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Abstract

The effect of intensificd agroforestry fallows on farming systcms can be cvaluated by
understanding the social. economic and biophysical interactions that occur within rural
systems. Much emphasis has been placed on Sesbania sesban fallow system in the subhumid,
savanna ecozone of Africa. Yet the evaluation of its adaptation by farm houscholds and
potential impact on the farming systems of the miombo ccozone of Eastern Province, Zambia,
has received littic attention. Can the Sesbania sesban fallow sysicm improve and sustain soil
productivity? Could the fallow system make houscholds less vulnerable economically? What
arc the costs and benefits of the Sesbania seshban fallow system? What houschold factors necd
to be considered to develop fallow options? Does the gender of head of houschold matier
in considering the practice of Sesbania sesban fallow?

Using Katete District, located in the Eastern Province, Zambia, as a case study arca,
and hybrid maize (Zea mays L.) as a test crop, this study cxamincd these issucs during the
1991/1992 growing scason. Two sub-populations were considered in the study: thc malc and
female headed ox-hoe farm houscholds. Bascd on systcms theory, the study first cxamined the
prevailing socioeconomic and biophysical aspects of the ox-hoc farming systcm to determine
the houscholds’ production and consumption stratcgics, strengths and weaknesses. A
questionnaire was uscd (o collect the data on these houschold characteristics. Sccond, the
short-term and long-term biological attributes of Sesbania sesban fallow systcm were
simulated, based on the SCUAF mode! adapted from Young and Muraya (1990). Secondary
soil-plant related data were used in the simulation. Third, bascd on the results from SCUAF
simulation, and sociocconomic secondary data, net returns were estimated. The houscholds’
monthly lsbour demands and supplics, with or without Seshania sesban fallow sysicm, were
abo cstimated bascd on the sociocconomic sccondary data.

The results indicated that the practice of Sesbania seshan fallow by houscholds can



improve and sustain soil organic carbon and nitrogen, erosion status and maize yield.

Continuous maize cropping with or without fertilizer application can increase the rate of soil

loss and reduce soil productivity in the long-term. The average male and female headed
houscholds would be worse-off cconomically under the fallow practice in the short-term, but
better-off cconomically in the long-term. The practice of Sesbania sesban fallow would
increasc labour demands for the houscholds during its establishment and management. While
both the average male and female headed houscholds would experience labour deficiencies
during these periods, the female headed houschold would experience more labour shortages
than thc malc.

The consequent reduced maize yiekds, loss in revenucs, labour and costs associated
with Sesbania sesban fallow system would be immediate impediments to adopting the system
by the farm houscholds. Ways to achieve a better fit between new fallow options and the
sacial, cconomic and biophysical conditions in the region are identified and discussed.
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Chapter 1

Introduction

Interest in agroforestry’ is increasing because of its potential to incresse agricultural
output, farm income, and fuciwood supply (e.g. Kwesiga et al. 1991, Onim et al. 1990,
Adcjuwon and Adesina 1990).
maphnmunmhndmc(ﬂoehnmmd&ldwﬂl@).hn;buh&ﬂun(u
Mmhmudmtummnh.ueuandmbﬂmhmmfmnbngpﬂm
of time) have been shortencd and often replaced compictely by grass fallow (i.e. land, which

continuous cropping have led to declines in soil fertility, crop yields and increased soil erosion
(Kwesiga ct al. 1991, Bochringer and Cakdwell 1989). Agricultural houscholds are increasi
dependent on chemical fertilizers.

centre around application of inorganic fertilizers and crop rotation. However, due 10 the high
cost of fertilizers, credit constraint, risk aversion and off-farm employment opportunities,

'myb.m“uwmmmmm—nﬂn}n
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2
many farmers, especially female headed households, are not using fertilizers in their cropping
systems. Crop rotations have not been effective in restoring soil physical and chemical
properties. Crop outputs have remained low and continue (o decline (Kwesiga ct al. 1991).

Improved fallows, an agroforestry system which involves careful sclection,
aublkhmcnuodmmgemtofccmhplmtspeciuummcmlhmcmphmw
achicvconcormorcofthcaimsofmmnlfalknwithinulmtimeo:onamﬂctm
appeanwoﬁﬂlmiingalmativefmthaebmen(mml%)mmm
improve for farm houscholds, with higher soil productivity, reduced runoff and soil erosion
(Nair 1987). A fallow-based agroforestry system could also reduce economic fragility for the
Mmmmmmmwmmuwwmm
However, the real test of agroforestry improved fallow would have 10 be a clear
Mntbnmtunmk,wddwcubeingandmﬁtydhmhoummu
be increased in the short-term and sustained in the long-term.

Much emphasis has been placed on Sesbania sesban (Merr.) var. nubica (Chiov.)
improved fallow systems in subhumid, savanna ecozone of Africa. Yet the evaluation of its
mptbnbyfmbmucboldundpumthliammﬂwfmﬁumoﬂhew
Wmd&mmmwmlbamwmmhmembnd
pioncering work by Fred Kwesiga at Msckera Rescarch Station.

wmmmuammmmmmm
d&MWWWlMMWMMﬂMW
wmmmmmmmmumm
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[mmdmhemdemdmd:vebptﬂmopﬁﬁﬁ’nnalh:mﬂhﬂd
houschold matter in considering the practice of improved fallows?

Thﬁﬂdyw-dmpedmﬂkmmlha:quﬂmmmnnMJ
ﬂggdyiﬁe(l)miﬂenitﬁyﬁsegiﬁnﬂmgmdmeﬁmma)m
ristics of the male and female headed farm households; (3) to determine if

S. sesban improved fallow would enhance s0il fertility, crop yield and control soil erosion in
mmmﬂhmﬂly:ndmnllyhmmth;nmmmfmﬂﬁm“d

cxogenous behaviours. This interaction describes the efficiency, equili

Mmﬁmﬂmmekmdm@mmMﬁm
in the villages in the study arca, Katete District, ive behaviour of agricultural farm




4
plots and ficld trials at Msckera Research Station in the AFRENA? network sssociated with
ICRAF.

This two-pronged approach is pluridisciplinary. A conceptual model of the farming
sysiem, including its relationships with social, economic, ecospheric and agroforestry systems
is developed. Two sub-populations are included in the study, male and female headed farm
houscholds. Both groups are part of the ox-hoe’ farming sysiem typical of the region. A
sampie is selected randomly from each sub-population. A questionnaire is used to collect data.
improved fallows and socioeconomic issucs. The data are summarized in descriptive statistical
forms and the sub-populations arc compared. Some of these data sre used 0 estimate the
socioeconomic impact of the improved fallow on the houscholds.

A soil model (SCUAF), adapted from Young and Muraya (1990), was used to predict
both the short-term (1 10 6 years) and long-term (7 1o 20 years) trends in soil organic carbon,
nitrogen, maize yiclds and erosion status under continuous maize cropping based on: (a) no
fertilizer usc; (b) fertilizer application; and (c) Sesbania sesban improved fallow system.
Different fallow-maize rotations were analyzed to determine options which should be
considcred by farm houscholds. Based on the results from a SCUAF simulation and secondary
data, both the short-term and long-term trends in nct returns (net income) under malac
cropping based on the fallow system (SS+M rotation) and fertilizer (CM +F) usc were first
CM +F and SS+M rotation were then estimated and compared 10 determine tradeoffs that

Agroforestry Research Networks for Africa
“International Centre for Research in Agroforestry
‘Onca arc wsed for ploughing farmiand and hand hocs arc used for planting and weeding crops.



Hybrid maize (Zea mays L.), referred to in the study as maize, was chosen as the crop

complcic dats were availsble for the simulation component of the study.
expected that SS+M rotation would yield social and economic benefits for the farmers.
This thesis is organized such that each Chapter describes a scparate but integrated
study, including framework for analysis and evaluation of agroforestry systems, and the review
of the factors relating to the adoption of agroforestry systems. Chapter 3 presents a review
of the role of improved fallows in maintaining land productivity. For the purpose of
discussion of the 30il model used in the study. Chapter 4 provides a discussion of the methods
employed with respect to study design, data collection and processing and simulstion. Chapter
findings are relatcd to the issucs pertaining 0 the adoption of S. sesban improved fallow by
the houscholds under study. Chapier 6 provides s general summary and conclusions.
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2.1 intreduction

This chapter provides a discussion of the conceptual underpinnings of a farming
fallow technology must be viewed as an evolving learning process between the households and
agroforestry rescarchers or planners (technology generating sysiems). In this kind of

discussion of (1) a theoretical framework for the farming system, including its complexity and
linkages with other external systems; (2) a framework for analysis and cvalustion of
agroforesiry sysicms and (3) the factors relating 10 the adoption of agroforeatry systems.

scope of this study to provide a detalled account of a farming system.



2.2.1 A farm household as & learning enterprise or erganization

Consequently, the principles of 0ikos governing the behaviour of households

mmmmmmmmmmﬁru

'O1kos 1s defined as the set of institntions a8d rules which govers icarning, memory, definition of
mmummdeﬂ“ﬁhﬁhiihm#ﬂﬁ
prefix “eco”, and the concept of sociel milies is pert of it (Apedalle ot al. 1992).
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are detcrmined in part by exogenous parameters in the ecospheric, social and economic
systcms that arc nested in, and endogenous independent variables such as time dedicated to
farm Iabour, off-farm labour, leisure, investment activities and many more (McKee 1986).

2.2.2 A farm household as a closed system or open sysiem

Systems or thermodynamics theory is an excellent means by which the complexity and

dynamic behaviour of a farm houschold can be understood. Thermodynamics, as used in thi
study, is concerned with the logical study of relating and predicting the various properties of
a farming systcm, particularly as they arc affected by external stimuli or impulses (adapted
from Andrcws 1971).

A system is an organized unitary whole, composed of two or more interdependent

parts, components, or subsystems, and demarcated from its environment by easily evident or
somcwhat abstract boundarics (Kast and Rosenzweig 1974). Some systems (e.g. machines)
have visiblc identifiable parts or components. In a farming system, however, boundaries
scparating the farming houschold from its external systems, and distinguishing subsystems
from cach other may be quite abstract, especially to the outside observer.

y toward entropy or

Although all systems seck equilibrium, they have a tendenc
disorganization (i.c. in casc of interrupted learning). In secking equilibrium, a system tends
10 resist change. A system in an cquilibrium state, if disturbed by impulses from its external
sysicms, usually adopts onc or more stratcgics in an atiempt 10 restore its equilibrium: (1) it
mtlﬁemma)itnmmmmmkmqmbmmlmm
1 and 2 do not work, it changes sufficicatly (o restore its equilibrium (Johns and Morphet




10
1984).

A closed system, sometimes called a *fecdback” system, does not interact with external
systems. For example, the air contained in a box is a closed sysiem if the box is impervious
to air (Andrews 1971). A closed system resists impulses from external systems. If a farming
systcm continues to resist change, and at least onc external sysicm is open and dynamic, it is
not likely to survive. It forms a tendency toward entropy, disorganization and self-destruction.
A closed farming system is influenced greatly by its past behaviour, experience and heritage.
It contains feedback loop structures that transmit results from past action of the systcm back

to control future action or to achicve a future goal (Forrester 1984),

An open system receives impulses from external systems and sends back other
impulses to the samc external systems. For example, the cubic metcr of air in a particular
corner of the laboratory is an open sysicm because it is constantly mixing with air from the
rest of the laboratory (Andrews 1971). An open farming system is sclf-rencwing and sclf-
organizing. It has a dynamic equilibrium, because it attains a new equilibrium while changing
1o a new desired state or position. In this casc, the system changes in some type of harmony

entropy (Johns and Morphet 1975).
&mMMnWMM(lmyw:hﬂmd
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scveral options, including their corresponding consequences which determine the range of
choices. Third, the decision-maker chooses the alternative with the most promising benefits.

2.23 Oikos of & farm household system
A farm houschold institutionalizes (1) vision, goals and values, (2) heritage pattern

and memory, (3) learning proccsscs and (4) property rights regimes.

2.2.3.1 Vision, goals and values

A farm bou:chold has goals, objectives and values that are diverse and complex. These
include sccurity of basic needs such as food, clothing and shelter, generation and sccumulation
and Icisurc and recognition and acceptance in the community. These goak, however, may vary
among members of the houschold, or differ from that of the household itsclf. Seversl studies

dimcnsions: the farm houschold-role-expectation and the goals of individual household
members (Getzels et al. 1968),

2232 Heritage patiern and memery of a farm houschold
The concept of "heritage pattern and memory” is introduced here to describe certain

M(Mmﬁmew)hmdmmmnmwmepm:

MdmhmmlMﬁMAMmﬂhebnpmnvﬂqe,Mmﬁ
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expectations that must be followed by every member of the society (Marks 1985).
These rules, traditions, or norms regulate behaviour or affect distribution and use of
land, trees, livestock, gender or age rights and dutics, community obligations and the concept

of wealth. Milimo (1991), for example, provided an overview of matrilineal land inheritanc

among the Cewa peopie of Katete. Among these people, property, including land, is inherited
through sisters’ sons. This means that women neither inherit land, nor are they the first
recipicnts of land donations from their parents and mothers’ brothers. Land is inherited by,

ﬁmnm;ndb:bnpmmhlf:mniinnﬁddiknclﬂsemlerehﬁvggiﬁherpﬂ

hndwhkh:mphhﬁbeenmin;mmﬂgnhdummlheﬁﬁapdh

Learning has been defined as:

“The process by which an activity originates or is changed through reacting 10 an
eacountered situation, provided that the characieristics of the change in activity
cannot be cxplained on the basis of mative response icndencies, maturation, or
temporary states of the organism such as fatiguc or drugs® (Hilgard and Bower,
referenced in Griffith 1984).

Learning is a process and not a product. It is a change in the behaviour of learners
to measurc the product. For exampie, if an extension officer or an agency for change wants
to find out whether a farmer (the learncr) has lcarned how (o practice SS fallow, the officer
may not measure the farmer's capacity to perform. Instcad, the cvaluation of the learning
process would require that the farmer performs or produces a product such as planting snd
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to measure what is (0 be learned, the extension officer should emphasize lcarning objectives
end of the learning experience. Production and learning, however, are not always equivalent.

knowledge, his or her
levelofmotmuonol'learningwillhelﬁw.(l)thehlﬁﬂrmmhemld.@)m
process is facilitated by the practice the learner gains in making the first application of the
informally, the leamer’s leve! of knowlcdge, skills, and attitudes before beginning any
instruction to minimize program failures.

One of the theories which appears to be relevant to understanding learning processes

that (1) until the lcarner comes 10 see 8 need for a skill or particular

lcamed.
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mkdaenmﬁhnmmmmkmlh:hngmmﬂmm“pﬂm

udmlywkvantmthefm:lhmmm:mm-ﬂhm
benefit (Griffith 1984).

MWammmhﬂm;mmmmmmm
IMLPMynﬂumﬁhndHMMimﬂﬂzmmm&
losses.

owncrships. The State land is under the control of the President who in turn mekes grants
mmmmmmmmmhmm
and commercial farming. Some State land may also be used for rescitlement schemes.
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The concept of “property” is a socisl convention, and may be defined as follows:

“Property is a secure expectation over some bemefit stream, with the
security arising from coliective sanctions and eaforcement. Property
represeats the owner (s), and thing (s) owned, against all others with
an interest in the thing (s). Property is the social convension that
preciudes all others from converting their interest in the asset

(or income stream) into 8 claim. These others have duties 10 observe

the rights of the owners® (Bromley 1986, p. 596).

This definition implics that in order to understand a farm houschold system,
the houscholds and resources have 10 be known. As discussed above, these individuals or
institutions could be a farm houschold, a tribal chief, a lincage or group of kin depending on
the management decision 10 be made.
treated as an open access, common property, or privaie property (Marks 1968). In an open
access scenario, no individual or group is excluded from access to extract resources (e.g.
collecting water from a stream, or collecting firewood from a wildland). Anyone can make
claims on resources because, according to the households, they are “free” or god's gifts. All
bouscholds have access, but there is no assurance of a benefit stream.

In a common property ownership, more than one decision unit is involved (e.g, village
mucueﬁ).thcnbmmemeoﬂhemmy.ﬂhm
sysicm producing these units is not possessed or owned by individuaks. In a private property
and uses the resources as he or she wants.

8 livestock arc perhaps one of the most important elements of the farming system in Katote.,
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the carrying capacity of land is exceeded. Katete has the highest cattle population in Eastern
Zambia. Small scale farmers rarely scll their cattle. They are mainly kept 2s a symbol of
prestige, or as a form of saving "on the hoof* (ICRAF 1988). Thus, cattle are kept for
personal satisfaction and identity in the villages, and they may be viewed as "mobile banks".

Cattle arc herded in the woodiand (bushiand), dembos (scasonally wateriogged arcas),
and along stream edges during cropping periods. Herding and krasling of cattlc arc done
during the day and at night respectively. Immediately following the planting of crops, grazing
and movement of cattle arc restricted until July when crop residucs are availsble. By
September, crop residucs are exhausted and cattie are herded in the dembos. Early in the
rainy scason, limited but unrestricted grazing is practised depending on the timeliness of the
planting of crops. Cattle also get some supplementary fodder by browsing leaves and pods of
local trees. After crop harvest, cattle graze freely in the cropland 0 feed on crop residues
(ICRAF 1988).

Cattle are private property. Farmiand is also viewed as private property, but with
limited rights and traditional values. Chicfs have control over alt traditional land tenure issues.
Stream edges, dambos, and wildiand are common property. The cropland (farmisnd) afier
harvest becomes an open access for communal grazing. This is an example of the dynamics
of property rights which usually lead t0 undesirable behavioral response: free-rider or hold-out
strategies. Free-ridership develops when houscholds treat property as open acoess of common
property (i.e. belongs to nobody) by refusing to contribute 10 an endesvour becauss they
expect (0 benefit unequally from the contributions made by other households. if enough
households seck to gain short-icrm advantage over others, for cxample, inteasifying grasing
on stream edges or wildland, destructive competition involving conceslment, decels,
intimidation, threat, and various forms of violeace occurs (Marks 1988). The offects of
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Increase in livestock leads t0 overgrazing, trampling in fickds, soil compaction and
mmm&mwhmxﬁmmmm
Dﬂm:hedﬁumdfmﬂmsmmmdhrpmdhﬂmm

ved fallows, is best done if potential
priaciplcs of agroforestry systems can be identified: sus ity and stability, productivity and

2.3.1 Sustains!

inability has been defined in many ways by many suthors. For
’ hhmmﬂ-ﬁ‘ﬂydhﬁmmwnﬂim
wﬂmﬁﬁaﬁxﬁmﬁmnﬂn%ﬂgﬂym“
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prices, etc.” (Conway 1983). This is, however, usually difficukt 10 determine because, in most
Sustainabilty is challenged in fragile archipelagic and insular environments by intensive
sgricultural activitics and over-utilization of natural resources which have caused sdverse

mmlﬂmmwmvﬁmﬂ(mulmlmmmm

result in rehabilitative features (Budowki 1981).
The basis for sustainabilty and longevity in agroforestry systems is rencwability, Tabora
mnmmmmmm return quickly (0 the original siate,

mplhmmwﬂmmluﬂq&qﬁﬂmpﬁmmmm

DS arc not present, the system would have 10 take the long and

ﬁemm-ﬂuh“ﬁrmﬂyhnﬂHhmﬁﬁﬂi—w
wﬂym&ﬁMﬂhmbmmhhﬂm“
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been subjected to stresses. According to Roque (1977), flexibility calls for agroforestry to fit

feedback, a switching mechanism that evokes a behaviour at proper time, rate and magnitude,

and provides the ecosystem with the controls and refleses (o make it respond to

resources (0 produce comparsble yield for comperable input, balancing various forces 0 a



(Tabora 1989).

Productivity and profitability, as used in this study, are measured or cvaluated in terms

efficiency i expresed in terms of the build-up of biomass, distribution of gains o
minimization of losses. In humans, cfficiency is expressed in ratios of ingestion 0 prey
prey production (Dubos 1978).

To maintain the integrity of the ecosysiem, an agroccosysicm can be designed where
improved fallow is conceived 10 be one system, designed such that there is nutrieat cycling,
increase in the population of microbial degraders and cyclers, and distribution of outputs aad

A factor 10 be comsidered in coological iniegrity and sociel scooptabllity ks
ecosysiem in & grester ecosysiem: their | ous relationships s they assume role
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cies. It is compatibility or mutual

reinforcement that provides integration and unity in an ecosysiem (Tabora 1989),
3 :pﬂmrymmmmbnmmhmwmhnpmj

ptqusﬂumﬂﬂthmm-nymthhem

mﬂmwm:ﬂmﬂymm
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The objectives of agroforestry improved fallow system (ccosysicm) are the conditions
for the system to support the needs of the farmers and society, and the attributes that farmers

and society require of itself. The principles arc the atiributes of the system that satisfy the
objectives. The conceptual properties are attributes, whose outcomes fulfil the principics. The
mﬁmmumammwwmbmdmwnm
ammm-mmmwmqmmm.m
wm.mmmmawmmmmmmm
evaluation beforehand.

2.4 Review of the factors relating to the adoption of agreforesiry systems

There are no known cmpirical studics that specifically address the adoption rates of
agroforestry technologies (Mercer 1992). However, following an cxtensive review of empirical
and theoretical studies on adoption behaviour in many developing countries, Feder et al.
(1985) concluded that risk and uncertainty, farm size, human capital or vision, labour
availability, credit, and land tenure are the key explanatory issucs.

Farm houscholds will be faced with two types of risks: subjective and objective risks
(Mercer 1992). Subjective risks are associatcd with uncertaintics duc 10 lack of knowledge and
mkmﬁ&ﬁlﬂhmhdﬁwhﬁbmmuﬁtbmm
wmmmm-mmmmmmmm
of inputs.

Theoretical studies indicatc that there is an inverse correlation between the degroes
o risk aversion and the smount of land allocated 10 new techaologics (Feder et al. 1985).
m.umammmm-mm(q
through cxicnsion activitics), reducing the subjective risks. The rate of adoption of mew
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technologies is also related to the farm houscholds’ ability to capture and analyze the
availablc information. This mcans that the less educated, the old and less ambitious,
financially insccure, and the houscholds with small landholdings would show less or no interest
in SS fallow practice. Farm size, however, does not appear to be an important adoption
to credit, capacity to bear risks, and access to scarce inputs and knowledge.

Farm houscholds usc a sct of complex criteria in accepting or rejecting a new
technology. These include the extent to which the new idea is considered to be superior to
the existing onc; the extent to which the new idea is perceived to be in line with existing
valucs or structures within the socicty; ease of usc: and the extent to which the new
technology produces results that are visibic to other farmers (Rogers and Shoemaker 1971,
Kerkhoft 1990),

With respect to agroforestry improved fallow systems, farm households would be
concerned with issucs such as labour and costs of establishing the sysiem, the probability of
SS failing duc t0 pest and discasc attacks, additional labour and costs of replanting
unsuccessful SS cstablishment, market failures for the fallow products, reliable water supply
for the fallow establishment, knowlcdge sbout how to plant and manage SS system, and
institutions and credit arrangements. Waste, humiliation and frustration can result if no
market outlets exist for improved fallow products. If outputs grow rapidly without these
outlets, prices fall and farmers may abandon the improved fallow programmes and be afraid

of starting ncw ones (Reardon 1992),
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Chapter 3

The purpose of this chapter is to describe the it
crop production, and how changes in the organic matter and soll fertility are brought about
fallows. This information is critical to understanding the investment and production
componcnts of improved fallows in a farming system.

Organic maticr is an ill-defined term used to cover organic materials in all stages of

management practices, which in turn influence soll structure, 100t growth, water holding
qﬂyﬁmmm&ﬁ:mﬂ-:mﬂﬁm
“hpﬂYm(lmmMMm(Mﬂm)ﬂ
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but ako in the temperate region (Sanchez 1976; Young and Muraya 1990). Therefore, an
improvement in N supply, in most cases, increases crop yield. Nitrogen is a material for which

nitrogen-fixing specics (Young and Muraya 1990).
The dynamics of soil productivity under shifting cultivation systems of varying periods

in the tropics have been well studied and documented (c.g. Sanchez 1976; Bartholomew et

indicate that organic matter content and the concentration of nutrients in the soll decrease

al. 1953; Nye and Greenland 1960; Aweto 1985; Ekan

improved or planted fallows, however, relatively little is known shout the dynamics of organic
matter and nutrients (Adejuwon and Adesina 1990).
carbon (C): (i) biological nitrogen fixation by leguminous plants; (iii) soil changes and plaet
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ound reviews of changes in soil productivity under natural

on this understanding.
cvaluated.

Soil organic C and N are present in scveral distinct forms: proteins, peptides,
amino sugars (Kononova 1966; Bremner 1967; Paul 1970; Flaig 1971; Flaig et al. 1975).
Hmmmwum:ﬁuﬂiqﬂmﬂmllamh:m:nﬁp&
sum of thesc components (McGill et al. 1974; McGill and Paul 1976; Paul and McGill 1977).
Furthcrmore, although the humified component of soil organic matter has a role in stabilizing
Colc 1981). Stability in soil, as shown by Ladd and Burtler (1975); Jenkinson and Rayner
(1977): Anderson (1979); McGill et al. (1981), occurs because of several factors, inchuding

chemical recakitrance, heterogeneity of components available for attack, physical protection,
intcraction with polyvalent cations, and adsorption 10 30il inorganic colloids. McGill et al
(1975, mnmmmm::mmmcmNm
through s0il organic matter.

During the mincralization or mobilization of N, the C 10 which N is sttached is
converted (o carbon dioxide (CO,). This process is internal and is strictly catsbolic. Thus, N
mmmwhnﬂmmﬂmm-mmm

Nitrogen dynamics are similar to those of C (McGill et al. 1975). Energy and electrons
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to reduce N for fixation and denitrification, which respectively add N to and remove it from
terrestrial systems, are provided largely by reduced C. Furthermore, internal N cycling
interacts at the organism level with that of C most intimately through mincralization and
mobilization relations. Thus, the balance between these two processes is sensitive to C
utilization efficiency and to the C:N ratio of soil organisms. Immobilization is favourcd by high
efficiencies and low microbial C:N ratios, while the reverse conditions favour N mineralization
(McGill et al. 1981). It has been suggested that microbial C:N ratios in soil are not constant.
They fluctuate over time in response both to shifting substrate quality and a group of related
organisms present. This fluctuation influences N availability (McGill et al. 1981).

The interactions of N cycles with C, sulphur and phosphorus arc well documented.
Cole and Heil (1981) summarizes the effects of phosphorus on the N cycle. They cmphasiae
that biologically active phosphorus controls the N cycle. They also conclude that microbial
growth processes are the critical points at which N cycling is adjusied to phosphorus supply
in terrestrial systems.

33 Bislegical nitregen fixation by keguminous plants

Fixation of atmospheric N, is primarily undertaken by prokryotic organisms living
freely or in association with certain plants. Almost 25% of the estimated global biological N,
fixation is accomplished by the root nodule bectcrium, Rhizobium, in associstion with
agricultural legumes. The remainder of the global N, is fined by various bacteria and
actinomycetes, living either frecly or in association with vegetation such as ferms, grasses,
shrubs or trees (Haynes 1986). Rao ct al. (1986) showed that SS forms root sodules by
symbiotic association with Rhizobium sp. capsble of fixing stmospheric nitrogen.

The various aspects of the physiology and biochemistry of biological N, fixation heve
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been reviewed extensively (c.g. Reo 1988; Haynes 1986). Bricfly outlined below are major
features of the process of nitrogen fixation.

Nitrogenase enzyme complex is responsible for the reduction of dinitrogen t
ammonia in ali thc major groups of N,-fixing bacteria. It is made of two iron-sulphur proteins.
During the process of fixstion, clectrons flow from the reducing agent, such as ferredoxin, to

1986; Rao 1988).

