities of carbon simultaneously in both
aboveground and belowground biomass, thus contributing to
climate mitigation (Oeba et al 2012). Faidherbia can provide
several mefric tons per hectare per year of CO, storage, as well
as providing other valued environmental services. Coppicing
frees also provide large amounts of carbon sforage in the soll,
while the coppiced wood is used for cooking and heating,
thus confributing to reduced deforestation. Non-coppicing
frees, although managed in one- or two-year cycles, also give
significant carbon storage and reduced deforestation benefits
as they confribute fo soil organic carbon buildup through leaf
litter that is incorporated into the soil and dead roots.

Tree-based ecosystem approaches have been widely promoted
in Malawi as an option to help increase agricultural production
among smallholder farmers who cannot afford to buy chemical
fertilizers. Maize yields under Faidherbia have been shown
fo be up to three times higher than yields without the trees
or external inputs ((Sileshi et al. 2010). With the current size
of the Faidherbia belt in Malawi, it can be inferred that their
confribution to food security is significant. With maize yields
in the smallholder sector without external inputs averaging 1
mefric fon per hectare, nationally Faidherbia parklands enable
an additional 150,000-300,000 metric tons of maize to
be produced, thereby improving the food security of families
farming under the systems and generating surpluses for sale. For
farmers using Faidherbia systems and other dispersed systematic

Table 3: Food Production and Contribution to Food Availability of Selected TBS in Malawi

Yield effect  Areaunder  Total increase  Change in number of
Tree Species Crop per ha maize (ha) per farm family food days Food value
F. albida: parkland maize 0.70 0.5 350 117 140
S. sesban: non-coppiced free maize 0.47 0.5 235 52 Q4
fallows
T vogelli maize 0.57 0.5 285 64 114
G. sepium: coppiced free maize 1.2-3.3 0.5 285-1,630 Q5-543 114- 652
intercrops (range)
G. sepium: coppiced free maize 1.9 0.5 Q54 318 382
intercrops (mean)

Source: Beedy et al. 2011.

2. Estimated as 20 percent of the total arable land. Lakeshore and upper Shire constitute 8 percent of the total land area.

3. Forestry Research Insfitute of Malawi, P. O. Box 270, Zomba, Malawi.
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Table 4: Tree Cover Density Classes Used in the Assessment

Tree cover density class Percent tree cover

Range of number of trees
in 10-ha sample plot

No free cover/very sparse 0% 0-100
Very low density 1-5% 15-150
Llow density 6-10% 30 - 200
Medium density 11-15% 40 - 300
High density >15% 40 - 500

Table 5: Area of Cropland and Percent of Total Cropland per Tree-Cover Density Class,

Five Mapped Districts in Malawi

Tree-cover density class Area of cropland(sq km)

Percent of total cropland

High (>15%) 1,241 13
Medium (11-15%) 1,454 16
Llow (6-10%) 2,874 31
Very low (1-5%) 3,373 36
No tree cover (0%) 300 3
Total 9,242

inferplanting of trees [coppiced and non-coppiced] on their
fields, the increased maize production per hectare due to soil
fertility and increased moisture availability translates to between
50 and 540 days of maize food for an average household
of six (see Table 3] (Beedy ef al. 2011). A study using actual
farmer data in Zambia for agroforestry systems similar to those
used in Malawi found that with an average agroforesiry plot
of 0.20 hecfares, improved free-based fallows, for example,
could generate between 57 and 114 exira persondays of
maize consumption per year (Ajayi 2007).

Mapping the Extent of On-farm Tree Cover Density

The extent of adoption of FMNR practices in the targefed
districts was assessed by using a Tree Cover Density Mapping
Tool developed by the U.S. Geological Survey as an add-on
fo ArcGIS software. (See Annex 1.) By applying a grid-based
sampling of free density visible on high-resolution imagery, it
was possible fo count the number of the frees touching the
calibrating grid for each sample plot of 1 hectare. Satellite
imagery from Google Earth and Bing from 2013 and 2014
was used in the analysis. The following forest categorization
was used fo classify tree cover density:

0% no tree cover

1-5%  very low density
6-10%  low density
11-15%  medium density
>15%  high density

It is imporfant to note that trees were assessed and mapped in
ferms of their percentage density—that is, the spacing of crown
cover against a standard grid—not the total number of trees
within the plot area. Tree age, size, and species are important
factors. Higher densities may indicate more mature frees with
larger crown cover, not necessarily a greafer number of frees.
Conversely, O percent free cover density does not necessarily
indicate a complete absence of frees but rather such sparseness
that crown cover approximates zero. Table 4 provides confext
for associating the free cover density classes with the range of
actual numbers of frees within the 10-hectare sample plot.

The results by district of the mapping of onfarm tree cover
density are presented in a report on mapping results. This final
report summarizes the combined results of the extent of on-
farm tree cover density for all five districts mapped. Across the
districts, the primary imagery used was sourced from Google
because of its superior clarity and coverage, with Bing Maps
used in rare cases where Google imagery was not available
or had cloud cover. The time period for the imagery dated from
2013 to 2014 for the vast majority of sample points across
all districts, and thus the resulting maps can be considered
a baseline of onfarm tree cover for this time period. In fotal,
9,242 square kilometers (924,200 hectares) of cropland
area in five targeted districts of Malawi were sampled for on-
farm tree cover density. The composite results for all districts
are shown in Table 5 and Figure 9. The percent of onfarm tree
cover density and “hotspot” maps for all targefed districts in
Malawi are shown in Figure 10.
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Figure 9: Percentage of Cropland per Tree Cover Density Class for Five Mapped Districts
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Figure 10: Percent of On-farm Tree Cover Density by Class for Each Mapped District
(left) and Concentration of On-farm Tree Cover Density in Each District (right)
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Figure 11: Comparison of Percent Cropland per Tree Cover Density Class for Each

District and Combined Total
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Figure 12: Comparison of Area of Cropland (square kilometers) per Tree Cover Density

Class for Each District
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Across all mapped districts, 97 percent of the cropland area
sampled showed that farmers were managing at least a few
frees on their farms, ranging from very low (1-5 percent) to
high (over 15 percent) densities of tree cover on cropland.
An estimated 29 percent of cropland in the five districts
([amounting to 2,695 square kilometers or 269,500 hectares)
have greater than 10 percent tree cover or medium-to-high on-
farm tree cover densities. The maijority of the sampled cropland
area (67 percent amounting to 6,247 square kilometers or
624,700 hectares) has very low and low density of tree cover
(between 1 and 10 percent).

Figures 11 and 12 show a direct comparison across districts in
ferms of percenfage of sampled cropland area under each free
cover density class (Figure 11) or tofal cropland area under
each density class (Figure 12). Dowa district, which has the

largest proportion of cropland of any mapped district, also
appears to have the most opportunities for scaling up. The
total area and proportion of cropland with very low or low
free cover density is the greatest there. Mzimba South, the
northermost district, has some of the highest forest cover as a
percenfage of total land cover. In this district, many farms are
located along the perimeter of forests. Because sample plofs
with a threshold of >50 percent cropland were analyzed as
cropland using the Tree Cover Density Mapping tool, and this
would include perimeter forests, it would explain why onfarm
free cover is this district is also relatively high.

In Malawi, extension planning areas are the subdistrict areas
by which the government and NGOs manage extension
services. The five districts that were mapped for onfarm free
cover density have 29 EPAs. Figure 13 shows the mean
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percent onfarm free cover density per EPA, which can help
with fargefing EPAs for additional outreach on TBS. Green
EPAs have the highest average tree-cover density, while red
areas have the lowest.

Figure 13: Mean Percent On-farm Tree
Cover Density per EPA Within Each
Mapped District
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Analysis of Historical Imagery

To investigate the hypothesis that farmers are increasingly
adopting onfarm free management techniques, historical
imagery was used that shows changes in onfarm tree cover
over fime. Images were available in cerfain locations for 2001-
02 and 2013-15. Comparisons of these images indicate that
the increase in the density of tree cover on farms through the
adoption at scale of FMINR and related agroforestry practices
is relatively recent. Figures 14 and 15, comparing earlier and
recent images of cropland in Balaka and Blantyre districts,
demonstrate that free cover density increased significantly over
12-13 years.

Figure 14: Google Earth Images of
Cropland Area in Balaka District,
May 2001 and July 2013

Cex \..\'I\-.
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Figure 15: G°°9|e Earth Ima.ges. of This analysis represents the firstever systematic approach to
Cropland Area in B!anl’yre District, mapping of onfarm free cover density in Malawi using high-
May 2002 and April 2015 resolution satellite imagery. While the results provide a baseline
and site-specific data on density, the method and results do
have some limitations (see Annex 1].

Benefits from FMNR

Household surveys conducted in Dowa district, central
Region, and Balaka and Blantyre districts in southern Malawi
indicated that respondents received several main benefits
from managed trees on farmland: fuelwood (54 percent),
soil fertility improvement (16 percent], and the use of trees for
poles (17 percent) (see Table 6). The high percent response
for fuelwood is consistent with energy use patterns in Malawi.
A large majority of rural households depend on biomass as @
source of energy for cooking, heating, and firing brick ovens.
Cutting trees for fuelwood and charcoal production is the major
cause for the depletion of frees on communal forest areas and
from the forest reserves across Malawi. TBS are likely to be
affractive for farmers if they provide fuelwood as one of the
key benefits, and this would help preserve the little that remains
of Malawi’s forests and woodlands while providing energy
security for households.

