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FOREWORD 

In Sub-Saharan Africa, which so far has benefited little from the green revolution,
tile adoption of high-yielding maize has great potential for closing the gap between
food demand and supply. To bring about this transformation, fertilizer is essential forrealizing the yield potential of hybrid maize while sustaining the fertility of Africa'sfragile la. This study of Eastern Province, Zambia, shows that use of fertilizer on 
traditional varieties can also be a catalyst for agricultural growth.

This work is part of an extensive body of research on adoption of new agriculturaltechnology carried out by IFPR I in Asia and Africa. The studv was undertaken incollaboration with several Zambian institutions, including the Rural Development
Studies Bureau (University of Zambiai), the National Food and Nutrition Commis
sion, and the Eastern Province Agricultural Development Project (both of the govern
ment of the Republic of Zambia). It was funded by the Swiss )evelopmuent Coopera
tion. 

The relationship between technological change aId goverment policy has always been an important part of IFPRI's research program.I1lRI's ongoing research 
on fertilizer use is part of an effort to devise workable policies for translating newtechnology into ral).L, ap-ricultural growth and sustainable developiientr that benefit allsegments of society, but particularly the poor. It also relates to other IFPRI research 
on input market reforns, which examines ways to improve access of the poor to
inputs such as fertilizer through efficient pricing atd distribution policies. 

Per Pinstrup-Andersen 
Director General 
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1 

SUMMARY 

This study, conducted in Eastern Province, Zambia, looks at farmer's practices 
regarding use of fertilizer and analyzes the role of fertilizers in tile transition from 
subsistence farming to a more commercialized agriculture. Tile findings here are also 

relevant for similar agroecological zones in central and southern Africa. 
The study is ba-Jl on data collected from 330 households in Eastern Province by 

the International Food h,!icy Research Institute (IFPRI) in collaboration with Zam

bian research institutions during 1985/86 and on data provided by the Departncnt of 

Agriculture and the Adaptive Research Planning Team, which conducted field trials 

for the Eastern Province Agricultural DevelopnIIt Project, funded by the World 

Bank, during 1983-87. 
Eastern Province has recorded impressive gains in agriculture since the late 

1970s and has contributed increasingly to national food stocks, particularly of maize. 
Most of this growth has come from tile plateau region, which covers nearly half of the 
province and has 80 percent of the population. The other region of tile province, the 

Luangwa Valley, is heavily infested with tsetse flies and is lackiing in infrastructure 
and support services. Since fertilizer use was negligible in the valley region-only 6 
percent of the sanlple households used fertilizers-the analysis in this report is 
confined to tile plateau sample. About 96 percent of the farns in the province are less 
than 10 iectares, although it is a land-surplus area. Maize is the dominant crop, 
accounting for more than 80 percent of the cultivated area iin the plateau and about 60 
percent in tile valley. Groundnuts are the other major crop in the plateati. Fertilizer 
use in Eastern Province began in the late 1960s, mainly on hybrid maize. Belying the 
national trend, fertilizer use continued to grow impressively through tile mid-1980s 
when the province accounted for nearly a quarter of tational consumption of fertilizer. 

Experiments conducted at the Msekera Agricultural Research Station and on 

farmers' fields in the province during 1983-87 indicated that physical responses to 
fertilizer application in the pIlateau region were high, ranging from 16 to 22 kilograms 

of grain per kilogran of plant nutrients for hybrid maize and from 9 to 15 kilograms 
for !ocal maize at recommended levels. Cotton and beans also responded well to 
fertilizer in tests, but fanners use fertilizer almost exclusively on inaize. Interactions 
between fertilizer and different agronomic practices such as tine of planting, weed
ing, crop rotation, and time of fertilizer application were established, findings that 
have been exjplicilly incorporated in extension messages in the province. 

The high physical response to fertilizer in the plateau was supported by a 
favorable price environment during the 1980s. Fertilizer prices rose sharply after 
1980, but maize prices kept pace, and relative fertilizer prices remained fiavorable 
until 1989/90, when real prices increased by 81 percent. 

Data collected in the II PRI surve/ show that tile use of fertilizer has been widely 
adopted by smallholders in the plateau region. About 67 percent of the sample 
households used fertili:,-rs, and more than 55 percent of tile cropped area was 
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fertilized at an average rate of 96 kilograms of total plant nutrients (N + P,0 5 + K,O).
The average rate of apy'lication per hectare of cultivated land was about 53 kilo
grams-more than three times tile national average. These numbers conceal substan
tial variation in the plateau, however, where use varied from 20 to 100 percent among 
locations. 

Hybrid maize accounted for 54 percent of the total fertilizer used; the rest was 
allocated to local maize. About 48 perceat of fertilizer was allocated to mixed stands 
of local and hybrid maize varieties. However, fertilizer use recommendations are 
based on pure stands, because little research has been dlone on responses of mixed 
crops. 

During the survey 'ear, 49 percent of the fertilizer users applied fertilizer to local 
maize only. This goes against the traditional wisdom regarding diffusion, which holds 
that ill a cross-section of households there will be some fertilizer whonew users 
fertilize only hybrid maiZe and others with more experielce with fertilizers who will 
use it on bctlh hybrid and local varieties. A probi! model designed to identify the 
distinguishing characteristics of farMners who only fertilize local maize shows that 
smaller fanners, households headed by females, older farmers, and famiers with 
fewer dependents are more likely to apply it only to local maize. This implies tlint 
even those farmers who could not (because of limited labor or capital) or did not (by
preference) grow hybrid maize found it advantageous to use fertilizer. Apparently,
knowledge regarding fertilizers is so widespread that farmers are aware that it pays to 
fertilize local maize. 

Rates of fertilizer application varied across different agro-ecological zones 
within the plateau. In general, fertilizer users tended to use all three major nutrients,
although in some locations, inadequate supplies of mixed fertilizer forced fanners to 
use only a top dressing (nitrogen) fertilizer such as urea. Substitutions led to diver
gences from recommended levels and imbalances in the use of nitrogen and phospho
rous in some cases. 

Fertilizer use paraineters-acloption (use), crop area fertilized, and rates of appli
cation-did not vary significantly across fann size categories. Only on commercial
ized farns of more than 5 hectares were the indicators sharply higher. Ilowever, the 
pattern of fertilizer allocation between crops did change as farm area increased, 
shifting from local maize to hybrid maize. 

Constraints in the fertilizer distribution system were inferred from analysis of the 
fertilizer purchase patterns of sample households. Less than 3 percent of the total 
quantity of mixed fertilizers used was of the recommended X mixture (20-10-5 NPK).
Ill soie locations where even the I) mixture (10-20-10) was not available, farmiers 
were forced to use only nitrogenous fertilizers. Lack of the recommended fertilizer 
mixture raised tarners' fertilizer costs by about 16 percemnt and created inefficiency
in timing of app!cation. Availability of fertilizers at the right time also depended on 
physical access; fanners had to travel from 0.7 to 9 kilometers to obtain fertilizers' 
depending on location. 

Only 15 percent of the farmers used institutional credit, although more than 66 
percent used fertilizers. Amnong fertilizer users, more than 75 percent did not use 
credit during tie 1985/86 season. 

Fanners' fertilizer use behavior was analyzed through al econometric model that 
considers two simultaneous decisions-whether to use fertilizers and how mnuch to 
apply. The model postulates that these decisiomIs are itnfluenced by a comtnon set of 
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personal variables (age, education, sex, and subsistence pressure), resource endow
ment variailes (family size, cultivated area, oxen use, crop sa!es, and hybrid use), 

institutional access vaviables (cooperatives, extension, markets, and fertilizer Sup
ply), and location variables (agroecological). 

The results ol adoption indicate that younger farners were more likely to use 
sales orfertilizers, as were those who had better access to capital either through farn 

through membership in cooperatives. Fertilizer supply conditions and access to 

markets affected this decision significantly. The results did not support the view that 

households headed by women lagged behind in use of fertilizer, but they were 

reluctant to grow hybrid maize and therefore more likely to use fertilizers on local 

maize only. The extension advice and education variables were not found to be 

significant, probably because knowledge about fertilizer use was already widespread. 

As farmers gained familiarity with fertilizers and began making more complex 

decisions on fertilizer levels to be used, the study finds that education and extension 
advice assumed greater importance. 

Membership in a cooperative and access to markets-variables found to be 

important in the decision to use fertilizers-v. ere not significant in the decision on 

how much fertilizer to use. Thu only market-related variable that mattered was the 

quality of input distribution in the area. 
Farners' fertilizer allocation behavior was also examined to gain insight oii the 

process of transition from subsistence to commercial farning. It was hypothesized 
that fertilizer use on local maize triggered the transition process in Eastern Province. 

The resulting surphs was used to expand cultivated area and area under hybrid maize, 
culminating in larger farms and commercial maize production. Empirical evidence 

based on an ordered-probit model shows that education, credit, and improved access 

to infrastructure facilitated this process and inefficiencies in fertilizer distribution 

dampened it. Oldci' farmers and farin households headed by womeni found it difficult 

to make this transition. Availability of land, existence of a labor market, possibility 

of using oxen for cultivation, and a favorable price and market environment all 

contributed to the process. 
Some important policy conclusions emierge from these findings. First, regions of 

high physical response, like the Eastern Province plateau, can sustain rapid growth it) 

fertilizer use and agricultural production. It is, therefore, more efficient to target 

scarce fertilizer and supporting infrastructure to these areas. 
Second, Zambia's favorable incentive environment made it profitable to use 

fertilizers on maize. A recent deterioration in relative fertilizer prices may have an 

adverse effect, especially because fertilizer use is concentrated on only one crop. InI 
the long run, it will be necessary to diversify the crop base. 

Third, public investments in schooling, infrastructure, and credit institutions were 
important determinants of fertilizer use and comnercialization. The research and 

extension systems have also contributed. And, in Zambia, the state has procured all 

the maize surpluses that fanners produced. These findings emphasize the critical role 

of public investments in modernizing African agriculture 
Finally, the study shows that fertilizer use cal trigger the proce' s of transition of 

subsistence agriculture to commercialized farning. Under favorable iciicumstances, 
yield-increasing technologies offer viable opportunities even in land-surplus regions. 

Development strategies for regions with poor endowments, like the Luangwa Valley 

in Eastern Province, require more research on their agriculture and fanning systems. 
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2 

INTRODUCTION 

The crucial role of chemical fertilizers in Africa's agricultural future is wellrecognized (FAO 1981, 1986; Mellor, Delgado, and Blackie 1987; Lele, Christiansen,
and Kadiresan 1989). Evolving population-food imbalances underscore the criticalrole of new and improved agricultural technologies, and fertilizers constitute a keycomponent of this strategy. Actual perfoniance regarding the use and diffusion of
chemical fertilizers in differei: countries of Sub-Saharan Africa has. however, been
generally disappointing. Levels '>rtilizer useof continue to be low. Growth infertilizer consumption has faltered in Africa, lagging thatbtehild for developing
countries as a whole (Desai and Gandhi 1989).

In summarizing tile fertilizer-related experiences of selected counti les in Africa,
Lele, Christiansen, and Kadiresan (1989, 6) identify supply and demand constrain',
that inhibit growth in fertilizer consumption:' -The uiderutilization of fertilizer
makes fertilizer pricing, subsidy, and(distribution policy, together with tlhe lleviatioll
of other technological and institutional constraints, one of the iiltost pressinig issues ill
the modernization of African smallholder agriculture.''

From another perspective, researchers have emphasized the ied to examine thenature of fanning systems before deciding on appropriate technological interven
tions. Large parts of the continent, it is argued, aro characterized by land-abundant
forest or bush-fallow systems, where yield-increasing technologies like fertilizers
have limited relevance (Binswanger and Pingali 1988). This perception helps explainthe observed 1ow use of biochemical technologies for food crop production. Thissystem constraint notwithstanding, active public policy with regard to regional target
ing, infrastructure, research and extension, prices, marketing, and so forth can, evenin such situations, promote these technologies and help achieve rapid prodiction and
income growth (Binswanger and Pingali 1988; Lele and Stone 1989).

Micro studies in different agroeconomic settings are, therefore, essential tounderstanding the variations that characterize the African fertilizer scene. Scores of
such studies have helped rationalize aml forniuflate policies 
 in Asia, for example,where fertilizer use has grown dramatically over the last two decades. Similar efforts
have been lacking in the African context. In fact, many more stdies are needed inview of the large variability in fanning systems, economic enviroment, and infra
structure condlitions over the continent. 

This research reports the results suchof one study conducted in the EasternProvince of Zambia-a country endowed with abundant land resources. It is based ondata collected from 330 smallholder households during the 1985/86 agricultural year.
Fertilizer consumption in Zambia has remained stagnant over the last 10 years, 

'Fertilizer supply include- G-rlilizer imports, aid, and distribution, and demand includes relative ferlilizerprices, crop response to fedilizer applicalion, credit, and other facilitating institutions. 
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although Eastern Province has recorded significant gains in fertilizer consumption as 
well as output growth. In addition to analyzing the pattern and determinants of 
fertilizer use on farms, this study also tries to further understanding of thL. process of 
the transition from subsistence to commercial agriculture by analyzing differences in 
fertilizer allocation behavior among farmers. The major objectives of the study are (I) 
to describe the use pattern of chemical fertilizers by smallholder farms in Eastern 
Province; (2) to identify the major determinants of fertilizer adoption and uses, and 
(3) to examine the role of fertilizers in promoting agricultural transformation of the area. 

A brief background of the study area is provided in Chapter 3. Chapter 4 focuses 
on the physical fertilizer response environment and the profitability of fertilizer use, 
based on on-farni and experiment station trials conducted by the Adaptive Research 
Planning Team (ARPT) of the Eastern Province Agricultural Development Project 
(EPADP) during the period 1983-87 The relative price scenario is also briefly 
reviewed. This is followed in Chapter 5 by all analytical description of fertilizer use 
practices of smallholders, including adoption and levels of use. Chapter 6 examines 
farmers' access to fertilizers and credit. An econometric analysis of detenniliants of 
fertilizer use ik undertaken in Chapter 7, and fertilizer allocation behavior is studied 
in Chapter 8. The final chapter highlights the major conclusions and policy implica
tions of tile study. 

Analytical Framework 

In almost all developing countries chemical fertilizers were introduced into the 
main agricultural systems in the years following the Second World War. Prior to that, 
the use of chemical fetilizer was confined to some plantation or cash crops. Rtsearch 
on farmers' responses to this innovation and factors affecting those responses has 
drawn heavily from Oie adoption-diffusion framework of sociology and antliropol
ogy, on the one hand, and from factor demand theory on the other. Such studies range 
from socio-cultural-economic deteninants at the farm household level to more 
aggregative, often time-series, analyses iincorporating the role of prices, environ
mental and other shifticr variables, and policy factors.' From these studies inferences 
have been drawn regarding appropriate interventions to atugment fertilizer use, such 
as research, extension, credit, irrigation, and price policy. 

A conpleweitaihy, evciutionary framework focuses on the processes governing 
growth in fertilizer use. As is evident from the following quotation, several of these 
processes are still nascent in the developing-country context and hence act as con
straims. This erispective emphasizes the institutional dimensions. 

Forces behind growth in fertilizer use may be viewed as development of and 
interactions among four sets of processes: (1) those that influence the 
economic potential of fertilizer use through development of resources stch 

2EPADP was established with World Bank funding in 1982. Raising agricultural production through 
rapid diffusion of improved technology was the main objective of the project. Major emphiasis was placed
 
on reorganization of the extension system along training and visit (T&V) system lines.
 
3See Fedet, Just, and Zilbennan 1985 for a comprehensive review.
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as irrigation and new technology that shift fertilizer response functions
upwards; (2) those that convert the potential hito fat-riers' effective demand 
for fertilizers by providing them with knowledge on fertilizer use, credit,
and assured markets for output; (3) those that deternine the growth of 
aggregate fertilizer supply through imports and domestic production; and 
(4) those that help develop geographically dispersed fertilizer distribution 
systems and determine how they operate. (Desai and Gandhi 1990). 

This study, based on cross-sectional household data at a subnational level, essen
tially uses the adoption-diffusion framework. Differences in fertilizer use between
households are examined in relation to socioeconomic, cultural, and specific farm
characteristics. Prices and other dynamic variables cannot be included in such mod
els. A descriptive analysis of some of these processes is nevertheless provided, a,I
this insight is lIsed to Understand tile observed differences. Also, locational differ
ences n market access and fertilizer supply conditions observed in cross-sectional 
data do allow incorporation of some of these variables into the analysis.

In a broader context, a cross-section of fanning households ill a growing, dy
namic setting does, in a sense, capture individuals in different stages of transition as
they try to nijove fnom traditional to modern agriculture. Some persist with traditional 
mode., others are :p.'erinmen ting with nie\v ideas, while some have Already achieved
high levels of mo:lernization. Using a suitable criterion for classifying individuals ill
different categories of transition, one can decipher forces or factors that govern this 
process. In this study, all attempt is made at an exploratory analysis along these lines,
using fertilizer allocation behavior as a criterion. 

Literature on fertilizer diffusion in developing countries suggests that fertilizer 
use starts with high response crops and then spreads to other crops iii a hierarchical 
fashion as agriculture becomes more progressive. This process is used to depict Hhe
transition from subsisteuIcL fanning with no fertilizer w15- to greater commercializa
tion and modernization of the smallholder fanning sector. 

A progressive transition of (his kind has, in fact, been articulated by Zambian 
development workers in the concept of a lima ladder. A lina is a unit of landl (0.25
hectare). This step-by-step approach begins with a subsistence faMuer and, as a first 
step, introduces a small area (a lima) of a cash crop such as soyLeans or sunflowers 
(see Appendix I, Figure 4). Sales from this activity generate cash to puchase
fertilizers to be used on local maize the year.next The increase in maize fturther 
improves the fanner's cash position, atiot so in the third year local maize area is 
reduced and hybrid maize is added. Up to this stage, area expansion is restricted 
because of lahor con-traints. In the fourth year, the fanner has enough cash to hire 
oxen and expand his hybrid maize area. Fertilizer plays a key role in thi. schemie. 
Using the observed fertilizer use pattern ol farmiis as an indicator of this tr ns ,ional
pathway, the analysis seeks to identify factors that influence this process. 

Data and Limitations 

Eastern Province is divided into six administrative districts, namely, Chadiza,
Chama, Chipata, Katete, LDmdazi, and Petauke. The provincial Department of Agri
culture has demarcated 10 agricultural districts. This study is based on a repre
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sentative sample of 330 smallholder households spread over 9 agricultural districts in 
the province. The survey was cond,.cted as part of a collaborative study entitled 
"Growth and Equity in Zambian Agriculture," funded by the Swiss Development 
Cooperation. The International Food Policy Research Institute (IFPRI), tile Rural 
Development Studies Bureau, University of Zambia (RDSB), the National Food and 
Nutrition Council (NFNC), and Eastern Province Agricultural Development Project 
(EPADP) were the collaborators. Appendix 2, Table 24, shows the distribution of 
sample households across districts. From each district, a cluster of villages (called a 
branch) was selected randomly. In Luldazi District, two clusters were selected. From 
each branch about 33 households were selected for detailed data ccllection. House
hold activities were monitored and data collected by resident enumerators from 
November 1985 to December 1986. The range of infornation gathered included area 
measurements, monthly income, expenditures, labor use, crop cultivation practices, 
inventory of assets, access to institutions and services, technical assistance, house
hold decisionnaking, nutrition and consumption, and off-farm activities. Data were 
also collected from leports of the provincial Department of Agriculture oh general 
agricultural cha"acteristics of the provin~ce, and from the annual reports and other 
bulletins of the Adaptive Research Planning Tea's: of the FPADP on fertilizer 
responses and recommendations. 