Shifting cultivation is an agricultural system in which a site is selected, cleared, burned
and cropped for fewer years than it is allowed 10 remain fallow (Sanchez 1976; Nye and
Greeniand 1960). It is the most predominant landuse sysiem in the tropics. Shifting cultivation
is commonly practised in sparscly human populatcd arcas where lsnds are sbundant, and

mdumﬂnmifﬂmbku&uheﬂmenﬂmnhﬁhﬁga
somctimes prolong the cropping period, hence reducing the fertility of the 50l and the vigour
1960).

Two geacral types of shifting cultivation have been identified and discussed: those in
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allowed to grow for 4 to 20 years before it is cut again for crop production (Sanchez 1976).
the plants with nutrients. Some of these nutrients are stored, others are returned 10 the soil
in the form of litter and rainwash from living leaves. Litter decays due to intensification of
all be added to the soil. Nutrient losses by sheet erosion sre greatly reduced by the reduction

of kinetic encrgy of the rain drops by the canopy cover and litter layer on the surface, snd
wmmmuhrunmmthldembpmlh:mﬂmlmmmw
nutrients are transfcrred from the subsoil and stored partly in the topsoil by the process of
vertical flux. Therefore, in the mature forcst or bush, almost a closed cycle of nutrients
CO,. Nonetheless, some remains and becomes incorporated with the mineral soil as stable




regions. In this system, vegetation is removed during the dry season by ploughing, usually by
m:qﬁlmtﬂﬂzmmdmﬂfmmmsmﬂqmm
when the savanna is burned and clcared for cropping, only few nutrients are deposited on the

surface, in contrast o the forest. Grass and vegetation take time 10 recover, hence exposing
the land to intense heat, and often to early and vigorous rains. Soil is more compact and less
C arc lost in the burnt litter Furthermore, burning reduces the build up of humus in the top

Sanchez (1976) reported that shifting cultivation in the savannas differs from that in
forested regions in four main aspects: (i) the top soil is completely disturbed during the
Fﬂﬂﬂﬂfmﬂmﬁuwmmmﬂmw)hmwihﬁ

(h)lh:phnulhnnaedmbeweﬂed(memumfﬂrmﬂanhlelpeéB)m:
Closcly related (o shifting cultivation systems is the concept of bush faliow, a landuse
Peru. The term bush (aliow describes a sysicm in which fallow vegetation consists of early
to maintain land productivity (Staver 1989).
Many studies on bush faliow sysicms arc availablc. Raintree and Warner (1986), and
d%%mnm»&mﬁmm Staver
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increased weeding can slow the rate of regeneration of trees and shrubs which are critical in

humuﬂpmddmlammgmnde(Le_mmumlh:me)

Nthougjlmnyeﬂaruwmmﬂmﬁﬂwmmhhﬁhmmh
(1989), such unsuccessful efforts were due t0 many reasons, including insulficient attention
to take into account what farmers do and the criteria they might usc.

to the structure and function of the bush fallow in restoring

The contributions of bush fallow systems (o the soil ¢
other factors (Ahn 1979). It was observed that, during the fallow period, nutrients arc
1979), weeds arc climinated and weed seed banks are reduced (Staver 1988a), and pest cycles

(Aweto 1981; Ramakrishnan and Toky 1981), soil chemica

mbmhm(ﬁl’nnl?ﬂ).&:hﬁhuwrymemlDyemurmMmm
available land and many factors in the family economy (Staver 1989).
To a farm houschold, the bush faliow may appear more asttractive than any other
hert is not required.  Furthermore, crop combinations, sequences, and cropping
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In summary, shifting cultivation is extensively used in Africa for subsistence farming

which requircs long fallows for restoration of soil fertility and erosion control (FAO 1979).
Until the last two or three decades, human population densities were low, and food needs and
the basic necessitics were met through cultivation of food staples grown in association with
some perennial cash crops (Lal 1987). This kind of agricultural practice, however, was

gical sysicms because of several factors, including low human

compatibic with ecolo
population, improvement in soil structure by plant roots, and erosion control through
simultancous growth of mixed crop specics (Vietmeyer 1986). At the moment, this practice
is not possiblc because of many factors, including ever increasing human population and
changing patterns of agricultural activities.

In Eastern Zambia, for exampic, permancnt cultivation systems have replaced the
traditional system duc o land pressure. Furthermore, fallow periods of 20 years or longer,
which maintain modest yickds with low financial inputs, are just no longer possiblc. Under the
current practice, crops are often planted every year. Shortened fallows have also created many
problcms such as declines in soil fertility and crop yields, increased clearing of steep hillsides
unsuitablc for crop production, crosion, and additional labour requirements for fuelwood
coliection (Bochringer and Caldwell 1989).

Scveral sirategics have been proposed to increase crop production in many parts of
Africa. These include application of animal manure, mulching, and the use of green manures

( type of improved fallow). The application of animal manures in Africa can be effective.

ion (Sanchez 1976). However, farm houscholds’ decisions t0 wee cither animal

manures or chemical fertilizers are bascd on nutrient contents of these supplies, economics,
transportation, and accessibility. Mulch farming has been shown 10 be beneficial for arid and
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semiarid conditions. For example, the practice reduces the magnitude of cvaporation of water

from soil (Sanchez 1976; Vietmeyer 1986). However, the difficultics in obtaining mulch
material makes mulch farming a difficult innovation in Africa (Victmeyer 1986). The
application of N-fixing trees or shrubs in land use practice appears 10 offer a viable altcrnative
to many farmers who experience problems of soil fertility, declining crop yields, and inability
to buy inorganic fertilizers (Sanchez 1976).

3.5 Soil changes and plant response under improved fallow systems

Studies involving many different tree or shrub species on improved fallows have been
reported (c.g. Kwesiga ct al. 1991; Onim ct al. 1990; Staver 1989; Bochringer and Caldwell
1989, Adcjuwon and Adesina 1990). Leguminous species such as Mucing, Pueraria, and
Calopogonium, as an altcrnative 1o bush fallow in rotation with grain monocrops were
conducted at experimental stations beginning in the 1930's in Africa (Okigbo and Lal 1981)
and continuing in the 1980's in Latin America (Sanchez and Benitcs 1987). In general, these
studics demonstrate that these fallow species improve crop yiekd.

Adcjuwon and Adesina (1990) showed that a Gliricidium sepium improved fallow
sysiem, under South Western Nigerian conditions, led (o greater organic matter sccumulation
and increase in nitrate-nitrogen and potassium concentration in the soil. They akso reported
that the biomass retained greater amounts of nutricnts during the fallow.

Among rescarchers, there is a considerable interest in SS because of its many
characteristics (Table 3.1). Studics show that this specics has scveral advantages over other
perennial nitrogen-fixing counterperts. Dutt and Jamwal (1990) reported that, besides being
a potentially suitable soil ameliorant, SS can toleratc adverse soil and climatic conditions,
withstand scasonal flooding and watcriogged soils, tolerate saline and alkaline soiks, and
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drought. Kwesiga et al. (1991) also reported that SS is suitable for improved fallow systems
because of its fast growth, high biomass production and weed suppression, short time of three
years (o reach maturity, high litter production in growing seasons, prolific seed production,

easc of propagation and destumping, and easily degradable biomass with no allelopathic

In agroforestry systems, the tree or shrub component can fulfil both productive and

scrvice roles. Although many products are obtained from trees or shrubs, the most important
oncs arc usually timber, fuciwood, fodder, and fruit. The service roles include provision of
shade for humans and livestock, shelter from wind, fencing and boundary marking, and

however, the greatest bencefit of agroforestry practices such as fallow systems appears to be
soil conservation (Young 1985, 1986, 1987, 1968, 1989).

The term soil conservation, in its older and narrower meaning, meant protection
against crosion. It is, however, now recognized that what is really important is the
crosion is one necessary condition for this, it is equally important to conserve organic matier
and physical properties, especially in most developing countrics where rapid rate of nutrient
turnover or cyling prevail (Young 1969). Thus, soil

It is important 10 understand and predict how soil fertility would change uader SS
fallow in Katcte District, and to compare this with the effects of continuous croppiag with
or without fertilizer wsc. This approach can provide a wseful mechanism for assessing the

ation refers (o mainte
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sustainability of SS fallow system, not only in biological terms, but also 10 determine whether
it is beneficial both economically and socially for the agricultural houscholds in Katete.

Models for predicting soil dynamics have been developed (e.g. McGill and Christic
1983; McGill and Cole 1981; Anderson 1987). However, none of these studics was specific
to agroforestry systems. More recently, a model to describe soil changes under agroforestry
(SCUAF), including its computer program, was developed and documented by Young and
Muraya (1990). The prediction of soil changes under the SS fallow, in this study, is based on
this model.

The SCUAF model was chosen for three reasons. First, the model is versatile in that
it can predict soil changes under different agroforesiry sysiems. These include shifting
cultivation, improved fallow, hedgerow intercropping or alicy cropping, taungya, trees on
cropland, plantation crop combinations, multistorey trec gardens, boundary plantin
on erosion-control structures, windbreaks, and shclterbelts, live fences, biomass transfer, trees

, lrecs

on rangelands or pasturcs, plantation crops with pasturcs, woodlots with multipu
management, and fodder banks. SCUAF can also handle other non-agroforestry systems such
uredmuionfauuykadingtomulﬁplemc.apicukmhﬂfy. past
horticulture. Second, SCUAF is an interactive model: the uscr enters data in response 10
prompts on the screen, and sclects the results required. It is primarily an input-output model
representing soil-plant processes by means of relatively simpic relations dependent on the
data, specific to the chosen region or environment (Young and Muraya 1990).
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The SCUAF model works on the basis of whole years. It does not simulate
fluctuations in s0il processes and propertics within a y-ar. Its outputs can be obtained for
mmhﬂm-mmn;fmm:ﬂuimF:ﬂﬁBmSyﬂmmahnﬂm
investigation of soil trends 10 about S0 years. However, it is most appropriate for the
&nlm:mlmmll:r(mmleﬂnumm)lﬁmtmpenfm“

is adequate for an indication of sustainat

complete loss of soil, but also 0 losses of organic matter and plant nutrients in the eroded
deposit (Young and Muraya 1990, Morgan 1986, Jacks 1986).

The SCUAF modcl traces its origins to various sources. The erosion prediction model
is bascd on the work by FAO (1979). This is a simplification of the universal soil loss equation
Nye and Greenland (1960), which is combined with evidence from research using the “carbon
(1977), Smith (iﬁ}mVﬂﬁi(lEi}MﬁﬂSﬂ&t(iﬂLMﬂAﬁﬁ
(198S) and Parton ct al. (1987). The nitrogen cycle is derived from Frissel (1977), Roswall
(1980), Wetsclaar ct al. (1981), Robertson et al. (1982), Sievenson (1986), Parton et al.
(1987) and Young (1989, p.151).



There are three major components of agroforestry systems which are dealt with in the
The tree or shrub component is pertitioned into leaf (herbaccous matter), fruit
(reproductive matter), wood and root. Organic additions such as compost or manure may be

(dry matter) is then converted, by the model, into carbon and nitrogen.

The plant parts are subjectcd (o various changes. Some parts arc harvesied annually,
usually crop fruit and sometimes tree leaf (as fodder), tree fruit or crop leaf residucs (ss
time at which the trees are cut is referred 10 as “cut year”, marking the year the trees (or
perennial crop) are “cut® in some way (e.g. felling, coppicing), with an additional harvest.
However, there may also be some non-harvest losses of plant parts due to factors such as

What is not harvested or lost "is removed” or subtracted from the plant compartment
of the SCUAF model. Such material may be referred (0 as litter (natural feaf fall, tree
prunings, crop and root residues). The litter or the plant material entering the “soil

sent” consists of about 50% carbon and a very varisbie percentage of aitrogen. This,
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occur yearly in soil propertics. Outputs of litter, including its content of carbon and nitrogen
from the plant components constitute an input to the soil con

tment.

Erosion (kg/ha/yr) = Rx K x S x C x 1000 a.1)

where R = climate factor, K = 0il erodibility factor, S = slope (LS in the universal soil loss
equation (USLE)) and C = cover factor. The factor 1000 is used 10 convert from the unit of

tonncs used in the USLE o that of kil
equation was bascd on non-metric units, giving erosion in tons per acre. The SCUAF model
mwmmMWMﬁm(mﬂmﬁmnﬁ

Mouraya 1990).

The values of the factors are entered in the model. Cover is estimated separately for
the agroforestry sysicm, sad adjusted for an clement specific 10 the agroforestry system, the
tree proportionality factor. This represents the extent (0 which the tree component has an
effect in controlting crosion o i 10 the arca of land i occupies. Carbon snd
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empirical evidence that the eroded soil is richer in carbon and nitrogen than the s0il from
which it is derived.
estimstes are absent. However, where such informa
be entered directly as soil loss in kg/hajyr.

With respect to the carbon cycle, litter is broken down and converted (o soil organic

matter or humus by 30il meso-and micro organis

Erosion initially removes the topsoil carbon contained in eroded sediment. The Gaal loss is
bumus oxidation, in which a small proportion of soil humus carbon, commonly 3 (0 4%

annually, is oxidized by mé sms. This is s °

iic process” in which the amount

of oxidation loss varics with the amount of soil carbon present. Mathcmatically, the oxidation

process was represenicd by Young and Muraya (1990) as:

G = Gx (1-k) (3.2)

where C, is the carbon in year t, C,,, the carbon one year later, and k is the decomp

constant. This is the equation which SCUAF adopts. In isotope studics, the same relationshi

G = Ce" (33)
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where ¢ is the exponential constant and r a constant. When there is a loss of less than 10%

of soil carbon each year, r is nearly the same as the decompositi

The nitrogen cycle in the plant compartment is identical, and the nitrogen contained
in the specified plant perts is regarded as the amount of nitrogen at the time st which each

Nitrogen is stored in the soil as organic (or humus) and mineral deposits, the mineral
portion being relatively smaller than the organic part. It has been reported that mineral N in
the 30il represents a very small and usually transitory pool of N with respect (0 the total N
stock of any ecosystem. Major forms of mineral N (NH,* and NO,’ -N) usually account for
absorbed is checked by the litter carbon and the carbon:nitrogen (C:N) ratio of the soil

ization (Young and Muraya 1990).

and inorganic supplics such as fertilizers. Having desermined the size of the mincral nitrogea
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pool, specificied fractions of this is lost through leaching. gascous losses by denitrification and
volatilization, and net fixation onto clay minerals (Young and Muraya 1990; Swift ct al. 1979
Haynes 1986). SCUAF does not scparate nor model the conversion between ammonia and
nitrogen. Nevertheless, it allows for the obscrved evidence that the keaching loss of fertilizer
ﬁmimmuymmwdammﬂmmum 1990).

Plant uptake comsists of soil mincral nitrogen sbsorbed by the plants. This is the
portion which is not lost or lcached. The s0il mincral nitrogen is added 10 the nitrogen
coming from the atmosphere into the plants through root noduics by a process of symbiotic
fixation. No plausiblc way is found to divide plant nitrogen uptake between the tree and crop,
but this is indicated by the nitrogen content of the biomass of cach cycle which is specified
at the start of the model (Young and Muraya 1990).

Plamymhsbmuamuhofbwnitmpnmdurbmmppﬁahdepdedwl
SCUAF incorporates (or recognizes) three forms of soil degradation or improvement: changes
in organic matter (carbon) relative to the initial conditions, nitrogen, and soil profile depth
duc to erosion. There is a feedback system adopted in the model which monitors carbon or
ﬁtmmuhadlmnhdahewmmmmmm&ﬂ
mmmaudmbnuummmpondindymdwmchpwhm
Mmtmhw.meMmm(IM)Mwut&w

NPP, = NPP, x [1+(((V, - Vo)/Voix VFF)) 34

mm.mm.mmmmmmcmnmm.v. and V,
arc valucs of a variable in years t and O (initial conditions) respectively, and VFF is the
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feedback factor for the variable. Feedback varisbics used are carbon (soil organic carbon),
nitrogen (plant nitrogen uptake), and depth (soil profile depth).

Considering changes in nitrogen in the plant-soil sysicm as whole, gains are realized
in symbiotic and non-symbiotic fixation, rain and dust, organic inputs and fertilizer. Losses are
harvest (including fodder), erosion, leaching, gascous losses and often burning. The plant-soil
sysicm appears (o be an indicator of long-term sustainability. It also allows an assessment of
whether annual system gains can compensate for losses when mature trees are removed ss
harvest or otherwise (Young 1989).
growth. If the soil carbon, plant nitrogen uptake or soil profile depth decrease, plant growth
is likcly to become slower. If they increase, then plant growth become faster. The magnitude
of the effiects of s0il propertics upon the plant is specificd by the user. The outputs of the
SCUAF model includc changes in crosion, soil carbon and nitrogen, C:N ratios, biomass
production, and crop yickds. The uscr can sclect and report the results required for the study
(Young and Muraya 1990).
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Chapter 4

Methods

requires an understanding of the socio-cconomic aspects of current farming conditions
including production, consumption and investment opportunities and constraints. Second, an

understanding of the biological and economic aspects of the improved fallow sysiem is ako

needed before examining its effects on the farm houscholds. This chaptcr addresses these two
requirements. It deals with the on-farm ficld work, data collection and analysis to fulfil the

first requirement. With respect 1o the second requirement, the chapier prescnits a discussion
of the on-station improved fallow data compilation, adjustment and analysis, and the
application of the data to the current farming conditions (o asscss the potential effects of the
improved fallow system on the houscholds.
The methods used in this study included the following components:
(1) Ficld work (survey):
() Location, sclection and description of the study arca.
(b) Population of the houscholds for the study
(d) Formulation of the survey
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(f) Sclection and training of ficld enumerators
(8) Method of interviewing the respondents
(h) Data analysis
(2) Secondary data sources
(3) The SCUAF simulation

4.2 Field work
4.2.1 Location, selection and description of the study area
Katetc was sclccted as a study site for three reasons. First, it is under increasing stress

tcam at Msckera have well established working relationships with agricultural staff in Katete.
Katcte is the most productive district in Eastern Zambia. It falls within the unimodal
(onc rainfall scason) castern plateau of Zambia which is marked by latitudes 10° and 15°S and

(ICRAF 1988). Cash crops include hybrid maize, sunflower, groundnuts, tobacco, and cotton.

Food crops include local maize and beans. From dambos, assorted vegetables, 3
benanas and other fruits arc produced for both domestic consumption and sale. Fuelwood,
honey. mushrooms and other wild fruits are gathered from the forest. Livestock includes cows,

tion in 1990 was 139679




L
km‘pmmedbyNycdere:nhnd(lgﬁﬂLAiaphmedeﬁupwrlhmhmly

Mga.ﬁmnmmmumnmﬂmghnhnpe&mﬁmmluumbﬁm
arc also a common feature. The plateau, in some arcas, rises (o about 900 to 1200 metres

above sea level. In low-lying areas, altitudes of 300 to 600 metres occur (ICRAF 1988).

(Kwesiga et al. 1991).

Muraya 1990) with three clearly defined seasons: (1) the warm, wet scason (November 0
Api'ﬂl(Z)lhE@Ldl?M(MiylnAngﬂ).lﬂd(S)ﬂﬂlﬂ,dfym(wm
October).

According to ICRAF (19€8), annual rainfall averages at lcast 900 mm, ranging from
January, February and March. Average air temperatures vary from 15° and 18° during the
coldcst months of June and July, to 21° and 26° during the hottest months of September and
October. The growing scason is 139 1o 155 days long.



agricultural houscholds, all of whom were ox-hoe uscrs and had been farming for at least §
ycars. A female headed farm houschold was considered as someone who was single, divorced,
#s a manager, with dependents or (amily members as his or her employees. According to Fred
Kwesiga, this is the group of farmers for which an agroforestry improved fallow system has
been intended.

financial constraints underlying this study.

The length of time of farming was important in selecting the male and female headed
houscholds for the study because it was necessary (0 concentrate only on those farmers who
were relatively settled in villages and were committed to farming. The male and female
headed houscholds who had been farming for at least S years were selected and recorded on

Landuwe Map, Chipata 1982). An agricultural camp is defincd as a cluster of at lesst 900
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farming houscholds (Camp Officers, per. comm.). To control for homogencity in the

holds, the selection of the camps for the study was based on the following criteria:

(1) Soil conditions: it was necessary to have a fairly uniform soil condition to minimize
for variably in soil properties
sandvelt 50il group (1986 Agroclimatic and Farming Systems Map) were selected. It
was not possible, however, to control for micro soil differences.

(2) Farming c 8: it was nccessary (o restrict the study to arcas with similar

A sampling frame for recording all the names of both the ox-hoc male and female
headed farm houscholds who had been farming for at least $ years in the sciected camps was

were collected by the camp officers and compiled by the researcher. Tabic 4.1 shows the total
number of the male and female headed houscholds in each camp.

ces such as houscholds locatcd ncar main roads, urban

information collected from the respondents.
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age, education, and number of dependents and number of years of farming, and (2) based on

group of farmers. Normally S0 farmers are selected to ensure that 40 is obtained as a final

As shown in Table 4.1, it was observed that there were variations in the number of
malc and female headed houscholds among the camps. For each sub-population, the number
of farmers 10 be sciected from cach camp for the interview (NSC) was calculated as follows:

NSC = (NFC/TNF) x 60 4.1)

where NFC is the number of farmers in each camp, and TNF is the total number of
f:ﬁnhlkmsmwmdfmmkm“mmy
scloctod from the sampling frame. Tablc 4.2 shows the distribution of the farmers by gender
heﬁa-pmnhmnummjnaéﬁmiﬁﬁsnﬂ



chance of being picked.

4.24 Formulstion of the survey
revised and a final version made (Figure 2.1, Chapter 2). The revision was based on the
mﬂemmgpugdfmthemmmﬁmu:mﬂmpnﬁmm
Agriculture in Chipata, and fricnds. It was important to obtain this u

m@mumme@mmmmuummmmﬁm
(1989).

ire contained questions which were both open-ended and closed. Open

mmmmmmmm-mmmmmmm
hmﬂmﬁdbmmwmmmmhm aden

hmwmmm(m:mhMﬂﬁihh
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if a ccrtain answer scems (0 be expected) were avoided. Pleasant, interesting, and casy
qucstions were put in the opening section of the questionnaire. Sensitive and difficult
questions were put at the end of the questionnaire.

The cnumerators were involved in the drafting and fine tuning of the questionnaire.
The first draft of the questionnaire was made by the rescarcher. This was discussed with the
cnumcrators and collcagues. The enumerators were then requested to work independently
in translating the draft into the local language, Nyanza. Two drafts came out of the exercise
which were later pooled and discrepancies dealt with. A third draft, still in the local language,
wmmmwm@m&mmhmmumwmww
making a fourth draft. This draft was checked by an independent third party before being
amummmmmmammm«:heqmﬁm
English to Nyanza, and then from Nyanza back to English was undertaken 10 ensure that each
respondent was presented with clear and well defined identical questions. Most importantly,
ilwnlomakewrethalthcrcspomarecordedwcrcmmc.lnotdettoachiewlh'smk.
the enumerators (who are English speakers) were involved in the translation because they
nmfamiﬁuwithbcalidiomandtcmimbﬁa.mmkedcopywmrudytor
pretesting in a selected area within the study site.

The questionnaire was uscd 10 collect responses related to the household’s land,
m:m«ummmmmmmmmum

uMMhW,W&M(MWgW,mm

b. Labour composition: gender, permanent, scasonal or causal Isbour, and mode of

payment.

¢. Livestock: types and number.
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d. Landusc practices: years of farming, changes to landuse since farming begun,
cropping patterns, area of land farmed, cultivated and under grass and wooded fallows,
e. Fertilizer use: type, quantity, cost and ratc of application.
f. Household sources of income and expenditures,

8- Gathering of forest products: type, quantity, distance of gathering, and quantity

difficult questions, time requirement, interviewer's competence, and whether the questionnaire
was generating the data as stipulated by the purpose and objectives of the study. The
questionnaire was revised and the new version was made. The new version was tested with

onc male and onc femalc headed farming houschold. The rescarcher and enumerators were

waeﬂmmm:mknﬁnfmhmzmwlm“ﬁqh
ihepmaeduredﬂm'bedbyﬂﬂm(lﬂs)ﬁqwmmhﬂﬂmﬂgm&ﬁ!ﬂem
The personality factor was related to someone who was ap
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diflicult conditions, have patience, should be tactful and ficxible, open-minded and
sympathetic towards the farmers’ problems. Knowledge of local language, farming practices
and units of mcasurcments, and customary laws and traditions of the farmers was one of the
important factors considered in the sclection of the enumerators. The enumerators were
sclected from the study arca because the rescarcher could not understand the Cewa language.

The enumcrators were selected based on qualifications and experience related to ficld
surveys. References were obtained from previous employees as a basis for selection. The
compctence criterion was related to the cnumerators’ ability to observe, measure and record
responscs. The cnumerators sclected were 25 to 35 years okd. It was assumed that someone
within this age rangc would be flexible and able to conform to the cultural setting and
perceptions of the farmers.

A malc cnumcrator was chuscn because male headed farming houscholds would
probably respect a male interviewer, considering that this is a male dominated society.
Similarly, a femalc cnumerator was considered as an appropriate person (o interview female
hcaded farming houscholds. This is because women generally appear to feel more comfortable
in discussing their farming activitics with their female counterparts (Mpatishi per. comm.).

Training of the enumerators dealt with the following issues: orientation of the
cnumcrators, techniques of interviewing, and familiarization with questionnaire. The
oricntation of the enumerators emphasized the purpose and objectives of the research, the
concepts and terminologics used in the study, touring and mecting the local authorities,
agricultural houscholds in the study arca, and fickd work organization, sampling procedure,
sampic size sciection, logistic support, time-table for interviews, persons (0 be interviewed,
and modc of payment.

Techniques of interviewing were mainly concerned with the issucs relating 10 the




66

relationships between the enumerators and the farmers during the intcrvicw process. The

cnumerators were made aware that they should consider the farmers as an important

component of the survey process. Thus, they should introduce themselves in the most

appropriatc manner (c.g. grecting the farmer in the local language, introducing himself or

herself where he or she was from, their names, the purpose and objectives of the study). They

were to explain that cach farmer had been picked on random basis. The cnumerators were

to know the place and the timing of the interview, the most convenient time for the interview

such as holding interviews on the farmers’ farms 50 as to check on the size of their farms,

where possible. The enumerators were also taught how to ask questions. They were instructed

to:

1. Not rush with questioning, the farmer was to be given plenty of time.

2. Avoid asking questions with obvious answers which could annoy the farmers
and jeopardize the data collection process. |

3. Keep the farmer on track during intcrviewing. This would requirc a tactful
approach.

4. Take extremc carc not to suggest answers for the farmers.

3. Have absolute patience with the farmer by re-phrasing the question if the farmer
did not understand, and recording only relcvant answers.

6. Maintain a high degree of alcrtness for inconsistent answers and (o follow-up on
them.

7. Work within thc maximum time allowed for the intcrvicw. The limit was 1.5
hours.

8. Check and make sure that all questions had been properly answered and recorded
inmdamwiththcpummcawwmwadtheuwybdmcmw
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intervicw.

9. Replace missing or unfricndly respondents, by selecting replacements randomly from

a back up of houscholds recorded in the sampling frame.

The enumerators were also made familiar with the questionnaire by involving them
in its formulation and pretesting. They were also encouraged to offer suggestions or to ask
additional questions on any aspect of the questionnaire. During the interviews, the
enumcrators were visited at regular intervals 1o ensure that they were following the above
survey principics; and the questionnairc was being filled in correctly and fully, with all the
blank spaces filled in and no question lcft unanswered. The researcher’s role was then to
collcct and check immediatcly the compicted questionnaire. Problems and errors observed
(c.g. forgetting to record the respondent’s years of schooling) were immediately explained to
the cnumcrators. They were instructed to correct such mistakes immediately before leaving
the ficld and to avoid repeating such mistakes.