Table 6: Benefits Obtained from Trees

Fuel-  Fruit + Soil

District Boundary wood Veg Shade Soil Fert. Medicines Eros. Habitat Poles Timber

Frequency 0 66 5 0 3 4 0] 0 26 ] 105
Dowa 9 within 0| 629 4.8 0 2.9 3.8 0 0| 248 1.0 100.0

District

Frequency 1 32 24 2 26 1 ] 0 12 1 100
Balaka 5 within 10| 320| 240| 20| 260 10| 1.0 o| 120 10| 1000

District

Frequency 1 50 7 1 20 3 1 1 13 3 100
Blantyre < wyithin 1.0 50.0 7.0 1.0 20.0 3.0 1.0 1.0 13.0 3.0 100.0

District

Frequency 2 163 27 3 49 2 2 1 51 5 305
Total %"within 7| 534 8.9 1.0 16.1 7 7 3| 167 1.6| 100.0

Al

Districts
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Figure 16: Sources of Fuelwood for Cooking
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Figure 17: Indigenous Trees (Combretum spp.

) Growing in a Field on Which Maize Had

Been Harvested (Dowa District, Malawi). Farmers trim tree excess branches to avoid excessive shading of
crops. Trimmed wood is used for poles, fimber, and firewood.

e

Photo credit: ICRAF.

As Figure 16 shows, many households benefit from trees
growing on their own cropland as a source of fuelwood
for cooking and other uses. As much as 46 percent of all
respondents collect the fuelwood for cooking from their own
cropland, 22 percent of respondents sourced fuelwood from
village forests/woodlands, 13 percent collected from forest
reserves, O percent collected from regenerated trees on
homestead land, and & percent sourced it from community
woodlofs, purchased it, or collected fuelwood from other
managed places.

Although not sfafistically demonstrated, the nearly half of
households who get fuelwood from their farms are likely
fo be more willing to refain frees on farm in the future (see
Figure 17). In a review of FMNR, Francis, VWeston, and

24

Birch (2015) identified as many as 24 social, environmental,
and economic benefits of FMNR. They include fostering tree
ownership and land tenure security for farmers; empowering
women; increaseing food security, health, and resilience;
improving the environmental comfort of rural communities;
reducing conflict; restoring free cover; increasing biodiversity;
reducing erosion; improving soil fertility; increasing water
availability; reducing temperatures on crop fields; increasing
climafe change adaptation and mitigation; increasing incomes
through improved crop vyields and the sale of tree products
(firewood, timber); improving livestock production; and offering
new income opportunities via carbon credit revenues. Only
some of these benefits were not captured by the current study.
Additional instruments would have been necessary fo elicit the
relevant data to assess the importance of other benefits.
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The pattern for persons devoting most time collecting
fuelwood was the same across the three districts. Men spent
less time than women did, and the amount of time changed
over the last five years: 26 percent said a lot more time is
required now than five years ago for collecting fuelwood;
34 percent indicated more time is required; 8 percent said
about the same amount of time; 15 percent said less time
is required; and 16 percent indicated that much less time
is now required. The deplefion of trees on communal forest
areas was cited by 68 percent of respondents as the main
reason for the change in time needed to collect firewood. On
average, men spent 2.4 hours per week collecting fuelwood
and women spent 3.4 hours.

Most respondents (88 percent] in the study areas indicated that
their household's food security status over the last five years had
changed. Of those who indicated a change in household food
security, 68 percent stated that it had deferiorated, while 23
percent indicated that it had improved. The deterioration in food
security was linked to drought, land degradation, inadequate
inputs, and floods. Those whose food security had improved
aftributed the change to good farming practices, including the
use of TBS. The impact of weather/ climate risks was evident
in the 2014/2015 rain season, as districts such as Balaka
experienced severe flooding. There is scope fo encourage
household to infegrate trees in their farming systems, as this can
provide options for reducing the negative impacts of climatic
and other risks. There is growing recognition of the significant
role that tree-based agroforestry systems can play in helping to
build resilience to climate change among smallholder farmers,
and the Malawi government and its partners have shown
inferest in supporting efforts to promote FMNR and other
agroforestry systems.

There were also changes in average crop production over the
last five years. Ninety percent of the respondents in three areas
surveyed indicated change in average crop production in this
time period, while @ percent indicated no change. Some 67
percent stated that average crop production had decreased,
21 percent said it had increased, while 3 percent indicated
that crop production had remained for five years. A common
reason for decline in production was depletion of soil fertility.
Because many respondents were aware of the soil fertility
enhancement potential of frees, it should be possible to support
scaling-up of tree-based systems.

Current Status of Soil Fertility and Management

Most respondents (90 percent] had the perception that
soils in their fields were of poor fertility, while ¢ percent
said soil fertility of their fields was average or adequate (6
percent] and 3 percent perceived their fields as very fertile.
The soil fertility management and conservation practices
that farmers have adopted on their farms include applying
mineral fertilizer, farm manure, and green manure; planting
agroforestry trees; incorporating crop residue on the field, and
managing naturally regenerated frees (see Figure 18). The use
of inorganic fertilizer for soil fertility in Malawi increased in
the past decade due fo the government's Farm Input Support
Programme, which provides heavily subsided fertilizer to more
than a third of the farmers across the country (farmers who are
beneficiaries of the program pay less than 5 percent of the
cost of fertilizer]. Farmers do recognize the potential of trees,
especially agroforestry fertilizer trees, to help in their soil fertility
management strategies (see Figure 19).

Figure 18: Faidherbia albida in a Field Where the Farmer Practices Conservation Agriculture
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Figure 19: Farmers’ Soil Fertility Management Strategies
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Figure 20: Farmers’ Perceptions of Areas in Landscape Experiencing Increasing Tree Density

around homesteads

on croplands/cultivated fields

In private woodlots

In adjacent forests and woedlands

not applicable

HTotal

" Blantyre
™ Balaka
= Dowa

T T T

0% 1% 20%  30%  40%

50%  e0%  70%

Across the three districts studied, about 10 percent of
respondents deliberately retained or planted trees on the crop
fields to improved soil fertility and help maintain infegrity of the
land. This general knowledge of the tree-based innovations for
soil fertility provides a strong basis for government and NGOs
fo include these in their agricultural development programs.

Trend in Availability of Tree Resources and
Products over the Last 10 Years

The majority of respondents (65 percent] indicated that
the availability of tree resources and tree products in their
community over the past 10 years had decreased, while 30
percent perceived an increase, and 4 percent thought it had
not changed. And 62 percent reported that the amount of frees

in the landscapes in their community had not increased. It is
important to note that this response was not directed at trees on
farms per se. Some respondents reported that an increase in the
density of frees in areas adjacent to forests and woodlands (14
percent), on croplands/cultivated fields (13 percent), around
homesteads (6 percent), and in private woodlots (5 percent)
(see Figure 20). The decline in free resources and products
from the communal forest areas was attributed to opening up
land for cropping and cutting down trees for farm use as well
and for charcoal production.

Public Benefits from TBS: Carbon Sequestration

To understand carbon sforage better across the various land
uses in Malawi, a baseline carbon stock assessment was done
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Table 7: Aboveground and Belowground Biomass Carbon, by FAO Land Cover Class

Land Cover Class Area (ha) Mean Carbon Density (tons C/ha)  Total Carbon Stock (tons C)
Agricultural land 3,866,700 19 76,025,394
Agricultural land /Herbaceous 104,200 27 2,789,044
Agricultural land/ Shrubs 17,100 30 512,954
Agricultural land/Tree cover 758,500 32 24,405,234
Agricultural land /Urban 25,200 21 541,636
All Agricultural land 4,771,700 26 104,274,261
Herbaceous Q12,200 31 28,030,231
Herbaceous,/Agricultural land 119,500 25 2,960,737
Herbaceous/Tree cover 27,400 38 1,048,830
Herbaceous,/Urban 400 7 2,004
All Herbaceous 1,059,500 25 32,042,701
Shrubs ?8,400 36 3,549,325
Shrubs/Agricultural land 36,400 30 1,099,045
All Shrub 134,800 33 4,648,369
Tree cover (Forest) 2,382,700 43 101,542,721
Tree cover/Agricultural land 768,700 33 25,184,466
Tree cover/Bare areas 5,000 39 192,046
Tree cover/Herbaceous 11,300 48 540,298
Tree cover/Urban 2,800 23 63,093
All Tree cover 3,170,500 37 127,523,524
Urban (Builtup area) 60,100 21 1,244,714
Urban/Agricultural land 104,700 19 2,019,702
Urban/Tree cover 4,500 24 108,577
All Urban 169,300 21 3,372,992
Tree plantations 88,800 51 4,564,468
Bare areas 21,000 30 634,507

for the entire country using the FAO land cover data and a
map of aboveground and belowground biomass carbon
representative of circa year 2000 (FAO 2013; Saatchi
et al. 2011). In the carbon dafa, aboveground biomass is
representative of standing frees, and belowground biomass
indicates root systems (not inclusive of soil carbon). [See Table
7.) Some classes include mixed land uses, so the results are
also summarized according to seven primary land cover
classes: agricultural land, herbaceous cover, shrub cover, tree
cover, utban/builtup areas, tree plantations, and bare areas.