Since 1985/86, the survey year, dramatic changes have taken place in the macro
economic environment in Zambia. I the extent possible, tile relevant changes have 
beeri inlcorporated in the analysis. While no comment can be made ol how faners 
have responded to dhese changes, the basic conclusions are nevertheless enduring and 
remain relevant. 
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3 

BACKGROUND OF THE STUDY AREA 

Zambia is endowed with abundant land resources. Of a total arable area of about 
9 million hectares, only 1.4 million hectares are currently cultivated. Population
densities in the countryside are low and projections suggest that despite high popula
tion growth rates, Zambia will remain a low-density region until about the second half 
of the twenty-first century (Binswanger and Pingali 1988). In agricultural perform
ance, however, the country follows 'he trend of declining per capita food availability
that is prevalent in most other countries in Sub-Saharan Africa (World Bank 1981).

Promoting fertilizer ise has been an important element of Zambia's agricultural
strategy since the 1950s. Prior to that the focus was on good crop husbandry and land 
conservation measures. Total fertilizer (nutrient) consumption grew from less than 
20,000 metric tons in the late 1960s to more than 103,000 tons in 1981, but it has 
faltered since then, fluctuating between 60,000 and 95,000 tons in recent years
(Figure 1).' Fertilizer use intensities are low, declining from about 20 kilograms per
hectare of arable land in 1981 to 15-16 kilograms in recent years. The use is highly
concentrated-nearly 90 perceint of Zambia's total fertilizer use is on maize. The
smallholder sector accounts for about 80 percent of the nation's aggregate consump
tion. More than 80 percent of the current fertilizer supplies come from imports,
including concessional aid (Muleya 1990). It has been argued that the uncertainties of 
donor assistance have contributed to the recent deceleration and instability in fertil.. 
izer consumption in the country.

Tlese trends are partly reflected in the data for Eastern Province. The population
density, at 9.6 persons per square kilometer in 1985, is marginally higher than the 
national average (7.5 persons per square kilometer). 1he annual cropped area repre
sents only 19 percent of the total area and 35 percen of the arable land base of the 
province, indicating easy access to land. The population growth rate is lower and the
proportion of rural pcpulttlion is much higher than tle national average (NCDP
1989). The province has recorded significant gains in fertilizer consumption since 
1981 (Table 1). By the mid-1 9 80s it accounted for about 20 percent of the total 
fertilizer consumpticon in the country in some years, although its share of the total area 
is less than 10 percent. Even when national consumption of fertilizer faltered during
the early 1980s (Figure 1), use in Eastern Province continued to grow impressively. 
The pace has slcwed since. 

In Eastern Province, agriculture is dominated by sinallholders. About 96 percent
of the farms are less than 10 hectares in size; 72 percent are categorized as traditional 
and 24 percent as small-scale commercial farms (Katoiigo 1988). Data from the 
Eastern Province Department of Agriculture suggest that the cullivatled area grew by
almost 10 percent per year between 1978/79 and 1985/86: most of this increment (93 

4All tons referred to in this report are meiric tons. 

16 



Figure I-Fertilizer consumption in Zambia, 1969-88 
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Source: 	 Food and Agricultun Organizalion of the United Naios, FAO Fertilizer Yearbook (Rome: FAO, various 
yea. 

Table 	1- Fertilizer sales iat Eastern Province and share of total sales, 1981-89 

Sales in Share in 
Year Eastern Province Nalional Sales 

(1,000 metric tons) 	 (perceil) 

1981 	 28 13 
1982 	 34 16 
1983 	 40 25 
1984 	 18 13 
1985 	 55 26 
1986 	 39 20 
1987 	 51 21
 
1988 	 54 18
 
1989 	 60 20 

Source: 	 NAMBOARD (National Agricullural Markeling Board), Annual report atd accounts (Lusaka, Zambia: 
NAMIOARI), various years). 

Note- Sales include total fertilizeu nateial. 

17 



percent) is accounted for by maize (Eastern Province, Department of Agriculture 
various years). This growth in cultivated area is the result of greater use of oxen. 

Growth in marketed maize production in the province has been renlarkable-the 
quantities nearly trebled between tile late 1970s and tie late 1980s (Appendix 2, 
Table 25): the share of Eastern Province in national supplies rose from less than I 
percent in 1970 to more than 27 perccnt in 1983 (Munieka 1991). The growth pattern 
in Eastern Province is particularly noteworthy because it has emerged largely from 
the smallholder sector. Groundnuts, the traditional marketed crop of the province (tile 
commonly grown Chalimbana variety is well known as an export crop), stagnated 
during most of this period, though it showed signs of recovery it tile late 1980s. As 
indicated earlier, fertilizer co:nsumnption rose steadily until the mid-1980s. Adoption 
of hybrid maize and animal traction made significant headway in tihe plateau region 
(Jha, Hojjati, and Vosti 1991). By all indicators, Eastern Province has been one of the 
more dynamic regions of the counltry in agricultural performnance. 

The province has two distinct agroecological regions-the Eastern Plateau and 
the Luangwa Valley. A semipermanent btisli-fallow system of cultivation prevails 
throughout the province, altlhouigh some areas in tile plateau region have begun to 
experience local lal scarcity, and fallow perio)ds are being reduced (ARPT various 
years). The Adaptive Research Planning Twea has identified Ihree major agro
ecological zones in each of these two regiotns (Figure 2).5 Table 2 shrows tie iimajor 
characteristics of these zones. The amual rainfall ranges from 850 nirilimeters to 
1,050 millimeters in the hireher-altitde platean, coiicemntrated betwee) the noIiths of' 
November and April. Agricultural activities are confined to this petriod. Sowing starts 
with the onset of raitus and harvesting is completed by tile end of May. The solils vary 
from sandy to clay-loam in texture. Over 80 percent o" the hunan and all of tile cattle 
population is conlcentrated inl this region, and oxenl cullivationl is IecoIrIug (tlite 
widespread." Conseq uently, fiamis are larger in tie plateati region. Maize is the 
dotninant crop, accounting for more than 80 perceit of the criltivatel are . Both 
traditional and hybrid varieties of tnaize art gro%,,n; the latter is cultivated exch 'sively 
as a market crop. 

The valley is thlily populated, receives lower rainfall, has hiher teiperatures, 
and is heavily tstse infested. Maize and gronlndlnts are importarIt ill this zonle too, 
bit* crops like sorghrim, rice, millet, artd cotton also occupy sigttificalnt artea. (irorlrd
nuts and cotton are the only cash crops in this ZOne. 1lybrid iaize is practically 
nonexistent. As will be shown in ('iCapter 5, fertilizer rise is negliible. 'hus, all three 
major technological options-hybrid maize, fertilizer, and animimnl tracliolln.-are ab
sent from the valle0y. Farms are smaller iii this zone arid hoe culltiVatOln pre'aiIs. 

The Msekera Agricultural Research Station iiear Clipata, tie provincial head
quarters, is the main research facility in the pro'ince. There is a .t iall suil station iii 
the valley (at Mastiniba), which is slated for trpgradig. The NIsekera Station is lhe 
lead center for grotiuhiit and grain hegLirne research ilt Zaiulbia. Fm" rniaizLe, 1te lead 
research cent,,r is at NMorrift Makili iit l.isaka. It directs the mrraize trials at Msekera. 

"Within each pl.IteatI zone, at least t, o sitIs t,,,ers --hoe ar;ct oxen -are also identified. 

"'Note that the incidence of east coast fever makes cattle rearing risky in lhis zont also. Parls of Katele in 
the southern zone of Eastern Plateau and the entire wec:em zone of the plateai are ilentified as vulnerable 
to tsetse (EPADP 1987). 
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Figure 2-Agroecological zones and agricultural districts, Eastern Frovince, 
Zambia 
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Isi Table 2- Characteristics of agroecological zones in Eastern Province 

Eastern Plateau Luangwa ValleyItem Western Narth]South Central Chama Central South 

Altitude (meters) 900-1,500 900-1,500 900-1,500 400-600 400-600 400-600Mean annual rainfall (millimeters) 	 900-950 850 -l, 00 a 850-1,050 800"90w? 750-850' 700-800Mean growing season (days) 125 135 14(1 145 140 125 
Predominant-oil 	 Clay-loam Sandy Clay-loamPopulation density 1980 b (persons/kilometer) 	 Sedimentary Variable Variable9.3 11.7 17.1 ... 2.0 ...Farm fanul:-s (1997 estimate) (percent of tolal) 17 41 24 7 6 4Cultivated area/tarn'c (hectares) 3.39 2.99 3.20 1.39d Average family sizec (nutmber) 	 6.67 5.77 5.49 5.93 d ...
Cattle population/fanily c 

(number) 1.7 3.0 1.4 ... ... "
 cShare of crop area sowm (percent)
Malzee 85.4 84.7 82.2Sorghum 	 5 8 .3 d 

... 
 " 5.6 •Millet ... 5.0 ... ... 5.6 ..Rice 
. ... 2.46Groundnuts

Soybeans 	 9.9 4.7 13.4 ... 11.1.. !.1I 0.2 ... 0.4 ... 
Sur.flower 1.6 3.7 1.9 ...
Cotton l.O ... 0.4 ... 2.8 

Percent of farmers adoptingc
H-.bnd maize 31.1 42.7 34.4 ... 3.2 ...
Animal traction 67.2 73.4 27.9 .........
 

Souce: 	 Agricultaral heisehold survey conducted in 1985/86 by the International Food Policy Research Institute; the Rural Development Studies Bureau, University ofZambia; the Nati'mal Food and Nutrition Commission, Zambia; and the Eastern Province Agricultural Development Project, in Eastern Province, Zambia.Notes: 	 The Adaptive Research Planning Team identified hoe and oxen-based systems in each of the plateau zones. These have been aggregated be.-ause data are not
available at this le,'el. The ellipses indicate a til or negligible amount.aShort drought penods Occur.
 

bObtaineL by district
approximation.
 
CBased on the survev for this stud%,.
 
dBased on a sur ev Ior Chania ant Central zones by the Adaptive Research Planning Team.
ePure and mixed cropping prevail in the pmvince.
 



The ARPT at Msekera has been conducting on-station as well as on-farm trials on 
different crops since 1982. Since 1992, the provincial agricultural extension system 
has been gradually reorganized along training and visit (T&V) system lines under tile 
World Bank-assisted Eastern Province Agricultural Development Project (EPADP). 
The Research and Evaluation Unit and tile ARPT have also been supported by the 
project. The National Agricultural Marketing Board (NAMBOARD) and the Eastern 
Cooperative Union (ECU) were the agencies responsible for input and credit supplies 
and output purchases in the province.' 

Evidence on Fertilizer Use in Eastern Province 

The earliest systemat:c work on sinallholder agricultural systems in the province 
was conducted in Chipata District in 197 1/72 (Harvev 1973). This study showed that 
fertilizer use was largely :onfined to hybrid maize and tobacco-botli cash crops
though a small proportion (5 percent) of farners used it on local maize. About 18 
percent of the fanners grew hybrid maize, which covered nearly 10 percent of the 
maize area. Hybrid maize was a new crop; no fanner had grown it for more than three 
years. Before that lime, fertilizer use was practically nonexistent in the siaI Ilholder 
sector. The levels of fertilizer application on hybrid maize were close to those 
recommended by the extension service. 

Since the inception of the ElIAI.)P, lack of information on small farm systems has 
been recognized as a serious handicap. Sone sma ll-farn surveys have been con
ducted by the Research ani lIvaluation Unit of EPADI and ARPT. A survey in 
Lundazi District, located in the northern zone of the plateau, which is the highest 
fertilizer-consuming district in the province, showed that all sample anners used 
fertilizer on local as well as hybrid maize, often at higher than recommended levels. 
No other crop was fertilized. In this high-adoption location, 74 percent of the farmners 
were growing hybrid maize, and animal trction was common (EPADP 1984). A 
similar survey in Eastern Plateau South revealed significant inefficiencies in fertilizer use 
practices with regard to timing and method of application (ARPT various years). Severe 
labor constraint around planting time was identified as an imporlant reasoll for this. 

Another small-farn survey, spread over the entire province, was conlucted in 
1984/85. It showed wide variability in resource endowments and agricultural prac
tices within the province. Fertilizer use was found to be practically nonexistent in the 
valley region and varied substantially between platealu districts. The districts of' 
Lundazi and Chipata South were fouMnd to be high fertilizer-consuming areas, fol
lowed by Katete (EPADP 1986b). 

Three major conclusions emerge from these surveys. First, very little fertilizer 
was used in the province until the early 1970s. Fertilizer use picked up with the 
emergence of hybrid maize as a cash crop, which shifted the fertilizer response curve 
and profitability of fertilizer use dramatically. Even (luring these early years, farners 
used the recommended levels. Subsequently, fanners extended fertilizer use to local 
varieties of maize also. In some areas, fertilizer use on hybrid and local maize has 

7The marketing board, NAMBOARD, has since been dissolved and its function taken over by the 
cooperative sector. 
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become universal. Inl others, the diffusion phase is still going on. In the province, no 
other crops are fertilized. Second, agroecological conditions play an important role in 
diffusion of fertilizer use. Fertilizer use in the valley is negligible, and even within the 
plateau there is considerable variation. Finally, although fertilizer use has become 
widespread, farmers do not always follow directions for optimal timing or method of 
application, either because they lack sufficient knowledge or because of labor con
straints during the planting and weeding period. Subsequent sections of this report 
examine these and other related issues in greater detail, based on household data 
collected during 1985/86. 
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4 

RESPONSE TO FERTILIZER APPLICATION 

Traditionally, fertilizer application was recommended only for hybrid maize and 
tobacco, mainly in the plateau region of Eastern Province. These recommendations 
were derived from trials conducted at the Mount Makulu and Msekera research 
stations at Lusaka and Chipata, respectively. Since the inception of the ARPT in 
1982, attempts lame been made to evaluate crop responses to fertilizer onl farners' 
fields in the province. This work tries to integate agronomic and economic consid
erations. Trials con(lucted by the ARPT during the period 1982/83-1987/88 are listed 
in Appendix 2, Table 26, which indicates that by this time the research system was 
conducting verification trials on farners' fields for improved practices on crops such 
as maize, cotton, soybeans, and groundnits, whereas rice and finger millet trials were 
still being conducted at the experimIent station level. While fertilizer and maize 
continued to be important in ARPT work, the focus was shifting to other crops and 
practices. 

Fertilizer Use Recomn end.t ions 

Table 3 shows how fertilizer reconmmendations evolved front 1982/83 to 1986 
based on this work. In the valley region, not enough experimental work had been 
done to be able to make recommendations, so the same recommendations were given 
for both the plateau and valley regions. The recommendations in 1982/83 were based 
on a review of past work (mainly on e:perimetntal stations), as well as oil cuirrent 
recommenldations based on on-station and on-farm trials. 

'Fle major focus of fertilizer work in the earlier period was oi hybrid maize. 
Though experimental work indicated a viable response, use of' fertilizer ol local 
maize varieties wa . ,iot pushed strongly by the extension system. Local maize was 
viewed as a purely subsistence crop, oil which tile use of costly ixllpits could Inot be 
justified. (roll)(fnutits, tile other major crop, did not resl)ond to fertilizers. Other 
traditional crops like ,orghum and rice were not adequately in vestigatetl. (otlton 
showed some response, larlticularly with plant protection and tiiely plaitilg, hut the 
major cottoil-promoti ng agency, tile lint Company of Zambia (LINTCO), did not 
include fertilizer in its package of rtecollntendalions, perlhaps because it would make 
the package even more costly. 

Early res arch in the provinice showed that the major nitrient deficiency in 
plateau soils was itrogen. The recoimiwidedi phosphate aii potash levels were 
essentially for mailltenaiice. Severe sulfur deficiency occurs ill parts of the plateau, as 
well as the valley, but it is adequately corrected by the 10 percent sulfur content in 
most of the basal fertilizer formilua ions. Similarly, some locations have tie problem 
of high soil acidity, for which application of lime has been found effective. Research 
in the valley region was largely neglected. 
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Table 3-Fertilizer use recommendations for major crops, 1982/83 and 1986 

Crop 1982/83 	 1986 

Maize 
Local 200 kilograims per hectare of X mixture at 100 kilograms per hectare of X 100 

planting or 10 days afteremenrgence kilograms per liectare urea 10- 15 days 
after eminergemice 

llybrid 	 200 kilograms per hectare of X + 150 200 kilograms per hectare of X # 150 
kilogrants per hectare urea at planting or kilogranims per hectare urea or 2W0 
10 (lays after emergence for early-planted kilogranms per hectare urea 10-15 days 

a
hybrids 	 after emergence 

Groundnuts Not recommended 	 Lime at 400 kilograms per hectare on 
highly acidic soils 

Cotton 	 200 kilograms per hectare of X for early- 200-300 kilograms pr ieclare I"X
 
planted and sprayed crops on light for early-planted aid sprayed crops
soils, 
nilolherwise 

Sorghtmm (Valley) No trial 	 Not recommended 

Soybeans 	 200 kilograns per hectare of I) ott phos- 150 kilogranis per hectare of X
 
pIale-deficiemit soils
 

Sunflower Not economical 	 Not economiical 

Rice No trial 	 200 kilograms per Imectare of X on
 
poor soils
 

Tobacco (burley) Not available 	 20W kilograins pr liclare of C # 200
 
kilograms per liectare of amnoiiin
 
nitrate as lop dressing
 

Carioca beans Not available 	 151 kiloyrams per hciare of X 

Sources: 	 1982/83 recommn-mations are based on survey of earlier expri-inemital work elorhtvi ii Adapltive Research 
and Planning Team, Fasteni Province Agricultural l)evelopment Project, "Antal Reporl, 1982/83," 
Appendix 13 (Chipata, Zambia, 1983). 1986 recommendations are from Fasiri Province l)epartmnent of 
Agriculture "Guidelines on Fertilizer Use in EIasteni Province Fanning Systins A Nleiio forAgricultural 
Extension Workers," (Thipata, Zambia, October 1986 (miimeo) 

Notes: X, I), and C are fertilztrr mixtures, where X = 20-10-5, 1)= 10-21-I0, and C = 6-18-12 coibiltmhons of N, 
1)205, K2 0, respectively, and urea - 46-0-0. 

'rop dressing can be applied up to four we-eks alter t-inrgence 

Most of these reconmendations have Veen confirmed and refined by the efforts 
of the ARPT since 1982. Trials on sorghum, soybeans, sunflower, and rice showed 
poor or uneconomic responses to fertilizer, while carioca beans showed promising 
results with fertilizer. For the major crop, maize, modifications have been made in the 
recommendations for local and improved local (MMV600) varieties. In addition, 
trials have established the nature and magnitude of spccific interactions of fertilizer 
with planting time, weeding, impact of the preceding crop, plant protection, and so 
forth (ARPT various years). These are now explicitly included it a qtalilative manner 
in the recommendations (Eastern Province, Department of Agriculture 1986b).- For 
example, the following cautionary points are emphasized intraining materials for 
extension workers: 

* No fertilizer should be used for cotton if planted late (December). 
* Nitrogenous fertilizers should never be used without basal fertilizer. 
* Phosphorous must be applied within two weeks of emergence. 
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" No fertilizer should be applied to local maize if planted after December 20. 
* For late-planted hybrids (December), reduce the fertilizer level by half. 
* For hybrid maize preceded by beans, soybeans, or groundnuts, reduce the 

quantity of top dressing fertilizer (urea) by half. 
* Benefits from fertilizers are dramatically reduced if weeding is not done properly. 