The rescarcher kept a diary and a copy of the questionnaire (o record comments and
gencral obscrvations about the local farming area whilc the enumerators were recording
responses. The rescarcher also ensured that the enumerators had transport, adequate supply
of questionnaires and pencils for the interviews. To avoid being "burnt out”, and to keep the
cnumcrators motivated, they were paid and made to feel part of the team by involving them

in various stages of ficld work.

4.2.7 Methed of intcrviewing the respondents

The respondents were interviewed between March and June 1992, Camp officers and
chieﬁmnmifndinadvamemwhenthemewicwptmmldbeﬁn.thepuuit
MW.M!MMB[«W(MMMMMMWMH
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cach camp). The objective was 10 seck cooperation and to avoid any inconvenicnces (e

reminded during cach interview to first ask the respondent for his or her permission. This
approach was undertaken to check the willingness of the respondent, and 10 cstablish
confidence and trust between the enumerators and the respondent. They were also reminded
to introduce themselves politely and explain the purposc of the interview 1o the respondents.
The interviews were conducted mainly at home and in the farmers' fickls (where the fickds
were less than 1 km or the road was accessible by the vehiclc).

Throughout the interview process, the researcher kept a dairy of obscrvations and
comments about the camps, by talking to the enumecrators, camp officers and chicfs (through

camp officers). This approach was undertaken because the rescarcher wanied 1o increas

supplement the information collected through the questionnaire.

The responses were coded and converted to scientific units where appropriate. The
responscs were compared with the data from published sources describing the Katete farming
(as compared (0 existing typical valucs for the region). They were eliminated from the study.

systems. Among the male headed houscholds, 5 gave responscs which were unreasonsh

mﬂmmlmmmphmmmdlfmhmmm;mm
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which were contradictory and doubtful. These houscholds were also climinated from the
study. It was sssumed that if the 10 houscholds eliminated were included in the analyscs, they
would create bisscs and affect the accuracy of the results. Thus, a total of 110 households (55
mal:mdSSf:mIeheﬂdhmnehnkﬁ)mmp&dumeﬁmlnmphﬁz:furlh:

The responses were summarized and subjected to descriptive statistical computations

pereentages, and corrclation cocflicients, based on the procedure set out by Zar (1974). To
test the hypothesis that "thc malc and female headed houscholds were similar in
characteristics, (-tests were performed as outlined in Zar (1974). A computer software
package, SPSS/PC + Advanced Statistics, V2.0 (SPSS Inc. 1968) was used to perform the
descriptive analyscs.

The data for simulating changes in soil productivity under continuous maize cropping
and SS improved (allow were the application rate of fertilizer/ ha undcr maize production, SS

DepminemorAgmulmreEmelemmimetd(lm), Macklin and Evans (1990).
Initial carbon and nitrogen levels, and other parameters used in simulations with
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reported for the subhumid, miombo ecozone of Southern Africa (Vermeulen et al. 1993,
Mhango 1991, Young and Muraya 1990). However, the initial SS net primary productivity (kg
DM/ha/yr) value used in the simulations with SCUAF was based on Msckera data. The net
primary productivity data typical for Katete farming conditions were not available. While
Msckera has richer soils and opcrates under different practices than those of the Katete
farmers, it was assumed that other input parameter values used in simulations with SCUAF
would serve as “correcting or discounting factors” to reconcile SS biomass differences. Thus,
SS nct primary productivity and SS contribution to the improvement in soil fertility in Katete
would be lcss than the production and contribution obscrved at Msckera.
Estimates of labour demand and costs associated with the cstablishment, tending and
harvesting of SS scedlings were obtained from the interviews with the Agroforcstry

Technicians at the Rescarch Station.

Predictions of changes in erosion, soil organic carbon, soil organic nitrogen, snd maize

fertilizer use (i. ¢. for comparison with the fallow system) for the ox-hoc farming systcm in
Katete were based on SCUAF model described previously.

SCUAF was tested for its accuracy and reliability by Vermeulen ct al. (1993). The
model was uscd to simulate natural miombo woodland and maize monoculture econ
Zimbabwe. SCUAF outputs were compared (0 fickd casurcments. The model accurately
mwmm-nmmmmmmm;ﬁmmqm
Maize productivity and plant nitrogen uptake were skso well represenied by the model,
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unablc to accuratcly simulate miombo woodland productivity (biomass changes), and (o0
accuratcly predict maizc biomass changes under complex fertilization regimes because SCUAF
was designed for frequently harvested agricultural systems which are always in the phase of
rapid growth (Young and Muraya 1990),

44.1 The precedure
Following the SCUAF's input menu system, carbon and nitrogen cycles, climatic class,
soil texture, drainage and reaction, and slope were specified and entered in the input menu
as described in Appendix 3. Additional variables for the simulation also included:
1. Agroforestry system under study was SS improved fallow. It was simulated under
scveral different fallow-maize cropping rotations (options) to determine the potential
impact of each option on the farming system in Katete. The fractions of land under
SS and maize were specified according the method set out by Young and Muraya
(1990).

In a similar fashion, a “control” (continuous cropping without fertilizer
application) and onc other treatment continuous maize cropping based on fertilizer
application® were simulated (0 serve as a basis for comparison with SS fallow
treatments, and primarily for the calculation of the amount of soil saved under various
treatments.

ltwuummedlhauuheendo(eachfallowpeﬂod.SSmldbew

and maizc plantcd on the land. This assumption was bascd on discussions with the
farm houscholds and Camp officers.
2. Initial Soil Conditions:

(i) Soil Depth: Entrics for topsoil depth total depth of soil were calculsted



n
(except bulk densities) from the data provided by Mhango (1991). An average of the

data from several locations in Katcte was used in estimating soil depth as it was
assumed here that these would reflect the gencral farming conditions in Katete and
micro differences in soil conditions would even out (Mhango per. comm).

(ii) Carbon: Initial values for top soil carbon and subsoil carbon. both
expressed in percentages, were calculated from the data provided by Mhango (1991).
The valucs for topsoil and subsoil bulk densities, cach expressed as g/cc, were assumed
based on typical values suggested for Eastern Province by Young and Muraya (1990).
For reasons given in (2i). only average valucs were used. The SCUAF model,
thercfore, calculates initial soil carbon (Young and Muraya 1990), cxpresscd as kg/ha,
as follows:

Soil depth considered x topsoil carbon x bulk density topsoil x 1000 4.2)

where the constant of 1000 represents 10° square centimetres per hectare, divided by
10* to convert percent carbon 1o a fraction and by 10° 0 convert grammes (o
kilogrammes.

(iii) Nitrogen: The initial valuc for nitrogen in the topsoil, expressed in %, was
calculated from the data provided by Mhango (1991). For rcasons given in (2i), only
the average value was uscd. The initial soil nitrogen (kg/ha) is computed by the model
in a similar way by following the equation (2i).
S.M:MMWM(W)iMMlMMWM
cquation given previously in Chapicr 3. Specifically, the following inputs were required
for the calculation:
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(i) Climate factor (R): was calculated following a procedure set out by Young
and Muraya (1990) as:

R= 0.5 x mean annual rainfall (4.3)

where 0.5 is the constant given by the model. The mean annual rainfall was averaged
from monthly values from the mete cal data (1982-1992) provided by Katete

District Meterological Office.

ier et al. (1971). The calculation was based on Mhango (1991)

set out by Wischme
data.
(iii) Slope factor was cakculated from the data presented in Young and Muraya
(1990, p.77).
(w)ﬂzﬂmfmmfmuﬁerﬁmmrmmedlumwd
in Young and Muraya (1990, p. 79).
presented in Young and Muraya (1990, p. 79).
Thmﬁﬂmdmmsunderﬁmdmﬂgmmtyhm
(vi) Tree proportionality factor is a measure of the extent 1o which total soll
crosion in the system is controlled by the tree component. This value was obtained
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(vii) Carbon and nitrogen enrichment factors: values for these were also obtasined from
Young and Muraya (1990).

(i) Net above-ground SS primary production, NPP (kg DM/Majr). The value
fwﬁnmaﬁm@ﬁmﬁumﬁhxm@ﬂd(lﬁl)mm
procedure set out by Young and Muraya (1990).

(i) Net above-ground maize primary (kg DM/ha/yr). The value for this was
obtained from (Young and Muraya 1990).

(iii) All other entries such as SS roots as a [raction of sbove-ground NPP,
maize roots as a fraction of above-ground NPP; and NPP in parts of SS and maize
(kg/hajyr) were calculated using the proc e sct out by Young and Muraya (1990).
?mmdﬁmdmmreumadimhmuhommnYmmﬂ

Muraya (1990).

(iv) Carbon and Nitrogen: Data for C fractions in dry mass of SS and maize,
and nitrogen percentages in the Ical, fruit, wood, and root of SS and maize
were akso based on data containcd in Young and Muraya (1990).
residucs on their land after harvest (most are eaten by cattie), and becawse most
fnrmhmdémfmlhmﬁekhfm:mﬂm(“pﬁﬂﬁm).
1o organic matter is added annually 1o the soil. Howcver, data were not availsble 10

on. Survey resulls from this study support this
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by the Zambian Ministry of Agriculture (1990). It is the rate recommended for the
maize/ox-hoc farming system. The nitrogen fraction in fertilizer was calculated from
the data provided by the Department of Agriculture, Eastern Province (1991, p. 38).

(i) Harvest: Fruits are removed (rom SS at the end of each fallow period when
period. Similarly, maize is removed from the land at the end of each year.

(ii) Other losses from SS: It was assumed that there would be no other annual
or periodic losses of plant material from the fallow system other than harvest.
7. Soil processes: These include conversion losses (litter to humus), humus
decomposition constants (labilc humus), nitrogen gains and losscs. Estimates of these
symbiotic fixation per unit area of N-fixing in the trec (kghajyr),
10 obtain an average. The values came from Onim et al. (1990) and Macklin and

Evans (1990),
Nitrogen losses occur in two cases: mineral N of organic origin and fertilizer

volatilization) and by fixation onto clay mincrals (net) are specified (Young and
Muraya 1990).
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carbon, plant nitrogen uptake, and soil profile depth (in percentages) for SS and
maize in the SCUAF system. Estimates of the feedback factors were obtained from
Young and Muraya (1990, p. 66).
Forthepufpmeofcmnpaﬁnpimuhwdmiuyicldsnmucmmmayiddm
flllowlengtluofl.Z.andSyuummedinsimumiomwithSCUAF.Funhemc.itw-
also of interest to know when it is best to harvest SS, or 10 plant and harvest maize in a SS
+mmmmmmwmmwmmrm4.zmw
concerns by presenting simulation results over a 20 year period. It shows the highest levels
(peaks) of maize yiclds which can be attained under SS fallow sysicm. As lime progresses,
maize yickds would decline under all fallow systems: SS planicd for 1 year, cut at the end of
the year, and then maize cropped continuously for the remaining simulation period (CM) or
lSS+CM;lZycarofSS.followedbyCM(ZSS-fCM);tndaByearofSS.followedbyCM
(388+CM). In a 1SS+CM system, maize yickd can be sustained until year 2; under 2§S+CM,
it can be sustained until year 3 and 4; and in 35S +CM, maize yicld can be sustained until year
4.

Bascd on the results presented in 1 ”_re 4.2, different fallow-maize combinations, ia
aSS+Mrmabmlsyuemwercsimumedwdcteminclheappmpﬁawm

442 The cutputs

The outputs from the SCUAF simulation were: (1) changes in soil organic C and N,
(2) s0il erosion and (2) maize yield. These were obtained for each SS+M rotation considered
and for continuous maize cropping with and without fertilizer application,

The potential s0il saved (kg/ha/yr) among treatments was calculated from the soil
erosion output as follows:



7
S=E-E, Soil saved due to treatment effects, (4.4)

where S is the potential soils saved or protected (kg/ha/yr) from erosion due to treatment
effect, E is the potential soil loss (kg/hajyr), ¢ is control (continuous maize cropping without
fertilizer application), t is the fertilizer + maize and the SS treatments outlined under the
agroforestry sysiem in Appendix 3.

To determine the sociocconomic effects of SS fallow system on ox-boe farm
in Section 4.3, together with the farm margin budgets (May 1990 input and output prices)
produced by the Zambian Ministry of Agriculture, 1990, were used to estimate net returns
and labour needed under SS+M rotation and CM+F for both the male and female headed
houscholds.
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Table 4.1. Distribution of malc and femalc headed (HH) ox-hoc farm houscholds in sclected
camps in Katctc District, Eastern Province, Zambia, 1992

Agricultural Male HH Femaic HH Total
Camp
Kafumbe 347 3 m
Chilembwe 301 91 92
Kameta 161 15 176
Ngombacla 107 23 130
Kagoro 109 15 124
Gaveni 104 16 120
Chinkhombe 94 2 96
Mzime 142 37 179
Chanjoka 276 48 324
Kawalala
Unit 1 44 7 S1
Unit 2 85 n 9%
Vulamkoko
Unit 1 176 26 202
Unit 2 129 18 147
Unit 3 262 58 320
TOTAL 2337 397 27\
% 85.5 14.5 100

Note: A significantly high population (14.5%) of ox-hoc farmers in Katctc District are female-
headed.
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Tabic 4.2. Numbcer of malc and female headed (HH) ox-hoc farm households randomly

choscn from sclected camps for the interview, Katete District, Eastern Province, Zambia,
1992
Agricultural
Camp Maic HH Female HH
Kafumbe 9 5
Chilcmbwe 8 13
Kamcta 4 2
Ngombacia 3 4
Kagoro 3 2
Gaveni 2 2
Chinkombe 2 1
Mzime 4 5
Chanjoka 7 7
Kawalala

Unit 1 1 1

Unit 2 2 2
Vulamkoko

Unit 1 5 4

Unit 2 3 3

Unit 3 7 9
TOTAL 60 60
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Resuits and Discussion

5.1 Istroduction

The results and discussion are groupew i throe mas- aections. The first one
provides a bricf and gencral description of # &= ~~uni  landuse practices and
production systems in the study area, based = == - s infermal interviews with the
cnumerators, the Katete District Agriculiwrat Offic.i 340). agricultural camp officers
(ACOs). local chicls and some farmers from s amps chemen for the study. Section two
deals with the results and specific descriptimms of the strewgalls and weaknesses of the sampled
ox-hoc farm houscholds, based on the formst mic~ews (questionnaire) by the enumerators,
by the researcher. The third sestion provides the results and discussion of the
biological and sociocconomic effects of SS improved fallow on the farming system, based on
SCUAF simulation, informal and formal surveys, and secondary data.

bym-hnefmmﬁelcﬂmmﬁ:mdlhmﬁwgmm-m
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which includes the farmers and their landuse practices.

5.2.1 Local community profile

In Katete District, farm houscholds live and function within a social structure which
largely determines their learning process or innovative behaviour. According to the DAO,
cnumerators and ACOs, Katetc is dominated mainly by the Cewa people who practice the
matrilineal (from mother sidc) land inheritance system discussed in chapter 2. In some
southern parts of Katete, however, the Nsenga people arc found, but their number is
relatively very small and insignificant. All the tribes favour large village sctticments of up to
a hundred homesteads or familics (ICRAF 1988),

In cach village there is a headman (local chicf). The headmen arc answerable (o a
paramount chief, who maintains communication with thc headmen through Ndunas
(messengers) in matters relating to agricultural or rural development. The chicfs have 10 be

informed of agricultural or rural develupment projects planncd for the villages. This is

the traditional chicfs (ACOs, per comm.). Whilc they do not have direct control over
agricultural or rural development |
frustrate the projects themselves (Burdette 1988). It is, therefore, ahsolutcly cssential to solicit

jects, the chicfs excrcise so much power that they can

and obtain the support of the traditional chicfs in arcas where agricultural or rural
development projects such as agroforestry are launched.

Humrﬂmtmthtnubedhaﬂmbymm&mem&
cxample. Nywo (traditional dancing) is a very important practice in Katcte, Children between
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the ages of 10-15 have 10 go through this cultural ritual. They are gencrally not interested in

schooling (Banda, per. comm. ).

5.2.2 Farming systems and cropping calender

According to the ACOs, enumerators and DAO, there are three farming systems in
Katcte District: the hoc, ox-hoe and tractor-ploughing farming sysicms. The hoe farming
systcm is primarily a maize bascd farming systcm with an average cultivated area of about 1.7
ha (ARPT 1984). It is a maizc-livestock system. Local maize is the dominant crop grown and
other important crops include groundnuts, sunflower, cotton, sweet pctatoes, cowpeas, beans
and pumpkins. The farming community arc mostly subsistence or traditional farmers. Farm
managecment practices arc still traditional. The livestock kept are mainly goats, pigs and
chickens.

The ox-hoe farming system, which is the focus of this study, has similar features of the
hoc-cultivation system. However, in the ox-hoc farming system, draft or animal power is the
major distinguishing clement from the hoc cultivation as a mcans of land preparation. The
avcrage land cultivated under the hoc-ox farming system is about 3.2 ha (Njobvu and
Suthcrland 1991). Farmers depend on their own oxen and plough or rent them locally in the
villages. The major crops grown include both the hybrid and local maize, groundnuts,
sunflower, cotton, soyabeans, sweet potatocs and beans. Farmers use improved maize seed
and fertilizer. Crop production is for home consumption and sale. Cattle, goats, pigs and

The tractor-plough farming system is the practice of
although a sufficicnt amount of food is grown for home consumption. Cultivation method is
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mainly by tractor plough. Increased dependency on improved seed is common. The majority
of farmers grow hybrid maize and tobacco as cash crops with local maize as a means of food
security (Njobvu and Sutherland 1991).

In all the farming systems described above, the family is the main source of labour.
Hired labour is used to supplement family labour especially during weeding and planting of
crops. Communal labour is usually organized for weeding and harvesting activitics. From

October to January, a period for land preparation, planting and weeding, labour availability

November to January (DAO and ACOs, per. comm., ICRAF 1988).
According to the DAO and Phiri, the officer in charge of Katcte Farmers Training

Centre, a typical calender of cropping activitics in Katete is as follows:

the first rains. The crops are local maize, hybrid maize, cotton, beans, groundnuts and
pumpkin.

November: Early planting of local maize, hybrid maize, cotton, groundnuts, beans and
pumpkins. This is also a period where labour demands are the highest during the
cropping scason.

December: Fertilizing carly planted crops, thinning cotton, weeding, planting
soysbcans and sunflower and raising tobacco seedlings.

January: Planting tobacco, cotton spraying, weeding, and fertilizing,



May: Harvesting of maize, cotton and groundauts.

June: Harvesting of other crops and marketing of maize.

July: Post-harvest activities which include shelling and storage of crops.
August: Marketing of other crop

September: Resting

According to the ACOs, six distinct landuse practices characterize the ox-hoc farming
systcm. The farmers divide their total landbase into blocks as follows:
(a) Block 1: Area of land for hybrid maize production. Hybrid maize is a cash crop.

for home consumption,

(c) Block 3: Area of land! allocated for crops other than those described above,

(d) Block 4: Arca of land left to fallow under grass cover.

(¢) Block 5: Arca of land left under wooded fallow as an investment for future
cultivation. This is 2lso an arca where the farmers can collect firewood and other
forest products. Wonded area may also be used for cattle grazing.
(DBIuckﬁDambmarmully“wmmmwhghdzmhswm
are established by farmers to raisc fruits, sugarcane and vegetables during the dry
scason (DAO and ACOs, per. comm., ICRAF 1988). This is also a potential nursery
The common landuse problems, according to ACOs, were deforestation, soil erosion
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previous studics undertaken in Katete (c.g. Njovbu and Suthcrland 1991, ICRAF 1988).

Dcforestation is an outcome of incrcased human activitics on land duc to demographic
pressurc. Trees or shrubs arc cut for firewood, building and fencing matcrials, and charcoal
production. Deforestation was most severe in Kagoro and Vulamkoko, Katete. Soil crosion
was also prevalent in Kagoro. It is caused by increasing stress from livestock and human
populations, continuous cultivation and excessive runoff (DAO, per. comm.). Soil crosion
leads to ioss of soil fertility, low crop yickls and food insccurity. Fertilizer prices are so0
expensive that many farmers are unablc to buy, and this has led to limited use of fertitizer in
the cropping system. Many farmers also lack draft power. Thus, increascd dependency on
fertilizer and lack of draft power have 2lso contributed low crop production and food
insecurity.

In response to the problems of low soil fertility and declining crop yickds, farmers have
adopted scveral strategics. Thesc are (1) crop rotation, (2) continuous cropping without
tertilizer use, (3) continuous cropping based on fertilizer, for thosc farmers who are able to
buy fertilizers, and (4) lcaving the land to fallow under grass cover 10 restore soil fertility.

Leguminous crops such as groundnuts and soyabcans are used in crop rotation
practice. It is estimated that thesc specics can substitute up to 25 - 30% of the nitrogen
requirement in subsequent maize production nceds (Njovbu and Sutheriand 1991). However,
most farmers, according to the ACOs, have only small arcas of farmland under groundnut,
soyabeans or any other legume compared to the arcas of farmland under local maize. Some
farmers also have very limited land on which to practice crop rotation. The ACOs also told
the rescarcher that some farmers claim that continuous cropping with or without fertilizer has
resulted in declining maize yields.

Land is cultivated until soil fertility is exhausied before it is left to fallow for 2 or 3
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ycars to allow it rcgain its natural fertility (Njobvu and Sutherland 1991 and ACOs, per.
comm.). But this depends on the arca of land the family needs. If a farmer has a small
farmland and there is a critical need for food to feed his or her family, land may not be left
to fallow. It is cultivated with food crops (Mpatishi, per. comm.). Leaving land to fallow may
also be related to scveral factors. For example, it may be left to fallow by default due to

labour constraints in the houscholds during the cropping scason. The land may then be

Thus, it appcars that lcaving land to fallow under grass is oftcn a random or planned activity,
depending on many factors.

Farmers usc certain weeds and grasses as indicators of soil fertility. For example, when
Hyparrhenia spp. appears on the fallow land after 3 or 4 years, it means that the land is ready
for maizc cultivation for a furthcr 5 years. The presence of Striga spp. on the fallow land
indicatcs infertile soil; while Tridax procuminens indicates exhausted soils requiring

fertilization (Njobvu and Sutherland 1991),

53 Characteristics of the ox-hoe farm households
This scction provides the results, descriptions and discussion of the characteristics of
the ox-hoc, malc and female headed farm households, used interchangeably in the study as

malc and female farmers. The descriptions and discussio

malc and 55 female farmers. For the purpose of hypothesis testing, the cha

farmers were classificd into two groups: quantitative and qualitative characteristi

$3.1 Quantitative characteristics
The summary statistics including the mean (Min.), maximum (Max.), and standard
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deviation (Std.) of the sclected characteristics of the male and female farmers, respectively,
arc shown in Tables S.1 and 5.2. The comparison of the make and femake farmers'
characteristics arc shown in Tablc 5.3. A t-test was performed to determine, at a 95
confidence interval, the differences between the male and female farmers with respect to their
characteristics. The study hypothesis was that "thc male and female farmers had the same

characieristics”.

The arcas of land allocated for hybrid maize production (AHMZE) were normally
distributed among the malc and female farmers. The male farmers had a mezn AHMZE of
3.30 ha; while the female had 1.00 ha. There was a significant mcan AHMZE difference of
2.30 ha between the male and female farmers. Of the SS male respondents, only 26 (47%)
of the farmers cultivated hybrid maizc. The minimum and maximum AHMZE were 0.25 ha

and 9.00 ha, respectively. Among the 55 female respondents, 17 (31%) farmers cultivated

farmers tend to have morc AHMZE than the females. Because the production of hybrid
maize in Katete is associated with fertilizer use and only a fow female farmers arc sbie (0
purchase the fertilizer, the number of female farmers involved in maize production is also
expected to be lower than the male's (ACOs, per. comm.). In general, the results suggest that
more than 50% of the male and female farmers in Katcte are not growing hybrid maizc

because of their inaccessibility to fertilizer or some other factors.

$.3.1.2 Area of land uader local maize
The male farmers had an average arca of land under local maizc (ALMZE) of 3.00
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ha, about 2.3 times higher than the average for the female (1.30 ha). But the areas of land
allocated for the local maize production were not normally distributed among the farmers.
When the ALMZE values were transformed or normalized by log base 10 function (Zar
1974), a significant mecan ALMZE difference was observed between the male and female
farmers. All the 55 (100%) male farmers grew local maize. The ALMZE ranged from 0.50
ha to 10.00 ha. Similarly, all the 55 (100%) female farmers grew local maize. The minimum
and maximum ALMZE were 0.40 ha to 4.00 ha. These results suggest that male farmers tend
to have more ALMZE than the female. The results also suggest that local maize is the most
important staple food crop and it is grown by all farmers in Katete. Unlike the hybrid maize
production, farmers can grow it without applying fertilizer in their farmland (ACOs, per.

comm.).

$3.1.3 Area of land wnder other crops
The malc farmers had an average area of land under other crops (XC) of 5.30 ha,
about 2.7 times higher than the female’s (2.00 ha). However, the arcas of land allocated for
among the farmers. When the XC values were normalized, a significant mean XC difference
was obscrved between the male and female farmers. All the 55 (100%) male farmers had XC.
respectively. Similarly, all the 55 (100%) female farmers had XC, ranging from 0.4 ha to 8.00
ha.
AHMZE and ALMZE. For the male farmers, r = 0.50 for ALMZE and r = 0.50 for
AHMZE, suggesting that as the XC increascs, male fsrmers tend to increase AHMZE and
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ALMZE. Similarly, for the female farmers., r = 0.79 for AHMZE and r = 0.81 for ALMZE,

suggesting that as the XC increases, female farmers tend to increasc AHMZE and ALMZE.

both as staplc food and cash crop, a high priority is assigned to its production. As the
production of other crops increase, maize production is also increased by farmers. Female

farmers seem to excrcise this strategy more strongly than the males.

5.3.1.4 Area of land under grass fallow

The areas of land left to fallow under grass (XG) were normally distributed among
the farmers. The male farmers had a mean XG of 2.30 ha, about 2 times higher than the
females’ (1.00 ha). This difference was significant. Of the 55 male respondents, 29 (53%) had
their land under grass fallow, ranging from 0.40 ha to 5.00 ha. Among the female [srmers, 41
(73%) of the SS respondents had land under grass, ranging from 0.20 ha 10 3.50 ha. As shown
in Figure 5.1, there was an observed relationship uctween the arca under hybrid maize and
that under grass fallow with respect to gender. More male farmers than the females tend to
associate with an increase in the areas of land under grass and maizc.

There were variations in responscs regarding fallow periods, the number of years the
land had been under grass fallows. About 40% of the farmers reported that they had left
their land to fallow only for the 1990/91 scason primarily because of labour constraints. The
majority of the farmers (about 60%) had left their fickds to fallow for periods ranging from
2 t0 3 years, which is consistent with the normal practice in the region.

In gencral, these results suggest that the majority of farmers lcave their fields to fallow

under grass cover for 1, 2, or 3 years for many reasons, including lsbour deficiench
fertility restoration.