The baseline carbon stock assessment for year 2000 shown
in Table 7 provides a sfarting point for estimating how much
carbon is being stored in frees on farms in Malawi for the
five districts mapped as part of this assessment, which is

representative of the years 2013-14. Using Toble 7 and
the existing literature on biomass carbon density estimates for
various agroforesiry species as a guide, it was assumed that
density ranges from 7 tons C/ha for plots with O percent free-
cover density (which is not necessarily an absence of trees,
as it may include very sparse free cover) to 40 tons C/ha for
plots with free-cover density greater than 15 percent (Beedy et
al. 2011; Albrecht and Kandji 2003). Nofe that the variety
of agroforestry species that are used throughout Malawi and
the many factors that influence carbon sequestration (e.g.,
free age, diameter, height] mean that these numbers represent
very broad approximations. But given these assumptions, it is
estimated that the fotal area of cropland assessed stores about
21.4 million tons of carbon (see Table 8).
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Table 8: Estimate of Total Carbon Sequestered on Farms According to Tree Cover Density

Class, Five Mapped Districts

Tree-cover density class Area of cropland

Mean carbon density

Total carbon stock

(ha) (tons C/ha) (tons C)
High (>15%) 124,100 40 4,964,000
Medium (11-15%) 145,400 31 4,507,400
Low (6—-10%) 287,400 23 6,610,200
Very low (1-5%) 337,300 15 5,059,500
No free cover (0%) 30,000 7 210,000
Total 924,200 21,351,100

Table 9: Farmers’ Reasons to Protect and Manage Trees

Improve To comp|{
Help soll Supply Participate  with local/
regenerate/ fertility ~ fuel- = Supply inagovern- traditional
Not  reclaim Help  and wood  oftree ment project rules on
appli- degraded control increase and pro- on natural natural Water-
cable land erosion crop poles  ducts  resources resources shed  Total
Dowa Frequency 1 17 Q 22 47 5 1 2 ] 105
% of Tofal 0.3 5.6 3.0 721 154 1.6 0.3 0.7 03| 344
Balaka  Frequency 4 21 Q 33 29 3 0 1 0 100
% of Tofal 1.3 6.9 3.0 10.8 9.5 1.0 0 0.3 O] 328
Blantyre  Frequency 1 21 10 22 43 2 0 1 0 100
% of Tofal 0.3 6.9 3.3 721 147 0.7 0 0.3 O 328
Total Frequency 6 59 28 77 119 10 ] 4 ] 305
% of Total 2.0 19.3 9.2 252| 390 3.3 0.3 1.3 0.3 | 100.0

Using the results from Tables 7 and 8, some basic assumptions
can be made about how much carbon was stored on farms
across all of Malawi in 2013-14. Assuming that the same
proportions of tree cover density classes across all 4.8 million
hectares of cropland, then Malawian farms stored about
110.2 million tons of carbon. If all farms across Malawi were
fo adopt TBS at a density of af least 15 percent, then they
could store 190.9 million tons of carbon (an increase of 73
percent], which is equivalent to 700.5 million tons of carbon

dioxide.
Evidence of Key Factors Driving Adoption of FMNR

For the sample households, the most frequent reasons given
by farmers for increasing the amount of trees on farms were
the need for more fuelwood (39 percent) and management
of soil fertility (25 percent). (See Table 9.) Some 45 percent
of farmers in Dowa reported that the need to increase supply
of fuelwood was the main motivation for profecting and
managing trees on crop fields. In Balaka, improving soil fertility
(33 percent], fuelwood supply (29 percent), and rehabilitating

degraded land (21 percent] were reporfed as the main
reasons. For Blantyre, increasing the supply of fuelwood (43
percent), improving soil fertility (22 percent), and restoration
of degraded land (21 percent] were cited. The households
currently practicing TBS mentioned that the benefits from
increased free stocks on farms include increased availability of
fuelwood, improved soil fertility, higher crop yields, fodder for
livestock, and increased availability of poles for construction.
These are mostly direct benefits to the households. Other
benefits such as carbon sequestration are more public benefits.

Respondents indicated that the main advantages of growing
frees from natural regeneration compared with planted trees
were that there was no cost of raising and transplanting
seedlings (40 percent) and the trees had a better chance of
survival. Many farmers in Malawi are very poor, scarcely
affording fertilizer (even with the subsidy) and improved seed.
These farmers generally cannot afford to purchase agroforestry
free seed and seedlings. Moreover, planted trees require further
investment of labor watering and management. Many rural
households send away some members to find wage labor,
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Table 10: Household and Farm Characteristics and Institutional Factors That Influence

Decisions to Adopt TBS: Correlations

Variable

1. AJc;e of household

hea

2. Sex of household
head

.036

3. Education level of | -.055 -093

household head

4. Household size -147* | .003

5. Wealth status
(ownership of
bicycle, car,
cellphone, radio)

064 | -386** | .136* | .075

6. Household's food
security status

-036 -059 | -.007 | -.084 | .028

7. Participation .001 -043
in fraining by

households

.098 069

-~ 180**

8. Forest Department | 001 090 | .028 | .019

enforces regulations

~091 | .264**

9. local bylaws -046 -050 | .024

effective

147* -Q30**

10. Trees on main
crop field increased
over past 10 years

027 | 011 | .042| 074

034 | .242** ~109 | 168**

11. Enjoy soil fertility | -.007 -076 | 059 | -064 | .048

benefit of TBS

-024 | .300** -014 O13| .181**

12. Received .004
incentives to fake up

TBS

-132* | .001 | .041 | .074

-038 | .281** | -128* | 153** | .2Q7** | 338**

leaving themselves with not enough resource for both crop
production and free management. Farmermanaged natural
regeneration provides an option for increasing the amount of
free cover on farmland, which fits the resource position of many
households.

Table 10 shows the correlations among variables that are
hypothesized to influence farmers' decisions to plant or profect
frees on their crop fields. In particular, attending training on the
use of TBS is associated with an increase in tree density on
the main crop field. The existence and effectiveness of local
bylaws also enabled households to increase the number of
frees on the crop field. The respondents who indicated that
they enjoyed the soilfertility-enhanced effect of trees on their
land and the provision of incentives also registered an increase
in free density on farms.

Farmers’ Awareness of Laws, Rules, and
Regulations on Natural Resource Management

As shown in Table 11, many farmers were aware of local
bylaws (75, 77, and 72 percent in Dowa, Balaka, and
Blantyre, respectively) aimed at encouraging sustainable
natural resources management and protecting farmers’ TBS
investments from actions of others in the village (straying of
livestock, sefting bush fires, and theft of trees and free products).
While such bylaws are in place in most communities, most
respondents felt that enforcement was weak. The regulations of
the Forestry Department, the designated custodian of forestry
resources in the country [even frees on crop fields), were not
thought to be well enforced.
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Table 11: Awareness of Laws, Rules, and Regulations on

Natural Resources Management

Dowa Balaka Blantyre

Not aware of any rules, Frequency 1 4 0
laws, and bylaws Percent (%) : 1 5
Forest Department’s laws Frequency 24 19 28
and regulafions Percent (% 33.8 26.8 39.4
local/ community bylaws — Frequency 79 77 72

Percent (%) 72.5 77 72
Restrictions by tobacco Frequency 1
compenes Percent 1

Sources of Information on TBS

Table 12: Where Farmers First Learned about Natural Regeneration of Trees on Crop Fields

Government Government

Neighboring Agricultural Forestry Self- Village

District NGOs community  Extension Officers ~ Officers taught ~ Radio  Parents head
Dowa Count 28 1 27 3 7 0 7 3

% of Total 9.2 0.3 8.9 1.0 2.3 0 2.3 1.
Baloka  Count 10 2 37 17 8 5 2 4
% of Total 3.3 0.7 12.1 5.6 2.6 1.6 0.7 1.3

Blantyre ~ Count 11 1 25 13 18 4 2 1
% of Tofal 3.6 0.3 8.2 4.3 59 1.3 0.7 0.3
Total Count 49 4 89 33 33 9 11 8
% of Total 16.1 1.3 29.2 10.8 10.8 3.0 3.6 2.6

Sources of Information on TBS

Many farmers learned about FMINR and other TBS either from
government extension officers [agricultural and foresiry extension
personnel) or from NGOs promoting the practice, or they came
across it themselves through  selfexperimentation (see Table
12). The most important sources of information are government
agriculture and foresiry extension system (40 percent), NGOs (16
percent], and selfteaching (11 percent]. The lower percentage
receiving information from NGOs is not surprising, as most
NGOs do not have extension staff at EPA or Section level. The
role of radios as a source of information is surprisingly low. The
sources from which information about TBS is obtained by farmers
are very limited. Also, the use of innovative approaches fo deliver
information to farmers remains largely unexploited. In order to
reach large numbers of farmers, there is need fo use mass media
approaches such as radio, since many households own one.
Further, use of information and communication technologies can
be enhanced, for example by using mobile phones.