Informal and formal surveys of farmers' practices conducted by the ARPT at 
different location-, conclude that these interactions and farmers' inability to follow 
correct practices (mainly due to labor constraints at planting and weeding time) are 

the main factors responsible for less-than-expected yields, particularly for hybrid 
maize, despite high application rates of fertilizer. Surveys conducted in the Eastern 

Plateau North and South zones, for example, revealed that 50-60 percent of fertilizer 
users applied it on the surface or in uncovered holes, and 40-50 percent applied it very 

late. Similarly, the quantity of fertilizer applied per stand was found to vary consid

erably from the recommended practice (ARPT 1986). Apart from emphasizing these 
technical efficiency parameters in the fertilizer recommendations, the ARPT has been 

trying to address labor constraints by testing varieties and hybrids suitable for late 

planting and alternative weed nanagemet techniques. 
need to be made about the on-farm trials on which fertilizerTwo comnents 

recommendations are based. First, the main thrust of ARPT work in this area has been 

on variety and fertilizer response evaluation at different sites within the province. 
Scrutiny of data for 1982/83-1985/86 indicates that, while some meaningful results 
have been obtained on variety, fertilizer response trials did not generate statistically 
valid results in either of the two years (1982/83 and 1983/84) for which details are 

provided in the annual reports (ARPT various years). Whereas the ARPT has used 

data on agroclinatic and fanning systens characteristics to delineate agroclimatic 
zones within the province, it has not been able to establish zone-specific responses. 
This has constrained the capacity of the research system to develop location-specific 
recommenclations. Therefore, the same recommendations are made for the entire 
province, with modifications suggested to suit individual farm situations. 

Second, stability of responses over seasons and the resulting implications for 

risks have not received analytical attention. In general, the percepltion is that yields in 
the plateau region have been fairly stable over years. Table 4 indicates the variations 
in weather and yields of hybrid and local inaize in on-farm trials in the province over 
a five-year period. The yield levels are remarkably stable over a wide range of 
weather conditions, represented in the table by the length of the rainy season and the 
number of drought spells during tile growth period. 

In order to investigate whether response to fertilizer application also shows 

similar stability, data from a maize management trial, conducted over three years 
(1983/84-1985/86) at Msekera Research Station, were examined (Table 5) (ARPT 
various years). Comparable data were not generated in other trials. These years cover 

the extremes of weather conditions experienced at this location. The effects of 
fertilizer on both local and hybrid maize were statistically significanit in all three 

years. Average responses per kilogram of plant nutrient were found to fluctuate by 
30-40 percent betveen years (Table 5). Yet even the lowest figures (9.5 kilogranis for 

local maize and 15.7 kilograms for hybrid maize) are high by tropical field crop 
standards. This suggests that the response is also favorable in the plateau region from 
the stability point of view. 
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Table 4-Weather conditions and maize yield levels at Msekera Research 
Station, Zambia, 1982/83-1986/87 

Nmber or Meanll Yied of Maime 
Length II-I)ay Dronghts, in On-Farm T]'rials

Slar End of Rainy November 1-Year of Ruins of Rains Season Marchl 31 Hybrid a 
Local b 

(days) (kilogranms/hcrarv) 
20-year aeragr November 17 April I) 144 2.3 ...

1982/83 November 21 April 7 
 138 4.0 Ma. 2,517
1983'84 Novemlr 30 April I 122 7.0 5,798 Ma.
l0S4/85 Noveniber 5 April 9 155 30 5,626 2,294
1985/86 November 5 April 21 167 0.0 5,073 2,317
1986/87 Novemiiber I March 31 150 4.0 n.a 2.799Mall 

5,499 2,480 

Source: EDADI astni Province' Agriciltural Development Project), "Eastern Province AgriciulturalI )evclop
ttCIII Project: Projt Completion R'pori" (Chipala, Zanibia, November 1987, itii-ograplhed).


Note: l.na.is -not available."
 
"Trials were coiulcit-4 at 27 sites
1

SI'rials were conditcd at 40 sitcs 

Average Responses and Value-Cost Ratios 
The ARPT has worked out average responses and value-cost ratios at recom

mended levels of fertilizer application to different crops. These are conservative
estimates depicting expected responses on farmers' fields in 1983/84 and 1986/87
and are base- on results of on-farn trials and researchers' considered judgments 
(Table 6).

These data indicate that the plateau region enjoyed a favorable rihysical response
environment, particularly for hybrid maize, local maize, cotton, and beans. Among
the major crops, hybrid maize had the highest fertilizer use potential. The value-cost
ratios indicate that at 1986/87 prices, fertilizer use was profitable on maize, beans,
cotton, and tobacco. The other crops in Table 6-groundntits, soybeans, and sun-

Table 5-Average response of local and hybrid maize to fertilizer ap)lication 
per liectare at Msekera Research Station, 1983/84-1985/86 

Average Respinse per Kilogram of Nt rienlis
 
Year 
 Lotical IHybrid 

(kilograiis) 

1983/84 9.5 18.9
1984/85 15.3 21 8
1985/m. 11.7 15.7 

Source: l)erivd froim data oii Naize N ;aiiiii(ll Trials• ill ARH' (Adaptive Research l'I;itiiiii,P~rov'ince mpricltullral D~t,vt,]lopmel Tain), Fastirnt I Projet,i "Anlml IepoMl" ((']ipafh, ZamiaIE, %arioosI yTars. iIllllO
pralhhi) 

Notrs: The lertilizei effect was statistically siioific;iiit for stuh local aiidihybrid niii ini all hne years. Th
fertilizer application was 200 kilograms of 20-10-5 NPK aod 2() kilorans ol urea. 
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Table 6-Average response and value-cost ratios for recommended levels of 
fertilizer application in the plateau region 

Value-Cost Ratio 

Average 1983/84 1986/87
P1ricesbCrop Response ricesa 

kkilograms of grain/ 
kilogram of nutrient) 

Ilybrid maize 18.1 4.0 4.3 

Local maize 
Traditional 11.1 2.6 2.7 
MMV600 variety 13.3 3.2 3.3 

Cotton c 7.0 3.1 2.5 
Soybeans 4.5 2.8 1.6 
Groundnts ... 2.8d 1.1. 

Sunflower 0.8 1.5 1.1 
Tobacco c 1.4 n.a. 2.3 
Carioca beans 6.1 5.1 6.5 

Source: ARPT (Adaptive Research Planning Team), Eastern Province Agricultural Dr.'clopmnent Project, "Annual 
Report'" (Chipala, Zambia, various years, mimeographed). 

Notes: X is a 20- 10-5 NPK "ertilizer mixture. Pri', an iii kwacha (K). 
aMaie = KO.3 1/kilogram, X = K26,75/bag (50 kilo':i,nms), urea = K26.75/bag (50 kilograms). 
It ,|aize = K087/kilograni, X KS0/bag, urea = Kt'3,bag. Ialtr peril iers for commodities olher than imaize are 
not available. 
CResponses for colon and lobac, are in tenlis of kilogramns of lint and dry leaves, respectively. 
dRespowse to lime application at tin' rate of 400 kilograms per liectar," in areas wher more than 20 prcmlnt popping 

(splitting of inmature shills) occurs 

flower-either did not respond or response levels were too low for use to be viable. 
Rice and sorghum, not shown in the table, also fell in the same category. 

Two other studies have reported average responses of maize to fertilizer applica
tion, based on farm-level input-output data from the province. A study by Harvey 
(11973) showed an extremely high response. 8 Using the yield data collected in the 
survey on which this report is based, Jha (1991) estimated farn-level response at 
about 6 kilograms of maize per kilogram of plant nutrient for local maize and 19 
kilograms for hybrid maize. The latter figure is close to tht ARPT estimate but the 
forner is significantly lower. Judging by the enthusiastic adoption of fertilizer use by 
local maize growers (discussed in Chapter 5), the former appears to be unrealistic. 

Fertilizer Prices 

Evaluating the impact of price changes on fertilizer consumption and related 
issues such as fertilizer subsidies is beyond the scope of this study. However, the 

8Harvey's 1973 study estimated a linear regression relating yield to fertilizer and other factors. T'hIe 
fertilizer variable (defined in kilograms of fertilizer material) was highly significant and indicated atl 
average response of 12.7 kilograms of maize per kilogram of fertilizer. Assuming 40 percent nutrient 
content in fertilizer, this implies an average response of about 32 kilograms. Considering that the 
observation included local as well as hybrid tmaize plots, this nutmber is very high. 
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price situation is briefly reviewed in order to provide an indication of the economic 
viability of fertilizer use. 

Fertilizer prices have been rising since 1980 (see Appendix 2, Table 27). Bigjumps occurred in 1983/84, 1986/87, 1988/89, and 1989/90. The last one was mostdramatic----the price of urea increased by 441 percent and D compound (10-20-10) by
302 percent, compared 1988/89. 9 The averagewith price per kilogram of plant
nutrient rose by 315 percent; the maize price also increased about 100 percent in
1986/87 and 127 percent in 1989/90, compared with the preceding years.

Figure 3 shows the movements of the nutrient-maize price ratio in Zambia since
1980/81.10 Despite large fertilizer price increases, the nutrient-output (maize) price
ratio did not rise very high until after 1988/89, largely remaining between 3 and 4
kilograms. In the adjoining country of Malawi, where growth in fertilizer use on
smallholder farms has been sluggish despite a somewhat better physical response
(Lele, Christiansen, and Kadiresan 1989), very high relative fertilizer prices haveobviously dampened growth in fertilizer consumption (Figure 3). During most of the
1980s, Zambia was able to maintain a favorable relative price environment. InI
1989/90, real fertilizer prices increased by 81 percent. Tile average value-cost ratio
declined to 3.13 for hybrid and 1.92 for local maize. 

Comparing the relative price scenario in Figure 3 with fertilizer consumption datain Figure 1 shows that there was some correlation between the two. Fertilizer prices
were rising from 1980/81 to 1983/84; fertilizer consuimption was falling. When prices
fell between 1983/84 and 1985/86, consumption rose. Since then, the correlation 
seems to have weakened. However, the post-1987 stagnation in fertilizer constilup
tion in Eastern Province could be due to a lack of growth in national supplies. By
1985, the share of Eastern Province in national consuniption had become so large that
it could not be insulated from fluctuations in aggregate supply.

Because of changes in prices, the profitability of fertilizer use on maize has gone
down; on local maize it is now marginal, a matter of,;erious concern because fertilizer
 
use on local maize has been an important growth strategy for smallholder farms (see

Chapter 8). For other crops, the situation is worse. Because of price chanpes, returns

from fertilizer use dropped for cotton and soybeans (see Table 6). These crops, whicn
offer some opportunities for diversification of the crop base of fertilizer use, do not 
receive the same kind of price support.

Increased efficiency assumes critical significance in the context of the new price
regime. Apart from concerns about technical efficiency articulated earlier, there are 
two price-related factors that offer scope for improvement. First, in fixing prices for
different fertilizer laixtures, the nutrient composition does not seem to be taken into
account. For example, there is very little difference in the price of X (20-10-5) and D
(10-20-10) compounds, although the latter has a significantly higher nutrient content.
Moreover, D mixture has twice as much phosphate (PO5)-a more expensive nutri

9Three combinations of nitrogen (N), phosphons (P,O,), and polassium (K,O) (potash) are commonlyused in Eastern Province. X compound is mixed in proportions of 20-10-5, D compound is 10-20-10, and 
C compound is 6-18-12. 
t °The average price per kilogram of plant nutrient was obtained by computing the price of nitrogen fromthe price of urea and the price per kilogiam of nutrient for compound 10-20-1 0-the most commonly usedl
fertilizers in Eastern Province-and averaging the two. 
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Figure 3-Fertilizer-maize prices in Zambia and Malawi 
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ent in the international market. Rationalizing prices by basing them on real prices of 
nutrients would improve pricing efficiency. 

Second, these difference' have implications for fertilizer recommendations. Re
search results indicate that X compound (20-10-5) is the proper basal fertilizer to use 
for maize. Availability of this fertilizer in the province is restricted, D compound 
(10-20-10) is nade available instead. In response to this supply constraint, the 
recommendation is modified to add more urea to make up for 'he lower nitrogen 
content of the D compound. At 1989/90 prices, these two recommendations are 
evaluated as follows: 

200 kilograms X + 150 kilograms urea = (I09N+20P,O.+ 10KO), (1) 

which costs 2,684 kwacha (K) per hectare,' -nd 

200 kilograms D + 200 kilograms urea = (112N+40 P,0 5 +20K,O), (2) 

which costs K3, 120 per hectare. (Prices for X, D, and urea were KO.383, KO.396, and 
KO.384 for each 50-kilogram bag, respectively). 

Nonavailability of X implies that the fertilizer bill for the fanner is raised by 16 
percent. Moreover, use of l) compound lead.; to waste of P2 O and K,O because the 
proportions of those compounds are higher than needed. A recombination involving 
100 D + 200 urea would provide 102N + 201P,05 + IOK,O and would cost K2,328 per
hectare, thus lowering the fertilizer bill by 14 percent, compared with tbmw X-urea 
combination, and by more than 25 percent compared with the D-urea conibination. 
More research is needed to find the best way of combining the two fertilizers, but this 
example clearly illustrates how greater economic efficiency can be generated. These 
changes are purely technical in nature. Addressing them would significantly improve
the economic viability of fertilizer use and, to some extent, compensate for higher 
fertilizer prices. 

Five major findings emerge from this description of the fertilizer response envi
ronment in Eastern Province. 

* Infornation is still deficient on fertilizer responses in the valley region. Yet 
similar recommendations for fertilizer application on local maize, hybrid 
maize, and cotton are made for both regions. 

" Even for the plateau zone, experiments with nutrients have been confined to 
some early work at Msekera. Researchers have mainly focused on nitrogen, the 
most deficient nutrient in Eastern Province soils, and have not investigated or 
analyzed interactions with phosphorous or potash (K,O). Recommended levels 
of the latter two are perceived as maintenance levels. In the context of the new 
price regime confronting farmers, research on nutrient balance, which was not 
as crucial in the subsidized price enviromnent that prevailed earlier, has to be 
given high priority. ResearcLers must focus on efficient nutrient combinations. 

" On-farm trials on fertilizers have not really been successful in erablishing site
and location-specific responses and recommendations in the plateati zone. 
Major conclusi -mns are still drawn from trials at the Msekera Research Station. 

"'US$1 .00=K35 in 1989/90. 
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Limited resources available to the ARPT for testing, ;uch as on-farn fertilizer 
trials and soil testing, constrain this work. 

* All recommendations pertain to pure-stand (sole) ciopping situations. As long 
as tanners feel strongly compelled to use a mixed cropping system, there- will 
be a need to evaluate fertilizer use strategies for this system.' 2 

" The physical as well as the economic environment has contributed to high 
fertilizer use in the plateau region of the province. Despite recent increases in 
fertilizer prices, fertilizer use on hybrid maize remains profitable, although on 
local maize, its viability is threatened. For other crops, no attempt has been 
made to evaluate output prices in relation to fertilizer prices, perhaps because 
no fertilizer is used on these crops. Consequently, the profitability of fertilizer 
use is declining. Prices and marketing of crops other than maize will emerge as 
relevant issues in the future. 

12Area tinder mixed cropping was found to vary fron I 1.1 percent of the total cultivated aea in the 
Western Zone of the plateau to 49.1 percent in the Central Zone, 62.5 percent in the North/South Zone, 
and 47.4 percent in the valley, according to the survey on which this report is based. Ilight r security ol 
output, symbiotic crop interacticns, avid the need for variety are the important rationales for mixed 
cropping in subsistence agricultural systems. As will be shown subsequently, fertilizer use is common 
under mixed cropping situations. 
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5 

ADOPTION AND FERTILIZER USE PRACTICES 

This chapter presents an overview of different dimensions of fertilizer use in 
Eastern Province, based on data from the sample households. Data on adoption, 
extent of area fertilized, and average rates of fertilizer application are presented in 
Table 7. Information is provided for 10 locations to reflect variability. 

First, there is a sharp distinction between the plateau and valley regions. Sixty
seven percent ot farmers in the plateau used fertilizers, against only 6 percent of those 
in the valley. The distinction is equally sharp for area fertilized and rates of applica
tion. The perception is that poor infrastructure and an inadequate fertilizer distribu
tion network are the main factors responsible for low fertilizer use in the valley
(ARPT 1986). Recent work based on the same data set on access to infrastructure 
reveals that infrastructure deficiencies exist in the valley zone (Waninali and He 

Table 7- Fertilizer use on smallholder farms in Eastern Province 

Percent Percent Average Rate or ApplicaliinI Percent 
of Farmers of Cult iv atci Per Per of FarmersRegion/Zone Using Area Cultivated Fertilized Using


Location Fertilizersa Fertilized Hectare Ilectare 
 Manure 

(kilograms/ieclare) 

Plateau Region 67.1 55.6 53.6 96.4 1.2 
North/South 	Zone
 

Chipili 100.0 90.9 878 
 96.6
 
Sinda 20.0 10.7 14.0 
 130.7 8.0 
Chaweya 90.9 60.8 60.9 1() I ...
 
Kasendeka 87.9 68.4 78.7 115.0 ... 

Central Zone
 
Makangila 93.9 808 
 83.3 103.1
 
Mtenthela 53.6 45.6 
 36.8 80 8 

Western 	Zone
 
Chwizi 25.8 18.0 
 13.4 74.4 3.2 
Kamwala 45.1 49.2 31.0 63.0 ... 

Langwa Valley Region 6.3 5.2 3.5 66.9 ... 
Nkhoka 10,0 9.5 7.5 79.4 ...
 
Mphala 3.0 2.8 
 1.2 42.2 

Source: Agricultural household survey conlucted in 1985/86 by lhe Internalional Food Policy Research hIstilule;ihe
 
Rural l)eveopoieui Sludies lureau, University of tZambilia; tieNational Food and Nulrilion Co ninissioin,
Zambia, and Ill(a-teii'rovince Agricultural [)evelopti ieii Project, ill"asteni l'rovnucr, Zanmbia 

Note: The ellipses (...) iiiiicaft a ftil aiuilnlit
aThils is a nieasure of lie extentl of ailoptol).

hihle average rate of al phlcatllt is inkilograms of total plant lnultrenis (N # P20 5 - K20) Total quIatllly liviled by
 
the total cultivahed area gives lie average rate lXr unlit of ciltivath'l area The rale is oblained bytwr fi-iili-d heclar 
dividing the tolal arca recelviiig ferliizer.qualily liy lhe 
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1989). However, as mentioned in the preceding chapter, because there is so little 
experimental evidence on fertilizer response, low or uneconomic response cannot be 
ruled out as a relevant factor explaining low use in the valley zone. Hybrid maize, the 
most fertilizer-responsive crop, is seldom grown in the valley. Therefore, the valley 
subsample has been, \crmded from subsequent analysis and discussion. 

Average Fertilizer Use Indicators 

The average rate of fertilizer applied per hectare of cultivated area in the plateau 
region-more than 53 kilograms of plant nutrients-is high by developing-country 
standards, and the average rate per fertilized hectare is even more impressive-96 
kilograms. These high rates of application suggest that the extension service con
vinced the adopters that it was not worthwhile to use small quantities. Experimental 
work suggests a thishold level of 50-60 kilograms, below which no response is 
obtained (ARPT various years). The average rate of application per fertilized hectare 
was not lower thai that at any location in the plateau region. This is all important 
finding, because most studies on fertilizer use in Asia, for example, indicate that rates 
of applications were not high in the early years of use. In Eastern Province, however, 
farners have used the recommended anoutts right from the beginning (-larvey 
1973). 