§3.1.5 Area of land under wooded fallow
The average area of land under wooded fallow (XW) for the male farmers was 3.60
ha, about 3 timcs higher than the females’ (1.10 ha). However, XWs were not normally
distributed among the male farmers, but they were for the females. When the XW values
were normalized and compared, a significant mean XW difference was observed between the
male and female farmers. Of the 55 male farmers, 38 (69%) respondents had land under
wooded fallow, ranging from 0.50 ha to 10 ha. Similarly, of the 55 female farmers, 33 (60%)
ndents had land under wooded fallow ranging from 0.08 ha to 3.00 ha. Wooded land is

uscd as an investment or asset deferred for future cultivation. It is also used as a place where
farmers can collect firewood (from drying, dead or fallen trees) and other forest products.
There is, however, a general tendency to collect these items from communal lands (open
access property). These results also suggest that about 40% of the farmers do not have land
under wooded fallow. This means that cither they have to intensify cultivation on their

of crop cultivation, combined with increasing pressure from human and livestock population
on the land can lead to soil degradation, food security probiems and economic fragility.

it was found that 27 (49%) of the SS female (armers owned oxen and plough; while 40 (73%)
to credit [acilitics from landing institutions due 0 cultural and traditional systems which place



women in subordinate roles to that of men (Mpatishi, per. comm.)
In general, however, the total average landbase differential between the male and

favour male farmers rather than the females (Milimo 1989). It is, thercfore, typical to find the

male farmers with more landbase than the females.

The farmers were not asked whether or not they had dimbas. The focus of the study
was on arable lands. However, previous studics in the region indicate that a significant

proportion of ox-hoc farmers have dimbas in Katete (Kwesiga and Chisumpa 1990).

It was observed that the family was the main source of labour for agricultural
adult (more than 15 years old) family mcmbers or workers and children who worked, in many
cascs, mainly on weckends. Weekly labour inputs during the cropping scason were normally
distributcd among the farmers. The average weckly lsbour input by adult workers (ADLAB)
during the cropping season was 36 and 14 hr for the malc and female farmers, respectively.
The mean ADLAB difference between the male and female farmers was 22 hr. This was
found to be significant. All the 55 (100%) malc farmers used ADLAB, ranging from 6 to 80
hr. Similarly, all the 55 (100%) female farmers used ADLAB, ranging from 3 hr to 42 hr,

With respect to the children’s weekly lsbour inputs (CHLAB), the male headed
houscholds had an average of 31 hr, sbout S times highcr than the females’ (6 hr). This
CHLARB, ranging from 3 to 40 hr. Among the female farmers, 21 (38%) of the respondents
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have more land than the female to cullivate, a great deal of labour is demanded from the
family. Children have to supplement the labour shortage. The maximum and mean CHLAB
or off-farm.
in previous studies (c.g. Central Statistics Office 1991). Female farmers spend less hours in
the ficids than the male because they have to allocate some of their houschold labour for off-

g. trading, firewood collection and other domestic activiti

farm activitics such as brewir

the 55 (100%) respondents had workers, ranging from 2 to 44 people. Similarly

(100%) female farmers had workers, ranging from 1 10 12 people.

distributed among the farmers. The mean DEP for male farmers was about 11 people, and
the male farmers, all the 55 (100%) respondents had dependents, the number ranging from
2 10 30 peoplc. Similarly, for the female farmers, 54 (98%) of the 55 respondents had
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It was also obscrved that DEP was significantly and positively correlated with WRKS

inbmhtlnmkandfemakheadedlnmcholds.wiugthauthcnumbaddependcm

increases, farmers tend (o have more workers. The r values for the male and female headed
houscholds were 0.58 and 0.59, respectively.

53.1.7 Use of inorganic fertilizer

Several types of inorganic fertilizers are stocked by the cooperatives and marketing
bouﬂsinhww.Tbmenmlymldtofamnam'D'mpomdmedtmh;mdUm
or Calcium Ammonia Nitrate (CAN) for top dressing. Of the 55 malc farmers, 31 (56%) of
the respondents used FERT, the rate ranging from 200 to 220 kg/ha. Among the female
fumﬁ(u%)o(unmpondcnuuedmtmememrm 100 to 400 kg/ha.
Ferﬁlhumc.hmm,wanmmanydktmnwdm;dnfmm-mapmd
FERT application for the male farmers was 201.60 kg/ha and for the female farmers was
196.80 kg/ha. When the FERT values were normalized, a significant mean difference in
FERT application ratc was observed between the male and female farmers. The FERT
sverages applicd by the farmers correspond 10 200 kg/ha (100 kg/ha for “D” compound and
ldewywmwwmthfawﬂ
scale farmers who use their own or hired oxen or plough (Zambisn Ministry of Agriculture
1990). Fertilizer was mainly uwsed for hybrid maize production.

The results suggest that nearly S0% of the malc or femalc headed howscholds are
unable to buy fertilizer. Because of high cost of fertilizer, some female farmers scem 10 be
using less than the recommended application rate. But for those who can afford it, they tend
10 we FERT more than the recommended rate of application per unit area.



$3.1.8 Crep yield and income

The malc and female farmers were able report the yields of hybrid maize (including
income), and local maize. They were also able 10 provide income estimates, but not yields for

The production of msize (except local maize), was not normally distributed among the
farmers. The male farmers produced, on average, 1119.10 kg/ hs of hybrid maize (PHMZE)
while the femaics had even a higher sverage production of 1846.30 kg/ha, suggesting that
than the males. The differences in

femalc farmers appear to be efficient maize producers
resulted in some houscholds 10 under-or overestimate maize production. The production

26 (47%) of the 55 respondents produced hybrid maize, ranging from 198 to 2250 kg/ba.
2250 kg/ha.

maizc producers than the males. The differences could also be due to recall or memory

problicms by the farmers which probably resulied in some households to u
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10227 and for the female farmers was ZK 5751. However, maize income (IHMZE) was not
normally distributed among the male farmers. Their income ranged from ZK 1422 to ZK

42660. Simiiarly, among the female farmers, the income ranged from ZK 1422 10 ZK 21330.

fmﬁ:bnufmmmnulpﬂmmnmhﬂmmeﬁmﬁus

farmers. Among the male farmers, it ranged from ZK 110.00 to ZK 61110.00. Only 28 (51%)

6208. This suggests that cither the majority of female farmers could not remember their
farmers and about 13% of the malc farmers received moncy from their relatives, suggesting
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sources of income.

The INOFF of the male and female headed houscholds were not normally distributed
among the femalc farmers. In the male headed houscholds, 21 (38%) of the SS respondents
camcd INOFF, ranging from 300 to ZK 40000. Similarly, among the female headed
houscholds, 44 (80%) of the S5 respondents earned INOFF, ranging from 100 to ZK 18800.
The average values of INOFF were sbout ZK 7889 and ZK 2803 for the male and female
headed houscholds, respectively. When the INOFF values were transformed, it was observed
that there was a significant difference in the average INOFF between the male and female
headed houschoids.

$3.1.9 Age, years of farming sud scheoling
The ages (AGE) of the male and female headed houscholds were normally
distributed. In the male headed houscholds, the minimum and maximum ages were 21 to 84
ycans. Similarly, among the female headed houscholds, the ages ranged from 22 10 65 years.
In gencral, the majority of the male and female farmers were in their 40s. There were very
few farmers (less than S%) in their 20s, suggesting that young peopie have probably migrated
‘0 urban arcas for work or other reasons. There was no significant mean AGE difference
between the male and female headed houscholds. The AGE averages were 46 and 4S years
for the malc and female farmers, respectively. Life expectancy for Zambia is $3.4 years
(World Resources Institute 1993). When the AGE averages are compered with the life
expectancy, they suggest that the majority of male and female farmers in Katete are quite old.
The number of years of farming (YRFARM) by the male and female headed
howscholds were normally distributed. The average YRFARM for the male headed
howschokds was 18 years. It ranged from S 10 53 years. For the female headed households, the
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per. comm.).

The number of years of schooling (EDUC) by the female headed houscholds was not
normally distributed, but for the male it was. Male headed houscholds had minimum and
maximum values of EDUC of 1 and 12 years, respectively. Of the $S respondents, 33 (60%)

had EDUC. Similarly, for the femalc headed houscholds, 23 (42%) of the 55 respondents had

EDUC, ranging from 1 to 10 years. The EDUC averages were 6 and S years for the male and
valucs were compared, a significant mean EDUC difference was obscrved between the male
and female headed houscholds. The EDUC results suggest that the majority of the male and
female headed houscholds in Katete have at least attained primary education.

5.3.1.10 Migration from heuscholds

were not normally distributed. In the male headed houscholds, 33 (60%) of the S$
110 7. The average MIGR was 2 people. Similarly, in the femalc headed houscholds, 43
transformed MIGR valucs in male and female headed houscholds were compered, o

ids (MIGR)
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The MIGR results suggest that the majority of the male and female headed
trends continucd. It was observed that MIGR and number of family workers were weakly, but

negatively and significantly, correlated (r = -0.40) in the female headed households. Similart
the pmdmmﬂhyhﬂmmthefcmlhhgﬂathEhﬁThﬂemhlmmle

that when MIGR increases

'htlnalmktepbyth:mhmdfmleheﬂedhmuho&maﬂh(&)pm
In the male headed households, 48 (87%) of the 55 respondents owned CA, ranging
from 1 to 41 cattle. In the female headed houscholds, 25 (45%) of the 55 respondents owned
C&mgtngfmmlloiiﬂcmlcﬁ:mpm?:ﬁsﬁnkfmthemhmdm
usc in the male headed houscholds. This relstionship suggests that as the number of CA
increascs, male farmers tend (0 wee more fertilizer for maize production. Cattle are sold 1o
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(Mbpatishi, per. comm.).
No relationship between CA ownership and the ratc of fertilizer application was

obscrved in the female headed houschokds. However, there was a significant and positive

relationship between CA and child labour (r = 0.76). This relationship suggests that as the

streams, in wooded arcas or on farm lands afier harvest, and in dambos in the dry scason
(ICRAF 1988, ACOs, per. comm.).

In general, the results pertaining to CA owncrship suggest that cattle production
appears to be the most favoured activity in Katete. This is expected because cattie are used
mainly for oxen and ploughing, and for transportation activitics associated with agricultural
production. Cattle are also used as a symbol of wealth or “savings on the hoof” (Kwesiga and
Chisumpa 1990).

Among thc male headed houscholds, 26 (47%) of the S5 respondents owned GO,
ranging from 1 to 27. Similarly, among the fcmale headed housc

kis, 24 (44%) of the 55
respondents owned GO. The minimum and maximum numbers of GO owned were 1 o 20,

sscs, malc (armers tend 10 buy or own more

imilarly, as the number of goats increascs, maic farmers tend (o employ more children
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arca of land cultivated with other crops (r = 0.65). This relationship suggests that as the

number of GO increases, female headed households tend to cultivate more land with other

crops. Thus, GO is probably used as a source of income to finance crop production.
ents owned PG,

hokds, 48 (87%) of the 55 respon

ly, among the female headed households, 37 (67%) of the 55

ranging from 1 to 15. Simils

respondents owned PG, with the minimum and maximum numbers of 1 to 20, respectively.
There was no difference between the male and female headed households with respect to the
owncrship of PG.

There was a significant relationship (r = 0.67) between the expenditure on animal
Iabour (ANLAB) and the number of PG in the male headed houscholds. This relationship

fmnmecmppmdmmhplreamumed:shmﬂievﬂhpﬁeymlhnmmt
asscts for the payment of labour (Kwesiga and Chisumpa 1990),

$.3.1.12 Expenditure patterns

Expenditures on food (EXPF), leisure (EXPL), manufactured goods (EXPMG) and
distributed. Only 6 (11%) of the 55 male respondents incurred EXPF, ranging from ZK 55
10 ZK 360 per week. The low response rate 10 the question relating to EXPF suggests that
wives probably were responsible for buying the food, a typical situation in Katete (ACOs, per.
m}mhmmmmwmﬁnmmmMIﬁm
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food produced by the family labour. Among the female headed houscholds, 38 (64%) of the
55 respondents incurred EXPF, suggesting that the majority of fcmale farmers in Katcte buy
food. The minimum and maximum weekly expenditures were 10 10 ZK 175. The average

difference between the averages was not significant.

The average monthly EXPL for the male farmers was ZK 820, and (or the female was
houscholds, only 5 (9%) of the 55 respondents spent moncy on leisure activitics such as

rate of response to the question on EXPL could be due 1o recall problems, or the majority
of farmers did not want to answer the question, especially on the issue relating to drinking.
They probably considered the question to be very sensitive and personal. Furthermore, the
majority of farmers either walk, use bicycles or rely on *free” transport when travelling from
the villages to Katete District Headquarters 10 trade or purchase goods. Thus, they do not
incur expenses on travelling (Mpatishi, per. comm.). It was also obscrved that GO was
significantly and positively correlated with EXPL (r = 0.99). This rclationship suggests that
& the number of goats increases, male farmers tend (0 spend more moncy on leisure

Among the female headcd houscholds, 7 (13%) of the 55 respond

respectively. The low response 1o the question on EXPL could ako be related (0 the same
0.99). This relationship suggests that as the female farmers become more educated, 1)
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to spend morc moncy on leisure activities, probably on travelling. No such relationship was
obscrved for the male headed houscholds.

The monthly average EXPMG (salt, soap, sugar, and kerosine or paraffin) for the
malc farmers was about ZK 209, and for the femalc was about ZK 177. There was no
significant difference between the averages. In case of the male headed households, 54 (98% )
of the 55 respondents incurred EXPMG. The monthly expenditures ranged from about ZK

10 to ZK 1300.
There was a very weak, but significant and positive relationship between DEP and

EXPMG (r = 0.40). This rclationship suggcsts that as the number of dependents increase,
malc farmers tend (o incur more EXPMG.

For the female headed houscholds, all the 55 (100%) respondents incurred EXPMG,
the monthly expenditures ranging from ZK 3 1o about ZK 449. There was also a very weak,
but significant rclationship between DEP and EXPMG (r = 0.30), suggesting that as the
number of dependents increase, female farmers tend to increase their EXPMG.

The average annual ANLAB for the male farmers was about ZK 1561, and for the
femalc was ZK 590. The difference between the averages was significant. Of the SS male
respondents, only 15 (27%) farmers incurred expenditure on ANLAB, ranging from ZK 100
to ZK 5200. The remaining 40 (73%) used their own oxen and plough. This is expected
becausc male farmers had, on average, more cattle than the female (Table $.3).

Among inc female headed houscholds, 20 (36%) of the SS respondents incurred
expenditure on ANLAB, ranging from ZK 50 to ZK 1500. Of the 55 respondents, 27 (49%)
farmers uscd their own oxen and plough, and 8 (15%) borrowed these items from their

neighbours or relatives.
The results pertaining 1o ANLAB suggest that the majority of the malc and female
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farmers in Katete usc their own oxcn and plough. However, a few female farmers scem to
borrow these items from their ncighbours or relatives. Because male farmers have more
farmland to cultivate than the female, their expenditures on ANLAB arc expected (0 be
higher than that of the female farmers. As discussed before, the expenditure on animal labour
was significantly related to the number of pigs owned by the houscholds, suggesting that pigs
are a source of income for the payment of labour.

The malc and female headed households' expenditures on other items such as funeral,
church contributions, and school fees and medical treatment (OEXP) were not normally
distributcd. The expenditures on casual human labour (HLAB) and fertilizer (FERP) were
not normally distributed among thc malc, but they werc among the female farmers. The
avcrage annual OEXP for the male farmers was about ZK 1683, and for the fcmale was
about ZK 702. All the 55 (100%) male hcaded houscholds incurred OEXP ranging from ZK
24 to ZK 7600. Similarly, all the 55 (100%) fcmale farmers incurred OEXP ranging from ZK
710 ZK 510" When the OEXP values were transformed and comparcd, a significant mean
OEXP differencc was observed between the male and female headed houscholds.

There were variations in the annual HLAB among the houscholds. Of the 55 male
respondents, 30 (55%) of the farmers incurred HLAB, ranging from ZK 20 o ZK 7000. In
the female headed houscholds, 15 (27%) of the 5S farmers incurred HLAB. The minimum
and maximum annual HLAB cxpenditures were ZK 50 to ZK 1500, respectively. When the
HLAB valucs were transformed and comparcd, a significant mcan HLAB was observed
between the male and female headed houscholds. These results suggest that the majority of
femalc farmers do not hire labour probably because it is 30 costly for them. Male farmers

have more income and many of them are abic 10 hirc more labour than the female.



headed houscholds, the FERP ranged from ZK 112 to ZK 3520. Among the female headed
households, it ranged from ZK 1600 to ZK 3840. Different fertilizer prices per kg were
reported by the houscholds, ranging from about ZK 8 to 16 ZK during the 1990/91 season.

Based on the income and expenditure patterns outlined in Table 5.3, the average total
annual income and expenditure for the male and female headed households were estimated.
The average male farmer had an annual income of about ZK 28364. His total expenditure

was about ZK 36780. Thus, the farmer's cash balance was about ZK -8415. Similarly, the

average female farmer had an annual income of about ZK 10539, and an expenditure of

livestock sales).
It should be noled, however, that the actual income and expenditure values may be
food may not be incurred every week or month, hence resulting to probably lower and break-




comm.). The number of cattic owned by the male or female headed houschold reflects
“wealth” status of the houschold. Because male headed houscholkds have more income than
the females, they are able to buy more cattle and keep as savings or investments

farmers. The hypothesis that there was no difference, in terms of the characteristics, between
MIGR, CA and GO characteristics, there are no differences between the male and female

farmers.

53.2 Qualitative characteristics

Table 5.4 shows the results of qualitative characteristics of the male and female
headed houscholds with respect 10 their exposure to witchcraft, vision or perception of their
future, knowledge of agroforestry including improved fallow systems, willingness to plant trees,
perception about increasc in human population, crop rotation practices, exposure to discases,
numbers, no t-tests were performed to compare the two populations.

8.3.2.1 Expesure to witchcraft

About 33% of the male and 69% of the female headed households acknowd
exposure o or experienced witchcraft practices, suggesting that witchcraft is part of the
cultural setting in Katete. A large proportion of the population of female farmers seems 10
be more exposed 1o or belicve in witchcraft than the male. Because female farmers are more
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vuincrable economically than the male, they probably consider witcheraft to be a source of
security. Witchcraft is a common practice in Katete, but many farmers are shy to talk about
it openly (ACOs, per. comm.). This probably explains why there were low response rates to
the witchcraft issuc from the male farmers. Witchcraft represents an extreme state of jealousy
which takes many forms such as death threat and intimidation by means of cultural rituals.
These threats or intimidations are “sent” 10 the houscholds in form of powerful psychological
responsc (o witchcraft, the farmer may be compelled to either migrate from the village (Marks
or her interests (Mpatishi, per. comm.). In some cascs, the farmer may undertake activitics
which do not make him or her appear “rich”, a form of protective mechanism against

About 82 % of the male and 76 % of the female farmers reported that they would
gricultural production and improve the standard of living of mesbers

of their houscholds. Improvements in the standard of living, as reported by farmers, included:
(1) buying more cows, (2) increasing the size of farmiand, (3) incressing food and cash crop
productions, (4) having better residential homes, () having more scotch carts, (6) buying
more on-drawn cquipment, (7) buying radios and bicycles, (8) sending children 0 schooks, (9)
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5323 Knowledge of agreforestry improved fallow systems
Nearly 98% of the male and 89% of the female farmers were ignorant of the concept
of agroforestry improved faliow systems, suggesting that the majority of farmers in Katete
have no knowledge of agroforestry improved fallow sysicms. However, despite the lack of
knowledge, female farmers scem t0 have more interest in the fallow systems than the males.
About 64% of the 55 respondents reported that agroforestry faliow sysicms could provide
income and food for their houscholds. With respect to the male headed houscholds, nearly
73% of the S5 respondents considered improved fallows a bad practice. Onc male headed
houschold responded "You want my children to dic; you cannot eat trees”. He added
“traditionally, he has not been mixing trees with crops or planting trees on his farms.” Because
the focus of this study was on agroforestry improved faliows, questions relating (0 the farmers’
knowledge of other forms of agroforestry systems were not asked. It was, therefore, not
possible to determine whether farmers had knowledge of other forms of agroforestry systems;
whether they never had contact with AFRENA rescarchers before this study; what role, if
any, do trees or shrubs have in their farming systems; and whether the farmers were aware
of trees or shrubs around them, apart from woodland specics.

£3.2.4 Williagness te plast trees

About 89% of the malc and 82% of the female farmers reporicd that they were
interested in planting trees which were economically bencficial, primarily fruit-bearing trocs.
The fruits which were of interest (0 them include mangoes, guavas and oranges. But some
farmers (lcss than 20%) reported that they were not interested in planting trees even if they
were economically weful. The farmers gave scveral reasons for lack of interest in tree
planting. To some houscholds, tree planting requires a ot of labour for establishment, tending
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male and female farmers in Katete are interested in economically beneficial projects or fruits
during the dry scason. Surplus produce is sold locally in the villages or in the Katete market.

Branches of mango trees are also lopped for fuelwood. This suggests that farmers tend to

Many (armers, especially male headed houscholds (sbout 71%) revealed that having
more children is good for houschold labour. The more children the farmer has, the more
respect he or she gets from reference groups in the village. Children are regarded as future
is still plenty of land in Zambia so they need more people to occupy it.

42%) who reported that "having 100 many people (children) could lead 10 intense competition
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$.3.2.6 The pructice of crop roiation

to improve soil fertility and incresse crop output. According to the farmers, this practice has
not generally produced successful results. Many of them belicved that because their farms
have been intensively cultivated for many years, much of the physical and chemical propertics
dthcuﬂhmbecndatmyedmthememmucmpmmnslmeﬁmnmm
these properties.

$.3.2.7 Exposure to diseases
malaria, backpain and diahorrea. According to farmers, these are some of the discascs

mosquitocs (c.g. stagnant water, rotten mangoes on the compounds or ncar homes) and lack

of health education were some of factors related 1o the outbreaks of diahorr

probably duc to old age or stress from farm work.

Occasionally, caterpillars, wild fruits and honey are sold in local markets. It was not possible,
however, 1o determine quantities of the materials 0ld in local markets. The farmers could ot
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headioad (sbout 20 to 30 kg) is adequate for cooking for a week, for a family of sbout 4
and 120 kg. This is just a conservative estimate based on farmers’ memory. The total monthly
fircwood consumption may be higher than that if the energy requirements for beer brewing
arc included in the estimate. Furthermore, during ial activities such as Nywo, funcral
rites and female iniriations into adulthood, energy requirements are quite high (ACOs, per.

comm.).

to be introduced in the villages a3 an alternative firewood species should be of similar or

using the species as firewood.

In summary, this study has shown that significant differences exist between the male
and female farmers in terms of land, labour, cattle products

1. Have differential access to land, lsbour, capital and other productive inputs. Not
all the male or female farmers are alike. There are varistions in access 10 lsnd, labowr



1S

3. Are poorly educated.

4. Arc economically rational as they show willi
beneficial projects such as the prc
3. Are mostly elderly farmers living in rural Katete.

6. Have diffcrential weekly labour inputs into agricultural production during the

i (0 engage in

ction of fruit trecs.

activities, their weekly houschold Isbour input for agricultural production is much

7. Ase traditional and loyal to the local chiefs.

9. Consider maizc and livestock productions as important activitics.

10. Arc dependent on inorganic fertilizer for maize (cspecially hybrid varicty)
production.

12. Are experiencing high rates of migration of family members from the howscholds
13. Depend on forests or wildiand for the colicction of firewood, charcosl, bullding
and fencing matcriaks, and food.
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CM+F and the SS+M treatments. Figure 5.2 summariz
under these treatments over time. These results are based on SCUAF simulations and

s, graphically, trends in soil saved

CM +F would be 0.73 thousand soil kg/ha in the fifth rotation.

For example, a 35S+ 1M rotation would protect the most soil against erosion (31.64 thousand
sodl saved kg/ha in the fifth rotation). A 1SS+ 3M rotation would save the least smount of
s0ils among the SS+M rotation treatments (8.57 thousand soil kg/ha in the fifth rotation).

In 2 1SS+3M rotation, the mean (rotation average) amount of s0il saved would be
low (-2.80 thousand soil kg/ha); increase, but still low (-0.12 thousand soil kg/ha) in the
second rotation: and then increase in the third, fourth and fifth rotations (3.21, 691 sad 857
thowssnd s0il kg/ha, respectively). Negative values (Table 5.5) indicate that soil saved under
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a fallow system is less than that under continuous cropping without fertilizer usc, or that soil

under continuous maize cropping without fertilizer application, CM (Appendix 4). This
suggests that 1SS+3M is not effective in controlling erosion. In all other SS+M rotation
treatments, the mean amounts of soil saved would increase over time (Figure 5.2).

In each SS+M rotation treatment, the amount of soil saved under the periods of
maize cropping would be much lower in the short-term (less than 6 years) than in the long-
term period (7 to 20 years). This could be related to several factors. One probable
explanation is that because most topsoils in Katete are already degrade
cultivation, it would take time for the fallow to physically and chemically improve the topsoils
to effectively reduce soil losses by runoff and erasion. There were no Katete soil erosion data

) by intensive

with which to compare results of this study. However, based on previous studics (Nair 1987,

Young 1986, Lal 1989), SS could improve soil physical conditions (i.c. by providing betier

soil loss and runoff in Katete. The longer the SS fallow and the less the intensity of maize
cropping, the more the soil would be saved and the higher the yickd.

These findings are consistent with previous reports. Tisdale et al. (1985) reported that
erosion is a symptom, not a primary cause of soil destruction. The main causes are
the following:

room for more water, is another factor. Residucs and stems of crops (c.g. maiac) and
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trees (e.g. SS) reduce velocity of water and evaporation. Residues when turned back
to the soil, make it more permeable to water.

2. The length of time the soil is in cultivated crop versus the amount of time the soil

in a closc-growing tree.

3. The time that crop or tree grows in relation to the distribution and intensity of

rainfall.

4. The type and amouat of root sysiem.

3. The amount of residucs returned to soil. Points 4 and $ affect soil structure.
denser cover, and a more extensive root system of forage species.

C and N under SS+M rotation systems. Changes in C and N based on CM+F are also shown
for comperison with the dynamics of these clements under SS+M rotation.

Incresses in concentrations of soil organic C would be observed in all SS fallow-maize
rotation systems. except in 1SS+3M (ic. due 10 low litter accumulation, erosion and
m;&ﬂmcmmiamssmmmmhﬂ
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added to the soil). The least C accumulation in the soil would be obscrved in a 1 year fallow,
followed by 3 years of maize cropping (15S+3M) rotation. In this case, sbout 2117 kg C/ha
would be added to the soil at the end of first year. In a 2 year fallow, followed by 2 years of
maize cropping (2SS +2M) rotation, about 4242 kg C/ha would be added to the soil at the end
organic carbon would decrease by sbout 35% in the CM +F. This finding is consistent with
that reported by Vermeulen et al. (1993). The decline in soil organic carbon is brought sbout
by relatively (as compared to SS) low litter accumulation from maize plant, rapid

be due to the effects of leaching or erosion.

Soil organic N would aho increase in all the SS+M rotation trestments akhough it
would tend to fluctuate over time. A 35S+1M rotation, would provide the grestest N
accumulation in the s0il (sbout 952 kg N /ha would be added to the soil at the ead of the
third year). Under 1SS+3M rotation, shout 313 kg N/ha would be added 10 the soll at the
end of first year. In a 25S+2M rotation, sbout 637 kg N/ha would be added 10 the soil ot the

results of 25S+2M and 3SS+3M would be quite similar.
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Bascd on the SCUAF simulation, the C and N results suggest that SS fallow could
improve the organic C and N contents of the soil in the Katete ox-hoc farming system. The
studics. For example, it has

C values of this study are within the range reported in previous
been reported that 12 month old S. sesban var. nubica added 448 kg N/ha/yr to the soil (Onim
ct al. 1990).

Soil organic C and N would increase in their concentrations with the progress of the
fallow and time for many reasons. One probable reason is that the SS litter, especially the

vegetation dynamics, would provide the raw material for the generation of soil organic C and
N. Provided the foliage cover is maintained by farmers such that surface wash would be
minimized, the soil organic C and N would continue to accumulate even though some of this
may be lost through crosion and oxidation in the ecosystem (Jordan 1985).