30

Factors Considered by Farmers in Deciding on Soil
Fertility Management Practices

Respondents cited the following as influencing their decisions
to adopt the four most important soil fertility management and
conservation practices they currently use (see Figure 21):

The practice produces benefits quickly

Observed/ perceived low soil fertility levels

Practices recommended by Ministry of Agriculture
Practices have been observed to provide benefits to other
farmers currently using them

While trees are generally characterized by the relatively long
period before benefits can be realized, organizations such as
the World Agroforesiry Centre include shrubs like Tephrosia
species among the TBS they promote because within a season
these can provide large amounts of biomass that can be used
as green manure, and the productivity enhancement benefits
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Figure 21: Factors Considered by Farmers When Deciding to Adopt Soil Fertility

Management and Conservation Practices
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Figure 22: Challenges Faced by Farmers in Using TBS
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can begin fo be realized within two years. In the same period,
these shrubs can produce woody biomass that can be used
for fuelwood by households. Thus agroforestry programs that
combine tree species that provide benefits many years down
the line with fastgrowing tree species and beneficial shrubs
can increase the affractiveness of TBS for farmers.

The fact that farmers are likely to adopt beneficial practices that
have the support of the government or practices observed on
other farmers’ fields suggests that the credibility of the sources of
information about TBS is important. It is also important to engage
government, as this can provide some political credibility.
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Challenges to Widespread Adoption and Further
Scaling Up of FMNR

The biggest challenges faced by farmers in growing and
increasing the number of trees on their fields are theft of the
frees and free products (44 percent), damage fo frees by
fire (23 percent), and damage by livestock and people (13
percent). (See Figure 22.) Other reasons include the shading
of crops by the frees, lack of tree management knowledge,
damage by pests or diseases, lack of inputs and equipment,
and limited land. A number of the challenges mentioned by
farmers require local institutional innovations if more farmers
are fo be able to adopt TBS and increase tree production
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Figure 23: Key Challenges Faced by Farmers When Managing Crop-Tree Intercropping

Lack of equipment
People coming to collect
tree products damage crops

Trees attract birds and
pest which damage crops

Trees excessively shade crops
Lack of knowledge on how to best
manage tree crop-interactions

Lack of knowledge of
best tree species to grow

No challenges

Blantyre

- Balaka

40 50

Table 13: Gaps in Knowledge on Tree Management

How best  Benefits Tree How to Pest
to combine o manage- Tree  Nursery manage and
No  treesand different  ment  species manage-  fruit  Grafting/ disease
District gap crops trees  practices choice  ment trees  budding control  Total
Dowa Frequency 7 35 12 37 8 5 1 0] O 105
% within 6.7 33.3 11.4 35.2 7.6 4.8 1.0 0] O] 100
District
Balaka Frequency 2 19 13 47 12 4 0] 2 1] 100
% within 2.0 19.0 13.0 47.0 12.0 4.0 0 2.0 1.0 100
District
Blantyre  Frequency 2 30 15 35 7 8 2 1 0| 100
% within 2.0 30.0 15.0 35.0 7.0 8.0 2.0 1.0 0| 100
District
Total Frequency 11 84 40 119 27 17 3 3 1] 305
% within 3.6 27.5 13.1 39.0 8.9 5.6 1.0 1.0 0.3 ] 100
All District

fo meet their needs and provide environmental benefits o
the public. Such institutional innovations should include the
development of bylaws to regulate use of fire, management of
livestock (especially during the dry season), and protection of
the rights of those who invest in the production of trees on the
farmland. These bylaws would need to be accompanied by
mechanisms for credible enforcement.

Some of the Key Challenges in Managing Crop-
Tree Intercrop

The biggest challenge faced by farmers growing crops in a
field where there are frees are excessive shading crops (42
percent], lack of knowledge of best free species to grow
(17 percent), destruction of crops by people collecting tree
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products (14 percent), and lack of knowledge on how to best
manage tree-crop inferactions {14 percent]. (See Figure 23.)
Regarding the perception of negative interactions with crops, it
is important to note that very few free species’ interactions with
crops are known, with the exception of a few that have been
studied in agroforestry systems. This information needs to be
generated fo enable farmers to choose the right tree species
for integration with tree crops without having a negative impact
on crop vyields.

In general, farmers reported that they need more training and
knowledge to enable them to successfully incorporate more
frees on their crop fields. Most farmers indicated that they need
more knowledge on how fo best combine trees (e.g., types
of trees to grow on fields in which different types of crops
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Table 14: Avadilability of and Access to Incentives for Supporting Adoption of TBS

District None Equipment Cash Inputs Food Training Total

Frequency o 21 5 10 0 0 105
Dowa

% of Total 22.6 6.9 1.6 3.3 0 34.4

Frequency 52 21 1 15 9 2 100
Balaka

% of Total 17.0 6.9 3| 4.9 3.0 0.7 32.8

Frequency 45 25 3 25 1 1 100
Blantyre

% of Total 14.8 8.2 0| 82 0.3 0.3 32.8
Total Frequency 166 67 Q 50 10 3 305
ota

% of Total 54.4 22.0 O| 164 3.3 1.0 100

Figure 24: Effectiveness Structures and Bylaws Facilitating Adoption and Management
of Trees on Farmers’ Fields Determinants of Household Adoption of FMNR

40
. Total
32 . Blantyre
24 . Balaka
. Dowa
16
8
no effective have a Community Village Forestry Agricultural
structures functional by-laws Headman Officers Extension
VNRMC involved help Officers help
communitis communities

are grown) and crops on their fields and on tree management
practices to ensure opfimal free productivity (see Table 13).
In practice many farmers do retain many tree species on their
fields that are beneficial with litle or no negative impacts
fo crop production. This sfafement may reflect the fact that
farmers are not certain if they are currently obtaining optimal
output from both the trees and the crops. There is a need for
development and extension agents to generate information
and to package and disseminate it in a form in fo reach the
infended beneficiaries.

Availability of Incentives to Support Adoption of TBS

Most farmers (54 percent) indicated that they did not receive
external support in the form of incentives to encourage adoption
of TBS. Yet 46 percent of respondents reported receiving free
inputs [e.g., seeds and seedlings, mineral fertilizers), equipment
le.g., watering cans), food (food aid/ support programs), and
cash to encourage them to plant, protect, and manage trees
on their farms (see Table 14). Where incentives are in the
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form of food for work, there is always the danger that once
the period of hunger is over the trees are offen neglected.
The same applies to cash incentives. A study carried out in
Nichisi district on cash incentives for planting and caring of
frees showed that for the duration of study, 97 percent of
farmers enthusiastically protected the trees during the period
when incentives were being paid (Jack 2010).

Institutions and Bylaws on Adoption and
Management of Trees on Farmers’ Fields

Survey respondents indicated that the institution most effective
for facilitating the management of trees on farmers' fields was
the Village Headman when she/he has an interest in natural
resource management issues (36 percent)—that is, the village
head participates in Village Natural Resources Management
Committee (VNRMC) and is involved in enforcing bylaws
(see Figure 24). Thirtyfive percent of respondents indicated
that there was a functional VNRMC in their community, and
16 percent indicated that their community has written down
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Table 15: Dependent and Independent Variables Used for Logit Regression of Household
Adoption of FMNR

Variable Name Definition

Dependent Variable
FMNR Adoption
Independent Variables

| = 1 if HH observed an increase in number of frees on farm over past 10 years

1 = Male headed

1 = HH head received some secondary education or higher

Household head gender

Household head education
Household labor

Household assets

# household members of working age (15-65)

# of motor vehicles owned (motor vehicle = motorcycle, truck)

Farm income 1 = farming listed among two main sources of income

Land endowment (acres) Total land farmed by household

Land ownership Ratio of owned land under secure ownership conditions (i.e., customary right, permitted

fo occupy, or fifle; leased land excluded)

Market incentive

Utility—fuelwood

1 = HH sold tree products

1 = HH's main source of cooking fuelwood comes from infernal sources (i.e., own
cropland, homestead, woodlots)

Utility=soil conservation 1 = HH practices soil conservation related fo agroforestry and,/or management of tree

regeneration

Utility—fodder

1 = HH's fodder comes from trees

Soil fertility

1 = very fertile

Number of trainings

Number of trainings attended in last 10 years (starting in 2005)

Village bylaws

1 = Community has writtlen down bylaws on natural resource management

Agricultural extension

1 = Community has presence of agricultural extension officers fo help community enforce
natural resource management (NRM| bylaws

District (Blantyre is base):

Dowa District 1 = Dowa

Balaka District 1 = Balaka

bylaws on natural resource management. It is important to
engage local institutions to facilitate widespread adoption of
TBS. In many cases, local leaders have the respect of their
people, local people trust information conveyed through their
leaders, and households are likely to respect bylaws that have
the backing of the local leader.

Respondents also indicated Forestry Officers (7 percent)
and Agricultural Extension Officers (2 percent] are helpful
in enforcing natural resources management bylaws in- their
communities. The fact that only 16 percent of the communities
had written down bylaws indicates that there is a real need to
strengthen this in the majority of communities where they don't
exist, fo protect people investing in frees.

Determinants of Household Adoption of FMNR

The descripfive sfafistics discussed above highlight a wide
range of factors influencing household adoption of FMNR. The
mere volume of variables indicates that factors affecting the

decision-making process are not straightfoward. This sectfion
focuses on identifying the deferminants of household adoption
of FMNR using a logit regression model.