Data by locations (branches) reveal substantial variation. Among the plateau 
locations, adoption ranges from 20 to 100 percent, and the area fertilized, from 11 to 
91 percent. The variation in rate of application per fertilized hectare is smaller: in four 
out of eight locations, the rate is over 100 kilograms of plant nutrients per fertilized 
hectare. 

Looking at agroecological zones within the plateam, the indicators are low in tile 
Western Zone, but even in the North/South Zone there are pockets of low fertilizer 
use. (North and South are combined for purposes. cf eutunieration because results are 
similar.) In subsequent analysis, reasons for this spatial pattern are explored, and this 
evidence has obvious implications for fertilizer promotion (mainly research and 
extension) and distribution strategies within the province. 

Finally, the last column of Table 7 shows that use of organic (cattle) manure has 
not been integrated as a fertility-enhancing strategy in the fanning systems in Eastern 
Province. In only 2 out of 10 branches did a few farmers report this practice, although 
households do maintain cattle in all three major agroecological zones in the plateau 
region (see Table 2). Een where organic manure use was reported, the practice was 
to "kraal" (corral) the animals on the plot rather than to use decomposed cattle 
manure. Surveys carried out by the ARPT indicate that farmers perceived that 
increased weed infestation from the use of cattle manure was a major disadvantage 
(EPADP 1984). There was somei use on intensively cultivated dimba (wetland) 
gardens. Manuring is a labor-intensive activity, which does not imesh with the 
relatively limited labor endowments of the region (Binswanger and Pingali 1988). 
The practice of burning weeds ald other vegetative matter before planting was, 
however, common. Fallowing was practiced is a long-term fertility enhancement 
strategy under a bush-fallow system all over the province. 

Although fertilizer use was practically nonexistent in tile province before 1970, it 
reached about 54 kilograms per hectare in 15 years. This rate of growth is comparable 
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to any recorded in high fertilizer-using pockets in developing countries (see, for 
example, Desai 1988). This rate and the fact that more than 55 percent of tie cropped 
area receives fertilizer indicate that fertilizer use has become a well-established 
practice in the plateau. Use levels in this region of the province far exceed the national 
figure. 

Allocation of Fertilizers 

Experience in different developing countries indicates that, during the process of 
diffusion, fertilizer use spreads from high and more profitable responses and more 
profitable environments and crops to those with lower responses (Desai 1988; Desai 
and Gandhi 1990: Lele, Christiansen, and Kadiresan 1989). This seems te !'.:ve been 
the pattern in Easter Province also. A study by Harvey (1973) finds that fertilizer use 
was almost totally confined to the most fertilizer-responsive crop-hybrid maize
in the early 19 70s. 

Table 8, which provides data on the current pattern of fertilizer allocation in 
sample households and area shares of different crops in the plateau, clearly shows thid 
fertilizer use is still largely confined to maize. Other crops are seldom fertilized. InI 
contrast to the early 1970s however, the maize fertilization profile has changed. 
Fertilizer use has diffused to local varieties of maize and to mixed cropping situ-

Table 8-Allocation of area and fertilizer among crops on slnallholder farms in 
the Eastern Province Ilateau region 

iLoc al I I jbrid lca I I lyhrid 
MNui/e MNaie 'NaiIe Malize Other 

ZIne/I.ocalion (Sole) (Sole) (Mixed) (Mixed) Crops 

(perceaM) 

Area allocitioi 
Norlh/South Ztne 7.6 15,0 51.7 104 1:13 
Central Zone 14.9 19.4 42 1 5.8 17.8 
Westem Zone 55.6 18 8 6.7 4.3 14.6 

Fertilizer allocation
 
Plateau '2.6 39.3 33.0 14.8 0.3
 

Norili/Soutlh Zonr
 
Chipili 4.6 6.3 51.7 37.4 (0
 
Sin1Ia 00 49.5 50.0 0.0 0.5
 
Chaweya 28.0 35.1 30.3 66 0.0
 
KasndetLa 6.4 40.2 33.0 14.4 0.0
 

Central Zone
 
Makangila 18.6 42.8 304 8 2 0.)
 
Mtentlila 8.8 43 5 47.6 0 0 0.1
 

Western Zone
 
ChiwiZ1 33.4 57.1 00 0.0 9.5
 
Kamwala 14.2 69.2 3.9 127 0.0
 

Source: 	 Agricullural huset'holu survey conducted in 1985/86 by the Intenialional Food Policy Research h1stiluite; he 
Rural Developienit Sliujties lureau, University of Zanbuia; Ihe National Food aid Nutrition (oimuuission, 
Zallia; and the Eastern Province Agriclitural I)t'e TCrli'il Project, inIEas eri Province, Zambia. 

Note: 	 Ferili/er is inItotal plant nutrients (N #11,05 fK20). 
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ations, but the response in these situations is inferior to that for hybrids and single 
cropping. For the plateau region as a whole, about 46 percent of the fertilizer use is 
allocated to local maize, ranging in different locations from 18 percent to more than 
58 percent. Similarly, nearly 43 percent of fertilizer is used on mixed crops ranging 
from 0 to 89 percent in different locations. Qualitatively, however, the fertilizer scene 
is still dominated by hybrid maize. Only about 25 percent of tie total maize area in 
the plateau is devoted to this crop (against nearly 60 percent to local maize), yet its 
share in total fertilizer use is more than 54 percent. 

The distribution of fertilizer between pure (sole) and mixed cropping situations 
also depends on the dominance of one or the other type of cropping. For example, 
mixed cropping is dominant in the North/South and Central zones (accounting for 
48-62 percent of the cultivated area), ald ;imaize mixtures account for a substantial 
share of the total fertilizer used in these zones. In the Western Zone, where pure 
cropping is dominant, the opposite is true. It is important to note here the complete 
neglect of mixed cropping it,agronomic research in general and fertilizer research in 
particular. 

It is tempting to speculate about a diffusion path by relating the allocati-,n 
behavioi in Table 8 to the adoption data in Table 7. In the Western, Zone, where 
fertilizer adoption is low, fertilizer use is concentrated on "better" response alterna
tives--57-82 percent of the fertilizer is allocated to hybrid maize and 83-90 percent 
goes to pure crCps. At high adoption locations, on the other hand, use is more 
diffused. This supports tie inference that in tie initial stages of adoption, fertilizer is 
concentrated on crops where its use is most profitable. 

Caution is, however, needed in equating adoption with use in ally given season. 
The former concept represents the first overt step in acceptance of an innovation. 
Respondents to the survey were nct canvassed to find out when tucy actually adopted 
fertilizer. Subsequent use or nonise, as well as the pattern of allocation in any specific 
yeir or season, would depend on availability of funds to buy fertilizer'; and availabil
ity of fertilizer supplies. For example, even for a progressive fainer, wi:'navailability 
could result in concentration of limited supplies on hybrid maize only, or even noiise 
in a specific seas'm. It is, in fact, argued later that fertilizer use is so widespread in the 
plateau region that individual farmers are no longer constrained by lack of knowl
edge. Even !hose who do not grow hybrids now use fertilizers. 

Adoption of fertilizer use is more perv;,sive than adoption of hybrid maize. The 
proportioni of farners growing hybrids varies from 3 1 percent to 43 percenit between 
the three plateau zones (Table 2), whereas about 67 percent of fanners use fertilizers 
('Table 7). Less than 25 percent of the cultivated area is devoted to hybrid maize 
(Table 8), whereas fertilizer is usd oil about 56 percent of total area. Obviously, there 
are fertilizer users who do not grow hybrid maize. Al examination of the distribution 
of maize fertilizer users in three nmutually exclusive categories shows that 49 percent 
of those plateau farmers who ulsed fertilizers en maize confined their ise to local 
maize only. Ol]y 8 percent used it exclusively for hybrid maize, and the rest fertilized 
both hybrid and local maize. 

This result is surprising. A priori, one would expect that some fanniers (early 
adopters as well as high ly comnmercialized farmers) would use fertilizers only ol 
hybrid maize, which is most fertilizer responsive, and others would use it on both 
hybrid and local varieties. Diffusion literature would suggest a "no-use -, hybrid 
maize - hybrid + local -, hybrid" continuum, depicting the transition to commercial 
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agriculture. This pathway follows from the concept of a hierarchy of responses (Desai 
1969), implying that the proportion of farmers using fertilizers on hybrid maize 
would be larger. Data show that 92 percent of the fertilizer-using households use it on 
local maize, as against 51 percent on hybrids (Table 9). 

That such a large proportion of farmers fertilize only local maize calls for further 
examination of the characteristics of those farmers who currently use fertilizer but not 
on the most responsive crop-hybrid maize. A probit regression based oil data for 
fertilizer-using households13 shows a dependent fertilizer-use variable as dichoto
mous, having a value of unity for those households who fertilize only local maize and 
zero for those belonging to other categories (Table 10). The independent variable set 
includes the following: 

* Personal attributes of the farmer: age, education, sex; 
•Response characteristics: cultivated area, family size, oxen use, dependency 

ratio, cash sales, extension advice, credit; and 
* Locational factors: agroecological zones. 

Results indicate that farm size has a strong influence; farmers cultivating small 
areas are likely to be the ones who fertilize local maize. Households headed by 
females and older people and families having fewer dependents are also more likely 
to fall in this category. Those who fertilize local maize only are more likely to be 
located in the North/South Zone where ferlilzer adoption is generally high (Table 7). 
Variables like education, capital, oxen use, and extension advice do not discriminate 
between the two groups of fertilizer-using households. These findings lend support to 
the point made earlier that knowledge regarding fertilizers is now widespread, par
ticularly in areas where adoption is high, like the North/Soulh Zone, and even 
traditionally disadvantaged farmers (small-scale farmers, women, and older farners) 
use fertilizer on local maize. This group of fertilizer users is likely to be most similar 
to the subsistence-oriented nonuser. These are important findings and are pursued 
further in a broader context in Chapter 7. 

Table 9-Allocation of fertilizer among crops for fertilizer users, Eastern 
Province 

Numlber of1 Pcrc, aI 

Crop Fertilized Ilouseholds of I)ll eholhs 

I lybrid lamizr 	 I0only 8 
Ily )cal iimaiza 431 id tiaize aud 57 
local waize only 04 49 

Total 131 11) 

Sourcr: 	 Agricultiral hioiehold sivty conductrd in1985/86 iy Ihe InItcniaional Food Policy Reseirclh Iis itIote; the 
Rural Developiment Studies Blurean, University of /.nAinia; the Nalional Food alndNutrition (C'oiiiiission, 
Zambiai; and the Iastni Province Agrictilltral Iervelopinenl Project, inih-asteni Provinice, Zambia 

alncludrs pure as well as mixed crops. 

l3This can lead to sample selectivity bias (see Chapter 7). 

36 



Table 10-Probit regression explaining fertilizer use on local maize (probit
 
maximum likelihood estimates)
 

Variable Coefficient t-Statislic Mean 

CoLstant 0.821 1.248 ... 
Age (years) 0.017* 1.572 41.33 
Primary education (0,1, yes is 1) -0.286 0.753 0.26 
Secondary education (0,1, yes is 1) -0.074 0.194 0.37 
Female houschold head (I is female) 0.649** 1.715 0.27 
Dependency ratio (dependents/worker) -0.526*** 2.137 0.73 
Family size (number) 0.058 0.959 5.84 
Area cultivated (lieclares) -0.708*** 4.649 3.13 
Total farn -ales (100 kwacha) -0.001 0.123 12.73 
Cultivation method (0,1, 1 is oxen) -0.354 0.967 n.70 
Extension advice (0,1, 0.311 0.30yes is 1) 0.949 
Cooperative inenbcrship (0,1, yes is 1) -0.016 0.045 0.25 
North/South Zone (0,1, yes is 1) 0.645* 1.517 0.64 
Westerml Zolle (0,1, yes is 1)1) 0.225 0.390 0.13 

I
2
X 74.850 

Number ofosr alio.s 131 

Notes: Tl'hiCentral Zone is omitted. 
*Significant at the 20 ln'rcent level. 

*"Significant at the 10 percent level. 
***Significant at the 5 percent level. 

Maize is the only crop that receives fertilizer in significant amounts. This implies 
that if relative fertilizer-maize prices and marketing conditions deteriorate, 4 fertilizer 
consumption could be adversely affected. Price manipulations of fertilizer relevant to 
maize in the mid-1980s have been careful (Figure 3): it was only in 1989/90 that price 
changes adversely affected the economic incentive io use fertilizer. Other cash crops 
being promoted to augmient and diversify slnallholder incomes in the province (for 
example, soybeans and sunflower) do not respond well to fertilizer application (Table 
6) and, therefore, cannot help diversify the crop base of fertilizer use. Cotton is an 
exception. LINTCO, the parastatal ,gency responsible for all aspects of cotton 
promotion in the provilce, including extension, input sutpplies, and marketing, does 
not yet include fertilizer as part of the recomtended package of practices for cotton, 
despite evidence from on-farm trials that fertilizer can result in significant responses 
and trofits (ARPT 1986). Beans also offer solne opportunities for diversification. 
This crop has not received adequate attention in development programs, including 
extension and marketing. Maize has been the center of attention for policymakers, 
and maize prices have been adjusted upward in recent years, often distorting relative 
output prices. For example, decline in production of grotndlnuts in Eastern Province 
has been attributed to this factor (Zambia, Ministry of Agriculture and Water Devel
opment, Platning Division 1983). As the maize production and supply situation 
improves at the national level, these issues will emerge as major collsiraints. It is 

14Prices are officially fixed and maize purchases are handled by aparastatal company. 
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important to focus attention on crops like cotton and beans and to initiate fertilizer 
promotion programs for them. 

Fertilizer Use on Crops 

Disaggregated infornation on levels of fertilizer use by crops confirms the trends 
noted earlier (Table 11). Hybrid maize is almost always fertilized, regardless of 
whether it is grown in pure or mixed stands. This holds for all locations within the 
plateau region. Fertilizer use ol local maize, on the other hand, is highly variable 
across locations, although, on average, 43 percent of the pure and 58 percent of the 
mixed stand local maize crops are fertilized."5 Again, fertilizer use indicators in the 
Western Zone locations and at Sinda in the North/South Zone, are poor. These are 
relatively low adoption zones (Table 7). In these situations, almost the entire hybrid 
maize area is fertilized, but fertilizer use is constrained on local maize (Table 11), 
which is what one would expect during initial phases of adoption or when availability 
is limited. Another factor may be lower or uneconomic response to fertilizer use on 
local maize at these locations, but no data are available to test this possibility. 

Rates of application are, as expected, significantly higher for hybrids that) for 
local varicties and generally higher for pure crops than for mixed crops. The recom
mended rate of fertilizer application for hybrid maize in tile plateau region is 140-170 
kilograms of plant nutrients per hectare, depending on availability of (ifferent kinds 
of fertilizers. In most cases, actual application rates for hybrid maize planied alone 
are in this range. For local maize, on the other hand, actual rates are generally higher 
than the recommended 80 kilograms of plant nutrients, except in the Western Zone. 
The Research and Evaluation Unit Survey of Lundazi District (North Zone) also 
found that in 1982/83 farners were using higher than recommended levels, and this 
was attributed to inefficient fertilizer application techniques (EPADP 1984). Data for 
1985/86 show that at comparable locations (Chaweya and Kasendeka), rates for 
hybrid maize were not noticeably higher, but rates for local maize were, even though 
1985/86 was a subnormal year in terns of fertilizer supplies to the province (Table 
11) (EPADP 1987). 

In order to provide firnler estimates of rates of fertilizer application (a number of 
estimates in Table 11 are based on too few observations), the data are aggregated at 
the level of agroecological zones (Table 12). The application rates, presented ill tenus 
of individual nutrients, are highest in the North/South Zone and lowest in the Western 
Zone. This is in litne with fhe observed pattern of fertilizer consiluption ill the 
province (EPADP 1984). The major nutrient shortfall (in relation to recommended 
levels) is in nitrogen, partictilarly in tile Central and Western zones. The actual levels 
of phosphate and potash are generally higher than recommended, again xwith the 
exception of the Western Zone. This is, as discussed in Chapter 4, related to tile 
availability of correct fertilizer fortm liations ill the provilice. The reconilti mnded 
mixture is X fertilizer (20-10-5), which contains a higher proportion of llitrogen, but 

'5l'he latter figure is misleading because location (lata show that Ihe proportion of mixed crop are.
fertilized is higher than sole crop area at only one location (Makangila). At all other locations, the reverse 
is true. 
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Table 11- Percent of area fertilized and -ate of application per fertilized hectare for important crops in the plateau region 

Percent of Crop Area Fertilized 	 Rate of Applicationa 

Local Hybrid Local Hvbrid Local Hybrid Local Hybrid
Maize Maize Maize Maize Maize Maize Maize MaizeZone/Location (Sole) (Sole) (Mixed) (Mixed) (Sole) (Sole) (Mixed) (Mixed) 

(kilograms/hectare) 

Plateau Region 	 43 97 58 98 74 119 87 106 
North/South Zone
 

Chipili 100 100 97 100 102 143 
 86 112 
Sinda 94 7 • • 17 4 b 9 9 b 
Chaweva 100 100 61 93 97 	 b130 77 152
Kasendeka 91 96 72 100 124 148 88 115
 

Central Zone
 
Makangila 88 100 98 100 96 109 b
 

8 3 b 	 125
Mtenthela 	 74 91 49 .. 4 7 b 183 59.. 

Western Zone
 
Chiwizi 19 81 ...... 47 198 b
 

Karnwala 28 99 
 20 100 31 77 6 6 b 50 

Source: 	 Agricaltural household survey conducted in 1985/86 by the International Food Policy Research Institute; the Rural Development Studies Bureau, University ofZambia; the National Food and Nutrition Commission, Zambia; and the Eastern Province Agricultural Development Project, in Eastern Province, Zambia. 
aln kilograms of total plant nutrients (N+P20 5 KO) per fertilized hectare.
bBase( on less than five observations. 



Table 12-Rates of'nutrient application per fertilized hectare for major crops 
by agroecological zones in the plateau region 

North/South Zone Central Zone Western Zone 
Crop 1/ P20 5 K20 N P20 5 K20 N !D205 K2 0 

(kilograins/hectare) 

Ilybrid maize (sole) 96 33 17 74 27 13 61 16 8 
(109) (20) (10) (10))) (20) (10) (109) (20) (10)

Local maize (sole) 68 25 12 49 17 9 32 4 2 
(66) (10) (5) (66) (10) (5) (66) (10) (5)

I lybrid maize (mixed) 75 26 13 n.a. na. n.a. n.a. n.a. n.a. 
Local maize (mixed) 56 20 10 61 20 10 na. na. n.a. 

Source: Agricultural househol survey conducted in 1985/86 by the International Food policy Research Institute; the 
Rural Development Studies Rlureau, University of Zambia; the Nalional Food and Nutrition Commission, 
Zambia; and the Easten province Agricultural Developiient Project, in Easteni Province, /.ambia.

Notes: Figures in parentheses indicate recommuded levels. These are based on the most efficient reconmenilation 
using X (20-10-5) rather than 1) (10-20- 10) fertilizer mixture (Table 3). Recommendations are not available 
for mixed crops. 
n.a. is "not available"
 
N is nitrogen, 1205 is phosphate, aild K20 is potash.
 

D mixture (10-20-10) is commonly supplied (EPADP 1986a). Use of this D mixture 
results in relatively higher than recommended application rates for phosphate and 
potash. 

These tables suggest two major findings. First, there appears to be some scope for 
raising application rates for hybrid maize, particularly in the Western and Central 
zones. Availability and use of the correct fertilizer formulation may be the simple 
answer to this. Lack of the correct type of fertilizer not only reduces nitrogen levels, 
it also creates an imbalance in nutrient use. The extension service has obviously not 
been able to make farmer aware of the adjustments that need to be made when 
shifting from X to D fertilizer mixture. Second, the Western Zone, where all fertilizer 
use indicators are low, deserves special attention. More on-farm research on fertilizer 
is clearly needed in this zone. 