The buildup of soil organic C and N mldbegmmedbymemmaf
heterotrophic soil microorganisms (Tisdale et al. 1985). Nitrogen in some form and other
nutricnts would be needed by the microorganisms that decompose organic matter. In the case

relatively small in relation to the carbon present (Table 5.6). The microorganisms would
utilize any NH,* or NO, present in the soil to facilitate the decomposition. This N would
be needed (o allow rapid growth of the microbial population which would accompany the
addition (0 the 30il of a large supply of carbonaceous materisl, Sesbania sesban. Because N
enough mincral N in the soil to support maize growth on a sustainabic basis under a SS fallow

sysicm (except in 1SS+3M rotation sysiem).
The ratio of the percentage of carbon (o that of nitrogen, the C/N ratio, defines the
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relative quantitics of these two elements in fresh organic materials, humus or the soil as a

whole. The C/N ratios of undisturbed miombo forest and bush fallow at Msckera arc 7.5 and

14.3, respectively’.

At Msckera Station, Kwesiga et al. (1991) reported that the site on which they
conducted their SS+M rotation experiment had an initial C/N ratio of 7.14, based on the soil
depth of 0 -15 cm. After 3 years of SS fallow on the site, the C/N ratio was 8.43. The third
nitrogen contents of the soil were then remeasured. The C/N ratio was 9.42, which is within
the range reported for undisturbed soil organic matter at Msckera.

In this study, the C/N ratios, based on SCUAF simulation, also show an increasing
trend over time. Initially, the C/N ratio would be 4.88. If a farmer were to plant SS on his or
respectively. With 3 years of SS, followed by 1 year of maize cropping, the C/N ratio would
be 5.43. These values are quitc low as compared to the C/N values for stable soil organic
matter or thosc reported by Kwesiga and his colleagues. Low C/N ratins would be expected
for Katete ox-hoc farming system because farm lands have been intensively cultivated and soil

matter has been degraded, hence reducing the depth or thickness of topsoil (Mhango, per.

comm.).
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sysicms. Under all the SS+M rotation systems, except 1SS+3M, mean (rotation average)
sustainabic systcms would appear to be 2SS +2M, 2SS +3M, 385+ 1M, 3SS+2M and 3§S+3M
rotations. As expected, following each successive fallow period in all SS fallow-maize rotation
options, maize yiclds in the second and third years of cropping would be lower than those in
the first year of cropping (Table 5.7).

If the farmers were not to consider SS fallow practice and instead continue with the
current practice of continuous cropping with or without fertilizer use, maize production would
not be sustaincd in the long run. Maize yicld would decline from 1.90 10 0.90 thousand kg/ha
(sbout 53% decline over a 20 year period) under continuous cropping without fertilizer
(Figure 5.6). Similarly, maize yicld would decline from 2.00 to 1.30 thousand kg/ha (a 35%
declinc over a 20 year period) under continuous cropping based on fertilizer application
(Tablc 5.7 and Figurc 5.6). These findings arc within the range of values reported by
Vermeulen et al. (1993).
maice yiclds, based on 1SS+3M, 25S+2M and 35S+ 1M rotations, the yield data from this
SCUAF study suggest that maize yiekds under SS+M rotations in Katete would be much

lower than the station data, at least by 50%, Jing on the SS+M rotation (Table 5.8).

The above results show that if the male or female farmers were to practice SS+M
rotation, they would improve their maize output (yield) per unit area of land. Maize yield
Increased maize yield afier one to three years of planted and managed SS fallows has
been reported in previous studies (c.g. Prinz 1987, Saleen and Otsyina 1986, Hamid et al.
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1984, Agboola 1980, Paim et al. 1988). In gencral, they demonstrated that lower yickls were
associsted with continuously cropped plots duc to damage in soil structurc, rapid
decomposition of organic matter and erosion. Erosion would cause loss of rooting depth for
maize. It would reduce the amount of soil available for water supply, nutrients and physical
support for maize. The effect would be gradual and progressive (Kidd and Pimental 1992).
Conversely, increases in maize yickds under fallow treatments were also shown (o be related
to accumulation of organic matter in the soil and improvement of soil physical structure.
Sanchez et al. (1985) explained that it is possible to attain improvement in soil physical
structure through the action of the opening of pores by root pressure and root decomposition.
In a 1SS+ 3M rotation system (Figure S.5), however, there would be a declining maize yield
trend due to the low amount of soil saved (Figure 5.2) and low accumulations of soil organic
carbon and organic nitrogen (Figures 5.3 and 5.4).

This study has also shown that, under farmers’ conditions, maize output could be
lower than thosc obscrved at Msckera Rescarch Station. At Msckera, the SS+M rotation
experiment was conducted under soil conditions different from those of the farmers. Kwesiga
ct al. (1991) reported that the sitc was a newly cleared miombo woodland which was already
rich in soil organic carbon (C) and nitrogen (N). Thus, when SS was planted on the site, it
enhanced the C and N pools which resulted into significant yield response per unit of land
area. The sitc was also prepared with a tractor.
propertics have been degraded, and low N and C contents dominate the soil (Mhango 1991),
Under these conditions, SS would be expected to grow poorly especislly during the
establishment stage. Consequently, yield response would also be low during the establisha
stage, but increasing as time progresses. Based on 2 6 month SS performance asscssment,
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blishment in Kagoro, Katete, Kwesiga et al. (1991) reported that the growth of SS

in Katcte was very poor as compared to the performance at Msckera. They explained that
differences in methods of land |

and lack of weeding, supervision, and a suitable Rhizobium strain. In future trials, (1) land

preparation methods for ficld trials, both on-station and [armers’ ficids, must be standardizec
(2) rescarchers must visit farmers frequently, and farmers and camp officers should be ensbled

to visit Msekera to learn sbout fallow cstablishment, management and benefits, and (3) SS

secdlings should be inocula
fertilizer or no fertilizer application (Figure 5.6). Several factors may be contributing to this
during (allow periods. These results suggest that farmers would have 10 use fertilizer with SS
or with maize after phasing out over a certain number of years. Adding fertilizer 1o SS during
that if SS was 0 improve soil fertility, then what would be the point to fertilize it during its
establishment. Adding a small amount of fertilizer, such as for “top dressing” purposes, during
maize cropping. could probably be considered by farmers as it conforms with their cultural

It is difficult to predict how the male and female farmers would incorporate SS fallow
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fallow system, it is certain, however, that none of the farmers would put all land in SS at one

time. It is also expected that the farmers would have several options, some of which could be:
1. Planting SS on (a) grassiand, the arca of farm land where soil is exhausted and had
been left to fallow under grass cover for 1, 2 or 3 years to restore soil fertility, or (b)
on the arca allocated for maize or other crop production. Strategy (b) may not be
the sake of SS. The farmer could consider strategy (a). A small portion (1 ha or 0.25
ha) of the grassiand or any area of farmland, depe

wding on the farmer’s choice, may

crops. This, however, depends on land and labour avail
strategy were (0 be undertaken, it would result in additional labour and other SS
and harvesting, and SS scedling costs. If it were a 255+ 3M or 35S +3M, this would

ility, and family needs. If this

mean that maize output on the SS arca would be foregone for 2 or 3 years, even
though the system would sustain yicld in the long run. Most importantly, if the farmer
is experiencing land and food shortages, he or she would likely continue cultivating

term.

2. To continue with their current practice by leaving a portion of the exhausted farm
land to fallow under grass cover for 1 10 3 years. In this case, the farmer knows that
it would be difficult for him or her to plant SS on the land because it would result in
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land undcr grass fallow. The land would be cleared and planted with crops appropriate
to the farmer’s objectives.

3. To continuc using the inorganic fertilizer on the land under grass fallow or

cultivated land. In this case the farmer would be harvesting crops annually. But crop

yiclds are not expected to be sustained under this system in the long run. Many
farmers would also not be able to buy fertilizer in the long-term because of its
increasing cost.

4. To crop continuously without fertilizer use even if they would get low yields and

the system would not sustain the yield in the long-term.

3. To continue with crop rotation cven though this has not produced significant yield

improvements (ACOs, per. comm).

If the malc and female farmers were to plant SS on their farm land, utilizing all fallow
and cultivated lands, they would be expected to establish the species on “scheduled” (phasing)
arrangements, based on temporal and spatial considerations. Tables 5.9 10 5.14 show maize
yiclds bascd on thc temporal and spatial arrangements of 1SS+3M, 2SS+2M, 2SS+3M,
3SS+1M. 35S+2M and 3SS+3M rotations in a farming systcm. Table 5.15 shows the
summary of maize yickls per hectare while phasing in SS fallows utilizing all fallow and
cultivated lands. The yield data in Table 5.7 were used in the calculations. All the SS+M
rotation sysicms, except 1SS +3M rotation would sustain maize yield in the long run. For the
purposc of simplicity and convenicnce, cach plot size was assumed (0 be 1 ha, but this could
be of any sizc depending on the area of farm land the farmer has and his or her objectives.
W.kmdethMMbeuwd
ucussmmmhmmmmmwsammw
maizc yiekds per hectare (Tables 5.9 10 5.14). Of all the SS+M rotation akternatives, 2884+2M,
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and sustainable under these SS+M rotation systems. A 35S+ 1M rotation would be a financisl
The cross over period or break-cven point, the year SS4+M rotation would produce

higi - vield than that which could be achicved under CM +F, would be after year 15, 18 or
19, depending on the SS+M
The farmers could increase their level of maize output in 2SS +2M, 2SS+ 3M and

A (Table 5.15).

3SS+3M rotation systems by adding 100 kg/ha of inorganic fertilizer at the time of planting

255+2M and 2SS+ 3M rotation systems. The greatest increase in the level of maize output
cause the same effect: yield response. Similar observations have been reported in previous

break-cven points. In a 285+2M rotation system, the break-even point would be afier year
14 (Table 5.16). In a 2§S+3M, it would be after year 12 (Table 5.17). But in a 3SS+3M
rotation sysiem, the break-even point would be aficr year 9 (Tabile 5.18). It was not possible

54).
mafmsmmmﬁtmﬂhmmﬁmmm
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100 kg/ha forever during maize cropping after each fallow period. The farmer would probebly

To determine whether or not SS would improve the conditions of the houscholds and
sustain the ox-hoc farming sysicm in Katete District, social and economic factors have 10 be
evaluated in conjunction with the fallow sysiem. This study showed that the SS fallow system
would be biologically feasible. But if the improvement in maize yield, s0il organic C and N
would not be expecied 10 consider adopting it. In this section, the profitability
demands, fuctwood and other by-products of SS fallow system, knowledge 1o practice SS
fallow sysicm, effects of extcrnal stimuli on SS fallow system, other agroforestry options, and

Tables 5.19 to 5.24 show the estimates of net returns (net income), expressed in

Tablcs 59 10 5.14, May 1990 input and output prices provided by the Zambisn Ministry of
shows the summary of the estimated net returns per hectare while phasing in selected fallows,
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If the male or female farmers in Katete were to practice SS+M rotation system, they

would be worse off economically in the short-term (1 10 6 years) because of the costs incurred

sysicm (Table 5.15). Break-even (cross-over) points would occur afier 3, 6, 4, 11, 6, S years
in 1SS+3M, 255+2M, 2S5+3M, 3SS+1M, 3SS+2M. and 3SS+3M rotstion systcms,
respectively (Tablc 5.25). This means that it wouk not be profitabic to practice SS fallow
sysiem in the short-term. Net returns from the fallow system could be realizod in the long-
term, a period in which most of the present male and female farmers would have died,
considering the life expectancy in Zambia and the average ages of the samplod farmers.
rotations would show an increasing trend in the long run. For cxample, Figure S8 shows
increasing trends in net returns in 28S+2M, 25S+3M and 35S+ 3M becausc of the increases
increascs in maize yiclds. In a 38S+3M rotation, for example,
net income than SS+M rotations in the short-term. But CM+F practice would result in o
decrease in net return, from ZK 2059 (year 1) to ZK -153 (year 20), sbout 100% decrease,
because of the declines in 10il organic carbon and organic itrogen, increases in the rate of
soil loss, and the decline in maiae yicld.

As discussed previously, farmers could apply fertilizer as wsual during maise cropping,

net return st year 20 would be
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2SS+2M, 25S+3M, or 3SS+3M rotation, break-cven points would occur after year 6 in
255+2M or 255+ 3M rotation and after year 4 in 3S5+3M rotation as illustrated in Tables
3.26 10 3.28. Because of the costs incurred in buying fertilizer, net returns would drop. For
cxample, st year 20 it would drop by ZK 146 and ZK 206 in 2SS +2M and 2SS +3M rotations,
respectively. But in a 3SS+3M rotation, net return would increase by ZK 1777 at year 20
costs were incurred. This is because in a 35S +3M rotation system, there are

even if fertilizer

al. Most importantly, it would be unwise for the farmer 1o continue using fertilizer

scediings/ha, spaced at 1.0 x 1.0 m, 10 Zambian ngweeiscedling plus an assumed S0%
e for loses during planting. (or replanting due 10 mortality caused by termites,
was assumed that no weeding would be required in the third year of the fallow: SS would
have developed full canopy, and weeds suppressed by the third year (Kwesiga et al. 1991).
The occupation of SS on a piece of farm land for 1, 2, or 3 years would mesn that no
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importantly, the farmer would be incurring costs associated with the SS fallow system.

5.5.2 Labour demand for the practice of Sesbanis sesban improved fallow system

Table 5.29 shows the estimated monthly labour demands, and male and female headed
houscholds’ labour supplies during the cropping scason. The demand estimates are based on
the calender of cropping activitics outlined previously in this chapter and the 1990 Zambian
farm management model or guidelines developed by the Ministry of Agriculture. The
estimates for the male and female headed houscholds’ labour supplics are based on the
averages of cultivated land, number of full-time workers (aduits) and the weekly labour input
by a full-time worker (Table 5.3). Labour supplicd by chikiren is ignored because they are not
full-time workers. Children arc nceded, in many cases. (0 supplement houschold labour when
needed. Labour supplics by the male and female headed houscholds are assumed 10 be
constant each month. Farmers were not asked how much time they spend on doing off-farm
activities per week, or how many family members do not work per week duc o ilincss. Thus,
it was not possible to discount time lost due to illness, or spent on doing off-farm activitics
from the monthly houschold labour supply. If these time clements were factored in, the actual
monthly labour supply by the male or female headed houschold would probably be lower than
the values reported in Table $.29.

Under the current practice (Table 5.29), lsbour demand is highest in November, the
planting period. The average male headed houschold experiences labour shortages of 19 aad
69 hours per hectare in October and November, respectively. The situstion for the female
headed household is even worse. The average female headed houschold experieaces labowr
deficiencies throughout the year. The greatest labour shortage is experienced in November
(-134 he/ha).
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Based on the interviews with the agroforestry technicians at Msckera, it was estimated
that the labour necded, per hectare, for the practice of SS fallow system would be as follows:
(1) for land preparation Isbour demand would be 100 hr; (2) for transporting, digging planting
holes and planting. it would be 600 hr; (3) for 1st and 2nd weeding, it would be 140 hr; and
(4) for harvesting SS, labour demand would be 100 hr.

If the average male or female headed houscholds were to consider practising the SS
fallow system, they would have to provide additional lsbour for these activities. This means
that in October, the farmer has to provide additional 100 hr for land preparation, 600 hr for
transporting, digging planting holes and planting SS, 70 hr in January for 1st weeding, another
70 hr in March for 2nd weeding. and 100 hr during harvesting of SS in August, if it were a
ISS fallow (Table 5.30). For a 2SS fallow, the farmer would need labour for weeding and
harvesting, and if were a 3SS fallow, he or she would need labour for harvesting only,
assuming no weeding were required in the third year of the fallow. This suggests that the
longer the fallow, the less labour would be required to maintain it.

Thesc activities would create labour shortages for the average male and female
in October, November, January, March and August. The greatest Iabour shortage would be
expericnccu 1n November (699 hr). For the average female headed household, she would
experience severe labour shortages throughout the cropping season. especially in November
(-734 hr), October (-184 hr) and August (-114 hr). This means that the male or female
MMMMwmm.mMmambM(M)
Isbour to make up for labour deficiencies.

The consequent reduced maize yiclds, loss in revenues, labour and costs associated
whmsrmmmuwwmmmsm
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pnctioe.‘l‘hemlisuesatchowto(l)oﬁmthcneedlodcferpmductbnofmizcinlh:

ﬁmmoﬂhctallowsy:lem.M(Z)eompcmtefortbekminmucorfoodpmdmim
from the land during the SS fallow. There are no simple answers to these issucs. Farmers
wuldadoptmnluuwgia.mempk.theymldummtplmfoodmwhkhuEy
would depend on during the SS fallow periods, or "hunger months®, from January to March,
a period when food is scarce in Katete (Bochringer and Caldwell 1989). However, this would

current food production levels and number of dependents in the male and female headed
houscholds, it is unlikely that the farmers would ever be able 10 store much, if any, surplus
food. Most farmers in Katcte have persisient food scarcity problems which arc linked to
production and the number of houschold dependents (ACOs, per. comm.).

$.5.3 Fuciwood and other uses of Sesbanis sesben improved fallow system

It has been advocated that SS, besides adding N to the soil, could be used as fuciwood
or poles (ICRAF 1988) to compcnsate for the opportunity costs associated with the fallow
system. Farmers could get these fallow products from their farm lands, hence reducing
deforestation and the amount of time spent in coliccting the products from the forest.
Howm.l’romafamcr‘spcupectivc.SSmynouecmtobcadcsiublespeciumdieﬂ
solution to encrgy demand. For a 2SS or 3SS fallow, it mcans that the farmer would have 10
waitfaZm3ycanhefmobuiuingtlnfueMod.thnSSmcuuﬂauw[Mpuhi
tbeyhmwdquafcwmbbcfmthcyunbcmedfmdailym«puﬁﬁ
activities such as beer brewing.

It is also unlikely that the SS fuciwood, produced from a unit area, would sustsin the
houscholds’ energy nceds for 2 or 3 years. According to Kwesiga (ICRAF 1991), farmers with
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2 to 3 year old SS trecs in their ficlds could harvest about 10 to 15 tons/ha (or 10000 to
15000 kg/ha) of firewood. The current total monthly consumption of hardwood, air-dry
fuciwood for the Southern Africa region is estimated to be about 300 kg for a family of 6
people, 50 kg of fuclwood/person/month (Mangono 1992). This means that for the average
malc farmer, with about 11 dependents, the monthly consumption of fuelwood would be
about 550 kg (50 kg x 11). For the average female farmer, with about 8 dependents, the
monthly consumption of fuclwood would be about 350 kg (50 kg x7). Thus, the annual
fuelwood consumption by the average malc and female farmers would be 6600 and 4200 kg,
respectively. Theoretically, this means that the SS fuelwood would sustain the average male
farmer for about 1.5 to 2 years (10000 or 15000 kg divided by 6600 kg). Similarly, it would
sustain the average female farmer for about 2 to 3.5 years (10000 or 15000 kg divided by 4200
kg). These estimates, however, are based on SS fuelwood production at Msckera. At Msckera,
a 3 ycar SS produccd an average diameter of about 3 cm, measured at breast height, or dbh
(ICRAF 1991).

Based on the ficld trials, cstablished and supervised by the agroforestry team, in
Kagoro, Katete. the average dbh of a 6 month old SS was about 0.68 cm, suggesting that in
Kagoro, the dbh of a 3 year SS would likcly be much less than the performance at Msekera
and 50 would the SS fuelwood production. About 5000 to 10000 kg of fueiwood/ha would be
expected under the farmers® conditions. This means that for the average male and female
headed houscholds, the SS fuciwood from a 3SS fallow would sustain them for sbout 1.5 and
2 years, respectively.

In practice, however, the consumption rates of SS fuclwood would kikely be higher

gm/ce, oven dry) than the forest fuciwood species (average of sbout 0.80 gm/cc) currently in
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usc by the farmers. Second, SS burns much fastcr than the forest specics (Dutt and Jamwall
1990). According to these rescarchers, for a wood to be an efficicnt supplicr of encrgy, it
should have high calorific value, high density, high volatile matter, but low ash content. These
requircments are only partially met by SS. Because of small §S which would likcly be
produced, with relatively less dense wood and rapid burning, the monthly consumption rate
of the SS fuelwood would be expected to increasc. Thus, the unit area production of SS
fuelwood stock (i. ¢. based on SS grown for three years) would probably sustain the farmers
for only 6 to 12 months.

Another issue related to SS fuclwood is the question of social acceptability. It is not
known whether farmers would, in the short run, accept SS as an altcrnative cnergy source.
According to the agroforestry technicians at Msckera, some farmers living ncar the station
were invited to come to collect "free” firewood from a stock of 3 year old SS aficr it had been

firewood was 50 small in diameter that it wood burn like “grass”. So long as farmers arc still
getting dense wood from the forest or lopping their mango trecs for firewood, it is unlikely
that SS can be considered as an alternative fuelwood. The SS fuciwood could be considered
if there were no perfect substitutes: if farmers were using grass, crop residues or cowdung for
cooking. a situation likely to be experienced in the long run. At the moment, fuciwood supply
is not a problem in rural Katete. There is, however, a very high potential for encrgy crisis in
the near future. This suggests that research on altcrnative energy sources should be
considered in order to design the long-term solution to the expected encrgy problem in the
encrgy. clectricity and improved cookstoves such as metal pans and pots (Mangono 1992),
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Some of these options such as electricity involve high capital invesiments to establish. In
Zambia, this may be an impossible project to pursue, at least for now, because of its weak
cconomy. Much emphasis is now on improved cookstoves because of their fuel-saving
capability. While it is argued that this strategy may reduce the consumption rate of fuelwood,
encrgy demand for various domestic activities will continue to increase. Furthermore, the
planting of SS would not climinate the deforestation problem.

Fucl-saving technology and tree planting will provide planners with only a "breathing
space” (Mangono 1992). Nevertheless, it is this breathing space that is needed while the most
direct way to improve encrgy supply and long-term solution to energy demand are being
examined.

Sesbania sesban could also be used for stacking, building and fencing purposes, and
as foddcr for livestock (0 compensate for loss revenue or food during fallow periods. But it
is unlikcly that farmers would consider SS for these activities. They would still prefer trees
which are straight, durablc, and resistant to termite attack. For exampic, some farmers in
Katete usc Euphorbia turicalli for fencing their dimbas because this specics is known to
produce chemical exudates which are toxic to termites (Kwesiga and Chisumpa 1990).
Harvesting part of SS (when it is growing) as fodder could reduce SS biomass and amount of
litter accumulation, resulting to formation of small amount of organic matter. Consequently,
these factors could reduce the effectiveness of the fallow system in improving soil productivity.
Labour for the harvesting activity would also compete with lsbour demand for off-farm and

other farm activities.

§.5.4 Knowiedge to practice Seshanis sesban improved fallow system
In cstimating nct income trends under SS fallow sysiem, it was assumed that farm



in SS nursery production. However, this would depend on the demand for SS in the villages.
Gwenlh:pm:nunlhghappaﬂumtymmtgdmthssmknwmlh:mmyh:m

nurserics, they would have to be trained in basic forestry nursery techniques, as discussed in

lands for planting; (7) nursery protection which includes fencing against livestock, rodents and

fire; and (8) avoidance of an outbreak of seedling discases by maintaining gencral tidiness in

the nursery.

reported by Linyunga and Phiri (1983), a successful SS fallow establishment sppears to
depend on nursery SS planting stock. When SS is sown broadcast, it does not grow as fast as
the potied specimens (Kwesiga, as reported by Linyunga and Phiri 1993). Thus, if farmers
were (o adopt SS fallow system, they would have (0 use nursery stock to obtain good results.

how scedlings arc established, at what age or size, at what distance apart, straight lnc
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however, the importance of these roles is often obscured by prevailing assumptions that (1)
women are housewives and are not heavily involved in agricultural production, (2) women are
not significantly involved in tree production and use, (3) every woman has a husband or is
part of a male headed houschold, and (4) women are not influential or active in public affairs
(Fortmann and Rocheleau 1985).

This study has shown that female headed households, by choice or as a result of

personal cvents such as death of a spouse, divorce, descrtion, abandonment or of social trends
such as a male outmigration, have assumed new roles which used to be traditionally important
*malc activitics® in agricultural production (Table 5.3).

Besides agricultural production, female farmers have to participate in household
activitics such as caring for children and the house, collecting forest products such as
fueiwood, grass and wiki foods, water and cowdung for decorating the houses, milking cows,
trading and becr brewing. However, if they were to practice an agroforestry fallow system, it
would compete directly, in terms of lsbour demand, with these activities. At present female
farmers suffcr from labour shortages as a result of increased outmigration of household
deal), or introducing a fallow system which requires minimum labour, and less opportunity
COsts.

Malc and female farmers have been shown, in this study, to have differential access
to land. According to Milimo (1987), women continue to be discriminated against in the
act vests all land in the president, who in turn delegates his powers of allocation to district
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often require a husband’s consent for a married woman (o receive land. Milimo adds that "in

most cascs, the husbands are reluctant because they prefer wives to work on their cash crops.”

mortgaged (ACOs, per. comm.). With respect to male headed houscholds, if s male dics,
outmigrates or divorce occurs, the land which the couplc has been using reverts to the
absolute owners, the linage of the husband. This suggests that spouses of male headed
households have insecure ownership of land: there is uncertainty as to whether they are able
to claim future benefits arising from their investments in the land. In this study, it has been
shown that SS+M rotation practice requires some sacrifices in the short-term in order to
households hold temporary or insccure claims, as the casc with marricd women in Katete,
then they will be unwilling 10 accept costs for benefits to which they may have no right in the
future.

Changes to tenure systems should be considered, involving chicfs and policy makers.
Otherwise, it will remain onc of the major obstacics to the development of improved
tenancy may be beyond the rescarchers’ ability to change. It is a complicated policy issue. But
lack of access to land constitutes serious obstacles to implementation of agroforestry fallow
projects by female farmers.

In this study, a female cnumecrator was employed (0 conduct the interviews oa the
rs to express their concerns and questions frecly

basis that it would be easier for femalc farme
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would also be necessary 10 promote agroforestry improved fallow systems. Lessons from
ing countries suggest that the mechanism for diffusion

agricultural activitics in many develop
Female extension workers tend o work with female farmers, while male extension workers

akso tend 1o work with male farmers. A recent national survey of agricultural extension
workers in Zambia revealed that only about $% were women compared (0 95% male. The
report also revealed that male extension workers tend (o serve only male farmers (Central
Statistics Office 1990).

If the farmers were (o practice an agroforestry SS fallow system, the economic benefits
would be gender biased. Male farmers would have more yiekd and income than the females

the priorities for the fallow system would also be influcnced by gender. In this study, female
farmers (64%) showed more interest in SS fallow system, while the males (73%) rejected the
improved fallow idea. Because female farmers are the principal collectors of firewood and
other forest products, getting firewood from the fallow system would reduce the collection

It was not possible, dux: 10 data limitations, 1o predict the effects of changes in random
or stochastic shocks (external stimuli) on production and consu
mﬂnﬂ:wd-mmﬂah—éﬂimﬁmm:km
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number of dependents, and quantity of land and non-land capital on the (arming system, with
or without agroforestry SS fallow system. Because farming sysiems are complex and dynamic,
behaviour of the households. The development of such a model would require a large and

behaviour would require a sophisticated

behaviour of the houscholds with and without agroforestry SS improved faliow systems.