Model

Table 15 delineates the variables included in the model as
well as a brief definition. The dependent variable is household
adoption of FMNR as measured by whether the household
reported the presence of more frees on their farm today than 10
years earlier. The independent variables were chosen to reflect
driving factors common to agriculture and forestry technology
adoption. Pattanayak et. al (2003) reviewed 32 empirical
studies on smallholder agroforestry adoption and identified five
general categories of deferminants: farm preferences, resource
endowments, market incentives, biophysical factors, and risk
and uncerfainty. Gender and education level of the household
head are sociodemographic proxies that may influence a
household's preferences for technology adoption. Household
labor endowment, assefs, income type, land endowment, and
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Table 16: FMNR Adoption Model Parameter Estimates

Variable Coefficient Significance SE
Household head gender 0.038 0.067
Household head education 0.027 0.079
Household labor 0.023 0.017
Household assefs -0.055 0.164
Farm income -0.105 FrHE 0.058
Land endowment (acres) -0.001 0.011
Land ownership 0.229 0.165
Market incentive 0.059 0.081
Utility—fuelwood 0.072 0.060
Utility=soil conservation 0.112 *xx 0.065
Utility—fodder 0.169 0.118
Soil fertility 0.218 FEE 0.116
Number of trainings 0.027 0.026
Village bylaws 0.166 * 0.064
Agricultural extension 0.145 *x 0.067
District (Blantyre District is base:

Dowa District -0.054 0.071

Balaka District 0.129 ok 0.069

*Significant at 0.01; ** Significant at 0.05; *** Significant at 0.1

ownership measure the resources available fo the household to
adopt FMNR. Economic incentives, such as income from selling
free products as well as inkind benefits from fuelwood, soll
conservation, and fodder, represent net benefits gained from
technology adoption. Biophysical factors, such as soil fertility,
influence the physical production processes associated with
agroforestry. Household training, village bylaws, and external
support institutions reflect the degree of risk and uncertainty in
the enabling environment.

The dataset used included observations from Dowa, Balaka,
and Blantyre. To control for any unobserved heterogeneity
among the districts, dummy district variables were included for
Dowa and Balaka, with Blantyre as the base district.

Results

Table 16 provides the logit regression results. The estimated
coefficients for farm income, soil conservation, village bylaws
and agricultural extension are statistically significant and have
the expected sign.

Having farm income among the two main sources of household
income had a significant negative effect on adoption. The
negative association could be interpreted as risk aversion

fo investing in an unknown technology that could negatively
affect a dominant source of income. Although not statisfically
significant, land ownership rights had a positive impact on
adoption, implying that households are more willing to make
long-ferm investments in frees if they have secure rights to their
land. In addition, household labor endowment, measured
as number of working-age adults, increased the likelihood
of FMNR adoption. Of course, households with more labor
have the human resources needed to invest time in adopting
new fechnology practices. Surprisingly, resource endowments
related to monetary wealth did not have a significant effect
on adoption. For example, household assets, measured by
whether high-value assets such as motor vehicles were owned,
had a negative impact on adoption. land endowment also
had a negative association, but since the paramefer was so
small [-0.001), this estimation is negligible.

The market incentive and utility variables are all positively
associated with adoption; however, only soil conservation is
statistically significant. Households that practiced agroforestry
and/or free regeneration as a means for soil conservation had
an increased likelihood of maintaining frees on their cropland.
Similarly, although not significant, households where the most
important source of livestock fodder came from trees were more
likely to adopt FMNR. Although the majority of households
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reported gathering fuelwood from trees on their own cropland,
homestead, and/or private woodlots, the regression results did
not indicate fuelwood as a statistically significant determinant of
FMNR adoption. Perhaps this is due to the widespread practice
of collecting fuelwood from someone’s own land, regardless of
whether the household observed an increase (61.3 percent)
or decrease [56.5 percent) in the number of trees on their
land. Finally, income from selling tree products had a positive,
although not significant, association with adoption.

Surprisingly, better soil quality had a significant positive effect
on FMNR adoption. Typically, poorer soil quality is positively
associated with adoption, as it is offen an impetus to invest
in soil conservation practices, such as FMNR. Given that the
dependent variable used in this model measures perceived
change in the number of trees over a 10-year period and that
the soil fertility variable is a measure of current soil quality,
a possible explanation for the positive soil parameter is that
households have better soil fertility as a result of having planted
frees known to improve soil fertility (F. albida and Lonchocarpus
capassa). However, a correlation fest between the presence of
these free species and soil fertility did not indicate any significant

relationships. It is likely that there are other explanatory factors
not captured in this model that are influencing the effect of soil
fertility on adoption.

As expected, reducing risk and uncertainty in the market
and instituional environment had a positive and significant
association with adoption. Among these variables, the
presence of village bylaws on natural resource management
had the largest and most significant impact on FMINR adoption,
followed by the presence of agricultural extension agents to
enforce NRM bylaws. Although not of sfafistical significance,
fraining—measured as the number of frainings the household
participated in over the last 10 years—also had a positive
association with adoption.
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CONCLUSIONS AND RECOMMENDATIONS

Malawi faces several challenges, including food insecurity.
National food security is largely dependent on the performance
of rainfed agriculture, which is vulnerable to a range
environmental risks (climate variability), and production and
market risks. The World Bank (Giertz et al. 2015), estimated
that the annual losses in Malawi from production risks for
major crops amounted to US$149 million, on average,
between 1980 and 2012. Droughts and pests and diseases
are considered to be the most damaging production  risks,
especially for food crops. Malawi has suffered  significant
droughts in the past that had a notable fiscal impact and
required assistance from the infernational community.

To improve food security while also increasing incoming and
augmenting adaptive capacity of farming systems, Malawi will
need fo promote agricultural practices and technologies that can
generate much needed multiple benefits. TBS include systems
that infegrate trees info annual food crop systems. Depending
on the woody species and how they are managed, the systems
such as those described by Garrity et al. (2010) have shown to
confribute fo improving vegetative soil cover yearround, which
in furn improves soil structure and water infiliration, reducing
occurrences of pests and weeds, enhancing carbon storage
aboveground and belowground, and producing more food,
fodder, fuel, and fiber from the products associated with the
intercropped frees (Garrity et al. 2010).

In Malawi, TBS are not new and have been adopted across
vast areas of the landscape in some districts. Households
adopting TBS have identified improved access to wood
energy and greater soil fertility as some of the key reasons for
allocating land to trees. The TBS also generate other long-term
(less visible) benefits both at the household and national level,
such as greater carbon sequestration, improved soil quality,
and greater biodiversity.

Reviewing the underlying rationale of surveyed farming
households that adopted tree-based systems in  their small
holdings, this study recommends that efforts to promote further
adoption of such systems at scale will need to ensure the
following:

*  Promoted systems are low cost and have the productivity
benefits farmers need: The promoted systems need
fo be low-cost (e.g., FMNR), easy to adopt, and help
address an immediate constraint faced by the household.
Evidence from the analysis suggests that when households
have adequate income fo buffer themselves from potential
constraints, they do not necessarily adopt TBS.

Public and private extension services need to be improved
and expanded: The knowledge gap thatfarmers face needs
fo be addressed to be able to change their perception
of negative interactions between frees and crops, when
there is limited information on specific inferactions.
Govermnment research and extension organizations must
generate information that would enable farmers to choose
the right tree species for integration with annual crops
without a negative impact on crop yields. There should
be exploration of also extending the delivery of public
extension through private technical service providers and
the gradual phasing in of services from multiple sources so
rural households can choose among these and identify the
provider that is most effective at delivery the services and
support needed.

Strengthen village institutions: Village institutions need to
be sirengthened to implement village bylaws that local
communities sef up to manage common areas [e.g.,
forests) that also specify how encroachers and law
offenders from neighboring villages and beyond will be
penalized/punished. Drawing on evidence from other
analyses, this recommendation comes with the caveat
that there are many bylaws in each disfrict, making it
difficult for community-based organizations to effectively
implement these. Bylaws therefore need to be harmonized
and enable the right natural resource management
structures fo effectively implement them.

Village institutions need fo be strengthened and able to
work as an effective vehicle for transferring knowledge,
building on the inherent frust that village households have
in these institutions.

Consider economic incentives: Appropriafe incentives
that can be monitored need to be available fo farmers.
Of the population sampled, some households mentioned
the incentives they had access fo for adopting the TBS.
What will be cenfral to these incentives is ensuring that
they are designed with an explicit approach for being
phased out, in order to not jeopardize the replicability
of the incentive at scale. Currently households that plant
frees are benefiting from both revenue and avoided cosfs.
To adopt at scale, it will be important to augment the
incentives for planting frees on agricultural lands. While
there are opportunities for linking this effort with payments
for carbon sequestered, the transaction cosfs need to be
carefully considered, and the opportunity to refool current
fertilizer subsidies to create positive incentives for planting
frees should be explored.

TAKING TO SCALE TREE-BASED SYSTEMS THAT ENHANCE FOOD SECURITY, IMPROVE RESILIENCE TO CLIMATE CHANGE, AND SEQUESTER CARBON IN MALAWI 37



Provide compelling evidence for TBS helping deliver
national objectives: The government has committed fo food
security, and also sef fargefs in its nationally defermined
confribution. As noted in the report, the scaling up of TBS
can assist the government to deliver on both. However,
the government will need to be selective and strategic in
how it links TBS scale up with these national objectives
as it will influence the technologies adopted. The latter
in turn will shape costs and feasibility. Keeping scale in
mind, technical assistance and analysis should be carried
out to identify the suitable low cost technology options
for confributing to national objectives of food security
and climate targets. Ideally this is done in coordination
with the work being led by organizations such as World
Resources Institute on mapping potential area available
for TBS. Such coordination would assist in prioritizing the
regions for intervention and guide the implementation of
the aforementioned recommendations.