Balanced Use of Plant Nutrients 

Another wty of looking at the question of using another fertilizer nixture when 
the correct one is unavailable is to examine whether farmers show a preference for a 
particular nutrient. There is, for example, evidence from Asia suggesting a neglect of 
nutrients other than nitrogen in an environment where nitrogen deficiency is the most 
critical problem (Desai and Gandhi 1989). The resulting imbalance threatens long
term fertility of the soil. Inthe plateau region, nitrogen is also the major nutrient 
deficiency; how the sample households address this problem is shown in Fable 13. 

In general, and in contrast to the Asian experience, fanners apply all three Itnajor 
nutrients. It should be noted that tise of only nitrogenous fertilizers is not recom
mended (EPADP 1987). Generally, fa'ners follow a balanced pattern: only 8.5 
percent of the households use only nitrogen and 5.7 percent of [he fertilized area 
receives only nitrogen. Variations do exist from one location to another, however. For 
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Table 13-Use of plant nutrients, plateau region 

Percr atage of Farmers Percent of Fertilized Area 

Using Using Receiving Receiving 
Zone/Location N Only NPK N Only NPK 

Plateau Region 8.5 91.5 5.7 94.3 
North(South Zone 

(:lipili ... 100.0 ... 100.0 
Sioda 25.0 75.0 10.0 90.0 
Chaweya 3.3 96.7 0.7 99.3 
Kasendeka ... 100.0 ... 100.0 

Central Zone 
Makangila ... 100.0 ... 100.0 
Mtenthela 46.7 53.3 34.8 65.2 

Western Zone 
Chiwizi 50.0 50.0 92.1 7.9 

92.9 4.1 o.5.9Kanwala 7.1 

Source: Agricultural household survey condlucled in 1985/86 by the intcralional Food Policy Researc'l Institute; the 
Rural l)evelopnicit Sludies Bureau, University of Zambia; theNational Food and Nutrition Commission, 
Zambia; and tlic Eastern Province Agricultural l)cvelopment Project, in Easlen Province, Zambia. 

Notes: The ellipses indicate a nilor 'iegligible amount; N is nitrogen, P is phosphorous, and K is polassium. 

example, in Chiwizi and Sinda, both low-adoption areas (Table 7), a significant 
proportion of fertilizer users apply only nitrogen. The same is true in Mtenthela. At 
the other five locations, almost the entire fertilized area receives all three nutrients. 
These locat! -tal differences could be due to unavailability of basal fertilizer types. 
No data are available on this, although use and purchase patterns, and by inference 
availability of different kinds of fertilizers, are examined in the next chapter. 

Farm Size and Fertilizer Use 

The preceding sections have demonstrated that fertilizers are widely used in the 
plateau region of Eastern Province. But how uniformly are fertilizer use practices 
diffused within thc smallholder sector? The interest here is in farm size. Literature on 
distributional consequences of new technology have focused on whether these tech
nologies have any size bias. 

Farm size distribution data are not available for Eastern Province as a whole. A 
small farm is customarily defined as lees than 10 hectares in size, and about 96 
percent of the farms in the province belong in this category. Table 14 shows the 
distribution of cultivated area of sample households in the plateau region and the 
corresponding fertilizer use in each size category within the smallholder sector. This 
section provides a descriptive summary and Chapter 7 addresses the question more 
rigorously. 

Contrary to popular perceptions regarding land ownership in traditional agricul
tural systems it,Africa, land distribution in the plateau region appears to be highly 
skewed. About 24 percent of the sample households cultivate less than I hectare of 
land, and their share in the total cultivated area is only about 6 percent (Table 14). At 
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Table 14-Fertilizer use by farm size, plateau region 

Farm Size Classes (in lectares) 

Less More 
Item than 1 1.1 -2.0 2.1-3.0 3.1 - 5.0 than 5 

Percent of households 23.9 31.6 15.4 18., 10.5
 
Percent of total area 5.8 18.6 15.0 28.2 324
 
Percent of maize area under hybrids 3.1 15.3 17.6 24.2 49.2
 
Percent of farmers using fertilizers 51.7 67.9 65.8 67.3 100.0
 
Percent of area fertilized 45.5 47.5 51.2 41.3 70.7
 
Kilograms of nuirients//frtilized hectare 102.5 92.2 94.6 104.5 93.9
 
Fertilizer allocation (percent)
 

Local maize (sole) 28.1 14.2 7.1 11.6 11.9
 
L.ocal inaize (mixed) 59.4 47.5 51.3 26.7 21.1
 
llybrid inai/e (sole) 5.5 27.2 20.9 41.8 52.6
 
]lybrid maize (nixed) 5 5 9.0 17.7 I9.9 14.4
 
Other crops 1.5 7. I ... .... 

Source: Agricultural household survey conducted in 1985/86 by the hnhtmational Food Policy Research hlislitole; tht 
Rural )evelopment Studies Ilureau, University of Zambia; the National Food and Nutrition ('ommission, 
Zamlbia; and tiIr -astern 'rovinic 'ericultural Developmnent Project, in lEastenl rovice, Zambia. 

"Total plant nutrients (N #P,05 K20 )i .
 

the other extreme, only 10.5 percent of the households cultivate more than 5 hectares, 
but they control 32 percent of the total area. Fertilizer use information shows that 
there is not much difference between size categories in rate of adoption, percent of 
area fertilized, and rate of application on farns up to 5 hectares. Farns in the smallest 
category (less than I hectare) have marginally lowcr rates for adoption anc. area 
fertilized. The average levels on smaller farn-size categories suggest fairly high 
fertilizer use-one-half to two-thirds of the households use fertilizer and about half 
the cultivated area is fertilized at an average rate of about 100 kilograms oF total plant 
nutrients per hectare. 

On farms of more than 5 hectares, adoption is universal. About 71 percent of the 
cultivated area receives fertilizer at a rate of 94 kilograms per hectare. These farms 
are clearly more commercialized. For rate of application, however, no trend is 
discernible between the different farm categories. 

The patteln of fertilizer allocation to crops, however, changes with farm size. In 
the smallest category, more than 87 percent of fertilizer is allocated to local maize; On 
farms of more than 5 hectares, hybrid maize accounts for 67 percent of the total 
fertilizer used. As fain size increases, there is also a tendency to allocate more to sole 
crops than to mixed crops of maize. These patterns could be related to relative land 
scarcity and food requirements at the household level. Farmers concentrate on local 
maize for their food needs; hybrid maize is mainly grown as a cash crop. To meet 
their food requiremets from a meager land base, farmers in the smaller si;:e classes 
allocate larger shares of their cultivated area to local maize varieties and use fertilizer 
to obtain higher yields. Rthas been empirically demonstrated in Table 10 tLat smaller 
farmers dominate the category that uses fertilizer on local maize. A slall anount of 
cultivated area also implies more mixed cropping to meet the need for variety in food. 
These ,.onstraints are not biriding on larger holdings, where adoption of hybrids is 
much higiler (Jha, Hojjati, and Vosti 1991). 
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This is an important finding. It has been argued that yield-increasing technologies 
do not mesh well with a land-surpius farming system unless infrastructure and market 
conditions make it profitable to produce surpluses that can be sold (Binswanger and 
Pingali 1988). Hybrid maize in Eastern Province illustrates this case. However, this 
report shows that even very small farmers who are primarily subsistence-oriented 
find it worthwhile to use fertilizers (Table 10). When fertilizers generate high re
sponses, they represent a viable option for small farmers. By raising the possibility of 
surplus production (and command over more labor resources), fertilizer use facilitates 
a medium- to longer-term transition to larger farms and greater commercialization. 
An attempt is made in Chapter 8 to elaborate on this theme and to test this proposition 
empirically. 
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6 

FARMERS' ACCESS TO FERTILIZERS 

Farmers' fertilizer use decisions and practices are also influenced by fertilizer 
supply and distribution conditions. Availability of the right kinds of fertilizers at the 
right time and at accessible locations is crucial. Access is also constrained by
inadequacy of working capital in subsistence-dominated agricultural systems. Pro
cesses such as distribution systems, credit, and procurement are still evolving in most 
developing countries. In the Zambian context, fertilizer procurement and distribution 
are handled by the state through parastatals or cooperatives.1 6 The latter are also the 
main source of institutional credit for smallholders. 17 There is no private-sector
involvement. Unfortunately, no data were collected on the existence, scale, or opera
tion of these institutions in the study locations. Therefore, inferences are drawn from 
observations of the extent to which the sample households interact with institutions. 
For example, availability of tertilizer is judged by farmers' purchases of different 
kinds of fertilizer and the timing of these purchases. Access is evaluated on the basis 
of use of credit, distances, and modes of travel. 

Use of Major Fertilizer Materials 

Several fertilizer mixtures are available in Zambia. These are meant to be used 
for basal application at or soon after planting. Research done in Eastern Province 
found X compound (20-10-5) to be the most effective basal fertilizer. Urea is 
recommended as the nitrogenous fertilizer for top dressing. The fertilizer materials 
actually used by the sample farmers daring 1985/86 are presented in Table 15. 

Almost the entire quantity of basal fertilizer used by sample farmers consisted of 
D compound (10-20-10), and only urea was used for top dressing. The Eastern 
Province Agricultural Development Project (EPADP) staff and scientists of the 
Adaptive Research Planning Team (ARPT) have consistently emphasized the need 
for X compound, but the disttibution system has not been able to respond, primarily
because assessment of demand for different components at the national procurement
level has been faulty (Eastern Province, Departur-at of Agriculture 1986). Though
unit prices for both these formulations are about the same, substitution of D com
pound for X necessitates revision of the recommendations (increasing the quantity of 

16n 1985/86, the National Agricultural M~irketi;ig Board (NAMBOARD) was re .ponsible for 
procurement of fertilizers and participated in distribution along with cooperatives. Subsequently, this 
institution was abolished and cooperatives assumed most of NAMBOARD's functions. 
1
7 Commercial banks and the Lima Bank are other institutions that provide credit. The Lima Bank is a

public agricultural bank, established in 1987 through the amalgamation of the Agricultural Finance 
Company and the Zambia Agricultural Development Bank. 
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Table 15-Use of different kinds of fertilizers, plateau region 

Mixed Fertilizers 

I) Compound X Compound R Compound 

Zone/Location 
(10-20-10 

NPK) 
(20-10-5 
NPK) 

(20-20-0 
NPK) 

Urea 
(46N) 

(50-kilogram bag) 

Plateau Region 978.0 27 4 1,028.5 
North/South Zone 

Chipili 170.5 4 ... 176.0 
Sinda 13.0 11 2 22.0 
Chaweya 122.0 4 ... 118.0 
Kascndeka 340.0 3 .. 342.0 

Central Zone 
Makangila 226.0 2 2 212.0 
Mtcnthcla 21.5 3 ... 31.5 

Wostern Zone 
Chiwizi 9.0 ... ... 48.0 
Kamwala 76.0 ... ... 79.0 

Source: Agricultural household survey conthcled in 1985/86 by the I;teuat ional Food Policy Research lst itule; the 
Rural Development Studies Bureau, University of .ambia; the Nalional Food and Nutrilion Commission, 
Zambia; and the FEastern Province Agricullural l)evelopment Project, in lastem Province, Zambia 

Note: The ellipses (. .) indicale a nil or negative amount. 

urea) and raises the effective cost for the fanner (as mentioned in Chapter 4). !n 
addition, use of D compound wastes phosphates. 

Generally, a one-to-one relationship is maintained between materials meant for 
basal and top dressing (Table 15). This is what one would expect because the 
recommended combination is usually in this ratio, and at most locations, farmers are 
able to maintain this level of application. This suggests that both these types of 
fertilizers are available. The exceptions are Chiwizi and Mtenthela, where availability 
of basal (mixed) fertilizer was limited. It may be noted that at these locations farmers 
were fertilizing a substantial area with a single nutrient, nitrogen, coming from urea, 
which was the major fertilizer available (Table 13). This imbalance should be attrib
uted to inefficient supply conditions rather than inadequate knowledge. Clearly, 
unavailability of the right kind of fertilizer is a constraint resulting from poor 
coordination between the Department of Agriculture and NAMBOARD (leading to 
procurement and supply of an inefficient fertilizer formula to the province), and 
logistic failures in the distribution system (leading to supplies that do not reach all 
locations). 

Time of Fertilizer Purchase 

The issue of timely availability is examined by looking at the fertilizer purchase 
patterns of farmers at different locations. Monthly expenditures of the sample house
holds were monitored from November 1985 to December 1986. From these records, 
expenditures on fertilizer purchase were retrieved for each household. Table 16 
shows the monthly distribution of total expenditure on fertilizers. The planting season 
starts in November and extends to January. This is the period for basal application; 
top dressing extends to March. 
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Table 16-Monthly fertilizer purchase patterns of farmers 

Percent or Total Fertilizer Expenditure
 
Zone/Location )ecember January February March
 

North/Soulh Zone
 
Chipili 92.6 7.4
... ... 
Sinda 38.8 61.2 ...... 
Chaweya 84.6 10.9 4.5 ... 
Kasendeka 47.4 52.6 ... 

Central Zone 
Makangila 100.0 .... ... 
Mitenthela 11.0 33.3 55.7 ... 

Western Zone
 
Chiwizi 72.0 16.0 8.6 4.4
 
Kamnwala 100.0 ... ... ... 

Source: Agricultural household survey conducled in 1985/80 by lhe ltermational Food Policy Research Institute; the 
Rural Developmint Stulies Hirmani. Uhiversily of Zambia. dlie National Food and Niutrilioni Council, 
Zamuhia; and IheEastem Province Auricullural Development Project, in E~astenl' Province, Zamliia. 

Note: 'he ellipses ( ) ildicate a nil or negaive amiliinl 

All fertilizer purchases were confined to the November-March period."X At four 
out of eight locations, more than 80 percent of the purchases were made by Decelm
ber. At these locations, fertilizer was obviously available at the right time. At two 
locations, Mtenthela and Chiwizi, significant purchases were made in February or 
March. By then, it is too late for basal application and late even for top dressing. 
Supplies were apparently not timely in those locations. These late purchases were 
obviously for the top-dressing fertilizer-urea. As was shown earlier, the rate of 
adoption is low at these locations (Table 7) and nutrient use is not well balanced 
(Table 13). These problems were also noted at Simda, where very little fertilizer (39
percent) was ptrchased by the end of December, the most critical period tbr fertilizer 
application. 

These data suggest that at some locations fertilizer use indicators could be low 
because of the unavailability of the right kind of fertilizer or tntimely delivery of 
supplies. The latter is more critical for basal fertilizers because the time constraint is 
niore binding. Top dressing witlh urea can be done tip to 5-6 weeks after planting, btt 
basal application, cannot be delayed beyond 2-3 weeks after planting. To the extent 
that the delays in fertilizer purchases are not voluntary, they reflect problems in the 
fertilizer delivery system, which arise from institu!onal constraints. For example, 
there may be delays in processing credit applications, or supplies from the main 
depots may arrive late. These cannot be zalegorically addressed with data from this 
survey.
 

It is important to mention that delayed fortilizer application land the cotsequent
inefficiency in fertilizer ise) does not occtir due to delayed availability alone. Even 

8 The survey did not cover the period September-Oct Ther 1985, but this period ',%as monitored in 1980. 
In that year as well, fertilizer purchases started in November and not earlier. Thus, infoumalion presented 
in Table 16 covers the entire fertilizer purchase season. 
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in areas where availability and timing problems do not exizt, fertilizer application 
could be delayed due to labor constraints (ARPT various years). Highest priority is 
accorded to planting operations during November and December, leaving farmers 
very littie time for operations like fertilizer application and weeding, which could be 
delayed or inefficiently done or both. The recommended practice of basal fertilizer 
application (making a hole 7.5 centimeters deep, 7-8 centimeters away from the plant, 
applying a measured quantity of fertilizer, and covering the hole) is a fairly labor
intensive operation, especially for hoe farmers. 

It was not possible to empirically demonstrate this on the basis of the survey 
because of data problems.' 9 Nevertheless, the following results are indicative. It was 
assumed that basal fertilizer application about a month after planting would reflect 
correct timing. The proportion of fertilized plots on which the timing of basal 
application fell within this time band was as follows: Chipili, 6 percent; Sinda, 71 
percent; Chaweva, 71 percent; Kasendeka, 11 percent; Makangila, 98 percent; Mten
thela, 0 percent; Kamwala, 10 percent; and the average for the plateau region, 37 
percent. Thus, in four out of seven locations, there was ample indication that the 
timeliness of this operation was suboptimal.') Two of these, Chipili and Kasendeka, 
were locations where the rate of adoptio." and other fertilizer use indicators were high 
(Table 7). 

On the agricultural research side, the labor-constraint-induced delays have been 
addressed in three ways (ARPT various years). First, instead of two applications 
(basal and top dressing), only one application of basal and top fertilizers has been 
tested and recolnlended. Second, experiments have been conducted to show that top 
dressing with urea can be deferred until 7-8 weeks after planting without detrimental 
yield effects. Neither of these findings, however, helps alleviate the labor constraint 
at the critical period during November-December. In fact, the first aggravates the 
early-season labor bottleneck. Finally, attempts have been made to identify maize 
varieties and hybrids that require shorter periods to reach maturity and therefore can 
be planted late. This would enable farmers to spread their operations over time and 
reduce peak-period labor requirements. 

Technical efficiency in fertilizer use practices has been identified as a major 
extension theme. Surveys conducted by ARPT have shown that farmers' practices are 
inefficient in terms of quantity applied per stand (many farmers use a "handful" 
measure that results in uneven alpplication over the field), method of fertilizer appli
cation (application on surface or uncovered holes), nutrient balance (only top dress
ing with urea), and timing of application. These have been identified as Ile reasons 
why, despite high absolute levels of fertilizer use, hybrid maize yields remain below 
the potential (EPADP 1984). Now that profitability of fertilizer use has been signifi
cantly eroded by removal of subsidies, the major thrust for extension services should 
be to remove these sources of technical inefficiency. 

l9Dates of different operations on each cultivated plot were obtained in a one-shot crop management
 
survey toward the end of the season. While critical operations like planting were easily recalled, dates of
 
other operations reported by fanners were likely to be less reliable.
4
'°These results are also reported in ARPT 1986. The survey, conducted in tie South Zone of the plateau,
 
showed that 40 60 percent of the fanners did not apply basal fertilizer at the right time. Note also that data
 
on timing of operations were not available for Chiwizi.
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Access to Fertilizer 

Traditional farming is characterized by very low capital intensities. To ease the 
transition to modernl agriculture, almost all agricultural development projects, there
fore, emphasize developing and strengthening credit institutions to provide working 
and investment capital for purchase of modern inputs. The cooperative sector and 
commercial banks are extending credit to smallholders in the province for purchase 
of short-term production input. (Banda 1991). Based on data from the study survey, 
Table 	17 provides information on the spread of institutional credit and the extent to 
which fertilizer users in the plateau region depended upon borrowed funds for 
fertilizer purchases. 

Only 15 percent of the sample households in the plateau region used institutional 
short-term credit in 1985/86, a figure not very different from the estimate of 17 
percent for 1984/85 projected by an earlier survey in the province (EPADP 1986b). 
Data for different locations indicate that, at best, about one-third of the households 
were covered (Chipili and Mtenthela). On the other extreme, in Sinda and Chiwizi 
none of the farmers used any institutional credit. The coverage is not only thin, it is 
also highly uneven. 