According to the survey results and Tables 5.29 and 5.30 of this study, the migration
of a family member (worker) from a female headed b

result in additional labour demand for the houschold, the female farmer would experience

even more scrious labour constraints. In some parts of India, social forestry (

forestry and agroforestry) programmes have been shown to causc increased workload for
women (Fisher 1992).

significantly affect the behaviour of agricultural houscholds operating under continuous
casc in the prices of

farm houscholds. If farmers were (0 practice an SS fallow system, it is also expectod that their
rescarchers mey aim at improving soil conditions, maximizing yickds, and reducing
deforestation, farmers seck to maximize their welfare, in addition (o yicld and profit. They
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seck to minimize risk, labour inputs or improve the seasonal distribution of the food supply.
Farmers in Katete seck to provide a reliable supply of food for their families and to provide
cash for what they regard as cssential purchases. They take into account both ecological
circumstances such as soils (e.g. by crop rotation practice to improve soil fertility) and

female headed houscholds indicated that they were not interested in an agroforestry SS fatlow
other farm and of-farm activities (c.g. brewing and trading). Off-farm activitics are important
would rather scll his or her labour for ZK 20/day (May 1990 rate, Zambian Ministry of
Agriculture 1990), continuc (o tradc or brew beer.

It will be important to provide farmers with trees, shrubs, or fallow systems which
fmwmmlmmptfmmmmmlhpﬂmhraﬁpgrﬁmqu
are very fragilc cconomically. Thus, they would not be willing to make a sacrifice or forego
income in the short-term for expected future gains.

While farmers have been assumed 10 be conservative, backward, irrational or not
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willing to change (c.g. Beltran 1976), farmers in Katete are de ment oricnted people and

respond to market forces. They are intcrested in adopting economically beneficial projects
such as fruit trec farming (survey results, this study). Farmers adopt ncw practices that arc
perceived 10 be in their interests and reject those that are not (Schultz 1964). For exampic,
the adoption of improved varictics of beans and groundnuts in the region were significantly
and positively correlated with the attractive salc price for the produce, and the availability of

According 1o Rocheleau and Raintree (1987), and Raintree and Warner (1986),
improv. .. or planted fallows represent an intermediate step between intcnsive systems like

designed to cnhance and accelerate the vegetative regencration of soil fertility (Rocheleau
and Raintree 1987). These authors arguc that interest in the adoption of biolog

fallows (c.g. planting of fast growing N-fixing SS) is not likcly to arisc until the farmers

and adoption of economically-enriched fallows is likely to precede biologically-acoelerated
oncs. This suggests that any plant specics to be introduced in the farming system in Katete
musi, at any given time. be ablc to serve dual purposcs: biological and socioeconomic

Farmers traditionally grow annual crops such as beans, cowpea and pigeonpes, in
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riment at Msekera

(ICRAF 1991). Based on the on-farm observations in Chipata and the ex
Rescarch Station, Bochringer and Caldwell (1989) showed that Cajanus cajan (pigeonpea)
has a high potential o alieviate some of the constraints farmers have in the Eastern Province
required littlc attention in the fiekds. The labour demand for pigeonpea was relatively low as
comparcd with other SS species experimented with in an alicy cropping system. Pigeonpea,
an indigenous species in the region, had the least mortality rate in comparison with other
agroforestry specics. In the slley cropping system, pigconpea supplicd 40 10 50 kg N/ar. At

recogniscd as such by farmers, from January or February through the dry scason.
Simultancously, animals could browse the pigeonpea.

In designing new fallow options for farmers in Katete, researchers should consider
biological aspects of such specics, including pigeonpea, over a wide range of envi '
the fallow specics, inchuding the effects of impulses, shoukd be undertaken (o estimate net
returns 0 land and labour and social benefits of the species.

Without appropriate fallow systcms, farmers cannot be expected to survive from
agricultural production on marginally productive soil regimes. They will continue $0 cut trees
& they expand their agricultural production in forested aress. They will continue 10 do 0,
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no real altcrnative at their disposal. While thermodynamics, ecology, common sense and

goals, it is unlikely that the economically vulnerabi
trade-offs in the arca of environmental quality and conservation for deferred crop production

: farmers in Katete arc willing to accept

or lost revenues (as is the case with SS fallow system) 10 which they assign a higher priority.

understand well. For example, nonquantifisblc factors such as relationship to the natural
environment and concern for futurc gencrations, are weighed against short-tcrm monctary
views of farm houscholds. According to Fisher (1992), externally funded projects have failed

to work effectively through local institutions for many reasons. First, the projects have often
ignored or overridden existing local knowledge and practices and imposcd assumptions sbout
aims and objectives of local resource management. Second, in most cascs these sims and
objectives usually "asscrt what is good for the local peoplc” without taking scrious
consideration of local views and circumstances. Third, the projects have tended to be designed

ge, and that “local peopic have no capacity (o organize activitics and need 0 be
Once the appropriate fallow system is introduced into the farming system and the path
of intemsification begins to involve permanent investments in the productivity of a fined picce
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(Rochcicau and Raintree 1987).
As part of the agroforestry sysiems approach, trees that can be used for fruit and nut

gender, ownership or tenure issues, and livestoc
addressed if the agroforestry system is to be successful in the region.
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Tus.n.mmmbdnmmaum@nmmu«.mm.
Zambia, 1992

Veriable Mesn S Dev. Min Mes.
Area of land (Ra) for hybrid maize production (AHMZE) 33 23 028 000
Area of land (k) for local maize production (ALMZE)® 300 2.2 050 1000
Ares of lend (he) for production of other crops (XC)* $30 348 140 200
Ares of lsad (hs) snder grass (XG) 2% 1% 0.0 (1)
Arca of lend (ha) under wooded (allow (XW)* 360 m 050 1000

Weekly adukt lsbour input (hr) during the cropping scason (ADLAB)  36.00 4.1 600 8000
Weekly child Isbour inpwt (hr) during the cropping scason (CHLAB)  31.00 18.20 100 00

Nember of adekt workers (WRKS) ’ (% 2 “
Number of depeadents (DEP) n 510 2 3
Amownt of fertilizer (FERT) weed in kg/ha® 2160 23 2000 22000
Hybrid maize yicld (PHMZE) in kgha 11930 82868 19800 225000
Local maize yield (PLMZE) in kg/ha 972260 427 31se 22500
Income from hybrid maize (IHMZE) in ZKAv* 1022700 1201757 142200 4264099
income from other crops (JOTHCR) is ZKMs 1024800 1305141 11000 6111000
Income from off-farm activities (INOFF) in ZKAr 788900 1137270 30000  40000.00
Age in yeans (AGE) % 16.43 21 (V]
Years of farming (YRFARM) 18 1201 s 3
Years of schooling (EDUC) 6 29 | 12
Number of peopic icaving the howschold (MIGR)* 2 161 [ ?
Neumber of cattle (CA)* ° 957 1 a
Number of gosts (GO)* ] LR 1 o
Number of pigs (PG) L s 1 18
Expenditure oa food (EXPF) in ZK/week Ime 1% s5.00 3000
Expenditure on ieisure (EXPL) in ZK/moath 6000 10® 1150 200
Expenditure on manulactured goods (EXPMG) in ZKmonth e 2017 0 1300.09
Espeaditerc on hired snimal lsbour (ANLAB) in ZKAr 156180 151164 10000 520000
Osther enponditures (OEXP) in ZKAT* 160300 19758 UM %0000
Exponditure on hired humen lsbour (HLAB) in ZKAv* 10400 221052 e %000
Enpeaditure on fertiliser (FERP) in ZKAaAr® 040 3816 1200  BRN

m:mm-quewu-uﬁmmuuw.womanm

(unmxum.-wmu-mmuu-m*.
m-amﬁm‘.wmmc&m-u-mmm
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Table 5.2. Summary statntics of selected characteristics of female headed on-hoe (arm houscholds, Kaicie, Esstern Province,
Zambua, 1992

Vartsble Meen Sid Dev. Mia Max.
Ares of land (ha) for hybrid maize production (AHMZE) 1.00 o.M 0258 300
Area of land (ha) for local maize production (ALMZE)® 1.3 0s8 0.40 400
Ares of land (ha) for production of other crops (XC)° 200 1.9 0.40 8.00
Area of land (ha) under grass (XG) 1.00 0.66 020 1%
Arca of lsnd (ka) under wonded fallow (XW) 1.10 0.66 0.08 100
Weekly adult Iabour input (hr) Juring the cropping 14.00 9.08 3.00 4200
(ADLAB)
Weekly child lahour input (hr) during the cropping sesson 6.0 39 2.00 14.00
(CHLAR)
Number of adult workens (WRKS)® 4 221 1 12
Number of dependents (DEP) 7 288 1 14
Amount of fentitizer (FERT) used in kgha* 196.80 59.35 100.00 400.00
Hybrid maize yield (PHMZE) in kg/ha® 1846.30 $47.71 72000 22%0.00
Local maize yield (PLMZE) in kg/ha 1545.70 63167 27000 225000
Income from hybrid maize (IHMZE) in ZKAT 5751.00 5241.42 1422.00 21330.00
Income from other crops (JOTHCR) in ZKAT 1986.00 2163.11 51000 6208.00
lncome from off-farm activities (INOFF) in ZKAr® 2803.00 4230.06 100.00 185800.00
Age in yean (AGI:) 4 10.22 2 &5
Yean of (arming (YRFARM) 16 813 L )
Yean of schooling (EDUC)* 5 227 1 10
Number of people leaviag the houschold (MIGR)® 2 1.3 1 &
Number of cattle (CA) 5 s 1 k )
Number of goats (GO) 4 398 1 2
Number of pigs (PG) s 4.4 1 2
Expeaditere on food (EXPF) in ZKAveck 60.00 4162 10.00 175,00
Expenditure on Ieisure (EXPL) in ZK/month 89.00 6393 15,00 200.00
Expenditure on manulactured goods (EXPMG) in 177.00 90.24 100 “n0
ZXK/month
Expeaditure on hired snimal lsbour (ANLAB) in ZKAr $90.00 248 $0.00 1500.00
Other expenditures (OEXP) in ZKAY* 2200 104443 700 S100.09
Expeaditure on hired buman lsbour (HLAB) in ZKAY 410 076 50.00 150090

Exponditure on fertilizer (FERP) in 2K/Aair I0n 6%81 160090 Ban

¢ Not normally distributed among femele headed ax-hoe (arm households, based on
(Zar 1974): Sud. Dev.= siandard devistion; Min.= misimum value, Man.= maimem value
ADLAB = 3 (uli-time adult worker's weekly isbour input; CHLAB = aot 8 full-time lsbour input




Table $.3. Companson of selecied charactenisiics of male and (emale headed an e (ara houscholds, Katete, Fastern Provinge,

Zamwa, 1992

Variable Male Hese Female t-valee
Area of land (ha) for hybnd maize production (AHMZE) 30 1.00 4x2
Area of land (ha) for local maize production (ALMZL) 300 (0.38) 1.30 (004) a4V
Area of arabie land (ha) for praduction of other crops (XC) $.30 (0.62) 200 (0.21) 2.00°
Area of arable land (ha) under grass (XG) 2% 1.00 s10°
Area of land (ha) under wooded (allow (XW) 360 (0.44) 1.10 (00%5) PYRY
Weekly adult labour input (hr) dunng cropping season (ADI.AR) 3% 1400 606°
Weekly child labour input (hr) dunng cropping season (CHILAR) 31.00 6.00 8.90°
Number of full time adult workers (WRKS) 9 (0.88) 4 (0 48) 791°
Number of dependents (DEP) 1] ? 451
Amount of fertilizer (FERT) used in kgha 201 60 (2.30) 196 80 (2 27) 109 m
Hybrid maize yield (PHMZE) in kg/ha 111910 (290) 18460 (3 24)  400°
Local maize yield (PLMZL) in kg/ha 9260 154570 -4 N0
Income from hybrid maizc (IHMZE) in ZKAT 1022700 (3.77) $75100(36})  149°
Income from other crops (IOTHCR) in ZKAr 10248.00 19%0.00 kA b
Income (rom off-farm activities (INOFF) in ZKar 78R9.00 (3.47) 280300 (3.14)  b9R*
Age in yeans (AGE) 46 45 09 m
Years of (arming (YRFARM) 18 16 09inm
Years of schooling (EDUC) 6(0.73) S (06]) 1.78 m
Number of people leaving the houschold (MIGR) 2(0.20) 2(0.2) nd
Number of cattle (CA) ?(0.77) 3 (050) 204°
Number of goats (GO) 4 (0.50) 4(0%0) nd
Number of pigs (PG) s L nd
Expenditure on food (EXPF) in ZKaveek 177.00 0.0 206 m
Expeaditure on leisure (EXPL) in ZK/month 820.00 RY.00 1.51°
Expenditure on manufactured goods (EXPMG) in ZK/month 209.00 177.00 103 m
Expenditure on hired animal labour (ANLAB) in ZKAr 1561.00 S9%0 00 242°
Other expenditures (OEXP) im ZKAr 16R300 (285) 70200 (2.49) 105
Expenditure on hired human lsbour (HLAB) in ZKMm 100400 (279) 34100(2.29) 2w
;E.wadum on fertilizer (FERP) in ZKManr 30%MO00(345) 29900 (348) OOVMm

Significant at Ps 0.05; ns= not significant; ad= no difference; ADLAB = fuli-time mput per worker, CHIAR= full-time mput.
Transformed or aormalized valucs are shown in parentheres. based on log bme 10 function (Zar 1974) The 1-tests were
calcuiated o the original mean values if the valucs were normal Otherwise. the aormalized (parcathesaed; values were wed.
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Tabic 5.4. Summary of satistics of sclected qualitative characicrstics of male and femaie headed ox-hoc farm houscholds.
Katete, -astern Province, Zambia, 1992°

Male HH Femaic HH
(n= S9) (n= SS)
Vanabic
Frequency % Frequency %
Ixpenence witcheraft 18 n k 69
I-uture plan:
imperovement in
agncultural
productionstandard
of hving 45 82 4?2 76
Future plan: no plans 10 1] 13 24
No kaowicdge of
agroforestry improved
(allow system S4 9K ) 89
Have knowiedge of
agroforesiry improved
(allow system 1 2 6 11
Willing to practice
agroforesiry improved
fallow system 15 27 as 64
Not wilting 10
practice agroforestry
mprowved [allow sysiem 0 YX] 20 Jo
Willing 10 plant trees which
bring moncy to the
farm houschokds 4 89 45 82
Not willing 10 plant
ffees 6 11 10 18
Have trees on farms:
(mang trees)
- S0 9] 15 7
- o s 9 4 3
Perception about
human populaton
growth: - pond » n o2 40
- had 14 o8 o) 4~
- o wica 2 4 10 18
Practice crop
rolation: s 100 s 100
Sufler (rom duscascs
(occamionalhy or
frequently) S8 100 S8 106
Dependonce on firewond
and other forest products ss 100 $s 100

“Matntical analyas 10 deie:ane the observid ditferences tetwoen the male 209 fomak: hoaded tarm houscholds cannt b
performed hecause (he data comtain singic nembens (Zar 1974). HH=headod houschold.
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Tablc 5.5. Estimated soil s.ivad (expressed in thousand kg/ha) under sclecied treatments, Katete,
Eastern Province, Zambia'

Year  For.  1SS+3M  2S542M 25S+3M  3SS+IM  3SS+2M  3SS+3M
m @) A “ ®) (6) @)
1 nd 1624 1624 1624 1624 1624 1624
2 nd 893 1644 1644 1644 1644 1644
3 009 866 520 520 1735 1735 173
4 016 98 443 443 095 095 095
5 025 1900 1903 541 1907 075 07
6 035 464 1995 1991 1998 1995 125
148
7 046 1.3 369 2087 209 2090 2086
8 058 .76l 201 403 1020 2187 284
9 01 1N 2% 157 28 1076 24
10 0.86 016 2384 186 2389 926 1130
1 100 514 1180 2482 495  US 926
12 LIS 49 920 2592 1958 2598 1001
13 136 2691 2703 1276 .1 2110 2103
14 1.5 48 2819 899 282  211S 2819
15 175 234 1956 992 294 1979 9%
16 196 179 169 047 2795 08T 2%
17 150 3090 3105 3104 3116 312 199
18 0.2 803 3140 1987 3149 3145 2031
19 030 157 2461 487 3180 2836 3168
20 0.31 188 2148 1513 211 2703 3201

'mmwscu&mﬁm.ﬂmmm(mq

The values in bold and underlined indicate rotation sverages.
um-dmmumm(mmmmmmm)mn
erasion wader a treatment (numbered from 1 (0 7 in the parentheses).

ad= no difference.

Fent. = continuous maize cropping with fenilizer spplication.

ss-mm(ﬂun

M= Msize

l.l‘-yeczdnlma-ugm
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Tablc 5.6. Simulated soil organic C and N undcr continuous maize cropping without

fertilizer application, Katcte, Eastern Province, Zambia

156

Ycar Total C (thousand kg/ha) Total N (thousand kg/ha)
Initial value 20280 4160
1 20095 3947
2 19912 3756
3 19685 3576
4 19425 3408
5 19134 3249
6 18818 3100
7 18480 2960
8 18122 2826
9 17747 2700
10 17358 2580
n 16958 2465
12 16547 2356
13 16129 2252
14 15705 2152
15 15276 2057
16 14843 1965
17 14417 1879
18 14001 1798
19 13593 1721
20 13197 1648
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Table 5.7. Simulated maize yields (cxpresscd in thousand kg/ha) basced on fertilizer use and selected
Sesbania sesban fallow sysiems, Katete, Eastern Province, Zambia

Year Fert. ISS43M  2SS+2M 28S+3M  3SS+IM  3SS+2M  3SS+3IM
m (¢)) @A) “ &) (6) O

2.00 0

2.00 210
1.90 210
1.90 200

198 138
1.80 0

& W N =
g csco
[

gooe

W
®
22

6 1.80 210

7 1.70 1.90
8 1.70 1.80
9 1.70 0

10 1.60 210

1 1.60 1.80

12 1.50 1.7
150 140
13 1.50 0
14 1.50 210
15 1.50 1.70

16 140 170
148 18

17 1.40 0

18 140 2.10

oo ckE§e ooEEZ oo of

19 1.40 1.60
2 130 1.60

‘E ‘5 a b GE E E S Qﬁ E‘ ‘!é' oo E ‘E E e © ‘E E é —¥-)

Treatmenats are numbered, in parentheses, from (1) to (7).
Fert. = Fentilizer.

0 = Fallow.

SS = Sesbania sesban.

M = Maize

1,2, 3 = years of fallow or maize croppiag.
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Tablc 5.8. Comparison of the trends in maize yiclds obtained from Sesbania sesban fallow
systems at experimental plots at Msckera Rescarch Siation and tha: simulated for Katete,
Eastern Province, Zambia

YEAR
TREATMENT 1 2 3 4
1SS+3M SS 230°(2.10)  3.80 (2.10) 4.40 (2.00)
25S+2M SS SS 5.00 (2.20) 5.60 (2.20)
3SS+1M sS sS SS 6.00 (2.50)

Simulated maize yiclds for Katete are shown in p.lrgnlhc;\cs Otherwise Ms;kua Rcsesrch Slamn
avcrage yicld values (Kwesiga ¢t al. 1991). Maize yields are expressed in thousand kgha,

*Affecied by unrcliable (droughty condition) rainfall (Kwesiga et al. 1991)

S8 = Seshania seshan (fallow).

M = Muaizc cropping.
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Table 5.9. Maize yickds (expressed ¢, thousand kg ha) based on the phasing of Seshania sesban
faliow in the 1SS + IM rotation system, utilizing 2 4 ha farm. Katete, Fastern Puninee, Zamiva

Year Maize vickds ha Total mase Total mawe vickds
vichis hased on fertddizes

! 2 3 4 application’

! 0 2.00 200 2.00 6.00 (1.5)) 800 (2.0
2 210 0 20 20 6.10 (1.83) 8,00 (2.00)
210 210 0 1.90 6.10 (1.53) 7.60 (1.90)

4 2.00 2.10 2.10 0 6.20 (1.55) 7.60 (1.9
s 0 2.00 210 2.10 6.20 (1.5%) 7.20 (1L.NY)
6 2.10 0 200 210 6.20 (1.55) 7.20 (1.80)
7 1.90 210 0 200 6.00 (1.50) 680 (1.70)
8 1.80 190 20 S.R0 (1.45) 6.80 (1.70)
9 0 180 1.90 210 S.80 (1.45) 6.80 (1.70)
10 210 0 1L.RO 1.90 S.80 (1.45) 6.4} (1.60)
1 1.80 2.10 0 1.80 S0 (1.43) 6.40 (1.60)
12 170 1.80 20 0 S5.60) (1.40) 600 (1.50)
n " 170 1.%0) 2.10 $.60 (1.40) 6.00 (1.50)
14 210 0 1.70 1.80 S.60 (1.30) 6.00 (1.50)
15 1.70 210 0 1.70 5.50 (1.3%) 6.00 (1.540)
16 .70 0 2w 0 5.50 (1.38) 5.60 (1.40)
17 0 1.70 1.70 2.10 5.50 (1.38) S.60 (1.4))
18 200 0 170 170 $.50 (1.3%) $.60 (1.40)
19 160 210 0 170 5.40 (1.35) S.60 (1.40)
20 1.60 160 210 0 $.30 (1.33) S.20 (1.W)

Values for maize yickds have been rounded to two decimat points.

0 = fallow.

Numbcrs in parentheses indicate average maise viekisha.
CM+F for comparison with 1SS + 3M rotation.
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Table 5.10. Maize yiclds (expressed in thousand kg/ha) based on the phasing of Sesbania seshan
fallow in the 2SS + 2M rolation system, utilizing a 4 ba farm, Katete, Eastcrn Province, Zambia

 Year Maize yiclds/a Toisl maize  Total maize yields
—_— yiclds bascd on fertilizer
r 2 3 4 application’

200 200  600(1.50) 8.00 (2.00)
0 200 200 400 (1.00) 800 (2.00)
0 1.90 410 (1.0%) 7.60 (1.90)
0 0 440 (1.10) 7,60 (1.90)
220 0 440 (1.10) 7.20 (1.80)
0 220 220 440 (1.10) 7.20 (1.80)
0 0 220 4.80 (1.20) 6.80 (1.70)
260 0 0 490 (1.2%) 6.80 (1.70)
20 260 0 490 (1.2%) 6.80 (1.70)
0 20 260 490 (1.2%) 6.40 (1.60)
0 0 230 530 (1.33) 6.40 (1.60)
W0 0 0 5.40 (1.35) 6.00 (1.50)
240 Y11 0 540 (1.35) 6.00 (1.50)
0 240 A 5.40 (1.35) 600 (1.50)
0 0 240 5.90 (1.48) 6.00 (1.50)
30 0 0 6.00 (1.50) 5.60 (1.40)
250 30 0 6.00 (1.50) 5.60 (1.40)
0 0 250 180 6.00 (1.50) 5,60 (1.40)
W 0 0 250 6.50 (1.63) 5.60 (1.40)
2 2w 4w 0 0 60 (168)  $.20(1.30)

]
g

I N
2 8

Ll

¥R

L= BN T Y e v Y
s 2

—
-
o

N w2 S NN S

TEISFTTT TS
S oW e o=
8 g s £

Valucs for maize yiclds have been rounded (o two decimal points.,
0 = fallow. )
Numbers in parentheses indicate average maize yickds/ha.

* CM+F for comparison with 2SS + 2M rotation.
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Table 5.11. Maize yiclds (expressed in thousand kg ha) hased on the phasing of Seshania seshan
fallow in the 2SS+ 3M rotation system, utilizing @ § ha farm, Kateie, Eastern Provinee, Zambia

Total maee

Year Maize vickis/ha Tval

e — ) maisxe vickls basd

1 2 3 4 [ yickls on [rt,:i’ijlucii

- B ) application
) ) 0 200 200 200 200 BN 1000 o0
2 0 0 200 200 2.00 6.0 (1.20) 10,0 (2.00)
3 2.20 0 0 190 1.90 6.0 (1.2 Q.50 (1.90)
4 2.0 2.2 0 0 1.90 6.3 (1.26) 9.50 (1o
210 2.20 20 0 0 6.5 (1.3 900 (1.8
6 0 210 220 2.20 0 6,50 (1. Uy 900 (1.81)
7 0 0 20 10 2N 6.50 (1.4 ®.50 (1.7
8 260 0 0 210 2.0 6.0 (1.3K) 850 (1.7)
9 2 .6l 0 0 210 6.0 (1.38) RMH(LT)
i0 210 220 2o 0 0 6.0 (1,38 KA (].0l)y
il 0 A1) 230 2ol 0 (LI RET R0 () nlhy
12 0 0 210 20 26l HU (138 7.50 (1.50)
13 190 0 ] 20 2.20 7.30 (.44 T80 (15
14 2.20 2.9 0 0 X0 T (144 T.50 (1.5
15 2.20 220 29 0 0 T30 ()40 7.50 (1.5
16 ] 20 20 2.0 0 7 (1.4 7.0 (1.40)
17 0 0 20 A 2.0 IATIED 740 (1.4))
IR il 1] 0 b ]| .1} T6) (1.5 7000 (1.4))
19 2.30 1M 0 0 2.0 7640 {152 7400 (1L.4))
20 2.0 220 kB[] 0 0 170 (1.54) 6.5 (1.u)

Values for maize yickds have been rounded 1o two decimal points.

0 = fallow.

Numbcrs in parcntheses indicate average maize vickds ha.

* CM+F for comparison with 2SS + 3M rotation.
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Table 5.12. Maizc yiclds (expressed in thousand kg/ha) bascd on the phasing of Seshania sesban

[alluw in the 155* IM muuun syslem, uulmng 2 -1 ha farm, Kaicte, Esstern Fruvnm Zamhu

Year Maizc yiclds/ha Tm:l maize Total maize yiekls
- - - yields based on fertilizer
L S N spplication’

;o 0 20 20 200 6.00 (1.50) 8.00 (2.00)

2 0 0 200 200 4.00 (1.00) 8.00 (2.00)

3 0 0 0 1.90 1.90 (0.48) 7.60 (1.90)
4 250 0 0 0 2.50 (0.63) 7.60 (1.90)

5 0 .50 0 0 2.50 (0.63) 7.20 (1.80)
6 0 0 250 0 2.50 (0.63) 7.20 (1.80)

7 0 i 0 2.50 2.50 (0.63) 6.80 (1.70)
X 320 0 0 0 3.20 (0.80) 6.80 (1.70)
9 0 120 0 0 3.20 (0.80) 6.80 (1.70)
10 0 0 3.20 0 3.20 (0.80) 6.40 (1.60)
1 0 Q (] k.| 1.20 (0.80) 6.40 (1.60)
12 410 0 0 0 4.10 (1.03) 6.00 (1.50)
13 0 a0 0 0 4.10 (1.03) 6.00 (1.50)
4 0 0 G100 4.10 (1.03) 6.00 (1.50)
15 0 0 0 4.10 4.10 (1.03) 6.00 (1.50)
16 5.0 0 0 0 5.20 (1.30) 5.60 (1.40)
17 0 520 0 0 5.20 (1.30) 5.60 (1.40)
1% 0 0 520 0 5.20 (1.M) .60 (1.40)
19 ] 0 0 520 5.20 (1.00) 5.60 (1.40)
20 66 0 0 0 6.60 (1.65) 5.20 (1.30)

Values for maize yickds have been rounded 10 two decimal points.

0 = fallom.

Numbcrs in parcntheses indicate average maize yiekds/ha.