Information from the analysis points fo some unexpected
results, such as low adoption of TBS in districts with have a
high number of development pariners working on improving
land management. While the sample size and data collection
processes had some shortcomings, these results warrant a
closer examination to ensure that the delivery mechanisms
being used are promoting the building of community institutions
and mechanisms while also buffering the communities against
other broader risks.

As with any effort to document and understand existing
practices, there is room for additional work that would assist
the government of Malawi and development partners to
understand the scale of adoption of TBS and the underlying
drivers. A few of these are mentioned here:

e Strengthen the capacity and provide needed resources
for the geographic information system team in Malawi's
land and Resources Conservation Department to expand
the mapping exercise beyond the five districts mapped in
this study to provide a more complete baseline of onfarm
free cover density in Malawi. Having a more complete
baseline and improved understanding of the location of
agricultural landscapes with lower densities of onfarm
free cover would enable [RCD to provide documentation
and guidance for targeted efforts to accelerate the scaling
up of the adoption of FMNR and other TBS where it is
needed the most. By overlaying the tree density maps with
population density, poverty indices, data on food security,
presence of rural development programs, and other
parameters, scaling-up inferventions could be targefed to
provide additional benefits to rural households with the
greatest needs and improved prospects of adoption of

TBS.

®  Grant support for the [RCD fo track changes in tree cover
density at sample points over fixed time intervals to assess
how the situation is changing, and target efforts to support
promotion of TBS.

e Support additional fieldlevel sampling or surveying
that would help to fill in informational gaps that could
not be addressed in this project. For example, provide
support for sampling the tree carbon sfocks in each of the
density classes to provide an accurate estimate of carbon
sequestration benefits from the adoption at scale of TBS.
Based on more in-depth analysis that has been done in
other countries, it is likely that the carbon sfocks associated
with the higher density of frees on farms are significant;
this information is important as Malawi moves ahead
with the formulation of their post2020 climate actions
under the Intended Nationally Determined Contribufions
program, the development of plans and strategies fo
address climate change and green growth, and inifiatives
in support of climate-smart agriculture.
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ANNEX 1: DETAILED DESCRIPTION OF TREE
COVER DENSITY MAPPING TOOL

The mapping component of the TBS assessment for Malawi
used the Tree Cover Density Mapping (TCDM| tool developed
by the U.S. Geological Survey’s West Africa Lland Use and
Land Cover Trends team. The TCDM tool, which is run within
ArcGIS mapping software, utilizes very-high resolution (~1m)
imagery and a sample-based approach fo produce gridded
maps of onfarm free cover density. The tool (see Figure 1-1)
provides the infrastructure for a user to estimate the tree density

within a 10-hectare sample plot containing a calibration grid
of 100 points. The number of points that cover frees in the
imagery represents the density percentage. This sampling
exercise is replicated thousands of times for the entire study
area fo produce a gridded map of tree cover density, which
can then be classified into various density categories. An

example of tree cover density categories is shown in Figure
1-2.

Figure 1-1: Screenshot of the Tree Cover Density Mapping Tool
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Figure 1-2: Example of Tree Cover Density Classes
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No tree cover Open with
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This tool has certain limitations, however. First, the exercise
uses a sampling approach; it is not a comprehensive mapping
of tree cover density on all cropland in the disfrict. Thus a
10-hectare sample plot is representative of an entire square
kilometer of cropland on the map. The sample locations are
randomly generated within cropland areas and not selected
based on their representativeness of the area or any other
preformed criteria, so some sample sites may be an anomaly
rather than typical of the entire square kilometer. In locations
where farmers are cultivating particularly small plots of land,
this is an imporfant limitation fo note. Furthermore, data do not
exist at this time to show the delineation of boundaries between
farms according to which household they belong. Therefore, it
is possible that some sample plots intersect the boundaries of
multiple farms and account for different management strategies
among different households.

Second, while the resolution of the imagery is the highest
available (~1m), it is not at a sufficient resolution to determine
the species of free nor to identify very young frees or sprouts.
Furthermore, it is not possible to defermine whether a tree was
planted or generated naturally from root, seed, or stump. The
farm-evel surveys are necessary fo fill in this information and
will be incorporated in the next phase of the analysis.

In terms of the TCDM tool used for this exercise, while it is a
very straightforward method based on visual interprefation and
relatively easy to frain users who have only basic experience
with GIS software, a few logistical constraints may  limit
the uptake of the tool. Foremost, reliable Internet access is
necessary fo gef access to the imagery, which is streaming
from an online server and is not built info the tool. It may be
possible to cache imagery on a hard drive for use in areas
lacking Internet service, but more work needs to be done to
investigate the feasibility of this. Also, the tool requires that
the user have access to ArcGIS software, which is proprietary
and not free. Most nonprofits or governments in developing
countries can acquire the software at little to no cost, but it sfill
may present a consfraint in some situations. Malawi’s Land
and Resources Conservation Department (LRCD) is staffed with
highly skilled GIS analysts, but they have noted that the lack of
consistent Internet access would hinder their ability to use the
tool without having access to offline imagery. IRCD does have
access to ArcCIS software, so this aspect does nof present a
limitation.

As nofed in the discussion of results, the dates for images
mainly covered the time period of 2013-14, but in some cases
images were from 2009 or 2010. The use of freely available
imagery from Google and Bing Maps for this analysis limited
the ability to control for year fo maintain consistency because
these image providers generally make available only the most
recent, highestquality images on their platforms (e.g., images
with the least amount of cloud cover). This lack of consistency
has the potential to infroduce some error in the results. However,
given that the number of images outside of the 2013-2014
timeframe was relatively small (<5 percent of 9,242 images
sampled] and that all images were within a five-year time
span, which is relatively short in the time span of tree growth
cycles, this error is presumably mostly negligible.

In addition fo some variation in image years, the months in
which the images were taken varied widely across each
district. However, the very nature of satellite imagery, which is
dependent on the time scale of satellite orbit, limits the ability to
mainfain consistency across a large area, such as the size of a
district, within a short time period. The variation across months
means that seasonal differences ranging from rainy o dry were
capliured in the image analysis. However, the high resolution
of the imagery and the distinctive features of frees [(e.g., a
distinctive crown and cast of a shadow] limit the reasons for
visual interprefation of frees to be significantly affected by
seasonal variation.

last, a small sample of pairwise images were used fo
demonstrate changes in onfarm tree cover density over the last
10-15 years, but time and resources were insufficient to map
these changes more comprehensively or systematically. Options
are available for acquiring consistent historical imagery, such
as through the United States Geological Survey's archives or
Malawi’s IRCD, but the level of effort was beyond the scope of
this project. A second phase of this project is needed to focus
on mapping free cover density changes over time.
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ANNEX 2: POTENTIAL SAVINGS IN SUBSI-
DIZED FERTILIZER PROGRAM IN MALAWI

For freebased systems to be adopted at scale, it helps to
have evidence of their national or public benefits. This Annex
presents some analysis done fo estimate the annual cost of
the Malawi fertilizer subsidy program and—using estimates
of typical nutrient application rates and grain yields under
subsidized fertilizer as well as tree fertilizer systems—to assess
the potential for tree-based ecosystem approaches to replace
subsidized fertilizer, with any potential savings.

The following assumptions were made in this analysis:

* As maize is the main sfaple crop in Malawi, this analysis
focused on fertilizer subsidies directed at maize production
(urea and nitrogen-phosphorus-pofassium  [NPK)).  This
was also the crop prioritized by the Farmer Input Subsidy
Program (FISP), as indicated by the proportion of spending
on maize inputs versus other crops, such as tobacco.

® As nitrogen is the main nufrient required by maize, the
analysis focused mainly on substitution of Nl nutrients.

* Since local maize is the de facto crop for smallholder
farmers, this analysis focused on local maize. In addition,
this analysis aimed to isolate the incremental yield gained
from subsided fertilizer use, which may have been
more difficult to do with hybrid maize varieties due to
confounding effects.

Cost of Maize Fertilizer Subsidy Program

The costs of the Malawi FISP from 2005 to 2013 are provided
in Table 2-1. The figures includes the cost of inputs, including
seeds, chemicals, and ferfilizer, along with operating costs,
which includes costs related to fransport, financing, operations,
coupon produdion, communications,  monitoring, and
evaluation, among others. Total program costs are net of any
farmer redemption paid and unused stock. Net cosfs ranged
from US$32 million in 2005 /06 (the beginning of the program|
to US$251.78 million in 2008 /09 (when international fertilizer
prices were exceptionally high). In more recent years (2010~
13), the net cost of the program has ranged from US$140.92
million to $151.17 million. FISP's budget accounted for 41-49
percent of Malawi’s total public expenditures on the agricultural

secfor and 1.9-5.8 percent of Malowaian gross domestic
product (GDP). (See Tables 2-2 and 2-3.)