More significantly, Table 17 shows that most of the fertilizer users do not use 
institutional credit. Less than one-fourth used credit, on average, although at some 
locations (notably Mtenthela), the figures are high. This indicates that the majority of 
fertilizer users depend on their own funds or informal credit sources for fertilizer 
purchases. Comparing these figures with those on the extent of adoption of fertilizers 
in Table 7, it appears that locations where adoption of fertilizer was high did not 
necessarily have a high proportion of farners depending on credit. On the other hand, 
at locations where adoption was poorest (Sinda and Chiwizi), access to credit was 
also poorest. At locations in the intermediate adoption range (Kamwala and Mten-

Table 17-Credit and fertilizer use, 1985/86 

Percenil of
 
Percent of Farmers Ferlilizer Users
 

Obluining Credit from Obtaining Credit from
 
Zone/Locution Institutional Sources Institutionuml Sources
 

Plateau Region 15.2 	 23.8 
North/South Zone 

Chaweya 9.1 10.0
 
Kasendeka 6.1 6.9
 
Clipili 364 36.4
 
Sinda 0.0 
 0.0 

Central Zone
 
Mlenthcla 375 80.0
 
Makangila 12.1 12.9
 

Wesicm Zone 
Chiwin 0.0 	 0 
Kamwala 18.8 	 42.8 

Source: 	 Agricultural household survey conducted in 1985/86 by the Inlternational Food Policy Research Instit ute; the 
Rural )evelopment Studies Iureau, Itmiv . tilyof hnubia; tle National Food and Nu trilton(omimission, 
Zambia; and the Eastern Province Agricultural Developmuent Project, in Eastern Province, Zambia. 
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thela), however, dependence on credit was high. At these locations 43 and 80 percent 
of the fertilizer users, respectively, were borrowers. This suggests that credit support 
is perhaps crucial in the early stages of fertilizer diffusion. This initial support helps 
to generate surpluses that can then be reinvested by farmers for more fertilizer 
purchases or area expansion or cultivation of hybrid mna-ze. This is the pathway 
encouraged by EPADP. These inferences are tentative, however. It has bf en shown 
earlier that at some locations (Sinda and Chiwizi) there were also fertilizer distribu
tion problems. Obviously, low use at these locations cannot be attributed to credit 
constraints alone. This theme is pursued more rigorously in the succeeding chapters. 

Credit eases the financial constraint to access, but in poorly developed regions, 
there are physical barriers to access as well. Roads and transport facilities near the 
settlements may be inadequate, making market towns inaccessible. Iladequate facili
ties also raise the real cost of fertilizers if time and effort dimensions are considered. 
The modal distance traveled to purchase fertilizers varies from less than 1 kilometer 
at Sinda to nearly 9 kilometers at Chiwizi (Tablc 18). The apparent relationiship 
between distance and fertilizer adoption at these locations appears to be weak (Table 
7), but in three out of four low-adoption locations-Chii izi, Mtenthela, and Kam
wala-farners have to travel long distances to purchase fertilizers. The fourth loca
tion, Sinda, is ani exception. It has the lowest adoption level, yet the fertilizer sales 
point is less than a kilometer away. Nevertheless, a study on access to and use of 
different services, based on the same data set, showed that distance was an important 
determinant of fertilizer purchases (Wanmali and He 1989). 

Table 18 also shows that motorized transport is used in only two out of eight 
locations. This reflects the nature of the road network. Ox carts, or in Lundazi, boats 
or canoes, are generally used to transport bulky inputs. Oxen and cart ownership is 

Table 18-Average distance and mode of transport used for fertilizer 
purchases, 1985/86 

Percent of 'rips Made 

Average Ox Carl, 

ZonqfBr:anch 
I)st ance 

Traveled Fool 
iloal, or 
Canoe 

Motorized 
Transport Bicycle 

(kilometers) 

North/South Zone 
Chipili 2.15 1I 84 ... 5 
Sinda 0.72 56 22 ... 22 
Chaweya 1.78 21 74 ... 5 
Kasendeka 3.76 7 90 ... 3 

Central Zone 
Makangila 2.30 I1 78 11 ... 
Mlenthela 4.33 12 70 18 

Western Zone 
Chiwizi 8.67 67 ... ... 33 
Kamwala 2.63 ... 100 ... ... 

Source: 	 Agricultural household survey condihcled in 1985/86 by the ilternalional Fool Policy Research Institute; fhe 
Rural Developntmnl Studies Hlreaui. University of Zambia; Ihe National Food al Nutrition Conmission, 
Zambia; and the IEastern Province Agric Ituiral I)evelopivwnt Project, in Easten Province, Zambia. 

Notes: 	 Figures pertain to the most frequenli. use I purchase location in each branchTli elises ( ) indicate a il 
amount, 
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limited and, in spite of a rental market, farmers' access to this mode of haulage is 
restricted. In some areas where ox carts are not available (for example, Chiwizi), 
farmers have to walk or use bicycles. This obviously limits the volume of fertilizer 
that can be transported. 

Data presented in this chapter indicate wide variations in financial conditions and 
physical access to iertilizers within the province. There are indications that these have 
an effect on fertilizer use. In the econometric analysis attempted in tie next chapter, 
the impact of these variables is examined in greater detail. 
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7 

DETERMINANTS OF FERTILIZER USE 

As articulated in Chapter 2, the process of fertilizer diffusion is governed by 
four sets of forces: the nature of the physical response environment, factors respon
sible for creating effective demand for fertilizers at the farm level, tile status of the 
fertilizer distribution system, and conditions of aggregate suply of fertilizer at the 
national level. Some of these lie in , domain (for exampe, prices and iarket
ing, fertilizer production, imports and distribution, research, txten.-;ion, education, 
and credit) and others relate to agroclimatic conditions and cha:mteristics of the 
farm or tile farner (such as educaion, age, experience, subsistence priorities, and 
farn resource endowments). 

In a cross-sectional, household-level data set, only a part of these processes cal 
be captured. Effects on fertilizer use decisions of household-level variables like 
education, farm size, size and composition of family, age, gender, and household 
participation in credit and extension programs cal be analyzed. Also, since the 
households are spread throughout tile province and tile locations vary on access to 
institutions and markets and agroecological conditions, these factors can also be 
brought in to explain differences in fertilizer use decisions. Other factors, such as 
the incentive environment, aggregate supply situation, and availability of new 
technologies that shift the fertilizer response curve, are fixed in the short run, and 
their effects cannot be deciphered from this kind of data set. 

Some infonnation on these fixed factors has been provided in the preceding 
chapters. For example, it has been shown that in tile plateau region, the dominant 
crop of the farming system-maize-is highly responsive to fertilizer. Availability 
of suitable hybrids further improves the agronomic potential of fertilizer use. It has 
also been shown that the relative fertilizer-output price ratio has historically been 
conducive to growth in fertilizer use (Chapter 4). Thus, regarding incentives and 
supply, the plateau region was favorably placed in 1985/86 for widespread adop
tion of fertilizer. Regarding credit and infrastructure, however, some constraints 
were noted at certain locations in the plateau, as well as in tile valley. These 
obviously exert a dampening influence. No information was available fromt le 
survey on tile fertilizer distribution system, though deficiencies in timing of sup
plies and types of fertilizer materials available were observed that may be attrib
uted to inadequacies in tle distribution system (see Chapter 6). Finally, aggregate 
supplies at tile national level seem to have constrained fertilizer use in Eastern 
Province in the second half of tile 1980s. Problems with assessment of demiand for 
different kinds of fertilizer were also noted. These findings provide the context 
within which results of the econometric exercise reported in this chapter need to be 
interpreted. These econometric analyses aim at rigorous assessment of the effects 
of sociocultural, institutional, and environmental factors on fertilizer use decisions 
of individual smallholders. 
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Theoretical Framework and Model 

First, farmers decide whether they will use fertilizer (USEFERT). Second, they 
make a decision regarding intensity of use, represented here by the rate of fertilizer 
application per hectare (NPKFHA). Factors explaining both these decisions are 
identical, since both are generated from the same underlying decisionmaking process. 

An econometric problem that arises in estimation of these relationships is sample 
selectivity bias. This is relevant for the intensity of use variable, but it is not observed 
for the sample as a whole. By excluding individuals who do not use fertilizers, the 
dcpendent variable is censored and the residuals do not satisfy the condition that the 
sum of the residuals must equal zero (Maddala 1977). This problem is handled in this 
study by using the Heckman method, which consists of two steps (Heckman 1974; 
1980). First, USEFERT is estimated by using a likelihood function on both fertilizer 
users and nonusers. Then probit is applied to maximize this function." From tile 
probit equation tile inverse of the Mill's ratio, LAMBDA (X), which is tile ratio of the 
ordinate of a standard normal to the tail area of the distribution, can be computed 
(Heckman 1980). Tile Mill's ratio reflects tile probability that an observation belongs 
to the selected 5ample. In tile second step, Xis included as an additional variable in 
the ordinary least squares estimation of the intensity equation (NIKFIlIA) for fertil
izer-using households. This technique eliminates the potential sample selection bias. 
If 	X is not statistically significant, then sample selection bias is not a problem 
(Heckman 1979; 1980). 

The estimated models in this study are defined as follows: 

Probability of fertilizer use (USEFERT) is 

Prob (USEFERT= 1) = I - F(-yX), 	 (3) 

and intensity of fertilizer use (NPKFHA) is 

NPKFHA = P, + [IX + P2? + F, 	 (4) 

for USEFERT > 0, whert X is the vector of the regressor and X is the inverse of the 
Mill's ratio. P, and I, are vectors of unknown coefficients, and r is the new residual 
with the property that E (c) =0 (Maddala 1983). 

It is hypothesized that the two decisions (USEFERT and NPKFIIA) are influ
enced by the following set of variables: 

1. Personal attributes of the farmer: age, level of education, sex, family subsis
tence pressure; 

2. 	Fanning system and resource characteristics: cultivated area, family size, use 
of oxen, hybrid maize cultivation, and liquidity position of the farmer; 

3. 	 Institutions and infrastructural factors: access to credit, extension advice, 
market and fertilizer supply situations; and 

4. Environmental factors: agroecological zofies. 
The variables used in this analysis are defined in Table 19. Although tlhe terms 

"fertilizer use" and "adoption" have largely been tised interchangeably in this report, 

2 For a description and discussion of the probit model, see, for example, Maddala 1983, 22-27. 

52 



Table 19-Definitions of variables in the fertilizer use regressions 

Standurd 
Variable Deinition I)eialionDevn 

)ependent variables
 
USEFIERT Use = 1;nolluse 0 0 67 0.47
 
NPKFl IA Total nulrieli hectare 63.72
used per fertilized 68.79 


Personal attributes
 
AGE Age of the hotselholl head (years) 43.24 14.97
 

=
lIFAl)lIll Sex of household head (male = 0, female I) 0.32 0.47 
EDI)P Lp o5 years of schooling (0, I,yes = 1) 0.25 0.43 
EDSh More than 5 years f schooling (0, 1,yes = I) 0.33 0.47 
DRAT'IO Nunber of depeidentsC/nllbcr of adults 0.73 0.60 

Resource characteristics
 
AREAlIA Cllivatel area iIIheclares 2.69 2.48
 
CUI TM EI I Oxell Ilse (0,1, yes = I) 0.64 0.48
 
FAMII.YSZ Number of persons iII the lamily 5.91 3.08
 
USEIIYM Adoption of hybrid maure (0,1, yes = 1) 0.36 11.48
 
ANCR Total farin sales (I00 kwacha) 9.21 17.40
 

Institutional access
 
CI)!) )istance to fertluer ima;rkt (kilomieters) 15.60 9.37
 
COOPMEN Menbership nia cooperilive (0, 1, yes= I) 0.19 0.39
 

=
AI)VICIE Receipt of extelnlsion advice (0, I, yes I) 0.27 0.44 

SDUM Fertilizersupply (6),1, 1 for Siiida, 

Kasendeka, Minilhla, and ('liwiti) 0.46 0.50 
Environmental factors 

Z2,Z4 Dummy variables (0, 1) for Norlh/S-oth and 
Westeni tones 

alased oil 199 plaleall houseliohls. 
1

b lllierate" is excluded from te edcation catgory, and the Central Zone is excluded from the tone calegories.
cDelenll,,ltS are dIeifned as person; below 14 years and those over (A)years. 

USEFERT does not measure adoption in a strict sense. The education variables, EDP 
and EDS, give better access to information about the new technology. Thus, the 
education of the head of the household is expected to have a positive impact on the 
decision to use fertilizet. Oldcr farners are less likely to adopt a ilew technology, and 
this is expected to have a ,legative effect. 

The status of women-headed households has received considerable atlention, and 
such farms are genierally perceived to face more colnstlainls than others. They also are 
more subsistence-oriented (see, for example, von Braun, Puetz, and Webb 1989; von 
Braun and Pandya-Lorch 1991). I'early one-third of the sample hotseholds are 
headed by women, as indicated ) jthe variable, ITFADI l. 

The more deplendents in a family the greater the press ire to provide subsistence 
crops; the variable DRATIO was incltded to capture such effects. On tlhe one hand, 
a large family creqtes more consumption pressure, and, on the other, a larger supply 
of labor is expected to affect adoption rates favorably. Thus, it is hypothesized that 
the more intense the subsistence pressure, fle greater will be tile leullency to adopt 
the new technology. 

Adoption of hybrid maize (USEIIYNI) is expected to affect the [Ise of fertilizer 
positively. As was shown earlier, fertilizer and hybrid maize go together (Table 11). 
The economic status of farmers (usually measured as wealth) exercises a positive 
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influence. In the absence of wealth data, and in the context of African smallholder 
farming systems, the area (AREAHA) and oxen use (CULTMETH) variables capture
this effect. 22 The shortage of working capital can also be a major constraint to
adoption of the new technology. In this analysis, value of sales of crop ani livestock 
products during the year (ANCR) has been used as a proxy for farmer's liquidity,
which is expected to have a positive influence on adoption. 

Influence of credit is measured in tenns of membership in cooperatives (COOP-
MEM). Fertilizer is promoted by cooperatives. If the farnier is a member of a 
cooperative, credit and fertilizer are provided as a package. When tile farner buys
fertilizer, the loan for the purchase is granted simultaneously. Thus, nembership in a 
cooperative is very important in the adoption of fertilizer. Having access to other 
sources of credit may not have much effect on purchase of fertilizer, because a fanner 
may not know where to buy fertilizer. Of course, membership in aICooperative also 
indicates higher socioeconomn ic statius. 

Extension contact (ADVICE) is measured by the household's contact with an 
extension agent during the year. It is expected to have. a positive effect oil fertilizer 
use. Market access is defined as a location-specific variable and is dfined as the 
mean distance that a farner travels to purchase fertilizer (CDD). As the distance to 
market increases, the purchase of fertilizer is anticipated to decrease. Fertilizer supply
conditions are also measured in location-specific terms. In Chapter 6, four locations 
(Sinda, Kasendeka, Mtenthela, and Chiwizi) were identified as having problen; with 
fertilizer supplies (SDIJNI). Thus, unavwailabilily of fertilizer is anlicipated th'have a 
negative inifluence onl adoption. Filially, agro-ecological differences are Acc Uit led 
for by using durany variables for the three low zones (Z' and Z,) (see Chapter 3).
Those zones that consUmite little fertilizer are exl)ected to lave a negative influence. 
Full ahld consistent infomiation on this set of variables is wuvailable only for 199 (out
of 262) sample households in the plateaui region. Table 19 and aI other suibsequent 
analyses are based on these 199 observations. 

Using equations (3) and (4), tile empirical Imodel Imay be specified as 

USEFERT = 	f(AGE, IIEADI liI, EI)P, E')S, DRATIO, AREAIIA, 
CUITlMETI, FAMILYSZ, IISEIIYM, ANCR, CDI), 
COOPMEM, Al)VICE, SI)IJM, Z, Z4), and (5) 

NPKFIIA = 	h(AGI., IlIA)IIII, El)I, El)S, I)RATIO, ARF.AIIA, 
CUITII'l I, FAMIIYSZ, IUSIIIYM, AN('R, CI)1),C(OOPIMFM, 	 AIDVICET, SIDUNM, Z,, Z.,1). (6) 

Thus specified, Ilie model still has a problem. None of' tilt right-hald side 
variables used in eq nations (5) and (6) are trily independent or exogenous. For 
example, it has been slh,,n ( 'ITable I 'Ithat hybrid maize and fertilizer go together:
farmers seldom adopt hybrid maize itheut adopting fertilizer use. Also, in the land
surplus context of Eiastern ProvicC, fepetlning upon lilt Iariners' ability to hire inore 
labor or oxei during planting limue, cultivated area can be expanded. 1(,iih options for 

2Nunber of caltle was also Iried u t it did not prove satisfaclory. 
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increasing output (expansion of cultivated area and use of yield-increasing inputs like 
hybrid maize and fertilizers) are available to farmers, and both should be treated as 
endogenous. 

In subsequent analysis, an appioach combining an instrumental variable and tile 
Heclknan approach is used to address these problems. Fi-st, AREAHA and USE-
HYM equations are estimated and the predicted area and hybrid maize adoption 
variables are employed as instruments in 'he fertilizer use and intensity equations. 
The NPKFHA equation is only estimated for fertilizer-using households. 

Thus, AREAHA, USEHYM, USEFERT, and NPKFHA form the ,ndogenous 
variable set, and the others (described in Table 19) are treated as exogenous. An 
additional variable, SETFMYRS, which determines how long the household has 
resided at the present location, has also been included in the instrumental variable 
equations. A longer stay provides time to acquire more land and higher socioeco
nomic status (von Braun, Puetz, and Webb 1989). Since labor availability is crucial 
for area expansion, another variable, LOFFEMP, measuring hours of off-farmu work 
per household (in 100-hour units), was also considered in these equations. The system 
is estimated simultaneously and the results are presented in Table 20. 

The area and hybrid adoption equations (used as instruments in the fertilizer 
equation) provide sonie interesting insights. None of the personal attributes have any 
influenice c i area. All farmers share the desire to acquire more land and produce 
more. Larger labor supply, indicated by larger family size, access to oxen, and higher 
liquidity level (which allows access to hired labor and ox n) are important in realizing 
this goal. Longer duration of stay at one site is also land-augnenting in the sense that 
some land can be cleared every year and land stock can be cumn'ulatively augmented. 23 

Among institutional factors, better access to markets and credit also encourages area 
expansion. The odd result here is the negative coefficient for DRATIO. Adoption of 
hybrid maize however, is influenced by personal attributes-older farmers and 
female faruers are reluctant to adopt. Larger family size, higher liquidity level, and 
access to oxen affect adoption favorably, as do access to credit and markets. Decline 
in fanily labor supply due to off-fan work inhibits adoption of hybrid maize. 

For fertilizer use, the variables age, liquidity, fertilizer supply, credit, and market 
access emerge as significant. None of the others (including perotial and institutional 
factors) affect this decision. Current fertilizer use and adoption of hybrid maize 
decisions are independent of farn size. Consistent with earlier results, adoption in the 
Western Zone is poor. These findings lend support to the view ariiculated in Chapter 
5 that farners in the plateau region are now well aware of the betiefits of fertilizer use. 
Farners' liquidity, access to credit, and market infrastructure, as well as a functioning 
distribution system, are the major factors deternining use or nonuse of fertilizer in 
any particular year. 