' CM+F for comparison with 155 + IM rotation.
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Table 5.13. Maize yickds (expressed in thousand kgha) based on the phasing of Seshania seshan

fallow in the 3SS + 2M rotation sysiem, utilizing 8 5 ha farm, Katcic, Eastern Prowince, Zambia

Maize yickisha

Total
mal

_ lﬂ‘ll@!!hﬁt

Total maize vickds
hased on fertilizer

il
-
—

2.50
240

LT I N

0

-8

(4

L -T - S |

310
10 260
11 0
12 0

14 190
15 290
16 0
17 0
18 0
19 4.9
%

3

0
KR [))

2.6}

200

200
0

0
2.5
2.40
0
Q
0
lio
2.60)
0
0
0

0
i
260
0
0
1
KX 1}
2490
(]
0

200
200
1.9
1.90
0

i
2.60
0
0
G4
39
2.90
0

R0 (1.60)
6.00 (1.20)
180 (0.76)
4.40 (O.RY)
490 (0.9%)
4 A ((1LUK)
4.0 (09R)
4.%) ((1L.Y%)
550 (11
570 (1.14)
50 (1.14)
570 (1.34)
ST (114
6.50 (L)
6.80 (1.30)
6.80 (1.30)
6.8 (1. M)
6.8 (L)
7.80 (1.50)
820 (l!ﬂ!

1000 (2.00)
10008 (2.000)
9.50 (1.9))
9,50 (1.90)
9.0 (1K)
D0 (1.2
R50 (1.7
RS0 (1.7)
850 (1.70)
R0 (1.6d))
R0 (1.60))
7.50 (1.50)
7.50 (1.50)
7.50 (1.50)
7.8 (1.50)
7.00 (1.40)
700 (L4}
7.00 (1.40)
740 (1.40)
6.50 (L_‘m)

Values for maize yiclds have been rounded 1o two decimal points.,
0 = fallow,

Numbers in parentheses indicate averape maize vicldsha
CM+F for comparison with ASS + 2M rotation,
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Tahle 5.14. Maizc yickds (expressed in thousand kg/ha) based on the phasing of Sesbania sesban
fallow in the 155+ IM rotation sysicm, utilizing a 6 ha farm, Katete, Eastern Province, Zambia

yieks

Total maize yickds
based on fertilizer
application”

1 0

2

31 0

4 2.50
5 240
6O 2.30

10 L
11 2.50
12 2.50
13 0
14 0
15 0
L} kR )
17 270
IR 2.8
19 0
F. | 0

2.50
240
2.3
0

0
kN1
2.50
.50
0
0
0
kR L
2
2.80
",

2.50
240
2.3
0
0

10
2.50
2.50
0
0
0
80
A

28

0
kA 1]
250
250
0
0
0
R0
270

2.5
2.40
2.30
0

kR ()]
250
.50
]
0
0
IR0

1.90
L)
1.80
0

=

0

2.50
2.40
2.3

1000 (1.67)
800 (1.3%)
5.70 (095)
6.30 (1.05)
6.70 (1.12)
7.20 (1.20)
7.20 (1.20)
7.20 (1.20)
7.20 (1.20)
7.80 (1.30)
7.90 (1.32)
8.10 (1.35)
8.10 (1.3%)
8.10 (1.3%)
8.10 (1.35)
880 (1.47)
9.30 (1.5%)
9.0 (1.55)
9.30 (1.5%)
9.30 (1.5%)

12.00 (2.00)
12.00 (2.00)
11.40 (1.90)
11.40 (1.90)
10.80 (1.80)
10.80 (1 %)
10.20 (1.70)
10.20 (1.70)
10.20 (1.70)
9.60 (1.60)
9.60 (1.60)
9.00 (1.50)
9.00 (1.50)
9.00 (1.50)
9.00 (1.80)
8.40 (1.40)
8.40 (1.40)
840 (1.40)
8.40 (1.40)
7.80 (1.30)

Values for maize vickds have been rounded 1o iwo decimal points.

0 = fallow.

Numbers in parcatheses indicate average maize yickivha,
CM+F for comparison with 35 + IM rotation.



Tabie $.15. Summary of maize yiclds (thousand kg) per hecur: wlule phasing in Seshania sex
all faliow and cultivated lands, Katete, Eastern Province, Zambia

Year Treatment CM+F
1SS+3M 288+2M 25S+3M  A58+1IM ISS+2M ASS+WM

1 150 1.50 160 150 160 167 200
2 153 1.00 1.20 100 120 13 200
3 153 1.03 120 048 0.7 095 1.90
4 1.55 1.10 1.26 063 058 1.08 190
5 155 1.10 1.0 063 098 112 150
6 155 1.10 1.0 063 098 120 180
7 1.50 1.20 1.30 063 098 1.20 1.0
8 145 1.23 138 0.80 098 1.20 1.2
9 145 1.23 138 080 110 1.20 120
10 145 1.23 138 080 114 130 160
1 143 133 1.38 080 114 132 160
12 140 138 138 103 114 1.3 1.50
13 140 135 14- 103 114 135 1.50
1 140 138 144 1.03 130 1.3 1.50
15 118 148 146 103 1.3 138 1.50
16 138 1.50 146 1.30 136 147 140
17 138 1.50 146 1.3 136 1.5 140
18 138 150 152 130 136 1.5 140
19 135 163 152 130 1.5 158 140
2 133 168 1.54 168 164 1.55 1.0

Values for maize yicids have been rounded 10 two decimal points.
m«a(mm)mwwmhnnmmmm fertilizer application (CM +F).
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Tahlc 5.16. Maize yickds, expressed in thousand kg/ha, bascd on the phasing of Sesbania sesban
(allow in the 285+ 2M rotation sysicm, utilizing a 4 ha farm (100 kg/ha of inorganic fentilizer
;ddmﬂ durm; maizc cmppmg) Katcte, E;sn:rn I’rmrinc: Zambia

Total maize yields

Year Maizc yiclds/ha Total maize aize
— yiclds based on fertilizer
1 2 3 K - npplu‘;illmllp -
K 0 200 200 200 600 (1.50) 800 (200)
2 0 0 200 200 4,00 (1.00) 8.00 (2.00)
3 220 0 1.90 410 (1.0, 7.60 (1.90)
4 240 220 0 0 460 (1.15) 7.60 (1.90)
5 0 240 220 0 460 (1.15) 7.20 (1.80)
6 0 0 2.40) 2.20 4.6l (1.15) 7.20 (1.80)
7 2.6 0 0 240 5.00 (1.25) 6.80 (1.70)
% 2.50 260 0 0 5.10 (1.28) 6.80 (1.70)
9 0 2.50 260 0 5.10 (1.28) 6.80 (1.70)
10 0 0 2.50 260 510 (1L.28) 6.40 (1.60)
" MO0 0 2.50 5.60 (1.40) 6.40 (1.60)
12 2.60 310 0 0 5.70 (1.43) 600 (1.50)
" 0 260 A0 0 5.70 (1.43) 6.00 (1.50)
14 0 0 2.60 310 570 (1.43) 6.00 (1.50)
15 0 0 0 260 6.10 (1.53) 6,00 (1.50)
16 270 380 0 0 620 (1.55) 5.60 (1.40)
1 0 270 3% 0 620 (1.55) 5.60 (1.40)
I 0 0 270 350 6.20 (1.55) 5.60 (1.40)
19 410 0 2.70 6.80 (1.70) 5.60 (1.40)
2 200 410 0 0o 700 (1.75) 520 (1.30)

Values for maize vickds have been rounded to two decimal points.

0 = fallow,

Numben in parcatheses indicate average maize yickds/ha.
CM+F for comparison with 2SS + 2M rotation.
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Table 5.17. Maize yickds, expressed in thousand kp/ha, based on the phasing of Seshanid seshan
fallow in the 25854+ 3M rotation system, utilizing a 5 ha farm (100 kgha of inorganic fertibizer

Year Maize yiclds/ha Total mawve  Towal maize ynkh
7 . R ——— — vichl bhased on fertilizer
i 2 3 4 $ application’

| 0 200 200 200 20 R0 (160) 10.00 2.00)
2 0 0 200 200 200 600 (1.20) 1000 (2.00)
3 2120 0 0 190 1w 60 (1.20) 9,50 (1.90)
4 240 220 0 0 1.9 6.5 (1.} 9.5 (1.90)
5 220 200 220 0 0 6.80 (1.30) 900 (1.80)

0 2200 240 20 0 6.0 (1.3) 90 (1.401)

6

7 0 0 2.20 240 2 6RY (1. W) XN (1.70)
¥ 2.60) ] 0 2.0 240 7.3 (1 44) 850 (1.7
1]

M .60 0 0 2W 710 (1.42) RS0 (1.70)
10 230 2 260 0 0 1.3 (1.44) K00 (1.60)
1 0 2% 2N 2.0 0 7.20 (1.44) KO0 (1.60)
12 0 0 20 2.3 2.060 7.20 (1.44) 7.50 (1.50)
13 100 0 0 .M 1w 7.6 (1.52) 7.50 (1.50)
14 2.40 . 0 0 M 7.7 (1.54) 7.50 (1.5
15 240 240 100 0 0 T8 (1.56) 7.50 (1.50)
16 0 240 2.40 am 0 7.80 (1.56) 700 (1.40)
17 0 0 2.40 2.40 300 7.80 (1.56) 7.00 (1.4
I8 33 0 0 2.40 240 8,10 (1.62) 7.0 (1.40)
v 2.50 10 0 0 2.40) K20 ().64) 7.00 (1.40)

20 2.50 .50 v 0 0 R0 (1.66) 6.5 (1L.M)

Values for maize yields have been rounded 10 two decimal points,
0 = falhw. '
Numbcrs in parcatheses indicate average maisze yickdsha,

- CM+F for comparison with 255 + M ratation.
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Tahle .18 Maue yiclds, expressed in thousand kg/ha, based on the phasing of Seshania seshan
faliorw in the 155 4 WM rotanon swiem, utilizing 8 6 ha farm (100 kg/a of inorganic fertihizer
sdded duning maize cropping), Kaiete, Esstern Province, Zambia

 Maize yickisha Totl  Total maiz yiekds
—en ——————  maize based on fertilizer

1 2 3 4 5 6 yields application’

| 0 200 200 200 200 200  1000(1.67) 1200 (200)
2 0 0 200 200 2.00 2.00 800 (1.33) 1200 (2.00)
3 0 0 0 1.90 19 19w 5.70 (0.95) 11.40 (1.90)
4 250 0 0 0 1.90 1.90 6.30 (1.05) 11.40 (1.90)
5 150 250 0 0 0 1K) 7.80 (1.30) 10.80 (1.80)
6 kW1 150 250 0 0 0 9.20 (1.53) 10.80 (1.80)
7 0 A2 350 2.50 0 0 9.20 (1.53) 1020 (1.70)
i 0 0 ix 150 2.50 0 9.20 (1.53) 10.20 (1.70)
9 0 0 0 320 3500 250 9.20 (1.53) 10.20 (1.70)
0 120 350 10.00 (1.67) 9.60 (1.60)
" 400 AW 0 0 0 320 1050 (1.75) 9.60 (1.60)
12 kE ] 4.00 i 0 0 0 11.10 (1.85) 9.00 (1.50)
11.10 (1.85) 9.00 (1.50)
11.10 (1.85) 9.00 (1.50)
11.10 (1.85) 9.00 (1.50)
12.10 (2.02) 8.40 (1.40)
1270 (2.12) 840 (1.40)
13.40 (2.23) 8.40 (1.40)
13.40 (2.23) R.40 (1.40)
13.40 2.23) 7.80 (1.30)

Year

g
[~

13 0 k¥ 1 4 iw 0
4 0 0 KF 1) 4.00 v
15 0 0 0 kR |} 4.00

-wos s

16 4.3 Q0 0

2 B 2

0
17 460 40 0 0 0
IR 4.50 4.60) 4N 0 0
v 0 4.5 4.60 430 0
k. |] 0 0 4.5 460 4.30

|2 © 2 w »

Values for maize vickds have been rounded 1o two decimal points.
0 = falkw
Numbcrs in parcatheses indicale average maize yickis/ha.

CM+F ky comparison with S + IM rotation.
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Table 5.19. Estimatcd net returns based on the phasing of Sesbania sesban fallow in the 1S5+ 3M
rotation system, utilizing a 4 ha farm, Kstete, Eastern Province, Zambia

Year

Net returns/ha

T 2

3

4

Total net
returns

bgeﬂo-imngf

!ppllﬂlhl

3933
3933
3817

1743

2099 2059 2089 2339 (S84.75)

4213 (1053.25)
5771 (1442.75)
7645 (1911.25)
7645 (1911.25)
7645 (1911.25)
7013 (1753.25)
638} (1595.25)
6381 (1995-?5)
6065 (!516.15)
5749 (1437.25)
5749 (1437.25)
5749 (1431.25)
5433 (1358.25)
$433 (1358.25)

117 (1279.25)
4801 (1200.25)

8236 (2099)
6972 (1743)
6972 (1743)
5708 (1427)
5708 (1427)
4444 (1111)
4444 (1111)
4444 (1111)
3180 (795)
3180 (795)
1916 (479)
1916 (479)
1916 (479)
1916 (479)
652 (163)
652 (163)
652 (163)
652 (163)
_612 (-153)

Hammnewhmxm
> of significant costs of fallow associated with Isbour, onen hire,

mﬂmﬂmmmiﬂguﬁhm@nmmpﬂ:aﬁmm
mmnmmmawmmm). 1990, and interviews

st Msekera Rescarch Siation.

m#um-&mlsasmm
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T-msm&mmmmmmenmmpm-gufsmﬁmnmmhzs*m

Year B Net mumnui Total net Total met r:?lu;m
*!f* 2 - s - ‘ - returns based -;h h‘hﬂlzzr
1 3SS2 2059 2059 2059 2625 (656.25) 8236 (2089)
2 686 3852 2059 2059  -120 (-30.00) 8236 (2059)
3 4249 686 3552 1743 1754 (438.50) 72 (1743
4 449 449 685 3552 4260 (1065.00) 6972 (1743)
s 3552 449 449 686 4260 (106500) 708 (1427)
6 686 3552 4249 4249 4260 (106500)  S708 (142)
7 SS13 686 3552 4249 SS4(1381.00)  44dd (1111)
8 4565 SSI3 686 3552 SBAO (1460.00) 4444 (1111)
9 3552 4565 SSI3 686 SBAO(146000) 4444 (1111)
10 686 3552 4565  SS13 S840 (1460.00) 3180 (795)
1" 6777 686 3552 4565  TI04(1776.00) 3180 (195)
12 4881 6777 686 3552 7420 (1855.00) 1916 (479)
13 3552 4881 6777 686 420 (185500) 1916 (479)
14 686 3552 4881 6777 7420 (1855.00) 1916 (479)
15 8357 686 3552 4881 9000 (2250.00) 1916 (479)
16 5197 8357 .86 3552 9316(2329.00) 652 (163)
17 ASS2 197 8AST 686 9316 (232900) 652 (163)
18 686 3552 5197 K357 9316 (232900) 652 (163)
19 993/ 686 3552 SI97 10896 (212400) 652 (163)
» S829 9937 486 ASS2  1IS2S(28R200) 612 (-159)

Net returns are cxpressed in Zsmbian Kwacha.

Negative net returns are evidenoe of significant custs of fallow associated with labour, osen hire,
price of secdlings and net revenuc forgone during the fallow period. Constant prices and costs are
assumcd bascd on the Zambian Ministry of Agriculture Guidelines (Model), 1990, and intervicws
with the agroforesiry technicians at Msckera Research Station.
* CM+F for comparison with 2SS + 2M rotation.



rotation system, utilizing a 5 ha farm, Katete, Eastern Province, Zambia
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Year

Net returns/ha

-

4

Total net
returns

Total net returns
based on Eﬁiling
application

X 9 2 v e owoN

20

4565

3933
-3552

5513
4249
9
-3552

039
429

6461
4249
29
3582
80

2059
2059
1743
-3552
&8
4249
4249
3933
3552
686
5$13
249
3933
3552
686
6461
4249
4249
-3552
686

6461
4249
4249
-3552

4684 (936.80)

1939 (387.80)

3497 (699.40)

6003 (1200.60)
8193 (1638.60)
8193 (1638.60)
8193 (1638.60)
9457 (1891.40)
9457 (1891.40)
9457 (1891.40)
9457 (1891.40)
9457 (1891.40)
10405 (2081.00)
10405 (2081.00)
10721 (2144.20)
10721 (2144.20)
10721 (2144.20)
12299 (2459.80)
12299 (2459.80)

12615 (2523.00)

10295 (2059)
10295 (2059)
8715 (1743)
8715 (1743)
7135 (1427)
7135 (1427)
$555 (1111)
$555 (1111)
5585 (1111)
3975 (795)
2395 (479)
2395 (479)
2395 (479)
2395 (479)
815 (163)
815 (163)
815 (163)
815 (163)
-765 (-153)

Net returns are cxpressed in Zambian Kwacha,

Negative net returns are evidence of significant costs of fallow associated with labour, oxen hire,

price of scedlings and net revenue forgone during the fallow period. Constant prices and costs arc
assumed bascd on the Zambian Ministry of Agriculture Guidelines (Modcl), 1990, and interviews
with the agroforestry technicians at Msckera Rescarch Station.
" CM+F for comparison with 2SS + M rotation.
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Table 5.22. Estimated nct returns based on the phasing of Sesbania sesban fallow in the 3SS+ IM
rotation system, utilizing a 4 farm, Katetc, Eastern Province, Zambia

Year

Net I'EI!ITBIIII

2 3

Total nct
returns

Total et returns
bascd on fertilizer
application”

-3552

&

-286
5197
-3552

7409
-3552

12 10253
13 -3552

16 13729
17 -3552
18 400
19 -286

20 18153

3552 7409
-400 -3552
153 286
-3552 10253
400 -3552
13729 -286
-3552 1379
400 -3552
-25 400

137129
-3552

2625 (686.25)
166 (41.50)
2495 (-623.75)

959 (239.75)
959 (239.75)
959 (239.75)
959 (239.75)
317N (792.75)
NN (9275)
3171 (192.75)
3171 (192.75)
6015 (1503.75)
6015 (1503.75)
6105 (1503.75)
6015 (1503.75)
9491 (372.75)
91 (2372.75)
%491 (2372.75)
°®1 (37T275)

1915(3478.75)

6972 (1743)
6972 (1743)
5708 (1427)
5708 (1427)
4444 (1111)
4444 (1111)
4444 (1111)
3180 (795)
3180 (795)
1916 (479)
1916 (479)
1916 (479)
1916 (479)
652 (163)
652 (163)
652 (163)
652 (163)
612 (-153)

Nepﬂemmmmaﬂmﬂﬂpﬁnnlmﬂmmmmm onca hire,
price of scedlings and net revenwe forgone during the fallow period. Constant prices and costs arc
mhﬂﬁMMMﬁWﬂmﬁgﬁﬂH(Mndﬂ). 1990, and intcrviews

with agroforestr

EM+Finrm-pﬁmwhlE+ 1M rotatios.
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Table 5.23. Estimated net returns bascd on the phasing of Seshania seshban fallow in the A8S+2M
rotation system, utilizing a § ha farm, Katcte, Eastern Provinee, Zambia

Total nct

Total net returns

Year Nct r:lums/ha
) — — - rzturns hascd on fertilizer

e o4 5 i application’
I 3552 2059 2059 2050 2050  46%4 (936R)) 10295 (2089)
2 -400 -3552 2059 2059 2059 2225 (445.00) 10295 (2059)
3 286 -40 3552 1743 1743 752 (-150.40) B71S (1743)
4 5197 -286 -400 3552 1743 2702 (540.40) R715 (1743)
5 488] 5197 -286 -400 -3552 S840 (116R.00) 7135 (1427)
6 3552 4881 5197 286 400 S840 (1168.00) 7135 (1427)
7 -400 -3552  488] 5197 -286 S840 (1168.00) S555 (111)
8 -286 { 3552 4881 5197 S840 (1168.00) 5555 (1111)
9 7093 286 -400 3552 4881 7736 (1547.20) 5555 (1111)
10 5513 7093 -286 -400 -3552 B6R (1673.60) W5 (TS)
11 3552 5513 709% 286 400 8368 (1673.60) 3975 (795)
12 400 -3552 5513 093 286 8368 (1673.60) 2395 (479)
13 -286 -400 -3552 5513 7093 8368 (1673.60) 2395 (47Y)
14 9621 -286 -400 3552 5513 10896 (2179.20) 2395 (479)
15 6461 9621 -286 -400 -3552 11844 (2368.80) 2395 (479)
16 3552 6461 9621 286 400 11844 (236R.80) 815 (163)
17 -400 -3552 6461 9621 -286 11844 (2368.80) 815 (163)
18 -286 -400 -3552 6461 9621 11844 (2368.80) 815 (163)
19 12781 -286 -400 1552 6461 15004 (30(N).80) 815 (163)
20 7725 !2787]77 iﬁ -400 -3552 16268 (3251.60) <765 (-153)

Net returns are expressed in Zambian Kwacha.

Negatiw: net returns are evidence of significant costs of fallow associated with labour, oxen hire,

price of seedlings and net revenuc forgone during the fallow period. Constant prices and costs are
assumed based on the Zambian Ministry of Agriculture Guidelines (Modcl), 1990, and interviews
wnh the agroforestry technicians at Msekera Research Station.

* CM+F for comparison with 3SS + 2M rotation.
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Table 5.24. Eaimated nct returns based on the phasing of Seshania seshan fallow in the 1SS+ 3M
fotation system, uhilizing a 6 ha farm, Katewe, Easiern Province, Zambia

Totsl net
returns

Total net returns

bascd on fertilizer
__ application”

20

U5
5829
6145
1552

4N

200549
-1552
.40
- 284
5197
45X
4565
-3557
-4}
Bt
Timd
ST
5
<3552
4N}
- 246
YU
582y
6145
<3582

-4
-286
7R3
5197
5197
-3552
-}
QU5

6145

9305

R AL

-3552
-4(N)
=286
7093
5197
5197
-3552
-286

6743 (;121.33)
4284 (714.00)
9 (165.17)
4445 (740.83)

7267 (1211.17)

10405 (1734.17)

10405 (1734.17)

10405 (1734.17)

1405 (1734.17)

1231 (2050.17)

12617 (2102.83)

13249 (2208.17)

13249 (2208.17)

13249 (2208.17)

13249 (2208.17)

15461 (2576.83)

16093 (2682.17)

17041 (2840.17)

17041 (2846.17)

17041 (2840.17)

12354 (2059) )
12354 (2059)
10454 (1743)
10454 (1743)
8562 (1427)
8562 (1427)
6666 (1111)
6666 (1111)
6666 (1111)
4770 (795)
4770 (795)
2874 (479)
2874 (479)
2874 (479)
2874 (479)
978 (163)
978 (163)
978 (163)
978 (163)
-918 (-153)

Net returns are expressed in Zambian Kwacha,

Negative net returms are evidence of significant costs of fallow associated with labour, oxen hire,
price of scedlings and net revenue forgone during the fallow period. Consiant prices and costs are
#ssumed bascd on the Zambian Ministry of Agriculiure Guidclines (Model), 1990, and intcrviews

with a

groforestry technicians at Msekera Rescarch Station.
CM+F for comparinon with 388 + 3M rotation.
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Table $.25 Summan of eshimated net returns, expresed in Zambian Kwacha per hectare, while phasing in Sexhama sesban
Talkwas, utihzing all faikow and culinsted Lands, Katete, Fastern Prsince, Zambig

Year Treatment UM

185+ 1M 25+ M 58+ M S+ IM BRe M Wh M

1 xS 650 947 o5 917 1124 LT
2 1053 -0 By 42 445 714 L
3 1443 aw (] 64 150 165 1741
*¥
4 1911 1063 120 240 40 741 1741
5 1911 1065 Jodo 240 Tinx 1211 142
& 1911 1065 163 240 1ok I;H 1427
7 1753 131 1639 240 1laH 174 1itl
B 1595 1) () T 110 1744 1t
9 1595 140y 184] EA12 1547 174 Vit
10 1595 140k} 1891 1 1674 b TAYT b L3
11 1510 1776 1891 EL 1) T 2ot T
12 1437 1R5S 1891 liiu 1674 2w ]
13 1437 1855 2081 15 1674 LT 11
14 1437 1855 {0 1504 21T ] KR
15 1358 2250 2144 1564 280 Jam 474
10 1355 230 2144 2374 2uh 2577 161
17 135% 1 2144 271 2um TN T3]
18 135x 239 240 2171 Juwy )R 10t
19 1270 2124 2anih 2373 N oz tnt

1} 12idi 22 RAE LEST [RLF] 2R (BRI

*Bresk-even (cras-twer) point comparad (0 contmuous mavze cropping bised on lervihizer application (CM 1)
Values for net feturms have heen rounded to completed Zambian Kwacha
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Table 5.26. Estimated nct returns based on the phasing of Seshania seshan fallow in the 2SS+ 2M
rotation system, utilizing a 4 ha farm (100 kg/ha of inorganic fertilizer added during maize

cropping), Katete, Eastern Province, Zambia

Year Net returns/ha Total nct Total net returns
returns hased on fertilizer
1 2 3 4 application’
1 3552 2059 2059 2059 2625 (656.25) 8236 (2059)
2 -686 -3552 2059 2059 -120 (-30.00) 8216 (2059)
3 3483 686  -3552 1743 988 (247.00) 6972 (1743)
4 4115 3483 686  -3552 3360 (840.00) 6972 (1743)
s -3552 4115 3483 686 3360 (840.00) ST08 (1427)
6 -686 -3552 4115 3483 3360 (R40.00) S8 (1427)
7 4747 686  -3552 4115 4624 (1156.00) 4444 (1111)
8 4431 4747 -686 -3552 4940 (1235.00) 4444 (1111)
9 3552 4431 4747 686 4940 (1235.00) 4444 (111))
10 686  -3552 4431 4747 4940 (1235.00) 3180 (795)
1 6327 -686 -3552 4431 6520 (1630.00) 3180 (Y5)
12 4747 6327 686 -3552 6836 (1709.00) 1916 (479)
13 23552 4747 6327 686 6836 (1709.00) 1916 (479)
14 -686 -3552 4747 6327 6836 (1709.00) 1916 (479)
15 7591 686 3552 4747 8100 (2025.00) 1916 (479)
16 5063 7591 -686 -3552 8416 (2104.00) 652 (163)
17 -3552 5063 7591 686 8416 (2104.00) 652 (163)
18 -686 -3552 5063 7591 8416 (2104.00) 652 (163)
19 9487 -686 -3552 5063 10312 (2578.00) 652 (163)
20 5695 9487 686 -3552 10944 (2736.00) 612 (-153)

Net returns are expressed in Zambian Kwacha.

Negative act returns are evidence of significant costs of fallow associated with labour, oxen Bire,

price of seedlings and net reveaue forgone duriag the fallow period. Constant prices

and costs are

assumed based on the Zambian Ministry of Agriculture Guidelines (Modcl), 1990, and interviews

with

technicians at Msckers Research Station.

* CM+F for comperison with 2SS + 2M rotation.