Since FISP included several types of inputs, it was necessary to
isolate the cost of the maize fertilizer subsidy itself. Using data
from Dorward et al. (2013), Table 2—4 itemizes the direct input
costs across the types of inputs [seed, chemicals, and fertilizer);
there were no dafa on input costfs itemized by crop [maize,
fobacco, legumes, efc.), however. In addition, operating costs
are indirect and cannot easily be attributed to individual inputs
or crops. As such, an allocation method was used to determine
what proportion of direct input costs and indirect operating
costs could be assigned to maize fertilizer. For each year with

Table 2-1: Costs of Farmer Input Subsidy Program (million USS$)

2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13
Costs (million US$)
Seeds 0 523 6.47 12.57 19.96 28.3 21.38 15.9
Chemicals 0 0 0.24 n/a 0 0 0 0
Fertilizer 51.62 78.59 113.95 262.51 92.35 115.28 112.63 119.52
Operating costs 0 711 7.82 19.65 17.51 18.18 15.38 13.19
Subtotal 51.62 ?0.93 128.48 294.73 129.82 161.76 149.39 148.61
less: Farmer redemption and 19.62 17.02 21.32 42.95 11.43 10.59 8.47 4.68
unused stock
Net costs 32 73.91 107.16 251.78 118.39 151.17 140.92 143.93
Funding
Direct Donor Support 0 Q.51 713 37.75 17.48 22.05 44.85 17.56
Balance: Malawi 32 64.4 100.03 214.03 100.91 129.12 96.07 126.37
Government

Source: Dorward et al. 2013.

TAKING TO SCALE TREE-BASED SYSTEMS THAT ENHANCE FOOD SECURITY, IMPROVE RESILIENCE TO CLIMATE CHANGE, AND SEQUESTER CARBON IN MALAWI 4]



Table 2-2: FISP as a Percent of Public Agricultural Sector Expenditure

2007/08  2008/09  2009/10 2010/11  2011/12
Total agricultural expenditure 252 364 289 365 288
Net cost of FISP 107 252 118 151 141
FISP costs as % of agricultural expenditures 43% 9% 41% 41% 49%

Note: Total agriculture expenditures include spending of the Ministry of Agricultural and Irrigation, other ministries, transfers to district councils, efc.

Source: World Bank 2013 and Table 1

Table 2-3: Subsidies and Transfers in Malawi Public Budget (percent of GDP)

2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13

Total subsidies and other 5.1 5.1 5.5 9.0 6.0 6.4 6.1 8.3
transfers,

of which:

Pension and gratuities 0.9 1.0 0.8 0.8 0.8 14 1.1 1.3
Transfers to road and 0.9 04 0.5 0.6 0.6 0.6 0.6 0.6
revenue authorities

Transfer to public entities 1.5 1.6 1.4 1.9 1.7 1.7 1.8 1.9
Transfers to local 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
governments

Fertilizer and seed subsidy 1.9 2.0 2.7 5.8 2.9 2.6 2.5 4.4

Note: Fertilizer and seed subsidy = FISP.
Source: World Bank 2013.

available data, the percent of fertilizer costs relative to tofal input
costs and maize fertilizer relative to total fertilizer volume were
calculated and then multiplied by total net costs. For example,
in 2011/12, fertilizer accounted for 84 percent of total input
costs and maize fertilizer was 100 percent of fertilizer volume
sold. As such, the total net FISP costs of US$140.92 million in
that period were multiplied by 84 percent and 100 percent,
resulting in an estimated maize ferfilizer cost of US$118.44
million. To calculate maize fertilizer costs per kg, the tofal
maize fertilizer cost (i.e., in 2011/12, US$118.44 million)
was divided by maize fertilizer volume (139,901 MT) and
converted to US$/kg ($0.85/kg). The average cost of maize
fertilizer per kg for the most recent four years with available

data (2009/10 to 2012/13) was $0.76.

Photo: World Agroforestry Center
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Table 2-4: Proportion of FISP Costs Allocated to Maize Fertilizer (adapted from Table
2-1 and author’s calculations)

2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13
Input costs
Seeds 0 5.23 6.47 12.57 19.96 28.3 21.38 15.9
Chemicals 0 0 0.24 n/a 0 0 0 0
Fertilizer 51.62 78.59 113.95 262.51 92.35 115.28| 112.63 119.52
Total Input Costs 51.62 83.82 120.66 275.08 112.31 143.58 134.01 135.42
Fertilizer as % of total input costs 100% Q4% Q4% 5% 82% 80% 84% 88%
Fertilizer volume
Maize fertilizer volume (MT) 108,986 | 152,989 | 192976| 182,309 | 159,585| 159,953 | 139,901 153,846
Tobacco fertilizer volume [MT) 22,402 21,669 23,578 19,969 580
Total Fertilizer (MT) 131,388 | 174,688 | 216,554 | 202,278 | 159,585| 160,553 | 139,901 153,846
Maize fertilizer volume (MT) 83% 88% 89% 90% 100% 100% 100% 100%
Estimated cost of maize fertilizer subsidy (million US$) to Malawi government
Net FISP costs 32 73.91 107.16 251.78 118.39 151.17 140.92 143.93
Direct donor support 0 Q.51 7.13 37.75 17.48 22.05 44.85 17.56
Net FISP costs allocated to 26.54 60.69 90.18 216.55 97.35 120.94 | 118.44 127.03
maize fertilizer
Direct donor support allocated 7.81 6.00 32.47 14.37 17.64 37.69 15.50
to maize fertilizer
Total 26.54 52.88 84.18 184.09 82.98 103.30 80.74 111.53
Cost per fertilizer/kg 0.24 0.40 0.47 1.19 0.61 0.76 0.85 0.83

Photo: World Agroforestry Center
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Nutrient Application and Maize Yields—Subsidized
Fertilizer

Determining the direct benefit of the fertilizer subsidies
(incremental yields) is difficult, as there is limited published
information about yield responses under smallholder conditions
(Dorward et al. 2013, 2008: Whitbread, Sennhenn, and
Groteliischen 2013). Results are inconsistent due to biased
estimates obtained in farmer household survey studies (Dorward
and Chirwa 2010) and multicollinearity between different crop
management variables, such as variety, fertilizer use, plant
density, weeding, and time of planting (Dorward et al. 2013).
Whitbread, Sennhenn, and Groteliischen (201 3) conducted a
meta-analysis of published literature and found that the majority
of studies were from researchermanaged on-station or onfarm
experiments; they concluded that further efforts were needed
fo collect onfarm data about nutrient responses under ‘onfarm’
smallholder conditions. In the second part of their study, they
used a crop simulation to explore key drivers of yield response
and found that weeding practices, phosphorous levels, plant
population, rainfall, and maize varieties have important
effects and interactions. While yield gains varied according
fo agronomic conditions, the authors found that under mean
farming practices and conditions (see Table 2-5), average
local maize yields were 1,392 kg/ha. In terms of incremental
response from N, average maize yield response to nitrogen
was 18 kg grain per kg N for local maize. Overall, results for
local maize ranged from 10 to 18 kg maize per kg N.

Given these vyield results, it is estimated that the mean farm
described in the Whitbread, Sennhenn, and Grotelischen
(2013) simulation would use the following amounts of urea
(N=406 percent] and NPK (23:21:0), which are the two maize
fertilizer products offered under FISP:

(8.3 kg P/ha)

Applied phosphorus:
pplied phosphorus 071

=9.52 kg NPK

Applied nitrogen:

33.2 kg N/ha- (9.52 kg NPK * 0.23)
0.46

= 52.41 kg urea

Thus, total fertilizer used under this scenario is

9.52 kg NPK + 52.41 kg urea = 91.94 kg.

Incremental yield rate is calculated as

yield * fertilization application rate,

or 18 kg maize * 33.2 kg N/ha = 597.6 kg grain/ha,

In other words, of the total average yield of 1,392 kg/ha,
597.6 kg can be attributed to N application of 33.2 kg/ha.

Table 2-5: Profile of Mean Local Maize Plot with Subsidized Fertilizer in Whitbread,

Sennhenn, and Grotelischen 2013 Study

Farming Practice / Conditions

Mean Conditions

Nitrogen applied kg/ha 33.2
Phosphorus applied kg/ha 8.3
Plant population '000 plants/ha 20.1
In crop rain mm 500
Planting time months from Dec 1 0.08
Variety local
Weeding poor O, good 1 0.66
Soil depth shallow O, deep 1 0.5
Fertilizer timing months from planting 0.91
Soil Phosphorous kg/ha 0.75

Source: Adapted from Dorward ef al. 2013.
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Nutrient Application and Maize Yields—Fertilizer
Trees

While there are numerous ferfilizer tree systems practiced
throughout  Sub-Saharan  Africa, Malawi is  particularly
well suited for treefallow sequentially followed by crops
or simullaneous  tree-crop infercropping.  Simultaneous
infercropping of tree legumes generally requires secure land
fenure and is laborintensive in terms of tree pruning. Malawi’s
scarcity of land, relatively low cost of labor, and high cost
of fertilizer make simultaneous Gliricidia/maize intercropping
ideal for Malawi [Akinnifesi et al. 2007, 2008).

Akinnifesi et al. (2007, 2008) conducted a field experiment
from 1991/92 to 2001/02 to assess the performance of
G. sepium intercropped with maize in southern Malawi.
While the field experiment studied maize vyields under the
various treatments (with and without Gliricidia trees under three
different rates of N and P application each), the authors also
collected data on biomass and nutrient yields produced by
the Gliricidia trees. The frees were established from seedling
stock in December 1991, without cropping in the first year.

The Cliricidia trees were planted in rows 1.5 m apart and
at a spacing of 0.9 m between frees (7,400 trees/ha). As
can be seen from Figure 2-1, biomass yield was low in the
initial years and steadily increased unfil it became relatively
constant beginning in 1995/96. (The tree biomass harvested
in 1997/98 was significantly higher than amounts harvested
in other seasons due fo relafive high rainfall in the previous
year; Akinnifesi et al. 2007, 2008). Biomass yield figures are
presented in Table 2-6.