The p;'edictive power of the equation explaining intensity of use was very low. 
Farners in the Western Zone used lower levels of fertiliLer. A higher level of 
education and access to oxen led to higher fertilization rates. The education result is 
important when the intensity of fertilizer appication is considered, but not in the 
decision of whether to use fertilizer. A decision on how much fertilizer to use requires 

2-.This works even in a bush-tallow system where land is cultivated for six-to-seven seasons and then 
fallowed. 
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Table 20-Determinants of fertilizer use and intensity 

Estimation or Instruments Fertilizer Use Decisions 

AREAIIA a USEllYNb UJSEFERTb NI)KFIIAa 
Variable Coefficient (-Statistic Coefficient I-Slatistic Coefficient I-Statistic Coefficient t-Sitlistic 

Constant 0.060 0.082 -0.355 0.645 2.486** 3.5 ,3 83.459 3.840 
AGE 
IIEADIIII 

-0.007 
-0.188 

0.638 
0.566 

-0.022*** 
-0.382* 

2.446 
1.413 

-0.028*** 
-0.309 

2705 
1.061 

-(.437 
-5.589 

1.229 
0.542 

EDP -0.167 0.447 0.304 0.012 1.141 0.407 9.712 0.830 
EDS -0.095 0.239 0.045 0.151 -0.421 1.134 17 809* 1.441 
DRATIO -0.299* 1.307 0.937 0.504 -0.006 0.027 3.552 0.465 
CULTMFTII 0.744*** 2.019 0.461' 1.561 -0.153 0.317 37.123*** 2.119 
FAMILYSZ 0.221"** 4.303 0.080"*" 2.064 0.067 0.715 1.696 0.533 
ANCR 0.050*** 5.559 0.027**" 3.252 0.101"" 2.931 0.479 0.708 
SETFMYRS 0.389" * 2.359 0.005 0.397 ... .... ... 
AIIAT c ... ... ... ... -0.18o 0.506 -4.501 0.358 
MZIIA'Ic ...... -0.136 0.296 -5.196 0.396 
CDD -0.055**" 3.054 -0.255** 1.791 -0,047"* 1.860 0.421 0.413 
LOIqF MP -0.022 0.856 -0.034"* 1.698 ... ... ... 
COOPMEM 0.826*" 2.153 0.749** 2.633 1.149"* 2.151 14.651 0.858 
ADVICE -0.337 1.003 -0,216 0.851 -0.053 0.157 4.521 0.417 
SDUM 1.031'** 3.146 0.050 0.198 -0.731' 1.550 -8,176 0.481 
Z, 1.280*** 2.844 0.409 1.127 0.813* 1.319 -15.718 0806 
Z4 0.855** 1 746 -0316 0.774 -0957** 1.778 -5554.7 ** 2.507 
),d
R2 ...0.391 ... 

..... ... ... 
... 

... 

... . 
I . . 
.. 

33 798 ''* 
).110 

1.777 

X2. 	 ... 76.655 ... 111 150 ... 
N 199 .. . 199 ... 199 133 ... 

Notes: 	 The ,ariables are defined i1 Tablc 19, with the exception of SFTFMYRS, which is the notober of years ilhe 
family Ihs resided at iLspresent location, and I.OFFF.MP,which is the hours of off-fa nt work per household. 
The cstiniation results reported in Table 10 are for ferfilizer-using households. IHere theestiinations are based 
on all 199 plateaIn louseholds. 

aEstiler(I )e ord nary least squares.t 
b:st.iited by aprobit maximurn likelihood ri)oL,dure.
 
C;Yrcdicled values of ARHAIIA and IJSEI IYN.
 
dX is the inverse of Mill's ratio oblained from the USliRT lequation.
 

*Significanlt at the 20 percent level. 
* *Significant at lie It0 peciiei level
 
**Significant at Ihe 5 pi'rceni level
 

more knowledge. Tile significance of X in the intensity equation indicates that 
important differences exist between users and nonusers of feitilizers and that those 
differences need to be taken into consideration in estimating the intensity equation. 

Effects of Crop Management Practices 

Crop management practices, like choice of crops, timeliness of operations, effi
cient weeding, and residual fertilizers, affect the response of crops to fertilizer 
application. These variables, therefore, affect the quantity of fertilizer used by fain
ers, assu'ning they know the nature of these interactions. The effects of these factors 
canrot be captured by the hoasehold analysis because these data are plot-specific,
whereas in Table 20 the average rate is derived from the sum of all plots belonging to 
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the household. The results of a plot-specific tobit regression that seeks to explain the 
variation in fertilizer application rates (NPKFHA) using plot-level data from famis in 
the plateau are p:esented in Table 2 1. Only maize plots are considered. In addition to 
the variables included in Table 21, the following plot-specific variables are also 
considered. 

PGHY = Previous crop cn the plot (hybrid maize or 
groundnuts = I; others = 0),24 

DPLANTIM = Date of planting (weeks),"5 

NWEED = Number of weedings done on the plot, 
DISTHOUS = Distance of the plot from the house (kilometers), 
HYV = Maize variety grown (hybrid maize = 1; local = 

0), and 
PM = Cropping practice followed (sole cropping = 1; 

=
mixed 0). 

Moreover, NPKFHA is now defined as the quantity of fertilizer (kilograins/hec
tare) used on the plot. The results need to be carefully inl-rpreted because of the 
partial nature of the model. 

Among the personal attribute variables, in addition to age, the knowledge vari
ables emerge as significant determinants of actual rates of fertilizer application. 
Schooling is important, and a higher level of schooling affects rates positively. The 
extension variable also has a significant and positive coefficient. Decisions regarding 
rates of application demand more knowledge. As mentioned in Chapter 4, the amount 
of fertilizer applied needs to be adjusted depending on specific soil, agronomic, and 
management situations. The results here support this. Farmers with a better knowl
edge base use larver quantities of fertilizer. This result also implies that the extension 
service has been effective in overcoming the farmers' tendency to use low rates of 
fertilizer application. 

As expected, use of fertilizer-responsive hybrid maize results in a sharp increase 
in the fertilizer application rate. Delayed planting affects rates adversely. Better
weeded plots receive more fertilizer. These results imply that farmers are aware of 
some of the critical interactions and adjust their fertilizer application rates accord
ingly. Distant plots, which are more difficult to supervise, are fertilized at lower 
levels. These plots could also be more recently cleared fields with relatively high 
native fertility, thus requiring less nutrient replenishment. The nature of the cropping 

or mixed) does not make any difference in the rate of fertilizer applicatiol.26 

This finding has implications for maize researchers, It was stated in Chapter 4 that, 
despite the widespread prevalence of mixed cropping, little research has been done 

24These crops leave residual nutrients that are available to the succeeding crop. 
25For each location, the week of first planting was given the number 1.Actual date of planting for each 
plot was scaled in relation to this date. Thus, this variable measures the extent of delay inplanting and is 
standardized over branches (locations) even though the actual dates of first planting are different across
 
locations.
 
26Rates of application on mixed crops have been found to be lower in anumber of agronomic experiments.
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Table 21-	 Plot-level (tobit) analysis of determinants of fertilizer application 
rates 

Variable 	 Coeficient I-Stutislic 

Constant 	 102.346* * 3.523 
AGE -0.924* 2.417
 
IHEADIIII -0.488 0.03')

EDP 25.315** 1.926
 
EDS 24.162** 1.830
 
DRATIO 9.985 1.178
 
FAMILYSZ 	 -4.185*** 2.181 
AREA!IA 6.178*** 2.979
 
ANCR -0.030 0.329
 
CDD 
 -0.308 0.505
 
COOPMEM 1.171 
 0.090
 
ADVICE 
 20.517* 1.817
 
SI)UM -37.076*** 3.026
 
CULTMEI 1 -8.478 0.703
 

OIGIY 26.541 *** 2.445
 
DPLANTIM 
 - 11 .724*** 4.912
 
NWETD 
 16.341 * 1.544
 
DISTIIOUS 
 -2.785* 1.402
 
IIYV 
 95.644*** 7,720

PM -5 53 0.493
 
x 2 209.000
 
N 
 431 

Notes: 	 The variables are defined in Table 19, except for the following: t'GI IY is previous crop on plot (hybrid umaize 
or groundnits = 1; olhers = 0), I)PL.ANTIM is date of lanting (weeks); NWEEI) is he number of wecdings
,lone on the plot; l)ISTI IOUS is the distance of the plot from the house (kilometers); IIYV is the maize variety 
grown (hybrid maie =1; local = 0); mu I'M is the cropping praclice followed (sole cropplng :I ; mixed = 0).

*Significant at :ic 20 percent h'vml
 
" Significant at the 10 percent level.
 

mSignificantat he 5 percent level. 

on fertilizer use in this situation. It seems, however, that based on their practices, 
farmers don't consider mixed cropping an inferior response. 

Some unexpected results are also obtained. The previous crop variable (PGHY)
had a positive and significant coefficient. Itwas hypothesized that these crops (hybrid
maize and groundnuls) leave some residual nutrients in the soil and, in response,
farmers should use less fertilizer on the succeeding crop grown olt the same plot of 
land. Table 2 1 indicates that sttch plots received more fertilizer in the plots surveyed 
here. These crops (hybrid maize and grouldnults) are extremely imprtanl from a 
market point of view, and plots on which they are grown obviously receive more 
attention. These plots may also have been cultivated for a longer period of time; 
therefore, farmers may be consciously trying to maintain soil fertility by using more 
fertilizer. This is an important hypothesis, since ipopulation pressure will contintte to 
erode the trditional fertility-Inainlenance practice of fallowing. Fertilizers must 
assume greater significance in the future. If this result does ileed reflect this 
phenomenon, it provides an indication of how farmers are responding to intensifica
tion pressures. Even though tile region is characterized as land-abundant, fertilily and 
intensification-related issues are relevant in plot-specific circunistatices. This hy
pothesis has a bearing on the sustailtability versus mining arguments often pit 
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forward in literature pertaining to intensification of forest-fallow and bush-fallow 
systems. 

in contrast to the result in Table 20, cultivation of the plot with the help of oxen 
did not lead to higher rates of application. This could be due to explicit inclusion of 
the farn size variable (AREAHA), which was highly significant and positive. This 
could also have affected the family size variable, which emerges as a significant 
negative factor. The relationships between cultivated area, method of cultivation, and 
labor are complex, and Table 21, which is based on a single-equation framework, 
obviously fails to account for these. 

These analyses reveal that among the personal attributes, only old age constrains 
the decision to use fertilizers. Factors like education, gender, or extension contact and 
fanner's resource endowimerts of land, labor, and oxen do not affect this decision 
significantly. Agroecological differences within the plateau region are important, as 
illustrated by the Western Zone. This is a challenge for agricultural research. Oilier 
variables that matter ill this regard are access to funds (ANCR and COOI)MEM), 
availability of supplies (SDUM), and access to market (CDD). 

These findings must be pt)t ill proper perspective. Farmers ill the study area have 
been experimenting with fertilizers for a loig time. A favorable incentive environ
ment has encouraged this process. Knowledge regarding fertilizers is well diffused 
and is accessible to all categories of faners. Many of the sociocultural and economic 
factors usually associated with adoption of iinovations are no longer relevant. The 
only constraints are those of liquidity, ill order to buy fertilizers, and accessibility to 
markets and supplies. However, over a large part of Africa (indeed, even within 
Eastern Province in)the valley and the Western Zone of the plateau), most of these 
favorable conditi ouis do not obta in. In these situations, factors such as research, 
extension, and educationi may assune greater significance. 

The roles of education and extension are clearly revealed in analyses pertaining 
to decisions on rates of fertilizer application. These del)eil on specific agronomic 
and management conlitions, which vary from plot to plot. Fariners need more 
knowledge to efficiently respond to these situations. Thus, knowledge-related vari
ables assumie greater significance. The analyses indicate ii' t fariiiers, Ill fact, do 
adjust their rates of application in response to factors such as p!,inting 'tile, variety, 
and weeding These resulls imply that ill the plateau region, tie e lrension services 
should concentrate more ol educating fanners about fine-tumning their fertilizer use 
practices to further improve the efficiency of fertilizer use. Faillers in tile plaleau 
region are generally well beyond the initial phase., where convincing them to use 
fertilizers is tile prime extensioni task. 

In terms of the role of state policy and public iuvestments, strong results were 
obtained. Eduicationi, credit, infrast ruct tire, and fertilizer distribution all a ffect deci
sions regarding fertilizer, but current levels of these iiivestiieiits are low (NCDP 
1989). ExtenL;ion plays an iimportat role in) improving ferlilizer use efficiency. Ill 
Eastern Province, extension and research that feeds into the exteslioll system have 

received some support ill receit years tlrough a World 13a uk-supported agricultural 
development project. Uinderlyirig all of these results has been f le govenmlient support 
of maize prices and marketing policy. Without these-and, of course, tile favorable 
fertilizer respoise emvirotnient -fertilizer use would not have lakeii off in tile 
province. Focusing exclusively oil household-level regressions would completely 
bypass these important precoiditions. 
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To summarize, both area expansion and yield improvements appear to be occur
ring simultaneously over most of the plateau region. This supports the view that even 
in land-surplus regions, yield-increasing inputs can play an important role (Bin
swanger and Pingali 1988; Lele and Stone 1989). There are two key provisos, 
however. First, a high natural potential for the use of such technologies must exist, 
and second, committed support for marketing and infrastructure and remunerative 
prices must prevail. In the initial phases, there is no substitute for the role of the state 
in providing these and other services such as extension, veterinary services, credit, 
and even input distribution. 
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8 

FERTILIZER USE AND TRANSITION
 
TO COMMERCIAL AGRICULTURE
 

It was hypothesized in Chapter 2 that the process of transfe'mation from subsis
tence to commercial agriculture in the plateau region is triggered by tile use of 
fertilizer on local maize. The resulting surplus is then used to cultivate more land and 
put more area under a purely commercial hybrid maize crop. Since plenty of arable 
land is available and animal tractioin is feasible, the process culminates in larger
holdings and substantial commercial production. This perception of the transition 
process is reinforced by (1) the fertilizer allocation beha,,ior of the sample house
holds-some farmers were using fertilizers for local maize, some for both local and 
hybrid maize, and some for hybrid maize alone (Table 9), and (2, the increase in the 
importance of hybi id maize with farm size (Table 14). 

Analyzing these distinct patterns of fertilizer allocation behavior should provide
insight into the process of transition. By classifying farmers in categories according 
to this criterion (fertilizer use) and trying to understand the factors responsible for 
di.ferences between the groups, it should be possible to identify some elements of this 
dynamic transition process. It should be noted, however, that fertilizers are only a part
of this process; therefore, the perspective derived from this analysis is partial.

The transition process is analyzed with the help of an ordered probit model,
which attempts to explain a household's progressive movement from no fertilizer use 
to fertilizer use on hybrid maize only, representing the progression from subsistence 
to commercial agriculture. The dependent variable is defined in In ordered form as 
follows: 

Number of 
Category Households 

No fertilizer use = 0 68 
Fertilizer use on local maize only = 1 64 
Fertilizer use on local and hybrid maize = 2 57 
Fertilizer use on hybrid maize only = 3 10 

The set of independent variables includes personal (farmer-related) and resource 
endowment characteristics. Institutional and agroecological factors are also consid
ered. Variables like cultivated area, adoption of hybrid maize, oxen, and farmers 
income and liquidity are all part of the transition phenomenon being explained and 
are not included as explanatory factors. 

Data on mean levels of the relevant variables in each of the four categories are 
presented in Table 22, and results of the ordered probit regression are provided in 
Table 23. A trend can be disc,'ried from some of the variables in Table 22. For 
example, all indicators of transition---cash income, cash sales, cultivated area, and 
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Table 22-Mean values of variables in each fertilizer user category 

Fertilizer Use 

Local I.ocal and Ilybrid 
Maize Ilybrid Maize 

None Only NIalize Only 
Variable (0) (1) (2) (3) 

CASHl INCOME/CAPITA 40.35 13347 305.8') 157.49 
ANCR 2.43 6.64 19.54 12.91 
USEIIYM 0.01 0.06 1.00 1.00 
AREAIIA 1.84 1.66 4.21 6.36 
CULTMETII 0.53 0.53 0.80 0.90 
AGE 46.91 42.15 39.98 44.(X) 
II.ADI III 0.43 0.33 0.21 0.20 
EDP 0.20 0.25 0.28 0.30 
EDS 0.23 0.31 0.47 0.20 
DRATIO 0.72 0.66 0.81 0.70 
FAMILYSZ 6.04 4.98 639 8 20 
COOPMI-M 0.07 0.19 0.26 0.0 
ADVICE 0.20 0.34 (1.30 0.10 
CDI) 19.60 13.92 13.03 10.47 
Number of obseriationls 68 04 57 10 

Notes: 	 The variables are defined in Table 19, with he exception of ('ASI I INCOMI/( APITA, which is delined as 
total cash sales froi all sturces ill kwaclia. 

Table 23-Results of an ordered probit regression explaining transition to 
commercial agriculture 

Four Calegories (0, 1, 2,3) 

Variable 	 Coefricieinl -Staislic 

Constant 1721 * ** 3 I 10 
AGE -0 019*' 2.501 
IIEADI III -o 397*' 1.731 
1I'1)1 	 0 149 01,049 

EDS -0 18(1 0.714 
DRATIO (11(4 0022 
FAMIIYSZ 0 078" *' 2.718 
COOI'MEIM 0684* ' 2.940 
AI)VIC. -1. 158 0.681 
CI)I) -0 038' * 3.358 
SI)UM -0 465 '' * 2 (W0 
Z, 01308 1 W1I 
Z4 -0636* 1 877 
X: 	 7h 727 

N 	 199 

Note: Vanaliles are (Irfinec, ii Table 19 
*Sigpiaficait at Ihe 2(1percet- lvl. 

•Significalit at the 10 peirc'iit level
 
'Significalit al Olhe5 Ilt'citl level
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use of hybrid maize-rise with ascending categories. This corroborates the proposed 
conceptual framework: the categories do seem to reflect a transition pathway. The 
proportion of female-headed households declines, whereas the share of households 
with primary schooling, use of oxen, and membership in a cooperative increases as 
agriculture becomes more commercialized, as expected. The income indicators of the 
most progressive group (category 3) are lower than the trend, but other variables 
generally conform to expectations. The regressions reported in Table 23 identify the 
main forces more clearly. 

Older farners and households headed by females find it difficult to ascend tile 
commercialization hierarchy. Although neither fertilizer adoption nor intensity of use 
is influenced by gender, as shown in Chapter 7, women farmers are more likely to 
fertilize local maize only (Table 10). And women farmers find it difficult to graduate 
to higher levels of fertilizer use (Table 23), possibly because they are reluctant to 
grow hybrid maize (Table 20). It has been argued that poor processing and storage 
qualities make hybrids less preferable for domestic consumption (Jlia, Ilojjati, and 
Vosti 1991; Kydd 1989), and female-headed households place greater emphasis on 
family food production than on sales. Women farmers may also be at a disadvantage 
in other respects. Since households headed by women are gL-nerally short of adult 
labor, particularly male labor, women farners may not have time to be involved in 
cash transactions that require travel, interactions with institutions primarily oriented 
toward dealing wit! men, and time-consuming cash generating and purchasing activi
ties. In Eastern Province, cash transactions are primarily associated with men; fann
ing and household choes are the domain of women. 

Education does not emerge as a significant determinant of fertilizer use. This may 
be due to the partial nature of the model, which focuses only on fertilizers. A large 
family, which denotes higher consumption needs and a better labor supply, exerts a 
strong positive influence. Better infrastructure and availability of credit also play 
important contributory roles. Obviously, inefficiencies in input distribution dampen 
the process of commercialization. 