Table 5.27. Estimated nct returns based on the phasing

rotation system, utilizing a 5 ha farm (100 kg/ha of incsess
cropping), Katete, Eastern Province, Zambia

- in 1t . 285+43M
i ned dering maize

Year

Net returns/ha

Towd aci

FEfeme

Tolal pet returns
based on fertilizer

application’

-3552
4115
-3552
4747
%9
kyy
-3552
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20 M3

4431

2059
-3552

4115
3483
-3552

4747
3799
39
-3552

6011
4115
4115
-3552
-686

-3552

4747
3199
kY)Y
-3552

6011
4115
4115
-3552

-3552
6011
4115
4115
-3552

119 (W7.80)

2731 ¢346.20)
S (1020.60)
6843 (1368.60)
6843 (1368.60)
6843 (1368.60)
8107 (1621.40)
7191 (1558.20)
8107 (1621.40)
8107 (1621.40)
8107 (1621.40)
9371 (1874.20)
9687 (1937.40)
10003 (2000.60)
10003 (2000.60)

10951 (2190.20)
11267 (2253.40)

11583 (2316.60)

10295 (2059)
10295 (2059)
8715 (1743)
8715 (1743)
7135 (1427)
7135 (1427)
5555 (1111)
5555 (1111)
5555 (1111)
3975 (795)
3975 (795)
2395 (479)
2395 (479)
2995 (479)
2395 (479)
815 (163)
815 (163)
815 (163)
815 (163)
=765 (-153)

Net returns are expressed in Zambia
Negative nct returas are evidence of

K,, _ l _

significant costs of fallow associated with labout, onea hire,

assumod based on the Zambian Ministry of Agriculture Guidelines (Model), and interviews with
gmqmsummmmm
CM+F for comperison with 2SS + 3M rotatioa.
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Table 5.28. Estimated net returns based on the phasing of Seshanit sesban falkws 10 the 1854 1\
rotation system, utilizing a & ha farm (10 kgha of in organic ferubizer added duning mase

cropping), Katete, Eastern Provinee, Zambia

Year Net returns ha Tonal ne Total net setuim
— EEEEE— - returns based on fertibzer
1 ) 2 737 B 4 5 6 7 applcation’

1 3552 2059 2059 2059 2059 059 6743 (1123RY) 12354 (2089)

080 2089 59 4284 (714.00) 12384 (2089)

(%]
e
—
"
I
™
'y
Kot
b
—
.l
=

3 M6 0 3552 1743 1743 174 Wi (165.17) IHSS (1741
1743 1743 W19 (1317 10454 (1744

LF T
£
-l
—
'
i
=
el
ol
ol
wlt

7591 &3 2286 .0 RSS2 1427 9211 (1S3S0T) K62 (1427)
6643 7591 4431 286 AN 385D 14427 (QUMSO) RS0 (1427)
3552 6643 7591 M31 2R 0 14427 (Q2HMS) (s (1111)
400 3582 6633 7SO0 4431 2Re 1427 (QUMSO) oot (1111)

[ -2 S T~

=286 400} -1552 i3 7591 441 14427 (20 S iy (1111)
10 6959 286 -4(x) 21552 6641 7501 16085 (ZRI58Y) 4770 (MY)
11 971 6959 286 -H¥) 3552 6} X535 (MBY.LT) 4770 (T95)
12 8319 9N 6959 286 A0 3852 243 (M0S1T) W4 (4
13 3852 #5w 97 654 286 -4 AN (MO517) X4 (4T
I4 -4(0) -1552 851 917 6959 286 2043) (3405.17) 2874 (4749)
15 286 -4} 3552 KA W YT 69y 431 (M05.17) 2 4
16 10119 -286 -4 3552 RS 91T 23591 (WILKY) YK (1Y)
17 11067 10119 286 -} 1552 RSW 25487 (42478 475 (101)
18 10751 11067 10119 286 -4 1852 276'M (4610.5)) 97K (16}
19 3853 10751 11067 10119 286 -4 2761 (4616.50) 978 (163)
200 400 3552 10751 11067 10119 2280 27649 (4616.50) 91K (-153)

price of scedlings and net revenue forgone during the fallow period  Constant pres and canis are
sssumed based on the Zambian Ministny of Agriculiure Guidchines (Model), 199), and interviews
with the agroforestry technicians at Msckera Rescarch Station

- CM+F for comparison with 385 + IM rotation.
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Chapter 6

Summary and Conclusions

In Katete District, farmers traditionally fallow land to restore soil fertility. However, increasing
demographic pressure on land resources has resulted in shorter fallow periods, declining soil fertility
and crop yields and increasing soil erosion. Farmers adopt scveral stratcgics in response to these
problems. Strategies include clearing new land, often destroying forest, botanical diversity and soil
properties; continuous cropping using expensive chemical fertilizers, continuous cropping without
fertilizer application, leading to lower levels of crop production; and crop rotation with lcguminous
and non-leguminous crops.

Intensified agroforestry fallows with lcguminous trecs and shrubs provide a promising
alternative for these farmers. Fallow species grow and make their contribution to soil fertility more
quickly than natural vegetation. They may also provide by-products such as poles and fuciwood. Most
importantly, the objectives of agroforestry intensificd fallows are to stabilize fragilc ccosysicms and
to reduce poverty. Agroforestry systems arc aimed at addressing problems of marginal farmers: food
and economic security.

Fallow-bascd agroforestry rescarch in subhumid Africa focuscs mainly on the indigenous
nitrogen-fixing tree, Sesbania sesban (SS). Improvements in long-term maize, s0il organic carbon and
organic nitrogen and erosion control are achieved and sustained under SS fallow. The intensified
fallow system involves social and economic burdens for farmers. Maizc yield is reduced in the short-
term. Significant costs are associated with establishment, weeding. and harvesting of SS. Farmers have
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to lcarn about SS nursery stock production tcchniques, management of SS stands and ways to
integratc the fallow systcm into their houschold economic system.

No income is derived from the land when SS occupics it. It may be argued that SS can be
uscd as fodder to offsct maize losses during fallow periods. However, removal of SS in the form of
fodder reduccs the amount of biomass production and the potential for litter accumulation. Using SS
as fodder reduces the effectiveness of the fallow system for improving soil productivity. Because of
the relatively small dimension and low wood density of SS, farmers have reported that it burns too

rapidly to be suitablc for fuelwood.
The practice of SS fallow system demands additional labour from houschokds. The additional

labour demand directly competes for labour for other farm and off-farm activitics. Female headed
houschokds experience more labour deficiencies than the males during land preparation, planting and
weeding of SS. To make up for labour deficicncics, farmers have to hire more labour, use children
or engage in communal labour (labour sharing).

The results suggest that a ley fallow practice, using N-fixing annual specics would fit better
in these subhumid pcrmanent houschold farming systcms in Katete arca. Pigconpea (Cajanus cajan)
is an cxamplc of such an altcrnative to agroforestry SS fallow system. Pigeonpea supplies food and
income annually to farm houscholds. Relatively less labour is involved in establishing and managing
pigconpea. Thus, it is more likcly to be accepted by farmers than SS.

Bascd on a sysiems theory approach, this study illustrated some typical flaws in the “top-down"”
spproach (o0 the problems of subsistence farming in fragile eco-regions. The first flaw is the
assumption that a ncw (allow sysiem is required and would be accepted by economically vulnerable
houscholds farming under degraded soil regimes. Understanding the impact of SS on a farming system
requires the knowledge of social, ecological and biological interactions that occur in rural systems.
The ranking of improvement in soil fertility as the most important constraint may not maich farmers’
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yickls and reducing dcforestation can contradict farmers’ welfarc, objectives, needs 10 manage
uncertainty, needs to improve the seasonal distribution of food and supply and the opportunity costs
to farming from off-farm employment. For examplc, 73% of the malc headed houscholds in this study
indicated that they were not interested in SS fallow systcm because it would involve additional labour
which could compete for labour needed for other farm and off-farm activitics.

Ox-hoe farmers in Katete are okd and their houscholds are economically fragile. They are
unwilling to make a sacrifice, forego income in the short-term, or make trade-offs in the area of food
sccurity for future environmental quality and conservation. Non-quantifiable factors such as
relationship to the natural environment and concern for future gencrations arc weighed against short-

term monetary and social gains. Most importantly, short-term goals often influence a farmer's long-

term planning activities. Continuous cropping with or without fertilizer application, perceived as
directly relevant to the farmer's short-term aspirations, are pursucd with greater commitment than
a forest fallow system which may have long-term bencefits but intangible results to offset labour costs

and foregone crop production.

fallow systems. Under what conditions could SS contribute to the alleviation of food security problems
and economic vulnerability of the male and female headed houscholds? There is no simple answer
to this question. Under the current matrilineal tcnure system, almost all agroforestry practices can

be affected by the insecurity of land tenure and the control chicfs have over land allocation
Male and female headed households have significant differential access 10 land due (o tenure sysicms

and allocati
Male headed houscholds are favoured in financial
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temporary or insecure ownership of land. There is uncertai:.ty (e.g. concern of being divorced in
future) as to whether women are able to claim future benefits arising from their investments in land.
Under these circumstances, married women may not be willing to accept costs for benefits to which
they may have no right in the future. Benefits are more immediate from ley fallow systems than from
SS fallow system.

The introduction of a new agroforestry technology should avoid the flaws in the "top-down"
approach to problems of subsisience farming. Researchers and farmers should engage in a “joint
lcarning relationship” or a two-way flow of knowicdge and ideas. Without this relationship, neither

rescarchers nor farmers are likely to be satisficd. Farmers will not receive relevant information on

new fallow options that may help solve their food and economic problems. For example, informatio
mhwwuuuah.hmfyandmpimpmvﬁf-nwwﬂmhmmmdjmnﬁr
transitions to improved agroforestry systems, and how to retain benefits. Researchers will not receive
the satisfaction of secing their research activities and results which have absorbed limited budgets
under difficult ficld conditions, contribute to farmers’ food security and economic problems. In
particular, researchers will not lcarn about farmers’ indigenous knowledge about farming systems, how
To conclude, scveral issucs are identificd by this rescarch, which materially affect the

10 miombo soil conditions in contrast to degraded soils of Katete farming systems; the appropristeness
of the technologics with respect 10 nursery requirements, livestock needs, isbour demands and food
security secds: and the need for social scientists 10 work with biophysical scientists in dealing with
agroforestry rescarch. Gender issucs are critical in the adoptios
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female headed houscholds spend a lot of time managing uncertainty (witcheraft or jealousy). They
are also more cffective than males with respect to crop yields. Agroforestry systems could probably
increase female farmers’ uncertainty, especially if they were to be successful in generating wealth.
Wealth or any signs of it is one of the factors promoting witchcraft and jealousy in Katete.

The social science component of the agroforestry research in Katete could be stronger than

it has been. However, simply hiring a sociocconomist, while a nccessary condition, may not be

economics. Qualified personnel require further training, through workshops, in human behaviour with
respect to agroforestry and rural systems. Personnel in all disciplines should be trained in how to work
with scientists of other disciplines before joining ficld research tcams.

illustrates why and how agroforestry rescarch should be done effectively within the complexity of both
human and biophysical systems. Second, it shows how rescarchers can advance in their agroforestry



195

Appendices

OX-HOE FARMERS IN KATETE DISTRICT, EASTERN PROVINCE, ZAMBIA:
QUESTIONNAIRE REPORT FORM, MARCH 1992

FARMER INTERVIEW: TO BE ANSWERED BY FARMERS.

A. FARMER PFRSONAL CHARACTERISTICS

1.
2.

3.

Name of the Household Head (HH) ———-

What is your ethaic group (tribe)?

1) ~eeeeeeeeeee Chewa

2) eemeremrerenemeee NgoBi

) P —eeme Tumbuka

§) —oocoomeooneeceees Nsenga

§) —eemeemernomeeeeee Other

What is your inheritance patiern?

1) -eeemee -~ Patrilineal (inheritance from father side)
2) -~~—-—- Malrilineal (inberitance from mother side)
How old are you? —~—e—eweeeee— years (Ask for NRC)
How many people live with you at the momeat who are more than 15 years old?

e Fomales
How many people live with you st the momeat who are less than 15 years old?

e Males



8. How many peoplc live away from you but depend on you? -

9. How many years of schooling have you got? —--—-coeeeeeee

FARMER BACKGROUND AND FARMING EXPERIENCE
10. Where did you grow up?

2) ===-- Town

11. How long | ave you been fArming? —--—--—---

12. What changes in the farming have you made since:

196

a) Last year? —-—ceeemecemcreeneene.

b) m 5 m? e i ——— S S e e . g e e e

a) Total land in possession (ha, ac, or lima) —-—--

b) Total land under crops (ka, ac, or lima) ——

Crop hh (Virsia Land)

a) Hybrid maize - -

b) Local maize S
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¢) Groundnuts
(Shelled).... — =
(Unshelled).. - e

d) Cotton P e eereeeen

€) Beans — = == e i e e

f) Sunflower J

g) Other - I e
15. Do you practice crop rotation?

«-e---—- No (If no go to question 16)

—--—~ Yes (If yes, please explain how you do it?) ——

16. When working oa your fields, do you use borrowed, reated oxen, a plough or your own
oxen and plough? How do you pay for these?
How often?

Kwachs
a) borrowed ox

b) Borrowed
plough

c) Own ox and
plough

d) Rested plough

¢) Reated ox
aad plough

f) Reated oxen
17. Do you use fertilizers in your fields?

a) No (If no, please go 10 question 18)
b) Yes (1f yes, ploase provide the followiag information):
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Typeof Isthis Is this Area Quantity
Eertilizer alosn? bowght? Crops ba sc lims  applied

Full-time

Adults
15 years):
Males S N S — .

B Number of days Number of hours




E. GATHERING OF MAIN FOREST PRODUCTS
20. Pleasc provide the following information:
a) Type of products gathered

b) Who gathers it?
c) How far do you collect these?
d) Amount gathered

e) Amount consumed per givea time
f) Amount sold per given time
g) Where it is sold

Forest Amosnt  Who preducts pergives pergives  Where it
Fruit -- use the -
(Per quantity
season)
Honey —- buckets s s meemmeme | meememeees ceeesseeeees
(per
scason)
Charcoal  —- bags
(per (25kg)
week) —bags e m—— ———

(S0kg)

. b.p ,,,,,,,,,,,,,,,,,,,
(80kg)
e b.v ,,,,,

(90kg)
Poles —- sumbers —e s e
(per
week)
Firewood - stacks
(per — bead- - —
weck) Joads
Mushroom -- baskets
(per
Scason)
Grass —beads e e s ——
(per loads
scason)




21. Pleasc complete the table by indicating other important activities which you do besides
farming which bring money.

0) -—-—— No (If o, please go to question 23)
1) = Yes

23. Pleasc indicate:
b) How much of ithow many of it

Ameust



L. FARMER REVEALED

Iron Shect ~-- Number(s) s
Grinding mill —- Number(s) S
Vehicle - Number(s) I
Scotch cart — Number(s)

L L — No

If yes, what are these plans?

25. Do you have resources (o fulfill these plans?
Yfﬁ T ——— ﬁ b

If yes, what are these resources?

20



k.
5

29. If there was a tree which could improve the oil, would you plant it?
Yes —-oooeeeeeme NO —cceeren

If no, why couldn’t you plant it?

30. If yes, do you have the resources 1o raise the tree?

Labour
Capital

Water sources

31. Where would you get the following:

Besowsces
Seeds
Seedlings —————
Management ——————
TREES ON FARM
32. Do you have trees on your farms, if yes what are those trees and for what purpose?

33. What plans do you have for agroforestry (that is growing trees and crops together i the
same field) in mear future?

J. LAND TENURE
34. What are the rights (rules or reguistions) you have regardiag your Selds?




3s.

37.

39.

Who has the nght 10 use resources (gﬁpl, trees and other pmducls in ynur field?

Do you have the right to prevent other persons from using the resources from your fields?
Yes or No?

If somebody waated to buy your fields, would you sell it to him or bher?
| (R L e ——

If yes, please exphm?

If no, why?

If you bad movey, could you buy more elds?
(- J ND [
If yes, Why? —--eeoreeeemeroreeeeemeeesnee e

l‘ m' why? ==m= o e A A e e e i e o

Areyonrenung(hnhg)ymrﬁéﬁh-yhdylﬁ.ndﬁrmmmyhﬁ

Yes -comeoeccccoens

P“N: e e e e A S S

Reasons: e S

K. OTHER ISSUES

40.

41.

Whaldoyonthmkufhaeaehhi-mhﬁm? Douillﬁtbﬁm?

What do you thiak of:
a) Iaflation: — O — A —
¢) Market prices for agric




L. FARMER CONSUMPTION/EXPENDITURE
42. How much of the following things do you consume per week?

b) Rmumn . -
c) Other S —

43. Please indicate what paymeat, including the amount, you make o other people.

(um mlm)

?Wn#ﬂphmﬁ)
e (]
If yes, how many? ———-—oo Mea (over 15 years old).
weeemeeemeee  Fomnale (over 15 years old).
Could you indicate reasons why they left?




N. HOUSEHOLD EXPOSURE TO DISEASES
45. Do you or any member of your family experience any discases?
0 —-eme- No (If oo, please go to question 46)

] —eeeeeeeeee Yes
If ves, please indicate the type of diseases:

0. EXPOSURE TO WITCHCRAFT
46. Do you expericace witchcraft from other people?

0 —eececeemeeee No
SR '™

If yes, how does it affect you?

INTERVIEW SUMMARY: TO BE FILLED BY INTERVIEWER

NAME OF THE AGRICULTURAL CAMP
DATE OF IST VISIT ——————- AM/PM  DATE OF 2ND VISIT

DURING IST VISIT: DURING 2ND VISIT:
SURVEY WAS SURVEY WAS
COMPLETED OCOMPLETED
FARMER FARMER ASKED
ASKED THE INTERVIEWER TO THE INTERVIEWER TO RETURN
RETURN LATER LATER
FARMER WAS FARMER WAS
NOT AVAILABLE NOT AVAILABLE, THEREFORE,
LOOK FOR REPLACEMENT.
FARMER WAS FARMER WAS
UNWILLING TO PARTICIPATE UNWILLING TO PARTICIPATE,

THEREFPORE, LOOK FOR REPLACEMENT

NAME OF INTERVIEWER
TIME INTERVIEW STARTED
TIME INTERVIEW ENDED







Appendix 2

Definition and measurement of sclected variabies collected from Katete District during the
199192 study (Houschold quantitative characteristics)

ADLAB = The farm houschold’s adult weekly lsbour input in hours during the 1990/91
cropping scason. An adult is defined as a person older than 15 years and working full-
time for the houschoid.

AGE = Age of the male or female headed farm household in years.

AHMZE = Arca of the land in hectares which is cultivated with hybrid maize by the male
or female headed farm houschold (1990/91 scason).

ALMZE = Ares of the land in hectares which is cultivated with local maize by the male or
femalc headed farm houschold (1990/91).

ANLAB = The male or female headed household’s annual expenditure, in Kwacha, on hired
animal labour.

CA = The numbcr of cows owned by the male or female headed farming houschold.

CHLAB = The farm houschold's child weekly labour input in hours during the cropping
semon. Persons less than 15 years of age are regarded as children.

DEP = The male or female headed farm household's total number of dependents.

EDUC = The number of years of schooling undertaken by the male or female headed farm
houschold.

EXPF = The male or female headed farm houschold's weekly expenditure (in Kwacha) on
food.

m-mmufmkwfuum:mhlymﬂm(hxwﬂ:)ﬁn
Icisure (travels, drinks, etc.). Weekly expenditures were calculated first and then
expressed on a monthly basis.

EXPMG = The male or female headed farm houschold's monthly expenditure (in Kwacha)
on manufactured goods (salt, sugar, mﬁwﬁ}w&ywﬂm
calculated first and then expressed on a monthly basis.

FERT = Amount of fertilizer (in kilograms) applied per hectare by the male or female
headed farm household for hybrid maiae production (1990/91).

FERP = The maic or fcmale headed houschold’s anaual expeaditure, in Kwacha per hectare,
on fertiiiser (1990/91 season). -




HLAB = The male or female headed houschold’s annual expenditure, in Kwacha, on hired
human labour (1990/91 season) .

(1?!)/91 m)

GO = The number of goats owned by the male or female headed farm houschold.

INOFF = The male or female headed farm househol
farm activitics (1990/91 scason).

(1990/91 scason).

MIGR = The number of people who have left the male or female headed houschold’s
compound and are now living esewhere.

OEXP = The male or female headed farm houschold’s annual expenditures (in Kwacha) on

FHHZE mmmfmmrmM' production of hybrid maize (kg/ha)

WRKS = The number of full-time adult workers (male and femalc) available to the male
or female headed farm household.

(IMI).
beaded farm houschold (1990/91 scason).
farm houschold (1990/91 season).
YﬁFARH = The number of years the malc or female headed farm houschold has beea

Note: The houschold qualitative characteristics were measured in terms of “how meny
MmﬁmmMHng-ﬂ(mmhn :



Appendix 3
Input data for Sesbania sesban improved fallow: SCUAF simulation

1. Cycle:

Dates and notes

3. Climate: 7
Class 2, subhumid (Based on Young and Muraya 1990, ICRAF 1988)

4. Soil Texture: for most cultivated ox-hoe farms in Katete o
“Clayey” (a mixture of sandy loam, sandy clay and gravely clay, based on Mhango
1991)

S. Drainage: for most cultivated farms in Katete
Free or well-drained (Based on Mhangc

6. Soil Reaction: for most cultivated farms in Katete
Acid (pH 5.1-6.4; Young and Muraya 1990, Mhango 1991)

7. Slope: for most cultivated ox-hoe farms in Katete
Less than 5° (or less than 8%), based on Mhango (1991)

1991)

Agroforestry System: Sesbania sesban fallow-maize
l;ﬁtdhﬂﬂw followed by continuous maize cropping
2 years of fallow, followed by continuous maize cropping
3 years of fallow, followed by continuous maize cropping

1 year of fallow + 3 years of maize cropping rotation (R= 0.25)
2 years of fallow + 2 years of maize cropping rotation (R= 0.50)
2 years of fallow + 3 years of maize cropping rotation (R= 0.40)
Smdﬁnmwrlynrdmemmm-ﬂ.ﬁ)

3 years of fallow + 2 years of maize cropping rotation (R= 0.60)
3 years of fallow + 3 years of maize cropping rotation (R= 0.50)

maize cropping + fertilizer wee (R= 0.00)
m-&:mikﬂmﬂm-m)
or R= meize: maize, i.e no ratio (R= 0.00)

PFor fallow systems (depending on the period):
Fraction of land under the tree (Sesbanis
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Fraction of land under maize = 0.00 or 1.00
N-fixing fraction for the tree is 1.00
Maize does not fix N, so a fraction of 0.00 is entered.

and maize planted on the land.

9. Initial Soil Conditions:
Top soil depth (cm) = 20.00
Soil depth considered for C and N (cm) = 20.00
Total depth of soil (cm) = 119.00
Initial C, Top soil (%) = 0.78
Initial C, Sub soil (%) = 0.78
Bulk density, Top soil (g/cc) = 1.30
Bulk density, Sub soil (g/cc) = 1.50
Initial N, Topsoil (%)= 0.16

These were based on data provided by Mhango (1991). Only average values of the
data from several similar locations in Katete were used as it was assumed here that

these would reflect the general farming conditions in Katete and micro differences
in soil conditions in Katete would even out (Mhango, per. comm.). Based on Young
and Muraya (1990), initial C and N are computed as:

Soil depth considered x topsoil carbon (or nitrogen) x bulk density topsoil
x 1000,

where the constant of 1000 represents 10* square metres per hectare, divided
bylo’tommtpmentCmNmnﬁmmdbylo’mdmmwﬂm

to kilogrammes.

10. Erosion: B
Climate factor = 0.5 x mean annual rainfall in Katete (Young and Muraya 1990
procedure)

= 0.5 x 1090.88 mm
= 545.44
Soil erodability factor = 0.10
Slope factor = 0.50
Cover factor under the tree = 0.01
Cover factor under maize 0.60
MMW-IN
Carbon enrichment factor = 2.00
mmm-m

The mean annual rainfall was calculated from the meterological deta (1962-1992)
provided by Katete District Meserclogical Office. Soll erodability factor wes
calculated following the nomograph procedure set out by Wischmeier ot al. (1971).
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Estimates of slope factor, cover factor, enrichment factors and the tree

pmpoﬂnmhtyfaﬁcrmobtmgdﬁnmthedinpmedmhmgmduuﬁyﬂ
(1990). Tree prop ity factor is a measure of the extent to which total soil

mmﬁsﬁmzmw&ﬁemuﬂgﬂmm SCUAF
calculates erosion in year 1 under a given fallow system.

NPP (kg DM /ha/yr) in parts of the tree, based on data from Kwesiga et al.
(1991):

Leaf = 8480.00

Fruit = 530.00

Wood = 17490.00

Root = 10600.00
NPP in parts of maize, based on data from Young and Muraya (1990):

LEIf 4000.00

Wood = 0.00

Root = 2400.00

Roots as fraction of the above ground NPP, maize = 0.40

ﬁm?mmgmdllmyu(lﬂ)

Leaf = 0.00

Fruit = 0.00

Wood = 0.90

Root = 0.67
mm&mm:mm based on data from

" Leaf = 0.00
Fruit = 0.00
Wood = 0.00
Root = 0.00

Praction of coarse root in soll depth considered, maize= 0.00
Fraction of coarse roots of the tree below 90l depth considered = 040
Mdmmdﬁemm-ﬂmm

mwhﬁyghm-m
Catbon fraction in dry mass, maite = 0.50



[
-
L)

Nitrogen percent in:
Leaf 2 50 1.00
Wood (stem) 0.50 0.50
Root 1.515 1.515

liﬁdmom(mmhm;mmmmm
Fertilizer (kg/ha/yr) = 200.00 (rﬁmmﬂed by the Zambian
Ministry of Agriculture)
Nitrogen fraction in fertilizer = 0.24 (based on data provided by the
Department of Agriculture, Eastern Province (1991, p. 38).

13. Removals:

14. Carbon Cycle (conversion losses: litter to humus), based on estimates from
Yomgmdllmya(l??(ﬂ

Whydmm;udﬂnm(ﬂkﬁlmmﬂ =

1.00

Through decay of coarse maize roots (at least 1 year later) = 0.00

Through decay of remaining coarse roots of the tree (2 years later)
= 0.25

w&ﬂydm“mdmﬂmhﬂ) -

" K for the tree = 0,03
K for maize = 0.04

Nﬁm;alqde
Gains " Symbiotic fixation (kg/ha/yr) of N-fixing of the tree: values

used are 245 (Macklin and Lvans 1990); 334, 420, 448, 600 (Onim
eni.lm ﬂlmﬂaﬁﬂmlmjngh“

mﬁﬁﬂhmhﬂdﬂﬂinpﬁ
average estimate.

e fixation (kg/ha/yr) = 4.00
Mdmhﬂﬁﬁﬂﬁﬁ-m

all ﬂmm) HD
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Fnctmn of mineral N of organic origin
Underthe tree = 0,0125
Under maize = 0.05
By denitrification and volatilization = 0.050
By fixation into clay mineral (net) = 0.00

Fﬁ:ﬁﬁndfem‘lnaﬂh:hedby:

" Carbon:
The tree = 0.25
Maize = 0.50
Nitrogen:
The tree = (.25
Maize =050

Only one-fraction humus fraction (labile carbon) was assumed. Labile carbon
decomposes according to the decomposition constant. It is assumed that it acts as
a buffer, thus reducing C loss. Furthermore, it is exclusively the labile humus that
;dmghmi&ykmnkﬁehﬁﬁnmhm
s0il C take place within the top soil. Therefore, it is appropriate to assume thet most
mﬂCkhhﬂeh‘wﬂE-ﬁﬁdﬁChmmkbnﬁm

mposes much more slowly), mans t significantly affects topeoii C, and
mamdMEcmhmmm&-ﬂM(ﬁq
and Muraya 1990).




Potential annual soil erosion (expressed in kg/ha) under selected treatments
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Yi NO
FERT

FERT

155+43M

2554+2M 255+43IM  I55+1IM

ASS+2M

16527
16700
17591
18412
19284
20175
21095
22041
23016
24021
25054
26118
27213
28339
29496
30684
31207
31515
31817
32111

VR NOVNELEWLUN-

Suuuuuunuuu
VRN NLWN=O

16527
16697
17499
18249
19030

28720
29712
30724
31515
31799

9934
13744
155
119
7207
10631

22843
24691
262
229
18008
21443
22159
239
197
14450
19354
19574
214
170
11641
16959
16978

263
240
19358
219
193
169
11837
160
130
109
6536
103
76
S8
2731
49
29

14

1

286
263
240
19358
20034
228
198
174
12261
14762
171
139
118
7190
9707
117
88
9
3462
5077

YR= year; FERT = fertilizer; SS= Sesbania sesban; M= maize; and 1, 2, 3 arc SS fallow or
maize cropping periods (expressed in years).