In a related study by Makumba et al. (2006), the authors
studied the decomposition and nutrient release rates of
Giliricidia prunings. In this study, the prunings were applied af
a rate of 3 t/ha, or 87 kg N/ha, in experimental treatments.
The study found that timing of application affected N uptake
and maize yields. The most optimal timing was one application
in October done four weeks prior fo planting the maize. Using
the “horizonfal comparison” method, a substitution value was
determined by calculating the ratio of the recovery fractions
of Gliricidia N and inorganic fertilizer N (CAN-N). For
the optimal application practice, 87 kg/N from Giliricidia
prunings is equivalent fo 57 kg N/ha of inorganic fertilizer.

Figure 2-1: Annual Foliage and Wood Biomass of G. sepium Prunings in a Maize-
Gliricidia Intercropping System, with Annual Rainfall from 1992/93 to 2001/02 Seasons

(Values represent means across three nitrogen fertilizer rates, the vertical bars are s.e.).

Biomass yield (ton ha")

Rainfall (mm)

Source: Akinnifesi et al. 2007
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Table 2-6: Gliricidia sepium Biomass
Yields Based on a Planting of 7,400
Trees/ha

Biomass yield (ton/ha)

1992/93 2.6
1993/94 3.8
1994,/95 3.8
1995/96 4.75
1996/97 5.75
1997/98 6.8
1998/99 5.75
1999/00 4.25
2000/01 57
2001/02 5

Source: Figures collected from Akinnifesi et al. (2007) and approximated from Figure

2-1.

Based on the biomass yields presented in Table 2-6, the
Gliricidia trees should produce sufficient biomass (3 t/hal)
to produce 87 kg of Gliricidia N/ha after two years. The
inorganic ferfilizer N equivalent of 57 kg N/ha is more
than the average amount of N applied (33.2 kg N/hal in
Whitbread, Sennhenn, and Grotelischen’s (2013) study and
approximately the same amount of subsidized fertilizer (60.5
kg) received by each beneficiary household in 2012/13.

Estimates for Substituting Fertilizer Trees for
Subsidized Maize Fertilizer

Potential Savings per Farmer

In the 2012/13 cropping season, FISP reached 1,544,400
beneficiaries (households). Although each household was
eligible to receive up to two 50 kg bags of fertilizer, it is
estimated that the average household received 1.21 bags
(60.5 kg| [Dorward et al 2013). Assuming that infercropping
maize with Gliricidia trees would result in full Gliricidia fertilizer

substitution for subsidized fertilizer as early as the second
cropping year (or the third year after tree establishment),
fertilizer subsidies would only be necessary in the first cropping
year.* Even with a conservative assumption that households
would receive the average 1.21 bags (60.5 kg) in the first
cropping year, subsequent years would result in a savings of
$0.76 * 60.5kg = $45.98 per household. While there are
no good data on the lifespan of Gliricidia trees, some studies
have reported the trees living up to 50 years under favorable
conditions (Elevitch and Francis 2006). Using a conservative
lifespan estimate of 15 years,® of which 12 would produce
sufficient Gliricidia fertilizer, the total savings (strictly in terms of
FISP costs| from replacing subsidized fertilizer with Gliricidia
fertilizer is $45.98 * 12 years = $551.76 per household.

Lland Area under Fertilizer Tree Cover Needed to
Replace All Maize Fertilizer Subsidies

Makumba et al. (20006) found that 3 t of Gliricidia prunings/
ha produced enough organic N fo replace 57 kg N/ha.
However, as indicated in Table 2-6, Gliricidia trees planted
at a density of 7,400 frees/ha produced more than 3 t of
biomass/ha beginning in the third year after establishment.
To estimate the full amount of inorganic fertilizer that can be
replaced if oll Gliricidia prunings are applied, the following
ratio was calculated: 57 kg N/ 3 t biomass = 19 kg N /
t biomass. Using this ratio, the amount of inorganic N that
can be replaced each year given varying biomass yields
can be calculated (see Table 2-7).¢ In years where biomass
yield exceeded 3 t/ha [1993-2002), the average amount
of inorganic N that can be replaced was 96.3 kg/ha. The
average annual volume of subsidized maize fertilizer between
2009 and 2013 was 153,321 MT. In order fo fully replace
this volume, 1,592,617 ha (=153,321 MT / 96.3 kg) would
need fo be under a Gliricidia/maize infercropping system with
a density of 7,400 trees/ha. Table 2-8 indicates the amount
of land under cereal production in 2009-13 (World Bank
Data 2016). As can be seen, the amount of land needed
fo produce enough biomass fo replace subsidized maize
fertilizer volumes is 84-89 percent of the land under ceredl
production. Practically speaking, using fertilizer trees to fully
replace inorganic maize fertilizer subsidies would indeed be
a large undertaking.

4. While it is possible to augment Gliricidia trees with inorganic fertilizer, such practices are beyond the scope of this analysis.

5. Trees do not produce N fill year 3.

6. This rafio assumes a linear relationship between amount of Gliricidia prunings applied and resulting inorganic N equivalent, which very well may not be the case. Even if the
relationship is not linear, the ratio can be used with the assumption that farmers could sell excess Gliricidia biomass o be used as fertilizer.
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Photo: World Agroforestry Center

Table 2-7: Inorganic N Equivalent to
Biomass Yields, Using a Ratio of

19 N kg/t Biomass

Biomass yield Inorganic N
(ton/ha) equivalent (kg/ha)

1992/93 2.6
1993/94 3.8 72.2
1994/95 3.8 72.2
1995/96 4.75 20.3
1996/97 575 109.3
1997/98 6.8 129.2
1998/99 575 109.3
1999,/00 4.25 80.8
2000/01 57 108.3
2001/02 5 95.0

Average 96.3

Table 2-8: Amount of Land under
Fertilizer Tree Cover Needed as a Percent
of Total Land under Cereal Production

Land under | Amount of| % of land

cereal land under under
production | fertilizer cereal

(ha) trees (ha) | production

2009 1,792,559 | 1,592,617 89%

2010f 1,893,306 | 1,592,617 84%

2011 1,874,110 | 1,592,617 85%

2012 1,836,365 | 1,592,617 87%

2013| 1,881,457 | 1,592,617 85%

Source: World Bank Data and analyst's own calculations

Potential Total Savings

Assuming FISP continues to reach approximately 1,544,400
households and all of them adopt Gliricidia/maize
infercropping systems, the potential total annual savings is
estimated at $71 million per year (=1,544,400 * $45.98).
If annual FISP costs remain relatively constant at $141 million
to $151 million, from 2010-13, these savings would nearly
halve FISP costs. However, fullscale adoption of Gliricidia/
maize infercropping would require significant investment and
capacity building, and there would likely be several years
before such significant savings could be achieved.
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Household Characteristics of Subsidized Fertilizer
Beneficiaries and Fertilizer Tree Adopters

Table 2-9 outlines the characteristics of households receiving
fertilizer coupons, disaggregated by number of coupons
received per household. The households receiving more
coupons tend fo be wealthier, as indicated by the amount
of land owned and value of assets. In addition, households
receiving more coupons are less likely to be female-headed.

There are limited studies profiling households adopting
agroforestry systems. Nonetheless, Table 2-10 summarizes
some basic characteristics of households of both adopters
and non-adopters. Thangata and Alavalapati’s (2003) data
indicate that compared with non-adopters, adopters of
Gliricidia/maize intercropping systems were younger and
more educated, had more household members dedicated to
farm work, and had fewer income-generating activities.

Given the different variables used in the two studies, it is difficult
fo compare the types of households that have access to fertilizer
subsidies and are adopting fertilizer trees. However, one study
by Sirrine, Shennan, and Sirrine (2010) indicated that 30.4
percent of households practicing agroforestry were headed by
a female. Referring back to Table 2-9 on subsidized fertilizer
users, this is a possible suggestion that FMNR benefits more
female-headed households, and expanding adoption of FMINR
could lead to improved impacts on households led by women.

Table 2-9: Mean Attributes of Households by Number of Fertilizer Subsidy Coupons

Received per Household, 2012/13

Fertilizer Coupon numbers per HH

0 >0&<1 1 >1 All
Sample size 789 222 621 348 1980
% of households female headed 24 30 29 24 0.26
Owned Area in ha 0.9 0.88 0.94 1.16 0.96
Value durable assets (MK) 34,401 23,242 25,804 55,189 34,052
Value Livestock assets (MK) 53,110 26,824 45,697 | 179,997 69,787
Total Value livestock & durable assets (MK) 87,511 50,066 71,501 | 235,185 | 103,840
Subjective score of hh food consumption
over past 12 months 1.4 1.4 1.5 1.6 1.5
Subjective score on welfare 2.2 2.2 2.2 2.3 2.2
Month after harvest that maize ran out 6.9 7.3 7.2 7.5 7.2

Source: Dorward et al. 2013.

Table 2-10: Household Characteristics of Gliricidia/Maize Intercropping System

Adopters in Southern Malawi

Sample Adopters Non-adopters

n= 49 29 20

Age of household head 51.33 50.07 53.15
Education level 3.31 3.86 2.5
Income generating activities 11.98 11.9 12.1
Number of HH members active in farm work 3.55 4.03 2.1

Source: Adapted from Thangata and Alavalapati 2003.
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