The effects of another significant state intervention-animal disease control
should be mentioned. The entire province is vulnerable to tsetse infestation, and 
constant vigilance has to be maintained to contain incidence of the disease in the 
plateau region. The valley cannot sustain any cattle population because of the disease. 
Governuinent-sponsored animal disease control measures such as quarantine, sprays, 
clips, and veterinary clinics have contributed to greater use of animal traction in the 
fanning system. Despite such efforts, cattle rearing remains risky, particularly in the 
Weste.'n Zone. In Petauke and Nyimba districts, which account for most of the 
Western Zone area, for example, the cattle population declined by 37 percent between 
1982 anl 1984 because of cattle mortality (Eastern Province, Department of Agrictil
ture 1986a). Although the data front the survey do not show lower levels of oxen use 
in the Western Zone ('rable 2), higher risk levels could adversely affect cash input use 
(for example, for fertilizer). These relationships need to be explored in futtre studies. 

Three significant inferences arise from these results. First, the prospects for 
progress for women farniers are constrained. Because nearly a third of the small
holder fanis in the study area are headed by women, this issue clearly requires more 
attention in research and in public programs. Second, factors external to the fanning 
system are crucial. Credit, infrastructtire, input distribution, animal disease eradica
tion, and of course, marketing, play decisive roles in the transition process. Many of 
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these are outside the normal jurisdiction of the Ministry of Agriculture. A strategy for 
agricultural transfornation that ignores these investments, however, is unlikely to go 
far. Finally, agroecological characteristics play a significant role. It is important to 
identify these system constraints. 

This pattern also lends credibility to the concept of the "linia ladder" put forth by
Zambian researchers (see Chapter 2 and Appendix 1). The initial step is to get 
subsistence farmers to produce a small area of a cash crop-soybeans or sunflowers, 
and to use the proceeds to buy fertilizers. In the next step (season), this fertilizer is 
applied to local maize. One argument proposes that the fanner who uses fertilizer can 
plant a smaller area in local maize because, with fertilizer, he can produce enough on 
a smaller area for sUbsistence. He can use the labor, thus released, to grow hybrid 
maize. Subseqtuently, sales of hybrid maize would give him enough cash to hire more 
labor or oxen to increase the area under hybrid maize futher. The actual progression 
appears to be similar, only the initial cash crop colipeoient seems to be weak. Very 
few of the sample hot-us;eholds grow soybeans, sunflowers, or cotton, perhaps because 
the seed supply and marketing arrangements for these new croF are weak. At least 
some farmers manage to skip this step . d somehow (perhaps with credit) arrange to 
acquire fertilizer, which is put on local maize. Subsequent steps of increased hybrid 
maize production and expansion of cultivated area follow. 

The plateau region of Eastern Province illustrates how policy-led intensification 
works (Lele, Christiansen, and Kadiresan 1989; Binswanger and Pingali 1988). By 
assuring that prices are remunerative and backing them up with effective procure
ment, the state has induced intensification in a land-surplus environment. Use of 
yield-increas,y inputs (hybrid seteL and tei tilizers), as well as area expansion, are 
proceeding side by side. This is probably not happening in the valley region because 
ot a number of consraints-both agroclimatic (uncertait, responses and prevalence 
of tsetse) and infrastructural (lack of adequate roads and services). The lessor is to 
target investments and interventions only after a careful analysis of farning system 
characteristics. Animal disease control is a critical step in this process. 

Some important conclusions have emerged from the analyses in the last two 
chapters. First, among the personal attributes, age has the greatest negative influence 
on fertilizer use. And, although much concern has been voiced on the constraints 
faced by women farmers, this analysis does not show them to be lagging behind in 
fertilizer use, though other factors such as their reluctance to grow hybrids do inhibit 
their progression toward increased commercialization. Education has a positive effect 
in more sophisticated fertilizer use decisions (application rates, for example). In an 
area where farners have long been exposed to fertilizers, extension advice does not 
seem to influence the decision to use fertilizers, but there is som,e indication that 
extension efforts have an effect on decisions that require more technical knowledge, 
such as rates f application. Farmers also seem to be aware of the need to adjust 
fertilizer use levels in response to deviations from optimal crop mmanagelent prac
tices. Extension has obviously contributed to the improved technical efficiency of 
fettilizer use by communicating these messages to farmers. 

Among the institutional factors, access to credit, infrastruc tire, and input distri
bution are found to be most important, and most of these demernlinants are in the 
public domain. Credit, infrastructure, extension, and education are all provided by the 
state. In Zambia, fertilizer distribution is also a state activity. State support has also 
enabled animal disease eradication measures and the resulting growth in use of 
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animal traction. Clearly, more public investment in the rural sector is crucial for
promoting further growth in fertilizer use and output in the Eastern Province. 

The state also plays a vital role in pricing and marketing areas. Through mo;t of
the 1980s, it was successful in maintaining a favorable incentive environment. In the 
current context of higher fertilizer prices and pressures to minimize the role of tile 
state, some of these critical functions and roles need to be provided for. 

65
 



9 

CONCLUSIONS AND POLICY IMPLICATIONS 

Results presented in the preceding chapters establish quite clearly that tile plateau 
region of Eastern Province is an area with high potential for fertilizer use, and the 
process of diffusion of fertilizer use is well on its way. The other region, the valley, 
faces agroecological and infrastructural constraints that inhibit fertilizer use. Over 
two-thirds of the sample households in the plateau region were fertilize-" users in 
1985/86, and more than half the cultivated area was fertilized. At 53 kilograms of 
total plant nutrients per hectare of cultivated land, the rate of application in this region 
is way ahead of that in the country as a whole, which averages about 20 kilograms. 
Fertilizer use, which started in the late 1960s, has grown rapidly in Eastern Province 
ever since. A high physical response environment, favorable relative prices, and the 
ability to procure farners' surpluses have all contributed to this development. The 
experience in the plateau region demonstrates that even in a highly land-surplus 
situation, yield-increasing inputs are a viable option, if the above conditions are met. 
The process has been accompanied and probably fueled by concoinitaint growth in 
cultivated area (due to use of animal traction) and growth in area under highly 
fertilizer-responsive hybrid maize. 

These trends highlight two important policy issues. First, the gap between the 
plateau and the valley strengthens the argument for regional targeting of scarce 
fertilizers to areas of high use potential. Without significant new investments in 
agricultural research, in frastruct tire, and the marketing and distribution network, 
fertilizer promotion efforts in the valley would be fruitless. Second, the importance 
of incentives and market infrastructure in promoting fertilizer use should be stressed. 
Farmers have responded to these opportunities, when available, and have achieved 
significant gains in surpluses and incomes. More will be said oi this latel. 

A significant finding of this study is the total domination of tile fertilizer scene by 
one crop, maize. Fertilizer use has diffused to varieties other than hybri(,,s, but it is 
still almost exclusively based on one crop. This has important implication; for future 
growth in fertilizer use and output. Since the gap between recommended and actual 
levels of fertilizer application oii maize is not very large, that leaves three major 
sources of future growth in fertilizer use: increase in fertilized local maize area, 
increase in hybrid maize area, and absolute increase in cultivated area itself. Avail
ability of surplus land ensures that if the economic enviromnet remins favorable, 
these growth sources will remain important. Changes in relative fertilizer prices 
beginning in 1989/90 threaten growth iii fertilizer use and oLtpoit of llaize. Thus, 
from the longer-tern point of view, diversification of fertilizer ise to other crops is 
crucial. Cotton and carioca beans have been highly responsive to fertilizer, and use 
on these crops needs to be encouraged. Research on other crops and regions also 
needs to be strengthened. In particular, adequate attention should be paid to relative 
fertilizer-output prices. 
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The evidence obtained in this study on the roles of education, credit, input 
distribution, and infrastructure in promoting fertilizer use and transfornation of 
subsistence agriculture is strong. All these fall in the public domain, as does maize 
marketing. The state has also played a role in expansion of animal traction in the 
plateau through animal disease control. These social, institutional, and physical 
infrastructure investments are extremely important and should be accorded high 
priority. 

Agricultural extension is another area of public intervention that has been ac
corded high priority in recent years. Substantial efforts have been made to reorganize 
the provincial extension system along the line:; of the training and visit system 
supported by the World Bank. Perhaps because fertilizer use is already well diffused 
in the plateau region, the cross-sectional analysis failed to capture any effect of 
extension on adoption. IHowever, there was evidence that decisions on rates of 
application were influenced by extension advice. As the experimental evidence 
shows, response to fertilizer is significantly influenced by other crop mnamniemient 
practices such as time of planting, weeding, and residual fertilizer effects. The 
analysis here shows that fanners were aware of some of these interactions and 
adjusted their fertilizer use practices accordingly. This also indicates that ile exten
sion services were able to convey these messages. What is needed now is more site
and system -specific advice ol fertilizer use. The focus in extension should sliift from 
promoting fertilizers to fine-tuning fertilizer use practices, at least in the plateau 
region and for crops other than maize. In other areas (like the valley) where fertilizer 
experience is deficient, the on-farni exlerimenitation and demonstration roles of 
extensioi, - uld be important. Older farners and women who operate faris continue 
to be somewhat rigid in their responses to innovations. Over time and with education 
this will change, but in the short !enn these groups should receive special attention in 
extension programs. 

Turning to the issue of agricultural research, the capacity to conduct on-farm 
research is severely constrained. There is practically no capacity at the Masumba 
substation in the valley region. The current needs of fanners include location-specific 
recommendations and infornation on fine-itlning of fertilizer ruse Practices, itrieint 
balance, efficient fonns of fertilizer, and use of fertilizer on crops oiltur than naize, 
all of which require more on-station and on-farm research. Prices of' different fertil
izer mixtures, for example, should reflect the cost of their nutrient content. Even 
within the plateau, the We stern Zone had low fertilizer use iidicalors, which should 
be investigated in depth. 

Analysis of the patterns of fertilizer allocation decisions by farmers has provided 
useful insights into tile process of transformation going on in the plateau region of the 
province. The transition froni subsistence to commercial agriculture was triggered by 
the use of fertilizer on local maize. The resulting surplus fueled expansiol of area and 
hybrid maize produnction. Availability of surplus land and oxen facilitated the pro
cess. To abet this process, the crucial first step of finding cash to buy fertilizers could 
be aided by credit, or, as propos;ed linder ihe lima lIhdder concept, by enabling farmers 
to grow small areas of cash crops. Both coiicepts require strong sup)ort. Education, 
credit, infrastruct lire, and input supplies, and poteit ial for oxen ise are identified as 
some of the facilitating forces behind the transition process. It is useful to bear in 
mind, however, that this recipe depends out a set of initial conditlions-a high physical 
response environment, abundant land and the means to cultivate it, and a favorable 
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incentive stncture. In this setting, yc!-d-increasing technologies go hand-in-hand 
with area expansion. 

Finally, a word about wome- fanners who constitute about one-third of the 
farming community. This analysis clearly shows ti it they do not lag behind in terms 
of adoption of fertilizers. Ilowevcr, their ability to move up to higher levels of 
commercialization is constrained by their reluctance to grow hybrid maize. Policies 
to overcome this reluctance need to be found. 

Growth in fertilizer use in Eastern Province !,a. some usefil lessons for areas 
with similar fanning systems in Zambia and other parts of central and southern 
Africa. A number of factors contribute to the diffusion of fertilizers and greater 
commercialization of the farming sector, a.-A.se imply investments. The following 
play important roles: 

* favorable price and physical response environments; 
* investments in market and transport infrastructure and animal disease control; 
" agricultural research to enhance fertilizer use potential; 
* investments in education, extension, and credit; and 
" development of economic institutions for surplus mobilization and input deliv

ery systems. 
These suggest several actions that are important ini policy design. Ilowever, the 

results of the study are limited inasmuch as the recommendations cannot be priori
tized. A policy of intervention to improve the efficiency of public expenditures is a 
major concern of the Zambian government's structural adjustment program. In set
ting priorities, the government also must take into account the expenditure require
ments of different actions. 
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APPENDIX 1: LIMA LADDER FOR EASTERN 
PROVINCE HON' UULTIVATORS 

Mount Makulu National Research Station suggested the name "lima ladder" for 

a practical series of steps a smallholder can take to improve his position from that of 

a subsistence cultivator barely growing enough maize for his family to a hybrid maize 

grower with a good cash income, and without waiting for credit that may never come 

(see Figure 4). 
The plan is to grow more late season crops like soybeans or sunflowers or beans 

to raise cash to buy fertilizer for local maize, then to grow less area of local maize (but 

with fertilizer) so that the yield is greater than before, which enables the farner to 

have more titie (previously given to a large local maize area) to grow more cash crops 

to sell or to grow hybrid maize. 

Figure 4 -Limna ladder 

Oxen (larger area) 

I
 
Season 4 

Farmer hires oxen; grows 4 limas of 

hybridtmaize 

Season 3 

Farmer halves local maize area, adds 2 limas of hybrid 
maize (fertilizer or cash from surplus maize, and 

sunflower or soybean crop sold)I 
Season 2 

Farmer sells (or barters) 4 bags of sunflower seeds for 4 bags of 

fertilizer for his local maize (or buys ftrilizer with cash from 2 bags of 

soybeans)
I 
c?-ason I 

Farmer grows I lima of soybeans or 1-2 limasof sunflowers (the farmer is more likely 

to have labor for this in late D,'x.ber/early January rather than trying to grow more 

groundnuts to sell, which need labor when the farmer is busy planting and weeding local 

maize)I 
Last Season 

Subsistence farmer with no cash crop and no fertilizer for his
 
iocal maize
 

Source: Based on Eastem Province, l)eparlinen of Agricullure, "Plateau Camps with Cotton," Bulletin No. 2, 

Chipala ,Zamnbia, l)ccember 1986. 
Note: A lima is a small plotof land (0.25 hectarc). 
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APPENDIX 2: SUPPLEMENTARY TABLES 

Table 2 4 -Location of sample households 

Region/ Brp.ich Number of IlouseholdsAgricultural )istrict (Location) Branch Sample 

Easten Platcau Region
Chadiza Chipili 221 33Chipala Soulh Mak-ngila 405 31Chipala North Mtrnlhcla 214 33Kaleic Sinda 247 33Lundazi Chaweya 138 33 

Kasendeka 148Nyimba 	 33Kamwala 306 33Pelauke Chiwizi 257 33
l.uangwa Valley Region


Chanma 
 Nklioka 89 33Mambwe Mphata 159 33Total 
2,184 328 

Source. Agricultural household survey conducted in 1985/86 by the Intemational Food Policy Research Institute; theRural Developmenit Studies lBureau, University of Zambia; the National Food ad Nutritimi C'olImission,Zambia; and the 'asteni Province Agriculltiral l)evelopmenit Project, in I:ast'mi Province, Zambia.aA branch is a cluster of villages selected from adistrict in Fasteni Province for the survey above. 

Table 	25 -Marketed production of' maize, groundnuts, and cotton in Eastern 
Province, 1978-87 

Marketed ProduclionYear Maize Groundnuts Cotton 

( 1,0(0) meric tolls)
1978 69.4 1.7 2.81979 46.6 2 2 3.41980 66.6 1.4 3.71981 106.6 0.9 1.81982 114.6 0.7 1.51983 143.8 0.9 2.61984 166.7 1.0 4.81985 176.8 4.7 3.71986 224 3 6.2 2.91987 189.8 8.2 	 na 

Source: 	 NCDP (National Commission for Development Planning), New Econontic Recovery Program, FourthNationalDevelopment Plant: 1989-1993 (LIusaka, Zambia: Office of the President, 1989). 
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Table 26-Adaptive Research Planning Team (ARPT) trials, 1982/83-1987/88 

Title of Trial 

Maize/groundnut intercropping 
Maize fertilizer 
Sunflower variety fertilizer 
Sorghumn variety 
Sorghum/sunflower/legmne intercropping 
Sorghwn planting method 
Shorter-duration maize hybrids 

Maize open-pollinated variety trials 

Sunflower planting, date/thinning 
Sunflower thinning 
Cotton fertilizr 
Finger millet variety test 
Maize management factorial 
Maize weeding (on station) 
Maize weeding (on fann) 
Maize field factor (pop/fert) 
Live nmulch (Mwase CDA) 
Rice fertilizer 
Rice variety 
Rice planting method 
Sorghumrn/maize/soya intercropping 
Bean exploratory (nonclinbing) 
Bean exploratory (climbing) 
Residuial N/rotation 
Striga control 
Striga suppression 
Soybean fertilizer 
Finger millet variety trial 
Relay cropping trial 
Cotton/groundnut intercropping 

Finger millet management 

Soya seed rate 

Pigeon pea variety 

GrLmn'Ahut factorial (with CRT) 

Soil conservation (obscr. trials) 


Sweet potato variety tria 

Cowpea variety trial 

Alternative late season crops trial 


Location 
ofTrialPeriod 

ST1982/83, 1983/84 
1982/83, 1983/84, 1986/87, 1987/88 	 F 

F1982/83 
F1982/83. 1983/84 
ST1983/84 
ST1983/84 (failed) 
11982/83 to 1985/86 

1982/83 to 1986/87, 1987/88 	 F 
F1983/84 
F1984/85 to 1985/86 
F1983/84 to 1984/85 
F1982/83 to 1984/85 
ST'1982/83 to 1985/86 

ST
1982/83 to 1984/85 
F1985/86 to 1986/87 

1982/83 to 1986/87, 1987/88 ST 

1982/83 to 1986/87, 1987188 ST 

1982/83 to 1986/87, 1987/88 ST 
ST/F1982/83 to 1986/87, 1987/88 

ST
1983/84 to 1985/86 
ST1984/85 (failed) 


1983/84 to 1986/87, 1987/88 F
 

1985/86 to 1986/87, 1987/88 F
 

ST1983/84 to 1986/87 

ST
1984/85 to 1986/87 
STr1985/86 to 1986/87 

F
1984/85 to 1986/87 
ST/F1985/86 to 1986/87, 1987/88 
F/ST1980/87, 1987/88 
ST1986/87, 1987/88 
ST1986/87, 1987/88 
ST1986/87 

F
1986/87, 1987/88 
F1986/87, 1987/88 
F1986/87, 1987/88 
ST1987/88 
F1987/88 
F/S'l1987/88 

Province Agricultural Development
Source: EPADIP (Eastern province Agricultural Development Project), -Eastcr 

Project: project Completion Report" (Chipata. Zambia, November 1987, mnimeograplied). 

aF indicates on-fbnn and ST on-station trials. 
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Table 27- Fertilizer and maize prices in Zambia, 1980/81 to 1989/90 

Price or AveragePrice 10-20-10 NutrientYear Maiz !or Urea Compound Pricea 
Price 

(kwachla/kilograni) 
1980/81 0.19 0.19
1981/82 0.22 0.23 

0.45 0.13 
0.531982/83 0.150.30 0.701983/84 

0.30 0.180.48 0.48 1.121984/85 0.200.52 0.52 1.181985/86 0.270.54 1.251986/87 
0.53 0,611.30 3.421987/88 
1.60 0.871.30 1.60 3.411988/89 0.891.42 


1989/90 7.68 
1.97 4.41 1.39
 
7.92 18.25 3.16 

Source: Fertilizer prices front FAO (Food and Agriculture Organization of tie United NatioiLS), FAO FertilizerYearbook (Rome: FAO, various years). Maize prices from L. Mtneka, "Policy Constraints on diw Development of Agriculture and Small-Scale Elnterprises in Rural Zambia," in Adopting Improved FarmTechnology: A Study ofSmallholder Farmers in Eastern Province, Zambia, ed. R. Celis, J. T. Milirnoand S. Wanrali, 62-92 (Washinglon, D.C.: Inlernalional Food Policy Research hIstitilue, 1991).aDeriv1d as tlie average of tire nitrogen price of urea (46N) and the price of a kilogram of ilrrrit mix of 10-20-10compound. These are the Iwo major fertilizers used in Eastern Province, and they are applied equally 
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